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2Introduction

1. Introduction

In past chemists have describe the structure of organic molecules in terms of the

number and types of atoms they contain and the sequence and nature of bonding

between these atoms. It was soon realized that two molecules could contain the

same atoms linked in a different sequence and such pairs of molecules are described

as constitutional isomers. Somewhat later, it became clear that even when molecules

contain the same atoms and bonds, it was still possible for isomers to exist.

Variations in the spatial arrangement around an atom or other center can lead to

stereoisomers. Over the years many special forms of isomerism have been identified

as the range of molecules prepared has become more complex, but almost all are

variants upon one of these fundamental types. The first molecule whose structure

could not be absolutely described by considering these factor was reported by

Wasserman in I960’. They synthesized a molecule consisting of two interlocked

rings. The two rings in the linked catenane structure did not differ in any way from the

unlinked macrocycles in terms of atoms or bonds they contained, yet clearly the two

systems were chemically distinct. It was to describe this difference, the term

topological isomerism was introduced. The two structure were said to be topological

isomers. The topological isomerism not only exist in catenane but in other systems

like rotaxane and knots as well. These interlocked molecules (catenane, rotaxane,

knots) not only contributed towards the development of supramolecular chemistry but

had also attracted great attention of chemists due to not only their aesthetic appeal

but also their potential applications as for instance molecular machines or switches2.

First we will briefly define these molecules.

1.1 Rotaxanes (from Latin word rota: wheel, axis: axle Figure 1.1)

are constituted of a linear, dumbbell shaped molecular components encircled by one

or more macrocyclic component. Bulky groups (called stopper) attached to both ends

of the dumbbell shaped molecule avoid dethreading by trapping mechanically the

macrocyclic component.

2
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Figure 1.1 computer model for rotaxane taken from

Rodger’s webside on his permission.

1.2 Pseudorotaxane (Pseudo: false, rota: wheel, axis: axle Figure 1.2)

is a supramolecular system composed of a threadlike species inserted through the

cavity of a macrocycle. Since there are no stoppers at the ends of the thread,

dissociation of the complex can occur, and the pseudorotaxane is equilibrated with

the free molecular component.

J
(

t

Figure 1.2 computer model of a pseudorotaxane taken from Rodger

1.3 Catenaries (from the Latin word catena: chain. Figure 1.3)

3
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are molecular systems constituted of interlocked rings. They possess non planar

graphs i e.; any projection of a catenane on a plane will necessarily contain crossing

points. Catenanes are mechanically interlocked, and when examined closely, look

like two donuts linked to each other. They are considered a new material primarily

because their macrocycles are capable of circumrotating one another, much like the

rings of a macroscopic chain, which we will discuss later in detail.

Figure 1.3 Rodger computer model of a [2]catenane

These topological species are not only attractive for chemists but nature also like

them as reflected by the common availability of these in nature (i.e.; DNA, protein).

First DNA catenanes were discovered in the mitochondria of human cells in 1967 by

Vinograd3 who used an electron microscope to image DNA. Later on with the

development of surface tunneling microscopy the DNA catenane was very much

clearly imaged4 (Figure 1.4). This supported the idea of Vinograd.

Figure 1.4. AFM images of catenated DNA (a "catenane1’)

that was visualized as a RecA protein-coated complex.

(Taken from Stephen Kowalczykowski Website)
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In the beginning DNA catenane was nothing more than curiosity, but it quickly

became apparent that these structures had important implication for the biological

function of DNA for example if the formation of catenane in DNA is inhibited then the

cell will die which will be discuss in the following paragraph. But if the parent and

daughter molecules are interlocked (which is a case in catenane) then how the

replication (characteristic of DNA) processes can proceed. To solve this problem,

nature has a class of enzymes called topoisomerases that are capable of effecting

the required topological transformation upon DNA5 Most probable mechanism of

action of topoisomerase is that first breaking of one strand of DNA occurs and then

another strand passes through the gaps which is then followed by a resealing

process6. Given this variety of functions for topoisomerase, it is not surprising that

they are vitally important within the cell. In fact all cells contain such enzymes and if

their function is inhibited the cell dies7. This has made these enzymes attractive drug

targets and a number of antibacterial drugs have been shown to target bacterial

topoisomerase inhibiting the formation of catenanes in DNA. Besides this

circularization of oligodeoxynucleotide probes (cODN tags) that target single

stranded DNA has been shown to be effective for detection of centromeric repeats in

human chromosomes8. The cODN tag was introduced at a specific position in the

double stranded DNA in the group of Frank-Kamenetskii9, which led to the formation

of topological objects like catenanes (Figure 1.5 b). The strategy, which they used, is

the following. First duplex DNA was opened at two closely positioned sites using a

pair of bis-PNAs (Figure 1.5.1a). The PNA “opener” thereby bound to one of the two

DNA strands leaving the opposite strand locally exposed and thus accessible for

hybridization with an ODN 1c. The ODN was designed in a way that its termini

adopted such positions on the surface of DNA, which is suitable for the hybridization.

After hybridization, the ODN is circularized by enzymatic ligation, which resulted in a

true topological link of the cODN with one of the two DNA strands as shown

schematically in figure 1.5.1d. The formation of the catenane due to new sequence-

specific supramolecular assembly mentioned above may be useful for highly

localized detection of specific sequences within genomes, and may also find

application in DNA nanotechnology.

5
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Figure 1.5 circulization of ODN showing topological linked structure.

Besides this the bacteriophage HK 97 capsid10 was found to be composed of a

network of interlocking protein subunits, connected through a side chain isopeptide

bond.

Liang and Mislow made the first claim of a knotted protein structure in 1994 following

a search of crystallographic structures in the Brook Haven protein data bank11. They

claimed that a number of proteins exhibited knotted substructures, but a topologically

significant connectivity could only be found if metal histidine interactions and disulfide

bonds were used to link various points on the polypeptide chain. In 1996

Takusagawa reported that the structure of (S)-adenosylmethionine synthetase

contained an open knot12 A handsome knotted protein have also been reported13.

6
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Recently14 Yan et al have reported the design and synthesis of a protein with a

topologicaly linked backbone structure, (i.e; a protein[2]catenane). They started the

synthesis bfproteWiÿcatenane from two folded polypeptide strands (Figure 1.6) The

structure of the two folded polypeptides was described as "dimer;of dimer" in which

the repeated dimer unit consists of two antiparallel p-strands and two antiparallel a-

helices. The N and C termini of each

G£Q
Figure 1.6 Synthetic strategy for the formation of a protein catenane14

folded peptide were joined together by thioester exchange followed by a rapid S to N

acyl shift which afforded the protein [2]catenane.

Interlocked systems are not only contributed to biological systems but also to

physical systems. For many years, scientists have been interested in imitating the

motion of the human muscle. Recently, technological breakthroughs in the field of

catenanes have allowed scientists to discover a way to take materials (wheels) that

have existed since the beginning of life on earth to manufacture a practical device.

By simply utilizing previous knowledge about catenane molecules, molecular

components that humans have known about for ages Stoaddart and his group have

been able to create an electrochemically driven molecular switch15. This electricity

driven device mimics the movement of the human muscle, and once perfected, will

have many practical applications. They used a [2]catenane molecule consisting of a

tetracationic cyclophane, that incorporates two pyridinium units, interlocked with

crown ether containing a tetrathiafulvalene (TTF) unit and a 1,5-dioxynaphthalene

located on opposite sides with crown ether ring as shown in figure 1.7. The voltage

driven circumrotation of co-conformer [A°] to co-conformer [B+] is the basis of this

device. Co-conformer [A°] in figure 1.7 represents both the ground state of the

[2]catenane and switch open state of the device. When the [2]catenane is oxidized by

7
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applying a bias of -2V the TTF group gets ionized and experiences a Coulomb

repulsion through tetracationic cyclophane resulting in the circumrotation of the ring

and formation of conformer [B+]. When the voltage is reduced to a near zero bias, the

co-conformer [B°] is formed and this represents the “switch closed" state of the

device. Partial reduction of the cyclophane at an bias of +2V was used to regenerate

co-conformer [A°], In the scheme for simplicity -2e reduction step is shown but they

didn't measure the actual number of electrons. Therefore the reduced co-conformer

[AB*] is indicated with unknown oxidtion state

A o 6 i' o b i

. Q o ..
'Co-conformer' [B*]’Co-conformer' [A0]

[A*]B

' mr
/1 \ [B°]o

m1

•t-v
CTi

I --_-CU-
[AB*]

®|-1

Figure 1.7 [2]catenane as electronically reconfigurable Switch

(taken from the web page of Stoddart)

One of the most important properties of the molecules is movement. Molecules are

constantly colliding with each other, consequently, producing a jittering movement

known as the Brownian motion. These random movements of molecules can be

manipulated and utilized to produce a direct motion by using a ratchet, a device that

is able to move one way but not in the opposite way. One can analogized a ratchet

with a bicycle which moves forward when the pedals are pushed forward, but goes

nowhere when the pedals are pushed backwards.

8
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Catenane molecules also perform movements like all other molecules but one kind of

movement which is specific to these molecules is the intramolecular movement of the

sub units (rings) i.e. rotational. Due to this property these molecules can act as

quantum ratchets when operated in certain ways. As the molecules collide with each

other, forces are applied in all directions, however the molecules will have a tendency

to move towards the path where there is less resistance as shown in figure 1.8. This

shuttle effect has been studied in catenane molecules recently in the group of

Sauvage and Stoddart.

Path of Molecule

i/vb A/|<r'
s—
\

Lea?IResistance * m* y
f-Maa

Figure 1.8 showing the principle of ratchet.

This new discovery has been coind nanotechnolgy. Many theorize that in the future,

this microscopic world will conquer the macroscopic one we live in. As Astumain said

“we may have micron size factories assembling nanometer size parts for motors to

perform microscopic surgery; pumps to rid off unwanted waste products; and

transistors for molecular computers to control these and other processes” Much

attention is paid since last decade to catenanes to use these as micromachine but as

it is stated above that relatively large freedom for motion of their sub units is the most

important features of these molecules and which will play a very important role in

future. Our group realized this cry of the future and synthesized a catenane16 in which

the two subunits freely rotate and translate without affecting each other. The

important feature of our molecules is the large ring diameter due to which the two

subunits are not interacting with each other so if motion is induced in these molecules

from external stimuli these will rotate and translate with much greater speed than

9
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previously reported systems which makes these molecules of supreme interest for

nanotechnology. Additionally these molecules are having very rich n electronic

systems, which is very sensitive towards response of light. According to our

experience when we stored these molecules for longer time in light these change its

color which means that light is affecting the 71-system. If another 7t-system is brought

near to these molecules directed movement could be induced due to n~n stacking

interaction. Beside this electron deficient metal ions can also be used for directed

movement. Although at the moment these are supreme kind of idealistic hypothesis

in the eyes of my teacher but no one knows that the roller on which we are rolling

today what will have tomorrow on the other side.

10
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1.4 Approaches towards catenane synthesis:

As it is stated that the disruption of catenanes require the breaking of one or more

covalent bonds so does the preparation of catenanes rely on the formation of

covalent bonds. To obtain a catenane one ring must be closed in the presence of

another. This method is widely used. In an alternative synthetic approach to

catenane, both rings are formed in one pot. Only a few catenanes have been

synthesized by this approach17. Now various approaches for the synthesis of

catenanes have been classified on the basis of the driving forces, which are

necessary for the formation of these molecules.

1.4.1 Statistical threading

In the statistical threading method a linear component is threaded into the cyclic

component statistically. Then the terminal groups of the linear component are

cyclized yielding a [2]catenane (Scheme 1.1). The threading of a linear molecule into

a macrocycle is purely based on coincidence. No specific interactions are involved to

prepare catenanes through this method. Because the threading of the macrocycle is

entropically unfavourable, very low yield was obtained through this method (i.e. 1-

3%).

Y Y

)

Y
Y

b da c

Scheme 1.1 Statistical laws dictate arrangement

n
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The first catenane was prepared in 1961 by Wasserman1 through statistical threading

method. Wasserman estimated that for a simple cycloalkane a ring of at least C20

would be required before another alkane chain could thread through it. The larger the

ring the easier the threading. His system was consisting of a 34-membered ring. His

early terminology was to denote this as 34,34-catenane. Although later, with the

advent of multiring system such compound came to be called simply [2]catenane.

The number in the square brackets denotes the number of interlocked rings.

Wassermann selected 34-membered diester 4, which was subjected to

(a) o~qoaB

COjB

N*. Xylene _ (H Zn,DC

4 2 3

iO
COaB

(CHatar

COjB Ni.Xylene

(HJC)SJ3
rOH +2 + 3

4
1

(b)
?O*HHjOj,OH' (CH,)* + 31
C02H

Scheme 1.2 Wassermann’s synthesis of the first [2]catenane

acyloin condensation followed by Clemensen reduction in DCI to give the deuterium

labeled cyclic hydrocarbon 3. A further molecule of diester 4 was cyclised in the

presence of 3, which produced a mixture of products, containing through random

threading of 3 by 4 during the cyclisation some of catenane 1. The yield was very low

(less than 1%). Such low yields from so called statistical reactions are a

consequence of the very small amounts of pseudorotaxane present in the reaction

mixture.

Wassermann’s proof of structure consisted of chromatography of the crude product

on silica. Pentane was used to elute the nonpolar cyclic hydrocarbon while the more

polar acyloin functionality remained on the silica. When the product remaining on the

column was eluted, it was shown by IR spectroscopy to contain deuterium, which

was an evidence for the mechanical linking of the deuterated hydrocarbon and

acyloin ring. Further evidence came from oxidative cleavage of the acyloin

12
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functionality in the product followed by chromatography. Now after eluting with

pentane, the product remaining on the silica was shown to contain no deuterium. This

was attributed to cleavage of the catenane as shown in the scheme 1.2.

The work of Zilkha and Agam in the mid 1970s saw the only real improvement in the

yields of catenanes by statistical method18 (Scheme 1.3). They mixed the macrocycle

and linear molecule under high concentrated conditions and prevented the

dethreading of the linear molecule (i.e.; PEG) by the introduction of a bulky group (i.e.

a stopper) at both ends of the linear molecule to form a rotaxane which was later on

cyclized under high dilution. They got overall 3% yield of the catenane molecule.

A
Sr

KjCO,

I**

taw
ZnKXDMF

14*

'm

1(CH|CH|0)t

8
wi"

Scheme 1.3 Zilkha s and Agam s method for the synthesis of a catenane.

1.4.2 Mobius strips idea for synthesis of catenane

One can also include this idea for the synthesis of catenane molecule into the

category of statistical threading. Mobius strip is a topological object possessing only

one surface, prepared by cutting a band, introducing a twist and sealing the ends

together. This idea was first presented by Wassermann in 1961 for the synthesis of

molecular knots but much work on this area is carried out by Walba who synthesized

a number of molecular strips such as 9 based on tetra(hydroxymethyl)ethene

(THYME)polyether (Scheme 1.4). Cyclisation of 9 yielded two products identified as

the cylinder 10 and the single half twist Mobius strip 11. Until now Walba has been

able to introduce half twist in the cylindrical shaped molecule. He demonstrated that

cutting of the strip can be achieved in chemical sense via ozonolysis of the double

13
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bonds19. The cylinder 10 gave two cycles 12 of triketone while the half twist Mobius

strip 11 gave hexaketone macrocycle 13. So far the double half twist which is

required for the synthesis of a catenane has not been achieved. It seems that the

chance of so many twists occurring during the cyclisation reaction is low.

©ÿ©©
« 11 u

N*1

VOL
1**M

1X2

Scheme 1.4 Walba Mobius strip topologies

Although these methods produced interesting and novel molecules it was clear that

both the yields and the topological complexity of the systems produced were always

going to be severely limited by the statistical approach. A radically different synthetic

strategy was required for useful preparative routes to topologically complex systems,

and template methodology provided the answer.

1.4.3 Directed approach for the synthesis of catenanes

When Watson and Crick elucidated the structure of DNA double helix in 1953 it was

soon realized that for DNA replication, one strand acted as a template for the

formation of the new DNA strand19. Since that time chemists have developed many

systems whose synthesis depends on template effect and this approach provide a

key for the preparation of many catenanes. Busch’s define template as “a chemical

template organizes an assembly of atoms with respect to one or more geometric loci

in order to achieve a particular linking of atoms21. In this method first a ring is

prepared which is then threaded by linear molecule. A chemical template is used for

14
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the threading of a linear molecule, which is also called auxiliary linkage. The auxiliary

linkage can hold the ring in two ways. In first case the linear molecule is holding by

template in such a manner while it is threaded (h). In second case the linear

molecule is not threaded into the cycle (e). In the first case cyclization and then

removal of auxiliary linkage leads to the formation of a [2]catenane while in second

case the two rings are formed (g). There are many different kinds of templates, which

will be discussed below in detail.

utivilutiA linkup

/Y

/

e f g
YY

(
Y

Y
ba

0 @D Go
Y h i

Scheme 1.5. Directed synthesis of catenanes.

1.4.3.1 Hydrogen bonding as template for the synthesis of

catenanes

Hunter reported22 the first example of a catenane templated by hydrogen bonding in

1992. High dilution macrocyclization of 39 membered hydrocarbon and isophthaloyl

dichloride gave not only the expected macrocycle in 51% but also the [2]catenane in

34% yield. Vogtle has described a number of related catenanes23. Leigh also

reported the synthesis of a catenane templated by hydrogen bonding, which is

formed in a remarkable 20% yield from eight separate component in one pot17

15
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Scheme 1.6 Leigh’s synthesis of a catenane templated by hydrogen bonding.

1.4.3.2 Donor acceptor interactions

Catenanes presenting donor acceptor interactions have been studied extensively by

the group of Stoddart25.

Their work is mainly based on the combination of n-electron deficient bipyridinium

and rich hydroquinone moieties. The observation it was possible to obtain

inclusion complexes of rc-electron deficient guests in a Ti-electron rich cavity and vice

versa, suggested that a combination of these two complexes within one molecular

assembly should be feasible and has led to the synthesis of the [2]catenane. Many

other groups have adopted the approach of Stodart for synthesis of catenane26.

16
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Scheme 1.7 Stoddart’s synthesis of a catenane via donor acceptor interaction.

1.4.3.3 Transition metal coodination

Among strong type of interactions, which are used in the synthesis of catenanes, is

the metal coordination by organic ligands. For example Cu+ ions as coordinate

tetrahedrally by the nitrogen atoms of two phenanthroline moieties. The group of

Sauvage has performed the synthesis and studies of catenanes based on this

interaction since 198327. Due to the strength of the involved interactions, high yields

upto 92% can be obtained in the preparation of this kind of catenanes28. After the

interlocked molecule has been synthesized it can be demettalated and leave the two

interlocked parts free to move relative to each other. Sauvage has extended this

strategy to synthesize chiral catenane29. A large number of different catenane have

now been reported using the Sauvage copper-phenanthroline template strategy30.

17
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Cr0H

Ha

'OH

N
Cu'

110 —
'OH

(cu ) 'OH

-OH
HO--

UCHÿCHaOJ/CSjCO,

°"-

1_I>C°
p—

|*CN

cu%r J

Scheme 1.8. Savage’s synthesis of a catenane templated by Cu-
phenanthroline complex.

Sauvage extended his methodology to synthesize a [3]catenane from

pseudorotaxane (Scheme 1.9). He identified higher oligomers up to a [7]catenane in

mass spectra of the reaction's byproducts.

at [ntmum+Mjmi

Scheme 1.9. Savage’s synthesis of a [3]catenane.
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1.4.3.4 Molecular lock Method

-1 **
BNO3*

:M:N 2*0*H2

s

t *.M:
M = Pd

M = Pt

H2N ‘NHa

Scheme 1.10 Molecular lock system of Fujita

The poineer of this method is Fujita. This system is having some what similarity to the

system of Sauvage. The catenane of Fujita represent one of the few examples in

which metal ions are incorporated into the cycic component of the catenane31. In the

palladium system the catenane is in equlibrium with the free macrocycle, so the

amount of catenane present is depend on concentration. At high concentration the

equilibrium is shifted almost all towards the side of the catenane. For the less

kinetically labile platinum system, the free macrocycles are stable at room

temperature and do not equilibrate with the corresponding catenane. However upon

heating in highly polar media catenane can be formed. Cooling to room temperature

traps the macrocycles in the catenane structure and this has led Fujita to describe

this system as a molecular lock.

1.4.3.5 Covalent bond as the template

Four years after the synthesis of the first catenane by Wassermann, Schill and

Liittringhaus published the first covalent templated catenane synthesis32-

19
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They used a covalently attached template to ensure that the two rings produced were

interlocked. The key intermediate in their lengthy synthesis is amine dichloride

containing molecule (Scheme 1.11). Cyclization via alkylation of the amine group is

constrained by the tetrahedral geometry of the acetal carbon to give only the

catenane precursor. The veratrole core of the molecule, templates the cyclisation

o

K,CT*.i

""SSE-5®- 0T)
Scheme 1.11 Schill’s covalent bond templated catenane synthesis.

to give the required topology. Acetal hydrolysis and cleavage of aryl nitrogen bond

gave catenane molecule. This methodology has been extended to the synthesis of

[3] catenane.

Thirty five years later after the synthesis of first templated catenane by Schill and

Luttringhaus our group (group of A.Godt) published a highly functionalized

[2]catenane in which diphenyl carbonate was used as a covalent template16.

Although in terms of linkage our method have somewhat similarity with the method of

Schill but it is well established fact that suitable organization of the building blocks

prior to ring formation increases the yield of mechanical linked rings at the expense of

unentwined rings. Such a preferred geometrical organization in the templated

directed method of Schill is missing which will have the consequences if he increases

the chain length the yield of cyclization will be decreases. On the other hand we used

diphenyl carbonate as covalent template for the directed synthesis of catenane

molecule. Diphenyl carbonate substituents like phenyl in the 2,6 and 2',6' positions

adopt a conformation, in which the substitutents point towards the corners of

distorted tetrahedron. X-ray structure analysis reveals that carbonate sit in the middle

of a tetrahedron and the two angular phenolic building blocks are intersecting each

20
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other with an angle of 51-70°, which appears ideal for the directed synthesis of a

catenane34. The same kind of approach was adopted by Sauvage and Dietrich-

Buchecker who achieved a similar preorganization of the building blocks of catenane

by Cu-phenanthroline complex formation which has been discussed earlier. We have

chosen cyclic compound 15 and the ring precursor 14 as starting material for

threading (Scheme 1.12). These consist of an ethyl 4-hydroxy benzoate, which

carries tolane moieties in the 3 and 5 position. Long flexible chains are attached to

the tolane units through ether bonds. The terminal acetylene units are to be used for

ring closing by means of oxidative dimerization. The ester functionality will open a

window for other reactions. As this has already been discussed that the most

important feature of the catenane molecule is the relatively large freedom for motion

of its subunits. Our interest lies in gaining deeper understanding of how this mobility

in the catenane moiety will affect material properties (i.e.; rheology, elasticity etc.) if

for example [2]catenanes are units of a polymer chain. Our second interest for the

synthesis of catenane was that if we grow two dimensional array of these molecules

on a surface in such a way that one unit is fixed and the other unit is still free for

motion then what will be the affect of external stimulus whether directed movements

can be induced or not. For such kinds of studies our molecules appears to be ideal

because due to the large inner diameter of the ring, the two interlocked rings are not

interacting with each other and are performing free movements. To address the

above questions some more chemistry was required to be done with catenanes.

Literature24 and some of our studies (discussed later) showed that aromatic

carboxylic acid directly attached to the a ring (Scheme 1.12) is fairly less reactive

than the corresponding aliphatic carboxylic acid attached to the a ring via a spacer

(Scheme 3.21), To find out answer for all the concerning questions a catenane was

required that contain more reactive aliphatic carboxylic acid groups, which will be

discussed in chapter 3. So spacered acid compound 54 was chosen as starting

material for the synthesis of target catenane 84. Moreover we had synthesized four

AA type of monomer2415, so there was also great need of a BB type monomer to

expand the applicability of these molecules and open new windows for reactivities

with these molecules. So the BB type of monomer 70 was synthesized having two

aliphatic hydroxyl groups on each side of the rings. This diol catenane provide a

route to polyurethane besides polyester. It is well understood that stoechiometry

always plays a very important role in polycondensation reactions and in most cases
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high molecular weight of polymer cannot be obtained due to stoechiometric

imbalance. In order to solve this problem we extended our strategy for the catenane

synthesis and synthesize AB type monomer i.e. a catenane having a hydroxyl group

on one ring and a carboxylic acid group on the other ring. This catenane appears to

be an ideal species for the synthesis of a poly[2]catenane.

Standard conditions for carbonate formation in our group are the treatment of

chloroformate with phenol in the presence of NaH. As starting material 54 for the

synthesis of diester catenane 84 contain active methylene carbon so deprotonation

of this active methylene carbon was expected under so much strong basic conditions,

which could cause side reactions. Mild reaction conditions were required for

carbonate formation of these molecules. A detail study in this respect was carried out

and it was discover that carbonate can be formed from chloroformate and phenol in

the presence of DMAP in THF which has been discussed in chapter 2. It will be

discussed in third chapter that for the synthesis of diol catenane 70 protection of

aliphatic hydroxyl group was required in the beginning of the synthesis so in the

quest of suitable reaction conditions for the selective protection of aliphatic hydroxyl

group in the presence of phenolic hydroxyl group 38 it was discovered that

Mitsunobu reaction can be used for selective acylation of aliphatic hydroxyl group in

the presence of phenolic hydroxyl group, a detail experimental study of Mitsunobu

reactions have been carried out which is discussed in chapter 4. As it is mentioned

earlier that one aim for the synthesis of [2]catenane molecules was to grow a two

dimensional ordered array of these molecules in such manner that one end of these

molecules is free and able to perform movement while the other end is fixed to the

surface. So an idea has been developed to make a thin film made of a mixture of thiol

terminated catenane and alkane thiol on gold surface. It was thought in such manner

it would be possible to manipulate the catenanes with the help of an AFM tip made of

gold. If one of the ends of dithiocatenane is attached to a gold surface and the other

to an AFM tip made of gold, the elasticity of the catenane can be measured. Besides

this some insight into the Van der Waals interactions between the two rings of

catenane can be obtained all these study has been discussed in chapter 5. A short

discussion about the giganto cycle, which is constitutional isomer of our catenane

molecules, has been carried out in chapter 6.

22



23Introduction

o tCH,);;,--
14(/ ys

x Jj
II

15 9 Xo (t %

HO-(\ />COJEX

0 X //X A

X 9
iio \

v 0

H-=H0-ÿ-|CH,),3—o

NaH.THF

0 (CH,);,

iRrH

B= COO~2 COC\£. .Pr.NET
O—(CHJ)M

0 X

III=-CCHÿ-fO
'// <3

H

cK 0
1

IIO-ÿÿ-COÿlElOjC-u

II

i?X A c&%
H-=—<2>“ -:0

Q
O-iCHÿa

ICuCI, CuCl,. pytid*ie, pseudobigh drfution

~(Cty,,-O- -- o o--(CH,),r
(/ V 0 X

X A
II I

/' \\ c Ox // X AXA OO
III 1

° />CO7ETEfOjC-ÿ A~04

II II

0X A x 00 X /)ciu•I
\\_s--iCHj)71 rO

Q
///x

ii Mo x
X //

o-{CH,),,-- ----(CHj)„- O O-(CHJJJJ

1'Bii4NF, THF

O—(CH,)„-- O- (CHJJJJ

V X0 %

tfi » oc'//
X AX A

II///
ETOjC-Cv /VOH ETOJC-ÿ />-OHH t/// ll

X A

O00 0X A///

--
IIv X

O- O-(CHj),,

Scheme 1.12 synthesis of [2]catenane templated by diphenyl
carbonate.

23



Evaluation of carbonates 24

2.Synthetic strategies for carbonates formation.

The most important and crucial step in the synthesis of catenanes is the

threading of the ring precursor into the ring. The efficient preparation of

catenanes has enormously benefited from template directed approaches.

Different synthetic methods have been developed during the past decades,

for example transition metals have been used as templates to form

catenanes27, 28. The utilisation of n-n stacking and electrostatic interaction

involving aromatic 71 -donors and 71-acceptors has provided another efficient

route to catenanes25. Hydrogen bonding is also used as a template for the

synthesis of catenanes22, 23,
Our group has reported the carbonate linkage as

a covalent template for the synthesis of catenanes16. Diphenyl carbonate with

substituents like tolane in the 2, 6- and 2', 6-position adopt a conformation in

which the substituents point towards the corners of a tetrahedron34. The

carbonate group sits inside the distorted tetrahedron, and the planes of the

two angular halves of the carbonate cross each other. Such an arrangement

appears ideal for a directed synthesis of catenanes by using carbonate as a

covalent template.

Br Br

/// X
m m0

O-W-CO.Et

m
0

0 <rn
Br Br

Figure 2.1. X-ray structure of a representative model carbonate taken
from34.
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Previously our group prepared the carbonates starting from the chloroformate

of the ring 15 and the sodium salt of the ring precursor 14. The latter was

prepared through reaction of the ring precursor wih sodium hydride. As

sodium hydride is sufficiently basic to deprotonate the terminal alkyne

moieties, stoechiometric amounts of NaH have to be used to selectively

deprotonate the phenolic group. This is very difficult because of the large

difference in molar mass of ring precursor and NaH and because of the water

sensitivity of NaH. Handling of NaH is thus extremely demanding for

experimental skills. Therefore, there was a great desire to find a suitable base

that can be handled more easily. We decided to test N,N-dimethylamino

pyridine (DMAP). DMAP is neither air nor water sensitive. Before applying

DMAP for the carbonate formation between ring and ring precursor we

checked the reaction conditions on model compounds. These test reactions

will be discussed below.

2.1 Carbonate formation between OMe(18) and ‘OPr(16) Model

compounds

The chloroformate 17 of model compound 16 was prepared with the help of

phosgene and diisopropylethylamine in THF (Scheme 2.1). The chloroformate

formation was quantitative and the target compound 17 was obtained without

problems. Now chloroformate 17 was treated with phenol 18 in the presence

of DMAP in THF to form carbonate 19. The 1H NMR spectrum (Figure 2.2),

which was obtained after acidic workup of the reaction mixture, showed that a

carbonate had been formed. The signal assignment is based on the known 1H
NMR data of the carbonates 20 and 21 However, the reaction was

incomplete. The additional signals of smaller intensity are due to residual

compound 18. Evidence for residual 17 or the corresponding hydrolysis

product 16 was not found. The integration ratio of the signal at 3.83 ppm for

ArYOMe from residual 18 is well matching with the integration ratio of the

addditional signal for the a-protons at 7.98 ppm and thus excludes that a

substantial part of the intensity of the signal at 7.98 ppm is due to 16 that

would have formed upon aqueous workup. The small scale of this test
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reaction may easily explain the thus documented stoechiometric imbalance.

Although the 1H NMR spectrum showed only signals as expected for the

target molecule 19, we were aware that NMR spectroscopy is insufficient to

distinguish between this unsymmetrically substituted carbonate 19 and the

symmetrically substituted carbonates 20 and 21. Therefore the crude product

was analysed with FDMS (Figure 2.3). The mass spectrum shows peaks at

m/z 1183, 1239 and 1297 of high intensity. The middle peak at m/z 1239 fits

to the calculated mass of the intended carbonate 19. The other two peaks are

in an equal distance of ± 56 mass units to the middle one, already indicating

that the symmetrical carbonates 20 and 21 were formed as well. Indeed, m/z

1183 and m/z 1297 is in agreement with the calculated mass for carbonates

21 and 20, respectively.
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Figure 2.2. 1H NMR spectrum (CDCI3, rt, 300 MHz) of the reaction of 17 with
18 for carbonate formation.

Obviously, an exchange of the phenols had occured. This may happen either

at the stage of the chloroformate or of another reaction intermediate (Scheme

2.2). It is well known that the main function of DMAP as an acylation catalyst

is the formation of an acylpyridinium *. This intermediate is formed starting
?

from chloroformate through the intermediate #. If chloride is the leaving group,

then acylpyridinium * is formed. This is a highly active intermediate that reacts

immediately with any phenol to give the carbonate. Using 17 as the

chloroformate, the phenol may as well act as a leaving group in competition to

the chloride because of the electron accepting ester substituent at the phenol

ring.
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I Figure 2.3. FDMS of the crude product of the reaction of 17 with 18 for
carbonate formation

formed. If 17 attacks on § then a new intermediate $ will be formed. The

overall result of this reaction sequence to intermediate $ is an acyl transfer
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from 17 to 18. From intermediate $ either carbonate 19 or carbonate 20 will

be formed. The formation of intermediate § is accompanied by the release of

16. The two phenols 16 and 18 will have almost the same nucleophilicity and

will therefore compete with each other for activated species such as § and *.

Thus, the reaction of * with the in situ formed phenol 16 will give carbonate

21. If the probability for leaving of the phenolate and the chloride from

intermediate # is equal, at ratio of 1:2:1 for the carbonates 20, 19, and 21 is

expected.

The ratio of the peaks' intensity in the FDMS spectrum are close to this value,

suggesting that little selectivity is present in the reaction of intermediate #

towards the acyl pyridinium intermediates. Mechanism suggesting that there

are 50% chances for the formation of desired carboante 19. As it is obvious

from the mechanism that there are four irreversible path way in the flow sheet

diagram mechanism (Scheme 2.2). The two irreversible path ways (i.e.; a, b)

lead to the formation of desired carbonate while the one irreversible path way

(i.e.; c) lead to the formation of high molecular weight (i.e.; 1297) symmetrical

carbonate 21. The other irreversible path way (i.e.; d) result the formation of

low molecular weight (i.e.; 1183) symmetrical carbonate 20. So clearly from

mechanism one can conclude that there are 25% chances of symmetrical

carbonate 21 and 25% chances symmetrical carbonate 20 and 50% chances

of unsymmetrical carbonate 19. The same picture is shown by FD. The

intensities of the peaks for all the three carbonate suggest that the target

carbonate is formed in 50% yield while the unwanted carbonates are formed

at 25% yield each
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2.2 Carbonate formation between ring 15 and ring precurosr

16.

Now in order to find out that whether 1H NMR will give some information to us

when we use ring chloroformate 15a and treat it with ring precurosr 14 in the

presence of DMAP in THF. Because this time in case of exchange three

products are expected i.e.; hantel 22, threaded compound 23 and carbonate

resulted from two ring precursor 24. We knew from our previous studies16 that

all these three compounds are giving peaks at different chemical shifts for a

protons. It was expected that this time 1H NMR will give full information about

the reaction. The crude 1H NMR showed three signals for the a protons which

means that exchange occured because three peaks were expected (i.e.; for

22,23, and 24) in case of exchage phenomena and the same no of peaks

were found in the curde 1H NMR as shown in figure 2.4.

i
777' iw ' TM ' Tto.....t'io'"Vui..........iVn.....j'io.....«*

1uu
77 77 7T 77 7T 77 7777 77 77 77 7710

Figure 2.4. Crude 1H NMR showing exchange phenomena after
carbonate formation between ring chloroformate15a and ring precursor 14
(CDCI3, rt.,300 MHz Bruker)
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2.3 Carbonate formation between chloroformate of alcohol 26

and non spacered ester 16

Now it was realized that if we decrease the leaving ability of the chloroformate

containing compound compared to chloride (Scheme 2.2) then a quantitative

carbonate can be formed through this route. This was only possible by the

replacement of the electron withdrawing group (i.e.; directly attached

carboxylate to the a ring) in our compound through electron donating

substitutent or neutral substituent. So chloroformate 26 was formed from the

compound 25 which was not having directly attached electron withdrawing

group to the phenol. Here idea was that at this time a very poor leaving group

(i.e.; spacered alcohol 25) will be in competation with chloride to leave the

intermediate # (Scheme 2.2) so it was expected that chloride will be leaving

the intermediate # predominantly compared to 25.

The phenols used this time was carrying substituents that are slightly electron

donating instead of an ester group at the phenol ring. Therefore they should

be less good leaving groups. We were curious to find out to what extent this

change in electron density would effect the selectivity of carbonate formation.

For this purpose, a 1:1-mixture of chloroformate 26 and phenol 16 was treated

with DMAP. The 1H NMR spectrum showed a complete conversion of the

chloroformate into a carbonate. It gave no evidence of phenol exchange.

FDMS of the crude product (Figure 2.5) supported the result, showing signals

for M+ and M2+ at m/z 1415.9 and 634.6, respectively but no signals that

would fit to the symmetrically substituted carbonates. This means that in this

reaction, intermediate * (Scheme 2.2) was selectively formed supporting our

idea that reducing the nucleofugicity increases the selectivity in this reaction.
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2.4 Carbonate formation between chloroformate of

nonspacered ester and spacered alcohol.

In a further experiment, we exchanged the substituents at the chloroformate

and the phenol. We expected that this time beside the unsymmetrically

substituted carbonate 29, also the symmetrically substituted carbonates 28

and 30 will be formed. The chloroformate 17 which carries an ester group

directly attached to the phenol ring was prepared and treated with compound

25 and DMAP. As expected, 1H NMR spectroscopy of the crude product of

this reaction gave no help to figure out whether exchange had occurred.

However, FDMS clearly revealed the expected three signals, at m/z 1534.7,

1417.2, and 1294.5 fitting to the calculated mass of 28, 29, and 30,

respectively.
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2.5 Symmetrical and non symmetrical carbonate fromation

between spacered alcohol model compound and spacered

ester.

The three above described experiments clearly reveal that the formation of

unsymmetrically substituted carbonates using DMAP as the base instead of

NaH is only possible if the leaving capability of the phenol being part of the
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chloroformate is low in comparison to the nucleofugicity of the chloride.

Therefore, it should be possible to form an unsymmetrically substituted

carbonate from the phenols 25 and 31. Indeed, the transformation of phenol

25 into the chloroformate 26 and subsequent reaction with 31 in the presence

of DMAP (Scheme 2.6) gave the desired carbonate 32 in a clean and

quantitative reaction. No symmetrically substituted carbonates were formed

because at this time both of the phenols had very poor leaving capability.

From this experiment we became confident that we would be able to form an

unsymmetrical carbonate between ring precursor 61 and ring chloroformate

76 which is of fundamental importance for the preparation of an

unsymmetrically substituted catenane 92.

The importance of model carbonate 32 is also lying in the fact that it will help

in the assignment of the NMR signals of more the complex compounds during

catenane synthesis.
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In the same manner the symmetrical carbonates 33 and 34 (Schemes 2.7 and

2.8) were formed. The reactions were quantitative as determined through 1H

NMR spectroscopy. The successful quantitative formation of these carbonates

paved the way for the formation of diol catenane 70 and dister catenane 84.
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There were two purposes for the synthesis of the above mentioned

carbonates. Firstly, we wanted to find ideal conditions for the formation of

carbonates. This step is a very crucial one during the synthesis of catenanes.

Secondly, the NMR spectra of the synthetic intermediates of the catenane

synthesis will become very complex. To be able to proof the structure of these

intermediates unambigously, data of more simple, but structurally closely

related model compounds are of great help.

2.6 Cleavage of carbonates.

As the formation of the carbonate linkage is vital for the synthesis of

catenanes, it is the cleavage of carbonate linkage which will convert the

precatenane into the catenane. Therefore, the carbonate cleavage was tested
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on the model carbonates. To optimized the conditions for cleavage of the

carbonates, mainly symmetrical carbonate 34 was used because this

carbonate can be formed in less synthetic steps than the symmetrical diol 33

or unsymmetrical carbonate 32. It was the idea that if we were able to develop

reaction conditions for the cleavage of this carbonate then these conditions

will work for the other carbonates as well.

First NaOEt in THF at room temperature was tested. Under these conditions,

the cleavage process of carbonate was found to be very slow. Even stirring at

50 °C for 24 h seems not to increase the reaction rate. Although we increased

the amount of NaOEt the reaction did not go to completion.

Then Bu4NOH was tested both at room temperature and at 50°C. Again, the

carbonate cleavage was very slow. e.g. less than 10% of the carbonate had

been cleaved after 24 hours at 50 °C. The cleavage of carbonate can be

conveniently determined through 1H NMR spectroscopy as upon cleavage of

carbonate the signal of the a-protons shifts to higher field by a margin of 0.13

ppm. It was found that after one hour at room temperature Bu4NOH

hydrolysed the ester functionalities completely without effecting the carbonate

linkage. The hydrolysis of the ester groups was so selective that we did not

detect the cleavage of carbonate through 1H NMR spectrscopy. So this

reaction provides a route for diacid containing carbonate, which can be used

as a monomer for polycarbonate formation.

36OiPr
iPrO OiPr

/TA iPrO

O oo>c a cO-O- O-o-Et02C- -HOjC-© -CO2Ho ©
V_JPrC>

£_JPrO
OiPr

OiPr

Scheme 2.9. (a) Bu4NOH, THF, 1h, rt.
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41Evaluation of carbonates

Also the addition of TBAF to carbonate at room temperature in THF resulted

only in a very slow reaction. Another experiment was carried out in which the

reaction mixture was kept at 50 °C. This resulted in a clean cleavage of the

carbonate linkage after 18 hours. The same conditions were tested for diester

precatenane. The cleavage process was very slow and prolonged heating

resulted in severe side products. The structures of these side products are

unknown to us. These conditions were checked many times on precatenane

but all the times severe side products were obtained.

Then the cleavage of model carbonate was tried with 10N NaOH in THF and

ethanol at 50 °C. After 17 h the carbonate was hydrolysed quantitatively in a

clean reaction giving only the phenol 37. These conditions were then applied

to the precatenanes 65, 80, 88 and clean hydrolysis of the carbonate linkage

and of the ester groups were observed which afforded the catenanes 68, 82,

91.

OiPr

OiPr
iPrO 37 ///
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o * //%
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O-ÿ Lr0HO-0-
Et02C- •COjEl HOzC-
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/ s>

(T%OiPr

OiPr
Scheme 2.10 (a) NaOH (10 N), THF, EtOH, 50 °C

41



Synthesis of catenaries 42

3.1 Synthesis of diol catenane 70

Compound 38 (Scheme 1.2) was chosen as the starting material for the

synthesis of the catenane 70 carrying two aliphatic hydroxyl groups, one at

each ring. Because one step in our synthetic strategy for catenanes (Scheme

3.1) is the formation of a carbonate starting from ring b and ring precursor a,

the aliphatic hydroxyl groups had to be protected.

aY-

i
b

Y-

Yl+ X'

Xc

\_JY- Y

I
d

i

Scheme 3.1. Our strategy for catenane synthesis.

3.1.1 Synthesis of terphenylene starting from unprotected

alcohol 38

First it was decided to introduce the protecting group in the step just before

carbonate formation. As outlined in scheme 1.2 compound 38 was used as
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Synthesis of catenaries 43

the starting material, lodonization afforded the diiodo compound 39, which

reacted with boronic acid 1d under Suzuki coupling33 a,b reaction conditions to

give the angular compound 40. Due to the presence of two hydroxyl groups,

the purification of compound 40 was problematic. The elution of compound 40

from a silica gel column was only possible, using polar solvent system like

pure methylenechloride. Using methylene chloride gave compound 40

contaminated by decomposed and undecomposed catalyst as the 1H NMR

spectrum (Figure 1.1) revealed. The next step had been the removal of the

TIPS groups. Doing this in the presence of Pd was expected to cause

dimerization or oligomerization of the terminal acetylenic groups. Another

disadvantage of this route is that as we proceed on our molecules become

more and more precious. Therefore the addition of one step, i.e. the

protecting of the aliphatic OH-group at a rather late stage of synthesis showed

little attraction. Additionally similar purification problems were expected for all

of the following steps.

TIPS

///

<wYOH 40

HO

X
TIPS

JL-ini-riL
Catalyst

'Y ;i

rfftil

Figure 3.1. 1H NMR spectrum of 40 after column chromatography
(CDCI3, rt„ 300 MHz).
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1b38 1a
• '-O-8'(IPr),Sr

bHO

a 1c

TIPS

39

j-oH

IHO
1d c

•(HO),B-£) TIPS

d

H
TIPS

//////
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4140

e

v\ //ÿH
HO

HO

%
% H

'IPS

Scheme 3.2. (a) Kl. I2, H2NCH2CH2NH2, EtOH, H20; (b) Cul, Pd(PPh3)2CI2,
piperidine, THF; (c) 1) BuLi, THF, 2) B(OiPr)3, 3) H30+; (d) Pd2(dba)3, Cs2C03l
acetone, H20; (e) Bu4NF, THF.

3.1.2 Protection of aliphatic OH-group of 38

Therefore it was decided to protect the aliphatic hydroxyl group of compound

38 already at the very beginning of the synthesis. For this purpose a
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Synthesis of catenanes 45

protecting group was required, that is compatible with all of the following

transformations up to precatenane (Scheme 3.3). Additionally finding a way

for the selective protection of the aliphatic hydroxyl group in the presence of

an aromatic hydroxyl group was an important step.

3.1.2.1 Selective protection of aliphatic OH-group via

Mitsunobu reaction.

3.1.2.1.1 Toluilic acid as protecting group.

Initially toluilic acid was chosen as the protecting group. It was discovered that

Mitsunobu reaction could be used to acylate selectively the aliphatic hydroxyl

group of compound 38. No diacylated product was detected in 1H NMR

spectrum of crude product 42 after reaction (Figure 3.2a). For the purpose of

comparison diacylated product 42a was synthesized by treatment of 38 with

three equivalents of toluilic acid chloride in THF and pyridine as a base. This

diacylated product was characterized by 1H NMR spectroscopy. The 1H NMR

spectrum (Figure 3.2b) of the diacylated product 42a shows a characteristic

half of an AA’X' system at 8.15 ppm which is assigned to the Hp -2,-6. No

corresponding signal was found in the crude product obtained from the

Mitsunobu reaction of 38 with toluilic acid.

42

H0

\V o
II /=v

"csE)-“cI

AO

____
IL 1A

Vi «u 7T 77 77" 77 77

Figure 3.1a. 1H NMR spectrum of isolated compound 42. (CDCI3, rt.,
300 MHz)
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H

/==

±;Ja
Vi

T T T T T T T T T

3 2 18 7 fi R aQ

l 42a

o

Me-

JLJUlh
3™_

D
dl

5 48 7 6 3 2

Figure 3.2. 1H NMR spectra (CDCb, rt., 300 MHz) of crude 42 (a), diacylated
product 42a (b).
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47Synthesis of catenanes

With compound 42 the synthesis was continued according to scheme 3.2 a,b

lodonization of compound 42 resulted in 43 and subsequent Suzuki coupling

of 43 with boronic acid 1d afforded angular compound 44. The chosen

protecting group had an amazing influence on the crystallization of all

following compounds up to ring precursor. Each compound was nicely

crystallizing from ethanol, therefore enabling easy purification through

recrystallization. However during the removal of the triisopropylsilyl (TIPS)

groups, the toluilic ester was cleaved and additionally unidentified side

products were formed as was seen from a 1H NMR spectrum (Figure 3.3).

The characteristic triplet at 3.65 ppm suggested that an CH2OH group had

been formed through ester cleavage.

H CH2OH

n///
(/ \

OH

HO
+

HOSC-HQKCH, %
H

I

J 'M DJIA JULIJL VJJV
8 7.5 7 6.5 6 5.5 5 4.5 4 3.5 3 2.5 2 1.5

Figure 3.3. 1H NMR (CDCI3, RT, 300 MHz) of the crude product
obtained from the reaction of 44 with Bu4NF.

Another experiment was carried out with tight control of the reaction time.

From this experiment some amount of angular compound 45 was isolated

through column chromatography. This material was coupled with chain, which

afforded compound 46. Compound 46 was completely desilylated after 20
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48Synthesis of catenanes

minutes stirring in the presence of TBAF. This time no ester cleavage was

observed and ring precursor 47 was obtained quantitatively.

