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1. Introduction and aims

Alicyclic pB-amino acids and their derivatives, such as 1,3iamalcohols, 1,3-
diamines an@-amino esters, play important roles in both fundataleand applied research.
Apart from their proven pharmacological effecésg( icofungipen and tramadol), they are
also interesting from a chemical viewpoint. Then sarve as excellent starting materials for
the synthesis of diverdg-containing heterocycles or, in an enantiomericpllye form, they
can be applied as asymmetric auxiliaries or catsliysenantioselective transformations. The
primary aim of the work reported in this thesisréiere, was to develop new procedures for
their synthesis and to explore their chemical iigiets.

Since monoterpenes are excellent starting mateoalthe synthesis of enantiomeric
alicyclic compounds, our aim was to synthetize nepinane-based optically active 1,3-
amino alcohols and 1,3-diamines and to apply thencatalysts in the enantioselective
addition of diethylzinc to various aldehydes. Thajon advantage of the choserpinene
over other monoterpenes is that both enantiomerimg are commercially available in bulk.
Moreover, due to the highly constrained bicycliogne skeleton, a high degree of chiral
information transfer can be expected in asymmétaicsformations. Besides the synthesis of
optically pure 1,3-amino alcohols, an additionahaivas to develop a simple and short
procedure for the synthesis of alicychesubstituted 1,3-amino alcohols, since the prepara-
tion of such compounds with increased diversityallguequires a time-consuming multistep
process.

The synthesis and properties of cycloalkane-baizeshembered heterocycles are well
established, whereas only limited or no procedinagse been reported for the synthesis of
seven- and especially eight-membered ones, alththeglynthesis of such compounds would
greatly increase the structural diversity of theifg of N-containing heterocycles. Accord-
ingly, our aim was to investigate novel reactiohg$-@amino acid derivatives to prepare such
compounds via the utilization of microwave irradat techniques, for example, and previ-

ously little-used methods such as Pd(ll)-catalysaadsformations.



2. Literature survey

2.1. Preparation, properties and utilization of alcyclic 1,3-amino alcohols

1,3-Amino alcohols are of significance becaustheir pharmacological and chemical
relevance. For instance, procyclidine (Kemallyiis administered in the therapy of
Parkinson’s disea3etramadol (Contram8) is a non-morphine-likg-opioid receptor agonist
analgesi, vildagliptin (Galvu$) is a dipeptidylpeptidase-4 inhibitor administeirdype II
diabete§ while desvenlafaxine (Prisfi)j is a serotonin-norepinephrine reuptake inhibitor

antidepressah{Scheme 1).

~N.
N OH
OH | ’ o)
OH @)
HO NC

Procyclidine Tramadol Desvenlafaxine Vildagliptin

Scheme 1

1,3-Amino alcohols are also interesting from a clvahaspect, since they are suitable
starting materials for the synthesis of 1,3-hetgetEs 4 and in an enantiopure form, they can
serve as useful asymmetric auxiliatfeS or asymmetric catalysts>?%in enantioselective

transformations.

2.1.1. Synthesis and application of 1,3-amino alcots
Numerous strategies have been developed for titbesis of optically pure 1,3-amino
alcohols.e.g:
» from achiral compounds via asymmetric synthesig. the asymmetric Mannich
reactioi* % followed by diastereoselective reduction
» from optically pure compounds,g.the reduction of enantiopufeamino acids and
their derivative® or utilizing optically pureN-sulfinyl imines in the Mannich
reactiorf*
* by performing a non-enantioselective synthesis r@sdlving the product 1,3-amino
alcohols
A simple alternative is to use “Nature’s laboratay establish asymmetry and choose a
readily available starting material from the chipalol. Monoterpenes are small, relatively
cheap and non-toxic optically active compounds witsuitable functional group that can be
transformed economically to the target 1,3-amircoladl moiety. For example, Eliel and He



prepared (-)-8-aminomenthol from (+)-pulegone intheee-step proceSs Dimitrov et al.
synthetized optically active monoterpene-basedaim8io alcohols from (+)-camphor and (-)-
fenchoné’, Mino et al. made the camphor-derived enantiomeric 1,3-amicohal from
ketopinic acid’, Li et al. prepared a regioisomeric camphor derivative eppate 1,3-amino
alcohol also from ketopinic ad®l and in our institute, (+)- and (e-pinene- and (+)-3-
carene-based optically pure 1,3-amino alcohols vegrehetized by Szakont al® and

Gyoénfalviet al’®, respectively (Scheme 2).

O-pinene (+)-3-carene

(+)-pulegone  (+)-camphor  (-)-fenchone

NH; OH NHR
)@@R ><j“\NHR O Ay o L7
on o ™G a

Scheme 2

Chlorosulfonyl isocyanate (CSI) was added sterewd eegioselectively to (+)-3-
carené’ and (+)- and (-i-pinené ** to prepare new optically actiygamino acids, esters
and amides (Scheme 3). Simple reduction and fumaliation of these precursors led to
enantiopure 1,3-amino alcohols. The major advantdgepinene-derived compounds over
those derived from 3-carene is that both enantisrobx-pinene are commercially available.

NHBoC NHR
DS RS L R
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H H H
2 _NHY NHR
@/ . NH . .
[ _— i _— OH
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T

X = OH, OEt, OMe, NH, ; Y = H, Boc, COOEt ; R = H, Me

Scheme 3



10

Enantiomerically pure 1,3-amino alcohols can bdizetl as chiral auxiliaries in
stoichiometric amounts or as asymmetric catalysteer in the form of amino alcohols or as

their derivatives, such as 1,3-oxazines.

