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Epigenetics, along with genetic mutations, are major etiolofacsbrs in carcinogenesis.
Epigenetics are heritable changes in gene expression kieaplece without modifying
gene sequence. Histone acetylation modulated by two proteinigamihistone
acetyltransferase (HAT) and histone deacetylase (HDAC)tlmemost extensively
studied of these epigenetic processes. The fine balance of acoetdeacetylation of
histones in normal cells is disturbed in cancer cells. HDACsaactass of enzymes
responsible for removal of acetyl groups from substrate proteins.

Recently isolated natural HDAC inhibitor largazole is very poterd selective in its

activity for cancer cells. A molecule requires three struteleanents to inhibit HDAC:



1) a zinc-binding moiety, 2) a hydrophobic surface recognition grouphvdacupies the
lipophilic region of the enzyme and 3) a linker which interacthk Wjtdrophobic channel.
The zinc-binding unit and surface recognition group are the potentigétdafor

modification to achieve variations in activity and selectivity profiles ofAl@Dnhibitors.

We have successfully synthesized largazole and several largamsdteys with modified
surface recognition groups and zinc-binding moieties to modulate potency and
selectivity. Substitution of L-valine of largazole by hydrophobid¢nanacids such as D-
naphthylalanine, L-naphthylalanine and L-allylglycine generatedogs with an altered
hydrophobic core. Replacement of the thiol group of largazole with ie®iebntaining
multiple heteroatoms and hydroxamic acid gave analogs with metibfis in the Zf

binding moiety.

In our synthetic strategy, a stereoselective aldol condensatiactiore set the
stereochemistry at C-17 of the molecule. SynthesiRpfi{methylcysteine as well as its
enantiomer $-a-methylcysteine provided access to the synthesis of largandlés C-7
epimer for structure activity relationship (SAR) studies. Deteation of the biological
properties of these molecules has provided valuable SAR infornthbican direct the

design and development of additional largazole analogs.
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Chapter 1

1 Significance

A major challenge in cancer chemotherapy is the developmentigs drhich selectively
kill cancer cells without affecting normal healthy cellsisTis required to increase
potency as well as to reduce toxic side effects. A canageup of cells that undergo
rapid multiplication due to disruption of the control mechanisms thailatg cell
division. In most respects they are like normal cells and trere$electively targeting a
drug molecule to cancer cells remains a challenging taskirdlgiroducts are a main
source of lead molecules in the design and development of anticagests. Many
natural product based drugs such as vincristine, vinblastin, paclitaxel, docetagside,
teniposide, topotecan, irinotecan, actinomycin D, and doxorubicin with dhtfere
mechanism of action have been used in cancer treatment (Figlitee Blockbuster drug
paclitaxel is an anti-mitotic agent and has limitations inicdl use due to development
of multiple drug resistance. Actinomycin D is an antibiotic Whiahibits RNA
polymerase, while doxorubicin is a DNA intercalater. A common proldssociated

with all anticancer agents is lack of selectivity.
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Figure 1. Natural product anticancer drugs.

Recently, a new natural product largazole (Figure 2), isoldtedh a marine
cynobacterium of the genuS/mploca, was reported to possess surprisingly selective
growth inhibitory activity on highly invasive transformed human mamnepithelial
cells (MDA-MB-231) and transformed fibroblastic osteosarcoma (®)S€Eells when
compared to the corresponding normal cell lines NMuMG and NIH3dshectively

(Table 1)
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Figure 2. Structure of largazole

Table 1: Growth-inhibitory activity (Gdo) of natural product drugs

MDA-MB-231 NMuMG USOS NIH3T3
Largazole 7.7 nM 122 nM 55 nM 480 nM
Paclitaxel 7.0 nM 5.9nM 12 nM 6.4 NM
ActinomycinD 0.5 nM 0.3 nM 0.8 nM 0.4 nM
Doxorubicin 310 nM 63 NnM 220 nM 47 nM

Subsequent mechanistic studies showed that largazole is an intobitbrstone
deacetylase (HDAC), an enzyme that plays a key role in dieision® Histone
deacetylases (HDACSs) are a class of enzymes responasibienfioval of acetyl groups
from substrate proteins, while the reverse reaction i.e. tranfiséeetyl group from acetyl
coenzyme Q to histone is catalyzed by histone acetyl trassférATY (Figure 3). The
normal cell’s finely balanced status of acetylation and deatetyl is modified in
tumorogenesis. The deacetylated protein, positively charged at physiological pH,
interacts with the negatively charged DNA core to form trapsonally inactive
condensed forms of genes. These epigenetic changes can resw@hamgilof tumor

suppressor genes leading to tumorogenesis. Inhibition of HDAC a&divdie



inappropriately silenced gerfesnd is thus an attractive target for anticancer drug

development.

Figure 3. Acetylation and deacetylation processes.

1.1 Role of epigeneticsin cancer

Apart from genetic mutations, epigenetics are a major playecarcinogenesis.
Epigenetics are heritable changes which take place withoutfyimdigene sequende.
Chromatin is made up of many units of nucleosome which consists diab&6pairs of
DNA wrapped around 8 histone molecules, 2 each #f, H,B, Hs, and H. Histones,
upon deacetylation, acquire positive charges at physiological pHgutlg interact with
the negatively charged DNA. In contrast, acetylated histonessel DNA which is
transcriptionally activé. ° In cancer, aberrant epigenetic silencing of several genes
including tumor suppressor genes is a common occurfergerrant epigenetic
silencing occurs as a result of abnormal promoter region Cp@di€INA methylation in
concert with changes in covalent modification of histone prof@insEnzymatic
modifications such as acetylation, methylation and phosphorylation diyshee and
arginine residues of the N-terminus of histones regulate thesscto DNA by
transcriptional factors thereby regulating gene expreSsittistone acetylation
modulated by the two protein families histone acetyltransferase andéhacetylase is

the most extensively studied of these procedsEpigenetic changes, unlike DNA
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sequence changes, are reversible and thus targeting epigematicegelation as an
anticancer strategy has attracted the attention of the scieatfimunity.

HDAC proteins are a family of 18 enzymes and are classifiedfour classes based on
their size, cellular localization, number of catalytic actiitessand homology to yeast

HDAC proteins™®

Class I HDAC1, -2, -3, and -8 resides in nucleus

Class lla: HDACA4, -5, -7, and -9 shuttles between nucleus and cytoplasm
Class llb: HDACG6 and -10 shuttles between nucleus and cytoplasm
Class lll: Sirtuin proteins, consists of 7 types of proteins

Class IV: HDAC11 shuttles between nucleus and cytoplasm

Zn** is predominantly required for activity of class I, Il and IV HDACs.s8l#l HDACs
do not require Zf but require NAD for their catalytic activity. HDAC henceforth in
following discussion refers to class |, -Il and —IV HDACs oaly HDAC inhibitors
(HDACIs) inhibit all classes of HDAC other than class lIksAciation of class Il Sirtuin
proteins in offsetting age-related diseases such as type betds& obesity and
neurodegenerative diseases is knSfvAlthough their full characterizations remains to
be accomplished, these HDAC isoforms have generally noticeable eepression
patterns and may also differ in cellular localization and fun¢fidDAC proteins are
involved in basic cellular events and disease states includingroelth, differentiation
and cancer formatioH. Distinctively over-expression of class | and class || HDAC
proteins have been noticed in some cancers including ovarian (HDAGESYc

(HDAC?2) and lung cancers (HDAC1 and -3) among otfetshas been proposed that



there is a possible correlation between HDAC8 and acute myeolerhia (AML).
Over-expression of HDAC6 was induced in some breast cancet'céthibition of
HDAC3 and -8 has been shown to be essential for inhibition of MCF-7 ar@-KY
cancer cell growtti? Targeting a single isoform/class can increase selgctsi well as

decrease toxicity.

All of the HDAC proteins except HDACG6 exist in multi-protein qaexes with other
regulatory proteins and isolation of individual isoforms becomes diffietlich deters
the development of isoform selective HDAC inhibitbtClass | enzymes consist of
around 500 amino acids while class Il are made of about 1000 amind“aCidss lla
enzymes consist of a 600 amino acid residue extension at thenue and they play a
role in regulatory and functional propertiés.HDAC1 and -2 are highly related enzymes
with an overall sequence identity of about 82%. Phosporylation statusACHRBNd -2
affects their activity. Hyperphosphorylation increases deaxsatylactivity while
hypophoshorylation has the opposite eff@d#iDAC3 has 34% overall sequence identity
with HDAC8® HDAC4 and -5 are largely similar to each other (with overejuence
identity 70%), and HDACY in turn is related to HDAC4 and -5 hwit58 and ~ 57%
overall similarity, respectivel} HDAC4, and to a lesser extent HDAC8 and -9, seem to
be expressed more in tumor tissues than in normal tiSSWBACS, -7 and -9 are
expressed in heart tissues and they can be correlated withoteeir the development of
cardiac muscle tissu8.Increased levels of HDAC5 mRNA in depressive patients have
been reported. HDAC6 has two independent catalytic domains- one at C-terminal and

the other at the N-terminal of the protein. C-terminal cdatalgomain maintains its



activity even upon trimming of the N-terminal catalytic domairubdlin deacetylation
activity is present in the C-terminal domain.HDAC6 deacetylates tubulin and heat
shock proteins apart from histones and is highly expressed in tutisol®¢é It has been
suggested that HDACG6 inhibitors are potential anticancer agentisei treatment of
multiple myelom&® and they are also useful in inflammation, Huntington’s disease and
various neurodegenerative disorders? Studies have shown that HDACs deacetylate
many non-histone proteins as well. More than 1700 non-histone proteins hawve bee
detected as substrates for HDAG& hese non-histone proteins play a regulatory role in

processes such as cell migration, cell proliferation and cell d®ath.

X-ray crystallography and SAR studies of various HDAC inhibitoase shown that
three key structural elements are required for a molecule teffbetive as a HDAC
inhibitor (Figure 4

i) a metal binding domain which chelates with thé Zration present at the active site
i) a linker, which occupies the hydrophobic channel

iii) a surface recognition group, which interacts with hydrophobic resmuése rim of

the active site

Most HDAC inhibitors, including those in clinical trials, are resiele inhibitors,
although irreversible inhibitors are knownlrreversible inhibitors with a keto-epoxide
covalently interacts with nucleophilic residues such as histidine, aspartdtegyrosine of

the active sité¢’ The variety of functional groups used as zinc binding moieties include

thiol, epoxy Kketone, carboxylic acid, boronic acid, sulfoxide, sulfodami



phosphonamidate, phosphonate, phosphinate, trifluoroketone, hydroxamic acid, 2-amino

benzamide, oxime amide, andhioamide’® *’
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Figure4. HDACIi binding elements.

The selective activity of an HDAC inhibitor on a particular tygecancer cells may be
attributed to variations in the composition of HDAC proteins. HDAC inbibi have
become a major area of research in the development of new fdrutle treatment of
cancer. The HDAC inhibitors suberoylanilide hydroxamic acid (SAiAgure 5), and
depsipeptide FK 228 (Figure 6) were approved by the US FDA inb®ct2006 and
November 2009, respectively, for the treatment of cutaneous T-@alphbma

(CTCL) B

Iz

o

Figure5. Structure of SAHA.



A number of other HDAC inhibitors are in various phases of clinigalst (Table 2).

SAHA inhibits all isoforms of HDAC (thus called a pan-HDAGhibitor) to varying

degrees. The small cap group of SAHA interacts with the highlyecoed region of the

enzyme rim and is unable to make contact with the variable redimmws further away

from the opening of the channel of HDAC. The inability to intesaith the variable

region is responsible for its non-specificity.

Table 2. A list of HDACis in clinical trialg> 2

O

Cel

Compound Chemical class Status Indication
Butyrate Short chain Fatty acid Phase | Non-small cell lungeran
Valproic acid Carboxylic acid Phase | /Il Non-small cell lwagcer
Pivanex/ AN 9 Ester Phase I/l Chronic Lymphocytic
Leukemia
Ester Phase Il Progressive or Recurrent
Phenylbutyrare Brain Tumors
Belinostat Hydroxamate Phase II Refractory Peripheral T-
Lymphoma
Panobinostat Hydroxamate Phase I| Refractory Clear Cell Rena|
Carcinoma, Metastatic
Thyroid Cancer, Refractory
Colorectal Cancer
Phase
[/ Chronic Myeloid Leukemia
CuDC-101 Hydroxamate. Phase | Advanced Solid Tumors
Inhibits human epidermal
growth factor receptor
(EGFR), human
epidermal growth factor
receptor 2 (HER2)
and histone deacetylase
(HDAC)
JNJ-26481585 | Hydroxamate Phase | Advanced Solid
Malignancies and
Lymphoma
CHR-3996 Hydroxamate Phase | Advanced Solid Tumors
AR-42 Hydroxamate Phase | Advanced or Relapsed

Multiple Myeloma, Chronic

Lymphocytic Leukemia, or




Lymphoma
SB939 Hydroxamate Phase Il Recurrent or Metastatic
Prostate Cancer, Locally
Advanced or Metastatic
Solid Tumors
PCI-24781 Hydroxamate Phase Il | Follicular Lymphoma
Table 2 Continued from page 9
ITF2357/ Hydroxamate Phase Il Refractory/Relapsed
Givinostat Lymphocytic Leukemia
4SC-201/ Hydroxamate Phase Il Relapsed or Refractory
Resminostat Hodgkin's Lymphoma
N-Acetyl Aminobenzamide Phase II Advanced Myeloma
Dinaline (ClI-
994)/
Tacedinaline
MGCDO0103 Aminobenzamide Phase II Refractory Chronic
Lymphocytic Leukemia
MS-275/ Aminobenzamide Phase Il | Metastatic Melanoma
Entinostat
Phase | Advanced Solid Tumors or
Lymphoma
CG200745 Aminobenzamide Phase Il Solid Tumors
4SC-202 2-Aminophenylcarbamoyl Phase | Advanced Hematologic
Malignancies

Due to its highly selective activity on selected cancer tiekks and a strong
unprecedented picomolar inhibitory bias for class | HDACs (HDAQland -3) over
class Il HDACS6® largazole provides a new attractive lead molecule in the development
of class and /isoform selective HDAC inhibitors. Interestindérgazole shares a
common 3-hydroxy-7-mercapto-4-heptenoic acid side chain witredelatural product
HDAC inhibitors such as FK228 FR9013733, and spiruchostating (Figure 6). All of
these agents are prodrugs which upon activation release the dlegrdlip necessary for
HDAC inhibitory activity. The thioester group present in largaasldydrolyzed by

cellular esterases and/or lipases to release the freefihiction which constitutes the
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domain that chelates Zi* In compound<, 3 and4 the masked thiol is present as a
disulfide bridge with a cysteine residue in the depsipeptide ringsaretiuced to free

thiol by glutathione mediated cellular reductf@n.

) . T Os_NH
)J\ ‘ :ﬁ ° . 9.0 s
HiC(HLC)s 5, S 17 15 HN BN N /
) N\ H
S

. N o O

4. Spiruchostatin A R= Me
3. FR901375 Spiruchostatin B R= Et

Figure 6. Largazole and related natural products.

Total synthesis of largazole and several analogs along witke poeliminary structure-
activity relationship (SAR) studies has been publishUSAR studies (Figure 7) have
shown that variations in the length of the side-ch&in g, C) resulted in decreased
activity.>> ¢ Diminished activity resulted upon replacement of the side chaishur

atom with oxygen D) or a methylene moietyEj.>>?

a-Aminoanilide group as a zinc
binding agent is known to produce HDAC1 and -2 selective acfivityhile o-

mercaptoacetamide compouffshowed preferential binding to HDAC6 over HDAC1, -
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2, -8 and -10. However, thiol replacement withaminoanilide E, G) or o-
mercaptoacetamideH( |) did not produce noticeable selectivify.The C-2 epimed,
non-natural largazole enantiomi¢r analogL with proline substituted for valine all had
reduced anticancer activify? 20n the other hand, substitution of the thiazole-thiazoline
moiety with an oxazole-oxazoline moieti] and cysteine substitution fermethyl
cysteine K) gave equi-potent analog¥.Replacement of thiazole ring with pyridin®)(
resulted in a 3-4 fold enhancement in HDAC inhibitory activity. daot,fthe pyridine
analogO is the most potent HDAC inhibitor knovir? The amide analog formed by
substitution of ester oxygen atom at C-17 with an NH moietygd to reduced activity.
This was attributed to a conformational change in the cap grotheaholecule rather
than to a change in hydrogen bonding ability as it occupies the hydropkgmn of the

active site®>"
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Figure 7. Largazole analogs synthesized in other laboratories.
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1.2 Crystal structure and mechanistic pathways

Crystal structure information can dispense valuable directionsthier design and
development of isoform and/ class-selective HDAC inhibitors. Cuyrerrystal
structures of HDAC2, -4, -7 and -8 are knotm™> ’It is assumed that the acetyl group
of the lysine residue is held in the binding site by multiple hyeinobonds during
deacetylation by HDAG? A general catalytic mechanism for HDAC based on
computational studies with histone deacetylase like protein (HBiR)anommeslaeghe
is shown in Figure & The Lewis acid-catalyzed carbonyl group activation by*zn
facilitates the nucleophilic attack by a,® molecule to generate a tetrahedral
intermediate, which is stabilized by TYfand ZA*. The stabilization of the intermediate
transition state is mediated by ¥rin HDLP, Tyf® in HDAC1, TyF® in HDAC2,
Tyr*® in HDACS, His"® and HO in HDAC4 and Hi§” in HDAC7. The tetrahedral

intermediate breaks down to yield deacetylated lysine protein andesioetét

Class lla HDAC enzymes have low activity as a result oftlanwsition state stabilization
due to the absence of 7)#'> A 320 amino acid residue structural homology between
class | and —Il HDACs at the catalytic site is knoWwnClass Ilb enzymes are
characterized by two catalytic domaiisStructures of HDAC4, -7 and -8 consist of two
potassium ions near the catalytic sk&he four conserved zinc-binding ligands in class
lla HDACs are Hi&®, Cy£%’ His’’® and Cy&'which are missing in other HDACS.
Lack of transition state stabilizer F9 in HDAC4, and -7 (which is present in class |

HDACS) is responsible for their reduced enzymatic actiVity HDAC4, Zrf* ion is

14



also hinder the role of class

loosely bound to the protein.In addition to inhibiting the enzyme, HDAC4 inhibitors
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Nat. Prod. Rep., 2009, 26, 1293-1320)

Figure 8. Proposed mechanism of action of?Zndependent HDACs(Adapted from
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regulated gen€s.In a X-ray crystallographic study with HDAC4, it has bedrserved
that the trifluoromethyl ketond EMK) (Figure 9), upon hydration binds to HDAC4 in a
bidentate fashion as compared to the hydroxankb®¢ (vhich interacts in a monodentate
manner. UnlikeHA, TFMK fills the gap near Pf8°and this leads to higher potency of
TEMK overHA (Figure 10)%> As this pocket is larger in HDAC1, -2 and -3 enzymes,
TFMK type compounds typically display 10-100 fold greater inhibition of class Il
HDACSs than class | HDACY. Class lla HDACs have a longer binding pocket near

His?’® due to the outward positioning of FiiSside chairt®

N:k/ s CFs N:O S NH-OH
N N
o TFMK 4 HA

Figure 9. HDACis used in binding studies with HDACA4.

HDAC7 has a major role in cardiovascular development and disdfdémkibitor
binding studies with HDAC7 by X-ray crystallography (Figure I&yealed that
benzamide inhibitorsM S-275, CI1-994, MGCD-0103), cyclic tetrapeptides (apicidin)
and short chain fatty acids (butyrate, amdbroic acid) did not show binding abilitiéks.
Binding of hydroxamate HDAC inhibitors (SAHA, TSA) to the actisiée Zrf" of
HDAC7 takes place in monodentate manner with participation of hydraxygen
only.3! The carbonyl oxygen of hydroxamate is directed away fromitieian and is
connected to a water molecule through hydrogen bonding. Amino acidsipedsthe
periphery of the pocket shogonformational changes to the inhibitor upon its binding.
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HDACY7 alone has low intrinsic catalytic activity while itastivated in the presence of

HDAC3.3!
\ ) - N845
® o : :
F870 | |
N e
</ S
A ' /
"( : HM;\‘&
-\ P942 oy
L943
‘H . G975 < ®
u"i PO
| < o
Figure 10. Interaction of andHA (green carbonswith HDAC4

catalytic domain. Reprinted frodournal of Biological Chemistry 2008, 283(39), 26694-
26704.

o— ©
/
N
Y O
Trichostatin (TSA)
o HN NH

HN N
m
M GCDO0103
Apicidin
Q "N JYOH
Cl1-994
© @)

j])\ Valproic acid
~ (6]
N MS-275 N \/\(
o) oButyrate

Figure 11. HDACIs used in binding studies with HDAC?7.
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HDACS8 consists of 377 amino acids and is closely associatedoiwtlogenetic border
between class | and class || HDAESHDACS activity is decreased upon cyclic AMP-
dependent protein kinase (PKA) phosphorylation of°sehich is responsible for the
hyperacetylation of histone H3 and H4. Serine is positioned at thecsuwf HDACS,
approximately 20 A from the opening to the active site and about 1@wthe opening
to the second binding site (Figure $2)A possible role of HDACS in acute myeloid
leukemia (AML) has been indicatéd.Inversion, achromosomal translocation, often
takes place in AML and produces a protein product which causes abri@ansakiption
repression. HDACIs reverse the repression produced by protein pessociation with
HDAC8.3* HDACS consists of a wider active site pocket with broad surfgeming®
The hydrophobic wall of the tunnel is lined with PiePhé®, His'®® GIy**!, Mef™ and
Tyr’®. These are preserved across the class | enzymes excapethiais replaced with

Leu in the other family membets.

r\ \
Ay /
5 o YN }'\,\ - 4
y 7 QM\’“{‘* .
MESTR_Q ]
L g
) o

Figurel2. Serine phosphorylation site (red) in relation to the activeo$idDAC8 where
it shows interaction with two molecules of TSReprinted with permission from
Structure 2004, 12, 1325-1334.
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In a HDAC:is binding study with HDACS, it has been shown thatroxamate inhibitors
bind in bidentate fashion. Somoza et abserved that HDAC8 binding site is very

flexible and can accommodate ligands with different structural motifs (Figur4) .

O
HO-NH HO

HN
: OO

M S-344 NH y CRA-A
4 \ \

Figure 13. Some of the HDACIs used in binding studies with HDACS.

TSA X Ms-344
o - (‘ﬂ\ ‘;\\‘- h X
\ . \(;'\: " '~\ - ‘ \
\\ \}"“{f A t\f &
A ! ,q’ \
. (L Y PN
| WY \ NS S
“SAHA CRAA™
A v'\.\
o \‘. ( \\ 5
N~ \ ) G~
2 & I8 Q V'l /? /
(N &g/ Wl \lv“d/’
\ - | j 4 \_ - rr

Figure 14. Interaction of HDACis with flexible catalytic pockets of AG8. TSA and
CRA-A occupy two binding pockets while SAHA and MS-344 engage only. one
Reprinted with permission froructure 2004, 12, 1325-1334.

This information was used by Ulrich efain the rational design of linkerless selective

HDACS inhibitors (Figure 15: compouri?,, S).
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] (]

HN™ ™0
OH
R s
HDAC1 ICygo (M) >100.0 >100.0
HDAC6 ICg, (M) 82.0 55.0
HDACS ICg, (M) 0.7 0.3

Figure 15. Linkerless selective HDACS inhibitors.

It has been observed that proliferation of human lung, cervical@dod cancer cell lines
were inhibited by knockdown of HDAC8 by RNA interference stutfi¢sDAC1 and -3
have 43 % sequence identity with HDA&8n general, HDACS exists as a dimer of two
molecules interacting head to head and each monomer binds with Bhendntwo K
ions>® The presence of Kin the active site can affect the catalytic mechanismhef t
enzyme’s deacetylation procésdsk* can stabilize the transition state oxyanion and/ or
the negatively charged acetate product. Also, the presencé minkmay deliver the
conformation required for catalytic activily.Effective zinc binding of the large zinc
interacting group, a 2-aminobenzanilideMt-275 (Figure 16), is hindered because of
the presence of Tt at the bottom of the active site and leads to lack of inhibition of
HDACS8 by this compound as compared to HDAC1 and -3 which have Ld4lat

position (Figure 17%°
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MS- 275 R=H T;R=Ph O
HDAC1 IC50 (nM) 125 10

R
HDAC3 IC50 (nM) 370 6180
MeO” I\/©)J\ O\/ \/©)J\
HDAC1 IG5y 16 NM HDAC1 ICs; 6 NM
HCT-116 GLy 0.330 pM HCT-116 Gk, 155 nM

Figure 16. Representative examples of selective HDAC1 and -2 inhibitors.
The presence of an aryl moiety para to amino group in aminobenzaté&€Eis
increases selectivity toward HDAC1 and -2 (Figure 16). This gapgcommodated by
HDAC1 and -2 and not by other HDAC isoforms. This structural infaonatvas
utilized by Miller et al of Merck research laboratories develop several classes of

selective HDAC1 and -2 inhibitors (Figure 16: compo@d).?°
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Figure 17. Zinc binding site of HDAC8 showing the presence of'frpt the bottom of
the site. Reprinted with permission frdPnoc. Natl. Acad. Sci. U. S A. 2004, 101 (42),
15064-15069. "Copyright 2004 National Academy of Sciences, U.S.A."
a-Mercaptoacetamide compounds showed preferential binding to HDACGH®AC1,
-2, -8 and -10. These compounds showed better neuroprotéctierHDAC1 is required

for neuronal cell survival, selectivity ef-mercaptoacetamide compounds for HDACG6

over HDAC1 might be responsible for observed neuroprotettion.

It has been suggested that HDACis arrest cell cycle htthetG1/S and G2/M phas®s.
As HDAC acts on histone as well as multiple non-histone proteinsy mmeechanistic
pathways have been suggested to include all possible éviogsylated histones were
the earliest substrates identified for HDACs. But a largmber of other nuclear and
cytoplasmic proteins regulating different biological processdspse activities are

modified through acetylation/ deacetylation, have been identified. Tliois,
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posttranslational modification involving acetylation is emerging agjor mechanism of

regulating protein and cell functich.

Proliferation arrest and TRAIL (Tumor Necrosis Factor RelaApoptosis Inducing
Ligand) mediated apoptosis are other outcomes of HDAC inhibition. HD#&Guce p21
as well as TRAIL expression and thus cause tumor-selectiid dgmaling in acute
myeloid leukemia (AML) cells and the blasts of individuals with IAMRNA
interference studies have shown that induction of p21, TRAIL and diffaten are
separate activities of HDACfs.It has been observed that HDACis which act on HDAC1
and -2 cause TRAIL sensitization. These TRAIL proteins actiV&®&lL receptors
TRAIL-R1 and TRAIL-R2 which commence activation of intrinsic andriagic death
signaling cascades ultimately resulting in apopttsid’ It has been suggested that
HDAC inhibitors are responsible for an increase in reactive oxggegies (ROS) in
cancer cells preferentially over normal célReversible inhibition by HDAC inhibitors
provide time for the normal cells to recover from the effecthef inhibitor, and thus
survive in contrast to cancer cells. This could be another reasealéative inhibition of
growth of cancer cells over normal céflsOther proposed mechanisms include
transformed cell cycle arrest, terminal cell differentiati cell death by induction of
intrinsic apoptotic pathway, activation of extrinsic apoptotic payhwaitotic failure,

autophasic cell death, polyploidy and senescéhce.

The effect of HDACIis is not limited to cancer cells; thegvdr also shown promising

effects in a range of other disease states such as neusblaggorders, arthritis,

23



inflammation, infectious diseases (such as HIV infections, naaléungal infections),
sickle cell anemia and cardiovascular dised$&oxicities associated with clinically
tested HDAC inhibitors include fatigue, vomiting, hypokalemia, rriea, and
thrombocytopenid.Cardiac irregularities are also reported with many HDAGhitors?
HDAC isoform and/or class-selective inhibitors are likely tduee side-effects and to

have increased potency.
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1.3 Innovation (Drug Design and Rationale)

In order to develop largazole analogs as potent isoform / classigelanticancer agents,

it was decided to:

1. Synthesize several largazole analogs of varying structuredetermine the
structural elements required for improved activity with low ¢ayi The designed
analogs incorporated changes in the surface recognition group aaswallthe
zinc binding domain of largazole.

2. Determine HDAC inhibitory activity and HDAC isoform seleaty of these
synthesized analogs. This will also help to understand the foledividual
HDAC isoforms in certain disease conditions.

