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CHAPTER 1 - INTRODUCTION

1.1 Gene expression by Histone Deacetylase (HDAC) proteins

The nucleosome is a unit of DNA packaged around a histone protein core
(Figure 1.1)." The four core histone proteins (histone octomers, pink) are
wrapped by the DNA double helix (gray), which form chromosomes (violet)
through highly condensed nucleosomes. The nucleosomes carry epigenetically
inherited information in the covalent modifications of the core histones. Covalent
modifications of lysine residues located on histone N-terminal tails alter gene

expression.
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Figure 1.1 Epigenetic mechanisms." Histone octomers (pink), DNA double stand (gray), and
chromosomes (violet). Reused with permission
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Among the covalent modifications, the acetylation status of histone lysines
is governed by histone deacetylase (HDAC) proteins and histone
acetyltransferase (HAT) proteins and is in equilibrium (Figure 1.2). HDAC and
HAT proteins are two key enzymes that regulate gene transcription. The neutral,
acetylated lysine allows DNA to interact with transcription factors to promote
gene expression. Deacetylated positively charged lysine residues interact with
the negatively charged phosphate backbone of DNA. The tight electrostatic
interaction between the additional lysine residues and the negatively charged
DNA backbone prevents activation with gene transcription. The overexpression
of HDAC proteins shifts the equilibrium to the unmodified state and results in
aberrant transcription in some cancer cells.? More specifically, overexpression of
HDAC proteins induces repression of transcription and alteration in the
accessibility of genes to transcriptional proteins causes reduced gene
expression. Since decreasing gene expression can cause a variety of diseases,

including cancers, the family of HDAC proteins has been studied.

e Histone U
/ ¥ acetyltransferase HN/ H
AN NH3 (HAT) N\[(
OI\/\/ Histone ) O
Ry deacetylase o
Lysine (HDAC) Acetyl-lysine

Figure 1.2 The equilibrium activities of histone acetyltransferase (HAT) and deacetylase (HDAC)

www.manaraa.com



1.2 HDAC protein family

The HDAC protein family consists of 18 members and is divided into four
classes based on size, cellular localization, number of catalytic active site, and
homology to yeast HDAC protein (Table 1.1).2 Class | includes HDAC1, HDAC?2,
HDAC3, and HDACS8. Class Il includes HDAC4, HDAC5, HDAC6, HDAC?7,
HDAC9, and HDAC10. Class IV includes HDAC11 as the sole member because
it displays similarities to both class | and Il. Class lll are NAD'-dependent
proteins, referred to as sirtuins (SIRT 1-7). Class |, Il, and IV are metal ion-

dependant proteins and are sensitive to the inhibitors in this dissertation.

Table 1.1. HDAC family

Metal ion-dependent NAD’-dependent

Class | Class Il Class IV Class Il
HDAC1 HDAC4 HDAC11 SIRT (1-7)
HDAC2 HDACS5
HDAC3 HDAC6
HDACS HDAC7

HDAC9

HDAC10

Class | HDAC proteins (HDACs) are found in cancers, including ovarian
(HDACH1, 2, and 3),° gastric (HDAC2),® and lung cancers (HDAC1 and HDAC3).”
Class | HDACs are produced at higher levels in ovarian cancers compared to
normal ovarian tissues, as assessed using small interfering RNA methodology.’
Strong expression of HDAC2 was found in 44 out of a total of 71 gastric tumors.®

HDACS3 is elevated in 92% of squamous cell lung carcinomas, as assessed using
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immunoblot analysis.” HDACS is involved in acute myeloid leukemia (AML).2 A
common form of AML results from an abnormal fusion protein, Inv1, that binds
HDAC 8. Overexpression of class Il HDACG6 is observed in breast and ovarian
cancer tissues.® Cell motility was increased by transfecting at HDAC6 expression
plasmid into the breast cancer MCF-7 cells. Class Il HDAC 10 protein is involved
in the formation of tumors of skeletal muscle.”® HDAC10 was detected at the
highest level in the skeletal muscle tumor SURH30 rhabdomyosarcoma cell line.
The different activities that connect each HDAC isoform with cancer formation
have been given significant attention on the pharmaceutical and carcinoma
studies.” ®

Even though each individual HDAC protein is involved in the formation of
cancers, the role of each isoform in carcinogenesis is not clear yet. Therefore,
elucidating the molecular mechanism connecting the HDAC activity of each
isoform to cancer formation would facilitate studies that lead to treatment of
diseases. To comprehensively understand the role of individual HDAC proteins in
the growth and progression of cancer, development of selective HDAC inhibitors

is required.

1.3 HDAC inhibitors

New approaches towards studying the causes and treatments of cancer
have been rigorously studied since cancers are one of major causes of death in
the United States. With a role in cancer, several HDAC inhibitor drugs are in
clinical trials for treatment of cancer.” Specifically, suberoyl anilide hydroxamic

acid (SAHA, Vorinostat) was the first HDAC inhibitor approved by the Food and
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Drug Administration (FDA) for treatment of cutaneous T-cell lymphoma (CTCL)."?
Another recent FDA-approved HDAC inhibitor is depsipeptide (romidepsin,
FK228), also for treatment for CTCL.™ Currently, most HDAC inhibitors are pan-
inhibitors, which similarly inhibit all HDAC proteins. Therefore, developing
selective inhibitors would aid studies connecting HDAC activity to cancer
formation.

Most metal ion-dependent HDAC inhibitors, including SAHA, have a
similar structure construction consisting of a capping group that is solvent-
exposed, a carbon linker that is surrounded by a hydrophobic tunnel, and a metal
binding moiety that is buried in the protein active site (Figure 1.3).

capping linker meFaI binding capping linker me.ta: binding
group moiety group moiety

SN o N\ T\ SN T N

0
O X O)kN NH,
NHOH | H H
N N §
O MS-275 o

SAHA

Figure 1.3. Structures of metal ion-dependent HDAC inhibitors

The crystal structure of SAHA bound in the active site of a bacterial
homologue support that the SAHA anilide capping group is solvent-exposed near
amino acids at the entrance of the active site, the linker positions in the
hydrophobic channel, and the hydroxamic acid is located near the zinc atom at
bottom of the active site (Figure 1.4). However, slight differences in the active
sites of the human HDAC isoforms are not known in detail because limited

crystallographic analysis is only available for HDAC2,' HDAC3,"™ HDAC4,"®
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HDAC7 and HDACS8."” Therefore, design of isoform-selective HDAC inhibitors

that inhibit only related HDAC proteins is challenging.

Phenyl group

Long narrow
aliphatic chain

— Zinc

Binding end
(hydroxamic acid)

Figure 1.4. Structure of SAHA bound to an HDAC-like protein.18 Reused with permission.

1.4 Inhibitor selectivity

Currently, most HDAC inhibitors, including SAHA, nonspecifically inhibit all
eleven metal ion-dependent HDAC proteins. As a promising hypothesis, the non-
selective HDAC inhibitors might cause cancer patients in the clinic to suffer from
the side effects, such as fatigue, anorexia, diarrhea, and cardiac arrhythmia.
The clinical toxicity of selective inhibitors is unknown because there is no HDAC
isoform selective inhibitor at present. In addition, the similarity in the active sites
of the isoforms has challenged inhibitor design.20 Elucidating the relationship

between inhibitor selectivity and clinical toxicity might not only help understand
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the role of the HDAC isoform function, but also contribute to the development of

chemotherapies with fewer side effects for cancer patients.

1.5 Rationale for the synthesis of SAHA analogues containing
substituents on the carbon linker

Towards creating isoform selective inhibitors, the structural regions of
HDAC inhibitors have been studied. Particularly, the capping region and metal
binding moiety have been extensively modified.?’ The influence of substituents
on the linker region is relatively less studied, although the hydrocarbon linker has
been investigated, such as varying chain length, producing points of unsaturated
chain, and adding an aryl or cyclohexyl ring.22 However, MS-275, which displays
selectivity for class 1%, contains an aryl ring in the linker region (Figure 1.3). The
intra-chain aryl group structure of MS-275 suggests that selectivity may be
influenced by the structure of the linker region. We designed structure activity
relationship (SAR) studies of SAHA to investigate the role of the linker on
inhibitory activity and selectivity. Moreover, synthesis of a library of SAHA
analogs would be simple through only several steps since SAHA can be
synthesized in three steps.?'® With these advantages, SAHA analogue libraries
and SAR studies led us to explore the impact of substituents in the linker region.
1.6 Specific aims

Our goal is syntheses of SAHA analogues with substituents on the linker
region. First of all, small molecule libraries of SAHA analogues would elucidate
the structural requirements of potent HDAC inhibitors. Second, developing novel

isoform or class selective inhibitors would be explored by testing the selectivity of
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the SAHA analogues. Third, screening small molecule analogues by using Fluor
de Lys™ activity assay (Enzo) would allow analyzing potency and selectivity, and
exploiting veiled interaction between specific cancer formation and selectivity.
The evaluation of these analogues will be helpful to improve chemotherapeutic
drug design.

SAHA achieved the first FDA approval among HDAC inhibitors for
cutaneous T-cell lymphoma (section 1.3). Cancer patients, however, are still
suffering from side effects.' Because side effects may be caused by the fact that
SAHA is a pan inhibitor, the development of isoform or class-selective inhibitors
would be critical to understand the relationship between toxicity and individual
HDAC activity associated with cancer formation. Therefore, the development of
selective inhibitors has been a significant aim for biological and pharmacological
studies. Likewise, structure activity relationship (SAR) studies of small molecule
HDAC inhibitors are required because only limited numbers of the selective
inhibitors are reported. Therefore, our SAHA analogue syntheses and biological
activity studies are a fitting starting point to design selective HDAC inhibitor and
develop better chemotherapy with fewer side effects compared to current pan

inhibitors.

1.7 Development of isoform or class-selective inhibitors
Presently, a minority of examples of SAHA analogues containing
modifications on the carbon linker are reported, in spite of the promising area.

For example, a few studies of the impact of substituents on the linker have
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explored hydrophobic substituents (Figure 1.5).%* No potency improvement was
observed in w-Alkoxy analogues A,-Aq.?*? In contrast to the w-Alkoxy analogues
of SAHA, aminosuberoyl hydroxamic acid analogue A, is slightly more potent
than SAHA.?** Furthermore, studies modifying the chain, such as alternating
chain length and creating an unsaturated chain, were performed as HDAC
inhibitors.??> #° None of the sulfonamides Ba.g (HDAC1 ICso 0.1-1 uM) having
different chain length and unsaturated chain displayed potency compared to
highly potent HDAC inhibitors, such as trichostatin A (TSA, IC5, 0.005 yM) and
SAHA (HDAC1 ICso 0.096 pM).%*® However, when polyaminohydroxamic acid
derivatives C,, Cp were altered in the polyamine chain and terminal group, these
analogues promoted increased level of acetylated histones H3, H4 and
acetylated a-tubulin.?” In case of C,, the increased level of acetylated a-tubulin
was significant while Cp, had no effect on the acetylation status of a-tubulin.
Despite the modest change in chain length, distinct differences compared to
SAHA were observed. As examples of various aryl or cycloalkyl groups in the
linker, N-hydroxycarboxamides possessing the 1,4-cylohexylene group D, and
1.4-phenylene group Dy, were synthesized and showed only modest activities
(WST-1 ICs5 77.9, 38.8 pM).2OC In summary, SAR series of SAHA with
substituents have been modestly explored. As a result, in our exploratory studies
of the impact of substituents on the linker, several libraries of SAHA analogues
were synthesized on the 2, 3, 6, and 7 positions to explore potency and

selectivity (Figure 1.6).
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Ay R'= CH2:CHCHZO- NWNWNWN Q\NHZ
Ab: R1= 4-MeOC6H4CH20- H e} H NH
A.: R'= 4-CF3C4H,4CH,0-

A4 R'= 3-MeOCgH,CH,O-
Aq: R'= CgH5CONH-

Y._NHOH 0, [
\N o (7T %
- = \S:N O ©/ H
= Nhon ©/ N NHOH

(0]
Trichostatin /S © Ba=- D,= 1,4-cyclohexylene
Bp= CH, D= 1,4-phenylene
Bc= (CHa)»
Bg= (CH)2

Figure 1.5. Structure Activity Relationship (SAR) Studies: HDAC inhibitors modified at the linker.
The examples of substituents on the linker (left). The modification of chain length, creation of
unsaturated chain, and alternation of aryl and cycloalkyl groups (right).

(0] R (0]
N 2 N
H 0 H R O

C2-SAHA analogues C3-SAHA analogues
Q] 0 J
MNHOH J\MNHOH
N 6 N
H o) H R o)
C6-SAHA analogues C7-SAHA analogues

Figure 1.6. SAHA analogues containing substituents on the C2, C3, C6, and C7 positions

1.8 Preparation of SAHA analogues containing substituents on the linker
near the hydroxamic acid

Since the metal binding site may be partially responsible for the potency of
inhibitors, substituents on the SAHA linker area near hydroxamic acid were
introduced. Our research group initially reported the synthesis and biological

activity of C2-SAHA analogues to explore the impact of substituents near
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hydroxamic acid.?® HDAC inhibitory activites of C2-SAHA analogues were

measured using in vitro fluorescence activity assay kit (Table 1.2).

Table 1.2. HDAC inhibition by SAHA, MS-275, and the C2-SAHA analogues using Hela cell

lysates

( ] O
N 2
H

R

(0]
C2-SAHA analogues

Compounds R ICs9, uM?
SAHA 0.090 + 0.004

MS-275 3.2+041
Methyl 134+6
Ethyl 449 + 17

n-Propyl 154 +7

n-Butyl 72+6

n-Pentyl 40+3

n-Hexyl 60+5

Allyl 144+ 9

Propargyl 87+5

Benzyl 226 + 11

8Values are the mean of three experiments with standard error given.

The smallest compound, the methyl variant (ICso 134 pM), displayed 1500

and 50-fold decreased inhibition compared to SAHA (ICs, 0.09 uM) and MS-275

(ICs0 134 uM). Even the most potent pentyl variant showed 439 and 12-fold

decreased activity compared to SAHA and MS-275. Regardless of the

substituent size, SAHA analogues modified on the C2 position displayed

inhibition in the yM range. The high ICsy values of the C2-SAHA analogues

indicate that only limited steric size is tolerated in the HDAC active site near the
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hydroxamic acid. In other words, bulky substituents near the solvent exposed
capping group might be more tolerated in the HDAC active site.

The tendency for significantly decreased inhibition due to substituents
near the hydroxamic acid proposed designing potent inhibitors. Specifically, the
poor inhibition of C2-SAHA analogues suggests that analogues with substituents
positioned closer to the capping group on the C3 position might be more
tolerated in the HDAC active site. However, we hypothesized that the inhibitory
activity could be unpredictable because substituents on each linker position
would have different impact in the HDAC active site channel. Besides, the
substituents on the C3 position could favorably interact with HDAC active site
since the 14 A internal channel near the hydroxamic acid is nearer to C3 carbon
linker than C2 carbon (Figure 1.4). Therefore, a library of C3-SAHA analogues
would explore the interaction of the inhibitor with the HDAC active site for potent
and selective inhibition. The detailed synthesis and biological activity of the

library of C3-SAHA analogues are described in Chapter 2.

1.9 Preparation of SAHA analogues containing substituents on the linker
near the capping group

Small molecules with substituents on the capping group or on the linker
region near the capping group have shown great potency (nM range) and
moderate selectivity (class-selectivity) (Figure 1.7).2”  Specifically, FK-228
(depsipeptide), which gained FDA approval for cutaneous T-cell lymphoma in
2009,?® displayed about 300-fold greater potency for HDAC1 and HDAC?2 over

HDACS.%° Apicidin also displayed 17-230-fold greater potency for HDAC2, 3, and
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8 over HDACH1, 4, 6, 7, and 9.*° Trapoxin B showed HDAC1 selectivity over
HDAC6.%’° The large capping groups in these HDAC inhibitors suggest that

selectivity is influenced by the capping group substituents.

FK-228 (Depsipeptide) Apicidin Trapoxin B o
Figure 1.7. Known class-selective HDAC inhibitors with bulky groups

As an example of HDAC selective inhibitor SAR studies with bulky groups
on the linker near the capping group, compound E; (ICsy 730 nM) containing the
unusual L-Aoda amino acid was selected and modified (Table 1.3).3" The
compounds contain a ketone motif, pentyl chain, and indole group instead of
macrocycle. Although most of compounds lost 2-10 fold activity in the anti-
proliferation assay, the 3-piperid-1-ylpropanamide variant E; demonstrated
improved enzyme and cellular activities. As a result, this SAR study altering the
substituents near the capping group demonstrates the structural requirement
between inhibitor structures and HDAC functions and directs the design of

specific cancer drugs.
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Table 1.3. HDAC1 and PRO (HeLa) inhibition by SAHA, MS-275, Apicidin, the compound E,, and

derivatives
O
HN_ (S)
HN\¢
Compounds R HDAC1 ICs9, nM  PRO (HeLa)ICso, nM
SAHA 27 460
MS-275 110 1800
Apicidin 44 290
E. 590 730
E, Me 930 7600
E S 590 3000
c ’«:\\
RN
Eq S~N 480 3400
\
RN
E. Rj/le 540 2500
E¢ \OMe 200 1200
Eq C:NMe 220 2000
E, N D 190 <390

Since selective inhibition could be influenced by bulky capping groups,

SAHA analogues with large substituents on the capping group or on the linker
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area near the capping group have been frequently designed, synthesized, and
evaluated (Figure 1.8).%** % 3 Based on a docking analysis in the crystal
structures of HDAC7 and HDAC8%* of the w-alkoxy analogue A, a T-shape
arrangement between substituents near the SAHA capping group and the
lipophilic pockets surrounded by phenylalanine (Phe) residues was found. A 1r-1r
interaction between the p-methoxybenzyl moieties and Phe208 and Phe152
residues in the HDAC active site might influence isoform selectivity. Although
selective inhibition of the w-alkoxy analogue was not improved, it had superior
antiproliferative ~ activity. On  the  other  hand,  N'-hydroxy-N?-
ferrocenlyoctanediamide, JAHA, displayed picomolar inhibition against class lla
HDACG6 (ICso 8 pM) and anticancer action in intact cells (MCF7 cell line).
Cytotoxicity against a breast cancer cell line indicated that SAHA is the most
cytotoxic compound (ICso 730nM in MCF7 breast cancer cell lines) compared to
the JAHA series (ICsp 2-5uM in MCF7 breast cancer cell lines). The data suggest
that the modification of SAHA with bulky groups improves selectivity with
potency, but displays similar cytotoxicity against the cancer cell line to the parent

compound in vivo.

(@] (0]
NHOH ©\NMNHOH
N Fe H
(@)

O o-alkoxy o
analogue Ay, JAHA

OMe

Figure 1.8. Examples of SAHA analogues containing substituents on the linker area near
the capping group (left) and on the capping group (right)
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1.10 Novel HDACG-selective inhibitors

We have discussed potential isoform or class-selective inhibitors, and
common efficacious compounds targeting class I-selectivity.?*® /¢ 2930 Fewer
studies have focused on development of class || HDAC selective inhibitors. A
recent cardiac study reported that stressed myocardium showed catalytic activity
from the class Ilb HDAC, HDACG6.*® Also, overexpression of HDAC6 was
detected in ovarian and breast cancer tissues.” Since HDAC6 contains two
catalytic sites, development and design of HDACG6 selective inhibitor would
elucidate the function and mechanism of HDACG6. Tubacin is a well-known
HDACEG6 selective inhibitor and displayed 4-fold greater potency for HDAC6 over
HDAC1 (Figure 1.9).% Interestingly, the structure of tubacin has similarity with
class | selective SAHA analogues with bulky substituents at the capping group.
Slightly different modification on the capping group critically effects selectivity.
The recent SAR studies of Tubastatin A showed improved selectivity (Figure
1.9).%” Tubastatin A displayed greater than 1000-fold selectivity against HDAC6
(IC50 15 nM) compared to HDAC1 (16 uM). An extensive library of tubastatin A
indicated that tricyclic compounds displayed highly selective inhibition compared
to other compounds. The structure of Tubastatin A motivates designing new

isoform selective inhibitors. A detailed discussion of tricyclic compounds will be

discussed in Chapter 4.
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Figure 1.9. Structures of HDACG6-selective inhibitors

1.11 Evaluation of SAHA analogues containing substituents on the linker
near the hydroxamic acid and capping group

Our initial syntheses of libraries of SAHA analogues on the C2 and C3
position was achieved with substituents containing hydrophobic groups since the
carbon linker region of SAHA is surrounded by hydrophobic channel (Figure 1.4).
The data showed that only limited tolerance exists in the HDAC active site near
the metal binding moiety. In contrast, small molecules with large bulky groups
have been synthesized near or on the capping group, leading to potent
inhibitors.2'™ 38 The outcome suggests that the area near the capping group of
HDAC inhibitors has great tolerance of steric bulky group in the HDAC active
sites, confirming our hypothesis. Therefore, our syntheses of libraries of C6 and
C7-SAHA analogues have introduced bulky substituents near the capping group
(Chapter 3 and 4). Moreover, the substituents of the SAHA analogues on the C7
position, which is located closest to the capping group, might allow monitoring

the interactions between hydrophilic substituents and the HDAC active sites
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since the substituents would be placed on the entrance of the solvent exposed

area.

1.12 Structure activity relationship (SAR) studies from matrix
metalloproteinases (MMP), another hydroxamic acid binding protein

Several series of hydrophilic substituents were attached to small molecule
inhibitors for improving anti-cancer drugs. Natural or medicinal compounds
containing nitrogen have been designed and used in clinical studies or
treatments of various diseases because of their outstanding chemical and
biological activities. For instance, the matrix metalloproteinases (MMPs), like
HDACS, are relevant enzymes involved in physiologically important processes.*
Both MMP and HDAC protein are zinc-including metalloproteinases, which
favorably interact with the hydroxamic acid moiety. Structural information on
MMPs is related to HDACs because of their relationship as metal-dependent
proteases. Since proteolysis of the extracellular matrix is found in numerous
arthritis and cancers4°, several MMP inhibitors as therapeutics were discovered
and modified. Even though HDAC and MMP proteins have similar proteases
activities, SAR studies of MMP inhibitors with substituents containing nitrogen

have been more explored than with HDAC inhibitors.
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Table 1.4. Collagenase 1 (MMP1), gelatinase-A (MMP2), stromelysin 1 (MMP3), gelatinase-B
(MMP9), collagenase 3 (MMP13) inhibition by N-aryl sulfonyl homocysteine hydroxamate

analogues
S
R NHOH
N
© O0ss ©
O
OMe

|C50, nM
R MMP1 MMP2 MMP3 MMP9 MMP13
F. 51 0.7 1.6 0.2 0.5
..... \
H/\O
Fp 20 1.2 2.2 0.2 1.1
N | N
H =
F. nt 0.30 nt 0.01 nt
&&&&& \
H/\O
Fq nt 2.3 3.7 0.5 4.5
\\\\\ \ ' |
Fe 39 04 1.1 0.2 0.4
| X
N~
N
N | N
H =
Fs nt 8.82 nt 1.88 nt
N
E@
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As one fruitful example, the design, synthesis, and evaluation of MMP
inhibitors were studied with N-aryl sulfonyl homocysteine hydroxamate inhibitors
(Table 1.4).*'The data showed that hydrophobic aryl groups significantly
influenced potency. The dipyridyl methyl amide analogue F. displayed similar
potency to the monopyridyl analogue F, while the additional cyclohexyl analogue
Fs lost potent activity compared to the single cyclohexyl analogue F.. On the
other hand, both monopyridyl F, and dipyridyl Fe analogues displayed greater
than 20-fold selectivity against MMP2, MMP3, MMP9, and MMP13 compared to
MMP1. The polarity of the pyridyl derivatives containing nitrogen might be a
significant factor for MMP selectivity.

As another representative example, MMP pyridyl derivatives enhanced
biological inhibitory activity (Table 1.5). Compounds H,, Hp, and J, displayed
poor potency, while inactivity was observed in compounds Hg, I, and J,. On the
other hand, the pyridyl group on compound Jy, lead to great potency with the
selective inhibitory activity for MMP9 (ICsy 83 nM) against MMP1 (IC5, 15000
nM). The aliphatic substituents on compound H, and Hy lead to greater inhibitory
activity compared to analogues with the hydrophilic sustituents (He, I, and J, ).
Despite the hydrophilicity of pyridyl group, the favorable interaction of the pyridyl

derivative with MM9 specified that the nitrogen atom may impart selectivity.
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Table 1.5. Collagenase 1 (MMP1), gelatinase-A (MMP2), stromelysin 1 (MMP3), gelatinase-B
(MMP9), collagenase 3 (MMP13) inhibition by N-arylsulfonylaziridine hydroxamic acid analogues

Ry Ro

‘W’ NHOH
T
\< i NHOH
G 'T‘/\ff OMe
O=g o Ha: Ry=-H, Ry= -i-Bu

o’ Hb: Ry= -H, R,= <(CH,)sPh
He: Ry= -H, Ry= -CH,0-Ph-0-Ph

OMe
Ar\O..mv,,,,/ ]/NHOH AF\O.‘NW.,,,, NHOH
N N
I o O:é o
O// 2
OMe
I: Ar= -Ph-O-Ph Ja: Ar= -Ph-O-Ph
Jb : Ar= -3-pyridyl
Compounds ICs50, NM
MMP1 MMP2 MMP3 MMP9 MMP13
G 104 0.7 0.7 25 12
H. >10 000 617 213 184 380
H, 26 400 259 595 203 231
H. >100 000 15000 10 000 4770 8775
| 56 000 98 000 >100 000 >100 000 >100 000
Ja 50 000 3600 2000 500 >100 000
Jb 15000 237 164 83 300

1.13 Evaluation of a pyridyl substituent on an HDAC inhibitor, Largazole

As the most recent example of the enhanced biological activity of an
HDAC inhibitor containing nitrogen, natural product largazole analogues were
reported with significant bioactivity (Figure 1.10).42 Largazole was isolated from a
marine cyanobacterium of the genus Symploca and showed selective activity
against transformed human mammary epithelial cells (MDA-MB-231, Glso 7.7
nM) over nontransformed murine mammary epithelial cells (NMuMG, Glsy 122

nM).*® Also, the selectivity was displayed against transformed fibroblastic
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osteosarcoma cells (U20S, Glsp 55 nM) over nontransformed fibroblasts
(NIH3T3, Glsp 480 nM). Analogues K, and K, showed significantly increased
inhibitory activities for HDAC1 over HDACG6 (80%) while the parent compound
(largazole) and analogue K. displayed modest selective inhibition. Investigation
of potential selective inhibitors has been an attractive target for chemists and
biologists since specific isoforms might offer opportunities to develop selective
anti-cancer drugs. With the biological activity trend, a compound containing a

pyridyl group was synthesized, screened, and discussed in our research

(Chapter 4).
N
H, ?{ \Zw
N
H
n
S
/ _
N N
ia;j/w SR
H/
H CH2 6CH3 N \i\/\
" /
Largazole Kb
S

Figure 1.10. Structures of largazole and analogues
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Currently, SAHA and the other candidates inhibit multiple HDAC
members. However, isoform-specific HDAC inhibitors are promising targets with
respect to clinical efficacy due to the fact that broad-spectrum inhibitors have
demonstrated toxicities in the clinic.** The mechanism of relative action between
the selectivity and toxicity of HDAC inhibitors in the clinic is not well-defined, but
might reveal new mechanism-based therapeutics for cancers. Therefore, several
studies have reported a link among different HDAC family members, specific
tumor characteristics, and reduced toxicity profiles.*® Specifically, HDAC inhibitor
cytotoxicities of pediatric acute myeloid leukemia (AML) cell lines were tested by
using MTT (3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphenylterazolium-bromide)
assays.*® At clinically practicable concentrations, dual HDAC inhibitors that
inhibited both HDAC1 and HDACG6 displayed the best anti-leukemic activities in
the four pediatric AML cell lines (THP-1, CMS, Kasumi-1, and MV4-11). As
mentioned earlier, pre-clinical evaluation of HDACG6-selective inhibitors was
highlighted in cardiovascular disease.®® Furthermore, investigating HDAC
inhibitors with hydrophilic substituents including a pyridyl group might enhance
selective inhibition compared to common pan inhibitors. Even though the function
or regulation of individual HDAC proteins is still not clear, the development of the
specific-isoform HDAC protein inhibitors will lead optimal drugs for a variety of

specific diseases.
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CHAPTER 2 — SYNTHESIS OF SAHA ANALOGUES MODIFIED AT THE C3

POSITION

2.1 Rationale for design of the SAHA analogues containing substituents
on the C3 position

Inhibitor binding to a zinc atom at the bottom of the active site plays a
critical role in potency. Therefore, introducing substituents near hydroxamic acid
would help understand structural requirements of HDAC inhibitors. The SAR
study of SAHA on the linker area is relatively unexplored, in spite of it is being a
fruitful potential area (Chapter 1.5). Especially, there is the possibility to develop
isoform selective inhibitors through designing a library of SAHA analogues on the
linker. When SAHA is present in HDAC active site, it has been observed that the
linker is tightly surrounded by a hydrophobic tunnel (Figure 1.4). We theorized
that hydrophobic substituents attached at the linker would display better
interaction with the HDAC active site than hydrophilic substituents.

To explore the impact of substituents in the liker area, we previously
studied SAHA analogues with hydrophobic substituents attached on the C2
position (Figure 2.1).%° In this case, inhibitor potency was significantly reduced
regardless of substituent size. The lack of potency of the C2-SAHA analogues
indicates that limited flexibility exists in the HDAC active site near the hydroxamic

acid group. In

(e} R (0]
MNHOH )J\/\/\WNHOH Contrast, hlgh
N 2 N
H 0 H R O

potency (nM

Figure 2.1. Structures of SAHA analogues containing substituents on the
C2 and C3 position range) HDAC
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inhibitors have been created with bulky substituent near the solvent-exposed
region.?’® 3" % Therefore, we proposed that HDAC proteins would be more
tolerant of SAHA analogues containing substituents positioned closer to the
solvent exposed surface.

To systematically probe the impact of substituents present in the linker,
SAHA analogues with substituents on the C3 position were synthesized (Figure
2.1).*” We theorized that analogues with substituents attached at the C3 position
would display more potent inhibition compared to analogues with C2 substituents

due to their location closer to the solvent-exposed region.

2.2 Initial synthesis

We initially synthesized the C3-SAHA n-butyl analogue 1a, as shown
Scheme 1. The ring of commercially available e-caprolactone 2 was opened with
aniline and trimethyl aluminum to give alcohol 3, which was subjected to Swern
oxidation to give aldehyde 4. The Horner-Wadsworth-Emmons reaction with
trimethyl phosphonoacetate gave the corresponding a,B-unsturated ester 5. The
(E) and (Z)-isomers of ester 5 were separated by column chromatography and
then individually treated with a copper (I) bromide dimethylsulfide complex to give
the n-butyl ester 6a. Saponification of 6a gave carboxylic acid 7, which was
coupled with O-benzyl-protected hydroxamine. O-benzyl-protected hydroxamic

acid 8 was deprotected by hydrogenolysis to give the C3-n-butyl SAHA 1a.
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Scheme 2.1. Initial synthesis of C3-SAHA analogue (n-butyl derivative 1a)

2.3 Optimized synthesis

To create the remaining C3-SAHA analogues, several aspects of the

synthesis were improved (Scheme 2.2).

)ok/\/\/‘h ALl TuscL
PhHN ZvcoMe L MSCL

5 THF, 59% - 99%
R: b phenyl, ¢ ethyl, d vinyl,e methyl

o NH,0OH, O
KOH, NHOH
o}
6b-e R Me;OH, OOC, 1b-e R o)
b: 59% 31% - 75% b: 31%
c: 96% c: 60%
d: 86% d: 43%
e: 99% e: 75%

www.manharaa.com




27

First, the 1,4-conjugate addition reaction (5 to 6) was performed using a
mixture of (E) and (Z) isomers without the separation. Second, we found that
when preparing compound 6e from methyl lithium, no addition product was
observed. However, addition of trimethylsilane chloride (TMSCI) to the reaction
gave excellent yield.*® With this success, TMSCI was included in the addition
reaction with all remaining analogues. Finally, we used a direct, one-step
conversion of ester 6 to the final product 1. In the synthesis of C3-n-butyl SAHA
1a, a benzyl-protected hydroxamic acid intermediate 8 was used en route to the
hydroxamic acid final product, as previously reported (Scheme 1).2 However,
40% vyield after three steps (saponification, coupling O-benzyl hydroxylamine,
and benzyl deprotection) was unsatisfying. The direct conversion using
neutralized hydroxylamine in methanol was more efficient compared to the three-
step conversion and was employed for all remaining analogues (1b-1e). Using
theses modified conditions, the phenyl, ethyl, vinyl, and methyl analogues 1b-1e

were synthesized (Scheme 2.2).

2.4 Biological analysis

The inhibitory activities of the C3-SAHA were measured using Fluor de
Lys™ in vitro fluorescence activity assay kit (Biomol) using HeLA cell lysates as
the source of HDAC activity by Dr. Sujith Weerasinghe (Table 2.1).%°

The methyl variant 1e was the most potent analogue, displaying an ICs; of
350 nM, which is only 4-fold less potent than SAHA (90 nM). Theses results

indicate that the active site of HDAC proteins can accommodate a small methyl
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substituent at the C3 position. The potency of the remaining analogues

decreased with increasing size of the C3 substituent. The n-butyl and phenyl

analogues (1a and 1b) displayed the weakest inhibitory activity (184 yM and 73

MM, respectively). Interestingly, the ethyl-substituted analogue 1c displayed 91-

fold decreased activity compared to the methyl analogue 1e, despite containing

only one additional methylene. Likewise, the vinyl analogue 1d showed

significantly reduce activity compared to the methyl analogue 1e. In total, the

data indicated that a C3-methyl substituted SAHA analogue maintains nM

potency, but substituents larger than methyl result in a reduction in potency.

Table 2.1. HDAC inhibition by SAHA, MS-275, and the C3-SAHA analogues using HelLa cell

lysates
Compounds R ICs9, uM?®
SAHA 0.090 + 0.004
MS-275 3.2+£041
1a n-Butyl 184 + 14
1b Phenyl 73+14
1c Ethyl 32+4
1d Vinyl 15+ 1
1e Methyl 0.350 £ 0.05

8Values are the mean of three experiments with standard error given.

The inhibition results are consistent with the hypothesis that linker

substituents are accommodated in the HDAC active site when positioned closer

to the solvent exposed capping group of SAHA. While the C3-methyl analogue

displayed potency comparable to SAHA (4-fold reduced), the previously reported
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C2-methyl analogue (ICsq of 134 uyM) displayed 1488-fold reduced activity versus
SAHA.?% Interestingly, the C3-n-butyl variant 1a is less potent (184 uM ICsp) than
the previously reported C2-n-butyl analogue (72 uM ICs0),?® suggesting that the
area of the HDAC active site near the C2 and C3 linker position displays
structural differences.

We next tested the isoform selectivity of the C3-SAHA analogues.
Creating isoform selective HDAC inhibitors has been challenging.”® However, the
availability of selective inhibitors would provide powerful chemical tools to dissect
the individual functions of the HDAC isoforms, in addition to providing lead
antitumor drug candidates. To assess the isoform selectivity of the C3-SAHA
analogues, HDAC1 and HDACS representing class | and HDACG6 representing
class Il were tested at a single concentration near to their IC5sy values using the
Fluor de Lys™ kit (Figure 2.2). As expected, SAHA almost equally inhibited
HDAC1, HDAC3, and HDACB.% In contrast, the ethyl variant 1c showed greater
potency for HDAC6 over HDAC1 and HDACS3 at 32 uM. The butyl, phenyl, and
vinyl variants (1a, 1b, and 1c) also showed similar, although more modest,

preference for HDAC6 over HDAC3.
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Figure 2.2. Screen of C3-SAHA analogues against HDAC1, HDAC3, and HDACG6 with
125 nM SAHA, 32 uM 1a-d, and 375 nM 1e.

To more rigorously assess the selectivity observed in the initial screen, we
determined the ICso values of the C3-ethyl variant 1¢ because it displayed the
most promising results in the initial screen. The C3-ethyl analogue 1c displayed
12-fold selectivity for HDAC6 over HDAC3 and 3-fold selectivity for HDACG6 over
HDAC1 (Table 2.2). In addition, it displayed selectivity within class I, with 4-fold
preference for HDAC1 over HDAC3. As a control, SAHA displayed similar
inhibitor activity against the isoform, as expected (Table 2.2).30 The isoform
selectivity analysis shows that a substituent on the C3 position can transform
SAHA from non-selective inhibitor to an HDACG6-selective one. As a comparison,

the HDACG6-selective inhibitor tubacin displays 7-fold selectivity for HDAC6 over
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HDAC1* and has been used widely in cell biology studies.*® Therefore, the data
indicate that isoform selective SAHA analogues can be generated by attaching a

substituent to the linker chain.

