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Abstract

Unimolecular radical nucleophilic substitution (SrnI) is a chain process that
was discovered in the early 1970's. The mechanism involves the formation by
electron transfer of a radical centre which can then couple with a nucleophile to give a

radical anion intermediate, which can transfer an electron to another molecule of

starting material to give product and propagate the chain. Since then an exhaustive
mechanistic and synthetic study has been carried out on the intermolecular version of
the reaction. However, very little study has been made of the intramolecular SrnI
reaction and even less study has been made of stereoselective SrnI processes.

This thesis reports the syntheses of substrates containing an aryl halide and a

2-oxazoline moiety joined by variable length carbon tethers. These precursor

arylalkyl-2-oxazolines then undergo aryl radical-carbanion coupling to afford indanes,

tetrahydronaphthalenes and benzosuberenes in good to excellent yield. Advantages of
this synthetic protocol are that it enables sterically hindered quaternary centres to be
made and a range of ring sizes can readily be attained. The process is facilitated by the
use of lithium diisopropylamide as the base and tetrahydrofuran as the solvent. In the
formation of benzosuberenes a rare alpha-ortho rearrangement was observed post ring
closure.

It was demonstrated that when an oxazolidinone was used instead of a 2-

oxazoline as a substrate, a novel fused tetracycle of the isoquinalone family was

formed via a unique acyl migration followed by a nucleophilic ring closure cascade.
EPR observations of the intermediates from the oxazoline precursors enabled

the ring closed radical anions to be detected and hence gave strong support to the

SrnI character of the mechanism.

It was established that chiral arylpropyl-2-oxazolines undergo ring closure
with modest selectivity to yield diastereoisomeric indanes that could be separated via
conventional column chromatography.

An EPR study of cyclohexyl acyl radicals was undertaken showing for the first
time that the axial and equatorial conformers could be distinguished and their
concentrations measured. The acyl radicals show surprisingly large P & y hyperfine

splittings.
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1 Abbreviations

AIBN 2,2-Azobisisobutyronitrile
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Introduction : Stereoselectivity in Synthesis

1.1 Stereoselectivity in Synthesis

In the modern chemical arena, the ability to accurately control the regio- and

stereo-chemistry of a given organic transformation is vitally important. This

importance is due to economic, environmental and biological concerns. Traditionally

many therapeutic compounds that contained a stereogenic aspect have been

synthesised via racemic routes and have either been separated or used in the racemic
form. Clearly, in today's present climate, such syntheses are becoming increasingly
more uneconomical due to the costs associated with the disposal of the waste

stereoisomer. Also different isomers can have different pharmacological properties.
For instance, for the drug Propranolol 1 (Scheme 1), the two enantiomers have very

different biological properties, one being a (1-blocker while the other exhibits

contraceptive properties.1 Therefore it is clearly important that enantiomerically pure

compounds can be prepared inexpensively with high purity with the minimum of
waste.

The concept of asymmetric synthesis is a relatively new area in organic

synthesis only changing from a mechanistic interest in the 1960's to a important

synthetic goal from the 1970's to the present day, culminating in the Nobel prize for

chemistry being awarded to K. B. Sharpless, W. S. Knowles and R. Noyori for the
work on catalytic asymmetric synthesis. An asymmetric synthesis may be defined as:

"synthesis in which an achiral unit in an ensemble ofsubstrate molecules is converted
to a chiral unit such that the possible stereoisomers are formed in unequal amounts.''''2

Mechanistically, virtually all diastereomeric and enantiomeric excesses are

kinetically controlled phenomena (Scheme 2). It can be seen from the derivation in
Scheme 2 that as temperature decreases diastereomeric excess (d.e.) and enantiomeric
excess (e.e.) increase although the overall rate decreases. AE = 8.4 kJ mol"1 is enough

P-Blocker Contraceptive
Scheme 1

to give 88 % d.e. (e.e.) at 298 K

-2-



Introduction : Stereoselectivity in Synthesis

[p/1
[P/]

kR

ks

[p.1
[p/l

_ e-(ER-Es)/RT = e-AE/RT

Eq. 1

kg - Ae'E*/RTJ Eq. 2

k, = Ae EVRT ) Eq. 3

Scheme 2

The goal of asymmetric synthesis has been sought using a variety of methods.
These can be categorised into roughly four distinct approaches,3 which are: 1)
substrate-controlled methods; 2) auxiliary-controlled methods; 3) reagent controlled
methods and 4) catalyst-controlled methods.

1.1.1 Substrate-Controlled Methods

This approach is the most simple of the four. The chiral unit is already present
in the molecule and forms part of the intended final product. The already present

stereogenic centre is used to intramolecularly induce selectivity at a prochiral centre
within the molecule. Various strategies have been formulated to maximise the
inductive capabilities of the pre-existing stereogenic group. These strategies include;
1) chelation of a metal by two or more groups in the molecule, in order to reduce the

degrees of freedom; 2) complexation with a bulky group either through non-bonding
interactions or dative bonding to a metal complex. In many cases the conformational
restraints imposed by the pre-existing stereogenic centre are sufficient to induce

respectable selectivity.

-3 -



Introduction : Stereoselectivity in Synthesis

In order for metal chelation to occur a suitable nucleophilic centre needs to be

present, also the spatial arrangement of such centres is important. Association with
metals is usually best achieved using oxygen and nitrogen centres. Although a 1,3

arrangement is the optimum geometry, 1,2, 1,4 and 1,5 can be used. When two or

more centres in a molecule are chelated to the same metal centre, temporary ring
structures are formed. This reduces the geometric degrees of freedom, thus enabling a

greater level selectivity to occur. Scheme 3 shows one such example with chelation

involving Mg2+ and 1,3 oxygen functionality. As shown, this then forms the

temporary cyclic structure 3, thus enabling differentiation of the top and bottom faces,
with the top face being more sterically hindered due to the methyl group, therefore
radical attack takes place from the bottom face.

OMe 0 oMe O

JCA +XX-.Mo =. I
Et3B/02

(R,R) CR,S)

Bu3Sn
MeO

/

Yield (R,R) (R,S)
None

MgBr2(l.l eq)
(73%)
(79%)

25
98

75
2

Scheme 3

Introduction of a bulky group, be it a metal complex (e.g. 4) or ligand (e.g. 5),
that can associate with one group around the stereogenic centre, can increase the
overall steric effect of the group thus improving the asymmetry around the

stereogenic centre.

CF, CF,

C8H17OOC' ■X
I I
H H

5

^COOC8H 17

Scheme 4

The asymmetry at any pro-chiral centre elsewhere in the molecule is therefore

increased, enabling a more selective attack of an incoming reactive group. An
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Introduction : Stereoselectivity in Synthesis

example using a bulky metal complex 4 or ligand 5 associating with the oxygen of the
chiral sulfinyl group is shown in Scheme 5.

O

I*
SePh

,SnBu3

AIBN, hv

4 or 5

trans CIS

X

<
~4

X= 4 or 5

CsnBu3

r

Yield trans cis

none (78%) 70 30

4(1.leq) (57%) 98.5 1.5

5(1.leq) (81%) 88 12

Scheme 5

X
HO'

-H,0

r

Me
f

o

\

,

V

\

*
1 energy

i

Me

H-f-"—7===/-(w
7

0

X

Me

0

O,

NaHCOi

H-Bu,SnH

X
"CHO

Jones
oxidation

X
sco2h

(15:1 d.e.)

Scheme 6

The inherent transition state geometric restraint of a chiral molecule can affect
the outcome of a subsequent reaction at a pro-chiral centre elsewhere in the molecule.
This is illustrated in Scheme 6. In the six membered chair type transition state the

-5-



Introduction : Stereoselectivity in Synthesis

methyl in a pseudo-equatorial position 6 is of lower energy than the methyl in a

pseudo-axial position 7 which gives rise to the observed diastereomeric excess.

Overall substrate controlled methods offer simplicity, although the correct

chiral motif has to be identified (usually from a natural source). Also, lots of scope
exists to modify the selectivity by the use of chelating agents etc. This method could
be considered as the poor persons asymmetric synthesis as the process only involves a

selective modification of an existing chiral moiety. A new chiral molecule previously
devoid of asymmetry has not been brought into being.

1.1.2 Auxiliary-Controlled Methods

Auxiliary controlled methods work on similar principal methods as substrate
controlled methods, the difference being that the chiral inducing portion of the
molecule is designed to be removed from the substrate after the introduction of the
new chiral centre(s). The removable portion is termed the auxiliary. The auxiliary is

designed to aid the reaction, induce chirality and be able to be easily removed and

recycled. The ability to be recycled means that there is a net gain in chiral molecules
created in the process as opposed to no net gain in the substrate-controlled method.
The form of the auxiliary can vary greatly, but is always derived from the naturally

occurring chiral pool. Some widely know chiral auxiliaries are 2-oxazolines,7
oxazolidinones,8 hydrazines9 and camphor sultams.10 2-Oxazolines are derived from
either nitriles or amides and a 1,2-aminoalcohol (Scheme 7i). Oxazolidinones are

usually synthesised from either phosgene or dialkyl carbonates (Scheme 7ii) and a

1,2-aminoalcohol. The camphor sultams (Scheme 7iii) are obviously camphor
derived. Enders' hydrazines, termed either RAMP or SAMP (Scheme 7iv), are

synthesised from proline.

-6-



Introduction : Stereoselectivity in Synthesis

or

O

AR NH,

RA/NH2

r2,%;T)H

R

R2

V_D*R (0

A. +
x x

X = CI or RO

RUAH2

0R2 OH

R1 !"U

R2.Xj~° <U)

r 7 A.wL L~,N R

,»\\H H liij
N' sV^-OMe MeO(iv)

-SO, nh2

samp

* = point of attachment

' *

NH2

ramp

Scheme 7

O Q

i X X
O NaN(SiMe,)j

K"^

Na+

0s O

R

Me' Ph

A
m/ Ph

PhCH

o o

AA
\ ^ 98:2

PhS02N

O o

Ph
Me Ph

NaOMe

R^.COjH
bri
PlA

^ ^96:4
H £

OH

Me Ph

NaOMe

R^.C02H
\vL

OH

O O

iM
"Ji 300:1fBu02C/ \ uf Ph

NHCOo'Bu

R^.COjH
H^=

NH,

Scheme 8
8a-c
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Introduction : Stereoselectivity in Synthesis

An example of the use of oxazolidinones is shown in Scheme 8. The utility of
the auxiliary-controlled method is shown, with the synthesis of amino acids, hydroxy-
acids etc. all derived from the one intermediate oxazolidinone. The selectivities of

these processes are extremely high, for example the production of enantiomerically
pure unnatural a-amino acids.

The same utility is observed in many other auxiliary systems. As in substrate
controlled methods, homolytic processes also benefit from auxiliary-controlled
methods. One such example, involving the use of a tetrahydropyrrole, is displayed in
Scheme 9, in which selectivity increases with a decrease in temperature as discussed

previously.

Overall auxiliary-controlled methods offer the same advantages as substrate-
controlled methods, except that the ability to recycle the chiral inducing moiety is an

added advantage. Although one major disadvantage of this methodology is the two

extra steps needed to put on and remove the auxiliary, this can determine the

feasibility of the synthetic use of a chiral auxiliary.

1.1.3 Reagent-Controlled Methods

One major disadvantage of the substrate and auxiliary controlled methods is
the need to form the required chiral substrate prior to reaction. This is not always

possible due to the limitations of the chiral pool; also auxiliary methods require two

extra steps. In reagent-controlled methods these disadvantages are negated, as having
a chiral reagent allows a wider range of possible substrates and no removal of an

auxiliary is required post reaction. The chiral induction is now an intermolecular

,S

major minor

Scheme 9
11
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Introduction : Stereoselectivity in Synthesis

process. Several different stereoselective reagents have been developed with great

success; these include reducing reagents (borohydride,12 and aluminium hydride13),
acids14 and bases.15 The major disadvantage of this method is the lack of a variety of

reagents.

Scheme 10, shows the stereoselective addition of a chiral borohydride reagent

8 to dihydro-furans, thiofurans and pyrroles. This yields, after oxidation of the

organoborane intermediate, the 3-hydroxytetrahydro moieties in excellent
enantiomeric excesses.

Q
I
Bz

1.8

2. [O]
i r

0
1
Bz

>99% ee

Scheme 10 16

1.1.4 Catalyst-Controlled Methods

The most advanced method to date in the area of asymmetric synthesis is the
use of a chiral catalyst. This method has distinct advantages over all other asymmetric

synthetic methods in that the chiral agent does not need to be in stoichometric
amounts. Also, a catalytic substance should theoretically be unchanged by the reaction

process, although in practise this is not always true. Amounts as small as 0.05 eq.

have been used to bring about an asymmetric transformation of a pro-chiral molecule
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to a enantiomerically pure substance. This use of only small amounts of a chiral
substance has an important impact especially on the industrial scale in terms of cost.

Many different reactions have had an asymmetric catalyst developed for them.
These reactions include: Michael additions,17 2+2 additions,18 Diels-Alder

18 10 00 01

cycloadditions, epoxidations, oxidations of sulfides, dihydroxylations and
99 • •

hydrogenations. Practically all the catalysts are transition metal chiral complexes,
metals include Ti, Os, Ru, Rh, Fe and non-transition elements include Al, B & P.

Scheme 11 shows a ruthenium based binap complex 9 performing

hydrogenation to yield in high enantiomeric excess intermediates in the synthesis of

isoquinoline alkaloids.
R O R O

R2

H,

NR

OR3

yy
R5

A R1 = R3 = R4 = CH3; R2 = OCH3; 100% ee
R = R5 = H

B R = R1 = R3 = R4 = CH3; R2 = OCH3; 100% ee
R5 = H

C R = R2 = H; R1 = R4 = CH3> 97% ee

95% ee

R = CH2C6H5; R3 =OCH2C6H5
D R = R2 = R3 = R5 = H;

R4 =CH3;

Scheme 11 23
Overall catalyst-controlled methods are the most efficient asymmetric process

in terms of cost and net chiral molecules gained. The drawback of this method is the
limited substrate scope of some of the catalysts, e.g. Sharpless asymmetric

epoxidation is only successful for allylic alcohols.
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1.2 Radical Ring Closures

Radical cyclisations form one the most important branches of radical based

organic synthesis. Synthetic routes to many important natural products and potential
drugs24 have utilised a radical cyclisation step to form the core ring system. Radical

ring closures, like heterolytic ring closures, encompass a whole spectrum of
mechanistic pathways, some of these are analogous to heterolytic processes and others

unique to the special nature of radical reactions.
In 1976 Baldwin25 identified and summarized a qualitative model describing

general stereoelectronic constraints on cyclisation reactions, this model is known as

Baldwin's rules or sometimes as the Beckwith-Baldwin rules.

In heterolytic ring closures Baldwin's rules define the mechanistic
characteristics in relation to the ring size created, the resulting position of the electron

pair and the hybridisation type of the electrophilic centre. Similarly, in homolytic ring
closures, the ring size and acceptor centre are used, the only difference is that instead
of the resulting electron pair position being definitive, the resulting position of the
radical is. Baldwin's rules also predict the favourability of ring closure based upon

geometric constraints on the interacting orbitals.
One of the most important and most frequently encountered ring closure types

in radical cyclisations is 5-exo-trig. An example of this is shown in Scheme 12. The
classic 5-exo-trig ring closure is onto a C=C bond,26 although cyclisations onto

"77 7R 7R

C=0, ON, N=N etc. are known. Also in Scheme 12 is an example of 5-exo-dig

process onto a ketene 10,26 other examples include alkynes,29 nitriles,28 isonitriles24®
and isocyanates.30

It is worth noting that when two possible modes of cyclisation i.e. 5-exo-trig
versus 6-endo-trig, are possible, kinetics and thermodynamics determine the product
distribution. In Scheme 13a, a hex-5-enyl radical 11 is shown to cyclise and give two

distinct products, which depend on the mode of cyclisation. The 6-endo product 12 is
the thermodynamic product, due the increased stability of the resultant secondary
radical and it will predominate when reaction conditions allow equilibrium between

open and closed ring structures (Scheme 13a). The 5-exo product 13, which is the
kinetic product is due to the better overlap of the SOMO and LUMO in the transition
state that leads to the 5-membered product (Scheme 13b) and it will predominate if
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termination/quenching of the resultant exo primary radical is fast compared to ring

opening back to parent radical.

COSePh Bu3SnH

5-exo-Aig

AIBN

5-exo-trig

Bu^SnH

Scheme 12
26

Vt

13
kinetic

11

(a)

9 X

\^12
thermodynamic

Scheme 13
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R = TMS (83%)

Scheme 14 29

In Scheme 14 an example of a 6-endo-Xx\g cyclisation is shown. It can be seen

clearly here that the predominance of the endo over exo is due to the high stability of
the resultant radical alpha to the carbonyl group and the unfavourable sterics of the
exo cyclisation.

The 6-endo-dig cyclisation mode has very few examples,31 due to the

unfavourability of the bonding geometry and the faster and more favourable 5-exo-dig

cyclisation mode. An example of 6-endo-dig is shown in Scheme 15.
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BuiSnH

AIBN

5-exo-trig

R = CH2CH2OBn

Bu^SnH

15%

6-endo-Aig

. 32
Scheme 15

As ring size increases, cyclisation becomes entropically unfavourable, but

cyclisation can still be achieved, for example between a nucleophilic radical and an

electron poor double bond (Scheme 16). A fuller explanation of factors influencing

cyclisation products can be found in "Free Radicals in Organic Chemistry" by Fossey,
Lefort and Sorba33 and "Stereochemistry of Radical reactions" by Curran, Porter and
Giese.34

lH#:
-»► O

AY

W w
Scheme 16

So far only radical cyclisations onto unsaturated carbons have been reviewed,35
another important class of reactions are the so called intramolecular radical
substitutions (ShO or exo-tet ring closures. This class are analogous to the
intramolecular Sn2 processes in ionic reactions. The transition state geometry is
identical to the Sn2 transition state geometry in that the incoming radical approaches

along the axis of the C-Y bond (Scheme 17).

R

x~JA
R R .

'-for*
Scheme 17
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An example of ShI is shown in Scheme 18, showing a range of leaving groups

and substitution centres. Another popular substitution centre is oxygen in the form of

dialkylperoxides and peresters, which when undergoing SHi can form cyclic ethers
and lactones36 respectively. It should be noted that ShI reactions at sp3 carbon atoms

Bu-iSn*

XR

x = s, so
R = Me, Et, CF3, Ph

-R*

SHi

~~RJ

37
Scheme 18

are very rare (they are restricted to strained centres e.g cyclopropyl)38 and this
restriction limits the synthetic utility of this process.

All radical species so far discussed in relation to cyclisations have contained

only one unpaired electron. Species containing two unpaired electrons separated by
one bond or more can be created in a synthetically useful setting and be employed to

bring about ring closures39 and other useful transformations.40 These species with two

unpaired electrons are known as biradicals. Many reactions of this class involve the
loss of a neutral molecule e.g. N2 to give the reactive biradical which then can

combine to give a new bond. An example is shown in Scheme 19.

<1
(95%)

, 39Scheme 19

So far, the examined mechanisms have featured radicals closing onto neutral
centres of varying hybridisations and atom types, but another significant mechanism
which is important in the formation of cycles involves the closure of a radical onto an

anionic nucleophilic centre and/or group. This mechanism is known as unimolecular
radical nucleophilic substitution (SrnI). This mechanism involves the formation of a

radical usually by electron transfer to an organic halide and the subsequent loss of X".

- 15 -



Introduction : Radical Ring Closures

This radical then ring closes onto the nucleophile to give a radical anion followed by
loss of an electron to give the cyclic product. This mechanism usually operates via a

chain process. An example of a natural product formed by this process is shown in
Scheme 20.

O

- e

O

\==N

3 steps

Eupolauramine

, 41Scheme 20

A summary of mechanistic pathways leading to ring formation via radical
methods is shown in Scheme 21. Intramolecular addition to unsaturated centres

(Scheme 21 i), is by far the most synthetically used mode, with well understood
reaction profiles due to intense research into the area. Intramolecular homolytic
substitution at saturated centres (ShO (Scheme 21 ii) is potentially synthetically useful.
This usefulness however is limited by the need for a weak bond to the leaving group,

and/or the potential for octet expansion, to incorporate a bond to the incoming radical.
This in most cases excludes carbon due to its formation of strong bonds with almost
all common elements and also its inability to expand its octet. Intramolecular radical-
radical combination reactions (Scheme 21iii) in order to form rings, are in general not
synthetically useful due to the need to incorporate a labile leaving group and the
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inherent loss of control due to the high reactivity of biradicals. Unimolecular radical

nucleophilic substitution (SrnI) involves the coupling of a radical and an anion, and

consequent bond formation induces ring closure (Scheme 21iv). From a mechanistic

standpoint, SrnI reactions "sit on the fence" between homolytic and heterolytic

chemistry. The literature details mechanistic aspects of SrnI reactions very

thoroughly, although the synthetic utility has been under investigated. This may be
due to the process fitting into neither the traditional areas of radical chemistry or ionic

chemistry. The SrnI process is potentially a very useful transformation with much

scope for innovation.

Scheme 21
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1.3 Unimolecular Radical Nucleophilic Substitution

Nucleophilic substitution is one of the most frequently encountered
mechanistic profiles in organic chemistry. SnI and Sn2 are the two nucleophilic
substitution pathways that usually occur at sp3 carbon atoms, SnI being the stepwise
route and Sn2 the concerted (Scheme 22a & b). Nucleophilic substitution at aromatic
centres was, up until the last 40-50 years, deemed relatively difficult as compared to

electrophilic substitution. This is now known not to be the case. Common

nucleophilic aromatic substitution mechanisms are detailed in Scheme 22c-f. The

SNAr process (Scheme 22c) requires the aromatic ring to be activated with an electron

withdrawing group (EWG) or, if not activated, substitution can be facilitated by the
use of chromium tricarbonyl.42 Reactions of aryl halides with strong bases can bring
about substitution via the aryne mechanism (Scheme 22d). Nucleophilic substitution
of diazonium ions (Scheme 22e) is an SnI process occurring at an aromatic centre due
to N2 being an extremely good leaving group. Sn2 processes at aromatic centres

cannot occur due to the nucleophile attack vector being in the plane from the centre of
the ring.43 More recently vicarious nucleophilic substitutions of hydrogen (Scheme

22f) at an aromatic centre have been developed and championed by Makosza.44
The nucleophilic substitution mechanisms so far discussed have been purely

heterolytic in nature, one important mechanism left to be discussed, is the SrnI
mechanism which will be looked at in detail. SrnI is nucleophilic substitution of a

leaving group occurring by means of a single electron transfer chain process.

The first examples of aromatic SrnI mechanisms came to light as a result of
an anomalous product distribution of a reaction involving 5- and 6-

iodopseudocumenes with potassium amide in liquid ammonia reported by Kim and
Bunnett,45 supposedly occurring via the aryne mechanism. An excess of the respective

ipso substitution was seen, more than could reasonably be explained by a common

aryne intermediate. The ipso substitution was shown to be the result of a radical

process, involving single electron transfer steps, which was inhibited by radical

scavengers and promoted by one electron donors, e.g. solvated electrons from alkali
metals in liquid ammonia.
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(a)
R

it
-X- R^R ^ R̂ Nu SN1

R
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Vicarious nucleophilic substitution of hydrogen

CI
2—Y

Scheme 22

This was shown to be the aromatic equivalent of an aliphatic process reported

independently by Kornblum46 and Russell47 in 1966 featuring the reactions of p-
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nitrobenzylic and a-nitroalkyl halides. The term SrnI, standing for substitution,
radical nucleophilic, unimolecular, was suggested by Bunnett45 & 48 and was widely

adopted to describe reactions of this type.

1.3.1 The Srn1 Mechanism

R-Nu

R-X

[ R-Nu]*

R-X

e" Step 1
r

(R-xl*

R«

Scheme 23

The mechanism of the SrnI process is shown in Scheme 23. Initiation of the
chain mechanism begins with a single electron transfer to RX (Step 1), followed by

fragmentation with loss ofX- to give R* (Step 2). Coupling of R* and an incoming

nucleophile results in the radical anion ofRNu (Step 3), this then transfers an electron
to another RX to complete the chain and give the substitution product RNu (Step 4).
Several reviews of SrnI chemistry have been published over the years,49 the most

recent by Rossi et al.49a
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1.3.1.1 Initiation

r-X + e" ► [r-Xp (Step 1)
Scheme 24

In step 1 of Scheme 23 the initiation of the SrnI mechanism is shown to occur

by the addition of an electron to a molecule ofRX, where X is a leaving group such as

F, CI, Br, I & SPh. This initial electron transfer (ET) has been widely studied and five
main ET types have been identified, these are spontaneous or thermal,

photostimulated, electrochemical, solvated electrons and reducing inorganic salts.

Spontaneous or thermal ET can occur from the nucleophile and/or base to the
substrate RX, depending on the electron affinity of the substrate and the oxidation

potential of the nucleophile and/or base. In most cases the SrnI substitution of

aliphatic carbons with EWG can be initiated by thermal ET which can be stimulated
by light.50 Instances of spontaneous initiation with aromatic systems are relatively
few. Cases can occur where the aromatic system is a good electron acceptor e.g.

ArN2SR (R= Ph or t-Bu);51 or when the nucleophile is a good electron donor. This is
seen in ketones and related compounds with high pKa, as the higher the pKa the better
the conjugate base is as an electron donor;52 which increases the chance of a

spontaneous initiation.
Photostimulation of SrnI reactions is the most popular method of initiation.

The efficiency of reaction of a particular set of nucleophile and substrate can be
altered by the choice of solvent and irradiation source. For example Phi does not react
with ~CII2COPh under irradiation tluough a Pyrex flask in liquid ammonia,53 but does
in DMSO.54 However, when a quartz immersion well is used the reaction proceeds in

liquid ammonia.55 Despite the popularity of photostimulation as a means of initiation

very few studies have been done on the mechanism. A possible mechanism is

photoexcitation of a charge transfer complex of Nu~ and substrate. The reaction of
-CH2COMe ions with Phi and PhBr in DMSO has been proposed to occur by this

type of initiation.56 Also, reactions of many other substrates and nucleophiles57 have
been suggested to undergo initiation via a photostimulated charge transfer complex
mechanism. An electron transfer from an excited nucleophile is another possible

— S7
mechanism. Due to the highly coloured nature ofmany nucleophiles e.g. PPh2, and
thus high absorption in the UV-Vis region of the spectrum, it is deemed probable that
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electron transfer from the excited nucleophile is occurring. Evidence has been put

forward for this mechanism due to the fluorescence quenching of the diphenylindenyl
anion by PhBr58 and of 2-naphthoxide by 1-iodoadamantane.59 Evidence for many
other photoinduced processes has been published. These include photohomolytic bond
dissociation,60 dye-photoinitiated60 and visible light initiation, with a Ru complex as

sensitizer and a Co complex as the intermediate electron carrier.60
Work involving the investigation of electrochemical initiation of SrnI

reactions61 has largely been carried out by Saveant and co-workers. Initiation by an

electrochemical process allows for a quantitative analysis of fragmentation rate

constants of radical anions. The absolute rate constants for coupling of a wide range

of nucleophiles with radicals can also be determined. Many different scenarios can

occur depending on the electrode potentials of (RX/RX*~) and (RNu/RNu*-) and the

fragmentation rates of RX*-. If (RX/RX*~) » E? (RNu/RNu*-) and RX*-

fragments slowly, R* and RNu*- are formed far away from the electrode and thus
RNu*- can be oxidised by either electrode or RX to form product or propagate the
chain. This is then a process catalysed by few electrons which can lead to complete
conversion of RX to RNu provided radical-nucleophile coupling is faster than

potential side reactions. If RX*- fragments fast then R* forms near the electrode and
can be reduced to R- before it couples with Nu-. This can potentially be overcome by
use of a mediator (M)62 which is reduced at a more positive potential than RX to form
M*-. M*- can then reduce RX away from the electrode enabling the reaction to

proceed. Potential mediators are polyaromatics such as perylene. If E/ (RX/RX*-)«
E? (RNu/RNu*-) then RNu*- formed cannot be oxidised by RX or at the electrode at

the potential of the system. The process is an uphill process and is non-catalytic; one
mole of product requires a stoichometric quantity of electrons. An example of this is
Ph* with CN-.63

The use of solvated electrons in liquid ammonia is an important initiation

source, especially when products derived from an aryne mechanism are to be avoided.
In the reaction of /?-NCC6H4X (X=C1, Br, I) with -CH2CONMe2 in liquid ammonia,

using K metal as the source of solvated electrons, high yields of the substitution

product are obtained with no aryne derived product seen.64 If K metal is not present

then aryne derived substituted anilines are obtained. A disadvantage of this initiation
is the formation of reduced products.65
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Sodium amalgam has been used to initiate SrnI reactions where the
substrate's redox potentials are close to, or more positive than, Na(Hg).66 If the radical
anion of the substrate fragments quickly and therefore close to the surface of the

Na(Hg), as with PhBr and />MeOC6H4Br, substitution is inhibited by the consequent

reduction of the intermediate radical; this can be alleviated by the use of a redox
mediator66 in a similar manner to the electroinduced case.

Inorganic salts have also been used to initiate SrnI reactions. Several have
67

been tested and ferrous ions are the most used, usually in the form of FeX2 (X-Cl or

Br) in DMSO. Many possible mechanisms have been proposed, these are ET from
Fe to ArX, iron mediated ET from Nu to ArX, or direct capture of X from ArX
with the formation ofArv68 The Fe2+ salts are required in catalytic up to stoichometric

quantities, which is mechanistically very fascinating. Many substrates and

nucleophiles have been used with yields as high as 86%.69 Samarium iodide has also
been use to initiate the SrnI process.70

Many other approaches to initiation have been utilised with varying degrees of
71 77 /ta TX

success, these are sonication, microwave irradiation, radiolysis with Co and
aromatic radical anions.74

1.3.1.2 Propagation

1.3.1.2.1 Step 2: Radical Anion Fragmentation

Following the initiation of the chain by the addition of an electron to the

substrate, the substrate can then undergo fragmentation to form a radical, R*, and a

nucleofuge X- (Scheme 25).

[ R-X ] * ► X- + R. (Step 2)

Scheme 25

When fragmentation is concerted, the RX bond is being broken as the electron
is transferred. The barrier to the process depends on the bond dissociation energy for
the neutral molecule as well as the solvent reorganisation energy associated with
Marcus-Hush theory.75 The fragmentation is stepwise if there is a 7c acceptor of

sufficiently low energy to accommodate the incoming electron. An intramolecular
electron transfer from 7i* to a* of the RX bond can then occur, which leads to the
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formation of a radical and nucleofuge. Thus, the main molecular factors affecting the
transition between a stepwise and concerted sequence are the BDE (D),
E? (RX/RX*-) and E? (X7X~) 76 For the fragmentation of [RX]*- formed from
initiation to take part in propagation of a chain it has to be fast, this rate is dependent
on the ease of reduction of RX, E? (RX/RX*-) and the fragmentation rate of the
resultant radical anion. This is highlighted by the relative reactivity ofPhBr and ArBr
towards "CFECO'Bu.77 The reactivity increases from Ax = Ph to Ar = anthracenyl,

regardless of the fact that the rate of fragmentation of the radical anion decreases from

approximately 1010 s"1 (Ar=Ph) to 3 x 105 s"1 (Ar = anthracenyl). Conversely PhBr
reacts faster than CeHsCOCgFLtBr-p. This was attributed to the fact that the

/j-CgFfCOCefLtBr radical anion fragments slowly (6 x 102 s"1 in liquid ammonia) even

though it is a better electron acceptor than PhBr.77
Alkyl and benzyl halides unsubstituted by electron withdrawing groups

fragment through a concerted pathway, due to the lack of a suitable low energy it

LUMO. Aliphatic substrates with electron withdrawing groups such as NO2,
dissociate through a stepwise mechanism. Although usually too unstable to be
detected by ordinary EPR spectroscopy, some aliphatic radical anions have however
been observed by EPR these are 2-chloro- and 2-iodo-2-nitropropane,78 p-

7Q 7Qk 0/\ OI

nitrobenzyl, p-nitrocumyl, m-nitrobenzyl, substituted-2-methyl-5-nitrofurans,
4-nitroimidazole derivatives82 and 5-X-2//,3/7-benzo[6]thiophene-2,3-diones (X=F,

CI, Br or I).83 Also, in some cases, fragmentation has been monitored by EPR. The
structures of these radical anions revealed significant overlap between the it* and a*
molecular orbitals which is in agreement with results proposed by theoretical work.84

Unsubstituted aromatic substrates generally undergo stepwise electron capture

and fragmentation. In this family the it and a are orthogonal to each other, unlike the

benzyl system in which overlap exists. This helps to explain the low fragmentation
rates of nitro-substituted aryl halides (10"3-102 s"1).85 Due to this, and the good
electron acceptor ability of the nitrophenyl it system, nitro-substituted aryl halides are

poor substrates for SrnI processes. Thus radical anions with low fragmentation rates,

either through very low energy 71 systems, strong R-X bonds or orthogonal it-a

systems can cause this step to be rate determining in the overall chain.

Many different leaving groups have been used in SrnI substrates, the most

common groups used with all types of substrate are the halogens, CI, Br, and I; with F

being used less commonly. Other leaving groups include thiols, aromatic sulfines and
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sulfones. The leaving group ability among halogens is I>Br>Cl»F. Neutral tertiary
amines can act as leaving groups from quaternary ammonium salt substrates (Scheme

2^ 86 & 121b
Ph

Ph

Scheme 26

Thioazo and diazonium aromatic substrates have also been used in which on

reduction N2 is lost, as well as RS~ or the counter ion as the nucleofuge, e.g. PhSN2-

Ar, F4BN2-Ar and 'BuSN2-Ar. Diethyl phosphate has been used as a nucleofuge in
aromatic substrates. N3, SCN, NO2, RCO2 and polyaromatic alkoxides perform as

leaving groups exclusively in aliphatic substrates. Bowman introduced some novel

heterocyclic leaving groups in a variety of aliphatic substrates (Scheme 27).87

Me

Scheme 27

1.3.1.2.2 Step 3: Radical Coupling With Nucleophiles

After the formation of the radical, via fragmentation, coupling of the radical
with the nucleophile can occur (Scheme 28).

Nu" + R. [R-Nu]' (Step 3)

Scheme 28

In the case of aromatic radicals, these rates have been determined by the use of
electrochemical methods. In a large number of cases these rates were found to be
close to the diffusion controlled limit. For example, the rates of the reactions of 2-, 3-
and 4-cyanophenyl, 1-naphthyl and 3-pyridyl with PhS-, (EtOfrPO- and "CFECOMe
ions range from 109 to 1010 M"1 s"1 in liquid ammonia.88 Overall it has been shown
that phenyl radicals couple slower than other aryl radicals with rate between 107 and

8 11 89 J• 1 • *10 M" s" . Radicals alpha to the nitrogen in a heteroaromatic system, such as 2-

pyridyl radicals, also react at rates below the diffusion limit. This is thought to be due
to the repulsion between the incoming nucleophile's electron pair and the nitrogen

-25 -



Introduction : Unimolecular Radical Nucleophilic Substitution

lone pair.88® Through competition reactions it has been shown that as Ar* radicals are

soft electrophiles; they react faster with nucleophiles as they become softer, e.g.,

PhS~(1.00), PhSe~(5.8) and PhTe-^).90 On the basis of several studies the reactivity
order of nucleophiles, with phenyl radicals in liquid ammonia has been obtained, this
is: PhS~ (1.0), PhSe" (5.8), NH2~ (11.5), ~CH2CO'Bu (13.0), (EtO)2PO~ (18.0),
PhTe" (28.0), Ph2PO~ (34), Ph2P~, Ph2As~, Me3Sn", and Ph3Sn~ (74.0).49®' 90 & 91
Literature evidence is consistent with the view that nucleophiles and aryl radicals

couple at or near the diffusion limit. Aromatic radical couplings with nucleophiles are

insensitive to steric hindrance, even with ArX bearing o-methoxy or o-methyl groups,
even an o-'Pr group does not inhibit the reaction, only when either two o-'Pr groups or
an o-'Bu are present are the yields low.92

In contrast with aryl radicals, very little is known about rates of coupling of

aliphatic radicals with nucleophiles. Some absolute rates have been determined using
the radical rearrangement approach.93 The rate of reaction of nitronate ions with

methyl radicals in DMSO decreases with increasing steric hindrance: ~CH2N02 (1.35
x 108 NT1 s"1), ~CHMeN02 (1.6 x 107 NT1 s'1), ~CHEtN02 (1.35 x 107 M"1 s"1) and
~CMe2N02 (2.35 x 106 M"1 s"1).94 In general, the rate of coupling decreases as steric
hindrance increases, but despite steric limitations, most of the C-alkylated products
obtained in most reactions of alkyl halides with electron withdrawing groups are

sterically crowded molecules. The counter ion of the nucleophile has a large effect on
the relative rates of reactions; for example, the relative rates of ~CMe(C02Et)2 vs.

~CMe2N02 can be reversed from 10 with K+[2.2.2]-crypt to 0.24 in the presence of
2M Li+.95 Solvent also has an appreciable effect, for example the relative rates of Li+
salts of "CMe(C02Et)2 versus ~CMe2N02, were 0.22 in HMPA but 70 in THF.57f& 95

In general the factors that affect the coupling rates are the reverse of those that
affect cleavage of the initial substrate radical anion, [RX]*~. These are a) the strength
of bond formed in the coupled product; b) standard potential for reduction E?
(RNu/RNu*-); and c) standard potential for oxidation —E? (NuTNu-).This explains the

coupling rates of ~CH2COMe (~108), PhS~ (~107) and CN~ (~105). Despite there

being thermodynamic evidence to the contrary for the latter, Dph-sph = 326 kJ mol"1,
Dph-CH2coMe = 403 kJ mol"1 and DPh-cN = 548 kJ mol"1. The low reactivity of the
cyanide anion, which is a hard nucleophile, is attributed to the very positive standard
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oxidation potential. Another contributing factor is the large reorganisation energy due
to the strength of the bond being formed.76

1.3.1.2.3 Step 4: Single Electron Transfer

Once the radical anion [RNu]~ has formed, from coupling of the radical and

nucleophile, there are several reaction pathways that could be followed. These are: a)
transfer of an electron to another molecule of RX (Scheme 29), b) transfer of an
electron to any other reducible species, or c) fragmentation.

[R-Nu]* + R-X ► R-Nu + [R-X]* (Step 4)

Scheme 29

In order for the product radical anion to follow pathway (a), and transfer an
electron to another RX and complete the chain to regenerate [RX]"-, E? (RX/RX"-)
has to be more positive than E? (RNu/RNu*-). However if E? (R*/R~) > (RX/RX"-)
then R* could be converted to R-, which would result in termination of the chain. If

any other species with a more positive reduction potential than RX is present then

pathway (b) will be followed and propagation of the chain will not be achieved. If the

product radical anion formed in step 3 has a leaving group with a cleavage rate faster
than electron transfer, or the back reaction to R* and Nu- is faster than single electron
transfer (pathway (c)), then propagation will also not be accomplished. Clearly the
overall product distribution from a given SrnI process will depend on the contribution
of all these pathways which will also affect the overall rate.

1.3.2 Solvents and Bases

In choosing a solvent for an SrnI reaction a number of factors have to be
taken into account, these are: a) The ability of solvent to dissolve all reactants.

Generally an organic halide and alkali metal salts of various anions, b) In the case of

photochemical initiation, the solvent should be transparent at the required frequencies,

c) The solvent should be a poor hydrogen donor to reactive radicals present, as

hydrogen donation can lead to termination of the chain mechanism, d) As the
reactants include highly basic materials, then protic solvents with low pKa are to be
avoided, e) A solvent which accepts electrons either readily and/or irreversibly is
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undesirable because the mechanism involves electron transfer steps. The traditional
solvents used in SrnI processes are liquid ammonia and dimethyl sulfoxide, other
solvents that have been used are dimethylformamide and hexamethylphosphoric
triamide, all of which are polar aprotic solvents. The popularity of liquid ammonia as

the solvent in nearly all aromatic SrnI reactions is in part due to the ease of formation
of the strong bases, MNH2 (M = Li, Na & K) by reaction of alkali metals directly with
the solvent. More recently solvents such as tetrahydrofuran, 'BuOH, acetonitrile and
even water have been utilised with varying results. Results depend highly on

individual reaction conditions and substrates, further information regarding the
effectiveness of different solvents can be obtained from the many reviews49 on SrnI
reactions.

Bunnett et al. ,96 reported a study of the reaction of iodobenzene with diethyl

phosphite anion using a range of solvents in order to ascertain the reactivity in each. It
was discovered that as well as ammonia the reactions also proceeded in excellent

yields in acetonitrile, dimethylformamide and to a lesser degree in tert-butyl alcohol.
Poor solvents included hexamethylphosphoric triamide and other common polar

aprotic solvents. While this result is indicative, it is by no means true in all cases, with
the results in an individual solvent, as mentioned previously, depending greatly on the
individual reaction parameters.

The most common bases used for SrnI reactions are alkali metal amides, and

potassium tert-butoxide. More recently, lithium diisopropylamide has been used. The
choice of base is heavily dependent on the pKa of the conjugate acid of the

nucleophile, and also the base's solubility in a given solvent.

1.3.3 Nucleophiles

Since the discovery and definition of the SrnI mechanism in the late nineteen
sixties to early seventies, a whole plethora of nucleophiles have been evaluated. In
this introductory review only enolate anions as nucleophiles will be evaluated in any

detail although a quick survey of other types of nucleophiles will be made. In group

14 (IV) only carbon, germanium and tin nucleophiles are represented as far as the
author is aware. Included in the nucleophiles epitomizing carbon are conjugate bases
of ketones,53 esters,55 & 69a amides,97 thiazolines,98 oxazolidinones," oxazolines,98
thioamides;100 the cyanide anion,63b nitriles,101 nitronates (~C(N02)R2),102 and
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aryloxides (reactions occur ortho and para to oxygen).103 In the cases of germanium
and tin, only trialkyl and triaryl stannyl104 and germanyl105 anions have been used as

nucleophiles. Group 15 (V) sees all members except bismuth taking part as

nucleophiles. Nitrogen centred nucleophiles encompass the amide anion ("NTh),45
alkyl and aryl amide anions,106 NO2- ions,121c N3~ ions,121c and heteroaromatic anions
such as that derived from pyrrole.107 Aromatic amide anions such as 2-naphthylamide,
react both through the nitrogen and at the ortho position on the aromatic ring. The

pyrrole derived anions reacts at both the 2 and 3 positions.

Phosphorus nucleophiles include (RO^PO-,108 (RO^PS-,109 ~PR2,66a& 7lb and
P3—.no The reaction of diphenylphosphinide anions with aryl halides enables the

synthesis of unsymmetrical triarylphosphines (Scheme 30).66a&71b
^Cl ^PPh2

+ -PPh2
(96%)

Scheme 30

Nucleophiles from the elements of periods 4 and 5, representatives of group
15, arsenic and antimony, both take part in SrnI reactions. They have the general
formulas (M=As & Sb) M3-,110 PI12M-,111 and Ph2MO~~.in Nucleophiles of group 16

(VI) elements include sulfur, selenium and tellurium centred types. Enolate type

nucleophiles react with aryl radicals almost exclusively through the carbon rather that

oxygen centre (Section 1.3.5). The reason for this is proposed to be the greater bond

strength of C-C (356 kJ mof1) versus C-O (336 kJ mol"1) and also the hard

nucleophilic nature of RO_. Sulfur nucleophiles are wide and varied; they take the

general formulas alkyl-S-,108 ArS~,112 ArSCV,113 RCOS-,114 and S42-.115 An example
of substitution on to an aminonaphthlene ring by an alkyl sulfide followed by an

intramolecular cyclisation to form a tricyclic compound is shown in Scheme 31.108
Selenium and tellurium nucleophiles have been less extensively studied, with only
M2Z,116 M2Z2117 and RZ" 118(M = alkali metal, Z - Se & Te) featuring.
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hv

•S(CH2)2OH
NH,

(88%)

Scheme 31

SrnI reactions of carboxylic acid derivatives are widely known and when the
substrate is an aryl halide, an alpha substituted carboxy compound can be formed. The
dianions of carboxylic acids themselves can react with iodobenzene to form alpha aryl

carboxylic acids (Scheme 32).119

—CHC02"Li+ + Phi
hv

NH3
Ph2CHC02H (77%)

Scheme 32

A multitude of esters also fare well in radical nucleophilic substitutions and
one example is shown in Scheme 33.55'69a It should be observed that a possibility for
chiral induction is apparent here if chiral esters such as menthol ester are employed.

hv
"CH2C02fBu + PhBr-

NH,
PhCH2C02'Bu (57%)

Scheme 33

Amides are also well represented in SrnI processes, with a wide variety of
substrates reacting in moderate to excellent yields. An arylation of an A.A-dimethyl
amide is shown in Scheme 34.97

hv
"CH2CONMe2 + PhBr-

NH3
PhCH2CONMe2 (80%)

Scheme 34

Thioamides take part in SrnI reaction as well, although examples are

limited,100 they include the reaction of the piperidinyl thioamide with iodobenzene

(Scheme 35).
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Scheme 35

Even more elaborate derivatised carboxylic acids such as Meyers' heterocyclic
2-oxazolines7 and the closely related 2-thioxazolines, function as nucleophiles in SrnI
reactions. The Wolfe research group has reacted substituted 2-oxazoline and 2-
thiooxazolines with aryl halides with good to moderate yields (Scheme 36).98

"CHR ArCHR

X Z R R' Yield (%)
Br 0 H Me 63

I Ph Me 62

Br s H Me 59

Br Ph Me 57

Scheme 36

Also, the heteroaromatic, 2-bromopyridine reacted to afford heteroaryl
substituted oxazolines and thiooxazolines.98 Historically chiral 2-oxazolines have
been employed as chiral auxiliaries. Thus, development of a diasteroselective SrnI
reaction protocol becomes a possibility. This would complement the already existing
literature7 on 2-oxazolines due to the ability to produce 2-arylated 2-oxazolines and

thus, after hydrolysis, alpha-arylated carboxylic acids.

1.3.4 Substrates

Many structurally diverse compounds have been used as substrates (RX) in
SrnI reactions including aliphatics, allyl and aryl moieties. A full survey of the
multitude of substrates that have been employed can be found in the many reviews on

SrnI processes.49
The most extensively studied aliphatic substrates since the first example, 2-

bromonitropropane, are nitroalkanes. One interesting example of nitroalkanes is the
reaction of gem-dinitroalkanes with a nitroalkane anion to form a 1,2-
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dinitrosubstituted product, which can undergo reduction by Ca/Hg to form tetra

substituted alkenes (Scheme 37).120
n02 n02 / v n02

+ „e_/- _w/ x no2\h2ch2cn 20'25°c x a/ ch2ch2cn

Ca/Hg
0-25°C

(71%)
ch2ch2cn

Me

Scheme 37

p-Nitrobenzyl and p-nitrocumyl substrates react with an extensive range of

nucleophiles. An important example is the reaction of a range of p-nitrocumyl
substrates with various alkoxides and phenoxides to form tertiary ethers in moderate

yields (Scheme 38).121

o#~T\ -X + RO- 0,N i \

R X Yield (%)
Me no2 56

Ph no2 66

Ph quinuclidinium 57

1 -methyl-2-naphthyl ci 62

1 -methyl-2-naphthyl no2 69

Scheme 38

A range of heteroaromatic analogues of p-nitrobenzyl and p-nitrocumyl
substrates can also take part in SrnI couplings; Scheme 39 shows some of these

analogues.122
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Ar =

0,N Me 02N N
I
R

NO,

ccv 0,N

Me N

ArCHRX

Scheme 39

Natural product analogues can be synthesised by utilising allyl substrates, such
as allyl iodides. An example of a prostaglandin (PGBi) 14 synthesised utilising an

SrnI step is shown in Scheme 40.123 It is interesting to note that, due to the wide

variety of leaving groups tolerated, by judicious choice of leaving group other

coupling steps such as palladium catalysed cross-coupling can occur sequentially with
SrnI steps (Scheme 40).

123
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3 steps

(81%)

S02Ph

NaS(CH2)4COOMe
DMF

25°C, lh

Scheme 40

Unactivated alkyl halides also take part in SrnI substitutions. Substrates such
as neopentyl and neophyl have been shown to be reactive. Neophyl iodide 15 reacts in
a moderate yield of 67% with "CHaNCh under entrainment with the anion of 3-

cyclohexenone 16 (Scheme 41).57f In the reactions of unactivated alkyl substrates
other mechanistics pathways such as Sn1/Sn2 and halogen-metal exchange

compete.
124

'CH2N02
hv, DMSO

CH2N02

15

(fl
kk

+

(67%)

CH2N02"mT

(11
kk (2%)

16

Scheme 41

Substitution of 7-iodonorcarane 17 with acetophenone anion 18 occurs with a

high degree of selectivity (Scheme 42).125 Also, 7-bromonorcarane 17 reacts in liquid
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ammonia under radiation with Ph2P~~ and PI12AS- with yields of 87% and 90%

respectively.126
H

\—CH2COAr
+ CH2COAr ► +

H

17 1:1 exo\endo 18 (95%) exo

Scheme 42

Bridgehead substrates form an important group of reactants in SrnI reactions.
These groups include adamantyl, bicyclo[2.2.2]octyl, norbornyl, and

pentacyclo[6.4.0.02'10.03'7.04'9]dodecyl. All undergo substitution of a suitable leaving

group by a nucleophile at the bridgehead carbon. Substitution at bridgehead carbons
via the SnI and Sn2 mechanisms generally do not occur due to the instability of

pyramidal cations in the SnI case and steric interactions precluding an attack from
behind in the Sn2 case. The radical that is formed during an SrnI substitution at a

bridgehead carbon results in a pyramidal radical which is generally not seriously

energetically unfavoured plus the radical is a more stable tertiary radical. An example
of an unsaturated adamantyl halide reacting with trimethylstannyl anions is shown in
Scheme 43.127 If the carbon double bond is replaced by a carbonyl functionality and
the halide is iodide then the major product of the reaction is ring fission by a polar
mechanistic pathway.127

THE / I
+ LiSnMe3 , , ^

X / SnMe

X = Br (97%)
X = I (83%)

Scheme 43

The study of the functionality and reactivity of perfluoro organic compounds
is of wide interest in organic chemistry at present. SrnI substitutions using

perfluoroalkyl iodides offer a way to incorporate perfluoro groups into a molecule.

Many different nucleophiles react with perfluoroalkyl iodides including carbonyls,
heteroaromatics, phenols and thiophenols. An example of a substituted thiophenol

reacting with rt-perfluoropropyl iodide 19 is shown in Scheme 44.128
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Scheme 44

The only substrates discussed so far have conformed to the motif R-X, but
other substrate motifs are possible, one such motif is RMX in the form of RHgX.

Alkylmercury halides have moderate activity in electrophilic substitutions and
virtually no reactivity in nucleophilic substitutions at carbon due to the unfavourable

polarity of the R-Hg bond, although alkylmercury halides are easily reduced to an

alkyl radical, elemental mercury and a halide anion (Scheme 45).

RHgX —R- + Hg° + X"
Scheme 45

This ease of reduction with the production of alkyl radicals makes it possible
for RHgX, to undergo SrnI substitutions, with oxidation of a suitable nucleophile by

RHgX enabling a chain reaction to be initiated (Scheme 46).

Nu" + RHgX ► Nu# + [RHgX]"

[RHgX]* R» + Hg° + X"
Scheme 46

Scheme 47 shows an example of SrnI substitution using alkylmercury halides as

substrates.129
DMSO

n-CgH-^HgX + CMe2N02 ^ /7-CgH'i3CMe2N02

X = C1 (90%)
X = Br (50%)
X = I (80%)

Scheme 47

Aryl moieties form an important group of substrates in SrnI processes. They
can be divided into three general groups; aromatic, heteroaromatic and polyaromatics.
Members of all three groups can react efficiently in SrnI reactions.

A proficient synthesis of an isocoumarin 20 is demonstrated in Scheme 48
with substitution occurring on a structurally hindered aryl substrate in good yield of
78%.130
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MeO

MeO

hv, NH3
MeO C02H

"CH2COMe
Br MeO

OMe

,COMe

OMe (78%)

MeO

lsocoumarin

MeO

6Me 20 (90%)
Scheme 48

When the substrate is heteroaromatic, the synthesis of azaindoles131 in 97%
overall yield is possible, this is shown in Scheme 49.

-I
hv, NH3 "CO'BUorN^^NHCO'Bu"CH^CO'B» "^^NHCO'BU

(98%)

HC1

azaindoles fBu
N (99%)

Scheme 49

A regioselective substitution of the heteroaromatic quinoline is exhibited in
Scheme 50.132

CI CI

0 COCH2

O'Pr

N O

O'Pr (80%)
Scheme 50
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1.3.5 Intramolecular Srn1 Reactions

base
•

hv

Ring
Closure

-e

Scheme 51

Intramolecular SrnI reactions are less well known, with only a handful of

examples in the literature, even though the unique nature of the SrnI mechanism has
been fully exploited in other directions. In appropriately substituted precursors,

intramolecular SrnI reactions could possibly lead to ring closure. A generalised
reaction involving aryl radical formation and intramolecular coupling is shown in
Scheme 51.

hv

NH2-/NH3

R = H (62%)
R = Me (60%)
R = Et (54%)

134
Scheme 52

The first class of intramolecular cyclisation reactions involve coupling of aromatic
radicals on to conjugate base amides to form oxindoles133 and isoquinolines.1J4 The
work has been mainly been carried out by Wolfe et al} 4 An example of isoquinoline
21 formation is shown in Scheme 52.

A more interesting example, also carried by Wolfe, is the cyclisation onto a

diamide with subsequent condensation to form a tricyclic structure (Scheme 53).

134
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i f
i r

Scheme 53 135
A few natural product structures have been assembled by intramolecular SrnI

couplings. These include alkaloids and fused cyclic structures. The synthesis of an

ergot type alkaloid 22 is shown in Scheme 54. This is a good example of the power of
SrnI reactions in that the radical can couple with a sterically hindered centre to form,
as in this case, a spiro centre.

As well as the previously mentioned synthesis of europolaramine1373 (Section
1.2 : Radical Ring Closures) a key ring closure in the synthesis of (±)-tortuosamine 23
137b • •has been carried out by the Goehring group (Scheme 55).
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2 steps

■*»

2.5eq. LDA
THF, 0°C

. r

(±)-Tortuosamine
(59%) isolated

as triflate

Scheme 55

Clearly, the examples shown, and others,138 provide insight into the potential

scope of intramolecular SrnI reactions.
One other very interesting example of intramolecular cyclisation is direct O-

arylation. Reactions of phenoxides normally occur intermolecularly through the alpha
carbon and not the oxygen. However, in this intramolecular case, reaction was

through the oxygen (Scheme 56).

NHMe

Scheme 56 139

This is the only example known of a coupling of an aryl radical and an oxygen anion.
It is thought to occur due to the proximity of the reacting sites.
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1.3.6 Aryne Mechanism

A mechanism involving an aryne intermediate can often be written to explain
the formation of the ring closed products (Scheme 57).

