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In our research group we have previously focused on several ways, how to shorter and
made more efficient the synthesis of chemical libraries with high structural diversity. Our best
approach opted for the design and development of so-called Pluripotent molecules. Such
molecules are special designed to generate in 2-3 steps structural diversity libraries of molecules
that can be readily tested against various targets

First generation of our pluripotent molecules was (PM-1) developed by Dr. Konradova
led recently to the discover of new mode of action towards leishmanial parasites. The second
generation developed by Dr. Kovac (PM-2) still awaits to disclose its potential, however it is time
to come up with the 3™ generation. The first step towards to the PM-3 are to be discovered on

the next pages of my thesis. So, fasten your seatbelts and let’s go dive into the adventure.

1 Goals of the thesis

The goals of this thesis were defined as follows:

1) After a brief introduction to the topic to do the literature review about the reactions of
lactones with a-methylated sulfones

2) To develop the ways to the PM-3 generation

3) If the reader of my thesis is interested in these topics than he/she can read through the

next pages.
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2 Theoretical part

Since the discovery and further development of the “small organic molecule” concept,
scientist were fascinated with the fact that such “small beasts” can have a tremendous impact
on the whole living individuals as e.g. humans®3,

Thus, very fast they came up with idea, that selected small molecules can be used as
drugs or regulators in animal and humans. The moment when biologists started to consider that
the “fancy concept with which chemists/alchemists are playing” (molecules) can be somehow
exploitable in biology came with the discovery of glucose by Maarggraf in 1747*. Later, Woéhler
urea synthesis in 1828 changed paradigma that that natural products can be created only by
living species and the route to the new drug discovery was opened®. 19t and 20 century were
then filled with discovery and structure determination of novel small organic molecules as amino
acids, vitamins, hormones, neurotransmitters and lipid mediators

In depth study of their function and regulatory process then paved the way to discovery
of novel artificial regulators, inhibitants or activators. However, the way from the discovery of
novel biological target for small organic molecule and the moment when new small organic
molecules “fits” and becomes drug is long and painful. In general, it takes decades and billions

of US dollar. And only few from originally tested millions of compounds are selected.

2.1 Introduction

There is no strict definition of term small molecule, but most of the definitions says that
small molecule is carbon based bioactive compound with molecular weight less than 500 Da.
Also, the small molecule is a compound that differ to DNA, RNA and protein macromolecules.
Under such definition we can put large number of both synthetic and naturally occurring

I”

compounds. And when we refer to “natural” occurring compounds we do refer to the plant
secondary metabolites®.

The important property of small organic molecules within living organisms is the ability
to interact specifically with biological targets like proteins. This interaction is general and
depends on the compound. The property that makes small molecules efficient “game changers”
when they behave in the of the organisms is studied’.

Traditional sources of small molecules were plants. Ever since the beginning of 19%
century, when first pure pharmacologically active compound were isolated from poppy by
Friedrich Sertiirner®, natural products were source of drugs or drugable compounds for

medicinal chemists. Until rise of synthetic medicinal chemistry in 90’s about 80% of new drugs

were based on natural products®. At that time also biological screening of big chemical libraries

10



shortened and became more available and access to the novel libraries of the compounds were
never easier. However, in early years of 215 century it was more and more obvious that not only
the size of the chemical library is important. Therefore, the focus shifted from the size of library
to its diversity over the library. Opinion that diversity over the library is kept up to day?®’.

Over the time the main approaches to the biologically active small molecules changed.
The first approach used by alchemists was to mix chemicals that were not necessarily pure and
let’s see what happens. Their approach was curiosity driven try and mixing up stuff.

Over past century three main approaches how to create small molecules crystalized.
First approach was the target-oriented synthesis (TOS) (I wish to have exactly this compound),
the second was combinatory chemistry (mix everything and see) and finally the
diversity-oriented synthesis (DOS, mix up and create the diversity). These three approaches,
even though exploiting synthetic chemistry, are very different when it comes to the
(retro)synthetic analysis and application of it in the concept of the approach. (Figure 1)%. The

next pages will dive deeper into this understanding.

Target oriented synthesis Combinatorial library approach

Q03 Q
o e / :I O O< O Appendage and

stereochemical
One product diversity

) Retrosynthetic Retrosynthetic
Simple _ Complex Simple * Complex and simmilar

analysis analysis

Diversity oriented synthesis

O
O Appendage,
hemical,
‘o 4, 3
D
<8
Q

. Forward
Simple Complex and simmilar
synthetic approach

Figure 1 - Difference between TOS, combinatorial chemistry and DOS©
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2.2 Target oriented synthesis

TOS is as the name suggest, the synthetic approach that focus on the synthesis of just
one specific molecule. This approach it the “approach of the choice” when so called total
synthesis of natural products is pursued. This way of synthesis has a long history in organic
chemistry!. Originally it was designed to proposed structure of newly isolated nature products.
The most famous TOS is presumably Woodward’s synthesis of vitamin B12, that treat not only
the complicated structure of this complex molecule but developed new synthetic methods and
methodologies, where the most famous are presumably the Woodward-Hoffmann rules (Nobel
prize 1981).

TOS evolved over time, but as the time passed it started to rely more and more on the
retrosynthetic analysis. Retrosynthetic analysis is a problem-solving technique, for the synthesis
of complex organic molecules. Major strategy of such analysis is to identify main disconnections
and based on those to develop a synthetic sequence that leads to commercially available
materials.

This synthetic hierarchy was a considerable step forward in synthesis planning and
therefore it was not surprising it was recognized by awarding 1990 Nobel Prize in Chemistry to
Elias James Corey for “his development of the theory and methodology of organic synthesis”.

However, it should be noted that this approach has a drawback. It brings the synthetic
chemists to the target molecule. The analogues are left behind. This important feature is of
course a problem when medicinal chemistry approaches are considered, because in these cases

the analogues are equally important to the targeted molecule.

2.3 Combinatory chemistry

Principle of combinatorial chemistry is the synthesis that produce a large quantity of
chemical entities that differ at specific positions (e.g. length of carbon chain on ester). As
consequence, in this approach a large library structurally very similar compounds are generated.
As main feature (from the synthetic methodology in this point) simple chemical groups thus
functions are used to achieve this goal.

In this way, chemists can prepare big library of compounds, instead of preparing only a
few single entities?. For combinatory chemistry is typical use of automatization, solid phase

synthesis and high-throughput screening.

12



2.4 Diversity-oriented synthesis

DOS was formed as logic expansion of combinatorial chemistry improving its biggest
mistake — rely on quantity over the quality. Thus, under DOS approach the techniques typical to
the combinatorial chemistry (high throughput screening, solid phase...) are used, however the
main emphasis in the library construction is then given to the diversity.

The diversity is then achieved generating the advanced reagents that possess reaction
sites that can be reacted with external building blocks and between each other. As a
consequence a library of structurally diverse molecular skeletons is obtained®>.

The goal of DOS is to generate library that differs in appendages, functional groups and
stereochemical proprieties, and therefore they will fill chemical space as much as it is possible!*.

For DOS is typical so called forward planning synthetic approach which means that the
synthesis starts from simple starting material and in 3-5 steps the library of products is created®.
Term diversity-oriented synthesis was used for the first time by Stuart Schrieber in early

2000’s.

24.1 Diversity

Term diversity has a broad definition and differs case to case since molecules have many
features that can assess them (e.g. molecular mass, lipophilicity, topological features.). In case
of DOS term “diversity” is as “the structural diversity” meaning “the diversity in 3D space”. Thus,
when we refer to the “Structurally diverse library”, the library contains a large variety of
compounds with different skeletons that causes compound various 3D shape. And it is the 3D
shape of molecule that is responsible for the interactions with biologically active
macromolecules and therefore determines their biological action. Structural diversity of
skeletons within the library then fills in larger chemical space and increases the possibility of
“hit”. Probability to find biologically active substance on target of unknown molecular structure
increases with more covered chemical space.

“Chemical space is defined as the total descriptor space that encompasses all the small
carbon-based molecules that could in principle be created”. In theory the maximal diversity
within the library it can obtain is if all thermodynamically stable molecules that would fill the
chemical space are obtained?®.