Table 2.2. IC5 values of SAHA and the C3-ethyl SAHA variant 1¢ for HDAC1, HDACS3, and
HDAC6

Compound ICso/uM?
HDAC1 HDAC3 HDACG6
SAHA 0.096 + 0.016 0.146 £ 0.012 0.074 £ 0.009
1c 22+2 97+ 6 81

SAHA analogues with substituents on the C3 position displayed HDACG6-
selective inhibition, in contrast to the broad-spectrum inhibitor SAHA. These
results reveal that small structural changes in the linker region of SAHA can

significantly influence selectivity.

2.5 Experimentals
2.5.1 General methods

Starting materials, reagents, and solvents for reactions obtained from
Acros, Sigma-Aldrich, and VWR were used as purchased. Moisture-sensitive
reactions were performed under argon with dried glassware and dry solvent.
Iron-sensitive reactions were performed with acid-washed glassware and were
purified with silica gel that was washed with 6M aqueous hydrochloric acid
through at least 3 times. Thin-layer chromatography with 60A, 250um Partisil®

K6F fluorescent indicator plates was used to monitor reactions. Flash
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chromatography was performed with 60 A, 230-400 mesh silica gel (Whatman).
Solvents were removed by rotary evaporation (Buchi Rotavapor R-114 and Buchi
Waterbath B-480) and a vacuum pump (Welch Vaccum, Thomas Industries,
Inc.). NMR spectra were recorded in CDCI; or CD3;0D using a Varian Unity 300
MHz or Varian L900 400 MHz. Mass spectrometric analysis was performed at
Wayne State University’s Central Instrumentation facility using a Waters LCT
Premier XE ESI-LC-MS TOF or a Waters GCT EI-TOF. IR spectra were
recorded in Jasco FT/IR — 4100. HPLC analysis was performed with a Waters
1525 Binary HPLC pump, Waters 2998 Photodiode Array detector, and a
Symmetry® Reverse Phase C4g 5um column (4.6x150 mm Diameter) using a
gradient of 10% Buffer A to 90% Buffer B over 20 min (Buffer A = water with
0.1% TFA; Buffer B = HPLC grade acetonitrile) at 1.0 mL/min at room
temperature.

2.5.2 Experimental Procedures and Compound Characterization

O

H
thNMO

5-Hydroxy-N-phenylpentanamide (3). Trimethyl aluminum (1.88 mL, 3.75
mmol) and aniline (0.34 mL, 3.75 mmol) were stepwise added to a solution of &—
caprolactone (0.28 mL, 2.5 mmol) in dry THF (25 mL) at 0°C. The mixture was
stirred and warmed to room temperature over 3 h. The reaction mixture was
quenched by a dropwise addition of 1.0 M aqueous hydrochloric acid until
evolution of gas was not observed. The mixture was subsequently diluted with

anhydrous diethyl ether (10 mL) and washed with distilled water (5 mL). The
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aqueous layer was extracted with diethyl ether (10 mL) at least 3 times. The
organic layer was dried over anhydrous Na;SOy,, filtered, and concentrated. The
residue was purified by column chromatography (20% acetone/CH,Cl;) on silica
gel to give 3 (469 mg, 91%). 'H-NMR (3, ppm, CHLOROFORM-D): 1.41 (m, 2H),
1.58 (m, 2H), 1.71 (m, 2H), 2.39 (bs, 1H), 2.60 (m, 2H), 3.59 (m, 2H), 7.10 (4,
1H), 7.29 (t, 2H), 7.59 (d, 2H), 7.90 (bs, 1H); "*C-NMR (5, ppm, CHLOROFORM-
D): 25.8, 25.9, 32.1, 39.1, 61.9, 120.2, 124.1, 128.9, 138.8, 173.5; IR: 3298,
3136, 3063, 2936, 2863, 1663, 1599, 1544, 1498, 1442, 1309, 908, 730 cm™;

HRMS ( EI-TOF, m/z): found [M] 207.1259, calc. for C12H17NO,, 207.1259.

O

H

6-Ox0-6-(phenylamino)hexanal (4). To a solution of DMSO (1.75 mL, 24.62
mmol) in CH,Cl, (75 mL) was added oxalyl chloride (5.60 mL, 11.19 mmol)
dropwise and then 5-hydroxy-N-phenylpentanamide 3 (1.55 g, 7.46 mmol)
stepwise at -78°C. The reaction mixture was stirred for 45 min before
triethylamine (TEA, 7.05 mL, 50.73 mmol) was added dropwise at -78 °C. The
mixture was warmed to room temperature and stirred for an additional 1 h. The
reaction mixture was quenched by adding distilled water (75 mL). The mixture
was diluted with CH,Cl, (25mL) and washed with 1.0 M aqueous hydrochloric
acid (25 mL), an aqueous solution of saturated NaHCO3 (100 mL), and brine (100
mL). The organic layer was dried over anhydrous Na,SO, filtered, and
concentrated. The residue was purified by column chromatography

(ether:petroleum ether 4:1) on silica gel to give 4 (1.25 g, 81%). 'H-NMR (®, ppm,
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CHLOROFORM-D): 1.67-1.72 (m, 4H), 2.36 (t, 2H), 2.47 (t, 2H), 7.07 (t, 1H),
7.28 (t, 2H), 7.52 (d, 2H), 9.74 (bs, 1H); "*C-NMR (3, ppm, CHLOROFORM-D):
21.7, 25.1, 37.4, 43.8, 120.2, 124.5, 129.2, 138.2, 171.3, 202.7; IR: 3305, 3198,
3140, 3059, 2940, 2866, 2826, 2726, 1721, 1664, 1599, 1543, 1498, 1442, 1310,
909, 730 cm™'; HRMS (EI-TOF, m/z): found [M] 205.1108, calc. for C1oH:sNO,
205.1103.

0]

PhHN WCOzMe

8-Oxo0-8-(phenylamino)-oct-2-enoate (5). To a solution of NaH (435 mg, 10.88
mmol) in THF (64 mL) was added trimethyl phosphonoacetate (1.6 mL, 10.88
mmol) dropwise at 0 °C and the mixture was stirred for 15 min. To the solution
was added 6-oxo0-6-(phenylamino)hexanal 4 (1.3 g, 6.40 mmol) at -78 °C and the
mixture was stirred for 15 min. The mixture was allowed to warm to room
temperature and stirred for an additional 1 h. The mixture was quenched by
addition of an aqueous solution of saturated NH4Cl until evolution of gas was not
observed. The mixture was washed with distilled H,O (64 mL) at least 3 times.
The organic layer was dried over anhydrous Na,SOy, filtered, and concentrated.
The residue was purified by column chromatography (ether:petroleum ether 2:3)
on silica gel to give 5 (E-isomer; 1,136 mg, 68%, Z-isomer; 289mg, 17%). For
preparation of butyl derivative 6a, the E and Z isomers were used separately, as
described below. For the other derivatives 6b-e, the E isomer alone or a
mixture of E/Z isomers was used. Synthesis of the mixture of E/Z isomers was

similar that of each isomer, except the following reagents were used: trimethyl
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phosphonoacetate (391 mL, 2.57 mmol) in THF (15 mL), NaH (102 mg, 4.27
mmol) and 6-oxo-6-(phenylamino)hexanal 4 (310 mg, 1.51 mmol). The residue
was purified by column chromatography (ether:petroleum ether 2:3) on silica gel
to give 5 (E+Z) (391 mg, 99%). (Z)-isomer 'H-NMR (5, ppm, CHLOROFORM-
D): 1.54 (m, 2H), 1.76 (m, 2H), 2.38 (t, 2H), 2.68 (q, 2H), 3.71 (s, 3H), 5.79 (d,
1H, J=180 Hz), 6.24 (m, 1H), 7.09 (t, 1H), 7.29 (m, 2H), 7.51 (d, 2H), 7.64 (s,
1H); (E)-isomer "H-NMR (5, ppm, CHLOROFORM-D): 1.54 (m, 2H), 1.76 (m,
2H), 2.21 (q, 2H), 2.38 (t, 2H), 3.71 (s, 3H), 5.82 (d, 1H, J=448 Hz), 6.94 (m, 1H),
7.08 (t, 1H) 7.27 (m, 2H), 7.49 (d, 2H); (E+Z)-isomer "*C-NMR (5, ppm,
CHLOROFORM-D): 25.3, 27.8, 32.2, 37.5, 51.7, 120.1, 121.5, 124.3, 129.2,
138.2, 149.2, 150.4, 167.4, 171.3; IR: 3674, 3308, 2950, 1721, 1658, 1600,
1541, 1498, 1441, 1310, 910, 756, 693 cm™; HRMS (EI-TOF, m/z): found [M]

261.1361, calc. for C15H19NO3, 261.1365.

PhHN CO,Me

8-Oxo0-8-(phenylamino)-3-n-butyloctanoate (6a). To a solution of Cu(l)Br-SMe>
(880 mg, 4.28 mmol) in THF (14.3 mL) was added n-butyl lithium (5.35 mL, 8.56
mmol) dropwise at -15 °C and the mixture was stirred for 20 min. The reaction
mixture was cooled to -78 °C before addition of (Z)-8-ox0-8-(phenylamino)-oct-2-
enoate 5 (373 mg, 1.43 mmol, Z isomer only) at -78 °C. The reaction was stirred

for 3 h at -78 °C to room temperature and then quenched by addition of 1.0 M
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aqueous hydrochloric acid until a color of the mixture changed to blue (CuClyg)).
The organic layer was dried over anhydrous Na,SOy, filtered, and concentrated.
The residue was purified by column chromatography (ether:petroleum ether 2:3)
on silica gel to give 6a (378 mg, 83% from the Z isomer). The synthesis starting
from the E isomer of 5 was similar to that above except the following reagents
were used: Cu(l)Br-SMe; (470 mg, 2.28 mmol) in THF (11 mL), n-butyl lithium
(2.85 mL, 4.56 mmol), and (E)-8-oxo-8-(phenylamino)-oct-2-enoate 5 (200 mg,
0.76 mmol, E isomer only) at -78 °C. Chromatography gave 6a (117 mg, 48%
from the E isomer). "H-NMR (5, ppm, CHLOROFORM-D): 0.87 (t, 3H), 1.24-1.32
(m, 10H), 1.70 (m, 2H), 1.84 (m, 1H), 2.21 (m, 2H), 2.33 (t, 2H), 3.65 (s, 3H),
7.07 (t, 1H), 7.29 (t, 2H), 7.51 (d, 2H), 7.62 (bs, 1H); *C-NMR (3, ppm,
CHLOROFORM-D): 14.3, 23.1, 25.9, 26.1, 29.0, 33.5, 33.7, 35.0, 37.7, 39.1,
51.7, 120.0, 124.3, 129.1, 138.3, 171.7, 174.4; IR: 3303, 3197, 3137, 3059,
2928, 2857, 1737, 1662, 1600, 1542, 1499, 1441, 1309, 903, 755, 693 cm™;

HRMS (EI-TOF, m/z): found [M] 319.2143, calc. for C1gH29NO3, 319.2147.

o)
PhHN CO,Me

8-Oxo0-8-(phenylamino)-3-phenyloctanoate (6b). To a solution of Cu(l)Br-SMe;
(945 mg, 4.59 mmol) in THF (7.7 mL) was added phenyl lithium (4.59 mL, 9.19
mmol) dropwise at -15 °C and the mixture was stirred for 20 min. The reaction
mixture was cooled to -78 °C. To the solution was added trimethylsilyl chloride

(TMSCI, 1.76 mL, 13.78 mmol) dropwise and then 8-oxo-8-(phenylamino)-oct-2-
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enoate 5 (200 mg, 0.77 mmol, only E isomer) stepwise at -78 °C. Only the E
isomer of 5 was used because the presence of the Z isomer complicated
purification. The mixture was stirred for 3 h at -78 °C and then quenched by
addition of an aqueous solution of NH,CI:NH,OH (1:1) until a color of the mixture
turned to blue ((NH3)4CuClyag). The mixture was washed with the aqueous
solution of NH4CI:INH4OH (1:1) (7.7 mL). The organic layer was dried over
anhydrous Na,SO., filtered, and concentrated. The residue was purified by
column chromatography (ether:petroleum ether 1:1) on silica gel to give 6b (154
mg, 59%). 'H-NMR (5, ppm, CHLOROFORM-D): 1.22 (m, 2H), 1.62-1.68 (m,
4H), 2.23 (m, 2H), 2.59 (m, 2H), 3.07 (m, 1H), 3.57 (s, 3H), 7.06 (t, 1H), 7.19 (m,
3H), 7.29 (m, 4H), 747 (d, 2H), 7.53 (bs, 1H); C-NMR (5, ppm,
CHLOROFORM-D): 25.6, 27.0, 35.8, 37.6, 41.8, 42.1, 51.8, 120.1, 124.4, 126.8,
127.6, 128.7, 129.1, 138.3, 144.0, 171.6, 173.2; IR: 3310, 3045, 2924, 2857,
1698, 1603, 1600, 1456, 1378, 1265, 910, 755, 735 cm™'. HRMS (EI-TOF, m/z):

found [M+Na] 362.1732, calc. for C21H2sNO3Na, 362.1732;

0]

PhHN chzMe

8-Oxo0-8-(phenylamino)-3-ethyloctanoate (6¢). The synthesis was similar that
of 6b except the following reagents were used: Cu(l)Br-SMe;, (945 mg, 4.59
mmol) in THF (7.7 mL), ethyl lithium (5.41 mL, 9.19 mmol), TMSCI (1.76 mL,
13.78 mmol), and 8-oxo-8-(phenylamino)-oct-2-enoate 5 (200 mg, 0.77 mmol, E
and Z mixture). The product was purified by column chromatography

(ether:petroleum ether 1:1) on silica gel to give 6¢ (215 mg, 96%). 'H-NMR (3,
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ppm, CHLOROFORM-D): 0.85 (t, 3H), 1.23-1.38 (m, 6H), 1.9 (m, 2H), 1.78 (m,
1H), 2.21 (m, 2H), 2.32 (t, 2H), 3.64 (s, 3H), 7.07 (t, 1H), 7.28 (t, 2H), 7.51 (d,
2H), 7.77 (bs, 1H); *C-NMR (8, ppm, CHLOROFORM-D): 11.0, 25.9, 26.2, 26.5,
33.1, 36.5, 37.7, 38.7, 51.7, 120.1, 124.3, 129.1, 138.4, 171.8, 174.4; IR: 3675,
3308, 3198, 3139, 3061, 2960, 2934, 1734, 1665, 1601, 1543, 1499, 1442, 1309,
911, 756, 733 cm”; HRMS (EI-TOF, m/z): found [M] 291.1830, calc. for

C17H25NO3, 291.1834.

o)
PhHN CO,Me
=

8-Oxo0-8-(phenylamino)-3-vinyloctanoate (6d). The synthesis was similar to
that of 6b except the following reagents were used: Cul (875 mg, 4.59 mmol) in
THF (7.7 mL), vinyl magnesium bromide (6.56 mL, 4.59 mmol), TMSCI (1.76 mL,
13.78 mmol), and 8-oxo-8-(phenylamino)-oct-2-enoate 5 (200 mg, 0.77 mmol,
only E isomer). Only the E isomer of 5 was used because the presence of the Z
isomer complicated purification. The product was purified by column
chromatography (ether:petroleum ether 1:1) on silica gel to give 6d (191 mg,
86%). "H-NMR (3, ppm, CHLOROFORM-D): 1.33 (m, 2H), 1.39 (m, 2H), 1.70 (m,
2H), 2.30-2.34 (m, 4H), 2.50 (m, 1H), 3.64 (s, 3H), 5.00 (m, 2H), 5.57 (m, 1H),
7.08 (t, 1H), 7.29 (t, 2H), 7.50 (d, 2H), 7.57 (bs, 1H); *C-NMR (5, ppm,
CHLOROFORM-D): 25.6, 26.7, 34.1, 37.7, 40.1, 40.4, 51.7, 115.6, 120.0, 124 .4,
129.2, 138.3, 140.9, 171.7, 173.3; IR: 3315, 3199, 3138, 3076, 2939, 2859,
1737, 1601, 1543, 1499, 1442, 1308, 915, 755 cm™'; HRMS (EI-TOF, m/z): found

[M] 312.1564, calc. for C17H23NO3Na, 312.1576.
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O

PhHNWCOQMe

8-ox0-8-(phenylamino)-3-methyloctanoate (6e). The synthesis was similar that
of 6b except the following reagents were used: Cu(l)Br-SMe; (945 mg, 4.59
mmol) in THF (7.7 mL), methyl lithium (5.74 mL, 9.19 mmol), TMSCI (1.76 mL,
13.78 mmol) and 8-oxo-8-(phenylamino)-oct-2-enoate 5 (200 mg, 0.77 mmol, E
and Z mixture). The residue was purified by column chromatography
(ether:petroleum ether 2:3) on silica gel to give 6e (232 mg, 99%). "H-NMR (3,
ppm, CHLOROFORM-D): 0.92 (d, 3H), 1.21-1.40 (m, 4H), 1.72 (m, 2H), 1.95 (m,
1H), 2.11-2.36 (m, 4H), 3.66 (s, 3H), 7.09 (t, 1H), 7.31 (t, 2H), 7.51 (d, 2H), 7.68
(bs, 1H); *C-NMR (5, ppm, CHLOROFORM-D): 19.9, 25.8, 26.6, 30.3, 36.3,
37.7,41.7,51.7, 120.0, 124.3, 129.2, 138.3, 171.7, 174.1; IR: 3305, 3197, 3137,
3060, 2931, 2859, 1738, 1662, 1600, 1539, 1499, 1442, 1309, 1008, 902, 756
cm™’; HRMS (EI-TOF, m/z): found [M] 277.1678, calc. for C16H23sNO3, 277.1678.

O

PhHN OH

3-n-Butyl-N'-hydroxyl-N?-phenyloctanoic acid (7). To a solution of 8-oxo-8-
(phenylamino)-3-n-butyloctanoate 6a (492mg, 1.54mmol) was added NaOH
(6.16 mL, 30.79 mmol) in MeOH (15 mL) and the mixture was refluxed overnight.
The reaction was quenched by adding conc. aqueous hydrochloric acid (up to pH
6) and then extracting with H2O (5 mL) and ethyl acetate (20 mL). The organic

layer was dried over anhydrous NaySO,, filtered, and concentrated. The residue
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was purified by column chromatography (20% acetone/CH,Cl;) on silica gel to
give 7 (189 mg, 40%). '"H-NMR (5, ppm, CHLOROFORM-D): 0.87 (t, 3H), 1.27-
1.37 (m, 10H), 1.63 (m, 2H), 1.86 (m, 1H), 2.17-2.36 (m, 4H), 7.09 (t, 1H), 7.30 (1,
2H), 7.50 (d, 2H), 7.71 (bs, 1H); *C-NMR (5, ppm, CHLOROFORM-D): 14.3,
23.1, 25.9, 26.1, 29.0, 33.5, 33.7, 35.0, 37.7, 39.1, 120.2, 124.5, 129.1, 138.2,
172.1, 179.5; IR: 3306, 3195, 3137, 3060, 2928, 2858, 1705, 1662, 1599, 1543,
1499, 1442, 1309, 907, 755, 692 cm™"; HRMS (EI-TOF, m/z): found [M] 305.1993,
calc. for C1gH27NO3, 305.1991.

O

PhHN NHOBnN

3-n-ButyI-N1-benzyloxy-Ns-phenonctanediamide (8). O-benzylhydroxylamine
hydrochloride salt (144g, 0.9mmol) and Na,CO3 (479, 0.45mmol) were dissolved
in distill H,O (9 mL), extracted with diethyl ether (9 mL) and concentrated. TBTU
(289g, 0.9 mmol) and 3-n-butyl-N'-hydroxyl-N®-phenyloctanoic acid 7 (189mg,
0.6mmol) were added to the neutralized O-benzylhydroxylamine residue in
CH3CN (6mL). The reaction mixture was stirred overnight at room temperature
and then quenched by adding NaHCO3; (6 mL). The mixture was extracted with
H,O and DCM (1:1). The organic layer was dried over anhydrous Na;SOy,
filtered, and concentrated. The residue was purified by column chromatography
(10% acetone/DCM) on silica gel to give 8 (121 mg, 49%). "H-NMR (5, ppm,
CHLOROFORM-D): 0.86 (t, 3H), 1.22-1.35 (m, 12H), 1.66 (m, 1H), 1.94 (m, 2H),

2.30 (m, 2H), 5.29 (s, 2H), 7.07 (t, 1H), 7.28 (m, 7H), 7.55 (d, 2H), 8.12 (bs, 1H);
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3C-NMR (3, ppm, CHLOROFORM-D): 14.3, 23.1, 25.3, 25.7, 29.1, 32.5, 33.7,
35.0, 37.2,37.9, 78.4, 120.1, 124.3, 128.8, 129.1, 129.4, 138.5, 171.0, 172.3; IR:
3724, 3195, 3140, 3064, 2929, 2858, 1656, 1620, 1600, 1544, 1498, 1442, 1380,
1309, 1253, 1046, 1030, 975, 911, 734, 695 cm™; HRMS (EI-TOF, m/z): found
[M] 410.2566, calc. for C25H34N203, 410.2569.

@)

PhHN NHOH

3-n-Butyl-N'-hydroxyl-N®-phenyloctandiamide (1a). To a solution of 3-n-butyl-
N1-benzyloxy-NB-phenonctanediamide 8 (121 mg, 0.3 mmol) in methanol (3mL)
was added 20% Pd(OH),/C (32 mg, 0.03 mmol) in an acid-washed 25mL round-
bottom flask and the reaction mixture was purged with Hy (g) for 30 s. The reaction
solution was stirred under H, () for 30 min and then filtered through a plug of
Celite with MeOH (9 mL). The filtrate was concentrated to give 1a (89 mg, 92%)
as a clear oil. 'H-NMR (3, ppm, METHANOL-D4): 0.88 (t, 3H), 1.28-1.39 (m,
10H), 1.68 (m, 2H), 1.86 (m, 1H), 2.02 (d, 2H), 2.37 (t, 2H), 7.07 (t, 1H), 7.28 {(t,
2H), 7.52 (d, 2H); ®*C-NMR (3, ppm, METHANOL-D4): 13.2, 22.8, 25.9, 28.6,
33.1, 33.2, 35.0, 36.7, 37.6, 120.1, 123.9, 128.6, 138.7, 171.4, 173.5; IR: 3384,
3044, 2929, 2858, 1640, 1600, 1546, 1499, 1468, 1309, 976, 903, 755, 693 cm™;
HRMS (EI-TOF, m/z): found [M] 320.2108, calc. for C1gH2sN203, 320.2100; HPLC

analytical purity analysis: 92%.
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PhHN NHOH

3-Phenyl-N'-hydroxyl-N8-phenyloctandiamide (1b). To a solution of
NH,OH-HCI (315 mg, 4.54 mmol) in methanol (4.5 mL) was added KOH (509 mg,
9.08 mmol) at 0 °C in an acid-washed 25mL round-bottom flask. After stirring
for 20 min, 8-oxo-8-(phenylamino)-3-phenyloctanoate (6b) (154 mg, 0.45 mmol)
was added and the mixture was stirred for 8 h at 0°C. The reaction mixture was
quenched by adding 1mL of distilled water and adjusting to pH 6 by adding
concentrated aqueous hydrochloric acid. The mixture was diluted with 30 mL of
ethyl acetate, and washed with distilled water. The organic layer was dried over
anhydrous Na,SO,, filtered and concentrated. The residue was purified by
column chromatography (10% methanol/CH,Cl;) on acid-washed silica gel to
give 1b (48 mg, 31%). 'HNMR (3, ppm, METHANOL-D4): 1.22 (m, 2H), 1.55-
1.73 (m, 4H), 2.25-2.43 (m, 4H), 3.09 (m, 1H), 7.06 (t, 1H), 7.12-7.29 (m, 7H),
7.47 (d, 2H); "*C-NMR (3, ppm, METHANOL-D4): 25.6, 26.8, 35.4, 36.6, 40.2,
42.3, 120.1, 124.0, 126.4, 127.5, 128.3, 128.5, 138.6, 143.9, 170.1, 173.4; IR:
3256, 3030, 2932, 2860, 2559, 1646, 1600, 1545, 1499, 1468, 1442, 1420, 1372,
1310, 1253, 906, 758 cm™; HRMS (EI-TOF, m/z): found [M] 340.1789, calc. for

C20H24N203, 340.1787; HPLC analytical purity analysis: 91%.

(0]

PhHN NHOH
@)
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3-EthyI-N1-hydroxyl-NB-phenonctandiamide (1c). A similar procedure to that
for 1b was used, except for the following reagents: NH,OH-HCI (520 mg, 7.48
mmol) in methanol (7.4 mL), KOH (839 mg, 14.96 mmol), 8-ox0-8-(phenylamino)-
3-ethyloctanoate (6¢) (218 mg, 0.75 mmol) and stirring for 4 h. In this case, the
product was purified by column chromatography (8 % methanol/CH>Cl;) on acid-
washed silica gel to give 1¢ (130 mg, 60%). 'H-NMR (5, ppm, METHANOL-D4):
0.88 (t, 3H), 1.28-1.41 (m, 6H), 1.68 (m, 2H), 1.81 (m, 1H), 2.01 (m, 2H), 2.36 (t,
2H), 7.07 (t, 1H), 7.28 (t, 2H), 7.52 (d, 2H); "*C-NMR (5, ppm, METHANOL-D4):
9.8, 25.9, 32.6, 36.5, 36.7, 37.1, 120.1, 123.9, 128.6, 138.7, 171.4, 173.5; IR:
3857, 3404, 2935, 2862, 1649, 1600, 1544, 1501, 1469, 1311, 978, 904, 758,
691 cm™; HRMS (EI-TOF, m/z): found [M-H] 292.1718, calc. for C15H23N203,

292.1709; HPLC analytical purity analysis: 99%.

o)

PhHN NHOH
= (@]

3-Vinyl-N'-hydroxyl-N8-phenyloctandiamide (1d). A similar procedure to that
for 1b was used, except for the following reagents: NH,OH-HCI (456 mg, 6.57
mmol) in methanol (6.6 mL), KOH (737 mg, 13.13 mmol), 8-ox0-8-(phenylamino)-
3-vinyloctanoate (6d) (190 mg, 0.66 mmol), and stirring for 6 h. In this case, the
product was purified by column chromatography (8 % methanol/CH»Cl,) on acid-
washed silica gel to give 1d (83 mg, 43%). 'H-NMR (3, ppm, METHANOL-D4):
1.33-1.47 (m, 4H),1.70 (m, 2H), 2.08 (m, 2H), 2.35 (t, 2H), 2.50 (m, 1H), 5.00 (q,

2H), 5.58 (m, 1H), 7.07 (t, 1H), 7.28 (t, 2H), 7.52 (d, 2H); *C-NMR (5, ppm,
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METHANOL-D4): 25.6, 26.5, 33.9, 36.6, 38.3, 40.8, 115.0, 120.1, 124.0, 128.6,
138.7, 140.7, 170.3, 173.4; IR: 3299, 3079, 2931, 1647, 1600, 1542, 1500, 1442,
1312, 920, 758, 692 cm™; HRMS (EI-TOF, m/z): found [M+Na] 313.1533, calc.

for C416H22N,03Na, 313.1528; HPLC analytical purity analysis: 94%.

@)

PhHNMNHOH
(@]

3-Methyl-N'-hydroxyl-N®-phenyloctandiamide (1e). A similar procedure to that
for 1b was used, except for the following reagents: NH,OH-HCI (533 mg, 7.67
mmol) in methanol (7.7 mL), KOH (860 mg, 15.33 mmol), 8-ox0-8-(phenylamino)-
3-methyloctanoate (6e) (213 mg, 0.77 mmol), and stirring for 2 h. In this case, the
product was purified by column chromatography (10 % methanol/CH,Cl;) on
acid-washed silica gel to give 1e (160 mg, 75%). 'H-NMR (3, ppm, METHANOL-
D4): 0.93 (d, 3H), 1.28 (m, 2H), 1.40 (m, 2H), 1.68 (m, 2H), 1.89 (m, 2H), 2.07
(m, 1H), 2.36 (t, 2H), 7.07 (t, 1H), 7.28 (t, 2H), 7.52 (d, 2H); "*C-NMR (3, ppm,
METHANOL-D4): 18.6, 25.8, 26.4, 30.4, 36.2, 36.7, 40.1, 120.1, 123.9, 128.6,
138.7, 171.1, 173.4; IR: 3198, 2927, 2855, 2359, 1657, 1598, 1544, 1499, 1443,
755, 691 cm™; HRMS (EI-TOF, m/z): found [M] 278.1635, calc. for C45H22N203,

278.1630; HPLC analytical purity analysis: 98%.
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2.6 HDAC high-throughput assay
2.6.1 Fluorescence activity assay for libraries of SAHA analogues

A number of HDAC inhibitors have been attractive targets as
chemotherapeutic drugs due to that the overexpression activity of HDAC, which
leads malignant diseases, as discussed (Section 1.2). Our research is also
focused on development of novel HDAC inhibitors based on SAHA. Therefore,
SAHA analogues were screened compared to SAHA using a Fluorescence high-
throughput assay. The deacetylase activity was measured using the Fluor de

Lys® activity assay (Enzo) using the manufacturer’s protocol(Figure 2.3).’

oh(
NH
i(n
N
H o

Substrate

+
NH3

ﬁNi‘/H )
R

Developer (trypsin)

Figure 2.3. HDAC Fluorescent activity assay. Deacetylation of the substrate sensitizes to the
developer.

To measure global HDAC inhibition, HelLa lysates, which contains a

mixture of HDAC1-8 and HDAC10-11, were incubated with or without SAHA
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analogues in HDAC assay buffer solution. After the initial incubation, Fluor de
Lys® substrate in HDAC assay buffer was added to the reaction. The peptidic
substrates consisted of an €-acetylated lysine residue and a 4-methylcoumarin-7-
amide at the carboxy terminal unit. In the reaction catalyzed by HDACs, the
acetylated lysine residue of the substrate was deacetylated, while acetylated
lysine would remain in the reaction when inhibited by the SAHA analogues. To
quench the reaction and allow color development, Fluor de Lys® developer was
added to the reaction mixture. In this reaction, the only deacetylated peptidic
lysine substrates containing the methylcoumarinamide were cleaved by trypsin to
release the fluorescence molecule, methylcoumarin. In other word, the acetylated
lysine substrate present when the reaction was inhibited by the SAHA analogues
did not result in measurable cleavage by trypsin and did not release the
fluorescence molecule (no fluorescence activity). As a result, the high level of
deacetylated activity of the substrates indicated low inhibitory activity of the
SAHA analogues. The fluorescence intensity was determined using a Geniosplus

Fluorimeter (Tecan) with excitation at 360 nm and emission at 465 nm.

2.6.2 HDAC assay procedure

HDAC activity of the C3-SAHA analogues was measured using the Fluor
de Lys™ activity assay (Biomol) using the manufacturer’s protocol by Dr. Sujith
Weerasinghe. To measure global HDAC inhibition, HeLa lysates (approximately
49 of total protein) were incubated with small molecule inhibitor or without small

molecule inhibitor (2% DMSO) in HDAC assay buffer (50 mM Tris/Cl, pH 8.0, 137
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mM NacCl, 2.7 mM KCI, 1 mM MgCl,) at a final volume of 25 pL for 30 min at 30
°C with shaking. Concentrations of small molecule between 1 nM and 1 mM
final concentration were used to determine ICsy values. Because the small
molecules were stored in DMSO, dilution with HDAC buffer ensured that a
maximum of 2% DMSO was present in the final reaction mixture. After the initial
incubation, Fluor de Lys™ substrate in HDAC assay buffer (100 yM final
concentration) was added to make a total reaction volume of 50uL. The reaction
mixture was incubated at 30°C for 45 min with shaking. To quench the reaction
and allow color development, Fluor de Lys™ developer (2.5 pL of 20X diluted up
to 50 uL in HDAC assay buffer ) was added to give a final 100 yL volume and
incubated with shaking for 5 min at room temperature. The fluorescence intensity
was determined using a Geniosplus Fluorimeter (Tecan) with excitation at 360
nm and emission at 465 nm.

To perform the isoform selectivity studies, the procedure was similar
except that the HelLa cell lysates were replaced with 0.2 ug HDAC1 (specific
activity = 42.5 pmol/min/ug), 0.05 ng HDAC3 (specific activity = 249 pmol/min/ug)
or 0.25 ug HDACG6 (specific activity = 257 pmol/min/ug), purchased from BPS
Biosciences. In addition, the Fluor de Lys™ substrate was used at a final
concentration of 50 uM for HDAC1 or 25uM for HDAC3 and HDACG.

For each trial, a no enzyme control sample was used to assess the
background. The background-corrected fluorescence units of small molecule-
treated samples were then compared to that of untreated samples (set to 100%)

to give a percentage deacetylase activity. ICs5y values were obtained by plotting
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the percentage deacetylase activity versus the small molecule concentration and
fitting the data to a sigmoidal dose-response curve (y=100/(1+(x'm3)™) using
KaleidaGraph software where m1 is the ICs, value in Molar units. All
experiments were performed in triplicate with the mean and standard error

reported in the tables and figures.
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CHAPTER 3 — SYNTHESIS OF SAHA ANALOGUES MODIFIED AT THE C6

POSITION

3.1 Rationale for design of SAHA analogues modified at the C6 position

A limited number of structure activity relationship (SAR) studies on the
linker area of SAHA have been performed, even though the linker region might
influence inhibitory activity and selectivity (Section 1.7). In fact, many number of
inhibitors that have substituents on the linker have been discovered with great
potency and selective inhibition when substituents were attached near or on the
capping group (Section 1.9). Specifically, tubacin with a bulky substituent at the
capping group has been used in pharmacokinetic and clinical studies (Figure
1.9). Also, based on data from previous C2 and C3-SAHA libraries® *’,
substituents on the C6 position might lead to potent inhibitory activities because
C6-SAHA substituents would be located close to the solvent-exposed region of
the active site. As discussed in the chapter 2, the C3-SAHA ethyl analogue
showed selective inhibition for HDAC6 over HDAC1 and HDAC3.*" To expand
our understanding of the impact of substituents, synthesis of C6-SAHA
analogues with hydrophobic substituents was achieved because the carbon
linker is surrounded by a hydrophobic tunnel.

The earlier results from the C2 and

@\ 0 R C3-SAHA libraries showed that the steric
N

)MNHOH
H environment on the SAHA carbon linker

O
Figure 3.1. Structure of SAHA analogues

containing substituents on the C6 position caused reduced inhibitory activity, in
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addition to influencing selective inhibition.?® °> With the potential to improve
selectivity, the C6-SAHA library (Figure 3.1) was synthesized. We proposed that
the HDAC protein active site would not only be more tolerant of bulkier
substituents on the C6 position near the solvent-exposed area but the C6-SAHA
analogues would also display more selectivity compared to the C2 and C3-SAHA
analogues based on the previous reports about several class-selective inhibitors

with bulky substituents in the capping group region (Section 1.9).%°

3.2 Initial synthesis

To elucidate the impact of substituents present near the solvent-exposed
area, C6-SAHA analogues were synthesized. Like C2 and C3-SAHA analogues
(Chapter 1 and 2), we selected hydrophobic substituents since the carbon linker
is surrounded by a hydrophobic tunnel (Figure 1.4). Also, we theorized that bulky
analogues on the C6 position would display more potent inhibition compared to
C2 and C3-SAHA analogues due to their proximity to the solvent-exposed

surface.
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Scheme 3.1. Initial synthesis of C6-SAHA analogue (methyl derivative 14a)

Initially, we synthesized the C6-SAHA methyl analogue 14a, as outlined in
Scheme 3.1. Due to symmetry compared to the C3-SAHA analogues, synthesis
of the C6-SAHA analogues was straightforward and similar to that of the C3-
SAHA library. The major differences between two syntheses are the following.
Commercially available e¢-caprolactone 2 was opened to give methyl 6-
hydrohexanoate 9 under Fisher conditions instead of building the anilide
derivative. The alcohol compound 9 was subjected to Swern oxidation to give
aldehyde 10 similar to the C3-aldehyde formation. For the Horner-Wadsworth-
Emmons reaction, using benzyl dimethyl phosphonoacetate instead of using
trimethyl phosphonoacetate gave the corresponding a,B-unsturated benzyl ester
11 that allowed incorporation of substituents, which provided the precursor for
anilide derivative 13a. A mixture of (E) and (Z)-isomers of ester 11 were treated

with a copper (l) iodide to give the methyl substituted ester 12a. Similar to the
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previous optimized synthesis of the C3-methyl SAHA analogue (Scheme 2)
where the 1,4-addition demonstrated quantitative yield, the C6-methyl ester 12a
was synthesized and characterized without impurities according to thin layer
chromatography (TLC) and 'H & C NMR spectra analysis. Therefore, the
methyl ester 12a without purification was deprotected by hydrogenolysis and
coupled with aniline in 53% vyield (over the three steps). In contrast to the C3-
SAHA library where the anilide derivative was installed at the beginning stage,
the anilide 13a was created from benzyl ester 12a at a late stage, which attached
substituents near the capping group. The methyl ester derivative 13a was directly

converted to the methyl hydroxamic acid 14a.

