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Abstract

The macrocyclic polyamineyclotriazadisulfonamide (CADA)s a small
molecule that is known to inhibit the entry afrhan immunodeficiency virus (HIV). The
mechanism of action involves the binding of CADA to the signal peptide (SP) of human
CD4 (hCD4) inside the membrane of theleplasmic reticulum (ER), blocking the
translocation of the protein into the ER lumen, ahitnately preventing the transport of
the mature protein to the cell membrane. Through an alaninespariment, it was
determined that thglutamine at positiod5, lysins at positions 26 and 27, angdroline
at position20of hCD4 werei mport ant for CADAGS potency.
analogue synthesized wa&147 which contains para-N,N-dimethylbenzenesulfonyl
side arm that is believed to interact with gluine 15 of the hCD4 through dipedgole
interactions. This study has created CADA analogues that retgpartadN,N-
dimethylbenzenesulfonyl side armihile modifying the tosyl side arm &K147 to
better understand the interaction of CADA with CD%e goal of this study is to create
disulfonamides that target signal peptitedownmodulate the expression of CD4,
gp160, and TSHROf the compounds tested for CD4 dewedulation, TLO20 and
TLO29 werefound to be the most potent CADA analogues Wity values of 0.053 £
0.001e M Several gold containing compounds were proposed to be synthesized to target
gpl160 due to the presence of methionines
SP. Compounds containifydrogen bond donphydrogen bond acceptor, and
guanidino side arms were proposed for activity towards TSHR since the SP of TSHR

containscharged amino acids
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Chapter 1

Introduction



1.1 Drug Targets and Signal Peptides

Drug targets can be sorted into various classes and famiigsmost ofthem

being receptors and enzymes. The largest percentage of drug targets were found to be

associated with synaptic and neuroeffector junctiongtawentral nervous systehDrug

target identification and validation are important sieglrug development. For artget to

be considered, it must be accessible to the drug molecule and a biological reaction must be

induced because of the drug interacting with the taf@ete a target has been identified,

validation of the target is then done through functional studiiesse can be done through

gene knockout studiesr indudng inhibition with small molecules, peptides, antibodies,

or other inhibitorsThese reactions can be measunadtro andin vivo. Figure 1.1.1 shows

the distribution of firstin-class drugs aceding to the molecular type and target fanily.

Distribution of first-in-class drugs according to the molecular type and target family

Unknown: 8.0% \

Other Mechanism: 19.0%

Cytokine: 4.0% \

Other Receptor: 7.0%

Other Enzyme: 23.0%

. — Kinase: 10.0%

G-protein coupled receptors: 13.0%

Protease: 8.0%

Ion channel: 7.0 %

Nuclear Hormone Receptor: 1.0 %

M Kinase
Other Enzyme

Il C-protein coupled receptors
Nuclear Hormone Receptor
Other Mechanism [l Unknown

I Protease

M ion channel

Other Receptor Cytokine

target family?

Figure 1.1.1.Distribution of firstin-class drugs according to molecular type and




A new drug target has been identified through interaction of a small molabiléing
expression of a glycoprotein. The small molecule cyclotriazadisulfonamide (CADA) has a
novel mechanism of action, wiid¢argets the signal peptide of the glycoprotein CD4. No
other small molecule has been shown to inhibit expression of a psetettivelythrough

the signal peptide.

The signal peptidéSP)is a short peptide, roughly 432 amino acids long, that is
present in the Nerminus of proteins that undergo the secretory patRNaewly translated
secretory proteins move from the endoplasmic reticu{iR) to the Golgiapparatus
through transport vsicles, then to the Golgi cisternae, which leads to the secretory
transport vesicles. They are then secreted to the cell exterior surface by protein conducting
channels. Transmembrane proteins, such as CD4, are transported from the ER membrane
to the plamma membrane by the same mechaniSignal peptides have three regipas

hydrophilic N-region, a central, hydrophobic alpha helicatdgion, and a polar-@gion

I Signal Peptide I Mature

Protein
|

N-Region  H-Region  C-Region |

Cleavage
Site

Figure 1.1.2.General signal peptide sequence.

with the cleavage site as shown in Figure2121* In the case of CD4, the hydrophobic H
region is very important for binding of CADA. It was found that swapping out the
glutamine in the hydrophobic-kegion negatively impacted the potency of CAP&his

was confirmed by insertion of the hydrophobic alpha helixhgn human CD4hCD4)



signal peptidevith non CADA-sensitive signal peptides. There was a significant increase
in interaction between CADA and the modified signal pepiigicating the imprtance

of the hydrophobic H region of CD4.

1.2 Cyclotriazadisulfonamide (CADA)

CADA, shown inFigure 12.1, is a small

\QO * OQ/
oSN NSO macrocyclic molecule that has a broad spectrum

& N J of antikHIV activity against strains of HIV as well

as SIV®

Figure 1.2.1. Structure of CADA. CADA has been determined to be a

promising entry inhibitor due to its ability to
downrmodulate the expression of CD4, preventing HIV from binding to the host cell and

inhibiting the viral replication processhe ICso valug or concentration at which 50% of

the maximal dowrmodulation of CD4 15 primary T-cells
expression measured in CHO-GI#P g”’ = e a o

= 0.8 o Mouse CD4
cells after 24 hours of treatment with tr % 0.6

EOA * Human CD4
compoundwas found to be 0.56 =@ pM . = Macaque CD4
for CADA.” CADA has been found to be %= 10< 105 104

CADA (M)
soluble in human, rat, and mouse plasma :

Figure 1.2.2. Doseresponse curve for
concentration of 1:3.1 pM. It has also beer CD4 selectivity of CADA?

found to be stable in plasma for >200 hduBtudies have shown that CADA affects



CD4-JEEE * ; Il hcD4 [ CcD8a @ HLA-A3 Il VCAM-1
CD5 u§ 140
CcD254 - i -
' = 120
CD38 hi [ _ 1]
CD45 - 2 1004 I
CD54 - S 80
CD58 4 }— ? w0
2 -
CD86 ] o
1 = 40
HLA-DR - F S —
CXCR4 < }— w20
DC-SIGN 4 - 0-
L) L) L} L) 1 M T T
000 025 050 075 1,00 125 0.08 0.4 2
expression level CADA (uM)

Figure 1.2.3. Expression levels of various surface antigens afetment with
CADA.®

human and macaque CD®cells and had no effect on mouse CD4ells Figure 12.2)°
CADA has also been shown selectively demvndulate CD4 when tested on a set of 20
different cellular surface antigenBigure 12.3)> It was determined that the CD4 down
modulation activity of CADA is correlated with its aiiV potency® CADA has also
been found to be synergistic with different ardtV drugs that utilize various mechanisms
in vitro.2 Down-modulation of CD4 with CADAIs also reversible and very selective
towards primate CD4.

It is known that CADA compounds downodulate the expression of cell surface
and intracellular CD4 receptors at the pivahscriptional level. A paper published by
Vermeireet al. detailed the neel mechanism of action for how CADA downodulates
the expression of CD4 through flow cytometny,vitro translation, metabolic labelling,
and surface plasmon resonance anafy§iP4 has been shown to play a central role in
immune response throughcEl activation? However, African green monkeys infected
with the simian immunodeficiency virus (SIV) have been found to naturally down

modulate the expression of CD4 to avoid progression to acquired immune deficiency



3” mRNA
5 %/Slgnal sequence
A

3/
5’ SRP

\
' SRP
Endoplasmic receptor

reticulum ] Signal \
lumen Translocon peptidase Step 5

Figure 1.2.4.Co-translational translocation of proteins across the ER membtane

syndrome (AIDS)! It has also been shown to be involved with the development of
autoimmune conditionsuch as asthma, rneumatoid arthritis, and diaBétes.

CD4 is also the main receptor for HIV to infect host cells.is a type |
transmembrane glycoprotein whith expressed through dmanslational translocation
(Figure 12.4). These types of proteins contain a signal peptide (SP) that is near the N
terminus.The signal sequence is first recognized by a pra®ih complex known as the
signal recognition particle (SRP). This pauses the translation of the protein and allows for
the complex to dock to the translocon by binding it to the SRP receptor W8 is
located on the membrane of the endoplasmic reticulum (ER). The binding of the SRP and
SRreleaseshe SRP, which allows translation to continue. As the translation continues, the

polypeptide is inserted into the translocon channel and into the ER lantkthe SP



remains within the translocon. Signal peptidase finally cleaves off the SP amastent
chain enterato the lumen.

Structue-activity  r------- |
, — Isobutylene Head Group

! NJ/Y X, Y = Side Arms
conducted in order to pduce & \J
more potent CADA analogs ITI Z = Tail Group
Z

while probing the mechanism o

relationship studies have bee

‘ Figure 1.2.5. General structure of CADA analogb.

action, in order to further

understand the interactions between CADA and its biological t&f@ADA is a 12
membered macrocyclic compuadithat can be broken up into four paFiggre 12.5). The

first part is the isobutylene head group, then there are the two arenesulfonamide side arms
(Figure 12.5, X and Y), and the tail grougrigure 12.5, Z). Modifications of these groups

have givena variety of activity and vital information into the mechanism of action of

CADA and CDA4.

1.3 CADA Tail Modifications

Initial studies conducted utilized symmetrical CADA analogues with identical
arenesulfonyl side arsn The tail group size and properties were also modified. CADA
compounds were given various tail groups including alkyl, acyl, alkoxycarbonyl, and
aminocarbonyl substituents to be tested for CD4 dowdulationt®!* It was determined

through these earlywdies that a bulky, hydrophobic tail was necessary to improve the



potency of CADA, with the cyclohgkmethylene group being idedfigure 12.1).2 The

cyclohexlmethyl tail gave the greatest potency to the CADA analog QJ028 in this series.

g A T A g7 g Ao

(O R )
O 0 O

QJ023 QJ027 QJ028
(ICsy= 0.6+ 0.3 pM) (ICso=17.9 +2.6 uM) (ICsy = 0.34 = 0.06 tM)

QetiNIe s ThNTe s THNTe s
" D D

; - S

QJ029 QJ041 CADA
(IC50=4.1+0.8 uM) (ICsy= 6.6 2.9 uM) (ICsp=0.56 + 0.05 uM)

Figure 1.3.1.CADA tail modifications and CD4 dowmodulation activities in M3
cells13 14

1.4 Symmetrical Side Arm Modifications of CADA

Symmetrical side arms modifications were done initially due taétare of the
synthetic pathway for these early analagsshown in Scheme4l1. The structures were
built up symmetrically so various symmetrical analogs were synthesized and compared to
CADA in order to observe the different activities of these modiboa In these
variations arenesulfonamidside armsvere substitutedith various alky] aryl, and polar

substituentsKigure 14.1).



PhCH,CI, Nal CN CN
CN aq. NH, CN CN Na,COj, CH;CN N\)

A= N

H,N NH, H HN
Ni, H, kNJ TsCl, CH,Cl, N
NaOH, EtOH aq NaOH
Ts %J\ s

% "
_C ¢ NJ
NaH DMF K@

‘ Scheme 1.4.1nitial synthesis of CADA ‘

OMe
\QC’ % 0@( i % i % OQ
>S. 8% S8, 3 >S %
\Nj \ / \NJS\ / \NJS\
CADA MFS105 KKDO023
(ICsp=0.56+0.05 uM)  (ICgy = >50 uM) (ICso = 0.22 % 0.06 LM)

Bqu@g\ NHHNO \\/@/\OBU/’L OO % OO
Co)
0

e
MFS117 ES-KKD024
(IC5o=>50 uM) (IC50=>50 uM)

Figure 1.4.1. CADA side arm modifications and downodulation activities in M4
cells1416
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It was determined that the presenceablieast onarenesulfonamide side arnasv
necessary for potency of the CADA analog. Removal ofatfwenatic ring showed a
significant decrease in activitgs showrfor compoundVIFS105.% Increasing the steric
bulk of the toluene gups, as iINMFS117 and ES-KKD024 showed a large decrease in
activity.®* The use op-methoxyenzensulfonamide side arms gave improved activity for

compouncKKD023 .13

1.5 Unsymmetrical Side Arm Modifications of CADA

ing oo Ul
o\‘g. 9 1.) O/ °S

H
HNT >>"NH, —mm——— K/
2 2 DCM 2.) NaBH,, EtOH NH

6] Br
at ﬁ@\o o Qg
S 1.) HoNNH, H20 EtOH 07 °NH NH,
= K/ \/(
Na,COj, Lil )2N aq. HCI, 4 h, rt N

CHaCN KO
Ty o7 H% mu A9
/©/ o”S>nH NS0 XOY o> 5o
Cl0,8 QN ° Q \j
oo neor kO P“ggdpf‘)& kO
H,0 Na,Coy CADA

MeCN,

Scheme 1.5.1New synthesis pathway for CADA analogs. ‘

Modifications to the synthesis route of CADA analogs shown in Schemebll,
allowed for compounds wittwo differentside arms to be synthesized. This produced a

large series of unsymmetric@ADA analogs TheplCso values for these compounds were
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calculatedor each structural change to the CADA analdgsuming thatherelative CD4
down-modulation potencies are detened strictly by the degree of drug binding to the
target, his value is directly proportional to the negative free energy of birding.

This study showed that the replacement of one of the toluenesulfonamide side arms
in CADA with a 4methoxybenzenesulhyl group (VGDO027) increased the potency as
shown inFigure 15.1. Replacement of the benzyl tail with a cycloylexethyl tail

(QJ028) previouslyshowed an increase in poteriéy.

Qg Mg 0 g A o 7™ L o ™

&g@ &g@ &g@

CADA VGDO027 KKD023

pICsy=6.25 pICsy=6.53 pICs, =6.64
OMe MeO OMe
e Ao e Ao Qe A o7

1 1" 1 1 1 1
0N N %0 0°">N N0 0°°>N N0

(n (n ) ()

QJ028 VYGDO020 VGD045
plCSO 6 73 p]CSO 7. 34 plCSO =6.87

Figure 1.5.1.Comparison of energy effects of substituents for CD4 dmwedulation
relative to CADAY’

The modification of both the -thethoxybenzenesulfonyl side arm and the

cyclohexlImethyl tail gave durtherincrease in potenc¢ys showrfor VGDO020, however
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the symmetricalanalog VGD045 showed a

|— s significant decrease in potencielative to
% VGDO020.Y" This confirmed the idea that the

N cyclohexylmethyl tail is necessary for
I .
SOEAr Site2 improved potency and that an unsymmetrical

compound gives higher potency thaits

Figure 1.5.2.Unsymmetrical two site
binding modef’ symmetrical counterpart.

Solid statestructural analysief CADA analogsia X-ray crystallographghowedhat
CADA compoundgake on an unsymmetrical canfnation that is believed to ktbeir
biologically active conformatio® It was shownthat the 12membered ring systeris
twisted abouthe isobutylene head group. One arenesulfonyl side arm is shown to be in the
plane of the head group while the other is out of the pgfaneThis places the two
arenesulfonyl side arms at different orientations relative to the macrocyclicesuitirg
in a twosite binding mode{Figure 15.2) 1317

Synthesis and evaluation ofsaries of unsymmetrical CADA analogs containing the
cycloheylmethyl tail was conductedrigure 15.3).18 Among these compound€K147
was found to be the most potent analog. Prior to W&£)020was the most potent analog.

It was determined thasubstitutedaromatic side arms\,N-dimethyl for CK147 and p-
methoxy forVGDO020 are necessary for improved potendry.both casesan electron
donating substituent in the para position of the arenesulfonamide increasedo®@B4
modulation activitylt was also shown that the presence of a hydrogen bond donor group

(NCPO00Y) apparentlyweakens the binding of the molecule, decreasitignuy.Increase
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T A ..O Qg eI Qg A I
vl DT O

b je e

CK147 NCP001 CK137
(ICs5o = 0.058 + 0.006 uM) (ICSO = 1.15 uM) (Ic50 =1.10 4 0.13 pM)

vk &J @ g

O O b

CK175 VGD020 CK094
(IC5y = 6.28 + 2.04 uM) (IC5o=0.130 % 0.002 pM) (IC5o=1.06 % 0.12 pM)

Figure 1.5.3.Comparison of energy effects on substituents relative to CRBAY

L/ N \J NO,
0 @ H@

CKO037 CK116 CK032
(IC5=0.70 £ 0.09 uM) (ICs5=2.02 £ 0.29 uM) (ICso 5.25 £ 1.10 uM)

YU Nien
SO
e 0

CK207 CK078
(IC5y=0.79 % 0.10 uM) (IC5o=0.17 % 0.08 M)

Figure 1.5.4.Electronic effects of CADA analogs and their CD4 dewn
modulation ativities?®

in CD4 down-modulation was also noticed when electron rich arylsulfonyl groups were

added as shown iWGD020, CK137, andCK147 (Figure 15.3).° However, electron
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o o richness alone does not
O‘:g @ Oié EDG properly predict increased
CD4 down-modulation

abilities of the CADA

oL Cyewe 4
—N’ —N’ @ analog. Both CK094 and
|

CK175 are CADA analogs

Figure 1.5.5.Relative sizes of kplane dipole moment
and orientations in arenesulfonamide side afms. | that have electron rich side

arms but have lower CDdown-modulation abilities than CADA’ A series of CADA
analogs with an electron donating and electron withdrawing groupymétsesizedFigure
1.5.4). The positioning of the substitution on the aromatic wag shown to influence the
CD4 downmodulation activity.It was discovered that CADA analogs with large dipole
moments oriented in one directifRigure 15.5) with an electron rich arenesulfonyl side

arm had higher CD4lown-modulation activity!® ° A correlation between the dipole

momentin the plane of the 81 5
R® =0.625
aromatic ringand thep1Gso a 61 .,x'
. 8 44 [ 'v"'

value was found (Figure g ® Lo 0 o

S N
15.6)! The sulfonamide 2 = "

2 0.. .......... 4.’.'..’ ..... L R
group produces adipole = e .

r" ®
t I th - '2 1 1 I 1

moment along the x axis an 50 55 6.0 6.5 70

is increased by positioning i

Figure 1.5.6.pICsovalues versus calculated x
component of dipole moments for 16 CADA anal&ys.

strong electron donor grou
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in the para positigmor an electroiwithdrawing group in the ortho position.

1.6 CADA Mechanism of Action

To understand the mechanism of action of CADA with CD4, Vermeire and
company conducted a series of experiments to identify the biomolecular tdiget.
biogenesis of CD4 in the presence of CADA was initially investigatadough pulse
chase experiments and immunoprecipitatianwas found that CADA inhibited CD4
biogenesis in CHO-CD4ells without general inhibition of protein synthe3GADA did
not seem to alter the expression of cytosolic proteins in both CD4 negative and CD4
positive CHO cells. It also did not affect the expression of membrane proteins in CD4
negative cells, as well as the secretion of proteins into the mentitamas detemined
that CD4 dowrmodulation happened after transcription since CD4 messenger RNA levels
remained unaffectet!.

The translation and translocation of CD4 was then studied usingitro
experiments with cefiree rabbit reticulocyte lysate with or without pancreatic rough
microsomes (RMs).In the absence of RMs, the normal translation of-lerigth and
truncated CD4 proteins remained unaffected by CABWwever, in the presence of RMs
translocation of CD4 into the RM lumen was inhibited by CADAa dosedependent
manner® Chimeric constructs were made to help identify what the specific biomolecular
target for CADA, which was determined to be the CD# $Rroughin vivostudies, it vas
shown that CADA affects the orientation of the growing CD4 nascent chain, causing it to

point out towards the cytosol where it is degraded by proteolytic enZyfitgs.occurs



16

after the targeting and transfer of the nascent chain into the translocpridsub the
peptides reaching the luminal side of the chanh&d.proposed that thid-terminal signal
sequence usually inserts into the translocorfitat, with a hairpinlooped topology and
the Nterminus pointing toward the cytos8ISignal seqances with hydrophobic residues
canalsoinsert into the translocon with thetdrminus pointing towards the ER lumen as
well and can then changeeir orientation inside the chanré@#

To understand the exact behavior of the signal sequence for CD4, the movement of the
CD4 nascent chainnside of the translocon was investigated by glycosylation tags.
Glycogylation of the Nterminus of the SP would create glycosylated produdtseifSP
entered the channel headfirst. If theeg@minus entered in first, tafiirst, the SP would be
cleavedVermeire and company used truncated and extended hCD4 SPs to investigate the
stepwise interactions of the SP within the translocon. Theldth proteins with
extended hCD4 SP translocated with or without glycosylation sites arehffected by
CADA in a dosedependent mannéi/arying the lengths of the proteins gave different
responses to glycosylatipnvith shorter chains gradually decreasing in glycosylation

efficacy. Vermeireet al. extended 07

the Nterminal hydrophilic domain B %8
2 0.54
>
of hCD4 SP with 17 residuésThis § o4
S 0.3+
length was tB minimum length S 02l
Q
Z 0.1
required for optimal glycosylation tc - 0o
R I S
. . & & G AN F P
occur at the Nerminus.The fraction R G L
of glycosylated nascent chains wit Figure 1.6.1. Glycosylation in absence or

presence o€CADA.°




17

the absence or presence of CADA is shown in Figuld I\When the Germinus of the
polypeptide was extended (17+71 residuss @p), inhibition activity of CADA increased
resulting in nordetectable glycosylation levelsThis suggested that the nascent chain
requires a minimum lengfior CADA to have an inhibitory effect on glycosylation. It was
also determined that regardlesfslengths where SP cleavage could occur, translocation
with the SP cleavage was inhibitt@herefore, CADA was found to affect the vertical
positioning of the growing polypeptide with thet&fminus pointing towards the ER
lumen? This would then disrupghe completion of the SP inversion to the hairpin looped
structure that would be cleaved. CARfparentlystabilizes a folded confirmation of the
nascent chain within the translocon channel, preventing the polypeptide from reaching the
luminal side of theERJ> With this locked confirmation, as translation continues,
translocation is stopped and the polypeptide continues to grow, looping the polypeptide out
into the cytosol where it is degraded by proteolytic enzymes.

CD4 biogenesis by etranslational tanslocation is illustrated ifigure 16.2. This
process bgins with the recognition of the hydrophobictdrminal SP by the SRP as the
SP emerges from the ribosome. This complex then docks to a proteincting channel
in the ERmembrangSec61)> With the SP bound to the lateral gate of the channel facing
the lumen, translation by the ribosome continues. As translation continues, the SP
undergoes a flip turn and binds fully to the lateral gate. The SP continues to stay bound in

the lateral gate ahthe polypeptide is cleaved by the signal peptidase enzyme. Translation
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Figure 1.6.2.Biogenesis of CD4 by etranslational translocation (T. W. Bell)

continues until the hydrophobic membrane domain emerges. This causes the release of the

ribosome from the ER after insertion of the polypeptide into the ER lumen.

recognizes the SP an

then docks onto the

lateral gate of the zzﬂ %g ; zz (; g
channel. The SP binds t ﬁia D%é ﬁi iéﬁ

the hydrophobic pockel| Figure 1.6.3.Mechanism of action of CADA (T. W. Bell).

of the lateral gate. CADA binds to the SP as translation continues and stabilatésd
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conformation, preventing translocation from
_LLALQ'5LVLLLHRFPVGRNM P g

p20

N

occurring. As translation continues the protein
AATQGKK?"VVLGK.....

Figure 1.6.4.Stabilized folded chain loops out into the cytosol where it is

conformation of CD4 SP by CADA

degraded by proteolytic enzymdisis proposed
(T. W. Bell). d yP S 4 Prop

that CADA binds to two key amino acid residues

of the CD4 SP, G5 and Pre20, and some lysine residues as showFigare 16.4. A
comprehensive alanine scan mutagenesigh®fCD4 N-terminuswas conducted which
identified these as important residues for CADA potency. This evidence further correlates
the previous results that the dipole moment of the side arm of CADA plays a critical role
in the binding interaction between the SP and CADA. Grdbps enhance the dipole
moment induced by the sulfonyl groups of the side arms help stabilize the CAR/SP
conformation. It is believed that the Gl® interacts with the side arm 6K147 forming
a dipoledipole interaction. It is hypothesized that thgs-26 or 27 interacts with the
tertiary amindn the tailregion of CADA or usesegativelycharged amino acid residues
in the translocon.

It was recently discovered that CADA also edfect expression dhe neurotensin
receptor 3, sortilit? Sortilin is known to be involved in sorting proteins and targeting
ligands toward endosomes and lysosonsestilin contains a 33 amino acid long signal

peptide, which is 8 amino acids longer than CD4, as shown in FighBe”1Much like
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A
MNRGV°PFRH L"LLVLQ"LALL P**AATQG?* KKVVL
N-region H-region C-Region Mature
Protein
B
MERPW-AADG"LSRWP"HGLGL*
N-region
LLLLQZLL PPS*°TLS QD**RL
H-region C-Region Mature

Protein

Figure 1.6.5.(A) Signal peptide sequence of CD4. (B) signal peptide sequence| c
sortilin.2* 24

CD4, sortilin contains a glutamimresiduein the hydrophobic H regioat position 25* In

CD4 the glutamine is located at position dfthe hydrophobidd region. There are two
prolines 3 to 4 amino acids away from the glutamine in sortilin, like the proline of CD4
located 5 amino acids away from the glutamine. The presence of the tw@rgsidues at
positions 26 and 2just past the cleavage sité the CD4 SPhave been shown to be
important for the binding of CADA " 425

to CD4. Sortilin however, does nc

1001

contain lysine residues after th 75

cleavage sitbut has a glutamine ant 2 . et

25

Expression level (% of control)

aspartate resiges there This could s Sl P

_ —e— hCD4
possibly be one of the reasons for tl 0001 001 01 1 __ 10 100

CADA (uM)

decreased inhibition levels of sortilii

Figure 1.6.6.Concentration curve of CADA on
compared tohCD4 (Figure 16.6). hCD4 and sortilirf?
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The relativelCso value of CADA for sortilin dowamodulation was found to be 0.88 uM
and the absolut€sowas 2.15 uM. While the relatiu€so value for CD4 dowrmodulation
of CADA was 0.24 pM and the absolu@so value was 0.21 puM. Since the maximal dewn
modulation of IED4 was closer to 100%, the relative and absdCgevalues were almost
similar. The maximal dowsmodulation of sortilin by CADA is roughly 50%hdicating
that CADA is a weaker inhibitor of sortilin translocation compared to hCDA4.
Modifications to CADA analogs could be conducted to optimize the down
modulation of sortin through analysis of the signal peptide. CADA analogs containing
hydrogen bond accepting substituents could possibly bind to the regidtigmst the
cleavage sitén the SP of sortilinAn analog containing a negatively charged substituent
could be utilized to bind with the arginmat positiors 13 or 36 It is proposedthat
modifications to the small molecule CADA could potentially target signal peptides for
othe specific proteins, therefore not only preventing HIV entry but could also be used in
applications of other illnessssch as treatment of atherosclerosis, coronary artery disease,
and breastcancerr®?’ Understanding these interactions between CADA thedsignal
peptide could lead to designs of smalblecules that utilize the signal peptide as a new

therapeutic target for other diseases and illnesses.

1.7 Summary
CADA compounds have been found to be effective against HI\tdoyn
modulating CD4 expression of CDZ cells. CADA has been discovered to selectively

bind to the SP of hCD4 at the pasin<riptionallevel. It is known that CADA binds to
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the SP of hCD4 and forms a locked awnfation that prevents translocation from
occurring which causes the nascent chain to loop out into the cytosol where it is degraded
by proteolytic enzymes, therefore inhibiting the-tcanslational translocatiorand
expressiorof CD4.

A variety of symmetrical and unsymmetrical CADA analogshiaeen made in the
past. Structwe-activity relationship studies of CADA compounds have determined that a
hydrophobic tail group on CADA analogs increase the potency, with the cyylotetkyl
tail being the best optioso far It is generally thought thainsymmetrical CADA
compounds with two differing arenesulfonyl grouesd to be more potent than their
symmetrical counterpatindicatingthat CADA has two different binding sites for the
arenesulfonyl groups. CurrentigK147 is the most potent analog produced by Dr. Reena
Chawla. Although a large library of CADA analogs have been synthesized, these analogs
contain highly hydrophobic propees which limits theirsolubilities

New CADA analogs with increased hydrophilicity and increased potency is still
needed in order to continue withvivo experimentation. The binding sites of CADA with
the SP of hCD4 also needs to be further ingastid. Development of new CADA analogs
to determine the amino acids required for binding is necessary. Testing of CADA analogs
with other signal peptides could begin a new era for drug targeting ther@pie®. A 6 s
ability to also dowrmodulate the expressioof sortilin allows us to analyze the
interactions between CADA and the signal peptide. Understanding the difference between
CD4 and sortilin could be key to making small molecules that can target the signal peptide

as a new drug targdtlew signal peptid targets have been discovered through analysis of
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various signal peptides. The signal peptides of the thyroid stimulating hormone receptor
and the envelope protein of HIV, gpl@tave been selected as new targets for CADA
analogs.The novel mechanism otaon for CADA could potentially be applied help

treatillnesses such as rheumatoid arthritiiltiple sclerosisand type | diabetes.
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Chapter 2
Synthesis and CD4 DowrModulation Potency of Head Group

Modified CADA Analogs
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2.1 Introduction

Several series of CADA analogs have been synthesizedtwithdenticaland
different side arms:® Structue-activity relationship studies have beesnducted with a
variety of modifications to CADA, including various tail groups and side arms. The
cyclohexlImethyl tail, a hydrophobic group, generally increstbe potencyof analog
relative to smaller allyl or benzyl groupg Some msymmetrical CAIA compounds have
been shown to have higher potency than their symmetrical countewgads is consistent
with the proposed twsite binding model for CADA.CurrentlyCK147 is the most potent

CADA analogproduced(Figure 2.1.1). It contains

I
N\
\@\9 % 9/@ an isobutylene headgroup, with a tosyl side arm and
0N N 0

& \J anN,N-dimethylaminosulfonamide side armith a

N

KO cyclohexlImethyl tail. Various ring sizes have been
CK147 tested for CD4 dowamodulation andare currently

(IC50 = 0.058 uM) being studiedPreviousX-ray crystal stuctureshave

Figure 2.1.1.Structure and CD4
dowrrmodulation potency of

CK1477° in a conformation that favors @vo-site binding

b shown that the isobutylene head group places CADA

mode for the 12membered macrocycfeThe ability tocontrolthis bioactive conformation
using various head groups could lead to potentiallyenpmtent CADA analogsThe
effects of varying the head grotjpve been previously studied and tested for CD4 down

modulation® &
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(IC5y=0.56 + 0.05 uM)
Cl
e Lo 07
S S
O°">N  NIT3

AS117
(ICsy=1.9 % 0.5 uM)

(ICsy=10.9 % 2.9 uM)
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HJC321
(ICsy=3.7 % 1.7 uM)

95-210

0S0,CH,4

SA01
(ICsy = 0.83 pM)

SA45
(IC5p>50 pM)

Figure 2.1.2.Previous head group modifications and their CD4 davadulation
potencies for CADA analogs® ®

A series of compounds without the isobutylene headgroup was initially created by

Dr. Sreenivas&nugu. In this series, was shown that the absence oféiecyclic double

L
O

VGD020
(IC5o = 0.13 uM)

bonddecreased the activity of CADA anale§-210
(Figure 2.1.2)Many of the componds made in this
serieswere shownto be inactivefor CD4 down
modulation or have very low activity The most
potent analog was the mesyl ana®f0L1° These

compounds were all symmetrical CADA analogs

Figure 2.1.3.Structure and CD4
down-modulation potency of
VGD020.2

with benzyl tails. A second series of head group
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modifications was recently conducted by Dr. Rameez Ali. The compaowdstigated
contained cycloheggtmethyl tailsandtwo differentside arms. At the timgGD020 was
the most potent analpghich contained a tosyl side araparamethoxypenzenesulfonyl
side armanda cycloheylmethyl tail Figure 2.1.3)A series of CADA analogs were made
that included compounds witmodified isobutylene headgrospconsising of halides,
alkyl chains, angbolar headyroups(Figure 2.1.4f

It was found thatall modifications to the head group lowered activity when
compared t&/GD020. The most potent analog of the series RA916. These head group
modifications typically contained hydrophilic groups that would have increased the

polarity of the CADA analogue, eept forRA016. This showed that the more polar the

o
DAy H\ Q 0
Ts < 2SS
~ S N ~

RA003 RA016 RAO14E/Z
(ICso = 0.38 + 0.04 uM) (ICso=0.11 £0.01 uM) (IC50>50 pM)
- X
HO OMe OMe Cl OMe
| OH
. _s< Ts o 8¢
v NS0 v NS0 S NG

RAO019E/Z RA007 RAO013
({C50>50 pM) (IC5p=0.92 £ 0.11 pM) (IC5o=0.47 £ 0.16 uM)

Figure 2.1.4.Head group modifications by Dr. Adi.
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head group was on the analog, the lower the activity of the CADA compound was
observed.

Even though modificationsfo h

;; P
| KQ J\
the isobutylene head groupndedto Ts. T Ts. T Ts. s

N N N N N N

decrease potency, tlmgh potency of &N\J &N\j &N\J
| kR C L

RAO016 formed the basis for newly 1 4R R

3

proposed head group modifications « R = Aryl or cyclohexamethyl

Figure 2.1.5.New head groumodifications

CADA (Figure 2.1.5). Thenew head to CADA.

groups continugéto contin the olefin

of the isobutylene head group while also having more hydrophobic attachifleese
modifications wouldnclude both the benzyl and cyclohgxnethyl versions to compare
with CADA. Symmetrical compounds were proposed in order to alleviateehld to
separate E/Z isomerk.is proposed that the addition of these alkyl chamdd optimize

the twist about the isobutylene unit a&hd orientation of the two side arms, thus increasing

the potency of the analog.

2.2 Results and Discussion

2.2.1Synthesis of CK147

At the time of its synthesis by Dr. Reena Chav&147 was the most potent
CADA analogto date In order to compare the new CADA analogs, mOkL47 was
needed. Further biological studies ©K147 were alsobeing conductedso mae was

synthesized. The synthesis is a-sigp sequencgestarting with 1,2diaminopropane
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(Scheme 2.2.13.The tosyl side arm is first addéxy the reaction ol,3-diaminopropane

with tosyl chloride to give the intermediateA large excess of 1;8iaminopropane and

CHO
/@/ \©\9 1.) O/ , toluene,
CIO,S >S.
2 0" NH

reflux

/\/\ - 5
HoN NH, toluene L/ 2.) NaBH,, EtOH, 22 h, rt,
71% NH, 97%

A\

\©\o 0 Br \©\ 0
Il O
o}
(/NH 0
5 Na,COj3, Lil
CH;CN, reflux 6

88%

1.) H,NNH, H,0, EtOH, reflux 0 & \j
2.)2N aq. HC1, 4 h, rt N

95% 7

Scheme 2.2.1Synthesis pathway for the primary amihg ‘

slow addition of the tosyl chlorideerenecessary to induce monotosylatemmd decrease
the chances of tosylatian both primarynitrogens Addition of the cycloheyimethyl tail
is done byreatingcompound} with cyclohexanecarboxaldehyde in toluene. A D8#ark
apparatus was used to remove water genenatsitl. The resulhg imine is then reduced
with NaBHs to give the secondary amirfe Chain extension is done beaction of
secondary aming with N-(3-bromopropyl)pthalimide to form the pthalimide prodéct
Removalof the pthalimide is doneith hydrazine monohydrate at. to form the primary
amine?. In order to add the second side artkil47, 4-(dimethylamino)benzenesulfonyl

chloride needed to be synthesized. Chlorotrimethylsilaneeastedwith concentrated
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H.SQu to form bis(trimethylsijl) sulfate (Scheme 2.2.2).Bis(trimethylsilyl) sulfate is

thentreatedwith N,N-dimethylaniline to produce-@dimethylamino)benzenesulfonic acid,

\Sli/ conc. H,SO, ~_.O. L Sl'/
29 cyclohexane -~ |I 707
o] O
reflux o )
45 min bis(trimethylsilyl) sulfate
65%
SN N
SN
0.2 |_ 1)reflux, xylene PCls, DCM
L _Si /S\ LSi o
| O/ (@] 2)H20 0°C,3h
: oo 91% 0=S=0
999, 0=$=0 '
OH Cl

4-(dimethylamino)benzenesulfonic acid

‘ Scheme 2.2.2Synthesis of 4dimethylamino)benzenesulfonyl chloridé. ‘

which is treated with PGlto form the resultingsulfonyl chloride® The second arm of
CK147 is then added by reaction of primary amine 7 with 4-
(dimethylamino)benzenesulfonyl chloridender biphasic conditions to form the
disulfonamide8 (Scheme 2.2.3)Palladium catalyzed macrocyclization is conducted to
produceCK147.

The pall adium <cat al yz e dallymatermediatey andi z at i
generates an alkoxiq€igure 2.21).° This alkoxide serves as a base for the sulfonamide,
and with an unsymmetrical opehain disulfonamide, the more acidic am{i1) would
be allylated.The less acidic NH must then be deprotonated to undergo macrocyclization
through intrarolecular N-allylation. There is competition between intermolecular

reactions with the more aciNH group of a second operhain disulfonamidé.The
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dimethylamino substituent changes theapi the NH group which could make the

intermolecular reaction more favored, lowering the yiel@KiL47.

-, /S\
O~ _NH NH, (o] O” _'NHHN{_"O

\)/ sat. aq. NaCl, sat. aq. Na,CO;, L/

N N
CH,Cl,, 22 h, rt

7 96% 8

|
\CL % QN\
(0] O
S S
BocO\)J\/OBoc o> Z

N N_"O
sz(dba)3, dppb, N32CO3 N\j
MeCN, reflux, 24 h
8% CK147

Scheme 2.2.3Synthesis oCK147.2
(dba),Pd(0)
dppb

A
A . e

\I/o O NSO,Ar
R
0

Pd(0)dppb
—Pd(0)dppb
O_ _O NSO,Ar
M R
0
ArSO,NHR
PBUO
O] ©
BUOH /_<_Pd" dppb CO, + tBuO
t-Bu BocO *
ArSOzi\iR

Figure 2.2.1.Proposed mechanism for fdtalyzed macrocyclizatich.
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2.2.2 Synthesis of Bc-Protected Diols

The current synthetic pathway for the synthesis of CADA analogs allows for easy
modifications to be conductegiving various analogs. In order to change the head groups
on the CADA analogsBoc-protected diols of the head groups had to be synthesized. The

initial proposed pathway for the synthesisTaf010 stars with THP potectedketone9

0~ “OH PPT, CH,CI, 9
30-35°C

1.) TsOH Boc,0, DMAP KQ
MeOH/ H,0O KQ Py

------------------------------ > o.__0 0.0
CH,CI \k \{/
2.) NaHCO; OH OH pALY) \([)]/ \([)]/
12 TLO00S
\©\(IS)I (ISDI/©/ Me | Me
0%~ >NH HNZ "0 \©\g g@
. o) Pdbeadmb CHLON_ - ToSh o
»
K@ TL010 @
13

\ Scheme 2.2.4initial proposed synthesis pathway fir010.1%11

(Scheme 2.21). The intial approach was to chanyfee head groups by changing the alkyl
portion of the Wittig saltlO. The first stepyvas THP protection of the alcohol group$

dihydroxyacetone diméo give the keton® (Scheme 2.%).1° The Wittig salt was then
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HO_ _O @ Q
L e : rpo, 1o
H
o} OHO 9

PPT, CH,Cl,
30-35°C
© 80% ©
©
Toluene Br p@©
+ -
©/ P\© Br Sealed tube /_
130-135°C,
89%
10

© |
. Br © @@ -BuOKk
/—P
tro N _otHp i THF C(O OO
0] O
11

9
10
Scheme 2.2.5nitial synthesis of THP protected dibl.'% 1 ‘

synthesizedby reaction oftriphenylphosphine with bromoethahied Wittig reaction was
then conducted between ketdand the Wittig saltOwith t-BuOK as the base. Removing
the resulting product from the triphenylphosphine oxide proved teebedifficult, so a
different synthetic pathway wasvestigated

The new propaed routeutilized a Knoevenagel condensation to form the oféfin.

