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Abstract

Highly functionalized skeletons of macrolide natural products gain access to rare spatial
arrangements of atoms, where changes in stereochemistry can have profound impact on structure
and function. Spliceosome modulators present a unique consensus motif, with the majority
targeting a key interface within the SF3B spliceosome complex. Our recent preparative-scale
synthetic campaign of 17 5FD-895 provided unique access to stereochemical analogues of

this complex macrolide. Here, we report on the preparation and systematic activity evaluation
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of multiple FD-895 analogues. These studies examine the effects of modifications at specific
stereocenters within the molecule and highlight future directions for medicinal chemical
optimization of spliceosome modulators.
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INTRODUCTION

In 1994, a team at Taisho Pharmaceutical Co. Ltd reported the discovery of a 12-membered
macrolide, FD-895 (1) (Fig. 1) from strain A-9561 isolated from a soil sample collected at
Iromote Island, Japan.! Nearly a decade later, efforts at the Tsukuba Research Laboratories
of Eisai Co. Ltd reported the discovery of a set of 17-deoxy-31-demethyl analogues of
FD-895 from a strain of Streptomyces platensis Mer-11107 and renamed the materials
pladienolides, as exemplified by pladienolide B (2a) in Fig. 1.2

While not recognized at the time, efforts by Fujisawa Pharmaceutical Co. Ltd. and Monsanto
Co. led to the parallel discoveries of FR901464 (2b)°>~7 (Fig. 1) from Pseudomonas sp.

and herboxadiene (2e) (Fig. 1)8 from Streptomyces chromofuscus, respectively. All three
families of natural products (1-2a, 2b-2d and 2e, Fig. 1) would later be united by a similar
antitumor mode of action (MOA)%-11 targeting the SF3B complex of the human spliceosome
and are referred to as spliceosome modulators (SPLMs).12

The X-ray crystal structure of the core SF3B complex was solved by Pena in 2016,13
followed soon after with its elucidation by cryo-EM.14 The SF3B complex bound to
pladienolide B (2a) was subsequently reported®:16 and has since been furthered to provide
detailed structures with additional analogues, including FD-895 (1).17 These SPLMs occupy
a two-sphere shaped pocket, where the diene (C12-C15) occupies a tunnel between pockets
bound to the core (C1-C11) and side chain (C12-C23) of 1. Here, FD-895 (1) adopts

a conformation that enables the hydrophilic side chain to position itself between V1100
and F1153 in SF3B and Y35 in PHF5A.17 The 12-membered lactone core of 1 adopts

a conformation that is held within the pocket by hydrogen bonding interactions between
R1047 (with the C1 carbonyl) and K1071 (to the C3 OH) of SF3B and R38 of PHF4A (to
the C29 acetate carbonyl).’

The importance of these classes of SPLMs is now well recognized through significant
synthetic effort, including that on the FD-895 (1), pladienolides (2a, Fig. 1), and
spliceostatins including FR901464 (2b), meayamycin (2c) and thailanstatin A (2d), and
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herboxidiene (2e), as recently reviewed.1819 These studies have led to a remarkable level
of structure activity relationship (SAR) data that defines how each of these molecules
adopts a consensus motif that uniquely positions itself into the core SF3B complex of the
spliceosome.20:21

Recognized since their discovery, the high potency and tumor cell selectivity of these
analogues has ultimately lead to the entry of two Phase | clinical trials on semi-synthetic
analogues E7107 (3a, Fig. 2) and H3B-8800 (3b).22:23 While both trials were unsuccessful,
the promise of this class remains, and medicinal chemical efforts have continued to tune
metabolic stability and splice modulatory activity of this class, with the ultimate goal of
realizing active analogues that can serve either as primary therapeutics or as the active
agents in antibody drug conjugates.2* We have continued to explore the SAR within FD-895
(1, Fig. 3), as there remains a need to retain potent activity while providing the necessary
pharmacological properties for human use. Our recent efforts on the preparative synthesis
of one potential therapeutic, 17 S-FD-895 (1d, Fig. 3),2° resulted in isolation of multiple
stereoisomeric precursors of the pharmacophore, providing an excellent opportunity for
SAR evaluation. Here, we report the systematic evaluation of 10 of the 11 stereochemical
positions within FD-895 (1).

Prior to this study, the SAR data on the pladienolides and FD-895 reported primarily on
the Glq values (Glgg values correspond to a global growth decrease by 50% induced

by a compound) values of analogues at C3, C7 and C16-C18.20 Within this dataset, we
reported the total synthesis of FD-895 (1) along with its three C16-C17 isomers, including
175-FD-895, in 2012 (1d).26:27 In this study, we identified differential activity within each
of the four C16-C17 analogues? and discovered both an increased activity and stability for
1d. Ultimately, this led to the completion of a 17 g production of 1d2° and associated 77
vitro and in vivo pharmacological evaluation for IND-enabling studies.28:2% These methods
were used to prepare isomeric materials at C3 (1a) and C7 (1b). For the current study, we
began by adapting the synthesis to prepare analogues of FD-895 (1) with inversion of the
stereochemistry at 10 of the 11 stereocenters (C3, C7, C10, C11, C16, C17, C18, C19, C20
and C21).

RESULTS AND DISCUSSION

Analogue Synthesis.

Our synthetic approach (Supporting Figs. S1-S11) developed through the Stille coupling

of macrolide core (C1-C11) and side chain (from C12-C28) components. Isomers with
inversion at C3 (Supporting Figs. S2 and S8), C7 (Supporting Figs. S3 and S9), or C10-C11
(Supporting Figs. S4) were prepared by synthesis of the corresponding isomeric macrolide
core and coupling it to a desired side chain in a final step. Side chain analogues at C17, C18,
C19, C20, C21 were prepared in an analogous manner (Supporting Fig. S5-S11). This along
with methylation at C17 enabled the preparation the set of 11 analogues 1 and 1a-1i (Fig. 3).
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Cell growth inhibition activity.

With milligram quantities of 1 and 1a-1i in hand, we began to evaluate the relative efficacy
of each analogue using cell growth inhibition studies with HCT116 colorectal carcinoma
cells. As reported in Fig. 3, Glgg values were collected for each analogue after a 72

h treatment using the MTS cell viability assay (lower right, Fig. 3, Supporting Table

S12). Under these conditions, the natural FD-895 (1), 35-FD-895 (1a) 17 S-FD-895 (1d),
17-methoxy-FD-895 (1e) provided activities of < 10 nM, indicating that functionalization
or stereochemical inversion at C17 and stereochemical inversion at C3 were not critical to
growth inhibitory activity. While 1d and 1e suggested that functionalization and inversion
was tolerated at C16, a 21-fold loss in activity of 17-methoxy-17S-FD-895 (1f) when
compared to 1 suggested that this was a small window for functional manipulation.

This data (Fig. 3) also highlighted the importance of the C7 position, as 7R-FD-895 (1b)
was 300-fold less active than 1. Even more pronounced was the loss from stereochemical
inversion at C10 and C11, as 10R,11R-FD-895 (1c) displayed a Glsg value of 41.3 pM
(21,700-fold less than 1). Methylation at C17 was tolerated, as illustrated by 17-methoxy-
FD-895 (1e) and 17-methoxy-17 S-FD-895 (1f), with Glsq values of 2.6 nM and 40.5 nM,
respectively.

As noted, the combination of inversion and methylation at C17 in 1f was apparently less
tolerated than direct methylation in 1e. Double modifications in general were less tolerated,
as further illustrated by 35,17 S-FD-895 (1g) and 7R-17 S-FD-895 (1h), with Glgg values of
143 nM and 860 nM, respectively. Doubly modified 1g and 1h were 52-fold and 318-fold
less effective, respectively, when compared to 17 S-FD-895 (1a), bearing a single inversion.
Comparable losses of activity were also observed in modifications within the side chain,

as 175185,195FD-895 (1i) and 175,205,21 R-FD-895 (1j) displayed Glsq values of 470
nM and 285 nM, respectively. Here, we learned that inversion of the epoxide in 1i or
inversion of the two stereocenters at C20 and C21 in 1j also contributed to a loss of
activity when compared to 1d. The fact that multiple modifications were present in 1i

and 1j contributed to their activity loss. Moreover, this illustrated the importance of the
stereochemical configuration within the terminus of the side chain.

Splice Modulatory Activity.

Next, we turned our efforts to explore the selectivity of these analogues in modulating
splicing. Our prior work identified that even small changes in SPLM structure can influence
spliceosome activity in terms of spliced mRNA identity.3? This phenomenon offers the
potential to discover SPLMs that could target select gene products over others and could be
leveraged for targeted and synergistic chemotherapeutic approaches.3!

For these studies, we refined our studies to analogues with Glsg values < 500 nM. Here, we
treated HCT116 cells with 1 at 34 nM, 1a at 44 nM, 1b at 8.6 uM 1b, 1d at 42 nM, 1e at
44 nM, 1f at 750 nM, 1g at 2.6 uM, li at 9 uM and 1j at 5.6 uM allowing us to normalize
each analogue relative to each other and thereby evaluate changes in gene response due to
splicing selectivity rather than compounding effects due to differences in potency. These
concentrations were selected at ~20 times their Glgg values (Fig. 3) by using 1 to identify
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the optimal correlation of activity at 72 h to that observed by qRT-PCR analyses at 4 h (see
additional discussion within the Experimental Section). Using this design, cells were treated
for 4 h to evaluate early changes in splicing activity, and then cellular RNA was isolated,
purified and analyzed by qRT-PCR (Fig. 4). Importantly, none of the concentrations tested
led to significant changes in cell viability, ensuring that modifications in gene expression
were not attributable to cell death (Supporting Fig. S12a).

For these studies, we evaluated the expression of select genes involved in splicing regulation
(SF3A1, SF3A3, SF3B1, SF3B2), apoptosis (MCL-1L), protein folding (DNAJBI), and
cell cycle regulation (AURKA, PLK-I) relative to the unspliced control GAPDH. These
MRNAs were selected based upon prior RNA sequencing studies correlating their splicing
to oncogenesis.2’-31 Primers were designed to evaluate intron retention or exon skipping,
direct responses to splice modulator treatment. The master splicing regulator alternative
splicing factor (SF2) was also evaluated, with the primers for this gene designed to evaluate
overall RNA expression, which changes in response to splice modulator treatment.

As shown in Fig. 4, each analogue displayed an individualized efficacy against each pre-
mRNA further validating prior observations that structural modifications alter the gene
selectivity of each analogue.39 While some genes, such as SF3A3or SF3B1, showed modest
intron retention (levels of intron retention < 3, Fig. 4), as well as differentiation over the
analogue panel, others, such as DNAJBI, SF3A1and SF3B2, displayed significant efficacy
(level of intron retention > 3, Fig. 4). For DNAJB1, analogues 1a, 1e and 1g (provided the
highest level of intron retention, indicating that inversion at C3 in 1a and 1g and methylation
at C17 in le played a beneficial role in enhancing DNAJBI intron 2 retention as compared
to 1.

For the splicing factor SF3A1, 1a, le, 1f, 1i and 1j were more effective than 1, further
confirming the ability of C3 and C17 methylation as a tool to increase efficacy against this
gene. While higher concentrations were required, this study also showed that side chain
modifications can also lead to comparable intron retention, as illustrated by the effects of

li and 1j on intron 6 retention in SF3A1. Analogue selectivity was also observed in the
other splicing factors explored, including SF3B1, and SF3B2. While only modest selectivity
was observed for SF3A3 or SF3B1, statistically relevant selectivity was observed for SF382,
indicating improved efficacy for 1a, 1e, and 1g, as compared to 1. While the data obtained
in Fig. 4 was collected from the same cells (each compound was applied to the same cell
culture individually, and intron retention, exon skipping and relative RNA expression data
was collected from the same sample), the efficacy of each analogue was different for each
gene as best illustrated by comparing the effects on DNAJBI, SF3A1 and SF3B2 (Fig.

4). These observations provide further evidence for the medicinal chemical optimization of
analogues with targeted gene selectivity.

In addition to intron retention, we also confirmed the ability of these analogues to induce
exon skipping, as illustrated by exon 2 in MCL-1L, exon 3-4 in AURKA and exon 3 in
PLK-1. While the levels of exon skipping was comparable for each analogue in MCL-1-L
(Fig. 4), analogues 1a and 1b displayed the most potent effect on exon 3 inclusion in PLK-1,
while 1la-1f and 1i-1j displayed effects greater than 1 on exon 4 skipping in AURKA, again
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furthering the fact that inversion at C3 or C17 suggests utility at tuning gene selectivity. This
was further supported by the fact that 1g and 1 (also displayed the highest efficacy in down
regulating the expression of SF2.