3.3 Modified synthesis

Cu(h), R
BnOZCMOMe A BnOzC\)\/\/\H/OMe
TMSCI,
11 o) THF, 12b-e o)
R: b phenyl, ¢ t-butyl: 89%, d 2-ethylhexyl: 81%, e isopropyl: 45%
O R
Pd(OH),/C, PhNH,, OMe
Ho, TBTU, DIPEA,
R . PhHN
EtOAc CH4CN, c: 58% 13b-e O
d: 76%
e:75% O
OM
PhHNJ‘%/\/\/\( e
NH,OH, 9 R NHOH 13b’ ©
KOH
— PhHNM
MeOH 14b-e O

b: 60%
c: 99%
d: 58%
Scheme 3.2. Modified synthesis of C6-SAHA analogue 14b - 14d

To create the remaining C6-SAHA analogues, first, purification by column

chromatography was required after 1,4-addition since the mixture of (E) and (2)
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isomers 11 were unable to completely react to produce phenyl ester 12b, as was
observed with the methyl derivative 12a (Scheme 3.2). Using the additional
purification step after the 1,4-addition, the t-butyl ester 12¢, 2-ethylhexyl ester
12d, and isopropyl ester 12e were synthesized. The rest of syntheses for
hydrogenolysis, coupling, and conversion to hydroxamic acid were similar to the
methyl analogue synthesis. However, despite the purification, there was still
remaining unsaturated ester 11 after 1, 4-addition for obtaining phenyl ester 12b
due to the similar polarity. The mixture of unsaturated ester 11 and phenyl ester
12b were subjected to hydrogenolysis and coupling to give anilide 13b and
unsaturated anilide compound 13b°. Fortunately, 14b was completely purified

after conversion to hydroxamic acid in 60% yield (over the four steps).

3.4 Biological analysis

The HDAC inhibitory activities of the C6-SAHA library were measured
using the Fluor de Lys® in vitro fluorescence activity assay kit (Enzo). Unlike the
C3-SAHA library, the C6-SAHA analogue biological activities were performed by
Sun Ea Choi. The activities of the C6-SAHA compounds are summarized in
Table 3.1. Interestingly, the planar phenyl variant 14b was the most potent
analogue displaying an ICso of 344 nM similar to the C3-methyl variant 1e (ICs of
350 nM) and comparable to SAHA (4-fold reduced), ICsy of 86 nM. This is in
contrast to the C3-phenyl variant 1b (ICso of 73000 nM), which displayed 811-fold
reduced activity versus SAHA.*® In addition, the smallest C6-methyl variant 14a
(ICso of 349 nM) displayed similar potency to the phenyl variant. These results

indicate that the active site of HDAC proteins can accommodate a bulky
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substituent at the C6 position. Moreover, the longest analogues, the 2-ethylhexyl
variant 14d, still displayed potent inhibitory activity in the nM range. Likewise, the
bulkiest substituent with three methyl groups at the a-carbon, the t-butyl variant
14c, displayed only 20-fold reduced activity versus SAHA. In summary, the
inhibition data show that most C6-SAHA analogues maintain nM potency, but

substitution at the a-carbon decreases potent inhibitory activity.

Table 3.1. HDAC inhibition by SAHA, MS-275, and the C6-SAHA analogues using HelLa

cell lysates
Compounds R ICs9, NM?
SAHA 86+4

MS-275 3200 + 100

14a Methyl 349 + 20

14b Phenyl 344 + 40
14c t-Butyl 1940 + 300

14d 2-Ethylhexyl 456 + 30

@Values are the mean of at least three experiments with standard error given.

These results are consistent with the hypothesis that the active site of
HDAC proteins accommodates large substituents near the solvent exposed area.
As expected, one trend for the C6-SAHA analogues is that the increasing size of
substituents has less influence on inhibitory activity compared to the C2 and C3-
SAHA analogues.

As mentioned earlier, the presence of methyl groups at the a-carbon
decreased inhibitory activity. We speculate that the t-butyl variant 14c might

display specific selectivity since the C3-ethyl variant 1¢, which contains an a-
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methyl group, displayed selective inhibition for HDAC6 over HDAC1 and HDAC 3
and also showed significantly decreased inhibitory activity compared with the C3-
methyl variant 1e. To explore the role of an a-methyl group on selectivity,
synthesis of the isopropyl derivative would reveal the effect of a-carbon
substituents. Another possibility is that the hybridization at the a-carbon might
influence selectivity. For example, the C6-SAHA phenyl 14b and methyl variant
14a have sp® and sp® orbital structures. The data might provide key structural
information for binding site recognition. The long chain of the C6-SAHA 2-ethyl
hexyl analogue 14d might also affect isoform selectivity. To verify the influence of
sterics on isoform selectivity, testing the isoform selectivity of C6-SAHA
analogues is described. The results of the isoform selectivity of the C6-SAHA
analogues are outlined in Figure 3.2.

The isoform selectivity of C6-SAHA analogues was tested with HDAC1
and HDACS3 representing class | and HDACG6 representing class Il. To assess the
isoform selectivity, all compounds were tested at a single concentration near to
their 1Csy values using the Fluor de Lys® kit (Figure 3.2). As observed from
previous data, SAHA exhibited roughly equal inhibition against HDAC1, HDACS3,
and HDACG. The phenyl variant 14b, which displayed the most potent inhibition
among the C6-SAHA analogues with HelLa cell lysates, similarly inhibited
HDAC1, HDACS3, and HDACG6 as well. In contrast, the methyl variant 14a showed
dual-preference for HDAC1 and HDAC3 over HDACG6 at 500 nM even though the
methyl 14a (ICso of 349 nM) and phenyl variant 14b (ICso of 344 nM) displayed

equal inhibition in the HelLa cell lysates. The difference between sp3 and sp2
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orbital structures might affect selectivity but not potency. The 2-ethylhexyl variant
14d with an additional carbon chain displayed selectivity for HDAC3 over HDAC1
and HDAC6 compared to the methyl variant 14a. Similar to the methyl variant
14a (ICso of 349 nM), the 2-ethylhexyl variant 14d (ICso of 456 nM) imparted
selectivity but not potency. However, the bulkiest analogue at the o—carbon
position, t-butyl variant 14c, displayed the opposite selectivity with preference for
HDAC1 and HDACG6 over HDACS. In this case, the a-carbon substituent lead to
different interactions with each isoform HDAC active sites. The t-butyl substituent
encouraged dual-selectivity toward HDAC1 and HDAC6 over HDAC3, while the
inhibitory activity of t-butyl variant 14c (ICso of 1.9 uM) showed 5-fold reduced
activity compared to the 2-ethylhexyl variant 14d (ICs5o of 456 nM) and 20-fold
less potent than SAHA (ICso of 86 nM). In summary, the data indicated that the
methyl, t-butyl, and 2-ethylhexyl variants (14a, 14c, and 14d) showed dissimilar
preference for each isoform HDAC proteins despite parallel potency. The

deacetylase activity of individual trial is summarized in Table C.5 in Appendix C.
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Figure 3.2. Initial screen of isoform selectivity of C6-SAHA analogues against
HDAC1, HDAC3, and HDACG6 with 125 nM SAHA, 500 nM 14a, b, d, and 2 uM 14c.

To more thoroughly assess the selectivity observed in the initial screen,
we determined the HDAC1, HDAC3, and HDACG6 ICsy values of the C6-t-butyl
variant 14c because it showed the most potential to create a dual-selective
inhibitor. The C6-t-butyl analogue 14c¢ displayed 6-fold greater potency for
HDAC1 over HDAC3 and 2-fold greater potency for HDAC6 over HDAC3 (Table
3.2). In addition, it displayed selectivity within class | for HDAC1 over HDAC3. As
a control, SAHA displayed non-selective inhibitor activity against the isoform, as
expected (Table 3.2).%° The selectivity analysis shows that a substituent on the
C6 position can influence the selectivity of SAHA from non-selective inhibitor to a

dual-selective HDAC1 and HDACEG6 inhibitor. Furthermore, the C6-SAHA t-butyl
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analogue displays an ICsg value of 1.9 uM in the lowmicromolar range, while the
C3-SAHA ethyl analogue (HDACG-selective inhibitor) displayed 16-fold
decreasing potency (ICso of 32 uM).*” Therefore, the data indicate that attaching
the t-butyl substituent to the linker chain on the C6 position may promote dual-

selective inhibition as well as potency on SAHA.

Table 3.2. IC5y values of SAHA and the C6-SAHA f-butyl variant 14c¢
for HDAC1, HDAC3, and HDACG6

Compound ICs50/uM
HDAC1 HDAC3 HDAC6
SAHA 0.096 + 0.016 0.136 + 11 0.074 + 0.009
14c 0.993 + 0.061 54+0.7 24+05

Specific selective HDAC inhibitors support pathological cardiac
remodeling studies. For example, a recent cardiac study reported that stressed
myocardium increased the catalytic activity of the class Ilb HDAC, HDAC6.%
Moreover, the best anti-leukemic activities in the four pediatric AML cell lines
were observed by dual HDAC1 and HDACS inhibitors that inhibited both.**® . The
function or regulation of dual-selective HDAC inhibitors is not well informed in
present even though dual-selective HDAC inhibitors might guide development of
prospective drugs of anti-diverse diseases.

From the initial isoform selectivity screen (Figure 3.2), SAHA analogues
with substituents on the C6 position displayed diverse selective inhibitions, such
as class | selectivity (methyl 14a), dual-class |, Il selectivity (-butyl 14c), and

isoform selectivity for HDAC3 (2-ethylhexyl 14d). Our results reveal that small
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structural changes in the C6 position linker region of SAHA can significantly

influence selectivity with suitable potency.

3.5 Experimental

3.5.1 General methods
Additional details were shown in Section 2.5.1 of Chapter 2.

3.5.2 Experimental Procedures and Compound Characterization

M
HO/\/\/YO e

o

Methyl 6-hydroxyhexanoate (9). Concentrated aqueous sulfuric acid (adjusted
to pH 6 using neutral pH meter paper (pH 1 to pH 14 range) as assessed with)
was dropwise added to a solution of e—caprolactone (5.54 mL, 50 mmol) in
MeOH (50 mL). The mixture was stirred for 20 min. The mixture was
subsequently diluted with anhydrous diethyl ether (25 mL) and washed with
distilled water (equal volume to organic layer). The aqueous layer was extracted
with diethyl ether (equal volume to organic layer) at least 3 times. The combined
organic layers were dried over anhydrous Na,SOy, filtered, and concentrated.
The residue was purified by column chromatography (12% acetone/CH,Cl,) on
silica gel to give 9 (7.23 g, 99%). 'H-NMR (3, ppm, CHLOROFORM-D): 1.30 (m,
2H), 1.50 (m, 2H), 1.56 (m, 2H), 2.24 (m, 2H), 2.59 (bs, 1H), 3.52 (m, 2H), 3.58
(s, 3H); ®*C-NMR (3, ppm, CHLOROFORM-D): 24.8, 25.5, 32.4, 34.1, 51.8, 62.5,
174.5; IR: 3424, 2940, 2866, 1738, 1438, 1205, 857, 744 cm™"; HRMS ( EI-TOF,

m/z): found [M+Na] 169.0840, calc. for C;H403, 169.0841.

www.manaraa.com



60

BnOZCMOMe

0]

1-Benzyl 8-methyl oct-2-enedioate (11). To a solution of DMSO (1.02 mL,
14.39 mmol) in CH)Cl, (44 mL) was added 2 M oxalyl chloride in
dichloromethane (3.27 mL, 6.54 mmol) dropwise and then methyl 6-
hydroxyhexanoate 9 (0.638 g, 4.36 mmol) stepwise at -78°C. The reaction
mixture was stirred for 45 min before triethylamine (TEA, 4.12 mL, 29.66 mmol)

’ was added dropwise at -78 °C. The mixture was warmed

OMOMe to room temperature and stirred for an additional 1 h. The

10 o)
reaction mixture was quenched by adding distilled water

(44 mL). The mixture was washed with 1.0 M aqueous hydrochloric acid (44 mL),
an aqueous solution of saturated NaHCO; (44 mL), and brine (44 mL). The
organic layer 10 was dried over anhydrous Na,SQOy, filtered, and concentrated.
To a solution of NaH (0.513 g, 12.8 mmol) in THF (85 mL) was added
benzyl dimethyl phosphonoacetate (3.31 g, 12.8 mmol) dropwise at 0 °C and the
mixture was stirred for 15 min. To the solution was added crude methyl 6-
oxohexanoate 10 (1.23 g, 8.55 mmol) at -78 °C and the mixture was stirred for 15
min. The mixture was allowed to warm to room temperature and stirred for an
additional 1 h. The mixture was quenched by addition of an aqueous solution of
saturated NH4Cl until evolution of gas was not observed. The mixture was
washed with distilled H,O (85 mL). The organic layer was collected and the
aqueous layer was extracted with diethyl ether (equal volume to aqueous layer)

at least 3 times. The combined organic layers were dried over anhydrous
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Na,SO,, filtered, and concentrated. The residue was purified by column
chromatography (diethyl ether: petroleum ether 1:6) on silica gel to give 11 (2.17
g, 92%). (E+Z)-isomer 'H-NMR (5, ppm, CHLOROFORM-D): 1.48 (m, 2H),
1.63 (m, 2H), 2.20 (g, 2H), 2.30 (t, 2H), 3.64 (s, 3H), 5.16 (s, 2H), 5.84 (d, 1H,
J=180 Hz), 6.98 (m, 1H), 7.35 (m, 5H); *C-NMR (5, ppm, CHLOROFORM-D):
24.6, 27.6, 32.1, 33.9, 51.7, 66.2, 121.6, 128.3, 128.4, 128.8, 136.3, 149.5,
166.6, 174.0; IR: 3671, 2974, 1735, 1455, 1258, 1066, 907, 748, 698 cm™;

HRMS (EI-TOF, m/z): found [M+Na] 299.1269, calc. for C1sH2004Na, 299.1259.

BnOZCMOMe

(0]

1-Benzyl 8-methyl 3-methyloctanedioate (12a). To a solution of Cu(l)I (1.06 g,
5.57 mmol) in THF (19 mL) was added 1.6M methyllithium in diethyl ether (6.97
mL, 11.15 mmol) dropwise at -15 °C and the mixture was stirred for 20 min. The
reaction mixture was cooled to -78 °C before addition of trimethylsilyl chloride
(TMSCI, 4.25 mL, 33.48 mmol). To the reaction mixture was dropwise added 1-
benzyl 8-methyl oct-2-enedioate 11 (513 mg, 1.86 mmol) at -78 °C. The reaction
was stirred for 3 h at -78 °C to room temperature and then quenched by addition
of 1.0 M aqueous hydrochloric acid until a color of the mixture changed to blue
(CuClz@ag))- The organic layer was collected and the aqueous layer was extracted
with diethyl ether (equal volume to aqueous layer) at least 3 times. The combined
organic layers were dried over anhydrous Na,SQy, filtered, and concentrated. H-

NMR (8, ppm, CHLOROFORM-D): 0.91 (d, 3H), 1.30 (m, 4H), 1.58 (m, 2H), 1.96
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(m, 1H), 2.19 (g, 1H), 2.32 (m, 3H), 3.65 (s, 3H), 5.10 (s, 2H), 7.34 (m, 5H); "*C-
NMR (5, ppm, CHLOROFORM-D): 19.9, 25.2, 26.6, 30.4, 34.2, 36.4, 42.0, 51.7,
66.3, 128.4, 128.5, 128.8, 136.3, 173.2, 174.4; HRMS (EI-TOF, m/z): found

[M+Na] 315.1569, calc. for C17H»404Na, 315.1572.

BnO,C OMe

1-Benzyl 8-methyl 3-phenyloctanedioate (12b). To a solution of Cu(l)l (827
mg, 4.34 mmol) in THF (14.5 mL) was added phenyl lithium 2.0M (4.34 mL, 8.69
mmol) dropwise at -15 °C and the mixture was stirred for 20 min. The reaction
mixture was cooled to -78 °C. To the solution was added trimethylsilyl chloride
(TMSCI, 1.67 mL, 13.03 mmol) dropwise and then 1-benzyl 8-methyl oct-2-
enedioate 11 (400 mg, 1.45 mmol) stepwise at -78 °C. The mixture was stirred
for 3 h at -78 °C and then quenched by addition of an aqueous solution of
saturated NH4Cl: saturated NH,OH (1:1) until the color of the mixture turned to
blue ((NH3)sCuClyng). The mixture was washed with the aqueous solution of
saturated NH4CI: NH;,OH (1:1) (14.5 mL). The organic layer was collected and
the aqueous layer was extracted with diethyl ether (equal volume to the aqueous
layer). The combined organic layers were dried over anhydrous Na,SOy, filtered,
and concentrated. The residue was purified by column chromatography (diethyl

ether: petroleum ether 1:6) on silica gel to give 12b + 11 (3:1).
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BnO,C OMe

1-Benzyl 8-methyl 3-(tert-butyl)octanedioate (12c). The synthesis was similar
that of 12b except the following reagents were used: Cu(l)l (827 mg, 4.34 mmol)
in THF (10.9 mL), tert-butyllithium 1.6M (5.43 mL, 8.69 mmol), TMSCI (1.67 mL,
13.03 mmol), and 1-benzyl 8-methyl oct-2-enedioate 11 (300 mg, 1.09 mmol).
The product was purified by column chromatography (diethyl ether: petroleum
ether 1:6) on silica gel to give 12¢ (313 mg, 89%). 'H-NMR (5, ppm,
CHLOROFORM-D): 0.84 (s, 9H), 1.05 (m, 1H), 1.17-1.35 (m, 2H), 1.47-1.62 (m,
3H), 1.68 (m, 1H), 2.10 (q, 1H), 2.23 (t, 2H), 2.41 (q, 1H), 3.64 (s, 3H), 5.09 (s,
2H), 7.34 (m, 5H); *C-NMR (3, ppm, CHLOROFORM-D): 25.5, 27.6, 28.5, 31.0,
33.8, 34.2, 36.3, 45.2, 51.6, 66.4, 128.4, 128.6, 128.7, 136.3, 174.3, 174.5; IR:
2952, 2869, 1737, 1457, 1367, 1151, 914, 737 cm™. MS (ESI, m/z): found [M*

+Li] 341.28, calc. for CyoH3004Li, 341.23.

BnO,C OMe

1-Benzyl 8-methyl 3-(2-ethylhexyl)octanedioate (12d). The synthesis was
similar to that of 12b except the following reagents were used: Cu(l)Br-SMe;
(1.89 g, 9.19 mmol) in THF (15.3 mL), 2-ethylhexyllithium (10.09 mL, 18.38

mmol), TMSCI (3.52 mL, 27.57 mmol), and 1-benzyl 8-methyl oct-2-enedioate 11
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(400 mg, 1.53 mmol). The product was purified by column chromatography
(diethyl ether: petroleum ether 1:8) on silica gel to give 12d (485 mg, 81%). 'H-
NMR (6, ppm, CHLOROFORM-D): 0.79 (m, 3H), 0.88 (t, 3H), 1.23-1.31 (m,
15H), 1.58 (m, 2H), 1.91 (m, 1H), 2.25-2.30 (m, 4H), 3.66 (s, 3H), 5.11 (s, 2H),
7.35 (m, 5H); *C-NMR (3, ppm, CHLOROFORM-D): 10.7, 14.40, 23.4, 25.4,
26.1, 28.9, 32.8, 33.1, 34.2, 36.1, 38.5, 44.4, 66.3, 128.4, 128.6, 128.8, 129.2,
130.4, 173.2, 173.5; IR: 2956, 2858, 1739, 1457, 1167, 912, 741 cm™. MS (ESI,
m/z): found [M*+K] 429.29, [M"+Li] 397.36, [M"+Na] 413.31, calc. for Co4H3304K,

429.65, Co4H3g04Li, 397.50, C24H3304Na, 413.55.

BnOZC\I/\/\[(OMe

@)

1-Benzyl 8-methyl 3-isopropyloctanedioate (12e). The synthesis was similar
that of 12b except the following reagents were used: Cu(l)l (875 mg, 4.59 mmol)
in THF (7.7 mL), isopropyl magnesium bromide 1.94M (2.37 mL, 4.59 mmol),
TMSCI (1.76 mL, 13.78 mmol) and 1-benzyl 8-methyl oct-2-enedioate 11 (200
mg, 0.77 mmol). The residue was purified by column chromatography (diethyl
ether: petroleum ether 1:6) on silica gel to give 12e (109 mg, 45%). "H-NMR (3,
ppm, CHLOROFORM-D): 0.80 (d, 3H), 0.84 (d, 3H), 1.16-1.33 (m, 4H), 1.59 (m,
2H), 1.70 (m, 1H), 1.78 (m, 1H), 2.18 (m, 1H), 2.27 (m, 3H), 3.65 (s, 3H), 5.10 (s,
2H), 7.35 (m, 5H); *C-NMR (3, ppm, CHLOROFORM-D): 18.4, 19.4, 25.1, 26.8,
29.7, 30.7, 34.0, 36.0, 40.7, 51.5, 66.1, 128.2, 128.3, 128.5, 136.1, 173.9, 174.2;
IR: 3033, 2954, 2873, 1737, 1458, 1332, 1261, 1008, 905, 750 cm™'; HRMS (EI-

TOF, m/z): found [M+Na] 343.1883, calc. for C19H2804Na, 343.1885.
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o
PhHNJ\)\/\/\WOMe

O

Methyl 6-methyl-8-0x0-8-(phenylamino)octanoate (13a). To a solution of
crude 1-benzyl 8-methyl 3-methyloctanedioate 12a (513 mg, 1.86 mmol) in ethyl
acetate (19 mL) was added 20% Pd(OH)./C (261 mg, 0.372 mmol) and the
reaction mixture was purged with H; gas for 30 s. The reaction solution was
stirred under H; gas for 3 h and then filtered through a plug of Celite with ethyl
acetate (57 mL). The filtrate was concentrated to give 8-methoxy-3-methyl-8-
oxooctanoic acid as clear oil. The crude residue, 8-methoxy-3-methyl-8-
oxooctanoic acid, was transferred to a flask and dissolved in 19 mL of
acetonitrile. TBTU (895 mg, 2.79 mmol), diisopropylethylamine (647 mL, 3.72
mmol), and aniline (254 mL, 2.79 mmol) was added to the flask. The reaction
mixture was stirred for 3 h. The mixture was then quenched with 19 mL of
saturated NaHCO3 solution, transferred to a separatory funnel and extracted with
ethyl acetate (equal volume to aqueous layer) at least 3 times. The combined
organic layers were dried over magnesium sulfate, filtered, and evaporated to oil.
Flash silica gel chromatography (1:6 diethyl ether: petroleum ether — 1:1 diethyl
ether: petroleum ether) afforded 274 mg of the anilide 13a as a clear oil (53%
over 3 steps). 'H-NMR (5, ppm, CHLOROFORM-D): 0.91 (d, 3H), 1.13-1.34
(m, 4H), 1.56 (m, 2H), 2.09 (m, 2H), 2.27 (m, 3H), 3.61 (s, 3H), 7.02 (t, 1H), 7.24
(t, 2H), 7.52 (d, 2H), 8.27 (bs, 1H); "*C-NMR (3, ppm, CHLOROFORM-D): 19.9,

25.1, 26.6, 30.9, 34.2, 36.5, 45.6, 51.8, 120.0, 124.4, 129.2, 138.2, 171.1, 175.3;
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IR: 3306, 2952, 2868, 1739, 1601, 1544, 1151, 913, 757 cm™’; HRMS (EI-TOF,
m/z). found [M+H] 278.1764, calc. for C1sH24NO3, 278.1756, found [M+Na]
300.1584, calc. for C41¢H24NO3sNa, 300.1576.

PhHN OMe

Methyl 6-(tert-butyl)-8-oxo0-8-(phenylamino)octanoate (13c). A similar
procedure to that for 13a was used, except for the following reagents: 20%
Pd(OH),/C (210 mg, 0.299 mmol) and 1-benzyl 8-methyl 3-(fert-
butyl)octanedioate 12¢ (414 mg, 0.748 mmol) in ethyl acetate (7.5 mL), TBTU
(360 mg, 1.121 mmol) in acetonitrile (7.5 mL), diisopropyethylamine (521 mL,
2.99 mmol), aniline (102 mL, 0.748 mmol) and stirring for 4 h. The mixture was
then quenched with 7.5 mL of saturated NaHCOj; solution, transferred to a
separatory funnel and extracted with ethyl acetate (equal volume to aqueous
layer) at least 3 times. The organic layer was dried over magnesium sulfate,
filtered, and evaporated to oil. In this case, flash silica gel chromatography (1:6
diethyl ether: petroleum ether — 1:1 diethyl ether: petroleum ether) afforded 185
mg of the anilide 13c as a clear oil (58% over 2 steps). 'H-NMR (6, ppm,
CHLOROFORM-D): 0.91 (s, 9H), 1.13 (m, 1H), 1.33 (m, 1H), 1.42 (m, 1H), 1.55
(m, 3H), 1.82 (m, 1H), 2.09 (q, 1H), 2.28 (1, 2H), 2.49 (q, 1H), 3.62 (s, 3H), 7.09
(t, 1H), 7.21 (bs, 1H), 7.31 (t, 2H), 7.50 (d, 2H); *C-NMR (3, ppm,
CHLOROFORM-D): 25.5, 27.8, 28.4, 31.2, 34.0, 34.1, 45.1, 56.1, 62.8, 119.2,

124.3, 129.2, 134.7, 168.5, 171.3; IR: 3055, 2952, 2865, 1732, 1600, 1265, 741,
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706 cm™; HRMS (EI-TOF, m/z): found [M+H] 320.2229, calc. for CioHagNOs,

320.2226, found [M+Na] 342.2048, calc. for C1gH29NO3sNa, 342.2045.

PhHN OMe

Methyl 8-ethyl-6-(2-o0xo0-2-(phenylamino)ethyl)dodecanoate (13d). A similar
procedure to that for 13a was used, except for the following reagents: 20%
Pd(OH),/C (345 mg, 0.492 mmol) and 1-benzyl 8-methyl 3-(2-
ethylhexyl)octanedioate 12d (463 mg, 1.229 mmol) in ethyl acetate (12.3 mL),
TBTU (592 mg, 1.844 mmol) in acetonitrile (12.3 mL), diisopropyethylamine (856
mL, 4.916 mmol), aniline (168 mL, 1.844 mmol) and stirring for 3 h. In this case,
the mixture was quenched with 12.3 mL of saturated NaHCOgj solution,
transferred to a separatory funnel and extracted with CH,Cl, (equal volume to
aqueous layer) at least 3 times. The organic layer was dried over magnesium
sulfate, filtered, and evaporated to oil. The product was purified by column
chromatography (diethyl ether: petroleum ether 1:8) on silica gel to give 13d (349
mg, 76%). 'H-NMR (5, ppm, CHLOROFORM-D): 0.81-0.87 (m, 6H),1.10-1.34
(m, 15H), 1.60 (m, 2H), 2.03 (m, 1H), 2.22-2.32 (m, 4H), 3.65 (s, 3H), 7.08 {,
1H), 7.32 (t, 2H), 7.51 (d, 2H); ®*C-NMR (5, ppm, CHLOROFORM-D): 10.7,
14.4, 23.4, 25.3, 25.8, 26.0, 28.9, 33.1, 33.2, 33.6, 33.8, 36.2, 38.5, 43.2, 51.7,

120.0, 124.3, 129.2, 138.3, 171.4, 174.6; IR: 3322, 3066, 2956, 1740, 1661,
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1171, 912, 746, 694 cm™: MS (ESI, m/z): found [M*+Li] 382.41, [M*+Na] 398.35,
[M*+K] 414.31, calc. for CpsHy/NOsLi, 382.49, CpsHayNOsNa, 398.53,

Ca23H37NO3K, 414.64.

o
M
PhHN OMe

O

Methyl 6-isopropyl-8-oxo-8-(phenylamino)octanoate (13e). A similar
procedure to that for 13a was used, except for the following reagents: 20%
Pd(OH),/C (88 mg, 0.125 mmol) and 1-benzyl 8-methyl 3-isopropyloctanedioate
12e (0.312 mmol) in ethyl acetate (3 mL), TBTU (150 mg, 0.468 mmol) in
acetonitrile (3 mL), diisopropyethylamine (218 mL, 1.248 mmol), aniline (43 mL,
0.468 mmol) and stirring for 3 h. In this case, the product was purified by column
chromatography (1:6 diethyl ether: petroleum ether — 1:1 diethyl ether:
petroleum ether) on silica gel to give 13e (71 mg, 75%). 'H-NMR (3, ppm,
CHLOROFORM-D): 0.84 (d, 3H), 0.89 (d, 3H), 1.25-1.38 (m, 4H), 1.61 (m, 2H),
1.81 (m, 1H), 1.90 (m, 1H), 2.15 (g, 1H), 2.30 (t, 2H), 2.34 (q, 1H), 3.64 (s, 3H),
7.09 (t, 1H), 7.31 (t, 2H), 7.41 (bs, 1H), 7.51 (d, 2H); *C-NMR (5, ppm,
CHLOROFORM-D): 18.9, 19.5, 25.3, 26.9, 29.7, 30.6, 34.1, 39.6, 41.1, 51.8,
120.0, 124.4, 129.2, 138.3, 171.8, 174.6; IR: 3297, 3140, 2954, 2870, 1739,
1601, 1368, 906, 757, 693 cm™; HRMS (EI-TOF, m/z): found [M+H] 306.2071,
calc. for C1gH2sNO3, 306.2069, found [M+Na] 328.1884, calc. for C1sH2sNO3Na,

328.1889.
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0
PhHN)u\/\/\[(NHOH

o

N8-Hydroxyl-3-methyl-N'-phenyloctanediamide (14a). To a solution of
NH2OH-HCI (677 mg, 9.735 mmol) in methanol (10 mL) was added KOH (1.092
g, 19.469 mmol) at 0 'C in an acid-washed 25mL round-bottom flask. After
stirring for 20 min, methyl 6-methyl-8-oxo-8-(phenylamino)octanoate 13a (270
mg, 0.974 mmol) was added and the mixture was stirred for 8 h at 0°C. The
reaction mixture was adjusting to pH 6 by adding concentrated aqueous
hydrochloric acid. The mixture was diluted with 30 mL of ethyl acetate, and
washed with 30 mL of distiled water. The organic layer was dried over
anhydrous Na,SO,, filtered, and concentrated. The residue was purified by
column chromatography (9% methanol/CH,Cl,) on acid-washed silica gel to give
14a (159 mg, 58%) as a clear oil.  "H-NMR (3, ppm, METHANOL-D4): 0.98 (d,
3H), 1.24-1.44 (m, 4H), 1.61 (m, 2H), 2.02 (m, 1H), 2.09 (t, 2H), 2.16 (q, 1H),
2.34 (q, 1H), 7.07 (t, 1H), 7.29 (t, 2H), 7.52 (d, 2H); *C-NMR (5, ppm,
METHANOL-D4): 18.7, 25.7, 26.3, 30.8, 32.5, 36.3, 44.4, 120.2, 124.0, 128.6,
138.6, 171.8, 172.9; IR: 3270, 2928, 2868, 1643, 1600, 1500, 1418, 1116, 977,
759, 693 cm’; HRMS (EI-TOF, m/z): found [M+H] 279.1710, calc. for
C1sH23N203, 279.1709, found [M+Na] 301.1531, calc. for Cy5H23N2O3Na,

301.1528.
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PhHN NHOH

0]

N8-Hydroxyl-N8, 3-diphenyloctanediamide (14b). The synthesis of methyl 6-
phenyl-8-oxo0-8-(phenylamino)octanoate 13b was similar to that of 14a except the
following reagents were used: 20% Pd(OH)/C (153 mg, 0.218 mmol) and 1-
benzyl 8-methyl 3-phenyloctanedioate 12b (0.546 mmol) in ethyl acetate (5.5
mL), TBTU (263 mg, 0.818 mmol) in acetonitrile (5.5 mL), diisopropyethylamine
(190 mL, 1.09 mmol), aniline (75 mL, 0.818 mmol) and stirring for 4 h. In this
case, the reaction mixture was quenched with 5.5 mL of saturated NaHCO3;
solution, transferred to a separatory funnel and extracted with CH,Cl, (equal
volume to aqueous layer) at least 3 times. The organic layer was dried over
magnesium sulfate, filtered, and evaporated to oil. Flash silica gel
chromatography (diethyl ether: petroleum ether 1:1) afforded the mixture of
phenyl substituted anilide 13b and a, B unsaturated anilide 13b” as a clear oil.

To a solution of NH,OH-HCI (696 mg, 10.721 mmol) in methanol (10.7 mL)
was added KOH (1.203 g, 21.442 mmol) at 0 °C in an acid-washed 25mL round-
bottom flask. After stirring for 20 min, the mixture of methyl 6-phenyl-8-oxo-8-
(phenylamino)octanoate 13b and a, B unsaturated anilide 13b” (1.072 mmol)
was added and the reaction mixture was stirred for 8 h at 0°C. The rest of the
reaction procedure was similar to that for 14a. The residue was purified by
column chromatography (4% methanol/CH,Cl,) on acid-washed silica gel to give

14b (221 mg, 60% over 4 steps). 'HNMR (5, ppm, DIMETHYLSULFOXIDE-
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D6): 0.85-1.25 (m, 3H), 1.42 (m, 2H), 1.58 (m, 2H), 1.83 (t, bs, 2H), 2.57 (m, 2H),
3.07 (m, 1H), 6.97 (t, 1H), 7.14-7.27 (m, 7H), 7.47 (d, 2H), 8.61 (s, 1H), 9.80 (s,
1H), 10.25 (s, 1H); "*C-NMR (3, ppm, METHANOL-D4): 25.5, 26.9, 32.5, 35.5,
42.8, 445, 120.4, 124.1, 126.4, 127.5, 128.4, 128.5, 138.4, 144.1, 171.7, 171.9;
IR: 3235, 3027, 2928, 2859, 1874, 1641, 1599, 1544, 1498, 1467, 1116, 977,
757,699 cm™; HRMS (EI-TOF, m/z): found [M+H] 341.1877, calc. for Ca0H25N203,

341.1865, found [M+Na] 363.1697, calc. for CooH25N203Na, 363.1685.

PhHN NHOH

o)

3-(tert-Butyl)-N®-hydroxyl-N'-phenyloctanediamide (14c). A similar procedure
to that for 14a was used, except for the following reagents: NH,OH-HCI (348 mg,
5.008 mmol) in methanol (7.4 mL), KOH (562 mg, 10.018 mmol), methyl 6-(tert-
butyl)-8-o0x0-8-(phenylamino)octanoate 13¢ (160 mg, 0.501 mmol) and stirring for
4 h. In this case, the product was purified by column chromatography (4 %
methanol/CH,Cl,) on acid-washed silica gel to give 14c (158 mg, 99%). 'H-
NMR (8, ppm, METHANOL-D4): 0.92 (s, 9H), 1.15 (m, 1H), 1.28 (m, 1H), 1.40
(m, 1H), 1.58 (m, 3H), 1.77 (m, 1H), 2.04 (i, 2H), 2.16 (q, 1H), 2.53 (q, 1H), 7.07
(t, 1H), 7.29 (t, 2H), 7.50 (d, 2H); "*C-NMR (5, ppm, METHANOL-D4): 26.1, 26.7,
28.6, 30.8, 32.6, 33.3, 38.5, 45.0, 120.2, 123.9, 128.6, 138.8, 171.8, 173.9; IR:
3350, 2956, 2870, 1938, 1648, 1547, 1500, 1119, 976, 757, 693 cm™"; HRMS (EI-
TOF, m/z): found [M+H] 321.2180, calc. for C1gH29N203, 321.2178, found [M+Na]

343.1998, calc. for C1gH29N203Na, 343.1988.
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PhHN NHOH

@)

3-(2-Ethylhexyl)-N8-hydroxyl-N'-phenyloctanediamide  (14d). A  similar
procedure to that for 14a was used, except for the following reagents:
NH,OH-HCI (629 mg, 9.054 mmol) in methanol (9 mL), KOH (1.016 g, 18.108
mmol), methyl 8-ethyl-6-(2-oxo-2-(phenylamino)ethyl)dodecanoate 13d (340 mg,
0.905 mmol), and stirring for 6 h. In this case, the product was purified by column
chromatography (4 % methanol/CH,CI;) on acid-washed silica gel to give 14d
(199 mg, 58%). 'H-NMR (5, ppm, METHANOL-D4): 0.85 (m, 6H), 1.19-1.37 (m,
16H),1.61 (m, 2H), 2.02 (bs, 1H), 2.09 (t, 2H), 2.24 (m, 2H), 7.07 (t, 1H), 7.29 (i,
2H), 7.53 (d, 2H); ®*C-NMR (5, ppm, METHANOL-D4): 9.7, 9.9, 13.4, 23.0,
26.0, 28.5, 28.8, 32.6, 32.8, 33.0, 34.0, 36.1, 38.4, 42.3, 120.1, 124.0, 128.6,
138.7, 171.8, 173.1; IR: 3391, 3256, 3065, 2956, 1643, 1600, 1539, 1500, 1308,
903, 756, 692 cm”; HRMS (EI-TOF, m/z): found [M+H] 377.2798, calc. for

C22H37N,O3, 377.2804.