By varying the ketone used, the different head groups could be synthesized. The formation

of TLOO1 was initially done byeaction ofdiethyl malonate and reagent grade acetone

the presence of Zng(Scheme 2.&). This formed the resulting diestéd, which was
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( \ o - o o reduced using LAH. The
nt iy
OWO + )J\ - OJEELO/\ diol intermediate was
Ac,O
O O 2
reflux 14 difficult to purify, so Boc
34%
1.) LAH protectionof the crude diol
2.) H,0, KNaC,H,0, «4H,0
- e BOCO\I/OBOC was conducted to give
3.) Boc,O, DMAP, TL001
Et,0, 1t TLOOL.

19%
To obtain the

‘ Scheme 2.2.6Synthesis offL001.% 1213

benzylidene diol TLOO4,
diethyl malonate was firdreatedwith benzaldehyde to form the diestel5 (scheme
2.27).}* This was then reduced using DIBALH to produce the diol compdiéit
Compoundl6 was then Boc protected to forf.004. The synthesis ofL0O08 involved

some dificulties initially. Reaction of cethyl malonate wittacetaldehydgavethe diester

17 (Scheme o o
R )OJ\ PhCOOH (cat)
16 ; + N N

2.28)."° Reduction OWO Ph” H piperidine o)J\fJ\o

_ O O benzene Ph
was attempted using reflux 15

91% Bh
DIBALH to form - Ph
DIBAL-HI | Boc,0, DMAP, Jw
compound 18 toluene HO OH BocO OBoc
3h 94%

however TH NMR
67%

spectroscopy anc

Scheme 2.2.7Synthesis oTL004.5 14 15

TLC showed the
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( H o o o presence of compound
AczO reﬂux
\n/\[( )J\ /\o)‘\ﬁ‘\o/\ 19 as a side productiue
46- 54%
17 to over reduction
DIBAL-H \/@ \/Q Attemptsto separat the
HO OH + HO OH
toluene 18 19 two compoundslargely
-30°C
3h failed. Anew strategy for

Scheme 2.2.8Attempted synthesis of compoufié.*>** | T| 008 wasdeveloped

A morerecent paper showed the synthesis of TBS proté&:tttlylidenepropane
1,3-diol formed from a Wittig reactioh’ So, the dihydroxyacetone dimer wagBS

protectedn high yield to form compoun@0 (Scheme 2.2). Ketone20 was reacted with

)

HOQ[ % _TBsCl _ teso._M_otss
OH Tmidazole 20
DMF
98%

O
teso._J__otss n _n-BuLi
/_ “THF
20 90%
1.) TBAF, THF, 0°C to tt,
TBSOJi/OTBS rtfor1h BocOv(/OBoc

21 2.) Boc,0, DMAP, Et,0 TL008
23%

Scheme 2.2.9Synthesis of compounfl008.517 18 ‘

ethyltriphenylphosphonium bromid&0) usingn-BuLi as a base to form TBfrotected

ethylidene dioR1. Removalof the TBS group wadone using TBAF, however purification
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of the resulting diol was difficult. Boc protectiaf the crude produagave compound
TLOO08. Synthess of thethreeBoc-protectedhead groups were completediowing for
the next stepto occur.

2.2.3 Synthesis of the Disulfonamide Intermediates

With the headyroups formed and ready for the cyclization step, the intermediate
disulfonamides needed to be synthesized. InitiflyP020 was the most potent analog at
the beginning of this project. Sia theisopropylidenenead group would not give rise to
E/Z isomers, an unsymmetrical disulfonamide was made contairpiigethoxyenzene
sulfonamide and a tokyide arm. A symmetrical ditosyl compound was also made
containing a cyclohg#dmethyl tail. Tre synthesis starts off the same first 4 stej@a<if47,
aspreviously describgdito form the primary amine compoufdScheme2.2.1) The side
arms were then added bBaction oicompound’ with p-methoxybenzenesulfonyl chloride
or 4-methylbenzenesulfonyl chloriddo form disulfonamide compound®? and 23

(Scheme 2.20).

OMe
O\\S/©/ OMe
\©\9 CI/6 9 /(g)\
0" NH NHz sat. aq. NaCl, sat. aq. Na,CO5 L/ \J
NJ CH,Cly, 22 h, 1t N
89%
) = )
O

O”"°NH NH, o
N\)/ sat. aq. NaCl, sat. aq. Na,CO; L/N\J
CH,Cl,, 22 h, 1t
7 80% 23

Scheme 2.2.105ynthesis of compound@? and23, |
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2.2.4 Synthesis of TLOO7 and TLOO5

The successful synthessof the Boc protected diols and the disulfonamides allowed
for the cyclization stepto be conducted. Compoudd.004 reactedwith compound<3
and24 by palladiumcatalyzed macrocyclization to form compouAd$07 andTLOO5

(Scheme 2.21). Purificationwas donéy column chromatography on neutral alumina

Ph
* @g ‘S’@/ Pd;(dba);, \Q 0
0" >NH HNZ dppb, g

+ /
>‘/O\n/0 O\n/oj< . N212CO3

NZ
o 0 MeCN, & N \)
TL004 2 reflux
14% TLO007

Ph oh
* The o0 |
S. .S Pd,(dba);, \©\9 (,3,/©/
dppb, O//S N /S\\O

00 Gl g N NalCO, o

TL004 K@ MeCN,
24 reflux e Sb

47%

Scheme 2.2.11Synthesis of compoundd.005 andTLOO7. ‘

2.2.5Synthesis of TL002

SinceVGD020 wasthe most poten©ADA analogat the time an attempt was
made to cyclize thesopropylideneBoc reagenTL001 with compound22. The resulting
unsymmetrical CADA analogiould not have the issue of E/Z isomerization from the
symmetrical head group. S&.001 wastreatedwith compound®2 underpalladium
catalyzed macrocyclizatiozonditions® The predicted produ@5was not isolated from

the cyclization stepScheme 2.2.2). The isolated product resulted in a double addition



reaction, rather than a macrocyclizattorgive compoundL002. Due to this
unexpected product formationl-001 was not cyclized with compour8 or 24 since

the resulting compounds wouli#ely produce the double addition products rather than
the cyclized product.

| \©\ Q Pd,(dba)s, \ o~
I I (0] (0]
SNH HN” S dppb, I I
o 0.0 S S5

Na,CO; o>

O N
D G s N - Cul)
o o MeCN, N
TLOO01 reflux
22 25
ONQ
(0]

x @L 2 Pd,(dba);, I K
=S~ -85 dppb,

+ NH HN © N3.2C03 o\\ //o

XOTO OTO N S A y: N—
0
o] o] MeﬂCN’ &N\j
rerux
TL001 22 88% KO

TL002

| Scheme 2.2.1Synthesis of compourBL002. |

2.2.6 Synthesis o€ompounds TL0O09 and TL010

Palladium catalyzethacrocyclizatioAwas conducted with compoufd.008 and
compound24 (Scheme 2.2.3). This resulted in the formation of compouid€10 and
TLOO09. The reaction produced both the cyclized product as well as the double addition
product which were separated using an alumina chromatotron plate.

The problem with the cyclization of the etigneBoc reagenfTL0O08 and the
isopropylideneBoc reagenTLOO1 is related tohe mechanisrof the palladium
catalyzed reactiofFigure2.21). The initial stef thecatalytic cycleébegins with the
oxidative addition of Ptto the carbonate-© bond. Tlis produces -allyl Pd(ll)
species. The carbonatés displaced irreversibly, losing G@nd formingtert-butoxide

anion.Thegenerated basteBuO deprotonatethe NH group of onef the sulfonamides,
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L Qg LT
S. S sz(dbﬁ):;,
0o__0 0O.__O dppb,
>ror° K " Ned:
o) o)

TL00S8 MeCN,
24 reflux

4% 1%

Scheme 2.2.13Synthesis of compoundd.009 andTL010.

forming the nucleophilic sulfonamide anion ARSQ° The ArSQN" then reacts with
t h allylpalladium complex generatiragnintermediate containing the sulfonamide
covalently bondedb the isobutylene head group. The step is then repeated to replace the
remaining carbonate ester with the second sulfonamide group to complete the
macrocyclization. The intramolecular addition of the second sulfonamide is favored by
entropy, butitcould eact wi t h -alylpalladidnd spéciesoohaadifferent
molecule which would lead to oligomeric byprod®ict.

As previously described, the more acidic sulfonamide NH is deprotoaated
becomes basidhe deprotonated NH does a nucleophilic atfacking the

monoallylated produa nd t he cycl e talyl paladume eom@etis and

t
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formed.Steric hindrance from the methyl groups of the isopropylidene and ethylidene

Boc r eage nt-allylpatlagdivmecomplex fiora nucleophilic attk and a base
mediated E2" elimination of the allylic Boc@roup from thebasic nitrogerforms the

diene® This entire process is repeated a second time and adds a second diene to the

disulfonamide.

2.2.7 CD4Down-M odulation Activities

The newly

Ph
| |
synthesized CADA \©\9 (Q Q Q Q
0">N S o">N N0

analogs were tested fo & \J & \j
N N
their CD4  down K@ ©
TL005

modulation and ami TL010

HIV  activities. The \©\o H; 9/©/ \©\9 0
>S. s{
o

NH HN. "0

number ofhead group

N N
modifications Vas KO KO
imi TL007 TL006

limited due to the result:

of the palladium ,
CD4 downrnmodulation

Figure 2.2.2.Newly synthesized TL compounds tested 10

macrocyclization.  Of

the compounds generatéld, 006, TLOO5, TLOO7, andTL010 (Figure 2.22) were tested
for CD4 downmodulation. The CD4 dowmodulation activities were reported K30
values, which is the concentration at which 50% of the maximal goadulation of CD4

expression was measured in CHO-CIEHEP cells after 24 h of treatment withetiCADA
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compound-® Table 2.2.1 shows the CD4 dowmodulation activities of the TL compounds
in CHO-CD4YFP cells.The addition of the benzylidene head group to CADA made it
inactive. It is believed that the bulky aryl group could change the conformatitive of
macrocyclemoving the two side arms out of the origibalding sites, thus decreasing the
activity of the compound. The lack of an isobutylene headgrouplfod6 also greatly
decreases the CD4 dowmodulation activity, correlating with previous v#s. The
addition of the ethylidene head grogpres some CD4 dowsmodulation activity but
TLO1O0 is significantlyless potenthan CADA.The limitations of the cyclization prevented
further synthesis of longer chained aryl groups as new head group modifications.

Table 2.2.1.Newly synthesized TL compounds tested for CD4 domodulation.

Compound ICs0(UM)®
mean + SDV
CADA 0.36 £0.08
CK147 0.058 + 0.006
TLOO5 >50°
TLOO6 >10°
TLOO7 >50°
TLO10 0.65 + 0.08

#These compounds were tested as HCI s%lrfgo: Inhibitory concentration
50%, concentration at which 50% dowrodulation of CD4 expression we
measured irCHO-CD4YFP cellsafter 24 hours of treatment with CAD.
compound. Values are mean + STDEV from 3 independent experitfent:

Cytotoxicity and ati-HIV activities of compound§L005, TLO06, andTLO10

were also tested. Compouiid010 had a very low cytotoxicity similarly to CADA as
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shown in Table 2.2.2TL006 was found to be the most cytotoxic in this series of
compounds. Their antilV activity wasfound to be too low to measure.

Table 2.2.2.Newly synthesized TL compounds tested for cytotoxicity.

Compound CCso(UM)”
mean = SDV
CADA >100
TLOO5 66.86 = 0.64
TLOO6 25.80£4.91
TLO10 > 100

These compounds were tested as HCI sai€s# Inhibitory concentration
50%, concentration of the compound required to reduce the viability ef
4 cells by 50%.

2.3 Conclusion and Outlook

Three new CADA macrocycle§FL005, TLOO7, andTLO10, were synthesized
containing the benzylidene and ethylidene head grolgofutylene, ethylidene, and
benzylidene head group modifications started with utilization of commercially available
products to fornTLOO1, TLOO4, andTLOO08 (Figure 2.3.1)The nitial synthetic approach
to TLOO1, TLOO4, and TLOO8 was not efficient due to the difficult removal of the
triphenylphosphine oxide in the Wittig step. An alternative route using the Knoevenagel
condensation allowed for the synthesisTal001 and TLOO4. TLOO8 was successfully
synthesized using a Wittig reaction with Ti®tected dihydroxy aceton8tarting from
the commercially available }@aminopropaneand ultimately conducting a palladium

catalyzed macrocyclizatiomompoundg§L002, TLOO5, TLOO6, TLOO7, TLO09, and
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TLO008 TL010 TL009

| Figure 2.3.1.Newly synthesized TL compounds. |

TLO10 weresynthesizedHRigure 2.3.1) CompoundsI'L002 andTLO09 were unexpected
side products caused by competiti2” eliminationin the mechanism of the palladium
catalyzed cyclizatiod.This side reactiodimited synthesis o€CADA analogs withonger
alky substituents on the isobutylene head graspwell as cychationof isopropylidene
and ethylidene @oc reagentsvith alternative disulfonamides.

The addition of the benzylidene and ethylidene head groupBLfa®5, TLOO7,
and TLO10 produceddecreased activityThe benzylidene head group could change the
conformation of the CADA analog, moving the two side arms away from the binding site.

The ethylidene head group is not as bulky as the benzylidene and shows some level of
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activity but the potency ofTL010 is still lower than that of CADAThe lack of an
isobutylene head group imLO0O6 dramatically decreasgeactivity as well, which correlates

with previous SAR studies adpenrchain CADA analogs without an isobutylene head
group.Currently, the isobutylene group seems to be the most actae groupor CADA
compoundsAdditional analogs with saturated alky chains in the head groups should be
considered for further head group modificatistudiesof CADA. Hydrogenation of

TLOO5, TLOO7, andTLO10 could also be considered due to the potency oRH@16.

2.4 Experimental

Flow Cytometry

These studies were conducted by Vermetral. at the Rega Institute for Medical
Research Katholieke Universiteit Leuven, Belgitma.study the effect of CADA on CD4
expression, CHO cells, stably expressing &P (huCD4 fused at its COOkerminus
to the yellow fluorescent protein [YFP]), were treated for 24 h with different concentrations
of CADA or its analogs at 37 °C. Cells were then washed, fixed in 1% formaldehyde and
analyzed immediately. Data were acquiredhwa FACSCalibur flow cytometer (BD
Biosciences) using the 488 nm laser line and CellQuest software (BD Biosciences). YFP
was measured with the FLdetector and data were analyzed with FLOWJO software (Tree
Star, San Carlos, CA). Dowmodulation of CD4 ws evaluated by the decrease in
fluorescence intensity on CAD#eated cells relative to matched, untreated cells. To

calculate the efficiency of CD4 downodulation, the median fluorescence intensity (MFI)
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for YFP for each sample was expressed as a pagewotf the MFI of control cells (after

subtracting the background MFI of the Apansfected control cells).

General Methods

All reactions were performed under an atmosphere of dry nitrogéess specified
otherwise.Reagents and solvents purchased from Aldrich Chemical Company, Acros
Organics, or Fisher Scientific were of ACS reagent grade or better and were used without
purification, unless indicated otherwise. Anhydrous acetonitrile used in the
macrocyclization s was distilled from Cald For macrocyclization reactions, the
disulfonamide intermediates;r@ethylenel,3-propanebigért-butylcarbonate), anhydrous
sodium carbonate, dppb, and-@fthay were driedn vacuo(ca. 0.1 mm) for at least 16 h.

All the equipmat required for macrocyclization reaction including a magnetic stir bar,
spatula, syringe and needle were also dried overnight in the oveAQLBblutions of 2

N HCI in methanol were created by placing 165 mL of 12.1 M HCl into a 1 L volumetric

flask. The flask is then filled with 835 mL of methan@olumn chromatography was
performed with Sorbent Technologies neutral alumina-2(3D0 e m) or Sor
Technologies standard grade silica-@3 ¢ m) , unl es sChronmatoteod ot he
chromatography was gfermed with Sorbent Technologies neutral alumina with gypsum

and UV254.Automated chromatography was performed on the Yamazen Smart Flash
AKROS REX10 with Sorbet Technologies neutral alumina -g&® p) or Sorbent
Technologies standard grade silica-@2um) and HPLC grade ethyl acetatexaneand

dichloromethane GICM). Compounds driedn vacuo were connected to a vacuum
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manifold with a Welch 1402 vacuum pump and vacuumed dried for at leasttt8.10.1

mm. Melting points were measured on a ThorREver or MelTemp apparatus and are
uncorrected*H NMR (400 MHz or 500 MHz) antfC NMR (75 MHz or 125 MHz) spectra

were acquired on a Varian 400 or Varian Unity + 500 spectrometer. All chemical 8hifts (
are reported in ppm units relative to solvenbremsces, as followsH, CDCL/TMS =

0.00, DMSQd6 = 2.50, CROD = 3.31;13C, CDCk = 77.23, DMSQd6 = 39.7, CROD =

49.15. Infrared spectra (IR) were recorded on a Nicolet 6700 FTIR spectrometer. Mass
spectra (MS) were acquired on a Waters Micromass ZQ electrospray ionization quadrupole
mass spectrometer with positive ion detection (capillary voltage = 3.5 k\)-reigglution

mass spectra (HRMS) were acquired on an Agilent 6230 TOF mass spectrometer. Samples
for elemental analysis were dried at 78 °C (0.1 mm) for 2 days, unless stated otherwise,

and microanalysis was performed by NuMega Resonance Labs, Inc.

Synthesis ofN-(3-aminopropyl)-4-methylbenzenesulfonamide (4)

QY

S\
&N TTONH,
H

Into a 2 L round bottom flaska solution of68.0 mL (0.815 mol)of 1,3
diaminopropané 100 mL of toluenavas added and stirredrat An addition funnel was
atached with a nitrogen gas inlet containiagsolution of51 g (0.Z mol) of p-
toluenesulfonyl chloride in 200 mL of toluene. T®luenesulfonyl chloridsolutionwas

added to the round bottom flask dropwise over a period of 4 h. After completion of the
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addition, the mixture wastirredfor 24 h. The white precipitate was then collected by
filtration and washed with toluene. The product was dinedacuofor 17 h. It was then
stirred witha solution of 1:1(v/v) methanol/watefor 2 h. The suspensionas then
fillered, and the filtrate was concentratbg rotary evaporatiorand placed in the
refrigerator to recrystallize. This was then filtered, and the filtrate was conceritsated
boiling the mixtureto onethird of the volumeto allow further recrystization in the
refrigerator The resulting crystals from both recrystallization steps were combined to
produce 43.8 g (71%) &F-(3-aminopropyl}4-methylbenzenesulfonami@es a white solid.

IH NMR (400 MHz, CROD) Ui 7.71 (d, 8.4 Hz, 2 H,d's), 7.36 (d, 8.6 Hz, 2H, 1As),

2.86 (t, 7.3 Hz, 2 H, CHNH), 2.62 (t, 7.3 Hz, 2 H, CH\Hy), 2.40 (s, 3 H, ArCh), 1.56

(quint., 7.4 Hz, 2 H, CC{C).

Synthesis of N-(3-((cyclohexylmethyl)amino)propyt4-methylbenzenesulfonamide

(57

Into a 500 mL round bottom flask with a reflux condenser attact®8,g (74.2
mmol) of N-(3-aminopropyl}4-methylbenzenesulfonamide200 mL of methylene
chloride, 9.33 g (83.2 mmol) ofyclohexanecarboxaldehyde, and 26.0 g (0.216 mol) of
MgSQs wereadded. Tl resultingsolution was then stirred amiled undereflux under

nitrogen for 24 h. The solution was then allowed to cool to r.t. and the white mixture was
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then filtered through &ne sintered glass funnel. The white residue was washed with 60
mL of DCM and filteredThe filtrate was then concentrateddoyary evaporation anithe
residue waslriedin vacuofor 18 h. The resulting liquid was then dissolved in 60 mL of
absolute ethanolThen 3.15 g (83.3 mmol) of NaBHwas added in portions over 15
minutes. Thignixturewasstirredatr.t. for 24 h. Themixturewas then filtered through a
fine sintered glass filter and the filtrate was then concentrated by rotary evaporation.
DeionizedH20 (90 mL)was added and the product was extracted By (3 x 30 mL).

The combined organic solutions weten dried(NaSQs) and filtered. The filtrate was
then concentrated by rotary evaporation tnredesulting esidue waslriedin vacuo This
produced 225 g (93.5% vyield)of N-(3-((cyclohexylmethyl)amino)propy4-
methylbenzenesulfonamides a white waxolid. H NMR (400 MHz, CDCYTMS) U

7.73 (m, 2 Hp-Ts), 7.30 (M, 2 HM-Ts), 3.06 (t, 6.4 Hz, 2 H,&NHTS), 2.63 (t, 6.3 Hz,

2 H, CCH2NH), 2.43 (s, 3 H, ArCh), 2.35 (d,7.6 Hz, 2 H, &2Cy), 1.70 (m, 5 H,CE.C,

Cy, NH), 1.59 (m, 2 H, Cy), 1.39 (m,H, Cy), 1.20 (m, 4 H, Cy), 0.91 (m, 2 H, Cy).
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Synthesis ofl-phthalamido-4-cyclohexylmethyl7-(p-toluenesulfonamido}4-

T e

_S.
O” _NH N

o
O

Into a 500 mL round bottom flask with a condenser attache8,dL861.4 mmol)

azaheptang(6)?

of N-(3-((cyclohexylmethyl)amino)propy#-methylbenzenesulfonamide39.7 g ( 148
mmol) of N-(3-bromopropyl)phthaimide, 7.06 g (70.5 mmol) of anhydroGaCQ, and

2.34 g (17.5 mmoldf lithium iodide wereadded with 75 mL of acetonitrile. The solution
was then stirred antkated undeneflux overnight for 18 h. The solutiamascooledtorr.t.

and vacuum filtered throughfiae sintered glass funnelhe residue was washed with 100

mL of acetonitrile the filtrate was concentratdyy rotary evaporationandthe resulting
residue wasdried in vacuo The product was purifiedy alumina filter column
chromatography. A slurry of 900 g of alumina in 500 mL of 5:2 (v/v) hexane/ethyl acetate
was added to a 2 L medium porosity sintered glass funnel to form a uniform bed, which
was not allowed to dryA solution of thecrude product was dissolved in 30 mL of ethyl
acetate and carefully added to the top of the alumina bed. Once the product was absorbed
into the alumina, the alumina was then washed with 3 L of 5:2 (v/v) hexane/ethyl acetate,
followed by 2 L of ethanol. Téethanol fraction wasollected an@doncentratedby rotary
evaporationandtheresultingresidue waslriedin vacuo This produced.7.7 g (56%)f

1-phthalamide4-cyclohexylmethy7-(p-toluenesulfonamided-azaheptaneas a yellow
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viscous oil.*H NMR (400MHz, CDCI3/TMS)ii 7.86 (m, 2 H, NPhth), 7.74 (m, 4 BLTS,
NPhth), 7.26 (m, 2 Hn-Ts), 6.32 (bs, 1 H, NH), 3.62 (t, 8.3 Hz, 2 H, 8HPhth), 3.06 (t,
6.2 Hz, 2 H, G12NHTS), 2.39 (m, 4 H, CCHN), 2.34 (s, 3 H, ArCh), 2.09 (d, 7.4 Hz, 2
H, CH2Cy), 1.69 (m, 10 H, CCELC, Cy), 1.38 (m, 1 H, Cy), 1.17 (m, 2 H, Cy), 0.84 (m, 2

H, Cy).

Synthesis ofN-(3-aminopropyl)-N-(3-p-toluenesulfonamidopropyl)

cyclohexylmethylamine(7)?

Into a 500 mL round bottom flagdquipped with a condenser, 1'9.734.6 mmol)
of 1-phthalamided-cyclohexylmethy7-(-p-toluenesulfonamide)-azaheptane, 40.5 mL
of hydrazine monohydrate, and 300 mL of ethanol were added Nades The solution
was stirred and heated under reflubor 3 h and then coet to r.t. The mixture was
concentratedby rotary evaporation. The260 mL ofa solution o2 N ag.HCI| was added
slowly and stired until white fumes were no longer present. Thixture was then made
basic (pH 10) usin@ solution of6 N NaOH (90 mL) and theaxtracted withDCM (3 x
60 mL). The combined extractions were dri@&hSQy) and filtered. The filtrate was then

concentratedy rotary evaporation anthe resultingresidue waglried in vacuo This
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produced 13.2 g (100% of N-(3-aminopropyl)N-(3-p-toluenesulfonamidopropyl)
cyclohexylmethylaminas a light yellow viscous oitH NMR (400 MHz, CDCY/TMS) i
7.78 (d 8 Hz, 2 H, 6Ts),7.29 (d 2 H, m-Ts), 5.76 (bs, 3 H, NH), 3.08, 6.4 Hz, 2 H,
CHzNHTS), 2.96 (t, 6.6 Hz, BI,CHoNH2), 2.49 (t, 6.3 Hz, 2 H, CHN), 2.45 (t, 7.2 Hz, 2
H, CHaN), 2.41 (s, 3H, ArCHa), 2.12 (d, 7.4 Hz, 2 H, Ci€y), 1.80 (m, 2 HCCH.C),

1.66 (M,8 H, CCH:C, Cy), 1.40 (m, 1 H, Cy), 1.17 (MH, Cy), 0.2 (m, 2 H, Cy).

Synthesis of bis(trimethylsilyl)sulfate

|
,O\ .
\Si S// -

Ao

To a 1L round bottom flask with a condenser attached, 132 mL (1.04 mol) of
chlorotrimethylsilane, 300 mL of cyclohexam@d27 mL (0.50 mol) of conc. b5Qs were
added andhe resulting solution wdseatedunderreflux for 45 minutes. The solution was
then concentratelly rotary evaporation. The product was purifledvacuum distillation
(72-82°C at 1 mm) This produced 78.5 g (65%) of bis(trimethylsilylfate as acolorless

solid, mp 5758°C (lit.® 57-58°C). 'H NMR (400 MHz, Cls) 10.41 §, 18 H, S(CHa)3).
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Synthesis of 4(dimethylamino)benzenesulfonic aciél

In a 300 mL #36 Acghredspressure tube, 5.00 g (20.6 mmol) of bistrimethylsilyl
sulfate and 2.50 g (20.6 mmol)fN&dimethylaniline were added attie tube waslosed
tightly. The pressure tube was then heaet70°C in an oil bath for 4 h, only allowing
20 of t hesubrheogbden the oil. This produced a blue and white solid which was
washed with diethyl etheB(x 50 mL) to remove the exced$,N&dimethykniline. The
remaining solution wadiluted with40 mL of HO. The water was removed through rotary
evaporation ad the solids were then washed with diethyl etBex 60 mL) and driedn
vacuo.This produced!.10 g (99%) ofi-(dimethylamino)benzenesulfonic acda blueish
white solid.*H NMR (400 MHz, RO) ii7.99 (m, 2H, o-Ts, 776 (m, 2 H, m-Ts), 7.61(s,

1H, SCH), 3.32 (s, &4, N(CH3)2).

Synthesis of 4(dimethylamino)benzenesulfonyl chloridé

To a mixture of 49.0 g (235 mmol) of R@h 580 mL of DCM at 0C, 43.1 g (214
mmol) of 4dimethylaminobenzenesulfonic daivas added in portions. The mixtweas
stirredat 0°C for 3 h.Then500 mLof H>O was added slowly and stirred &t@ until no

further bubbling occurred. The organic layer was tegaratedand the aqueous layer was
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extracted with DCM (X 100 mL). The combined organic laysawveredried (NaeSQy) and
filtered. The filtrate was concentrated by rotary evaporatiortlamdesulting residue was
driedin vacuo This produced 42.3 g (91%) #f{dimethylamino)benzenesulfonyl chloride
as a yellow slid, mp 116112°C (lit.” 108111 °C). *H NMR (500 MHz,CDCIy/TMS) U

7.83 (d, 9.3 Hz2 H, 3-ArH), 6.68 (d, 9.3 HZ2 H, 2-ArH), 3.12 (s6 H, CH).

Synthesis ofN& (p-toluenesulfonyl}No-(p-dimethylaminobenzenesulfony[N,N-

bis(3-aminopropyl)cyclohexylmethylamine] (8)3

Intoa 100 mL round bottom flask with a nitrogen inlet and a magnetic stir bar, 0.55
g (2.5 mmol) of 4(dimethylamino)benzenesulfonyl chloride, 1.01 g (2.65 mmoN-¢(3-
aminopropyl}N-(3-p-toluenesulfonamidopropyl)cyclohexylmethylamins mL of sat.
ag. NaCsolution, 16 mL of sat. aq. M@Ossolution and 16 mL of DCM were added. The
mixture was stirred vigorously at r.t. for 24 h. The mixture was then placed in a separatory
funnel and the organic layer was removed. The aqueous layer was extracted wi{{3 DCM
x 20 mL), the combined extraction layers were driecb8a), and filtered. The filtrate
was then concentrated, and the resulting residue was idriegicuo. The product was

converted to the HCI salt by stirring with 15 mL of a solution of 2 N HCI irDMeand
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stirring for 1 h. The solution was concentrated by rotary evaporation and the resulting
residue was drieth vacuo The solids were triturated with diethyl ether (3 x 25 mL) and
the resulting residue was driedvacuo The product was converted l&o the free base

by stirring vigorously with 15 mL of 2 N ag. NaOH solution, 15 mL of sat. aq. NaCl
solution, and 15 mL of DCM for 1 h. The layers were separated, and the aqueous layer was
extracted with DCM (3 x 15 mL). The combined organic layer waddiNaSQs) and
filtered. The filtrate was concentrated by rotary evaporation and the resulting residue was
dried in vacuo This prodiced 1.09 g 96% of NG&(p-toluenesulfonyBNo-(p-
dimethylaminobenzenesulfonyfiN,N-bis(3-aminopropyl)cyclohexylmethylame] as a
viscous oil 'H NMR (500 MHz, CDCYTMS) i 7.74 (d, 8 Hz, 2 Ho-Ts) 7.68 (d, 8 Hz, 2

H, 0-ArS02), 7.31 (d, 8 Hz, 2 Hn-Ts), 6.68 (d, 8 Hz, 2 HN-ArSO,) 3.05 (s, 6 H,
(CHa)2NAr), 2.99 (t, 6 Hz, 4 H, CbN), 2.05 (d, 7 Hz, 2 H, C¥Cy), 1.63 (m,10 Hz,

CCH:C, Cy), 1.34 (m, 1 H, CH), 1.15 (m, 2 H, Cy), 0.81 (q, 12 Hz, 2 H, Cy).
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Synthesis of 9cyclohexylmethyl1-(N,N-dimethylaminobenzensulfonyl)-3-
methylene5-(p-toluenesulfonyl)-1,5,3triazacyclododecane (CK147

g Ao

Into a 250 mL round bottom flask with nitrogen inlet, 100 mL of dry acetonitrile,
1.37 g (2.42 mmol) ofN&(p-toluenesulfonyhNo-(p-dimethylaminobenzenesulfonyl)
[N,N-bis(3-aminopropyl)cyclohexylmethylamineP.65 g (9.18 mmol) of -tnethylene
1,3-propanebigert-butylcarbonate), 0.0559 g (0.131 mmol)  of 1,4
bis(diphenylphosphino)butane (dppb), 0.247 g (0.270 mmol) of
tris(dibenzylideneadene)dipalladium(0) Rc(dba}), 0.232 g (2.19 mmol) of N&Gs,
and 268 mL of anhydrous acetonitrile were stirred uiNtegasand boiled under reflux.
The mixture was then allowed to cool to r.t. and filtered. The filtrate was washed with 50
mL of sat. ag. NaHCg&solution. The organitayer was separated, and the aqueous layer
was extracted with DCM (3 x 25 mL). The combined organic solutions were dried
(NaeSQy) and filtered. The filtrate was concentrated by rotary evaporation and the resulting
residue was drieth vacuo The product wa converted to the HCI salt by stirring with 25
mL of a solution of 2 N HCI in MeOH for 1 h. The solution was then concentrated by rotary
evaporation and the resulting residue was driegcuo The resulting solid was triturated
with diethyl ether (3 x 2 mL) and the residue drieth vacuo The product was then

converted back to the free base by stirring vigorously with 25 mL of DCM, 25 mL of aq.
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2 N NaOH solution, and 25 mL sat. ag. NaCl solution for 4 h. The layers were separated,
and the aqueous layevas extracted with DCM (3 x 25 mL). The combined organic
solutions were dried (M8Qy) and filtered. The filtrate was concentrated and the resulting
residue was drieth vacuo The product was purifiedy column chromatography using
neutralalumina andeluting with 3:7 (v/v) ethyl acetatdhexane. This produced 126 mg
(8%) of 9-cyclohexylmethyl1l-(N,N-dimethylminobenzersulfonyl)-3-methylene5-(p-
toluenesulfonyb1,5,9triazacyclododecaneas a vyellow oil. 'H NMR (400 MHz,
CDCIy/TMS) i7.67 (d,8.2 Hz, 2H, 0-Ts), 7.59 (d 8.8 Hz, 2H, 0-ArSQy), 7.30 (d 8.0 Hz,

2 H, mTs), 6.67 (d,9.0 Hz, 2H, mArSQ,), 5.17 (d,4.9 Hz, 2H, C=CHy), 3.85 (s2 H,
H2/4), 3.69 (s2 H, H4/2), 3.22 (t, 7.0 Hz, M, H6/12), 3.04 (s6 H, N(CHs)2), 3.00(m, 2

H, H12/6), 2.43 (s3 H, CHg), 2.28(m, 2H, H10/8), 2.23(m, 2H, H8/10), 1.95 (d 6.8 Hz,

2 H, CHCy), 1.64 (m10H, H7, 11 Cy), 1.49(m, 2H, Cy), 1.11 (m, 1H, CH), 0.68(m,

2 H, Cy).

Synthesis of 1,3is((tetrahydro-2H-pyran-2-yl)oxy)propan-2-one (9}°

o)
O O\)J\/O
7T
Into 100 mL round bottom flask were placed 2.23 g (12.4 mmol) of 1,3
dihydroxyacetone dimer, 30 mL dDCM, 1.43 g (5.® mmol) of pyridinium p-

toluenesulfonate and 774 (888 mmol) of 3,4dihydro-2H-pyran. The resulting mixture

was stirredunder N at 3(-34°C for 4 h. The solvent was removiegrotary evaporation
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A solution of the resulting liquid in ether was washed with sat. aqg. B@Glion(3 x 20
mL), dried(MgSQy), and filtered. Thdiltrate was concentrated by rotary evaporation and
purification was conducted by column chromatography on gitaluting with1:1 (v/v)
ethyl acetathexane This produced5.1 g (80%) ofl,3-bis((tetrahydre2H-pyran2-
yl)oxy)propan2-one as a clear &i*H NMR (500 MHz, CDCY¥TMS) i 4.62 (t, 3.6 Hz2

H, CH), 4.43 (dd, 17.8, 10.3 H2,H, OCH,C=0), 4.28 (dd, 17.7, 8.7 H2,H, OCH,C=0),
3.81 (ddd, 11.4, 8.3, 3.3 H2,H, CH,0), 3.49 (dddd11.1, 5.1, 3.6, 1.5 H2 H, CH.0),
1.68 (m, 12 H, CH,CHO;,, CCH,CH,C); 13C NMR (25 MHz, CDCJ) 11205.7, 98.5, 70.9,

62.3, 30.2, 25.2, 19.0.