Less sequence homology between isoforms at the surface negaetheg to the binding

pocket may be exploited to design isoform selective inhibitors. Tdee @frthe HDAC

enzyme bordering the binding pocket consists of many grooves wdudth lze varyingly
occupied by multiple cap groups to impact selectivity as veefictency.” modifications

of the zinc binding group and cap group has been extensively used to modulatatgelecti

of HDACI.* *"In order to increase isoform and/ or class selectivity foABDnhibitory
activity, we propose to synthesize a number of largazole analbgs7 (Figure 18) with
modifications in the zinc binding group and cap group and to evaluate HD&C
inhibitory activity and selectivity profile. These compounds may kelgefine the role
and possible pharmacological significance of isoform/class spétidiAC inhibitors in

cancer treatment; *°
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Figure 18. HDAC inhibitors designed for synthesis

It has been shown that the replacement of L-valine (circlestructure of FK228 and
largazole in Figure 5) with L-naphthylalanine and L-phenylalamneK228 resulted in
enhancement of antitumor activity. “° Interaction of the hydrophobic side chain of
naphthylalanine with the hydrophobic elements of HDAC active ai@ changes in
hydrogen bonding interactions are likely to be responsible for thisneatiaactivity
profile. In order to determine the effect of such structural changkrgazole, we
designed several amino acid analogsTdf series bearing hydrophobic as well as
hydrophilic side chains such & 1-naphthylmethyl,S-1-naphthylmethyl,S-Allyl, S

carbamoylethyl.
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Analog T2 with a substituted thiazoline ring is designed to determineeffext of
increasing the steric bulk at C-8 on activity and selectiityo it will determine if R)-
a-methyl cysteine HCI which is expensive and not readily alibglcan be replaced with

inexpensive and commercially available L-penicillamine.

Analog T3 is the C-7 epimer of largazole for structure activity relatigmsstudies.
Changing configuration at C-7 changes the shape of the depsipeptidandngill

provide additional information about the SAR requirements of largazole.

AnalogsT4 are designed such that sulphur and a second heteroatom pnetbeEnside-
chain are 2/3 atoms away from each other can form a cyclic &fbered transition
state with ZA" of HDAC enzyme (Figure 19Y. As Zn (1) is a soft metal ion which can
show different coordination numbers such as tetra-, penta and hexa-coondhat
binding of two heteroatoms to the Zrration can increase igfinity for the enzyme and

may lead to enhancements in activity.
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Figure 19. Proposed binding of T4 series analogs with HDAC active site.

The clinically approved HDAC inhibitor SAHA has a hydroxamic acid maastyhe zinc
binding group. Although hydroxamic acid is rapidly hydrolyzed to the inactisoxglic

acid and is toxic, it is a widely studied zinc binding group bex#us one of the most
potent zinc binding agents and also it can form hydrogen bonds witlhuyameino acids
present in the enzynfé.Considering one order magnitude higher binding aptitude of
hydroxamic acid over thidf we propose to replace the thiol group of largazole with a

hydroxamic acid moiety to generate analdyg

Molecules shown in Figure 19 are highly potent and selective HDAC®itiots’®°
Unique structural features of HDACSG include a C-terminal zingefr moiety and two
catalytic domains. HDACG is also responsible for deacetylatiamonfhistone proteins
such asu-tubulin and HSP-90. It is a much larger protein which does not complax wit
other isoforms and is widely present in the bbddyit has been reported that HDAC6
inhibitors are Y-shaped molecul&sMolecules shown in Figure 20 are highly potent and
selective HDACS inhibitor&®® Target molecule¥ 6 are designed to meet these structural

requirements. It has been suggested that Boc cap group preseesenmolecules has
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some favorable interactions with the HDAC6 enzyhRetaining the Fmoc group in the
designed analog$6 will mimic steric hydrophobic bulk of Boc group to preserve its
complimentary interaction with the HDAC6 surfaddeThey will be synthesized and
tested against HDACs for HDACG isoform selectivity. HDA@Aibitors can be used in

the treatment of multiple myeloma and neurodegenerative Huntington’s di5é4se

ol OO (O iop
R/NMSH ’

o]
Figure 20. Selective HDACS inhibitors.
AnalogT7 is a smaller ring version of largazole designed to expfdresithiazoline ring

is required for activity.

The synthesized compounds will be tested to determipgv@lues by antiproliferative
assay with cancer cell lines, HDAC inhibitory activity, etffen HDAC6 and HDAC
isoform selectivity. Most of the biological testing would be eatrout in the laboratory
of Dr. Robert A. Casero, Professor of Oncology, the Sidney Kintboehprehensive

Cancer Center, the Johns Hopkins University, School of Medicine, Baltimore.
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Chapter 2

2 Results and Discussions

2.1 Synthesis of largazole

The convergent synthetic approach adopted for synthesis of largazaleown in
retrosynthetic analysis (Scheme 1). It involves macrolacttiaiz and side chain
thioesterification of the intermedia® which could be derived bgcyl transfer from
fragment22 to 30 followed by coupling with Fmoc-valine. Intermedia®® can be
synthesized from the thiazole nitrilé and R)-a-methylcysteine hydrochloridd.3.
Synthesis ofL3 would also generate its enantiomer useful for making the C-7eemfn
largazole analogs. Fragmeii is the product of acetate aldol reaction of the alde@¢de

using acetyl Nagat6 as the chiral auxiliar$’
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Acetyl Nagao : ~__.NH
KH t-Butyl mercaptan Chloroacetone  Boc—NH "G 4 2
S

OH

Glycerol formal Boc-thioglycinamide

Scheme 1. Retrosynthetic analysis of largazole

2.1.1 Synthesis of nitrile 7

The synthesis of thiazole derivativas shown in Scheme 2. Thiazole am@eas made
in 60% overall yield from commercially available Boc-thioghanmde and
bromopyruvic acid in a one-pot reaction in which the initially fornsadooxylic acid,
after removal of water, was activated and treated with amm®hia.one pot protocol

was found to be more efficient and gave the product in higher yielcthanchuch shorter
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period of time than the previously reported methB8#mide 6 was converted to the
nitrile 7 using standard conditions in 99% yiéf8.We improved our own protocol by
performing all reactions from Boc-thioglycinamide to nitrile 7 in one pot with

improved yield of 65% as compared to previous 59% overall yield.dtsalged time and

solvents required in the tedious purification of antide

HOO
Boc.. WNHZ bromopyruvic acid C\(\S 1) ELN, CICOOEL, O°C
N N=
H 4 S THF, 50°C 5 2)NH,OH, RT,
Boc—HN 60% from4

HZNOCY\S NCY\\S

ng EtN, TFAA CH,Cl, RT K
> 7

Boc— NH 99% Boc—NH
6

Scheme 2. Synthesis of fragment

2.1.2 Synthesis of (R)- and (S)-a-methylcysteine

The synthesis ofR)-a-methylcysteine HCIL3 and its (S)-enantiomet4 was achieved
via the enzymatic resolution of racemic precurddr (Scheme 3} Reaction of
chloroacetone andbutyl mercaptan under basic conditions g@yverhich was subjected
to Bucherer-Berg conditions to produce hydanttin This one-pot protocol gave 90%
yield of 10 after two steps. HydantoitO was converted tdl in one-pot by hydrolysis
with aqueous NaOH followed by KCNO treatment. Resolution 1&f with D-
hydantoinase affordetl? andthe hydantoin enanantiom&da which were converted to

13 and14, respectively, in quantitative yield$.
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NH,OH o ﬁs 45%

90% from8 10 4\
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0] Cl- O
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j’\ i) LIOH, reflux  Cl sH
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Scheme 3. Synthesis ofR)- and §)-a-methylcysteine

2.1.3 Synthesis of acetyl Nagao auxillary (16)
Nagao Auxillary was synthesized by refluxing D-valinol with,@%1 N KOH (Scheme
4)* Acetyl Nagaol6 was synthesized by reacting Nagao auxillary with NaH antylace

chloride in 92% yield.

S
H,N NaH, acetyl chloride, S
I\QH CS,, 1IN KOH HNJ\S ether OOCX'Zhen rt % J]\
120 °C '

. 92% 92%
D-valinol \6—1; \(‘—/
i 16

Nagao auxillary

Scheme 4. Synthesis of acetyl Nagao auxilla}6)
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2.1.4 Synthesis of the t-butyl protected p-hydroxyamide 22

Turning our attention to the synthesis22f(Scheme 5), commercially available glycerol
formal 17 was converted to dioxeri8 in two steps. Glycerol formal was converted to
the tosylate which was heated at 2a0in the presence of KOH to generate the dioxene
18. Alkylation of 18 with 2-[(2-bromoethyl)sulfanyl]-2-methylpropanel9) via the
lithium derivative gave20. Compound20 underwent retro Diels-Alder reaction to give
the aldehyde21*® which was used in acetate aldol reaction to furnish the al@shil
81% diastereomeric excess. The two diastereomers were puniieitash column
chromatography on silica gel in ethyl acetate: hexanes (10-30% S-configuration of
the newly created chiral center of molecBPwas established by modified Mosher ester
analysis’

1) tosyl chloride, pyridine, OC

o o 62% o o t-BuLi, THF, -78°C
2) Ag. KOH, 200°C W )<
KH A 44% N Br/\/S\]<
OH 18 19 85% 20
17

OH O g
toluene, 16%5C >1\ O 16, TiCl, /\/\M J(
. PN > s N

microwave, 96% H S
1 DIPEA, CH,Cl,, /’\ 22 \6\/
-78°C, 64%
dr 9.4: 1 (comp22:23) \/\)J\

s

Scheme 5. Synthesis of thée-butyl protected-hydroxycarboxamid@2
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2.1.5 Attemptsfor synthesis of carboxylic acid 29

The thiazole nitrile7 was reacted withR)-a-methyl cysteine HCIL3 to synthesize the
thiazole-thiazoline derivativ@9 as shown in Scheme 6 (vide inffa}. *°Compound?
consists of cyanide which acts as an electrophile and reabtsha@inucleophilic thiol to
give intermediateP1. Another nucleophilic attack by amine leads to formation of
intermediateP2. Lone pair electron assistance for displacement of ammada te the
formation of product29. This reaction was initially performed using L-cysteine HCI
instead of R)-a-methyl cysteine HC13 in a model reaction to obtain prod@& As the
reaction sequence requires conversion of the carboxylic28cid its methyl ester, we
attempted another model reaction (not shown) using the methybéstarysteine to see

if the formation of the ester can be accomplished in one stepewowwhen ethyl or
methyl ester of cysteine HC| was used under similar camditi reaction was very
sluggish even after 3 days of refluxing conditions witiNh MeOH or stirring at 70C

with NaHCGQ; in MeOH and phosphate buffer pH 5.95 for 3 days.
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HO N7 N \g

N=
28
H\ Boc-HN
S— H
Ho. A + NaHCO,, MeOH, phosphate
NH; | puffer pH 5.95, 70C
o cr or
cysteine HCI Et,N, MeOH, reflux
N
Ht X O, Me
S
\/\(\s NaHCQ,, 13, MeOH, M
N= > HO N A N\g
phosphate buffer pH 5.95, PC N=
Boc-HN 2
7 Boc-HN
H\
5—2 Me/_\
HO L+ Base
NH,
13 O CI- o H*
NH ,H* WS@;
P HO 'NQJY\
S Z g H N\S
At & j
H,N  cooH NHBoc Boc-HN

Scheme 6. Mechanism for conversion of nitrileto thiazole thiazoline derivativ29

A number of alternative methods were attempted by different rbefese settling to the
synthesis o9 from compound with NaHCQ;, MeOH and phosphate buffer pH 5.95 as

in Scheme 6Following paragraphs discuss each of the failed attempts.
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Attempt 1
We initially used the more easily obtained eg®ras the electrophile in expectation to
obtain the same produ29. Unfortunately reaction of est@b with compoundl3 under

similar conditions did not produ@® (Scheme 7).

0 OWS
EtO)K(\ HO NJ\(\S
S \y NaHCQ, 13, MeOH, -

N=( X - N=

25 29
phosphate buffer pH 5.9, PC

Boc—NH Boc-HN

Scheme 7. Failed attempt 1 for synthesis 29

Attempt 2

Conversion of esters to amides by DIBAL-H is knottnf compound25 is converted to
intermediate24 by DIBAL-H in the presence adf3, the intermediat4 may undergo
cyclization to produce compour?® ( Scheme 8). However when the es26rand 13
were treated with DIBAL-H (1.15 equiv), there was no disappeareof starting
material. Increasing the DIBAL-H equivalence to 3.5 did not chaagetion outcome,
most probably due to the highly sterically hindered environment ofstiee group or due

to the presence of hetero atoms in compdswvhich can chelate with DIBAL-H.
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]/ Na S Ny S N S No S
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- SH
L __OH
e
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Scheme 8. Failed attempt 2 for synthesis 29

Subsequent attempts were made using model reactions.

Attempt 3

Formation of amides from esters and amines using isopropyl nmagnesloride as
Lewis acid is knowrf? However, reaction of ethyl benzod#l and L- cysteine HCI in

the presence of different Lewis acids including isopropyl magneshloride failed to

give productM?2 (Scheme 9). Increasing the amount of Lewis acid had no effect on the

outcome of the reaction.

H j | H
Hooc—— >7M9C' 6 equiv coogt MeAClLOequ, — Hooc—]—

) : . L-cysteine HCI 3 equiv,
Ne .S TLHcFysteme HCI 1.5 equiv, CH,Cl, N .S

M2 - X M1 » 2
ethyl benzoate

Scheme 9. FailedAttempt 3 (model reaction 1)
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Attempt 4

In the next model reactions, amide coupling of benzoic Micldvith L-cysteine HCI in
the presence of CDI and triethylamine yielded compaddBdScheme 10). Althoughl 3
was effectively cyclized by TiGlto M2, one pot-direct conversion 84 to M2 was not

successful.

COOH

o SH
CDI, TEA, CH,Cl, /E
M4 — N~ >COOH
L-cysteine HCI H
Benzoic acid M3
lTicu, CH,Cl,, THF
1) CDI, TEA, CH,C, H
2) TiCly HOOC
3) THF
N S
M2

Scheme 10. Reaction of benzoic acid with L-cysteine HCI

The reaction was repeated with componid place of benzoic acid. Compoubdvas
converted to amide6 by reacting it with L-cysteine HCI, CDI and triethylara
(Scheme 11). However, TiCinediated cyclization of intermediat28 did not produce
28. Attempted cyclization by an alternative reported methaith PPO and TfO was

also unsuccessful.
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H
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N :s

Na S

\[28
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Scheme 11. Failed attempt 5 (model reaction 2)

2.1.6 Synthesis of cyclic core 33

With the necessary building blocks in hand for largazole synthtasisssembly of cyclic
core33 was undertaken as shown in Scheme 12. The nitilas condensed withR}-a-
methylcysteine HCIL3 to obtain the thiazole-thiazoline carboxylic agi@*®* **°The
crude produc9, after simultaneous removal of Boc group and esterification dird¢lee
carboxylic acid under acidic conditions in MeOH, g&@eAcyl group was transferrét
from 22 to 30 to obtain alcohoB1 in the presence of DMAP in dichloromethane. The
formation of29 from nitrile 7 and the one pot conversion2$ to alcohol31 were carried
out efficiently with 78% vyield for 3 steps. Yamaguchi estesifior’® ** was used to
couple Fmoc-L-valine td1 to afford the acyclic precurs@2 in 95% vyield. After
saponification and Fmoc group removal, macrocyclization with HOAtTHBIAand
Hunig’s base yielded the cyclized prod@8tin 24% overall yield over the 3 steps.
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NCY/\\S NaHCO,, 13, MeOH, N
N phosphate buffer pH5.95, PC -

Boc-HN

7

s DMAP,22,CH,Cl,

N
-
>L /\/\M T 78% from 7
S X NH

Fmoc-L-valine, 2,4,6-trichlorobenzoyl
chloride, DIPEA, DMAP, THF,
0°C then RT 95%

Meoocl(\s 1) 0.1 M LIOH, THF:H,0 (4:1), 0°C

J N= 2) ELNH, acetonitrile
,, ~NHFmoc »
/I/i - 3) HATU, HOAt, DIPEA, DMF

o L 24% for 3 steps

Z

NH

32
S

Scheme 12. Synthesis of cyclic corg3
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2.1.7 Failed attemptsfor conversion of cyclic core 33to largazole

Having synthesized the advanced intermedi&ewhat remained to be done to prepare
largazole was to remove tibdutyl protecting group and to convert the resulting thiol to
the octanoate ester. Unfortunately, all efforts to remove-ttheeyl group as illustrated in
Scheme 13 (with 1 M BBy® trifluoroacetic acid, anisole, mercuric acetjteand
esterification with octanoyl chloride to form largazole fdil&/ith BBr;, mostly starting
material was recovered. Treatment with TFA/anisole/mercadetate indicated the
formation of a polar product (TLC) which was subjected to thioéstgion. However

no largazole, largazole thiol or starting material was recovered.

attempt 1: 1 M BBr3, octanoyl chloride,
CH,Cl,, RT

attempt 2: TFA, anisole, mercuric acetate,
o) s 0°C;followed by DIPEA, octanoyl OWS
J/ \={ chloride, DMAP, CH,Cl,, RT J N=
“——NH — T NH =
I X > Ny S
o0 0 Nj/s 8\ o) o0 o j
S N HsC(HC)s S H
33 H

Largazole (1)

Scheme 13. Attempted conversion @3 to largazole

2.1.8 Alternative Strategy to largazole with trityl asthiol protecting group

After unsuccessful attempts to remotdbutyl protecting group and to convert the
resulting thiol to largazole in the final step, it was decidechémge the protecting group
from t-butyl to trityl group. For this purpose, synthesis of compaddhdias approached
in a way similar to the synthesis 20 (Scheme 14). Dioxent8 was reacted witl-butyl
lithium and reaction of the lithiated compound wathdid not give producs4. Changing

the order of addition i. e. slow addition of a solution of lithiated compouicHiF to a
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pre-cooled solution a26 in THF at -78°C did not help either. Attempts using the chloro
compound?7 instead of the bromo compou@€ or changing reaction solvents too failed
to yield 34. After these unproductive efforts, it was decided to follow Jarutat®coP®

for synthesis of aldehyd# (Scheme 15).

t-BuLi, THF or THF-ether or

PN
o/\o pentane-ether or ether, -?8 @) O )P<hph
v Br/\/5\|< WS Ph
18 Ph 34
S
|/\/
W<ph

Scheme 14. Attempts to synthesis of compouBdl

Synthesis of alcohol37 (Scheme 15) started with conjugate addition of
triphenylmethanethiol to acrolein to gid® which was used in a Wittig reaction with
commercially available (triphenylphosphoranylidene)-acetaldehgdegidld aldehyde
36.>°> This one-pot protocol gave 65% overall yield for the two steps.ateetldol
condensation of the aldehy@6 with acetyl Nagao auxiliarylf) was used to synthesize
alcohol37 in 82% diastereomeric exceSsThe two diastereomers were purified by flash
column chromatography on silica gel in dichloromethane: hexane90%%. TheS
configuration of the newly created chiral center of mole@dewas established by

modified Mosher ester analy$is.
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H Bh H (triphenylphosphoranylidene)-

\/& triphenylmethanethiol, Ph acetaldehyde, benzene, 85

A : : >
35

O EtN, CHCI, RT 65% from acrolein
Acrolein

Ph OH O S

16, TiCl,, DIPEA P:>J\ \)\)}\

Ph » TICl, :

il Qe i C PSS N%s

P 87 TNy 84%, dr 10:1 > 37 (yield 76.5% brsm)
(comp.37:38) +

36
S

op Ph OH ©
P:>J\S/\/WJ\NJ<S

38 (diastereomer 087)
(yield 7.5% brsm)

Scheme 15. Synthesis of th@-hydroxycarboxamid&7

With the necessary building blocks in hand, the assembly of Eegaas undertaken as
shown in Scheme 16. The nitrifewas condensed witlR]-a-methylcysteine HCIL3 to
obtain the thiazole-thiazoline carboxylic a®@*>? After simultaneous removal of Boc
group and esterification of the free carboxylic acid under aciclitons in MeOH,
acyl group was transferrédfrom 37 to 30 to obtain alcohoB9. The formation 0f29
from nitrile 7 and the one pot conversion 28 to alcohol39 proved very efficient with
78% yield for 3 steps. Yamaguchi esterificatfor’was used to couple Fmoc-valine to
alcohol 39 to afford the acyclic precursatO. After saponification and Fmoc group
removal, macrocyclization with HOAt, HATU, and Hunig's base yidldee cyclized
product4l in 56% overall yield over the 3 steps. Deprotection of trityl grougega
largazole thiol which was esterified with octanoyl chloride usinmigfs base to give
largazole in 79% vyield (based on recovered largazole thiol infesigdn step)ver two

steps.
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Final schemefor largazole synthesis

(@)
NC S
\(\S NaHCQ;, 13, MeOH, w a) HCI (g), MeOH

N= > HO N ~ g b)i) EDC, MeOH, DIPEA

phosphate buffer pH 5.95, 7C N=( ii) TFA, CH.CI, .

BocHN 29 -
7 Boc-HN

MeOOCl(\ S
Med N/J\(\s DMAP, 37, CH,C, _

> N S
\§ 78% from7 on Ph OH © NS

30 SN A

Ph>|\s X NH

39

Cl HgN

Fmoc-valine, 2,46 trichioro Meoocl(\s 1) 0.1 M LiOH, THF:H,0(4:1), 0°C

benzoyl chloride, DIPEA, J N= 2) ELNH, CH,CI

DMAP, THF, 0°C then RT 7, _NHFmoc _ » =l _
97% /I/i N._ S 3)HATU, HOAt, DIPEA, CHCI,

o, P 0“0 o 56%
Ph>|\s/\/\/'\)I\NH
40

y

®) S

T ;
J/INH N_S:\ 1) TFA, TIPS, CHCl,, N J \\\Nﬁ:\

N S >
Ph o0 O j/Z)octanoyIchIoride,DIPEA,CECIZ Ne S
AN

s A 79% brsm j\ 0”0 o ]/
N /\/\/K)J\
41 H H,C(H,C)¢~ S N

L argazole (1) H

Ph
P S

Scheme 16. Synthesis of largazole
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2.2 Synthesisof analogs of T1 series

The three analogs dfl series were synthesized in a similar manner to largazokpe
using Fmoc-L-allylglycine, Fmoc-D-1-naphthylalanine and Fmoctaphthylalanine
instead of Fmoc-L-valine in Yamaguchi condensation (conversiorormpound39 to

compound40 for largazole).

Synthesis of analog T1A

Synthesis of analo@ 1A as shown in Scheme 17 started with the synthesis of compound
42 by Yamaguchi coupling of Fmoc-D-1-naphthylalanine with alc@ol Cyclization of
compound42 after hydrolysis of methyl ester and removal of Fmoc growye ggclic
core43 in low yield of 14%. Gratifyingly, the final transformation of dbsterification
after trityl group deprotection was more successful to yie&l analogT1A in 50%

overall yield for two steps.

Fmoc-D-1-naphthylalanine, MeOOCL(\S

Meoocl(\s 2,4,6-trichlorobenzoyl chlorids N=
I\FS’E:PEA, DMAP, THF, 0°C then RT NHFmoc | _

>
B 55% Ph Ne] Ny S
Ny el I
Ph OH O Y
Ph Ph™ ~g P NH
39 1) 0.1 M LiOH, THF:H,0 (4:1), 0°C
2) ELNH, CH,Cl,

3) HATU, HOAt, DIPEA, CHCI,
14%

o
O OWS 1) TFA, TIPS, CH,Cl,, O \\\X:S
N7\ NH N‘S:\
NH —\ 2) octanoy! chloride, Nl S
Ny S DIPEA, CH.Cly h oo o j
S A

N p
0 0”0 o j/ 50% Pl
5 S N
T1A H

N
43 H

Scheme 17. Synthesis of analo§1A
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Synthesis of analog T1B

Synthesis of analo@1B is shown in Scheme 18. Yamaguchi coupling of alc8aakith
Fmoc-L-allylglycine produced compour#. Macrocyclization of it after removal of
protecting groups gave cyclic cotd which was converted to final analddB as before

in 35% overall yield for the two steps.

Fmoc-L-allylglycine, MeOOCL(\S

MeOOCL(\S 2,4,6-trichlorobenzoyl chloride,

N=
N_S DIPEA, DMAP, THF, 0°C then RT \\\//;I//\NHFmOC_g:\
— NS
0,
y® 90/0 PI:]>|T /\/O\/'\/u\ T
ph.] " /\/\/?\H/UO\ T P s 44 NH
Ph— g X NH

39 1) 0.1 M LiOH, THF:H,0 (4:1), 0°C
2) Et,NH, CH,CI,
3) HATU, HOA, DIPEA, CH,Cl,
17%

O S
OWS 1) TFA, TIPS, CHC,

_ ’ ’ ’ N =
N, N={ e N NN
J/\/—NH —\ 2)octanoyl chloride, J/\/ N .S
Ns S DIPEA, CH,Cl, Ph o> o N

S I PSS N

\M)ks/\/\/'\/u\ PH 'S

Scheme 18. Synthesis of analog1B
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Unsuccessful attempt in the synthesis of analog T1C

Attempted synthesis of analddlC as shown in Scheme 19 started with the synthesis of
compound46 by Yamaguchi coupling of Fmoc2Mrityl-L-glutamine with alcohol39.
Cyclization of compound!l6 after removal of protecting groups gave cyclic céren

very low yield. Despite several attempts of purifications, aswnot possible to obtain
cyclic core 47 in pure form. Therefore, it was decided to carry out next two
transformations without further purification. However, thioesterikcaafter trityl group

deprotection was unsuccessful and no product of afdl@gvas obtained.

Fmoc-N(delta)-trityl-L-glutamine, Ph Ph MeOOC

2,4,6-trichlorobenzoyl! chloride, Ph)k /Z{/
MeOOCL(\S Y NHFmoc

N={ DIPEA, DMAP, THF, 0°C then RT
‘S:\ 78% > T
S
H

N Ph
Ph\T/hPh OH O T h>|\
S/VW\NH
39 1) 0.1 M LiOH, THF:H,0 (4:1), 0°C or
0.5 M LiOH, acetone:HO (9:1), 0°C
2) EtNH, CH,Cl,
3) HATU, HOAt, DIPEA, CHCI,

o ph_Ph
/Z{/ OW S 1) TFA, TIPS, CHCL,  prX J{/
H,N , N= \/
2 ‘., NH - ’S:\
N

J/\/ — . 2) octanoyl chlorlde/\ I do s
0 0“0 o j/ DIPEA,CHCL  Ph 0“0 o j/
\(\/HJ\S/\/\A)J\N PI’\>I\S/\/W]\N
6 H 47 H

Scheme 19. Attempted ofSynthesis of analo§1C
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Synthesis of analog T1D

Attempted synthesis of analdglD is shown in Scheme 20. Yamaguchi coupling of
alcohol39 with Fmoc-L-1-naphthylalanine produced compod8dMacrocyclization of

it following removal of protecting groups gave cyclic cdgein very low yield. Despite
several attempts, it was not possible to obtain pure product of cgece49. Therefore
the last two transformations were carried out without further ifigation.
Thioesterification upon trityl deprotection followed by reversesphidPLC purification
on C18 column gave small amount of the partially purified pro@d€l. The synthesis

needs to be repeated to generate sufficient material for biological evaluations

Fmoc-L-1-naphthylalanine, MeOOCL(\S
MeOOCL(\S 2,4,6-trichlorobenzoyl chloride,

N—f DIPEA, DMAP, THF, 0°C then RT O /I/iNHFmoc‘S’\

S
NS 98% 5 T
o PN OH O T h>k /\/\/K)j\
Ph>|\s/\/\/'\/u\NH
39 1) 0.1 M LiOH, THF:H,0 (4:1), 0°C
2) Et;NH, CH,Cl,
3) HATU, HOAt, DIPEA, CH,Cl,

O OW 1) TFA, TIPS, CHCL, O
= #ﬂ
O 2) octanoyl chloride,
N\ S DIPEA, CH,Cl, op Ph o j/

Méks/\/x)\/“\N R
H

T1D

Scheme 20. Attempt forsynthesis of analo§1D
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2.3 Unsuccessful attempt in the synthesis of analog T2

The assembly of analog2 was undertaken as shown in Scheme 21. The nitnilas
condensed with commercially available L-penicillamine to obtairthlazole-thiazoline
carboxylic acid50.°2 After simultaneous removal of Boc group and esterification of the
free carboxylic acid under acidic conditions in MeOH, acyl group tnansferrett from

37 to obtain51. The formation o650 from nitrile 7 and the one pot conversion &0 to
alcohol 51 proved very efficient with 50% vyield for the 3 steps. Yamaguc
esterification™ >* was used to couple Fmoc-valine to alcoBblto afford the acyclic
precursor52. After saponification and Fmoc group removal, macrocyclization with
HOAt, HATU, and Hunig’s base yielded the cyclized prode&in low yield over the 3
steps. As before, despite several attempts, pure product of cgri&3 could not be
obtained. Incomplete saponification5# by LiOH in THF:HO was responsible for low

yield of 53.
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- . H
NaHCQ;, L-penicillamine, HOOC% i) a) EDC, MeOH, DIPEA,
NC Phosphate Buffer pH 5.95, _ b) HCI, MeOH

>:\ MeOH, 70°C N i) DMAP, 37, CH,Cl,
No S - —\ -
7 0 NS 50% from?7
BocHN
BocHN
Q{ Fmoc-L-valine, MeOOCAg<S
MeOOC S 2,4,6-trichlorobenzoyl chloride,
N=( DIPEA, DMAP, THF, 0°C then RT NHFmoc ¢S—\
'

