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5 SYNTHETIC STUDIES TOWARD YW 3548

5.1 YW 3548: Isolation and Background

The sesterterpenoid YW 3548 (112) was isolated from the fungal strain Paecilomyces inflatus by
Wang et al. in 1998 and its relative configuration was established by thorough analysis of NMR
spectroscopic data, including 'H, *C, DQ-COSY, ROESY, HSQC and HMBC experiments (Figure
5.1a)."°" Structurally, YW 3548 (112) exhibits a unique tricarbocyclic sesterterpenoid &-lactone
architecture featuring a total of ten sterecogenic centers, one of which is all-carbon substituted.
Moreover, this type A trans-hydrindane iso-propyl sesterterpenoid 112 comprises the sterically
enbumbered trans-hydrindane portion fused to an eight-membered ring bearing both an exomethylene
group and an embedded trisubstituted alkene moiety. Furthermore, this intriguing carbon backbone,
YW 3548 (112) is regioselectively acylated by a heptanoate side chain with two further stereogenic
centers. The relative configuration at this site as well as the absolute configuration of YW 3548 (112)

was not evaluated and its structure remains thus unconfirmed.
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Figure 5.1 (¢) Molecular structures of the GPI anchor inhibitors YW 3548 (112) and YW 3699 (113). (b) Conserved GPI
core structure and possible modifications, adapted from reference [288].

The research team at Novartis Pharma Inc. discovered YW 3548 (112) while seeking for novel
inhibitors of gycosylphosphatidylinositiol (GPI) anchoring, a biological process which has been

(283.2%] Erom a biological point of view, the authors determined

discovered almost three decades ago.
YW 3548 (112) and its analog YW 3699 (113)!""? to selectively inhibit GPI-anchor synthesis in vitro

by yeast mircosomes with a minimal inhibiton concentration (MIC) of 3.4 nM and 3.5 mM,
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respectively.”™! Among eukaryotes, GPI-anchoring covalently binds proteins to the extracellular

(28] More specifically, the C-terminus of the protein is connected via

space of the cell membrane.
ethanolamine to a glycan, which in turn is linked to the 6-position of the myo-inositol ring of
phosphatidylinositol (PI, Figure 5.1b). Ultimately, two fatty acid units on the Pl moiety anchor the
protein to the cell membrane. Once the protein is attached to the extracellular surface of the
membrane, it often plays a crucial role as receptor or co-receptor for ligands that modulate signal
transduction.”®! Although the process of GPI anchoring is common to mammals and protozoa,
sharing an identical glycan core, different biosynthetic pathways have been reported over the years.**!
In addition, it was established that protozoa tend to express a significantly higher density of GPI-
anchored protein than eukaryotes, playing an important role in determining survival and infectiveness
of the parasite. This is exemplified on Trypanosoma Brunei, the parasite causing the African sleeping
sickness: it expresses a cell-surface coat of a GPI-anchored glycoprotein, which acts on the one hand
as a barrier against macromolecules from the host immune system and on the other hand enables the

evasion of specific immune attacks through antigenetic variation.”*”! Thus, selective inhibitors of GPI-

anchoring in protozoa could act as potential drugs against these parasites.

425 =R 426 427

Figure 5.2 Artificial analogues of YW 3548 (112) exhibiting less activity in inhibition of GPI anchor biosynthesis.

Based on initial SAR studies, Wang and co-workers revealed that the &lactone moiety and the double
bonds within YW 3548 (112) were necessary for its activity. Indeed, chemically prepared
analogues 425, 426 and 427 (Figure 5.2) caused a loss of activity, represented by MIC of 3.2, 1.7 and
17 uM, respectively.!"""***! The authors further speculated on the mode of inhibition and finally stated
that YW 3548 (112) blocks the addition of the third mannose unit to the GPI backbone. Additionally,
it eventually prevents the incorporation of [*H]myo-inositol into proteins and thus the transport of GPI-
anchored proteins to the Golgi, resulting in toxicity. These effects have been proven for mammalian
cells as well as for yeast, whereas YW 3548 (112) remained ineffective for protozoa. Nevertheless, the
novel structure of YW 3548 (112), synthetic precursors and related analogues could provide a basis to
gain further insights into the mechanism of inhibition and might provide hints toward lead structures
for selective inhibition of the protozoa pathway. In addition, the synthetic efforts could contribute to
expand the knowledge about the function of the GPIs, which is, as opposed to the biological
significance, still hardly explored and a current topic of interest in chemical biology.”® These
interesting biological activity and the unique tetracyclic backbone of YW 3548 (112) prompted us to

develop a convergent retrosynthetic analysis.
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5.2 Retrosynthetic Analysis

From a retrosynthetic point of view, we envisioned installing the heptanoate side chain of

YW 3548 (112) by means of a late-stage acylation (Scheme 5.1). The diol moiety in the lactone

91

portion could arise from a Lewis or Bronsted acid-mediated epoxide opening,*™! providing

tetracycle 428 as a synthetic precursor that in turn could be prepared from ketone 429 by sequential

21 Eyrther dissection by an

nucleophilic epoxidation and a chemoselective Lombardo olefination."
acyl-Stille coupling”"! and a challenging RCM"®" to close the central eight-membered ring with a
trisubstituted double bond would lead back to western fragment 430 and eastern portion 431 as key
building blocks. Notably, such a RCM strategy has been explored by the group of Tori in their model

studies toward YW 3699 (113) (¢f. Chapter 1.3).I''!]
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Scheme 5.1 Convergent retrosynthetic analysis for YW 3548 (112) via an acyl-Stille coupling and a RCM to close the central
eight-membered ring.

Further retrosynthetic simplification would trace western fragment 430 back to three simple building
blocks: acetaldehyde (432), acetic anhydride (433) and a 5-pentenoic acid derivative 434 containing an

Evans-auxiliary. The envisaged route would proceed via a Heathcock anti-aldol reaction'** followed

[293

by acetylation and Dieckmann condensation.””*! A final Pd-catalyzed stannylation would then furnish

vinyl stannane 430. On the other hand, eastern fragment 431 should be accessible starting from the

[294]

previously synthesized building block 191 via a Pd-catalyzed carbonylation or a Shapiro
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[153]

reaction" > and an ensuing diastereoselective cuprate addition. Alternatively, the installation of the

isopropylene moiety might be achieved following Koga’s protocol utilizing a tert-leucine derived
directing group (not shown), which allows for the selective 1,4-addition of Grignard reagents.”**
Concerning the configuration of the aldehyde functionality, we assumed that this residue would adapt
the desired thermodynamically more favored feasible by a base-promoted epimerization. A final
Pinnick oxidation™*/acid chloride formation protocol would then provide access to the envisaged key
fragment 431. Along these lines, we embarked on the total synthesis of YW 3548 (112), thereby

mainly focusing on developing a convenient access to western fragment 430.

5.3 Progress toward the Western Fragment

Based on the retrosynthetic analysis, our synthesis commenced with the large scale preparation of

L-valine (435) derived Evans-auxiliary 436 by sequential LiAlH, reduction and carbamate formation

with diethyl carbonate (396) following literature procedures (Scheme 5.2).1%%!
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Scheme 5.2 (a) Synthesis of alcohol 439 via the Heathcock modification of the Evans-aldol reaction proceeding through an
open transition state 438. (b) The logic of the syn-Evans aldol chemistry, which would lead to alcohol 441.

™ The experimental work of this subchapter was performed together with Sebastian Rappengliick as part of his Bachelor’s
Thesis in the Trauner laboratories.
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The lithium species generated by treatment of carbamate 436 with n-BuLi was then reacted with

297

commercially available acid chloride 437 to furnish oxazolidinone 434,”"! the precursor for a

Heathcock anti-aldol reaction.**?

I To this end, compound 434 was treated with two equivalents of
Bu,BOT** in the presence of DIPEA to give rise to the corresponding (Z)-enolate (not shown). This
intermediate was in turn further reacted with acetaldehyde (432) at —78 °C and careful work
up (quenching with tartaric acid at —78 °C) afforded the desired anti-aldol product 439 in good
yield (85%) and high diastereoselectivity (d.r. = 94:6) on a reasonable 1.5 g scale. However, the
resulting alcohols 439 and 441 were inseparable by flash column chromatography at this stage.
Mechanistically, this reaction proceeds via an open transition state 438. Therein, the stereoselectivity
solely originates from the minimization of the steric interactions between the alkyl residue of the

221 Thus, a reaction with

aldehyde (i.e. a methyl group) and the auxiliary (Scheme 5.2a).
acetaldehyde (432) is extremely challenging as the transition state 438 has to discriminate between a
proton and a methyl group, which itself is not highly sterically demanding. Furthermore, the absolute
configuration of the chiral auxiliary enforces an exclusive si-face attack, thus conferring a high level
of induced diastereoselectivity. In contrast, a standard Evans-aldol reaction employing one equivalent
of Bu,BOTT involves a closed Zimmermann-Traxler transition state 440 that results in the selective
formation of the syn-isomer 441 (Scheme 5.2b). This is due to four factors: (a) selective formation of
the (Z)-enolate, (b) the aldehyde residue R adopts a pseudo-equatorial position, (¢) the iso-propyl
moiety induces diastercoselectivity by residing in a position which minimizes steric interactions with
the chair transition state, (d) the overall dipole moment of the transition state is minimized.””’
Considering these arguments, it is remarkable that the simple use of one additional equivalent

Bu,BOTT allows for a reversal of the diastereoselectivity in Heathcock’s modification.
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Scheme 5.3 Synthesis of vinyl triflate 446 via a Dieckmann-type cyclization and verification of the desired outcome of the
anti-aldol reaction by X-ray crystallography of carbamate 443.
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Since a verification of the outcome of the Heathcock anti-aldol reaction was worth striving for, a
sample of the mixture was reacted with p-bromophenyl isocyanate 442 using Steglich’s catalyst
DMAP (Scheme 5.3).”% Gratifyingly, the resulting carbamates could be separated by flash column
chromatography and the major isomer 443 was isolated in 86% yield (minor isomer was not
characterized). Moreover, the structure and the absolute configuration of the desired anti-aldol
derivative 443 were unambiguously verified by X-ray crystallography. With this result in mind, we
turned our attention to the envisaged acetylation, which occurred smoothly by treatment of
alcohols 439 and 441 with acetic anhydride (433) in the presence of DMAP. Fortunately, the
generated acetates 444 and 445 were also easily separated by flash column chromatography,
furnishing the desired isomer 445 in 85% yield. Next, acetate 445 was exposed to excess KHMDS at
—78 °C to trigger an Dieckmann condensation while liberating the free auxiliary 436 (not shown)./**"
As the purification of this intermediate was surprisingly difficult, the crude reaction mixture was
subsequently reacted with triflic anhydride in the presence of Et;NP°! to furnish enol triflate 446 in a
good yield of 75% over the two steps. With enol triflate 446 in hand, the stage was set for the
investigation of a Pd-catalyzed triflate-Sn exchange. To this end, different reaction conditions were
examined (Table 5.1), among which was a catalytic system that was recently successfully applied in

the Trauner laboratories.***

Table 5.1 Toward a triflate-Sn exchange: variation of the reaction conditions.”

| |
Me., orf conditions Me., SnMe,
o} | o |
O O
446 430 447
eq. of Additive
Entry Catalyst (eq.) Solvent T [°C] t [h] Observation
MegSn, (eq.)
1 Pd(PPh3)4 (0.1) 1.5 LiCl (6.0) THF 60 16 decomp.
2 Pd(PPh3)4 (0.2) 2.0 Cul (0.4) DMF rt 1.2 decomp.
3 Pd(PPh;)4 (0.2) 1.5 - DMF 1t 2.5 decomp.
4 Pd(PPh;)4 (0.1) 1.5 - benzene 80 decomp.
5 Pd,dba; (0.17) 1.5 Cul (0.3) DMF It 1 447 (72%)

(a) All reactions were carried out on 10-30 mg scale. eq. = equivalents, decomp. = decomposition, rt = room temperature.

Unfortunately, submitting enol triflate 446 to coupling conditions with MesSn, in the presence of
catalytic amounts of Pd(PPhs), and excess LiCl resulted only in decomposition, and no desired product
formation was observed by "H NMR spectroscopy (Table 5.1, Entry 1). Similarly, when exchanging
LiCl with Cul (Entry 2) or using no additive (Entry 3) and switching to DMF as a solvent, only

decomposition was detected. The same observation was made when utilizing benzene as a solvent at
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elevated temperature (Entry 4). As these results were not fruitful, we opted for an alternative source of
pd°. Therefore, we exchanged Pd(PPh;), with Pd,dba;. When reacting enol triflate 446 with MesSn, in

392 a2 new product was detected, the

the presence of this catalyst and Cul at room temperature,
structure of which was subsequently elucidated by NMR spectroscopy and mass
spectrometry (Entry 5). Interestingly, these investigations revealed the new compound to be the
homocoupled dimer 447 instead of the desired stannane 430. It is assumed that the initially formed

vinyl stannane 430 instantly reacts with remaining triflate 430 to form the observed product 447.

PhB(OH), |
Pd(PPhs),
CUl N32C03 Me Ph
88%) o) |
o}
448

Scheme 5.4 Proof for the capability of triflate 446 to undergo Pd-catalyzed couplings: synthesis of lactone 448.

In light of this finding, we decided to explore a direct coupling of enol triflate 446 with organometallic
reagents rather than converting triflate 446 to stannane 430. In order to provide a proof of principle,
we conducted an initial Suzuki-coupling with phenylboronic acid in the presence of Pd(PPh;), and Cul
in benzene/EtOH.P* The expected reaction occurred smoothly and furnished the coupled product 448

in a high yield of 88% (Scheme 5.4).

Table 5.2 Toward a Pd-catalyzed cross coupling: variation of the reaction conditions

| | pinB.__Cy
» Cy \”/
Me, OTf conditions Me. 450
‘ > ‘y
©) | 0) | MezSn.__Cy
I ! T
451
446 449
Coupling ) T
Entry Pd Additive Base® Solvent t [h] Observation
Partner [°C]
1 450 Pd(PPhs), TBAB? Na,COs benzene 80 16 decomp.
2 450 Pd(dppH)Cl, TBABY K;3PO, MeCN 81 1.2 decomp.
3 450 Pd(PPh;), TBAB® K5PO, Dioxane/H,O  reflux 2.5 decomp.
4 451 Pd(PPh;);  Cul, CsF/ - DMF 50 13 decomp.
5 451 Pd,dba, CuV - DMF 50 33 decomp.

(a) All reactions were carried out on 10-25 mg scale. (b) 0.1 eq. for entries 1-3, 0.15 eq. for entries 4, 5. (¢) 6.9 eq. for entry 1, 3.0 eq. for
entries 2, 3. (d) 0.14 eq. (e) 0.28 eq. (f) 0.25 eq. Cul, 2.0 eq. CsF. eq. = equivalents, decomp. = decomposition, 1t = room temperature.

Encouraged by the capability of enol triflate 346 to engage in Pd-catalyzed cross coupling reactions,

013041 1°%1 (syntheses not

we prepared literature known boron-pinacol ester 45 and vinyl stannane 45
shown), both representing an alternative eastern fragment 452. Next, their reactivity in a Suzuki or a

Stille coupling with enol triflate 446 was explored to obtain intermediate 449. For this purpose, we
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initially altered the solvents as well as the source of Pd” using boron species 450 as coupling
partner (Table 5.2, Entries 1-3).%! However, solely decomposition of the starting material was
observed. Unfortunately, submission of enol triflate 446 to reaction conditions for a Stille coupling

with stannane 451 also resulted in decomposition of the substrate (Entries 4, 5).°%")

5.4 Conclusion and Future Directions

This chapter detailed our preliminary studies directed toward the synthesis of the potent GPI anchor
inhibitor YW 3548 (112), focusing on the preparation of a suitable western fragment. Within these
endeavors, we enantioselectively constructed enol triflate 446 in a concise five-step sequence starting
from Evans auxiliary 436 (cf. Chapter 5.3). In addition, we conducted initial experiments on the ability
of enol triflate 446 to undergo Pd-catalyzed coupling reactions. Although the preparation of the
corresponding vinyl stannane 430 has not been accomplished yet, we were pleased to find that enol
triflate 446 engaged smoothly in a Suzuki coupling with phenylboronic acid.

Since initial investigations to install an exomethylene moiety with organometallic reagents via Suzuki

308]

or Stille coupling remained unsuccessful,>**! a thorough screening with variation of temperature,

solvent, base, Pd-sources and ligands should be performed in future to accomplish a synthesis of

intermediate 453 (Scheme 5.5). In addition, other reaction partners such as boronic acids,?* BF,KP'

[311

salts or organozinc species”''! should be explored. It should be noted that side reactions such as an

intramolecular Heck reaction might occur when using ‘real’ coupling partner 452. In this case, an

[312]

alternative strategy could be investigated that involves a direct addition of a cuprate species” ~ or an

313

organotitanium reagent”"! to enol triflate 446. However, such a protocol could be accompanied by a

C-C bond fragmentation/ring opening of cyclic vinylogous acyl triflate 446 as described by Dudley

[301,314]

for the addition of Grignard and organolithium nucleophiles.
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Scheme 5.5 Potential strategies for the combination of fragments en route to the tetracyclic backbone 457 of YW 3548 (112).
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Alternatively, one could explore a NHK coupling®”! of vinyl triflate 446 with aldehyde 455 to form
secondary alcohol 456. However, the synthesis of this or the related eastern fragment 452 has not been
examined to date. Along the lines of the NHK reaction, it might be worth to investigate the
transformation of vinyl triflate 446 into the corresponding vinyl bromide 454 following a recently

B315316) Sych strategy would not only represent the preparation of another coupling

published procedure.
partner for Pd-catalysis, but would also pave the way for a strategy hinging on a nucleophilic attack of
the corresponding lithium species on aldehyde 455. Overall, enol triflate 446 seems to be a valuable
and readily accessible intermediate offering multiple possibilities for further investigations. If the task
of fragment combination can be solved, the next challenge would be the closure of the central eight-
membered ring by RCM. Ultimately, the endgame proposed in the retrosynthetic analysis should

culminate in the first preparation of the tetracyclic backbone 457 of YW 3548 (112).
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6 SUMMARY

In summary, this Ph.D. thesis detailed our progress toward the total synthesis of the type A
trans-hydrindane iso-propyl sesterterpenoids astellatol (103), nitiol (110) and YW 3548 (112). Our
program commenced with the evolution of an enantioselective route to three versatile building blocks
suitable for synthetic studies toward these and structurally related natural products. Starting form
enantiomerically pure diketone 116, we prepared enone 194 in a multistep sequence on decagram
scale, which in turn underwent a counterintuitive, but diastercoselective cuprate addition to furnish
alkene 220 as the sole diastereomer (Scheme 6.1). Interestingly, the relative configuration at the newly
introduced stereogenic center matched the one found in our target molecules. This result constituted a
major achievement since it allowed for the selective installation of a cis-relationship between the
angular methyl group and the isopropylene residue on a trans-hydrindane portion, a configuration

which is otherwise difficult to address.
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- <

1) HNNH 1) PPTS
2) PPTS 2) TBSCI
—_—
Me
\BH>
253 ‘
NaOH, H202

251 initial ratio: 3.7:1 192
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Scheme 6.1 Divergent asymmetric synthesis of versatile building blocks ent-141, 190 and 191 suitable for type A trans-
hydrindane iso-propyl sesterterpenoids, and X-ray structures of important intermediates.
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In the following investigations, we serendipitously discovered a highly selective diversification of
ketone 220 utilizing hydrogenation conditions (Scheme 6.1). Whereas the use of Pd/C as a catalyst
resulted in an almost complete inversion of the stereochemistry at the former allylic stereogenic center
furnishing bicycle 222 in 91% yield, subjection of alkene 220 to PtO, under an atmosphere of
hydrogen exclusively afforded the desired f-isomer 246 in 93% yield. Notably, we exploited this rare
observation of an alkene isomerization under hydrogenation conditions in useful ways. On the one
hand, we prepared ketone ent-141 in a four-step reaction sequence starting from a-epimer 222. On the
other hand, ketone 246 was converted to alkene 221 via a highly efficient Pd-catalyzed
hydrodetriflation. A subsequent straight-forward two-step protocol then provided building block 190.
Whereas ketone ent-141 has been an intermediate in Corey’s and Hudlicky’s total syntheses of the
pentacarbocyclic architecture of retigeranic acid A (101), its diastereomeric counterpart 190 could
serve as the starting point for the first preparation of retigeranic acid B (102). Efforts toward this
synthesis are currently under investigation by Florian M. E. Huber, a graduate student in the Trauner
laboratories. Furthermore, these studies enabled us to access a third frans-hydrindane building
block 191, which contains an oxidized site in the cyclopentane moiety by diversification of
alkene 221. An extensive screening of hydroboration conditions revealed that the use of the chiral
borane 253 gave the best results in respect to the regioselectivity. With this protocol, alcohols 192
and 251 were obtained in a synthetically useful ratio of 3.7:1 in favor of the desired product 192. The
reaction as well constituted a matched case of double diastereoselection. Upon careful flash column
chromatography in the subsequent steps, we succeeded in the isolation of pure ketone 191. Overall,
this developed first-generation route was as envisaged robust and scalable and allowed for the
preparation of multigram quantities of versatile intermediates 190 and 191 albeit requiring a total of 19
and 20 steps, respectively. Since 'H and 2D NMR analysis was often thwarted by overlaying signals,
our studies heavily relied on X-ray crystal structure analysis for unambiguous structure elucidation.
Moreover, the observed stereochemical surprises emphasize a meticulous analysis of products, even
with seemingly straight-forward reactions.
KHMDS;

Et;3B; \/\B
Pd(PPh3),

268 astellatol (103)

Scheme 6.2 Progress toward astellatol (103): installation of the stereogenic centers at C-9 and C-10 in alkene 268 by a series
of diastereoselective operations starting from building block 191.
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After the successful preparation of building blocks ent-141, 190 and 191, we launched further studies
toward type A trans-hydrindane iso-propyl sesterterpenoids. The major portion of these investigations
was focused on intermediates en route to the unique pentacarbocyclic structure of astellatol (103). To
this end, we initially opted to secure a reliable route for the installation of two adjacent stereogenic
centers at C-9 and C-10 (astellatol numbering) and decided to take advantage of the conformational
bias of a tricyclic system. As ketone 191 proved to be complicated to alkylate at C-9 under standard
conditions, we resorted to a Pd-catalyzed allylation of the corresponding boron enolate to yield
ketone 302 (Scheme 6.2). Further reactions including two highly diastereoselective transformations, a
reagent-controlled reduction and a substrate controlled methylation, gave lactone 269 as single
diastereomer that in turn was elaborated to alkene 268 in several steps. The key feature of this protocol
was a chemoselective deprotective Swern oxidation, requiring a careful optimization of reaction
conditions regarding temperature and time. Notably, at this stage the final fragment 268 incorporated

the correct relative configuration at six out of ten stereogenic centers found in astellatol (103).

Ot-Bi B
: M[ e f 9 steps ! H{ }e EOt u 6 steps
A Et,SiO" Iél
207
biomimetic Me
cationic Me Of-Bu
cascade
--------- »
320 321 368

Scheme 6.3 First generation approach en route to tricycle 328: attempted RCM of triene 320.

As this reaction sequence had been previously established on a more easily accessible model
system 207, we performed further studies toward the synthesis of astellatol (103) utilizing alkene 299
as the branching point. This intermediate 299 was synthesized on multigram scale and four strategies
to assemble the pentacyclic carbon skeleton of astellatol (103) were examined in the course of this
Ph.D. thesis. Three of these routes hinged on the preparation of a strained 11-membered
macrocycle 321, the precursor for an envisaged biomimetic cationic cascade to prepare
pentacycle 368 (Scheme 6.3). In our first approach, we elaborated alkene 299 in several synthetic
operations to triene 320 featuring a B-alkyl Suzuki coupling and a second deprotective Swern
oxidation as key elements. Unfortunately, the investigated RCM reaction conditions have not yet
effected a ring closure to macrocycle 321 but rather furnished the homodimer, arising from cross
metathesis at the more easily accessible terminal vinyl moiety (cf. Chapter 3.4).

In a second route, alkene 299 was converted to vinyl silane 342 in a multistep sequence involving a
regioselective Pd-catalyzed silylstannylation and a diastereoselective vinyl lithium addition as key
transformations (Scheme 6.4). While investigating the required iododesilylation to prepare vinyl

iodide 328, the precursor for a B-alkyl Suzuki macrocyclization, an undesired iodoetherification took
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place (c¢f- Chapter 3.5). Initial experiments to circumvent this side reaction have failed so far, and this
strategy thus will be studied more thoroughly in future experiments. In addition, we designed an
approach involving a late-stage alkene installation and already prepared alkyne 350, which needs to be

elaborated to vinyl iodide 328.
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9 steps
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in initial experiments
k4 328 aBalkyl
,’/' *. Suzuki
S X$

M
GH Me Ot-Bu
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E PR <
tgslo A
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321

7
’ via allylation/
C-S bond cleavage

Me Ot-Bu

OTBS
367 352

Scheme 6.4 Progress toward constructing the macrocycle in key substrate 321: successful synthesis of advanced
intermediates and future milestones for the B-alkyl Suzuki and the allylation approach, respectively.

In contrast to the two earlier routes which rely on modern transition metal catalysis to close the
11-membered ring, a third strategy was based on an intramolecular allylation of sulfone 352. To this
end, alkene 299 was elaborated to alcohol 367 by sequential B-alkyl Suzuki coupling, vinyl lithium
addition and selective functional group manipulations (Scheme 6.4). The remaining two steps for the
synthesis of allyl chloride 352 have not been examined in the course of this Ph.D. thesis and will be
explored in near future. Notably, the prepared intermediates 320, 342 and 352 and contain all

22 carbon atoms necessary for the construction of tricycle 321.

via ketene-alkene
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I .
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3
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299 382 369

Scheme 6.5 Progress toward the assembly of pentacycle 369 via a thermal [2+2]-cycloaddition: synthesis of ketone 382.

As an alternative to the highly challenging preparation of astellatol (103) via a bioinspired cationic
cascade starting from tricycle 321, we embarked on efforts toward the installation of the carbon
backbone by an intramolecular [2+2]-cycloadditon. In these studies, alkene 299 served again as the

starting point and was elaborated to ketone 382 utilizing a B-alkyl Suzuki coupling (Scheme 6.5). In
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initial experiments on an analog bearing a methyl instead of the PMB ether, we partially succeeded in
homologating the ketone functionality to an aldehyde (c¢f. Chapter 3.7). Thus, we are optimistic that
the reaction conditions can be optimized soon. If this task is realized, the developed protocols need to
be tested on ketone 382 in order to prepare the substrate for the envisaged key ketene-alkene

cycloaddition to construct pentacycle 369.

Ph
Me 6 steps EtO
h = 8
o —~/ via ozonolysis/ )\O
H = Johnson-Claisen o
/\ rearrangement via diol cleavage: ent-397
. a-oxygenation revealed
ent-141 412 \ poor conversion so far 4 steps
\‘\ via Sakurai
allylation
5 steps /\/'\'Ai)?\ Me
el 3 R ot A N/\(Ph
via ozonolysis/ /\ via Kallmerten-Burke H = | OH
Grignard addition/ (I) rearrangement/ RO /\ 2
esterification 418 TBS diol cleavage R - TBDPS: 393 39
R =TBS: 422

aw

via Myers alkylation/
dienyne metathesis

oH /

18-epi-nitiol (424) nitiol (110)

Scheme 6.6 En route to 18-epi-nitiol (424): successful synthesis of western fragment 392 and progress toward the
preparation of alkyl iodides 393 and 422.

Beside these extensive studies toward astellatol (103), we investigated the total synthesis of the
tricyclic sesterterpenoid nitiol (110). Since the surprising stereochemical outcome of the
hydrogenation of ketone 220 in the presence of Pd/C was only established at a later stage, substantial
amounts of ketone ent-141 were still left. This material was employed for model studies toward the
C-18 epimer 424 of nitiol (110). In our initial approach toward a suitable eastern fragment 393 or 422,
we accomplished the synthesis of ester 412 starting from ketone en#-141 in several steps that included
an ozonolysis of a regioselectively generated silyl enol ether and a Claisen-Johnson rearrangement to
install the trisubstituted alkene (Scheme 6.6). As attempts to shorten the side chain by one carbon atom
met with little success, we prepared ester 418 in a second-generation route. This compound 418
constitutes a precursor for a Kallmerten-Burke rearrangement and has the additional oxygen
functionality already in place to later conduct a diol cleavage. In preliminary studies, we already
observed the desired product originating from the desired sigmatropic rearrangement. Thus future
explorations should address experiments along the lines of this promising result. In addition, we
succeeded in the synthesis of the western fragment 392, comprising a pseudoephedrine auxiliary for
the envisaged fragment union by a Myers alkylation. The preparation of amide 392 commenced with
diastereoselective 1,4-additions under cuprate or Sakurai conditions, which interestingly required the

use of enantiomeric Evans-auxiliaries 397 (cf. Chapter 4.3). In the course of these studies, the Sakurai
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reaction turned out to be more convenient on larger scale albeit less diastereoselective. Ultimately,
simple saponification of the chiral auxiliary and an EDCI mediated coupling with pseudoephedrine

gave the desired fragment 392.

Pd(PPhg), A
PhB(OH), Me.,, Ph
>
| o
0 5 448
Q 5 steps
\) — Me,, oTf
N~ o | T RCM
= via Heathcock O
S anti-aldol/ o
Dieckmann 0 Me )
condensaton ~  _ k------ > ., Ve
436 446 0000 eeee-e- >

OH ~ cross
O coupling
YW 3548 (112)

Scheme 6.7 En route to YW 3548 (112): enantioselective five-step synthesis of enol triflate 446, obtained coupling
product 448 and key disconnections for the construction of the central eight-membered ring.

The last part of this Ph.D. thesis discussed the studies toward a &-lactone 446, which might serve as a
valuable intermediate for the total synthesis of the structurally intriguing GPI anchor inhibitor
YW 3548 (112). We exploited the Heathcock anti-aldol protocol to establish two adjacent
stereocenters with high diastereoselectivity. In this reaction, the syn-selectivity of a standard Evans
aldol reaction is inverted by adding a second equivalent of Bu,BOTT. Further synthetic operations
including a Dieckmann condensation to close the six-membered ring with concomitant cleavage of the
amide auxiliary 436 furnished enol triflate 446 (Scheme 6.7). While attempts to convert this
compound 446 to the corresponding vinyl stannane have not been successful yet, we demonstrated the
ability of enol triflate 446 to engage in Pd-catalyzed cross coupling reactions by preparing alkene 448.
In future directions, a thorough screening of reaction conditions such as ligands, solvents,
temperatures and the careful choice of a suitable coupling partner will be required in order to construct
the tetracyclic architecture of YW 3548 (112).

Overall, the pursued strategies presented in this Ph.D. thesis constituted significant progress toward
the first total synthesis of any type A trams-hydrindane iso-propyl sesterterpenoid, exhibiting a
sterically encumbered trans-hydrindane portion with an iso-propyl moiety residing in a cis-
relationship with the angular methyl group. The developed robust and scalable route to various
versatile building blocks provided a basis for further efforts toward these structurally intriguing natural
products that are currently under investigation in the Trauner laboratories. Thus, these challenging
architectures will certainly continue to inspire and train a new generation of synthetic chemists, which

will hopefully access one of these sesterterpenoids in the near future.



EXPERIMENTAL SECTION






1 General Working Methods 113

1 GENERAL WORKING METHODS

All reactions were magnetically stirred and carried out under a positive pressure of inert-gas (N, or
argon) utilizing standard Schlenk-techniques. Glassware was dried in an oven at 120 °C and
repeatedly at 650 °C in vacuo prior to use. Liquid reagents and solvents were added by syringes or
oven-dried stainless steel cannulas through rubber septa. Solids were added under inert gas counter
flow or were dissolved in appropriate solvents. Low temperature reactions were carried out in a Dewar
vessel using a cryo cooler or filled with a cooling agent: acetone/dry ice (—78 °C), acetonitrile/liquid
N, (—40 °C), NaCl/ice (20 °C) or ice/water (0 °C). Reaction temperatures above room temperature
were conducted in a heated oil bath. High pressure reactions were conducted in a miniclave steel
apparatus from BUCHI AG. Drying of organic extracts over MgSO, or Na,SO, implicates a
subsequent removal of the drying agent by filtration and rinsing of the filter cake with an appropriate

solvent. Yields refer to isolated homogeneous and spectroscopically pure materials.