Synthesis of ethyltriphenylphosphonium bromide(10)!*

@
Br ®

P

e

Into a large pressure tube wdaqed33.9g (129 mmol) of triphenylphosphine,
14.0g (129 mmol) of ethyl bromide, an80 mL of tolueneand sealedightly. The tube
was then heated to 186 for 18 h. The mixture was filtered and washed with ethyl acetate
(3x 25 mL) to remove excess ethyl bromide. This produced a white crystalline solid which
was driedn vacuq giving 42.7 g (89%) oéthyltriphenylphosphonium bromides a white
crystalline solid'H NMR (500 MHz, CDCYTMS) i 7.76 (m, 15 HPH), 3.84 (m, 2 H,

CHs), 1.36 (m, 3 H, Els).
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Synthesis ofdiethyl 2-isopropylidenemalonate(14)'?

oS

Into a 500 mL round bottom flask with a reflux condenser and nitrogen inlet, 40.8
g (255 mmol) of diethyl malonate was added, with 24.1 g (415 mmol) of reagent grade
acetone, 33.1 g (325 mmol) of acetic anhydride, and 5.02 g (36.8 mmol) of anhydrous zinc
chloride. Themixturewas heatednderreflux for 24 h. After2 h of refluxing, the solution
turned crimson red. After refluxing for 24 h, the solution was cooled. #@nd 100 mL of
benzene was then added. The dark solution was then washéd,@i(B x 100 mL). The
combinedaqueous laystwereextracted withhenzeng3 x 50 mL). The benzene portions
were combined and concentrated by rotary evaporation. The product was purified via
vacuum distillation. Unreacted diethyl malonate was removed-666C at1 mm.Then
17.3 g (34%)of diethyl 2isopropylidenemalonateas removed at #80°C at 1 mm as a
yellow liquid. *H NMR (500 MHz,CDCI/TMS) i4.19 (q 6 Hz, 4 H, CH>), 205 (s,6 H,
C=C(CH3)2), 1.26 (t,6 H, OCH2CH3). *C NMR (500MHz, CDCl) Ui 165.6, 154.8, 124.7,

60.7, 23.0, 14.0
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Synthesis of2-isopropylidene 1,3-propanediyl bis(t-butylcarbonate) (TL001)® 13

BOCO\I/OBOC

Into a two-neck 2 L round bottom flask equipped with a thermomaelr a reflux
condenserl2.1 g (60.5 mmol) ddiethyl 2isopropyidenemalonate3.45 (90.8 mmol) of
lithium aluminum hydride, and 450 mL of benzene watiged undeiN> gas Themixture
was hated and began to bubble and foam vigorously &30 hereaction mixturevas
thenboiled undereflux for 6 h. It was then cooled td°G and 3.5 mL of deionized water
was added dropwiseith stirring. This was then followed by 3.5 mL of 6 &j. NaOH
solutionadded dropwise and thesultingmixture was stirred for 5 min before 10 mL of
deionized water was added. The mixture wst@sedfor 10 min, and then warmed td.
and stirred for 3 h. Theesultingcloudy mixture was then filteredand thefiltered solids
were washed with an additional IoEbenzene. Theombinedfiltrates wereconcentrated
by rotatory evaporatioandtheresultingresidue waslriedin vacuq giving 4.6 g (46%) of
crude product as a whisolid. The crude product was platen a 500 mL round bottom
flask with 200 mL of diethyl ether, 24.6 g (1b3mol) of ditert-butyl dicarbonateand
0.55 g (4.5 mmol) ofi-dimethylaminopyridine. Thenixturewasstirredfor 24 h and then
washed with satag CuSQ solution(3 x 20 mL), sat ag NaHCG solution(3 x 25 mL)
andsat. NaCkolution(3 x 25 mL). The organic layer was dri¢NaSQs) and filtered. The
filtrate was concentrately rotatory evaporation and thmesultingresidue was drieth
vacuq yielding 8.0 g (42%) of gellow oil. An attempt apurification was donby column
chromatographwn silica gel eluting witt8:17 (v/v) ethyl acetate/hexangielding 6.0 g

(31%) of impure producas a yellow oil The impure product was further purified by
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vacuum distillation (@mm) in a Kugelrohr apparatus which gave 2¢2@12%) of 2-
isopropylidenel,3-propanediyl bigtbutylcarbonateps a clear oil*H NMR (400 MHz,
CDCl/TMS) Ui4.65 (s4 H, CCH2C), 1.81 (s6 H, C(CHa3)2), 1.45 (s18 H, C(CHa)a). 13C
(101 MHz, CDCHTMS) Ui 1536, 1423, 1226, 81.9, 64.7, 2B, 20.8. IR (neatcn?): 2979
(w), 1733(s), 1456(w), 1393(w), 1367(m), 1269(m), 1247(s), 1153(s), 1079(m), 1035
(w), 927(w), 854(m), 792(m), 764(w). MS (ESI) m/z316 (M") 318 (MH"). Anal. Calcd.

for C16H2806: C, 60.74; H, 8.92. Found: C, 60.03; 871

Synthesis ofdiethyl 2-benzylidenemalonatg(15)*

In a 500 mL round bottom flask with a reflux condenser and £3tark trap, 50.
g (317 mmol) of diethyl malonate, 36.9 g (248 mmol) of benzaldehyde, and 4 mL of
piperidinewere addedThe solution waseatedunderreflux until no further water was
collected which took 11 h. The reactionixturecooled,and 50 mL of benzene was added.
Thesolutionwas then washed witH>O (2 x 50 mL), 2 Nag.HCI (2 x 50 mL), and then
sat.aq. NaHCQ solution (2 x 50 mL). The organic layer was then dri@hSQ) and
filtered. The filtrate wasoncentrated by rotamgvaporatiorandtheresultingresidue was
driedin vacuo The product was purified by vacuum distillation (1226 °C, 0.1 mm).
This produced 52.9 g (91%) dfethyl 2benzylidenemalonatas a yellow viscous oitH

NMR (500 MHz, @CIs/TMS) i1 7.74 (s, H, CH), 7.45(m, 2H, o-PH), 7.36(m, 3H, m,p-
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Ph), 4.2 (q, 7 Hz,2 H, CH»), 4.31 (9,7 Hz, 2 H, CH) 1.32 (t, 7 Hz,3H, CHa3), 1.28 (t, 7

Hz, 3 H, CH).

Synthesis of 2benzylidenepropanel,3-diol (16)'°

HO\J\/OH

In a 2 neck 2 L round bottom flask with rubber septums, magnétibast and
nitrogen inlet, 5.00 g (20/hmol) of diethylbenzylidenemalonaia 100 mL ofanhydrous
toluene was added and cooled46 °C. Then100 mL ofa0.99 M (99 mmolsolution of
DIBALH in toluenewas added dropwise &40 °C and stirred for 5 h. The solution was
then quenched with 10 mL of methanot2® °C. Themixture began to solidify and #n

an agueousolution of 178 g (630 mmol) of potassium sodium tartnads adde@ndthe

resulting mixture was stirrddr 1 h at rt. The mixture was then extracted with ethyl acetate

(3 x 100 mb andthe combined extracts weweashed withH>0 (3x 50 mL) and sataq.
NaCl solution (3 x 50mL). The organic layer was then dri@daSQs) and filtered. The
filtrate was concentrated by rotary evaporationthedesultingresidue waslriedin vacuo
The crudeproductwas then purifiedby automateachromatography with silicand eluting

with a 3:2 (v/v) ethyl acetate/hexansolution This produced2.23 g (67%) of2-

benzylidenepropang,3-diol asa clea oil. 'H NMR (400 MHz, ®Cls/ T MS) (i, 27 .

H, 0-Ph), 7.28(m, 3H, mp-PH), 6.65(s, 1H, CH), 4.44 (dd, 7.6 Hz,1.0 Hz 2 H, CHy),

4.42 (d, 7.5 Hz,1.0 Hz, 2 H, CH)), 2.42 (s, 2H, OH).

38
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Synthesis of2-benzylidene 1,3-propanediyl bis(t-butylcarbonate) (TL004)®

Ph

BOCO\J\/OBOC

In a 500 mL round bottom flask, 1.50 g (9.14 mmol) -diehzylidenepropang,3-
diol, 0.11 g (0.91 mmol) of-N,N&dimethylaminopyridine, 4.18 g (19.2 mmol) oftert-
butyl dcarbonateand100 mL of diethyl ether ereadded andhe mixture wastirred at
r.t. for 24 h. The solution was then washed with sat. agQ@golution(3 x 20 mL), sat.
ag. NaHCQ@solution(3x 20 mL) andsat. aq. NaCsolution(3x 20 mL). The organic layer
wasdried (NaxSQy) andfiltered. The filtrate was then concentratedrotary evaporation
and the residue waglried in vacuo The crudeproduct was purified by automated
chromatography on silicaluting with 1:15 (v/v) ethyl acetate/hexane. The solvent was
removed via rotary evaporation atie residue wadriedin vacuo This produced®.12 g
(95%) of 2-benzylidenel,3-propanediyl bigtbutylcarbonateps a viscous clear ail*H
NMR (400 MHz, @CITMS) i 7.35(m, 2H, o-Ph), 727 (m, 3H, m,p-Ph), 6.88 (s, H,
CH), 4.3 (d, 0.9 Hz,2 H, CH>), 4.76 (d, 0.9 Hz, 2 H, Ch), 1.51 (s, 9H, CHs), 1.49 (s, 9
H, CHs). 3C NMR (101 MHz,CDCl) 11 153.3, 153.2, 135, 1349, 130.5, 128, 1284,
1278, 823, 686, 62.9, 278, 27.7.IR (neat cr) 2979 (w), 1736 (s), 1457 (w), 1394 (w),
1367 (m), 1270 (s), 1246 (s), 1151 (s), 1083 (m), 1035 (w), 925 (W), 896 (m), 855 (m), 790
(W), 765 (m), 752 (W), 729 (m), 698 (m), 619 (m), 595 (w), 591 (w). MS*)EBIz387
(M* + 23), 388 (MH" + 23).Anal. Calcd. for GoH2s0s: C,65.92 H, 7.74 Found: C65.82

H, 7.66
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Synthesis ofdiethyl 2-ethylidenemalonate(17)®

/\o%o/\

Diethyl malonatg49.3 g, 308 mmo))51.7 g (506 mmol) of acetic anhydride, and
29.1 g (661 mmol) of acetaldehyde were added to a pressure tube. The tube was sealed
tightly and heated until a gentle reflux was seen. The solutaenheated undeeflux for
21 hours. The product was purifigy vacuum distillation64-66 °C at0.1 mm) This
produced 31.0 g (54%) diethyl 2ethylidenemalonatas a clear oitH NMR (500 MHz,
CDCI3/TMS) 117.05 @, 7 Hz,1 H, CH), 4.23 (m, 4 H, C#), 1.92 (Id, 7.3 Hz, 1.0 Hz3 H,

CHCH3), 1.28 ¢, 7.1 Hz,3H, CH,CHs), 1.26 (t, 7.1 Hz, 3 H, C}CHs3).

Synthesis of 2,2,3,3,9,9,10,4dctamethyt4,8-dioxa-3,9-disilaundecan6-one (20}2

0]

teso._J__oTss

To a 250 mL round bottom flasi.10 g (17.2 mmol) of 1;8ihydroxyacetone
dimer, 30 mL ofN,N-dimethylformamide, 11.02 g (73.1 mmol) teft-butyldimethylsilyl
chloride and7.02 g (103 mmol) of imidazolwere addedndthe resulting mixture was
stirred overnighat r.t Then20 mL ofH>O wasaddedandthe mixture vasextracted with
diethyl ether (4x 40 mL). The combinedorganic layes werewashed withH>O (3 x 30
mL) and sat. ag. NaGolution (3 x 30 mL). The organic layer was then dri@dgSQy)

and filtered. The filtrate was then concentrated by rotary evaporatiothamesulting
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residue waslriedin vacuo The product was then purified \aatomatedthromatography
with silica, eluting with1:17 (v/v) ethyl acetate/hexane. This produced 10.5 g (96%) of
2,2,3,3,9,9,10,@ctamethyi4,8-dioxa-3,9-disilaundecasb-one as a clear oil'H NMR

(400 MHz, CDCHTMS) 114.38 (s, H, CH,), 0.89 (s, 184, CCH3), 0.08 (s, 14, SICHa).

Synthesis of6-ethylidene-2,2,3,3,9,9,10,-@ctamethyt4,8-dioxa-3,9-disilaundecane

(21)
TBSOv(/OTBS

To a 2neck 500 mL round bottom flask, 18.6 g (106 mmol) of
ethyltriphenylphosphonium bromide was added with 100 mL of THF arldatm78°C.
Then18.6 mL (50.2 mmol) o& solution oR.7 M nBulLi in toluene vasadded the reaction
mixturewaswarmedto r.t., and stirredor 20 min. The mixture was then cooled down to
78 °C and 8.00 g (25.1 mmol) of 2,2,3,3,9,9,16aBamethyi4,8-dioxa-3,9
disilaundecas6-one was added dropwise. The solutwas slowly warnedto r.t. over a
period of 1 h. The mixture was then quenched with 80 mL A End extracted with
pentaned x 50 nL). The organic layers were combined and washed with (B x 50 mL)
and sat. aq. NaG3olution (100 mL). The organic layer was then drigddgSQu) and
filtered. The filtrate was concentrated by rotary evaporatiorttaesultingresidue was
dried in vacw. The product was purified bgutomatedchromatographyon silica gel,
eluting with1:16 (v/v) ethyl acetattexane. This produced 7.47 g (90%pedthylidene

2,2,3,3,9,9,10,10ctamethy4,8-dioxa-3,9-disilaundecanes a clear oil.'H NMR (500
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MHz, CDCls) t15.59(q, 7 Hz,1 H, CH), 4.3 (m, 4H, CH>), 1.69 (d, Hz, 3H, CHsC=C),

0.92 (d,6 Hz, 18 H, C(CHs)3), 0.08 (s, 1, S(CHy)y).

Synthesis of2-ethylidene-1,3-propanediyl bis(t-butylcarbonate) (TL0O08)®

Bocov(/OBoc

To a solution of 1.02 g (3.02 mmol) 6fethylidene2,2,3,3,9,9,10,10ctamethy
4,8-dioxa3,9disilaundecane in 25 mL of THF, 7.00 mL (7.00 mmolaaolution ofl
M TBAF in THF was added at®. The reactionvas stirredatr.t. for 3 hunder N. The
solution was then concentrated via rotary evaporation and a purification was conducted
via automateahromatographwn silica, eluting with/10(v/v) methanalDCM. This
produced the ammonium salt of tthel, so the product was stad with 4 mL ofa
solution of2 N HCI in methanol for 1 h and then concentrated by rotary evaporAtion.
solution of the residue in 20 mL BICM wasdried (Na&SQy) then concentrated by rotary
evaporationTo theresultingclear oil,which consisted 00.195 g (1.91 mmolpf impure
2-ethylidenepropané,3-diol, was added®.884 g (4.05 mmol) of diert-butyl
dicarbonate, 0.264 g (2.16 mmol) etldmethylaminopyridine and 15 mL of diethyl
ether and stirredatr.t. for 24 h. Theresultingsolution was then washedth sat. aq.
CuSQ solution(3 x 10 mL), sat. ag. NaHC®solution(3 x 10 mL) andsat. ag. NaCl
solution(3 x 10 mL). The organic layer was then drigfdiaeSQy) and filtered. The filtrate
wasconcentratedby rotary evaporatigrandtheresultingresiduewasdriedin vacuo The

product was then purifieldy automateadthromatographwn silica gel, eluting witli/15
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(v/v) ethyl acetathexane. This producet®0 mg (23%) oP-ethylidenel,3-propanediyl
bis(t-butylcarbonateps aclear oil.'H NMR (400 MHz,CDCls) 115.91 (g, 7 Hz, 1 H,

CH), 468(s, 2H, CH>), 4.56 (m, 2 HCH,), 1.77 (m, 3H, C=CHCH3), 148 (s, 9 H,

C(CH3)3), 146 (s, 9 H, C(CH3)3). 13C NMR (101 MHz,CDCl) Ui 1533, 153.1, 131.8,
129.5,81.6, 806, 689, 61.5, 277, 276, 132. IR (neat crt) 2926 (w), 2853 (w), 2563

(w), 1738 (w), 1704 (m), 1593 (m), 1517 (w), 1448 (w), 1419 (w), 1368 (m), 1319 (m),
1252 (w), 1221 (w), 1152 (s), 1090 (s), 996 (m), 943(m), 898 (m), 839 (m), 790 (m), 731
(m), 691 (m), 643 (MMS (ESI) m/z302 (M), 303(MH™). Anal. Calcd. for GoH250%:

C,65.92 H, 7.74 Found: C65.82 H, 7.66

Synthesisof N&(p-toluenesulfonyl>No-(p-methoxybenzenesulfonyB[N,N-bis(3-

aminopropyl)cyclohexylmethylamine](22)°

To a 500 mL round bottom flask, 7.49 g (19.6 mmolNef3-aminopropylyN-(3-
p-toluenesulfonamidopropyByclohexylmethylamine 4.06 g (19.6 mmol) of p-
methoxybenzenesulfonyl chloride, 100 mL3EM, 100 mL of sat. aq. NaGblution and
100 mL of sat. aq. N&Os solution were addedThe mixturestirredvigorously at r.t. for

24 h. The organic layer wagparatedand the aqueous layer was extracidgth DCM (3
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x 50 mLb). The combined organic layers were driBldeSCQy) and filtered. The filtrate was
concentrated by rotary evaporation dhd residue wadriedin vacuo Then 24 mL ofa
solution of2 N HCI in MeOH was added and stirred for 4 h. Thixtare was then
concentrated byotary evaporation anthe residue wadriedin vacuo The product was
thentriturated with anhydrous diethyl ether{20 mL). The solid was thedriedin vacuo
and then converted back to free base byistjitheresultingsolidsvigorouslyin 20 mL of
DCM, 24 mL ofag.2 N NaOHsolution and 20 mL ofat. agNacCl solutionfor 4 h. The
aqueous layer was then extracteith DCM (2 x 25 mL). The combined organic layer
weredried (Na&eSQu) and filtered. he filtrate was concentrated bytary evaporation and
the resulting residue wasdried in vacuo This prodiced 9.65 g (89%) ofNG(p-
toluenesulfonyhNo-(p-methoxybenzenesulfony])N,N-bis(3-
aminopropyl)cyclohexylmethylamineds a yellow viscous oil'H NMR (400 MHz,
CDCL/TMS) 1i7.75 (d, 8.4 Hz, 4 Hy-Ts,0-ArSOy), 7.51 (d, 8.6 Hz, 2 HR-ArSQOy), 7.29
(d, 7.9 Hz, 2 HmTs), 5.85 (bs, 2 H, NH), 3.00 (q, 6.4 Hz, 4 H, l&SIH), 2.42 (s, 3 H,
ArCHa), 2.38 (t, 6.2 Hz, 4 H, CE:N), 2.06 (d, 7.2 Hz, 2 H, B:Cy), 1.63 (m, 10 H,
CCH.C, Cy), 1.34 (s, 9 H, ArC(Cik), 1.14 (m, 3 H, Cy), 0.79 (m, 2 H, CYfC NMR
(125 MHz, CDCYTMS) 1 156.1, 143.1, 137.1, 137.0, 129.6, 127.1, 126.9, 126.0, 61.9,

52.9,52.8, 425, 35.6, 35.1, 31.8, 31.1, 26.6, 26.0, 25.9, 21.5.
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Synthesis ofN& (p-toluenesulfonyl)}No-(p-toluenesulfonyl)-[N,N-bis(3-

aminopropyl)cyclohexylmethylamine] (TLO06)®

In a 1 L round bottom flask, 8.03 g (21.0 mmolNst3-aminopropyl)N-(3-p-
toluenesulfonamidopropylyclohexylmethylaming4.01 g of (21.0 mmol) gf-
toluenesulfonyl chloride, 153 mL @CM, 153 mL of sat. ag. N&Oz solution 153 mL
of sat. ag. NaC$olutionwereadded andhe resulting mixture wastirred atr.t. for 24 h.
The mixture was transferred to a separatory funnel where the organic layspaasted,
and the aqueous layer was extracted Wi@M (3 x 50 mL). The combined organic
layers weredried (NaeSQy) and filtered. The filtrate wasoncentrated by tary
evaporatiorandtheresultingresidue waslriedin vacuo The product was converted to
the HCI salt bystirring vigorouslywith 30 mL ofa solution o2 N HCI in MeOHfor 3 h.
The solution was then concentrated by rotary evaporatiothengsidue wadriedin
vacua The solids were then triturated with diethyl ethex @ mL) andthe residue was
driedin vacuo.The product was converted back to the free basgtitsyng with 30 mL of
a2 N ag. NaOHsolutionand 30 mL oDCM for 3 h. The product was extracted using
DCM (3 x 30 mL) and hecombined extracteeredried (NaxSQs) and filtered. The

filtrate was then concentrateg rotary evaporation anthe resultingresidue waslriedin
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vacua This produced 9.06 g (80%) Nfép-toluenesulfonyBNo-(p-toluenesulfonyh
[N,N-bis(3-aminopropyl)cyclohexylmethylaminglsanorange viscous oilH NMR (400
MHz, CDCL/TMS) 11 7.73 (d, 8.3 Hz4 H, 0-Ts), 7.29 (d, 7.9 Hz4 H, mTs), 5.60 (bs, 2

H, NH) 2.96 (t, 6.3 Hz4 H, CHoNH), 2.42 (s, 6H, CHa), 2.35 (t, 6.5 Hz4 H, CH2N),

2.03 (d, J = 7.0 HZ H, CH2Cy), 1.62 (m10H, CCH.C, Cy), 1.34 (n, 1 H, CH), 1.15

(m, 2 H, Cy), 0.77 (9,12.1 Hz 2 H, Cy). 3C NMR (101 MHz,CDCl) 1143.1, 136.9,
129.6, 1271, 77.2, 61.9, 52.942.4, 35.6, 3B, 26.6, B.0, 259, 215. IR (neat crit) 3277
(w) 2921 (w) 2848 (w) 2126 (w) 1709 (w) 1597 (w) 1494 (w) 1447 (w) 1322 (m) 1221
(w) 1153 (s) 1120 (w) 1091 (m) 1018 (w) 951 (w) 813 (m) 706 (w) 658 (s). MS)(ESI
m/z537 (MH"). Anal. Calcd. for G7H41N30sSz: C, 60.53 H, 7.71; N, 7.84Found: C,

60.87 H,7.8% N, 7.52

Synthesis 0f9-benzyl3-benzylidene1,5di(p-toluenesulfonyl}1,5,9

triazacyclododecane (TLOOS)

Ph
\©\o g\ o/©/
I I
O”">N NZ

Ne)
(]
In a 250 mL round bottom f#&, 500 mg (1.37 mmol) oR-benzylidenel,3

propanediyl bigtbutylcarbonate)150 mg (0.2 mmol) of the disulfonamide, 3.05g (0.171

mmol) of anhydrous sodium carbonate, 132 mg (0.0856 mmol) of
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tris(dibenzylideneacetone)dipalladium(Opd(dba}), 123 mg (0.171 mmol) of 1,4
bis(diphenlyphosphino)butandppl), and 58 mL of anhydrousacetonitrilewere stirred
under N gasand boiled undereflux for 24 h. The mixture wa#ltered, and the filtrate
was then washed with5 mL of sat ag NaHCQ; solution. The aqueous layer was then
extracted withDCM (3 x 20 mL). Thecombinedorganicsolutionswere dried(NaSQy)
and filtered. The filtrate was then concentrated via rotary evaporatiain@mnesidue was
dried in vacuo The product wagonverted to the HCI saltybstirring with 25 mL ofa
solution of2 N HCI in MeOH for 1 h. The solution was then concentrated by rotary
evaporation anthe residue wadriedin vacuo The resulting solislweretriturated with
diethyl ether (3x 25 mL) andthe residue waslried in vacuo The product was then
converted back to the free bdsestirring vigorously witl25 mL of DCM 25 mL of2 N
ag.NaOHsolution,and 25 mLof sat. ag. NaCsolutionfor 4 h Thelayers wereseparated
and the aqueous layer wastracted with DCM (3x 25 mL). The combined organic
solutions weraried (NaeSQy) and filtered. The filtrate was concentrated #mel residue
wasdriedin vacuo The productvas purified by automated chromatogramgmyalumina
eluting with1:4 (v/v) ethyl acetate/hexan€his produced7.4mg (47%) of9-benzyl3-
benzylidenel,5-di(p-toluenesulfonybl,5,9triazacyclododecane asyallow viscous oll
IH NMR (500 MHz, CDCYTMS) 1i 7.73 (d, 8 Hz, 2H, 0-Ts), 7.55 (d,8 Hz, 2H, 0-T9),
7.30(m, 4H, mTs), 7.23 (m, 5H, Ph), 7.18 (m, 2H, Ph), 7.12 (d, 7.3 Hz, 81, Ph), 6.80
(s, 1H, C=CH), 4.27 (s, 2H, H2/4), 3.86 (s, H, H4/2), 3.48 (m, 2H, H6/12), 3.40 6, 2
H, CH2Ph), 2.74 (m, 2H, H12/6), 2.53 (m, 2H, H8/10), 2.42 (s, H, ArCH3), 2.40 (s, H,

ArCHs), 2.28 (s, 2HH8/10), 1.80 (m, 2H, H7/11), 1.48 (m, 24, H7/11).23C NMR (101
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MHz, CDCK/TMS) 111437, 143.1, 13%, 138.0, 18.0, 1335, 130.9, 129.7, 128, 1287,
1283, 1282, 1275, 127.0, 12.0, 59.4, 50.3, 48, 48.6, 476, 47.2, 42.2, 2@, 22.5, 215.

IR (neat cr) 3057 (w), 3027 (W), 2923 (W), 2236(w), 1712 (w), 1597 (w), 1493 (w), 1452
(W), 1377 (w), 1337 (m), 1160 (s), 1088 (m), 1017 (w), 993 (W), 925 (w), 814 (W), 746 (m)
724 (m), 699 (s), 657 (M). MS (E$Im/z658 (M), 660 (MH*), 661 (MH* + 1). Anal.
Calcd. for G/HaaN304S,-HCI: C, 64.0Q H, 6.39; N, 6.05 Found: C64.26 H, 6.66 N,

5.67.

Synthesis of3-benzylidene9-(cyclohexylmethyl}1,5-di(p-toluenesulfonyl}1,5,9

triazacyclododecangTL007)8

Ph

\©\O H; O/©/
I I
0°>N  N{

Ne)
Q%

In a 250 mL round bottom flak, 7#dg (2.13 mmol) oR-benzylidenel,3
propanediyl bigtbutylcarbonate)267 mg (0.497 mmol) of the disulfonamide, 4.85 mg
(45.8 mmol) of anhydrous sodium carbonate, 123 mg (Gir84l) of
tris(dibenzylideneacetone)dipalladium(0), 118 mg (0.277 mmol) ef 1,4
bis(diphenlyphosphino)butane, was added with 100 ndnbfydrousacetonitrilewere

stirredunder N gasand boiled undereflux for 24 h. The mixture was filtered, and the

filtrate was then washed wi2b mL of saturated aqueous NaH£X0lution.The aqueous
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layer was then extracted wilhCM (3 x 20 mL). Thecombinedorganicsolutionswere
dried(NaSQy) and filtered. The filtrate was é¢im concentrated via rotary evaporation and
the residue wadriedin vacuo The product was converted to the HCI salt by stirring with
25 mL of a solution of 2 N HCI in MeOH for 1 h. The solution was then concentrated by
rotary evaporation and the residue was dime¢acuo The resulting solid was triturated
with diethyl ether (Xk 25 mL) and the residue was dri@dvacuo The product was then
converted back to the free base by stirring vigorously with 25 mL of DCM, 25 mL of 2 N
ag. NaOH solution, and 25 mL of sat. aq. NaCl solution for 4 h. The layers were
separated and the aques layer was extracted with DCM (3 x 25 mL). The combined
organic solutions were dried (P8Cy) and filtered. The filtrate was concentrated and the
residue was drieth vacuo The product was purifiebly automateadthromatographyn
neutralaluming eluting with1:4 (v/v) ethyl acetatthexaneThis produced 52.4 mg

(16%) of3-benzylidened-(cyclohexylmethyl1,5-di(p-toluenesulfonybl,5,9
triazacyclododecanas a brown viscous offH NMR (500 MHz,CDCL/TMS) 11 7.78 (d,

8.3 Hz, 1H, 0-Ts), 7.57 (d, 8.3 HZ1 H, 0-Ts), 7.3 (m, 2H, 0-Ts), 728 (m, 5H, Ph),

7.21(m, 2 H, Ph), 7.04 (d,7.6 Hz, 2H, Ph), 6.83 (s, H, C=CH), 4.25 (s, H, H2/4),

3.83 (s, H, H4/2), 359 (m, 2H, H6/12), 2.66 (t,6 Hz, 2 H, H12/6), 2.44 (d, 13.8 Hz, 6

H, CHs), 235(m, 2 H, H8/10), 224 (m, 2H, H10/8), 1.98 (d, 7.0 Hz, B, CH.Cy), 168

(m, 6 H, H7,11, Cy), 1.55 fn, 1 H, Cy), 1.46(m, 1H, Cy), 1.27 (n, 2H, Cy), 1.14 (m, 2

H, H19), 0.86 (m, 1H, H18), 0.70(m, 2H, H16, H2Q. 13C NMR (126 MHz,

CDCI/TMS) 1138.88, 138.36, 133.41, 131.17, 128.76, 125.80, 125.28, 125.04, 125.00,

124.16, 123.36, 122.72, 122.25, 122.18, 57.72, 46.48, 44.78, 44.19, 42.46, 37.60, 31.16,
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27.20, 24.95, 22.06, 21.79, 21.32, 17.68, 18R {neat cm) 2920 (m) 2849 (w) 2800

(w) 1597 (w) 1493 (w) 1447 (w) 1336 (m) 1304 (w) 1157 (s) 1089 (m) 1033 (w) 941 (w)
909 (w) 876 (w) 849 (w) 813 (m) 766 (w) 729 (s) 699 (m) 657MS.(ESI") m/z665

(MH"), 666 (MH™ + 1), 667 (MH™ + 2). Anal. Calcd. for G/Hs50CIN3OsS: C, 63.45 H,

7.20; N,6.00 Found: C61.18§ H, 7.51 N, 6.08

Synthesis ofN,N-bis[NN{3-methyl-1,3-butadien-2-yl)-3-ptoluenesulfonamidopropyl]

cyclohexylmethylamine(TL002)®

Nﬁo
Into a 50 mL round bottom flask with nitrogen inlet and Iséir, 0.200 g (0.632
mmol) of 2-isopropyidene 1,3-propanediyl bigfbutylcarbonate)5.81 mg (0.144 mmol)
of N-(3-aminopropyl}N-(3-p-toluenesulfonamidopropyl}yclohexylmethylamingl.70
mg (0.123 mmol) of N&COs, 7.13 mg (0.0111 mmol) of
tris(dibenzylideneacetone)dipalladium(@d(dba}), 6.27 mg (0.0511 mmol) df.4
bis(diphenylphosphino)butaridppb, and 16 mL oinhydrousacetonitrileunder N gas

The mixture was stirred and heatewtlerreflux for 24 h under nitrogen. The solvent is

then removed via rotary evaporation and 2 mL of sat. aq. Naf-#0lDtionwas added.
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The resulting mixture was then extracted using DCM {® mL). The organic layer was
then concentrated via rotary evaporation tredresidue wadriedin vacuoproducing
0.17g (>100%) of a viscous brown oRurification was conducted by column
chromatographyn neutral alumina, eluting with:4 (v/v) ethyl acetée/hexane. This
produced 66 mg (88%) &, N-bis[NNj3-methyt1,3-butadien2-yl)-3-
ptoluenesulfonamidopropyl] cyclohexylmethylamiaga yellow oil. *H NMR (400
MHz, CDCK/TMS) i 7.74 (d, 9 Hz, H, 0-ArSOy), 7.69 (d, 8 Hz, M, 0-Ts), 7.30 ¢, 8
Hz, 2 H,mTs), 6.97 (d, 9 Hz, H, mArSQ), 5.26 (s, H, C=CH), 5.24 (s, H, C=CH),
5.15 (s, H, C=CH), 5.05 (s, H, C=CH), 3.92 (s, H, OCH), 3.86 (s, 4, H6,
C=CCHNSQ®), 3.02 (m, 4H, H8, CH2NCH:Cy), 2.42 (s, H, ArCHz), 2.17 (1,7 Hz, 4
H, CH2NCH:Cy), 1.94 (d, 7 Hz, H, CH:Cy), 1.91 (s, €1, C=CCH), 1.67 (m, 1H,
CCH:C, Cy), 1.13 (m, 3H, Cy), 0.71 (m, H, Cy). 13C (101 MHz, CDCk) ii162.7,
143.1,142.3, 1434, 136.3, 131.0, 129.6, 13.127.2, 115, 115.6, 114.4, 114,114.1,
61.3, 612, 55.5, 521, 52.0, 51.7, 5%, 47.03, 47.00, 36.0, 3&,.27.7, 260, 262, 26.1,
215, 21.3, 20.1MS (ESI) m/z 713(M*). HRMS (ES}TOF) m/z [M + H]+ calcd. For

C39H53N305S, 712.3818; found 712.3788.
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Synthesis 0f9-benzyl3-ethylidene-1,5-di(p-toluenesulfonyl}1,5,9

triazacyclododecangTL010)®

g I
O0°">N N{

~o
&%

To a 250 mL round bottom flask, 696 mg (1.31 mmolNgB-aminopropyl3N-
(3-p-toluenesulfonamidopropyByclohexylmethylamingl.23 g(4.06 mmol) of2-
ethylidene1,3-propanediyl bigtbutylcarbonatg)131 mg (1.23 mmol) of N&ECs, 272
mg (0.297 mmol) of Pdlba, 264 mg (0.619 mmol) of dppb and 138 mLaohydrous
acetonitrilewere stirredunder N gasand boiled undereflux for 24 h. The mixture was
filtered, and the filtrate was then washed vid8hmL of satag NaHCQ; solution.The
agueous layer was then extracted idttM (3 x 20 mL). Thecombinedorganic
solutionswere dried NaSQy) and filtered. The filtrate was then concentrated via rotary
evaporation anthe residue wadriedin vacuo The product was converted to the HCI
salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1 h. The solution was
then concentrated bytary evaporation and the residue was diedacuo The resulting
solid was triturated with diethyl ether (3 x 25 mL) and the residue wasidneduo
The product was then converted back to the free base by stirring vigorously with 25 mL

of DCM, 25 mLof 2 N ag. NaOH solution, and 25 mL of sat. ag. NaCl solution for 4 h.

The layers werseparatedand the aqueous layer was extracted with DCM (3 x 25 mL).
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The combined organic solutions were dried£@) and filtered. The filtrate was
concentratedandthe residue was driad vacuo The product was purified by
chromatotroron neutral aluminaeluting with1:9 (v/v) ethyl acetatéexane. This
produced 28.8 mg (4%) 8tbenzyt3-ethylidenel,5-di(p-toluenesulfonyh1,5,9
triazacyclododecanas a clear viscous ofiH NMR (500 MHz, CDCJ) Ui 7.66 (dd, 9.8,
8.1 Hz, 4 Ho-Ts) 7.36 (d, 8.0 Hz, 2 Hn-Ts), 7.27 (m, 5 HPH), 7.14 (d, 7.3 Hz, 2 Hn
Ts), 5.84 (d, 7.4 Hz, 1 H;=CH), 3.97 (s, 2 HH2/H4), 3.64 (s, 2 HH4/H2), 3.38 (s, 2
H, CHoPh), 3.26 (t, 7.7 Hz, 2 H6/12), 2.91 (t, 6.2 Hz, 2 H12/6), 2.50 (m, 2 H,
H8/10), 2.46 (s, 3 HArCHz), 2.44 (s, 3 HArCHz), 2.22 (t, 5.7 Hz, 2 H{110/8), 1.84(m,
2 H,H7/11), 1.73 (m;3 H, C=CHCH3) 1.41 (s, 2 H, H11/7}3C NMR (126 MHz,
CDCl) 011437, 1431, 139.6, 135, 133.7, 129.8, 129.7, 128.1282, 127.7, 127.5,
127.0, 17.0, 1259, 59.4, 55, 48.9, 48, 48.2, 46.1, 42.2, 26.0, 22.5, @121.5, 13.0.
IR (neat crit) 2970 (w), 2926w), 2323 (W), 2161 (W), 2043 (w), 1738 (m), 1597 (W),
1454 (m), 1365 (m), 1333 (m), 1227 (m), 1217 (m), 1157 (s), 1116 (m), 1088 (m), 1015
(m), 972 (m), 896 (m), 813 (m), 768 (MR3 (m), 699 (M), 654 (s), 639 (M), 627 (M),
604 (m). MS (ESI) m/z597 (M™). Anal. Calcd. for GoH41N30+S;-HCI-1.253H,0: C,

58.7Q H, 6.85; N, 6.42Found: C58.97 H, 7.23 N, 6.43.
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3.1 Introduction

A library of symmetrical and unsymmetrical CADA analogs haenpreviously
synthesizedo better understand the interactions between CADA and the SP aof CD4
Various types of side arms have been utilimedreate more potent CADA compounds.
The most potent CADA analog synthesized W4€l47, created by Dr. Reena Chawla
(Figure 3.1.1). Prior to this, compoum{zD020

was the most potent CADA analogvhich \©\,, H% X /©/

containeda 4methoybenzensulfonamide side & \J
N

arm instead of the -4 KO

(dimethylaminopenzensulfonamide side arm o
| Figure 3.1.1.StructureCK147.

CK147. Previously conducted SAR studie
modified one of theéosyl side arraof CADA (ICs0 0.56 pM)and determined that analogs
with two different sulfonamide side arms were more potent than the symmetrical analogs
which contained two identical sulfonamide side ariingias found that electredonating
groups (EDGs)n the para position d the benzenesulfonamide side arm increases the
potency of the CADA analofA strong electron withdrawing group (EW@®) the para
position such as a nitrgroup wasshown to baleactivatingICso 5.25 pM). The absence

of a phenyl ring on the fonamidegroupand substitution of a methgt anN-morpholino

group showed some significardecreases inpotencies ICso 1.58 and 1.8 uM,
respectively). The substitution of a trifluoromethoxy group frothe para-methoxy
increased théCso value by 1uM. The replacement of the methay propargyl showed

an increase of about QL2 uM, which showedthatthe electronics of the group is more
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important than the sterics. Replacing plaea-methoxy with NMe showedagreat increase
in potency of the analog, while substituting gega-methoxy group with hydrogen bond
donor (HBD) groupssuch as an OH grouwr NH. group, showed a great decrease in
potency!