— 86% h "N
Ny ® 0 P:]SP\ N\/'\)\ T
§H Q T P S NH

4\ 51 1) 0.1 M LiOH, THF:H,0 (4:1), 0°C
Ph” | "Ph 2) Et,NH, CH.Cl,
3) HATU, HOAt, DIPEA, CH,Cl,

®) S
J N=
! NH ¥\
I NS
5 Ph o0 O j
P;>J\S/\/\/'\)J\N
53 H

Scheme 21. Synthesis cyclic corg3 for analogT 2

As above mentioned route produced insufficient amount of cyclicE3)ran alternative
route to compoun&3 was attempted. It started with esterification of carboxgtic 50
with 2,2,2-trichloroethanol in presence of EDC and Hunig's base tb4gas shown in
Scheme 22. The Boc group of esbdrwas removed with acid and acyl group3@fwas
transferred to obtain alcohbb. The esteb6 was produced by Yamaguchi condensation
of alcohol55 with Fmoc-L-valine. The trichloroethyl ester group56f was cleaved with
Zn and NHOAc in THF* Usual Fmoc group removal followed by cyclization produced

only 2 mg of impure cyclized corg3 (from 146 mg of compoun&6). The impure
51



product, upon subjection to removal of trityl group and thioesterificatidmali produce

analogT 2.
O H
H ClsC S
HOOC S EDC, 2,2,2-trichloroethanal, \—o N= i) HCl/Dioxane
N= DIPEA, CH,Cl, » __ i) DMAP, 37, CH,CI,
35% 54 N..S
50 N

- X 63%
v ° j cl.C
j BocHN o 4
BocHN o H Fmoc-L-valine, S
ClaC s 2,4,6-trichlorobenzoyl chloride, J 0 N=
\_g N=( DIPEA,DMAP, THF,0°C then RT s, NHFmoc |
’ J/i Ne S
43% T

N

S

on PN OH O T
Ph>|\s/\/WJ\NH

5 1) Zn, NH,0Ac, THF

2) ELNH, CH,Cl,
3) HATU, HOAt, DIPEA, CHCl,

S 1) TFA, TIPS, CHCl,

N - \/
J/\/NH —\ 2) octanoyl chloride,/\

N._S DIPEA, CHCI,

e IS oo

H

Scheme 22. Alternative route for analog2
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2.4 Synthesisof analog T3

Synthesis of target molecule3 followed the same route as for largazole synthesis using
(9-0-methylcysteine HCI 4) instead of R)-a-methylcysteine HCI to generate C-7
epimer of largazole (Scheme 23). The nitdilevas condensed witlg)-a-methylcysteine
to obtain the thiazole-thiazoline carboxylic abiti*>® After simultaneous removal of Boc
group and esterification of the free carboxylic acid under acioinclitons in MeOH,
acyl group was transferr&drom 37 to compound8 to obtain alcohob9. The formation
of carboxylic acidb7 from nitrile 7 and the one pot conversion®¥ to alcohol59 proved
very efficient with 67% vyield for 3 steps. Yamaguchi esteaifor’® > was used to
couple Fmoc-valine to alcohéb to afford the acyclic precurs@0 in 93% vyield. After
saponification and Fmoc group removal, macrocyclization with HOAtTHBIAand
Hunig’s base yielded the cyclized produél in 31% vyield over the 3 steps.
Thioesterification with octanoyl chloride of cyclized c@&fupon removal of trityl group

produced analo@3in 72% overall yield for two steps.
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N\
phosphate buffer pH 5.95, ¢

Boc-HN j -

7 Boc-HN
3 =
Vel N/J\(\s DMAP,37,CH,Cly, ‘S,\

O -
NC 2 S
Y\S NaHCO,, 14, MeOH, >—C a) HCI (g), MeOH
> HO N~ g b) TFA, DCM
N=
57

Cl HgN P S X NH
+
59
Fmoc-valine, .2,4,6-tr|chloro MeOOC— S 1) 0.1 M LiOH, THF:H,O (4:1), 0°C
benzoyl chloride, DIPEA, J = 2) ELNH. CH.CI
DMAP, THF, 0°C then RT #,, ~NHFmoc _ ) ELNH, 272 -
93% . J/i N. S 3)HATU, HOAt, DIPEA, CHCI,
Ph O O O 31%
P::>|\ /\/\/'\)J\
Ph—>g N NH
60 /
P O\\\;(\S
J OY(\S 1) TFA, TIPS, CHCIL,, J,,, NH N:S’\
N= > ' -
‘, NH . 2)octanoyl chloride, DIPEA, CkCl, I N .S
) o] 0O O O
nFen o0 o Ny° = )J\/\A)\)J\j
P ﬂ/P j H,C(H,C)g~ S N
S/\/\/'\)J\N H
61 H T3 (C-7 epimer of largazole)

Scheme 23. Synthesis of analo@3 (C-7 epimer of largazole)
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2.5 Synthesis of analogs of T4 series

Scheme 24 shows the general method used for the synthesis of la@ealolgsT 4,
which incorporate modifications in the zinc binding motif. These gsalare designed
such that sulphur and a second heteroatom in the side chain are 2-Zpaéotrend are
thus capable of interacting with Znvia 5/6 membered cyclic transition states (Figure

19).

The analogsT4A, T4B, T4C and T4D were synthesized from the advanced
intermediate4l after conversion to free thiol, by nucleophilic substitution of the
corresponding precursors by largazole thiol by eithethod A (basi¢f or method B
(acidic}’ as shown in Scheme 24. Method A comprises of removal of trityl grgup b
TFA to give thiol which reacted with alkyl halide precursotha presence of CsG@nd
tetrabutylammonium bromide (TBAB) to givey& displacement product. This two pot
protocol gave an overall yield of 25%, and 19% of analogs and T4D, respectively.
AnalogsT4B andT4C were synthesized by method B. This one pot protocol consisted of
removal of trityl group of compoundl by TFA followed by reaction of the resulting
thiol with corresponding alcohol precursor in the same pot to give thes@bstituted

product. This method gave 49% overall yield for both analeisandT4C.
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Ph I
Ph O
™

Ph o
41

S

i

o O

T4B

— S
XS

S

T

Method B) TFA, CH,Cl,

/\/\/'\)I\N
H

AN
= Br

N

NS Method A) i) TFA, TIPS, CH,Cl, Na S
j ii) Cs,CO3, TBAB, acetonitrile /\/O\ij\
N
N (Y s N
_N T4A

Method A, 25%

J/\/NH 4%:\

Na S

oo o
\
OH \ HsC S N
T4D H
OH

Method A, 19%

Oﬁ)(\s
J,, N
“—NH _S:\
f Na S
o0 0 j/
/\/\/'\)j\
N
T4C H
Method B, 49%

S
0O

Y -

Method B, 49%

Scheme 24. Synthesis of analogs of tygel with modified metal-binding domain
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2.6 Synthesisof analog TS

Synthesis of target molecules began with synthesis of alcoh@®? by aldol reaction of
acrolein with acetyl Nagao auxillaryif) (Scheme 25). The two diastereomers were
separated by flash column chromatography on silica gel in atieyhte and hexanes (20-
90%) to get62 in 77% diastereomeric excess. The absolute stereochemistryvlyf ne

generated chiral center 62 was determined by modified Mosher ester anafi/sis.

OH O S
16, WJ\ )k
_~_H DIPEA, TiCl,, N 5
/\[Of CH,Cl,, -78°C 62 \e—J
Acrolein 60%, dr: 7.6:1 62:63)
QH O S
N JIq

Scheme 25. Synthesis of alcohd?2 for the synthesis of cyclic core ©6

Alcohol 62 was used to synthesize the cyclic cé6eas in the synthesis of largazole
(Scheme 26). The assembly of cyclic c6éebegan with simultaneous removal of Boc
group and esterification of the free carboxylic acid28funder acidic conditions in
MeOH and acyl group transférfrom 62 to obtain alcohob4 in one pot with 64% yield
for 2 steps. Yamaguchi esterificatfdrr?was used to couple Fmoc-L-valine with alcohol
64 to afford the acyclic precurséb in 83% yield. After saponification and Fmoc group
removal, macrocyclization with HOAt, HATU and Hunig's base yieldeel cyclized

product66 in 35% vyield over the 3 steps.
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R S MeOOC S
w a) HCI (g), MeOH © =
HO N ~ g b) i) EDC, MeOH, DIPEA
N= i) TFA, CH,CI
29 ) 22 > Ne
c) DMAP, 62, CH,Cl, T

64%

NH

Fmoc-L-valine, 2,4,6-trichlor 83%
benzoyl chloride, DIPEA,
DMAP, THF, 0°C then RT

o S . _ _ MeOOCL(\ S

J _ 1) 0.1 M LiOH, THF:H,0 (4:1), 0°C N=
e NH N‘S_\ 2) E,LNH, CH,Cl, n, NHFmoc |
3) HATU, HOAt, DIPEA, CH,Cl, i

o j 35% 0”0 o T
WJ\NH

Scheme 26. Synthesis of cyclic coré6

Synthetic pathway to analdgp side chain is depicted in Scheme 27. Reaction of acryloyl
chloride with o-benzylhydroxylamine HCI in the presence of Hurigise gave product
67 in 62% yield.
DIPEA,
< O  CH.Cl, RT o Q
+ —_—
®.0 \)J\u 62% \)J\N,O
HaN .
acryloyl chloride H 67

Scheme 27. Synthetic pathway for side chain of target moledie

The cyclic core66 was subjected to olefin metathesis with compoéndising Grubbs
I"® generation or Nitro-Grela catalyst to afford precuré8rof target moleculeT5

(Scheme 28). Gratifyingly, olefin metathesis was accompawetkbenzylation and the

58



productT5 was isolated by reverse phase HPLC purification of theecpudduct on a

C18 column.

Grubbs 11" generation catalyst/

o S Grela catalyst, p-methoxyphenol OWS
_ CH,Cl,, toluene, 110 °C J N=
., N—S’\ INH —

Grubbs 11" generation catalyst CGrela catalyst

Scheme 28. Synthesis of analog5
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2.7 Synthesis of analogs of T6 series

Synthesis of analo@6A as shown in Scheme 29 started with esterification of carlwoxyli
acid 5 to get compoun@®9. Removal of Boc group of compou®d by TFA in CHCI,
and acyl group transfér from 38 gave the alcohol70 in 81% vyield. Yamaguchi
esterification®™ **was used to couple Fmoc-L-valine to alcof®to afford the precursor
71. Compound/1 was taken to the next step without further purification. Afteraal

of trityl group of compoundrl and thioesterification with acetyl chloride, it yielded

analogT6 in 22% yield over the 2 steps.

HOOC MeOOC MeOOC
>———\ EDC,MeOH, DIPEA  /=\_ ?;5’352.%0'&.4 N - >—_—\
5 N&S 68% > Ny )35, L 22 S
j 69 Ph 81% OH O
BocHN Pf?>|\ /\/\/\)\
BocHN oc P S NH
2,4,6-trichlorobenzoyl chloridg,
Fmoc-L-valine, DMAP, DIPEA, THF
O
o 0°C then RT
J,, MeO J MeOOC
“—NHFmoc )=\ 1) TFA, TIPS, CHCI, ., _NHFmoc >
i N. S 2)acetylchloride, DIPEA, CKCl, J/;
i o2 9 T ~ 229% T
B 0
P
T6

Scheme 29. Synthesis of analog6
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2.8 Attemptsto synthesize 13-membered ring analog T7

Scheme 30 depicts attempts to synthesis of an@ilhigRemoval of Boc group of
compounde9 with TFA, and transfer of acyl group fro87 with DMAP as acyl transfer
agent gave alcohal2. Fmoc-L-valine coupling of alcohal2 by Yamaguchi’'s protocol
yielded compound3 in 92% yield.Macrocyclization after removal of protecting groups
yielded partially purified 13-membered cyclic cai#® As each purification step resulted
in loss of material, it was subjected to next set of reastivithout further purification.
Usual protocol of trityl group removal with TFA and thioesterifioatwith octanoic acid
did not yield analogl'7. As this approach gave low yields of the cyclic c@dean

alternative route to its synthesis was undertaken.

MeOOC
HOOC MeOOC
— EDC, MeOH, DIPEA >~\ 1) TFA, CHCI,
N.S » N._S 2)37,DMAP,CHCL,

5 T 2>
BocHN BocHN~ 69 Ph>k /\/\)\)J\ T

2,4,6-trichlorobenzoyl chloride, Fmoc-L-valin
DMAP, DIPEA, THF, 0°C then RT

1) 0.1 M LiOH, THF: H,O MeOOC
/I/i )S’\ 2) Et,NH, CHCI, ) NHFmoc >’\
3) HATU, HOAt, DIPEA, CH,CI, J/i -

NTS
1) TFA, TIPS, CHCI,

Ph o0 o O
P|’I>|\S/\/\/'\/U\NH
73
2) Octanoyl Chloride, DIPEA, C4Cl,

'92%

N\ S
C et
S/\/\)\)J\NH
Scheme 30. Attempt to the synthesis of 13 membered ring an@lbg
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Acyl transfer from alcohoB7 to 2-trimethylsilylethanol yielded compourds which
upon coupling with Fmoc-L-valine gave compourt(Scheme 31). This was coupled
with carboxylic acidb to get precursor? for cyclic core synthesis. Although cyclization
after deprotection yielded compourd, the amount obtained after purification was low.
Every purification step led to loss of materimstability of cyclic core74 on silica gel
could be the reason for low yields obtained with its purification. fizsemit amount of

cyclic core materiar4 obtaineddeterred attempts to convert it to analog

Ph OH O s , ,

p:>l\ 2-trimethylsilylethanol, Ph OH O
/\/\)\)J\ A bwmap, ch,Cl, Ph A

e 37 i > Ph>l\s/\/\ ~/ 9

5 st

2,4,6-trichlorobenzoyl
chloride, Fmoc-L-valine,
DMAP, DIPEA, THF

o
1) Et,NH, CH,CI, \ NHFmoc
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Scheme 31. Alternative route of synthesis to cyclic cai4
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2.9 Biological Studies

2.9.1 Results

The Biological studies were carried out in the laboratory of Robert A. Casero,
Professor of Oncology, the Sidney Kimmel Comprehensive CancerrCémelJohns
Hopkins University, School of Medicine, Baltimore. The antiproliferatagivity of
analogsT1A, T1B, T3, T4A, T4B, T4C andT6 were evaluated in the HCT116 colon
adenocarcinoma cell line by a standard 3-(4,5-dimethylthiazt-2-{B-
carboxymethoxyphenyl)-2-(4-sulfophenylHdzetrazolium (MTS) reduction assay
(Promega) using largazole as the control as previously rep8rt€ture 21 show the
results of the MTS assay after 96 h of treatment with 10 nM, 100LnMM and 5 puM
concentrations of the compounds. Largazole inhibited the growth of HCT146vdél a
Glso of ~ 30 nM whereas the three side chain analbg&, T4B and T4C showed
activity only at higher concentrations. Of the three, the pyidanalog T4A
demonstrated the greatest effect on growth inhibition with 3 &11.0 puM. Of the
analogs incorporating changes in the depsipeptide ring, the C-¢l lswtistituted analog
T1B showed a Gb value of 10 nM. The C-7 epimer of largazdl8 is less active than

largazole with a G value of 5 uM.
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Figure 21. Growth inhibitory effects of largazole and analogs on HCT116 colon
carcinoma cells.

To evaluate the effects of analof$B, T3, T4A, T4B, andT4C on HDAC activity, the
downstream effects of HDAC inhibition on global histone H3 acetylatvas evaluated
by Western blot analysis after 24 hours of cellular exposut® nM, 100 nM, and gM

of each compound. Although no increase in global acetylation wasvetser treated
cells exposed to analodgs3, T4A, T4B and T4C at 100 nM, analogr1B showed
prominent increase in global acetylation at 100 nM. The effectabgit 1B on global

histone H3 acetylation is quite promising and is comparable to tHatgzfzole at 100
nM. AnalogsT4A andT4B showed a significant increase in global acetylationud,1

though the effect is much lower than what was observed with largazole.

In order to ascertain the effect of analdg#\, T4B andT4C on HDACG6 activity, the
levels ofa-tubulin acetylation after exposure to 10 nM, 100 nM and 1 pM were dtudie

using Western blot analysis of whole cell lysates from dedlated for 24 hours. No
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changes ina-tubulin acetylation were observed by exposure to any of the a@nalog
including largazole. This conforms to earlier findings that HBAE not a target for

largazole and 4 series analog®.
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2.9.2 Discussions

Largazole inhibited the growth of HCT116 cells with ad&if ~30 nM. The three side
chain analogg 4A, T4B andT4C were less active, the pyridine analogA being the
most active of the three with a 4glof ~1.0 uM.The other two analogs were active at
higher concentrations. This is consistent with significant increafseglobal H3
acetylation observed with largazole at 1 uM concentration and mouksttion of
global H3 acetylation observed for analobdA and T4B. There was no change in
acetylatedu-tubulin levels with any of the compounds indicating they have no effect
HDACS. Thioethers bind weakly to Zh*° These largazole analogs were designed to see
whether the introduction of a second hetero atom would lead to strongergbtodihe
metal ion and also isoform/class selectivity. However, it ispogsible to suggest if the
diminished biological activity observed is due to poor affinity obetier group for Zi
ion or incompatibility of the modified metal binding moiety with thBAL active site.
Despite the high sequence similarity within the active sitesgarce of discrete binding
cavities in the vicinity of the metal ion may be taken advantage athieve isoform
selectivity as exemplified by HDACis with substituted benzimmetal-binding domains
which display class | selectivity®” ** The exploration of alternative metal-binding
domains is one of the ways forward to the development of such isofornelassd

selective HDAC:s.

Analog T1B with allyl group replacement of isopropyl group of valine was enpmtent

than largazole. Substitution of the isopropyl group of valine at CHk wther
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hydrophobic and hydrophilic groups may lead to molecules with improstadty and

selectivity.

Determination of HDAC isoform/class selectivity of all syrdized analogs is in

progress.
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2.10 Future Directions

The HDAC isoforms or subsets of isoforms pertinent to antitumoajplyesre not clearly
understood. In addition, which HDAC substrates have the most critibed iin a
particular type of tumors is not knowh Although trial and error and serendipity have
played an important role in the development of HDAC inhibitors dueati lof
information about individual HDAC isoforms, rational drug design has led to a number of
clinically important HDACIs*® Some success has been achieved in the development of
isoform and/class selective HDACis based on binding studies of nhedeto HDAC
proteins by X-ray crystallography. Apart from extending thatlsetic efforts to generate
additional analogs of current series, HDAC4 selective compoundgo@s 8A and
T8B), compounds (analog¥10, T11,) with multiple sites of activity and HDAC6
selective analogsT(2) as shown in Figure 22 are designed to increase the therapeutic

efficacy of these molecules.
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Figure 22. Additional target molecules designed for future directions.
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Target molecules of T8 series

In target moleculer8, the thiol group of largazole is replaced with a trifluoromethyl
ketone moiety as HDACI with trifluoromethyl ketone functionality typicalisplay a 10-
100 fold greater inhibition of class Il than class | HDA€dt has been shown that
HDAC4 (class I) inhibitors produce cellular sensitization to immjzradiations”
Although the trifluoromethyl group fills the gap near ¥Poit is far away from Hi¥°
which lies at the bottom of the biding pocket of HDAC4. Analogsype({l8B are
designed to see if substituted phenyl ketone fills this gap andtieadslitional HDAC4
selectivity. Electron withdrawing groups such as -NECN, -SQNH,, -COOR on
phenyl ring serve three purposes: 1) they increase electropgfi ketone; 2) they can
form hydrogen bonds with Hi®, Prd® and other amino acids; 3) they fill the pocket
around Hi€’® and Pr8®. Additionally, presence of sterically hindered groups at 2,6-
positions decreases chances of stabilization of hydrated ketong8°in class | HDAC

and thus increases their selectivity for class Il HDAC.

Proposed synthesis of target molecli8A can begin with Grignard reaction betwedn
and 82 to give 83 as shown in Scheme 32. If Grighard reaction is complicated by
formation of tertiary alcohol, Weinreb amide can be used instead of acidleltmomake
83. An alternative route t83 is depicted in scheme 83The cyclic cores6 (scheme 26)

can be subjected to olefin metathesis \8&Ho afford the target moleculeBA.
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Scheme 32: Synthesis of side chain fragmeB&of target moleculd 8A

Target moleculd 8B can be synthesized in a similar manner.

a) TMSCF, CsF, DME, RT:

e) b) Dess-Martin periodinane, o
M CH.CL, RT
2>’ -
H AN - F CM
84 3 83

Scheme 33. Alternative route to compour&8

Target molecules of T9 series:

Small molecules generally are preferred as drug candidatdir large-scale synthesis
for clinical use is more viable commercially. Seven-memberegl compoundsl'9 are
designedas small molecule analogs of largazole. Several analof8 cén be generated
using different amino acids. Also, stereochemical requiremenisbeadeduced by

generating analogs using both D- and L-amino acids.

Synthesis of target molecul® is shown in Scheme 34. Acyl group transfer fr8mto
methanol gav&5 which can undergo Yamaguchi esterification with various Fmoc amino
acids to affordd6. After saponification and Fmoc group removal, it can be subjeoted
lactamization under specified conditions to give the cyclic im¢gliate87. Removal of

trityl group of87 followed by acetylation will yield analogs ®P series.
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Scheme 34. Synthesis of small ring analog9

Target molecules T10, T11 series

Involvement of human epidermal growth factor receptor (HER) familymorogenesis
is known. The four structurally linked tyrosine kinase receptor protin$ER family
are the epidermal growth factor receptor (EGFR): (HER1), HEER3 and HER4!
EGFR/HER2 inhibitor lapatinib and EGFR inhibitors erlotinib and gebtiare FDA
approved drugs used against solid tumors. As these drugs sufferrfribations due to
development of drug resistance, Curis Inc. combined features of HDskdi
EGFR/HER2 inhibitors in CUDC-101 (Figure 23), which is in phasknlcal trials for
advanced head and neck, gastric, breast, liver and non-small cettdnngr tumor&!
Based on the success of CUDC-fb1he proposed moleculdsl0, T11 are designed to

have multiple sites of activity in a single molecule. The moésuombine HDAC,
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EGFR, and HER2 inhibitory activity. In addition, analogsl are designed to include
two heteroatoms two atoms away from each other. The bindings# the heteroatoms
to Zrt* of HDAC enzymes would form a stable 5 membered transitiae sthich may

potentiate the activity of these analogs.

N o
HO™ M SN
0 >
CuDC-101 (l) N

Figure 23. Structure of phase | molecule CUDC-101.

Target molecules T12 series

HDAC inhibitors with phenylisoxazole as cap group are reportechave HDACG6
selectivity®® Few of these compounds have been shown to be 10-fold more potent than
SAHA.®? AnalogsT12 are designed to consist of phenylisoxazole along with Fmoc as

cap groups and are Y shape molecules which retain their HDACG6 sele@atiyds.
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Chapter 3

3 Experimental Sections

3.1 Experimental Chemistry

General:

THF was refluxed with Na and benzophenone and freshly distilled prias¢. NMR
spectra were recorded on Varian INOVA 600 MHz and Varian VXRS Kbk
instruments and calibrated using residual undeuterated solvent asalinteference
(CDCl: *H NMR at$ 7.26,°C NMR ats 77.23; BO: 'H NMR at$ 4.8; DMSOdg: H
NMR at$ 2.5,*C NMR at$ 39.51). Optical rotations were recorded on an AUTOPOL
[l 589/546 polarimeter. High-resolution mass spectra (HRMS)ewercorded on a
Micromass LCT Electrospray mass spectrometer at the &dnstrument Facility, the
Wayne State University, Detroit, Michigan and on a Micromas3ofQ4dl mass
spectrometer at Mass Spectrometry and Proteomics FadigyQhio State University,
Columbus, Ohio. Crude products were purified by flash column chromatographican sil
gel (32-63 p) purchased from Dynamic Adsorbents Inc. and byagaige thin layer
chromatography on 1000 p Uniplates purchased from Analtech Inc. cammercial
solvents as specified. Microwave experiments were performed Biotage Initiator.

Combiflash Companion by Teledyne ISCO Inc. was used for flasbmatographic
74



separations. HPLC analyses were performed on a Waters 1528/ Blomp HPLC
system with Waters 2487 Dual Wavelength Absorbance DetectorSymanetry C18
column (reverse phase, 5, 4.6 mm x 150 mm) using a liner gradient of 10-100%
H,0O:MeOH over 15-20 min; flow rate of 1 mL/min and UV detectio@% nm. Luna 5
M Cg(2) 100A (size 250 X 10 mm 5 micron) column by Phenomenex Inc. was arsed f
HPLC separations. D-Hydantoinase, recombinant, immobilized EoGoli (catalog no:

53765; CAS: [9030-74-4]) was purchased from Fluka Chemie AG.

tert-Butyl (4-car bamoylthiazol-2-yl)methylcarbamate (6).

A mixture of Boc-thioglycinamide4 (0.95 g, 5 mmol, 1 equiv) and bromopyruvic acid
(0.835 g, 5 mmol, 1 equiv) in dry THF (20 mL) was stirred atG@inder nitrogen for 2

h. The reaction mixture was concentratadvacuo and the residue was dried under
reduced pressure by repeated azeotropic removal of moisturgoliéme. The crude
carboxylic acid residue was dissolved in dry THF (50 mL) andhgiemine (1.3 g,
12.94 mmol, 2.6 equiv) and ethyl chloroformate (0.681 g, 6.24 mmol, 1.25 equiv) were
added at GC. The reaction mixture was stirred for 30 minutes at the sampetrature.
Ammonium hydroxide (~ 1.1 g, 31.76 mmol, 5 equiv) was added and the reaction
mixture was stirred at room temperature for 2 h. It was coratedtin vacuo and
purified by flash column chromatography on silica gel in ethgtate/hexanes (33-
100%) to yield6 (0.768 g, 60% over two steps from Boc-thioglycinamide); mp 153-154
°C (lit.*** mp 153°C). 'H NMR (400 MHz, CDCJ): § 8.08 (s, 1H), 7.13 (br s, 1H), 5.94

(br s, 1H), 5.34 (br s, 1H), 4.59 @ = 5.6 Hz, 2H), 1.47 (s, 9H}*C NMR (100 MHz,

CDCls): 6 169.7, 163.1, 155.8, 149.3, 124.8, 80.8, 42.5, 28.5.

75



tert-Butyl-(4-cyanothiazol-2-yl)methylcar bamate (7).

To a solution of amidé (0.204 g, 0.797 mmol, 1 equiir) dichloromethane (20 mL) at O
°C was added triethylamine (0.174 g, 1.725 mmol, 2.16 equiv) followed by depwis
addition of trifluoroacetic anhydride (0.181 g, 0.863 mmol, 1.08 equiv). The aracti
mixture was stirred at room temperature for 1 h, concentrateacuo and purified by
flash chromatography on silica gel in ethyl acetate/hex@&t®e5{%) to obtain the nitrile

7 (0.189 g, 99%). mp 84-8% (lit.*>° mp 84°C). *H NMR (600 MHz, CDC}): & 7.95

(s, 1H), 5.3 (s, 1H), 4.62 (d,= 6 Hz, 2H), 1.47 (s, 9H}*C NMR (100 MHz, CDG)): &

171.7,155.8, 131.1, 126.6, 114, 81, 42.5, 28.5.

5-(tert-Butylthiomethyl)-5-methylimidazolidine-2,4-dione (10).

To a 5% aqueous solution of NaOH (96 mL, 120 mmol, 1.2 equiv) was &duleg
mercaptan (9.02 g, 100 mmol, 1 equiv) 800 After 30 minutes, chloroacetone (9.25 g,
100 mmol, 1 equiv) was added af® and the mixture was stirred at room temperature
for 3 h. The two yellow layers of the reaction mixture became honoageafter addition

of NaCN (5.88 g, 120 mmol, 1.2 equiv), (WHCO; (27.7 g, 350 mmol, 3.5 equiv), and
ammonium hydroxide solution (14.8 M, 31 ml, 459 mmol, 4.59 equiv). After stiaing
60 °C overnight, the reaction mixture was cooled and the pH was adjusted.@owith
HCI. The precipitated product was filtered and diedacuo. It was recrystallized from
50% ethanol to get hydantoli® (19.44 g, 90%); mp 208-21C (Iit.°®* mp 208-210C).

'H NMR (400 MHz, DMSOdg): & 10.60 (s, 1H), 7.89 (s, 1H), 2.75 (s, 2H), 1.31 (s, 3H),
1.22 (s, 9H)."*C NMR (100 MHz, DMSQdg): & 177.2, 156.2, 62.1, 41.8, 35.1, 30.7,

23.6.
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3-(tert-Butylthio)-2-methyl-2-ureidopropanoic acid (11).

A solution of hydantoirlO (2.37 g, 10.97 mmol, 1 equiv) in aqueous NaOH (10% wl/v,
35 mL, 87.5 mmol, 7.97 equiv) was refluxed at 20for 60 h. After the completion of

the reaction (TLC, 10% MeOH: GBI,) the pH of the reaction mixture was adjusted to 8
with HCI when a thick precipitate was formed. The suspension vaschto 70C and a
solution of KCNO (3.1 g, 38.27 mmol, 3.49 equiv) in water (15 mL) was added drop
wise over 40 minutes along the sides of the flask. The reaciidoreywas stirred at 70

°C for 7 h. After cooling, the pH of the reaction mixture was adgugd 2 with HCI. The
product was filtered off, washed with water and dried to get compbLi(tl15 g, 45%).

The crude product was taken to the next step without further purification.

(R)-3-(tert-Butylthio)-2-methyl-2-ur eidopr opanoic acid (12).