Solvents and reagents

Tetrahydrofurane (THF) and diethyl ether (Et,O) were distilled under N, atmosphere from
Na/benzophenone as drying agent prior to use. Triethylamine (Et;N), diisopropylamine (DIPA) and
Hiinig’s base (DIPEA) were distilled under N, atmosphere from CaH, as drying agent prior to use.
Further dry solvents such as dichloromethane (CH,Cl,), N,N-dimethylformamide (DMF),
acetonitrile (MeCN), acetone, methanol (MeOH), benzene and toluene were purchased as ‘Extra Dry
over Molecular Sieves’ from Acros Organics and were used as received.
Hexamethylphosphoramide (HMPA) was distilled from CaH, in vacuo and stored over molecular
sieves under an atmosphere of N,. Solvents for extraction, crystallization and flash column
chromatography were purchased in technical grade and distilled under reduced pressure prior to use.
(S)-Alpine-Boramine™, (R)-Alpine-Boramine'", 9-BBN dimmer and CBS catalyst 375 were
purchased from Sigma-Aldrich and stored in a UNIlab glove-box from MBRAUN. Methyl vinyl
ketone (MVK, 122) was purchased in technical grade (90%) and distilled immediately prior to use.
Allyl bromide was distilled prior to use and stored under an atmosphere of N,. Et;B was purchased
neat and appropriate solutions in degassed THF (freeze-pump-thaw method) were freshly prepared
immediately prior to use. The following reagents were prepared according to literature procedures:
Evans auxiliaries 397, ent-397°* and 436, oxazolidinone 403,°%°! vinyl iodide 307,
PMB ether 329,%" Ohira-Bestmann reagent (336),°'” vinyl iodide 356,**! vinyl iodide 363,**"!
vinyl iodide 377,2%) pinacol borate 450, vinyl stannane 451,°% pMP,”® Bu,BOTL,**
MoOPH.?”! All other reagents and solvents were purchased from chemical suppliers (Sigma-Aldrich,

Acros Organics, Alfa Aesar, Merck, Strem, ABCR, TCI Europe) and were used as received.
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Chromatography

Reactions and chromatography fractions were monitored by qualitative thin-layer chromatography
(TLC) on silica gel F,s54 TLC plates from Merck KGaA. Analytes on the glass plates were visualized by
irradiation with UV-light and/or by immersion of the TLC plate in an appropriate staining solution
followed by heating with a hot-air gun (350 °C). The following staining solutions were applied:
e p-anisaldehyde staining solution (3.7 mL p-anisaldehyde, 5.0 mL concentrated aqueous
H,S0,, 1.5 mL glacial AcOH, 135 mL EtOH).
e CAM staining solution (5.0 g, Ce(SQOy),, 25 g (NH4)¢M07,0,4-4H,0, 50 mL concentrated
aqueous H,SO,, 450 mL H,0).
e KMnO; staining solution (3.0 g KMnOQOy, 20 g K,COs, 5.0 mL aqueous 5% NaOH, 300 mL
H,0).
e DNP staining solution (12 g 2,4-dinitrophenylhydrazine, 60 mL concentrated aqueous H,SO,,
200 mL EtOH, 80 mL H,0).
Flash column chromatography was performed on Geduran® Si60 (40—63 pm) silica gel from Merck
KGaA. All fractions containing a desired substrate were combined and solvents were removed under

reduced pressure followed by drying in high vacuo (107> mbar).
NMR spectroscopy

NMR spectra were recorded by the analytic section of the Department of Chemistry of the Ludwig-
Maximilians-Universitit Miinchen using Bruker AXR300, Varian VXR400 S and Bruker AMX600
spectrometers operating at 300 MHz, 400 MHz and 600 MHz for proton nuclei (75 MHz, 100 MHz,
150 MHz for carbon nuclei). CDCI;, CD,Cl, and C¢D¢ were purchased from Sigma-Aldrich and
Euriso-top. The "H NMR shifts are reported in ppm related to the chemical shift of TMS. 'H NMR
shifts were calibrated to residual solvent resonances: CDCl; (7.26 ppm), CD,Cl, (5.32 ppm)
C¢Ds (7.16 ppm). *C NMR shifts were calibrated to the center of the multiplet signal of the residual
solvent resonance: CDCl; (77.16 ppm), CD,Cl, (54.00 ppm), CsD¢ (128.37 ppm).

'H NMR spectroscopic data are reported as follows: Chemical shift in ppm (multiplicity, coupling
constants J, integration intensity). The multiplicities are abbreviated with s (singlet), br s (broad
singlet), d (doublet), t (triplet), q (quartet), m (multiplet) and mc (centrosymmetric multiplet). In case
of combined multiplicities, the multiplicity with the larger coupling constant is stated first. Except for
multiplets, the chemical shift of all signals, as well for centrosymmetric multiplets, is reported as the
center of the resonance range. Additionally to recording 'H and C NMR spectra, 2D NMR
techniques such as homonuclear correlation spectroscopy (COSY), heteronuclear single quantum
coherence (HSQC), heteronuclear multiple bond coherence (HMBC), nuclear Overhauser
enhancement correlation spectroscopy (NOESY) were used to assign signals. Thereby, the numbering

of the carbon skeleton does not correspond to the [IUPAC nomenclature. If two signals could not be
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assigned unambiguously by these methods, the assigned carbon atoms are marked as “*’°, ‘**’_ etc. and
the assignment is interchangeable. Coupling constants "J, between protons A and B across n bonds
are reported in Hz, if an assignment of the two coupling partners was possible. Otherwise, coupling
constants are given as J in Hz. Diastereotopic protons were named as H, and Hp with Hu
corresponding to the more downfield-shifted signal. All NMR spectra were analyzed using the

program MestRe NOVA 5.2.0 from Mestrelab Research S. L.
Mass spectrometry

All mass spectra were measured by the analytic section of the Department of Chemistry of the
Ludwig-Maximilians-Universitdit Miinchen. Mass spectra were recorded on the following
spectrometers (ionization mode in brackets): MAT 95 (EI) and MAT 90 (ESI) from Thermo Finnigan
GmbH or JMS-700 (FAB) from Jeo! Ltd. Mass spectra were recorded in high-resolution and the only
characteristic molecule fragments or molecule ion peaks are indicated for each analyte. The method

used is reported at the relevant section of the experimental part.
IR spectroscopy

IR spectra were recorded on a PerkinElmer Spectrum BX II FT-IR system. All substances were
dissolved in CH,Cl, and directly applied on the ATR unit. The measured wave numbers are reported

in cm™' and the band intensities are described with br (broad), s (strong), m (medium) and w (weak).
Melting points

Melting points were measured on a B-540 melting point apparatus from BUCHI Labortechnik AG and

are uncorrected.
Optical rotation

Optical rotation values were recorded on a polarimeter PS000-T from A. Kriiss Optronic GmbH or on

a PerkinElmer 241 polarimeter. The specific rotation is calculated as follows:

s |a]-100
) = L

The wave length A is reported in nm and the measuring temperature 4 in °C.  resembles the recorded
optical rotation at the apparatus, ¢ the concentration of the analyte in 10 mg/mL and d the length of the
cuvette in dm. Thus, the specific rotation is given in 107'-deg-cm*g™'. Usage of the sodium D
line (A= 589 nm) is indicated by D instead of the wavelength in nm. The respective concentration as

well as the solvent is denoted in the analytical part of the experimental description.
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2 EXPERIMENTAL PROCEDURES

2.1 Experimental Procedures for Chapter 2: ‘A Unified Approach

toward trans-Hydrindane iso-Propyl Sesterterpenoids’

Synthesis of the ESWHP Ketone (116)

0 122 D—COOH

= N
o) (1.8eq.) o) o no 198
Me AcOH (5.3 mol-%) Me (3.0 mol-%)
> —_—
H,0, 75 °C, 4 h DMF, t, 4 d
0 o
196 197
Me O 10
° H,S0, Me D
> 789
o DMF, 95 °C, 4.5 h e
OH o 5

(55% over three

200 steps, 96% ee)

116
m=16425 gmol
To a suspension of diketone 196 (100 g, 890 mmol, 1.0 eq.) in H,O (220 mL) was added
methylvinylketone (122, 130 mL, 1.59 mol, 1.8 eq.) followed by AcOH (2.70 mL, 47.0 mmol,
5.3 mol-%). The reaction apparatus was shielded from light and the mixture was heated to 75 °C for
4 h. The reaction was allowed to cool to room temperature and the product was extracted with
CH,CI, (1 x 500 mL, 2 x 100 mL). The combined organic layers were washed with saturated aqueous
NaCl (1 x 300 mL, 1 x 200 mL) and the combined aqueous layers were re-extracted with CH,ClI, (2 x
150 mL). The combined organic layers were dried over MgSO, and the solvent was removed under
reduced pressure to afford crude triketone 197 (147 g, 808 mmol, 91%) as a light-orange oil, which
was used without further purification.
A light-protected suspension of (S)-proline (198, 2.80 g, 24.3 mmol, 3.0 mol-%) in DMF (607 mL)
was degassed four times (evacuated and backfilled with N,) and stirred at 16 °C for 1 h. Then, a
solution of crude triketone 197 (147 g, 808 mmol, 1.0 eq.) in DMF (200 mL + 2 x 25 mL rinse) was
added and the mixture was degassed four times. After slowly warming to room temperature and
stirring for an additional four days at ambient temperature, the reaction was judged to be complete by
TLC and the mixture, containing crude bicycle 200, was used in the next step without further
purification.
Initially, a solution of H,SO, in DMF was prepared by dropwise addition of concentrated
H,S04 (6.36 mL) to DMF (116 mL) at —21 °C.
The above prepared mixture of crude bicycle 200 in DMF was heated to 95 °C. When the external
temperature reached 75 to 80 °C, an aliquot of the H,SO, solution (58 mL) was added. After stirring
for 1 h at 95 °C, another aliquot of the H,SO, solution (23 mL) was added and the mixture was stirred
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for an additional 3.5 h at this temperature, before being allowed to cool to room temperature. The
solvent was removed under reduced pressure and the resulting residual dark brown oil was dissolved
in CH,Cl, (1.1 L). The organic layer was washed with NaCl-saturated H,SO, (1M, 2 x 500 mL), NaCl-
saturated aqueous saturated NaHCO; (2 x 500 mL) and with saturated aqueous NaCl (500 mL). Each
aqueous layer was extracted with the same fraction of CH,Cl, (2 x 500 mL). The combined organic
layers were dried over MgSQO, and the solvent was removed under reduced pressure. The residual
brown oil was dissolved in EtOAc and the solution was filtered over dry silica. The product containing
fractions were combined and the solvent was removed under reduced pressure to obtain a brownish
solid. Such material was subjected to bulb-to-bulb distillation (210 °C, 0.4 mbar) giving a pale yellow
solid. Finally, recrystallization (Et,0O/hexanes) afforded diketone 116 (80 g, 488 mmol, 55% over three

steps, 96% ee) as colorless crystals, which were suitable for X-ray analysis.

R;=0.30 (hexanes:EtOAc = 1:1).

Melting point = 63.0-64.0 °C (Et,O/hexanes).

'H NMR (300 MHz, CDCls): 6= 5.93 (m¢, 1H, 5-H), 2.93 (m¢, 1H, 3-H,), 2.82-2.67 (m, 2H, 2-H,,
3-Hg), 2.56-2.33 (m, 3H, 2-Hg, 7-H), 2.07 (ddd, *Jsass = 13.5 Hz, *Jga; = 5.1, 2.2 Hz, 1H, 8-H,),

1.82 (ddd, *Jspsa = *Jsprn = 13.7 Hz, *Jygr = 5.6 Hz, 1H, 8-Hg), 1.29 (s, 3H, 10-H) ppm.

3C NMR (75 MHz, CDCLy): § = 216.6 (C-1), 198.2 (C-6), 169.8 (C-4), 123.9 (C-5), 48.8 (C-9),
36.0 (C-2), 33.0 (C-7), 29.3 (C-8), 26.9 (C-3), 20.7 (C-10) ppm.

EI-MS for C10H1202+ [M+]Z caled. 164.0832
found 164.0831.

IR (ATR): d/em ™ = 2932 (w), 2871 (w), 1745 (s), 1667 (s), 1448 (w), 1348 (w), 1232 (w), 1148 (w),
1060 (W), 866 (W).

[o] = +332.0 (c 1.00, toluene).

The analytical data matched those reported previously.!'*!)
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Synthesis of Alcohol 201

NaBH
(@) 4 10
Me (0.30 eq.) Me OH
EtOH, -18 ° 6
; =
o 45h o7~
116 (quant) 201
quant. C1oH1402

M = 166.22 g/mol

Due to the limited capacities of Dewar vessels, two experiments were set up in parallel: To a solution
of diketone 116 (25.4 g, 155 mmol, 1.0 eq.) in EtOH (400 mL) at —18 °C was added dropwise a
solution of NaBH, (1.76 g, 46.6 mmol, 0.30 eq.) in EtOH (275 mL) within 3.5 h (dropping funnel) and
the mixture was stirred for an additional 1 h at this temperature. Then, the reaction was quenched by
slow addition of aqueous HCI (2M) until the pH was adjusted to approximately 6. Both
experiments (50.5 g of diketone 116 in total) were combined and the solvent was evaporated under
reduced pressure. The resulting residue was partitioned between EtOAc (500 mL) and saturated
aqueous NaCl (125 mL) and the aqueous layer was extracted with EtOAc (3 x 125 mL). The combined
organic layers were dried over MgSO, and the solvents were evaporated under reduced pressure. The
thus obtained crude product was purified by flash column chromatography (silica, CH,Cl,:MeOH =
93:7) to yield title compound 201 (51.2 g, 308 mmol, quant.) as a pale yellow wax.

R,= 0.23 (CH,CL,:MeOH = 93:7).

'H NMR (300 MHz, CDCLy): & = 5.76 (mc, 1H, 5-H), 3.83 (dd, *J,» = 10.3, 7.6 Hz, 1H, 1-H),
2.69 (me, 1H, 3-Hy), 2.57-2.31 (m, 4H, 3-Hs, 7-H, OH), 2.18-2.05 (m, 2H, 2-H,, 8-H,),
1.88—1.70 (m, 2H, 2-Hp, 8-Hp), 1.13 (s, 3H, 10-H) ppm.

3C NMR (75 MHz, CDCL): & = 199.5 (C-6), 175.5 (C-4), 123.5 (C-5), 80.7 (C-1), 45.3 (C-9),
34.2 (C-8), 33.4 (C-7), 29.2 (C-2), 26.6 (C-3), 15.2 (C-10) ppm.

EI-MS for C;oH40," [M*]: caled.  166.0988
found  166.0980.

IR (ATR): d/em™ = 3400 (br s), 2967 (m), 2867 (W), 1643 (s), 1417 (w), 1349 (m), 1322 (w),
1201 (m), 1086 (m), 1074 (m), 1034 (w), 956 (W).

[a ] =+78.6 (c 1.00, CH,CL).

The analytical data matched those reported previously.!'”'*
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Synthesis of Enone 203

isobutylene (202, 9.0 eq.)

BF4.OEt, (0.34 eq.) %
OH 3:OED 10
Me HzPO, (0.34 eq.) Me 97
3 12
7 9
oi i '> CH,Cly, 78 °C 6 /

tort,20 h (0] ? 4
201 (88%) 203
° C14H220,

M = 222.32 g/mol

To a solution of alcohol 201 (40.7 g, 245 mmol, 1.0 eq.) in CH,Cl, (400 mL) at —78 °C was added
isobutylene (202, approximately 200 mL, 2.23 mol, 9.0 eq.) and H3PO,4 (100%, 4.50 mL, 0.34 eq.)
followed by BF;-OEt, (10.3 mL, 83.5 mmol, 0.34 eq.). The reaction was stirred for 2 h at —78 °C and
was then allowed to warm to room temperature. After stirring for an additional 18 h at room
temperature, the reaction was quenched by addition of aqueous NH,OH (2M, 400 mL). The layers
were separated and the aqueous layer was extracted with CH,Cl, (3 x 350 mL). The combined organic
layers were dried over MgSO, and the solvents were evaporated under reduced pressure. The crude
product was purified by flash column chromatography (silica, hexanes:EtOAc = 3:1 to 2:1) to yield
enone 203 (47.8 g, 215 mmol, 88%) as a colorless solid.

R;=0.51 (hexanes:EtOAc = 3:1).
'H NMR (300 MHz, CDCl;): 6= 5.74 (m¢, 1H, 5-H), 3.55 (dd, *J;» = 9.8, 7.3 Hz, 1H, 1-H), 2.67 (mc,
1H, 3-H,), 2.49 (ddd, J=17.7, 14.3, 5.2 Hz, 1H, 7-H,), 2.41-2.28 (m, 2H, 3-Hg, 7-Hg), 2.05-1.90 (m,

2H, 2-H,, 8-Hy), 1.85-1.64 (m, 2H, 2-Hy, 8-Hy), 1.16 (s, 9H, 12-H), 1.09 (s, 3H, 10-H) ppm.

3C NMR (75 MHz, CDCLy): & = 199.5 (C-6), 175.6 (C-4), 123.0 (C-5), 79.8 (C-1), 73.2 (C-11),
44.9 (C-9), 34.5 (C-8), 33.6 (C-7), 29.7 (C-2), 28.8 (C-12), 27.0 (C-3), 15.8 (C-10) ppm.

EI-MS for C14H2302+ [(M+H)+] caled. 223.1685
found 223.1693.

IR (ATR): d/cm™" = 2973 (m), 2936 (w), 1671 (s), 1464 (w), 1419 (w), 1390 (w), 1364 (w), 1218 (m),
1199 (m), 1092 (m), 1028 (w), 1005 (W), 956 (w), 891 (w).

[a]) =+49.9 (¢ 1.00, CHCL).

The analytical data matched those reported previously.!*”
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Synthesis of Carboxylic Acid 205

M
M Ot-Bu \O Qo)l\o/
€ 204 (35eq.)
o DMF, 130 °C, 4 h
203 (82%, two cycles) HO™ ~O
205
C5H2004

M = 266.33 g/mol

To a solution of indenone 203 (56.9 g, 256 mmol, 1.0 eq.) in DMF (560 mL) was added MMC (204,
450 mL of a 2M solution in DMF, 900 mmol, 3.5 eq.) and the mixture was degassed (N, bubbling) for
30 min. Then, the reaction vessel was placed in an oil bath (pre-heated to 130 °C) and the mixture was
stirred for 4 h at 130 °C (Caution: initially vigorous gas evolution). The mixture was allowed to cool
to room temperature and then further cooled to 0 °C before slowly adding aqueous HCI (2N) until the
solution solidified. Thereafter, Et,0 (500 mL) was added followed by concentrated aqueous HCI until
the pH was adjusted to 2—3 and two homogenous layers were formed (Caution: slow addition of HCI
is necessary due to gas evolution). The phases were separated and the aqueous layer was extracted
with Et,0O (4 x 600 mL, 1 x 400 mL). The combined organic layers were splitted into two
equivolumetric parts and each aliquot was washed with 10% aqueous NaCl (300 mL acidified with
HCI to pH = 2-3). The aqueous layers were re-extracted with Et,0 (2 x 300 mL) and the combined
organic layers were dried over MgSQ,. Having evaporated the solvents under reduced pressure, the
crude product was recrystallized from hexanes at —78 °C to yield acid 205 (35.4 g, 133 mmol, 52%).
The mother liquor was concentrated and subjected to flash column chromatography (silica,
hexanes:EtOAC:HOAc = 8:1:0.045 to 8:1:0.09 to 4:1:0.09 to yield additional acid 205 (9.27 g,
34.8 mmol, 14%) along with recovered starting material 203 (16.6 g, 74.8 mmol, 29%), which was
subjected to another cycle as described above.

Overall, indenone 203 (56.9 g, 256 mmol) was converted to acid 205 (55.7 g, 209 mmol) in 82% yield.

Crystals suitable for X-ray analysis were obtained by slow evaporation of a solution of acid 205 in

hexanes.

Ry=0.18 (hexanes:EtOAc = 4:1, 1% HOAc).

'H NMR (300 MHz, CDCly): 6= 3.65 (dd, *J;, = 10.3, 7.1 Hz, 1H, 1-H), 3.34-3.08 (m, 2H, 3-H),
2.77 (ddd, 2J5/75 = 18.8 Hz, *Jras = 14.1, 5.7 Hz, 1H, 7-H,), 2.62 (ddd, *Jo574 = 18.9 Hz, *Jops = 5.6,
2.0 Hz, 1H, 7-Hg), 2.11-1.98 (m, 2H, 2-H,, 8-H,), 1.93—-1.73 (m, 2H, 2-Hg, 8-Hg), 1.17 (s, 12H,
10-H, 12-H) ppm.
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3C NMR (75 MHz, CDCL): & = 202.9 (C-6), 196.3 (C-13), 164.3 (C-4), 120.5 (C-5), 78.9 (C-1),
73.6 (C-11), 48.4 (C-9), 33.6 (C-7), 32.0 (C-8), 31.5 (C-3), 30.1 (C-2), 28.7 (C-12), 16.4 (C-10) ppm.

ESI-MS for C15H2104_ [(M—H)_] calcd. 265.1445
found  265.1441.

IR (ATR): ¥/em™ = 2979 (m), 2943 (w), 1737 (s), 1630 (s), 1390 (m), 1352 (m), 1284 (w), 1264 (w),
1193 (m), 1103 (m), 1031 (w), 1020 (w), 941 (w).

[a]) =+30.2 (c 1.00, CHCL).

The analytical data matched those reported previously.!'*”"**!
Synthesis of Ketone 207
H» (50 psi)
Me OtBU  pg/Baso, Me Ot-Bu 10 O/%
(2.5 mol-%) vacuo Me ' 11
—_— —_— 7873
(6) MeOH, rt, 3 h (0] neat, 90 °C 65 4L
COOH COOH Th o ¥
205 206 (59% over 207
two steps) Cy4H2405

M = 224.34 g/mol
To a solution of carboxylic acid 205 (25.3 g, 94.8 mmol, 1.0 eq.) in MeOH (200 mL) was added
Pd/BaSO4 (5% Pd, 5.10 g, 2.41 mmol, 2.5 mol-%) and the mixture was purged with H, (50 psi) for 3 h
in a pressure reactor. The H, pressure was released and the mixture was filtered over a pad of Celite”
(washings with MeOH). The solvent was removed under reduced pressure to yield f-keto acid 206 as
colorless foam which was used without further purification.
The flask containing crude f~keto acid 206 was evacuated under high pressure and was subsequently
heated to 90 °C (pre-heated oil bath) with stirring, resulting in gas evolution. The mixture was stirred
for 1 h and was then cooled to room temperature. The crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 16:1) to give frans-hydrindane 207 as a colorless solid,
which was contaminated by ca. 6% of the cis-product.
Purification by flash column chromatography was carried out on the crude product of several reaction
batches. Overall, keto-acid 205 (54.1 g, 203 mmol) was converted to trans-hydrindane 207 (26.8 g,
120 mmol) in 59% yield.

R;=0.21 (hexanes:EtOAc = 16:1).

Melting point = 37.3-38.3 °C (hexanes/EtOAc).
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'H NMR (400 MHz, CDCls): 6= 3.45 (dd, *Ji, = 9.1, 7.7 Hz, 1H, 1-H), 2.40 (ddd, J = 16.3, 12.8.
7.0 Hz, 1H, 7-Hy), 2.34-2.25 (m, 3H, 5-H, 7-Hp), 2.04-1.90 (m, 2H, 2-Ha4, 8-H,), 1.77-1.66 (m, 1H,
4-H),1.64—1.53 (m, 2H, 2-Hp, 3-H,), 1.46—-1.34 (m, 2H, 3-Hp, 8-Hp), 1.13 (s, 9H, 12-H), 0.96 (s, 3H,
10-H) ppm.

3C NMR (100 MHz, CDCLy): § = 212.3 (C-6), 79.5 (C-1), 72.7 (C-11), 44.8 (C-4), 43.1 (C-5),
42.2 (C-9), 37.5 (C-7), 35.4 (C-8), 31.9 (C-2), 28.8 (C-12), 25.9 (C-3), 10.3 (C-10) ppm.

EI-MS for C14H2502+ [(M+H)+] calcd. 225.1850
found 225.1845.

IR (ATR): d/em™" = 2971 (s), 2874 (m), 1711 (s), 1464 (w), 1418 (w), 1362 (m), 1252 (w), 1193 (s),
1123 (m), 1104 (w), 1060 (s), 901 (w).

[e]) =+79.0 (¢ 1.00, CH,Cl).

The analytical data matched those reported previously.!'>"!**
Synthesis of Alcohol 208
Me Ot-Bu 10 OH
6N HCI Me
g EtOH, A, 4 h 64
O G o 5 |f|
(99%)
207 208
C10H1602

M = 168.23 g/mol
To a solution of frans-hydrindane 207 (30.4 g, 136 mmol, 1.0 eq.) in EtOH (310 mL) was added
aqueous HCI (6N, 44 mL) and the reaction mixture was heated to reflux for 4 h. After cooling to 0 °C,
the pH was adjusted to 7 by adding solid Na,CO; and the solvent was evaporated under reduced
pressure. The residue was diluted with CH,Cl, (800 mL) and H,O (200 mL) was added. The organic
layer was separated, washed with saturated aqueous NaCl (200 mL) and dried over Na,SO,. The
solvents were removed under reduced pressure and the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 1:1) to yield the title compound 208 (22.6 g, 134 mmol,

99%) as a colorless oil.

R;=0.16 (hexanes:EtOAc = 2:1).
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'H NMR (CDCl;, 300 MHz): 6= 3.74 (dd, >J,, = 9.1, 8.2 Hz, 1H, 1-H), 2.74-2.19 (m, 4H, 5-H, 7-H),
2.19-2.09 (m, 1H, 2-H,), 2.00 (mc, 1H, 8-H,), 1.86 (br s, 1H, OH), 1.76 (mc, 1H, 4-H), 1.69-1.34 (m,
4H, 2-Hg, 3-H, 8-Hpg), 0.98 (s, 3H, 10-H) ppm.

3C NMR (CDCl;, 75 MHz): & = 211.7 (C-6), 80.4 (C-1), 44.8 (C-4), 43.0 (C-5), 42.5 (C-9),
37.3 (C-7), 34.8 (C-8), 31.2 (C-2), 25.4 (C-3), 9.9 (C-10) ppm.

EI-MS for CoH;40," [M*]: caled.  168.1150
found 168.1147.

IR (ATR): d/cm™ = 3420 (br m), 2951 (m), 2872 (m), 1702 (s), 1466 (w), 1417 (w), 1317 (m),
1200 (w), 1124 (m), 1044 (s), 998 ().

[a]) =+75.6 (c 1.00, CH,Cl).

Synthesis of Dioxolane 210

Me OH  (HOCH,), (209, 8.4 eq.) 0 on
© pTSOH (11 mol-9) Me

> 783 Q
OQ:S benzene O

H Dean-Stark, A, 2 h 2 o) A
208 (96%) 210
C12H2003

M = 212.28 g/mol

To a solution of alcohol 208 (22.6 g, 135 mmol, 1.0 eq.) and ethylene glycol (209, 63.0 mL, 1.13 mol,
8.4 eq.) in benzene (500 mL) was added p-toluenesulfonic acid (2.50 g, 14.5 mmol, 11 mol-%) and the
suspension was heated to reflux for 2 h using a Dean-Stark trap to remove the liberated water. The
mixture was allowed to cool to room temperature and the reaction was quenched by adding saturated
aqueous NaHCO; (400 mL). After phase separation, the aqueous layer was extracted with EtOAc (3 x
400 mL) and the combined organic layers were washed with saturated aqueous NaCl (300 mL), dried
over Na,SO, and the solvents were removed under reduced pressure. The obtained crude product was
purified by flash column chromatography (silica, hexanes:EtOAc = 3:2) to yield alcohol 210 (27.5 g,
130 mmol, 96%) as a pale yellow oil.

R;=0.45 (hexanes:EtOAc = 1:1).

'H NMR (CDCls, 400 MHz): & = 4.00-3.84 (m, 4H, 11-H, 12-H), 3.71 (dd, */;» = 8.8, 7.9 Hz, 1H,
1-H), 2.18-2.06 (m, 1H, 2-H,), 1.79-1.42 (m, 9H, 2-Hp, 3-H,, 4-H, 5-H, 7-H, 8-H,, OH),
1.39-1.22 (m, 2H, 3-Hg, 8-Hg), 0.81 (s, 3H, 10-H) ppm.
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3C NMR (CDCLs, 100 MHz): &= 110.1 (C-6), 81.1 (C-1), 64.4 (C-11)*, 64.3 (C-12)*, 42.6 (C-9),
42.5 (C-4), 35.8 (C-5)**, 33.7 (C-8), 31.2 (C-7)**, 31.1 (C-2), 25.1 (C-3), 9.7 (C-10) ppm.

EI-MS for Clez()Og.Jr [M+]Z calcd. 212.1412
found  212.1405.

IR (ATR): ¥/em™ = 3420 (br m), 2949 (s), 2874 (s), 1469 (w), 1446 (w), 1349 (m), 1192 (m),
1117 (s), 1074 (s), 1043 (s), 944 (s), 894 (s), 858 (5).

[a]) = +18.8 (¢ 1.00, CH,Cl).

Synthesis of Ketone 195

Me OH PCC (2.5 eq.) Me ©
NaOAc (5.0 eq.) 3
R 7°9
{7(:1:5 CH,Cly, 0 °C to { 65 “:
O H n,4h 20 H
210 (71%) 195
C12H1503

M =210.27 g/mol
To a suspension of pyridinium chlorochromate (68.0 g, 320 mmol, 2.5 eq.) and NaOAc (52.0 g,
640 mmol, 5.0 eq.) in CH,Cl, (700 mL) at 0 °C was added dropwise a solution of alcohol 210 (27.2 g,
128 mmol, 1.0 eq.) in CH,Cl, (150 mL). The mixture was allowed to warm to room temperature and
stirred for an additional 4 h. After filtering over a plug of silica (eluted with hexanes:EtOAc = 1:2) and
evaporation of the solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 5:1) to yield ketone 195 (22.1 g, 106 mmol, 80%) as a
colorless solid, being contaminated by the cis-isomer from the previous reactions. Further purification
by recrystallization from hexanes yielded pure trans-hydrindane 195 (19.0 g, 90.4 mmol, 71%) as a

colorless crystalline solid.

Crystals suitable for X-ray analysis were obtained by recrystallization from n-pentane.

R;=0.61 (hexanes:EtOAc = 1:1).

Melting point = 76.0-77.0 °C (hexanes).

'H NMR (CDCls, 600 MHz): 8= 3.94 (mc, 4H, 11-H, 12-H), 2.45 (ddd, *Joans = 19.3 Hz, *Jopssp =

8.8 Hz, *Joasa = 1.1 Hz, 1H, 2-Hy), 2.14 (ddd, *Joppa = 19.2 Hz, *Jopisa = *Jogss = 9.2 Hz, 1H, 2-Hp),
2.01 (dddd, *Jys = 18.9 Hz, *Jysp = 13.0 Hz, *Jyss = 5.8 Hz, *Jus = 3.8 Hz, 1H, 4-H), 1.86 (dddd,
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*Jiane = 12.4 Hz, > 008 = 8.9 Hz, *Js04 = 5.8 Hz, *J3p04 = 1.1 Hz, 1H, 3-H,), 1.79-1.69 (m, 5H, 5-H,
7-H, 8-Hy), 1.62 (dddd, *Jap3a = *Jspa = 12.7 Hz, *Jipna = *J3os = 9.0 Hz, 1H, 3-Hp), 1.49 (m¢, 1H,
8-Hg), 0.93 (s, 3H) ppm.

3C NMR (CDCls, 150 MHz): & = 219.7 (C-1), 109.6 (C-6), 64.6 (C-11)*, 64.4 (C-12)*, 47.1 (C-9),
42.8 (C-4), 36.2 (C-2), 35.6 (C-5), 30.9 (C-7), 28.7 (C-8), 23.7 (C-3), 12.3 (C-10) ppm.

EI-MS for C,H ;305" [M]: caled. 210.1256
found 212.1249.

IR (ATR): ¥/cm™" = 2924 (w), 1730 (s), 1412 (w), 1350 (w), 1118 (s), 1066 (s), 1036 (s), 938 (s).
[}y = +83.6 (¢ 1.00, CH,CL).

This compound has been prepared by an alternative route, having identical physical properties.!'?>!

Synthesis of Enone 194

LDA (3.0 eq.);
Me O Et;N (4.5 eq.) Me OTMS  Pd(OAc), ° 0
e TMSCI (3.0 eq.) © (1.1 eq.) » Me
O > O —_— 7 9 0
& 3 THF, -78 °C, 1 h; & > CH,Cl,/MeCN 1<W3 SV
O H ~78°C to 0 °C, 30 min O H 37°C,4h 20 H
195 211 (82%, two 194
cycles) C12H1603

M = 208.25 g/mol

To a solution of diisopropylamine (12.0 mL, 86.0 mmol, 3.0 eq.) in THF (120 mL) at —78 °C was
added n-BuLi (34.0 mL of a 2.5M solution in hexanes, 86.0 mmol, 3.0 eq.). The yellowish solution
was stirred for 10 min at —78 °C and an additional 15 min at 0 °C before being cooled to —78 °C.
Then, a solution of ketone 195 (6.00 g, 28.6 mmol, 1.0 eq.) in THF (30 mL) was added within 15 min.
After stirring for 45 min at —78 °C, Et;N (18.0 mL, 129 mmol, 4.5 eq.) was added followed by TMSCI
(14.6 mL, 114 mmol, 4.0 eq.). The solution was stirred for 30 min at —78 °C and was then allowed to
warm to 0 °C. The reaction was quenched by addition of saturated aqueous NaHCOj; (50 mL) and the
mixture was diluted with n-pentane (100 mL). The phases were separated and the aqueous layer was
extracted with n-pentane (3 x 50 mL). The combined organic layers were washed with saturated
aqueous NaCl (50 mL) and dried over Na,SO,. Evaporation of the solvent under reduced pressure
(water bath temperature: 35 °C) yielded crude silyl enol ether 211 which was used without further
purification.

To a solution of crude silyl enol ether 211 in CH,Cl, (100 mL) and MeCN (34 mL) was added
Pd(OAc), (7.67 g, 31.5 mmol, 1.1 eq.) in one portion and the solution was stirred at 37 °C for 4 h. The
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mixture was filtered over a plug of silica (eluted with hexanes:EtOAc = 1:1) and the solvents were
evaporated under reduced pressure. The crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 7:1 to 5:1 to 4:1 to 2:1) to yield «,f-unsaturated
ketone 194 (4.10 g, 19.7 mmol, 69%) as a colorless crystalline solid along with recovered starting
material 195 (1.30 g, 6.20 mmol, 22%).