Y

Scheme 57

In intermolecular SrnI reactions involving aryl radicals reacting with

nucleophiles, confirmation of SrnI versus the aryne pathway can be obtained via

product distribution. In intramolecular reactions, in small to medium size rings, only

ipso/exo substitution is possible regardless of mechanism (Scheme 57). There are

many different ways of determining if the reaction mechanism is SrnI in nature. The
use of radical traps such as di-?er/-butylnitroxide (DTBN), can determine the presence

of radicals in the reaction pathway. This method can provide evidence in favour of the

SrnI mechanism, but absence does not preclude the SrnI mechanism, as it is possible
that either the coupling of nucleophile and radical (Step 3) and/or electron transfer
from [RNu]*~ to RX (Step 4) is faster that reaction with the radical trap.140 Clearly, in
SrnI reactions involving aromatic substrates where the nucleophile's conjugate acid
has low pKa, then a relatively mild base is used to form the nucleophile; in this case

the aryne mechanism can be ruled out because strong bases are required for aryne

generation. The SnAt pathway can also be dismissed if the aromatic moiety does not
contain electron withdrawing groups. Only with detailed analysis of each reaction can

the mechanism be established with certainty. More evidence for the SrnI mechanism
in an intramolecular reaction can be obtained by comparison of the product
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distribution of an analogous intermolecular system. If only the ipso product is
observed then it is likely that the SrnI mechanism is the predominate one.

1.3.7 Stereoselectivity in SrN1 Reactions

In reactions of alkyl halides with nucleophiles thought to be taking place via
the SrnI chain mechanism, there can be contention as to nature of the mechanism. As

well as other evidence for a radical route such as radical traps etc., another piece of
evidence is the loss of stereochemical information at the centre of transformation.

There are a number of examples in the literature of SrnI reactions of optically active

alkyl halides and nitroalkanes undergoing substitution with a variety of nucleophiles
with complete loss of optical activity. For example, optically active 2-(/?-nitrophenyl)-
2-nitrobutane with ~CMe2NC>2, N3~, PhS~ and PhSCV.141 Conversely SrnI reactions
of cyclohexyl radicals bearing electron withdrawing groups have been shown to

proceed with high retention of configuration (Scheme 58).142 Retention of

configuration is highly dependent on the concentration of the incoming nucleophile
with respect to the substrate.

SPh

NO,
24a

Bit
•Ar PhSNa

Me HMPA Ar

SPh 24b
Bu Me

3 eq. PhSNa 24a:24b = 60:40
8-32 eq. PhSNa 24a:24b = >95:5

Scheme 58

This is thought to occur due to a fast formation and trapping of a pyramidal
radical intermediate. In situations where pyramidal radical intermediates can be ruled

out, but some inversion of configuration is observed, this is taken to be evidence of

SrnI-Sn2 competition. This is occurring in the C-alkylation of the

~CH(COMeC02Me) ion.143
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ArX +

25 o

Ar

O

ArX = PhBr, PhCl, l-Chloronaphthalene,p-MeOC6H4C6H4Br
p-MeOC6H4Br, /?-MeOC6H4Cl

Scheme 59

While aryl radicals themselves usually have no inherent chirality, they can

react with chiral nucleophiles to form diasteroisomers. The enolate ion of (+)-

camphor 25 can be arylated almost exclusively at C3 with high stereospecificity
(Scheme 59).

Chiral auxiliaries can also be used in SrnI reactions to form a mixture of

diasteroisomers, an example is shown in Scheme 60. The result of this reaction with

naphthyl iodide 26 was highly dependent on the choice of cation (Li+, Na+, K+, Cs+,
and Ti (IV)). The highest diastereoselectivity was obtained with Li+ and Ti(IV)

144
cations.

A similar case of the use of chiral auxiliaries has been reported," in which the

auxiliary was an oxazolidinone (Scheme 61) instead of the imidazolidyl-2-one used in
the previous example. The coupling of the perfluoroalkyl radical and enolate anion
results in moderate to excellent diastereoselectivities (55-93%).

M = Li, Na, K, Cs, Ti(IV)

Scheme 60
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0
r~\ Et3B /

R2 + Rf| o

0

d.e. = 55-93%

Rf R1 R2 d.e

«-C6Fi3
C,H<

'Pr Me 71(5)
'Pr Me 74(S)
'Pr Me 79(5)
Bn Me 83(S)
'Pr 'Bu 93

(CF3)2CF(CF2)2
«-C6F,3
»-C6Fi3

Scheme 61

These promising examples of chiral induction in intermolecular SrnI

processes with the exception of the camphor arylation (Scheme 59) use removable
chiral auxiliaries. This use of chiral auxiliaries as a means to effect chiral induction

opens the possibility for use of many other substrates. At present no examples of
stereocontrol in intramolecular SrnI reactions have been reported, therefore there is

scope for a suitably designed substrate, incorporating an auxiliary, to undergo
diasteroselective ring closure.
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1.4 Project Aims and Objectives

Recently, in the literature, Wolfe et al. 98 reported that anions derived from
oxazoline 27 could act as nucleophiles in SrnI reactions with aromatic and

heterocyclic halides (Scheme 62). This was the first reported use of anions derived
from 2-oxazolines in SrnI reactions.

Ph

Ph , ™tt xttt 0- - ^ -n-

V
■N

27

J i.knh2, nh3

2- Ol
N Br

Scheme 62

In view of this work it seemed probable that Meyers' chiral oxazolines (S,S)~
28 would take part in high yielding SrnI substitutions (Scheme 63), with a degree of
stereoselection.

(S,S)-28

Ph

O
/

R

V
-

29

Ph

+R*
R

-e "r'M-
CN
/°

R

H

Scheme 63

Meyers' chiral oxazolines are synthesised easily from readily available chiral
aminoalcohols and an appropriate carboxylic acid. R can also be introduced readily
after oxazoline ring formation. Initial stereochemistry at the position alpha to the
oxazoline ring in (S,S)~28 is unimportant because carbanion formation takes place
here. The product oxazolines are easily transformed into chiral alkylated acids,

aldehydes, chloromethyl compounds, nitriles and epoxides.145 Lithium is the metal
most commonly used in heterolytic stereospecific reactions of Meyers' chiral
oxazolines, whereas potassium in the form of KNH2 or KO'Bu is generally used for
SrnI reactions. Therefore the use of LiNLL and LiO'Bu will be investigated. If this

proves to be disappointing, the use of Schlosser's base (BuLi/KCfBu) will be

attempted. Successful use of lithium bases has been reported in SrnI reactions.123 & 146
Selectivity depends on the formation of Z-azaenolate 29 as well as complexation of
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the metal. The measurement of ee's will be carried out by comparison with the well-
documented 'H-NMR spectra of oxazoline enantiomers.

As expected, the costs of the enantiomerically pure chiral aminoalcohols
needed to synthesise Meyers' oxazolines are high, therefore initial experimentation
will be carried out using the non-chiral commercially available 2,4,4-trimethyl-2-
oxazoline 30 and also 2-benzyl-4,4-dimethyl-2-oxazoline 27 which is easily prepared
from the condensation ofAMP 31 and phenylacetic acid 32 (Scheme 68).

The initial focus will be on the intramolecular SrnI ring closure reactions to

the five membered rings in the bicyclic systems shown in Scheme 65. These systems

represent a variety of important basic ring systems some of which show biological

activity (Scheme 64).147 If the initial studies progress to success then the chiral

equivalents will be investigated. It is envisaged that the SrnI conditions that will be

employed, are: LiNH2/NH3, KNH2/NH3, LiO'Bu/DMSO, KO'Bu/DMSO and
LDA/THF. All mentioned conditions will be attempted both in the dark and with

photostimulation.
It is also intended that the intermediates of the SrnI cyclisations will be

studied using EPR spectroscopic techniques. This will be one of only a few examples
of in-situ study of radical anions during SrnI chain reactions. Also, ab initio DFT

computations will be carried out using the Gaussian suite of programs to help in the

analysis of any results gleaned from the EPR experiments.

X

X = H2, CH2i 0

Scheme 64
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CCOc
Propyl-2-oxazolines

srni

N Snvl

1 -Oxazolinylpropan-2-ones

N Snxl

2-Phenylaminoethyl-2-oxazolines

N SrnI

2-Phenoxyethyl-2-oxazoIines

Scheme 65
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1.4.1 Retrosynthetic Analysis of Procyclic Species

33 R=H
34 R=Ph

35 R=H
36 R=Ph

X=C1 (a), Br (b)
LG=Leaving Group

37

38

rf-
30 R=H
27 R=Ph

Scheme 66

It is probable that functionalised oxazolines 33-36 could be derived from
substituted 2-halophenylethanes 37 & 38 and oxazolines 27 & 30 (Scheme 66). The
most likely reagents for this coupling are LDA or n-BuLi. The leaving group of 37
would likely be either a halogen (Br or I) or a tosyl group which are both easily made
from an alcohol.

2-Halophenylethanes 37 & 38 could all be derived from a common acid 40
which is commercially available for X=C1, Br (Scheme 67).

X=C1 (a), Br (b)
LG=Leaving Group

X commercially
40 available

Scheme 67
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There are many methods recorded in the literature for the formation of 2-
oxazolines.148 These involve one and two step processes. One step processes involve
the direct condensation of either a nitrile or a carboxylic acid with a 1,2-aminoalcohol.
Two step processes either involve the preparation of acetimidate ethyl ester

hydrochlorides from nitriles and condensing them with a 1,2-aminoalcohol, or the

preparation of an acid chloride and condensation with a 1,2-aminoalcohol.

41 R=H R
32 R=Ph V_

or

42 R=H R
43 R=Ph \

Scheme 68

Oxazolines 27 & 30 could be derived in the common way for 2-oxazolines
from the aminoalcohol 31 and acids 32 & 41 and nitriles 42 & 43. The reaction

condition would either be direct reaction in a high boiling point solvent with the
removal ofwater in the case of the acids. Alternatively, the amide of the acid could be

synthesised and then cyclised (Scheme 68).
Functionalised oxazolinyl ethers and amines 44-47 could be derived from the

commercially available phenols 48 and anilines 49 coupled with 2-ethyloxazolines 50
& 51. The coupling reactions to form 44-47 would probably involve the use of bases
such as Et3N, NaOH or K2CO3. Possible leaving groups for 50 & 51 would be a

halogen (Br & I) (Scheme 69).
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R

X=C1 (a), Br (b)
LG=Leaving Group

Scheme 69

The substituted oxazolines 50 & 51 could be formed in several ways which are

shown in Scheme 70. One route involves the use of the previously described
oxazoline syntheses (Scheme 68). Another possible route starts with oxazoline 27 or

30 and adds a CI unit to the 2-postion of the oxazoline ring. Two ways of doing this
are either coupling the oxazoline with formaldehyde to form an alcohol which could
be converted to a good leaving group, or coupling the oxazoline with a dihalomethane
such as CH2Br2.

Initial synthetic effort will be given to the formation of the pure carbon chain
oxazolines 33-36 and, if successful, investigations will progress towards the synthesis
of hetero-atom containing oxazolines 44-47.
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Results andDiscussion : 2-(2-Halophenylalkyl)-2-oxazolines

2.1 2-(2-Halophenylalkyl)-2-oxazolines

As outlined in section 1.4, a substituted oxazoline can be synthesised from a

suitable aminoalcohol and a nitrile or carboxylic acid. Any further derivatisation of
the 2-oxazoline can be achieved by deprotonation at the 2-postion by a suitable base

e.g. n-BuLi and subsequent nucleophilic attack by the anion on an alkyl halide or

equivalent.

2-(2-halophenylalkyl)~2-oxazolines

R1 = Ph, H
R2 = Aryl, Alkyl

Scheme 71

2-halophenylalkanoic acids

Reterosynthetic analysis of 2-(2-halophenylalkyl)-2-oxazolines

h2n
V-r2

H0~<
0

Aminoalcohol

As clearly shown in Scheme 71, the 2-halophenylalkyl portion of the 2-(2-

halophenylalkyl)-2-oxazoline can ultimately be derived from an 2-halophenylalkanoic
acid and, as mentioned earlier, the oxazoline portion comes from an aminoalcohol,

usually derived from an amino acid.

2.1.1 2-Halophenylalkyl Halides from 2-Halophenylalkanoic Acids

2-Halophenylalkyl halides are not commercially available, but the 2-

halophenylacetic acids are (halogen equal to F, CI, Br and I). Therefore, as previously
mentioned, it was envisioned that 2-halophenylalkyl halides could be derived from 2-

halophenylalkanoic acids via the intermediate alcohols. It was reasonably assumed
that the 2-halophenylalkyl halides with propyl, butyl etc. chains could be obtained via
chain elongation steps common in the literature.1 Initially 2-halophenethyl halides
will be synthesised to optimise reaction conditions.
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Results andDiscussion : 2-(2-Halophenylalkyl)-2-oxazolines

2.1.1.1 2-Halophenethyl Halides

In order to synthesise the desired halides, first the commercially available
acids had to be reduced to the corresponding alcohols. Only the 2-chloro, and 2-
bromo acids will be utilised due to the lack of reactivity of the 2-fluorophenyl unit in
SrnI reactions and the relative expense of 2-iodo compounds.

2-Chlorophenethyl alcohol 39a was prepared by the reduction of 2-

chlorophenylacetic acid 40a using lithium aluminium hydride in tetrahydrofuran as

detailed in the literature2 (Scheme 72).

!Meq.LiAlH4

k^rj °H
THF, reflux 3h

OH

SCI ^ CI

40a 39a (92%)

Scheme 72

When 2-bromophenylacetic acid 40b was reduced (Scheme 73) using the
literature method (4M excess LiAlHj, reflux 18h, THF),3 the 'H-NMR spectrum

revealed an oddity in the aromatic region. In 2-bromophenylacetic acid the aromatic

region showed three signals, they were 7.12-7.20 (1H, m, ArH), 7.28-7.31 (2H, m,

ArH) and 7.57-7.60 (1H, m, ArH).

4 eq.LLA.lH4
i | I THF, reflux 18h j
^ABr°H

40b 39b

Scheme 73

On looking at the spectrum of the reduction product that was obtained, the
three signals in the aromatic region were in the integral ratio of 1:43:1. Also there
were two pairs of triplets, one pair was nearly on top of another at 3.75ppm and

3.74ppm with a total integration of 18.4 and the other pair at 2.94 ppm and 2.79ppm
had a ratio of 2:16.8. This suggested that there were two products present. The
evidence pointed to two aromatic ethyl alcohols, one being the desired product 39b

together with an unknown. If the integrations due to the desired product were

subtracted in the aromatic region, and a comparison of the result made with the

integration at 2.79ppm, a ratio of 5:2 was calculated, suggesting that the other product
was phenylethanol. The literature 'H-NMR was consulted and the major product was
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indeed phenylethanol 58.4 The ratio of desired product to phenylethanol was 1:8.5. In
conclusion it appears that the reaction conditions had caused the reduction of the

halogen on the phenyl ring.
A return to the literature revealed several other reaction conditions using only

1 equivalent of LiAlHU in diethyl ether at various temperatures and for various times,

although slightly lower yields than the previous reference were reported.

\\ T ¥ »cc *
39b

S 1AJ
40b

A
58

1
4 eq LiAITU, 18h reflux,

THF
11% 89%

2
1 eq LiAlTLj, 1.5h reflux,

Et20
82% 18%

3
1 eq LLAIH4, 30min r.t,

Et20
89% 11%

4
1 eq LLAIH4, 30min

0°C—*r.t, Et20
95% 5%

5
1 eq LLAIH4, 20min

0°C—>r.t, Et20
98% 2%

Table 1 Optimisation of the reduction of 2-bromophenylactic acid.

Therefore several reactions were carried out using different conditions, the
results ofwhich are detailed in Table 1. It can be seen that using very mild conditions

virtually eliminates any phenylethanol 58 formation. The overall yield for entry 5 in
the table was 84%. It can be concluded that the conditions originally described in the
literature are either inaccurate or the quality of the lithium aluminium hydride used
was poor.

Having now obtained the 2-halophenethyl alcohols in satisfactory yield
conversion to the halide was now undertaken. A whole plethora of routes to alkyl
bromides and iodides from the corresponding alcohols are described in the literature.

Many of the methods involved corrosive or toxic reagents e.g chlorides - SOCI2;
bromides - HBr, CBr4 and PBr3; iodides - red phosphorus/^, and also long periods of

heating. Only one method was found that used relatively mild conditions, i.e. I2, PPh3,
imidazole, 0°C, 1-2 h. This method had been used previously5 to synthesise 2-
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chlorophenethyl iodide 37a, although no information was published on the individual

yield of the reaction.
Thus 2-chlorophenethyl iodide 37a was prepared using the literature method

(Scheme 74) with a yield of 75%. This yield was comparable to those reported in the
literature (even though much milder conditions were used) for the synthesis of 2-

halophenethyl halides from the corresponding alcohols (58-78%).
Given the successful preparation of 2-chlorophenethyl iodide 37a using the

described procedure, 2-bromophenethyl iodide 37b was prepared in similar good

yield (88%) (Scheme 74).

Scheme 74

2.1.1.2 Chain Extension of 2-Halophenethyl Halides

Having established a route from 2-halophenylethanoic acids to halophenethyl
iodides using relatively mild conditions with good yield, access to the required
iodides with longer chain length was now sought. In order to prepare arylalkyl iodides
where alkyl equals propyl, butyl, pentyl, the corresponding acids were required.

Unfortunately, the parent acids are not commercially available. Syntheses of 2-

halophenylpropanoic acids have been achieved by reaction of 2-halobenzaldehydes
with Meldrum's acid.6 Preparations of 2-halophenylbutanoic acids have previously
been achieved via reactions of the appropriate 2-halophenethyl halides with diethyl
malonate.7 The longer chain 2-halophenylpentanoic acids were unknown. It was

envisaged that 2-halophenylpentanoic acids could be obtained from a C-2 addition to

2-halophenylpropyl halides.
Therefore, as previously mentioned, the alkyl chain will have to be extended

in order to afford the desired acids. Usually chain elongation methodology involves
the addition of either a C-l unit derived from the cyanide anion, or a C-2 unit derived
from either diethyl malonate or ethylene oxide addition.8 Any reactions involving

cyanide come with the inevitable safety concerns and restrictive protocols, therefore

cyanide chemistry was avoided. Addition of a C-2 unit via malonate is technically

39a X=C1
39b X=Br

37a X=C1 (75%)
37b X=Br (88%)
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simple although widely variable in yield, mainly due to the de-esterification, de¬

carboxylation step, which can be inefficient with certain substrates (Scheme 75).
0 0 l.NaOEt,EtOH, reflux 0

1 II 2. Cone. NaOH, reflux, -EtOH //
R + EtO^^SjEt ^ f~\

3. Cone. Acid, reflux,-C02 R OH

Scheme 75

The addition of alkyl halides to 2,4,4-trimethyl-2-oxazoline 30 is a well
documented reaction with the product of said reaction being crudely purified
(estimated >95 % by NMR) via an acid/base extraction (possibly due to the solubility
of the oxazoline HC1 salt in dilute acid).9 This reaction procedure, together with the

knowledge that oxazolines are hydrolysed to the corresponding carboxylic acid in

high yield using refluxing 5M HC1 (usually within one hour), gives the possibility of a
two step C-2 chain elongation protocol (Scheme 76). When this protocol is compared
with the malonate method, it would seem it has distinct advantages such as the need
for only one reflux and relatively mild reaction conditions. Also the experience of 2-

halophenylalkyl iodides coupling with 2-oxazolines, acquired in this research, makes
this the preferred, albeit non-conventional, method of C-2 chain elongation (see
Section 2.1.2.1).

1. 1.1 eq. n-BuLi,-78 °C, 3h O
2. acid/base extraction //

* r~\
3. 5M HCl, reflux, 45min R OH

30

Scheme 76

Having designed a viable synthetic route to 2 halophenylpropanoic acids and

2-halophenylpentanoic acid and thus 2-halophenylpropyl iodides and 2-

halophenylpentyl iodides, the syntheses were carried out with bromine as the aromatic

halogen (Scheme 77). As shown in Scheme 77, 2-bromophenylpropyl iodide 63 was

successfully prepared from 2-bromobenzaldehyde in an excellent overall yield of 65%

following 3 synthetic steps. Similarly 2 bromophcnylpentyl iodide 67 was prepared in
an exceptional overall yield of 45% after 7 steps. It is worth noting that the only

purifications employed were standard aqueous work-ups, except in the iodide
formation steps, in which case a simple SiC>2 chromagraphic column using pure

hexane as the eluant was used. This was possible due to the purity of the reaction

products after work up, typically >95 % as determined by NMR spectroscopy.
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'H

"Br

+ oyo _
reflux'

5:2 HC02H:Et3N
►

30 min

u

61 (R1

59 60

Br 63 (87%)

1.1 eq. n-BuLi
2:1 THF.hexanes

'Br 64

Br 66(91%)

Scheme 77

1.3 eq. PPh3
1.4 eq. imidazole
(

1.5 eq. I2, 2 h

5MHC1

reflux, 1 h

1.3 eq. PPh3
1.4 eq. imidazole

1.5 eq. I2, 2h

Br 61 (82%)

1 eq. LLA.IH4,20 min

Br 65 (83%), 2 steps

1 eq. UAIH4,20 min

Br 67 (91%)

Having firmly established the synthetic methodology, 2-bromophenylbutyl
iodide 70 was obtained from the previously prepared 2-bromophenylethyl iodide 37b
in a good overall yield of 41% after 6 steps from the commercially available 2-

bromophenylacetic acid 40b.
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"Br
37b

30

1.1 eq. n-BuLi
2:1 THF:hexanes

,OH

69 (91%)

1.3 eq.PPh3
1.4 eq. imidazole

,, 1.5eq.I2,2h

1 eq. LiAlH4
20 min

33b (80%)
5MHC1

reflux, 1 h

70 (82%)

Scheme 78

2.1.2 Preparation of 2-Oxazolines from 1,2-Aminoalcohols

Having successfully completed the synthesis of the required 2-halophenylalkyl
halides, the 2-oxazoline portion needs to be synthesised in order to obtain the desired

2-(2-halophenylalkyl)-2-oxazolines. Both achiral and chiral 2-oxazolines will be

synthesised.

2.1.2.1 Non-chiral 2-Oxazolines

w
N-

<
L 30 R1 = H

27 R1 = Ph

Scheme 79

Historically the most common non-chiral 2-oxazolines are the 4,4-dimethyl-2-
oxazolines. These are generally obtained via condensation of 2-amino-2-

methylpropan-l-ol 31 with the appropriate acid9 or nitrile,10 although many other

synthetic routes have been used, including dehydration of ^-hydroxyam ides with

thionyl chloride.11'As 2,4,4-trimethyl-2-oxazoline 30 is available commercially, only
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the structural analogue 27 needed to be synthesised (Scheme 79). Therefore 2-benzyl-

4,4-dimethyl-2-oxazoline 27 was synthesised via condensation of 2-amino-2-

methylpropan-l-ol 31 with phenylacetic acid 32 using a Dean-Stark trap to remove

water generated in situ, as detailed in the literature (Scheme 80).lld

The decision to use this method was based upon an evaluation of the variety of

synthetic modes, carried out by S. Cobb in preliminary work.12 Of all the procedures
this condensation gave the highest observed yield (66%).

2.1.2.2 Chiral 2-Oxazolines

It was found that the one step process was useful for preparation of simple
achiral 2-oxazolines, but the condensation conditions (refluxing in xylene for hours)
were too harsh generally to afford pure chiral 2-oxazolines.

In the literature the preferred method for the synthesis of chiral 2-oxazolines,
chosen by Meyers, was the condensation of an acetimidate ester, or its hydrochloride
salt, with a 1,2-aminoalcohol.13 Acetimidate ester hydrochlorides are easily

hydrolysed to the corresponding acetates, but when stored under anhydrous conditions
in a dessicator they are still viable after 5 years. The synthesis of acetimidate ester

hydrochlorides is very easy in large (molar) quantities from the corresponding nitrile
and alcohol with excellent yields and 100% atom efficiency (Scheme 81). As only 2-

benzyl and 2-methyl substituted 2-oxazolines were required, it was convenient to

prepare one mole quantities of the two precursor acetimidate ethyl ester hydrochorides
71 & 72, from acetonitrile 42 and benzyl cyanide 43, using the conditions shown in
Scheme 81.

32 31 27 (66%)

Scheme 80

R R OEt
HC1, EtOH

0°C, o/n

42 R=H
43 R=Ph

NH

71 R=H (99%)
72 R=Ph (99%)

Scheme 81
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Thus made, the two acetimidate salts 71 & 72 were combined with various

chiral 1,2-aminoalcohols to afford chiral 2-oxazolines (Table 1). The acetimidate

ethyl ester hydrochlorides were generally used as the free base by the in situ addition
of 1 eq. triethylamine and similarly, where the aminoalcohol was obtained as the

hydrochloride, in situ addition of triethylamine afforded the free amine also.

R\

OEt

1

H2N R2

X
HO R3 \ /VR2"

"NH2+Cf2
Et3N, DCM
rt, o/n K

R3

Scheme 82

Entry A. Alcohol R1 R2 R3 2-oxazoline Yield/%

1 (S)-73 H fso-propyl H (S)-81 60

2 OS)-73 Ph wo-propyl H (5)-82 59

3 (*)-73 Ph /vo-propyl H (R)-82 33

4 (5)-74 Ph tert-butyl H (5)-83 33

5 (R)-74 Ph tert-butyl H (R)-83 34

6 (S)-75 Ph Ph H (5)-84 75

7 (5)-76 Ph Bn H (5)-85 55

8 (S)-77 Ph C-C6HHCH2 H (5)-86 56

9 (5)-78 Ph C02Me H (S)-87 30

10 (SJ)-79 Ph CH2OMe Ph (SJ)-88 85

11 (S)-80* Ph CPh2OH H (SJ-89 50
Table 2 Synthesis of chiral 2-oxazolines from condensation of 1,2-aminoalcohols and

acetimidate esters. * Oxazoline was formed from pre-existing 2-oxazoline (5)-87 via
reaction with PhMgBr.

Aminoalcohols (S>74, (S>76, (5)-77, (5)-78, (R)-73 and (/?)-74 were all

commercially available either as hydrochloride salts or as the free base, and they were
used as obtained. (5)-Valinol (S)-73, was prepared in three steps from (S)-valine (S)-
90 in an overall yield of 63% (Scheme 83). Direct reduction of (S)-90 to the alcohol
was attempted but proved to be troublesome and required extremely harsh conditions

(1.5 eq. LiAlTLt, THF reflux 4 days) chiefly because of the zwitterionic nature of the
amino acid. However, conversion to the methyl ester (S)-91 enabled a cleaner and
milder reduction (1 eq. LLAIH4, Et20, 2 h, reflux).
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MeOH, SOCl2 H2NNi, UAIH4, Et20 H2N,
reflux, 2h reflux, 2h

2. NH3, DCM .O OH 3' OMe OH

(5)-90 (5)-91 (83%) (5)-73 (76%)
Scheme 83

Similarly phenylglycinol (5)-75 was synthesised by the reduction of

phenylglycine methyl ester (5)-93 (Scheme 84).

"CI+H3N. ^Ph H2N. ^Ph UAIH4, Et20 H2N ^Ph
NH3, DCM y reflux, 2h J

CT^OMe O^^OMe OH

(5)-92 (5)-93 (97%) (5)-75 (28%)
Scheme 84

Formation of aminoalcohol (5,5)-79 was via the 2-methyl-2-oxazoline (5,5)-

95, which in turn was derived from commercially available (5,5)-2-amino-l-

phenylpropane-l,3-diol (5yS)-94 (Scheme 85).

NH2 171 NH2
DCM'°°C

* /'|^0Me 5MHC'» HO/,, X^OMe
2. NaH

O '' lh, reflux
Ph p-MeS02C6H4Me XPh ph

(5yS)-94 (S^S)-95 (51%) (5,5)-79 (55%)
Scheme 85

This route was devised by Meyers et al. and oxazolines of this type are known
as Meyers' oxazolines.14 The direct two step formation ofMeyers' oxazoline (5,5)-88

(Scheme 86) is precluded due to the formation of an almost equal mixture of

regioisomers when (5,5)-94 is reacted with 72, whereas the reaction of acetimidate
ester 71 with propanediol (5,5)-94 proceeded with almost exclusive formation of the
desired regioisomer. The small amount of the undesired isomer (< ca. 10 %) was

easily removed by crystallisation.
Ph

NH2

HO/,, ^OH. 72
DCM, 0 °C

Ph
Ph

(5y5)-94

Scheme 86
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Diphenylmethanolyl substituted 2-oxazoline (5)-89 was prepared from serine
derived oxazoline (S)-87, the direct reaction of the corresponding aminoalcohol (5)-
80 with the phenylacetimidate ester 72 being inefficient (Scheme 87).

h2n\,J\
HO (iS)-78

HC1

OMe 72

DCM, 0°C

H.AOMe

Ph 0 (5)-87 (30%)

ki
.

HO (S)-80

PhMgBr, THF

Ph

PhMgBr, THF

Ph
OH

Ph 72

DCM, 0°C
*

Ph

OH

Ph

o-
(Sy89 (50%)

Scheme 87

2.1.3 2-[3-(2-Halophenyl)propyl]-2-oxazolines

Following completion of the 2-haloaromatic and 2-oxazoline portions of the
desired 2-(2-halophenylalkyl)-2-oxazolines, coupling of the two sections was next

accomplished.

Preparation of 2-[3-(2-chlorophenyl)propyl]-4,4-dimethyl-2-oxazoline 33a
was attempted by coupling iodide 37a with 2,4,4-trimethyloxazoline 30 using 1 eq. of
rc-BuLi at -78 °C. The initial attempt revealed a 2:1 mixture of products. Analysis
showed the major product to be the anticipated oxazoline 33a and the minor product
as 2-(3-phenylpropyl)-4,4-dimethyl-2-oxazoline 98, presumably deriving from lithium

halogen exchange followed by protonation (Scheme 88). Attempted separation of the
mixture via column chromatography unfortunately failed.

n-BuLi, THF

-78°C-r.t, lh

Scheme 88
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Consultation of the literature revealed that n-BuLi reacts with 2-halophenethyl
halides in THF solution to give phenethyl halides and other products including
styrenes.15 It was therefore proposed that azaenolate formation was incomplete or

absent and excess n-BuLi was present on addition of the iodide.
In order to ascertain if formation of the azaenolate 99 was complete, a series of

experiments was carried out. These experiments involved the formation of azaenolate
99 at various temperatures -78°C, -30°C and -15°C, followed by quenching the
solutions with deuterium oxide, after warming to room temperature. GC-MS analysis
of the experiments showed that the dimer 100 (Scheme 89) was the major product

regardless of temperature, which was in agreement with the literature.16 This led us to

believe that the azaenolate 99 was indeed being formed but was coupling to give the
dimer on warming to room temperature.

The initial reaction with iodide 37a was repeated but at -20°C to ensure

complete azaenolate formation. The 'H-NMR spectrum revealed mixed products

including 2-chlorostyrene, starting materials and several minor products; very little of
the desired product was present. No further analysis was carried out. It was concluded
that a low temperature (-78°C) was needed for a clean reaction and this was supported

by literature evidence.16 Therefore other possible reasons for loss of the aromatic

halogen were investigated.
A second possibility considered was that the lithium azaenolate 99 was

reacting with the 2-chlorophenyl iodide 37a, or product, by a lithium-halogen

exchange route, because it was always in excess under the reaction conditions. In an

attempt to address this issue the solution of the azaenolate 99 was added slowly via
canula in order to keep the concentration of the lithium species to a minimum.

Unfortunately, the results obtained were comparable to the results obtained when the
reaction was carried out at -20°C. It was concluded from this that the azaenolate was

decomposing due to the warming of the solution as it passed through the canula. It
was apparent from this series of reactions that in order to reduce side reactions e.g.

99 100

Scheme 89
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dimerisation, the reaction has to be carried out at -78 °C. Because it was difficult to

transfer via canula while maintaining a stable low temperature, another possible
solution was investigated i.e. the solvent system.

An examination of the solvent system employed by Meyers et al16 revealed the
reactions with n-BuLi were carried out in a less polar solvent system. We used a 2.5
M n-BuLi solution in hexanes whereas Meyers used 1.6 M n-BuLi solution in
hexanes. This difference results in hexane accounting for a higher portion of the
overall solvent volume in Meyers' reactions, and therefore results in a less polar
solvent system. Analysis revealed Meyers' overall solvent mixture was 3:2

THFihexanes, whereas we used a 4:1 THF:hexanes combination. After adjustments
were calculated to harmonize our solvent system with that ofMeyers', a test reaction
was carried out with phenethyl bromide 101 instead of iodide 37a (Scheme 90).

n-BuLi, 3:2 THF:Hex
► Ph

-78°C-r.t, 3h

98

Scheme 90

Dried and distilled hexane was added to the initial THF solution of oxazoline

30 in order to reduce the solvent polarity to match Meyers and thus on the addition of
2.5M n-BuLi solution in hexanes the resulting solvent mixture would result in a 3:2
ratio of THF to hexanes. The 'H-NMR spectrum of the crude mixture was examined
and found to be exceptionally clean, containing mainly the correct product and a small
amount of starting material, thus proving that the reaction proceeded smoothly in the
reduced polarity solvent to give predominantly the expected product.

Given this encouraging result, the reaction was repeated using the original
iodide 37a. The 'H-NMR spectrum revealed the crude reaction mixture to contain
almost exclusively the desired oxazoline 33a. The minor impurities were 2-

chlorostyrene (~2%) and 2-chorophenethyl iodide 37a. Most importantly, the crude
reaction mixture did not contain the dehalogenated product 98. Column

chromatography afforded the pure substituted 2-propyl-4,4-dimethyl-2-oxazoline 33a
in a moderate yield of 54% (Scheme 91).
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n-BuLi, 3:2 THF:Hex

-78°C-r.t, 3h

37a X = CI
37b X = Br

33a X = CI (54%)'
33b X = Br (80%)

Scheme 91

Using the developed reaction conditions, 2-bromophenethyl iodide 37b was

added to azaenolate 99 to afford oxazoline 33b in a good yield of 80% (Scheme 91).

2.1.4 2-[3-(2-Halophenyl)-1 -phenyipropyl]-2-oxazolines

Iodide 37a was reacted with the azaenolate of 2-benzyl-4,4-dimethyl-2-
oxazoline 27, using previously derived reaction conditions (Section 2.1.3, Scheme

91). After column chromatography of the crude mixture, the 'H-NMR spectrum of the

major product contained 9 signals, these were 1.27 (3H, s), 1.28 (3H, s), 2.07-2.19

(1H, m), 2.32-2.44 (1H, m), 2.63-2.80 (2H, m), 3.60 (1H, t, 7=7.8), 3.87 (2H, s), 7.07-
7.20 (3H, m) and 7.22-7.37 (6H, m). The product oxazoline 34a was expected to

contain 8 signals in its 1H-NMR spectrum. The mass spectrum revealed a MH+ peak
of 328, with MH+ and MH++2 in a 3:1 ratio which is consistent with a molecule

containing a single chlorine atom. The accurate mass of the MH f peak was consistent
to 3 ppm with the molecular formula C2oH23N035C1, expected of oxazoline 34a. The
aromatic resonances at 7.07-7.20 & 7.22-7.37 ppm with a total integration of 9 are

consistent with one phenyl ring plus a di-substituted aromatic ring. Characteristic

peaks of the 2-oxazoline moiety were present at 1.27, 1.28, and 3.87 ppm

corresponding to the bis methyls and methylene alpha to the oxygen. The remaining

signals at 2.07-2.19, 2.32-2.44, 2.63-2.80 & 3.60 have a total integration of five which
accords with the C3 aliphatic chain present in 34a. In order to clarify the aliphatic

signals more clearly a 'H-'H COSY experiment was carried out; a portion of the
resultant spectrum is detailed in Figure 1.
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ID Integration Correlation Carbon

A 1 B, C & D 2

B 1 A, C & D 2

C 2 A & B 3

D 1 A & B 1

Table 3 Summary of aliphatic correlations in the COSY spectrum of 34a.

Assignment of 1H resonance D with C-l hydrogen is evident due to the triplet
nature of the signal and the integration value of 1 and also the down field nature of the
chemical shift. Signal D is correlated to signals A & B which is consistent with

signals A & B being due to the hydrogens of C-2, as the hydrogens can reasonably be

expected to be non-equivalent due to the presence of the stereotopic carbon C-l.

Signal C only correlates with A & B which is concordant with it being due to carbon
3. Confirmation of this assignment was obtained via 13C NMR and IR (This is
detailed in the experimental section). A summary of the assignments of the aliphatic
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signals is set out in Table 3. Clearly, this evidence shows that the required product
had been formed in a moderate yield of 48% (Scheme 92).

Ph

Scheme 92

2-Bromophenethyl iodide 37b was reacted in the same way with oxazoline 27
to give substituted 2-propyl-4,4-dimethyl-2-oxazoline 34b in a good yield of 66%.
The 'H-NMR spectrum was very similar to that of oxazoline 34a, the major difference

being in the aromatic region, in which were observed three signals with integrals of
1:7:1 which is typical, in this class of compounds, of an o-bromo substituted aromatic

ring plus a phenyl ring.

Rl
f T -u \ <

R2

f w-BuLi, 3:2 THF:Hex(,

R1

S-vL -78°C-r.t, 3h
R3 ^Br

R3

Scheme 93

ID R1 R2 R3 n Yield/%

(5)-102 H /so-propyl H 1 50

(<S)-103 Ph wo-propyl H 1 71

(I?)-103 Ph wo-propyl H 1 68

(5)-104 Ph fert-butyl H 1 72

(if)-104 Ph fcr/-butyl H 1 80

(5)-105 Ph Ph H 1 40

(5)-106 Ph Bn H 1 88

(S)-107 Ph c-C6H„CH2 H 1 49

(S,Y)-108 Ph CH2OMe Ph 1 55

(5)-109 Ph CPh2OH H 1 41

110 Ph 2XCH3 H 2 69

111 Ph 2XCH3 H 3 60

112 Ph 2XCH3 H 4 61

Table 4
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Having now established a viable protocol for substitution at the 2-postion of
the 2-oxazoline ring, a wide variety of different substituted oxazolines were prepared
via the coupling of combinations of the previously prepared 2-oxazolines and 2-

halophenylalkyl halides. The results of these combinations are detailed in Table 4.
With only a few exceptions, yields were above 60 % and, as expected, were

essentially independent of the length of the alkyl chain. In cases where a new

stereogenic centre was generated during coupling (R1 = Ph) the product was formed
as a mixture of inseparable diastereoisomers. The diastereoselectivities obtained were

in the range 0 to 34 %.
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2.2 3-Substituted 1-(2-Oxazolin-2-yl)-propen-2-ols

2.2.1 2-Bromophenylacetyl Chloride

2-Bromophenylacetyl chloride 38b was synthesised in the usual way for acid
chlorides from 2-bromophenylacetic acid 40b in quantitative yield. After the excess

thionyl chloride was removed the crude product was used without further purification

(Scheme 94).
&

SOC1,

reflux 1.5h

40b

Scheme 94

2.2.2 Substituted Propen-2-ols

LABr°'
38b (99%)

35b 36b

Scheme 95

Two approaches to the synthesis of substituted oxazolines 35b & 36b from 2-

bromophenylacetyl chloride 38b were evaluated. The first approach had been

previously employed by Tohda et al.'7 to synthesise oxazolinyl ketone 115 (Scheme

96). The second approach involves the reaction of 2-bromophenylacetyl chloride 38b
with the aza-enolate of the appropriate oxazoline.

.0

Ph—.^
2x

PhAci-
N-

O"

30

2xEt^
MeCN
reflux O

115 (90 % overall)113

Scheme 96

The di-acylation reaction of 2,4,4-trimethyl-2-oxazoline 30 with acid chloride
38b using triethylamine gave mainly unreacted 2-oxazoline 27 plus multiple
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unidentified products containing an aromatic moiety (Scheme 97). Tohda et al.

reported success of this reaction with the following groups: C6H5, P-O2NC6H4, 2-

fiiryl, r-C4Hc>.

A
,COCI Br-

2x Et3N, MeCN
1.0°C lOmin
2. reflux 3 hours

Scheme 97

Further discussion by Tohda et al. revealed that acid chlorides with alpha

protons decompose under the reaction conditions, which could explain the plethora of
aromatic by-products observed. Therefore further attempts to synthesis oxazolines
35b and 36b were not made using this procedure.

ex r-"wVA 0Br

38b 27 36b

Scheme 98

The reaction of benzyl-2-oxazoline 27 and acid chloride 38b facilitated by n-

BuLi (Scheme 98) gave a product which contained four singlet signals 1.38ppm (6H),
3.70 ppm (2H), 4.05 (2H) & 10.22 (1H), also aromatic signals equating to nine

hydrogens in the 'H-NMR spectrum. The signal at 10.22 ppm was broad which could
be indicative of a carboxylic acid, enol or aldehyde. Accurate mass measurements
were consistent to 2.5 ppm with the formula CzoFboNC^Br which is in accord with the
proposed product. The 13C-NMR spectrum showed the expected peaks for the

anticipated structure. Therefore it was tentatively concluded that the substituted
oxazoline 36b exists exclusively in the enol form which is supported by the

spectroscopic evidence (Scheme 99). Also research in the literature revealed that
some P-keto-2-oxazolines do in fact exist as the enol tautomers.

17
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Ph

Scheme 99

The poor yield of the reaction can be explained as a combination of two
factors, one being problems relating to isolation. The second factor is proposed to be
that the acidity of the product formed is greater than the lithio azaenolate of 2-
oxazoline 27, which would result in the product being deprotonated as soon as it is
formed. This would lead to loss of the active azaenolate reactant and therefore lower

the overall yield of the reaction (Scheme 100).

Scheme 100

The E/Z configuration of the double bond was unknown but it was proposed
that it is Z due to the possible hydrogen bonding interaction between the enolic

hydrogen and the nitrogen lone pair.
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ay>-<
38b 30 35b (25 %)

Scheme 101

In the same way oxazoline 30 was reacted with acid chloride 38b to give enol
35b (Scheme 101). Unfortunately due to the absence of a phenyl ring at the 2-position
of the oxazoline, the location of the double bond could not be determined by one

dimensional NMR spectroscopy (Scheme 102).

l-e«-35b 2-e/i-35b

Scheme 102

In order to address this problem a two dimensional HMBC experiment was
carried out. If C-3 is a methylene group, and thus the double bond is in the one

position (l-e«-35b, Scheme 102), then the two hydrogen singlet at 3.75 ppm (A)
should show 3J couplings to the aromatic carbon signals (ar). Also the methine 'H-
NMR signal at 4.82 ppm (B) should have couplings to carbon signals of the oxazoline
(ox). Clearly the opposite holds true for the previous statements if the double bond is
in the two position (2-ew-35b, Scheme 102). Analysis of the HMBC spectrum showed
that the 'H-NMR signal A does indeed show correlations to the aromatic carbon peaks

(cross peaks i, Figure 2) but signal B doesn't show any correlations to any oxazoline
or aromatic carbons. Only a weak correlation is observed to the enolic carbon C-2 (en)

(cross peak ii, Figure 2) which is a weak 2J correlation between the methine 1 H-NMR

signal and the C-2 resonance. This lack of correlations could be due to the

unavailability of any possible 3J coupings with the oxazoline ring. The only couplings

possible are 2J and 4J, which are both weak in the HMBC spectrum. Based on this
evidence it is probable that the product of reaction was l-e«-35b.

n-BuLi, THF

-78°C
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B

ar
ar

ar

ar

ox i

en 11

ppm
4,50 4.00

Figure 2 Region edited HMBC spectrum of propenol 35b

130

140

150

160

170

180

190

ppm

It was decided that no further interest would be taken in this class of

compounds due to 2-oxazolines 35b & 36b existing in purely the enol form and thus
not being suitable precursors for stereocontrol ofSrnI chemistry.

Scheme 103
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This is because the goal of a successful SrnI is to form a new chiral centre and

cyclised indan-2-one 117 is expected to exist at least partly in enolic form after

cyclisation which would result in loss of any stereochemical information gained

(Scheme 103). Although indan-2-one 118 can only exist in the keto form (Scheme

103) due to the presence of the quaternary centre, it was felt that the low yield and

difficultly of isolation precluded it also.
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2.3 Hetero Atom Analogues of Arylalkyloxazolines

120 Z = CO, Y = 0
121 Z-CO, Y =NH
44b Z = CH2, Y = 0
46b Z = CH2, Y =NH

Scheme 104

It is well known that many biological molecules include heteroatom

containing rings with diverse functionality. A new method for forming cycles of this

type would enhance the value of this field of synthetic methodology. For example, the

simple lactone 119 has been shown to exhibit anticancer activity (Scheme 104). It is

envisaged that this core structure could be synthesised by the SrnI ring closure of
ester 120. Attempts were made to synthesise ester 120 and the close analogues 121,
44b & 46b (Scheme 104). The retrosynthetic analysis of this class of compounds is
shown in Section 1.4.1.

2.3.1 ^-Substituted Anilines and O-Substituted Phenols

48a 122 123 (26%)
Scheme 105

Initially an attempt at synthesising the chloro analogue of 44 was made due to
our having 2-chlorophenol 48a at hand. The synthesis of aryloxyl acid 123 was

achieved by refluxing 3-bromopropionic acid 122 in a basic aqueous solution with 2-

chlorophenol 48a for 2 hours (Scheme 105).18 Unfortunately some difficulty was

encountered in the isolation of the acid from the aqueous reaction mixture and this
was the cause of the poor yield (26 %).
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H.

GC^'Br 'Br

49b 122 124 (58%)
Scheme 106

(3-Aminoacid 124 was prepared from 2-bromoaniline 49b by heating in water

with bromoacid 122 (Scheme 106). Difficulty was again encountered with the
isolation of the product. The pH of the reaction mixture was found to be critical, with
the product precipitating from aqueous media as the free base at pH 4. Neither the
anilino nor the carboxy protons were evident in the 'H-NMR spectrum (d6-acetone)
over the normal spectral range (-0.5 - 12 ppm). This could be because of one of two
reasons: firstly the anilino moiety could be protonated, in which case the resonance

may occur at greater than 12 ppm; or secondly the protons of the aniline and carboxyl
■J o

groups could be exchanging, in which case they may go unobserved. The C-NMR

spectrum showed the requisite number of resonances and the accurate mass was found
to be correct.

123 X = CI, Y = O
124 X = Br, Y = NH

31 44a X = CI, Y = O
46b X = Br, Y - NH

Scheme 107

In order to form the desired oxazolines 44a and 46b, the acids 123 and 124

need to be condensed with aminoalcohol 31. The traditional condensation route to 2-

oxazolines via azeotropic removal ofwater resulted in intractable tarry mixtures being
obtained in both cases (Scheme 107).

O

Br %
OH

122 31 51

Scheme 108

Due to the unsuccessful attempts to form the oxazoline functionality, post

formation of the ether & amine linkages en route to 44a and 46b, it was decided to try
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to pre-form the oxazoline first. 3-Bromopropionic acid 122 was heated under Dean-
Stark conditions with aminoalcohol 31 but unfortunately no isolatable product was
obtained (Scheme 108). The 'H-NMR spectrum of the crude mixture suggested

polymeric products had been formed. This was possibly due the elimination of HBr
followed by polymerisation. Given the elimination problem it was decided to use the
mild method of oxazoline formation, i.e. via the acetimidate ester. The corresponding
alcohol was also used in the hope of curtailing any elimination reactions of the

products.

HClw HO^ ^^NH2CIEtOH* j
OEt

56 125 (quant.)
Scheme 109

Therefore, 3-hydroxypropionitrile 56 was treated with ethanol and hydrogen
chloride gas at 0 °C as detailed in the literature19 to afford the imidate 125 in a

quantative yield (Scheme 109). The imidate 125 was then stirred in dichloromethane
with aminoalcohol 31. The crude 'H-NMR spectrum clearly showed the presence of
the product but all attempts to purify the oxazoline 52 led to a tarry product which

gave a 'H-NMR spectrum with broad peaks. This was assumed to be a polymer
derived from elimination ofwater and subsequent polymerisation (Scheme 110).

Scheme 110

Given this failure an alternate tack was taken. It was envisaged that the nitriles
123a & 124a could be synthesised, followed by imidate formation to lead ultimately
to the desired structures 44b & 46b. Various base-solvent combinations were

employed to effect the coupling of phenol 48b and aniline 49b with 3-
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bromopropionitrile 126; unfortunately to no avail (Scheme 111). Possible alternate
routes to 44b and 46b are discussed in section 2.3.3.

^YH

48b Y = 0
49b Y = NH

Scheme 111

126

Y = NH Cs2C03/Acetone
Y = NH K2C03/Acetone
Y = O K2C03/Acetone
Y = OK2C03/DMSO
Y = O NaH/THF

2.3.2 a-Cyano Esters and Amides

Br

123a Y = 0
124a Y =NH

N

Br o ^ "Br

49b 129 128(52 %)
Scheme 112

Amide 128 was prepared via the DCC coupling of anline 49b and cyanoacetic
acid 129 in moderate yield of 52 % (Scheme 112).20 Similarly ester 127 was prepared
from the phosphorus oxychloride promoted coupling of phenol 48b and cyanoacetic
acid 129 (Scheme 113).21

/yOH ■v-\ ^rrVx,I I N 3 h, A O
Br o "Br

48b 129 127 (70 %)
Scheme 113

The cyanoacetamide 128 and cyanoester 127 were then treated with dry

hydrogen chloride and "super dry"22 ethanol to yield disappointingly the

corresponding ethylesters 132 and 133 (Scheme 114). It is thought that this failure is
due to the immediate hydrolysis on any attempt to isolate the imidates 130 & 131
from the reaction solvent (ethanol).
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Scheme 114

Several other methods of formation of the imidates of 130 and 131 were

attempted. These included in situ generation of HCl(g) with incidental drying of the
cthanol, facilitated by acetyl chloride in cthanol. However, little success was obtained.
Viable alternate routes to the wanted 120 and 121 are discussed below.

2.3.3 Potential Routes to Hetero Analogues of Arylalkyloxazolines

Scheme 11523'24

Given time and resources the following possible alternate routes, which are

based on experience already gained, could be explored.
Scheme 115 shows a possible route to 44b and 46b via the intermediate vinyl

oxazoline 136. It is envisaged that aminoalcohol 31 could be reacted with acryloyl
chloride 134, followed by ring closure with DEAD & triphenylphosphine, to afford
136. 136 could then undergo Michael addition using either nucleophile 48b or 49b
to give the desired ether 44b or amine 46b respectively.24
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An alternative route to amide 121 and ester 120 is shown in Scheme 116. The

imidate ester 137 of cyanoacetic acid 129 could be formed25 followed by
condensation with aminoalcohol 31 to yield carboxyoxazoline 138. 138 could then be

coupled with either aniline 49b or phenol 48b to furnish amide 121 or ester 120

respectively.

HCl^ HO ^ QEt 31 a HO Nif EtOH [| II DCM || VC

120 121

Scheme 11625
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2.4 SRN1 Reactions of Non Chiral 2-Oxazolines

Following the successful preparation of substituted 2-oxazolines, their
evaluation under SrnI conditions was carried out.26 This was achieved using a variety
of common protocols previously discussed in section 1.3. Initially only SrnI reactions
of y-arylpropyl-2-oxazolines 33a, 33b, 34a & 34b, which on successful cyclisation
will yield substituted indanes 139 & 140, were studied. A wide variety of conditions
were evaluated in order to optimise ring closure conditions. The expected mechanistic

pathway is shown in Scheme 117.

33 R-H
34 R = Ph

139 R = H
140 R = Ph

Scheme 117

During the course of the study, three additional products were observed in the
SrnI cyclisations. These were the direct reduction product 98 or 141, o-halostyrene
142 and styrene 143. The proposed mechanisms that would account for these products
are shown in Scheme 118.
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Step 6 beta elimination

Reduced Product 141 R = Ph

Step 7

9

Styrene 143

8

Step 2 + e"

Scheme 118

The reduced product is proposed to come from the initially generated phenyl
radical (steps 1-3, Scheme 118) abstracting a hydrogen atom from either solvent or
base (step 4, Scheme 118). In reactions where UY irradiation is used, another possible
source of the initial aryl radical is photolytic cleavage. The styrene probably

originates from a deprotonation of the substrate at the aryl benzyl position followed

by P-elimination of the oxazolinyl moiety (steps 5 & 6, Scheme 118). The 2-

halostyrene formed can undergo reduction to form radical anion; subsequent halide
loss could then occur to give a styryl radical (steps 7 & 8, Scheme 118). Hydrogen

capture would then result in styrene formation (step 9, Scheme 118).
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2.4.1 Srn1 Reactions Using DMSO/'BuOK

33a R = H, X = Cl
34b R = Ph, X-Br

Scheme 119

139 R = H
140 R = Ph

98 R = H
141 R = Ph
N

Entry ID Conditions
Unreacted

Substrate (%)
Indane

(%)
Reduced

(%)
1 33a 3h, UV, rt, Et3N* 100 - -

2 34b 4h, UV, rt, Et3Nf 1 - 2
Table 5 Summary ofSrnI Reactions using 'BuOK/DMSO. * NMR yieldsT ratio

One of the two traditional conditions for SrnI processes utilises 'BuOK as

base and DMSO as solvent. Reactions are usually carried out with UV irradiation.
The other traditional process involves an alkali metal amide in liquid ammonia with
or without irradiation (results are shown in Section 2.4.2).

Table 5, shows the result of SrnI reactions of 2-oxazolines 33a & 34b in

DMSO using potassium ferf-butoxide as a base. Freshly sublimed butoxide was

dissolved in DMSO, the oxazoline was then added. Irradiation was carried for

between three and four hours (Scheme 119). One equivalent of triethylamine, which is
well known as an electron transfer catalyst, was also added prior to irradiation,.

The results (Table 5) clearly show that no cyclised product was formed under
the described conditions. The fact that no reaction occurred with 2-oxazoline 33a (R =

H, X = CI) was unsurprising because aromatic chlorides are known to be poor

substrates for aromatic SrnI processes. This was especially highlighted by the fact
that no reduced product was formed. This indicated that either radical anion formation
did not occur or that intramolecular SET from the ji* orbital to the a* orbital did not
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occur due to the high energy nature of the C-Cl o* orbital. In the case of bromide 34b,
formation of reduced product 141 was observed, signifying that radical anion
formation followed by intramolecular SET and expulsion of bromide was taking

place. That no indane product 140 formed was thought to be because the pKa of

potassium tert butoxide (pKa =19) was insufficient to efficiently deprotonate the 2-
oxazoline moiety to give the azaenolate (pKa = 20-25),

2.4.2 Srn1 Reactions Using MNH2/Ammonia

33a R = H, X = Cl
34b R = Ph, X = Br

139 R = H
140 R = Ph

98 R = H
141 R = Ph
N

Scheme 120

Entry ID Conditions
Unreacted

Substrate (%)
Indane

(%)
Reduced

(%)

1 33a 2h, UV, -33°C
(M = Li)+ 5 - 1

2 34b
lh UV, -33°C
(M = K)* 54 16 31

3 34b lh, UV, -33°C
1/10 dil ( M = K)f 1 - 1

Table 6 Summary ofSrnI reaction using MH2/NH3. * NMR yieldsT ratio

As previously mentioned, alkali metal amides in liquid ammonia are one of
the traditional set of conditions in which to carry out SrnI reactions. The same 2-
oxazolines 33a & 34b, which were evaluated using 'BuOK/DMSO conditions

(Section 2.4.1), were appraised using these conditions. Both lithium and potassium
amide in liquid ammonia were used.

-97-



Results andDiscussion : SRNI Reactions ofNon Chiral 2-Oxazolines

The solution of alkali metal amide in ammonia was generated by the addition
of three equivalents of alkali metal to refluxing ammonia along with 0.1 % iron(III)
nitrate. Initially, solvated electrons were observed (blue colour), but, after stirring for

thirty minutes, a grey suspension of the alkali metal amide was formed. The oxazoline
dissolved in tetrahydrofuran was then added and the resultant mixture irradiated for
one to two hours in the quartz vessel.