As previously mentioned in chapter 1, was proposed that neRBD polar
substituents on the ndnsyl side arm affects the strength of the interaction between CADA
and the signal peptide (SP) of CDA4. It is believed that thetomyt side arm interacts
throughdipole-dipole interactionsincreasinghe dipole moment of the ndgosyl side arm
increases the interaction of the analog with theTB.study was done to determine what
kind of effect modificatiosto the tosyl side arm &K147 would have on th€D4 down
modulationpotency of the CADA arag. A series ofCK147 analogs were synthesized
with modifications to the tosyl side arm and their CD4 demadulation potencieand

anti-HIV activitieswere measured

3.2 Results and Discussion

3.2.1 Synthesis oN-(3-Aminopropyl) -N-(3-p-

dimethylaminobenzenesulfonamidopropyl)benzylaming29)

Synthess of this series of compounds begins with the formatfa@ompound?9,
which would allow reactios with various sulfonyl chlorides orderto modify the tosyl
side arm ofCK147. The synthesis involves four-stepsequence of reactiorie get the
primary amine 29 (Scheme 3.2.1). Prior to beginning the synthesis, the 4

(dimethylamino)benzenesulfonyl chloride needed for the first step had to be synthesized
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(Scheme 2.2.2)Addition of the 4(dimethylamino)benzenesulfonamide side arasdone

by reaction ofl,3-diaminopropane with 4dimethylamino)benzenesulfonghloride to

No _N CHO
9 1.) , toluene,
ClO,S

_S. reflux

DCM & 2.) NaBH,, EtOH, 22 h, rt,
5o~ 99%

S.
NH

L/NH \)/
KO Na,COs, Lil N

CH;CN, reflux 28
75% |

N I
-~
\©\9 0O Br _N
T g
O~ _NH N I
0~ N
(0]
(e}

O

1.) H,NNH, H,O0, EtOH, reflux o
N\)/

2.)2N aq. HCL, 4 h, 1t
86% 29 KO

Scheme 3.2.1Synthesis pathway for the primary amihe ‘

obtain the primary amin26. Reductive amination with cyclohexanecaxlaldehydewvas
conductedo add the cyclohgtmethyl tail. Thiswasfollowed by chain elongation by
reacton of 27 with N-(3-bromopropyl)pithalimide to form the thalimide protected
compound28. Compound28 was treatedwith hydrazine monohydrate temovethe
phthalimide groupfollowed by acid to obtain aming9. With the primary amine
successfully synthesizethe various CADA analog®ald be easy made by attaching the

second side arm and conduagtthe Pdcatalyzed macrocyclization.
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3.2.2 Synthesis of TL020

Since CK147 and VGDO020 showed significant CD4 dowmodulation, a new

CADA analog with parts of both compounds was synthesized. The compound would

contain the cyclohestmethyl tail and isobutylene head group from both compounds. It

would also have gara-methoxy side arm along ith a 4(dimethylamino)benzene
sulfonamide side arm, merging the two compounds together toTTh@20. To start the
synthesis, the primary amir#9 wastreatedwith p-methoxybenzenesulfonyl chloride to

produce compoun@L016 (Scheme 3.2.2). The compoufid 016 was converted to the

| OMe |
N O\\S/©/ /N\O\O O/©/0Me
T o} .
O~ _NH NHz sat. aq. NaCl, sat. aq. Na,CO; (/
N\)/ CH,Cl,, 22 h, 1t N
95%
29 TLO016

Scheme 3.2.2Synthesis of compourts

HCI saltby treating it with2 N HCIl in MeOHand purified by trituration with diethyl ether.
Conversion offL0O16 back to the frebasewas conducted usiray).2 N NaOHsolutionin

order toconductthe @lladium catalyzed macrocyclization.



90

Prior to conducting the macrocyclization, the Boc protected isamaydiol

needed to be synthesized. - 2

Methylenepropand,3-diol was treated Boc,0
: : . OH OH DMAP BocOB
with di-tert-butyl dcarbonate with 4- ELO OBocOBoc
2
30
99%

dimethylaminopyridine in diethyl ether tc

Scheme 3.2.3Synthesis of compour@D. ‘

produce the Boc protected compous@
(Scheme 3.2.3)With compoundsTL016 and 30 completed, the palladivwatalyzed
macrocyclization was conducted to proddit®20 in 31% yield Scheme 3.2.4).

|
(‘S)‘ @ Pd,(dba)s, g ’)L’ ﬁs?
% > 7o 0" >N N %0
N Oy
(@] (@]

dppb,

+ N3.2CO3

> < “ “
MeCN,

reflux

30 TLO16 31% TL020

‘ Scheme 3.2.4Synthesis of compountlL020. ‘

3.2.3 Syrthesis ofUnsymmetrical Disulfonamideswith para and ortho

Substitutions

Reaction of ompound29 with various commercially availabkulfonyl chlorides
containing substituentsat the paraand orthopositiors producel different open chain

disulfonamidegScheme 3.25).

N
N Os+..R -
-~ NP
g g g
o) S. _S%
NH NH2 sat. aq. NaCl, sat. aq. Na,CO4
(/N\)/ CH,Cl, 1

Scheme 3.2.5Synthesis of unsymmetrical disulfonamides from sulfonyl chlorides

D
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The resulting disulfonamides, shownhkigure 3.21, were converted to the HCI salt by
treatingthemwith 2 N HCI in MeOH. The resulting HCI salts were purifiedthyuration
with diethyl ether and then converted back to thelfeese bytreatmentvith aq. 2N NaOH

solution The yields for this step evehigh, with valuesranging from 73% to 99%

Figure 3.2.1.Structure and percent yields of new disulfonamides writiio or para
substitutions.

3.24 Synthesis ofunsymmetrical CADA Analogswith para and ortho

Substitutions

\

N R _N R

Tl o0 rwaw, ~ Tl A o LT
H% -S> -S30 dppb, 0N N0

+ N32CO3

e oy° \ \
X o o j< MeCN,
30 reflux

‘ Scheme 3.2.6Palladiumcatalyzed macrocyclization of disulfonamides. ‘
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The unsymmetrical disulfonamid@sth para or ortho substituents were cyclized

by the palladiuncatalyzed cyclization Scheme 3.8). These newly formed TL

RS NTo R et NToataetPien
el ) O

TLOZ]KO TL029K© TL038K©
32% 13% 34%

Figure 3.2.2.Structure and percent yields of new CADA analogs witho or para
substitutions.

compoundsshown inFigure 3.22, were purified byautomatedchromatographyThey

were converted to HCI salts and triturated witétlyl ether for further purification.

3.25 Synthesis ofVarious Unsymmetrical Disulfonamidesfrom

CommerciallyAvailable Sulfonyl Chlorides

A series of disulfonamides containing théddmethylamino)benzenesulfonamide
side arm andgide armscontaining various ring substitutions were synthesikésing the
same synthesis method, the varying side arms were addeelahyent oicompound29
with different sulfonyl chlorides $cheme 3.2.5) to produce disulfonamidegh two

different side arms, ahown inFigure 3.23. These compounds were converted to the HCI
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sals by treating them with & HCI in MeOH. They were then purified by trituration with
diethyl ether andonverted back to the frdmse.
I I I
T T LT
0 0 0 0 o} 0
1 1 1 1 1 1_CHj
0">>NH HNZ >0 0">>NH HN/S 0">>NH HNZ >0
N\j L/N\j N\j
TLOISKO TL019K© TL024K©
87% 99% 90%
| | |

N
N - N
7 -
Ty 0 Ty 0y o0
SN .S S .S< ~
° o

0"S>NH HN? >S.
E/N N L/N
TLOZSKO TLO41 KO TL034K©
95% 99%

Figure 3.2.3.Newly synthesized unsymmetrical disulfonamides and their percer
yields.

3.26 Synthesis ofTL026, TL0O36, and TL044

Benzo(][1,3]dioxole-5-sulfonyl chloride morpholine4-sulfonyl chloride and2-
methoxybenzenesulfonyl chloridead to be synthesize(bcheme 3.2). Reaction of
morpholine with sulfuryl chloride in acetonitrilgave morpholine4-sulfonyl chloride.
Benzodioxole wasreatedwith sulfuryl chloride in DMF to produdeenzofl][1,3]dioxole-
5-sulfonyl chloride 2-Methoxybenzeethiol wastreatedwith N-chlorosuccinimide to form
the 2methoxybenzersalfonyl chloride. 2-Methoxybenzenethiol watreatedwith N-

chlorosuccinimide and isopropanol to foramathoxybenzenesulfonyl chloride.
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The sulfonyl
o) I MecN 07 )
e oo s T -
0 99% SO,CI chlorides were thenreated

o) with  compound 29 to
o 0
>+ cl—S-ci —2MF /CE %
5 n ClO,S O

23% produce the  resulting

0
NCS . .
SH iProH SO,Cl disulfonamides  TL026,
©: DCM ©: _
OMe O0°Ctort. OMe TLO36, andTLO44 (Figure
2h
48% 3.24). These compounds

Scheme 3.2.7Synthesis of sulfonyl chlorides using| were converted to the HCI
sulfuryl chloride and NCS.

sals by treating them with 2
N HCI in MeOH. They were then purified by trituration with diethyl ether and converted

back to the frebase.

Figure 3.2.4.Structures and percent yields of compouhde26, TL036, and
TLO44.

3.2.7 Synthesis ofVarious Unsymmetrical CADA Analogs
The unsymmetrical disulfonamid&sm commercial and neaommerical sulfonyl

chlorides were cyclized by the palladitocatalyzed cyclizationgcheme 3.35).
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These newly formed TL compounds shownFigure 3.25 were purified by column
chromatographyThey were also converted to the Halt and triturated with diethyl ether

for further purification.

t%kﬁ‘il%u OMM%
TG

TLOZZKO TLOZSKO TL027K©
40% 13% 26%

g g /Q"*“p/@“**
e Gy

45%

| |
N o _N N
- -
©9%9/©E> \Q\Q%@@\ O\ﬁ)»\ﬁ?
S s< 0 s s >S. .S<
LS5 2S. -85 0N N0

N_O 0N N0 OMe

) (n ) (v
w0 oD weO

26% 41% 42%

Figure 3.2.5.Unsymmetrical CADA analogs from commercial and foommercial
sulfonyl chlorides and their percent yields.

3.2.8 CD4 Down-Modulation and Anti-HIV Activities

All newly synthesized CADA analogs containing a 4-
dimethylaminobenzenesulfonamide side arm showifigare 3.26, were tested for their
CD4 downmodulation activitiesThe CD4 dowrmodulation activitieslisted in Table

3.2.1,are given a$Cso valuesas described in chapter 2
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OHH” QHH* QHH
G
e e . gt::;;h@
QSRS AR *'Il Ty HH *

X = OMe (TL020) KO
Br (TL021) TLO043 TL037

N(CHy), (TL029)
C(CH,); (TLO038)
I OCH(F), (TL042) | |

N N
- (o) - 0
N \©\9 0 (\ 1) o >
>3 S/\N It I o
Q @ 0" _N NI O 0°7> e
o © OMe N\) L/N\)
N

Figure 3.2.6.Newly synthesized TL compounds containing a dimethylaminobengz
sulfonamide side arm.

It was found thathese newly synthesizéld. compoundsgexcept forTL027, had
greater activities than that of CADEompoundd'L020, TL0O29, andTL039 werefound
to havethehighestactivity in this series, which were comparabl€t147. Increasing the
steric bulk of the tosyl side arm as shown in compoundsL022, TL023, and TLO38,
showed a decrease in activiyhich correlate with previous analogs containing bulky
substituents on the ndnsyl side armThe removal of the methyl group in the side afm

compoundrL032 did not seem to alter the activity of the analog, however removal of the
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aromatic ring in compundsTL027 andTLO33 caused a decrease in actiwtpich was
also found in previous CADA analogs without an aromatic ring on theasyh side arm
Increased electron density in compoufd042 in the para positiorshowed a slight
decrease in activity. Mong the paranethoxy to the orthonethoxy position inrL045
Table 3.2.1.Newly synthesized TL compounds with a dimethylaminobenzene

sulfonamide side arm tested for CD4 demndulation.

Compound ICs0(UM)”
mean + SDV
CADA 0.35+0.06
CK147 0.058 = 0.006
TLO20 0.053 £ 0.001
TLO21 0.12 £ 0.05
TLO22 0.071 £ 0.006
TLO23 0.17£0.04
TLO27 0.85+0.19
TLO29 0.053 £ 0.001
TLO32 0.052 £ 0.035
TLO33 0.094 £ 0.035
TLO38 0.14 £0.05
TLO39 0.043 £0.018
TLO42 0.069 £ 0.015
TLO43 0.054 + 0.025
TLO45 0.12 £0.02

These compounds were tested as HCI sal@sq* Inhibitory concentration
50%, concentration at which 50% dowrodulation of CD4 expression we
measured iICHO-CD4YFP cellsafter 24 hours of treatment with CAD.

compound. Values are mean + STDEV fr8rimdependent experiments.
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showed a drastic decrease in activity, while the ortho, meta dimethyl compb048 did
not show much of a change in activity.

The newly synthesized TL compounds were tested for cytotoxicity irAMe&lls
and measured &Cso valuesas shown in Table 32.The most cytotoxic compound was
found to beTL029. CompoundTL020 was found to be less cytotoxic th&iK147. The
least cytobxic compound wa$L042. CompoundlL020 had a therapeutic index (TI) of

Table 3.2.2.Newly synthesized TL compounds with a dimethylaminobenzene

sulfonamide side arm tested for cytotoxiatyd their therapeutic index.

Compound CCso(uUM)” Therapeutic Index
mean + SDV

CADA >100 -

CK147 2612 45
TLO20 4.3+ 3.7 81
TLO21 27 £ 25 226
TLO22 26 £11 367
TLO23 26 £ 14 149
TLO27 25+2 29
TLO29 21+14 40
TLO32 94+14 181
TLO33 6.5+3.8 70
TLO38 6.7x0.1 47
TLO39 23+x04 54
TLO42 63+ 18 909
TLO43 41+1.6 75
TLO45 177 145

These compounds were tested as HCl sal@Csg Inhibitory concentration 50%
concentration of the compound required to reduce the viability of4MElls by 50%.
*Therapeutic index: Ratio 0€Csy/ICso for CD4 downrmodulation.
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81, whereasCK147 had a TI of 45. However, the greatest Tl was found Wit042
containing thepara-difluoromethoxyside arm, making it the most selective CD4 dewn
modulating CADA analog.

The TL compounds were also tested for their-&ti properties as well (Table
3.23). The compound$L020 andTL029 were found to be the most potent inhibitors of

Table 3.2.3.Anti-HIV activities of TL compounds in MB cellsand their therapeutic

index.
Compound ICs0(UM)” Therapeutic Index
mean + SDV
CADA 52+17 -
CK147 0.37 £0.04 7
TLO20 0.36 £ 0.04 12
TLO21 1.5+£0.3 18
TLO22 0.44 £0.10 59
TLO27 9401
TLO29 0.31+£0.17
TLO32 0.51 £0.07 19
TLO33 0.65 = 0.08 10
TLO38 1.3£05 5
TLO39 0.56 £0.16
TLO42 0.75+£0.26 84
TLO43 0.68 + 0.13 6
TLO45 2104 8

These compounds were tested HEI| salts. 1Csq: Inhibitory concentration 50%
concentration of the compound required to reduce viral-Hlképlication by 50% a:
measured by the p24 Ag ELISA after 4 days of drug treatment. **Therapeutic index:
of CCso/ICso for CD4 downmodulation.
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HIV -1 replication in cell culture. They were comparabl€#147. CompoundlL042 is
shown to be slightly less potent th&h020 or TL029, however,TL020 andTL029 have
Tls of 12 and 7 respectively, for adiV activity. While TLO42 has a Tl of 84, which is
dramatically higher thaL020 and TL029. TL042 could be considered a better drug

target tharTL020 or TLO29 due to itsncreasedelectivity.

3.3 Conclusion and Outlook

The 13 new unsymmetricBlADA compounds were found to have a rangED#
dowrrmodulationpotencies. Amongll the new CADA analogsJL020, TL029, and
TLO39 were found to havsimilar CD4 dowrrmodulationpotencieswith CK147. The
activities of TLO32 andTL027, containing anorpholine ring and a methyl sulfonamide,
confirmed the belief that two aromatic side armshef €ADA are necessary for CD4
down-modulation. Activity ofTL020 andTL029 shows that a second side arm containing
an electron donating group in thara positia gave a slight increase in poten&plycyclic
side arms were also synthesized ahdwn to have a wide range of activity. When the
polycyclic side arm contained the dioxole riggL0039), activity of the compound
increased unlike the naphthalene anal@d€22 and TL023). CompoundTL029 was
found to be more cytotoxic thabdK147. CompoundTL042 was found to be the most
selective CADA analog towards HIV inhibition with the lowest level of cytotoxigity=
84). These conclusions are found to be interesting to the Bell group in ongedecstand

the interactions between CADA and the biomolecular target
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A screening offL020 with several other viral diseases has also been conducted.
Initial screening has found to be active against theika virus, hepatitis B virus,
chikungunyavirus, dengue virus, tacaribe virus, and respiratory syncytial virus. This could
potentially lead to applying CADA analogs to more than just HIV. More striatttivity
relationship sidies could be designed around different viral entities to combat some of
these diseasemnd understand the interaction between CA&Mpoundsand the viral

inhibition.

3.4 Experimental

General Methods

All reactions were performed underamosphere of dry nitrogeanless specified
otherwise.Reagents and solvents purchased from Aldrich Chemical Company, Acros
Organics, or Fisher Scientific were of ACS reagent grade or better and were used without
purification, unless indicated otherwiseAnhydrous acetonitrile used in the
macrocyclization step was distilled from CaH-or macrocyclization reactions, the
disulfonamide intermediates;r@ethylenel,3-propanebigért-butylcarbonate), anhydrous
sodium carbonate, dppb, and-@fthay were driedn vacuo(ca. 0.1 mm) for at least 16 h.

All the equipment required for macrocyclization reaction including a magnetic stir bar,
spatula, syringe and needle were also dried overnight in the oveAQLBblutions of 2
N HCI in methanol were created by gilag 165 mL of 12.1 M HCl into a 1 L volumetric

flask. The flask is then filled with 835 mL of methanGlolumn chromatography was

performed with Sorbent Technologies neutral alumina-25DO0 eEm) or Sor
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Technologies standard grade silica-@3 ¢ méss notedhdtherwis€€hromatotron
chromatography was performed with Sorbent Technologies neutral alumina with gypsum
and UV254.Automated chromatography was performed on the Yamazen Smart Flash
AKROS REX10 with Sorbet Technologies neutral alumina -g&8® ) or Sorbent
Technologies standard grade silica-@G2um) and HPLC grade ethyl acetate, hexane, and
dichloromethane (DCM)Compounds driedn vacuo were connected to a vacuum
manifold with a Welch 1402 vacuum pump and vacuumed dried for at least £8.10ak

mm. Melting points were measured on a ThorREver or MelTemp apparatus and are
uncorrected*H NMR (400 MHz or 500 MHz) antfC NMR (75 MHz or 125 MHz) spectra

were acquired on a Varian 400 or Varian Unity + 500 spectrometer. All chemical@hift

are reported in ppm units relative to solvent resonances, as foldw&€DCL/TMS =

0.00, DMSQd6 = 2.50, CROD = 3.31;1°C, CDCk = 77.23, DMS@d6 = 39.7, CBOD =

49.15. Infrared spectra (IR) were recorded on a Nicolet 6700 FTIR spectrometer. Mass
spectra (MS) were acquired on a Waters Micromass ZQ electrospray ionization quadrupole
mass spectrometer with positive ion detection (capillary voltage = 3.5 kV)-reiggitution

mass spectra (HRMS) were acquired on an Agilent 6230 TOF mass spectrSaraiges

for elemental analysis were dried at 78 °C (0.1 mm) for 2 days, unless stated otherwise,

and microanalysis was performed by NuMega Resonance Labs, Inc.
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Synthesis ofN-(3-Aminopropyl) -4-(dimethylamino)benzenesulfonamide 1)3

N\
Q

2SS

In a 250 mL round bottom flask with an addition funnel and nitrogen inlet, 3.84 g
(51.9 mmol) of 1,3iaminopropane was added, cooled f€0and stirred undeM.. Then
1.14 g (5.19 mmol) of4dimethylaminolpenzenesulfonyl chloride in 50 mL BCM were
placedinto the addition funnel and added to the reaction flask dropwisea period of 1
h. The solution was stirred for 30 min a© and therstirredat r.t. for 24 hours. The
solution was then concenteak by rotary evaporation artde resultingresidue waslried
in vacuo Then50 mL of 1:1(v/v) methanol/water solution was added atidredfor 30
min at r.t Themixture was filtered to remove ditosylated product. The filtrate was then
cooled to ’C andrecrystallizald. Themixture was therfiltered, and the filtrate was then
concentratedby heatingandthenplaced in (°C to further crystalize more monotosylated
product.  This  produced 0.951 g (71%) of N-(3-Aminopropyl)4-
(dimethylaminopenzenesulfonamidas awhite solid. *H NMR (400 MHz, CDCYTMS)
i7.67 (d, 9.0 Hz, H, o-PhSQ), 6.66 (d, 8.9 Hz, M, mPhSQ), 3.03 (s, 3H, ArCHs),
3.00 (m 2 H, ArSO,CHy), 2.76 (t, 6.1 Hz, 2H, NH.CH,), 1.56 (p 6.1 Hz, 2H,
CH2CH2CH>). 13C NMR (101 MHz,CDCls) 11527, 1288, 1253,1109, 42.4, 406, 401,
314. mp 123.7126.0°C (dec). IR (neat crf 3354 (w), 3300 (w), 2858 (w), 1598 (m),

1554 (W), 1514 (w), 1442 (w), 1401 (w), 1369 (w), 1323 (w), 1308 (s), 1225 (w), 1147 (s),
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1094 (m), 1071 (M), 995 (W), 957 (W), 940 (w), 819 (s). MS {ESIz258 (MH"). Anal.

Calcd for GiH1aN20-S: C,51.34 H, 7.44;, N, 16.33 Found: C51.3% H, 7.58; N, 16.70

Synthesis ofN-(3-((cyclohexylmethyl)amino)propyl)-4-

(dimethylamino)benzenesulfonamidg?2)?

In a 500 mL round bottom flask with@ndenser21.6 g (94.6 mmol) oN-(3-
aminopropyl}4-methylbenzenesulfonamide was added with 200 mD©M and stirred.
Then 12.0 g (107 mmol) of cyclohexane carboxaldehyde and 12.3 g of MgS3€added.
The mixture was then heatedderreflux with N> gasovernight. The mixture was then
filtered through dine sintered funnel to remove the Mg&@hesolution was concentrated

by rotary evaporatioandtheresultingresidue waslriedin vacuo Then4.14 g (109 mmol)

of sodium borohydride was added with 50 mL of EtOH and stirred for 18 h. The cloudy

mixture was then filtered throughfiae sintered funnel and the solids were washed with

50 mL of EtOH. The filtrate was concentrated via rotarypevation andhe resulting
residue waslriedin vacuo Then100 mL ofH-O was added and theixturewas extracted
with DCM (3x 50 mL). Thecombined extractiotayers weredried (NaoSQs) and filtered.

The filtrate was then concentrategrotary evaporatioandtheresultingresidue wasried
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in vacugq to givel.68 g (85%) of pureompoundN-(3-((cyclohexylmethyl)amino)prop¥
4-(dimethylamino)benzenesulfonamids a clear oil*H NMR (400 MHz, CDC¥) ii 7.67
(m,2H, 0-ArSQO), 667 (m, 2H, m ArSQOz), 3.6 (s, 3H, N(CHa)2), 3.03 (s, 3 H, N(Ch)z2)

3.00 (M, 2H, CH2NH), 261 (m, 2H, CHoNH-Cy), 2.34 (d6.6 Hz,2 H, CHCy), 1.70 (m,

6 H, CH2C, Cy), 1.58 (m, H, Cy), 1.38 (n, 1 H, Cy), 1.21 (n, 2H, Cy), 0.89 (n, 2H, Cy).

13C NMR (101 MHz, CDGJ) i 152.4, 128, 125.2, 110.7, 56, 48.8, 43.1, 39, 37.7,

313, 27.9, 265, 25.9.IR (neat cmt) 3295 (w), 2920 (w), 2848 (W)L595 (m), 1556 (w),
1514 (w), 1445 (w), 1365 (w), 1312 (m), 1227 (w), 1203 (w), 1144 (s), 1093 (m), 1000
(w), 969 (w), 943 (w), 872 (w), 813 (m), 774 (w), 732 (w). MS (BE8&I/z354 (M™), 355
(MH™), 356 (MH" +1). Anal. Calcd for @gH31Nz0.S: C,61.15 H, 8.84 N, 11.89 Found:

C,61.1Q H, 8.44; N, 11.55

Synthesis ofN-(3-((cyclohexylmethyl)(3(1,3-dioxoisoindolin-2-

yl)propyl)amino)propyl) -4-(dimethylamino)benzenesulfonamidég3)®

To a two neck 1 L round bottom flask with a condenser and rubber septum, 20.4 g

(657.7 mmol) of N-(3-((cyclohexylmethyl)amino)propyiJ-
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(dimethylamino)benzenesulfonamjd273 g (63.5 mmol) of N&Oz, 1.93 g (14.4 mmol)
Lil, and 300 mL ofacetonitrile were added undes §as and stirredt r.t The mixture was
heatedunderreflux and 37.1 g (139 mmol) M-(3-bromopropyl)pthalimide was added
slowly to the reaction vessahdstirredfor 24 h under reflux. The mixture was then cooled
to r.t.and filtered through &ne sintered funnel. The funnel was washed with 100 mL of
acetonitrile. The filtrate was concentrated by rotary evaporatioth@résultingresidue
wasdriedin vacua Then800 gof alumina was placed in a 2 L mediymorosity sintered
funnel with 500 mL of 5:2 (v/v) hexanes/EtOAc solution to form a uniform bed, which was
not allowed to dry. A solution of the product in 20 mL of ethgétate was added to the
top of the alumina bed. The alumina was then slowly washéd SviL of 5:2 (v/v)
hexanes/EtOAc followed by 1.5 L of ethanol. The ethanol fraction aeected and
concentrated by rotary evaporatiand the resultingresidue waglried in vacuo This
produced 235 g (75%) of N-(3-((cyclohexylmethyl)(3(1,3-dioxoisondolin-2-
yh)propyl)amino)propyh4-(dimethylamino)benzenesulfonamids a yellow viscous oil.
'H NMR (400 MHz, CDC4) 117.80 (m, 2 H, NPhth), 7.68 (m, 2H, NPhth), 7.63 (m, H,
0-ArS(O,), 6.58 (m, 2H, mArSQy), 5.85 (bs, H, NH), 3.80 (m, 24, CHoNPhth), 3.53 (m,

2 H, CH2NHSO) 2.98 (s, 6H, N(CHg)2), 2.34 (m, 2 H, CH2N), 2.05 (d 7.0 Hz, 2 H,
CH2Cy), 1.63 (m, 1(H, CCH2C, Cy), 1.34 (m, H, Cy), 1.13 (m, H, Cy), 0.79 (m, 2,
Cy). 3C NMR (101 MHz,CDCl) {i212.6, 168.1, 139, 131.0,128.8, 122, 111.0, 77.2,
583, 51.7, 3%, 31.8, 258, 18.3, 16.7IR (neat cr¥) 2926 (w), 2851 (w), 2430 (w), 1769

(W), 1704 (s), 1596 (w), 1465 (w), 1435 (w), 1395 (m), 1364 (w), 1330 (w), 1187 (w), 1163
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(m), 1129 (w), 1091 (w), 1034 (w), 892 (w), 841 (w), 793 (W), 719 (s), 654 (m), 628 (W),

582 (m), 563 (M)MS (ESI) 541 (MH*), 542 (MH* +1).

Synthesis ofN-(3-aminopropyl)-N-(3-p-

dimethylaminobenzenesulfonamidopropyl)benzylaming4)?

To a 1 L round bottom flask with condenser and nitrogen inlet, 20.1 g (37.2 mmol)
of N-(3-((cyclohexylmethyl)(3(1,3-dioxoisoindolir2-yl)propyl)amino)propyb4-
(dimethylamino)benzenesulfonamjdé3.3 mL (893 mmol) of hydrazine monohydrate,
and 250 mL of EtOH were added and stirred. The solution was heatetiraedunder
reflux for 3 h. The mixture was cadto r.t., concentrated by rotary evaporati@mdthe
resultingresidue waglried in vacua Then250 mLof ag.2 N HCI solutionwas added
slowly and stirred at.t. until the white fumes @reno longer forming. The solution was
made basi¢pH 10) by adding 80 mL ofqg.2 N NaOHsolution The solution was then
placed into aseparatoryfunnel and extracted with DCM (& 50 mL). The combined
organicextractswerethen driedNaSQy) and filtered. The filtrate was then concentrated
by rotary evaporation anthe resultingresidue wadried in vacuo The product was

purified by automatedchromatographyn alumina, eluting withi:1 (v/v) EtOH/ethyl
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acetate. This produced 13.2 g (86%0) of N-(3-((3-
aminopropyl)(cyclohexylmethyl)amino)propy} (dimethylamino)benzenesulfonamide

as a viscous clear oflH NMR (500 MHz, ®DCls3) 1 7.67 (m, 2 H, 0-ArSQ,), 6.63 (m, 2

H, mArS0Oy), 6.31 bs, 3 H, NH), 2.98 (s6 H, N(Chk)2), 2.87 (t, 6.2 Hz2 H, CH2NH>),
2.39 (M, 4 H, CH2N), 2.05 (¢ 6.9 Hz,2 H, CH2Cy), 1.73 (m2 H, CCH,C), 1.59 (n, 9 H,
CCHC, Cy), 1.33 (m1H, CH), 1.12(m, 3 H, Cy), 0.76 (, 2 H, Cy). °C NMR (101
MHz, CDCh) 01 152.6, 128.8, 125.2, 110.9, 61.8,%523, 42.0, 401, 35.6, 31.8, 26.6,
26.0, 25.9IR (neat cmt) 2922 (m), 2849 (m), 1769 (w), 1705 (m), 1595 (m), 1514 (m),
1444 (m), 1395 (m), 1364 (m), 1310 (m), 1224 (m), 1144 (s), 1092 (s), 999 (m), 943 (m),
892 (m), 814 (m), 770 (m), 719 (s), 645 (s) 606 (. (ESI) 411 (MH™), 412 (MH™" +1).
Anal. Calcd for GiHzsN4O>S-HCI-H0: C, 54.23 H, 8.89 N, 12.05 Found: C54.0Q H,

8.50; N, 11.94

Synthesis of2-methylene 1,3-propanebisgert-butylcarbonate) (5)3

Or° roY
(0] O
To a 250 mL round bottom flask, 10.0 g (113 mmolR-ohethylenepropang,3
diol-2-(propan2-ylidene)propand,,3-diol, 59.8 g (274 mmol) di-tert-butyl dicarbonatg

1.39 g (11.4 mmol) of DMAP, and 200 mL ahhydrouddiethyl ether were added and

stirred vigorously at.t. for 24 h. The solution was then washed with sat. aq. Ga&lQGtion
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(3x 25mL), sat. ag. NaHCe@solution(3 x 25 mL), and 50 mL ofat. ag. NaCéolution
The organic layer was driéblaeSQs) and fitered. The filtrate was concentrated by rotary
evaporation anthe resultingresidue waslriedin vacuo This produced 32.6 g (99%) of
2-methylenel,3-propanebiggért-butylcarbonate)as a clear oil'H NMR (400 MHz,

CDClL/TMS) 1i5.32 (s, 2 HCH,=C), 4.60 (s, 4 H, CKC=CH:0), 1.49 (s, 6 H,GHs):C).

Synthesis of2-methoxybenzenesulfonyl chloridé
ClO,S
e

To a 500 mL round bottom flask erxe added 2.15 g (15.3 mmol) of- 2
methoxybenzenethiol, 1.35 mL of isopropanol, and 188 mL of DCM. The solution was
cooledto 0°C. Then7.75 g (58.0 mmolpf N-chlorosuccinimide was added portion wise
and allowed to stir at @C for 1 h. The solution wadiluted with cold sat. ag. NaHGO
solution (50 mL). The aqueous layer was extracted with ethyl acetate5@mL). The
combinedextractionlayers weredried (NaeSQy) and filtered. The filtrate was concentrated
by rotary evaporation artie resultingresidie wasdriedin vacuo This produced 52 g

(48%) of 2methoxybenzenesulfonyl chloride as a yellow %l NMR (400 MHz, CDCY)

17.96 (d, 8.4 Hz, 1 Hy-Ar), 7.68 (m, 1 Hp-Ar), 7.10 (m, 2 HmM-Ar), 4.06 (s, 3 H, OC}h).
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Synthesis ofmorpholinesulfonyl chloride®

.

Cl

To a 250 mL round bottom flask, 3.34 g (38.3 mmol) of morpholine, 9.95 mL (123
mmol) of sulfuryl chloride, and 100 mL of acetonitrile were added. The reaction mixture
was stirred and heatachderreflux for 24 h. The mixturavas cooled to r. t. and was
corcentrated by rotary evaporatiohhen 100 mL of toluene was added with 1.01 g of
activated charcoal and stirred for 5 min. The mixture was then fijtdrediltrate was
concentrated by rotary evaporatiand the resultingresidue waglried in vacuo.This
produced 7.10 g (99%) of crudeorpholinesulfonyl chloridewvhich was pure enough for
the next stepH NMR (400 MHz, CDC4) 1i3.84 (t, 4 Hz4 H, CHbNCHy), 3.31 (t, 4 Hz,

4 H, CHOCH).

Synthesis ofbenzo[d][ 1,3]dioxole5-sulfonyl chloride®

o)
O
ClO,S O

To a 50 mL round bottom flask with nitrogen inlet and condenser, 2.25 g (30.8
mmol) of N,N-dimethylformamide was added a?®. Then4.13 g (30.6 mmol) of sulfuryl
chloride was added dropwise and allowed to stir & Gor 15 min.Then3.20 g (26.2
mmol) of benzodioxole was added and thixture was stirred at 108C for 2 h. The

solution was cooled tot. and poured into ice cold wext The organic layer was separated,
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and the aqueous layer was extrastét DCM (3 x 20 mL). The combinearganiclayers

were driedNaxSQu) and filtered. The filtrate was concentrated by rotary evaporation and

the resulting residue wasdried in vacuo The product was purified byutomated
chromatographyn silica gel, eluting witi:1 (v/v) DCM/hexanes. This produced 1.33 g
(23%) ofbenzof][ 1,3]dioxole5-sulfonyl chlorideas yellow crystalssH NMR (400 MHz,
CDCl) ii7.62 (m, 1 Ho-ArSOy), 5.41 ¢, 2.0 Hz, 1 Hp-ArS(,), 6.93 (d, 8.3 Hz, 1 H+

ArSOy), 6.14 (s, 2 H, OCHO).

Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(p-methoxybenzenesulfony
[N,N-bis(3-aminopropyl)cyclohexylmethylamine]

(TLO16)3

| O—
- Q Q
? u
- /S:O
O” "NH HN
N

To a 250 mL round bottom flask, 1.22 g (2.97 mmolNef3-aminopropylyN-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamife&13 g (3.02 mmol) of 4

methoxybenzenesulfonyl chloride, 15 mL of sat. ag. Ne@ltion 15 mL of sat. ag.