From this 4 h study (Fig. 4), analogues 1, 1b, 1g, 1d, 1e, 1i and 1j were selected to evaluate
for effects on splicing when presented for a longer period (24 h). While our prior data
suggested that 4 h treatment was sufficient for response in many tumor cell lines, we wanted
to fully evaluate if time could play a role in gene selectivity. Using identical procedures as
that used for 4 h (Fig. 4), HCT116 cells were treated with three concentrations (100 nM, 250
nM, and 500 nM) of each analogue for 24 h. Multiple concentrations were used to further
validate the use of the Glgy concentration in our prior study (Fig. 4) as compared to cell
growth inhibition at the highest dose at 24 h (Supporting Fig. S12b).

We found that splicing activity (Fig. 5) typically corresponded to growth inhibitor activity
for each analogue (Fig. 3), with the caveat that each analogue displayed a unique gene-
selective signature (Fig. 5). The natural product FD-895 (1), a potent cell growth inhibitor,
altered the splicing of nearly all genes tested (weak efficacy noted for PLK-1 and SF2, Fig.
5). Epimerization of the C17 center given by 1d (a comparable inhibitor of cell growth as 1)
resulted in a decreased level of intron retention in DNAJBI, dose dependent-increase intron
retention of SF3B2and SF3A1 and decreased effect at reducing PLK-1 and SF2 expression
when compared to 1.

Epimerization of C3 in 175-FD-895 (1d) led to 1g with 75-fold loss in cell growth inhibitory
activity when compared to 1 (Fig. 3). While 1g displayed the expected loss in intron
retention of DNABI, SF3B2, SF3A1 and reduced ability to inhibit SF2expression (Fig. 5)
when compared to 1, it displayed comparable intron retention of SF3A3and reduced PLK-1
expression when compared to 1. In addition, 1g induced intron retention of SF3A7and
altered the expression of AURKA comparably to 1.

Not all analogues provided productive splice modulatory activity. As illustrated in Fig. 5,
epimerization at C7 in 1b (Glsqg value 250-fold less than 1) displayed a loss of splicing
activity when compared to 1. In contrast, side chain modified 17518519 5-FD-895 (1i)
showed a drastic reduction in splicing activity, correlating with its decrease in cell growth
inhibition activity, for all genes tested except for PLK-1, for which 1i increased the RNA
expression relative to negative controls. Comparably, 175,205,21 R-FD-895 (1j) provided a
splicing profile comparable to 1i with the exception of its activity at reducing the expression
of AURKA at 500 nM. Finally, methylation as illustrated by 1e, which had comparable

cell growth inhibition activity as 1, was found have comparable or slightly reduced splice
modulatory activity as 1. In summary, these observations clearly show the complex interplay
between gene selectivity and the overall effect on cell viability.

CONCLUSION

Overall, RNA splice modulation through inhibition of the SF3B complex provides a
complicated response, where SARs are evaluated not only by cell growth inhibition activity,
but also by discrete changes in splice isoforms of specific genes. While not comprehensive,
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this study illustrated the unique ability of stereochemical changes within FD-895 (1)

to modulate intron retention, exon skipping and overall RNA expression within specific
genes. These studies not only provide an important window into understanding the unique
medicinal chemical aspects of splice modulation, but also, and perhaps most importantly,
they illustrate how inversion of single or sets of stereocenters can lead to changes in gene
selectivity.

Outside modifications at C7 in 1b, C10,C11 in 1c and the side chain terminus in 1li and

1j, stereochemical inversion within the core in 1a, side chain in 1d or both in 1e, were not
only tolerated but served to modulate their splice activity in a gene-selective manner. Here,
we found that inversion of the stereochemistry at C7 in 1b and 1h and C10 and C11 in 1c
resulted in loss of activity, indicating a key structural requirement for the core unit. This,
along with the fact that modifications at the terminus of the side chain in 1i or 1j resulted in
100-fold loss in activity, would be consistent with activity losses in clinic for 2b (Fig. 2).

Studies are now underway to understand the role of these stereochemical inversions on the
three dimensional structure of 1. Here, our effort will be focused on understanding how
these stereochemical modifications regulate the conformational states within each analogue.
Already observed by Floreancig,32 the vinyl methyl moiety at C12 plays a critical role in
regulating the solution state of this family of splicing modulators.33 The question remains
whether other stereochemical factors are similarly critical for guiding the ground state of this
natural product family.

Few natural products with >10 stereocenters have been interrogated at each stereocenter.
As described herein, these studies offer an insight into how nature can uniquely adapt
stereochemistry for such a broad variety of downstream targets. Most critically, this updated
SAR data (SAR map!’ provided in the Table of Contents graphic) provides a resource to
guide the identification of analogues with single digit nanomolar activity3* as well as guide
the design of linkages for ADC applications.3°

EXPERIMENTAL SECTION

General experimental methods:

Chemical reagents were obtained from Acros Organics, Alfa Aesar, Chem-Impex Int.,
CreoSalus, Fischer Scientific, Fluka, Oakwood Chemical, Sigma-Aldrich, Spectrum
Chemical Mfg. Corp., or TCI Chemicals. Deuterated NMR solvents were obtained from
Cambridge Isotope Laboratories. All reactions were conducted with rigorously dried
anhydrous solvents that were obtained by passing through a column composed of activated
Al alumina or purchased as anhydrous. Anhydrous N, /N-dimethylformamide was obtained
by passage over activated 3A molecular sieves and a subsequent NaOCN column to
remove traces of dimethylamine. Triethylamine (EtsN) was dried over Na and freshly
distilled. Ethyl-N,A-diisopropylamine (EtN/-Pry) was distilled from ninhydrin, then from
KOH. Anhydrous CH3CN was obtained by distillation from CaH,. All reactions were
performed under positive pressure of argon in oven-dried glassware sealed with septa, with
stirring from a Teflon coated stir bars using an IKAMAG RCT-basic stirrer (IKA GmbH).
Solutions were heated on adapters for IKAMAG RCT-basic stirrers. Analytical Thin Layer
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Chromatography (TLC) was performed on Silica Gel 60 F254 precoated glass plates (EM
Sciences). Preparative TLC (pTLC) was conducted on Silica Gel 60 plates (EM Sciences).
Visualization was achieved with UV light and/or an appropriate stain (I, on SiOy, KMnQOy,
bromocresol green, dinitrophenylhydrazine, ninhydrin, and ceric ammonium molybdate).
Flash chromatography was carried out on Fischer Scientific Silica Gel, 230-400 mesh, grade
60 or SilaFlash Irregular Silica Gel P60, 40-63 um mesh, grade 60. Yields correspond

to isolated, chromatographically, and spectroscopically homogeneous materials. 1H NMR
and 13C NMR spectra were recorded on a Varian VX500 spectrometer equipped with an
Xsens Cold probe. This probe was subject to radio frequency interference (RFI) at 154+3
and is reported as noise on each 13C spectrum. Chemical shift & values for 1H and 13C
spectra are reported in parts per million (ppm) and multiplicities are abbreviated as s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. All 13C NMR

spectra were recorded with complete proton decoupling. FID files were processed using
MestraNova 12.0.3. (MestreLab Research). Electrospray (ESI) mass spectrometric analyses
were performed using a ThermoFinnigan LCQ Deca spectrometer, and high-resolution
analyses were conducted using a ThermoFinnigan MAT900XL mass spectrometer with
electron impact (EI) ionization. A ThermoScientific LTQ Orbitrap XL mass spectrometer
was used for high-resolution electrospray ionization mass spectrometry analysis (HR-ESI-
MS). FTIR spectra were obtained on a Nicolet magna 550 series Il spectrometer as

thin films on either KBr or NaCl discs, and peaks are reported in wavenumbers (cm™1).
Optical rotations [a]p were measured using a Perkin-Elmer Model 241 polarimeter with the
specified solvent and concentration and are quoted in units of deg cm? g1,

Spectral data tabulation:

Spectral data and procedures are provided for all new compounds and copies of select
spectra have been provided. NMR tables were computed by hand using assigned spectra
in MestraNova 12.0.3. Each peak was checked one peak at a time through Zoom meetings
(W.C. and J. J. L). Copies of these assignment files can be provided upon email request.

Compound purity:

Samples of 1 and 1a-1i used for testing was over >95% pure as evident by the NMR
analyses as given by 1D and 2D datasets herein provided for each compound. These datasets
were conducted on the exact materials used for screening. HPLC analyses were conducted in
January 2023 (studies in Figures 3 and 4 were complete in 12/2020) and showed trace <5%
decomposition over this period of storage. Supporting Figures S1-S11 provide full routes for
the preparation of 1 and 1a-1i. NMR data for 1 and 1a-1i has been tabulated in Supporting
Tables S1-S11.

General Stille Coupling Procedure:

following protocol was used to couple 2-2j and 3-3j for the synthesis of 1-1j. Vinylstannanes
4 and 4a-4j (1.1 to 1.5 eq) and cores 5 and 5a-5f (1 eq) were combined in a 50 mL flask

and dried wviarotary evaporation of benzene. To the mixture was then sequentially added
CuCl (1.5t0 2.0 eq), KF (1.5 to 2.0 eq) and XPhos Pd G2 (0.01 to 0.05 eq) and anhydrous
£BUOH (1 to 10 mL). The reaction vessel was purged under Ar, heated to 50 °C and
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stirred overnight, at which point solution turns into a gray cloudy mixture. The mixture was
then filtered through a plug of Celite and eluted with acetone (20 mL when scaled under

1 g and then 20 mL/g when at larger scale). The elutants were concentrated on a rotary
evaporator to yield a crude brown semi-solid. Pure 1-1j was obtained as a white semi-solid
by flash chromatography over neutral silica gel, eluting with a gradient of hexanes to 1:1
acetone/hexanes.

(1R,2R)-1-((2R,3R)-3-((2R,3S)-3-Methoxypentan-2-yl)oxiran-2-yl)-2-methylbut-3-
yn-1-ol (17).—Aldehyde 15 (0.701 g, 4.07 mmol, 1.0 eq) and allenylstannane 16 (2.10

g, 6.12 mmol, 1.5 eq) in a 100 mL flask were dissolved in anhydrous CH,Cl, (40 mL)

and purged with an Ar atmosphere. The mixture was cooled to =78 °C and BF3*Et,0 (0.75
mL, 4.74 mmol, 1.2 eq) was added dropwise over 5 min. The reaction was stirred for

1 hat-78 °C. A mixture of MeOH (5 mL) and satd. NaHCO3 (1 mL) was added, and

the solution was warmed to rt. The phases were separated, and the aqueous phases were
extracted with EtpO (3 x 100 mL). The organic phases were combined, dried with Na;SO4,
and concentrated on a rotary evaporator. Alkyne 17 (0.692 g, 75%) was obtained in a 10:1
mixture of diastereomers (by NMR) as a colorless oil by flash chromatography, eluting with
a gradient of hexanes to 1:3 Et,O/hexanes. TLC (2:1 hexanes/EtOAc): R¢= 0.50; 1H NMR
(CDCl3, 400 MHz) & 3.55 (s, 3H), 3.41 (m, 1H), 3.21 (ddd, /= 10.4, 6.4, 3.9 Hz, 1H), 3.07
(dd, /= 4.6, 2.3 Hz, 1H), 3.0 (dd, J=8.1, 2.2 Hz, 1H), 2.67 (m, 1H), 2.16 (d, /= 2.5 Hz,
1H), 2.07 (bs, 1H), 1.57 (m, 3H), 1.31 (d, J= 6.9 Hz, 3H), 0.97 (d, /= 7.0 Hz, 3H), 0.90 (t, J
= 7.4 Hz, 3H); 13C NMR (CDCl3, 100 MHz) & 83.8, 77.4, 73.7, 71.2, 59.5, 59.4, 58.3, 39.0,
31.1,23.9,17.2, 10.4, 10.2; ESI-MS /2 249.14 [M+Na]*; FTIR (film) vpmax 3430, 3310,
2967, 2935, 2878, 1457, 1379, 1260, 1093 cm™L; HR- ESI-MS m/z calcd. for C13H,,03Na
[M+Na]*: 249.1467, found 249.1462. [a]?®p = +10.2 ° (¢ = 1.0, CH,Cly).

