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PREFACE

The main focus ol the work described in this thesis 1s on the design of
molecular systems that mimic key biological functions like molecular assembly
and disassembly. The thesis is divided into two parts (Part I and Part 11}, each of
which 1s again sub divided into. A. Introduction, B. Background, C. Present
work. D. Biological studies, E. Experimental, F. Spectra and G. References,
related to each topic.

Part | describes our endeavours to design clathrin models, where
non-covalent self organization play an important role in the formation of
polyhedral lattices. Vanous supramolecular synthons were envisaged for bringing
about the assembly, which include 1) the directed organization of N-amino
maleimde, i) mellitic tris-N-amino imide, 111) hydrocarbon analog of mellitic tns
N-amimo imide 1v) ligand directed assembly of peripherally hydrogen bonded
mellitic acid hexa amidated systems v) 1onic assembly of mellitic acid salts and
vi) the metal directed assembly of the cyclic hexa peptide, Cyclo-
[Glu(yOMe)Gly),. Various experimental findings during the course of synthesis
of these systems are descriBed here. Even though the goal of 'self assembled
polyhedral lattices' remained elusive, the idea of sphencal assembly has been

secured, although in a left handed manner, by the synthesis of methionine based



mellitic acid-hexa amidated system, and demonstrating its assembly on a gold
clectrode, thereby providing scope for creating a spheroidal surface on colloidal
gold. This section also describes the cytotoxic studies on the RuVIil oxidation
product of Trindane. All the compounds are characterized by detailed spectral
studies.

Part 1 of the thesis demonstrates the concept of exchange mechanisms in
bringing about molecular disassembly. Various redox systems of the type
Ar-S-S-Ar, having different amino acid appendages (Ala, Val, Aib, Pro, Phe, Ser,
Met, Trp, His etc.) were synthesized for zinc ejection from the active site of
RNA polymerase, the key enzyme involved in gene expression. The synthesis
and characterization of all compounds are described in detail. The fragmentation
of Ar-S-S-Ar systems to isothiazolidene-3-ones were observed in the case ~f
amino acids which have a proton source in the side chain (eg. Threonine, serine,
tryptophan, histidine etc). Tethered Ar-S-S-Ar systems based on cystine was
also synthesized for understanding the steric factors which affect the exchange
processes. The inhibitory ac_’don of these compounds on RNA polymerase were
studied by evaluating the percentage loss of activity of the enzyme in gene
expression, taking Calf thymus DNA as the template. Significant inhibition of

transcription was observed with several of the compounds studied.
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ABBREVIATIONS

(1) All amino acids are represented by the standard three letter codes (e.g.
Glu-Gly represents a peptide formed from the amino acids, glutamic acid
and glycine) or standard one letter codes (e.g. G for glveme and E for
glutanmic acid)

(2)  Standard abbreviations, s, d, t, q. m, dd. represents singlet, doublet, triplet,
quartet, multiplet, and doublet of doublet in the NMR spectral assignments

Other abbreviations used in the thesis are as tollows:

ay : aqueous

Ar . aromatic nng

Bog s tert-butyloxve wbonyl

BOP . benzotriazol-{-yloxy -tris{dimethylamino)phosphonium
hexafluorophosphate

Bzl . benzyloxycarbonyl

DCC . dicyclohexylcarbodiimide

DMF . dimethyl formamide

DMSO :.dimethyl sulfoxide

EtOAc - ethyl acetate

FAR MS - fast atom bombardment mass spectroscopy

FT - fourier transform

3 _gram

GC - gas chromatography
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mCPBA
MeOH
ml
Mp.
MS
NCp
NI,
NMR

NOE
OMe/OCH,
PAF

PG

POPOP
ppb

ppm

Py

ROESY
satd.
TFA
TGI

TLC

. cell growth mhibition by 50%
: hour

. infra red

: meta chloro perbenzoic acid

. methanol

: millilitre

: meltmg pomt

1 Mass spectroscopy

: nucleocapsid protein

- tnethylamine

: nuclear magnetic , esonance

: nuclear overhauser effect

. O-methyl ester

: platelet aggregation factor

. percentage growth

. 1,4-bis(5-phenyloxazol-2-yl)benzene
. parts per billion
: parts per million
: pyndine

: rotating frame overbauser effect spectroscopy
: saturated

: trifluoroacetic acid

: total cell growth inhibition

: thin layer chromatography



PART L

MOLECULAR ASSEMBLY: CLATHRINS - AN INSPIRATION FOR
THE GENERATION OF CLOSED MOLECULAR SURFACES BY
NON-COVALENT SELF ORGANIZATION



LA. INTRODUCTION

A decade before the discovery of fullerene [C-60], a system with identicat
topology. called clathrin was known to biologists. These, aggrandized by the
simple module triskelion, consisting of three each ot heavy and light chan
proteins. plav a pivotal role in endocytosis, a critical cell function. Clathrin
assembly 18 a more exciting phenomenon, since the required spherical topology
ts created entirely by reversible |, non covalent interactions. Endeavours reported
here {Scction 1.C| pertamns to the crafting of sphencal surfaces by non covalent
self assembly, as a first step towards the understanding of clathrin assembly. The
goal remamed elusive, though much interesting chemistry was generated. The
goal has been secured, although in a left handed and serendipitous way.

The narration falls into four categories. In the mitial design, the sphencal
assembly was conceived by the generation of a 18 atomn equatonal region by the
formatton of 12 hydrogen bonds of constructs anchored on an aromatic core. This
is followed by the crafting of systems that assemble on a gold surface through
ligands that are anchored on a hydrogen bonded periphery. Several types of ionic
self assembly are illustrated that are anchored on the mellitic acid core. Finally

models were constructed that could mimic the formation of triskelion assembly

that involves the congruence of 12 carboxylic groups,



1.B. BACKGROUND

The crafting of surfaces by self assembly involving non covalent bonds 1s
an area that has received attention in the recent past and has led to profound
developments in diverse areas and has enabled the simulation of highly
complicated biological events. As a brief background to the present work,
illustrative examples are presented, that would have a bearing on the work
reported in the thesis pertaining to studies on the preparation of clathrin models .

Endeavours in this area can be summarized briefly as follows.l) General
principles 2) Self assembling compiexes 3) Intra molecular networks 4) Amide
networks and 5) Selected illustrations. Only those macromolecular structures
arising from the involvement of hydrogen bonds are presented.

1) General principles

During the past few years, a growing volume of information is available,
pertaining to assembly by .hydrogen bonding. Efforts have been made to arrive at
broad guidelines that could lead to these assemblies. The situation is somewhat
like that in organic synthesis, which became quite organized with the introduction
of 'synthons' and 'retrosynthetic analysis'. Networks anising from hydrogen
bonding or almost all its manifestations, can be analyzed in terms of modules 1 -

11 presented in Chart [.B.1.' The examples presented in Chart 1B.1 are

L2
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designated eithier as tigand donor (D) or Ligand acceptor (A). In most cases, the
heand s 11 and here only established hgand donaors (O, W) are listed. One could
see from Chart 1.13 1 that, with a donor - acceptor critena. a primary ordering of
hvdrogen bonded structures can be achieved. For example. the complex from
melamine and barbituric acid.' shown in Chart 1LB.2 is of [D A D] melamine {A
D Aj barbituric acid tvpe. The melamine cvanuric acid system presented in Chart
[B.3 could be used as an illustration as to how such hydrogen bonded
noncovalent assemblies can be regulated to produce a desirable type of surface.’

The assembly involved here 1s of the D A D melamine. A [) A cyanuric acid

type. The dimer unit in 12 (Chart 1.B.3) can be

N_ _N__N
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NH" h “Hy,
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abbreviated in terms ol discs as shown. The concept of such disc assecmbly has
led to methodologres for designing and cratting of a desired surtace based on the
fundamental {D A D] - [A D A] assembly. An exccllent illustration of this ts
shown in 13 (Chart 1.B.3) where a tethered melamine unit is elegantly recognized

by cyanuric acid to provide a three dimensional surface.

H
1

. N_~-O
H. .H' s hi cyanuric acid
N

N NN,
N L -
O

Ha JL ;L A melamine

Chart LB.3. R'= (CH72)2C(CH3)3. X = NR' (neo-hexylisocyanuric acid)

i



|
2) Self assembling complexes

The design possibilities whereby carefully placed hydrogen bonds form

assemblies leading to  surfaces of vanious profiles is a challenging and useful
exercise. In one of the early illustrations,” compound 14 was shown to form a
dimeric molecule 15. promoted principally by the formation of 8 hydrogen bonds

as shown in Chart i.B.4. The resulting supramolecule produces an open cavity,

| which has been shown capable of harbouring small molecules like

5 8
HN™ N N NH
Ph—Ph Ph——¢Ph
HN_ N N_ _NH
il )i
0 0

S H  H N
TH T ST
| 110 o | M
e
e (j}/N
N
N N

1S

Chart 1.B.4. Self assembled molecular Tennis ball. Phenyl groups are not shown
in 15 for clarification. The sphere represents guest molecule like methane



methane, This provides sulficiem evidence 1o show that @ small number of
hvdrogen bonding interactions can, b carclully chosen, offset the disadvantages
mposed by entropy, pertanuing o ordering of molecules which are tuned for
dimerizaton. The work presented here also is based along these expectations
The turnmg point in the design of these structures. lfeading to a better
comprchension ot their potental. came from the proton tnagered self assembly
process of the cvelic peptide evelo-[-(D-Ala-Glu-D-Ala-Gln),-] (16, Chart
[B.3)" Here. the proton triggered assembly is highly convergent, wherce
numeraus ring shape peptides are stacked through an extensive network of
hydrogen bonds, to Torm nanotube structures. The design has been so made that,
the presence of the glutamic acid side chains makes the triggenng of the
assembly process possible by adjustment of pH. In alkaline solution. the
glutamate side chains. move against each other by electrostatic repulsion, thus
not making the thing favourable for intermolecular mteractions. However,
lowering of the pH. makes these glutamic acid side chains reach for each other
and 1n this process. provide a splendid opportunity of the sub units to stack in an
anti paralle! fashion and participate in a back bone to back bone ntermolecular
hydrogen bonding to produce a contiguous B sheet structure as shown m Chart
1B.5. Indeed, under acid conditions, the assembly leads to rod shaped crystals.

Subsequent developments have enabled the demonstration of such nanotubes in



HO

W%(]{/“\ 2\ Ii
<] . N
/W?"*J ; R

Flurt LB.S.



)

spegific transport of small biomolecules like glucose and that, related designs
could be embedded in membranes to generate transmembrane channels ™

More recently, the design ot such nanotubes has been exceptionally
simplified by cratting them from cvstine diOMe and methvlene chain [Lo-
isocyanates (17). X-ray crvstallographic studies have shown that they form
elegant channels as shown in Chart 1.B.6. Thus. the molecular assembly by such
stacking interactions, generate a wide range of possibilities enabling crafting of

surfaces of designed description.

Chart L.B.6.
|



3) Intramolecular networks

An area i sell assembly using hydrogen bonding which stull needs
attention 1s that pertaming to intramolecular hydrogen bonding. The concept of
the addition of aromatic ning created by hydrogen bonding n o-hydroxy
acetophenone, when extended, can lead to a vanety of arrays and facets of this
are related to the present work.

Placement of appropriate contiguous donor - acceptor pairs around a
pericycle would be the simplest mode for the generation of surfaces by hydrogen
bonding. This 1s best illustrated with the symmetrical three fold acceptors of a

substituted triamino benzenc® (Chart 1.B.7. 18-23).

NO, SO,R
H,N NH, H;N NH,
O;)N NO, RO,S SO32R
NH, H R=CF3: 19
’ NH, R = CH3: 20
18 R=Et :21
SO,CH; SO,CF;
H,N NH, H,N NH,
F3COQS NOZ . 02N N02
NH, NH,
22 23

Chart 1.B.7.
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A basic property of such svstem s that, due to the statnlization ansing
with substitution, (he 3 donor-3 acceptor svstem have their o efectron density

shifted from the benzene core as shown in Chart {.8.8.

@ N
D 0D A
A A O/\*A@ ot D D oF
D ) D, e . \ .
D @) @ A I A -
/
A & o
Benzenoid Radialenord Octapolar charge distribution
Chart [.B.8.

The substitution of the acceptor moiety in these systems can be used as a
control in engineering the crvstal structures. (n simply alkyl substituted sulfonyl
compounds, like 20 and 21 no laver structure was observed, wath the molecules
“as dimers orthogonally arranged. In sharp contrast. substitution of the hydrogen
with fluonne leads to layer structure, the tilting of which can further be
controlled by substitution. In general, a characteristic feature of donor - acceptor
arrays around a benzene pericycle leads to compounds where one sees intra as
well as intermolecular arrangements as  shown in Chart 1.B.9. An element of
control in their arrangement can be introduced by appropriate substitution. The

crystal structure of 18 has been studied by two groups.®’ In the earlier version,



the notable feature was reported as one where the T charee of the aromatic ring
was totally taken outside. resulting m a radialene tvpe ot structure and the
periphery consisted of the expected 6 hvdroeen bonded pattern as shown in
Chart [.B.9. A morc recent exammation of tihs compound have further revealed
that the compound 18 cxist as two  polvmorphs” of which one s
noncentrosymmetric. Thev form eraphue hke structures of approximate trigonal

symmetry of the pattern shown i Chart 1 B.9.

Chart LB..



The comparison of this compound with that of graphite brings out above
all, that the mtramolecular hydrogen bondings that constitute the laver is like the
covalent bonds in graphite that surround an aromtic ring The stacking m these,
as seen In graphite structures anses from interaction between lavers which s
substantially weaker.

The strong intramolecular hydrogen bonding m  ortho-hvdroxy  nitro

~ benzene is also secn in the case of 4.6 dinitro resorcinol ( 24, Chart 1.B3.10). Fere

the donor acceptor pairs arc symmetrically arranged around the vertical axis of

the benzene nng. The structure deternuned by gas phasc clectron chffraction

 brings out the significant result of very strong resonance asststed imtramolecular

' hydrogen bonding.® The compound 1s highly symmetrical and planar and in some
Iways could be considered as a hetero analogue ot anthracene.

Dimethyl-3,6-dichloro-2,5-dihydroxy terephthalate presents an interesting

| case of possibilities with reference to the formation of intramolecular hvdrogen

Ilbonded networks® (Chart 1.B.10). The compound exist in two crystallographic

Iforms, the yellow one, which on heating goes to the white form. Detailed
l
crystallographic studies have shown that the yellow form could be represented as
i
28 where the expected intramolecular hydrogen bonding of the hydroxyl to the

proximate ester group is secn. On the other hand, the white compound 15 one



where hydrogen bonding exist between the phenolie hydroxvls and the chlorine

atoms (26).
-(ij H
Q;N
H-q
H
24

Chart 1.B.10.

The concept of cratting core anchored hydrogen bonded surfaces presents
infinite possibilities Thus simple dissolution of tris(4,5-dihydroimidazo-2yl)-
benzene (27) with three equivalents of trifluoroacetic acid provides compound
28, whose X ray structure clearly shows the peripheral hydrogen bond
networking (Chart 1.B.[1)." In this concept, a peripheral hydrogen bond
networking i1s achieved by using an auxiliary such as trifluro acetic acid. Such
approaches can, not only lead to greater tlexibility in design but also could make

!
the synthetic procedures easier.



CI'3COOH (3 equiv.)

28

‘ Chart LB.11.



4. Amide netwaorks

Historically_ the transformation of ammonium socvanate to urea marked
the preparation of naturallv occurring substances by synthesis. Indeed. w the
context of formation of hvdrogen bonding networks. the comer stone 1§ still the
urea molecule whose hvdrogen bonding possibilities as well as s verv numerous
analogs have been extensively studied. The networking formed by anide bonds
have been examined from diverse perceptions. Basic to this wut is the presence
of a donor - acceptor par. As has been pomted out carlier. even with such a
simple unit, Wt 1s possible to cratt with conbidence, a variety of mtricate structures.
The possibilities 1n this direction have been extensively covered'' and in this
section. only highlights pertaiming to the present work are presented.

A very clegant example which shows that highlv bhvdrogen bonded
surfaces can be crafted from very simpte amides 1s that shown in Chart 1.B.12
relating to oxalamide.’* The hvdrogen bonded networking as shown in 29 cxtends
in two planes. making maximum opportumity for the hyvdrogen bonding
possibilities. Recent studies on the telomeric ends of chromosomes have shown
that they are composed of quadncolumnar stacks of (G4 surfaces that could keep
potassium and sodium ions. thus performing a very key biological function,
namely, the sealing of the chromosomal ends. As could be seen from 30 (Chart

1.B.12), the amide tvpe of hydrogen bonding is the core of the G4 motif which (s

{6



perpherally stabshized by N-Ti---N hvdrogen bonding. torming exquisite frame

work. which could well be a mode) for the desian of other complex structures.

An excellent example where diustrations can he made for predictable

properties (n crvstal and solution structures is provided by the snaple anudes

ansing trom linking of the pvndone unit with an acetyvlene. It was predicted. as

shown in Chart 1.B.13. that the anti compound would form a hvdrogen bonded

surface as shown in 31, and that the syn compound would not be able to torm

such a compound and therefore it would lead to a linecar polvmer (32).

Interestingly, thesc expectations were shown to be true both in the crvstal state as

well as in solution'*.

Chart 1.LB.12,
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S. Selected illustrations
Amphiphilic  hydrogen  bonding  networks — consisting ot alkylated
melamines and anunonium hecad group appended cyanuric acids are stably

dispersed in water as supramolecular membranes' (33, Chart 1.B.14).
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In the course of sacharide metabolism, the sugars are transported through
ular membranes. Natwe has evolved elaborate proteins tor this transport, a
| /ndtable one being the L-Arabinose binding protein (ABP) whose crystal structure
clearly showed that the recognition mainly arises {rom snteraction of each of the

’ hydroxyls and indeed, this recognition is generally brought about by the

| {gide chains of planar amino acids like arginine, asparagine, aspartic acid and




glutamic acid”. A profile of this mteraction is shown in Chart 1.B.135. 34, That

invitrosystems can be crafted based on this concept s demonstrated by the fact,

complexatton of Phloroglucinol can be achieved bv a designed receptor as

shown in Chart [ .B.15, 35,

Chart LB.15.
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Metal ion anchored hvdrogen bonded networking can lead to matenals
which could have propertics similar to zeolites and  this aspect has been
iltustrated m Chart 1316 ¢ 36, 37)." 1.3, 5-benzenetncarboxylic acid (BTC) on
reaction with mctal acetates (Co. Nio Zn) Jeads to  tetra hvdrate coordinated
benzenctricarboxvlates that are hvdrogen bonded to give a tightlv held 3D
networks, which, as shown in Chart 1.13.16. on heating, gives up loosly held
water ligands. [he voids thus ereated produces channels which have sufficient
pore diameter closc to that obscerved m zeolites and molecular steves. The

particular arrangement shown in Chart 183,16 can include ammonia. The uptake

and loss of water are reversible,

1 v
37
A - 1,3,5-benzene tricarboxylic acid

M = Metal



Compound 37 represents an interesting situation where an aromatic
template and a metal core are held to produce macromolecules whose design can
be widely varnied to produce channels that could have simple or complex
properties.

The two arms of amide arising from benzene 1.3 dicarboxylic acid and
2-amino 6.methyl pyridine hie at an angle to each other. This aspect has been
very elegantlv taken advantage of. to craft a self assembling hydrogen bonded
helix using a 1. .w—-dicarboxylic acid like pimelic acid which could comfortably
complex with alternating arms of the amide (38) as shown in Chart [.B.17. Thus
crystallization of a mixture of 38 and heptane dioic acid (pimelic acid) afforded
crystals composing of alternating units of 38 and pimelic acid linked by a

netwotrk of hydrogen bonds (39). Interestingly, the U turn shape of 38 enforces

an overall helical arrangement on to the strand'’.

_~NH HN Pimelic acid 07/©
¢ 7 !

mem— NH ...... 0]

38 A Ld

(Chart LB.17 VA Ld”
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1.LC PRESENT SWORK

A decade before the discovery of fulferene. a svstem with identical
topology. called clathrin was known to biologists {Fig LC.I(ab)]. These.
apgrandized by the simple module, tnskelion. consisting of three cach of heavy
and light protein chains [Fig [ C.1(c-g)], play a pivotal role wn endoevtosis, a
critical cell function." Clathrin assembly s a more cexciting phenomenon, since
the required spherical topology 15 created entirely by non covatent interachons. A
comparison of the profiles of fullerene and clathrin presented m Table 1.C.1
dramatically tllustrates the complexity of clathrin assembly. The triskelions
assemble at pH S - 6 and disassemble above pH 0. The crafting of spherical
surfaces by non covalent assembly would be an appropriate starting point in the
understanding of much more complex clathrin assembly.

A 3 dimensional retrosynthetic strategy was developed towards the
construction of spherical surfaces by non covalent assembly, the comerstone of
which was the formation of the spherical equatorial girdie consisting of 18 atoms
in one step motivated by the genesis of 12 hydrogen bonds. Starting from simple
N-aminomaleimide, aggrandization of six units of which can genecrate a spherical

assembly, entropy constraints were increasingly imposed to promote the critical

assembly.



Fig. LC.1

Ao Clathrin cage (2 1A O resolution)

b. SEM pictures of Clathrin formation from triskelions



terminal
domain hoavy

distoal

d

Packaging of triskelions (¢) to hexagonal lattices (d)

D &)

f
g

Examples of the geometry of clathrin cages. Each cage has 2 pentagons in the polyhedron.

iStructures e, f, and g comtain 4. 8. and 20 hexagons and are built from 28, 36, and 60
triskelions, respectively, thus giving shells of increasing size. Structure g is probably the
Imﬂw poltyhedron likely to be abfe to accommodate a vesicle

tb LC.1 Continues....
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Table LC.1. Comparison of Clathrin with fullercnce

FULLERENE CLATHRIN
NODES 60 60
HEXAGONS 20 20
PENTAGONS 12 12
*"BOND?” C-C {i-NH-CH(R.)-CO-lg0}s
"BOND LENGTH" 131 A ~ 3000 A

"BOND ENERGY” 5 x10? kJ/mol 5 x 10° kJ /mol



hual endeavours wt the crafting of spherical surfaces by non covalent
assembly were based on a three dimensional retrosynthetic analysis ot such
models wherem the equatorial region 1s assembled by the formation ot twelve
hydrogen bonds. The simplest example that surtaced {rom such an analysis 1s the
directed alignment of six N-amino malennide wmts as shown in Chart 1L.C 1 to
provide potential for formation of a closed spherical surface. Thus, this simplest
approach enwvisaged the preparation of N-amino malemude and its assembly,
including those chrected by the metal directed complexation of © bonds as shown
i Chart | C. 1.