NaCOs solution and 15 mL of DCM were added. The mixture was stirred vigorously at

r.t. for 24h. The mixture was then placed in a separatory funnel and the organic layer was

removed. The aqueous layer was extracted with DCMLEBmML), the combine@xtraction
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layers were dried (NaSQu), and filtered. The filtrate was thetoncentratedand the
reailting residue waslriedin vacuo.The product was converted to the HCI salsbsring
with 15 mL of a solution of2 N HCI in MeOH and stirring for 1 h. The solution was
concentrated by rotary evaporation aénelresultingresidue waslriedin vacuo The solids
were triturated with diethyl ether {815 mL) andtheresultingresidue waslriedin vacuo
The product wasonverted back to the free basestiyring vigorously withl5 mL of 2 N
ag. NaOHsolution 15 mL ofsat. agNaClsolution and 15 mL of DCM for 1 h. The layer
wereseparated, and the aqueous layer was extracted with DENVB(B1L). The combined
organc layer was driedNaSQs) and filtered. The filtrate was concentrated by rotary
evaporation antheresulting esidue waslriedin vacuo This produced 1.64 g (95%) of
N& (p-dimethylaminobenzenesulfonyljo-(p-methoxybenzenesulfony]N,N-bis(3-
aminopropyl)cyclohexylmethylaminels a yellow oil*H NMR (400 MHz, (DCls) 11 7.79
(m, 2H, 0-ArSQy), 7.67 (m, 2H, 0-ArSQ), 6.97 (m, 2H, mArSQy), 6.68 (m, 2H, m+
ArSQ,), 3.86 (s, H, OCH), 3.04 (s, 64, N(CHs)2), 2.96 (m, 4H, CH:N), 2.35 (t, 6.5 Hz,
4H, CH:N), 2.04 (d, 7.0 Hz, 1, CH:Cy), 1.61 (m, 1H, CCHC, Cy) 1.18 (m, H, CH),
0.81 (m, 2H, Cy). 3C NMR (101 MHz,CDCl) ti 1627, 152.7, 1317, 129.23, 129.18,
129.11, 128, 1251, 114.1, 114.0, 110.910.7, 773, 77.2, 77.0, 767, 62.0, 56, 53.2,
53.0, 427, 425, 401, 40.0, 35.6, 39, 316, 297, 266, 26.0, 23. IR (neat crit) 2926
(w), 2850 (w), 2432 (w), 2121 (w), 1595 (m), 1497 (w), 1448 (w), 1324 (m), 1257 (m),
1151 (s), 1092 (m), 1020 (n§99 (w), 835 (m), 803 (w), 656 (mMYS (ESI) 581 (MH™).
Anal. Calcd for GgH4sCIN4O4S1.5H0: C, 52.2Q H, 7.51; N, 8.70 Found: C52.14 H,

7.12; N, 8.41
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Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(p-bromobenzenesulfonyl)

[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL017)3

To a 250 mL round bottom flask, 780 mg (1.90 mmolNgB-aminopropy3N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylami6gl mg (1.97 mmol) of -4
bromobenzenesulfonyl chloridé5 mL of sat. ag. NaCl solution, 15 mL of sat. ace@@s
solution and 15 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction layers
were dried (N&SQy), and filtered. The filtrate was then concentrated, and the iregsult
residue was drieth vacuo.The product was converted to the HCI salt by stirring with 15
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was concentrated
by rotary evaporation and the resulting residue was dnedacuo The ®lids were
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idrietuo The
product was converted back to the free base by stirring vigorously with 15 mL of 2 N ag.
NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DIGML h. The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined
organic layer was dried (M8Qs) and filtered. The filtrate was concentrated by rotary

evaporation and the resulting residue was dnedacuo This produced 1.13 g (94%) of
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NG (p-dimethylaminobenzenesulfonyilNo-(p-bromobenzenesulfony[N,N-bis(3
aminopropyl)cyclohexylmethylamineds a yellow viscous oil!H NMR (400 MHz
CDCl) G 7.72 (m, 2H, 0-ArSQ), 7.65 (m, 4H, 0-ArSOz, MmArSQ,), 6.68 (m, 2H, m-
ArSQy), 3.05 (s, 8H, N(CHg)2), 3.01 (m, 2H, CHxN), 2.95 (t, 6.3 Hz, H, CH:N), 2.38
(m, 4H, CH:N), 2.05 (d, 6.9 Hz, B, CH:Cy), 1.63 (m, 1H, CCHC, Cy) 1.38 (m, H,
CH), 1.16 (m, 4, Cy), 0.79 (g, 10.8 Hz, B, Cy).*3C NMR (101 MHz,CDCl) t1152.7,
139.2, 132.2, 128, 1287, 1272, 124.9, 110.9,10.0, 773, 772, 77.0, 767, 621, 533,
52.9, 42.7, 42.4, 40, 35.6, 31.9, 26, 26.0, 25.89, 25.88R (neat crif) 2927 (w), 2852
(W), 2434 (W), 2118 (W), 1597 (W)574 (w), 1448 (w), 1389 (w), 1327 (m), 1161 (s), 1130
(m), 1092 (m), 1068 (m), 1009 (w), 900 (w), 824 (w), 784 (w), 739 (m), 704 (w), 655 (m).
MS (ESI) m/z630 (MH") 632 (MH™ +2). Anal. Calcd for ggH4sCINsOsSH-0: C, 47.4Q

H, 6.48 N, 8.19 Found: C47.36 H,6.72; N, 7.89

Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(naphthalene 2-sulfonyl)-

[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TLO18)3

To a 250 mL round bottom flask, 989 mg (2.41 mmolNgB-aminopropy3N-(3-

p-dimethylaminobenzenesulfonamidopropyl)benzylamif60 mg (2.47 mmol) of -2
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naphthalenesulfonyl chloridés mL of sat. ag. NaCl solution, 15 mL of sat. agC@s
solution and15 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction layers
were dred (NaSQu), and filtered. The filtrate was then concentrated, and the resulting
residue was drieth vacuo.The product was converted to the HCI salt by stirring W&h

mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was concentrated
by rotary evaporation and the resulting residue was dnedacuo The solids were
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idriextuo The
product was converted back to the free base by stirring vigorously with 15 mL of 2 N ag.
NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3. ITBhecombined
organic layer was dried (N&Q) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was dne¢acuo This produced..26g (87%) of

NG& (p-dimethylaminobenzenesulfonylNo-(naphthalen&-sulfonyl)}-[N,N-bis(3
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (500 MHz,
CDCl) 118.42 (s, 1H, 2-ArSQ,) 7.95 (m, 2H, 4,7-ArSOy), 7.90 (dt, 7.9, 1.0 Hz, H, 10
ArSQ,) 7.83 (dd, 8.6, 1.9 Hz, H, ArSO) 7.65 (m, 2H, 0-ArSOy), 7.60 (m, 2H, 5,6
ArSQ,) 6.64 (m, 2H, mArSQ,), 5.52 (bs, 4, NH), 3.02 (s, 64, N(CHs)2), 2.99 (m, H,
CH:N), 2.90 (t, 6.4 Hz, 21, CHaN) 2.32 (m, 4H, CHoN), 2.01 (m, 2H, CH:Cy), 1.59 (m,

10 H, CCHC, Cy), 1.32 (m, H, CH), 1.12 (m, H, Cy), 0.74 (m, H, Cy). 13C NMR

(101 MHz,CDCl) U 1726, 1527, 136.9, 1347, 1322, 129.3, 129.22, 129.18, 129.14,
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128.83, 128.79, 128.55, 128.22, 127127.8, 12%, 127.3, 126.6, 128, 1251, 122.54,
122.49, 11.0, 1109, 110.8, 110.7, 77.3, 77.27 D, 767, 62.0,53.1, 529, 51.0, 45.8, 42.7,
424, 40.0, 358, 35.6, 31.9, 31,8316, 267, 266, 261, 26.0, B.0, 25.9, 25.8, 22.6R
(neat cml) 2926 (w), 2851 (W), 2428 (W), 2116 (w), 1595 (w), 1449 (w), 1324 (m), 1156
(s), 1130 (m), 1092 (m), 1074 (m), 107, 970 (w), 900 (w), 858 (w), 819 (m), 750 (m),
656 (s). MS (ES) m/z601 (MH'). Anal. Calcd for GiHaN4OsSHCI1.5H0: C, 56.05

H, 7.28 N, 8.43 Found: C56.09 H, 7.29; N, 8.02

Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(naphthalene 1-sulfonyl)-

[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL019) 3

To a 250 mL round bottom flask, 1.03 g (2.51 mmolNef3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylami@é63 g (2.73 mmol) of -1
naphthalenesulfonyl chloridé5 mL of sat. ag. NaCl solution, 15 mL of sat. ag20{@s
solution and 15 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction layers

were dried (NgSQy), and filtered. The filtrate was then concentrated, and the resulting
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residue was drieth vacuo.The product was converted to the HCI salt by stirring with 15
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was concentrated
by rotary evaporation and the resulting residue was dmnedacuo The solids were
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idrietuo The
product was converted back to the free base by stirring vigorously with 15 mL 0§2 N a
NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined
organic layer was dried (M8Qs) and filtered. The filtrate was concentrated byary
evaporation and the resulting residue was dnedicuo This produced 1.51 g (100%) of

NG (p-dimethylaminobenzenesulfonylNo-(naphthalend-sulfonyl)}[N,N-bis(3
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (400 MHz,
CDCl) 1 8.67 (dd, 8.6, 1.1 Hz, 1H;R&rSO,), 8.18 (dd, 7.3, 1.3 Hz, 1H;ArSOy), 7.98

(dt, 8.3, 1.0 Hz, 1H,-3rS0Oy), 7.87 (dd, 8.2, 1.4 Hz, 1H;ArSO), 7.60 (m, 3H, 8ArSO;,
0-ArSQy), 7.49 (m, 2H, 4,ArSQO,), 6.58 (m, 2H,MArSQ,), 2.92 (m, 8H, N(Ch)a,
CH:N), 2.81 (t, 6.2 Hz, 2H, CHN) 2.15 (td, 6.7, 3.8 Hz, 4H, GN), 1.89 (d, 6.9 Hz, 2H,
CH:Cy), 1.56 (m, 9H, CCLC, Cy), 1.41 (m, 3H, Cy), (1.23 ddt, 10.2, 7.4, 3.0 Hz, 1H,
CH), 1.08 (m, 2H, Cy), 0.66 (q, 13.2, 12.1 Hz, 2H, &¢).NMR (101 MHz, CDG) i
1527,135.0, 134.2,133.9, 129.3, 128.9, 128.83, 128.76312882, 1268, 1251, 1248,
124.1, 110, 61.7, 52.9, 52.8, 42.6, 42.3, 40.0,63%1.8, 26.6, 8.0, 25.9, 25/. IR (neat
cml) 2927 (w), 2852 (w), 2111 (w), 1596 (m), 1508 (w), 1447 (w), 1368 1&13 (m),

1146 (s), 1132 (s). 1093 (m), 982 (w), 944 (w), 900 (W), 806 (m), 772 (M), 675 (m). MS
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(ESI") m/z601 (MH*). Anal. Calcd for GiHaaN4OsSHCI1.5H:0: C, 56.05 H, 7.28 N,

8.43 Found: C56.3% H, 7.57; N, 8.29

Synthesis ofN& (p-dimethylaminobenzeneslfonyl) -No-(methylsulfonyl)-[N,N-bis(3-

aminopropyl)cyclohexylmethylamine] (TL024)3

To a 250 mL round bottom flask, 1.75 g (4.26 mmolNe(f3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamirtie611 g (5.33 mmol) of
methane sulfonyl chloridel5 mL of sat. ag. NaCl solution, 15 mL of sat. ag-Q{@s
solution and 15 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The nixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction layers
were dried (NgSQy), and filtered. The filtrate was then concentrated, and the resulting
residue was driesh vacuo.The product was converted to the HCI salt by stirring with 15
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was concentrated
by rotary evaporation and the resulting residue was dnedacuo The solidswere
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idrietuo The

product was converted back to the free base by stirring vigorously with 15 mL of 2 N ag.
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NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCMLfar The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined
organic layer was dried (M8Qs) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was dne¢acuo This praluced 1.87 g (90%) of
N-(3-((cyclohexylmethyl)(3(methylsulfonamido)propyl)amino)propy)
(dimethylamino)benzenesulfonamids a yellow viscous oitH NMR (400 MHz, CDCY)

07.64 (m, 2 HO-ArSQOy), 6.65 (m, 2 HMArSO,), 5.72 (bs, 2 H, N), 3.16 (t, 6.4 Hz, 4

H, CHzN), 3.01 (s, 6 H, N(B3)2), 2.92 (s, 3 HCHg), 2.39 (dt, 13.2 Hz, 6.3 Hz, 4 H,
CH:2N), 2.06 (d, 6.9 Hz, ®, CH>Cy), 1.64 (m, 1H, CCHzC, Cy), 1.37 (m, H, CH) 1.16

(m, 3H, Cy), 0.80 (m, 2 H, Cy)*C NMR (101 MHz,CDCl) {i152.7, 124.9, 11.0, 110.9,

62.0, 53.1, 42.6, 43, 401, 39.7, 357, 31.9, 265, 26.5, 26.0, 25.8R (neat cm) 2926

(m), 2851 (m), 2497 (w), 2436 (w), 1596 (w), 1448 (m), 1312 (s), 1149 (s), 1093 (s), 975
(m), 900 (w), 842(m), 770 (m), 655 (s). MS (ESIm/z 489 (MH"). Anal. Calcd for

C2oH42N4O4S;HCIH20: C, 48.65 H, 7.98 N, 10.31 Found: C48.76 H, 8.08; N, 10.03
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Synthesis ofN& (p-dimethylaminobenzeneslfonyl) -No-(benzenesulfonyB[N,N-bis(3-

aminopropyl)cyclohexylmethylamine] (TL025)3

To a 250 mL round bottom flask, 1.08 g (2.63 mmolNe(f3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamire710 g (4.02 mmol) of
methanesulfonyl chloridel5 mL of sat. ag. NaCl solution, 15 mL of sat. aq-C{s
solution and 15 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mxture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction layers
were dried (NgSQy), and filtered. The filtrate was then concentrated, and the resulting
residue was drieth vacuo.The product was converted to the HCI salt by stirring with 15
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was concentrated
by rotary evaporation and the resulting residue was dnedacuo The solidswere
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idrietuo The
product was converted back to the free base by stirring vigorously with 15 mL of 2 N ag.
NaOH solution, 15 mL of sat. ag. NaCl solution, and 15 mL of DCM for The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined
organic layer was dried (N&Q) and filtered. The filtrate was concentrated by rotary

evaporation and the resulting residue was dne¢acuo This prodiced 1.38 g (95%) of
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NG (p-dimethylaminobenzenesulfonylNo-(benzenesulfony)N,N-bis(3
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (400 MHz,
CDCl) G 7.79 (m, 2 H0-ArSQ,), 7.61 (m, 2 HO-ArSQ,), 7.44 (m, 3 HM-ArSO;, p-
ArSQp), 6.60 (m, 2 HM-ArSO), 2.95 (s, 6 H, N(CH)2), 2.89 (t, 6.2 Hz, 4 H, CiN), 2.84
(m, 2 H, CHN), 2.25 (m, 4 H, CkN), 1.96 (d, 6.8 Hz, 2 H, Ci€y), 1.54 (m, 10 H, CECy,
Cy), 1.27 (m, 1 H, CHC), 1.09 (m, 4 H, Cy), 0.69 (q, 12.0 Hz, 10.3 H,Qy).*C NMR
(101 MHz,CDCl) U 1527, 134.0, 1324, 1291, 120.0, 126.9, 124, 1109, 616, 528,
52.5, 42.4, 42, 40.0, 35.4, 31.8, 31.7, $25.9, 25.6IR (neat cn) 2924 (w), 2851 (W),
2425 (w), 1596 (w), 1445 (m), 1324 (m), 1156 (s), 1¢R8 1091 (s), 1015 (m), 996 (m),
900 (m), 840 (m), 783 (m), 726 (M), 689 (s), 653 (s), 628 (M), 61MBYESI) m/z551
(MH"), 55 (MH" +1), 551 (MH* +2). Anal. Calcd for G7H42N404S.HCI-CHsOH: C,

54.31 H, 7.65 N, 9.05 Found: C54.32 H, 7.60; N, 8.69
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Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(morpholinylsulfonyl)-[N,N-

bis(3-aminopropyl)cyclohexylmethylamine] (TL026)3

To a 250 mL round bottom flask, 1.58 g (3.84 mmolNe(f3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamire683 g (3.68 mmol) of
morpholine4-sulfonyl chloride 15 mL of sat. aq. NaCl solution, 15 mL of sat. aq@@s
solution and 15 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extrigtera
were dried (Ne&SQu), and filtered. The filtrate was then concentrated, and the resulting
residue was drieth vacuo.The product was converted to the HCI salt by stirring with 15
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The soluitieas concentrated
by rotary evaporation and the resulting residue was dniedacuo The solids were
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idriatuo The
product was converted back to the free base by stirringatigbr with 15 mL of 2 N aq.

NaOH solution, 15 mL of sat. ag. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined
organic layer was dried (M8Qs) and filtered. The fillate was concentrated by rotary

evaporation and the resulting residue was dnedacuo This produced 2.06 g (99%) of
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NG (p-dimethylaminobenzenesulfonylNo-(morpholinylsulfonyl}[N,N-bis(3-
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (400 MHz,
CDCl3) G 7.65 (m, 2 Hp-ArSQ), 6.66 (m, 2 HM-ArSO,), 3.72 (m4 H, CHOCHp), 3.17
(M, 4 H, CHNCH,), 3.12 (t, 6.4 Hz, 2 H, CH), 3.03 (s, 6 H, N(Ch)2), 2.94 (m, 2 H
CHzN), 2.39 (m, 4 H, CkN), 2.07 (d, 6.9 HZ2 H,CH.C), 1.66 (m, 8 H, CEkLCy, Cy), 1.38
(m, 1 H, CHCy), 1.16 (m, 2 H, Cy), 0.81 (m, 2 H, C¥C NMR (101 MHz,CDCl) ii
152.7,128.8, 128, 15.0, 1109, 110.8, 663, 621, 54.2, 53.3,52.9,51.86.1, 43.2, 433,
401, 358, 35.7, 31.93, 31.88, 26.6, 26.2, 2&6.0, 25.9IR (neat crt) 2926 (w), 2852
(w), 2608 (w), 2112 (w), 1596 (w), 1449 (w), 1327 (m), 1261 (w), 1153 (m), 1130 (m),
1093 (m), 1073 (m), 941 (m), 899 (w), 844 (w), 784 (w), #8R 655 (m). MS (ES) m/z
560 (MH™). Anal. Calcd for GsHasNsOsS2.HCI-0.5H0: C, 49.61 H, 7.83 N, 11.57

Found: C49.34 H,8.13; N, 11.24
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Synthesis ofN& (p-dimethylaminobenzeneslifonyl) -No-(p-

dimethylaminobenzenesulfonyB[N,N-bis(3-aminopropyl)cyclohexylmethylamine]

(TL028)?
A
| ~
N Q
Oﬂ’ %
0">NH HN. ©

To a 250 mL round bottom flask, 1.04 g (2.53 mmolNe(f3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylami@g&60 g (2.80 mmol) of 4
dimethylaminobenzenesulfonyl chlorides mL of sat. ag. NaCl solution, 15 mL of sat.
ag. NaCGOssolution and 15 mL of DCM were added. The mixture was stirred vigorously
at r.t. or 24 h. The mixture was then placed in a separatory funnel and the organic layer
was removed. The aqueous layer was extracted with DCM (3 x 15 mL), the combined
extraction layers were dried (P&0y), and filtered. The filtrate was then concentrated, and
the resulting residue was dri@d vacuo.The product was converted to the HCI salt by
stirring with 15 mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution
was concentrated by rotary evaporation and the resulting residue wasdréedo. The
solids were triturated with diethyl ether (3 x 15 mL) and the resulting residue wasdried
vacua The product was converted back to the free base by stirring vigorously with 15 mL
of 2 N ag. NaOH solution, 15 mL of sat. aq. NaCl solution, anthil®f DCM for 1 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 15 mL).
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The combined organic layer was dried £8@;) and filtered. The filtrate was concentrated
by rotary evaporation and the resulting residue was dnigdcua This produced 1.09 g
(73%) of N&(p-dimethylaminobenzenesulfonylNo-(p-dimethylaminobenzenesulfonyl)
[N,N-bis(3-aminopropyl)cyclohexylmethylamineds a clear viscous oitH NMR (400
MHz, CDCk) t17.67 (m, 4 Ho-ArS(Q), 6.67 (m, 4 HMArS(Q,), 5.56 (bs, 2 H, NSO),
3.04 (s, 12 H, N(CH)2), 2.93 (t, 6.3 Hz, H, CH:N), 2.34 (m, 4H, CH:N), 2.04 (m, H,
CH:Cy), 1.64 (m, 81, CCH:C, Cy) 1.36 (m, H, CH), 1.17 (m, 4, Cy), 0.78 (m, H,
Cy).23C NMR (101 MHz,CDCls) 111529, 129.0, 125.3, 111, 621, 532, 42.6, 40.2, 38,
32.0, 268, 262, 26.0. IR (neat cmt) 2923 (m), 2852 (m), 2543 (m), 1596 (m), 1448 (m),
1326 (m), 1161 (s), 1129 (s), 1092 (s), 994 (m), 897 (m), 841 (m), 783 (m), 6637s),

(m). MS (ESH m/z594 (MH").

Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-( 5-
(dimethylamino)naphthalene1-sulfonyl)-[N,N-bis(3-

aminopropyl)cyclohexylmethylamine] (TL034)3

To a 250 mL round bottom flask, 2.04 g (4.97 mmolNegf3-aminopropyl3N-(3-

p-dimethylaminobenzenesulfonamidopropyl)benzylamih&8 g (5.86 mmol) of dansyl
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chloride,15 mL of sat. aq. NaCl solution, 15 mL of sat. ag2@®s solution and 15 mL

of DCM were added. The mixture was stirred vigorously at r.t. for 24 h. The mixture was
then placed in a separatory funnel and the organic layer was removed. The aqueous layer
was extracted with DCM (3 x 15 mL), the combined extraction layers dried (Ne&SQu),

and filtered. The filtrate was then concentrated, and the resulting residue wasdried
vacuo.The product was converted to the HCI salt by stirring with 15 mL of a solution of
2 N HCl in MeOH and stirring for 1 h. The solution wascentrated by rotary evaporation
and the resulting residue was driadzacuo The solids were triturated with diethyl ether

(3 x 15 mL) and the resulting residue was diredacuo The product was converted back

to the free base by stirring vigorouslytivil5 mL of 2 N ag. NaOH solution, 15 mL of sat.
ag. NaCl solution, and 15 mL of DCM for 1 h. The layers were separated, and the aqueous
layer was extracted with DCM (3 x 15 mL). The combined organic layer was dried
(NaeSQy) and filtered. The filtrate wasoncentrated by rotary evaporation and the resulting
residue was driedin vacuo This produced 2.30 g (99%) ofNG(p-
dimethylaminobenzenesulfonyljo-(  5-(dimethylamino)naphthalent sulfonyl)}-[N,N-
bis(3 aminopropyl)cyclohexylmethylamina} a yellow viscous oitH NMR (400 MHz,
CDCl) 18.50 (m, 1 H, 4ArS(O,), 8.32 (M, 1 H, ArS0Oy), 8.20 (m, 1 H, 2ArSO), 7.64

(m, 2 H,0-ArSOy), 7.49 (m, 2 H, 3ArSO,, 8-ArSQO,), 7.15 (m, 1 H, 7ArS(O), 6.63 (m, 2

H, mArS0y), 3.01 (s, 6 H, N(Ch)2), 294 (m, 2 H, CEN), 2.86 (m, 8 H, N(ChH)2, CHzN),

2.24 (t, 6.6 Hz, 4 H, CHN), 1.97 (d, 2 H, CELCy), 1.61 (m, 6 H, CkCy, Cy), 1.48 (m, 4

H, Cy), 1.29 (m, 1 H, CHC), 1.13 (m, 4 H, Cy), 0.73 (m, 2 H, C§{¢ NMR (101 MHz,

CDCls) 11527, 151.8, 13581, 130.1, 129, 129.7, 129, 1289, 1282, 1252, 123.1, 112,
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115.1, 11, 618, 53.0, 454, 426, 42.4, 401, 35.6, 319, 26.6, .0, 25.7.IR (neat cm)

2926 (w), 2851 (w), 2434 (w), 2112 (w), 1597 (w), 1513 (w), 1448 (w), 1391 (w), 1320
(m), 1141 (s)1093 (m), 1048 (w), 988 (w), 944 (w), 898 (w), 837 (w), 792 (m), 772 (w).
MS (ESI) m/z644 (MH™). Anal. Calcd for GsH49N504S.HCI-CH3OH-H,0O: C,55.91 H,

7.73 N, 9.59 Found: C56.09 H, 7.63; N, 9.46

Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(4-tert-butyl benzenesulfony

[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL035)3

To a 250 mL round bottom flask, 1.80 g (4.38 mnudIN-(3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamin20 g (4.82 mmol) of-(tert-
butyl)benzenesulfonyl chlorigé5 mL of sat. ag. NaCl solution, 15 mL of sat. ace@@s
solution and 15 mL of DCM were added. The mixture was stirred vigorously at ra4for
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction layers
were dried (NgSQy), and filtered. The filtrate was then concentrated, andédhelting

residue was drieoh vacuo.The product was converted to the HCI salt by stirring with 15
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mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was concentrated
by rotary evaporation and the resulting residue was dnedacuo The solids were
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idrietuo The
product was converted back to the free base by stirring vigorously with 15 mL of 2 N ag.
NaOH solution, 15 mL of sat. aq. NaCl solution, and 15a¢hDCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined
organic layer was dried (N&Q) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was dne¢aaio. This produced 2.46 g (93%) of

NG (p-dimethylaminobenzenesulfonyiNo-(4-tert-butylbenzenesulfony)N,N-bis(3-
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (400 MHz,
CDClL) 07.72 (m, 2 HMArSQ,), 7.62 (m, 2 HMArSQ,), 7.44 (m, 2 Hp-ArSOy), 6.61

(m, 2 H,0-ArSQ), 2.96 (s, 6 H, N(Ck)2), 2.88 (m, 4H, CH:N), 2.27 (t, 6.6 Hz, H,
CH:N), 1.97 (d, 6.9 Hz, M, CH:Cy), 1.54 (m, H, CCHC, Cy) 1.27 (s, H, C(Chb)3),

1.08 (m, 4H, Cy), 0.72 (m, H, Cy).3C NMR (101 MHz,CDCl) 11155.9, 1527, 137.0,
128.8, 12, 125.9, 1241, 1109, 618, 529, 52.7, 42.5, 42.3, 40.0, 35.6, 35.0,83B11,

26.6, .0, 25.9, 25.8IR (neat cm’) 2928 (w), 2853 (w), 2596 (w), 2114 (w), 1596 (W),
1449 (w), 1397 (w), 1366 (w), 1324 (w), 1160 (m), 1112 (w), 1088 (w), 997 (w), 944 (w),
899 (w), 837 (w), 755 (w), 654 (WMS (ESI) m/z 607 (MH). Anal. Calcd for

C32Hs0N404SHCICH3OH: C, 56.9% H, 8.21; N, 8.30 Found: C57.26 H, 8.46; N, 7.91
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Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(benzo[d][1,3]dioxole-5-

sulfonyl)-[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL036)3

oy

=0

S\NH HN =0

N,

To a 250 mL round bottom flask, 2.42 g (5.88 mmolNef3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamink33 g (5.62 mmol) of
benzof][1,3]dioxole-5-sulfonyl chloride 15 mL of sat. ag. NaCl solution, 15 mL of sat.
ag. NaCGOssoluion, and 15 mL of DCM were added. The mixture was stirred vigorously
at r.t.for 24 h. The mixture was then placed in a separatory funnel and the organic layer
was removed. The aqueous layer was extracted with DCM (3 x 15 mL), the combined
extraction layers were dried (b&0s), and filtered. The filtrate was then concentrated, and
the resulting residue was driéd vacuo.The product was converted to the HCI salt by
stirring with 15 mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution
was concentrated by rotary evaporation and the resulting residue wamad@aeda The
solids were triturated with diethyl ether (3 x 15 mL) and the resulting residue wasdried
vacuao The product was converted back to the free base by stirring vigorously with 15 mL
of 2 N ag. NaOH solution, 15 mL of sat. aq. NaCl solution, @dlL of DCM for 1 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 15 mL).
The combined organic layer was dried £8@) and filtered. The filtrate was concentrated

by rotary evaporation and the resulting residue was dnigdcua This produced 2.61 g
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(78%) of N&(p-dimethylaminobenzenesulfonylNo-(benzofl][1,3]dioxole-5-sulfonyl)
[N,N-bis(3-aminopropyl)cyclohexylmethylaminels a yellow viscous oitH NMR (400
MHz, CDCh) i 7.57 (m, 2 Hp-ArSOy), 7.31 (dd, 8.2 Hz, 1.9 Hz, 1 -ArSQy), 7.17 (d,
1.8 Hz, 1 HO-ArSQy), 6.76 (d, 8.2 Hz, 1 H*ArS0y), 6.57 (m, 2 HM-ArSOy), 5.96 (s,

2 H, OCHOQ), 2.92 (s, 6 H, N(Ck}2), 2.82 (m, 4 H, CbN), 2.21 (m, 4 H, CkN), 1.92 (d,
6.9 Hz,2 H, CH.C), 1.55(m, 8 H, CHCy, Cy), 1.23 (m, 1 H, CHCy), 1.05 (m, 4 H, Cy),
0.67 (M, 2 H, Cy)*C NMR (101 MHz,CDCl) 11152.6, 151.0, 148, 1333, 128.7, 128,
122.5, 110.8, 108, 107.2, 10, 617, 52.8, 52.6, 43, 42.2,40.0 356, 31.7, 26.6, 8.0,
259, 25.8.1R (neat cr) 2926 (w), 2851 (w), 2115 (w), 1596 (w), 1502 (w), 1477 (m),
1448 (w), 1425 (w), 1368 (w), 1315 (m), 1241 (m), 1144 (s), 1112 (m), 1093 (m), 1056
(w), 1033 (m), 929 (w), 898 (w), 815 (w), 772 (w), 728 (w), 704 M& (ESI") m/z595
(MH™), 5% (MH* +1), 597 (MH" +2). Anal. Calcd for GgH42N40eS.HCI-H20O-CH;OH:

C,51.13 H, 7.25 N, 8.22 Found: C51.3%1 H, 6.90; N, 7.91
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Synthesis ofN& (p-dimethylaminobenzeneslifonyl) -No-(p-
difluoromethoxybenzenesulfonyB[N,N-bis(3-aminopropyl)cyclohexylmethylamine]

(TLO40)3

To a 250 mL round bottom flask, 1.39 g (3.39 mmolNe(f3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylami@é85 g (2.82 mmol) o#-
(difluoromethoxy)benzenesulfonyl chlorides mL of sat. ag. NaCl solution, 15 mL of sat.
ag. NaCGOssolution and 15 mL of DCM were added. The mixture was stirred vigorously
atr.t. for 24 h. The mixture was then placed in a separatory funnel and the organic layer
was removed. The aqueous layer was extracted with DCM (3 x 15 mL), the combined
extraction layers were dried (P&0y), and filtered. The filtrate was then concentraset]
the resulting residue was dri@d vacuo.The product was converted to the HCI salt by
stirring with 15 mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution
was concentrated by rotary evaporation and the resulting residue wasdrgetio The
solids were triturated with diethyl ether (3 x 15 mL) and the resulting residue wasdried
vacua The product was converted back to the free base by stirring vigorously with 15 mL
of 2 N ag. NaOH solution, 15 mL of sat. aq. NaCl solutiord &5 mL of DCM for 1 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 15 mL).
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The combined organic layer was dried £8@;) and filtered. The filtrate was concentrated

by rotary evaporation and the resulting residue wasl dmigacuo This produced 1.51 g
(87%) of NG (p-dimethylaminobenzenesulfonyNo-(p-
difluoromethoxybenzenesulfonyiN,N-bis(3-aminopropyl)cyclohexylmethylamingds a
yellow viscous oil*H NMR (400 MHz, CDCY)) 11 7.84 (m, 2 HM-ArSQy), 7.62 (m, 2 H,
MArSQ,), 7.18 (m, H, 0-ArSQOy), 6.63 (m, H, 0-ArSO,, CCH), 5.60 (bs, B, NHSO),

3.00 (s, 6H, N(CHg)2), 2.95 (t, 6.4 Hz, H, CH:N), 2.88 (t, 6.4 Hz2 H, CH2N), 2.31 (t,

6.5 Hz, 4H, CHzN), 1.98 (m, H, CH.Cy), 1.58 (m, 84, CCH2C, Cy), 1.31 (m, 1 H, CH),

1.13 (m, 4 H, Cy) 0.73 (m, B, Cy).13C NMR (101 MHz,CDCl) i 153.9, 152.7, 136.8,
129.2, 128.8, 124.8, 119.1, 117.9, 115.3, 112.7,9181..8, 8.0, 42.6, 42.3, 40.0, 36.

31.8, 266, 26.0, 258. IR (neat cm) 2926 (w), 2851 (w), 2599 (w), 1596 (m), 1516 (W),
1493 (W), 1447 (w), 1369 (w), 1325 (m), 1311 (m), 1227 (m), 1147 (s), 1118 (s), 1092 (s),
1042 (s), 992 (m), 943 (m), 899 (m), 833 (m), 816 (m), 771 (m), 711 (s), 646 (s), 618 (s),
608 (m).MS (ESI) m/z617 (MH"). Anal. Calcd for GgHa2N4OsS,F>.HCI-0.5H0: C,

50.78 H,6.70 N, 8.46 Found: C50.73 H, 6.97; N, 8.30.
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Synthesis ofN&(p-dimethylaminobenzeneslfonyl)-No-(2,5
dimethylbenzenesulfonyB[N,N-bis(3-aminopropyl)cyclohexylmethylamine]

(TLO41)3

To a 250 mL round bottom flask, 1.65 g (4.02 mmolNef3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamioé77 g (3.31 mmol) oR,5
dimethylbenzenesulfonyl chloridd5 mL of sat. ag. NaCl solution, 15 mL of sat. aq.
NaCOs solution and 15 mL of DCM were added. The mixture was stirred vigorously at
r.t. for24 h. The mixture was then placed in a separatory funnel and the organic layer was
removed. The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction
layers were dried (N&Qs), and filtered. The filtrate was then concentrated, and the
resulting residue was drieal vacuo.The product was converted to the HCI salt by stirring
with 15 mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was
concentrated by rotary evaporation and the resulting residue wagdraatlio The solids
were triturated with diethyl ether (3 x 15 mL) and the resulting residue wasmtiadua
The product was converted back to the free base by stirring vigorously with 15 mL of 2 N
ag. NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3. THheacombined

organic layer was dried (M8Qs) and filtered. The filtrate was concentrated by rotary
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evaporation and the resulting residue was dnedacuo This produced 2.30 g (99%) of
NG (p-dimethylaminobenzenesulfonylNo-(2,5-dimethylbenzenesulfo/l)-[N,N-bis(3
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (400 MHz,
CDCl) 0 7.62 (m, 3 HO-ArSO,, 0-ArSOy), 7.13 (m, 2 HMArSO,, p-ArSQOy), 6.58 (d,
8.6 Hz, 2 HM-ArS0,), 5.65 (bs, 2 H, NHArSg), 2.94 (s, 6 H, N(CH)2), 2.86 (m, 4 H,
CH:N), 2.52 (m, 2 H, CbN), 2.26 (m, 4 H, CkN, CH.C), 1.95 (d, 2 H, CkCy), 1.53 (m,
8 H, CHCy, Cy), 1.26 (s, 1 H, CHC), 1.06 (m,H} Cy), 0.70 (m, 2 H, Cy).33C NMR
(101 MHz,CDCl) G1152.6, 137.7, 135.8, 138.133.1, 1321, 129.6, 128, 125.0, 110.8,
617, 529, 42.4, 42.1, 40.0, 35.6, 31.8, 2626.Q 25.6, 20.8, 19.8R (neat cm') 2924
(W), 2851 (W), 2493 (W), 1596 (W), 1516 (W), 1447 (w), 1367 (w), 1312 (m), 1146 (s), 1091
(m), 998 (w), 944 (w), 896 (w), 816 (m), 70m), 696 (M), 654 (M), 619 (mMS (ESF)
m/z579 (MH™). Anal. Calcd for G7H42N404S.HCI-CH3OH: C, 54.31, H, 7.65 N, 9.05

Found: C54.32 H, 7.60; N, 8.69
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Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(2-methoxybenzenesulfony

[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL044)3

|
N o
Q i
S=

0">NH HN © 0
L%

To a 250 mL round bottom flask, 1.72 g (4.19 mmolNef3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamiies2 g (7.36 mmol) of2-
methoxyenzenesulfonyl chloridel5 mL of sat. aq. NaCl solution, 15 mL of sat. ag.
NaCOs solution and 15 mL of DCM were added. The mixture was stirred vigorously at
r.t. for 24 h. The mixture was then placed in a separatory funnel and the organic layer was
removed. The aqueous layer was extracted with DCM (3 x 15 mL), the combined extraction
layers vere dried (Ne&SQy), and filtered. The filtrate was then concentrated, and the
resulting residue was dried vacuo.The product was converted to the HCI salt by stirring
with 15 mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was
concentrated by rotary evaporation and the resulting residue wasrdviaclio The solids
were triturated with diethyl ether (3 x 15 mL) and the resulting residue wadrtiaduo
The product was converted back to the free base by stirring vigoroubl{svimL of 2 N
ag. NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined

organic layer was dried (M&Qy) and filtered. The filtrate wasoncentrated by rotary

evaporation and the resulting residue was drne¢acuo This produced 2.43 g (99%) of
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NG (p-dimethylaminobenzenesulfonyiljo-(2-methoxybenzenesulfony]N,N-bis(3-
aminopropyl)cyclohexylmethylamineds a yellow viscous oil!H NMR (400 MHz,
CDCl) i 7.82 (t, 6.9 Hz, 1 Hp-ArSOy), 7.60 (d, 8.5 Hz, 2 Hy-ArSOy), 7.48 (t, 7.9 Hz, 1
H, p-ArSQy), 6.99 (t, 7.7 Hz1 H, mArSQ), 6.60 (d, 8.6 Hz, 2 HRArSOy), 5.57 (bs, 2
H, NHSQ), 3.92 (s, 3 H, OC}J, 2.97 (s, 6 H, N(Ch)2), 2.84 (m, 4 H, CHIN), 2.25 (t, 6.2
Hz, 4 H, CHN), 1.95 (d, 6.9 Hz, 2 H, Ci€y), 1.52 (m, &4, CH:C, Cy), 1.27 (m, 1 H,
CH), 1.09 (m, 4 H, Cy), 0.69 (m, 2 H, CY§C NMR (101 MHz,CDCl) i 1563, 152.6,
134.4, 13@, 1288, 1273, 1251, 1204, 1122, 110.8, 617, 564, 536, 51.7, 428, 41.9,
40.0, 357, 318, 267, 26.6, 26.0, 26. IR (neat cm') 2925 (w), 2851 (w), 2601 (w), 1594
(m), 1516 (w), 1480 (m),, 1434 (m), 1368 (w), 1317 (m), 1279 (m), 1248 (w), 1152 (s),
1093 (m), 1069 (m), 1015 (m), 948) 899 (w), 802 (m), 758 (m), 700 (M), 646 (m), 621
(m), 614 (m).MS (ESI) m/z581 (MH"), 5& (MH" +1), 583 (MH™ +2). Anal. Calcd for

C28H44N40sS.HCI-CH3OH: C, 53.65 H, 7.61; N, 8.63 Found: C53.40Q H, 7.23; N, 8.34.



137

Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(2-nitro benzenesulfonyl)

[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL046)3

To a 250 mL round bottom flask, 3.42 g (8.33 mmolNef3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylami@e03 g (9.16 mmol) of 2-
nitrobenzenesulfonyl chlorigdd5 mL of sat. ag. NaCl solution, 15 mL of sat. ag2@&s
solution and 15 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 15 mL), the combined extrigtera
were dried (Ne&SQu), and filtered. The filtrate was then concentrated, and the resulting
residue was drieth vacuo.The product was converted to the HCI salsbgring with 15
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solutiaas concentrated
by rotary evaporation and the resulting residue was dniedacuo The solids were
triturated with diethyl ether (3 x 15 mL) and the resulting residue was idriatuo The
product was converted back to the free base by stirring wighyrovith 15 mL of 2 N aq.

NaOH solution, 15 mL of sat. ag. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined
organic layer was dried (M8Qs) and filtered. The filtree was concentrated by rotary

evaporation and the resulting residue was dnedacuo This produced 4.25 g (99%) of
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NG (p-dimethylaminobenzenesulfonylNo-(2-nitrobenzenesulfonyl)N,N-bis(3
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (400 MHz,
CDCl) 1 8.14 (m, 1 HO-ArS(Q), 7.83 (m, 1 Hp-ArSO,), 7.73 (m, 1 HMArSQ,), 7.66

(m, 2 H,0-ArSQy), 6.68 (m, 2 HM-ArSQOy), 3.13 (t, 6.6Hz, 2 H, CHN), 3.04 (s, 6H,
N(CHs)2), 2.93 (t, 6.3 Hz2 H, CH:zN), 2.37 (m, 2 H, CbN), 2.07 (m4 H, CHCy, CH:C),
1.62(m, 6 H, Cy), 1.35 (m, 1 H, CHCy), 1.17 (m, 4 H, Cy), 0.78 (m, 2H, Bg) NMR

(101 MHz,CDs0OD) 11482, 147.2, 133, 132.8, 132, 131.7, 13®, 128.9, 124.6, 120,
119.5, 59.6, 51.0, 50.8, 44.2, 39.8, 39.723304, 255, 25.0, 23.6, 23. IR (neat crrt)

2924 (w), 2850 (W), 2442 (w), 2199 (w), 2157 (w), 2048 (w), 2035 (w), 2005 (w), 1971
(w), 1962 (w), 1941 (w), 1594 (w), 1538 (m), 1449 (86T (w), 1330 (m), 1162 (s), 1126
(m), 1091 (m), 994 (w), 940 (w), 897 (w), 851 (m), 782 (m), 707 (m), 699 (m), 678 (m),
668 (m), 654 (s), 636 (m) 636 (m), 619 (m), 606 ($. (ESI) m/z59% (MH™), 597 (MH™

+1), 598 (MH* +2). Anal. Calcd for G/HaiN4OsS2 HCI-2CHsOH: C, 50.02 H, 7.24 N,

10.06 Found: C49.76 H, 7.29; N, 10.36.
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(p-methoxybenzensulfonyl)-1,5,9triazacyclododecangTL020) 3

In a 250 mL round bottom flask, 0.890 g (1.53 mmol) BB (p-
dimethylaminobenzenesulfonylNo-(p-methoxybenzenesulfony]N,N-bis(3
aminopropyl)cyclohexylmethylaming] 2.43 g (8.43 mmol) of 2-methylenel,3
propanebigért-butylcarbonatg)130 mg (1.23 mmol) of N&O3, 96.6 mg (0.105 mmol)
of Pcbdba;, 93.3 mg (0.218 mmol) of dppb and 50 mlaahydrouscetonitrile werestirred
underN2 gasand boiled under refluxThe mixture was then allowed to cool to r.t. and
filtered. The filtrate was washed with 50 mL of sat. aq. Nak&&@ution The organic layer
was separated, and the aqueous layer was extracted with D25 (BL). The combined
organicsolutionsweredried (NaeSQu) and filtered. The filtrate was concentrated by rotary
evaporation and thesultingresidue was drieith vacuo The product was converted to the
HCI salt bystirring with 25 mL ofa solution of2 N HCI in MeOH for 1 h. The solution
was then concérated by rotary evaporation and tresultingresidue was drieth vacuo
The resulting solid was triturated with diethyl ethex (35 mL) and the residue dried
vacua The product was then converted back to the free bast@itayg vigorously with25

mL of DCM, 25 mL ofaq. 2 NNaOHsolution and 25 mL sat. aqg. NaGblutionfor 4 h
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The layes wereseparatedand he aqueous layer was extracted with DCM (35 mL).
The combined organisolutions were dried (NaSQs) and filtered. The filtrate was
concentrated and thesultingresidue was drieth vacuo The product was purified by
automated chromatograpby neutral alumina, eluting with 7 (v/v) ethyl acetaténexane.
This produced 0.296 g (31%) of 9-cyclohexylmehyl-1-(4-

dimethylminobenzenesulfonyd-methylene5-(p-methoxysulfonyl

1,5,9triazacyclododecanas a yellow viscous oitH NMR (400 MHz, CDCY) ti7.72 (m,

2H, 0-ArSQy), 7.58 (m, 2H, 0-ArSQOy), 6.97 (m, H, mArSQOy), 6.67 (m, H, mArSQOy),

5.13 (s, 2H, C=CH>), 3.8 (s, 3 H, Chb), 3.67 (s2H, H2/4), 3.53 (s, 2 H, H4/2)3.19 (t,

7.1 Hz, 2H, H6/12), 3.03 (M, 8H, N(CHs)2, H12/6), 2.25 (dt, 18.4, 5.8 Hz, ¥, H8, 10,

1.94 (d, 6.9 Hz, M, CHCy), 1.55 (m, &, H7,11, Cy), 1.11 (m, H, Cy), 0.81 (m, H,

Cy). NMR (101 MHz,CDCls) 1 162.7, 152.7, 138.2, 130.8, 129.2, 129.0, 32B816.3,
114.2,110.9, 62.1, 55.51.9, 50.6, 5@, 445, 43.6, 40.0, 39, 31.9, 268, 26.0, 24.8, 23.9.