(1R,2R,E)-1-((2R,3R)-3-((2R,3S)-3-Methoxypentan-2-yl)oxiran-2-yl)-2-methyl-4-
(tributylstannyl)but-3-en-1-ol (4).—PdCl,(PPhg), (0.155 g, 0.221 mmol, 0.1 eq) was
added to a solution of alkyne 17 (0.501 g, 2.21 mmol, 1.0 eq) in a 50 mL flask

in anhydrous THF (20 mL). The mixture was cooled to 0 °C and n-BuzSnH (1.58

mL, 5.08 mmol, 2.3 eq) was added dropwise. The mixture was stirred for 45 min

at 0 °C, at which point the resulting mixture was concentrated to yield a black crude

oil. The material was extracted into hexanes, filtered through a pad of Celite and was
eluted with hexanes. The elutant was concentrated on a rotary evaporator, and this process
was repeated twice until a clear black solution was achieved. Pure vinylstannane 4 (0.571
g, 50%) was obtained as a 5:1 mixture of diastereomers by flash chromatography, eluting
with a gradient of hexanes to CH,Cl, to 1:20 Et,O/CH,Cl,. The desired regioisomer and
diastereomer can be obtained in 95+% purity by additional flash chromatography, eluting
with a gradient of hexanes to CH,Cl, to 1:20 Et,O/CH,Cl,. TLC (10:1 hexanes/Et,0):
Rz=0.28 (CAM stain); 1H NMR (CgDg, 500 MHz) & 6.20 (m, 2H), 6.19 (d, J= 6.8 Hz,
1H), 3.34 (td, J= 4.9, 1.8 Hz, 1H), 3.23 (s, 3H), 3.16 (td, /=6.3, 4.2 Hz, 1H), 2.98 (dd, J=
8.0, 2.3 Hz, 1H), 2.84 (dd, J= 4.3, 2.3 Hz, 1H), 2.51 (td, /= 6.9, 5.2 Hz, 1H), 1.61 (m, 6H),
1.40 (m, 7H), 1.19 (d, J= 6.9 Hz, 3H), 0.97 (m, 19H), 0.86 (t, J= 7.4 Hz, 3H); 13C NMR
(CgDg, 500 MHz) 6 154.5, 150.5, 150.4, 150.4, 150.3, 83.8, 83.3, 72.8, 59.0, 57.5, 57.3,

J Med Chem. Author manuscript; available in PMC 2024 May 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chanetal.

Page 10

57.2,39.0, 39.0, 29.3, 27.4, 23.5, 15.9, 15.8, 13.4, 10.5, 9.6, 9.4; HR-ESI-MS m/z calcd.
for CosHs104Sn [M+H]* 519.2861, found 519.2839; [a]®p = —2.3° (¢ = 1.0, CH,Cly).

FD-895 (1): Compound 1 was prepared applying the general Stille coupling method to core
5 (0.125 g, 0.268 mmol, 1.0 eq) and stannane 4 (0.208 g, 0.402 mmol, 1.5 eq) using CuCl
(39.8 mg, 0.402 mmol, 1.5 eq), KF (23.4 mg, 0.403 mmol, 1.5 eq) and XPhos Pd G2 (11.0
mg, 0.011 mmol, 0.05 eq) and anhydrous #BuOH (10 mL) to yield 1 (121.0 mg, 80%). TLC
(1:3 acetone/CH,Cl5): R¢=0.28 (CAM stain); FTIR (film) vimax 3447, 2963, 2930, 2875,
1739, 1457, 1374, 1239, 1176, 1089, 1021 cm=1; HR-ESI-MS m/z calcd. for Cg1H5009Na
[M+Na]*: 589.3353, found 589.3348; [a]?°p = +6.8 ° (¢ = 1.0, CH,Cl,). The complete
route used to prepare 1 is provided in Supporting Figure S1. NMR data has been tabulated
in Supporting Table S1. Copies of H-NMR, 13C-NMR, 1H-1H-COSY, 1H-1H-NOESY,
1H-13C-HSQC and *H-13C-HMBC spectra for 1 are provided in the Supporting Information.

3S-FD-895 (1a): Compound 1a was prepared applying the general Stille coupling method
to core 5a24 (0.063 g, 0.135 mmol, 1.0 eq) and stannane 4 (0.105 g, 0.203 mmol, 1.5

eq) using CuCl (20.1 mg, 0.203 mmol, 1.5 eq), KF (11.8 mg, 0.203 mmol, 1.5 eq) and
XPhos Pd G2 (5.1 mg, 0.006 mmol, 0.05 eq) and anhydrous #BuOH (10 mL) to yield 1a
(65.1 mg, 85%). TLC (1:3 acetone/CH,Cl,): R¢= 0.18 (CAM stain); FTIR (film) viax
3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS
m/z caled. for C31Hs0OgNa [M+Na]*: 589.3353, found 589.3347; [a]®p = +9.4 ° (c =
1.0, CH,Cl5). The complete route used to prepare 1a is provided in Supporting Figure

S2. NMR data has been tabulated in Supporting Table S2. Copies of IH-NMR, 13C-NMR,
1H-1H-CcOSY, 1H-1H-NOESY, 1H-13C-HSQC and H-13C-HMBC spectra for 1 are provided
in the Supporting Information.

(3R,6R,7S)-(3S,4S,E)-1-iodo-2,4-dimethylhexa-1,5-dien-3-yl-3-((tert-
butyldimethyl- silyl)oxy)-6,7-dihydroxy-6-methylnon-8-enoate (36b).—

Zinc triflate (1.60 g, 4.40 mmol, 5.8 eq) and EtSH (0.95 mL, 17.7 mmol, 23.3 eq) was added
to a solution of 35 (0.500 g, 0.761 mmol, 1.0 eq) in CH,Cl, (50 mL) at 0 °C. The reaction
was warmed to rt. After 4 h satd. NaHCO3 (10 mL) was added. The phases were separated,
and the organic phases were dried with Na,SO,4 and concentrated by a rotary evaporator.
Pure diol 37b (356.0 mg, 87%) was obtained as colorless oil by flash chromatography,
eluting with a gradient from hexanes to 1:4 EtOAc/hexanes. TLC (1:4 EtOAc/hexanes):
Rf=0.30 (CAM stain); IH NMR (500 MHz, CDCls) 6 6.35 (d, /= 1.3 Hz, 1H), 5.62

(dd, J=15.1, 9.7 Hz, 1H), 5.33 (dd, J= 15.2, 9.9 Hz, 1H), 5.01 (d, /= 10.7 Hz, 1H), 3.72
(m, 1H), 3.69 (d, J=9.8 Hz, 1H), 2.40 (m, 1H), 2.38 (dd, /= 13.8, 3.3 Hz, 1H), 2.30 (dd, J
=13.8, 4.8 Hz, 1H), 1.81 (s, 3H), 1.68 (d, J= 1.2 Hz, 3H), 1.50 (m, 2H), 1.29 (m, 2H), 1.20
(s, 3H), 1.15 (bs, 1H), 0.81 (d, /= 6.9 Hz, 3H), 0.80 (s, 9H), —0.02 (s, 3H), -0.04 (s, 3H);
13C NMR (125 MHz, CDCl3) 6 168.8, 143.9, 137.1, 130.2, 128.5, 83.9, 80.6, 73.7, 70.6,
40.6, 36.1 30.4, 29.8, 24.8, 25.9, 18.3, 16.6, —4.6, —4.7; [a]®°p= -28.1 ° (¢ = 1.00, CH,Cly).

(4R,7R,11S,12S,E)-4-((tert-Butyldimethylsilyl)oxy)-7-hydroxy-12-((E)-1-

iodoprop-1-en-2-yl)-7,11-dimethyloxacyclododec-9-ene-2,8-dione (38b).—Diol
37b (300.1 mg, 0.557 mmol, 1.0 eq, 1.0 eq) was
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dissolved in DMSO (3 mL) in a scintillation vial and 1BX (389.0 mg, 1.39 mmol,

2.5 eq) was added in one portion. The mixture was stirred at rt for 3 h. EtOAc (50 mL) and
H,0 (50 mL) were added, and the phases were separated. The organic phase was washed
with HyO (3 x 25 mL), dried over Na;SO4, and concentrated by a rotary evaporator. Pure
ketone 38b (290 mg, 97%) was obtained as a colorless oil by flash chromatography, eluting
with a gradient of hexanes to 1:4 EtOAc/hexanes. TLC (1:4 EtOAc/hexanes): Rg= 0.40
(CAM stain); 1H NMR (500 MHz, CgDg) 6 6.87 (d, J= 15.6 Hz, 1H), 6.37 (dd, J= 15.6,

9.7 Hz, 1H), 6.19 (d, /= 1.2 Hz, 1H), 5.02 (d, /= 10.4 Hz, 1H), 4.25 (tt, /= 8.3, 4.1 Hz,
1H), 2.34 (dd, /= 12.8, 3.6 Hz, 1H), 2.20 (m, 1H), 2.15 (dd, /=12.8, 9.1 Hz, 1H), 1.88 (bs,
1H), 1.79 (ddd, /= 14.0, 9.2, 6.5 Hz, 1H), 1.65 (m, 1H), 1.63 (d, J= 1.7 Hz, 3H), 1.52 (m,
1H), 1.44 (m, 1H), 1.23 (s, 3H), 0.96 (s, 9H), 0.46 (d, J= 6.7 Hz, 3H), 0.10 (s, 3H), 0.05 (s,
3H); 13C NMR (125 MHz, CgDg) 6 202.3, 168.4, 146.7, 143.7, 129.3, 84.3, 79.5, 79.0, 69.0,
44.3,40.3,36.9, 32.6, 26.1, 19.1, 18.3, 15.5, —4.3, —4.4; [a]?®p= —46.8 ° (c = 1.00, CH,Cl,).

(4R,7R,8R,11S,12S,E)-4-((tert-Butyldimethylsilyl)oxy)-7,8-dihydroxy-12-((E)-1-
iodoprop-1-en-2-yl)-7,11-dimethyloxacyclododec-9-en-2-one (39b).—CeClze7
H,0 (0.298 g, 0.800 mmol, 2.0 eq) was added to a solution of 38b (0.215 g,

0.401 mmol, 1.0 eq) in EtOH (20 mL) and cooled to —20 °C. KBH, (26.1 mg,

0.484 mmol, 1.2 eq) was added in one portion, and the mixture was stirred for

10 min. The reaction was quenched with water (1 mL) and then satd. NH,4CI

(10 mL). The resulting solution was extracted with EtOAc (3 x 100 mL). The

combined organic phases were dried over NaSO,4 and concentrated by a rotary evaporator.
Pure diol 39b (187.5 mg, 87%) was obtained in a 5:1 arby flash chromatography,

eluting with a gradient of hexanes to 1:3 EtOAc/hexanes. TLC (1:4 EtOAc/hexanes): R¢
=0.28 (CAM stain); IH NMR (500 MHz, C¢Dg) 6 6.36 (s, 1H), 5.93 (dd, /= 15.6, 2.9 Hz,
1H), 5.30 (dd, /= 15.6, 9.3 Hz, 1H), 5.01 (d, /= 10.1 Hz, 1H), 3.79 (m, 1H), 3.75 (m, 1H),
2.31 (m, 1H), 2.26 (m, 2H), 1.83 (m, 1H), 1.72 (s, 3H), 1.60 (m, 2H), 1.43 (d, /=5.2 Hz,
1H), 1.29 (m, 1H), 1.18 (s, 3H), 1.01 (s, 9H), 0.65 (d, J= 6.7 Hz, 3H), 0.08 (s, 3H), 0.07 (s,
3H); 13C NMR (125 MHz, CgDg) 6 168.4, 144.8, 132.2, 130.0, 128.6, 83.4, 80.7, 78.3, 74.7,
71.0,41.7,40.3, 36.1, 31.6, 26.1, 19.5, 18.4, 16.6, —4.5; [a]?°p= +2.5 ° (¢ = 1.00, CH,Cly).

(2S,3S,6R,7R,10R,E)-7,10-Dihydroxy-2-((E)-1-iodoprop-1-en-2-yl)-3,7-
dimethyl-12-oxooxacyclododec-4-en-6-yl acetate (3b).—Diol 39b

(41.1 mg, 0.076 mmol, 1.0 eq) was dissolved in 1:3 MeOH/

CHCl, (10 mL) in a 20 mL scintillation vial and (15)-(+)-10-camphorsulfonic acid (57.5
mg, 0.248 mmol, 3.2 eq) was added as a solid in one portion. The mixture was stirred for
5 h, at which point TLC analyses indicated complete conversion of starting material (TBS
deprotection occurred). The solvent was removed under rotary evaporation, and the resulting
crude was taken up in anhydrous CH»Cl, (10 mL) in a 20 mL scintillation vial and cooled
to 0 °C. Trimethyl orthoformate (10.4 uL, 0.101 mmol, 1.3 eq) was, and the mixture was
stirred at 0 °C for 1 h, at which point satd. NaHCO3 (1 mL) was added. The mixture was
extracted into CH,Cl, (15 mL), and the organics were concentrated on a rotary evaporator.
Pure core 5b (31.2 mg, 88%) was obtained as a colorless wax by flash chromatography,
eluting with a gradient of CH,Cl5 to 1:3 acetone/CH,Cl,. TLC (1:8 acetone/CH,Cly):
Rf=0.27 (CAM stain); 1H NMR (500 MHz, C¢Dg) 6 6.19 (d, /= 1.3 Hz, 1H), 5.87
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(dd, J=15.4, 2.4 Hz, 1H), 5.39 (q, J= 1.9 Hz, 1H), 5.24 (d, J= 10.5 Hz, 1H), 5.24 (m, 1H),
3.54 (bs, 1H), 2.25 (m, 2H), 2.19 (d, J= 14.0 Hz, 1H), 1.71 (m, 1H), 1.66 (s, 3H), 1.65 (d,
J=1.7 Hz, 3H), 1.61 (m, 1H), 1.50 (m, 1H), 1.17 (bs, 1H), 1.01 (s, 3H), 0.96 (m, 1H), 0.56
(d, J= 6.7 Hz, 3H); 13C NMR (125 MHz, CgDg) 6 171.9, 169.2, 144.1, 129.8, 84.2, 80.0,
77.8,73.7,69.5, 41.0, 38.8, 36.4, 30.5, 24.7, 20.3, 19.1, 16.5; HR-ESI-MS /m/z calcd. for
C1gH2710gNa [M+Na]*: 489.0750, found 489.0744; [a]?°p = —14.8 ° (c = 1.00, CH,Cly).