The preparation of N-anuno maleimide has been reported 1n literature by
reaction of Boc carbazate with maleic anhydride. followed by deprotection by
methanolic HCI.*" However, monitoring the reaction by MR clearly showed
that the expected N-Boc maletmide 1 was absent as evidenced by the appearance
of the olefinic protons as doublet. Subsequent expertments showed that the
product reported earlier was not 1. but the ring opened carboxylic acid (vide
infra). This suggested that the water formed in the reaction was leading to the
rapid decomposition of 1. This was confirmed by performing the reaction in
presence of molecular sieves, where the expected 1 was obtained mn 52% yields
(Chart 1.C.2). The structiral assignment for 1 ts tully supported by spectral data

mcluding X-ray structure. The suggested refercnce * - deprotection with
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methanolic HCT m fact led to the methanofvsis of 1. followed by deprotection to
compound 2. whose structure s fullyv iy agreement with the spectral data (Chart
.C.2)

Unusual propertics of the compound 1 were revealed by a detailed study
of its FAB mass spectra. The FAB mass(+ ve) spectrum showed presence of the
parent 1on at m/z 213 and a dimer at 425 as well as a tnmer at 637, In addition,
the fragmentation ot 1 by loass ol isobutylene and CO. was also seen i the mass
spectra. The formation of dimeric and trimeric species was confirmed by mass
spectrometric doping cxperiments using hthiunm perchlorate. which led to strong
presence of lithium complexed monomer. dimer and trimer at respectivelv 219,
431 and 643, with the complete absence of the parent species, thus indicating
total metal 1on complexation as shown in Chart 1.C 2.

Compound 1 crystallized from LtOAc-hexane to atford rod shaped crvstals
whose single crystal X-ray analvss. presented m Fig. [.C.2. was unexceptional in
the sense that the expected intermolecular and intramolecular hydrogen bonds
involving the amide bonds were absent. However, the umt cell packed two
molecules, which highlighted the close proximity of the hydrophobic Boc

groupings. The selected interatomic parameters from the crystal data of i are

presented in Table 1.C.2,

3
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Fable LC2 Inter atomic pavameters trom the crystal data of |
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The dithicultics i the  preparation of  N-aminomaleimide  should  be
contrasted with the case with which the N-amino phthalimide could be prepared
most casily from phihalimide and tlhvdrazine ™' Alternately. it was shown in the
present work that the reaction of phthalic anhvdrnide wath Boc carbazate gave the
expected Boc protected N-aminophthalimide (1a, Chart 1.C 2) in excellent vields.

In view of the ditficulties relaung to the preparation of N-aminomaleimide,
the replacement of the three units ot N-aminomaleimide, whose alignment is
envisaged i Chart 1.C 1, wath an aromatic anchor appeared attractive. Thus. the
bridging of the three © bonds would naturally lead to system where the threc
units of N-aminomaleinide are locked. An analysis like this shown in Chart 1 C.3
led to the identification of benzene- hexacarboxylic acid (mellitic acid)
tris-N-amino nmide, whose dimerization could lead to closed swrtaces as could
be seen.

Benzene hexa carboxylic acid (4) 1s reported to undergo transformation to
the tris anhydride on refluxing with Ac,0.** Following this procedure, the
putative tris anhydnde was reacted with Boc carbazate with the anticipation that
the desired amino protected compound would be formed. In the event, careful
chromatographic analysis follcwed by mass spectrometry revealed the formation
of the compound 3. arising from umnide formation involving the 1-2 & 4.5

carboxylic acids (Chart [.C 4). In view of this result, it 1s proposed that the
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reacthion of 4 with Ac.O docs not lead to the tris anhydrde. but to a bis anhydnide
with two carboxy | aroups iy the peri positions activated as mixed anhydride with
Ac.O.

An alternate route o the melliie acid tris N-anunoinmde  envisaged
pyrolvsis of the hexa ammomum salt 1o the tris nmde as reported in the literature
? lollowed by amination with hydrazine. The reaction of mellitic acid with
ammonia o THE led to precipitaton of  the ammonium salt (6). which
decomposcd on heating, i contrast to the reported transformation to the tristmide
at 144 - 130°C. Tn the cvent, the rcaction aftorded the sole product dimide 7
arising from decarboxylation of the pericarboxyl groups (Chart 1.C.4). These
results agamn indicate a non sequential preference ftor the second mide /
anhydnide, thus making the formation o« the tris unide by this approach not
feasible.

To obviate the above problems. a hydrocarbon equivalent of the mellitic
acid tns N-aminonnide was envisaged. Thus trindane. tris cyclopentanobenzene
8. (Chant [.C.5) could. in principle be restructured by sequence - oxidation of the
six benzyhc positions. oximmation of the bridge methylenes and reduction, to
provide the carbon analog of benzotris N-amino maleimide, that could dimerize
to a spheroidal surface. Detailled MNDO-5 calculations showed that such

dimenzation is feasible, leading to the closed surface envisaged in Chart 1.C.6.
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Chart L.C.6. 'MNDO' Picture of the dimeric assembly shown in Chart 1.C.S
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Cyclopentanone on reflux with cthanol contaming con. H.SO, atforded
trindane in ~33% vields. This unusual reaction, though reported earlier,* has
been standardized in the present work to give optimum vields. The reaction
proceeds by tandem aldol condensation as shown in Chart 1.C.7.

The reaction of 8 with bromine under illumination atforded the
hexabromide 9 in 68% vields whose properties were similar to that reported
earlier.™ In connection with studies on the synthesis of multi iron ferrocene,
harboured on a single anchor. 9 has been converted to trindene (10) as a mixture
of isomers,” by reaction with zinc in DMF. In the event. this reaction was
capricious, offering a modest yield of the deswred product 10. The 9 — 10
transformation most likely procecds through a 1 - 4 elimination mediated by zinc
followed Uy tautomerization. As shown in Chart [.C.7, it was envisaged that
compound 10 could be transformed to the tris epoxide 11, which on an
electrophilic rearrangement ought to afford the desired non-conjugated trione,
which could be further elaborated. In the event, the reaction of 10 with mCPBA
in CH,Cl, afforded the desired tns-epoxide (NMR) which was treated with
BFI,.EtZO in dry benzene. The IR spectrum of the resulting compound suggested

s presence of a conjugated carbonyl group, therevy demonstrating that a

yugated carbonyl compound 12 was formed (Chart 1.C.7).
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Inttiallv. 1t was envisaged that the compound 9 having $ix bromines in
benzyhic positions could be subjected 1o treaiment with DMSQ), Teading to. m one
step. the corresponding ketone (Chart [.C.7). The reaction in the event led to
intractable mixtures

Numerous attempts were made to effect the oxidation of trindane (8) at the
benzvlic positions. These included photosensitized oxidation (methylene blue),
Fe/Ni - isopropy] aldehvde oxidizing svstem cte. The reaction gave complex
mixtures of small amounts of oxidized products, which. as per GC MS indicated
the presence of only upto three carbonyl groups.

In view of the inability of the usual oxidizing agents to bring about the
desired transtormation of tnindane, the usc of more powerful oxidizing agents
were explored. In terms ot volt equivalents RuO, 1s next only to ozone m terms
of oxidizing propertics. The former reagent has been extensively used in the
oxidation of a widc range of substrates.™® [t was hoped that RuQO, would be able
to bring about the desired oxidation of trindane in the benzylic positions. The
reaction of 8 with in sitr generated RuVIIH species (Chart 1.C.8) aftorded no
product arising from benzylic oxidation, but consistently gave in ~ 15% yields a
crystalline compound, mp. 148-150°C. The "C NMR spectrum coupled with
DEPT studies suggested that the methylenes were intact and showed presence of

two types of carbonyls. The FAB (normal and negative ion) mass spectrum
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showed o molecular weight of 314 Elemental analvsis was consistent with a
molccular formula CHL,0, which when compared to the starting  trindane
(C, 1,y amounts 1o mtroduction of seven oxygens. 'I'he FT IR indicated presence
of hvdroxyl groups. cyclopentanone and another carbony! peak at 1709 em™ .

Swingle crystal X - ray analysis revealed the structure of the oxidation
prodiuct as 13. The crystal structure of 13 and (he sclected inter atomic
parameters are presented in Fig. 1.C.3 and Table 1.C .3 respectively. All the bond
distances and angles are within normal statistical ervors. The three five membered
rings are puckered.”’

A plausible rationalization of the 8 — (3 change. where the oxidation has
been contained by the periphcral methylenes, is presented in Chart 1.C.9.

The basic trame work of 13 is similar to that of ginkgolides **, a class of
cytotoxic substances having therapeutic value. The one step transformation of
hydrocarbon tnndane to such condensed. highly oxygenated systems is
notewo_nhy.

The resemblance of 13 to sugars was highlighted by simultaneous 1solation
of 14, by replacement of the anomeric hydroxy! group during workup.

The nature of 13 would need the oxidation of each carbon centre o1 the
aromatic nng. However, the scquence of events envisaged in Chart [.C.9 i1s

largely notional. The step leading to cis hydroxylation, envisaged as the first step,
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Tabie LC.3. Inter atomic parameters from the crystal data of 13

Bond lengths (A 0) Bond angles (deg)
o;-.; 1.21347) &s-Cc7-C11 110.
O2- 1 1.20(1) 01-C1-02 122.
C¢3-C5 L.385(7) OL-CL-C2 112.
C1-C% 1.4261{(7) 02-C1-C2 24,
C5-C.0 1.435(8} Cl C2-C3 113.
Q6-C15 1.202 (8% -C3-Ca RIS
07-C3 1.419 (7 c3 c1-C5 111.
Q7-C11 1.4635(6!) C3-C5-07 11D.
C1-22 1.50{1) 03-Cs-Cd 108.
C2-C3 1.3523(8) 03-C5-C6 $10.
C3-2 1.525{9) 07-C5-CA 109.
Ca-C3 1.824(7) 07-C5-C6 102,
C5-C35 1.550(8) C4-C5-C8 Lls.
C5- Q? 1.468(9) 0z-~Cs5-C5 110.
C5-210 1.554(7) C4-C6-C7 109
C7-C3 1.520(9) 04-C6-C10 112,
C3-CY l_Sﬁ( ) C5-Ce-C7 l1l6.
C5-Ci0 1.53 (> C5-C6-C10 1C4a.
Cl0-C1y 1.59 (. C7-C6-C10 103,
Cll‘\,t? ‘.5 1 d) C6‘C7*C8 104.
ClL-C5 1,54 (1) C7-C8-C3 103.
Cl2-C1i3 1.53(1) C8g-Cs-Clo 106.
Cr3-Cra 1.51(1) 05-Cl10-C6 112.
Cis-C1i5 1.509¢(9) 05-CL0-CS 112.
0s-Clc-C11 104.
C6-Cl0-C5S 105.
Cs-ClC-C11 1C1.
C9-C10-C1y 118.
Q7-CL1-C1i0 106.
C7-C121-Cl2 110.
07-CL1-C15 110.
Ci0-Cr1-C1r2 117,
Cl0-Cl1-C15 110.
C12-Cl1l1-C1s 101.
Ci1-Cl2-C13 104 .
Cl12-C13-Cl4 102.
Cl13-Cl4-Cls 106.
06-Cls-C11 124.
0C6-C15-C1l4 127.

Cl1-C15-Cl4 107.
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15 requited to control the stercochenical outcome of the reaction. Preference, 1t

anv. of the reagent additon i the sccond step 1s obliterated since the process
leads to oxtdative C-C scisston. Molecular models clearly show that the critical
third step requires addition of the reagent  from side anti 10 the c¢is hydroxyl
grouping - which seem (o be dictated by steric tactors - to enable the generation
of the oxabicyclo octane unit 10 13 by transannular addition with correct
stercochemical dispasition at centres 2 and 4,

The formation of 14 (Chart 1.C.8). which was isolated as a gum, in ~7%
yield hag been traced to the use of small amounts of methanol as a co-cluent. A
spectral comparison of 13 wath this compound indicated a simple replacement
of bydroxy! group with a methoxyl, which was continned by detailed spectral
studics.

The exclusive m oxidation of Trindane with RuQO, at once suggested that
the m strain iImposed by the cvclopentane periphery could impart a high activity
for the double bonds. In the event, this was experimentally found to be true (vide
infra). The results made it necessary to reexamine the reaction of ozone with

| Trindane, which had earlier reported to yield glutaric acid.® The reaction of
Trindane with 0zoue gave, in addition to glutarnic acid (25%), neutral compounds
15 and 16 in 14% and 13% vields respectively (Chart 1.C.10). The structural

assignments of 15 and 16 are fully supported by spectral data. The formation of
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15, 16 and 17 1s rationaltzed in Chart 1O : The one step lrzmsform\z\tidn of 8 to
15, wath wmcorporation or four oxyvgens s noteworthy and  represents  the
transtormation of a hvdrocarbon to a prowsicrord. mvolving cleavage ol double
bonds and atdol condensations.

As anticipated. the homologue of tricyclopentanobenzene, namely, tri-
cyclohexanobenzene (18). on treatment with RuVIIT gpecies atforded products
solely frony benzvlic oxidation compared 10 that ol Trindane. Tneyclohexano-
benzene was readily prepared from cvelohexanone by procedure same as that
used for "lflindanc (8). The rcaction of 18 with ruthenium tetroxide  exclusivelv
afforded products from benzylic oxidation. namelv 19 and 20 (Chart 1.C.12). The
structural assignment of 19 and 20 is supported by detailed spectral studies. The
proximal positioning ot two carbonyl groups 'n 20 1s supported by the presence
of base peak in mass spectra at 233, indicating loss of one oxygen to give species
|

|2a.
I

The divergence in behaviour of 8 with 18 towards oxidation by the same

"#nVHl species under similar condittons 1s striking. The fact that Trindane
|

imderwent exclusively ® bond oxidation and the cyclohexane analog gave only
|

‘mrodufcts from benzylic oxidation highhghts the alteration in the preference
|

p’oﬂllp of RuVIIl species to the substrates. {n both cases, steric considerations
]

Ing to the formation of the cyclic intermediates involving the ruthenium
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teiroxide and the 7 bonds would be about the same and consequently, it 15 hkelyv

that the reactivity of the n bonds in Trindane is higher. Recently, there has been
considerable interest in the identification of benzenoids whose © bonds are frozen
by extraneous mampulations.” However, although Trindane is considerably more
straincd than that of its cvelohexane homologue, all evidences point to a normal
delocalized = framework for trindane. It is thus logical to conclude that the
reason for preference tor the r oxidation here can be attributed to the relief from
the marginal  bond suam that extst m Tandane as clearly demonstrated by
spectroscopic measurements. ™ The subtle factors. that govern this is illustrated
by the fact that atempted casy additon of hydrogen (Pd/C. H.) was not
successiul.

Another strategy explored v the present work, for closed surfaces
pertamned to the prior preparation o anchored constructs, that could derive
stabilization trom a hydrogen bonded periphery. This could dimerize to closed
surfaces by intermolecular hydrogen bonding stabilization by a staggered
arrangement. This s iflustrated in Chart 1.C .13 and Chart 1.C 14,

Target molecule 24a (Chart 1.C 13), which could be expected to derive
stabilization by peripheral hvdrogen bonding network and even more so by
dmenzation to 24b was sought from 2 5-dihvdroxy teryphthalic acid 21

Treatment of 21 wath diazomethane, followed by chlorination afforded the
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expected quinone 23 in good yields. All attempts to oxidize 22 to the quinone by,

means that would obviate the introduction of chlorine did not succeed, possibly
due to the presence of strong intramolecular hydrogen bonding that exist in 22,
The transformation of 23 to 24 by sodium azide proceeded as reported.” but in
poor vields. The difficulties experienced in transforming 23 to 24 suggested that
this would not be a viable route to 24a.

Another strategy pertained to the possible preparation of the peripherally
hydrogen bonded system shown in Chart 1.C. 14, that could also derive additional
hydrogen bonded stabilization by dimerization to closed surfaces.

A simple approach to this system would be the diketopiperazine formation
of protected C-hydrazino malonic acid methylester monoamide. In the event, this
compound cluded synthesis. A pathway repeatedly tried was the displacement of

bromine from a precursor with Boccarbazate as shown in Chart 1.C 14,

H
H-N O“r‘{ 0 0
0 _N. X H X

H,' N ’H > N\ _— Br

N X N-Boc X
N 0 o H 0
H. _H
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X =0C,H:«. NH;

Chart 1.C.14.
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In the event, the constderation of such peripherally hydrogen bonded
systems as precursors could be illustrated in a novel and unanticipated manner,
where the principle of sclf assembly to spherotd surfaces could be achieved
based on metal promoted mteractions.

The potential for such a design came from studies on mellitic acid
hexaamide (26), prepared by ammonolysis of mellitic acid hexamethyl ester (25)
prepared by reaction of 4 with diazomethane (Chart [.C.15).

[n the present work, hexa mellitovl chloride 27 has been found to be an
excellent campound for attachment of various ligands. Amongst the many
procedurcs reported for the preparation of hexa substituted meliitic acid
denivatives. most of them were found to be not correct, excepting fortunately the
case of 27. which could be prepared m good yields as reported by the digestion
of mellitic acid with phosphorous pentachloride at 130°C for 24 h. The structural
assignment for the hexa acid chloride 1s supported by its ready transformation to
the hexamethyl cster (25) h_\- mcthanolysis. The availability of hexa mellitoyl

chldride (27) made 1t possible to explore alternate strategies, whereby non

covalent assemblies to give spheroidal surfaces could be crafted. taking

|

adyantage of the hgand. This stratcgv has given promising results. It was

'_ 'sageé that the hgands attached to the aromatic anchor of mellitic acid could

ap?sscmbly on a spherical surface which would lead to spheroidal surfaces
|
|
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by metal ligand interactions, whercby the aromatic anchor would be projecting
outwards. The appropriate ligand that was considered practical was the sulfur
containing o amino acid, methionine. Expenments have shown that they could be
expected to deposit on a colloidal gold surface.

To test this. hexamellitoyl chlonde was reacted with methionine methyl
ester (Chart 1.C.16). Careful analvsis of the reaction mixture afforded three
compounds. which were 1dentified based on their spectral and analytical data as
the design, hexaamide 28, monomude 29 and the diimide 30. The structural
assignments of these three compounds are fullv supported by their 'H NMR, "C
NMR, FAB muass spectra and  elemental  analvsis.  The mass  spectral
fragmentation in the FAR mass spectrometer of this fanuly was quite interesting,
With reference to the hexa anide 28, the parent peak was that artsing from
uptake of sodium 1ons and the mass spectrum clearly showed the successive loss
of the higands to form the monoimide 29, dimide 30 and the trimde (30a),
which was not formed iy the reaction. Indeed. this umque fragmentation pattern
was a positive wav for assigning the structures casily for these class of
compounds.

The tris mide (o hexa anmide in svstems hike these represents an uptake of
ligands from 3 to 6. and the conditions ol formation of these could be controlled

by the extent of ligands used and this aspects merits investigation.
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Chart [.C.16 continues....
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The FT IR spectra of the hexa amide in chloroform clearly showed band at

3273 em’!. even at | mM concentration, indicating an intramolecular hydrogen
bonded network (Fig. 1.C.4). The core structure of the hexa amide therefore
consists of an array of the methionine side chain on a ngid seven membered
penphery, which 1s anchored in the benzenoid unit (Chart 1.C.16). Energy
minmization studics provided several almost equivalent energy conformations,
suggesting the randomization of the side chains. This aspect was encouraging in
making all the six sulfur atoms (o touch the metal surface (vide infra).

The monolayer of hexa amide was prepared by immersing a clean gold
electrode 0 3.3 mM mcthanol solution of the hexa amide (28) for 12 h. The
homogeneity ol the monolayer was examned by cyclic voltammetry by
monitoring the current increase at ~ -0.28 ¢V corresponding to oxvgen reduction
at the clectrode The cyclic voltammogram presented in Fig. [.C.5 clearly shows
the significant ¢llect of monolayer formation with the hexa amde on the
‘electrode surface as monitored by the virtual stoppage of oxyvgen and the
resultant reduction at the clectrode. From a  comparison of oxygen reduction
peak before and after monolayer formation, it can be estimated that ~98% of the
electrode surface 15 covered by the monolayer of the hexa amide (28).

An cexplanaton for the near (otal absence of oxygen approach, when the

tlectrode 1s covered by a monolayer of 28 would be that, the expected six sulfur
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atoms contact with the electrode could be best accomplished by keeping the
ligands as tar away as shown in Fig. 1.C.6(a).

The deposition of the hexa amide on a spheroid surface like that in
colloidal gold would lead to an assembly wherein the ligands would be, in
principle, distributed spherically around the gold as shown in Fig. [.C.6(b). The
resulting would be an assembly quite similar in some respects to that of clathring.
The systems in “clathrin mimics” envisaged earlier were conceived as ansing
from assembly of appropriate molecules having the basic principle of the
structuring of the equatonal surface from hydrogen bonds. Here, we have a
converse of the situation, where the spherical gold directs the assembly, 1n a non
covalent manner around, using its strong affinity to sulfur and based on the

- principle that the extraneous ligands are kept as far away as possible to secure
the spheroid surface.

The preparation and charactenization of the hexa amide has shown a
strategy for the crafting of peptide bundles. The formation of such
macromolecules have attracted much attention in terms of design from vantage of
catalytic activity and ion transport. Thus, peptide segments can be grown on
mellitic acid, which could have very interesting matenal and mechanical
properties. The ready hexa amidation of the mellitic acid with methionine has

been extended to tryptophan and phenyl alanine, giving rise to the hexa

0
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Fig, 1.C.6. a) Expected assembly of 28 on gold electrode

b) Assembly as envisaged on colloidal gold
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substitited compounds 31 and 320 whose structares have been establishued

completely on the basis ol detaled spectral studies (Chart 1.CAT & 18) tlere
also. the FADB mass spectrum was revealing, i the sense that. the hexa amnde
gaduallv lost one lrigand at a time. (o form the mono imide. the bistmide and the
tris imide. An interesting aspect of the mass spectra of 31 was that it showed a
peak at 1525 arising {rom loss of water. which could be readity explained on the
basis of the Tormation of the tetrahedral intermediate (31a) which 1s also common
0 ligand toss-Tollowed by loss of water to 31b (Chart 1L.C47),

The steric consequences n such hexa amidation were dramaticatly brought
out in attempts to prepare the hexa amide from « amino isobutyric acid (Aib)
methyl ester. The hexa amide was very desirable. since molecular models
showed that the placement of the gem dimethvl groups in a periphery could lead
to hydrogen bonded bowl like structures. In the event, the only compound formed
in the reaction was the mono mide-tetra amide 33 (Chart 1.C.19) whose structure
was conclusively established bv spectral propertics particularly by the typical
FAB MS fragmemation pattern (vide infra). Compound 33 could be transformed
in to a hexa amide by trcatment with another equivalent of Aib methyl ester.
Attempts to prepare the corresponding glycine amide were not successful
because of the rapid polymertzation of the glycine methyl ester resulting in

depleton of its concentration. tlowever, the reaction afforded the
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'b'ls'\n{ide-d'mn\'\du 34 (Chant 1 C A9y As staved previousty, the wanstormatnon of

lII |

this compound to the hexa amide should be possible by treatment with exeess
ligand.

o concluston, the concept of hexa amidation of melline acid has alforded
new avenucs 1 the design of pepude models assembled on surfaces. having
desirable properties and unusual structures.