R' = H,C

Crude product

OH

R10

-=-H

OH Chromatographed product
IX l

R10 I
,

OH
!

R10i !
i

i
l 1

I »/ \l
*,i y

b v

c-

26 27 28 3024 25 29

Retention time (min)

Figure 3.4. SEC of (a) crude material of cyclization, (b) isolated ring
49, (c) starting material 47.

The ring precursor 47 was cyclized under the condition of pseudohigh dilution

by slow addition of a solution of 47 in pyridine to a greenish suspension of

copper salts in pyridine using a syringe pump. The addition rate for this

specific reaction was kept at 50 mL/12 hours. We were fearing that under

these conditions the ester would be cleaved but no cleavage was observed

and the target ring 48 was obtained as the main product as reflected by the
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49Synthesis of catenaries

comparative SEC (size exclusion chromatogram; Figure 3.4) of the crude

product of cyclization and the starting material. Cyclic molecules have smaller

hydrodynamic volumes than the corresponding acyclic compounds. Therefore

cyclic compounds are eluted at longer retention times than the corresponding

acyclic analogues. Oligomers have larger hydrodynamic volumes thus

appearing at shorter retention times. The crude product SEC curve in figure 4

clearly shows the predominant formation of the target molecule 48 but also a

the formation of oligomers. The amount of oligomers in this experiment is

larger than in other cyclization reactions that are discussed later. The most

probable reason is the shorter addition time (12 h for 333 mg dissolved in 50

mL) in this reaction than in later experiments (20 h for 333 mg in 50 mL).

Chloroformate 49 was formed by the reaction of the ring 48 with phosgene

gas in the presence of diisopropylethylamine. Ring chloroformate was coupled

with ring precursor of spacered ester to form unsymmetrical carbonate 50.

Upon cyclization which yielded unsymmetrical precatenane 51. This

cyclization was also quantitative and the precatenane and its topological

isomer were obtained quantitatively as shown by SEC curve.

38

HO

42

0~OH a

R’O

b

43 1d

OH * <H°)IBHÿ) — TIPS

R'O
R’ = OC-ÿ~ÿ-CH,

C

TIPS

44

R'O

I d
TIPS

Scheme 3.2a. (a) diisopropyl azodicarboxylate, PPh3, THF, RT; (b) l2, Kl,
H2NCH2CH2NH2, EtOH, H20; (C) Pd2(dba)3, Cs2C03, acetone, H20; (d)
BU4NF, THF.
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Scheme 3.2b. (e) Pd2(PPh3)2Cl2, Cul, piperidine; (f) TBAF, THF; (g) CuCI2, CuCI,
piperidine.
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pyridine, pseudohighdilution, rt.
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52Synthesis of catenanes

3.1.2.1.2 Anisic acid as protecting group.

Although all following steps worked elegantly with toluilic acid as the

protecting group, the problems witch were arised upon desilylation of 44

compelled us to replace toluilic acid for anisic acid, which has a much

stronger electron donating group than toluilic acid and was therefore expected

to be more stable against the nucleophilic attack of fluoride ion, piperidine and

pyridine. As anisic acid contains methoxy group, this aromatic ring may also

become iodonized. So first we subjected as a simple model for our final

compound to the same iodonization condition, which were planned for the

synthesis of compound 53 (Scheme 3.4). Luckily, no iodonization of methyl p-

methoxybenzoate occurred.

I,

-O EtOH, Water
-7?- MeO

l2, Kl, C2HeN2
MeO COzMe C02Mew

I

Scheme 3.4. Test reaction.

Then the aliphatic hydroxyl group of compound 38 was protected with anisic

acid via Mitsunobu reaction. With this acid Mitsunobu reaction was not

completely selective. Diacylated product was formed in the range of 1-5% (1H

NMR spectroscopically determined) in various experiments. Like compound

42a, diacylated compound 52a was synthesized for comparison using anisic

acid chloride and pyridine. The diacylated compound 52a was filtered through

a small bed column packed with silica gel, with help of pure methylene

chloride as eluting solvent. The anisic acid and anisoyl chloride got stuck to

the silica gel and pure 52a was obtained. This compound was characterized

through 1H NMR spectroscopy. On diacylation H«-2,-6 (i.e. protons ortho to

the phenolic hydroxyl group) is shifted downfield. The signal of Hp-2,-6 is

appearing more downfield than the signal of Hp-2,-6. Two sharp singlets in

around 3.8 ppm were in the ratio of 1:1 ratio suggested the successful
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Synthesis of catenaries 53

formation of diacylated product. TLC of the compound was developed in pure

methylene chloride, which also showed only one spot. Now the 1H NMR

spectrum of 52a was compared with that of crude 52 revealing that a half of

an AA'XX' system characteristic for diacylation product was found in around

8.2 ppm. Beside this two half sets of AA'XX' system was also observed in

between 7.1-7.2 ppm of the same intensity as was in between 8.1-8.2 ppm

which were very much fitting to 52a. Moreover one characteristic singlet of

small intensity for OCH3 of diacylated product was found in the region of 3.8-

3.9 ppm. All these data clearly support the idea of diacylation during

Mitsunobu. This diacylated product was observed in 1-5% during various

experiments. Careful column chromatography was necessary for the removal

of this diacylated product.
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r
Diacylated
product

LIl
lu

8 7.5 7 6.5 6 5.5 5 4.5 4 3.5 3 2.5 2 1.5

V

Ul/lV
77 7i 72

o

o

52a

\\\>
Jb

'77 70 77

Figure 3.4. 1H NMR spectra (CDCI3, rt„ 300 MHz) of crude 52 (a); diacylated
product 52a (b).
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Beside the problem of diacylation this protecting group was also not giving

help in the crystallization. After Mitsunobu the isolation of desired product 52

from hydrazodicarboxylate was difficult. This hydrazodicarboxylate was

>

r°McO

f

LJJWL
77 77 7Ti 77 7T 77

UUUIJU JILJJU L_A
T T I T T T T T

i i I i

UA L_
TTT TT TT ?7

il-Hib

JJLJ A
T T T T T T T

Figure 3.5. 1H NMR spectrum (CDCI3I 3000 MHz, rt) of (a) crude after
iodonization showing monoiodonized product; (b) monoiodonized product for
comparison.
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retained in the next step (iodonization) in which mono and diiodonized

products were obtained (Scheme 3.5). Although the amount of iodine was

increased but the reaction was found incomplete as shown by 1H NMR

spectroscopy (Figure 5a). The 1H NMR spectrum showed some characteristic

signals which supported the idea of monoiodonized product: Ha-3 showed

coupling with Ha-5, which gave rise to a kind of distorted apparent doublet at

7.49 ppm. Ha-5 showed coupling with Ha-3 and H„-6 which gave rise to a

doublet of doublet between 7-7.1 ppm. Integration of these signals revealed

that each of the signals corresponds to one proton. Additionally in the 1H NMR

spectrum a singlet of small intensity was found at 7.46 which is assigned to

the intended diiodo compound. This showed that during this experiment

mainly monoiodonized product was obtained. The 1H NMR spectrum of the

crude material obtained from iodonization of 52 was compared with the 1H
NMR spectrum (Figure 3.5b) of well-defined monoiodonized compound

obtained from another experiment that will be discussed later. This confirms

the formation of monoiodonized product.

H02c—

52 a
HOOH

-Qy°'°MeO

b

II

/TV-OHaV0H53 OO
+ /

_
=\ II

/=\ " IMeO

Scheme 3.5. (a) DIAD, PPh3. THF, (b) l2, Kl, H2NCH2CH2NH2, EtOH,
H20.
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Interestingly the hydrazodicarboxylate, which was present in the starting

material, had disappeared after iodonization (Figure 5a). Now this mixture of

monoiodonized and diiodonized product was subjected again to the same

iodonization conditions that were used for 52. As this time it was not

containing hydrazodicarboxylate any more the target diiodo compound 53 was

obtained quantitatively. This diiodo compound was nicely crystallizing from

ethanol. This brought up the idea that changing the reaction sequence may be

helpful as diiodo compound 53 is crystallizing from ethanol and it is well

documented that hydrazodicarboxylate and triphenylphosphine oxide are well

soluble in ethanol. Therefore the removal of these byproducts may be

possible through recrystallization.

For that purpose compound 54 was chosen as the starting material for the

synthesis instead of 38. This offers the advantage that compound 54 (119.70

DM per 50 g, Aldrich) is much cheaper than compound 38 (84.6 DM per 5 g,

Aldrich). So this route was found to be economically more suitable as well.

Iodonization of compound 54 followed by reduction by diborane in THF

afforded 39 (Scheme 3.6). Then selective protection of the aliphatic hydroxyl

group of 39 with anisic acid was attempted via Mitsunobu. At this step it was

found that the two iodo substitutents have a dramatic influence on the

reactivity of the phenolic OH-group. Unexpectedly, the latter took part in the

reaction and led to the oligomerization as was clearly shown by 1H NMR

spectrum (Figure 3.7) and the low solubility of the product in chloroform and

ethanol even under heating. The 1H NMR spectrum showed additional signals

in the aromatic region and at 3.94 ppm a signal that is very characteristic of

aryl-alkyl ethers. Beside this the most probable mechanism of Mitsunobu

reaction shown in scheme 3.7 also favored the idea of oligomerization. The

proposed mechanism suggests that first intermediate 2c is formed, which then

reacts with the aliphatic hydroxyl group of 39 to form intermediate 2d. Now the

activated hydroxyl group of 2d is available for the nucleophilic attack of anisic

acid and as well as for the phenolic hydroxyl group of 2d. At this stage we

were expecting that anisic acid will be more nucleophilic than the phenolic

hydroxyl group due to the steric shielding of the latter by two bulky iodo

substitutents. But the case was found to be reverse. Instead of retarding the
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reactivity of the phenol, the two iodo substitutents increased the reactivity,

which leaded to oligomerization.
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Figure 3.7. 1H NMR spectrum (CDCI3, 300 MHz, rt.) of the product obtained
from the Mitsunobu reaction of 39 with anisic acid.
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Scheme 3.6. (a) Kl, l2, acetone, 0.5N NaOH; (b) BH3, THF, (c)
DIAD, PPh3, THF.
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Scheme 3.7. Standard mechanism of Mitsunobu reaction supporting the
polymerization.
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Then we got a clue from one of our experiments that after diacylation of

compound 39 via anisyl chloride in THF and pyridine as a base phenolic acyl

group of 56 can be cleaved selectively. First diacylation of 39 was carried out

which worked as nicely as in the case of 52a. Diacylated product 56 was

identified through 1H NMR spectroscopy (Figure 3.8). A triplet at 4.3 ppm is

assigned to the CHaCÿC-group. While half of AA'XX’ appear at 8.21 ppm

which was assign for Hp- -2,-6. Additional changes occurred in the Ha -3,-5,

which shifted downfield upon acylation.

39 i

fcA-OHLÿQ_OM. +cK
iHO

a

I O

•OMe

iMeO

Scheme 3.8. (a) pyridine, THF, rt,.
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Figure 3.8. 1H NMR spectra of (a) compound 39; (b) diacylated product 56.
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3.1.2.2.1 Selective cleavage of aryl benzoate of 56.

Having now the diacylated compound 56, the next step was the selective

cleavage of the aryl benzoate linkage, the reaction with Et2NH turned out to

be selective but much too slow. Sodium phenolate of p-methoxyphenol was

also tested. It was cleaving the phenolic acyl group predominantly but also 4-

8% of the aliphatic hydroxyl acyl group as seen from 1H NMR spectra (Figure

3.9) of the crude product after 74 hours of stirring at room temperature. A

triplet at 3.65 ppm was observed that is assigned to a CH2OH group.

Moreover a triplet of low intensity appears at 2.65 whose intensity and

integration ratio was very much matching with CH2OH.

o1

OMe

IMeO

a

I

v aVOH53 o

~ÿyc"6 iMeO

Scheme 3.9. (a) Et2NH, 74 h, 50
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Figure 3.9. 1H NMR spectrum showing the cleavage product after
treatment with p-methoxy phenolate.

Finally piperidine was applied for the ester cleavage. It was found that after 74

h of stirring at room temperature the phenolic ester had been cleaved

selectively. The 1H NMR spectrum (Figure 3.10) did not show any signal at

8.21 ppm which was assigned to Hp—2,6 of 56. The triplet at 4.27 ppm

remained intact and its integration ratio was also fitting to other protons of the

molecule. Beside this if the ester resulted from aliphatic hydroxyl group was

cleaved then we would expect a triplet at 3.65 ppm for CH2OH but this triplet

was not found. As anisoyl chloride was used in excess the corresponding

acid, anisic acid, gave rise to an AA'XX'. One half of it is found at 8.05 ppm.

The amide resulted from the cleavage of the aromatic ester gives also rise to

an AA'XX’ system. One half of that appears at 7.35 ppm. In order to reduce

the reaction time, the diacylated product was heated at 50°C in piperidine but

no considerable change in reaction time was observed. However, under these

conditions deiodination happened as unambigously proven by the isolation of

monoiodonized product from the reaction mixture through column

chromatography. This monoiodonized product was characterized through 1H
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NMR which has been discussed already. Therefore the reaction was further

on peformed at room temperature.

With the successful selective desilylation a well working procedure to prepare

the desired compound 53 had been developed.
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Scheme 3.11a. (a): piperidine, 74 hours, rt.
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Figure 3.10. 1H NMR spectra (a) showing the cleavage of phenolic acyl
group; (b) 1H NMR spectrum of diacylated product.
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3.1.3 Synthesis of terphenylene 59.

Starting with 53, terphenylene 58 was synthesized through Suzuki coupling

with boronic acid. The purification of terphenylene 58 was found to be very

easy. Filtration through a small bed of silica gel using pure methylene chloride

as the eluting solvent followed by recrystallization from ethanol gave pure 58.

Subsequent desilylation gave compound 59. It was discovered that a long

reaction time led to the formation of side products. Fortunately the desilylation

of TIPS was found to be a much faster reaction than side product formation.

Therefore control of the reaction time reduced the side product formation to

such an extent that side products were not detectable any more through 1H

NMR spectroscopy of the crude product (Figure 3.11). However, these were

detected with thin layer chromatography (TLC) when a highly concentrated

spot was loaded on the TLC. These side products were removed easily

through usual column chromatography.
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Scheme 3.12. (a) Pd2(dba)3, Cs2C03, acetone, H20, (b)TBAF, THF
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3.1.4 Synthesis of ring precursor 61.

Compound 60 was prepared through Sonogashira coupling of terphenylene

59 with the chain. This reaction was found to be highly oxygen sensitive. Very

careful degassing was necessary to obtain good results. Chain was used in

excess (2.2 equivalent). The excess chain was recycled after column

chromatography. After 18 hours complete coupling of terphenylene 59 with

chain had occurred. The 1H NMR spectrum showed no signals for alkyne

protons. The intensity of the signals for the residual chain was low and

correlated approximately with the amount of excess that had been used. This

suggested the quantitative conversion of terphenylene 59 to TIPS substituted

ring precursor 60. Ring precursor 61 was obtained by the removal of the

triisopropylsilyl groups from 60 and was isolated from the silyl-containing

byproducts through precipitation with ethanol. During removal of the TIPS

groups a dark green fluorescent color was observed. Desilylation of the ring

precursor was found to be a faster reaction than the desilylation of

terphenylene 58. After 30 minutes the removal of the TIPS groups was

quantitative in case of the ring precursor while in the case of terphenylene 58

it usually took one hour. Desilylation of 60 was monitored by TLC and 1H

NMR spectroscopy. A possible reason for this is that the tolane moieties

shield the TIPS group of terphenylene from the nucleophilic attack of fluoride

ions. As the TIPS group is situated near to the tolane moieties in case of

terphenylene, while in the case of ring precursor the TIPS groups are situated

far away from the bulky tolane moieties and are thus easily accessible for

fluoride ions from all directions.
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Figure 3.12. 1H NMR spectra (CDCl3, 3000 MHz, rt) of 60 and 61.
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3.1.5 Cyclization.

Ring precursor 61 was cyclized by slow addition of a solution of 61 in pyridine

to a suspension of copper salts in pyridine via syringe pump at a rate of 50 ml_

(approx. 0.226 mmol) per 20 hours. After complete addition, the reaction

mixtures were stirred for 1-3 days in various experiments. Cyclization was

quantitative. The 1H NMR spectra showed no signal for alkyne protons (Figure

13a). Workup procedure was very easy. Most of the pyridine was distilled off

at 50 °C under reduced pressure. Then the product was precipitated through

addition of cold 2N HCI.

In most cases exclusively the cyclic monomer 62 was formed as can be

deduced from the size exclusion chromatograms. Cyclic compounds have

smaller hydrodynamic volume than the corresponding ring precursor.

Therefore the elution time of the cyclic compound is longer than that of the

corresponding acyclic starting material.

The cyclic and non-cyclic oligomers are expected at shorter elution time due

~G~c°R2 = MeO OH Isolated ring

R2O
A

|;V
OH

i Crude product after
cyclizationRzO OH

f/

I

R2O
V:.
s V

a-

b 7
c

24 25 26 27 28 29 30

Retention time (min)

Figure 3.13. SEC curves (a) isolated ring after chromatography; (b) crude
product of cyclisation; (c) starting material.
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to their larger hydrodynamic volume. The SEC curve showed (Figure 3.13)

extremely small amounts of oligomers and a nearly complete conversion of

the ring precursor into the ring. The ring 62 was isolated by usual column

chromatography in 70-90% as a monodisperse compounds in 0.8-2 g in one

batch.

It was discovered that careful degassing (complete elimination of oxygen) of

the reaction mixture slows down the rate of cyclization reaction considerably.

Four experiments were carried out one with the ring precursor 61 and three

with prepseudorotaxane (discussed later) under careful degassing. All four

experiments showed incomplete reaction.

61
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Figure 3.13a. 1H NMR spectra (CDCb, 300 MHz, rt) of ring precursor 61 and ring 62.
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3.1.6 Carbonate formation.

For carbonate formation first the chloroformate 63 of the ring 62 was formed

with the help of phosgene and 'Pr2NEt. The chloroformate formation in all

experiments was quantitative. The quantitative conversion of 62 into

chloroformate 63 can easily be determined through 1H NMR spectroscopy as

upon conversion a high field shift of 0.13 ppm of the a-protons occurs (Figure

3.14). The only drawback of this reaction was the removal of base ('PÿNEt)

from the target molecule. The removal of the base was only possible through

extensive wahsing with aqueous dilute acid. But extensive washing was

expected to cause hydrolysis of the chloroformate. In some experiments this

amine was retained and it was found that this is not causing any problem in

the next steps (threading). Moreover this residual amine was also not

appearing in the next step so this didn't make us worry.

63
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HiR2O
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LluiUP uu
l77 77 773.03.3 4.3 4.0 SO 2.3
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' I
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4.3 4.077 77"8.0 3.0

Figure 3.14. 1H NMR (CDCI3, 300 MHz, rt) of ring 62 and chloroformate 63.
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Figure 3.14. 1H NMR (CDCI3> 300 MHz, rt) of ring 62 and chloroformate 63.

Chloroformate 63 was treated with ring precursor 61 to form threaded

compound 64 with the help of DMAP in THF. The formation of carbonate can

be conveniently determined by 1H NMR spectroscopy (Figure 3.15), since the

a-proton signal of chloroformate and phenol shifted upfield (chloroformate:

0.23 ppm, phenol: 0.1 ppm) upon formation of carbonate and two sharp

singlets in a 1:1 ratio can be found in 1H NMR. One of these singlets is

thought to be related to the ring precursor and the other to the ring. Beside

this the signals of aromatic protons became broader and merge into each

other, which is most probably due to restriction of dynamics upon threading.
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Figure 3.15. 1H NMR spectra (CDCI3, RT, 300 MHz) of (a) chloroformate 63,
(b) threaded compound 64 (c) ring 62.

76



Synthesis of catenanes 77

3.1.7 Synthesis of precatenane

Threaded compound 64 was cyclized by slow addition of 64 in pyridine to a

suspension of copper salts in pyridine via syringe pump at a rate of 50 mL

(approx. 0.112 mmol) per 20 hours. After complete addition of compound 64

the reaction mixture was stirred for one additional day. After reaction

exclusively precatenane 65 was obtained as reflected by size exclusion

chromatogram (Figure 3.16). The SEC curve showed that mainly precatenane

is formed. Upon cyclization the hydrodynamic volume of precatenane reduced

compared with the starting material 64. Therefore the elution time for

precatenane was longer than that of the corresponding threaded compound

64. The cyclic oligomers which are potential side products of this cyclization

reaction are having larger hydrodynamic volume. Therefore these are

expected at shorter elution time. The SEC curves of crude product showed

that negligible amount of oligomers are formed during this reaction. No peak

was found for the alkyne protons in the crude 1H NMR spectrum (Figure 3.17).

Two peaks were observed for the a-protons at 7.00 ppm, one peak was rather

broad, the other was sharp. The broader peak was assigned to precatenane

65 and the sharp peak to its topological isomer 66. The ratio of precatenane

and its topological isomer was found to be approximately (2.6:1) calculated

from the integration ratio of the a-protons and the isolated yield of catenane

and ring after carboante cleavage.
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: I
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Figure 3.16. SEC of (a) crude product of cyclisation of 64, (b) mixture of
66 and 65 isolated through chromatography, (c) starting material 64.
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Figure 3.17. 1H NMR spectra (CDCI3, rt. 300 MHz) of (a) threaded
compound 64 and (b) a mixture of precatenane 65 and isomer 66.
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3.1.7.1 Preparation of topological isomer.

The question arose whether the topological isomer 66 is formed by the

dethreading of prerotaxane during cyclization or a non-threaded carbonate is

formed between ring and ring precursor during carbonate formation. The

hypothesis of the formation non-threaded carbonate is very much less

probable, because in this conformation carbonate linkage will experience

much strain, which will make this conformation of high energy and less stable.

Moreover as the ring precursor 61 approaches to the chloroformate 63 from

either above the plane or below the plane will experience steric hindrance

from the bulky tolane moieties of chloroformate 63. On the other hand the

idea of dethreading of prerotaxane during cyclization is more probable and is

supported by some of our experiments. We have synthesized catenane

molecules with 63, 87 and 147 memered rings, in which the calculated inner

diameter of the ring is 15 A, 30 A and 60 A respectively. The ratio of

topological isomer with respect to precatenane is 1:6, 1:3, and 1:2 for the 63,

87 and 147 membered rings, respectively. Clearly as the ring diameter

increases the ratio of formation of topological isomer also increases, which

means that with increase of inner diameter of the ring the probability of

dethreading process also increases due to less resistance by the larger ring

against dethreading of the ring precursor. Precursor for topological isomer 67

and precursor 64 for precatenane are thought to be in equilibrium in the

reaction mixture (Scheme 3.16). As can be seen in scheme 3.16 the

precursor for the topological isomer is a little bit in a strained state compared

to the precursor for precatenane. This is the reason that precatenane

formation is preferred over that of the topological isomer.
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For the peaks assignment of the mixture of precatenane 65 and its topological

isomers 66. The topological isomer 66 was synthesized by treatment of ring

chloroformate 63 with ring 62 in THF in the presence of DMAP. This

topological isomer was characterized and the NMR data were compared. It

was found that the signals of small intensity in the mixture of 65 and 66 were

matching with the signals of the topological isomer 66 (Figure 3.18). This

clearly showed that the topological isomer 66 was formed in a smaller than

the precatanane. As it has been discussed already that a-protons gave rise to

two signals during precatenane formation, of which one was sharp and the

other was broad. So the broader signal was assigned to the precatenane

while the sharp signal was assigned to the its topological isomer. The

topological isomer 66 which was synthesized through another route (Scheme

3.17) gave only one sharp signal for the a-protons and this signal was found

to be matching with the sharper peak observed in the mixture of topological

isomer and precatenane (Figure 18). So by considering these data one can

say that topological isomer have more freedom for motion than the

corresponding precatenane. By analysing the structural features of

precatenane and its topological isomer it becomes clear that in the topological

isomer the two rings are only interconnected while in the case of precatenane

the two rings are interconnected as well as interlocked which brings more

restriction for dynamics in precatenane and broadening of the peaks.
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Scheme 3.17. (a) DMAP, THF, rt.
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Figure 3.18. 1H NMR spectra (CDCI3, 300 MHz, rt) of (a) 65 and (b) 66.
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3.1.8 Cleavage of carbonate to afford catenane and ring.

The topological isomer 66 and the precatenane 65 were not separated from

each other. The mixture was used as obtained after removing the oligomers

through column chromatography for the carbonate cleavage. The carbonate

linkage of precatenane and topological isomer was cleaved by NaOH in

ethanol and THF at 50 °C. This afforded a mixture of catenane 68 and cycle

69 which was used without prior purification for methylation. After methylation,

catenane 70 and ring 71 were separated through usual column

chromatography without any difficulties.

The 1H (Figure 3.19) and 13C NMR spectra of catenane 70 were found to be

very similar to that of the ring 71 which suggested that the two interlocked

rings in catenane molecule are unaware of each other. The most probable

reason for this is the large inner diameter of the interlocked ring. Comparative

size exclusion chromatogram (Figure 3.20) of starting material, crude product,

isolated ring and isolated catenane was carried out. A relatively large intensity

curved was observed for catenane compared to ring in the crude product.

This suggested a predominant formation of precatenane 65 over topological

isomer 66, which then led to catenane. According to our expectation a

distinctly larger hydrodynamic volume was observed for catenane compared

to ring. The chromatograms of isolated ring and catenane were found to fit to

the corresponding curves of ring and catenane in the crude product. Field

desorption mass spectrometry was applied for mass analysis of the catenane

but the signal to noise ratio was very low. Then MALDI-TOF was recorded

which gave us the molecular ion peak at 2884 which is in agreement with the

calculated one (2884.11).
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However SEC and TLC [/?t(ring 71) = 0.70; Rt (catenane 70) = 0.50; petroleum

ether: CH2CI2 1:2] gave clear evidence that the formation of the catenane was

successful.

Crude product after methylation.

/
l »

i

MeOi

\

A/i OH

Jr \\OMe( )MeO-
1 \

0H !HO

/ CH*

a— i \
\

b

c —

d

TT
3024 26 28

Retention time (min)

Figure 3.20. GPC diagrams of (a) crude product after cleavage; (b)
isolated catenane; (c) isolated cycle; (d) precatenane.
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3.2 Synthesis of diester catenane

We proceeded onwards our strategy for the synthesis of catenanes and

synthesized catenane 84 with one aliphatic ester group at each ring. As we

had prepared already a catenane diol 70, with a catenane diester we would

have an AA type and a BB monomer which will allow for expanding the

applicability of these compounds for the formation of poly[2]catenanes.

3.2.1 Synthesis of terphenylene

For the synthesis of catenane diester 84 (Scheme 3.18), compound 54 was

chosen as the starting material, lodonization of compound 54 afforded

compound 55 which was refluxed in ethanol in the presence of a small

amount of H2SO4 to give ester 72. The iodonized product 72 was coupled with

boronic acid 1d to obtain angular compound 73. This angular compound was

fairly soluble in ethanol. Therefore purification of this compound was more

tedious than that of 58. Pure 73 was obtained through column

chromatography. In most cases the target molecule 73 was isolated in a yield

higher than 60%. Compound 74 was obtained quantitatively through

desilylation of 73 with the help of TBAF. In contrast to the desilylation of 58,

this desilylation gave no byproducts. During the desilylation reaction a green,

highly fluorescent color was observed. After aqueous workup most of the Si-

containing compounds were distilled off at 50 °C under reduced pressure. The

residue was dissolved in a small amount of methylene chloride and added to

petroleum ether, which resulted in the precipitation of compound 74.
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3.2.2 Synthesis of ring precursor

This compound 74 was coupled with the long, flexible, mainly aliphatic chain

(Scheme 3.19). The coupling reaction worked extremely well and the desired

compound 75 was isolated usually in more than 80% yield.

5455
,i

(a)

\\ />ÿ0H
HO2CHO2C-

'I

(b)

1d

,!
72

+ (HO)2Bÿ}- = -TIPS
\\ /h0H

Et02C-
I

(c)

w
TIPS H

/// #

73 74(d)

A a A—OH A a A—OH
Et02C- Et02C-

%*/)

X X
TIPS H

Scheme 3.18. (a) Kl, l2, acetone, water, rt; (b) H2S04, EtOH, THF, reflux;

(c) Pd2(dba)3, Cs2C03) acetone, water; (d) TBAF, THF.
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The chain was used in slight excess (2.01 eq). The residual chain was

detected in the 1H NMR spectrum of the crude product. The amount

calculated through integration of the 1H NMR spectrum is matching very well

with the amount of the excess, which had been used. This shows that this

reaction works extremely well. Compound 75 was desilylated with the help of

nBu4NF to get ring precursor 76. Here again, during desilylation a dark green,

fluorescent color of the reaction mixture was observed which disappeared

upon addition of 2N HCI. From this observation one can hypothesize that the

color is due to a phenolate which is formed during the reaction due to

deprotonation of the phenol with the basic nBu4NF.
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Figure 3.21, ’H NMR spectra (CDCI3, rt, 300 MHz) of (a) of ring precursor 76
and (b) silylated ring precursor 75.
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3.2.3 Cyclization

Ring precursor 76 was cyclized by slow addition of a solution of 76 in pyridine

to a suspension of copper salts in pyridine at a rate of 50 mL per 20 hours

(approx. 0.227 mmol). After complete addition, the reaction mixture was

stirred for additional 1-3 days. The reaction was working very well. The ’H

NMR spectrum of the crude product showed no signal for alkyne protons. In

most cases nearly exclusively cyclic monomer 77 was formed which is clearly

reflected by the size exclusion chromatogram (Figure 3.22). Ring 77 was

isolated by usual column chromatography in 70-90% yield as a monodisperse

compound in batches of 0.8-2 g.
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Figure 3.22. SEC of (a) isolated ring 77, (b) starting material 76, and (c) crude
product of cyclisation.
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Figure 3.23. 1H NMR spectra (CDCb, 300 MHz, rt) of (a) ring precursor 76
and (b) ring 77.
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It was found that under cyclization conditions double bond is formed between

the 2 and 3 position of the propionate group (Figure 24). In order to confirm

the formation of a double bond, the 1H NMR spectrum of trans 4-

hydroxycinnamic acid was compared with that of the ring (Figure 24). Both

spectra showed an identical doublet at slightly different shifts. The difference

in shift is most probably due to the different solvents used. The 4-

hydroxycinnamic acid is insufficiently soluble in chloroform. Therefore the

spectrum was recorded in DMSO. Nevertheless, the close similarity of the

doublets found in the 1H NMR spectra of 4-hydroxycinnamic acid and of ring

77 gives very good evidence that during cyclisation some oxidation of the

propionate group occurs. This alkene was found in the range of 1-6% after

cyclization in different experiments as calculated from the integration ratio of

1H NMR signals. Although this means that a side reaction is occurring it did

not make us worry because this side reaction is not interfering in the following

steps and it is also not affecting other functionalities.
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Figure 3.24. 1H NMR spectra (CDCI3, 300 MHz, rt) of (a) 4-hydroxy cinnamic
acid (b) ring 77
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Ring chloroformate 78 was quantitatively formed by treatment of ring 77 with

phosgene gas in the presence of diisopropylethylamine in THF (Scheme 20).

The formation of chloroformate can be judged from the chemical shift of Ha-2,-

6, which shift 0.13 ppm to lower field upon chloroformate formation (Figure

25).
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Scheme 3.20. (a) CuCI2, CuCI, pyridine, pseudohigh dilution; (b) 'Pr2NEt,
COCI2, THF, rt.
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3.2.4 Synthesis of threaded compound

This ring chloroformate 78 reacled with ring precursor 76 to get threaded

compound 79. The formation of carbonate can be conveniently determined

through 1H NMR spectroscopy, since the signals of the a-protons of both, the

chloroformate 78 and the ring precursor 376 are shifted upfield (78: 0.23, 76:

0.1 ppm) upon formation of the carbonate 79 and two sharp singlets in a ratio

of 1:1 are found instead. One of these singlets is assigned to the ring

precursor and the other to the ring. The peaks of some of the aromatic

protons became broader. Broad signals are obtained even in very dilute

solutions. Therefore it was assumed that broadening reflects restriction in the

dynamic at the carbonate linkage. To get a deeper insight, 1H NMR spectra of

prepseudorotaxane 79 were recorded at room temperature as well as at 100

°C in tetrachloroethane. A comparison of both spectra shows marked

differences. Upon heating almost all of the peaks become resolved and

splitting is observed but the intensity of the peaks are found to be the same.

This clearly excludes the formation of conformational isomers and supports

the idea of restricted dynamics.

3.2.5 Synthesis of precatenane

The threaded compound 79 was cyclized by slow addition of 42 in pyridine to

a suspension of copper salts in pyridine using a syringe pump. The rate of

addition of 42 was kept constant for all the experiments i.e.; 50 mL (approx.,

0.112 mmol/20 h) per 20 hours. After complete addition of 79, the reaction

mixture was stirred for additional 1-3 days. A mixture of precatenane 80 and

its topological isomer 81 was formed nearly exclusively as one can deduce
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from the size exclusion chromatograms (Figure 3.27). Upon cyclization the

hydrodynamic volume is reduced. Therefore the elution time from a SEC

column

78

Et02C
{a)

J JLJLI1

4J 60 77 77 77 77 ZJ TT 77

77

OH

Et02C

(h)__ LILA
T7 VO 2.3

Ia U
7 'mV 77 7.711 7Z T.40 72TJ 6 dO

Ab

77”7/0
** *»

Figure3.25. 1H NMR spectra (CDCI3, 300 MHz, rt) of (a) chloroformate 78
and (b) ring 77.
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Figure 3.26. 1H NMR spectra of (CDCI3, rt, 300 MHz) of (a) 79 and (b)
mixture of precatenane 80 and topological isomer 81.
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for the two possible cyclisation products precatenane 80 and topological

isomer 81was expected to be longer than that of the corresponding starting

material 79. This is exactly what was found (Figure 3.27). Cyclic oligomers,

which are potential side products of such reactions, have larger hydrodynamic

volumes and are therefore expected at shorter elution times than 79. The

SEC curves of the crude product shows that only a negligible amount of

oligomers is formed during this reaction.

Like in the case of precatenane 65, in the 1H NMR spectrum of the reaction

product obtained from cyclisation of 79 two peaks were observed for a-

protons around 7 ppm, one peak was rather broad and the other was sharp.

For the assignment of the peaks in the mixture of topological isomer 81 and

precatenane 80, the topological isomer 81 was synthesized by reaction of

Crude product
EIO.C- -COÿl

£10,0
I \

n a
/ 1

i i

ii

i Chromatographed
product

1 ElO,C- -00,El

I 1
/ l

a
b
C

T 1
23 24 25 26 27 28 29 30

Retention time (min)

Figure 3.27. SEC of (a) a mixture of 80 and 81 after column chromatography, (b)
crude product after cyclization of 79, (c) starting material 79.
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100Synthesis of catenanes

chloroformate 78 with ring 77 in THF in the presence of DMAP (Scheme

3.22). A comparison of the 1H NMR spectrum of thus obtained 81 and of the

1H NMR spectrum of the mixture of 80 and 81 showed that the sharp signal

around 7 ppm in the mixture of 80 and 81 is matching with the signal of 81.

The broad signal is therefore assigned to the precatenane 80. The ratio of

precatenane 80 and its topological isomer 81 was found to be 2.6:1.0

calculated from the integration ratio of the a -protons and from the isolated

yield of catenane 84 and ring 85 obtained after carbonate cleavage and

methylation. A similar ratio had been found in the case of the diol catenane

70.
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00 ill
II ///to 50 ©
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Scheme 3.22. (a) DMAP, THF, rt.
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3.2.6 Conversion of precatenane into catenane.

Precatenane 80 and isomer 81 were not separated. The mixture was used in

the next step which was the cleavage of the carbonate linkage by treatment

with 10N NaOH in ethanol and THF at 50 °C for 17 h resulting in a mixture of

catenane 82 and ring 83 (Figure 3.28). Again, two characteristic peaks for the

a-protons were observed at 7.09 ppm and 7.13 ppm. Based on their intensity

and integration ratio, the signal at 7.09 ppm was assigned to catenane 82, the

signal at 7.13 ppm was assigned to ring 83.

82
83

OH HO
OH HO2C CO2H

HO2C

1

,ii! Aj

JL
1,.....Ti; 7.4 7.S 7 A 47 4<l7.3 1.1 1.1

frr~J

y 1

____
ILJ

JO JJ JO 2.J is

(rr*J

Figure 3.28. 1H NMR spectrum (CDCI3, 300 MHz, rt) of the mixture of catenane
82 and ring 83 obtained after carbonate cleavage.

101



102Synthesis of catenanes

O' —~,° o—-ich*,-

&80

I II 81(CHJtt-V-O X06 ©ii

©© o
lit

W-o0-<®l
COtilIF10*0'co,||

© ©©(fc] ©
(CH,)uÿrO

O

I
y}

(CH,)„-O O-(CHa)j-(CH,)

(a)

(b)

o- (CHJn

-(CH,)b—O

f © 84© &

V©-OM. M«O-£0S
EtO,C CO,M«

©4—o

//

(V

O—(CH,)„

(c)

O-(CH,)n-

L(CH,)n—o

©//

© s\

///W*-OM«
HOjC COjH

!gD
© ©

(CHJ)JJ —-O

V

X

O—(CH,)„
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The mixture of catenane 82 and cycle 83 was methylated without prior

f
purification. Finally, usual column chromatography gave the catenane 84 and

the ring 85 as separate, pure compounds.

The 1H NMR and 13C NMR spectra of catenane 84 are very similar to those of

the ring 85 (Figure 3.29) which suggests that the two interlocked rings in

catenane 84 molecule are unaware of each other most probably because of

the large inner diameter of the ring excluding interactions between rings. In

order to support this interpretation NOESY and COSY 45 experiments of ring

and catenane were earned out under identical conditions. No significant

difference was found in the spectra.

84

OMe MeO
Me02C COjRI e

_J Ajw

77 i7l 9 7 0 3 .« yn Ji 13 23 20 1.3

85

OMe

Me02CJl

_______
JJUL
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AA...ruA. J\ H..

3 3
'

AO JO 33 7720 30 )n

Figure 3.29. 1H NMR spectra (CDCI3, rt, 300 MHz) of (a) catenane 84 and (b) ring 85.
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However SEC and TLC (Rf = 0.75 for ring and 0.53 for catenane; in petroleum

ether/dichloromethane 1:2) gave clear evidence that two different compounds

had been isolated.

iAi
i

iV
OMe

: Me02C
ifMeO

MeOjC C02Me
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if

t//a-— *

: vtr

c

d

r T T T
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Figure 3.30. SEC of (a) crude product of carbonate cleavage, (b) catenane 84, (c)
mixture of 80 and 81 used as the starting material, (d) ring 85.
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Beside this the field desorption mass spectrum of catenane (Figure 3.31)

showed signals at m/z 2940.0, 1470.2 979.9, and 735.2. These data

correspond well with the calculated data for a catenane with charges from one

to four (M+: m/z 2940.11, M+2: m/z 1470.2, M+3: m/z 979.9, M*4: m/z 735.2).

The field desorption mass spectrum of the corresponding ring 85 (Figure 3.31)

showed only signals at m/z 1469.9 and 736.0. A signal at 979.9 is missing.

This support the assignment of this signal found in the mass spectrum of 84 to

the threefold charged catenane and thus the assignment of the signal at m/z

2940.0 to the catenane. The signal at m/z 1470.2 may result from

fragmentation of the catenane into the rings or a corresponding open chain

compound. To exclude the idea that mass at 2940 could be related to

isomeric monocyclic dimer, which in principle can be formed from such a

conformation of the threading molecule in which the ring and ring precursor

are non-threaded (Scheme 3.14) via dimerization, however the reduced

hydrodynamic volume of the products were observed, (Figure 3.27) upon

acetylene dimerization, when compared to the hydrodynamic volume of the

starting material unambiguously contradicts the formation of cyclic dimer. We

had synthesized the cyclic dimer. The comparative SEC curve showed that

cyclic dimer has large hydrodynamic volume compared to catenane and

precatenane, which will be discussed later

i
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3.3 Synthesis of unsymmetrical catenane

The synthetic strategy for the synthesis of catenanes was extended to form

catenane 92. As it was discussed in the introduction one main purpose for the

synthesis of the catenanes is their polymerizaton. It is a well established fact that

a correct stoechiometry of the functional groups plays a very important role in

polycondenstion reactions. Because our catenanes, so far AA or BB type

monomers, are of relatively high molar mass, the control of stoechiometry using

commercially available comonomers is very difficult. One solution to this problem

is to synthesize an AB type monomer, such as a catenane 92 bearing an

aliphatic hydroxyl group at one ring and an aliphatic carboxylic group at the other

ring.

3.3.1 Synthesis of threaded compound.

The starting materials for the synthesis of catenane 92 the ring precursor 76 or

61 and the ring chloroformate 63 or 78 (Schemes 3.24 and 3.25), were the same

as used for the preparation of catenane diol 70 and catenane diester 84

(Schemes 3.12 and 3.13). Also the following steps starting with threading of the

ring onto the ring precursor were performed following the procedures as

described for the catenanes 70 and 84. The only difference is that the building

blocks used for the formation of carbonate 86 or 87 carried different substituents

at the phenolic moiety. Therefore, at the step of threading of the ring onto the ring

precursor two different combinations are possible: The ring carries the ester
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group and the ring precursor the protected hydroxyl group or, vice versa, the ring

carries the protected hydroxyl group and the rings precursor carries the ester

group. Both possibilities were pursued.

itThe reaction of ring chloroformate 63 carrying the protected aliphatic hydroxyl

group with ring precursor 76 carrying the ester group afforded quantitatively the

carbonate 86. This product was characterized through 'H NMR spectroscopy.
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Scheme 3.24. (a) DMAP, THF, rt; (b) CuCI2, CuCI, pyridine, rt, pseudohigh
dilution.
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The ’H NMR spectrum and the 13C NMR spectrum is similar to the sum of the

corresponding spectra of the carbonates 79 and 64 carrying either the protected

alcohol or the ester functionality at ring and ring precursor moiety. As observed in

the preparation of the carbonates 79 and 64, upon formation of carbonate the

signal of the a-protons of ring precursor 76 is shifted downfield by 0.18 ppm while

the signal of the a-protons of ring chloroformate 63 is shifted to low field by 0.31

ppm. The intensity of the triplet at 4.22 ppm corresponding to the ArC02CH2-

protons which are part of the ring fits well to the intensity of the singlet at 3.05

ppm corresponding to the alkyne protons which is an integral part of the ring

precursor. Also the intensity of all other signals are in full agreement with the

structure of the unsymmetrically substituted carbonate 86.

The reaction of ring chloroformate 78 and ring precursor 61 worked as well giving

the carbonate 87. 'H NMR spectroscopy gives unambigous proof of the structure

of 50. This spectrum is very similar to that of carbonate 86 with one significant

difference (Figure 3.32) : The 1H NMR spectrum of carbonate 87 shows only one

signal for the a-protons at 7.01 ppm with the appropriate intensity and integration

ratio corresponding to four protons as calculated by comparing with the intensity

and integration ratio of the signals for the alkyne protons at 3.11 ppm and the

ArC02CH2-protons at 4.28 ppm. In contrast to this, carbonate 86 with just the

functional groups exchanged between ring and ring precursor moiety shows two

singlets for the two different types of a-protons, one singlet for the ring precursor

and the other for the ring.
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Figure 3.32. 1H NMR spectra (CDCI3, rt., 300 MHz) of (a) 87 and (b) 86.
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3.3.2 Formation of precatenane

Reaction of either carbonate 86 or carbonate 87 with CuCI and CuCI2 in pyridine

under pseudohigh dilution gave precatenane 88. 1H NMR spectra (Figure 3.34)

as well as SEC (Figure 3.33) showed a quantitative reaction. According to SEC,

precatenane 88 and the topological isomer 89 were formed as the main products,

accompanied by only an extremely small amount of oligomers.

Crude product
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Figure 3.33 GPC curve: (a) curve representing crude product after cyclization.
(b) Stand for the isolated product (c) Starting material
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The 1H NMR spectrum (Figure 3.34) shows three peaks for a-protons one of

which is comparatively broad and the other two are of ususal line width. The

broad signal is assigned to the target compound, the precatenane 88, and the

two sharp signals are assigned to its topological isomer. This assignment is

supported by a comparison of this 1H NMR spectrum with that of separately

prepared compound 89 (Figure 3.35). Compound 89 was obtained through the

reaction of ring chloroformate 78 with ring alcohol 62 in the presence of DMAP in

THF (Scheme 3.24).Topological isomer 89 gives rise to two signals around 7

ppm due to the fact that it is formed from two differently substituted rings.
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Figure 3.34. 1H NMR spectra (CDCI3, rt, 300 MHz) of (a) starting material 87 and
(b) a mixture of 88 and 89.
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Figure 3.35. 1H NMR spectra (CDCI3, rt, 300 MHz) of (a) 89 and (b) a mixture
of precatenane 88 and topological isomer 89
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3.3.3 Cleavage of carbonate

Precatenane 88 and its topological isomer 89 were not separated from each

other. The mixture was treated with 10N NaOH at 50°C which resulted in the

cleavage of the carbonate group as well as the hydrolysis of the two different

ester groups. The 1H NMR spectrum of the crude material of this reaction (Figure

3.36) shows three signals for the a-protons. The signals in figure 3.36 designated

with b and c are assigned to the rings which result from hydrolysis of 89 carrying

the carboxyl group or the aliphatic hydroxyl group, respectively. The signals

designated with a and with b are assigned to the catenane 91. From these

signals the ratio of catenane and rings is calculated to be approximately 2.4:1.

H0 c ( HO‘

V b

TO
HO-

•CO,H

%

Figure 36. ’H NMR spectrum (CDCb, rt, 300 MHz) of the product mixture
obtained through treatment the mixture of 88 and 89 with NaOH.
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The obtained mixture of rings 91a and 91b and catenane 91 was treated with

Mel in DMF without prior separation. On methylation the shift of the characteristic

signals of the a-protons became very similar. Therefore, at this stage rings and

catenane cannot be distinguished by 'H NMR spectroscopy. Catenane 92 was

separated from the rings very easily through usual column chromatography. The

Ri value (petroleum ether/methylene chloride 1:2) for the catenane was found to

be 0.34 while that for ring alcohol 93 and for ester ring 94 were found to be 0.45

and 0.79, respectively.