7R-FD-895 (1b): Multiple batches of 5b were collected to run this step. Compound 1b

was prepared by applying general Stille coupling method to core 5b (0.109 g, 0.234 mmol,
1.0 eq) and stannane 4 (0.127 g, 0.245 mmol, 1.05 eq) using CuCl (46.3 mg, 0.468 mmol,
2.0 eq), KF (27.2 mg, 0.468 mmol, 2.0 eq) and XPhos Pd G2 (18.4 mg, 0.023 mmol,

0.1 eq) and anhydrous #BuOH (10 mL) to yield 1b (99.1 mg, 75%). TLC (1:3 acetone/
CH,Cly): R¢=0.28 (CAM stain); FTIR (film) vax 3447, 2963, 2930, 2875, 1739, 1457,
1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS m/z calcd. for C33Hs90gNa [M+Na]™:
589.3353, found 589.3347; [a]%°p = +10.9 ° (c = 1.0, CH,Cl,). The complete route used to
prepare 1b is provided in Supporting Figure S3. NMR data has been tabulated in Supporting
Table S3. Copies of 1H-NMR, 13C-NMR, 1H-1H-COSY, H-1H-NOESY, H-13C-HSQC and
1H-13C-HMBC spectra for 1 are provided in the Supporting Information.

(3R,4R,)-1-lodo-2,4-dimethylhexa-1,5-dien-3-ol (33c).—(£)-But-2-ene (20.0 mL,
569.4 mmol, 9.2 eq) was condensed and added to a 1 L reaction flask containing anhydrous
THF (300 mL) at —78 °C. KO#Bu (11.4 g, 101.6 mmol, 1.6 eq) was added, and the

mixture was stirred at =78 °C for 30 min. #BuLi (40.0 mL, 100.0 mmol, 1.6 eq) was

added dropwise over 15 min, and the resulting yellow mixture was stirred at —78 °C for

an additional 30 min. A solution of (+)-B-methoxydiisopinocampheylborane (25.3 g, 80.0
mmol, 1.3 eq) in anhydrous THF (100 mL) was added dropwise over 15 min, and the
mixture turned clear. After stirring the mixture for 30 min, BF3z*Et,0 (13.2 mL, 83.0 mmol,
1.3 eq) was added dropwise over 10 min, and the mixture was stirred for an additional 10
min. After cooling the mixture to —94 °C, a solution of 32 (12.1 g, 61.7 mmol, 1.0 eq) in
anhydrous THF (75 mL) was added dropwise over 45 min. The mixture was allowed to
warm to rt and stirred for 16 h. H,O (200 mL) was added, and the mixture was concentrated
on a rotary evaporator. Vinyl iodide 33c (7.80 g, 50%) was obtained at a 7:1 drby flash
chromatography, eluting with CH,Cl,. TLC (CH,Cl,): Rf= 0.40 (KMnOQ,); 1H NMR (500
MHz, CDCl3) & 6.26 (s, 1H), 5.72 (m, 1H), 5.18 (d, /= 16.0 Hz, 1H), 5.18 (d, /= 11.3 Hz,
1H), 3.87 (dd, /= 8.1, 2.9 Hz, 1H), 2.36 (h, /= 7.4 Hz, 1H), 1.88 (d, J= 2.9 Hz, 1H), 1.82
(bs, 3H), 0.92 (d, /= 6.8 Hz, 3H); 13C NMR (125 MHz, CDCl3) 6 148.1, 140.0, 117.4, 80.2,
80.0, 42.4, 19.4, 16.6; HR-ES-MS m/z calcd. for CgH1310Na [M+Na]*: 274.9909, found
274.9997; [a]®p = +21.4 ° (¢ = 1.0, CH,Cly).

(3S,4S,E)-1-lodo-2,4-dimethylhexa-1,5-dien-3-yl-(3R)-3-((tert-
butyldimethylsilyl)oxy)-5-((4R,5S)-2-(4-methoxyphenyl)-4-methyl-5-vinyl-1,3-
dioxolan-4-yl)pentanoate (34c).—DMAP (0.15 g, 1.23 mmol,

0.1 eq) and pivalic anhydride (3.71 mL, 21.7 mmol, 1.8 eq) were added sequentially to a
250 mL flask containing 27 (5.51 g, 12.2 mmol, 1.0 eq) and alcohol 33c (3.23 g, 12.8 mmol,
1.05 eq). The mixture was purged with Ar and stirred neat at 50 °C for 8 h. Pivalic anhydride
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was removed from the mixture under airflow. Crude material was then loaded directly onto
silica gel in hexanes and eluted with a gradient of hexanes to 1:10 Et,O/hexanes. Pure esters
34c (6.44 g, 73%) were obtained as a clear oil. TLC (1:4 Et,O/hexanes): Rs=0.40 and 0.38
(CAM stain); 1H NMR (500 MHz, C¢Dg) & 7.57 (d, J= 8.7 Hz, 2H), 7.55 (d, /= 8.7 Hz,
2H), 6.86 (d, /= 8.6 Hz, 2H), 6.82 (d, J= 8.6 Hz, 2H), 6.22 (s, 1H), 6.20 (s, 1H), 5.93 (s,
1H), 5.83 (m, 1H), 5.79 (m, 2H), 5.63 (m, 1H), 5.60 (m, 1H), 5.33 (dt, /= 17.2, 1.6 Hz, 1H),
5.22 (d, /=8.1 Hz, 1H), 5.19 (d, /= 8.1 Hz, 1H), 5.09 (dq, J= 10.4, 1.4 Hz, 1H), 4.96 (m,
2H), 4.27 (m, 1H), 4.22 (m, 1H), 4.12 (dt, J= 6.6, 1.3 Hz, 1H), 3.29 (s, 3H), 3.26 (s, 3H),
2.46 (dd, J=15.0, 6.3 Hz, 1H), 2.42 (dd, J= 15.0, 6.6 Hz, 1H), 2.30 (dd, J=15.0, 5.6 Hz,
1H), 2.25 (m, 1H), 2.22 (dd, J=15.0, 5.7 Hz, 1H), 1.98 (dt, /= 13.0, 4.0 Hz, 1H), 1.87 (m,
1H), 1.79 (m, 1H), 1.71 (d, /= 1.1 Hz, 3H), 1.69 (d, /= 1.1 Hz, 3H), 1.67 (m, 1H), 1.25 (s,
3H), 1.24 (m, 2H), 1.21 (s, 3H), 1.01 (s, 9H), 0.98 (s, 9H), 0.67 (d, J= 5.3 Hz, 3H), 0.65 (d,
J=5.3 Hz, 3H), 0.14 (s, 3H), 0.14 (s, 3H), 0.12 (s, 3H), 0.09 (s, 3H); 13C NMR (125 MHz,
CeDg) 6 170.3, 170.3, 160.8, 160.6, 144.8, 144.7, 139.8, 133.6, 132.9, 131.2, 128.6, 128.4,
128.2,128.1, 127.6, 118.0, 117.9, 115.8, 115.8, 114.0, 113.9, 102.7, 102.3, 87.9, 86.0,
83.3,82.4,82.1, 80.4, 80.3, 69.9, 69.8, 54.8, 42.9, 42.6, 40.5, 40.5, 32.9, 31.9, 31.4, 28.9,
26.2,26.2,22.7,22.1,20.0, 18.3, 18.3, 16.5, 16.4, -4.4, 4.4, -4.5; FTIR (film) vmax 2956,
2929, 2856, 1739, 1616, 1517, 1378, 1249, 1170, 1070 cm™L; HR-ES-MS m/z calcd. for
C3oHa9106SiNa [M+Na]*: 707.2241, found 707.2199; [a]?°p = -13.1 ° (¢ = 1.0, CH,Cl,).

(2R,3R,6S,7R,10R,E)-7,10-dihydroxy-2-((E)-1-iodoprop-1-en-2-yl)-3,7-
dimethyl-12-oxooxacyclododec-4-en-6-yl acetate (5¢).—Three steps

were conducted without isolation of the intermediates.

Esters 34c (5.15 g, 7.52 mmol) in a two-necked 3 L flask equipped with a 1 L addition
funnel were dissolved into anhydrous, degassed toluene (700 mL). The mixture was purged
with Ar and heated to reflux. 2"4 Generation Hoyveda-Grubbs catalyst (706.0 mg, 1.13
mmol) in anhydrous, degassed toluene (700 mL) purged under Ar was dropwise added to the
solution of 34c in boiling toluene. After stirring for 20 min the mixture turned from a clear
green color into a black solution and was further stirred at reflux for 5 h. The mixture 34c
was then cooled to rt and concentrated by a rotary evaporator. The crude black semi-solid
was then suspended in hexanes and filtered through a pad of Celite and eluted with hexanes.
The elutants were concentrated on a rotary evaporator to yield a crude green oil 35c.

Crude lactones 35c were then dissolved in 1:3 MeOH/CH,Cl, (300 mL) in a 1 L flask.
(15)-(+)-10-Camphorsulfonic acid (3.45 g, 14.9 mmol) was added as a solid in one portion.
The mixture was stirred for 5 h, at which point TLC analyses indicated complete conversion
of starting material. Satd. NaHCO3 (50 mL) was added, and the mixture was extracted into
CH>Cl, (3 x 200 mL). The organics were collected and concentrated on a rotary evaporator
to a crude oil. Crude triol 36¢ was subjected to dry column vacuum chromatography over
silica and the column was washed with CH,Cl, (500 mL).

Crude triol 36¢ was eluted with acetone, concentrated, and carried forward without further
purification. Trimethyl orthoformate (400 pL, 3.9 mmol) was added dropwise as a solution
of CH,Cl, (20 mL) to a mixture of crude triol 36¢ and (15)-(+)-10-camphorsulfonic acid
(120 mg, 0.52 mmol). The mixture was stirred at 0 °C for 1 h, at which point satd. NH4CI
(5 mL) was added. The mixture was stirred for 20 min and extracted into CH,Cl, (150 mL).
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The organics were concentrated on a rotary evaporator. Pure core 5¢ (820.0 mg, 23%) was
obtained as a mixture of two isomers by flash chromatography, eluting with a gradient of
CH,Cl, to 1:3 acetone/CH,Cl,. TLC (1:8 acetone/CH,Cl,): Rs= 0.328 (CAM stain); 1H
NMR (500 MHz, CgDg) 6 6.19 (s, 1H), 5.82 (dd, J=15.3, 9.8 Hz, 1H), 5.45 (dd, J=15.3,
10.1 Hz, 1H), 5.18 (d, /= 9.8 Hz, 1H), 5.09 (d, /= 10.6 Hz, 1H), 4.11 (bs, 1H), 2.30 (m,
2H), 2.21 (m, 1H), 2.08 (d, J= 14.9 Hz, 1H), 1.76 (bs, 1H), 1.64 (m, 1H), 1.62 (s, 3H), 1.61
(d, /= 1.1 Hz, 3H), 1.55 (m, 1H), 1.44 (m, 1H), 1.22 (m, 2H), 1.04 (s, 3H), 0.51 (d, /= 6.7
Hz, 3H); 13C NMR (125 MHz, CgDg) 6 171.7, 169.0, 143.8, 139.8, 126.9, 84.4, 80.0, 79.0,
73.2,69.3,41.1, 38.4, 35.8, 30.2, 24.7, 20.8, 19.1, 16.1; FTIR (film) vnax 3502, 3058, 2959,
2873, 1733, 1616, 1368, 1243, 1168, 1021 cm™1; HR-ESI-MS m/z calcd. for C1gH»710Na
[M+Na]*: 489.0750, found 489.0742; [a]?°p = —38.5 ° (¢ = 1.0, CH,Cl,).