IR (neat cml) 2926 (w), 2385 (w), 2122 (w), 159), 1517 (W), 1497 (w), 1447 (w),
1370 (w), 1333 (m), 1260 (m), 1150 (s), 1091 (m), 1018 (w), 898 (w), 835 (w), 806 (m),
724 (w), 685 (M)MS (ESI) m/z633 (MHY). Anal. Calcd for GHs51CIN4OsSH20: C,

55.92 H, 7.48 N, 8.15 Found: C56.22 H, 773;N, 7.97
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(4-bromobenzenesulfonyl1,5,9triazacyclododecangTL021)3

/N Br
0] 0]
I I

To a 250 mL round bottom flask, 0.459 g (0.729 mmol) N&(p-
dimethylaminobenzenesulfonyNo-(p-bromdenzenesulfony)N,N-bis(3-
aminopropyl)cyclohexylmethylaming] 0.459 g (.728 mmol) of2-methylenel,3
propanebigért-butylcarbonate)1.05 mg3.68 mmol) of NaCOz, 43.9 mg (0.0479 mmol)
of Pdbdba, 50.7 mg (0.119 mmol) of dppb and 81 mlaohydrous acetonitrile were stirred
underN2 gasand boiled under reflux. The mixture was then allowed to cool to r.t. and
filtered. The filtrate was wash&dth 50 mL of sat. aq. NaHC{3olution. The organic layer
was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The combined
organic solutions were dried (b&Qs) and filtered. The filtrate was concentrated by rotary
evaporation and thesulting residue was driéa vacuo The product was converted to the
HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1 h. The solution
was then concentrated by rotary evaporation and the resulting residue was daiedo
The reslting solid was triturated with diethyl ether (3 x 88.) and the residue dried
vacua The product was then converted back to the free base by stirring vigorously with 25
mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. aq. NaCl solution for 4 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 25 mL).
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The combined organic solutions were dried £B&;) and filtered. The filtrate was
concentrated and the resulting residue was dnedicuo The product was purified by
automated chromatography on neutral alumina, eluting3vitfv/v) ethyl acetate/hexan
This produced 159 mg (32%) of 9-cyclohexylmethyll-(4-
dimethylminobenzenesulfonyd-methylene5-(4-bromobenzenesulfonyl)
1,5,9triazacyclododecanas a clear viscous ofiH NMR (400 MHz, CDCY) 11 7.64 (m, 4

H, 0-ArSO;, mArSQ,), 7.54 (m, 2 HP-ArSOy), 6.64 (m, 2 HMArSOy), 5.12 (s, 2 H,
C=CHy), 3.89 (s, 2 HH2/4), 3.62 (s, 2 HH4/2), 3.26 (t, 7.2 Hz, 2 H16/12), 3.01 (s, 6 H,
N(CHa)2), 2.96 (t, 6.4 Hz, 2 HH12/6), 2.24 (m, 4 HH8, 10, 1.93 (m, 6.9 Hz, 2 H, CH
,Cy), 159 (m, 8H,H7, 11, Cy), 1.21 (m, 1 H, §), 1.10 (m, 4 H, Cy), 0.68 (m, 2 H, Cy).
13C NMR (101 MHz,CDCls) U1 1528, 1381, 1324, 1291, 128.6, 127.4, 122.7, ID,
1163, 11009, 66.8, 64.4, 64, 529, 508, 499, 48.9, 4.0, 433, 40.0, 39, 31.9,27.7, 26.0.

IR (neat cmt) 2924 (w), 2852 (w), 2402 (w), 2115 (w), 1595 (w), 1573 (w), 1516 (w),
1448 (w), 1369 (w), 1336 (w), 1278 (w), 1231 (w), 1152 (m), 1091 (w), 1067 (w), 1008
(w), 924 (w), 902 (w), 873 (w), 820 (w), 776 (w), 747 (w), 713 (w), 67L W& (ESI)
m/z681 (M), 683 (MH" +1). Anal. Calcd for GiHasN4O+S:Br.HCI-H2O: C, 50.57 H,

6.57 N, 7.61 Found: C50.67 H, 6.63; N, 7.55.
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(naphthalene 2-sulfonyl)-1,5,9triazacyclododecangTL022)3

To a 250 mL round bottom flask, 0.610 g (1.02 mmol) WN&(p-
dimethylaminobenzenesulfonylNo-(naphthalene-sulfonyl)-[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 1.46 g (5.06 mmol) of 2-methylenel,3
propanebigeért-butylcarbonate) 59.4 mg (0.560 mmol) of N&Os, 82.3 mg (0.0899
mmol) of Pddba, 94.3 mg (0.221 mmol) of dppb and 50 mLavthydrous acetonite
were stirred undeXz gasand boiled under reflux. The mixture was then allowed to cool to
r.t. and filtered. The filtrate was washed with 50 mL of sat. aq. Naj$0lDtion. The
organic layer was separated, and the aqueous layer was extract®dCWit(8 x 25 mL).

The combined organic solutions were dried &8@;) and filtered. The filtrate was
concentrated by rotary evaporation and the resulting residue wasinnetuo The
product was converted to the HCI salt by stirring with 25 mL of a swiudf 2 N HCl in

MeOH for 1 h. The solution was then concentrated by rotary evaporation and the resulting
residue was drieth vacuo The resulting solid was triturated with diethyl ether (3 x 25
mL) and the residue drigd vacuo The product was then ceerted back to the free base

by stirring vigorously with 25 mL of DCM, 25 mL of aq. 2 N NaOH solution, and 25 mL

sat. aq. NaCl solution for 4 h. The layers were separated, and the aqueous layer was
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extracted with DCM (3 x 25 mL). The combined organic sohg were dried (N&SQ)
and filtered. The filtrate was concentrated and the resulting residue wasd@edo The
product was purified by automated chromatography on neutral alumina, eluting:Wwith
(v/v) ethyl acetate/hexan&his produced 0.264 g40%) of 9-cyclohexylmethyl-(4-

dimethylaminobenzenesulfonyd-methylene5-(naphthalen&-sulfonyl)-

1,5,9triazacyclododecanasa yellow viscous oil'H NMR (400 Mhz, CDCGJ) i8.38 (s, 1
H, 22ArS0y), 7.97 (m, H, 4,7-ArSOy), 7.92 (m, 1H, 10-ArS0,), 7.78 (dd, 8.7, 1.9 Hz, 1
H, ArSOy), 7.62, (m, H, 5,6ArSO,, 0-ArSQy), 6.68 (M, H, MArSO,), 5.18 (s, 1 H,
C=CHp), 5.16 (s, 1 H, C=Ck) 3.98 (s, 2H, H2/4), 3.71 (s2 H, H4/2), 3.30 (t, 7.2 Hz, 2
H, H6/12), 3.05 (m, 8H, N(CH)2, H12/6), 2.26 (dt, 23.5, 5.8 Hz, ¥, H8, 10, 1.95 (d,
6.9 Hz, 2H, CH,.Cy), 1.63 (m, 14, H7, 11, Cy), 1.22 (m, 3, CH, Cy) 0.68 (q, 11.4 Hz,
2H, Cy).13C NMR (101 MHz,CDCl) 1141.8, 135.0, 133, 132.1, 129, 129.5, 129.24,
129.22, 18.0, 127.9, 1228, 1194, 61.0, 8.0, 528, 48.7, 337, 31.6, 25/, 255. IR (neat
cml) 2925 (w), 2852 (W), 2498 (w), 2112 (w), 1595 (516 (w), 1448 (w), 1371 (w),
1332 (m), 1229 (w), 1151 (m), 1130 (m), 1092 (m), 1073 (W), 1016 (w), 899 (w), 874 (w),
857 (W), 817 W), 776 (w), 751 (w), 734 (w), 658 (WMS (ESIH) m/z653 (MH™). Anal.
Calcd for GsHs1N4OsSHCI1.5H,0: C,58.68 H, 7.32 N, 7.82 Found: C58.84 H, 7.43;

N, 7.74
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene
5-(naphthalene 1-sulfonyl)-1,5,9triazacyclododecangTL023) 2

To a 250 mL round bottom flask, 0.467 g (0.777 mmol) N&(p-
dimethylaminobenzenesulfonyNo-(naphthalene-sulfonyl)-[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 1.12 g (3.88 mmol) of 2-methylenel,3
propanebigért-butylcarbonatg) 30.2 mg (0.285mmol) of N&QCs;, 46.4 mg (0.0507
mmol) of Pddba, 41.5 mg (0.0973 mmol) of dppb and 86 mLaohydrous acetonite
were stirred undeXz gasand boiled under reflux. The mixture was then allowed to cool to
r.t. and filtered. The filtrate was washed with 50 mL of sat. aq. Naj$0Dtion. The
organic layer was separated, and the aqueous layer was extractBdCWit(8 x 25 mL).

The combined organic solutions were dried £8@;) and filtered. The filtrate was
concentrated by rotary evaporation and the resulting residue wasinnetuo The
product was converted to the HCI salt by stirring with 25 mL of a swudf 2 N HCl in

MeOH for 1 h. The solution was then concentrated by rotary evaporation and the resulting
residue was drieth vacuo The resulting solid was triturated with diethyl ether (3 x 25
mL) and the residue driad vacuo The product was then ceerted back to the free base

by stirring vigorously with 25 mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL
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sat. aq. NaCl solution for 4 h. The layers were separated, and the aqueous layer was
extracted with DCM (3 x 25 mL). The combined organic sohg were dried (N&SQ)

and filtered. The filtrate was concentrated and the resulting residue wasd@edo The
product was purified by automated chromatography on neutral alumina, eluting:with
(v/v) ethyl acetate/hexand&his produced 122 mg 826) of 9-cyclohexylmethyl-(4-
dimethylaminobenzenesulfonyd-methylene5-(naphthalend-sulfonyl)}-1,5,9
triazacyclododecanas a yellow viscous oitH NMR (400 Mhz, CDGJ) (i8.66 (d, 8.7 Hz,

1 H, 2ArSO,), 8.26 (d, 7.3 Hz, 1 H,-ArSQy), 8.05 (d,8.3 Hz, 1 H, 3ArSOy), 7.93 (m, 1

H, 7-ArSQ,), 7.67 (m, 1 H, 8ArSO,), 7.56 (m, 4 H, 4 ArSO,, 0-ArSOy), 6.67 (m, 2 H,
M-ArSO,) 514 (s, 1 H, C=CHy), 5.06 (s, 1 H, C=CHy), 4.13 (s, 2HH2/4), 3.54 (s, 2 H,
H4/2), 3.42 (t, 7.6 Hz, 2 HH16/12), 3.04 (s, 6 H, N(6l3),), 2.88 (t, 6.2 HzH12/6), 2.33 (t,

5.9 Hz, 2 HH8/10), 2.14 (t, 5.8 HzH10/8), 1.94 (d, 6.9 Hz, 2 H, E2Cy), 1.77 (m, 2 H,
H7/10), 1.62 (m, 6 H, Cy), 1.43 (m, 2 #10/7), 1.15 (m, 3 H, Cy), 0.68 (4.1.8 Hz, 2 H,

Cy). 3C NMR (101 MHz,CDCl) 1i152.8, 138.1, 135.0, 134.3, 134.1, 130.0, 129.29].28.
1286, 128.1, 126.8, 124.9, 124.1, 122116.5, 11(®, 622, 545, 514, 49.5, 47.2, 45.4,
422, 40.0, 39, 31.9, 268, 26.0, 237. IR (neat crit) 3214 (w), 2919 (w), 2295 (w), 2216
(w), 2181 (w), 2165 (w), 2086 (w), 2055 (w), 1983 (w), 1595 (w), 1507 (w), 1446 (w),
1317 (w), 1148 (m) 1130 (m), 1090 (m), 1075 (m), 1063 (w), 994 (w), 976 (m), 942 (w),
934 (w), 902 (w), 857 (w), 795 (w), 771 (s), 7@0), 687 (s), 672 (m), 616 (s), 608 (m).
MS (ESI") m/z653 (MH™). Anal. Calcd. for GsH4gN4OsS,-HCI: C, 60.98; H, 7.16; N, 8.13.

Found: C, 60.61; H,6.92; N, 7.86.
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(methylsulfonyl)-1,5,9triazacyclododecangTL027)3

To a 500 mL round bottom flask, 0.957 g (1.96 mmol) WN&(p-
dimethylaminobenzenesulfonylNo-(methykulfonyl)}-[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 2.56 g (8.88 mmol) of 2-methylenel,3
propanebigeért-butylcarbonatg)0.243 g (2.29 mmol) of N&0O3, 0.108 g (0.118 mmol) of
Pcdbas, 0.110g (0.258 mmol) of dppb and 218 mLaohydrous acetonitrile were stirred
underN2 gasand boiled under reflux. The mixture was then allowed to cool to r.t. and
filtered. The filtrate was washed with 50 mL of sat. aq. Nak&&@ution. The organic layer
was separated, and the aqueous layer was extracted with DCM (3 x 25 m&dnilkieed
organic solutions were dried (pP&Qy) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was drieéicuo The product was converted to the
HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeQdét 1 h. The solution
was then concentrated by rotary evaporation and the resulting residue was daiealo
The resulting solid was triturated with diethyl ether (3 "5 and the residue dried
vacua The product was then converted back to the free base by stirring vigorously with 25

mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. aq. NaCl solution for 4 h.
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The layers were separated, and the aqueous layer was extracted with DCM (3 x 25 mL).
The combined organic solutions were dried &8@;) and filtered. The filtrate was
concentrated and the resulting residue was dnedicuo The product was purified by
automated chromatography on neutral alumina, elutingitfv/v) ethyl acetate/hexan

This produced 344 mg (33%) of4-((9-(cyclohexylmethyl)3-methyleneb-
(methylsulfonyl}1,5,9triazacyclododecad-yl)sulfonyl)-N,N-dimethylaniline as a
yellow viscous oil*H NMR (400 MHz, CDCY) i 7.59 (m, 2 Ho-ArSQ,), 6.69 (m, 2 H,
M-ArSO,), 5.21(d, 37.9 Hz, 2 H, C=Ch), 3.99 (s, 2 HH2/4), 3.60 (s, 2 HH4/2), 3.43 (t,

7.6 Hz, 2 HH6/12), 3.06 (s, 6 H, N(CH)2), 2.95 (m, 2 HH12/6), 2.88 (s, 3 H, SECH3),

2.41 (t, 5.8 Hz, 2 HH8/10), 2.30 (t, 5.8 Hz, 2 HH10/8), 2.00 (d, 6.9 Hz, 2 HCH:Cy),

1.67 (m, 10 HH7, 11, Cy), 1.49 (m, 1 HCy), 1.20 (m, 4 H, Cy), 0.71 (q, 11.8 Hz, 2 H,
Cy). 13C NMR (101 MHz,CDCl) {i 152.8, 138.3, 129, 122.2, 1161, 110.9, 77.3, 7.0,

76.7, 62.1, 541, 51.0, 495, 474, 45.6, 42.7, 40.,980, 35.9, 31.927.7, 268, 26.0, 250,
23.5.1R (neat crit) 2925 (w), 2847 (w), 2416 (w), 2283 (w), 1656 (w), 1595 (w), 1516
(w), 1449 (w), 1373 (w), 1320 (w), 1225 (w), 1146 (m), 1090 (m), 1016 (w), 966 (m), 898
(w), 877 (w), 791 (m), 756 (w), 733 (w), 707 (w), 686 (MBS (ESI) m/z541 (MH™), 542
(MH*+1), 58 (MH" +2). Anal. Calcd. for GeHa4N404sS-HCI-0.25H0: C,53.68 H, 7.88;

N, 9.63 Found: Ch53.43 H,7.51; N, 9.36
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(4-dimethylaminobenzenesulfony}-1,5,9triazacyclododecang TL029)3

To a 250 mL round bottom flask, 0.501 g (0.844 mmol) N&(p-
dimethylaminobenzenesulfonylNo-(p-dimethylaminobenzeselfonyl)-[ N,N-bis(3
aminopropyl)cyclohexylmethylaming] 1.11 g (3.85 mmol) of 2-methylenel,3
propanebigért-butylcarbonate) 0.0107 g (0.100 mmol) of M@0, 0.0529 g (0.0559
mmol) of Pddba, 0.0417 g (0.0978 mmol) of dppb and 94 of anhydrous acetonitrile
were stirred undeXz gasand boiled under reflux. The mixture was then allowed to cool to
r.t. and filtered. The filtrate was washed with 50 mL of sat. aq. Naj$0lDtion. The
organic layer was separated, and the aqueousuwagextracted with DCM (3 x 25 mL).
The combined organic solutions were dried &8@;) and filtered. The filtrate was
concentrated by rotary evaporation and the resulting residue wasinnetuo The
product was converted to the HCI salt by stirring with 25 mL of a solution of 2 N HCl in
MeOH for 1 h. The solution was then concentrated by rotary evaporation and the resulting
residue was drieth vacuo The resulting solid was triturated with digk ether (3 x 25
mL) and the residue drigd vacuo The product was then converted back to the free base
by stirring vigorously with 25 mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL

sat. aq. NaCl solution for 4 h. The layers were separated, andgtieous layer was
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extracted with DCM (3 x 25 mL). The combined organic solutions were driesb(¥a

and filtered. The filtrate was concentrated and the resulting residue wasd@edo The
product was purified by automated chromatography on nealtralina, eluting witl3:7

(v/v) ethyl acetate/hexan&@his produced 68.9 mg (13%) 8tcyclohexylmethyl-(4-
dimethylaminobenzenesulfonyd-methylene5-(4-dimethylaminobenzenesulfonyl
1,5,9triazacyclododecanas a clear viscous oftd NMR (500 MHz, CICls) i 7.62 (, 4

H, 0-ArSQOy), 6.69 (m, 4 HMArSQ,), 5.19 (s, 2 H, C=C}), 3.77 (m4H, H2, 4), 3.13 (m,

2 H, H6/12), 3.06 (s,8 H, N(CHs)2, H6/12), 2.27 (m,2 H, CHxCy), 1.96 (t, 6.9 Hz4 H,

H8, 10, 1.61 (M8 H, H7,11,Cy) 1.19 (m1H, Cy), 0.94 (m, 4 H, Cy), 0.69 (m, 2 H, Cy).
13C NMR (101 MHz,CDCl) U 152.33, 142.26, 129.46, 118.90, 112.56, 109.99, 77.30,
76.98, 76.66, 60.97, 52.92, 48.71, 47.25, 40.95, 33.77, 31.66, 25.68, 25.54R(téat
cml) 2924 (w), 2432 (w), 1595 (s1516 (w), 1446 (w), 1369 (w), 1333 (m), 1317 (m),
1229 (w), 1147 (s), 1091 (s), 998 (w), 942 (w), 898 (w), 816 (w), 777 (m), 721 (w), 679
(m). MS (ESI) m/z646 (MH™). Anal. Calcd for GsH51NsOsS.HCI-MeOH: C, 57.16 H,

7.90 N, 9.80 Found: C57.22 H, 8.23; N, 9.47.
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(benzenesulfony)-1,5,9triazacyclododecangTL032)3

To a 500 mL round bottom flask, 1.34 g (2.44 mmol) bBB(p-
dimethylaminobenzenesulfonylNo-(benzensulfonyl)}-[N,N-bis(3-
aminopropyl)cyclohexylmethylaming] 3.58 g (12.4 mmol) of 2-methylenel,3
propanebigért-butylcarbonate)0.0960 g (0.906 mmol) of NE@0Os, 0.133 g (0.145 mmol)
of Pcdba, 0.136 g (0.319 mmol) of dppb and 270 mLawihydrous acetonitrile were
stirred undeNz gasand boiled under reflux. The mixture was then allowed to cool to r.t.
and filtered. The filtrate was washed with 50 mL of sat. aq. Na¢$Gl0tion. The organic
layer was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The
combined orgnic solutions were dried (Ma&Qs) and filtered. The filtrate was concentrated
by rotary evaporation and the resulting residue was dniegacuo The product was
converted to the HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1
h. The solution was then concentrated by rotary evaporation and the resulting residue was
driedin vacuo The resulting solid was triturated with diethyl ether (3 x5 and the
residue driedn vacuo The product was then converted back to the free bastriiygs
vigorously with 25 mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. ag. NacCl

solution for 4 h. The layers were separated, and the aqueous layer was extracted with DCM
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(3 x 25 mL). The combined organic solutions were dried$%) and filtered. The filtrate
was concentrated and the resulting residue was triedcuo The product was purified
by automated chromatography on neutral alumina, eluting Jith (v/v) ethyl
acetate/lhexane. This produced 534 mg (36%) of9-cyclohexylmethyll-(4-
dimethylminobenzenesulfonyd-methylene5-(benzenesulfon1,5,9
triazacyclododecanas a clear viscous oflH NMR (400 MHz, CDCJ) i 7.79 (m, 2 Hp-
ArSQ,), 7.56 (m, 3 HO-ArSO,, p-ArSQ,) 7.51 (m, 2 HMArSQ), 6.66 (m, 2 Hm-
ArSQy), 5.14 (d, 3.Hz, 2 H, C=CH), 3.88 (s, 2 HH2/4), 3.67 (s, 2 HH4/2), 3.24 (t, 7.2
Hz, 2 HH6/12), 3.03 (m, 8 H, N(Ch)2, H12/6), 2.24 (m, 4 HH8, 10, 1.94 (d, 6.8 Hz, 2
H, CH.Cy), 1.62 (m, 10 HH7, 11,Cy), 1.16 (m, 4 H, Cy), 0.68 (m, 2 H, Cy§C NMR
(101 MHz,CDCl) 111528, 1394, 138.2, 132.5, 129.1, 129.1271, 123.0, 17.0, 116.3,
110.9, 6609, 645, 62.1, 52.3, 50.7, 50.0, 4D 44.7, 43.5, 40.0, 38, 31.9, 27.7, 28, 26.0,
25.0, 23.8IR (neat cnmt) 2924 (w), 2852 (w), 2383 (w), 2096 (w), 1595 (w), 1516 (w),
1446 (w), 1368 (w), 1334 (w), 1319 (w), 1229 (w), 1151 (m), 1124 (w), 1092 (w), 1000
(w), 942 (w), 903 (w), 875 (w), 817 (w), 777 (w), 731 (w), 704 (w), 691 (w), 667\I\3).
(ESI) m/z603 (MH™). Anal. Calcd. for GiH4eN4OsS-HCI-2H20: C, 55.13 H, 7.61; N,

8.30 Found: C55.12 H, 7.87, N, 8.29.
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(morpholinylsulfonyl )-1,5,9triazacyclododecangTL033)3

|
/N (0]
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To a 500 mL round bottom flask, 1.20 g (2.14 mmol) bB(p-
dimethylaminobenzenesulfonylo-(morpholinylsulfonyl}[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 3.10 g (10.8 mmol) of 2-methylenel,3
propanebigert-butylcarbonate)0.290 g (2.73 mmol) of N€0O3, 0.121 g (0.132 mmol) of
Pddba, 0.136 g (0.319 mmol) of dppb and 238 mlaahydrous acetonitrile were stirred
underN2 gasand boiled under reflux. The mixture was then allowed to cool to r.t. and
filtered. The filtrate was washed with 50 mL of sat. aq. Nak&a&@ition. The organic layer
was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The combined
organic solutions were dried (MaQs) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was drieécuo The product was converted to the
HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1 heTdolution
was then concentrated by rotary evaporation and the resulting residue was daiedo
The resulting solid was triturated with diethyl ether (3 "5 and the residue dried
vacua The product was then converted back to the free baderiygsvigorously with 25
mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. aq. NaCl solution for 4 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 25 mL).
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The combined organic solutions were dried £B@&;) and fillered. The filtrate was
concentrated, and the resulting residue was dniecicuo The product was purified by
automated chromatography on neutral alumina, eluting3vitfv/v) ethyl acetate/hexane.
This produced 438 mg (33%) of 9-cyclohexylmethyll-(4-
dimethylaminobenzenesulfonyd-methylene5-(morpholinylsulfony)-1,5,9
triazacyclododecanas a yellow viscous oitH NMR (400 MHz, CDCJ) i7.22 (m, 2 H,
0-ArSQy), 6.45 (m, 2 HMArSQy), 4.99 (s, 1 H, C=C}), 4.88 (s, 1 H, C=C}}, 3.84 (s, 2

H, H2/4), 3.49 (m, 4 H, CHOCH), 3.30 (s, 2 HH4/2), 3.15 (m, 2 HH6/12), 2.93 (m, 4

H, CHbNCHy), 2.81 (s, 6 H, N(CH)2), 2.64 (m, 2 HH12/6), 2.18 (m, 2 HH8/10), 2.04

(t, 5.7 Hz, 2 HH10/8), 1.76 (d, 6.9 Hz, 2 H, Ci&y), 1.47 (m, 8 HH7, 11 Cy), 1.01 (m,

2 H, Cy), 0.88 (m3 H, Cy), 0.47 (q, 11.6 Hz, 11.1 Hz, 2 H, C{3C NMR (101 MHz,
CDCl) 11153.0, 138.5, 129.4, 129.0, 116.0, 111.0, 66.5, 62.3, 55.6, 49.5, 48.0, 46.5,
46.2, 46.0, 4B, 402, 361, 321, 26.9, 26.5, 26.2, 24..IR (neat cnt) 2924 (w), 2854 (w),
2399 (w), 2118 (w), 1595 (m), 1517 (w), 1448 (w), 1333 (m), 1260 (w), 1229 (w), 1149
(s), 1112 (m), 1092 (m), 1071 (w), 1017 (w), 940 (m), 818 (w), 780 (w), 727 (w), 683 (w).
MS (ESI) m/z612 (MH™). Anal. Calcd. for GoHaaNs05S,-2HCI-H20: C, 48.32 H, 7.69;

N, 9.72 Found: C48.38 H, 7.30 N, 9.79.



155

Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(5-(dimethylamino)naphthalene 1-sulfonyl)-1,5,9triazacyclododecangTL037)3

To a 500 mL round bottom flask, 2.15 g (3.34 mmol) bB(p-
dimethylaminobenzenesulfonylNo-(5-(dimethylamino)naphthalerk-sulfonyl)}-[N,N-
bis(3-aminopropyl)cyclohexylmethylaming}4.85 g (16.8 mmol) of-methylenel,3
propanebigért-butylcarbonatg)0.120 g (1.13 mmol) of N&O3, 0.191 g (0.209 mmol) of
Pcdbas, 0.201 g (0.471 mmol) of dppb and 370 mlaahydrous acetonitrile were stirred
underN2 gasand boiled under reflux. The mixture was then allowed to cool to r.t. and
filtered. The filtrate was washed with 50 mL of sat. aq. Nak&&@ution. The organic layer
was separated, and the aqueous layer was extracted with DCM (3 x 25 m&dnilkieed
organic solutions were dried (pP&(y) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was drieécuo The product was converted to the
HCI salt by stirring with 25 mL of a solution of 2 N HCI in Meldor 1 h. The solution
was then concentrated by rotary evaporation and the resulting residue was daiedo
The resulting solid was triturated with diethyl ether (3 "5 and the residue dried
vacua The product was then converted back to the free base by stirring vigorously with 25
mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. aq. NaCl solution for 4 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 25 mL).
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The combined organic solutions were dried &8@;) and filtered. The filtrate was
concentrated and the resulting residue was dnedicuo The product was purified by
automated chromatography on neutral alumina, elutingWitfv/v) ethyl acetate/hexan
This produced 1.05 g (45%) &{cyclohexylmethyl1-(4-dimethylaminobenzenesulfonyl)
3-methylene5-(5-(dimethylamino)naphthalenk sulfonyl)-1,5,9triazacyclododecanes

a yellow viscous oil'H NMR (400 MHz, CDCJ) 118.52 (d, 8.5 Hz, 1 H,-3rS(O,), 8.25
(m, 2 H, 2ArSO,, 8ArSQ,), 7.53 (m, 4 Hp-ArSO,, 7-ArSQO,, 3-ArSQ,), 7.16 (d, 7.5 Hz,
1 H, 6ArSQ), 6.66 (m, 2 HM-ArSOy), 5.11 (d, 42.2 Hz, 2 H, C=CG}{ 4.10 (s, 2 HH2/4),
3.54 (s, 2 HH4/2), 3.40 (t, 7.6 Hz, 2 HH6/12), 3.04 (s, 6 H, N(CH)2), 2.87 (m, 2 H,
H12/6), 2.32 (m, 2 HH8/10), 2.13 (m, 2 HH10/8), 1.93 (d, 6.8 Hz, 2 HCH.Cy), 1.53
(m, 10 H,H7, 11, Cy), 1.18 (m, 4 H, Cy) 0.82 (m, 1 Hy}; 0.68 (m, 2 H, Cy)*C NMR
(101 MHz,CDCl) t11528, 1517, 1382, 135.1, 13@B, 130.0, B0.0 129.2, 128.0, 123.1,
1221, 1195, 1166, 115.1, 110.8, 62.2, 54.4, 81496, 473, 45.4, 422, 40.0, 350, 31.9,
268, 26.0, 237. IR (neat cmf) 3377 (W), 2927 (w), 2852 (w), 2428 (w), 2115 (w), 1595
(w), 1514 (w), 1451 (w), 1387 (w), 133w), 1233 (w), 1140 (w), 1091 (w), 1046 (w),
1016 (w), 995 (w), 899 (w), 794 (w), 733 (w), 686 (MS (ESI) m/z696 (MH™). Anal.
Calcd. for G7Hs3N4OsS-2HCI: C, 57.8Q H, 7.21; N, 9.11 Found: C57.95 H, 6.87, N,

9.09.
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Synthesis 0f9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyh3-methylene

5-(4-tert-butyl sulfonyl)-1,5,9triazacyclododecangTL038)3

To a 500 mL round bottom flask, 1.68 g (2.77 mmol)NG(p-
dimethylaminobenzenesulfonylNo-(4-tert-butylnaphthalend-sulfonyl)}-[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 4.00 g (13.9 mmol) of 2-methylenel,3
propanebigeért-butylcarbonate)0.177 g (1.66 mmol) of N&0O3, 0.150 g (0.164 mmol) of
Pdbdba, 0.152 g (0.356 mmol) of dppb and 300 mLasthydrous acetonitrile were stirred
underN2 gasand boiled under reflux. The mixture was then allowed to cool to r.t. and
filtered. The filtrate was washed with 50 mL of sat. aq. Nak&a&@ition. The organic layer
was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The combined
organic solutions were dried (b&Qs) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was drieécuo The product was conited to the
HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1 h. The solution
was then concentrated by rotary evaporation and the resulting residue was daiedo
The resulting solid was triturated with diethyl ether (3 "5 and the residue drieth
vacua The product was then converted back to the free base by stirring vigorously with 25
mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. aq. NaCl solution for 4 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 25 mL).
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The combined organic solutions were dried &8@;) and filtered. The filtrate was
concentrated and the resulting residue was dnedicuo The product was purified by
automated chromatography on neutral alumina, eluting3vitfv/v) ethyl acetate/hexan
This produced 615 mg (34%) of 9-cyclohexylmethyll-(4-
dimethylminobenzenesulfonyB3-methylene5-(4-tert-butylsulfonyl)-1,5,9
triazacyclododecanas aclear viscous oil'H NMR (400 MHz, CDC4) 117.69 (m, 2 Hm-
ArSQ), 7.58 (m, 2 HM-ArSOy), 7.50 (m, 2 Hp-ArSQ,), 6.67 (m, 2 Ho-ArSO), 5.17

(d, 7.1 Hz, 2 H, C=Cb), 3. 84 (s, 2 HH2/4), 3.70 (s, 2 HH4/2), 3.21 (t, 7.1 Hz, 2 H,
H6/12), 3.04 (m, 8 HH12/6, N(CHb)2), 2.25 (m, 4 HH8, 10, 1.94 (d, 6.9 Hz, 2 H, Ciy)
1.60 (m,8 H, H7, 11, Cy), 1.34 (m, 11 H, C(C#k, Cy) 1.10 (m3 H, Cy), 0.67 (m, 2 H,
Cy). 3C NMR (101 MHz,CDCl) 11 157.2, 1517, 142.0, 133.2, 129.37, 127.42, 1426.
119.2,113.8, 609, 53.0, 52.6, 49, 47.3, 4.0, 41.5, 35.2, 33.6, 31.5, 31.0, 25.6, 2202,
20.0.IR (neat crif) 2922 (w), 2850 (w), 2372 (w), 1769 (w), 1704 (w), 1596 (m), 1515
(W), 1446 (w), 1392 (w), 1364 (w), 1330 (m), 1318 (m), 1263 (w), 1230 (w), 1151 (s), 1114
(m), 1093 (s), 1016(w), 998 (M), 943 (w), 904 (w), 841 (w), 777 (m), 760 (rB)s§1672
(m), 637 (s), 619 (m). MS (E§Im/z659 (MH*), 660 (MH* +1), 66L (MH* +2). Anal.
Calcd for GsHs4N404S2.HCI-0.5H0: C,59.68 H, 8.01; N, 7.95 Found: C59.56 H, 7.80;

N, 7.90.
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Synthesis of4-((5-(benzo[][1,3]dioxol-5-ylsulfonyl)-9-(cyclohexylmethyl) 3-

methylene 1,5,9triazacyclododecani-yl)sulfonyl)-N,N-dimethylaniline (TL039)3

/NWCOL//O\ ﬁ 9 J;IZ>
(y
O

To a 500 mL round bottom flask, 1.74 g (2.93 mmol) bB(p-
dimethylaminobenzenesulfonyljo-(benzo[d][13]dioxole-5-sulfonyl}[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 4.27 g (14.8 mmol) of 2-methylenel,3
propanebigeért-butylcarbonate)0.150 g (1.41 mmol) of N&O3, 0.191 g (0.209 mmol) of
Pddba, 0.158 g (0.370 mmol) of dp@nd 325 mL oinhydrous acetonitrile were stirred
underN2 gasand boiled under reflux. The mixture was then allowed to cool to r.t. and
filtered. The filtrate was washed with 50 mL of sat. aq. Nak&a&@ition. The organic layer
was separated, and the aqus layer was extracted with DCM (3 x 25 mL). The combined
organic solutions were dried (b&Qs) and filtered. The filtrate was concentrated by rotary
evaporation and the resulting residue was drieécuo The product was converted to the
HCI salt by sirring with 25 mL of a solution of 2 N HCI in MeOH for 1 h. The solution
was then concentrated by rotary evaporation and the resulting residue was daiealo
The resulting solid was triturated with diethyl ether (3 "5 and the residue dried
vacua The product was then converted back to the free base by stirring vigorously with 25

mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. aq. NaCl solution for 4 h.
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The layers were separated, and the aqueous layer was extracted with DCM (3. x 25 m
The combined organic solutions were dried &8@;) and filtered. The filtrate was
concentrated, and the resulting residue was dniecicuo The product was purified by
automated chromatography on neutral alumina, eluting3vitfv/v) ethyl acetate/hexane.
This produced 0.492 g (26%) of 9-cyclohexylmethyl-(4-
dimethylaminobenzenesulfonyd-methylene5-( benzofl][1,3]dioxole-5-sulfonyl)-1,5,9
triazacyclododecanas a clear viscous ofiH NMR (400 MHz, CDCY) 17.58 (m,2 H, o-
ArSQy), 7.35 (dd, 8.2 Hz, 1.8 Hz, 1 H;ArSOy), 7.20 (s, 1 H, ArSO), 6.99 (d, 8.2 Hz,

1 H, 6ArSQ,), 6.67 (m, 2 HM-ArSQOy), 6.08 (s, 2 H, OCED), 5.16 (m, 2 H, C=C}},

3.84 (s, 2 HH2/4), 3.68 (s, 2 HH4/2), 3.22 (t, 7.0 Hz, 2 HH6/12), 3.04(m, 8 H, N(CH)z,
H12/6), 2.29 (m, 2 HH8/10), 2.24 (t, 5.8 Hz, 2 H110/8), 1.95 (d, 6.9 Hz, 2 H, Cigy),

1.61 (m, 10 HH7, 11, Cy), 1.13 (m, 2 H, Cy), 0.68 (q, 11.6 Hz, 2 H, C§ NMR (101
MHz, CDCk) 11528, 1512, 1482, 1382, 132.5,129.0, 1231, 122.7,116.3, 119, 108.3,
107.4,102, 62.1, 521, 50.7,50.1, 49, 446, 436, 40.0, 350, 31.9, 268, 26.0, 249, 23.9.