3.5 HDAC assay procedure
HDAC activity was measured using the Fluor de Lys® activity assay
(Enzo) using the manufacturer’s protocol. To measure global HDAC inhibition,

HelLa lysates (approximately 4ug of total protein) were incubated with small
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molecule inhibitor or without small molecule inhibitor (2% DMSO) in HDAC assay
buffer (50 mM Tris/Cl, pH 8.0, 137 mM NacCl, 2.7 mM KCI, 1 mM MgCly,) in a final
volume of 25 pL for 20 min at 23 "C with 600 rmp shaking. Concentrations of
small molecule between 1 nM and 1 mM were used to determine ICsy values
(Appendix C. Table C.1-C.6). Because the small molecules were stored in
DMSO, dilution with HDAC buffer ensured that a maximum of 2% DMSO was
present in the final reaction mixture. After the initial incubation, Fluor de Lys®
substrate in HDAC assay buffer (100 uM final concentration) was added to make
a total reaction volume of 50uL. The reaction mixture was incubated at 30°C for
30 min with 600 rmp shaking. To quench the reaction and allow color
development, Fluor de Lys® developer (2.5 pyL of 20X diluted up to 50 L in
HDAC assay buffer ) was added to give a final 100 pyL volume and incubated with
shaking for 5 min at room temperature. The fluorescence intensity was
determined using a Geniosplus Fluorimeter (Tecan) with excitation at 360 nm
and emission at 465 nm.

To perform the isoform selectivity studies, the procedure was similar
except that the HelLa cell lysates were replaced with 0.2 ug HDAC1 (specific
activity = 42.5 pmol/min/pg), 0.05 ng HDAC3 (specific activity = 249 pmol/min/ug)
or 0.25 ng HDACEG6 (specific activity = 257 pmol/min/ug), purchased from Enzo
Life Sciences. In addition, the Fluor de Lys® substrate was used at a final
concentration of 50 uM for HDAC1 and HDACG6 or 25uM for HDAC3.

For each trial, a no enzyme control sample was used to assess the

background. The background-corrected fluorescence units of small molecule-
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treated samples were then compared to that of untreated samples (set to 100%)
to give a percentage deacetylase activity. ICsy values were obtained by plotting
the percentage deacetylase activity versus the small molecule concentration and
fitting the data to a sigmoidal dose-response curve (y=100/(1+(x'm3)™) using
KaleidaGraph software where m1 is the ICsy value in Molar units. All
experiments were performed in triplicate with the mean and standard error

reported in the tables and figures.

www.manharaa.com




75

CHAPTER 4 — SYNTHESIS OF SAHA ANALOGUES MODIFIED AT THE C7

POSITION

41 Rationale for design of the SAHA analogues modified at the C7
position

SAHA analogues with substituents on C2 and C3 position displayed
decreasing inhibitory activity while C6-SAHA analogues displayed similar
potency to the parent compound, SAHA. These results indicate that only limited
steric environment exists near hydroxamic acid. For example, the C6-SAHA
analogue with the phenyl substituent displayed only 4-fold decreased inhibition
while the C3-SAHA analogue with the phenyl substituent displayed more 800-fold
decreased inhibitory activity compared to SAHA. Based on an analysis of the
HDAC crystal structure (Figure 1.4)**, more space near the capping group area is
available to accommodate bulky groups compared to the area near the
hydroxamic acid. Moreover, large capping groups have been synthesized and
displayed nM range inhibition.?'® 3® Several class-selective HDAC inhibitors have
been synthesized that contain large groups in capping group region.?° Therefore,
design, synthesis, and evaluation of a C7-SAHA library (Figure 4.1) are

necessary to elucidate the structural requirement of HDAC inhibitors, since C7-

SAHA analogues are located closest to the solvent-exposed region through the

linker area.
O C7-SAHA analogues with
NMNHOH
H R o hydrophobic substituents were generated.

Figure 4.1. Structure of SAHA analogues
containing substituents on the C7 position ~ Synthesizing C7-SAHA analogues with
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only hydrophobic substituents might be sub-optimal since the C7 position is
between the hydrophobic tunnel and the solvent exposed area. Therefore, we
synthesized the methyl pyridyl variant to study the influence of polar groups. In
addition, since medicinal and natural compounds containing nitrogen were
involved in diverse therapeutic areas (Chapter 1), we chose the pyridyl
derivative.*'** *° Since hydrophobic substituents attached at the C6 position, a
position that is close to the solvent-exposed location, displayed more potent
inhibition compared to the C2 and C3-SAHA libraries, C7-SAHA analogues might
also display potent inhibition compared to the C2, C3, and C6-SAHA analogues.
Therefore, large aromatic groups should be incorporated on the C7 position. We
designed a variety of substituents from the small methyl substituent to the large
4-methylnaphthyl, methylbiphenyl, methylanthracene, and
methyltetrahydroanthracene substituents to address what effect large groups
impart on potency. Due to the structural similarity to the previously reported C2-

SAHA analogues, a straightforward synthetic approach was envisioned.

4.2 Initial synthesis of C7-SAHA analogues
Initially, C7-SAHA analogues with methyl 22a, benzyl 22b, and 4-
methylnaphthyl 22c substituents were synthesized by Dr. A. Bieliauskas. The

early synthetic route for C7-SAHA analogues is outlined in Scheme 4.1.
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Scheme 4.1. Initial synthesis of C7-SAHA analogues 22a-22¢c

Benzyl ester 16 was obtained by coupling conditions with benzyl alcohol
and 6-bromohexanoic acid 15. -Butyl malonate derivatives 17 after nucleophilic
substitution reaction provided the scaffold to create alkylated malonate
derivatives 18a-c. In acidic conditions, the t-butyl groups in 18a-c were
deprotected and decarboxylation was accomplished under reflux to give
monocarboxylic acid 19a-c, which was coupled with aniline. The benzyl group in
20a-c was removed by Pd/C, and was coupled with O-benzyl-protected
hydroxamine. O-benzyl-protected hydroxamic acid 21a-c was deprotected by

hydrogenolysis to give the C7- SAHA methyl, benzyl, and methylnaphthyl 22a-c.
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HDAC inhibitory activities of the C7-methyl, benzyl, and 4-methylnaphthyl

SAHA analogues 22a-c were measured using the Fluor de Lys™ in vitro

fluorescence activity assay kit (Biomol) by Dr. S. V. W. Weerasinghe (Table 4.1).

Table 4.1. HDAC inhibition by SAHA, C7-methyl, benzyl, and 4-naphthyl variants

using HelLa cell lysates

Compounds R IC50, NM?
SAHA 86+4
22a Methyl 105+6
22b Benzyl 109+5
22c 1-Naphthylmethyl 16+ 1

aValues are the mean of at least three experiments with standard error given.

The C7-methyl and benzyl analogues 22a-b were equipotent in 100 nM

range similar to SAHA (86 nM). The inhibition results are consistent with the

hypothesis that greater steric tolerance exists in HDAC active site at the entrance

area of capping group than the metal binding moiety region. Moreover, the

largest compound, C7-SAHA naphthylmethyl

analogue 22c¢ among three

analogues, displayed greater than 5-fold increasing inhibitory activity compared

to SAHA. The addition of certain groups at the C7 position showed favourable

interaction between the entrance area of HDAC active site and large bulky

groups at the C7 position.
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4.3 Synthesis of the C7-SAHA analogues with pyridyl and bulky
substituents

To thoroughly explore the impact of the large bulky groups at the C7
position, additional large groups should be investigated. For example, the 4-
methylbiphenyl and 9-methylanthracene variants 22e-f should be synthesized to
verify how large groups at the C7 position could interact with the HDAC active
site. In addition, the inclusion of polar groups should be included to validate
interaction between HDAC active site and hydrophilic substituents at the C7
position, the end edge of the hydrophobic channel. However, the synthesis of
C7-SAHA analogues containing bulkier and larger substituents than the methyl,
benzyl, and 4-methylnaphthyl variants 22a-c faced issue in the nucleophilic
substitution reaction (17->18) (Scheme 4.1). Therefore, the synthesis
methodology was redesigned (Scheme 4.2). First of all, we used commercially
available methyl 6-bromohexanoate 23 as the starting material instead of using
coupling reaction to obtain benzylester 16 (two-step) (Scheme 4.1). Second, the
nucleophilic substitution reaction was accomplished with dibenzylmalonate,
which has a planar structure compared to the bulky t-butylmalonate (Scheme
4.1) to give the dibenzylmalonate derivatives 24 (Scheme 4.2). Finally, direct
conversion to hydroxamic acid 22 was accomplished in one step without
saponification, coupling O-benzyl hydroxylamine, and benzyl deprotection.47 The
4-(1,1'-Biphenyl)methyl variant 22e was synthesized by Geetha Padige, the 9-

anthracenylmethyl 22f and 9-(1,2,3,4-tetrahydroanthracenyl)methyl 22g
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derivatives were synthesized by Satish Garre, and the 4-pyridylmethyl variant
22d was synthesized under my responsibility.

The alternative synthetic route of the C7-SAHA library had been designed
by the main concern for bulky subsitutuent attachment when the nucleophilic
substitution (24->25) reaction was performed with large groups. Additionally,

several steps were improved in Scheme 4.2.

o O
OMe BnO)J\/U\OBn o
Br/\/\/\ﬂ/ OMe
BnO
le} NaH,
23 DMF, 0°C BnO 24 %
81% o
(0]
R o OMe  1IPUOHRIO.Hy eOH
NaH, R ) 2) A, EtOAc:MeOH(1:3)
0 3)PhNH,, TBTU, DIPEA,
DMF, 0°C BnO™ "o CHaCN, rt
56% - 80% 25d-f °
R: e= 4-Methylpyridyl
d= 4-Methylbiphenyl
f= Anthracene
0 NH,OH, o
KOH, NHOH
PhHNMOMe ____________ - PhHNM
R o) MeOH, 0°C R (0]
26e, f,and g 22e-g

Scheme 4.2. Redesigned synthesis of C7-SAHA library for bulky groups

After  successful nucleophilic  substitution reaction with the
dibenzylmalonate derivatives 24 and remaining substituents (pyridylmethyl,
biphenylmethyl, and anthracenylmethyl groups), alkylated malonate derivatives
25d-f were deprotected by Pd/C under hydrogen gas. Interestingly, the pyridyl
and anthracenylmethyl groups were reduced when the dibenzyl groups of
compounds 25d-f were deprotected. Zacharie and co-workers have proven the
reduction from pyridine derivatives to piperidine derivatives in the mild
condition.®® After deprotection by Pd/C, decarboxylation under the reflux

condition, and coupling with aniline (three-step), there were additional anilide
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products, the anthracenylmethyl anilide derivative 26f and the tetrahydro-
anthracenylmethyl anilide derivative 26g. In contrast, pyridyl and piperidylmethyl
anilide derivatives 26d, 26d” were unable to be isolated. The anthracenylmethyl
and tetrahydroanthracenylmethyl anilide derivatives 26f, 26g were directly
convert to hydroxamic acid 22f, 22g.

4.4 Optimized synthesis for the C7-pyridyl analogue

To synthesize the C7-pyridyl hydroxamic acid 22d, the synthetic method
was redesigned since the pyridyl and piperidylmethyl anilide derivatives were not
isolated (Scheme 4.3). The initial synthesis performed by Dr. Bieliauskas was
modified since the pyridylmethyl group is smaller than naphthylmethyl group.
However, several reaction conditions were improved.

First of all, benzyl ester 16 was obtained under Fisher condition (95%
yield) with benzyl alcohol and 6-bromohexanoic acid 15 instead of the coupling
reaction (80% yield). The nucleophilic substitution reaction with t-butyl malonate
generated derivative 17, which was alkylated with bromomethyl pyridine to
produce alkylated malonate derivatives 18d. Compared to Dr. Bieliaskas’
synthesis, the alkylation was performed under the kinetic condition in DMF at 0
°C (16 in 99% vyield and 18d in 55% yield) for shorter time (2-3h). Under acidic
condition, the t-butyl groups on compound 18d were deprotected and
decarboxylation was observed under reflux to give the monocarboxylated
derivative. Without purification, the coupling reaction was performed to give

anilide 20d (yield 99% over three steps). To obtain the final C7-SAHA
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pyridylmethyl hydroxamic acid 22d, direct conversion was achieved in one step

(43%).

NG
OH H2804, BnOH, ’

OBn NaH,
JE—— Brw
o,
15 O 95%

16 o

Br

DMF, 0°C

@HBr@ 99%

o] L% O
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t-BuO OBn  _ =Br - tBuO n
t-BuO (o) NaH, t-BuO o)
Y 17 o O / N\
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0
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PhHN ©OBn
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CH4CN
9902 7\ 20d
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NH,OH, KOH,
BN NHOH

MeOH o)
43% | N

N 22d

Scheme 4.3. Redesigned and optimized synthesis for C7-SAHA
pyridylmethyl analogue 22d

4.5 Biological analysis
HDAC inhibitory activities of the remaining C7-SAHA analogues were
measured using the Fluor de Lys® in vitro fluorescence activity assay kit using

Hela cell lysates (Table 4.2). HDAC inhibition of biphenylmethyl variant 22e was

tested by Geetha Padige.
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Table 4.2. HDAC inhibition by C7-SAHA analogues and SAHA using Hela cell

lysates
Compounds R ICs0, NM?
SAHA 86+4
22d 4-Pyridylmethyl 450 + 35
22e 4-(1,1'-Biphenyl)methyl 4+0.3
22f 9-Anthracenylmethyl 201
22g 9-(1,2,3,4-Tetrahydroanthracenyl)methyl 102 £ 30

8Values are means of more than three experiments with standard error given.

One of the large compounds, C7-SAHA 4-(1,1"-biphenyl)methyl analogue
22e displayed greater than 22-fold increase in inhibitory activity compared to
SAHA (86 nM) or the smallest compound C7-SAHA methyl analogue 22a (105
nM). Variants 22b, 22e with the large groups, such as naphthylmethyl and
biphenylmethyl, were more potent than the smallest variant 22a with methyl
group for C7-SAHA inhibitory activities (Table 4.2). However, the bulky
tetrahydroanthracenylmethyl subtituents displayed potency similar to SAHA. The
data suggest that C7-SAHA analogues with planar aromatic groups interacted
favourably in the binding area of HDAC active site. Moreover, the addition of
certain groups at the C7 position likely promotes interaction between the
entrance area of HDAC active site and the inhibitor.

Even though we found that greater steric tolerance exists in the HDAC
active site in the entrance area of the capping group than the metal binding
moiety region, the pyridylmethyl analogue displayed the weakest inhibitory

activity (ICso 450 nM). The polarity of the nitrogen atom might interact
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unfavorably the binding area of the HDAC active site. As a result, the potency
was influenced not only by the size of subsitutuents, but also the polarity, as
shown by the fact that the pyridylmethyl group of equal size to the benzyl group
(ICs0 109 nM).

To more thoroughly verify the structural requirements of SAHA analogues,
the isoform selectivity of the C7-SAHA analogues was tested by using HDAC1
and HDACS3 representing class | and HDACG6 representing class Il (Figure 4.2).
To assess the isoform selectivity of the C7-SAHA analogues, all compounds
were initially tested at a single concentration near to their ICso values using the

Fluor de Lys® kit (Enzo).
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C7-SAHA Isoform Selectivity Screen
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Figure 4.2. Screen of C7-SAHA analogues against HDAC1, HDAC3, and HDACG6 with
100 nM methyl, benzyl, tetrahydroanthracenylmethyl, and biphenylmethyl (22a, 22b, 22g, and
22e) variants, 500 nM pyridylmethyl and anthracenylmethyl variants (22d and 22f), and 10 nM

naphthylmethyl variant (22c).

The methyl 22a, and benzyl 22b variants showed similar inhibition for
HDAC1, HDAC3, and HDACG6 at 100 nM, despite slight selectivity for HDAC6
over HDAC1 and HDAC3. The biphenyl variant 22e, which displayed the most

potent inhibition from using Hela cell lysates, showed a slightly preference for
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HDAC6 over HDAC1 and HDACS3 as well. In this case, however, two flexible
perpendicular aromatic groups might enhance interaction with all of HDAC
protein active sites to increase potency, not selectively. In addition, the
biphenylmethyl variant 22e did not show inhibition at 10 nM concentration near to
the Hela cell lysate ICsy value (4 nM) for HDAC1, HDAC3, and HDACG. In
contrast, the naphthylmethyl 22c and tetrahydroanthracenylmethyl 22g variants
showed greater potency for HDAC3 over HDAC1 and HDACG6 at 10 nM and 100
nM. Interestingly, both compounds contain two planar aromatic groups.
Moreover, the pyridylmethyl 22d and anthracenylmethyl 22f variants showed
unique dual-selective inhibition at 500 nM for HDAC1 and HDACG6 over HDACS3.
Surprisingly, the C7-SAHA anthracenylmethyl compound 22f was unable to
inhibit when tested at 10 nM concentration near to the Hela cell lysate 1Csy value
(20 nM). After several screening, we found that the anthracenylmethyl variant 22f
inhibited 50% at 500 nM against HDAC1 and HDACG6. The biphenylmethyl 22e
and anthracenylmethyl 22f variants might display more selective inhibition for
other HDAC proteins, such as HDAC2, HDAC4, HDACS5, HDAC7, HDACS, and
HDAC10 due to the fact that showed inhibition at 25-time higher concentration
(100 nM and 500 nM) against HDAC1, HDAC3, and HDACG6 than their Hela cell

lysate ICsp values (4 nM and 20 nM).
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With the potential of chemotherapeutic use of selective HDAC inhibitors,
several class-selective and isoform-selective HDAC inhibitors have been studied.
Most of selective HDAC inhibitors displayed preference for HDAC1 or HDACS8

against HDAC3 17b, 20, 38b, 57-58

(0]
) o
Ho. A\~ O N O ‘ For example, compounds 27a
H
27a 27b O and 27b, which have two-
Figure 4.3. HDAC inhibitors modified at the linker regions )
with two parallel aligned aromatic groups aromatic group, showed

preference for HDAC8 (Figure 4.3).3° Nevertheless, the C7-SAHA
naphthylmethyl analogue 22c and tetrahydroanthracenylmethyl analogue 22g
containing similar structures to the compounds 27a and 27b display unique
HDAC3 selectivity. Two parallel aligned aromatic group subsitutuents on the
linker region may influence selectivity due to the presence of favorable -1
interactions with particular HDAC active site. Additionally, a dual-selective
HDAC1 and HDACG6 inhibitor (pyridyl 22d and anthracene 22f) might promote
design of drugs. Therefore, studying the C7-SAHA analogues, which displayed
HDAC3 selective inhibition (the naphthylmethyl 22c¢ and tetrahydro-
anthracenylmethyl 22g) and dual-HDAC1 and HDACG6 selective inhibition (the
pyridylmethyl 22d and anthracenylmethyl 22f variants), might be a great starting
point to develop a variety of dual or isoform-selective HDAC inhibitors.

To more thoroughly assess the selectivity observed in the initial screen,
we determined individual HDAC1, HDAC3, and HDACG6 ICs, values of the
anthracene variant 22f, and SAHA as a comparison. Pathological cardiac

remodeling studies have been reported using selective HDAC inhibitors (Section
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1.9). Specifically, development of dual-selective inhibitors has been an attractive
target in pharmacokinetic study due to the hypothesis by that cancer formation is
more complex than related to only single isoform HDAC protein. However, a lack
of information on dual-selective HDAC inhibitors is a current challenge. For
promising chemotherapeutic use, the anthracenylmethyl analogue 22f among
C7-SAHA analogues, which displayed dual-selective inhibition for HDAC1 and
HDAC6, was analyzed by using the Fluor de Lys® kit (Enzo). The C7-
anthracenylmethyl analogue 22f displayed 4-fold selectivity for HDAC1 over
HDAC3 and 3-fold class selectivity for HDAC6 over HDAC3 (Table 4.3). In
addition, it displayed selectivity within class I, with 4-fold preference for HDAC1
over HDAC3. As a control, SAHA displayed non-selective inhibitor activity
against the isoform, as expected (Table 4.3).*° The selectivity analysis shows
that substituents on the C7 position can influence selectivity. As a comparison,
the C6-SAHA t-butyl analogue (dual-HDAC1 and HDACG6 selective inhibitor, 1Csq
value of 1.9 yM) displayed 22-fold less potency compared to SAHA (86 nM) while
the C7-SAHA anthracene analogue 22f (20 nM) showed 4-fold better potency
compared to SAHA. Therefore, the data indicate that attaching the anthracene
substituent on the linker chain on the C7 position promotes selectivity with

potency.

Table 4.3. IC5y values of SAHA and the C7-SAHA anthracene 22f for HDACH1,
HDAC3, and HDACG6

Compound IC50/nM
HDAC1 HDAC3 HDACG6
SAHA 96 + 16 136 + 11 749
22f 300 + 66 1200 + 50 443+ 73
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SAHA analogues with substituents on the C7 position displayed selective
inhibition, including dual-class |, |l selectivity (pyridyl 22d and anthracene 22f
variants) and isoform selectivity for HDAC3 (naphthyl 22¢ and
tetrahydroanthracne 22g variants) and HDACG6 (biphenyl variant 22e). The
results reveal that small structural changes in the C7 position linker region of
SAHA will lead in designing drugs by improving selectivity and potency compared
to the broad-spectrum inhibitor SAHA. Furthermore, studying selective inhibitor
structures in detail will be able to be explored through our selective compound

analysis in a variety of scope.

4.6 Future direction
We have synthesized and analyzed SAHA analogues that placed a variety
of substituents in the carbon linker. The results from the C3, C6, and C7 library
suggest that SAHA analogues with substituents on the carbon linker are
promising to develop new anti-cancer drugs. To more systematically assess the
structural effect in HDAC active site, more analogues positioning subsituetns at
the C4, and C5

positions should

R 0 o
HOHNMN HOHNWN
4 be synthesized
5 H ) R H y

Figure 4.4. Structures of SAHA analogues containing substituents on the .
C4 and C5 (Figure 4.4). In

addition, analysis of isoform selectivity of the C3-SAHA analogues suggests that

substituents on the SAHA linker influence selectivity. We have shown that the
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steric environment of the C6 position displays less influences on potency
compared to SAHA analogues with substituents near the hydroxamic acid.
However, substituents at a-carbon on C6 position still decreased inhibitory
activity. Interestingly, despite the poor potency of the C6-SAHA t-butyl analogue,
it displayed selectivity. Likewise, the C3-SAHA ethyl analogue with an additional
methylene group at the a—carbon compared to the C3-SAHA methyl analogue
displayed selective inhibition (HDACG6 selectivity). The effect of the a-carbon on
C6 substituents could be thoroughly investigated with the synthesis of isopropyl
and adamantyl group analogues. Besides, the long chain of the 2-ethyl hexyl
SAHA analogues on the C6 position also affected isoform selectivity (HDACS3-
selectivity) with potency. Favourable interactions of the long aliphatic chain in
HDAC active site could be verified through synthesis of C6-SAHA octyl to
undecyl analogues. Furthermore, C7-SAHA analogues show potent inhibition
with large and polar group substituents. The influence of the enantiomers with
bulky or polar groups near the capping group would allow assessing the
structural requirements of the compounds in detail. Therefore, screening the
enantiomers of all SAHA analogues might show promising properties. Moreover,
testing the inhibitory activities against all HDAC proteins, from HDAC1 to
HDAC11, will provide the structures of selective inhibitors. Developing new cost-
effective, high through-put screening methods are needed to test selectivity
against all HDAC1-11. Therefore, the biological evaluation of the current

compound enantiomers, the additional synthesis of different structural
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compounds, and the development of easy-access high through-put assay will
contribute to develop promising cancer drugs.
4.7 Experimental
4.7.1 General methods
Additional details were shown in Section 2.5.1 of Chapter 2.

4.7.2 Experimental Procedures and Compound Characterizations

1, 1-Dibenzyl 6-methyl hexane-1, 1, 6-tricarboxylate (24). To a solution of NaH
(144 mg, 6 mmol) in DMF (20 mL) was added dibenzylmalonate (1.14 mL, 6
mmol) dropwise at 0 °C and the mixture was stirred for 15 min. To the solution
was added methyl 6-bromohexanoate 23 (0.57 g, 2 mmol) and the mixture was
stirred for 3 h. The mixture was filtered through celite with ethyl acetate and
concentrated. The residue was purified by column chromatography (diethyl
ether:petroleum ether 1:19) on silica gel to give 24 (682 mg, 81%). 'H-NMR (3,
ppm, CHLOROFORM-D): 1.31 (m, 4H), 1.58 (m, 2H), 1.94 (q, 2H), 2.26 (t, 2H),
3.43 (t, 1H), 3.65 (s, 3H), 5.14 (s, 4H), 7.31 (m, 10H); *C-NMR (3, ppm,
CHLOROFORM-D): 24.8, 27.1, 28.8, 28.9, 34.1, 51.7, 52.1, 67.3, 128.4, 128.6,

128.8, 135.6, 169.4, 174.3; IR: 3033, 2949, 2862, 1734, 1498, 1456, 1333, 1214,
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1156, 907, 741, 698 cm™; HRMS (EI-TOF, m/z): found [M+Na] 435.1767, calc.

for C24H2806, 435.1784.

6, 6-Dibenzyl 1-methyl 7-(pyridine-4-yl)heptane-1, 6, 6-tricarboxylate (25). To
a solution of NaH (256 mg, 6.4 mmol) in DMF (53 mL) was added 1, 1-dibenzyl
6-methyl hexane-1, 1, 6-tricarboxylate 24 (2.20 g, 5.33 mmol) dropwise at 0 °C
and the mixture was stirred for 15 min. Separately, 1.5 equivalents of 4-bromo-
methylpyridine hydrobromide salt (2.02 g, 8.00 mmol) was dissolved in distilled
water (8 mL) and added to a separatory funnel, followed by 0.7 equivalent of
Na,COs3 (396 mg, 3.74 mmol). After the separatory funnel was shaken until gas
evolution was not observed, the mixture was extracted with ethyl acetate (8 mL)
at least 4 times. The organic layers were dried over magnesium sulfate, filtered,
and concentrated by rotary evaporation. To the flask containing the activated
dibenzyl malonate derivatives solution 24 was added the solution of the
neutralized and concentrated 4-bromo-methylpyridine and the mixture was stirred
for 4h at 0 °C. The reaction was quenched with distilled water (26.5 mL) and
extracted with ethyl acetate (equal volume to aqueous layer). The organic layer
was pooled and extracted with distilled water (equal volume to organic layer) at
least 4 times. The organic layer was dried over magnesium sulfate, filtered, and

concentrated to oil. The residue was purified by column chromatography (ethyl
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acetate:hexanes 1:3) on silica gel to give 25 (1.61 g, 60%). 'H-NMR (5, ppm,
CHLOROFORM-D): 1.21 (m, 4H), 1.50 (m, 2H), 1.75 (t, 2H), 2.20 (t, 2H), 3.19 (s,
2H), 3.64 (s, 3H), 5.08 (s, 4H), 6.82 (d, 1H), 6.91 (d, 1H), 7.24-7.31 (m, 7H), 8.35
(d, 1H), 8.36 (d, 1H); *C-NMR (3, ppm, CHLOROFORM-D): 24.1, 24.8, 29.3,
32.3, 34.0, 37.8, 51.7, 58.7, 67.5, 125.3, 128.765, 128.787, 128.816, 135.3,
145.3, 149.9, 170.6, 174.1; IR: 3032, 2951, 1731, 1601, 1455, 1218, 1170, 912,
733, 698 cm™; HRMS (EI-TOF, m/z): found [M+H] 504.2387, calc. for C3oHz4NOg,

504.2386.

Br/\/\/\ﬁk/@
o]
Benzyl 6-bromohexanoate (16). Benzyl alcohol (0.07 mL, 0.68 mmol) and
concentrated aqueous sulfuric acid (3 pL, 0.056 mmol) were stepwise added to a
solution of 6-bromohexanoic acid 15 (0.11 g, 0.56 mmol) in diethyl ether (5 mL)
at 0°C. The mixture was stirred for 30min and warmed to room temperature. The
reaction mixture was quenched with distilled water (5 mL). The mixture was
extracted with diethyl ether (5 mL) at least 4 times. The organic layer was
evaporated. The concentrated organic layer was extracted with distilled water
(equal volume to the concentrated organic layer) at least 3 times. The organic
layer was dried over anhydrous Na,SOq, filtered, and concentrated. The residue
was purified by column chromatography (diethyl ether:petroleum ether 1:19) on

silica gel to give 16 (153 mg, 95%). 'H-NMR (5, ppm, CHLOROFORM-D): 1.47
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(m, 2H), 1.68 (m, 2H), 1.86 (m, 2H), 2.38 (t, 2H), 3.38 (t, 2H), 5.12 (s, 2H), 7.36
(m, 5H); *C-NMR (5, ppm, CHLOROFORM-D): 24.3, 27.9, 32.6, 33.7, 34.3,
66.4, 128.5, 128.8, 136.3, 173.5; IR: 3033, 2939, 1733, 1455, 1254, 1165, 736,
697 cm™; HRMS (EI-TOF, m/z): found [M+Na] 307.0314, calc. for C43H,0,NaBr,
307.0310.
i L
XOMO
9\0 0 °

6-Benzyl 1,1-di-tert-butyl hexane-1,1,6-tricarboxylate (17). To a solution of
NaH (589 mg, 14.7 mmol) in DMF (49 mL) was added di-t-butylmalonate (3.30
mL, 14.7 mmol) dropwise at 0 °C and the mixture was stirred for 15 min. To the
solution was added benzyl 6-bromohexanoate 16 (1.4 g, 4.91 mmol) at 0 °C and
the mixture was stirred for 3 h at room temperature. The mixture was filtered
through celite with ethyl acetate and concentrated. The residue was purified by
column chromatography (diethyl ether:petroleum ether 1:19) on silica gel to give
17 (2.04 g, 99%)."H-NMR (5, ppm, CHLOROFORM-D): 1.34 (m, 4H), 1.45 (s,
18H), 1.65 (m, 2H), 1.79 (q, 2H), 2.34 (t, 2H), 3.10 (t, 1H), 5.11 (s, 2H), 7.35 (m,
5H); 3C-NMR (5, ppm, CHLOROFORM-D): 24.9, 27.1, 28.2, 28.6, 29.0, 34.4,
54.1, 66.3, 81.5, 128.4, 128.8, 135.6, 169.1, 173.7; IR: 3033, 2979, 2935, 2861,
1729, 1498, 1369, 1256, 1169, 1139, 748 cm™; found MS(ESI): m/z = 427.30
(M*+Li), 443.30 (M*+Na), 459.27 (M'+K), calc. for CpHseliOs, 427.48,

C24H36NaOg, 443.53, Co4H36KOs, 459.64.
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1-Benzyl 6,6-di-tert-butyl 7-(pyridine-4-yl)heptane-1,6,6-tricaboxylate (18d).
To NaH (171 mg, 4.28 mmol) and 4-bromo-methylpyridine hydrobromide salt
(1.0 g, 4.28 mmol) was added DMF (16 mL) dropwise at 0 °C and the mixture
was stirred for 20min. Separately, to NaH (171 mg, 4.28 mmol) in DMF (20 mL)
was added 6-benzyl 1,1-di-tert-butyl hexane-1,1,6-tricarboxylate 17 (1.5 g, 3.57
mmol) dropwise at 0 °C and the mixture was stirred for 20 min. To the solution of
the activated 6-benzyl 1,1-di-tert-butyl hexane-1,1,6-tricarboxylate 17 was added
the solution of the neutralized 4-bromo-methylpyridine dropwise at 0 °C and the
mixture was stirred for 3h at room temperature. The reaction mixture was filtered
through celite with ethyl acetate and concentrated. The residue was purified by
column chromatography (diethyl ether:petroleum ether 1:5) on silica gel to give
18d (513 mg, 55%). "H-NMR (5, ppm, CHLOROFORM-D): 1.29 (m, 4H), 1.43 (s,
18H), 1.65 (m, 4H), 2.34 (t, 2H), 3.12 (s, 2H), 5.10 (s, 2H), 7.07 (d, 2H), 7.34 (m,
5H), 8.47 (d, 2H); "*C-NMR (5, ppm, CHLOROFORM-D): 24.0, 24.9, 28.1, 29.5,
32.2, 344, 374, 59.1, 66.4, 82.0, 125.6, 128.4, 128.8, 136.2, 146.3, 149.7,
170.3, 173.6; IR: 3036, 2976, 2935, 2867, 1727, 1605, 1248, 1159, 846, 737,
696 cm™; HRMS (EI-TOF, m/z): found [M+H] 512.3016, calc. for CsoH4oNOg,

512.3012.
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Benzyl 8-oxo0-8-(phenylamino)-7-(pyridine-4-ylmethyl)octanoate (20d). To a
flask equipped with a reflux condenser and containing 1-benzyl 6,6-di-tert-butyl
7-(pyridine-4-yl)heptane-1,6,6-tricaboxylate 18d (510 mg, 997 mmol) was added
10 mL of 10% TFA in acetic acid. The reaction mixture was refluxed overnight
and evaporated to oil. The residue was dissolved in ethyl acetate (10 mL) and
transferred to a separatory funnel. The solution was extracted with saturated
NaHCO3,q) (equal volume to organic layer) at least 4 times. The organic layer
was dried over magnesium sulfate, filtered, and evaporated. The crude residue
was dissolved in acetonitrile (10 mL). To the solution of crude carboxylic acid
derivative was added individually in order listed in a stepwise: TBTU (480 mg),
diisopropylethylamine (695 mL), and aniline (136 mL). The reaction mixture was
stirred overnight at room temperature. The reaction was quenched by addition of
an aqueous solution of saturated NaHCO3 (10 mL). The mixture was extracted
with CH,Cl, (equal volume to aqueous layer) at least 4 times. The organic layer
was dried over magnesium sulfate, filtered, and concentrated to an oil. The
residue was purified by column chromatography (ether:petroleum ether 1:1) on
silica gel to give 20d (572 mg, 99%). "H-NMR (6, ppm, CHLOROFORM-D):
1.34 (m, 4H), 1.49 (m, 1H), 1.61 (m, 2H), 1.79 (m, 1H), 2.33 (t, 2H), 2.47 (m,
1H), 2.69 (q, 1H), 3.02 (q, 1H), 5.09 (s, 2H), 7.09 (m, 3H), 7.25 (m, 2H), 7.32 (m,

4H), 7.38 (d, 2H), 7.89 (m, 1H), 8.40 (d, 2H); *C-NMR (3, ppm, CHLOROFORM-
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D): 24.8, 27.1, 29.0, 33.1, 34.3, 38.6, 49.9, 66.4, 120.4, 124.7, 128.3, 128.4,
128.5, 128.8, 129.2, 136.2, 137.9, 149.4, 149.8, 173.0, 173.9; IR: 3304, 3221,
3035, 2931, 2858, 1734, 1602, 1443, 1173, 912, 752, 696 cm™'. HRMS (EI-TOF,

m/z): found [M+H] 431.2331, calc. for C27H31N203, 431.2335.

[ j O
NHOH
N

H
Y
N8-hydroxy-N'-phenyl-2-(pyridin-4-ylmethyl)octanediamide (22d). To a
solution of NH,OH-HCI (536 mg, 7.67 mmol) in methanol (8 mL) was added KOH
(860 mg, 15.3 mmol) at 0 "C in an acid-washed 25mL round-bottom flask. After
stirring for 20 min, benzyl 8-0x0-8-(phenylamino)-7-(pyridine-4-
ylmethyl)octanoate 20d (330 mg, 0.767 mmol) was added and the mixture was
stirred for 8h at 0°C. The reaction mixture was quenched by adding 1mL of
distiled water and adjusting to pH 6 by adding concentrated aqueous
hydrochloric acid. The mixture was diluted with 8 mL of ethyl acetate, and
extracted with distilled water (equal volume to organic layer) at least 4 times. The
organic layer was dried over magnesium sulfate, filtered and concentrated. The
residue was purified by column chromatography (8% methanol/CH,Cl, with 0.1%
EtsN) on acid-washed silica gel to give 22d (116 mg, 43%). "H-NMR (6, ppm,
METHANOL-D): 1.39 (m, 4H), 1.60 (m, 3H), 1.77 (m, 1H), 2.08 (t, 2H), 2.86 (m,
2H), 2.93-3.00 (m, 2H), 7.06 (t, 1H), 7.25 (t, 2H), 7.43 (d, 2H), 7.50 (d, 2H), 8.48
(d, 2H); "*C-NMR (5, ppm, CHLOROFORM-D): 25.4, 26.9, 28.8, 32.4, 32.8, 38.4,

120.3, 124.3, 125.8, 128.6, 138.1, 146.7, 153.8, 171.7, 174.1; IR: 3440, 3335,
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2866, 1720, 1641, 1528, 1442, 1133, 759, 660 cm™'; HRMS (EI-TOF, m/z): found
[M+H] 356.1966, calc. for C2oH26N303, 356.1974. HPLC analytical purity analysis:

90%.