2.1.1.1. Application of 1,3-amino alcohols as chifauxiliaries

Although, 1,3-amino alcohols have to be used incktometric amounts as chiral
auxiliaries in multistep synthetic procedures, ¢hare many applications of them for the
synthesis of various valuable compounds, sincealityirtransfer is generally achieved to a
high degree. Among the most widely utilized chaakiliaries are (-)-8-aminomenthol and its
derivatives (Scheme 4). In their pioneering workelEand He reported the application of (-)-
8-aminomenthol in the preparation of enantiomericydroxy acid$’. Later, the research
group of Pedrosa studied the applications of (@¥8romenthol particularly extensively.
They utilized this auxiliary for the preparation efiantiopure primary amin€sand various
enantiomeric heterocycles, suchtas-8a-hydroxydecahydro-isoquinolinés(S)-3-methyl-
perhydroazepine andR)-3-methylpiperidin€®, pyrrolidine-derivative®, tetrahydroisoqui-
nolines and tertahydrobenzazepitiessoindoline derivative$ and 3-azabicyclo[3.2.0]hep-
taned®

" 2. OH

2 ??\COOH
BusSn— =, R R Rl
i—f\ Ref 15 /k
N Ref. 16
Ts
Ref. 30 Rl\_/RZ
Qn“‘ \\OH —»
+
N N HCI
Hy HCI

Ref. 31

Ref. 29 /

Pyl
D
=
=
(o]
i

Ref. 32

Scheme 4
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2.1.1.2. Application of enantiopure 1,3-amino alcadl derivatives as asymmetric catalysts
Besides 1,3-amino alcohols, their derivatives sashl,3-oxazines have also been
utilized as asymmetric catalysts®® For instance, camphor-derived oxazaborinanes were
used in the asymmetric reduction of acetophenasrentioselectivities up to 91% ee being
observe®. Camphor-derived aminophosphine phosphinite ligawdre utilized in the Rh-
catalysed asymmetric reduction of dehydroamino deitvatives with enantioselectivities in
the range 77-85% &k Moreover, optically active camphdt-and p-pinene-derivetf 2'-
diphenylphosphinophenyl-substituted 1,3-oxazinesevgeiccessfully used as ligands in Pd-

catalysed asymmetric allylic alkylation reactiowith high enantioselectivities (Scheme 5).

O- /gj
O PPh, |
N N  PPh,
R

up to 95% ee up to 98% ee
Pd(0)
catalyst
R! OR? XCH(CO,Me), RY  CH(CO;Me),

Ph)\)\Rg’ Ph)\/I\Rg’

R= H, Ph; R? = Ac, vinyl sulfonate, RS = alkyl, Ph; X =H, Na

Scheme 5

2.1.1.3. 1,3-Amino alcohols and diamines as catallysn the enantioselective addition of
dialkylzinc reagents to carbonyl compounds

The nucleophilic addition of dialkylzinc reagentscarbonyl compounds is a powerful
asymmetric carbon-carbon bond-forming reaction Itiegu in optically active secondary

alcohols (Scheme 6).

asymmetric

(0] OH OH
)J\ + EtyzZn catalyst )\ + /:\
R H R Et R Et
Scheme 6

It also proved to be an excellent model reactiontfie interpretation of non-linear

|36

effects in asymmetric catalysis by Noyetial’ and in asymmetric autocatalysis by Sefi

al.*”. However, these milestone discoveries were mdialged on the application of 1,2-
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amino alcohol or rigid heteroaromatic catalystslakel to these findings and based on the
relatively simple preparation, there are numerows gles in the literature for the application

of 1,2-amino alcohol catalysts and auxiliaffesLess attention has been devoted to the

32 22,23, 27, 39465 1 4-amino alcohol ligaritis™. According to the transition

52
I

analogous 1
state model established by Noyetial>*, the addition of the zinc reagent takes place Vi
a dimeric pseudo-five-membered intermediate forimgdhe 1,2-amino alcohol catalyst and
the dialkylzinc reagent, which consequently transfinto the monomeric active specied’

(Scheme 7).

O:/R + MeyZn

\ / \ /
NMe, N\z / \N\/ N
o/ n\o /Zn_ *,Zn\ :'/R
OH 7 o) O. /O /o
Zn Zn=-p.
N /N\ /% Me
H-oxo
transition state

OH

R Me

Scheme 7

When the catalyst is a 1,3-amino alcohol, a presiynmore flexible pseudo-six-
membered intermediate is formed, though this mbdsl| been far less studféd® (Scheme
8).

EtZZn Et I
! _EtZn ('3 PhCHO N 00 N
N _—

OH N NN EtTZN zn N
Zn N — O * Et
I et H=T
Ph
Scheme 8

Moreover, few examples of substituent-dependentymb absolute configuration
selectivity have been reported for 1,2-amino alt®Rd’, and none for 1,3- or 1,4-amino
alcohols.

1,3-Diamines have also proved to be efficientlgata in the asymmetric addition of
dialkylzinc to carbonyl compountfs>®

Selected 1,3-amino alcohols utilized in the emmatiective addition of dialkylzinc to

carbonyl compounds are presented in Scheme 9.
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Ph R

=

~OH .
oH NH OH NH,
- Dimitrov et al.
Palmieriet al. Vilaplana et al. best ee 28% and 9%,
best ee 89% best ee 95% respectively
Scheme 9

Cimarelli et al. reported the Mannich condensation of 2-naphthatious aldehydes
and optically pure amines for the preparation dcdrgiopure 1,3-aminonaphthols that were
utilized as chiral catalysts in the addition oftHigzinc to aldehydes. The simplicity of the
catalyst preparation and the fine tunability ofstaesystems make the 1,3-aminonaphthols an
attractive target for catalyst development.

Vilaplanaet al. reported the synthesis of ferrocene-functionalizg@iamino alcohols
and utilized them in the addition of diethylzinc &dehyde¥. They found noteworthy
enantioselectivity (in the range 60-95% ee) fonaatc, aliphatic and ferrocenyl aldehydes.

Dimitrov et al. synthetized (+)-camphor- and (-)-fenchone-bas@&eatino alcohols.
However, the application of these catalysts ledrly moderate enantioselectivities.

A common drawback of the last two examples is thdy one enantiomer can be

prepared from commercially available sources, erdtiner one is far more expensive.

2.1.2. Synthesis oN-substituted alicyclic 1,3-amino alcohols

The significance of alicyclic 1,3-amino alcoholashattracted considerable scientific
attention, and a number of strategies have beeela@®ad for their economical and effective
synthesis (Scheme 10). The strategies includeethection of alicyclic-fuseg@-lactam&®, -
amino acids and estérsthe reduction of 2-hydroxycycloalkanecarbonigité® and the

catalytic reduction of cycloalkane-fused 1,3-oxa#ifi®’.
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Scheme 10

The cycloaddition strategi®s®>®’

seem to be the shortest routes, although the ynostl
primary 1,3-amino alcohols obtained require furtbips to provide substituted compounds
and the attainment of higher diversity. Another moef* gives N-monosubstituted alicyclic
1,3-amino alcohols directly in a three-step 1,4ethp cycloaddition/hydrolysis/reduction
sequence, though the substitution pattern is lonitg theN-(hydroxymethyl)amide applied
(Scheme 11). Since the 1,4-dipolar cycloadditi@p $¢ highly stereoselectiveis-1,3-amino

alcohols can be prepared exclusively.