The reaction of chloride 33a again gave a very poor yield mostly of starting
material plus a small amount of the dehalogenated product 98 (entry 1, Table 6).
When bromide 34b was reacted under the same conditions, the expected indane 140
was obtained albeit in a poor yield of 16% (entry 2, Table 6). Disappointingly though,

nearly twice as much of the reduced product 141 was formed. This may be due to a

one electron reduction of the intermediate phenyl radical to the anion by free electrons
in solution. In order to determine if the concentrations of the reactants played an

important role in the process, the reaction was repeated with a 1/10 dilution of all
reactants. Unfortunately no indane product 140 was obtained. Only a 1:1 mixture of
the starting material 34b and the dehalogenated product 141 was observed.

*)7
In the intermolecular reactions carried out by Wolfe et al., a three fold excess

of the aryl bromide was used, which could explain the relatively high yields obtained

by Wolfe (57 %, 2-benzyl-4,4-dimethyl-2-oxazoline 27, bromobenzene).27 It was

postulated that possibly liquid ammonia was a poor solvent for intramolecular SrnI
reactions of2-oxazolines.

The SrnI reaction of 34b was repeated in THF as the solvent and

commercially available sodamide was used as a base. A 1:1 ratio of the starting
material 34b and reduced 141 was obtained after work up. This was thought to be
because of lack of deprotonation of the oxazoline due to the poor solubility of
sodamide in THF.

2.4.3 SRN1 Reactions Using LDA/THF

A less common but widely used base and solvent combination for SrnI
reactions is lithium diisopropylamide and tetrahydrofuran. The general procedure for
the reactions involved a solution of the substrate being added to a stirred solution of
one to three equivalents of lithium diisopropylamide in tetrahydrofuran at -78 °C. The
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mixture was then allowed to warm up to room temperature for thirty to forty minutes,
after which a variety of different conditions where employed.

2.4.3.1 2-[3-(2-Bromophenyl)-1-phenylpropyl]-4,4-dimethyl-2-oxazoline

Styrenes

143 X = H
142 X = Br

Scheme 121

Table 7 shows a summary of yields of SrnI reaction products from bromide
34b using variety of conditions. All reactions involved the bromide 34b in THF with
3 eq. of lithium diisopropylamide, unless otherwise indicated.

The results show that the SrnI process proceeds at an appropriate rate at room

temperature without additional stimulus (entries 1-3, Table 7). Full consumption of
the starting materials required forty eight hours, which furnished, after work up, the

expected indane 140 in a good yield of 75 %. A small amount, ca. 2 %, of styrenes
142 & 143 was formed. When the reaction mixture, after being allowed to warm to

room temperature, was irradiated with a 400 W medium pressure mercury vapour UV

lamp, all of the starting material was consumed, 57 % of the cyclised product 140 was

obtained after isolation via column chromatography (entry 4, Table 7). Also, 15 % of
the reduced homologue 141 and 7 % of styrenes 142 & 143 was produced as well. It
is clear from these results that a cleaner reaction results without irradiation at the

expense of rate. Rate acceleration by UV photolysis is a hallmark of SrnI processes.
Absence of oxygen was very important, with trace oxygen resulting in poor to

no product yield; this is another indicator of a radical process.
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Entry Conditions
Unreacted
S. M. (%)

Indane

(%)
Reduced

(%)
Styrene
(%)

1 Oh, rt 50 34 2

2 20h, dark, rt 20 50 - 8

3 48h, dark, rt <1 75 - 2

4 6h, UV, rt <1 57f 15f 7f
5 3h, dark, reflux 40 45 - 5

6 2h, dark, rt* 32 11 13 2

7 lh, 0.1 eq. FeCL, rt 38 25 - 6

8 lh, 1 eq. FeCl2, rt 38 23 16 8

9 1 eq. LiCl, 0.1eq.[Pp,
-78°C,4 h

99 - - -

10 1 eq. LiCl, 0.2eq.[P]P
-78°C, 4 h

99 - - -

11 1 eq. LiCl, 0.3eq.[P]*~,
-78°C,4 h

99 - - -

12 1 eq. LiCl, 0.4eq.[P]"~,
-78°C, 4 h

99 - - -

13 1 eq. LiCl, 0.5eq.[Pp,
-78°C, 4 h

99 - - -

14 1 eq. BuLi, 1 eq. [P]
-78°C, 4 h* 35 - 28 4

Table 7 Summary of SRN1 reactions of bromide 34b. * 1 eq. LDA,+ isolated yields,: No
LDA.

When the reaction mixture was heated to reflux in place of UV irradiation a

moderate increase in product yield was detected (entry 5, Table 7). Although this was

advantageous in terms of ease of reaction, for a chiral homologue, any

diastereoselectivity would be diminished under such conditions.
The necessity of 3 eq. LDA was shown by the poorer yield observed when

only one eq. of LDA was employed (entry 6, Table 7). This may be because the LDA
was acting as an electron transfer reagent and/or a electron donor as well as a base

(Scheme 122).

((CH3)2CH)2N~ ((CH3)2CH)2N» + e"
Scheme 122

It was reported in the literature that in some systems where SrnI processes

occur, iron(II) salts were found to act as one electron donors and increase initiation

events, therefore enhancing overall reaction efficiency. When Fe(II)Cl2 was used in
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our system (entries 7 & 8, Table 7) the results were disappointing. At the very least
the yields were unaffected and at the worst, yields were actually depressed. Only 50-
60% overall material was recovered. It is known from the literature that 2-oxazolines

form stable complexes with iron.28 This may explain the particular messy work up for
these reactions and the low recovery of material at the end of reaction. When going
from 10 mol% to 1 eq. Fe(II)Cl2 the yields of product did not change but significant
amounts of the reduction product were produced. Based on this observation it is
evident that the iron salt is indeed acting as a reductant, but the phenyl radicals

produced are then being further reduced to the phenyl anion.

Polyaromatics such as anthracene and phenanthrene have been used in

electrochemistry as redox mediators in order to transport electrons from the anode.
9Q

This is needed in order to avoid over reduction of the organo-halide at the anode. It
is therefore evident that the polyaromatic radical anions are capable of initiating a

chain process via electron transfer to a suitable organic halide.
Phenanthrene radical anion [P]*~ was synthesised via addition of one

equivalent of sodium metal to a dry, deoxygenated solution of phenanthrene under

nitrogen with stirring over night to give a deep green solution. The SrnI reaction of
halide 34b was repeated using 1 eq. LDA, 1 eq. LiCl at -78 °C. 0.1-0.5 equivalents of
the prepared 0.02 M solution of phenanthrene radical anion [P]*~ were then added and
the solution stirred at -78 °C for 4 hours (entries 9-13, Table 7). At which time the
reaction was quenched by the addition of a saturated solution of ammonium chloride.
Lithium chloride was used because it is known to help form aggregates at low

temperature in THF, which would be helpful in SrnI reactions of chiral homologues
of34b in order to ensure a high diastereoselectivity.

Unfortunately, no reaction was observed. The reaction was repeated without
LDA or LiCl, and only 1 eq. BuLi was added to obtain the anion. Also 1 eq. of the

phenanthrene radical anion was added (entry 14, Table 7). This time a reaction
occurred but it only led to 28 % of the reduced product 141 and 4 % of styrenes 142
& 143. Clearly addition of phenanthrene did not bring about any formation of the
desired indane 140. This may be due to a problem of over reduction (as in the case of

entry 14, Table 7) or the reaction temperature being too low.
The yield of the minor product of this system, styrenes 142 & 143, doesn't

appear to follow any pattern with regard to reaction conditions. The yield of styrene
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may be due to minor fluctuations in the initial starting conditions or minor impurities,

although styrene production never reaches more that 8 % (Table 7).

2.4.3.2 2-[3-(2-Bromophenyl)propyl]-4,4-dimethyl-2-oxazoline

33b

143 X = H
142 X = Br

Scheme 123

Entry Conditions
Unreacted S.M

(%)
Indane

(%)
Reduced

(%)
Styrene
(%)

1 Pyrex, 4h, UV, rt 22 9 0

2 Quartz, 4h, UV, rt 29 58 - 10

Table 8 Summary ofSrnI Reaction of33b using LDA/THF. All yields are isolated.

SrnI reactions of bromide 33b were carried out as described previously for
reactions in section 2.4.3.1 (Scheme 123) and the results are summarised in Table 8.
Reactions in Pyrex were poor with only a small amount of indane 139 formed (9 %)

(entry 1, Table 8). After 4 hours of irradiation in quartz glassware a good yield of 139
was obtained (58 %), although 29 % of starting material 33b was recovered (entry 2,
Table 8). Pyrex glassware is opaque to most UV radiation whereas quartz is not,

therefore these results were not unexpected. Isolation of the product via column

chromatography was more difficult than with the previously reacted bromide 34b.
This may be due to the presence of a phenyl ring in 34b. Interestingly, no reduced

product could be detected which suggested that the phenyl group of 34b may play a

role in the formation of the reduced product 141.
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2.4.4 Srn1 Reactions Using LDA/THF:Hexane

Br ...

34b Reduced

Styrenes

^ 143 X = H
142 X = Br

Scheme 124

In order to obtain a fuller picture of the use of LDA as a base in SrnI

reactions, a more non polar solvent system was investigated (Scheme 124, Table 9). A
2:1 mixture of THF:hexane was used instead of purely THF. All other conditions
remained unchanged.

As previously observed, the yield upon irradiation in Pyrex glassware (entry 1,
Table 9) is lower than the corresponding reaction in quartz (entry 2, Table 9). The

yield (41 %, after 3 hours) in quartz glassware is comparable to that which was

obtained previously in purely THF (57 % after 6 hours, entry 4, Table 7). The yield of
indane 140 when 0.1 equivalent of iron(II) chloride was employed (entry 3, Table 9)
was comparable to previous results (entry 7, Table 7). Although the reduced product
141 was observed in this case. When one equivalent of iron(II) chloride was added,

yields of the indane 140 (entry 4, Table 9) were slightly decreased in comparison with
the more polar solvent case (entry 8, Table 7). This was probably due to the lower

solubility of any aggregates formed during the reaction, appropriated to the high
concentration of the iron salts.
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Entry Conditions
Unreacted
Substrate

(%)

Indane

(%)
Reduced

(%)
Styrene
(%)

1 Pyrex, 3h, UV, rt* 27 18 5 4

2 Quartz, 3h, UV, rt* 31 41 12 6

3 lh, 0.1.eq FeCh, rt* 24 25 17 8

4 lh, 1 eq, FeCl2, rt* 50 17 8 3
Table 9 Summary of SrmI reactions of34b using LDA/THF:hexane. * isolated Yields T NMR

yields

Overall it appears that a less polar solvent system does not appreciably affect
the yields of reactions carried out without ferric salts.

2.4.5 SRN1 Reactions Using NaH/DMSO

As previously mentioned, one of the most common base/solvent combinations
for SrnI reactions is 'BuOK/DMSO. As discussed in Section 2.4.1, 'BuOK was unable
to deprotonate 2-oxazoline substrates. Dimethyl sulfoxide is deemed a good polar

aprotic solvent for SrnI reactions, so maybe a strong base would suffice to give a

viable SrnI reaction. 2-Oxazolines have pKa's in the range of 20-25, which is why
LDA (pKa 36) is able to deprotonate them easily. Dimethyl sulfoxide has a pKa of 35
therefore, if LDA was used in DMSO, the dimethyl sulfoxide would be deprotonated
to give the lithium salt. This would be acceptable as the sulfoxide base should still be
able to deprotonate 2-oxazolines. The only problem is the presence of undesirable

diisopropylamine. IfNaH (pKa = 36) were used in place of LDA then a pure solution
of dimethyl sulfoxide sodium salt (dimsyl sodium) in DMSO should result.

Reduced 141

Scheme 125
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Entry Conditions
Unreacted
Substrate

(%)
Indane (%) Reduced (%)

1 4h, dark, rt 99 - -

2 4h, UV, rt 4 - 96

3 4h, dark, 60°C 99 - -

4 lOmin, UV, 100°C 16 34 39

5 4h, UV, 100°C - 66 -

6 4h, 1 eq. FeCh, rt 99 - -

Table 10 Summary of SRN1 reactions of34b using NaH/DMSO. All yields are NMR yields.

Reactions were carried out by the addition of a DMSO solution of the
substrate 34b to a freshly prepared solution of dimsyl sodium in dry DMSO at room

temperature under nitrogen. The reaction was quenched by the addition of finely

ground ammonium chloride (Scheme 125, Table 10).
It was evident that the reaction was not spontaneous at room temperature

contrasting with the examples for LDA/THF system (entry 1, Table 10). Irradiation at

room temperature for 4 hours led to a 96 % yield of the reduced diphenyl 141 (entry

2, Table 10), suggesting phololytic cleavage of the C-Br bond as the main process. On

heating the mixture a colour change from pale yellow to bright orange was observed.
This possibly indicated an improved generation of the anion. However, after 4 hours

heating at 60 °C no reaction was detected (entry 3, Table 10). When both heating at

100 °C and irradiation were employed the desired indane was obtained in moderate

yield of 34 % after only 10 minutes. More disappointingly though, 39 % of the
reduced product 141 was formed with 16 % unreacted starting material recovered

(entry 4, Table 10). This contrasted with a 66 % yield of the indane 140 after 4 hours
irradiation at 100 °C with no detectable reduced 141 or starting material 34b (entry 5,
Table 10). This observation can be explained if the coupling of the phenyl radical and
the anion is slow and therefore rate determining (Scheme 126), which would explain
the large amount of reduced product observed after only ten minutes irradiation (entry
4, Table 10).
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Scheme 126

One equivalent of iron salts seems to have no effect, with starting material
being fully recovered after 4 hours at room temperature, although this may indicate
that the anion was not generated sufficiently. No styrene was formed under these
conditions, which contrasts with the use of LDA and THF/hexane solvent mixtures.

This can be explained by the lack of excess base.

2.4.6 Summary of Non-Chiral SRN1 Reactions

'BuOK/DMSO, of all the various base/solvent combinations, was the only
combination not to afford the desired substituted indanes 139 & 140. The MNH2/NH3

combination gave an excess of reduced product. LDA/THF gave the highest yields of
cyclised product, of which the reaction without UV irradiation gave the cleanest
reaction. Reactions involving iron(II) salts showed no enhancement of yields, and also
crude reaction mixtures were intractable. A phenyl ring alpha to the oxazoline ring
aided separation of the product. It was decided that for further reactions on chiral and
chain extended analogues only the optimum conditions i.e. LDA/THF with either 48 h
at room temperature or 6 hours irradiation would be employed. An EPR study was

also carried out also using these optimised conditions to identify any radical
intermediates (Section 2.6).
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2.5 Tetralins, Benzosuberenes and Benzocyclooctanes via
SRN1 Reactions

The feasibility of forming tetralins, benzosuberenes and benzocyclooctanes
was evaluated following the successful preparation of indanes involving the creation
of sterically hindered centres. Reactions were carried out using the optimum
conditions identified in the formation of indanes i.e. three equivalents of LDA in

THF, with either 6 hours UV irradiation or 48 hours stirring in the dark at room

temperature (Section 2.4.3). The preparation of the analogous precursors is detailed in
Section 2.1.4.

2.5.1 Formation of Substituted Tetralins using Srn1 Protocols

8-Arylbutyl-2-oxazoline 110 was added to a stirred solution of LDA at -78 °C
under nitrogen and then the mixture was allowed to warm to room temperature.

Irradiation for 6 hours, or stirring for 48 hours in the dark, was then carried out. After
work up, one product was observed in both cases via 'H-NMR spectroscopy, which
formed white crystals after crystallisation via diffusion of hexane into a solution of
the product in ethyl acetate. These crystals were submitted for X-ray structural

analysis to reveal that the expected product 144 had been formed in moderate yields
of 55 % (48 hours, r.t.) and 50 % (6 hours, UV) (Scheme 127, Figure 3, Appendix A).

The slightly lower yield of formation of tetralin 144 versus formation the

analogous indane 140 (Section 2.4) is possibly due to a slightly slower rate of six
membered ring closure.

55 % (48 h, rt)
50 % (6h, UV)

Scheme 127
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The X-ray analysis of tetralin 144 showed a single conformer of the expected
half-chair 6-membered ring with the oxazoline in the pseudo-equatorial orientation
and the phenyl ring in the pseudo-axial orientation (Figure 3). The C-C bonds to the

quaternary C-atom in the 6-membered ring were 1.542 A (to benzo sp2 C-atom),
1.547 A (to ring CH2), 1.547 A (to Ph) and 1.532 A (to oxazoline). As expected from
the crowded nature of this centre, these bonds were significantly longer than
unencumbered C-C bonds. For comparison, the sp3 CH2-CH2 bonds in the new 6-
membered ring were 1.524 A, and 1.516 A in length.

2.5.2 Formation of Substituted Benzosuberenes Using SrN1 protocols

On reaction of s-arylpentyl-2-oxazoline 111 with three equivalents of LDA at

r.t. for 48 hours the expected product was not observed. After analysis of the NMR

spectra it was determined that butyl derivative 145 was the only identifiable product,
formed in 36 % yield (Scheme 128); 15 % of the starting material was recovered.

L
C

Figure 3 X-ray structure of tetralin 144

Ph

Scheme 128
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The formation of the butyl product is thought to have occurred due to an

inaccurate amount of either u-BuLi and/or diisopropylamine being used. A plausible
mechanism to account for its formation is shown in Scheme 129.

Ph Ph

Scheme 129

The reaction was repeated with fresh LDA and several different products were
revealed after column chromatography. However, the expected benzosuberene 146

Scheme 130

One of the products which was identified, was the simple dehalogenated
product 147 (Scheme 130). Crystals of two of the remaining products were obtained
and submitted for X-ray analysis, to reveal alkene 148 (Scheme 131, Figure 4) and
fluorene derivative 149 (Scheme 131, Figure 4).
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Scheme 131

Alkene 148 Fluorene 149

Figure 4 X-ray structures of alkene 148 and fluorene 149

2.5.2.1 NMR Structure Determination of Benzocycloheptane 150

Unfortunately the fourth and final product 150 could not be crystallised. It

gave an accurate mass result consistent with C22H25ON, which was two mass units

higher than the alkene 148 obtained (Scheme 131). The presence of signals with an

integration value of eight in the aromatic region suggested that the structure was

related to the unsaturated product 148, therefore the analogous saturated rearranged
structure was proposed (Scheme 132). Structural determination was carried out using
a combination of one dimensional NMR (]H & I3C) and two dimensional NMR

(COSY, HSQC & HMBC). It should be noted that the NMR spectra contain
extraneous signals due to small amounts of impurities. The COSY spectrum

confirmed that these peaks were not related to the main structure and they are ignored
in the analysis.
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Scheme 132

1H Signal PPM (Integration, Multiplicity) 13C Signal PPM (Type)
a 1.24 (3H, s) A 25.1 (CH2)
P 1.28 (3H, s) B 27.4 (CH2)
y 1.30-1.40 (lH,m) C 28.0 (CH3)
5 1.68-1.89 (3H,m) D 28.1 (CH3)
E 1.95-2.06 (lH,m) E 30.7 (CH2)
c 2.47-2.66 (3H, m) F 35.9 (CH2)
11 3.89 (1H, d) G 44.4 (CH)
0 3.94 (1H, d) H 67.5 (Cq)
t 5.01 (1H, dd)/ I 78.9 (CH2)
K 7.05 (2H, d) J 125.1 (CHAr)
UD 7.10-7.30* (~1H, br. t) K 126.3 (CHAr)
U2) (~2H, m) L 127.4 (CHAr)
X(3) (~2H, m) M 127.8 (CHAr)
It 7.44 (1H, dd) N 128.0 (CHAr)

0 130.2 (CQ)
P 132.2 (CHAr)
Q 142.2 (Ca)
R 142.3 (Cq)
S 144.2 (Cq)
T 163.9 (Cq)

Table 11 Summary of ID *H and ,3C NMR experiments of unknown 150
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Figure 5 'H-NMR (500MHz, CDC13) of unknown product 150
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Figure 6 13C NMR (300MHz, CDC13, pendant) of unknown product 150
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Figure 5 and Figure 6 show the graphical representation of the one

dimensional spectra. Table 11 shows a summary of the 'H and 13C NMR spectra with
'H signals labelled with Greek letters and l3C signals labelled with Latin letters. The
limited assignment in !3C NMR was achieved in terms of multiplicity and relative

peak height. Generally, peaks corresponding to quaternary peaks are less intense, and

similarly peaks accounting for two or more carbon nuclei are usually larger in size.
The 'H-NMR shows characteristic 3H singlet signals a & p (Table 11 &

Figure 5) and two AB doublet signals r\ & 0 of the dimethyl-2-oxazoline moiety. This
was confirmed by the presence of two methyl signals C & D (Table 11, Figure 6) and

quaternary signals H & T (C=N), and also methylene signal I in the 13C NMR. The

HSQC spectrum showed the required cross peaks supporting this analysis (i & ii

(circled), Figure 7).
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) 3.50
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Figure 7 Aliphatic region of HSQC spectrum ofunknown 150

Assignment of signals y-C, and i in the 'H NMR was achieved using initially
the FISQC spectrum to determine the multiplicity of the carbon atom to which they
are attached (Figure 7). In the 13C NMR spectrum, methylene signal B correlates with
two ]H resonances (y & 5) indicating the presence of a CHaHb fragment. Similarly

methylene signal E corresponds with two 'H signals (s & Q as well. 13C signals A & F
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only show a relationship with one ]H resonance each (8 & C, respectively). This
evidence taken in conjunction with the integral values of the 'H signals, confirms their
initial assignment as methylenes. The 13C methine signal G at 44.4 ppm only
correlates with the 'H signal at 5.01 ppm (i) (integral of 1), and therefore can be

assigned to C-9. The establishment of four methylene and one methine group in the
NMR spectra equates with the proposed structure. Connectivity was established

through analysis of the COSY spectrum (Figure 8).
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Figure 8 Aliphatic region ofCOSY spectrum of unknown 150

Having determined the 1H signal t is due to C9H, using the HSQC spectrum,

elucidation of the connectivity of the four methylene groups can be achieved by the
use of the 'H-'H COSY spectrum. Signal i correlates with signals C, & s, which are

known to be associated with carbon resonance E, therefore C-8 is assigned. C,
correlates to signals s, 8 & y, but s only correlates to 8, therefore two hydrogens of

signal 8 which are associated with the l3C methylene signal A are assigned to C-7.
Given that resonances y & 8 both correlate with signal C, and 8 but not e must mean

they can be assigned to C-6 along with the 13C signal B. The remaining 2 protons of

signal C, can therefore be assigned to C-5 together with 13C methylene signal F.
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Information relating to the elucidation of the five carbon aliphatic sequence is
summarised in Table 12.

Entry 1H Signal 13C signal Type/Multiplicity Assignment

1 y & 8 B chahB c-6
2 6 a ch2 c-7
3 e&C, E CHahB c-8
4 C f ch2 c-5
5 t g ch c-9

Table 12 Summary ofHSQC and COSY analysis of the aliphatic portion of unknown 150

Having now determined the presence of a five carbon sequence, which is
concordant with our proposed structure, attention was turned to assignment and

connectivity of the aromatic portion.
The 'H-'H COSY spectrum of the aromatic region shows clearly two sets of

coupled signals (Figure 9, red and blue circled).

Figure 9 Aromatic region ofCOSY spectrum of unknown 150
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From the integration of the 'H signals the blue coupled set of signals (Figure
9, k, A,(l) & A.(3)) is equivalent to five hydrogens and the red set (Figure 9, X(2) & p)
is equal to three hydrogens. The blue set of coupled signal integrals is in the ratio of

2(k):1(X(1)):2(X(3)), as well as signal k being a doublet and X(l) and X(3) being a

triplet and multiplet respectively which is typical of a phenyl ring. Corroborative
evidence was obtained from the aromatic region of the HSQC spectrum (cross peaks i,

Figure 10). Signals k and A,(3) both correlate with the double intensity 13C peaks L and
M. As k is a two hydrogen doublet it can be assigned to C-10 along with 13C signal L
and by deduction the two hydrogen multiplet k(3) can be assigned to C-ll. This

logically leaves the one hydrogen triplet X( 1) and 13C peak J belonging to C-12. The
red set of signals has a combined integral value of three. Signal p is a double doublet
with a chemical shift of 7.44 and coupling constants of 5.8 and 3.4 Hz, and signal X(2)
is a two hydrogen multiplet. This evidence is consistent with signal p being assigned
to C-2 and signal X(2) being a combination of C-3 and C-4 methine Hs. An inspection
of the HSQC spectrum (cross peaks ii, Figure 10) reveals !3C signal M as belonging to

C-2 and signals K and P either C-3 or C-4.

7.40 7.30 7.20 7.10 7.00

ppm

Figure 10 Aromatic region ofHSQC spectrum of unknown 150
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In order to prove the NMR data are consistent with the proposed structure, the

assignment and connectivity of the quaternary carbon signals O, Q, R & S needs to be
carried out. In order for the proposed structure to be correct, C-5 hydrogens should
have a 3J coupling with carbons 4, 9b & 7, and maybe a weak 4J coupling to C-3 & C-
8 and also possibly weak 2J couplings to C-6 & C-4b. Analysis of the HMBC

spectrum reveals that the C-5 hydrogen signal C, has correlations with l3C signals A(C-

7), B(C-6), P, Q, R & S (circled cross peaks, Figure 11). As signal £ also has one

hydrogen of C-8 (s & Q, then the strong cross peak with 13C signal B(C-6) can be
assumed to derive from a combination of the C-5 - C-6 2J coupling and the 3J
coupling C-8 - C-6 (cross peak i, Figure 11). This disregards signal B, but not signals

Q & R, as they are quaternary and as yet to be defined. This is because C-5 hydrogens
should have a 3J coupling to 9b (cross peak ii, Figure 11), and C-8 hydrogens would
have 3J couplings to C-9a and C-9b (cross peaks i & ii, Figure 11) but Q & R are very

close together quaternary signals that could belong to either 9a or 9b.
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Figure 11 Region edited HMBC spectrum of unknown 150
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As the C-5 'H (Q signal is the only one to correlate with methine carbon signal
P then it can be assigned to C-4 (cross peak iii, Figure 11). Further evidence for this

assignment can be gleaned from the fact that C-2 hydrogens (p) have a cross peak
with 13C signal P and vice versa (k.(2) vs. M) (circled cross peaks, Figure 12).

p

M o

o

-130.0

7.40 7.20 7.10

Figure 12 Region edited HMBC spectrum ofunknown 150

Therefore, by elimination, C-3 must be assigned to peak K. Signal C, (C-5) also
has a correlation with signal S, this could be a 2J coupling. Assignment of quaternary
carbon 4b to 13C peak S, can be corroborated by the fact that only *H signals y & 8 (C-

6), £ (C-5), i (C-9) and X(2) (C-3/4) show a strong correlation (circled cross peaks,

Figure 13).
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Figure 13 Region edited HMBC spectrum of unknown 150
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The only unassigned 13C peaks are O, Q & R which should correspond to

undesignated carbons 1, 9a and 9b. C-l should have 3J couplings with hydrogens of

C-9(i) & C-3(A.(2)). 13C peak O is the only peak to show these correlations and is
therefore assigned to C-l (blue circles, Figure 14).
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Figure 14 Region edited HMBC spectrum of unknown 150
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The close proximity of peaks Q and R to each other makes unambiguous

assignment of them to either carbon 9a or 9b troublesome. C-2, C-4 & C-5 hydrogen

signals (p, X(2) & Q should show exclusive cross peaks to the l3C signal attributed to

carbon 9b (red circle, Figure 14) and C-l 1(^(3)) should show exclusive cross peaks to
9a (green circles, Figure 14). The difficulty lies in the fact that because the chemical
shifts of l3C peaks Q & R are so close, there is insufficient resolution to differentiate
which cross peak correlates with which l3C signal. A tentative assignment of peak Q
to C-9b and thus peak R to C-9a has been made and is supported by the following
evidence. A 3D projection of the 2D spectrum is analysed, where the 'H signals for C-

2(p) and C-l 1(13) correlate with peaks Q and R (Figure 15). It can be seen that the
maxima for the cross peak relating to C-3(p) and Q & R is slightly upfield (with
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reference to the l3C dimension) than the cross peak for the C-11(A,(3) and Q & R,

therefore justifying the tentative assignment of resonance Q to C-9b (stated thus in the

experimental description Section 3.10.7).

-140.0

"141.0

nQ B A 1420
R

143.0

"144.0

* QR
142 ppm

4 S
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Figure 15 3D Projection and region edited HMBC spectrum of unknown 150

Having now satisfactorily assigned resonances both in the 13C and 'H spectra

to their respective carbons and hydrogens, confirmation of the phenyl ring at C-9 and
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thus the oxazoline fragment at C-l needed to be obtained. If C-10 hydrogens show a

3J coupling to C-9 and vice versa, then confirmation would indeed be obtained.
Examination of the relevant area of the HMBC spectrum shows this to be true.

Therefore it can be concluded that the proposed structure 150 is concordant with

experimental evidence.

2.5.2.2 Summary of Srn1 Reactions of s-Arylpentyl-2-oxazoline

The SrnI reaction of pentyl 2-oxazoline 111 was carried out again using the
alternative reaction conditions involving irradiation for six hours. The product

analysis results for this reaction and the previous two involving pentyl-2-oxazoline
111 are summarised in Table 13 & Scheme 133.

Entry Conditions
S.M

111 (%)

Reduced

147 (%)

Alkane

150 (%)

Alkene

148 (%)

Fluorene

149 (%)

n-Butyl
145 (%)

1 (1) r.t, 48 h 15 - - - - 36

2 (2) r.t, 48 h - 7 19 25 6 13

3 UV, 6 h - 10 30 6 3 -

Table 13 Summary of SRN1 reactions of 2-oxazoline 111

Scheme 133
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2.5.2.3 Mechanism of Formation of Benzocycloheptane Derived Products

step 6 1,3-H-atom transfer

Alkane 150Fluorene 149

Scheme 134

Two conceivable mechanistic paths can be considered to account for the
formation of the diverse products from the SrnI reaction of pentyl -2-oxazoline 111
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(Scheme 133). The first being a radical/radical anion pathway and the second being a

benzyne/anionic pathway.
Shown in Scheme 134 is a summary of a proposed radical/radical anion

pathway to explain the formation of cycloheptanes 149 & 150.
The SrnI reaction is proposed to form the expected ring closure intermediate

radical anion 151 via the normal pathway (steps 1 & 2, Scheme 134), after which the
two different conformers 151a and 151b can react further to give 150 and 149

respectively. In radical anions 151a and 151b the unpaired electron will actually be
distributed over both aromatic rings and part of the oxazoline moiety. However, for
simplicity, a single resonance structure of each is shown. Conformer 151a can

undergo a 4-exo-trig attack by the benzene radical anion onto the oxazolinyl C=N to
afford a cyclobutene-containing species 152 (step 3, Scheme 134), which then ring

opens to give intermediate radical anion 153 (step 4, Scheme 134). The cyclobutene-

containing species 152 might be a transition state rather than an intermediate. 153 can

lose an electron to give cyclohexadiene 154 (step 5, Scheme 134), which then

undergoes a rearomatisation via an allyl rearrangement to give alkane 150 (step 6,
Scheme 134). Conformer 151b performs a 5-endo-trig cyclisation involving the
benzene radical anion and phenyl ring (step 8, Scheme 134). This is then followed by
oxidation via a single electron transfer to give diradical 155 (step 9, Scheme 134)
which readily eliminates dihydrogen to afford fluorene 149 (step 10, Scheme 134).

Alkene 148 could be formed via an adjunct to the pathway involving the
formation of alkane 150 (steps 1-6, Scheme 134). This would occur via concerted H-
atom abstractions from cyclohexadiene 154 (step 3, Scheme 135). An alternate route

to alkene 148 is via a two step H-atom abstraction process from alkane 150. The first

step involves the formation of the resonance stabilised diphenylmethyl radical 156
(step 1, Scheme 135) followed, secondly, by P-hydrogen abstraction i.e.

disproportionation (step 2, Scheme 135).
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Scheme 135

The second mechanistic type, the benzyne route, to alkane 150 and fluorene
149 is summarised in Scheme 136.

As in the radical route the initial steps were envisaged to be the formation of
an anionic intermediate 158, only in this instance it is formed via an aryne

intermediate 157, which was created by the base induced loss of HBr from the
aromatic ring (steps 1 & 2, Scheme 136). Conformer 158a can proceed in a similar
way to the radical case, by performing a 4-exo-trig cyclisation, by the aryl anion onto
the C=N bond (step 3, Scheme 136). As before, this intermediate cyclobutene 159
should quickly ring open to afford diphenylmethyl anion 160 (step 4, Scheme 136).
160 can then pick up a proton to form alkane 150 (step 5, Scheme 136). Conformer
158b is theoretically of the right orientation for a nucleophile attack on the phenyl
ring by the aryl anion and thus via hydride abstraction afford fluorene 149 (steps 7 &
8, Scheme 136). However, this is deemed unlikely due to the unactivated status of the
phenyl ring.
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Scheme 137

Production of alkene 148 via an anionic mechanism, is thought to possibly
occur via LiH loss from the lithiated alkane 160 (Scheme 137). This process of LiH

• TO
loss is a known process occurring under similar conditions.

The unusual benzyl-ortho rearrangement of the oxazolinyl moiety which

ultimately results in alkane 150 and alkene 148 is supported by literature precedent in
both mechanistic cases. Arynes have been shown to react with diethyl malonate with a

1,3-shift of one of the carboxy ethyl ester moieties to form 2-

ethyoxycarbonylmethylbenzoates.31 Also, polyaromatic radical anions have been
revealed to react in a Sn2 fashion with cyclopropylmethyl bromides to afford the

• • •

substitution product with loss of bromide.
The formation of the fluorene 149 is more likely to have occurred via the

radical mechanism due the fact that phenyl radical attack on to another aromatic ring
is a facile process whereas attack of a phenyl anion is not.

Analysis of the yields of alkenic product 148 with or without UV irradiation
for 6 hours reveals that under UV irradiation much less is formed (6 % with, 25 %

without) (Table 13). One possible explanation for this is that the mechanism of
formation of the alkene is different under the two sets of conditions. Another more

likely explanation based on the facts is that formation of the alkene is a result of a

thermally induced dehydrogenation process based upon (3-hydrogen loss from either
the diphenylmethyl radical 156 or anion 160.

Clearly contributions from both mechanistic types could be taking part in the
formation of the observed products and only a detailed study would enable the full

picture to emerge. However, it can be concluded that a major contribution by the
radical anion mechanism is very likely based upon the following facts: a) in the
formation of the indanes (Section 2.4) UV irradiation increased the rate of product
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formation which is indicative of a SrnI type process; b) EPR spectra of radical anion
intermediates were detected (Section 2.6).

2.5.3 Formation of Benzocyclooctanes Using Srn1 Protocols

SrnI reactions of ^-arylhexyl-2-oxazoline 112 were carried out using the usual
conditions. Unfortunately, due to the lengthy synthesis and limited time and
resources, only a small amount ca. 100 mg, was available. When the SrnI reactions
were carried out (one at room temperature for 48 h and one under UV irradiation for 6

h) a multitude of products was observed in the 'H-NMR spectrum. Due to the large
number of products and the paucity of material, crude mixtures from both reactions
were combined in the hope that after column chromatography enough of each product
would be obtained to enable identification. Disappointingly, the NMR data obtained
from each fraction from the column were not of high enough quality to enable

complete identification; mainly due to mixtures of products. GCMS analysis of each
fraction was carried out in the hope that evidence for products analogous to the
benzosuberenes (section 2.5.2) could be obtained. Table 14 shows the results of the
GCMS analysis together with tentative assignment, also included is a comparison of
characteristic 'H-NMR peaks of the benzosuberenes with the 'H-NMR data found for
the benzocyclooctanes.

Evidence for the formation of the alkane 162 is based upon the obtained
molecular ion mass and the presence of an unusually high aliphatic proton resonance,

thought to account for the PhCH proton; this was also comparable to the 7-membered

ring analogue 150 (entry 1, Table 14). Similarly alkene 163 was identified. Using the
mass spectrum information alone, the alkene 163 can be distinguished from the
fluorene 164 (both have M+ = 331) by the presence in the alkene spectrum of 1:1 M+
and M+-l peaks signifying the loss of the alkenic proton indicated, which is not the
case in the fluorene 164 mass spectrum (entries 2 & 3, Table 14). Absolute
differentiation can be made through the 'H-NMR evidence (entry 2 & 3, Table 14).
The reduced product 165, H-butyl 166 and 1,1-octane 167 were all obtained as minor

products, and therefore no clear NMR evidence could be obtained. They were

tentatively identified purely on the basis of the mass spectral data (entries 4-6, Table

14).
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Entry I.D Structure
MS

(EI)
'H-NMR
Data

Suberane
NMR Data

1
Alkane

162 3PH H*
0 N

A

kf = 333

318,304,

290

4.75 (br. dd,

PhCtf)
5.01 (dd, PhC//)

3.48 (d, J- 7.9, 3.22 (d,J= 7.8,

2
Alkene

163

Q/ \
/ss. Ph H*
0 N

= 331

330, 302,

276

C//aHBO)
3.79 (d, J = 7.9,

CHA//BO)
6.32 (dd, J=9.7
& 7.1, CH)

C7/aHbO)
3.71 (d, J = 7.8,

CHa//bO)
6.54 (t, J-7.4,

CH)

3
Fluorene

164

M+ = 331

302, 278,

232

Broad Peaks at

7.5-7.8

Broad Peaks at

7.53-7.71

4
Reduced

165 Cyd
Ph

M* = 335

244,203,

18933
5

n-Butyl
166

r^^Ph N—\

Wv1 Bu-n
Ph

M+ = 391

260, 231,

18933
1,1- 03 II U> U) / /

6 octane

167

Ph c

3
276, 178,

126 / /
Table 14 Summary ofGCMS and H-NMR results of SRN1 reaction of 112

Clearly, additional work needs to be done in order to satisfactorily identify and
characterise these products.
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2.5.4 Summary of SRN1 Reactions to Afford Tetralins, Benzosuberenes
and Benzocyclooctanes

Scheme 138

The tetralin 144 was formed in moderate yields in an analogous manner to the
indanes 139 & 140 reported in Section 2.4. When e & ^-arylalkyl-2-oxazolines 111 &
112 were reacted under the same conditions mostly rearrangement products were

observed. These were derived from attack by a reactive centre at the ortho position of
the fused benzo moiety. One rationale for these observations is that on moving from
6-5 fused ring system to a 6-8 system the conformational flexibility of the alkane ring
is increased. This would bring the alkane ring portion into the sphere of reactivity
around the ortho-benzo position and increase the likelihood of a reaction taking place
between the ort/jo-aromatic position and either the nearby phenyl ring or oxazolinyl
moiety (Scheme 138).
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2.6 EPR Study of SRN1 Reactions of Arylalkyl-2-oxazolines

34b n = 1
110 n = 2
111 n = 3

Scheme 139

The reactions of the three homologous arylalkyl-2-oxazolines 34b, 110 & 111

(Scheme 139), were studied using 9 GHz EPR spectroscopy. A solution of LDA in

dry THF (7.5 or 1.5 mmol) was prepared under nitrogen and to this was added a THF
solution of the precursor (2.5 mmol for 34b and 0.5 mmol for 110 or 111, 0.33 eq.).

The mixture was allowed to warm to room temperature and a 0.02 cm3 aliquot
was transferred to a quartz capillary tube (1 mm i.d.) and photolysed in the resonant

cavity of the EPR spectrometer with irradiation via unfiltered light from a 500 Watt

super pressure Hg lamp.

2.6.1 EPR Spectra and Computational Results

3350 3370 3390 3410 G

Figure 16 2nd Derivative EPR spectrum obtained from 34b and LDA in THF at 290 K in
the presence of traces of oxygen

When traces of oxygen were present, spectra similar to that shown in Figure
16 were obtained. The EPR parameters of the main spectrum (g = 2.006, «(N) = 14.6,
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a{2H) = 4.2 G at 290 K) showed that this was due to the di-isopropyl nitroxide

[aminoxyl radical, (Me2CH)2NO].33'34
The radical in this spectrum was comparatively short lived and the spectrum

weakened over a period of about 1 h so that only weak broad signals from the second
minor unidentified nitroxide remained.

The sample that gave rise to the observed nitroxide signals was prepared using
standard preparative inert atmosphere conditions which illustrates the sensitivity of
the reaction mixture to oxygen. Only when oxygen was rigorously removed via

degassing the sample after addition into the tube, with a stream of nitrogen bubbled

through a capillary was the nitroxide not observed. In the absence of the nitroxide,
with precursor 34b a longer lived species was observed having g-factor of 2.0030.
The isotropic EPR signal was broad at 300 K and its intensity increased with UV

photolysis. On lowering the temperature the intensity increased again and better
resolution was obtained at temperatures of about 205 K (Figure 17).

Figure 17 1st Derivative EPR spectra obtained from 34b and LDA (3 equiv.) in THF with UV
photolysis and complete exclusion of oxygen.

This spectrum was observable for many hours although its intensity gradually
weakened. Broadly similar long-lived EPR spectra, with essentially identical g-
factors, were obtained on treatment of precursors 110 and 111 with LDA in THF and
illumination with UV light (Figure 18). A good computer simulation (R = 0.991)35
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was obtained for the 2nd derivative spectrum of 34b (A, Figure 18) with the hyperfme

splittings (hfs) listed in Table 15. The spectrum obtained from precursor 110 was

considerably broader than the others (B, Figure 18). The asymmetry was caused by
the presence of an additional signal originating from the quartz tube (probably an F-

centre). Although satisfactory simulations could be obtained, these were very "soft"
due to the poor resolution, so that reliable hfs could not be derived. However, the g-
factor (2.0031), spectral width, and lifetime, all suggested the species responsible for
this spectrum was analogous to that derived from the other precursors.

(C) ii rt A c7"rina
M

3376 3380 3385 3390 3395 3400 3405

Figure 18 2nd Derivative EPR spectra obtained from (2-bromophenyl)alkyl-l-phenyl-
dimethyl-2-oxazolines and LDA on UV illumination in THF solution. Top: from
propyl-precursor 34b at 205K. Middle: from butyl-precursor 110 at 194 K. Bottom:
from pentyl-precursor 111 at 195 K.

The spectrum obtained from pentyl-precursor 111 was well resolved and the
2nd derivative presentation (C, Figure 18) suggested that two similar paramagnetic

species were present. A satisfactory simulation including both species (R = 0.922)
was obtained with the parameters shown in Table 17, and this is displayed in Figure
19.

The g-factors and the magnitudes of the hfs of these species suggested they
were aromatic radical anions. Cyclo-coupling of the aromatic radical-carbanion
derived from 34b will give a radical-anion that contains an indane unit substituted by

phenyl and oxazoline rings i.e. 168. The experimental hfs were tentatively assigned to

specific H-atoms of 168 with the aid of DFT computations (Table 15) and are

compared with experimental data from the literature (Figure 20) for the model radical
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anions of diphenylmethane 169 34 and indane 170 j6 which had been prepared by
treatment of the corresponding hydrocarbons with K metal. The data for 168 is

sufficiently similar to that of 169 and 170 to support the attribution of our spectrum to

radical anion 168. A noteworthy feature is that the spin density is equally distributed
to both phenyl rings in 169. In radical anion 168 spin density is also distributed to

both rings but the two rings are not chemically or magnetically equivalent so the spin
is not equally partitioned.

J fi!

I
Simulation

d i i i i

A.-JUoA / A /\ ' I' A /iii
I I (II I ! A

/1 I

y \i i/ i I/ | / / / \! 'Jij v i ' ' y v '

h
6 G

Exptl. 195 K

Figure 19 Comparison of experimental and computed spectra for species 172Ax and 172Eq
derived from precursor 111.

2.2^^ 2.2 2.2

0.2

168 169 170

Figure 20 Isotropic EPR H-atom hfs of aromatic radical-anions. Counter ions for 168: Li+, and
for 169 and 170: K+.
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The structures and energies of the parent indane 140 and radical anion 168
were computed using DFT methods.37 Two views of the structure of 168 computed

using the UB3LYP functional with a 6-3lG(d,p) basis set are shown in Figure 21.

Figure 21 DFT computed structure of radical anion 168. Left: including H-atoms. Right: no Hs

The 5-membered ring of the indane unit showed a definite pucker in the

computed structure, but the pseudo-rotation barrier would be very low and hence only
a single conformer of the molecule will be detectable on the EPR timescale. Of

course, two enantiomers (1:1) are formed in the cyclisation step, but their EPR spectra

would be identical. The EPR hfs computed for 168 using various basis sets, including
the triple-zeta quality EPR-III basis set specially developed for hfs by Barone,38 are

shown in Table 15.

Basis Set Hydrogen Atom
1 2 3 4 5 6 7 8 9 10 11 12 13

6-31G (d) -5.6 1.0 -4.4 -3.8 -1.0 -0.7 1.0 0.1 0.2 -3.6 -1.4 0.1 -4.0

6-31G (d, p) -4.3 0.4 -2.6 3.6 -1.0 -0.5 1.1 0.4 -0.5 -2.9 -0.3 -0.6 2.7

EPR-III -3.2 0.4 -2.0 -2.6 -0.7 o1 00o 0.2 -0.1 -2.2 -0.3 -0.3 2.0

Exptl. (205 K) 5.7 1.5 4.2 4.2 1.5 - 1.5 - - 4.2 1.5 - 4.2

Table 15 EPR hfs/G computed for radical-anion 168 using the UB3LYP functional and the
molecular geometry optimised with the 6-31G+(d,p) basis set. Shown in Scheme 140
is indane 140 with hydrogens numbered.
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140

Scheme 140

The computations clearly show that spin density is distributed to both phenyl
rings. This distribution will depend critically on the torsion angle about the C-C bond
connecting the Ph ring to the indane unit. The barrier about this single bond will be
very low because the Ph and oxazoline rings can easily rotate together in a propeller

type motion. In view of this, great precision in the computed hfs cannot be expected.
The experimental hfs were assigned to specific H-atoms simply on the basis of the
computed data and hence the assignments are only tentative. However, the data gives
good support for the assignment of the spectrum to radical-anion 168.

The EPR spectrum from precursor 110 was comparatively broad. The

computed structure for the tetralin ring of the cyclised radical anion 171 showed that
the cyclohexene-type ring adopts a half-chair structure (Figure 22). In this
conformation the pseudo-axial and pseudo-equatorial orientations are not equivalent
and hence two conformers of the radical anion are expected to result from the

cyclisation step i.e. 171Ax and 171Eq (Scheme 141). Each of these will be present as
a 1:1 mixture of enantiomers. The barrier to inversion for the unsubstituted

cyclohexene ring is about 5 kcal mol"1.39 The barrier to interchange of structures
171Ax and 171Eq will probably also be of this order, i.e. comparatively low.

171Ax 171Eq

Scheme 141
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Figure 22 Structures of 171Ax and 171Eq computed with the UB3LYP functional and a
6-31G(d) basis set.

The energy differences of the conformers of the tetralin and

benzocycloheptane radical anions and of the corresponding neutral products,

computed with the UB3LYP functional and the 6-31G(d) basis set, are shown in
Table 16.

AH0 Radical-anions
E(Eq-Ax) kcal/mol

AH0 Neutral products
E(Eq-Ax) kcal/mol

Tetralin 144 -1.6 -0.7

Benzocycloheptane 146 4.6 0.5

Table 16 DFT computed energy differences between conformers of 144 & 146 and the
corresponding radical anions 171 & 172.

For the 6-member ring radical-anions (tetralins) the conformer with the Ph

group axial was calculated to be lower in energy whereas for the 7-member ring

analogues the conformer with the Ph group equatorial was lower in energy. The small

computed energy difference between the tetralin conformers suggests the barrier to
inversion will be low. It follows that this inversion may be taking place at

'intermediate' rate during the EPR experiments, i.e. the observed spectral broadening

may be due to this internal motion.
The benzocycloheptane structure 172, that results from cyclisation of

precursor 111, contains a cycloheptene type ring and hence two conformations were

also expected, i.e. 172Ax and 172Eq (Scheme 142).
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172Ax 172Eq
Figure 23 Structures of 172Ax and 172Eq computed with the UB3LYP functional and a

6-31G(d) basis set.

The computed energy difference between 172Ax and 172Eq was significantly

greater than in the case of the tetralin conformers (Table 16). The energy of the

172Eq structure, with the Ph ring equatorial, was found to be 4.6 kcal mol"1 lower
than the 172Ax structure with the 6-31G(d) basis set and 3.8 kcal mof1 lower with the
much larger EPR-III basis set. The crowded nature of 172 implies that the ring

172Ax 172Eq

Scheme 142

DFT computed structures for these radical anions are shown in Figure 23. The
7-membered ring in the parent, unsubstituted cycloheptene also has an experimental
barrier to inversion of ca. 5 kcal mof139 & 40 However, the two conformers of 172 are

much more crowded that the conformers of 171 and interchange of the pseudoaxial
and pseudoequatorial substituents is seriously impeded by the proximity of atoms
from the benzocycloheptane unit. Therefore the barrier in 172 is likely to be

significantly higher.
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inversion barrier will be significantly greater than 5 kcal mol"1, as does the computed

energy difference between 172Eq and 172Ax. This probably explains why the

spectrum was not broadened, i.e. because interchange of structures 172Eq and 172Ax
was slow on the EPR timescale. In view of this, the two species in the experimental
EPR spectrum (Figure 19) were assigned as the equatorial and axial conformers

172Eq and 172Ax. Table 17 shows the experimental hfs compared with ab intio
calculations with two basis sets. Experimental hfs were assigned to specific H-atoms

simply by comparison with the magnitudes of the computed hfs and are obviously

quite tentative.

Basis Set
172Ax Hydrogen Atom

1 i 2 3 . 4 i 5 « 6 7 8 . 9 . 10 . 11 12 i 13

6-31G (d) -0.2' -1.4 -6.4' ■ b 3.3' 0.5 -0.2 0.2 ' -0.5 ' -3.1 ' -0.2 -0.5 '3.1

EPR-III o.2; -0.9 -3.8; i.o; 1.1; -0.4 -0.1 -0.2 ; -0.2 ;-L7 ;-o.i -0.4 ;L7
Exptl. (205 K)

1

1.5 3.4 ! 1.5 11.5! - - - ! 1.5 ! 3.4 ! 1.5 1.5 *3.4

Basis Set 172Eq Hydrogen Atom
1 ' 2 3 • 4 ' 5 • 6 7 8 > 9 ' 10 ' 11 12 ' 13

6-31G (d) -1.4 1O U> 0.0 ' -1.2 '0.3 '0.7
l

0.0 0.0'
I
-1.4' -0.4' -7.1 0.7'

I
-3.7

EPR-III -1.2 !-o.i 0.0 ; -i.2 ;o.3 ; o.i 0.0 o.o; -0.8; -0.5; -6.2 o.6; -3.0
Exptl. (205 K) 3.4

i
- ! 3.4 1 -

i
- 3.4 ! 1.8 . 5.1 1.8! 3.4

Table 17 EPR hfs/G computed for radical-anions 172Ax (upper) and 172Eq (lower) using the
UB3LYP functional and the molecular geometry optimised with the 6-31G(d) and
EPR-III basis sets. Scheme 143 shows cycloheptane 146 with hydrogens numbered.

Scheme 143

Table 17 shows that there is a reasonable correlation between the experimental
and the computed hfs. In particular, the experimental spectrum of the major species
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had one large hfs (5.1 G), not present in the spectrum of the minor species, and this
correlates well with the computed data for 172Eq which also has one large hfs (H-l 1).

2.6.2 Mechanistic Considerations

Wolfe,27 Goehring,41 and others42 have argued that the mechanism for photo-
stimulated inter- and intra-molecular reactions of haloaromatics with carbanions,

promoted by LDA/THF or MNfL/liq. NH3 (M = Li, Na, K), is the SrnI chain process

(Scheme 145), rather than a mechanism involving aryne formation followed by inter-
or intra-molecular nucleophilic attack by the carbanion (Section 2.5.2.3, Scheme 136).
The main evidence for this was: (i) the fact that the reactions were inhibited by radical

traps including di-t-butyl nitroxide and p-dinitrobenzene, (ii) the fact that UV

photolysis accelerated the reactions, (iii) the sensitivity of the reactions to oxygen

(Scheme 144), (iv) the fact that haloaromatics incapable of producing arynes, because

they lacked H-atoms adjacent to the halogen, gave the expected coupled or cyclo-

coupled products and (v) that minor amounts of dimers (e.g. biphenyl from

bromobenzene) were produced.

NLi

34b, 110
or 111

NH + 173

ET with 173

"\ o2
174 + N*

O
/ dimerisation

N—O ►
' -O,

N—O

Scheme 144 Mechanism of nitroxide formation observed in EPR experiments with trace oxygen
present.
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168 n =1 140 n - 1
171 n = 2 144 n = 2
172 n = 3 146 n = 3

Scheme 145 Mechanism ofphoto-stimulated, base-promoted reactions of
(2-bromophenyl)alkyl-2-oxazolines.

The EPR spectroscopic data obtained from the reactions of 34b, 110 & 111
with 3 eq. LDA in THF fully support the SrnI mechanism. The EPR spectra that were
obtained from precursors 34b, 110 & 111 can reliably be attributed to the radical
anions 168, 171 & 172 that are expected as intermediates in an SrnI type cyclo-
coupling step. The concentrations of 168, 171, and 172 were determined by double

integration of their EPR spectra and comparison with the signal from a solution of
DPPH ofknown concentration (1 mM) in the same capillary tube as used for the LDA

experiments. The signal intensities increased significantly during UV photolysis, as

expected for the SrnI process with photo-stimulation of the initiation step. Signal
intensities decreased slowly over time; therefore values from shortly after the start of
photolysis are displayed in Figure 8.

The measured radical anion concentrations ranged from 4 x 10"6M for 172 to 3
x 10"4 M for 168. At the temperature of the preparative experiments (ca. 290 K)
somewhat lower concentrations will prevail. The measured concentrations expressed

LDA

34b n =1
110 n = 2
111 n = 3
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as a percentage of the initial concentrations of the individual precursors were

extrapolated to 290 K (Table 18).

Ratio [168/34b] [171/110] [172/111]

% at 290 K 1.5 0.8 0.6

Table 18 Radical anion concentration at 290 K.

These values represent a significant proportion of the concentration of the
precursor molecules and hence the EPR spectra are not minor, stray species, but

important intermediates that help propagate the chains.

[An-Rad]/[Precursoi3 (%) vs. Temp

[An-Rad/Prec]%

< ►

< ►

? 3 q i a *

220 240

Temp/K

260 280

Figure ?4 Plots of the concentrations of radical anions, relative to the concentrations of the
precursors vs. temperature. ♦: [168/34b]%, □: [171/110]%, &
a: [172(Eq+Ax)/l 11]%.

The data are consistent with a chain process of moderate length. Figure 24
shows that the concentration of each radical anion was increased at lower

temperatures. This is as would be expected if chain propagation was slower at lower
temperatures. In particular, Scheme 145 proposes that the radical anions decay by
bimolecular electron transfer (ET) to more precursor. This step would slow down as

temperature was lowered and hence, if this is the slow rate limiting step, the
concentration of the radical anions would be expected to build up; exactly as

observed.
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The detection of di-isopropyl nitroxide in the presence of oxygen is further
evidence in favour of a radical-mediated chain. The nitroxide is probably derived
from di-isopropylaminyl radicals generated from LDA (Scheme 144). Two routes to

this radical can be envisaged. The z'-P^N anion could transfer an electron to a

precursor molecule 173 thus initiating a new chain and generating the z'-P^N* radical
together with species 174. This amounts to an initiation step and would account for
the fact that excess LDA was always found to be advantageous. Alternatively, z'-P^N*
could be formed by some other radical (or radicals) in the system (X*) abstracting an

H-atom from z'-P^NH. The /-P^N* radical will capture dioxygen to give the

corresponding peroxyl radical z'-P^NOO" and coupling of two peroxyls will produce
the observed di-isopropyl nitroxide together with oxygen. This is a secondary
nitroxide and will decay by disproportionation to the corresponding oxime and
nitrone. However, it will also inhibit the SrnI chain, and this is consistent with the
observed sensitivity of the reactions to oxygen. In summary, the EPR data fully

support the SrnI chain mechanism and suggest that the aryne route is unimportant in
these photo-stimulated reactions.
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2.7 Diastereoselective SRN1 Reactions

Having shown that azaenolates of achiral 2-oxazolines can take part in
intramolecular SrnI reactions, it was envisaged that diasteroselectivity could be
achieved in the reactions of analogous precursors containing chiral 2-oxazolines.