A second cycle of the above described reaction and additional reaction batches resulted in an overall

transformation from ketone 195 (18.8 g, 89.5 mmol) to enone 194 (15.2 g, 73.1 mmol) in 82% yield.
Crystals suitable for X-ray analysis were obtained by recrystallization from hexanes.

R;=0.50 (hexanes:EtOAc = 1:1).

Melting point = 127.5-129.5 °C (hexanes/EtOAc).

'"H NMR (CDCls, 600 MHz): 8= 7.38 (dd, *J5» = 5.9 Hz, *Js4 = 1.8 Hz, 1H, 3-H), 6.03 (dd, *J55 =
5.9 Hz, “J,4 = 3.2 Hz, 1H, 2-H), 4.00-3.92 (m, 4H, 11-H, 12-H), 3.04 (mc, 1H, 4-H), 1.96-1.86 (m,
3H, 5-H, 7-H,), 1.82—1.74 (m, 2H, 7-Hp, 8-H,), 1.69 (ddd, 2Jspsa = 13.2 Hz, *Jgp7a = *Jspp = 4.8 Hz,

1H, 8-Hp), 1.13 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 150 MHz): 6= 211.7 (C-1), 160.6 (C-3), 132.0 (C-2), 109.7 (C-6), 64.8 (C-11)*,
64.3 (C-12)*, 50.7 (C-9), 48.1 (C-4), 33.6 (C-5), 31.7 (C-7), 26.8 (C-8), 19.4 (C-10) ppm.

EI-MS for C12H1603+ [M+]Z calcd. 208.1099
found  208.1097.

IR (ATR): ¥/cm™ = 2963 (W), 2934 (w), 1699 (s), 1466 (w), 1237 (w), 1180 (w), 1134 (w), 1092 (s),
1066 (W), 949 (w).

[a]}) =—67.2 (¢ 1.00, CH,Cl).
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Synthesis of Lactone 217

LIHMDS (1.5 eq.);

Me QO Me O o o)
PhSeBr (1.7 eq.) H202 (4.0eq.)
0] > 0 SePh ‘ /
& : THF, -78 °C, 1 h; </ : THF/CHZCI2 @i 2
o}

o H -78°C,1h H 0°C, 30 min
195 216 (18% over 217
two steps) C12H1604

M = 224.25 g/mol

To a solution of ketone 195 (43.0 mg, 200 umol, 1.0 eq.) in THF (2 mL) at —78 °C was slowly added
LiHMDS (300 pL of a 1.0M solution in THF, 300 umol, 1.5 eq.) and the mixture was stirred for 1 h at
this temperature. Then, a solution of PhSeBr (80.0 mg, 340 umol, 1.7 eq.) in THF (1 mL) was added
dropwise and the mixture was stirred for an additional 1 h at —78 °C prior to be quenched by addition
of saturated aqueous NH4Cl (4 mL). The layers were separated and the aqueous layer was extracted
with CH,Cl, (3 x 10 mL). The combined organic layers were washed with saturated aqueous NaCl (10
mL) and dried over MgSO,. Evaporation of the solvents under reduced pressure yielded ketone 216 as
a mixture of diastereomers, which was used without further purification.

To a solution of ketone 216 (assumed 200 umol) in THF/CH,Cl, (1:1, 2 mL) at 0 °C was slowly added
H,0; (900 pL of a 30 wt% solution in H,O, 800 umol, 4.0 eq.) and the mixture was stirred at this
temperature for 30 min. The reaction was quenched by addition of saturated aqueous Na,S,05 (2 mL)
and the biphasic mixture was extracted with EtOAc (3 x 5 mL). The combined organic layers were
dried over MgSO, and the solvents were evaporated under reduced pressure. The crude product was
purified by flash column chromatography (silica, hexanes:EtOAc = 2:1 to 1:1) to yield
lactone 217 (8.0 mg, 36 umol, 18%) as a colorless solid.

=0.16 (hexanes:EtOAc = 2:1).

'"H NMR (CDCls, 600 MHz): §= 6.51 (dd, *J5» = 9.7 Hz, *J34 = 2.1 Hz, 1H, 3-H), 6.02 (dd, *J»; =
9.6 Hz, *Jo4 = 3.2 Hz, 1H, 2-H), 4.02-3.93 (m, 4H, 11-H, 12-H), 3.04 (m¢, 1H, 4-H), 2.05 (mc, 1H,
8-Hy), 1.93-1.86 (m, 2H, 5-H,, 7-H,), 1.83 (mc, 1H, 7-Hg), 1.70 (ddd, J = 14.2, 14.2, 4.8 Hz, 1H,
8-Hg), 1.64 (dd, J = 14.0, 13.4 Hz, 1H, 5-Hg), 1.39 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 150 MHz): § = 164.1 (C-1), 148.1 (C-3), 121.7 (C-2), 108.0 (C-6), 82.6 (C-9),
64.9 (C-11)*, 64.6 (C-12)*, 39.9 (C-4), 36.4 (C-5), 35.7 (C-8), 32.1 (C-7), 17.0 (C-10) ppm.

EI-MS for C12H16()4Jr [MJr]Z calcd. 224.1043
found  224.1051.
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IR (ATR): d/em™ = 2954 (br w), 1718 (s), 1381 (w), 1259 (w), 1159 (w), 1117 (s), 1090 (m),
1057 (m), 1004 (w), 982 (w), 817 ().

[} = +15.0(c 0.17, CH,CLy).

Synthesis of Ketone 220

MgBr

219 __(45eq)

0
Ne CUCN (2.25 eq.)
o
& : THF/Et,0

O H -78°C,2h

194 (81%) 220
=253 gmol

To a suspension of CuCN (1.45 g, 16.2 mmol, 2.25 eq.) in Et,0 (48 mL) at 0 °C was added
isopropylenemagnesium bromide (219, 65.0 mL of a 0.5M solution in THF, 32.4 mmol, 4.5 eq.) within
15 min. The resulting mixture was stirred for 30 min at this temperature and subsequently cooled to
—78 °C. Then, a solution of enone 194 (1.50 g, 7.20 mmol, 1.0 eq.) in THF (15 mL) was added slowly
and, after stirring for an additional 2 h at —78 °C, the reaction was quenched by addition of saturated
aqueous NH4Cl (40 mL). The mixture was allowed to warm to room temperature, diluted with Et,O
(100 mL) and filtered over a pad of Celite” (washings with Et,0). The phases were separated and the
aqueous layer was extracted with Et,O (3 x 40 mL). The combined organic layers were washed with
saturated aqueous NaCl (50 mL), dried over MgSO, and the solvents were evaporated under reduced
pressure. The crude product was purified by flash column chromatography (silica, hexanes:EtOAc =
7:1 to 5:1) to yield alkene 220 as a colorless solid.

Flash column chromatography was carried out to purify the combined crude products of several
reactions which were carried out as described above. In overall, use of substrate 194 (11.9 g,

57.2 mmol) resulted in the formation of the desired product 220 (11.5 g, 46.0 mmol) in 81% yield.

Crystals suitable for X-ray analysis were grown by slow evaporation of a solution of ketone 220 in

n-pentane at —25 °C.

R;=0.43 (hexanes:EtOAc = 3:1).

Melting point = 69.0-70.5 °C (hexanes/EtOAc).

'H NMR (CDCl;, 600 MHz): 5= 4.97 (s, 1H, 14-H,), 4.83 (s, 1H, 14-Hg), 4.03-3.89 (m, 4H, 11-H,
12-H), 2.86 (mc, 1H, 3-H), 2.77 (dd, *Joans = 19.7 Hz, *Joa3 = 1.8 Hz, 1H, 2-H,), 2.49 (dd, “Joppa =
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19.5 Hz, *Jops = 9.2 Hz, 1H, 2-Hg), 2.41-2.34 (m, 1H, 4-H), 1.99-1.91 (m, 2H, 5-H), 1.81 (s, 3H,
15-H), 1.75 (ddd, *Joarms = *Joass = 13.8 Hz, *Joasa = 4.8 Hz, 1H, 7-H,), 1.68 (m¢, 1H, 7-Hp),
1.63 (ddd, *Jsasss = 13.1 Hz, *Jspr7a = 4.6 Hz, *Jsars = 2.6 Hz, 1H, 8-H,), 1.43 (ddd, *Jspsa = *Jspra =
13.5 Hz, 3 Jspim = 3.9 Hz, 1H, 8-Hg), 1.04 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 150 MHz): 5= 220.6 (C-1), 146.1 (C-13), 112.3 (C-14), 109.8 (C-6), 64.7 (C-11),*
64.4 (C-12)*, 47.1 (C-9), 45.8 (C-4), 42.2 (C-2), 41.9 (C-3), 35.7 (C-5), 30.9 (2C, C-7, C-8),
24.9 (C-15), 15.3 (C-10) ppm.

EI-MS for CisH»05" [M']: caled.  250.1569
found 250.1565.

IR (ATR): d/em™ = 2954 (m), 2879 (m), 1737 (s), 1440 (w), 1350 (w), 1291 (w), 1135 (m), 1095 (s),
1053 (), 942 (W), 894 (W).

[ = +30.6 (¢ 1.00, CH,CL).

Synthesis of Ketone 222

10
H, (1 atm) Me QO

Pd/C (2 mol-%) O
ofe )

MeOH, rt, 16 h ng gz
/13 4

(91%) 15
222
C15H2403
M = 252.35 g/mol

To a solution of alkene 220 (250 mg, 1.00 mmol, 1.0 eq.) in MeOH (10 mL) was added Pd/C (10% Pd,

20 mg, 19 pmol, 1.9 mol-%) and the solution was stirred under an atmosphere of H, (double layer
balloon, 1 atm) for 16 h. The reaction mixture was filtered over a pad of Celite® (washings with
EtOAc) and the solvents were evaporated under reduced pressure. The resulting crude product was
purified by flash column chromatography (silica, hexanes:EtOAc = 4:1) to yield the title
compound 222 (240 mg, 952 umol) as a colorless solid, which was contaminated by a small

impurity (<5% by NMR). Recrystallization from n-pentane provided pure ketone 222 (230 mg,
913 umol, 91%).

Crystals suitable for X-ray analysis were grown by slow evaporation of a solution of ketone 222 in

Et,O/n-pentane.

Ry=0.54 (hexanes:EtOAc = 3:1).
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Melting point = 88-90 °C (hexanes/EtOAc).

'H NMR (CDCls, 600 MHz): 5= 3.94 (mc, 4H, 11-H, 12-H), 2.40 (mc, 1H, 2-H,), 1.98-1.87 (m, 2H,
2-Hg, 3-H), 1.86—1.76 (m, 3H, 4-H, 5-H,, 13-H), 1.75-1.66 (m, 3H, 7-H, 8-H,), 1.62 (mc, 1H, 5-Hp),
1.54-1.45 (m, 1H, 8-Hg), 0.97 (s, 3H, 10-H), 0.94 (d, *Ji515 = 6.8 Hz, 3H, 15-H)*, 0.84 (d, *Ji4n3 =
6.9 Hz, 3H, 14-H)* ppm.

3C NMR (CDCls, 150 MHz): 8= 219.0 (C-1), 109.6 (C-6), 64.6 (C-11)*, 64.4 (C-12)*, 48.8 (C-9),
45.4 (C-4), 42.0 (C-3), 38.1 (C-2), 33.9 (C-5), 30.8 (C-7), 29.0 (C-8), 28.0 (C-13), 22.0 (C-14)**,

17.4 (C-15)**, 13.5 (C-10) ppm.

FAB-MS for C;sHys05" [((M+H)']: caled.  253.1798
found  253.1793.

IR (ATR): ¥/em™ = 2960 (m), 2875 (m), 1737 (s), 1466 (w), 1389 (w), 1351 (w), 1231 (w), 1141 (m),
1122 (m), 1046 (m), 975 (w), 938 (m), 902 (w), 858 ().

[a]}) =+65.0 (¢ 1.00, CH,Cl,).

Synthesis of Alcohol 224

10
Meo Me OH
NaBH, (2.0 eq. 8
(1) e, o)
</ A EtOH, -20 °C, 2 h Q/ : oz
O H: ’ ’ 20 H =
13
/S (93%) VAT
222 224
C15H2603

M = 254.37 g/mol

To a solution of ketone 222 (100 mg, 398 umol, 1.0 eq.) in EtOH (10 mL) at —20 °C was added a
solution of NaBH,4 (30 mg, 0.80 mmol, 2.0 eq.) in EtOH (3 mL) within 1 h. The solution was stirred
for an additional 2 h at this temperature and was then allowed to warm to room temperature. The
reaction was quenched by addition of saturated aqueous NH4CI (5 mL) and the solvent was evaporated
under reduced pressure. The residue was dissolved in EtOAc (30 mL) and the organic layer was
sequentially washed with H,O (5 mL) and saturated aqueous NaCl (5 mL). The organic layer was
dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography (silica, hexanes:EtOAc = 4:1 to 2:1) to yield
alcohol 224 (93 mg, 0.37 mmol, 93%) as a colorless solid.
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The stereochemistry at C-1 was established by 2D NOESY spectroscopy, indicating no correlation
between the signals at C-1 (0= 3.66-3.59 ppm) and at C-10 (0 = 0.85 ppm). This is in contrast to the

observation for its C-1 diastereomeric counterpart (vide infra).

R;=0.20 (hexanes:EtOAc = 3:1).

Melting point = 117.0—118.5 °C (hexanes/EtOAc).

'H NMR (CDCl;, 600 MHz): & = 3.96-3.89 (m, 4H), 3.66-3.59 (m, 1H), 1.89-1.81 (m, 1H),
1.76—1.66 (m, 3H), 1.66—1.57 (m, 3H), 1.55-1.46 (m, 3H), 1.40 (br s, 1H, OH), 1.35-1.28 (m, 1H),
0.87 (d, J= 6.7 Hz, 3H), 0.85 (s, 3H), 0.81 (d, /= 6.8 Hz, 3H) ppm.

C NMR (CDCl;, 150 MHz): & = 110.1 (C,), 80.2 (CH), 64.4 (CH,), 64.3 (CH,), 45.1 (CH),
43.9 (CH), 43.8 (Cy), 34.8 (CHy), 34.2 (CH,), 34.0 (CH,), 31.2 (CH,), 29.4 (CH), 22.0 (CHa),

18.2 (CH3), 10.9 (CHs) ppm.

FAB-MS for C;5H,;05" [(M+H)']: calcd. 255.1955
found 255.1954.

IR (ATR): ¥/em™ = 3260 (br m), 2950 (s), 2872 (m), 1466 (w), 1387 (w), 1301 (w), 1196 (w),
1122 (m), 1091 (m), 1076 (m), 1050 (m), 942 (m).

Synthesis of Thionocarbonate 227

S 226 S
2.7 eq.
Me OH o opn B76%) e o;({(()/@zo
py (1.1eq.) 3 7 19
/o) - ol 2 18
</o H B CHCl,, 0°C to Qg 5~
; r,3h 20 H =
224 (90%) 227
CooH3004S

M = 390.54 g/mol
To a solution of alcohol 224 (25 mg, 0.10 mmol, 1.0 eq.) in CH,Cl, (2 mL) at 0 °C was sequentially
added pyridine (20 pL, 0.11 mmol, 1.1 eq.) and phenyl chlorothionocarbonate (226, 21 uL,
0.27 mmol, 2.7 eq.). The resulting yellow solution was allowed to warm up to room temperature and
was stirred for 3 h. The reaction was quenched by addition of saturated aqueous NH4Cl1 (5 mL) and the
aqueous phase was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed
with H,O (5 mL), saturated aqueous NaHCO; (5 mL) and saturated aqueous NaCl (5 mL), and were

dried over Na,SO,. After removal of the solvents under reduced pressure, the crude product was
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purified by flash column chromatography (silica, hexanes:EtOAc = 19:1) to yield
thionocarbonate 227 (35 mg, 90 umol, 90%) as a pale yellow solid.

Ry=0.13 (hexanes:EtOAc = 16:1).
Melting point = 116.0—118.0 °C (hexanes/EtOAc).

'"H NMR (CDCL, 600 MHz): & = 7.40 (mc, 2H), 7.28 (mc, 1H), 7.10 (mc, 2H), 5.09 (dd, J = 9.3,
7.0 Hz, 1H), 4.00-3.87 (m, 4H), 2.27-2.17 (m, 1H) 1.79-1.60 (m, 8H), 1.56-1.51 (m, 2H), 0.97 (s,
3H), 0.90 (d, J = 6.8 Hz, 3H), 0.86 (d, J = 6.7 Hz, 3H) ppm.

"C NMR (CDCls, 150 MHz): & = 195.1 (C,), 153.6 (C,), 129.6 (CH), 126.6 (CH), 122.1 (CH),
109.7 (C,), 91.0 (CH), 64.5 (CH,), 64.3 (CH,), 44.6 (CH), 44.0 (CH), 43.9 (C,), 34.4 (CHp),
34.2 (CH,), 31.0 (CH,), 30.4 (CH,), 29.2 (CH), 21.9 (CH3), 18.0 (CH3), 12.3 (CH3) ppm.

FAB-MS for C,,H3,04S" [(M+H)']: calcd. 391.1938
found 391.1935.

IR (ATR): d/cm™" = 2955 (m), 2927 (m), 1491 (w), 1308 (m), 1296 (m), 1276 (m), 1201 (s), 1093 (w),
1018 (w), 945 (w), 884 (w), 770 (W), 689 (W).

[ = +42.2 (¢ 0.50, CH,CL).

Synthesis of Alkene 225

n-BusN (3.0 eq.)
HCOOH (2.5 eq.)

10
Me Q@ KHMDS (1.4 eq.); Me OTf  pd(PPh,),Cl, Me
PhNTf, (1.6 eq.) (5.0 mol-%) 20 =\
o) > 0 = 0 Q 2

Q =~/ THF, -78 °C, 15 min; Q Eid DMF, 75 °C, 2 h Q i
O H~ ~78°C, 30 min o H~Z >0 H ~
/\ /\ (87% over two @5

steps)

222 228 225

m=2535 g
To a solution of ketone 222 (380 mg, 1.51 mmol 1.0 eq.) in THF (25 mL) at —78 °C was added
dropwise KHMDS (4.83 mL of a 0.5M solution in toluene, 2.41 mmol, 1.6 eq.) and the resulting
slightly yellow solution was stirred for 15 min. After adding PhNT, (755 mg, 2.11 mmol, 1.4 eq.) in
one portion, the reaction mixture was stirred for an additional 30 min at this temperature. The reaction

was quenched by addition of saturated aqueous NH4Cl (10 mL) and the mixture was allowed to warm

to room temperature. The layers were separated and the aqueous phase was extracted with
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Et,0 (3 x 10 mL). The combined organic layers were dried over Na,SO4 and the solvents were
removed under reduced pressure to yield crude enol triflate 228.

The obtained crude enol triflate 228 (assumed 1.51 mmol) was dissolved in DMF (10 mL) and
n-Bu;N (1.07 mL, 838 mg, 4.53 mmol, 3.0 eq.), HCOOH (140 uL, 173 mg, 3.78 mmol, 2.5 eq.) and
Pd(PPh;),Cl, (53 mg, 80 pumol, 5.0 mol-%) were sequentially added. The yellow suspension was
placed in an oil-bath (pre-heated to 75 °C) forming a clear solution which turned dark red. After
stirring for an additional 2 h at 75 °C, the mixture was allowed to cool to room temperature and the
reaction was quenched by adding H,O (10 mL). Following extraction with Et,0O (5 x 15 mL), the
combined organic layers were washed with 10% aqueous NaCl (3 x 15 mL) and dried over Na,SO,.
The solvents were evaporated under reduced pressure (600 mbar) and the crude product was purified
by flash column chromatography (silica, n-pentane:Et,O = 49:1 to 19:1) to yield alkene 225 (310 mg,

1.31 mmol, 87%) as a colorless oil.
R;=0.52 (hexanes:EtOAc = 7:1).

'H NMR (CD,Cl,, 400 MHz): 6= 5.85 (dd, *J,, = 5.8 Hz, *J;5 = 2.5 Hz, 1H, 1-H), 5.66 (dd, *J,, =
5.8 Hz, *Jy3 = 1.5 Hz, 1H, 2-H), 3.96-3.86 (m, 4H, 11-H, 12-H), 2.20 (mc, 1H, 3-H), 1.83-1.59 (m,
7H, 4-H, 5-H, 7-H, 8-Ha, 13-H), 1.56-1.47 (m, 1H, 8-Hg), 0.98 (d, *Ji413 = 6.9 Hz, 3H, 14-H)*,
0.86 (d, J= 0.5 Hz, 3H, 10-H), 0.84 (d, *Ji5:13 = 6.8 Hz, 3H, 15-H)* ppm.

13C NMR (CD,Cl,, 100 MHz): 5= 142.7 (C-1), 132.9 (C-2), 110.7 (C-6), 64.8 (C-11)*, 64.6 (C-12)*,
522 (C-3), 49.4 (C-4), 46.5 (C-9), 34.1 (2C, C-5, C-8), 32.2 (C-7), 28.8 (C-13), 22.3 (C-14)**,

19.4 (C-15)**, 16.8 (C-10) ppm.

EI-MS for C15H2402+ [MJr]Z calcd. 236.1771
found  236.1778.

IR (ATR): d/em™ = 3043 (w), 2945 (s), 2872 (s), 1465 (w), 1432 (w), 1350 (w), 1294 (w), 1255 (w),
1167 (w), 1119 (m), 1082 (s), 1054 (m), 954 (m), 883 (w), 730 (W).

[a]) = +85.8 (c 1.00, CH,Cl).
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Synthesis of Alcohols 232 and 233

10 /_1 NOE
Me OH

10
¥ BRIl e H correlation
THF, 0 °C to rt, 30 min O 2
O - O 6 4 mOH + 0 [ Q
& i 2) NaOH, H,0 @55, @55'
O H = a , MU o A= 3 Y
Van 0 °C to 45 °C, 40 min S .
14 1
225 (76% combined) 233 232
C15H2603

M =254.37 g/mol
1 : 1

To a solution of alkene 225 (200 mg, 850 umol, 1.0 eq.) in THF (20 mL) at 0 °C was added dropwise
BH;-SMe, complex (530 puL of a 2.0M solution in THF, 1.06 mmol, 1.25 eq.) and the mixture was
stirred for an additional 30 min at room temperature before being cooled to 0 °C. Subsequently,
aqueous NaOH (3N, 7.5 mL) and H,0, (30 wt%, 7.5 mL) were added and the biphasic mixture was
heated to 45 °C for 30 min. The mixture was cooled to room temperature and the reaction was
quenched by addition of saturated aqueous NH4Cl (15 mL). The aqueous phase was extracted with
EtOAc (3 x 30 mL) and the combined organic layers were dried over Na,SO,4. After evaporation of the
solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 7:1 to 4:1) to yield alcohol 232 (85 mg, 0.33 mmol, 39%) as

a colorless solid along with its regioisomer 233 (80 mg, 0.31 mmol, 37%) as a colorless oil.
Analytical data for regioisomer 233:
Ry=0.50 (hexanes:EtOAc = 2:1).

'"H NMR (CDCl;, 600 MHz): & = 4.40 (ddd, *Jo1a = *Jos = 7.4 Hz, *Joys = 5.5 Hz, 1H, 2-H),
3.99-3.88 (m, 4H, 11-H, 12-H), 2.11 (dd, “Jians = 12.9 Hz, *Ji5, = 7.3 Hz, 1H, 1-H,), 1.90 (m¢, 1H,
13-H), 1.86-1.80 (m, 2H, 4-H, 7-H,) 1.76-1.69 (m, 1H, 5-H,), 1.64-1.59 (m, 2H, 5-Hg, 8-H,)
1.51-1.43 (m, 3H, 3-H, 7-Hg, 8-Hg), 1.32 (br s, 1H, OH), 1.14 (dd, *Jig1a = 13.0 Hz, *Ji5» = 5.6 Hz,
1H, 1-Hg), 1.04-0.93 (m, 6H, 14-H, 15-H), 0.81 (s, 3H, 10-H) ppm.

3C NMR (CDCl;, 150 MHz): 6= 110.1 (C-6), 74.1 (C-2), 64.4 (C-11)*, 64.3 (C-12)*, 51.0 (C-1),
50.6 (C-3), 46.0 (C-4), 38.8 (C-9), 36.4 (C-8), 35.8 (C-7), 31.3 (C-5), 27.0 (C-13), 23.0 (C-14)**,
21.5 (C-15)**, 18.7 (C-10) ppm.

FAB-MS for C;sH,,0;" [(M+H)"]: calcd. 255.1960
found 255.1969.

IR (ATR): d/cm™' = 3484 (m), 2954 (s), 2974 (s), 1465 (w), 1441 (w), 1386 (w), 1367 (w), 1354 (w),
1306 (W), 1267 (w), 1244 (w), 1136 (w), 1082 (m), 1040 (w), 893 (w), 819 (w).
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[a]}) =+42.6 (¢ 0.65, CH,CL,).

Analytical data for regioisomer 232:

Ry=0.40 (hexanes:EtOAc = 2:1).

Melting point = 76.4-77.4 °C (hexanes/EtOAc).

'H NMR (CDCls, 600 MHz): & = 4.01-3.86 (m, 4H, 11-H, 12-H), 3.69 (m¢, 1H, 1-H), 2.23 (ddd,
3hoans = 15.1 Hz, *Joa3 = 10.1 Hz, *Joay = 5.9 Hz, 1H, 2-H,), 1.86 (ddd, J=13.3, 11.6 Hz, 3.5 Hz, 1H,
4-H), 1.83-1.73 (m, 3H, 5-Ha, 7-Hya, 8-H,), 1.72-1.64 (m, 2H, 5-Hg, 13-H), 1.53 (dddd, *Jy3 =
16.8 Hz, *J504 = 10.1 Hz, *J35 = 6.7 Hz, *J34 = 5.2 Hz, 1H, 3-H), 1.47 (dd, *Js/7a = *Jomea = 13.0 Hz,
1H, 7-Hg), 1.38-1.34 (m, 1H, 8-Hg), 1.27 (dd, 2/agpa = 15.3 Hz, *Jog3 = 6.8 Hz, 1H, 2-Hp), 1.23 (br's,
1H, OH), 0.90 (d, *J1413= 6.9 Hz, 3H, 14-H)*, 0.85 (d, *J;513 = 6.7 Hz, 3H, 15-H)*, 0.77 (s, 3H, 10-H)
ppm.

13C NMR (CDCL, 150 MHz): &= 110.0 (C-6), 78.0 (C-1), 64.4 (C-11)*, 64.3 (C-12)*, 45.8 (C-9),
45.5 (C-3), 42.6 (C-4), 36.2 (C-2), 34.9 (C-7), 30.9 (C-5), 29.5 (C-13), 28.7 (C-8), 22.1 (C-14)**,

18.4 (C-15)**, 17.0 (C-10) ppm.

FAB-MS for C15H2703+ [(M+H)+] caled. 255.1960
found 255.1963.

IR (ATR): ¥/em™ = 3490 (br m), 2952 (s), 2871 (s), 1464 (w), 1440 (w), 1387 (w), 1353 (w),
1301 (w), 1265 (w), 1189 (w), 1129 (m), 1136 (m) 1081 (s), 1039 (m), 1018 (w), 973 (m), 894 (W),
820 ().

[a]}) =+17.4 (c 0.65, CH,Cl).

Synthesis of Epoxide 239

10
Me Me H
mCPBA (1.5 eq.) Dy o
o O-Js 5 4 Q H
</ =~/ CH,Cly, 0 °C Qﬁ =~
© H - tort, 16 h ° M =
14
225 (78%) 239

Cy5H2403
M = 252.35 g/mol
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To a solution of alkene 225 (18 mg, 76 umol, 1.0 eq.) in CH,Cl, (2 mL) at 0 °C was added
mCPBA (20 mg, 0.11 mmol, 1.5 eq.) in one portion and the resulting colorless solution was stirred in
the melting ice bath for 16 h. After diluting with CH,Cl, (5 mL), washing with saturated aqueous
K,CO; (3 mL) and phase separation, the aqueous phase was extracted with CH,Cl, (3 x 5 mL). The
combined organic layers were dried over Na,SO, and the solvents were evaporated under reduced
pressure. The thus obtained crude product was purified by flash column chromatography (silica,

n-pentane:Et,0O = 16:1 to 9:1) to yield epoxide 239 (15 mg, 59 umol, 78%) as a colorless solid.
Ry=0.25 (hexanes:EtOAc = 7:1).

Melting point = 60.0-61.0 °C (pentane/Et,0).

'"H NMR (CD,Cl,, 400 MHz): & = 3.97-3.80 (m, 4H, 11-H, 12-H), 3.29 (dd, *J,;, = 3.0 Hz, >/, =
1.1 Hz, 1H, 2-H), 3.00 (dd, *J,, = 3.1 Hz, *J = 0.8 Hz, 1H, 1-H), 1.81-1.70 (m, 2H, 7-H,, 13-H),
1.68-1.58 (m, 3H, 5-Ha, 7-Hp, 8-Hyu), 1.53-1.41 (m, 3H, 4-H, 5-Hp, 8-Hp), 1.36 (mc, 1H, 3-H),
1.05 (d, *Ji413= 7.0 Hz, 3H, 14-H)*, 0.98 (d, *Ji5,13 = 6.9 Hz, 3H, 15-H)*, 0.82 (s, 3H, 10-H) ppm.

C NMR (CD,Cl,, 100 MHz): 6= 110.2 (C-6), 64.9 (C-11)*, 64.7 (C-12)*, 59.8 (C-1), 55.6 (C-2),
47.0 (C-3), 41.6 (C-9), 38.4 (C-4), 33.6 (C-5), 31.8 (C-7), 30.6 (C-8), 27.9 (C-13), 22.8 (C-14)**,

20.1 (C-15)**, 15.4 (C-10) ppm.

FAB-MS for C;sHys05" [((M+H)']: caled.  253.1804
found  253.1824.

IR (ATR): d/em™" = 2953 (s), 2932 (m), 2879 (m), 1464 (m), 1385 (m), 1342 (), 1299 (w), 1255 (W),
1172 (m), 1125 (m), 1087 (s), 1075 (), 1034 (), 994 (w), 943 (m), 869 (s), 805 (W), 676 (W).

Synthesis of Alcohol 232 by Reductive Epoxide Opening

10
Me ! o LiHBEt, Me OH
o (10 eq.)
Qo H Z 4 THF, 0°C <‘1£
J— tor, 4h 13 -
239 (79%) 232
Cy5H2603

M =254.37 g/mol
To a solution of epoxide 239 (5.0 mg, 20 pumol, 1.0 eq.) in THF (2 mL) at 0 °C was added
LiHBEt; (200 uL of a 1.0M solution in THF, 200 umol, 10 eq.). The resulting colorless solution was

allowed to warm to room temperature and stirred for 4 h before the reaction was quenched by slow
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addition of saturated aqueous NH4Cl (2 mL) at 0 °C. After phase separation the aqueous layer was
extracted with EtOAc (3 x 3 mL) and the combined organic layers were washed with brine (2 mL) and
dried over MgSO,4. Having evaporated the solvent under reduced pressure, the crude product was
purified by flash column chromatography (silica, hexanes:EtOAc = 3:1) to yield the title
compound 232 (4.0 mg, 16 umol, 79%) as a colorless solid.

The analytical data matched those obtained previously.

Synthesis of Diol 240
0sQOy (5.0 mol-%)
KsFe(CN)s (10 eq.) 0 OH
Me K>,CO3 (10 eq.) Me =
DABCO (1.0 eq.) 78S
& El t-BUOH/H,0, 1t, 2 h @i :
O H : O H:
/S (88%) 43\‘5
225 240
C15H260,4

M = 270.35 g/mol

To a stirred biphasic mixture of alkene 225 (10 mg, 42 pmol, 1.0 eq.) in ~BuOH/H,0 (1:1, 2.5 mL)
was sequentially added K;Fe(CN)g (138 mg, 420 umol, 10 eq.), K,COs (58 mg, 420 umol, 10.0 eq.),
DABCO (5.2 mg, 42 pumol, 1.0 eq.) and OsO4 (30 pL of a 2.5 wt% solution in #~BuOH, 2.1 pmol,
5.0 mol-%). The resulting yellow reaction mixture was stirred for 2 h before being quenched by
addition of solid Na,SO; (40 mg). The mixture was stirred for an additional 45 min, filtered over a
plug of Celite” and diluted with H,O (3 mL). After extraction with EtOAc (3 x 5 mL), the combined
organic layers were dried over Na,SO, and the solvent was removed under reduced pressure. The
crude product was purified by flash column chromatography (silica, hexanes:EtOAc = 2:1) to yield
diol 240 (10 mg, 37 pumol, 88%) as a colorless solid.

R;=0.26 (hexanes:EtOAc = 2:1).

Melting point = 91.0-92.5 °C (hexanes/EtOAc).