To an aq NaCl solution (3.2%, 7 mL) was added compdin(L.35 g, 5.77 mmol, 1
equiv) and pH of the mixture was adjusted to 6.5 with ag. NaOH (10%)iosolut
Immobilized hydantoinase (0.45 g, 23.9 U) and magnesium sulphate morteh{gifa
mg) were added to it and the reaction mixture was stirre#D&C for 2 days while
maintaining the pH at 6.5 using 10% agSK)y. The reaction mixture was cooled and the
precipitate of the enzyme and compoud was filtered off. The precipitate was washed
with water and extracted with ethyl acetate. The organic layemasised with water and
concentrated to gdia (0.553 g, 81.9%). The filtrate was washed with ethyl acetate (15
mL) twice. The pH of the aqueous layer was adjusted to 3 #@igand the precipitate
of compoundl2 was filtered off. It was washed with water and dried to gatpoundl2

(0.510 g, 81.9%).
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(R)-a-Methylcysteine HCI (13).

A solution of compound?2 (1.5 g, 6.41 mmol, 1 equiv) in HCI (15 mL) was refluxed
under nitrogen for 3 days. The reaction mixture was azeotropped witlopsopt three
times. It was stirred with toluene at 8G for 1 hour and cooled. The crystals were
filtered, washed with toluene and driedvacuo to get compound3 (1.1 g, quantitative).
[a]p?° + 7.88 € 0.33, HO) (lit.%* [a]p + 8.13 (€ 1.58, HO)). *H NMR (400 MHz, DO):

§ 3.16 (d,J = 15.2 Hz, 1H), 2.86 (d] = 15.2 Hz, 1H), 1.57 (s, 3H)°C NMR (100 MHz,

H,0):6 173.2, 61.6, 30.3, 21.3.

(R)-4-isopr opylthiazolidine-2-thione (15).*

A mixture of D-valinol (4 g, 38.83 mmol, 1 equiv), aqueous 1 N potassium hgerox
(200 mL, 200 mmol, 5.15 equiv) and £85.14 g, 199mmol, 5.13 equiv) was refluxed
at 105°C overnight. The reaction mixture was cooled to room temperaharextracted
with dichloromethane. The combined organic layers were dried over ranisysodium
sulphate and evaporated vacuo. The crude product was purified by flash column
chromatography on silica gel in ethyl acetate: hexan&0%) to obtainl5 (5.9 g, 92
%). [a]p?® + 34.0 € 1.0, CHC}). (Iit.®® [a]p?° + 37 (c 1.0, CHG)). *H NMR (600 MHz,
CDCL): & 7.43 (br s, 1H), 4.03 (dd, = 8.4, 15.6 Hz, 1H), 3.52 (dd,= 7.8, 10.8 Hz,
1H), 3.34 (ddJ = 9.0, 11.4 Hz, 1H), 1.93-1.99 (m, 1H), 1.04J&; 6.6 Hz, 3H), 1.00 (d,

J=6.6 Hz, 3H)*C NMR (100 MHz, CDGJ): § 201.3, 70.2, 36.2, 32.3, 19.0, 18.5.
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(R)-1-(4-isopropyl-2-thioxothiazolidin-3-yl)ethanone (16).

To a mixture of NaH (1.15g of 60% dispersion in oil, 28.65 mmol, 2.25 equi) a
Nagao auxillary 15) (2.05 g, 12.7 mmol, 1 equiv) was added dry ether (100 mLf@t O
The reaction mixture was stirred for 10 minute 4C0and acetyl chloride (1.1 g, 14.01
mmol, 1.1 equiv) was added very slowly &30 It was stirred for 10 minutes af© and
then for 1 h at room temperature. The reaction mixture wasdreeth 1M HCI and
extracted with ethyl acetate (3 times). The organic etsas washed with brine, dried
over anhydrous sodium sulphate and concentriatedcuo. The crude reaction product
was purified by flash column chromatography on silica gel inl @ibgtate: hexanes (5%)
to get compound6 (2.378 g, 92%).'H NMR (600 MHz, CDCJ): & 5.13-5.16 (m, 1H),
3.50 (dd,J = 7.8, 11.4 Hz, 1H), 3.02 (dd,= 1.2, 11.4 Hz, 1H), 2.77 (s, 3H), 2.33-2.38
(m, 1H), 1.05 (dJ = 6.6 Hz, 3H), 0.97 (d] = 7.2 Hz, 3H)*C NMR (150 MHz, CDGJ):

6 203.4,170.9, 71.4, 30.9, 30.6, 27.2, 19.3, 18.0.

1,3-Dioxene (18).%°

To a solution of glycerol formal (available as approx. 60: 40 isoenmeixture of of 5-
hydroxy-1,3-dioxane: 4-hydroxymethyl-1,3-dioxolane) (26 g, 0.25 mol, 1 equg) a
toluenesulfonyl chloride (50 g, 0.2625 mol, 1.05 equiv) in dichloromethane (50 nsL) wa
added anhydrous pyridine (25.5 mL, 0.316 mol, 1.26 equiv) through a dropping funnel at
0 °C over 2 h. 4-(Dimethylamino)pyridine (5.0 mg, 0.041 mmol, ) was addedhand t
reaction mixture was stirred for 16 h at room temperaturea$t partitioned between

H,O and dichloromethane and the aqueous phase was extracted with dictiiar@met
The combined organic extract was dried over anhydrous sodium sulphdte a

concentratedn vacuo. The residue was crystallized fromy@tand hexanes to give 5-
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tosyloxy-1,3-dioxane (27.34 g, 629%MH NMR (400 MHz, CDC}): 6 7.82 (d,J = 8.4 Hz,
2H), 7.36 (dJ = 8.0 Hz, 2H), 4.74-4.82 (m, 2H), 4.44-4.48 (m, 1H), 3.99& 3.2 Hz,
1H), 3.96 (d,J = 3.6 Hz, 1H), 3.78 (dd] = 6.0, 12.0 Hz, 2H), 2.46 (s, 3HC NMR

(100 MHz, CDC}): 6 145.5, 133.6, 130.2, 130.1, 128.2, 128.0, 93.7, 70.8, 68.8, 21.9.

To a homogeneous solution of KOH (9.8 g, 0.175 mol, 25 equiv) and triethyieo g

(60 mL) at 50 °C was added 5-tosyloxy-1,3- dioxane (18 g, 0.07 mol, 1 equdnei
portion. The resulting mixture was heated slowly to 200 °C undeingtiand HO and
dioxene 18) formed were condensed in a Dean-Stark trap equipped with ecelry i
condenser (-78 °Ch-Decane (100 mL) was added to the condensate, the phases were
separated and the aqueous phase was extractedh-débane. The combined organic
extract was dried over sodium sulphate and the crude product was distiletd 8q2)32

g, 44%)."H NMR (600 MHz, CDCJ): § 6.56 (dt,J = 2.4, 6.6 Hz, 1H), 5.06 (s, 2H), 4.92
(dt,J = 2.4, 6.6 Hz, 1H), 4.25 (§,= 1.8 Hz, 2H)**C NMR (100 MHz, CDGCJ): § 143.8,

103.0, 90.7, 63.8.

6-(2-(tert-Butylthio)ethyl)-6H-1,3-diox-4-ene (20).*

To a solution of dioxen&8 (0.516 g, 6 mmol, 1 equiv) in THF (8 mL) was add&lLi

in pentane (1.6 M4 ml, 6.4 mmol, 1.07 equiv) with syringe pump over 25 minutes to
give a light yellow solution. A precooled solution of 2-[(2-bromoethfgyl]-2-
methylpropane 1) (1.18 g, 6 mmol, 1 equiv) in THF (8 mL) at -78 was canulated
slowly to the reaction mixture. After stirring for 4 hoursz °C it was allowed to warm

to rt with stirring overnight. The reaction mixture was quenchel wéter and extracted

with ether. The organic layer was washed with brine, dried améydride sodium
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sulphate and concentratadvacuo. It was partially purified on silica gel in ethyl acetate:
hexanes (0-2%) to afford0 (1.03 g, ~ 85%). This was taken to the next step without

further purification.

5-(tert-Butylthio)pent-2-E-enal (21).*

Partially purified compoun@0 (0.248 g, 0.0012 mmol) in anhydrous toluene (1.8 ml)
was heated in a sealed vial in a microwave synthesizer afQ686r 110 min. The
reaction mixture was concentrated and purified on silica gehil atetate: hexanes (1-
2%) to give2l (0.211 g, 96%)'H NMR (400 MHz, CDCJ): 6 9.52 (d, 7.6, 1H), 6.87 (dt,
J=6.8, 15.6 Hz, 1H), 6.16 (dd,= 8.0, 16.0 Hz, 1H), 2.7 (8,= 6.4 Hz, 2H), 2.61 (] =

6.8 Hz, 2H), 1.33 (s, 9H}*C NMR (100 MHz, CDGJ) § 194.0, 156.3, 133.8, 42.7, 32.9,

31.1, 26.6. HRMS-ESh{/2): [M + H]" calcd for GH;70S, 173.1000; found, 173.0999.

7-(tert-Butylthio)-3S-hydr oxy-1-(4R-isopr opyl-2-thioxothiazolidin-3-yl)hept-4E-en-
1-one (22).*

To a stirred solution of acetyl Nagao chiral auxilia6/(0.318 g, 1.57 mmol, 1 equiv) in
dichloromethane (15 mL) at @ was added TiGI(0.327 g, 1.723 mmol, 1.1 equiv).
After stirring for 5 minutes, the reaction mixture was cooled8°C and Hunig's base
(0.222 g, 1.723 mmol, 1.1 equiv) was added. The reaction mixture wad &birr2 h at

the same temperature and the aldehyde (0.27 g, 1.57 mmol, 1.0 equiv) in
dichloromethane (4 mL) was added dropwise. The reaction mixtugestiveed for 1 h at
-78 °C. It was removed from cooling bath, treated with water (15 ah, diluted with

dichloromethane (50 mL). The layers were separated and the aqugsusda extracted

with dichloromethane. The combined organic layer was washed witlateatuiMaCl (20
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mL) and dried over anhydrous d0,. The solvent was removed vacuo and the
residue was purified by flash chromatography on silica gethyl ecetate/hexanes (5-
33%) to give the major isome&?2 as a thick yellow oil (0.216 g, 58% brsm), and the
diastereome®3 (0.023 g, 6%) with recovery of acetyl Nagao chiral auxilidg) (0.115

g). Data for major isomeR2: [0]p?° - 277.6 ¢ 0.135, CHCJ). 'H NMR (400 MHz,
CDCl): § 5.73-5.80 (m, 1H), 5.59 (dd,= 6.0, 15.2 Hz, 1 H), 5.15 (8,= 7.6 Hz, 1H),
4.63 (m, 1H), 3.61 (dd] = 2.8, 17.6 Hz, 1H), 3.52 (dd,= 8.0, 11.6 Hz, 1H), 3.30 (dd,

= 9.2, 17.6 Hz, 1H), 3.03 (d,= 11.6 Hz, 1H), 2.85 (s, 1H), 2.57 (&= 7.6 Hz, 2H),
2.27-2.39 (m, 3H), 1.30 (s, 9H), 1.05 (U= 6.8 Hz, 3H), 0.97 (dJ = 7.2 Hz, 3H).°C
(100 MHz, CDC}) 6 203.1, 172.7, 131.9, 130.7, 71.6, 68.7, 45.5, 42.23, 32.7, 31.2, 31.0,
30.8, 28.0, 19.29, 18.0. HRMS-ESing): [M + NaJ" calcd for G7/H,90NO,S:Na,

398.1258; found, 398.1245.

(R)-2-(2-((tert-Butoxycar bonylamino)methyl)thiazol-4-yl)-4,5-dihydr othiazol e-4-
carboxylic acid (29).25a, 25¢

To a well stirred mixture of the nitrilé(0.096 g, 0.4 mmol, 1 equiv) and NaH&(0.232

g, 2.76 mmol, 5.6 equiv) in methanol (5 mL) was add&ofmethylcysteine
hydrochloride13 (0.084 g, 0.491 mmol, 1.23 equiv) followed by phosphate buffer pH
5.95 (2.5 mL). The reaction mixture was degassed with nitrogen béifomegsit under
nitrogen at 70C for 1 h. It was acidified with 1 M HCI and extracted withybticetate

(15 mL) three times. The combined organic extract was washibd saiurated NacCl
solution, dried over anhydrous sodium sulphate and concentrated to obtairbthe/laa

acid29 (0.137 g)which was used in the next step without further purification.
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(R)-Methyl 2-(2-(((S,E)-7-(tert-butylthio)-3-hydr oxyhept-4-enamido)methyl)thiazol-
4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (31).

A solution of carboxylic aci@9 (0.121 g, 0.34 mmol, 1 equiv) in anhydrous methanol (5
mL) was bubbled with HCI gas for 5 minutes. The reaction nmaxias stirred overnight

at room temperature and concentratedvacuo to give compound30 which was
azeotropped using toluene before taking it to the next step. A modtai@ove obtained
compound30 and DMAP (0.108 g, 0.886 mmol, 2.61 equiv) in dichloromethane (2 mL)
was stirred for 5 minutes and a solution of aldol pro@2q{0.124, 0.34 mmol, 1 equiv)

in dichloromethane (1 mL) was added. The reaction mixture wa®dstfor 2 h,
concentratedn vacuo and purified by flash chromatography on silica gel in ethyl
acetate/hexanes (20-100%) to afford the alc@1d0.140 g, 78% over three steps from
nitrile 7). [a]p*° — 15 € 0.1, CHC}). *H NMR (400 MHz, CDCY): & 7.90 (s, 1H), 7.32 (s,
1H), 5.66-5.72 (m, 1H), 5.52 (dd,= 6.4, 15.2 Hz, 1H), 4.66-4.72 (m, 2H), 4.48 (s, 1H),
3.83 (d,J = 11.2 Hz, 1H), 3.76 (s, 3H), 3.24 ®=11.2 Hz, 1H), 2.52 (1] = 7.6 Hz, 2H),
2.39-2.64 (m, 2H), 2.24 (q] = 7.2 Hz, 2H).**C NMR (100 MHz, CDGJ): § 173.8,
172.1, 168.2, 162.9, 148.3, 132.3, 130.6, 122.4, 84.6, 69.2, 53.1, 43.0, 42.2, 41.6, 40.9,

32.6, 31.1, 27.85, 24.1.

(R)-Methyl 2-(2-((5S,89)-8-((E)-4-(tert-butylthio)but-1-enyl)-1-(9H-fluor en-9-yl)-5-
isopropyl-3,6,10-trioxo-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl -
4,5-dihydrothiazole-4-car boxylate (32)

To a solution of Fmoc-L-valine (0.013 g, 0.0383 mmol, 1.55 equiv) in THF (1 mQ) at
°C were added Hunig’'s base (0.007 g, 0.0575 mmol, 2.32 equiv) and 2,4,6-
trichlorobenzoyl chloride (0.0125 g, 0.0512 mmol, 2.07 equiv). The reaction mixasre w
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stirred at 0°C for 1 h. When TLC indicated formation of the anhydride, alc@iol
(0.012, 0.247 mmol, 1 equiv) in THF (1 mL) was added to the reaction mattOfE. It

was stirred overnight at room temperature. The reaction mixtase concentrateth

vacuo and flash chromatography purification on silica gel in ethytaaethexanes (20-
100%) vyielded the acyclic precursé® (0.019 g, 95%).d]o%° - 42 € 0.095, CHCJ). *H

NMR (400 MHz, CDCJ): & 7.90 (s, 1H), 7.75 (d] = 7.6 Hz, 2H), 7.57 (d) = 7.2 Hz,

2H), 7.39 (dtJ = 2.0, 7.6 Hz, 2H), 7.31 (§,= 7.6 Hz, 2H), 6.86 () = 6.0 Hz, 1H), 5.82-

5.90 (m, 1H), 5.65-5.70 (m, 1H), 5.56 (dds 7.6, 15.6 Hz, 1H) 5.27 (d,= 8.0 Hz, 1H),
4.69-4.79 (m, 2H), 4.32-4.41 (m, 2H), 4.19Xt 6.8 Hz, 1H), 4.05-4.13 (m, 1H), 3.85

(d, J = 11.2 Hz, 1H), 3.78 (s, 3H), 3.24 (@ = 11.6 Hz, 1H), 2.63 (d] = 5.6 Hz, 2H),

2.53 (t,J= 7.2 Hz, 2H), 2.29 (q] = 7.2 Hz, 2H), 2.06-2.13 (m, 1H), 1.76 (s, 1H), 1.62 (s,
3H), 1.29 (s, 9H), 0.95 (d,= 6.8 Hz, 3H), 0.91 (d] = 6.4 Hz, 3H)**C NMR (100 MHz,
CDCl3): 6 173.8, 171.5, 169.2, 168.6, 162.9, 156.6, 148.5, 143.9, 143.9, 141.5, 141.5,
134.5, 127.9, 127.5, 127.3, 127.3, 125.3, 125.2, 122.3, 120.2, 120.2, 84.7, 72.5, 67.3,

59.7,53.1,47.3,42.3,41.7,41.3,32.7,31.2, 31.1, 27.7, 24.2, 19.3, 18.2.
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Cyclic core 33

To a stirred solution 082 (0.029 g, 0.0351 mmol, 1 equiv) in THR®I (4:1, 1.1 mL) at

0 °C was added 0.1 M LiOH (0.35 mL, 0.035 mmol, 1.0 equiv) dropwise over a period of
15 minutes. After stirring at 8C for 6 h it was acidified with 1 M HCI solution and
extracted with EtOAc three times. The combined organicr leyges washed with brine,
dried over anhydrous sodium sulphate, and concentratedcuo. The product was
purified by prep TLC to give the carboxylic acid. The carboxgled was dissolved in
acetonitrile (3 mL) and treated with diethylamine (0.150 g, 1.460nA1.59 equiv).
After stirring at room temperature for 3 h, it was concerdratevacuo to dryness to
afford the free amino derivative. After drying azeotropicalithwoluene, it was treated
with HATU (0.03 g, 0.0789 mmol, 2.25 equiv), HOAt (0.010 g, 0.0735 mmol, 2.09
equiv), dimethylformamide (30 mL, ~ 1 mM), and Hunig’s base (0.023 g, 0.17@d,mm
4.91 equiv) and the mixture was stirred for 30 h at room temperathee.reaction
mixture was concentrated to dryness and was purified by flasmekography on silica
gel in ethyl acetate/hexanes (10-80%) to yield the cydie33 (0.0048 g, 24% over 3
steps fron27). *H NMR (400 MHz, CDCJ): § 7.76 (s, 1H), 7.17 (dl = 9.6 Hz, 1H), 6.5
(dd,J = 3.0, 9.6 Hz, 1H), 5.87-5.92 (m, 1H), 5.68 @t 2.4, 7.2 Hz, 1H), 5.52 (dd,=
7.2, 15.6 Hz, 1H), 5.29 (dd,= 9.6, 17.4 Hz, 2H), 4.60 (dd,= 3.0, 9.6 Hz, 1H), 4.26
(dd,J = 3.0, 17.4 Hz, 1H), 4.03 (d,= 11.4 Hz, 1H), 3.28 (d] = 11.4 Hz, 1H), 2.87 (dd,
J=4.2,16.2 Hz, 1H), 2.71 (dd,= 3.0, 16.2 Hz, 1H), 2.56 (8,= 7.2 Hz, 2H), 2.29-2.34
(m, 2H), 2.08-2.14 (m, 1H), 1.86 (s, 3H), 1.30 (s, 9H), 0.69 7.2 Hz, 3H), 0.50 (d]

= 6.6 Hz, 3H).*C NMR (100 MHz, CDGJ): 6173.3, 169.7, 169.1, 168.2, 147.6, 133.9,
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127.8, 124.4, 84.6, 72.3, 58.0, 43.5, 41.3, 40.8, 38.8, 34.4, 32.8, 31.2, 27.7, 24.4, 19.1,

16.8.

Attempted conversion of 33 to largazole:

attempts 1-3: 1 M BBr3, octanoyl chloride,
CH,Cl,, RT
attempt 4: TFA, anisole, mercuric acetate,
0 °C; followed by DIPEA,

o\\\X\S octanoyl chioride, DMAP, OWS
J/, N#\ CH,Cly, RT J// N:S—\
= “—NH —
No, S~ 7777777 X """"" > I Na S
o~ o j )(J)\ o0 o j
X /\/\/'\)J\
S N HsC(H,C) 'S H
1

33 H
Largazole

Attempt 1:* To a stirred solution of33 (0.0032 g, 0.00579 mmol, 1 equiv) in
dichloromethane (1 mL) were added octanoyl chloride (0.0019 g, 0.01166 mmol, 2
equiv) and BBy in dichloromethane (1 M, 7 pL, 0.007 mmol, 1.21 equiv). The mixture
was stirred overnight at room temperature. After TLC analymimther portion of
octanoyl chloride (0.0019 g, 0.01166 mmol, 2 equiv) was added and the mixture was
stirred for another 5 h. Concentration of the reaction mixtuvacuo and purification by

silica gel chromatography in ethyl acetate: hexanes tgvstarting materié83 (0.002

g) and no largazole was isolated.

Attempt 2. To a stirred solution of33 (0.002 g, 0.00362 mmol, 1 equiv) in
dichloromethane (0.5 mL) were added octanoyl chloride (0.01435 g, 0.0876 mmol, 24

equiv) and BBy in dichloromethane (1 M, 14 uL, 0.014 mmol, 3.87 equiv). The reaction
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mixture was stirred for 2 days at room temperature. TLC asa$% MeOH: DCM)
showed a new spot of low Rf (0.05), but chromatographic separationican gl in
methanol: dichloromethane (4%) did not give any free thiol, largazolihe starting

material.

Attempt 3. To a stirred solution 0f33 (0.004 g, 0.00724 mmol, 1 equiv) in
dichloromethane (0.5 mL) were added octanoyl chloride (0.0048 g, 0.0285 mmol, 3.93
equiv) and BBg in dichloromethane (1 M, 14 pL, 0.014 mmol, 1.94 equiv). The reaction
mixture was stirred at room temperature @oh. After monitoring by TLC more BBr
solution (2 equiv) and octanoyl chloride (8 equiv) were added and tbgoreanixture

was stirred overnight. Purification by column chromatography resuitedcovery of

staring material (0.0025 g) but no thiol or largazole was isolated.

Attempt 4:> Trifluoroacetic acid (0.148 g, 1.30 mmol, 288 equiv) was added to the
thioether33 (0.0025 g, 0.0045 mmol, 1 equiv) a’O. To the stirred reaction mixture
were added anisole (0.001 g, 0.009 mmol, 2 equiv) and mercuric acetate (§,0015
0.0047 mmol, 1.04 equiv) and the mixture was stirred for 30 min. at room riunge
After the disappearance of the starting material (TL&)favor of a more polar
compound, reaction mixture was concentratedacuo. The residue was dissolved in
acetonitrile (1 mL), and $6 gas was bubbled through it to precipitate mercury as HgS.

The mixture was filtered and concentratedacuo.
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The residue was dissolved in dry dichloromethane (0.5 mL) and tredtfedHunig’s

base (0.0059 g, 0.046 mmol, 10.23 equiv) and octanoyl chloride (0.0057 g, 0.035 mmol,
7.77 equiv). The reaction mixture was stirred at rt for 4 h. Nthneig’s base (0.0045 g,
0.035 mmol, 7.77 equiv) and DMAP (0.001 g, 0.0082 mmol, 1.82 equiv) were added and
the mixture was stirred at room temperature. It failed to give starting material or

product.

(2E)-5-[(Triphenylmethyl)thio]-2-pentenal (36).>

To a solution of triphenylmethanethiol (6.91g , 25 mmol, 2.09 equiv) in dichlohamet
(100 mL) were added acrolein (1.965 g, 35 mmol, 2.9 equiv) and triethylagb d,
35 mmol, 2.9 equiv). The reaction mixture was stirred for 1 lo@nrtemperature and
was concentrated to give the aldehyfeas a white solid, which was used in the next
step without purification. A solution of the aldehyd¥ obtained above and
(triphenylphosphoranylidene)acetaldehyde (3.64 g, 11.96 mmol, 1 equiv) irmnizgre
(150 mL) was refluxed for 8 h. The reaction mixture was concenteatddpurified by
flash chromatography on silica gel in dichloromethane/hexane25®) to afford
aldehyde36 (5.83 g, 65% over the two steps); mp 140-2@1'H NMR (400 MHz,
CDCl): 5 9.43 (d,J = 8.0 Hz, 1H), 7.42 (dd] = 2.4, 7.6 Hz, 6H), 7.29 (di,= 2.0, 6.8
Hz, 6H), 7.22 (dtJ) = 2.4, 7.2 Hz, 3H), 6.60-6.67 (m, 1H), 5.95-6.01 (@¢; 8.0, 15.6
Hz, 1H), 2.29-2.37 (m, 4H)*C NMR (100 MHz, CDGJ): & 194, 156, 144.7, 133.8,

129.7,128.2, 127, 67.2, 31.9, 30.2.
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3S-Hydroxy-1-(4R-isopropyl-2-thioxo-thiazolidin-3-yl)-7-tritylsulfanyl-hept-4E-en-
1-one (37).

To a stirred solution of acetyl Nagao chiral auxilia6/(1.493 g, 7.355 mmol, 1 equiv) in
dichloromethane (60 mL) at® was added TiGl(1.72 g, 9.05 mmol, 1.23equiv). After
stirring for 5 minutes, the reaction mixture was cooled to°€78nd Hunig’s base (1.872

g, 9.2 mmol, 1.25 equiv) was added. The reaction mixture was stirredhfat the same
temperature and the aldehy8® (2.6 g, 7.263 mmol, 0.987 equiv) in dichloromethane (8
mL) was added dropwise. The reaction mixture was stirred forat -78°C. It was
removed from cooling bath, treated with water (15 mL), and diluted with
dichloromethane (50 mL). The layers were separated and the aqgugusda extracted
with dichloromethane. The combined organic layer was washed witlatemtiMaCl (40
mL) and dried over anhydrous d0,. The solvent was removed vacuo and the
residue was purified by flash chromatography on silica gelidhloromethane/hexanes
(25-90%) to give the major isom8r7 as a thick yellow oil (1.963 g, 76.5% brsm), and
the diastereome38 (0.193 g, 7.5%) with recovery of acetyl Nagao chiral auxilids) (
(0.513 g). Data for major isom&: [0]p?° - 149 € 3.7, CHC}). *H NMR (400 MHz,
CDCl): & 7.41 (d,J = 7.2 Hz, 6H), 7.28 (t) = 7.2 Hz, 6H), 7.21 (t) = 7.2 Hz, 3H),
5.61-5.55 (m, 1H), 5.46 (dd,= 6.0, 15.2 Hz, 1H), 5.12 (§,= 6.8 Hz, 1H), 4.57 () =

5.8 Hz, 1H), 3.56 (dd] = 2.8, 17.6 Hz, 1H), 3.47 (dd= 7.6, 11.6 Hz, 1H), 3.28 (dd,=

8.8, 17.6 Hz, 1H), 2.99 (d,= 11.6 Hz, 1H), 2.82 (s, 1H), 2.37-2.32 (m, 1H), 2.21 &,

7.2 Hz, 2H), 2.09 () = 7.2 Hz, 2H), 1.05 (d] = 6.8 Hz, 3H), 0.97 (d] = 6.8 Hz, 3H).

¥c NMR (100 MHz, CDQJ): 6 203.1, 172.7, 145, 132, 130.2, 129.7, 128, 126.8, 71.6,

68.6, 66.7, 45.4, 31.6, 31.6, 31, 30.8, 19.3, 18.0.
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(R)-Methyl 2-(2-((3S-hydroxy-7-(tritylthio)hept-4E-enamido)methyl)thiazol-4-yl)-4-
methyl-4,5-dihydr othiazole-4-car boxylate (39).

A solution of carboxylic aci@9 (0.136 g, 0.38 mmol, 1 equiv) in anhydrous methanol (5
mL) was bubbled with HCI gas for 5 minutes. The reaction mixua stirred overnight
and concentrateth vacuo to give compoundB0 which was azeotropped with toluene
before taking it to the next step. A mixture of above obtained compéiuadd DMAP
(0.121 g, 0.992 mmol, 2.61 equiv) in dichloromethane (2 mL) was stirred fon'&esi
and a solution of aldol produ87 (0.214, 0.38 mmol, 1 equiv) in dichloromethane (1
mL) was added. The reaction mixture was stirred for 1 h, contesiravacuo and
purified by flash chromatography on silica gel in ethyl aedtaxanes (20-100%) to
afford the alcohoB9 (0.191 g, 78% over 3 steps a-a)]d>° - 11 € 3.55, CHC})). *H
NMR (400 MHz, CDC}): § 7.90 (s, 1H), 7.38 (d] = 8.4 Hz, 6H), 7.26 (tJ = 7.6 Hz,
6H), 7.19 (tJ = 7.6 Hz, 3H), 7.07 () = 6.0 Hz, 1H), 5.50-5.58 (m, 1H), 5.37-5.43 (dd,
J=6.0, 15.2 Hz, 1H), 4.63-4.74 (m, 2H), 4.43 (m, 1H), 3.86 &11.6 Hz, 1H), 3.78 (s,
3H), 3.48 (s, 1H), 3.25 (d,= 11.6 Hz, 1H), 2.34-2.46 (m, 2H), 2.18Jt 7.2 Hz, 2H),
2.05 (q,J = 7.2, Hz, 2H), 1.63 (s, 3H}*C NMR (100 MHz, CDGJ): § 173.8, 172.0,
168.1, 162.9, 148.4, 144.9, 132.4, 130.3, 129.7, 128, 126.8, 122.4, 84.6, 69.2, 66.7, 53.1,
42.9, 41.6, 40.9, 31.6, 31.4, 24.1. HRMS-EB8IZ: [M+H]" calcd for GeHsgN3O4Ss

672.2019; found, 672.2024.
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(4R)-M ethyl 2-(2-((8S)-1-(9H-fluor en-9-yl)-5-isopropyl-3,6,10-trioxo-8-((E)-4-
(tritylthio)-but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl-
4,5-dihydrothiazole-4-car boxylate (40).