As can be seen the “chemical space is basically impossible to be filled. However, we
need to find the way how to address the way of new chemical library constitution should be

done. To do so, four key points that each chemical library should address were determined3#%7,
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1. Appendage diversity: variation in structural motives around a common skeleton

2. Functional group diversity: variation in the functional groups present

3. Stereochemical diversity: variation in the orientation of potential
macromolecule-interacting elements in space

4. Skeletal (scaffold) diversity: presence of distinct molecular skeletons

As appendage diversity and functional group diversity is similar in a way of its

introduction they will be discussed together in chapter (2.4.2).

2.4.2 Appendage and functional groups diversity

The most straight forward approach way how to introduce the diversity is to modify
appendages. The term “appendages” refers to the “extremities” of the central molecule. In this
context the term refers to all/aryl/heteroaryl chains at the same time it can refer to the
functional groups. The difference in modification of these two cases differ in the chemistry.
Though both cases will be discussed together in this subchapter.

The chemistry required to achieve these modifications is related to the combinatorial
chemistry approach. The advantage of varying appendages is to improve central structure and
to vary pharmacokinetic proprieties of it. Modifying substituents is the easiest way how to
improve these proprieties®.

Interesting example of appendage diversity can be found in literature where Cheng and
co-workers®. The goal of their work was to introduce appendage diversity to uridine-containing
library to molecules leading to 5’-uridine based molecules bioactivity potency. Appendage
diversity is introduced in the last step via amine functional group This process resulted in

formation of 80 individual structures starting from two precursors (Scheme 1).
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Scheme 1- Preparation of 80 compounds with divergent appendages in one step'®

As it was mentioned previously, appendage diversity is a powerful way how to generate
a large quantity of compounds starting from single building block in short and efficient manner.
The limitations are close structural similarity of produced compounds. As a typical example of
this approach can be considered the work of Tan et al. who prepared the library of 2.8 million

of compounds in just 6 steps®.

2.4.3 Stereochemical diversity

As mentioned earlier, molecules are three-dimensional structures and the overall shape
of them is important. The orientation of individual substituents is crucial for interactions of small
compounds with macromolecules. Thus such fact needs to be consider when chemical library is
designed™**,

By different roads it is crucial to include stereochemical diversity (when possible) to the
library design. Thus the processes used to create new stereogenic centers require both, to be
selective and generaly applicable!. From these criteria, the catalyst approach seems to be the
most suitable. Indeed, in this case both possible enantiomers or stereoisomers can be generated
by just inverting the ligand that creates chiral environment of the catalsts??.

As an example of such approach the aldol reaction is one of the most used
stereoselective transformations. The example of such reaction that can produce one of the other

enantiomer/diastereoisomer is shown on (Scheme 2) 2,
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Scheme 2 - Aldolisation with catalysts providing preferably syn or anti product??

2.4.4 Skeletal diversity

Finally, the skeletal diversity. To introduce the skeletal diversity in to the chemical
library design is the most challenging part'’. There are two main strategies how to create skeletal
diversityl®1114,
First is substrate-based strategy and depends on pre-encoded structures that are called
o-elements. In, such starting materials then generate various diverse substrates by applying
common reaction conditions. The diversity is then directly tied to starting pre-encoded
structures.

The second, reagent-based strategy, is based on one type of starting compound that
includes pluripotent functional groups within the structure (one structure participate in several

different reactions) that under different reaction conditions and with different reagents will

yield different skeletons.

Reagent based approach Substrate based approach
0D <«
One starting - Three different
material starting materials
> <
Different Same
conditions conditions

Figure 2 — Schematic explanation of reagent and substrate-based approaches.
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2.4.4.1 Reagent-based approach

Reagent-based approach uses densely substituted starting molecule with pluripotent
functional groups. Such molecules produce diverse scaffolds based on used conditions. Crucial
part of such approach is wisely planned staring molecule allowing intramolecular and/or
intermolecular modifications through usage of pluripotent function groups. Such example is

shown in (Scheme 3)%.

Q -+,

Nu
R O
R Pd(0) O =R, Pd(ll) Ar
o) or Pd(ll) =Rs Nu
1-11 1-14
Ra
0-N
Rs
A\ Au(l) | Au(l) EWG | N
Y SN Base Ry o
112
R4
I\
o]
113

(0]
1-10 115

Simple, linear,
densly functionalized

Ry 0
Rs
Rh(l) Rh(l) 5
co co
1-1I

Metal-free
catalysis

O 0
H
R > Ry
47N
R, H Rs NO,
1-18 1-20

Scheme 3— Reagent based approach generating 10 different scaffolds?

2.4.4.2  Substrate-based approach
Substrate based approach on the other hand relies on wisely chosen starting material
in different way. Diversity is generated by same conditions applied to different substrates which

preencode the products as shown in (Scheme 4)%.
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Scheme 4 — Substrate based approach generating five distinct scaffolds'®

2.4.5 DOS synthetic approaches

The ambition of chemical libraries with large molecular diversity is a challenge ever since
chemists started to address the diversity-oriented synthesis. The whole strategy and planning
behind DOS are indeed different to the synthetic approaches used in TOS or combinatorial
approach. The progress in this domain was firstly based on the development of reagent and
substrate-based. Next build/couple/pair strategy developed from those two approaches and

forged a new approach to chemical library constitution®.

2.4.6 Build/Couple/Pair strategy
The stated Build/Couple/Pair strategy (B/C/P) was the evolution and combination of
two previous strategies. It is an algorithm that was introduced by Nielsen and Schrieber in 20082

and it designs the strategy to create the chemical libraries into three distinctive phases.

Build — starting point of synthesis. Basic building blocks (commercial products)
are generated. These building blocks must be functionalized

Couple — coupling of building blocks to prepare pluripotent intermediates that
can be used as in the pair phase

Pair — generation of skeletal diversity using intramolecular “pairing” of

functionalized groups

18



Overall, the whole B/C/P strategy should include as few steps as possible to generate
diversity and desired products in short and efficient manner. The building blocks should
embodied all required functional groups needed for pair phase and at the same time, functional
groups that will join together during the couple phase?®.

However, in many cases additional groups are introduced to the structure after Couple

Pair

step. Pluripotent molecule contain variety of functions that are paired intramolecularly?®.

Comn'iermaly Build Couple
available
compounds Densly
functionalized
template
polar-

lPC)'aF'PO'aT lpolar—nonpolar lnonpolar—nonpolar lpmar.nonpmar l polar-

polar
l polar-nonpolar
O Coupling functional group
Polar pairing functional group
O Nonpolarpairing functional group

Figure 3 - lllustrative example of B/C/P strategy

polar-nonpolar

As an example of key intermediate design can server the pluripotent molecule
developed to the library of Lycopodium alkaloid?” Starting building blocks are either
commercially available or readily available in two steps. The couple stage generates an
intermediate with all crucial functions required for later pair phase. The pair step then generates
key intermediate for synthesis of another five structurally diverse products. In the end, seven
complex structures were prepared in no more than two synthetic steps from one key

intermediate.
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2.4.7 Pospisil research group and B/C/P approach

In our group we are focused on the development of new generation of novel pluripotent
scaffolds from simple and easily accessible starting materials in fast and efficient way. To do so,
in past we have formed our efforts to the design and synthesis on novel pluripotent reagents
(PM-molecules), the products of couple step. Such PM is than to be readily transformed to

desired product (Pair phase) of new chemical library?.
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Pluripotent
Molecule (PM)

B
( ) BB”
BB" —
BB”
CORE
CORE
CORE
1 BB" ’ BB"
various BB"
BB" reagents/conditions 0" oH
—
skeletal complexity
Y
Build k j

RN N /

Pair

BB", BB" - building blocks - (n=1,2...) introduction of appendage diversity.
- various functional groups that in combination with CORE fragment allows reagent-driven scaffold diversity.
CORE - fragment containing several reactive sites - introduction of scaffold complexity.
PM - Pluripotent Molecule - the scaffold complexity introduced by the CORE fragment is enhanced by the
fragment devoted to reagent-driven DOS. Appendage diversity included in building blocks also present.