'"H NMR (CDCl;, 400 MHz): 8= 4.42 (ddd, /s = 8.6 Hz, *J,on = 8.0 Hz, >J,; = 5.3 Hz, 1H, 2-H),
3.99-3.89 (m, 4H, 11-H, 12-H), 3.64 (dd, *Ji» = 5.4 Hz, *Jy,on = 4.0 Hz, 1H, 1-H), 2.51 (d, *Jous, =
7.9 Hz, 1H, OH), 2.46 (d, *Jou1 = 4.0 Hz, 1H, OH), 2.04 (ddd, *Ju3 = *Jyss = 12.8 Hz, *Jysa = 3.3 Hz,
1H, 4-H), 1.92-1.84 (m, 3H, 5-H,, 8-Ha, 13-H), 1.76 (ddd, J = 13.4, 13.4, 4.4 Hz, 1H, 7-H,),
1.68 (mc, 1H, 7-Hg), 1.52 (ddd, *J34 = 12.3 Hz, *J5, = 8.6 Hz, *Jy13 = 6.4 Hz, 1H, 3-H), 1.48 (dd,
*Jsgisa = Jsga = 13.1 Hz, 1H, 5-Hg), 1.41 (m¢, 1H, 8-Hg), 1.00 (d, *Ji413 = 6.9 Hz, 3H, 14-H)*,
0.98 (d, *J1513 = 6.9 Hz, 3H, 15-H)*, 0.79 (s, 3H, 10-H) ppm.
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3C NMR (CDCLs, 100 MHz): & = 109.8 (C-6), 77.8 (C-1), 73.5 (C-2), 64.4 (C-11)*, 64.3 (C-12)*,
49.2 (C-3), 42.9 (C-9), 41.9 (C-4), 35.8 (C-5), 30.6 (C-7), 29.3 (C-8), 27.3 (C-13), 23.3 (C-14)**,
21.4 (C-15)**, 16.9 (C-10) ppm.

ESI-MS for C15H2504_ [(M—H)_] calcd. 269.1758
found  269.1758.

IR (ATR): ¥/cm™' = 3412 (br s), 2951 (s), 2872 (s), 1464 (w), 1434 (w), 1382 (w), 1356 (w), 1306 (w),
1269 (w), 1184 (w), 1118 (m), 1081 (s), 1045 (m), 970 (w).

[a]) =+24.4 (c 0.50, CH,Cl).

Synthesis of Thionocarbonate 242

//\NJSLNE:\1
Me OH Nt W MeHO
</o e PhMe, A, 20 h ”
(929%) 113 E
240 242
C15H240,S

M = 312.42 g/mol
To a solution of diol 240 (14 mg, 56 umol, 1.0 eq.) in toluene (5 mL) was added
1,1’-thiocarbonyldiimidazole (241, 98 mg, 0.54 mmol, 10 eq.) and the resulting yellow solution was
heated to reflux for 20 h. After cooling to room temperature, the solvent was evaporated under reduced
pressure and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc

= 4:1) to yield thiocarbonate 242 (16 mg, 51 umol, 92%) as an off-white solid.

Ry=0.42 (hexanes:EtOAc = 2:1).

Melting point = 174.0—175.5 °C (hexanes/EtOAc).

'H NMR (C¢Dg, 400 MHz): 8= 4.35 (dd, /5y = *J»5 = 6.1 Hz, 1H, 2-H), 3.81 (d, *J,, = 6.2 Hz, 1H,
1-H), 3.57-3.35 (m, 4H, 11-H, 12-H), 2.07-1.93 (m, 2H, 4-H, 8-H,), 1.79 (dd, “Jsssss = 13.1 Hz,
3Jsas = 3.2 Hz, 1H, 5-H,), 1.70 (m¢, 1H, 13-H), 1.62—1.52 (m, 2H, 7-H), 1.37 (dd, *Jsgsa = “Jspis =
13.0 Hz, 1H, 5-Hg) 1.19 (m¢, 1H, 8-Hg), 1.03 (ddd, >J = 13.1, 7.1, 6.0 Hz, 1H, 3-H), 0.94 (d, *Ji413 =
6.9 Hz, 3H, 14-H)*, 0.89 (d, *Jis13 = 7.0 Hz, 3H, 15-H)*, 0.19 (s, 3H, 10-H) ppm.
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3C NMR (C¢Ds, 100 MHz): & = 191.7 (C-16), 108.7 (C-6), 90.2 (C-1), 87.8 (C-2), 64.5 (C-11)*,
64.3 (C-12)*, 50.7 (C-3), 33.0 (C-9), 41.9 (C-4), 35.1 (C-5), 30.5 (C-7), 29.3 (C-8), 27.1 (C-13),
21.2 (C-14)**, 21.1 (C-15)**, 15.9 (C-10) ppm.

ESI-MS for C;sH,40,CIS™ [(M+Cl) : caled.  347.1089
found  347.1088.

IR (ATR): d/cm™" = 2959 (w), 2876 (w), 1465 (w), 1435 (w), 1349 (m), 1280 (5), 1173 (m), 1137 (w),
1117 (w), 1085 (m), 1009 (m), 976 (m), 913 (w), 889 (W), 829 ().

[a]) =+63.4 (c 0.50, CH,CL).

Synthesis of Ketone ent-141

Me H, (1 atm) Me
07©:> Pd/C (2.0 mol-%) \O:> |2 (0.26 eq.) 783 Q
= 5 5 4 =
</O g oz n-pentane, rt, 16 h acetone 0 Az
Van rt, 10 min /1\13
12
295 243 (95% over two ent-141
steps) Cy3H20

M =194.31 g/mol

To a solution of alkene 225 (300 mg, 1.27 mmol, 1.0 eq.) in n-pentane (15 mL) was added Pd/C (10%
Pd, 33 mg, 25 pumol, 2.0 mol-%) and the resulting suspension was stirred under an atmosphere of
H, (balloon, 1 atm) for 16 h. The reaction mixture was filtered over a pad of Celite® (washings with
Et,0) and the solvents were carefully removed under reduced pressure. The thus obtained colorless
oil, ketal 243, was used without further purification.

To a solution of crude ketal 243 (assumed 1.27 mmol) in acetone (15 mL) was added I, (86 mg,
0.34 mmol, 26 mol-%) in one portion. The solution was stirred for 10 min at room temperature and the
reaction was quenched by addition of aqueous Na,S,0; (5 wt%, 10 mL). The mixture was extracted
with CH,Cl, (3 x 20 mL) and the combined organic layers were dried over MgSQ,. After evaporation
of the solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, n-pentane:Et,0O = 24:1 to 19:1) to yield ketone ent-141 (234 mg, 1.21 mmol,

95%) as a colorless solid.

Crystals suitable for X-ray analysis were grown from a solution of ketone 141 in n-pentane at —25 °C.

R;=0.55 (hexanes:EtOAc = 7:1).

Melting point = 64.5-66.0 °C (CH,Cl,).
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'H NMR (CDCls, 600 MHz): & = 2.44-2.36 (m, 2H, 5-H,, 7-H,), 2.31 (dddd, J = 16.5, 5.7, 1.8,
1.8 Hz, 1H, 7-Hg), 2.15 (m¢, 1H, 5-Hg), 1.90-1.79 (m, 2H, 2-H,, 8-H,), 1.67-1.58 (m, 2H, 3-H,
11-H), 1.57-1.44 (m, 4H, 1-H,, 2-Hg, 4-H, 8-Hg), 1.21-1.14 (m, 1H, 1-Hg), 0.99 (s, 3H, 10-H),
0.87 (d, *Ji211 = 6.6 Hz, 3H, 12-H)*, 0.79 (d, *J1311 = 6.7 Hz, 3H, 13-H)* ppm.

BC NMR (CDCL, 150 MHz): & = 2122 (C-6), 50.2 (C-4), 47.2 (C-3), 42.8 (C-5), 41.3 (C-9),
38.3(C-1), 37.9 (C-7), 372 (C-8), 29.4 (C-11), 25.1 (C-2), 21.9 (C-12)*, 18.1 (C-13)*,

17.3 (C-10) ppm.

EI-MS for C3H»,0" [M*]: caled.  199.1665
found 199.1661.

IR (ATR): d/cm™" = 2950 (s), 2870 (s), 1703 (s), 1465 (w), 1412 (w), 1387 (w), 1278 (w), 1240 (w),
1228 (w), 1214 (w), 1140 (w), 1079 (w), 738 (W).

[a]) =+92.8 (¢ 0.50, CH,Cly), [e]5) = +101.3 (¢ 1.00, CDCL).

Synthesis of Diene 245

n-BusN (3.0 eq.)
HCOOH (2.5 eq.) 10

KHMDS (1.4 eq.); Me OTF  Pd(PPhy),Cl, Me

PhNTf, (1.6 eq.) (5.0 mol-%)

» O O 2
THF, -78 °C, 10 min; </o DMF,75°C,9h (1, 5
—-78 °C, 30 min >
(76% over two W ®
244 steps) 245

C15H2202
M = 234.33 g/mol

To a solution of ketone 220 (1.36 g, 5.44 mmol, 1.0 eq.) in THF (75 mL) at —78 °C was added
dropwise KHMDS (17.4 mL of a 0.5M solution in toluene, 8.70 mmol, 1.6 eq.). After 10 min
PhNTT; (2.72 g, 7.62 mmol, 1.4 eq.) was added in one portion and the mixture was stirred for 30 min
at =78 °C. The reaction was quenched by addition of saturated aqueous NH,Cl (20 mL) and the
organic layer was separated. The aqueous layer was extracted with Et,0O (3 x 30 mL) and the
combined organic layers were dried over Na,SO,. The solvents were removed under reduced
pressure (water bath temperature: 35 °C) to give enol triflate 244 as a yellowish oil which was used
without further purification.

To a solution of crude enol triflate 244 (assumed 5.44 mmol) in DMF (30 mL) was added
n-BusN (3.87 mL, 16.3 mmol, 3.0 eq.), HCOOH (513 uL, 13.6 mmol, 2.5 eq.) and
Pd(PPh;),CI, (190 mg, 270 pmol, 5.0 mol-%) and the reaction mixture was heated to 75 °C for 9 h.

The reaction was quenched by addition of H,O (20 mL) and the mixture was extracted with
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Et,0O (4 x 50 mL). The combined organic layers were washed with 10% aqueous NaCl (3 x 40 mL),
dried over Na,SO,4 and the solvents were removed under reduced pressure. The crude product was
purified by flash column chromatography (silica, n-pentane:Et;O = 99:1 to 19:1) to yield
diene 245 (980 mg, 4.15 mmol, 76% over two steps) as a colorless liquid.

Ry=0.66 (hexanes:EtOAc = 7:1).

'"H NMR (CD,Cl,, 400 MHz): § = 5.95 (m¢, 1H, 1-H), 5.77 (dd, *J», = 5.8 Hz, *J,5 = 2.8 Hz, 1H,
2-H), 4.81-4.78 (m, 1H, 15-H,), 4.70-4.65 (m, 1H, 15-Hg), 3.99-3.85 (m, 4H, 11-H, 12-H), 3.01 (mc,
1H, 3-H), 2.23 (ddd, *J = 14.4, 8.5, 2.8 Hz, 1H, 4-H), 1.92 (m¢, 1H, 5-H,), 1.81 (ddd, 2575 = *Jrass
= 13.8 Hz, *Jiasa = 5.3 Hz, 1H, 7-H,), 1.80-1.73 (m, 4H, 5-Hg, 14-H), 1.64 (m¢, 1H, 7-Hp),
1.56 (ddd, “Jsass = 12.6 Hz, *Jsara = 5.3 Hz, *Jsprs = 2.3 Hz, 1H, 8-H,), 1.44 (m¢ 1H, 8-Hg), 0.93 (d,
“J=10.6 Hz, 3H, 10-H) ppm.

3C NMR (CD,Cl,, 100 MHz): § =147.5 (C-13), 142.8 (C-1), 132.9 (C-2), 112.3 (C-15), 110.7 (C-6),
65.0 (C-11)*, 64.7 (C-12)*, 53.1 (C-3), 48.8 (C-4), 46.8 (C-9), 34.5 (C-5), 35.1 (C-8), 32.5 (C-7),
24.4 (C-14), 18.9 (C-10) ppm.

FAB-MS for C;5H,;0," [(M+H)"]: calcd. 235.1693
found 235.1692.

IR (ATR): ¥/em™ = 3041 (w), 2951 (s), 2877 (5), 1440 (w), 1348 (m), 1287 (w), 1247 (w), 1184 (m),
1102 (m), 1054 (m), 974 (w), 946 (), 892 (W), 749 (W).

Synthesis of Ketone 246

Ho (1 atm)
PtO, (5 mol-%)
_—

EtOH, rt, 1 h

(93%)
220 246
C15H2403
M =252.35 g/mol
To a solution of ketone 220 (3.98 g, 15.9 mmol, 1.0 eq.) in EtOH (300 mL) was added PtO, (181 mg,
800 pmol, 5.0 mol-%) and the resulting suspension was purged with H, (balloon, 1 atm) for 60 min.
The mixture was filtered over a pad of Celite” (washings with Et,0) and the solvent was evaporated
under reduced pressure. The crude product was purified by flash column chromatography (silica,

hexanes:EtOAc = 5:1) to yield ketone 246 as colorless solid.
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Flash column chromatography was carried out to purify the combined crude of several reactions which
were carried out as described above. Thus, use of substrate (10.7 g, 42.3 mmol) resulted in the

formation of the desired product 246 (9.90 g, 39.3 mmol) in 93% yield.

Crystals suitable for X-ray analysis were grown by slow evaporation of a solution of ketone 246 in

Et,O/n-pentane.
Ry=0.46 (hexanes:EtOAc = 3:1).
Melting point = 65.5-67.0 °C (CH,Cl,).

'H NMR (CDCls, 600 MHz): 6= 4.00-3.87 (m, 4H, 11-H, 12-H), 2.48 (dd, “/oans = 19.7 Hz, *Jop;3 =
2.4 Hz, 1H, 2-Hy), 2.37 (dd, *Japoa = 19.7 Hz, *Jops = 8.9 Hz, 1H, 2-Hp), 2.28 (ddd, *Jysa = 13.8 Hz,
3Jus = 7.2 Hz, *Jysg = 3.2 Hz, 1H, 4-H), 2.00 (dd, *Jsau = 13.7 Hz, “Jspss = 12.8 Hz, 1H, 5-Hy),
1.91 (ddd, *Jsgssa = 12.7 Hz, *Jspis = 3.2 Hz, *Jspr = 2.2 Hz, 1H, 5-Hp), 1.89-1.79 (m, 2H, 3-H, 13-H),
1.74-1.62 (m, 3H, 7-H, 8-H,), 1.44 (ddd, J = 13.3, 13.3, 4.8 Hz, 1H, 8-Hp), 1.04 (s, 3H, 10-H),
0.96 (d, *J1413 = 6.0 Hz, 3H, 14-H)*, 0.87 (d, *J,5/13 = 6.1 Hz, 3H, 15-H)* ppm.

3C NMR (CDCls, 150 MHz): & = 220.7 (C-1), 109.9 (C-6), 64.6 (C-11)*, 64.4 (C-12)*, 46.5 (C-9),
45.5 (C-4), 43.5 (C-3), 41.9 (C-2), 35.8 (C-5), 30.7 (C-7), 30.6 (C-8), 29.9 (C-13), 23.7 (C-14)*,
23.2 (C-15)*, 15.9 (C-10) ppm.

EI-MS for C;5sH»,05" [M]: caled.  252.1720
found  252.1722.

IR (ATR): d/cm™" = 2954 (s), 2879 (s), 1740 (s), 1472 (w), 1406 (w), 1382 (w), 1346 (w), 1306 (W),
1290 (w), 1263 (w), 1231 (w), 1172 (w), 1139 (m), 1113 (m), 1102 (m), 1086 (s), 1045 (s), 1010 (W),

970 (w), 942 (m), 921 (w), 885 (), 861 (w).

[a]) =+56.6 (¢ 1.00, CH,Cl).
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Synthesis of Alkene 221

n-BugN (3.0 eq.)

HCOOH (2.5 eq.) 10
KHMDS (1.4 eq.); Me OTF  Pd(PPhy),Cl,
PhNTf, (1.5 eq.) (4.0 mol-%)
» O
THF, —78 °C, 15 min; Qo DMF, 75 °C, 1 h

-78 °C to 0 °C, 40 min

(92% over two

246 249 steps)

221
Cy5H240;
M = 236.35 g/mol

To a solution of ketone 246 (3.00 g, 11.9 mmol 1.0 eq.) in THF (120 mL) at —78 °C was added
dropwise KHMDS (33.4 mL of a 0.5M solution in toluene, 16.7 mmol, 1.4 eq.) and the resulting
slightly yellow solution was stirred for 15 min. After adding PhNTf, (6.37 g, 17.9 mmol, 1.5 eq.) in
one portion the reaction mixture was stirred an additional 10 min at —78 °C. The reaction was allowed
to warm to 0 °C and stirred for an additional 30 min at this temperature before being quenched by
addition of saturated aqueous NH,Cl (40 mL). The aqueous phase was extracted with Et,0 (3 x
40 mL) and the combined organic layers were washed with saturated aqueous NaCl (30 mL). The
organic layer was dried over MgSO, and the solvents were removed under reduced pressure to obtain
crude enol triflate 249.

The crude enol triflate 249 (assumed 11.9 mmol) was dissolved in DMF (30 mL) and »n-
Bu;N (8.47 mL, 6.60 g, 35.7 mmol, 3.0 eq.), HCOOH (1.12 mL, 1.37 g, 29.8 mmol, 2.5 eq.) and
Pd(PPh3),Cl, (334 mg, 476 umol, 4.0 mol-%) were sequentially added. The yellow suspension was
placed in a pre-heated oil bath at 75 °C and stirred for 1 h forming a clear solution which turned dark
red. After cooling to room temperature, the reaction was quenched by adding H,O (30 mL). The
mixture was filtered over a plug of Celite® (washings with Et,0) and the aqueous layer was extracted
with Et,;0O (5 x 40 mL). The combined organic layers were washed with 10% aqueous NaCl (3 x
75 mL) and dried over MgSO,. Having evaporated the volatiles under reduced pressure (600 mbar) the
crude product was purified by flash column chromatography (silica, n-pentane:Et,O = 49:1 to 19:1) to
yield alkene 221 (2.57 g, 10.9 mmol, 92% over two steps) as a colorless oil. Due to volatility of title

compound 221, evaporation of the solvents was carried out at min. 600 mbar.

R;=0.68 (hexanes:EtOAc = 7:1).

'H NMR (CD,Cl,, 400 MHz): § = 5.86 (m¢, 1H, 1-H), 5.81 (dd, *J,;, = 5.9 Hz, *J,; = 2.8 Hz, 1H,
2-H), 3.94-3.88 (m, 4H, 11-H, 12-H), 2.15 (ddd, >J = 12.6, 7.6, 4.4 Hz, 1H, 4-H), 2.06 (dddd, *J3; =
9.9 Hz, *Jy4 = 7.6 Hz, *J5» = 2.8 Hz, “J3; = 1.4 Hz, 1H, 3-H), 1.90-1.84 (m, 2H, 5-H,, 5-Hp),
1.79 (dd, “J5a7 = 13.8 Hz, *Jrasa = 5.1 Hz, 1H, 7-Hy), 1.72 (dtt, *Ji35 = 9.8 Hz, *Ji3n4 = *Jians =
6.6 Hz, 1H, 13-H), 1.64 (m¢, 1H, 7-Hg), 1.56 (ddd, *Jsass = 12.5 Hz, *Jsasa = 5.2 Hz, *Jsas = 2.4 Hz,
1H, 8-H,), 1.45 (m¢, 1H, 8-Hg), 1.00 (d, J = 0.6 Hz, 3H, 10-H), 0.91 (d, *Ji413 = 6.5 Hz, 3H, 14-H)*,
0.85 (d, *Jis13 = 6.7 Hz, 3H, 15-H)* ppm.
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3C NMR (CD,Cly, 100 MHz): 5= 142.2 (C-1), 134.5 (C-2), 110.8 (C-6), 64.9 (C-11)*, 64.7 (C-12)*,
54.8 (C-3), 48.8 (C-4), 46.2 (C-9), 35.4 (2C, C-5, C-8), 32.6 (C-7), 30.3 (C-13), 23.9 (C-14)**,
22.6 (C-15)**, 21.5 (C-10) ppm.

EI-MS for (:15H24OZJr [M+]Z calcd. 236.1771
found 236.1758.

IR (ATR): B/cm™" = 3045 (w), 2952 (s), 2932 (s), 2868 (s), 1465 (w), 1348 (w), 1291 (w), 1249 (w),
1185 (w), 1108 (w), 1085 (m), 1052 (w), 973 (W), 942 (w), 879 (W), 818 (W), 741 (w).

[a]) =—75.8 (¢ 1.00, CH,Cl).

Synthesis of Epoxide 250

mCPBA (1.5 eq.)

CH,Cl,, 0 °C
tort, 16 h

(91%)

221 250

Cy5H2403
M =252.35 g/mol

To solution of alkene 221 (30 mg, 0.13 mmol, 1.0 eq.) in CH,Cl, (4 mL) at 0 °C was added
mCPBA (33 mg, 0.19 mmol, 1.5 eq.) in one portion and the solution was stirred in the melting ice bath
for 16 h. The reaction was quenched by addition of saturated aqueous K,CO; (3 mL) and the mixture
was extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over MgSO, and the
solvents were removed under reduced pressure. The crude product was purified by flash column
chromatography (silica, n-pentane:Et,O = 19:1 to 7:1) to yield epoxide 250 (29 mg, 0.12 mmol, 91%)

as a colorless solid.

Crystals suitable for X-ray analysis were obtained by slow evaporation of a solution of 250 in Et,O/n-

pentane.

R;=0.35 (hexanes:EtOAc = 7:1).

Melting point = 69.0-71.0 °C (CH,Cl,).

"H NMR (CDCls;, 600 MHz): 6= 3.97-3.88 (m, 4H, 11-H, 12-H), 3.40 (mc, 1H, 2-H), 3.16 (mc, 1H,
1-H), 1.94 (ddd, J = 14.2, 7.3, 3.4 Hz, 1H, 4-H), 1.81 (mc, 1H, 5-H,), 1.80-1.71 (m, 3H, 3-H, 5-Hj,
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7-Hy), 1.71-1.61 (m, 3H, 7-Hg, 8-Hy,, 13-H), 1.49 (ddd, *Jsgsa = 11.9 Hz, *Jggr = 4.5, 2.0 Hz, 1H,
8-Hg), 0.98 (d, *Jis13 = 6.6 Hz, 3H, 15-H)*, 0.97 (s, 3H, 10-H), 0.90 (d, *Ji413 = 6.4 Hz, 3H,
14-H)* ppm.

3C NMR (CDCl;, 150 MHz): 6= 110.1 (C-1), 64.6 (C-11)*, 64.3 (C-12)*, 62.7 (C-1), 57.7 (C-2),
47.6 (C-3), 40-7 (C-9), 40.1 (C-4), 33.9 (C-5), 31.7 (C-8), 31.5 (C-7), 27.2 (C-13), 24.2 (C-14)**,
21.8 (C-15)**, 17.4 (C-10) ppm.

EI-MS for C;5sH,s05" [(M+H)"]: caled.  253.1798
found  253.1787.

IR (ATR): 9/ cm™' = 2956 (s), 2873 (s), 1468 (w), 1388 (w), 1354 (w), 1293 (w), 1252 (w), 1179 (w),
1115 (w), 1087 (m), 1060 (w), 949 (w), 848 (w).

[ =-33.5 (c 0.20, CH,CL,).

Synthesis of Alcohols 192 and 251

Me 1) (+)-IpcBH, (253, 1.5 eq.) Me
THF, 0 °C to rt, 30 min
> 0O

o 11
2) MeOH, then NaOH, H,0, 2.0
0 °C to 55 °C, 40 min 13 15

(92% combined C.eHanO
84% enriched) M = 215543%$ g?mol
3.7 : 1
after chromatography: 5.5 : 1

To a solution of (S)-Alpine-Boramine™ (252, 1.26 g, 3.02 mmol, 1.3 eq.) in THF (4.8 mL) was added
BF;-OEt, (744 uL, 6.04 mmol, 2.6 eq.) and the mixture was stirred at room temperature for 2 h
forming a white precipitate. The mixture was filtered using a syringe filter and the resulting solution of
enantiopure IpcBH, (253) was used directly. The concentration was considered to be ca. 1M.'"!

To a solution of alkene 221 (550 mg, 2.33 mmol, 1.0 eq.) in THF (60 mL) at 0 °C was added dropwise
(+)-IpcBH,; (253, 3.5 mL of a ca. 1M solution in THF, 3.5 mmol, 1.5 eq.). The mixture was allowed to
warm to room temperature and stirred an additional 30 min, at which time thin layer chromatography
indicated complete consumption of the starting material. The mixture was cooled to 0 °C and
MeOH (500 pL) was added followed by aqueous NaOH (3N, 10 mL) and aqueous H,O, (30%,
10 mL). After heating the biphasic mixture to 55 °C for 40 min, the mixture was allowed to cool to

room temperature and saturated aqueous NH4Cl (20 mL) was added. The phases were separated and

the aqueous layer was extracted with Et,O (3 x 30 mL). The combined organic layers were washed
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with saturated aqueous NaCl (2 x 40 mL), which in turn were re-extracted with Et,0O (2 x 20 mL). The
combined organic layers were dried over MgSO, and the solvents were evaporated under reduced
pressure. The crude product was purified by flash column chromatography (silica, hexanes:EtOAc =
2:1) to yield the regioisomers 192 and 251 (3.7:1, 549 mg, 2.16 mmol, 92%) as a colorless oil. Further
purification by flash column chromatography (silica, hexanes:EtOAc = 4:1) yielded alcohols 17
and 18 (502 mg, 1.98 mmol, 84%) in an enhanced ratio of 5.5:1.

On larger scale, 3.8 g (16.1 mmol) and 3.2 g (13.6 mmol) of alkene 221, respectively, the initial ratio
of hydroboration remained unchanged. Careful flash column chromatography, however, gave
alcohols 192 and 251 (2.70 g, 10.6 mmol, 67% and 2.50 g, 9.84 mmol, 73%) in lower yield but in

enhanced ratios of 12.4:1 and 6.6:1, respectively.

An analytical sample of regioisomer 192 was obtained by repeated flash column chromatography. The
analytical data of alcohol 251 was obtained from a sample which was contaminated by ca. 14% of

alcohol 192 as assigned by 'H NMR spectroscopy.
Analytical data for alcohol 192:
R;=0.34 (hexanes:EtOAc = 2:1, stains green with anisaldehyde).

'H NMR (CDCls;, 600 MHz): 6= 4.32 (ddd, *Jo5 = 8.6 Hz, *Jos = 7.2 Hz, *J53 = 4.4 Hz, 1H, 2-H),
3.98-3.90 (m, 4H, 11-H, 12-H), 2.25 (ddd, *J = 14.1, 10.5, 3.3 Hz, 1H, 4-H), 2.01 (dd, “Jianp =
11.6 Hz, *Jian = 7.1 Hz, 1H, 1-H,), 1.85 (m¢, 1H, 5-Hy), 1.73-1.62 (m, 3H, 5-Hg, 7-H,, 13-H),
1.58 (m¢, 1H, 7-Hg), 1.54 (ddd, J = 12.8, 4.7, 2.5 Hz, 1H, 8-H,), 1.48 (ddd, *Js4 = *J513 = 10.4 Hz,
3J3,=4.3 Hz, 1H, 3-H), 1.42 (m¢, 1H, 8-Hp), 1.37 (br s, 1H, OH), 1.22 (mc, 1H, 1-Hg), 1.00 (d, *J1413
= 6.6 Hz, 3H, 14-H)*, 0.94 (d, *J;513 = 6.6 Hz, 3H, 15-H)*, 0.87 (s, 3H, 10-H) ppm.

3C NMR (CDCLs, 150 MHz): &= 110.4 (C-6), 77.9 (C-2), 64.5 (C-11)*, 64.4 (C-12)*, 57.2 (C-3),
50.1 (C-1), 46.9 (C-4), 41.2 (C-9), 36.9 (C-8), 34.8 (C-5), 30.8 (C-7), 29.9 (C-13), 24.1 (C-15)**,

22.0 (C-14)**, 19.1 (C-10) ppm.

EI-MS for ClstﬁOg.Jr [M+]Z calcd. 254.1876
found 254.1879.

IR (ATR): d/cm™" = 3418 (br s), 2950 (s), 2876 (), 1457 (w), 1388 (w), 1354 (w), 1289 (w), 1255 (W),
1193 (w), 1111 (m), 1095 (m), 1035 (m), 994 (w), 946 (W), 874 (W).

[a]) =—1.3 (¢ 1.00, CHCly).
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Analytical data for alcohol 251:
R;=0.31 (hexanes:EtOAc = 2:1, stains violet with anisaldehyde).

'H NMR (CDCls, 600 MHz): § = 3.99-3.92 (m, 4H, 11-H, 12-H), 3.74 (d, *J;a = 5.1 Hz, 1H, 1-H),
2.37 (ddd, °J = 14.3, 9.8, 3.5 Hz, 1H, 4-H), 2.00 (m¢, 1H, 2-H,), 1.93 (m¢, 1H, 5-H,), 1.85 (m¢, 1H,
3-H), 1.82-1.71 (m, 4H, 2-Hg, 5-Hg, 7-H,, 8-Hy), 1.69—1.64 (m, 1H, 7-Hg), 1.63—1.58 (m, 1H, 13-H),
1.36-1.27 (m, 2H, 8-H,, OH), 0.90 (d, *Ji413 = 6.4 Hz, 3H, 14-H)*, 0.84 (s, 3H, 10-H), 0.82 (d,
Jisns = 6.6 Hz, 3H, 15-H)* ppm.

3C NMR (CDCl;, 150 MHz): § = 110.4 (C-6), 79.0 (C-1), 64.5 (C-11)*, 64.4 (C-12)*, 45.6 (C-9),
44.9 (C-3), 42.4 (C-4), 38.5 (C-2), 34.9 (C-5), 30.8 (C-7), 30.7 (C-13), 29.6 (C-8), 24.1 (C-14)**,

22.3 (C-15)**, 18.3 (C-10) ppm.

EI-MS for C;sH05" [M']: caled.  236.1876
found  236.1869.

IR (ATR): 0/cm™" = 3446 (br s), 2954 (s), 2872 (s), 1461 (w), 1386 (w), 1353 (w), 1291 (w), 1257 (w),
1190 (w), 1112 (w), 1086 (m), 1057 (w), 1036 (W), 976 (W), 948 (w), 884 (W).

[a]) =—46.0 (c 0.50, CH,CL).

Synthesis of Ketones 255 and 256

Me 9H

PPTS
(1.3eq.)
+ O —_—
</ acetone/H,O
A, 3h
192 251 (89% combined
75% enriched) C13H20,
M =210.31 g/mol

5.5 : 1
after chromatography: 12 : 1

To a solution of alcohols 192 and 251 (5.5:1, 495 mg, 1.95 mmol, 1.0 eq.) in acetone/H,O (10:1,
44 mL) was added PPTS (635 mg, 2.53 mmol, 1.3 eq.) and the mixture was heated to reflux for 3 h.
The reaction was allowed to cool to room temperature and the pH was adjusted to 7—8 by adding solid
NaHCO;. The mixture was subsequently freed of acetone and the residue was diluted with
Et,O (80 mL). The organic layer was consecutively washed with saturated aqueous NaHCO; (2 x
20 mL), aqueous HCI (1N, 2 x 20 mL) and saturated aqueous NaHCO; (20 mL). The combined
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NaHCO; layers and the combined HCI layers were separately re-extracted with Et,O (2 x 20 mL) and
the combined organic layers were dried over MgSO,4. The solvents were removed under reduced
pressure and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc
=4:1 to 2:1) to yield ketones 255 and 256 (12:1, 307 mg, 1.46 mmol, 75%) as a colorless solid.

On a larger scale, reaction of a 12.4:1 mixture of alcohols 192 and 251 (2.66 g, 10.5 mmol) provided
pure ketone 255 (1.81 g, 8.62 mmol) in 82% yield.

Analytical samples of both regioisomers 255 and 256 were obtained by repeated flash column

chromatography. Ketone 256 was obtained as viscous colorless oil.
Analytical data for ketone 255:

Ry=0.22 (hexanes:EtOAc = 2:1, stains yellow-green with anisaldehyde).
Melting point = 52.5-54.5 °C (hexanes/EtOAc).

'H NMR (CDCl;, 600 MHz): 6= 4.42 (ddd, *J5o = 9.4 Hz, *Jo5 = 7.0 Hz, *Jo3 = 4.9 Hz, 1H, 2-H),
2.58 (ddd, J = 14.3, 3.4, 1.7 Hz, 1H, 5-H,), 2.44-2.30 (m, 4H, 4-H, 5-Hg, 7-H), 2.10 (dd, *Jia15 =
11.7 Hz, *Jian = 7.0 Hz, 1H, 1-H,), 1.84 (ddd, J = 13.0, 7.1, 2.1 Hz, 1H, 8-H,), 1.73-1.67 (m, 1H,
11-H), 1.62-1.55 (m, 3H, 3-H, 8-Hg, OH), 1.31 (dd, 2/ig1a = 11.7 Hz, °*J = 9.3 Hz, 1H, 1-Hg), 1.04 (d,
3Ji311= 6.6 Hz, 3H, 13-H)*, 1.04 (s, 3H, 10-H), 0.94 (d, *Ji,1, = 6.4 Hz, 3H, 12-H)* ppm.

3C NMR (CDCL, 150 MHz): & = 212.0 (C-6), 77.7 (C-2), 56.6 (C-3), 49.4 (C-1), 48.6 (C-4),
41.6 (C-5), 40.9 (C-9), 37.7 (C-8), 37.2 (C-7), 29.2 (C-11), 242 (C-12)*, 21.7 (C-13)*,

19.1 (C-10) ppm.