To a solution of Fmoc-L-valine (0.09 g, 0.266 mmol, 1 equiv) in THF (1 nl) €

were added Hunig's base (0.45 g, 0.345 mmol, 1.29 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.78 g, 0.32 mmol, 1.2 equiv). The reaction mixture was stir@8Cafor 1 h.

When TLC indicated formation of the anhydride, alcoB@l(0.07 g, 0.104 mmol, 0.39
equiv) in THF (1 mL) was added to the reaction mixture ¥.0t was stirred overnight

at room temperature. The reaction mixture was concentriatedacuo and flash
chromatography purification on silica gel in ethyl acetatedhes (20-100%) yielded the
acyclic precursod0 (0.100 g, 97%).d]o>° -12 € 6.83, CHC}). 'H NMR (600 MHz,
CDCL): § 7.89 (s, 1H), 7.76 (dl = 7.2 Hz, 2H), 7.57 (d] = 7.2 Hz, 2H), 7.41-7.37 (m, 8

H), 7.30 (t,J = 7.2 Hz, 2H), 7.26-7.29 (m, 6 H), 7.20Jt 7.2 Hz, 3H), 6.74 (t) = 8.4

Hz, 1H), 5.69-5.65 (m, 1H), 5.61 (dd= 6.0, 13.2 Hz, 1H), 5.42 (dd,= 7.8, 15.0 Hz,

1H), 5.21 (dJ = 7.8 Hz, 1H), 4.7 (dJ = 6.0 Hz, 2H), 4.38 (dd] = 7.2, 10.8 Hz, 1H),

4.33 (dd,J = 6.6, 10.8 Hz, 1H), 4.19 (§,= 6.6 Hz, 1H), 4.05 (dd] = 6.0, 8.4 Hz, 1H),

3.85 (d,J = 10.8 Hz, 1H), 3.78 (s, 3H), 3.24 @& 10.4 Hz, 1H), 2.58 (d] = 6.0 Hz,

2H), 2.2-2.12 (m, 2H), 2.07- 2.01 (m, 2H) 1.62 (s, 3H), 0.9 (7.2 Hz, 3H), 0.85 (d]

= 7.2 Hz, 3H).°C NMR (100 MHz, CDGJ): 5 173.8, 169.2, 168.6, 163, 156.6, 148.5,
144.9, 143.6, 141.5, 134.2, 129.7, 128.03, 127.9, 127.7, 127.3, 126.8, 125.2, 122.3,
120.15, 84.7, 72.42, 67.2, 66.8, 59.6, 53.1, 47.3, 41.7, 41.6, 41.3, 31.5, 31.3, 31, 29.9,
24.1, 19.2, 18.1. HRMS-ESin(z): [M + H]" calcd for GeHs/N407Ss, 993.3397; found,

993.3389.
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Cyclic core41.*®

To a stirred solution 00 (0.133 g, 0.134 mmol, 1 equiv) in THF@ (4:1, 4 mL) at O

°C was added 0.1 M LiOH (1.4 mL, 0.14 mmol, 1.045 equiv) dropwise over a period of
15 minutes. After stirring at 8C for 1 h, it was acidified with 1 M HCI solution and
extracted with EtOAc three times. The combined organicr leyges washed with brine,
dried over anhydrous sodium sulphate, and concentrated and purified by em TL
ethyl acetate to give the carboxylic acid which was odrt@ the next step. The
carboxylic acid was dissolved in dichloromethane (13 mL) and treatkdligthylamine
(0.462 g, 6.32 mmol, 47.16 equiv). After stirring at room temperature foriBwas
concentrated to dryness to afford the free amino derivative. @fy@ng azeotropically

with toluene, it was treated with HATU (0.105 g, 0.276 mmol, 2.06 equiv), H®AB8

g, 0.279 mmol, 2.08 equiv), dichloromethane (130 mL, ~ 1 mM), and Hunig's base
(0.074 g, 0.575 mmol, 4.29 equiv) and the mixture was stirred for 30 h at room
temperature. The reaction mixture was concentrated to drynessaamulvified by flash
chromatography on silica gel in ethyl acetate/hexanes (10-6D%eld the cyclic core

41 (0.056 g, 57% over three steps fr@n [0]p?° + 2.5 € 0.95, CHCY). *H NMR (400

MHz, CDCL): & 7.73 (s, 1H), 7.37 (d] = 8.4 Hz, 6H), 7.26 (t) = 8 Hz, 6H), 7.20-7.15

(m, 4H), 6.49 (dd) = 2.8, 9.2 Hz, 1H), 5.68-5.71 (m, 1H), 5.60 (m, 1H), 5.38 {dd,

6.8, 15.6 Hz, 1H), 5.19 (dd,= 8.8, 17.6 Hz, 1H), 4.55 (dd,= 3.2, 9.6 Hz, 1H), 4.11
(dd,J = 3.2, 17.6 Hz, 1H), 4.01 (d,= 11.2Hz, 1H), 3.26 (d = 11.6 Hz, 1H), 2.77 (dd,

J = 9.6, 16.4 Hz, 1H), 2.64 (dd,= 3.2, 16 Hz, 1H), 2.15-2.19 (m, 2H), 1.98-2.06 (m,

2H), 1.82 (s, 3H), 0.67 (d,= 6.8 Hz, 3H), 0.50 (d] = 6.8 Hz, 3H)*C NMR (100 MHz,
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CDCly): & 173.7, 169.4, 168.9, 168.1, 164.6, 147.6, 144.9, 133.3, 129.7, 128.1, 126.8,

124.3, 84.6, 72.0, 66.8, 58.0, 43.5, 41.2, 40.8, 34.2, 31.5, 31.4, 29.9, 24.4, 19.1, 16.9.

Largazole (1).

To a solution of41 (0.033 g, 0.045 mmol, 1 equiv) in dichloromethane (5 mL) & 0
was added triisopropylsilane (0.013 g, 0.083 mmol, 1.85 equiv) followed by
trifluoroacetic acid (0.307 g, 2.69 mmol, 59.85 equiv). After stirring for & lhoom
temperature, the reaction mixture was concentratechcuo. The crude product was
purified by flash chromatography on silica gel in ethyl aedtaixanes (20%) to first
remove impurity followed by ethyl acetate to obtain the largattot# (0.022 g). To a
stirred solution of largazole thiol in dichloromethane (7 mL) ¥ Owere added, Hunig’s
base (0.045 g, 0.35 mmol, 7.7 equiv) and octanoyl chloride (0.044 g, 0.27 mmol, 6
equiv). Catalytic DMAP (1.0 mg) in dichloromethane (0.1 mL) was dddehe reaction
mixture. After stirring for 4 h at room temperature, reacti@s Wuenched with methanol
and the mixture was concentratéa vacuo. Purification of the crude product by
preparative thin layer chromatography on silica gel in ethybsegave largazole (0.010

g, 79%, based on recovered largazole thiol 0.012 @)?q+ 19.5 € 0.2, CHCH) (lit.>?

[a] 5256+38.9 € 0.027, MeOH))H NMR (600 MHz, CDCY): § 7.77 (s, 1H), 7.15 (d

= 9.6 Hz, 1H), 6.41 (dd] = 2.4, 9.0 Hz, 1H), 5.79-5.84 (m, 1H), 5.66 (m, 1H), 5.50 (dd,
J=6.6, 15.6 Hz, 1H), 5.29 (dd= 9.6, 18.0 Hz, 1H), 4.61 (dd= 3.0, 9.0 Hz, 1H), 4.27
(dd,J = 3.0, 17.4 Hz, 1H), 4.04 (d,= 11.4 Hz, 1H), 3.28 (d, 11.4 Hz, 1H), 2.90Xt

7.2 Hz, 2H), 2.85 (ddj = 10.8, 16.2 Hz, 1H), 2.53 (,= 7.8 Hz, 2H), 2.31 (q] = 7.2,

Hz, 2H), 2.10-2.12 (m, 1H), 1.87 (s, 3H), 1.62-1.67 (m, 2H), 1.26-1.31 (m, 8H), 07 (t,

= 7.2 Hz, 3H), 0.68 (dJ = 7.2 Hz, 3H), 0.5 (d, 6.6 Hz, 3HY>C NMR (100 MHz,
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CDCl): 6 199.6, 174.7, 169.6, 169.1, 168.1, 164.7, 147.7, 133.0, 128.6, 124.4, 84.7, 72.3,
57.9,44.4, 43.6, 41.3, 40.7, 34.4, 32.5, 31.8, 29.1, 28.1, 25.9, 24.4, 22.8, 19.1, 16.8, 14.3.
HRMS- ESI (W2): [M + NaJ calcd for GgH4oN4OsS3Na, 645.2211 found, 645.2215. %

purity: 95.31% (HPLC)

(R)-Methyl 2-(2-((5R,8S)-1-(9H-fluor en-9-yl)-5-(naphthalen-1-ylmethyl)-3,6,10-
trioxo-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol -4-
yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (42).

To a solution of Fmoc-D-1-naphthylalanine (0.130 g, 0.297 mmol, 3.06 equiv)Rn(ITH
mL) at 0°C were added Hunig's base (0.045 g, 0.345 mmol, 3.55 equiv) and 2,4,6-
trichlorobenzoyl chloride (0.078 g, 0.32 mmol, 3.3 equiv). The reaction mixtuse wa
stirred at FC for 1 h. When TLC indicated formation of the anhydride, alc88¢D.065

g, 0.097, 1 equiv) in THF (1 mL) was added to the reaction mixtl0éQ It was stirred
overnight at room temperature. The reaction mixture was concehtnatacuo and flash
chromatography purification on silica gel in ethyl acetatedhes (20-100%) yielded the
acyclic precurso#2 (0.058 g, 55%).d]p>° - 1.38 € 0.65, CHC}). '"H NMR (400 MHz,
CDCl3): 6 8.07 (d,J = 8.0 Hz, 1H), 7.80-7.85 (m, 2H), 7.75- 7.77 (m, 3H), 7.44-7.51(m,
4H), 7.34-7.41 (m, 9H), 7.23-7.29 (m, 9H), 7.15-7.19 &,7.2 Hz, 3H), 5.94 (1) = 5.6

Hz, 1H), 5.55-5.62 (m, 1H), 5.39-5.46 (m, 2H), -5.32 @d,7.2, 15.6 Hz, 1H), 4.73 (q,
J=7.2 Hz, 1H), 4.52 (dd] = 6.0, 16.0 Hz, 1H), 4.42 (dd~= 5.6, 16.0 Hz, 1H), 4.35 (dd,
J=7.2,10.4 Hz, 1H), 4.26 (dd,= 7.2, 10.4 Hz, 1H), 4.13 (§,= 7.2 Hz, 1H), 3.87 (dJ

= 11.2 Hz, 1H), 3.79 (s, 3H), 3.49 @@= 8.8 Hz, 1H), 3.24 (d) = 11.2 Hz, 1H), 2.28
(dd,J = 6.0, 14.4 Hz, 1H), 2.15 (§,= 7.2 Hz, 2H), 2.00-2.09 (m, 2H), 1.63 (s, 3H), 1.26

(t, J = 7.2 Hz, 1H).”*C (100 MHz, CDCJ) & 173.8, 170.9, 168.9, 167.9, 162.9, 155.8,
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148.5, 144.9, 143.9, 143.8, 141.4, 133.9, 133.9, 132.5, 132.1, 129.7, 129.1, 128.2, 128.1,
127.9, 127.8, 127.3, 127.3, 127.2, 126.9, 126.8, 126.3, 125.6, 125.3, 125.2, 123.6, 122.1,

120.2,84.7, 72.7, 67.3, 66.8, 55.0, 53.2, 47.2,41.7, 41.3, 41.1, 36.2, 31.5, 31.3, 24.2.

Cyclic core 43.

To a stirred solution 042 (0.058 g, 0.0532 mmol, 1 equiv) in THR®I (4:1, 1.6 mL) at

0 °C was added 0.1 M LiOH (0.53 mL, 0.053 mmol, 1.00 equiv) dropwise over a period
of 15 minutes. After stirring at @ for 1 h, it was acidified with 1 M HCI solution and
extracted with EtOAc three times. The combined organicr leyges washed with brine,
dried over anhydrous sodium sulphate, and concentiatadcuo. The residue was
purified by prep TLC in ethyl acetate to give the carboxylic acid. The xgib@cid was
dissolved in dichloromethane (13 mL) and treated with diethylamine (0.492770
mmol, 50.75 equiv). After stirring at room temperature for 3 h, & w@ncentratedn
vacuo to dryness to afford the free amino derivative. After dryaagotropically with
toluene, it was treated with HATU (0.041 g, 0.108 mmol, 2.02 equiv), HOAt (0.015 g
0.110 mmol, 2.07 equiv), dichloromethane (55 mL, ~ 1 mM), and Hunig’s base (0.030 g,
0.23 mmol, 4.32 equiv) and the mixture was stirred for 30 h at room tenmgerahe
reaction mixture was concentrated to dryness and was purifildgh chromatography

on silica gel in ethyl acetate/hexanes (10-60%) to yield yloéicccore 43 (0.0057 g,
14%). ]o?° + 39.3 € 0.112, CHG)). 'H NMR (600 MHz, CDCJ): 5 8.36 (d,J = 8.4 Hz,

1H), 7.80 (dJ = 8.4 Hz, 1H) 7.68 (dJ = 9.0 Hz, 1H), 7.67 (s, 1H), 7.55 &= 7.8 Hz,

1H), 7.45 (tJ = 7.8 Hz, 1H), 7.39 (d] = 8.4 Hz, 6H), 7.32 (d] = 7.2 Hz, 1H), 7.26 (t]

= 7.8 Hz, 6H), 7.19 () = 7.2 Hz, 3H), 7.16 (d] = 7.8 Hz, 1H), 7.06 (d] = 6.6 Hz, 1H),

6.39 (s, 1H), 5.68 (i = 9.6 Hz, 1H), 5.61-5.66 (m, 1H), 5.21 (dik 8.4, 15.6 Hz, 1H),
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5.05 (dd,J = 8.4, 17.4 Hz, 1H), 4.83 (m, 1H), 4.20-4.24 (m, 2H), 3.68 Jdd5.4, 13.8

Hz, 1H), 3.19-3.22 (m, 2H), 2.81 (ddl= 9.8, 16.8 Hz, 1H), 2.55 (d,= 16.2 Hz, 1H),
2.05-2.21 (m, 3H), 2.00-2.03 (m, 1H), 1.72 (s, 3H), 1.21 J&d6.6, 16.2 Hz, 1H), 0.92-

1.02 (m, 2H).2*C (150 MHz, CDGJ) § 174.2, 169.6, 167.9, 167.4, 162.9, 147.8, 145.0,
134.8, 134.0, 132.5, 132.1, 129.8, 128.8, 128.3, 128.2, 128.1, 126.9, 126.7, 125.9, 124.9,
124.5, 124.3, 84.9, 72.8, 66.9, 55.7, 41.8, 41.5, 40.3, 37.1, 31.6, 31.2, 26.4. HRMS- ESI

(mV2): [M + H]" caled for GgHasN404S3 837.2603; found, 837.2599.

Analog T1A.

To a solution 043 (0.005 g, 0.006 mmol, 1 equiv) in dichloromethane (1 mL) & 0
was added triisopropylsilane (0.0023 g, 0.0147 mmol, 2.44 equiv) followed by
trifluoroacetic acid (0.046 g, 0.404 mmol, 67.25 equiv). After stirring3fdr at room
temperature, the reaction mixture was concentratechcuo. The crude product was
purified by flash chromatography on silica gel in ethyl aedtaixanes (20%) to first
remove impurity followed by ethyl acetate to obtain the thiol. Btiraed solution of the
thiol in dichloromethane (1 mL) at% were added Hunig’'s base (0.006 g, 0.046 mmol,
7.7 equiv) and octanoyl chloride (0.006 g, 0.035 mmol, 5.83 equiv). After stirridigtfor
at room temperature, the reaction was quenched with methanol amdixtioee was
concentratedin vacuo. Purification of the crude product by preparative thin layer
chromatography on silica gel in ethyl acetate and final patibn by HPLC on &
column in methanol: water (20-100%) gave andidg (0.0022 g, 50%).of|o*° + 45.0 €

0.1, CHCH). *H NMR (600 MHz, CDCJ): & 8.40 (d,J = 8.4 Hz, 1H), 7.82 (d] = 8.4 Hz,
1H), 7.72 (dJ = 7.8 Hz, 1H), 7.68 (s, 1H), 7.59 &= 7.8 Hz, 1H), 7.47 () = 7.8 Hz,

1H), 7.35 (dJ = 6.6 Hz, 1H), 7.26-7.29 (m, 1H), 7.15 (& 7.2 Hz, 1H), 6.39-6.41 (m,
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1H), 5.73-5.78 (m, 2H), 5.35 (dd,= 8.4, 15.6 Hz, 1H), 5.07 (dd,= 7.8, 16.8 Hz, 1H),
4.86 (q,J = 7.8 Hz, 1H), 4.25 (dd] = 4.8, 16.8 Hz, 1H), 4.21 (d,= 11.4 Hz, 1H), 3.72

(dd, J = 4.8, 13.8 Hz, 1H), 3.25 (dd,= 9.6, 13.8 Hz, 1H), 3.21 (d,= 11.4 Hz, 1H),
2.83-2.88 (m, 3H), 2.59 (d,= 16.8 Hz, 1H), 2.51 (] = 7.2 Hz, 2H), 2.22-2.31 (m, 2H),

1.74 (s, 3H), 1.60-1.65 (m, 2H) 1.25 (m, 11H), 0.8T &, 7.2 Hz, 3H).*°C (150 MHz,

CDCl) & 199.5, 174.2, 169.6, 167.9, 167.4, 162.9, 147.9, 134.2, 134.0, 132.5, 132.2,
128.9, 128.7, 128.3, 128.2, 126.7, 125.9, 124.9, 124.4, 124.3, 114.2, 85.0, 72.8, 55.7,
44.4, 41.8, 41.5, 40.4, 37.1, 32.4, 31.8, 29.9, 29.1, 28.0, 26.4, 25.8, 22.8, 14.2. HRMS-

ESI (m/2): [M + NaJ" calcd for GoH34N4OsS:Na, 743.2372; found, 743.2372.

(R)-Methyl 2-(2-((5S,89)-5-allyl-1-(9H-fluor en-9-yl1)-3,6,10-trioxo-8-((E)-4-
(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl-4,5-
dihydrothiazole-4-car boxylate (44).

To a solution of Fmoc-L-allylglycine (0.046 g, 0.137 mmol, 2 equiv) in THm[) at O

°C were added Hunig’s base (0.030 g, 0.230 mmol, 3.38 equiv) and 2,4,6-
trichlorobenzoyl chloride (0.047 g, 0.192 mmol, 2.83 equiv). The reaction mixtige wa
stirred at FC for 1 h. When TLC indicated formation of the anhydride, alc88¢D.046

g, 0.068 mmol, 1 equiv) in THF (1 mL) was added to the reaction mixt@éCa It was
stirred overnight at room temperature. The reaction mixture waseatratedn vacuo

and flash chromatography purification on silica gel in ethytaedeghexanes (20-100%)
yielded the acyclic precursdd (0.061 g, 90%).d]p%° - 12.53 € 1.7, CHC}). *H NMR

(400 MHz, CDCY): & 7.88 (s, 1H), 7.75 (d] = 7.6 Hz, 2H), 7.56 (d) = 7.2 Hz, 1H),
7.37-7.40 (m, 8H), 7.25-7.31 (m, 3H), 7.20)t 6.8 Hz, 3H), 6.84 (t) = 6.0 Hz, 1H),

5.57-5.68 (m, 3H), 5.42 (dd,= 7.2, 15.2, Hz, 1H), 5.32 (d,= 7.6 Hz, 1H), 5.06-5.10
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(m, 2H), 4.68 (dJ = 6.0 Hz, 2H), 4.31-4.38 (m, 2H), 4.26 (i 6.4 Hz, 1H), 4.19 () =

7.2 Hz, 1H), 3.85 (d) = 11.2 Hz, 1H), 3.78 (s, 3H), 3.24 (#i= 11.6 Hz, 1H), 2.58 (d]

= 6.4 Hz, 2H), 2.49-2.54 (m, 1H), 2.38-2.44 (m, 1H), 2.19 6.8 Hz, 2H), 2.05 (q] =

7.2 Hz, 2H), 1.85 (s, 1H), 1.62 (s, 3HJC NMR (100 MHz, CDG)) & 173.8, 171.0,

169.2, 168.5, 163.0, 156.1, 148.5, 144.9, 143.9, 143.8, 141.5, 141.4, 134.0, 132.0, 129.7,
128.1, 127.9, 127.6, 127.3, 126.8, 125.3, 125.2, 122.3, 120.2, 119.8, 84.7, 72.7, 67.3,
66.8, 53.6, 53.1, 47.2, 41.7, 41.6, 41.2, 36.3, 31.5, 31.3, 24.1. HRMSEBI[M +

Na]" calcd for GeHs4N4O;S3Na, 1013.3052; found, 1013.3058.

Cyclic core 45.

To a stirred solution 044 (0.061 g, 0.0615 mmol, 1 equiv) in THRBI (4:1, 2 mL) at O

°C was added 0.1 M LiOH (0.71 mL, 0.071 mmol, 1.15 equiv) dropwise over a period of
15 minutes. After stirring at 8C for 1 h, it was acidified with 1 M HCI solution and
extracted with EtOAc three times. The combined organicr leyges washed with brine,
dried over anhydrous sodium sulphate, and concentrnatemtuo. The reaction mixture
was purified by preparative TLC in ethyl acetate: hexaii@%oj to give the carboxylic
acid (0.043 g, 0.044 mmol, 1 equiv) which was carried to the next step. During
purification, starting materiadl4 (0.01 g) was recovered. The carboxylic acid was
dissolved in dichloromethane (4.5 mL) and treated with diethylamine (0.12614
mmol, 48.4 equiv). After stirring at room temperature for 3 h it wascentrated to
dryness to afford the free amino derivative. After dryingoamogically with toluene it

was treated with HATU (0.041 g, 0.108 mmol, 2.45 equiv), HOAt (0.015 g, 0.110 mmol,
2.29 equiv), dichloromethane (60 mL, ~ 1 mM), and Hunig’s base (0.030 g, 0.23 mmol,

4.79 equiv) and the mixture was stirred for 30 h at room temperathee.reaction
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mixture was concentrated to dryness and was purified by flasmekography on silica
gel in ethyl acetate/hexanes (10-60%) to vyield the cydie 45 (5.5 mg, 17%). d]o>°
+20.0 € 0.28, CHC}). *H NMR (600 MHz, CDCJ): § 7.69 (s, 1H), 7.37 (dl = 7.8 Hz,
6H), 7.27 (t,J = 8.4 Hz, 6H), 7.19 () = 8.4 Hz, 3H), 6.42 (dd) = 3.6, 9.0 Hz, 1H),
5.64-5.70 (m, 2H), 5.36 (dd,= 6.6, 15.0 Hz, 1H), 5.20 (dd= 9.6, 17.4 Hz, 1H), 4.69
(d,J = 16.8 Hz, 1H), 4.62-4.65 (m, 1H), 4.35 {ds 10.2 Hz, 1H), 4.16 (dd,= 3.6, 18.0

Hz, 1H), 4.07 (d) = 11.4 Hz, 1H), 4.21 (d] = 11.4 Hz, 1H), 2.81 (ddl= 10.2, 16.8 Hz,
1H), 2.63 (dd, = 3.0, 16.8 Hz, 1H), 2.47-2.50 (m, 1H), 2.31-2.36 (m, 1H), 2.15-2.20 (m,
1H), 1.99-2.08 (m, 2H), 1.81 (s, 3HJC NMR (100 MHz, CDGJ) § 173.7, 169.5, 169.1,
167.8, 164.4, 147.9, 145.0, 133.7, 131.5, 129.8, 128.1, 128.0, 126.9, 119.5, 84.5, 72.5,
52.7, 42.7, 41.3, 40.6, 38.0, 31.6, 31.4, 24.8. HRMS-B®&):( [M + NaJ" calcd for

CaoH40N4OsSNa, 759.2109; found, 759.2039.

Analog T1B.

To a solution o#5 (0.0055 g, 0.0075 mmol, 1 equiv) in dichloromethane (1 mL)°& 0O
was added triisopropylsilane (0.0023 g, 0.0147 mmol, 1.96 equiv) followed by
trifluoroacetic acid (0.057 g, 0.498 mmol, 66.78 equiv). After stirring3fdr at room
temperature the reaction mixture was concentratedacuo. The crude product was
purified by flash chromatography on silica gel in ethyl aedtaixanes (20%) to first
remove impurity followed by ethyl acetate to obtain the thiol. Btiraed solution of the
thiol in dichloromethane (1 mL) at% were added Hunig’'s base (0.006 g, 0.046 mmol,
7.7 equiv) and octanoyl chloride (0.006 g, 0.035 mmol, 5.83 equiv). After stirridigtfor

at room temperature reaction was quenched with methanol and tharemixtis

concentratedin vacuo. Purification of the crude product by preparative thin layer
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chromatography on silica gel in ethyl acetate as solvent gaa®gT1B (0.0016 mg,
35%). Ju]p?° + 25.56 ¢ 0.08, CHCJ). *H NMR (600 MHz, CDCJ): & 7.71 (s, 1H), 7.19

(d, J= 8.4 Hz, 1H), 6.36 (dd] = 3.0, 9.0 Hz, 1H), 4.79-4.83 (m, 1H), 5.73)t 8.4 Hz,

1H), 5.50 (ddJ = 7.2, 15.6 Hz, 1H) 5.26-5.32 (m, 3H), 4.67-4.72 (m 2H), 4.39 &,

16.2 Hz, 1H), 4.27 (dd] = 3.6, 18.0 Hz, 1H), 4.10 (d,= 11.4 Hz, 1H), 3.22 (d] = 11.4

Hz, 1H), 2.90 (tJ = 7.2 Hz, 2H), 2.87 (dd] = 10.8, 16.8 Hz, 1H), 2.68 (dd= 2.4, 16.2

Hz, 1H), 2.53 (tJ = 7.2 Hz, 3H), 2.34-2.39 (m, 1H), 2.31 (= 7.2 Hz, 2H), 1.85 (s,
3H), 1.63-1.67 (m, 2H), 1.25-1.32 (m, 13H), 0.88J)(t 7.2 Hz, 3H).”*C NMR (150

MHz, CDCk) & 199.7, 173.7, 169.5, 169.1, 167.8, 164.4, 147.9, 133.2, 131.5, 128.5,
124.3, 121.8, 119.5, 84.5, 72.6, 52.8, 44.4, 42.7, 41.3, 38.0, 32.5, 31.8, 29.9, 29.1, 28.1,
25.9, 24.8, 22.8, 14.29. HRMS-ESiVf): [M + Na] calcd for GoHsoN4OsS:Na,

643.2059; found, 643.2046.
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(R)-Methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-3,6,10-trioxo-5-(3-oxo-3-
(tritylamino)propyl)-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-
12-yl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (46).

To a solution of Fmoc-L-GIn(Trt)-OH (0.096 g, 0.157 mmol, 2.00 equiv) in THRL)

at 0 °C were added Hunig's base (0.028 g, 0.219 mmol, 2.78 equiv) and 2,4,6-
trichlorobenzoyl chloride (0.047 g, 0.192 mmol, 2.43 equiv). The reaction mixtige wa
stirred at FC for 1 h. When TLC indicated formation of the anhydride, alc88¢D.053

g, 0.079 mmol, 1 equiv) in THF (1 mL) was added to the reaction mixt@éCa It was

stirred overnight at room temperature. The reaction mixture waseatratedn vacuo

and flash chromatography purification on silica gel in ethgtate/hexanes (20-60%)
yielded the acyclic precursd6 (0.079, 78%). ¢]p%° - 11.22 ¢ 4.07, CHC}). 'H NMR

(400 MHz, CDCY): & 7.82 (s, 1H), 7.73 (d] = 7.6 Hz, 2H), 7.53 (d) = 7.6 Hz, 2H),

7.37 (d,J= 7.6 Hz, 7H), 7.17- 7.28 (m, 27 H) 7.11J% 6.0 Hz, 1H), 6.86 (s, 1H), 5.76

(d,J = 7.2 Hz, 1H), 5.57-5.64 (m, 1H), 5.50 (= 5.6 Hz, 1H), 5.40 (dd] = 7.2, 15.2

Hz, 1H), 4.60 (ddJ = 6.4, 16.0 Hz, 1H), 4.47 (dd,= 6.0, 16.0 Hz, 1H), 4.3-4.40 (m,

2H), 4.17 (t,J = 6.8, 1H), 3.82 (dJ = 11.2 Hz, 1H), 3.76 (s, 3H), 3.22 @= 11.2 Hz,

1H), 2.42-2.52 (m, 2H), 2.26-2.34 (m, 2H), 2.14-2.21 (m, 2H), 2.00-2.08 (m,2H), 1.62
(s, 3H).1*C NMR (100 MHz, CDGJ) & 173.8, 171.0, 169.4, 168.9, 163.0, 156.5, 148.3,
144.9, 144.6, 143.9, 143.8, 141.4, 133.4, 129.7, 128.8, 128.1, 128.0, 127.9, 127.6, 127.3,
127.2, 126.8, 125.3, 122.1, 120.184.7, 72.7, 70.8, 67.1, 66.8, 54.1, 53.1, 47.3, 41.6, 41.4,
41.2, 33.0, 31.4, 31.3, 27.2, 24.1. HRMS-ESWz; [M + NaJ]' calcd for

C36H37N30483Na, 1286.4206; found, 1286.4214.
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(R)-Methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-(naphthalen-1-ylmethyl)-3,6,10-
trioxo-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol -4-
yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (48).

