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1. List of abbreviations
AD — asymmetric dihydroxylation
DCM - dichloromethane
de — diastereomeric excess
dr — diastereomeric ratio
dept — distortionless enhancement by polarizatamsfer
(DHQD),PHAL — hydroquinidine 1,4-phthalazinediyl diether
(DHQ),PHAL — hydroquinine 1,4-phthalazinediyl diether
DIBAL — diisobutylaluminium hydride
DMAP - 4-(Dimethylamino)pyridine
DMF — dimethylformamide
ee — enantiomeric excess
er — enantiomeric ratio
Et;N — triethylamine
EtOH — ethanol
FG - functional group
FT-IR — Fourier Transformation Infrared spectroscop
GC - gas chromatography
HPFC — High-Performance Flash Chromatography
HPLC — High-Performance Liquid Chromatography
HSQC — heteronuclear single quantum coherence
IR — infrared
i-PrOH —iso-propanol
m-CPBA — 3-Chloroperbenzoic acid
MeOH — methanol
MsCI — mesylchloride
NMO - 4-MethylmorpholinéN-oxide
NMR — Nuclear Magnetic Resonance Spectroscopy
PE — petroleum ether
PNO — pyridineN-oxide
Pddba — Tris(dibenzylideneacetone)dipalladium(0)
p-TsCl —para-tosylchloride



TBAF — Tetrabutylammonium fluoride hydrate
t-BuOH —terc - buthanol

THF — Tetrahydrofuran

TLC — Thin layer chromatography

TPAP — Tetrapropylammonium perruthenate
UV — Ultraviolet

UV-VIS — Ultraviolet-visible spectroscopy



2. Introduction

Lilac alcohols and aldehydes are chiral compountighvplay an important role in
chemical ecology mediating the chemical commuricatbetween plants and insects. Lilac
compouds are among the most complicated chiral tegmenoid components in flower volatiles.
There are three stereogenic centers in lilac comgguand therefore eight different alcohol and
aldehyde enantiomers.

These compounds are widely present in many floweprants and can attract the
pollinators. It is not known if chirality influessehis attraction, it is therefore a great neetawee
a pure enantiomers of these compounds.

The stereoselective synthesis of lilac compoundsriza been drawn out, and therefore
the influence of each enantiomer to insect behavsunot known. Knowledge that the content of
lilac compouds in plants is species-specific raicdd by the view that these isomers have
different biological properties.

Several studies like insects behavior, attractiegg-laying, repellence and insects
antennal responses could be made, when pure ltaba@ and aldehyde enantiomers will be
available.

The total stereoselective synthesis of lilac commoisu is not published. The
stereoselective synthesis of 2,2,5-trisubstituédibydrofurans is not very well studied area,ejuit
few publications are available.

The main goal for this thesis was to work out thewnscheme for stereoselective
synthesis of 2,2,5-trisubstituted tetrahydrofurangs, which could form the basis for the
preparation of the pure enantiomers of lilac conmuoisu

The present study is based on the pathway to emaetically pure THF-diols, which
connects the establishment of stereogenic centéhsthe ring-forming reactions, namely the
catalytic method for the stereocontrolled oxidatyelization of dihydroxyalkenes to yield THF-
diols in high enantiopurity and good yields. Foe thynthesis of dihydroxyalkenes the scheme
starting from geraniol and including the stereaselgy determing steps like catalytic Sharpless

stereoselective dihydroxylation and Wittig reactiafs under investigation.



3. Literature overview

3.1. Theory of stereochemistn

3.1.1. Basic concepts and Terminolog

Stereochemistry is the study of the static dynamic aspects of the th-dimensional

shapes of molecules. The most important componénstereochemistry isstereoisomers.

Stereoisomers are molecules that have the samescority but differ in the arrangement

atoms in space, such eis- andtrans2-butene. The constitution of a molecule is defingdhe

number and types of atoms and their connectivitgluiding bond multiplicity

An historical distinction, but one that is not eefy clear cut, is that betwer

configurational isomers and cormational isomers. Conformational isomers are aawvertible

by rotations about single bonds, and the confoomatif a molecule concerns features relate

rotations about single bonc

There are two tyfs of isomerggeometrical isomers and opticisomers. Geometrical

isomersare isomers that differ only in the way 1atomsare oriented in space relative to e

other. Optical isomers e molecules that differ three-dimensally by the placement «

Two structures with the
same formula

Same

connectivity
?

YES

Sterecisomers

Non-
congruent
mirror
image ?

YES

Enantiomers

NO

Constitutional
isomers

Diastereomers

Scheme 1. Simple flowchart foclassification ol
various kinds of isomer:

substituents around one or more atoms in a mole
There are two types of optical isomers: enantioraad
diastereomers.

According to scheme 1, enantiomers
molecules that are related as -congruent mirror
image, but diaereomers are stereoisomers that are
enantiomers. Any lgect that is nonsuperposal
(noncongruent with its mirror image is clral. If an
object is not chirathat is, if its mirror image s
congruent with the originat-is achiral.

Numberof possible enantiomers can be calculates
formula 2, wheren is numbe of stereogenic centers.
Number of diastereomersan le calculated by formula
2" where n is amount of steogenic centers.
Enantiomerical excess (eeepresents the percentage

one enantiomer in excess of the other. The ee
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substance shows how pure it is. Ee can be caldutstéormula:

major enantiomer — minor enantiomer
ee % = - - - - x 100
major enantiomer + minor enantiomer

The term ee is coming from optical rotation anthtsoduced by Morrison and Moser in
1971. Nowadays is has been replacecehywhich is enantiomeric ratio (S:R) due to the othe
measurement techniques to determine the R ance&ilglirDiastereomeric excess de is changed to

diastereomeric ratidr.?

3.1.2. Stereochemical descriptors

Many of the descriptors for stereogenic units begith assigning priorities to the
attached ligands. Higher atomic number gets highierity. If two atoms under comparison are
isotops, the one with higher mass is assigned itffigeh priority. Ties are settled by moving out
from the stereocenter until a distinction is mddeother words, when two attached atoms are the
same, one examines the next atoms in the groupy, looking for a winner by examining
individual atomic number.

Multiple bonds are treated as multiple ligand; tisatC=0 is treated as a C that is singly
bonded to two oxygen with one oxygen bond to a C.

E, Z System

For olefins and related structures is used the gamosty rules, but is devided the double
bond in half and compare the two sides. For eacdhooa
of an olefin, assign one ligand high priority antedow /\)\/\)\
priority according to the rules above. If the twaghh o F F
priority ligands lie on the same side of the douled, (2E)-3,7-dimethylocta-2,6-dienal
the system iZ (Germ:zusammen); if they are on opposit
sides, the system i5(Germ:entgegen). If an H atom is or
each carbon of the double bond, however, also cbalo
used the traditional “cis” and *“trans” descriptoniSor

example, citral, or 3,7-dimethyl-2,6-octadienalemonal,
(22)-3,7-dimethylocta-2,6-dienal

is either of, or a mixture of, a pair ofterpenowith the Figure 1. Cis and trans positions
molecular formula GH,c0. The two compounds arf citral compound
double bond isomers. TlHeisomeris known as geranial or citral A. Thésomer is known

as neral or citral B.



R,S System
For tetracoordinate carbon and related structweséd the Cahn-Ingold-Prelog system.

The highest priority group is given number 1,

clockwise H counferclockwise

E’) CHs CH; ,‘Il C"\; whereas the lowest priority group is given
b " “OH ™l ,

R configuration c OH s canfiguration  NUMber 4. Sight down the bond from the

i H stereocenter to the ligand of lowest priority

®
‘fib @i\’@ . W o behind. If moving from the highest (#1), to the

OH cl second (#2), to the third (#3) priority ligand

involves a clockwise direction, the center is

Figure 2. llustration of Cahn — Ingold — Prelog t€rmed R. A counterclockwise direction

system

Prelog system.

Dand L

The descriptors D and L represent an
relating the sense of chirality of any
molecule in Fischer projection form

ey

o~ HaC
introduced by Fischer in 1891. In aiit—'a

implies S Figure 2 illustrates a Cahn-Ingolg-

older systemdistinguishing enantiomers,

H H

H
“3C+02H5 ch—'»cws
CoHg OH

OH OH

Fischer projection, the horizontal lines —
represent bonds coming out of the plane
h—__‘____‘_'_—‘——..
of the paper, while the vertical lines g OH 2 oH
. . . \ ;ﬂ" H C-H H——T—CsHs5
represent bonds projecting behind th& s s
Y proj g F— H)( . - N
plane of the paper. The D and L HL™  om

nomenclature system is fundamentally
different than the R/S or E/Z systems.
The D and L descriptors derive from , +o,

vy,

P~

only one stereogenic center in thé ™ A~
HO

molecule and are used to name the entire H.s*
molecule? Figure 3 illustrates a Fischer

projection’

OH

H ——0QH
HO——H

H ——0H

H—T—0OH
CH,OH

Figure 3. llustration of Fischer projection



These are three most widespread descriptors sysldrage are also systems like Erytl
and Threo Helical Descripto-M and P, Ent and Epi. In this work to dese different

enantiomers R/S descriptor system is L

3.1.3. Distinguishing enantiomers:

Enantiomers are distinguishable if and only if treeg placed in O o
=13
chiral environment, and all methods to separateharacterize enantiome ~-"~"_.o
~
are based on this principlChiral gas chromatography and chifajuid Ph
Figure 4.

chromatography are commonly used to separate aalgiza&tenantiomers. # \1qsher's acid
convenient technique to measure the ratio of eorais in a solution is to differentiate thi
using NMR spectroscopyy inserting ederivatizing agent that contains other nucleus tham C.

For exampléMosher’s acid, that contai-CF; group.

There are several methods for the determinatidheoftructure of stereocisome
v’ Diftraction analysis ( -ray)
v' Spectriscopic analysis (1 D NMR, 2 D NMR,

3.1.4. Stereospecific and stereoselective reactic

In a stereospecific reaction one stereoisomer aftamt gives one stereoisomer of
product, while a different stereoisomer of the teatcgives a differentterecisomer of product.
Hence, to determine whether a reaction is steredgpeone has to examine the product r:
from the different stereoisomers of the reac

A stereoselective reaction is one in which a singlactant can give two or mc
stereoismeric products, and one or more of these prodare preferred over the oth-even if
the preference is very small. A reaction is alsregiselective when two stereocisomers of
starting material give the same ratio of stereom@enproducts, along as the ratio is not 50:5

This just means that reaction is not stereospe®
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3.2. Chemical ecology of lilac compounds

Lilac aldehydes and lilac alcohols have been fgstated from the lilac flower oil and
described as characteristic monoterpenoidSyinnga VulgarisL. (Oleraceae) flowers positively
influencing the lilac odor qualitySyringa (Lilac) is among the popular ornamentah®s and is
cultivated in the middle latitude of Eurasia andrtNcAmerica. These flowers are white or purple
in color and release the aroma compounds, whickieasepleasant to the human sensor system.

The lilac compounds occur in plant spieces of miamyilies, such as Caryophyllaceae
(Dianthus spp., Silene spp.), RosaceaePfunus padus Lamiaceae @riganum vulgarg
Onagraceae Gaura longiflorg, Orchidaceae Rlatanthera spp.), PolemoniaceaePlflox
paniculatg, Salicaceae Salix spp.), Violaceae \(iola etruscd, Actinidiaceae Actinidia),
Rubiaceae Gephalanthus occidenta)isVitaceae VYitis viniferacv. Moscato bianco), Asteraceae
(Artemisia pallens, Eupatorium cannabinyn®Oleaceae Syringa vulgariy, and are found in
several honey8Lilac aldehydes are an important class of fragramoee flavor compounds in
perfumery and ecolog}.

Lilactype fragrance compounds are in high demandheyperfume industry because
there are no natural lilac flower oils or concemsacommercially available and synthetic
fragrance compounds are used to imitate the desttedr. Lilac aldehydes and lilac alcohols are
very powerful fragrance compounds due to their ptoaally low odour thresholds of about 0.2-
0.4 and 2-4 ng, respectively.

The volatile compounds produced by plants are mesipte for multiple interactions
between plants and other organisms. Floral fragmr&re characteristic for many insect —
pollinated flowers and are involved in the attractiand guidance of pollinators to the
reproductive organs. The scent of a flower togethén its colour is considered to be the main
signal attracting insects ensuring pollinatfon.

Floral odours are important signals for chemicamownication between flowering
plants and animal pollinators, and may be of imgme for reproductive isolation among
sympatric, closely related species. Scent is pdatity important in night-blooming species when
visual cues become inefficient due to darkness.

From pheromone studies it is known that chiraléyan important factor in insect
communication. In addition to pheromonal testssitknown from studies on plant-herbivore

interaction that chirality is an important factér.

11



It is unknown in most pollination systems whether not chirality plays a role in
pollination system. Among the most complicated alHioral scent compounds are the oxygenated
monoterpenoids lilac aldehydes and alcofidBach of these compounds has three stereogenic
centers, and therefore eight different aldehyde @igtt different alcohol enantiomers and four
different aldehyde and four different alcohol deebmers are possible. In figure 5 eight possible

lilac alcohol enantiomers are illustrated. Liladedlydes have same stereocenters.

2-(5-ethenyl-5-methyltetrahydrofuran-2-yl)propan-1-ol

Figure 5. Lilac alcohol stereocisomers

Flowers emitting these compounds are mainly attrgdbutterflies and moths. There is
not much known about which enantiomers in the blehidac compounds are the attractive ones,
and it is unknown if the enantiomers of the alcshahd aldehydes have different functions or
differently activate the antennal receptors ofitisects.*

It is known that lilac aldehydes play an importanie in the attraction of Lepidoptera
(butterflies and moths) to flowers. Lilac compourade known to attract noctuid moths alone, or
together with other compounds, and are known asc&fe antennal stimulants in

electroantennographic detections. Responséaitmigrapha gammego a mixture of lilac aldehyde

12



isomers were similar as to a mixture of in totat@active compounds (including lilac aldehydes),
and the lilac aldehydes elicited significantly moesponses than any other compound tested. The
lilac aldehydes were also proved to be the mosadive compounds fddadena bicruris the
nursery pollinator oBagittaria latifolia However, it is not known if the single enantiosdiffer
in their biological activity*®

There is a great need for synthesis of these congsoas they are commonly occurring
in many insect interactions and almost always odoumixture. Studies on the behavior,
attraction, egg laying, feeding, repellence andedhsantennal responses, single receptor cell

responses can be made, when there will be accésss® pure enantiomers.

13



3.3. Suggestions for synthesis of 2,2,5-trisubstitute@trahydrofurans

In this chapter several methods for 2,2,5-tristibstd tetrahydrofuran synthesis are
described.

Method A — a single step formation using Ru catalgsheme 2)

H3C
CH3

HO
H

RUO, X 2H,0 (10 mol %)

! CWO NalO, on wet silica (3.0 eq)

3 r

THF/DCM, 0°C

Scheme 2. A single step formation using Ru catalyst

Important factor of this reaction is avoiding wadsra co-solvent. Water usually has to be
added to dissolve sodium periodate, the terminatlioing agent. Therefore solid-supported
terminal oxidant was chosen. Sodium periodate dnsyliea as a solid supported terminal oxidant
resulted in a smooth conversion of diene substidte.starting material was almost quantitatively
converted into the desired cyclization product. Yledd of reaction is up to 90%. Diastereomeric
ratio between two isomeesandb was 95:5 respectively. As catalyst in this reactould be used
also RuCj, TPAP, RuQ or KMnQ,.*®

Method B — A Lewis acid promoted oxidative cyclipat (Scheme 3)

5 mol %K ,0s0, x 2H,0

OH \/@ PNO (2 eq.), citric acid (0.75 eq) Ho_ s /—Q
HsC o o o)
. W Zn(OTf), (0.5 eq.) Hsm

CH, CH, MeCN : H,0 (3:2), 60° C ° ’:CH;OH

Scheme 3. Lewis acid promoted oxidative cyclization

The reaction mixture was heated td®0resulting in an increase of the rate of reagtion
with no loss in yield. Cu(OT$)and Zn(OTf) are cheaper, milder, and equally reliable altéveat
to Sc(OTf}. Both Cu(OTf} and Zn(OTf) gave similar yields and are essentially intercleaie.
Rates of reaction are much quicker, when more wates added. The pH of the Lewis acid-

promoted cyclization was measured to be pH 2. Alcous reaction the Lewis acid was omitted
14



and the reaction adjusted to pH 2 by addition ddHTf This approach was not working and
significant amounts of decomposition were seen witly a trace of desired THF recovered. The

yield of reaction was 85 %. Diastereomeric ratibeen two isomers was 97.5 : 2'5.

Method C — using gold catalyst (Scheme 4)

3

R

S Au(l) or Au(lll 1 \
r G THF =27 N\g \
RZ

Scheme 4. Cyclization reaction using gold catalyst

The subsequent gold-catalyzed cycloisomerizatios achieved in the presence of only
0.1 mol % AuC{ in THF, which gave the 2,5-dihydrofuréhwith chemical yield (96%) as a
single diastereomer, completing the key centemis-tb-center-chirality transfer. Only the

hydroxyl group inu-position participates in the cyclizatioh.

Method D — cyclization reaction using 2,6-lutidifg&cheme 5)

2,6 lutidine
—_—
120°C,1h

Schemeb. Cyclization reaction using 2,-lutidine

The synthesis scheme was started with (-)-linalbplAldehyde 2) was subjected to the
Evanssynaldol reaction with the enolate of chir&l-propionyl oxazolidinone to furnish the aldol
adduct with high diastereoselectivity (de 98 %)8in % vyield. After several reaction steps on

treatment with 2,6-lutidine at 120, 3 rapidly cyclised to the cyclic ethanti, cis4 as a single

15



isomer in 93 % vyield through any&type substitution. Next step was cleavage of the
oxazolidinone irt usind DIBAL-H provided aldehydgin 88 % yield*’

Method E — cyclization reaction usin§{Cz; TunePhos (Scheme 6)

OH o Pd,dbag
H (S)-C3 -TunePhos
AcO
X OEt =

Scheme 6. Cyclization reaction usingS)-CsTunePhos

In this synthesis of Davana acid ester R-hydroxigerewas effectively provided in
reaction with Bode’s salt using a non-aldol apphoathe decision was made that the inherent
diastereofacial preference of ester would be tenfoansTHP-ester rather than the desiad
product. In this case Ridba with (§-CsTunePhos enabled to overcome the substrate’s
diastereofacial bias and favais-davana acid ethyl esterR)¢C; TunePhos gave substantial
(>12:1) selectivity for the undesiradansproduct. THF was used as solvent for reaction, and
reaction was heated to ®7 over 72 h. Yield of reaction was 87 % and 2.5cisftrans ratio was

obtained?