X
HOH,C-
(@] R (@] R OH OH

R = Et, Bn, p-Cl-Bn

Scheme 11

2.2. Microwave-assisted synthesis of 1,4-diazepirebes

The field of MW-assisted organic synthesis (MAO&} mapidly been gaining ground
since the late 1990s and is still attracting comsillle attention due to its proven benefits, as
compared to conventional heatirgg. the rapid optimization of reactions, increaseddgge
enhanced product purities, altered product seligctand novel chemical reactiviti&s'
MAOS is based on the MW dielectric heating effetist are responsible for the extremely
efficient heating of materials. Besides thermakioetic effects, there is clear evidence for the
presence of the “specific” or “non-thermal” MW efte responsible for results that cannot be
achieved at the same reaction temperature withesgional heatin.



15

1,4-Diazepines and especially 1,4-benzodiazepiresia extensively studied class of
heterocycles due to their pharmaceutical importZnead numerous synthetic strategies have
therefore been developed, including MW-assistechou=f*. As an example, a short and
efficient synthesis ofN,N’-disubstituted 1,4-benzodiazepines was devised @angNVand

Cloudsdale, from commercially available isatoic yide™ (Scheme 12).

R R R
N
N\fo NH ocH, . x
o | e —
\RZ OCH3 N\ 2
o) o) o R

R! = Me, allyl, Bn; R2 = Me, Bn

Scheme 12

There is only one literature report on the synthesi cycloalkane-condensed 1,4-
diazepine®, though a number of saturated monocyclic 1,4-gismess exhibit interesting
biological properties, such as lymphocyte functimsociated antigen-1 (LFA-1) inhibitdfs

andy-turn-like mimetic$® (Scheme 13).

/L /R Q HOH
\HOOT{)N;O \ﬁ:)'\' 0
OO 04\rNHz

LFA-1 inhibitors Y-turn-like mimetic

Scheme 13

2.3. Synthesis oN-heterocycles via Pd(ll)-catalysed oxidative aminabn

Nucleophilic attack on Pd(Il)-complexed alkene®me of the most efficient organo-
metallic processes with which to generate valuabd@anic compounds. A prominent example
of them is the Wacker procédsan industrial method for the preparation of ddetayde
from ethylene. The pioneering work of Hegedus shibtiat nitrogen nucleophiles too can be
used as reactants in such transformaffbris the case of cyclopentylamine derivatives, both
the starting amine and the product are good ligdndgalladium, though when suitably
derivatized in order to decrease their basicitghstransformations can be performed in a
catalytic fashiorf*®* (Scheme 14).
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THF, LiCl N

NHTSs N
O:®:O 16 examples
60-90%
leq
Scheme 14

Since aromatic amines are much less basic thamaaigp ones, these substances
readily cyclize to the corresponding indole derives without the necessity dfi-func-

tionalization (Scheme 15).

=
@\/ 2% PACIl,(MeCN), m
NH, THF, LiCl, reflux N
H
O:C>:O 14 examples
60-86%

2eq

Scheme 15

In order to achieve catalysis, not only the chamadf the amine, but also the re-
oxidation of the catalyst should be consideredth&t end of each catalytic cycle, the Pd(0)
that is formed needs to be re-oxidized to the gatally active Pd(Il) species before

aggregation which would lead to inactivation (Sckelf).

Pd"

Hzo SUbH2
OX. sub
+2H" Pd° + 2H"
[Pd],

palladium black

Scheme 16

For this, a number of redox systems have been olgeélwith regard to the stability
of the products towards the oxidant. While thgGdCL system is used in the classical
Wacker procedS other metal-free systems involving benzoquiffgnmolecular oxygett
and even aff have been developed. Among these systems, malepuyigen and air are the

most attractive from both economical and environtaleriewpoints.
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As concerns the underlying mechanism of the oxirdafid(ll)-catalysed formation of
N-heterocycles, two different pathways are hypottezbi{Scheme 17). One proceeds vid-a
allyl-palladium intermediate (A), while in the othan aminopalladation (ARhydride

elimination route (B) is proposed.

pd Pd = Pd
N N N
R R R
N J
e
~
ecHeNey
\ ) N,
R R R
Scheme 17

In the literature, reports can be found that suppach of these theorf882 but the
exact underlying mechanism remains unclear.

In 2004, Beccallet al. described the aerobic Pd(Il)-catalysed cyclizabbmosylated
N-allylanthranilamide®. They found that, by using different base and esai\combinations,
2-vinylquinazolin-4-ones and 2-methylene-1,4-bemanebin-5-ones could be obtained regio-
selectively (Scheme 18).

T "
N
NH / _ Pd(0AQ); _ NW/\ . {
base N.
solvent R N,
(@] 0] R

96% 0%
0% 66%

Scheme 18

By using sodium acetate in DMSO at 100 °C, quinazblones were selectively
obtained in up to 96% yield, while in pyridine igl@ne in the presence of air at 100 °C, 1,4-
benzodiazepin-5-ones were produced in up to 66%.\itewas proposed that the cyclizations
proceed via different intermediates. For the foiamabf quinazoline-type products, aft-
allyl-palladium complex was suggested, whereasttier formation of diazepine-type com-

pounds, ar-olefin-complexp-hydride elimination pathway was postulated. Furthepport
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for their #°-allyl-palladium complex theory was obtained froimetreaction of arN-(2-
methylallyl)amide derivative. Under the optimizednditions for the formation of 1,4-
benzodiazepin-5-ones, no product formation was rebde while under the conditions for
quinazoline formation, a mixture of two productsswabtained. The major one was a quina-

zoline-type compound, and the minor one was a ér&tdiazocine-type product (Scheme
19).

X
Ts o Ts
| Rd N
N—r
: N
[:[ N, -
Et I Et
Ts o

Scheme 19

It was assumed that the presence of the methylpgoouthe allyl group allowed the

formation of two isomerig;®-allyl-palladium complexes, resulting in the distirstructures
obtained.

Wu et al. recently reported a Bronsted base-modulated, Rdysad intramolecular

oxidative amination to obtain seven-membered heyetes regioselectivey (Scheme 20).