It was hoped that by attaching bulky groups to the 2-oxazoline moiety the
facial selectivity of the coupling of the aryl radical to the azaenolate could be
influenced (Scheme 146). It was expected that the reaction would proceed along the
normal reaction pathway (Section 2.4) to give four intermediate conformers (ai, &2, bi
& b2, Scheme 146).

Scheme 146
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Conformers ai and bi are expected to be favoured over a2 & b2 due to the smaller
steric interactions of the R-group with the approaching radical. It was expected that
the two pathways that lead to product formation would be derived from ai & b2, but

unfortunately they lead to opposite diastereomers. Therefore, the selectivity of the
SrnI ring closure will depend on the concentrations of the two conformer's ai & bi
and to a lesser extent a2 & b2.

The SrnI reactions of the chiral analogs were carried out using the previously

optimised conditions i.e. 3 eq. LDA with either 48 h at r.t or 6 h with UV irradiation.
Determination of the d.e.'s was carried out using the most convenient method, either
GCMS or 'id NMR spectroscopy.

2.7.1 Substituted (S)-4-/so-propyl-2-oxazoline

(5)-103 (5V/?)-174 (5'yS)-174

Scheme 147

The results for the SrnI reactions of chiral oxazoline (S)-103 (Scheme 147)
are shown in Table 19. The composition of precursor oxazoline (5)-103 was a 2:1
mixture of diastereoisomers, but this should not affect the outcome of the reaction

because the stereo centre responsible is destroyed, via deprotonation, during the
course of the reaction.

Entry Conditions Product (%) d.e.(%)

1 6h, UV, rt 55 18f

2 48h, dark, rt 72 42*
3 48h, dark, 0 °C 50 48*

Table 19 Results of the SrnI reactions of /.so-propyloxazoline (5}-103. ' Obtained by GCMS.
* Ratio of isolated products.
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The yield (72 %), obtained under the standard non-irradiated conditions was

comparable to that which was obtained for the dimethyl analogue 34b (entry 2, Table

19). A moderate selectivity (42 % d.e.) was obtained under these conditions. The

highest d.e. (48 %) was attained when the reaction was carried out at 0 °C for 48 h
albeit with a reduction in yield (entry 3, Table 19). When the reaction mixture was

irradiated for 6 h a diastereoselectivity of only 18 % was observed (entry 1, Table 19),
this reduced value is thought to be due to the incidental heating of the reaction from
the UV lamp. An attempt to carry out the reaction at the lower temperature of -33 °C
so as to increase the selectivity resulted in an intractable mixture in which no product
was evident.

It was found that the two diastereoisomers were easily separable via column

chromatography. Unfortunately crystals of either isomer were unobtainable. Therefore
the major isomer was mildly hydrolysed to form the /7-hydroxyamide 175 (Scheme

148).

Scheme 148

X-ray quality crystals of /Thydoxyamide 175 were obtained and the

subsequent crystal structure determination revealed the configuration to be S,S (Figure

25) and thus the absolute configuration of the major isomeric indane 174 was also S,
S.

(S, S)-175

Figure 25 X-ray structure of/t-hydroxyamide (5, X)-175.
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It appeared that conformer ai was the major intermediate in the reaction based

upon assumptions made previously (Scheme 146 & Section 2.7).

2.7.2 Substituted (S)-4-ferf-Butyl-2-oxazoline

Ph
N

CC^-^051
(5)-104 (Sjl)-176 (5"yS)-176

Scheme 149

Chiral 2-oxazoline (5)-104 was reacted using similar conditions to those

employed previously (Scheme 149). As before, the mixture of stereoisomers of (5)-
104 was used as prepared. The results for the SrnI reactions of (5)-104 are shown in
Table 20.

Entry Conditions Product (%) d.e.(%)

1 6h, UV,rt 60 33*

2 48h, dark, rt 85 16*
Table 20 Results of the SrmI reactions of ter/-butyloxazoline (S)-104. * Obtained by GCMS.

* Obtained from NMR spectra.

The yield of 85 %, obtained when oxazoline (5)-104 was stirred with 3

equivalents of LDA at room temperature for forty-eight hours, was the highest overall
we have achieved for an intramolecular SrnI cyclisation involving LDA/THF (entry

2, Table 20). The d.e. for this reaction was only 16 % which was disappointing. The
reaction was also repeated with six hours of irradiation in the place of stirring in the
dark. This afforded a moderate yield (60 %) and a d.e. of 33 % (entry 1, Table 20)
which was surprisingly low in the light of the earlier results with the z'so-propyl
analogue (5)-103 (Section 2.7.1). An attempt was made to carry out the reaction
below 0 °C (-30 °C) in order to increase selectivity but, as before, this resulted in an

intractable mixture of products. The products were isolated after column
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chromatography as the /?-hydroxyamide derivatives. Unfortunately due to the expense

of the starting material, not enough of the product was formed to grow X-ray quality

crystals. It was assumed though, that the sense of selectivity was similar to the iso-

propyl case as they are similar in topology (Section 2.7.1).

2.7.3 Srn1 Reactions of Chiral Aryl and Benzyl-2-oxazolines

In order to attempt to increase the diastereoselectivity of the reaction 2-
oxazolines with larger groups attached were evaluated.

Ph

.N
"

\ LDA
Products

(S)-105 R1 = Ph, R2 = H
(S)-106 R1 = Bn, R2 = H

(S, 5)-108 R1 = CH2OMe, R2 = Ph
(S)-109 R1 = Ph2(OH)CH, R2 = H

Scheme 150

Chiral oxazolines containing either aryl or benzyl moieties on the oxazoline

ring were reacted under the standard LDA/THF SrnI conditions (Scheme 150).
When the phenyl substituted oxazoline (<S)-105 was reacted over 48 hours at

room temperature only one product other than starting material was recovered.
Identification of the product was carried out using NMR analysis and it was revealed
to be the oxazole 177 (Scheme 151).

ph 3 eq. LDA, THF
*-

48 h, r.':.

(S)-105 177 (60 %)
Scheme 151

Formation of this product is thought to arise from the acidity of the proton at

the 4-position of the oxazolinyl ring of the starting material (S)-105. A possible
mechanism to account for the formation of the oxazole can be postulated. The first
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step involves the elimination of LiH after lithiation of the oxazoline ring, the driving
force for which would be the aromatisation of the ring (Step 1, Scheme 152). The
second alternative mechanism would involve the oxidative SET from the formed

oxazolinyl anion 178 to a more electropositive moiety to give the stabilised benzyl
radical 179 (Step 2, Scheme 152). Hydrogen atom extraction by another radical would
then form the observed oxazole (Step 3, Scheme 152). In both cases loss of H2 could
have arisen either before or after SrnI ring closure took place.

Ph

Scheme 1S2

Due to the loss of the predefined chiral centre in the molecule, the
determination of any selectivity could not be carried out by normal means. Therefore
chiral GCMS was employed in order to determine if any selectivity had arisen during
the ring closure step. Unfortunately these results were inconclusive due to only one

peak of the required mass being identifiable.

SET

Step 2

(,S; S)-108 (5, S>88
Scheme 153
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The y-arylpropyl-2-oxazoline (S, 5)-108, which is derived from the "classic "

Meyers' 2-oxazoline (S, »S)-88 (Scheme 153), was reacted using the SrnI conditions
described previously, to form an intractable mixture of products. The 'H-NMR of the
crude mixture indicated many aromatic environments with complete loss of the

signals due to the 2-oxazolinyl moiety. This was indicative once again that, probably,
the 2-oxazoline ring protons had been lost, and thus the unsaturated aromatic analogue
formed (either cyclised or not). Clearly either the intermediate anion or radical

proposed previously could also take part in mechanistic pathways other than that
which leads to aromatisation; this would explain the multitude of products observed.

Although GCMS evidence did indicate the presence of indanyl fragments no positive
identification could be made.

Ph

Scheme 154

The same behaviour under the LDA/THF SrnI reaction conditions was

observed for diphenylmethanol derivative (5)-109 (Scheme 154). A large amount of
diverse products were detected. This was unexpected due to the phenyl groups being
attached to a quaternary centre and not directly attached to the ring and, also an extra

equivalent of LDA was present to ensure deprotonation of the alcohol functionality.
On further contemplation it was postulated that water could have been lost and the
resultant double bond isomerised to give the aromatic oxazole, although no

mechanistic pathway at present can be suggested. The GCMS of the reaction mixture
identified the presence of the indane ring system in the structures of some of the

products, indicating that ring closure again was occurring.
Ph Ph

Scheme 155
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It was thought that the benzyl substituted oxazoline (S)-106 (Scheme 155)
should not undergo any side reaction due to the absence of a possible dehydration
route or aromatisation. Disappointingly, this was not the case, and a multitude of

products was again observed when either 6 h, UV or 48 h, r.t were used in

conjunction with 3 equivalents of LDA in THF. In order to circumvent these
undesired products the reaction was repeated with only 1 equivalent of LDA and

photolysed for 6 hours. This revealed a 2:1 mixture of starting material (S)-106 to

reduced (5)-180 (Scheme 155). An excess of the weaker base, 'BuOK in THF was

also assessed in the hope that product formation would occur. This turned out not to

be the case and only starting material was recovered when the mixture was stirred at

room temperature for 48 hours. Upon irradiation for 6 hours only the reduced product

(5)-180 was observed. The base, LiHMDS which is comparable to LDA was also
used in THF with a short irradiation period (1 h) but to no avail with only an

intractable mixture ofproducts being formed.
It is evident that when the optimised conditions, which brought success in the

case of SrnI ring closures with alkyl substituted oxazolines, were applied to

aromatically substituted oxazolines they failed. Although evidence for indane
formation was present, the loss of the stereo centre which was to impart selectivity at

the newly formed chiral centre resulted in the ultimate failure of these substrates.

2.7.4 Substituted Chiral Cyclohexylmethyl-2-oxazolines

It became clear in the previous section (Section 2.7.3) that oxazolines with

groups attached that increase the acidity of the ring protons degrade during the SrnI
reaction conditions resulting in loss of stereo induction. In order to solve this problem
and hopefully see an increase in selectivity, the saturated analogue of (5)-106,

cyclohexylmethyloxazoline (5)-107 was evaluated.
When oxazoline (S)-107 was reacted under the standard conditions with

stirring for 48 hours at room temperature the indane product (S)-181 was indeed
formed (as determined by 'H-NMR and GCMS analysis) in a ratio of 1:3 with the

starting material. The diastereomeric excess obtained was poor (16 %) (Scheme 156).
The low ratio of product formed indicating that the reaction rate was slow under these
conditions.
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The slow rate of reaction could be explained in two ways: a) the large

cyclohexylmethyl moiety was sterically hindering the coupling step and therefore

inhibiting the reaction; b) the solubility of the initial azaenolate was low due to the

presence of the cyclohexane ring and therefore electron transfer to the aryl bromide

moiety was inhibited. If statement A was to hold true then an amount of reduced

product would be expected to be formed due to the intermediate phenyl radical being
more likely to react with a hydrogen atom source and also the selectivity would be

expected to be considerably higher for the portion of product obtained. It is clear that
as this was not observed so therefore statement B, or an alternate explanation, must
hold true.

(5)-107 (S)-181

Scheme 156

When the reaction was carried out with 6 hours of UV photolysis the

selectivity obtained was identical (16 % d.e.). Reduced product (5)-182 was formed as

well as the indane product (A)-181. The presence of reduced product and a higher

yield of indane, yet a similar d.e. as compared to reaction in the dark, adds weight to
the theory that electron transfer is slow due to the low solubility of the initial
azaenolate. The increased yield was probably due to the presence of more initiation
events which should more efficiently form the intermediate phenyl radical despite the
low solubility of the azaenolate.
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2.7.5 (-)-Spartiene: A Chiral Ligand for Lithium in SRN1 Reactions

(-)-Spartiene (-)-183 has been used as a bidentate ligand for lithium cations

(Scheme 157) in stereoselective synthesis with varying degrees of success.43 When
lithium chiral ligating agents are used in conjunction with the presence of chiral
auxiliaries there is a possibility of either an enhancement (matched pair) or

decrease/reversal in selectivity (mismatched pair).

Thus in order to try and improve the diastereoselectivity of the SrnI ring
closures several experiments were carried out using varying amounts of (-)-spartiene

(-)-183 with differing substrate concentrations. The {S)-tert-butyl substrate (S)-104
was initially used, chosen due to it delivering the cleanest SrnI ring closure. The
reaction were carried using the usual conditions i.e. 3 eq. LDA, THF, 48 h, r.t. When
3.5 equivalents of (-)-183 were used with a substrate concentration of 0.036 M a

reduced selectivity of 2 % d.e. compared with blank (16 % d.e.) was observed (entry

2, Table 21). The substrate concentration was increased (0.1 M) to yield a reversal of

selectivity (-4 % d.e.) (entry 3, Table 21). If the (-)-spartiene (-)-183 concentration
was increased to 10 equivalents an increased reversal of selectivity was observed (-14
% d.e.) (entry 4, Table 21). Clearly the data indicates that this is a case of a

mismatched pair between the (-)-spartiene (-)-183 and the oxazoline auxiliary.
Therefore the opposite enantiomer of 104 was prepared from (7?)-ter/-leucinol

(/?)-74 (Section 2.1.2.2). The SrnI reaction was then repeated as before using either
3.5 or 10 equivalents of (-)-183 and a substrate concentration of 0.1 M. A slightly
increased selectivity was observed (21 % d.e.) when 3.5 equivalents of (-)-183 were

present (entry 5, Table 21) but a poorer selectivity was observed in the case of 10

equivalents (entry 6, Table 21). These disappointing results are probably due to the
fact that as the starting material is expensive only a small amount of the substrate (R)-
104 was obtained. As a result these reactions could only be carried out on a small

(-)-183 [Li(-)-183]+
Scheme 157

-152-



Results andDiscussion : Diastereoselective SRN1 Reactions

scale. This lead to problems in reaction solvent retention under a nitrogen flow and
thus it is thought the results obtained are not representative (entries 5 & 6, Table 21).

Unfortunately time and resource pressure prohibited a repetition of these reactions.

Entry 104 T1041/M r(-)-1831/eq. d.e./%
1 5 0.036 0 16
2 S 0.036 3.5 2
3 s 0.1 3.5 -4
4 s 0.1 10 -14
5 R 0.1 3.5 21
6 R 0.1 10 14

Table 21 SrnI Reactions of (5'/J?)-104 using (-)-spartiene (-)-183.

2.7.6 Summary of Stereoselective Srn1 Reactions

In summary, a diasteroselective SrnI reaction of y-arylpropyl-2-oxazolines to

from stereoisomeric indanes was achieved albeit in moderate selectivity (48 % d.e.).
A redeeming feature is the separability of the two diasteroisomers by conventional

chromatography. It is also evident that groups that enhance the acidity of the protons

on the oxazolinyl moiety are not tolerated. The use of chiral cationic ligating agents

was shown to effect the selectivity, as was temperature. Unfortunately in the case of

ligating agents, this effect was unable to be fully evaluated. In order to carry out the
SrnI reaction at lower temperature it is postulated that an efficient single electron
transfer reagent would be needed. This is because the thermally spontaneous process

ceases at lower temperatures and UV irradiation is problematic. One such reagent 184
has recently been reported by Murphy et al.44 to reduce aryl iodides to the

corresponding radical (Scheme 158).

Scheme 158

- 153 -



Results andDiscussion : Diastercoselective SRN1 Reactions

One other possibility for increasing the selectivity would involve the

placement of additional coordinating groups in the molecule which would restrict
conformational flexibility. An example 185, is shown in Scheme 158, with an o-

methoxyphenyl substituent. It is postulated that on deprotonation by a lithium base,
the lithium would coordinate to the O and the N centres thus limiting the
conformational flexibility of the anion.
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2.8 Oxazolidinones in SRN1 Reaction

It was decided, following the success of azaenolates of 2-oxazolines as nucleophiles
in achiral intramolecular SrnI cyclisations, to investigate the use of another common

auxiliary, oxazolidinones. To this end, a retrosynthetic analysis of analogous
oxazolidinone 188 was carried out (Scheme 159).

Br>

185 38b 39b

Scheme 159

The red synthetic route was deemed the most feasible and is analogous to the

preparation of the 2-oxazoline counterpart (Section 2.1.4). Several methods are

available to prepare dimethyloxazolidinone 185 and these include: a) base catalysed
condensation of a 1,2-aminoalcohol with a dialkylcarbonate or equivalent (Route A,
Scheme 160),45 b) formation of an intermediate carbamic acid ester from a 1,2-
aminoalcohol and an alkyl chloroformatc followed by dehydration by thionyl choride
to form the oxazolidinone ring (Route B, Scheme 160).46
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O

HO NH2 9 ™

,H * Ax—y
X = OR R1 R2

CI
0(pyridin-2-yI)
imidazolyl

Route A

HO NH2 „ .

R1 R2

SOCl2 o NH
Route B

R1 R2

Scheme 160

As route A was only a single step, a literature procedure involving this route

was chosen,45 and (lie desired oxazolidinone 185 was obtained in a good yield of 67 %

(Scheme 161).
O

H°wN\ I AH^ EtO OEt 120-126 °C \__/l85 (67 %)
- 2x EtOH

Scheme 161

The next synthetic step was the coupling of phenylacetyl chloride 38b to the
prepared oxazolidinone 185. This was carried out via deprotonation of the
oxazolidinone at low temperature, followed by slow addition of the acid chloride in
THF solution to give the TV-substituted oxazolidinone 186 in good yield (77 %)

(Scheme 162).
O

Ph1 O 1
(jAH

+ / "~BuLl» crV
\ / / \ THF, -78 °C \ IA Ph CI 30min f
185' 38b '186(77%)

Scheme 162

Following this success, phenylacetyloxazolidinone 186, was reacted with
iodide 39b using standard conditions developed for 2-substitution of 2-oxazolines

(Section 2.1.4). Unfortunately no reaction occurred although the yellow colouration
due to anion formation was observed. Further scrutiny revealed that the yellow
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colouration was due to a precipitate in the reaction vessel. It was concluded from this
that the formed anion was insoluble in the reaction solvent system at -78 °C. In order
to address this lack of reactivity, a series of reactions was carried out. These involved
different enolate concentrations and solvent polarities as shown in Table 22.

Entry Anion Concentration (M) THF/Hexane Result

1 0.95 0.70 No Reaction

2 0.21 1.55 No Reaction

3 0.21 3.40 No Reaction

4 0.31 6.90 No Reaction
Table 22 Table ofdifferent condition used in deprotonation ofoxazolidinone 186.

However, no reaction was observed to occur under any of these conditions and
it was therefore decided to try and form the desired 2-oxazolidinone via the alternative
route detailed previously (blue route, Scheme 159).

Substituted phenylacetic acid 189 was prepared very easily from addition of
iodide 39b to phenylacetic acid dilithium salt (prepared from phenylacetic acid and 2

eq. ofM-BuLi in THF at -78 °C) at -78 °C in a good yield of 77 % (Scheme 163).

Scheme 163

Using standard protocols (SOCI2, reflux, 30 min) acid 189 was smoothly
converted to the required acid chloride 187, effectively quantitatively (Scheme 164).

Ph Ph

Scheme 164

It was now hoped that, given the reactivity of acid chlorides towards

nucleophiles, the anion of simple oxazolidinone 185, would react smoothly to give the

required amide 188. Hence, a THF solution of 187 was added dropwise to a stirred
solution of the deprotonated oxazolidinone 185. Examination of the 'H-NMR
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spectrum of the crude reaction mixture indeed revealed the desired oxazolidinone had
been made in a modest yield of 64 % after column chromatography (Scheme 165).

Br>Ph O O

O^NH *-BuL; O^N
O \ / THF \ /

'Br
187 185

Scheme 165

2.8.1 Srn1 Reactions of 2-Oxazolidinones

Ph

188 (64 %)

2-Oxazolidinone 188 was reacted using standard SrnI conditions developed
for 2-oxazolines, i.e. 3eq. LDA at r.t. for 48 h. A white waxy solid was obtained in a

75% yield (based on MW of expected indane product 190 (Scheme 166). However,
examination of the 'H NMR spectrum showed the structure could not be that of the
indane product 190. Unfortunately, all attempts to gain X-ray quality crystals failed.

The mass spectrum (CI) of the unknown gave an accurate mass of 336.1604

indicating an elemental composition C21H22NO3, identical with that of the molecular
ion of indane 190. However, in view of the NMR evidence we concluded that a

rearrangement to an isomeric structure may have occurred, possibly similar to that
which was reported in Section 2.5.2. Preliminary evidence for this postulate was

obtained from the 'H-NMR spectrum (Figure 26).

w K

iJUk ML

a

I 1 1 1 1 | " 1—1—1—|—1—1—1—1—j-1—1 1 1 |—1—1—1—1—|—1—1—1—1—[—
1X1 EO 5.0 10 3.0 20 10

BBHI ttll

Figure 26 'H-NMR spectrum ofunknown 191

- 158-



Results andDiscussion : Oxazolidinones in SRN1 Reaction

The 'H-NMR spectrum showed the presence of characteristic peaks for the
oxazolidinone moiety (peaks a, p, q & 0, Figure 26) but also an OH signal (peak C,,

Figure 26) and multiplets equating to only eight hydrogens in the aryl region (peaks i,
k, X & p, Figure 26). This was indicative of either a phenyl ring and a trisubstituted
aromatic ring or two disubstituted aromatic rings. Also, the presence of a one

hydrogen doublet (simplification) at 7.81 ppm (peak p, Figure 26) was taken as

evidence for a carbonyl moiety attached directly to an aromatic ring. The
oxazolidinone moiety was assumed to be held rigid or to be sterically crowded, due to
the large difference in the resonances of the geminal methyls (~0.9 ppm) and also the
two hydrogens attached to the carbon adjacent to the oxygen in the ring (-0.6 ppm).

Using the above evidence, the structure 191 shown in Scheme 166, was proposed with
unknown stereochemistry at carbons 9a and 9b.

One dimensional 'H and ,3C and two dimensional COSY, HSQC & HMBC
500 MHz NMR spectra were obtained for the unknown substance in order to confirm
or refute the proposed structure 191.

Summaries of the *H and l3C-NMR spectra are shown in Table 23. A pictorial

representation of the 'H-NMR spectrum is shown in Figure 26 and the 13C spectrum is
in Figure 27. The HSQC spectrum shows that both *H signals q & 0 correlate with 13C
signal G thus confirming the previous proposition that the signals are due to the

oxazolidinyl methylene protons (Figure 28). Thus, with respect to the proposed
structure, 'H signals q & 0 and 13C signal G can be assigned to C-8. 'H-NMR
resonances a & P, earlier attributed to the oxazolidinyl geminal methyls have, in the
HSQC spectrum, respective couplings with 13C-NMR signals A & B. 13C-NMR
signals A & B are identifiable as belonging to methyl type carbons, which confirms

190 191

Scheme 166
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the presence of two methyl groups. Consequently, 'H-NMR signals a & p and 13C-
NMR resonances will be assigned to C-13s.

1H Signal PPM (Integration, Multiplicity) 13C Signal PPM (Type)

a 0.70 (3H, s) A 22.4 (CH3)
p 1.60 (3H, s) B 25.0 (CH3)
y 2.64-2.69 (1H, m) C 31.3 (CH2)
8 2.76-2.85 (1H, m) D 36.3 (CH2)
8 2.91-2.99 (2H,m) E 58.9 (CQ)
c 3.13 (1H, br. s) F 59.5 (Cq)
n 3.42 (1H, d,J= 8.2) G 78.1 (CH2)
e 3.94 (1H, d,J= 8.2) H 112.4 (Cq)
t 7.07-7.10 (2H, m) I 123.8 (CHAr)
K 7.17-7.21 (3H, m) J 127.1 (CHAr)
I 7.40-7.45 (2H, m) K 127.4(CHAr)
P 7.80-7.82 (lH,m(~d)) L 128.0 (Cq)

M 128.5 (CHAr)
N 128.8 (CHAr)
O 129.6 (CHAr)
P 139.1 (Cq)
Q 142.5 (Cq)
R 145.8 (Cq)
S 162.6 (CQ)

Table 23 Summary of H and C NMR Spectra of unknown 191
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Figure 27 3C-NMR spectrum of unknown 191
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Figure 28 Region edited HSQC spectrum of unknown 191

In the HMBC spectrum 'H-NMR resonances a & (3 (C-13s) correlate with l3C-
NMR signals E & G(C-8) (cross peaks i, Figure 29) and 'H-NMR signals r| (C-8) & 0

(C-8) have cross peaks with l3C-NMR resonances A (C-13), B (C-13) & E (cross

peaks ii, Figure 29). 13C-NMR signal E belongs to a quaternary carbon. Thus, based
on the HMBC evidence it can be assigned to C-7.

a

0 " s ?sr

c
D

E
F

§<03
• ' •

CIO

L__

• •

<x
4.00

ppm
2.50 2.00 1.50

t •

-40

.ppm

Figure 29 Region edited HMBC spectrum of unknown 191

8 & 8 'H-NMR signals both correlate with I3C-NMR methylene signal C

(cross peaks i, Figure 30) and y & 8 signals correlate with D (cross peaks ii, Figure
30) in the HSQC spectrum. This information, along with fact that the 'H-NMR signals
have correlations with each other in the COSY spectrum, indicates that these signals
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are due to C-l and C-2, although no differentiation as to which carbon belongs to

which set of signals is made yet.

B

D n 11

ppm
3.00

I
2.90

"25

-30

"35

-40

ppm

Figure 30 Aliphatic region ofHSQC spectrum of unknown 191

As previously mentioned, the 'H-NMR aromatic region contain 4 signals (t, k,
X & g). The 'H-'H COSY spectrum clearly shows two distinct correlation patterns

(Figure 31).

7.80
i—,—i
7.70

T | .
7.60

p- 7.10

7.20

7.30

7.40

— 7.50

r~ 7.60

=- 7.70

7.80

-7.90
ppm

Figure 31 Aromatic Region of COSY Spectrum of unknown 191

'H-NMR signals t & k belong to one aromatic ring which, based upon the
value of the integrations (5) of the two signals, indicates the presence of a phenyl ring.
The other two signals X & p with a combined integration value of three, indicate the
existence of a trisubstituted aromatic ring which is consistent with the proposed
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structure 191. The chemical shift of 'H-NMR signal p (7.81) indicates it is probably
ortho to a C=0, therefore it is assigned to C-5. It can then be deduced that 'H-NMR
multiplet X must be assigned to C-3 and C-4. The HSQC spectrum shows that 13C-
NMR signal I correlates with 'H-NMR signal p and hence is assigned to C-5 (Figure

32). 13C-NMR resonances M & N both show a cross peak with 'H-NMR signal X and
are consequently attributed to C-3 and C-4 (Figure 32).

X

"

-125.0

-130.0

J Hppm
1 1 1 I 11 11 l 1 1 1 ' l 1 1 11 l 11 1 1 l 1 1 1 1 l 1 11 1 l 1 11 1 l 1 1 1 1

7.80 7.70 7.60 7.50 7.40 7.30 7.20 7.10
ppm

Figure 32 Aromatic region ofHSQC spectrum of unknown 191

• IT
The phenyl ring C-NMR resonances, by a process of elimination, can be

associated with signals J, K & O. Signal J can be specifically assigned to C-12 (k) due
its relative size (Figure 32).

Analysis of the aromatic region of the FIMBC spectrum discloses a strong 3J
correlation of 13C-NMR signal J (k, C-12) with 'H-NMR signal i (cross peak i, Figure

33), thus C-10 can be assigned to resonances t & O. This can be corroborated by the

presence of a correlation between 'H-NMR signal k and I3C-NMR signal O (cross

peak ii, Figure 33). Therefore it can be concluded that 13C-NMR signal K can be

assigned to C-l 1 along with two hydrogen equivalents of 'H-NMR signal k. The weak
correlations between signals i & O (both C-10) and k and K (both C-l 1) (cross peaks

iii, Figure 33) are due to the fact that although both ortho protons are chemically

equivalent they are not magnetically equivalent. This is also the case with the meta

protons. 'H-NMR signal k also has a correlation to quaternary l3C-NMR signal P and
is thus assigned to C-9d (cross peak iv, Figure 33).
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Figure 33 Phenyl Region ofHMBC spectrum of unknown 191

The 'H-NMR signals responsible for C-l should also correlate strongly with
13C-NMR signal P (C-9d). Signals 8 & s indeed show this relationship and therefore

• • 1T

one hydrogen from composite signal e and signal 8 are assigned along with C-NMR

signal C to C-l (cross peaks i, Figure 34). Accordingly, one hydrogen equivalent from
'H-NMR s and signal y, together with 13C-NMR resonance D, are attributed to C-2.

I3C-NMR resonance H has cross peaks with 'H-NMR signals y (C-l), s (C-

1/2), t) (C-8) & 0 (C-8) which is indicative of it being due to hydroxyl quaternary C-
9a (cross peaks ii, Figure 34). Comparison with the literature was made due to the
unusual nature of quaternary C-9a and the unusual chemical shift of signal H (112.4

ppm). The model hydroxy-amide 192 shown in Scheme 167 exhibits a similar
chemical shift (111.0 ppm)47 due to its hydroxyl quaternary centre, therefore

confirming the assignment of resonance H to C-9a.

Scheme 167
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Figure 34 Region edited HMBC spectrum of unknown 191

'H-NMR resonances due to C-l and C-2 all show coupling with ,3C-NMR
signal F which is concordant with F being assigned to C-9b (cross peaks iii, Figure

34).
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Carbon resonance M shows a correlation with hydrogen peak s (C-l/2) indicating it is
due to C-3 rather than C-4 (cross peak iv, Figure 34). Further evidence for this

assignment is provided by the existence of a correlation between 'H-NMR signal p

(C-5) and 13C-NMR signal M (C-3) (cross peak i, Figure 35). Thus C-4 can be
accounted for by 13C-NMR peak N.

l c:
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r

Figure 35
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Region edited HMBC spectrum of unknown 191
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H-NMR signals due to C-3 & C-4 (X) have a cross peak with quaternary

carbon signal L (cross peaks ii, Figure 35) but C-l & C-2 (y, 8 & a) do not, therefore
L is allocated to C-5a. Carbon-9c can be assigned to l3C-NMR signal R because C-5's

hydrogen resonance (jx) only correlates with that aryl quaternary signal (cross peak iii,

Figure 35). It may therefore be deduced that carbon signal Q must be assigned to C-
2a.

The allocation of °C-NMR signal S to carbonyl carbon 6 owing to its
chemical shift is further corroborated by the presence of a correlation between signals
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p (C-5) and S (C-6) (cross peak iv, Figure 35). This is crucial evidence of the bond
between C-6 and C-5a.

In instances where the two hydrogens of a methylene group show unequal 2J
and 3J coupling strengths, it is thought that this is due to the rigid nature of the
structure which therefore allows unusual dihedral angles. The latter is what
determines the strength of the coupling between particular nuclei. The final

assignments of !3C and 'H NMR resonances to specific atoms are shown below:

127.4 127.1 7.2 7.2

2.8.2 Cyclisation Mechanism

The confirmation of the structure of fused tetracycle 191 posed mechanistic

questions. It is proposed that an aryne type or a radical anion type process could
account for the formation of tetracycle 191. Scheme 168 shows a plausible aryne-

based mechanism.

After initial deprotonation adjacent to the carbonyl group, a second

deprotonation occurs to form the intermediate aryne 193 (step 2, Scheme 168). Aryne
193 can then undergo ring closure involving intramolecular nucleophilic attack by the
azaenolate to form indanyl anion 194a (step 3, Scheme 168). Attack on the

oxazolidinyl carbonyl by the resultant aryl anion to give a 1,3 shift of the
oxazolidinone moiety could then occur (step 4, Scheme 168). There are several

precedents in the literature for this type of carbonyl migration process involving
anions derived from arynes.31 This would immediately be followed by a 6-exo-trig

ring closure to form alkoxide anion 195 (step 5, Scheme 168). Proton addition would
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then result in the formation of the novel tetracycle 191. It is thought that, in the
absence of a proton donor, that ring closure to 195 may be reversible. This would

inevitably lead to the most thermodynamically stable product.

Scheme 168

Two stereoisomers with the OH and Ph groups cis or trans about the C9a-C9b
bond are possible. Distinction between these two could not be made with certainty on

the basis of the NMR spectra. Bond C9a-C9b forms during closure of the second ring
in which the anionic centre (or radical centre, Scheme 169) approaches from above or

below the oxazolidinone carbonyl group. Models suggested there was less steric
hindrance in the mode leading to formation of the trans product. To shed further light
on the situation the geometries and energies of the cis- and tram-isomers were

Step 3

Step 4
u
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computed using the empirical MM2 method, the semi-empirical AMI method and the
ab initio DFT method with the B3LYP functional. The optimised geometries obtained
with the AMI method are shown in Figure 11 and the energies computed with all
three methods are in Table 3.

MM2 steric

energies
(kcal mol"1)

AMI heats of
formation

(kcal mof1)

B3LYP/6-31G(d)
total energies
(Hartrees)

trans 20.4 -51.8 -1093.326960
cis 30.8 -41.1 -1093.309441

AE(trans-cis) -10.4 -10.7 -11.0
Table 24 Computed energies of cis and trans 191. In kcal mol"

trans-191 (AMI) c/s-191 (AMI)

Figure 36 Graphical representation of the energy minimised structures for cis/trans 191

The three computational methods all predict that the frarcs-isomer is 10 to 11
kcal mol"1 lower in energy than the cA-isomer. On thermodynamic grounds therefore
the Aura-structure is more likely to form, particularly if the ring closure is reversible.
The stereochemistry of 191 is therefore tentatively assigned as trans about the
C9a-C9b bond.

Scheme 169 shows an alternative radical-anion mechanism analogous to that

proposed for the 2-oxazoline precursors (Section 2.5.2.3). Following the initial

deprotonation and electron transfer to the precursor, intermediate 196 would be
formed which would lose bromide to give radical anion 197 (step 2, Scheme 169).
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This radical-anion could then undergo classical SrnI intramolecular coupling to form

indanyl radical anion 198 (step 3, Scheme 169).

Step 3

Step 2 Br

Step 5

Scheme 169

Then, in a similar way to that illustrated in Section 2.5.2.3, the aryl radical
anion could attack the carbonyl group to form 1,3 rearranged product 199 (step 4,
Scheme 169). Intermediate 199 first undergoes a 6-exo-trig cyclisation (step 5,
Scheme 169) and subsequently a 1,5-H-atom transfer to give tetracyclic radical anion
201 (step 6, Scheme 169). In the structure of intermediate 200, with the HO and Ph

groups trans, the tertiary H-atom is particularly well placed to migrate to the oxygen.

Electron transfer to more of the precursor will give the observed product 191 (step 7,

ET with
188

Step 6 1,5 H transfer
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Scheme 169) and continue the SrnI chain process. It is assumed that the one

stereoisomer formed is the trans isomer for reasons detailed above (Table 24, Figure

In either the aryne or the radical-anion pathway the quenching of either 194b
or 199 by a proton or hydrogen atom is not a significant event because no indane 202
was observed (Scheme 170). The 1,3 rearrangement of the oxazolidinone must be a

facile process because none of indane 190 was detected (Scheme 170).

Labelling experiments could be carried out to ascertain which mechanistic

pathway was occurring. Also, EPR experiments could help to determine if any radical
intermediates are present in the reaction mixture. Confirmation of the relative

stereochemistry could be obtained by selective derivatisation in order to obtain a

single crystal suitable for X-ray analysis.
A substructure search in the literature revealed that tetracycle 191 was a

completely novel fused ring structure; derivatives thereof may show interesting

biological activity. The amide linkage in 191 would probably be difficult to

selectively hydrolyse and acid treatment would probably lead to molecular

rearrangement(s).
The results obtained with the oxazolidinone precursor suggest that the initial

course of the reaction with LDA is analogous to that of the 2-oxazoline precursors, i.e.

cyclo-coupling to give an indane-type structure. However, in the case of the
oxazolidinone, the presence of two electronegative carbonyl groups promotes

additional intramolecular processes leading to a cascade rearrangement.
In view of the good yield of product 191 obtained under SrnI conditions with

achiral precursor 188, it is probable that similar reactions could be accomplished with
a range of other oxazolidinones. In particular, a promising future project would be to
examine the control of the stereochemistry of the first ring closure by using a chiral
oxazolidinone.

36).

202 190

Scheme 170
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2.9 Conformational Study of Alicyclic Acyl Radicals

The structural, mechanistic and synthetic properties of acyl radicals have
received much interest in recent times.48 Acyl radicals including alicyclic acyl radicals
have been used successfully in the preparation of acyl halides,49 esters50 and in a wide

range of routes to carbonyl compounds.48, 51' 52 Furthermore acyl generation by

carbonylation of C-centred radicals, which is synthetically important, has been

investigated for cyclohexyl radicals.53 Due to the confomationally labile nature of

cyclohexane rings, the acyl radical moiety can exist either axially or equatorially.
Thus far no study of this phenomenon has been carried out, although cyclopropylacyl
and cyclobutylacyl radicals have been shown by EPR to exist in both s-cis and s-trans
conformations in which the plane of the acyl group bisects the ring.54 An EPR

spectroscopic method for distinguishing axial and equatorial cyclohexylcarbinyl
radicals, which depends on their differing Hp hfs, had been established previously by
Walton and Ingold.55 Acyl radicals are o-radicals with small Hp hfs and low g-

factors,56 unlike the rc-type cycloalkylcarbinyl radicals. In order to ascertain if axial
and equatorial cyclohexylacyl radical conformations could be differentiated via EPR

spectroscopy, a series of EPR experimental observations were proposed, for solutions
of the radicals prepared by hydrogen abstraction from alicyclic carbaldehydes of the

type shown in Scheme 171. This work has been recently published in the literature.57

miA 203 R = 'Bu, X = CH2pun
204 R = Me, X = CH2
205 R = H, X = CH2
206 R = H, X = O

Scheme 171

2.9.1 Preparation of Alicyclic Carbaldehydes

Cyclohexanecarbaldehyde 205 was commercially available and was distilled

prior to use. Cis & trans-4-terf-butylcyclohexanecarbaldehydes m-203 & trans-203
were not commercially available, but their parent acids cis-207 & trans-207 were

commercially available as a 45:55 mixture. Separation of the two isomers of 207 was

facilitated simply by passage through a silica column (3.5 x 20 cm) using
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dichloromethane as eluant (Scheme 172). Reduction using lithium aluminium hydride
followed by mild oxidation by pyridinium chlorochromate yielded the desired
isomeric carbaldehydes c/s-207 and trans-207 (Scheme 172).58

COOH

C02H Column
Chromatography

207 55:45 trans:cis

cw-207 Rf =0.12

COOH

trans-207 Rf=0.05

CHO

LiAlH4
Et20

c/s-203

CHO

trans-203

PCC

NaOAc, NaHC03
DCM

CH2OH

cw-208 (91%)

CH2OH
trans-208 (93%)

,58Scheme 172

The conformational^ labile cw-4-methylcyclohexanecarbaldehyde c/s-204
was also not available commercially. As before, the parent acid c/s-209 was available,

although as a 1:1 mixture with the trans isomer trans-209. Unfortunately separation
could not be achieved via column chromatography. A survey of the literature revealed
a separation of the calcium salts via fractional crystallisation reported by Perkin Jr. et
al.59 in 1911. The calcium salt was formed by refluxing the isomeric acids in an

aqueous suspension of calcium carbonate. Thus formed, the calcium salts 210 were

repeatedly recystallised from water to obtain a 9:2 mixture (from the 4th crop) of the
cis:trans calcium carboxylates 210 which was deemed an acceptable ratio (Scheme

173).
C02H CaC03,

h2o

reflux

C02
Ca2+ fracL

2 cryst.

C02H

210 209 2:9 trans:cis209 1 :1 trans'.cis

Scheme 173

Acidification of the calcium salt with 1M hydrochloric acid furnished the free
acid c/s-209. The acid was reduced as before with lithium aluminium hydride
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followed by mild oxidation to afford the carbaldehyde cis-204 (Scheme 174).58 The

carbaldehyde was distilled prior to use.

Et20 ^ ^ DCM

cw-209 c/s-211 (88%) c/s-204

Scheme 17458

Tetrahydropyran-2-carbaldehyde 206 was obtained by oxidation of the
commercially available racemic tetrahydropyran-2-ylmethanol 212 and distilled prior
to use as before (Scheme 175).58

'0 DCM 0
212 206

Scheme 17558

2.9.2 EPR and Computational Study of Cyclohexylacyl Radicals

The EPR samples were prepared by the addition of either cyclopropane or n-

propane to a mixture of di-terf-butylperoxide (20 pi) and the carbaldehyde (0.14 M),
followed by several ffeeze-pump-thaw cycles in order to degas the sample, after
which the tube was sealed.

The mechanism of formation of acyl radicals upon UV irradiation in the EPR
resonant cavity is shown in Scheme 176. Upon irradiation homolytic fission of the di-

te/7-butylperoxide O-O bond will occur to form tert-butoxy radicals (Eq. 1, Scheme

176) which then abstract a hydrogen atom from the carbaldehyde to form the

corresponding acyl radical and tert-butyl alcohol (Eq. 2, Scheme 176).
hv

'BuOO'Bu ► 2 'BuO (1)

CHO

x + ?BuO + 'BuOH (2)
Scheme 176

In cycloalkanes the bulky tert-butyl always maintains an equatorial or

pseudoequatorial position, thus cis-203 should always retain the formyl group axial
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and trans-203 equatorial. EPR experiments of carbaldehydes c/s-203 and trans-203
were run under similar conditions to furnish spectra of the corresponding acyl radicals
cts-213 and trans-213 as illustrated in Figure 37.60

3380 3390 3400 G 3380 3390 3400 G

trans-213 cis-213

Figure 37 2nd Derivative EPR spectra of cis and trans acyl radicals 213 in cyclopropane at
140 K.

Surprisingly the spectrum of trans-213 showed a triplet multiplicity which
was not expected of an acyl radical with a single beta hydrogen (Figure 37).61 The

spectrum had a low g-factor (2.0007) appropriate for a a-acyl radical with an a(2H) of
1.6 G (Table 25). It can be assumed that, due to the absence of a doublet in the

spectrum, the a(Hp) is less that the line width (<1 G) and the observed a(2H) is due
long range interactions. The axial acyl radical cis-213 showed a significantly larger

a(Hp) (1.6 G at 140 K) leading to a distinct dt pattern (Figure 37, Table 25). EPR

spectra of cis & trans 213 showed significant broadening above 160 K (Appendix C).

Cyclohexanecarbaldehyde 205 is expected to exist in both the axial and

equatorial conformers at equilibrium and as will the analogous acyl radical 214

(Scheme 177). It is expected that the 205eq will be the predominate conformer.
CHO

205eq 205ax

Scheme 177
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3380 3390 3400 G 3380 3390 3400 G

Figure 38 (a) 1st Derivative EPR spectrum of 214 in n-propane at 120 K; (b) 2nd Derivative
EPR spectrum of214 in cyclopropane at 140K.

The EPR spectra of acyl radical 214 in either cyclopropane or n-propane60
showed a prominent triplet (Figure 38) with small additional features (marked A,

Figure 38). The triplet had a low g-factor (2.0001) similar to that observed in the case

of cw-213 and trans-213. The dominant triplet has a(2H) = 1.6 which is essentially
identical to that observed for trans-213, thus the signal can be attributed to the

equatorial conformer 214eq (Table 25). Again the «(Hp) was assumed to be less than
the line width. The small features (marked A, Figure 38) have a separation (w) of 8.9
G, which is very close to the separation (8.7 G at 140 K) of the outer peaks of the
spectrum of cis-213 (axial formyl) (Figure 37). This leads to the conclusion that these
features are due to the presence of the minor conformer 214ax, the central portion of
the multiplet being obscured by the stronger 214eq signal. This data shows for the
first time, that axial and equatorial acyl radicals can be distinguished by EPR

spectroscopy. A broad line at lower field (g = 2.0046) was also observed in these

spectra and that of cis & trans 213. Redistilled aldehyde showed the same broad

feature, as did spectra from all the other aldehydes of this study; therefore, these
features were deemed not due to impurities. Most likely they are due to the 1-

formylcyclohexyl radicals generated by abstraction of the tertiary H-atoms adjacent to
the formyl groups. The g-factor of the analogous Me2C(*)CHO radical is 2.0045, in
close agreement.62

Unlike the terf-butyl group, a methyl group on a cyclohexane ring can exist in
either the axial or equatorial orientation depending on the steric demands of other

groups attached to the ring (Scheme 178).
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Scheme 178

The EPR spectrum (Figure 39) of acyl radical cis-215, obtained in the usual

way, from c/s-4-methylcyclohexanecarbaldehyde cis-204 after H-atom abstraction
revealed the main signal to be a dt with parameters very similar to those obtained for
cis-213 (Table 25). Therefore the formyl group is deemed to be axial.

Figure 39 EPR spectra (1 st derivative = a, 2nd derivative = b) of cis-215 in cyclopropane at
140 K.

The radical 216 derived from H-atom abstraction from pyranylcarbaldehyde
206 was also studied. The spectrum revealed a main signal with a dd multiplicity

(Table 25) having a g-factor (2.0001) indicative of a acyl radical and many small
features which can be divided into two groups (A and B, Figure 40). The first set of
small features (A, Figure 40) show a small doublet splitting of approximately 0.7 G
with a separation of 7.7 which is of the same order as seen in previous axial acyl
radicals (Table 25) and is therefore tentatively assigned to 216aq, with main dd signal

assigned to 216eq (Scheme 179). The other set of minor signals had a g-factor of
2.0042 and was probably due to the tertiary 2-formyltetrahydropyran-2-yl radical 217

(Scheme 179).
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B

B

3350.0 3362.5 3375.0 3387.5 3400.0 3412.5 3350.0 3362.5 3375.0 3387.5 3400.0 3412.5

Figure 40 EPR spectra (1st derivative = a, 2nd derivative = b) of 216 in cyclopropane at 140 K.

216eq

Y
pzj

216ax

Scheme 179

Theoretical hyperfine splittings were calculated by co-workers63 for the axial
and equatorial conformers of acyl radical 214 using the UB3LYP method with the
EPR-III basis set (structures at B3LYP/6-31G*)38 implemented in the Gaussian 03
suite of programs.37 a(Hp) Values of -1.6 and -2.2 G were obtained for 214eq and
214ax respectively (Table 25). The computations suggested the triplet long range hfs
of 214eq were due to equatorial Hgs whereas the long range hfs of 214ax were

associated with axial Hys. In both cases these are the H-atoms with all-trans (W-Plan)
arrangement ofbonds with respect to the radical centre (Scheme 180).64

H

214eq 214ax

Scheme 180
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Radical
T/K or Comp.

method
g-factor a(Hp)/G a(2H)/G w/G

214eqf 120 2.0001 <1.0 1.6 -

214eq UB3LYP/EPR-III - -1.6 1.6(H5) -

214ax' 120 2.0001 - - 8.9

214ax UB3LYP/EPR-III - -2.2 3.7(Hy) 9.6

cis-213 140 2.0001 1.8 3.6 9.0

trans-IYi 145 2.0007 <1.0 1.6 -

cw-215 140 2.0007 1.5 3.6 8.7

216eq 140 2.0000 2.4 1.1* -

216ax 140 2.0000 [7.0] [0.7]* 7.7

Table 25 EPR parameters for cyclohexylacyl and related radicals in cyclopropane. Solvent n-
propane. * a(lH).

The concentrations of 214eq and 214ax were determined from the double

integration of the EPR signals.65 The error limits were large due to the limited
resolution of the two species (Figure 41, Appendix D). At these temperatures (120-
150 K) 6-membered ring inversion is expected to be slow compared to the loss of the
radicals in bimolecular termination processes. Therefore the concentration ratios
measured by EPR spectroscopy probably do not reflect their equilibrium ratio at the

temperature of the measurements.

-0.3

_ -0.5
cr
W

| -0.7
6J3
O
~

-0.9

-1.1

4.4 5.4 6.4 7.4 8.4 9.4

103/T

Figure 41 Plot of log[Axial]/[Equatorial] ratios vs. 103/T.A : EPR data for [214ax]/[214eq] in
n-propane (Appendix D).□: EPR data for [214ax]/[214eq] in cyclopropane
(Appendix D). O : NMR data for [205ax]/[205eq] in dichloromethane (Section
3.11.1.3).

60 A A
A

OO^O
OO
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The ratio [205ax]/[205eq] was also measured via integration of the formyl

signals of the axial and equatorial aldehydes in their low temperature 'H-NMR spectra

in CD2CI2 (Figure 41). Coalescence of the formyl signals was observed at 213 K and
therefore ring inversion will be very slow at lower temperatures. The EPR

experiments were conducted at 120 - 165 K so the measured [214aq]/[214eq] ratios

probably reflect the ratio of the concentrations of the two aldehydes that was "frozen"
in as the sample was cooled. Examination of Figure 41 supports this conclusion. The

log {[214ax]/[214eq]} ratio is practically independent of the temperature, as is the
ratio obtained for the aldehyde 205 in CD2CI2 at higher temperature. The latter,
measured in the more polar solvent appears lower than the ratios obtained for the

analogous acyl radical in the non-polar n-propane and cyclopropane (Figure 41). This
could possibly be due to a small solvent dependence of the axial/equatorial ratios.

A simulation of the 2nd derivative EPR spectrum of 214 (Figure 38a) was

carried out using the Winsim 2002 beta simulation package.66 As an approximation
the hfs determined for c/x-213 were used for the mostly obscured signal of 214ax

(Figure 38a). The relative areas of the two species were optimised using a quadratic

optimisation protocol, to give the [214ax]/[214eq] ratio as 0.33 with R = 0.96 (Figure

42). This ratio is of the same order as obtained via double integration of the actual
EPR spectra.

Simulation

il
' I Experiment

a A I 1 A A'V
VMlMv. ivaA HrA \ i I f \ J V/y-AvA

\ / \J \! \ /AV 1 V ^wy

Figure 42 Simulation of the EPR spectrum of 214 in cyclopropane at 140 K.
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2.9.3 Summary of Study of Cyclohexylacyl Radicals

In summary, it has been shown that cyclohexylacyl radicals exist in two

conformations and that they can be characterized and their concentrations tracked by
an EPR spectroscopic method. As with cycloalkylcarbinyl radicals, the key difference
between axial and equatorial species lies in the larger Hp hfs of the former.
Computational results63 indicated that this derives from the higher rotational barrier
about the Cp-Ca(0) bond which results from 1,3-interactions of the CO group with the
axial Hs-atoms of the ring. The method also works for tetrahydropyranylacyl radicals

TQL. Af\ Q. fn

and, judging by cycloalkylmethyl analogs, ' it is probable that it can also be
successfully applied for a variety of alicyclic rings including cyclohex-2-enyl-l-acyl,
and cyclohept-4-enyl-l-acyl.

The conformational equilibria will lead to subtle chemical consequences. For

example, it is likely that the rates of decarbonylations of the axial and equatorial
radicals will differ since computations (B3LYP/EPR-III//B3LYP/6-31G*)63 give
different enthalpies for these reactions:

214eq -> oCeHn* + CO AH° = 7.4 kcal mol"1
214ax -» c-C6Hh* + CO AH° = 6.6 kcal mol'1

Thermodynamically, loss of CO is predicted to be somewhat easier from the
axial conformation and this is in accord with expectation.
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2.10Conclusions

A viable synthetic route to arylalkyl-2-oxazolines has been developed from

readily available starting materials. Although in the case of chiral 2-oxazolines,
several more synthetic steps are needed, this is mainly due to the need to obtain the
chiral moiety in the correct oxidation state from the existing chiral pool (Section 2.1).

Although attempts to form heteroatom analogues of arylalkyl-2-oxazolines
failed, viable alternative routes have been identified (Section 2.3).

It has been shown that arylalkyl-2-oxazolines undergo radical nucleophilic

ring closure, which is stimulated by UV light, to give indanes, tetrahydronaphthalenes
and benzosuberenes with strained quaternary centres in good to high yield. Thus, it is
demonstrated for the first time that 2-oxazoline nucleophiles take part in
intramolecular SrnI reactions. The optimum conditions for ring closure were found to

be 3 eq. LDA in THF with either stirring at room temperature for 48 h or UV
irradiation for 6 h (Section 2.4).

Arylpropyl-2-oxazolines and arylbutyl-2-oxazolines proceed to form the direct

ring closed indanes and tetrahydronaphthalenes whereas arylpentyl-2-oxazolines and

arylhexyl-2-oxazoline undergo rearrangement reactions post ring closure (Section

2.5). This rearrangement involves a rare alpha-ortho shift of the oxazolinyl moiety
which has only previously been reported in the case of the alkyne mechanism.31 This

rearrangement is thought to proceed via a cyclic four membered transition state.

The intermediate radical anions have been observed by EPR spectroscopy

during the course of ring closure reactions. This strongly indicates the SrnI
mechanism is the dominant process (Section 2.6). This is believed to be only the
second time radical anion intermediates in SrnI reactions have been observed in

■ . 68
situ.

Modest diastereoselectivities have been observed when chiral arylpropyl-2-
oxazolines undergo radical nucleophilic ring closures. When an isopropyl substituted
2-oxazoline was utilised the product indanes were easily separated via column

chromatography to afford, after removal of the oxazoline group, the pure enantiomeric
indane carboxylic acids containing a sterically hindered stereogenic quaternary centre

(Section 2.7).
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When an oxazolidinone moiety was employed instead of the 2-oxazoline

functionality, the base induced ring closure occurred, to form the indane which was

then observed to under go an alpha-ortho shift of the oxazolidinone group which was

followed by a second ring closure onto the carbonyl group of the oxazolidinone to
form a novel fused tetracyclic ring structure in good yield (75 %) (Section 2.8). This
novel ring structure, and analogues thereof, may exhibit interesting biological activity
as it contains the biologically active isoquinolinone motif.