EI-MS for C13H22()2+ [M+]: calcd. 210.1614
found  210.1613.

IR (ATR): d/cm™ = 3406 (br s), 2955 (s), 2932 (s), 2871 (m), 1703 (s), 1462 (w), 1420 (w), 1388 (w),
1228 (w), 1170 (w), 1149 (w), 1129 (w), 1101 (w), 1034 (m), 999 (w), 973 (w), 818 (W), 741 (w).

[a]) =+72.0 (c 0.125, CH,CL,).
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Analytical data for ketone 256:
R;=0.28 (hexanes:EtOAc = 2:1, stains violet with anisaldehyde).

'H NMR (CDCls, 600 MHz): & = 3.84 (d, *Jipa = 4.8 Hz, 1H, 1-H), 2.63 (m¢, 1H, 5-H,),
2.54-2.36 (m, 4H, 4-H, 5-Hg, 7-H), 2.06 (ddd, *Joans = 14.7 Hz, *Jons = 7.3 Hz, *Jopy = 4.7 Hz, 1H,
2-Hy), 2.04-1.98 (m, 1H, 8-H,), 1.98-1.92 (m, 1H, 3-H), 1.83 (dd, %/zps = 14.8 Hz, *Jo53 = 8.9 Hz,
1H, 2-Hg), 1.64 (mc, 1H, 11-H), 1.59 (ddd, J = 12.7, 7.1, 2.4 Hz, 1H, 8-Hg), 1.41 (brs, 1H, OH),
1.00 (d, J = 0.6 Hz, 3H, 10-H), 0.90 (d, °J = 6.6 Hz, 3H, 12-H)*, 0.86 (d, °J = 6.6 Hz, 3H,
13-H)* ppm.

BC NMR (CDCL;, 150 MHz): & = 212.6 (C-6), 78.4 (C-1), 45.5 (C-9), 44.6 (C-3), 44.2 (C-4),
41.5(C-5), 38.8 (C-2), 37.1 (C-7), 30.1 (C-11), 30.0 (C-8), 24.1 (C-12)*, 22.0 (C-13)*,
18.4 (C-10) ppm.

EI-MS for C13H22()QJr [MJr]Z calcd. 210.1614
found 210.1614.

IR (ATR): d/cm™ = 3434 (br s), 2957 (s), 2894 (), 2874 (s), 1698 (s), 1466 (w), 1424 (w), 1386 (W),
1368 (w), 1343 (w), 1309 (w), 1266 (w), 1234 (w), 1171 (w), 1144 (w), 1127 (w), 1031 (m), 954 (w).

[a]}) =—9.2 (¢ 0.50, CHCL).

Synthesis of trans-Hydrindane Building Block 191

TBSCI (2.5 eq.)
Me imidazole (3.8 eq.)
DMAP (40 mol-%)

_—

DMF,0°Ctort
16 h

255 (91%)

C1gH360,Si
M = 324.57 g/mol

To a solution of alcohols 255 and 256 (12:1, 100 mg, 480 pmol, 1.0 eq.) in DMF (6 mL) at 0 °C was
sequentially added imidazole (122 mg, 1.80 mmol, 3.8 eq.), DMAP (23 mg, 0.19 mmol, 40 mol-%)
and TBSCI (181 mg, 1.20 mmol, 2.5 eq.). The mixture was allowed to warm to room temperature and
stirred for 16 h. The reaction was quenched by addition of H,O (15 mL) and the biphasic mixture was
extracted with Et;0O (3 x 25 mL). The combined organic layers were washed with 10% aqueous

NaCl (3 x 15 mL) and the combined aqueous layers were re-extracted with Et,O (2 x 15 mL). The
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combined organic layers were dried over MgSO, and the solvents were evaporated under reduced
pressure. The crude product was purified by flash column chromatography (silica, hexanes: EtOAc =
70:1 to 50:1 to 30:1) to yield ketone 191 (141 mg, 434 umol, 91%) as a colorless solid and as single

isomer.

Crystals suitable for X-ray analysis were obtained by recrystallization from MeOH.
Ry=0.15 (hexanes:EtOAc = 30:1).

Melting point = 49.5-51.0 °C (hexanes/EtOAc).

'H NMR (CDCl;, 600 MHz): 6= 4.36 (ddd, *J>5 = 8.8 Hz, *Jy1a = 6.9 Hz, *Jo5 = 4.2 Hz, 1H, 2-H),
2.56 (ddd, 2Jsass = 14.7 Hz, J = 3.6, 1.7 Hz, 1H, 5-H,), 2.43-2.36 (m, 2H, 5-Hg, 7-H,), 2.35-2.28 (m,
2H, 4-H, 7-Hg), 1.98 (dd, Jians = 11.8 Hz, *Jian = 6.9 Hz, 1H, 1-H,), 1.81 (ddd, “Jsass = 12.9 Hz,
*Jsars = 7.1 Hz, *Jsapna = 2.0 Hz, 1H, 8-H,), 1.71-1.63 (m, 2H, 3-H, 11-H), 1.58 (m¢, 1H, 8-Hp),
1.27 (dd, 2Jigia = 11.7 Hz, *Ji5» = 8.8 Hz, 1H, 1-Hg), 1.03 (s, 3H, 10-H), 0.98 (d, *Jy31; = 6.2 Hz, 3H,
13-H)*, 0.91 (d, *Ji1, = 6.0 Hz, 3H, 12-H)*, 0.87 (s, 9H, 15-H), 0.06 (s, 3H, 16-H)**, 0.04 (s, 3H,
17-H)** ppm.

3C NMR (CDCly, 150 MHz): & = 212.3 (C-6), 77.8 (C-2), 56.5 (C-3), 50.2 (C-1), 48.1 (C-4),
41.6 (C-5), 40.9 (C-9), 38.0 (C-8), 37.3 (C-7), 29.2 (C-11), 26.0 (C-15), 24.4 (C-12)*, 21.9 (C-13)*,

19.2 (C-10), 18.0 (C-14), —3.5 (C-16)**, —4.7 (C-17)** ppm.

EI-MS for Cy5Hs30,S8i" [(M—Me)']: caled.  309.2244
found  309.2226.

IR (ATR): d/em™ = 2956 (s), 2929 (s), 2899 (s), 2857 (s), 1711 (s), 1472 (w), 1462 (w), 1420 (w),
1388 (W), 1254 (m), 1106 (m), 1073 (m), 1006 (w), 941 (w), 887 (W), 851 (W), 836 (m), 774 (m).

[a]) =+59.7 (¢ 0.33, CH,Cly).
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Synthesis of Dioxolane 257

pTsNHNH, (5.8 eq.)
NaOAc (11.5 eq.)

\J

THF/H,0 (1:1)
80°C,4h

(93%) 257
=258 g

To a solution of alkene 221 (140 mg, 590 umol, 1.0 eq.) and NaOAc (556 mg, 6.80 mmol, 11.5 eq.) in
THF/H,O (1:1, 18 mL) was added p-toluenesulfonyl hydrazide (631 mg, 3.39 mmol, 5.8 eq.) in one
portion. The mixture was heated to 80 °C for 4 h and was then allowed to cool to room temperature.
The reaction was quenched by addition of saturated aqueous K,CO; (2 mL), the organic layer was
separated and the aqueous layer was extracted with Et,O (3 x 15 mL). The combined organic layers
were dried over MgSO, and the solvents were evaporated under reduced pressure. The resulting
residue was suspended in n-pentane/Et,0 (1:1, 5 mL) and purified by flash column

chromatography (silica, n-pentane:Et,0O = 19:1 to 9:1) to yield saturated compound 257 (130 mg,
546 umol, 93%) as a colorless oil.

Ry=0.37 (hexanes:EtOAc = 16:1).
'"H NMR (CDCl;, 600 MHz): & = 4.02-3.88 (m, 4H), 1.91-1.78 (m, 3H), 1.77-1.67 (m, 3H),
1.64—1.53 (m, 4H), 1.47 (dd, J=11.8, 7.6 Hz, 1H), 1.32 (mc, 1H), 1.13 (mc, 1H), 0.89 (d, /= 6.3 Hz,

3H), 0.86 (br s, 3H), 0.82 (d, J = 6.6 Hz, 3H) ppm.

3C NMR (CDCls, 150 MHz): 5= 110.9, 64.4, 64.3, 48.4, 46.7, 41.0, 40.3, 37.2, 35.4, 31.3 (2C), 28.7,
24.1,22.4,17.9 ppm.

EI-MS for C15H2602+ [MJr]Z calcd. 238.1927
found  238.1927.

IR (ATR): d/em™ = 2950 (s), 2873 (s), 1464 (w), 1386 (), 1356 (w), 1289 (w), 1256 (w), 1190 (m),
1115 (m), 1096 (s), 1057 (w), 947 (m), 882 (w), 718 (W), 668 (W).

[a];) =—24.8 (c 0.25, CH,Cly).
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Synthesis of Building Block 190

PPTS (1.3 eq.)

acetone/H,0 (10:1)
A,3h

(99%) 190
M=16181 gimo

To a solution of dioxolane 257 (100 mg, 0.420 mmol, 1.0 eq.) in acetone/H,O (9:1, 10 mL) was added
PPTS (137 mg, 0.546 mmol, 1.3 eq.) and the reaction mixture was heated to reflux for 3 h. The
mixture was allowed to cool to room temperature and the pH value was adjusted to 7-8 by the
addition of solid NaHCO;. Having freed the mixture of acetone, the residue was diluted with
Et,0 (10 mL). The organic layer was separated and sequentially washed with saturated aqueous
NaHCOj; (3 mL), HCI (2N, 2 x 3 mL) and saturated aqueous NaHCO; (2 x 3 mL). The organic layer
was dried over MgSO, and the solvents were removed under reduced pressure. The crude product was

purified by flash column chromatography (silica, n-pentane:Et;,0O = 20:1 to 9:1) to yield
ketone 190 (80 mg, 0.41 mmol, 99%) as a colorless oil.

Ry=0.29 (hexanes:EtOAc = 16:1).

'H NMR (CDCls, 600 MHz): &= 2.58 (ddd, *Jsass = 15.0 Hz, *Jsps = 4.1 Hz, *Jsa75 = 1.8 Hz, 1H,
5-Hy,), 2.47-2.40 (m, 2H, 5-Hg, 7-H,), 2.31 (dddd, “Jogra = 16.3 Hz, *Jogsg = 5.7 Hz, *Jopsa =
“Jopsa= 1.8 Hz, 1H, 7-Hg), 1.97—1.88 (m, 2H, 2-H,, 4-H), 1.86 (ddd, “Jspss = 12.9 Hz, *Jsprma =
7.3 Hz, *Jsas = 1.9 Hz, 1H, 8-H,), 1.81-1.68 (m, 2H, 2-Hg, 3-H) 1.65-1.57 (m, 2H, 1-H,, 11-H),
1.49 (ddd, “Jgp/sa = “Jsp7a = 13.0 Hz, *Jgp7s = 5.8 Hz, 1H, 8-Hp), 1.19 (ddd, *Jig/1a = *Jir = 11.8 Hz,
*Jipn = 8.4 Hz, 1H, 1-Hp), 1.04 (s, 3H, 10-H), 0.88 (d, *Ji»1; = 6.4 Hz, 3H, 12-H)*, 0.86 (d, *Ji31; =
6.4 Hz, 3H, 13-H)* ppm.

C NMR (CDCl;, 150 MHz): & = 213.2 (C-6), 50.2 (C-4), 46.5 (C-3), 42.3 (C-5), 41.1 (C-9),
39.9 (C-1), 37.8 (C-8), 37.6 (C-7), 30.6 (C-11), 29.3 (C-2), 24.1 (C-12)*, 22.1 (C-13)*,
17.8 (C-10) ppm.

EI-MS for C3H,,0" [M*]: caled.  194.1665
found 194.1674.

IR (ATR): B/cm™" = 2954 (s), 2868 (s), 1711 (s), 1464 (w), 1420 (w), 1386 (w), 1289 (w), 1214 (w),
1146 (w), 1045 (w), 921 (w), 816 ().
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[a]}) =+11.2 (¢ 0.25, CH,CL,).

2.2 Experimental Procedures for Chapter 3: ‘Synthetic Studies

toward Astellatol’
Synthesis of Enone 273

Ve OtBU  PTAB(1.3eq) M Of-Bu  LinCO5 (25 eq) 0 0J<
Lj:g HOAc (0.1 mol-%)  Br LiBr (2.0 eq.) o Me Py

o : THF, 0 °C, 15 min OI j:E DMF, 120 °C, 5 h

A A o) :
(49% over two
207 272 steps) 273
Cy4H220,

M =222.32 g/mol

To a solution of ketone 207 (200 mg, 893 umol, 1.0 eq.) in THF (44 mL) at 0 °C was added
PTAB (441 mg, 1.16 mmol, 1.3 eq.) in one portion followed by HOAc (0.66 mL of a 1 vol-% solution
in THF, 0.12 nmol, 0.13 mol-%) and the mixture was stirred for 15 min at this temperature. The
reaction was quenched by addition of saturated aqueous Na,S,0; (15 mL), the phases were separated
and the aqueous layer was extracted with Et;O (3 x 15 mL). The combined organic layers were
washed with saturated aqueous NaCl (20 mL) and were dried over MgSO,. Having evaporated the
solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 16:1 to 14:1 to 9:1) to yield brominated
compound 272 (223 mg, 738 pmol, 78%, R, = 0.67, hexanes:EtOAc = 3:1) as a mixture of
diastereomers.

To a solution of a-bromo ketone 272 (150 mg, 500 umol, 1.0 eq.) in DMF (6 mL) was added LiBr (87
mg, 1.0 mmol, 2.0 eq.) and Li,CO; (109 mg, 1.50 mmol, 2.5 eq.) and the resulting suspension was
heated to 120 °C for 5 h. The mixture was allowed to cool to room temperature and the reaction was
quenched by addition of saturated aqueous NH4CI (10 mL). The mixture was extracted with Et,O (4 x
10 mL) and the combined organic layers were washed with 10% aqueous NaCl (3 x 10 mL). Having
dried the combined organic layers over MgSQ,, the solvent was evaporated under reduced pressure
and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc = 20:1 to

16:1) to yield enone 273 (70 mg, 315 pmol, 63%, 49% over two steps) as a colorless oil.

R;=0.15 (hexanes:EtOAc = 16:1).

'H NMR (CDCLs, 400 MHz): 6 = 7.12 (dd, *Jy7 = 9.8 Hz, J = 0.7 Hz, 1H, 8-H), 5.84 (dd, *J75 =
9.7 Hz, *Jysa = 0.6 Hz, 1H, 7-H), 3.70-3.64 (m, 1H, 1-H), 2.44 (ddd, *Jsxs5 = 17.4 Hz, *Jsp4 = 5.2 Hz,
*Jsan = 0.7 Hz, 1H, 5-Hy), 2.36 (dd, *Jsgisa = 17.4 Hz, *Jsps = 13.4 Hz, 1H, 5-Hp), 2.07-1.93 (m, 2H,
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2-Hy, 4-H), 1.70-1.61 (m, 1H, 3-Hy), 1.60—1.46 (m, 2H, 2-Hg, 3-Hp), 1.17 (s, 9H, 12-H), 0.93 (s, 3H,
10-H).

3C NMR (CDCls, 100 MHz): & = 200.9 (C-6), 157.3 (C-8), 128.6 (C-7), 75.6 (C-1), 72.9 (C-11),
45.4 (C-9), 41.8 (C-4), 39.4 (C-5), 30.9 (C-2), 28.8 (C-12), 25.5 (C-3), 12.7 (C-10) ppm.

EI-MS for CoH 4,0, [(M—-C;3Hg)]: calcd. 166.0988
found 166.0984.

IR (ATR): ¥/cm™" = 2973 (s), 2906 (m), 2878 (m), 1676 (s), 1474 (w), 1364 (w), 1239 (w), 1194 (m),
1122 (w), 1105 (w), 1070 (m), 902 (w), 780 ().

[a ] =+30.4 (c 0.50, CH,CL).

Synthesis of fFKeto Ester 276

LiIHMDS (1.2 eq.);

0
Ot-Bu 275 10 /%
M
e Meo)LCN“'z eq.) a e O ﬁm
= O 83

O/IA/ j—:( THF, -78 °C to rt, | 5 4_

H 45min; -78 °C, 1 h HO™ e >~

207 (69%) 276
C16H2604

M = 282.38 g/mol
To a solution of ketone 207 (100 mg, 450 umol, 1.0 eq.) in THF (4.5 mL) at —78 °C was added
dropwise LiHMDS (0.54 mL of a 1.0M solution in THF, 0.54 mmol, 1.2 eq.). The mixture was
allowed to warm to room temperature and was stirred for an additional 45 min before being cooled to
—78 °C. Then, Mander’s reagent (275, 43 uL, 0.43 mmol, 1.2 eq.) was added dropwise and the mixture
was stirred an additional 1 h at —78 °C. The reaction was diluted with Et,O (5 mL) and poured onto
H,O (5 mL). The organic layer was separated and the aqueous layer was extracted with Et,0O (2 x
10 mL). The combined organic layers were washed with saturated aqueous NaCl (5 mL), dried over
Na,SO, and the solvents were evaporated under reduced pressure. The crude product was purified by
flash column chromatography (silica, hexanes:EtOAc = 40:1) to yield f-keto ester 276 (88 mg,

0.31 mmol, 69%) as a colorless oil.

R;=0.55 (hexanes:EtOAc = 16:1).
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'"H NMR (CDCl;, 600 MHz): & = 12.30 (s, 1H, OH), 3.75 (s, 3H, 14-H), 3.53 (m¢, 1H, 1-H),
2.35-2.29 (m, 2H, 5-H,, 8-H,), 2.11 (mc, 1H, 5-Hg), 1.94 (mc, 1H, 2-H,), 1.88 (mc, 1H, 8-Hp),
1.69—-1.48 (m, 3H, 2-Hp, 3-Hy, 4-H), 1.36 (mc, 1H, 3-Hp), 1.17 (s, 9H, 12-H), 0.72 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 150 MHz): § = 173.8 (C-13), 172.3 (C-6), 97.0 (C-7), 80.2 (C-1), 72.6 (C-11),
51.6 (C-14), 41.7 (C-9), 40.0 (C-4), 35.1 (C-8), 32.3 (C-5), 31.6 (C-2), 28.9 (C-12), 25.8 (C-2),

10.7 (C-10) ppm.

EI-MS for CsHx04" [M*]: caled.  282.1826
found 282.1836.

IR (ATR): d/em™ = 2972 (s), 1654 (s), 1608 (m), 1442 (m), 1383 (w), 1362 (m), 1269 (s), 1232 (w),
1210 (s), 1117 (w), 1092 (w), 1062 (w).

[a]) =+103.6 (c 0.50, CH,Cly).

This compound has been prepared by an alternative procedure having identical physical properties.!'**

Synthesis of Ketone 280
KHMDS (1.1 eq.);
BEt; (1.1 eq.);
: allyl bromide (1.1 eq.) 10 %

Me Of-Bu PA(PPhs)s (5.0 mol-%) M Me PN

> 15 M 13 7 8 9
L THF, rt, 30 min; -78 °C, 85 4
o G 10 min; -78 °Ctort, 3 h o G
207 (75%) 280
C17H2802

M = 264.40 g/mol
To a solution of ketone 207 (5.00 g, 22.3 mmol, 1.0 eq.) in THF (200 mL) at room temperature was
added dropwise KHMDS (50 mL of a 0.5M solution in toluene, 25.0 mmol, 1.1 eq.) and the resulting
solution was stirred for 30 min. Then, the mixture was cooled to =78 °C and Et;B (25.0 mL of a
freshly prepared 1.0M solution in THF, 25.0 mmol, 1.1 eq.) was added dropwise. After stirring an
additional 10 min, a solution of Pd(PPh;), (1.28 g, 1.15 mmol, 5.0 mol-%) and allyl
bromide (2.20 mL, 25.0 mmol, 1.1 eq.) in THF (20 mL) was slowly added. The cold bath was
removed and the mixture was allowed to warm to room temperature, and was stirred for 3 h. The
reaction was quenched by careful addition of 2N HCIl (30 mL) and the layers were separated. The
aqueous layer was extracted with Et;O (3 x 30 mL) and the combined organic layers were washed with

saturated aqueous NaHCOj; (50 mL) and dried over NaSO,. The solvents were removed under reduced
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pressure and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc

=40:1 to 30:1) to yield ketone 280 (4.40 g, 16.7 mmol, 75%) as a colorless oil.
R;=0.73 (hexanes:EtOAc = 7:1).

'H NMR (CDCls, 600 MHz): 6= 5.76 (m¢, 1H, 14-H), 5.04—4.96 (m, 2H, 15-H), 3.44 (dd, *J;, = 8.9,
7.6 Hz, 1H, 1-H), 2.56 (m¢, 1H, 13-Hy), 2.41 (m¢, 1H, 7-H), 2.37-2.28 (m, 2H, 5-H), 2.06 (dd, *Jsasss
= 12.8 Hz, *Jsar = 6.3 Hz, 1H, 8-H,), 2.02-1.94 (m, 2H, 2-H,, 13-Hp), 1.69-1.62 (m, 1H, 4-H),
1.62—1.53 (m, 2H, 2-Hg, 3-Hy), 1.46—1.38 (m, 1H, 3-Hg), 1.13 (s, 9H, 12-H), 1.08 (dd, *Jsgisa = “Jsn
= 12.8 Hz, 1H, 8-Hp), 1.01 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 150 MHz): & = 212.1 (C-6), 136.8 (C-14), 116.3 (C-15), 79.5 (C-1), 72.7 (C-11),
45.8 (C-4), 45.3 (C-7), 43.1 (C-5), 42.8 (C-9), 42.3 (C-8), 34.1 (C-13), 32.0 (C-2), 28.8 (C-12),

25.9(C-3), 11.3 (C-10) ppm.

EI-MS for C;7H0," [M]: calcd. 264.2084
found 264.2082.

IR (ATR): d/em™ = 3076 (w), 2973 (s), 2876 (m), 1708 (s), 1463 (w), 1390 (w), 1361 (m), 1252 (w),
1192 (m), 1114 (m), 1061 (m), 1027 (w), 999 (w), 903 (W).

[a]}) = +56.3 (¢ 1.00, CH,Cl,).

The analytical data matched those reported previously.!"**

Synthesis of Alcohol 286

H Me
X NaBH, (2.0 eq.) N Me O ™
—_—» 15 1377 879
14
o z EtOH, 0°C, 2 h 8 54_
H HO H
280 (79%) 286
C17H3002

M = 266.42 g/mol
To a solution of ketone 280 (26 mg, 0.10 mmol, 1.0 eq.) in EtOH (2 mL) at 0 °C was added
NaBH, (7.7 mg, 0.20 mmol, 2.0 eq.) in one portion and the mixture was stirred for an additional 2 h.
The reaction was quenched by careful addition of HCI (2N, few drops) and the pH was adjusted to 7—8
by addition of solid NaHCO;. The solvent was evaporated under reduced pressure and the residue was

dissolved in EtOAc (10 mL). The organic layer was washed with saturated aqueous NH4Cl (5 mL) and
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the aqueous layer was re-extracted with EtOAc (2 x 10 mL). The combined organic layers were
washed with saturated aqueous NaCl (2 x 5 mL), dried over MgSO, and the solvents were evaporated
under reduced pressure. The residue was purified by flash column chromatography (silica,
hexanes:EtOAc = 20:1 to 10:1) to yield alcohol 286 (21 mg, 79 umol, 79%) as a colorless wax.
Y
The stereochemistry of the newly formed stereogenic center was assigned by _ H  Me ¢

2D NOESY experiments showing the proximity of protons as depicted beside. HO . 0
R;=0.43 (hexanes:EtOAc = 4:1).

'H NMR (CDCls, 600 MHz): &= 5.86 (dddd, *Ji4154 =17.3 Hz, *Ji4nss = 10.2 Hz, *Jig13a = Jian3s =
7.2 Hz, 1H, 14-H), 5.06 (m¢, 1H, 15-H,), 5.01 (m¢, 1H, 15-Hg), 3.35 (dd, *J;, = 8.9, 7.4 Hz, 1H, 1-H),
3.27 (ddd, *Jg;7 = *Joss = 10.3 Hz, *Jgsa = 5.0 Hz, 1H, 6-H), 2.41 (m¢, 1H, 13-H,), 2.01-1.95 (m, 1H,
13-Hg), 1.94-1.86 (m, 1H, 2-H,), 1.80 (ddd, J = 12.0, 5.0, 3.0 Hz, 1H, 5-Hy), 1.75 (dd, “Jsass =
13.0 Hz, *Jsa, = 4.3 Hz, 1H, 8-H,), 1.72-1.59 (m, 2H, 7-H, OH), 1.59-1.41 (m, 2H, 2-Hg, 3-H,),
1.40-1.29 (m, 2H, 3-Hg, 5-Hg), 1.29-1.22 (m, 1H, 4-H), 1.12 (s, 9H, 12-H), 0.77 (s, 3H, 10-H),
0.73 (dd, “Jspsa = *Jsgr = 12.9 Hz, 1H, 8-Hg) ppm.

3C NMR (CDCl;, 150 MHz): § = 137.8 (C-14), 116.3 (C-15), 80.5 (C-1), 76.2 (C-6), 72.5 (C-11),
43.4 (C-4), 43.0 (C-9), 41.5 (C-8), 40.4 (C-7), 38.5 (C-13), 35.0 (C-5), 31.8 (C-2), 29.0 (C-12),

25.5 (C-3), 11.9 (C-10) ppm.

EI-MS for C17H3002+ [MJr]Z calcd. 266.2240
found  266.2237.

IR (ATR): ¥/em™" = 3218 (br m), 3078 (W), 2973 (s), 2927 (s), 2910 (s), 2874 (m), 1465 (w), 1393 (w),
1361 (w), 1256 (w), 1198 (w), 1126 (w), 1070 (w), 1038 (w), 907 (w).

[a]}) =+0.4 (¢ 0.50, CH,CL,).
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Synthesis of Alcohol 288

K+k(H 287
Ot-Bu ~BZ 10
N AHI :Mlef Y D (15eq) N Me 01%

12

15 M 13789 Q
1) B THF, -78 °C to R
H n,1.5h HO' i
280 (95%) 288
Cy7H3002

M = 266.42 g/mol
To a solution of ketone 280 (2.70 g, 10.2 mmol, 1.0 eq.) in THF (100 mL) at —78 °C was added
dropwise K-Selectride” (287, 15.4 mL of a 1.0M solution in THF, 15.4 mmol, 1.5 eq.). Upon complete
addition, the cold bath was removed and the solution was stirred an additional 1.5 h at room
temperature. The mixture was cooled to 0 °C, and MeOH (18 mL) was carefully added to quench
excess hydride source. Subsequently, aqueous NaOH (3N, 36 mL) and H,O, (30% in H,O, 27 mL)
were added and the biphasic mixture was stirred an additional 3 h at room temperature. The mixture
was diluted with saturated aqueous NH4Cl (30 mL) and the aqueous layer was extracted with Et,0 (3 x
50 mL). The combined organic layers were washed with saturated aqueous NaCl (2 x 50 mL), dried
over MgSO, and the solvents were removed under reduced pressure. The crude product was purified
by flash column chromatography (silica, hexanes:EtOAc = 20:1 to 15:1) to yield alcohol 288 (2.61 g,

9.81 mmol, 95%) as a colorless oil.

The stereochemistry was assigned as depicted above since this compound was the minor product in the
reduction with NaBH,. In addition, the small coupling constants (ca. 2.5 Hz) for the newly formed

methine proton indicated no axial-axial coupling.

R;=0.18 (hexanes:EtOAc = 10:1).

'"H NMR (CDCls, 600 MHz): 5= 5.84 (mc, 1H, 14-H), 5.06 (mc, 1H, 15-H,), 5.01 (mc, 1H, 15-Hp),
3.92 (mc, 1H, 6-H), 3.45 (dd, *J; = 8.8, 7.5 Hz, 1H, 1-H), 2.20-2.13 (m, 1H, 13-H,), 2.06-2.00 (m,
1H, 13-Hp), 1.95-1.87 (m, 1H, 2-H,), 1.74-1.63 (m, 3H, 4-H, 5-H,, 7-H), 1.56-1.40 (m, 4H, 2-Hj,
3-H,, 5-Hp 8-Hy), 1.34-1.22 (m, 2H, 3-Hp, OH), 1.13 (s, 9H, 12-H), 1.09 (dd, *Jspsa = “Jsprr =
12.6 Hz, 1H, 8-Hp), 0.73 (s, 3H, 10-H) ppm.

3C NMR (CDCL, 150 MHz): & = 137.7 (C-14), 115.9 (C-15), 80.6 (C-1), 72.4 (C-11), 69.0 (C-6),
43.0 (C-9), 38.6 (C-8), 37.7 (C-13)*, 37.5 (C-7)*, 37.4 (C-4)*, 33.6 (C-5), 31.4 (C-2), 28.9 (C-12),
25.6 (C-3), 10.9 (C-10) ppm.

EI-MS for Cl7H3()OzJr [M+]: calcd. 266.2240
found 266.2234.
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IR (ATR): d/em™ = 3408 (br m), 2973 (s), 2929 (s), 1462 (w), 1389 (w), 1361 (m), 1256 (m),
1196 (s), 1128 (m), 1066 (s), 1029 (m), 1006 (m), 908 (m), 864 (W), 803 (w).

! = 1464025, CHCL)

Synthesis of Lactone 290

0s0O, (1 mol-%)
Ot-Bu  2,6-lutidine (2.0 eq.) Ot-Bu 10 /%
H Me H Me °
N NalO,4 (4.0 eq.) PCC (2.5 eq.) H o Nep ™ 12

: > HO — o=<"® g

HO™ : 1,4-dioxane/H,0 o : CH,Cl, 0°C NoRE 45

B 0°Ctort,17h H H tort, 1h H H

288 289 . 290
(90% over two C16H2603
steps) M = 266.38 g/mol

To a solution of alkene 288 (3.59 g, 13.5 mmol, 1.0 eq.) in 1,4-dioxane/H,0 (3:1, 200 mL) at 0 °C was
sequentially added 2,6-Iutidine (3.14 mL, 27.0 mmol, 2.0 eq.) and OsO4 (838 uL of a 4 wt% solution
in H,O, 135 umol, 1.0 mol-%). Then, NalO, (11.6 g, 54.0 mmol, 4.0 eq.) was added in portions and
the mixture was allowed to warm to room temperature. After stirring for an additional 17 h, the
reaction was diluted with H;O (150 mL) and the mixture was extracted with CH,Cl, (4 x 200 mL).
The combined organic layers were washed with saturated aqueous NaCl (100 mL) and dried over
Na,SO,. The solvents were removed under reduced pressure to yield crude intermediate lactol 289 as a
mixture of epimers (Ry= 0.2, hexanes:EtOAc = 4:1), which was used without further purification.

To a suspension of PCC (7.30 g, 33.8 mmol, 2.5 eq.) in CH,Cl, (200 mL) at 0 °C was added dropwise
a solution of crude lactol 289 (assumed 13.5 mmol, 1.0 eq.) in CH,Cl, (40 mL + 5 mL rinse). The
resulting mixture was allowed to warm to room temperature and was stirred for an additional 1 h
before being directly applied to flash column chromatography (silica, hexanes:EtOAc = 3:1). The
solvent of the product containing fractions was evaporated under reduced pressure and the residue was
purified by flash column chromatography (silica, hexanes:EtOAc = 8:1) to yield lactone 290 (3.23 g,

12.1 mmol, 90% over two steps) as a colorless solid.

N\

. . . . . H M
The stereochemistry of the tricyclic system was assigned according to the key r ° O§
H

NOESY correlations as indicated beside. e S

Ry=0.38 (hexanes:EtOAc = 4:1).

Melting point = 118.5-121.0 °C (CH,Cl,).

'H NMR (CDCls, 600 MHz): 5= 4.56 (m¢, 1H, 6-H), 3.39 (dd, *J,, = 8.8, 8.0 Hz, 1H, 1-H), 2.73 (dd,
2Jiaanss = 16.8 Hz, *Ji3a7 = 7.0 Hz, 1H, 13-H,), 2.51 (m¢, 1H, 7-H), 2.20 (d, *Ji35134 = 16.9 Hz, 1H,
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13-Hg), 2.12 (mc, 1H, 5-Hy), 1.92 (mc, 1H, 2-H,), 1.81 (dd, 2Jsass = 13.1 Hz, *Jspr = 6.4 Hz, 1H,
8-Ha), 1.63—1.43 (m, 4H, 2-Hg, 3-H,, 4-H, 5-Hp), 1.31 (m¢, 1H, 3-Hg), 1.12 (s, 9H, 12-H), 0.91 (mc,
1H, 8-Hp), 0.73 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 150 MHz): & = 177.4 (C-14), 80.2 (C-6), 80.1 (C-1), 72.6 (C-11), 41.1 (C-9),
39.6 (C-8), 38.4 (C-13), 37.0 (C-4), 33.1 (C-7), 30.8 (C-2), 28.9 (C-12), 28.5 (C-5), 25.3 (C-3),

10.4 (C-10) ppm.

EI-MS for C16H2603+ [M+]: calcd. 266.1876
found  266.1881.

IR (ATR): ¥/cm™" = 2971 (s), 2932 (m), 2874 (m), 1779 (s), 1462 (w), 1389 (w), 1361 (w), 1215 (w),
1196 (m), 1179 (m), 1155 (m), 1124 (w), 1062 (m), 1043 (w), 1028 (w), 1000 (w), 968 (w), 911 (w).