Pd(OAC),
m _ BzONa _
NHTs  DMA O

R =H, Me
Scheme 20
In this study, seven-membered heterocycles areddrmxclusively or in a pronounced

excess over five-membered ones. Among the chosestrates,o-amino acid derivatives

were also cyclized to the corresponding diazepiaamgood yields (Scheme 21).
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Ts
PO S
N\HJ\NHTS DMA, 02 j\ }
: K
R =H, Me
Scheme 21

However, when the conditions developed were apgbedhe synthesis of an eight-
membered heterocycle, the regioselectivity wasrssge favouring the formation of the six-
membered cycle. It was presumed that the applitatiba Bronsted base promotes the
formation of the C-N bond in aandofashion via ar-allyl-palladium intermediate (path A)
instead of an aminopalladatigriydride elimination (path B) pathway. This hypdisewas

supported the results of by deuterium labellingegkpents (Scheme 22).

O
NHTs

C-D C-H D
activation activatio
path B path B
AP AP
XPd, CD2 0
CD3 -2 CH3
PdX NHTSs Pdx
N H N D
O TsH J O Tsb
ﬁde ﬁHmm
Scheme 22

Both reactions with deuterium-labelled substratesulted in a mixture of seven-
membered products in a close to 1:1 ratio, besttlesfive-membered products. If the
reactions proceeded via the aminopalladagfidrydride elimination pathway, each deuterated
substrate would give the appropriate seven-memban@dilict exclusively, together with the
five-membered products. In view of the resultss thpssibility was ruled out and it was
assumed that the outcome supports an allylic Ctiaion/reductive elimination pathway.

In contrast, in a number of publications the Stfu® *°?and other¥™®° have

presented noteworthy examples demonstrating tleadizh-Wacker-type oxidative cyclization
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of alkenes can proceed via tbis- or transaminopalladatiorf-hydride elimination pathway,
cis addition being preferred.

An early, yet outstanding example is a report loyrisraet al. on the cyclization of 1-
aminohexatrienes with Pdei (Scheme 23).

@) e
% clpd :
NHAc  PdCl,(PhCN), NAc
cis-add.
NN \_ 7/ E

o o) cis-elim.
=~ "NAc
N\ ~/ E

Me ©
(E)/ ClPd /
NHAc _PdCl(PhCN), NAc
N\ 7 cis-add. N\ / E
E
o) 0

Scheme 23

It was found that, while theZ substrate readily furnishes the desired benzo-
furo[2,3-d]azepine derivative under stoichiometric Pd catalytheE substrate provides only
the Pds-complex, which could be isolated and characteri&idce s-hydride elimination
generally proceeds witlsis stereochemistry, and in the case Efsubstrate there is no
hydrogencis to the palladium, the reaction stops after theitaotd step. Furthermore, the
demonstratectis arrangement of the palladium and methyl groups @aginate from an
initial cis addition to thee double bond.

As part of an extensive deuterium labelling mecéimistudy on the Pd-catalysed
intramolecular aza-Wacker reaction, Liu and Stafeiported important data on the preference
for cissaminopalladation ovdrans-aminopalladation (Scheme 24).
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trans-AP products
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Scheme 24

In the testing of five catalyst systems, four yezdctis-aminopalladation products
exclusively, while arN-heterocyclic-carbene catalyst system gave a néatlynixture ofcis-
andtrans-aminopalladation products.

The theory was supported by the experimental reshét no #°-allyl-palladium
mechanism is involved in these transformations €8 25).

TsH | TsHN s
N
B e, )| = (10
Scheme 25

If the reaction proceeded via such a mechanismbitylic product could also be
prepared from the double-bond isomeric substrateenathe reaction was performed, how-
ever, only unreacted starting material was isol&tah the mixture.

These results, together with the fact that in #eecof ethylene in the classical Wacker
process practically ng*-allyl-palladium complex is formed, strongly supptte feasibility
of the aminopalladatiofifhydride elimination pathway.
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3. Results and Discussion

3.1. Synthesis of alicyclic 1,3-amino alcohols

3.1.1. Synthesis ofi-pinene-derived 1,3-amino alcohols and their applation as chiral
auxiliaries [1]
Enantiopurey-amino alcoholgt, 5, 7 and9 and diamineés were synthetized from (+)-
and (-)e-pinenel, respectively, according to Scheme 26. Althougthkenantiomers were
prepared, only the compounds derived fromu{pinene are depicted in Scheme 26.

-Boc L,» NHBoc
_
N
COX
H O H
3a,b
LIAHA/THF

2
25<C,2h, é5% LiAIH4/ THF, 1) TFA, CHyCl,,
A 4h,81% 2) LiAIH,/THF,
25 C, 2 h, 85%
_NHMe NHMe ,NHZ
N_ OH NHMe \/OH

H H

7 4

CH,0/H,0
90%

1) benzaldehyde
2) NaBH4, EtOH,
25, 12 h, 70%

|

N NMe NHCH,Ph
j _LiAIHy/THF _ 2 < 2
O A,24h,85% \/OH

8 5

Scheme 26

Amino ester3a (X = OMe) and carboxamid8b (X = NHMe) were synthetized
according to literature methatds®. The literature data indicate that the cycloadditdbf CSl
to a-pinene is highly regio- and stereoselectjvend the optical purity of the compounds
obtained is therefore identical to the enantiomgmicity of the starting monoterpenes.
Deprotection of3a, followed by reduction, resulted in primary amimdcohol 4, and
sequential reductive amination with benzaldehydeegéerivative5. Direct reduction oBa
producedN-methyl derivative7, while reduction of the carboxamide provided diaenb.
N,N-Dimethylamino alcohob was prepared via oxazirgeby LiAIH4 reduction. Despite all
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our efforts, we failed to synthetize thebenzylN-methyl-substituted amino alcohol deriva-
tive by an analogous method. We suggest that, adleet highly constrained bicyclic pinane
skeleton, bulkier substituents create so muchcstendrance that this is highly unfavoured.
Although a number of different strategies were moplwe also failed to synthetize tNeso-
propyl derivative ofl.

The synthetized 1,3-amino alcohoty 6, 7and 9) and 1,3-diamine€) can be pre-
pared on a gram scale and in both enantiomeric§orm

Compounds4-7 and 9 were then used as chiral catalysts in the enasiécsve
addition of diethylzinc to aromatic aldehydes, ast treactions resulting in optically active
secondary alcohols (Scheme 27). The enantiomeesses of the resulting 1-phenyl-1-
propanols were determined by chiral GC (ChirasikD®&B column), using a Maestro Il

Chromatography data system.