It has been shown that concentrations of axial and equatorial

cyclohexylacylradicals, for the first time, can be distinguished by EPR spectroscopy

and their concentrations measured (Section 2.9).
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3.1 Experimental Data Index

2-Benzyl-4,4-dimethyl-2-oxazoline 27 208

2-[3-(2-Chlorophenyl)propyl]-4,4-dimethyl-2-oxazoline 33a 213

2-[3-(2-Bromophenyl)-propyl]-4,4-dimethyl-2-oxazoline 33b 213
2- [3 -(2-Chloropheny1)-1 -phenylpropy1] -4,4-dimethy1-2-oxazoline 34a 214

2-[3-(2-Bromophenyl)-l-phenylpropyl]-4,4-dimethyl-2-oxazoline 34b 214

3-(2-Bromophenyl)-1 -(4,4-dimethyl-2-oxazolin-2-yl)propen-2-ol 35b 222

3-(2-Bromophenyl-l-(4,4-dimethyl-2-oxazolin-2-yl)-l-phenylpropen-2-ol 36b 223

2-Chlorophenethyl iodide 37a 198

2-Bromophenethyl Iodide 37b 202

2-BromophenylacetyI chloride 38b 222

2-Chlorophenethyl alcohol 39a 198

2-Bromophenylethanol 39b 200

2-Bromophenylpropanoic acid 61 199

2-Bromophenylpropanol 62 201

2-Bromophenylpropyl Iodide 63 202

2-[3-(2-Bromophenyl)butyl]-4,4-dimethyl-2-oxazoline 64 219

2-Bromophenylpentanoic acid 65 200

2-Bromophenylpentanol 66 201

2-Bromophenylpentyl Iodide 67 202

2-Bromophenylbutanoic acid 68 199

2-Bromophenylbutanol 69 201

2-Bromophenylbutyl Iodide 70 202
Acetimidic acid ethyl ester hydrochloride 71 207

2-Phenylacetimidic acid ethyl ester hydrochloride 72 207

(S)-Valinol (£)-73 203

(S)-Phenylglycinol (5)-75 204

(5)-Serine Methyl Ester Hydrogen Chloride (S)-78 205

(S,S)-2-Amino-3-methoxy-1 -phenylpropan-1 -ol (5yS)-79 205

(S)-4-Isopropyl-2-methyl-2-oxazoline (£)-81 209

(5)-2-Benzyl-4-wo-propyl-2-oxazoline (5)-82 209

(7?)-2-Benzyl-4-«o-propyl-2-oxazoline (/f)-82 209
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(•S)-2-Benzyl-4-tert-butyl-2-oxazoline (S)-83 209

(i?)-2-Benzyl-4-teri-butyl-2-oxazoline (/?)-83 210

(S)-2-Benzyl-4-phenyl-2-oxazoline (5)-84 210

(S)-2,4-Dibenzyl-2-oxazoline (£)-85 210

(S)-2-Benzyl-4-cyclohexylmethyl-2-oxazoline (5)-86 210

(S)-2-Benzyl-2-oxazoline-4-carboxylic acid methyl ester (S)-87 211

(S,5)-2-Benzyl-4-methoxymethyl-5-phenyl-2-oxazoline (S,S)~88 211

(S)-l-(2-Benzyl-2-oxazolinyl)diphenylmethanol (5)-89 211

(S)-Valine methyl ester (S)-91 203

(S)-Phenylglycine methyl ester (5)-93 204

4,4-Dimethyl-2-(3-phenylpropyl)-2-oxazoline 98 221

(45)-2-[3-(2-Bromophenyl)propyl]-4-isopropyl-2-oxazoline (5)-102 214

(45)-2-[3-(2-Bromophenyl)-l-phenyl-propyl]-4-isopropyl-2-oxazoline (5)-103 215

(4/?)-2-[3-(2-Bromophenyl)-l-phenyl-propyl]-4-isopropyl-2-oxazoline (/f)-103 215

(45)-2-[3-(2-Bromo-phenyl)-l-phenyl-propyl]-4-tert-butyl-2-oxazoline (5)-104 ....216

(4/?)-2-[3-(2-Bromo-phenyl)-1 -phenyl-propyl]-4-tert-butyl-2-oxazoline (if)-104 ...216

(45)-2-[3-(2-Bromo-phenyl)-l-phenyl-propyl]-4-phenyl-2-oxazoline (5)-105 216

(45)-2-[3-(2-Bromophenyl)-l-phenylpropyl]-4-benzyl-2-oxazoline (5)-106 217

(4S)-2-[3-(2-Bromo-phenyl)-l-phenylpropyl]-4-cyclohexylmethyl-
2-oxazoline (5)-107 217

(45,55)-2-[3-(2-Bromophenyl)-l-phenylpropyl]-4-methoxy-5-

phenyl-2-oxazoline (S'^-IOS 218

(4S)-{2-[3-(2-Bromophenyl)-l-phenylpropyl]-2-oxazolin-4-yl}-

diphenylmethanol (5)-109 218

2-[3-(2-Bromophenyl)-l-phenylbutyl]-4,4-dimethyl-2-oxazoline 110 219
2-[3 -(2-Bromopheny1)-1 -phenylpentyl]-4,4-dimethyl-2-oxazoline 111 220

2-[3-(2-Bromophenyl)-l-phenylhexyl]-4,4-dimethyl-2-oxazoline 112 220

3-(2-Chlorophenoxy)propionic acid 123 224

3-(2-Bromophenylamino)propionic acid 124 224

2-Bromophenyl cyanoacetate 127 226

jV-(2-Bromophenyl)-2-cyanoacetamide 128 226

4,4-Dimethyl-2-indan-r-yl-2-oxazoline 139 229

4,4-Dimethyl~2-( 1 '-phenyl-indan-1 '-yl)-2-oxazoline 140 228

2-[l,3-Diphenylpropyl]-4,4-dimethyl-2-oxazoline 141 227
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2-Bromostyrene 142 230

Styrene 143 230

4,4-Dimethyl-2-(l-phenyl-l,2,3,4-tetrahydronaphthalen-l-yl)-2-oxazoline 144 230

2-( 1 -Butyl-1,5-diphenylpentyl)-4,4-dimethyl-2-oxazoline 145 231

2-[l,5-Diphenylpentyl]-4,4-dimethyl-2-oxazoline 147 233

4,4-Dimethyl-2-(9-phenyl-6,7-dihydro-5H-benzocyclohepten-1 -yl)-
2-oxazoline 148 232

4,4-Dimethyl-2-(4,5,6,7-tetrahydro-cyclohepta[jk]fluoren-7a-yl)-2-oxazoline 149.232

4,4-Dimethyl-2-(9-phenyl-6,7,8,9-tetrahydro-5H-benzocyclohepten-l-yl)-
2-oxazoline 150 233

(45,1 'i?)-4-Isopropyl-2-(l'-phenyl-indan-1 '-yl)-2-oxazoline (5,/?)-174 234

(45,1 '5)-4-Isopropyl-2-(l '-phenyl-indan-1 '-yl)-2-oxazoline (5,5)-174 235

(15, l'5)-r-Phenyl-indan-r-carboxylic acid (2-hydroxy-l-isopropylethyl)-
amide (5yS)-175 235

(45)-4-tert-Butyl-2-(l '-phenyl-indan-1 '-yl)-2-oxazoline (5)-176 236

4-Phenyl-2-(l '-phenyl-indan-1 '-yl)-oxazole 177 238

4-Cyclohexylmethyl-2-(l '-phenylindan-r-yl)-2-oxazoline 181 238

4,4-Dimethyloxazolidin-2-one 185 243

4,4-Dimethyl-3-phenylacetyloxazolidin-2-one 186 243

4-(2-Bromophenyl)-2-phenylbutyryl chloride 187 242

3-[4-(2-Bromophenyl)-2-phenylbutyryl]-4,4-dimethyloxazolidin-2-one 188 244

4-(2-Bromophenyl)-2-phenylbutyric acid 189 242

7,7-Dimethyl-9a-hydroxy-9b-phenylroytonone 191 244

tram^-tert-Butylcyclohexane carbaldehyde trans-203 248

m-4-fer?-Butylcyclohexane carbaldehyde cw-203 248

cw-4-Methylcyclohexane carbaldehyde c/s-204 249

Cyclohexane carbaldehyde (axial/equatorial mixture) 205 248

Tetrahydropyran-2-carbaldehyde (axial/equatorial mixture) 206 249

c/s-4-t-Butylcyclohexane carboxylic acid cis-207 247

trans-4-tert-Butylcyclohexane methanol trans-208 247

cw-4-fert-Butylcyclohexane methanol c/s-208 247

cw-4-Methylcyclohexane carboxylic acid calcium salt cis-210 246

(5)-Valine methyl ester hydrochloride (S)-218 203

(5,5)-4-Hydroxymethyl-2-methyl-5-phenyl-2-oxazoline (S£)-219 211
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(l'S)-1 -Phenyl-indan-1 -carboxylie acid (r-hydroxymethyl-2',2'-

dimethyl-propyl)-amide (5)-220 237
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3.2 Instrumentation and General Techniques

3.2.1 NMR Spectroscopy

'H Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker
Avance 300 (300.1 MHz), Bruker Avance 500 (499.9 MHz) or a Varian Gemini 2000

(300.0 MHz) spectrometer, using deuterochloroform (or other indicated solvent) as

reference or internal deuterium lock.

13C NMR spectra were recorded using the PENDANT sequence and internal
deuterium lock were recorded on a Bruker Avance 300 (75.5 MHz) or a Bruker
Avance 500 (125.7 MHz) spectrometer. All other 13C spectra were recorded on a

Varian Gemini 2000 (75.5 MHz) spectrometer using composite pulse !H decoupling.
Two-dimensional NMR spectroscopy such as 'H-'H COSY spectra

(Correlated Spectroscopy), jH-13C COSY spectra (HSQC: Heteronuclear Single
Quantum Coherence) and long-range 'H-13C COSY spectra (HMBC: Heteronuclear

Multiple Bond Connectivity), were carried out to determine the correlation between
'H and 13C.

Both the 'H-NMR and 13C-NMR spectra were obtained from solutions in
CDCI3 unless otherwise stated. All spectra were referenced to internal

tetramethylsilane and the chemical shifts for all NMR spectra are expressed in parts

per million to high frequency of the reference. 5(0.1 Dibromomethane was used as the
internal standard as reference for NMR yields. Coupling constants (J) are quoted in
Hz and are recorded to the nearest 0.1 Hz. The multiplicity of each signal is indicated

by the following abbreviations: s, singlet; d, doublet; dd, doublet of doublets; ddd,
doublet of doublet of doublets; dt, doublet of triplets; t, triplet; q, quartet; ddq, doublet
of doublet of quartets; m, multiplet and br, broad.

3.2.2 Infrared Spectroscopy

The IR spectra were obtained on a Perkin Elmer FT-IR Paragon 1000

spectrometer. Solids were run as nujol mulls and liquids were run as thin films on

NaCl plates.
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3.2.3 Mass Spectrometry

Low resolution and high-resolution (HR) mass spectral analysis (EI and CI)
were recorded using a VG AUTOSPEC mass spectrometer or a Micromass GCT

(Time-of-Flight), high performance, orthogonal acceleration spectrometer coupled to

an Agilent Technologies 6890N GC system. Electrospray mass spectrometry (ESMS)
was recorded on a high performance orthogonal acceleration reflecting TOF mass

spectrometer, coupled to a Waters 2975 HPLC. Only major peaks are reported and
intensities are quoted as percentages of the base peak.

3.2.4 GC/MS

GC/MS analyses were run on a Finnigan Incos 50 quadrupole instrument

coupled to a Hewlett Packard HP 5890 chromatograph fitted with a 25 m HP 17

capillary column (50 % phenyl methyl silicone).

3.2.5 Elemental Analysis

Microanalysis was carried out for C, H and N using an EA 1110 CHNS CE
instruments elemental analyser.

3.2.6 Melting Points

Routine melting points were carried out on a Gallenkamp melting point

apparatus. All melting points are uncorrected. Values are quoted to the nearest 0.5 °C.

3.2.7 Polarimetry

Specific Optical Rotation measurements were performed using an Optical

Activity AA-1000 automatic polarimeter (Optical Activity Ltd. Polarimeter

millidegree-autoranging), operating at 589 nm using a 2 mL solution cell with a 20
cm path length. The concentration (c) is expressed in g/100 mL (equivalent to g/0.1

dm3). Specific rotations are denoted [a]oT and are given in units of 10"1 deg cm2 g"1
(T= ambient temperature in °C).
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3.2.8 Chromatography

TLC was carried out using either Polygram silica plates (0.2mm with 254nm
fluorescent dye) or Fluka alumina plates (0.2mm with 254nm fluorescent dye). The

components were observed under ultraviolet light (254 nm/365 nm) and stained with

ninhydrin (1-2 % in EtOH) or KMnC>4 aqueous solution. Column chromatography
was performed using silica gel (40-63 pm, Fluorochem).

3.2.9 Reagents and Solvents

Ether and THF were freshly distilled from sodium benzophenone ketyl. Dry
hexane was obtained by distillation from sodium. Where dry DCM was used, it was
distilled over CaH2. DMSO was dried, distilled from CaH2 and stored over 4 A
molecular sieve. Liquid Ammonia was distilled direct from a cylinder. All amines
where distilled from potassium hydroxide under a nitrogen atmosphere prior to use.

Other organic compounds were used as received, without further drying. Organic
solutions were dried by standing over anhydrous magnesium sulfate or sodium
sulfate. Solvents were evaporated under reduced pressure on a rotary evaporator.

Nitrogen gas was dried (NaOH, CaCl2, 4 A molecular sieve) prior to use. Glassware
was oven dried for at least 2 h for all oxygen/water free reactions.

3.2.10 UV Photolysis

Ultra Violet irradiation was carried out in quartz apparatus using a 400 W
medium pressure Hg lamp.

3.2.11 X-Ray Crystallography

X-Ray Crystallography data were recorded on: a) Bruker SMART
difffactometer with graphite-monochromated Mo-Ka radiation (A= 0.71073 A), sealed
tube and CCD detector, b) Mer-Rigaku, mercury detector 007 with Mo-Ka radiation

(A,= 0.71073 A) generator (rotating anode), c) Cop-Saturn 92 detector 007, Cu-Ka
radiation with rotating anode.
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3.2.12 EPR Spectroscopy

EPR spectra were obtained with a Bruker EMX 10/12 spectrometer operating
at 9.5 GHz with 100 KHz modulation. Irradiation of samples was carried out in the
resonant cavity by unfiltered light from a 500 W super pressure Hg arc. Samples were
contained in 4mm od quartz tubes. In all cases where spectra were obtained, hfs were

assigned with the aid of computer simulations using the Bruker Simfonia software
package or Winsim 2002 beta suite. For concentration measurements, signals were

double integrated using the Bruker WinEPR software and radical concentrations were
calculated by reference to a known concentration ofDPPH,

3.2.13 Computational Methods

Quantum chemical calculations were carried out with the Gaussian 98W and
03W packages. Density functional theory with the UB3LYP functional was

employed. The equilibrium geometries were fully optimised with respect to all

geometric variables, no symmetry being assumed, with various basis sets as indicated
in the text. Computed <S2> values for all types of radicals were 0.7500 after
annihilation of higher multiplicity spin states. Isotropic EPR hfs were derived from

computed Fermi contact integrals evaluated at the H-nuclei. The hfs were taken

directly from the Gaussian output files.
The computations for the cycloalkylacyl radicals were carried by Dr G.

DiLabio at the National Institute ofNanotechnology, NRCC, Edmonton, Canada.
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3.3 2-Halophenylalkyl Iodides

3.3.1 2-Chlorophenethyl iodide

2-Chlorophenethyl alcohol 39a1

To a stirring solution of 2-chlorophenylacetic acid 40a (5 g, 29.3 mmol) in
freshly distilled dry THF (400 cm3) at 0 °C, was added LiAlFLt (4.5 g, 118 mmol) in
several portions carefully. The mixture was then allowed to warm to room

•>

temperature and heated under reflux for 3 h. After cooling to 0 °C, water (50 cm ) was
added carefully dropwise with stirring. The resulting white suspension was allowed to
reach room temperature and stirred for 15 min, after which the solids were removed

■y

by centrifugation. The liquid portion was taken up in ethyl acetate (400 cm ), the

organic layer was washed with water (2x50 cm ) and brine (50 cm ), dried (Na2SC>4)
and concentrated in vacuo to give the known crude alcohol 39a (4.22 g, 92 %) as a

viscous clear liquid. The crude alcohol was deemed pure enough by 'H-NMR
spectroscopy to use in the next synthetic step; 8h 2.19 (1H, br s, OH), 2.99 (2H, t,
J=6.8, CH2), 3.83 (2H, t, J=6.8, CH20) and 7.12-7.36 (4H, m, ArH).

2-Chlorophenethyl iodide 37a2

At 0 °C 2-chlorophenethyl alcohol 39a (2.0 g, 13.0 mmol) in dichloromethane

(3 cm3) was added dropwise to a stirring solution of triphenylphosphine (4.4 g, 17.0

mmol) and imidazole (1.2 g, 18.0 mmol) in dichloromethane (45 cm3). After 10 min
iodine (4.9 g, 20.0 mmol) was added and the resulting dark brown mixture allowed to
stir for 1 h at 0 °C. A saturated solution of sodium thiosulphate (50 cm3) was added
and the mixture allowed to warm to room temperature over 10 min with stirring. The
organic layer was then washed with further portions of saturated sodium thiosulfate
solution until the organic layer was pale yellow in colour. The aqueous layers where
extracted with dichloromethane (2x30 cm3) and the combined organic layers were

then dried (MgSO,}) and concentrated in vacuo. The crude product was purified by
column chromatography (Si02, hexane) to give the known pure iodide 37a (2.6 g, 75
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%) as a pale yellow liquid, Rf (SiC>2, hexane) 0.35; 8h 3.24-3.38 (4H, m, 2xCH2) and
7.15-7.37 (4H, m,ArH).

3.3.2 2-Bromophenalkyl Iodides

3.3.2.1 2-Bromophenylalkanoic Acids

2-Bromophenylpropanoic acid 613

A mixture of 2-bromobenzaldehyde 59 (3.2 cm3, 27 mmol) and Meldrum's
Acid 60 (3.9 g, 2.7 mmol) in TEAF (15 cm ) (made by slow addition of triethylamine

o o

(10 cm , 72 mmol) to formic acid (6.8 cm , 180 mmol) with cooling) was heated to

95-100 °C and stirred at this temperature for 4 h. Ice and water (30 cm3) was added to
the cool reaction mixture then its pH was adjusted to 1 with 6M hydrochloric acid and
it was left to crystallise at 5-10 °C for a day. After having been filtered, the crystals
were washed with water and recrystallised from petroleum ether 40-60 to afford the
known acid 61 (5.12 g, 82 %); 5H 2.71 (2H, t, 7=7.8, CH2), 3.08 (2H, t, 7=7.8, CH2),
7.06-7.12 (1H, m, ArH), 7.21-7.29 (2H, m, ArH) and 7.35-7.57 (1H, m, ArH) (COOH

signal not observed).

2-Bromophenylbutanoic acid 68

A mixture of 2-[3-(2-bromophenyl)propyl]-4,4-dimethyl-2-oxazoline 33b

(3.76 g, 12.7 mmol) and hydrochloric acid (12 cm3) was heated under reflux for 45
minutes and the cooled mixture extracted with dichloromethane (3x20 cm3). The
combined organic layers were dried (MgSCU) and the solvent removed to yield the
known crude acid 68 (3 g, 92 %) which was used without further purification; (Lit.,
NMR4) 5h 1.97 (2H, dt, 7=7.7 & 7.5, CH2), 2.42 (2H, t, 7=7.5, CH2), 2.80 (2H, t,

7=7.7, CH2), 7.03-7.09 (1H, m, ArH), 7.17-7.29 (2H, m, ArH) and 7.52-7.57 (1H, m,

ArH) (COOH signal not observed).
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2-Bromophenylpentanoic acid 65

2-[4-(2-Bromophenyl)butyl]-4,4-dimethyl-2-oxazoline 64 was hydrolysed as

above to yield the crude known acid (1.08 g, 83 %) which was used without further

purification; (Lit., data5) vmax(Film)/cm"1 1707 (C=0) and 3029 (OH); 5h 1.61-1.78

(4H, m, 2x CH2), 2.41 (2H, t, 7=7.1, CH2), 2.75 (2H, t, J=7A, CH2), 7.02-7.07 (1H, m,

ArH), 7.17-7.26 (2H, m, ArH), 7.48-7.53 (1H, m, ArH) and 11.15 (1H, br s, COOH);
5C 24.3 (CH2), 29.2 (CH2), 33.8 (CH2), 35.7 (CH2), 124.4 (Cq), 127.4 (Ar), 127.6 (Ar),
130.3 (Ar), 132.8 (Ar) 141.2 (Cq) and 179.9 (C-O); m/z (TOF MS-ES-) 255 [100 %,
(M-H+)], [Found: (M-H+), 255.0018. C„H120279Br requires 255.0021],

3.3.2.2 2-Bromophenylalkanols

General Alcohol Preparation

To a stirring solution the 2-bromophenylalkanoic acid (leq) in freshly distilled
dry ether (5.4 cm3/mmol) at 0 °C was added carefully LiAlH4 (1.05 eq) in several

portions. The resulting grey suspension was allowed to warm to room temperature
over 20 min, at which time the suspension was immediately cooled to 0 °C and water

(0.13 cm3/mmol) was added dropwise carefully! The mixture was then allowed to

warm to room temperature with stirring. 15 % HC1 solution (1.6 cm3/mmol) was

added and stirred until all solids had dissolved. The aqueous layer was extracted and
washed with ether (3x1 cm3/mmol). The combined organic layers were washed with
saturated sodium hydrogen carbonate solution (1 cm /mmol), brine (1 cm /mmol) and
water (1 cm3/mmol). The organic layers were dried (MgS04) and concentrated in
vacuo to give the crude alcohol, which was used without further purification.

2-Bromophenylethanol 39b

Clear viscous liquid; Yield (84 %);(Lit., NMR6) 5H 3.01 (2H, t, 7-6.8, CH2), 3.81 (1H,
s, OH), 3.86 (2H, t, 7-6.8, CH20), 7.05-7.32 (3H, m, ArH) and 7.54-7.56 (1H, m,

HCCBr).
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2-Bromophenylpropanol 62

Clear Viscous Liquid; Yield (91 %); (Lit., NMR6) 5H 1.35-2.08 (3H, m, OH & CH2),
2.83 (2H, t, J=7.8, CH2), 3.70 (2H, t, J=6A, CH20), 7.01-7.09 (1H, m, ArH), 7.20-
7.27 (2H, m, ArH) and 7.53 (1H, d, J=7.9, HCCBr).

2-Bromophenylbutanol 69

Clear Viscous Liquid; Yield (91 %); (Lit., NMR4) 5H 1.56-1.92 (5H, m, OH &
2xCH2), 2.76 (2H, t, J=7.3, CH2), 3.67 (2H, dt, J=6.1 & 0.9, CH20), 7.00-7.08 (1H,
m, ArH), 7.17-7.27 (2H, m, ArH) and 7.51 (1H, d, J=1.9, HCCBr).

2-Bromophenylpentanol 66

Clear Viscous Liquid; Yield (91 %); 8h 1.40-1.50 (2H, m, CH2), 1.58-1.70 (2H, m,
CH2), 2.51 (1H, br s, OH), 2.74 (2H, t, J=7.8, CH2), 3.65 (2H, t, J=6.5, CH2), 7.01-
7.06 (1H, m, ArH), 7.19-7.22 (2H, m, ArH) and 7.50-7.53 (1H, m, HCCBr); 5C 25.4

(CH2), 29.7 (CH2), 32.5 (CH2), 36.1 (CH2), 62.8 (CH2OH), 124.4 (CBr), 127.3

(CHAr), 127.4 (CHAr), 130.2 (CHAr), 132.7 (CHAr) and 141.7 (Cq).

3.3.2.3 2-Bromophenylalkyl Iodides

General Iodide Preparation

At 0 °C 2-bromophenylalkyl alcohol (leq) in dichloromethane (2 cm3/mmol)
was added dropwise to a stirring solution of triphenylphosphine (1.3eq) and imidazole
(1.4eq) in dichloromethane (4 cm3/mmol). After 20 min iodine (1.5eq) was added and
the resulting dark brown mixture was allowed to stir for 3 h at 0 °C. A saturated
solution of sodium thiosulfate (4 cm3/mmol) was added and the mixture allowed to

warm to room temperature over 10 min with stirring. The organic layer was then
washed with further portions of saturated sodium thiosulphate solution until the

organic layer was pale yellow in colour. The aqueous layers were extracted with
dichloromethane (3x2 cm3/mmol) and the combined organic layers were then dried
(MgSCL) and concentrated until a white solid began to precipitate. Enough
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dichloromethane was added to redissolve the precipitate and hexane (4 cm3/mmol)
was added. The white precipitate was filtered off and the filtrate concentrated in
vacuo to give the crude iodide which was purified by column chromatography (SiC>2,

hexane).

2-Bromophenethyl Iodide 37b

Pale Yellow Liquid; Yield (88 %); Rf (Si02, hexane) 0.3; (Lit., NMR7) 5H 3.25-3.39

(4H, m, 2xCH2), 7.07-7.34 (3H, m, ArH) and 7.52-7.55 (1H, m, HCCBr).

2-Bromophenylpropyl Iodide 63

Pale Yellow Liquid; Yield (87 %); Rf (Si02, hexane) 0.3; (Lit., NMR7) 5H 2.09-2.18

(2H, m, CH2), 2.82-2.87 (2H, m, CH2), 3.20 (2H, t, J=6.8, CH2), 7.04-7.09 (1H, m,

ArH) 7.20-7.26 (2H, m, ArH) and 7.51-7.54 (1H, m, HCCBr).

2-Bromophenylbutyl Iodide 70

Pale Yellow Liquid; Yield (82 %); Rf (Si02, hexane) 0.3; vmax(Film)/cm"i 658, 749,
1024, 1438, 1470, 2859, 2933; 6H 1.67-1.79 (2H, m, CH2), 1.85-1.95 (2H, m, CH2),
2.75 (2H, t, J=7.7, CH2), 3.2 (2H, t, J=6.9, CH2), 7.02-7.07 (1H, m, ArH), 7.17-7.25

(2H, m, ArH) and 7.50-7.53 (1H, m, HCCBr); 5C 6.5 (CH2), 30.7 (CH2), 33.0 (CH2),
35.0 (CH2), 124.3 (CBr), 127.4 (CHAr), 127.6 (CHAr), 130.2 (CHAr), 132.7 (CH^) and
141.0 (Cq); m/z (CI) 338 [100 %, (M+H)+] [Found: (MH)+, 337.9174. Ci0H1279BrI
requires 337.9167].

2-Bromophenylpentyl Iodide 67

Pale Yellow Liquid; Yield (91 %); Rf (Si02, hexane) 0.3; (Lit., NMR8) 5H 1.43-1.53

(2H, m, CH2), 1.59-1.68 (2H, m, CH2), 1.88 (2H, q, J=1.2, CH2), 2.73 (2H, t, /=7.7,

ArCH2), 3.20 (2H, t, J=7.1, CH2I), 7.06-7.07 (1H, m, ArH), 7.18-7.25 (2H, m, ArH)
and 7.50-7.53 (2H, m, ArH); 5C 6.9 (CH2), 28.8 (CH2), 30.2 (CH2), 33.2 (CH2), 35.9

(CH2), 124.4 (CBr), 127.3 (CHAr), 127.5 (CHAr), 130.2 (CHAr), 132.7 (CHAr) and
141.5 (Cq)
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3.4 Chiral Aminoalcohols

3.4.1 (S)-Valinol

(5)-Valine methyl ester hydrochloride (S)-2189

To a suspension of (5)-Valine (50 g, 0.43 mol) in dry methanol (400 cm ) at -
10 °C under nitrogen was added freshly distilled thionyl chloride (39 cm3, 0.54 mol)
portionwise over 20 min, ensuring the temperature was maintained below -5 °C. The
heterogeneous mixture was warmed to room temperature and heated at reflux for 2 h.
The reaction mixture was allowed to cool and the solvent removed to afford a white

crystalline solid. Recrystalliation from methanol/ether gave the pure hydrochloride
salt (5)-218 (63 g, 88 % Lit.,9 79 %) as white crystals; mp 162.5-163.5 (methanol-
ether) [Lit.,10 155-160 (methanol-ether)]; [afD5 24.6 (c 2.15 in MeOH) [lit.,11 24.5 (c
2.00 in MeOH)]; 5H 1.14 (3H, d, J=5.3, CH3), 1.16 (3H, d, J=4.8, CH3), 2.42-2.53

(1H, m, (CH3)2CH), 3.83 (3H, s, OCH3), 3.95 (1H, br s, CHN) and 8.88 (3H, br s,

NH3+).

(5)-Valine methyl ester (S)-91

Ammonia gas was bubbled through a stirring suspension of (S)-valine methyl
ester hydrochloride (5)-218 (20 g, 119 mmol) in dichloromethane (200 cm3). After
bubbling for 30 min water (75 cm3) was added. The aqueous layer was extracted with
dichloromethane (2x50 cm3) and the combined organic layers were dried (Na2S04).
Removal of the solvent afforded the crude ester (S)-91 (14.7 g, 94 %) which was used
without further purification; [a]^5 49.1 (c 1.00 in EtOH) [lit.,12 42.2 (c 1.00 in EtOH)];
5h 0.91 (3H, d, .7=6.8, CH3), 0.97 (3H, d, J=6.8, CH3), 1.43 (2H, br s, NH2), 1.96-2.07

(1H, m, (CH3)2CH), 3.30 (1H, d, J=5.3, CHN) and 3.72 (3H, s, OCH3).

(5)-Valinol (S)-73

To a refluxing stirring suspension of lithium aluminium hydride (3.5 g, 90

mmol) in dry ether (200 cm3) under nitrogen was added (5)-valine methyl ester (S)-91
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(10 g, 76 mmol) in dry ether (100 cm3), dropwise over 50 min. The mixture was then
heated under reflux for 1 h, at which time the mixture was cooled to 0 °C and water

•j

(3.3 cm ) was added dropwise cautiously. The mixture was allowed to warm to room

temperature and stirred for a further 30 min. The solids were filtered, and washed with
ether and dichloromethane. The filtrates were dried (Na2S04) and concentrated in
vacuo to give the crude product. Purification by distillation afforded the pure alcohol
(S)-73 (5.1 g, 64 %) as white waxy solid; [afD517.3 (c 0.36 in EtOH) [Lit.,13 17.4 (c
10.00 in EtOH)]; 6H 0.92 (3H, d, 7=6.8, CH3), 0.93 (3H, d, 7=6.8, CH3), 1.60 (1H, dq,
7=6.8 & 6.3, (CH3)2C/7), 2.41 (3H, br s, OH & NH2), 2.57 (1H, ddd, 7=8.7,6.3 &.3.9,

CHN), 3.32 (1H, dd, 7=10.6 & 8.7, C//aHbO) and 3.64 (1H, dd, 7=10.6 & 3.9,

CHa//bO).

3.4.2 (S)-Phenylglycinol

(5)-Phenylglycine methyl ester (5)-93

Ammonia gas was bubbled through a stirring suspension of (5)-phenylglycine

methyl ester hydrochloride (5)-92 (10 g, 50 mmol) in dichloromethane (100 cm3).
After bubbling for 30 min water (50 cm3) was added. The aqueous layer was extracted
with dichloromethane (2x50 cm3) and the combined organic layers were dried

(Na2S04). Removal of the solvent afforded the crude ester (5)-93 (8 g, 97 %) which
was used without further purification; [af^ -118.3 (c 2.12 in CHC13) [Lit.,14 -121 (c
1.00 in H20)]; 5h 1.93 (2H, s, NH2), 3.68 (3H, s, CH3), 4.60 (1H, s, CHN) and 7.27-
7.38 (5H, m, Ph).

(5)-Phenylglycinol (5)-75

To a refluxing stirring suspension of lithium aluminium hydride (2.3 g, 60

mmol) in dry ether (160 cm3) under nitrogen was added (5)-phenylglycine methyl
ester (5)-93 (8 g, 48 mmol) in dry ether (40 cm3), dropwise over 50 min. The mixture
was then heated under reflux for 1 hour, at which time the mixture was cooled to 0 °C

and water (2.2 cm3) was added dropwise cautiously! The mixture was allowed to

warm to room temperature and stirred for a further 30 min. The solids were filtered,
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and washed with ether and dichloromethane. The filtrates were dried (NaS04) and
concentrated in vacuo to give the crude product. Purification by distillation afforded
the known pure alcohol (*S)-75 (2 g, 28 %) as offwhite crystals; mp 72.0-74.0 [Lit.,15
76.0-79.0]; [a]2D5 -21.5 (c 1.77 in MeOH) [lit.,16 -26.1 (c 5.36 in MeOH)]; 5H 2.30 (3H,
br s, NH2 & OH), 3.55 (1H, dd, 7=11.1 and 8.2, C/7aHbO), 3.73 (1H, dd, 7=11.1 and
4.3, CHAHB), 4.04 (1H, dd, 7=8.2 and 4.3, CHN) and 7.24-7.37 (5H, m, Ph).

3.4.3 (S)-Serine Methyl Ester Hydrogen Chloride (S)-78

Acetyl chloride (28 g, 25 cm3, 0.36 mol) was added dropwise to methanol
•5

#

(150 cm ) at 0 °C. The mixture was stirred for 15 min and L-serine (12.5 g, 119 mol)
was then added portionwise to the solution. The resulting mixture was heated under
reflux for 3 h. Concentration under reduced pressured provide the crude product,
which was recrystalised from dichloromethane-ether to yield the pure chloride (S)-78

(42.9 g, 77 % Lit.,17 98 %); mp 162.0-162.8 dec. [Lit.,18 161-162]; [a]25 5.66 (c 1.14 in

MeOH) [lit.,19 5.5 (c 2.00 in MeOH)]; 5H (D20) 3.90 (3H, s, CH3), 4.04 (1H, dd,
<7=12.5 & 3.4, CT/aHbO), 4.14 (1H, dd, 7=12.5 & 4.3, CHaC7/bO) and 4.32 (1H. t,

<7=3.8, CHN).

3.4.4 (S,S)-2-Amino-3-methoxy-1 -phenylpropan-1 -ol (S,S)-79

2-Methyl-4-hydroxymethyl-5-phenyl-2-oxazoline (SVS)-219 (2 g, 10.5 mmol)
4 o
m dry THF (20 cm ) was added dropwise at room temperature to a stirring

heterogeneous solution of sodium hydride (60 % in mineral oil) (0.5 g, 12.6 mmol) in
THF (10 cm ) at a rate to maintain a mild evolution of hydrogen. When addition was

complete, the mixture was heated at 50-60 °C for 1.5 h and cooled to ambient

temperature. A solution ofmethyl p-toluenesulfonate (2.55 g, 13.7 mmol) in dry THF
o

(2 cm ) was added dropwise. The reaction was stirred for 3 h and slowly poured into
t o o

ice-water (30 cm ), then extracted with ether (2x20 cm ). The combined extracts were

dried (NaS04) and concentrated to give an oil, which was distilled in vacuo to give
the 4-methoxymethyl-2-methyl-5-phenyl-2-oxazoline intermediate as a clear liquid.
The 4-methoxymethyl-2-methyl-5-phenyl-2-oxazoline was then added to 3M

hydrochloric acid (75 cm ) and the mixture was heated under reflux for 3h. After
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O

cooling the aqueous mixture was washed with ether (10 cm ). The aqueous layer
made alkaline to pH 10 with 3M sodium hydroxide solution and extracted with ether

o

(3x 50 cm ). The ether portions were dried (MgS04) and concentrated to give an oil
that crystallised on standing to give the known (5,5)-aminoalcohol (S£)-79 (1 g, 54

%) which was used immediately; 8h (Intermediate) 2.10 (3H, d, .7=1.3, CH3), 3.41

(3H, s, CH3O), 3.52 (1H, dd, J=9.7 & 6.2, CH3OCtfAHB), 3.60 (1H. dd, J=9.1 & 4.4,

CH3OCHa//b), 4.07-4.13 (1H, m, CHN), 5.28 (1H, d, J=7.0, PhCH) and 7.27-7.39

(5H, m, Ph); 5H (Final Product) 2.03 (3H, br s, OH & NH2), 3.01-3.10 (1H, m, CHN),
3.34 (1H, dd, J=9A & 6.4, C//AHB), 3.35 (3H, s, CH3), 3.42 (1H, dd, J=9.4 & 4.0,

CHA//B), 4.60 (1H. d, PhCH) and 7.24-7.36 (5H, m, Ph).
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3.5 Acetimidate Esters

Acetimidic acid ethyl ester hydrochloride 71

Dry hydrogen chloride gas was bubbled through a solution of acetonitrile 42

(21 cm3, 393 mmol) in dry ethanol (30 cm3) at 0 °C. After the reaction flask had

gained 14 g in weight, the cloudy mixture was left to stand at room temperature

overnight. The mixture was then concentrated in vacuo to yield acetimidic acid ethyl
ester hydrochloride 71 (37.3 g, 76 %) as a white crystalline solid; mp 112-114 [Lit.,20
112-114]; 5h 1.49 (3H, t, J=7.1, Ctf3CH2), 2.48 (3H, s, CH3), 4.64 (2H, q, 7=7.1,

CH3C//2), 11.48 (1H, br s, Ni/AHB) and 12.40 (1H, br s, NHa//b).

2-Phenylacetimidic acid ethyl ester hydrochloride 72

Dry hydrogen chloride gas was bubbled through a solution of benzyl cyanide
43 (23 cm3, 193 mmol) in dry ethanol (15 cm3) at 0 °C. After the reaction flask had

gained 7 g in weight the cloudy mixture was left to stand at room temperature

overnight. The mixture was then concentrated in vacuo to yield 2-phenyl-acetimidic
acid ethyl ester hydrochloride 72 (36.6 g, 95 %) as a white waxy solid; mp 78-79

[Lit.,21 78-79]; 5H 1.44 (3H, t, 7=6.9, CH3), 4.05 (2H, s, PhCH2), 4.61 (2H, q, 7=6.9,

CH2), 7.30-7.39 (3H, m, Ph), 7.43-7.46 (2H, m, Ph), 11.64 (1H, br s, N/TvHb*) and
12.69 (1H, br s, NHAHB+).
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3.6 2-Oxazolines

3.6.1 Non Chiral Oxazolines

2-Benzyl-4,4-dimethyl-2-oxazoline 27

Phenylacetic acid 32 (20 g, 0.15 mol) and 2-amino-2-methylpropanol 31

(13.40 g, 0.15 mol) were dissolved in xylene (100 cm3). The reaction mixture was

then heated under reflux using a Dean-Stark trap. After a calculated amount ofwater

(5.4 cm3, 0.30 mol) was collected, the mixture was allowed to cool to room

temperature. The mixture was washed with 10 % sodium bicarbonate solution (2x45

cm3), and the aqueous layers were extracted with xylene (2x25 cm3). The combined

organic layers were dried (NaS04) and the product was vacuum distilled to give the
known substituted oxazoline 27 (18.62 g, 66 %) as a clear oil. 5h 1.26 (6H, s, 2x

CH3), 3.58 (2H, s, CH2), 3.88 (2H, s, CH2), 7.19-7.33 (5H, m, Ph).

3.6.2 Chiral Oxazolines

Method A
•>

A solution of 1,2-aminoalcohol (1 eq) in dichloromethane (1.5 cm /mmol )
was added to a stirred solution of acetimidic acid ethyl ester hydrochloride (1.1 eq) in
dichloromethane (3.6 cm3/mmol) at 0 °C. After stirring for 40 h the reaction mixture
was washed with water (2x1.5 cm3/mmol). The aqueous layer was extracted with
dichloromethane (3x1.5 cm3/mmol) and the combined organic layers dried (MgSCU)
and concentrated in vacuo. Purification was achieved by Kugelrohr distillation

initially at room temperature to remove any EtOAc and then at a higher temperature
to give the pure oxazoline.

Method B

Triethylamine (1.6 eq) was added dropwise to a stirred mixture of 1,2-
aminoalcohol (1 eq), acetimidic acid ethyl ester hydrochloride (1.5 eq) and
dichloromethane (5 cm3/mmol) at 0 °C. After stirring at room temperature overnight,
the reaction mixture was poured into ice-water and the aqueous layer was extracted

-208-



Experimental: 2-Oxazolines

with dichloromethane (3x5 cm3/mmol). The organic layer was dried (MgS04) and
concentrated in vacuo to give an opaque viscous oil. Purification was achieved by
column chromatography (Si02, hexanes:EtOAc) to give the pure oxazoline.

(S)-4-Isopropyl-2-methyl-2-oxazoline (S)-81

Method A: Clear oil; Yield (60 %); [a]25 -81.3 (c 3.44 in CHC13) [lit.,22 -86.2 (c 1.10

in CHC13)]; 6h 0.88 (3H, d, 7=6.6, (C//3)2CH), 0.97 (3H, d, 7=6.6, (C//3)2CH), 1.72

(1H, oct, 7=6.6, (CH3)2C//), 1.98 (3H, d, 7=1.3, CH3), 3.78-3.96 (2H, m, CHN &

C/fAHB) and 4.20-4.27 (1H, m, CHANB).

(S)-2-Benzyl-4-/so-propyl-2-oxazoline (5)-82

Method B: Clear Oil; Yield (59 %); Rf (Si02, 9:1 hexane:EtOAc) 0.1; [a]25 -67.7 (c

2.16 in CHC13); 8h 0.86 (3H, d, 7=6.8, CH3), 0.95 (3H, d, 7=6.8, CH3), 1.74 (1H, oct,

7=6.8, (CH3)2C//), 3.62 (2H, s, PhCH2), 3.83-3.94 (2H, m, CHN & C7fACHB0), 4.10-
4.23 (1H, m, CHaCT/bO) and 7.17-7.30 (5H, m, Ph).

(i?)-2-Benzyl-4-Ao-propyl-2-oxazoline (/?)-82

Method B: Clear Oil; Yield (33 %); [a]2D5 66.4 (c 1.56 in CHC13)

(S)-2-Benzyl-4-tert-butyl-2-oxazoline (S)-83

Method B: Clear Oil: Yield (33 %); Rf (Si02, 9:1 hexane:EtOAc) 0.25; [a]25 -69.2 (c
0.43 in CHC13); v^Filmycm"1 1670 (C=N); 5H 0.88 (9H, s, lBu), 3.63 (2H, d, J=2.6,

PhCH2), 3.85 (1H, dd, J=8.4 & 9.5, CHN), 4.01 (1H, t, J=8.2, C//aHbO), 4.08-4.17

(1H, m, CHa77bO) and 7.20-7.31 (5H, m, Ph); 8C 25.7 (3x CH3), 33.5 (C(CH3)3), 34.8

(PhCH2), 68.7 (CH20), 75.6 (CHN), 126.8 (CHAr), 128.4 (CHAr), 128.8 (CHAr), 135.3

(Cq) and 165.5 (C=N); m/z (ES+) 218 [100 %, (M+H4)], [Found: (MH)+, 218.1540.
Ci4H2oNO requires 218.1545].
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(i?)-2-Benzyl-4-tert-butyl-2-oxazoline (/?)-83

Method B: Clear Oil; Yeild (34 %); [«]" 68.5 (c 1.2 in CHC13).

(5)-2-Benzyl-4-phenyl-2-oxazoline (5)-84

Method B: Clear oil; Yield (75 %); Rf (Si02, 9:1 hexane:EtOAc) 0.25; [«]^5 70.4 (c
1.39 in CHC13) [lit.,23 95.4 (c 9.60 in CHCI3)]; 5H 3.64 (2H, s, PhC/f2), 4.08 (1H, m,

CT/aHb), 4.60 (1H, m, CHA//B), 5.19 (1H, t, J=9.2, CHN) and 7.20-7.39 (10H, m,

2xPh).

(S)-2,4-Dibenzyl-2-oxazoline (5)-85

Method B: Oil; Yield (55 %); Rf (Si02, 9:1 hexane:EtOAc) 0.20; [a]2D5 -41.9 (c 0.34 in
EtOH) [Lit.,24 -43.7 (c 1.08 in EtOH); 5H 2.66 (1H, dd, J=13.8 & 8.4,

PhC//AHBCHN), 3.09 (1H, dd, .7=13.8 & 8.4, PhCHA7/BCHN), 3.60 (2H, s, PhCH2),
3.94 (1H, dd, .7=8.4 & 7.3, C7/cHdO), 4.16 (1H, dd, 7=9.3 & 8.4, CHc^dO), 4.34-
4.44 (1H, m, CHN), and 7.15-7.34 (5H, m, Ph).

(5)-2-Benzyl-4-cyclohexylmethyl-2-oxazoline (S)-86

Method B: Oil; Yield (56 %); Rf (Si02, 9:1 hexane:EtOAc) 0.23; [a]25 67.1 (c 1,19 in

MeOH); v^Filmycm"1 1644 (C=N); 5H 0.85-0.99 (2H, m, C6Hn), 1.07-1.34 (4H, m,

C6HnC/7AHB & C6H„), 1.36-1.50 (1H, m, C6Hn), 1.55-1.78 (6H, m, C6HnCHA77B &

C6H„), 3.61 (2H, s, PhCH2), 3.78 (1H, t, J=7.8, C7/cHdO), 4.10-4.20 (1H, m, CHN),
3.78 (1H, dd, 7=9.4 & 7.9, CHc//dO) and 7.21-7.35 (5H, m, Ph); 8C 26.60 (CH2),
26.62 (CH2), 26.9 (CH2), 33.9 (CH2), 34.0 (CH2), 35.2 (CH), 35.3 (CH2), 44.7

(PhCH2), 64.4 (CHN), 73.7 (CH20), 127.3 (CHAr), 129.0 (CHAr), 129.3 (CH^), 135.7

(Cq) and 165.9 (C=N); m/z (TOF MS-CI+) 258 [100 %, (M+H+)], [Found: (MH)+,
258.1866. CnH24NO requires 258.1858].
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(.S)-2-Benzyl-2-oxazolme-4-carboxylic acid methyl ester (5)-87

Method B: Oil; Yield (30 %); Rf (Si02, 9:1 hexane:EtOAc) 0.2; [a]" 65.9 (c 0.33 in

CHC13) [lit.,25 -14.75 (c 1.50 in CHCI3)]; 5H 3.62 (1H, d, .7=15.0, PhC//AHB), 3.69

(1H, d, .7=15.0, PhCHA//B), 3.76 (3H, s, OMe), 4.35 (1H, dd, .7=10.6 & 8.7), 4.46 (1H,
dd, .7=8.7 & 7.8), 4.72 (1H, dd, /=7.8 & 10.6) and 7.20-7.30 (5H, m, Ph).

(5',5)-4-Hydroxymethyl-2-methyl-5-phenyl-2-oxazoline (5VS)-219

Method A: Recrystallisation from ether at -78 °C, instead of distillation; Pale yellow

crystals; Yield (51 %); mp 62-63 [Lit.,26 63-64]; [a£ -146.21 (c 2.27 in CHCI3) [lit.,26
-150.0 (c 1.00 in CHCI3)]; 6h 2.11 (3H, d, .7=1.5, CH3), 3.66 (1H, dd, .7=11.6 & 4.1,

C77aHb), 3.93 (1H, dd, .7=11.6 & 3.6, CHA/7B), 4.01-4.07 (1H, m, CHN), 5.34 (1H, d,
.7=7.7, PhC/7) and 7.26-7.41 (5H, m, Ph).

(SVS)-2-Benzyl-4-methoxymethyl-5-phenyl-2-oxazoline (A,5)-88

Method B: Soft Yellow Wax; Yield (85 %); Rf (Si02, 9:1 hexane:EtOAc) 0.1; [a]" -
38.0 (c 0.16 in EtOH) [Lit.,27 -38.2 (c 9.3 in EtOH)]; 6H 3.40 (3H, s, CH3), 3.50 (1H,
dd, .7=9.7 & 6.3, C77AHB), 3.63 (1H, dd, J=9.7 & 4.5, CHA77B), 3.93 (2H, d, J=2.2,

PhC772), 4.08-4.14 (1H, m, CHN), 5.29 (1H, d, .7=6.8, PhCTT) 7.12-7.16 (2H, m, Ph)
and 7.24-7.39 (8H, m, Ph).

(5)-1 -(2-Benzyl-2-oxazolinyl)diphenylmethanol (£)-89

Method B: Only unreacted starting materials observed, therefore alternative route

from (S)-2-Benyl-2-oxazoline-4-carboxylic acid methyl ester used.
A solution of (S)-2-benzyl-2-oxazoline-4-carboxylic acid methyl ester (S)-87

o

(2 g, 9.1 mmol) in THF (30 cm) added to a freshly prepared solution,of
o

phenylmagnesium bromide (5 g, 27.4 mmol) in THF (10 cm ) (prepared by slow
addition of neat bromobenzene (2.9 cm3) to Mg(0) (0.67 g, 27.4 mmol) in THF (10

o

cm ). The resulting mixture was stirred at room temperature overnight, after which
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the mixture was quenched by pouring into saturated ammonium chloride. Ether (50
cm3) was added and the aqueous layer extracted with ether (2x30 cm3) and the
combined organic layers were washed with sat. NaHCO^aq), NaCl(aq) and water.

Drying (MgS04) and concentration gave the crude product. Purification was achieved
via column chromatography (Si02, 4:1, hexanes:EtOAc) to give waxy solid (5)-89;

(1.55 g, 50 %); Rf (Si02, 4:1 hexane:EtOAc) 0.25; [afD5-33.8 (c 0.5 in CHC13);
VmaxCFilmycm"1 1660 (C=N) & 3400 (OH); 5H 2.52 (1H, br s, OH), 3.64 (2H, s,

PhCH2), 4.01-4.11 (2H, m, CH20), 5.30-5.36 (1H, m, CHN), 7.14-7.36 (11H, m, Ph),
7.38-7.41 (2H, m, Ph) and 7.56-7.61 (2H, m, Ph); 6C 35.0 (PhCH2), 69.3 (CH20), 72.6

(CHN), 78.0 (Ph2C), 125.6 (CHAr), 126.6 (CHAr), 126.8 (CHat), 127.0 (CHAr), 127.1

(CHAr), 128.26 (CHa,), 128.3 (CHAr), 128.6 (CHAr) 135.0 (Cq), 144.0 (Cq), 145.7 (Cq)
and 169.5 (C=N); m/z (TOF MS-ES+) 344 [100 %, (M+H+)], [Found: (MH)+,
344.1650. C23H22N02 requires 344.1651].
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3.7 2-(Arylalkyl)-2-Oxazolines

Preparation of 2-(Arylalkyl) 2-oxazolines

2.5M n-BuLi in hexanes (1.05 eq) was added dropwise to a stirring solution of
the 2-oxazoline (1 eq) in dry THF (0.75 cm3/mmol) and dry hexane (0.38 cm3/mmol)
under nitrogen at -78 °C. After stirring for 5 min o-halophenethyl halide (1.05 eq) in

dry THF (0.38 cm3/mmol) and dry hexane (0.2 cm3/mmol) was added over a 10
minute period. The solution was then allowed to warm to room temperature slowly
over 3 h, then water (3x2 cm3/mmol) was added. The aqueous layer was extracted
with ether (3x3.2 cm3/mmol), the combined organic layers were washed with water

(3.2 cm /mmol), dried (MgS04) and concentrated in vacuo to give the crude
substituted 2-oxazoline. Purification was achieved by column chromatography using
Si02 or AI2O3 and ethyl acetate/hexanes mixtures as elutant.

2-[3-(2-Chlorophenyl)propyl]-4,4-dimethyl-2-oxazoline 33a

Clear oil; Yield (54 %); Rf (AI2O3, 9:1, hexane:EtAc) 0.3; vmax(Film)/cm"' 1648

(C=N); 5h 1.27 (6H, s, 2xCH3), 1.91-2.01 (2H, m, Ci/2(CH2)2), 2.31 (2H, t, 7=7.5,

CH2), 2.79 (2H, t, 7=7.7, ArCH2), 3.91 (2H, s, CH20), 7.10-7.24 (3H, m, ArH) and
7.31-7.34 (1H, m, HCCC1); 5C 26.1 (CH2), 27.6 (CH2), 28.4 (2xCH3), 32.8 (CH2),
66.9 ((CH3)2CH), 78.9 (CH20), 126.7 (CHAr), 127.4 (CHat), 129.4 (CHAr), 130.5

(CHAr), 133.9 (CC1), 139.1 (Cq) and 165.6 (C=N); m/z (CI) 252 [100 %, (M+H)+]
[Found: (MH)+, 252.1147. Ci4H19ON35C1 requires 252.1155],

2-[3-(2-Bromophenyl)-propyl]-4,4-dimethyl-2-oxazoline 33b

Clear oil; Yield (80 %); Rf (AI2O3, 9:1, hexanes:EtAc) 0.25; vmax(Film)/cm"1 1668

(C=N); 5h 1.27 (6H, s, 2xCH3), 1.88-2.00 (2H, m, CH2Ci/2CH2), 2.32 (2H, t, 7=7.7,

CH2), 2.79 (2H, t, 7=7.8, ArCH2), 3.91 (2H, s, CH20), 7.01-7.07 (1H, m, ArH), 7.21-
7.28 (2H, m, ArH) and 7.50-7.53 (1H, m, HCCBr); 8C 26.2 (CH2), 27.6 (CH2), 28.4

(2xCH3), 35.3 (CH2), 66.9 ((CH3)2CH), 78.9 (CH20), 124.4 (CBr), 127.3 (CHAr),
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127.6 (CHAr), 130.4 (CHAr), 132.7 (CHAr), 140.8 (Cq) and 165.5 (C=N); m/z (CI) 296
[100 %, (M+H)+],

2-[3-(2-Chlorophenyl)-l-phenylpropyl]-4,4-dimethyl-2-oxazoline 34a

Clear Oil; Yield (48 %); Rf (AI2O3, 19:1, hexane:EtAc) 0.2; vmax(Film)/cm"1 1635

(C=N); 5h 1.27 (3H, s, CH3), 1.28 (3H, s, CH3), 2.07-2.19 (1H, m, CHC//AHBCH2),
2.32-2.44 (1H, m, CHCHA//BCH2), 2.63-2.80 (2H, m, ArCH2), 3.60 (1H, t, 7=7.8,

CH), 3.87 (2H, s, CH20), 7.07-7.20 (3H, m, ArH) and 7.22-7.37 (6H, m, ArH); 8C
28.1 (CH3), 28.3 (CH3), 31.4 (CH2), 33.5 (CH2), 44.9 (CH), 66.8 ((CH3)2CH), 78.9

(CH20), 126.6 (CHAr), 127.0 (CHAr), 127.3 (CHAr), 127.7 (CHAr), 128.5 (CHAr),
129.3 (CHat), 130.4 (CH^), 133.8 (CC1), 139.0 (Cq), 139.6 (Cq) and 166.5 (C=N); m/z
328 (CI) [100 %, (M+H)+] [Found: (MH)+, 328.1478. C20H23ON35C1 requires

328.1468].

2-[3-(2-Bromophenyl)-1 -phenylpropyl]-4,4-dimethyl-2-oxazoline 34b

White Solid; Yield (66 %); Rf (Si02, 9:1 hexanes:EtOAc) 0.25; mp 69.5-71.5

(EtOAc:hexanes); (Found C, 64.7; H, 5.75; N, 3.6. C2oH22ONBr requires C, 64.5; H,

6.0; N, 3.8 %); v^CNu^/cm'1 1668 (C=N); 8H 1.28 (3H, s, CH3), 1.30 (3H, s, CH3),
2.05-2.19 (1H, m, CHC/fACHBCH2), 2.31-2.43 (1H, m, CHCHAC//BCH2), 2.60-2.81

(2H, m, ArCH2), 3.61 (1H, t, 7=7.8, CH), 3.90 (2H, s, CH20), 7.00-7.06 (1H, m,

ArH), 7.16-7.38 (7H, m, ArH) and 7.48-7.51 (1H, m, HCCBr); 8C 28.1 (CH3), 28.3

(CH3), 33.6 (CH2), 34.0 (CH2), 44.9 (CH), 67.0 ((CH3)2CH), 79.0 (CH20), 124.3

(CBr), 127.1 (CHAr), 127.3 (CHAr), 127.6 (CHAr), 127.8 (CHAr), 128.5 (CHArH), 130.4

(CHAr), 132.7 (CHAr), 139.7 (Cq), 140.8 (Cq) and 166.6 (C=N); m/z (CI) 372 [95 %,
(M+H)+] [Found: (MH)+ 372.0945. C20H23ON79Br requires 372.0963],

(4S)-2-[3-(2-Bromophenyl)propyl]-4-isopropyl-2-oxazoline (S)-102

Yield (50 %); Rf (Si02, 4:1 hexanes:EtOAc) 0.25; Vmax/cm"1 (Film) 1670 (C=N); 8h
0.88 (3H, d, 7=6.9, CH3), 0.96 (3H, d, J=6.7, CH3), 1.74 (1H, dqq, 7=6.9, 6.9 & 6.7,

(CH3)2C//), 1.75 (2H, qu, 7=7.8, CH2), 2.35 (2H, t, 7=6.8, CH2C=N), 2.80 (2H, t,

7=6.8, ArCH2), 3.84-3.95 (2H, m, CHN & C//aHbO), 4.14-4.23 (1H, m, CHa//bO),
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7.00-7.10 (1H, m, ArH), 7.16-7.30 (2H, m, ArH) and 7.50-7.54 (1H, m, HCCBr); 5C
18.1 (CH3), 18.8 (CH3), 26.3 (CH2), 27.6 (CH2C=N), 32.5 ((CH3)2CH), 35.4 (ArCH2),
69.8 (CH20), 72.0 (CHN), 124.4 (CBr), 127.3 (CHAr), 127.6 (CHat), 130.4 (CHAr),
132.7 (CHAr), 140.8 (Cq) and 166.6 (C=N); m/z (CI) 310 [100 %, (M+H)+] Found:
(MH)+, 310.0807. Ci5H2iN079Br requires 310.0807].