The utlity of mellitic acid as an anchor for crafting surfaces was further
elaborated by the svnthesis of a novel class of compounds where the assembly s
directed by 1oni¢ interactions.,

Methanolic solutions of mellitic acid (4) and orthophenylene diamine
(OPDA) with ratio of 1:3. on admixing, precipitated salt 35 (Chart 1.C.20). The
structural assignment is supported b analytical data and solution studhes.

The molecular weight of 35 at different concentrations were determined
by size exclusion chromatography. In the range of 1 - 10 mM concentration, the
observed molecular weight remained the same. wndicating the presence of
discrete species 33, rather than assemblies arising from association

Fig 1.C.7 shows the plot of molecular weight vs K. which s constructed
using standard compounds of known molecular weight. K is the inner volume

accessible to the compound in the column, which 15 given by
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Ve - Vo

N, = — -
Vit - Vo Where,
Ve = Elution time

Vo = Void voluime

Vt = Bed volume

MAOPDA gave a K, value of 0.75. which when extrapolated to the Y
axis corresponded to an average molecular weight of 640, which indicates a 1: 3
type of aggregation as envisaged

As expected, (4) afforded, with three equivalents of ethylene diamine
(EDA). salt. for which structure 36 has been assigned on the basis of analytical
data and comparison with 35 (Chart [.C.20) Of the several [lw] diamino

complexes, that were reacted with mellitic acid (4), only the above two formed

stochiometric salts.

The reaction of hexamethylene diamine (HMDA) and 4 under conditions
descnibed above gave salt (37), for which, the 1:1 structure (37) has been
assigned on the basis of solution studies (Chart 1.C.21). This compound showed

aK,, value of 0.81, which corresponds to a molecular weight of 450 (Fig. [.C.7).

| Compound 37 is unassociated even at 10 mM concentration. The absence of

formation of stochiommetric complex may be due to steric factors. The mellitic
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Fig. 1.C.7. Size exclusion chromatographic results of melhitic acid saits 35 & 37

Standard compounds used for comparison

1) Tetramer of Chromotropic acid

Mol.wt. 1644: Kav. = 0.2162
2) Propyl astra blue todide

Mol .wt. 1408: Kav, = 0.3243
3) Rose bengal

Mol.wt. 1017.65: Kav. = 0.5405
4) Bromocresol green

Mol.wt. 698, Kav. = 0.7162
5) Chromotropic acid

Mol.w1. 400.3; Kav. = 0.8378
6) Compound 35

Kav. = 0.75
7y Compound 37

Kav. = 0.81
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| #id-bipyridyl complex is assigned also the 111 structure (38), based on ms data
(Chart [.C.21). The compound has given beautiful crystals.

In a novel effort, the salt formation was monitored by FAB ms. Thus,
Quantitics of mellitic acid and melamine on the one hand and mellitic acid and
Tperminc on the other were mixed and analyzed. In each case. peaks
éorresponding to 1:1 complexes were observed, for which structures 39 and 40
llmvc been assigned (Charts [.C.21).

In the only exampie of monoamine tried so far, hexadecylamine, was
treated with mellitic acid in the ratio of 6:1. The resulting compound has been
assigned the structure 41 on the basis of indirect, ion spray, ms and elemental
data (Chart [.C.22). The 1on spray ms of 41 clearly showed presence of a cluster
of 6 units of hoxadecylamine, which could arise only from a structure like 41.

Mellitic acid salts described above presents a new class of compounds that
presents diverse possibilities. Studies pertaining to the controls involved in their
formation, solution and solid state studies, need to be undertaken to assess the
potential of the deéign as a route for matenals.

The clathrin assembly is directed by triskelions. Interestingly, a triskelion
junction involves - In principle - the juxta positioning of '2 carboxyl ends, six

from each triskelion. The obwvious protocol for the simulation of this event s to
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craft svstems having directed carboxyl ends on a scaffold and study their
assembling properttes.

T'he cyclic hexa peptide [Glu-Gly], was designed for this study. Molecular
models clearly showed two patterns here for self assembly. One of these would
be the six antiparellel organization of the backbone which will promote stacking
mteractions, which, in turn, would promote the proper positioning of the
propionic acid side chains. The expected one would be the inter and intra
association of the three directed carboxylic acids, either alone or in presence of
metal 1ons. The hexa peptide was prepared by protocols presented in Chart
1C23 & Chart 1.C.24.

Glycine was transformed to Glycine benzyl ester hydrochloride (42) via
-reaction with benzyl alcohol/TsOH, deprotection of the p-toluenesulfonate salt
with aq. NaOH and treatment with dry HCI.

Glutamic acid was converted to Boc Glu(yOMe)OH (43) via sequence,
seiective y esterification [SOCIl,, MeOH] and N-Boc protection [di-butyl
carbonate, Et,N}. Coupling of tﬁe free base generated from 42 with 43 afforded
the key dipeptide Boc-Glu(yOMe)-Gly-OBzl (44) in 92% yields. The structural
ssignment of 44 is supported by spectral data. Peptide 44 was C-deprotected
Pd/C, H,) at one hand (44a) and N-deprotected (TFA / CH,Cl,) on the other

@b). Coupling of these two (DCC, HOSu) afforded the tetra peptide,

77



HN__COO

HOOC
l H_‘JQ‘CH)'COE)
a
CHIN___COOH lc
H;COOC
- F
TsOHN-CH,-COOBA
lb
l d
BocHN COOH
.

HgCOOC CH‘I:\N_CHz‘COOBﬁ
43 ‘ ‘ 42
.

0]

BocHN 0OBA

N
H O
H,COO0C 44
] E
a 0
N N
H O H O
H;COOC 44a H,COOC 44b

a) SOCh, MeOH. b)i Pyndme, MeOH; i Et;N, Boc carbonate.
c) TsOH, Benzyl alcohol d)1 aqueous NaOH. ii Dry HC), Et;0.
Chart 1.C.23 e) EisN, DCC, HOSy, CH,Cl,. f) Hy/Pd, MeOH. g) i TFA, CH,Ch

i5% N22C03



Chart 1.C.24.
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Boc-Glu(yOMe)-Giv-Glu(yOMe)-Gly-OBzl 45 1n 82% yield. Peptide 45 was
C-deprotected (Pd/C’. t1.,) and coupled with N-deprotected dipeptide (44b) to
afford the hexapeptide Boce-Glu(yOMe)-Gly-Glu(yOMe)-Gly-Glu(yOMe)-Gly-
-OBzl (46) in 71% wyield. The very low solubility of the hexapeptide in usual
solvents, particularly in MeOH, necessitated the handling ot large volume of
solutions.

Having at one hand, dipeptide. tetrapeptide and hexapeptide, the solution
conformation was studied by NMR methods. This permitted the monitoring of
the development of a secondary structure in the above progression. Whilst, the
- conformation of the dipeptide was common, that of tetra and the hexa peptide
showed clear spatial contacts. Table 1.C.4 gives the significant ROE correlations
observed for di, tetra and hcxapeptides as evident from the ROESY spectra.
Based on the detailed NMR studies, the hexapeptide (46) has been assigned
conformation shown in Fig. 1.C.8 The temperature dependent NMR of these
compounds did not show any signiticant hydrogen bonded stabilization. The NH
dependence on temperature is graphically represented in Fig. 1.C.9.

The hexapeptide (46) was C-deprotected using Pd/C, H, in Methanol.
N-deprotection was achieved with TFA. The resulting triflate acid was cyclized
[BOP reagent, NaHCO,, DMF] to cyclo[Glu(yOMe)-Gly], (47). In spite of

several attempts, the yield of 47 was quite poor. Further, the low solubility of 47
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Table 1.C.4. NOE coutacts observed for tetra and hexa peptides ( 45 &46)

Tetrapeptide (45) Hexapeptide (46)
Ni- N> Nj-No
Ci-Na N3 - Ng
Cz2-N> Ci-N2
N3 - Ny C2-N3
C3-Nyg N3 -Cy

N4 - Cs
Ca - N4
C3- Ng

Ni and Ci represents proton connected to amide nitrogen and o carbon,
respectively of the i™ aminoacid residue.

" [_S /Boc
fl N\
0 H
N-H
2
OCH,B4
6< H =0
_H N
N 3
. H't-
o< H _H R
5 N l_%*l o
R
o 4

R = -CH2CH2COOCH3

Fig. 1.C.8. Conformation assigned to the hexapeptide 46
on the basis of NMR studies

31
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1) N1H (44)

6) N1H (46)
2) N2 H (44) 7) N2H, N3H, and NsH (46)
3) N{H (45) 8) N4H (46)
4) N2H and N3H (45) 9) NgH (46)
5) N4H (45)

N, (1=1, 2, etc.) represents the proton connected to the amide nitrogen of

the 1° amino acid residue



ade punfication of the sample extremely difficult. The 600 My NMR spectra

optaned in DMSO-d6 completely matched with that expected for the cvelic

fide 47. However. the mass spectrometric results were found to be very
ieapricious and failed to show the expected mass at 600, In several cases. strong
|

J

at 621 was observed. In view of thesc difficultics, particularly pertaining to
(the proper characterization of the cvelic hexapeptide 47, coupled with low vields,

er experiments involving 47 was differec.

1 The clathrin system has inspired efforts in the crafting of spherical surtaces

W non covalent self assemblv. The tlexibility here 1s illustrated by the fact that

spccess n this direction can be secured in a serendipitous manner using colloidal

gold, by directing a spherical assembly from the core of the sphere than from the

erface. [n addition, the eftorts have led tu an understanding of subtle factors of

aromaticity, unusual oxidation processes, the crafting of systems having

llydrogen bonded periphery and facets of ionic self assembly.
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LD. CYTOTOXIC STUDIES WITH THE GINKGOLIDE ANALOG 13 -
ARISING FROM ONE STEP TRANSFORMATION OF TRINDANE

WITH RUTHENIUM TETROXIDE

The in vitro cytotoxic activity of the compound (13) was tested against a
cell panel, consisting of 60 cell lines which tall under nine different sub-panels -
leukemia, non-small cell lung cancer. colon cancer, CNS cancer, melanoma,
frwarian cancer, renal cancer. prostate cancer and breast cancer. The overall
|

Essessment mvolved five ditferent concentrations of 13 at ten fold dilutions. A 48

hcontinuous drug exposure protocol was used. The cell growth was estimated by

Sulforhodamine B assay.*”

The effect of the compcetsnd on cell lines are calculated according to one or

other of the following two ¢xpressions.

If Mean OD,,, - Mean OD,_ ) = 0, then

PG =100 x (Mean OD,,_ - Mean OD_ )/ (Mean OD_, - Mean OD,

1zaro uero)

if (Mean OD,, - Mean OD,,_ ) < 0, then

12010

PG = 100 x (Mean OD,_, - Mean OD,,_ ) / Mean OD

Whre:

PG = Percentage growth

tzero

]4



Mean O, = The average of optical density measurements ot SRB-
derived colour just before the exposure of the cells to the test compound.
Mean OD,,, = The average of optical density measurements of SRB
derived colour after 48 hours exposure of cells to the test compound.
Mean OD_, = The average of optical density measurements of SRB
derived colour after 48 hours with no exposure of cells to the test

compound.

Table 1.D.1. presents the experimental data collected against each cell
line. The first two columns describe the cell panel (e.g. leukemia) and the cell
line (e.g. K-562) involved. The next two columns list the mean OD,,, and mean
OD,, the next five columns list the Me~n OD,, for each of the five different
concentrations. Each concentration is expressed as the log,, (molar). The next
five columns Dist the calculated percentage growths for each concentration. The
response parameters GI50, TGI, and LC50 are interpolated values representing
the concentrations at which the PG is +50, 0, and -50 respectively. In the case of
cell lines where the PG exce.eded +50, it was not possible to get response
parameters by interpolation. In such cases, the value given for each parameter is

the highest concentration tested and is preceded by a > sign.



The variation of percentage growth with log,, of the sample concentration

(molar) 1s presented in Fig.1.D.1 (a - 1)

Table I.D.1 . In-vitro testing results
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Crry

1.465
1.254
1.197
1.52%
0.625

Y.168
1.2%
0.550
0.853
Y1
1.663
1.904
1.114
0.467

0.950
1.98%
1.34%
1.649)
1.6648
0.741

0.789
1.232
1.507
1.692

6.7 1

0.950

1.001
1.03!)
1.169
1.539
1.085
1.926
1.2340
1.820

1.151
0.538
1.206
1.004
0.683

1.261
1.3
1.474
0.784
0.97¢
1,709
1.31
1.026

1.004
0,893

1,374
Y.o0&r
1.054
1.118
1.824
1,334
0.6

Mean Optlca)

-B.0

1.50%
1.215
1.228
1.598
0.689

1.423
1.315%
0.517
0.848
1372
1.6717
1.856
1.110
0.420

0.899
1.9948
1.365%
1.593
1.583
0.734

0,780
1.28?7
1.66%
1.742
0.757
0.960

0.582
1.064a
1.129
1.592
1.077
1.885
1.3%0
1.830

1.149
0,598
1.182
0.390
0.666

1.260
1,393
1.480
0.605
0.6391
1.638
1,304
1.022

1.081
0.506

1.392
1.055
1.053
1,109
1.81s
1.393
a.718

~1.0

1.482
1.217
1.1386
1.431
0.63%

Y.440
1,284
0.54)
0.819
1,187
1.614
1,876
1.134
0.383

0.895
1.562
1.34%
1.%89
1.684
D.756

0.783
1.280
1.745
1.788
.71
0.386

0.965
1.045
1.147
1.587
1.098
1.809%
1.3588
1.858

1,119
0.644
1.272
0.975
0.675

1.221
1.393
1.513
0.708
1,024
1.639
1.297
1.015

1,074
0.881

1.355
1.074
1.0
}.154
1.7
1.412
0.73]

-6.0

1,451
1.044
0.998
l.all
0.59%0

1.426
1.290
0,543
0.813
1.132
1.621
1.86]1
1.138
0.004

0.870
1.892
1.318
1,957
1.637
0.129

0.775
1.140
1.688
1,708
0.765
0.943

0,951
1.094
1.136
1.538
1.037
1.750
1.394
1.70¢

1.137
0.60}
1.14%
1.004
0.672

1.1917
1.39%
1.448
0.585
0.976
1.630
1.349
1.027

1.03%
0.849%

1.375%
1.030
}.022
1.15)
1.75%
1.3a2
0.679

1cg10

Densitliea

-5.0

1.498
1.105
D.964
1,321
2.550

1.460
1.238
3.4566
0.791
1.168
1.681
1.818
1.159
a.016

0.807
1.B95
V.30
1.930
1.605
0.711

0.7&8
0.642
1.947
1.733
2.765
9.969

3.843
1.056
1.115
1.553
1.056
1.742
1.379
1,783

1.071
0.635
1.153
0.850
0.621

1.206
1.39]
L.465
0.594
0.975
1.668
1.336
1,046

1.0238
0.873

1.353
1.057
1.064
1.207
1.758
1.377
0.695

Concentratlton
Porcent Growth

-4.0 ~8.0 -7.0 -6.0 -5.0 -4.0
1.362 104 102 98 103 B89
0.980 v6 97 B) 86 75
0.89%5 103 b4 a0 e 69
1.289 106 92 90 83 &b
0.549 115 102 92 63 83
1.321 96 98 27 100 88
1.178 115 110 11t 10} 9t
0.477 91 58 98 104 81
0.788 97 94 92 79 78
1.142 99 105 91 59 33
1.658 101} 101 2& 101 95
1.784 36 98 %6 93 90
1,106 300 102 123 105 95
0.002 74 54 ~87 -95 -99
1

0.912 34 93 390 95 95
1.837 102 160 96 S8 92
1.253 102 100 98 57 92
1.503 9€ B35 93 91  BY
).489% 93 101 98 935 @6
0.694 98 102 98 98 51
0,760 98 99 97 96 94
0.396 107 106 83 21 -6
2.296 85 %0 3§ 103 124
1.612 104 108 101 104 33
0.741 97 160 99 93 94
0.899 104 105 100 103 82
0.814 98 956 3 8} 17
1.036 110 1031 118 l.¢ 1300
1.102 95 97 Y6 94 92
1.486 107 107 100 102 93
0.9869 99 102 33 96 84
1.513 ge 53 g0 A% TS
1.311 102 88 102 100 89
1.70 101 103 97 86 30
1.08% 99 85 38 8% 93
0.561 100 111 101 109 91
1.148 98 109 91 92 32
0.940 97 95 100 90 8m
0.625 97 98 38 88 85
1.158 1006 96 93 94 90
1.368 103 103 103 103 %8B
1.478 101 104 98 99 100
6.317 71 88 4B 69 24
1.007 104 109 100 101 106
1.504 94 94 93 96 82
1.309% 99 97 107 105 100
1.027 100 99 100 103 100
0.984 109 111 105 105 97
0.91 102 98 94 97 )02
1.313 102 98 100 98 94
1,036 93 102z 95 99 9
1.038 100 96 94 102 97
1.10) 97 112 124 130 95
1.576 100 97 95 85 82
1.351 108 110 106 106 102

1y

0.721 114 118 101 106
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>] .00E-04

>1.00E-04
>1.00f-04
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An cxamination of the dose response curves show that the compound 13
shows remarkable cytotoxic activity against NCI-HS522 of non-small cell lung
cancer, with log,, GI50, TGI and LC50 values -6.97, -6.64 and -6.31 molar
respectivelv. Its activity towards SF-295 of CNS cancer was moderate with G150
at -5.37 and TGI at -4.19 molar. CAKI-1 of Renal cancer showed a still lower
response on drug administration with a G150 of -4.58 molar. All other cell lines
screened showed comparatively lower cytotoxic activity, where GJ50 values
exceeded -4.00 molar.

Conclusion

| The selective inhibition shown by 13 against NCI H522 of non-small cel}
lung cancer is a novel finding, not reported thus far for this class of compounds.
Thus, in addition to possible antt PAF activity expected for compound 13, on the
basis of such properties to the related ginkgolides, compound 13 or its analogs

have been shown in the present work to posses cytotoxic activity as well.
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LE. EXPERIMENTAL

All ammo acids used were of [-contiguration. Melting points were
recorded on a Fisher-Johns melting point apparatus and are uncorrected. Infra red
spectra were recorded on a Perkin Elmer / 1600 - Il spectrometer either as necat
liquids or as KBr pellets and prominent peaks are expressed in em”. 'H and ”C
'NMR spectra were recorded on Bruker WM-300, Hitachi R-600 and JEOL 90
:MHz instruments. The chemical shifts are expressed in & (ppm) with TMS at
%0.000 as the internal reference. FAB MS were obtained on a JEOL SX-120/ DA

;-6000 instrument using m-nitrobenzylalcohol as t1e matrix. C, H, N analysis was
i*-carried out in Vario EL elemental analyzer. Optical rotation was measured with
an automatic JASCO polarimeter; concentration is givan in gram / 100 mL. The
cyclic voltammetric experiment was done on CHI660A electrochemical work

station, in phosphate buffer at Ph 7.2. Gold surface was used as the cathode,

silver foil as anode and calomel electrode as reference. Reactions were

tored wherever possible by TLC. Silica gel / G (Merck) was used for TLC
and column chromatography was done on silica gel (100 - 200 mesh) columns,
ich were generally made from a slurry in hexane or a mixture of hexane and

| acetate. Products were eluted with a mixture of ethyl acetate / hexane.
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I{Preparation of N, N-Boc maleimide (1).

A mixture of maleic anhydride (2.45g, 25 mmol), tert-butyl carbazatc
(;3.3g, 25 mmol) and activated molecular sieves (~1g) in chioroform (50 mL) was
'r‘%ﬂm(ed for 10 h, solvents evaporated and chromatographed on silica gel. Elution
with hexane - EtOAc system (9:1) gave 2.73g of N, N-Boc maleimide (1).

Yield : (529%)

M.p.: 145-147°C

IR (KBr): 3312, 1744, 1712, 1520

'H NMR (CDCl,): & 1.48 (s. 9H, Boc CH,), 6.6 (s, IH, NH), 6.8 (s, 2H,
qH=CH-)

FA*E MS (neg) : (M-H) 211: FAB MS : (M+H)" 213, @M+H)" 425, (3M+H)’
630, (M+LiY" 219, @M+Li)" 431, (3M+Li)* 643.

\ Phthalic anhydride (0.75g, 5 mmol), when reacted with boc-carbazate
(0.b6g S mmol), under the conditions described above, gave .1g of
N,I%J-Bocphthalimide (1a).
f"rié;d: 84%,

Mp. : 198-200°C
ﬁRQKBr) : 3328, 3242, 1776, 1696, 1600, 1328

'mi&nvm (CDC1,) & 1.5 (s, 9H, Boc CH,s), 6.7 (brs, 1H, NH), 7.78, 7.91 (m, m,

WE, ArHs)
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Il. Attempted deprotection of (1): isolation of fumaric acid mono methyl
ester hydrazide (3)

Compound 1 (0 5g, 2.35 mmol) in dry MeOH (10 mlL). was cooled to 0 -
5°C and a steady stream of dry HCl was passed for 20 min. The resulting mixture
was left to stand at 20°C for 2 h. diluted with 20 mL of dry ether. and the
precipitated solid was filtered and dried to afford 0.148g ot 2.

Yield : (43%) . M.p. : 148 - 150°C.

The above salt was dissolved i minimum amount of water, ncutralized
with cold saturated NaHCO,, extracted with CtOAc¢ (3 x 25 mL), dried (MgSO,)
and evaporated under reduced pressure to afford ( 49g of 3.

Yield : (34%)

Mp. : 143 - 145°C

R (KBr) : 3340 (br), 3000 (br), 1710, 1680, 1600, 1540, 1400

'H NMR (CDCl,) 8 3.8 (s, 3H. ester), 7.00 (d, 2H, -CH=CH-), 7.3 (brs, 3H,
-‘NHNH.)

FAB MS - (M+H)" 145

ill'l. Attempted transformation of mellitic acid (4) to mellitic -
|

N,N-Boc-triimide: isolation of 5.

Mellitic acid (0.5g, .46 mmol) was refluxed with dry acetic anhydride (15

ImL) for 18 h.** The excess solvent was distilled out completely, the residue

|



(mturated with 10 mL of dry xylene, evaporated, dried thoroughlv in vacio and
wsed diveady for the next step.