Q OH OH
\ pg
| H Et,Zn/n-hexane | N N | N
/ = rt., 10 mol% catalyst, Ar / P~ //
X X X
10a,b (R)-11a,b (S)-12a,b
Scheme 27

Screening of ligand4-7 and9 in the enantioselective addition of diethylzinatdehydes

, , Major
Entry X Ligand Yield (%) ee (%) configLJJration
1 H 6 88 - -
2 H 4 85 40 R
3 3-MeO 4 70 22 R
4 H 5 87 13 S
5 3-MeO 5 78 32 S
6 H 7 83 53 R
7 3-MeO 7 75 20 R
8 H 9 91 62 S
9 3-MeO 9 83 72 S
Table 1

Unfortunately, diaminé underwent no enantioinduction at all in the tréaction.
However, when amino alcohdlor 7 was used, moderate enantioselectivities were wéder
the 1-aryl-1-propanols being obtained wiselectivity. In contrast, when tiN-dimethyl-
(9) or N-benzyl-substituteds catalysts were applied, a complete change ircsely from R
to Swas observed, and amino alcoBajave both the highest yields and enantioseleietsvit
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up to 72% ee. To the best of our knowledge, thithes first report on am-substituent-
dependent enantioswicth in the field of 1,3-amiluolaol-catalysed asymmetric reactions.

To clarify the observet-substituent-dependent enantioswitch, molecular etliod
was performed for the Noyori-typg-oxo transition stat& of amino alcohols4 and 9
(Scheme 28).

Scheme 28

The calculated lowest-energy transition states wergood accordance with the
experimental results. The calculated geometries @lswed an interpretation of the inverted
enantioselectivity since the optimum transitiontesteor 9 showed steric hindrance between
the bridging methylene of the pinane skeleton &edNtmethyl group, inhibiting formation of
the intermediate diastereomer observed in the alage

It can be concluded that the rigid, sterically ldretl pinane skeleton is an efficient
source of chiral induction, though the methyl graugxt to the nitrogen atom limits the

substitution pattern of the nitrogen atom, and esresequence the fine tuning of the catalyst.

3.1.2. One-pot synthesis of alicyclibl-substituted 1,3-amino alcohols [2]
Alicyclic condensed 1,3-oxazinds-20were transformed into the correspondig
substituted 1,3-amino alcoha?®2-27 in the presence of a keto@&a-d in a simple one-pot

reductive process (Scheme 29).

O

RZJ\ o ﬁ\

S "
(@\ 16a 16b @f 21a-d : @C N
ml  CC.HzSOy/ ce. ACOH )\ H, Pd/C, 50 atm, rt. R

0 OH
15 °C to rt. Rl R!
13-15 17-20 22-27
Scheme 29

1,3-Oxazines were synthetized by the 1,4-dipolataaddition ofN-hydroxymethyl-

acylamides 16ab) to the appropriate cycloalken&8-15in a stereospecifi¢ ® and in the



25

case of 1-methyl-1-cyclohexen&5 a regiospecific fashion, in full accordance with

Markovnikov’s rulé®.

Alicyclic N-substituted 1,3-amino alcohd®2-27obtained from oxazinekr-20

Compound n R R® R Yield (%)
22 1 H Me Me 37
23 2 H Me Me 91
24 2 H —(CH)s— 71
25 2 H Et Et 51
26 2 H Me Et 50
27 2 Me Me Me 43
Table 2

Upon hydrogenation dE8 in the presence of only 1.2 equivalents of acetomk10%
palladium on charcoal under 50 atm of hydrogeroatr temperaturé\-isopropyl 1,3-amino
alcohol 23 was isolated in 91% vyield (Table 2). However, omag 17 and 20 gave lower
yields of the correspondingl-isopropyl-substituted 1,3-amino alcoha®®? and 27; the
reduction of oxazin&8in the presence of other aliphatic and alicycktokes21a-d afforded
24-26in acceptable to good yields.

Although the underlying mechanism seems to beerathvious, two different mecha-

nistic pathways must be considered (Scheme 30).
Ph
L, e OO, — 10
o~ “ph S0am 0~ “ph OH
29

18 28
acetone 1. reduction
2. debenzylation
(I\H{ reduction (I\N{ acetone (I\NHz
OH OH OH
23 31

30

Scheme 30

Saturation of the C=N double bond takes plac¢, fiesulting in28, which is in ring-
chain tautomeric equilibrium with imirn29. Next, imine31 can be formed via two pathways.
The reduction and subsequent debenzylatidzBaftould furnish30, which would form imine
31 with acetone. Alternatively, transimination 29 by acetone would provid8l1 directly.

Finally, amino alcoho23 is formed by the reduction &fl.
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In order to find evidence regarding the alterratiransimination pathway, a control
experiment was designed where primary amino alcobold not be formed (Scheme 31). 2-

Methyl-substituted oxazing9 was hydrogenated in the presence of acetone.

H, Pd/C NH
(Ch e (O
19 32

(I\N:< acetone (I\NJ
OH
31

OH
33
lreduction lreduction
N‘< NJ
H H
OH OH
23 34
ratio: 2:3
Scheme 31

In accordance with our expectations, besidexthyl-substituted derivativ@4, N-iso-
propyl-substituted amino alcoh@3 was detected in a ratio of 2:3 in the crude reacti
mixture. This experiment clearly supports the psgmb competitive pathways depicted in
Scheme 30.

3.2. Synthesis of six-, seven- and eight-memberegtivalkane-fused heterocycles

In order to investigate the cyclization propert#g-amino acid derivatives towards
novel alicycle-fused ring systems, we set out teppre cycloalkane-condensed seven- and
eight-membered heterocycles by using state-of-theaathods such as MW irradiation and

transition-metal mediated transformations.

3.2.1. Microwave-assisted synthesis of alicyclicitdensed 1,4-diazepin-5-ones [3]

The application of MW irradiation in organic syafis is a major field of interest of
the research group of Prof. Erik Van der EyckethatLaboratory for Organic and Micro-
wave-Assisted Chemistry (LOMAC), Katholieke Univiezg Leuven. In the frame of an
Erasmus programme, my project there involved theiegtion of MW power to the synthesis

of cycloalkane-fused heterocycles.
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An efficient, MW assisted method was developedtha cyclization of benzyloxy-
carbonyl(Cbz)-protectectiss and trans-cyclohexane- andcis-cyclopentane-formylmethyl
carboxamides towards the corresponding-154,6,7-tetrahydro-1,4-diazepin-5-one deriva-
tives 40-42 and 45. Cbz protection of the starting racentis- and trans-2-aminocyclo-
hexanecarboxylic acid85 and 43 and cispentacir86, followed by amidation with allyl-
methylamine or allylf-methoxy)benzylamine and subsequent Ruo@diated oxidative
cleavage of the olefinic bonds, furnished the apoading formylmethyl carboxamid&3-

39 and44 (Scheme 32).