[a]) =+12.4 (¢ 1.00, CH,Cl,).

Synthesis of Lactone 291

H Me ©f-Bu  LHMDS (1.5 eq.); 15 10 /%
Mel (5.0 eq.) Mo H  Me PN
0o > o="*1" 83
(6] = THF, -78 c(3, 30 m|n, 14 o 6 5 4_
H H -78°C,1.5h H o H
290 (90%) 291
C17H2803

M =280.40 g/mol

To a solution of lactone 290 (3.23 g, 12.1 mmol, 1.0 eq.) in THF (180 mL) at —78 °C was added
dropwise LiIHMDS (18.2 mL of a 1.0M solution in THF, 18.2 mmol, 1.5 eq.) and the resulting mixture
was stirred for 45 min at this temperature before adding Mel (3.80 mL, 60.5 mmol, 5.0 eq.) dropwise.
After stirring the mixture for an additional 90 min, the reaction was quenched by addition of HCI (2N,
40 mL). The mixture was allowed to warm to room temperature and was diluted with half-saturated
aqueous NH4CI (100 mL). The phases were separated and the aqueous layer was extracted with
Et,0O (3 x 100 mL). The combined organic layers were sequentially washed with saturated aqueous
NaHCO; (70 mL) and saturated aqueous NaCl (70 mL), and dried over Na,SO,4. The solvents were
evaporated under reduced pressure and the crude product was purified by flash column
chromatography (short plug of silica, hexanes:EtOAc = 8:1). Further purification by flash column
chromatography (silica, hexanes:EtOAc = 14:1 to 10:1 to 7:1) yielded lactone 291 (3.06 g, 10.9 mmol,

90%) as a colorless solid and as single diasterecomer.
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Crystals suitable for X-ray analysis were obtained by cooling a saturated solution of lactone 291 in

hexanes/EtOAc to —25 °C.

Ry=0.62 (hexanes:EtOAc = 4:1).

Melting point = 152.0—154.0 °C (CH,Cl,).

'H NMR (CDCls, 600 MHz): § = 4.72-4.69 (m, 1H, 6-H), 3.37 (dd, *J;» = 8.7, 8.0 Hz, 1H, 1-H),
2.34(q, *Ji3ns = 7.6 Hz, 1H, 13-H), 2.17-2.09 (m, 2H, 5-H,, 7-H), 1.91 (m¢, 1H, 2-H,), 1.84 (dd,
*Jsass = 13.1 Hz, *Jspr = 6.5 Hz, 1H, 8-H,), 1.61-1.41 (m, 4H, 2-Hg, 3-H,, 4-H, 5-Hg), 1.33—1.25 (m,
1H, 3-Hg), 1.30 (d, *Jis3 = 7.7 Hz, 3H, 15-H), 1.11 (s, 9H, 12-H), 0.88 (m¢, 1H, 8-Hg), 0.70 (s, 3H,
10-H) ppm.

BC NMR (CDCl;, 150 MHz): & = 180.5 (C-14), 80.1 (C-1), 77.9 (C-6), 72.5 (C-11), 45.0 (C-13),
42.0 (C-9), 40.0 (C-7)*, 39.9 (C-8)*, 37.1 (C-4), 30.8 (C-2), 28.9 (C-12), 28.5 (C-5), 25.3 (C-3),

15.0 (C-15), 10.3 (C-10) ppm.

EI-MS for C13H2003+ [(M—C3Hg)+]: calcd. 224.1407
found  224.1413.

IR (ATR): d/cm™ = 2973 (s), 2938 (s), 2904 (m), 2874 (m), 1757 (s), 1464 (w), 1362 (w), 1213 (m),
1200 (m), 1183 (m), 1132 (w), 1111 (w), 1083 (w), 1064 (w), 1023 (w), 974 (w), 941 (w).

[a];) =—2.6 (¢ 1.00, CH,CLy).

Synthesis of Alcohol 295

EtO_
N SPPh
(6] 17
Me H Me Ot-Bu DIBAL-H Me H Me Ot-Bu 294 5 MeH Mé@o%
(2.0eq.) (8.0eq.) ~_O¢ >
o) ——— > HO — 97 N7 8 Q
o} : CH,Cl, e} : benzene o} 1;0\\\ 524
H H -78 °C, 30 min H H A, 40 h A
291 292 295
(52% over two
C21H3604

t
steps) M = 352.51 g/mol

To a solution of lactone 291 (82 mg, 0.29 mmol, 1.0 eq.) in CH,CI, (6 mL) at —78 °C was added
dropwise DIBAL-H (0.58 mL of a 1.0M solution in CH,Cl,, 0.58 mmol, 2.0 eq.) and the mixture was
stirred for 30 min at this temperature. Then, EtOAc (1 mL) was added to quench excess hydride

source followed by half-saturated aqueous Rochelle salt (10 mL). The mixture was allowed to warm to
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room temperature and was stirred vigorously for an additional 1 h. The organic layer was separated
and the aqueous layer was extracted with CH,Cl, (4 x 10 mL). The combined organic layers were
dried over MgSO, and the solvent was removed under reduced pressure. The crude product was
filtered over a pad of silica (hexanes:EtOAc = 6:1) to yield lactol 292 as a mixture of epimers, which
was used without further purification.

To a solution of lactol 292 (20 mg, 71 umol, 1.0 eq.) in benzene (6 mL) was added ylid 294 (148 mg,
0.43 mmol, 6.0 eq.) and the mixture was heated to reflux for 24 h. As TLC indicated remaining
starting material, more reagent 294 (49 mg, 0.14 mmol, 2.0 eq.) was added and the mixture was heated
to reflux for an additional 16 h. The mixture was allowed to cool to room temperature and the reaction
was quenched by addition of saturated aqueous NH,Cl (5 mL). After phase separation, the aqueous
layer was extracted with EtOAc (3 x 5 mL) and the combined organic layers were dried over MgSO,.
The solvents were removed under reduced pressure and the crude product was purified by flash
column chromatography (silica, hexanes:EtOAc = 10:1 to 7:1) to yield ester 295 (14 mg, 37 umol,

52% over two steps) as a highly viscous colorless oil.
R;=0.47 (hexanes:EtOAc = 4:1).

'H NMR (CDCl;, 600 MHz): & = 6.94 (dd, *Jiu1s = 15.6 Hz, *Ji413 = 9.5 Hz, 1H, 14-H), 5.87 (dd,
*Jisna=15.6 Hz, *Ji515 = 0.8 Hz, 1H, 15-H), 4.19 (q, *Jis10 = 7.2 Hz, 2H, 18-H), 3.90 (m¢, 1H, 6-H),
3.46 (dd, *Ji, = 8.9, 7.7 Hz, 1H, 1-H), 2.39 (m¢, 1H, 13-H), 1.95-1.88 (m, 1H, 2-H,), 1.74—1.65 (m,
2H, 4-H, 8-H,), 1.60 (m¢, 1H, 5-H,), 1.53—1.40 (m, 4H, 2-Hg, 3-H,, 5-Hp, 7-H), 1.34-1.23 (m, 1H,
3-Hg), 1.29 (t, *Jions = 7.1 Hz, 3H, 19-H), 1.14 (s, 9H, 12-H), 1.10-1.02 (m, 1H, 8-Hg), 1.05 (d,
Ji713 = 6.8 Hz, 3H, 17-H), 0.71 (s, 3H, 10-H) ppm.

3C NMR (CDCl;, 150 MHz): 5= 167.0 (C-16), 154.2 (C-14), 120.4 (C-15), 80.7 (C-1), 72.4 (C-11),
68.1 (C-6), 60.4 (C-18), 42.8 (C-9), 42.7 (C-7), 38.7 (C-13), 37.4 (C-4), 35.9 (C-8), 34.0 (C-5),

31.3 (C-2), 28.9 (C-12), 25.6 (C-3), 18.2 (C-17), 14.4 (C-19), 11.0 (C-11) ppm.

EI-MS for C21H3604+ [M+]Z calcd. 352.2608
found  352.2624.

IR (ATR): d/em™ = 3480 (br w), 2973 (s), 2935 (s), 2874 (m), 1718 (m), 1463 (w), 1362 (w),
1262 (w), 1225 (w), 1195 (w), 1125 (w), 1063 (w).

[ = +512 (¢ 025, CHCL).
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Synthesis of Diol 296
15
Me H e OFBU Ve, M*OO’%
i 1
LiAIH, (2.0 eq.) HO e N
(e} _— EE
o : THF, 0 °C, 30 min Aol
H H HO' G
291 (97%) 296
Cy7H3203

M = 284.43 g/mol

To a suspension of LiAlH4 (806 mg, 21.2 mmol, 2.0 eq.) in THF (60 mL) at 0 °C was added a solution
of lactone 291 (3.06 g, 10.9 mmol, 1.0 eq.) in THF (30 mL + 10 mL rinse) via cannula within 20 min
and the mixture was stirred for an additional 15 min at this temperature. Then, half-saturated aqueous
Rochelle salt (100 mL) was added and the biphasic mixture was vigorously stirred for 1 h at room
temperature. The layers were separated and the aqueous layer was extracted with Et,O (3 x 100 mL).
The combined organic layers were washed with saturated aqueous NaCl (80 mL) and dried over
MgSO,. The crude product was purified by flash column chromatography (silica, CH,Cl,:MeOH =
100:2.5) to yield diol 296 (2.99 g, 10.6 mmol, 97%) as a colorless solid.

Ry=0.24 (CH,Cl;:MeOH = 100:5).
Melting point = 128.5-130.0 °C (CH,Cl,).

'H NMR (CDCl;, 600 MHz): = 4.11 (mc, 1H, 6-H), 3.68 (dd, “Ji4pan45 = 10.7 Hz, *Ji4a13 = 2.8 Hz,
1H, 14-H,), 3.58 (dd, 2Ji4p14a = 10.8 Hz, *Ji4p13 = 6.1 Hz, 1H, 14-Hp), 3.47 (dd, *J,, = 8.8, 7.4 Hz,
1H, 1-H), 3.08 (br s, 2H, OH), 1.94-1.87 (m, 1H, 2-H,), 1.76-1.63 (m, 3H, 4-H, 5-H,, 13-H),
1.56-1.39 (m, 5H, 2-Hg, 3-H,, 5-Hg, 7-H, 8-H,), 1.32—1.22 (m, 2H, 3-Hjg, 8-Hg), 1.13 (s, 9H, 12-H),
1.00 (d, *Jy513 = 7.2 Hz, 3H, 15-H), 0.72 (s, 3H, 10-H) ppm.

C NMR (CDCl;, 150 MHz): § = 80.8 (C-1), 72.4 (C-11), 66.9 (C-6), 65.8 (C-14), 43.1 (C-9),
42.2 (C-7), 38.2 (C-13), 37.6 (C-4), 37.5 (C-8), 33.6 (C-5), 31.4 (C-2), 28.9 (C-12), 25.6 (C-3),

16.3 (C-15), 11.0 (C-10) ppm.

EI-MS for C17H3203+ [MJr]Z calcd. 284.2346
found  284.2342.

IR (ATR): 9/cm™" = 3298 (br s), 2971 (s), 2929 (s), 2874 (s), 1462 (w), 1387 (w), 1360 (m), 1253 (w),
1196 (m), 1114 (w), 1062 (m), 1009 (m), 972 (W), 937 (W), 902 (W).

[a]) =+38.0 (¢ 0.50, CH,Cl).
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Synthesis of trans-Hydrindane 297

15
Me 100/%
MeH Me Of-Bu Et;SiOTf (2.6 eq.) /\\./O H Me y 1 \
HO 2,6-lutidine (4.0 eq.) SiTNNE 9
CH,CI 0°C1h= Q” 0“‘6545
N B 2V12 3 1 H
HO : PR
296 (99%) TS 297
19 CogHegO3Siz

M = 512.96 g/mol
To a solution of diol 296 (2.97 g, 10.5 mmol, 1.0 eq.) and 2,6-lutidine (4.90 mL, 42.1 mmol, 4.0 eq.)
in CH,Cl, (100 mL) at 0 °C was added dropwise Et;SiOTf (6.20 mL, 27.4 mmol, 2.6 eq.) and the
mixture was stirred for 1 h at this temperature. The reaction was quenched by addition of saturated
aqueous NaHCO; (60 mL), the phases were separated and the aqueous layer was extracted with
CH,Cl, (3 x 50 mL). The combined organic layers were washed with saturated aqueous NaCl (50 mL)
and dried over MgSO,4. The crude product was purified by flash column chromatography (silica,
hexanes:EtOAc = 100:1 to 60:1 to 40:1) to yield the title compound 297 (5.34 g, 10.4 mmol, 99%) as a

colorless oil.
R;=0.23 (hexanes:EtOAc = 30:1).

"H NMR (CDCl;, 600 MHz): 5= 4.00 (mc¢, 1H, 6-H), 3.52 (dd, “Ji4a/148 = 9.5 Hz, *Ji4a13 = 5.0 Hz, 1H,
14-Hy), 3.45 (dd, *Jispan = 9.6 Hz, *Jiupns = 6.1 Hz, 1H, 14-Hg), 3.42 (dd, *Jy, = 8.9, 7.4 Hz, 1H,
1-H), 1.95-1.84 (m, 1H, 2-H,), 1.77-1.65 (m, 2H, 4-H, 13-H), 1.56-1.51 (m, 2H, 5-H,, 7-H),
1.50—1.32 (m, 4H, 2-Hg, 3-H,, 5-Hgp, 8-H,), 1.25 (m¢, 1H, 3-Hg), 1.14 (s, 9H, 12-H), 1.12 (mc, 1H,
8-Hg), 0.99-0.94 (m, 18H, 17-H, 19-H), 0.89 (d, *J;s13 = 6.9 Hz, 3H, 15-H), 0.70 (s, 3H, 10-H),
0.63-0.54 (m, 12H, 16-H, 18-H) ppm.

3C NMR (CDCls, 150 MHz): & = 81.0 (C-1), 72.3 (C-11), 70.5 (C-6), 66.5 (C-14), 42.7 (C-9),
38.7 (C-7), 37.4 (2C, C-4, C-13), 35.0 (C-8), 34.7 (C-5), 31.5 (C-2), 29.0 (C-12), 25.6 (C-3),

15.1 (C-15), 11.1 (C-10), 7.2 (C-17)*, 7.0 (C-19)*, 5.5 (C-16)**, 4.6 (C-18)** ppm.

EI-MS for C29H6003Si2+ [M+]2 calcd. 512.4076
found  512.4076.

IR (ATR): d/em™’ = 2954 (s), 2911 (s), 2987 (s), 1459 (w), 1414 (w), 1387 (w), 1361 (w), 1238 (w),
1196 (w), 1062 (m), 1015 (m), 976 (W), 725 (m).

[a ] =+24.2 (c 1.00, CH,CL).
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Synthesis of Aldehyde 298

15
(COCI), (2.5 eq.) Mo 0 O,Q
Me, e Ot-Bu DMSO (5.0 eq.); o H o Me PN
EthiO\Atji& EtsN (10 eq.) INTES Q
L H \ 6 5 4
oV N

PR S CH,Cl,, -78 °C to { H
Et38IO A 60 OC, 75 h, \/SI/>
297 -78 °C to 0 °C, 30 min WW 298

M = 396.68 g/mol

To a solution of DMSO (1.02 mL, 14.5 mmol, 5.0 eq.) in CH,Cl, (30 mL) at —78 °C was slowly added
(COCl), (3.61 mL of a 2.0M solution in CH,Cl,, 7.22 mmol, 2.5 eq.) and the mixture was stirred for
15 min at this temperature. Then, a solution of bissilyl ether 297 (1.48 g, 2.89 mmol, 1.0 eq.) in
CH,CI, (7 mL) was added within 30 min using a syringe pump. The reaction was allowed to warm to
—60 °C and was stirred for 7 h at =65 to —60 °C (cryocooler). The mixture was cooled to —78 °C and
Et;N (3.95 mL, 28.4 mmol, 9.8 eq.) was added dropwise. The mixture was stirred for an additional
10 min at this temperature and was allowed to warm slowly to 0 °C forming a white precipitate. After
stirring an additional 15 min at 0 °C, the reaction was quenched by adding H,O (20 mL) and the
biphasic mixture was extracted with CH,Cl, (3 x 40 mL). The combined organic layers were washed
with saturated aqueous NaCl (30 mL), dried over MgSO, and the solvents were removed under
reduced pressure. Purification by flash column chromatography (silica, hexanes:EtOAc = 60:1 to 30:1)
yielded aldehyde 298 (992 mg, 2.53 mmol, 88%) as a colorless oil.

On a larger scale (5.31 g, 10.4 mmol of bissilyl ether 297), aldehyde 298 (3.10 g, 7.82 mmol) was
isolated in 75% yield along with recovered starting material 297 (430 mg, 840 pumol, 8%).

R;=0.31 (hexanes:EtOAc = 30:1).

'H NMR (CDCl;, 600 MHz): & = 9.74 (d, *Ji413 = 1.7 Hz, 1H, 14-H), 4.04 (m¢, 1H, 6-H), 3.44 (dd,
Jin = 9.0, 7.4 Hz, 1H, 1-H), 2.40 (qdd, *Ji37 = *Jisns = 7.2 Hz, *Jisps = 1.7 Hz, 1H, 13-H),
1.96-1.86 (m, 2H, 2-H,, 7-H), 1.73 (dddd, *J = 13.0, 13.0, 7.0, 3.3 Hz, 1H, 4-H), 1.60 (ddd, “Jss/ss =
13.7 Hz, *Jspnis = *Jsae = 3.2 Hz, 1H, 5-H,), 1.53—1.40 (m, 4H, 2-H,, 3-Hy, 5-Hg, 8-Hy), 1.35 (dd,
2Jspsa = Jsgr = 12.6 Hz, 1H, 8-Hg), 1.31-1.23 (m, 1H, 3-Hg), 1.14 (s, 9H, 12-H), 1.07 (d, *Ji513 =
7.1 Hz, 3H, 15-H), 0.94 (t, *J1716 = 8.0 Hz, 9H, 17-H), 0.74 (s, 3H, 10-H), 0.58 (q, *Ji¢17 = 8.0 Hz, 6H,
16-H) ppm.

3C NMR (CDCls, 150 MHz): 6= 205.2 (C-14), 80.8 (C-1), 72.4 (C-11), 68.7 (C-6), 48.3 (C-13),
42.9 (C-9), 40.3 (C-7), 37.2 (C-4), 36.2 (C-8), 33.9 (C-5), 31.4 (C-2), 29.0 (C-12), 25.5 (C-3),
12.2 (C-15), 10.9 (C-10), 7.1 (C-17), 5.3 (C-16) ppm.
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EI-MS for C23H4403Si+ [M+]Z calcd. 396.3054
found 396.3065.

IR (ATR): d/cm™" = 2955 (s), 2876 (s), 1722 (s), 1461 (w), 1414 (w), 1389 (w), 1362 (w), 1238 (W),
1195 (m), 1126 (w), 1086 (s), 1045 (s), 1005 (m), 973 (w), 945 (w), 919 (w), 726 (m).

[}y =+63.6 (¢ 0.50, CH,Cl,).

Synthesis of Alkene 299

Me

Me y 100/%
H Me Ot-Bu PhsPMe_Br (3.0eq.) - H Me ' 11
(0] n-BuLi (2.0 eq.) NG 9 12
> 854
H o“‘t t S THF,0°Ctort, 1 h; o" B
H

78°C100°C,60min &\ M

éiEt3 . T7 299
298 (93%) 18 CpgHaOsSi
M = 394.71 g/mol

To a suspension of methyltriphenylphosphonium bromide (8.33 g, 23.3 mmol, 3.0 eq.) in
THF (120 mL) at 0 °C was slowly added n-BuLi (6.20 mL of a 2.5M solution in hexanes, 15.6 mmol,
2.0 eq.). The mixture was allowed to warm to room temperature, stirred for an additional 1 h and was
subsequently cooled to —78 °C. Then, a solution of aldehyde 298 (3.08 g, 7.78 mmol, 1.0 eq.) in
THF (12 mL + 5 mL rinse) was added within 15 min (syringe pump). The cold bath was removed and
replaced by an ice/water bath. The mixture was stirred for 60 min at 0 °C and the reaction was
quenched by addition of saturated aqueous NH4CI (50 mL). The layers were separated and the aqueous
layer was extracted with Et,O (3 x 70 mL). The combined organic layers were washed with saturated
aqueous NaCl (50 mL) and dried over MgSO,. Having evaporated the solvents under reduced
pressure, the crude product was purified by flash column chromatography (silica, hexanes:EtOAc =

100:1 to 60:1) to afford alkene 299 (2.86 g, 7.26 mmol, 93%) as a colorless oil.
R;=0.21 (hexanes:EtOAc = 60:1).

'H NMR (CDCls, 600 MHz): 6= 5.77 (ddd, *Ji4154 = 17.3 Hz, *Ji4158 = 10.3 Hz, *J1415 = 8.2 Hz, 1H,
14-H), 4.97 (ddd, *Jisa14 = 17.3 Hz, *Jisanss = 2.1 Hz, *Jisan3 = 1.0 Hz, 1H, 15-H,), 4.93 (ddd, *Jis514
= 10.4 Hz, “Jispian = 2.1 Hz, *Jis13 = 0.5 Hz, 1H, 15-Hg), 4.00 (mc, 1H, 6-H), 3.43 (dd, *J,, = 8.9,
7.4 Hz, 1H, 1-H), 2.22 (m¢, 1H, 13-H), 1.91 (m¢, 1H, 2-H,), 1.74 (dddd, J = 12.9, 12.9, 7.0, 3.4 Hz,
1H, 4-H), 1.58—1.52 (m, 2H, 5-H,, 8-H,), 1.48—1.34 (m, 3H, 2-Hp, 3-Hy, 5-Hg), 1.29-1.21 (m, 2H,
3-Hg, 7-H), 1.15 (s, 9H, 12-H), 1.07 (dd, *Jsgsa = *Jsg7 = 12.4 Hz, 1H, 8-Hg), 0.96 (t, *J15/17 = 7.9 Hz,
9H, 18-H), 0.95 (d, *J1613 = 6.9 Hz, 3H, 16-H), 0.70 (s, 3H, 10-H), 0.62—0.54 (m, 6H, 17-H) ppm.
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3C NMR (CDCl;, 150 MHz): & = 145.1 (C-14), 113.0 (C-13), 80.9 (C-1), 72.3 (C-11), 69.4 (C-6),
43.6 (C-7), 42.8 (C-9), 39.0 (C-13), 37.3 (C-4), 35.6 (C-8), 34.4 (C-5), 31.6 (C-2), 29.0 (C-12),
25.5 (C-3), 18.7 (C-16), 11.2 (C-10), 7.3 (C-18), 5.6 (C-17) ppm.

EI-MS for Cz4H46028iJr [M+]Z calcd. 394.3262
found 394.3262.

IR (ATR): d/cm™" = 3087 (w), 2972 (s), 2955 (s), 2911 (s), 2876 (s), 1460 (m), 1415 (w), 1361 (w),
1237 (w), 1196 (m), 1128 (w), 1060 (m), 1045 (m), 1106 (m), 974 (w), 909 (m), 796 (w), 724 (m).

[a]) =+37.6 (c 0.50, CH,Cl).

Synthesis of Alcohol 300

16
Me woo/e
Me, o Ot-Bu  9-BBN (287,30eq); Mo Ney s
A NaOH, H,O, HO™s>"1377 @ 9
> \\\ 5524
K L (@) H
Et5SiO' g

THF, 40 °C, 3 h; | i
0°Ctort, 2h \/Siﬁ} 300

299 o 18 CogHagOsSi
(87%) M =412.72 g/mol

To a solution of alkene 299 (394 mg, 1.00 mol, 1.0 eq.) in THF (12 mL) was added 9-BBN (237,
4.00 mL of a 0.5M solution in THF, 2.00 mmol, 2.0 eq.) and the mixture was heated to 40 °C for 3.5 h.
The mixture was cooled to 0 °C and MeOH (2 mL), aqueous NaOH (3N, 4 mL) and aqueous
H,0, (30 wt%, 4 mL) were consecutively added. The mixture was stirred at 40 °C for 1 h and for an
additional 1 h at room temperature, and H,O (10 mL) was added. The mixture was extracted with
Et,0 (3 x 25 mL) and the combined organic layers were washed with saturated aqueous NaCl (2 x
20 mL). The NaCl layers were re-extracted with Et;0 (2 x 10 mL) and the combined organic layers
were dried over MgSQ,. The solvents were evaporated under reduced pressure and the crude product
was purified by flash column chromatography (silica, hexanes:EtOAc = 9:1) to yield
alcohol 300 (357 mg, 867 umol, 87%) as a colorless oil.

Ry=0.17 (hexanes:EtOAc = 7:1).

'H NMR (CDCl;, 600 MHz): 8 = 4.07 (mc, 1H, 6-H), 3.71 (ddd, 2Jisais8 = 10.4 Hz, *Jisans = 8.5,
5.5 Hz, 1H, 15-H,), 3.64 (ddd, “Jisgisa = 10.3 Hz, *Jisn4 = 8.2, 6.8 Hz, 1H, 15-Hp), 3.42 (dd, *J,, =
8.8, 7.5 Hz, 1H, 1-H), 1.94-1.87 (m, 1H, 2-H,), 1.80-1.70 (m, 2H, 4-H, 14-H,), 1.67-1.61 (m, 1H,
13-H), 1.59-1.54 (m, 1H, 5-Hy), 1.49 (dd, *Jsasss = 12.3 Hz, *Jsar = 3.5 Hz, 1H, 8-H,), 1.47-1.35 (m,
4H, 2-Hg, 3-H,, 5-Hg, 13-H), 1.30-1.23 (m, 2H, 3-Hg, 7-H), 1.16-1.08 (m, 1H, 8-Hg), 1.14 (s, 9H,
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12-H), 0.96 (t, *Jig17 = 8.0 Hz, 9H, 18-H), 0.88 (d, *Ji¢:15 = 6.8 Hz, 3H, 16-H), 0.69 (s, 3H, 10-H),
0.64-0.55 (m, 6H, 17-H) ppm.

3C NMR (CDCl;, 150 MHz): 8 = 81.0 (C-1). 72.3 (C-11), 70.0 (C-6), 61.7 (C-15), 42.7 (2C, C-7,
C-9), 38.3 (C-14), 37.4 (C-4), 35.2 (C-8), 34.6 (C-5), 31.6 (C-2), 31.4 (C-13), 29.0 (C-12), 25.5 (C-3),

17.4 (C-16), 11.1 (C-10), 7.2 (C-18), 5.5 (C-17) ppm.

EI-MS for C24H4SO3Si+ [M+]Z calcd. 412.3367
found  412.3359.

IR (ATR): d/cm™ = 3355 (br m), 2955 (s), 2876 (s), 1461 (w), 1379 (w), 1362 (w), 1196 (w),
1130 (w), 1062 (m), 1009 (w), 977 (w), 797 (w), 741 (w).

[a ]2 =+20.0 (c 0.33, CH,CLy).

Synthesis of Diol 458
Me °
H Me Ot-Bu CSA MeH MéOO 11
HO - . HOW 12
e L CH,Cl,/MeOH W5 “_
EtsSI0 H 0°Ctort,1h HO f
300 . 458
(83%) C1gH3403

M = 298.46 g/mol
To a solution of silyl ether 300 (14 mg, 39 umol, 1.0 eq.) in CH,Cl,/MeOH (7:1, 1.6 mL) at 0 °C was
added (1R)-(-)-camphorsulfonic acid (spatula tip). The mixture was allowed to warm to room
temperature and was stirred for 1 h before being diluted with CH,ClI, (5 mL) and quenched by addition
of saturated aqueous NaHCO; (5 mL). The aqueous layer was separated and extracted with
CH,Cl, 3 x 5 mL). The combined organic layers were dried over MgSO, and the solvents were
evaporated under reduced pressure. The obtained crude product was purified by flash column
chromatography (silica, CH,Cl,:MeOH = 100:2.5) to yield diol 458 (9 mg, 32 umol, 83%) as a viscous

colorless oil.

Ry=0.24 (CH,Cl,:MeOH = 100:5).

'H NMR (CDCl;, 600 MHz): & = 4.15 (m¢, 1H, 6-H), 3.76 (ddd, *Jisanss = 10.2 Hz, *Jisas = 6.4,
4.3 Hz, 1H, 15-H,), 3.64 (ddd, *Jisp1sa = 10.1 Hz, *Jisps = 9.2, 5.4 Hz, 1H, 15-Hg), 3.44 (dd, *J;, =
8.8, 7.5 Hz, 1H, 1-H), 2.06—1.82 (m, 4H, 2-Ha, 14-Ha, OH), 1.70-1.57 (m, 4H, 4-H, 5-H,, 8-Ha,
13-H), 1.55-1.41 (m, 3H, 2-Hg, 3-Ha, 5-Hg), 1.34-1.23 (m, 3H, 3-Hg, 7-H, 14-Hg), 1.13 (s, 9H,



2 Experimental Procedures 169

12-H), 1.02 (dd, “Jspsa = *Jsp = 12.9 Hz, 1H, 8-Hg), 0.94 (d, *Ji¢13 = 6.8 Hz, 3H, 16-H), 0.70 (s, 3H,
10-H) ppm.

3C NMR (CDCls, 150 MHz): § = 80.8 (C-1), 72.4 (C-11), 67.6 (C-6), 61.6 (C-15), 42.8 (C-9),
42.5 (C-7), 37.5 (C-4), 37.1 (C-14), 36.4 (C-8), 33.8 (C-5), 31.4 (C-2), 31.2 (C-13), 28.9 (C-12),
25.6 (C-3), 18.6 (C-16), 11.0 (C-10) ppm.

EI-MS for C3H3,05" [M]: calcd. 298.2502
found 298.25009.

IR (ATR): ¥/em™" = 3350 (br 5), 2972 (5), 2931 (5), 2873 (5), 1462 (W), 1388 (W), 1361 (m), 1197 (m),
1130 (w), 1062 (m), 1028 (w), 1008 (w), 976 (W), 903 (W).

[a]2) = +40.8 (c 0.33, CH,CLy).

Synthesis of Lactone 301

M 16
4 Me Ot-Bu TE,'\A/IIEO(E)(ZO-%e(;-) 13MeH MQOO%
HO —q> 14 2O 12
0 B CH,Cl, N & 4_
HO : ° H
H 0°Ctort, 16h 0" O L
301

C1gH3003
M =294.43 g/mol

To a solution of diol 458 (6.0 mg, 20 umol, 1.0 eq.) and BAIB (32 mg, 0.10 mmol, 5.0 eq.) in
CH,Cl, (1.5 mL) at 0 °C was added TEMPO (1 mg, 4 umol, 0.2 eq.). The mixture was allowed to

458 (85%)

warm to room temperature and stirred for 2 h. Then, additional TEMPO (9.0 mg, 36 umol, 1.8 eq.)
was added and the mixture was stirred for 14 h. The reaction was diluted with CH,Cl, (10 mL) and
was quenched by addition of saturated aqueous Na,SO; (3 mL). After phase separation, the aqueous
layer was extracted with CH,Cl, (3 x 5 mL). The combined organic layers were washed with saturated
aqueous NaHCO; (5 mL) and saturated aqueous NaCl (5 mL), and were dried over MgSO,. The
solvent was removed under reduced pressure and the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 7:1) to yield lactone 301 (5.0 mg, 17 pmol, 85%) as a

colorless solid.

R;=0.18 (Hexanes:EtOAc = 7:1).

'H NMR (CDCls, 600 MHz): §=4.50 (ddd, *Jysa = *Jesz = Jerr = 3.0 Hz, 1H, 6-H), 3.42 (dd, *Jion =
8.8 Hz, *Jy 5 = 7.7 Hz, 1H, 1-H), 2.53 (dd, *Jisanss = 15.8 Hz, *Ji4pn3 = 6.2 Hz, 1H, 14-H,) 2.18 (dd,
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2Jianan = 15.8 Hz, *Jiapns = 9.6 Hz, 1H, 14-Hg), 1.95 (ddd, Jsassg = 14.1 Hz, *Jsps = *Jsae = 3.0 Hz,
1H, 5-H,), 1.91 (dddd, J = 13.5, 9.2, 9.2, 6.3 Hz, 1H, 2-H,), 1.72-1.63 (m, 3H, 4-H, 7-H, 13-H),
1.62 (dd, “Jsass = 12.8 Hz, *Jspr = 4.8 Hz, 1H, 8-Hy), 1.58 (mc, 1H, 5-Hg), 1.55-1.49 (m, 1H, 3-H,),
1.47-1.40 (m, 1H, 2-Hg), 1.28 (m¢, 1H, 3-Hg) 1.14 (d, *Ji¢15 = 6.9 Hz, 3H, 16-H), 1.12 (s, 9H, 12-H),
1.08 (dd, “Jsgsa = “Jsgr = 12.8 Hz, 1H, 8-Hg), 0.75 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 150 MHz): & = 173.7 (C-15), 80.3 (C-1), 75.4 (C-6), 72.5 (C-11), 42.7 (C-9),
40.2 (C-8), 37.7 (C-7)*, 37.5 (C-4), 35.8 (C-14), 32.0 (C-13)*, 31.1 (C-2), 30.3 (C-5), 28.9 (C-12),
25.3 (C-3), 22.1 (C-16), 10.7 (C-10) ppm.

EI-MS for ClgH3()O3Jr [M+]Z calcd. 294.2189
found  294.2177.