A nuxture of the above and Boc carbazate (0.38g, +4.38 mmol) was
refloned 10 chloroform (20 mL) for 9 h. The reaction nuxture was washed with
cold seturated NaHCO, solution (2 x 10 mL), organic laver washed with distilled
waier 11« 10 mL), dnied (MgSO,), evaporated under reduced pressure and the

residuc chiomatographed on silica gel. Elution with  hexane - EtOAc (1:1)

afforded 0 068g (7%) of S
R ety 3280 (br), 1730, 1610, 1380
HNMR (CDCLy) 1.34 (s, Boc CH,)
FAB MS (neg) : 762 (37%) (M-H)
IV. A‘.ttcmptled transfdrmation of wellitic acid (4) to the mellific tris-imide:
isolation of tl;le bis imide 7.
Ammonia was passed through a solution of melhitic acid (0.5g, 1.46 mmol)
i THE for o.'F h. The precipitated solid was washed with THF (2 x 10 mL) and
Idn'ed 1o afford 0.6g (92%) of the hexa ammonium salt (6).
Mp. >300°C (dec)
R(KBr) : 3191 (br), 1587 (br), 1431, 1337
Compound 6 (0.5g, 1.12 mmol) was gently heated in a test tube for 0.5 h,

ull the evolmﬁon of ammonia ceased. The residue was sublimed in vacuum at

04



270°C to afford 0.012g, (0.03 mmol. 5%) of 7. The residue unsublimed was
acidic in nature, which, as per literature evidence, is euchroic acid™
7)
Mp.:>310°C
IR (KBr) : 3204, 1775, 1728, 1391, 1317
GC MS : 216
V. Preparation of tris Cyclopentanobenzene (Trindane, 8).
Cyclopentanone (16 mL, 0.18 mol) in dry ethanol (18 mL) was admixed
with, 0 drops, conc.H,SO, (8 mL), refluxed for 15 h, poured on to ice (~70 g),
neutralized with sodium carbonate and extr  -d with CH,Cl, (3 x 30 mL),
washed with water, dried (MgSO,), evaporated and chromatographed on silica
gel column. Elution, with petroleum ether afforded 4.0 g of 8
Yield : (33%)
Mp.: 92°C (it.” 95-97°C)
IR (KBr) : 2956, 2845, 1450, 1431
'HNMR (CDCL,) 8 2.12 (m, 6H, CH,s), 2.81 (t, 12H, benzylic CH,s)
GCMS : 198
VL Preparation of Trindane hexa bromide (9).
A stirred solution of Trindane (3g, 15.15 mmol) in CCi, (90 mL), cooled in

dce-salt bath was illuminated with 200 W incandescent bulb and a solution of 4.8
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mL of bromine (93 mmol) in CCl, (20 mL) was added in drops over a period of 4

h. The contents were stirred and illuminated for an additional 1 h and then gently

el'dfor 1.5 h while flushing with nitrogen to remove traccs of bromine and
ﬁlBr. The reaction mixture was filtered, solvents evaporated and the residue
precipitated from hot THF using ether to afford 7 g of trindane hexabromide,
Yield : (68%%6)

M.p.: > 180°C (dec)

R (KBr) : 3413 (br), 2982, 1613, 1431, 1276, 1182, 933, 744

'HNMR (CDC},) 8 2.6 - 4.00 (m, 6H, CH,s), 5.00 - 6.00 (m, 6H, benzylic CH,s)
VII. Preparation of Trindene (10)

To a stirred and ice cooled muxture of activated zinc dust (5g) and argon
purged dry DMF (50 mL), was added Trindane hexabromide (8.3g, 12.3 mmol)
and triethylamine (2 mL) simultaneously during 15 min. The resulting dark
mixture was stirred at 0°C for 1 h and then at room temperature for 18 h. It was
filtered and poured on to ~60g of ice. The precipitate was collected, washed with
water and taken up 1n ether (4 x 30 mL). The washings was extracted with ether,
the combined extracts dried (MgSO,), evaporated under reduced pressure

without applying heat and chromatographed on silica gel. Elution with hexane

afforded 0.339 g of Trindene.

" Yield - (10%)
!



Mp. - 104 - 10%°C (i Mop. 108 - 110°C)
IR (KBr) - 3360 (br), 2900, 1700, 1610, 1390, 1270, 1080
'HNMR (CDCI) 6 3.3 - 3.7 (m. 6H. CH.s). 6.45-6.8 (m, 3H, =CH-). 6.9 - 7.2
(m, 3H. Ar-Cl =)
VIII. Epoxidation of ‘I'rindene: isolation of 12

MmCPBA (243 mg, | 41 mmol) was added to a stirred solution of trindene
(90 mg, 0.47 mmol) in dry CH,Cl, (5 mL). the mixture stired for 4 h, the solvent
evaporated under reduced pressure and the residue chromatographed on silica
gel. Elution with benzene - EtOAc (9:1) afforded 89 mg of the epoxide 11.
'HNMR (CDCIL,) : 8 3.00 - 3.5 (m, 6H, CH.s), 4.6 - 5.00 (brs, 3H, CH), 62 -
6.5 (brs, 34, CH)

To the above product in dry benzene (5 mL) was added ~ 0.3 mL of
BF, Et,0 and stirred for 8 h at room temperature. The reaction mixturc was
washed with water (2 x 5 mL). dned and evaporated under reduced pressure and
chromatographed on silica gel using benzene. The IR of the product 12 clearly
showed the presence of conjugated ketone
IX. Reaction of Trindane (8) with Ruthenjum tetroxide: isolation of 13 and
14,

A mixture ot trindane (0.495g, 2.5 mmol), CH,CN : CCl, : H,O{10: 10 :

20 mL), NalO, (9.7g, 45 mmol), RuC),.3H,0 (2.2mol%, ~0.015g) was sealed,
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shaken for 3h. cautiously opened. filtered. the residue washed with EtOAc ( 3 x
20 ml)), the organic layers washed with water (2 x [0 ml). dried (MgSQ)),
evaporated and chromatographed on silica gel. Elution with hexane - EtOAc¢
(:1) atforded 13 and 14,

13) Yieeld : 0.120 g: ~15%

Mp - 148-130°C

FI IR (KBr) 3396, 29721736, 1709, 1432, 1143

'H NMR CDCI, - DMSO-d,) § 1.42 - 2,82 (brm, 9H, Cl1.s). 3.99 - 4.44 (brs,
merged with the water peak in DMSO, OHs), 5.9 (brs, OH). 7.75 (s, COOH).

PC NMR (CDCY, - DMSO-d,) 8 16.19 - 34.66 (9 x CH,): 8599, 87.32, 93.04,
103 78 (4 x “¢'O)~ 174.40 (CO). 221.01 (CO)

FAB MS (neg) (m/z) (%) : 313 (78%) (MH). FAB MS (pos) (m/z) (%) : 337
(77%) (M+Na)"

Anal. found C, 57.55. H, 7.33. Cale. for C;H,,0,: C, 57.3. H, 7.00.

14) Yield ; 0.06g (7%)

FT (R (neat) 3434, 2955 1735, 1445, 1175

'‘H NMR (300 MHz, CDCI,) 6 1.4 -25(m, CH.s), 3.48,4.21,642 (s, s, s, OH,

COOH, exchangeable), 3.66 (OMe)



QL

BCNMR (CHCL) @ V7053805 (9 x CHL). 5148 (CHLO), 8595, 88,35 9517,
and 1 x CHL).

FAB MS (neg) (m/z) (%) : 327 (78%) (M-HY

X} Ozonolysis of trindanc: isolation of steroid prototype (15), aromatic
ketone (16) and glutaric acid (17)

Ozonized oxygen was bubbled through a solution of Trindane (0.495g, 2.5
mmol) in CH,CI, (30 mL) at ~-70 - 80°C for 3 h, admixed with Dimethyl sutfide
(0.8 mL). teft stirred for 2h. treated with satd. NatICO, (10 mL), and stirred for
an additional | h. The orgamc laver separated. aqueous layer washed with
additional CH,CI, (3 x 10 ml). organic layers combined. washed with distilled
water (1 x 10 mL), dried (MgSQ,), evaporated and the residue chromatograpred
on sihca gel. Elution with hexane-EtOAc (1:1) afforded 15 and 16 as gummy
liquids.

The agueous hltrate was acidified to pH 2 - 3 using citric acid, saturated
with NaCl and extracted with EtOAc (3 x 15 mL). The EtOAc layer was washed
with water (1 x 10 mL). dried (MgSO,) and evaporated to get 213mg of a
residue. This was dissolved in minimum amount of ether and esterified using an
ether solution of diazomethane generated in sitn from nitrosomethylurea. The

mixture was then chromatographed using hexane - EtOAc¢ (3:1) to afford 99 mg



(25%) of the glutaric acid methyl ¢ster (17a) as a gummy liquid. the structure of
which was confirmed by spectral companison with an authentic sample.

15) Yield : 0.092¢ (14%)

IR (neat) : 3400 (br). 29441752, 1680, 1440, 1040

'HNMR (CDCI,) 6 1.38 - 3.0 (m, m, CH.s & CHs), 3.23 (m, 211, -CH.-C=0)
SCNMR (CDCL,) 8 1793 - 353 (7 x CH,). 58.36 (2 x CHs). 81.20. 98.50 (2 x
HO-?.L -~ ). 14084, 154.60 (-C=C-), 198 58 (C=0. non-conjugated). 212.96
(C=0, conjugated)

FAB MS (m/z) (%) . 263 (56%) (MI1)", 285 (30%) (M+Na)",

16) Yield : 0.066g (13%)

IR (neat) : 3424 (br_ enolization), 2944, 1712, 1600, 1400, 1272, 1120.

'HNMR (CDCH,) & 2.19 (m, 4H, 2 x CH}), 2.64 - 3.00 (m, 1011, benzylic CH,s),
32(, 2H, CH,-CO).

B NMR (CDCI,) & 24.52 - 36.82 (8 x CH,), 139.1 - 149.4 (6 x C aromatic),
207.67 (C=0)

FAB MS (m/z) (%) : 213 (100%) (MH)"

17a)

Yield : 0.99g (25%)

IR (neat) : 2962, 1742, 1452, 1209, 1182

tOO



'HNMR (CDCI,) & 1.82 - 2.0 (m_ 2H. CH.). 2.253 - 2,66 (m, 4H, 2 x CH,s), 3.68
(s, 6H. 2 x COOCH,)
XI) Preparation of tricyclohexanobenzene (18).

Cvclohexanone (37 mL, 0.36 mol) on acid catalyzed tnmerization under

the condition as described for Trindane (8) gave 7g, (~25%) of

- Tneyclohexanobenzene.
Yield - 25%
M.p. : 205°C (lit."* M.p. 229 - 231°C)
IR (KBr) : 2880, 2820, 1420, 1250
'HNMR (CDCL,) & 1.78 (brs, 12H. nonbenzylic CH,s), 2.57 (brs, 12H, benzylic
CH,s)
XII) RuVHI oxidz%on of 18: Isolation of benzylic oxidation products,
monoketone (19) and diketone (20)

RuVIIl oxidation of Tricyclohexanobenzene (1.2g, 5 mmol) was
performed as described in experiment [X. The reaction, after 25 h afforded,
besides starting material (0.56g,‘ 47%), 19 and 20 in 25% and [1% vyields

respectively. Yields reported here are based on the amount of starting matenal

recovered.
19)

'Yield : ] 58mg (25%)
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Mp :230°C

IR (KBr): 2044 2880, 1664, 1552, 1440.

'HNMR (CDCL) 2 .30 - 2.0 (brm. T0H, nonbenzylic CH,s), 2.07, 2.6, 2.78 (m,
m, m. 1011, benzylic C11.s). 3.14 (brs, 2H, -CH,-CO-).

FAB MS (m/7) (%) 235 (100%) (MH)".

20)

Yield : 0.72¢ (11%)

Mp.: 196 -198°C

IR (KBr) © 3440 (br), 2944 2864, 1664, 1568, 1424.

'H NMR (CDCY,) & 1.60 - 2.20 (brm, 8H, nonbenzylic CH.s), 2.44 - 2.87 (brm,
10H, benzylic CH.s + CH.-CO). 486 (brs, 1H, -CH=C-), 5.2 (brs, TH, enolic
'OH).

FAB MS (m/z) (%) : 269 (27%) (MH)", 253 (100%) [(MH)"-O]

' XI) Preparation of 2,5-dihydroxy teriphthalic acid dimethyl ester (22).

An ice cooled solution of 2,5-dihydroxy teryphthalic acid (0.1g, 0.5 mmol)

in methanol (3 mL) was admixed with an ether solution of diazomethane,

erated in situ tfrom nitrosomethyl urea (2.5 mmol). The mixture was shaken

Il for 2 min, excess CH,N, quenched with ~3 drops of acctic acid, the mixture

washed with satd. NaHCO,, ether layer separated, dried (MgSO,), and

rated.



Yield : 0.086¢g (76%)
Mp.:174°C
IR (KBr) : 3200. 1680, 1480. 1430, 1320, 1180
'HNMR (CDCL,) : & 3.9 (s, 6H, COOCH,), 7.5 (s. 2H, ArHs), 10.05 (s, 2H,
OH)
XIV) Oxidation of 2,5-dihydroxy teriphthalic acid dimethyl ester:
Preparation of quincne 23.
Dry chlorne was passed for 0.5 h, through a solution of 22 (0.1g, 1.77

mmol) in CC!, admixed with FeCl, (0.029g, 1.77 mmol). The reaction mixture

5

evaporated, the residue washed with water, extracted with EtOAc (3 x 25

| ), dried (MgSO,), evaporated and the residue chromatographed on silica gel.
lon with Hexane - EtOAc (1:1) gave 0.08g of 23.

i-’{ield 167%

\_Mp. :243°C

!H{(KBr): 1740, 1690, 1610, 1440, 1310, 1130

{NMR (CDCL) d 3.9 (s, 6H, 2 x COOCH,)

XV) The reaction of quinone (23) with sodium azide: isolation of isoxazole

U,

. To a suspension of 23 (0.25g, 0.85 mmol) in methanol (100 mL), was

hd a solution of sodium azide (0.15g, 2.718 mmol) in methanol (5 mL). The
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mixture was left stirred for 3 h. the solid washed with methanol and dried to

afford 0. 013g of 24.

Yield : (6%)

M.p. 0 198°C (Iit>"* M.p. - 198 - 199°C)

R (KBr) : 1690, 1580, 1514

'HNMR (CDCl,): & 4.2 (s, 6H, -OCH,)

XVI) Preparation of mellitic acid hexamethyl ester (25)

a) Using diazomethane:

To an ice cooled solution of mellitic acid (0.3g, 0.877 mmol) in methanol

(3 mbL) was added an ether solution of diazomethane (generated /n situ from
nitrosomethyl urea), small quantities at a time with shaking until the yellow
colour persisted. The solution was kept overnight, so!vents evaporated, the
residue triturated with S mlL of saturated NaHCO, solution, extracted with
EtOAc (3 x 10 mL), dried (MgSO,) and evaporated to afford 0.19g of the
Im’elljtic acid hexamethyl ester.

Yield : 51%
Mp. - 180°C (lit. Belstein 183-184°C)

R(KBr): 1742, 1433, 1228

"INMR (CDCl,) 8 3.88 (s, 18H, 6 x COOCH,)

GOMS - 426



b) By methanolysis of hexamellitoyvl chlonde:

To 0.1g (0.22 mmol) of hexamellitoyl chloride was added dry MeOH (10
mL) and left overnight. The solvents were evaporated, the residue triturated with
satd. NaHCO, (5 mL.), extracted with EtOAc, dried (MgSQ,) and evaporated to
afford 0.77g (81%) of 25. whose spectral properties were exactly similar to that

described above.

XVII) Raction of mellitic acid hexamethyl ester (25) with liquor ammonia:
isolation of mellitic acid hexa amide (26)

A mixture of mellitic acid hexamethyl ester (50mg, 0.11 mmol) and lhiquor
“ammonia (5 mL) was left aside for 2 days. The ester slowly dissolved, with the
précipitation of the amide 26.
Yield : S0mg.
M.p. : 240°C (dec)
FABMS : 391 (M+H)" (as trihydrate)
XVIII) Preparation of hexamellitoyl chloride (27)

Mellitic acid (1.62 g, 4.73 mmol) was digested with PCl, (9.8g, 47 mmol)
& 150°C for 24 h. POC], was distilled out, the residue triturated with dry

l;enzene (10 mL), decanted and the residue thoroughly dried in vacuo to afford
i.8g (84%) of the mellitic hexa acid chlonde.

Mp : 245 - 247°C
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NIX) Reaction of hexamellitoyl chloride (27) with methionine methyl ester:
isolation of hexaamide (28 ), monoimide ( 29), and bisimide (30)

A solution of hexamellitoyl chloride (0.48g,1.1 mmol) in dry CH,ClI. (20
mL) and 1 mL of triethylamine (6.7 mmol) were simuitaneously added dropwise
over a pertod of 0.5 h, to an ice cooled and stirred solution of the free amine of
the methionine methyl ester | generated in sitn by the drop wise addition of
wethylamine (6.7 mmol) to an ice cooled and stirred solution of the methionine
methyl ester hydrochloride (6.7 mmol) in dry CH,CI. (65 mL)]. The reaction
mfxture was left stirred for two days at room temperature, washed successively
with cold saturated NaHCO; solution (2 x 15 mL), 2N H,SO, (2 x 15 mL), water
(1% 15 mL), dried -(MgSOA), evaporated and the residue chromatographed using
Hexane - EtOAc (8:2) to afford 28, 29 and 30.
B; Yield : 0.152g (12%)
MﬂP.: 140 - 142°C
[a]%,”_ 1-72.00 (c 0.5, CHCI,),
R(;ll(Br) 13220, 2900, 1740, 1670, 1540, 1420, 1200, 970
' NMR (CDCl,) & 2.12 (s, 18H, -SCH,), 1.97 - 2.62 (m, 24H, CBH,s &

OHig), 3.72 (s, 18H, 6 x COOCH,), 4.83 (brs, 6H, CaHs), 7.06 (brs, 6H, NHs)
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BCNMR (CDCLY & 15726 (6 % -SCILL), 29.65 (6 x CyHL), 2196 (6 x CHR)).
521 (6 x Cabhy, 3243 (6 x -OCH), 1347 (C aromatic). 164 80 (6 x -COO-).
171 4 (6 x -CO-NIH)

FAB MS (m/z) (%) - 1235 (13%) (M+Na)', 1050 (7%). (M - H.N-Met-OMe +

HY'. 887 (100%) (M - 2 x H,N-Met-OMe + HY'. 724 (29%) (M - 3 X

HN-Met-OMe + HY".

Anal. Found: C. 46.78: H, 6.03; N. 6.43 . Calc. for C,H,.NOS,: C, 4752

H,5.94;N. 6.93.

29; Yield - 0.228¢ (20%)

Mp.: 145-147°C
IR (KBr) : 3248, 2944, 2912, 1744, 1712, 1696, 1560, 1440, 1200
'HNMR (CDCl,) & 2.08, 2.11 &2.13 (s, s, s, I5H, 5 x -SCH,), 2.20 - 2.67 (m,
'20H, 5 x CPH,s & CyH,s), 3.73 & 3.78 (s, s, 15H, 5 x COOCH,), 4.76 - 4.95
((m, 5H, CaHs), 7.19, 7.3 (d, d, 4H, NHs)

PC NMR (CDCI,) & 1530 (5 x -SCH,). 2781 - 31.64 (5 x CBH. & CyH,),
:_51.41 -5295 (5 x CaH + 5 x--OCH_\), 128.86, 132.88, 139.49 (C aromatic),
| 162.74, 164.10, 164.18 (-COO-), 168.87, 171.14, 171 44 (-CO-NH-)

' FAB MS (m/z) (%) : 1072 (17%) (M+Na)", 887 (100%) (M - H,N-Met-OMe +

H)', 724 (43%) (M - 2 x H,N-Met-OMe + H)".
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Anal. Found: C, 48.61; H, 5.66; N, 6.33 . Calc. for C,H,N,O,S, : C, 48.04;

1,5.62:N, 6.67.
30; Yield : 0.085g (9%)
M.p.: 146 - 148°C
IR (KBr) : 3376, 2920, 1728, 1392, 1248
FH NMR (CDCl,) 6 2.06, 2.17 (s, 5, 12H, -SCH,), 2.18 - 2.74 (m, 16H, CBH,s &
CyH,s). 3.75, 3.8, 3.82 (s, s, s, 12H, 4 x COOCH,), 49 - 5.3 (m, 4H, CaHs,),
1,14, 7.27 (d, d, 2H ,NHs)
‘fC NMR (CDCl,) & 15.37 (4 x -SCH,), 27.33 - 31.52 (4 x CBH, & CyH,),
51.69 - 53.15 (4 x CaH + 4 % -OCH,), 129.06, 130.6, 133.66, 137.39 (C
aromatic), 160.65 - 163.87 (4 x -COO-), 168.6 - 171.64 (-CO-NH-)
FAB MS (m/z) (%) : 887 (48%) (MH)", 724 (100%) (M - H,N-Met-OMe + H)"
Anal. Found: C, 48.36; H, 5.22; N, 5.88 . Calc. for C,H,N,0,S,: C, 48.75;
H,5.19:N, 6.32.
XX) Reaction of hexamellitoyl ¢hloride (27) with Tryptophan methyl ester:
isolation of hexaamide (31) '

Hexa mellitoyl chloride (0.287g, 0.633 mmol) was reacted with free amine
from TrpOMe.HCI (1g, 3.93 mmbl) under the same conditions as described for
methionine (XIX) to afford 0.07g bf 31.

Yield: 7%
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Mp.: 158 - 160°C

IR (KBr) - 3360. 2900, 1720, 1660, 1530, 1420, 1220

'HNMR (CDCI, - DMSO-d,) 8 3.1 - 3.3 (brs. 12H, 6 x CBH,s), 3.59 (brs, I18H,
6x COOCIL), 4.7 - 5.2 (m, 6H, CaHs), 6.46 (brs, 6H, amide NH), 6.53 - 74
(m, 30H. Arkis), 8.05 - 8.45 (m, 6H, Indole NHs)

ES' MS (0/2) (%) : 1525 (68%) (M-H,O+H)", 1347 (36%) (M - [H,NTrpOMe
+ Na)”. 1107 (18%) (M - [2 x H,NTrpOMe]+H)". 880 (41%) (M - [3 x
HNTmpOMe |+,

XXI) Reaction of hexamellitoyl chloride (27) with Phenylalanine methyl
ester: isolation of hexaamide (32 )

Hexa mellitoyl chloride (0.4g, 0.883 mmol) was reacted with free amine
from PheOMe 11CI (1.2g, 5.48 -amol) under the same conditions as described for
‘methionine (X1X) to afford 0.19g of 32.