0 (@]
1. CbzCl, NaOH, 81-90% R! o
2. (COCI),, EtsN, N p-TSOH, MW,
OH
n(dl\ Rlallylamine, 83-88% _ VZ< _100%C,5min _ )
NH, 3 a)RuClyxH20, NalO, INH T soms
b) NaBH4, ¢) NalOg4 Cbz Cbz
- 0
35, 36 75-79% for three steps 3739 40-42
0
1. CbzCl, NaOH, 81-90% Me o
o 2 (COCI, EtaN, N'\/( p-TSOH, MW,
Me-allylamine, 83-88% _100 T, 5min__ )
“NH,  3.8) RuClyxH0, NalO, 'NH 88%
b) NaBH,, c) NalO4 Cbz Cbz
0,
43 76% for three steps 44 45
n=1:36,38,41 R! = Me : 37, 38, 40, 41

n=2:35,37,39,40,42 R!=PMB: 39,42

Scheme 32

There are numerous procedures in the literaturéh®oxidative cleavage of an olefin
bond. First, we attempted to perform a one-pot owfth but the title formylmethyl
derivatives could be isolated in only low yieldseWherefore decided to utilize a stepwise
process instead, to minimize side-reactiénsThe in situ generated Rufxatalysed
dihydroxylation of the terminal double bond, folled by NalQ-mediated cleavage of the
dihydroxy compound, resulted in a fast, efficientldigh-yield (71-79%) preparation of the
target molecule87-39and44.

The very first cyclization was actually the outeoof a failure. Wher37 was reacted
with benzeneboronic acid in an attempted intramdédetasis reaction, only the cyclic ene-
carbamate40 was formed. Since the cyclization was rather dkilggeven under MW
irradiation, and the boronic acid acted only asatalgst to facilitate water elimination, we
decided to utilize a stronger acid in order to obtabetter yield and a shorter reaction time.
The use of 10 mol%-TsOH in dry CHCI, in a MW reactor at 100 °C resulted in the
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corresponding 1,4-diazepin-5-046 in 90% vyield in only 5 min. FoB8 and44, the reaction
gave similar yields (81% and 88%, respectively).older to broaden the scope of the
transformation, PMB-protected derivatid® was synthetized and subjected to cyclization,
which provided42 in 83% yield.

As part of the investigation of the scope andttions of the transformation, phenyl-
substituted diazepinéd8 was successfully prepared in 83% yield from raceBiphenyls-
alanine46 (Scheme 33).

o) 0 ve o) e
1. CbzCl, NaOH, 83% /
OH » (cocl),, EN, N p-TsoH, Mw, p
NH Me-allylamine, 79% NH H 100 C, 5 min
?  3.a) RuClyxH,0, NalO, ol 83% N
b) NaBH, ) NalO,4 z Cbz
46 63% for three steps 47 48
Scheme 33

Unfortunately, our efforts to apply this methodatathranilic acid derivatives failed to
give the desired benzodiazepines, most probablgusecthe Cbz-group considerably reduces
the nucleophilicity of the aniline-type nitrogeroat.

3.2.2. Pd(ll)-catalysed synthesis of cyclohexaneded 2-vinylpyrimidinones and 1,5-

diazocin-6-ones [4]

On the basis of a report by Beccaflial®® discussing the Pd(ll)-mediated cyclization
of tosyl-protectedN-allylanthranilamides, our aim was to investigdte tyclization proper-
ties of the analogouN-allyl-2-aminocyclohexanecarboxamides with speai#éntion to the
possible stereochemical results of the transfoonati

The cyclization of tosyl-protectectiss and transN-allyl-2-aminocyclohexane-
carboxamides53-56, 64 was carried out in Pd(ll)-catalysed oxidative aation reactions.
The startings3-56 and 64 were prepared from the corresponding racecisc andtrans-2-
aminocyclohexanecarboxylic acids via tosylationllofsed by conversion into the acyl

chlorides and reaction with allylamines (Scheme 34)
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COOH COOH _R
p-TsCl, EtsN O: 1)s0Cl, N
CH,Cl, 2) EtsN, R-allyl-
NH, NHTs 2 T Y NH

amine
Ts
49: cis 51: cis 53, 54: cis
50: trans 52: trans 55, 56: trans

53, 55: R = allyl, 54, 56: R = Me

Scheme 34

Although application of the reported cyclizatiomdition<® resulted in the formation
of Pd black without conversion of the starting mialethe systematic use of a phase-transfer
catalyst and an oxygen atmosphere on the basiseddture dat& *°° provided57 in 69%
yield as a single diastereomer (Scheme 35).ci$Bl-allyl-N-methyl analogu®&4 gaveb8 as

a single diastereomer, albeit in lower yield (Tabje

(0] (0] (0]
_R Pd(OAc),, NaOAc _R =
N Op, NBWNCI N . NT T
solvent /K/ J,,,/ =
NH \ N N ’
I I I
Ts Ts Ts

53, 54 57,58 59

53, 57: R = allyl; 54, 58: R = Me

Scheme 35

Pd(ll)-catalysed cyclization afis-N-allyl-2-aminocyclohexanecarboxamide3and54

Entry  Compound R T (°C) Solvent ?renaeCt(iﬁ)n Product Y(:)?Ol)d
1 53 allyl 110 DMSO 4 57 69
2 53 allyl 110 toluene 1.5 57+59 76°
3 54 Me 130 DMSO 20 58 52
4 54 Me 110 toluene 2.5 58 84

%Combined yield of C-2 epimers
Table 3

In view of the reported marked solvent-dependerfceuoh transformation§3 was
reacted in refluxing toluene, which gave a pradiiigchl C-2 epimeric mixture 057 and59
in a combined yield of 76%. Under similar condigsph4 provided58 in a noteworthy 84%
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yield. To investigate the possibility of produabiiserization, quinazolinong7 was submitted
to identical conditions as shown in Entry 2, B@twas not detected in the reaction mixture.