Method F — cyclization reaction using Zn in ethaf&theme 7)

OAc OR
/ \
_— —_—
% 2X=0H,R=Ac
HO 1

3X=1,R=Ac
4X=1,R=H

OH

EtOH

Scheme 7. Cyclization reaction using Zn in ethanol

Synthesis was started from allylic alcolipolthe Se@ oxidation product of neryl acetate,
with epoxidation with the D-(-)-tartrate complexyeld the epoxy alcoh@® as a 95 : 5 mixture of
enantiomers. A second Sharpless epoxidation, daoti¢ on allylic alcohoB, afforded an 85 : 15

16



mixture of diastereomers favorirtyy This mixture, upon treatment with zinc in ethanghve

tetrahydrofuran produ@&in high yield as an 85 : 15 mixtufe.

Method G — cyclization reaction with TBAF (Schenje 8

Shi epoxidation

TBAF, THF
HCI, CHC,

Scheme8. Cyclization reaction using TBAF

First, hydroboration/Suzuki coupling defined a rstbomeans of coupling the linalool
derivatives after which Shi epoxidation bfprovided2 in 59 % vyield (dr> 20 : 1). Desilylation
with TBAF, followed by treatment with HCI in CHElresulted in cyclization to deliver the

stereodefined tetrahydrofur&rin 86 % yield®*

Method H will be described in paragraplb.3. Oxidative cyclization reaction

17



3.4. Description of used analytical methods
For analysis of all synthesized compounds severalyical methods such as infrared
spectroscopy, nuclear magnetic resonance specgpsagas-liquid chromatography, high-

performance liquid chromatography, modular circpla@larimetry has been used.

3.4.1. Infrared Spectroscopy

Infrared (IR) spectroscopy is one of the most usgbectroscopic techniques in organic
chemistry. It is a rapid and effective method fdentifying the presence or absence of simple
functional groups. When infrared energy is pass$edugh a sample of an organic compound,
absorption bands are observed. The position oktliesabsorption bands have been correlated
with types of chemical bonds, which can provide k#&grmation about the nature of functional
groups in the sample.

The mid infrared, extending from 4000 to 600 tnis the region of most interest to
organic chemists. This is the region in which apsons from typical organic compounds appear.
When coupled with other spectroscopic techniquesh sas nuclear magnetic resonance, IR
spectroscopy allows organic chemists to systenitiaad confidently determine the molecular
structures of organic compounds.

An IR spectrum has energy, measured as frequenayawelength, plotted along the
horizontal axis and intensity of the absorptiorttgio along the vertical axis.

The atoms making up a molecule are in constantamofihe movements of the atom
relative to each other can be described as vilmsti@and IR spectroscopy has been called
vibrational spectroscopy. The photons of IR radiatbsorbed by an organic molecule have just
the right amount of energy to stretch or bend agatent bonds. The energy of IR radiation is on
the order of 8-40 kJ/mole (2-10 kcal/mole). Thisoammt is not enough energy to break a covalent
bond, but it is enough to increase the amplitudieonid vibration.

An absorption band appears in an IR spectrum egcuéncy where a molecule vibration
occurs in the molecule. Energy levels of molecwi@rations are quantized, which means that

only infrared energy with the same frequency astbiecular vibrations can be absoréd.

3.4.2. Nuclear Magnetic Resonance Spectroscopy
Nuclear magnetic resonance (NMR) spectroscopy & ajrthe most important modern
instrumental techniques used in the determinatiomaecular structure. For the past 50 years,

18



NMR has been in the forefront of the spectroscof@chniques that have completely
revolutionized organic structure determination. d.ilother spectroscopic techniques, NMR
depends on quantized energy changes that are shdoceolecules when they interact with
electromagnetic radiation. The energy needed forRNBI in the radio frequency range of the
electromagnetic spectrum and is much lower enehgy that needed by other spectroscopic
techniques$®

The theoretical foundation for nuclear magneticonesice arises from the spih, of
atomic nucleus. The value bfs related to the atomic number and the mass nuaritemay be 0,
%, 1, 3/2, 2, and so forth. Any isotope whose ruglkas a nonzero magnetic momént Q) is in
theory detectable by NMR spectroscopy. The mostomapt nuclei for organic structure
determination aréH and**C, both of which have spin of .

The DEPT-135 experiment (Distortionless EnhancenbnPolarization Transfer) may
be applied as a powerful means for distinguishikly, CH, and CH groups. This experiment uses
a polarization transfer from protons to an X nusldo increase the signal strength. The
experiment may be performed with polarization tfansver one or more bonds, with or without
'H decoupling. Important note is that no signalsjedrternary carbon atoms appear.

The HSQC (Heteronuclear Single Quantum Coherengagrament performs the H, C-
correlation via the"*C chemical shift evolution of a double-quantum cehee. The HSQC

scheme is included as a building-block in many 8Gugnces, especially for structural biol3gy.

3.4.3. Gas-Liquid Chromatography

Few techniques have altered the analysis of velatianic chemicals as much as gas-
liquid chromatography (GC). Before GC, that becamigely available just over 50 years ago,
organic chemists usually looked for ways to conwgid compounds into solids in order to
analyze them. Gas-liquid chromatography changedhali by providing a quick, easy way for
both qualitative and quantitative analysis of vitdabrganic mixtures.

In GC the stationary phase consists of a nonvelétjuid, usually a polymer, with high
boiling point. A flow of inert gas, such as heliton nitrogen, serves as the mobile phase. When
the mixture being separated is injected into thegdteinjection port, the components vaporize and
are carried by the carrier gas into the column, re/leeparation occurs. The compounds in the
mixture partition themselves between the gas plaasethe liquid phase in the column, in an
equilibrium that depends on the temperature, tteeabgas flow, and the solubility of components

in the liquid phase. A GC column has thousandéebtetical plates as a result of the huge surface
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area on which the gas and liquid phases can intérhe partitioning of a substance between the
liquid and gas phases depends both on its relativaction for the liquid phase and on its vapor
pressure. In general, lower-boiling-point compouwndty higher vapor pressures travel through a
GC column faster than higher-boiling compounds. theo factor which influences traveling
speed of compounds through column is compoundsipol®ifferent functional groups change
polarity of compound. More polar compounds traw@stér through GC colunff.

Chiral chromatography involves the separation dfrestisomers. In the case of
enantiomers, these have no chemical or physictdrdiices apart from being three-dimensional
mirror images. Conventional chromatography or otbeparation processes are incapable of
separating them. To enable chiral separations ke fdace, either the mobile phase or the
stationary phase must themselves be made chirainggidiffering affinities between the
analytes’?

A GC can have either capillary or packed colun@epillary columns have an interior
diameter of only 0.2-0.5 mm and a length of 10-f00A packed column typically has an interior
diameter of 2-4 mm and a length of 2-3 m. Capillemjumns usually give much better separation
than do packed columns.

Two kinds of detectors are most often used in gpsd chromatography: flame
ionization detector and thermal conductivity detest The function of a detector is to “sense” a
material and convert the sensing into an electsggihal. Flame ionization is a highly sensitive
detector system that is commonly used with capilleolumns, where the amount of sample
reaching the detector is substantially less tham éimanating from a packed column. In a flame
ionization detector, the organic substances leathiegcolumn are burned in a hydrogen/air flame.

The combustion process produces ions that altezutrent output of the detectdy.

3.4.4. High-Performance Liquid Chromatography

High-performance liquid chromatography (HPLC) alfoseparations and analysis to be
completed quickly and with superior separation aedsitivity compared with other liquid
chromatography techniques. However, like GC, HPlgbeagally utilizes small samples and is
most often used for the analysis of mixtures rathan for preparative purposes. Unlike GC,
HPLC can be used equally well with volatile and valatile mixtures.

The stationary phase in an HPLC column has a partize of only 3-10 um. The

enhanced separation and sensitivity of the coluamecfrom the increased surface area provided
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by these very small particles. However, particleshes small size pack very tightly, a condition
that severely restricts the flow of solvent throdigé column.

There are two main classes of column: "normal"” &aneversed" phase. Normal
phase columns are most usually packed with sikatgey work in the partition/adsorption mode
in the same manner as a normal silica gel columnomventional chromatography. Reversed
phase chromatography, which is the most common fofmrHPLC, is a type of partition
chromatography. Frequently, reversed phase coluanaspacked with a chemically bonded
octadecylsilyl coated silica; such columns arerrefkto as C-18 and are very non-polar. Other
popular bonded phase columns have octasilyl, cyapgh or phenylsilyl packings.

The eluent used with reversed phase columns isv@apolar, e.g. MeOH/LD. Unlike
normal phase chromatography, the more polar commpere a mixture elute first, since these
partition relatively unfavourably on the highly rpolar packing. Increasing the polarity of the
solvent increases the retention time of a partictdaponent?!

The detectors used for HPLC have a high sensitivisually in the microgram-to-
nanogram range. The two most common types arevidieh (UV) and refractometer detectors. A
UV detector is relatively inexpensive and can bedusvith gradient eluetion. It detects any
organic compounds that absorbs in the UV regiore [irhitation of a UV detector precludes its
use with solvents that themselves absorb in ther&fylon or with sample that do not have a
suitable chromophore for UV absorptitm.

HPLC chiral columns are packed with Chiral StatignBhases-consisting of a silica
support onto which the polymeric chiral selectorolypaccharide derivatives) has been
immobilised. Immobilisation of the polysaccharideerigatives provides universal solvent

compatibility on highly selective Chiral StationaPpases?

3.4.5. Polarimetry

The light beam approaching the polarizer has waselllations in all the planes
perpendicular to the direction in which the beantréveling. When the light beam hits the
polarizer, which has ranks and files of moleculesreged in a highly ordered fashion, only the
light whose oscillations are in one plane is traittgeh through the polarizer. The light that gets
through is callecplane-polarized light The remaining waves are refracted away or abdoye

the polarizer.
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The analyzer is a second polarizer whose rankdilmsdof molecules must also be lined
up for the polarized light waves to be transmittédhe polarized light has been rotated by an
optically active substance in the sample tube atieyzer must be rotated the same amount to let
the light through. The rotation is measured in degr indicated by.

The magnitude of the optical rotation depends enctncentration of the optically active
compound in the solution, the length of the ligatipthrough the solution, the wavelength of the
light, the nature of the solvent, and the tempeeatunherent property of optically active
compounds ispecific rotation The specific rotation is calculated from the oled angle of
rotation:

Equation 1. Specific rotation calculation.
T a
[05],1L =

wherea is the observed angle of rotatidnis the length of the light path through the

sample in decimeters, ands the concentration of the sample (g/mt).
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3.5. Theory of asymmetrical reactions in this work

3.5.1. Sharpless catalytic asymmetric dihydroxylation

The Sharpless Dihydroxylation or Bishydroxylatiena method for the enantioselective
preparation of 1,2-diols from prochiral olefins, the reaction of an alkene with Os-catalyst in the
presence of a chiral ligand. This procedure is gueréd with an osmium catalystand a
stoichiometric oxidant e.g. 4ce(CN}) or N-methylmorpholine oxide (NMO). The oxidant is
regenerating the catalyst osmium tetroxide andetbes reduces the amount of highly toxic and
very expensive osmium compound.

Reaction is carried out in a buffered solution tswe a stable pH, since the reaction
proceeds more rapidly under slightly basic condgioEnantioselectivity is achieved through the
addition of enantiomerically-enriched chiral ligagndDHQD)PHAL, (DHQ)XLPHAL or their
derivatives. These reagents are also availableabkesprepackaged mixtures (AD-mixand AD-
mix B, AD=asymmetric dihydroxylation) for either enamieferenc®®> Methanesulfonamide
enhance the rate of hydrolysis of the intermediate.

Sharpless was awarded a share of the 2001 Nolzel iRrChemistry.

AD-mix-a/f3:
The mixes contain:
AD - mix - @ v Potassium osmate ,RsQ(OH),-the
HO OH _ _
l 5 \‘ ( 1 source of osmium tetroxide OO0
L R RS H R 4 Potassium ferricyanide Jke(CN)-
R .
\_H % b re-oxidant;
/(/ 4 Potassium carbonate ,&O;-slightly
2
R 3 _ basic conditioner;
R AD - mix - o
T \ =3 H v Chiral ligands-(DHQD)PHAL or
2 H/ ) (DHQ),PHAL.’

Scheme 9 Brief scheme of Sharples
Asymmetric Dihydroxylation

23



HaG™ HiC— o
,,[i O \ )
H" \,:} «/ >—o (

HaC ™"
[ LoH
N 1\‘
HyCO.__

[l-H
il i dtN
-, o Y H
H .::'
f\ﬁ 1/3 e SN

Figure 6. Structures of chiral ligands

Structure on the left side represents the chigand (DQHD)PHAL in AD-mix-3
Structure on the right side represents the chigahd (DHQ)}PHAL in AD-mix-a
Reaction mechanism
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Scheme 10. Reaction mechanism of Sharpless cat&lyasymmetric dihydroxylation

Reaction starts with the formation of the osmiutnoteéde-ligand complex?). Then a
[3+2]-cycloaddition with the alkene3) gives the cyclic intermediated)( Basic hydrolysis

liberates the diolg) and the reduced osmai®.(The stoichiometric oxidan) regenerates the
osmium tetroxide-ligand compleg)(

3.5.2. Wittig reaction

The Wittig reaction allows the preparation of akeale by the reaction of an aldehyde or

ketone with the ylide generated from a phosphorsaih This reaction was discovered by Georg
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Wittig in 1954%° He was awarded by Nobel Prize in Chemistry in 199s reaction generates
the C=C double bond in the place of C=0 double bdime ylide is also called as Wittig reagent
and is usually prepared from phosphorium salt, Wwiian be derived from triphenyl phosphine
and alkyl halide. The geometry of the resultingeakk depends on reaction conditions-temperature
and ratio between salt and base. Considering a#gsary aspects of this reaction it is possible to

obtain cis-isomef°

2

R
1 1 P
Rz\i M base c—=R'
. N + !
(CeHs)3P: + N Q R (-8 o (HsCe)sP" 2
triphenylphosphine H BN R -H
alkyl halide R Br triphenylphosphonium ylide
E——
2
R
(HsCe)z , ¢ R R’
P ‘j et
_—
. R’ /C E + (CeHs)3P=0
HO)
- o R’ R 5
alkene 4

Scheme 11. Reaction mechanism of Wittig reaction

Reaction starts with preparation of Witting sal) (vhich is derived from triphenyl
phosphine and alkyl halide. Next step is Wittinglt saeating with base to prepare
triphenylphosphium ylide2). With carbonyl compound a betair® (s formed, which is unstable
(a betaine is a dipolar substance with nonadjaoppbsite charges.) Electron pair movement
continues as oxygen departs its bond with carbdootal with phosphorus. The two carbons of
interest now possess a double bond between theeactiBn is completed and in a product
mixture contains alkené) and triphenylphosphonium oxidg)(
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3.5.3. Oxidative cyclization reaction
Using ruthenium (VII) catalyst (TPAP-Tetrapropylammum perruthenate) for the

oxidative cyclization of the vicinal diol, in thedt step two regioisomeric intermediates A and A’

(see reaction mechanism below) are conceivableatieeof which will primarily be controlled by

steric factors. Instead of mediating an alcohotlakion, the high Lewis acidity of the metal center

is assumed to drive an intramolecular interactia whe neighboring hydroxyl group. Thus, both

intermediates A and A’ will rapidly be converteddrthe same cyclic ruthenium (VII) diester B

(see reaction mechanism below). Within this keyenmediate the doubly activated transition

metal is now electrophilic and carbophilic enough undergo a [3+2]-cycloaddition to the

proximal C—-C double bond. Finally, hydrolysis liatrs the THF (tetrahydrofuran)-diol product

and a ruthenium (V) species which is reoxidizechdtMO (4-MethylmorpholinéN-oxide) to the

active catalysf!

9 o) HO | o
\Ru// O—Ru=0 ? o) \Ruz_/o
SN\ I — \ /
o) . o
o)
A A" B

Scheme 12. Reaction mechanism of oxidative cyclizat reaction
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4. Results and discussion

4.1. Retrosynthetic scheme for lilac compound syn#ésis

OH

Vi Vii VIl

Scheme 13. Retrosynthetic scheme of lilac compounds

To obtain lilac compound series of reactions shtn@adnade. Suggested scheme contains
three stereoselective reactions. To obtain comgpdueaction of addition carbon should be made
in place of leaving group X in compoufid This reaction can change conformation of C-Xadhir
center. It depends on reaction mechanisgl (@ S2). Compoundl can be achieved after series
of reactions including benzyl ether deprotectimnfrcompoundll . Compoundll is the product
of oxidative cyclization reaction of compoutd. CompoundV is the product of Wittig reaction
of compoundV. To obtain compound epoxide transformation to aldehyde should be ntade
compoundVIl. CompounaVl is the product of epoxidation reaction of the liedt C=C double
bond in compoun¥Il . CompoundVll can be obtained from commercially available gexaoy
alcohol group protection reaction with benzyl brdei
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4.2. Used synthetic scheme
The synthetic strategy shown in Scheme 14 comphisestereoselective construction of

2,2,5-trisubstituted tetrhydrofuran skeletons.