Yield : 16%

:IM.p. 139 - 141°C

.'IR(KBr) - 3340, 1730, 1660, 1450

'H NMR (CDCl, - bMSO—d6) & 3.1 (brs, 12H, CBH.s), 3.59 (brs, 18H, 6 x
:COOCH_,), 4.5-5.3 (m, 6H, CaHs), 7.19 (brs, ArHs), 8.25 (brs, CO-NH)

IFAB MS (m/2) (%) : 1331 (13%) (M+Na)®
|
|
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MIT)E,Reaction'of hexamellitoyl chlor;de (27) with a-amino isobutyric acid
methyl ester: isolation of monoimide (33)

Hexa mellitoyl chloride (0.5g.1.1 mmol) was reacted wath free amme trom
WMe.HC] (1.48g. 6.83 mmol) under the same conditions as described tor
Moﬁjne (XIX) to afford 0.1g of 33.
ﬁld: 1%

M.p. 1203 - 205°C

ﬂﬂ(Br‘) - 3280, 2900, 1720, 1670, 1540, 1450, 1290, 1150

'WNMR (CDCL) 3 .63, 1.77, 1.88 (s. s, s, 30H, CH,s). 3.68, 3.73, 3.78 (s, 5. s,
15, COOCH,s), 7.13 (s, 4H, NH)

FABMS (m/z) (%) : 842 (77%) (M+Na)", 703 (100%) (M - [H ,NAibOMe]+HY",
586(24%) (M - 2 x [H.NAIbOMe]+HY’

W{IIN) Reaction of hexamellitoyl chloride (27) with Glycine methyl ester:

‘isolation'of bisimide (34 )

Hexa mellitoyl chloride {(0.5g,1.1 mmol) was reacted with free amine from

6lyOMe HCI (0.858g, 6.83 mmol) under the same conditions as described for
Ldnomne (XIX) to afford 0.0!g of 34.

Yield : 2%
‘Id.p;:ZIO -212°C

T(kp,r): 3260, 1730, 1660, 1400, 1220



'HNMR (CDCI, - DMSO-d) : 8 4.1, 4.2 (s. s, 12, COOCH,), 4.4 (bd, 8H,
GlyCoH.s). 8.6 - 8.8 (bd, 4H, NH)

FAB MS (m/z) (%) : 591 (12%) (M+H)". 613 (11%) (M+Na)'. 502 (79%) (M -
|['l-lzNGlyOMe]+HY

XXIV) The reaction of mellitic acid with orthophenylene diamine: isolation
of 1:3 adduct 35

To a solution of mellitic acid (0.2g, 0.584 mmol) in drv MeOH (5 mL) was
gdded 0.19g, 1.75 mmol) of o-phenylenediamine in methanol (5 mL). The

precipitated mellitic acid salt was washed with methanol (3 x 10 mL) and dried.

Yield : 0.307g (79%)

Mp.: 297 - 299°C

R(KBr) 13384, 2912, 2608, 17'2 1648, 1504, 1424 1256.

Mol.wt (by size exclusion chromatography) : 640

Anal. found : C, 53.97: H, 4.48; N, 12.28: Calc for: C,,H,,;N,O,, C. 54.05; H,
45;N, 12.61

m The reaction of mellitic acid with Ethylene diamine: isolation of 1:3

ﬁduct 36

Prepared from 171 mg (0.5 mmol) of mellitic acid and 90 mg (1.5 mm~l)
of ethylene diamine as per procedure X X1V

Yield : 0. 200 g (77%)



Mp  230°C (dew)

R (KBri 3440 (br). 3008 (br), 1568, 1424, 1328.

Anal found - C, 36.06; H, 5.80: N, 13.73; Calc for: C H,,N,O,, (as trihydrate),

C.3750. H,6.25: N, 14.58

XXVI) The reaction of mellitic acid with Hexamethylene diamine: isolation

of 1:1 adduct 37

Prepared from 200 mg (0.584 mmol) of mellitic acid and 0.203g (1.75
mmol) vl hexa methylene diamine as per procedure XXIV.

Yield - 0.180 g

Mp. : decomposes atter 210°C

IR (KBr) : 3440, (br), 3056, 2944, 1584, 1424, 1328,
Mol.wt (by size exclusion chromatography) - 450

XXVII) The reaction of mellitic acid with Bipyridyl: isolation of 1:1 adduct
38

Prepared from 171 mg (0.5 mmol) of mellitic acid and 234 mg (1.5 mmol)
of bipyridyl as per procedure XXIV.
Yield : 0. 180g |
Mp.: 240-241°C
IR (KBr) : 3417 (br), 3084 (br), 1695, 1582, 1527, 1248.

FAB MS : 498 (MH)", 1:1 adduct.
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FAB MS Detection of mellitic acid-amine adducts-General procedure:
Small amounts of melhtic acid and the amines were triturated In
methanol and analyzed in FAB Mass spectrometer.

XXVIIl) The reaction of mellitic acid with Melamine: isolation of 1:1

adduct 39
FAI3 MS showed peak at 469 (MH)", indicating a 1:1 adduct.
X)IUX) The reaction of mellitic acid with Spermine: isolation of 1:1 adduct

4

FAB MS showed peak at 545 (MH)", indicating a [:] adduct.
XK\) The reaction of mellitic acid with Hexadecylamine: isolation of 1:6
adduct 41
Prepared from 86mg (0.25 mmol) of mellitic acid and 360mg (1.5 mmol)
sfhexadecylamine.
Yield : 0.360g
Mp.:261 - 263°C
|
R(KBr) : 3408, 2920, 2848, 1616, 1560, 1408, 1320.

‘ral. found : C, 70.63;iH, 12.35; N, 4.12; Calc for: C,0aH,16NGO,, (as trihydrate),

€,70.3: H, 12.05; N, 4,56



XXXI1) Preparation of glycine benzyl ester hydrochloride (42)|GlyBzl. HCI|
2) Glveme benzyd ester p-toluene sulfonate [GlyBzl. TsOH]

A mixture of glyveine (18.8g, 0.25 mol). p-toluenesulfonic acid (47.5g, 0.25
mol). benzyl alcohol (100 mL) and dry benzene (50 ml.) was refluxed over a
Dean-Stark  water separator for 5 h. The mixture was cooled to room
temperature, difuted with ether (500 mL) and refrigerated ovemight. The solid

was tiltered and the crude product crystallized from methanol : ether :: 150 : 400

mL).
Yield: 61.2 g (72%)
M.p 128 -130°C.
b) Preparation of 42

A suspension of #1.2g (0.181 mol) of the glycine benzyl ester p-toluene
sulfonate 1n water (185 mL) was transferred to a separating funnel and shaken
with 450 mL of ether. Aqueous NaOH (30.6 mL, 8N) was poured in and the
mixture vigorously shaken for 10 min. The ether layer was separated and the
aqueous layer extracted with additional ether (300 mL). The combined ether
extracts were dried over anhydroué K,CO, and filtered. The ether layer was
cooled in ice bath and subjected to the passage of dry HCI for 1 h. The mixture
was allowed to stand for 0.25 h, filtered, the residue washed with ether and dried

over P,O; to afford 15.75g of 42.
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Yield . (43%)
Mp 120 - 130°C
\X\ID Prepararion of Boe-Glu(yOMe)OH (43)

a) Olu(vOMe). HCI

L - Glutamic acid (132 0.102 mol) was added to an ice cooled solution of

SOCE (10 mL) in drv MeOH (70 ml.) and stirred vigorousty tor 5 mun until most
of the solid dissolved. The reaction mixture was set aside at ~ 20°C for 30 nmin.
and 100 mi. of ice cold cther added. The turbid solution up on coobhng
crvstallized, which was filtered, washed with ether and dried in vacuo to afford
13g of the product.

Yield 1 (65%)

Mp 153°C

b) Glu (yOMe);

Glu (YOMe) HCI (13g, 65.8 mmol) was dissolved in dry MeOH (32 mL)
and pyndine was added drop by drop until basic (pH 8-9). The reaction mixture
was kept aside at room tc':mperature for 2 h, the precipitated solid was filtered,
washed with EtOH, ether and dried to afford 8.9g of v--methylglutamate.

Yield : (84%)
Mp. 178°C.

R (KBr) : 3447 (br), 3070 (br), 1735, 1694, 1479, 1216
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¢) Boe-Glu(yOMe)OH (43):

Glu (YOMEYON (3 2, 20 mmal) was dissolved in a muxture of DME (40
mby and water (20 mb), cooled m ace. stirred. admixed with, o drops.
tnethvlamine (3 3 ml., 23.7 mmol), followed by, in small batches. Boc carbonate
(482, 22 mmol). left stirred at room temperature for 24 h, covered with EtOAc
(100 mL). cooled in an ice bath and aciditied with 3% KHSO, to pH 2-3, shaken
well. EtOAc laver separated, the aqueous layer extracted with additional EtOAc
(4 x 20 mL). the combined EtOAc layers washed with distilled water (I x 10
mL). dried (MQSO,) and evaporated under reduced pressure (o afford 4g of
Boc-Glu(yOMe)OH as a gummy liquid.

Yield : (76%)

[R (ncat): 3337 (br), 2981 (br), 1727, 1686, 1659, 1523, 1215,

'HNMR (CDCL,) & 1.4 (s, 9H, Boc CH,s), 1.8 - 2.6 (m, 4H. Glu CBH, and
Cyd,), 3.7 (s. 3H. COOCH,), 4.25 (m, 1H, GluCakH), 5.3 (d. 1H, Glu NH), 7.15
(brs. COOH)

XXXIIX) General procedure for the synthesis of peptides (44, 45 &46)

To a stirred and ice cooled solution of the N-protected amino acid or
peptide (10 mmol) i dry dichloromethane (35 mL) jor CH,CL, : DMF :: 9:1] was -
added N-hydroxy succinimide (10 mmol) followed by DCC (12 mmol). The

mixture was stirred for ~2 min and the carboxyl termjnal protected amino acid or



Wdc (12 mmol) in dry CH.CI, (15 ml) was added o it keeping the mixture
ice cold and then left stirted at room temperature tor 48 T 'Vhe reaction wixture
was filtered. the residue washed with CHLCLL (3 x 10 ml). the orgamic tavers
combined, washed successively with cold saturated NaHCO, (2 x 10 ml.), 2N
H,SO; (2 x 10 mL) and distilled water (1 x 10 ml.). dnied (MgSO),). evaporated
under reduced pressure and the crude residue chromatographed on a silica gel
column using hexane - BtOAc (1:1) [CHCL, : MeOIL (1:2) for tetra and hexa
peptides] to afford the products.

XXXIV) Boc-Glu(yOMe)-GlvOBz! (44)

Prepared from Boc-Glu(yOMe)OH (7g, 26.8 mmol) and H.NGIyOBz!
;I[generated in situ by the addition of tricthylamine (5.0 ml. 32 mmol) to a
‘suspension of GlyOBz).HC (6.5g, 32 mmol) in dichloromethane (75 mL) under
lice cold condition| by general procedure XX X!

%Yield 110.16g (92%)

iMp 164 - 65°C |

i[a]D25 :-7.00 (¢ 1. CHCL,)

EIIR(KBr) 3326, 2942, 1770. 1751, 1688, 1669, 1556
4

?l-INMRGOOMHz, DMSO0-d6) & 1.37 (s. SH. Boc CH.s). .71 - 1.92 (bd, 2H,

il CBHSs), 2.35 (t, 2H, Glu CyHs), 3.58 (s. 3H. COOCH,), 3.81 - 4.00 (m, 2H.

17



GyCH. & GluCalt)., 5,12 (s. 28 benzyl CH,), 6.96 (d. {1100 = 9Otz GluNIHD,
736 (s. SH. ArkLS), 8.31 (1, THL X = 1287, GlyNH).

FAB MS (m/7) (%), 409 (81%) (M11)". 431 (34) (M+Na)'_ 309 (96) M-Boc+H 1Y
XXXYV) Deprotection of N, € protected peptides

a) Removal of the Boc group - gencral procedure.

The Boce protected peptide (1 mmol) was dissolved m dry CH.CILL (~3 miL),
cooled in an ice bath, admixed with CF,COOI (1 ml) and stirred at that
temperature till the starting material was consumed (~2h). Trifluoroacetate salt
was neutraiized with an ice cooled 5% sodium carbonate solution. extracted with
EflOAc (2 x 30 mL), drnied {MgSQ,). evaporated under reduced pressure without
tliie application of heat, and dried in vacuo. The resulting amine was immediately
r;s,ed for the peptide couplirnz.

J“J) Removal of the Benzyloxy carbonyl group..
The peptide benzy! ester (5 mmol) in dry MeOH (30 mL) was admixed

with palladized charcoal (10% whv, 0.5g) and subjected to hydrogenolysis

wder a positive pressﬁrc of hydrogen) in a Parr hydrogenation set up. The

ogress of the reaction was momitored by tlc (~12 h). The reaction mixture was

filtered, the filtrate evaporated under reduced pressure and the acid used for the

:q:-epﬁde coupling.

[IR



XXXV Boe-Glu(yONMe)-Glv-Glu(yOMe)-GlyO Bzl (45)
Prepared from Boc-Glu(yOMO-GIvOLT (2.64g. 8.3 mmol) [prepared in

99% vield from Boc Glu(yOMe)}-GiyOBZI as per procedure XXX Vb] and
HN-Glu(yOMe)-GIvOBZ1 (3. 993 mmol) [prepared in 90% wield  from
Boc-Glu(vOMe)-GIVOBZI (442, 10.7 mmol} as per procedure XXX Val as per
| general procedure XXX

Yicld - 4 12¢ (32°%)

'Mp. 139 - 141°C

|R(KBr) 3317.2047. 1750, 1694, 1647, 1537

['"H NMR (300MHz. DMSO-d6) § 1.36 (s. 9H. Boc CH.s). 1.70 - 1.98 (bd. 411,
iGIuCBH:s), 2.33 (4L GluCyHLs) 3,57 (s. 6HL 2 x COOCH), 3.64 - 3.96 (m,
iSH‘ GlulCaHs, Glv2 & GlvdCH.s). 4 32 (m. TH, Glu3Call) 512 (s. 2H. benzyl
CH,), 6.96 (. 1H. J = 9H7. GluINH). 7.35 (s. SH. Artls), 7.97 - 8.00 (brs,
I Gly2NH & GIu3NH). 8.41 (brs. tH. Glv4dNH).

FAB MS (m/z) (%): 609 (33%) (MH). 631 (38) (M+Na)'. 509 (100}
(M-Boc+HY'
XXXV[I) Boc-Glu(yOMe)-Gly-Glu(yOMe)-Gly-Glu(yOMe)-GlyOBzl (46)

Prepared from Boc-Glu(yOMe)-Gly-Glu(yOMe)-GlyOll (2.52g. 486

_ l&'lmol [prepared in 97% vicld tfrom Boce-Glu(yOMe)-Gly-Glu(yOMe)-GlyOBzI

l(B.04g, 5 mmol) as per procedure XXXVb] and H,N-Glu(yOMe)-Gly-OBzI

|19
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(1.693a. 5496 mmol) |prepared in ~90% vield from Boc-Glu(yOMe)-GlvOBZ|
(248¢. 6 1 mmol) as per procedure XXX Va] as per general procedure XX XIII.
Yield: 71%

Mp. 193-195°C

IR (KBr) 3468, 3316, 29451745, 1692, 1635, 15337

'HNMR (300M11z. DMSO-d6) & 1.36 (5. 9H. BocClls), 1.73 - 1.97 (bd. 6H,
Glu BH.8). 233 (t, 6H, Glu CyH.s), 3.56 (s. 9H. 3 x COOCIIL,). 3.71 (brs, 4H
Gly2 & Glv4CH.s), 3.8 - 3.96 (m, 3H. GlulCaH & Gly6CH,). 4.31 (m, 2H,
Gl3CoH & GluSCaH), 512 (s. 2H. benzyl CI.). 6.98 (d, tH, ] = SHz,
GluINH), 735 (s, SH, ArHs), 798 - 804 (m. 311, GIv2NH, Glu3NH &
GluSNH), 8.19 (brs. 1H. Giv4NED). 8.43 (t. [H, GIvONH),

FAB MS (m/z) (%): 809 (33%) (MH)', 8§31 (66) (M+Na), 709 (100)
(M-Boc+H)'

1XXXVHI) Preparation of the cyclic hexapeptide (47)

e

32) C terminal deprotection of 46

e——

The hexapeptide Boc-Glu(yOMe)-Gly-Glu(yOMe)-Gly-Glu(yOMe)-Gly-
0Bzl (0.46g, 0.569 mmol) was hydogenolysed (as per procedure XXXVb)

rtlsmg Pd/C (10% w/w, 0.3g) in dry MeOH (50 mL) to afford 0.372g (91%) of the
M
_hz’benzylated rroduct.

|




b) N terminal deprotection ot the above hexapeptide:

The above debenzvlated hexapeptide (0.372g. 0.518 mmol) ) was admixed
with dry CH.CI, (2 mL). cooled in ice bath and 0.4 ml of CF,COOH was added
to1t. The reaction was left stirred for 2.5 h. solvent cvaporated under vacuo. the
residue triturated with dev ether and the solid dried thoroughly in vacuo to atford
0325 (85%) of the triflate salt which was directly used for cvehization.
¢) Cychzation of the N.C deprotected hexapeptide:

To a stirred solution of the above triflate salt (0.28g, 0.38 mmol) in dry
DMF (40 mL), was added NaHCO, (0 17g, 2 mmel) followed by BOP reagent
{0.18g, 0.41 mmol). The mixture was left stirred at room temperature for 48 h in
the dark, solvent cvaporated in vacuo under reduced pressure, the residue
mturated with EtOAc (2 x 10 ml.), 5% KHSO, (2 x10 mL). s2turated NaHCO,
2x 10 mL), distifled water (2 x 10 mL) and finally with methano! (3 x 10 mL).
The ethyl acetate and methanol washings did not contain the expected cyclic
haxapeptide. The residue left behind after washings was reasonably pure and
gave the spectra characteristic of the expected cyclic peptide. Purification of the
residue for further studies was difticult because of its insolubility in almost all
arganic solvents except DMF and DMSO.

Yield : 30mg (13%)
Mp.:230°C (dec)

R (KBr) : 3292, 2962, 1755, 1640, 1539, 1445,
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'H NMR (600 MHz. DMSO-d6): 8 1.65 - 1.9 (bd. 6H, GIuCBH,s), 2.28 (brs,
6H, GIuCyH,s), 3.6 (s. 9H. 3 x COOCH,), 3.61 - 3.8 (m, 3H, GluCaH), 4.25 (d,

6H, GlyCH,). 8.00 (d, 3H, GluNHs). 8 17 (brs, 3H. GlyNHs).
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ROESY spectra of the tetrapeptide (45). N, and C, designates the proton

connected to the amide nitrogen or Cey respectively of the 1* aminoacid
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PART 1.

MOLECULAR DISASSEMBLY BY ZINC EJECTION AS A
STRATEGY AGAINST HIV MATURATION: A MODEL STUDY



HA. INTRODUCTION

The metal promoted self assembly of ligands, described n the previous
section, forms a continuity to endeavours described here[l1.CJ.

fn general, assembly and dis-assembly are ntegrated in brological
systems to bring about a specific function. such as endocytosis, described
previously. In events promoted by metal ions, this would mean an exchange
process, controlled bv kinetic and thermodynanuc factors. Since ligand
dispositions are linked to the oxidation states of metal 1ons, only those 1ons
that are redox imactive can plav such a role, that is, in assembly and dis
assembly that requires invariance in ligand distributions.  Znll' Tons with a
" profile and having an invariant tetrahedral valency have been found, in
recent vears, to play a pivotal role 1n several critical biological processes,

which involve the crucial ligand metal exchange process.

The work descnibed m this section. complements and completes studtes
of biological systems that operate on an association ;= dissoctation mechanism.
As stated in [1.B. The [CCXX] boxes present in proteins are ideal for the
study of the above reversible process, by thiol = disulfide exchange
mechanisms. A search for such [CCXX] boxes in proteins brought to light,
the very recent reports pertaining  to the nactivation of the HIV virus by
removal of zinc trom two [CCXX| boxes present in one of the constituent
proteins NCp7, by exchange with redox systems of the type Ar-S-S-Ar. This
suggested that redox coupled designs can be very effective in zine removal

from key pervasive enzymes, thus making them ineffective.
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The above notion has been stuchicd and substantiated. The basic Ar-S-
S-Ar svstem was modified o brimg additonal stabilization of the transition

sate refatng 1o the kev thiol = disulfide process This was done by the

preparation of a scries of Ar-S-S-Ar composies with a wide range of

proteinous anmino acids [coded amino acids] and  tethered systems. The
ability (o remove zinc was then tested on RNA polymerase enzyme, an
aoffic composite, universally mvolved m all (ranscniption processes and
having two zinc atoms harbored i {CCXX] boxes present in cach wn the {3
and B segments The conscquences of zine removal from this enzyme, as a
function of the inhibiion of the trancription of calt thymus DNA was
monitored. Lxcellent inhibition was observed with several of the compounds
prepared.

The present work has shown, for the first time ever, that enzymes
baving zinc m their {CCXX] boxes can be deactivated by redox composites

having suitable ligands.
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[1.B. BACKGROUND

Metal 1ons serve a variety of functions in proteins, the imporiant ones of

which are to enhance the structural stability of the protein conformation required
for biological functions and to take part in the catalytic processes of enzymes.
Metal 1ons can activate chemical bonds and make them more amenable to
reactions. They can take part in control mechanisms by specifically altering or

stabilizing macromolecular conformations on binding. Metal 1ons can also take

part in redox reactions.

Zinc and Zinc Fingers:

Amongst the first row of transition metals, zinc i1s second only to iron In
terms of abundance and importance in biological systems. As a d'° metal ion,
" is not susceptible to ligand field stabilization effects, nor does it exhibit
biologically relevant redox reactivity. Nevertheless, the co-ordination chemistry

of zinc is as versatile as the metal ion functions in biology, and this is governed

foa great degree by the metal higands.

The ionic radius of Zn™ is 0.74A° compared to 0.64A° for Ca’™, 0.65A°
dor Mg** and 0.53A° for Fe** and has borderline hardness.! Hence, unlike calcium
‘d magnesium, zinc likes to be co-ordinated by the relatively soft donor

'i.. . 0 . . . - - . -
mons in a protein environment such as cysteine thiolate and histidine
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1 80)

midazole and exhibit vanation in number. charge. structare and amino acid
composition, depending on the structural, catalytic. oy regulatory role.

Interest iy zine as an integral part ol small protem domams began in 1983
with the discovery of the classical zine finger motif - a 30 ammo acid sequence
mouf in the protein transcription tactor A from the toad xenopus laevis. This
anc finger motit s detined by two cvsteine and two listidine residucs that heate
aznc jon (arranged” Cvs Noo Cvs X|. HisX, o His, where X represents any
amino acid) and three conserved hvdrophobic vesidues (Fig LB 1Y

The repeated nature of this motf 1s a feature common to all protems
containing classical zinc fingers, but the number of repeats varies widely among
the proteins ranging from 2 (the Drosophilie protein Tramtrack) to 37 (the
Xenopus proten xfin). Since these molifs have been observed in a very large
mmber of eukaryotic protem scquences, the vinc finger appears to be a wide
spread  structural motif for nucleic aad  recogmuon.  GAL4. GATA-I,
Nucleocapsid, Hormone (Oestrogen) receptor, Carbonic anhydrase (Carbonic
hydratase) 11, Carboxy pepudase A and Metallothionemn are tew examples of
anc finger proteins Fig 11.B.2 - 6 shows the structures of zimce finger domams in
ew enzymes, solved by NMR and/or crvstallographic data.*

To date, more than 200 different cDNA sequences have been found to

encode zinc finger motifs, amounting to more than 1200 individual zinc fingers.