(45)-2-[3-(2-Bromophenyl)-1 -phenyl-propyl]-4-isopropyl-2-oxazoline (5)-103

2:1 Mixture ofDiastereoisomers

White solid; Yield (71 %); Rf (Si02, 2:1 hexanes:EtOAc) 0.38; vmax/cm"' 1664 (C=N);
6h (500MHz, CDC13) 0.85 (3H, d, J=6.8, CH3, major isomer), 0.87 (3H, d, J=6.8,

CH3, minor isomer), 0.93 (3H, d, 7=6.8, CH3, major isomer), 0.96 (3H, d, 7=6.8, CH3,
minor isomer), 1.71-1.82 (1H, m, C//(CH3)2), 2.10-2.20 (1H, m, CHAHB), 2.33-2.43

(1H, m, CHaHb), 2.64-2.82 (2H, m, ArCH2), 3.66 (1H, t, J=7.8, PhCH, major

isomer), 3.69 (1H, t, 7=8.1, PhCH, minor isomer), 3.88-3.95 (2H, m, C//cHdO,

CHN), 4.01-4.21 (1H, m, CHcHd), 6.99-7.06 (1H, m, Ar), 7.15-7.27 (3H, m, Ar),
7.30-7.38 (4H, m, ArH) and 7.48-7.50 (1H, m, ArH); 6c 17.9 (CH3, major isomer),
18.0 (CH3, minor isomer), 18.7 (CH3, major isomer), 18.8 (CH3, minor isomer), 32.4

((CH3)2CH, minor isomer), 32.5 ((CH3)2CH, major isomer), 33.5 (CH2, minor

isomer), 33.7 (CH2, major isomer), 34.1 (ArCH2, minor isomer), 34.2 (ArCH2, major

isomer), 45.1 (PhCH, major isomer), 45.2 (PhCH, minor isomer), 69.8 (CH20), 71.7

(CHN), 124.3 (CBr), 127.0 (CHAr, major isomer), 127.1 (CHAr, minor isomer), 127.3

(CHAr), 127.6 (CHAr), 127.8 (CHAr, major isomer), 128.0 (CHAr, minor isomer), 128.5

(CHAr), 130.3 (CHat), 132.7 (CHAr), 139.6 (Cq, minor isomer), 139.9 (Cq, major
isomer), 140.8 (Cq, minor isomer), 140.9 (Cq, major isomer) and 167.8 (C=N), m/z
(ES+) 386 [100 %, (M+H+)], [Found: (MH)+, 386.1122. C2iH25N079Br requires

386.1120].

(4i?)-2-[3-(2-Bromophenyl)-l-phenyl-propyl]-4-isopropyl-2-oxazoline (/?)-! 03

Yield (68 %), See data for (5)-103
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(4S)-2-[3-(2-Bromo-phenyl)-l-phenyl-propyl]-4-tert-butyl-2-oxazoline (5)-104

Mixture of diastereoisomers

White Solid; Yield (72 %); Rf (9:1 hexane:EtOAc) 0.2; (Found C, 65.8; H, 6.6; N,
3.3. C22H26ONBr requires C, 66.0; H, 6.5; N, 3.5 %); vmJcml 1669 (ON); 5h 0.86

(9H, s, C(CH3)3, minor isomer), 0.90 (9H, s, C(CH3)3, major isomer), 2.06-2.21 (1H,

m, C//AHB), 2.29-2.46 (1H, m, CHA//B), 2.61-2.86 (2H, m, ArCH2), 3.62-3.75 (1H, m,

PhCH), 3.81-3.89 (1H, m, CHN), 3.99-4.10 (1H, m, C//cHdO), 4.10-4.18 (1H, m,

CHc//dO), 7.00-7.08 (1H, m, ArH), 7.16-7.41 (7H, m, ArH) and 7.49-7.51 (1H, m,

BrCCH); 8c 25.8 ('Bu, minor isomer), 26.0 (*Bu, major isomer), 33.7 (CH2, major

isomer), 33.7 (CH2, minor isomer), 34.2 (CH2, major isomer), 34.4 (CH2, minor

isomer), 45.3 (PhCH, minor isomer), 45.4 (PhCH, major isomer), 68.6 (CH20, minor

isomer), 68.6 (CH20, major isomer), 75.4 (CHN, minor isomer), 75.6 (CHN, major

isomer), 124.4 (CBr), 127.0 (CHAr), 127.1 (CHAr), 127.4 (CHAr), 127.6 (CHAr), 127.9

(CHAr), 128.1 (CHAr), 128.5 (CHAr), 130.4 (CHAr), 132.8 (CHAr), 139.7 (Cq, major
isomer), 140.0 (Cq, minor isomer), 141.0 (Cq, major isomer), 141.1 (Cq, minor
isomer), 167.7 (C=N, minor isomer) and 167.8 (C=N, major isomer); m/z (ES+) 400

[100 %, (M+H+] [Found: (MH)+, 400.1279. C22H27N079Br requires 400.1276],

(4i?)-2-[3-(2-Bromo-phenyl)-l-phenyl-propyl]-4-/er?-butyl-2-oxazoline (/?)-104

Yield (80 %), See data for (5)-104

(4S)-2-[3-(2-Bromo-phenyl)-l-phenyl-propyl]-4-phenyl-2-oxazoline (5)-105

Mixture ofDiastereoisomers

White Solid; Yield (40 %); Rf (9:1 hexanes:EtOAc) 0.1; Vmax/cm"1 1656 (C=N); 8h
2.16-2.30 (1H, m, C//AHB), 2.41-2.55 (1H, m, CHA//B), 2.68-2.89 (2H, m, ArCH2),
3.73-3.79 (1H, m, PhC//), 4.03-4.11 (1H, m, C//cHdO), 4.53-4.63 (1H, m, CHc//dO),
4.53-4.63 (1H, m, CHN), 7.01-7.08 (1H, m, ArH), 7.18-7.45 (12H, m, ArH) and 7.49-
7.52 (1H, m, BrCCH); m/z (CI) 420 [100 %, (M+H+], [Found: (MH)+, 420.0957.
C24H23N079Br requires 420.0963].
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(4iS)-2-[3-(2-Bromophenyl)-1 -phenylpropyl]-4-benzyl-2-oxazoline (5)-106

1:1 Mixture of diastereoisomers

White Solid; Yield (88 %); Rf (9:1 hexanes:EtOAc) 0.25; vmax/cm"' 1645 (ON); 5H
2.04-2.20 (1H, m, PhCHC//AHB), 2.28-2.46 (1H, m, PhCHCHA#B), 2.58-2.78 (3H,
m, ArCH2 & PhC//cHD), 3.07-3.15 (1H, m, PhCHctfo), 3.56-3.66 (1H, m, PhCH),
3.88-3.96 (1H, m, C77eHfO), 4.06-4.16 (1H, m CHe^FO), 4.34-4.46 (1H, m, CHN),
7.00-7.05 (1H, m, Ar), 7.14-7.36 (12H, m, Ph & Ar) and 7.48-7.51 (1H, m, Ar); 5C28
33.5 (CH2, isomer A), 33.7 (CH2, isomer B), 34.0 (CH2, isomer A), 34.1 (CH2, isomer

B), 41.5 (CH2), 44.9 (PhCH, isomer A), 45.0 (PhCH, isomer B), 66.9 (CHN, isomer

A), 67.0 (CHN, isomer B), 71.5 (CH20), 124.4 (CBr), 126.4 (CHat), 127.1 (CHAr),
127.2 (CHa,), 127.3 (CHAr), 127.6 (CHAr), 127.88 (CHAr), 127.9 (CHAr), 128.38

(CHat), 128.42 (CHat), 128.5 (CHAr), 129.2 (CHat), 129.3 (CHAr), 130.4 (CHAT), 132.
7 (CHat), 137.6 (Cq, isomer A), 137.7 (Cq, isomer B), 139.5 (Cq, isomer A), 139.6 (Cq,
isomer B), 140.77 (Cq, isomer A), 140.8 (Cq, isomer B), 168.55 (C=N, isomer A) and
168.57 (ON, isomer B); m/z (CI) 434 [100 %, (M+H+)], [Found: (MH)+, 434.1109.
C25H25N079Br requires 434.1120],

(45)-2-[3-(2-Bromo-phenyl)-l-phenylpropyl]-4-cyclohexylmethyl-2-oxazoline

(5)-107

3:2 mixture of diastereoisomers

White Solid; Yield (49 %); Rf (9:1 hexanes:EtOAc) 0.25; v^/cm"1 1647 (ON); 6H
0.83-1.01 (2H, m, C6Hn), 1.08-1.32 (4H, m, C6HiiC//aHb & C6H„), 1.34-1.48 (1H,

m, C6Hn), 1.58-1.75 (6H, m, C6HnCHAHB & C6Hn), 2.08-2.20 (1H, m,

PhCHC//AHB), 2.30-2.44 (1H, m, PhCHCHA//B), 2.62-2.81 (2H, m, ArCH2), 3.60-
3.68 (1H, m, PhCH), 3.76-3.81 (1H, m, C//cHdO), 4.09-4.30 (1H, m, CHN &

CHctfoO), 7.00-7.08 (1H, m, ArH), 7.16-7.38 (1H, m, ArH) and 7.48-7.51 (1H, m,

HCCBr); 6C 26.2 (CH2), 26.5 (CH2), 33.4 (CH2), 33.57 (CH2, minor isomer), 33.61

(CH2, major isomer), 33.8 (CH2), 34.1 (CH2, minor isomer), 34.2 (CH2, major

isomer), 34.7 (CH, minor isomer), 34.8 (CH, major isomer), 44.2 (CH2, major

isomer), 44.3 (CH2, minor isomer), 45.1 (PhCH), 63.8 (CHN, minor isomer), 63.9

(CHN, major isomer), 73.0 (CH20, major isomer), 73.1 (CH20, minor isomer), 124.4

(CBr), 127.1 (CHAr, major isomer), 127.2 (CHAr, minor isomer), 127.4 (CHAr), 127.9
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(CHat), 128.6 (CHat), 130.4 (CHAr), 132.8 (CHAr), 139.7 (Cq, minor isomer), 139.8

(Cq, major isomer), 140.9 (Cq, minor isomer), 141.0 (Cq, major isomer) and 167.7

(ON); m/z (CI) 440 [100 %, (M+H+)], [Found: (MH)+, 440.1570. C25H3iN079Br
requires 440.1589].

(45',55)-2-[3-(2-Bromophenyl)-l-phenylpropyl]-4-methoxy-5-phenyl-2-oxazoline

(5yS)-108

3:2 Mixture of diastereoisomers

White Solid; Yield (55 %); Rf (4:1 hexanes:EtOAc) 0.25; vmax/cm"1 1640 (C=N); 6H
2.15-2.39 (1H, m, PhCHC//AHB), 2.38-2.53 (1H, m, PhCHCHAHQ), 2.70-2.88

(ArCH2), 3.39 (3H, s, MeO, minor isomer), 3.41 (3H, s, MeO, major isomer), 3.46-
3.54 (1H, m, CtfcHoOMe), 3.65 (1H, dd, 7=9.6, 4.3, CHc//DOMe, major isomer),
3.66 (1H, dd, 7=9.7, 4.4, CHc7/DOMe, minor isomer), 3.73 (1H, t, 7=7.7,

PhC//CHAHB, minor isomer), 3.80 (1H, t, 7=7.8, PhC//CHAHB, major isomer), 4.08-
4.17 (1H, m, CHN), 5.28 (1H, d, 7=6.6, PhCHO), 7.00-7.12 (3H, m, ArH), 7.17-7.38

(8H, m, ArH), 7.40-7.44 (2H, m, ArH) and 7.49-7.52 (1H, m, ArH); 5C 33.2 (CH2,

major isomer), 33.5 (CH2, minor isomer), 34.1 (CH2), 45.1 (PhCH, minor isomer),
45.3 (PhCH, major isomer), 59.2 (CHN), 74.26 (MeO, major isomer), 74.3 (CH20,

major isomer), 74.39 (MeO, minor isomer), 74.42 (CH20, major isomer), 83.2

(PhCHO, minor isomer), 83.5 (PhCHO, major isomer), 124.4 (CBr), 125.2 (CHAr),
125.4 (CHAT), 127.3 (CHAr), 127.4 (CHAr), 127.7 (CHAr), 127.9 (CHAr), 127.96

(CHAr), 128.0 (CHat), 128.1 (CHA,), 128.6 (CHAT), 130.5 (CHAr), 132.8 (CHAT), 139.4

(Cq, major isomer), 139.5 (Cq, minor isomer), 140.86 (Cq, major isomer), 140.88 ((Cq,
minor isomer) & (Cq, major isomer)), 140.9 (Cq, minor isomer), 168.9 (C=N, major
isomer) and 169.0 (C=N, minor isomer); m/z (CI ) 464 [100 %, (M+H+)], [Found:
(MH)+, 464.1219. C26H27N0279Br requires 464.1225].

(45)- {2-[3 -(2-Bromopheny1)-1 -phenylpropy1] -2-oxazolin-4-yl} -diphenylmethanol
(£)-109

2:1 Mixture of diastereoisomers

White Solid; Yield (41 %); Rf (9:1 hexanes:EtOAc) 0.2; vmax/cm"' 1654 (C=N) and
3547 (OH); 8H 2.05-2.17 (1H, m, PhCHC//AHB), 2.24-2.40 (2H, m, OH &
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PhCHCHa//b), 2.61-2.78 (2H, m, ArCH2), 3.73 (1H, t, J=7.7, PhCH), 4.02-4.13 (2H,

m, CH20), 5.28 (1H, t, J=9.6, CHN, minor isomer), 5.32 (1H, t, J=9.4, CHN, major

isomer), 6.99-7.06 (1H, m, ArH), 7.09-7.40 (16H, m, ArH), 7.46-7.51 (1H, m, ArH)
and 7.55-7.60 (2H. m, ArH); 5c 33.7 (CH2, minor isomer), 33.8 (CH2, major isomer),
34.2 (CH2, minor isomer), 34.3 (CH2, major isomer), 45.38 (PhCH, major isomer),
45.44 (PhCH, minor isomer), 69.1 (CH20, major isomer), 69.2 (CH20, minor isomer),
72.4 (CHN), 78.0 (Ph2C, minor isomer), 78.2 (Ph2C, major isomer), 124.3 (CBr,

major isomer), 124.4 (CBr, minor isomer), 125.7 (CHat), 126.7 (CHm), 126.8 (CHAr),
127.0 (CHat), 127.1 (CHat), 127.3 (CHat), 127.7 (CHa,), 128.0 (CHAr), 128.2 (CHAr),
128.6 (CHAr), 130.3 (CHAr), 130.4 (CHAr), 132.8 (CHAr), 139.4 (Cq, minor isomer),
139.7 (Cq, major isomer), 140.79 (Cq, major isomer), 140.84 (Cq, minor isomer),
144.0 (Cq, major isomer), 144.1 (Cq, minor isomer), 145.7 (Cq), 171.5 (C=N, minor
isomer) and 171.6 (Cq, major isomer); m/z (CI) 526 [100 %, (M+H4)], [Found: (MH)+,
526.1372. C3iH29N0279Br requires 526.1354].

2-[3-(2-Bromophenyl)butyl]-4,4-dimethyl-2-oxazoline 64

Acid-base work up employed and crude used without further purification; Clear oil;
Yield (not determined see Section 3.3.2.1 for overall yield); Vm^Filmycm"1 1664

(C=N); 5h 1.26 (6H, s, 2xCH3), 1.61-1.78 (4H, m, ArCH2Ci/2C//2), 2.30 (2H, t,
J=7.1, CH2), 2.74 (2H, t, J=7.4, ArCH2), 3.89 (2H, s, CH20), 7.01-7.07 (1H, m, ArH),
7.19-7.24 (2H, m, ArH) and 7.51 (1H, d, J= HCCBr); 5C 25.7 (CH2), 27.9 (CH2), 28.4

(2xCH3), 29.3 (CH2), 35.7 (CH2), 66.8 ((CII3)2C), 78.8 (CH20), 124.3 (CBr), 127.3

(CHAr), 127.4 (CHat), 130.2 (CHAr), 132.7 (CHAr), 141.4 (Cq) and 165.7 (ON); m/z (-
ES+) 310 [100 %, (M+H+)], [Found: (MH)+, 310.0807. Ci5H2iN079Br requires

310.0807],

2-[3-(2-Bromophenyl)-1 -phenylbutyl]-4,4-dimethyl-2-oxazoline 110

Clear Oil; Yield (69 %); Rf (Si02, 9:1 hexanes:EtOAc) 0.2; (Found C, 65.3; H, 6.8; N,
3.8. C2iH24ONBr requires C, 65.3; H, 6.3; N, 3.6 %); vmax(Nujol)/cm"' 1660 (ON);
5h 1.26 (3H, s, CH3), 1.27 (3H, s, CH3), 1.46-1.74 (2H, m, ArCH2CH2), 1.84-1.96

(1H, m, PhCHC/fACHB), 2.11-2.23 (1H, m, PhCHCHACHB), 2.66-2.82 (2H, m,

ArCH2), 3.58 (1H, t, J=7.8, PhCH), 3.86 (2H, s, CH20), 6.98-7.04 (1H, m, ArH),
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7.12-7.36 (7H, m, ArH) and 7.48 (1H, d, 7=7.8, HCCBr); 8C 27.7 (CH2), 28.2 (CH3),
28.3 (CH3), 33.5 (CH2), 35.9 (CH2), 45.2 (PhCH), 66.8 ((CH3)2C), 78.9 (CH20),
124.4 (CBr), 127.0 (CHAr), 127.3 (CHAr), 127.4 (CHAr), 127.7 (CHAr), 128.5 (CHAr),
130.2 (CHAr), 132.7 (CHAr), 140.0 (Cq), 141.4 (Cq) and 166.8 (C=N); m/z (ES+) 386
[100 %, (M+H+)], [Found: (MH)+, 386.1108. C2iH25N079Br requires 386.1120].

2-[3-(2-Bromophenyl)-1 -phenylpentyl]-4,4-dimethyl-2-oxazoline 111

Clear Oil; Yield (60 %); Rf (Si02, 9:1 hexanes:EtOAc) 0.2; VmaxCNujoiycm"1 1661

(C=N); 8h 1.25 (3H, s, CH3), 1.26 (3H, s, CH3), 1.15-1.47 (2H, m, CH2), 1.54-1.74

(2H, m, ArCH2C//2), 1.77-1.91 (1H, m, PhCHC77ACHB), 2.03-2.17 (1H, m,

PhCHCHAC//B), 2.68 (2H, t, 7=7.7, ArCH2), 3.53 (1H, t, 7=7.8, PhCH), 3.85 (2H, s,

CH20), 6.98-7.04 (1H, m, ArH), 7.11-7.33 (7H, m, ArH) and 7.49 (1H, dd, 7=8.0 &

1.0, HCCBr); 8C 27.1 (CH2), 28.2 (CH3), 28.3 (CH3), 29.4 (CH2), 33.6 (CH2), 35.8

(CH2), 45.3 (PhCH), 66.7 ((CH3)2Q, 78.8 (CHzO), 124.4 (CBr), 126.9 (CHAr), 127.2

(CHAr), 127.3 (CHAr), 127.7 (CHAr), 128.5 (CHAr), 130.2 (CHAr), 132.6 (CHAr), 140.2

(Cq), 141.7 (Cq) and 166.8 (C=N); m/z (ES+) 400 [100 %, (M+H+)], [Found: (MH)+,
400.1292. C22H27N079Br requires 400.1276].

2-[3-(2-Bromophenyl)-l-phenylhexyl]-4,4-dimethyl-2-oxazoline 112

Clear Oil; Yield (61 %); Rf (Si02, 9:1 hexanes:EtOAc) 0.2; Vmax^ujoiycm"1 1661

(C=N); 8h 1.27 (3H, s, CH3), 1.28 (3H, s, CH3), 1.20-1.45 (4H, m, 2x CH2), 1.53-1.63

(2H, m, ArCH2C//2), 1.75-1.87 (1H, m, PhCHCi/ACHB), 2.00-2.13 (1H, m,

PhCHCHAC//B), 2.68 (2H, t, 7=7.7, ArCH2), 3.52 (1H, t, 7=7.8, PhCH), 3.87 (2H, s,

CH20), 6.99-7.05 (1H, m, ArH), 7.13-7.35 (7H, m, ArH) and 7.50 (1H, dd, 7=8.0 &
0.9, HCCBr); 6C 27.3 (CH2), 28.2 (CH3), 28.4 (CH3), 29.0 (CH2), 29.7 (CH2), 33.7

(CH2), 36.0 (CH2), 45.4 (PhCH), 66.8 ((CH3)2Q, 78.9 (CH20), 124.4 (CBr), 126.9

(CHAr), 127.2 (CHAr), 127.3 (CHAr), 127.7 (CHAr), 128.5 (CHAr), 130.2 (CHAr), 132.7

(CHAr), 140.3 (Cq), 141.9 (Cq) and 166.9 (C=N); m/z (ES+) 414 [100 %, (M+H+)],
[Found: (MH)+, 414.1439. C23H29N079Br requires 414.1433].
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Experimental: 2-(Arylalkyl)-2-Oxazolines

4,4-Dimethyl-2-(3-phenylpropyl)-2-oxazoline 9829

2.5M n-BuLi in hexanes (1.94 cm3, 4.8 mmol) was added dropwise to a

stirring solution of 2,4,4-trimethyl-2-oxazoline 30 (0.5 g, 4.4 mmol) in dry THF (4
cm3) and dry hexane (2 cm3) under nitrogen at -78°C. After stirring for 5 min 2-
bromoethylbenzene 101 (0.9 g, 4.84 mmol) in dry THF (2 cm3) was added over a 10
minute period. The solution was then allowed to warm to room temperature slowly
over 3 h, after which water (10 cm3) was added. The aqueous layer was extracted with
ether (3x10 cm ), the combined organic layers were washed with water (20 cm ),
dried (MgS04) and concentrated in vacuo to give a crude product mixture which was

analysed by 'H-NMR. Analysis determined only starting materials present and the
known product, substituted oxazoline 98 with no unwanted elimination products; 6h
1.25 (6H, s, 2xCH3), 1.90-2.00 (2H, m, C//2(CH2)2), 2.27 (2H, t, 7=7.6, CH2), 2.66
(2H, t, 7=7.6, ArCH2), 3.88 (2H, s, CH20) and 7.14-7.30 (5H, m, ArH).
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Experimental; Substituted Propen-2-ols

3.8 Substituted Propen-2-ols

2-Bromophenylacetyl chloride 38b

Distilled thionyl chloride (11.7 cm3, 98 mmol) was added slowly via a syringe
to 2-bromophenylacetic acid 40b (7.00 g, 33 mmol). The solution was then heated
under reflux at 75 °C for 1.5 h after which time heating was stopped and the reaction
mixture was left to stand overnight at room temperature. The excess thionyl chloride
was removed under vacuum to afford the known product 38b in quantitative yield

(7.8lg) as a pale yellow liquid, 6H 4.29 (2H, s, CH2) 7.15-7.30 (3H, m, ArH) and 7.57

(1H, dd, J=7.9 & 1.3, HCCBr).

3-(2-Bromophenyl)-l-(4,4-dimethyl-2-oxazolin-2-yl)propen-2-ol 35b

2-4,4-Trimethyloxazoline 30 (0.5 g, 4.3 mmol) was placed in a 3-necked
round bottom flask fitted with a septum. The apparatus was flushed with N2 for 10
min. The N2 pressure was reduced and dry THF (12 cm3) was added via a syringe
before the flask was cooled to -78 °C using acetone/dry ice. After 5 min 2.5M BuLi in
hexane solution (3 cm3, 7.5 mmol) was added slowly with stirring and the reaction
mixture became bright yellow in colour. After stirring for 5 min, a solution of 2-

bromophenylacetyl chloride 38b in dry THF (1.00 g, 4.3 mmol in 3 cm3) was added

slowly via a syringe. The solution was then allowed to warm to room temperature

over a period of 1.5 h with stirring. To the reaction mixture brine (100 cm3) was
added, and the aqueous phase was extracted with ether (4x40 cm3). The combined

organic portions were washed with water (100 cm3) and dried (MgS04) and the
solvent removed. The crude product was then washed through alumina using hexane :

ethyl acetate (200 cm3, 3:1) and the solvent removed. To the residue boiling hexane

(30 cm3) was added and DCM was added dropwise until the residue fully dissolved.
The solution was then covered and cooled (-20 °C) overnight. The solution was

filtered and the filtrate washed with cold (-78 °C) ethyl acetate to afford the pure

product 35b (320 mg, 25 %) as a white crystals, 8h (300 MHz, CDCI3) 1.38 (6H, s,

2xCH3), 3.75 (2H, s, CH2), 4.07 (2H, s, CH20), 4.82 (1H, s, CH), 7.06-7.15 (1H, m,

ArH), 7.23-7.33 (2H, m, ArH), 7.53-7.56 (1H, m, ArH) and 9.55 (1H, bs, OH); 8C
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Experimental: Substituted Propen-2-ols

27.1 (2xCH3), 48.5 (ArCH2), 58.3 (C(CH3)2, 76.2 (CH), 78.8 (CH20), 125.1, 127.3,

128.0,131.6,132.6,137.1 (CBr), 168.7 and 192.8.

3-(2-Bromophenyl-1 -(4,4-dimethyl-2-oxazolin-2-yl)-1 -phenylpropen-2-ol 36b

2-Benzyl-4,4-dimethyl-2-oxazoline 27 (0.80 g, 4.3 mmol) was placed in a 3-
necked round bottom flask fitted with a septum. The apparatus was flushed with N2
for 10 min. The N2 pressure was reduced and dry THF (12 cm3) was added via a

syringe before the flask was cooled to -78 °C using acetone/dry ice. After 5 min 2.5M
BuLi in hexane solution (3 cm3, 7.5 mmol) was added slowly with stirring and the
reaction mixture became bright yellow in colour. After stirring for 5 min, a solution of
2-bromophenylacetyl chloride 38b in dry THF (1.00 g, 4.3 mmol in 3 cm3) was added

slowly via a syringe. The solution was then allowed to warm to room temperature

over a period of 1.5 h with stirring. To the reaction mixture brine (100 cm3) was
•5 t

added, the aqueous phase was extracted with ether (4x40 cm ). The combined organic

portions where washed (water, 100 cm3) and dried (MgS04) and the solvent removed.
The crude product was then washed through alumina using hexane : ethyl acetate (200
cm , 3:1) and the solvent removed. Boiling hexane (30 cm ) was added to the residue
and DCM was added dropwise until the residue fully dissolved. The solution was then
covered and cooled (-20 °C) overnight. The solution was filtered and the filtrate
washed with cold (-78 °C) ethyl acetate to afford the pure product 36b (190 mg, 12

%) as white crystals, m.p 156-160, 5h 1.38 (6H, s, 2xCH3), 3.70 (2H, s, CH2), 4.05

(2H, s, CH20), 7.02-7.51 (9H, m, ArH) and 10.22 (1H, bs, OH); 5C 27.5 (CH3), 46.4

(ArCH2), 59.0 ((CH3)2C), 79.5 (CH20), 93.7, 125.5, 126.4, 127.2, 127.5, 128.3, 128.5,

128.6, 129.9, 132.2, 132.7, 132.8, 136.5, 138.1, 167.1 (OCN) and 192.0 (HOC); m/z

(CI) 386 [33 %, (M+H)+], [Found: (MH)+, 386.0746. C20H21NO279Br requires,

386.0756],
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3.9 Y-Substituted Propionic acids

3-(2-Chlorophenoxy)propionic acid 12331

A solution of 3-bromopropionic acid 122 (10 g, 66.0 mmol) and sodium

hydrogencarbonate (5.54 g, 66.0 mmol) in water (30 cm3) was added gradually over

one hour to 2-chlorophenol 48a (6.74 cm3, 66.0 mmol) in aqueous potassium

hydroxide (6 g in 20 cm3) at 100 °C. After heating for a further two hours, the
solution was cooled to 0 °C and acidified with concentrated hydrochloric acid. The

precipitate was collected and washed with water. The first aqueous filtrate was

extracted with ether (3x30 cm3) and the combined organic layers extracted with
saturated sodium hydrogencarbonate solution (3x30 cm). Acidification of the

aqueous layers with conc. HC1 afforded a further quantity of the crude product. The
crude product was suction dried to afford the known acid 123 (3.51 g, 26 %) as a

white solid; mp 115.5-116.5 (MeOH) [Lit.,31 112-113 (aq MeOH)]; 5H 2.92 (2H, t,
•7=6.4, CH2), 4.32 (2H, t, .7=6.4, OCH2), 6.89-6.98 (2H, m, ArH), 7.18-7.24 (1H, m,

ArH) and 7.36 (1H, dd, J=7.9 & 1.5, ArH); 5C 34.2 (CH2), 64.4 (CH2N), 114.0

(CHAr), 122.0 (CHat), 123.2 (CC1), 127.7 (CHAr), 130.4 (CHAr), 154.0 (CO) and 175.7

(C02H). m/z (CI) 200 [100 %, (M)+] [Found: (M)+ 200.0247. C9H9O3CI requires

200.0240].

3-(2-Bromophenylamino)propionic acid 12432

A mixture of 2-bromoaniline 49b (6.9 g, 40.0 mmol), 3-bromopropionic acid
122 (3.0g, 20.0mmol) and water (10 cm3) where heated to 85 °C for two hours with

stirring. The hot mixture was then allowed to cool to 40 °C, at which point it was
washed into a conical flask, firstly with ether (30 cm3), then water (20 cm3) and

finally saturated sodium hydrogencarbonate solution (30 cm3). The ether was made up

to approximately 60 cm3. Saturated sodium hydrogencarbonate solution was added
until carbon dioxide was no longer evolved and all solids had been dissolved. The

aqueous layer was washed with ether (3x30 cm3) and acidified to pH 4 with 5M

hydrochloric acid. The precipitate was filtered and washed with aqueous HC1 solution
at pH 4 and allowed to dry by suction to give the known /?-amino acid 124 (2.83 g, 58
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Experimental: y-SubstitutedPropionic acids

%) as a white solid. The purity of the product, measured by 'H-NMR was deemed

sufficient; mp 149.8-151.0 °C [Lit.,32 152.5-153.0 °C]; v^/cm"1 (nujol) 1711 (CO)
and 3330 (NH); 8H (d6-acetone) 2.68 (2H, t, 7=6.6, C//2C02H), 3.51 (2H, t, 7=6.6,

CH2N), 6.54-6.60 (1H, m, BrCCHCtf), 6.80 (1H, dd, 7=8.3 & 1.7), 7.18-7.24 (1H, m,

NCCHCtf) and 7.41 (1H, dd, 7=7.7 &1.4, HCCBr); 8C (d6-acetone) 34.1 (CH2), 40.2

(CH2N), 110.4 (CBr), 112.7 (CHAr), 119.0 (CHAr), 129.9 (CHAr), 133.6 (CH^), 146.1

(C=N) and 173.8 (C02H); m/z (CI) 242 [98 %, (M+H)+] [Found: (MH)+ 242.9911.

C9Hio02N79Br requires 242.9895].
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Experimental: Cyanoacetic acid Derivatives

3.10Cyanoacetic acid Derivatives

2-Bromophenyl cyanoacetate 127

Cyanoacetic acid 129 (8.5 g, 0.1 mol), 2-bromophenol 48b (8.4 cm3, 0.08 mol)
and phosphorus oxychloride (4.5 cm3) were heated under reflux until evolution of

hydrogen chloride gas ceased (2-3 h). After cooling the solid product was broken up

and washed with ice cold water. The solids were then dissolved in toluene (200 cm3)
and filtered. The filtrate was then washed with 5 % sodium hydrogencarbonate
solution. The organic layer was dried (Na2S04) and concentrated in vacuo. Krugelrohr
distillation afforded the pure ester 127 (70 %) as a clear oil; Vmax/cm"1 1778 (C=0) and
2268 (C=N); 5H 3.77 (2H, s, CH2), 7.12-7.18 (2H, m, Ar), 7.30-7.35 (1H, m, Ar) and
7.58-7.61 (1H, m, HCCBr); 6C 24.5 (CH2), 112.5 (CBr), 115.4 (C=N), 123.1 (CHAr),
128.1 (CHAr), 128.6 (CHAr), 133.3 (CHAr), 147.2 (C-O) and 160.9 (C=0); m/z (CI)
240 [95 %, (M+H+] [Found: (MH)+, 239.9666. C9H7N0279Br requires 239.9660],

Ar-(2-Bromophenyl)-2-cyanoacetamide 128

Cyanoacetic acid 129 (4.3 g, 50.0 mmol), and 2-bromoaniline 49b (9.5 g, 55.0

mmol), were dissolved in dichloromethane (50 cm3) and stirred at reflux.

Dicyclohexylcarbodiimide (10.8 g, 52.5 mmol) was added with care over 15 min. The
reaction was then stirred overnight at room temperature. The mixture was then filtered
and solvent removed. The residue was washed with a little cold dichloromethane.

Recrystallisation from dichloromethane/pentane to gave the pure product 127 (6.29 g,

52 %); mp 139.1-140.6; (Found: C, 46.3; H, 3.1; N, 11.6 C9H7N2OBr requires C,

45.2; H, 3.0; N, 11.7 %); vmJcm] 1670 (C=0), 2268 (C=N) and 3250 (NH); 5H 3.62

(2H, s, CH2), 7.07 (1H, ddd, .7=7.9, 7.7 &1.5, BrCCHC77), 7.36 (1H, ddd, .7=8.2, 7.7
& 1.5, HNCCHC/7), 7.59 (1H, dd, .7=7.9 &1.5, BrCCH) and 8.26 (2H, br dd, .7=8.2 &

1.5, HNCC77 & NH); 5C 28.1 (CH2), 116.6 (Cq), 117.4 (Cq), 126.7 (CHAr), 128.6
(CHAr), 130.0 (CHAr), 134.6 (CHAr), 137.6 (Cq) and 163.0 (C=0); m/z (CI) 238 [100
%, (M+H+] and 159 (16) [Found: (MH)+, 238.9812. C9H8N2079Br requires 238.9820],
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Experimental: SRN1 Reactions

3.11Srn1 Reactions

3.11.1 'BuOK/DMSO

3.11.1.1 General Procedure

Freshly sublimed potassium tert-butoxide (1.1 eq) was dissolved up in dry
distilled dimethyl sulfoxide (6 cm3/mmol). The substrate oxazoline (1 eq) in dimethyl
sulfoxide (6 cm3/mmol) was then added and stirred for 5 min. Triethylamine (1 eq)
was added and the resulting mixture was irradiated for 3-4 h. Water (6 cm3/mmol)
was added and the aqueous phase was extracted with dichloromethane (3x12
cm3/mmol). The combined organic extracts were washed (water (24 cm3/mmol)),
dried (MgSCU) and concentrated in vacuo to give the crude product.

3.11.1.2 2-[3-(2-Chlorophenyl)propyl]-4,4-dimethyl-2-oxazoline 33a

2-[3-(2-Chlorophenyl)propyl]-4,4-dimethyl-2-oxazoline 33a was reacted as

outline above with 3 h irraditaion. After work up the crude 'H-NMR spectrum showed

only the presence of starting material.

3.11.1.3 2-[3-(2-Bromophenyl)-1 -phenylpropyl]-4,4-dimethyl-2-oxazoline 34b

2-[3-(2-Bromopheny1)-1 -phenylpropyl] -4,4-dimethyl-2-oxazoline 34b was

reacted as shown above with 4 h irradiation. Analysis of the crude 'H-NMR and
GCMS revealed the presents of a 1 : 2 mixture of the starting material 34b and the

dehalogenated product 2-[l,3-diphenylpropyl]-4,4-dimethyl-2-oxazoline 141 Rf

(AI2O3, 19:1, hexane:EtAc) 0.3, 8H 1.25 (3H, s, CH3), 1.26 (3H, s, CH3) 2.09-2.18

(1H, m, CtfACHB), 2.37-2.44 (1H, m, CHAC//B), 2.59 (2H, t, .7=7.7, ArCH2), 3.54

(1H, t, 7=7.7, PhC/f), 3.81 (1H, s, CHcHdO), 3.82 (1H, s, CUcHdO) and 7.11-7.34

(10H, m, ArH); 6C 28.6 (CH3), 28.8 (CH3), 34.0, 35.9, 45.1, 67.3, 79.3, 126.3, 127.5,

128.3, 128.6, 128.8, 129.0, 129.1, 140.5, 141.9 and 167.1; m/z (EI) 293 (1 %, M+),
189(100, M-CgHg), 91 (16).
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3.11.2 MNH2/NH3

3.11.2.1 General Procedure

To a solution of ferric nitrate (0.03 eq) in liquid ammonia (15 cm3/mmol) at -
78 °C, was added with caution, either lithium or potassium metal (3 eq). The resulting
mixture was warmed to -33 °C and stirred until the blue colour faded to a grey

suspension (c.a 30 min). The substrate oxazoline (1 eq) in dry THF (1 cm3/mmol) was
added dropwise over 5 min and stirred for a further 10 min. After allowing the
mixture to warm to reflux (-33 °C), it was irradiated with UV for either 1 or 2 h, after
which solid NH4CI was added with extreme caution! The liquid ammonia was

allowed to evaporate while being slowly replaced by ether (20 cm3/mmol). The
ethereal solution was decanted and the solids washed with ether (2x50 cm3/mmol).
The combined portions were dried (MgS04) and concentrated in vacuo to give the
crude product.

3.11.2.2 2-[3-(2-Chlorophenyl)propyl]-4,4-dimethyl-2-oxazoline 33a

Following the procedure above 2-[3-(2-chlorophenyl)propyl]-4,4-dimethyl-2-
oxazoline 33a was reacted with LiNFE in liquid ammonia with irradiation for 2 h to

yield after work up a 5 : 1 mixture of starting material 33a and the reduced product 2-

[3-phenylpropyl]-4,4-dimethyl-2-oxazoline 98 (for data see Section 3.7) as

determined by 'H-NMR analysis.

3.11.2.3 2-[3-(2-Bromophenyl)-1-phenylpropyl]-4,4-dimethyl-2-oxazoline 34b

2-[3-(2-Bromophenyl)-l-phenylpropyl]-4,4-dimethyl-2-oxazoline 34b was

added to a stirring solution of potassium amide in liquid ammonia as detailed above.
After 1 h irradiation and work up, the crude mixture was weighed and a portion

placed in an NMR tube and CDCI3 was added followed by 5 pi of dibromomethane
as an internal standard. The 'H-NMR revealed three separate species, these were

starting material 34b, yield (51 %), diphenylpropyl-2-oxazoline 141, yield (31 % );

(for data see Section 3.11.1.3) and the desired 4,4-dimethyl-2-(r-phenyl-indan-l'-yl)-
2-oxazoline 140 yield (16 %); Rf (SiC>2, 9:1 hexanes:EtOAc) 0.35; vmax(film)/cm"1
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1649 (C=N); 5H 1.24 (3H, s, CH3), 1.40 (3H, s, CH3), 2.30 (1H, ddd, J=12.6, 7.7, 5.1,
C/7aHb), 2.82 (1H, ddd, /=15.6, 7.7 & 7.4, ArC//cHD), 3.00 (1H, ddd, .7=15.6, 7.9,
5.1, AtCHc//d), 3.18 (1H, ddd, J=12.6, 7.9 &7.4, CHa//b), 3.90 (1H, AB doublet
7-7.9, C//eHfO), 3.97 (1H, AB doublet J-7.9, CHe//fO), 7.06-7.11 (2H, m, ArH),
7.18-7.31 (6H, m, ArH) and 7.48-7.51 (1H, m, ArH); 5C 28.0 (CH3), 28.3 (CH3), 30.3

(CH2), 41.3 (ArCH2), 58.2 ((CH3)2C), 66.8 (PhC), 79.4 (CH20), 124.7 (CHat), 126.4

(CHat), 126.5 (CHAr), 126.6 (CHat), 126.7 (CHAr), 127.7 (CHAr), 128.3 (CHat), 143.6

(Cq), 144.3 (Cq), 144.8 (Cq) and 167.6 (C=N); m/z (CI) 292 [100 %, (M+H)+] [Found:
(MH)+ 292.1708. C20H22ON requires 292.1701].

The reaction was repeated under identical conditions but at a dilution of one
tenth, the yields ofwhich are shown in Table 6, Section 2.4.2.

3.11.3 LDA/THF & LDA THF/HexaneWithout Iron(ll) Salts

3.11.3.1 General Procedure

To a solution of LDA (3 equiv.) in either THF or 2:1 hexane:THF mixture (6

cm3/mmol) at -78 °C under nitrogen was added a solution of the substrate (1 eq) in the
reaction solvent (3 cm3/mmol). After stirring for 10 min the solution was allowed to

warm to room temperature over 30 min, at which time more solvent was added (18

cm3/mmol). The mixture was then stirred for between 0 and 48 h at between -30 °C
and reflux, either with or without irradiation. After this time a saturated solution of

ammonium chloride (10 cm3/mmol) was added and the aqueous layer was extracted
with three portions of ether (5 cm3/mmol). The combined organic layers were washed
with water (10 cm3/mmol) and dried (MgS04) to give the crude product.

3.11.3.2 2-[3-(2-Bromophenyl)-propyl]-4,4-dimethyl-2-oxazoline 33b

Using the general procedure detailed above 2-[3-(2-bromophenyl)-propyl]-4,4-

dimethyl-2-oxazoline 33b was reacted under UV radiation in quartz glassware for 4 h
to yield after column chromatography starting material 33b, yield (29 %), desired 4,4-

dimethyl-2-indan-l'-yl-2-oxazoline 139, yield (58 %); Rf (Si02, 9:1 hexanes:EtOAc)

0.2; vmax/cm"' 1653 (C=N); 5H 1.28 (3H, s, CH3), 1.30 (3H, s, CH3), 2.29-2.47 (2H, m,

CH2), 2.87-2.98 (1H, m, ArC//AHB), 3.03-3.13 (1H, m, ArCHA//B), 3.93 (2H, s,
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CH20), 4.09, (1H, t, 7=7.9, CH), 7.08-7.27 (3H, m, ArH) and 7.30-7.34 (1H, m, ArH);
8c 28.2 (CH3), 25.5 (CH3), 29.2 (CH2), 31.8 (ArCH2), 44.4 (CH), 66.8 (C(CH3)2),
79.2 (CH20), 124.3 (CHAr), 124.6 (CHAr), 126.4 (CHAr), 127.3 (CHAr), 141.3 (Cq),
144.0 (Cq) and 167 (C=N); m/z (CI) 216 [100 %, (M+H)+] [Found: (MH)+ 216.1396.
C2oH22ON requires 216.1388]; and a mixture of styrenes 142 & 143, yield (10 %); 2-
bromostyrene 142 8H 5.40 (1H, dd, .7=8.1 & 1.1, CH), 5.75 (1H, dd, .7=16.0 & 1.1),
7.20 (1H, dd, .7=16.0 & 8.1, CH) and 7.30-7.52 (4H, m, CHAr); styrene 143 5H 5.22

(1H, dd, 7=10.9 & 0.9, CH), 5.70 (1H, dd, 7=17.6 & 0.9, CH), 6.68 (1H, dd, 7=10.9 &

17.6) & 7.15-7.45 (1H, m, Ph).
Yields for the identical reaction carried out in Pyrex glassware are shown in

Table 8, Section 2.4.3.2.

3.11.3.3 2-[3-(2-Bromophenyl)-1 -phenylpropyl]-4,4-dimethyl-2-oxazoline 34b

2-[3-(2-Bromophenyl)-l -phenylpropyl]-4,4-dimethyl-2-oxazoline 34b was

reacted as detailed in the general procedure above for 48 hours without irradiation

using THF as solvent. Column chromatography, using 9:1 hexanes:EtOAc as elutant,
afforded indane 140, yield (75 %) (for data see Section 3.11.2.3), starting material
34b, yield (<1 %) and a mixture of styrenes 142 & 143, yield (2 %) (for data see

Section 3.11.3.2).
Yields for the same reaction in the dark and under irradiation for between 0-20

h, with 1-3 eq ofLDA are detailed in Table 7, Section 2.4.3.1 for reaction in THF and
Table 9, Section 2.4.4 for reaction in 2:1 THF:hexanes. Yields for these reactions

were either determined via isolation or by 'H-NMR analysis using 5 pi of
dibromomethane as an internal standard.

3.11.3.4 2-[3-(2-Bromophenyl)-1-phenylbutyl]-4,4-dimethyl-2-oxazolme 110

2-[3-(2-Bromophenyl)-1 -phenylbutyl]-4,4-dimethyl-2-oxazoline 110 reacted
in THF for 48 h in the dark using the general procedure detailed in Section 3.11.3.1 to

afford, after column chromatography, a 55 % yield of the desired 4,4-dimethyl-2-(l-

phenyl-l,2,3,4-tetrahydronaphthalen-l-yl)-2-oxazoline 144; Rf (Si02, 9:1

hexanes:EtOAc) 0.25; Found: C, 81.8; H, 8.0; N, 4.7. C2iH23NO requires C, 82.6; H,
7.6; N, 4.6 %; vmax(film)/crn'' 1638 (C=N); 8H 1.28 (3H, s, CH3), 1.38 (3H, s, CH3),
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1.54-1.69 (1H, m, C//AHB), 1.80-1.93 (1H, m, CHA//B), 2.03-2.12 (1H, m, C//cHD),
2.70-2.79 (1H, m, CHcflb), 2.83-2.89 (2H, m, ArCH2), 3.93 (1H, AB doublet 7-8.2,

CT/eHfO), 3.96 (1H, AB doublet 7-8.2, CHe//fO), 7.00-7.04 (2H, m, ArH), 7.07-7.27

(6H, m, ArH) and 7.31-7.34 (1H, m, ArH); 5C 19.2 (CH2), 28.1 (CH3), 28.3 (CH3),
29.8 (CH2), 37.8 (ArCH2), 50.5 (PhC), 66.8 ((CH3)2Q, 79.1(CH20), 125.4 (CHAr),
126.3 (CHAr), 126.8 (CHAr), 127.8 (CHAr), 127.9 (CHAr), 129.2 (CHAr), 130.9 (CHAr),
137.3 (Cq), 137.9 (Cq), 146.6 (Cq) and 168.7 (ON); m/z (CI) 306 [100 %, (M+H)4]
[Found: (MH)+ 306.1853. C2iH24ON requires 306.1858]; Crystal data C2iH23NO M =

305.40, colourless cubes, crystal dimensions 0.2 x 0.2 x 0.2 mm, triclinic, space group
P-l, a = 8.588 (2), b = 10.0389 (19), c = 10.8881 (13) A, a = 115.888 (16), p = 98.06

(5), y = 92.69 (2)°, V - 830.0 (3) A3, Dc =1.222 Mg/m3, T = 93 (2) K, Z=2, R =

0.0462, Rw 0.1257 for 2811 reflections with I>2c(I) and 210 variables.
The reaction of oxazoline 110 under similar conditions in THF after 6 h UV

irradiation gave the tetralin 144 in a 50 % yield.

3.11.3.5 2-[3-(2-Bromophenyl)-1 -phenylpentyl]-4,4-dimethyl-2-oxazoline 111

To a solution of LDA in THF was added 2-[3-(2-bromophenyl)-l-

phenylpentyl]-4,4-dimethyl-2-oxazoline 111 and after warming to room temperature

the mixture was stirred for 48 hours as described in the general procedure (Section

3.11.3.1). Column chromatography was performed, which gave several products as

follows:

2-( 1 -Butyl-1,5-diphenylpentyl)-4,4-dimethyl-2-oxazoline 145

Yield (13 %); Rf (Si02, 4:1 hexanes:EtOAc) 0.4; vmax(Film)/cm"1 1655 (C=N); 5h
0.81-0.88 (3H, m, CH3), 0.93-1.34 (6H, m, 3x CH2), 1.27 (3H, s, (C//3)2C), 1.30 (3H,
s (CH3)2C), 1.62 (2H, q, 7=7.6, CH2), 1.89-2.15 (4H, m, 2x CH2), 2.49-2.65 (2H, m,

CH2), 3.73 (1H, d, 7=8.1, C//aHbO), 1H, d, J=8.1, CHa//bO) and 7.10-7.34 (10H, m,
2x Ph); 5C 14.0 (CH3), 23.0 (CH2), 23.1 (CH2), 25.9 (CH2), 28.2 ((CH3)2C), 31.5

(CH2), 33.8 (CH2), 34.0 (CH2), 35.5 (CH2), 47.2 (PhC), 66.8 ((CH3)2Q, 78.7 (CH20),
125.5 (CHAr), 126.2 (CHAr), 126.4 (CHAr), 128.1 (CHAr), 128.3 (CHAr), 142.4 (Cq),
143.8 (Cq), 169.5 (C=0); m/z (ES+) 378 [100 %, (M+H+)], [Found: (MH)+, 378.2811.
C26H36NO requires 378.2797].
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4,4-Dimethyl-2-(9-phenyl-6,7-dihydro-5H-benzocyclohepten-l-yl)-2-oxazoline 148

Yield (25 %); 6H 0.72 (3H, s, CH3), 1.07 (3H, m, CH3), 1.22-1.32 (2H, m, CH2), 2.01-
2.20 (2H, m, CH2), 2.56-2.69 (2H, m, CH2), 3.23 (1H, d, J=7.8, CtfAHB0), 3.71 (1H,
d, 7=7.8, CHa//bO), 6.54 (1H, t, 7=7.4, vinyl), 7.13-7.35 (6H, m, CHAr), 7.39 (1H, dd,
J=1.6 & 1.5) & 7.65 (1H, dd, 7=7.6 & 1.5); 6C 25.0 (CH2), 27.7 (CH3), 28.1 (CH3),
32.4 (CH2), 34.1 (CH2), 66.6 (Cq), 79.0 (CH20), 126.5 (CHAr), 126.7 (CHAr), 127.2
(CHAr), 128.1 (CHAr), 128.4 (vinyl), 128.7 (CHAr), 131.1 (CHAr), 138.3 (Cq), 141.5
(Cq), 141.7 (Cq), 142.1 (Cq) & 163.4 (C=N); m/z 318 [100 %, (M+H)+] [Found: (MH)+
318.1865. C22H240N requires 318.1858]; Crystal data C22H23NO M = 317.41,
colourless needles, crystal dimensions 0.3 x 0.05 x 0.01 mm, monoclinic, space group

P2(l)/c, a = 12.9895 (12), b = 11.5790 (10), c = 11.5517 (11) A, a = 90, p = 93.777(3)

(5), y = 90 °, V = 1733.7 (3) A3, Dc =1.216 Mg/m3, T = 173 (2) K, Z=4, R = 0.0406,
Rw 0.0982 for 2948 reflections with I>2c(I) and 217 variables.

4,4-Dimethyl-2-(4,5,6,7-tetrahydro-cyclohepta[jk]fluoren-7a-yl)-2-oxazoline 149

Yield (6 %); 6H 1.24-1.30 (2H, m, CH2), 1.26-(3H, m, CH3), 1.27 (3H, m, CH3), 1.95-
2.18 (2H, m, CH2), 2.25-2.42 (1H, m, CHAUB), 2.72-2.85 (2H, m, CH2), 2.94-3.01

(1H, m, CHa//b), 3.76 (1H, d, J-8.1, Ci/cHD0), 3.81 (1H, d, J-8.1, CHc//dO), 7.06

(1H, d, J=7.4, CHAr), 7.30 (1H, d, J=7.4, CHAr), 7.31 (1H, dd, J=7.4 & 1.3, CHAr),
7.37 (1H, dt, J=7.4 & 1.3, CHAr), 7.57-7.62 (2H, m (~t), CHAr) & 7.69-7.71 (1H, m

(~d), CHAr); 6c Unfortunantly insufficient material to obtain a clear spectrum; m/z

(EI) 317 [100 %, (M+)], 274 (65), 203 (70), 100 (84); Crystal data C22H23NO M =

317.41, colourless needles, crystal dimensions 0.27 x 0.1 x 0.05 mm, orthorhombic,

space group Pbca, a = 7.2553 (3), b = 18.2486 (6), c = 25.7308 (9) A, a = p = y = 90 °,
V = 3406.7 (2) A3, Dc =1.238 Mg/m3, T = 173 (2) K, Z=8, R = 0.0446, Rw 0.1174 for
2960 reflections with I>2o(I) and 219 variables.
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4,4-Dimethyl-2-(9-phenyl-6,7,8,9-tetrahydro-5H-benzocyclohepten-l-yl)-2-oxazoline
150

Yield (19 %); 5H 1.24 (3H, s, CH3), 1.28 (3H, s, CH3), 1.30-1.40 (1H, m, C6HAHB),
1.68-1.89 (3H, m, C^a^B & C7H2), 1.95-2.06 (1H, m, C8//cHD), 2.47-2.66 (3H, m,
C8Hci/D & C5H2), 3.89 (1H, d, AB doublet J-8.1, CHeUfO), 3.94 (1H, d, AB doublet
J-8.1, CHe^fO), 5.01 (1H, dd, J= 5.9 & 2.7, C9!!), 7.02 (2H, d, J=8.1, C10H), 7.10-
7.31 (5H, m, C3H, C4H, CnH & C12H), 7.44 (1H, dd, .7=5.8 & 3.4, C2H); 5C 25.1 (C7),
27.4 (C6), 28.0 (CH3), 28.1 (CH3), 30.7 (C8), 35.9 (C5), 44.4 (C9), 67.5 ((CH3)2C),
78.9 (CH20), 125.1 (C12), 126.3 (C3), 127.4 (C10), 127.8 (C2), 128.0 (Cn), 130.2 (C1),
132.5 (C4), 142.2 (C9' or C9"), 142.3 (C9' or C9"), 144.2 (C4) and 163.9 (C=N); m/z (EI)
319 [100 %, (IvT)), 291 (27), 290 (20), 247 (20), 228 (16), 219 (24), 202 (25), 189

(24) [Found: (M)+, 319.1933 C22H25NO requires 319.1936],

2-[l ,5-Diphenylpentyl]-4,4-dimethyl-2-oxazoline 147

Yield (7 %); m/z (EI) 321 [20 %, (M+)], 202 (100, M-PhCH2CH2CH2), 188 (82, M-

PhCH2CH2CH2CH2), 91 (38).