IR (ATR): d/cm™" = 2971 (s), 2931 (s), 2873 (m), 1745 (s), 1461 (w), 1362 (w), 1308 (w), 1280 (W),
1251 (m), 1196 (m), 1165 (w), 1123 (w), 1064 (m), 1004 (w), 902 (w).

[a]}) =72 (¢ 0.25, CH,Cly).

Synthesis of Ketone 302

KHMDS (1.5 eq.);
BEt; (1.5 eq.); 10

Pd(PPha), (10 mol-%) H Me 19\ /7

allyl bromide (15eq)  oX

THF, rt, 30 min; -78 °C, (0]

5 min; -78°Ctort,2.5h Tl
12
191 (82%) 302

M = 364.64 g/mol
To a solution of ketone 191 (380 mg, 1.17 mmol, 1.0 eq.) in degassed THF (12 mL) at room
temperature was added KHMDS (3.5 mL of a 0.5M solution in toluene, 1.75 mmol, 1.5 eq.) and the
resulting yellow solution was stirred for 30 min before being cooled to —78 °C. Then, Et;B (3.50 mL
of a freshly prepared 0.5M solution in THF, 1.75 mmol, 1.5 eq.) was added dropwise and the mixture
was stirred for 5 min. After slowly adding a solution of Pd(PPh;), (135 mg, 117 pmol, 10 mol-%) and
allyl bromide (151 pL, 1.75 mmol, 1.5 eq.) in degassed THF (4 mL), the cold bath was removed and
the mixture was stirred for 2.5 h at room temperature. The reaction was quenched by addition of
saturated aqueous NH4CI (20 mL) and diluted with Et,O (20 mL). The phases were separated and the
aqueous layer was extracted with Et,O (3 x 20 mL). The combined organic layers were washed with

saturated aqueous NaCl (30 mL) and dried over MgSQ,. The solvents were evaporated under reduced
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pressure and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc

=60:1) to yield ketone 302 (350 mg, 961 umol, 82%) as a colorless oil.
R;=0.38 (hexanes:EtOAc = 16:1)

'H NMR (CDCls, 600 MHz): 8= 5.73 (m¢, 1H, 15-H), 5.03-4.97 (m, 2H, 16-H), 4.36 (ddd, />3 =
8.6 Hz, *Jyua = 7.0 Hz, *J53 =4.2 Hz, 1H, 2-H), 2.58 (dd, *Jsass = 13.8 Hz, *Jsau = 3.8 Hz, 1H, 5-H,),
2.57-2.53 (m, 1H, 14-H,), 2.45-2.36 (m, 2H, 5-Hg, 7-H), 2.23 (ddd, *Jysg = 15.2 Hz, *Jy3 = 9.9 Hz,
3Juysa = 3.8 Hz, 1H, 4-H), 2.04—1.96 (m, 1H, 14-Hg), 1.97 (dd, *Jians = 11.5 Hz, *Jia» = 7.0 Hz, 1H,
1-Hy), 1.93 (dd, *Jspss = 12.8 Hz, *Jsa; = 6.3 Hz, 1H, 8-H,), 1.71-1.64 (m, 1H, 13-H), 1.62 (ddd,
3Jsa=">Js11 = 9.9 Hz, *J3, = 4.2 Hz, 1H, 3-H), 1.28-1.21 (m, 2H, 1-Hg, 8-Hp), 1.07 (s, 3H, 10-H),
0.97 (d, *J1311 = 6.4 Hz, 3H, 13-H)*, 0.90 (d, *J121, = 6.2 Hz, 3H, 12-H)*, 0.86 (s, 9H, 18-H), 0.05 (s,
3H, 20-H)**, 0.03 (s, 3H, 19-H)** ppm.

C NMR (CDCl;, 150 MHz): & = 212.1 (C-6), 136.7 (C-15), 116.5 (C-16), 77.9 (C-2), 56.9 (C-3),
50.3 (C-1), 49.3 (C-4), 45.2 (C-7), 45.0 (C-8), 42.0 (C-5)*, 41.7 (C-9)*, 34.0 (C-14), 29.3 (C-11),
26.0 (C-18), 243 (C-12)**, 22.0 (C-13)**, 20.1 (C-10), 17.9 (C-17), -3.5 (C-19)***,
—4.7 (C-20)*** ppm.

EI-MS for CyH40,Si" [M']: caled. 364.2792
found 364.2808.

IR (ATR): d/em™ = 3077 (w), 2956 (s), 2928 (s), 2856 (s), 1708 (s), 1471 (w), 1462 (w), 1388 (w),
1255 (w), 1108 (w), 1072 (m), 836 (m), 774 (w).

[a]ZDO =+30.4 (c 0.50, CH,Cl,).

Synthesis of Alcohol 303

KL\(H 287 10
H Me B H Me 19\ /718
/\( \r\ (1.5eq.) 16\ /S 20

OTBS

THF, -78 °C to HO™
rt, 40 min T
12
302 (98%) 303
CooHy20,Si

M = 366.65 g/mol
To a solution of ketone 302 (326 mg, 896 pmol, 1.0 eq.) in THF (12 mL) at —78 °C was added
dropwise K-Selectride® (287, 1.35 mL of a 1.0M solution in THF, 1.35 mmol, 1.5 eq.). The mixture
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was stirred for 10 min at this temperature and an additional 30 min at room temperature. The mixture
was cooled to 0 °C and MeOH (1.6 mL) was added followed by NaOH (3N, 3.2 mL) and H,0, (30%
in H,O, 2.4 mL). The mixture was stirred at room temperature for 1 h and the reaction was diluted
with saturated aqueous NH4Cl (10 mL). The phases were separated and the aqueous layer was
extracted with Et,O (3 x 20 mL). The combined organic layers were washed with saturated aqueous
NaCl (2 x 15 mL) and dried over MgSQ,. The solvents were evaporated under reduced pressure and
the crude product was purified by flash column chromatography (silica, n-pentane:Et,O = 12:1 to 9:1)
to yield alcohol 303 (323 mg, 883 umol, 98%) as a highly viscous colorless oil.

R;=0.13 (hexanes:EtOAc = 16:1)

'H NMR (CDCls, 600 MHz): 8= 5.81 (ddt, *Jis/16a = 17.1 Hz, *Jis5165 = 10.3 Hz, *Ji514 = 7.3 Hz, 1H,
15-H), 5.05 (mc, 1H, 16-H,), 5.00 (mc, 1H, 16-Hg), 4.26 (ddd, *J>5 = 8.3 Hz, *Joia = 7.1 Hz, *Jo3 =
3.9 Hz, 1H, 2-H), 3.96 (ddd, *Jysa = *Josp = “Je = 2.9 Hz, 1H, 6-H), 2.30 (ddd, *Ju/sp = 14.0 Hz, *J43 =
10.0 Hz, *Jysa = 3.1 Hz, 1H, 4-H), 2.16 (m¢, 1H, 14-H,), 1.99 (mc, 1H, 1-Hg), 1.92 (ddd, *Jsasp =
13.5 Hz, *Jsau = *Jsa = 3.2 Hz, 1H, 5-H,), 1.87 (dd, “Jians = 11.5 Hz, *Jian = 7.0 Hz, 1H, 1-H,),
1.69-1.58 (m, 3H, 5-Hg, 7-H, 11-H), 1.56 (ddd, *J54 = *J51, = 10.1 Hz, *J5, = 3.8 Hz, 1H, 3-H),
1.42 (br s, 1H, OH), 1.36 (dd, *Jsass = 12.8 Hz, *Jsa; = 3.9 Hz, 1H, 8-H,) 1.28 (dd, “Jspsa = “Jzpy =
12.8 Hz, 1H, 8-Hg), 1.22 (dd, %Ji1a = 11.6 Hz, *Jip» = 8.4 Hz, 1H, 1-Hg), 0.94 (d, *Ji31, = 6.5 Hz,
3H, 13-H)*, 0.92 (d, *Ji211 = 6.2 Hz, 3H, 12-H)*, 0.86 (s, 9H, 18-H), 0.81 (s, 3H, 10-H), 0.04 (s, 3H,
19-H)**, 0.02 (s, 3H, 20-H)** ppm.

3C NMR (CDCls, 150 MHz): & = 137.6 (C-15), 116.0 (C-16), 77.5 (C-2), 69.4 (C-6), 56.9 (C-3),
51.6 (C-1), 42.2 (C-9), 41.8 (C-4), 41.5 (C-8), 37.4 (C-14), 36.7 (C-7), 32.5 (C-5), 30.0 (C-11),

26.0 (C-18), 24.4 (C-12)*, 22.2 (C-13)*, 20.0 (C-10), 18.0 (C-17), 3.5 (C-20)**, —4.7 (C-19)** ppm.

EI-MS for (:zzH;;zOzSi+ [MJr]Z calcd. 366.2949
found 366.2947.

IR (ATR): d/cm™" = 3387 (br w), 3076 (W), 2955 (s), 2928 (s), 2856 (s), 1471 (w), 1462 (w), 1387 (W),
1367 (w), 1254 (m), 1108 (w), 1070 (m), 1016 (w), 911 (w), 889 (w), 859 (w), 835 (m), 773 (W).

[a]) =+34.5 (¢ 0.33, CH,Cly).
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Synthesis of Lactone 304

0s0, (1 mol-%)

H Me 2,6-lutidine (2.0 eq.)
NalO, (4.0 eq.

wotps _ NAlOs(40eq)
1,4-dioxane/H,0O
0°Ctort, 16 h

PCC (3.5 eq.)
NaOAc (7.0 eq.) (0]
—_—
CH,Cl,, 0 °C
tort,2h

(86% over 304
two ;te Ss) CaiHagOsSi
P M =366.61 g/mol

To a solution of alkene 303 (155 mg, 420 umol, 1.0 eq.) and 2,6-lutidine (100 uL, 0.85 mmol, 2.0 eq.)
in 1,4-dioxane/H,0 (3:1, 12 mL) at 0 °C was sequentially added OsO, (27 pL of a 4 wt% solution in
H,0, 4.2 umol, 1.0 mol-%) and NalO, (364 mg, 1.70 mmol, 4.0 eq.). The mixture was allowed to
warm to room temperature and was stirred for 16 h forming a white suspension. The mixture was
partitioned between H,O (15 mL) and CH,Cl, (30 mL) and the phases were separated. The aqueous
layer was extracted with CH,Cl, (3 x 20 mL) and the combined organic layers were washed with
saturated aqueous NaCl (20 mL), and dried over MgSQ,. The solvents were evaporated under reduced
pressure to yield crude lactol 459 which was used in the next step without further purification.

To a suspension of PCC (316 mg, 1.47 mmol, 3.5 eq.) and NaOAc (244 mg, 2.94 mmol, 7.0 eq.) in
CH,CI, (10 mL) at 0 °C was added a solution of crude lactol 459 (assumed 0.42 mmol, 1.0 eq.) in
CH,Cl, (3 mL). The mixture was allowed to warm to room temperature and stirred for 3 h before
being directly applied to flash column chromatography (silica, hexanes:EtOAc = 3:1). The title
compound 304 (133 mg, 363 umol, 86% over two steps) was obtained as a highly viscous colorless
oil.

Note: intermediate lactol 459 and lactone 304 are co-polar on TLC.
R;=0.30 (hexanes:EtOAc = 4:1).

'"H NMR (CDCls, 600 MHz): 6= 4.60 (mc, 1H, 6-H), 4.24 (ddd, *J>15 = 8.8 Hz, *Jo1a = 7.0 Hz, > )53 =
4.2 Hz, 1H, 2-H), 2.70 (dd, *Jisanss = 16.8 Hz, *Jiuas = 7.1 Hz, 1H, 14-H,), 2.47 (m¢, 1H, 7-H),
2.32 (m, 1H, 5-Hy), 2.16 (d, 2Ji4p14a = 16.9 Hz, 1H, 14-Hg), 2.15-2.10 (m, 1H, 4-H), 1.85 (dd, *J1a1s
=11.6 Hz, *Jian = 7.0 Hz, 1H, 1-H,), 1.74 (ddd, *Jsgsa = *Jspu = 14.5 Hz, *Jsps = 3.8 Hz, 1H, 5-Hp),
1.67 (dd, *Jsass =13.2 Hz, *Jsas = 6.4 Hz, 1H, 8-H,), 1.65-1.59 (m, 2H, 3-H, 13-H), 1.21 (dd,
*Jigia = 11.6 Hz, *Jip» = 8.8 Hz, 1H, 1-Hg), 1.11 (dd, *Jspisa = “Js7 = 12.6 Hz, 1H, 8-Hg), 0.96 (d,
i = 6.4 Hz, 3H, 12-H)*, 0.95 (d, *Ji31; = 6.0 Hz, 3H, 13-H)*, 0.86 (s, 9H, 17-H), 0.81 (s, 3H,
10-H), 0.04 (s, 3H, 18-H)**, 0.02 (s, 3H, 19-H)** ppm.
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3C NMR (CDCls, 150 MHz): & = 177.1 (C-15), 80.1 (C-6), 76.7 (C-2), 55.8 (C-3), 50.6 (C-1),
42.4 (C-8), 41.1 (C-4), 40.5 (C-9), 38.3 (C-14), 32.3 (C-7), 29.4 (C-11), 26.5 (C-5), 26.0 (C-17),
24.5 (C-13)*, 22.0 (C-12)*. 19.3 (C-10), 17.9 (C-16), =3.5 (C-19)**, —4.7 (C-18)** ppm.

EI-MS for C,;H3,0;Si" [(M-H)]: calcd. 365.2506
found 365.2502.

IR (ATR): d/em™" = 2954 (s), 2938 (s), 2898 (s), 2855 (s), 1775 (), 1389 (w), 1285 (w), 1253 (w),
1191 (m), 1154 (m), 1096 (m), 1070 (m), 976 (W), 940 (m), 905 (w), 882 (W), 835 (m), 773 (m).

[a]}) = 8.8 (¢ 0.50, CH,CL).

Synthesis of Lactone 269

LiIHMDS (2.2 eq.);
Mel (5.0 eq.)

THF, -78 °C, 30 min;
-78 °C to —40 °C, 30 min

304 (83%) 269
CooHyO3Si
M = 380.64 g/mol
To a solution of lactone 304 (100 mg, 273 umol, 1.0 eq.) in THF (11 mL) at —78 °C was added
dropwise LIHMDS (600 pL of a 1.0M solution in THF, 600 mmol, 2.2 eq.) and the resulting mixture
was stirred for 30 min. Then, Mel (84 mL, 1.35 mmol, 5.0 eq.) was added and the mixture was
allowed to warm to —40 °C (MeCN/liquid N, bath). After stirring an additional 30 min at this
temperature, the reaction was quenched by addition of half-saturated aqueous NH4Cl (10 mL). The
biphasic mixture was allowed to warm to room temperature, the phases were separated and the
aqueous layer was extracted with Et,;O (3 x 15 mL). The combined organic layers were washed with
saturated aqueous NaCl (10 mL) and dried over MgSQO,. The solvents were evaporated under reduced

pressure and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc

=12:1) to yield lactone 269 (86 mg, 0.23 mmol, 83%) as a highly viscous colorless oil.

R;=0.20 (hexanes:EtOAc = 10:1).

'H NMR (CDCl;, 600 MHz): 5= 4.73 (mc, 1H, 6-H), 4.22 (ddd, *J>15 = 8.9 Hz, *Jo1» = 7.0 Hz, *Jy3 =
4.2 Hz, 1H, 2-H), 2.32 (mc, 1H, 5-Hy), 2.29 (q, *Ji4n6 = 7.6 Hz, 1H, 14-H), 2.14-2.06 (m, 2H, 4-H,
7-H), 1.83 (dd, 2ians = 11.6 Hz, *Jiap = 6.9 Hz, 1H, 1-H,), 1.74-1.67 (m, 2H, 5-Hg, 8-Hy),
1.65-1.58 (m, 2H, 3-H, 11-H), 1.28 (d, *Ji¢14 = 7.7 Hz, 3H, 16-H), 1.19 (dd, *Jig1a = 11.6 Hz, *Jip, =
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9.0 Hz, 1H, 1-Hp), 1.08 (dd, “Jsgsa = *Jsss = 12.9 Hz, 1H, 8-Hg), 0.94 (m¢, 6H, 12-H, 13-H), 0.84 (s,
9H, 18-H), 0.78 (s, 3H, 10-H), 0.03 (s, 3H, 20-H)*, 0.01 (s, 3H, 19-H)* ppm.

3C NMR (CDCls, 150 MHz): § = 180.2 (C-15), 77.9 (C-6), 76.7 (C-2), 55.8 (C-3), 50.6 (C-1),
44.9 (C-14), 42.8 (C-8), 41.1 (C-4), 40.5 (C-9), 39.2 (C-7), 29.4 (C-11), 26.4 (C-5), 26.0 (C-18),

24.5 (C-12)*,22.0 (C-13)*, 19.2 (C-10), 17.9 (C-17), 14.9 (C-16), =3.4 (C-19)**, —4.7 (C-20)** ppm.

EI-MS for C22H3903Si+ [(M—H)+] calcd. 379.2663
found  379.2673.

IR (ATR): d/em™ = 2955 (s), 2931 (s), 2900 (s), 2855 (s), 1772 (s), 1389 (W), 1255 (w), 1190 (m),
1109 (w), 1076 (m), 1008 (w), 941 (w), 836 (m), 773 (m).

[ = -13.8 (¢ 0.33, CH,CL,).

Synthesis of trans-Hydrindane 305

LiAIH, (2.5 eq.)

THF, 0 °C, 20 min

269
16
f ) . M 10
EtQS|CI (4.0eq.) \ eH Me 1o\ J5is
im (6.0 eq.) a0 Si—

DMAP (20 mol-%) SIK e Q g 2

> W5 s

CHyCly, 0°C to a9 A

t, 4 h S

(88% over two
steps) 305
C34H7,05Si5
M =613.19 g/mol
To a suspension of LiAlH4 (15 mg, 0.40 mmol, 2.5 eq.) in THF (5 mL) at 0 °C was added dropwise a
solution of lactone 269 (60 mg, 0.16 mmol, 1.0 eq.) in THF (3 mL) and the mixture was stirred for
20 min. The reaction was quenched by careful addition of half-saturated aqueous Rochelle
salt (10 mL) and the biphasic mixture was stirred vigorously at room temperature for 30 min. The
mixture was diluted with Et,0O (10 mL) and the phases were separated. The aqueous layer was
extracted with Et,0 (3 x 10 mL) and the combined organic layers were washed with saturated aqueous
NaCl (10 mL), and dried over Na,SO,. Having evaporated the solvents under reduced pressure, the

crude product was purified by short flash column chromatography (silica, CH,Cl,:MeOH = 100:2.5) to
yield diol 460 (R,= 0.17, CH,Cl,:MeOH = 95:5), which was immediately used in the next reaction.



176 EXPERIMENTAL SECTION

To a solution of diol 460 (assumed 0.16 mmol, 1.0 eq.) in CH,Cl, (8 mL) at 0 °C was sequentially
added imidazole (64.5 mg, 0.95 mmol, 6.0 eq.), DMAP (7 mg, 63 umol, 20 mol-%) and
Et;SiCl (106 uL, 632 umol, 4.0 eq.). The mixture was allowed to warm to room temperature and
stirred for 4 h at which point the reaction was quenched by addition of saturated aqueous
NaHCO; (7 mL). The mixture was diluted with CH,Cl, (10 mL) and the phases were separated. The
aqueous layer was extracted with CH,Cl, (3 x 7 mL) and the combined organic layers were washed
with saturated aqueous NaCl (10 mL), and dried over Na,SO,4. Having evaporated the solvent under
reduced pressure, the crude product was purified by flash column chromatography (silica,
hexanes:EtOAc = 100:1) to yield the title compound 305 (85 mg, 0.14 mmol, 88% over two steps) as a

colorless oil.
R;=0.31 (hexanes:EtOAc = 60:1).

'H NMR (CDCl;, 600 MHz): 6= 4.25 (ddd, *Jo15 = 8.6 Hz, *Jo5 = 7.0 Hz, °J53 = 4.3 Hz, 1H, 2-H),
4.06 (mc, 1H, 6-H), 3.48 (dd, *Jisanss = 9.7 Hz, *Jisana = 5.2 Hz, 1H, 15-Hy), 3.44 (dd, *Jispisa =
9.7 Hz, *Jisn4 = 6.0 Hz, 1H, 15-Hp), 2.38 (ddd, *Jyss = 13.6 Hz, *Jy3 = 10.6 Hz, *Juso = 3.0 Hz, 1H,
4-H), 1.84 (dd, *Jiang = 11.4 Hz, *J15n = 7.0 Hz, 1H, 1-Hy), 1.81 (ddd, *Jsas5 = 13.5 Hz, *Jsps = *Jsase
= 3.2 Hz, 1H, 5-Hy), 1.67 (¢, 1H, 14-H), 1.63-1.56 (m, 1H, 11-H), 1.56-1.50 (m, 2H, 5-Hg, 7-H),
1.48 (ddd, *J54 = *J51, = 10.3 Hz, *Jy, = 4.2 Hz, 1H, 3-H), 1.34 (dd, *Jsass = *Jsan = 12.5 Hz, 1H,
8-Hyp), 1.27 (dd, “Jsgisa= 12.3 Hz, *Jgg; = 4.0 Hz, 1H, 8-Hg), 1.23 (dd, “Jigia = 11.4 Hz, *Jigp =
8.7 Hz, 1H, 1-Hg), 0.99-0.92 (m, 18H, 22-H, 24-H), 0.93 (d, *J121; = 6.8 Hz, 3H, 12-H)*, 0.91 (d,
3Ji311 = 6.4 Hz, 3H, 13-H)*, 0.87 (s, 9H, 18-H), 0.86 (d, *Ji¢14 = 6.9 Hz, 3H, 16-H), 0.78 (s, 3H,
10-H), 0.64-0.54 (m, 12H, 21-H, 23-H), 0.05 (s, 3H, 19-H)**, 0.04 (s, 3H, 20-H)** ppm.

C NMR (CDCls, 150 MHz): § = 77.8 (C-2), 70.8 (C-6), 66.3 (C15), 56.8 (C-3), 51.8 (C-1),
41.9 (C-9), 41.4 (C-4), 38.0 (C-8), 37.9 (C-7), 37.3 (C-14), 33.4 (C-5), 30.1 (C-11), 26.1 (C-18),
24.3 (C-13)*, 22.3 (C-12)*, 20.2 (C-10), 18.0 (C-17), 15.0 (C-16), 7.2 (C-22)**, 7.0 (C-24)**,
5.5 (C-21)***, 4.6 (C-23)*** 3.4 (C-20)**** —4.6 (C-19)**** ppm.

EI-MS for C34H7203Si3+ [M+]: caled. 612.4784
found 612.4770.

IR (ATR): ¥/em™ = 2954 (s), 2935 (s), 2909 (s), 2875 (s), 1461 (w), 1414 (w), 1386 (w), 1367 (W),
1255 (w), 1070 (m), 1046 (w), 1006 (w), 887 (), 836 (W), 741 (W).

[a]}) =+22.4 (c 0.33, CH,Cly).
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Synthesis of Alkene 268

(COCl), (4.0 eq.)
DMSO (8.0 eq.);
Et3N (16.0 eq.)
1OTBS >
Et;Sio™ : CH.Cl,, 78 °C to
-60 °C, 7.5 h; -78 °C
to 0 °C, 30 min

305

PhsPMeBr (4.0 eq.)
n-BuLi (3.0 eq.)

THF, -78 °C to
0°C,1h
(71% over two
steps) 268
C29H5802‘r3i2

M = 494.94 g/mol

To a solution of DMSO (73 pL, 1.0 mmol, 8.0 eq.) in CH,Cl, (5 mL) at =78 °C was added dropwise
(COCl), (260 uL of a 2.0M solution in CH,Cl,, 520 umol, 4.0 eq.) and the mixture was stirred for
15 min at this temperature. Then, a solution of silyl ether 305 (80 mg, 0.13 mmol, 1.0 eq.) in
CH,Cl, (1.5 mL) was added over 30 min (syringe pump). The mixture was allowed to warm to —60 °C
and was stirred for 7 h at —65 to —60 °C (cryo cooler). The reaction was then cooled to —78 °C and
Et;N (0.29 mL, 2.1 mmol, 16.0 eq.) was added dropwise. The cold bath was replaced by an ice/water
bath and the mixture was stirred for 30 min at 0 °C before the reaction was quenched by addition of
H,0 (5 mL). The layers were separated and the aqueous layer was extracted with CH,Cl, (3 x 10 mL).
The combined organic layers were washed with saturated aqueous NaCl (10 mL) and dried over
MgSO,. Having evaporated the solvents under reduced pressure, the crude product was purified by
flash column chromatography (silica, hexanes:EtOAc = 80:1 to 60:1) to yield aldehyde 461 (57 mg,
Ry=0.16, hexanes:EtOAc = 30:1) as a pale yellow oil, which was immediately used in the next step.

To a suspension of Ph;PMeBr (184 mg, 517 umol, 4.0 eq.) in THF (5 mL) at 0 °C was added dropwise
n-BuLi (138 puL of a 2.5M solution in hexanes, 345 pumol, 3.0 eq.) and the mixture was allowed to
warm to room temperature. The mixture was stirred for 1 h and was subsequently cooled to —78 °C.
Then, a solution of aldehyde 461 (57 mg, 0.15 mmol, 1.0 eq.) in THF (1.5 mL) was added slowly. The
cold bath was replaced by an ice/water bath and the mixture was stirred for 1 h at 0 °C. The reaction
was quenched by addition of saturated aqueous NH4CI/H,O (1:1, 5 mL) and the biphasic mixture was
extracted with Et,0O (3 x 8 mL). The combined organic layers were washed with saturated aqueous
NaCl (5§ mL) and were dried over MgSQ,. Having evaporated the solvents under reduced pressure, the
crude product was purified by flash column chromatography (silica, hexanes:EtOAc = 1:0 to 100:1) to

yield alkene 268 (45 mg, 91 umol, 71% over two steps) as a colorless oil.

R;=0.63 (hexanes:EtOAc = 60:1).
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"H NMR (CDCls, 600 MHz): 6= 5.75 (ddd, *Jys/16a = 17.1 Hz, *Jis168 = 10.3 Hz, *J;514 = 8.2 Hz, 1H,
15-H), 4.97 (ddd, *Jieans = 17.2 Hz, *Jieanes = 2.1 Hz, *Jieans = 1.0 Hz, 1H, 16-H,), 4.92 (ddd, *Jiep15
=10.3 Hz, *Ji¢/16a = 2.0 Hz, *Ji¢5/14 = 0.6 Hz, 1H, 16-Hg), 4.24 (ddd, *Jo1 = 8.4 Hz, *Jo 4 = 7.0 Hz,
Jys = 4.1 Hz, 1H, 2-H), 4.06 (mc, 1H, 6-H), 2.39 (ddd, *Jysg = 13.6 Hz, *Jus = 10.6 Hz, *Jysp =
3.0 Hz, 1H, 4-H), 2.20 (m¢, 1H, 14-H), 1.85 (dd, *Jians = 11.1 Hz, *Jian = 7.0 Hz, 1H, 1-Hy),
1.83 (m¢, 1H, 5-Hy), 1.62—1.55 (m, 1H, 11-H), 1.53-1.44 (m, 2H, 3-H, 5-Hg), 1.37 (dd, “Jsass =
11.9 Hz, *Jsar = 3.5 Hz, 1H, 8-Hy), 1.30 (dd, “Jsgsa = “Jspr = 12.1 Hz, 1H, 8-Hp), 1.27-1.20 (m, 2H,
1-Hg, 7-H), 0.97 (t, *J»32, = 7.9 Hz, 9H, 23-H), 0.94 (d, *J1»11 = 6.6 Hz, 3H, 12-H)*, 0.91 (d, *Ji714 =
6.8 Hz, 3H, 17-H), 0.90 (d, *Ji31; = 6.3 Hz, 3H, 13-H)*, 0.87 (s, 9H, 19-H), 0.78 (s, 3H, 10-H),
0.65—0.55 (m, 6H, 22-H), 0.05 (s, 3H, 20-H)**, 0.04 (s, 3H, 21-H)* ppm.

3C NMR (CDCls, 150 MHz): &= 144.9 (C-15), 113.0 (C-14), 77.8 (C-2), 69.9 (C-6), 56.8 (C-3),
51.7 (C-1), 42.9 (C-7), 42.0 (C-9), 41.3 (C-4), 38.9 (C-14), 38.7 (C-8), 33.2 (C-5), 30.1 (C-11),
26.1 (C-19), 24.3 (C-13)*, 22.3 (C-12)*, 20.3 (C-10), 18.5 (C-17), 18.0 (C-18), 7.3 (C-23), 5.6 (C-22),
—3.4 (C-21)**, —4.6 (C-20)** ppm.

EI-MS for C25H49028i2+ [(M—[—Bu)+]: caled. 437.3266
found  437.3277.

IR (ATR): d/cm™" = 3077 (w), 2955 (s), 2932 (s), 2875 (s), 1461 (w), 1414 (w), 1387 (w), 1368 (W),
1255 (w), 1070 (m), 1044 (m), 1005 (w), 911 (w), 835 (m), 773 (W).

[a]}) =+27.3 (¢ 0.33, CH,Cly).

Synthesis of Vinyl lodide 308

Et,SiCl (1.4 eq.)
imidazole (2.8 eq.)  —\ > 5 3
HO/\/Y\| > 8 SI\O 4 2/ |
DMF, 0 °C to r 5
rt,3h
307 308
(93%) C1oHo510Si

M = 340.32 g/mol
To a solution of alcohol 307°” (910 mg, 4.02 mmol, 1.0 eq.) in DMF (9 mL) at 0 °C was sequentially

added imidazole (765 mg, 11.2 mmol, 2.8 eq.) and Et;SiCl (944 pL, 5.64 mmol, 1.4 eq.). The mixture

was allowed to warm to room temperature and was stirred for 3 h. The reaction was diluted with n-
pentane (25 mL) and was then quenched by addition of HO (10 mL). The organic layer was separated
and the aqueous layer was extracted with n-pentane (3 x 15 mL). The combined organic layers were

washed with 10% aqueous NaCl (2 x 10 mL) and dried over MgSO,. The solvents were evaporated
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under reduced pressure and the crude product was purified by flash column chromatography (silica,

hexanes:Et,0 = 50:1) to yield vinyl iodide 308 (1.27 g, 3.74 mmol, 93%) as a colorless liquid.
R;=0.33 (hexanes:Et,O = 50:1).

"H NMR (CDCls, 300 MHz): 6= 5.86 (dq, *J,5 = *Ji6 = 1.1 Hz, 1H, 1-H), 3.59 (t, *J54 = 6.4 Hz, 2H,
5-H), 2.27 (mc, 2H, 3-H), 1.84 (d, “Js1 = 1.1 Hz, 3H, 6-H), 1.71-1.62 (m, 2H, 4-H), 1.00—0.92 (m, 9H,
8-H), 0.65-0.54 (m, 6H, 7-H) ppm.

BC NMR (CDCly, 75 MHz): & = 147.9 (C-2), 74.8 (C-1), 62.1 (C-5), 36.0 (C-3), 31.0 (C-4),
24.1 (C-6), 6.9 (C-8), 4.6 (C-7) ppm.

EI-MS for C1,H,s0ISi* [M]: caled.  340.0714
found  340.0716.

IR (ATR): d/cm™" = 2953 (s), 2912 (s), 2876 (5), 1458 (w), 1414 (w), 1378 (w), 1268 (w), 1239 (w),
1142 (w), 1103 (s), 1007 (m), 959 (w), 770 (w), 743 (m).

Synthesis of Aldehyde 312

9-BBN (237, 2.0 eq.)
Me., o OFBu THF, 40 °C, 3 h;

S aq. Cs,COg, rt, 40 min; N
" | 308 (1.5 eq.)
Et;SiO G

Pd(dppf)Cl, (10 mol-%)

AsPhs (40 mol-%) Osgi™~ 311
299 DMF, tt, 16 h P TS CagH7205Sis
24 M = 609.13 g/mol

(COCl), (3.0 eq.)
DMSO (6.0 eq.);
EtzN (12 eq.)
CH,Cl,, —65 to -60 °C, 6 h;
-78 °C to 0 °C, 30 min

312

(69% over two steps) o

M = 492.85 g/mol
To a solution of alkene 299 (394 mg, 1.00 mmol, 1.0 eq.) in THF (6 mL) was added 9-BBN (237,
4.00 mL of a 0.5M solution in THF, 2.00 mmol, 2.0 eq.) and the reaction was heated to 40 °C for 3 h.
The reaction was allowed to cool to room temperature and degassed aqueous Cs,CO; (3N, 1.16 mL,
3.48 mmol, 3.5 eq.) was added. The mixture was vigorously stirred for 40 min and then degassed (N,

bubbling for 5 min). Next, a solution of vinyl iodide 308 (510 mg, 1.50 mmol, 1.5 eq.) and AsPh; (122
mg, 400 pmol, 40 mol-%) in degassed DMF (10 mL) was added followed by addition of
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Pd(dppf)Cl, (complex with CH,Cl,, 81 mg, 0.10 mmol, 10 mol-%). The mixture was stirred for 16 h at
room temperature, diluted with Et;0 (20 mL), and was subsequently quenched by addition of
H,O (10 mL). The phases were separated and the aqueous layer was extracted with Et,0O (4 x 20 mL).
The combined organic layers were washed with 10% aqueous NaCl (3 x 15 mL), which in turn were
re-extracted with Et;O (2 x 20 mL). The combined organic layers were dried over MgSQO,4 and the
solvents were evaporated under reduced pressure. The obtained crude product was purified by flash
column chromatography (silica, hexanes:EtOAc = 1:0 to 100:1) to yield the desired coupling
product 311 (564 mg, 930 umol, 93%), which was immediately used in the next step.