Indeed. it has been estimated that between 300 and 700 human gencs ( nearly 1%

of the human genome) encode zine finger containmg proteins.

. } —
Classical {1 ¢ A (KIKY
Zinc Finger oA T N
nering Y ](F: € L{ (m
} -
(Tramtrack) 13.. o (! S.K\
v G - C
K '.:Zn.‘ v \ p \Zr O \/\KP
- H
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Fig.lB 1. Classes of zinc containing DNA-binding motif, showing the pattern of
ane co-ordinatton. The protein sequence is indicated by the one-letter code.
ed regions fold to form a helices. Arrows indicate f3-strands. Residues that
ct DNA are circled (phosphate contacts in white; base contacts in black)




Fig. IL.B.2. a) The solution structure determined by NMR spectroscopy, of the
second of three classical zinc finger motifs in the yeast transcription factor
SW15. The zinc ions and ligands are. shown. [D. Neuhaus ct. al, J. Mol. Biol.
1992, 228, 637 - 651]. b) The crystal structure ¢f the two classical zinc finger

motifs of the fruit fly transcription factor Tramtrack in complex with DNA. [L.
Farall et. al, Nature, 1993, 366, 483 - 487]

g
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I‘Fig. 11.B.3 The structure of the zinc finger domain of the Neropus Xfin protein,
as determined by solution NMR methods [Le et. al, Science, 1989, 245, 635 -
637

| g. ILB.4. a) The structure of the DNA-binding domain of GATA-1 taken from
') the NMR structure of the domain complexed with DNA [J. G. Omichinski et.
il Science, 1993, 261, 438 - 446)



L

Fig. I.B.S. Crystal structures of a) the cysteine-rich DNA-binding module of the
yeast transcription factor GAL4, showing the zinc 1ons and ligands, and b) a
dmer of the complete DNA-binding domain from the yeast transcription factor

GALA in complex with DNA [R. Marmorstein et. al, Nature, 1992, 356, 408 -
414]



UNA-binding domain from the human estrogen receptor containing two class 1l
-binding motifs that are folded to form a single structural unit. [ J. W. R.
Mowabe et. al, Narure, 1990, 348, 458 - 461]. b) The crystal structure of a dimer
iithe DNA-binding domain from the human estrogen receptor in complex with
NA [J]. W.R. Schwabc et al, Cel/, 1993, 75, 567 - 578]



Enginecring of zinc finger domains.

Given the ubiquitous occurrence of zinc in biological systems, it
mmediately follows as to how the engineering of a metal binding sitc or removal
of a metal 1on from the active site, could be used as a tool in the design of
structurally and functionally modified proteins.

The extenstve information available pertaining to zinc fingers has made the
possibility of the detection of CCHH, CCCH. CCCC [C = Cysteine: H =
Histidine] boxes in proteins or their genomic precursors and then transfer them to
anc binding domains for protein modification. The power of this approach is
ilustrated in Fig. 11.B.7.> The metal free finger peptide (a) is chemically modified
with a fluorophore. In this situation, the fluorophore is in a polar environment,
ivolving minimum emission. On addition of zinc, the zinc finger is instantly
constituted (b) using the |[CCHH] box. This brings the helix close to the 3 sheet
and here the fluorophore i1s in a nonpolar environment, resulting in a great
enhancement of fluorescence emission. The method has been used to detect Zn*'
at concentrations less than 10® M. This discovery is significant since the Zn** is
wresponsive to the usual methods of analysis like spectroscopy and redox
'monitortng. The process 1s reversible.

Zinc finger motifs could find application in the design of folded protein
structures. This has been elegantly demonstrated by the folded design shown in

Fig. [1.B.8 of immunoglobulin by insertion of Zn in a [HHHC] box".
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The hormone insulin contains 3 disulfide bridges and two histidines.

Endeavours to inscribe a zinc finger moiety in insulin has led to the presence of

the linger using the B chain atone.”

Or direct relevance to the present work 15 the nucleocapsid protein,
harboring two zinc finger mouls which play a pivotal role in the packaging of the
AIDS virion.® Two [CCHC| domains are contained in HIV-1 p7 nucleocapsid
potem (NCp7), which 1s a maturational proteolytic product of the Pr 35%*
precursor polyprotein. Interestingly, the [CCHC| motif 1s conserved n all onco
and lenti retroviruses. While, still a part of the Pr 55¢% (GAG) precursor, the
fingers tunction in selection and packaging of viral RNA n to budding virions
After the p7 NC protein is fully processed from the gag precursor in the mature
viruses, the fingers are required for completion of reverse transcription during the
mitial injection of target cells. Thus here, the highly conserved [CCHC] box
performs essential roles in multiple phases of the HIV-1 replication cycle, which
&_makes it an attractive target in AIDS chemotherapy.

In the last few years, agents that can efficiently remove zinc from the
ﬁnger domains have been explored from this vantage.® In the present work, a
series of dithio benzamides have been prepared as agents for the removal of zinc

by exchange interaction. These are described in the next section.

)
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RNA Polymerase - Structure and Function

Gene therapv. being one of the important medicinal tools envisaged for the
2} cenury, nccessitates the development of compounds that can imterfere with
information-tunction system at various levels. Such compounds arc believed to
be effective 1 the treaiment of vanous hereditary diseascs. where the sclective
switching on or off of a gene can rectify the genetic abnormaiity. Since this part
of the thesis deals with the inhubstion studies on RNA polymerase, the key
enzyme involved n gene expression, a brief outline onits structure and function
is appropriate, which 1s given below.

Gene expression involves the sequential transfer of genetic information
encoded as the sequences of the triplet codons on DNA to the 20 letter alphabets
of amino acids, through the intermediacy of RNA. Transcription - the first and
the foremost event in these processes, involves the synthesis of an RNA
molecule complementary to a selected segment of DNA, and 1s catalyzed by the
enzyme called DNA dependent RNA polymerase or RNA polymerase.’
Transcription 1s  undertaken exclusively by RNA polymerase, but not
ndiscnminately by the enzyme; other proteins like activators and repressors,
whose function 1s to regulate transcription, determines whether a particular gene

available to be transcrbed or not.

18V
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' The best characterized RNA polymerase are those of eubacteria, of which
I?i is a typical case. It consist of four different kinds of sub units, namely a.
|
'and o. with molecular weights, 36512, 150619, 144162 and 70136 daltons
kctively ® The enzyme can exist m two distinct, but catalytically active fonns
kly core polymerase, having the sub unit composition a,Bf' and the
enzyme, which 1s the core polymerase associated with the o factor (i.e.
f's). Although both these two forms are capable of catalyzing transcription,
‘yholoenzyme can specifically bind and initiate transcription from promoters.”
;‘s the o factor, which enables the holoenzyme to recognize and specifically
rd to the promoters, compared to the non specific binding by the core

P)ymerase.’0

.I The DNA binding propérty of the polymerase is attributed to the ('
[bunjt because of its high affinity to DNA and other poly anions.'' An additional
gument for this ts the negativc result that the sub assembly a,B does not bind to

PNA 1n a filter binding assay, where as the corepolymerase (a,B8f') can bind to

DNA.'' Moreover several bacterial mutants in which the RNA polymerase have

Fmpaired DNA binding contain altered § subumts, indicating the role of this

subunit in LNA binding.'? The B and B' subunits each contains an atom of bound

zinc that plays both catalytic and structural roles in the enzyme. > Analysis of the
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amino acid sequences of the cnzyme subunits have mdicated the presence of a

DNA binding ‘7inc finger motitm ')



11.C. PRESENT WORK

In (he previous section, the use of metals o bring about molccular
assembly was iHustrated with gold. In recent tmes, the importance of metal 1ons
in brmging about assembly is being increasingly recoanized as an important
stralegy to control and regulate diverse processes. In biological systems, as was
lustrated with clathrins. metal 1ons play an increasme role m the assembly.
Assembly and disasscmbly are required in biological processes. Metals and metal
ions can bring about thesc. m the sense that such metal complexes which brings
about an assembly, can be disassembled by exchange processcs

Amongst meltadls, zinc has been demonstrated to play a very vital role m
biological reactions by virtue of the fact that zine complexes are redox mactive
and exhibit uniformiy a tetrahedral disposition of valencies. Because of this, it
has become possibic to use this metal in non-covalent assembly and disassembly
processes. Exploration of the role of zinc in biology, as was described i the
previous section, mainly arose trom the discovery of the zinc finger motl -
modules having zinc in a dithiolate cnvironment and having ~30 residues. Such
fingers have becn shown by X-ray crystallography to make direct contacts with
tode bases in the DNA, thereby playing a pivotal role n the mitiation of
franscripion.  Soon, the zinc finger concept was generalized and found

apphcation in drversc ways. Thus, close positioning of [CCXX] (X = Cys or His)
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in protem sequences were predicted and proved to form zine complexes winch
could bc monitored by the resulting peptide - protein reorganization. Theretore,
the reading frame of either a DNA or protein sequence can be used to identify
such boxes and could be, with confidence, used as a design in molecular
ordermg. This aspect has been illustrated in the previous section. Exploration of
fhese aspects in this laboratory have led to the preparation of munimal zinc finger
motif and to highhight the importance of thiol 2 disulfide by exchange reactions in
chemistry and biology. "

The genesis of the present work pertains to very recent reports on the fo.:
that, m the maturation of HIV wirus, a 55 residue protein called nucleocapsid
potein (NCp7) plays a very important role n the proper packagimg of the HIV
RNA. Viral RNA_ which provides all the information for its function can be
packaged only if thus protein is present. The sequence of this protein is presented
i Chart 1].C.1(A). The protein contains two zinc finger modules. Concerted
eforts to remove zinc from these efficiently, led to identification of disulfides of
e type B as useful agents to disrupt the NCp7 conformation by removal of the
'wo zinc present, thus making the protein inoperative and there by the packaging
1’16

wfvirions in the HIV wvirus very defective and dysfunctiona

Several aspects of this was interesting from vantage described in the

|

| |
{revious sections coupled with expertise available in this laboratory.



194

EG
GK HIA G K EG Q
C~_ / K C— M
N n K Zn K
F/ ™\ é\l w/ D
MQKGNFRNQRKTV K R APRKK G TERQ AN

Amino acids are indicated by standard one letter codes.

REIN B
§ S
P o
REN "5 - 0
©



The efficiency with which zinc was removed from A by B (Chart I[1.C.I)
srongly suggested exchange mechamsms as envisaged in Chart 11.C.2, wherein
(eompound B could rcact with an appropriate [CCXX] box present, to form the
‘octahedral complex which could breakup, effecting an oxidation in the [CCXX]

'box with concomitant removal of B and its presence as a zinc complex. The

mtionalization of the ovcrall processes in this manner brings to focus, the redox

'panty of the S-S system present in A and B. Therefore, 1t was considered
éde]sir"abie to prepare a series of compounds that are related to B and to study their
diiciency in the removal of zinc from [CCXX] boxes present in key biological
;..h:zymes that harbour zinc.

| ‘ We chose to design the redox up take systems present in compounds like
|

B(Chart 11.C.1) to link with diverse amino acid residues on the one hand and the

avisaged that, in the removal of zinc from [CCXX] boxes by exchange
esses involving compounds of the type B, the amino acid side chains could

lfy 2 major role by stabilizing the transition state by interaction, with similar

ICXX) box made it interesting to generate these, in an exchange process
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leading to minimalistic zinc finger monfs. This could be accomplished in
pnnciple by attachment of a histidine restdue to the redox system shown in B.
which could result in a [CCHH] box. that could very eftectively harbour the zinc
and the process, being energy tacile could lead to the development of very
efficient reagents to remove zinc from [CC XX] boxes present in proteins.
[n the present work, the novelties incorporated in the design, was sought to
be coupled with examination of its efficiency on an enzyme, which has a
pervastive importance in all life svstems. The enzyme, RNA polymerase was
thosen by virtue of its role in the making of an RNA transcript from the genome,
which would in turn be translated to the protein. The RNA polymerase activity of
several systems have been shown to be a composite of four protein subunits,
talled o, B, B' & o. The B and the B' units have been shown to posses one
E[CCXX] box each, that harbor zinc, possibly with the formation of two zinc
lff_mgers_” The presence of these units in their metal bound configurations is
;s;psential for the action of the composite enzyme RNA polymerase and are most
i ly related to the initiation of the transcription. In this sense, the generality of
redox systems, that can participate in exchange processes, as a strategy for

removal of zinc, could be of generalized importance when 1llustrated with

polymerase, since, the results from such studies would be of importance to

1 07



the application to other systems contaimng not only zinc 1ons in their [CCXX]
boxes. but to other metal 1ons as well.

The redox svstem envisaged for exchange studies was the key disulfide
:ﬂanked by two aromatic rings, to which approprate ligands could be attached by
means of the ortho carboxy! groups present (Chart 11.C.1).

The required dithiobis-carboxylic acid (1) was prepared n excellent yields
by the coupling of diazotized anthranilic acid with Na:.S2 as reported'’. The
fransformation of 1 to the 2.2'-dithiodibenzovl chlonde 2 was achieved by
| refluxing 1t in thionyl chloride for 24 h. The acid chlorde thus prepared could be
stored for further use under strict protection from moisture.

The coupling of 2 with amnoacid ligands shown in Charts I1.C.3, 11.C 4
and [[.C.7 were accomplished by treatment with freshly prepared aminoacid
gnethyl ester followed by purification of the product by column chromatography.

Thus, the methyl esters of Ala, Aib, Val, Pro, Phe and Met, afforded the
expected bis-amides in yields respectively, 3 (25%), 4 (24%), 5 (63%), 6 (43%),
1(36%), 8 (75%) (Chart Il.C.AB), The vanation observed in the yields is largely
gitnbuted to purification procedures. The structural assignments for 3 - 8 have
§een fully supported by spectral and analytical data. Interestingly, the mass
spectmm invanably exhibited peaks corresponding to MH" along with that

toresponding to the uptake of one Na™. An interesting and valuable observation
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was the presence of base peak in all these compounds corresponding to clean

fragmentation around the S-S bond. The fact that these were actually generated in
the mass spectrometer is evidenced by the fact that, they appeared uncomplexed
with the proton as is always the case with parent 1ons.

Surprising results were obtained in all anmno acids that have a proton
source in the side chain. They afforded product arising trom cleavage of the S-S
bond, with concomitant participation of the peptide NH, resulting in the
formation of isothiazolidene-3-ones. In the case of tyrosine and threonine, the
Lorma] bis products could also be obtained.

Thus, the reaction of TyrOMe and ThrOMe with the acid chlonde 2,
fllowed by work up, resulted in the formation of, respectively, the bis-Tyr
compound 10 (19%) and the Tyr-1sothiazolidene-3-one 9 (29%), the bis-Thr
compound 12 (31%) and the Thr-1sothiazolidene-3-one 11 (59%) [Chart 11.C.4).

The structural assignments for 9 - 12 are fully supported by spectral and
malytical data. Having the bis-amino acid compounds as well as the
isthiazolidene-3-ones ar‘ising from S-S cleavage at hand, it was possible to
dlineate the characteristic spectral features that could result in their
Mentification. In their FAB mass spectrum, the bis compounds arising from
fyosine and threonine, 10 and 12, afforded protonated mass peaks and those

omplexed with sodium ions. They invariably contained, as stated previously,
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base peaks corresponding to clean repture of the S-S bonds. In sharp contrast,
the 1sothiazofidenc-3-ones  trom these anuno acids, namefv. 9 and 11 gave peaks
corresponding to the mass with a proton A characteristic  feature  that
distinguishes the bis-amino compounds from the isothiazolidene-3-oncs is the
appearance of the Cu proton, in the NMR spectrum. In the case of all bis-amino
compounds. this proton appeared as a multiplet i the vicimty of 4.5 ppm,

whereas the cquivalent proton in the isothiazolidene-3-ones mvanably appearcd

 agnificantly down shifted by ~1 ppm to appear in the clear region in the NMR.

|
| tormesponding to ~3.5 ppm. This factor could unambiguously distinguish the

bis-amino  compounds  from isothiazolidene-3-ones. The isolation of the
ifisot}ljazolidene-B-ones 9 and 11 is significant in the sense that although the

Ehmation of such compounds have been speculated in the fragmentation of the

mation of systems like these would involve a nucleophilic attack by the amide

'__-w on the dithia bonds, resulting in the S-S cleavage to 1sothiazolidene-

ism would envisage loss of 50% of the starting compound. The fact that,

jthe case of threonine, not only the isothiazolidene-3-one was secured n 59%,
1

g also, the bis-threonine compound was isolated in 31%, would require a



revision of this mechanisbie proposition. It is proposed, as shown in Chart [1.C 5.

that, in the cases where there is a proton source available in the side chain, the
protonated intermediate undergoes rupture to give the isothiazolidene-3-one on
the one hand and the -St species on the other. We believe the process to operate

na cvchic form by the transtormation of the SH compound by oxidation to the

dithia compound and thereby this mechanism could account to as much as 100%

velds of 1sothiazolidene-~3-ones.

Dithia redox svstems such as presented here having amino acid ligands
wth a free carboxyl group has been studied tor their stability in water as stated
weviously.'® Such a study has shown that clecavage, as envisaged here do take
phoeby presence of another species, which. without any structural support was
arbier assigned to the 1sothiazolidene-3-one In the present work, this has been
efimed by 1solation and characterization of such compounds. Further, the
mportance of 1sothiazolidene-3-ones as drug prospect 1s discussed in the later
wt of this work.

The structural assignment for the novel isothiazolidenes 9 and 11 are
sdionally supported by their X-ray structures. The tyrosine compound (9)
aystallized from acetonitrile - chloroform (1°1). The X-ray structure of this
eapound and selected inter atomic parameters are presented in Fig. 11.C.1 and

lell.C.1 respectively. The ORTEP diagram in Fig. [1.C.1 clearly brings about
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Fig, I1.C.1. Crystal structure of 9



Table IL.C.1. Inter atomic parameters from the crystal data of 9

Rond Diarances

ZZnW

. 1

oz
~

(o PR

O1-07
D2 CY
02-C10
N3 -6
D B
CL-C2
Cl-Ch
C2-C3
C3-Ca
Ci-C5
C5-C6
Ce-C7
¢8-C9
Cc8-C11
Cli-C12
Cl2-C13
Cci2-C17
C13-Cl4
Cl4-C15
Cl5-C16
Ci6-CL7

(Angst roms)

1
1
1
1
1
1
1
!
]
1
L
1
1
1.
i
1
1
1
1
1
1
1
1
1
1

Bond Anqinrn

N-5-C1
S-N-C7
$-N-C8
C7-N-C8
C9-02-Cra
§-C1-C2
S-C1-Cé6
C2-C1-C¢
Cr-C2-03
C2-C3-C4
C3-C4-7C5
C4-C5-C6
Cl-C6-C5
CL-C6-C7
C5-C6-C7
N-C7-01
N-(7-C%
01-C7-C6
N-C8-C9
N-C8-C1L1
C9-C8-C11
02-C9-03
02-C9-C8
03-C9-C8
C8-Cl1-C12
C11-C12-C13
Ci1-C12-C17
Cl3-Ci12-C17
Cl12-Cl13-Cl4
C13-C14-C15
04-C15-C14
04-C15-C1%6
Cl14-C15-Cle6
C15-Cl16-C17
Cl12-C17-C16

(deqgrogs)

91(3)
114(2)
122(4)
124(3)
119 (4)
126 (4)
109 (2)
124 (5)
L19¢({5)
115(3)
121(6)
123 (4)
116 (3)
112(5)
1321{4)
121(3)
113 (3)
126(5)
114 (2)
115 (4)
108 (4)
130 (3)
112(3)
118 (4)
111(5)
121(3)
122 (4)
117(3)
121 (4)
119 (4)
117 (4)
121(4)
122(2)
117(4)
124 (4)
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the nonplanar naturc of the molecule with an orthogonal disposition of the
fyrosine aromatic residues with respect to the near planar benzoisothiazolidene
3-one system. The S-N bond, which could receive electrons, concomitant with
ane in its removal from appropriate {CCXX] boxes, is however exposed.

The threontne compound 11 also crystallized well from acetonitriie
|

<chloroform (1:1). The crystal structure of 11 and the selected inter atomic

‘parameters are presented in Fig 11L.C.2 and Table 11.C.2. Mere again, it appcars

|i
that the ligand 15 out of plane with reference to the near planar

benzoisothiazolidene-3-one system.

An interesting and potentially useful observation was that, the

this-threonine compound showed enhanced propensity for the uptake of sodium

ons in the mass spectrometer. This compound, having a large number of oxygen
Iatoms in side chains and with a defined cavity could, in principle, show good
linophore properties.

The reaction of the bis acid chloride (2) with amino acids having a proton
i'__.l rce in the side chain, namcly, serine, tryptophan and histidine afforded only
. isothiazolidene-3-ones in respectively 13 (41% yield), 14 (25%yield) and 15
6% yield) [Chart [[.C.4]. The structures of all these compounds are confirmed

y on the basis of spectral and analytical data. They uniformly exhibited the 1

pm downfield shift of the Cu proton, characteristic for these compounds. The



Fig. I1.C.2. Crystal structure of 11

Table 11.C.2. Inter atomic parameters from the crystal data of 11

Bond Diszances (Angstroms)

P 1 iy Sy AR

.716(4)
.741(5)
.380(6)
.458(6)
. 224 (6)
.205 (6)
.3201(6)
.463(7)
.454(7)
.406(7)
.383(7)
.464(7)
.383(8)
.406(9)
.386(9)
.391(8)
.554(7)
. 5314(7)
.528(9)

Bond Angles

N-§-C6
S-N-C7
S-N-C8
C7-N-C8
C10-03-C1l1
Cc2-C1-Cé
Cc2-C1-C7
c6-C1-C7
CL-C2-C3
C2-C3-C4
C3-C4-C5
C4-C5-Ch
§-C6-C1
8-C6-~C5
Cl-C6-Cb5
N-C7-01
N-C7-Cl
01-C7-C1
N-C8-C9
N-C8-C10
C9-C8-C10
04-C9-C8
04-C9-C12
cg8-Co5-Clz
02-C1l0-03
02-C10-C8
03-C10-C8

(degrees)

90.4(2)
116.7(3)
121.7(3)
120.5(4)
117.2(4)
120.4(5)
126 .2 (4)
113.4(4)
117.7(5)
121.21(6)
121.2(86)
117.12(5)
111.8(4)
125.7(4)
122.5(5)
123 .3 (4)
108.4(4)
128.2(5)
113.4(4)
109.9(4)
111.1¢(4)
107 .7(4)
109.4(5)
112.1(5)
125.3(5)
124 .6(5)
110.0(4)
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formation of the histidine side chain containing benzotsothiazolidene-3-one s
significant. This stable compound s obtained in ~ 60% yields and show
significant activity in the removal of zinc from RNA polymerase (vide infra).
Conscquently, compound 15 has great potential to develop as an efficient and
stable agent for the removal of zinc from [CCXX] boxes contained in biological
systems. Of further interest 1s the fact that the transformation of the stidine
containing systems like 15 to reduced zinc uptake systems at the expense of the
enzyme. would represent the transformation of one [CCXX] box to another and
the latter goes to a zinc finger prototype.