O AY
3 [\"/O— - 5 I/ 0— 7
4 o “C[)[
q 9 7" h
Ne—r Yﬁo/ ‘ \] R N \\L/\O/\\E/ﬁ a0
0
T,_ _0— 7 7 e
6
OH
)OH FG transformation
Y - (\
0/ —_—
g 14

S

Scheme 14. Used synthetic scheme

aNaH, benzyl bromide, THF, 60 °C-rt, 6 h, 99%m-CPBA, DCM, 0 °C-rt, 4 h, 60%.K,CO;,
KsN(CN)s, (DHQD),PHAL, K,0sO(OH)s, CH;SO:NH,, t-BUOH and HO, 0 °C, 12 h, 90% DMAP,
methyl-propynoate in acetonitrile, rt, 2 h, 66%.HslOs, THF and HO, 0 °C-rt, 2 h, 71%.
C,HsP(GHs)sBr, ((CHs)sSi),NNa, THF, -78 °C-rt, 12 h, 70% Buthyllithium, pyrrolidine, THF, 0 °C-rt, 2
h, 53%." NMO, TPAP,t-BUOH, rt, 24 h, 56%.

The commercially available geraniol was quanti&ivconverted into its benzyl ethér
using sodium hydride and benzyl bromide in THF.

The furthest double C=C bond in benzyl etlhhewas oxidized with m-CPBA in DCM
yielding 60 % of racemic epoxide>

The first key intermediate did® was prepared by stereoselective catalytic Shaples
dihydroxylation of allylic alcohop.>*

Three parallel reactions were run to make the 3liol
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1) Sharpless catalytic dihydroxylation without amhiral ligand to get reference
compounds for chiral HPLC analysis after reactitapg. For HPLC analysis Phenomenex LUX
column was chosen, oven temp. was 30 °C, isocldli®o i-PrOH in hexane at flowrate 1.5
mL/min. Racemic mixture had ratio of isomers 509284 Appendix 31] after reactiom

Allylic alcohol was dihydroxylated with potassiunsmate (V1) dihydrate, potassium
hexacyanoferrate(lll), and potassium carbonateBaOH-water (1:3) to yield racemic di8l in
90 % vyield.

2) For Sharpless catalytic stereoselective dihygeagion a chiral ligand (DHQDRPHAL
(AD-mix () was added to identical reaction mixture in aing&b pure enantiome” . Reaction
yielded3” in 70 % yield and the ratio of enantiomers was determimgahiral HPLC as 22:78
after reactiorg [Appendix 33]. For HPLC analysis Phenomenex LUXuooh was chosen, oven
temp. was 30 °C, isocratic 10i%rOH in hexane at flowrate 1.0 mL/min.

3) To obtain better enantiomeric ratio a co-solvasthanesulfonamide was added to the
reaction mixture. This operation increased the goweric ratio up to 2:98 (result after reaction
0) [Appendix 32]. For HPLC analysis Phenomenex LWumn was chosen, oven temp. was 30
°C, isocratic 10 %-PrOH in hexane at flowrate 1.5 mL/min.

Yield of diol 3" was 90 %.

Weakly acidic methanesulfoamide is a general aeilgst that accelerates the rate-
limiting hydrolysis step under the heterogeneouactien conditions by protonating the
intermediate osmate est&r.

First time the dihydroxylation reaction was madeaading to the procedure found from
literature>! The authors used solvent mixturgQ4-BuOH (1:1). In our experiments solvents ratio
3:1 was improved the yield of reaction from 70 6%®due to better solubility of inorganic salts
(K3[Fe(CN)}] and KCOgs) in the mixture that contained more water.

It is expected that using the other chiral ligaAD{mix a) gives the other enantiomer
with similar enantiomeric purity.

Before the chain extension via Wittig reactionwids necessary to protect both OH-
groups of diol3, because we didn't expect to achieve good vyieliisr aadding two extra
equivalents of base that deprotonates the dioly Yepular way for protection of vicinal diol is to
protect it as acetonidavith 2,2-dimethoxypropane using catalytic amountpeTsOH in dry

DCM.>® This reaction failed in our hands. Looking forealtative possibilities, relatively new and
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little-used method was found. The dibivas protected in 6% yield as cyclic mocdene acetal
by reacting diol with methyl propynoate in the @mese of catalytic amount of DMAP in AcCK.

In order to prepare the desired aldehyde for Witsgction, the epoxidel was
oxidatively opened with periodic acid. A proposecamanism of the epoxide opening with
periodic acid involves a first step of epoxide hofgsis to the corresponding 1,2-diol followed by
oxidation to aldehyde. Reaction in,8t>* yielded 45% of aldehydb, whereas the yield was
improved up to 71% by using THF-@ (1:1) as a solvent.

The second stereoselective step in this synthetierse was the two-carbons Wittig
olefination. The reaction of aldehy8ewith triphenylethylphosphorane under Bestmannisfeae
conditions where bis(trimethylsilyl)amide was useda base to generate the phosphorane in THF
furnished thez-alkene6 in 70% yield >

To obtain corresponding-alkene, a different approach, the Kocienski varabf Julia
olefination*? should be used.

Mocdene acetab was opened through a treatment with a base ygldial 7 in 53 %
yield. n-BuLi in THF was applied to produce the eliminatidhat yielded the mocvinyl
intermediate, which was cleaved in situ by a gooedeophile such as pyrrolidine via an addition-
elimination mechanisrf.

For racemic mixture7’ and for pure enantiomer” specific rotation was measured
[Appendix 30. Specific rotation for pure enantiomer was +6.ddt, for racemic mixture it was
-0.18. Racemic mixture had a ratio of isomers by &F50.2:49.8, that explains non-zero value
for optical rotation.

Diol 7 was subjected to stereocontrolled oxidative cwtion, the third stereoselective
step in this scheme, trFBUOH to yield the THF-dio8 in 56 %yield. TPAP was used as a catalyst
and NMO to re-oxidize the ruthenium (V) speciés.

After cyclization reaction stereochemical purity tbe product was checked by chiral
HPLC. For racemic mixturd’ ratio between isomers was 47:p8ppendix 38. Product8”
showed the enantiomeric ratio of 2:98 [Appendix. 3Jr HPLC analysis Chiralpak IA column
was chosen, oven temp. was 30 °C, isocratic 1P¥OH in hexane at flowrate 1.0 mL.min.

Functional groups transformations in order to preddac alcohol14 from THF-diol 8
are shown in Scheme 15.

For conversion the right side of the molecule, pénzther was deprotected via

hydrogenation over Pd-catalyst in MeOH. Ddalvas prepared in 78% vyiefd.
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Tosylation of the diol9 was performed under the conditions yielded the ctigke
transformation of primary alcohol. Catalytic amoohBw,SnO, stoichiometric amount of p-TsCl
and EsN were used® Epoxidation of the crude tosylate achieved intgligbasic conditions by

treatment with KCOs in MeOH. Epoxidel0 separated in 53% yield after two reactions.

g | A i k
0‘45/“0 (()___1\ g Q
8 ' on | 5 v oH \ "7
OH 10 0
_OH
HO I % N n
)‘H(\ — >\ ) - /L ~, “"‘ﬁ
D-——«:Jl / O——{ / ~\O__ia / O""‘.I ,,,,, /
11 12 13 | 4

Scheme 15. Reaction scheme of FG transformation

'10% Pd-C, MeOH, rt, 48 h, 78%21. p-TsCl, BuSnO, E%N, toluene, 0 °C-rt, 12 h. 2.,.KO;, DCM, rt,
12 h, 53%.% In-powder, bis(cyclopentadienyl)titanium(lV) dicide, THF, 60 °C-rt, 30 min, 43%.N-
bromosuccinimide, BR, DMF, 0 °C-rt, 2 h, 42%.

Deoxygenation of epoxidel0 to olefin was performed using mild and efficient
bis(cyclopentadienyl)titanium(IV)dichloride-indiusystem in THF® This transformation yielded
43 % of alkend 1.

To correct the left side of the molecule the prgition of the chain from hydroxyl-
group is necessatry.

It was planned the strategy to activate the OH{sytentroducing a good leaving group
and to use it for one-carbon elongation of the rchéa cyanation. Expected nitrile was planned to
reduce by DIBAL to target lilac compounid.

A series of unsuccessful reactions were made.

We attempted to get tosylate, mesylate, and teifiledm the secondary alcohhl.
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Tosylation of the secondary alcohbl attempted in DCM using p-TsCl andsHt*°
Maybe there was too big steric hindrance to getrélaetion and prolongated heating can realize
the goal.

Mesylation reaction is very moisture sensitive.clase of traces of water in reaction
mixture the mesyl chloride can decompose to theéesponding acid and mesylation doesn’t
occur®

Triflation attempted in DCM using trifluoromethané®nic acid anhydride as reagent
and pyridine to trap acidic produdslt turned out that the resulted triflate was sévesieven
towards weakly acidic media and decomposed durindigation by silica gel chromatography.
Because of that, the reaction repeated and thee grumtluct obtained, used immediately for the
next reaction.

The crude mixture of triflate was analyzed By NMR, **C NMR and IR-spectroscopy.
Proton spectra showed double bond still presentamon spectra characteristic for C-F quartet
was found in the range of 130-110 ppm. In IR spettio sharp peaks (C-F) in the range of 1220-
1200 cmiwere seen while —OH peak at 3300 thad disappeared.

The crude triflate was subjected to the cyanateaction with so-called “naked” anione
ie. the reaction performed with 1:1 complex of K@Nd 18-crown-6 in THE? Reaction was
unsuccessful, maybe insufficient purity of triflatsed®?

Another attempt to substitute the alcohol functlitypavas tried via bromination with-
bromosuccinimide-triphenylphosphine in DM¥Reaction was successful according to TLC-
check and the product was purified and analyzedMjR and IR. In IR-spectra —OH peak at 3300
cm® had disappeared and at a range of 534 €aBr signal appeared. fFiC NMR spectra C-Br
carbon appeared at 27.5 ppm

The bromination reaction proceeds vi2$nechanism, therefore the configuration of the
chiral center of formed alcohol was inverted.

The conversion of nitrile to lilac aldehyde waseimied to realize via DIBAL reduction.
Lilac alcohol is available via reduction of aldelyaith sodium borohydride (NaBH

The attempted reactions conversions of the lefe sad the molecule need more
investigations. It is planned in future to run tieactions in bigger scale to get more clear results
Obtained enantiomers will be analyzed by GC andlt®eswvill be compared with reference
material — mixture of 8 lilac alcohol enantiomefmpendix 55]* The order of separated lilac

alcohol enantiomers by GC is known from previouslis.
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The main goal of present research work was suadbsstealized: the developed
synthetic pathway enables to synthesize the 2rB&bistituted THF structure with enantiomeric
purity of 98% using three stereoselectivity defqisteps in the scheme. The total yield from

geraniol was 3.3%. Table of used chemicals is éztat Appendix 1.
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4.3. Used equipment and analysis
4.3.1. Flash columns

Biotag Isolera” Flash Purification System

Instrument attribute$*

Solvent deliverytwo constant (3 mL) electric HPFC pumpdow rate 1-200 mL/min;
Pressure limit 145 psi (10 bar)JV Detection choice of variable wavelength (200-400 nm), fixed
(254 nm) or UV-VIS (200-800 nm) detectonstow cell path length 0.3 mm;UV_collection
modes Single/dual/?-All wavelengths (variable UV and YWS); Fractionation modesvolume,

threshold, threshold with volume, low slope, medisiope, custom slop&ised cartridges4 g,
129,24 9,489,809, 120 g.

4.3.2. Nuclear Magnetic Resonance

1 D spectra'H-proton spectra
3C-carbon spectra
Dept-135 - carbon spectracWwhshow CH/CH carbons in postive side of
baseline and Ciicarbons in negative side of baseline. Quarteattyocs are not present in
those spectra.
2D spectra: HSQCEDETGPH with respect td°C
Characteristic dat&
Proton Frequency400 MHz; Central Field 9.40 TeslaMagnetic Energy 28 kJoule;

Integral uncertainty5 %.

4.3.3. High Performance Liquid Chromatography

Shimadzu Prominence Modular HPLC syst&m:

Used columnsPhenomenex LUX, No 530654-4, size: 250x4.60mm @htalpak 1A,
No IAOOCE-L1056, size: 250x4.60mr8ystem controllerCBM-20A; Solvent deliveryLC-20A;
Auto samplerSIL-20A; Column ovenCTO-20A;UV-VIS detectarSPD-M20A.

4.3.4. Gas Chromatography

Chromatograph: Agilent Technology Gas-chromatogyajdilent 7890A

Chiral capilary column 3-DEX 325 (Supelco, 30m 25inm x 0.2om)

Phase: non-bonded; 25% 2,3-di-O-methyl-6-0-TBDP&yclodextrin embedded in
SPB-20 [poly(20% phenyl/80% dimethylsiloxane)]

Detector: FID
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Signal intensity expressed in electric current (pA)

4.3.5. Fourier transformation Infrared spectroscopy
Shimadzu Fourier Transform Infrared spectromet®Prestige-21/IRAffinity-
1/FTIR-8400S with MIRacle 10 attachment.

Instrument attribute$:

Signal-to-Noise Ratio20,000 : 1 (KRS-S window, 4 ¢m1 minute, 2200 ciy P-P;
Wavenumber Rangé&’800 to 350 cif, Wavenumber Resolutio).85 cnif(max): Additional
Specification Interferometer Michelson type with 30incident angel, dynamic alignment, sealed
and desiccatedptical systemsingle beam opticBeam splitter Germanium coated KBr plate;
Light source high brightness cerami®etector temperature controlled high sensitivity detector
(DLATGS detector)Resolution0.85, 1, 2, 4, 8, 16 ¢ Mirror speed 3 steps, 2.8, 5, 9 mm/sec;
Data samplingHe-Ne laserMIRACLE 10 crystalZnSe.

4.3.6. Optical rotation
Modular Circular Polarimeter MCP 200
Instrument attributes for optical rotation at 588:1

Measuring range + 89.9°; Resolution 0.001°; Accuracy = 0.005°; Repeatability +

0.002°;Response timel2 secSensitivity A light intensity control compensates attenuatigpnto
an Optical Density (OD) of 4.Qight source Tungsten halogen lamp, 6V, 20 W, with average
lifetime of 2000 h;_Temperature interfadeesolution 0.1°C; Accuracy = 0.2°C; Temperature

control. Peltier system for automatic temperature cona&ol20 °C and 25 °CSample cell
ToolMaster™ - Automatic identification of the sammell (Option); Sample cell path length from
2.5 mm to 200 mm.
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4.4. Experimental description
4.4.1. Synthesis of E-2-(((3,7-dimethylocta-2,6eth-1-yl)oxy)methyl)benzeng1)
To a stirred solution of sodium hydride
)\/\)\/\ (60% in mineral oils) (430.0 mmol, 17.1 g) in THF
e N X 0/\© (200 mL) was added one half of geraniol (97.0
mmol, 15.0 g). Suspension became yellow. Mixture
was maintained at 8C over 2 h. Then over 1 h period second half aftadt (97.0 mmol, 15.0 g)
was added dropwise. After warming 2 h benzyl-br@am{@30.0 mmol, 39.9 g) was added
dropwise over 20 min. Colour changed from yellowlight grey. The reaction mixture was
allowed to cool down to room temperature stirredddditional 2 h, then diluted with water and
extracted 3x with PE. The combined extracts werghed successively with water, 5 % MM,
water and brine, dried with MgQ0 Crude mixture was purified by silica gel column
chromatography using 0.5 % EtOACc/PE as eluent.dYaéll was 47 g (99 %’
'H NMR (400MHz, CDC}):6= 7.44-7.28 (m, 5H, ArH), 5.48 (qt,J=6.8, 1.3 Hz, 1H, C=8-
CHy), 5.16 (tq,J= 6.8, 1.4 Hz, 1H, C=B-CH,), 4.55 (s, 2H, O-8,-Ar), 4.09 (dq,J=6.8, 0.8Hz,
2H, CH-CH,-0), 2.22-2.07 (m, 4H, By), 1.74 (q,J=1.3Hz, 3H, ®i3), 1.71-1.68(m, 3H, By),
1.67-1.64(m, 3H, B3). [Appendix 2]
3C NMR (400MHz, CDGJ):6= 140.4 (CH-C=CH), 138.7 (CH-C=CH), 128.9 (EAr), 128.4
(CHAr), 127.6 (GHAr), 127.9 (GHAr), 124.1 (C£H-CH,), 120.9 (C€£H-CHy), 71.9 (OCH,-
Ar), 66.7 CH»-O-CH,), 39.7 CHy), 26.7 CH.,), 25.7 CH3), 17.7 CHz3), 16.5 CH3). [Appendix
3]
'H-*C HSQC (400MHz, CDG) [Appendix 4]
IR: 2922 cn* (C-H), 1452 crit (C=C), 1066 crit (C-O), 694 crit (C-H). [Appendix 5]

4.4.2. Synthesis 0of3-((3E)-5-(benzyloxy)-3-methylpent-3-en-1-yl)-2,2ichethyloxirane (2)
Compound1 (192.0 mmol, 47.0 g) was
CH, T dissolved in CHCI, (800 mL) and the mixture was
Hsc/WMO/\Q cooled to 6C using ice-bath. m-CPBA (213 mmol,
47.9 g) was added in four portions every 30-min.
After stirring for 2 h at room temp. the reactionxture was concentrated under vacuum and

diluted with sat. ag. NaHC{(100 mL). Aqueous layer was extracted with PE (BahL). The
combined organic layers were washed with sat. aH@D; (2x100mL), brine (2x100mL), dried
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with MgSQ,. Crude mixture was purified by silica gel columhramatography using 10 %
EtOAC/PE as eluent. Yield @was 30 g (60 %°