4.8 HDAC assay procedure
HDAC activity was measured using the Fluor de Lys® activity assay
(Biomol & Enzo) using the manufacturer’s protocol. Additional details were

shown in Section 3.6 of Chapter 3.
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APPENDIX A. DOSE RESPONSE GRAPHS AND DATA FOR C3-SAHA
LIBRARY
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Figure A.1. Dose response curve of C3-SAHA analogue 1a-e tested using the
HDAC activity from HelLa cells lysates from three independent trials with error
bars indicating standard error. In some case, the error bars are smaller than the
marker size. Data were fit to the sigmoidal curve using Kaleidograph 4.0
(Synergy Software) to determine the ICsp. The insets were the results of the data

analysis. The data are reported in Table 2.1.

Table A.1 Inhibition of HDAC Activity of SAHA C3-Butyl with Hela Lysate

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
3.125 x 10 83 85 81 83 1
6.25x 10° 72 69 73 71 1
1.25x 10 54 54 51 53 1
2.50 x 10 47 46 46 46 1
5.00 x 10™ 31 35 34 33 1
1.00 x 10™ 19 22 20 20 1
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Table A.2 Inhibition of HDAC Activity of SAHA C3-Phenyl with Hela Lysate

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
1.00 x 10°® 08 80 86 88 5
1.5625 x 10™ 88 79 74 80 4
3.125x10™ 74 65 66 68 3
6.25x 10 59 54 50 54 3
1.25x 10™ 40 38 38 37 1
2.50x 10" 25 26 24 25 1
5.00 x 10™ 15 14 14 14 1

Table A.3 Inhibition of HDAC Activity of C3-SAHA Ethyl with Hela Lysate

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
1.00 x 107 88 85 82 85 2
7.8125x 107 75 69 67 70 2
1.5625 x 10™° 67 62 61 63 1
3.125 x 10 52 57 57 55 2
6.25 x 107 42 46 34 41 4
1.25x 10™ 27 28 28 28 1
2.50 x 10 18 15 14 16 1

Table A.4 Inhibition of HDAC Activity of SAHA C3-Vinyl with Hela Lysate

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
1.00 x 10° 84 75 99 86 7
3.906 x 10° 83 60 69 71 7
7.8125x 10° 72 55 57 61 5
1.5625 x 10™° 60 43 47 50 5
3.125 x 10 48 34 37 40 4
6.25 x 107 32 23 27 27 3

Table A.5 Inhibition of HDAC Activity of C3-SAHA Methyl with Hela Lysate

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
1.00 x 10~ 95 93 77 88 4
6.25x10° 85 75 72 77 4
1.25x 107" 77 72 62 72 3
2.50x 10" 62 58 54 58 2
5.00 x 10 45 46 43 44 1
1.00 x 10 31 28 29 29 1
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Table A.6 Isoform Selective HDAC Inhibition of SAHA C3 Analogues

Compound HDAC Trial 1 Trial 2 Mean S.E
Isoform
HDACH 27 35 31 4
(132'2%/' ) HDAC3 44 45 45 1
HDACG 32 37 35 3
HDACH 44 47 46 2
((73?7'})/'?&3)" HDAC3 53 62 57 5
HDACG 73 75 74 1
HDACH 38 39 39 1
C3-Ethyl ™ HpAC3 71 95 83 12
(32uM) —pAce 17 18 18 1
HDACH 23 26 25 2
C3-Vinyl HDAC3 47 51 49 2
(32uM) T HpAce 26 28 27 1
HDACH 33 33 33 0
C3-Butyll " "HpDAC3 52 52 52 0
(32 uM) HDAC6 22 25 24 2
HDACH 42 48 45 3
C3-Phenyl ""HpAC3 50 51 51 1
(32 uM) HDACS 24 27 26 2

Deacetylase activity of HDAC1, HDAC3 and HDACG6 was determined with SAHA
and with SAHA C3 analogs at given concentration using an in vitro fluorescence
assay as described. The background fluorescence activity (No enzyme added)
was subtracted and the percentage deacetylase activity was calculated with
compared to the No small molecule treated (100%). Percentage deacetylase
activity of each independent trial, mean percentage deacetylase activity and
standard error (S.E) are shown.
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Figure A.2. Dose response curves of SAHA tested against HDAC1, HDAC3, and
HDACG6 from three independent trials with error bars indicating standard error. In
some cases, the error bars are smaller than the marker size. The data is
reported in the manuscript in Table 2.2.
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Figure A.3. Dose response curves of the C3- SAHA ethyl analogue 1c tested
against HDAC1, HDAC3, and HDAC6 from three independent trials with error
bars indicating standard error. In some cases, the error bars are smaller than the
marker size. The data is reported in the manuscript in Table 2.2.

Table A.7 Inhibition of HDAC1 Activity by SAHA

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
3.125x10° 68 91 82 80 7
6.25x 10° 55 62 57 58 2
1.25x 10 48 27 37 37 6
2.50x 107 37 40 25 34 5

Table A.8 Inhibition of HDAC3 Activity by SAHA

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
3.125x10° 88 78 74 80 4
6.25x 10° 76 74 70 73 2
1.25x 107 63 45 44 56 5
250 x 107 27 39 37 34 4
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Table A.9 Inhibition of HDACG6 Activity by SAHA

Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
3.125x 10 66 76 73 72 3
6.25x 10° 64 62 60 62 1
1.25x 10 37 28 32 32 2
250x 10" 13 12 9 11 1
Table A.10 Inhibition of HDAC1 Activity by SAHA C3-Ethyl
Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
1.00 x 10® 102 89 ND 96 9
7.8125x 10° 83 94 86 88 6
1.5625 x 10™ 58 65 51 58 7
3.125 x 10™ 39 38 ND 39 1
Table A.11 Inhibition of HDAC3 Activity by SAHA C3-Ethyl
Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
3.125 x 10™ 95 71 ND 83 12
62.50 x 10™ 58 57 66 60 3
1.25x 10™ 46 35 53 45 5
2.50x 10™ 20 21 25 22 2
Table A.12 Inhibition of HDAC6 Activity by SAHA C3-Ethyl
Concentration (M) Trial 1 Trial 2 Trial 3 Mean S.E
1.000 x 10° 81 76 78 78 1
3.906 x 10° 69 65 64 66 2
7.812x107° 52 58 51 54 2
1.562 x 107 38 40 38 39 1
3.125x 10™ 17 18 ND 18 1

www.manaraa.com



105

APPENDIX B. SUPPLEMENTARY INFORMATION FOR C3-SAHA LIBRARY

B.1  5-Hydroxy-N-phenylpentanamide (3)
B.1.1 '"H NMR

iy i e Bl |

4& FS‘/-’!

e

U : J Ju Jd{a If

g ..,4..,..;,..,._: > 2 ¢ —— : ._,_.-,j i ' e
ﬁ u a0 100 e aar T aar e
3 B
B.1.2 °C NMR
Marcusy 496 spectrometer fee ]L #|
ﬂ% 1€ /=0
@vﬁ’“’“’w
L}

e ——

; iso0 140 120
I 100 80 60 40 2. oem
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B.1.3 IR

106

B-"H {

P& L3

S_-Fr [#] 2]

130

120

100

@J’r—'\/\an

%T
8O- 21 18
16
15| 12
B0 §I4
50 i 1 i 1 i | 3
4000 3000 1000 600
Wavenumber [cm-1]
Result of Peak Picking [Commant]
Mo, Position  Intensity Mo,  Position  Inten Sample Name
1 B47.001 81.0387 2 682,32 B0.474 Comment
3 729925 554341 4 754 585 78.59 User
5 808,308 71.8178 B 961.341 85.907 Division
7 105101 887738 @& 107416  BB.0B51 Company Wayne State
] 1177.33 95.3978 10 125158 893905
11 130943 854377 12 144249 854784 [Measurement Information]
13 148842 71.2467 14 154374  B26047 Model Name FTAR-4100ypes
15 15887 647477 16 185633 669215 Serial Numbaer BO71461018
17 286281 §3.2437 18 2836.08 825852
19 3083.37 101473 20 313665 993077 Light Source Standard
21 329768 832347 Detector TGS
Accumulation Auto (66)
Resolution 4 em-1
Zero Filling On
zat Cosine
Gain Auto (4)
Auto (7.1 mm)
Scanning Speed  Auto (2 mmisec)
Awuto (30000 Hz)
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B.1.4 HRMS
Elemental Composition Report Page 1
Single Mass Analysis (displaying only valid results)
Tolerance = 4.0 mDa / DBE: min =-1.5, max = 50.0
,Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%
Monoisotopic Mass, Odd and Even Electron lons
72 formula(e) evaluated with 3 results within limits (all resuits (up to 1000) for each mass)
%lé Ea.Choi 091807 PG 23 Alcohol 05-0ct-2007 10:36:24
SPE| 70eV GC-TOF
LO71005_%04 120 {2.&00]%{94:122-2@0293!2 .000) TOF MS El+
q 207.1259 46485
a
208.1331
o 199.0664 201.0805 203.0029 2040984 2051122 206.1189 | 209.1340 210.1%
(I AR R T U T Tl T T T T T T T T T T T T T
189.0 200.0 201.0 202.0 203.0 204.0 205.0 206.0 207.0 208.0 209.0 210.0
Minimum: -1.5
Maximums 4.0 5.0 50.0
Mass Calc. Mass mDa PEM DBE Score Formula
207.1259 207.1259 -0.1 -0.3 5.0 2 €12 H17 N 02
207.1246 1.3 5.2 5.5 1 10 H15 N4 O
207.121% 4.0 19.1 1.0 3 C7 H17 N3 04
B.2 16-Oxo-6-(phenylamino)hexanaI (4)
B.2.1 HNMR
“ \ a '
(i '\(, o
Marcury 400 spectrometer ‘P" %l \(\ \
'Q;-Q) ds

W
T I T T T [T T [ T
G s ‘ 3 2 i
- i
2.13 4.63
3.3
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B.2.2 *C NMR

2ng 180 160 140 120 100 80 &0 40 20 0 ppm
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B.2.3 IR

120

109

80 =
L 20
ﬁrq? 15
B0 i L 1 i i i
4000 3000 2000 1000 600
Wavenumber [cm-1)
Result of Peak Picking [Comment]
No. Position  Intensity  No, Position | Sample Name
1 647865 934442 2 693.284 B1.3578 Comment
3 729925 693754 4 755950  TO.0068 User
; mszn 80.7072 g 3?;834; 96,6682 Division
107888  96.3849 1 85.0621 Company Wayne State
9 117733 932351 10 125061  B7.1808
11 131038  85.00M 12 138632 928852 [Measurament || ]
13 138848 926047 14 141646 920052 Maodel Name FTAR-41
15 144153 681541 16 148842 742736 Serial Number BOT1451018
17 154277 67.1488 1B 15887 68.4163
19 1664.27 20 172116 732593 Light Source Standard
21 272588 102202 22 282617 102371 Detector TGS
23 28857 102.048 24 293995 974177 Accumulation Auta (T1)
25 305855 102885 26 313954 102.79 Resolution 4 em-1
27 319836 102088 28 330539 935273 Zero Filling On
Apodization Cosine
Gain Auto (8)
Aperture Auto (7.1 mm)
Scanning Speed  Auto (2 mmisec)
Filter Auto (30000 Hz)
] ,*\
-
&
il
P
‘:'; ¥ ?& ‘219
=]

\

www.manharaa.com



110

B.2.4 HRMS

Elemental Composition Report A 16 /o Page 1
Single Mass Analysis Berk =t , [&1=
Tolerance =5.0 mDa / DBE: min = -1.5, max = 50.0 W

‘Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% o

Monoisotopic Mass, Odd and Even Electron lons
190 formula(e) evaluated with 4 results within limits (all results (up to 1000} for each mass)

Anton Blebpusias . 081707 PG12 17-Aug-2007 13:43:43
SPEI 708V - GC-TOF
LO70817_866 8 (1.808) Crm {(84+86:90)-13:29x2.000) TOF MS El+
2051106 560
100
% l|
2061154
199.0617 l
o | 201.?829 203?9‘9 i ! 072230 2080717 211.2611 211.9625 215.1022 216.0833 .
ST Ty T T T 17 T T T T T T T T T T T 1 T 1 -
198.0 2000 202.0 2040 206.0 208.0 210.0 212.0 2140 216.0
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mase Calc. Mass mha PEM DBE Sgore Formula
205.1106 205.1103 0.3 1.6 6.0 1 cl2 'H:I.E N 0z
205.108% 1.7 8.2 6.5 2 Cle H13 N4 O
205.1076 3.0 14.7 1.5 3 . C3 H17 05
205.1083 4.4 21.2 2.0 4 7 H1E NI 04

B.3 8-Ox0-8-(phenylamino)-oct-2-enoate (5)

B.3.1 'H NMR (E)

B« L

8 7 6 5 4 3 2 1 Ppm
et —_— eyt et UFigdtd
1.8 0.9% 0.8 2.13 187108
317 0.80 3.00 1.86 o.47
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B.3.2 'H NMR (2)

JHI S J ) UJH
| 1

B.3.3'°C NMR
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B.3.4 IR
130
120 :
100
%T
80
80
50
4000 3000 2000 1000
Wavenumber [cm-1]
Result of Peak Picking [Comment]
No. Position  Intensity Mo, Posiion  Intensity Sample Name
1 693.284 B36407 2 755.959 77.3382 Comment
3 B51.418 947337 4 810.236  92.4506 User
5 980.625 89.5229 6 1045.23 77.7072 Division
7 1078.01 804314 8 114165 83,7083 Company Wayne State
] 117636  73.341 10 1199.51 735611
11 1249.65 TB.2745 12 1270.86 76.4486 [Measurement Information]
13 131038 739157 14 1377.88  B6.1727 Model Name FTAR-4100typaA
15 144056 56.2537 16 148842 69.8914 Serial Number BO71461018
17 154085 602037 18 159968 624347
19 165848 563845 20 172116  61.3994 Light Source Standard
21 294859 700954 22 313865 102.866 Detector TGS
23 3974 101578 24 330829 910283 Accumulation Auto (T1)
25 367373 105.187 1"\ Resoclution 4 cm-1
" 4f\ ZewFiling On
U '\ Apodization Cosine
L Gain Auto (8)
Aperture Auto (7.1 mm)
4 1 -\ c:»\ Scanning Speed  Auto (2 mm/sec)
5"( 7 L Auto (30000 Hz)
P
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B.3.5 HRMS

Elemental Composition Report Page 1
Single Mass Analysis (displaying only valid results) ot
Tolerance =4.0mDa / DBE: min =-1.5, max = 50.0
iIsotope cluster parameters; Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons éfj’ .

77 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)

Bun EaChol 082007 PG 27 05-Ocl-2007 10:56:53
SPE! 70eV GC-TOF

LO71005_905 49 (0.801) Cm (30:50-153:182x2.000) TOF MS El+

100 261.1361 2.79e5

%
262.1429
, 45,1165 2551222 2571104 2601302 | .m0 2771693
T = T T T T M T ™ ] ! I
2475 2500 2525 2550 2575 2600 2625 2650 2675 270.0 2725 2750

Minimum: -1.5

Maximum: 4.0 5.0 50.0

Mass Calc. Mags mha PEM DBE Score Formula

261.1361  261.1365 -0.4 -1.5 7.0 2 C15 H19 N 03

261.1352 1.0 3.7 7.5 1 C13 H17 HN¢ o0z
261.1392 -3.1 -11.7 11.5 3 €18 H17 N2

B.4 8-Oxo-8-(phenylamino)-3-n-butyloctanoate (6a)

B.4.1 '"H NMR

Bt e
A\ e?
T% [od B * L

{j } { T 4 ‘l
__J N | S |
= S R i R R S | T T T T T
8 ? 3 5 4 3 1 PPm
et e bl e
0.98 2.17 3.00 1.39 10.93
Y« 1.33 0.7 437 3B o 300
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B.4.2 °*C NMR
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B.4.3 IR
2 0“‘, J_i_
ﬁﬂr{]( W
120 -1;
&t L le
(6™
i P&
100~ 0%g r
i 21 “
%T
8ol 16 .
1
17 151432
10
60 i | L i i |
4000 3000 2000 1000 800
‘Wavenumber [cm-1]
Result of Peak Picking [Comment]
No. Positon  Intensity MNo. Position  Intensity Sample Name
1 693284 890843 2 754995  B2.8636 Comment
3 802523 970722 4 1017.27  96.0388 User
5 1106.94 5344572 6 117154 835348 Division
7 125061 815561 8 1309.43  83.3787 Company Wayne State
] 136728 911232 10 144056 654473
11 145938 75.0844 12 154181 670899 [Measurement Information]
13 159966 68.805 14 166234  BB.1TSS Model Name FT/IR-4100typeA
15 173658 67.0555 16 285799 831721 Serial Number BOT1461016
17 292838 67.5274 18  3058.55 101.764
19 313665 102456 20 31674 102.08 Light Source Standard
21 33025 93.4479 Detector TGS
Accumulation Aute (54)
Resalution 4 cm-1
Zero Fillng On
Apodization Cosine
Gain Auto (4)
Aperiure Auto (7.1 mm)
Scanning Speed  Auto (2 mmisec)
Filter Auto (30000 Hz)

www.manharaa.com



116

B.4.4 HRMS
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
_Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monaisotopic Mass, Odd and Even Electron lons
228 formula(e) evaluated with 5 results within limits (all results (up to 1000) for each mass)

un Ea Chol 082707 PG 16 28-Aug-2007 11:42:48
SPEI 706V GC-TOF
LO708223_877 90 (1.944) Cm ((71+76+B0+88+00+100)-16:20x2.000) TOF MS El+
319.2143 399
100
%_
3202194
51305.1190 30g.0s0g 3103984 313193 447 919 3212247 241213 0857 3352280 336.3106 3307419
L] T T T o T T T L T T E] T T L I
305.0 310.0 315.0 3200 325.0 330.0 335.0 3400
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE Score Formula
319.2143 3115.2147 =0.5 -1.5 6.0 1 Cl% H2% N 03 @
315.2134 0.9 2.7 5.5 2 C17 H27 N4 02
319.2121 2.2 6.9 1.5 3 Cla6 H31 08
319.2174 -3.2 =9.9 10.5 4 C22 H27 N2
315.2107 3.5 11.1 2.0 [ Cl4 H29 N3 05

B.5 8-Oxo0-8-(phenylamino)-3-phenyloctanoate (6b)
B.5.1 "H NMR

%5
Mercury 400 spectromster tw OME‘

Ly e et [— fa— i) (— [S—
2.85 2.33 3.00 2.19 4.4
4.000.84 1.08 2.11 2.3
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B.5.2 °C NMR

Marcusy 400
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B.5.3 IR
QC_Compare-6889.jws

120

4
%T i
a0k 11
5
&0 i 1 1 | I 1
4000.6 3000 2000 1000 649893
Wavenumber [cm-1]
[~——— oc_compare-6880§
[Comment] [Data Infarmation]
Sample Mama Creation Date 1172072009 4:23 PM
Comment Data array typa Linear data affay
Uiser Horizental Wavenumber [cm-1]
:4;,393 N
Company Sart cm-1
- End 40006 cm-1
Result of Paak Picking Data pitch 0964233 cm-1
Mo. Posifion  Intensity Mo, Position  Intensity Mo  Positidaate 7e
1 660.5 107.96 2 BER.214 106.047 3 BB, 506 106,808 [
4 T03.89 101,856 5 T34.746 BB.4042 il TET.IT9 105976
7 BOD.34 10545 B B31169 107218 9  B4BSET 10695 e -
10 BT6.488 107.402 11 910238 B2.5N 12 990.268 107,145 ¥
13 103077 107015 14 118885  107.382 15 126507 102444
15 137BA5 108438 17 145696 105638 18 180352 109510
19 160802 107413 20 285702 108132 3 292356 103351
22 304505 111847 23 320083 11289 4 32MBS5T 112901
25 33021 12174 28 33528 112474 IT M08ET 113013
28 343074 112024 28 344897 112.78 30 350585 112 662
3 35199 112548 32 354645 112842 33 355188 113.007
34 365734 112806 35 3ETOB4 11375 36 380205 113225
37 371133 112783 38 373381 113051 39 377208 113044
40 31085 113.5685 41 38319 113235 42 385018 113.799
43 387043 113848 44 388357 113703 45 302154 114015
46 393504 113818 47 395625 1134676 4B IGTOT1 113639
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B.5.4 HRMS
Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

942 formula(e) evaluated with 3 results within limits (all results {up to 1000) for each mass)
Elements Used:

C:0-200 H:0-250 M:0-7 0:0-23 Na:0-1

Page 1
e
[aﬁr 2t
h ?:;ﬁ ‘
(M

SUN, CHOI C3-Phenylester-PG 83
2008-07b.pro LCT Premier 16-Nov-2009 15.09.45
2008_1116_0691 11 (0.228) Cm (11:18-(1:6+36:45)x2.000) 1: TOF MS ES+
2.95¢+003
1 340.1911
362.1732
341.1951
363.1764
3685.2488
R 2841255 1950118 3081667 327258 342.1932 (P s aazres
i | T 1 1 T i I 1 i 1 i I 1 T L] i 1 I T 1 t I LR LALEE BRI L) RALRN LS L w:
270 280 290 300 310 320 330 340 350 370 380 380 400 410
Minimum: =1.5
Maxdmum: 5.0 5.0 100.0
Mass Calc. Mass mDa PEM DBE i-FIT i=-FIT (Norm) Formula
362.1732 362.1729 0.3 0.8 13.5 60.3 0.6 C1% H2d N? O
362.1732 0.0 0.0 9.5 §0.6 0.9 C21 H25 N 03 Na —_iﬂ
382.1718 1.8 4.4 8.5 62.6 3.0 C18  H24 N3 0B

B.6 8-Oxo0-8-(phenylamino)-3-ethyloctanoate (6¢)
B.6.1 'H NMR

w4
_ A
T—T T T T T T T
5 4 3
o Wi
.00 1.70

A -
S
T T
2 1 ppm
(U S s i e
3.14 2.38
1'.“ 7.3
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B.6.2 °C NMR
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B.6.3 IR
QC_Compare-926.jws

100 — ==
1
- B2 \
ol 9 1
m -
%T [ 4
187 l‘
15
s0l- 13 5
40 L | i I i ]
4000.6 3000 2000 1000 ©49.893
Wavenumber [cm-1]
| ————— @C_Compare-926.jw
[Data information]

Harna Creation Date HTIZ008 301 PM
Commant Diala array type Linear data amay
User Horizontal Wavenumber [em-1]
Division Vartical "T
Comgany Start €49.893 om-1

- End 4000 .5 cm-1

Data pitch 0.984233 cm-1
Data points 3476

Fiesull of Peak Picking

" Mo, Posion  Ineénsity  No  Position

1 GSEATT 83,7483 2 s 405363 3 T55.958 66 4865

4 84274 93.8612 5 811201 83.3521 B momr.er BE.8497

T 108091 &7 54485 a8 11754 T8.2486 ] 119372 B0.64T1

10 125254 T4.8075 1M 130943 T7.229 12 1375 84,4272

13 144153 63,1383 14 149938 Ti.73m7 15 154277 65.362

18 1600.53 58.0072 17 166523 s8.0121 18 173369 68,6931

19 288184 83.8827 20 3416 75,0602 21 29802 T5.6272

22 08144 8918606 23 M3as58 921175 24 319836 M.5703

25 330829 B4, 5458 26 367469 96,4706 T IT429 97 7TEd

Mowch 1 2008

e
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B.6.4 HRMS
Elemental Composition Report Page 1
Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max =50.0
. Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
238 formula(e) evaluated with 6 results within limits (all results (up to 1000) for each mass)

SunChoi  Feb 22 08-sthyl-C3-sster 03-Mar-2008 11:48:38
GCE| 708V GC-TOF
L0B0303_1015 132 (2.184) Cm ({15:18+25:27+52:54+125:132)-313:353x2.000) TOF MS El+
100. 201.1830 8.84e4
%_
292.1881
] @.az 268.1812289.1794290.1778 293.1899294.1922 295.3353
b T T T T T T T T T T T T T T
282.0 284.0 286.0 286.0 280.0 2820 294.0
Minimum: -1.5
Maximuam: 5.0 10.0 50.0
Mass Calc. Mass mDa FEM DEE Score Formala
291.1830  291.1834 -0.5 -1.7 6.0 1 C17 H25 N 03 &
291.1821 0.9 2.9 6.5 2 15 H23 H: 02
291.1808 2.2 7.5 1.5 4 Cl4 H27 06
291.1861 -3.2 -10.9 10.5 3 C20 H23 N2
291.1794 3.5 12.1 2.0 9 €12 H25 N3 05
281.1781 4.8 18.7 2.5 & Cl0 H23 HMHe 04

b.? 8-Ox0-8-(phenylamino)-3-vinyloctanoate (6d)
B.7.1 "H NMR

1
—

et [T [y —
5.07

3.00 4.35
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B.7.2 *C NMR

et il Ll AL T Hhallihdifod v T "
187 4 160 140 120 PO TN 80 60 40 20 |, ppm
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B.7.3 IR

QC_Compare-4039.jws

110

m[\ ™

2 l I 4
| 8
i
%t 20 8
i i . |
, i
: f 1
| 1
r 1
' " 5
80l . |r4r
L
17
L 18
15
13
70 i L i | 5 | 2
40006 3000 2000 1000 649,893
Wavenumber [cm-1]
| m.wm‘
[Commant] [Drata Information]
Sarnple Name Creation Date 12000 11:22 AM
Comment Data array type Linear data array
User Horizental Wavanumber [cm-1]
Divvisian ;:um‘-u %T
Company WS tant £49,893 cm-1
! End 4000 5 em-1
Data pilch 0.964233 cm-1
Data poinls 3476
Resull of Peak Picking
. Postion  Intensity Mo, Pesiien  Intensty Mo Position
1 693.264 BB, 1445 2 754,895 T1.9581 3 808.028 96,5997 art ¥
4 B46507 952202 5 915058 B2S0S8 6 997.082  00.9202 T
7101727 922253 8  10BAT 933688 9 117444 842327 ql
10 119661 848485 11 125081 624451 12 130848  B50198 o” N o pe
13 144153 T4TBTE 14 148036  B22452 15 154277 758466 P
16 160063  TESIB5 17 16633  TEOZM 18 1TITES  TE&1S ok -
19 262079 103329 20 2BS895 G674 21 203898 929393 BLa
22 30756 0 OT4B24 23 MITE2 SEEI0Y 24 319933 OB.S508
25 331503 94T2H4 26 345631 102387 27 352138 102661 i
28 3SE284 103538 29 SS9 102855 30 35313 103644 M e
31 366087 104752 32 371616 104423 33 373644 103596 gf}/
34 380969 104328 35 JWITES 104068 36 38E5E1 102983
37 3BB4S 1037 38 302636 104182 39 395046 104797
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B.7.4 HRMS

Elemental Composition Report Page 1
Single Mass Analysis

Tolerance = 5.0 PPM [ DBE: min =-1.5, max = 50.0 i M
Element prediction: Off .r_z‘jr""r’j\)‘ <

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

266 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-800 H:0-1000 N:04 0O:06 23Na: 0-1

Pflum- Sun Choi Sep0408-C3-vinylester mw289 LCT0133 1ul mech

Shay 2008-07b.pro LCT Premier 08-5ep-2008 13:45:10
2008_0909_0133_01 14 (0.300) Cm (11.17-(1.8+22:33)x1.200) 1. TOF MS ES+
‘r‘ 2 65e+004
. 3121584 M e
|
1313.1608
I TT 1?‘2; N ' T 22.sll' \I 2'51la!ms.zlmi'li“'r:rgr'I 1 3?'9'.?7?1"07.1”1 T 1 wsll'z51'sl 53!12?79I 6'01 '?251 ?17-‘.’Iﬁ' T miz
100 150 200 250 300 350 400 450 500 550 600 650
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mba PPM DEE i-FIT i-FIT (Morm) Formula
312.1564  312.155% 0.5 1.6 5.5 51.4 0.5 Cl4 H2Z N3 05
312.1578 -1.2 B 6.5 51.9 1.0 €17 H23 N 03 23Na

B.8 8-Oxo0-8-(phenylamino)-3-methyloctanoate (6e)
B.8.1 'H NMR

—+ (2
Lownn BYE

=

Maxcury 400 m{ £ T&“E L e
el ¥ -
c® "

| e

il ! Py
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B.8.2 °*C NMR
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B.8.3 IR
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B.8.1 HRMS

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
225 formula(e) evaluated with 5 results within limits (all results (up to 1000} for each mass)

Sun Choi Feb 18 08-Methyl-C3-aster 19-Feb-2008 13:18:19
GCE 70eV GC-TOF
LOBO214_1002 79 (1.317) Cm ((63:64+67+77+70+88+122:123)-256:292<2.000) TOF MS El+
277.1684 1.07e5
100
%_
278.1729
o Fro15%8 276.1625 2167187 ypg00pp 2773405 278.3375 2091699 105076 2801708
T T T T T T T T T T T T T T 1 T S
27550 | 21600 | 27850 | 277.00 27750 | 27800 27850 | 27900 27950 280.00
Minimam: -1.5
Mazcimum : 5.0 10.0 50.0
Mass Calc. Mass mDa PEM DBE Score Formula
277.1684  277.1678 0.6 2.2 6.0 3 C16 H23 N 03
277.1665 1.9 7.0 6.5 1 C14 H21 N4 02
277.1705 2.1 7.5 10.s & c19 H21 N2
277.1651 3.3 11.8 1.5 2 C13 H25 06
277.1638 4.6 16.7 2.0 4 £11 H23 N3 08

B.9 3-n-Butyl-N"-hydroxyl-N®-phenyloctanoic acid (7)
B.9.1 'H NMR

Jf
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B.9.2 °*C NMR

(‘ i o 1
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B.9.3 IR

120 H f&-‘ 1

100
wT
au -
! 16 |
1
it e
Bu..—
13
15
o 12
50 M | L I 1
4000 3000 2000 1000 800
Wawenumber fom-1]
Resull of Peak Picking [Comement]
Mo, Posilion Intensity MNo.  Faosition Intensity Sample Mame
1 682,32 84,0853 2 Taz.8i7 B3.5865 Comment
3 754905 77758 4 907 344 89 5454 User
5 1105.08 23.611 & 1178.38 B4 4541 Divigion
7 125081 789063 B 1309.43 79.8208 Company Wayne State
a 137780 BEE497 10 144249 631385
11 149938 TFOES46 12 154277 594345 LY ement Inf jon]
13 1588.7 51.4726 14 1662.34 652417 Modal Mame FT/R-41
16 170476 598878 16 285799 734995 Serial Number BOT1461018
17 2028.38  57.537 18 306048  BA.05T9
19 313762 B9 B354 20 319547 920541 Light Scurce Standard
21 38 B8.7473 Deteinr TGS
B.9.4 HRMS
Elemental Composition Report Page 1

Single Mass Analysis (displaying only valid results)
Tolerance=4.0 mDa / DBE: min = -1.5, max = 50.0
isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
52 formula{e) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Sl Ea Gl 090507-G3 buycartontic acd 05-0ct-2007 11:10:57
PEi 706V GC-TOF
LO71005_006 125 (2.084) Cm (107:126-7:32x2.000) TOF MS El+
100 305.1993 7.71e4
306.2058
oL 241102 206175 2971192 2091245 3011466 3031726 ‘ 307.2051 3101192 3131515
RN AR AR RN UGS AN UUARE RS RN RS RN AR R
2040 @ 2060 2980 3000 = 3020 3040 3060 3080 3100 3120 3140
Minimum: -1.5
Maximum: 4.0 5.0 50.0
Mass Calc. Mass mDa PEM DBE Score Formula

Cl8 H27 N 03
Clé H25 N4 O2

305.1993 305.1851
305.1978

[
w o

= o
o N
n o
N
[
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B.10 3-n-Butyl-N"-benzyloxy-N®-phenyloctanediamide (8)
B.10.1 "H NMR
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B.10.2 *C NMR

/3
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B.10.3 IR
-—r-.:'ln'-l:"k* |' .Eé_'lﬁ

G ¥ (7]
@"’,\‘;(W\/{E:/’

180

150

%T
100
24
50 i ] I |
4000 3000 2000
Wavenumber [cm-1]

Result of Peak Picking [Comment]

Mo. Posiion  Intensity Mo, Position  Intensity Sample Name

1 618.074 100423 2  B47965 99.5156 Comment

3 685212 B28082 4 733782 692952 User

5 836.955  104.304 ] 8911.201 81.4994 Davision

7 974.84 100684 8 1029.8 100.493 Company Wayne State

9 104619 984892 10 11079 104.443

11 11484 98422 12 117636 101.871 [Measurement Information]

13 120915 103.585 14 125254 858236 Model Mame FTAR-4100yped

15 130843 924519 16 1379.82 906012 Senal Mumber BOT1861016

17 144248 696813 18 149842 87.5212

19 154374 679726 20 159966 657708 Light Source Standard

21 1818.91 768858 22 165559 534272 Detector TGS

23 285799 033939 24 292934 723348 Accumulation Auto (80)

25 303348 11373 28 308433  114.247 Resolution 4 cm-1

27 313954 106298 28 310451 966041 Zero Filling On

29 372387 170564 30 382608 174.068 Agodization Cosine
Gain Auto (B)
Aperture Auto (7.1 mm)
Scanning Speed  Auto (2 mm/isec)
Filter Auto (30000 Hz)

www.manharaa.com
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B.10.4 HRMS

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
, Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
329 formula(e) evaluated with 7 results within limits (all results (up to 1000) for each mass)

Sun Ea Chol  091007-C3 butyl-benzyihydroxylamine 08-0ct-2007 11:02:42
SPEI 708V GC-TOF
LO71008_915 142 (2.367) Om ((122:126+133+142+145+202)-15:45x2.000) TOF MS El+
. 4102566 1.86e3
100
e
411.2610
392107 412.2730
oLl i asazers ST 404128 408.2277 407 2364 L wisaset 4173020 az1.4738
3925 3950  397.5 4000 4025 4050 4075 4100 4125 4450 4175 4200
Minimum: =1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PEM DBE Score Farmula
410.2566  410.2569 -0.4 -0.9 10.0 3 €25 H34 N2 03
410.2555 1.0 2.4 10.5 1 £23 HIZ N5 02
410.2543 2.3 5.7 5.5 5 C22 HIE N 06
410.2596 -3.0 -7.4 14.5 1 €26 H3Z N3
410.2529 3.7 8.9 5.0 5 €20 H34 N4 05
410.2610 -4.4 -10.7  14.0 2 C30 H34 0O
410.2615 -4.8 -11.8 0 1.5 7 C16 HIE Ns 07

B.11 3-n-Butyl-N"-hydroxyl-N®-phenyloctandiamide (1a)
B.11.1 "H NMR

e — -.——~-————,.--.-|é."l,t ?
" \f
0‘? 41
2 W
o . s
|
v - |
|
|
1l
i
-
- i -
B, B S, R I
T T O e T T T = T
[ 5 4 3 2 1 PEpm
e e L e e ol o
0.92 1.95 2.08 3.00
3.88 2.a7 0.93 A 10.72
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B.11.2 C NMR

""J|'" "‘.‘““‘.“vJ' e
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B.11.3 IR
180
%T
100
50 y 1 i 1 - ] |
4000 3000 2000 1000 600
Wavenumber [cm-1]
Result of Peak Picking [Comment]
No. Position  Intensity Mo, Position  Intensity Sample Mame
1 693284 883224 2 755959  B4.7511 Comment
3 903 487 101.069 4 a75.804 87.656 User
5 111851 B9.12 6 1309.43 9754 Division
7 137693 100839 B 142032 B3.7517 Company Wayne State
] 1467 .56 73.1938 10 1498938 B0.46T3
11 154567 100.26 12 159866 659.8524 [Measurement Information]
13 164016 54.2248 14 266032 117.131 Model Mame FT/AR-4100typeA
15 2B57689 970537 16 292934 796485 Serial Number BOT1861016

17 304409 12224 18 33835 95.8697

B.11.4 HRMS

Single Mass Analysis (displaying only valid results)

. |t
Tolerance =4.0 mDa / DBE: min =-1.5, max = 50.0 »
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% !}3__ ,_/“q‘(
|
Monoisotopic Mass, Odd and Even Electron lons (1
41 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Sun EaChol  091407-PG 21 05-Oct-2007 11:45:55
SPEI 70eV GC-TOF
LO71005_907a 161 (2.683) Cm ((1204126:127+130+161+164)-317:356x2.000) TOF MS El+
320.2108 323

100

% ‘

321.2240
14,1628 315.3047 319.2182 i

e . 6307 3173432 3183380 | | F20sse ‘ . 3222647 3233205 3242744

© T as0 | s160 | 3170 380 | 3190 | 3200 | 3210 | 3220 | 3230 | 3240
Minimum: -1.5
Maximum: 4.0 5.0 50.0
Mass Cale. Mass mDa PEM DEE Score Formula
320.2108  320.2100 0.8 2.6 6.0 1 Cl8 H28 N2 03
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B.11.5 HPLC

l:i.]l]I I Ill'lll I I4.bﬂl I IB.IJEI I IE_IIII I Ilﬂ!ﬂﬂl I IllllllI I I‘M!Dﬂl I I‘Il!.[l]I I '19111]' I IZ‘Ill'.l

RT Area | % Area| Height
4.465( 2883957 397 19017
9924 979572 1.35| 118509

10.871 (67201132 | 92.46 | 3412411
14160 1619846 223 | 105570

| | R | =
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B.12 3-Phenyl-N'-hydroxyl-N°-phenyloctandiamide (1b)