For the structure proof of catenane 92, NMR spectroscopy was used. As

expected the 1H as well as the l3C NMR spectrum is looking as the sum of the

corresponding spectra of the symmetrically substituted catenanes 70 and 84

(Figure 3.37). e.g. the triplet at 3.7 ppm can be assigned to the CH2OH-protons,

which are part of the ring with the aliphatic hydroxyl group and the triplet shaped

signals at 3.0 and at 2.7 ppm can be assigned to the ArCH2CH2-protons which

are part of the ring with the ester substituent. The two, very close singlets around

3.10 ppm are assigned to the ArOCH3-groups. Each methoxy group gives rise to

a separate singlet. At 3.67 ppm a singlet for the C02CH3 is found. All three

methoxy groups have the same intensity in agreement with the structure of

catenane 92.The signals for the a-protons are degenerated. Only one signal at

7.17 ppm is found with an intensity corresponding to four protons. At a first

glance the intensity of the signals at 7.56 and 7.57 ppm assigned to the (3-

protons is surprising. However, a comparison with the data of catenanes 70 and

84 shows that the signal at 7.57 is one part of the signal expected for the fi¬

lls
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protons of the ring with the aliphatic hydroxyl group and that the signal at 7.57

ppm arises from the residual (3-protons of both rings.

o—(CHJ.T(CTM.XO-

<©>II

0 ©0 w
II

•0-@) WÿCO,|,‘ iurÿ•CO,11ado'
mm00 01 1

wICtV„ I

-O O-(C•(CH,),

(a)

(b)

o—ICHA;-

L(CH,)„ — o?/
E

HO %

O—(CH,ln

(C)

M
(CH,),, —O

0t)g>
I

W-OWo <§D>
HI

©HO

0$
(CH,),, -jjj-O

O—(CH,),,

Scheme 3.27. (a) 10N NaOH, EtOH, THF.50 °C; (b) Mel, K2C03, THF, DMF, 40
°C; (c) 10N NaOH, EtOH, THF.
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Figure 3.37. 'H NMR spectra (CDCI3I rt, 300 MHz) of the three catenanes (a) 84,
(b) 92, (c) 70.
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Beside this, a comparative size exclusion chromtography of isolated catenane

92, rings 71 and 85, starting material 88 and 89 the crude product obtained after

methylation and containing rings and catenane also supports the successful

formation of catenane 92 (Figure 3.38). The SEC shows that catenane 92 is

eluted at a little shorter retention time than the mixture of precatenane 88 and its

topological isomer 89. The most probable reason for this increase in

hydrodynamic volume is that upon cleavage of the carbonate linkage the two

rings get more freedom to move, therefore being a little bit further away from

each other. The elution time of the two rings 71 and 85 is nearly the same.

MeO-

Crude product after
methylation MeO-

OHfi JMeO-
-COjMe

U
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22 24 26 28 30 32 34

elution time

Figure 3.38. SEC of (a) crude product obtained after methylation; (b) isolated
catenane 92; (c) starting material 89, 88 (d) ring both rings (e) methyl 4-
methoxybenzoate.
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To get more supporting evidence for the successful formation of catenane 92,

field desorption mass spectra (FDMS) of catenane 92 and rings were recorded.

the FDMS of catenane 92 showed signals at m/z 2910.3, 1454.6, and 970.0

(Figure 3.40). These data correspond well with the calculated data for a catenane

with charges from one to three. (M+: m/z 2912.0, M+2: m/z 1456.0, M+3: m/z

970.6). The FDMS of both rings was also recorded. The spacered ester ring 85

showed two singnals of high intensity at m/z 1469.9 (M+) and 735.0 (M+2)

similarly spacered alcohol ring 71 also showed two singnals of high intensity at

m/z1441.9 (M+) and 720.9 (M+2). In these spectra clearly signal at m/z 970.0 was

missing. , explanation for this is that this is related to threefold charge catenane

which is not possible in ring. In the FDMS of catenane 92, an additional signal at

m/z 735.4 was found. This is not fitting to the catenane 92 however to a twofold

charged ring 85 as can be seen from the comparison with the FDMS of ring 85

(Figure 3.40). Probably this signal in the FDMS of the catenane 92 arises from

fragmentation of catenane 92 into ring and/or corresponding ring-opened

fragments. A corresponding signal at m/z 721.0 could be expected for the other

ring of the catenane, the ring with the aliphatic hydroxyl group. However such a

signal was not detected. This is in agreement with the failure of obtaining FDMS

of catenane 70.
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Figure 3.40. FDMS of (a) catenane 92 and (b) ring 85.

Ester hydrolysis of catenane 92 was carried out with the help of NaOH, THF,

EtOH. It was found that on hydrolysis the signals of the a-protons split and two
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singlets are seen in the 1H NMR spectrum (Figure 3.39). The singlet at 3.68 ppm

disappeared as expected for cleaving the methyl ester. The two signals at 2.6-2.8

ppm merge with each other
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Figure 3.39. ’H NMR spectra (CDCI3, it, 300 MHz) of (a) catenane 92 and (b)
catenane 95.



125Synthesis of catenanes

3.4 Synthesis of biggest unsymmetrical catenane

3.4.1 Synthesis of threaded compound

Our desire for the synthesis of catenane forced us to move forward. We

started to synthesize another unsymmetrical catenane (catenane having

hydroxyl group on one ring and the nonspacered acid group on the other ring)

like 92 but this time changes were brought into the building blocks of the

catenane. The C23 chain in 92 was replaced with C5i 100 and the spacered

ester phenol was replaced with non spacered ester phenol as shown in

scheme 3.30. First ring precursor 102 was prepared starting from the

terphenylene 59 and the long flexible chain 100 The preparation of chain 100

required longer alkynol 96, pentacos-24 ynol and silylated alkynol 97 .The

silylated alkynol was derivitized with 4-iodophenol via Mitsunobu reaction to

obtain chain 98. Pd-Cu catalyzed coupling of the alkynol 96 with chain 98

gave the long chain 99, with a protected terminal aryl alkyne moiety. The poor

solubility of 99 in solvents like methylene chloride made the purification of 99

difficult from the rest of by products. However it was purified through column

chromatography in reasonable yield (i.e. 61%). Then long chain 99 was

coupled with 4-iodophenol via Mitsunobu reaction to obtain target 100. The

r

product was purified through precipitation of ethanol due to which all the by

products went into solution and the target molecule get precipitated out. The

ring precursor 102 was prepared through the coupling of terphenylene with

chain, followed by the removal of triisopropylsilyl group. The solubility of ring

precursor was found much better in 1,2 dichlorobenzene than pyridine. So

slow addition of ring precursor to a suspension of CuCI and CuCfe in pyridine

gave exclusively the cyclic monomer 103.
pa'ÿ23 Chromatographed

ring
OH

R20Starting material

Ca-Ca—=-H

C23-C23

Cÿ-Cÿ
Crude product

: JE OH
AR2O Ca-Ca~ÿ—H • h

R2O C23-CW

b—

c

27 7T ~n
Raiantior lima (min)

Figure 3.41. (a) Isolated ring (b) crude product after cyclization (c) starting material
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The success of this procedure can be seen from the comparative size

exclusion chromatogram of crude product, starting material and

chromatographed product. The gigantocycle was isolated by usual column

chromatography in 83% yield. Work up procedure for this reaction was

comparatively more laborious than the already mentioned cyclization

reactions which is discussed in the experimental section. Chloroformate of the

ring was synthesized in similar way as discussed earlier. The chloroformate

formation was found quantitative here as well. This ring chloroformate was

coupled with nonspacered ester ring precursor to afford threaded compound.

This threaded compound was precipitated out through methylene chloride,

which yielded the threaded compound in pure form. We were not being able

to proceed this project onward due to unfriendly behavior of time. But the next

step is the cyclization, which is well developed and well understood no

problems are expected there. After cyclization is the cleavage of carbonate to

obtain catenane and ring which is also well developed and in this special case

due to the presence of one electron withdrawing group directly attached to the

phenol ring, the cleavage process is expected to be more feasible and quick

than the earlier mentioned systems compound quantitatively.

0-(CH,)„ — O-lCH,),,—
105

/

HO-Q-CO*''-a

~~oA°/

a

0-|CHI)o-=-ÿ-0-(CHp11-

// Q
106

Q-°- •0-O-CO.El

Scheme 3.30 (a) DMAP, THF, rt.



Selective reactivity of aliphatic hydroxyl group via Mitsunobu 129

4.1 Selective acylation of aliphatic hydroxyl group in the

presence of aromatic hydroxyl group via Mitsunobu.

As it was discussed in the chapter 3 that for the synthesis of diol catenane the

protection of aliphatic hydroxyl group was necessary in the beginning of the

synthesis. As our starting material 38 was containing aliphatic hydroxyl group

as well as aromatic hydroxyl group. So such a reaction conditions were

required which protect aliphatic hydroxyl group in the presence of aromatic

hydroxyl group. Literature reveals that selective acylation of alcohol has

enjoyed a great attraction of chemists due to its significance in synthetic

organic chemistry especially in protecting group chemistry as reflected by the

number of methods that have been developed to effect this transformation. To

meet the challenging task of chemoselective transformation of aliphatic

alcohol in the presence of phenolic alcohol mainly acidic catalyst

(Sc(0Tf)3Ac2037, TMSOTf/Ac2038, CH3(OMe)3/TMSCI39) have been

developed. Beside acidic catalysts somewhat neutral distannoxane40 and

silica gel supported sodium hydrogen sulphate41 are also reported for

selective acylation. Although the aforementioned catalysts are effective but

have some limitations like the acidic conditions in Lewis acid catalyzed

acylation leads to the cleavage of acid sensitive functionalities such as

TBDMS, diene, oxazoline and epoxide. The chemical transformation of

methanol and cyclohexanol are most frequently employed in natural product

synthesis while somewhat neutral distannoxane42 is inert towards these.

Similarly the silica gel supported sodium hydrogen sulphate43 is not useful for

sterically bulky hydroxyl group because hydroxyl with bulky groups experience

steric hindrance from the surface of silica gel. Mitsunobu36 reaction is quite

frequently employed for esterification in organic synthesis. The reaction

conditions of Mitsunobu are extremely mild due to which a wide range of

functional groups are compatible to it like acetals44, epoxides45, TBDMS46,

oxazoline47, nitro48, lactames49, esters50. In view of its mechanism36 we

realized that it could be used for selective acylation. Compound 38 was

protected selectively through this reaction by the use of toluilic acid as
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protecting group and we were not being able to detect diacylation from ’H

NMR spectrum of the crude product. This reaction attracted us and we

checked the applicability of this reaction. A variety of carboxylic acids bearing

either electron withdrawing or donating substituents were selectively acylated.

To test the selectivity of Mitsunobu reaction for acylation compound 38 was

examined as a model substrate by treating with compounds 107, 108 and 109

in THF in the presence of PPh3and diisopropyl azodicarboxylate (DIAD). After

18 hours of stirring at room temperature corresponding esters of aliphatic

hydroxyl group were formed quantitatively without affecting the aromatic

hydroxyl group (Table 4.1). The scope and generality of the reaction for

selective acylation were explored by carrying out reaction of compound 38

with aromatic carboxylic acid (i.e., 107 and 108) bearing either electron

donating or electron withdrawing group. In both cases the reaction was

excellent in selectivity and as well as reactivity. To further assess the wide

applicability of the reaction aliphatic carboxylic acid 109 were employed. Thus

when compound 38 was treated with CH3COOH the corresponding acetate

111 was obtained in excellent yield. This acylation cannot be achieved by

using Cp*2Smthf51, since it is known that acetic acid destroy the samarium

catalyst.

a

Vi-"1o

R

HO

107

108

r' 0"“
110

o

R02H = HOjC

HOjC NO, NO,

109 111

M0MeCO,H

Scheme 4.1 (a) DIAD, PPh3) THF rt.
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Table 4.1

entry substrate product isolated yield

1+107 5

selectivity time(h)/temp.°C

18 h/rt1001 89.

18 h/rt1 + 108 79 90 1002

19 h/rt1003 1 + 109 80 87

TMSOTf/Ac20 system was also used for the selective acylation of aliphatic

hydroxyl group of 4-hyroxy phenyl ethanol. In this case due to

thermodynamical equilibrium the desired aliphatic ester was obtained after 3.5

days in 93% however accompanied by 7% of aromatic ester. In addition it is

reported52 that acetonide group is not stable under TMSOTf/Ac20 conditions,

contrary the Mitsunobu reaction was shown to be compatible with acetonide53.

Sc(0Tf)3/Ac20 is also an important catalyst for selective acylation, but the use

of corrosive reagent (i.e.,Ac20) and extremely low temperature for fruitful

reactivity of acid sensitive group decrease its appreciability in literature.

Furthermore Orita et al54 reported that when geraniol was subjected to

Sc(OTf)3/Ac20 conditions, multiple product were obtained while Marriott J.H.,

et al55 has reported the tolerance of geraniol functionality under Mitsunobu

conditions.

Silica gel supported sodium hydrogen sulphate is also a very good catalyst for

selective acylation of aliphatic alcohol in the presence of aromatic, but the

catalyst is commercially not available and it is useful for small sized sterically

free hydroxyl group as hydroxyl with bulky group experience steric hindrance

from the surface of silica gel. On the other hand literature56 shows that

Mitsunobu does not encounter with such difficulties. The importance of amide

in selective acylation has been discovered by Vamada et al57 by the use of

twisted amide for acylation. However the catalyst is commercially not

available, the reaction conditions are also a little vigorous (high temp i.e.,

80°C) and the yield of monoester recorded by glc is rather low. In case of
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Mitsunobu all reagents are commercially available, reaction is carried out at

room temperature and the yield of monoester is also high. Acylation of

secondary alcohol (i.e. cyclohenxanol) was carried out under Mitsunobu

reaction conditions as shown in scheme 4.2. It was found that Mitsunobu

reactions is equally effective for primary as well as secondary alcohol. We

didn’t check the competitive reaction of secondary alcohol in the presence of

phenol for carboxylic acid, which will be an interesting experiment. While it is

reported that cyclohenxanol is inert for acylation under distannoxane

condition.
o

CH3OH

a
+ CH3COOH

Scheme 4.2 (a) DIAD, PPh3) THF.

4.2 Selective etherification of aliphatic hydroxyl group in the

presence of phenol via Mitsubobu.

Mitsunobu reaction is also used for etherification in organic synthesis. We

carried out a reaction between p-hydroxybenzoic acid and methanol to check

the competition reaction of phenolic hydroxyl and carboxylic acid towards

methanol, which afforded p-hydroxy methyl benzoate in quantitative yield and

100% selectivity. For exploration of this competitive reaction a 1:1 mixture of

p-nitrobenzoic acid and phenol was treated with 1eq of bromoundecanol in

the presence of DIAD and PPh3 which resulted the formation of p-

nitrobenzoate exclusively, no traces of phenolic ether were observed in the 1H

NMR spectra of the crude product. Similarly 1eq of bromoundecanol was

reacted with 1:1 mixture of anisic acid and phenol under Mitsunobu condition

which afforded anisic ester without accompanied by phenolic ether. The

above competitive experiments of phenol with either electron withdrawing
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(i.e., p-nitrobenzoic acid) or electron donating group (p-anisic acid) showed

that selective acylation of alcohol can be carried out in the presence of

phenolic hydroxyl group without subsequent etherification (Scheme 4.3).

-CO.H UoOH HO- •COjU*

—o w

Q,N~ CQ'H

RCtMCHÿ.-Or

—oH -ncop-i

Scheme 4.3 (a) DIAD, PPh3, THF, rt.

To investigate the selectivity of the reaction compound 42a and 52a has been

synthesized. (Discussed in chapter 3). The crude product 'H NMR spectra of

compound 107, 108, 109, 110, and 111 were compared with spectra of

compound 42a and 52a, no peaks were found in the expected region.

Furthermore the integration of protons near to phenolic hydroxyl group were

found to be exactly matching with the rest of protons in the spectra of crude

products. These evidences show that the reaction is highly selective.

Purification of product from reaction mixture is also a problem in organic

synthesis. Mitsunobu reaction has also by-products such as

triphenylphosphine oxide and reduced azodicarboxylate which sometimes

gives problems in purification we also faced problems in this regard because

on acylation protons next to phenolic hydroxyl group were expected at 7-7.5

ppm as shown by the spectra of compound 52a, 42a and the increment taken

from computer program, but this region was occupied by phosphine oxide

protons, to solve this problem we carried out some experiments with standard

reagents (i.eÿPPhyDIAD) and the reagent reported by Kiankarimi et al58 He

r
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replaced triphenylphosphine with biphenyl 2-pyridylphosphine and disopropyl

azodicarboxylate with di-tert.butylazodicarboxylate, which have the same

flexibility and high yields but make easy the purification of the product. These

new reagents can easily be extracted to aqueous phase on acidic work up. No

difference in term of selectivity and reactivity were found except that we got

sufficiently clean product with Kiankarimi reagents, due to which now the

region from 7-7.5 ppm was reasonably clean and the detection of protons next

to phenolic hydroxyl group resulted from acylation was possible, subsequently

no peaks were found for these protons. Beside this the acylation of phenolic

hydroxyl should result an additional set of peak at 8-8.5 ppm as shown by the

1H NMR spectra of compound 52a and 42a but no additional peak were

observe in this region
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5. Synthesis of thiol substituted catenane

5.1 approach for the self assembly of dithiocatenane on gold.

As this has been discussed in the introduction chapter that the miracle of

catenane lies in its bonding which is mechanical rather than chemical. The

mechanical bond that holds the component of the molecules together is

dynamic; therefore can be used to modify the molecule’s properties through

external stimuli. For scientists it is of supreme interest to grow two-

dimensional ordered arrays of these molecules in such a way that they are

still able to perform movement. So an approach was adopted to make a thin

film made of a mixture of thiol terminated catenane and alkane thiol on gold

surface. Because the use of mixed SAM’s allows more control over physical

and chemical properties of the surfaces56 Two ideas were developed for

making such a film. In first case a gold surface will be self assembled with

alkane thiol. Then some of alkane thiol will be substituted by

mercaptosubstituted catenane to make a mixed thin film of catenane and

alkane thiol. In alternative way a mixed thin film can be formed by

simultaneous coadsorption (co-chemisorption) of alkane thiol and dithio¬

catenane from mixed solutions of alkane thiol and dithio-catenane on gold

surface. Alkane thiols chemisorb onto gold surfaces forming a densely

packed, crystalline-like structure in which the alkyl chains are slightly tilted

with respect to the surface normal. The thiol head group is believed to bind

covalently to the gold surface through a gold thiolate bond. The purpose of the

alkane thiol in this experiment is that these will prevent loop formation of our

dithio-catenane as shown in figure 5.1. As catenane will try to form a loop it

will have to kick out some of preassembled alkane thiol on gold surface and

disturbed the smooth well ordered surface (Figure 5.1b), which is

energetically less favorable. So this will increase the chances that one thiol

end of the catenane will be free and available for experiments.

Relatively recently (mid-eighties) a revolution has happened in the field of

microscopy and surface science. These techniques based on sharp probe tips

driven by peizo transducers not only have enabled the scientists to investigate

surface morphology with unprecedented resolution. These also provide a

means to study mechanical properties of surfaces on nanometer scales.
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Based on these recent advances we thought that it would be possible to

manipulate catenane molecule with the help of AFM (Figure 5.1a). If one end

of a mercaptosubstituted catenane is attached to AFM tip made of gold and

the other to the gold surface, the elasticity of catenane can be measured.

Beside this some insight into the Van der Waals interactions between the two

rings of catenane can be obtained. This process is not simply an “academic”

experimental feat; it has the potential to reveals detail of the mechanical

properties of catenane molecule that cannot be obtained otherwise.

SHdHS

HS-VAAAA0H

AFM Tip

a
b

,OH OH

0H/°!HjOHOH 01 JOHQ OHOH,01 JOl ,01

ffffffffrfttff rrfffffffffffff
AuAu

Figure 5.1. (a) Desired conformation of catenane molecule on gold surface
(b) Undesired conformation of catenane.
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5.2 Model studies for the synthesis of dithiocatenane.

A milestone for these kinds of experiments was the synthesis dithio-catenane.

Various approaches were adopted for the synthesis of dithio-catenane, which

are discussed below.

5.2.1 Thermodynamically controlled selective C-0

esterification via NaH.

The bond energy of C-0 is 86 kcal/mol while that of C-S is 65 kcal/mol57 So it

was thought that if mercaptoundecanol is treated with p-methoxy methyl

benzoate (which is very much similar to our starting material for catenane i.e.;

p-hydroxy ethyl benzoate) in DMF in the presence of NaH as a base at 40 °C,

the corresponding C-0 ester 112 will be formed exclusively by the substitution

of OMe from p-methoxy methyl benzoate. As the bond energy of C-0 i.e. 86

kcal/mol is higher than C-S i.e. 65 kcal/mol so the thermodynamic equilibrium

will be shifted more toward C-0 side rather than C-S and this will ultimately

give us exclusively C-0 ester 112 as shown in scheme 5.1. So

mercaptoundecanol was reacted with p-methoxy methyl benzoate in the

presence of NaH and DMF. The reaction was monitor by ’H NMR

spectroscopy. After 24 hours stirring at room temperature almost half of the

starting material were found unreacted. Crude 1H NMR showed residual

mercapto undecanol, corresponding disulfide 114, target C-0 ester 112 and

p-methoxy methyl benzoate. There were no evidences for the formation of

undesired C-S ester 113. Then the reaction was heated at 50 °C for additional

24 hours, which resulted the complete conversion of starting material into

product. Again, crude 1H NMR didn’t show any evidence about C-S ester 113.

The only undesired product in this reaction was the disulfide 114. Because if

we applied the same reaction conditions to our catenane then it will give us

either oligomer or polymer having disulfide in its backbone which was not

suitable for our purpose. The disulfide formation in this reaction was seems to

be unavoidable under so strong basic conditions. So this reaction gave very

little hope for quantitative formation of thiol substituted catenane.
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in excess

C02Me + HO-(CH2)„-SH-o-MeO

a

113

-0-;
o

MeO C02-(CH2)11-SH+ MeO lOS-tCH-ÿ-OH

114

C02-(CH2)1l-8ÿ-(CH2)ll-02C OMe

Scheme 5.1. (a) NaH, DMF, 50 °C

5.2.2 Hexamethyldisilathiane approach.

Then another reported procedure was adopted for the synthesis of mercapto

molecule. In this method hexamethyldisilathiane molecule was treated with

bromoundecanol in the presence of TBAF, which on aqueous work up

afforded mercaptoundecanol quantitatively. After this compound 118 (Scheme

5.2) was synthesized and subjected to the same reaction conditions but the

reaction was found unsuccessful here. The reaction was repeated several

times on this model compound 118 but the desired compound was not

obtained. This was very much surprising result because the only difference

between bromoundecanol and 118 is the angular model compound which is

very much far way from the reaction center but still it had dramatic influence

on the reactivity of bromo substitutent.
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Scheme 5.2. (a) Mel, K2C03, DMF, THF, 1:1 40 °C (b) NaOH (10 N),
EtOH, THF (c) DMAP, EDC, CH2CI2, rt. (d) Me3SiSSiMe3, TBAF, THF

5.2.3 Selective C-0 esterification via Mitsunobu.

It is known from literature that the P=0 bond energy is higher than the S=0

bond energy. In view of Mitsunobu reaction’s mechanism (Scheme 5.4) it was

thought that if we treat mercaptoundecanol with any carboxylic acid under

Mitsunobu conditions, mainly thiol or disulfide terminated ester would be

formed. It is shown in the mechanism (Scheme 5.4) that first intermediate X is

formed which is now available for the nucleophilic attack of two groups i.e.;

thiol and hydroxyl group. As the nucleophilicity of the SH is higher than OH so

SH perform attack with a faster speed than OH. It is also known that
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thermodynamically P-0 bond Z is more favorable than P-S bond Y due to

which ultimately the equilibrium shift towards P-0 Z side which result the

formation of thiol or disulfide terminated ester as depicted in scheme 5.4. We

started from toluilic acid and treated it with mercaptoundecanol under

Mitsunobu reaction’s condition (Scheme 5.3).

a
RC02-(CH2)„-S-S-(CHJ)1,-O2CRRC02H - HO-(CH2)n-SH

120R = Me-

OMe

nMeO w 121

#
122

HO

W

'/

123
OHv\ /,

H02C-

v\ //

%
// \

OMe

Scheme 5.3. (a) DIAD, PPh3, THF, rt.

The crude ’H NMR revealed mainly the formation of C-0 ester 120, which

means that reaction is governs by thermodynamics rather than kinetics. In

one experiment an excess of mercaptoundecanol was treated with toluilic acid

and the reaction was studied by 1H NMR spectroscopy. The crude ’H NMR
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showed peak at 4.26 ppm, which was assigned for the ester, and there was

also peak for CH2OH at 3.59 ppm. Additionally two other peaks of interest

were found one at 2.63 ppm, which was assigned, for the CH2S-SCH2

o X o

XÿAX AA/ x01Pr OlPrIPro
LIPrO

C * PPh3
PPh3

HO-(CH2),,-SH

z Y
Z

PPh-jOÿCHÿ-SH - —'- HO-JCHÿcSPPhj
Thermodynamic equilibrium

PPh30-{CH2)1,-SH

Scheme 5.4. Most probable mechanism of Mtsunobu showing thermodynamics

while the other peak was surprisingly very much broad, unresolved and

appeared at 2.92 ppm which we couldn’t figure out. The combine integration

ratio of both broad unresolved peak and CH2S-SCH2 were found to be very

much matching with the combine integration ratio of residual CH2OH and

intending ester. From this we perceived that this broad unresolved peak have

some relation with either disulfide or thiol, but what kind of relationship it have

we remained unsuccessful to figure out. Then it was realized that this peak

could be related to a kind of intermediate formed between azo-compound and

thiol or disulfide so, it may be possible to remove this by the addition of 1 eq

more triphenyl phosphine and water before working up the reaction. Another

reaction was carried out to which additional 1 equivalent of PPh3 and water

were added one hour before working up. After working up ’H NMR showed

only peak for disulfide in the region of interest while that broad unresolved

peak get disappeared. Later on we carried out all experiments under these

conditions and reproducible results were obtained in all cases. Now question

arise about selectivity whether the formation of ester having disulfide in its

backbone is a matter of selectivity or first disulfide form in the reaction mixture

and then esterification take place which result only disulfide containing ester.
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142Synthesis of thiol substituted catenane

To understand this dilemma and to get deep into the circumferences of the

reaction many experiments were carried out. But these experiments didn’t

show any strong evidence that the selective formation of disulfide containing

ester is a matter of selectivity. However no single experiment showed us the

formation of hydroxyl terminated ester which in principle can be formed in

such a case when thiol attack on reactive intermediate X (Scheme 5.4). So

one can conclude that the disulfide bond formation is extremely fast and

before the start of esterification process whole mercaptoundecanol convert

into disulfide and only CH2OH remain available in the reaction mixture for the

attack on reactive intermediate X (Scheme 5.4). But this hypothesis is not so

much convincing because the reactions were carried out under careful

degassing, and in the absence of oxygen so much fast conversion of thiol into

disulfide usually not happened. On the other hand it is well understood that

thiol is more nucleophilic than hydroxyl group so thiol should attack on the

intermediate X with a faster speed than hydroxyl which in principle should

decrease the availability of thiol for disulfide formation. It was thought that the

same phenomena is happening (discussed earlier) that thiol is attacking with

faster speed than hydroxyl but as discussed earlier that P-O bond energy is

higher than P-S bond energy so at the end the equilibrium shifts to P-O side

which result disulfide or thiol terminated ester, but we were not be able to

prove this unambiguously through experiments except two experiment gave

some weak evidences that the reaction is under thermodynamic control and

P-O bond energy (Scheme 5.4) is higher so C-O ester is formed through

selectivity. For example when p-nitrophenol was treated with

mercaptoundecanol the target molecule was isolated from reaction mixture in

reasonably good yield and the crude ’H NMR showed exclusively thiol

terminated compound 126 while there were no evidences of hydroxyl

terminated compound.

r

124 126

a

127

Q»N— -OH

125

0-(CH,)irSH+ HO-rCHJn-SH

a

COjH + HO-(CH2)„-SH COHCHJÿ-SH

Scheme 5.5. (a) DIAD, PPh3l THF, rt. 142



143Synthesis of thiol substituted catenane

If SH was the attacking species on intermediate X (Scheme 5.4) then

hydroxyl terminated compound should result. Similarly when p-nitrobenzoic

acid was treated with mercaptoundecanol mainly thiol-terminated product 127

was formed, which was isolated from the reaction mixture without problem as

shown in figure 5.2.

•C02-{CH2)1i-SH

v7T

I

Q‘(CH2)1I-SH

jfi.
Figure 5.2. (CDCI3, RT, 300 MHz) (a) ’H NMR of thiol terminated ether
after column chromatography, (b) 1H NMR of thiol terminated ester after
column chromatography.
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144Synthesis of thiol substituted catenane

a

RO-(CH2),,-S-S-(CH2),,-ORROH + HO-(CHj)„-SH

“ÿÿO-

Scheme 5.6 (a) DIAD, PPh3, THF, rt.

R

Now non-spacered acid model compound 117 was treated with

mercaptoundecanol under Mitsunobu reaction’s conditions that afforded a

mixture of several products that we couldn’t figure out. Then we turned to

spacered acid compounds and mercaptoundecanol was treated with

compound 121, which afforded disulfide ester quantitatively. Then the same

reaction conditions were applied for 123 that resulted corresponding disulfide

elegantly. After this we moved ahead and mercaptoundecanol was treated

with 122 which resulted corresponding disulfide without problem. The resulted

product showed that Mitsunobu reaction could be use for two kinds of

selectivity. On one hand it can be used for selective acylation of hydroxyl

group in the presence of thiol on the other hand it can be used for selective

acylation of aliphatic hydroxyl group in the presence of aromatic hydroxyl

group. As Mitsunobu reaction is also used for etherification in organic

synthesis so it was checked that whether the same kind of selectivity between

hydroxyl or thiol can be obtained as it was obtained in case of esterification. It

was found that reaction here was also selective and disulfide-containing ether

was obtained quantitatively. The wide range applicability of Mitsunobu for

selective etherification was checked by reacting mercaptoundecanol with p-

nitrophenol, m-nitrophenol (both possess electron withdrawing nitro group),

iodophenol, and bromophenol (Scheme 5.6). In all cases the corresponding

disulfide ether was obtained without problems. Similarly mercaptoundecanol
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145Synthesis of thiol substituted catenane

was treated with p-methoxy phenol, which possess electron-donating group.

Reaction was quantitative in this case as well and the respective disulfide

containing ether was obtained elegantly. It is reported that alkyl phosphine

can reduce disulfide to thiol. As in Mitsunobu reaction we were already using

PPh3 so we realized that the excess of PPh3 in the reaction mixture might

result the insitu reduction of disulfide bond. But we were not being able to get

reduction of disulfide into thiol. Most probable reason for this could be that

triphenyl phosphine is not enough strong nucleophile to reduce the disulfide

bond. Out look for this experiment may be that one can use tributyl phosphine

that is stronger nucleophile and can reduce disulfide bond to thiol.

5.2.4 Synthesis of thio molecules via nucleophilic substitution

of thio acetate.

After the failure of Mitsunobu reaction for the synthesis of target thiol moieties

rather lengthy synthetic strategy was adopted for synthesis of thiol substituted

catenane. First we synthesized 131 by treatment of toluilic acid chloride with

bromoundecanol in the presence of pyridine. Then 131 was subjected to the

nucleophilic attack of potassium thio acetate in DMF, which afforded 132

quantitatively. Now after stirring in piperidine at room temperature for

seventeen hours the thio acetate group was cleaved selectively which

afforded disulfide 133 cleanly.

131

a

-fV-„ -o-H,C C02-(CH2)1,-Br+ HOÿCHj)„-BrHjC

b

133 132c

O *ÿ0— OHaC C02-(CH2)11-S-S-<CH2),,-0, HJC C02-(CH2)M-SC0CH,

Scheme 5.4 (a) pyridine, rt. (b) KSCOCH3, DMF, rt. (c) piperidine rt.
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Synthesis of thiol substituted catenane 146

After this bromomodel 135 compound was synthesized by treatment of model

compound 123 with bromoundecanol in the presence of DMAP and EDC,

which is then subjected to the nucleophilic attack of thioacetate to get 136 and

subsequent cleavage of thioacetate group of 136 afforded 137. Now for

comparative model studies first self-assembly of mercaptoundecanol on gold

surface was carried out and the resulted film was studied via surface plasmon

and mass spectroscopy. Then the self-assembly of model compound was

carried out which was also studied through surface plasmon and mass

spectroscopy. After this a mixed thin film {a thin film containing

mercaptoundecanol and as well as model compound) was prepared by first

self assembly of mercaptoundecanol and then substitution of some

mercaptoundecanol with our model compound. Comparison of mixed thin film

with both above (film obtained from the self assembly of mercaptoundecanol

and film obtained from the self assembly of model compound) films was

carried out, which showed successful replacement of mercaptoundecanol with

model compound. These results gave us hope that under these parameters

we will be able to replace mercaptoundecanol with our dithiocatenane.
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OMc
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. H.C-C-S— 0Jfi
(CH,),, 0“"C-
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Scheme 5.5. (a) DMAP, EDC, CH2CI2. rt. (b) KSCOCH3I DMF,rt.(c)
piperidine, rt.
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Figure 5.3. Successful self assembly of model compound
on gold surface.
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Now we proceeded onwards and the same chemistry was carried out with

catenane molecule (Scheme 5.5). First bromocatenane 138 was synthesized

by reaction of bromoundecanol and catenane in the presence of DMAP and

EDC. Without prior purification the bromo group of bromo catenane was

substituted with thio acetate which after column chromatography yielded

thioacetate catenane 139 in pure form. As it is mentioned earlier that purpose

for the synthesis of these molecules was study of mechanical properties. The

planned strategy for these kind of studies was that dithiocatenane will be

attached on one end to the gold surface and at the other end it will be pick up

with AFM tip made of gold, so stress and strain will be studied. Literature

study showed us that the size of our catenane (six nanometer calculated

value) molecule is too small to be pick up with AFM tip, although there is one

report in literature where a molecule with a length of 52 °A have been pulled

up but most of our collaborator were not confident to stretch this molecule with

AFM because they were thinking that they were experience noise problems

while stretching so much small molecule and would not be able to work out

the data. Extensive study of literature showed us that minimum length of the

stretching molecule should be above than twenty nanometer so that this can

be stretched via AFM without facing noise problems. This brought us to the

conclusion that oligocatenane consist of four or five repeating units will be a

suitable species for these kinds of studies. Then we realized that if we

cleaved the dithioacetate group of thioacetate catenane in the presence of air

it would result oligodisulfide oligocatenane140, which can be use for self

assembly on gold surface. We were expecting that this experiment would give

us some idea that whether oligomeric catenane having disulfide in its

backbone can form a loop or not which was expected problem in these

studies (discussed earlier). If it is forming a loop then we will not be able to

detect free thiol or disulfide (discussed below). Beside this literature revealed

the resistance of disulfide bond towards fragmentation on gold surface,

although our finding (discussed earlier) with model compound was not

matching with these reported results. Still we carried out self assembly of

oligodisulfide oligocatenane on gold surface and the resulted film was studied

with surface plasmon spectroscopy66 and circular vapor deposition (CVD)
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Synthesis of thiol substituted catenane 149

technique66. Surface plasmon spectroscopy showed successful self assembly

phenomena, while the results of CVD showed the presence of free thiol or

disulfide, which means that not all catenanes formed the loops but some were

available which didn’t form loop and having free thiol or disulfide.

o

iCH,V.,—s- -8—(O-t

C-;oVa-J

4

a

b

T T T T 1
16 18 22 2420 26 28 30

Retention time (min)

Figure 5.4. (a) oligomer (b) diester catenane
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After this we proceeded onwards and with two steps prepared a mixture of

oligomers. In first step two equivalent of diacid catenane and one equivalent

of dibromododecane was reacted and after 18 hours stirring, in the second

step five equivalent of dibromododecane was added to reaction mixture in

order to consume all the diacid functionalities of oligomeric mixture and

having only bromosubstitutents at the end of all oligomers which was

characterized through GPC and ’H NMR. This mixture of oligomers was

treated with potassium thioacetate in DMF without prior purification, which

afforded thioacetate terminated oligomers. This thioacetate terminated

mixture of oligomers was loaded on chromatogram plate for purification in

order to get required tetramer or pentamer but severe problems in purification

were experienced. Some kind of decomposition of products was also

observed and chromatogram plates produced a bad odor, which was thought

to be related to the decomposition of thioacetate group. Then we realized that

changes in the purification sequence of the products might be helpful. So first

bromoterminated oligomeric mixture was synthesized as above and then we

carried out purification of this mixture to isolate tetramer or pentamer but this

time we were not being able to elute the product from the chromatogram

plate. After facing problems in purification of tetramer or pentamer from

oligomeric mixture a new approach was adopted to get a well defined

molecule having a length of more than twenty nanometer. A. Godt has

prepared a catenane molecule the inner diameter of which is doubled than

what we have (70, 85, 92). It was thought that if we could prepare

unsymmetrical catenane like 92 using double C23 chain instead of single C23

as discussed in chapter 2. In such a case the calculated inner diameter of the

catenane will be 13 nanometer. Then treatment of this catenane with

diisocynate will result a dimer, which will have acid functionalities on both side

and a length of twenty six nanometer. Then on the introduction of

bromoundecanol to dimer and subsequent conversion of bromocompound to

thioacetate compound will result the required thio acetate compound. After

this under careful degassing the insitu cleavage of thio acetate containing

compound on gold surface via piperidine will result the self assembly of the

dimer in such a manner that it will be attached at one end to gold surface
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Synthesis of thiol substituted catenane 152

while the other end will bear the free thiol group. Model studies for the

synthesis of this catenane were found successful and synthesis for this

molecule as started but due to shortage of time we were able to reach at the

level of threaded compound only.
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6 Cycle dimer

By simple interchange of the two steps cyclisation and carbonate formation our

synthetic pathway for catenanes (discussed earlier) became a method to synthesize

monodisperse rings. These rings are constitutional isomers of the catenanes. The

carbonate acts as a covalent template that is easily formed and cleaved. The rings

obtained count 174 149b, and 294 149a ring atoms.

Y Y

7 *

1Y+

O—'

V

Y

>ÿ

Y<-VY

?

1
Y Y

1
\Y Y

Y Y

Scheme 6.1.representing two path ways one lead to predominant formation of
dimer and other lead to predominant formation of catenane.

As it is discussed in the chapter 3 and also shown in scheme 6.1 that for the

synthesis of catenane molecule first ring precursor is cyclized to obtain ring and then
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154Constitutional isomer of [2]catenanes

ring is threaded by ring precursor through carbonate linkage to form threaded

compound which upon cyclization afforded precatenane and its topological isomer.

The cleavage of topological isomer and precatenane result catenane and ring. We

were curious what would happen when we change the step's sequence in the way

that that firstly carbonate 143 a,b is formed between two ring precursors 141 a,b and

then cylization is pursued. This approach may give precatenane 144 a,b,

accompanied by isomeric carbonate 145 a,b, It may as well lead to the dimer

precursor 146 a,b or to a mixture of all these three products. For this purpose

chloroformate of ring precursor 142 a,b was formed in similar way as discussed for

the rings in chapter 3. This chloroformate 142 a,b was geometrical fixed with ring

precursor 141 a,b via carbonate linkage. Slow addition of a solution of the

carbonates 143 a,b to a suspension of CuCI and CuCb in pyridine gave in both cases

as the dominant product a compound with smaller hydrodynamic volume than the

starting material as seen from a comparison of the size exclusion chromtograms

(SECs, Figure 6.1 ).

i
+ Hantel\

YÿCY / \

/

I

J
I

V*

b

c

24,0 24,5 25,0 25,5 26,0 26,5 27,0 27.5 28,0

Retention time (min)

Figure 6.1. (a) Chromatographed product 144 b, 145 b, 146 b (b) Crude
product after cyclization 144 b, 145 b, 146 b (c) Starting material.143 b.
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A'V Y + Hantel
Y- Y

n
S t
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t>

~22 26 2824

Retention time (min)

Figure 6.2. (a) Starting materia 143 al (b) Crude product after cyclization
144 a, 145a, 146a (c) chromatographed product.144 a, 145a, 146a.

This means that most of the material underwent intramolecular alkyne dimerization

which can lead to precatenane 144 a,b, the topological isomer 145 a,b or the

predimer 146 a,b. Because of different elution times (Figure 6.1, and 6.2) and slightly

different shifts of the 'H NMR singnals when comparing the cyclization product with

the known, corresponding precatenane and carbonate, it was concluded that

predimer was the main product. Additional signals of small intensitey in 1H NMR

showed that the other isomer were present as well. However the NMR signals as well

as the elution times from GPC of the different isomers are so similar that the isomers,

ratio cannot be determined. The two isomeric compounds showed very similar RF

values on silica gel using peteroleum ether/CH2CI2 as solvent. Therefore no

separation was attempted and only residual copper salts and material of higher

molecular mass formed through intermolecular alkyne dimerization were removed

chromatographically. Starting from thus obtained mixtures of precatenane, carbonate

predimer and applying our method of selective carbonate cleavage without ester

hydrolysis through treatment with nBu4NF in THF we obtained mixture of catenanes

147 a,b, rings 148 a,b and dimers 149 a,b. The 149 a dimer was isolated through

chromatography (48%) while the 149 b dimer was precipitated out through methylene
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chloride (49%) from other mixture of products. Catenaries 147 a,b and rings 148 a,b

were unambigously identified through 1H NMR spectroscopy, TLC and SEC using the

crude product of the carbonate cleavage as well as fractions isolated upon

chromatography or precipitation.
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Based on our conclusion that predinners are the main products of cyclisation, the

main products of carbonate cleavage must be the dimers 149 a,b. NMR data and

mass spectra are in full agreement with this structure. As expected the 1H and 13C

NMR spectra of dimer 149 a,b, corresponding catenane 147 a,b, and corresponding

rings 148 a,b look very much alike. As mentioned above, that products after

cyclization had not been subjected to separation. Therefore, the ratio of the products

of carbonate cleavage, dimer ring and catenane mirrors the ratio in which the former

had been formed in the cyclization step. The predominant formation of predimers

over precatenane and its topological isomer starting from ring precursor shows that

our strategy of catenane formation can be swithched to a synthesis of the

constitutionaly isomeric dimer by simple exchange of two synthetic steps.
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Figure 6.3. (a) filtrate 149 b (b) isolated dimer 149 b (c) crude product 149 b
(d) starting material 144 b, 145 b, 146 b.
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Figure 6.4. (a) catenane 149 a (b) starting material 144 a. 145 a, 146 a (c)
Isolated dimer 149 a (d)isolated ring 149 a.

This is unique when comparing with results reported for methods of catenane

synthesis with other organisation centers.58 With the 2,9-diphenyl-1,10-

phenanthroline-Cu(l) complex as the organisation center a [2]catenate (a

[2]catenane-Cu(l) complex) is formed independently of the steps’ sequence.59 Also

with the organisation centers 2,6-di(benzylimino)pyridine-Zn(ll) complex and 2,6-

bis(benzimidazol-2-yl)pyridine-Fe(ll) complex60 only [2]catenates were reported as

the products. The exclusive formation of catenate is probably due to a perfect

matching of dimensions such as the angles at the complex and the length of the

chains that form the ring. This is suggested by the finding that using a terpyridine unit

instead of the 2,9-diphenyl-1,10-phenanthroline, instead of a catenate the Cu(l)

complex of the dimer was formed6’ Additionally, bridging a substituted 2,9-diphenyl-

1,10-phenanthroline-Cu(l) complex with mono- and oligosaccharides Shinkai found

catenate or the Cu(l) complex of the dimer as products depending on the length of

the bridges.62
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Summary of the thesis

Catenanes are nowadays are of great interest for scientists for their structural

and dynamical properties as mechanically interlocked system. Their most

fascinating feature is rather large freedom for motions of their individual

molecular components, which shuttle and rotate relative to each other without

breaking covalent bonds, and can be positioned in their location and

orientation through the influence of external stimuli. Our interest lies in gaining

deeper understanding of how this mobility in the catenane moiety will affect

material properties, if for example [2]catenanes are units of a polymer chain.

Our second interest for the synthesis of catenane is that if we grow two

dimensional array of these molecules on a surface in such a way that one unit

is fixed and the other unit is still be free for motion then what will be the affect

of external stimulus whether directed movements can be induced or not. To

meet these challenging tasks our group has reported a well developed

synthetic strategy of [2]catenane. The parent compound for this catenane is 4-

hydroxy benzoate (Scheme 1.2) Literature and some of our studies showed

that the carboxylic acid group directly attached to a phenol ring is fairly less

reactive, which made this molecule less feasible for further studies. So parent

compound 4-hydroxy benzoate was replaced with Ethyl 3-(4-hydroxy

phenyl)propionate, which is having more reactive aliphatic carboxylic acid and

a catenane was build up on this compound 38 carrying aliphatic carboxylic

acid on each ring. Beside this as now we are having AA type of monomer so

there was a great need to synthesize BB 70 type of monomer i.e., catenane

having hydroxyl group at each ring, which will allow us to expand the

applicability of these molecules. It is well-established fact that a correct

stoechiometry of the functional groups plays a very important role in

polycondensation reactions. As our catenanes AA and BB type monomer are

of relatively high molar mass, the control of stoechiometry using commercially

available co-monomers is very difficult. To solve this problem an AB 92

monomer has been synthesized which is bearing an aliphatic hydroxyl group

at one ring and aliphatic carboxylic acid group at the other ring. Standard

conditions for carbonate formation in our group are the treatment of

r
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chloroformate with phenol in the presence of NaH. As starting material 54 for

the synthesis of diester catenane 84 contain active methylene carbon so

deprotonation of this active methylene carbon was expected under so much

strong basic conditions, which could cause side reactions. Mild reaction

conditions were required for carbonate formation of these molecules. A detail

study in this respect was carried out and it was discover that carbonate can

be formed from chloroformate and phenol in the presence of DMAP in THF

which has been discussed in chapter 2. It has been discussed in third chapter

that for the synthesis of diol catenane 70 protection of aliphatic hydroxyl group

was required in the beginning of the synthesis so in the quest of suitable

reaction conditions for the selective protection of aliphatic hydroxyl group in

the presence of phenolic hydroxyl group 38 it was discovered that Mitsunobu

reaction can be used for selective acylation of aliphatic hydroxyl group in the

presence of phenolic hydroxyl group, a detail experimental study of Mitsunobu

reactions have been carried out which is discussed in chapter 4. As it is

mentioned earlier that one aim for the synthesis of [2]catenane molecules was

to grow a two dimensional ordered array of these molecules in such manner

that one end of these molecules is free and able to perform movement while

the other end is fixed to the surface. So an idea has been developed to make

a thin film made of a mixture of thiol terminated catenane and alkane thiol on

gold surface. It was thought in such manner it would be possible to

manipulate the catenanes with the help of an AFM tip made of gold. If one of

the ends of dithiocatenane is attached to a gold surface and the other to an

AFM tip made of gold, the elasticity of the catenane can be measured.

Besides this some insight into the Van der Waals interactions between the

two rings of catenane can be obtained all these study has been discussed in

chapter 5. A short discussion about the giganto cycle, which is constitutional

isomer of our catenane molecules, has been carried out in chapter 6.

O
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7. Experimental part

7.1 Materials and methods

All reactions were carried out under inert atmosphere in dried Schlenk flasks. In

the case of CC-coupling reactions, the solutions were degassed through several

freeze-pump-thaw cycles prior to the addition of the catalysts. THF was dried

over sodium/benzophenone and piperidine was dried over CaH2. Pd(PPh3)CI2

was synthesized according to literature64., however with 2.1-times the amount of

methanol. The rest of the chemicals were used as received from the company

without further purification. For flash chromatography silica gel was used. TLC

was carried out on silica gel coated aluminium foils (Merck aluminium foils

6OF254). The petroleum ether used had a boiling range of 30-40 °C. Size

exclusion chromatograms were obtained using an instrument from Waters (SDV

gel, 10 m particle pore sizes: 500, 105 and 106 °A) with THF at room temperature

and Rl detection. The melting points were determined using a melting table

microscope (Reicher thermovar). The NMR spectra were recorded on a 300 MHz

instrument (Bruker) at room temperature in CDCI3 as solvent and internal

standard. The assignment of the 13C NMR signals is in accordance with Dept-135

measurements. The only exception is the signal of OCH. This signal does not

appear in the DEPT spectrum, as we have observed in a variety of compounds of

the type ArOCH and AlkOCH.65 Additionally, NMR data of precursors and

representative model compounds34 were used for signal assignment. The

subscripts a, p, y, 5, and.srefer to the aromatic rings as is shown in scheme 3.19.