A detailed study of a series of compounds having a common redox system
in the form of a Ar-S-S-Ar unit, with reference to the efficiency in the removal of
zinc from the NCp7 protein - which has two zinc fingers and the process related
to the nonproliferation of the virus - has shown that the p-sulfonylamide derived
from 2 is one of the most efficient agents.* In the continuing efforts to design
better reagents that could show a propensity for the universal removal of zinc
from [CCXX] boxes, it was considered desirable to incorporate the earlier design
namely, the presence of an o amino acid to this particular redox system. As
shown in Chart 11.C.6, the sulfonylamide 16, prepared from 2 and sulfanilamide
was coupled with BocGlu(yOMe) to generate the bis compound 17. The

structural assignment of 17 is supported by spectral and analytical data. The
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coupling is noteworthv here, since, it involves the formation of a peptide bond
using a charge depleted amino group of a sulfonamide unit. The design s good as
seen by the fact that compound 17 was shown to be a very efticient remover of
anc from RNA polymerase (vide infra).

Steric aspects with thiol 2 disulfide exchange processes (Chart [1.C.2) of
1'}lhe tvpe discussed herc, has not hitherto given attention. All the reagents which
have been tested against NCp7 are derived from the common redox Ar-S-S-Ar
system, harbouring two ligand amide appendages in the ortho positions. Efforts
fo secure crystal structures of these systems represented by many examples from
lowr own work has been so far not successful. However, as shown in Charts
[I.C3. 11.C.4, and I1.C.6. the ligands are spread out to accommodate the S-S
othogonal dihedral angle and should offer considerable steric hindrance in the
Ib'msition state. Consequently, it was envisaged in the present work to tether the
ortho carboxyl groupings of the redox system with a single chain, thus, reducing
e steric requirements considerably, of the composite.

Two attempts were made in this direction, namely, the reaction of 2 with
gstinedimethy! ester and that with orthophenylene diamine. Both occasions, in
pmciple can lead to such tethered systems.

The reaction of the acid chloride 2 with freshly prepared CystinediOMe

iorded three compounds, namely, the desired tethered system 20, and



fragmentation products 18 and 19 (Chart 1LC. 7)Y The structural assienments frem
18 - 20 are supported by spectral and analvtical data. Fucther. compound 19
ervstalhized well from ethvlacetate-hexane and the N-rav envstal structure of this
compound 1s presented in Figo 1L.C3 A most mteresting aspect of the ervstal
structure 15 that the unit cell consisted of o heterodimer arising trom strong

hydrogen bonding ol the nearly cis oriented anndes to torm an § ring noncovalent

assembly as shown Such dimer formation s also scen m the mass spectrum of

the compound. which showed a significant peak  correspondimg to dimer
assembiv at 4735 (2M+HD)" The RNA polymerase inhibition studies showed
however that compound 20, where the redox svstem 1s tethered exhibied only a
week activity.

The fragmentation of 20 to 18 and 19 15 explamned in Chart 11.C.8. [t is
proposced that, probably due to the steric constramts imposed on the system,
fragmentation occurs via formation of a dehvdro ala on the one hand and an S-S
cleavage on the other, and these, by processes. which are explained carler,
readily could be transformed in to 18 and 19.

Enurely divergent results were seen on treatment of 2 with orthophenylene
diamine  (Chart 11.C.9). Of importance 1s the tormation of the
isothtazolidene-3-one derivative (21), which now carry an orthoaminopheny)

grouping on the amide nitrogen. Most interestingly, the reaction also afforded the
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fragmentation products 18 and 19 (Chart [T C 7). The structural assienments from
I8 - 20 are supported by spectral and analvucal data. Farther, compound 19
ervstalhized well from ethvlacetate-hexane and the N-rayv crystal structure of ths
compound 15 presented m Figo 1L.C30 A most interesting aspect ol the erystal
structure s that the wnit cell consisted of o heterodimer arsing from strong

hvdrozen bondimg of the nearly cis oriented amides to form an 8 ring noncovalent

assembly us shown. Such dimer formation 1s also scen i the mass spectrum of

the compound, which showed a significant peak  corresponding to dumer
assembly at 475 (2M+I). The RNA pohvimerase mhibition studies showed
however that compound 20. where the redox system s tethered exhibited only a
week activity.

The fragmentation of 20 to 18 and 19 is explained in Chart 1LC.8. It 15
proposed that. probably due to the sternic constraints imposed on the system,
fragmentation occurs via formation of a dehvdro ala on the one hand and an S-S
ceavage on the other, and these, ‘by processes, which are explained earler,
lffead“.\" could be transformed in to 18 and {9

Entirely divergent results were seen on treatment of 2 with orthophenylene
i;diaminc (Chart 11.C9). Of importance s the formation of the
Flisothiazolidene-B-one denvative (21), which now carry an orthoaminophenyi

gouping on the amide nitrogen. Most interestingly, the reaction also afforded the

L2
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Fig. ILC.3. Crystal structure of 19 as hydrogen bonded dimer
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242 symmetrical adduct 22 in 5% yield. The structural assignment for 21 ts
supported by spectral and analytical data and by X-ray crystallography. The
X-ray structure of this compound with selected inter atomic parameters are
presented in Fig. II.C.4 and Table I1.C3. The X-ray structure of 21 1s
noteworthy. Unlike the other two examples (9 & 11), the molecule 21 1s nearly
planar. An unexpected feature of this is the proximal alignment of the amino
group to the sulfur atom, rather than the expected hydrogen bond formation with
the carbonyl grouping of the isothiazolidene-3-one system. The compound awaits
detailed studies pertaining to its efficacy as an agent for removal of zinc. The
structural assignment for 22 is principally on the basis of mass spectra, which
showed a parent ion at 756. The structural profile ot this compound is interesting
m that, with in the confines of a Ar-S-S-Ar periphery, the cavity is highly
programmed to the uptake of ions possessing as it does, four nigidly aligned
peptide groupings.

An assessment. of the efficiency of the compounds described thus far
pertaining to the removal of zinc from RNA polymerase is presented in the next
section. From this, it can be concluded that the design has given rise to very
promising members that could be expected to show pervasive and significant
activity 1n the removal of zinc from [CCXX] boxes which are present in diverse

biological systems
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hg. I1.C.4. Crystal structure of 21

Mable 1.C.3. Inter atomic parameters from the crystal data of 21

Bond Angles (degrees)
Bond Distances (Angstroms)

N1-S-C1 90.5(1)

S-N1-C7 116 .3(2) 5-N1 1.712(3)
§-N1-C8 118.7(2) S-C1 1.741(4)
C7-N1-C8 125.0(3) N1-C7 1.375(4)
§-C1-C2 126.5(3) N1-C8 1.437(4)
§-C1-C6 111 .3(2) N2-C13 1.395(4)
C2-C1-Cé6 122.2(3) 01-C7 1.222(4)
C1-C2-C3 116.9(3) Cl-C2 1.391(5)
C2-C3-C4 121.4(4) Cl-Cé 1.387(5)
C3-C4-CS 121.4(3) C2-C3 1.383(6)
C4-C5-Cé6 118.3(3) C3-C4 1.384(6)
Cr-C6-C5 119.8(3) C4q.-C5 1.378(5)
C1-C6-C7 _ 113.9(3) C5-C6 1.391(4)
C5-Ce6-C7 126.3(3) ce-C7 1.465(4)
N1-C7-01 123.6(3) C8-C9 1.392(5)
N1-C7-Ce 108.0(3) Cc8-C13 1.391(4)
01-C7-C6 128.4(3) C8-C10 1.380(5)
N1-C8-CS 119.4(3) Cl0-C11 1.384(5)
N1-C8-C13 119.2(3) Cli1-C12 1.377(5)
€9-C8-C13 121.4(3) Cl12-C13 1.395(5)
¢8-C9-C10 119.6(3)

C9-C10-C11 119.5(3)

€10-C11-C12 120.9(3)

€11-C12-C13 220.5(3)

N2-C13-C8 121.8(3)

N2-C13-C12 120.1(3)

€8-C13-C12 118.0(3)



ILD. TRANSCRIPTION INHIBITION STUDIES BY REMOVAL OF

ZINC VIA EXCHANGE FROM E coli RNA POLYMERASE

The course of transcription of Calf thymus DNA by E coli RNA
polymerase was monitored with the redox (S-S) amino acid composites (3 - 8,
10, 12, 16. 17 & 20) and with isothiazolidene-3-ones (11, 14 & 15), whose
formation is explamed in Charts 11 C.3, 11.C 4, [I.C.6 and I1[.C 7.

Additionally, the removal of zime from RNA polymerase by 12 was
momtored bv tluorescence studics.

Materials and methods

The enzyme aliquots after admtxing with the drugs were incubated for 15
mnutes and then dialyzed overnight. A general transcription assay was then
carried out in a medium which contain *H UTP in addition to other nucleotides.
IThe amount of radio active UTP incorporated in the transcribed RNA was
monitored by scintillation counter and the count when compared to that obtained
#using native enzyme gave the percentage loss of activity.

A mixture containing 0.8 1M solution of either the redox (S-S) amino acid
tomposite or the isothiazolidene-3-one (5 pl. from 8 uM stock in methanol) and

04 uM of E coli RNA polymerase (5 pL. from 4 uM stock) in 1x transcription



buffer * (3 ul) and 335 mL milliQ water was incubated for 0.5 h. and dialyzed °
overnight to remove the unbound chelator.

4 x transcription assay mixture © (10 pL) was diluted with 10pL of milliQ
water and admixed with 20 pl. of the dialyzed enzyme-chelator composite. The
mixture was incubated for 20 minutes and spotted on to a D81 filter paper strip.*
iwhich was precoated with EDTA to arrest turther transcription. The filter paper
istrips were allowed to air dry for 3 hours, washed successively with 5%
INa,HPO, solution (3 x 200 ml., 10 min each), distilled water (2 x 200 mL, 5 min

J
each) and then with ethanol (2 x 75 mL). The strips were then dried under an [R

ilamp, put in the scintillation tluid® and noted the count in the scintillation counter.
The count given by the native enzyme is taken as 100% and the relative value
shown by the inhibited enzyme gave the percentage loss of activity.

For fluorescence studies, 12, having the threonine ligand was chosen
because it exhibited most favourable fluorescence profile. The fluorescence
pofile of a solution of 5> uM of 12 and 2.5 uM enzyme was monitored as a
finction of time.” The decrease in fluorescence intensity was used as a measure
of the removal of zinc.

Besults and discussion.

The results from the interaction of RNA polymerase with the redox amino

wid composite as well as the isothiazolidene-3-one are presented in a graphical



| format in Fig. I1.D.. For comparison purposes, the activity with out the reagent
is taken as 100% and results from other experiments are made based on this

| standard. The results from normal chelating agents hke EDTA and

o-phenanthroline are also presented in Fig. 1I.D.1 at concentrations, but at much
higher (~107)

| Inttial studies were done with higher concentrations of the reagent (15

lmM), where total inhibition of transcription was seen. The effect of zinc removal

i

| on transcription profile has been studied. Of the two zinc atoms present in the

i_mzyme, one could be removed rather easily, leading to a mono zinc depleted
|

1
|

 modified enzyme which still showed ~35% of original activity'®. The removal of

‘both zinc atoms require rather drastic conditions and the resulting totally zinc

{;.depleted enzyme does not show any transcription activity. This is pictonally

"'represented in Fig. [1.D.2. Fig [1.D.] is constructed based on the activity of the

' chelator to effect zinc depletion, and this, as could be seen, varies from 5% in the
i
| case of threonine compound (11) to 62% in the case of 17 and 56% 1n the case of

} Tyrosine containing compound (10). The value of 62% inhibition exhibited by 17
ir;mprc:sents removal of one zinc from the enzyme. This limit is interestingly
‘supported by the fact that both the alanine compound (3) and the methiontne

"-compound 8 effected inhibition in this range, but at a 10 fold increased

concentration.

h
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5 2 2 3
Zn2+ +Zn

(a) (b) (¢)

!

(d)

(a) Active enzyme
(b) Mild chelation with EDTA for Sh- Less active enzyme
(¢c) Strong chelation with o-Phenanthroline for 31 - Inactive enzyme

(d) Strong chelation with o-Phenanthroline for 5h - Inactive and
denatured enzyme

Fig. IL.D. 2.



A striking observation from Fig. 11.1).1 is that the chelators studied here
are far superior in the removal of metal, compared to the traditional agents hke
EDTA and o-phenanthroline. Even at enhanced concentrations (~10%), they were
not able to etfect significant removal of the metal.

As shown in Charts 11.C.4 & I1.C.5. the dithta compounds can fragment,
leading to 1sothiazolidene-3-ones. In studies relating to the removal of zinc from
HIV NCp7 protein, It has been shown that analogs, having free carboxyl groups.
I water, at higher pH ranges. give rise to substantial amounts of
isothiazolidene-3-ones.'® Further, such studies with the HIV NCp7 protein has
shown that, both the dithia compound, and isothiazolidene-3-ones are effective in
the removal of zinc, although a comparative study has shown that the dithia
compounds showed a superior profile. Some support of this can be seen from
Fig. I1.D.1, where dithia Thr compound (12) exhibited marginal increased
mhibition, compared to 1sothiazolidene-3-one (11).

The fragmentation of dithia compounds under biological conditions is a
drawback 1n developing tﬁese as 1deal inhibitors. On the other hand, the
isothiazolidene-3-ones are stable and therefore compounds of this class which
I|sh0w inhibition would be better candidates in the development of efficient
mhibitors. In the present work, this aspect has found a satisfactory solution, since

the histidine compound (15) which has an isothiazolidene-3-one type structure



" exhibited high inhibition (47%) This observation is of interest for two reasons.
 As stated earlier, the interaction of the histidine compound 15 with the [CCXX]
boxes present in the enzvme could result, by an exchange processes, an oxidized
enzyme and the reduced reagent, which would have now a minumalistic zinc
finger prototype structure Indeed, this fact of formation of stable zinc compound
';may in fact account for the significant inhibitton exhibited by this compound.
Compound 15 therefore show promise as a suitable inhibitor.

Mass spectrometric investigations '* have shown that. in the casc of NCp7.,
i;jmeraction with redox compounds of the type B(Chart 11.C 1), results in an initial
complex, from which zinc as well as the ligand is expelled, resulting in the
oxidation of [CCXX] box. The present finding can be well explained on the basis
of a similar mechanism, where zinc containing [CCXX] boxes present in 3 / '
uits of the enzyme could form complexes with the reagent, effecting the removal
of the zinc as envisaged in Chart [1.C.2.

Figure TI.D.1 neatly devides the reagents studied in this work into two
categories. Those which arc on the left side of the traditional chelators
(o-Phenanthroline & EDTA) and the others to the right of it. The former form a
‘class having decreased capacity for inhibition of transcription process by RNA
polymerase and the latter, a vastly enhanced inhibitory profile. It cannot be a

coincidence that, whilst the better profile is shown by hydrophobic amino acid
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denvatives (Phe, Val, Ala, Atb. Tvr), thosc which cannot belong to this category

are not that effcctive.

In the design of reagent systems for the removal of zinc. the importance of

the side chain was a consideration, since these could lead to transition state
stabilization. The fact that hydrophobic anuno acids are able to achieve such
stabilization in comparison to the others indicate the importance of hydrophobic
mteraction in the vicinity ot [CCXX] box that are present in RNA polymerase.
Proline would appear as an exception to this generalization, since among those
having hydrophobic appendages, this is an exception. This would indicate the
mportance of the peptide NH bond in the stabilization of the transition state.

The fluorcscence studies pertaining to the zinc removal were hmited to
(12) due to consideration of the appropriate fluorescence profile.

As illustrated in section 1I.B, changes in fluorescence profiles could be
wed to monitor the thiol & disulfide exchange processes. In Fig 11.D.3 is
Mesented the fTuorescence proﬁle of the enzyme on addition of an aliquot of
éi\mpound [2. The decrease in fluorescence is a clear indication of the transfer of
wtal to 12 which 1s associated with quenching processes. resulting in decreased
Rorescence intensity.

The above study has shown that the design presented for the removal of

from [CCXX] boxes present in diverse enzyme systems, could be
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Fig. I1.D. 3. Vanation of fluorescence intensity of 12, when emission from
a mixture containing 5 (1M of 12 and 2.5 ;1M of RNA polymerase in buffer

was monitored as a function of time.



gencrahzed, leading to control of their acuvity, which in turn could be anticipated
to have stgnificant therapeutic significance.
Notes.
a. Composstion of the txTranscription buffer:
50 MM Tris HCH (pH 7.8): 0.1 M EDTA: 0.t miM DT 50 mM NaCl: 3 mM
Mg(O'/‘\c):; BSA 25ng/ml..
b. Dialvsis

1) Preparation of the dialysts tubings: Small pieces of dialysis tubing (10 -20
em. 10 nos) were boiled in 250 ml. of 2% NaHCO, solujon for 10 min They
were then washed thoroughly with distitted water (4 x 100 ml) and again borled
for 10 min. in distitled water (200mL). allowed to cool and stored at 5°C.

1) Composition of the dialysis buffer: Tris. HCI (pH 8), 10mM: Glycerol 5%
(Vi) EDTA 0.1 nl1M; DTT, 0 | mM: NaCl, 50 mM.
¢. Composition of the I x Transcription assay maxture: Tris. HCI (pH 8), 40mM;
MgCL,, [OmM: EDTA, ImM: ME, 16 mM: ATP, 2 mM: CTP, 0.2 mM; GTP,
02 mM: UTP, 0.05mM: *H UTP. 50 miM. Calf thymus DNA, Img/mL. The
solution was made up using milhiQ water.
d. DE 81 filter paper strips were cut in 4 x 4 cm size, numbered at the comer
using HB penctl and 100 pl. of SO mM EDTA solution was spotted on this.

Gloves and forceps were used while handling. They were allowed to air dry.
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e. Composttion of the scintillation flmd: PPO, 4g: POPOP, 0.2g: Naphthalene,
60g: Ethylene Glycol 20 mL.; Methanol 100 ml.. Dioxane 880 mL.I

f. Compound 12 showed a characteristic absorption at 325 nm and an emission at
395 nm. The fluorescence emission of 12 (5 uM), when admixed with a 2.5 pM
solution of RNA polymerase in storage buffer {40 mM Tris HCI, (Ph 8);, | mM

EDTA; 10 mM DTT; 100 mM NaCl and 50% Glycerol], was monitored as a

function of time.
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ILE. EXPERIMENTAL

All amino acids used were of L-configuration Melting points were
recorded on a Fisher-Johns melting point apparatus and are uncorrected. Optical
rotations werc measured with an automatic JASCO polanmeter: concentrations
are given 1n grams / 100 ml.. Infra red spectra were recorded on a Perkin Elmer/
1600 - T spectrometer either as neat liquids or as KBr pellets and prominent
peaks are expressed in ecm™. 'H and ”C NMR spectra were recorded on Bruker
WM-300 NMR spectrometer. The chemical shifts are expressed in & (ppm) with
T™MS at 0.000 as the internal reference. FAB MS were obtained on a JEOL

SX-120 / DA - 6000 instrument using m-nitrobenzylalcohol as the matrix. C, H,
N analysis was carried out in Vario EL elemental analyzer. Reactions were
monitored wherever posstble by TLC. Silica gel / G (Merck) was used for TLC
Eand column chromatography was done on silica gel (100 - 200 mesh) columns,
:'Mlich were generally made from a slurty in hexane or a mixture of hexane and
ethyl acetate. Products were eluted with a mixture of ethyl acetate / hexane.
‘Dialysis tubings having 10 Kd cutof from Sigma were used in dialysis,
Whatmann DE81 filter paper was used for spotting the transcription assay

imixture. Radioactivity counts of the biological samples were measured using

‘Packard 1500 TRI-CARB Liquid Scintillation counter.



. Amino acid methyl esters: (General Procedure)
a) Dry HCI method.

Dry HC was passed through a stirred suspension of the L-amino acid (Ser,
Ala, Pro; 100 mmol) in dry MeOH (~73 mL) at room temperature untit a clear
solution was obtained and then at 0°C until saturation. The solvents were
evaporated in vacuo, the residue crystallized from drv MeOH / Et,O, filtered,
washed with dry Et,O and dried in vacuo over KOH to give the amino acid
methy! ester hydrochloride in nearly quantitative yields.

In the case of SerOMe HCI, the residue obtained after the removal of the
solvent was redissolved in dry MeOH and again subjected to the passage of dry
HC for ~1 h at room temperature, followed by evaporation of the solvent and
crystallization.

For the preparation of CysdiOMe 2HCI, a suspension of L-Cystine (17
mmol) in dry MeOH (125 mL) was subjected to the passage of dry HCl for 4 h at
Ilroom temperature, the solution concentrated to ~30 mL in vacuo, refrigerated,
fitered, crystallized from MeOH and dried.

I

In the case of histidine methyl ester dihydrochloride, a solution of
;
Lhistidine. HCLH,O (14.35 mmol) in dry MeOH (30 mL) was admixed with

gmc.H,SO, (0.8 mL), refluxed for 2.5 h and subjected to a stream of dry HCI

jr 3 h, towards the end of which the product started separating as a white

pecipitate. The reaction mixture was refrigerated for 4 h, ftltered, the residue



washed with hot MeOH (135 ml) under protection from moisture, filtered and the
filtrate refrigerated overnight to afford HisOMe 211CI, which was filtered and
dried.

b) SOCL, Method.

Thionyl chloride (4 mL, 58 mmol) was added dropwise to stiured and 1ce
cooled dry MeOH (35 mL), followed by L-amino acid (Phe, Tyr, Aib, Met, Thr,
Trp, SO mmol). The reaction mixture was allowed to attain room temperature,
refluxed for 2 b, solvent evaporated and the residue on crystallization from dry
MeOH / Et,O gave the products in > 85% yields. In the case of Thr and Met, no
refluxing was necessary.

IL 2,2' - Dithio dibenzoyl chloride (2)
8) Sodium disulfide.

To a stirred and refluxing solution of Na.S.2H,0O (15.5g, 0.135 mol) in
water (37 mL), was added sulfur powder (4.25g, 0.135 mol). The mixture was
left stirred until clear, admixed with 40% NaOH (12 mL), cooled in ice-salt bath
d used in the following step.

b)2.2' - dithiodibenzoic acid (1)

To an ice cooled and stirred solution of Na,S, was added in drops, over 0.5

b an ice - salt cooled solution of diazotized anthranilic acid - prepared by slow

addition of ice cooled aqueous sodium nitrite (8.75g, 0.125 mol, 35 mL) to an
1
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icc-salt cooled and stirred solution of anthranilic acid (16g, 0.117 mol) in conc.
HCI (25 mL). The reaction mixture was alléwed to attain room temperature, left
stired il mitrogen evolution ceased, acidified with conc . HCL, filtered, washed
with water, admixed with 3% Na,CO, (250 mlL), filtered hot from suifur,
acdified with conc. HCH, filtered and dried to give 17g, (92%) of
2.2-dithiodibenzoic acid.