'H NMR (400MHz, CDC}):6= 7.36-7.24 (m, 5H, ArH), 5.46 (qt,J=6.8, 1.3 Hz, 1H, C=B-
CH,), 4.51 (s, 2H, O-8,-Ar), 4.03 (dq,J=6.8, 0.8Hz, 2H, CH-8,-0), 2.71 (t,J=12.5, 6.2 Hz,
1H, C-CH-0), 2.27-2.09 (m, 2H, By), 1.72-1.63 (m, 5H, B,-CHs), 1.31-1.29 (s, 3H, By),
1.27-1.25 (s, 3H, B3). [Appendix 6]

13C NMR (400MHz, CDGJ):6= 139.3 (CH-C-O), 138.6 (CH-C=CH), 128.4 CHAr), 127.8
(CHAr), 127.7 CHAr), 127.5 CHAr), 121.6 (C€H-CH;), 72.1 (OCH2-Ar), 66.6 CHx-O-CHy),
63.9 (CH-C-O-CH), 36.3 CH.), 27.2 CH.), 24.9 CHs), 18.8 CHs), 16.5 CHa). [Appendix 7]
'H-*C HSQC (400MHz, CDG) [Appendix 8]

IR: 2924 cnt (C-H), 1452 crit (C=C), 1377 cni (C-H), 1068 crit (C-O), 696 crit (C-H).
[Appendix 9]

4.4.3. Synthesis of 1-(benzyloxy)-5-(3,3-dimethylwan-2-yl)-3-methylpentane-2,3-diol (3)
Sharpless catalytic asymmetric dihydroxylation
Mixture of potassium carbonate (345.6

CH
CHj HO mmol, 48.3 @), potassium hexacyanoferrate (lII)
HiC L o/\© (345.6 mmol, 114.9 g), (DHQBRHAL (1.2 mmol,
o)
0.9 g) and CESO,NH, (115.0 mmol, 11.3 g) was

dissolved in HO-t-BuOH (3 : 1, 400 mL). KOsQ(OH), (0.5 mmol, 0.2 g) was added and
reaction mixture was stirred at room temperature8@min. Mixture was cooled tdO using ice-
bath and stirring was continued for 30 minutes. goumd2 (115 mmol, 30.0 g) it-BuOH (30
mL) was added under ice-cooling and stirring wagtiooed at the same temp. for 12 h. Reaction
guenched with N&G;, extracted with EtOAc, combined organic layerseverashed with LD,
dried with MgSQ. Crude mixture was purified by silica gel colunramatography using 10 %
MeOH/CH,CI, as eluent. Yield o8 was 28.2 g (90%)"
'"H NMR (400MHz, CDC}):3= 7.38-7.24 (m, 5H, Ar8), 5.46 (qt,J=6.8, 1.3 Hz, 1H, C-8-OH),
4.50 (s, 2H, O-B,-Ar), 4.03 (dq,J=6.8, 0.8Hz, 2H, CH-8,-0), 2.72 (t,J=12.5, 6.2 Hz, 1H, C-
CH-0), 1.79-1.52 (m, 4H, B,), 1.28 (s, 3H, E3), 1.25 (d,J=1.48 Hz, 3H, El3), 1.10 (d,J=3.57
Hz, 3H, (H3) [Appendix 10]
13C NMR (400MHz, CDGJ):8= 139.6 (CH-C-0), 128.5 CHAr), 127.9 CHAr), 127.8 CHAr),
127.7 CHAr), 74.4 (CCH-OH), 73.7 (O€H2-Ar), 71.4 CH,-O-CH,), 64.5 (CH-C-O-CH), 58.6
(CHs-C-OH), 35.4 CH,), 24.9 CHs), 23.3 CHy), 22.3 CHs), 18.7 CHs). [Appendix 11]
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'H-%C HSQC (400MHz, CDG) [Appendix 12]
IR: 3442 cnt (O-H), 2924 crit (C-H), 1454 crit (C=C), 1377 cnit (C-H), 1070 crit (C-O), 734
cm’ (C-H). [Appendix 13]

4.4.4. Synthesis of methyl {6R,6R)-5-[2-(3,3-dimethyloxan-2-yl)ethyl]-6-
[(benzyloxy)methyl]-5-methyl-1,4-dioxan-2-yl}acetat (4)

Prepared solution | of compouri (96.0
mmol, 28.2 g), DMAP (48.0 mmol, 5.8 g) in

Hs
o
Hsc/%/\/ O\o/\ /\© acetonitrile (15 mL) and solution Il of methyl-

Cc

o
propynoate (115 mmol, 9.7 g) in acetonitrile (12

H3C—O0 mL). Solution Il was added dropwise to solutiort | a
1/ room temperature. The colour changed from
colourless to dark brown. Reaction mixture wagetirfor 2 h at room temp. and then quenched
with MeOH. Crude mixture was purified by silica geblumn chromatography using 30 %
EtOAC/PE as eluent. Yield dfwas 23.7 g (66%Y
'H NMR (400MHz, CDC}):8= 7.35-7.27 (m, 5H, Ar8), 5.31 (qtJ=6.8, 1.3 Hz, 1H, C-B-0),
4.59 (d,J= 12.1Hz, 1H, O-El,-Ar), 4.51 (dd J= 12.1, 1.0 Hz, 1H, O-8,-Ar), 3.93 (dddd,)=6.6,
5.4, 45Hz, 1H, O-8-CH,), 3.69 (s, 3H, CO0-83), 3.64 - 3.57 (m, 1H, CH48,-COO0), 3.52-
3.47 (m, 1H, CH-E,-CO0), 2.71 (m, 1H, C-B-0), 2.69-2.65 (m, 2H, CH48,-0), 1.89-1.54
(m, 4H, H»-CH,), 1.31-1.28 (s, 3H, B3), 1.26-1.24 (d,J=2.9 Hz, 3H, Gi3), 1.14-1.11 (d,
J=3.5Hz, 3H, E3). [Appendix 14]
13C NMR (400MHz, CDCJ):6= 169.7 (CH-COOCH), 137.7 (CH-C-CHO), 128.4 CHAr),
128.2 CHAr), 127.8 CHAr), 127.7 CHAr), 99.6 (CCH-0), 81.7 (O€H-CH,), 73.6 (OCH,-
Ar), 68.9 (Hx-0O-CH,), 64.2 (CCH-0), 58.4 (CH-C-0), 51.8 (COOECHs3), 40.8 (CHEH,-C=0),
35.4 CH,), 25.1 CH3), 23.4 CH,), 20.4 CHs), 18.7 CHs). [Appendix 15]
'H-3C HSQC (400MHz, CDG) [Appendix 16]
IR: 2926 cnt (C-H), 1739 crit (C=0), 1454 crit (C=C), 1377 cni (C-H), 1128 crit (C-0), 732
cm’ (C-H). [Appendix 17]
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4.4.5. Attempted synthesis of 5-[(benzyloxy)methyl]-4-[23,3-dimethyloxirane-2-yl)ethyl]-
2,2,4-trimethyl-1,3-dioxolane
o To a stirred solution 08 (1.0 mmol, 300.0 mg) in
anhyd. CHCI, (5mL) p-Toluenesulfonic acid (0.1 mmol, 7.7

mg) was added. Reaction mixture was cooled € Qising

o ice-bath and 2,2-dimethoxypropane (3.31 mmol, 34 was
! /\© added dropwisé®

A/ Reaction was monitored via TLC during 7 days. No
changes were observed neither TLC nor NMR.

4.4.6. Synthesis of methyl {5-[(benzyloxy)methyl]-4-methy#-(3-oxopropyl)-1,3-dioxolan-2-
yl}acetate (5)
Compound4 (62.6 mmol, 23.7 g) was dissolved in 50
OWO mL of THF and HO (1 : 1), cooled to @ using an ice-bath
/\© and a solution of KOs (81.4 mmol, 18.6 g) in 50 mL of THF
and HO (1 : 1) was added dropwise over 30 min period.
Reaction was stirred for 2 h at@ Reaction mixture was
poured into water and extracted with EtOAc. Orgarhase
was washed with brine and dried with MgSQ@rude mixture was purified by silica gel column
chromatography using 35 % EtOAC/PE as eluent. YoéBlwas 14 g (71 %)
'H NMR (400MHz, CDCY):6= 9.75 (t,J=3.7, 1.5 Hz, 1HH-C=0), 7.36-7.28 (m, 5H, Ang),
5.30 (t,J=10.3, 5.3 Hz, 1H, C-B-OH), 4.54 (dd, J= 30.4, 11.9 Hz, 2H, ®#£Ar), 3.91 (t,
J=12.2, 6.0 Hz, 1H, O-8B-CH,), 3.68 (s, 3H, COO0-83), 3.62 (dd,J=10.1, 3.7 Hz,1H, 8,-O-
CHy), 3.49 (dd,J=10.1, 3.7 Hz,1H, 8,-O-CH,), 2.69-2.63 (m, 2H, O-CH4a;), 2.59-2.54 (m,
2H, COH-,-CHy), 2.01-1.86 (m, 2H, CHCH,-C), 1.11 (s, 3H, 83). [Appendix 18]
13C NMR (400MHz, CDGCJ):6= 201.6 (HC=0), 169.7 (CH-COOCH,), 137.7 (CH-C-CHO),
128.5 CHAr), 128.4 CHAr), 127.7 CHAr), 127.0 CHAr), 99.5 (CCH-CH,), 82.0 (OCH-CHy),
73.7 (OCH2-Ar), 68.49 CH,-O-CH,), 51.8 (COOEHj3), 40.7 (CHEH,-0), 38.4 (CH), 30.76
(CHy), 20.83 CHs). [Appendix 19]
'H-*C HSQC (400MHz, CDG) [Appendix 20]
IR: 2900 cmt (C-H), 1735 crit (C=0), 1454 cnt (C=C), 1126 cni (C-O), 698 crit (C-H).
[Appendix 21]
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4.4.7. Synthesis of methyl {(4R,5R)-5-[(benzyloxy)methyl-methyl-4-[(3Z)-pent-3-en-1-yl]-
1,3-dioxolan-2-yl}acetate(6)
Wittig reaction
H3C\_/\/Ti/\ Ethyl(triphenyl)phosphonium bromide (62.5 mmol,
— 0X O/\© 23.2 g) was suspended in THF (120 mL) under inert
atmosphere. The solution was cooled € Qsing ice-
e bath. ((CH)sSi),NNa (56.0 mmol, 5.6 mL) was added
© dropwise. Reaction colour was bright orange. Reacti
mixture was cooled to -78 using a dry-ice bath and after 30 min aldehy¢20.8 mmol, 7.0 g)
in THF (25 mL) was added dropwise. Reaction waswadd to warm up to room temp. and
stirring continued for 12 h. Reaction mixture was@entrated under vacuum. Crude mixture was
purified by silica gel column chromatography usifig% EtOAC/PE as eluent. Yield 6fwas 5 g
(70%) >
'H NMR (400MHz, CDC}):6=7.37-7.28 (m, 5H, Arl), 5.60-5.34 (m, 3H, CHCH=CH; O-CH-
0), 4.61 (d, J=11.9Hz, 1H, OHG-Ar), 4.52 (dd, J=12.1, 3.15 Hz, 1H, CHGAr), 3.99-3.93 (m,
1H, C-CH-CH,), 3.69 (s, 3H, CO0RB3), 3.64-3.56 (m, 1H, CH-B,-0), 3.54-3.46 (m, 1H, CH-
CH»-0), 2.72-2.61 ( m, 2H, @,-C=0), 2.13-2.12 ( m, 2H, ig5-CH=), 1.64-1.57 (m, 4H, CH-
CH2-CHy), 1.26-1.24 (m, 1H, B3-CH=), 1.14 (s, 3H, 83-C). [Appendix 22]
13C NMR (400MHz, CDGJ):6= 169.9 (CH-C=0), 137.8 (CHC-CHO), 129.9 (CH-CH=CH),
128.4 CHAr), 127.74 CHAr), 127.72 CHAr), 127.70 CHAr), 124.3 (CH-CH=CH), 99.3 (O-
CH-0), 82.1 (CH-C-0), 73.6 (O€H,-Ar), 69.0 CH,-O-CH,), 51.8 CH3-0O), 40.8 (CHEH,-
C=0), 38.6 (CH), 21.3 (CH), 20.7 CHs), 18.4 CHs). [Appendix 23]
'H-*C HSQC (400MHz, CDG) [Appendix 24]
IR: 2918 cntt (C-H), 1739 crit (C=0), 1454 cnit (C=C), 1128 cnt (C-0), 732 crit (C-H).
[Appendix 25]
4.4.8. Synthesis of 1-(benzyloxy)-3-methyloct-6-ene-2,3edi(7)

Deprotection reaction

CHg Buthyllithium (35.9 mmol, 2.3 g) was added
wo dropwise to a solution of pyrrolidine (71.8 mmoll %) in
HO
OH /\© THF (30 mL) under Ar atmosphere at °8 Temperature

allowed to raise to® and reaction mixture was stirred for

additional 30 min. This mixture was transferredat@re-cooled (fC) solution of compoun®
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(14.4 mmol, 5.0 g) in THF (10 mL) via cannula. Ré&at mixture was stirred for 2 h and solvent
was partly removed under reduced pressure. 1M H& added until the pH of the solution
reached to 2. Reaction mixture was poured into maxte extracted with EtOAc (2x50 mL). The
combined organic phase was washed with brine aret dvith MgSQ. Crude mixture was
purified by silica gel column chromatography usit@to 20 % EtOAC/PE as eluent. Yield ©f
was 1.6 g (53%Y
'H NMR (400MHz, CDC4):6=7.40-7.27 (m, 5H, Ar@l), 5.50-5.33 (m, 2H, CHCH=CH), 4.56-
4.55 (m, 2H, O-E,-Ar), 3.71-3.58 (m, 3H, C-8; CH,-0), 2.79 (s, 1H, @), 2.61 (s, 1H, @),
2.17-2.07 (m, 2H, CHCH,-C), 1.63-1.56 (m, 5H, B3;-CH=; =CH-tH,), 1.15 (s, 3H, E3-C).
[Appendix 26]
3C NMR (400MHz, CDGJ):6=137.6 (CH-C-OH), 130.5 (CH-CH=CH), 128.5 CHAr), 127.9
(CHAr), 127.8 CHAr), 127.79 CHAr), 124.0 (CH-CH=CH ), 74.1 ( CE€H-OH), 73.7 (OCH,-
Ar), 71.4 CH,-O-CH), 38.7 (CH-CH,-C), 22.2 CH3), 21.2 (CH), 12.7 CHs). [Appendix 27]
'H-3C HSQC (400MHz, CDG) [Appendix 28]
IR: 3444 cml (O-H), 2918 crit (C-H), 1454 crit (C=C), 1365crit (C-H), 1070 crit (C-O), 696
cm™ (C-H). [Appendix 29]
Optical rotation: for reference materid specific rotation equals -0.18 + 0.03

for producfa specific rotation equals +6.44 + 0.03
Optical rotation calculations are in Appendix 30
HPLC analyses were made after this reaction.
For reference materiaf): ratio of isomers was 50.2 : 49.8 [Appendix 31]

For product7a: ratio of isomers was 2.3 : 97.7 [Appendix 32];

4.4.9. Synthesis of (1S)-2-(benzyloxy)-1-{(2S,5RHA R)-1-hydroxyethyl]-2-
methyltetrahydrofuran-2-yl}ethanol (8)
Cyclization reaction
A solution of compound (6.3 mmol, 1.7 g) in-BuOH (30

mL) was treated with NMO (7.6 mmol, 0.9 g) followbeg TPAP

(0.3 mmol, 0.1 g). Reaction mixture was stirredoaim temperature
O/\© for 24 h andi-PrOH (5 mL) was added to quench the reaction.

Solvent was removed under vacuum. Crude mixturepuagied by

silica gel column chromatography using 40 to 70 W®AC/PE as eluent. Yield & was 0.8 g (56
%).56
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'H NMR (400MHz, CDC}):8= 7.38-7.27 (m, 5H, ArH), 4.56 (q,J=11.82 Hz, 2H, O-El,-Ar),
4.01-3.94 (m, 2H, CEHCH-OH, CH-CH-CH,), 3.76 (dd,J=3.3 Hz, 1H, G1,-O-CH,), 3.74 (dd,
J=3.3 Hz, 1H, E,-O-CH,), 3.59-3.53 (m, 1H, O-CHCH), 2.91 (s, 2H, OH), 2.27-2.19 (m, 1H,
CH-CH-CH,), 2.09-1.99 (m, 1H, CH-CH48,), 1.91-1.81 (m, 1H, CH-CHCH,), 1.67-1.59 (m,
1H, CH-CH-H,), 1.15 (s, 3H, E5-C-CH,), 1.08 (d, J=6.44 Hz, 3H,H3-CH-OH). [Appendix
34]

13C NMR (400MHz, CDGCJ):6 = 137.8 (CH-C-CHs), 129.2 CHAr), 128.4 CHAr), 127.7
(CHAr), 125.5 CHAYr), 83.5 (CHCH-CH,), 75.6 (O-CH-CH), 73.7 (OCH,-Ar), 71.0 CH»-O-
CH,), 68.9 (CH-CH-OH), 35.4 (CH-CHEH,), 24.6 (CH-CHEH,), 23.5 CH3), 18.4 CHs).
[Appendix 35]

'H-3C HSQC (400MHz, CDG). [Appendix 36]

IR: 3402 cmt (O-H), 2920 crit (C-H), 1454 crit (C=C), 1373 cr (C-H), 1060 crit (C-0O), 906
cm™ (C-H ), 698 crit (C-H). [Appendix 37]

HPLC analyses were made after this reaction.