The 4-(3-hydroxypropyl)phenol in case of diol catenane while in case of diester

catenane Ethyl 3-{4-hydroxyphenol)propionate moiety are named a. The

benzene unit closest to the a moiety is named p, the benzene unit connected

with Arp by only one ethyne moiety is named y, the benzene unit connected with

ArY by the alkane chain is named 8, and the residual benzene unit is named e.For

the numbering of the positions, the 4-{3-hydroxypropyl)phenol and Ethyl 3-(4-

hydroxyphenol)propionate are considered as the substituted parent compound.

r-

O
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The temperatures for crystalline-crystalline, crystalline-liquid crystalline, and

liquid crystalline-isotropic melt transitions were read at the maximum or minimum

of the endothermic or exothermic peaks of the DSC traces.

7.2 Synthesis of diol catenane

7.2.1 2,6-Diiodo-4-(3-hydroxypropyl)phenol (39)

i

OH

VJ
IHO

To a cold (-20 °C, reaction flask temperature) solution of 54a (20.00 g, 47 mmol)

in THF (250 mL.) a 1M solution of BH3-THF (200 mL, 200 mmol) was added

dropwise (rapid evolution of H2 occurred which was observed in the manifold).

After complete addition of the borane the reaction mixture was allowed to warm

to room temperature. During that period the apparatus had still an outlet. After

five minutes the solution became turbid and after ca. 20 minutes a white

precipitate was formed. After 18h at room temperature, 5 N HCI (20 mL) was

added dropwise, gas evolution was observed and the precipitate get dissolved

and a clear solution was formed then 5 N HCI (100 mL) and diethylether (100

mL) were added. Aqueous phase was extracted with diethyl ether (100 mL X 4).

Most of the solvent was removed under reduced pressure and again the

colourless residue was dissolved in diethylether (200 mL) and washed with 2 N

HCI (20 mL X 3) and then the organic phase was dried with Na2S04, solvent was

removed under high vacuum. Which afforded 39 (15.63 g, 81%) as colorless

solid.

Q
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1H-NMR: 5= 7.49 (s, 2H, ArH), 3.63 (t, 2H, HOCH2CH2), 2.56 ( t, 2 H J - 8 Hz,

C6H2CH2). 1.79 (m, 2H, CH2CH2OH). 13C-NMR: S = 151.7 (ArC-1), 139.0 (ArC-3,

-5), 137.9 (ArC-4), 82.3 ( ArC-2, -6), 61.7 (CH2l CH2OH), 33.9, 30.0 (CH2,

CH2CH2).

7.2.2 2,6-Diiodo-4-[3-(4-methoxyphenylcarbonyloxy) propyl) phenyl 4-

methoxybenzoate (56)

I

HjCO-

OCHj
I

Pyridine (9 mL, 111.83 mmol) was added to a cooled (ice bath) solution of diiodo

compound 39 (15.00 g, 37.129 mmol) and anisic acid chloride (18.90 g, 110.78

mmol) in THF (80 mL). Immediately a colourless precipitate formed. After stirring

the reaction mixture for 15 h at room temperature, it was cooled with an ice bath

and 5N HCI (25 mL) was added. The reaction mixture was extracted with diethyl

ether (20 mL X 3), dried (MgSCU). Removal of solvent gave a mixture of 56 and

anisic acid/anisic acid chloride in 31 g as colourless compound. The obtained

material was used without further purification for the next step.

1H-NMR (for diacylated compound): S = 8.20 (half of AA'XX’, 2H, Hy,-2,-6) 7.95

(half of AA’XX’, 2H, Hp,-2,-6), 7.66 (s, 2H, ArH«), 6.99 (half of AA’XX’, 2H, HY,-2-

5), 6.91 (half of AA’XX’, 2H, Hp-3-5). 4.32 (t, J = 6 Hz, 2H, OCH2), 3.88 (s, 3H,

ArDOCH3), 3.84 (s, 3H, ArpOCH3), 2.70 (apperent triplet, J ~ 7 Hz, 2H,

ArOCH2CH2), 2.07 (m, 2H, ArCH2CH2CH2).

O
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'H-NMR (for anisic acid): 6= 8.19 (half of AA’XX’, 2H, H-2, -6), 6.92 (half of

AA’XX, 2H, H-3, -5), 3.87 (s, 3H, ArOCH3)

7.2.3 2,6-Dilodo-4-[3-(4-methoxyphenylcarbonyloxy) propyl] phenol (53)

I

HO W
OCHj

I

A mixture of 56 and residual anisic acid (31.00 g,xy mmol) in piperidine (120 mL)

was stirred at room temperature for 69 h. Reaction mixture was monitored

through ’H NMR. Piperidine was distilled off at 40 °C in vacuum and the residue

was suspended in diethyl ether (50 mL). While cooling the suspension in an ice

bath, ice-cold 5 N HCI (50 mL) was added due to which the aqueous phase

became acidic. The aqueous phase was extracted with diethyl ether (20 mL X3).

The organic phases were washed with 5 N HCI (30mLX 3) and dried (Na2S04).

Removal of the solvent gave a slight yellow semi solid material. To suspension of

the product in CH2CI2 were added silica gel and made it powder and loaded on a

packed column with small bed of silica and eluted with pure CH2CI2 which gave

us colourless product in (13.510 g, 69 % over two steps). M.P 102-102.8 °C

1H-NMR: 8= 7.94 (half of AA'XX', 2H; Hy-2, -6), 7.50 (s, 2H, ArHa), 6.90 (half of

AA'XX, 2H, HY-3, -5), 5.61 (s, 1H, OH), 4.28 (t, J= 6 Hz, 2H, CH20), 3.85 (s, 3H,

OCH3), 2.62 (apparent triplet, J- 7 Hz, ArCH2), 2.01 (m, 2H, ArCH2CH2CH2).

13C-NMR: 8 = 166.2 (C02), 163.4 (Cp-4), 151.8 (Ca-1), 139.0 (Ca-3, -5), 137.5

(Ca-4, 6), 131.5 (Cp-2, -6), 122.6 (Cp-1), 113.6 (Cp-3, -5), 82.2 (Ca-2, -6), 63.7
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(OCH2), 55.4 (OCH3), 30.58, 30.26 (CH2, CH2-CH2). Elemental analysis (%)

calcd for (C,7H1604l2l 538.121): C 37.94, H 3.006; found C 37.93, H 3.05.

7.2.4 2,6-Bis [4-(triisopropylsilylethynyl) phenyl]-4-[3-(4-methoxy

phenylcarbonyloxy)propyl] phenol (58)

TIPS

t
//

O
/r°H

.c.
‘O\J

0

X
TIPS

r-

To carefully degassed biphasic mixture of 53 (12.00 g, 22.299 mmol), boronic

acid 1d (20.233 g, 66.897 mmol) and Cs2C03 (14.531 g, 44.598 mmol) in

acetone (250 mL) and water (80 mL) was added Pd2(dba)3 (0.204 g, 0.223

mmol). The dark reaction mixture was allowed to stir at 60 °C after 10 minute of

heating it turns brown and then again became dark. The reaction was monitored

with TLC (Si02, acetone/petroleum ether 2: 8). After 19 hours at room

temperature, diethyl ether (50mL) and 2N HCI (100 mL) were added. The

aqueous phase was extracted with diethyl ether (3 X 40 mL). The combined

organic phases were dried (MgS04) and concentrated in vacuum. Then highly

viscous black residue was adsorbed on silica gel and filtered through a small bed

column (3 cm, Si02) with pure methylene chloride to remove black material

(probably decomposed catalyst). Almost whole solvent was removed under

n
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vacuum. The residue was dissolve in methylene chloride (10 mL) and were

added to ethanol (100 mL) and allowed to stir which resulted the formation of

brown precipitate. The resulting precipitate was filtered off, washed with ethanol

and dried in vacuum to give 58 (14.789 g, 83 %) as slight brown solid. M.P

131.2-132.2 °C

1H-NMR: 5= 7.96 (half of AA'XX’, 2H, HY,-?6), 7.56, 7.46 (AA'XX’ 4H, Hp), 7.09

(s, 2H, Ho), 6.89 (half of AA’XX’, 2H, HY,-3,5), 5.20 (s, 1H, OH), 4.34 (t, J= 6 Hz,

2H, OCHz), 3.84 (s, 3H, OCH3), 2.78 (apparent triplet, J ~ 7 Hz, 2H,

C6H2CH2CH2), 2.12 (m, 2H, ArCHzCHzCHz), 1.14 (s, 42H, Si CH(CH3)2): 13C-

NMR: 5 = 166.3 (C02), 163.3 (Cy-4), 147.5 (Co-1), 137.5 (Cp-1), 133.6 (Co-4),

132.4 (Cp-3, -5), 131.5 (CD-2, -6), 129.9 (C„-3, -5), 129.1 (Cp-2, -6), 128.3 (C«-2, -

6), 122.9, 122.74 ( Cp-4, Cy-1), 113.6 (Cÿ-3, -5), 106.8, 91.4 (C=C), 64.0 (OCH2),

55.4 (OCH3), 31.6, 30.4 (CH2, CH2-CH2), 18.7 (CH(CH3)2), 11.3 (SiCH).

Elemental analysis (%) calcd. for {C5iH6604Si2, 799.257): C 76.64, H 8.32; found

C 76.70, H 8.20.

O
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7.2.5 2,6-Di[4-(ethynyl)phenyl]-4-[3-(4-methoxyphenyl carbonyloxy)

propyl]phenol (59)

H

///

O

Me0-O/Cÿ°'
v\ /]

X
H

To a solution of 58 (12.00 g, 15.014 mmol) in THF (60 mL) was added 1M n-

BU4NF in THF (32 mL, 32 mmol) at room temperature which resulted green

fluorescent reaction mixture, the green colour get intensified with the passage of

time. The reaction was monitored by TLC (Si02i acetone/petroleum ether 2:8).

After one hour the reaction was quenched by adding 5N HCI (8 mL) the green

fluorescent colour disappeared and a slight yellowish colour appeared the

aqueous phase was extracted with diethyl ether. The combined organic phases

were washed with 5 N HCI (10 mL X2), dried (MgS04) and the solvent was

removed in vacuum. The residue was dissolved in CH2CI2 (15 mL) and this

solution was added dropwise to petroleum ether (200 mL) to precipitate 59 as a

brownish solid. The solid was isolated, washed with petroleum ether. Flash

Chromatography (petroleum ether: CH2CI2 1:1) yielded 59 (4.2g, 86%) as

colourless solid material. M.P 118.9-119.9 °C

C

1H-NMR: 6= 7.96 (half of AA’XX, 2H, HY,-2,6) 7.57, 7.48 (AA’XX’ 4H each, Hp),

7.10 (s, 2H, Ha), 6.88 (half of AA’XX’, 2H,HY,-3-5), 5.27 (s, 1 H, OH), 4.33 (t, J= 6

Hz, 2H, OCH2), 3.83 (s, 3H, OCH3), 3.12 (s, 2H, C=CH), 2.78 (apparent t, J~ 7

Hz, 2H, ArCH2CH2), 2.11 (m, 2H, ArCH2CH2CH2).

-\
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13C-NMR: 5= 166.3 (C02), 163.3 (CY-4), 147.4 (C„-1), 138.0 (Cp-1), 133. 7 (Cu-

4), 132.5 (Cp-3, -5), 131.5 (CY-2, -6), 130.0 (Ca-3, -5), 129.2 (Cp,-2-6), 128.1 (Ca-

2, -6), 122.7 (Cvi). 121.3 (Cp,-4), 113.5 (CH, Cv-3, -5), 83. 3, 77.8 (C=CH), 63. 9

(OCH2), 55.3 (OCH3), 31.5, 30.4 (CH2-CH2). Elemental analysis (%) calcd (or

(C35H26O4, 510.055): C 82.41, H 5.14; found C 80.89, H 5.38.

7.2.6 Protected alcohol model compound (25)

OiPr

/7\S

fl
MuO

OlPr

To a solution of angular compound 59 (0.786 g, 1.62 mmol) in piperidine (40 mL)

were added p-iodo isopropylphenyl ether (0.835 g, 3.339 mmol). After proper

degassing, Pd(Ph3)3CI2 (36 mg, .05 mmol) and Cul (20 mg, .07 mmol) were

added to reaction mixture immediately a bright yellow precipitate formation was

observed. After 23 hours stirring at room temperature the reaction mixture was

cool down via dry ice cooling and 2N HCL (50 mL) were added dropwise. The

aqueous phase was extracted with CH2CI2 trice; combine organic phases were

dried over MgSO.j solvent was removed under reduced pressure, which gave

brown crude product. Column chromatography petroleum ether : acetone 8:2

afforded target molecule (820 mg, 74%) as colourless solid.
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’H-NMR: 5= 7.96 (half of AA'XX’, 2H, Hs-2, -6), 7.58, 7.50 (AA’XX’ 4H each, Hp),

7.46 (half of AA’XX’, 2H, Hy-3, *5), 7.12 (s, 2H, ArHa>), 6.89 (half of AA’XX’, 2H,

Hfi-3, -5), 6.85 (half of AA’XX’ 2H, HY-2, -6), 5.25 (s, 1H, OH), 4.57 (m, 2H, OCH),

4.34 (t, 2H, OCH2), 3.84 (s, 3H, OCH3), 2.78 (apparent triplet, J ~ 7 Hz, 2H,

C6H2CH2CH2), 2.12 (m, 2H, CH2CH2CH2), 1.34 (d, J= 6 Hz, 12H, OCH(CH3)2).

13C-NMR: S= 166.3 (C02), 163.3 (Ca-4), 158.1 (CY-4), 147.53 (C«-1), 137.1 (Cp-

1), 133.7 (Ca-4), 133.1 (CY-2, -6), 131.8 (Cp-3, -5), 131.5 (C6-2, -6), 129.9 (Ca-3, -

5), 129.3 (Cp-2, -6), 128.3 (Ca-2, -6), 123.0 (Cp-4), 122.8 <C5-1), 115.8 (CY-3, -5),

114.9 (0,-1), 113.6 (C5-3, -5) 90.3 (C=CArY), 87.7 (ArpCÿC), 70.0 (CH(CH3)2),

64.0 (OCH2), 55.4 (OCH3), 31.6, 30.5 (CH2, ArCH2CH2), 22.0 (CH3, CH(CH3)2).

Elemental analysis (%) calcd. for C51H46O6 (754.867):C 80.14, H 6.14; found C

79.28, H 6.41.

7.2.7 TIPS protected ring precursor (60)

O—(CH?)23- -=-TIPS

r'

o

MeQ-ÿ**ÿ—C—O

O— =-TIPS

To a degassed solution of chain (10.405 g, 12.64o mmol) and 59 (3.00 g, 6.166

mmol) were added at room temperature degassed Pd(PPh3)2CI2 (87 mg, 0.123

mmol) and Cul (48 mg, 0.247 mmol), immediately yellow precipitate was formed.

After 18h 5N HCI (200 ml_) and reaction mixture was cooled down via dry ice

then the reaction mixture was slowly added to the cooled acid, heat was

produced and a brown precipitate was observed. It was additionaly stirred for ten

minutes.then precipitate was filtered up washed well with acid dried (P205l HV)

O
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and subsequently brown crude product was obtained. Flash Chromatography

(P.E:CH2Cl2 7:3 -» 1:1) yielded 60 (10.105 g, 87%) as slight brown solid.M.P

74.4-75 °C

1H NMR: S= 7.97 (2 H ArCO), 7.59 and 7.51 (AA'XX1, 4 H each, Hp), 7.47 (half of

AA'XX', 4 H, Hy-2,-6), 7.38 and 7.30 (AA'XX1, 4 H each, H«), 7.12 (s, 2 H, H«),

6.89 (2 H MeOAr) 6.86 (half of AA'XX’, 4 H, HY-3,-5), 5.28 (s, 1 H, OH), 4.35 (t, 2

H,ArC02CH2), 3.96 (t, J= 6.5 Hz, 4 H, ArOCH2), 3.84 (s, 3 H, MeOAr ) 2.79 (t, 2

H, CH2CH2CH2Ara), 2.39 (t, 2 H, CH2CH2), 2.39 (t, J = 7.0 Hz, 4 H, CH2C=C),

2.12 (m,CH2CH2CH2Ara ) 1.78 (m, 4 H, OCH2CH2), 1.58 (m, 4 H, CH2CH2C=C),

1.5 - 1.2 (m, 76 H, CH2), 1.10 (apparent s, 42 H CH(CH3)2); 13C-NMR: S= 166.3

(ArC02),163.3 (C-4, ArC02) 159.3 (Cy-4), 147.8 (C„-4), 137.1 (Cp-1), 133.6 (Ca-

1), 133.1 (Cy-2,-6), 132. (Cp-3,-5), 131.8 (C5-2,-6 or Cs-3,-5), 131.5 (Cs-3,-5 or Cs-

2,-6), 131.3 (C-2,6 ArC02) 129.9 (Ca-2,-6), 129.2 (Cp-2,-6), 128.3 (Ca-3,-5),

124.1 (Cs-1 or Cg-4), 122.8 (Cp-4), 122.5 (C6-4 or Cs-1), 115.0 (CY-1), 114.6 (CY-

3,-5), 106.8 (C=CSi) 92.5 (CH2C=C), 92.0 (CÿCSi) 90.3 (C=CArY), 87.8

(ArpCÿC), 80.3 (CH2C=C),68.1 (ArOCH2), 64.0 (ArC02CH2), 55.4 (MeOAr), 31.6

(CH2Ara), 30.5 (CH2CH2CH2Ara) 29.6 - 28.6 (11 signals, CH2), 26.0 and 19.5

(CH2), 18.6 (CH(CH3)2), 11.3 (SiCH). Elemental analysis (%) calcd for

Ci29H17606Si2 (1878.85): C 82.46, H 9.44; found C 82.45, H 9.48

O

o
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7.2.8 Protected alcohol ring precursor (61)

O-fCHÿ- -H

i>OHo

MeO-Q—C-0
VJ/

//A

O-fCHj)*,—- = -H

To a stirred solution of 60 (10.00 g, 5.32 mmol) in THF (20 mL, distilled from

Na/benzophenone) was added 1 M n-Bu4NF in THF (13 mL, 13 mmol) at room

temperature. Immediately a green fluorescent solution was formed, which

intensified with the passage of time. The reaction mixture was monitored by

comparative TLC (petroleum ether : CH2CI2 6:4 working up with Et20 and 2N

HCI), after 30 minutes complete deprotection of the TIPS group were observed

then 2 N HCI (7 mL, 14 mmol) and ethanol (160 mL) were added to reaction

mixture where brown precipitate was formed. The precipitate was filtered up

washed well with EtOH dried (HV P2O5) which resulted 61 (7.90 g, 95 %) as

slight browinish solid. M.P, 74.7-75.5 °C

C

1H NMR: 5= 7.96 (2 H ArCO), 7.58 and 7.50 (AA'XX1, 4 H each, Hp), 7.46 (half of

AA'XX1, 4 H, Hy-2,-6), 7.38 and 7.31 (AA'XX1, 4 H each, H6), 7.12 (s, 2 H, Ha),

6.89 (2 H MeOAr) 6.86 (half of AA'XX', 4 H, HY-3,-5), 5.25 (s, 1 H, OH), 4.34 (t, 2

H,ArC02CH2), 3.95 (t, J = 6.5 Hz, 4 H, ArOCH2), 3.84 (s, 3 H, MeOAr ), 3.11

(s,2H, CÿCH), 2.79 (t, 2 H, CH2CH2CH2Ara), 2.39 (t, J= 7.0 Hz, 4 H, CH2C=C),

2.12 (m,CH2CH2CH2Ara ), 1.78 (m, 4 H, OCH2CH2), 1.58 (m, 4 H, CH2CH2C=C),

1.5 - 1.2 (m, 76 H, CH2); ,3C-NMR: 8= 166.3 (ArC02), 163.3 (C-4, ArC02),
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159.3 (CY-4), 147.5 (Ca-4), 137.1 (Cp-1), 133.6 (Ca-1), 133.0 (Cr2,-6), 131.8 (Cp-

3,-5), 131.7 (Cs-2,-6 or Cs-3,-5), 131.5 (Cs-3,-5 or Cs-2,-6), 131.4 (C-2,-6 ArC02),

129.8 (Ca-2,-6), 129.2 (Cp-2,-6), 128.3 (Ca-3,-5), 124.6 (Cs-1 or C5-4), 122.9 (Cp-

4), 122.7 (C-1 ArC02 ), 121.0 (Cs-4 orC8-1), 115.0 (CY-1), 114.5 (Cy-3,-5), 113.5

(C-3,-5 ArC02), 92.7 (CH2C=C), 90.2 (C=CAry), 87.8 (ArpC=C), 83.3 (C=CH),

80.1 (CH2C=C), 78.4 (OCH), 68.0 (ArOCH2), 64.0 (ArC02CHz), 55.3 (MeOAr),

31.6 (CH2Ara), 30.4 (CH2CH2CH2Ara) 29.6 - 28.6 (11 signals, CH2), 26.0 and

19.5 (CH2); Elemental analysis (%) calcd for CIIIH13406 (1564.16): C 85.23, H

8.63; found C 85.26, H 8.53,

7.2.9 Protected alcohol Macrocycle (62)

O-(CH,)rj-

©
O

///
©©

o
N

(\ a />— OH

0
©

O—<CH2)w-

A greenish suspension of CuCI (6.44 g, 65.05 mmol) and CuCI2 (1.11g, 8.256

mmol) was heated under inert atmosphere at 50°C for 30 minutes then 61 (1.665

g/250 ml of pyridine 1.065 mmol) were added via syringe pump at the rate of 20

h/50 mL at room temperature. When the addition of the compound completed

then it was stirred for additional 24 hours. Most of the pyridine was distilled of at

50 °C under vacuum, which afforded dark greenish viscous residue. To ice



174Experimental part

cooled greenish residue of reaction mixture was added ice cooled 2N HCI (100

mL) which resulted brown precipitate, the precipitate was filtered, dried over P2O5

(HV). Flash chromatography (petroleum ether/CH2CI2 6:4) gave 62 (1.777 g

89%) as slight yellow solid.

1H NMR: S= 7.96 (2 H ArCO), 7.58 and 7.50 (AA’XX’, 4 H each, Hp), 7.46 (half of

AA'XX’, 4 H, Hy-2,-6), 7.39 and 7.30 (AA’XX’, 4 H each, H5), 7.12 (s, 2 H, Ha),

6.89 (2 H MeOAr), 6.86 (half of AA’XX’, 4 H, Hy-3,-5), 5.23 (S, 1 H, OH), 4.34 (t, 2

H, ArC02CH2), 3.97 (t, J= 6.5 Hz, 4 H, ArOCH2), 3.84 (s, 3 H, MeOAr), 2.78 (t,

2 H, CH2CH2CH2Ara), 2.38 (t, J= 7.0 Hz, 4 H, CH2C=C), 2.12 (m,CH2CH2CH2Ara

), 1.77 (m, 4 H, OCH2CH2), 1.57 (m, 4 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2);

13C-NMR: S- 166.3 (ArC02),163.3 (C-4, ArC02), 159.3 (Cy-4), 147.5 (C„-4),

137.0 (Cp-1), 133.6 (Ca-1), 133.0 (Cy-2,-6), 132.2 (Cp-3,-5), 131.8 (C8-2,-6 or C8-

3,-5), 131.5 (Cs-3,-5 or C5-2,-6),130.5 (C-2,6 ArC02), 129.8 (Ca-2,-6), 129.2 (CP-

2,-6), 128.3 (Ca-3,-5), 125.1 (C6-1 or C5-4), 123.0 (Cp-4), 122.8 (C-1 ArC02 ),

120.6 (Cs-4 or C6-1), 115.0 (CY-1), 114.6 (CY-3,-5), 113.6 (C-3,-4 ArC02), 93.6

(CH2C=C), 90.3 (C=CArY), 87.8 (ArpC=C), 81.9 (C=C-C=C), 80.2 (CH2C=C), 75.2

(C=C-CsC), 68.0 (ArOCH2), 64.0 (ArC02CH2), 55.4 (MeOAr), 31.6 (CH2Ara), 30.5

(CH2CH2CH2Ara), 29.6 - 28.6 (11 signals, CH2), 26.0 and 19.5 (CH2); Elemental

analysis (%) calcd for CniH,3206 (1562.15): C 85.31, H 8.52; found C 85.31, H

O

8.61.
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7.2.10 Chloroformate of protected alcohol ring (63)

O—(CH2)2S-

©
#

0\P/7 o

ACIo \ar°

0
%

©
o-(CH2)23-

In heat dry phosgene apparatus was condensed phosgene (0.2 mL 2.526 mmol)

with the help of dry ice. THF (5 mL, distilled over Na/benzophenone) was added

to phosgene and allowed to come to room temperature, then 62 (1.200 g, 0.768

mmol) were added which is followed by iPr2NEt (0.1 mL, 1.149 mmol),

immediately a brown precipitate was formed with the evolution of white fumes.

After 1h stirring at room temperature diethyl ether (20 mL, distilled/Na) and 2 N

HCI (10 mL) were added to reaction mixture due to which colourless precipitate

get dissolved. The aqueous phase was extracted with diethyl ether (10 mL X 3),

dried over MgS04. Solvent was removed under reduced pressure which afforded

63 (1.195 g, 96%) as slight brown solid.

O

’H NMR: 5= 7.96 (2 H ArCO), 7.58 and 7.50 (AA’XX', 4 H each, Hp), 7.46 (half of

AA’XX’, 4 H, Hy-2,-6), 7.39 and 7.30 (AA’XX', 4 H each, H«), 7.25 (s, 2 H, H„),

6.89 (2 H MeOAr), 6.86 (half of AA’XX’, 4 H, HY-3,-5), 5.23 (s, 1 H, OH), 4.34 (t, 2

H,ArC02CH2), 3.97 (t, J= 6.5 Hz, 4 H, ArOCH2), 3.84 (s, 3 H, MeOAr), 2.78 (t, 2

H, CH2CH2CH2Ar«), 2.38 (t, J= 7.0 Hz, 4 H, CH2CÿC), 2.12 (m,CH2CH2CH2Ara ),

1.77 (m, 4 H, OCH2CH2), 1.57 (m, 4 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2);

O
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13C-NMR: S= 166.1 (ArC02),163.2 (C-4, ArC02), 159.2 (Cy-4), 148.7 (Cot-1),

143.9 (Ca-4), 141.1 (Cp-1), 135.6 (OCOCI), 133.0 (Cy-2,-6), 132.2 (Cp-3,-5), 131.8

(Cs-2,-6 or C6-3,-5), 131.5 (C6-3,-5 or C5-2,-6), 130.5 (C-2,6 ArC02), 129.8 (Ca-

2,-6), 129.2 (Cp-2,-6), 128.3 (Ca-3,-5), 125.1 (C6-1 or C6-4), 123.0 (Cp-4), 122.8

(C-1 ArC02 ), 120.6 (04 or Cs-1), 115.0 (0,-1), 114.6 (Cy-3,-5), 113.6 (C-3,-4

ArC02), 93.6 (CH2CÿC), 90.3 (C=CAry), 87.8 (ArpC=C), 81.9 (CÿC-CÿC), 80.2

(CH2C=C), 75.2 (C=C-C=C), 68.0 (ArOCH2), 64.0 (ArC02CH2), 55.4 (MeOAr),

31.6 (CH2Ara), 30.5 (CH2CH2CH2Ara), 29.6 - 28.6 (11 signals, CH2), 26.0 and

19.5 (CH2); Elemental analysis (%) calcd for C,,,H13206 (1562.15): C 85.31, H

8.52; found C 85.31, H 8.61,

7.2.11 Threaded compound of protected alcohol (64)

O— (CH2)23-

H-=-

o
o

dio
i>o o-O

MeO-QÿC"0/ OMe

0
H-=- =-(CH2)23—O

Q
O (CHj)ÿ

A schlenck flask was heated under stream of argon then 61 (1.060 g, 0.677

mmol) and DMAP (100 mg, 0.818 mmol) were added in THF (30 mL, distilled

over Na/benzophenone) at room temperature, then 63 (1.100 g, 0.677 mmol)

were added where upon a turbid solution formed. After 17h of stirring 2N HCI (20

mL) were added due to which the colourless precipitate get dissolved and a

reddish organic and colourless aqueous phase was formed. Aqueous phase was

extracted with Et20 (20 mL X 3), dried over MgS04 solvent removed under

C
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vacuum, which gave a brownish product. ’H NMR showed 100% formation of

carbonate, but the compound was passed through silica gel using pure CH2CI2

as eluting solvent to remove the reddish colour. The brownish colour stayed on

silica and 64 (1.800, 84%) was obtained as colourless product.

’H NMR: S= 7.91 (8 H ArCO), 7.58 and 7.55 (AA’XX’, 4 H each, Hp), 7.40-7.27

(half of AA'XX’, 8 H each, Hy-2,-6, -H6 -2,-6,-3,*5), 7.02 and 7.01 (s, 2 H each Ha

), 6.89 (4 H each MeOAr), 6.86 (half of AA’XX’, 8 H each Hr3,-5), 4.28 (t, 4 H

each,ArC02CH2), 3.97 (t, J = 6.5 Hz, 8 H, each ArOCH2), 3.80 (s, 6 H each,

MeOAr ), 2.70 (t, 4 H each, CHsCHzCHzAra), 2.36 (t, J = 7.0 Hz, 8 H each,

CH2C=C), 2.02 (m, 4 H each, CH2CH2CH2Ara ), 1.78 (m, 8 H each, OCH2CH2),

1.57 (m, 8 H each, CH2CH2C=C), 1.5 - 1.2 (m, apparent, CH2); 13C-NMR: 5 =

166.2 (ArCOz), 163.3 (C-4, ArCOz), 159.2 (Cy-4), 148.7 (CO3), 142.6 (Ca-4),

139.9, 136.6, , (Ca-3,-5, Cr1), 134.9 (Ca-1), 133.1 (CY-2,-6), 132.2 (Cp-3,-5),

131.5 (Cs-2,-6 , Cs-3,-5), ,130.3 (C-2,-6 ArC02), 128.6, 125.1, (Ca-2,-6, Cp-2,-6),

122.6, (C8-1 -4), 120.5 (Cp-4), 115.4 (Cÿ-1), 114.6 (Cy-3,-5), 113.5 (C-3,-4

ArC02), 93.6 (CH2C=C), 90.3 (C=CAry), 88.5 (ArpC=C), 81.9 (C=C-C=C), 80.2

(CH2C=C), 75.2 (C=C-CÿC), 68.0 (ArOCH2), 67.9 (ArOCH2 of topological

isomer), 63.9 (ArC02CH2), 55.3 (MeOAr), 31.8 (CH2Ara), 31.8 (CH2CH2CH2Ara),

30.1 - 28.6 ( signals of , CH2), 25.9 and 19.5 (CH2); Elemental analysis (%) calcd

for C223H264O13 (3152.303): C 84.96, H 8.44; found C 84.37, H 8.24,

O

C
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7.2.12 Precatenane of protected alcohol (65)

0-(CH2)23

<CH2)23/Oÿ
II xo o

IIPO'

o,|kO-O-o-
OMeMeO o°

0 Q
“A0

(CH2)23

0 (CH2)23

A suspension of CuCI (6.44g, 65.05 mmol) and CuCI2 (1.11 g, 8.26 mmol) in

pyridine was heated in water bath at 50 °C for 30 minutes under stream of argon.

After the solution came down to room temperature a solution of 64 (680 mg) in

pyridine (125 mL) was added at rate of 40h/100 mL via syringe pump. When the

addition completed the reaction mixture was stirred for additional 24h at room

temp. Pyridine was distilled at 50 °C under vacuum. The residue along with the

2N HCI (250 mL) was cooled in ice bath. The acid was slowly added to the

reaction mixture with constant stirring, which afforded a colourless precipitate.

This precipitate was filtered and washed with acid, dried over P205 (HV) Flash

Chromatography (CH2CI2 : P.E 1:1 2:1) resulted a mixture of 65 and 66 (500

mg, 74%) as colourless solid.

C

'H NMR: 6= 7.91 (8 H ArCO), 7.54 (m, apparent broad, AA'XX', 8 H each, Hp),

7.40-7.20 (half of AA'XX’, 8 H each, HY-2,-6, -H6 -2,-6,-3,-5), 7.11 (s, broad 4 H,

Ha of precatenane), 6.89 (4 H each MeOAr), 6.86 (half of AA'XX', 8 H each HY-3,-

5), 4.26 (t, 4 H each,ArC02CH2), 3.97 (t, J= 6.5 Hz, 8 H, each ArOCH2), 3.80 (s,

6 H each, MeOAr ), 2.70 (t, 4 H each, CH2CH2CH2Ara), 2.36 (t, J = 7.0 Hz, 8 H

each, CH2C=C), 2.02 (m, 4 H each, CH2CH2CH2Ara ) 1.78 (m, 8 H each,

OCH2CH2), 1.57 (m, 8 H each, CH2CH2C=C), 1.5 - 1.2 (m, apparent, CH2); 13C-

O
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NMR: S= 166.2 (ArC02), 163.3 (C-4, ArC02), 159.2 (CY-4), 148.7 (C03), 142.6

(Ca-4), 139.9, 136.6, (Ca-3,-5, Cp-1), 134.9 (Ca-1), 133.1 (Cy-2,-6), 132.2 (Cr3,-

5), 131.5 (C6-2,-6 , C6-3,-5), 130.3 (C-2,-6 ArC02), 128.6, 125.1 (Ca-2,-6, Cp-2,-

6), 122.6 (C6-1 -4), 120.5 (Cp-4), 115-4, (CV1), 114.6 (Cy-3,-5), 113.5 (C-3,-4

ArCOs), 93.6 (CH2C=C), 90.3 (CÿCArY), 88.5 (ArpC=C), 81.9 (CÿC-C=C), 80.2

(CH2OC), 75.2 (C=C-C=C), 68.0 (ArOCH2), 67.9 (ArOCH2 of topological

isomer), 63.9 (ArC02CH2), 55.3 (MeOAr), 31.8 (CH2Ar„), 31.8 (CH2CH2CH2Ara),

30.1 - 28.6 ( signals of CH2), 25.9 and 19.5 (CH2);

7.2.13 Topological isomer with spacered alcohol (66)

----(CHjla-O O--(CHJ)J5

(M) w
/// 5©© o

cjl
o

o
O

MeO

?
w £

V/\
© w----(CH2)M-O O-(CHjlyj--

To a heat dry schlenck flask were added ring (0.154 g, 0.0986 mmol) and ring 62

chloroformate 63 (0.160 g, 0.0986 mmol) under stream of argon which is

followed by DMAP (0.015 g, 0.122 mmol) in THF (5 mL, distilled over

Na/benzophenone). Immediately a brown turbid solution was formed. After

stirring for 19 hours at room temperature 5 N HCI (5 mL) were added due to

which colourless precipitate get dissolved and reddish organic and colourless

aqueous phase was formed. Aqueous phase was extracted with Et20 (5mL X 3).

Combine organic phases were dried over MgS04, solvent was removed under

r\
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reduced pressure, which afforded the dumbbell shaped molecule 66 (0.270 g,

87%) as brown solid.

'H NMR: S= 7.91 (8 H ArCO), 7.54 (m, apparent broad, AA’XX', 8 H each, Hp),

7.40-7.20 (half of AA’XX’, 8 H each, Hy-2,-6, -H« -2,-6,-3,-5), 7.00 (s, broad 4 H,

Ha ),6.89 (4 H each MeOAr), 6.86 (half of AA'XX’, 8 H each HY-3,-5), 4.26 (t, 4 H

each,ArC02CH2), 3.97 (t, J = 6.5 Hz, 8 H, each ArOCH2), 3.80 (s, 6 H each,

MeOAr ), 2.70 (t, 4 H each, CH2CH2CH2Ara), 2.36 (t, J = 7.0 Hz, 8 H each,

CH2C=C), 2.02 (m, 4 H each, CH2CH2CH2Ara) 1.78 (m, 8 H each, OCH2CH2),

1.57 (m, 8 H each, CH2CH2OC), 1.5 - 1.2 (m, apparent, CH2); 13C-NMR: 8-

166.2 (ArC02), 163.3 (C-4, ArC02), 159.2 (0,-4), 148.7 (C03), 142.6 (C«-4),

139.9, 136.6 (Ca-3,-5, Cp-1), 134.9 (Ca-1), 133.1 (0,-2,-6), 132.2 (Cp-3,-5), 131.5

(Cs-2,-6 , Cs-3,-5), 130.4 (C-2,-6 ArC02), 128.6, 125.1, (Ca-2,-6, Cp-2,-6), 122.6,

(C6-1 -4), 120.5 (Cp-4), 115.4, (0,-1), 114.6 (0,-3,-5), 113.5 (C-3,-4 ArC02), 93.6

(CH2C=C), 90.3 (C=CAr,), 88.5 (ArpCÿC), 81.9 (C=C-C=C), 80.2 (CH2C=C), 75.2

(C=C-C=C), 68.0 (ArOCH2), 67.9 (ArOCH2 ), 63.9 (ArC02CH2), 55.3 (MeOAr),

31.8 (CH2Ar„), 31.8 (CH2CH2CH2Ara) 30.1 - 28.6 (signals of , CH2), 25.9 and

19.5 (CH2); Elemental analysis (%) calcd for C223H262Oi3 (3150.3): C 84.9, H 8.3;

found 0 84.51, H 8.13,

O

o
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7.2.14 Cleavage of carbonate (68)

0-(CH2)n-

f—(CH2)—o/// r;///

/// HOi>OH 'I'
(OHO OH

9///

(CH2)n-p|-0
fSs

0-(CH2)n

To a degassed solution of 65 and 66 (0.570 mg, 0.181 mmol) in THF (10 mL,

distilled over Na/benzophenone) and ethanol (5 mL) were added 10 N NaOH (5

mL) which resulted a brown turbid solution. After stirring for 21 hours at 50 °C ice

cooled 2 N HCI (10 mL) were added to ice cooled reaction mixture, which is

followed by diethyl ether (10 mL), a yellowish organic and colourless aqueous

phase was formed. Aqueous phase was extracted with diethyl ether trice (10

mL). The combine organic phases were dried over Na2S04, solvent was removed

under reduced pressure, which afforded brown product in 520 mg, containing

both ring 69 and catenane 68. This product was used without purification in next

step.

O
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7.2.15 Methylated catenane (70)

o-(CH2)n-

jj-Wn-Offi III
\

/// MGO-C?OMG

oHO OH

v &
(CH2)nÿ-0

m

X
/Ms

0-(CH2)n

To a heat dried schlenck Mask were added 68 and 69 (0.52 g, 0.182 mmol) under

stream of argon in THF (5 mL, distilled over Na/benzophenone) which is followed

by DMF (5 mL) and K2C03 (0.212 g, 1.53 mmol) and subsequently Mel (0.1 mL.

1.606 mmol) a brown turbid solution was observed. After stirring at 40 °C for 19

hours 20 mL ice cooled 2N HCI were added to ice cooled reaction mixture and

extracted trice with diethylether (20 mL), dried over Na2SCXi solvent removed

under vacuum. Flash chromatography petroleum ether:CH2CI2 1:1 -»1:2 afforded

290 mg colourless catenane 70 and 105 mg ring 71. % yield for catenane over

two steps was found to be 57 %

C

’H NMR: 6= 7.60-7.52 (apparent two singlet, AA'XX', 16 H, Hp), 7.46 (half of

AA'XX', 8 H, Hy-2,-6), 7.40 and 7.31 (AA'XX1, 8 H each, H6). 7.18 (s, 2 H each,

Ha), 6.86 (half of AA'XX', 4 H, each HY-3,-5), 3.97 (t, J= 6.5 Hz, 8 H, ArOCH2),

3.71 (t, 2H, each HOCH2CH2), 3.11 (s, 3 H each, ArOMe), 2.75 (t, 2H,

ArCH2CH2CH2OH), 2.38 (t, J = 7.0 Hz, 8 H, CH2CsC), 1.93 (m, 2H,

ArCH2CH2CH2OH), 1.77 (m, 8 H, OCH2CH2), 1.58 (m, 8 H, CH2CH2OC), 1.5 -

1.2 (m, 76 H, CH2); 13C-NMR: 6= 159.2 (Cr4), 153.0 (Ca-4), 138.1, 137.8 (Ca-3,-

r\
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5, Cp-1), 134.9 (Cy-2,-6 ), 133.0 (Ca-1), 132.2 (Cp-3,-5), 131.5 (C6-3,-5 or Ca-2,-6),

131.2 (Ca-2,-6), 130.1 (Ca-3,-5 or Ca-2,-6), 129.2 (Cp-2,-6), 125.1 (C6-1 or C5-4),

122.4 (Cp-4), 120.5 (Cs-4 orC5-1), 115.1 (CY-1), 114.5 (Cy-3,-5), 93.6 (CH2C=C),

90.0,(C=CArY), 88.0 (ArpC=C), 81.9 (C=C-C=C), 80.2 (CH2C=C), 75.1 (C=C-

C=C), 67.9 (ArOCH2), 62.2 (CH2OH), 60.4 (AraOCH3), 34.2, 31.4, (CH2CH2), 29.6

- 28.7 (11 signals, CH2), 25.9 and 19.5 <CH2),

7.2.16 Methylated ring (71).

This ring was isolated as first fraction from the mixture of catenane and ring after
methylation.

©

©
(\ah-OMe

HO

0
c

©
O-

1H NMR: 8 = 7.59-7.52 (apparent two singlet, AA'XX’, 16 H, Hp), 7.45 (half of

AA'XX’, 8 H, HY-2,-6), 7.40 and 7.31 (AA’XX’, 8 H each, H6), 7.18 (s, 2 H each,

Ha), 6.86 (half of AA’XX’, 4 H, each HY-3,-5), 3.97 (t, J = 6.5 Hz, 8 H, ArOCH2),

3.71 (t, 2H, each HOCH2CH2), 3.11 (s, 3 H each, ArOMe), 2.75 (t, 2H,

ArCH2CH2CH2OH), 2.38 (t, J = 7.0 Hz, 8 H, CH2C=C), 1.93 (m, 2H,

ArCH2CH2CH2OH), 1.77 (m, 8 H, OCH2CH2), 1.58 (m, 8 H, CH2CH2C=C), 1.5 -
1.2 (m, 76 H, CH2); 13C-NMR: 8= 159.2 (CY-4), 153.0 (C„-4), 138.1, 137.8 (Ca-3,-

5, Cp-1), 134.9 (CY-2,-6 ), 133.0 (Ca-1), 132.2 (Cp-3,-5), 131.5 (C6-3,-5 or C6-2,-6),

131.2 (Ca-2,-6), 130.1 (Cs-3,-5 or C6-2,-6), 129.2 (Cp-2,-6), 125.1 (C5-1 or C6-4),

a
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122.4 (Cp-4), 120.5 (Cs-4 or Cs-1), 115.1 (Cÿ-1), 114.5 (CY-3,-5), 93.6 (CH2C=C),

90.0,(C=CArY), 88.0 (ArpC=C), 81.9 (C=C-C=C), 80.2 (CH2C=C), 75.1 (C=C-

CÿC), 67.9 (ArOCH2), 62.2 (CH2OH), 60.4 (AraOCH3), 34.2, 31.4, (CH2CH2), 29.6

- 28.7 (11 signals, CH2), 25.9 and 19.5 (CH2),

7.2.17 3-(4-Hydroxyphenyl) toluene propionate (42)

o
II

Me

To a mixture of 3-(4-Hydroxy phenyl) propanol 38 (5 g, 0.032 mmol) and triphenyl

phosphine (9.5 g, 0.036 mmol) in THF (50 mL) were added toluilic acid (4.5 g,

0.33 mmol). Then the reaction mixture was cooled in an ice bath and

diisopropylazodicarboxylate (7.1 mL, 0.036 mmol) was added. After stirring for

18h solvent was removed under reduced pressure and the compound was

isolated by column chromatography (acetone: petroleum ether 2:8 v/v). The

hydrazodicarboxylate was not removed completely through column

chromatography after which the reaction mixture was crystalized out with EtOH

due to which the hydrazodicarboxylate went to solution and the product was

crystallized out (8.92 g, 89%).

O

1H NMR 5= 2.08 (m, 2H), 2.69 (t, 2H), 4.3 (t, 2H), 6.75, 7.14 (AA’ XX‘, 2H each,

ArH), 7.25, 7.91 (AA’XX‘2H each, ArH)

13C-NMR: S= 167.2 (C02), 154.1 (Cp-4), 143.7 (Ca-1), 132.9 (Ca-3, -5), 129.6

(Ca-4, 6), 129.4 (Cp-2, -6), 127.4 (Cp-1), 115.3 (Cp-3, -5), 64.3 (OCH2), 31.3, 30.4

(CH2, CH2-CH2). Elemental analysis (%) calcd for (Ci7H1803 270.31): C 75.5, H

6.7; found C 75.48, H 5.79.

n
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7.2.18 3-(4-Hydroxy 3, 5-diiodophenyl) toluilic propionate (43)

l

/ VOH
o

<yÿ i
Me

5.1 g, of 2-(4-Hydroxy phenyl toluene) propionate 42 (0.019 mmol) was dissolved

in EtOH 60 ml_ and the solution was cooled down in ice bath. Then ethylene

diamine (8.1 ml_, 0.13 mmol) were added to cooled reaction mixture which is

followed by dropwise addition of a solution of iodine (10.14 g, 0.021 mmol) and

Kl (16.24 g, 0.097 mmol). After 18 hours stirring at room temperature the reaction

was quenched by the addition of saturated aqueous Na2S2C>7 and the aqueous

phase was extracted with diethyl ether, dried over MgS04, solvent removed

under reduced pressure which resulted brown solid which was dissolved in 30

mL ethanol under gentle heating which upon standing for a while afforded 43 as

colourless needle like crystals (8.5 g, 92%)

C

’H NMR .5= 2.02 (m, 2H), 2.60 (t, 2H), 4.27 (t. 2H), 6.89, 7.93 (AA’ XX’ 2H each,

ArH), 7.50 (s, 2H) ,3C-NMR: S= 166.9 (C02), 152.24 (Cp-4), 144.0 (Ca-1), 139.4

(C«-3, -5), 137.8 (Ca-4, 6), 129.9 (Cp-2, -6), 129.4 (Cp-1), 127.8 (Cp-3, -5), 82.66

(Ca-2, -6), 64.2 (OCH2), 30.9, 30.6 (CH2, CH2-CH2) 22.0 (CH3). Elemental

analysis (%) calcd. for (C17H16O3I2, 521.9): C 37.94, H 3.006; found C 37.93, H

3.05.

r'
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7.2.19 2,6-Bis [4-(triisopropylsilylethynyl) phenyl]-4-[3-(4-methyl phenyl

carbonyloxy)propyl] phenol (44)

TIPS

///

W“0H
Me-0ÿ

//

X
TIPS

To carefully degassed biphasic mixture of diiodo 43 (1.01 g, 1.93 mmol), boronic

acid (2.037 g, 6.67 mmol) and CS2CO3 (1.25 g, 3.86 mmol) in acetone (15 mL)

and water (5 mL) was added Pd2(dba)3 (0.009 g, 0.0098 mmol). The dark

reaction mixture was allowed to stir at 60 °C after 10 minute of heating it turns

brown and then again became dark. The reaction was monitored with TLC (Si02,

acetone/petroleum ether 2: 8). After 19 hours at room temperature, diethyl ether

(10mL) and 2N HCI (10 mL) were added. The aqueous phase was extracted with

diethyl ether (3X4 mL). The combined organic phases were dried (MgS04) and

concentrated in vacuum. Then highly viscous black residue was adsorbed on

silica gel and filtered through a small bed column (3 cm, Si02) with pure

methylene chloride to remove black material (probably decomposed catalyst).