IR (neat cr) 3361 (W), 2926 (w), 2853 (w), 2483 (w), 2132 (w), 2028 (w), 1976 (w),
1595 (m), 1502 (W), 1477 (m)448 (w), 1425 (w), 1372 (w), 1330 (m), 1241 (m), 1174
(w), 1145 (s), 1111 (m), 1032 (m), 928 (w), 898 (m), 876 (w), 816 (w), 774 (w)m 732 (m),
706 (w), 696 (w), 681 (w), 671 (w), 636 (w), 622 (w), 608 (ME (ESI) m/z647 (MH™).

Anal. Calcd. for GoH4eN4O0eS-2HCI: C,53.4Q H6.72; N, 7.78Found: Cp3.3Q H,6.72

N, 7.79.
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Synthesis of 9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyb3-methylene

5-(2-methoxysulfonyl)-1,5,9triazacyclododecangTL045)3

T A

To a 500 mL round bottom flask, 1.82 g (3.13 mmol) bB(p-
dimethylaminobenzenesulfonyNo-(2-methoxysulfonyB[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 4.58 g (15.9 mmol) of 2-methylenel,3
propanebigeért-butylcarbonate)179 mg (1.68 mmol) of N&Os, 173 mg (0.189 mmol)
of Pcbdba, 170. mg (0.399 mmol) of dppb and 348 mLamhydrous acetonitrile were
stirred undeN2 gasand boiled under reflux. The mixture was then alloweedool to r.t.
and filtered. The filtrate was washed with 50 mL of sat. aq. Nag$Gl0tion. The organic
layer was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The
combined organic solutions were dried §8@) and filtered. Theiltrate was concentrated
by rotary evaporation and the resulting residue was dniedacuo The product was
converted to the HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1
h. The solution was then concentrated by rotary evaporatidrihe resulting residue was
driedin vacuo The resulting solid was triturated with diethyl ether (3 x5 and the
residue driedn vacuo The product was then converted back to the free base by stirring

vigorously with 25 mL of DCM, 25 mL of aq. 2 NaOH solution, and 25 mL sat. aq. NaCl
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solution for 4 h. The layers were separated, and the aqueous layer was extracted with DCM
(3 x 25 mL). The combined organic solutions were dried$%) and filtered. The filtrate

was concentrated and the resulting residue was triedcuo The product was purified

by automated chromatography on neutral alumina, eluting WBith (v/v) ethyl
acetate/lhexane. This produced 831 mg (42%) of9-cyclohexylmetlyl-1-(4-
dimethybminobenzenesulfonyB-methyleneb-(2-methoxyulfonyl)-1,5,9
triazacyclododecanas a clear viscous oflH NMR (400 MHz, CDCJ) i 8.09 (d, 7.2 Hz,

1 H,0-ArSQy), 7.73 (m, 2 HP-ArSQ,), 7.64 (m, 1 Hp-ArSQy), 7.15 (m, 2 HMArSQOy),

6.83 (m, 2 HM-ArSQ), 5.36 (s, 1 H, C=C}), 5.25 (s, 1 H, C=C}), 4.36 (s, 2 HH2/4),

4.13 (s, 3H, OCH), 3.77 (s, 2 HH4/2), 3.50 (t, 7.3 Hz, 2 H16/12), 3.19 (s, 6 H, N(CH

3)2), 3.13 (M, 2 HH12/6), 2.49 (m, 2 HH8/10), 2.29 (m, 2 H,H10/8), 2.09 (d, 2 H,
CH,Cy), 1.81 (m, 8 HH7, 11,Cy), 1.48 (m, 2 H, Cy), 1.27 (n3,H, Cy), 0.83 (m, 2 H,

Cy). 3C NMR (101 MHz,CDCL) 1i156.7, 1528, 134.3, 1311, 1290, 120.1, 112.0, 116,

62.1, 603, 563, 559, 538, 50.8, 4%, 457, 42.5,40.0 358, 31.8, 277, 26.7, 26.0, 29,

22.6, 2.0, 142. IR (neat crf) 2924 (w), 2851 (w), 2363 (w), 1594 (m), 1516 (w), 1480
(m), 1448 (m), 1370 (w), 1320 (m), 1279 (m), 1249 (w), 1150 (s), 1091 (m), 1065 (m),
1043 (w), 1013 (m), 899 (mB39 (w), 803 (m), 760 (m), 733 (m), 691 (m), 642 (MB
(ESI) m/z633 (M™), 634 (MH™), 63 (MH™ +1). Anal. Calcd for GoHasN4OsS.HCI-H-0:

C,55.92 H, 7.48 N, 8.15 Found: C56.12 H, 7.69; N, 8.10.
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Synthesis of 9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyb3-methylene

5-(p-difluoromethoxybenzenesulfonyl)-1,5,9triazacyclododecangTL042)3

Qg A Y
(0] C%

To a 500 mL round bottom flask, 1.19 g (1.94 mmol) bB(p-
dimethylaminobenzenesulfonyNo-(p-difluoromethoxybenzenesulfonyN,N-bis(3
aminopropyl)cyclohexylmethylaming] 2.83 g (9.81 mmol) of 2-methylenel,3
propanebigért-butylcarbonate)85.4 mg(0.806 mmol) of NaCOs, 105 mg (0.115 mmol)
of Pcbdba, 111 mg (0.260 mmol) of dppb and 215 mLawthydrous acetonitrile were
stirred undeN2 gasand boiled under reflux. The mixture was then allowed to cool to r.t.
and filtered. The filtrate was washedm50 mL of sat. ag. NaHC{3olution. The organic
layer was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The
combined organic solutions were dried §8@&) and filtered. The filtrate was concentrated
by rotary evaporation and thesulting residue was dried vacuo The product was
converted to the HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1
h. The solution was then concentrated by rotary evaporation and the resulting residue was
driedin vacuo The resuing solid was triturated with diethyl ether (3 x 28.) and the
residue driedn vacuo The product was then converted back to the free base by stirring

vigorously with 25 mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. ag. NaCl
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solution for 4 hThe layers were separated, and the aqueous layer was extracted with DCM
(3 x 25 mL). The combined organic solutions were dried$%) and filtered. The filtrate
was concentrated and the resulting residue was triedcuo The product was purified

by automated chromatography on neutral alumina, eluting \8ith (v/v) ethyl
acetate/hexane. This produced 417 mg (32%) of9-cyclohexylmethyll-(4-
dimethylaminobenzenesulfonyd-methylenes-(p-difluoromethoxybenzersailfonyl)-
1,5,9triazacyclododecanas a clear viscous ofitd NMR (400 MHz, CDCJ) i 7.77 (m, 2

H, mArSQ,), 7.53 (m, 2 HMArSQ,), 7.19 (m, 2 Hp-ArS(Qy), 6.62 (m, 2 Hp-ArSQOy),

5.11 (s, 2 H, C=Cb}, 3.87 (s, 2 HH2/4), 3.62 (s, 2 HHA4/2), 3.24 (t, 7.2 Hz, 2 H6/12),

2.99 (s, 6 H, N(CH)2), 2.95 (t, 6.5 Hz, 2 HH12/6), 2.26 (m, 2 HH8/10), 2.19 (t, 2 H,
H10/8), 1.92 (d, 2 H, CkCy), 1.60 (m, 10 HH7, 11, Cy), 1.14 (m3H, Cy) 0.66 (m, 2 H,

Cy). 3C NMR (101 MHz,CDCh) i154.0, 1528, 1381, 136.2, 129.2, 122.6, 119.3, 197.
117.0, 1163, 1153, 112.6, 11(®, 66.8, 64.4, 62, 527, 50.7, 49.9, 49.0, 44.8, 434).0

359, 319, 277, 26.7, B.0, 253, 23.7.IR (neat cr) 2924 (w), 2852 (w), 2364 (w), 1595
(m), 1516 (W), 1492w), 1446 (w), 1335 (m), 1318 (m), 1226 (m), 1151 (s), 1119 (s), 1092
(s), 1040 (m), 997 (m), 942 (w), 913 (w), 873 (w), 817 (w), 775 (m), 724 (m), 676 (m),
643 (m), 618 (w). MS (ES) m/z669 (MH"), 671 (MH* +1), 672 (MH* +2). Anal. Calcd

for Ca2HaeF2N4OsS.HCI-H20: C, 53.14 H, 6.83 N, 7.75 Found: C53.5Q H, 6.63; N,

7.68.
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Synthesis of 9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyb3-methylene

5-(2-nitrobenzenesulfonyl)-1,5,9triazacyclododecangTL047)3

AetENIe
o) 0
s s
0°°>N N0

NO,
NHQ

To a 500 mL round bottom flask, 3.40 g (5.71 mmoNG(p-
dimethylaminobenzenesulfonylNo-(2-nitrobenzenesulfony)N,N-bis(3-
aminopropyl)cyclohexylmethylaming] 8.50 g (29.5 mmol) of 2-methylenel,3
propanebigert-butylcarbonate)0.292 g (2.75 mmol) of N&0O3, 0.290 g (0.317 mmol) of
Pddba, 0.293 g (0.687 mmol) of dppb and 634 mlaahydrous acetonitrile were stirred
underNz gasand boiled under reflux. The mixture was then adldwo cool to r.t. and
filtered. The filtrate was washed with 50 mL of sat. aq. Nak&a&ition. The organic layer
was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The combined
organic solutions were dried (b&Qs) and filtered. Thdiltrate was concentrated by rotary
evaporation and the resulting residue was drniegcuo The product was converted to the
HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1 h. The solution
was then concentrated by rotary evaporaind the resulting residue was driedacuo
The resulting solid was triturated with diethyl ether (35xn2L) and the residue dried
vacua The product was then converted back to the free base by stirring vigorously with 25
mL of DCM, 25 mL of ag. 21 NaOH solution, and 25 mL sat. ag. NaCl solution for 4 h.

The layers were separated, and the aqueous layer was extracted with DCM (3 x 25 mL).
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The combined organic solutions were dried &8@;) and filtered. The filtrate was
concentratedand the resulting residue was driedvacuo The product was purified by
automated chromatography on neutral alumina, eluting3vitfv/v) ethyl acetate/hexane.
This produced 0.670 g (18%) of 9-cyclohexylmethyl-(4-
dimethylminobenzenesulfonyB3-methylene 5-(2-nitrobenzensulfonyl-1,5,9
triazacyclododecanas a yellow viscous oitH NMR (400 Mhz, CDGJ) 17.99 (m, 1 H,
0-ArSQ), 7.66 (m, 2 HMArSQ,), 7.58 (m, 3 Hp-ArSO,, 0-ArSQ,), 6.68 (m, 2 HM-
ArSQy), 5.13 (s, 1 H, C=C}J, 5.07 (s, 1 HC=CHb), 4.17(s,2 H, H2/4), 3.51 (m,4 H,
H4/2, 0CHg), 3.04 (s, 6 H, N(Ch)2), 2.85 (t, 6.1 Hz2 H, H6/13, 2.38 (m, 2 HH12/6),

2.22 (m, 2 HH8/10), 1.96 (m, 2 H, CkLy), 1.82 (t, 6.1 HzH10/8), 1.56 (m, 10 HH7,

11, Cy), 1.16 (m3 H, Cy), 0.69 (g 11.3 Hz, 10. 7 Hz, 2 H, Cy}*C NMR (101 MHz,
CDCl) 11529, 1480, 1379, 1333, 1317, 1304, 1293, 1241, 121.6, 116.2, 110.9, 62.1,
55.1, 515, 49.4, 471, 45.8, 4%, 41.0, 40.0, 39, 31.9, 27.7, 26.7, 26.3, 26.0, 23IR
(neat cmt) 2923(w), 2851 (w), 2443 (w), 1595 (m), 1541 (m), 1516 (m), 1446 (m), 1369
(m), 1334 (m), 1318 (m), 1229 (w), 1146 (s), 1124 (s), 1091 (m), 1060 (m), 998 (m), 938
(m), 899 (m), 851 (m), 817 (m), 778 (s), 735 (m), 680 (m), 640 (M), 62IMBESI)

M/z648 (MH"), 649 (MH* +1), 6% (MH* +2).
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Chapter 4
Synthesisof CADA Analogstowards Down-Modulation of

gpl60 and TSHR
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4.1 Introduction

4.1.1 Signal Peptides as Drug Targets

The mechanism by which CADA dowmodulates CD4 is noveNo othersmall
moleculehas beerfioundto specificallytarget the signal peptide of a protein befloosv.
It is believed that specific amino acids in the signal peptide increases the binding of CADA
compounds, ultimately causing the -ttanslational translocation of CD4 to be
unsuccessful. The signal peptide sequence of CD4, showrFigure 4.1.1, is 25 amino

acids longlt has beerioundthat the most important residues of the sequence are GInl15,

MNRGV?PFRH LLLVLQ'"LALL P**AATQG* KKVVL

N-region H-region C-Region Mature
Protein

| Figure 4.1.1.First 30 amino acid residues of CD4 |

Pro20, and the two lysine residues located at positions 26 aasl i®éntioned in chapter
1. Itis hypothesizethat the proline serves as a sorhofgethat brings the glutamine and
the two lysine residues close to proximity, which is the site where CADA binds. This folded
conformation of the signal peptide, which would only be a transition dtaiag the
reorientation of the signal peptidehen it undergoegshe flip-turn is stabilized by the
binding of CADA This conformation prevents the translocation of the nascent protein
through the translocon into the ER lumand instead loops the protein out into the cytosol
causing degradation of the protein

CADA has also been shown to interagthathe protein sortilin. It was found to
dowrrmodulate the expression of sortilin, which is a protein that contains-eleavable

signal anchor sequence and a signal peptidettilin is a neurotensin receptor that is
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involved in shuttling between theell surface and different organelles. It is commonly
expressed on the membranes of intracellular partitions such as the Golgi, endoplasmic
reticulum, and endosomes. It is involved in protein sorting and targeting of ligands towards
the endosomes and lyswses? The sortilin signal peptidéFigure 4.1.2)s 33 amino acids

long which is 8 amino acids longer than CD¥halyzing the difference between sortilin

and CD4, as mentioned in chapter one, could help in the process of functionalizing CADA

analogs to be target specific towards other signal peptides.

MERPW-AADG"LSRWP"HGLGL?*

N-region
LLLLQZ#LL PPS*°TLS QD**RL
H-region C-Region Mature

Protein

Figure 4.1.2.The signal peptide sequence of sortflin.

4.1.2 MetatBasedTherapeutics

Metal based drugs have been utilized for treatment

Cl//, \\NH3
of diseases fodecadesThe discovery of cisplatin, show “pt’

c” \NH3

in Figure 4.13, in the 1960s changed the way platint

Figure 4.1.3.Structure of
compounds were utilizeth new therapeutics for multiple cisplatin.

malignancies. Metal complexes and compounds have
unique properties that allow them to be manipulated into biologically active agents.
Through an array of coordination geometries, structural modifications can be made, and

varous ligands can be attached, ultimately modifying the properties of thesehastal
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compounds and complexes. This gives them unique shapes and properties that
conventional carbebased compounds cannot achiéveMetal complexes can form
charged spees in agueous solutions that could potentially interact with charged amino
acids, creating ionic interactions that have high binding affinity. The ability for transition
metals to have varying oxidation states, due to their d shell electronics, allototatect

the electronic and magnetic properties of the complex or +hatgd compound.

Copperbased compounds for pharmaceutical applications have been growing in
interest. They have been shown to have antimicrobiakirgt@mmatory, antiviral, and
ani-tumor properties. Copper has been shown to betaan and its trace elements have
been shown to be essential to sustaining’ l@@pper ions are typically found to exist as
two oxidation states,”land Z. They are known to rapidly switch between @tidn states
under biological conditions. Changes in the oxidation state can change the geometry in
which the copper complex is found. Copper(l) typically takes on a tetrahedral geometry,
while copper(ll) can be found as square planer, trigonal bipyramatabctahedral.
Utilizing copper(ll) with various ligands allows for a variety of structures to be
synthesized.

Copperbd6s diverse coordination chemistr.y
cofactor in enzymes, such as Cu/Zn superoxide dismutase (SDid)es have been
conducted showing the asaftiflammatory properties of copper is due to its ability to
neutralize reactive oxygen species and modulation of prostaglandin synthesis, much like
SOD8 Copper complexes have also been found to induce cellpgtasis or cell death.

The environment of the tumor cells selectively makes copper toxic since it reduces
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copper(ll) to copper(l), causing DNA breakage and oxidative stress within the cancer cell.
This ultimately leads to cellular apopto&lsowever, copper is an essential trace metal and
leakage of copper through metased therapeutics is less toxic than other metals due to
the ability of the body to remove excess copper, thus making it an ideal metal as a
therapeutic agent.

Gold-based drugs have been used to treat illnesses such as tuberculosis, and
rheumatoid arthriti$® The drug auranofifFigure 4.1.4)was introduced in 1985 for the
treatment ofheumatoid arthritis. Gold complexes were also introduced as potenttal anti
cancer agentssold can exist in a variety of oxidation states @, I, 11, Ill, IV, and V).

Only gold(0), gold(l), and gold(lll) are stable in aqueous and biological enviroaiient

Gold(l) and gold(lll) are less stable than

o)
old(0) and can be readily reduced by mi
gold(0) y y n )kg ~°
reducing agent¥ Gold(Ill) ions are known to 0~ o O/g
o)
interact with the sulfur in methionine an o 0
.S
A
cysteine containing amino acids, as well I'D'u_\

ribonuclease A, which could cssei DNA

- . . Figure 4.1.4.Str r in.
damage similarly to cisplatit. gure Structure of auranofin

4.1.3 Targeting gp16Ghrough Copper and Gold Based Compounds
Analysis of other signal peptides has sparked additional interest as possible new
targets for CADA analogs. One specifighal peptide that has intetieg) characteristics

is the signal peptide of gp16Dhe gp160 polyprotein is known as the envelope protein of
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HIV. Intracellular cleavage of gpl60 forms gp120 and gp4l, which are integral parts
needed by HIV in order to infethe host sells. The newly formed gp120 and gp41 is

transported to the plasma membrane of the infected cell and viral budding causes the

MRKVE’KYQHL"WRWGW™"R

N-region

WGTM#LLGML*MI CSA**TE KLW*VT

H-region C-Region Mature
Protein

Figure 4.1.5.The signal peptide sequence of gp160.

proteins to form on the outer surface of the mature viddine signal peptide is found to

be 32 amino acids long, as showrkrigure4.15. It has two methionine residues that make

it a potential target for drug design. The methionine residues at peglicand 24are in

the hydrophobic region of the signal peptide, which means they are embedded in the alpha
helical segment of the signal peptigiegure 4.16). In an alpha helix, a single turn is about

3.6 amino acid residues per tdfWith the signal peptide of gpl6Qomtaining a
methionine at position 20 and 24, they are 4 amino acids away from each other in the alpha
helix. This makes it so that the two methionine residues are roughly on the same side of
the alpha helix, which can be potential binding sites for a CADApound.It is believed

that aCADA type compound with a copper gold core could formmetalsulfur bond

with the sulfuratomsof the methionine residues, possibly inhibiting the translocation, and
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M @ Polar/Uncharged
J Nonpolar

| L
11 9

o -

10

Figure 4.1.6.positions of methionine residues (M) in the alpha helical hydrophab
region of gp160 by Tom Bell.

causing the dowmodulation of gp60. These proposed compound$own inFigure
4.17, would have ligands comprised openchained disulfonamide compoundaghich
would give more access to the metal core than the macrocyclic CADA compdineds.

sulfonamide nitrogens of CADA compounds are not basic enough to be good ligands for

Figure 4.1.7.Newly proposed copper based disulfonamides for gp160-dp\
modulation.
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metal complexing, while thepen chaindisulfonamide nitrogens can be deprotonated,

making the resulting anions good ligands for metal complexing.

4.1.4 Targeting the Thyrad Stimulating Hormone Receptor

The thyoid stimulating hormoneeceptor (TSHR) is aell surface protein found
to help regulate thyroid growtind thyroid hormone production and secretfolhis a G
proteincoupled receptor with seven transmembrane dom&nESHR autoantibodies
(TSHRADbS) increase cyclic adenosine monophosphate (cAMP) levels that block
TSHRAbs which inhibitthyroid stimulatinghormone TSH) binding, TSHincreased
adenylate cyclase activity, and stimulating TSHRADbs act¥ifhe former activities can
be found in patients witle r a vdeseage and are often associated Witherthyroidism
and the latter activity canfleound i n patients with Hashim
myxedema and is associated with hypothyroidism.

TSHR is mainly expressed in thigyroid butcan be found to also be expressed in
adipocytes, fibroblasts, bone cells, and other sitglsidingthe heart!* It has a 20 amino
acidsignal peptideas shown irFigure 4.18. There are charged amino agioeludingthe
arginine at position ,2andthe aspartic acids at positions 5, 14, andTt# glutamine at
position 8 in the hydrophobic region can be utilized to bind with one side arm of the CADA

analog much like CD4. The aspartic acid at position 14 is placed in the alpha helix 6

MRPAD® LLQLV'LLLDL™ PRDLG* GMGCS*
N-region H-region C-Region Mature
Protein

‘ Figure 4.1.8.The signal peptide sequence of TSHR. ]




176

residuesawayfrom the glutamine, which would put the two amino acidareach other,
similarly to the two methionineesiduesf gp160.The distancerbm the glutamine to the
aspartic acid is believed to span the distance of the two side arms of ARAvould
allow the binding of one side arnof CADA to the glutamine and theecond side arm to
the aspartate or aspartic acid by modifying the side arm of CADA.aspartic acids in
the signal peptide could potentially bind with a CADA analog through hydrbgeading
or form a salt bridge withhe aspartateAn analog witha hydrogen bond donatingjde
arm, as shown ifigure 4.19, could potentially form salt bridge binding CADA tothe

oxygens of the aspartateSompounds containingitrogen heterocycleswhich would

|
N
~
\©\O QJ\ O/©/\R
I I
(0] C \NJ 0 R = hydrogen-bond donor
N

Figure 4.1.9.Newly proposed CADAanalogs for TSHR dowmodulation.

allow hydrogen bondinghave also been proposeth Figure 4.110 to possibly target
TSHR.Recentlytwo CADA analogs have been shown to be good TSHR doatulators

but are not CD4 sensitive. The easmed CADA analogsCK075 and
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Figure 4.1.10.Nitrogencontaining side arm analogs for TSHR dewn
modulation

VGDO040, shown in Figure 4.11lare thought to bindnainly with the aspartatéD14)in

the hydrophobic region of the signal peptide. A -anmed CADA analog,TL048,
containing the 4limethylaminobenzenesulfonamide side arm was proposed. It is
hypothesized that this analog might be a better TSHR dowafulating compounbdecause

it could ako bind strongly to the glutamine (Q8) in theéfjion of the signal peptide.

|

_N
0 0 0
It g g
0°">N HN 0°">N HN o°>

N HN
|

R/ N \J R/ N \J N
CK075© VGDOEO TL048

Figure 4.1.11.Structures oCK075, VGD040, andTL048.
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4.2 Results and Discussion
4.2.1 Synthesis o€opper and Gold Compoundsfor gp160 Down-M odulation
Ts © Ts Ts _Ts Synthesis of copper
CuBry Clu o
N —X— N containing  compounds  were
NH,OH
MeOH . . .
24© K@ attempted using CuBwith various
disulfonamides as shown$theme

o
N — % - &NUJ 4.2.1. Compound TLOO6 was

NH4OH
MeOH i i
TLOOGKO KO treatedwith CuBr; in the presence

of NH4OH in MeOH, however the

Scheme 4.2.1Synthesis of copper compounds
using CuBs. reaction did not seem to work. The

open chain disulfonamid24 was also tested and did not yield the desired product.
Additional attemps at makingthe desired copper compound®re conducted using
coppe(ll) perchlorate in the presence of triethylamine as a basé@w@i6 and compound

24, as shown irscheme 4.2.2however this also failed to yield the desired product.

The synthesis of theopper
y pp TS NH HN/TS CU(C|O4)2 Ts \N~C ,N/TS
—_—X—> u
disulfonamide compoundsrough N Et;N &,\'j
MeCN
these two methods were shown 10 °C
12 h
be unsuccessfulAlternative routes Ts
H HNT Cu(ClO,),

for making these copper complexe
utilized aqueous solutior}s!®

which was unfeasible due to th

—_——
EtsN

MeCN
TLO06 10°C
12 h

/
z
z-Q
A
7

poor solubilities of the starting

Scheme 4.2.2Synthesis of copper compound
using Cu(ClQ)>.

n
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disulfonamides in aqueous solutiofifie use of copper(ll) also madd NMR analysis
difficult, since copper(ll) is paramagnetigiving extremelybroad spectra It was
determined that copper(ll) complexes might not be itlrglet compoundfor the metal
based targeting of gp168 changdn the type of metairgets wer¢hen consideredso t
was determined that gold(lll) would be utilized rather than copper(ll).

Attempts were made to create the gblficomplexes using gold(lll) chloride. The
reaction was carried out with compou®diin chloroform, as shown in scheme 3,2out
no complex was foundt was thought that the reactionnditionswerenot basic enough
to deprotonatehe sulfonamidesn orderto complex with the gold. So, an attempt was
conducted by adding a weak b#&eCOz) to the reactiomixture but thisdid not seem to

TS~ \H HN-TS v N work either A literature search

AuCl; in MeOH /-\IU'
N > N Auclz R
CHCl, presented reactions that were
aqueous,*®however the opeahain

Ts\NH HN/TS Ts\N N/Ts
AuClyinMeOH [ AU disulfonamides24 and TLOO6 were
N N AUCIZ
CHCI, _ _ _
K@ K,CO, both insoluble in aqueous solutions.
24

So a new disulfonamide was

Scheme 4.2.3Synthesis of copper compoundls
using AuCs. considered focomplexinggold(lll).




180

4.2.2 Synthesis o€arboxysulfonamide Compounds for gp160 Down-

Modulation

A new disulfonamidevas considered in
order to increase the likely hood of gafdl) \Cl? ..Q/

| BTSN NS
complexing to the compound. The ne i j
N
disulfonamide would also contain @arbonyl kR
R =Ph or Cy

group alpha to the sulfonamidairogens, as

Figure 4.2.1.Structure of the new
shown inFigure 4.2.1. This wouldlecreasehe disulfonamide.

electron densityrad readily release the proton of the sulfonamide, allowing for the gold to
complex with the new carboxydisulfonamide. The initial synthesis route, shdseheme

4.2 .4,starts with the primary amine containing the tail graudpich is treateavith methyl
acrylate to produce compouitl030. Tosylation using 4nethylbenzenesulfonamide and
titanium(lV) chloride in 1,1,22etrachloroethanewould produce the resulting
disulfonamide. The formation of the diester was conducted using cyglomethybmine

to produce compoun@L030 in 99% vyield Attemps at making the disulfonamide using

4-methylbenzenesulfonamide and titanium(IV) chloride did not yield the required product.

T i, R

B.) TsNH = =
R/\NH2 . /\H/OME A) MeOH N ) 2 % NH HN 8
A L TiCl, I j
(6] R
TCE
Compound R A B
31 Ph N/A  N/A
TL030 Cyclohex 99% N/A

Scheme 4.2.4Initial synthesis route of the carboxydisulfonamide.
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Modification of the initial synthesis route was evaluated, and a new method was
devised asshown inScheme 4.2.5. This methaalvolves hydrolysis othe esteifL030 to
the carboxylic acigfollowed by reactiorwith p-tosyl isocyanate to produce the carboxy
sulfonamide32. Initial attempts at reducing the diester to the dicarboxylic acid using LiOH
failed to produce the resulting dicarboxylic acid. Sdjydrolysis using NaOH in
MeOH/H0 (2:1, v/v) was conducted. Thissulted in formation of the carboxylic salhe
carboxylic aciccould notbe isolatediue to the basicity of the tertiary nitrogdinwas also
believed that utilizing thearboxylate salflorm would reduce the need to use triethylamine
in the followingreaction Attempts at tosylatiorof theTLO31 with p-tosyl isocyanate wre

not successful.

: (0]
OH /S/‘N‘C//O \QO OQ/
/ I 1l
0 pHie Meq 0 (e} "3 o 0 %:S\ /8:6)
s(\/ j LiOH i j p-tosyl isocyanate f‘/"’ T\lj
1:1 THF/H,0 — "
TLO31 THF 32KO

‘ Scheme 4.2.5New synthesis route for compou8a ‘

4.2.3 Synthesis o8ulfonyl Chlorides

New CADA analogs were proposed for TSHR demvadulation. These new
analogs contain the N(Mg3ubstitutedside arm and aecond side arm containing various
polycyclic amino side armsas well as ganidine and amidine side armBrior to
synthesizing these CADA analodise polycyclic amino sulfonyl chlorides were needed to

be synthesized Anthranil was treated with chlorosufuric acid to produce
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benzoflisoxazole5-sulfonyl chloride (34) as shown inScheme 4.2.62-Amino-1H-
benzofllimidazole5-sulfonyl chloride(33) was successfully synthesized tBaction of
1H-benzoflmidazol2-amine with chlorosulfonicacid with a yield of 53% 2-
Aminopyridinewastreatedwith chlorosulfonic acid at reflux to produceaéninopyridine
3-sulfonyl chloride(35) in 32% yield.4-(2-Oxopyrrolidin-1-yl)benzenesulfonyl chloride
was synthesized by reamti of 1-phenyl2-pyrrolidinonewith chlorosulfonic acid. This
produced the sulfonyl chloridén 91% vyield The sulfonyl chloride,1-methyl2-
oxoindoline5-sulfonyl chloride(37), was synthesized by reamti of 1-methylindolin-2-
onewith chlorosulfonic acid at r.t. This produced tesulting sulfonyl chloride at 77%.
The 4cyanobenzenesulfonyl chlorid88) was synthesized from-d@minobenzonitrilen
45% vyield With these sulfonyl chlorides synthesized, @BADA analogs could be

synthesized.

0 0
H Cl—§~OH H cl— s OH
N o) N b N
)—NH; )—NH;
N r.t. ClO,S N 91%
53% 36
Cl— s OH cl— s on €025
=N, Osq o
—>
<° 6%  C % N\
neat 37
O 7%
cl— s OH
| Ny NH2 U CN 1. HCI/NaNO,/H,0 CN
—»
= reflux Cl0,S /©/ 2. SOCIy/CuCI/H,0 /@/
2h 45% ClO;S
32% 38

Scheme 4.2.6Synthesis of various sulfonyl chlorides for TSHR demvadulation
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4.2 4 Synthesis of CADAAnNalogs for TSHR Down-M odulation

The synthesized sulfonyl chlorides were utilized to form eg®n
disulfonamides prior to the palladivoatalyzed cyclization.To synthesize the
disulfonamidesthe primary amin®9 wastreatedwith the various sulfonyl chlorideas
shown inScheme 4.2Z.. Using this method, compoundd.049, TLO51, TL0O54, and
TLO55, shown inFigure 4.2.2, were successfully synthesized with gield70% 92%,

95%,and 99% respectively. Attempts at making disodfimides using-aminopyridine3-

N
N ~..R -
Lo o Tl ¢
1 O A /giR
NH NHz sat. aq. NaCl, sat. aq. Na,CO, (/
(/N\)/ CH,Cl, 1

Figure 4.2.2 Structure and perceyields of new TL disulfonamides.
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sulfonyl chlorideand2-amino-1H-benzof]imidazole-5-sulfonyl chloridegaveno reaction

when compound29 was treated withthe sulfonyl chloridesThis could be due to the

29 KO \(N\/ 39 KO

THF

Scheme 4.2.8Attempted synthesis of compouB@.

presence of the primary amines in compoud®sand 35, which could result in
polymerization of the sulfonyl chloridenstead ofanadditionreactionto compound29to
form theopenchaindisulfonamideLiteraturesearch showed two alternative methods for
making the sulfonamide usinG-aminopyridine3-sulfonyl chloride and 2-amino-1H-
benzofllimidazole5-sulfonyl chloride An attempt was done usingaBninopyridine3-
sulfonyl chloride as shown irBcheme 4.8. Diisopropylethylamine was used as a base to
deprotonate the primary ami@8, which wasintendedto react with the sulfonyl chloride

to give compoun@®9, however this resulted in no reaction as well. It was initially thought
that the 2-amino-1H-benzofl]imidazole5-sulfonyl chloride had poor solubility with
DCM, so an attempt was made by usmBPMF/DCM solution. The sulfonyl chloride was
found to fully dssolve into the solution, however this still resulted in no reaction between

compound?29 and2-amino-1H-benzofllimidazole-5-sulfonyl chlorideas well
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4.2.5 Synthesis of CADAAnalogsTowards TSHR Down-M odulation

With the synthesis of the four opehain disulfonamide compounds completed, the
palladium catalyzed cyclization withdi-tert-butyl (2methylenepropang,3-diyl)
bis(carbonateyas conducted. An attempt at the cyclizatiomlo®49, as shown ilscheme
4.29, resulted in no reactiomttempted gclization of TLO51 also failed to form any
desired productCyclization of TLO54 and TLO55 was also successfully conducted, as

shown inScheme 4.2.Q, with a yield of 20% and 28% respectively.

O OBocOBoc 0~

N Pd,dbas &N\j
dppb
Nach3
TL049 MeCN

Scheme 4.2.9Attempted cyclization oTL049.

IO TG AN JO&;HH;?Q

0”">NH HN_""0 3

R= CN \J OBocOBoc N._"O R= CN
TL054 N Pd,dbas \v;] TL050
O dppb 0
Nach3
E;Ei:> MeCN in:>
TLO055 ;§;056

Scheme 4.2.10Cyclization of TLO54 andTLO055.
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4.2.6 Synthesis of Guanidine CADA Analogs

With the synthesis of compourid_050 and TL0O47 completed modifications to
these twocompounds were attempted to add on the guanidine side archother
sulfonamide side armd o add the side arnthat were previously used in compounds
unable to be cyclized by the palladium catalyzed proc&s947 would undergo
deprotection of the -Bosyt group. Deprotectiorwas attemptedising mercaptoethanol,
DBU, and DMF® The deprotectiomechamism apparently involvéise formation of a
Meisenheimer complex as shownSoheme 4.2.1.2%2! This would form the onarmed
CADA compoundrL048. Attempt atthedeprotection using the mercaptoethanol showed

evidence for the formation of the product, however there was an inseparable side product

OH
Ri % HO\/\SH Ry © S
N-8 —— = N-§ o - - H + /_/ + 80,
R, O R, O R "Rz HO N
O,N 0,

‘ Scheme 4.2.11Deprotection of Zhosylamides. ‘

that was also preseri. procedure for cleavage of the nitrobenzenesulfonamide is being
testegd which uss p-mercaptobenzoic acid anc®0s.?> The compoundL050 should
undergo reductiowith Raneynickel and potassium borohydride to form a primary amine
side armThe reduction with Raneyickel was attemptedowever there seemed to be no
reaction as thetarting material was recovered after workiaptther investigatioof this

reduction is needed
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4.3 Conclusion andOutlook

The synthesis of copper(ll) complexes were unsuccessful, so gold(lll) complexes
were proposedittempts at forming the gold()licomplexedead to the proposal of a new
dicarboxysulfonamide product. Synthesis of the diester compbud80 was
successfully conducted. Reduction of the diester to the dicarboxylic acid was done with
NaOH, however the isolation of the prodasta fredases still being investigated. Six
different sulfonyl chlorides were synthesized to make compounds that would target the
signal peptide of TSHR. Of the six compounds, only four were able to be synthesized as
open chairdisulfonamidesFrom thefour openchain disulfonamides, only two were
successfullyunderwenthe palladium catalyzed cyclizatioo form compounds'L050
andTLO56. Attemptsat conducting a reduction obmpoundrl'L0O50 from the nitrile to a
primary amine wreunsuccessfand is still being investigated. Once the primary amine
is formed, itshouldundergo reactions with thH&oc protected guanidine compoutad
form the guanidine CADA analodlodification of TLO47 to form a single sulfonamide
CADA analog using mercaptoeth@was also unsuccessful. The deprotection of the
nosyl group offLO47 will be attempted witlp-mercaptobenzoic acid and®Os. Once
theonearmedCADA analog is formed, the addition of the sulfonyl chlorides that were
unsuccessful at the palladium cyctipa could be addecs well as the guanidine
functional group. These compounds would then be sent to collaborators for biological

studies with TSHR.
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4.4 Experimental

General Methods

All reactions were performed under an atmosphere afithygen unless specified
otherwise.Reagents and solvents purchased from Aldrich Chemical Company, Acros
Organics, or Fisher Scientific were of ACS reagent grade or better and were used without
purification, unless indicated otherwise. Anhydrous aceitmitused in the
macrocyclization step was distilled from CaH-or macrocyclization reactions, the
disulfonamide intermediates;r@ethylenel,3-propanebigért-butylcarbonate), anhydrous
sodium carbonate, dppb, and:@itbay were driedn vacuo(ca. 0.1 nm) for at least 16 h.

All the equipment required for macrocyclization reaction including a magnetic stir bar,
spatula, syringe and needle were also dried overnight in the oveAQLBblutions of 2

N HCI in methanol were created by placing 165 mL oflI4.HCl into a 1 L volumetric

flask. The flask is then filled with 835 mL of methanGlolumn chromatography was
performed with Sorbent Technologies neutral alumina-2(3D0 e m) or Sor
Technologies standard grade silica-@3 ¢ m) , unl e sesChronmatoteod ot he
chromatography was performed with Sorbent Technologies neutral alumina with gypsum

and UV254.Automated chromatography was performed on the Yamazen Smart Flash
AKROS REX10 with Sorbet Technologies neutral alumina-g8D ) or Sorbent
Tecmologies standard grade silica {82 um) and HPLC grade ethyl acetate, hexane, and
dichloromethane (DCM)Compounds driedn vacuo were connected to a vacuum
manifold with a Welch 1402 vacuum pump and vacuumed dried for at least 18 h at ca. 0.1

mm. Melting points were measured on a Thorha®ver or MelTemp apparatus and are
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uncorrected*H NMR (400 MHz or 500 MHz) antfC NMR (75 MHz or 125 MHz) spectra

were acquired on a Varian 400 or Varian Unity + 500 spectrometer. All chemical 8hifts (
are reported in ppm units relative to solvent resonances, as foldw&€DCL/TMS =

0.00, DMSQd6 = 2.50, CROD = 3.31;13C, CDCk = 77.23, DMSQd6 = 39.7, CROD =

49.15. Infrared spectra (IR) were recorded on a Nicolet 6700 FTIR spectrometer. Mass
spectra (MS) were acquired on a Waters Micromass ZQ electrospray ionization quadrupole
mass spectrometer with positive ion detection (capillary voltage = 3.5 kV)-relggitution

mass spectra (HRMS) were acquired on an Agilent 6230 TOF mass spectrometés Samp
for elemental analysis were dried at 78 °C (0.1 mm) for 2 days, unless stated otherwise,

and microanalysis was performed by NuMega Resonance Labs, Inc.