10R,11R-FD-895 (1c): Compound 1c was prepared applying the general Stille coupling
method to core 5¢ (10.9 mg, 0.023 mmol, 1.0 eq) and stannane 4 (18.0 mg, 0.035 mmol,
1.5 eq) using CuCl (3.5 mg, 0.035 mmol, 1.5 eq), KF (2.1 mg, 0.036 mmol, 1.5 eq) and
XPhos Pd G2 (1.9 mg, 0.002 mmol, 0.1 eq) and anhydrous #BuOH (2 mL) to yield of

1 (6.6 mg, 50%). TLC (1:3 acetone/CH,Cly): Rf=0.28 (CAM stain); FTIR (film) viax
3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS
m/z caled. for C31Hs9OgNa [M+Na]*: 589.3353, found 589.3348; [a]%°p = +10.9 ° (c =
1.0, CH,ClI5). The complete route used to prepare 1c is provided in Supporting Figure

S4. NMR data has been tabulated in Supporting Table S4. Copies of IH-NMR, 13C-NMR,
1H-1H-COSY, H-1H-NOESY, H-13C-HSQC and 1H-13C-HMBC spectra for 1 are provided
in the Supporting Information.

17S-FD-895 (1d): Compound 1d was prepared applying the general Stille coupling method
to core 5 (108.0 mg, 0.232 mmol, 1.0 eq) and stannane 4d (185.0 mg, 0.358 mmol, 1.5

eq) using CuCl (35.1 mg, 0.355 mmol, 1.5 eq), KF (20.7 mg, 0.0356 mmol, 1.5 eq) and
XPhos Pd G2 (19.0 mg, 0.024 mmol, 0.1 eq) and anhydrous #BuOH (10 mL) to yield of

1d (66.4 mg, 51%). TLC (1:3 acetone/CH,Cl,): Rf=0.28 (CAM stain); FTIR (film) vmax
3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS

m/z caled. for C31Hs00gNa [M+Na]*: 589.3353, found 589.3347; [a]®p = +8.8 ° (c =

1.0, CH,Cl5). The complete route used to prepare 1d is provided in Supporting Figure

S5. NMR data has been tabulated in Supporting Table S5. Copies of IH-NMR, 13C-NMR,
1H-1H-CcOSY, H-1H-NOESY, H-13C-HSQC and 1H-13C-HMBC spectra for 1 are provided
in the Supporting Information.

Tributyl((3R,4R,E)-4-methoxy-4-((2S,3R)-3-((2R,3S)-3-methoxypentan-2-
ylhoxiran-2-yl)-3-methylbut-1-en-1-yl)stannane (4e).—Mel (0.0586 mL,

0.1810 mmol, 1.9 eq) was added at rt to a solution

of stannane 4 (50.0 mg, 0.0966 mmol, 1.0 eq) in a mixture of anhydrous

THF (10 mL) and anhydrous DMF (3 mL) in a 50 mL flask. The mixture was cooled to 0 °C
and NaH (60% in mineral oil, 8.9 mg, 0.221 mmol, 2.3 eq) was added in portions ensuring
the mixture remained at 0 °C. The mixture was slowly warmed to rt and stirred for 16 h.
After cooling the mixture to 0 °C, a solution of phosphate buffered saline pH 7 (5 mL) was
added dropwise. The volatiles were concentrated on a rotary evaporator. The mixture was
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extracted with hexane (3 x 50 mL). The combined organic phases were washed with brine,
dried over NaySQy, filtered, and concentrated on a rotary evaporator. Pure stannane 4e (55.6
mg, 65%) was obtained as a colorless oil by flash chromatography, eluting with a gradient
of hexanes to 10% Et,O/hexanes. TLC (1:10 Et,O/hexanes): Rs= 0.50 (CAM stain);

IH NMR (500 MHz, C¢Dg) 6 6.35 (dd, /= 19.1, 6.8 Hz, 1H), 6.16 (d, J= 19.1 Hz, 1H), 3.50
(s, 3H), 3.45 (m, 1H), 3.23 (s, 3H), 3.19 (m, 1H), 2.83 (dd, /= 4.4, 2.3 Hz, 1H), 2.75 (dd, J
=4.4, 2.3 Hz, 1H), 2.60 (td, /= 6.9, 5.2 Hz, 1H), 1.61 (m, 8H), 1.39 (m, 8H), 1.19 (d, /=6.9
Hz, 3H), 1.01 (d, J= 7.1 Hz, 3H), 1.00 (d, /= 8.1 Hz, 3H), 0.95 (t, /= 7.4 Hz, 12H), 0.84

(t, J= 7.4 Hz, 3H); 13C NMR (125 MHz, CgDg) 6 151.7, 127.3, 86.2, 83.5, 60.2, 58.4, 58.4,
57.6,56.9, 44.9, 39.7, 32.0, 29.6, 27.8, 23.1, 23.1, 15.6, 14.4, 14.0, 10.9, 10.0, 9.8; FTIR
(film) vmax 3454, 3310, 2973, 2937, 2890, 1459, 1101, 840 cm™1; HR-ESI-MS /m/z calcd.
for CogHs303Sn [M+H]* 533.3017, found 533.2994; [a]?°p = +10.4 ° (¢ = 1.0, CH,Cl,).

17-O-Methyl-FD-895 (1e): Compound 1e was prepared applying the general Stille
coupling method to core 5 (9.0 mg, 0.0193 mmol, 1.0 eq) and stannane 4e (15.2 mg, 0.0286
mmol, 1.5 eq) using CuCl (2.8 mg, 0.0286 mmol, 1.5 eq), KF (1.7 mg, 0.0293 mmol, 1.5
eq) and XPhos Pd G2 (1.7 mg, 0.0019 mmol, 0.1 eq) and anhydrous #BuOH (2 mL) to

yield of 1d (8.7 mg, 78%). TLC (1:3 acetone/hexanes): Rs= 0.40 (CAM stain); FTIR (film)
Vmax 3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS
m/z caled. for C3pHsp0gNa [M+Na]*: 603.3509, found 603.3506; [a]?°p = +36.9 ° (c =

1.0, CH,Cl5). The complete route used to prepare 1d is provided in Supporting Figure

S6. NMR data has been tabulated in Supporting Table S6. Copies of IH-NMR, 13C-NMR,
1H-1H-cOSY, 1H-1H-NOESY, 1H-13C-HSQC and 1H-13C-HMBC spectra for 1 are provided
in the Supporting Information.

Tributyl((3R,4R,E)-4-methoxy-4-((2S,3R)-3-((2R,3S)-3-methoxypentan-2-
yl)oxiran-2-yl)-3-methylbut-1-en-1-yl)stannane (2f).—Mel (0.0586 mL,

0.1810 mmol, 1.9 eq) was added at rt to a solution of stannane 4d (50.0 mg, 0.0966

mmol, 1.0 eq) in a mixture of anhydrous THF (10 mL) and anhydrous DMF (3 mL) in

a 50 mL flask. The mixture was cooled to 0 °C and NaH (60% in mineral oil, 8.9 mg, 0.221
mmol, 2.3 eq) was added in portions ensuring the mixture remained at 0 °C. The mixture
was slowly warmed to rt and stirred for 16 h. After cooling the mixture to 0 °C, a solution of
phosphate buffered saline pH 7 (5 mL) was added dropwise. The volatiles were concentrated
on a rotary evaporator. The mixture was extracted with hexane (3 x 50 mL). The combined
organic phases were washed with brine, dried over Na,SQy, filtered, and concentrated

on a rotary evaporator. Pure stannane 4f (31.1 mg, 61%) was obtained as a colorless

oil by flash chromatography, eluting with a gradient of hexanes to 10% Et,O/hexanes.

TLC (1:10 EtyO/hexanes): Rz= 0.50 (CAM stain); 1H NMR (500 MHz, C¢Dg) 6 6.39 (dd, J
=19.1, 6.8 Hz, 1H), 6.26 (d, /= 19.1 Hz, 1H), 3.25 (s, 3H), 3.23 (s, 3H), 3.21 (m, 1H), 3.04
(dd, J=4.4, 2.3 Hz, 1H), 2.83 (m, 2H), 2.75 (dd, /= 4.4, 2.3 Hz, 1H), 1.61 (m, 8H), 1.39
(m, 8H), 1.19 (d, J= 6.9 Hz, 3H), 1.01 (d, /= 7.1 Hz, 3H), 1.00 (d, /= 8.1 Hz, 3H), 0.95

(t, J= 7.4 Hz, 12H), 0.84 (t, J= 7.4 Hz, 3H); 13C NMR (125 MHz, C¢Dg) & 150.7, 127.5,
84.7,83.3,59.7, 58.3, 57.6, 57.4, 45.3, 39.4, 29.4, 27.5, 23.5, 16.7, 13.8, 10.3, 9.8, 9.5; FTIR
(film) vinax 3454, 3310, 2973, 2937, 2890, 1459, 1101, 840 cm~1; HR-ESI-MS m/z calcd.
for CyeH5303Sn [M+H]+ 533.3017, found 533.2998; [CL]ZSD =-8.6° (C =1.0, CH2C|2).
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17-O-Methyl-FD-895 (1f): Compound 1f was prepared applying the general Stille coupling

method to core 5 (4.4 mg, 0.0094 mmol, 1.0 eq) and stannane 4f (7.6 mg, 0.0143 mmol,

1.5 eq) using CuCl (1.4 mg, 0.0141 mmol, 1.5 eq), KF (0.9 mg, 0.0155 mmol, 1.6 eq) and
XPhos Pd G2 (0.8 mg, 0.0010 mmol, 0.1 eq) and anhydrous #BuOH (1 mL) to yield of

1f (4.2 mg, 77%). TLC (1:3 acetone/hexanes): Rg= 0.40 (CAM stain); FTIR (film) vinax
3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS

m/z caled. for C3oHso0gNa [M+Na]*: 603.3509, found 603.3502; [a]%°p = +36.9 ° (c =

1.0, CH,Cl5). The complete route used to prepare 1f is provided in Supporting Figure S7.
NMR data has been tabulated in Supporting Table S7. Copies of 1H-NMR, 13C-NMR,
1H-1H-CcOSY, 1H-1H-NOESY, H-13C-HSQC and H-13C-HMBC spectra for 1 are provided
in the Supporting Information.

3S,17S-FD-895 (1g): Compound 1g was prepared applying the general Stille coupling
method to core 5a (14.9 mg, 0.0320 mmol, 1.0 eq) and stannane 4e (25.2 mg, 0.0487 mmol,
1.5 eq) using CuCl (4.7 mg, 0.0475 mmol, 1.5 eq), KF (2.8 mg, 0.0482 mmol, 1.5 eq) and
XPhos Pd G2 (2.5 mg, 0.0032 mmol, 0.1 eq) and anhydrous #BuOH (1 mL) to yield of

le (14.2 mg, 77%). TLC (1:3 acetone/CH,Cly): R¢=0.17 (CAM stain); FTIR (film) vmax
3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS

m/z caled. for C31Hs9OgNa [M+Na]*: 589.3353, found 589.3350; [a]®p= +12.4° (c =

1.0, CH,Cl5). The complete route used to prepare 1g is provided in Supporting Figure

S8. NMR data has been tabulated in Supporting Table S8. Copies of IH-NMR, 13C-NMR,
1H-1H-cOSY, 1H-'H-NOESY, 1H-13C-HSQC and 1H-13C-HMBC spectra for 1 are provided
in the Supporting Information.

7R,17S-FD-895 (1h): Compound 1h was prepared applying the general Stille coupling
method to core 5b (5.2 mg, 0.0112 mmol, 1.0 eq) and stannane 4d (8.6 mg, 0.0166 mmol,
1.5 eq) using CuCl (1.7 mg, 0.0172 mmol, 1.5 eq), KF (1.0 mg, 0.0172 mmol, 1.5 eq) and
XPhos Pd G2 (0.9 mg, 0.0011 mmol, 0.1 eq) and anhydrous #BuOH (1 mL) to yield of 1e
(5.0 mg, 77%). Yield: 75%, 5.01 mg; TLC (1:3 acetone/CH,Cl,): R¢= 0.28 (CAM stain);
FTIR (film) vinax 3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1;
HR-ESI-MS m/z calcd. for C31H5009Na [M+Na]*: 589.3353, found 589.3347; [a]®p=
+20.1° (c = 1.0, CH,Cly). The complete route used to prepare 1g is provided in Supporting
Figure S9. NMR data has been tabulated in Supporting Table S9. Copies of 1H-NMR,
13C-NMR, 1H-1H-COSY, 1H-1H-NOESY, 1H-13C-HSQC and 1H-13C-HMBC spectra for 1
are provided in the Supporting Information.