The residue was dissolved in 10 mL of ethanol under slight heating and upon

standing for a while colourless crystals get formed which was filtered washed

with ethanol which resulted colourless product 44 (1.21 g, 83 %) as slight brown

solid.

O

r'
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1H-NMR: S= 7.89 (half of AA’XX’, 2H, Hy, 2,“-6), 7.55, 7.45 (AA’XX’ 4H, Hp), 7.20

(half of AA’XX', 2H, ArC02,-3,5), 7.09 (s, 2H, Ha), 5.16 (s, 1H, OH), 4.35 (t, J= 6

Hz, 2H, OCH2), 2.78 (apparent triplet, J ~ 7 Hz, 2H, C6H2CH2CH2), 2.39 (s, 3H,

CHsArCOs) 2.11 (m, 2H, ArCH2CH2CH2), 1.13 (s, 42H, Si CH(CH3)2): 13C-NMR: 5

= 166.7 (C02), 147.5 (C,-4), 143.5 (Ca-1), 137.5 (Cp-1), 133.6 (Ca-4), 132.4 (CP-

3, -5), 129.9 (0,-2, -6), 129.7 (Ca-3, -5), 129.1 (Cp-2, -6), 129.0 (Ca-2, -6), 128.3,

127.6 (Cp-4, Cy-1), 122.9 (0,-3, -5), 106.8, 91.4 (C=C), 64.0 (OCH2), 31.6, 30.4

(CH2, CH2-CH2), 18.7 (CH(CH3)2), 11.3 (SiCH). Elemental analysis (%) calcd. for

(C5iH6603Si2, 783.26): C 76.64, H 8.32; found C 76.70, H 8.20.

7.2.20 2,6-Di[4-(ethynyl)phenyl]-4-[3-(4-methylphenyl carbonyloxy) propyl]

phenol (45)

H

///
(/ \0

O

\\ //-°HII

Me-0/
%

H

To a solution of 44 (1.20 g, 1.514 mmol) in THF (6 mL) was added 1M n-Bu4NF

in THF (3.2 mL, 3.2 mmol) at room temperature which resulted green fluorescent

reaction mixture, the green colour get intensified with the passage of time. The

reaction was monitored by TLC (Si02; acetone/petroleum ether 2:8). After one

hour the reaction was quenched by adding 5N HCI (8 mL) the green fluorescent

colour disappeared and a slight yellowish colour appeared the aqueous phase

was extracted with diethyl ether. The combined organic phases were washed
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with 5 N HCI (5 mL X2), dried (MgS04) and the solvent was removed in vacuum.

The residue was dissolved in CH2CI2 (5 mL) and this solution was added

dropwise to petroleum ether (5 mL) to precipitate 45 as a brownish solid. The

solid was isolated, washed with petroleum ether. Flash Chromatography

(petroleum ether: CH2CI2 1:1) yielded 45 (.600 g, 86%) as colourless solid

material.

1H-NMR: <5= 7.89 (half of AA’XX’, 2H, HY, 2,-6), 7.55, 7.45 (AA’XX1 4H, Hp), 7.20

(half of AA’XX', 2H, ArC02,-3,5), 7.09 (s, 2H, Hu), 5.16 (s, 1H, OH), 4.35 (t, J= 6

Hz, 2H, OCH2), 3.12 (s, 2H, CECH), 2.78 (apparent triplet. J ~ 7 Hz, 2H,

C6H2CH2CH2), 2.39 (s, 3H, CH3ArC02) 2.11 (m, 2H, ArCH2CH2CH2), 13C-NMR: 5

= 166.7 (C02), 147.5 (CY-4), 143.5 (Ca-1), 137.5 (Cp-1), 133.6 (Ca-4), 132.4 (CP-

3, -5), 129.9 (CY-2, -6), 129.7 (Ca-3. -5), 129.1 (Cp-2, -6), 129.0 (Ca-2, -6), 128.3,

127.6 (Cp-4, CY-1), 122.9 (CY-3, -5), 106.8, (CECH), 77.8 (CECH), 64.0 (OCH2),

31.6, 30.4 (CH2-CH2), 18.7 (CH(CH3)2), 11.3 (SiCH). Elemental analysis (%)

calcd. for C35H26O3, 494.05): C 81.41, H 5.10; found C 80.89, H 5.38.

O
7.2.21 TIPS protected ring precursor with toluilic acid as protecting group

(46)

o- TIPS

O )H

0-(CHJ)M- -TIPS

To a degassed solution of chain (1.837 g, 2.232 mmol) and angular compound

45 (0.500 g, 1.11 mmol) were added at room temperature Pd(PPh3)2Cl2 (12 mg,

0.00412 mmol) and Cul (8 mg, 0.00647 mmol) in piperidine, immediately yellow

precipitate was formed. After 18h 5N HCI (50 mL) and reaction mixture was

/~N
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cooled down via dry ice then the reaction mixture was slowly added to the cooled

acid, heat was produced and a brown precipitate was observed. It was

additionaly stirred for ten minutes,then precipitate was filtered up washed well

with acid dried (P2O5, HV) and subsequently brown crude product was obtained.

Flash Chromatography <P.E:CHZCI2 7:3 -> 1:1) yielded 46 (0.986 g, 81%) as

slight brown solid.

1H NMR: S= 7.89 (2 H ArCO), 7.55, 7.47 (AA’XX’ 4H, Hp), 7.45 (half of AA'XX', 4

H, Hy-2,-6), 7.38 and 7.30 (AA'XX', 4 H each, H6), 7.20 (half of AA’XX', 2H,

ArC02,-3,5), 7.12 (s, 2 H, H«), 6.86 (half of AA'XX’, 4 H, Hy-3,-5), 5.28 (s, 1 H,

OH), 4.35 (t, 2 H,ArC02CH2), 3.96 (t, J = 6.5 Hz, 4 H, ArOCH2), 2.79 (t, 2 H,

CH2CH2CH2Ara), 2.39 (t, 2 H, CH2CH2), 2.39 (t, J= 7.0 Hz, 4 H, CH2C=C), 2.39

(s, 3H, CH3ArC02) 2.12 (m,CH2CH2CH2Ara ) 1.78 (m, 4 H, OCH2CH2), 1.58 (m, 4

H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2), 1.10 (apparent s, 42 H CH(CH3)2);

13C-NMR: S= 166.3 (ArC02),163.3 (C-4, ArC02) 159.3 (Cr4), 147.8 (C„-4),

137.1 (Cp-1), 133.6 (C„-1), 133.1 (C7-2,-6), 132. (Cp-3,-5), 131.8 (C5-2,-6 or C6-3,-

5), 131.5 (Cg-3,-5 or C6-2,-6), 131.3 (C-2,6 ArC02) 129.9 (Ca-2,-6), 129.2 (Cp-2,-

6), 128.3 (Ca-3,-5), 124.1 (C6-1 or C6-4), 122.8 (Cp-4), 122.5 (C5-4 orC6-1), 115.0

(Cr1), 114.6 (CY-3,-5), 106.8 (CÿCSi) 92.5 (CH2CÿC), 92.0 (CÿCSi) 90.3

(C=CAr7), 87.8 (ArpCÿC), 80.3 (CH2C=C),68.1 (ArOCH2), 64.0 (ArC02CH2), 31.6

(CH2Ara), 30.5 (CH2CH2CH2Ara) 29.6 - 28.6 (11 signals, CH2), 26.0 and 19.5

(CH2), 18.6 (CH(CH3)2), 11.3 (SiCH). Elemental analysis (%) calcd for

C129H,7605Si2 (1860.84): C 83.17, H 9.5; found C 83.45, H 9.48

O
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7.2.22 Ring precursor with toluilic acid as protecting group (47)

,0-(CHj)j3-es— "H
7 \

o i>OH
Me-O'0"©

O-fCHÿ- -H

To a stirred solution of 46 (0.88 g, 0.46 mmol) in THF (5 mL, distilled from

Na/benzophenone) was added 1 M n-Bu4NF in THF (1.2 mL, 1.2 mmol) at room

temperature. Immediately a green fluorescent solution was formed, which

intensified with the passage of time. The reaction mixture was monitored by

comparative TLC (petroleum ether : CH2CI2 6:4 working up with Et20 and 2N

HCI), after 15 minutes complete deprotection of the TIPS group were observed

then 2 N HCI (7 mL, 14 mmol) and ethanol (60 mL) were added to reaction

mixture where brown precipitate was formed. The precipitate was filtered up

washed well with EtOH dried (HV P2O5) which resulted product 47 (.480 g, 66 %)

as slight browinish solid.

O

’H NMR: 8= 7.89 (2 H ArCO), 7.55, 7.47 (AA’XX’ 4H, Hp), 7.45 (half of AA’XX', 4

H, Hy-2,-6), 7.38 and 7.30 (AA'XX', 4 H each, H«), 7.20 (half of AA’XX', 2H,

ArC02,-3,5), 7.12 (s, 2 H, Ha), 6.86 (half of AA’XX', 4 H, HY-3,-5), 5.28 (s, 1 H,

OH), 4.35 (t, 2 H,ArC02CH2), 3.96 (t, J = 6.5 Hz, 4 H, ArOCH2), 3.11 (s, 2H,

HC=C) 2.79 (t, 2 H, CH2CH2CH2Ara), 2.39 (t, 2 H, CH2CH2), 2.39 (t, J= 7.0 Hz, 4

H, CH2C=C), 2.39 (s, 3H, CHaArCOz) 2.12 (m,CH2CH2CH2Ara ) 1.78 (m, 4 H,

OCH2CH2), 1.58 (m, 4 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2), 13C-NMR: 8=
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166.3 <ArC02), 163.3 (C-4, ArC02), 159.3 (Cv-4), 147.5 (Ca-4), 137.1 (Cp-1),

133.6 (Ca-1), 133.0 (Cy-2,-6), 131.8 (Cp-3,-5), 131.7 (Cg-2,-6 or Cg-3,-5), 131.5

(Cg-3,-5 or Cg-2,-6), 131.4 (C-2,-6 ArC02), 129.8 (Ca-2,-6), 129.2 (Cp-2,-6), 128.3

(Ca-3,-5), 124.6 (Cg-1 or Cg-4), 122.9 (Cp-4), 122.7 (C-1 ArC02 ), 121.0 (Cg-4 or

Cg-1), 115.0 (Gy-1), 114.5 (Cy-3,-5), 113.5 (C-3,-5 ArC02), 92.7 (CH2C=C), 90.2

(C=CArY), 87.8 (ArpC=C), 83.3 (C=CH), 80.1 (CH2C=C), 78.4 (C=CH), 68.0

(ArOCH2), 64.0 (ArC02CH2), 31.6 (CH2Ar«), 30.4 (CH2CH2CH2Ara) 29.6 - 28.6

(11 signals, CH2), 26.0 and 19.5 (CH2,

7.2.23 Macrocycle with toiuilic acid as proteting group (48)

O-(CH2)23-

©
0

©©
o ua A-OHo

0
I

©
O-

A greenish suspension of CuCI (6.44 g, 65.05 mmol) and CuCI2 (1.11g, 8.256

mmol) was heated under inert atmosphere at 50°C for 30 minutes then 47 (0.400

g/100 ml of pyridine 1.065 mmol) were added via syringe pump at the rate of 14

h/50 mL at room temperature. When the addition of the compound completed

then it was stirred for additional 58 hours. Most of the pyridine was distilled of at

50 °C under vacuum, which afforded dark greenish viscous residue. To ice

cooled greenish residue of reaction mixture was added ice cooled 2N HCI (10

mL) which resulted brown precipitate, the precipitate was filtered, dried over P205
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(HV). Flash chromatography (petroleum ether/CH2CI2 6:4) gave 48 (0.370 g

82%) as slight yellow solid.

1H NMR: S= 7.89 (2 H ArCO), 7.58 and 7.50 <AA’XX\ 4 H each, Hp), 7.46 (half of

AA’XX’, 4 H, Hy-2,-6), 7.39 and 7.30 (AA’XX’, 4 H each, H«), 7.20 (half of AA’XX’,

2H, ArC02,-3, -5), 7.09 (s, 2 H, Ha), 6.86 (half of AA'XX', 4 H, HY-3,-5), 5.23 (s, 1

H, OH), 4.34 (t, 2 H, ArC02CH2), 3.97 (t, J= 6.5 Hz, 4 H, ArOCH2), 2.78 (t, 2 H,

CH2CH2CH2Ara), 2.39 (s, 3H, CH3ArC02), 2.38 (t, J = 7.0 Hz, 4 H, CH2C=C),

2.12 (m, CH2CH2CH2Ara), 1.77 (m, 4 H, OCH2CH2), 1.57 (m, 4 H, CH2CH2C=C),

1.5 - 1.2 (m, 76 H, CH2); 13C-NMR: S= 166.3 (ArC02),163.3 (C-4, ArC02), 159.3

(Cy-4), 147.5 (Ca-4), 137.0 (Cp-1), 133.6 (Ca-1), 133.0 (CY-2,-6), 132.2 (Cp-3,-5),

131.8 (C8-2,-6 or C5-3,-5), 131.5 (C6-3,-5 or C5-2,-6),130.5 (C-2,6 ArC02), 129.8

(Ca-2,-6), 129.2 (Cp-2,-6), 128.3 (Ca-3,-5), 125.1 (C6-1 or C5-4), 123.0 (Cp-4),

122.8 (C-1 ArC02 ), 120.6 <C5-4 or C6-1), 115.0 (CY-1), 114.6 (Cy-3,-5), 113.6 (C-

3,-4 ArC02), 93.6 (CH2OC), 90.3 (CÿCArY), 87.8 (ArpCÿC), 81.9 (C=C-C=C),

80.2 (CH2C=C), 75.2 (C=C-CÿC), 68.0 (ArOCH2), 64.0 (ArC02CH2), 31.6

(CH2Ara), 30.5 (CH2CH2CH2Ara), 29.6 - 28.6 (11 signals, CH2), 26.0 and 19.5

(CH2); ). Elemental analysis (%) calcd. for CmHi3205, 1546.15): C 86.22, H 8.6;

found C 84.89, H 8.53.

O
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7.2.24 Chloroformate alcohol ring with toluilic acid as protecting group (49)

o—(CH,)21-

0\P/) O

Ac,o \a/r°

*M-qyc"o <©
x III

O—(CH,),,--

In heat dry phosgene apparatus was condensed phosgene (0.1 mL 1.263 mmol)

with the help of dry ice. THF (5 mL, distilled over Na/benzophenone) was added

to phosgene and allowed to come to room temperature, then ring 48 (.150 g,

0.097 mmol) were added which is followed by 'Pr2NEt (0.05 mL, .574 mmol),

immediately a brown precipitate was formed with the evolution of white fumes.

After 1h stirring at room temperature diethyl ether (10 mL, distilled/Na) and 2 N

HCI (5 mL) were added to reaction mixture due to which colourless precipitate

get dissolved. The aqueous phase was extracted with diethyl ether (5 mL X 3),

dried over MgS04. Solvent was removed under reduced pressure, which

afforded chloroformate 49, which was containing residual amine, but it was not

subjected to purification process and was used as it. (0.145 g, 96%) as slight

brown solid.

O

1H NMR: S= 7.90 (2 H ArCO), 7.58 and 7.50 (AA’XX’, 4 H each, Hp), 7.46 (half of

AA'XX', 4 H, HY-2,-6), 7.39 and 7.30 (AA'XX\ 4 H each, H8), 7.25 (s, 2 H, H«),

6.86 (half of AA'XX’, 4 H, Hy-3,-5), 5.23 (s, 1 H, OH), 4.34 (t, 2 H,ArC02CH2),

3.97 (t, J = 6.5 Hz, 4 H, ArOCH2), 2.78 (t, 2 H, CH2CH2CH2Ara), 2.39 (s, 3H,

CHaArCOz), 2.38 (t, J = 7.0 Hz, 4 H, CH2OC), 2.12 (m,CH2CH2CH2Ara ), 1.77

(m, 4 H, OCH2CH2), 1.57 (m, 4 H, CH2CH2OC), 1.5- 1.2 (m, 76 H, CH2); 13C-

NMR: S= 166.1 (ArC02),163.2 (C-4, ArCOz), 159.2 ((ÿ-4), 148.7 (Ca-1), 143.9
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(Ca-4), 141.1 (Cp-1), 135.6 (OCOCI), 133.0 (Cy-2,-6), 132.2 (Cp-3,-5), 131.8 (C«-

2,-6 or Cs-3,-5), 131.5 (Cs-3,-5 or C6-2,-6), 130.5 (C-2,6 ArC02), 129.8 (Ca-2,-6),

129.2 (Cp-2,-6), 128.3 (Ca-3,-5), 125.1 (C5-1 or Cs-4), 123.0 (Cp-4), 122.8 (C-1

ArC02 ), 120.6 (Cs-4 or C5-1), 115.0 (Cy-1), 114.6 (Cy-3,-5), 113.6 (C-3,-4

ArC02), 93.6 (CH2C=C), 90.3 (OCAry), 87.8 (ArpC=C), 81.9 (CÿC-CÿC), 80.2

(CH2C=C), 75.2 (OC-C=C), 68.0 (ArOCH2), 64.0 (ArC02CH2), 31.6 (CH2Ara),

30.5 (CH2CH2CH2Ara), 29.6 - 28.6 (11 signals, CH2), 26.0 and 19.5 (CH2);

7.2.25 Unsymmetrical threaded compound with toluilic acid as protecting

group (50)

O—(CH2)23-

H-=- — (CH2)23

OC ij-O

Me-Qÿ'O C02Ej|

#\lj7

0
oH-=-

Q
O-ICH,)ÿ

A schlenck flask was heated under stream of argon then chloroformate 49 (0.180

g, 0.11 mmol) and DMAP (0.018 g, 0.147 mmol) were added in THF (5 mL) at

room temperature, then spacered ester ring precursor (0.161 g, 0.109 mmol)

were added which resulted a turbid solution. After 17 h of stirring 2N HCI (10 mL)

were added due to which the white precipitate get dissolved and a reddish

organic and colourless aqueous phase was formed. Aqueous phase was

extracted with Et20 (15 mL x 3), dried over MgS04 solvent removed under

reduced pressure which afforded a brownish product. Flash chromatography
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(petroleum ether : CH2CI2 1:2 -4 CH2CI2) afforded 50 (0.210 g, 82%) as

colourless solid.

1H NMR: 5= 7.79 (AA’XX’, 2 H ArCO), 7.52 and 7.48 (AA’XX’, 4 H each, Hp),

7.39-7.21 (half of AA’XX’, 4 H, HY-2,-6 and 8 H each, Hs), 7.20 (half of AA’XX',

2H, ArC02,-3, -5), 7.00 and 6.99 (d, 2 H each, Ha), 6.86 (half of AA’XX’, 4 H, Hy-

3,-5), 4.27 (t, 2H, CH2C02Ar), 4.06 (q, 2 H, J= 7.1 Hz, 2 H, C02CH2), 3.98 (t, 2 H

each, J= 6.5 Hz, 4 H, ArOCH2), 3.11 (s, 2 H, CÿCH), 2.87 (triplet shaped m, 2 H,

each, CH2CH2), 2.70 (t, 2 H, CH2CH2CH2Ara), 2.55 (triplet shaped m, 2 H,

CH2CH2), 2.36 (m, apparent, 4 H, each, CH2C=C), 2.12 (m,CH2CH2CH2Ara ),

1.79 (m, 4 H, each, OCH2CH2), 1.57 (m, 4 H, each, CH2CH2C=C), 1.5 - 1.2 (m,

152 H, CH2), 1.14 (t, J = 7.1 Hz, 3H, each CH3); 13C-NMR: 5= 172.5, (C02),

166.3 (ArC02), 159.2 (C-4, ArC02), 159.2, (Cy-4), 148.8 (CO3), 142.5, 142.4, (Ca-

4), 139.9, 139.1, 136.6, 134.9, 134.9, (Ca-3,-5, Cp-1), 133.1, (Cy-2,-6), 132.2,

131.9, (C„-1), 131.5, (Cp-3,-5), 131.4 130.4, 128.6, 128.0, 125.1, (Ca-2,-6, C6-2,-

6, Cs-3,-5), 124.7, (Cp-2,-6), 122.7,121.0, (Cs-1 -4), 120.5 (Cp-4), 115.4, (Cy-1),

114.6, 114.5 {CY-3,-5), 113.5 (C-3,-4 ArC02), 93.6, 92.8 (CH2C=C), 90.3

(C=CArY), 88.5, 88.4, (ArpC=C), 83.3 (CÿCH or C=CH), 81.9 {OC-C=C), 80.2

(CH2C=CAr6), 80.1 (CH2C=C), 78.4, ((>CH or CÿCH), 75.2 (C=C-C=C), 68.1,

68.0 (ArOCH2), 63.9 (ArC02CH2), 60.4, (C02CH2), 35.5 and 31.8, 30.2,30.1

(CH2CH2 CH2), 29.7 - 28.7 ( signals for, CH2), 26.0 and 19.5 <CH2), 14.2 (CH3);

O
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7.3 Synthesis of diester catenane:

7.3.1 Ethyl 3-(3,5-diiodo-4-hydroxyphenyl) propionate (72)

,l

rV0H
EtOzC

I

A solution of 3-(3,5-Diiodo-4-hydroxyphenyl) propionic acid 55 (20.00g, 48 mmol)

in ethanol (200 mL) and cone. H2S04 (0.5 mL) was refluxed for 2h. Then the

volume of the reaction mixture was reduced to 60 mL (1/3) under vacuum. The

residue was cooled down in an ice bath and treated with water (200 mL) where

upon the product precipitated. The precipitate was isolated and dissolved in

diethyl ether (150 mL) and washed with Na2S03 twice, saturated NaHC03 trice

and dried with Na2S04. Removal of the solvent under reduced pressure and

recrystallization from ethanol (60 mL) gave the target molecule 72 in (20.535 g

96%) as colourless needles. M.P 85.5-86.9 °C

’H NMR: 5= 7.49 (s, 2 H, ArH), 4.10 (q, J = 7.1 Hz, 2 H, OCH2), 2.78 (triplet

shaped m, 2 H, CH2CH2), 2.53 (triplet shaped m, 2 H, CH2CH2), 1.21 (t, J= 7.1

Hz, 3 H, CH3); 13C NMR: 6= 172.2 (C02), 152.0 (Ca-4), 139.0 (C0-2,-6), 136.6

(C„-1), 82.2 (Ca-3,-5), 60.5 (OCH2), 35.7 and 28.9 (CH2CH2), 14.2 (CH3);

Elemental analysis (%) ealed. for CnHi203l2 (446.024): C 29.62, H 2.72; found C

29.71, H 2.87.

O
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7.3.2 Ethyl3-{3,5-Bis[4-(triisopropylsilylethynyl)phenyl]-4-hydroxyphenyl}

propionate (73)

TIPS

//
(/ %

O
V>OHEtO-C

0

X
TIPS

To a carefully degassed, biphasic mixture of diiodo compound 72 (10.00 g, 22.42

mmol) boronic acid (20.280 g, 67.08 mmol) and CS2CO3 (14.577 g, 44.74 mmol)

in acetone (250 ml_) and water (80 mL) was added Pd2(dba)3 (0.225 g, 0.245

mmol). It was stirred at 60 °C after five minutes the slight black reaction mixture

turns brown and then it became black. After 22 h the reaction mixture was cooled

down to room temperature then diethylether (50 mL) and 2 N HCI (120 mL) were

added. The aqueous phase was extracted with diethyl ether (20 mL X 3), dried

over MgS04 and concentrated in vacuum which resulted highly viscous black

residue. Flash chromatography (Petroleum ether/CH2CI2 5:1-»1:3 gave target

molecule 73 (11.23 g, 70%) as colourless solid. M.P, 53.0-53.8 °C

O

’H NMR: 5= 7.56 and 7.46 (AA'XX1, 2 H each, Hp), 7.07 (s, 2 H, ArH), 5.19 (s, 1

H, OH), 4.12 (q, J= 7.1 Hz, 2 H, OCH2), 2.94 (triplet shaped m, 2 H, CH2CH2),

2.63 (triplet shaped m, 2 H, CH2CH2), 1.22 (t, J = 7.1 Hz, 3 H, CH3), 1.13

(apparent s, 42 H, CH(CH3)2); 13C NMR: S= 172.8 (C02), 147.7 (Ca-4), 137.4

(Cp-1), 133.0 (Ca-1), 132.5 (Cp-3,-5), 129.8 (Ca-2,-6), 129.1 (Cp-2,-6), 128.3 (C„-
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3,-5), 122.9 (Cp-4), 106.8 and 91.5 (OC), 60.4 (OCH2), 36.1 and 30.2 (CH2CH2),

18.7 (CH(CH3)2), 14.2 (CH2CH3), 11.3 (SiCH); Elemental analysis (%) calcd. for

C45H62Si203 (707.12): C 76.43, H 8.83; found C 76.47, H 8.67.

7.3.3 Ethyl3-{3,5-Di[4-(ethynyl)phenyl]-4-hydroxyphenyl} propionate (74)

H

//
fT\

0

EtO-C

%
H

To a stirred solution of tips angular compound 73 (8.00 g, 11.31 mmol) in THF

(20 mL, distilled from Na/benzophenone) was added 1 M n-Bu4NF in THF (24.8

ml_, 24.8 mmol) at room temperature. Immediately a green fluorescent solution

was formed, which intensified with the passage of time. After 3 hours 2 N HCI (15

mL, 30 mmol) was added where the solution became colourless and the aqueous

phase was extracted with diethyl ether (25 mL X3). The combined organic

phases were dried (MgS04) and the solvent was removed in vacuum. Most of the

silyl containing product was distilled off at 50 °C (bath temperature)/0.01 mbar via

dry ice cooling of the receiving flask. The residue was dissolved in CH2CI2 (15

mL) and were added dropwise to petroleum ether (250 mL, low boiling) which

gave us our desired product 74 (3.793 g, 85%) as colourless solid. M.P, 90.7-

91.5°C

’H NMR: 8= 7.57 and 7.48 (AA’XX1, 2 H each, Hp), 7.09 (s, 2 H, ArH), 5.21 (s, 1

H, OH), 4.11 (q, J= 7.1 Hz, 2 H, OCH2), 3.11 (s, 2 H, C=CH), 2.94 (triplet shaped

m, 2 H, CH2CH2), 2.63 (triplet shaped m, 2 H, CH2CH2), 1.21 (t, J = 7.1 Hz, 3 H,

C
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CH3); 13C NMR: 5= 172.8 (C02), 147.6 (C„-4), 138.0 (Cp-1), 133.1 (Ca-1), 132.5

(Cp-3,-5), 129.9 (Ca-2,-6), 129.2 (Cp-2,-6), 128.2 {Ca-3,-5), 121.5 (Cp-4), 83.3 and

77.9 (C=C), 60.4 (OCH2), 36.1 and 30.1 (CH2CH2), 14.2 (CH3); Elemental

analysis (%) calcd. for C27H2203 (394.44): C 82.21, H 5.62; found C 82.19, H

5.66.

7.3.4 Model compound (31a)

V
o

>OCH3
Et02C

0
)-

o
Methyl iodide (0.46 mL, 7.54 mmol) was added to a suspension of 31 (1.00 g,

1.51 mmol) and potassium carbonate (1.04 g, 7.54 mmol) in N,N-

dimethylformamide (18 mL). The reaction mixture was stirred at 40 °C overnight.

The product was precipitated via the addition of water (100 ml). The precipitate

was filtered off and washed with water. Drying over P205 in vacuo gave 31 (979

mg, 96%) as a brown coloured solid. M.p.: 146.5 - 174.1 °C. - ’H NMR: 8= 7.57

(apparent s, AA'XX', 8 H, Hp), 7.46 (half of AA'XX', 4 H, HY-2,-6), 7.18 (s, 2 H,

Ha), 6.85 (half of AA'XX', 4 H, HY-3,-5), 4.57 (sept, J= 6.1 Hz, 2 H, CW(CH3)2),

4.13 (q, J= 7.1 Hz, 2 H, C02Cth), 3.13 (s, 3 H, OChh), 2.99 (t, J= 7.5 Hz, 2 H,

CH2CH2Ar«), 2.67 (t, J = 8.1 Hz, 2 H, CH2CH2Ara), 1.34 (d, J = 6.1 Hz, 12H,

CH(CH3)2), 1.22 (t, J = 7.1 Hz, 3 H, C02CH2CH3). - 13C NMR: 8= 172.7

(C02), 158.0 (CY-4), 153.3 (C«-4), 138.1 (C„-3,-5), 136.6, 135.1 (Ca-1, Cp-1),

133.1 (CY-2,-6), 131.2, 130.1 (Ca-2,-6, Cp-3,-5), 129.2 (Cp-2,-6), 122.5 (Cp-4),
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115.7 (0,-3,-5), 115.0 (0,-1), 90.0 (C=CAr,), 87.9 (ArpOC), 69.9 (OCH), 60.5

(AraOCH3, CO2CH2) (Seen from dept 135 spectra), 35.9 {AraCH2CH2), 30.4

(AraCH2CH2), 22.0 <CH(CH3)2), 14.2 (CH2CH3). - Elemental analysis (%) calcd for

C46H44O5 (676.851): C 81.63, H 6.55; found C 80.95, H 7.02; (A correct

elemental analysis was not obtained).

7.3.5 Model acid 31b

o

y)

Q-0CH3H02C

0

To a solution of 31a (767 mg, 1.13 mmol) in THF (20 ml_) and ethanol (4 mL)

an aqueous solution of 10N NaOH (2.41 mL) was added. The reaction mixture

was stirred at room temperature overnight. Through the addition of 2N HCI (100

mL) the product precipitated. The precipitate was filtered off and washed with

water. Drying over P205 in vacuo gave 31b (512 mg, 70%) of a brown coloured

solid. M.p.: 188.0 - 189.1 °C. - ’H NMR: 6= 7.56 (apparent s, AA’XX', 8 H, Hp),

7.45 (half of AA'XX', 4 H, H,-2,-6), 7.19 (s, 2 H, H„), 6.85 (half of AA'XX', 4 H, H,-

3,-5), 4.57 (sept, J= 6.1 Hz, 2 H, CH[CH3)2), 3.13 (s, 3 H, OCH3), 3.00 (t, J= 7.8

Hz, 2 H, CH2CH2Ar«), 2.74 (t, J= 8.1 Hz, 2 H, CH2CH2Ara), 1.34 (d, J= 6.1 Hz,

12H, CH(CH3)2). - ,3C NMR: S = 178.3 (C02), 158.0 (0,-4), 153.5 (C«-4), 138.0

(Ca-3,-5), 136.1, 135.2 (Ca-1, Cp-1), 133.1 (CY-2,-6), 131.3, 130.1 (C„-2,-6, Cp-3,-

5), 129.2 (Cp-2,-6), 122.5 (Cp-4), 115.7 (CY-3,-5), 115.0 (0,-1), 90.1 (CÿCArY),

87.9 (ArpCÿC), 70.0 (OCH), 60.5 (AraOCH3), 35.5 (Ar„CH2CH2), 30.2

C
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(AraCH2CH2), 22.0 (CH(CH3)2). - Elemental analysis (%) calcd for C44H40O5

(648.797): C 81.46, H 6.21; found C 81.56, H 6.23

7.3.6 TIPS protected cycle precursor (75)

O-tCHÿÿMÿ-ÿ-TIPS
//A

i>OHEIO2C-

O—(CH2)23ÿ=-TIPS

To a degassed solution of alkyne 74 (2.1 g, 5.3 mmol) and C-23 chain (8.808 g,

10.7 mmol) in piperidine (170 mL) were added degassed Pd(PPh3)2Cl2 (75 mg,

0.106 mmol) Cul (42 mg, 0.213 mmol). Immediately precipitate was formed of the

green fluorescent reaction mixture. After 20h stirring at room temperature, the

reaction mixture and 2N HCI (300 mL) were cooled down with dry ice .The

reaction mixture was added slowly to 2N HCI with constant stirring which resulted

the formation of brown precipitate. The precipitate was filtered off, wash with 2N

HCI then with water and dried (vacuum, P205). Flash chromatography (petroleum

ether/CH2CI2 9:1 -> 7:3 -> 1:1) gave product 75 (8.366 g, 88%) as slight brown

solid. M.P, 43.7-44.4

O

’H NMR: S= 7.59 and 7.50 {AA’XX’, 4 H each, Hp), 7.45 (half of AA’XX’, 4 H, Hy-

2,-6), 7.39 and 7.30 (AA'XX’, 4 H each, Hs), 7.12 (s, 2 H, Ha), 6.86 (half of

AA’XX', 4 H, Hy-3,-5), 5.24 (s, 1 H, OH), 4.12 (q, J= 7.1 Hz, 2 H, C02CH2), 3.97

(t, J= 6.5 Hz, 4 H, ArOCH2), 2.95 (triplet shaped m, 2 H, CH2CH2), 2.64 (triplet

shaped m, 2 H, CH2CH2), 2.38 (t, J = 7.0 Hz, 4 H, CH2C=C), 1.77 (m, 4 H,
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OCH2CH2), 1.57 (m, 4 H, CH2CH2Cÿ), 1.5 - 1.2 (m, 76 H, CH2), 1.22 (t, J= 7.1

Hz, 3H, CH3), 1.10 (apparent s, 42 H CH(CH3)2); 13C-NMR: S= 172.8 (C02),

159.3 (CY-4), 147.8 (C«-4), 137.0 (Cp-1), 133.1 (Cÿ-2,-6), 133.0 (Ca-1), 132.2 (Cp-

3,-5), 131.8 (Cfi-2,-6 or C6-3,-5), 131.5 (Cs-3,-5 or C6-2,-6), 129.7 (Ca-2,-6), 129.2

(Cp-2,-6), 128.3 (Ca-3,-5), 125.2 (C5-1 orC6-4), 123.1 (Cp-4), 120.6 (C«-4 orC5-1),

115.0 (CY-1), 114.6 (CY-3,-5), 106.8 (CCSi), 92.6 (CH2CÿC), 90.3 (C=CArY), 87.8

(ArpC=C), 80.2 (CH2C=C), 68.0 (ArOCH2), 60.4 (C02CH2), 36.2 and 30.2

(CH2CH2), 29.6 - 28.6 (11 signals, CH2), 25.8 and 19.5 (CH2), 18.6 (CH(CH3)2,

14.2 (CH3), 11.3 (SiCH); Elemental analysis (%) calcd. for Ci23Hi7oSi205

(1784.74): C 82.77, H 9.60; found C 82.17, H 9.37.

7.3.7 Deprotection of the TIPS protected cycle precursor (76)

o /'"A

O-OH
EtOjC-

/TA

To a degassed solution of 75 (8.00 g, 4.48 mmol) in THF (50 ml_, distilled from

Na/ benzophenone) was added 1 M n-Bu4NF in THF (10 ml_, 10 mmol) at room

temperature under stream of argon which resulted green fluorescent reaction

mixture, with the passage of time the fluorescent colour intensified. After 2h

comparative TLC of starting material with reaction mixture was developed in

(Petroleum ether: CH2CI2 1:2) which showed complete cleavage of TIPS group,

then 2N HCI (6 ml_, 12 mmol) was added to reaction mixture due to which dark

greenish fluorescent color of the compound turn slight brownish EtOH (90 mL)
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were added which afforded brown precipitate. This precipitate was filtered, dried

(HV, P205) which gave 76 (6.30 g, 95%) as colourless solid. M.P 105-106 °C

’H NMR: 6= 7.59 and 7.50 (AA'XX', 4 H each, Hp), 7.46 (half of AA'XX', 4 H, Hr
2,-6), 7.38 and 7.31 (AA'XX', 4 H each, H6), 7.12 (s, 2 H, Ha), 6.86 (half of

AA'XX', 4 H, Hy-3,-5), 5.26 (s, 1 H, OH), 4.12 (q, J= 7.1 Hz, 2 H, C02CH2), 3.95

(t, J= 6.5 Hz, 4 H, ArOCH2), 3.11 (s, 2 H, C=CH), 2.95 (triplet shaped m, 2 H,

CH2CH2), 2.64 (triplet shaped m, 2 H, CH2CH2), 2.38 (t, J = 7.0 Hz, 4 H,

CH2C=C), 1.77 (m, 4 H, OCH2CH2), 1.57 (m, 4 H, CH2CH2CÿC), 1.5 - 1.2 (m, 76

H, CH2), 1.22 (t, J= 7.1 Hz, 3H, CH3); 13C-NMR: S= 172.8 (C02), 159.4 (Cy-4),

147.8 (Ca-4), 137.0 (Cp-1), 133.1 (Cy-2,-6), 133.0 (Ca-1), 131.9 (Cp-3,-5), 131.8

(Cs-2,-6 or Cg-3,-5), 131.4 (Cs-3,-5 or Cs-2,-6), 129.8 (Ca-2,-6), 129.3 (Cp-2,-6),

128.3 (Ca-3,-5), 124.8 (C6-1 or C6-4), 123.1 (Cp-4), 121.1 (C&-4 or C5-1), 115.0

(CY-1), 114.6 (Cv-3,-5), 92.8 (CH2C=C), 90.3 (C=CAry), 87.8 (ArpC=C), 83.4

(C=CH), 80.2 (CH2CSC), 78.3 (CÿCH), 68.2 (ArOCH2), 60.4 (C02CH2), 36.2 and

30.2 (CH2CH2), 29.7 - 28.7 (11 signals, CH2), 26.0 and 19.5 (CH2), 14.2 (CH3);

Elemental analysis (%) calcd for CiosHisoOs (1472.07): C 85.66, H 8.9; found C

85.71, H 8.74,

O



204Experimental part

7.3.8 Macrocycle with spacered ester (77)

O-(CH,)*,-

II

0©
ElO,C-

© 5

O—(CH,)m-—

A greenish suspension of CuCI (6.44 g, 65.05 mmol) and CuCI2 (1.11g, 8.256

mmol) was heated under inert atmosphere at 50°C for 30 minutes and compound

76 (2.00 g/300 mL, 1.358 mmol) were added via syringe pump at the rate of 20

h/50 ml_. When the addition of the compound completed then it was stirred for

additional 32 h. Most of the pyridine was distilled of at 50 °C under vacuum,

which afforded dark greenish viscous residue. To ice cooled greenish residue of

reaction mixture was added ice cooled 2N HCI (100mL) which resulted brown

precipitate, the precipitate was filtered, dried over P2O5 (HV). Flash

chromatography (petroleum ether/CH2Cl2 6:4) gave 77 (1.777 g, 89%) as slight

yellow solid.

’H NMR: 5= 7.59 and 7.50 (AA'XX', 4 H each, Hp), 7.45 (half of AA'XX', 4 H, Hr-
2,-6), 7.39 and 7.30 (AA'XX’, 4 H each, H5), 7.12 (s, 2 H, Ha), 6.86 (half of

AA'XX', 4 H, HY-3,-5), 5.24 (s, 1 H, OH), 4.12 (q, J= 7.1 Hz, 2 H, C02CH2), 3.97

(t, J= 6.5 Hz, 4 H, ArOCH2), 2.95 (t, 2 H, CH2CH2), 2.64 (t, 2 H, CH2CH2), 2.38

(t, J = 7.0 Hz, 4 H, CH2OC), 1.77 (m, 4 H, OCH2CH2), 1.57 (m, 4 H,

CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2), 1.22 (t, J= 7.1 Hz, 3H, CH3); ,3C-NMR: S

= 172.8 (C02), 159.3 (CY-4), 147.7 (Ca-4), 136.9 (Cp-1), 133.0 (CY-2,-6), 132.9

(Cct-1), 132.2 (Cp-3,-5), 131.8(C6-2,-6orC5-3,-5), 131.5 (C5-3,-5 or Cp-2,-6),

O
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129.7 (Ca-2,-6), 129.2 (Cp-2,-6), 128.3 (Ca-3,-5), 125.1 (C6-1 or C6-4), 123.0 (Cp-

4), 120.6 (C6-4 or C6-1), 115.0 (Cy-1), 114.6 (Gr3,-5), 93.6 (CH2C=C), 90.3

(C=CArY), 87.8 (ArpC=C), 81.9 (CÿC-CÿC), 80.2 (CH2CÿC), 75.1 (C=C-C=C),

68.0 (ArOCH2), 60.4 (C02CH2), 36.2 and 30.2 (CH2CH2), 29.7 - 28.7 (11 signals,

CH2), 26.0 and 19.5 (CH2), 14.2 (CH3); Elemental analysis {%) calcd. for

C105H128O5 (1470.056): C 85.78, H 8.78; found C 85.77, H 8.5

7.3.9 Chloroformate of spacered ester ring (78)

O—(CHa)„-

9
0

EtOjC-

3
*<g>

O—(CH,)a-o

In heat dry phosgene apparatus was condensed phosgene with the help of dry

ice. THF (25 mL, distilled over Na/benzophenone) was added to phosgene and

allowed to come to room temperature, then compound 77 (2.085g, 1.4183 mmol)

were added which is followed by iPr2NEt (0.2 mL, 2.298 mmol). Immediately a

brown precipitate was formed with the evolution of white fumes. After 5 hours

stirring diethyl ether (50 mL, distilled/Na) and 2 N HCI (20 mL) were added,

where upon white precipitate get dissolved. The aqueous phase was extracted

with diethyl ether (20 mL X 3), dried over MgS04. Solvent was removed under

reduced pressure which afforded 78 (1.990 g, 92%) as colourless solid.

1H NMR: 6= 7.59 and 7.50 (AA'XX’, 4 H each, Hp), 7.45 (half of AA’XX’, 4 H, Hr
2,-6), 7.39 and 7.30 (AA’XX’, 4 H each, Hs), 7.25 (s, 2 H, Ha), 6.86 (half of

AA’XX’, 4 H, Hy-3,-5), 5.24 (s, 1 H, OH), 4.12 (q, J= 7.1 Hz, 2 H, C02CH2), 3.97
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(t, J= 6.5 Hz, 4 H, ArOCH2), 2.95 (triplet shaped m, 2 H, CH2CH2), 2.64 (triplet

shaped m, 2 H, CH2CH2), 2.38 (t, J = 7.0 Hz, 4 H, CH2OC), 1.77 (m, 4 H,

OCH2CH2), 1.57 (m, 4 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2), 1.22 (t, J= 7.1

Hz, 3H, CH3); 13C-NMR: S= 172.8 (C02), 159.3 (Cv-4), 148.9 (C„-4), 144.2

(OCOCI), 140.5 (Cp-1), 135.7 (CY-2,-6), 134.7 (Ca-1), 133.0 (Cp-3,-5), 132.2 (C8-

2,-6 or Cs-3,-5), 131.6 (C8-3,-5 or C8-2,-6), 131.5 (Ca-2,-6), 130.2 (Cp-2,-6), 128.8

(Ca-3,-5), 125.2 (CA-1 or C8-4), 123.6 (Cp-4), 120.6 (C8-4 or C8-1), 115.0 (CY-1),

114.6 (CY-3,-5), 93.6 (CH2C=C), 90.3 (CnCArY), 87.6 (ArpC=C), 81.9 (C=C-C=C),

80.2 (CH2C=C), 75.1 (C=C-C=C), 68.0 (ArOCH2), 60.6 (C02CH2), 35.6 and 30.4

(CH2CH2), 29.6 - 28.6 (11 signals, CH2), 25.8 and 19.5 (CH2), 14.2 (CH3);

Elemental analysis (%) calcd. for CioeHiÿOeCI (1532.51) C 83.01, H 8.39; found

C 82.52, H 9.03.

7.3.10 Threaded compound (79)

O— (CHz)23-

o
IH-=- <Sÿ-(CH2)23Vÿ

SSj/

o-oO-O'
ElOzC co2m

#
O

o
O—(CH2)23

To a heat dry schlenck flask under stream of argon were added compound 76

(698 mg, 0.474 mmol) and DMAP (70 mg, 0.573 mmol) in THF (25 ml_). After 10

minute of stirring compound 78 (727 mg, 0.474 mmol) were added, immediately

a turbid solution was formed. After 18 h stirring at room temperature 5N HCI (20

mL) were added due to which the colourless precipitate get dissolved and a
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reddish organic and colourless aqueous phase was formed. Aqueous phase was

extracted with Et20 (25 ml_ x3), dried over MgS04, solvent removed under

vacuum that gave a reddish product. ’H NMR showed 100% formation of

carbonate, but the compound was passed through silica gel by using pure

methylene chloride to remove the reddish colour. The reddish colour stayed on

silica and 79 (1.268 g, 90%) as colourless solid.

1H NMR: 5= 7.57 and 7.54 (AA’XX’, 4 H each, Hp), 7.39-7.22 (half of AA’XX’, 4 H,

Hy-2,-6 and 4 H each, H5), 6.99 and 6.98 (s, 2 H each, Ha), 6.87 (half of AA’XX’, 4

H, Hy-3,-5), 4.10 (q, 2 H each, J= 7.1 Hz, 2 H, C02CH2), 3.98 (t, 2 H each, J =

6.5 Hz, 4 H, ArOCH2), 3.11 (s, 2 H, CÿCH), 2.87 (triplet shaped m, 2 H, each,

CH2CH2), 2.55 (triplet shaped m, 2 H, each, CH2CH2), 2.36 (m, apparent, 4 H,

each, CH2C=C), 1.79 (m, 4 H, each, OCH2CH2), 1.57 (m, 4 H, each,

CH2CH2CSC), 1.5 - 1.2 (m, 152 H, CH2), 1.14 (t, J= 7.1 Hz, 3H, each CH3); 13C-

NMR: S= 172.5, 171.1 (C02), 159.24, 159,20 (CY-4), 148.57 (C03), 142.5, 142.5,

(C„-4), 139.1, 136.6, 136.5, 134.9, (Ca-3,-5, Cp-1), 133.1, (Cy-2,-6), 132.2, 131.9,

(Ca-1), 131.5, (Cp-3,-5),131.4 130.3, 128.6, 125.1, (Ca-2,-6, C5-2,-6, C6-3,-5),

124.7, (Cp-2,-6), 122.7,121.0, (C6-1 -4), 120.5 (Cp-4), 115.4, (Cy-1), 114.6, 114.5

(Cy-3,-5), 93.6, 92.8 (CH2C=C), 90.4 (OCArY), 88.4 (ArpC=C), 83.3 (CÿCH or

C=CH), 81.9 (OC-C=C), 80.2 (CH2C=CAr6), 80.1 (CH2CM:), 78.4, (CÿCH or

C=CH), 75.2 (C=C-CÿC) 68.1, 68.0 (ArOCH2), 60.4, 60.3, (C02CH2), 35.5 and

30.2 (CH2CH2), 29.7-28.7 (signals for, CH2), 26.0 and 19.5 (CH2), 14.2 (CH3);

Elemental analysis (%) calcd for C2iiH2560n (2968.12): C 85.38, H 8.69; found C

85.30, H 8.94,

O
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7.3.11 Precatenane with spacered ester (80)

©-(CHa)*
(Tvs

(CHÿ/O

0II

o o
1 1

(sj-O oÿp>
C02llt>2Cp

'X /} 0 0II

O (CHz)23

A greenish suspension of CuCI (6.44g, 65.05 mmol) and CuCI2 (1.11 g, 8.26

mmol) in pyridine was heated in water bath at 50 °C for 30 minutes under stream

of argon. After the solution came down to room temperature a solution of 79

(2.010 g, 0.677 mmol) in pyridine (310 mL) was added at rate of 40h/100 mL via

syringe pump. After complete addition of compound the reaction mixture was

stirred for additional 24h at room temperature. Most of the pyridine was distilled

at 50 °C under vacuum. The dark greenish residue along with the 2N HCI (250

mL) was cooled in ice bath. The cooled acid was slowly added to the reaction

mixture with constant stirring where upon a colourless precipitate formed which

was filtered and washed with acid, dried over P205 (HV) Filtration through a small

bed column by using (petroleum ether:CH2CI2 1:2) resulted mixture of 80 and 81

(1.728 g, 86%) as colourless solid.