Yields indicated were determined by a combination of 'H-NMR and GCMS

analysis. Alkene 148 and fluorene 149 were obtained pure by crystallisation from the

impure fractions obtained from column chromatography. Fluorene 149 was contained
in the same fraction as alkane 150. Only butylated product 145 was obtained pure

from column chromatography.
Reactions under similar conditions in THF, either in the dark or under

irradiation for 6-48 h were carried out and the yields are shown in Table 13, Section

11

2.5.2.2
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3.11.3.6 2-[3-(2-Bromophenyl)-1 -phenylhexyl]-4,4-dimethyl-2-oxazolirie 112

Reactions of 2-[3-(2-bromophenyl)-l-phenylhexyl]-4,4-dimethyl-2-oxazoline
112 were carried out in THF, using the standard conditions (Section 3.11.3.1), for 6 h
with UV irradiation and for 48 h in the dark. 'H-NMR spectroscopy revealed both
reactions produced a multitude of products. Due to the small scale of these reactions

(ca. 0.24 mmol), it was decided to combined the crude mixtures from both reactions
to enable column chromatography to be carried out with hope of identifying reaction
products. The many fractions (ca. 8) obtained from the column were analysis via 1H-
NMR spectroscopy and GCMS. The analysis and discussion of these results are

shown in Table 14, Section 2.5.3.

3.11.3.7 (4S)-2-[3-(2-Bromophenyl)-1-phenyl-propyl]-4-isopropyl-2-oxazoline
(S)-103

(4S)-2-[3-(2-Bromophenyl)-l-phenyl-propyl]-4-isopropyl-2-oxazoline (5)-103
was placed in a solution of LDA in THF and the resulting mixture stirred for 48 h in
the dark as described in Section 3.11.3.1. After work up, column chromatography was
performed, using 9:1 hexanes:EtOAc as elutant, to yield diastereomeric indanes (S,

jR)-174 and (SVS)-175 in a combined yield of 72 %. The d. e. was 42 % with (SyS)-174
found to be the major isomer after hydrolysis to amide (S)-175 and subsequent X-ray

analysis.

(4S, 1 '/?)-4-Isopropyl-2-( 1 '-phenyl-indan-r-yl)-2-oxazoline (SJR)-174

Rf (Si02, 9:1 hexanes:EtOAc) 0.2; [ag 96.8 (c 1.02 in MeOH); vmJcmA 1655(ON);
5h 0.94 (3H, d, 06.7, CH3), 1.02 (3H, d, J=6.7, CH3), 1.90 (1H, sept, J=6.7, CH),
2.26-2.34 (1H, m, C//AHBCHcHD), 2.79-2.89 (1H, m, CHaZ/bCHcHd), 2.97-3.07 (1H,

m, CHAHBO/CHD), 3.19-3.28 (1H, m, CHaHbCHc//d), 3.87-4.04 (2H, m, C//EHF &

CHN), 4.19-4.25 (1H, m, CHe//f), 7.09-7.38 (8H, m, ArH) and 7.46-7.49 (1H, m,

ArH); 8C 17.9 (CH3), 19.2 (CH3), 30.5 (CH2), 32.4 ((CH3)2CH), 41.2 (ArCH2), 58.6

(PhC), 70.1 (CH20), 71.8 (CHN), 124.6 (CH), 126.3 (CH), 126.6 (CH), 126.7 (CH),
126.8 (CH), 127.7 (CH), 128.2 (CH), 143.9 (C), 144.4 (C), 144.7 (C) and 168.8
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(C=N); rn/z (CI) 306 [100 %, (M+H)+] [Found: (MH)+, 306.1862. C2iH24NO requires,

306.1858].

(45,r5)-4-Isopropyl-2-(l'-phenyl-indan-r-yl)-2-oxazoline (5yS)-174

Rf (Si02, 9:1 hexanes:EtOAc) 0.15; [af* 106.9 (c 0.32 in CHC13); vmax/cml 1654

(ON); 5h 0.74 (3H, d, .7=6.8, CH3), 0.85 (3H, d, J=6.8, CH3), 1.70 (1H, sept, J=6.8,

CH), 2.26-2.35 (1H, m, C77aHbCHcHd), 2.80-2.90 (1H, m, CHa/7bCHcHd), 2.98-
3.08 (1H, m, CHaHbC77cHd), 3.15-3.24 (1H, m, CHaHbCHc/7d), 3.95-4.06 (2H, m,

CT/eHf & CHN), 4.19-4.26 (1H, m, CHe//f), 7.09-7.13 (1H, m, ArH), 7.17-7.30 (7H,

m, ArH) and 7.41-7.48 (1H, m, ArH); 5C 17.6 (CH3), 18.5 (CH3), 30.5 (CH2), 32.6

(C77(CH3)2, 41.3 (CH2), 70.3 (CH20), 71.4 (CHN), 124.6 (CHAr), 126.3 (CHAr),
126.5 (CHat), 126.6 (CHAr), 126.7 (CHAr), 127.7 (CHAr), 128.2 (CHAr), 144.0 (Cq),
144.2 (Cq), 144.6 (Cq) and 168.9 (C=N); m/z (CI) 306 [100 %, (M+H)+] [Found:
(MH)+, 306.1865. C2iH24NO requires 306.1858],

(15, r5)-r-Phenyl-indan-r-carboxylic acid (2-hydroxy-l-isopropylethyl)-amide

(SVS)-175

(45, r/?)-4-Isopropyl-2-(l'-phenyl-indan-r-yl)-2-oxazoline (0.5 g, 1.6 mmol)
in 2 % hydrochloric acid solution (50 cm3) was stirred at room temperature overnight.
The reaction mixture was extracted with ether (50 cm ) and the aqueous layer was
treated with 10 % sodium hydrogencarbonate solution. The resulting mixture was

extracted with dichloromethane (3x50 cm3). The combined organic layers were

washed with brine, dried (MgS04) and evaporated in vacuo to give a yellowish oil.
The oil was left to stand for 2 days or until the oil had all crystallised. The crude

product was then recrystallised from EtOAc/hexanes to give amide 87 (0.5 g, 95 %)
as white needles; mp 115.5-117.0; [a]*5 8.9 (c 0.96 in MeOH); (Found: C, 78.2; H,

8.0; N, 4.4. C2iH25N02 requires C, 78.0; H, 7.7; N, 4.3 %); vmax/cm"' 1638 (C=0),
3290 and 3357; 8H 0.65 (3H, d, .7=6.9, CH3), 0.77 (3H, d, J=6.9, CH3), 1.66-1.82 (1H,

m, C77(CH3)2), 2.17 (1H, br s, OH), 2.36-2.45 (1H, m, C77aHbCHcHd), 2.84-2.93

(1H, m, CHaT/bCHcHd), 2.96-3.07 (1H, m, CHaHbC77cHd), 3.18-3.27 (1H, m,

CHaHbCHcT/d), 3.57-3.63 (1H, m, OC77EHF), 3.68-3.78 (2H, m, CHN and OCHe77f),
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5.68 (1H, d, 7=7.4, NH) and 7.18-7.37 (9H, m, ArH); 5C 18.0, 19.5, 28.8, 30.8, 41.0,

57.9, 64.8, 66.0, 124.9 (CHAr), 125.4 (CHa,), 126.8 (CHAr), 127.1 (CHAr), 127.7

(CHAr), 128.1 (CHAr), 128.6 (CHAr), 143.2, 145.0, 145.1 and 175.4 (C=0); m/z (CI)
324 [100 %, (M+H+] [Found: (MH)+, 324.1964. C21H26NO2 requires 324.1964];

Crystal data C21H25NO2 M- 323.42, colourless needles, crystal dimensions 0.13 x

0.05 x 0.03 mm, monoclinic, space group P2i, a = 11.408 (4), b = 6.736 (2), c =

12.400 (4) A, p = 107.562 (5)°, V = 908.5 (5) A3, Dc =1.182 Mg/m3, T = 125 (2) K,
Z=2, R = 0.0625, Rw 0.1293 for 2993 reflections with I>2o(I) and 228 variables.

Results of reactions under UV irradiation for 6 hours and at lower

temperatures in THF using the same procedure are shown in Table 19, Section 2.7.1.

3.11.3.8 2-[3-(2-Bromo-phenyl)-1 -phenyl-propyl]-4-tert-butyl-2-oxazoline

(4S)-2-[3-(2-Bromo-phenyl)-l-phenyl-propyl]-4-tert-butyl-2-oxazoline (5)-
104 was reacted in THF for either 6 h under irradiation or 48 h in the dark at r. t. as

prescribed in the general procedure Section 3.11.3.1. After work up the 'H-NMR
spectrum of the crude material showed only diastereomeric indanes (£7?)-174 and

(SVS)-174 the results of which are detailed in Table 20, Section 2.7.2., as are the
selectivities which where determined by either 1H-NMR (integration of'Bu signals) or
GCMS (peak areas). The yields were determined by analysis of crude 'H-NMR
spectra. An attempt was made to separate the two isomers from each other by the use

of column chromatography which gave only the hydrolysis products (57?)-220 and

(SyS)-220 as an isomeric mixture in a yield of 80 %.

(4S)-4-terr-Butyl-2-(r-phenyl-indan-r-yl)-2-oxazoline (A)-176

Mixture of isomers

5h 0.63 (9H, s, (CHj)3, major isomer), 0.82 (9H, s, (CHa)3, minor isomer), 2.10-2.20

(1H, m, C//aHbCHcHd), 2.63-2.78 (1H, m, CHA//BCHcHD), 2.82-2.97 (1H, m,

CHAHBCi7cHD), 3.00-3.18 (1H, m, CHaHbCHc//d), 3.69 (1H, dd, 7=10.4 & 8.2,

CHN, minor isomer), 3.79 (1H, dd, 7=10.0 & 6.7, CHN, major isomer), 3.90-3.95

(1H, m, C7fAHB0), 4.01-4.07 (1H, m, CHaHbO), 6.95-7.02 (2H, m, ArH), 7.02-7.16
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(6H, m, ArH) and 7.28-7.37 (1H, m, ArH); Isolated after purification as the (3-
hydroxyamide (S)-220.

(1 '5)-1 -Phenyl-indan-1 -carboxylie acid (1' -hydroxymethyl-2' ,2' -dimethyl-propyl)-
amide (5)-220

Mixture of isomers (3:2)
Yield (80 %), Rf (9:1 hexane:EtOAc) 0.1; vmax(Film)/cm-' 1629 (ON) & 3344 (NH
& OH); 8h 0.68 (9H, s, (CH3)3, major isomer), 0.81 (9H, s, (CH3)3, minor isomer),
2.38-2.48 (1H, m, C//AHBCHcHD), 2.79-3.07 (2H, m, CHa//bCHCHd &
CHAHBCi/cHD), 3.18-3.30 (1H, m, CHAHBCHc7/D), 3.35-3.49 (1H, m, CHN), 3.74-
3.88 (2H, m, CH20), 5.67 (1H, d, J=8.0, NH, minor isomer), 5.73 (1H, d, .7=8.0, NH,
major isomer) and 7.16-7.37 (9H, m, ArH); 5c 26.6 ((CT^C, major isomer), 26.8
((CH3)3C, minor isomer), 30.7 (CH2, minor isomer), 30.8 (CH2, major isomer), 33.0
((CH3)3C, major isomer), 33.3 ((CHs^C, minor isomer), 40.4 (CH2, minor isomer),
41.2 (CH2, major iomer), 60.5 (CHN, minor isomer), 60.6 (CHN, major isomer), 63.8
(CH20, minor isomer), 63.9 (CH20, major isomer), 65.9 (PhC, minor isomer), 66.1
(PhC, major isomer), 124.9 (CHAr), 125.38 (CHAr, minor isomer), 125.44 (CHAr,
major isomer), 126.7 (CHAr, minor isomer), 126.8 (CHAr, major isomer), 127.1 (CHAr,
major isomer), 127.2 (CHAr, minor isomer), 127.6 (CHAr), 127.9 (CHAr, minor
isomer), 128.1 (CHAr, major isomer), 128.5 (CHAr, minor isomer), 128.6 (CHAr, major
isomer), 142.9 (Cq, minor isomer), 143.0 (Cq, major isomer), 144.8 (Cq, major
isomer), 144.9 (Cq, minor isomer), 145.0 (Cq, major isomer), 145.3 (Cq, minor
isomer), 175.5 (C=0, major isomer) and 175.8 (C=0, minor isomer); m/z (ES+) 360
[100 %, (M+Na+)], [Found: (MNa)+, 360.1935. C22H27N02Na requires 360.1939].

3.11.3.8.1 With (-)-3oartiene

(S) and (7?)-2-[3-(2-Bromophenyl)- l phenyl propyl]-1 isopropyl-2-oxazoline
(5)-104 & (/f)-104 were reacted for 48 hours at r.t in a THF solution of LDA using
the general procedure (Section 3.11.3.1) with the exception that 3.5-10 eq of (-)-
Spartiene (-)-183 was added prior to addition of the oxazoline. The amount of THF
added on reaching r. t. was adjusted such that the oxazoline concentration was equal
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to either 0.036 or 0.1 M. After a standard workup a small amount of crude material
was analysed via GCMS to obtain the diastereoexcess of the formed indane 104.

3.11.3.9 (4S)-2-[3-(2-Bromo-phenyl)-1 -phenyl-propyl]-4-phenyl-2-oxazoline

(S)-105

(4S)-2-[3-(2-Bromo-phenyl)-l-phenyl-propyl]-4-phenyl-2-oxazoline (5)-105
was reacted using the standard conditions (Section 3.11.3.1) with 3 eq. LDA and
stirred for 48 h at r.t.. After work up the crude product was identified as 4-phenyl-2-

(r-phenyl-indan-l'-yl)-oxazole 177 (NMR yield 60 %); 8h 2.30-2.40 (1H, m,

CHaHb), 2.78-2.88 (1H, m, CHAHB), 2.96-3.06 (1H, m, CHAHB), 3.15-3.24 (1H, m,

CHaHb) and 6.98-7.70 (15H, m, vinyl & CHAr).

3.11.3.10 (4S)-2-[3-(2-Bromo-phenyl)-1 -phenylpropyl]-4-cyclohexylmethyl-2-
oxazoline (S)-107

Using the standard conditions (Section 3.11.3.1) (45)-2-[3-(2-bromo-phenyl)-

l-phenylpropyl]-4-cyclohexylmethyl-2-oxazoline (5)-107 was reacted in THF. The
reaction mixture was worked up to afford the crude 4-cyclohexylmethyl-2-(l'-

phenylindan-l'-yl)-2-oxazoline 181 m/z (EI) 359 [100 %, (M+)], 193 (90, M - 4-

cyclohexylmethyloxazolin-2yl), 115 (28). Analysis of the crude product mixture by
GCMS gave the diasteric excesses, 16 % 48 h, r.t and 16 % 6 h, UV.

3.11.4 LDA/THF & LDA THF/Hexane With Iron(ll) Salts

General Procedure

To a solution of LDA (3 eq) in either THF or 2:1 hexane:THF mixture (6
cm /mmol) at -78 °C under nitrogen was added a solution of the substrate in the
reaction solvent (3 cmVmmol). After stirring for 10 min the solution was allowed to

warm to room temperature over 30 min. After which time more solvent was added (18

cm3/mmol) followed by the addition of either 10 mol % or 1 eq of anhydrous Iron(II)
chloride. The mixture was then stirred for 1 hour, after which a saturated solution of

ammonium chloride (10 cmVmmol) was added. The aqueous layer was extracted with
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three portions of ether (5 cm3/mmol), and the combined organic layers were washed
with water (10 cm3/mmol) and dried (MgS04) to give the crude product.

Following the general procedure above 2-[3-(2-Bromophenyl)-l-

phenylpropyl]-4,4-dimethyl-2-oxazoline 34b reacted in either THF or 2:1
THF:hexanes with addition of 0.1 or 1 eq. of iron(II)chloride anhydrous. The reaction
was worked up to give the crude products. 'H-NMR analysis revealed the formation
of several products, these were 4,4 dimethyl-2-( 1 '-phenyl-indan-1 '-yl)-2-oxazoline
140 (for data see Section 3.11.2.3), 2-[l,3-diphenylpropyl]-4,4-dimethyl-2-oxazoline
141 (for data see Section 3.11.1.3) and styrenes 142 & 143 (for data see Section

3.11.3.2) plus starting material. The product distributions for reactions in THF are

shown in Table 7, Section 2.4.3.1 and 2:1 THF:hexanes in Table 9, Section 2.4.4.1.

3.11.5 NaH/DMSO

NaH (60 % dispersion in mineral oil) (32.4 mg, 0.81 mmols), was weighed out
into a 25 cm3 three necked flask and placed under a stream of nitrogen. Dry THF (1

cm3) was added and stirred. The NaH was allowed to settle to the bottom of the flask
and the THF withdrawn using a syringe. This was repeated. Dry distilled dimethyl
sulfoxide (4 cm3) was then added slowly with stirring. After ten min 2-propyl-2-
oxazoline 34b (1 cm3, 0.27M solution in dry DMSO) was added dropwise with

stirring. Then with either heating and/or UV irradiation and/or Fe(II)Cl2 (leq) the
mixture was stirred for between 10 min and 4h. Finely ground ammonium chloride

(0.5 g), was added and stirred for ten min. Water (5 cm ) and ether (10 cm ) were
added and the aqueous layer extracted with ether (2x5 cm3). The combined organic
extracts were washed (water (5 cm )), dried (MgS04) and concentrated in vacuo to

give the crude reaction mixture. The crude reaction mixture was then washed into an

NMR tube with CDCI3 and 5pl of dibromomethane was added, and the product
distribution analysed by comparison of the integration of the product signals.

2- [3 -(2-Bromopheny1)-1 -pheny lpropy l]-4,4-dimethyl-2-oxazoline 34b was

reacted as detailed above and the following products were identified by 'H-NMR
spectroscopy: 4,4-dimethyl-2-(l'-phenyl-indan-l'-yl)-2-oxazoline 140 (for data see

Section 3.11.2.3) and 2-[l,3-diphenylpropyl]-4,4-dimethyl-2-oxazoline 141 (for data
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see Section 3.11.1.3). Conditions and yields of these products are shown in Table 10,
Section 2.4.5.

3.11.6 With Phenanthrene Radical Anion

General Procedure

To a stirring solution of diisopropylamine HC1 (18 mg, 0.13 mmol) in THF (5
o <)

cm ) was added at 0 °C under N2, «-BuLi (2.5 M solution in hexanes) (0.1 cm , 0.26

mmol). After stirring for 10 min the mixture was cooled to -78 °C and oxazoline 34b

(50 mg, 0.13 mmol) in THF (2 cm3) was added. The mixture was then stirred at -78
°C for 15 min, after which 0.02M phenanthrene radical anion solution in THF

(prepared by the addition of stoichiometric amounts of phenanthrene and sodium metal
# Q
in THF and stirred overnight under nitrogen) (0.65 - 6.5 cm') was added. The
resultant mixture was then stirred for 3 h at -78 °C and saturated ammonium chloride

o

solution (5 cm )was added and a standard aqueous workup with ether was performed.
In the case where no diisopropylamine HC1 was added the reaction was carried

out as above keeping reactant concentrations the same with only one equivalent of n
BuLi.

2-[3-(2-Bromophenyl)-l-phenylpropyl]-4,4-dimethyl-2-oxazoline 34b was

reacted using the standard conditions above. After work up 2-[l,3-diphenylpropyl]-

4,4-dimethyl-2-oxazoline 141 (for data see Section 3.11.1.3). and styrenes 142 & 143

(for data see Section 3.11.3.2) were identified by 'H-NMR analysis and the
distribution determined (Table 7, Section 2.4.3.1).

3.11.7 Preparation of EPR Samples

The EPR tube was prepared by the drawing out a 1 mm ID capillary from the
bottom of a standard 4 mm OD quartz EPR tube. The open end of the tube was then

capped with a rubber septum and a fine needle connected to a nitrogen line was

inserted through the septum, as was an exit needle. The tube was heated hard with an

industrial airgun for at least 10 min under nitrogen to expel any moisture. The
solutions of the substrates were prepared as detailed in Section 3.11.3 and a sample
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was taken after wanning to r.t. via a nitrogen flushed syringe and injected carefully
into the prepared EPR tube. The nitrogen inlet needle in the tube was then pushed
below the surface of the liquid to degas the sample. After 10 min all needles were

removed and the septum protectively covered with Parafilm® and the EPR
measurements carried out immediately.
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3.12Oxazolidinones

4-(2-Bromophenyl)-2-phenylbutyric acid 189

To a solution of phenyl acetic acid 23 (1 g, 7.3 mmol) in THF (30cm3), under
o

N2 at -78 °C was added carefully dropwise 2 eq n-BuLi (5.9 cm , 14.7 mmol). After
stirring for 20 min 2-bromophenethyl iodide 37b (2.3 g, 7.3 mmol) in THF (5 cm3)
was added dropwise over 5 min. The mixture was allowed to warm to room

temperature over 2 h and stirred overnight. The mixture was quenched by addition of
solid ammonium chloride and the solvent removed. The residue was dissolved in 2M

hydrochloric acid (100 cm ), and the cloudy mixture extracted with dichloromethane
o

(3x 50cm ). The combined organic layers were dried (MgSC^) and concentrated in
vacuo to give the crude acid 189 (1.8 g, 77 %) which was used without further

purification; vmax(Nujol)/cm-' 1705 (OO) & 3060 (OH); 5H 2.05-2.18 (1H, m,

CHC//aCHb), 2.33-2.46 (1H, m, CHCHAC//B), 2.62-2.78 (2H, m, ArCH2), 3.61 (1H,

t, J=7.6, PhCH), 7.00-7.05 (1H, m, ArH), 7.13-7.35 (7H, m, ArH) and 7.48-7.51 (1H,
m, HCCBr), C02H not observed; 5C 32.8 (CH2), 34.0 (CH2), 51.0 (PhCH), 124.4

(CBr), 127.5 (CHAr), 127.7 (CHAr), 127.8 (CHAr), 128.2 (CH^), 128.8 (CHAr), 130.5

(CHat), 132.9 (CHat), 137.9 (Cq), 140.5 (Cq) and 179.5 (C=0); m/z (CI) 319 [100 %,
(M+H+)], [Found: (MH)+, 319.0326. Ci6Hi50279Br requires 319.0334],

4-(2-Bromophenyl)-2-phenylbutyryl chloride 187

Distilled thionyl chloride (1.2 cm , 17 mmol) was added slowly via syringe to

4-(2-Bromophenyl)-2-phenylbutyric acid 189 (1.8 g, 5.6 mmol). The solution was

then heated under reflux at 75 °C for 1.5 h and left to stand over night at room

temperature. The excess thionyl chloride was removed under vacuum to afford the
crude product 187 (1.89 g, 99 %) which was used immediately without further

purification; SH 2.10-2.22 (1H, m, CHO/ACHB), 2.42-2.54 (1H, m, CHCHACHB),
2.62-2.79 (2H, m, ArCH2), 4.01 (1H, t, J=7.5, PhCH), 7.03-7.41 (8H, m, ArH) and
7.51 (1H, d, J=7.9, HCCBr); 5C 33.0 (CH2), 33.6 (CH2), 62.8 (PhCH), 124.3 (CBr),
127.6 (CHAr), 128.0 (CHAr), 128.4 (CHa,), 128.43 (CHAr), 129.1 (CHAr), 130.4

(CHAr), 133.0 (CHAr), 135.4 (Cq), 139.8 (Cq) and 174.6 (C=Q).
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4,4-Dimethyloxazolidin-2-one 185

A stirred mixture of 2-amino-2-methylpropan-l-ol 31 (15.5 g, 174 mmol),
<5

diethylcarbonate (21 cm , 174 mmol) and potassium carbonate (2.4 g, 18 mmol) were
heated at 120-126 °C with removal of ethanol (20 cm3, 348 mmol). After cooling,
ethanol (500 cm ) was added and the solution was filtered through a pad of celite to

remove potassium carbonate. After the solution was concentrated to ca. 180 cm , it
was slowly cooled to 0 °C and allowed to crystallise, filtrating afforded the known
oxazolidinone as a white solid 185 (13.4 g, 67 %); mp 54.8-56.8 (EtOH-EtaO) [Lit.,33
56.5-58.0 (EtOH-Et20); 8H 1.37 (6H, s, 2x CH3), 4.09 (2H, s, CH20) and 6.11 (1H, br
s, NH).

4,4-Dimethyl-3-phenylacetyloxazolidin-2-one 186

To a solution of 4,4-dimethyloxazolidinone 185 (5 g, 43 mmol) in dry distilled
o

THF (130 cm ) under nitrogen at -78 °C was added 2.5 M n-BuLi solution in hexanes
o

(20 cm , 50 mmol). After stirring for 10 min, freshly distilled phenylacetyl chloride

(6.6 cm , 50 mmol) was added via a syringe. The resulting nearly colourless solution
was stirred for 30 min at -78 °C and then allowed to warm to room temperature over

30 min. Excess acid chloride was quenched by addition of saturated ammonium
o

chloride solution (25 cm ). The THF and hexane were removed in vacuo and the
resultiant slurry extracted with dichloromethane (2x 35 cm ). The combined organic

o o

layers were washed with sodium hydroxide solution (30 cm ) and brine (30 cm ).
After drying (Na2SC>4) and removal of the solvent, the crude product was purified via
column chromatography (Si02, 9:1 hexanes:EtOAc) to give the pure oxazolidinone
186 as a clear oil (7.7 g, 77 %); Rf (Si02, 9:1 hexanes:EtOAc) 0.1; VmaxfNujoiycm"1
1702 (C-O) & Mil (OO); 6H 1.55 (6H, s, 2x CH3), 3.98 (2H, s, PhCH2), 4.24 (2H,

s, CH20) and 7.19-7.38 (5H, m, Ph); 8C 24.7 (2x CH3), 43.1 (PhCH2), 60.5 ((CH3)2Q,
75.1 (CH20), 127.0 (CHAr), 128.4 (CHAr), 129.6 (CHAr), 133.8 (Cq), 153.9 (CON) and
172.1 (C02); m/z (CI) 234 [100 %, (M+H+)], [Found: (MH)+, 234.1134. Ci3Hi6N03
requires 234.1130].
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3-[4-(2-Bromophenyl)-2-phenylbutyryl]-4,4-dimethyloxazolidin-2-one 188

To a solution of 4,4-dimethyloxazolidinone 185 (0.65 g, 5.6 mmol) in dry
distilled THF (17 cm3) under nitrogen at -78 °C was added 2.5 M n-BuLi solution in
hexanes (2.24 cm3, 5.6 mmol). After stirring for 10 min, 4-(2-bromophenyl)-2-

phenylbutyryl chloride 187 (1.9 cm , 5.6 mmol) in THF (5 cm ) was added via a

syringe. The resulting nearly colourless solution was stirred for 30 min at -78 °C and
then allowed to warm to room temperature over 30 min. Excess acid chloride was

quenched by addition of saturated ammonium chloride solution (10 cm ). The THF
and hexane were removed in vacuo and the resultant slurry extracted with
dichloromethane (2x 15 cm ). The combined organic layers were washed with sodium

q q

hydroxide solution (10 cm') and brine (10 cm ). After drying (NaaSO,*) and removal
of the solvent, the crude product was purified via column chromatography (SiC>2, 9:1

hexanes:EtOAc) to give the pure oxazolidinone 188 as a clear oil (1.5 g, 64 %); Rf

(SiC>2, 9:1 hexanes:EtOAc) 0.1; vmax(Nujol)/cm"' 1698 (C=0) & 1778 (C=0); 8h 1.39

(3H, s, CH3), 1.58 (3H, s, CH3), 1.98-2.14 (1H, m, PhCHC/fAHB), 2.33-2.45 (1H, m,

PhCHCHA/7B), 2.51-2.76 (2H, m, ArCH2), 3.76 (1H, d, .7=8.4, C//cHdO), 3.91 (1H, d,

7=8.4, CHc^dO), 5.03 (1H, t, J=7.4, PhCH), 6.98-7.03 (1H, m, ArH), 7.14-7.37 (1H,

m, ArH) and 7.46-7.49 (1H, m, HCCBr); 5C 24.2 (CH3), 25.2 (CH3), 34.0 (CH2), 34.2

(CH2), 49.9 (PhCH), 60.6 ((CH3)2C), 74.9 (CHjO), 124.4 (CBr), 127.3 (CHAr), 127.5

(CHAr), 127.7 (CHAr), 128.6 (CHa,), 128.7 (CHAr), 130.4 (CHAr), 132.8 (CHAr), 138.8

(Cq), 141.0 (Cq), 153.6 (CON) and 174.5 (C02); m/z (CI) 416 [100 %, (M+H+)],
[Found: (MH)+, 416.0855. C2iH23N0379Br requires 416.0861],

7,7-Dimethyl-9a-hydroxy-9b-phenylroytonone 19134

To a solution of 0.48 M LDA in THF (7.5 cm3) -78 °C under nitrogen was

added a solution of oxazolidinone 188 (0.5 g, 1.2 mmol) in THF (3.5 cm3). After

stirring for 10 min the solution was allowed to warm to room temperature over 30

min, at which time more THF (21 cm3) was added. The mixture was then stirred 48 h
at r. t. in the dark. After this time a saturated solution of ammonium chloride (4 cm3)
was added and the aqueous layer was extracted with three portions of ether (2x6

cm3). The combined organic layers were washed with water (10 cm3) and dried
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(MgSC>4) to give the crude product. Column chromatography (Si02, 9:1

hexanes:THF) yielded the pure Roytonone 191 as a white wax (301 mg, 15%);

191 Roytonone

Rf (Si02, 9:1 hexanes:EtOAc) 0.2; 8H 0.70 (3H, s, CH3), 1.60 (3H, s, CH3), 2.64-2.69

(1H, m, C2//aHb), 2.76-2.85 (1H, m, C'tfcHo), 2.91-2.99 (2H, m, C2HA//B &

C'Hof/o), 3.13 (1H, br. s, OH), 3.42 (1H, d, 7=8.2, C7/eHfO), 3.94 (1H, d, J=8.2,

CHe//FO), 7.07-7.10 (2H, m, C10HAr), 7.17-7.21 (3H, m, CnHAr & C12HAr), 7.40-7.45
(2H, m, C3HAr & C4HAr), & 7.80-7.82, (1H, m (~d), C2HAr) 5C 22.4 (C13), 25.0 (C13),
31.3 (CI), 36.3 (C2), 58.9 (C7), 59.5 (C9b), 78.1 (C8), 112.4 (C9a), 123.8 (C5), 127.1

(CI2), 127.4 (Cll), 128.0 (C5a), 128.5(C3), 128.8 (C4), 129.6 (C10), 139.1 (C9d),
142.5 (C2a), 145.8 (C9c) & 162.6 (C6); m/z (CI) 336 [100 %, (M+H^], [Found:

(MH)+, 336.1604. C2iH22N03 requires 336.1600],
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4.13Cycloalkylcarbaldehydes

4.13.1 Synthesis

Commercial cyclohexane carbaldehyde 205 was redistilled before use. 4-

Methylcyclohexane carboxylic acid 209 (cis/trans mixture), 4-ferr-butylcyclohexane

carboxylic acid 207 (cis/trans mixture) and tetrahydropyran-2-methanol 212 were

obtained commercially.

4.13.1.1 Carboxylic Acids

cw-4-Methylcyclohexane carboxylic acid cis-209 was isolated, after hydrolysis, from
the calcium salt 210 of the commercial isomeric mixture.35 cis & trans 4-tert-

Butylcyclohexane carboxylic acids 207 were separated from the commercial mixture
of acids (cis/trans 55/45) via column chromatography using a column of silica (20 x
3.5 cm) eluting with dichloromethane. The RfS of the cis and trans acids were 0.12
and 0.05 respectively.

c/s-4-Methylcyclohexane carboxylic acid calcium salt cis-21036

A portion of the commercial cis/trans 4-methylcyclohexane carboxylic acid
209 was dissolved in water and excess CaCC>3 added. The mixture was then heated to

reflux and stirred for one hour. After cooling, the heterogeneous mixture was filtered
to remove excess CaCC>3. The water was evaporated until solid began to precipitate.
The resulting mixture was heated to redissolve the solid and the solution covered and
left to cool slowly. The first crop of crystals was collected and via 'H-NMR was

found to contain a 1:1 mixture of the cis/trans, the second crop contained 5:4 with the
cis isomer predominating. The fourth crop yielded a 9:2 ratio and was deemed a

suitable ratio; 6H 0.84-0.90 (4H, m, c-C6Hu), 1.15-1.26 (2H, m, c-C6Hn), 1.41-1.53

(4H, m, c-C6Hn), 1.53-1.18 (2H, m, c-C6Hn), 2.14-2.23 (1H, m, c-C6Hn).
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c/s-4-t-Butylcyclohexane carboxylic acid c/s-20737

5h 0.83 (9H, s, 'Bu), 0.93-1.03 (1H, m, c-QHn), 1.08-1.25 (2H, m, c-C6Hn), 1.41-
1.52 (2H,m, c-C6Hh), 1.63-1.68 (2H, m, c-C6Hn), 2.21-2.27 (2H, m, c-C6Hn), 2.67-
2.71 (1H, m,c-C6H„), 11.58 (1H, br s, C02H).

4.13.1.2 Cycloalkylmethanols

o

To a suspension of lithium aluminium hydride (1.05 eq) in dry ether (30 cm )
at 0 °C under nitrogen was added dropwise a solution of the carboxylic acid (11

mmol) (in the case of the czs-4-methylcyclohexane carboxylic acid, the calcium salt
was acidified with 1M hydrochloric acid and extracted in dichloromethane and the

o

solvent dried and removed prior to use) in dry ether (20 cm ). After stirring for 10 min
the mixture was heated under reflux for 2 h, cooled to 0 °C and water (5 cm ) was
added dropwise with caution. The mixture was then stirred for 10 min and allowed to

warm to room temperature over 20 min. Aqueous HC1 (5M, 50 cm ) was added and
the salts were allowed to dissolve. The aqueous layer was extracted with ether (3x 20

cm3). The combined organic layers were washed with saturated sodium bicarbonate
q o q .

(50 cm ), brine (50 cm ) and water (50 cm ). The organic layers were then dried

(MgSC>4) and the solvent evaporated.

qo

rram-4-Zert-Butylcyclohexane methanol trans-208

Pale yellow liquid; 5H 0.84 (9H,s, 'Bu), 0.86-1.07 (5H, m, c-C6Hn), 1.35-1.46 (1H, m,

c-C6Hii), 1.76-1.88 (4H, m, c-C6Hn), 1.93 (1H, br s, OH), 3.44 (2H, d, .7=6.4, CH20).

cw-4-tert-Butylcyclohexane methanol c/s-208 39

Pale yellow liquid; 6H 0.83 (9H, s, 'Bu), 0.96-1.12 (3H, m, c-C6Hn), 1.40-1.58 (4H,

m, c-C6Hn), 1.71-1.87 (4H, m, c-C6Hn), 3.63 (2H, d, J=7.4, CH20) (OH not

observed).
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3.13.1.3 Cycloalkylmethanals

To a stirred solution of sodium acetate (1 eq) and sodium bicarbonate (1 eq) in
dichloromethane (125 cm3), was added pyridinium chlorochromate (3 eq) followed by
the alicyclic alcohol (6 mmol). The resultant suspension was stirred at room

o

temperature for 1 h. After this time ether (200 cm ) was added and the mixture stirred
for an additional 15 min. The suspension was poured through a pad of silica and the
solvent evaporated. Distillation under reduced pressure afforded the pure aldehyde.

Cyclohexane carbaldehyde {axial/equatorial mixture) 205.

5h (CD2C12) 1.2-1.45 (4H, m, c-C6Hn), 1.6-1.8 (3H, m, c-C6Hn), 1.8-1.95 (2H, m, c-

C6Hn), 2.2-2.35 (1H, m, c-C6Hn), 5.31 (1H, m, c-C6Hu), 9.61 (1H, d, .7=1.3, CHO).
At lower temperatures the spectrum broadened, coalescence was at ca. 213 K and
below this temperature separate spectra for the axial and equatorial aldehydes were

observed. Their concentration ratio [205ax]/[205eq] was determined from the formyl

signals at 9.65 (205ax) and 9.52 (205eq).

T/K 204 203 198 193 188 183

[205ax]/[205eq] 0.119 0.118 0.118 0.106 0.118 0.105

tram-4-fert-Butylcyclohexane carbaldehyde trans-203 40

8h 0.86 (9H, s, 'Bu), 0.94-1.11 (3H, m, c-C6Hn), 1.14-1.32 (2H, m, c-C6Hu), 1.85-

(2H, m, c-C6Hn), 1.99-2.08 (2H, m, c-C6Hn), 2.08-2.20 (1H, m, c-C6Hn), 9.61 (1H,

d, .7=1.8, CHO).

cA-4-tert-Butylcyclohexane carbaldehyde c/s-2038

5h 0.80 (9H, s, 'Bu), 0.82-0.88 (1H, m, c-C6Hn), 0.88-1.00, (2H, m, c-C6Hn), 1.40-
1.60 (2H, m, c-C6Hn), 1.60-1.72 (2H, m, c-C6Hu), 2.24-2.34 (2H, m, c-C6Hn), 2.38-
2.44 (1H, m, c-C6Hn), 9.72 (1H, d, J=0.8, CHO). 5C 23.8, 24.1, 25.4, 27.3, 46.5, 47.8,
206.0.
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cw-4-Methylcyclohexane carbaldehyde c/s-204 41

5h 0.91 (3H, d, .7=6.3, CH3), 1.18-1.32 (3H, m, c-C6Hn), 1.50-1.62 (4H, m, c-C6Hu),
1.98-2.09 (2H, m, c-C6Hu), 2.53-2.60 (1H, m, c-C6Hn) 9.60 (1H, s, CHO).

Tetrahydropyran-2-carbaldehyde {axial/equatorial mixture) 206 42

5h 1.38-1.65 (4H, m, c-C5H90), 1.83-1.93 (2H, m, c-C5H90), 3.41-3.60 (2H, m, c-

C5H90), 3.99-4.10 (1H, m, c-C5H90), 9.62 (1H, s, CHO). The 'HNMR was studied at

lower temperatures in CD2CI2 solution. The formyl signal broadened and showed a

shoulder at 185 K, the lowest accessible temperature (-coalescence), but separate

signals for the axial and equatorial conformers were not resolved.

3.13.2 EPR Sample Preparation

Solutions of freshly distilled aldehyde (ca. 0.1-0.2 M) and DTBP (20 pi) were
made up in 0.4 mm od quartz tubes and the solvent was distilled in. For reactions

performed in cyclopropane or n-propane (up to 0.5 cm ), the solution was degassed on

a vacuum line using the freeze-pump-thaw technique, and the quartz tube was flame
sealed.

3.13.3 Computations.

Most of the computations for the cycloalkylacyl radicals were carried by Dr G.
DiLabio at the National Institute ofNanotechnology, NRCC, Edmonton, Canada.

The following method of averaging hfs over rotational potentials was adopted
because of the irregularity of the PES shape. For each minimum on the PES,
rotational states up to RT (T = 140 K) should be occupied. The dihedral boundaries on
the PES that corresponded to RT were obtained and assigned to the hfs vs. dihedral

plot. An unweighted average of the area bounded by the dihedral boundaries and the
hfs curve was obtained. This approach should be good to within a few tenths of a
Gauss despite not taking into account explicit rotational energy levels.
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Tetrahydronaphthalene 144

Table 1. Crystal data and structure refinement for 144.

Identification code

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected

Independent reflections
Completeness to theta = 25.32°
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(I)J
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

144
C21 H23NO
305.40

93(2)K
0.71073 A
Triclinic
P-l

a =8.588(2) A a= 115.888(16)°
b= 10.0389(19) A (3=98.06(2)°.
c= 10.8881(13) A y = 92.69(2)°.
830.0(3) A3
2
1.222 Mg/m3
0.074 mm"1
328
0.2000 x 0.2000 x 0.2000 mm3
2.41 to 25.32°.

-8<=h<=10, -12<=k<=10, -13<=1<=12
5017
2811 [R(int) = 0.0221]
92.4 %
MULTISCAN
1.0000 and 0.3816
Full-matrix least-squares on F2
2811/0/210
1.074
R1 =0.0462, wR2 = 0.1198
R1 =0.0519, wR2 = 0.1257
0.027(12)
0.317 and-0.426 e.A"3
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Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x 103)
for 144. U(eq) is defined as one third of the trace of the orthogonalized U'l tensor.

X y z U(eq)

C(l) 3498(2) 3861(1) 1570(1) 16(1)
C(2) 5325(2) 3987(1) 1734(1) 18(1)
C(3) 5972(2) 2735(1) 2009(1) 21(1)
C(4) 5660(2) 2915(1) 3407(1) 21(1)
C(5) 3959(2) 3140(1) 3578(1) 18(1)
C(6) 3372(2) 2886(1) 4603(1) 22(1)
C(7) 1817(2) 3051(1) 4795(1) 23(1)
C(8) 813(2) 3482(1) 3954(1) 22(1)
C(9) 1373(2) 3755(1) 2947(1) 19(1)
C(10) 2947(2) 3595(1) 2742(1) 16(1)
C(ll) 2984(2) 5348(1) 1689(1) 16(1)
N(12) 3797(1) 6617(1) 2363(1) 18(1)
C(13) 2704(2) 7737(1) 2368(1) 19(1)
C(14) 1321(2) 6773(1) 1210(1) 22(1)
0(15) 1467(1) 5271(1) 1056(1) 22(1)
C(16) 2205(2) 8409(2) 3785(1) 28(1)
0(17) 3486(2) 8946(1) 2093(2) 28(1)
0(18) 2773(2) 2583(1) 128(1) 16(1)
0(19) 1947(2) 1273(1) -38(1) 18(1)
C(20) 1356(2) 130(1) -1357(1) 21(1)
0(21) 1604(2) 270(1) -2522(1) 21(1)
C(22) 2445(2) 1565(2) -2369(1) 22(1)
C(23) 3013(2) 2711(1) -1053(1) 20(1)

Table 3. Bond lengths [A] for 144.

C(ll)-0(15) 1.3679(15)
C(l)-C(ll) 1.5321(17) N(12)-C(13) 1.4958(16)
C(l)-C(10) 1.5422(18) C(13)-C(17) 1.521(2)
C(l)-C(18) 1.5465(17) C(13)-C(16) 1.523(2)
C(l)-C(2) 1.5472(18) C(13)-C(14) 1.5309(19)
C(2)-C(3) 1.5244(17) C(14)-0(15) 1.4561(15)
C(2)-H(2A) 0.9900 C(14)-H(14A) 0.9900

C(2)-H(2B) 0.9900 C(14)-H(14B) 0.9900
C(3)-C(4) 1.5165(19) C(16)-H(16A) 0.9800

C(3)-H(3A) 0.9900 C(16)-H(16B) 0.9800
C(3)-H(3B) 0.9900 C(16)-H(16C) 0.9800
C(4)-C(5) 1.5132(19) C(17)-H(17A) 0.9800
C(4)-H(4A) 0.9900 C(17)-H(17B) 0.9800
C(4)-H(4B) 0.9900 C(17)-H(17C) 0.9800
C(5)-C(6) 1.3992(19) C(18)-C(23) 1.3880(19)
C(5)-C(10) 1.4046(18) C(18)-C(19) 1.3910(19)
C(6)-C(7) 1.386(2) C(19)-C(20) 1.3922(18)
C(6)-H(6A) 0.9500 C(19)-H(19A) 0.9500
C(7)-C(8) 1.388(2) C(20)-C(21) 1.3799(19)
C(7)-H(7A) 0.9500 C(20)-H(20A) 0.9500
C(8)-C(9) 1.3818(19) C(21)-C(22) 1.388(2)
C(8)-H(8A) 0.9500 C(21)-H(21A) 0.9500

C(9)-C(10) 1.4049(19) C(22)-C(23) 1.3883(19)
C(9)-H(9A) 0.9500 C(22)-H(22A) 0.9500

C(ll)-N(12) 1.2673(16) C(23)-H(23A) 0.95
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Table 4. Bond angles [°] for 144.

C(ll)-C(l)-C(10) 107.93(10) C(ll)-N(12)-C(13) 106.35(10)
C(ll)-C(l)-C(18) 110.16(10) N(12)-C(13)-C(17) 112.05(11)
C(10)-C(l)-C(18) 111.24(10) N(12)-C(13)-C(16) 107.02(10)
C(ll)-C(l)-C(2) 107.90(10) C(17)-C(13)-C(16) 110.73(11)
C(10)-C(l)-C(2) 110.72(10) N(12)-C(13)-C(14) 102.52(9)
C(18)-C(l)-C(2) 108.83(10) C(17)-C(13)-C(14) 112.34(11)
C(3)-C(2)-C(l) 111.35(11) C(16)-C(13)-C(14) 111.81(12)
C(3)-C(2>H(2A) 109.4 0(15)-C(14)-C(13) 103.92(10)
C(1)-C(2)-H(2A) 109.4 0(15)-C(14)-H(14A) 111.0

C(3)-C(2)-H(2B) 109.4 C(13 )-C(14)-H(14A) 111.0

C(1)-C(2)-H(2B) 109.4 0(15)-C(14)-H(14B) 111.0

H(2A)-C(2)-H(2B) 108.0 C(13)-C(14)-H(14B) 111.0

C(4)-C(3)-C(2) 109.25(10) H(14A)-C(14)-H(14B) 109.0

C(4)-C(3)-H(3A) 109.8 C(ll)-0(15)-C(14) 104.55(9)
C(2)-C(3)-H(3A) 109.8 C(13)-C(16)-H(l 6A) 109.5

C(4)-C(3)-H(3B) 109.8 C(13)-C(16)-H(16B) 109.5

C(2)-C(3)-H(3B) 109.8 H(16A)-C(16)-H( 16B) 109.5

H(3A)-C(3)-H(3B) 108.3 C(13)-C(16)-H(16C) 109.5

C(5)-C(4)-C(3) 112.73(11) H(16A)-C(16)-H(16C) 109.5

C(5)-C(4)-H(4A) 109.0 H(16B)-C(16)-H(16C) 109.5

C(3)-C(4)-H(4A) 109.0 C(13)-C(17)-H(17A) 109.5

C(5)-C(4)-H(4B) 109.0 C(13)-C( 17)-H(17B) 109.5

C(3)-C(4)-H(4B) 109.0 H(17A)-C(17)-H( 17B) 109.5

H(4A)-C(4)-H(4B) 107.8 C(13)-C(17)-H(17C) 109.5

C(6>C(5)-C(10) 118.76(13) H(17A)-C(17)-H( 17C) 109.5

C(6)-C(5)-C(4) 119.07(11) H(17B)-C(17)-H(17C) 109.5

C(10)-C(5)-C(4) 122.17(12) C(23)-C(18)-C(19) 118.32(11)
C(7)-C(6)-C(5) 121.64(13) C(23)-C(18)-C(l) 119.07(11)
C(7)-C(6)-H(6A) 119.2 C(19)-C(18)-C(l) 122.55(12)
C(5)-C(6)-H(6A) 119.2 C(18)-C(19)-C(20) 120.70(13)
C(6)-C(7)-C(8) 119.51(14) C(18)-C(19>H(19A) 119.7

C(6)-C(7)-H(7A) 120.2 C(20)-C(19)-H(19A) 119.7

C(8)-C(7)-H(7A) 120.2 C(21)-C(20)-C(19) 120.41(12)
C(9)-C(8)-C(7) 119.81(13) C(21 )-C(20)-H(20A) 119.8

C(9)-C(8)-H(8A) 120.1 C(19>C(20)-H(20A) 119.8

C(7)-C(8)-H(8A) 120.1 C(20)-C(21)-C(22) 119.40(12)
C(8)-C(9)-C(10) 121.34(12) C(20)-C(21 )-H(21A) 120.3

C(8)-C(9)-H(9A) 119.3 C(22)-C(21 )-H(21A) 120.3

C(10)-C(9)-H(9A) 119.3 C(23)-C(22)-C(21) 120.01(13)
C(5)-C(10)-C(9) 118.93(13) C(23)-C(22)-H(22A) 120.0

C(5)-C(10)-C(l) 121.73(12) C(21 )-C(22)-H(22A) 120.0

C(9)-C(10)-C(l) 119.29(11) C(22)-C(23)-C(18) 121.15(12)
N(12)-C(ll)-0(15) 118.35(11) C(22)-C(23)-H(23A) 119.4

N(12)-C(ll)-C(l) 126.30(11) C(18)-C(23)-H(23A) 119.4

0(15)-C(l l)-C(l) 115.25(10)

Symmetry transformations used to generate
equivalent atoms:
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Table 5. Anisotropic displacement parameters (A2x 103) for 144. The anisotropic
displacement factor exponent takes the form: -27t2[ h2 a*2U" + ... + 2 h k a* b* U12 ]

U11 U22 U33 U23 U13 U12

C(1) 14(1) 13(1) 20(1) 5(1) 2(1) 4(1)
C(2) 14(1) 15(1) 22(1) 7(1) 1(1) 4(1)
C(3) 15(1) 17(1) 27(1) 7(1) 1(1) 6(1)
C(4) 19(1) 17(1) 25(1) 9(1) -2(1) 5(1)
C(5) 19(1) 10(1) 18(1) 2(1) -1(1) 2(1)
C(6) 28(1) 16(1) 20(1) 7(1) -1(1) 4(1)
C(7) 29(1) 18(1) 19(1) 6(1) 5(1) 2(1)
C(8) 21(1) 16(1) 22(1) 3(1) 5(1) 2(1)
C(9) 19(1) 14(1) 21(1) 5(1) 0(1) 3(1)
C(10) 17(1) 9(1) 16(1) 2(1) 0(1) 2(1)
C(ll) 12(1) 17(1) 17(1) 7(1) 1(1) 5(1)
N(12) 17(1) 13(1) 21(1) 6(1) 1(1) 5(1)
C(13) 17(1) 14(1) 22(1) 6(1) 1(1) 7(1)
C(14) 24(1) 13(1) 27(1) 7(1) -1(1) 7(1)
0(15) 17(1) 14(1) 30(1) 7(1) -4(1) 5(1)
C(16) 31(1) 25(1) 24(1) 7(1) 5(1) 15(1)
C(17) 27(1) 18(1) 37(1) 12(1) 5(1) 7(1)
C(18) 12(1) 14(1) 20(1) 7(1) 2(1) 8(1)
C(19) 17(1) 17(1) 21(1) 8(1) 5(1) 6(1)
C(20) 18(1) 15(1) 26(1) 7(1) 5(1) 4(1)
C(21) 18(1) 19(1) 19(1) 2(1) 1(1) 7(1)
C(22) 21(1) 26(1) 19(1) 10(1) 5(1) 9(1)
C(23) 17(1) 18(1) 25(1) 11(1) 5(1) 4(1)

Table 6. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 103)
for 144.

-

X y z U(eq)

H(2A) 5640 3943 878 21

H(2B) 5790 4961 2513 21

H(3A) 5451 1757 1270 25

H(3B) 7126 2772 2005 25

H(4A) 5918 2017 3514 25

H(4B) 6368 3783 4150 25

H(6A) 4055 2594 5182 27

H(7A) 1443 2871 5495 27

H(8A) -258 3588 4072 26

H(9A) 681 4058 2381 23

H(14A) 294 7090 1475 27

H(14B) 1411 6831 338 27

H(16A) 1703 7614 3942 41

H(16B) 1451 9121 3815 41

H(16C) 3140 8925 4508 41

H(17A) 4359 9534 2859 41

H(17B) 2704 9599 2016 41

H(17C) 3898 8484 1224 41

H(19A) 1783 1157 756 22

H(20A) 780 -753 -1455 25

H(21A) 1203 -512 -3422 25

H(22A) 2631 1667 -3165 26

H(23A) 3575 3598 -958 24
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Table 7. Torsion angles [°] for 144.

C(U)-C(1)-C(2)-C(3) 165.12(10) C(10)-C( 1 )-C( 11 )-0( 15) -84.69(12)
C( 10)-C( 1 )-C(2)-C(3) 47.21(13) C(18)-C( 1 )-C( 11 )-0( 15) 36.95(15)
C(18)-C(l )-C(2)-C(3) -75.35(13) C(2)-C( 1 )-C( 11 )-0( 15) 155.63(11)
C( 1 )-C(2)-C(3)-C(4) -65.79(13) 0(15)-C( 11 )-N(12)-C(13) 5.64(16)
C(2)-C(3)-C(4)-C(5) 49.48(14) C(l)-C(ll)-N(12)-C(13) -170.50(12)
C(3)-C(4)-C(5)-C(6) 161.35(11) C(ll)-N(12)-C(13)-C(17) -136.80(12)
C(3)-C(4)-C(5)-C( 10) -18.65(16) C( 11 )-N(12)-C(13)-C(16) 101.64(12)
C( 10)-C(5)-C(6)-C(7) 1.01(18) C(11)-N(12)-C(13>C(14) -16.13(14)
C(4)-C(5)-C(6)-C(7) -178.99(11) N(12)-C(13)-C(14)-0(15) 20.34(13)
C(5)-C(6)-C(7)-C(8) -0.13(19) C(17)-C(13)-C(14)-0(15) 140.81(12)
C(6)-C(7)-C(8)-C(9) -0.65(18) C(16)-C(13)-C(14)-0(15) -93.98(12)
C(7)-C(8)-C(9)-C(10) 0.55(18) N(12)-C(11 )-0(15)-C( 14) 8.21(15)
C(6)-C(5)-C(10)-C(9) -1.09(17) C( 1 )-C( 11 )-0(15)-C(14) -175.23(11)
C(4)-C(5)-C(l0)-C(9) 178.91(10) C(13)-C(14)-0(15>C(11) -17.57(13)
C(6)-C(5)-C(10)-C(1) -178.59(10) C(11)-C(1)-C(18)-C(23) 53.92(15)
C(4)-C(5)-C(10)-C(1) 1.41(17) C(10)-C( 1 )-C( 18)-C(23) 173.56(10)
C(8)-C(9)-C(10)-C(5) 0.34(18) C(2)-C( 1 )-C(18)-C(23) -64.19(14)
C(8)-C(9)-C(10)-C(1) 177.89(10) C(11 )-C( 1 )-C(18)-C(19) -129.03(13)
C(11)-C(1)-C(10)-C(5) -133.42(12) C(10)-C( 1 )-C( 18)-C( 19) -9.38(16)
C(18)-C( 1 )-C(10)-C(5) 105.62(13) C(2)-C(l )-C(l 8)-C(l 9) 112.86(13)
C(2)-C( 1 )-C(10)-C(5) -15.53(15) C(23)-C(18>C(19)-C(20) -0.90(18)
C(ll)-C(l)-C(10)-C(9) 49.09(14) C(1 )-C(18)-C(19)-C(20) -177.97(11)
C(18)-C( 1 )-C(10)-C(9) -71.87(13) C(18)-C(19)-C(20)-C(21) 0.99(19)
C(2)-C( 1 )-C(10)-C(9) 166.98(10) C(19)-C(20)-C(21 )-C(22) -0.17(19)
C(10)-C( 1 )-C( 11 )-N(12) 91.56(15) C(20)-C(21 )-C(22)-C(23) -0.72(19)
C(18)-C( 1 )-C( 11 )-N(12) -146.81(13) C(21 )-C(22)-C(23 )-C( 18) 0.8(2)
C(2)-C(l)-C(l 1)-N(12) -28.13(17) C(19)-C(18)-C(23)-C(22) 0.00(18)

C(1 )-C( 18)-C(23)-C(22) 177.17(12)

Symmetry transformations used to generate
equivalent atoms:
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Benzosuberene 148

Table 1. Crystal data and structure refinement for 148.

Identification code

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected

Independent reflections
Completeness to theta = 67.62°
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(I)J
R indices (all data)
Largest diff. peak and hole

mrjw4
C22 H23 N O
317.41

173(2) K
1.54178 A
Monoclinic

P2(l)/c
a = 12.9895(12) A a= 90°.
b= 11.5790(10) A p= 93.777(3)°
c = 11.5517(11) A y = 90°.
1733.7(3) A3
4
1.216 Mg/m3
0.570 mm"1
680
0.300x0.050x0.010 mm3
3.41 to 67.62°.