For reference materia8l): ratio of isomers was 47.3 : 52.7 [Appendix 38]

For producBa: ratio of isomers was 2.1 : 97.9 [Appendix 39]

4.4.10.Synthesis of (1S5)-1-{(2S,5R)-5-[(1R)-1-hydroxyethlyR-methyltetrahydrofuran-2-
yl}ethane-1,2-diol (9)

OH Compound8 (750 mg) was dissolved in MeOH (25 mL) and
catalyst 10 % Pd-C (250 mg) was added. Reactionstuaisd for 48 h
at room temp. Catalyst was removed by filtratiomotigh celite.
Solvent was removed under vacuum. Yiel®oias 0.4 g (78 %)’

'H NMR (400MHz, CDC}):6 = 4.06-3.94 (m, 2H, CHCH-OH, CH-
CH-CHy), 3.79-3.67 (m, 2H, CH-E,-OH), 3.57-3.50 (m, 1H, OH4a-C), 2.27-2.16 (m, 1H, CH-
CH-CHy), 2.09-1.98 (m, 1H, CH-CH46,), 1.91-1.79 (m, 1H, CH-CHCH,), 1.72-1.58 (m, 1H,
CH-CH,-CH,), 1.18 (s, 3H, Bi5-C-CH,), 1.08 (d, J=6.49 Hz, 3H,HGz-CH-OH). [Appendix 40]
13C NMR (400MHz, CDCJ):5 = 85.1 (CH-C-CHs), 83.2 (CH-CH-OH), 76.7 (OHEH-C), 68.1
(CH3-CH-CH), 63.6 (CHEH,-OH), 35.9 (CH-CHEH,), 24.3 (CH-CH-CH,), 23.6 CH3), 18.7
(CHs3). [Appendix 41]

'H-3C HSQC (400MHz, CDG). [Appendix 42]
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IR: 3433 cn (O-H), 2972 crit (C-H), 1450 crit (C-H), 1369 crit (C-H), 1049 crt (C-0), 896
cm™* (C-H). [Appendix 43]

4.4.11.Synthesis of (1R)-1-{(2R)-5-methyl-5-[(2S)-oxiran-¥l]tetrahydrofuran-2-yl}ethanol
(10)

To an ice-cooled solution & (2.1 mmol, 396.7 mg) in toluene (15
mL) p-TsCl (2.2 mmol, 418.0 mg) and EBnO (0.08 mmol, 20.8 mg)
were added followed by dropwise addition ofNE{2.7 mmol, 274.7 mg).

HO

W The reaction mixture was allowed to warm to roommge and stirring
continued for 12 h. Reaction mixture was poured imater and extracted
with EtOAc (2 x 20 mL). The combined organic phases washed with brine, dried with MggaO
and concentrated under reduced pres¥ure.
Crude intermediate product (2.2 mmol, 772.0 mg) diasolved in MeOH-CECI, (1 : 1,
40 mL) and KCO; (3.4 mmol, 465.0 mg) was added. Reaction wasesdtifor 12 h at room temp.
After being filtrated through celite, the reactimixture was concentrated under reduced pressure.
Crude mixture was purified by silica gel columnatatography using 5 to 10 % MeOH/gT,
as eluent. Yield ot0was 258.7 mg (53 %).
'H NMR (400MHz, CDC}):8 = 4.00-3.93 (m, 2H, CHCH-OH, CH-CH-CH,), 3.70 (s, 1H, OH),
2.99 (dd,J=2.87, 4.22 Hz, 1H, O-C), 2.87 (ddJ=2.95, 5.23Hz, 1H, O-8,-CH), 2.71 (dd,
J=2.95, 5.27 Hz, 1H, O6-CH), 2.27-2.15 (m, 1H, CH-CH44y), 2.13-2.04 (m, 1H, CH-CH-
CH,), 1.88-1.78 (m, 2H, CH-CHCH,), 1.29 (s, 3H, E5C-CH,), 1.04 (d, J=6.39 Hz, 3H,H3-
CH-OH). [Appendix 44]
13C NMR (400MHz, CDCJ):6= 84.3 (CH-CH-OH), 79.1 (CH-C-CHjs), 68.5 (CH-CH-CH), 58.2
(O-CH-C), 43.8 (OC€H2-CH), 36.8 (CH-CHEH,), 24.9 CHj3), 23.8 (CH-CH-CH,), 18.4 CHs).
[Appendix 45]
'H-*C HSQC (400MHz, CDG). [Appendix 46]
IR: 3433 cnt (O-H), 2972 crit (C-H), 1450 crit (C-H), 1369 crit (C-H), 1049 crit (C-0), 896
cm’ (C-H). [Appendix 47]
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4.4.12.Synthesis of (1R)-1-[(2R)-5-ethenyl-5-methyltetrahyrofuran-2-yllethanol (11)
Indium  powder (3.0 mmol, 3450 mg) and bis

HO

(cyclopentadienyl)titanium (V) dichloride (6.0 minol498 mg) were
mixed in THF (10 mL ) under Ar atmosphere and gmultting mixture was

/ stirred at reflux for 30 min. Resulted mixture vea®led to room temp. and

compoundl0 (1.5 mmol, 258.7 mg) in THF (1 mL) was added drigew
Reaction was stirred for 30 min. After filtratiomrough celite the reaction mixture was
concentrated under vacuum. Crude mixture was pdriby silica gel column chromatography
using 10 to 30 % EtOAC/PE as eluent. Yieldl.éfwas 80 mg (43 %)’
'H NMR (400MHz, CDC}):8= 5.96 (q,J=10.72Hz, 1H, Ch=CH), 5.21;5.17 (2dJ=1.30Hz, 2H,
CH,=CH), 5.02;5.00 (2d,)=1.30Hz, 2H, Ei,=CH), 3.97-3.90 (m, 2H, CHCH-OH, CH-CH-
CH,), 2.05 (s, 1H, OH), 1.96-1.75 (m, 4H, CHHECH,), 1.31 (s, 3H, E3-C-CHy), 1.14 (d,
J=6.35 Hz, 3H, B3-CH-OH). [Appendix 48]
3C NMR (400MHz, CDCJ):8= 125.5 (CH=CH), 111.5 CH,=CH), 82.9 (CH-CH-OH), 68.1
(CH-CH-CH), 37.8 (CHECH,-CH,), 25.9 CHs-C-CH,), 24.9 (CH-CH-CH,), 18.4 (CHa).
[Appendix 49]
'H-3C HSQC (400MHz, CDG). [Appendix 50]
IR: 3381 cnl (O-H), 2926 crit (C-H), 1458 crit (C-C), 1365 crit (C-H), 1049 crit (C-0), 916
cm? (C-H). [Appendix 51]

4.4.13. Attempted synthesis of (1R)-1-[(2R)-5-ethenyl-5-méy/ltetrahydrofuran-2-yljethyl-4
- methylbenzenesulfonate

Compound11 (2.0 mmol, 396.7 mg) was dissolved in toluene (15

o Q mL) and was cooled to T using ice-bath. p-TsCl (2.2 mmol, 418.0 mg) was
N
Ng added followed by dropwise addition o&Et(2.7 mmol, 275 mg)®

The resulted mixture was stirred for 48 h. No clesngere observed
neither by TLC nor NMR.
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4.4.14 Attempted synthesis of (1R)-1-[(2R)-5-ethenyl-5-mhay/ltetrahydrofuran-2-yl]jethyl
methanesulfonate

To a stirred solution of compourid (0.3 mmol, 4.0 mg) in dry,

o\\S/ alcohol free CHCI, (0.1 mL) EtN (0.5 mmol, 7.3.L) was added. Reaction
N\
" Yo mixture was cooled to°C using ice-bath and methanesulfonyl chloride (0.3

mmol, 2.7 uL) was added dropwi§&Reaction was stirred for 48 h. No
0 / changes were observed neither by TLC nor NMR.

4.4.15.Attempted synthesis of (1R)-1-[(2R)-5-ethenyl-5-mhay/ltetrahydrofuran-2-yl]jethyl
trifluoromethanesulfonate
FF To a stirred solution of compourd. (0.1 mmol, 20 mg) in C&Cl;
o\\ >< (3 mL) pyridine (0.3 mmol, 0.7 mL) was added. Reactmixture was
N cooled to -18C and trifluoromethanesulfonic anhydride (0.3 mnio# mL)
was added dropwie.Reaction mixture was extracted with EtOAc, dried
O=—.,, .~ Wwith MgSQ, and concentrated under vacuum. Crude mixture \ses as

such in next step.

4.4.16.Attempted  synthesis of (1R)-1-[(2R)-5-ethenyl-5-mayltetrahydrofuran-2-yl]
propanenitrile
18-crown-6 (0.1 mmol, 33.1 mg) and KCN (0.1 mmol, &g)
4'\' were dissolved in THF (0.5 mL) and cooled to “& Compound1?2
(0.05 mmol, 16.4 mg) was dissolved in THF (0.2 nalod was added
dropwise to reaction flask. Reaction was stirred for 48 h at room temp.

o ""/// .
’ No changes were observed neither by TLC, NMR nor IR

4.4.17.Synthesis of (5R)-5[(1R)-1-bromoethyl]-2-ethyl-2 ntayltetrahydrofuran
Br Compoundll (0.2 mmol, 36.4 mg) in DMF (1 mL) was dropwise

added to a pre-cooled solution fbromosuccinimid (0.3 mmol, 54.0 mg)
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mixture was poured into water and extracted witAt. The combined organic layers were dried
with MgSQ, and concentrated under reduced pressure. Crudermiwas purified by silica gel
column chromatography using 1 to 10% EtOAc/PE asrel Yield ofl1 was 21 mg (42 %Y

'H NMR (400MHz, CDC}):6= 5.90 (ddJ=10.7, 17.11 Hz, 1H, CHCH), 5.18; 5.14 (2dJ=1.47
Hz, 1 H, H,=CH), 4.98; 4.96 (2d,J=1.47 Hz, 1 H, E,=CH), 4.30-4.15(m, 1H, Br-CH49),
4.01-4.00 (m, 1H, 8-Br), 1.89-1.70 (m, 4 H, B,-CH,), 1.41 (s, 3H, €5-C), 1.29 (d,J=2.74 Hz,
3 H, CH3-CH). [Appendix 52]

13C NMR (400MHz, CDG):6= 143.9 (CH=CH), 111.7 CH,=CH), 83.5 CHs-C), 80.5 (CH-C),
72.2 CH3-CH-Br), 31.4 (CHEH-CH,), 29.6 (CHCH,-CH,), 27.5 CH-Br), 16.4 (CH-CH-CH),).
[Appendix 53]

IR: 2924 crit (C-H), 1458 crit (C=C), 1373 crii (C-H), 1180 crit (C-0), 921 crit (C-H), 543
cm™ (C-Br). [Appendix 54]
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5.  Summary

Main goal of this master thesis was to work out #thetic scheme for the
stereoselective synthesis of 2,2,5-trisubstitutetdabhydrofurans that leads to lilac compounds:
alcohols and corresponding aldehydes. Lilac comgsuware widely found in nature bioactive
compounds that play important role in plant-inséateractions, especially in pollination
chemistry. Lilac compounds have three stereocentars therefore there are 8 possible
enantiomers and 4 possible pairs of diastereoniedeahols and aldehydes.

There is not found any scheme for the stereosetedital synthesis of the pure
enantiomers of lilac compounds in literature. Red&y few syntheses are found for the synthesis
of similar structures.

In this thesis is presented a new method for tleeesselective synthesis of lilac
compounds. The synthetic pathway starting from mjetaand containing three stereoisomeric
purity defining key steps: Sharpless catalytic asytnic dihydroxylation, Wittig olefination and
Ru(VIl)-catalyzed stereocontrolled oxidative cyalimn, was built up.

The synthesis has been accomplished in a highlyeagelective manner: the
enantiomeric purity of the synthesized 2,2,5-triditbted tetrahydrofurane was 98%.

In a future it is planned to solve the functionabup transformations leading from the
synthesized enantiopure substituted tetrahydrofutaihe lilac compounds structures.

The synthesized compounds were characterized by NRIRHPLC and optical rotation

analysis.
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6. Summary in Estonian

Kéesoleva magsitritod peamiseks eesmargiks oliavtdptada stereoselektiivne 2,2,5-
kolmasendatud tetrahldrofuraanide sunteesiskeers, subiks sirelalkoholide ja vastavate
aldehuudide saamiseks. Sirelihendid on laialdas@ukdiku levikuga bioaktiivsed ained, millel
on tahtis roll taimede ja putukate vahelises keiseslsuhtlemises, eriti tolmeldajate meelitamisel
Oitele.

Sireluhenditel on kolm stereotsentrit ning jarelikon vdimalikud 8 enantiomeeri ja 4
paari diastereomeere nii alkoholidel kui ka aldehdél.

Kirjanduses ei ole avaldatud Uhtegi taielikku sihendite puhaste enantiomeeride
sunteesiskeemi, vahe on avaldatud sarnaste tetdbimhnide stereoselektiivse siinteesi kohta
uldse.

Kaesolevas t66s kirjeldatakse uut meetodit sireldlie stereoselektiivseks slinteesiks.
Valjatdotatud sinteesiskeem sisaldab kolm votmeetapis méaravad produkti sterecisomeerse
puhtuse: Sharplessi katalldtiline asimmeetrilinbUdiiokstleerimine, Wittigi reaktsioon ja
Ru(VIl)-kataltttiline stereokontrollitud okstidatiie tsikliseerimine.

Slnteesiskeem d&nnestus realiseerida vaga korgelosetektiivsuse tasemel, saadud
2,2,5-kolmasendatud tetrahtdrofuraani enantiomegauhéus oli 98%.

Edaspidi on kavas lahendada I6plikult siinteesitndngopuhaste tetrahidrofuraanide
kilgahelate muutmine sellisteks nagu need on $iegidites.

Sunteesitud Ghendid on iseloomustatud NMR, IR, HRA Gptilise rotatsiooni méoétmise

andmete abil.
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9. Appendices
Appendix 1. Table of used chemicals
Name of compound Molecular Mol. CAS Company | Purity
formula weight | number
Geraniol GoH180 154.25 | 106-24-1 Alfa Aesar97.0 %
Sodium hydride HNa 24.00 7646-69Fluka 55-65 %
7
Tetrahydrofuran HsO 72.11 109-99-9 Fluka > 995
(GC)
Benzyl bromide GH-Br 171.03 | 100-39-Q Aldrich Reagent
grade, 98 %
Magnesium sulfate MgSO 120.37 | 7487-88- Lach-Ner | Anhydrous
9
Ammonia
Hexane GH14 86.18 110-54-3 Rathburn| HPLC grac
97.0 %
Ethyl acetate HsOo 88.11 141-78-6| Merck Min 99.8 %
Petroleum ether 8032-32-Caldig Tehnical
4 grade
Dichloromethane CKCl» 84.93 75-09-2 | Fluka > 995
(GC)
3-Chloroperoxybenzoic C7/HsCIO3 172.57 | 937-14-4 Aldrich 77.0 % max
acid
Potassium carbonate 2BO; 138.20 | 584-08-7 BioTop Analytical
grade
Potassium hexacyanoferrgt€sNsFeKs 329.24 | 13746- | Alfa Aesar| 99+ %
(1 66-2
Potassium osmate (V])K,OsOG(OH), | 368.45 | 10022- | Aldrich Not indicated
dihydrate 66-9
(DHQD),PHAL CugHs54N6O4 778.98 | 140853-| Aldrich 95+ %




10-7

tert-Butanol CH.0 74.12 75-65-0 | Sigma- | >99.3%
Aldrich
Methanol CHO 32.04 67-56-1 | Rathburn| HPLC grad
Cloroform-d CDC} 120.38 | 865-49- Aldrich/ | 99.8% D
Deutero
Methyl-propynoate H,0, 84.07 922-67-8 Aldrich 99.0 %
4-Dimethylaminopyridine @H10N> 122.17 | 1122-584 Fluka > 98.0 %
3 (NT)
Acetonitrile GHsN 41.05 75-05-8 | Scharlau Min 99.9 %
Periodic acid HOe 227.94 | 10450- | Sigma- Reagent
60-9 Aldrich grade, 98 %
Ethyl(triphenyl)- CoHsP(GeHs)s | 371.26 | 1530-324 Aldrich 99.0 %
phosphonium bromide ‘Br 1
Sodium bis(trimethylsilyl)4{ ((CHs)sSi),NN | 183.37 | 1070-894 Aldrich Not indicated
amide a 9
Pyrrolidine GHgN 71.12 123-75-1 Fluka >99.0 %
Buthyllithium CHs(CHp)sLi | 64.06 109-72-8| Aldrich
4-methylmorpholine- CsH1INO; 117.15 | 7529-224 Fluka >95.0 %
N-oxide 8
Tetrapropylammonium (CH3CH,CHy),4 | 351.43 | 114615-| Fluka Purum
perruthenate NRuQO, 82-6
Methanesulfonamide GSONH; 95.12 3144-094 Aldrich >97.0%
0
Palladium, 10wt% on activel0 % Pd-C 7440-05¢ Aldrich Not indicated
carbon 3
p-Toluenesulfonyl chloride| £1,ClO,S 190.65 | 98-59-9| Fluka >99.0 %
Di-n-butyltin oxide GH150Sn 248.94 | 818-08-6 AlfaAesar 98 %
Triethylamine GH1sN 101.19 | 121-44-8§ Sigma- |>99.0 %
Aldrich
Toluene GHs 92.14 108-88-3 Lach-ner G.R
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Indium powder In 114.82| 7440-74-Aldrich 99.99 %
6
Bis(cyclopentadienyl)- C10H10Cl,Ti 248.96 | 1271-194 Aldrich 97.0%
titanium(1V) dichloride 8
Trifluoromethanesulfonic | C,Fs05S; 282.14 | 358-23- Alfa Aesar98 %
anhydride
Pyridine
18-crown- 6 GoH2406 264.32 | 17455- | Fluka >99.0%
13-9
Potassium cyanide KCN 65.12 151-50-8 Fluka |>97.0%
Methanesulfonyl chloride | CH3SO.CI 1145 |124-63-0| Sigma- |>99.7 %
° Aldrich
Triphenylphosphine (CeHs)3P 262.2 |603-35-0| Sigma- |>98.5%
9 Aldrich
N-Bromosuccinimide C4H4BIrNO; 577.9 128-08-5| Aldrich 99 %
N,N-Dimethylformamide | HCON(CHs), | 73.09 |68-12-2 | Fluka 99.8 %
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Date 20120314
Time 12.00
INSTRUM spect
\ - PRUBHD 5 mm BBO BB—é}S
P N N e PULPROG zg
——" " N"0 I\//\\ ™D 32768
P SOLVENT cocl3
(@) 2 - /, NS 64
~F ns O]
SWH £393.862 Hz
FIDRES 0.195125 Hz
20 2.5625076 s=2cC
R 45.2
bW T8.200 ugec
DE §.00 usec
IE 298.2 K
D1 5.00000000 s=2c
DO 1
======== CHANNEL fl ========
NUC1 11
Pl 14.35 usec
PLL 0.00 de
SFO1 400.,1324710 MHz
F2Z - Processing parameters
ST 6hbi36
SF AOD.T1300177 MH=z
WDW EM
55B ]
LB 0.30 Hz
GR O]
jle 1.00
JL J‘L_ . _JL__A_.JJL iy ,___,”Lt_dllk_..uu\_
R e e Tttt TrrtrrTrTtrTTrT T .
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 ppm Appendix6
IR ) [ I, gl | S
w (=) o o ) ] =3
e < e o a e 2 &0
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M UNIVERSITYoTARTU