1H NMR: S= 7.57 and 7.54 (AA'XX1, 4 H each, Hp), 7.39-7.22 (half of AA’XX', 4 H,

HY-2,-6 and 4 H each, Hs), 7.00 (broad s, 4 H of precatenane H„), 6.98 (s, 4HHa

of topological isomer), 6.89 and 6.86 (half of AA'XX’, 4 H each of precatenane

and topological isomer, HY-3,-5), 4.05 (q, 4 H each, J- 7.1 Hz, 2 H, C02CH2),

O
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3.98 (t, 4 H each, J= 6.5 Hz, 4 H, ArOCH2), 2.87 (triplet shaped m, 4 H, each,

CH2CH2), 2.55 (triplet shaped m, 4 H, each, CH2CH2), 2.36 (m, apparent, 8 H,

each, CH2C=C), 1.79 (m, 8 H, each, OCH2CH2), 1.57 (m, 8 H, each,

CH2CH2OC), 1.5 - 1.2 (m, 304 H, CH2), 1.14 (t, J= 7.1 Hz, 6H, each CH3); ,3C-

NMR: 5= 172.5, (C02), 159.3 (Cÿ-4), 148.1 (C03), 142.6 (Ca-4), 139.2, 136.6,

135.1 (Ca-3,-5, Cp-1), 133.2 (Gr2,-6), 132.2 (Ca-1), 131.5 (Cp-3,-5), 130.3, 128.6,

125.2 (Ca-2,-6, C6-2,-6, CS-3,-5, Cp-2,-6), 122.8 (C8-1 -4), 120.6 (Cp-4), 115.5 (Cy-

1), 114.7 (Cy-3,-5), 93.6, (CH2C=C), 90.4 (CÿCAry), 88.4 (ArpC=C), 82.0 (CÿC-

C=C), 80.3 (CH2C=CAr5). 75.2 (C=C-C=C), 68.1 (ArOCH2), 60.4 (C02CH2), 35.5

and 30.3 (CH2CH2), 29.7 - 28.7 ( signals for, CH2), 26.0 and 19.5 (CH2), 14.2

(CH3); Elemental analysis (%) calcd for CanHÿOn (2966.104): C 85.43, H 8.63;

found C 84.75, H 8.59

7.3.12 Topological Isomer with spacered ester (81)

O --(CHj)*,-O O-(CHÿVr

(M)

/// x
5©o

vr°'
tb,c- •eg E'

W 5
///ill

-O O-(CHJ)3

To a heat dry schlenck flask were added ring 77 (0.2 g, 0.136 mmol) and ring

chloroformate 78 (0.208 g, 0.136 mmol) under stream of argon which is followed

by DMAP (0.02, 0.163 mmol) in THF (5 mL, distilled over Na/benzophenone).

Immediately a brown turbid solution was formed. After stirring for 24 hours at

room temperature 2 N HCI (5 mL) were added due to which colourless precipitate
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get dissolved and reddish organic and colourless aqueous phase was formed.

Aqueous phase was extracted with Et20 (5mL X 3). Combine organic phases

were dried over MgS04, solvent was removed under reduced pressure, which

afforded the respective topological isomer (0.350 g, 87%) as slight brown solid.

1H NMR: S= 7.55 (AA’XX’, 4 H each, Hp), 7.39-7.22 (half of AA'XX', 4 H, HY-2,-6

and 4 H each, Hs), 6.97 (broad s, 4 H each H« ), 6.86 (half of AA’XX’, 4 H each,

HY-3,-5), 4.05 (q, 4 H each, J= 7.1 Hz, 2 H, C02CH2), 3.98 (t, 4 H each, J= 6.5

Hz, 4 H, ArOCH2), 2.87 (triplet shaped m, 4 H, each, CH2CH2), 2.55 (triplet

shaped m, 4 H, each, CH2CH2), 2.36 (m, apparent, 8 H, each, CH2C=C), 1.79 (m,

8 H, each, OCH2CH2), 1.57 (m, 8 H, each, CH2CH2C=C), 1.5 - 1.2 (m, 304 H,

CH2), 1.14 (t, J~ 7.1 Hz, 6H, each CH3); 13C-NMR: S= 172.6, (C02), 159.2 (CY-

4), 148.1 (C03), 142.6 (Ca-4), 139.2, 136.6, 135.1, (Ca-3,-5, Cp-1), 133.2, (CY-2,-

6), 132.2, (C«-1), 131.5, (Cp-3,-5), 130.3, 128.6, 125.2, (C«-2,-6, C6-2,-6, C6-3,-5,

Cp-2,-6), 122.8, (C6-1 -4), 120.6 (Cp-4), 115.5, (CY-1), 114.7, (CY-3,-5), 93.6,

(CH2C=C), 90.4 (C=CArY), 88.4 (ArpC=C), 82.0 (CÿC-CÿC), 80.3 (CH2CÿCAr6),

75.2 (C=C-C=C) 68.1, (ArOCH2), 60.4, (C02CH2), 35.5 and 30.3 (CH2CH2), 29.7

- 28.7 ( signals for, CH2), 26.0 and 19.5 (CH2), 14.2 (CH3); Elemental analysis

(%) calcd forC2,,H2540n (3060.212): C 85.43, H 8.63; found C 85.67, H 8.65,

O
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7.3.13 Cleavage of precatenane (82, 83)

0(CH,)„-
o-(CHf),r

r (i

HO,C--OH HO-
HO,C- -COjH

0

0-(CH,)„-
0~(CH,)if

To a degassed solution of 80 and 81 (1.9 g, .640 mmol) in THF (20 mL) were

added EtOH (10 mL) and 10 N NaOH (5 mL) and allowed to stir at 50°C. After 19

h 25 mL ice cooled 5N HCI were added to ice cooled reaction mixture which

afforded off white precipitate, this precipitate was filtered dried over P205 (HV)

which gave us slight brown solid product in 1.85 g. This material were used

without purification in the next step.

O 7.3.14 Methylation of catenane and ring (84)

0-(CH2)m-

-J-tCH2)2-0

MeO-jC?>OMe
MeOzC- COjMe

(CH2)2i|-0
0-(CH2)m-

To a heat dried schlenck flask were added a mixture of 82 and 83 (1.650 g, 1.144

mmol) in THF (10 mL) and DMF (10 mL) which was followed by K2C03 (0.555

mg, 1.144 mmol) and Mel (0.8 mL, 12.85 mmol). Immediately a turbid solution
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get formed. After 19 h stirring at 40°C was added ice cooled 2N HCI {60 mL) to

ice cooled reaction mixture, due to which the colorless precipitate get dissolved

and a yellow oily product was formed. The yellow oily product was extracted with

1:1 mixture of THF and Et20 (30 mL) trice. Dried over MgSC>4, solvent removed

under high vacuum which afforded colorless product. Flash chromatography

(petroleum ether:CH2CI2 1:1 1:2 ) Fri = 350 mg 85 (Ring), Fr2 =1.10 g

(Catenane 84)

After two steps % yield of catenane (59%)

'H NMR: S= 7.56 (apparent s, AA'XX', 16 H, Hp), 7.46 (half of AA'XX', 8 H, HY-2,-

6), 7.39 and 7.31 (AA'XX1, 8 H each, H5), 7.18 (s, 2 H, Ha), 6.86 (half of AA'XX', 4

H, HY-3,-5), 3.96 (t, J= 6.5 Hz, 8 H, ArOCH2), 3.68 (s, 6 H, C02Me), 3.01 (s, 6 H,

ArOMe), 2.99 (t, 4 H, CH2CH2), 2.68 (t, 4 H, CH2CH2), 2.38 (t, J = 7.0 Hz, 8 H,

CH2C=C), 1.77 (m, 8 H, OCH2CH2), 1.57 (m, 8 H, CH2CH2C=C), 1.5 - 1.2 (m, 76

H, CH2); 13C-NMR: S= 173.1 (C02), 159.2 (CY-4),153.4 (Ca-4), 138.0, 136.5 (Ca-

3,-5, Cp-1), 135.1 {CY-2,-6), 133.0 (Ca-1), 132.2 (Cp-3,-5), 131.5 (C6-3,-5 or C6-2,-

6), 131.2 (Ca-2,-6), 130.0 (Cs-3,-5 or Cs-2,-6), 129.2 (Cp-2,-6), 125.1 <C6-1 or C8-

4), 122.5 (Cp-4), 120.5 (C6-4 or C6-1), 115.0 (CY-1), 114.5 (CY-3,-5), 93.6

(CH2C=C), 90.0 (C=CArY), 87.9 (ArpCÿC), 81.9 (CsC-OC), 80.2 (CH2C=C), 75.2

(OC-C=C), 67.9 (ArOCH2), 60.4 (AraOCH3), 51.7 (C02CH3), 35.6 and 30.3

(CH2CH2), 29.7 - 28.7 (11 signals, CH2), 25.8 and 19.5 (CH2),

Elemental analysis (%) calcd for C2I0H256OI0 (2940.11): C 85.78, H 8.78; found C

85.62, H 8.71

O
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7.3.15 Methylated ring (85)

O— (CH2)W

(7\S

o
i>OMeMeO-C

X

O—(CHJ0-

’H NMR: 8= 7.56 (apparent s, AA’XX’, 16 H, Hp), 7.46 (half of AA'XX’, 8 H, HY-2,-

6), 7.39 and 7.30 (AA’XX’, 8 H each, Hs), 7.17 (s, 2 H, Ha), 6.86 (half of AA’XX’, 4

H, HY-3,-5), 3.97 (t, J= 6.5 Hz, 8 H, ArOCH2), 3.68 (s, 6 H, C02Me), 3.11 (s, 6 H,

ArOMe), 2.99 (t, 4 H, CH2CH2), 2.68 (t, 4 H, CH2CH2), 2.38 (t, J = 7.0 Hz, 8 H,

CH2C=C), 1.77 (m, 8 H, OCH2CH2), 1.57 (m, 8 H, CH2CH2ChC), 1.5 - 1.2 (m, 76

H, CH2); 13C-NMR: 8= 173.1 (C02), 159.2 (0,-4),153.4 (Ca-4), 138.0, 136.5 (Ca-

3,-5, Cp-1), 135.1 (C-,-2,-6), 133.0 (Ca-1), 132.2 (Cp-3,-5), 131.5 (C8-3,-5 or C6-2,-

6), 131.2 (Ca-2,-6), 130.0 (C6-3,-5 or C5-2,-6), 129.2 (Cp-2,-6), 125.1 (Cs-1 or C6-

4), 122.5 (Cp-4), 120.5 (C&-4 or C8-1), 115.0 (CY-1), 114.5 (0,-3,-5), 93.6

(CH2C=C), 90.0 (C=CArY), 87.9 (ArpCÿC), 81.9 (C=C-OC), 80.2 (CH2OC), 75.2

(OC-C=C), 67.9 (ArOCH2), 60.4 (AraOCH3), 51.7 (C02CH3), 35.6 and 30.3

(CH2CH2), 29.7 - 28.7 (11 signals, CH2), 25.8 and 19.5 (CH2),

Elemental analysis {%) calcd for CiosHmOs (1470.11): C 85.78, H 8.78; found C

85.42, H 8.61

O
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7.3.16 Hydrolysis of catenane (84a)

0-(CH*)a-

&
1

MeO-C?O-OMe »HOJC-
ill o

(CHaWjj—0

0-(CH2)23-

To a stirred solution of methylated catenane 84 (0.400g, 0.136 mmol) in THF

were added NaOH (10 N) 5 mL, and EtOH. After four hours stirring at room

temperature, to a ice cooled solution were added ice cooled 5 N HCI (10 mL), a

colorless precipitate get formed which was filtered dried over P205 and a

colorless product was obtained. (0.395 g, 95%)

’H NMR: S= 7.56 (apparent s, AA’XX’, 16 H, Hp), 7.46 (half of AA’XX', 8 H, H-r2,-

6), 7.39 and 7.31 (AA’XX’, 8 H each, H6), 7.18 (s, 2 H, Ha), 6.86 (half of AA’XX’, 4

H, HY-3,-5), 3.96 (t, J= 6.5 Hz, 8 H, ArOCH2), 3.01 (s, 6 H, ArOMe), 2.99 (t, 4 H,

CH2CH2), 2.68 (t, 4 H, CH2CH2), 2.38 (t, J= 7.0 Hz, 8 H, CH2C=C), 1.77 (m, 8 H,

OCH2CH2), 1.57 (m, 8 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2); 13C-NMR: S=

173.1 (C02), 159.2 (C-r4),153.4 (Ca-4), 138.0, 136.5 (Ca-3,-5, Cp-1), 135.1 (Cr2,-

6), 133.0 (C«-1), 132.2 (Cp-3,-5), 131.5 (C5-3,-5 or Cs-2,-6), 131.2 (Ca-2,-6), 130.0

(Cs-3,-5 or C6-2,-6), 129.2 (Cp-2,-6), 125.1 (C8-1 or C8-4), 122.5 (Cp-4), 120.5 (C8-

4 or C8-1), 115.0 (CV1), 114.5 (CY-3,-5), 93.6 (CH2C=C), 90.0 (C=CArY), 87.9

(ArpCÿC), 81.9 (C=C-C=C), 80.2 (CH2C=C), 75.2 (C=C-C=C), 67.9 (ArOCH2),

60.4 (AraOCH3), 35.6 and 30.3 (CH2CH2), 29.7 - 28.7 (11 signals, CH2), 25.8 and

19.5 (CH2),

Elemental analysis (%) calcd for C208H25oOio (2910.05): C 85.84, H 8.66; found C

85.62, H 8.71

6
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7.3.17 Hydrolysis of the ring (85a)

O—(CH3)a

//\\

II

oSsJ
O

O-OMo
HO-C

0

O (CHjla"

To a stirred solution of methylated ring 85 (0.400 g, 0.272 mmol) in THF (5 mL)

were added NaOH (10 N) 5 mL, and EtOH (3 mL). After four hours stirring at

room temperature, to a ice cooled solution were added ice cooled 5 N HCI (10

mL), a colorless precipitate get formed which was filtered dried over P2O5 and a

colorless product was obtained. (0.396 g, 95%)

O

’H NMR: <5= 7.56 (apparent s, AA’XX’, 16 H, Hp), 7.46 (half of AA’XX’, 8 H, Hy-2,-

6), 7.39 and 7.31 (AA'XX', 8 H each, Hs), 7.18 (s, 2 H, Ha), 6.86 (half of AA’XX’, 4

H, Hy-3,-5), 3.96 (t, 6.5 Hz, 8 H, ArOCH2), 3.01 (s, 6 H, ArOMe), 2.99 (t, 4 H,

CH2CH2), 2.68 (t, 4 H, CH2CH2), 2.38 (t, J= 7.0 Hz, 8 H, CH2OC), 1.77 (m, 8 H,

OCH2CH2), 1.57 (m, 8 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2); 13C-NMR: S=

173.1 (C02), 159.2 (CY-4),153.4 (C«-4), 138.0, 136.5 (C„-3,-5, Cp-1), 135.1 (Cr2,-

6), 133.0 (Ca-1), 132.2 (Cp-3,-5), 131.5 (C5-3,-5 orC5-2,-6), 131.2 (Ca-2,-6), 130.0

(C6-3,-5 or Cg-2,-6), 129.2 (Cp-2,-6), 125.1 (Cs-1 or C5-4), 122.5 (Cp-4), 120.5 (C6-

4 or Cs-1), 115.0 (Gy-1), 114.5 (Cy-3,-5), 93.6 (CH2C=C), 90.0 (C=CArv), 87.9

(ArpC=C), 81.9 (C=C-C=C), 80.2 (CH2C=C), 75.2 (CÿC-CC), 67.9 (ArOCH2),
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60.4 (AraOCH3), 35.6 and 30.3 (CH2CH2), 29.7 - 28.7 (11 signals, CH2), 25.8 and

19.5 (CH2),

Elemental analysis (%) calcd for C104H123O5 (1456.08): C 85.84, H 8.66; found C

85.62, H 8.71

7.4 Synthesis of unsymmetrical catenane

7.4.1 Unsymmetrical threaded compound with spacered ester ring (87)

0-(CH2)23-
(M\

—(CH2)23-/Q.H-=-

O

d>o-0>o
Et02C

OMe
\LJ7

oH-=ÿ

O ©
o-(CH,)!3

A schlenck flask was heated under stream of argon then 61 (1.022 g, 0.718

mmol) and DMAP (0.1 g, 0.859 mmol) were added in THF (50 mL) at room

temperature, then 78 (1.00 g, 0.718 mmol) were added which resulted a turbid

solution. After 17 h of stirring 2N HCI (20 mL) were added due to which the white

precipitate get dissolved and a reddish organic and colourless aqueous phase

was formed. Aqueous phase was extracted with Et20 (20 mL x 3),dried over

MgS04 solvent removed under reduced pressure which afforded a brownish

product. Flash chromatography (petroleum ether:CH2CI2 1:2 -> CH2CI2) afforded

87 (1.63 g, 82%) as colourless solid.
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’H NMR: 8 = 7.90 (AA’XX’, 2 H ArCO), 7.58 and 7.55 (AA’XX’, 4 H each, Hp),

7.39-7.25 (half of AA’XX’, 4 H, HY-2,-6 and 8 H each, H6), 7.00 (s, broad 2 H

each, Ha), 6.88 (half of AA’XX’, 2 H, MeOAr ), 6.85 (half of AA’XX’, 4 H, HY-3,-5),

4.27 (t, 2H, CH2C02Ar), 4.06 (q, 2 H, J = 7.1 Hz, 2 H, C02CH2), 3.98 (t, 2 H

each, J= 6.5 Hz, 4 H, ArOCH2), 3.81 (s, 3 H, MeOAr), 3.11 (s, 2 H, C=CH), 2.87

(triplet shaped m, 2 H, each, CH2CH2), 2.70 (t, 2 H, CH2CH2CH2Ara), 2.55 (triplet

shaped m, 2 H, CH2CH2), 2.36 (m, apparent, 4 H, each, CH2C=C), 2.12

(m,CH2CH2CH2Ara ), 1.79 (m, 4 H, each, OCH2CH2), 1.57 (m, 4 H, each,

CH2CH2C=C), 1.5 - 1.2 (m, 152 H, CH2), 1.14 (t, J= 7.1 Hz, 3H, each CH3); 13C-

NMR: 8= 172.5, (C02), 166.3 (ArC02), 163.3 (C-4, ArC02), 159.2, 159,1 (CY-4),

148.8 (C03), 142.5, 142.4, (Ca-4), 139.9, 139.1, 136.6, 134.9, 134.9, (Ca-3,-5,

Cp-1), 133.1, (C-r2,-6), 132.2, 131.9, (Ca-1), 131.5, (Cp-3,-5), 131.4 130.4, 128.6,

128.0, 125.1, (Ca-2,-6, C«-2,-6, C6-3,-5), 124.7, (Cp-2,-6), 122.7,121.0, (C5-1 -4),

120.5 (Cp-4), 115.4, (Cy-1), 114.6, 114.5 (CY-3,-5), 113.5 (C-3,-4 ArC02), 93.6,

92.8 (CH2C=C), 90.3 (C=CArY), 88.5, 88.4, (ArpCÿC), 83.3 (CÿCH or OCH), 81.9

(OC-C=C), 80.2 (CH2C=CAr8), 80.1 (CH2C=C), 78.4, (CÿCH or C=CH), 75.2

(CÿC-CÿC), 68.1, 68.0 (ArOCH2), 63.9 (ArC02CH2), 60.4, (C02CH2), 55.3

(MeOAr). 35.5 and 31.8, 30.2,30.1 (CH2CH2 CH2), 29.7 - 28.7 ( signals for, CH2),

26.0 and 19.5 (CH2), 14.2 (CH3);

O
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7.4.2 Unsymmetrical threaded compound with spacered alcohol ring (86)

0-(CHÿ-
(R

H-=-

0
9 o

COÿlMeO-Hfÿ'd
#

><P
IQ

O-ICH*,

A schlenck flask was heated under stream of argon then chloroformate 63 (0.180

g, 0.11 mmol) and DMAP (0.018 g, 0.147 mmol) were added in THF (5 mL) at

room temperature, then spacered ester ring precursor 76 (0.161 g, 0.109 mmol)

were added which resulted a turbid solution. After 17 h of stirring 2N HCI (10 mL)

were added due to which the white precipitate get dissolved and a reddish

organic and colourless aqueous phase was formed. Aqueous phase was

extracted with Et20 (15 mL x 3), dried over MgS04 solvent removed under

reduced pressure which afforded a brownish product. Flash chromatography

(petroleum ether : CH2CI2 1:2 —> CH2CI2) afforded 86 (0.210 g, 82%) as

colourless solid.

1H NMR: S= 7.90 (AA’XX’, 2 H ArCO), 7.58 and 7.55 (AA’XX', 4 H each, Hp),

7.39-7.25 (half of AA’XX’, 4 H, Hv-2,-6 and 8 H each, H6), 7.00 and 6.99 (d, 2 H

each, Ha), 6.88 (half of AA’XX’, 2 H, MeOAr ), 6.85 (half of AA’XX’, 4 H, HY-3,-5),

4.27 (t, 2H, CH2C02Ar), 4.06 (q, 2 H, J = 7.1 Hz, 2 H, C02CH2), 3.98 (t, 2 H

each, J= 6.5 Hz, 4 H, ArOCH2), 3.81 (s, 3 H, MeOAr), 3.11 (s, 2 H, C=CH), 2.87

(triplet shaped m, 2 H, each, CH2CH2), 2.70 (t, 2 H, CH2CH2CH2Aru), 2.55 (triplet

shaped m, 2 H, CH2CH2), 2.36 (m, apparent, 4 H, each, CH2C=C), 2.12
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(m,CH2CH2CH2Ara ), 1.79 (m, 4 H, each, OCH2CH2), 1.57 (m, 4 H, each,

CH2CH2C=C), 1.5 - 1.2 (m, 152 H, CH2), 1.14 (t, J= 7.1 Hz, 3H, each CH3); ,3C-

NMR: 8= 172.5, (C02), 166.3 (ArC02), 163.3 (C-4, ArC02), 159.2, 159,1 (Cÿ-4),

148.8 (C03), 142.5, 142.4, (Ca-4), 139.9, 139.1, 136.6, 134.9, 134.9, (C«-3,-5,

Cp-1), 133.1, (Cy-2,-6), 132.2, 131.9, (Ca-1), 131.5, (Cp-3,-5), 131.4 130.4, 128.6,

128.0, 125.1, (Ca-2,-6, Cp-2,-6, C5-3,-5), 124.7, (Cp-2,-6), 122.7,121.0, (C8-1 -4),

120.5 (Cp-4), 115.4, (CY-1), 114.6, 114.5 (CY-3,-5), 113.5 (C-3,-4 ArC02), 93.6,

92.8 (CH2CHC), 90.3 (C=CArY), 88.5, 88.4, (ArpC=C), 83.3 (CÿCH or C=CH), 81.9

(CÿC-C=C), 80.2 (CH2CsCAr8), 80.1 (CH2CsC), 78.4, (CÿCH or C=CH), 75.2

(OC-C=C), 68.1, 68.0 (ArOCH2), 63.9 (ArC02CH2), 60.4, (C02CH2), 55.3

(MeOAr), 35.5 and 31.8, 30.2,30.1 (CH2CH2 CH2), 29.7 - 28.7 ( signals for, CH2),

26.0 and 19.5 (CH2), 14.2 (CH3);

7.4.3 Unsymmetrical precatenane

O-fCHÿ-
r (H

(CH2),,/0_
II

o jy o

O-oO'
0-O>

COjft
MeO po

II

(CH2)23 I

o—(CH2)23

A greenish suspension of CuCI (6.44g, 65.05 mmol) and CuCI2 (1.11 g, 8.26

mmol) in pyridine was heated in water bath at 50 °C for 30 minutes under stream

of argon. After the solution came down to room temperature a solution of 87

(1.25 g, 0.408 mmol) in pyridine (200 mL) was added to it at a rate of 40h/100 mL

via syringe pump. When the addition completed the reaction mixture was stirred
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for additional 24 hours at room temperature. Pyridine was distilled at 50 °C under

vacuum. The residue along with the 2N HCI (100 mL) was cooled down in ice

bath. The acid was slowly added to the reaction mixture with constant stirring,

which afforded a colourless precipitate. This precipitate was filtered and washed

with acid dried over P205 (HV) Flash Chromatography (CH2CI2 : petroleum ether

2:1 -> Pure CH2CI2 ) afforded a mixture of 88 and 89 (1.1OOg 89 %) as slight

brown product..

’H NMR: 6 = 7.91 (AA'XX', 2 H ArC02), 7.58 and 7.54 (AA'XX', 4 H each, Hp),

7.42-7.26 (half of AA'XX', 4 H, Hv-2,-6 and 8 H each, H5), 7.01 (s, broad 4 H of

precatenane, Ha), 7.00, 6.99 (s,2H each of topological isomer), 6.89 (half of

AA'XX', 2 H, MeOAr), 6.86 (half of AA'XX', 4 H, HY-3,-5), 4.28 (t, 2H, CH2C02Ar),

4.06 (q, 2 H, J = 7.1 Hz, 2 H, C02CH2), 3.98 (t, 8 H each, J = 6.5 Hz, 4 H,

ArOCHz), 3.82 (s, 3 H, MeOAr), 2.88 (t, 4 H, each, CH2CH2), 2.70 (t, 2 H, each

CH2CH2CH2Ara), 2.55 (t, apparent 4 H, CH2CH2), 2.36 (m, apparent, 8 H, each,

CH2CÿC), 2.12 (m, 2H each, CH2CH2CH2Ara ), 1.79 (m, 8 H, each, OCH2CH2),

1.57 (m, 8 H, each, CH2CH2C=C), 1.5 - 1.2 (m, CH2), 1.14 (t, J = 7.1 Hz, 3H,

each CH3): ,3C-NMR: S= 172.5, (C02), 166.2 (ArC02), 163.2 (C-4, ArC02),

159.2, 159.1 (0,-4), 148.7 (CO3), 142.5, 142.4, (Ca-4), 139.9, 139.1, 136.6,

136.5, 134.9, (C„-3,-5, Cp-1), 133.1, (CY-2,-6), 132.2, (Ca-1), 131.5 (Cp-3,-5),

130.3, 128.6, 128.0, (Ca-2,-6, Cs-2,-6, Cs-3,-5), 125.1 (Cp-2,-6), 122.6, (C6-1 -4),

120.5 (Cp-4), 115.4, (CY-1), 114.6, 114.3 (CY-3,-5), 113.5 (C-3,-4 ArC02), 93.6,

(CH2C=C), 90.3 (C=CArY), 88.5 (ArpC=C), 81.9 (OC-C=C), 80.2 (CH2CÿCAr6),

75.2, 75.1 (C=C-C=C) 68.0, 67.9 (ArOCH2), 63.9 (ArC02CH2), 60.4, (C02CH2),

55.3 (MeOAr), 35.5,35.4 31.8, 30.8, 30.2, 30.0, (CH2CH2 CH2), 29.5 - 28.6

(signals for, CH2), 26.4,26.3 and 19.5 (CH2), 14.1, 14.2 (CH3); Elemental analysis

(%) calcd for Czi/HzeoOiz (3060.212): C 85.16, H 8.56; found C 85.36, H 8.51,

r
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7.4.4 Unsymmetrical topological isomer (89)

— (CHj)M——o o—(CHjri—
M wI I

© 5©© o

o
1(0,0

© (\P/>
© It

% ///
Hi0>----[CH7)„-O O-(CH,),

To a heat dry schlenck flask were added ring (0.181 g, 0.123 mmol) and ring 62

chloroformate 78 (0.200 g, 0.123 mmol) under stream of argon which is followed

by DMAP (0.018 g, 0.147 mmol) in THF (5 mL, distilled over Na/benzophenone).

Immediately a brown turbid solution was formed. After stirring for 24 hours at

room temperature 2 N HCI (5 mL) were added due to which colourless precipitate

get dissolved and reddish organic and colourless aqueous phase was formed.

Aqueous phase was extracted with Et20 (5mL X 3). Combine organic phases

were dried over MgS04, solvent was removed under reduced pressure, which

afforded respective topological isomer 89 (0.300 g, 80%) as colourless solid.

’H NMR: <5= 7.91 (AA'XX’, 2 H ArCO), 7.57 and 7.54 (AA’XX’, 4 H each, Hp),

7.40-7.23 (half of AA’XX’, 4 H, HY-2,-6 and 8 H each, H5), 6.98, 6.88 ( two singlet

of equal intensity 2 H each one for spacered alcohol and one for spacered ester,

Ha), 6.89 (half of AA’XX’, 2 H, MeOAr ), 6.86 (half of AA’XX’, 4 H, HY-3,-5), 4.28

(t, 2H, CH2C02Ar), 4.06 (q, 2 H, J= 7.1 Hz, 2 H, C02CH2), 3.98 (t, 8 H each, J=

6.5 Hz, 4 H, ArOCH2), 3.82 (s, 3 H, MeOAr), 2.88 (t, 4 H, each, CH2CH2), 2.70 (t,

2 H, each CH2CH2CH2Ara), 2.55 (t, apparent 4 H, CH2CH2), 2.36 (m, apparent, 8

H, each, CH2C=C), 2.12 (m, 2H each, CH2CH2CH2Ara), 179 (m, 8 H, each,
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OCH2CH2), 1.57 (m, 8 H, each, CH2CH2OC), 1.5 - 1.2 (m, CH2), 1.14 (t, J= 7.1

Hz, 3H, each CH3); 13C-NMR: 8 = 172.5 (C02), 166.2 (ArC02), 163.2 (C-4,

ArC02), 159.2, 159.1 (Cÿ-4), 148.7 (C03), 142.5, 142.4, (Ca-4), 139.9, 139.1,

136.6, 136.5, 134.9 (Ca-3,-5, Cp-1), 133.1 (Cv-2,-6), 132.2 (C«-1), 131.5 (Cp-3,-5),

130.3, 128.6, 128.0 (Ca-2,-6, Cs-2,-6, C6-3,-5), 125.1 (Cp-2,-6), 122.6 (C6-1 -4),

120.5 (Cp-4), 115.4 (Cy-1), 114.6, 114.3 (Cÿ-3,-5), 113.5 (C-3,-4 ArC02), 93.6

(CH2C=C), 90.3 (C=CArY), 88.5 (ArpC=C), 81.9 (CbC-C=C), 80.2 (CH2C=CAr6),

75.2, 75.1 (C=C-C=C), 68.0, 67.9 (ArOCH2), 63.9 (ArC02CH2), 60.4 (C02CH2),

55.3 (MeOAr), 35.5,35.4 31.8, 30.8,30.2,30.0, (CH2CH2 CH2), 29.5 - 28.6 (signals

for, CH2), 26.4,26.3 and 19.5 (CH2), 14.1,14.2 (CH3); Elemental analysis (%)

calcd for C217H26o012 (3060.212): C 85.16, H 8.56; found C 85.36, H 8.51,

7.4.5 Cleavage of carbonate to afford unsymmetrical catenane

O-(CH2)27

(Cj)

1>OH HO-C?
COOH

HO 0Q 53

(CHÿj—O

///

0-(CH2)2i

To a degassed solution of 88 and 89 (1.100 g, 0.359 mmol) in THF (30 mL) and

ethanol (20 mL) were added 10 N NaOH (10 mL) a brown turbid solution was

observed. After 51 hours stirring at 50 °C ice cooled 2 N HCI (20 mL) and diethyl

ether (20 mL) were added to ice cooled reaction mixture due to which the brown

precipitate get dissolved and colourless aqueous and yellowish organic phase

was formed. The aqueous phase was extracted with diethyl ether (20 mL X 3),

the combine organic phases were dried over Na2SQ4 solvent removed under
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vacuum which afforded catenane and both rings (1.010 g) as slight yellow solid,

which was used in next step without purification.

7.4.6 Methylated unsymmetrical catenane (92)

0-(CH2)23-

f-(CH2)2T0
I///

MeO-<L2•OMe 'A C02Me
HO 00 &

(CH2)23-jjj O

v ill
x
(T\

0-(CH2)23-

To a heat dry schlenck flask were added compound 91 and both rings (1.01 g,

0.346 mmol) in THF (10 mL distilled over Na/benzophenone) at room

temperature under stream of argon which is followed by DMF (10 mL) and K2C03

(0.555 g, 4.015 mmol) a brown turbid solution resulted and subsequently Mel

(0.8 mL, 12.85 mmol) were added. After stirring at 40 °C for 24 hours ice cooled

2 N HCI (30 mL) and diethyl ether (30 mL) were added, the yellowish aqueous

phase was extracted with diethyl ether (10 mL) trice, dried over MgS04 solvent

removed under reduced pressure which afforded yellowish crude product in 1.05

g, Flash chromatography petroleum ether:CH2CI2 4:6 -» 1:1 —> 1:2 afforded

spacered ester ring in 110 mg, spacered alcohol in 105 mg, and catenane 92 490

mg as colourless product in 47 % over two steps.

1FI NMR: S = 7.59-7.52 (apparent two singlets one with small intensity and one

with large intensity, AA'XX', 16 H, Hp), 7.45 (half of AA’XX', 8 H, Hv-2,-6), 7.38

and 7.30 (AA'XX1, 8 H each, H6), 7.17 (s, 2 H each, Fia), 6.85 (half of AA'XX', 4 H,
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Hy-3,-5), 3.95 (t, J= 6.5 Hz, 8 H, ArOCH2), 3.70 (t, 2H, HOCH2CH2), 3.67 (s, 3 H,

C02Me), 3.1, 3.09 (s, 3 H each, ArOMe of spacered ester and spacered alcohol),

2.98 (t, 2 H, ArCH2CH2C02Me), 2.74 (t, 2H, ArCH2CH2CH2OH), 2.67 (t, 2 H,

ArCH2CH2C02Me), 2.38 (t, J = 7.0 Hz, 8 H, CH2C=C), 1.79 (t, 2H,

ArCH2CH2CH2OH), 1.92 (m, 2H, ArCH2CH2CH2OH), 1.76 (m, 8 H, OCH2CH2),

1.57 (m, 8 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2); 13C-NMR: 8= 173.2 (C02),

159.2 (Cy-4), 153.4 (Ca-4 spacered ester), 153.1 (Ca-4, spacered alcohol), 138.1,

137.8 (Ca-3,-5, Cp-1 spacered alcohol), 138.0, 136.5 (Ca-3,-5, Cp-1 spacered

ester), 135.1 (Cv-2,-6 spacered ester), 134.9 (Cy-2,-6 spacered alcohol), 133.1,

(Ga-1). 133.0 (C„-1), 132.2 (Cp-3,-5), 131.5 (C6-3,-5 or C6-2,-6), 131.2 (Ca-2,-6),

130.1, 130.0 (Cfi-3,-5 or Cs-2,-6), 129.2 (Cp-2,-6), 125.1 (C&-1 or Cp-4), 122.5 (Cp-

4 for spacered ester), 122.4 (Cp-4 spacered alcohol), 120.5 (Cg-4 or Cs-1), 115.0

(CY-1), 114.5 (CY-3,-5), 93.6 (CH2C=C), 90.0, 90.0 (C=CArY), 88.0 (ArpC=C), 81.9

(C=C-C=C), 80.2 (CH2C=C), 75.2 (C=C-C=C), 67.9 (ArOCH2), 62.2 (CH2,

CH2OH), 60.4 (AraOCH3), 51.6 (C02CH3), 34.2, 33.9, 31.4,30.3 (CH2CH2), 29.6 -

28.7 (11 signals, CH2), 25.9 and 19.5 (CH2),

r

7.4.7 Hydrolysed unsymmetrical catenane bearing acid and alcohol (95)

o-(CH2)M-

X--/ft

HO-C?>OH
HO

(CHÿjj-O
o— (Ch2)23

To a solution of unsymmetrical catenane 92 (0.4 g, 0.137 mmol) in THF (10 mL)

and ethanol (10 mL) an aqueous solution of 10 N NaOH (8 mL, 32 mmol) was

added. After stirring the reaction mixture for 18 hours at 50 °C, 2 N HCL (50 mL)
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was added which afforded a colorless precipitate. The precipitate was filtered

and dried over P205 which afforded the hydrolysed catenane 95 (359 mg, 89%)

’H NMR: S = 7.58-7.52 (apparent two singlets one with small intensity and one

with large intensity, AA’XX’, 16 H, Hp), 7.46 (half of AA’XX’, 8 H, Hy-2,-6), 7.38

and 7.30 (AA’XX’, 8 H each, H6), 7.18 (d, 2 H each, Ha), 6.85 (half of AA’XX’, 4 H,

Hy-3,-5), 3.95 (t, J= 6.5 Hz, 8 H, ArOCH2), 3.70 (t, 2H, HOCH2CH2), 3.1, 3.09 (s,

3 H each, ArOMe of spacered ester and spacered alcohol), 2.98 (t, 2 H,

ArCH2CH2C02Me), 2.74 (t, 2H, ArCH2CH2CH2OH), 2.67 (t, 2 H,

ArCH2CH2C02Me), 2.38 (t, J = 7.0 Hz, 8 H, CH2CÿC), 1.79 (t, 2H,

ArCH2CH2CH2OH), 1.92 (m, 2H, ArCH2CH2CH2OH), 1.76 (m, 8 H, OCH2CH2),

1.57 (m, 8 H, CH2CH2C=C), 1.5 - 1.2 (m, 76 H, CH2); 13C-NMR: S= 173.2 (C02),

159.2 (CY-4), 153.4 (Ca-4 spacered ester), 153.1 (Ca-4, spacered alcohol), 138.1,

137.8 (Ca-3,-5, Cp-1 spacered alcohol), 138.0, 136.5 (Ca-3,-5, Cp-1 spacered

ester), 135.1 (Cy-2,-6 spacered ester), 134.9 (Cÿ-2,-6 spacered alcohol), 133.1,

(C«-1), 133.0 (C«-1), 132.2 (Cp-3,-5), 131.5 (Cs-3,-5 or C8-2,-6), 131.2 (Ca-2,-6),

130.1, 130.0 (Cs-3,-5 orC8-2,-6), 129.2 (Cp-2,-6), 125.1 (C8-1 or C6-4), 122.5 (Cp-

4 for spacered ester), 122.4 (Cp-4 spacered alcohol), 120.5 (C8-4 or C8-1), 115.0

(Cy-1), 114.5 (CY-3,-5), 93.6 (CH2CsC), 90.0, 90.0 (C=CAry), 88.0 (ArpC=C), 81.9

(C=C-C=C), 80.2 (CH2C=C), 75.2 (CÿC-CÿC), 67.9 (ArOCH2), 62.2 (CH2,

CH2OH), 60.4 (AraOCH3), 34.2, 33.9, 31.4,30.3 (CH2CH2), 29.6 - 28.7 (11

signals, CH2), 25.9 and 19.5 (CH2),

D
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7.5 Synthesis of unsymmetrical catenane having

longest chain C23-C23

7.5.1 TIPS protected ring precursor of alcohol having longest chain (101)

.O-tCHA.-H—Q-O-tCH,),,—-O—-TIPS

7 V

O i>OH
MeO-QÿC"0

0-(CH2)!3-«-Q-0-(CH,)„-=-Q-=-TIPS

To a degassed solution of angular compound 59 (1.21 g, 2.487 mmol) and chain

100 (7.23 g, 5.72 mmol) in piperidine (200 mL) were added degassed Cul (0.012

g, 0.062 mmol) and Pd(PPh3)2Cl2 (0.022 g, 0.031 mmol), immediately a yellow

precipitate get formed. After 23 hours stirring at room temperature the reaction

mixture and 5 N HCL (200 mL) were cooled down via dry ice/propanol. Then

cooled acid was added to cooled reaction mixture, which afforded a brown

precipitate. The precipitate was filtered dried over P205 and Flash

chromatography (petroleum ether : CH2CI2 1:1) afforded colourless compound

(4.23 g, 86%)

’H NMR: 7.97 (2 H ArCO), 7.59 and 7.51 (AA’XX’, 4 H each, Hp), 7.46 (half of

AA’XX’, 4 H, HY-2,-6), 7.37 and 7.30 (AA’XX’, 4 H each, Hp.near dialkyne, half of

AA’XX’, 4 H, Hs-2,-6), 7.12 (s, 2 H, Ha), 6.89 (2 H MeOAr) 6.86 (half of AA’XX’, 4

H, Hy-3,-5), 6.78 (half of AA’XX’, 4 H, Hs-3,-5), 5.26 (s, 1 H, OH), 4.35 (t, 2

H,ArC02CH2), 3.96 (two triplet merged into each other, 8 H, ArYOCH2 +

Ar8OCH2), 3.84 (s, 3 H, MeOAr ) 2.79 (t, 2 H, CH2CH2CH2Ara), 2.38 (apparent
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quartet, J = 7.3 Hz, 8 H, CH2OC), 2.12 (m, 2H, CH2CH2CH2Ara) 1.78 (m. 4 H,

OCH2CH2), 1.58 {m, 4 H. CH2CH2OC), 1.5 - 1.2 (m, 160 H, CH2), 1.10 (apparent

s, 42 H CH(CH3)2); 13C-NMR: 5= 166.3 (ArC02),163.3 (C-4, ArC02) 159.3 (CY-4),

158.5 (Ar5OCH2, C6-4), 147.8 (Ca-1), 137.1 (Cp-1), 133.6 (Ca-4), 133.0 (Cÿ-2,-6),

132.7 (Cp-3,-5), 131.8 (Cs-2,-6 or C5-3,-5), 131.5 (C6-3,-5 or C6-2,-6),131.3 (C-2,-

6 ArC02) 129.9 (Ca-3,-5), 129.2 (Cp-2,-6), 128.3 (Ca-2,-6), 124.1 (C5-1 or C<s-4),

123.0 (Ar5OCH2, C6-1), 122.8 (Cp-4), 122.5 (C6-4 or C5-1), 116 (Ar6OCH2l C*-3,-

5), 115.0 (Cf-1), 114.6 (CY-3,-5), 114.3 (ArsOCH2, C8-2-6), 106.8 (OCSi), 92.5

(CH2C=C), 92.0 (CÿCSi), 90.3 (C=CArY), 88.6 (CH2CÿCAr5) 87.8 (ArpC=C), 80.3

and 80.3 (CH2C=C), 68.1 (ArYOCH2), 68.0 (Ar5OCH2), 64.0 (ArC02CH2), 55.4

(MeOAr), 31.6 (CH2Ara), 30.5 (CH2CH2CH2Ara) 29.6 - 28.6 (11 signals, CH2),

26.0 and 19.5 (CH2), 18.6 (CH(CH3)2), 11.3 (SiCH)

Elemental analysis (%) calcd for Ci9iH25308Si2 (2733.08): C 83.93, H 9.33; found

C 83.18, H 10.50

7.5.2 Ring precursor of alcohol having longest chain (102)

r\

.0—(CH2)z,-*—Q-O—(CHj,)w-=—Q
9 \

o -OH

MeO-ÿÿC''O

O—(CH;);ÿ — (CH2)2a --=ÿ =~H

To a stirred solution of tips protected ring precursor 101 (4.23 g, 1.53 mmol) in

THF (12 mL) were added TBAF (3.4 mL, 3.4 mmol). After one hour stirring at

room temperature 2 mL 2 N HCI were added to the green fluorescent reaction

mixture due to which the green colour disappeared and slight yellow colour

O
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appeared. The compound was precipitated out by the addition of 50 mL ethanol,

which was dried over P2O5. A colourless product 102 was obtained after drying

process in (3.589 g. 89%)

1H NMR: S= 7.97 (2 H ArCO), 7.59 and 7.51 (AA’XX’, 4 H each, Hp), 7.46 (half of

AA'XX’, 4 H, Hy-2,-6), 7.37 and 7.30 (AA’XX’, 4 H each, H6,near dialkyne, half of

AA’XX’, 4 H, Hfi-2,-6), 7.12 (s, 2 H, Ha), 6.89 (2 H MeOAr) 6.86 (half of AA’XX’, 4

H, HY-3,-5), 6.78 (half of AA’XX’, 4 H, H8-3,-5), 5.26 (s, 1 H, OH), 4.35 (t, 2

H,ArC02CH2), 3.96 (two triplet merged into each other, 8 H, ArYOCH2 +

Ar8OCH2), 3.84 (s, 3 H, MeOAr ) 3.11 (s, 2 H, CÿCH) 2.79 (t, 2 H,

CH2CH2CH2Ara), 2.38 (apparent quartet, J= 7.3 Hz, 8 H, CH2C=C), 2.12 (m, 2H,

CH2CH2CH2Ara) 1.78 (m, 4 H, OCH2CH2), 1.58 (m, 4 H, CH2CH2C=C), 1.5 - 1.2

(m, 160 H, CH2), 13C-NMR: S= 166.3 (ArC02),163.3 (C-4, ArC02) 159.3 (Gr4),

158.5 (Ar8OCH2, C8-4), 147.8 (Ccc-1), 137.1 (Cp-1), 133.6 (Ca-4), 133.0 (Cÿ-2,-6),

132.7 (Cp-3,-5), 131.8 (C8-2,-6 or C8-3,-5), 131.5 (C8-3,-5 or C8-2,-6),131.3 (C-2,-

6 ArC02) 129.9 (Cu-3,-5), 129.2 (Cp-2,-6), 128.3 (Ca-2,-6), 124.1 (C6-1 or C8-4),

123.0 (Ar8OCH2, C8-1), 122.8 (Cp-4), 122.5 (C8-4 or C8-1), 116 (Ar8OCH2, C8-3,-

5), 115.0 (CY-1), 114.6 (CY-3,-5), 114.3 (Ar8OCH2, C8-2-6), 106.8 (CÿCH), 92.5

(CH2C=C), 90.3 (OCArY), 88.6 (CH2C=CAr8) 87.8 (ArpC=C), 83.3 (C=CH), 80.3

and 80.3 (CH2C=C), 78.4 (CÿCH) 68.1 (ArYOCH2), 68.0 (Ar8OCH2), 64.0

(ArC02CH2), 55.4 (MeOAr), 31.6 (CH2Ara), 30.5 (CH2CH2CH2Ara) 29.6 - 28.6

(11 signals, CH2), 26.0 and 19.5 (CH2), 18.6 (CH(CH3)2),

Elemental analysis (%) calcd for Ci73H23208 (2441.56): C 85.168, H 9.33; found

C 85.18, H 9.50

O
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7.5.3 Alcohol gigantocycle (103)

0-(CH,)a — 0-(CH,)„-

/TVs

o
(TV)

?, y)-oH

<y°'»MeO A\

0
%

(/ Vs

°iCHi)Dÿ-y>-O-{CH2)0-

A greenish suspension of CuCI (6.440 g. 65.05 mmol) and CuCI2 (1.11 g, 8.26

mmol) in pyridine (500 ml_) was heated at 50 °C for 30 minutes. Then a solution

of ring precursor 102 in 1,2 dichlorobenzene (666 mg, /100 mL 1,2

dichlorobenzene) were added at rate of 40 hour/ 100 mL. When the addition

completed the reaction mixture was stirred for additional two days. Most of the

pyridine was distilled off at membrane on 50 °C. Then 2 N HCI (100 mL) ice

cooled were added to dark greenish residue and it was extracted with CH2CI2 (40

ml_X3) .The combine organic phases were dried over MgS04. The residual 1,2

dichlorobenzene was distilled off at 50 °C high vacuum, which afforded slight

yellow product. Flash chromatography (petroleum ether: CH2CI2) afforded

colourless product (0.580 g 81%)

1H NMR: 6= 7.96 (2 H ArCO), 7.58 and 7.50 (AA'XX', 4 H each, Hp), 7.46 (half of

AA'XX1, 4 H, HY-2,-6), 7.40 and 7.30 (AA'XX1, 4 H each, Hs.near dialkyne, half of

AA'XX', 4 H, H6-2,-6), 7.12 (s, 2 H, Ha), 6.88 (2 H MeOAr) 6.85 (half of AA'XX', 4

H, Hy-3,-5), 6.77 (half of AA'XX', 4 H, H6-3,-5), 5.24 (s, 1 H, OH), 4.34 (t. 2

H,ArC02CH2), 3.96 (two triplet merged into each other, 8 H, ArYOCH2 +
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ArpOCH2), 3.84 (s, 3 H, MeOAr ) 2.79 (t, 2 H, CH2CH2CH2Ara), 2.38 (apparent

quartet, J = 7.3 Hz, 8 H, CH2C=C), 2.12 (m, 2H, CH2CH2CH2Ar0) 1.78 (m, 4 H,

OCH2CH2), 1.58 (m, 4 H, CH2CH2C=C), 1.5 - 1.2 (m, 160 H, CH2); 13C-NMR: S=

166.3 (ArC02),163.3 (C-4, ArC02) 159.3 (Cy-4), 158.5 <Ar6OCH2, Cp-4), 147.5

(Ca-1), 137.0 (Cp-1), 133.7 (Ca-4), 133.1 <Cy-2,-6), 132.8 (Cp-3,-5), 132.3 (Cp-2,-6

or Cp-3,-5), 131.8 (Cp-3,-5 or Cp-2,-6),131.5 (C-2,-6 ArC02) 129.9 (Ca-3,-5),

129.3 (Cp-2,-6), 128.3 (Ca-2,-6), 125.1 (Cp-1 or Cp-4), 123.0 (Ar5OCH2, Cp-1),

122.8 (Cp-4), 120.5 (Cp-4 or Cp-1), 116 (Ar6OCH2, Cp-3,-5), 115.0 <Gr1), 114.6

(Cy-3,-5), 114.3 (ArpOCHz, Cp-2-6), 93.6 (CH2C=CAr6), 88.7 (CH2C=CArp), 87.8

(ArpCÿC), 82.0 (C=C-CsC), 80.3 and 80.3 (CH2CMD), 75.2 (C=C-C=C), 68.1

(ArYOCH2), 68.0 (Ar6OCH2), 64.0 (ArC02CH2), 55.4 (MeOAr), 31.6 (CH2Ara), 30.5

(CH2CH2CH2Ara) 29.6 - 28.6 (11 signals, CH2), 26.0 and 19.5 (CH2),

Elemental analysis (%) calcd for CI73H23O08 (2439.54): C 85.16, H 9.50; found C

86.9, H 9.68

7.5.4 Chloroformate of alcohol giganto cycle (104)

I

/// Cl
Q O

9
S>'MeO

I
(TVs

0-(CHj)a~=— Q-(CH,kj-

ln heat dry phosgene apparatus was condensed phosgene (0.1 mL 1.263 mmol)

with the help of dry ice. THF (5 mL, distilled over Na/benzophenone) was added

to phosgene and allowed to come to room temperature, then giganto cycle 103

.*>
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(0.500 g, 0.217 mmol) were added which is followed by iPr2NEt (0.1 mL, 1.149

mmol), immediately a brown precipitate was formed with the evolution of white

fumes. After 2h stirring at room temperature diethyl ether (30 mL, distilled/Na)

and 5 N HCI (5 mL) were added to reaction mixture due to which colourless

precipitate get dissolved. The aqueous phase was extracted with diethyl ether

(10 mL X 3), dried over MgS04. Solvent was removed under reduced pressure

which afforded chloroformate (0.502 g, 93%) colourless product.