B.12.1 '"H NMR

—T

=
=

7 L] 5 4 3 2 i Ppm
et —— e —— (R
1.88 1.00 .am -59 30
.40 ALAT 1.00 .77

B.12.2 *C NMR

o o I ’,l“
- ;"_ﬁ*’
o,

B B T T T
. 1so0 140 120 100 ~ 80 60 40 20 ppm
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B.12.3 IR
9 4
11
10 g i
|
65
%T [ 4
I‘ I
12
§7 3
BOH
'h 15
18
70 i 1 i 1 £ 1
4000.6 3000 2000 1000 545893
Wavenumber [cm-1]
GC_Compare-£56
[Eomment] [Ciata Information]
c 'l array
Usar umurﬂ"“ Wavenumber [em-1]
— = S
M-
o End 40006 em-1
Data pitch 0.964233 cm-1
Data points T8
Resull of Peak Picking
No. Posion  Indensity Mo, Posion  Inensity Mo, Posiion |
1 685321 637288 2 TODGSE 833561 03 TSTEAE  B2.2182
4 806378 9654285 5 O7H667 S00BB8 6 1026.8 90,2342
7 106258 937749 B8 112044 906069 9 12535 o8 BE2S
10 131039 93,816 11 13721 95.08 12 142032 B2.8683
13 144245 853707 14 146758 E747IT 15 140938 TEEES
18 15447 885676 17 1599086  B20265 1B 164585 743198
19 255508 962067 20 289992 §3.4884 21 293223 002789
22 302862 834832 223 3258I2  90.B424 24 J9BB.OT  98.TASE
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B.12.4 HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0

Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%
-

Monoisotopic Mass, Odd and Even Electron lons
330 formula(e) evaluated with 7 results within limits (all results (up to 1000) for each mass)

SunChol  March 05 08-Phenyl-C3-hydroxylamine 17-Mar-2008 15:16:08
GCEl Toev GC-TOF
LOBO317_1020 154 (2.568) Cm ({120:130+154)-16:33x2.000) TOF MS El+
1 340.1788 184
00
|
341.1850
342.1830
343.1659
ol 323 faa.10a5 336.1882°%81549 338 9135 | 346.1505 2‘?'14?43‘9'?25:*
T T T T Irr T T T T T LI T T T T T T T
3320 3340 336.0 338.0 340.0 3420 344.0 346.0 3480
Minimum: -1.5
Macimum: 5.0 10.0 50.0
Mass calc. Mass mbDa FPM DEE Score Formula
340.1789  340.1787 0.2 0.7 10.0 3 C20 H24 N2 03
340.1774 1.6 4.6 10.5 4 Cl8 H22 N3 02
340.1814 -2.4 -7.2 14.5 2 €23 H2z W3
340.1760 2.9 8.6 5.5 5 Cl7 H2ZE W 06
340.1827 -3.8 =11.1 14.0 1 C25 H24 0
340.1747 4.3 12.5 6.0 [ Cl5 H24 N4 OS5
- 340.1832 -4.3 -12.6 1.8 7 €11 H2e N5 07
3501 X
] 3
3,00—7 (2]
250]
200]
=] ]
Ed ]
1507
100
] [}
050+ ~
] 8 g
0.0 h
000 20 4o "sbo | s00 "1000’ "o 4o | ieo | iaoo 20
Minutes

RT Area % Area| Height
1| 9.051|39873149 | 90.86 | 3433268
2/10.369 | 1369440 3.12| 166207
3[11.207 | 2642112 6.02| 87326
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B.13 3-Ethyl-N'-hydroxyl-N®-phenyloctandiamide (1c)

B.13.1 '"H NMR

-
JL_J\J _)L , O i
=== | T T T T T I LSS |
] 7 [ 5 4 3 2 1 PP
o e ] et — gt bl by bd )
1.8 0.8t 2.13 1.8 2.08 3.00
104 3.37 2.1 a.90 6.34
13
B.13.2 "C NMR
fige

T T T T .I .I T T —-—v—r'r-|-—-|-r-|—|—-—|—|—'v—|—|fv—'|---|1
ia0 g 160 140 izo 100 & BO 60 40 20

{4
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B.13.3 IR
100
2322 ||
i !
10 &
] 1(1 i 5
%of- J
21 e 8 3
WT i ‘[E .
18 i 4
)
Bu -
12
14
i 17
T
70 L 1 | 1 L [
4000.6 3000 2000 1000 B48.8383
Wavenumber [em-1]
[ ———— aC_cCompare-1302,
Sample Name Date AMBR2008 11:25 AM
Comimment Data array type Linaar data amay
User Horzantal Wavenumbar [em-1]
Qhitin - 549,893 -1
M-
-y End 40006 em-1
Data pitch 0.964233 cm-1
Data points 2476
Result of Peak Picking
Mo, Position No. Pesiton Mo. Position
1 BES 324 91 88589 2 E7T.858 a92.51 3 B81.355 S0 3445
4 TET.8Ba B39773 5 818,598 935244 & G04.451 4T3
T 97TE TES 745239 B 10568 89,8947 -] 1119.48 B2 5452
10 120722 54 258 1 1311.36 04,3431 12 1421.28 THB25T
13 1468.53 BX 7454 14 1501.31 TE.E560 15 1543.74 a3.8118
16 1589685 B5. 5488 17 164684 TS5 7582 18 255811 B3.4513
19 286184 938587 20 293513 o.4381 21 340374 B9.8635
22 374508 SBBADS 23 385593  GBE3ATT
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B.13.4 HRMS

Single Mass Analysis

Tolerance =6.0 PPM / DBE: min = -1.5, max = 50.0
;Iemenl prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

348 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-500 H:0-1000 N:04 0O:0-10 Na:0-1

pflum; sun choi Apr1808C3ethylhydroxylamine mw292 LGT0001 10pg/ul meoh 10ul full 150ul/min meoh

LeuEnk 100pg/ul LCT Premier 2::0::5 O7-
2008-0507-0001-31 21 (0.477) Cm (19:25-1:13x2.000) 1: TOF MS ES-

2911718 -—
1007 (m-#)

260.8745 2921751

238.0609 286.8956 302.8618
ol 0508 0000 rgpayis N e e L 20
| | I | TrreT T T PITTTITTTTETET AL IR DL T LA T

LSRR SRR AN LA RN RARAN LAY AR LRI RARS LA T ALY
160 170 180 180 200 210 220 230 240 250 260 270

Minimum: -1.5
Maximum: 6.0 6.0 50.0

Mass Calc. Mass mba PEM DEE i=-FIT Formula

291.1718 291.1725 -0.7 -2.4 7.5 n/a Cl9 H24 0O HNa
291.1709 0.9 3.1 6.5 n/a clé H23 nN2Z2 03

B.13.5 HPLC

0.90

4
ng

0.80
0.70
0.60

0.50-

AU

0.40
0.30

0.20

0.10

0.00

T T T B e L e et o B e B B e B B e
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.0
Minutes

RT Area |% Area | Height
4.668 | 7510006 | 100.00 | 924974

-
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B.14 3-Vinyl-N'-hydroxyl-N®-phenyloctandiamide (1d)

B.14.1 '"H NMR

sz//

:b'\

IF = T 1 1 T I T |
7 6 5 4 3 2 1ip
e ! — b i gt et e
1.84 0.%0 282 1.1% 0.95% .10
1.92 1.00 1.04 2.18 1.04 d. 43

13

B.14.2 "C NMR
Ta*ho

S AN R . ','.:L :
e

: H L2t i 2 che ol
140 120 177y 80 60 40 10 pem
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B.14.3 IR

QC_Compare-4084.jws . 1”"2;# H

110

2
3
19
70 i | i | i 1
4000.6 3000 2000 1000 649.893
Wavenumber [cm-1]
[-— - - QC_Campara-4084.
[Comment] [Data Information]
Samgple Name Creation Date 1/28/2009 11:22 AM
Comment Diata array type Linear data array
i Horizantal Wavenumber [cm-1]
Sta ;LM
Compal n m=1
i b= End 40006 cm-1
Data pitch 0984233 cm-1
Data points 3476
Rasult of Peak Picking
. Positon Inbensity Mo, Posiion  Inelensity | Noo Position Intensity
G617 464 g2612 2 68232 90,4452 3 T57.6BE B1.6979
BEZ.OZS 85,8221 5 919,878 90.4263 B 977.733 BT 7524
1055.84 01.563 8 108869 91.4003 g 1117.55 81.0162

1

4

T

10 17829 S4.TTOS 11 124772 947005 12 131232 923115
13 42126 B0 14 144248 84596 15 1487.56 BB.7048T
16 150035  £1.0939 17 18418 B6.5281 18 158966 81.5018
1% ; :

32 MMET sae 23 307E8 96.7797 24 324547 94 88595
25 320864  9531E2 28 /XN 101.927 2T MET0.56 102.273
28 35448 103.524 28 3BET2Z 103358 30 373158 104,31
3 ITETe2 104201 3z A7BOTE 104232 33 381085 104,66
4 3EMS5E 10a828 35  3BET.TE 10443 36 313AE 104,51
37 305520 104.205
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B.14.4 HRMS

Single Mass Analysis '}\._/—’“va
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0 G

;bmm prediction: Off i
Number of isotope peaks used for i-FIT =3

Manoisotopic Mass, Even Electron lons

352 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-50 H;0-50 N:0-5 0O:0-7 .Na.Q-

SunChoi  Uodan aﬁmﬂnvhwmﬂﬁﬁa

Lew 2008-07b.pro LCT Premier 02-Feb-2009 14:39:14
2009_0202_0297 15 (0.318) Cm (12:17-(1.9+29:36)x2.000) 1: TOF MS ES+
9.88e+002
100 3131533
%
314.1566
0 250.4505 2589198 2703223 1414 pgzorzr 12190211 ai5475 3381131 343.1863 300048
T
240 250 260 270 2860 290 300 310 320 330 340 350 360
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mba PeM DBE 1-FIT i-FIT (Norm} Formula
313.1533 313.1528 0.5 1.6 6.5 41.7 0.0 Clé H2Z N2 03
Na
B.14.5 HPLC
&
i Ird
2,50 &
2,00
1,50
] 4
<
1.00-
0.50 -
7 oN
i <%0
1 oo
0.00 Aa/\l
000 200 400  ebo  8bo 1000 1200 1400 1600 1800 2000
Minutes
RT Area % Area | Height
1] 9.489| 888985 3.29| 135811
2| 9.821 803374 2.97 | 134069
3(10.156 | 25352757 | 93.74 | 2759849
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B.15 3-Methyl-N'-hydroxyl-N°-phenyloctandiamide (1e)

B.15.1 '"H NMR

J
| T T E
7 6 5
et g et t—
1.59 a.70
1.52 3.69

B.15.2 °C NMR

G /
T ——1 — =
s 3 2 1
[S— o gl gl g e Ry
1.9% 1.77 1.38 2.78 300
8. 46 a,87 1.87 2,04
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B.15.3 IR
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B.15.4 HRMS

148

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0
- Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% '
Monoisotopic Mass, Odd and Even Electron lons
222 formula(e) evaluated with 6 results within limits (all results (up to 1000) for each mass)
Sun Choi  Feb21 08-methyl-C3-hydroxylamine 22-Feb-2008 11:00:55
GCEI 70eV GC-TOF
L080221_1006b 92 (1.533) Cm ((92+100+103:104)-440:480x2.000) TOF MS El+
100- 278.1635 5.91e3
%_
s06 2791694
27141 2721817 :
o LN TET | aadrer 2517402771668 280.1746  ogp 1344 2831255 286.1835
L AL LA N L BN R R | T AR N U N A R
270.0 272.0 274.0 276.0 278.0 280.0 282.0 284.0 286.0
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa FEM DBE Score Formula
278.1635  278.1630 0.4 1.6 6.0 1 C15 H22 N2 03
278.1617 1.8 6.4 6.5 4 Cl3 H20 N5 02
278.1657 -2.2 -8.1 10.5 2 Cl8 H20 N3
278.1604 3.1 11.2 1.5 5 Cl2 H24 N 06
B.15.5 HPLC
300
250
2,00
2
< 1504
1,00
0.50 3 L
] o
040(}: J(\_J NN
0.00 ‘ 2.00 4.60 6.(50 8.60 ‘10.‘00‘ ‘12!00‘ ‘ ‘14.‘00‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.0l
Minutes
Peak Name | RT Area % Area | Height
1 | Peak2 9.489
2 | Peak3 9.821
3 | Peakd 10.156
4 | Peak1 10.871
5 11.950 | 1469677 | 2.48| 129416
6 13.475 [ 57777809 | 97.52 | 3069522
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APPENDIX C. DOSE RESPONSE GRAPHS AND DATA FOR C6-SAHA

LIBRARY
Table C.1. Percentage HDAC activity after incubation of SAHA with Hela Lysate
Concentration | Trial 1 Trial 2 Trial 3 Mean Standard

(M) Error (S.E.)
3.125x 10° 75 75 ND 75 0
6.25 x 107 63 56 51 57 3
1.25x 10 44 35 40 40 3
25x10" 31 21 26 26 3
50x10" 20 16 15 17 2

ICs0 Curve of SAHA

100
y = 100/(1+(x/m3)"m4)
Value Ermor
m3 | B.6318e-B 3.64Be-9
md 0.98183 0.049623
a0 Chisqg 10.508 A
= R| 0.99759 NA
[+5]
=]
m
E
E 80
o
o
2
3
a0
®
i
:
a 20
o
1o 10 1 1o '

SAHA Concentratlon (M)

Figure C.1. Dose response curve of SAHA tested using the HDAC activity from
HelLa cells lysates from three independent trials In some case, the error bar is
smaller than the marker size. Data were fit to the sigmoidal curve using
Kaleidograph 4.0 (Synergy Software) to determine the ICso. The insets were the
results of the data analysis. The data are reported in Table 3.1.
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Table C.2. Percentage HDAC activity after incubation of MS-275 with Hela

Lysate
Concentration Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
1.95x 10° 58 59 58 58 0.3
3.91x10° 44 47 49 47 1
7.81x10° 32 35 33 33 1
1.56 x 107 27 27 26 27 0.3
6.25x 107 9 12 11 11 1
ICs0 Curve of MS-275
100
y = 100/(1+(x/m3)"m4)
Value Error
m3 | 3.1611e-6 1.608e-7
mad 0.68057 | 0.033548
g Chisq 5.8088 NA
E‘;? =} 0.9978 MA
&
E
® &0
;
2
=
B
< a0
B
£
g

10"

10" .00

MS-275 Concentration (M}

0.0

Figure C.2. Dose response curve of MS-275 tested using the HDAC activity from
HelLa cells lysates from three independent trials. In some cases, the error bars
are smaller than the marker size. Data were fit to the sigmoidal curve using
Kaleidograph 4.0 (Synergy Software) to determine the ICso. The insets were the
results of the data analysis. The data are reported in Table 3.1.
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Table C.3. Percentage HDAC activity after incubation of C6-SAHA methyl
analogue 14a with Hela Lysate

Concentration Trial 1 Trial 2 Trial 3 Mean Standard  Error
(M) (S.E.)

6.25 x 10° 104 72 102 92 10

1.25x 10 94 50 85 76 13
25x10" 66 51 79 65 8
50x107 30 32 40 34 3
1.0x10° 24 20 22 22 1

IGso Curve of C6-Methyl Analogue
100

A0

Deacetylase Activity Percentage (%)

¥ = 10001 +{x/m3)"m4 )

ma
md
Chisqg
R

Value
3.4908e-7
1.3367

57.29
0.9917

Errar
2.778e-8
0.14718
MA
A

10rf

10

10t
C6-Methyl Analogue Concentration (M)

10

Figure C.3. Dose response curve of C6-SAHA methyl analogue 14a tested using
the HDAC activity from HelLa cells lysates from three independent trials. In some
case, the error bar is smaller than the marker size. Data were fit to the sigmoidal
curve using Kaleidograph 4.0 (Synergy Software) to determine the ICso. The
insets were the results of the data analysis. The data are reported in Table 3.1.
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Table C.4. Percentage HDAC activity after incubation of C6-SAHA phenyl
analogue 14b with Hela Lysate

Concentration Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
6.25x10° 87 87 82 85 1

1.25x 10 75 73 75 74 0.7
25x10" 59 41 54 51 5
50x107" 45 47 51 47 1
1.0x10° 27 23 20 23 2
ICs» Curve of C6-Phenyl Analogue
100
y = 100/(1+{x/m3)*md4)
Yalue Error
m3 | 3.436e-7| 4.3876e-8
83 md4 | 0.97aas 0.14946
3 Chisg| 96.902 A
= rR| 0979z A
&
E
B e
o
2
=
g
E a0
£
5 20
4]

10

10
C6-Phenyl Analogue Concentration (M)

10rf

i

Figure C.4. Dose response curve of C6-SAHA phenyl analogue 14b tested
using the HDAC activity from Hela cells lysates from three independent trials
with error bars indicating standard error. In some case, the error bar is smaller
than the marker size. Data were fit to the sigmoidal curve using Kaleidograph 4.0
(Synergy Software) to determine the ICsp. The insets were the results of the data
analysis. The data are reported in Table 3.1.
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Table C.5. Percentage HDAC activity after incubation of C6-SAHA t-butyl
analogue 14c with Hela Lysate

Concentration | Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
1.11x10" 94 99 114 102 6
3.33x 10" 65 87 103 85 11
1.0x10° 55 58 71 61 4
3.0x10° 40 37 41 39 1
9.0x10° 28 20 18 22 3
IC:2 Curve of Cé-t-Butyl Analogue
y = 100/ 1+(x/m3}*md)
100 Value Errar
m3 | 1.9446e-6| 2.9682e-T
me 0.96648 0.14122
Chisg 97.952 A,
- & R 0.98846 A,
g
&
E
m
Uooao
a
£
2
T
< a4
B
§
g
0

10

107

10*
CE6-+-Butyl Analogue Concentration (M)

10®

.00

Figure C.5. Dose response curve of C6-SAHA t-butyl analogue 14c tested using
the HDAC activity from HelLa cells lysates from three independent trials. In some
case, the error bar is smaller than the marker size. Data were fit to the sigmoidal
curve using Kaleidograph 4.0 (Synergy Software) to determine the I1Cso. The
insets were the results of the data analysis. The data are reported in Table 3.1.
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Table C.6. Percentage HDAC activity after incubation of C6-SAHA 2-ethylhexyl
analogue 14d with Hela Lysate

Concentration | Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
1.11x 10" 93 69 78 80 7
3.33x10" 62 54 55 57 2
1.0x10° 42 22 38 34 6
3.0x10° 12 8 13 11 1
9.0x10° 4 2 2 2.7 0.7
ICss Curve of C6-2-Ethylhexyl Analogue
160
y = 100/(1+{xim3)*md)
Yalue Errar
" m3 | 4.555e-7 | 2.8608e-B
- md 1.01| 0.063143
£ Chisg 17.3 NA
& 0.99789 NA
g
E &0
o
oy
=
s
'; A0
g
a
20
&
Q
10 10 1ot 10" 00001

CE-2-Ethylhexyl Analogue Concentration (M)

Figure C.6. Dose response curve of C6-SAHA 2-ethylhexyl analogue 14d tested
using the HDAC activity from Hela cells lysates from three independent trials
with error bars indicating standard error. In some case, the error bar is smaller
than the marker size. Data were fit to the sigmoidal curve using Kaleidograph 4.0
(Synergy Software) to determine the ICsp. The insets were the results of the data
analysis. The data are reported in Table 3.1.
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Deacetylase activity percentage remaining after incubation of

HDAC1, HDAC3, or HDACG6 with SAHA or the C6-SAHA analogues 14a-e.

Compound HDAC Trial 1 Trial 2 Mean S.E.
Isoform
HDAC1 30 35 32 2
(132'2';']?/' ) HDAC3 44 45 44 1
HDACS6 32 36 34 2
HDAC1 35 42 38 3
?566'8/'?&3)/' HDAC3 32 33 32 0.5
HDACS6 61 58 59 1
HDAC1 57 56 56 0.5
ngézh:“f/‘g' HDAC3 68 67 67 0.5
HDAC6 61 58 59 1
HDAC1 44 46 45 1
C6-t-Butyl HDAC3 79 82 80 1
(2 uM) HDAC6 56 55 55 0.5
HDAC1 77 73 75 2
C6-2-Ethylhexyl HDAC3 51 54 52 1
(500 nM) HDACG 91 95 93 2
HDAC1 42 48 45 3
Cé-Isopropyl [ "HDAC3 50 51 51 1
(UM) HDAC6 24 27 26 2

Deacetylase activity of HDAC1, HDAC3 and HDACG6 was determined with SAHA

and with C6-SAHA analogues at given concentration using an

in vitro

fluorescence assay as described (Section 3.6). The fluorescence activity of
background (No enzyme added) was subtracted from the no small molecule
treated (positive control) and the percentage of the deacetylase activity was set

to 100%.

Deacetylase activity percentage of each independent trial, mean

percentage of deacetylase activity, and standard error (S.E.) are illustrated. The
data are reported in the manuscript in Figure 3.2.
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Table C.8. HDAC1 activity percentage after incubation of SAHA.

Concentration | Trial 1 | Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
3.125x 10° 68 91 82 80 7
6.25x 10° 55 62 57 58 2
1.25x 10 48 27 37 37 6
2.50 x 10 37 40 25 34 5

HDAC1 ICs: Curve of SAHA

100
y = 10001 +{x/m3)*md)

Value Ermor

m3 | 9.6287e-B| 1.618e-B

i md 0.99419 0.2374

Chisq 106.87 MA

R 0.96042 MA
&0
a0
20
o

10 10%

SAHA concentration (M)

Figure C.7. Dose response curve of SAHA tested using the HDAC1 activity from
three independent trials with error bars indicating standard error. Data were fit to
the sigmoidal curve using Kaleidograph 4.0 (Synergy Software) to determine the
ICs0. The insets were the results of the data analysis. The data are reported in
Table 3.2.
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Table C.9. HDAC3 activity
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percentage after incubation of SAHA.

Concentration | Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
3.125x10° 88 78 74 80 4

6.25x 10° 76 74 70 73 2
1.25x 10" 63 45 44 56 5
250x 10" 27 39 37 34 4
HDAC3 ICs0 Curve of SAHA
100
¥ = 100/ +(x/m3)"md)
Value Ermor
m3 | 1.3603e-7| 1.0985e-B
md 1.066 0.12084
a0 Chisg 23,894 MA
= =} 0.99093 NA
=
&
E
E a0
a
£
=
B
< a0
B
§
3 5
L]

16¥

10"

107

10*

SAHA Concentration (M)

16*

Figure C.8. Dose response curve of SAHA tested using the HDAC3 activity from
three independent trials with error bars indicating standard error. Data were fit to
the sigmoidal curve using Kaleidograph 4.0 (Synergy Software) to determine the
ICs0. The insets were the results of the data analysis. The data are reported in

Table 3.2.
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Table C.10. HDACG activity percentage after incubation of SAHA.

Concentration | Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
3.125x10° 66 76 73 72 3
6.25x10° 64 62 60 62 1
1.25x 10 37 28 32 32 2
2.50 x 10 13 12 9 11 1
HDACG ICs0 Curve of SAHA
100
¥ = 100/(1 +(x/m3)*md)
Value Ermor
m3 7.4148e-B | B.514%9e-8
md 1.416 0.25721
a0 Chisg B1.879 NA
= = 0.98198 NA
5
&
o
£
£
=
B
- S 11
B
§
g
4]

107

SAHA Concentration (M)

Figure C.9. Dose response curve of SAHA tested using the HDACG6 activity from
three independent trials with error bars indicating standard error. In some case,
the error bars are smaller than the marker size. Data were fit to the sigmoidal
curve using Kaleidograph 4.0 (Synergy Software) to determine the ICso. The
insets were the results of the data analysis. The data are reported in Table 3.2.
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Table C.11. HDAC1 activity percentage after incubation of C6-SAHA t-butyl

analogue 14c.

Concentration | Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
2.50 x 10 102 92 82 92 5
5.00x 107" 86 85 80 84 1
1.00 x 10° 68 44 35 49 9
3.125x 10° 7 1 1 3 2
HDAC1 ICs0 Curve of C64-Butyl Analogue
100
y = 10001 +[x/m3)*md)
Value Ermor
m3 | 9.9316e-7| 6.1699a-8
md 21751 0.3314
a0 Chisg 23.759 MA
o 0.09758 MA
£
&
E
8 e
a
£
E
T
< a0
B
¥
8
" ®
10 1o’ [ 10 0.0001

t-Butyl Analogue Concentration (M}

Figure C.10. Dose response curve of C6-SAHA t-butyl analogue 14c tested
using the HDAC1 activity from three independent trials with error bars indicating
standard error. Data were fit to the sigmoidal curve using Kaleidograph 4.0
(Synergy Software) to determine the ICso. The insets were the results of the data
analysis. The data are reported in Table 3.2.
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Table C.12. HDAC3 activity percentage after incubation

analogue 14c.

160

of C6-SAHA t-butyl

Concentration | Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
1.00 x 10° 87 85 81 84 1
4.00 x 10°® 76 63 52 64 6
1.5625 x 10™ 21 20 13 18 2
3.125x 10° 7 6 6 6 -
HDAC3 ICso Curve of C6-t-Butyl Analogue
100 1
y = 10001 +{x/m3 ) md)
Value Errar
m3 | 5.375e-6| 7.1656e-7
0 md 1.3288 0.20157
s Chisg| 60.093 A,
= R| 0.99265 A,
i
=
] [+ 4]
a
£
Z
g
E E 4]
£
E 20
[4]

i

1orf

il

t-Butyl Analogue Concentration (M}

2.0001

Figure C.11. Dose response curve of C6-SAHA t-butyl analogue 14c tested
using the HDAC3 activity from three independent trials. In some case, the error
bar is smaller than the marker size. Data were fit to the sigmoidal curve using
Kaleidograph 4.0 (Synergy Software) to determine the 1Cso. The insets were the

results of the data analysis. The data are reported in Table 3.2.
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Table C.13. HDACG6 activity percentage after incubation of C6-SAHA t-butyl
analogue 14c.

Concentration | Trial 1 | Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
5.00x 107" 98 90 88 92 3
1.00 x 10° 89 82 86 85 2
2.00x 10° 48 35 48 44 4
4.00x 10° 45 29 45 40 5

HDACS ICs» Curve of CE-t-BUtyl Analogue

105 |
y = 10001+ {x'm31* md )
Value Errar
m3 | 2.387de-6| 5.3363e-T
& md 1.4401 0.82179
E“.? Chisqg 280.36 A
) 0.93571 A
m
£
o] &0
&
o
2
2
i3]
< 4
#
=
g
m
8 20
0
10 10 10" 2.0001

t-Butyl Analogue Concentration [M)

Figure C.12. Dose response curve of C6-SAHA t-butyl analogue 14c tested
using the HDACG6 activity from three independent trials with error bars indicating
standard error. Data were fit to the sigmoidal curve using Kaleidograph 4.0
(Synergy Software) to determine the ICsp. The insets were the results of the data
analysis. The data are reported in Table 3.2.
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APPENDIX D. SUPPLEMENTARY INFORMATION FOR C6-SAHA LIBRARY

D.1 Methyl 6-hydroxyhexanoate (9)

1
D.1.1 HNMR
P F3
- T — Ty T —T T T T
7 [ 5 4 3 2 1 bl
- s i o i el kel ——.
0.16 1.97 2.324 .27
3.00 1.03 4.61
13
D.1.2 "C NMR
w
‘ | i . N W
- B e s e T B s e S TR
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QC_Compare-4860.jws
110
100
3 19
20
A 1
90l 5
17
%T 18
m_
70+
L 16
Eﬂ L L 1 1 n 1
4000.6 3000 2000 1000 ©649.893
Wavenumber [cm-1]
— W_m.i
[Comment] [Data Inforrmation]
Sampie Name Creation Date 41512009 4:18 PM
Commaent Data array type Linear data array
User ‘Wavenumber [em-1]
Divighon Vertical %T :
Company Start 649,803 cm-
e End 40006 em-1
Data pitch 0.964233 cm-1
Data points 3476
Result of Peak Pick
No.  Pesition No. Pesition  Intensity  No. Postion  Intensily
1 673999 910351 2 B85534 89005 3 744388 856748 -2
4 TO1B36 935148 5 BS7204 922656 6 912185 91108 *
T 102584 843461 8 105487  B01357T 9 107416 820291 ,‘.5'
10 117444 7HEO07 11 120528 7RO 12 125736 827027 her
13 132486 875379 14 136535 868582 15 143767  B23079
18 173785  67.2027 17 28657 803144 18 203995  A5199
18 32701 967678 20 318101 985156 21 324754 0938683
22 340857 90437 23 423 S02941 24 345388 00.6542 P
25 355127 925011 26 3509, 957018 27 385252  9T.485
28 3TOES1 902434 28 373448 30 37634 90453
31 360989 997049 37 383861  D9BE12 33 386561 GOSBE e
34 380743 904758 35 394179 993579
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D.1.4 HRMS

Elemental Composition Report

Single Mass Analysis
~Tolerance = 5.0 PPM / DBE min=-15 max =500 "
Slement prediction: Off -
~ Mumber of isctope peaks used for i-FIT = 3 ilk') W‘f
Monoisotopic Mass, Even Electron lons
31 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
c: :0-1000 0:06 23Na: 01
i jLily2T0B-CE-alcohol-PG127 mw146 LCTO08Z 10pgiul meoh 3ul 4cm stk RF150

SHhE -0y pro
2008_0818_0082_10 13 (0.300) Cm (10:18-28:45x2.000)

Page 1

LCT Premier 18-Aug-2008 15:04:26

1: TOF MS ES+
7.98e+003

100 169.0840

Yo

170.0888 444 5798
o 104. 106.9278 123.8915 133.254‘-1 140.9966 : 153.1449 : 164.9216 | T 187.0969 iz
110.0 120.0 1300 140.0 150.0 160.0 170.0 180.0 1900

Minimum: =1.9
Maximum: 5.0 5.0 0.0
Mass Calc. Mass mba PEM DEE 1=FIT. 1-FIT (Norm} Formula
169.0840 168.0841 -0.1 -0.6 0.5 52.3 0.0 C7 Hl4 ©3 23Na
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D.2 1-Benzyl 8-methyl oct-2-enedioate (11)

D.2.1 '"H NMR

l ) L
1 | L | ] I L | I
7T 6 L4 4 3 2 1
bl ! —- e e R
428 0.81 3.00 a.03 .34
.84 2.13 2.24 2.34

D.2.2 *C NMR
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D.2.3 IR
QC_Compare-13597 jws
9%
95
290 ?Ews 14312
L
18 .
9
m-
3
- 8
%T 1
7
Es—
5 2
i 11 6
m-_
10
?B | | 1 1 i |
4000.6 3000 2000 000 640.883
Wavenumber [cm-1]
[ -————— ac_compare-13597
Commen] Infarmation]
E'J:-npbllm mm 10M1/2011 4:48 PM
Comment Dala array type Linear data array
User Horizontal Wavenumber [om-1]
i) st 649,893 em-1
om-’
b End 40005 cm-1
Data pHch 0.964233 cm-1
Data points 3476
Result of Peak Picking
No.  Puosition No.  Pesition Intensity Mo. Position Intensity
1 698.105 B7.3824 2 T48.245 B4 7388 3 907 344 89.3488
4 1066.44 78.4833 5 1168.62 B4.977 ] 1258.32 82.9455
7 {37885 865885 & 145503 880995 9 18527 91234
10 173468 79812 11 26737  B28371 12 324079 940265

13 331783 940414 14 337675 040754 15 350885  94.0252
16 359466 542108 17 362359 9373 18 367084 515691
19 372291 932618 20 382319 940722 21 388972 93888
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D.2.4 HRMS

Elemental Composition Report Page 1

Single Mass Analysis A
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0 ot
Element prediction; Off af

“Number of isotope peaks used for i-FIT =3 e

Monoisotopic Mass, Even Electron lons

423 formula(e) evaluated with 3 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-500 H:0-1000 N:0-5 O:0-10 23Na: 0-1

pflum- Sun Choi Aug2008-CE-saefPC143 mw276 LCTO102 10pg/ul meah 1ul

Shay 2008-07b._pro LCT Premier 22-Aug-2008 15:13:23
2008_0822_0102_17 14 (0.200) Cm (13:16-(1:6+36:42)x2.000) 1; TOF MS ES+
) 9.59e+003
1w_| 298.1269
% |
300.1307

149.3616

2941725
166.5811 77.1439 B ;( 315-10%22.2002 3762484 397.1180
oo i Pt R e e, 981

. : ; 2090728 230.9448 2'_%7.09942
T A SRS TR LR R LA T
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

fz

Minimum: -1.5

Maximum: 2.0 5.0 50.0

Mass Calc. Mass mba PFM DBE i-FIT i-FIT (Norm) Formula

299.1269 299.1273 -0.4 -1.3 1.5 44.7 0.5 Cl7 Hlé N4 23Na
259%9.1259 1.0 3.3 6.5 45.6 1.4 Clé H2D 04 Z3Na
299.1283 -1.4 =i 9.5 46.2 2.0 ClB H13 04

D.3 1-Benzyl 8-methyl 3-methyloctanedioate (12a)

D.3.1 '"H NMR

| /
I\
e e .
3 7 6 5 4 3 2 1
- e - R T L
A 36 3.00 1.18 .33 3.53
2.05 3-29 1.18 5.20
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D.3.2 *C NMR

i
S I FE—Y b li L

e e = W aamdie s W ST gt i
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180 160 140 120 100 B8O (14 40 20 ppm

D.3.3 HRMS

Elemental Composition Report e ﬁ Page 1

\
_Single Mass Analysis }Lﬂ

" Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0 7
—Element prediction: Off ¥
Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

268 formulale) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:

C.0-50 H:0-100 N: 04 ©:0-6 23Na 01

Pflum- Sun Choi Aug2608-CG-MetirrlewbeyPg 156 mw202 LCT0129 10pgful meoh 2ul 4cm st

Shay 2008-07b.pro LCTPrwnlarZTAug—ZOOE 18:10:20
2008_0827_0129_10 14 {0.300) Crm (12:18-(1:7+32:46)x2.000) 1: TOF MS ES+
4.12e+004
101 315.1568
%
361617
3 331.1325
- 3102039;,"2035 | 3202461 3212465 524220 oriely Y 332.1355 338.2364339.1281,
0 e — : P
3075 310 0 312 5 315.0 375 320 0 322 & 325 o 3275 380 D 332 5 335.0 33? 5 3400
Minimum: 1.5
Maximams: 5.0 5.0 50.0
Mass calc. Mass mDa PEM TBE i-FI7 i=-FIT (Morm) Formula
315.156% 315.1572 -G.3 -1.0 a5 37.4 2.3 C17 K24 04 Z3Na
31%.155¢6 1.3 4.1 4.8 35.1 Q.1 Cl4 EH23 Wz 06
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D.4 1-Benzyl 8-methyl 3-(tert-butyl)octanedioate (12c¢)

D.4.1 "H NMR

A
¥ 400
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D.4.2 *C NMR
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D.43 IR

Pragem st -

QC_Compare-4635.jws el i o)

110

11

70~
20
60 i 1 i | i |
4000.6 3000 2000 1000 649.883
Wavenumber [cm-1]
| oC_Compare635
[Comment] [Data Information]
Sampie Name Creation Dale ] 21972009 5:00 PM
Comment Data amray type Linear data aray
User ‘Wanvenumber [cm-1]
S s 4o
893 em-1
- End 4000.6 cm-1
Data pitch 0964233 om-1
Data paints 3476
Result of Peak Picking
\ Intensity  No,  Position Mo. Pasiion  Intensy
1 660178 994871 2 639.069 T 3 Ti5eTa
4 B0GO0S9 968893 5 B4BSGT 958718 6 877452  96.0518
7 914083 938752 8  O7EG97T 940256 9 100858  S207E3
10 109633 944782 11 115129 72889 12 118372 838483
13 125081 B5.4742 14 1284 88.8751 15 136728 88219
18 143767 00509 17 145696 903703 18 149745
19 158231 994924 20 173658 6B.B225 21 2586.07  101.781
22 286859 045945 23 205248 BT SI55 24 303348
25 307108 100071 26 318293 10159 27 327068  101.724
8 3401 101305 29 343653 101217 30 34857 101.353
M 3828 101541 32 358695 100855 33 381385  101.684
34 364962 102214 35 375183 102022 36 370064 102634
37 384022 102954 38 3BBGSA 102952 39 388297 102729
40 39118 102852 41 393889 10326 42 397553 102557

www.manharaa.com




172

D.4.4 LRMS [M+Li]
Chei Sun Mar 19 09-C6-tertbutyl PG 53 in MeOH Cone 20 20-Mar-2009 09:17:13
0903205502 133 (2.458) Cm (130:139-4:20x2.000) Scan ES+
100 341.28 4.05eT
%
675.32
35721
676.28
340.27) R 12
75131
11118 335.30 t l 27 ety P l_,?sz.az 817.37
obla 20T sz LY r% oL R k’ s e LA
100 200 300 400 500 600 700 800 900 1000

D.5 1-Benzyl 8-methyl 3-(2-ethylhexyl)octanedioate (12d)