To a solution of Fmoc-L-1-naphthylalanine (0.052 g, 0.119 mmol, 1.95 equiv) in(THF
mL) at 0°C were added Hunig’s base (0.028 g, 0.219 mmol, 3.59 equiv) and 2,4,6-
trichlorobenzoyl chloride (0.031 g, 0.128 mmol, 2.09 equiv). The reaction mixtige wa
stirred at FC for 1 h. When TLC indicated formation of the anhydride, alc88¢D.041

g, 0.061 mmol, 1 equiv) in THF (1 mL) was added to the reaction mixt@éCa It was
stirred overnight at room temperature. The reaction mixture waseatratedn vacuo

and flash chromatography purification on silica gel in ethgtate/hexanes (20-60%)
yielded the acyclic precursdB (0.065 g, 98%).d]p%° - 9.05 € 3.25, CHCY). *H NMR

(600 MHz, CDC}): 6 8.02 (d,J = 8.4 Hz, 1H), 7.80 (m, 2H), 7.73 (dd= 2.4, 7.2 Hz,

2H), 7.68 (dJ = 8.4 Hz, 1H), 7.42-7.50 (m, 4H), 7.36-7.39 (m, 8H), 7.24-7.29 (m, 10H),
7.18 (t,J = 7.2 Hz, 4H), 6.61 (t) = 6.0 Hz, 1H), 5.39-5.43 (m, 2H), 5.30-5.35 (m, 1H),
5.11 (dd,J = 7.2, 15.6 Hz, 1H), 4.53-4.60 (m, 2H), 4.52 (d&; 6.0, 16.2 Hz, 1H), 4.28-

4.35 (m, 2H), 4.09-4.11 (m, 1H), 3.82 = 11.4 Hz, 1H), 3.76 (s, 3H), 3.40-3.49 (m,
2H), 3.20 (dJ = 10.8 Hz, 1H), 2.41 (dd = 4.2, 14.4 Hz, 1H), 3.30 (dd,= 6.6, 14.4 Hz

1H), 2.13 (tJ = 7.8 Hz, 2H) 1.97 (qJ = 7.2 Hz, 2H), 1.60 (s, 3H}’C NMR (100 MHz,
CDCl3) 6 173.9, 171.2, 169.2, 168.8, 163.0, 156.1, 148.5, 145.0, 143.8, 143.8, 141.5,
134.0, 133.6, 132.1, 132.1, 84.7, 72.7, 71.6, 67.3, 66.8, 60.6, 55.1, 53.1, 47.2, 41.6, 41.5,
41.2, 35.5, 31.5, 31.3, 24.1, 21.3, 20.6, 14.4. HRMS-E®4):([M + Na] calcd for

CG4H53N40783Na: 1113.3365; found: 1113.3384.
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(R)-2-(2-((tert-Butoxycar bonylamino)methyl)thiazol-4-yl)-5,5-dimethyl-4,5-
dihydrothiazole-4-car boxylic acid (50).

To a well stirred mixture of the nitrilé(0.048 g, 0.2 mmol, 1 equiv) and NaH&(0.120

g, 1.43 mmol, 7.14 equiv) in methanol (2.5 mL) was added L-penicillag@i®g g,
0.268, 1.234 equiv) followed by phosphate buffer pH 5.95 (1.25 mL). The reaction
mixture was degassed with nitrogen before stirring it undergaitrat 7°C for 1 h. It

was acidified with 1 M HCI and extracted with ethyl acef@dt® mL) three times. The
combined organic extract was washed with saturated NaCl solutied,alrer anhydrous
sodium sulphate and concentrated to obtain the carboxylic58di@.07 g)which was

used in the next step without further purification.

(R)-Methyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-enamido)methyl)thiazol-4-yl)-
5,5-dimethyl-4,5-dihydr othiazole-4-car boxylate (51).

A solution of carboxylic acié0 (0.07 g, 0.189 mmol, 1 equiv) in anhydrous methanol (5
mL) was bubbled with HCI gas for 5 minutes. The reaction mixuae stirred overnight

at room temperature and concentratedacuo and was azeotropped using toluene before
taking it to the next step. A mixture of above obtained compound and D(@AB g,
0.492 mmol, 2.60 equiv) in dichloromethane (2 mL) was stirred for 5 minates a
solution of aldol produc37 (0.106, 0.189 mmol, 1 equiv) in dichloromethane (1 mL) was
added. The reaction mixture was stirred for 1 h, concentrateacuo and purified by
flash chromatography on silica gel in ethyl acetate/hex&p@sl00%) to afford the
alcohol51. [a]p?° - 5.28 € 3.6, CHC}). *H NMR (400 MHz, CDC}): 5 7.88 (s, 1H), 7.38
(d, J=7.6 Hz, 6H), 7.26 (t) = 8.0 Hz, 6H), 7.19 (J = 7.2 Hz, 3H), 7.11 (] = 6.0 Hz,

1H), 5.50-5.57 (m, 1H), 5.39 (dd= 6.4, 15.6 Hz, 1H), 4.83 (s, 1H), 4.44-4.72 (m, 2H),
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4.42 (s, 1H), 3.79 (s, 3H), 3.53 (s, 1H), 2.43 (#id,3.6, 15.2 Hz, 1H), 2.38 (dd,= 5.2,

13.2 Hz, 1H), 2.18 (t) = 7.6 Hz, 2H), 2.03-2.08 (m, 2H), 1.75 (s, 3H), 1.43 (s, 3fq).

NMR (100 MHz, CDC}) § 172.1, 170.0, 168.1, 164.8, 148.8, 145.0, 132.4, 130.2, 129.7,
128.0, 126.8, 122.4, 86.0, 69.2, 66.7, 60.7, 60.6, 42.8, 40.9, 31.6, 31.4, 28.6, 26.1, 21.2,

14.4.

(R)-Methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopropyl-3,6,10-trioxo-8-((E)-4-
(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-5,5-dimethyl-
4,5-dihydrothiazole-4-carboxylate (52).

To a solution of Fmoc-L-valine (0.080 g, 0.236 mmol, 2.48 equiv) in THF (1 mLyGt
were added Hunig's base (0.040 g, 0.310 mmol, 3.26 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.069 g, 0.281 mmol, 2.96 equiv). The reaction mixture was stirdCdor 1

h. When TLC indicated formation of the anhydride, alcdio(0.065 g, 0.095 mmol, 1
equiv) in THF (1 mL) was added to the reaction mixture ¥&.0t was stirred overnight
at room temperature. The reaction mixture was concentriatedacuo and flash
chromatography purification on silica gel in ethyl acetatehes (20-60%) yielded the
acyclic precursob2. [a]p?° - 14.94 ¢ 0.435, CHCJ). *H NMR (400 MHz, CDCJ): §
7.89 (s, 1H), 7.76 (d] = 7.2 Hz, 2H), 7.57 (d] = 7.6 Hz, 2H), 7.35-7.41 (m, 8H), 7.25-
7.35 (m, 8H), 7.20 (t) = 7.2 Hz, 3H), 6.77 (q] = 8.4 Hz, 1H), 5.59-5.70 (m, 2H), 5.42
(dd,J = 7.6, 15.6 Hz, 1H), 5.24 (d,= 8.4 Hz, 1H), 4.83 (s, 1H), 4.63-4.72 (m, 2H), 4.31-
4.39 (m, 2H), 4.19 () = 6.8 Hz, 1h), 4.06 (1] = 8.4 Hz, 1H), 3.80 (s, 3 H), 2.57 @@=

6.0 Hz, 2H), 2.12-2.20 (m, 2H), 1.99-2.08 (m, 3H), 1.75 (s, 3H), 1.43 (s, 3H), 0.88 (d,
6.8 Hz, 3H), 0.84 (dJ = 0.84 Hz, 3H).*C NMR (100 MHz, CDGJ) & 169.9, 169.2,

168.7, 164.9, 156.5, 148.7, 144.9, 144.9, 143.9, 143.8, 141.4, 141.4, 134.1, 129.7, 128.0,
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127.9, 127.7, 127.3, 127.2, 126.8, 125.2, 125.2, 120.1, 86.0, 72.4, 67.2, 66.7, 60.6, 60.5,

59.5,52.4,47.3, 415, 41.2,31.4,31.2, 31.0, 28.6, 26.8, 19.2, 18.0.

(R)-2,2,2-Trichloroethyl 2-(2-((tert-butoxycar bonylamino)methyl)thiazol-4-yl)-5,5-
dimethyl-4,5-dihydr othiazole-4-car boxylate (54).

To a solution of carboxylic acif0 (0.410 g, 1.105 mmol, 1 equiv), EDC.HCI (0.380 g,
1.98 mmol, 1.79 equiv) and DMAP (0.146 g, 1.2 mmol, 1.09 equiv) in dichloromethane
(2 mL) were added Hunig's base (0.519 g, 4.02 mmol, 3.63 equiv) and trichloroethanol
(2.55 g, 10 mmol, 9.05 equiv). The reaction mixture was stirred overnigtdoat
temperature. The reaction mixture is partitioned between watedichloromethane. The
organic layer was washed with 10% HCI, 5% NaHCa&nhd brine, dried over anhydrous
sodium sulphate and concentratadriacuo. The crude reaction product was purified by
flash column chromatography on silica gel in ethyl acetaganes (9-25%) to get pure
ester54 (0.195, 35%).d]0%° - 5.77 € 0.26, CHCJ). *H NMR (600 MHz, CDCJ): 5 7.95

(s, 1H), 5.23 (s, 1H), 4.98 (s, 1H), 4.92 Jd; 12.0 Hz, 1H), 4.78 (d] = 12.0 Hz, 1H),

4.62 (d,J = 6.6 Hz, 2H), 1.83 (s, 3H), 1.52 (s, 3H), 1.45 (s, 980. NMR (100 MHz,
CDCl3): 6 170.0, 168.1, 165.7, 155.9, 148.9, 122.1, 94.6, 85.8, 80.6, 74.9, 60.6, 42.5,

28.6, 28.3, 26.4.
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(R)-2,2,2-Trichloroethyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-
enamido)methyl)thiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazol e-4-car boxylate (55).

To a solution of este®4 (0.111 g, 0.221 mmol, 1 equiv) in dichloromethane (3 mL) was
added 4N HCI in 1,4-dioxane (4.5 mL) over 5 minutes. The reaction mitagestirred

for 1 h and concentrateich vacuo. The residue was azeotropped with toluene before
taking it to the next step. A mixture of above obtained compound and D(@AR g,
0.574 mmol, 2.60 equiv) in dichloromethane (2 mL) was stirred for 5 miraridsa
solution of aldol produc37 (0.124, 0.221 mmol, 1 equiv) in dichloromethane (1 mL) was
added. The reaction mixture was stirred for 1 h, concentrateacuo and purified by
flash chromatography on silica gel in ethyl acetate/hexp@sl00%) to afford the
alcohol55 (0.111 g, 63%).d]o%° - 5.6 € 1.25, CHC})). *H NMR (400 MHz, CDCJ): &

7.9 (s, 1H), 7.37 (d) = 7.6 Hz, 6H), 7.25 (t) = 7.2 Hz, 6H), 7.18 (tJ = 6.8 Hz, 3H),
5.49-5.55 (m, 1H), 5.39 (dd,= 6.0, 15.6 Hz, 1H), 5.00 (s, 1H), 4.92 (= 12.0 Hz,
1H), 4.76 (dJ = 12.0 Hz, 1H), 4.30-4.70 (m, 2H), 4.41 (s, 1H), 3.58 (s, 1H), 2.35-2.44
(m, 2H), 2.18 (t) = 7.2 Hz, 2H), 2.00-2.07 (m, 1H), 1.82 (s, 3H), 1.51 (s, 3@ NMR

(100 MHz, CDC}) 6 172.2, 168.4, 168.1, 165.8, 148.7, 145.1, 132.6, 130.3, 129.8, 128.1,

126.9, 122.6, 94.6, 85.7, 74.9, 69.3, 66.8, 60.8, 42.95, 41.0, 31.7, 31.5, 28.3, 26.4.
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(R)-2,2,2-Trichloroethyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-
8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-5,5-
dimethyl-4,5-dihydr othiazole-4-car boxylate (56).

To a solution of Fmoc-L-valine (0.146 g, 0.431 mmol, 1.98 equiv) in THF (1 mLyGt

were added Hunig's base (0.074 g, 0.575 mmol, 2.64 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.125 g, 0.512 mmol, 2.39 equiv). The reaction mixture was stiredCdor 1

h. When TLC indicated formation of the anhydride, alcd%(0.175 g, 0.218 mmol, 1
equiv) in THF (1 mL) was added to the reaction mixture ¥&.0t was stirred overnight

at room temperature. The reaction mixture was concentriatedacuo and flash
chromatography purification on silica gel in ethyl acetatehes (20-60%) yielded the
acyclic precursob6 (0.106 g, 43%).d]p° - 7.14 € 0.28, CHC}). 'H NMR (600 MHz,

CDCl): 6 7.88 (s, 1H), 7.75 (d1=10.8 Hz, 2H), 7.57 (d] = 10.8 Hz, 2H), 7.37-7.39 (m,

8H), 7.26-7.32 (m, 8H), 7.20 (,= 11.4 Hz, 3H), 6.85 (gl = 9.0 Hz, 1H), 5.60-5.69 (m,

2H), 5.42 (dd,J = 10.8, 15.2 Hz, 1H), 5.30 (d,= 12.0 Hz, 1H), 4.95 (s, 1H), 4.92 @iz

18.0 Hz, 1H), 4.77 (d] = 18.6 Hz, 1H), 4.79 (dl = 8.4 Hz, 1H), 4.31-4.41 (m, 2H), 4.19

(t, J=10.8 Hz, 1H), 4.06-4.12 (m, 1H), 2.58 {d= 9.0 Hz, 2H), 2.06-2.21 (m, 2H), 2.00-

2.08 (m, 1H), 1.82 (s, 3H), 1.51 (s, 3H), 0.90J&; 10.2 Hz, 3H), 0.85 (d] =10.2 Hz,

3H). **C NMR (100 MHz, CDGJ) 5 169.3, 168.8, 168.1, 165.6, 158.2, 156.6, 148.7,
145.0, 144.0, 143.9, 141.52, 134.3, 129.8, 128.1, 128.0, 127.8, 127.4, 126.9, 125.3, 125.3,
122.4, 120.2, 94.6, 85.8, 74.9, 72.5, 67.3, 66.9, 59.7, 47.4, 41.7, 41.4, 31.5, 31.4, 29.9,

28.3,26.4,21.3,19.3, 18.1.
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(S)-2-(2-((tert-Butoxycar bonylamino)methyl)thiazol-4-yl)-4-methyl-4,5-
dihydrothiazole-4-car boxylic acid (57).

To a well stirred mixture of the nitrilé(0.096 g, 0.4 mmol, 1 equiv) and NaH&(0.232

g, 2.76 mmol, 5.6 equiv) in methanol (5 mL) was addsgo{mnethylcysteine
hydrochloridel4 (0.084 g, 0.491, 1.23 equiv) followed by phosphate buffer pH 5.95 (2.5
mL). The reaction mixture was degassed with nitrogen bestareng it under nitrogen at

70 °C for 1 h. It was acidified with 1 M HCI and extracted withy acetate (15 mL)
three times. The combined organic extract was washed with tegtuxaCl| solution,
dried over anhydrous sodium sulphate and concentrated to obtain the carboxhh¢

(0.112g)which was used in the next step without further purification.

(S)-Methyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-enamido)methyl)thiazol-4-yl)-
4-methyl-4,5-dihydrothiazole-4-car boxylate (59).

A solution of carboxylic acid7 (0.056 g, 0.157 mmol, 1 equiv) in anhydrous methanol
(5 mL) was bubbled with HCI gas for 5 minutes. The reaction maxtmas stirred
overnight and concentrated vacuo to give compound8 which was azeotropped with
toluene before taking it to the next step. A mixture of above obtaioegpounds8 and
DMAP (0.05 g, 0.410 mmol, 2.61 equiv) in dichloromethane (2 mL) was stirrefl for
minutes and was added a solution of aldol pro@ict0.088, 0.157 mmol, 1 equiv) in
dichloromethane (1 mL). The reaction mixture was stirred forcbihgentratedn vacuo
and purified by flash chromatography on silica gel in ethgtate/hexanes (20-100%) to
afford the alcohoB9 (0.07 g, 67% from nitrile7 over 3 steps).op?° - 0.77 € 0.65,
CHCL). 'H NMR (600 MHz, CDCY): § 7.91 (s, 1H), 7.37 (dl = 7.2, Hz, 6H), 7.26 (t]

= 6.6 Hz, 6H), 7.19 (t) = 7.2 Hz, 3H), 6.89 () = 6.0 Hz, 1H), 5.52-5.56 (m, 1H), 5.40
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(dd,J = 6.6, 15.0 Hz, 1H), 4.71 (m, 2H), 4.43 (m, 1H), 3.86)(d,11.4 Hz, 1H), 3.78 (s,

3H), 3.26 (dJ = 11.4 Hz, 1H), 2.44 (dd,= 3.0, 15.6 Hz, 1H), 2.38 (dd= 8.4, 15.0 Hz,

1H), 2.18 (t, 7.8 Hz, 2H), 2.05 (d,= 7.2 Hz, 2H), 1.62 (s, 3H}’*C NMR (100 MHz,
CDCly): & 173.8, 172.0, 167.9, 162.9, 148.5, 145.0, 132.4, 130.5, 129.7, 128.1, 126.8,
122.4, 84.7, 69.4, 66.8, 53.2, 42.9, 41.7, 41.0, 31.6, 31.5, 24.2. HRMSESBI[K +

Na]" calcd for GeH37N30sS3Na, 694.1844; found, 694.1851.

(S)-Methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-8-((E)-4-
(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl-4,5-
dihydrothiazole-4-car boxylate (60).

To a solution of Fmoc-L-valine (0.071 g, 0.209 mmol, 2 equiv) in THF (1 mD)°&t
were added Hunig's base (0.040 g, 0.31 mmol, 2.98 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.062 g, 0.255 mmol, 2.45 equiv). The reaction mixture was stirdCor 1
h. When TLC indicated formation of the anhydride, alcd#®(0.07 g, 0.104 mmol, 1
equiv) in THF (1 mL) was added to the reaction mixture ¥&.0t was stirred overnight
at room temperature. The reaction mixture was concentriatedacuo and flash
chromatography purification on silica gel in ethyl acetatedhes (20-100%) yielded the
acyclic precursoB0 (0.095 g, 93%).d]p%° - 4.18 € 2.75, CHCY). 'H NMR (400 MHz,
CDCl): 5 7.88 (s, 1H), 7.75 (d = 7.6 Hz, 2H), 7.57 (d] = 7.6 Hz, 2H), 7.38 (d] = 7.2
Hz, 8H), 7.25-7.30 (m, 8H), 7.20 (= 7.2 Hz, 3H), 6.91 (t) = 5.6 Hz, 1H), 5.59-5.71
(m, 2H), 5.39-5.46 (m, 1H), 5.30 (d= 8.4 Hz, 1H), 4.69 (d] = 6.0 Hz, 2H), 4.30-4.40
(m, 3H), 4.19 (qJ = 7.2 Hz, 1H), 4.07 (dd] = 3.6, 6.0 Hz, 1H), 3.83 (d,= 11.2 Hz,
1H), 3.77 (s, 3H), 3.24 (dl = 11.6, 1H), 2.57 (dJ = 5.6 Hz, 2H), 2.14-2.20 (m, 2H),

2.00-2.07 (m, 2H), 1.62 (s, 3H), 0.89 (U= 6.8 Hz, 3H), 0.84 (dJ = 6.8 Hz, 3H).°C
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NMR (100 MHz, CDCJ): & 173.8, 169.3, 168.6, 163.1, 156.6, 148.3, 144.9, 144.0,
143.9, 143.8, 141.4, 141.4, 134.2, 129.7, 127.9, 127.7, 127.3, 126.8, 125.2, 125.2, 84.6,
72.4,67.2,66.8, 59.6, 53.1, 47.3, 47.3, 41.6, 41.6, 41.2, 31.5, 31.3, 31.0, 24.1, 19.2, 18.1.

HRMS-ESI (W2): [M + Na]" calcd for GeHzsN304S:Na, 1015.3209; found, 1015.3203.

Cyclic core 61.

To a stirred solution d®0 (0.095 mg, 0.096 mmol, 1 equiv) in THR®I (4:1, 3 mL) at O

°C was added 0.1 M LiOH (0.96 mL, 0.096 mmol, 1.0 equiv) dropwise over a period of
15 minutes. After stirring at @C for 1 h it was acidified with 1 M HCI solution and was
extracted with EtOAc three times. The combined organicr leyges washed with brine,
dried over anhydrous sodium sulphate and concentrated and purified byapvepatC

in ethyl acetate to give the carboxylic acid (0.052 g, 0.053 mmetuiv) which was
carried to the next step. Also recovered starting ét€0.039 g) during purification.
The carboxylic acid was dissolved in dichloromethane (4 mL) andetrewith
diethylamine (0.213 g, 2.92 mmol, 55.05 equiv). After stirring at room teahpe for 3

h it was concentrated to dryness to afford the free amino degvatAfter drying
azeotropically with toluene it was treated with HATU (0.041 g, 0.10®m2104 equiv),
HOAt (0.015 g, 0.110 mmol, 2.08 equiv), dichloromethane (60 mL, ~ 1 mM), and
Hunig’s base (0.030 g, 0.230 mmol, 4.33 equiv) and the mixture was stirr8@ foat
room temperature. The reaction mixture was concentrated to diymesgas purified by
flash chromatography on silica gel in ethyl acetate/hexék@®60%) to yield the cyclic
core61 (0.013 g, 31%).d]p>° - 17.08 ¢ 0.65, CHCY). *H NMR (400 MHz, CDGJ): §

7.55 (s, 1H), 7.49 (d] = 10.0 Hz, 1H), 7.34 (dl = 8.0 Hz, 6H), 7.29 (J = 6.8 Hz, 6H),

7.23 (,J = 7.2 Hz, 3H), 6.72 (1) = 6.0 Hz, 1H), 5.56-5.57 (m, 1H), 5.14-5.20 (m, 1H),
110



5.03 (dd,J = 6.0, 15.6 Hz, 1H), 4.79 (dd,= 7.2, 15.6 Hz, 1H), 4.57 (dd,= 6.8, 14.4
Hz, 1H), 4.17 (dJ = 11.6 Hz, 1H), 3.94 (ddl = 5.2, 15.6 Hz, 1H), 3.27 (d,= 11.6 Hz,

1H), 2.64 (dd, = 4.0, 10.4 Hz, 1H), 2.51 (dd,= 4.0, 10.8 Hz, 1H), 2.07-2.25 (m, 3H),

1.80 (s, 3H), 1.52-1.58 (m, 1H), 1.00 (= 6.8 Hz, 3H), 0.97 (d) = 6.8 Hz, 3H).**C

NMR (100 MHz, CDCY): 6 174.1, 169.3, 167.5, 163.0, 148.6, 144.7, 130.9, 129.8, 129.7,
128.2, 128.1, 127.1, 121.8, 85.2, 71.5, 67.2, 58.3, 42.9, 42.3, 32.7, 31.1, 31.1, 26.6, 19.3,
18.2. HRMS (ESI):mV¥z [M + NaJ  calcd for GgH4N4OsS3Na: 761.2266; found:

761.2266.

Analog T3 (C-7 epimer of largazole).

To a solution o061 (0.013 g, 0.0176 mmol, 1 equiv) in dichloromethane (2.5 mL)°&t 0
was added triisopropylsilane (0.007 g, 0.044 mmol, 2.5 equiv) followed hyotothcetic
acid (0.1535 g, 1.35 mmol, 76.5 equiv). After stirring for 3 h at room teahyper the
reaction mixture was concentratad vacuo. The crude product was purified by flash
chromatography on silica gel in ethyl acetate/hexanes (20%)storemove impurity
followed by methanol: ethyl acetate (1%) to obtain the thiola®Btirred solution of the
thiol in dichloromethane (1 mL) at%C were added Hunig’'s base (0.012 g, 0.092 mmol,
5.23 equiv) and octanoyl chloride (0.0114 g, 0.0699 mmol, 3.97 equiv). After stioring f
4 h at room temperature, reaction was quenched with methanol andxtieemvas
concentratedin vacuo. Purification of the crude product by preparative thin layer
chromatography on silica gel in ethyl acetate: hexanes (30-§8%&) analod 3 (0.008

g, 72%). f]o®° - 28.57 ¢ 0.175, CHG)). *H NMR (600 MHz, CDCJ): § 7.72 (s, 1H),
7.37 (d,J = 10.2 Hz, 1H), 6.65 (f] = 6.0Hz, 1H), 5.62 () = 4.2 Hz, 1H), 5.16-5.24 (m,

2H), 4.85 (dd,J = 7.2, 15.6 Hz, 1H), 4.62 (dd,= 6.6, 10.2 Hz, 1H), 4.56 (dd,= 4.8,
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15.6 Hz, 1H), 4.18 (d) = 11.4 Hz, 1H), 3.31 (d] = 11.4 Hz, 1H), 2.51-2.65 (m, 4H),

2.51 (t,J = 7.8 Hz, 2H), 2.14-2.20 (m, 1H), 1.96 (b= 7.2 Hz, 2H), 1.84 (s, 3H), 1.62-

1.65 (m, 8H), 1.25-1.29 (m, 10 H), 1.03 @bz 7.2 Hz, 3H), 1.01 (dJ = 6.6 Hz, 3H),

0.88 (t,J = 7.2 Hz, 3H).*C NMR (150 MHz, CDG)): 5 199.6, 174.2, 169.2, 169.1,
167.7, 163.9, 148.4, 130.6, 127.0, 122.7, 84.9, 71.4, 58.4, 44.4, 42.4, 42.2, 40.3, 32.9,
32.3, 31.8, 29.9, 29.1, 27.8, 26.4, 25.9, 22.8, 19.2, 18.3, 14.3. HRMSHEBI[W +

Na]" calcd for GoH4oN4OsS3Na, 645.2215; found, 645.2197.

Analog T4A.

To a solution of41 (0.016 g, 0.0217 mmol, 1 equiv) in dichloromethane (2.5 mL)°&t 0
was added triisopropylsilane (0.007 g, 0.044 mmol, 2.03 equiv) followed by
trifluoroacetic acid (0.1535 g, 1.35 mmol, 62.05 equiv). After stirring3fdr at room
temperature the reaction mixture was concentratedacuo. The crude product was
purified by flash chromatography on silica gel in ethyl aedtaixanes (20%) to first
remove impurity followed by ethyl acetate to obtain the largazbiol. To a stirred
mixture of largazole thiol, 2-bromomethylpyridine HCI (0.012 g, 0.0472 mmol, 2.17
equiv), tetrabutylammonium bromide (0.007 g, 0.0217 mmol, 1 equiv), and cesium
carbonate (0.033 g, 0.101 mmol, 4.66 equiv), was added acetonitrile (1.0 mL)raad sti
for 20 h at room temperature. The reaction mixture was concehiirateacuo and
purified by preparative thin layer chromatography in methanohlalicmethane (2.5%)

to obtain analogr4A (0.002 g, 25%).d]p>° + 13.64 ¢ 0.11, CHCY). 'H NMR (400
MHz, CDCI3):$ 8.52 (d,J = 4 Hz, 1H), 7.75 (s, 1H), 7.66 (dt= 1.6, 7.6 Hz, 1H), 7.36

(d, J=8.0 Hz, 1H), 7.16 (m, 2H), 6.53 (d#i= 3.2, 9.6 Hz, 1H), 5.82-5.89 (m, 1H), 5.63-

5.67 (m, 1H), 5.48 (dd] = 6.8, 15.6 Hz, 1H), 5.28 (dd,= 9.6, 17.6 Hz, 1H), 4.59 (dd,
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= 3.2, 9.2 Hz, 1H), 4.26 (dd,= 3.2, 17.6 Hz), 4.03 (dl = 11.2 Hz, 1H), 3.82 (s, 2H),

3.27 (d,J = 11.2 Hz, 1H), 2.85 (dd] = 10.4, 16.4 Hz, 1H), 2.69 (dd,= 3.2, 16.4 Hz,

1H), 2.53 (t,J = 7.6 Hz, 2H), 2.30 (¢ = 6.8 Hz, 2H), 2.05-2.12 (m, 1H), 1.85 (s, 3H),

0.69 (d,J = 6.8 Hz, 3H), 0.51 (d] = 6.8 Hz, 3H)*°*C NMR (150 MHz, CDCI3)5 173.8,

169.6, 169.1, 168.2, 164.8, 159.0, 149.4, 147.7, 137.0, 133.3, 128.2, 124.3, 123.3, 122.2,
84.7, 72.2, 58.0, 43.5, 41.3, 40.7, 38.3, 34.3, 32.2, 31.1, 24.5, 19.1, 16.9. HRMS-ESI

(M/2): [M + Na]" calcd for G7;H3aNs0,S:Na, 610.1592; found, 610.1581.