-15<=h<=15, -13<=k<=13, -12<=1<=12
21400
2948 [R(int) = 0.0628]
94.1 %
Multiscan
1.0000 and 0.9505
Full-matrix least-squares on F2
2948/0/217
1.078
R1 = 0.0406, wR2 = 0.0939
R1 =0.0481, wR2 = 0.0982
0.158 and-0.175 e.A"3
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Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x 103)
for 148. U(eq) is defined as one third of the trace of the orthogonalized U'i tensor.

X y z U(eq)

C(l) 6715(1) 6867(1) 4140(1) 25(1)
N(2) 5775(1) 6893(1) 3768(1) 33(1)
C(3) 5218(1) 7575(1) 4622(1) 31(1)
C(4) 6089(1) 8031(1) 5470(1) 37(1)
0(5) 7001(1) 7421(1) 5149(1) 29(1)
C(6) 4488(1) 6776(1) 5222(2) 41(1)
C(7) 4640(1) 8552(2) 3991(2) 43(1)
C(8) 7550(1) 6242(1) 3587(1) 25(1)
C(9) 7299(1) 5181(1) 3074(1) 30(1)
C(10) 8045(1) 4534(1) 2575(1) 32(1)
C(ll) 9046(1) 4942(1) 2586(1) 29(1)
C(12) 9320(1) 6002(1) 3085(1) 25(1)
0(13) 10416(1) 6436(1) 3063(1) 30(1)
0(14) 11003(1) 6457(1) 4258(1) 34(1)
0(15) 10352(1) 6967(1) 5198(1) 32(1)
0(16) 9700(1) 7970(1) 4775(1) 28(1)
0(17) 8855(1) 7849(1) 4055(1) 24(1)
0(18) 8564(1) 6677(1) 3590(1) 23(1)
0(19) 8218(1) 8853(1) 3650(1) 25(1)
C(20) 8083(1) 9808(1) 4366(1) 29(1)
0(21) 7486(1) 10737(1) 3981(1) 34(1)
C(22) 6992(1) 10731(1) 2879(2) 37(1)
C(23) 7125(1) 9795(1) 2159(1) 35(1)
0(24) 7733(1) 8867(1) 2536(1) 29(1)

Table 3. Bond lengths [A] for 148.

C(l)-N(2) 1.2672(18) C(12)-C(13) 1.5108(19)
C(l)-0(5) 1.3616(16) C(13)-C(14) 1.533(2)
C(l)-C(8) 1.4825(19) C(13)-H(13A) 0.9900
N(2)-C(3) 1.4881(18) C(13)-H(13B) 0.9900

C(3)-C(7) 1.518(2) C(14)-C(15) 1.537(2)
C(3)-C(6) 1.523(2) C(14)-H(14A) 0.9900

C(3)-C(4) 1.540(2) C(14)-H(14B) 0.9900

0(4)-O(5) 1.4472(17) C(15)-C(16) 1.5002(19)
C(4)-H(4A) 0.9900 C(15)-H(15A) 0.9900
C(4)-H(4B) 0.9900 C(15)-H(15B) 0.9900
C(6)-H(6A) 0.9800 C(16)-C(17) 1.3401(19)
C(6)-H(6B) 0.9800 C(16)-H(16A) 0.9500
C(6)-H(6C) 0.9800 C(17)-C(19) 1.4852(19)
C(7)-H(7A) 0.9800 C(17)-C(18) 1.4986(18)
C(7)-H(7B) 0.9800 C(19)-C(24) 1.396(2)
C(7)-H(7C) 0.9800 C(19)-C(20) 1.3982(19)
C(8)-C(9) 1.3943(19) C(20)-C(21) 1.382(2)
C(8)-C(18) 1.4101(19) C(20)-H(20A) 0.9500
C(9)-C(10) 1.381(2) C(21)-C(22) 1.388(2)
C(9)-H(9A) 0.9500 C(21)-H(21A) 0.9500
C(10)-C(ll) 1.383(2) C(22)-C(23) 1.384(2)
C(10)-H(10A) 0.9500 C(22)-H(22A) 0.9500
C(ll)-C(12) 1.392(2) C(23)-C(24) 1.386(2)
C(11)-H(11A) 0.9500 C(23)-H(23A) 0.9500

C(12)-C(18) 1.4114(19) C(24)-H(24A) 0.9500
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Table 4 Bond angles [°] for 148

N(2)-C(l)-0(5) 118.75(12) C(12)-C( 13)-H( 13A) 108.8

N(2)-C(l)-C(8) 125.58(13) C(14)-C(13)-H( 13A) 108.8
0(5)-C(l)-C(8) 115.63(11) C(12)-C(13)-H(13B) 108.8
C(l)-N(2)-C(3) 106.73(12) C(14)-C(13)-H(13B) 108.8

N(2)-C(3)-C(7) 108.86(12) H(13A)-C(13>H(13B) 107.7

N(2)-C(3)-C(6) 108.89(12) C(13)-C(14>C(15) 112.19(12)
C(7)-C(3)-C(6) 111.63(13) C(13)-C(14>H(14A) 109.2

N(2)-C(3)-C(4) 103.55(11) C(15)-C(14)-H( 14A) 109.2

C(7)-C(3)-C(4) 111.65(13) C(13)-C(14)-H(14B) 109.2
C(6)-C(3)-C(4) 111.88(13) C(15)-C(14)-H(14B) 109.2

0(5>C(4)-C(3) 104.45(11) H(14A)-C(14)-H(14B) 107.9

0(5)-C(4)-H(4A) 110.9 C(16)-C(15)-C(14) 113.10(12)
C(3)-C(4)-H(4A) 110.9 C(16)-C(15)-H( 15A) 109.0

0(5)-C(4)-H(4B) 110.9 C(14)-C(15)-H(15A) 109.0

C(3)-C(4)-H(4B) 110.9 C(16)-C(15)-H(15B) 109.0

H(4A)-C(4)-H(4B) 108.9 C(14)-C( 15)-H(15B) 109.0

C(l)-0(5)-C(4) 105.51(10) H(15A)-C(15)-H(15B) 107.8

C(3)-C(6)-H(6A) 109.5 C(17)-C(16)-C(15) 122.91(13)
C(3)-C(6)-H(6B) 109.5 C(17)-C(16)-H( 16A) 118.5

H(6A)-C(6)-H(6B) 109.5 C(15)-C(16)-H( 16A) 118.5

C(3)-C(6)-H(6C) 109.5 C(16)-C(17)-C(19) 122.04(12)
H(6A)-C(6)-H(6C) 109.5 C(16)-C(17)-C(18) 119.62(12)
H(6B)-C(6)-H(6C) 109.5 C(19)-C(17)-C(18) 118.27(11)
C(3)-C(7)-H(7A) 109.5 C(8)-C(18)-C(12) 118.49(12)
C(3)-C(7)-H(7B) 109.5 C(8>C(18)-C(17) 122.53(12)
H(7A)-C(7)-H(7B) 109.5 C(12)-C(18)-C(17) 118.91(12)
C(3)-C(7)-H(7C) 109.5 C(24)-C(19)-C(20) 118.01(13)
H(7A)-C(7)-H(7C) 109.5 C(24)-C( 19)-C(17) 120.51(12)
H(7B)-C(7)-H(7C) 109.5 C(20)-C( 19)-C(17) 121.48(12)
C(9)-C(8)-C(18) 120.55(13) C(21)-C(20)-C(19) 121.00(13)
C(9)-C(8)-C(l) 117.09(12) C(21 )-C(20)-H(20A) 119.5

C(18)-C(8)-C(l) 122.35(12) C(19)-C(20)-H(20A) 119.5

C(10)-C(9)-C(8) 120.29(14) C(20)-C(21 )-C(22) 120.46(14)
C(10)-C(9)-H(9A) 119.9 C(20)-C(21 )-H(21A) 119.8

C(8)-C(9)-H(9A) 119.9 C(22)-C(21 )-H(21A) 119.8

C(9)-C(10)-C(l 1) 119.76(13) C(23)-C(22)-C(21) 119.13(14)
C(9)-C( 10)-H( 1OA) 120.1 C(23)-C(22)-H(22A) 120.4

C( 11 )-C(10)-H( 1 OA) 120.1 C(21 )-C(22)-H(22A) 120.4

C(10)-C(ll)-C(12) 121.35(13) C(22)-C(23)-C(24) 120.63(14)
C( 10)-C( 11 )-H( 11A) 119.3 C(22)-C(23)-H(23A) 119.7

C(12)-C(l 1)-H(11A) 119.3 C(24)-C(23)-H(23A) 119.7

C(11)-C(12)-C(18) 119.55(13) C(23)-C(24)-C(19) 120.76(13)
C(ll)-C(12)-C(13) 120.14(12) C(23)-C(24)-H(24A) 119.6

C(18)-C(12)-C(13) 120.30(12) C(19)-C(24)-H(24A) 119.6

C(12)-C(13)-C(14) 113.81(12)

Symmetry transformations used to generate
equivalent atoms:
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Table 5. Anisotropic displacement parameters (A2x 103) for 148. The anisotropic
displacement factor exponent takes the form: -27t2[ h2 a*2Uu + ... + 2 h k a* b* U12 ]

U11 U22 u33 U23 U13 U12

C(1) 31(1) 22(1) 22(1 1(1) 1(1) -2(1)
N(2) 29(1) 35(1) 34(1 -7(1) 1(1) 3(1)
C(3) 28(1) 31(1) 34(1 -5(1) 4(1) 1(1)
C(4) 32(1) 40(1) 38(1 -11(1) 5(1) 3(1)
0(5) 29(1) 34(1) 23(1 -4(1) 2(1) 1(1)
C(6) 41(1) 34(1) 50(1 -3(1) 11(1) -3(1)
0(7) 42(1) 39(1) 47(1 1(1) 5(1) 7(1)
0(8) 30(1) 22(1) 23(1 3(1) 0(1) 2(1)
0(9) 33(1) 26(1) 31(1 0(1) 0(1) -2(1)
C(10) 43(1) 22(1) 31(1 -4(1) -2(1) 2(1)
0(11) 35(1) 26(1) 26(1 -1(1) 2(1) 8(1)
0(12) 31(1) 26(1) 20(1 4(1) 1(1) 4(1)
0(13) 30(1) 32(1) 30(1 0(1) 7(1) 3(1)
0(14) 29(1) 36(1) 36(1 -1(1) -1(1) 4(1)
0(15) 34(1) 35(1) 27(1 1(1) -4(1) 1(1)
0(16) 31(1) 27(1) 26(1 -1(1) 2(1) -1(1)
0(17) 28(1) 24(1) 21(1 1(1) 5(1) 0(1)
0(18) 29(1) 23(1) 19(1 3(1) 0(1) 3(1)
0(19) 26(1) 23(1) 26(1 0(1) 4(1) -3(1)
C(20) 32(1) 27(1) 28(1 -2(1) 5(1) -3(1)
0(21) 36(1) 25(1) 41(1 -4(1) 10(1) 1(1)
C(22) 37(1) 27(1) 47(1 8(1) 4(1) 6(1)
C(23) 37(1) 31(1) 36(1 7(1) -4(1) 0(1)
0(24) 34(1) 23(1) 29(1 0(1) 0(1) -1(1)

Table 6. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 10 3)
for 148.

X y z U(eq)

H(4A) 6174 8875 5381 44

H(4B) 5943 7861 6283 44

H(6A) 3948 6501 4656 62

H(6B) 4172 7198 5842 62

H(6C) 4876 6114 5554 62

H(7A) 5132 9050 3619 64

H(7B) 4270 9006 4547 64

H(7C) 4146 8231 3399 64

H(9A) 6611 4901 3067 36

H(10A) 7872 3811 2226 38

H(11A) 9557 4491 2246 35

H(13A) 10403 7228 2738 36

H(13B) 10794 5938 2539 36

H(14A) 11639 6921 4213 41

H(14B) 11210 5659 4479 41

H(15A) 9899 6356 5480 39

H(15B) 10819 7222 5862 39

H(16A) 9895 8724 5028 33

H(20A) 8406 9819 5127 35

H(21A) 7413 11383 4475 40

H(22A) 6568 11361 2622 44

H(23A) 6796 9788 1400 42

H(24A) 7820 8233 2030 35
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Table 7. Torsion angles [°] for 148.

0(5)-C( 1 )-N(2)-C(3) -0.32(17) C(15)-C(16)-C(17)-C( 19) 179.74(13)
C(8)-C(l )-N(2)-C(3) 177.51(13) C(15)-C(16)-C(17)-C(18) -3.4(2)
C( 1 )-N(2)-C(3)-C(7) 125.19(13) C(9)-C(8)-C(18)-C(12) -1.44(19)
C( 1 )-N(2)-C(3)-C(6) -112.90(14) C( 1 )-C(8)-C(18)-C(12) 177.40(12)
C( 1 )-N(2)-C(3)-C(4) 6.29(15) C(9)-C(8)-C(18)-C( 17) 175.60(12)
N(2)-C(3)-C(4)-0(5) -9.56(15) C( 1 )-C(8)-C(18)-C( 17) -5.6(2)
C(7)-C(3)-C(4)-0(5) -126.52(13) C( 11 )-C(12)-C(18)-C(8) 1.02(19)
C(6)-C(3)-C(4)-0(5) 107.56(14) C(13)-C(12)-C(18)-C(8) 179.74(12)
N(2)-C( 1 )-0(5)-C(4) -6.25(17) C(11 )-C( 12)-C(18)-C(17) -176.13(12)
C(8)-C( 1 )-0(5)-C(4) 175.71(12) C(13)-C( 12)-C(18)-C(17) 2.59(18)
C(3)-C(4)-0(5)-C(1) 9.43(15) C(16)-C( 17)-C(18)-C(8) 132.97(14)
N(2)-C( 1 )-C(8)-C(9) -36.6(2) C(19)-C(17)-C(18)-C(8) -50.04(18)
0(5)-C( 1 )-C(8)-C(9) 141.28(13) C(16)-C(17)-C(18)-C(12) -50.00(18)
N(2)-C( 1 )-C(8)-C(18) 144.52(15) C(19)-C(17)-C(18)-C(12) 126.99(13)
0(5)-C( 1 )-C(8)-C(18) -37.59(18) C(16)-C(l 7)-C(19)-C(24) 145.73(14)
C(18)-C(8)-C(9)-C( 10) 0.9(2) C(18)-C(17)-C(19)-C(24) -31.19(18)
C( 1 )-C(8)-C(9)-C( 10) -177.97(13) C(16)-C( 17)-C(19)-C(20) -34.4(2)
C(8)-C(9)-C(10)-C(11) 0.0(2) C(18)-C(17)-C(19)-C(20) 148.74(13)
C(9)-C(10)-C( 11 )-C(12) -0.4(2) C(24)-C(19)-C(20)-C(21) 0-1(2)
C(10)-C( 11 )-C(12)-C(18) -0.1(2) C(17)-C(19)-C(20)-C(21) -179.82(13)
C(10)-C(ll)-C(12)-C(13) -178.82(13) C( 19)-C(20)-C(21 )-C(22) 1.1(2)
C(11)-C(12)-C(13)-C(14) -110.90(15) C(20)-C(21 )-C(22)-C(23) -1.5(2)
C(18)-C(12)-C(13)-C(14) 70.39(17) C(21 )-C(22)-C(23)-C(24) 0.7(2)
C(12)-C(13)-C( 14)-C(15) -45.06(17) C(22)-C(23)-C(24)-C( 19) 0.4(2)
C(13)-C(14)-C(15)-C(16) -38.48(17) C(20)-C( 19)-C(24)-C(23) -0.9(2)
C(14)-C(15)-C(16)-C(17) 73.02(18) C( 17)-C(19)-C(24)-C(23) 179.07(13)

Symmetry transformations used to generate
equivalent atoms:
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Flourene 149

Table 1. Crystal data and structure refinement for 149.

Identification code

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected

Independent reflections
Completeness to theta = 67.74°
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(I)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

149
C22 H23 N O
317.41

173(2) K
1.54178 A
Orthorhombic
Pbca

a = 7.2553(3) A
b= 18.2486(6) A
c = 25.7308(9) A
3406.7(2) A3

a= 90°

(3= 90°
y = 90°

1.238 Mg/m3
0.580 mm"1
1360
0.270x0.100x0.050 mm3
3.44 to 67.74°.

-7<=h<=8, -21 <=k<=21, -30<=1<=30
40869
2960 [R(int) = 0.0762]
95.9 %
Multiscan
1.0000 and 0.2522
Full-matrix least-squares on F2
2960/0/219
0.974
R1 =0.0446, wR2 = 0.1162
R1 =0.0455, wR2 = 0.1174
0.0016(2)
0.239 and -0.231 e.A"3
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Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x 103)
for 149. U(eq) is defined as one third of the trace of the orthogonalized U'i tensor.

X y z U(eq)

C(1) 6779(2) 1564(1) 6247(1) 26(1)
C(2) 8744(2) 1879(1) 6331(1) 29(1)
C(3) 10284(2) 1463(1) 6051(1) 33(1)
C(4) 10654(2) 684(1) 6241(1) 36(1)
C(5) 9145(2) 125(1) 6107(1) 34(1)
C(6) 7468(2) 175(1) 6450(1) 30(1)
C(7) 6482(2) 827(1) 6513(1) 26(1)
C(8) 5028(2) 873(1) 6870(1) 28(1)
C(9) 4483(2) 269(1) 7164(1) 34(1)
C(10) 5414(2) -386(1) 7090(1) 38(1)
C(ll) 6880(2) -427(1) 6743(1) 35(1)
C(12) 4332(2) 1626(1) 6876(1) 28(1)
C(13) 2958(2) 1948(1) 7177(1) 34(1)
C(14) 2591(2) 2690(1) 7113(1) 39(1)
C(15) 3567(2) 3101(1) 6753(1) 38(1)
C(16) 4942(2) 2780(1) 6449(1) 33(1)
C(17) 5327(2) 2043(1) 6516(1) 27(1)
C(18) 6345(2) 1528(1) 5672(1) 26(1)
N(19) 5786(2) 983(1) 5415(1) 31(1)
C(20) 5557(2) 1227(1) 4866(1) 34(1)
C(21) 6065(2) 2045(1) 4886(1) 37(1)
0(22) 6611(2) 2179(1) 5418(1) 36(1)
C(23) 6851(4) 787(1) 4525(1) 70(1)
C(24) 3563(3) 1108(1) 4706(1) 55(1)

Table 3. Bond lengths [A] for 149.

C(l)-C(18) 1.5157(17) C(11)-H(11A) 0.9500
C(l)-C(7) 1.5252(17) C(12)-C(17) 1.3990(18)
C(l)-C(17) 1.5342(18) C(12)-C(13) 1.3921(19)
C(l)-C(2) 1.5515(18) C(13)-C(14) 1.389(2)
C(2)-C(3) 1.5295(19) C(13)-H(13A) 0.9500

C(2)-H(2A) 0.9900 C(14)-C(15) 1.389(2)
C(2)-H(2B) 0.9900 C(14)-H(14A) 0.9500
C(3)-C(4) 1.526(2) C(15)-C(16) 1.395(2)
C(3)-H(3A) 0.9900 C(15)-H(15A) 0.9500
C(3)-H(3B) 0.9900 C(16)-C(17) 1.3848(19)
C(4)-C(5) 1.536(2) C(16)-H(16A) 0.9500

C(4)-H(4A) 0.9900 C(18)-N(19) 1.2595(17)
C(4)-H(4B) 0.9900 C(18)-0(22) 1.3706(15)
C(5)-C(6) 1.508(2) N(19)-C(20) 1.4896(16)
C(5)-H(5A) 0.9900 C(20)-C(24) 1.520(2)
C(5)-H(5B) 0.9900 C(20)-C(23) 1.516(2)
C(6)-C(7) 1.3965(19) C(20)-C(21) 1.540(2)
C(6)-C(ll) 1.3990(19) C(21)-0(22) 1.4450(16)
C(7)-C(8) 1.4021(18) C(21)-H(21A) 0.9900

C(8)-C(9) 1.3925(18) C(21)-H(21B) 0.9900

C(8)-C(12) 1.4645(19) C(23)-H(23A) 0.9800

C(9)-C(10) 1.387(2) C(23)-H(23B) 0.9800

C(9)-H(9A) 0.9500 C(23)-H(23C) 0.9800
C(10)-C(ll) 1.390(2) C(24)-H(24A) 0.9800

C(10)-H(10A) 0.9500 C(24)-H(24B) 0.9800

C(24)-H(24C) 0.9800
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Table 4. Bond Angles [°] for 149

C(18)-C(l)-C(7) 111.68(10) C(17)-C(12)-C(13) 120.53(13)
C(18)-C(l)-C(17) 108.89(10) C(17)-C(12)-C(8) 108.98(11)
C(7)-C(l)-C(17) 101.71(10) C(13)-C(12)-C(8) 130.47(12)
C(18)-C(l)-C(2) 110.03(10) C(14)-C(13)-C(12) 118.88(13)
C(7)-C(l)-C(2) 113.22(10) C(14)-C( 13)-H( 13A) 120.6

C(17)-C(l)-C(2) 110.99(10) C(12)-C(l 3)-H( 13A) 120.6

C(3)-C(2)-C(l) 115.02(11) C(15)-C(14)-C(13) 120.52(14)
C(3)-C(2)-H(2A) 108.5 C(15)-C(14)-H(14A) 119.7

C(1)-C(2)-H(2A) 108.5 C(13)-C(14)-H(14A) 119.7
C(3)-C(2)-H(2B) 108.5 C(14)-C(15)-C(16) 120.77(14)
C(1)-C(2)-H(2B) 108.5 C(14)-C(15)-H( 15A) 119.6

H(2A)-C(2)-H(2B) 107.5 C(16)-C( 15)-H( 15A) 119.6

C(4)-C(3)-C(2) 116.09(11) C(17)-C(16)-C(15) 118.85(13)
C(4)-C(3)-H(3A) 108.3 C(17)-C(16)-H( 16A) 120.6

C(2)-C(3)-H(3A) 108.3 C(15)-C( 16)-H(16A) 120.6

C(4)-C(3)-H(3B) 108.3 C(16)-C(17)-C(12) 120.43(12)
C(2)-C(3)-H(3B) 108.3 C(16)-C(17)-C(l) 129.45(12)
H(3A)-C(3)-H(3B) 107.4 C(12)-C(17)-C(l) 110.12(11)
C(3)-C(4)-C(5) 114.95(12) N(19)-C(18)-0(22) 118.67(11)
C(3)-C(4)-H(4A) 108.5 N(19)-C(18)-C(l) 127.84(11)
C(5)-C(4)-H(4A) 108.5 0(22)-C(18)-C(l) 113.48(10)
C(3)-C(4)-H(4B) 108.5 C(18)-N(19)-C(20) 107.27(11)
C(5)-C(4)-H(4B) 108.5 N(19)-C(20)-C(24) 108.69(12)
H(4A)-C(4)-H(4B) 107.5 N(19)-C(20)-C(23) 108.85(12)
C(6)-C(5)-C(4) 113.75(11) C(24)-C(20)-C(23) 110.90(15)
C(6)-C(5)-H(5A) 108.8 N(19)-C(20)-C(21) 103.43(10)
C(4)-C(5)-H(5A) 108.8 C(24)-C(20)-C(21) 112.02(13)
C(6)-C(5)-H(5B) 108.8 C(23)-C(20)-C(21) 112.58(15)
C(4)-C(5)-H(5B) 108.8 0(22)-C(21 )-C(20) 105.08(10)
H(5A)-C(5)-H(5B) 107.7 0(22)-C(21 )-H(21A) 110.7

C(7)-C(6)-C(l 1) 116.80(13) C(20)-C(21 )-H(21A) 110.7

C(7)-C(6)-C(5) 122.19(12) 0(22)-C(21 )-H(21B) 110.7

C(ll)-C(6)-C(5) 120.95(12) C(20)-C(21 )-H(21B) 110.7

C(6)-C(7)-C(8) 120.80(12) H(21A)-C(21 )-H(21B) 108.8

C(6)-C(7)-C(l) 128.85(12) C(18)-0(22)-C(21) 105.45(10)
C(8)-C(7)-C(l) 110.31(11) C(20)-C(23)-H(23A) 109.5

C(9)-C(8)-C(7) 121.43(13) C(20)-C(23)-H(23B) 109.5

C(9)-C(8)-C(12) 129.69(13) H(23A)-C(23)-H(23B) 109.5

C(7)-C(8)-C(12) 108.85(11) C(20)-C(23)-H(23C) 109.5

C(10)-C(9)-C(8) 117.99(13) H(23A)-C(23)-H(23C) 109.5

C(10)-C(9)-H(9A) 121.0 H(23B)-C(23)-H(23C) 109.5

C(8)-C(9)-H(9A) 121.0 C(20)-C(24)-H(24A) 109.5

C(9)-C(10)-C(l 1) 120.50(13) C(20)-C(24)-H(24B) 109.5

C(9)-C(10)-H( 1 OA) 119.8 H(24A)-C(24)-H(24B) 109.5

C( 11 )-C(10)-H( 1OA) 119.7 C(20)-C(24)-H(24C) 109.5

C(10)-C(l 1)-C(6) 122.41(13) H(24A)-C(24)-H(24C) 109.5

C(10)-C(l 1)-H(11A) 118.8 H(24B)-C(24)-H(24C) 109.5

C(6)-C(l 1)-H(11A) 118.8

Symmetry transformations used to generate
equivalent atoms:
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Table 5. Anisotropic displacement parameters (A2x 103) for 149. The anisotropic
displacement factor exponent takes the form: -2rc2[ h2 a*2U'1 +... + 2 h k a* b* U12 ]

U11 u22 U33 U23 U13 u12

C(1) 26(1) 28(1) 24(1) -1(1) 0(1) -2(1)
C(2) 27(1) 31(1) 28(1) 0(1) 0(1) -4(1)
C(3) 27(1) 41(1) 31(1) 0(1) 0(1) -4(1)
C(4) 29(1) 42(1) 36(1) -2(1) -1(1) 4(1)
C(5) 37(1) 32(1) 34(1) -4(1) -3(1) 5(1)
C(6) 32(1) 31(1) 27(1) -2(1) -7(1) -1(1)
C(7) 27(1) 30(1) 22(1) -1(1) -4(1) -4(1)
C(8) 26(1) 35(1) 24(1) 2(1) -4(1) -5(1)
C(9) 32(1) 41(1) 30(1) 5(1) -2(1) -8(1)
C(10) 43(1) 34(1) 36(1) 8(1) -8(1) -11(1)
C(ll) 43(1) 28(1) 35(1) 0(1) -11(1) -2(1)
C(12) 25(1) 35(1) 23(1) -1(1) -4(1) -4(1)
C(13) 28(1) 48(1) 26(1) -1(1) 1(1) -3(1)
C(14) 34(1) 48(1) 34(1) -8(1) 2(1) 7(1)
C(15) 41(1) 37(1) 37(1) -5(1) -2(1) 7(1)
C(16) 35(1) 32(1) 32(1) 0(1) -1(1) -2(1)
C(17) 25(1) 33(1) 23(1) -2(1) -2(1) -2(1)
C(18) 24(1) 27(1) 26(1) 2(1) 2(1) 0(1)
N(19) 38(1) 31(1) 25(1) 1(1) -4(1) -1(1)
C(20) 47(1) 32(1) 23(1) 1(1) -2(1) 4(1)
C(21) 45(1) 38(1) 27(1) 6(1) -4(1) -3(1)
0(22) 54(1) 30(1) 26(1) 4(1) -1(1) -7(1)
C(23) 111(2) 57(1) 43(1) 6(1) 29(1) 30(1)
C(24) 68(1) 44(1) 53(1) 8(1) -30(1) -11(1)

Table 6. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 103) for 149

X y z U(eq)

H(2A) 8758 2394 6211 35

H(2B) 9013 1880 6708 35

H(3A) 9978 1442 5677 39

H(3B) 11437 1749 6086 39

H(4A) 10808 695 6623 43

H(4B) 11832 514 6089 43

H(5A) 8762 199 5741 41

H(5B) 9668 -375 6135 41

H(9A) 3502 305 7407 41

H(10A) 5047 -810 7277 45

H(11A) 7506 -881 6704 42
H(13A) 2283 1665 7422 41

H(14A) 1664 2917 7318 47

H(15A) 3296 3607 6711 46

H(16A) 5603 3062 6202 39

H(21A) 7092 2154 4644 44

H(21B) 4993 2353 4790 44

H(23A) 6474 271 4526 105

H(23B) 8111 829 4658 105

H(23C) 6803 977 4169 105

H(24A) 3294 582 4701 83

H(24B) 3362 1314 4359 83

H(24C) 2746 1351 4956 83
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Table 7. Torsion angles [°] for 149.

C(18)-C( 1 )-C(2)-C(3) -56.16(14) C(12)-C(13)-C(14)-C(15) 0.6(2)
C(7)-C( 1 )-C(2)-C(3) 69.60(14) C(13)-C( 14)-C(l 5)-C( 16) -0.4(2)
C( 17)-C( 1 )-C(2)-C(3) -176.75(10) C(14)-C(15)-C(16)-C( 17) -0.4(2)
C( 1 )-C(2)-C(3 )-C(4) -66.50(15) C( 15)-C(16)-C(17)-C( 12) 0.9(2)
C(2)-C(3)-C(4)-C(5) 70.57(15) C(15)-C( 16)-C(17)-C( 1) -178.43(13)
C(3)-C(4)-C(5)-C(6) -77.41(15) C(13)-C(12)-C(17)-C( 16) -0.80(19)
C(4)-C(5)-C(6)-C(7) 55.28(17) C(8)-C(12)-C(17)-C(16) -179.56(12)
C(4)-C(5)-C(6)-C(l 1) -121.57(14) C(13)-C(12)-C(17)-C(1) 178.69(11)
C(ll)-C(6)-C(7)-C(8) 2.68(18) C(8)-C(12)-C(17)-C( 1) -0.07(14)
C(5)-C(6)-C(7)-C(8) -174.29(11) C(18)-C( 1 )-C(17)-C( 16) -63.49(17)
C(11)-C(6)-C(7)-C(1) -179.47(12) C(7)-C( 1 )-C(17)-C(16) 178.49(13)
C(5)-C(6)-C(7)-C(l) 3.6(2) C(2)-C( 1 )-C(17)-C(16) 57.78(17)
C(18)-C( 1 )-C(7)-C(6) 67.63(17) C(18)-C( 1 )-C(17)-C( 12) 117.09(11)
C(17>C(1)-C(7)-C(6) -176.37(12) C(7)-C( 1 )-C(17)-C(l2) -0.93(13)
C(2)-C(l)-C(7)-C(6) -57.24(16) C(2)-C( 1 )-C(17)-C(12) -121.64(11)
C(18)-C( 1 )-C(7)-C(8) -114.33(11) C(7)-C( 1 )-C(18)-N(l 9) 0.72(19)
C(17)-C( 1 )-C(7)-C(8) 1.66(13) C(17)-C(l)-C(18)-N(19) -110.81(15)
C(2)-C( 1 )-C(7)-C(8) 120.80(11) C(2)-C( 1 )-C(18)-N( 19) 127.34(14)
C(6)-C(7)-C(8)-C(9) -1.84(18) C(7)-C( 1 )-C(18)-0(22) -179.49(10)
C( 1 )-C(7)-C(8)-C(9) 179.94(11) C( 17)-C( 1 )-C( 18)-0(22) 68.98(13)
C(6)-C(7)-C(8)-C(12) 176.42(11) C(2)-C( 1 )-C(18)-0(22) -52.87(14)
C( 1 )-C(7)-C(8)-C( 12) -1.80(13) 0(22)-C(18)-N(19)-C(20) -0.01(16)
C(7)-C(8)-C(9)-C(10) -0.48(19) C( 1 )-C(18)-N(19)-C(20) 179.77(12)
C(12)-C(8)-C(9)-C(10) -178.33(13) C(18)-N(19)-C(20)-C(24) -121.01(13)
C(8)-C(9)-C( 10)-C( 11) 1.8(2) C(18)-N(19)-C(20)-C(23) 118.10(16)
C(9)-C(10)-C(l 1)-C(6) -0.9(2) C(18)-N(19)-C(20)-C(21) -1.81(15)
C(7)-C(6)-C(l 1)-C(10) -1.35(19) N(19)-C(20)-C(21 )-0(22) 2.85(15)
C(5)-C(6)-C(l 1)-C(10) 175.66(12) C(24)-C(20)-C(21 )-0(22) 119.72(13)
C(9)-C(8)-C(12)-C(17) 179.24(13) C(23)-C(20)-C(21 )-0(22) -114.48(15)
C(7)-C(8)-C(12)-C(17) 1.17(14) N(19)-C(18)-0(22)-C(21) 1.96(16)
C(9)-C(8)-C(12)-C(13) 0.6(2) C( 1 )-C(18)-0(22)-C(21) -177.84(11)
C(7>C(8)-C(12)-C(13) -177.43(13) C(20)-C(21 )-0(22)-C( 18) -2.87(15)
C(17)-C(12)-C(13)-C(14) 0.03(19)
C(8)-C(12)-C( 13 )-C( 14) 178.49(13)

Symmetry transformations used to generate
equivalent atoms:
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AppendixA -X-Ray Crystal Data : (S,S)-fi-Hydroxyamide (S,S)-175

(S,S)-p-Hydroxyamide (S,S)-175

Table 1. Crystal data and structure refinement for fS'yS')-175.

Identification code

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected

Independent reflections
Completeness to theta = 25.39°
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(I)]
R indices (all data)
Absolute structure parameter
Extinction coefficient

Largest diffi peak and hole

mijwl
C21 H25N02
323.42

125(2) K
0.71073 A
Monoclinic

P2(l)
a= 11.408(4) A a= 90°.
b = 6.736(2) A p= 107.562(5)°
c= 12.400(4) A y = 90°.
908.5(5) A3
2
1.182 Mg/m3
0.075 mm"1
348
.13 x .05 x .03 mm3
1.87 to 25.39°.

-13<=h<=13, -8<=k<=7, -14<=1<= 14
5446
2993 [R(int) = 0.0575]
99.0 %
MULTISCAN
1.00000 and 0.828257
Full-matrix least-squares on F2
2993/3/228
0.886
R1 =0.0625, wR2 = 0.1111
R1 =0.131 l,wR2 = 0.1293
0(2)
0.019(3)
0.180 and -0.196 e.A"3
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AppendixA -X-Ray CrystalData : (S,S)-/3-Hydroxyamide (S,S)-175

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for (5yS)-175. U(eq) is defined as one third of the trace of the orthogonalized U'J tensor.

X y z U(eq)

C(1) 12593(3) 2880(7) 12981(3) 20(1)
C(2) 13113(4) 4397(7) 13951(3) 24(1)
C(3) 14463(4) 4749(7) 14014(3) 28(1)
C(4) 14802(4) 2875(7) 13497(3) 22(1)
C(5) 15947(4) 2252(7) 13482(3) 32(1)
C(6) 16055(4) 444(7) 12976(3) 31(1)
C(7) 15028(4) -680(7) 12492(3) 26(1)
C(8) 13876(4) -54(7) 12486(3) 21(1)
C(9) 13768(4) 1768(7) 12976(3) 20(1)
C(10) 12180(3) 3950(7) 11833(4) 21(1)
0(10) 12394(3) 5749(5) 11785(2) 27(1)
N(ll) 11663(3) 2845(3) 10920(3) 19(1)
C(12) 11425(3) 3579(7) 9759(3) 21(1)
0(13) 10222(3) 2771(7) 9008(3) 25(1)
0(13) 9226(3) 3592(4) 9340(2) 25(1)
C(14) 12505(4) 3087(8) 9295(3) 33(1)
0(15) 12711(4) 867(8) 9185(4) 42(1)
0(16) 13702(4) 4075(9) 10000(4) 48(2)
0(17) 11561(4) 1690(7) 13221(3) 20(1)
0(18) 11795(4) -77(7) 13841(3) 25(1)
0(19) 10885(4) -1013(7) 14174(3) 30(1)
C(20) 9706(4) -209(8) 13886(3) 29(1)
0(21) 9443(4) 1530(8) 13249(4) 30(1)
C(22) 10386(4) 2440(7) 12932(3) 28(1)

Table 3. Bond lengths [A] for (£,5)-175.

C(l)-C(17) 1.525(6) C(12)-C(14) 1.545(5)
C(l)-C(9) 1.538(6) C(12)-H(12A) 1.0000

co)-c(io) 1.538(5) C(13)-0(13) 1.431(4)
C(l)-C(2) 1.553(5) C(13>H(13A) 0.9900

C(2)-C(3) 1.537(5) C(13)-H(13B) 0.9900

C(2)-H(2A) 0.9900 0(13)-H(130) 0.9799(11)
C(2)-H(2B) 0.9900 C(14)-C(15) 1.526(7)
C(3)-C(4) 1.518(6) C(14)-C(16) 1.534(6)
C(3)-H(3A) 0.9900 C(14)-H(14A) 1.0000
C(3)-H(3B) 0.9900 C(15)-H(15A) 0.9800

C(4)-C(5) 1.378(6) C(15)-H(15B) 0.9800

C(4)-C(9) 1.380(5) C(15)-H(15C) 0.9800

C(5)-C(6) 1.393(6) C(16)-H(16A) 0.9800

C(5)-H(5A) 0.9500 C(16)-H(16B) 0.9800

C(6)-C(7) 1.372(6) C(16)-H(16C) 0.9800

C(6)-H(6A) 0.9500 C(17)-C(22) 1.375(5)
C(7)-C(8) 1.379(5) C(17)-C(18) 1.398(5)
C(7)-H(7A) 0.9500 C(18)-C(19) 1.380(6)
C(8)-C(9) 1.391(6) C(18)-H(18A) 0.9500

C(8)-H(8A) 0.9500 C(19)-C(20) 1.393(6)
C(10)-0(10) 1.242(5) C(19)-H(19A) 0.9500

C(10)-N(ll) 1.335(5) C(20)-C(21) 1.394(6)
N(11)-C(12) 1.468(5) C(20)-H(20A) 0.9500

N(11)-H(11N) 0.9800(11) C(21)-C(22) 1.394(6)
C(12)-C(13) 1.508(5) C(21)-H(21A) 0.9500

C(22)-H(22A) 0.9500
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AppendixA XRay Crystal Data : (S,S) fi Hydroxyamide (S,S)-175

Table 4. Bond angles [°] for (5,£)-175.

C(17)-C(l)-C(9) 118.0(4) C(13)-C(12>H(12A) 107.8

C(17)-C(l)-C(10) 112.8(3) C(14)-C(12)-H(12A) 107.8

C(9)-C(l)-C(10) 104.4(3) 0(13)-C(13)-C(12) 109.7(3)
C(17)-C(l)-C(2) 109.4(3) 0(13)-C(13)-H(13A) 109.7

C(9)-C(l)-C(2) 101.2(3) C( 12)-C(13)-H(13A) 109.7

C(10)-C(l)-C(2) 110.3(4) 0(13)-C(13)-H(13B) 109.7

C(3)-C(2)-C(l) 106.5(3) C(12>C(13)-H(13B) 109.7

C(3)-C(2)-H(2A) 110.4 H(13A)-C(13)-H(13B) 108.2

C(1)-C(2)-H(2A) 110.4 C(13)-0( 13)-H(130) 108(3)
C(3)-C(2)-H(2B) 110.4 C(15)-C(14)-C(16) 110.0(4)
C(1)-C(2)-H(2B) 110.4 C(15)-C(14)-C(12) 113.9(4)
H(2A)-C(2)-H(2B) 108.6 C(16)-C(14)-C(12) 111.5(4)
C(4)-C(3)-C(2) 103.2(3) C(15)-C(14)-H(14A) 107.0

C(4)-C(3)-H(3A) 111.1 C(16)-C( 14)-H(14A) 107.0

C(2)-C(3)-H(3A) 111.1 C(12)-C( 14)-H( 14A) 107.0

C(4)-C(3)-H(3B) 111.1 C(14)-C( 15)-H( 15A) 109.5

C(2)-C(3)-H(3B) 111.1 C(14)-C(15)-H(15B) 109.5

H(3A)-C(3)-H(3B) 109.1 H(15A)-C(15)-H(15B) 109.5

C(5)-C(4)-C(9) 120.6(4) C(14)-C(15)-H( 15C) 109.5

C(5)-C(4)-C(3) 128.5(4) H(15A)-C(15)-H(15C) 109.5

C(9)-C(4)-C(3) 110.9(4) H(15B)-C(15)-H(15C) 109.5

C(4)-C(5)-C(6) 119.0(4) C(14)-C( 16)-H( 16A) 109.5

C(4)-C(5)-H(5A) 120.5 C(14)-C(16)-H(16B) 109.5

C(6)-C(5)-H(5A) 120.5 H(16A)-C(16)-H(16B) 109.5

C(7)-C(6)-C(5) 120.0(4) C( 14)-C(16)-H(16C) 109.5

C(7)-C(6)-H(6A) 120.0 H(16A)-C(16)-H(16C) 109.5

C(5)-C(6)-H(6A) 120.0 H(16B)-C(16)-H(16C) 109.5

C(6)-C(7)-C(8) 121.4(4) C(22)-C(17)-C(18) 117.7(4)
C(6)-C(7)-H(7A) 119.3 C(22)-C(17)-C(l) 120.3(4)
C(8)-C(7)-H(7A) 119.3 C(18)-C(17)-C(l) 121.6(4)
C(7)-C(8)-C(9) 118.5(4) C(19)-C(18)-C(17) 121.2(4)
C(7)-C(8)-H(8A) 120.7 C(19)-C(18)-H(18A) 119.4

C(9)-C(8)-H(8A) 120.7 C(17)-C(18)-H( 18A) 119.4

C(4)-C(9)-C(8) 120.4(4) C(18)-C(19)-C(20) 120.1(4)
C(4)-C(9)-C(l) 111.0(4) C(18)-C(19)-H(19A) 120.0

C(8)-C(9)-C(l) 128.6(4) C(20)-C(19)-H(19A) 120.0

O(10)-C(10)-N(l 1) 123.1(4) C(19)-C(20)-C(21) 119.9(4)
O(10)-C(10)-C(l) 119.5(4) C(19)-C(20)-H(20A) 120.1

N(ll)-C(10)-C(l) 117.3(4) C(21 )-C(20)-H(20A) 120.1

C(10)-N(ll)-C(12) 123.2(4) C(20)-C(21 )-C(22) 118.5(4)
C( 10)-N( 11 )-H(11N) 118(4) C(20)-C(21 )-H(21A) 120.8

C(12)-N( 11 )-H(11N) 118(4) C(22)-C(21 )-H(21A) 120.8

N(ll)-C(12)-C(13) 110.4(3) C(17)-C(22)-C(21) 122.7(4)
N(ll)-C(12)-C(14) 111.1(3) C( 17)-C(22)-H(22A) 118.7

C(13)-C(12)-C(14) 111.8(3) C(21)-C(22>H(22A) 118.7

N( 11 )-C( 12)-H( 12A) 107.8

Symmetry transformations used to generate
equivalent atoms:
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Table 5. Anisotropic displacement parameters (A2x 103) for (5yS)-175. The anisotropic
displacement factor exponent takes the form: -27t2[ h2 a*2U'1 + ... + 2 h k a* b* U12 ]

U11 u22 U33 u23 U13 u12

C(1) 27(2) 12(2) 17(2) -3(2) 2(2) 0(2)
C(2) 36(3) 14(3) 19(2) -1(2) 5(2) 4(2)
C(3) 38(3) 19(3) 25(2) -2(2) 7(2) -3(2)
C(4) 27(3) 22(3) 14(2) 0(2) 2(2) -1(2)
C(5) 27(3) 37(3) 29(3) -3(2) 6(2) -9(2)
C(6) 27(3) 42(4) 26(3) 3(2) 10(2) 6(2)
C(7) 31(3) 27(3) 23(2) -1(2) 10(2) 4(2)
C(8) 33(3) 7(2) 19(2) 2(2) 2(2) -8(2)
C(9) 21(3) 18(3) 19(2) 3(2) 6(2) 2(2)
C(10) 19(2) 15(3) 28(3) 2(2) 5(2) 3(2)
O(10) 36(2) 10(2) 27(2) 2(1) -2(2) -3(1)
N(ll) 25(2) 14(2) 16(2) 3(2) 3(2) -1(2)
C(12) 31(3) 15(3) 15(2) 3(2) 4(2) -3(2)
C(13) 29(3) 24(3) 20(2) -1(2) 6(2) 1(2)
0(13) 30(2) 14(2) 29(2) 0(1) 6(1) 1(2)
C(14) 37(3) 44(4) 21(2) 5(2) 13(2) -1(3)
0(15) 42(3) 46(4) 39(3) -9(3) 12(3) 6(3)
C(16) 39(3) 67(4) 37(3) 0(3) 11(2) -13(3)
0(17) 21(2) 22(3) 15(2) -6(2) 1(2) 0(2)
0(18) 32(3) 20(3) 26(2) 9(2) 10(2) 3(2)
0(19) 34(3) 32(3) 21(2) 7(2) 6(2) 0(2)
C(20) 30(3) 38(3) 21(2) -2(2) 11(2) -5(2)
0(21) 22(3) 33(3) 34(3) -1(2) 9(2) 5(2)
C(22) 32(3) 28(3) 24(2) 2(2) 8(2) 1(2)

Table 6. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 10 3)
for (£A)-175.

x y z U(eq)

H(2A) 12645 5656 13787 28

H(2B) 13057 3861 14677 28

H(3A) 14548 5938 13573 34

H(3B) 14984 4916 14806 34

H(5A) 16653 3045 13813 38

H(6A) 16840 -11 12966 37

H(7A) 15112 -1916 12154 32

H(8A) 13171 -849 12155 25

H(11N) 11320(50) 1560(40) 11030(50) 130(30)
H(12A) 11350 5057 9777 25

H(13A) 10126 3118 8210 30

H(13B) 10217 1306 9071 30

H(130) 8530(30) 2660(50) 9110(40) 46(14)
H(14A) 12298 3664 8517 40

H(15A) 13377 666 8849 63

H(15B) 11955 260 8699 63

H(15C) 12932 250 9935 63

H(16A) 13926 3571 10777 72

H(16B) 13585 5516 10004 72

H(16C) 14361 3769 9670 72

H(18A) 12595 -642 14038 31

H(19A) 11063 -2207 14600 36

H(20A) 9082 -846 14122 35
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AppendixA - X-Ray Crystal Data : (S,S)-fi-Hydroxyamide (S,S)-175

H(21A) 8639 2084 13037 36
H(22A) 10210 3625 12498 34

Table 7. Torsion angles [°] for (S,S)-175.

C(17)-C( 1 )-C(2)-C(3) 151.8(3)
C(9)-C( 1 )-C(2)-C(3) 26.5(4)
C(10)-C( 1 )-C(2)-C(3) -83.5(4)
C( 1 )-C(2)-C(3)-C(4) -24.0(4)
C(2)-C(3)-C(4)-C(5) -169.7(4)
C(2)-C(3)-C(4)-C(9) 11.7(4)
C(9)-C(4)-C(5)-C(6) -2.8(6)
C(3)-C(4)-C(5)-C(6) 178.7(4)
C(4)-C(5)-C(6)-C(7) 0.6(6)
C(5)-C(6)-C(7)-C(8) 0.5(6)
C(6)-C(7)-C(8)-C(9) 0.6(6)
C(5)-C(4)-C(9)-C(8) 3.9(6)
C(3>C(4)-C(9)-C(8) -177.4(4)
C(5)-C(4)-C(9)-C(1) -173.2(4)
C(3)-C(4)-C(9)-C(1) 5.6(4)
C(7)-C(8)-C(9)-C(4) -2.7(6)
C(7)-C(8)-C(9)-C( 1) 173.7(4)
C(17)-C( 1 )-C(9)-C(4) -139.3(3)
C(10)-C( 1 )-C(9)-C(4) 94.5(4)
C(2)-C( 1 )-C(9)-C(4) -20.0(4)
C(17)-C( 1 )-C(9)-C(8) 44.0(6)
C(10)-C( 1 )-C(9)-C(8) -82.2(5)
C(2)-C( 1 )-C(9)-C(8) 163.2(4)
C(17)-C( 1 )-C(10)-O(10) 129.1(4)
C(9)-C( 1 )-C(10)-O(10) -101.5(4)
C(2)-C( 1 )-C(10)-O(10) 6.4(5)

C(17)-C( 1 )-C(10)-N(11) -54.6(5)
C(9)-C(l)-C(10)-N(l 1) 74.8(4)
(2)-C(l)-C(10)-N(l 1) -177.3(3)
0( 10)-C(10)-N( 11 )-C( 12) 7.3(6)
C(l)-C(10)-N(ll)-C(12) -168.8(3)
C(10)-N(l 1 )-C(12)-C(13) -142.4(4)
C(10)-N( 11 )-C(12)-C( 14) 93.0(5)
N(11)-C(12)-C(13)-0(13) 67.3(5)
C(14)-C(12)-C(13)-0(13) -168.4(3)
N(11>C(12)-C(14)-€(15) 63.8(5)
C(13)-C(12)-C(14)-C(15) -60.0(5)
N( 11 )-C(12)-C(14)-C(16) -61.4(5)
C(13)-C(12)-C(14)-C(16) 174.7(4)
C(9)-C(1)-C(17>C(22) -161.7(4)
C(10)-C( 1 )-C( 17)-C(22) -39.8(5)
C(2)-C( 1 )-C(17)-C(22) 83.4(4)
C(9)-C( 1 )-C(17)-C(18) 25.2(5)
C(10)-C(l)-C(17)-C(18) 147.2(4)
C(2)-C( 1 )-C(17)-C(18) -89.6(5)
C(22)-C( 17)-C(18)-C(19) -1.4(6)
C( 1 )-C(17)-C(l 8)-C(19) 171.9(4)
C(17)-C(18)-C(19)-C(20) 0.5(6)
C(18)-C(19)-C(20)-C(21) 0.7(6)
C(19)-C(20)-C(21 )-C(22) -0.9(6)
C(18)-C( 17)-C(22)-C(21) 1.2(6)
C( 1 )-C(17)-C(22)-C(21) -172.2(4)
C(20)-C(21 )-C(22)-C(17) 0.0(6)

Symmetry transformations used to generate
equivalent atoms

Table 8. Hydrogen bonds for (SVS)-175 [A and °].

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

N(11)-H(11N)...0(13)#1 0.9800(11) 2.10(3) 3.024(4) 156(5)
0(13)-H(130)...0(10)#1 0.9799(11) 1.817(19) 2.733(4) 154(4)

Symmetry transformations used to generate equivalent atoms:
#1 -x+2,y-l/2,-z+2

-273-



Appendix B -NMR Data

Appendix B

NMR
Data

-274-



Appendix B - NMR Data : Benzosuberene 150

Benzosuberene 150
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Appendix B - NMR Data : Benzosuberene 150
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Appendix B - NMR Data : Benzosuberene 150
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Appendix B - NMR Data : Roytonone 191

Roytonone 191
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Appendix B - NMR Data : Roytonone 191
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Appendix B - NMR Data : Roytonone 191
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Appendix C-EPR Spectra : Carbaldehyde cis-203

Carbaldehyde c/s-203

EPR Spectra from DTBP and c/s-4-t-butylcyclohexane carbaldehyde (cis-203) in
cyclopropane

Top at 140 K, 1st derivative. Middle at 140 K, 2nd derivative. Bottom at 205 K, 1st
derivative.
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Appendix C-EPR Spectra : Carbaldehyde trans-203

Carbaldehyde trans-203

EPR Spectra from DTBP and trara-4-t-butylcyclohexane carbaldehyde (trans-203) in
cyclopropane
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Top at 140 K, 1st derivative. Next: at 140 K 2nd derivative. Next at 160 K, 1st derivative.
Bottom at 195 K 1st derivative.
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AppendixC-EPRSpectra : Carbaldehyde cis-204

Carbaldehyde cis-204

EPR Spectra from DTBP and cis-4-methylcyclohexanecarbaldehyde (c/s-204) in
cyclopropane
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C:\DOCUME~l\ADMSIl\MYDOCO~l\JCWEPR\JCWEPR\CIMEC~l\cn\ c6140a.spc

[*10" 3] rm
C: \DOCUME~1\ADMBI1\MYDOCU~1\JCWEPR\JCWEPR\C$MEC~l\cm c6160b.spc

[ *10" 3] roi
C: \DOCUME~ 1 \ADMIDI 1 \MYD0CU~1\JCWEPR\JCWEPR\C$MEC~1\cm c6170w.spc

[G]

Top at 140 K, 1st derivative. Next: at 140 K 2nd derivative. Next at 160 K, 1st derivative.
Bottom at 170 K 1st derivative.
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Appendix C-EPR Spectra : Carbaldehyde 206

Carbaldehyde 206

9.5 GHz EPR Spectra from DTBP and tetrahydropyranyl-2-carbaldehyde (3) in
cyclopropane
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Appendix C - EPR Spectra : Tetrahydronaphthalene RadicalAnion 171

Tetrahydronaphthalene Radical Anion 171

9.5 GHz EPR 1st derivative spectrum from tetrahydronapthlene radical anion 171 in
THF at 195 K.
[10-31

Benzosuberene Radical Anion 172

9.5 GHz EPR 1st derivative spectrum from benzosuberene radical anion 172 in THF at
240 K.
(10-31
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AppendixD - Kinetic Data : Cyclohexylacyl Radical 214

Cyclohexylacyl Radical 214

Measurement of the concentrations of2Max and 214eq by EPR spectroscopy.

T/K Gain D.I. (Ax) D. I. (Eq) [Ax]/M [Eq]/M [Ax]/[Eq] log
[Ax/Eq]

139.22 5.0E+05 10 572 5.48E-08 3.92E-07 0.140 -0.85
139.22 5.0E+05 9 380 4.93E-08 2.60E-07 0.189 -0.72
144.31 5.0E+05 14 499 7.95E-08 3.54E-07 0.224 -0.65
144.31 5.0E+05 15 577 8.52E-08 4.10E-07 0.208 -0.68
149.41 5.0E+05 11 393 6.47E-08 2.89E-07 0.224 -0.65

EPR measurements from solutions of c-C6HnCHO (axial/equatorial mixture) in
cyclopropane (0.14 M) with DTBP photolysed at various temperatures.1

T/K Gain D.I. (Ax) D. I. (Eq) [Ax]/M [Eq]/M [Ax]/[Eq] log
[Ax/Eq]

118.84 5.0E+05 25 905 1.17E-07 5.29E-07 0.221 -0.66

129.03 5.0E+05 20 705 1.02E-07 4.48E-07 0.227 -0.64

134.12 5.0E+05 16 700 8.45E-08 4.62E-07 0.183 -0.74

139.22 5.0E+05 15 639 8.22E-08 4.38E-07 0.188 -0.73

144.31 5.0E+05 15 542 8.52E-08 3.85E-07 0.221 -0.65
149.41 5.0E+05 15 514 8.82E-08 3.78E-07 0.233 -0.63

EPR measurements from solutions of c-C6HuCHO (axial/equatorial mixture) in w-

propane (0.13 M) with DTBP photolysed at various temperatures.

1 D.I. = double integral ofEPR signal (the Ax D.I. has been multiplied by 8 (F=8)
because it refers to the outer line only). DPPH = diphenylpicrylhydrazyl standard.
Signals were too broad at higher temperatures for accurate measurements of
individual lines to be made. DPPH dailT = 270, [DPPHJ/M = 0.001, Gain DPPH =
1000, D.I. DPPH = 374, TrueT DPPH = 271.7, F[Ax] - 8 and F[Eq] = 1.
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