1H NMR: S= 7.96 (2 H ArCO), 7.58 and 7.50 (AA’XX’, 4 H each, Hp), 7.46 (half of

AA'XX’, 4 H, Hy-2,-6), 7.40 and 7.30 (AA’XX', 4 H each, H6,near dialkyne, half of

AA’XX’, 4 H, Hs-2,-6), 7.25 (s, 2 H, Ha), 6.88 (2 H MeOAr) 6.85 (half of AA’XX’, 4

H, Hy-3,-5), 6.77 (half of AA’XX’, 4 H, H«-3,-5), 4.34 (t, 2 H,ArC02CH2), 3.96 (two

triplet merged into each other, 8 H, ArYOCH2 + Ar6OCH2), 3.84 (s, 3 H, MeOAr )

2.79 (t, 2 H, CH2CH2CH2Ara), 2.38 (apparent quartet, J= 7.3 Hz, 8 H, CH2C=C),

2.12 (m, 2H, CH2CH2CH2Ara) 1.78 (m, 4 H, OCH2CH2), 1.58 (m, 4 H,

CH2CH2C=C), 1.5 - 1.2 (m, 160 H, CH2); 13C-NMR: S= 166.3 (ArC02),163.3 (C-4,

ArC02) 159.3 (C-r4), 158.5 (Ar6OCH2, Cs-4), 148.7 (Ca-1), 143.9 (Ca-4), 137.0

(Cfj-1), 135.6 (OCOCI), 133.1 (CY-2,-6), 132.8 (Cp-3,-5), 132.3 (C5-2,-6 or C5-3,-

5), 131.8 (C8-3,-5 or Cs-2,-6),131.5 (C-2,-6 ArCOz) 129.9 (Ca-3,-5), 129.3 (Cp-2,-

6), 128.3 (Ca-2,-6), 125.1 (Cs-1 or C6-4), 123.0 (Ar8OCH2, C6-1), 122.8 (Cp-4),

120.5 (Cs-4 or Cs-1), 116 (Ar6OCH2, Cs-3,-5), 115.0 (CY-1), 114.6 (CY-3,-5), 114.3

(Ar6OCH2, Cs-2-6), 93.6 (CH2C=CArs), 88.7 (CH2C=CArs), 87.8 (ArpC=C), 82.0

(C=C-C=C), 80.3 and 80.3 (CH2C=C), 75.2 (C=C-C=C), 68.1 (ArYOCH2), 68.0

(Ar5OCH2), 64.0 (ArC02CH2), 55.4 (MeOAr), 31.6 (CH2Ara), 30.5

(CH2CH2CH2Ara) 29.6 - 28.6 (11 signals, CH2), 26.0 and 19.5 (CH2),

Elemental analysis (%) calcd for Ci74H23o08CI (2487.01): C 84.02, H 9.32; found

C 84.05, H 9.58
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7.5.5 Giganto threaded compound (106)

Q-(CH,)Z, — \s_y~'°~(CH;)n

(Hj
H- 2~=-<CH*>a =—(CH2)j l

o0 oo \/7V)

O <Lr0' 0-OK-C0,E1

MeO (P%
0

%
H—=-

0-(CH2)nÿ O-ÿCHJJJJ-

To an oven dried schlenck flask under stream of argon were added nonspacered

ester ring precursor 105 (0.449 g, 0.189 mmol) and DMAP (0.027 g, 0.227 mmol)

which is followed by ring chloroformate of spacered alcohol 104. A brown turbid

solution gets formed. After stirring for 19 hours at room temperature Et20 (10 mL)

and 5 N HCI (10 mL) were added. The aqueous phase was extracted with Et20

(10 mLX3), dried over MgS04 and the solvent was removed under reduced

pressure which afforded slight brown crude product. This product was

precipitated out with CH2CI2 (15 mL) which afforded colourless product (690 mg,

82%)

’H NMR: 5= 7.90 (AA’XX’, 2 H ArCO), 7.58 and 7.55 (AA’XX’, 4 H each, Hp),

7.39-7.25 (half of AA’XX’, 4 H, HY-2,-6 and 8 H each, Hs), 7.00 and 6.99 (d, 2 H

each, Ha), 6.88 (half of AA’XX’, 2 H, MeOAr ), 6.85 (half of AA’XX’, 4 H, Hr3,*5),

4.27 (t, 2H, CH2C02Ar), 4.06 (q, 2 H, J = 7.1 Hz, 2 H, C02CH2), 3.98 (t, 2 H

each, J= 6.5 Hz, 4 H, ArOCH2), 3.81 (s, 3 H, MeOAr), 3.11 (s, 2 H, OCH), 2.87

(triplet shaped m, 2 H, each, CH2CH2), 2.70 (t, 2 H, CH2CH2CH2Ara), 2.55 (triplet

shaped m, 2 H, CH2CH2), 2.36 (m. apparent, 4 H, each, CH2C=C), 2.12
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(m,CH2CH2CH2Ara ), 1.79 (m, 4 H, each, OCH2CH2), 1.57 (m, 4 H, each,

CH2CH2OC), 1.5 - 1.2 (m, 152 H, CH2), 1.14 (t, J= 7.1 Hz, 3H, each CH3); 13C-

NMR: S= 172.5, (C02), 166.3 (ArC02), 163.3 (C-4, ArC02), 159.2, 159,1 (CY-4),

148.8 (C03), 142.5, 142.4, (Ca-4), 139.9, 139.1, 136.6, 134.9, 134.9, (Ca-3,-5,

Cp-1), 133.1, (CY-2,-6), 132.2, 131.9, (C„-1), 131.5, (Cp-3,-5), 131.4 130.4, 128.6,

128.0, 125.1, (Ca-2,-6, C6-2,-6, Cs-3,-5), 124.7, (Cp-2,-6), 122.7,121.0, (C6-1 -4),

120.5 (Cp-4), 115.4, (Cy-1), 114.6, 114.5 (CY-3,-5), 113.5 (C-3,-4 ArC02), 93.6,

92.8 (CH2CÿC), 90.3 (C=CArY), 88.5, 88.4, (ArpC=C), 83.3 (CÿCH or C=CH), 81.9

(CÿC-C=C), 80.2 (CH2C=CAr6), 80.1 (CH2OC), 78.4, (CÿCH or C=CH), 75.2

(C=C-CÿC), 68.1, 68.0 (ArOCH2), 63.9 (ArC02CH2), 60.4, (C02CH2), 55.3

(MeOAr), 35.5 and 31.8, 30.2,30.1 (CH2CH2 CH2), 29.7 - 28.7 ( signals for, CH2),

26.0 and 19.5 (CH2), 14.2 (CH3);

7.6 Synthesis of carbonates

7.6.1 Chloroformate of the spacered ester model compound (31a)

0#>r

7 \'

OPf

Phosgene (0.5 mL, 7.24 mmol) was trapped in a flask, cooled with isopropanol /

C02 and dissolved in THF (10 mL). At room temperature model compound 31

(1.00 g, 1.40 mmol) and N, N’-diisopropylethylamine (0.3 mL, 1.71 mmol) were
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added. A colorless precipitate formed immediately. The reaction mixture was

stirred at room temperature for 3.5 h then diethyl ether (15 mL) and 5N HCI (5

mL) were added due to which the white precipitate get dissolved. The organic

phase was washed with 2N HCI (3X10 mL) and the combined aqueous phases

were extracted with diethyl ether (3 x 10 mL). The combined organic phases

were dried (MgS04) and the solvent was removed in vacuum to give 31a (1.015

g, 97%) as a colorless solid.

1H NMR: 6= 7.57 (half of AA’XX’, 4 H, Hy-2,-6), 7.45 and 7.42 (AA’XX’, 4 H each,

Hp), 7.26 (s, 2 H, Ha), 6.85 (half of AA’XX', 4 H, Hv-3,-5), 4.56 (m, 2H,

ArOCH(CH3)2) 4.12 (q, J = 7.2 Hz, 2 H, C02CH2),), 3.03 (t, J = 7.8 Hz, 2 H,

CH2CH2Ara), 2.68 (t, J= 7.8 Hz, 2 H, CH2CH2Ara), 1.33 (d, 12 H, ArOCH(CH3)2

1.21 (t, J= 7.12 Hz, 3 H, C02CH2CH3). - 13C NMR: 6= 172.4 (C02), 158.1 (Cy-4),

148.9 (OCOCI), 144.2 (Ca-4), 140.5 (Ca-1), 135.7, 134.7 (Ca-3,-5, Cp-1), 133.1

(Gy-2,-6), 131.6, 130.3 (C„-2,-6, Cp-3,-5), 128.8 (Cp-2,-6), 123.6 (Cp-4), 115.7 (Cy

1), 114.8 (Cy-3,-5), 90.6 (C=CArr), 87.6 (ArpCÿC), 69.9 (CHCH3), 60.6 (OCH2),

35.6 and 30.4 (CH2CH2), 22.0 (CHCH3), 14.2 (CH2CH3);

n

7.6.2 Synthesis of symmetrical carbonate (34)

OPf

OPt

/T%

O
EtO,

\J//

opr

OPr

A schlenck flask was heated under stream of argon then 31 (1.295 g, 1.99 mmol)

and DMAP (336 mg, 2.75 mmol) were added in THF (10 mL) at room

temperature, allowed to stir for 10 minutes then 31a (1.440 g, 2.02 mmol) were
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added which resulted a turbid solution. After 22 h of stirring 50 mL of 5N HCI

were added due to which the white precipitate get dissolved and a reddish

organic and colorless aqueous phase was formed. Aqueous phase was extracted

with Et20 (25 mL x 3), dried over MgS04 solvent removed under reduced

pressure which afforded a colorless product 34 in 1.90 g, 89%

’H NMR: S= 7.58 (half of AA’XX’, 4 H each, Hp -3,-5), 7.37 ( half of AA’XX’, 4 H,

each HY-2,-6), 7.27 (half of AA’XX’, 4 H each, Hp -2,-6), 7.02 (s, apparent 2 H

each, Ha), 6.88 (half of AA’XX’, 4 H, HY-3,-5), 4.59 (m, 2 H each ArOCH(CH3) 2),

4.08 (q, 2 H each, J= 7.1 Hz, 2 H, C02CH2), 2.90 (t 2 H, each, CH2CH2), 2.58 (t,

2 H, each, CH2CH2), 1.37 (d, 12 H each, ArOCH(CH3>b), 1.17 (t, J= 7.1 Hz, 3H,

each CH3); 13C-NMR: 5= 172.5, (C02), 158.0 (Cy-4), 148.8 (C03), 142.5 (Ca-4),

139.1, 136.5 (Ca-3,-5, Cp-1), 133.2 (CY-2,-6), 131.5 (Ca-1), 130.4, (Cp-3,-5), 128.6

(Ca-2,-6), 122.7, (Cp-2,-6), 115.7 (Cp-4, CY-1), 115.3, (CY-3,-5), 90.4 (C=CArY),

88.4 (ArpCÿC), 69.9 (ArOCH(CH3)2), 60.4,(CO2CH2), 35.5 and 30.3 (CH2CH2),

21.9 ( signals for, CH3), 14.1 (CH2CH3);

7.6.3 Symmetrical diacid carbonate (36)

OiPr
OiPr

-o"SVJ/ :opH0,C

§

OiPr

OiPr

To a stirred solution of 34 (1.00g, 0.689 mmol) in THF were added 1mL (1M

solution in Methanol) of tetrabutyl ammonium hydroxide, due to which the
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reaction mixture slightly turn turbid brown. After 3 hours dry ice cooled reaction

mixture were added to 5N HCI (5 mL) which afforded colorless precipitate,

filtered washed with 5N HCI dried over P2Os (HV) a colorless product 36 were

obtained 800 mg,

1H NMR: 8= 7.57 (half of AA’XX’, 4 H each, Hp -3,-5), 7.37 ( half of AA’XX’, 4 H,

each Hy-2,-6), 7.26 (half of AA'XX', 4 H each, Hp -2,-6), 7.02 (s, apparent 2 H

each, Ha), 6.87 (half of AA’XX’, 4 H, Hy-3,-5), 4.59 (m, 2 H each ArOCH(CH3) 2),

2.90 (t 2 H, each, CH2CH2), 2.58 (t, 2 H, each, CH2CH2), 1.37 (d, 12 H each,

ArOCH(CH3) 2), 1.16 (t, J= 7.1 Hz, 3H, each CH3); 13C-NMR: 8= 177.6, (C02),

157,9 (0,-4), 148.7 (C03), 142.5, (Ca-4), 138.8, (Ca-3,-5) 136.4 (Cp-1), 134.9, (Cy-

2,-6), 133.1, (C«-1), 131.4, (Cp-3,-5), 130.3 (Ca-2,-6), 128.5, (Cp-2,-6), 122.7

(Cp-4),115.7 (Cr1), 115.2, (Cy-3,-5), 90.3 (C=CAry), 88.3 (ArpCÿC), 69.9

(ArOCH(CH3) 2, 35.2 and 29.8 (CH2CH2), 21.9 ( signals for, CH3),

7.6.4 Symmetrical carbonate with spacered alcohol (33)

o
MeO

OiPr
OiPr

A schlenck flask was heated under stream of argon then 25 (model compound)

(0.139 g, 0.184 mmol) and DMAP (27 mg, 0.221 mmol) were added in THF (5

mL) at room temperature. Then 26 (0.150 g, 0.183 mmol) were added which

resulted a brown turbid solution. After 19 h of stirring 5 mL of 5N HCI were added

due to which the white precipitate get dissolved and a reddish organic and
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colorless aqueous phase was formed. Aqueous phase was extracted with Et20

(5 mL x 3), dried over MgS04 solvent removed under reduced pressure which

afforded a colorless product 33 in 240 mg

1H NMR: 8= 7.91 (4 H, ArCO), 7.55 (half of AA’XX’, 4 H each, Hp -3,-5), 7.34 (

half of AA’XX’, 4 H, each HY-2,-6), 7.24 (half of AA’XX’, 4 H each, Hp -2,-6), 7.01

(s, apparent 2 H each, Ha), 6.86 (half of AA’XX', 4 H, HY-3,-5), 4.58 (m, 2 H each

ArOCH(CH3)2), 4.27 (q, 4 H, J= 6.3 Hz, 2 H, C02CH2), 3.82 (ArOCH3), 2.70 (t, 2

H, each, CH2CH2), 2.03 (t, 2 H, each, CH2CH2), 1.35 (d, 12 H each,

ArOCH(CH3)2); 13C-NMR: 8= 166.2 (ArC02), 163.3 (C-4, ArC02), 158.0 (CY-4),

148.8 (C03), 142.3 (Ca-4), 139.9, 136.6 (Ca-3,-5, Cp-1), 133.2 (CY-2,-6), 131.5

(Ca-1), 130.5, (Cp-3,-5), 128.6 (Ca-2,-6), 122.7, (Cp-2,-6), 115.8 (Cp-4, CY-1),

115.3, (CY-3,-5), 113.5 (C-3,-4 ArC02), 90.3 (C=CArY), 88.4 (ArpC=C), 69.9

(ArOCH(CH3)2), 60.0,(ArC02CH2), 55.3 (MeOAr), 31.8 and 30.1 (CH2CH2), 23.0

(signals for, CH3), 14.1 (CH2CH3); ); Elemental analysis (%) calcd for Cio3HgoOi3

(1535.73): C 80.65, H 5.91; found C 80.95, H 6.55,

7.6.5 Unsymmetrical carbonate starting from spacered ester model

compound chloroformate of spacered alcohol model compound (32).

OiPr
iPrO_

///
0

C
y-o-

MeO ©
jr:

OiPr

A schlenck flask was heated under stream of argon then 31 (model compound)

(0.111 g, 0.184 mmol) and DMAP (27 mg, 0.221 mmol) were added in THF (5

mL) at room temperature. Then 26 (0.150 g, 0.183 mmol) were added which

resulted a brown turbid solution. After 19 h of stirring 5 mL of 5N HCI were added
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due to which the white precipitate get dissolved and a reddish organic and

colorless aqueous phase was formed. Aqueous phase was extracted with Et20

(5 mL x 3), dried over MgS04 solvent removed under reduced pressure which

afforded a colorless product 32 in 250 mg

1H NMR: 8 = 7.90 (4 H, ArCO), 7.55 (half of AA’XX’, 4 H each, Hp -3, -5), 7.34

(half of AA’XX’, 4 H, each HY-2,-6), 7.24 (half of AA’XX’, 4 H each, Hp -2,-6), 7.01

(s, 2 H, Ha spacered alcohol or spacered ester), 7.00 (s, 2 H, Ha spacered

alcohol or spacered ester), 6.86 (half of AA'XX', 4 H, HY-3,-5), 4.58 (m, 2 H

ArOCH(CH3)2), 4.27 (q, 2H,J= 6.3 Hz, 2 H, C02CH2), 4.04 (q, 2 H each, J= 7.2

Hz, 2 H, C02CH2), 3.82 (ArOCH3), 2.87 (t 2 H, each, CH2CH2), 2.70 (t, 2 H, each

CH2CH2CH2Ara), 2.58 (t, apparent 4 H, CH2CH2), 2.03 (m, 2H each,

CH2CH2CH2Ara ), 1.35 (d, 12 H each, ArOCH(CH3)2) 1.15 (t, J= 7.1 Hz, 3H, each

CH3); 13C-NMR: 8= 172.5, (C02), 166.2 (ArC02), 163.3 (C-4, ArC02), 158.0 (CY-

4), 148.8 (C03), 142.5 (Ca-4), 142.3 (Ca-4),139.9, 139.1 136.6, 136.5 (Ca-3,-5,

Cp-1), 134.9, 134.9, (CY-2,-6), 133.2, 131.5 (Ca-1), 130.4, (Cp-3,-5), 128.6 (C«-2,-

6), 122.7, 122.6 (Cp-2,-6), 115.8, (Cp-4, CY-1), 115.3, (Cy-3,-5), 113.5 (C-3,-4

ArC02), 90.3 (C=CArY), 88.4 (ArpC=C), 69.9 (ArOCH(CH3)2), 60.0,(ArC02CH2),

55.3 (MeOAr), 35.5, 31.8, 30.2 and 30.1 (CH2CH2), 22.0 (signals for, CH3), 14.1

(CH2CH3); ); Elemental analysis (%) calcd for C97H860i2 (1535.73): C 80.90, H

6.00; found C 81.54, H 6.21,
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7.6.6 Chloroformate of spacered alcohol model compound (26)

OiPr

o

-<y*MeO

OiPr

Phosgene (0.2 mL, 2.9 mmol) was trapped in a flask, cooled with

isopropanol/C02 and dissolved in THF (10 mL). At room temperature model

compound 25 (500 mg, 0.66 mmol) and N, N’-diisopropylethylamine (0.1 mL,

0.57 mmol) were added. A colorless precipitate formed immediately. The reaction

mixture was stirred at room temperature for 1 h then diethyl ether (20 mL) and

2N HCI (5 mL) were added due to which the white precipitate get dissolved. The

organic phase was washed with 2N HCI (3X10 mL) and the combined aqueous

phases were extracted with diethyl ether (3 x 5mL). The combined organic

phases were dried (MgS04) and the solvent was removed in vacuum to give 32

(520 mg, 96%) as a colorless solid.

’H NMR: S= 7.95 (2 H ArCO), 7.57 (half of AA'XX’, 4 H, HY-2, -6), 7.45 and 7.41

(AA'XX', 4 H each, Hp), 7.26 (s, 2 H, Ha), 6.89 (2 H MeOAr), 6.85 (half of AA'XX’,

4 H, Hy3, -5), 4.56 (m, 2H, ArOCH(CH3)2), 4.12 (q, J = 7.2 Hz, 2 H, C02CH2),

3.03 (t, J= 7.8 Hz, 2 H, CH2CH2Ar„), 2.68 (t, J= 7.8 Hz, 2 H, CH2CH2Ara), 1.33

(d, 12 H, ArOCH(CH3)2), 1.21 (t, J= 7.12 Hz, 3 H, C02CH2CH3). - 13C NMR: 6=

166.3 (ArCOz), 163.4 (C-4, ArC02), 158.1 (C-,-4), 148.9 (OCOCI), 144.0 (C«-1),

141.3 (Co-4), 135.8, 134.7 (Co-2, -6, Cp-1), 133.1 (CY-2, -6), 131.6, 131.5 (Ca-3, -
5, Cp-3, -5), 130.3 (C-2, -6 ArC02), 128.9 (Cp-2, -6), 123.5 (Cp-4), 122.8 (C-1

ArC02), 115.7 (CY-1), 114.8 (CY-3, -5), 113.6 (C-3, -4 ArC02), 90.6 (C=CArY),
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87.6 (ArpCMD), 69.9 (CHCH3), 63.9 (ArC02CH2), 55.4 (MeOAr), 32.0 (CH2Ara),

30.2 (CH2CH2CH2Ara), 22.0 (CHCH3),

7.6.7 Unsymmetrical carbonate spacered alcohol and nonspacered ester

(27)
OiPr

O iPr°*

C

Oo-_Qÿ6MeO

V_JPrO

OiPr

To a heat dried schlenck flask were added nonspacered model compound 16

(0.100 g, 0.158 mmol) in THF which is followed by DMAP (0.023 g, 1.06 mmol)

and subsequently chloroformate of spacered alcohol model compound 26 was

added a brown turbid solution get formed which was converted to colorless

precipitate with the passage of time. After stirring for 18 hours at room

temperature 5 mL of 2 N HCI were added due to which the colorless precipitate

get dissolved. The aqueous phase was extracted with diethyl ether (5 mL X 3).

The combine organic phases were dried over MgS04; solvent was removed

under reduced pressure. Flash chromatography (petroleum ether: methylene

chloride 1:2-> pure methylene chloride) afforded colorless product 27 in 190 mg,

89%. Elemental analysis (%) calcd for C9oH820,2 (1355.54): C 79.74, H 6.10;

found C 79.27, H 6.54.

1H NMR: S= 7.91 (2 H, half of AA’XX’ ArCO), 7.87 (s, 2 H, Ha of nonspacered

ester), 7.59 and 7.56 (2 half of AA’XX’, each 4 H, HY-2,-6), 7.4-7.2 (m, 32 H, Hp,

. H6), 7.03 (s, 2 H, Ha of spacered alcohol), 6.90-6.85 (2 half of AA'XX’, each 4 H,

HY-3,-5, 2 H, MeOAr), 4.59 (sept. 2H, CH(CH3)2), 4.30 (q, 2 H, C02CH2 of

nonspacered ester, t, 2H, ArC02CH2 of spacered alcohol), 3.83 (s, 3 H, ArOCH3

of spacered alcohol), 2.72 (t, J= 7.23 Hz, 2 H, CH2CH2Ara), 2.57 (m, J= 6.81 Hz,
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2 H, CH£H2Ara),), 2.04 (m, 2 H, each, CH2ChhCH2Aru), 1.37 (d, J = 6.0 Hz, 12

H, CH(CH3)2, 1-32 (t, J= 7.2 Hz, 2 H, AraC02CH2CH3),

13C NMR: 8= 166.3 (Me0ArC02), 163.4 (C-4, Me0ArC02), 158.1 (Cÿ-4), 148.9

(C03), 144.0 (AraC02), 141.3 (Ca-4), 135.8, 134.6, (Ca-3,-5, Cp-1), 133.1, (0,-2,-

6), 131.6, (Cp-3,-5), 131.5 (C„-2,-6 of AraC02), 130.3 (Ca-3,-5 of

Ara(CH2)3C02Ar0Me), 128.9 (Ca-1 of AraC02), 123.5, 122.7 (Cp-4), 115.8 (Cy-3,-

5 of ArY0'Pr),115.7, (CY-1), 114.8 (Cr3,-5 of ArY0CH3), 90.6, (C=CArY), 87.6,

(ArpCÿC), 69.9 (OCH), 63.9, (C02CH2), 55.4 (ArY0CH3), 35.5 (AraCH2CH2), 30.2

(AraCH2CH2), 22.0 (CH(CH3)2), 14.3 (AraC02CH2CH3), - Elemental analysis (%)

calcd for C85H7oOii (1267.481): C 80.55, H 5.57; found C 80.16, H 5.86.

7.6.8 Chloroformate of the non-spacered model compound (17)

o
A

foSEtOzC-C
Cl

o

Phosgene (0.05 mL, 0.8 mmol) was trapped in a flask, cooled with isopropanol /

C02 and dissolved in THF (1 mL). At room temperature 16 (100 mg, 0.16 mmol)

and N, N’-diisopropylethylamine (0.04 mL, 0.23 mmol) were added and a white

precipitate was formed. The reaction mixture was stirred 3 h at room

temperature. After the addition of diethyl ether (75 mL) and 2N HCI (50 mL), the

organic phase was washed with 2N HCI (3 X 50 mL) and water (3 x 50 mL) and

the combined aqueous phases were extracted with diethyl ether (3 x 50 mL). The

combined organic phases were dried (MgS04) and the solvent was removed in
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vacuum. The experiment gave 17 (110 mg, 98%) as a slightly yellow solid. M.p.:

164.5 - 166.0 °C. - 1H NMR: 8= 8.11 (s, 2 H, H„), 7.99 (s, 2 H, H«, of), 7.61 (half

of AA'XX', 4 H, HY-2,-6), 7.46 (AA'XX1, 8 H, Hp), 6.85 (half of AA'XX', 4 H, Hr3,-5),

5.78 (s, 1 H, AraOH, of 97), 4.57 (sept., J= 6.1 Hz, 2 H, CH(CH3)2), 4.41 (q, J=

7.2 Hz, 2 H, CO2CH2), 1-40 (t, J= 7.3 Hz, 3 H, CH3), 1.34 (d, J= 6.1 Hz, 12 H ,

CH(Cfhh). - ,3C NMR: 8= 165.2 (C02), 158.2 (Cr4), 148.7 (OCOCI), 148.3 (Ca-

4), 135.2 (Cp-1), 134.9 (Ca-3,-5), 133.1 (Cy2,-6), 131.8 (Cp-3,-5), 131.6 (Ca-2,-6),

130.2 (Ca-1), 128.9 (Cp-2,-6), 124.1 (Cp-4), 115.8 (Cy-3,-5), 114.7 (Cy1), 90.9

(C=CArY), 87.5 (ArpCÿC), 70.0 (OCH), 61.6 (C02CH2), 22.0 (CH(CH3)2), 14.3

(CH2CH3). - Elemental analysis (%) calcd for C44H3706CI (697.225): C 75.80, H

5.35; found C 75.07, H 5.96 (A correct elemental analysis was not obtained

because of the hydrolysed compound 97 in the product). - FD-MS: m/z = 689.7

(100%, M+), 348.3 (5%, Mz+), 634.7 (12%, M+ 97),

7.7 Synthesis of cyclic dimer

The subscripts a, p, y, 5, and e refer to the aromatic rings. The hydroxybenzoate

moiety is named a. The benzene unit closest to the hydroxybenzoate moiety is

named 3, the benzene unit connected with Arp by only one ethyne moiety is

named y. the benzene unit connected with ArY by the alkane chain is named 5,

and the residual benzene unit is named e.For the numbering of the positions, the

ethyl 4-hydroxybenzoate is considered as the substituted parent compound.
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7.7.1 Cyclization of C23 carbonate

R

— A

oR
A

\V-y O

E102C\>0'
y

o
o-R

R

A suspension of CuCI (6.44 g, 65.1 mmol) and CuCI2 (1.11 g, 8.26 mmol) in

pyridine was stirred at 50 °C for 30 min to dissolve most of the copper salts. After

the solution had reached room temperature, a solution of carbonate 62b (220

mg, 0.08 mmol) in 1,2-dichlorobenzene (32 mL) was added over 18 h using a

syringe pump. After stirring the reaction mixture for additional 26 h pyridine was

removed (45 °C bath temperature, 10 mbar) and the residue was suspended in

CH2CI2. The suspension was cooled (ice bath) and cold 5N HCI was added. The

aqueous phase was extracted with CH2CI2. The combined organic phases were

washed with 5N HCI and dried (MgS04). The solvent was removed under

reduced pressure.. Most of the 1,2-dichlorobenzene was distilled off (50 °C bath

temp./0.05 mbar) and the residue was dissolved in CH2CI2 (5 mL). This solution

was added dropwise to ethanol (80 mL) and the very fine, colorless precipitate

was isolated. Chromatography (chromatotron plate with silica gel, petroleum

ether/CH2Cl2 1:1 v/v) gave a mixture of 144b, 145b and 146b (178 mg, 81%) as

a colorless solid. 1H NMR (Only signals of main product 144b are listed.): S =

7.86 (s, 4 H, Ha), 7.56 (half of AA’XX’, 8 H, Hy-2,-6), 7.40 (half of AA'XX’, 8 H, H5),

7.37 (half of AA'XX’, broadened, 8 H, Hp), 7.31 (half of AA'XX', 8 H, Hs), 7.28 (half

of AA’XX’, broadened, 8 H, Hp), 6.88 (half of AA’XX’, 8 H, HY-3,-5), 4.31 (q, J=
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7.2 Hz, 4 H, C02CH2), 3.97 (t, J= 6.5 Hz, 8 H, ArOCH2), 2.40 (t, J= 6.6 Hz, 8 H,

CH2OC), 1.79 (m, 8 H, OCH2CH2), 1.56 (m, 8 H, CH2CH2C=C), 1.30 (t, J= 7.2

Hz, 6 H, CH3), 1.5 - 1.2 (m, 152 H, CH2). 13C NMR: 5= 165.3 (C02), 159.3 (Cy-4),

147.5 (C03), 147.1 (Ca-4), 135.6, 135.4 (Ca-3,-5, Cp-1), 133.2 (Cy-2,-6), 132.3

(CH«), 131.67 (with shoulder at 131.72 ppm, broad, Cp-3,-5 and C«-2,-6), 131.5

(CH*)f 129.2 (Ca-1), 128.6 (broad, Cp-2,-6), 125.2 (C5-1 or Cs-4), 123.2 (Cp-4),

120.6 (Cs-4 or C6-1), 115.3 (Cy-1), 114.7 (Cy-3,-5), 93.6 (CH2CÿCAr5), 90.8

(C=CArY), 88.3 (ArpC=C), 82.0 (C=C-C=C), 80.4 (CH2C=C), 75.2 (OC-C=C),

68.1 (ArOCH2), 61.3 (C02CH2), 29.6-28.3 (8 signals), 26.0, and 19.4 (CH2), 14.3

(CH3); elemental analysis (%) calcd for (WHÿeOn (2910.234): C 85.43, H 8.52;

found C 85.38, H 8.47; FD-MS: m/z = 2912.5 (9%, M+), 1455.7 (100%, M2+),

970.5 (6%, M3+), 727.5 (3%, M4+).

7.7.2 Cyclization of CS3Carbonate (144a)

r° O-T,
o

/Tvs

yq
w

y-r 0

Et02C-ÿ_>0 0-€ÿC02Et

/) 0

hd
&

oR

R

A suspension of CuCI (6.44 g, 65.1 mmol) and CuCI2 (1.11 g, 8.26 mmol) in

pyridine was stirred at 50 °C for 30 min to dissolve most of the copper salts. After

the solution had reached to room temperature, a solution of carbonate 143a (200
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mg, 0.04 mmol) in 1,2-dichlorobenzene (18 mL) was added over 10 h using a

syringe pump. The reaction mixture was stirred for additional 28 h. Workup as

described for the preparation of predimer 144b followed by chromatography

(chromatotron plate with silica gel, petroleum ether/CH2CI2 1:1 v/v) gave a

mixture of predimer 144a, 145a and 146a (164 mg, 82%) as a colourless solid.

'H NMR: 6= 7.86 (s, 4 H, Ha), 7.56 (half of AA’XX’, 8 H, HY-2,-6), 7.40 and 7.31

(AA’XX', 8 H each, He), 7.37 and 7.28 (AA’XX’, 8 H each, Hp), 7.03 (s, 8 H, Ha),

6.88 (half of AA’XX’, 8 H, Hy-3,-5), 4.31 (q, J= 7.1 Hz, 4 H, C02CH2), 3.97 (t, J=

6.5 Hz, 8 H, ArYOCH2), 3.70 (t, J= 6.6 Hz, 8 H, Ar5OCH2), 2.39 and 2.34 (2 t, J=

6.8 Hz, 8 H each, CH2OC), 2.20 (s, 24 H, ArCH3), 1.77 (m, 16 H, OCH2CH2),

1.55 (m, 16 H, CH2CH2C=C), 1.30 (t, J= 7.0 Hz, 6 H, CH2CH3), 1.5 - 1.2 (m, 304

H, CH2); 13C-NMR: S= 165.3 (C02), 159.3 (CY-4), 155.8 (Ca-4), 147.6 (C03),

147.1 (C«-4), 135.5, 135.3 (Cp-1, Ca-3,-5), 133.2 (CY-2,-6), 132.2 (CHe), 131.9

(CH§), 131.66 (broadened, with shoulder at 131.71 ppm, Cp-3,-5, Ca-2,-6), 131.5

(CHE), 130.9 (Cs-3,-5), 129.2 (Ca-1), 128.6 (broad, Cp-2,-6), 125.2 (CE-1 orCt-4),

123.3 (broad, Cp-4), 120.6 (Ce-4 orCE-1), 119.0 (Ca-1), 115.3 (CY-1), 114.6 (CY-3,-

5), 93.6 (CH2C=CArE), 90.8 (C=CArY), 89.0 (CH2C=CAr6), 88.3 (ArpC=C), 81.9

(C=C-CsC), 80.4 and 80.3 (CH2C=C), 75.2 (CÿC-C=C), 72.4 (Ar5OCH2), 68.1

(ArYOCH2), 61.3 (C02CH2), 30.3 - 28.5 (16 signals), 26.07, 26.05, 26.01, 19.5,

and 19.4 (CH2), 16.1 (ArCH3), 14.3 (CH2CH3); elemental analysis (%) calcd for

C33gH4620i5 (4777.410): C 85.23, H 9.75; found C 85.31, H 8.80.
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7.7.3 Synthesis of C23 dimer (149b)

0—(CH2)23-=-@ ©“ÿ(CH2)23"P
7 7 \

V/ X

Et02C-Q-0H HQ-d

\jy

x //,

f~\\ /Tx\

0-(CH2)23-=ÿ-ÿ •Q>-=-(CH2)23-0

To the mixture of 144b, 145b and 146b (120 mg, 0..051 mmol) dissolved in THF

(5 mL) was added 1M n-Bu4NF in THF (2.2 mL, 2.2 mmol). After stirring the

reaction mixture at 50 °C for 18 h, 2 N HCI (1.3 mL) and ethanol (50 mL) were

added successively. The precipitate (105 mg) was isolated, washed with ethanol

and dried. The compound was precipitated with CH2CI2 (3 mL the material was

not completely dissolved) as colorless solid (58 mg, 49%). M.p.: 202 °C

(determined with DSC); 'H NMR: 6= 7.98 (s, 4 H, H„), 7.61 and 7.52 (AA'XX', 8

H each, Hp), 7.45 (half of AA'XX', 8 H, HY-2,-6), 7.40 and 7.31 (AA'XX1, 8 H each,

Ha), 6.85 (half of AA'XX', 8 H, HY-3,-5), 5.75 (s, 2 H, OH), 4.36 (q, J= 7.1 Hz, 4 H,

C02CH2), 3.95 (t, J= 6.5 Hz, 8 H, ArOCH2), 2.38 (t, J= 7.0 Hz, 8 H, CH2C=C),

1.77 (m, 8 H, OCH2CH2), 1.57 (m, 8 H, CH2CH2C=C), 1.37 (t, J = 7.1 Hz, 6 H,

CH3), 1.5-1.2 (m, 152 H, CH2); 13C NMR: 5= 166.1 (C02), 159.4 (CY-4), 153.2

(C„-4), 135.9 (Cp-1), 133.1 (CY-2,-6), 132.3 (CH6), 132.0 (Cp-3,-5), 131.5 (CH6

and Ca-2,-6), 129.3 (Cp-2,-6), 128.3 (Ca-3,-5), 125.2 (C6-1 or C6-4), 123.6, 123.3

(Co-1, Cp-4), 120.6 (Cfi-4 or C5-1), 114.9 (0,-1). 114.6 (CY-3,-5), 93.6 (CH2C=C),

90.6 (C=CAry), 87.6 (ArpC=C), 82.0 (C=C-C=C), 80.3 (CH2CsC), 75.2 (C=C-

C=C), 68.1 (ArOCH2), 60.9 (C02CH2), 29.6-28.6 (9 signals), 26.0, and 19.5
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(CH2), 14.4 (CH3); elemental analysis (%) calcd for C2o6H2480io (2884.240): C

85.79, H 8.67; found C 85.72, H 8.68; FD-MS: m/z = 2881.2 (6%, M+), 1439.8

(32%, M2+), 960.4 (8%, M3+).

7.7.4 Synthesis of C53 dimer (149a)

-Q-(CH,)„-00-(CHJ„-O

H0-O-C0aEtEt02C-O-0H

A

O —(CH,)„-0-O-ÿ(CH,)n — O' -(CH,),,-O

As described for the preparation of dimer 149b, a mixture of dimer 149a, ring

148a and catenane 147a was obtained starting from a mixture of 144a, 145a and

146a (125 mg, 0.03 mmol) in THF (2 mL) and 1 M n-Bu4NF (0.6 mL) in THF.

Chromatography (chromatotron plate with silica gel, petroleum ether/CH2CI2 4:1

2:1 v/v) gave as a first fraction (8 mg) ring 148a, as a second fraction dimer

149a (60 mg, 48%) and as a third fraction a mixture of catenane 147a and dimer

149a (17 mg). 'H NMR: 6= S= 7.98 (s, 4 H, Ha), 7.61 and 7.52 (AA’XX’, 8 H

each, Hp), 7.46 (half of AA’XX’, 8 H, H.-2,-6), 7.40 and 7.31 (AA’XX', 8 H each,

He), 7.03 (s, 8 H, Hs), 6.86 (half of AA'XX’, 8 H, HY-3,-5), 5.75 (s, 2 H, OH), 4.36

(q, J= 7.1 Hz, 4 H, C02CH2), 3.95 (t, J= 6.5 Hz, 8 H, ArYOCH2), 3.69 (t, J= 6.6

Hz, 8 H, ArfiOCH2), 2.38 and 2.34 (2 t, J= 6.9 Hz, 8 H each, CH2CO), 2.20 (s,

24 H, ArCH3), 1.77 (m, 16 H, OCH2CH2), 1.54 (m, 16 H, CH2CH2C=C), 1.37 (t, J

= 7.1 Hz, 6 H, CH2CH3), 1.5 - 1.2 (m, 304 H, CH2); 13C-NMR: 166.1 (C02),

159.3 (Cy-4), 155.8 (Cs-4), 153.2 (Ca-4), 135.9 (Cp-1), 133.1 (CY-2,-6), 132.3
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(CHe), 131.9 (Cp-3,-5, CH5), 131.5 (Co-2,-6, CHE), 130.9 (Cp-3,-5), 129.2 (Cp-2,-6),

128.3 (Ca-3,-5), 125.2 (CE-1 or CE-4), 123.6 (Cp-4), 123.3 (Ca-1), 120.6 (Ct-4 or

CE-1), 119.0 (Cs-1), 114.9 (Cy-1), 114.6 (Cy-3,-5), 93.6 (CH2C=CArc), 90.6

(C=CAry), 89.0 (CH2C=CAr6), 87.6 (ArpC=C), 81.9 (C=C-C=C), 80.4 and 80.2

(CH2OC), 75.2 (C=C-C=C), 72.4 (Ar6OCH2), 68.1 (AryOCH2), 60.9 (C02CH2),

30.4 - 28.6 (10 signals), 26.1, 26.0, 19.5, and 19.4 (CH2), 16.1 (ArCH3), 14.4

(CH2CH3); Elemental analysis (%) calcd for CasaHÿO,4 (4751.416): C 85.44, H

9.84; found C 85.67, H 8.78.

7.8 Model studies and synthesis of sulfur containing

catenane

7.8.1 Bromomodel compound non spacered ester (118)

OiPr

4

/H)

\_rOH

VJ
OiPr

To a heat dried schlenck flask were added model compound 117 (0.5 g, 0.808

mmol), bromoundecanol (0.186 g, 0.971 mmol) and DMAP (0.119 g, 0.974

mmol) in CH2CI2 (10 mL). At the end EDC (0.186 g, 0.971 mmol) was added.

After stirring the reaction for 23 hours at room temperature it was quenched by

the addition of 2 N HCI and CH2CI2. The aqueous phase was extracted with
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CH2CI2 trice and the combine organic phases were dried over MgS04 The

solvent was removed under reduced pressure which afforded slight pale solid

(0.66 g, 92%)

’H NMR: S= 8.04 (s, 2 H, Ha), 7.59 (apparent s, AA’XX', 8 H, Hp), 7.47 (half of

AA’XX’, 4 H, Hr2, -6), 7.38 and 7.31 (AA’XX’, 2 H each, Hs), 6.85 (half of AA’XX’,

4 H, Hy-3, -5), 4.56 (sept, J = 6.0 Hz, 2 H, CH(CH3)2), 4.32 (t, J = 6.7 Hz, 2 H,

C02CH2), 3.21 (s, 3 H, OCH3), 3.11 (s, 1 H, OCH), 2.38 (t, J = 7.0 Hz, 2 H,

CH2CÿC), 1.76 (m, 2 H, OCH2CH2), 1.58 (m, 2 H, CH2CH2C=C), 1.5-1.2 (m, 14

H, CH2), ), 1.34 (d, J= 6.1 Hz, 12H, CH(CH3)2). - 13C NMR: 165.9 (C02),

158.7 (Cy-4), 158.0 (Ca-4), 137.2, 135.1 (Ca-3,-5, Cp-1), 133.0 (Cy-2,-6), 131.8,

131.6 (Ca-2,-6, C5“2,-6 and C6-3,-5), 131.3 (Cp-3,-5), 129.1 (Cp-2,-6), 126.5 (C«-

1), 124.6 (Cs-1 or C5-4), 122.9 (Cp-4), 121.0 (Cs-4 or C6-1), 115.0 (Cy-3,-5),

114.9 (Cy-1), 92.7 (CH2ÿAr6), 90.3 (OCArY), 87.7 (ArptÿC), 83.3

(CH2C=CAr8), 80.1 (CH2C=CAr6), 78.4 (C=CH), 69.8 (OCH), 65.2 (CH202C),

60.5 (OCH3), 29.6-28.6 (7 signals, (CH2)7), 25.9 (CH2CH2C=CAr6), 21.9

(CH(CH3)2), 19.4 (CH2OCAr6-). -

7.8.2 Bromo model compound with spacered ester (135)

OPr

A

A schlenck flask was heated under stream of argon then spacered acid model

compound, (0.1 g, 0.154 mmol), bromoundecanol (0.033 g, 0.172 mmol) and

DMAP (0.012 g, 0.188 mmol) were added in CH2CI2 at room temperature. At last
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EDC (0.035 g, 0.183 mmol) were added. After stirring for 18 hours the reaction

was quenched with 5 N HCI. The aqueous phase was extracted with CH2CI2. The

combine organic phases were dried over MgSC>4 and solvent removed under

vacuum which afforded colorless compound (0.116 g, 89%)

’H NMR: S= 7.57 (apparent s, AA’XX’, 8 H, Hp), 7.48 (half of AA’XX', 4 H, HY-2,-

6), 7.18 (s, 2 H, Ha), 6.88 (half of AA’XX’, 4 H, HY-3,-5), 4.06 (t, 2H, C02CH2),

3.82 (s, 6 H, ArYOCH3), 3.37 (t, 2 H, CH2Br), 3.13 (s, 3 H, AraOCH3), 2.99 (t, J=

7.8 Hz, 2 H, CH2CH2Ara), 2.67 (t, J = 7.4 Hz, 2 H, CH2CH2Ara), 1.82 (m,

CH2CH2Br), 1.58-1.25 (s, apparent 18 H, CH2): - 13C NMR: S= 172.8 (C02),

159.6 (CY-4), 153.3 (Ca-4), 138.1 <Ca-3,-5), 136.6, 135.0 (Ca-1, Cp-1), 133.0 (Cy

2,-6), 131.3, 130.1 (Ca-2,-6, Cp-3,-5), 129.2 (Cp-2,-6), 122.4 (Cp-4), 115.4 (Cy1),

114.0 (CY-3,-5), 89.9 (C=CArY), 88.1 (ArpC=C), 65.1 (C02CH2), 60.9 (AraOCH3

seen from dept 135 spectrum), 55.3 (ArYOCH3), 35.9 (AraCH2CH2C02CH2 From

computer programme), 34.0 (CH2CH2Br From computer programme), 32.8

(CH2CH2Br From computer programme), 30.4 (AraCH2CH2), 29.4-25.8 (8

singnals CH2CH2).