Figure 4 — Pluripotent Molecules as the key intermediate in the B/C/P strategy?8

Crucial step in the design of any PM is to wisely chose the CORE fragment of it. This
fragment is responsible to generate (PM), core and furthermore also for modifications in Pair
step. Thus the coupling CORE-BB and FG-BB is as important step since this reaction cannot react
with other functional groups (side reactions).

Based on our previous experience in the research group, the crucial role of CORE
fragment was given to benzothiazole (BT) sulfones?®. The advantage of heteroaryl is directly
connected with the additional reactive sites within the molecule. Acidic hydrogens in a position
to sulfone plays also a crucial role in formation of PM in my project. Also, there are other
nucleophilic or electrophilic centers with BT-sulfones that can be further exploited. In addition,
BT group can be used as electron acceptor (low energy LUMO orbital) or be exchanged with

different heteroaryl, aryl or alkyl.
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Figure 5 — Pluripotent molecules based on BT-sulfones

Previous experiments of our group in the field of heteroaryl sulfones not related to the

B/C/P approach can be find in literature?*=2,

2.4.8 Previous development of Pluripotent Molecule design in our group

As mentioned PM-design was previously investigated in our group*3. There are three
generations of sulfone-based PMs where one of them is not BT-based. During her doctoral
Thesis Daniela Koutska (neé Konradova) used B/C/P approach to constitue lignan natural
product inspired library of 10 compounds®®. PM-1 was prepared from commercially available
materials in two steps and PM-1 then was modified in 1-3 steps in yields varying from 50-80%.
All performed reactions produced the desired compounds with excellent degree of

stereoselectivity.

Inspiration for PM-1 QSOZ 0
<o

(-)Sanguinolignan A PM-1
1-40
radical
EWG._Br EWG.__SO,Ph desulfonation
1-41 : Couple //
Build 1-42

_Build ., s0, 9
(@) Cl (0) GLG 2(%0

soft nucleophile

143 1-44 addition

PM-1

Scheme 6 — Inspiration for 15t generation of PM and preparation3®.

Overall, the library of products constituted of scaffolds as bicycles, tricycles, and

tetracyclines, fused or connected spiro compounds were prepared. The chiral compounds were
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to be tested for their antileishmanial activity. The results were promising and there are new

structural motives with excellent activity were found. These three motives now serve as a

starting point to generate new focused library.

PhO,S

nBu ””\O_<O

OTBS 1-55

1-54 wSO,Ph
S
g \ /

1-45
PhOZS OH

PhO,S

PhO,S,, PhO,S
<%
A// PM-1 1-46

1-49

Scheme 7 — Transformation of PM-1 to structurally diverse molecules33.

Next generations of PM + PM-2, are BT-sulfone based and are present in two subclasses,

PM-2a and PM-2b (PM-2b is generated from PM-2a). PM-2 molecules were generated and

explored in the Ondfej Kova¢ Doctoral Thesis®*

BTSH

BTSO,Na

1-56 o

or GLG\HJ\R1

1-57 1-58 E o
' Couple BTOsz)LR1 Pair Diverse
lecul
' scaffolds
o PM-2a
" s0,8T GLG)LR1 :
1-59 160 !
3 : Pair Diverse
1 BTO,S_ EWG ! Couple BTO,S EWG I 1
E —_— - \[ scaffolds
: 1-61 :
: O 5 PM-2b
1 1-62 1
t ;

Scheme 8 — Preparation of PM-2a and PM-2b3*
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The PM-2a proved to be an excellent reagent to allow one and two-carbon
homologation of alcohols. New one-pot protocol for stereoselective formation of C=C bond was

also developed®.

(0]
Het0,S.__EWG
e h EWG
1 1
| Ry R, = H, alkyl, aryl, heteroaryl | SO,PT
 EWG = ketones, esters, amide, nitrile, PM-2a
i Het =BT, PT 1-63
l _____
/
R;
1-64
YEWG
BTO,S._EWG Rix N o) 1.65
T I/XF“ e R
2

1-69 1-68 167 1-66

Scheme 9 — Scope of possible products from PM-2a3*

Further evolution of PM-2a to PM-2b then allowed to generate more than 50 different
entities. [3+2] and [4+2] cycloadditions, [4+1] cyclization, development as the use of a new type
of pyridinium ylides, intramolecular Smiles-type rearrangement, and also the regents can be

employed in (4+2) cyclization reaction catalyzed by Hayashi-Jgrgensen catalyst®.

o)
R._ _O._ OEt BTOZS&\
Y
S o

BTO,S
EWG
1-71 1-72 R
HE D 1-73
~N
EWG
1-70 /\)\/
\ 1-74
__________________________ EWG. _SO,BT — M
| : | T N
: EWG = ketone, ester, amide, nitrile : S
Vo] ! PM-2 o)
1-75
o O
| ..<
BTO,S R
EWG 1-76
OH 0 PRC
BTO,S BTO,S - © NTS
| =
1-79 1-78 1-77

Scheme 10 - Scope of possible products from PM-2b3®6
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Aim of this diploma thesis is to focus on the development of new 3™ generation of BT-
sulfone based pluripotent molecules PM-3 that differs to previous two generations and allows

to extend to use of our PM molecules to the field of macrolide chemistry.

2.5 Reactions of lactones with a-methyl sulfones

Reactivity of lactones with a-methyl sulfones is not a topic found often in literature.
First mention of a-methyl sulfones used for alkylation of lactone was published in 1997 by Tatsua
et al*’. In the article they prepared progesterone receptor ligands and one of the steps was
reaction of lactone with phenyl methyl sulfone in THF with n-Buli as base with yield of 85%
(Scheme 11). However as the NMR or any kind data are not stated for this compound | suspect

that it was not isolated and used only as intermediate.

O
MeO, O\\g/
n-BulLi
\* +
MeO THF
MeO -78°C
1-82 1-83 1-84

85%

Scheme 11 — Preparation of 1-84 from lactone 1-82 and sulfone 1-8337

Other mention of reactions of a-methyl sulfones with lactones can be found in piece
published by Gueyrard et. al.®. In their article they used 2-(metylsulfonyl)benzo[d]thiazol in
olefination reactions with protected sugar derived lactones (example on scheme) (Scheme 12).

They used the product as crude in second reaction giving desired exo-glycal with 60% yield.

o o)

BnO,, O\\g/ BnO,,
o 1 1) LIHMDS, THF, -78°C o
/ * N s

BnO ; 2) DBU, THF, rt BnO”

1-85 1-86 1-87
60 %

Scheme 12 — Preparation of exo-glycal 1-87 from lactone 1-85 and sulfone 1-8638
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Further development of this reaction was done with usage of 2-
(fluorometylsulfonyl)benzo[d]thiazol allowing synthesis of fluorinated exo-glycals (Scheme 13)

with yield between 85%%*.

F

(0
7

s=0

v s 1) LIHMDS, BF5.0Et,, THF, -78°C
N
2) DBU, THF, rt
1-88 1-89 1-90

85 %
E/Z : 6/4

Scheme 13 - Preparation of fluorinated exo-glycal 1-90 from lactone 1-88 and sulfone 1-8938
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3 Results and discussion

The following chapter is divided to the two distinct parts that focus on the PM-3a and

PM-3b preparation and modifications.

PM-3a PM-3b
First, the retrosynthesis approach to both pluripotent molecules is shown 3.1 and

further the synthesis of PM-3a and 3b is discussed in context of B/C/P strategy. The Build part is
gathered in the chapter 3.2, the Couple stage (preparation of PM-3 molecules) in chapter 3.3,

and finally the modifications PM-3 molecules in chapter 3.4.

3.1 PM-3a and PM-3b retrosynthesis

Aim of my work is to prepare pluripotent molecules PM-3a and PM-3b and to find out
their potency in THF ring-motive containing chemical library constitution.

Targeted pluripotent molecules were planned to be obtained in several steps from
methyl benzo[d]thiazo-2-yl sulfone 2-3 and lactones 2-1 and 2-4 (Figure 6). In our retrosynthetic
approach we expected that lactone 2-1 should be available starting from L-glutamic acid 2-2 via
intramolecular lactonization, reduction of carboxylic acid to alcohol, and finally by protecting
generated alcohol by TBS group®. Similarly, the lactone 2-4 was planned to be prepared starting

4144 oxidation of the resulting

from butyrolactone 2-6 via base-catalyzed lactone-ring opening
alcohol to aldehyde® (2-5), and vinyl magnesium bromide addition?®.