Synthesis ofdimethyl 3,3'-((cyclohexylmethyl)azanediyl)dipropionate(TL030)23
1S

O

To a 250 mL round bottom flask, 19.2 mL (213 mmol) of methyl acrgati18

MeOZC COzMe

mL of MeOH were addedand stirred at r.t Then 6.25 g (55.2 mmol)of
cyclohexlImethylamine in 8 mL of MeOH asadded dropwise. The solution was stirred
and heatedinderreflux overnight. The resulting solution was concentrated by rotary
evaporation antheresultingresidue waslriedin vacuo.This produced5.3 g (97%) of

dimethyl 3,3‘((cyclohexylmethyl)azanediyipropionateas a clear &i *H NMR (400
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MHz, CDCh) i 3.63 (s, 6 H, C@CHa), 2.69 (t, 7.1 Hz, 4 H, C}CO), 2.39 (t, 7.1 Hz, 4

H, CH:NCHy), 2.12 (d, 7.1 Hz, 2 H, Ci€y), 1.65 (m, 6 H, CCEC, Cy) 1.36 (m, 1 H,

CH), 1.16 (m, 3 H, Cy), 0.75 (m, 2 H, CyfC NMR (101 MHz,CDCl) &1 1731, 77.3,

77.0, 767, 612, 514, 49.9, 35.9, 32.6, 34..26.8, 26L. IR (neat cr) 2920 (m), 2848 (m),
1734 (s), 1435 (m), 1354 (m), 1192 (s), 1170 (s), 1114 (m), 1081 (w), 1038 (m), 891 (w),
840 (m),791 (w), 707 (w), 654 (w), 610 (WS (ESF) m/z 286 (MH"). Anal. Calcd for

C1sH27NO4: C, 63.13; H, 9.54; N, 4.91. Found: C, 62.76; 919N, 5.17.

Synthesis ofbenzof]isoxazole5-sulfonyl chloride?

O\\ =

Cl/(ljl

A 250 mL round bottom flask containing 5.60 mL of chlorosulfonic acid was
cooled to @C. Then0.942 g (7.91 mmobf anthranilwas slowly added over 20 mins. The
solution was heated to 10Q and stirred at that temperature for 27 h. The solution was
diluted with 25 mL of DCM and slowly poured into 50 mL of ice water. The mixture was
extracted with DCM (X 25 mL). The combinedxtraction layersverewashed withtH>O
(3 x 30 mb. The organic layer was drie@MgSQs) and filtered. The filtrate was
concentrated by rotary evaporation ahe resultingresidue waglried in vacuo This
produced 1.49 g (66%) dienzof]isoxazole5-sulfonyl chlorideas a red soliddH NMR
(400 MHz, CDC#$) i9.48 (s, 1 H, C=CH), 8.14 (dd, 7.0 Hz, 0.9 Hz, BHArSO:Cl), 8.06

(dd, 8.7 Hz, 0.9 Hz, 1 H-RrSO.CI), 7.24 (m, 1 H, JArSO.CI).
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Synthesis of2-amino-1H-benzo[d]imidazole-5-sulfonyl chloride?®

H

N
et

ClIO,S N

To a 250 mL round bottom flask containing 1.00 g (7.51 mmol)2of
aminobenzimidazoleyas added 6.20 mL (93.1 mmol) of chlorosulfonic acid.tatand
stirred for 24 h The mixture was sloly poured on toa mixture of ice and NaCl. The
resulting mixture was filtered and washed with 100 mL diethyl ether. The solids were dried
under in vacuo This produced 0.926 g (53%) @ aminol1H-benzof]imidazole5-
sulfonyl chlorideas a red solidtH (400 Mhz, DMSGdg) Ui 12.50 (d, 24.3 Hz, 1 H, NH),

8.48 (br's, 2 H, Nb), 7.56 (dd, 1.5 Hz, 0.6 Hz, 1 H;ArSO,CI), 7.46 (dd, 8.3 Hz, 1.5 Hz,

1 H, 6ArSO,CI), 7.26 (dd, 8.3 Hz, 0.6 Hz, 1 H-&SO:CI).

Synthesis of6-aminopyridine-3-sulfonyl chloride?®

N.__NH,

N

Clo,s” N7

To a 250 mL round bottom flask containing 18 (270. mmol)of chlorosulfonic
acid at 0 °C3.03 g (32.2 mmoldf 2-aminopyridine was added portiavise. The mixture
washeatedunder reflux andtirred for 2h. The hot mixture was pourezhto 600 mLof
ice. The solutionwascarefully neutralized bglowly addingsolid NaHCQ. The resulting
mixture was extracteavith ethyl acetate (3 x 200 mLYhe organiclayer was dried

(MgSQy) and filtered. The filtrate was concentrated by rotary evaporatiothaneisulting
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residue wasdried in vacuo The productwas purified by recrystallization using
heptane/ether (1:1, v/v) mixture. This produced 2.08 g (33%)-ahiGopyridine3-

sulfonyl chloride as a white solidH NMR (400 MHz, CDCJ) (i8.67 (dd, 2.5 Hz, 0.7 Hz,
1 H, 0-ArSOCI), 7.93 (dd, 9.0 Hz, 2.6 Hz, 1 Id;ArSO:CI), 6.54 (dd, 9.0 Hz, 0.7 Hz, 1

H, mArSO:CI), 5.37 (s, 2 H, Nb).

Synthesis of4-(2-oxopyrrolidin -1-yl)benzenesulfonyl chloridé®

)

o

To a 100 mL round bottom flask containing 1.00 g (6.20 mmol)-phdny}2-
pyrrolidinone 4.70 mL (69.8 mmol) of chlorosulfonic acidas slowly added and stirred
at r.t. for 18 h The reaction mixture was slowly added to a 500 mL beaker containing ice
and NaCl andhenextracted with ethyl acetaté x 50 mL). Thecombined extractiolayers
weredried (MgSQy) and filtered. The filtrate was concentrated by rotary evaporation and
theresultingresidue waslriedin vacuo This produced 1.46 g (91%)442-oxopyrrolidin
1-yl)benzenesulfonyl chloridas a tan solidtH NMR (400 MHz, Methanetls) t18.02 (m,

4 H, ASOCI), 3.97 (m, 2 H, NC(O)CH), 2.64 (m, 2 H, NCh), 2.19 (m, 2 H, CCLL).
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Synthesis ofl-methyl-2-oxoindoline-5-sulfonyl chloride?®

Clo,S
\©\/>:O
N

\
To a 250mL round bottom flask]l.00 g (6.79 mmol) ot-methyl2-oxindolewas

added and cooled to®C. Then2.25 mLof chlorosulfonic acid was added dropwise and
the mixture wastirredat r.t.for 3 h. The solution was poured onto ice and the resulting
mixture was filtered and washed with®(3x 20 mL). The product was drigd vacuoto
produce 1.28 g (77%) ofrhethyt2-oxoindoline5-sulfonyl chlorideH NMR (400 MHz,
CDCl) 0 8.02 (m,1 H,0-ArSO:CI), 7.88 (m, 1 Hp-ArSOCI), 6.95 (m, 1 HM-ArSOCI),

3.63 (s, 2 H, Ch), 3.27 (s, 3 H, CH).

Synthesis of 4cyanobenzene sulfonyl chlorid€

o
Clo,S

Formation of sulfur dioxide solution

To a 1Lthreeneck round bottom flask with addition funnel and glass stoppers, 236
mL of H20 was added and cooled t8@ Then40 mL (551 mmol) of thionyl chloride was
placed into the addition funnel and added dropwise over 1 h. The temperature was
maintained at about®. Upon completion of the addition, the solutwasslowly warmed

to r.t. Then145 mg (1.46 mmolpf copper(l)chloride was added and the solution was
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cooled to @C and stirred. The solution was stirred for 4 h and turned to a yglieen
color.

Diazonium salt formation and conversion to 4cyanobenzenesulfonyl chloride

In a 100 mL Erlenmeyer flask was addefl § (112 mmol) of NaN&and 38 mL
of H20. The mixture was stirred vigorously for 10 mins. Once the solids were dissolved,
the solution was placed into the refrigerator for later use. In a 500 mineéwlo round
bottom flask was added 15.0 g (127 mmol) eiinobenzonitrile. To this mixture was
added 128 mL of conc. HCI dropwise while stirring vigorously. The mixture was heated to
54°C in an oil bath for 40 mins. The reaction was cooledttéhen cooled te5°C. The
sodium nitrite solution was then aeftldropwise at5 °C. Once the addition was completed
the mixture was stirred for an additional 30 mins. The temperature of the mixture was kept
at-5 °C and the sulfur dioxide solution was slowly added while stirring. The solution was
agitated at OC for 75 minutes after the addition was completed. The mixture was then
filtered and washed with @ (3 x 50 mL). The solids were then dissolvedif0 mL of
hot DCM, filtered, and washed with hot DC{ x 25 mL) Hot hexane was added to the
filtrate until it became turbid. The flask containing the filtrate was placed in the freezer
overnight. The mixture was filtered and washed with cold hexane. The filtrate was
concentrated by rotary evaporation ahe resultirg residue waglried in vacuo This
produced 11.6 g (45%) of-@yanobenzene sulfonyl chloride as a tan colored stid.

NMR (400 MHz, CDC) 118.16 (m, 2 Hp-ArSO:Cl), 7.92 (m, 2 HM-ArSO:CI).
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Synthesis ofN&(p-dimethylaminobenzeneslfonyl) -No-(benzolclisoxazole5-

sulfonyl)-[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL049)%

To a 250 mL round bottom flask, 2.06 g (5.03 mmolNe(f3-aminopropyl}N-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamir2203 g (9.16mmol) of2-
nitrobenzenesulfonyl chlorid@5 mL of sat. ag. NaCl solution, 25 mL of sat. ag2C{@s
solution and 25 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 25 mL), the combined extraction layers
were dried (Ne&SQuy), and filtered. The filtrate was then concentrated, and the resulti
residue was drieth vacuo.The product was converted to the HCI salt by stirring Wgh
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution was concentrated
by rotary evaporation and the resulting residue was dnedacuo The solids were
triturated with diethyl ether (3 x 25 mL) and the resulting residue was idriextuo The
product was converted back to the free base by stirring vigorously with 15 mL of 2 N ag.
NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3. ITBhencombined
organic layer was dried (M8Qs) and filtered. The filtrate was concentrated by rotary

evaporation and the resulting residue was drne¢acuo This produced 2.07 g (70%) of
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N-(3-((cyclohexylmethyl)(3((4-
(dimethylamino)phenyl)sulfonamigipropyl)amino)propyl)benza]isoxazole5-
sulfonamideas a yellow viscous oitH NMR (400 MHz, CDCJ) 119.34 (s, 1 H, CHCO),
7.98 (dd, 6.8 Hz, 0.9 Hz, 1 H;&S0), 7.84 (dd, 8.8 Hz, 0.9 H,H 5-ArSO), 7.66 (m,

2 H,0-ArSQOy), 7.16 (dd, 8.7 Hz, 6.8z, 1 H,1-ArSO), 6.88 (m, 2 HMArSOy), 3.04 (m,

8 H, N(CHs)2) NCHy), 2.92 (m, 2 H, NCH), 2.32 (m, 4 H, CkN), 2.03 (d, 7.0 Hz, 2 H,
CH.Cy), 1.56 (m, 2 H, Cy)1.20 (m, 8 H, CkCy, Cy), 0.76 (m, 2 H, Cy)}*C NMR (101
MHz, CDCk) 1156.4, 1527, 1508, 133.6, 128.8, 126.7, 125.2, 125123.6, 1191, 111.0,
110.9, 618, 533, 527, 426, 401, 35.6, 319, 26.6, 26.1, 26.0, 28.IR (neat cm') 2925
(w), 2851 (w), 2434 (w), 1632 (w), 1596 (w), 1444 (w), 1379 (w), 1325 (m), 1216 (w),
1161 (m), 1148m), 1113 (m), 1092 (m), 979 (w), 898 (w), 823 (m), 746 (m), 654 (m),
635 (m), 614 (m).MS (ESI) m/z 592 (MH"), 58 (MH* +1). Anal. Calcd for
C2gH41Ns05S-HCI-0.5H0: C, 52.77; H, 6.80; N, 10.99. Found: C, 52.93; H, 6.77; N,

10.65
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Synthesis of N&(p-dimethylaminobenzenesulfonyNo-(1-methyl-2-oxoindoline-5-

sulfonyl)-[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL051)%

To a 250 mL round bottom flask, 0.931 g (2.27 mmoN¢B-aminopropyN-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylamife13 g (2.50 mmol) ofl-
methyl2-oxoindoline5-sulfonyl chloride 25 mL of sat. aq. NaCl solution, 25 mL of sat.
ag. NaCGOs solution and 25 mL of DCM were added. The mixture was stirred vigorously
at r.t. for 24 h. The mixture was then placed in a separatory funnel and the organic layer
was removed. The aqueous layer was extracted with DCM (3 x 25 mL), the combined
extraction layers were dried (N&Qy), and filtered. The filtrate was then concentrated, and
the resulting residue was driéd vacuo.The product was converted to the HCI salt by
stirring with 15 mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The smiut
was concentrated by rotary evaporation and the resulting residue wasadr@etio The
solids were triturated with diethyl ether (3 x 25 mL) and the resulting residue wasdried
vacua The product was converted back to the free base by stirringougly with 15 mL
of 2 N ag. NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCM for 1 h.
The layers were separated, and the aqueous layer was extracted with DCM (3 x 15 mL).

The combined organic layer was dried £8@) and filtered. The fttate was concentrated
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by rotary evaporation and the resulting residue was drigecuo This produced 1.28 g
(92%) of N& (p-dimethylaminobenzenesulfonyNo-(1-methyl2-oxoindoline5-sulfonyl)-
[N,N-bis(3-aminopropyl)cyclohexylmethylaminejs a yellow iscous oil.*H NMR (400
MHz, CDCk) (17.83 (m, 1 H, 1ArSOy), 7.73 (m, 1 H, 6ArSQOy), 7.64 (m, 2 Hp-ArSQOy),
6.89 (m, 1 H, BArSQOy), 6.65 (m, 2 HM-ArSQOy), 3.57 (m, 2 H, CCEC), 3.23 (s, 3 H,
NCHz), 3.03 (m, 10 H, N(Ch)2, NCH), 2.38 (m, 4 H, CEN), 2.02 (d, 6.9 Hz, 2 H,
CH:Cy), 1.61 (m, 10 H, CkCy, Cy), 1.35 (m, 1 H, CH), 1.14 (m, 4 H, Cy), 0.79 (m, 2 H,
Cy). 3C NMR (101 MHz,CDCL) 1i174.8, 152.7, 148, 133.7, 128.8, 128.7, 133125.1,
1249,1233,110.9, 108, 62.0, 53.1, 42.57, 42.51, 40356, 354, 31.9, 265, 26.4, 26.1,
26.0, 258. IR (neat cmf) 2923 (w), 2850 (w), 2501 (w), 1712 (w), 1608 (w), 1595 (w),
1516 (w), 1492 (w), 1447 (w), 1368 (w), 1314 (m), 1264 (w), 1196 (w), 1147 (m), 1093
(m), 1058 (m), 97 (w), 941 (w), 917 (w), 817 (w), 750 (w), 725 (w), 649 (m), 629 (w),

607 (W).MS (ESI) m/z 620 (MH"), 621 (MH" +1).



199

Synthesis ofN&(p-dimethylaminobenzenesulfonyNo-(4-cyanacsulfonyl)-[N,N-bis(3-

aminopropyl)cyclohexylmethylamine] (TL054)2®

| CN
_N
Tl %Q
0" e HN ©
N

To a 250 mL round bottom flask, 5.09 g (12.4 mmolNgB-aminopropyBN-(3-
p-dimethylaminobenzenesulfonamidopropyl)benzylami2e7r5 g (13.6 mmol) of4-
cyanobenzenesulfonyl chlorid@s mL of sat. ag. NaCl solution, 35 mL of sat. ace®@s
solution and 35 mL of DCM were added. The mixture was stirred vigorously at r.t. for 24
h. The mixture was then placed in a separatory funnel and the organic layer was removed.
The aqueous layer was extracted with DCM (3 x 25 mL), the combined extraction layers
were dried (NgSQy), and filtered. The filtrate was then concentrated, and the resulting
residue was drieth vacuo.The product was converted to the HCI salt by stirring with 15
mL of a solution of 2 N HCI in MeOH and stirring for 1 h. The solution waxentrated
by rotary evaporation and the resulting residue was dnedacuo The solids were
triturated with diethyl ether (3 x 25 mL) and the resulting residue was idrietuo The
product was converted back to the free base by stirring vigorouslyl&imL of 2 N aq.

NaOH solution, 15 mL of sat. aq. NaCl solution, and 15 mL of DCM for 1 h. The layers
were separated, and the aqueous layer was extracted with DCM (3 x 15 mL). The combined

organic layer was dried (M&Qy) and filtered. The filtrate wasoncentrated by rotary
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evaporation and the resulting residue was dnegacuo This produced 6.88 g (95%) of
NG (p-dimethylaminobenzenesulfonyiNo-(4-cyanosulfonyB[N,N-bis(3
aminopropyl)cyclohexylmethylaminejs a yellow viscous oil!H NMR (400 MHz,
CDCl3) 17.96 (m, 2 HO-ArSQy), 7.77 (m, 2 Hp-ArSQy), 7.63 (m, 2 HMArS(Q,), 6.66

(m, 2 H,mArSGy), 3.02 (m, 8 H, N(CHh)2, CH:N), 2.92 (t, 6.3 Hz, 2 H, Cil), 2.38 (t, 4

H, CH:N), 2.03 (m, 2 H, CECy), 1.63 (m, 8 H, CkCy), 1.35 (m, 1 H, CH), 1.12 (m, 4 H,
Cy), 0.77 (g, 11.4 Hz, 2 H, Cy}*C NMR (101 MHz,CDCls) 11152.8, 144.6, 133, 132.8,
120.0, 1289, 127.7, 124.7, 113, 115.9, 11.0, 77.3, 7.0, 767, 621, 532, 53.0, 428,
42.4, 401, 356, 31.9, 26.5, 8.0, 258. IR (neat crmf) 2925 (w), 2851 (w), 2359 (w), 2232
(W), 1672 (W), 1596 (w), 1447 (w), 1375 (w), 1328 (w), 1159 (m), 1129 (m), 1091 (m),
971 (w), 944 (w), 899 (w), 836 (w), 786 (w), 699 (w), 655 (m), 629 (m), 616 (m). MS
(ESI) m'z576 (MH*), 577 (MH* +1), 58 (MH* +2). Anal. Calcd for @H1Ns04S-HCI:

C,54.93; H, 6.91; N, 11.44. Found: C, 55.28; H, 7.13; N, 11.22.
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Synthesis ofN& (p-dimethylaminobenzenesulfony)No-(4-(2-oxopyrrolidin -1-

yl)benzenesulfonyl)-[N,N-bis(3-aminopropyl)cyclohexylmethylamine] (TL055)%

To a 250 mL round bottom flask, @.§ (2.3 mmol) & N-(3-aminopropy}N-(3-p-
dimethylaminobenzenesulfonamidopropyl)benzylamife67 g (26 mmol) of 4-(2-
oxopyrrolidin-1-yl)benzenesulfonyl chloridel5 mL of sat. ag. NaCl solution, 15 mL of
sat. ag. NgCOs solution and 15 mL of DCM were added. The mixture was stirred
vigorously at r.t. for 24 h. The mixture was then placed in a separatory funnel and the
organic layer was removed. The aqueous layer was extracted with DCM (3 x 25 mL), the
combined extraction layersere dried (NgSQy), and filtered. The filtrate was then
concentrated, and the resulting residue was dniedcuo.The product was converted to
the HCI salt by stirring with 15 mL of a solution of 2 N HCI in MeOH and stirring for 1 h.
The solution was carentrated by rotary evaporation and the resulting residue wasrdried
vacua The solids were triturated with diethyl ether (3 x 25 mL) and the resulting residue
was driedn vacuo The product was converted back to the free base by stirring vigorously
with 15 mL of 2 N ag. NaOH solution, 15 mL of sat. ag. NaCl solution, and 15 mL of DCM
for 1 h. The layers were separated, and the aqueous layer was extracted with DCM (3 x 15

mL). The combined organic layer was dried {8&) and filtered. The filtrate was
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concentrated by rotary evaporation and the resulting residue wasinnggtuo This
produced 1.48 g (99%) &6 (p-dimethylaminobenzenesulfonyiNo-(4-(2-oxopyrrolidin
1-yl)benzensulfonyl)[N,N-bis(3-aminopropyl)cyclohexylmethylaminelas a yellow
viscousoil. *H NMR (400 MHz, CDCY) i 7.80 (m, 4 Ho-ArSQOz, mArSQy), 7.63 (m, 2
H, 0-ArS0O,), 6.65 (m, 2 HMArSQy), 3.88 (m, 2 H, CCkC), 3.02 (s, 6 H, N(Ch)2), 2.96
(m, 2 H, CHN), 2.84 (m, 2 H, CkN), 2.63 (m, 2 H, NCEKL), 2.28 (m, 4 H, CkN), 2.17
(m, 2 H, CCHC), 2.02 (d, 6.9 Hz, 2 H, Gigy), 1.62 (m, 8 H, CkCy, Cy). 1.48 (m, 1 H,
CH), 1.34 (m, 2 H, Cy), 1.13 (m, 4 H, Cy), 0.79 (m, 2 H, ¢33.NMR (101 MHz,CDCl)
0175.0, 1527, 142.8, 134.9, 128.8, 8D, 1251, 119.3, 119.0, 110.9, 61.8, 53.5, B2.
48.5,43.0,42.2, 40,356, 328, 31.8, 266, 26.0, 256, 17.8.IR (neat crt) 2923 (w), 2850
(w), 2388 (w), 1695 (w), 1592 (w), 1495 (w), 1449 (w), 1418 (w), 1387 (w), 1319 (w),
1221 (w), 1153 (w), 1128 (w), 109@/), 972 (w), 945 (w), 900 (w), 837 (w), 757 (w), 696
(w), 654 (w), 622 (w), 615 (w), 605 (w). MS (EBhvz 634 (MH™). Anal. Calcd for

C31H47NsOsS-HCI-CH3OH: C, 54.72; H, 7.46; N, 9.97. Found: C, 54.81; H, 7.19; N, 9.90.
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Synthesis of 9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyb3-methylene

5-(4-cyanobenzensulfonyl)-1,5,9triazacyclododecang TL050)%®

Lo
O

To a 1 L round bottom flask, 270 g (4.70 mmol) ®™G(p-
dimethylaminobenzenesulfonylNo-(4-cyandenzensulfonyl)}-[N,N-bis(3
aminopropyl)cyclohexylmethylaming] 6.31 g (21.9 mmol) of 2-methylenel,3
propanebigért-butylcarbonate)130 mg (1.23nmol) of NaCO;s, 260 mg (0.284 mmol)
of Pcdba, 264 mg (0.619 mmol) of dppb a®m®0 mL ofanhydrous acetonitrile were
stirred undeNz gasand boiled under reflux. The mixture was then allowed to cool to r.t.
and filtered. The filtrate was washed withrBQ of sat. aq. NaHCgX>olution. The organic
layer was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The
combined organic solutions were dried §8&) and filtered. The filtrate was concentrated
by rotary evaporation and the resulting residue was dniegacuo The product was
converted to the HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1
h. The solution was then concentrabgdrotary evaporation and the resulting residue was
driedin vacuo The resulting solid was triturated with diethyl ether (3 x185 and the
residue driedn vacuo The product was then converted back to the free base by stirring
vigorously with 25 mL oDCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. ag. NaCl

solution for 4 h. The layers were separated, and the aqueous layer was extracted with DCM
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(3 x 25 mL). The combined organic solutions were dried$&) and filtered. The filtrate
was concentratd, and the resulting residue was diredacuo The product was purified

by automated chromatography on neutral alumina, eluting WBith (v/v) ethyl
acetate/hexane. This produced 0.30 g (20%) of9-cyclohexylmethyl-(4-
dimethylminobenzenesulfonyd-methylene5-(4-cyanobenzersalfonyl)-1,5,9
triazacyclododecanas a clear viscous ofiH NMR (400 MHz, CDCJ) 1i7.91 (m, 2 Hp-
ArSQ,), 7.79 (m, 2 Hp-ArSQ,), 7.54 (m, 2 HMArS(Q,), 6.66 (m, 2 HM-ArSQO,), 5.11

(d, 5.1 Hz, 2 H, C=CH), 3.99 (s, 2 HH2/4), 3.58 (s, 2 HH4/2), 3.37 (m, 2 HH6/12),

3.03 (s, 6 H, N(Ch)2), 2.90 (t, 6.2 Hz, 2 H{12/6), 2.30 (m, 2 HH8/10), 2.19 (t, 5.8 Hz,

2 H,H10/8), 1.94 (dd, 6.9 Hz, 3.5 Hz, 2 H, GEY), 1.67 (m, 8 HH7, 11, Cy), 1.45 (m1

H, Cy), 1.16 (m, 4 H, Cy), 0.67 (g, 11.7 Hz, 2 H, C})C NMR (101 MHz,CDsOD) Ui
15109, 1425, 1407, 1332, 129.2, 12&, 1187, 116.9, 116/, 113.4, 66.8, 62.3, 60.5, 52.8,
52.2, 486, 48.2, 40.3, 3.0, 302, 25.5, 25.0, 22.4, 20.02, 19.8B.(neat cm) IR (neat cm

1) 2924 (w), 2852 (w), 2232 (W), 1595 (m), 1516 (w), 1447 (w), 1370 (w), 1334 (m), 1229
(w), 1149 (m), 1089 (m), 1042 (w), 996 (w), 898 (w), 875 (w), 841 (w), 790 (m), 724 (m),
682 (m), 639 (m), 621 (m), 608 (WIS (ESI) m/z628 (MH™), 629 (MH™* +1), 63 (MH"

+2).
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Synthesis of 9-cyclohexylmethyt1-(4-dimethylaminobenzenesulfonyb3-methylene

5-(4-(2-oxopyrrolidin -1-yl)benzenesulfonyl)-1,5,9triazacyclododecangTL056)%

To a 1 L round bottom flask, 1.06 g (1.68 mmol) dfiG(p-
dimethylaminobenzenesulfonyljo-(4-(2-oxopyrrolidin-1-yl)benzensulfonyl)}[N,N-
bis(3-aminopropyl)cyclohexylmethylamine2.43 g (8.42 mmol) of2-methylenel,3
propanebisfert-butylcarbonate)118 mg (1.11 mmol) of N€Os, 105 mg (0.115 mmol)
of Padbas, 92.7 mg (0.217 mmol) of dppb and 186 mLamhydrous acetonitrile were
stirred undeNz gasand boiled under reflux. The mixture was then allowed to cool to r.t.
and filtered. The filtrate was washed with 50 mL of sat. aq. Na¢$Gl0tion. The organic
layer was separated, and the aqueous layer was extracted with DCM (3 x 25 mL). The
combined orgnic solutions were dried (Ma&Qs) and filtered. The filtrate was concentrated
by rotary evaporation and the resulting residue was dniedacuo The product was
converted to the HCI salt by stirring with 25 mL of a solution of 2 N HCI in MeOH for 1
h. The solution was then concentrated by rotary evaporation and the resulting residue was
driedin vacuo The resulting solid was triturated with diethyl ether (3 x5 and the
residue driedn vacuo The product was then converted back to the free bastriiygs

vigorously with 25 mL of DCM, 25 mL of ag. 2 N NaOH solution, and 25 mL sat. ag. NaCl
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solution for 4 h. The layers were separated, and the aqueous layer was extracted with DCM
(3 x 25 mL). The combined organic solutions were dried$8%) and filtered. The filtrate

was concentrated and the resulting residue was triedcuo The product was purified

by automated chromatography on neutral alumina, eluting WBith (v/v) ethyl
acetate/hexaneThis produced 0.319 g (28%) o1-(4-((9-(cyclohexylmethi)-3-
methyleneb-tosyt1,5,9triazacyclododeca-yl)sulfonyl)phenyl)pyrrolidin2-one as a
clear viscous oil'H NMR (400 MHz, CDCJ) i 7.76 (m, 4 HO-ArSQO;, 0-ArSQy), 7.53

(m, 2 HmArSQy), 6.63 (m, 2 HM-ArSQ,), 5.11 (s, 2 H, C=C}), 3.86 (t, 2 HCCH.C),

3.81 (s, 2 HH2/4), 3.65 (s, 2 HH4/2), 3.18 (m, 2 HH6/12), 3.00 (s, 8 HH12/6, N(CHb)2),

2.60 (m, 2 H, CCkC=0), 2.19 (m,6 H, H8, 10 CH.CH.C=0), 1.91 (d, 6.9 Hz, 2 H,
CH.Cy), 1.57 (m, 10 HH7, 11, Cy), 1.08 (m3 H, Cy), 0.65 (g, 11.6 Hz, 2 H, Cy}:3C

NMR (101 MHz,CDCl) G 1757, 175.0, 1532, 152.4, 143.7, 148, 1422, 130.8, 129.7,
129.4, 128, 1213, 121.0, 119.5, 111.9, 111.1, 61.3, 53.3, 53.3, 52.7, 48.9, 40.2, 32.9,
31.7, 297, 25.6, 242, 18.0. IR (neat cr) 2924 (w), 2852 (w), 2442 (w), 1699 (w), 1593
(m), 1517 (w), 1495 (w), 1448 9w), 1419 (w), 1383 (w), 1317 (m), 1221 (w), 1149 (s),
1090 (m), 996 (m), 941 (w), 897 (m), 837 (w), 778 (m), 713 (m), 689 (m), 641 (m), 602
(w). MS (ESI) m/z 686 (MH"), 68 (MH® +1). Anal. Calcd for

CssHs51Ns05S-HCI-3.5H0: C, 53.52; H, 7.57; N, 8.92. Found: C, 53.68; H, 7.95; N, 9.13.
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Conclusion
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5.1Conclusion and Future Outlook

A library of 51 compounds Isdeen successfully synthesized and characterized. It
was initially suggested that the addition of steric bulk on to the isobutylene head group of
CADA could optimize the conformation of the molecule and place the two side arms in
positions to improve thenteractions with the binding sites. However, synthesis of

compoundsTLO05, TLOO7, and TLO10 (Figure 5.1.1)showed decrease CD4 down

Qg Lo Qg L9 Qg Lol

T Y LY
T o

Figure 5.1.1.Structures offL005, TLOO7, andTLO10. ‘

modulation activities. This indicates that the increased steric bulk of the new head groups
causes a decrease in activityighhcould be due to changes in the conformation. The bulky
headgroups could be affecting the conformation of the compound and placing the two side
arms in positions that would decrease interactions with the binding site. This is contrary to
the initial hypthesis for these CADA analogs. The synthesis of CADA analogs containing
an isopropylidene head groupere unsuccessful due to the nature of the palladium
catalyzed cyclization. The formation of the bis diene product caused by the E2" elimination
and the duble addition prevented the formation of the CADA analogs with the
isopropylidene head group. However, further investigation of head group modifications to

CADA could still be conducted. Although the results showed decrease in adiivity)



214

could behydrolyzed to form an ethyl group and

OMe
\©\9 H\ 9/©/ tested for CD4 dowmodulation potency. Since
S. .S

N
L/ \J compound RA016 (Figure 5.1.2) showed an
N

KO increase in potency, it would be interesting to see

if there would be an increase in potencyli010

Figure 5.1.2.Structure oRAO016.

were hydrolyzed. The more potent analdg920
could also be hydrolyzed to see if the methyl group instead of an isobutylene group would
be a better head group.

Modifications to the tosyl side arm of the CARnalogCK147 were successfully
conducted. This produced a series of CADA analogs with various properties which were
tested for CD4 dowamodulation activity. It was found that the removal of the aromatic
ring showed a dramatic decrease in activity as shimmcompound9'L027 and TLO33
which had a methyl and a morpholine group. Inaedageric bulk also showed a decrease
in activity as shown in compounflL038, TL023, andTL022. Increasd the electron
richness of the side arm also showed a slight decreaaetivity as shown fofL042.
CompoundsTL020, TL029, and TLO39 (Figure 5.1.3) were the most potent analogs
synthesized in this studyL020 was found to be just as potent, if not slightly more potent
than CK147 (Figure 5.1.4). It was found to be lessatgikic with the same anhlIV
activity, making it more selective th&@K147. However, compoundL042 was found to

be the lest cytotoxic analog with comparable-&i¥ activity to CK147, making it a better
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Figure 5.1.3.Structures off L020, TL029, TL039, andTL042.

candidate forin vivo studies.CompoundsTL029 and TLO39 w ere found to be more
cytotoxic thanCK147. A viral screening was conducted 0020 and it was found to be
active againstika, hepatitisB, chikungunya, dengue, tacaribe, and respiratory syncytial
viruses. This indicates th&it. 020 not only has artHIV properties but is a good candidate

for other viruses. Further investigation into the mechanism of action against these other

viruses could lead to better analogs that could

|
N\
o o ultimately produce a cure to some of these
0“ >N N0

infections
NY)

Figure 5.1.4.Structure ofCK147.
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Copper (Il) complexes of opeshained disulfonamides were initially proposed as
potential gp160 dowmodulating compounds. However, attempts at synthesizing the
copper complexes proved to be unsuccessful. Due to complications with the synthesis,
copper (I1) was substituted for gold (111). Initial attempts at making the gold (11l) complexes
also seemed to be unsuccessful. It was believed that the sulfonamide nitrogens were not
nucleophilic enough for the reaction to proceed. Attempts at increagimyitleophilicity
of the nitrogens were done by addition of a weak base to the reaction mixture, however this
also proved to be unsuccessful. A new eplained disulfonamide was proposed in order
to increase the nucleophilicity of the nitrogen. Synthesithe newly proposed carboxy
disulfonamide was initiated. The synthesis of the diester compbud80 (Figure 5.1.5)
was successfully conducted. The reduction of the diester to the dicarboxylic acid was also
done, however the product was not isolatethadree base. Attempts at tosylation of the
dicarboxylate were done but were unsuccessful. Isolation of the dicarboxylate as the free

base is currently being investigated. It is believ
OMe MeO 0
o)

that the carboxylate salt contains excess Na N

which would affect tk tosylation reaction. Once KO

the carboxylic acid free base is successfu

| Figure 5.1.5.Structure offL030.

isolated, the tosylation reaction should work.
Analogs for TSHR dowsmodulation has been conducted. Six different sulfonyl

chlorides were synthesized. From these six sulfonyl adsri four opeithain

disulfonamides were created. However, of the four agen disulfonamides, only two

were successfully cyclized to form the CADA analdg®950 andTLO56 (Figure 5.1.6).
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CompoundTL050 still needs to be reduced to the primary amingialnattempts of the
reduction did not show any evidence for the formation of the product and the starting
material was recovered after the reaction. The reductioTL&@f50 is still being
investigated. Additional attempts at the reduction will be conducted to form the primary
amine. Once the reduction is completed, the resulting compound will be tested for TSHR
dowrrmodulation activity. The reduced product will also be usealdd on guanidine and
amidine functional groups to also be tested for TSHR diowdulation.

Formation of the onarmed CADA analog is also being explordd.047 was

reacted with mercaptoethanol to remove th@g&yl group. Evidence of the product was

| | | D
N _N cN N N

o 0 0 0 o 0
Il 1 N M g 1
2N 2S5 - S “ >N N

Z S 0

O N N o} NO, (o] N N (@] E/ \J
N &NJ N

TL047K© TLOSOKO TL056K©

Figure 5.1.6.Structures offL047, TLO50, andTL056.

shown, however there were discrepancies in the data as well as evidence of an inseparable
side product. The removal of then®syl group to form the orermed CADA anaig will

be attempted with-mercaptobenzoic acid and®0s. Once the ona@armed CADA analog

is completed, it will be tested for TSHR dowmrodulation along witiflLO50 andTL0O56.

The onearmed CADA analog is an important analog since it was determined that
compoundsvGDO040 and CKO75 (Figure 5.1.7), both orarmed CAA analogs, were

found to be potent TSHR dowmodulatorsThis new onearmed CADA analog containing

a p-dimethylamino side arm could show similar demoedulation activity as well. These
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\@\ \@\ compounds are known to be poor

0 0 %

s % S downmodulators of CD4 but are
E/N N found to be good dowmodulators

CK075© VGD040 of TSHR, making them selective

towards TSHR.The onearmed

Figure 5.1.7.Structures oCK075 andVGDO040. |

CADA analog could also be used
to add side arms that were used to make the-opamed disulfonamide but were

unsuccessful in the palladium catalyzed cyclization step.
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4 and *C NMR Spectra of New Compounds

Spectrum

Figure S1'H and 13C NMR spectrum of TLO14é é é é é é é é é é
Figure S1'H and 13C NMR spectrum of TLO156 é é é é é é é é é

Figure S1'H and 13C NMR spectrum of TLO16é é é é é é é é é é

Figure S1'H and 13C NMR spectrum of TLO19¢ é é é é é é é é é

Figure S1'H and 13C NMR spectrum of TLO20é é é é é é é é é é
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Figure S1'H and *C NMR spectrum of TLO 25

Figure S1'H and **C NMR spectrum of TLO 26é

Figure S1'H and 3C NMR spectrum of TL0 28
Figure S1'H and 3C NMR spectrum of TL0 29

Figure S1'H and *3C NMR spectrum of TLO30é

Figure S1'H and **C NMR spectrum of TLO33¢
Figure S1'H and 3C NMR spectrum of TL0O34é
Figure S1'H and *3C NMR spectrum of TLO 35

Figure S1'H and **C NMR spectrum of TLO36é

Figure S1'H and **C NMR spectrum of TL0 38
Figure S1'H and **C NMR spectrum of TLO39%

Figure S1'H and **C NMR spectrum of TLO40é
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Figure S1'H and 3C NMR spectrum of TLO45¢ é é é é é é é é é

Figure S1'H and 3C NMR spectrum of TLO466 é é é é é é é é é

Figure S1'H and 3C NMR spectrum of TLO49¢ é é é é é é é é é

Figure S1'H and 3C NMR spectrum of TLO50é é é é é é é é é é

Figure S1'H and 3C NMR spectrum of TLO54é é é é é é é é é é
Figure S1'H and 3C NMR spectrum of TLO55¢ é é é é é é é é é

Figure S1'H and 3C NMR spectrum of TLO56é é é é é é é é é é
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Figure S3 H and'C NMR spectrum ofL022
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