7.8.3 Thioacetate model compound (136)

o
it™

%_j7

OPT

To an oven dried schlenck flask were added bromomodel compound 135 (0.08 g,

0.095 mmol) and potassium thioacetate (0.012 g, 0.105 mmol) in DMF (2 mL).

After 15 hours 5 N HCI (5 mL) were added which is followed by Et20. The
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aqueous phase was extracted with diethyl ether trice. The combine organic

phases were dried over MgS04. The solvent was removed under vacuum, which

afforded slight yellow compound (82 mg, 95%)

1H NMR: 8= 7.56 (apparent s, AA’XX’, 8 H, Hp), 7.47 (half of AA'XX’, 4 H, HY-2,-

6), 7.17 (s, 2 H, Ha), 6.87 (half of AA’XX’, 4 H, HY-3,-5), 4.05 (t, 2H, C02CH2),

3.82 (s, 6 H, ArYOCH3), 3.13 (s, 3 H, Ar«OCH3), 2.98 (t, J = 7.9 Hz, 2 H,

CH2CH2Ara), 2.83 (t, 2 H, CH2SCOCH3), 2.67 (triplet shaped multiplet, 2 H,

CH2CH2Ara), 2.29 (s, 3 H, CH2SCOCH3), 1.58-1.25 (m,s, apparent 18 H, CH2): -

13C NMR: 8 = 196.0 (CH2SCOCH3), 172.8 (C02), 159.6 (CY-4), 153.3 (C„-4),

138.1 (Ca-3,-5), 136.6, 135.0 (Ca-1, Cp-1), 133.1 (CY-2,-6), 131.3, 130.1 (Ca-2,-6,

Cp-3,-5), 129.2 (Cp-2,-6), 122.4 (Cp-4), 115.4 (Cÿ-1), 114.0 (CY-3,-5), 89.9

(OCArY), 88.1 (ArpC=C), 64.7 (C02CH2), 60.5 (AraOCH3 seen from dept 135

spectrum), 55.3 (ArYOCH3), 35.9 (AraCH2CH2C02CH2 From computer

programme), 30.6 (CH2SCOCH3), 30.4 (AraCH2CH2), 29.4-25.8 (9 signals

CH2CH2).

7.8.4 Disulfide model compound spacered ester (137)

/Tvs

.CM

OMo

Thioacetate model compound with spacered ester (0.052 g, .063 mmol) was

dissolved in THF (5 ml_) then piperidine (5 ml_) were added and allowed to stir at
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room temperature. After 17 hours stirring at room temperature the reaction

mixture was worked up with 5 N HCL and Et20. The aqueous phase was

extracted with diethyl ether trice. The combine organic phases were dried over

MgS04 and solvent was removed under vacuum. Which afforded slightly yellow

compound (45 mg, 82%).

1H NMR: 5= 7.56 (apparent s, AA’XX’, 16 H, Hp), 7.47 (half of AA'XX’, 8 H, HY-2,-

6), 7.17 (s, 4 H, Ha), 6.87 (half of AA’XX’, 8 H, HY-3,-5), 4.05 (t, 4H, C02CH2),

3.82 (s, 12 H, ArYOCH3), 3.13 (s, 6 H, AraOCH3), 2.98 (t, J = 7.9 Hz, 4 H,

CH2CH2Ar„), 2.6-2.7 (t, 4 H, CH2S-SCH2 and t, 4 H, CH202CCH2CH2Ara), 1.58-

1.25 (m, s, apparent 32 H, CH2) :- 13C NMR: 5= 172.8 <C02), 159.7 (Cy-4), 153.3

(Ca-4), 138.1 (Ca-3,-5), 136.6, 135.0 (Cft-1, Cp-1), 133.1 (0,-2,-6), 131.3, 130.1

(Ca-2,-6, Cp-3,-5), 129.2 (Cp-2,-6), 122.4 (Cp-4), 115.4 (Cÿ-1), 114.0 (G,-3,-5),

89.9 (C=CArY), 88.1 (ArpC=C), 64.7 (C02CH2), 60.5 (AraOCH3 seen from dept

135 spectrum), 55.3 (ArYOCH3), 39.1 (CH2S-SCH2), 35.9 (AraCH2CH2C02CH2

From computer programme), 30.6 (CH2SCOCH3), 30.4 (AraCH2CH2), 29.4-25.8

(signals CH2CH2).

7.8.5 Non spacered model thioacetate compound (119a)

OMo

ft
//ss

fi fi
O—C W“0Me

CM,

To a degassed solution of bromo model compound 118 was added potassium

thioacetate at room temperature in DMF. After 18 hours of stirring the reaction
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mixture was worked up with 5 N HCI and Et20. The combine organic phases

were dried over MgS04 and solvent removed under reduced pressure which

afforded slight yellow compound (55 mg, 95%)

’H NMR: S= 8.02 (s, 2 H, Ha), 7.58 (apparent s, AA’XX’, 8 H, Hp), 7.45 (half of

AA’XX', 4 H, HY-2, -6), 7.38 and 7.31 (AA’XX’, 2 H each, Hy), 6.84 (half of AA’XX’,

4 H, Hy-3, -5), 4.56 (sept, J= 6.0 Hz, 2 H, CH(CH3)2), 4.31 (t, J = 6.7 Hz, 2 H,

C02CH2), 3.20 (s, 3 H, OCW3), 3.11 (s, 3 H, AraOMe), 2.85 (CH2SCOCH3), 2.28

(CH2SCOCH3), 1.5-1.2 (m, 14 H, CH2), ), 1.34 (d, J= 6.1 Hz, 12H, CH(CH3)2). -

13C NMR: S= 196.0 (CH2SCOCH3), 166.0 (C02), 158.7 (Cy-4), 158.1 (Ca-4),

137.2, 135.1 (Ca-3,-5, Cp-1), 133.0 (Cy-2,-6), 131.6 (Ca-2,-6), 131.4 (Cp-3,-5),

129.2 (Cp-2,-6), 126.5 (C«-1), 122.9 (Cp-4), 115.7 (Cy-3,-5), 114.9 (CY-1), 90.3

(C=CAry), 87.7 (ArpC=C), 69. (OCHCH3), 65.3 (CH202C), 60.6 (OCH3), 34.7

(CH2SCOCH3), 30.56 (CH2SCOCH3), 29.6-28.6 (7 signals, (CH2)7), 21.9

(CH(CH3)2),

7.8.6 Thioacetate catenane (139)

O-tCH*)*,-

giCHÿ-o
oo MeO-ÿ31—

1 ° OIIIO-OMe
c-o— (ci-yn— s-c—CH-,HjC-C-S—(CH2)n—O-C <0

0 J
'(CHjJajj O

<3)

O— (CH2)23-

To a stirred solution of bromosubstituted catenane 138 (0.150 g, 0.044 mmol) in

DMF (2 mL) and THF (2 mL) was added potassium thio acetate under stream of

argon at room temperature. After 21 hours stirring 2 N HCI (5 mL) and Et20 (5

mL) were added to reaction mixture. The aqueous phase was extracted with

Et20 (5 mL X 3). The combine organic phases were dried over MgS04. Solvent
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was removed under high vacuum, which afforded brown crude product. Flash

chromatography (petroleum ether: Et20 7:3) afforded colorless product 139 (0.07

g, 60%)

1H NMR: 8= 7.56 (apparent s, AA’XX’, 16 H, Hp), 7.45 (half of AA’XX’, 8 H, H-r2,-

6), 7.38 and 7.30 (AA’XX’, 8 H each, H6), 7.17 (s, 2 H, Ha), 6.85 (half of AA’XX’, 4

H, Hy-3,-5), 4.05 (t, 4 H C02CH2), 3.95 (t, J= 6.5 Hz, 8 H, ArOCH2), 3.09 (s, 6 H,

ArOMe), 2.98 (t, 4 H, CH2CH2), 2.83 (t, 4 H, CH2SCOCH3), 2.68 (t, 4 H,

CH2CH2), 2.38 (t, J= 7.0 Hz, 8 H, CH2OC), 2.29 (s, 6 H, CH2SCOCH3), 1.76 (m,

8 H, OCH2CH2), 1.56 (m, 8 H, CH2CH2C=C), 1.5 - 1.2 (m, 112 H, CH2); 13C-NMR:

8 = 195.9 (CH2SCOCH3),172.8 (C02), 159.1 (Cr4),153.3 (Ca-4), 137.9, 136.5

(Ca-3,-5, Cp-1), 135.0 (Cy-2,-6), 132.9 (C„-1), 132.2 (Cp-3,-5), 131.4 (Cs-3,-5 or

C6-2,-6), 131.2 (Ca-2,-6), 130.0 (C8-3,-5 or Ca-2,-6), 129.2 (Cp-2,-6), 125.1 (C6-1

or Cs-4), 122.4 (Cp-4), 120.5 (C«-4 or C5-1), 115.0 (0,-1), 114.5 (C-r3,-5), 93.5

(CH2C=C), 90.0 (C=CAr,), 87.9 (ArpC=C), 81.9 (C=C-C=C), 80.1 (CH2C=C), 75.1

(C=C-C=C), 67.9 (ArOCH2), 64.6 (AruCH2CH2C02CH2), 60.3 (AraOCH3), 35.6

(CH2SCOCH3), 30.5 and 30.4 (CH2CH2), 29.7 - 28.7 (signals, CH2), 25.8 and

19.5 (CH2),

Elemental analysis (%) calcd for CÿHaooOiaSa (3369.02): C 83.42, H 8.98; found

C 83.57, H 8.95.

7.8.7 Oligodisulfide formation (140)

0-(CH?}„-

-]NcH2)j5-<

O

°»J-OMe- -S— (CHj),,—O-C C-O— (CHj),,— S -

(CHÿjj-O
O-tCHÿ-

Thioacetate catenane (0.06 g, 0.018 mmol) was dissolved in 2 mL piperidine

under slight heating and allowed to stirred in open air. After 16 hours stirring Et20
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(5 mL) and 5 N HC! (5 mL) were added. The aqueous phase was extracted with

Et20 (5 mL X 3). The combine organic phases were dried over MgS04 and

solvent removed under reduced pressure, which afforded slight yellow oligomeric

mixture (60 mg).
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The art of healing has its origin from the antiquity of human

civilization. Man as a savage, must have known by experience how to

relieve his sufferings by the use of herbs growing around him. The

historical survey of traditional medicine reveals that in his search for

food the primitive men began to distinguish those plants suitable for

nutritional purposes from other possessing definite pharmacological

actions. Thus the drugs from plant origin have served through the ages

as the mainstay for the treatment of a variety of ailments and

preservation of human health. A large reservoir of plant based

medicines has been provided in the early period covering the Indian,

Chinese Sumerian, Egyptian Assyrian and Muslim civilizations. In the

Indo-Pakistan sub-continent studies in the chemical constituents of

indigenous medicinal plants have been carried out at various research

centers to serve the dual purposes of broadening pharmacopial

spectrum and providing a bases for therapeutic study directed towards

the syntheses of drugs modelled on chemical structure of natural

products. In this context it is of special interest to note that the largest

and the most sophisticated nucleus for the systematic investigations in

the chemistry of biologically active principles of indigenous medicinal

plants is based at Karachi under the name of HEJ Research Institute of

Chemistry, which is presently under the directorship of world leading

scientist Prof. Atta-ur-Rahman.

Taking into account the facts stated above the work undertaken

for the present doctoral dissertation relates to the isolation and

structural studies of new source natural products from a Pakistani

medicinal plant Alysicarpus monolifer.
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Alysicarpus monolifer Linn, belongs to the family Papilionaceae which

comprises biennial prostrated herbs. There are 480 genera and 1200

species in this family. In pakistan the genus Alysicarpus is represented

by A. monolifer1The decoction of its roots is used for treatment of

cough in Java. In indo-China its roots are regarded as febrifuge and

also recommended for cutanious diseases like scabies and boils. In

Indonesia the leaves of A monolifer are used to cure the pain in lion. In

Philippines a decoction of its stem is used to cure stomach pain2. The

literature survey revealed that no phytochemical work has so far been

carried out on this species and only one compound3 is reported from

the whole genus. The diverse medicinal uses attributed to this species

prompted us to carry out phytochemical studies on it. Herein we report

in this thesis triterpenes isolated for the first time from this genus in

addition to triterpenes some compound with steriodal skeleton have

also been isolated from this genus for the first time, which will be

discussed later on. As PART-1 fulfilled the requirements for degree of

doctor in philosophy so no further phytochemical work has been carried

out on Alysicarpus monolifer Linn.
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1.4 EXPERIMENTAL

1.4.1 General Experimental Conditions

Physical Constants: Melting points (uncorrected) were determined in

glass capillary tubes using Buchi 535 melting point apparatus. Optical

rotations were measured on JASCO DIP-360 digital polarimeter.

Spectroscopy: Ultraviolet (UV) spectra were recorded in methanol on

Hitachi U-3200 spectrophotometer. Infrared (IR) spectra were

measured on JASCO A-302 infrared spectrometer. Proton magnetic

resonance (’H-NMR) spectra were recorded in CDCI3, CD3OD and

C5D5N using TMS as an internal standard at 300 MHz, 400 MHz or 500

MHz on Bruker AC-300, AM-300, AM-400 or AMX-500 nuclear

magnetic resonance spectrometers with Aspect 3000 data systems at a

digital resolution of 32 K. The 13C-NMR spectra were recorded in

CDCI3, or CD3OD, at 75, 100 or 125 MHz on the same instruments.

Low-resolution electron impact mass spectra were recorded on a

Finnigan MAT 311 with MASPEC Data System. Peak matching, field

desorption (FD) and field ionization (FI) were performed on the Finnigan

MAT 312 mass spectrometer. High resolution mass measurements and

fast atom bomardment (FAB) mass measurements were carried out on

Jeol JMS HX 110 mass spectrometer. For FAB mass spectra, glycerol

or thioglycerol as the matrix and ceasium iodide (Csl) as internal

standard were used for accurate mass measurements.
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Chromatography: Column chromatography was carried out on silica gel

(E. Merck), type 60 (70-230 mesh). Precoated silica gel GF-254

preparative plates (20 x 20, 0.5 mm thick) (E. Merck) were used for

preparative thick layer chromatography. MPLC and Flash cc, Si gel Si

60 (230-400 mesh)

SPRAY REAGENTS

Ceric sulphate reagent was used for the detection of compounds.

Ceric sulphate

Ceric sulphate (0.1 g) and trichloroacetic acid (1 g) were dissolved in 4

ml distl. water. The solution was boiled and cone. H2S04 was added

dropwise until the disappearance of turbidity.

1.4.2 Plant Material

Alysicarpus monolifer Ur\n., whole plant, was collected from the Karachi

region and identified by Prof. M. Qaiser, Department of Botany,

University of Karachi. A voucher specimen has been deposited at the

Herbarium of the Department of Botany, University of Karachi.

1.4.3 Extraction Isolation and Spectral data

The shade-dried plant material (40 kg) was extracted four times with

MeOH (100 liters, 96h each) at room temperature. The combined

methanolic extract was evaporated under reduced pressure to yield a
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gummy residue, weighing 1719 g (Scheme-74). It was suspended in

water ( 5 lit) and extracted out with hexane (5.0 lit) affording n-hexane

extract, which was evaporated under reduced pressure to afford a

residue (205 g). The defatted extract was partitioned into chloroform

soluble (30 g), butanol soluble (1145 g) and water soluble fractions,

respectively.

The hexane-soluble fraction was subjected to 'mplc' over silica gel and

successively eluted with increasing polarities of a mixture of hexane

and CHCI3 (Scheme-75). This operation provided three major fractions

i.e hex: CHCI3 (7:3) fraction A, hex: CHCI3 (1:1) fraction B and CHCI3

(fraction C). The fraction A yielded (76) (50 mg) through repeated

crystallization with EtOH. The fraction B on slow evaporation gave

crystalline residue from which the supernatent was decanted. The

crystalline material was a mixture of triterpenes which was further

subjected to silica gel CC using hex : CHCI3 mixtures as eluents. The

fractions eluting with hex : CHCI3 (1:1) afforded (77) (90 mg) while

those from hex : CHCI3 (3.5: 6.5) provided (78) (100 mg). The fractions

obtained with hex : CHCI3 (2:8) afforded (79) (50 mg). The fraction (C)

was chromatographed over silica gel and eluted with hex : EtOAc in

order of increasing polarity. The fractions which eluted with hex : EtOAc

(7:3) consisted of one major and three minor spots. It was acetylated

with pyridine-Ac20 (1:1) and then subjected to flash column

chromatography using hex : EtOAc as eluent. The head fractions which

were eluted with hex: EtOAc (7:3) crystallized from MeOH : CHCI3 (1:1)

to provide tetraacetyl derivative (68a). Deacetylation with NaOMe in

MeOH afforded (68) (100 mg). Further elution with hex : EtOAc (6:4)
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provided a pure compound with lingering traces of impurities. It

crystallized from MeOH : CHCI3 (1:1) to yield compound (69) (80 mg).

The chloroform fraction was subjected to mplc over silica gel and eluted

with increasing polarities of mixtures of hexane, CHCI3 and MeOH

(Scheme-76). It ultimately yielded six major fractions i.e. hexane

(fraction A), hexane - CHCI3 (7:3) (fraction B), hexane - CHCI3 (1:1)

(fraction C), CHCI3 (fraction-D), CHCI3 - MeOH (9.5 : 0.5) (fraction (E)

and CHCI3 - MeOH (9:1) (fraction F), respectively. The fraction D

showed three major and four minor spots. It was chromatographed over

silica gel and eluted with hexane-CHCI3 in order of increasing polarity.

The fraction obtained from hexane-CHCI3 (2:8) afforded (75) (100 mg).

Elution with hexane - CHCI3 (1:9) furnished (80) (40 mg). The fraction

which was obtained from CHCI3 showed two major compounds. It was

purified by PTLC employing CHCI3 + few drops of MeOH to provide (71)

(50 mg) and (74) (45 mg). The fraction E was further purified by CC

affording (72) (25 mg). The fraction F was a mixture of triterpenes (two

major and three minor). It was chromatographed over silica gel and

eluted with CHCI3 : MeOH in order of increasing polarity. The fraction

which eluted with CHCI3 : MeOH (9.3 : 0.7) was a binary mixture which

was further resolved over silica gel CC. The fraction obtained with

CHCI3 : MeOH (9.4 : 0.6) afforded (70) (30 mg). The fraction which

eluted from CHCI3 : MeOH (9.9 : 0.1) afforded (73) (23 mg). Further

elution from CHCI3 : MeOH (9.2 : 0.8) provided (81) (45 mg). The

fractions A-C could not be further worked-up due to paucity of material.
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Extraction and Fractionation of Alysicarpus monolifer

Alysicarpus monolifer
(40 kg)

Powdered, extracted with methanol
and the methanolic extract concentrated
on rotary evaporator

Methanolic extrac
(1719 g)

Hexane + water

v
Hexane soluble fractior i

(205 g)
Hexane insoluble fraction

Extracted with
chloroform

Chloroform soluble fractio
(30 9)_

Chloroform insoluble fraction

Partitioned
between butanol
and water

Butanol fractior
(1145 g)

Aqueous fractior
(339 g)

Scheme-25
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Hexane soluble Fraction

Hexane fraction
(205 g)

MPLC

Hex : CHCI3 (1:1)
Fraction B

Hex : CHCI3 (7:3)

Fraction A
CHCI3

Fraction C

I Silica gel CC
Hex : EtOAc

Slow evaporation
(76)

Crystalline residue + Supernatent

Mix. of triterpenes
silica gel CC

Hex : EtOAc Hex : EtOAc
(7:3) (6:4)

1f T Crystallization

CHCI3 : MeOHHex:CHCI3 Hex : CHCI3
(3.5 :6.5)

Hex : CHCI3
(1:1)(2:8)(1:1)

one major and three
minor spotsI (69)

(78) Acetylation
Py: Ac20 (1:1)

(77) (79)

Acetylated mixture

iFlash CC

Hex : EtOAc
(7:3)

I
(68a)

Deacetylation &
Crystallization from
CHCI3 :MeOH
(1:1)

(68)

Scheme-26
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Scheme-27
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1.1 Biosynthesis of Triterpenoids

Natural products often possess a carbon framework comprising units of

five carbon arrangements. Such compounds are called “terpenes”.

Terpenes are among the most widespread and chemically interesting

groups of natural products. Terpenoidal compounds may be defined as

a group of natural products whose structures may be divided into

isoprene (C5H8) units.

The synthesis of natural products within living organism is termed as

biosynthesis. It is the enzyme-controlled sequence of bio-chemical

reactions, which is responsible for the production of natural products in

living organisms. Biosynthetic studies describe the actual pathways

followed by the living organisms for the synthesis of natural products.

Studies on the biosynthesis of triterpenoids have led to the formation of

the biogenetic “isoprene rule” which was originally proposed by

Ruzicka4,5. As a result of later studies, this rule has been successively

imporoved and extended to cover the increasing number of terpenoids

isolated from natual sources. The monomeric unit is called “isoprenic",

because of its relationship to the 2-methyl buta-1,3-diene, also known

as isoprene.
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During the formation of terpenes the isoprene units are linked together

in a head-to-tail fashion and the number of units incorporated in a

particular terpene serves as a basis for the classification of these

compounds. Thus, monoterpenes are composed of 2-isoprene units

and have the molecular formula C10HI8. sesquiterpenes C25H26 contain

3-isoprene units. Diterpenes C2oH30 have 4-isoprene units and

triterpenes C30H50 are composed of 6-isoprene units, representing an

important class of terpenoids which are widely distributed throughout

the plant kingdom (Table-2). Many, however, contain more or less

carbon atoms and some do not strictly follow the isoprene rule.

The biosynthesis of terpenoids can be divided into three definite steps.

1. The formation of an isopentane unit from acetate.

2. The condensation of this unit to form acyclic terpenoids.

3. The conversion of acyclic terpenoids into cyclic terpenoids and

the introduction of functional groups.

In the formation of the isopentane unit, acetyl co-enzyme A acts as the

biosynthetic precursor. Two molecules of acetyl co-enzyme A (23)
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Table 2: Classification of Terpenes.

Parent* Isoprene Units Terpene

Structure

Name Cn

y,Y, Dimethyl allyl alcohol

A/Hemiterpene C5x1 = C5 lpp

Monoterpene C5x2 = C10 GPP

y

OH

Menthol

Sesquiterpene C5x3 = C15 FPP

Y Blsabiene

:

rterpene C5x4 = C20 GGPP
COOH

Phamallc acid

OHC
0

Sesterterpene C5x5sC25 GFPP /•i
Oph'ebolin-A

HO OH

'<_T••
\mmTriterpene C5x6 = C30 Squalene

Sc HO

DammarenediolCarotene C5x8 = C40 Phytocene

Rubber GGPPC1000-C10000 =

*IPP Isopentyl pyrophosphate

geranyl pyrophosphate

famesyl pyrophosphate

geranylgeranyl pyrophosphate

GPP

FPP

GGPP
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derived mainly from carbohydrate or fat metabolism, condense to afford

acetoacetyl co-enzyme A (24). Further condensation of (24) with

another molecule of acetyl co-enzyme A in the form of aldol

condensation gives a-hydroxy-p-methyl glutaryl co-enzyme A (HMG-Co

A) (25).

In the next step HMG-CoA is reduced by the action of nicotinamide-

adenine dinucleotidephosphate (NADPH) to yield another intermediate

mevaldic acid (26), which is responsible for the production of mevalonic

acid (27), the building block of almost all isoprenoids6,7 [Scheme-1].

2CH3C00H + 2CoA - 2H20 + 2CH3CO-SCcA

(23)

( o o

H3C-C-SC0A
SCoA

C -CcA-SH (24)

+ CH3CO - SCoA

VH3C=C-SCqA

H2C=C-SCoA

aHO2C
CoA-SH +

SCoA

(R)-HMG (25)

\ÿH NADPH NADP+NADPH NADP+

V J V J
H02C CHJOHHO2C CHO

(RJ-MVA (27)Mevaldic Acid ( 26)

Scheme-1
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Since mevalonic acid contains six carbon atoms, one carbon must be

lost to form the isopentane unit. Starting with labelled MVA (2-14C), it

has been demonstated that it is the carboxyl group in mevalonic acid

which is lost [Scheme-2].

Phosphorylation of mevalonic acid (27) first produces mevalonic acid-5-

phosphate (28), (P=P03H2) which is followed by a second

phosphorylation to give mevalonic acid-5-pyrophosphate (29, PP=P2

06H3). Subsequent loss of a molecule of water and carbon dioxide

yields 3-methylbut-3-enyl (isopentenyl) pyrophsphate (30, IPP). The

biogenetic isoprene unit is in the form of 3-methyl-but-3-enyl

pyrophosphate, which in the presence of an appropriate enzyme

isomerizes to 3-methylbut-2-enyI (pp-dimethylallyl) pyrophosphate (31,

DMAPP)8. The isomerisation of units (30) and (31) is stereospecific, Ha
is the proton that is eliminated. Also, the newly formed methyl group is

trans to the CH2OPP group in (31) [Scheme-2].
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ADPATP ADP ATP...on
V J v y

HO2C CH2OH HO2C CH2OP

MVA (27) (28)

y°H CH3

>ÿCH2OPP-H2O3r> C.H2OPP -CO2
H-0 0 (30)

(29)

ADPATP

V / 3(29)

r> (30) + CO2 + HOPCH2OPP
H-0 O

CH3 CH3
,CH2OPP ,CH2OPP

IsomeraseHbHa
Hb

(30) (31)

Scheme-2

The next step in the biosynthesis of terpenoids is the formation of

geranyl pyrophosphate, a 10-carbon compound (32,33, GPP) which

arises by the combination of 30 and 31. 3-Methyl-but-3-enyl

pyrophosphate acts as a nucleophile and 3-methyl-but-2-enyl

pyrophosphate as an electrophile to form a head-to-tall union as

indicated in Scheme-3.
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CH3

OPP
‘OPP

PPO' (30) HOPP + OPP

H3C XH3

(31) cis (33)trans (32)

Scheme-3

Geranyl pyrophosphate reacts with 3-methyl-but-3-enyl pyrophosphate

to extend the chain by a five-carbon unit. This afford the trans and cis
9.10.11isomers of farnesyl pyrophosphate, a 15-carbon compound (34,35)

[Scheme-4].

OPPc
HOPP +

A,
PPO

PPO'PPO'
PPO'

cis (35)(32) trans (34)(30)

Scheme-4

FPP (32) is the biosynthetic precursor of sesquiterpenes and

conversion of FPP into the diterpenoid's precursor geranyl-geranyl

pyrophosphate (36) (GGPP) requires the addition of one more C5 unit12.
[Scheme-5].
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,OPP

+ IPP
Cyclic
Sesquiterpenoids

(34)

CP(/OPP Cyclic Oiterpenoids

(36)

Schemed

The coupling of two FPP units in a head-to-head manner produces

presqualene (37), which on rearrangement gives rise to squalene (38)

[Scheme-6].

.OPP .OPP

[Head on]

Enzyme

X-Enz
H3C CHj_ *

(32)(32)

»V'H PPO.

PPO.

X-Enz

I0 HsC H3C 1,2-shift

H3C' HC3

Presqualene (37)

NADPH
$NADP+

CH,HaC CHj

Squalene (38)
Scheme-6
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Cyclization of Squatene

The remarkable process of cyclization of squalene (38) starts with the

formatioin of an incipient carbocation at the tertiary carbon of the end

double bond of the squalene. The cyclization of squalene can be

promoted either by oxidative or non-oxidative agents (Scheme-7).

5 111
4(

ig

8 Squalene (38).1

;
[O]

A ;: (b)
(a)

2,3-Epoxysqualene ( 39)

+H V'
V. HO

i i i
A AB B

HO

Triterpenes (40)

Scheme-7: Oxidative (a) and nonoxidative (b) paths
for the biosynthesis of triterpenes.

3-Hydroxytriterpene (41)

In oxidative route either the squalene is converted into 2,3-epoxy

squalane (39) followed by its transformation into cyclic derivatives via

protonation and Markownikoff opening of the epoxide ring (route a).
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Non-oxidative cyclization of squalene are initiated by a proton attack

(route b).

Oxidative cyclization arising from only one terminal part of

squalene.

Non-oxidative cyclization, also arising from only one terminal part

of squalene, and

Cyclization (oxidative and non-oxidative) which independently

involves both the terminal double bonds of squalene.

a)

b)

c)

Oxidative Cyclization of Squalene

Different types of tetra- and pentacyclic triterpenoids are formed

according to the conformation that squalene epoxide (39) adopts,

presumably at an enzyme surface prior to cyclization. Each

stereospecifically leads to a particular cyclization product according to

the principles of the biogenetic isoprene rule.

a)

Cyclization of Squalene Epoxide in Chair-Chair-Chair-Boat

Sequence

The dammarene diols (43,44)13,14, are derived from 2,3-epoxy squalene

(all-trans), and held in the active site of the enzyme in a chair-chair-

chair-boat conformation [Scheme-7], The formation of the dammarene

diol I (44) instead of dammarene diol II (45)1314, depends on the

isomerisation of the non-classical cation (42) into the non-classical

cation (43) [Scheme-8],
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DCBA
BOATCHAIR: CHAIRCHAIR

,.,R
+HO-

Epoxy squalene ( 39)

13
H O

,..Ro :+\>oo
1710

9/ ”'H8 rH<
- O=5io 0H RHH

13(42) +Enz-X”
vjfcf*+OH", iOH

i
H °V,R

'

%oH

X (43)

im ENZ
O :

H
£HO'

/\H (42a)
Sj'OH-Dammarene dioll ( 45)

(C20 = S) OH
-Errz-X* V

H
20

£
H

H(

Aft Dammarene diol! <44)
(C20 = S)

Scheme-8 Biosynthetic route to the dammaranes.

Non-classical cation as in 41 is stablized by an enzyme, and an enzyme

catalyzed intramolecular rearrangement leads to the formation of

lanosterol (46) (Scheme-9) and cycloartenol (47) (Scheme-10). All the

steroid derivatives, such as cholesterol are derived from the lanosterol-
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cycloartenol pair of triterpenes which have primary importance among

tetracyclic terpenes.

HaCÿx,
H 22 24 26

Emz1-x H3C.n
Cl L.'H

m Rearrangement 27
17

Hÿl CH3
HO

H3C' CH3 HO

H3C°' CH3 (46)
(41)

Scheme-9

H3C....V...5ÿAÿK
CIS ,,.’H

Rearrangement H

Mr
27

Hÿl CH3
/ i

HO xTEnz

H3C' CH3 HOÿ X
H3C° CHJ(41)

-H+
-Enz-X

H3C.., !..•ÿ*

..,-H

H

!
32

HO (47) Cycloartenol
(Cycloartane)HjC'" $P>

Scheme-10
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Oxidative cyclization of 38 to 41 followed by ring enlargement gives 48.

This can collapse in two ways yiedling either p-amyrin (49) ora-amyrin

(50)1516 (Scheme-11).

Me
Me.

Me .Me
H +l

Me

Me Me Me Me
i i £ i
H Me H Me

:HO' (41)HO' CAMSMe
Me Me

(48)
(Dammarenyl cation)(Baccharenyl cation)

Me

H

i
Me Me H MeMe I Me I H P*Me
ii £
H MeH Me

i= HO'HO'
\H\ H
MeMe Me

(Lupenyl
cation)

ISV Me
_JVIe JnrH J

£

MeI Vlel
Me Me H Me
i i

i iH Me
H MeiHO’

Mi HO' MeMe

/ |Me,Me Me
(Oleanyl cation)

Me
£

Me(Me| A H Me

£ ££ £ H CH3H CHj

• AHO’£HO' (50)\H
Me MeMe Me

(Oleanane series)
p-Amyrin (49)

(Ursane series)
a-Amyrin

Scheme-11: Biosynthesis of p-amyrin (49) and a-amyrin (50)
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Skeletal Modification in p-Amyrin

D:B friedoolean-14-ene (taraxerol) (52), D:B-friedoolean-5-ene (glutinol)

(53) and D: A-friedooleanane (friedalin) (54) skeletons arise directly

from p-amyrin cation (51) involving a number of stereospecific 1,2-

migration along the backbone of the molecule17,18. (Scheme-12).

V

!
H H

€
H

HO' HO'\ %
(51) (52)

Taraxerol

\
V

Me

uuzTL\H
Mewn- HO’

H°
(53)

H (51)

\V

f

Alv
MtH.

° iHO
(51) (54)

p-amyrin cation
Friedalin

Scheme 12
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Lupane and Hopane series

These two small but biogenetically important groups are considered

together for convenience, since both have five membered ring E. The

lupane skeleton (55) originates by the same biosynthetic processes as

the ursane and oleanane skeletons. It is derivable by elimination from

the intermediate lupenyl cation in the biogenesis of p-amyrin19, 20-

(Scheme-13).

M

E

-H+DC

A B I
HO'

(Lupenylcation) Lupeol
(55)

Scheme-13

The hopane skeleton (57) can result from direct cyclization of a folded

squalene molecule without rearrangement. It arises by the attack of

water and HO+ (protonated oxene) on the all chair conformation of

(56)19,20. (Scheme-14).
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B ; c : D ; E

CHAIR: CHAIR : CHAIR: CHAIR
A

CHAIR

o
o o o

o O+
HO

o o
6

1(56)

(ÿOH
T

\ (57)

Scheme-14

Chajr-chair-chair-chair-boat (58) conformation leads to moretenol (59)

whereas chair-boat-chair-chair-boat (60) affords arborinol (61).

: EDcBA
CHAIR I CHAIR ! CHAIR ; BOATCHAIR

H O

HO
o

$A Cl O

o\ o
o

(58)

i H H-H+
i

T
H

iHO'
AH Moretenol ( 59)

Scheme-15: Cyclization of 2,3-epoxy squalene leading to
the formation of a pentacyclic skeletoa

1

285



286Phytochemical Investigation of Alysicarpus monolifer

B : c : D : E

BOAT j CHAIR \ CHAIR ; BOAT
A

CHAIR

O 0 H

QAJM kA-o
B O'o

HO o
(60)

-H+ (11a)

i
| H H

T
n° AA Arborinol (61)

Scheme-16

Non-oxidative Cyclization of Squalene

This type of cyclization is less common as compared to the oxidative

cyclization leading to the triterpenoids. This occurs directly from the all

trans-squalene instead of its 2,3-epoxide. There are only a few

triterpenes which are formed directly from squalene by proton-induced

simple cyclizations e.g. from diploptene (62)21 and tetrahymanol (63)22

(Scheme-17).

b)

Cyclization at Both Ends of Squalene Molecule

The biosynthesis of terpenes such as onocerin (S4)23 and ambrein

(65)24,25 can be explained by involving two independent electrophilic

c)
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\

attacks at both ends of the squalene molecule (Scheme-16). The two

attacks are both oxidative in the case of the formation of onocerin (64).

However in ambrein (65) it is not known whether they are simultaneous

or not (Scheme-18a).

Non-Oxldative CyclixatJon of Squalene

°H
H A H H

i

i
\H \H

Tetrahymanol ( 63)Diploptene ( 62)

Scheme-17

& OH

0 H

T
H

H

& HO
H

Onocerin (64)

Scheme-18; Possible unusual cyclisation modes of squalene
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H+
¥a K

l|

Vr
0 )

V/
i 'OH OH

Ambrein (65)

Scheme-18a: Possible unusual cyclisation modes of squalene

ErgostaneStigmastane

Fig-11

/I
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CHARACTERIZATION OF KNOWN COMPOUNDS ISOLATED

FOR THE FIRST TIME FROM THIS SPECIES.

3 p-(p-Hydroxy-trans-cinnamoyl) urs-12-ene-28-oic acid (74)

Compound (74), mp. 275-280°C (dec.) showed same color reactions as

those of (71). The molecular formula C39H54O5 was assigned on the

basis of the (FAB-MS) (m/z: 601.3875 [M-H]+; (CagHssOs requires

601.3881). The IR spectrum was very similar to (71) except a trans

double bond (997 cm'1). This value is very informative for assigning

stereochemistry of the double bond. The UV spectrum showed maxima

at 312 nm. The 1H-NMR spectrum also showed similarity except a

trans-conjugated olefinic protons at 8 6.30 (d, 1H, J = 15.9 Hz, 2'-Ha)

and 8 7.43 (d, 1H, J= 15.9 Hz, 3'-Hb). The coupling constant for Ha and

Hb showed that the nature of double bond was trans. The general

spectral features of compound (74), closely resembled those of (71)

except for signals of the coumaroyl group in the 1H- and 13C-NMR
spectra, experimental section). The compound (74) was, therefore

assigned the structure 3p-(p-hydroxy-trans-cinnamoyl) urs-12-en-28-oic

acid, which is previously reported from Tripetaleia peniculata26 which

has been obtained for the first time from this species.
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f*HjC,

CH, CH, 'COOH

i
CH,

o

'H»C "'CH,I

(74)
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. Ursolic acid (75)

Ursolic acid (75) formed colourless needles from EtOH, melted at 283-

85°C; [<x]D20 + 62.5° (c = 0.2, CHCI3). The IR spectrum exhibited

absorption band for hydroxyl group (3510 cm*1), carboxyl group (1697

cm*1) and trisubstituted double bond (3050, 1635 and 820 cm*1). It

showed molecular ion peak at m/z 456.3599 (calc. 456.3603) in the

HRMS corresponding to the molecular formula C3oH4803. Besides

molecular ion peak the MS spectrum exhibited other diagnostic peaks

at m/z 411.3640 representing the loss of COOH group. Another

prominent peak at m/z 248.1743 represented typical RDA

fragmentation characteristic of A12-ursene type triterpenes with COOH

group at C-1730. The base peak at m/z 203.1810 was attributed to the

loss of COOH from the fragment at m/z 248.1743.

The 1H-NMR spectrum of (75) showed five tertiary methyls centered at

8 1.20, 1.07, 0.94, 0.86, 0.81 and two secondary methyls resonating at

8 0.80 (d, J= 6.8 Hz) and 0.91 (d, J = 6.6 Hz) were indicative of ursane

skeleton. The carbinylic proton at 8 3.19 was in a and axial

configuration as confirmed by a double doublet (Jax.ax= 10.0 Hz, Jax,eq =

4.5 Hz). The olefinic proton was observed at 8 5.11 as a multiplet.

The 13C-NMR spectra of (75) revealed the presence of thirty carbon

atoms. The DEPT experiments indicated seven methyl, nine methylene,

seven methine and six quaternary carbons. The comparison of this data

with those reported in literature identified (75) as ursolic acid31.
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CHj

!|H3 (Hs COOH

=
CHj

H3C 'ch3

(75)

B-Amyrin (76)

(3-Amyrin (76) formed shining needles from EtOH, melted at 197-198°C;

[a]D25 + 100° (c = 0.21, CHCI3). It gave positive colour reactions of

triterpenes and molecular ion peak at m/z 426.3825 in its HRMS

spectrum corresponding to molecular formula C30H50O (calc. 426.3861).

The IR spectrum exhibited absorption bands for hydroxyl group (3430

cm'1) and trisubstituted double bond (3045, 1650 and 815 cm'1).

The MS spectrum of (76) showed characteristic fragmentation pattern

of amyrin skeleton with double bond at C-1230. In 1H-NMR spectrum

(76) showed seven tertiary methyls being centered at 5 1.02 1.01. 0.99,

0.95, 0.88, 0.82 and 0.80 (all singlets). The carbinylic proton resonated

at 8 3.21 (dd, Jax, ax = 10.2 Hz, JaXiCq = 4.3 Hz) inferring its a and axial

orientation and a multiplet at 8 5.23 was indicative of the olefmic proton.
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The 13C-NMR spectra revealed the presence of thirty carbon atoms.

The DEPT experiments indicated eight methyl, ten methylene, five

methine and seven quaternary carbons. Comparison of the data with

that reported in literature32 identified compound (76) as p-amyrin.

H,C4 0vCH3

OHJ CHS

£
CHj

HjC

(76)

a-Taraxerol (77)

a-Taraxerol (77) on repeated crystallizations from benzene formed

shining needles, melted at 271-72°C; [a]D - 9.85° c = 0.45, CHCI3). It

gave positive Liebermann-Burchard test and violet coloration with

Ce(S04)2 indicating its triterpenic nature. The molecular ion peak in its

HRMS was observed at m/z 426.3836 corresponding to the molecular

formula C3oH5oO (calc. 426.3861). The IR spectrum revealed the

presence of hydroxyl group (3380 cm'1) and a trisubstituted double

bond (3055, 1650 and 815 cm'1).

In the 1H-NMR spectrum, eight tertiary methyl (all singlets) were

centered at 8 0.82 (3H), 0.83 (3H), 0.92 (6H), 0.95 (6H) and 1.10 (6H).

The olefinic proton resonated at 8 5.52 as a triplet (J = 6.7 Hz) while the
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carbinylic proton was observed as a triplet (J = 3.0 Hz) at 6 3.38

inferring the orientation of the hydroxyl group as a and axial at C-3. The

MS spectrum of (77) showed characteristic fragmentation pattern of A14"

taraxerene type triterpenes30.

The 13C-NMR signals showed thirty carbon atoms and DEPT

experiments revealed 8-methyl, 10-methylene and 5-methine carbon

atoms. All these physical and spectral evidences led us to identify (77)

as a-taraxero!33.

H3C

•K, CK, 'CH,

HO'"'
HjC ''CH,

(77)

Lupeol (78)

Lupeol (78) on repeated crystallizations from a mixture of Me2CO-

MeOH formed shining needles, melted at 214-15°C; [a]D20 + 27° (c =

0.02, CHCI3). It gave positive Liebermann-Burchard test and violet

colouration with Ce(S04)2 indicating its triterpenic nature. It gave the

molecular ion peak in its HRMS at m/z 426.3835 (calc. 426.3861)

consistent with the molecular formula C30H50O. The IR spectrum

showed strong absorption bands for a hydroxyl group at 3440 cm'1 and

a C=CH2 group at 3070, 1650 and 880 cm'1.
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The 1H-NMR spectrum revealed seven tertiary methyl groups (all

singlets at 8 1.59, 1.05. 0.96. 0.90. 0.85, 0.76) alongwith a multiplet at 8

4.63 which was assigned to olefinic protons. The signal at 8 3.65 (dd, J

= 4.2 Hz and J - 10.6 Hz) was attributed to a proton geminal to

alcoholic group. Further information about the structure of the

compound (78) was provided by its MS spectrum which exhibited

typical fragmentation pattern for pentacyclic triterpenes of the lupane

series34.

The 13C-NMR spectrum of (78) showed 30 carbon atoms; the

multiplicity assignments of each of these was determined by using

DEPT experiments. The spectral data of (78) was in complete

agreement to those previously reported for lupeol35,36.

CH2
H3C-ÿ/

\CH3 CH3 CH3

CH3

HO1
%

CH3H3C

(78)
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Oleanolic acid (79)

Oleanolic acid (79) formed colorless needles from MeOH, melted at

305-306°C, and showed [a]D25 + 78.9° (c = 0.07, CHCI3). It gave

positive color reactions of triterpenes. The IR spectrum showed

absorption bands for hydroxyl group (2540-3400 cm'1), carbonyl of the

carboxyl group (1700 cm'1) and trisubstituted double bond (1660 and

820 cm'1). The molecular ion peak was established by HRMS at m/z

456.310 corresponding to the molecular formula C3oH4803 (calc.

456.3603). Besides the molecular ion peak, the MS spectrum showed

other prominent fragment ion peak, at m/z 248.1773 (C16H24O2),

203.1840 (C15H23), 133.1025 (C10H13) which were characteristic for A12-

amyrin skeleton30,37.

The 1H-NMR spectrum of (79) showed signals for seven methyl as

singlets at 5 0.89, 0.90, 0.91, 0.97, 0.98, 1.03 and 1.12. The signal at 5

5.24 (1H, t, J = 3.4 Hz) was due to the olefinic proton while proton

geminal to the hydroxy group was observed at 8 3.60 (1H, dd, J= 4.1 &

9.9 Hz).

The 13C-NMR assignments of various carbon atoms were substantiated

by DEPT experiments which revealed the presence of seven methyl,

ten methylene and five methine carbon atoms. The physical and

spectral data of (79) were in complete agreement to those reported for

oleanolic acid38.
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V.CH3H3C,

\CH3 CH3
COOH

CH3

HO

CH3H3C

(79)
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Betulin (80)

Betulin (80) was isolated as colourless crystals, m.p. 251-252°C; [ajo25

+ 20.4° (c = 0.42, C5H5N). The HRMS exhibited the molecular ion peak

at m/z 442.3814 corresponding to the molecular formula C30H50O2
(calcd. for C30H50O2 442.3810). IR spectrum showed absorption bands

at 3430 (OH), 3070, 1635 and 880 (terminal methylene group). The

EIMS of (80) was characteristic of lupene type triterpenes and exhibited

peaks at m/z 442 [M]\ 424 [M-H20]+, 409 [M-33]+, 234, 220 and 207,

which are diagnostic for pentacyclic triterpenes with an isopropenyl

group [110].

The 1H NMR spectrum displayed signals for an isopropylene function (8

4.68, 2H, m and 1.68, 3H, s) and five tertiary methyl groups at 8 0.87,

0.98, 0.92, 0.98 and 1.02 (3H, each, s). The spectrum showed a signal

due to carbinolic proton at 8 3.75 (dd, J = 10.6, 4.2 Hz). Chemical shift

and coupling constant of this signal allowed the p-and equatorial

configuration of hydroxyl group at C-3. Further signals at 8 3.81, 3.42

(1H, each, d, J= 11Hz) were ascribed the hydroxymethylene group.

The broad-band and DEPT 13C-NMR spectra supported the above

substitution patterns and revealed the presence of six methyl, twelve

methylene, and five methine carbon atoms. The physical and spectral
\

data of (80) were found in complete agreement with those published for

betulin39,40.
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P-Sitosterol 3-O-p-D-glucoside (81)

p-Sitosterol 3-O-p-D-glucoside (81) was obtained as colorless crystals

m.p. 279-280 °C; [a]D25 - 14.5° (c = 0.32 MeOH). The HRMS indicated

the molecular ion peak at m/z 576.3051 consistent with the molecular

576.3021). The IR spectrum showedformula C35H6o06 (calcd.

absorptions bands for hydroxyl group (3460 cm'1) and trisubstituted

double band (3050, 1650 and 815 cm'1). The fragmentation pattern in

the mass spectrum of compound (81) was characteristic for sterols with

double bond at C-541.

The 1H-NMR data showed close identity of (81) to that reported for p-

sitosterol42 except additional resonances at 6 5.33 (1H, d, J = 7.2 Hz)

for anomeric proton, and signals between 8 3.82-4.42 (sugar protons).

On the basis of above evidences, comparison of 13C-NMR data with the

published values43,44. Co-TLC, and mixed mp. with an authentic

sample, the structure of (81) was established as p-sitosterol 3-O-p-D-

glucoside.
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