Having obtained the key lactone intermediates, their reaction with BT-sulfone 2-3
(Couple phase) according to our previously reported protocol®*3? should yielded the desired
pluripotent molecules PM-3a and PM-3b. Finally, the exploration of the reactivity of both PM-3
molecules e.g. in context of Lewis acid mediated reactions (generation of oxonium) should be

carried out to finish up the library constitution.
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: i o
HOWOH — / Build — ﬁfo

2-3 2-2 2-6 2-7
L-glutamic acid butyrolactone

Figure 6. Retrosynthesis of PM-3 molecules. For better orientation, the key lactone carbonyl atom is highlighted with
red dot throughout the Scheme.

3.2 Build phase

3.2.1 Preparation of lactone 2-1

First, we focused on lactone 2-1. Our choice of the target compound 2-1 was driven by
its simple synthesis, availability of the starting material, and also by the presence of a bulky
protecting group (TBS) that should effectively direct the stereoselectivity of further
transformations planned for the Pair step. In addition, the presence of the bulky -CH,-OTBS
group on the lactone skeleton should further allow the stereoselective transformation of PM-3a
to more substituted derivatives (e.g., by stereoselective anti-to methylene-OTBS methylation®).

Lactone 2-1 synthesis® starts with the transformation of L-glutamic acid 2-3 to the
corresponding acid 2-9 (Scheme 14). In this context, amino group was transformed into the
corresponding diazo group with help of potassium nitrite, and diazo group then served as a
good-leaving group (release of N,;) during the subsequent intramolecular lactonization.
Generated acid 2-9 was then selectively reduced to alcohol 2-10 with help of BH3.SMe; complex.
This two-step protocol yielded desired alcohol 2-10 in 60 % yield. Next, primary alcohol in 2-10
was protected in form of TBS ether in quantitative yield. The only drawback of this protocol was

the use of Me,S.BHs that has due to SMe; a typical odor. During evaporation it is thus wise to
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use a solution of hypochlorite as a “washing” bottle after the safety bottle during the

evaporation of all contaminated solutions.

o) 16) NaNO, 1,2 equiv lo) o)
2M HCI 1,2 equiv .
HO OH ——— | HO < OH |—» 0
H,0 N B
NH2 0°C->rt, 16 h N =0
HO
2-3 2-8 2-9

L-glutamic acid
Me,S BHj3 0,85 equiv
THF
0°C->rt,4h

TBSCI 1,1 equiv

0 DMAP 0.1 equiv o
0 TEA 1,5 equiv
o) o]

/ DCM 4
z 0°C->rt, 16 h 7
TBSO/ HO
2-1 210
99% 60 % over two steps

Scheme 14 — Lactone 2-1 preparation from L-glutamic acid*®

The overall yield of 2-1 was 59 % over three steps. The reaction was also carried out in

25g scale without the significant loss in reaction yield.

3.2.2 Lactone 2-4 synthesis

The synthesis of vinyl-containing lactone 2-4 was motivated by the stabilization
properties of vinylic group to the positive charge in the y position. We were expecting that when
PM-3b is generated, the presence of the vinylic group will easy the hemiacetal ring opening and
generates qualitatively very different reagent when compared to PM-3a. The fact that could be
successfully used during the Pair phase-based chemical library constitution.

Lactone 2-4 synthesis starts from butyrolactone 2-6 — inexpensive readily available
chemical that is, however, under strict control of low-reinforcement units due to a possible
misuse in the drug preparation. In the first step, the compound was trans-esterified with

methanol or ethanol (Table 1). This reaction is well-known in the literature**

and we thought
it will pose no problems to us to be reproduced. However, none of the conditions we attempted
to reproduce either worked or generated in the desired alcohol in good yields and/or
reproducible manner (Table 1, entries 1-4). After some evaluation of the reaction conditions, it
was observed that the addition of a small quantity of water (1% in MeOH, V/V) brings the

conversion of lactone 2-6 to its completion and yields the alcohol 2-11b in quantitative yield.
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Table 1. Butyrolactone 2-7 trans esterification: Reaction condition optimization

[0}

0
E/fo — HO A~ A\ R

2-7
butyrolactone 1
Compound,
Compound,
Literature Reference to the
Entry R Conditions Isolated yield
reported yield original protocol
[%]°
(91"
EtsN 1,5 eq, EtOH,
1 Et 2-11a3, 96 % 2-11a, 50 % a1
80°C, 16 h
Amberlyst, MeOH
2 Me 2-11b, 96 % 2-11b, 0% 42
RT, 72 h
EtsN 2 eq, MeOH,
3 Me 2-11b, 93 % 2-11b, 45 % 43
60°C, 4 h
EtsN 6 eq, MeOH,
4 Me 2-11b, 93 % 2-11b, 55% 44
60°C, 4 h
EtsN 2 eq, MeOH, 1 % H20
5 Me n/a 2-11b, 99%

60°C, 4 h

a) Refers to pure isolated compound.

Next step was oxidation of alcohol 2-11b to aldehyde 2-5 (Scheme 15). First attempted
reaction conditions relied on the use of PCC reagent developed by Corey* in 1975. Since our
product is highly volatile, it was observed that the heating bath must be kept under 30°C when
reaction solvents are removed under the reduced pressure (increase of reaction yield by cca 10-
15%). Another yield improving trick we successfully employed was the use of dry ice cooling of
the silica gel (outside) right before the crude aldehyde was loaded on the column
chromatography. This prevents local overheating of SiO, and avoids the undesired side reactions

(condensation). Combination of those tricks improved the reaction isolated yields to 45%.

0 PCC 1.5 equiv 0
HONJ\O/ AcONa 0.25 equiv OW.J\O/
DCM
rt, 16 h
2-11 2-5

45 %

Scheme 15 — Oxidation of alcohol 2-11 to aldehyde 2-5%
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To increase the reaction yield of aldehyde 2-5, additional oxidation methods and
reagents were attempted with various outcomes. Dess-Martin oxidation protocol proved to be
ineffective in this case (degradation)¥’. Swern oxidation that was accompanied with more
demanding reaction set-up yielded the desired product in 40% yield“®. In addition, the reaction
could not be scaled up in our hands.

In the last step of the lactone 2-4 synthesis, the addition of the vinyl magnesium
bromide to aldehyde of 2-5 should generate alcoholate 2-12 (Scheme 16). Generated alcoholate
should then cyclize to yield the desired lactone 2-4. The given reaction sequence was
reproduced, with slight modifications, from the literature®. The modification we introduced
were made for the following reasons: (a) the same equivalents of both, reagent and lactone 2-
5, were used, however, in my case a methyl ester instead of ethyl ester was used; (b) the reaction
was setup at -78°C instead of 0°C and further carried out at -40°C, because lower amount of side
products was observed in the crude reaction mixture after the reaction work-up (based upon *H

NMR analysis of the crude reaction mixtures).

o Vinyl-Mg-Br 1,2 equiv ®|\AgBr o 0
OM - > 0@/—\ - ‘o
O e Lo -
-78 -> -40°C, 2h X p
2.5 212 24

40%

Scheme 16 — Preparation of 2-4 by Grinard addition to 2-5 followed by intramolecular cyklization

Overall yield of the three-step preparation of lactone 2-4 was 17 %. Within the
sequence at least two steps proved to be readily scalable (trans-esterification and oxidation,
25g batch), and Grignard addition/cyclization was carried out on 5g. The trouble maker step is
then the oxidation step.