((2S,3S9)-3-((2R,3S)-3-Methoxypentan-2-yl)oxiran-2-yl)methanol (14i).—&
Butylhydroperoxide (3.3 M, 19.2 mL, 63.4 mmol, 2.0 eq) was added to a 500 mL flask
containing a stirring solution of Ti(O/-Pr)4 (0.650 mL, 2.44 mmol, 0.08 eq), (-)-diethyl
tartrate (0.550 mL, 2.21 mmol, 0.07 eq) and powdered 4A molecular sieves (1 g) in
anhydrous CH,Cl, (100 mL). The mixture was cooled to =20 °C and stirred for 30 min.

A solution of alcohol 13 (5.0 g, 31.6 mmol, 1.0 eq) in CH,Cl, (25 mL) was added dropwise.
The reaction was stirred at —20 °C for 4 h. The reaction was quenched vi/a addition of

10% NaOH (10 mL). The mixture was then extracted into CH,Cl, and concentrated on a
rotary evaporator. Pure epoxyalcohol 14i (5.5 g, 87%) was obtained as a 6:1 mixture of
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diastereomers by flash chromatography, eluting with a gradient of hexanes to 1:1 EtOAc/
hexanes. TLC (1:2 EtOAc/hexanes): Rs= 0.10 (CAM stain); IH NMR (500 MHz, C¢Dg) 6
3.59 (tq, /=15.9, 12.6, 2.7 Hz, 1H), 3.37 (m, 12.0, 7.1, 4.4 Hz), 3.02 (s, 3H), 2.77 (dd, J=
7.1, 2.3 Hz, 1H), 2.74 (dd, J= 4.7, 2.5 Hz, 1H), 2.70 (dt, J= 7.3, 4.8 Hz, 1H), 2.36 (t, /=
6.1Hz, 1H), 1.44 (m, 1H), 1.37 (m, 1H), 1.30 (dtd, J=14.0, 7.5, 5.2 Hz, 1H), 0.96 (d, J=
7.0 Hz, 3H) 0.77 (t, J= 7.4 Hz, 3H); 13C NMR (125 MHz, CgDg) 6 83.8, 62.2, 58.0, 57.9,
57.7,38.8, 24.0, 10.4, 10.1; FTIR (film) vmax 3422, 2972, 2930, 2879, 1468, 1103 cm™1;
HR-ESI-MS m/z calcd. for CgH1g03 [M]*: 174.1256, found 174.1250.

(2R,3S)-3-((2R,3S)-3-Methoxypentan-2-yl)oxirane-2-carbaldehyde (15i).—A
solution of KBr (0.242 g, 2.03 mmol, 0.08 eq) in H,0 (10 mL), satd. NaHCO3 (20 mL)
and TEMPO (0.266 g, 1.70 mmol, 0.07 eq) were added sequentially to a 500 mL flask
containing a solution of epoxyalcohol 14i (4.42 g, 25.4 mmol, 1.0 eq) in CH,Cl, (150 mL).
The mixture was cooled to 0 °C and a solution of NaOCI (2 M, 17.0 mL, 34.0 mmol, 1.3
eq) and satd. NaHCO3 (20 mL) were added dropwise via an addition funnel. The mixture
was allowed to warm to rt and stirred for 2 h. The phases were separated, and the aqueous
phase was extracted with CH,Cl, (3 x 100 mL). The combined organic phases were washed
with brine (100 mL), dried over Nay,SQy, filtered, and concentrated on a rotary evaporator.
Aldehyde 15i (4.32 g, 99%) was obtained without further purification and was carried on
directly to the next step. TLC (1:2 EtOAc/hexanes): Rs= 0.55 (CAM stain); *H NMR (500
MHz, CgDg) & 8.67 (d, /= 6.3 Hz, 1H), 2.93 (s, 3H), 2.89 (dd, /= 6.4, 2.0 Hz, 1H), 2.82
(dd, J=6.4, 2.0 Hz, 1H), 2.60 (dt, /= 7.2, 4.7 Hz, 1H), 1.30 (m, 2H), 1.15 (dqd, J=

14.6, 7.4, 5.3 Hz, 1H), 0.75 (d, J= 7.0 Hz, 3H), 0.67 (t, J= 7.4 Hz, 3H); 13C NMR (125
MHz, CgDg) & 198.0, 84.2, 58.4, 58.4, 57.3, 37.6, 23.6, 11.4, 10.2; FTIR (film) vmax 2972,
2930, 2879, 2828, 1732, 1468, 1103 cm™L; HR-ESI-MS m/z calcd. for CgH103 [M+H]*:
173.1178, found 173.1174; [a]®®p = +36.1 ° (c = 1.0, CH,Cly).

(1R,2R)-1-((2S,3S)-3-((2R,3S)-3-methoxypentan-2-yl)oxiran-2-yl)-2-methylbut-3-
yn-1-ol (17i).—Aldehyde 15i (70.1 mg, 0.407 mmol, 1.0 eq) and allenylstannane 16d
(210.0 mg, 0.612 mmol, 1.5 eq) in a 50 mL flask were dissolved in anhydrous CH,Cl, (10.0
mL) and purged with an Ar atmosphere. The mixture was cooled to —78 °C and BF3*Et,0
(75.3 pL, 0.474 mmol, 1.2 eq) was added dropwise over 5 min. The reaction was stirred

for 1 h at —78 °C. A mixture of MeOH (5 mL) and satd. NaHCO3 (1 mL) was added, and
the solution was warmed to rt. The phases were separated, and the aqueous phases were
extracted with Et,0 (3 x 50 mL). The organic phases were combined, dried with Na;SOy,
and concentrated on a rotary evaporator. Alkyne 17i (69.2 mg, 75%) was obtained in a 5:1
mixture of diastereomers (by NMR) as a colorless oil by flash chromatography, eluting with
a gradient of hexanes to 1:3 Et,O/hexanes. TLC (2:1 hexanes/EtOAc): Rs= 0.40; 1H NMR
(500 MHz, CgDg,) 6 3.55 (td, /= 8.3, 7.6, 4.4 Hz, 1H), 3.18 (q, /= 2.7 Hz, 1H), 3.14 (s,
3H), 3.03 (ddd, J=6.8, 4.6, 2.3 Hz, 1H), 2.92 (dt, /= 7.5, 4.8 Hz, 1H), 2.55 (dqd, /= 10.0,
7.1, 3.4 Hz, 1H), 1.86 (m, 1H), 1.54 (m, 2H), 1.39 (m, 1H), 1.30 (d, J= 7.1 Hz, 3H), 1.06
(d, J= 6.8 Hz, 3H), 0.83 (t, J= 7.3 Hz, 3H); 13C NMR (125 MHz, C¢Dg,) 6 85.4, 84.6,
71.9,71.2,59.0, 58.9, 57.4,57.3 38.4, 31.0, 23.7, 17.4, 12.2, 10.3; ESI-MS m/z 249.14
[M+Na]*; FTIR (film) vmax 3430, 3310, 2967, 2935, 2878, 1457, 1379, 1260, 1093 cm™1;
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HR-ESI-MS m/z calcd. for C13H2,03Na [M+Na]*: 249.1467, found 249.1462. [a]%5p =
+24.2 ° (¢ = 1.0, CH,Cly).

(1R,2R,E)-1-((2R,3R)-3-((2R,3S)-3-Methoxypentan-2-yl)oxiran-2-yl)-2-methyl-4-
(tributylstannyl)but-3-en-1-ol (4i).—PdCl,(PPhs), (15.5 mg, 0.0221 mmol, 0.1 eq)
was added to a solution of alkyne 17i (50.1 mg, 0.221 mmol, 1.0 eq) ina 10 mL

flask in anhydrous THF (5 mL). The mixture was cooled to 0 °C and 7-Bu3SnH

(0.179 mL, 0.568 mmol, 2.6 eq) was added dropwise. The mixture was stirred for

45 min at 0 °C, at which point the resulting mixture was concentrated to yield a

black crude oil. The material was extracted into hexanes, filtered through a pad of

Celite and was eluted with hexanes. The elutant was concentrated on a rotary evaporator,
and this process was repeated twice until a clear black solution was achieved. Pure
vinylstannane 4i (22.0 mg, 19%) was obtained as a mixture of 1:5 a.: regioisomers by
flash chromatography, eluting with a gradient of hexanes to CH,Cl, to 1:20 Et,O/CH,Cl>.
The desired regioisomer and diastereomer can be obtained in 95+% purity by additional
flash chromatography, eluting with a gradient of hexanes to CH,Cl, to 1:20 EtoO/CH,Cls.
This reaction was run once and unoptimized for yield and reaction conditions. TLC (10:1
hexanes/Et,0): Ry= 0.25 (CAM stain); 1H NMR (CgDg, 500 MHz) & 6.16 (m, 2H), 3.54 (m,
1H), 3.16 (s, 3H), 3.07 (d, J= 7.2, Hz, 1H), 2.93 (m, 2H), 2.49 (m, 2H), 1.98 (s, 1H), 1.60
(m, 9H), 1.39 (dt, /= 15.5, 8.5 Hz, 6H), 1.28 (d, /= 7.0 Hz, 3H), 1.07 (d, J= 6.9 Hz, 3H),
0.96 (m, 12H), 0.87 (t, J= 7.4 Hz, 3H); 13C NMR (C¢Dg, 500 MHz) & 151.5, 84.8, 72.7,
59.4,57.4,46.5, 38.4, 29.6, 27.7, 23.8, 16.2, 14.0, 12.2, 10.5, 9.8; HR-ESI-MS m/z calcd.
for CosHs5103Sn [M+H]* 519.2861, found 519.2839; [a]%°p = +10.1° (¢ = 1.0, CH,Cly).

17S,18S,19S-FD-895 (1i): Compound 1i was prepared applying the general Stille coupling
method to core 5 (7.2 mg, 0.0154 mmol, 1.0 eq) and stannane 4d (12.1 mg, 0.0234 mmol,
1.5 eq) using CuCl (2.3 mg, 0.0232 mmol, 1.5 eq), KF (1.3 mg, 0.0224 mmol, 1.5 eq) and
XPhos Pd G2 (0.6 mg, 0.0008 mmol, 0.05 eq) and anhydrous #BuOH (1 mL) to yield of

1i (6.3 mg, 80%). TLC (1:3 acetone/CH,Cl,): Rg=0.28 (CAM stain); FTIR (film) vmax
3447, 2963, 2930, 2875, 1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS m/z
calcd. for C31Hs90gNa [M+Na]*: 589.3353, found 589.3348; [a]%°p = +4.2 ° (c = 1.0,
CH,Cl,). The complete route used to prepare 1g is provided in Supporting Figure S10.
NMR data has been tabulated in Supporting Table S10. Copies of IH-NMR, 13C-NMR,
1H-1H-CcOSY, 1H-1H-NOESY, H-13C-HSQC and H-13C-HMBC spectra for 1 are provided
in the Supporting Information.

(2S,3R)-1-((S)-4-Benzyl-2-thioxothiazolidin-3-yl)-3-hydroxy-2-methylpentan-1-
one (8j).—(5)-1-(4-Benzyl-2-thioxothiazolidin-3-yl)propan-1-one (7) (23.5 g, 88.5 mmol,
1.0 eq) was added to a 2 L reaction flask and dissolved in CH,Cl, (700 mL)

with mechanical stirring. The mixture was cooled below 0 °C. TiCl4 (10.1 mL,

30.8 mmol, 0.3 eq) was added dropwise over 1 h, while maintaining the temperature

below 0 °C, at which point the mixture turned orange. EtN(/Pr), (13.9 mL, 144.9 mmol, 1.6
eq) was added dropwise over 30 min, at which point the resulting black mixture was stirred
at 0 °C for 15 min. After cooling the reaction to —94 °C, a solution of propionaldehyde

(7.10 mL, 150.9 mmol, 1.7 eq) in anhydrous CH,Cl, (50 mL) was added dropwise over 1
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h. The mixture was stirred at —94 °C for 30 min before being slowly warmed to rt overnight.
The mixture was cooled to 0 °C and satd. NaHCO3 (200 mL) was slowly added. The

phases were separated, and the aqueous phase was extracted with CH,Cl, (3 x 300 mL). The
combined organic phases were washed with brine (300 mL), dried over NaySOy, filtered,
and concentrated on a rotary evaporator. Pure adduct 8j (25.0 g, 87%) was obtained in a
9.5:1 drmixture by flash chromatography, eluting with a gradient of hexanes to 1:3 EtOAc/
hexanes. TLC (1:3 EtOAc/heptane): Rs= 0.63 (CAM stain); 1H-NMR (400 MHz, CDCl)

8 7.35 (m, 2H), 7.28 (m, 3H), 5.37 (ddd, /= 4.1, 7.0, 10.7 Hz, 1H), 4.52 (dq, /= 2.3, 7.1

Hz, 1H), 3.97 (ddd, /=2.2, 5.3, 8.0 Hz, 1H), 3.38 (ddd, /= 1.1, 7.2, 11.6 Hz, 1H), 3.25 (dd,
J=4.0, 13.2 Hz, 1H), 3.05 (dd, /= 10.5, 13.2 Hz, 1H), 2.89 (d, /= 11.6 Hz, 1H), 2.05 (m,
1H), 1.59 (m, 1H), 1.45 (dqd, /= 14.7, 7.4, 5.2 Hz, 1H), 1.18 (d, J= 7.1 Hz, 3H), 0.98 (t, J=
7.4 Hz, 3H); 13C-NMR (100 MHz, CDCl3) & 201.7, 178.7, 136.5, 129.6, 129.1, 127.4, 72.6,
69.0,42.2, 37.0, 31.9, 26.7, 10.6, 10.5. FTIR (film) vmax 3444, 3027, 2964, 2937, 2876,
1689, 1455, 1352, 1258, 1191, 1164, 1041, 1029, 960 cm™1; HR-ESI-MS m/z calcd. for
C16H21NO»S,Na [M+Na]*: 346.0912, found 346.0902; [a]?°p = 36.2 ° (¢ = 1.0 CH,Cl,).