37
5

§] Y A9 O
L I R T — O @ W o o 75} [Tal ] T~ =t INSTITUTE OF TECHNOLOGY
. i . . . = o~ ™~ o (32 ™~ oo ~ N
oo [ I el o . . . .
] [ IS Rt B e [~ [~ W O o fX=] - (==Y Current Data Faramseters
— o il Bl B -~ -~ [~ (=3 73] [38] (ANt ] — - NAME RRODZ5
) b by k| EXPNC 12
(| N/ b 14 | PROZNO 1
I I b ||
Fl - Rcguisiticn Parameters
Date_ 20120314
Time 12.11
. l LNSIHUM spect
AN e N N e e N PROEHD 5 mm EBO BE-1H
7 ~ O ‘{ w PULPROG z3pg30
P TD 65536
0O 2 - SOLVENT oDC13
N ! ! NS 481
[ | | DS 4
I SWH 24038.461 Hz
| F_DRES 0.366798 Hz
AQ 1.3631988 sec
| EG 32800
I DW 20.800 usec
DE 6.00 usec
| TE 298.2 K
D_ 2.00000000 sec
| d1 2.03000000 sec
DELTA 1.89999998 sec
™0 1
======== CHANNEL fl =—=======
NUCL 13c
e =i 9.50 usec
pLl -2.00 cB
L B B | L B I L I L B L L L B L B L I I | A I I = e T 120.6228298 MHz
140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm _____ CHANNEL £7 e
CEDCRG2 waltz16
NUCZ 11
DCrp2 T70.00 usec
PL1Z 13.76 cB
PL13 14.00 cB
PLZ 0.00 cB
SFOZ 430..316005 MHz
F1 - Processing paramnelers
- B " \ . 52 32768
N v SF 100.61276%0 MHz
[ | [ r__ WDW EM
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||....liij lUg s
140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm iz o
BC 1.40
Appendix7
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Appendix8 I UNIVERSITY>TARTU

INSTITUTE OF TECHNOLOGY

Curren: Data Parameters

o NN ppm

20

40

60

100

-120

—140

KAKE
DHERD
FROCKO

ARDIS

1

FI - Azquisition Paramsters

Date_
Time
INITELY
FRCEHD
DULDROS

20110700
19,02
spect

S mn EEO EE-14

hsgcedstgn
1

.000003
-E0000000
.03000000

20 oo
0.00
400.1310000

G50
19,00
oo

F1l - Azquisition paramsters

KO0

aFc1
FICEEZ

FnMIDE

2

85 80 7.5 7.0 65 6.0 55 5.0 45 40 35 30 25 20 15 1.0 05 ppm=
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105 |
T :....._ + P
o fa— AN AMANA LN AN
] f' | ! V
- g \ ”5 J W
i V g | |8 ]
*7] Iy ! g o LY
. =2 3 %
1 gﬁ é l E 3
825 s_|= ar 7
e €5 |
] Zéb
75— g b u
: g |
1 ;
G675 ] Ty .H__[_,, ,%] Eé
: 0 2 " §
60 :
| I-'i[]'l][]: - IEECIU: - ISE'DEI: - IEE'D{; - I24{]E|: o IEIZI'[:IIZI: o I1H|:|{; o I1E:"|»'[:||:|: o I14'D{; o I12|:|{; - I1E|'DE|: - IB{J[]'I - IE{JDI |
1fcm
Comment; Mo, of Scans; Date/Time; 371372012 4:38:18 PM
Appendix9 Resolutian; User: Agilent

Apodization;
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™M

' SE S [ UNIVERSITYoTARTU

o

| INSTITUTE OF TECHNOLOGY
/ Current Data Parameters
/ NAME ARDZ6
| EXPNO 16
PROCNO 1
F2 - RAcquisition Parameters
Date 20110812
Time 17.39
INSTRUM spect
PROBHD 5 mm BEQ BE-1H
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 6393.862 Hz
FIDRES 0.155125 Hz
AQ 2.5625076 sec
RG 28.5
DW 78.200 usec
DE 6.00 usec
TE ZoHLE K
D1 5.00000000 sec
DO 1
======== CHANNEL fl ========
NUCl 1H
el 14.35 usec
PL1 0.00 dB
SFO1 400.1324710 MHz
T2 - Processing parameters
SI 65536
SF 400.1300174 MHz
WDW EM
S55B 0
LB 0.30 Hz
GB 0
l‘ PC 1.00
..JL\ [ M._J'LJ L _A_.J_:I__Aﬂw "w leu |d.,_.
— T T T T T T T T T T T T Append|x10
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm
I L Y LA
(e )oﬁ d) N} IC\I| ’Lo\[cﬂ Kof w oo“)ﬂ
o (=31 [=2[=] [=101=1[=] - [=1[==]
‘m“ - ‘c; - “—' |- < L":- oi|c'5
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Il UNIVERSITYoTARTU

INSTITUTE OF TECHMNOLOGY

T M O MOoO IS = oo o 0w =L OW MO oW SO [l 1]
Fe i A B R h'&:ﬂ\\mr-:fo)\\u W W <IN 0D N MO 1o Lo Current Data Porameters
senddnisnadddsdddanas  my 2AVZE
.J | L) ] IIJ EXEND 17
RS NS 2
. S |f e
\"W \ = F2 — Acquisition Pzrameters
Date_ 20110814
Time 16.35
LNSTHUM spect
OH PROBHD 5 mm RRO RBE-1H
N x | - = DULDROG zgpg3l
\ AL e I TD 65536
|| 5, ; OH | SOLVENT CDCL3
0 | ) g 49152
~ //'5' k) £
3 - SWH 24038.401 Hz
FIDRES 0.366798 Hz
X 1.3621988 sec
RG 2800
| DW 20,800 usec
M i | DE .00 nsec
1 H TE 298.1 K
I Dl 2.00000000 sec
| dll 0.03000000 sec
DELTA 1.828065008958 =ec
| TD O 1
CHANNET, 1 ========
!L 11 A 1 ﬂi ! oV |"||ﬂ|I 13¢
Lit —— - — 9.50 usec
—-Z2.00 dB
L B I I B I I I I I A LA R B B o} § 100.682208298 MHz
140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm ________ CHANNEL =3 ——m————e
CEDERGZ waltzlé
NUCZ 1H
ECED2 70.00 usec
PLlZ 13.76 dB
P73 14.00 dr
Lz 0.00 dn
SFOZ 400.1316005 MHz
F2 — Processinc parameters
5T 327460
SF 100.61276%0 MHZ
WDW EM
; ; SEB a

I . ! . o l| LB 1.00 Hz
F ‘y =B ]
B 1.40

140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Appendix11
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Appendix12 Il UNIVERSITYoTARTU

INSTITUTE OF TECHNOLOGY

l LUCCeNt LAt PEramecers

m BRI -8
pp FROCED 1

F2Z - Acquisition Parareters
Z0LL0E.S
[ EULEROS
3\ OH SOLVENT
e ..\ ',z-'A“‘--‘\ - \\L_z/\“»_o N g i 20 lri
— 7 = i f = THH
- \ / W FIDREZ
N O OH ¥ 2
+ ES
- =3
o l r =
3 waT:
— E
o1
= 40 a
413
Clé oooo
021 000
i —
M
']
il L
J— VY
IOE.SSEIE]!G h
...... SEADIENT CLANNIL mmme=
[ 1 00 TANL SIME.100
SIML. 100
BO.OD %
n.cn %
100000 vsec
r Fl - Acquisition parareters
i 7
i) 2LE
awan
1 20 F.I_DRES
FrMoLE Echo-antischo
F2 - Proccessing parameters
g=—— 21 1024
r aF A00.1300000 MRz
WOW OSIHE
33B 2
i3 0.00 Bz
f==3 o
140 = 1.40
Fl - Processing parameters
S 1014
MZZ echo-antiecho
aF 1006127690

75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05  ppm:=
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110 i
%T |
1 T b — o P LY I
100 . = \ 2
N T
. | A I
| I lﬁrf H||| I||H :Izllllllv L |
a0 5 ' il B
; i 2% H )5 | :
y § o § |l 1 I
80 - ‘
] | |
0 . OH '
P '8
i o OH L $
1 3 B
G0
;Dﬂﬂ: o Iﬂﬁ!ﬂﬂ: o ISE!DU: o Izﬂlﬂl'; o I24|:|ﬂl o IE{]U'DI - I13E|'DI s I‘1'EIZ|'|:|I - I14ﬂ|:|I - I12ﬂ|:|I - I‘1|:|'|:||:|: - IE-'DU'I o Iﬁl:lﬂl |
1icm
Camment, . MNo. of Scans; Drate/Time; 371372012 44712 PM
Append|X13 Resolution; Usar: Agilent

Apodization;



7.341
47.33?
%/ 7.334
Y/ ~7.320

/

£ 7.301

R R N R e B e S B B R B RSN SRR
M MEIND SO DO NND FI N R RO OO0 00E o~ 000 oodaadc o WUNIVERSITYTARTU
[T T BT B T T o T e oo o T T T T e T o B o o RN o IV I SV o NN N B B B B e B B B B B | INSTITUIE OF TECHNOLOGY
[ |
i s K ; ) //J/ /-,;-;:f'-i""' Current Datc Parametcrs
=N o NAME ARO2S
(il EXPNO 16
PROCND 1
F2 - Rcculsilion Paramelers
Date 20120319
Time 12.09
INSTRUM spect
PROHHD 5 mm BBO BB—1H
PULEROG zg3l
—~ = el 32768
<N “*T/ S0 T N SOLVENT €DCl3
NS 64
0o \[ DS 0
Y N SWIL £393.862 Iz
L 0 FIDRES 0.135125 Hz
*«l/ AD 2.5625076 sec
4 ) RGC 57
0] DW 78.200 usec
DE &.00 usec
TE 298.2 K
D1 5.00000000 soc
OO 1
======== CHANNEL fl ========
NUC1 11
Pl 14.35 usec
PL1 0.00 dB
SEO1 400,1324710 MUz
FZ2 - Processing parzmeters
ST #ER3R
SE 100.1300174 MU=
WOW EM
SSB 0
LE (.30 Hz
GB 0
PC 1.00
. J 1 uoM, _JM A l L.--J-'L -

Appendix14

0o 45 a.
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o (8] =L u Oy LW

g ' T SEY RIS b
‘M\ ‘P: no:ii v s g i U UNIVERSITYoTARTU
.\c; \c; c ) \: \\: \\JI \\: 2 2 ':: ‘;: gs E‘ ?; ‘N ‘m ﬁ C: '30' m| INSTITUIE OF TECHNOLOGY
I-. | L l. J /J ) A )),.'J) _— Current Data Zzrameters
/ \ / o /‘ﬁ////' /;;/,/‘_é/,,/f NAME AR028
\ \ Y # e EXDNO 17
DROCNO 1
FZ - RAcguisition Paranelers
. Date_ 20120319
N J 3 1-] o Ty Time 12.23
| 06 | INSTRUM spect
o \ S PROBRED 5 mm EE0Q BE-1H
L. o - CULCROG zgpg30
4 T D 65536
] SOLVENT CDC13
NS 169
DS 4
AWy S403R.461 Fz
FIDRES 0.366798 Ez
AQ 1.32631988 cec
RG 32800
DW 20.800 usec
DE 6.00 usec
| i | TE 298.2 E
N1 2.00000000 sen
dil 7.03000000 sec
e L e L s T I ARt RS AR LA nas (e 59000008 oo
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm TO0O 1
======== CHENNEL 1]l ========
NUC1 “3c
P1 9.R0 1=ec
PL1 -2.00 dB
srol 100.6228298 Mz
CHENNEL [2 ========
waltzlé
14
T0.00 usec
13.76 dB
14.00 do
0.00 dB
430.1316005 MHZ
LA L 4 iA l . l. l FZ - Processing paramneters
i T " aT 3276R
3F 100.6127690 MHz
WOW M
538 0
LB 1.00 kz
GB il
EC 1,40
| | | | | | | | | | | | | | Appendm15

| | | |
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



Appendix16

lﬂjﬁﬂ UNIVERSITYorTARTU

INSTITUTE OF TECHMOLOGY

Current Cata Farapets:
KAME A

m EXEED Lo
ppmEz, :

A [P o

— L %-EL\’ET.’T
—_— e =1 s .

— N ~ _\//X‘-,,_T/“O P ,ﬁ

kW4
S 0 0o 4
Lo

] T

L 4 o = °

— L= 1
— -]

é srol 100.&

&cho-ant L
100, 6

75 70 65 6.0 55 50 45 4.0 35

3.0 25 20

1.5

1.0 05

ppm
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B sHIMADZU

ool - T TN TN MAAAN MMM WA L]
: - A
% gl ) :
a0 R NILE et q
- bi|E ° B zaxb |
] 2g|" g %
825 : é ”
75 f slh
- J :
675 : é
ol N LEG ~ é
N L o
] 4
h2 5 i
45_||||||||||||||||||||||||||||||||||||||||||||||||||||
4000 3600 3200 2300 2400 2000 1800 1600 1400 1200 1000 00 600
1/em
Comment: Appendix17 No. of Scans: Date,/Time; 5/8/2012 4:49:29 PM
Resolution; Usar; Agilent

Apodization;



il UNIVERSITY>TARTU

INSTITLITE OF TRCHNOLOGY

Current NDatz

Paraneters

10 o] WO T 00 MDD o o
[aa BV IRV Vo TSI T o T A o B
(KR ¥ I 'y S b BT N (RN BN S I
Lo I It B I o e e B I B |
. '
Gt | #ded
iy |
i nér-/
e
H [0}
5 0
(0]
. — A L«_“n.—
10 9 8 7 6 5 4 3 2 1 PpPmM
N I, ) PR N I |1 N
g g &[5 BIE= FE OE @
< = < T A ] @ = ]
- [Ty} - o™ ™| || N ™ o«

NAME 2ADZ23
EXPHO 15
PROCNC 1

F2 - RAcqgaisition Parameters
Daze_ 20120324

Time 16.253
INSTIUM cpect
PRUBHD 3 mm B30 EB-14
PILEPRCG zg3l

2 32783
SOLVENT cDrCl2

N3 G4

D5 J

SWH 6393.862 H=
FIDEES J.155125 HZ
A 2.5625078 sec
R 54

DwW 78.200 usec
DE 6.00 usec
Te 298.2 K

Dl 5.20000000 sec
T30 1
———————— CHANNEL f1 ————————
NICZ 14

Pl 14.35 usec
PLL 0.00 dE
SEFD 4A00.1324710 MHz
F? - Processing parameTers
S5I €5536

5 400.1300173 MHz
Wow EM

55B ]

LE 0.30 Hz
GB ]

PC 1.00

Appendix18
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= =t SNE MaNVAdEoWLdO ~ & = : oo e = = s
ek L N L e e A R A e R h e S M LR R o T N R e o R m I UNIVERSITY«TARTU
o5 FEE MmmAaNNNNNNE NN A AR SN 80110003 RNC WAoo @ . :
3 3 o T dddAdAdA OO0~V TOMOOOTONNNNNAA INSTITUTE OF TECHNOLOGY
{ Ll Llob Lol Bl Lok Aot o S i A = Current Data Parameters
\/ A \/ SN\ : / // i = NAME ARD29
\f |_z = = / | = e = RS
' \| r// |’T’/ = EXENO 17
PROCNO 1
F2 — Acquisition Parameters
Date_ 20120324
(0] Time 17.36
3 o P ™ g "y INSTRUM spect
d 1 | o 1 PROBHD 5 mm BBC BE-1H
H 00 ] PULPROG zgpg30
i e D 65536
5§ ~._-0 SOLVENT cDCl3
NS 1024
o DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 32800
DW 20.800 usec
DE 6.00 usec
TE 298.1 K
” | 1| D1 2.00000000 sec
. dii 0.03000000 sec
DELTA 1.89999998 sec
T ' T ' T T ' T ' T ' T ' T | ' T ' T ' o t
200 180 160 140 120 100 80 60 40 20 0 PPM o ___ CHANNEL f1 —=——====
NUC1 13C
el 9.50 usec
EL1 -2.00 dB
SEOL 100.6228298 MHz
======== CHANNEL f2 ========
CPDPRGZ waltzlé
NUCZ 1H
PCPD2 70.00 usec
PL12 13.76 dB
PL13 14.00 dB
PL2 0.00 dB
SEO2 400.1316005 MHZ
J L E2Z — Processing parameters
- A MJ A b S T 65536
SF 100.6127690 MHz
WDW EM
SSBE 0
LE 1.00 Hz
GB 0

?t Appendix19 -4°

| ' | ' | ' | ' | ' | ' | ' | ' | ' | ' | '
200 180 160 140 120 100 80 60 40 20 0 ppm