To avoid the oxidation step, two additional approaches to lactone 2-4 were attempted.
In the first one, we speculated that the addition of the vinyl-grignard reagent to succinic
anhydride 2-13 should yield the corresponding monoadduct 2-14 (Scheme 17). Generated
hemiacetal then should in the presence of NaBH, undergo to the ketone (generated in situ)
reduction and resulting secondary alcohol would vyield upon the solvent evaporation

(condensation) the targeted lactone 2-4.% However, this approach miserably failed at my hands.
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NaBH,
Vinyl- Mg -Br o NaOH
e .
Y O
OH Y
2413 2-14 2-4

Scheme 17 — Preparation of lactone 2-4 from 2-13 by Grinard addition and reduction*®

Another possible approach to 2-4 was based on the similar reduction/addition
pathway.*® Also in this case, the reaction sequence started from the succinic anhydride 2-13

(Scheme 18). Unfortunately also in this case we failed to obtain the desired lactone 2-4.

o (o]
L|AI(OtBu)3 V|nyI Mg-Br
o o]
o) Y
2413 2415 24

Scheme 18 — Preparation of lactone 2-4 from 2-13 by reduction followed by Grinard addition*®

3.2.3 BT-sulfone 2-3 synthesis

The second building block required for the Couple phase was the 2-
(metylsulfonyl)benzo[d]thiazol 2-3. Its synthesis was rather easy and was based on the oxidation
of the commercially available and inexpensive sulfide 2-16. To accomplish this transformation
we used hydrogen peroxide-based oxidation of sulfur(ll) to sulfur(VI) that was mediated with
(NH4)sM070244H,0 or Na;WO42H,0 pre-catalysts®l. The reaction yields were in both cases the
same and the desired sulfone 2-3 was obtained in both cases in nearly quantitative yields and
excellent (>98%) chemical purity (Scheme 19). In both cases the obtained products could be

used without any further purification.

s H,0, 60 equiv s
/ Na,WO, 2H,0 0.3 equiv /
e - O
N 0°C>rt, 4 h N O

2-16 2-3
99%

Scheme 19 — Preparation of 2-3 by oxidation of 2-163'
33 Couple phase

The next stage of our synthesis was the reaction of lactone-building blocks with sulfone

2-3 — Couple phase. Prior | will dive into the reaction attempts and results, it should be noted
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that the majority of experiments were carried out on the lactone 2-1 since it is more stable under

the reaction conditions and easier to be prepared.

331 Towards the PM-3a synthesis

The connective reunion of lactone 2-1 and sulfone 2-3 was planned to be achieved with
use of the C-C connective approach previously developed in our group®*°. Condensation
reaction is based on the use of metalated sulfone 2-3 as a C-nucleophile that is prepared with
help of non-nucleophilic base [M]N(TMS).. The use of non-nucleophilic base during such process

proved to be mandatory to avoid undesired self-condensation of sulfones 2-3 (Scheme 20).

S / base
@[ )=S0
N e}

Scheme 20 — Selfcondenzation of 2-33!

To avoid a self-condensation step, metallated anion of 2-3 has to be prepared (a) at low
temperature (-78°C) and (b) in access of nonnucleophilic base (nucleophilic base might also
attack electrophilic site of sulfone. With that in mind we modified protocol from this paper which
eliminates self-condensation of sulfone 2-3. The key approach to avoid self-condensation is to
add base to cooled down solution of 2-3 and in one or two minutes add a solution of electrophile.
This approach proved to be true as we never found any traces of self-condensate side product
2-18 in any crude NMR after condensation with either compound 2-1, nor 2-4.

During optimalisation of this reaction we tried slightly different equivalents of reagents,
base and temperatures but solvent stayed the same for all tries (

Table 2). All the reactions provide pretty good yields, but if the reaction if kept at -78°C
for the whole time and it is quenched with aq. sol. of NH4Cl at -78°C it produces highest

yields and least amount of unwanted side products (based on crude 1H NMR spectrums).
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Table 2. Addition of sulfone 2-3 to lactone 2-1: optimization.

o BTSO,
S / LiHMDS 2.2 equiv
@E )—S=0 + o —_— OH
N o , THF 0
z -78°C, 2h
8BS0 ;
23 21 TBSO
1.1 equiv 1 equiv PM-3a
Entry Base (equiv) Conditions Yield?
1 LiN(TMS); (2.2 equiv) -78°C, 2h 80 %
2 LiN(TMS)2 (2.2 equiv) -78°C->0°C, 4h 72%
3 KN(TMS), (2.2 equiv) -78°C, 2h 60 %
4 KN(TMS), (2.2 equiv) -78°C->0°C, 4h 55 %

a) Yield of the crude product after the reaction work-up. Determined with help of 1H NMR spectroscopy

The Couple phase proceeded best when the most “standard” conditions (2.2 equiv of
LiN(TMS),, -78°C for 2h) were used (Table 2, entry 1). The crude yield of PM-3a was 80% (based
on H NMR spectra) with >90% purity. Therefore, it was used as it was for the subsequent
experiments. Obviously, the product PM-3a was present as a mixture of two diastereoisomers
in approx. 1:1 ratio (epimers on the acetal carbon atom). However, since for our next
experiments the stereochemistry has no relevance (it is anyway destroyed during the formation

of oxonium), the separation of the two was not attempted (Scheme 21).

BTSO,
BTSO,
OH _
0 Lewis acid C) Nucleophile
: o —_— DOS library
TBSO/ 7
TBSO
PM-3a 2-19

Scheme 21. Formation of the oxonium intermediate starting from the PM-3a molecule

Interestingly, it was observed that the diastereomeric ration of syn and trans PM-3a
isomers was the same during the coupling step regardless the conditions of the coupling step.
However, the situation changed if subsequent transformations (Pair step) were attempted. In
such case, if Lewis acid-based conditions were employed (BFs-Et,0 or TMSOTf) and the reaction
was terminated with sat. ag. NaHCOs, the ratio alter significantly. In such case the original ration
of ~1:1 shifted to 1.81:1 (5.91 ppm major peak, and 5,57 ppm minor peak) and therefore we
could successfully attempted to isolate the main peak containing hemiacetal compound and

determine its structure as trans-PM-3a.
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Interestingly we were unable to determine (a) the reason why the trans hemiacetal is
formed preferentially under such reaction conditions, and (b) how it comes that it is stable under
the isolation conditions and later on also in the solution during the characterization process.
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Figure 7. 1H NMR spectra (5.44 ppm to 6.04 ppm) of two characteristic peaks of the hemiacetal hydrogen atoms in
PM-3a.

BTSO,

/
TBSO

trans -PM-3a

Figure 8. Major diastereoisomers isolated from the reaction mixture.

As it was mentioned above, the reaction conditions of the coupling yielded the desired
product PM-3a in very clean manner. However in case of the KHMDS promoted reaction (Table
2, entry 4) a minor (~10%) side product later on identified as compound 2-20 (Figure 9) was

present (identification based on 'H NMR, *3C NMR and 2D NMR experiments).
iy
s»\O
i

OoTBS
2-20

Figure 9 — Structure of side product 2-20
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The main issue with the compound 2-20 was that we had no idea how the product |

formed. First, we expected that 2-20 is generated directly from PM-3a molecule either during

the reaction or after the reaction work up. To evaluate this hypothesis the PM-3a compound

was treated with various bases and (Lewis) acids (Table 3). Unfortunately, under no tested

reaction conditions we observed the formation of 2-20. In all cases only starting molecule PM-

3a was recuperated unchanged.

BTO,S

OH QN
< ;
: R Hso\)\\

Table 3. Evaluation of the PM-3a stability under various reaction conditions in DCM.

TBSO/ OTBS
PM-3a 220
Entry Reagent (equiv) Conditions Result
1 starting material
BF3-Et,0 (2 equiv) -78°C->0°C, 4h
recuperated
2 starting material
TMSOT(f (2 equiv) -78°C->0°C, 4h
recuperated
3 starting material
KHMDS (2 equiv) -78°C->0°C, 4h
recuperated
4 starting material

LiIHMDS (2 equiv)

-78°C->0°C, 4h

recuperated

For the time being, the origin of compound 2-20 remains unknown.

3.3.2 Preparation of PM-3b

Having an easy access to PM-3a, the synthesis of PM-3b was evaluated (Scheme 22).