Under the optimized conditions for the cyclizatiointrans-carboxamide$5 and 56,
the reaction was first performed in DMSO (TableEftry 1) and provided a close to 1:1
mixture of two compounds (Scheme 36).

o) o) (@] /R
_R  Pd(OAc),, NaOAc _R N
N Oy, NBugNCl N . |
1, \\\ solvent 7, /K/ .,
NH N ’
| \ | N
Ts Ts

Ts
55, 56, 64 60, 61, 65 62,63, 66

55, 60, 62: R = allyl; 56, 61, 63: R = Me; 64-66: R = PMB

Scheme 36

Pd(Il)-catalysed cyclization dfans-N-allyl-2-aminocyclohexanecarboxamides, 56and64

Reaction Yield (%)
Entry Comp. R T (°C) Solvent .

time (h) 60,61,65 62,63, 66
1 55 allyl 110 DMSO 2 43(32f 58 (44)
2 55 allyl 110 toluene 0.5 21 79
3 55 allyl 82 MeCN 4 13 (6) 87 (72)
4 55 allyl 110 DMF 15 45 55
5 55 allyl 110 NMP 15 33 66
6 56 Me 110 DMSO 3 64 (54) 36 (21)
7 56 Me 82 MeCN 4 28 (12) 72 (61)
8 64 PMB 82 MeCN 4 15 (9) 85 (67)

®Calculated ratio based dH NMR, Pisolated vyield in parenthesis
Table 4

The first-eluted compoun@0 was identified as th&ans analogue 067, while the
later-eluted one was identified tians-cyclohexane-fused 1,5-diazocin-6-aé2on the basis
of two-dimensional NMR studies and X-ray crystatiyghy (Figure 1).
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Figure 1

This outcome prompted us to explore the scopdiamthtions of this transformation,
since this uncommon structure can be found in itedpermine alkaloids, such as homaline
and dovyalycin®! 1°2 and as part of an interleukif-$ynthesis inhibitor peptidomimetfé

In a study of the effect of the solvent on theaseglectivity, we found that in toluene
diazocinone62 was formed in a 4:1 ratio witB0. Moreover, refluxing acetonitrile gave the
best ratio of 87:13, together with an isolateddjief 72% of diazocinoné2. Further efforts
to improve the selectivity of the reaction did rsafcceed. It is interesting that, while the
cyclization of56 in acetonitrile provided3 in a similar ratio to the diallyl derivative, in
DMSO a complete switch was observed, resultingapoiinone6l in a ratio of 2:1. In order
to increase the value of the products, Mamethyl group on the amide moiety was replaced
by a PMB group, thus establishing an orthogonatgatmn of the two nitrogen atoms. The
PMB-protected diazocinoré was prepared in 67% yield.

In view of these unconventional results, togetivéh recent literature data showing
that arz-allyl-palladium transition state does not alwaypport the empirical outcome of
certain Pd-mediated transformatiés°” we took into consideration the conceptc vs.
trans-aminopalladation as another alternative in ordatdtermine which theory best supports
our results. Our first doubt about thallyl-palladium mechanism was the lack of diazepin
type molecules in the product mixture, albeit tle#ical calculations indicate that their
thermodynamic stability is comparable to that & ¢juinazolinones and diazocinones formed.
These observations, together with the marked diffee between the electron densities of a
tosyl-protected aniline-type and a protected cyekytamine-type nitrogen atom led us to
propose that, after an initial Pd-mediated doutaeebmigration® *°’ the ring-closure step
takes place viais-aminopalladation, in consequence of the strongardination of the
cyclohexylamine-type nitrogen to the palladium atqractically by forming a Lewis base—

Lewis acid pair (Scheme 37).
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s [Pdl Ts [Pd]
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“[Pd]
Ts [Pd]
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R = allyl, Me, PMB

Scheme 37

Hydropalladation of the allylic double bond, falled by B-hydride elimination,
provides intermediate®\ and C. Consecutively,cissaminopalladation of the isomerized
propenylic double bond by either “upper” or “lowlace” attack and fingb-hydride elimina-
tion from intermediateB andD would give quinazolinones7-61and65.

Theoretically, diazocinone-type products could fowa a w-allyl-palladium inter-
mediate, but the sole difference as compared tdaottmeation of quinazolinones is the initial
stereochemistry of the compounds and not the electensity of the protected nitrogen atom.
It is therefore plausible that the underlying methian could be similar.

As regards the formation of diazocinones, our pseg catalytic pathway is depicted

in Scheme 38.
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Scheme 38

IntermediateE is formed viacis-aminopalladation of the allylic double bond, and a
following synp-hydride elimination fromF provides62, 63 and 66. If the transformation
proceeded vigaransaminopalladation, intermediat@ would form and subsequesynf-
hydride elimination could take place with eithef or H? giving the double bond isomer
product67 as well, but this was not detected in any of ogregiments.

To support the above-mentioned mechanistic thepogas-phase DFT calculations at
the level of B3PW91l/lanl2dz were performed for sition stateA andC shown in Scheme
37 and forE shown in Scheme 38 (Table 5).

DFT calculations o®3A-56A, 53C-56C and53E-56E at the level of B3PW91/lanl2dz.

cis Hwve)/a.u. E(anyi)/a.u. AE(ve)/kcal/mol AE(any)/kcal/mol
53A, 54A -1164.8546 -1241.6629 0.00 0.00
53C, 54C -1164.8456 -1241.6601 5.66 1.75
53E, 54E -1164.8279 -1241.6389 16.74 15.05

trans Hve)/a.u. E(aiy)/a.u. AE(vwe)/kcal/mol AE(anyr)/kcal/mol
55A, 56A -1164.8562 -1241.7100 0.00 0.00
55C, 56C -1164.8440 -1241.6949 7.67 9.44
55E, 56E -1164.8563 -1241.7128 -0.02 -1.76

Table 5
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The calculations demonstrated that, for carboxasb8 and54, cis-aminopalladation
is less favoured by 15 and 16.7 kcal/mol, respebtjun the formation 053E and54E, these
intermediates yielding diazocinone-type productddifionally, the calculations confirmed
that an “upper-face” attack is preferred to a “losfigce” attack in the formation of quinazoli-
nones58, 60, 61and65. However, for53, the calculations suggested an almost equal chance
(<2 kcal/mol difference) for the “upper” and “lowtace” attacks, which would result in a
diastereomeric mixture in parallel to the reactinrthe non-coordinating toluene. The fact
that 57 is the only diastereomer formed in DMSO reveats ¢lplicit effect of the solvent
molecules on the transition state, the transfownaltieing shifted to proceed via an “upper-
face” pathway.