Mp.: 284°C

IR (KBr) : 2996 (br), 1681, 1566, 1472

) 2,2 dithiodibenzoy! chloride (2)

| A mixture of 2,2"dithiodibenzoic acid (2g, 6.53 mmol) and SOCI, (24 mL)
twas refluxed for 24 h, evaporated, the residue dissolved in CH,Cl, (5 mL),
gvaporated in vacuo, triturated with dry hexane, filtered under protection from
moisture, washed with -dry hexane and dried over P,O to afford 1.5g of
22-dithiodibenzoy! chloride.

Yield : 67%

Mp. : 148°C

R (XBr): 1721, 1600, 1560.

"HNMR (CDCI,-DMSO-d6) 8 7.4 (t, 2H), 7.6 (t, 2H), 7.7 (d, 2H), 8.08 (d, 2H)



L The reaction of 2,2'-Dithio dibenzoylchloride with o aminoacid methyl
esters : isolation of 2.2'-Dithiodibenzoyl bis-aminoacid methyl esters
[2,2'-dt(AA)-OMe] and (in some cases) N-(Benzoisothiazolidine-3-one)
amino acid methyl esters [I1sot(AA)OMe]. (General Procedure)

A solution of 2,2-dithiodibenzoyt chloride (2) (1g, 2.915 mmol) in dry
CH,Cl, (25 mL) and 0.9 ml. (6.413 mmol) of tricthvlamine were simultaneously
added dropwise to an icc cooled and stirred solution of the free amine of the
amino ac:d methyl ester {generated in sifu by the addition of tniethylamine (6.413
mmol) to an ice cooled and stirred suspension of the amino acid methyl ester
bydrochloride (6.413 mmol) in dry CH,CIl, (60 mL). [In the case of histidine
| thyl ester dihydrochlonide, 12.8 mmol of triethylamine was used]. The reaction
was left stired for 48 h at room temperature, washed successively with cold
saturated NaHCO, (3 x 10 mL), 2N H,SO, (3 x 10 mL) and then with distilled
‘Water (1 x 10 mL) [In the case of Trp and His, acid wash was not done]. The
Brgam'c layer was driea (MgSO,), evaporated in vacno and the residue
chromatographed on a silica gel column using Hexane - EtOAc as eluent. When
present, the Isot(AA)OMe eluted earlier to 2,2'-dt(AA)OMe.
IV.2,2'-Dithiodibenzoyl bis-alanine methyl ester [2,2'-dtbis(Ala)-OMe] (3)
Prepared as per General procedure ]I |

Yield : 25%.
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[a],™ - 10.00 (¢ I, CHCL)

M.p.: 104 - 106°C

R (KBr): 3306, 3012, 1749, 1651, 1545.

'HNMR (CDCL,) 3 t.56 (d, 6H, CH,), 3.8 (s. 6H, COOCH,), 4.7 - 4.8 (brm, 2H,
CoHs), 6.76 - 6.78 (brd, 2H, NH), 7.2 - 7.77 (m, 8H. ArHs).

FAB MS (m/z) (%) : 477 (10) (MH)", 499 (5) (M+Na)", 238 (100) (M/2)

V. 2,2'-Dithiodibenzoyl  bis-a-amino isobutyric acid methyl ester
[2,2'-dtbis(Aib)-OMe] (4)

Prepared as per General procedure 111

Yield : (24%)

Mp.: 178 - 180°C

R (KBr): 3245, 2989, 1748, 1634, 1539.

'HNMR (CDCl,) & 1.69 (s, 12H, CH,s), 3.79 (s, 6H, COOCH,), 6.76 (brs, 2H,
NH), 7.2 - 7.76 (m, 8H, ArHs).

PAB MS (m/z) (%) : 527 (7) (M+Na)*, 252 (100) (M/2)

!Anal Found: C, 57.55; H, 5.34; N, 4.80. Calc. for C,H,N,OS,: C, 57.14; H,
is.ss-, N, 5.55.

;L 2,2'-Dithiodibenzoyl bis-Valine methyl ester [2,2'-dtbis(Val)-OMe]| (5)
;?repared as per General Procedure I11.

1

iiﬁeld - 63%.
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Mp. : 148 - 150°C

[a],” - 3.00 (¢ 1, CLICI)

IR (KBr): 3293, 2963, 1744 1634, 1329.

'HNMR (CDClL) & 099 - 1.06 (m, 12H, CH,s), 2.3 (m, 2f1, CBHs), 3.79 (s,
6H, COOCH,). 4.81 (m, 2H. Culls). 6.63 (d, 2H, NHs), 7.21 - 7.78 (m, 8H,
ArHs).

fAB MS (m/z) (%) - 533 (44) (MH)", 555 (10) (M+Na)", 266 (100) (M/2)

Anal. Found: C, 5858 J1, 6.01. N, 5.03 . Calc. for C,,H..-N,O,S,: C, 58.64; H,
6.01; N, 5.26.

IVII 2,2'-Dithiodibenzoyl bis-Proline methyl ester [2,2'-dtbis(Pro)-OMe| (6)
Prepared as per General Procedure 111,

!Yield :43%.

R (neat): 2961, 1752, 1652, 1631, 1415

'HNMR (CDCl,) & 1.88 - 232 (m, 8H, CB & CyH,s), 3.3 - 3.44 (m, 4H,
CoH,s), 3.79 (s, 6H, COOCH,), 4.69 (m, 2H, CaH), 7.18 - 7.33 & 7.71 - 7.74
(m, m, 8H, ArHs)

FAB MS (m/z) (%) : 529 (59) (MH)", 551 (13) (M+Na)’, 264 (100) (M/2)

VIIL 2,2'-Dithiodibenzoyl bis-Phe methyl ester [2,2'-dtbis(Phe)-OMe] (7)
Prepared as per General Procedure J11.

Yield : (36%)



Mp. ;174 - 176°C

[a]y™  +112.00 (¢ 1, CHCIL)

IR (KBr): 3285, 3036, 1742 1640, 1533.

'HNMR (CDCI,) 8 3.25 - 3.34 (m_ 4H. CfH.s). 3.78 (s, 6H, COOCH,), 5.1 (m,
2H. Calls), 6.57 (d. 2H. NHs), 7.15 - 7.74 (m. 16H, Phe ArHs+dithio ArHs),
7.75 (d, 2H, dithioArHs)

FAB MS (m/z) (%) : 629 (30) (MH)". 631 (7) (M+Na)", 314 (100) (M/2)

Anal. Found: C, 65.03: H. 5.05: N. 4.198 . Calc. for C,;H,,N.OQ,S,: C, 64.96. H,
509:N, 4 .45

IX. 2,2'-Dithiodibenzoyl bis-methionine methyl ester [2,2'-dtbis(Met)-OMe]
(8)

Prepared as per General Procedure []1.

Yield - (75%)

M.p. . 206 - 208°C

[),? : + 8.00 (¢ 1, CHCI,)

R (KBr): 3265, 3070, 1755, 1640, 1546.

'HNMR (CDCI,) 8 2.10 (s, 6H, -SCH,s), 2.12 - 2.33 (m, 4H, CBH,s), 2.63 (m,
4H, CyH,s), 3.81 (s, 6H, COOCH,), 4.94 (m, 2H, CaHs), 6.93 (d. 2H, NHs),
124,7.38,7.57,7.77 (1. t, d, d, 8H, ArHs).

FAB MS (m/z) (%) : 597 (48) (MH)",619 (11%) (M+Na)", 208 (100) (M/2)
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Anal. Found: C, 51.90; H, 5.30: N, 428  Calc. for C,,H:.N.O.S,: C. 5234 1,
5.37.N, 4.70.

X. N - [Benzo isothiazolidine-3-one] - tyrosine methylester [Isot(Tyr) -OMe|
(9) and 2,2'-Dithiodibenzoyl bis-tyrosine methyl ester [2,2'-dtbis-
(Tyr)-OMe] (10)

Prepared as pur General Procedure 111,

2) (Isot(Tyr) -OMe]| (9)

Yield : (29%)

Mp.: 188 - 190°C

[a],™ - 63.00 (c |, CHCL,)

IR (KBr): 3421 (br), 3161, 1752, 1636, 1599, 1518, 1449.

'HNMR (CDCl,) & 3.08 - 3.48 (dq, 2H, CBH,), 3.76(s, 3H, COOCH,), 5.75 (m,
IH, CaH), 6.65 - 7.04 (dd, 4H, Tyr ArHs), 7.29, 7.54 & 7.94 (m, m, d, 4H,

ArHs)

®C NMR (CDCl,) 3 36.78 (CB), 52.79 (Ca), 57.03 (-OCH3), 115.66 - 155.66

(C aromatic), 166.24 (-COO-), 170.25 (Ar-CO)

FAB MS (mvz) (%) : 330 (100) (MH)", 352 (7) (M+Na)" 659 (6) 2M+H)"

Anal. Found: C, 61.89; H, 4.64; N, 3.98 . Calc. for C,;H,,NO,S: C, 62.00; H,

4.56; N, 4.26.
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b) [2.2'-dtbis-(Tyr)-OMe| (10)
Yield - (19%)

Mp :229.-231°C

[a),” : +28.00 (c 0.5, CHC)))

IR (KBr): 3366 (br), 3279, 3022, 17351640, 1512, 1438.

'HNMR (CDCI,-DMSOd,-D,0) 8 3.14 (m, 4H, CBH,s). 3.74 (s. 6H, COOCH,).

480 (m. 2H, CaHs), 6.73, 7.07 (dd, 8H. TyrArHs), 7.19 - 7.72 (m, 8H, ArHs),

8.01 (d, 2H, NH), 8.89 (s, 2H, OHs)

PC NMR (CDC,) & 35.56 (CB), 51.38 (Car), 53.55 (-OCH3), 114.67 - 135.35
(C aromatic), 166.7 (-COO-), 171.36 (Ar-CO)

FAB MS (m/z) (%) : 661 (49) (MH)", 683 (10) (M+Na)", 330 (100) (M/2)

Anal. Found: C, 61.18; H, 4.84, N, 4.10 . Calc. for C,,H,,N,O,S,: C, 61.81; H,

484: N, 4.24.

XL N-[Benzo isothiazolidine-3-one|-threonine methylester [Isot(Thr) -OMe|
(1) and 2,2'-Ditlliodil;enzoyl bis-threonine methyl ester [2,2'-dtbis-
(Thr)-OMe] (12)

Prepared as per General Procedare 111

,g) [Isot(Thr) -OMe]| (11)

¥

Yield : (59%)

Mp. . 144 - 146°C

239
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[e)y™ 2 - 80.00 (c 0.5, CHC),)
R (KBr): 3496 (br), 2992, 1732, 1670, 1450.
'H NMR (CDCL) & 1.24 (d. 3H. CH,), 3.1 (brs, IH, OH), 3.77 (s. 3H,
COOCH,), 4.72 (brs, IH, CBH), 5.41 (d, IH, CaH), 7.38 - 7.64 & 8.08 (m, d,
4H, ArHs)
“C NMR (CDCL,) 8 19.21 (Cy), 52.86 (CB), 60.95 (Ca), 67.38 (-OCH,), 120.1 -
142.1 (C aromatic), 166.8 (-COQO), 169.42 (Ar-CO)
FAB MS (m/z) (%) : 268 (100) (MH)*, 290 (21) (M+Na)* 535 (3) (2M+H)", 557
(2) @M+Na)"
Anal. Found: C, 54.08. H, 4.86; N, 5.01. Calc. for C,H,;NO,S: C, 53.93, H,
4.86; N, 5.24.
b) [2,2'-dtbis- (Thr)-OMe; (12)
Yield : (31%)
M.p.: 182-184°C
[a]p” - 40.00 (¢ 0.5, CHCL) : UV Ay (CHCly) 325 (2, 10000) nm.
IR (KBr): 3527 (br), 3331, 2980, 1751, 1633, 1541, 1439, 1259
'H NMR (CDCl,) & 1.31 (d, 6H, CH,), 2.86 (brs, 2H, -OH), 3.79 (s, 6H,
COOCH,), 4.4 - 4.42 (brs, 2H, CBHs), 4.61 (d, 2H, CaHs), 4.75 (d, 2H, NH),

725,74,7.72-7.83(t,t, m, 8H, ArHs)
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BCNMR (CDCL) & 19.81 (Cy), 51.78 (CB). 37.99 (Car), 66.99 (-OCH,), 125.29

-137.15 (C aromatic), 167 5 (-COO). 170.71 (Ar-CO)
FAB MS (m/z) (%) : 537 (12) (MH)", 559 (12) (M+Na)', 268 (100) (M/2)
Anal. Found: C, 53.61; I1, 5.20: N, 4.98 . Calc. for C,,H,N,0,S,: C, 53.73. H,

522; N, 5.22,

m. N-|Benzo isothiazolidine-3-one| - serine methylester |Isot(Ser) -OMe|
(13)

Prepared as per General Procedure J11

Yield : (41%)

Mp. 1153 -155°C

[a],” : +4.00 (c 0.5, CHCI,)

IR (KBr): 3466 (br), 3241, 2922, 1765, 1627, 1451, 1331

'HNMR (CDCL) & 3.2 (1, 1H, OH), 3.9 (s, 3H, COOCH,), 4.1 - 4.4 (m, 2H,
CBH,), 5.4 (t, IH, CaH), 7.35-7.72 & 8.15 (m, d, 4H, ArHs)

FAB MS (m/z) (%) : 254.(1 00) (MH)*, 276 (7) (M+Na)'

Anal. Found: C, 51.56;, H, 4.25: N, 5.24. Cale. for C, H, NOS: C, 52.17; H,
434; N, 5.53.

XIIT) N - [Benzo isothiazolidine-3-one] - tryptophan methyl ester [Isot(Trp)
OMe| (14)

Prepared as per General Procedure 111,

Yield : (25%)



la)y™ - 75.00 (¢ 1, CHCI,)
[R (neat) : 3420 (br), 3357 (br). 2930, 1748, 1663, 1552, 1453, 1308, 1240
'HNMR (CDCI,) 8 3.4 - 3.69 (dm, 2H. CBH,s), 3.74(s, 3H, COOCH,), 5.78 (m,
[H, CaH), 7.12 - 8.01 (m, OH, ArHs). 8.05 (s, IH, indole NH)
PC NMR (CDCl,) § 27.62 (CB), 52.8 (Ce). 55.97 (-OCH,), 110.12 - 141.19 (C
aromatic), 165.92 (-COO), 170.69 (Ar-CO)
FAB MS (m/z) (%) : 353 (66) (MH)", 375 (11) (M+Na)’, 705 (4) (2M+H)"
XIV. N - |Benzo isothiazolidine - 3 - one| - histidine methylester [Isot(His)
-OMe| (15)
Prepared as per General Procedure [11.
Yield : (56%)
Mp. : 240 - 242°C
R (KBr): 3446 (br), 3025, 1650, 1455, 1340.
'H NMR (CDCL,-DMSO-d,) & 3.43 (m, 2H, CBH, merged with DMSO-d,
water), 3.75 (s, 3H, COOCH,}), 5.62 (m, 1H, CaH), 6.73 (s, 1H, -N=CH), 7.38
(brs, 1H, wmidazole NH), 7.48 (s, |H, -C=CH), 7.64 & 7.94 (s, d, 4H, ArHs)
FAB MS (m/z) (%) : 304 (100%) (MH)"
XV. Preparation of 2,2'-dithiobis-[4'-(sulfamoyl)-benzanilide] (16)

To 2.58g (14.99 mmol) of sulfanilamide in 50 mL of pyridine at 0 - 5°C

was added in drops, 2g (5.83 mmol) of 2,2'-dithiodibenzoyl chlonde (2) in 20 mL

242



of dry CH.CL.. 'The mixture was stirred at O .— 25°C for 18 h, filtered, the solid
washed with 1N HCl (3 x 10 mL), water (3 x 10 mL) and dried, suspended in a
mixture of DMF (20 mL) and EtOH (25 mL), filtered and precipitated from the
filtrate with 9 mL of 5% NaHCO,. The product was collected by filtration,
washed with water and then with EtOH and dried to afford 1.2g (34%) of 16

M.p. : 300°C

IR (KBr): 3373, 3265, 1661, 1600, 1526, 1317, 1175

'HNMR (CDCI, - DMSO-d,) & 7.1 (s, 4H, SO,NH,), 7.31 - 7.46 (m, 4H, ArHs),
176 - 7.95 (m, 12H, ArHs), 10.7 (s, 2H, NH).

Anal. Found: C, 50.37; H, 3.57: N, 875. Calc. for C,H,,N,OS,: C, 50.81; H,
3.58; N, 9.12.

XVI. 2,2' - Dithiobis |4'(sulfamido{Boc-Glu(yOMe)}) benzanilide| (17)

A solution of Boc-Glu(yOMe)OH (0.836g, 3.2 mmol) [prepared in two
steps from Glu, (I.E, XXXII)] in dry DMF (30 mL) was admixed with DCC
(0.725g, 3.52 mmol), left stired for 5 minutes, admixed with
2,2-dithiobis[4'-(sulfamoyl)benzanilide] (16) (0.984g, 1.6 mmol) in dry DMF (10
mL) and the reaction left stirred for 48 h. Solvents were evaporated in vacuo, the
residue dissolved in CHCI, (150 mL), filtered, the filtrate washed successively
with cold saturated NaHCO, (2 x 15 mL), 2N H,SO, (2 x 15 mL), distilled water

(1 x 10 mL), dried (MgSO,) and chromatographed on silica gel using hexane -
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EtOAc (1:2) as eluent to afford 0.5g of 17. About 0.7g of unreacted 16 was

recovered In the reaction
Yield : 98% (based on the starting material recovered)
Mp. 113 - 115°C
[a),™ - 10.0 (¢ 0.5. CHCL,)
R (KBr): 3333, 2982, 1701. 1593, 1533, 1330, 1162
'H NMR (CDCl,) & 1.41 (s, 18H, BocCH,s), 1.67 - 2.10 (m, 4H, Glu CBH.s),
2.32 - 2.35 (brs. 4H, Glu CyH.,s), 3.63 (s, 6H, COOCH,), 4.34 (brs, 2H, CaHs),
5.13 (brs, 2H, -SO,-NH-CO-), 5.29 (d, 2H, BocNH), 7.5 - 7.85 (m, 16H, ArHs),
8.3 (brs, 2H, NH). |
FAB MS (m/z) (%) : 1123 (2%) (M+Na)’
XVIL The reaction of 2,2'-dithiodibenzoyl chloride with Cystine-di-OMe:
isolation of 18, 19 and 20

A solution of 2,2'-dithiodibenzoy! chionde (2) (1g, 2.915 mmol) in dry
CH,CI], (30 mL) and triethylamine (0.9 mL, 6.4 mmol) were added dropwise
simultaneously to an ice cooled and stirred solution of the diamine from
CysdiOMe [generated 1n situ by the dropwise addition of triethylamine (0.9 mL,
6.4 mmol) to an ice cooled and stirred suspension of CysdiOMe.2HCI (1.1g, 3
mmol) in dry CH,CI, (70 mL)]. The reaction mixture was left stirred for four

days at room temperature, washed successively with cold saturated NaHCO, (2 x
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20 mL), 2N H.SO, (2 x 20 mL), distilled water (1 x 20 mL). drnicd (MgSO,),
evaporated under reduced pressure and chromatographed on silica gel. Elution
with hexane - EtOAc (2:1) gave 18, 19 and 20.

a) 18

Yield : 3%

IR (neat): 3245, 2948 1742, 1640, 1539, 1445, 1236

'H NMR (CDCl,) & 3.44 - 4.04 (dd, 2H, CBH,), 3.86 (s, 3H, COOCH,), 5.37
(brs, 1H, CaH), 7.6 (brs, IH, -SH), 7.36 - 7.85 (m, 4H, ArHs)

FAB MS (m/z) (%). 302 (34) (MHY', 324 (5) (M+Na)", 268 {M - SH], 236 [M -
(S-S-H)J.

b) 19

Yield : 17%

M.p.: 150 -152°C

IR (KBr): 3191, 2962, 1755, 1661, 1458, 1384,

'H NMR (CDCL) & 3.03 (t, I1H, CBHa), 3.62 (q, 1H, CBHb), 3.78 (s, 3H,
COOCH,), 4.02 (m, 1H, CaH), 6.84 (brs, 1H, NH), 7.41 - 7.69 (m, 4H, ArHs)
FAB MS (m/z) (%): 238 (100) (MH)", 260 (4) (M+Na)*, 475 (15) (2M+H)"
(hydrogen bonded dimer), 497 (1) (2M+Na)*

Anal. Found: C, 56.057; H, 4.70; N, 5.66. Calc. for C, H, NO,S: C, 55.69; H,

464:N, 5.9
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¢) 20

Yield : 31%

Mp.:212-214°C

IR (KBr): 3279, 3063, 1742, 1640, 1539, 1337.

'H NMR (CDCl,) & 3.52 (d, 4H, CBH,s), 3.9 (s, 6H, COOCH,), 4.94 (1, 2H,
CaH), 6.0 (d, 2H, NH), 6.73, 6.97, 7.57, 798 (d, t, t, d, 8H, ArHs)

FAB MS (m/z2) (%): 539 (MH)", 561 (6) (M+Na)'

Anal. Found: C, 48.70; H, 4.08; N, 4.89. Calc. for C,,H,,N,OS,: C, 49.07; H,
408N, 52,

XVIIlL. Reaction of 2,2'-dithiodibenzoyl chloride with ortho-Phenylene
diamine: isolation of isothiazolidine-3-one (21) and the 2+2 adduct (22)

To stirred and ice cooled mixture of o-Phenylenediamine (0.157g, 1.45
mmol) and triethylamine (0.45 mL, 3.2 mmol) in dry CH,Cl, (40 mL) was added
2,2-dithiodibenzoyl chioride (0.5g, 1.457 mmol) in CH,Cl, (20 mL) dropwise.
The reaction mixture was left stirred at room temperature for 2 days, washed
successively with cold saturated NaHCO, (2 x 15 mL), distilled water (1 x 15
mL), dried (MgSO,), evaporated in vacuo and chromatographed on silica gel.
‘Elution with hexane - EtOAc (1:1) afforded 21 and 22.

i

»
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Yield : 33%

IR (neat) 3434, 3336, 1681, 1635, 1504, 1458, 1334

'H NMR (CDCl,) & 2.83 (brs, 2H, NH.,), 6.86, 7.26 (dq, 4H, ArHs), 7.45 - 7.67
& 8.1 (m, d, 4H, ArHs)

FAB MS (m/z) (%): 243 (100) (MH)", 485 (5) (2M+H)", 507 (1) (2M+Na)*

b) 22

Yield : 5%

M.p. : 215 (dec)

IR (KBr): 3472, 1662, 1605, 1526, 1451, 1315

'H NMR (CDCl, - DMSO-d,) & 7.24 - 8.19 (m, 24H, ArHs), 9.93 - 10.12 (brm,
4H, NHs)

FAB MS (m/z) (%): 757 (22) (MH)"



IL.F. SPECTRA
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