Using the same reaction conditions as in the case of PM-3a formation (slight difference in

reagent stoichiometric ratio due to a worse availability of 2-4), the desired PM-3b was isolated

in 20% reaction yield. However at this point it should be noted that even after the tremendous

efforts we were unable to isolate the PM-3b in sufficiently pure form presumably due to its low

stability on silica gel. As in the previous case of PM-3a, the desired product PM-3b was isolated

as a mixture of diastereoisomers.
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BTSO,

(0]
S / LiIHMDS 2 equiv OH
@[ )=S0 + o — o
N 0 THF
Y -78°C, 2h Y
2-3 2-4 PM-3b
1 equiv 1 equiv

Scheme 22. Towards PM-3b molecule.

The product was characterized with help of NMR spectra and exact mass.
Due to this disappointing results and the difficulties | had during the lactone 2-4

synthesis, the synthesis of PM-3b was abandoned.

34 Pair phase

Havingin hands PM-3a and b (small amount), the scope and limitations of the Pair phase
of our approach could be evaluated. Originally, we planned a vast library that should be readily
available via predominantly Lewis acid-mediated sequences (formation of oxonium) that could

lead in short and efficient manner to several interesting structures and skeletons (Scheme 23).

0,

\(Q\/S\is‘@? @_/SOZBT

2-2 2-22

1
\ / MeO,C
o OH so,8T
o

2-26
PM-3 oTBS
< 1-3 steps 2-23
O,

(o)

SO,BT S0,BT
CO,Me
o
o
OTBS
2-25 2-24

Scheme 23. A brief overview of planned substructures that would be readily available from PM-3-type molecules.

However, it was soon showed that our approach is not as great as we envisaged and

that it faces to severe limitations.
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34.1

The use of PM-3a in Pair phase

Our first efforts connected with the PM-3a molecule started with the well-known Lewis

acid catalyzed oxonium 2-19 formation. Generated oxonium cation then should react in situ with

nucleophiles as EtsSiH or allyltrimethylsilane, that were also present in the reaction mixture

(Table 4). Unfortunately, under all tested reaction conditions, only starting material was

recuperated unchanged after the reaction.

Table 4. Attempted transformations of PM-3a under the Lewis acid conditions.

BTSO, B ]
BTSO, BTSO,
OH
o) Lewis acid SC) Nucleophile Nu
RN o) 5
; %, 2-27 = Et;SiH /
TBSO / .28 = R A
—_— 2-28 = Alyll-TMS TBSO/
PM-3a 2-19
2-27 Nu=H
L — 2-28 Nu = Allyl
Acid Nucleophile Expected
Entry Conditions Observation@
(equiv) (equiv) product
BFs-Et,0 Allyl-TMS
1 -78°C, 2h 2-28 n.r
(1.2 equiv) (1.2 equiv)
BFs-Et,0 Allyl-TMS
2 -78°C, 2h 2-28 n.r
(1.5 equiv) (1.5 equiv)
3 BFs-Et,0 1,5 eq Allyl-TMS 1,5 eq -78°C, 3h 2-28 n.r
4 BF3-Et,0 1,5 eq Allyl-TMS 1,5 eq -78°C->RT, on 2-28 n.r
5 BFs-Et,0 1,5 eq Allyl-TMS 15 eq -78°C->0°C,3 h 2-28 n.r
6 BFs-Et,0 1,5 eq EtsSiH 1,5 eq -78°C->-20°C,3 h 2-27 n.r
7 BF3-Et,0 2 eq Allyl-TMS 1,5 eq -78°C->0°C,3 h 2-28 n.r
8 BF3-Et,0 2 eq Allyl-TMS 7 eq -78°C->-20°C,3 h 2-28 n.r
9 BFs-Et,0 2 eq Allyl-TMS 7 eq RT, on 2-28 n.r
10 TMSOTf 1,5 eq Allyl-TMS 5 eq -78°C->-20°C, 2 h 2-28 n.r
11 TMSOTf 2 eq EtsSiH 1,5 eq -78°C->RT, on 2-27 n.r
12 TMSOTf 2 eq EtsSiH 1,5 eq -RT, on 2-27 n.r
13 TMSOTf 3 eq EtsSiH 1,5 eq -78°C,3 h 2-27 n.r
14 Et2AICI 2eq EtsSiH 1,5 eq -78°C->0°C, 2 h 2-27 n.r
15 Sc(OTf)s 2eq EtsSiH 1,5 eq -78°C->0°C, 2 h 227 n.r

a) based on the H NMR spectra of the crude reaction mixture. Starting material recuperated unchanged.

Since all our efforts were unsuccessful, it was envisaged that the homoacetal form is

presumably too stable. Therefore we suggested that may be under the basic conditions the

deprotection of alcohol will lead to the formation of the hemiacetal anion, that can further
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undergo to the Smiles rearrangement (as in the case of Julia-Kocienski olefination reaction) and
yield the corresponding exo-enolether 2-29 (Table 5).

Since we were aware that the presence of strong base as K or LIHMDS has no effect on
the structure (Table 3), DBU as non-nucleophilic but strong thermodynamic base was tested.
Unfortunately, also in this case no product formation was observed. Only a traces of the PM-3a

were detected in *H NMR spectra along a massive amount of secondary/side products.

Table 5. Attempted base-promoted elimination of the acetal PM-3a to the enolether 2-29.

BTSO,
OH
e
TBS0” DCM 880"
PM-3a 2-29
Entry Reagent (equiv) Conditions Result

1 DBU (2 equiv) -78°C->RT, 12 h Unidentifiable mixture
2 DBU (2 equiv) -78°C,1h Unidentifiable mixture

3.4.2 PM-3b molecule in Pair phase
Having in our hands some small amount of the desired PM-3b molecule, its
transformations were also attempted (Table 6). However similarly to the PM-3a, no reaction

was observed.

Table 6. Attempted transformations of the PM-3b molecule.

BTSO,
BTSO, BTSO,
OH
o) Lewis acid @ Nucleophile Nu
B o) o
Y 2-31 = Et3SiH
/ 2-32 = Alyl-TMS Y
PM-3b 2-30
2-31Nu=H
— — 2-32 Nu = Allyl
Expected
Entry Reagents Conditions Observation
product
BF3-Et,0 (2 equiv),
1 Et3SiH (2 equiv), -78°C->RT,12h 2-31 n.r
DCM
BF3-Et,0 (2 equiv),
2 Allyl-TMS (2 equiv), -78°C->RT, 12 h 2-32 n.r.

DCM
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TMSOTf (2 equiv),
3 Et3SiH (1.5 equiv), -78°C->RT, 12 h 2-31 n.r.
DCM

a) based on the H NMR spectra of the crude reaction mixture. Starting material recuperated unchanged.
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4 Conclusions

The main goal of this Theses was to find a way to the PM-3a and b molecules and to
evaluate their suitability for the use in B/C/P sequence of chemical library constitution.

To do so, two key building blocks required for the Coupling step — sulfone 2-3 and its
partners lactones 2-1 (three step scalable synthesis) and 2-4 (three step synthesis with 15%
overall yield) — were prepared, and the Coupling step was performed. Unfortunately, it was
showed that the Coupling step is working in case of lactone 2-1 (80% yield) but was problematic
in case of lactone 2-4 (only 20% yield). The product of the later transformation, PM-3b, proved
to be highly unstable on silica gel and therefore difficult to prepare in pure form.

Nevertheless, having PM-3a (substantial amount) and PM-3b (only small quantity) in
our hands, the desired Pair step of the sequence could be performed. Unfortunately, in this case
it was observed that the key intermediates PM-3a and b completely resists to any of our
attempts for their transformation into the desired products. This failure was and is obviously an
important drawback of our approach that attempted short and efficient synthesis of vast
chemical library inspired with THF motive. In another words, we have demonstrated that the
novel generation of pluripotent molecules, compounds PM-3a and PM-3b, are not suitable for
the exploration in the context of DOS and chemical library of small organic molecules

constitution.
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6 Experimental part

All reactions were performed in round-bottom flasks fitted with rubber septa using the
standard laboratory techniques. Reactions sensitive to air and/or moisture were performed
under a positive pressure of argon. Reactions run at elevated temperatures were carried out
using the metal thermal block and indicated temperatures refers to thermal block temperature.
Reactions run at low temperatures were carried out in dry ice-acetone cooling bath, indicated
temperatures refers to cooling bath temperature.