Analog T4B.

To a solution of41 (0.016 g, 0.0217 mmol, 1 equiv) in dichloromethane (2.5 mL)°&t 0
was added triisopropylsilane (0.007 g, 0.044 mmol, 2.03 equiv) followed by
trifluoroacetic acid (0.1535 g, 1.35 mmol, 62.05 equiv). After stirring3fdr at room
temperature was added the 2-thiophene methanol (0.0126 g, 0.110 mmol, 5.06 equiv) and
the reaction mixture was stirred for 50 minutes at room temperdt was concentrated
and purified by column chromatography on silica gel in ethyladeehexanes (20-70%)
which was repurified by prep TLC in methanol: dichloromethane (2.5%btain analog
T4B (0.0063 g, 49%).of|p>° + 13.92 ¢ 0.395, CHCJ). *H NMR (600 MHz, CDCJ): §

7.76 (s, 1H), 7.21 (t) = 3.0 Hz, 1H), 7.17 (d] = 9.6 Hz, 1H), 6.90-6.92 (m, 2H), 6.49
(dd,J = 3.0, 9.0 Hz, 1H), 5.84-5.89 (m, 1H), 5.64-5.68 (m, 1H), 5.49Jdd7.2, 15.6

Hz, 1H), 5.27 (ddJ = 9.0, 16.8 Hz, 1H), 4.60 (dd,= 3.6, 9.6 Hz, 1H), 4.26 (dd,= 3.0,

17.4 Hz, 1H), 4.03 (dl = 11.4 Hz, 1H), 3.90 (s, 3H), 3.27 (= 11.4 Hz, 1H), 2.84 (dd,
J=10.2, 16.2 Hz, 1H), 2.69 (dd= 3.6, 16.8 Hz, 1H), 2.53 (1,= 7.2 Hz, 2H), 2.30 (q]

= 7.2 Hz, 2H), 2.08-2.11 (m, 1H), 1.84 (s, 3H), 0.69J(d,7.2 Hz, 3H), 0.50 (d] = 6.6

Hz, 3H).*C NMR (150 MHz, CDGJ) & 173.8, 169.6, 169.1, 168.1, 164.8, 147.7, 142.2,
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133.3, 128.2, 126.9, 126.3, 125.1, 124.4, 84.6, 72.2, 58.0, 43.5, 41.3, 40.7, 34.3, 32.1,
31.0, 30.8, 24.4, 19.1, 16.8. HRMS-E®&¥Z): [M + NaJ calcd for GeHz.Ns04S4Na,

615.1204; found, 615.1184. % Purity: 95.7% (HPLC).

Analog T4C.

To a solution o#1 (0.0078 g, 0.0106 mmol, 1 equiv) in dichloromethane (1.25 mL) at O
°C was added triisopropylsilane (0.00464 g, 0.029 mmol, 2.77 equiv) followed by
trifluoroacetic acid (0.092 g, 0.808 mmol, 76.22 equiv). After stirring3fdr at room
temperature was added the 2-hydroxybenzyl alcohol (0.004 g, 0.0323 mmol, 3\)4 equi
and it was stirred for 2 h at room temperature. The reactituma was concentratdd

vacuo and purified by column chromatography on silica gel in ethylbéeehexanes (20-
100%) followed by preparative TLC in ethyl acetate: hexai&%of to obtain analog

T4C (0.0031 g, 49%).d]p>° + 17.86 ¢ 0.14, CHCY). 'H NMR (600 MHz, CDCY): &

7.79 (s, 1H), 7.46 (s, 1H), 7.20 @= 9.6 Hz, 1H), 7.14 (dd] = 1.8, 7.2 Hz, 1H), 7.08

(dt, J= 1.8, 7.8 Hz, 1H), 6.82 (df,= 1.2, 7.8 Hz, 1H), 6.73 (dd,= 1.2, 8.4 Hz), 6.70
(dd, J = 3.6, 8.4 Hz, 1H), 5.82-5.87 (m, 1H), 5.68-5.71 (m, 1H), 5.62Jdd6.0, 15.6

Hz, 1H), 5.19 (ddJ = 9.0, 17.4 Hz, 1H), 4.60 (dd,= 3.6, 9.0 Hz, 1H), 4.20 (dd,= 3.0,

17.4 Hz), 4.06 (dJ = 11.4 Hz, 1H), 3.80 (dd] = 12.6, 27.6 Hz, 2H), 3.31 (d,= 11.4

Hz, 1H), 2.88 (ddJ = 9.0, 16.2 Hz, 1H), 2.70 (dd,= 3.0, 16.2 Hz, 1H), 2.58-2.62 (m,

1H), 2.46-2.51 (m, 1H), 2.28-2.33 (m, 2H), 2.06-2.12 (m, 1H), 1.85 (s, 3H), 0.3E(d,

7.2 Hz, 3H), 0.54 (dJ = 6.6 Hz, 3H).3C NMR (150 MHz, CDCI3)s 173.6, 170.0,
168.9, 168.6, 165.8, 155.3, 147.4, 132.4, 130.9, 129.2, 128.9, 124.5, 123.6, 120.5, 116.7,
84.4, 71.7, 58.1, 43.6, 41.3, 40.9, 34.1, 32.2, 32.2, 31.1, 24.3, 19.1, 17.0. HRMS-ESI

(mV2): [M + Na]" calcd for GgHz4N4OsS:Na, 625.1589; found, 625.1562.
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Analog T4D.

To a solution o#1 (0.0067 g, 0.0091 mmol, 1 equiv) in dichloromethane (1.25 mL) at O
°C was added triisopropylsilane (0.004 g, 0.025 mmol, 2.69 equiv) followed by
trifluoroacetic acid (0.077 g, 0.675 mmol, 74.22 equiv). After stirring3fdr at room
temperature the reaction mixture was concentratedacuo. The crude product was
purified by flash chromatography on silica gel in ethyl aedtaixanes (20%) to first
remove impurity followed by ethyl acetate to obtain the largazbiol. To a stirred
mixture of largazole thiol, N,N-dimethyl-2-chloroacetamide (0.014®.§16 mmol,
12.77 equiv), tetrabutylammonium bromide (0.005 g, 0.0155 mmol, 1.7 equiv), and
cesium carbonate (0.025 g, 0.0767 mmol, 8.42 equiv), was added acetonitriteLJ0.4
and stirred for 20 h at room temperature. The reaction mixtusecarecentrateth vacuo

and the crude mixture was purified by preparative TLC in metidiobloromethane (2.5

%) followed by another preparative TLC in methanol:ethyl aeetié®%, 4 parts) and
hexane (1 part) to obtain analog T4D (0.001 g, 19%)NMR (600 MHz, CDC)): &

7.95 (s, 1H), 7.15 (d] = 9.6 Hz, 1H), 6.47 (dd] = 3.0, 9.0 Hz, 1H), 5.85-5.90 (m, 1H),
5.64-5.67 (m, 1H), 5.52 (dd,= 6.6, 15.6 Hz, 1H), 5.27 (dd,= 9.0, 17.4 Hz, 1H), 4.58
(dd,J = 3.6, 9.6 Hz, 1H), 4.26 (dd,= 3.6, 18.0 Hz, 1H), 4.02 (d,= 11.4 Hz, 1H), 3.26

(d, J=10.8 Hz, 1H), 3.05 (s, 3H), 2.95 (s, 3H), 2.84 (tid,10.2, 16.2 Hz, 2.66-2.70 (m,
3H), 2.36 (qJ = 7.2 Hz, 2H), 2.07-2.10 (m, 1H), 1.85 (s, 3H),0.68)g, 7.2 Hz, 3H),

0.50 (d,J =7.2 Hz, 3H).

(S)-3-Hydroxy-1-((R)-4-isopropyl-2-thioxothiazolidin-3-yl)pent-4-erede (62).
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To a stirred solution of acetyl Nagao chiral auxiliat§)((0.625 g, 3.079 mmol, 1 equiv)

in dichloromethane (25 mL) at was added TiGl(0.645 g, 3.39 mmol, 1.10 equiv).
After stirring for 5 minutes, the reaction mixture was cooled8°C and Hunig's base
(0.438 g, 3.39 mmol, 1.10 equiv) was added. The reaction mixture was &iiri2¢ at

the same temperature. Acrolein (0.176 g, 3.146 mmol, 1.02 equiv) was addedsdropwi
and the reaction mixture was stirred for 2.5 h at°@8It was removed from cooling
bath, treated with water (15 mL), and diluted with dichloromethane (50 The layers
were separated and the aqueous layer was extracted with dichloaomerhe combined
organic layer was washed with saturated NaCl (40 mL) and dried N&0O,. The
solvent was removenh vacuo and the residue was purified by flash chromatography on
silica gel in dichloromethane/hexanes (25-90%) to give the majoreist2 as a thick
yellow oil (0.425 g, 53%), and the diastereond8r(0.053 g, 7.0%). Data for major
isomer62: *H NMR (600 MHz, CDCY): § 5.91-5.96 (m, 1H), 5.34 (di,= 1.2, 16.2 Hz,
1H), 5.15-5.19 (m, 2H), 4.66-4.68 (m, 1H), 3.67 (8¢, 3.0, 18.0 Hz, 1H), 3.53 (dd,=

7.8, 11.4 Hz, 1H), 3.31 (dd,= 9.0, 17.4 Hz, 1H), 3.04 (dd,= 1.2, 12.0 Hz, 1H), 2.87
(d,J = 4.8 Hz, 1H), 2.34-2.40 (m, 1H), 1.07 (& 6.6 Hz, 3H), 0.99 (d] = 7.2 Hz, 3H).

13C NMR (100 MHz, CDGJ): & 203.2, 172.5, 138.9, 115.4, 71.5, 68.9, 45.2, 30.9, 30.8,
19.2,17.9.

(R)-Methyl 2-(2-(((S)-3-hydr oxypent-4-enamido)methyl)thiazol-4-yl)-4-methyl-4,5-
dihydrothiazole-4-car boxylate (64).

A solution of carboxylic aci@9 (0.047 g, 0.131 mmol, 1 equiv) in anhydrous methanol
(5 mL) was bubbled with HCI gas for 5 minutes. The reaction maxtmas stirred
overnight and concentratéa vacuo which was azeotropped with toluene before taking it

to the next step. A mixture of above obtained compound and DMAP (0.042 g, 0.344
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mmol, 2.63 equiv) in dichloromethane (2 mL) was stirred for 5 minutes, aaldigon of
aldol product62 (0.035, 0.135 mmol, 1.03 equiv) in dichloromethane (1 mL) was added.
The reaction mixture was stirred for 1 h, concentratedacuo and purified by flash
chromatography on silica gel in ethyl acetate/hexanes (25-1@0&bford the alcohdb4
(0.031 g, 64%).d]p>° - 23.04 ¢ 1.15, CHCJ) (lit.**[o] p**3— 17.3 € 1.00, CHC})). 'H

NMR (600 MHz, CDCI3):5 7.95 (s, 1H), 6.76 (s, 1H), 5.87-5.92 (m, 1H), 5.33J(d,

16.8 Hz, 1H), 5.16 (d] = 10.2 Hz, 1H), 4.74-4.82 (m, 2H), 4.57 (s, 1H), 3.8 11.4

Hz, 1H), 3.81 (s, 3H), 3.29 (d,= 11.4 Hz, 1H), 2.55 (dd,= 3.0, 15.6 Hz, 1H), 2.45 (dd,
J=8.4, 15.0 Hz, 1H), 1.65 (s, 3H}C NMR (100 MHz, CDGJ): & 173.8, 172.1, 168.0,

162.9, 148.4, 139.2, 122.6, 115.6, 84.7, 69.6, 53.2, 42.7, 41.7, 40.9, 24.2.

(R)-Methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopropyl-3,6,10-trioxo-8-vinyl-2,7-
dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazol e-4-
carboxylate (65).

To a solution of Fmoc-L-valine (0.110 g, 0.325 mmol, 2.26 equiv) in THF (1 mLyGt

were added Hunig's base (0.056 g, 0.431 mmol, 2.99 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.094 g, 0.384 mmol, 2.67 equiv). The reaction mixture was stirgCdor 1

h. When TLC indicated formation of the anhydride, alcdb(0.053 g, 0.144 mmol, 1
equiv) in THF (1 mL) was added to the reaction mixture ¥&.0t was stirred overnight

at room temperature. The reaction mixture was concentriatedacuo and flash
chromatography purification on silica gel in ethyl acetatedhes (25-100%) yielded the
acyclic precursol5 (0.082, 83%). d]o?° - 2.07 € 4.1, CHC}). *H NMR (400 MHz,
CDCl): 5 7.88 (s, 1H), 7.73 (dl = 7.6 Hz, 2H), 7.55 (d] = 6.8 Hz, 2H), 7.37 () = 8.0

Hz, 2H), 7.28 (tJ = 7.2 Hz, 2H), 7.19 () = 6.0 Hz, 1H), 5.81-5.89 (m, 1H), 5.69 (4=
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6.0 Hz, 1H), 5.45 (dJ = 8.4 Hz, 1H), 5.33 (dJ = 17.2 Hz, 1H), 5.22 (d] = 10.8 Hz,

1H), 4.64-4.75 (m, 2H), 4.19-4.40 (m, 2H), 4.17@& 7.2 Hz, 1H), 4.11 (ddl = 6.0, 8.0

Hz, 1H), 3.82 (dJ = 11.6 Hz, 1H), 3.75 (s, 3H), 3.22 @z 11.6 Hz, 1H), 2.62 (d] =

6.0 Hz, 2H), 2.03-2.11 (m, 1H), 1.6 (s, 3H), 0.94X¢,6.8 Hz, 3H), 0.89 (d] = 6.8 Hz,

3H). **C NMR (100 MHz, CDGJ): & 173.7, 171.4, 169.2, 168.6, 162.9, 156.6, 148.3,
143.8, 143.8, 141.4, 134.4, 127.8, 127.2, 125.2, 122.3, 120.1, 118.6, 84.6, 72.5, 67.1,

59.7,53.0,47.2,41.5,41.2, 30.9, 24.0, 19.1, 18.0, 14.3.

Cyclic core 66.

To a stirred solution 085 (0.0805 g, 0.117 mmol, 1 equiv) in THRBI (4:1, 4 mL) at O

°C was added 0.1 M LiOH (1.2 mL, 0.12 mmol, 1.03 equiv) dropwise over a peridd of
minutes. After being stirred at%C for 1 h, it was acidified with 1 M HCI solution and
extracted with EtOAc three times. The combined organicr leyges washed with brine,
dried over anhydrous sodium sulphate, and concentrated to give the ytiarlaad
which was carried to the next step. The carboxylic acid wasldéskin dichloromethane
(10 mL) and treated with diethylamine (0.426 g, 5.84 mmol, 49.88 equiv). gtfteng

at room temperature for 3 h, it was concentratedacuo to dryness to afford the free
amino derivative. After drying azeotropically with toluene, itswieeated with HATU
(0.089 g, 0.234 mmol, 2.00 equiv), HOAt (0.032 g, 0.235 mmol, 2.00 equiv),
dichloromethane (90 mL, ~ 1 mM), and Hunig’'s base (0.061 g, 0.472 mmol, 4.034 equiv)
and the mixture was stirred for 30 h at room temperature. Thtiaeamixture was

concentrated to dryness and was purified by flash chromatographlycargs! in ethyl
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acetate/hexanes (10-70%) to vield the cyclic @&€0.018 g, 35%).d]p>° + 36.82 ¢
0.44, CHCY) (lit.**[0]p?® " + 22.8 € 0.33, MeOH)).*H NMR (400 MHz, CDCY): § 7.77
(s, 1H), 7.18 (dJ = 9.2 Hz, 1H), 6.47 (dd] = 2.4, 9.2 Hz, 1H), 5.66-5.71 (m,1H), 5.24-
5.38 (m, 3H), 4.62 (dd] = 3.2, 9.2 Hz, 1H), 4.26 (dd,= 3.2, 17.6 Hz, 1H), 4.07 (d,=
11.2 Hz, 1H), 3.27 (d) = 11.2 Hz, 1H), 2.86 (ddl = 10.4, 16.4 Hz, 1H), 2.72 (dd,=
2.8, 16.4 Hz, 1H), 2.06-2.14 (m, 1H), 1.86 (s, 3H), 0.69(d,6.8 Hz, 3H), .51 (dJ =
6.8 Hz, 3H).**C NMR (100 MHz, CDG)): § 173.8, 169.5, 169.1, 168.1, 164.8, 147.6,

134.9, 124.5, 118.1, 84.6, 72.5, 57.9, 43.5, 41.3, 40.3, 34.4, 24.4, 19.1, 16.8.

N-(benzyloxy)acrylamide (67).

To a solution of o-benzyl hydroxylamine HCI (0.176 g, 1.1 mmol, 1.1 equiv) in
dichloromethane (2 mL) was added Hunig’s base (0.284 g, 2.2 mmol, 2.2 equiv). The
reaction mixture was cooled to°G and was added acryloyl chloride (0.905 g, 1 mmol, 1
equiv) at 0°C and the reaction mixture was stirred at room temperatur2 forThe
reaction mixture was concentrateth vacuo and purified by flash column
chromatography on silica gel in ethyl acetate: hexanes (10-B®%¢t compound7

(0.11 g, 62%)*H NMR (600 MHz, DMSOds): & 11.3(s, 1H), 7.35-7.39 (m, 5H), 6.16
(dd,J = 1.8, 17.4 Hz, 1H), 6.03 (dd,= 10.2, 16.8 Hz, 1H), 5.65 (dd,= 1.8, 10.2 Hz,

1H), 4.83 (s, 2H)**C NMR (100 MHz, CDGCJ): & 164.0, 135.3, 129.3, 128.7, 128.6,

127.6, 127.4, 78.3.

Analog T5.
A reaction mixture of cyclic coré6 (0.030 g, .0687 mmol, 1 equiv), compou6d

(0.015 g, 0.0847 mmol, 1.23 equiv), Grubb’s second generation catalyst (0.025 g, 0.0294
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mmol, 0.428 equiv) and p-methoxyphenol (0.009 g, 0.0726 mmol, 1.06 equiv) in
dichloromethane (1.5 mL) was refluxed at°@for 36 hours. As TLC analysis indicated
formation of a small amount of a new compound, additional Grubb’s sa{@ly)07 g,
0.008 mmol, 0.12 equiv) in toluene (1.2 mL) was added and the mixture wasd stirr
110°C for 7 hours. Following TLC analysis, another portion of compdah@.015 g,
0.0847 mmol, 1.23 equiv) in toluene (0.5 mL) was added and the mixture wead atirr
110°C for additional 7 hours. The reaction mixture was cooled, treatdDMSO (100
pl) and stirred overnight at room temperature. The reaction miwtaseconcentrated in
vacuo and purified by repeated flash chromatography on silica geletimyl
acetate:hexanes (33-100%), and methanol:ethyl acetate (2Rbnefdlby purification by
successive preparative TLC in methanol:dichloromethane (4%), andnedetxane
(10%) and reverse phase HPLC on C18 column in water: methanol (10-i®0¥4iain
T5 (0.0005 g, 1.5%)'H NMR (400 MHz, CDCJ): §7.74 (s, 1H), 7.58 (dJ = 8.8 Hz,
1H), 7.11 (dJ = 6.0 Hz, 1H), 5.53 (qJ = 6.8 Hz, 1H), 5.26 (dd] = 8.8, 16.8 Hz, 1H),
4.65 (ddJ = 6.6, 8.8 Hz, 1H), 4.25 (dd,= 3.2, 17.2 Hz, 1H), 4.03 (d,= 11.6 Hz, 1H),
3.49 (d,J = 4.8 Hz, 2H), 3.31-3.35 (m, 2H), 3.11 (dt= 5.2, 16.8 Hz, 1H), 2.05-2.15

(m, 1H), 1.86 (m, 3H), 0.74 (d,= 2.0 Hz, 3H), 0.73 (d] = 2.0 Hz, 3H).

Methyl 2-((tert-butoxycar bonylamino)methyl)thiazole-4-car boxylate (69).

To a solution of carboxylic acifl (0.050 g, 0.195 mmol, 1 equiv), EDC.HCI (0.075 g,
0.39 mmol, 2 equiv) in MeOH (2 mL) was added with Hunig’s base (0.104 g,rdd@,m

4 equiv). The reaction mixture was stirred overnight at room temyperatnd
concentratedn vacuo. The residue was partitioned between water and ethyl acekege. T

agueous layer was extracted three times with ethyl acetatethe combined organic
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extract was dried over anhydrous,88), filtered and concentrated vacuo. The crude
reaction mixture was purified by flash column chromatographyilwwa gel in ethyl
acetate: hexanes (20-50%) to obt&®h(0.036 g, 68%)H NMR (400 MHz, CDCJ): §

8.12 (s, 1H), 5.38 (s, 1H), 4.62 @@= 6.0 Hz, 2H), 3.92 (s, 3H), 1.44 (s, 9HiC (100
MHz, CDCk): 6 170.4, 161.9, 155.8, 146.6, 128.3, 80.7, 52.7, 42.5, 28.5.

(R,E)-Methyl 2-((3-hydroxy-7-(tritylthio)hept-4-enamido)methyl)thiazole-4-
carboxylate (70).

Ester69 (0.086 g, 0.316 mmol, 1 equiv) was treated with dichloromethane: trifluoroacetic
acid (2:1, 1.8 mL) at room temperature. The reaction mixture tivesdsfor 1 h at room
temperature and concentraied/acuo which was azeotropped with toluene before taking

it to the next step. A mixture of above obtained compound and DMAP (0.039 g, 0.320
mmol, 1.01 equiv) in dichloromethane (2 mL) was treated with Hunig's (2882 g,
0.636 mmol, 2.01 equiv) and stirred for 5 minutes. To the reaction mixtweadded a
solution of aldol diastereomé&8 (0.178, 0.316 mmol, 1 equiv) in dichloromethane (1
mL). The reaction mixture was stirred for 2 h, concentratedcuo and purified by flash
chromatography on silica gel in ethyl acetate/hexanes (25-80%Gjord the alcohof0
(0.147 g, 81% over two steps from ed8Y. [0]p?° + 4.78 € 3.35, CHCY). *H NMR (600

MHz, CDCh): § 8.06 (s, 1H), 7.36 (dl = 7.2 Hz, 6H), 7.25 () = 7.2 Hz, 6H), 7.17 (t)

= 7.2 Hz, 3H), 5.50-5.54 (m, 1H), 5.38 (db= 6.0, 15.0 Hz, 1H), 4.64-4.73 (m, 2H),
4.41 (br s, 1H), 3.89 (s, 3H), 2.43 (ddk 3.0, 15.0, 2.37 (dd} = 9.0, 15.0 Hz, 1H), 2.16

(t, J = 7.8 Hz, 2H), 2.03 (¢J = 7.2 Hz, 2H).°*C (150 MHz, CDCJ): § 172.3, 168.8,
161.8, 146.2, 144.9, 132.4, 130.2, 129.7, 128.7, 128.0, 126.8, 69.2, 66.7, 52.7, 42.9, 41.0,
31.5, 31.4. HRMS-ESIn/2): [M + Na]" calcd for GH3:N.04S;Na, 595.1701; found,

595.1719.
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Methyl 2-((5S,8R)-1-(9H-fluor en-9-yl)-5-isopropyl-3,6,10-trioxo-8-((E)-4-
(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol e-4-car boxylate
(72).

To a solution of Fmoc-L-valine (0.018 g, 0.053 mmol, 2.0 equiv) in THF (1 mQY@t

were added Hunig's base (0.0104 g, 0.08 mmol, 3.07 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.0156 g, 0.064 mmol, 2.44 equiv). The reaction mixture wasisiir@’C for

1 h. When TLC indicated formation of the anhydride, alcd0q0.015 g, 0.0262 mmol,

1 equiv) in THF (1 mL) was added to the reaction mixture dCOIt was stirred
overnight at room temperature. The reaction mixture was concehtnatacuo and flash
chromatography purification on silica gel in ethyl acetatedhes (33-800%) yielded

partially pure7l. This was taken to the next step without further purification.

Methyl 2-((5S,8R)-8-((E)-4-(acetylthio)but-1-enyl)-1-(9H-fluor en-9-yl)-5-isopr opyl-
3,6,10-trioxo-2,7-dioxa-4,11-diazadodecan-12-yl)thiazole-4-car boxylate (analog T6).

To a solution of71 (0.035 g, 0.04 mmol, 1 equiv) in dichloromethane (5 mL) 4@ Qas
added triisopropylsilane (0.013 g, 0.083 mmol, 2.08 equiv) followed by triflucioace
acid (0.307 g, 2.7 mmol, 67.5 equiv). After stirring for 3 h at room teatyer, the
reaction mixture was concentrated vacuo. The crude product was purified by flash
chromatography on silica gel in ethyl acetate/hexanes (20%)storemove impurity
followed by methanol: ethyl acetate (2%) to obtain the thiola®birred solution of the
thiol in dichloromethane (2 mL) at % were added Hunig's base (0.0334 g, 0.2588
mmol, 6.47 equiv) and acetyl chloride (0.0132 g, 0.168 mmol, 4.2 equiv). Aftengptirri
for 4 h at room temperature, reaction was quenched with methandienaixture was
concentratedn vacuo. Purification of the crude product by flash column chromatography

122



on silica gel in ethyl acetate: hexanes (40-100%) follomgdoteparative thin layer
chromatography purification in ethyl acetate: hexanes (75%g gaalogT6 (0.006 g,

22%). Ju]p® + 10.71 ¢ 0.28, CHCJ). *H NMR (600 MHz, CDGJ): & 8.11 (s, 1H), 7.74

(d,J = 7.8 Hz, 2H), 7.57 (dJ = 7.2 Hz, 2H), 7.38 (t) = 7.8 Hz, 2H), 7.30 (dt) = 4.2,

7.2 Hz, 2H), 6.61 () = 6.0 Hz, 1H), 5.73-5.76 (m, 1H), 5.66 (dts 4.8, 12.0 Hz, 1H),

5.51 (dd,J = 6.6, 15.6 Hz, 1H), 3.36 (d,= 9.0, 1H), 4.76 (ddJ = 6.0, 16.2 Hz, 1H),

4.69 (dd,J = 6.0, 16.2 Hz, 1H), 4.39 (dd,= 7.2, 10.2 Hz, 1H), 4.33 (dd,= 6.6, 10.2

Hz, 1H), 4.19-4.23 (m, 2H), 2.86 (= 7.2 Hz, 2H), 2.61 (dd] = 7.8, 14.4 Hz, 1H), 2.55

(dd, J = 4.8, 15.0 Hz, 1H), 2.25-2.28 (m, 5H), 2.23-2.11 (m, 2H), 1.42 & 6.0 Hz,

1H), 0.92 (d,J = 6.6 Hz, 3H), 0.84 (dJ = 6.6 Hz, 3H).**C (150 MHz, CDGJ): & 195.9,

171.1, 171.0, 169.2, 168.1, 161.8, 156.6, 156.6, 146.6, 144.0, 143.9, 141.5, 133.0, 128.6,
128.4,127.9, 127.2, 125.3, 120.2, 72.4, 67.2, 59.3, 52.7, 47.3, 41.6, 41.2, 32.3, 31.2, 30.8,
28.3, 19.2, 17.7, 17.6. HRMS-ESi/p): [M + Na]" calcd for GsHzgN3OsS;Na,

716.2076; found, 716.2056.

(S, E)-Methyl 2-((3-hydroxy-7-(tritylthio)hept-4enamido)methyl)thiazole-4-
carboxylate (72).

Compounds9 (0.036 g, 0.132 mmol, 1 equiv) was treated with TFA: DCM (1:5) (2 mL).
The reaction mixture was stirred for 2 h at room temperatureas concentrateth
vacuo and azeotropped many times with toluene. The residue was treittedumig’s

base in MeOH, stirred for 1 h at room temperature and concentratetuo. To a
mixture of the residue and DMAP (0.042 g, 0.344 mmol, 2.6 equiv) in dichloromethane
(ImL), was added aldol produgt (0.074 g, 0.131 mmol, 1 equiv) in dichloromethane (1

mL). The reaction mixture was stirred for 2 hours at roomptature. The reaction
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mixture was concentrateich vacuo and purified by flash column chromatography on
silica gel in ethyl acetate: hexanes (33-100%) to78€0.07 g, 92%).d]o*° - 4.85 ¢

0.7, CHCE). H NMR (600 MHz, CDCJ): & 8.07 (s, 1H), 7.37 (dd,= 1.8, 9.0 Hz, 6H),
7.25 (t,J = 9.0 Hz, 6H), 7.18 (t) = 7.2 Hz, 3H), 5.50-5.54 (m, 1H), 5.39 (dbi= 6.6,
15.6 Hz, 1H), 4.64-4.73 (m, 2H), 4.42 (s, 1H), 3.89 (s, 3H), 3.54 (s, 1H), 2.43 £dd,
3.0, 15.0 Hz, 1H), 2.37 (dd,= 9.0, 15.6 Hz, 1H), 2.17 #,= 7.8 Hz, 2H), 2.00-2.05 (m,
2H). 13C (100 MHz, CDGJ): § 172.2, 168.7, 161.7, 146.2, 144.9, 132.4, 130.3, 129.7,

128.6, 128.0, 126.8, 69.2, 66.7, 52.7, 42.9, 41.0, 31.4.