Appendix20

lh

M

m UNIVERSITYorTARTU
INSTITUTE OF TECHNOLOGY

ppm s, H

o

FI - acquizition Parareters
201.0

vare_
Tine z

TRETRIM spect
ERCBHD O mm BEC 35-1H

EFULEROS 1sqce-:|e:gg
4058

—-100

—120

140

—160

FUNIDE Bclio-AuL

FI - Proce:zsilg paramsters
21

—-180

430.1300

2
0.00 Hz
o

140

- Processiag paramstars
Tie

10
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] N | AR T |II |
%T | | \ |
: L1l o VT
90 48R | NI . I
- | li 1RIR | &
: | 3 | |
825 - . | 8 |
} | ! | |
! | g | ;
| - |I il
75 '
] | :
] | : Ell
675 ?
i W . rE‘II_é. © i
] 5 S
60 ] 1 é
52-5 | | L | 1T 1T 1 | 1T 1T 1 | | L | L | L LI LI L | L 17 171 1T 1T 1 LI
4000 3600 3200 2800 2400 2000 1800 1800 1400 1200 1000 200 600
1icm
Comment:  Appendix21 No. of Scans; Date/Time; 3/30/2012 5:32:53 PM
Resclution; User: Agilent

Apodization;



S 2 R5RY88285803256 i
;T =t = o
C e 00 0OUHOCDOD® BN U UNIVERSITY>TARTU
PP N I IS I P P R R S R R INSTITLIIE OF TECHNOLOGY
L Lol L S T R AP A Ry .
U S \ T current Datzs Parameters
“%‘%\' N \‘;@N' L = NAME AR043
ﬂ‘% I‘r&i/r:,{ EXFHO 5
PROCNC L
¥Z - Acgiaisition Parameters
Daze_ 20111117
Time 16.19
INSTEIM spec:
PROBHD 5 mm B30 EB-14
PILPECG zg30
> 32763
\ . - o - SOLVENT CoCLs
N W b xo/ TS NS g4
o T DS 2
(9] P EE £393.867 Hz
~F FIDRES 2.185125 Hz
Ti 0— AD 2.5625076 sec
Rl R3 22.5
6 0 oW 76.200 usec
DE 6.00 usec
T= 298.2 K
D1 5.20000000 sec
TD20 1
———————— CHINNEL f1 ———————-
NacZ 13
Pl 14,35 usec
PLL 0.00 dB
SFD 400.1324710 MHz
FZ - Processing paramezers
sI £5535
sF 400.1300174 MHz
WowW EM
S55B 0
LB 0.30 Hz
(&3} 0
P 1.00
J | h |
| I\ \
e L i LUV - : L/ il .
Appendix22
—
8.0 7.5 7.0 65 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
) ) EAYAVINN VSN EARPLS
- [OOFN]H - ‘oo (o] w (o] (@ (o (]|
S ft.c:f.‘ al 28 =:'-.‘ 2 & 1S (3 [=2|S
o ol (o] ol [NIN O NS (o] [=R[n"]




-~ ONT AN O
=T I L e e R I = i T R ]
e it Ak Mo I X e

]T@ UNIVERSITY«TARTU

NS T/—*'-\,O/-\_ N
0o [
[ ~~
HT,O
6 0
| . . i I L (-
B I I A I I LAY I RN I A LA AL R AR R R B |
170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 ppm
Il L_I . . r ] .“L‘ HI'_L l ]
A I I A I IR I AN I A A AL R AR A R B |
170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 ppm

INSTITUTE OF TECHNOLOGY
Current Dats Parametzsrs
NAME ARD43
EXPNO 6
PROCHNO 1
FZ - RAcquisition Parameters
Date_ 20111117
Time 16.29
INSTRUM sp=ct
PRCBHD 5 mm BBO BB-1H
PULPROG Zgpgil
D L]
SOLVENT Cpels
M5 352
bs 4
SWH 24038.4¢€l Hz
F1URES 0.3667%8 HzZ
AQ 1.36319E8 sec
HG 32800
Lw Z0.8C0 usec
DE 6.C0 usec
IE Z98.2 K
D1 2.000000C0 sec
dil 0.030000C0 sec
DELTAR 1.89999958 sec
D0 1
======== CHENNEL [l ========
NUCL 12C
Pl 9.20 usec
FL1l -Z.C0 dB
SEOL 100.6228258 MHz
———————— CHANNEL f2 —————
CEDPRGZ waltzlé
NUC2 1H
PCPD2 70.C0 usec
FL12 13.76¢ dB
FL13 14.C0 dB
FLZ2 0.C0 dB
SFO2 400.13160C5 MlIz
rz Procescing parameters
51 327¢8
SF 100.€1276%0 MHz
WDW EM
SSBE 0
LE 1.C0 Hz
GE 0
BC 1.40
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[ JhL_AJL_,

[l UNIVERSITYoTARTU

INSTITUTE OF TECHNOLOGY

Current Data Paramsters

MAME AADA

N Al JL_L ppm s, :

J

[ 1]

0w

FI - Acquisiticn Parameters

Date_ 20111118
Tima 17,06
L IKSTEUM spect
t FROEHD S mm EEOC BE-1H
EFULFROG hsgoedetgp
pig A00E
— 20 SOLVENT CCCLZ
Kz
oz
L aWH
FIDRES
AQ
EG
i) -
— oW
40 LE .
TE 208.5 K
CR3T2 145.000CO0D
r 40 0.0000C300 sec
ol 150000000 =ec
d11 0.0200C000 =sec
[ 60 di3 0.0000C400 =ec
D16 0.0002C000 ==c
D21 0.0034E0
ad Uy
F CELTA 0.
DELTA1 0.
IKU ULy
| 80 3T1CKT
IGOPINS
CHAKKEL £1
L KUC1 1
FlL 14,35 usec
h=rd 28.70 usec
P23 200C. 00 usec
F100 - .00 as
3F01 400.1320807 =z

CHAKKEL [2Z

S ln]
160 =
F_I_DRES

E
FRMOLE
- 1 80 a1

aF

WOW
22B

MCZ
8F

—
9.0 85 80 75 7.0 65 6.0 55 50 45 4.0 35

3.0 25

2.0

IR B o

1.5 ppmi

FI - Processing paral
4

1
100. €2

14382074
3

21
Echo-antiec
ann.1Inr7a
QSINE

2
c.oo
o
140

meters
0og

(kS

B 200 Fl - Frocessing parameters
256

2
c.on
o

Hz
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s - Hl
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_ o i\i e o L
i 0 | 8
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G675 ] (3] o
o T T T [ T T T T [ T T T T [T T 11 LI LI LI LI T T T LI T T T T T T T
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 a00 00
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SNy NAME AR044
m \"If(‘/ (7 EXPNO 15
PROCNO 1
F2 - Acquiszition Zarameters
bats_ 20L_1220
~ima "R.25
NSTRUM spect
PEOBHD 5 mm BBO BE-1H
PULPROG zg3l
D 32768
SCLVENT ChCl3
| iH NE o4
N Ve ™~ W ey o e . Ds 0
L \\/ LY %
— o) SWH 6393.062
OH ‘ FIDRES 0.L95125
. ACQ 2.5625076
0 bl RC 181
DWW T8.200
DE €.00
TE 268 2
Dl 5.00200000
Lo L
————— CIANNEL £. ===
NTCcl 1H
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PL1 0.00
SFC1 400.1324710
F2 - Processing parameters
51 65536
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Wrw EM
SED ]
LE 0.a0
GE ]
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INETRIM spect
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zgpg30
thhih
cDcl3
178

£
24038, 461 1
0.366798 EzZ
1.363.988 =
32800
Z0.800 us
6.00 vcec

798.7 ¥
0l 2.00000000 sec
dll 2.03000000 =cc
DELTIA 1.39999998 sec
ToC 1
======== CHANNEL [. ========
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Fl 9.50 usec
FL1 -2.00 dE
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F2 - Acquisition Parameters
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Time 14
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DELTA
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== GRADIENT
1

~100

F1 - Acquisition parameters

KOO

o
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FIDRES Hz
120 = 145500 pom
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F2 - Processing parameters
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a1 1024
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Appendix 30
Uncertainty budget for specific rotation for compound 7

1. Calibration of 5 mL volumetric flask

OH
N o i/'\o/\ e
Measurements: OH )
m_empty flask m_ full flask* 7 e
10.3435 15.3571
10.3435 15.3569
10.3437 15.3566
10.3439 15.3566
10.3437 15.3563
15.3567
15.3571
15.3569
15.3566
15.3561
Average 10.34366 15.3567 V=[x Xyaens ¥,)
stdev 0.000167 0.00032472 2 S
u(y) = { i—]] u(x, }:—I E—1 ‘ 1 (x, )-
* H, 0 is used for calibration of 5 mL volumetric flask %% N
parameter value |[STDEV uncertainty dv/dx
m_empty 10.34366 | 0.000167 | 5.7735E-05 | 0.000177 | 14.38835 | 6.49E-06
m_full 15.3567 | 0.000325 | 5.7735E-05 | 0.00033 | -9.36426 | 9.54E-06
density 0.9978 0
\% 5.024093 4.00E-03

Vs mislask=( 5.02

I+

0.01 ) mi (k=2)

2. Optical rotation measurements for compound 7

a) racemic mixture - reference material (7%) b) one enantiomer (7")
Optical Sample Optical Sample
Rotation Cell t° Rotation Cell t°
3 °C 5 C
-0.0050 27.30 0.0450 25.20
0.0000 27.20 0.0350 25.10
-0.0050 27.20 0.0340 25.10
0.0050 27.10 0.0450 25.00
-0.0050 27.10 0.0350 25.00
-0.0070 27.00 0.0350 25.00
0.0010 26.90 0.0440 24.90
0.0000 26.90 0.0380 24.90
-0.0040 26.80 0.0360 24.90
0.0070 26.80 0.0400 24.80
average -0.0013 27.03 average 0.0387 24.99
stdev 0.005 0.177 stdev 0.004 0.12
b type 0.005 b type 0.005




3. Uncertainty calculations

a) racemic mixture - reference material (7')

Parameter Value u Unit
m flask 14.1364 | 0.000358 24
m flask+prod 14.1693 | 0.001659 g
m prod 0.0362 | 0.002018 24
V solution 5.02 0.014879 0.004 mil
Concentration 0.007211 | 0.015114 g/ml
Cell length 1.0 dm
Opt. Rotation -0.001 | 0.006856 N
Specific rotation -0.18028 | 0.016556
mean stdev a stdev b
m flask 14.1364 | 14.1369 | 14.13665 | 0.000354 | 5.77E-05
m flask+prod 14.1693 14.1671 14.1682 0.001556 | 0.000577
[a’y=( -0.18 Il 0.03 ) (k=2)
(¢ 0.007 t-BuOH)
b) one enantiomer (7")
Parameter Value u Unit
m flask 15.8793 | 0.002887 E
m flask+prod 15.9095 | 0.000582 g
m prod 0.0302 | 0.003468 24
V solution 5.02 0.014879 0.004 ml
Concentration 0.006011 | 0.015375 g/ml
Cell length 1.0 dm
Opt. Rotation 0.039 | 0.006709 ¢
Specific rotation 6.438159 | 0.016775
mean stdev a stdev b
m flask 15.8793( 15.8833 15.8813| 0.002828] 0.000577
m flask+prod 15.9095 15.9096 15.90955| 7.07E-05| 0.000577
[)s=( 6.44 t 0.03 ) (k=2)

(¢ 0.006 t-BuOH)
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Sample Name
Sample IC

Walil #

Injeciion Volume
Data File Name
Method Fie Name
Batch File Namz
Report File Name
Data Acquired
Data Processed

<Chromatogram>

aasFibnmares 1o0;
anrg
g
03
33
o
g
903

353

Shimadzu LCMSsolution Analysis Report =

- Admin
CAA (44 reference material

76

"5 ul

- 20120217_R44_reference_material Icd
 Kiraalne-LJX_Hexanes-2PrOH_20100525.lcm
©20120216_LV_1.Icb

- DefaultLCiAS jcr

S17.02.2012 17:49:03

©17.02.2012 18:35:31

fibmarnae 10

| PP PP FOPTY PP PR e P PP -

HEHEHESE G

BEEE
Lo bl

Method
== omment==
~~Bystem Contrelles-=-
SCL Typ=
Powear On
Eventl
Event2
Event3
Eventd

Vg

COFF
OFF
OFF
OFF

==Tlata Arquertiom ==
L Stop Tine
—AD? Detecior--
e
—PDIA Datector—
Nane
Sampling Frequency
Start Tims
End Time
Constant

== Iption B A==
== 0ption Box B>

== Prrrpe-c-
Punp Mode
Punp &
Pmp B
Teotd Flow
B.Cone
B.Cave
Praz:h=ne
Praz:Min

== ArpoSarnplers-
AnteSanpler

ze AutoSampler

Sample Facs

Rmang Velme

Needla Sticke

Control Vial Meedls Stroke
Fmang Spead

CEM-204

Appendix 31

“ak 124 1)

Tk

Spectrium Name Tume Area

RT 5636 8650058

D RT 8147 8506519

Petention Time
Comrpound Name
Specoum Operatim

-1
13636
cRT3636
- Mone

300420622
333'19%.53
4 1

A0 mn 3503

3004 |
ELED 250
200
PDA 13U 5
Qe 1004 2327825806
0.00 mum e b
100.00 nin . — T .
0640 ze 200 300
nm
D= 2
Detention Tine 8.147
)  Compound Name RTE147
Binary gradie  Spectrum Operation None
LC-20AD
LC-WAD mATlT
15000 mLinr N
TRnE e FOGI0
10.0% 400320040
0 350ty
-1 har 300
0 har 2503 |
N
Fa
130
SIL -
U 1004 1330725206
Kac j:: ' __._:_ S
200 T T 1 T T
52 200 300
35 -

B

Area%
20.183
40 816
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Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Methcd File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

—y '%nnl-nr )
o ]
e ]
a0
a0
oo

a0 4

- Admin
CAA 44 cis isomer
- 86

10Ul

Shimadzu LCMSsolution Analysis Report

- 20120402_AA_R44_dis_isomer(3).lcc
- Kiraalne-LUX_Hexanes—2P-0H_2010U5251cm

© 20120323 LV 8lcb
. DefaultLCM3.lcr

©2.04.2012 14:5550
©2.04.2012 18:30:48

Appendix 32

.
(=T L L)

Method

=<Comment=-

==System Centroller=-
SCLTvpe
Power Cn
Fremt1
Event2
Event3
Eventd

R

AFF
AOFF
AOFF
{OFF

==Dhatz Accuusition==
L Stop Tine
—-AD? Detector—
Wame
--FDA Detector--
Wame
Sanplng Fraqueney
Start Time
End Time
Comstant

=={ption Bae A==
=={ption B B

=P
Purp Made
Punp A
Poup B
Totd Flow
B.Cone
B.Curve
Pres:lax
Pres:lm

==AvtoSampler=-
AuteSampler
Use AutoSamplar
Sanmle Fack
Rinang Volume
Weadle Strake

CEM-204

Binary sradient
LC-MAD
LC-20AD
15000 mLinzn
:10.0 %

100 bar
0 bar

D+

Eecention Time
Compound Nams
Specimun Uperaion

mAl

Name Time
. RT 5622
. 2l
'5.622 RT 7502
:RTi622
: None

Spectrum

|
11p5.59
30 |i

133..71333'- 1y 145 ¥h
1 1

D+

Eeention Time
Compound Nams
Spectrum Cperaton

mAU

e 'T_'_i__" .

T T 1 T T 1
0c

un

]
. s

1 7.902
:RT7.902
- Nore

2500 JF5-2%
20003 oAl

100§ "
10003
500 4
E

I ESDI.SJ

e

23803

7 I |
SIL-204A 200

Use

Faek 1 5ml

200 ul.