We assumed that the absence of diazepine-typeugioctould serve as further

evidence otis-aminopalladation. The suggested mechanism is tgpic Scheme 39.

Q R R
N N
_— ____» horeaction due to
high energy barrier
- H
T ANTX N %

cis-AP
0 / S [Pd]’ TS pap 4

R
NHL\\
Ts \ 0 0
53-56, 64 \ N'R N'R
_IPd] C:[ %i
'.“HJ< N
Ts Ts

trans-AP [Pd]

@) R
N
- -3 /<
N
/
Ts

J K 68 not observed
R = allyl, Me, PMB

Scheme 39

According to the previously established mechanigra,formation of diazepine-type
compounds viais-aminopalladation would proceed via intermedidtealbeitsynp-hydride
elimination would require an energy-demanding I2@4tion of the Pd moiety around the C-
C bond in intermediaté. Moreover, coordination of the oxygen atom in tbeyl group
would stabilizel, increasing the total energy demand of the transition. On the other
hand,transaminopalladation would favowynp-hydride elimination fronK, but68 was not

detected.
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Eventually, we performed an experiment to supguat nosn-allyl-palladium mecha-
nism is involved in these transformations. Compo6GAdvas synthetized (Scheme 40) and

subjected to the conditions shown in Table 4 EBtny order to obtai®1 exclusively.

0) 1 mol%
_ Hoveyda-Grubbs 2™
N MW, 100 °C, 20 min _ \\/
“NH k\\ MeOH “NH \\\ “NH
Ts Ts
56 69 70

Scheme 40

Interestingly, a three-component mixture was ole@jrfrom which61 and its (5)
diastereomer 1 were isolated in 10% yield, besides a new cydhe 72 in 64% vyield. For
this outcome, we propose a novel domino oxidatidative amination cascade reaction
(Scheme 41).

O:; R ;
N
o R [Pd]H
| P 72 74
o [Pd]'-OAc
. Pd 2 HOACc
‘N--7 69, 73
'\ A
B Cycle Il [Pd'-O0OH Cycle|
L
[Pd]/ |-H*/ \ 63:621
[Pd]OH -H,0 69, 73 o [Pd]”_H + HOAC
O R 2
N _OH d HOAC l-HOAC
o -
/)’ - [Pd]OH [Pd]”\ <22 [pgp
NH
Ts
N

65, 73, 74: R = PMB; 61, 69, 71, 72: R = Me
Scheme 41
We suggest that the first cycle, in which quinammtes are formed, produces the key

palladium hydroperoxo intermediaté®*'*for the second catalytic cycle. This species then

undergoes 1,3-dipolar cycloaddition to generlte which transforms intd\N via synp-
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hydride elimination. NextN undergoes a cyclization similar to that shown @héSne 38, to
provide 72 finally. To investigate the possibility of watercorporation™® instead of oxygen
incorporation, water was added in a control expeninthough it did not improve the yield or
the ratio of 72. On the other hand, when the reaction was run ruadgon and with one
equivalent of catalyst, quinazolinong@s and71 were formed exclusively, thereby supporting
our mechanistic proposal excludingallyl-palladium intermediate.

In order to broaden the substrate scope of thielnwmansformation,/3, the PMB-

substituted analogue 60 was prepared and successfully cyclized to g@e 63% vyield.
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4. Summary

Novel enantiopurg-amino alcoholgl, 5, 7and9 and diaminé were synthetized from
(+)- and (-)e-pinene, respectively, and were used as chiralysdsain the enantioselective
addition of diethylzinc to aromatic aldehydes, ast treactions resulting in optically active
secondary alcohols. Diamiriesshowed no enantioinduction, while amino alcohgrovided
the product l-aryl-1l-propanols with moderate ememedectivities and withR selectivity.
Catalyst 9 gave both the highest yields and enantiosele@s/iip to 72% ee witls
selectivity. To the best of our knowledge, thishis first report on ai-substituent-dependent
enantioswitch in the field of 1,3-amino alcoholalgsed asymmetric reactions. Results of the
molecular modelling studies performed were in g@mtordance with our experimental
findings.

Alicyclic condensed 1,3-oxazind¥-20 were transformed into the correspondidg
substituted 1,3-amino alcohd2-27in the presence of a keto@&a-d in a simple one-pot,
reductive process.

We found that the reaction can proceed via twcedkfiit pathways: classical reductive
debenzylation followed by Schiff base formation,t@nsimination of the chain form of the
ring-chain tautomeric mixture obtained by partiabduction of the starting oxazine. We
successfully provided experimental evidence for dhernative transimination pathway via
the application of 2-methyl-substituted oxazineevehdebenzylation cannot occur.

An efficient MW-assisted method was developed Ifar ¢yclization of Cbz-protected
cis- andtranscyclohexane- andis-cyclopentane-formylmethyl carboxamides to furnika
corresponding B-1,4,6,7-tetrahydro-1,4-diazepin-5-one derivativé8-42 and 45. The
developed method gives a high yield in general wad also applied for non-alicyclig-
amino acid derivatives.

Efficient cyclizations of tosyl-protectedis- and trans-N-allyl-2-aminocyclohexane-
carboxamides53-56 and 64) were carried out in the Pd(ll)-catalysed oxidat@mination
reaction, resulting in cyclohexane-fused 2-vinylpydin-4-ones57-61 and 65 and 1,5-
diazocin-6-one$2, 63and66.

We found thatcis starting materials cyclize into 2-vinylpyrimidinghes diastereo-
selectively, whereasans compounds cyclize regioselectively into a mixtafel,5-diazocin-
6-ones as major and 2-vinylpyrimidin-4-ones as mproducts.

A marked solvent effect on the regioselectivity wdsserved, and acetonitrile was

identified as the best solvent for the selectiveppration of 1,5-diazocin-6-ones.
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The mechanistic studies performed clearly indicatiedt an aminopalladatids/
hydride elimination pathway is feasible in thessmsformations.

A novel MW-assisted allyl to propenyl isomerizatiwas developed in order to obtain
a model compound to provide experimental supperdém mechanistic theory.

As a result of this experimental study, a new ligzacine-4,6-dione-type compound
was obtained, formation of which was explained hyoael Pd(ll)-catalysed domino oxida-
tion/oxidative amination cascade reaction.

In the course of the experimental work, 50 nove&lcdurally diverse alicyclic com-

pounds were synthetized and characterized.
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