(2S,3R)-3-Hydroxy-N-methoxy-N,2-dimethylpentanamide (9j).—N, O-
Dimethylhydroxylamine hydrochloride (8.7 g, 142.4 mmol, 3.2 eq) and imidazole (9.1 g,
133.7 mmol, 3.0 eq) were added in succession to a solution of 8j (14.4 g, 44.5 mmol,

1.0 eq) in CH,Cl, (500 mL) in a 2 L reaction vessel at rt. The mixture was stirred at rt

for an additional 16 h. H,O (300 mL) was added, and the mixture was separated followed
by extraction of the aqueous phase with CH,Cl, (3 x 500 mL). The combined organic
phases were washed with brine (500 mL), dried over Na,SOy, filtered, and concentrated on
a rotary evaporator to afford a yellow oil. Pure amide 9j (6.60 g, 85%) was obtained by
flash chromatography, eluting with a gradient of hexanes to 3:1 EtOAc/hexanes. TLC (3:1
EtOAc/heptane): R¢= 0.17 (KMnOy,); 1H NMR (500 MHz, CDCl3) & 3.77 (m, 1H), 3.70
(s, 3H), 3.19 (s, 3H), 3.16 (m, 1H), 2.90 (m, 1H), 1.77 (bs, 1H), 1.58 (dp, /=5.1, 7.7 Hz,
1H), 1.39 (dt, /= 14.3, 7.2 Hz, 1H), 1.15 (d, J= 7.1 Hz, 3H), 0.96 (t, J= 7.5 Hz, 3H); 13C
NMR (125 MHz, CDCl3) § 178.5, 73.1, 61.7, 38.0, 32.0, 26.8, 10.6, 10.1; FTIR (film) vinax
2969, 2917, 2855, 1719, 1449, 1265, 1178, 1108, 1020, 715 cm™1; HR-ESI-MS m/z calcd.
for CgH17NO3Na [M+Na]*: 198.1106, found 198.1101; [a]®®p = +7.3 ° (¢ = 1.0, CH,Cl,).

(2S,3R)-N,3-Dimethoxy-N,2-dimethylpentanamide (10j).—Mel (35.8 mL, 110.6
mmol, 3.9 eq) was added at rt to a solution of amide 9j (5.0 g, 28.5 mmol, 1.0 eq) in a
mixture of anhydrous THF (200 mL) and anhydrous DMF (50 mL) ina 1 L reaction vessel.
The mixture was cooled to 0 °C and NaH (60% in mineral oil, 2.8 mg, 70.8 mmol, 2.5

eq) was added in portions ensuring the mixture remained at 0 °C. The mixture was slowly
warmed to rt and stirred for 16 h. After cooling the mixture to 0 °C, a solution of phosphate
buffered saline pH 7 (200 mL) was added dropwise. The volatiles were concentrated on

a rotary evaporator. H,O (100 mL) was added to the residue, and the obtained mixture

was extracted with £butyl methyl ether (3 x 300 mL). The combined organic phases

were washed with brine (300 mL), dried over NaySQy, filtered, and concentrated on a
rotary evaporator. Pure amide 10j (4.1 g, 76%) was obtained as a colorless oil by flash
chromatography, eluting with a gradient of hexanes to 1:1 EtOAc/hexanes. TLC (3:1 EtOAc/
heptane): Rs= 0.27 (KMnO,); 1H NMR (400 MHz, CDCl3) 6 3.67 (s, 3H), 3.40 (s, 3H),
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3.29 (ddd, J= 8.1, 7.0, 3.8 Hz, 1H), 3.17 (s, 3H), 3.0 (bs, 1H), 1.57 (dqd, J= 14.8, 7.5, 3.9
Hz, 1H), 1.41 (dp, J= 14.3, 7.2 Hz, 1H), 1.20 (d, J= 6.9 Hz, 3H), 0.91 (t, /= 7.4 Hz, 3H);
13C NMR (125 MHz, CDCl) § 176.5, 83.9, 61.6, 58.7, 39.6, 32.2, 25.3, 14.5, 9.6; FTIR
(film) vinax 3581, 3502, 2969, 2934, 2882, 2820, 1658, 1457, 1379 cm™L; HR-ESI-MS m/z
calcd. for CgH1gNOgNa [M+Na]*: 212.1263, found 212.1257; [a]?®p = +16.1 ° (c = 1.0
CHCls).

Ethyl (4R,5R,E)-5-methoxy-4-methylhept-2-enoate (12j).—Amide 10j (4.00 g, 21.10
mmol, 1.0 eq) was dissolved in anhydrous CH,Cl, (100 mL) in a 500 mL flask. The mixture
was cooled to =78 °C. DIBAL-H (1.0 M, 32.8 mL, 32.8 mol, 1.6 eq) was added dropwise
over 45 min at =78 °C and stirred for 1 hr. Acetone (10 mL) was added dropwise over 10
min, and the mixture was warmed to 0 °C. Satd. Rochelle’s salt (100 mL) was added over 30
min, and the mixture was stirred at rt for 1.5 h. The phases were separated, and the aqueous
phase was extracted with CH,Cl, (3 x 150 mL). The combined organic phases were dried
over NaySQy, filtered, and concentrated on a rotary evaporator. The residue was then dried
vig azeotropic removal of toluene to deliver aldehyde 11j, which was used immediately after
preparation.

A solution of triethyl phosphonoacetate (21.2 mL, 83.7 mmol, 4.0 eq) in anhydrous 2-
methyltetrahydrofuran (40 mL) was added dropwise over 30 min to a 500 mL reaction flask
containing a suspension of NaH (60% in mineral oil, 3.6 g, 90.0 mol, 4.3 eq) in anhydrous
2-methyltetrahydrofuran (150 mL) cooled to 0 °C. The mixture was stirred at 0 °C for 15
min and a solution of 11j in 2-methyltetrahydrofuran (100 mL) was added dropwise over
30 min. The mixture was stirred at rt for 16 h, cooled to 0 °C and quenched with satd.
NH4CI (250 mL). The organics were concentrated on a rotary evaporator. The mixture was
extracted with EtOAc (2 x 300 mL), and the combined organic phases were dried over
Na,SQy, filtered, and concentrated on a rotary evaporator. Pure ester 12j (3.27 g, 77% over
two steps) was obtained as a colorless oil by flash chromatography, eluting with a gradient
of CH,Cl5 to 1:10 EtOAC/CH,Cl,. TLC (CH,Cly): Rf= 0.14 (CAM stain); 1H NMR (500
MHz, CDCl3) 6 6.94 (ddd, /= 15.8, 7.7, 1H), 5.81 (dd, /= 15.7, 1.4 Hz, 1H), 4.17 (q, J=
7.2 Hz, 2H), 3.36 (s, 3H), 3.00 (ddd, J=7.5, 5.6, 4.4 Hz, 1H), 2.56 (dddd, J= 7.9, 6.8, 5.6,
1.3 Hz, 1H), 1.51 (dqd, J=14.9, 7.5, 3.3 Hz, 1H), 1.40 (dp, J= 14.6, 7.3 Hz, 1H), 1.28 (t,
J=7.1Hz, 3H), 1.05 (d, J= 6.9 Hz, 3H), 0.90 (t, J= 7.4 Hz, 3H); 13C NMR (125 MHz,
CDCl3) & 166.9, 151.3, 121.1, 85.6, 60.4, 57.9, 39.3, 23.9, 14.9, 14.4, 9.9; FTIR (film) vax
2978, 2934, 2882, 2820, 1719, 1650, 1466 cm™1; HR-ESI-MS m/z calcd. for C11Hyq03Na
[M+Na]*: 223.1310, found 223.1305; [a]?°p = +44.9 ° (¢ = 1.0, CH,Cl,).

(4R,5R,E)-5-Methoxy-4-methylhept-2-en-1-ol (13j).—DIBAL-H (1.0 M, 37.1 mL,
37.1 mmol, 2.5 eq) was added dropwise over 60 min to a 5 L reaction flask containing

a solution of ester 12j (3.00 g, 14.98 mmol, 1.0 eq) in anhydrous CH,Cl, (150 mL) cooled
to —78 °C. The mixture was stirred for 1 h at —78 °C. Acetone (30 mL) was then added
dropwise. The mixture was warmed to 0 °C, satd. Rochelle’s salt (50 mL) was added, and
the mixture was stirred at rt for 2 h. The phases were separated, and the aqueous phase was
extracted with CH,Cl, (3 x 100 mL). The combined organic phases were washed with brine
(100 mL), dried over Nay,SOy, filtered, and concentrated on a rotary evaporator. Pure alcohol
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13j (1.93 g, 81%) was obtained by flash chromatography, eluting with a gradient of heptane
to 1:1 EtOAc/heptane. TLC (1:3 EtOAc/heptane): Rs= 0.26 (CAM stain); IH NMR (500
MHz, CDClI3) 6 5.65 (dd, J=5.6, 2.3 Hz, 1H), 4.09 (m, 1H), 3.35 (s, 3H), 2.92 (ddd, J=
7.6,5.7, 4.1 Hz, 1H), 2.44 (m, 1H), 1.86 (bs, 1H), 1.51 (dqd, /= 14.9, 7.5, 4.2 Hz, 1H),

1.39 (dp, J=14.7, 7.4 Hz, 1H), 1.00 (d, J= 6.9 Hz, 3H), 0.90 (t, J= 7.4 Hz, 3H); 13C NMR
(125 MHz, CDCl3) 6 135.2, 129.0, 86.4, 63.9, 57.7, 38.9, 23.4, 16.0, 10.0; FTIR (film) vmax
3388, 2968, 2932, 2876, 2826, 1460, 1375 cm™1; HR-ESI-MS m/z calcd. for CgH150,Na
[M+Na]*: 181.1205, found 181.1199.

17S,18S5,19S-FD-895 (1j): Analogue 1j was prepared once in a five-step manner from 13j
without detailed spectroscopic characterization of the intermediates 14j, 15j, 17j and 4;.
Due to its lack of activity, we did not resynthesize this material and characterized each
intermediate as we did for 1, and 1a-1j. #Butylhydroperoxide (3.3 M, 4.80 mL, 15.8 mmol,
2.0 eg) was added to a 100 mL flask containing a stirring solution of Ti(O/-Pr)4 (0.16 mL,
0. 0.60 mmol, 0.1 eq), (-)-diethyl tartrate (0.55 mL, 3 2.21 mmol, 0.3 eq) and powdered
4A molecular sieves (1 g) in anhydrous CH,Cl (100 mL). The mixture was cooled to —20
°C and stirred for 30 min. A solution of alcohol 13j (1.25 g, 7.90 mmol, 1.0 eq) in CH,Cl,
(25 mL) was added dropwise. The reaction was stirred at —20 °C for 4 h. The reaction was
quenched vi/a addition of 10% NaOH (10 mL). The mixture was then extracted into CH,Cl,
and concentrated on a rotary evaporator.