All starting materials were purchased from commercial suppliers and used without
further purification. Progress of reactions was monitored by thin-layer chromatography (TLC) -
aluminum plates pre-coated with silica gel (silica &' 60 F2s4). Visualization of TLC chromatograph
was done by a) basic solution of KMnO,, or in case of UV active compounds b) UV lamp with
wavelength A=256 nm. Column chromatography was performed on silica gel 60 (40-63 um) from
Merck.

'H NMR, and **C NMR spectra were measured on Jeol ECA400II (400 MHz, and 101 MHz,
respectively) or Jeol 500 ECA (500 and 126 MHz, respectively) in CDCls. Chemical shifts are
reported in ppm and their calibration was performed (a) in case of 1H NMR experiments on
residual peak of non-deuterated solvent 6 (CHCI3) = 7.26 ppm and (b) in case of 13C NMR
experiments on the middle peak of the 13C signal in deuterated solvent & (CDCI3) = 77.2 ppm®™.

HRMS analyses were performed on Thermo Exactive Plus high-resolution mass
spectrometer with electrospray ionization (ESI) or atmospheric pressure chemical ionization
(APCIl) and Orbitrap analyzer operating at positive or negative full scan mode in the range of 60-

800 m/z.
6.1 (S)-5-(hydroxymethyl)dihydrofuran-2(3H)-one, lactone 2-10%°

0]

OH

To 1 L round-bottom two necked flask was placed L-glutamic acid (25.0 g, 0.170 mmol,
1 equiv) and it was suspended in H,O (300 ml) and suspension was cooled to 0°C. A solution of
2M ag. hydrochloric acid (102 mL, 0.204 mol, 1.20 equiv) was added in one portion and the
whole mixture become clear. A solution of sodium nitrite (14.1 g, 0.204 mol, 1.20 equiv) in H,0O

(300 mL) was added dropwise at 0°C over a period of 1 h (internal temperature should not
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overcome 4°C, and the reaction mixture was allowed to warm to RT and stirred for 16 hours.
The reaction mixture was concentrated in vacuo to a white paste, which was then extracted by
boiling ethyl acetate (300 mL). Anhydrous magnesium sulfate (15 g) was added to cold EtOAC
layer and the reaction mixture was stirred for additional 1 h, filtered, and concentrated under
reduced pressure to yield a clear yellow oil.

Borane-dimethyl sulfide complex (13.7 mL, 0.144 mol, 0.85 equiv) was added dropwise
to a solution of the crude oil in THF (250 mL) at O °C over a period of 1h. The resulting mixture
was allowed to warm to RT and stirred for additional 3h. Methanol (100 mL) was added
dropwise, and the resulting solvent mixture was evaporated under reduced pressure to yield a
yellow oil. The residue was purified by flash column chromatography (SiO,, EtOAc/petroleum
ether = 1:3), and the concentration of relevant fractions yielded the desired product as a yellow
oil (12.1 g, 60 %)

'H NMR (400 MHz, Chloroform-d) & (ppm): 4.72 — 4.54 (m, 1H), 3.87 (dd, J = 12.5, 2.9
Hz, 1H), 3.63 (dd, J = 12.5, 4.6 Hz, 1H), 2.71 — 2.44 (m, 2H), 2.32 — 2.03 (m, 2H). 3C NMR (101
MHz, Chloroform-d) & (ppm): 178.0, 81.0, 64.2, 28.8, 23.2; HRMS (APCl) m/z: [M-H]- calcd. for
CsH,0s3, 115,0401; found 115,0384

6.2 (S)-5-(((tert-butyldimethylsilyl)oxy)methyl)dihydrofuran-2(3H)-one,

Lactone 2-1°

Triethylamine (12.8 mL, 0.156 mol, 1.50 equiv) was added to a solution of (S)-5-
(hydroxymethyl)dihydrofuran-2(3H)-one (12.1 g, 0.104 mol, 1 equiv), tert-butyldimethylsilyl
chloride (17.3g, 0.115 mol, 1.1 equiv) and 4-dimethylaminopyridine (1.3 g, 10.4 mmol, 0.10
equiv) in methylene chloride (600 ml) at 0 °C and the reaction mixture was stirred at room
temperature for 16 hours. The reaction mixture was washed with water (2 x 150 mL) and a
saturated aqueous solution of sodium chloride (150 mL), dried over magnesium sulfate and
concentrated in vacuo to yield a clear colorless oil. The crude oil was purified by flash column
chromatography (SiO,, EtOAc/hexane = 1:7) and the concentration of relevant fractions yielded
the desired product as colorless liquid (30.5 g, 93 %)

'H NMR (400 MHz, Chloroform-d) & (ppm): 4.57 (ddt, J = 8.2, 5.1, 3.2 Hz, 1H), 3.85 (dd,
J=11.3, 3.3 Hz, 1H), 3.68 (dd, /= 11.3, 3.1 Hz, 1H), 2.67 — 2.38 (m, 2H), 2.35—-2.08 (m, 2H), 0.88
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(s, 9H), 0.06 (s, 4H), 0.06 (s, 3H); 3C NMR (101 MHz, Chloroform-d) 6 (ppm): 177.7, 80.2, 65.1,
28.7, 25.9, 25.7, 23.7, 18.4, -3.5, -5.3, -5.4; HRMS (APCl) m/z: [M+H]+ calcd. for C11H2,03Si,
231.1411; found 231.1401

6.3 Methyl 4-hydroxybutanoate, 2-11

0]

HO\/\)J\O/

A solution of y-butyrolactone (7 g, 81.3 mmol, 1 equiv) and triethylamine (22.6, 163
mmol, 2 equiv) was stirred in methanol (800 mL) and water (8 mL) mixture. The whole mixture
was heated to 64°C and stirred for 16 h. The reaction mixture was then cooled to RT and the
residue was concentrated in vacuo to yield a clear yellowish oil (9.5 g, 99 %).

'H NMR (400 MHz, Chloroform-d) & (ppm): 3.58 (s, 3H), 3.54 (t, J = 6.2 Hz, 2H), 2.33 (p,
J=7.3 Hz, 2H), 1.76 (tt, J = 7.3, 6.2 Hz, 2H); *C NMR (101 MHz, Chloroform-d) & (ppm): 174.5,
61.5, 51.6, 30.6, 2.6; HRMS (APCI) m/z: [M-H,0]+ calcd. for CsH1103, 101,0597; found 101,0597

6.4 Methyl 4-oxobutanoate, 2-5%

o)

OWJ\O/

Pyridinium chlorochromate (5.47 g, 25.4 mmol, 1.5 equiv) was added to a solution of
methyl 4-hydroxybutanoate (2 g, 16.9 mmol, 1 equiv) and sodium acetate (0.34 g, 4.23 mmol,
0.25 equiv) in dichloromethane (150 mL) at O °C. The resulting slurry was stirred for 2 hours at
0°C, and then at RT for 16 h. The reaction mixture was diluted with tetrahydrofuran (300 mL),
and stirred for additional 15 minutes, filtered over a pad of Celite®, and the filtrate was
concentrated under reduced pressure to yield a brow oil. The residue was purified by flash
column chromatography (SiO», EtOAc/petroleum ether = 1:5) and the concentration of relevant
fractions yielded the desired product as a clear liquid (0.89 g, 45 %)

'H NMR (400 MHz, Chloroform-d) & (ppm): 9.80 (s, 1H), 3.68 (s, 3H), 2.78 (t, J = 6.5 Hz,
2H), 2.62 (t, J = 6.8 Hz, 2H); *3C NMR (101 MHz, Chloroform-d) & (ppm): 200.0, 172.8, 52.0, 38.6,
26.4
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6.5 5-vinyldihydrofuran-2(3H)-one, 2-4

AN

Vinyl magnesium bromide in tetrahydrofuran (6.2 mL, 6.2 mmol, 1.2 equiv; 1.0M

o)

solution in THF) was added dropwise to a solution of methyl 4-oxobutanoate (600 mg, 5.2 mmol,
1 equiv) in THF (50 mL) at -78°C over a period of 30 minutes. Next, the reaction mixture was
warmed to -40°C over a period of 2 hours, before it was quenched with addition of aq. sat. NH4Cl
(20 mL). The whole mixture was extracted with DCM (3 x 30 mL), and combined organic layers
were washed with brine (25 mL), dried over MgS04, and the solvents were evaporated under
reduced pressure. The residue was purified by flash column chromatography (SiO.,
EtOAc/petroleum ether = 1:8) and the concentration of relevant fractions yielded the desired
product as clear liquid (0.23 g, 40 %).