52 am

L

Areg Area¥s
1051957 22560
45557881 97 7431



Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

Shimadzu LCMSsolution Analys

: Admin
: R44_1,2diol (cis one should be)

149

:5uL

120120118_AA_R44_one_isomer.lcd

: Kiraalne-LUX_Hexanes-2PrOH_20100525.lcm
1 LUX_20110601_KAD07.2(3%).lcb

: DefaultLCMS.lcr

:18.01.2012 13:02:30

©18.01.2012 14:06:30

is Report ====

Appendix 33

<Chromatogram>
mAU mAU
P80nmdnm (1.00) 280nm4nm (1:00)
358
125]
308|
108]
256]
75
208|
50 156]
108
25
56
LY | 1
o =l . L
10.0 125 150 175 2o 25 min 3580 75 b0 125 15D 175 200 min
. - Method Spectmm Name Time Area Area%
o ommet ) " . RT  13.278 3810374 21.0022
==System Controller=> D& 01 - 5 z
SCL Type CBM-20A Retention Time 1 13.278 RT 17.967 14332341 78.9978
Power On ON Compound Name :RT13.278
Eventl OFF Spectrum Operation - None
Event2 OFF
Event3 OFF mAU |
Eventl OFF
] 27!’{.5]
==Data Acquisition=> 1 00*:1Q1&:1§
LC Stop Time :100.00 min 50 ) ‘ 225.52
—-AD? Detecter— - ‘ |
Nams ELSD ] - o
--PDA Detector— O_\ T '\[' T T T T T
Nams PDA 200 300
Sampling Frequency 1.5625 Hz nm
Start Time 0.00 min
End Time 100.00 min )
Caonstant 0.640 sec D# . 12
Retention Time 1 17.967
=<Opiion Box A== Compound Name :RT17.967
Spectrum Operation : None
=<Option Box B==>
mAU :
“=Pump== 400 =
Pump Mode Binary gradient 300 4 1’%‘01
Pump A LC-20AD ;
Pump B LC-20AD 2009 51066
Total Flow :1.0000 mL/min 1004 |
B.Canc 10.0% o LT — S
B Cunve ) T
PressMax 100 bar 200 300
PressMin Obar nm

“=AutoSampler=>
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DULBROG zg3D
TD 32763
- ./"\\ SULVENT ZDcl3
NS 64
0\& DS 0
P awn 6393.862 Uz
| - (0] ~ FIDRES 0.195125 Hz
8 i [ | AQ 2.5625075 s=c
OH 1 RG 203
= W 78.200 usec
DE 6.00 usec
TE 298.2 K
Dl 5.00000000 s=c
TDO 1
HUC1
Pl
PL1 0.00 dB
5F01 £00.1324710 MHz
r2 TCrocessing rparamezers
51 65538
Sk £00,1300176 MHZ
WDW EM
38B ]
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| ) __| ) | INSTITLITE OF TECHNOILDNY
'/ :4 Zurrent Data Parameters
| NAME AR045
EXTNC 37
PRUOCNO _
FZ - AcguisziLlon Parzmelers
Nate_ 20120404
Time 13.15
?H LNSTRUM spect
L, DROBHD 5 mm BRC BE-11
3 i SN PULEROG 2gpg30
!) / ™ A5R36
— = . SOLVENT CDCL13
[ ™7 07 NN NS 1024
8 ; | s 1
OH . SWH 24038.46. Hz
v' FTINRES N.366798 Hz
AQ 1.3€31900 sec
RG 32800
N N N ) L N o N N . oW 20.800 usec
o i X DE 6.00 usec
TR 298.° K
R B I B R I R Il R AR R R ARl AR R AR LAY il_ %-gggggggg sec
140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm  5zim 1180606058 seo
o z
======== CHANNEL fl ========
NuCl1 13C
Bl 9.50 usec
PLL -2.00 ¢B
srol 100.46228298 MHz

usec
5 OB
cB
an
MHZ

400.1316005

FZ — Processing paranelers

ST
sr
WowW
S5B
LB
GB
rC

16384
100. 6127630 Mz
M
il
1.00 Hz
0

1.40
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Current Data Farzmetsrs
MAME ARDAL
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FROCED 1

Bl - ACQUIZITION FATAMETELS
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IESTEUH gpect
FEOEHD S mm BEO BI-1H
DOLOROS tageadetgp
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au JE
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- 80 2
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Sample Name
Sample 1D

Vall #

Injection Volume
Data File Mame
Method Filz Name
Baich File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

Shimadzu LCMSsolution Analysis Report =

> Admin

- AADLD reference
-96

10 uL

1 20120326_R45_referencet.lcd
: Kiraalne-LUX_Hexanes-2PrOF_20100525.1cm

1 20120323_LV_B.cb
: DefaultLCMS lcr
026.02.2012 14:00:43
13.05.2012 15:96:23
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13[35*['331r1.1n'r GiEL
120
1100
1000
00
200
7o0g
oo
o0
40
3004

200

mAL
B (= L R

i
in
I
=
o

Mathod

== prmmnent==

==System Confroller=:-
SCL Type
Pawer On
Evant]
Event?
Event3
Eventd

ON

OFF
OFF
OFF
OFF

==Data Aequsition=>
LC Stop Trxe
AD2 Detactor
TMame

—-FDA Datector--
Mame
Sampling Fraquancy
Srart Time
End Tims
Comztamt

=={Iption Box A==
=={Dpticn Box B==

== Pummp==
P Bode
Fmp A
Fmp B
Total Flow
BConc
BCuve
Prasshlae
Progshiin

== AutoSanpler=-
AptoSanmpler

ke AutoSarpler
Sample Rack
Bmsmgz Volmes

CEM-204

6000 nun
ELSD 10

PDA -
13625 He T T _i_-_
0.00 mm 200
:100.00 nen

0LEA0 zee

‘Bmary pradicnt
LC-WAD
LC-20AD 2
:1.0000 mL/min 20
10.0% 13
0 0
100 bar
O bar

Betennion Time
Crompound Name
Spectrum COperation

T
min 120

Spectrum Wame

o1 RT
- 13,599 RT
-BT135080

: None

301 .532333;39

Fstention Tine
Cempound Name
Spectrum Operation

-
| 3“" I
LAY

mm

SIL-20A
Use

‘Rack 15mL
200wl

Aren
20048738
323907338

Agaae
$7.2752
327248

Time
13.50¢
15.053
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Sample Mame
Sample ID

Vil #

Injection Volume
Data File Name
Method Fiie Name
Batch Flle Name
Report File Name
Data Acquircd
Data Processed

<Chromatogram:>
P

Shimadzu LCMSsolution Analysis Report

- Admin

all
DAA AR cis isomer Lo
: Y
196 o N
0L LT T
0 20120404_AA_R45_cis_isomer.lcd & - s

CKirgaineLUX_Hexanes-2HroH_ 20100525 1cm
C20020323_LV_8.cb

. DefaulkLCMS lcr

- 4.04.2D12 11:58:13

©3.05.2012 15:59:17
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80

LY
FraE i E T

{COFF
J{OFF
-FF

==Data Anqusrhon=:

LC Stop Time
—-AD2 Ditecta—

Hamz
--PDA Destertor—

Mama

Sanpling Frequency

Start Time

Lopll Tioge

Comstant
<<Upiiom Baox A=
=<Jphion Box B=-
== Pump==
Famrp Wlwela
Fump &
Fuoup B
Taotal Flow
B.Cone
B.Curve
Freshiax
Frashim

=< AuipSaplar=-
Antcfangler

Uze AutoSamplar

Sanmple Rack

Finsing Volume

HMasdla Stroka

Contral Vial Mesdle Strose
Finsmg Spaed

Sangling Spead

<5000 ram

=t ¥

Area
1138203
34302198

REE] 0

Specun Name Time

1 RT 13,500
-13.206 RT 14542
_RT13.806

- Mone

Betention Time
Cowgound Nane
Speccrim (peration

L
alosi.sa'
|

mA

0
EL:D B
PO
15525 He
0.07 rum
100,00 wun
0680 s2e

13010 23800 yu gy
I 1

=1

22

S14.842
“BT14.842
:None

Betenrion Tine

Componnd Nams
Rivary sradient Spectrum Operaticn
LC-20AD
Le-20A10
10300 mlooin

100 %
0

wAL

e

[

100 ba
11 har

b

SIL-104
e

Rack 1 5ml I
200 ul

51 pam

52 mm

35 ul/sae

15 ul/sec

min

Areads

20530
97 9471
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Current Data Paramsters

NAME BADLE
EXENO 2
FPROCIND 1
F2 — Acquisition Farameters
Date 20120417
Time 13.20
_NETHEUM spect
OH PRCBHD 5 mm BRCQ BR-1E
PULFROG zg30
/[\ D 32768
NN SOLVENT cpcl3
' hY N5 64
\ /’ DS 0
O . SWE €393.862 Hz
‘\.\// 2 FTLRES (1.7195" 2R Hz
[ OH AQ 2.562507€ sec
9 i Rz 44
OH DW 78.200 usec
DE 5.00 usec
R FI8.7 K
Dl 5.00000000 sec
D0 1
======== CHANNEL fl ========
NUC1 1E
Pl 14.35 usec
PTI n.00 dr
5rcl 400.13224710 Mz
2 — Procecseing parancters
51 6353¢€
SF 400.1300° 7R MHz
WDW EM
S5E U
|| LD 0,30 Iz
=B ]
* ‘ H PC 1.00
y ark )
| MIIU||L h .t n
______ S ) S —JUUJLWTL .
Appendix40
L B B B B . L B s e L 2 I
80 75 70 €65 60 55 50 45 40 35 3.0 25 2.0 15 1.0 0.5 ppm
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()‘*wf .
(R “OH
9 ;
CH

[Pa——— R '.xll - ..Ji SR T T l M YT VT Wt 4 FINTHURT. P .
TTTTrTTTT R N R N R R | TTrrTTTrTrTTrTTrrTT TTTTTTTTTTTTT
95 90 85 80 75 70 65 B0 55 50 45 40 35 30 25 20 15 10 pPpm
L B L e N I e I e A A R L R
95 000 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 PpmM

]ﬁ LINIVERSITYaTARTU

INSTITUTE ©OF TECHNOLOGY

Current Data Parametsrs
NAME AR046
EXEND 3
BROTNG 1
T2 - Acguisiticn Paramsters
Date 20120417
Tims 16.32
LNS THUM spact
PROBHD 5 mm EEC BBE-1H
DULPROGC zapg30
D 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038, 461 dz
TIDRES 0.366798 =
AD 1.3631988 zec
RG 32800
DW 20.800 asec
DE 6.00 uasec
E 298.1 %
oL z.00000000 sec
dll 0.032000000 sec
DET.TA T.HYYYYYYH sec
DO 1
======== CHANNEL fl ========
NUCL 132
El 9.50 asec
DLl 2.00 4B
SEON 100.6228298 MH=z
======== (CHENNEL f2 ========
wallzlé
1d
70.00 asec
13.7¢ dp
14.00 dB
0.00 dB
4001316005 MHz

T2 - Zrocessing paramesters

Sl 16384
SE 100.£127690
WDW EM
S5B 0
1B 1.00
GB 0
BC 1.40
Appendix41
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Appendix42

LUCIBN: JAata Parameters
ARDAE

|| HAME 04é
FXPRT L
. oM MO e o PPM eecaw
BEZ - F\:':[JLELLLOH PACAMETELE
Cate_ 20120423
Tima “1.44
IRZTRUY spect
FEJEHD S mm EEO EE-1H

EULEHL

OH P

CTURNT

—l
o

=

i

it
Se000000
oIo00000
o

i 14
QOZILE30 sec
Q0071614 zec
Q000070 sec
It

Py

]

a1
(=]

I
o
o

- X
5

T

SERAML STNL. 200

=~
o
mo
&

@
o
n
&
8

FRMOCE

F2 - Prozessing parareters
a1 1024

A00.L300000 HHZ
QEINI

90 i c-.c-é- bz

GE

b 1.40
F1 - Procassing pararatars
a1 1024
[ = zcho-anteche
e L L s s e e B e e e e B L o B o e e e B L B o e e e I B ey B 3F L. s
l l l l l l l l l l HOH
EE

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 ppm = 0.0f a=
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_ = |
80 g
75—
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T~ 7 :
] L
70 ] " T ..M:_, ~OH
7 OH
65 |
L - — T T 1 T T 1 L — L — T T 1 T T 1 L — T T 1 L — T T 1 T T 1 T
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
1fcm
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Current Data Parameters

NAME An048
FEXPND 2
PROCNO 1
FZ2 — Acogniaition Parametars
Dete_ 20120423
lime 15.37
INSTRUM spect
PROBHD 5 mr. BEC BB-1H
PULEROG Zqi0
TD 32768
HO SOLVENT cDel3
) NS 64
AN Ds 0
S swH 6393.862 Hz
/ FIDRES 0.195125 Hz
Oy AQ 2.5625076 sac
| " RG 161
| N\ /7 oW 78.200 usec
10 0 DE &.00 usce
TE 298.2 K
D1 5.00000000 sec
TDO 1
======== CZHANNEL fl ========
HuCl 1H
Fl 14,35 usec
PTI 0.00 dr
5rol 400,1224710 M=
FZ — Processing parameters
51 65536
SF 400.,1300175 MHZ
wow EM
35B 0
LE 0.30 Hz
GE 0
FC 1.00
Lol 1 L
J—'Y b .,_AI\_.L N ..._.._J__JI I-h—-._ PN BV l_.-._
Appendix44
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R 1R A 1 |
\'a \/ |/ Current Data Parameters
Il ' HAME BA048
EXEPNO 3
PROCHNOC 1
HO F2 — Acquisition Parameters
‘ A Date 20120424
I~ Time 10.47
\ / INSTRUM spect
/ PROBHD 5 mm BBO BB-1H
O, B PULPROG zgpg30
\ R D 65536
| N SOLVENT cDC13
10 o NS 356
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 32800
oW 20.800 usec
DE 6.00 usec
o 15 298.2 K
Moty rgnisnpy  © 1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
Do 1
L L o e e e L e e B B
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm 1ooTTT CHANNEL £l Toe
Pl 9.50 usec
PL1 -2.00 dB
SEO1 100.6226258 MHz
======== CHANNEL f2 ========
CEDPRGZ waltzlé
NUC2 1H
PCPD2 70.00 usec
PL1Z 13.76 dBE
PL13 14.00 dE
PLZ 0.00 dB
A PP o A PR ——. T g ..."T SEOZ 400.1316005 MHZ
F2 — Processing parameters
ST 16384
SF 100.6127690 MHzZ
WDW EM
S5B 0
LB 1.00 Hz
GB 0
BC 1.40

95 90 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm Appendix45
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=90

INSTITUTE OF TECHNOLOGY

renC Data Faral
FAME

EXERO

EROTHD

F2 - Acqui ion Parameters
bate_ 20120424
i 15.24

Time
THITRIM
FECEHD S
FULFROG hsgcedetgp
208

Eyt
SOLVERT ooTll

K3

usec

=

5
i
a

298.3 K
CHETZ 145.0000000
d0 0.00000300
SCOooooD
QIpeooon
Qoooogon

"

wonmwon

0022153
ooonT1e1d
0oo0d

AAAnAA[nGn

=l
a
[t
CcoooooooR

I

,,.

peco
b

SFOL 400.1312004 MHZ

CHANNEL £2

201
1000.00 usec

F1l - Acquisition parameters
KOO 2

D
2FOL

ing para
1

don.13

1.40

F1 - Processing parameters
1024
echo-antiecho
100.6127650 MHz
QSINE

2
0.00 gz
0
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Current Data Zarameters

NAME ERDAY
ENPNO 10
PROCNO 1
F2 — Acguisition Parameters
Date_ 20120504
Time 12.49
INSTIRUM spect
PROEHD 5 mm BBO BE-1H
PULBROG zg3l
D 32768
SOLVENT Ccocl3
N3 64
D= ]
SWII 6323.882 IIz
FIDEES 0.195125 Hz
X 2.5025006 sec
RiZ an. &

HO DW 78.200 uszec
j AN DE 6.00 usec
ST ™ TE 298.2 K

4 ( / Nl 5.00000000 sec

0-__' ) '_// TDO 1
\ ======== CHANNEL {1l ========
1 1 MITC 1H
rl 14,35 usec
PL1 0.00 dB
S5F01 400.1324710 MHz
r2 Processing parameters
5I 65536
S5F 430.1300176 MHz
Wnw M
SED ]
LB 0.30 Hz
GB 0
J P 1.00

P O ,_ULL l 4 }L — J*,JHM‘_..JUL' “bl\____L Appendix48
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! 0 A i
\f Y| \|/ turranr Dara Harame—ers
1 . NAME 2A049
EXPNOD 11
TROCHD 1
F2 - Acguisition Parameters
Date_ 201203504
HO Time 13.02
INSTRUM spect
\_ PN PROHHID 5 mm HRO HH-1H
P PULPROS 2gpy30
“ TD 65336
SOLVENT CDC13
s 31k
DS 4
SWH 24038, 461
TIDRES 0.3265798
X0 1.3631388
His A7a00
DW 20.300
DE 5.00
TE 233.2
DZ 2. 0pooadon
d-z 0.03000000
DELTA 1.869%53390
"“J oo 1
======== (HANNKI, <
HNucl
R B L L o B e LSO L n el D e LA AR R L n s R s
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm 3551 _—
———————— CERNNEL 22 ————————
CPDPRG2 walzzlég
nNUC2 1H
PCPD2 70.00
PLZ2 13.76
PLL3 14.00
oL2 2.00
5w07, 400, X1AI0NS

sZ
5SF
wWow
35B
LB
GE

Hi

15384
100.6127580

EM

0
1.00
0

.40

R B R I I R I R I I R R IR R AR AppendR49

150 140 130 120 110 100 an a0 70 60 50 40 30 20 10 bom

MH7

P2 - Zrocessing parametsrs

MHz

Hz
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INSTITUTE OF TECHNOLOGY

Current Data Paramsters
HAME ARD4Y
EXERD 13
FROCKD 1

F2 - poquisition Parameters
20120504
14

Date

Time
IKSTRUM
EROEHD
EULERIG
o
SOLVERT

ST1CKT
IGOETRS

KUCL
El

=4

F28 2000.00
FL1 0.00 ¢
2F01 400.1316008

CHANKEL £

100.

= GRADIENT CHANMIL
1 SINZ.100
SINZ.100
BO.OD %
20.10 %
100000 w
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Current Data Parameters

NAME ARDO50
EXPNO 11
PROCNO 1

FZ2 - Acquisition Parameters
Date_ 20120529
Time 20.39
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zg30

TD 32768
SOLVENT cDC13

NS 256

D3 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 80.6

DW 78.200 use
DE 6.00 use
TE 298.2 K
D1 5.00000000 sec
D0 1
======== CHANNEL fl =======
NUC1 1H

Pl 14,35 use
PL1 0.00 dB
SFO1 400,1324710 MHz
F2 — Processing parameters
SI 65536

SF 400,1300175 MHz
WDW EM
S5B 0

LB 0.30 Hz
GB 0

PC 1.00
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INSTITUTE OF TECHNOLOGY

Current Data Faraneters

NAME 2AR050
EXFNO 1z
PROCNC z

F2 - Acguisition Parameters
Date 20220530
Time 2.22
INSTRUM spect
PROEHD 5 mn BBO EB-1H
DULEROGC zgpg3l

D €5536
SOLVENT LpCL3

N3 000

D3 4

SWH 24038.457 Hz
FTNRES 0.36RTI8 H=
X0 1.3631930 sec
His 32800

DW 20.8200 usec
DE 6.00 usec
Tw Z98._ K
ni 2.00000000 sen
di1 0.03000000 sec
DELIA 1.83959938 sec
N0 )
======== CHANNEL [l ========
NUC1 13cC

rl 9.30 usec
FL1 -2.00 dB
sF01 T00.RZZARZIR MH7
CEDERG2

Nuc2

PCPL2 .

PL1Z 13.76 dB
BL1Z 14.00 dE
PLZ 0.00 dB
SFO2 400.1316005 MHz
F2 - Processlnyg paramelers
51 16334

5F 100.5227630 MHz
WDW EM
S5B 0

LB 1.00 Hz
GB 0

]
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Apodization;
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Chromatogram of the racemic mixture of lilac alcohols. X-axis - retention times

(minutes); y-axis — electric current (pA).
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