Pure epoxyalcohol 14j (1.21 g, 88%) was obtained as a 6:1 mixture of diastereomers by
flash chromatography, eluting with a gradient of hexanes to 1:1 EtOAc/hexanes. Next, a
solution of KBr (60.5 mg, 0.51 mmol, 0.08 eq) in H,0O (3 mL), satd. NaHCO3 (5 mL)

and TEMPO (66.5 mg, 0.43 mmol, 0.07 eq) were added sequentially to a 125 mL flask
containing a solution of epoxyalcohol 14j (1.11 g, 6.37 mmol, 1.0 eq) in CH,Cl, (50 mL).
The mixture was cooled to 0 °C and a solution of NaOCI (2 M, 4.25 mL, 8.50 mmol, 1.3

eq) and satd. NaHCOs3 (5 mL) were added dropwise via an addition funnel. The mixture was
allowed to warm to rt and stirred for 2 h. The phases were separated, and the aqueous phase
was extracted with CH,Cl, (3 x 50 mL). The combined organic phases were washed with
brine (30 mL), dried over Na,SQy, filtered, and concentrated on a rotary evaporator.

Aldehyde 15j (1.10 g, 99%) was obtained without further purification and was carried on
directly to the next step. Aldehyde 15j (70.1 mg, 0.407 mmol, 1.0 eq) and allenylstannane
16 (210.0 g, 0.612 mmol, 1.5 eq) in a 50 mL flask were dissolved in anhydrous CH,Cl,
(10.0 mL) and purged with an Ar atmosphere. The mixture was cooled to —78 °C and
BF3¢Et,0 (75.3 uL, 0.474 mmol, 1.2 eq) was added dropwise over 5 min. The reaction was
stirred for 1 h at =78 °C. A mixture of MeOH (5 mL) and satd. NaHCO3 (1 mL) was added,
and the solution was warmed to rt. The phases were separated, and the aqueous phases were
extracted with EtoO (3 x 50 mL). The organic phases were combined, dried with NaySOy,
and concentrated on a rotary evaporator. Alkyne 17j (69.2 mg, 75%) was obtained in a 5:1
mixture of diastereomers (by NMR) as a colorless oil by flash chromatography, eluting with
a gradient of hexanes to 1:3 Et,O/hexanes.

PdCl,(PPh3), (130.0 mg, 0.19 mmol, 0.1 eq) was added to a solution of alkyne 17j (420.0
mg, 1.86 mmol, 1.0 eq) in a 50 mL flask in anhydrous THF (25 mL). The mixture
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was cooled to 0 °C and n-BusSnH (1.50 mL, 4.76 mmol, 2.6 eq) was added dropwise.

The mixture was stirred for 45 min at 0 °C, at which point the resulting mixture was
concentrated to yield a black crude oil. The material was extracted into hexanes, filtered
through a pad of Celite and was eluted with hexanes. The elutant was concentrated on

a rotary evaporator, and this process was repeated twice until a clear black solution was
achieved. Pure vinylstannane 4j (611.0 mg, 64%) was obtained as a mixture of 1.5 a.:
regioisomers by flash chromatography, eluting with a gradient of hexanes to CH,Cl, to 1:20
Et,O/CH,Cl,. The desired regioisomer and diastereomer can be obtained in >95% purity
by additional flash chromatography, eluting with a gradient of hexanes to CH,Cl» to 1:20
Et,O/CH,Cl,.

Finally, compound 1j was prepared applying the general Stille coupling method to core 5
(4.0 mg, 0.0086 mmol, 1.0 eq) and stannane 4d (6.5 mg, 0.0126 mmol, 1.5 eq) using CuCl
(1.3 mg, 0.0131 mmol, 1.5 eq), KF (0.7 mg, 0.0138 mmol, 1.6 eq) and XPhos Pd G2 (0.7
mg, 0.0009 mmol, 0.1 eq) and anhydrous #BuOH (1 mL) to yield of 1i (3.5 mg, 70%). TLC
(1:3 acetone/CH,Cl,): R¢=0.28 (CAM stain); FTIR (film) vimax 3447, 2963, 2930, 2875,
1739, 1457, 1374, 1239, 1176, 1089, 1021 cm™1; HR-ESI-MS /m/z calcd. for C3;Hs0OgNa
[M+Na]*: 589.3353, found 589.3350; [a]?°p = —2.3 ° (¢ = 1.0, CH,Cl,). The complete route
used to prepare 1g is provided in Supporting Figure S11. NMR data has been tabulated

in Supporting Table S11. Copies of 1H-NMR, 13C-NMR, 1H-1H-COSY, 1H-1H-NOESY,
1H-13C-HSQC and *H-13C-HMBC spectra for 1 are provided in the Supporting Information.

Cell culture.: The HCT-116 cell line was cultured in McCoy’s 5a media (Life Technologies)
supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/mL of
penicillin and streptomycin at 37 °C in an atmosphere of 5% CO,. Cell splitting was
conducted every other day and culturing was not conducted past five generations of the
parent cell line. HCT-116 cells were obtained from ATCC and were cultured once and
stored. Test for mycoplasma were routinely conducted using a Mycoplasma Detection Kit
(Lonza).

Cellular treatments.: Compounds 1 or 1a-1j were dissolved in DMSO (Millipore Sigma)
and applied to cells in media so that the DMSO concentration was <0.5% DMSO. To
achieve these solutions of 1 and 1a-1j were prepared at 1 mg/mL in DMSO and stored at
—80 °C for up to 6 months. These solutions were diluted accordingly in DMSO prior to use.
Microscaled 1.7 mm NMR studies were conducted to test the solubility of these materials.
Here, 5 puL of a 1 mg/mL stock of 1 or 1a-1j in dg-DMSO (same bottle used for all samples)
was added to D,O (45 pL). NMR data indicated that each material integrated within 5%
deviation when compared to the solvent (dg-DMSO). Copies of spectral data from this study
can be provided upon email request.

Cell viability assays.: HCT-116 cells were plated at 5 x 103 cells/well in supplemented
McCoy’s 5a media (see Cell culture section above). Cells were cultured at 37 °C in an
atmosphere of 5% CO, for 24 h and then treated with 1 or 1a-1j for a given time period
(4h to 72 h were used within the study). After incubation, the cells were washed twice with
100 pL of PBS, charged with 100 pL of PBS followed by 20 pL of Cell Titer Aqueous One
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Solution (Promega). After 2 h at 37 °C, absorbance readings were taken at 490 nm (test
wavelength) and 690 nm (reference wavelength). Glgg values were calculated using Prism
(GraphPad) using =3 biological replicates. Values and 95% confidence intervals are provided
in Supplementary Table S12.

Compound dosing for gRT-PCR studies at 4 h.: In prior studies, we learned that splice
modulation occurs very readily (observable as low as 15 minutes after treatment) while cell
growth inhibition (Glsg values) occurs slowly (requiring >24 h, 72 h used herein).28 We also
learned from this work that 4 h treatments provided an ideal time point to obtain statistically
relevant data on a compounds ability to modulate the spicing of individual genes.28 Based
on this data and reconfirming this result with a small set of the panel, we standardize the
concentrations to ~20 times their 72 h Glsg values. These concentrations (Fig. 4a) were used
for all qRT-PCR analyses conducted at 4 h.

Compound dosing for qRT-PCR studies at 24 h.: To further the rigor of our studies, we
conducted concentration gradient at 24 h. This time point was chosen to reflect a point
where splice modulation by the compound and cell growth inhibitor processes were both
ongoing. Here, three concentrations were evaluated for each probe 100 nM (light grey, Fig.
5), 250 nM (grey, Fig. 5), and 500 nM (black, Fig. 5). This data is shown in Fig. 5. It

is important to realize that these compounds target the spliceosome and do so in a structure-
based manner. The efficacy of each analogue is therefore different for each intron/exon pair
within each gene. Currently, we have selected 9 genes in Figure 5 and this data along with
that at 4 h represents the complex selectivity modulated by stereochemical inversion and/or
functionalization. The use of both 4 h (Fig. 4) and 24 h (Fig. 5) time points, standardization
in Fig. 4 and concentration gradients represents our state of the art in analogue screening.

Quantitative real time PCR (gRT-PCR).: HCT-116 cells were treated with 1 or 1a-1j in
supplemented McCoy’s 5a with 0.5% DMSO for 4 h or 24 h. Untreated cells were used as a
control. Total RNA was isolated using a mirVana miRNA isolation kit (Life Technologies).
A 1 ug sample of RNA was subjected to DNAsel from a TURBO DNA free kit (Life
Technologies). The cDNA was prepared by using a SuperScript 111 reverse transcriptase

kit (Life Technologies). The amount of unspliced RNA for different genes was determined
using Power SYBR Green PCR master mix (Applied Biosciences) by gPCR with specific
primers for each gene (Supplementary Table 13). gPCR data was collected on QuantStudio3
96-welled Real Time PCR System (Applied Biosystems). gPCR using 2.5 pM of each
primer was performed on 5 ng of the obtained cDNA. qPCR conditions were as follows:

95 °C for 10 min for one cycle, the 95 °C for 30 s, 55 °C for 60 s, 72 °C for 60 s, for

40 cycles using MXPro QPCR software (Agilent). Quantification cycle (Qc) values were
identified for each sample, and then RNA levels were calculated using 2722CT method.
GAPHDH was used as a control for normalization. At least, three biological replicates were
conducted for each treatment. Statistical analyses were conducted using a standard one-way
ANOVA,; p-values were presented such that * denotes p<0.0001. Copies of the raw data
and/or tabulated data can be provided upon request.
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ABBREVIATIONS
CAM Cerium Ammonium Molybdate stain
El electron impact ionization
EM electron microscopy
ESI electrospray ionization
FTIR Fourier transform infrared
HR-ESI-MS high-resolution electrospray ionization mass spectrometry analysis
MOA mode or mechanism of action
ppm parts per million
pTLC preparative thin layer chromatography
Qc quantification cycle
RFI radio frequency interference
SAR structure activity relationship
SPLM spliceosome modulator
TLC thin layer chromatography
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FD-895 (1)
X=CHs, Y1=OH,
Y2=H, Z1=CHs, Zz=H

pladienolide B (2a)
X=H, Y1=H,
Y2=H, Z1=CHs3, Z>=H

FR901464 (2b)
X=CHjs, Y=0OH

meayamycin (2c¢)
X=CHgs, Y=CH3

thailanstatin A (2d)
X=H, Y=CH,COzH

herboxidiene (2e)

Splice modulatory natural products families, including FD-895 (1), pladienolide B (2a),
FR901464 (2b), meayamycin (2c), and thailanstatin A (2d), and herboxadiene (2e).

J Med Chem. Author manuscript; available in PMC 2024 May 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Chan et al. Page 28

HO,

(N
OYN\/’

E7107 (3a)

H3B-8800 (3b)

Figure 2.
Two semi-synthetic analogues E7107 (3a) and H3B-8800 (3b) have been advanced into

Phase I clinical trials and were unsuccessful due to a combination of a lack in efficacy and
off-target effects.
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A panel of FD-895 analogues 1a-1j, including stereochemical and functional modifications
in the core at C3, C7, or C10, C11 and side chain at C17-C21. Red indicates the position

of modification. Cellular activity (Glsg values in HCT-116 cells at 72 h) are provided under
each compound number and graphically at the bottom right. Glsqg values (Supporting Table
S12) were calculated from dose curves.
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Figure 4.
Structure-splicing profiles for mMRNA splice modulation after 4 h treatment. a) Experiments

were conducted with standardized concentrations at ~20 times their 72 h Glgg values (see
discussion in the Experimental Section). Data is presented in b) heat map format and c)

bar graph format, where intensity in the heat map in c) represent activities above the dark
blue (high), light blue (medium) and cyan (low) levels as depicted by colored lines in b).
HCT116 tumor cells were treated with each analogue at a standardized concentration (upper
left) based on their Glsg values (see Fig. 3 and further discussion within the Experimental
Section) for 4 h and then cellular RNA was isolated, purified and analyzed by gRT-PCR.
Primers were designed to evaluate intron retention or exon skipping, direct responses to
splice modulator treatment. Genes evaluated included those involved in splicing regulation
(SF3A1, SF3A3, SF3B1, SF3B2), apoptosis (MCL-1L), protein folding (DNAJB1), and cell
cycle regulation (AURKA, PLK-1) relative to the unspliced control GAPDH. For alternative
splicing regulator (SF2), primers were designed to evaluate gene expression, which changes
in response to splice modulator treatment for SF2 are provided relative to the unspliced
control GAPDH. (=) denotes untreated cells. Numerical values represent the relative levels
of intron retention with respect to negative control (-) at 1.
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Figure 5.

Structure-splicing profiles for RNA splice modulation after 24 h treatment. HCT116 tumor
cells were treated with analogues at 100 nM (light grey), 250 nM (grey), or 500 nM (black)
for 24 h, and then cellular RNA was isolated, purified and analyzed by qRT-PCR. Primers
were designed to evaluate intron retention or exon skipping, direct responses to splice
modulator treatment. The same genes are evaluated in this study as that at 4 h in Fig. 4.

(-) denotes untreated cells. Numerical values represent the relative levels of intron retention
with respect to negative control (-) at 1.
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