'H NMR (400 MHz, Chloroform-d) & (ppm): 5.88 (ddd, J = 17.1, 10.5, 6.0 Hz, 1H), 5.36
(dt,J=17.2, 1.2 Hz, 1H), 5.25 (dt, J = 10.5, 1.2 Hz, 1H), 5.05 — 4.88 (m, 1H), 2.58 — 2.50 (m, 2H),
2.49-2.30(m, 1H), 2.11-1.91 (m, 1H); **C NMR (101 MHz, Chloroform-d) & (ppm): 177.0, 135.7,
117.6, 80.6, 28.4, 28.4;

6.6 2-(methylsulfonyl)benzo[d]thiazole, 2-332

S,/
CLr s
N 0

A solution of H,0; (21.4 mL, 221 mmol, 4.0 equiv; 50% aqueous solution) was added
dropwise to a solution of 2-(methylthio)benzo[d]thiazole (5.0 g, 55.2 mmol, 1.0 equiv) and
Na;WO042H,0 (0,9 g, 5.51 mmol, 0.1 equiv) in EtOH (92 mL) at 0°C was added. The resulting
mixture was stirred at 0°C for 30 min, before the cooling bath was removed and the stirring
continued at rt for further 16h. Saturated aqueous Na,S;03 (50 mL) was added and resulting
layers were separated. The aqueous layer was extracted with EtOAc (3x100 mL) and the
combined organic layers were washed with brine (50 mL), dried over MgSQ,, filtered and
evaporated under reduced pressure. The desired product as obtained as a yellowish solid (5,8 g,

99 %) was used in the next step without any further purification.
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'H NMR (400 MHz, Chloroform-d) & (ppm): 8.21 (dd, J = 8.0, 1.7 Hz, 1H), 8.02 (dd, J =
8.3, 1.3 Hz, 1H), 7.69 — 7.54 (m, 2H), 3.42 (s, 3H); *C NMR (101 MHz, Chloroform-d) & (ppm):
166.6, 152.6, 136.8, 28.2, 127,9. 125.5, 122.5, 42.6; HRMS (ESI) m/z: [M+H]+ calcd. for
CsHsNO,S;, 213.9991; found 213.9991.

6.7 (55)-2-((benzo[d]thiazol-2-ylsulfonyl)methyl)-5-(((tert-

butyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-ol, PM-3a

A solution of lithium bis(trimethylsilyl)amide in THF (1.9 mL, 1.91 mmol, 2.2 equiv; 1.0
M sol in THF) was added to a solution of 2-(methylthio)benzo[d]thiazole (204 mg, 0.96 mmol,
1.1 equiv) in dry THF (10 mL) at -78°C. Resulting mixture was stirred for 1 minute prior a cold
solution of (S)-5-(((tert-butyldimethylsilyl)oxy)methyl)dihydrofuran-2(3H)-one (200 mg, 0.86
mmol, 1 equiv) in dry THF (1 mL) was added. Reaction mixture was stirred at -78°C for 2 hours,
before aqueous solution of NH4CI (5 mL) was added and the whole mixture was extracted with
DCM (3 x 10 mL). Combined organic layers were washed with brine (25 mL), dried over MgSQ,,
and the solvents were evaporated under reduced pressure. The residue was purified by flash
column chromatography (SiO,, hexane:EtOAc = 20:1->12:1) and the concentration of relevant

fractions yielded the desired product as yellowish oil (30 mg, 8 %)

Product trans-PM-3a
(2S,55)-2-((benzo[d]thiazol-2-ylsulfonyl)methyl)-5-(((tert-butyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-ol

N
e WY
el \
Om OTBS

1H NMR (400 MHz, Chloroform-d), 6 (ppm) 8.17 (ddd, J =8.2, 1.4, 0.7 Hz, 1H), 7.97 (ddd,
1=7.9,1.4,0.7 Hz, 1H), 7.50 = 7.62 (m, 2H), 5.90 (t, J = 1.7 Hz, 1H), 4.65 (ddt, J = 7.7, 6.0, 3.5 Hz,
1H), 3.82 (dd, J = 11.5, 3.3 Hz, 1H), 3.67 (dd, J = 11.5, 3.6 Hz, 1H), 3.40 —3.53 (m, 1H), 3.31 (dddd,
J=18.5,9.8, 6.8, 1.7 Hz, 1H), 2.16 — 2.25 (m, 1H), 2.05 — 2.15 (m, 1H), 1.13 — 1.37 (m, 2H), 0.80

51



(s, 9H), 0.03 (s, 3H), -0.02 (s, 3H); 13C NMR (101 MHz, Chloroform-d) & (ppm) = 179.4, 153.1,
136.9, 127.6, 127.4, 125.5,122.4, 96.7, 86.4, 64.6, 30.9, 29.9, 25.9, 24.9, 18.4, 5.3,

Side product
2-(benzo[d]thiazol-2-yloxy)-3-((tert-butyldimethylsilyl)oxy)propan-1-ol, 2-20

Crs
N/*Joj
HO OTBS
'H NMR (400 MHz, Chloroform-d) 6 (ppm): 8.00 (ddd, J = 8.2, 1.3, 0.7 Hz, 1H), 7.92 (ddd,
J=8.0,1.4,0.7 Hz, 1H), 7.49 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.41 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H),

5.02 (ddt, /=7.8, 5.2, 2.5 Hz, 1H), 4.12 (dd, J = 11.6, 2.6 Hz, 1H), 3.81 (dd, J = 11.7, 2.5 Hz, 1H),
3.32(dd, J =13.8, 7.8 Hz, 1H), 2.64 (dd, J = 13.8, 5.3 Hz, 1H), 0.95 (s, 9H), 0.17 (s, 6H);
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Appendix

7

2-10, (S)-5-(hydroxymethyl)dihydrofuran-2(3H)-one, *H and **C NMR spectrum
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2-1, (S)-5-(((tert-butyldimethylsilyl)oxy)methyl)dihydrofuran-2(3H)-one, *H and 3*C NMR

spectrum
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2-11, Methyl 4-hydroxybutanoate, 'H and 3C NMR spectrum
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2-5, Methyl 4-oxobutanoate, *H and 3C NMR spectrum
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2-4, 5-vinyldihydrofuran-2(3H)-one, *H and *C NMR spectrum
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2-3, 2-(methylsulfonyl)benzo[d]thiazole, *H and 3C NMR spectrum

PN ERRE 02808853308 3838%] g
PWS 6 B BB BB BB ONNNNNNNNNNNNNN o
il el ———— ) D N |
S —
s Cl
\5/ 9\ /11“3
AR
Q13
[ J o~ N
7 12
YW ]
e o -
RSN I
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
JP-MCM-01-BTSO2ME © © ©Q N o0 n ©
single pulse decoupled gated NOE 8 o AR o
— - o <
| I N I
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10  -20

f1 (ppm)

F20

19

18

F17

r16

15

F14

F13

F12

F11

F10

r0.24
F0.23
r0.22
F0.21
r0.20
F0.19
r0.18
F0.17
r0.16
r0.15
F0.14
r0.13
F0.12
r0.11
F0.10
r0.09
+0.08
r0.07
0.06
r0.05
r0.04
r0.03
r0.02
F0.01
r0.00
F-0.01
r-0.02

~-0.03

58



trans-PM-3a, (5S)-2-((benzo[d]thiazol-2-ylsulfonyl)methyl)-5-(((tert-
butyldimethylsilyl)oxy)methyl)tetrahydrofuran-2-ol
'H and 3C NMR spectrum
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2-20, 2-(benzo[d]thiazol-2-yloxy)-3-((tert-butyldimethylsilyl)oxy)propan-1-ol, *H NMR

spectrum
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