Methyl 2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-8-((E)-4-
(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol e-4-car boxylate
(73).

To a solution of Fmoc-L-valine (0.107 g, 0.316 mmol, 1 equiv) in THF (1 mD)°&
were added Hunig's base (0.059 g, 0.46 mmol, 1.46 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.094 g, 0.38 mmol, 1.21 equiv). The reaction mixture was stir@etafor 1

h. When TLC indicated formation of the anhydride, alcat®(0.09 g, 0.157 mmol, 0.5
equiv) in THF (1 mL) was added to the reaction mixture ¥&.0t was stirred overnight
at room temperature. The reaction mixture was concentriatedacuo and flash
chromatography purification of the residue on silica gel in etttgtate/hexanes (20-
80%) vyielded the acyclic precurs@d (0.13 g, 92%).d]o?° - 8.74 € 1.75, CHCJ). H
NMR (400 MHz, CDC}): 6 = 8.02 (s, 1H), 7.75 (dl = 7.6 Hz, 2H), 7-37-7.40 (m, 8H),
7.25-7.31 (m, 8H), 7.20 (8,= 7.2 Hz, 3H), 6.91 () = 6.0 Hz, 1H), 5.6-5.7 (m, 2H), 5.41
(dd,J = 7.6, 15.6 Hz, 1 H), 5.31 (d,= 8.4 Hz, 1H), 4.64-4.77 (m, 2H), 4.28-4.39 (m,

2H), 4.17 (tJ = 6.8 Hz, 1H), 4.06 (t) = 6.8 Hz, 1H), 3.89 (s, 3H), 2.58 (@= 5.6 Hz,
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2H), 2.13-2.19 (m, 2H), 1.99-2.07 (m, 3H), 0.89J¢ 6.8 Hz, 3H), 0.84 (d] = 6.8 Hz,

3H). °C (100 MHz, CDCJ): & 171.4, 169.7, 169.2, 161.8, 156.6, 146.4, 145.0, 143.9,
143.9, 141.5, 141.4, 134.2, 129.7, 128.6, 128.1, 127.9, 127.6, 127.3, 127.3, 126.8, 125.2,
125.2, 120.2, 120.2, 72.4, 67.3, 66.8, 59.6, 526, 47.3, 41.5, 41.4, 31.5, 31.3, 31.0, 19.2,

18.1.
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Synthesis of cyclic core 74.

To a stirred solution of3 (0.130 mg, 0.153 mmol, 1 equiv) in THR®I (4:1, 5 mL) at O

°C was added 0.1 M LiOH (1.6 mL, 0.16 mmol, 1.046 equiv) dropwise over a period of
15 minutes. After stirring at 8C for 4.5 h, the reaction mixture was acidified with 1 M
HCI solution and extracted with EtOAc three times. The combingdnor layer was
washed with brine, dried over anhydrous sodium sulphate, concentrated died [yri

preparative TLC in ethyl acetate to give the carboxylic acid.

The carboxylic acid (0.097g, 0.118 mmol, 1 equiv) was dissolved in dichlorameeth@
mL) and treated with diethylamine (0.831 g, 11.38 mmol, 96.44 equiv). Aiteng at
room temperature for 3 h, it was concentrated/acuo to dryness to afford the free

amino derivative.

After drying azeotropically with toluene it was treated WitATU (0.084 g, 0.221 mmol,

2.0 equiv), HOAt (0.03 g, 0.221 mmol, 2.0 equiv), dichloromethane (110 mL, ~ 1 mM),
and Hunig’s base (0.067 g, 0.517 mmol, 4.38 equiv) and the mixture wad &ir30 h

at room temperature. The reaction mixture was concentirateduo to dryness and was
purified by flash chromatography on silica gel in ethyl aedt@ixanes (10-100%) to
yield the partially purified cyclic cor&4 which was repurified by preparative TLC in
ethyl acetate to obtain still partially pure cyclic caf4 (~ 0.012 g). This partially

purified cyclic core was used in the next step without further purification.
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Attempt to synthesizeanalog T7.

To a solution of74 (0.012 g, 0.0188 mmol, 1 equiv) in dichloromethane (2.5 mL)°@t 0
was added triisopropylsilane (0.013 g, 0.083 mmol, 1.85 equiv) followed by
trifluoroacetic acid (0.153 g, 1.35 mmol, 71.8 equiv). After stirring 3oh at room
temperature the reaction mixture was concentratedacuo. The crude product was
purified by flash chromatography on silica gel in ethyl aedtaixanes (20%) to first
remove impurity followed by ethyl acetate and methanol. etbgtatie (20%) to obtain
the thiol. To a stirred solution of thiol in dichloromethane (1 mL) 8€ were added
Hunig’s base (0.012 g, 0. 08 mmol, 4.28 equiv) and octanoyl chloride (0.0095 g, 0.058
mmol, 3.1 equiv). After stirring for 2.5 h at room temperature, reaatnixture was
guenched with methanol and the mixture was concentrateacuo. Purification of the
crude product by flash column chromatography on silica gel in ettgtate: hexanes

(10-100%) did not yield product.

(S,E)-2-(Trimethylsilyl)ethyl 3-hydroxy-7-(tritylthio)hept-4-enoate (75).

To a mixture of compound7 (0.163 g, 0.29 mmol, 1 equiand DMAP (0.004 g, 0.033
mmol, 0.1 equiv) in dichloromethane (2 mL) was added 2-(trimethyisihénol (0.043

g, 0.35 mmol, 1.2 equiv) and the mixture was stirred overnight at room rizomee It
was concentrateth vacuo and purified by flash chromatography on silica gel in ethyl
acetate/hexanes (3-10%) to afford the alcat®o(0.05 g, 33%). ¢]o>° - 1.27 € 0.315,
CHC) (lit.** [a]p?* - 1.1 € = 2, CHCI3)).*H NMR (600 MHz, CDCJ): § 7.39 (d,J= 7.2

Hz, 6H), 7.26 (tJ = 7.8 Hz, 6H), 7.19 (dij = 1.2, 7.2 Hz, 3H), 5.54-5.58 (m, 1H), 5.40
(dd,J= 6.6, 15.6 Hz, 1H), 4.42 (s, 1H), 4.17Xt 9.0 Hz, 2H), 2.88 (s, 1H), 2.40-2.49

(m, 1H), 2.19 (tJ = 7.2 Hz, 2H), 2.03-2.08 (m, 2H), 0.97 Jt= 9.0 Hz, 2H), 0.02 (s,
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9H). *C (100 MHz, CDG): & 172.7, 145.0, 132.1, 130.3, 129.7, 128.0, 126.8, 68.8,

63.3, 41.7, 31.6, 31.5, 17.5, -1.3.

(S,E)-2-(Trimethylsilyl)ethyl 3-((S)-2-(((9H-fluor en-9-yl)methoxy)car bonylamino)-3-
methylbutanoyloxy)-7-(tritlthio)hept-4-enoate (76).

To a solution of Fmoc-L-valine (0.05 g, 0.147mmol, 1 equiv) in THF (1 mL)°&t\Were
added Hunig's base (0.026 g, 0.196 mmol, 1.33 equiv) and 2,4,6-trichlorobenzoyl
chloride (0.041 g, 0.166 mmol, 1.13 equiv). The reaction mixture was stireéCdor 1

h. When TLC indicated formation of the anhydride, alcatt{0.05 g, 0.096 mmol, 0.66
equiv) in THF (1 mL) was added to the reaction mixture ¥ .0t was stirred overnight

at room temperature. The reaction mixture was concentriatedacuo and flash
chromatography purification on silica gel in ethyl acetatedhes (5-10%) yielded the
compound76 (0.077 g, 99%).d]p*° - 14.0 € 0.5, CHC4). *H NMR (400 MHz, CDCJ):

§ 7.78 (d,J = 7.6 Hz, 2H), 7.61 (dd] = 3.0, 6.8 Hz, 2H), 7.40-7.42 (m, 8H), 7.26-7.35
(m, 8H), 7.21 (t) = 7.2 Hz, 3H), 5.62-5.72 (m, 2H), 5.38 (dds 7.6, 15.2 Hz, 1H), 5.31

(d,J = 8.8 Hz, 1H), 4.34-4.44 (m, 2H), 4.29 (dcs 4.4, 9.2 Hz, 1H), 4.26 (8,= 7.2 Hz,

1H), 4.16 (tJ = 8.8, 2H), 2.69 (dd] = 8.0, 15.6 Hz, 1H), 2.56 (dd= 5.6, 16.0 Hz, 1H),
2.11-2.21 (m, 3H), 2.05 (d,= 6.8 Hz, 2H), 0.89-0.99 (m, 5H), 0.81 (t= 7.2 Hz, 3H),

0.03 (s, 9H).13C (100 MHz, CDGJ): 6 = 171.1, 169.8, 156.3, 145.0, 144.1, 144.0, 141.5,
134.2, 129.7, 128.0, 127.9, 127.2, 126.8, 125.3, 120.2, 120.1, 72.0, 67.2, 66.8, 63.3, 58.9,

47.4,39.9, 31.6, 31.5, 31.3, 19.2,17.5,17.5, -1.3.
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(S,E)-2-(trimethylsilyl)ethyl 3-((S)-2-(2-((tert-butoxycar bonylamino)methyl)thiazole-
4-car boxamido)-3-methylbutanoyloxy)-7-tritylthio)hept-4-enoate (77)

The compound®6 (0.078g, 0.098 mmol, 1 equiv) was dissolved in dichloromethane (4.5
mL) and treated with diethylamine (0.355 g, 4.86 mmol, 49.6 equiv). Aifteingtat
room temperature overnight, it was concentrated to dryness to @fferree amino
derivative.

The free amine derivative along with HATU (0.074 g, 0.195 mmol, 2 eqHi@At
(0.027 g, 0.195 mmol, 2 equiv), compoudd0.038 g, 0.147 mmol, 1.52 equiv) were
dissolved in dichloromethane (4 mL). To the above reaction mixtureadded Hunig's
base (0.051 g, 0.39 mmol, 4 equiv) and the reaction mixture was stirredgbweani
room temperature. It was concentrated vacuo and purified by flash column
chromatography on silica gel in ethyl acetate: hexane@W) to get77 (0.064 g,
77%). p]o?° - 1.5 € 0.4, CHCH). *H NMR (600 MHz, CDCJ): & 8.00 (s, 1H), 7.72 (d)

= 9.0 Hz, 1H), 7.39 (dd] = 1.8, 7.2 Hz, 6H), 7.28 (di,= 1.8, 7.2 Hz, 6H), 7.21 (di,=

1.2, 7.2 Hz, 3H), 5.67-5.71 (m, 1H), 5.63 (dds 5.4, 7.8 Hz, 1H), 5.37 ( dd,= 7.8,

15.6 Hz, 1H), 4.67 (dd] = 4.8, 9.0 Hz, 1H), 4.54-5.64 (m, 2H), 4.13 (m, 2H), 2.68 Jdd,

= 7.8, 15.6 Hz, 1H), 2.54 (dd,= 5.4, 15.6 Hz, 1H), 2.20-2.23 (m, 1H), 2.14-2.18 (m,
2H), 2.04 (qJ = 7.2 Hz, 2H), 1.47 (s, 9H), 0.94 @z 7.2 Hz, 3H), 0.87 (d] = 7.2 Hz,

3H), 0.00 (s, 9H)®C (100 MHz, CDCJ): § = 170.8, 169.8, 169.4, 160.9, 155.8, 149.6,
145.0, 134.2, 129.7, 128.0, 127.9, 126.8, 124.1, 80.6, 72.0, 66.8, 63.3, 56.9, 42.5, 39.9,

31.8, 31.5,31.2,28.5,19.3,17.8, 17.4, -1.3.
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Cyclic core 74.
To a solution of compound7 (0.06 g, 0.07 mmol, 1 equiv) in dichloromethane was
added trifluoroacetic acid (1.075 g, 9.42 mmol, 134.6 equiv) very slowly. dation

mixture was stirred overnight at room temperature and concenimnataclLio.

After drying azeotropically with toluene the residue was éetatith HATU (0.054 g,
0.142 mmol, 2.0 equiv), HOALt (0.02 g, 0.147 mmol, 2.0 equiv), dichloromethane (70 mL,
~ 1 mM), and Hunig’s base (0.060 g, 0.46 mmol, 6.57 equiv) and the mixtureimnes st
for 30 h at room temperature. The reaction mixture was congsshiinatacuo to dryness

and was purified by flash chromatography on silica gel in etlogtate/hexanes (10-

100%) to yield the partially pure cyclic coré (~ 0.002 g).
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3.2 Experimental Biology

Cytoproliferation assay:

Cell proliferation was measured wusing a 3-(4,5-dimethylthidzg)-5-(3-
carboxymethoxy-phenyl)-2-(4-sulfophenyldzetrazolium (MTS) reduction assay with
the CellTiter 96 One solution MTS assay as described by the atamdr (Promega,
Madison, WI). Briefly, cells (3x1Dcells/well) were seeded in quadruplicate in 96- well
plates and allowed to attach overnight. Media was replaced with 180ftesh medium
containing the appropriate concentration of compounti, T3, T4A, T4B, T4C, or

largazole. Following incubation at 37 °C, 5% 2(;(20 puL of CellTiter 96 One Solution

was added per well and incubated 1.5 h at 37 °C and absorbance measured at 490 nm.

Evaluation of global histone acetylation levels:

HCT116 cells were treated for 24 hours with 10 nM, 100 nM, or 1 uM or DMGEEll
lysates were extracted using RIPA buffer and equal amountsg{8@ne) were loaded
onto an SDS-PAGE gel. Standard Western blotting protocols werk usseg the
Invitrogen NUPAGE western blotting system. Primary antibodies wsere AcH3
(Millipore), o-tubulin (Sigma), andp-actin (Sigma). Dye-conjugated secondary
antibodies from Li-Cor Biosciences were used for detection andnedausing the

Odyssey Infrared Detection System (LI-COR Biosciences, Lmd&dE).
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Appendix

'H and **C NMR Spectra

'"H NMR of tert-butyl (4-car bamoylthiazol-2-yl)methylcar bamate (6)
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13C NMR of tert-butyl (4-carbamoylthiazol-2-yl)methylcar bamate (6)
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"C of tert-butyl (4-cyanothiazol-2-yl)methylcar bamate (7)
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'H NMR of 5-(tert-butylthiomethyl)-5-methylimidazolidine-2,4-dione (10)
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'H NMR of (R)-a-methylcysteine HCI (13)
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'"H NMR of (R)-4-isopropylthiazolidine-2-thione (15)
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"H NMR of acetyl Nagao (16)
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'H NMR of 5-tosyloxy-1,3-dioxolane
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'H NMR of 1,3-dioxene (18)
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'H NMR of 5-(tert-butylthio)pent-2E-enal (21)
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'H NMR of 7-(tert-butylthio)-3S-hydroxy-1-(4R-isopropyl-2-thioxothiazolidin-3-

yhhept-4E-en-1-one (22)
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BC NMR of 7-(tert-butylthio)-3S-hydroxy-1-(4R-isopr opyl-2-thioxothiazolidin-3-
yhhept-4E-en-1-one (22)
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H NMR  of (R)-methyl  2-(2-(((S,E)-7-(tert-butylthio)-3-hydroxyhept-4-
enamido)methyl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (31)
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BC NMR of (R)-methyl  2-(2-(((S,E)-7-(tert-butylthio)-3-hydroxyhept-4-
enamido)methyl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (31)
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'H NMR of (R)-methyl 2-(2-((5S,89)-8-((E)-4-(tert-butylthio)but-1-enyl)-1-(9H-
fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-
yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (32)
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BC NMR of (R)-methyl 2-(2-((5S,85)-8-((E)-4-(tert-butylthio)but-1-enyl)-1-(9H-
fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-

yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (32)
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'H NMR of cyclized product 33
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13C NMR of cyclized product 33
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'H NMR of 3S-hydroxy-1-(4R-isopropyl-2-thioxo-thiazolidin-3-yl)-7-tritylsulfanyl-

hept-4E-en-1-one (37)
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2-(2-((3S-hydroxy-7-(tritylthio)hept-4E-

(R)-methy/

of

NMR
enamido)methyl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (39)
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'H NMR of (4R)-methyl 2-(2-((8S)-1-(9H-fluoren-9-yl)-5-isopropyl-3,6,10-trioxo-8-
((E)-4-(tritylthio)-but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-
methyl-4,5-dihydr othiazole-4-car boxylate (40)
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'H NMR of largazole (1)
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13C NMR of largazole (1)
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'H NMR of (R)-methyl 2-(2-((5R,8S)-1-(9H-fluor en-9-yl)-5-(naphthalen-1-ylmethyl)-
3,6,10-trioxo-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-

yhthiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (42)
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IH NMR of (R)-methyl 2-(2-((5S,8S)-5-allyl-1-(9H-fluor en-9-y1)-3,6,10-trioxo-8-((E)-

4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl-

4,5-dihydrothiazole-4-car boxylate (44)
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13C NMR of (R)-methyl 2-(2-((5S,8S)-5-allyl-1-(9H-fluor en-9-y1)-3,6,10-tr ioxo-8-((E)-
4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl-

° L
—131.95

——133.96

£8°6TT—
——24.15 L —120.16

10

20

o
N
—
™

30

N
Y
=

g

40

P Ty T—— wn

59 TY~" [
- —47.24 . % | )z
eg el | Pz =z
68°EVT-

wﬂmmwm.m. e e L 12220

NHFmoc

SC°L9—H 9y gyT——

60 50
MeOOCL(\
N

70

06'9,« —72.63 e

30
[
80
N
(0]

69'78— - £ e
=g = 7p]
i3 =
s o
~ o 80°9GT—— Y‘Hmm.mw
3 g , &
9
8 g 3
S, 8
x
Q b
m — v629T—4 [
P_u o 0
<t 3 s
d
B —128.0
O Yy~ | g L
ﬂ C8EVT~ £v'89T——
.h|H €6 vrT/ | YT69T——
S 98T/ 3 S
@] — .
Pl 20TLT——
5 80°9ST—- .
> 6291 S [ 129.71
£ ergor - A
S vreot =
b 20T/ R Le
< €8S/~

186

130.5 130.0 129.5 129.0 1285 128.0 1275 127.0 126.5 126.0 1255 125.0 1245 124.0 1235 123.0 1225 1220 1215 121.0 1205 120.0 119.5 119.0 1185



(\Nbbw

A —
el

8C'96— ———%

2R 1N
ST
n 3
(%)) _ \V T E
pd P
>0 = —47.24
g o
LL
I <
z O ~

 E———
- "\-53.58
S /

P —

—72.63

06'92~
P
v 21 3

69'v8—

25

30

35

40

45

50

55

60

65

70

75

80

85

ppm

187



'"H NMR of cyclic core 45
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13C NMR of cyclic core 45
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BCNMRof T1B
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'H NMR of (R)-methyl 2-(2-((5S,8S)-1-(9H-fluoren-9-yl)-3,6,10-trioxo-5-(3-0x0-3-
(tritylamino)propyl)-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-
12-yl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (46)
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ethyl a:cetate
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BC NMR of (R)-methyl 2-(2-((5S,85)-1-(9H-fluor en-9-yl)-3,6,10-trioxo-5-(3-0x0-3-
(tritylamino)propyl)-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-
12-yl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (46)
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'H NMR of (R)-methyl 2-(2-((5S,85)-1-(9H-fluor en-9-yl)-5-(naphthalen-1-ylmethyl)-
3,6,10-trioxo-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-
yhthiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (48)
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3C NMR of (R)-methyl 2-(2-((5S,85)-1-(9H-fluor en-9-yl)-5-(naphthalen-1-ylmethyl)-
3,6,10-trioxo-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-
yhthiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (48)
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H NMR of (R)-methyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-
enamido)methyl)thiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazole-4-car boxylate (51)
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B3¢ NMR  of (R)-methyl

2-(2-(((S,E)-3-hydr oxy-7-(tritylthio)hept-4-

enamido)methyl)thiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazole-4-car boxylate (51)
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'H NMR of (R)-methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-8-
((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol -4-yl)-5,5-
dimethyl-4,5-dihydr othiazole-4-car boxylate (52)
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3C NMR of (R)-methyl 2-(2-((5S,8S)-1-(9H-fluoren-9-yl)-5-isopr opyl-3,6,10-trioxo-
8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-5,5-
dimethyl-4,5-dihydr othiazole-4-car boxylate (52)
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'H NMR of (R)-2,2,2-trichloroethyl 2-(2-((tert-butoxycar bonylamino)methyl)thiazol-
4-yl)-5,5-dimethyl-4,5-dihydr othiazole-4-car boxylate (54)
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of (R)-2,2,2-trichlor oethyl 2-(2-((tert-

13
C NMR
butoxycar bonylamino)methyl)thiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazole-4-

carboxylate (54)
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'H NMR of (R)-2,2,2-trichloroethyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-
enamido)methyl)thiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazole-4-car boxylate
(55)
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B¥C NMR of (R)-2,2,2-trichloroethyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-
enamido)methyl)thiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazol e-4-car boxylate (55)
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'H NMR of (R)-2,2,2-trichloroethyl 2-(2-((5S,8S)-1-(9H-fluoren-9-yl)-5-isopropyl-
3,6,10-trioxo-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-

yhthiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazol e-4-car boxylate (56)
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BC NMR of (R)-2,2,2-trichloroethyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-
3,6,10-trioxo-8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-
yhthiazol-4-yl)-5,5-dimethyl-4,5-dihydr othiazol e-4-car boxylate (56)
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H NMR of (S)-methyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-
enamido)methyl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (59)
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B3¢ NMR  of (S)-methyl 2-(2-(((S,E)-3-hydroxy-7-(tritylthio)hept-4-
enamido)methyl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-4-car boxylate (59)
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'H NMR of (S)-methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-8-
((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol -4-yl)-4-
methyl-4,5-dihydr othiazole-4-car boxylate (60)

MeOOC;(\S
N=
,, ~NHFmoc
L
Ph (0] O (0]
o /\/W\
P S NH
60
_JM /L A W UALM_JU J
2.37 252 12.98 0.97 2.24 1.18 1.02 2.00 2.191.16 3.25 1.08 1.98 3.88 3.65 4.24 3.77
|y S} =) — J 4J (=) Ty o ) [ =] S — o (=] =
8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0

ppm

0.97 237 252 9.39 12.983.33 0.97 2.24 1.18 1.02 2.00
[ [ e — [ | — = | S—
T

7

T T T L L e e e N LN S S S S S S S B O S S B S B S S B S S B B S S Sy S S S B S S B S S S S B S S S S S
8.0 5 7.0 6.5 6.0 5.5 5.0
ppm

210



3C NMR of (S)-methyl 2-(2-((5S,85)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-
8-((E)-4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-
methyl-4,5-dihydr othiazole-4-car boxylate (60)
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'H NMR of cyclic core 61
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'H NMR of cyclic core 61

L ‘ | ” } ‘ l
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

‘ ) 1 l | LAM.J
T T T T T T T T T T T T T T T T T T T T T T
175 170 165 160 155 150 145 140 135 130 125 120
ppm

214



Ph Ny S
Ph.l-Ph O 0 j
/\/\)\)]\
S 61 N
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
ppm

215



'H NMR of analog T3 (C-7 largazole epimer)
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13C NMR of analog T3 (C-7 largazole epimer)
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'H NMR of analog T4A
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3C NMR of analog T4A
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'H NMR of analog T4B

221



13C of analog T4B
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'H NMR of analog T4C
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3C NMR of analog T4C
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'"H NMR of analog T4D

CDICIS
©
N
~
dichlorolmelhane
o
]
L W x J M u L]
0.95 1.00 1.06 1.07 1.88 1.07 1.05 1.07 3.05 3.18 3.8 210 1.38 3.26 3.10 2.95
] (=] o Hd J = u (S| = Ol d o
75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
ppm
CDICI3
©
N
o S
T
! NH — dichloromethane
Ny S 8
CHs oo o
N A
HsC S T4D N
(e}
0.95 1.00 1.06 1.07 1.05 1.88 1.07 1.05 1.07
=) | — —  S— =
e LA e e o e e e e o e A B o e L e e L e L L e e e e e e e LA o o e e e e e LA A e e e
75 7.0 6.5 6.0 55 5.0 4.5 4.0
ppm
)/ L~
WL}
3.05 301 318 1.08 3.18 2.10 1.38 3.26 3.10 2.95
— | e | | |S— —_
L e e e B B B e e e e L T e e L e e e e e e e e e e e A m e
3.0 25 2.0 15 1.0 0.5
ppm

225



"H NMR of (S)-3-hydroxy-1-((R)-4-isopr opyl-2-thioxothiazolidin-3-yl)pent-4-en-1-
one (62)
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3C NMR of (S)-3-hydroxy-1-((R)-4-isopropyl-2-thioxothiazolidin-3-yl)pent-4-en-1-
one (62)
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'H NMR of (R)-methyl 2-(2-(((S)-3-hydroxypent-4-enamido)methyl)thiazol-4-yl)-4-
methyl-4,5-dihydr othiazole-4-car boxylate (64)
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3C NMR of (R)-methyl 2-(2-(((S)-3-hydroxypent-4-enamido)methyl)thiazol-4-yl)-4-
methyl-4,5-dihydr othiazole-4-car boxylate (64)
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'H NMR of (R)-methyl 2-(2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-8-
vinyl-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol-4-yl)-4-methyl-4,5-dihydr othiazole-
4-car boxylate (65)
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'"H NMR of cyclic core 66
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13C NMR of cyclic core 66
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'H NMR N-(benzyloxy)acrylamide (67)
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13C NMR N-(benzyloxy)acrylamide (67)
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'H NMR of analog T5
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'H NMR of methyl 2-((tert-butoxycar bonylamino)methyl)thiazole-4-car boxylate (69)
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H NMR of (R,E)-methyl 2-((3-hydroxy-7-(tritylthio)hept-4-
enamido)methyl)thiazole-4-car boxylate (70)
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2-((3-hydroxy-7-(tritylthio)hept-4-

(R,E)-methyl

NMR of

13C
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'H NMR of methyl 2-((5S,8R)-8-((E)-4-(acetylthio)but-1-enyl)-1-(9H-fluor en-9-yl)-5-
isopropyl-3,6,10-trioxo-2,7-dioxa-4,11-diazadodecan-12-yl)thiazole-4-car boxylate
(analog T6)
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3C NMR of methyl 2-((5S,8R)-8-((E)-4-(acetylthio)but-1-enyl)-1-(9H-fluor en-9-yl)-
5-isopropyl-3,6,10-trioxo-2,7-dioxa-4,11-diazadodecan-12-yl)thiazole-4-car boxylate

(analog T6)
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H NMR of (S, E)-methyl 2-((3-hydroxy-7-(tritylthio)hept-
denamido)methyl)thiazole-4-car boxylate (72)
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2-((3-hydroxy-7-(tritylthio)hept-

E)-methy/

NMR of (S
4enamido)methyl)thiazole-4-car boxylate (72)
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'H NMR of methyl 2-((5S,8S)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-8-((E)-4-
(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazol e-4-car boxylate (73)

MeOOC
NHFmoc >
/I/: Ny S
Ph
NH
73
] M_MMM J
094 221230 9.32 0.98 217 2.27 2.09 2.161.12 3.31 1.97 3.54 4.31
=] S | -~ = e =  S— | — (=) | S — =
8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

ppm

0.94 2.21 2.30 872 9.32 334 0.98 2.17 1.00 227
Iy ! ! !

L T A S e e T A e e e L A S e e e e e S B B o LA B o o o e e e o L e e e e e e S A
8.0 75 7.0 6.5 6.0 55

ppm

Yy )

2.09 216 112 110 331 1.97 2.17 354 4.31
| S— S — — — | S— — 1
i I e e e e e e AL B e e e e e o e e e e e L o e e o e e A A B o e o o o o o e I B L BN e e e e e
45 4.0 35 3.0 25 2.0 15 1.0
ppm

242



13C NMR of methyl 2-((5S,85)-1-(9H-fluor en-9-yl)-5-isopr opyl-3,6,10-trioxo-8-((E)-
4-(tritylthio)but-1-enyl)-2,7-dioxa-4,11-diazadodecan-12-yl)thiazole-4-car boxylate

(73)
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'H NMR of (S,E)-2-(trimethylsilyl)ethyl 3-hydroxy-7-(tritylthio)hept-4-enoate (75)
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3C NMR of (S,E)-2-(trimethylsilyl)ethyl 3-hydroxy-7-(tritylthio)hept-4-enoate (75)
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H NMR of (S,E)-2-(trimethylsilyl)ethyl 3-((9)-2-(((9H-fluor en-9-
yl)methoxy)car bonylamino)-3-methylbutanoyloxy)-7-(tritlthio)hept-4-enoate (76)
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H NMR of

(S,E)-2-(trimethylsilyl)ethyl

3-((9)-2-(2-((tert-

butoxycar bonylamino)methyl)thiazole-4car boxamido)-3-methylbutanoyloxy)-7-

tritylthio)hept-4-enoate (77)
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3C NMR of (S,E)-2-(trimethylsilyl)ethyl 3-((S)-2-(2-((tert-
butoxycar bonylamino)methyl)thiazole-4car boxamido)-3-methylbutanoyloxy)-7-
tritylthio)hept-4-enoate (77)
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