D.5.1 '"H NMR
h”“g’

E g= I
|
=] L
DT SR T T T T T 1
T 6 5 4 3 2 1
[ e e b e 0
4.50 3.18 .43 3.93% &.54
1.08 3.00 1.14 i7.05
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D.5.2 *C NMR

e D 2

180 160 140 120 100 80 60 40 20 PE
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QC_Compare-7568.jws
120
110
1
13 W
100
14 8
%7 [ ' 'I
ga-
11 4
B,u_
16
70 ! (] i 1 L L
40006 3000 2000 1000 ©45.893
Wavenumber [cm-1]
QC_Compare-7568 |
[Comment] (Data Information]
Sample Hame Creation Date 5117/2010 4:16 PM
Commant Data array type Linear data array
User Horizontal [em-1]
Starl l :’;m 1
Compary Wil £33 cm-
End 40006 cm-1
Data pitch 0.054233 cm-1
Data points 3476
Resull of Peak Picking
No.  Position Mo, Position  Infens®y  No. Position  Infensity
1 B56 843 104,475 z 668.214 103.802 3 680,060 99,0018
4 T41.496 80.4552 5 TB5.85 106.918 8 BOT.063 107131
T B36.955 106774 8 912 188 99 8288 ] BEB 162 108812
10 100087 104205 11 1166.72 91,32 12 120433 97.0088
13 1376.82 103.466 14 145696 100.25 15 145745 108.741
16 1738.51 75.35819 17 285799 10553 18 2525.34 98.1008
19 i 59.8614 20 303541 112.411 21 308037 113.821
22 NMTEie 114.703 23 33T 114713 24 325718 114 896 M 1'-"“‘-"
25 334493 115433 26 343556 116164 27 347992 115608 M2y 11
28 352524 116,79 29 354741 116,525 30 IETHID 1163 g
3 35837 116,121 2 ¥WaTT 116.178 33 MWITSe 116.319 o OFa
34 369288 116700 35 371326 115775 36 373 116415 M )
ar arrae 116.288 38 381838 115,358 39 B4H 116 604
40 385547 116,852 41 389357 116.403 42 XET1GR 116 405
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D.5.4 LRMS [M+K], [M+Li], and [M+Na]

SUN CHOI  May 17 10-C6-2-ethylhexyl ester PG 132  in MeOH Cone 20 18-May-2010 09:29:10
1005186527 357 (6.598) Cm (356:363-30x3.000) Scan ES+
100+ 42929 3.49e7

K

L
1430.27
1821 M
I}“ v i 787.62.803.60
. | 17028 228.32 38248 3& 5228 kam.sg . ‘ . i ’ 13%”‘ 7 m_“ . .
1Dﬂ518852? 263 (4 861) Cm (261:272-30x3.000) Scan ES+
1004 429.30 1.0467
5

: 397.
+h'
11218 Hare
%1 88.60
1430.31 w3.58
337.36

490.40 786,
(|| 14429 17028 22621 31| 49139 srsap 7543 74466 ‘““}ag 7fso1sr
T T T T T T T T T el

[

10051&052?1?3(3290;%{1?31&? 30630000 Scan ES+
1004 13.31 6.00e6|
96.04
42929
%_
128.22 26 80360
l 250.26292.24 - 3€| e f“"“
Lol ! me 2 s, || a2 60575 ese43 75064 | _s0sr D972
-+ - s L . - , miz
1oo 200 300 400 500 600 700 800 900 1000

D.6.1 1 -Benzyl 8-methyl 3- |sopropyloctaned|oate (12e)
D.6.1 'H NMR

ppm

-~
o
w
E-1
1)
P

- . 1
2.63 3.7 1.34
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D.6.2 °C NMR
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Varian WR=400 WNMR specirometer

L
100

||||||

1
40
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.6.3 IR
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QC_Compare-13203.jws

120

] 14 L

&0 - 1 L
4000.6 3000 2000 1000 549,893
Wavenumber [cm-1]
-~ ——— GC_Compare-13203
[Comment] [Data Infarmatian]
Sample Mame Creaticn Dale 8302011 2:08 PM
Commant Data array type Linear data array
ser Horizonial Wavenumber [om-1]
Division Vertical wuT
Company Stan 649883 cm-1
o End 40006 cm-1
Data pitch 0964233 cm-1
Data points MTe
Result of Peak Picking
Ma. Inensity Mo,  Pesition Mo, Pesibon  Infensity
1 688.105 85.5607 2 TELITY 84,3826 3 B33.068 100.086
4 905415 100778 5 wooTe2  #Enm 8 1Me872 791288
7T 12122 849644 B 133161 833073 9 138621 930358
10 143671 93.2952 11 1457 82 91.5472 12 145842 99.7057 -
13 153689 102807 14 173658 628414 15 287342 991547 ]
16 285441  H00358 17 3032S1 10267 18 308626 104337 ~
19 323307 104837 20 335553 104313 21 339603 103939 et
2 34346 104291 23 345485 103.818 24 350563 106.262 -
%5 34873 107379 26 369012 106.951 27 A 108.42
28 3804B7  10B301 20 38578 10798 30 384584 10833 }5’6
M oeTies 108559
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D.6.4 HRMS

Single Mass Analysis

Tolerance =50 PPM [ DBE: min =-1.5, max = 150.0
Element prediction: OfF

Mumber of isotope peaks used fori-FIT=6

i 3 lons
B45 formulale) evaluated with 4 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-100 H:0-9000 M:0-10 ©:0-10 23MNac A1
SUN CHO Aug 20 11-CS-sopropylester
LCT2006-07b.pro 2010t 50

2011_0822_2184 14 (0.283) Cm (11:13-1:6x2.000)

22-Aug-2011LCT Premier1d:11:10
1. TOF MS ES+
2.58e:004

Mass Cale. Mass mla PEM 2B i-FIT i-FIT (Norm} Formula

343.1E83 343.1E82 0.1 0.3 9.t &0.4 2.1 Cl7 H23 He o2
343_1B8% -0.2 -0.6& 5.5 &0.4 2.2 Cl5 H28 04 23Ma
343 1669 1.4 1.1 4.5 811 4.8 Cle H27T M2 06
343.1B9% -l1.& -4.7 10.5 SE.C 0.3 C20 H24 N4 23N=

D.7 Methyl 6-méthy|-8-oxo;8-(phenylamino)octanoate (13a)
D.7.1 "H NMR

'Fw\-qk).ﬂotﬂ-’! F__@

g

. b3 1

{ yaeme gaacay I e T e T T T T T T T T T T -I- T T T T T T T T T T T T T T —— T —I-— T
-] 7 6 5 4 3 2 1
gt bged 4 ] e et iy e e
1.08 2.06 1.00 3.34 2.22 3.18
1.96 0.98 7.8 2,24 4.7
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D.7.2 *C NMR

Dan 2k Jc:;’q

=TT

LLUMEERREE G0t rv oo vv oot TLLELRBBBETLEL et oot CLRATLERRER ot 1k v
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QC_Compare-4409.jws
110
&
[
2
L 14
I RE
15
2
W -
20 17
3
2319
L 16
70 n 1 i 1 i I
40008 3000 2000 1000 645.893
Wavenumber [cm-1]
-~ QC_Compare-4409
[Cormment) Information]
Sampbe Name Egr::lon Date 21282009 12:25 PM
Comment Data amay type Linear data
Usar Harizontal Wavenumber [em-1]
Diision Vertcal %T
Company tan 549,853 cm-1
ey End 4000.8 cm-1
Data pich 0.964233 eme1
Data posnts 3476
Result of Peak Picking
No. Posiion  imensty Mo, Posiion  Intensity
1 864,357 03.2488 2 693.284 893793 3 THE.923 TE.7848 'cq‘
4 813813 S7.0377 5 B389 70001 6 913128 936316 ¥
7  102EB4 G58S579 8  1DG2SO 955843 9 110501 948123 qb - ‘ﬁ-@
10 115120 B48481 11 117347 845418 12 119854  B7.2668 Y
13 125061 BE.B924 14 11EN 869138 15 137982 B2.7804 ‘: v
16 144153 6481 17 150035 T840 18 154374 T7.5712
19 160063 77879 20 162377 799496 21 166234  BR.0668 o
22 16BB37  BSES4 23 173BE1  TTA45 24 2BETED 947622
25 205348 900183 26 308626 983501 27 313568 SATZY W
26 319643 081515 23 330636 952862 30 346449  101.469
31 340535 101.413 32 2544 52 101.806 33 MM2 103.281
34 36883 103815 35 36810 103531 36 371133 102580
a7 104472 38 375183 103808 39 38222 103174
40 384022 103129 41 391286 104278 42 ToH0BE 1031
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D.7.4 HRMS

Elemental Composition Report 5 ge 1

'Single Mass Analysis

_Tolerance = 5.0 PPM / DBE: min = -1.5 max = 50.0
Element prediction: Off

»Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
768 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:2-70 H:0-100 N:0-13 ©:0-20 23Na: 0-1
Sun Choi Jan 23, 09-C8-methylaniline PG35
Lew 2008-07b.pro LCT Premier 30-Jan-2009 14.06:27
2009_0130_0292 18 (0.388) Cm (18:23-{32:34+2:5)x2.000) 1: TOF MS ES+
5.13e+003

.Iooi 300.1584

%J._

3011601
| 278.1 .
p——— 208476, , (o1 2391516 547 o0 267.1848 84 3181351 393213 3512656
0 gy e T 2 T [reeseerr e T MHE

Riasansas T 1 T —
180 180 200 210 220 230 240 250|260|270 280 290 .':\lI)U 310 320 330 340 350

Minimum: =1.5

Maximum: 5.0 5.0 50.0

Mass Cale, Mass mDa FEM DBE i-FIT i-FIT [(Norm) Formula

278.1764  278.1756 0.8 2.9 e 48.3 0.9 Cl6 H24 N 03 ?‘E
278.1777 -1.3 -4.7 -0.5 48.0 0.5 c4 EZL N1l 02

Z3Na

D.8 Methyl 6-(tert-butyl)-8-oxo-8-(phenylamino)octanoate (13c)
D.8.1 "H NMR

-]
at

Wercury 400 spectromster "fpﬁ Mk ;L‘%
e
E‘e
[ flrr g LLNLES
; o T
SV T Thi TN T N TRET I R FON DA T I SR B P T T TR S T TR S S ¥
7 1] 5 4 3 2 1 Ppe
1L;;L7;T::ﬂ_d !?:I LTJ;_;: e IL:;L_rjf::TJ;_:: ki
1.1 0.97 1.00 1.08 4.08  1.34 .03

A
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D.8.2 *C NMR

N — T T T L B e e S B D S B O N e e e o e t Py T o gy,

180 160 140 120 100 80 60 40 ppm
120
, |
20 \ig ;
10
19 151 8 4 3
100 L
2
%T
8ok ]
M -
3
50 i 1 i 1 i 1
4000.6 3000 2000 1000 645.893
Wavenumber [cm-1]
| ————— oc_compare-6657 |
[Data Information]
Sample Name Creation Date 211212010 5:28 PM
Comment Data array type Linear data array
User Horizontal Wavenumber [em-1]
Division Vertical W%T
Company Wi Start B645.893 cm-1
End 40006 cm-1
Data pitch 0.964233 cm-1
Data points 3478
Resull of Peak Picking
No. Intensity  No,  Pos#tion Intensity  No.  Posdion Intensity
1 105.886 2 T05.819 &a.g522 3 T40.531 556477
4 812849 108271 5  BEGS4E 108283 & BHM916 106880
7 10163 108,771 8 1171.54 106138 8 1265.07 834313
10 138832  10BOST 11 14398 102841 42 145889  107.077
13 150035 106649 14 152252 105774 15 159966  106.098
16 1680.86 107.264 17 178 105205 16 266474  109.708
19 205248 105414 20 305489 110697 21 3IME 112,457
2 3396.02 112.5988 23 342495 112.704 24 351752 113469
25 355512 112096 28 35667 11283 27T /AT 11276
28 356216 113556 28 3723 113405 30 373448 113351
31 378854 12704 32 3AT14 113011 33 3884 112087
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D.8.4 HRMS

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
lement prediction: Off
=Number of isotope peaks used for i-FIT = 3

Moneisotopic Mass, Even Electron lons

1251 formula(e) evaluated with 4 results within limits (all results (up to 1000) for each mass}
Elements Used:

G 070 H 0100 N:0-20 0:0-20 Na:0-1

2010_0114_0759a 13 (0.283) Cm (11:16-(1:8+37:45)x2.000)

LCT Premier 15-Jan-2010 11:23:13 SUN, CHOI Jan 14 10 - C5-t-butylanilide
1 TOF M8 ES+
1.156+004
- 3422048
% 3202229
343.2084
321.2274 ‘
of“"-za“ 260.1942 2791167  pgg gogg 295.2535 (24210 apsopos 3792852 3933080
¥ ek s T T T T T T T Tl T T T T T T T T T [ T [ T
"250 ' 260 | 270 280 200 300 310 320 330 340 350 360 37D 380 39
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DEE i-FIT i-FIT (Norm) Formula
320.2229 320.2228 0.3 0.9 s 21.5 Q.0 Cle H3I0 N 03 G.—'ﬂ
320.2244 -1.5 -4.,7 3.5 31.86 LE C5 H22 Niv
320,2231 -0.2 -0.8& -1.5 31.9 10.4 Q4 H2E MN13 04
32Q,2220 0.9 2.8 0.5 33.5 12.0 C3 H23 N1T Na

D.9 Methyl 8-ethyl-6-(2-oxo-2-(phenylamino)ethyl)dodecanoate (13d)
D.9.1 'H NMR

i M‘;
Tt 7 T ¥ T [ & i T

] 7 6 5 4 3 2 1 Do
e e aprd bl exmrd L e el
1.53 o.88 389 1.08 6.06
2.00 2.79 1.00 15.86
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D.9.2 *C NMR

T ¢

Nﬂ
¥
e
¥ %,
n P
LEL DN LELEEL BUE I l|l1 | DL ELI LR ) :1—|'r'|"-r-t'|11 1||l|l| I.||| TT 'lll':" r'l'|11"1rftl‘-‘l1tl"'|""l:f|‘tr'l]'rvl'l'I';'I‘I'
200 180 160 140 120 100 80 60 40 20
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D.9.3 IR
QC_Compare-7572.jws

120

3
w_
4
!u 1 1 L 1 L 1
40008 3000 2000 1000 £46.883
Wavenumber [cm-1]
----- QC_Compare-7572.]
[Comment] [Data Information]
Sampie Name Creation Date 52172010 7:03 PM
Cornment Data array type Linear data afray
User Horzonal Wavenumber [cm-1)
Division sunw %T
Campany 649,893 em-1
- End 40006 cm-1
Data pitch 0.964233 cme1
Data points 3476
Resul of Peak Picking
Mo. Postion Mo, Posion  Intensity Mo Postion  Intansity
1 BSTBOT 103227 2 670142 101272 3 694248 983468
4 T4E31T BTE0BE 5 794528 104286 6 81092 104221
7 BG5S 104976 & 912185 GITESE 9 10163 105295
10 117058 99285 11 125254 100.06 12 131039 101238
13 137789 104116 14 144153 GIS54 15 149938  G7.7578
16 154374 945184 17 160053  GS7686 18 166137  97.3848
19 174044  SGOTI3 20 10587 21 202645 591281
22 205634 100.871 23 306526 110,938 24 33665 111,085 ay Ll 2
25 332178 10213 26 345186 112242 27 MT124 112615 (e 4
28 349727 113167 29 35377 113316 30 3ISBI0S 113794 5
31 36313 113638 32 370844 113484 23 I7ERZ2 114208 -
34 380197 114079 35 384247 113386 35 386561 114372 E"‘U_F?K
37T 388261 114503 38 390322 113575 39 396075 11437
40 398711 113878
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D.9.4 LRMS [M+Li], [M+Na], and [M+K]

[SUN CHOI May 21 10-Cé-2-ethylhexylanilide PG134 in MeOH Cone 20 21-May-2010 14:22:03
1005216533 403 (7.449) Cm (401:409-1:51x3.000) Scan ES+
100+ 41431 2.65e7
| 118.22
- %
sopa7 (1532 47547 —
16.33 B
370.44 76.44 790.66
&l |J \"9”13135 25930 3s14s |y (41, | ss7.50__ 62525 7@.&%“\11 798.60 22070 i X
1005216533 300 (5.545) Cm (297:308-1:52x3.000) Scan ES+
06 22667
38241
414.40 75768
o
5866
ML AIBI gney
5 30 25940 smu,] atest (arran 5894950253 708,
1005216533 245 (4.528) Cm (233:251-1-51x3 000) Scan ES+
100- 5.38e6
%
s i
| . ,,I 192.28 zazmm"s m‘"[f 7181 7364
T 600 700 | 800 200 1000

: 20 300 d :
D. 10 Methyl 6- |sopropyl 8 OXO- 8 (phenylam
D.10.1 'H NMR

mo)octanoate (13e)

i 1 - e
| I m— T | T '{ T T T T 1 | T T T I T I T
T 6 L] 4 3 2 1 Ppm
e it o Yy ik Gelfpiind A i e
1.83 0.97 3.16  1.03 3.62 7.18
2.88 1.00 118 1.16 a0
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D.10.2 "C NMR

Marcury 400 spsctrometes q‘? P ‘1'“ ey
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D.10.3 IR
QC_Compare-13464.jws
110
2
= 21
19
1001 |
20 T
61a
L 5
%WT
1
18
90 o8
7 2
rz
i 15
14 3
8D i 1 i | 15 13 1
4000.6 3000 2000 " 1000 649.893
Wavenumber [cm-1]
[ QC_Compare-13484
[Commant] [Data Information)
Sample Name Creation ate 9282011 1057 AM
Comment Data array type Lirgar data array
User Herizontal Waveanumber [em-1]
st g:m £49.893 em-1
ome
CompeE: W End 40006 em-1
Data pitch 0.964233 em-1
Data paints 34
wumm
Position Mo. Position  Intensfy Mo, Postion  Intensity
1 688214 953255 2 693284 BBOSTI 3 7E6923 834432
4 B3558 575486 5 905379 065562 6  09TOR2  O7.83E2
7 117444 892835 B 124888 BO5T58 8 131038 904028
10 1368.25 92.2447 11 1441.53 BO.B30T 12 150035 arzam
13 154277  B13368 14 160063  B33133 15 166234  B5.7399
16 173851  B1.1697 17 286956 100058 18 295441 915896
19 313054 103989 20 329671 100117 21 352427 106.023
22 36313 107224 23 366602 107692 24 3BBI AT 107.368 58
25 373833 107 627 26 3781.37 107.303 2T 3883 57 107,673 ,.:" i
26 391884  107.207 A, ,ﬁ
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D.10.4 HRMS

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max = 150.0
Element prediction: OfF

Mumber of isotope peaks used for i-FIT =6

B45 formulale) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-100 H:0-1000 MN:0-10 O:0-15 23Na: 0-1

SUN, CHO1 Sapt 27 11-CE-soompylaniide
LETIRETR 0 2R E 27-5ep-2011LCT Premiert:55:55
2011_D927_2246 250 {5.585) Cm (257265-130:195¢2.000) 1: TOF M3 ES=+

B8.79e+003
1% ?ﬂﬂ!ﬁﬁ T s smpiss JHEE 3222363 3339385 m'rm,:mms 335 2508 337 2487 mm\"’.“iﬂ?ﬂaﬁ““}ﬂ

B0 S0RE S0ED | 3ov5 | b0 MRS S50 HUS | EhD | 32s 3250 32h5 | 300 33k5 | 3360 3as | 34bd | M5 MED ) MTS
:;::E 0.0 5.0 Z_lll'»DEﬂ
Macss Calc. Mass mDa BEPM DEE i-FIT i-FIT (Norm} Formula
306.2071 306.2069 0.2 0.7 5.5 49.8 0.0 ClE H28 N 03
D.11 N®-Hydroxyl-3-methyl-N'-phenyloctanediamide (14a)
D.11.1 'H NMR
¥ 400 apact -z’#q

| T T L] T ‘ T T T T l Ll T T T T T T T T " T T T i | T T T T T
] 7 6 ‘5 3 2 1 ppm
ke e e eI S
2.11 1.00 3.10 2.17 1.10
2.07 1.0 1.04 4,98
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D.11.3 IR
QC_Compare-4147 .jws

120

sor 11
| 3 i3
9 14
r p2
80 2018
23
70 i 1 i 1 i ]
40006 3000 2000 1000 ©49.893
Wavenumber [cm-1]
[ ———- ac_compare4147f
[Comment] [Cata Information]
Samgle Name Crealion Date A29/2009 10:53 AM
Comment Data amay type Linear data array
Usar Harizontal Warvenumber jcm-1]
Dliviasan m\lﬂlﬂl %T
Company 645,853 cm-1
- End A000.8 crn-1
Data pitch 0964233 em-1
Result of Peak Picking Ciata points 3476
Mo, Posgtion Intensdy Mo, Pasition Intensity Na.  Pasition
1 655679 938041 2 667.25 94,6708 3 693284 B35T1
4 712569 951727 5 725104 04613 6  75BBSD +
7 806099 982349 @& 518634 SEO0ZBR @ BB5 168 100.111
10 908.308 97775 11 976789  S10872 12 103077 47.8745 Y
13 107888  BagTi2 14 111662 ETE483 15 121108 100454 o
16 132388 99.4373 17 13raa2 28.7585 18 141839 81,5159
19 146758 878047 20 150035  BOB19S 21 154085 983834 ~lp
22 159968 23 164305 749125 24 265809 105222 e
25 28676 102771 26 292838 27 04858 103.277
2B 3260.72 97.3753 28 34 581533 30 3M5p0 99.147
31 2206 100,63 a2 355889 105231 33 3smary 106.522
3 360623 106,992 35 3E2T4S 107.714 3% 36477 108.154
ar  JEME 108.83 3@ 369am 109.009 3 ITE51 108.03
40 JT286% 109.158 41 37634 109.822 42 ATE3IES 108.574
43 JazT o4 108.151 44 385068 10555 45 361479 109.118
46 385818 109.896 47 3973E1 108,571

www.manharaa.com




D.11.4 HRMS

Elemental Composition Report

Single Mass Analysis

192

Page 1

Tolerance = 10.0 PPM / DBE: min=-1.5, max = 50.0

Slement prediction: Off
-Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

231 formulale) evaluated with 3 results within limits {up to 50 best isotopic matches for each mass)

Elements Used:

C:0-27 H:15-28 MN:0-2 ©O:0-10 23Na:0-1 & 02
Sun Choi Mar 03 08-C6-methylH.A. PG48
Lew 2008-07h.pro LCT Premier 04-Mar-2009 11:16:21
2009_0302_0327 14 (0.300) Cm (12:17-(2:8+20:36)x2.000} 1. TOF MS ES+
2,35e+004
10 301.1531
%
2781718 302.1572
2801750
ol 2461547 270.2483273.2185 | aeso007 || 3031612 3171281 323A355 3431405 3522590
. " e - . ! e - [ e S T
240 250 260 270 280 300 30 330 340 350
Minimuam: -1.5
Maximuam: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DEE i-FIT i-FIT (Morm) Formula
278.1710 278.1708 0.1 0.4 25, 30.9 0.8 Cl3 H23 N2 03
279.1725 -1.5 -5.4 L] 31.0 0.8 clg H24 © 23Ha
279.1685 2.5 9.0 2.5 2.4 2.2 Cl3 H24 N2 03
7INa

D. 12 N®-Hydroxyl-N®, 3-diphenyloctanediamide (14b)

D.12.1 "H NMR

Mercury 400 spectrometer

N T

6.06
1.89 0.88

6 5 4 3 2 1 P
— i L
1.00 1.7 1.76 2.07
1.75 1.99°0.53 0.49
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D.12.2 ®C NMR

400
!
| L
||||||lll|ll||-|-.l|l||||||||||||1'lll! 1l|l1||||1||I||||||||r|||||]||1l'||||1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 pPpm
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D.12.3 IR

QC_Compare-4146.jws

B
13
80 |
| !
1 | g !
L g
1
g0l 8
17 a
15 4
20
50 L ! L 1 L ]
4000.6 3000 2000 1000 649883
Wavenumber [cm-1]
[ at_compsres14s
5
[Comment] [Dada Informatien]
Sample Name Creation Date A2HZ00H 10:48 AM
Comment Dataaraytype  Linear dala amay
User Harizontal Wavenumber [em-1] o .
Division Vertical %T o
Company Start E45.853 om-1
i End 40006 em-1
Result of Peak Picking Data pitch 0.964233 cm-1
Mo, Postion  Intensity Mo, Pesiion  Intensity Mo, Positidieta 3478
1 662428  BO.SS534 2 673035  B7.0451 3 649060 598519
4 823 58908 ] B15.568 672237 6 B32133 580072
T BTTAS2 909278 8 06370 PG4046 9 STETES 7B 1605
10 102684 B4BBGE 11 108091 898513 12 111562 705389
13 13038 G2NTT 14 1372 831551 15 141742 57958
16 14666 732013 17 148842 601803 18 154374 52383
19 158a7 40833 20 184113 550554 21 187447 114,457
22 1M872 114,168 23 265839 112.188 24 285895 99 8843
25 201838 26 02873 01885 27 306241 103.131
28 3080.73 103,741 % 3235 97 1994 30 325043 .72
3 344424 105.497 32 346738 107.039 33 31395 116.47%
34 364577 117.245 35 386119 117.906 36 35853 17715
7 Iam 18712 33 374026 120385 3@ 37489 119,964
40 76147 119828 41 3TTdM 118.784 42 3TB4 G2 119.681
43 382319 119.332 44 .36 116,848 45 386272 118.553
46 380418 119573 47 393022 119558 48 395818 118.95
45 3994 82 119.189
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D.12.4 HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-15, max=200.0
_clement prediction: Off

Number of isotope peaks used for i-FIT=3

Monoisotopic Mass, Even Electron lons

286 formulale) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C: 040 H:060 N:04 0:0-6 23Na: 0-1

CHO! SUN April 28 09-C6-Phenyl HA. PG B4

2008-07b.pro LET Premier 25-Apr-2008 10:54:10
2009_0429_0399 11 (0.229) Crn (9:12-{1,4+31:26)2.000} 1: TOF MS ES+
2.35e+004
— 363.1697
%
364,1739
! 357.2166 365.1759 172.2312
0., 3310014 3352361 3411877 3441800 g 950 3549075 VT EE2ITH | 7 L s
i) e T T e T T T T T T T T T
330.0 3350 340.0 5.0 3500 3850 360.0 365.0 370.0 3750
Minimum: -1.5
Maximum;: 5.0 5.0 200.0
Mass Cale. Mass mDa FPM DBE i-FIT i-FIT (Worm} Formula
341.187%  341,1865 1.2 3.5 9.5 27.0 0.5 20 H25 M2 03 é'ﬁ
341.1831 0.t -1.2 10.5 27.5 1.0 C23 H26 O 23Ma

D.13 3-$tert—ButyI)—I\I8-hydroxyI-N1-phenyloctanediamide (14c)
D.13.1 HNMR

Marcury 400 spectrometar

[ ¥} FoJ f////

7 6 5 4 3 2 i PP
L R e s et
1.80 0.86 0.94 1.88 3.00 1.39 #.00
1.81 0.91 0.99 1.01 1.08 1.324
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D.13.2 ®C NMR

Marcury 400 Epectrometer ?""

I
A0 (0t e o o e £ 0 U L e SN B P s e o B e B i e o o e e e 0 )

3 160 140 120 100 \ B8O 60 40 20 , F
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. “D
QC_Compare-6656.jws bt ¥ g,
o Zeg
M
120
]
22
100 23 112
4
25 : 5
%T [ 226
20 0
1815
ml—
2
21 4
1
80 i ] M 1 . F
40006 3000 2000 1000 649.893
Wavenumber fcm-1]
| 0C_Compare-5656 |
[Comment] [Data information]
Sample Name Creation Date 21272010 5:20 PM
Coenmant Data array type Linear data
User ‘Wavenumber [cm-1]
Company Start :-Em 1
| om=
e End 40005 em-1
Data pitch 0.984233 cm-1
Data points MTE
Resull of Peak Picking
Mo, Posion  Intensity  Me. Pesilion No. Pesition
1 B67.25 B6.0TTY 2 693.284 BOS01T 3 TI1.B53 0113
4 756.923 TEB4 5 815742 §4.7632 B 280,345 892788
T 903.487 BE.8418 B GT5 804 62 5486 & 1057.76 90 8444
0 10838 BBTS03 11 111948 743028 12 122361 100948
13 132293 101025 14 136728 969864 15 141742
16 144346 91.4137 7 1467.58 §0.7T242 18 1500.35 84,4257
9 154683 950861 20 158985 87.763 2 164788 T9.0675
2 193811 108174 23 101,933 24 286056 991823
25 295634 Q40468 26 3M075 916308 27 339989 913507
28 374894 111,497 20 380254 112575 30 3828 111.829
31 383668 111.803 32 38485 111.05 33 3amais 111.945
M 3m0EN 112.318 35 382347 112,337 36 384371 11164
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D.13.4 HRMS

Elemental Composition Report Page 1

Single Mass Analysis :

Tolerance = 5.0 PPM / DBE: min = -1.5 max =50.0

“lement prediction: Off M’L‘ -9
—rlumber of isotope peaks used fori-FIT =3 4 +~

Monoisctopic Mass, Even Electron lons

1165 formulaje} evaluated with 3 resuits within limits (all results (up to 1000} for each mass}
Elements Used:

C:0-100 H:0-200 N:0-15 0:0-19 Na: 0-1
2010_0121_0772 12 (0.248) Cm (12:16-(1:7+36:44)x2.000)

LCT Premier 22-Jan-2010 08:03:21 CHOI, SUN Jan 21 10 C6-t-butyl hydroxamic acid
1: TOF MS ES+

1.48e+003

321180

% B

265.2134 288.1841

| 1643799 184.4546 2241014 3051648 | ; 3952352_“??45%2
160 180 200 220 240 260 280 300 320 340 360 380 400 420

Minimum: -1.5

Maximum: 5.0 5.0 50,0

Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Norm) Formula

321.2180  321.2178 0.2 0.6 5.5 35.0 0.9 cle H29 N2 osq—-ﬁ_
321.2183 -0.3 -c.9 -1.5 34.8 0.6 €31 H25 N14 04
321.2194 -1.4 -4.4 6.5 37.2 3.0 €21 H30 O Na

D.14 3-$2-Ethy|hexyl)-Ns-hydroxyI-N1-phenyloctanediamide (14d)
D.14.1 HNMR

¥ 400 apac

8 7 6 5 4 3 2 1 ppm
Lt e bt ! b (P T S S—
1.77 0.83 3.0z 16.67
1.81 2.02 2.00 §.17
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D.14.2 C NMR

Hercury 400 spectromscer

is0 140 120 100 80 60 40
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D.14.3 IR

200

1
3
Y
| ! I i\
i {25 1 Al
m A e
|15 14 ,_}
28 1
%T - ¥ i
2 10
2 |
il
23 ! (lf
- |
2 LT 4
20 5
L 1816
21
80 | | i 1 n 1
40006 3000 2000 1000 ©45.883
Wavenumber [cm-1]
QC_Compare-7643
[Comment) [Data Information]
Sample Nama Creation Date ! 52772010 11:08 AM
Carmrmant Data afray type Linear data array
Usar Horizontal ‘Wavenumber [cm-1]
Division Vertical w7
Company wsu Start 649,893 em-1
End A000.6 am-1
Data pitch 0.964233 cm-1
Data points T8
Resull ¢f Peak Picking
Mo. Posion  Imensy Mo Posiion  Intensity No.  Posiion  Infen
1 653.75 92.1607 2 682 428 B9.9245 3 692,32 3‘1.!;2!.&'!'||
4 723175 914144 5 755555  BO1282 & BO1.2TE  99.5807
7 34777 100824 8 885 166 w7 8 803 457 104,373
0 98159 950786 11 102488 101138 12 108573 091041 Mlea 2 e
13 111658 961331 14 130846 100456 15 137789 861018 fleg 217, 261
16 141646 72,860 17T 14868 81.034 18 145538 724784
18 153882 100.799 20 158066 79.0394 21 164305 64 953 o
22 285895 BE27TS 23 292645 B5.1781 24 34 91.2262 5} #@
25  3DB53 105742 26 324272 OTASTE 27 328622  97.045 ne
28 3W035 g8 28 339121 9B3ITE 30 36718 116.113
31 373544 17913 32 3B0W01 119266 33 383572 115.961
M 3sa2 119518 35 @9 12048 3% 393086 120 479

D.14.4 HRMS

DI el e e [t L e 4 e

Menoisctopic Mass, Even Electron long

1703 formula(e) evaluated with 3 results within limits (up to 700 best isotopic matches for each mass)

Elements Used:

C; 0120 H:0-1000 N:0-16 O 0-30 23Na: 0-1
SUNCHOI  May 26 10-C6-2-ethylhexylhydroxarnic acid
LCT2008-07b.pre 201 0-cif.sp

2010_0526_989 13 (0.283} Cm {12:16-1:6x2.000)

LCT Premier 26-May-2010 13:36.06
1. TOH

MS ES+

7.65e+003
377 2788
! !
|
|
Y 371.3269
375.2841
372.3297 E
365.9457 i 379.2872 335-‘3“23 ’ 3952455 3912832 393303 06051
'(‘1|r\||-11"w-|-||||||| L i s e ‘...‘-..1..‘.‘....‘.|...|...ma’z
3675 3700 3725 3750 3775 3800 3825 3850 3875 3900 3825 3960
Minimum: -1.5
Mazcdmam : 5.0 5.0 50.0
Mass Calc. Mass mha PEM DEE i-FIT i-FIT (morm) Formula
377.2798  377.2804 -0.6 -1.6 5.5 15.6 0.0 €22 HIT N2 Oad-ﬂ
377.2780 1.8 4.8 ans 21.9 £.3 €20 H38 Nz ©3
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APPENDIX E. DOSE RESPONSE GRAPHS AND DATA FOR C7-SAHA

LIBRARY
Table E.1. Percentage HDAC activity after incubation of SAHA with Hela Lysate
Concentration | Trial 1 | Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
3.125x 10° 75 75 76 75 0
6.25 x 107 63 56 51 57 3
1.25x 10 44 35 40 40 3
25x10" 31 21 26 26 3
50x10" 20 16 15 17 2

ICs0 Curve of SAHA

100
y = 100/(1+(x/m3)"m4)
Value Ermor
m3 | B.6318e-B 3.64Be-9
md 0.98183 0.049623
a0 Chisqg 10.508 A
= R| 0.99759 NA
[+5]
=]
m
E
E 80
o
o
2
3
a0
®
i
:
a 20
o
1o 10 1 1o '

SAHA Concentratlon (M)

Figure E.1. Dose response curve of SAHA tested using the HDAC activity from
HelLa cells lysates from three independent trials. In some case, the error bar is
smaller than the marker size. Data were fit to the sigmoidal curve using
Kaleidograph 4.0 (Synergy Software) to determine the ICso. The insets were the
results of the data analysis. The data are reported in Table 4.1.
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Table E.2. Percentage HDAC activity after incubation of C7-SAHA pyridyl
analogue 22d with Hela Lysate

Concentration | Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E))
1.11x 10" 70 70 86 75 5
3.33x 10" 63 66 49 59 5
1.00 x 10° 45 24 31 33 6
3.00x 10° 18 5 18 14 4
9.00 x 10° 8 2 24 3 3

ICso Curve of C7-Pyridyl Analogue

100
y = 1000 1+{'m3) md )
Value Error
m3 | 4.4971e-7| 3.5597e-B
s m 0.92154 0.068323
. Chisqg 24,512 A
= R (.99665 MA
&
m
E
E 0
a
£
2
-
a0
]
i
i
a 0
4}
10t 108 107 10 10 .00

C7-Pyridyl Analogue Concentration (M)

Figure E.2. Dose response curve of C7-SAHA pyridyl analogue 22d tested
using the HDAC activity from HelLa cells lysates from three independent trials.
Data were fit to the sigmoidal curve using Kaleidograph 4.0 (Synergy Software)
to determine the ICsy. The insets are the results of the data analysis. The data
were reported in Table 4.2.
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Table E.3. Percentage HDAC activity after incubation of C7-SAHA
methylanthracene analogue 22f with Hela Lysate.
Concentration (M) | Trial 1 Trial 2 Trial 3 Mean S.E.
410 x 10 81 76 75 77 2
1.23x10° 47 60 61 56 4
3.70 x 10° 33 38 49 40 4
1.11 x 10" 27 15 23 22 3
3.33x 107 10 12 13 12 1
1.00 x 10° 7 5 8 7 1
ICso Curve of C7-Anthracene Analogue
100
y = 100/(1+{x/m3)*m4)
Value Error
m3 | 1.9647e-8| 1.0859e-8
2 md 0.72002 | 0.030164
vy Chisqg 11.792 NA
- R| 0.99844 NA
&
£
E &0
a
£
£
< w0
:
z
E 20
0
1o 1o 10 10r¢ 10

C7-Anthracene Analogue Concentration (M)

Figure E.3. Dose response curve of C7-SAHA anthracenylmethyl analogue 22f
tested using the HDAC activity from HelLa cells lysates from three independent
trials. In some case, the error bars are smaller than the marker size. The insets
were the results of the data analysis. The data are reported in Table 4.2.
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Table E.4. Percentage HDAC activity after incubation of C7-SAHA
methyltetrahydro-anthracene analogue 22g with Hela Lysate.
Concentration (M) | Trial 1 Trial 2 Trial 3 Mean S.E.
1.00x 10° 92 124 92 102 10
5.00 x 10° 38 68 76 60 11
2.50 x 10 27 27 30 28 1
1.25x 10° 11 25 15 17 4
6.25 x 10° -2 2 0.5 0 1
ICso Curve of C7-Tetrahydroanthracene
120
y = 100/(1+{x/m3)*m4)
Value Error
oo m3 | 1.0194e-7| 3.0278e-8
md 0.98576 | 0.25816
_ Chisqg 268.05 NA
£ R| 097948 NA
% 80
t
o
a
_E. &0
2
T
<
B
B a0
3
8
8
i
Q
1o et 1o 1o 1o

C7-Tetrahydroanthracene Concentration (M)

Figure E.4. Dose response curve of C7-SAHA tetrahydroanthracenylmethyl
analogue 22g tested using the HDAC activity from HelLa cells lysates from
three independent trials with error bars indicating standard error. In some case,
the error bars are smaller than the marker size. Data were fit to the sigmoidal
curve using Kaleidograph 4.0 (Synergy Software) to determine the 1Cso. The
insets were the results of the data analysis. The data are reported in Table 4.2.
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Table E.5. Deacetylase activity percentage remaining after incubation of
HDAC1, HDAC3, or HDAC6 with SAHA and the C7-SAHA analogues 22a-g.

Compound HDAC Trial 1 Trial 2 Mean S.E.
Isoform
HDAC1 30 35 32 2
(g’;‘:@l ) HDAC3 44 45 44 1
HDACG 32 36 34 2
HDAC1 38 52 45 7
((317(')'2)"?'\%' HDAC3 27 57 42 10
HDAC6 21 35 28 7
HDAC1 66 87 76 10
%7(')%9””@)/' HDAC3 54 88 71 11
HDACG 55 66 60 5
HDAC1 44 68 56 10
C7-Pyridyl HDAC3 101 92 97 4
(500 nM) HDAC6 62 55 59 3
HDAC1 64 66 65 1
C7-Tetrahydro- MHpaC3 47 60 53 6
a(”fggagﬁ/l”)e HDACS 76 84 80 4
HDAC1 91 114 102 10
C7-Biphenyl  "HDAC3 91 96 93 2
(100nM) ~Hbace 71 82 76 5
HDAC1 103 121 112 9
C7('1'\éamt)hy' HDAC3 55 60 57 2
HDAC6 82 104 93 10
HDAC1 42 47 44 2
C7-Anthracene
(500 nM) HDAC3 89 90 89 0
HDAC6 50 56 53 3

Deacetylase activity of HDAC1, HDAC3 and HDACG6 was determined with SAHA
and with C7-SAHA analogues at given concentration using an in Vvitro
fluorescence assay as described (Section 3.6). The fluorescence activity of
background (No enzyme added) was subtracted from the no small molecule
treated (positive control) and the percentage of the deacetylase activity was set
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206

Deacetylase activity percentage of each independent trial, mean

percentage of deacetylase activity, and standard error (S.E.) are illustrated. The
data are reported in the manuscript in Figure 4.2.
Table E.6. HDAC1 activity percentage after incubation of SAHA.

Concentration | Trial 1 | Trial 2 Trial 3 Mean Standard  Error
(M) (S.E.)
3.125x 10° 68 91 82 80 7
6.25x 10° 55 62 57 58 2
1.25x 107 48 27 37 37 6
2.50x 107 37 40 25 34 5

HDAC1 ICs: Curve of SAHA

106
y = 10071 +{x/m3)*m4)

Value Ermor

m3 | 9.6287e-B( 1.618e-8

e md 0.99419 0.2374

Chisqg 106.87 MNA

R 0.96042 NA
&0
AQ
20
@

SAHA concentration (M)

Figure E.5. Dose response curve of SAHA tested using the HDAC1 activity from
three independent trials with error bars indicating standard error. In some case,
the error bar is smaller than the marker size. Data were fit to the sigmoidal curve
using Kaleidograph 4.0 (Synergy Software) to determine the ICso. The insets
were the results of the data analysis. The data are reported in Table 4.3.
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Table E.7. HDACS activity percentage after incubation of SAHA.

Concentration Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
3.125x 10° 88 78 74 80 4
6.25x10° 76 74 70 73 2
1.25x 10 63 45 44 56 5
2.50x 10 27 39 37 34 4

HDAC3 ICs0 Curve of SAHA
100
¥ = 100/(1 +(x/m3)*md)
Value Ermor
m3 | 1.3603e-7| 1.00852-8
md 1.066 0.12084
a0 Chisq 23.894 NA
B 0.99093 NA
B0

A0

Deacetylase Activity Percentage (%)

SAHA Concentration (M)

Figure E.6. Dose response curve of SAHA tested using the HDAC3 activity from
three independent trials with error bars indicating standard error. In some case,
the error bar is smaller than the marker size. Data were fit to the sigmoidal curve
using Kaleidograph 4.0 (Synergy Software) to determine the ICso. The insets
were the results of the data analysis. The data are reported in Table 4.3.
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Table E.8. HDACG6 activity percentage after incubation of SAHA.

Concentration Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
3.125x 10° 66 76 73 72 3
6.25x 10° 64 62 60 62 1
1.25x 107" 37 28 32 32 2
250x 10" 13 12 9 11 1
HDACE ICs0 Curve of SAHA
100
¥ = 100/(1 +(x/m3)*md)
Value Ermor
m3 7.4148e-B | B.514%9e-8
md 1.416 0.25721
a0 Chisg B1.879 NA
= = 0.98198 NA
5
&
-
£
=y
=
B
- S 11
B
§
g
4]

107

SAHA Concentration (M)

Figure E.7. Dose response curve of SAHA tested using the HDACG6 activity from
three independent trials with error bars indicating standard error. In some case,
the error bars are smaller than the marker size. Data were fit to the sigmoidal
curve using Kaleidograph 4.0 (Synergy Software) to determine the ICso. The
insets were the results of the data analysis. The data are reported in Table 4.3.
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Table E.9. HDAC1

anthracenylmethyl 22f.

209

activity percentage after

incubation of C7-SAHA

Concentration Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
1.11x 10" 103 96 86 96 4
3.33x 10" 33 42 43 39 3
1.00 x 10° 17 16 17 17 0

HDAC1 ICs0 Curve of C7-Anthracene Analogue

A0

Deacetylase Activity Percentage (%)

¢

y = 1001 +(x/m3)*md)

Value Error
m3 | 3.0003e-7| 6.5726e-8
m4 21402 1.0155

Chisq 162.37 M A
R 0.87534 MNA

10"

10"

Anthracene Analogue Concentration (M)

Figure E.8. Dose response curve of C7-SAHA anthracenylmethyl analogue 22f
tested using the HDAC1 activity from three independent trials with error bars
indicating standard error. Data were fit to the sigmoidal curve using Kaleidograph
4.0 (Synergy Software) to determine the ICsp. The insets were the results of the

data analysis. The data are reported in Table 4.3.
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Table E.10. HDAC3 activity percentage after

anthracenylmethyl 22f.

210

incubation of C7-SAHA

Concentration Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
3.33x 10" 84 87 86 86 1
1.00 x 10° 51 57 70 59 5
3.00x 10° 13 23 27 21 4

HDAC3 ICss Curve of C7-Anthracene Analogue

100 1
y = 10001 +{x/m3)*m4)
Value Ermor
m3 | 1.2423e-6| 5.4525e-8
m 1.4435 | 0.082437
80 Chisqg 4.0601 MA
= R 0.99904 MA
g
]
(=]
B
5 @
#
o
2
=
i3]
< 4
@
£
%]
m
8 20
i

10

1w’
Anthracene Analogue Concentration (M)

1®

10°

[ENalii] |

Figure E.9. Dose response curve of C7-SAHA anthracenylmethyl analogue 22f
tested using the HDAC3 activity from three independent trials with error bars
indicating standard error. In some case, the error bar is smaller than the marker
size. Data were fit to the sigmoidal curve using Kaleidograph 4.0 (Synergy
Software) to determine the ICso. The insets are the results of the data analysis.
The data were reported in Table 4.3.
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Table E.11.

HDACG6 activity percentage after

anthracenylmethyl 22f.

211

incubation of C7-SAHA

Concentration Trial 1 Trial 2 Trial 3 Mean Standard Error
(M) (S.E.)
1.00 x 107 85 84 63 77 7
3.00x 10" 52 53 56 54 1
9.00 x 10 37 36 44 39 2

HDACS ICss Curve of C7-Anthracene Analogue

100
y = 10001 +[x/m3)*md)
Value Error
m3 | 4.4284e-7| 7.3436e-8
md 0.74014 0.14047
a0 Chisq 20.73 M A
— R 0.98605 M A
s
]
(=]
m
E o
(%]
&
o
£
2=
b3 ]
L= 4]
]
i
3
8 w
i

10

1w’
Anthracene Analogue Concentration (M}

1wt

Figure E.10. Dose response curve of C7-SAHA anthracenylmethyl analogue 22f
tested using the HDACG6 activity from three independent trials with error bars
indicating standard error. In some case, the error bar is smaller than the marker
size. Data were fit to the sigmoidal curve using Kaleidograph 4.0 (Synergy
Software) to determine the I1Csp. The insets were the results of the data analysis.
The data were reported in Table 4.3.
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APPENDIX F. SUPPLEMENTARY INFORMATION FOR C7-SAHA LIBRARY

F.1. 1,1-Dibenzyl 6-methyl hexane-1, 1, 6-tricarboxylate (24).
F.1.1.'H NMR

Marcury 400 spectromster 4"53.
05& & 0‘7?: ® o
(=3
2
e
|
|
= - ,—7 ‘ —ﬂ # —Il
S 1\ S e e e W _____.--__J\ eaiae ! R o
T LR e SRS Fhie e i —r Elaie S Ghie o s pe ob e e T = R |
8 _ 7 & s " 3 2 1 pra—
13
F.1.2. °C NMR
- o« "=l
=3 B
" w")
™
L
8]
A - | o __,__l_ : P s L S
o ﬁ}an 160 e 120 7™ so a5 o 40 20 j Pom

www.manharaa.com




213

F1.3. IR
bt
100 -
23
)0
9
1
2 1
11 10
r
% 18
70
1
! 4
- 1 L)
43 3
Gu._
22
50_ i | i | i 1
4000.6 3000 2000 1000 649893
Wavenumber [cm-1]
| ———— QC_Compare-2893
[Comment] |Data Information]
Sarmple Mamea Creation Date 1172008 315 PM
Comment Data array type Linear data aray
R of Peak Picking Harizontal Wavenumber [cm-1]
N@vistasition Mo. Posion  intansity  Noo  Poatidfnicainensiy wT
1w wia2783 2 BTRER BAT458 3 G698 1@@at 853921 649,893 cm-1
4 41406 B748227 5 806089 E1B408 6  83698pd sazem2 40006 cm-1
7  B4BS5OT 818406 B 857204  B24557 9 907 3Awla pdEhsees 0.964233 cm-1
A0 RS THAS 11 105204 B22899 12 1100 Tinta poaig5d u7E
13 11%6.12 BBOEDS 14 121397 6505 1§ 128122 693778
16 133257 T6 4087 17 13TT.88 77.7002 18 145599 74,9189
48 -40RAZ  BOAOOG 20 158616  AST22% 21 161027 882109
97 173369 542958 23 Z6TAEZ  A75807 24 2BG1.A4 836838
25 294853  TOS143 26 3033a8 E2G423 27 306626 851135
28 08748 BEIGTZ 2% 34T26  BTTRET 30 324581 BB.2MO9
31 329285  88.0802 2 0443 BB.0SET » s BB.1515
34 AME78  DA.N62 35 A3S517T  BT7EE6 36 3IWSOT BT.TO3S
37 45581 BT4184 38 347780 AT.0564 39 350143 ATd4002
40 35127 §7.383 41 35881 874518 42 386574 AT.2544
43 36178 £0.039 &4 3641851 880199 45 366409 881245
45 3B57TH4  BRSIA4 4T ITI23 880318 48 374026 8524
49 3IT5ZA BE.348 £y 377401  BTOBES 81 370008 876405
52 391644 B78802 53 383378 ET.2302 54 245587 @763
55 387043 B7TH4 EA 384393  BT.T4ET 5T 389647  ET.B392
55 393988 B7O264 55 296588 BB.5438 B0 397843 BB.2485
(1] 20N AR ARAT
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F.1.4. HRMS

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =50 PPM / DBE: min =-1.5, max = 50.0
Zlement prediction: Off

=Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

369 formula(e) evaluated with 2 results within limits {up to 50 best isclopic matches for each mass)

Elements Used:

:0-500 H.0-1000 N:0-4 O:0-6 23Na: 01

0ifoct] 208-C7-MalonatePg16 mwd12 LCTO171 1ul meoh

2008-07b.pro . LCT Premier 20-Oct-2008 3::2::8

Sha |
2008_1020_0171_01 20 (0.438) Cm (17:20-1:6%4.000) 1: TOF MS ES+
2.88e+003
1 4361767
%
: 4302234 [4351800
] 451.1496
T 12816481591560 199.9020 2470956 3293524 350 posg 372.2196 1 486.2858 ¢ 12 a00a

1120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 430 480 800 530 54D

Minimurm: L5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass moa PEM DBE. i-FIT  i-FIT (Norm) Formula

435.1767 _435.1782 -1.7 -3.9 10.5 95.2 0.0 C24 H2B 06 _ZIN
135.1749 1.8 T.1 22.5 986 4.4 TITHZT O

F.2. 6, 6-Dibenzyl 1-methyl 7-(pyridine-4-yl)heptane-1, 6, 6-tricarboxylate (25).
F.2.1. "H NMR

B e e s e R B B e [ o G R B B e o e ! R e Bien Ty | T o e | L e e
8 7 L3 4 3 2 b 3
[a— Nl R O AN S (A R PR 1, PN
1.77 1.78 .00 1.95 L.95
T.08 .39 1.89 i.85 .11
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F.2.2.>C NMR
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F.2.3. IR
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QC_Compare-3155.jws

Feb &, 2=2
y

ﬁlt-ﬂ

g
1 A
I
17
L 1110
%T . %
)
sor- 2
12
En__
3
50 1 | aq L |
4000.6 3000 2000 1000 649.893
Wavenumber [cm-1]
[ =~ oc_compare-3155]
[Data Infermation]
Sunpuﬂnmu Creation Data 2512009 326 PM
Commeni Data array type Lingar data array
Liar Horizontal Wavenumber [om-1]
Division Vertical T
w Wsl Stan 549,693 em-1
Result of Picking End 40006 cm-1
MNo.  Position I Mo, Posion Intansity Mo, Positidheta naity 0. 854233 am-1
1 883363 106215 2 608105  B15197 3 7azaeis peory 3476
4 TETTTE 104149 5 15742 103576 6  B25384 10367
T 847561 102477 8 912185 865883 0§ 954501 103832
10 102787 034908 11 100826 G2B218 12 197058  TO.GAz2
13 121783 790802 14 123815 FBOZTY 15 137403  99.9891
16 141548 988035 17 145503 957541 18 149842 105184
1% 15582 108416 20 180083 971595 21 17308 52 545
22 193907 113935 20 272878 116843 24 28857 109.085
25 285055 102502 26 303155 110746 2T 30653 112622
28 315208 116272 29 3METTE 116845 30 327164 116.682
31 333721 1ES2 X2 33T28F 117093 33 IBETAE 116719
34 344006 116562 35 247413 1164894 35 345824 117066
37 353488 116985 38 356477 116911 39 358502 116619
40 3W23IB0 117248 41 IBEDAT 117492 42 358723 117430
43 375183 M7B87 44 375437 117.352 45 377504 1nr.rz2
48 381354 117203 47 38885 117188 48 3880 117.518
49 380128 TI7TI7 S0 392539 117565 51 384371 1773
52 A0AR 14 117 74

B

£.

www.manharaa.com



217

F.2.4. HRMS

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
lement prediction; Off
“Nurnber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
426 formula(e) evaluated with 2 results within limits {up to 50 best isotopic matches for each mass)

Elements Used:
;0-1000 N: 04 ©:06 23Na:0-1
pct1808-C7-pyridinePg18 mw503 LCT0172 0.2ul meoh

Shay .pro LCT Premier 20-0ct-2008 3::0::8
2008_1020_0172_03 13 (0.283) Cmn (12:16-25.36x4.000) 1. TOF MS ES+
1.452+004
5, 504.2387
%- 505.2423
Vi
526.2208
329.0807 442.2268 | T 8421981 gapa7sg
e T T T T £ T I T 5 T T T T T T T T ¢ T T T T T miz
320 340 360 380 400 420 440 450 480 §00 520 540 560 580
Minimum: =Ly S
Maximum: 5.0 5.0 50.0
Mass Cale. Mass mia PEM DBE i-FIT i-FIT (Morm) Formula
04,2387 504.2388 2.1 0.2 14.5 28,1 ¢.0 C30 H34 N 06
504,2362 2.5 5.0 11.5 35.3 Tl CZ8 H35 N 06 23Na
F.3. Benzyl 6-bromohexanoate (16).
1
F.3.1. HNMR
of ,2=1° |
i Tec A~ 2
@"M"F
T T T BT T T RN FEL OB T
T & 5 4 3 2 1 k==
ot ot —_ e iy eyt
4.08 1.9% 2.08 .09
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F.3.2.°C NMR

Mercury 400 spectrometer
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F.3.3. IR
120
‘ r(_k“‘“——x__._,
100 Ii 1 N\FI
15
16
%T
N.._
m_
[ 14
50 . . 1
4000 3000 2000 1000 600
Wavenumbar [em-1]
esult of Peak Picking [Commant)
No. Poaiion  Inlensity MNo. Position  Inlensity Sample Name
I GA3 144 95TOO2 2 687141  B80.0572 GComment
i Ta5.T1 BI4347 4 825384 880187 User
§ 1201 95,1809 -] 978687 82,0834 Division
r 108081 S4B527 8 112333 84,3844 Company Wayne State
i 116478 T15228 10 12835 76.731
11 138484 S4BBIS 12 145503 BA.2322 [Measuramant Information)
13 140745 96,0066 1“4 1732 54 5248 Madel Name FT/AR-4 100ty pas
1§ 28677 984524 18 293808 BS 3816 Serial Numbes BOT7 1461016
I7 303348 102 248 18 30653 103 807
Light Scurea Standard
Dwetactor TGS
Accumulatan Auto (83)
Resolution 4 om-1
a 2Zero Filling g:ﬂ
7 Apodization ne
Bro AN Gain Auto (4)
Aperture Auto (7.1 mm)
g Scanning Spaad  Auto (2 mmisac)
Bock 4, > 77 Filter Auto (30000 Hz)
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F.3.4. HRMS

—

Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
&"Iement prediction: Off
umber of isotope peaks used for i-FIT = 3

Monoisctopic Mass, Even Electron lon
72 formula(e) evaluated with
Elements Used:

C:0-500 H:0-1000 ©:0-4 23Na:0-1 Br:0-1

10-CTbromobenzylester LCT1067 mw 284 meoh
P O-cif.spl
2010_0702_1067_14 13 (0.284) Crn (10:19-(1:8+33:45)x2.000)

220

Page 1

1 results wn'hin limits (all results (up to 1000) for each mass)

LCT Premier 02-Jul-2010 16:07:38

i 07,0314 309.0298
%
3100333 27,1362
20763 g0, 0739 328.1305
ol 125§ | _311.0358 23,0076 b4 w6
& T T T T |l T

3000 an's.u g0 sis0 3200 3250 3300 335.0
Minimum: -1.5
Max dmam : 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
307.0314 307.0310 0.4 1.3 4.5 53.4 0.0 €13 H1T7 02 23Na

Br

F.4. 6- Benzyl 1,1-di-tert-butyl hexane-1,1,6-tricarboxylate (17).

F.4.1."H NMR

400 'lk
v‘ ;:’ ./ﬁ.‘ Caved
Y

srif

—_—r—7T v T T T s T T T T T T ——r—r T
7 6 5 4 3 2 1 wpe
] —_— — oyt e s s
i.se .00 .08 2.27 4.45
o.a7 D.96 2.14 19.14
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F.4.2.°C NMR
Marcury 400 Spectrometer 4 "3"‘._’ s o'
ot o~
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F.4.3. IR
QC_Compare-7570.jws

| S
3
12 11
100~ 19
8
3
T L
% 4
0~ 1745
el e
L 21
70 L 1 n I L I
4000.6 3000 2000 1000 649.893
Wavenumber [cm-1]
L: — QC_Cmu-?m.j
[Comement] [Data nformation)
Sampde Name Craation Date SMB2010 308 PM
Comment Data array type Linear cata amay
User Horizontal Wavenumber [cm-1]
Division m""ﬂﬂﬂl‘ wT .
cum'.n: mm &M=
e End 4000.6 em-1
Data piich 0.964233 cm-1
Result of Poak Picking Data points 3478
No. Posiion  Intensity  No.  Posilion In No.  Pesition Inlengity
1 6605 105268 2 B77TB56 104525 3 660060  SA.66Y1
4 748245 G507 5 TBAV43 106550 6 BATIT 105249 o
7 825,384 105418 8 850,454 100.205 g 802 523 106.516 a@t
1 915058 106719 11 98158 104,361 12 110212 104.479 oy €,
13 113876 B24753 14 116962  B24066 156 12564 80.8133 w o
B 134511 100.14 7 13681 a1.5201 18 130235 101,704
18 145580 101764 20 149842  107.354 21 1T28ET 7RS0T
2 286088 11142 23 293513 105866 24 297452  106.84 al
25 303251 111969 28 326682 113150 27 328321 113849 .,
28 333818 113831 25 339796 1MATAS 30 345967 114085
3 8149 114,341 32 353008 114613 33 T4 114,28
34 360B.16 114.580 35 383902 114.43 36 356505 115.324
Ir 36ETeS51 114863 38 360109 115167 30 372387 114982
40 374315 115137 41 3800.04 114.745 42 382887 11554
43 ETeR2 115831 44 188088 118.501 45 390888 11523
48 397908 11821
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F.4.4. LRMS

SUN CHoI May 18 10-C7-t-butyldiester PG 129 in MeOH Cone 20 19-May-2010 13:49:22
1005196530 275 (5.083) Cm (271:280-1:50x3. noo) Scan ES+
.27
1001 11 17 592 1.98e7
A
+8
427.30 |
LIS
118.22 %4
52039
426,
| ‘ (41 7, 5830 368,53 I 4943752140 60339 663.39 847.59 oo 5590558
o iy - - r T Tt r T r T r T T
1005196530 181 (3.345) Cr (178:188-1:50x3. mo) Scan ES+
427.30 3.76e7
1004
1218 &
+l
5%
31
‘ 144.27 smm e
. 3 Shi a1 [’ L -flzzc:.aasqe.ael os1as 70465 s"'"._‘was_!__m 929.61 ‘ . .
1005196530 122 (2.265) Cm (120:127-1:53x3. om; Scan ES+
100+ 3.30 7.43e6
450.27
100.89
%1
466.35
151.30 300306528 0% (9:! 35
olbietite T S LA Tonaman __ wssens R
100 200 300 400 600 700 800 900 1000 1100

F.5.1- Benzyl 6,6-di-tert-butyl 7-(pyridine-4-yl)heptane-1,6,6-tricaboxylate (18d).
F.5.1. '"H NMR

L] 4 3 2 1 ppa
o e —_ Lt Lyt
1.98 4.56  7.90
2.00 z.30 18.31
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F.5.2.°C NMR

Morcury 400 Epectromter 467 V(,Oc’"' 5
Qe -
ot
b
-
P‘

80 160 140 1z0 i 80 60 40 -9 2o
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QC_Compare-8150.jws
120
kbl
30
110+
21 !
1
i 18
1 - 5
15
o7 100 6
3
r 12 11
4
m .
10
19
BO i 1 i | L 1
4000.6 3000 2000 1000 649.893
Wavenumber [cm-1]
[———— C_Compare-8150]
[Commaent] {Data information]
Sample Name Cate 6292010 11:19 AM
Comment Data array type Linear data amay
LUser Wanvenumber [cm-1]
Comparny Seart :; 883 cm-1
g om-
- End 40006 cm-1
Diata pitch 0854233 cm-1
Data points
Riasuit of Paak Picking
Na. Intansity  Mo. l No. Insensty
1 686285 103871 2 681713 1058927 3 BO61TT 980724
4 TIBETA 535051 5 TOT421 105094 B B45633 100748
7 ©14.083 104,361 8 100377 4232 8 102208  104.804
10 15001 842759 11 124868 959517 12 136825 963256
13 138235 104946 14 41839 10619 15 145503 102266
16 149745 108161 17 156389 110064 18 160545 105973
18 172684 B3NS 20 288867 112634 21 203513 100008
22 HTES8 1101 23 112682 24 INET2 113N
25 325043 113074 26 328611 113054 &7 335553 112814
28 /003 12523 20 1628 113075 30 356188 1124923
3 362037 114245 32 364952 116244 33 368337 116807 i* o
34 370362 116564 35 372660 116759 36 76244 116083 e S
= 3 ameras 115.985 38 3B37ES 118138 3% 388663 116.353
40  IM1T9 115808 I .
!l‘
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F.5.4. HRMS

Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance =50 PPM / DBE: min =-1.5, max = 50.0
“lement prediction: Off
~—riumber of isotope peaks used for i-FIT =3
Maonoisotopic Mass, Even Electron lons
71 formula(e) evaluated with 1 results within limits (all results (up to 1000} for each mass)
Elements Used:
€:0-30 H:0-1000 N:0-2 O:0-6 23Na: 0-1
2910CT pyridylesterPG136 LCT1068 mw 511 meoh
pro2010-cif. spl LCT Premler 02-Jul-2010 16:28:06
2010_0702_1068_15 18 (0.380) Cm (18:23-1:6x2.000) 1. TOF MS ES+
2.12e+004
i sizaots MH T

§13.3035
g
422.2542
444 2371 534.2841
o] 2050010257, 1482 2049204 T jracee. | A79:2230 | 5855035 6326178
T T T T T T T T b T AL | | R | T ) g T T T T T T T L aibl |  pkikag MR ¢ T T T T | i kb § il
200 220 240 260 260 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640
Minimums: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PEM DEE i-FIT i-FIT (Norm) Formula
512.30186 512.3012 0.4 0.8 10.%8 147 .6 0.0 Ci0 H42 N 08

F.6. Benzyl 8-oxo-8-(phenylamino)-7-(pyridine-4-ylmethyl)octanoate (20d).
F.6.1."H NMR

™ [
s _ s\rsl o sl
A
B Ry B s £ T e o e A (R R s T = T O e e S
8 7 6 s 4 3 2 % 0
Ly d byl by i L e e o Loyt Lot
1.8b 00 L inidaees F5 1" SRR o B I e P

o,
1.13  2.43 Fozcan whab ool
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F.6.2. °C NMR

s Loyt tiaeo oo U RREERRRRERRSS 0t omr b AELLELARBANR L) 110 e 1)

rrhadRy
38343
1201 4
2
110} . L
%T [ 24 . ﬂ g7 ! 5
100} 4 '
| 20
132
16-? 10
adp 16
21 3
18 r
aﬂ L 1 i 1 i 1
40006 3000 2000 1000 649,893
‘Wavenumber [cm-1] T
[ QC_Compare-T673]
[Comement] [Data Information]
Sample Name Creation Date 8282010 12:07 PM
Comment Data array type Lingar data array
User Horizontal Wavenumber [cm-1]
e S 649,99
cm-1
Seampny - End 40005 cm-1
pitch 0 684233 om-1
Data points 76
Result of Peak Picking
Mo Position Intenasy Mo, Positioh Inbengity No.  Pasition Inbgnsity
1 B2 428 107.723 2 674.963 108155 3 BREATT B7.0450
4 752102 812856 5 B05.135 105 TE2 L] 912165 GB 5638
T 10028 106,102 a 10288 10817 k] 1084 4 105 368
10 117251 11 121879 9BS46E 12 12535 G6.080
13 131138 $56232 14 137982 102228 15 141648 103115
16 144348 05378 7 1498.42 91.946 18 154274 518761
19 1601.58 840554 20 167005 OT 5435 21 173365 BB5415
22 178155 113186 23 285799 113.186 24 ZEm127T 106 D85 '.ﬂ
25 303541 114497 26 306337 115550 27 313183 11884 =
28 322054 117972 29 326393 11623 30 330443 11598 2
A 50.02 120.918 3z 348053 121.23 33 357056 123573 hﬁ’ -
M G648 123815 35 365348 125601 I AT 126272
37 372387 125853 38 373544 124077 39 37BA4Y 125053 . -ﬁ,}
40 382904 126.14 a1 380454 126,733 47 391864 126.708
43 304584 126507 44 39ERTS 126.598

www.manharaa.com




228

F.6.4. HRMS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3 -~

Monoisotopic Mass, Even Electron lons

2283 formula(e) evaluated with 7 results within limits (up to 700 best isotopic matches for each mass)

Elements Used:

C:0-120 H: 0-1000 N:0-16 ©:0-30 23Na: 0-1

SUMCHOI  May 26 10-C7-Pyridylaniline

LCT2008-07b.pro 2010-cif.spi LCT Premier 26-May-2010 14.:05:49
2010_0526_990 13 (0.284) Cm (11:16-1:6x2.000) 1: TOF MS ES+

1.78e+003
i 43123311
4322375
4332421 448508 4520164
1 3002524 405.8386411.2564  422.9483.425.2821 04 i 0188 455.0260 457.0851 488
T T T T T T T T T T T T 0y SRR RpTo i
400.0 4100 4200 4300 440.0 450.0 460.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PEM DEE i-FIT i-FIT (Norm) Formula
431.2331  431.2335 -0.4 -0.9 13,5 63.2 0.2 €27 H31 N2 O34E—
431.22311 2.0 4.6 10.5 65.3 2.2 €25 H32 N2 03
23Na
431.2351 -2.0 -4.6 14.5 66.2 3.1 €30 H32 O 23Na
431.2343 =12 -2.8 2.5 70.5 7.4 Cl4 H3Z N8B 06
23Na L
431.2340 -0.9 -2.1 6.5 b B 8.7 Cl2z H27 Nl4 04
431.2326 0.5 1.2 1.5 2.3 9.2 €11 H31 N10 08
431.2316 1.5 3.5 3.5 73.8 10.8 C10 H2E Nl4 04
23Na

F.7. N®-hydroxy-N'-phenyl-2-(pyridin-4-ylmethyl)octanediamide (22d)
F.7.1."H NMR

T T T T T T T T T T T v T"_—'— T T T T T T T
6 5 4 3 2
P N e e
2.04 1i.08 .43
1.6 1.0 3.s3
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F.7.2. ®C NMR

P P L o I I .ll ‘ - " B— - Iu " i . l “.I,,_
T T S T T o — 1 - T : T
1""‘ 160 is0 140 130 i1zo0 1i0 . 0 ao 70 60 50 40 N PR
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F.7.3. IR

w i 1 i [ i 1
4000.6 3000 2000 1000 B£49.893
Wavenumber [cm-1]
[—— aG_Compare-1220d

[Comment) [Data Informatian]

Somple Name wm mmdi::mm

Comment array type Linear array

User Horizontal Wavenumber [cm-1)

Division Vertical %7

Company Start £49.893 em-1

i End 400006 om-1
Data pitch 0.984233 cm-1
Data points 3476
Resull of Peak Picking o
No. Position No. Posion | No. Postion Intensity i ®
1 B58535 794143 2 721247 798651 3 758852  A20898 %!
4 103366  B4BO34 5 113287 607215 6 12899  B7.0266 e
7 128014 BTAD4S @ 134083 865345 0 144249 918062
10 152831 BY27B 11 164143 90688 12 172018 872619 <
13 28857  GBO411 14 333528 814322 15 344039 83513
16 368434 101506 17 360876 10218 48 3TR001 102344 .
19 374315 101552 20 A7B462 102786 21 362004 102038
22 345686 102032 23 303407 104023 24 395046 103537 X
£ !

QC_Compare-13202.jws

110
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F.7.4. HRMS

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
lement prediction; Off
~rlumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
930 formula(e) evaluated with 2 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-100 H:0-1000 MN:0-8 ©:0-15 23Na: 0-1
SUNCHOI  Sep1501-07-Pyridyl hydrooxamic acid PG 152
LCT2008-07b pro 2010-cif.spl LCT Premier 16-Sep-2010 15:06:40
2010_0916_1296 14 (0.301) Cm (12:16-1:7x2.000) 1: TOF MS ES+
1.51e+004
100 356.1966
Yo
357.1999
(1. 3deo 346.0521 348.9265350.2449 _ 352.1823 3341758 355.2005 358.2025 3591007 44, 2218,
Y T T B B T T Ml Rk~ i | ¥ T T R Bl 5 P T T T T T MiE
3440 3460 348.0 350.0 352.0 354.0 356.0 358.0 360.0
Minimum: =1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
356.1966  356.1974 -0.8 -2.2 9.5 120.1 0.0 C20 H26 N3 os{—ﬂ
356.1950 1.6 4.5 6.5 124.4 4.3 Cl8 H27 N3 03
23Na
-
2.50H
200}
1.5
]
1.00H
10.50H
4 =1 :3
] = ~
1 _"ﬂr}l _L/L
10,00 = L £33 ™
IJ.:MZII I IZIIJI I Ili.IZNZDI I Iﬁ.IZNZII I IS_I]JI ' I1ll!1:||:|I 14!|:||:||I ' I‘Ii!l:l:ll
RT Area % Area | Height
1| 3.010| 1425507 308 40391
2| 375132357117 | 90.35( 2308048
3| 4.755| 2029952 567 82024
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ABSTRACT
THE STRUCTURAL REQUIREMENTS OF HISTONE DEACETYLASE

INHIBITORS: SUBEROYLANILIDE HYDROXAMIC ACID (SAHA) ANALOGUES
MODIFIED AT C3, C6, AND C7 POSITIONS ENHANCE SELECTIVITY

by
SUN EA CHOI
May 2012

Advisor: Dr. Mary Kay H. Pflum
Major: Chemistry (Organic)
Degree: Doctor of Philosophy

Histone deacetylase (HDAC) proteins are targets for drug design towards
the treatment of cancers since overexpression of HDAC proteins is linked to
cancer. Several HDAC inhibitors, including the FDA approved drug suberoyl-
anilide hydroxamic acid (SAHA, Vorinostat), have cleared clinical trials and
emerged as anti-cancer drugs. However, SAHA inhibits all of the 11 metal ion-
dependent HDAC proteins. Therefore, we synthesized several libraries of small
molecule HDAC inhibitors based on SAHA to help understand the structural
requirements of inhibitory potency and isoform selectivity.

©\ MNHOH @\ NHOH
SAHA

C2-SAHA SAHA analogues
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In previous work,
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acid displayed decreased inhibitory activity compared to the parent compound,
SAHA. The lack of potency of the C2 library indicated that limited flexibility exists
in the HDAC active site near the hydroxamic acid. Therefore, we theorized the
substituents on the C3, C4, C5, C6, and C7 positions would display more potent
inhibition compared to the C2-SAHA library due to the more solvent exposed
location. Interestingly, while the C2-SAHA analogues containing any substituents
were poor potent, the C3-SAHA analogue with a methyl substituent displayed
potency. The potency of the remaining analogues decreased with increasing size
of the C3 substituents. Moreover, the C6-SAHA phenyl analogue even displayed
potency in the submicromolar range. Finally, most of the C7-SAHA analogues
displayed equal or greater potency compared to SAHA. The results indicate that
more flexibility in the HDAC active site exists closer to the capping group region
near the C6 and C7 positions, while only modest flexibility exists in the bottom of
the active site near the C2 and C3 positions.

After analyzing the potency of SAHA analogues, isoform selective

inhibition of the individual compounds was evaluated. Seven of the SAHA

100 analogues demonstrated
| BHRASS
20 | A | selectivity.  The C3-SAHA
2
; o [ ethyl-substituted ~ analogue
2 [
*§ showed preference for
®
[
o HDAC6 over HDAC1 and
. . I . HDAC3 even though it
SAHA 1a 1b 1c 1d 1e

n-butyl phenyl  ethyl  vinyl  methyl displayed decreased potency.
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The C6-SAHA analogues displayed diverse selectivity; the C6-SAHA methyl
variant displayed preference for class |, t-butyl variant showed a dual-HDAC1
and HDACG selectivity, and 2-ethylhexyl variant showed HDAC3-selectivity. The
C7-SAHA analogues displayed selective inhibition as well; the C7-SAHA
pyridylmethyl and anthracenylmethyl variants displayed a dual-HDAC1 and
HDACG6 selectivity, and naphthylmethyl variant showed HDAC3-selectivity. The
interesting potency and selectivity of linker-modified SAHA analogues suggest
that linker region substituents can be exploited in the design of new anti-cancer

drugs.
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