To a solution of DMSO (390 pL, 5.54 mmol, 6.0 eq.) in CH,Cl, (10 mL) at —78 °C was added
dropwise (COCI), (1.39 mL of a 2.0M solution in CH,Cl,, 2.77 mmol, 3.0 eq.) and the mixture was
stirred for 15 min at this temperature. Then, a solution of bissilyl ether 311 (564 mg, ~930 pumol,
1.0 eq.) in CH,Cl, (3 mL + 1 mL rinse) was added within 30 min (syringe pump). The mixture was
allowed to warm to —65 °C and was stirred between —65 and —60 °C (cryo cooler) for 6 h. The
reaction was cooled to —78 °C and Et;N (1.50 mL, 11.1 mmol, 12 eq.) was added. The mixture was
stirred for an additional 10 min at this temperature, was allowed to warm to 0 °C and stirred for an
additional 15 min. The reaction was quenched by addition of H,O (10 mL) and the biphasic mixture
was diluted with CH,Cl, (20 mL). After phase separation, the aqueous layer was extracted with
CH,Cl, (3 x 20 mL) and the combined organic layers were washed with saturated aqueous NaCl
(20 mL). The organic layer was dried over MgSO,4 and the solvents were removed under reduced
pressure. The crude product was purified by flash column chromatography (silica, hexanes:EtOAc =

40:1 to 30:1) to yield aldehyde 312 (340 mg, 691 umol, 69% over two steps) as a colorless oil.

Analytical data for bissilyl ether 311:

Ry=0.23 (hexanes:EtOAc = 30:1).

'H NMR (CDCl;, 600 MHz): §= 5.13 (br t, *Ji1s = 7.1 Hz, 1H, 16-H), 4.05 (m¢, 1H, 6-H), 3.58 (t,
3hone = 6.9 Hz, 2H, 20-H), 3.42 (dd, *Ji, = 8.6, 7.7 Hz, 1H, 1-H), 2.08-1.95 (m¢, 1H, 15-H,),
2.00 (mc, 2H, 18-H), 1.94-1.84 (m, 2H, 2-H4, 15-Hg), 1.77-1.70 (m, 1H, 4-H), 1.66—1.61 (m, 2H,
19-H), 1.60 (s, 3H, 22-H), 1.56—1.36 (m, 7H, 2-Hg, 3-Ha, 5-H, 8-Ha, 13-H, 14-H,), 1.28-1.21 (m, 2H,
3-Hg, 7-H), 1.16-1.05 (m, 1H, 14-Hg), 1.14 (s, 9H, 12-H), 1.08 (dd, *Jsgsa = *Jsgr = 12.3 Hz, 1H,
8-Hg), 1.00-0.91 (m, 18H, 24-H, 26-H), 0.86 (d, *J2113 = 6.8 Hz, 3H, 21-H), 0.69 (s, 3H, 10-H),
0.64-0.54 (m, 12H, 23-H, 25-H) ppm.

3C NMR (CDCLs, 150 MHz): & = 134.2 (C-17), 125.2 (C-16), 81.0 (C-1), 72.3 (C-11), 70.0 (C-6),
62.8 (C-20), 42.7 (C-9), 42.6 (C-7), 37.4 (C-4), 36.0 (C-18), 35.4 (C-8), 35.3 (C-14), 34.7 (C-5),
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34.0 (C-13), 31.6 (C-2), 31.4 (C-19), 29.0 (C-12), 25.6 (C-3)*, 25.5 (C-15)*, 17.2 (C-21), 16.1 (C-22),
11.1 (C-10), 7.2 (C-24)**, 7.0 (C-26)**, 5.5 (C-23)***, 4.6 (C-25)*** ppm.

EI-MS for C36H7203Si2+ [M+]: caled. 608.5015
found 608.5014.

Analytical data for aldehyde 312:
R;=0.10 (hexanes:EtOAc = 30:1).

'"H NMR (CDCls, 600 MHz): 6= 9.76 (t, *Jao1o = 2.0 Hz, 1H, 20-H), 5.16 (mc, 1H, 16-H), 4.04 (mc,
1H, 6-H), 3.42 (dd, *J,» = 8.8, 7.5 Hz, 1H, 1-H), 2.53-2.49 (m, 2H, 19-H), 2.31 (mc, 2H, 18-H),
2.07-1.99 (m, 1H, 15-H,), 1.94-1.83 (m, 2H, 2-H,, 15-Hy), 1.73 (dddd, J = 13.0, 13.0, 7.0, 3.3 Hz,
1H, 4-H), 1.62 (s, 3H, 22-H), 1.57-1.34 (m, 7H, 2-Hy, 3-H,, 5-H, 8-H,, 13-H, 14-H,), 1.29-1.21 (m,
2H, 3-Hg, 7-H), 1.18-1.03 (m, 2H, 8-Hp, 14-Hp), 1.14 (s, 9H, 12-H), 0.99-0.91 (m, 9H, 24-H),
0.85 (d, *Joy13 = 6.7 Hz, 3H, 21-H), 0.69 (s, 3H, 10-H), 0.62-0.55 (m, 6H, 23-H) ppm.

3C NMR (CDCl;, 150 MHz): &= 202.8 (C-20), 132.5 (C-17), 126.4 (C-16), 81.0 (C-1), 72.3 (C-11),
69.9 (C-6), 42.7 (C-9), 42.6 (C-7), 42.4 (C-14), 37.4 (C-4), 35.4 (C-8), 35.2 (C-14), 34.7 (C-5),
34.0 (C-13), 32.1 (C-18), 31.6 (C-2), 29.0 (C-12), 25.6 (C-15), 25.5 (C-3), 17.2 (C-21), 16.2 (C-22),
11.1 (C-10), 7.2 (C-24), 5.5 (C-23) ppm.

EI-MS for C3Hs03Si" [M']: calcd. 492.3993
found 492.3992.

IR (ATR): d/cm™" = 2954 (s), 2912 (s), 2987 (s), 2712 (w), 1729 (m), 1460 (w), 1288 (W), 1362 (W),
1237 (w), 1196 (w), 1129 (w), 1063 (m), 1009 (w), 797 (w), 741 (w).

[ = +42.8 (c 0.25, CH,CL,).

Synthesis of Diene 317

MeH Me Ot-Bu

n-BuLi (2.0 eq.)
PhsPMeBr (3.0 eq.)

THF,0°Ctort, 1 h;
-78°C to 0 °C, 30 min

0 312
95%
( ) M = 490.88 g/mol
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To a suspension of Ph;PMeBr (717 mg, 2.01 mmol, 3.0 eq.) in THF (12 mL) at 0 °C was added
n-BuLi (540 uL of a 2.5M solution in hexanes, 1.34 mmol, 2.0 eq.). The resulting mixture was allowed
to warm to room temperature and was stirred for 1 h at this temperature before being cooled to —78 °C.
Then, a solution of aldehyde 312 (330 mg, 670 umol, 1.0 eq.) in THF (2 mL) was added dropwise.
The cold bath was replaced by an ice/water bath and the mixture was stirred for 30 min at 0 °C. The
reaction mixture was diluted with Et;0 (10 mL) and quenched by addition of saturated aqueous
NH4CI (10 mL). The phases were separated and the aqueous layer was extracted with Et,0 (3 x
15 mL). The combined organic layers were washed with saturated aqueous NaCl (20 mL), dried over
MgSO, and the solvents were removed under reduced pressure. Purification of the crude product by
flash column chromatography (silica, hexanes:EtOAc = 100:1 to 60:1) yielded diene 317 (313 mg,
639 pmol, 95%) as a colorless oil.

R;=0.48 (Hexanes:EtOAc = 30:1).

'H NMR (CDCls, 600 MHz): 8= 5.81 (ddt, >Jo0n1a = 17.1 Hz, 0015 = 10.2 Hz, *Jo010 = 6.5 Hz, 1H,
20-H), 5.14 (m¢, 1H, 16-H), 5.01 (mc, 1H, 21-Hy), 4.93 (m¢, 1H, 21-Hg), 4.05 (mc, 1H, 6-H),
3.42 (mc, 1H, 1-H), 2.18-2.12 (m, 2H, 19-H), 2.09-1.99 (m, 3H, 15-H,, 18-H), 1.94-1.85 (m, 2H,
2-Hy, 15-Hpg), 1.73 (dddd, J = 13.0, 13.0, 7.1, 3.3 Hz, 1H, 4-H), 1.61 (s, 3H, 23-H), 1.57-1.36 (m, 7H,
2-Hg, 3-H,, 5-H, 8-Hy, 13-H, 14-Hy), 1.29-1.21 (m, 2H, 3-Hg, 7-H), 1.17-1.05 (m, 2H, 8-Hjp, 14-Hp),
1.15 (s, 9H, 12-H), 0.99-0.93 (m, 9H, 25-H), 0.86 (d, *J»,13 = 6.8 Hz, 3H, 22-H), 0.69 (s, 3H, 10-H),
0.63—0.53 (m, 6H, 24-H) ppm.

13C NMR (CDCls, 150 MHz): 5= 139.0 (C-20), 134.0 (C-17), 125.5 (C-16), 114.3 (C-21), 81.0 (C-1),
72.3 (C-11), 69.9 (C-6), 42.7 (C-9), 42.5 (C-7), 39.3 (C-18), 37.4 (C-4), 354 (2C, C-8, C-14),
34.7 (C-5), 34.0 (C-13), 32.6 (C-19), 31.6 (C-2), 29.0 (C-12), 25.5 (2C, C-3, C-15), 17.2 (C-22),
16.1 (C-23), 11.1 (C-10), 7.2 (C-25), 5.5 (C-24) ppm.

EI-MS for C31H53028i+ [MJr]Z calcd. 490.4201
found 490.4199.

IR (ATR): ¥/em™ = 3078 (w), 2954 (s), 2932 (s), 2913 (s), 2876 (s), 1460 (w), 1414 (w), 1379 (w),
1361 (W), 1237 (w), 1063 (m), 1046 (m), 1007 (w), 977 (w), 910 (W), 797 (w), 741 (w).

[a]) =+32.4 (c 0.50, CH,Cl).
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Synthesis of Ketone 319

Me
Me Ot-Bu

CSA (20 mol-%)

—_—
CH,Cl,/MeOH
rt,5h
| 20 318
21 CasH440;

M = 376.62 g/mol

DMP (1.5 eq.)
NaHCO; (3.0 eq.)

CHoCly, 11, 1.5 h

(85% over two
steps)

M = 374.60 g/mol

To a solution of silyl ether 317 (313 mg, 638 umol, 1.0 eq.) in CH,CI/MeOH (7:1, 4.8 mL) was added
(1R)-(—)-camphorsulfonic acid (30 mg, 0.13 mmol, 20 mol-%) and the mixture was stirred for 5 h at
room temperature. The reaction was quenched by addition of saturated aqueous NaHCO; (10 mL) and
the biphasic mixture was extracted with CH,Cl, (3 x 15 mL). The combined organic layers were
washed with saturated aqueous NaCl (10 mL) and dried over MgSO,. The solvents were removed
under reduced pressure to yield crude alcohol 318 as pale yellow oil which was used without further
purification in the next step.

To a suspension of crude alcohol 318 (assumed 638 pumol, 1.0 eq.) and NaHCO; (161 mg, 1.92 mmol,
3.0 eq.) in CH,Cl, (6 mL) was added DMP (407 mg, 960 umol, 1.5 eq.) and the mixture was stirred
for 1.5 h at room temperature. The reaction was quenched by addition of saturated aqueous
NaHCOs/saturated aqueous Na,S,03/H,O (1:1:1, 10 mL) and the aqueous layer was extracted with
CH,Cl, (3 x 15 mL). The combined organic layers were washed with saturated aqueous NaCl (10 mL)
and dried over MgSO,. After evaporation of the solvents under reduced pressure, the crude product
was purified by flash column chromatography (silica, hexanes:EtOAc = 40:1 to 30:1) to yield
ketone 319 (202 mg, 540 pmol, 85% over two steps) as a colorless oil.

R;=0.39 (Hexanes:EtOAc = 10:1).

'H NMR (CDCls, 600 MHz): 6= 5.80 (ddt, *Jo0n14 = 17.1 Hz, *J5018 = 10.2 Hz, *J010 = 6.6 Hz, 1H,
20-H), 5.14 (mc, 1H, 16-H), 5.00 (mc, 1H, 21-Hy), 4.93 (m¢, 1H, 21-Hg), 3.47 (dd, *J;, = 8.9, 7.7 Hz,
1H, 1-H), 2.36-2.29 (m, 2H, 5-H,, 7-H), 2.29-2.21 (m, 2H, 5-Hg, 13-H), 2.18-2.10 (m, 2H, 19-H),
2.07-2.03 (m, 2H, 18-H), 2.02-1.91 (m, 3H, 2-Hy, 15-H), 1.87 (dd, “Jsass = 12.6 Hz, *Jspr = 6.4 Hz,
1H, 8-H,), 1.68-1.54 (m, 3H, 2-Hg, 3-Ha, 4-H), 1.59 (s, 3H, 23-H), 1.43-1.35 (m, 1H, 3-Hp),
1.27-1.13 (m, 3H, 8-Hg, 14-H), 1.15 (s, 9H, 12-H), 0.97 (s, 3H, 10-H), 0.76 (d, *J»13 = 6.7 Hz, 3H,
22-H) ppm.
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BC NMR (CDCl;, 150 MHz): & = 212.5 (C-6), 138.9 (C-20), 134.7 (C-17), 124.8 (C-16),
114.4 (C-21), 80.0 (C-1), 72.7 (C-11), 49.3 (C-7), 44.6 (C-4), 43.3 (C-5), 42.2 (C-9), 39.2 (C-18),
35.5 (C-8), 34.9 (C-14), 32.5 (C-19), 31.9 (C-2), 30.7 (C-13), 28.9 (C-12), 26.1 (C-15), 25.9 (C-3),
16.1 (C-22)*, 16.0 (C-23)*, 11.2 (C-10) ppm.

EI-MS for (:25H42onr [M+]Z caled. 374.3179
found 374.3178.

IR (ATR): ¥/em™ = 3076 (w), 2972 (s), 2931 (s), 2876 (s), 1706 (s), 1461 (w), 1388 (w), 1362 (W),
1252 (w), 1192 (m), 1120 (w), 1062 (m), 903 (w).

[a]}) =+7.8 (¢ 0.50, CH,CL,).

An analytical sample of alcohol 318 was obtained by flash column chromatography (silica,

hexanes:EtOAc = 16:1) as a colorless oil:
R;=0.16 (Hexanes:EtOAc = 16:1).

'H NMR (CDCls, 600 MHz): 8= 5.80 (ddt, >Jx0n14 = 16.9 Hz, *Jr0n15 = 10.3 Hz, *Jo010 = 6.6 Hz, 1H,
20-H), 5.14 (m¢, 1H, 16-H), 5.00 (m¢, 1H, 21-Hy), 4.93 (m¢, 1H, 21-Hg), 4.10 (mc, 1H, 6-H),
3.44 (dd, *J,, = 8.9, 7.4 Hz, 1H, 1-H), 2.18-2.12 (m, 2H, 19-H), 2.09-2.01 (m, 3H, 15-H,, 18-H),
1.98-1.88 (m, 2H, 2-Ha, 15-Hg), 1.70-1.62 (m, 3H, 4-H, 5-H,, 8-H,), 1.60 (br s, 3H, 23-H),
1.59-1.55 (m, 1H, 14-H,), 1.52—1.41 (m, 4H, 2-Hg, 3-H,, 5-Hg, 13-H), 1.37-1.31 (m, 1H, 7-H),
1.30-1.24 (m, 1H, 3-Hg), 1.23—-1.15 (m, 2H, 14-Hg, OH), 1.14 (s, 9H, 12-H), 1.02 (dd, 2spisa = “Jsp
=12.9 Hz, 1H, 8-Hp), 0.92 (d, *J2513 = 6.6 Hz, 3H, 22-H), 0.71 (s, 3H, 10-H) ppm.

13C NMR (CDCls, 150 MHz): 5= 138.9 (C-20), 134.7 (C-17), 125.2 (C-16), 114.4 (C-21), 80.8 (C-1),
72.4 (C-11), 68.4 (C-6), 42.8 (C-9), 42.0 (C-7), 39.2 (C-18), 37.6 (C-4), 36.0 (C-8), 35.6 (C-14),
34.0 (C-5), 33.8 (C-13), 32.5 (C-19), 31.4 (C-2), 28.9 (C-12), 25.6 (C-3), 25.3 (C-15), 17.7 (C-22),
16.2 (C-23), 11.0 (C-10) ppm.

EI-MS for (:25H44OZJr [M+]Z calcd. 376.3336
found 376.3328.

IR (ATR): B/cm™" = 3432 (br s), 3078 (W), 2973 (5), 2929 (s), 2913 (s), 2873 (s), 1461 (W), 1378 (W),
1361 (m), 1254 (w), 1197 (m), 1063 (m), 1046 (m), 1004 (w), 907 (w), 880 (), 861 ().
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[a]}) =+27.6 (¢ 0.50, CH,CL,).

Synthesis of Alcohol 320

M
G‘H Me Ot-Bu

2-bromopropene (6.0 eq.)
t-BuLi (11.8 eq.)

Et,0O, -78 °C, 15 min

(92%)

319
CagH1502
M = 416.68 g/mol

In a Schlenk-tube was added #-BuLi (1.86 mL of a 1.7M solution in pentane, 3.16 mmol, 11.8 eq.) to
Et,0 (8 mL) at —78 °C followed by dropwise addition of 2-bromopropene (142 uL, 1.60 mmol,
6.0 eq.). The resulting mixture was allowed to warm to 0 °C and was stirred for 30 min before being
cooled to —78 °C. Then, a solution of ketone 319 (100 mg, 267 umol, 1.0 eq.) in Et,O (2 mL) was
added dropwise and the mixture was stirred for an additional 15 min. The reaction was quenched by
addition of saturated aqueous NH4CI (10 mL) at —78 °C and the mixture was allowed to warm to room
temperature. The phases were separated and the aqueous layer was extracted with Et,O (3 x 20 mL).
The combined organic layers were washed with saturated aqueous NaCl (15 mL) and dried over
MgSO,. The solvents were evaporated under reduced pressure and the crude product was purified by
flash column chromatography (silica, hexanes:EtOAc = 50:1) to yield alcohol 320 (102 mg, 245 umol,

92%) as a colorless oil and single diastereomer.

R;=0.13 (Hexanes:EtOAc = 30:1).

"H NMR (CDCls, 600 MHz): 8= 5.81 (ddt, *Jo0n1a = 17.0 Hz, *J29215 = 10.1 Hz, *Jo010 = 6.7 Hz, 1H,
20-H), 5.14 (mc¢, 1H, 16-H), 5.09 (m¢, 1H, 25-H,), 5.01 (m¢, 1H, 21-Hy), 4.94 (mc, 1H, 21-Hp),
4.88 (mc, 1H, 25-Hp), 3.51 (dd, *Jy, = 9.0, 7.3 Hz, 1H, 1-H), 2.17-2.13 (m, 2H, 19-H), 2.07-2.03 (m,
2H, 18-H), 1.96-1.89 (m, 3H, 2-H,, 15-H), 1.80-1.72 (m, 2H, 4-H, 7-H), 1.76 (br s, 3H, 26-H),
1.65 (mc, 1H, 13-H), 1.59 (s, 3H, 23-H), 1.55 (br s, 1H, OH), 1.50—1.42 (m, 3H, 2-Hg, 3-H,, 8-H,),
1.31-1.17 (m, 6H, 3-Hg, 5-H, 8-Hg, 14-H), 1.15 (s, 9H, 12-H), 0.86 (d, *J»13 = 6.8 Hz, 3H, 22-H),
0.76 (s, 3H, 10-H) ppm.

BC NMR (CDClL, 150 MHz): § = 151.7 (C-24), 138.9 (C-20), 134.7 (C-17), 125.0 (C-16),
114.4 (C-21), 109.9 (C-25), 80.9 (C-1), 80.1 (C-6), 72.4 (C-11), 42.6 (C-9), 40.7 (C-7), 39.3 (C-4)*,
39.2 (C-18)*, 39.1 (C-5)*, 38.0 (C-14), 32.9 (C-8), 32.6 (C-19), 31.5 (C-2), 31.2 (C-13), 29.0 (C-12),
26.1 (C-15), 25.8 (C-3), 19.8 (C-26), 16.6 (C-22), 16.1 (C-23), 11.1 (C-10) ppm.
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EI-MS for CogHygO-" [M]: caled.  416.3649
found 416.3642.

IR (ATR): ¥/em™ = 3598 (br w), 3077 (w), 2973 (), 2954 (s), 2932 (s), 2875 (s), 1401 (w), 1388 (W),
1362 (w), 1254 (w), 1198 (m), 1125 (w), 1095 (w), 1063 (m), 991 (w), 903 (w).

[ = +26.4 (c 0.25, CH,CL).

Synthesis of Vinyl Iodide 330

1) DIBAL-H (2.0 eq.)
Cp,ZrCly (2.0 eq.)

12 _O.
_ 2)1;(1.5¢eq) A . 5
PMBO\/\/ > 10 8 Y 0\5/\3/\(|
1
6

THF, 0°C 0 60 °C, 1.5 h; o

-78°Cto 0°C, 30 min

329 330

C14H19lO7
M = 346.20 g/mol
To a solution of Cp,ZrCl, (5.85 g, 20.0 mmol, 2.0 eq.) in THF (50 mL) at 0 °C was added

DIBAL-H (20.0 mL of a 1.0M solution in toluene, 20.0 mmol, 2.0 eq.) within 1 h forming a white

(43%)

suspension. After stirring an additional 1.5 h at this temperature, a solution of alkyne 329" (2.19 g,
10.0 mmol, 1.0 eq.) in THF (10 + 2 mL rinse) was added and the resulting mixture was heated to
50 °C for 1.5 h at which point TLC analysis showed complete consumption of the starting material.
The mixture was cooled to —78 °C and a solution of I; (3.81 g, 15.0 mmol, 1.5 eq.) in THF (20 mL)
was slowly added. The cold bath was exchanged with an ice/water bath and the solution was stirred for
an additional 30 min at 0 °C. The reaction was quenched by addition of saturated aqueous
Na,S,0; (30 mL) and the mixture was diluted with half-saturated aqueous Rochelle salt (100 mL).
After stirring vigorously at room temperature for 2.5 h, the layers were separated and the aqueous
layer was extracted with Et,O (3 x 100 mL). The combined organic layers were washed with saturated
aqueous NaCl (100 mL) and dried over MgSO,. Having evaporated the solvents under reduced
pressure, the crude product was purified by flash column chromatography (silica, hexanes:EtOAc =
30:1) to yield vinyl iodide 330 (2.08 g, 6.01 mmol, 60%) as a pale yellow liquid and as a 10:1 mixture
of regioisomers as determined by 'H NMR spectroscopy. Further careful flash column
chromatography (silica, hexanes:EtOAc = 60:1) yielded vinyl iodide 330 (1.48 g, 4.28 mmol, 43%) as
a light yellow oil.

R;=0.47 (Hexanes:EtOAc = 7:1).
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'"H NMR (CDCls, 400 MHz): 8= 7.29-7.22 (m, 2H, 9-H), 6.91-6.84 (m, 2H, 10-H), 6.14 (tq, *Jo3 =
7.6 Hz, *Jos = 1.6 Hz, 1H, 2-H), 4.42 (s, 2H, 7-H), 3.81 (s, 3H, 12-H), 3.42 (t, *J 5u = 6.2 Hz, 2H, 5-H),
2.37-2.35 (m, 3H, 6-H), 2.12 (mc, 2H, 3-H), 1.70-1.62 (m, 2H, 4-H) ppm.

13C NMR (CDCl;, 100 MHz): 5= 159.3 (C-8), 140.7 (C-2), 130.7 (C-11), 129.4 (C-9), 113.9 (C-10),
94.2 (C-1), 72.8 (C-7), 69.0 (C-5), 55.4 (C-12), 29.0 (C-4), 27.6 (C-6), 27.4 (C-3) ppm.

EI-MS for C4H410," [M']: calcd. 346.0424
found 346.0427.

IR (ATR): O/cm ™ = 2934 (m), 2854 (m), 1586 (w), 1512 (s), 1463 (w), 1363 (w), 1302 (w), 1245 (s),
1098 (s), 1036 (m), 820 ().

The analytical data matched those reported previously.*"”!

Synthesis of Ketone 332

DMP (1.5 eq.) Mo ‘00%

N li:lef _CsA©2ea) 1 Mei 11 NaHCO; (3.0 eq.) SURIE
> 15 13 8 12
14 “7 9
EtaS|o CH2C|2/MeOH CH2C|2 it,2h o 6 5 AE

331 (90% over two 332H
C1gH320; steps) CygH3002
M =280.45 g/mol M = 278.43 g/mol

To a solution of silyl ether 299 (300 mg, 761 umol, 1.0 eq.) in CH,Cl,/MeOH (7:1, 8 mL) was added
(1R)-(—)-camphorsulfonic acid (35 mg, 0.15 mmol, 20 mol-%) and the mixture was stirred for 4 h at
room temperature. The reaction was diluted with CH,Cl, (5 mL) and quenched by addition of
saturated aqueous NaHCO; (5 mL). The phases were separated and the aqueous layer was extracted
with CH,Cl, (3 x 5 mL). The combined organic layers were washed with saturated aqueous
NaCl (5 mL) and dried over MgSO,. The solvents were evaporated under reduced pressure to yield
crude alcohol 331 which was used without further purification.

To a suspension of crude alcohol 331 (assumed 761 pumol, 1.0 eq.) and NaHCO; (192 mg, 2.28 mmol,
3.0 eq.) in CH,Cl, at room temperature was added DMP (483 mg, 1.14 mmol, 1.5 eq.). The mixture
was stirred for 2 h and the reaction was quenched by addition of saturated aqueous NaHCOs/saturated
aqueous Na,S,03/H,O (1:1:1, 8 mL). After extracting the mixture with CH,Cl, (3 x 15 mL), the
combined organic layers were washed with saturated aqueous NaCl (10 mL) and dried over MgSQO,.
The solvent was evaporated under reduced pressure and the crude product was purified by flash
column chromatography (silica, hexanes:EtOAc = 40:1) to yield ketone 332 (191 mg, 687 pumol, 90%

over two steps) as a colorless oil.
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Ry=0.47 (Hexanes:EtOAc = 10:1).

'H NMR (CDCls;, 600 MHz): 5= 5.82 (m¢, 1H, 14-H), 5.02-4.96 (m, 2H, 15-H), 3.46 (dd, *J;, = 8.9,
7.8 Hz, 1H, 1-H), 2.87 (m¢, 1H, 13-H), 2.42 (ddd, *J7s5 = 12.9 Hz, *Jya = 6.3 Hz, *Jo3 = 3.5 Hz, 1H,
7-H), 2.34-2.25 (m, 2H, 5-H), 2.02—1.94 (m, 1H, 2-H,), 1.88 (dd, *Jsass = 12.8 Hz, *Jsa7 = 6.3 Hz,
1H, 8-Hy), 1.65 (m¢, 1H, 4-H), 1.61-1.54 (m, 2H, 2-Hg, 3-H,), 1.43-1.36 (m, 1H, 3-Hg), 1.21 (dd,
2Jspsa = Jspn = 12.8 Hz, 1H, 8-Hp), 1.14 (s, 9H, 12-H), 0.97 (s, 3H, 10-H), 0.95 (d, *Ji¢13 = 6.9 Hz,
3H, 16-H) ppm.

3C NMR (CDCls, 150 MHz): 8= 211.6 (C-6), 142.7 (C-14), 113.8 (C-15), 79.9 (C-1), 72.7 (C-11),
49.9 (C-7), 45.0 (C-4), 43.4 (C-5), 42.4 (C-9), 36.8 (C-8), 35.7 (C-13), 31.9 (C-2), 28.8 (C-12),
25.9 (C-3), 15.2 (C-16), 11.2 (C-10) ppm.

EI-MS for C3sH300," [M*]: caled.  278.2240
found  278.2241.

IR (ATR): d/em™ = 3073 (w), 2972 (s), 2874 (m), 1706 (s), 1461 (w), 1389 (w), 1362 (m), 1251 (W),
1192 (m), 1122 (w), 1061 (m), 1001 (w), 901 (w).

[a]) =+43.1 (¢ 1.00, CH,Cl).

An analytical sample of alcohol 331 was obtained by flash column chromatography (silica,

hexanes:EtOAc = 30:1) as a colorless wax:
Ry=0.31 (Hexanes:EtOAc = 10:1).

'H NMR (CDCls, 300 MHz): 6= 5.82 (ddd, *Ji415a = 17.1 Hz, *Ji4ns5 = 10.2 Hz, *Ji415 = 9.1 Hz, 1H,
14-H), 5.07 (ddd, *Jisans = 17.1 Hz, *Jisanss = 2.0 Hz, *Jisan3 = 0.8 Hz, 1H, 15-H,), 4.98 (dd, *Jysp/14 =
10.2 Hz, *Jisgisa = 1.9 Hz, 1H, 15-Hp), 3.98 (br s, 1H, 6-H), 3.45 (dd, *Ji» = 8.9, 7.7 Hz, 1H, 1-H),
2.12 (mc, 1H, 13-H), 1.98-1.84 (m, 1H, 2-H,), 1.76-1.59 (m, 3H, 4-H, 5-Hy, 8-H,), 1.55-1.23 (m,
5H, 2-Hg, 3-H, 5-Hg, 7-H), 1.14 (s, 9H, 12-H), 1.07 (m¢, 1H, 8-Hg), 1.02 (d, *Ji¢13 = 6.6 Hz, 3H,
16-H), 0.71 (s, 3H, 10-H) ppm.

3C NMR (CDCls, 75 MHz): & = 144.5 (C-14), 113.5 (C-15), 80.7 (C-1), 72.4 (C-11), 68.0 (C-6),
42.8 (2C, C-7, C-9), 40.8 (C-13), 37.6 (C-4), 36.3 (C-8), 33.3 (C-5), 31.4 (C-2), 28.9 (C-12),
25.6 (C-3), 19.1 (C-16), 11.0 (C-10) ppm.
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EI-MS for C18H3202+ [M+]Z caled. 280.2397
found 280.2389.

IR (ATR): d/cm™" = 3428 (br s), 3312 (br s), 3073 (W), 2973 (s), 2934 (s), 2902 (s), 1460 (w), 1389
(w), 1361 (w), 1198 (w), 1168 (w), 1127 (w), 1071 (w), 1002 (W), 906 (w).

[a]) =+50.4 (¢ 0.5, CH,Cly).

Synthesis of Alcohol 333
Me Ot-Bu 330 (3.0eq.)
t-BulLi ( 58eq) e
\/ji)l:& 5
EtZO -78°C

15 min #

333

87%
(87%) Ca2H5004

M = 498.74 g/mol

To a solution of vinyl iodide 330 (546 mg, 1.57 mmol, 3.0 eq.) in Et,O (15 mL) at —78 °C was added
dropwise #-BuLi (1.79 mL of a 1.7M solution in pentane, 3.04 mmol, 5.8 eq.) and the mixture was
stirred for 30 min at this temperature. Then, a solution of ketone 332 (145 mg, 520 umol, 1.0 eq.) in
Et,0O (3 mL + 1 mL rinse) was added dropwise. After 15 min, the reaction was quenched by addition
of saturated aqueous NH,4Cl (10 mL). The mixture was allowed to warm to room temperature and was
diluted with HO (10 mL) and Et,O (20 mL). The phases were separated and the aqueous layer was
extracted with Et,O (3 x 20 mL). The combined organic layers were washed with saturated aqueous
NaCl (30 mL) and dried over MgSO,. Having evaporated the solvents under reduced pressure, the
crude product was purified by flash column chromatography (silica, hexanes:EtOAc = 24:1) to yield
title compound 333 (226 mg, 453 umol, 87%) as a highly viscous colorless oil.

The relative stereochemistry at C-6 was established by key NOE

correlations as depicted aside.

R;=0.15 (hexanes:EtOAc = 10:1).

'H NMR (CDCl;, 600 MHz): §=7.27-7.24 (m, 2H, 25-H), 6.87 (m¢, 2H, 26-H), 5.78 (ddd, *Ji4154 =
16.7 Hz, *Ji41s8 = 10.9 Hz, *J1413 = 6.9 Hz, 1H, 14-H), 5.57 (m¢, 1H, 18-H), 4.91-4.84 (m, 2H, 15-H),
4.42 (mc, 2H, 23-H), 3.80 (s, 3H, 28-H), 3.50 (dd, *J,, = 9.1, 7.4 Hz, 1H, 1-H), 3.44 (t, *Joip0 =
6.5 Hz, 2H, 21-H), 2.28 (mc¢, 1H, 13-H), 2.14 (m¢, 2H, 19-H), 1.95-1.89 (m, 1H, 2-H,), 1.86 (ddd,
3Juss = 12.7 Hz, *Jyga = 3.7 Hz, *Jo3 = 2.3 Hz, 1H, 7-H), 1.78-1.64 (m, 4H, 4-H, 5-H,, 20-H),
1.61 (s, 3H, 22-H), 1.49 (dd, *Jsass = 12.4 Hz, *Jsp, = 3.7 Hz, 1H, 8-H,), 1.48—1.42 (m, 2H, 2-Hp,
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3-H,), 1.30-1.22 (m, 2H, 3-Hg, 8-Hg), 1.17-1.09 (m, 1H, 5-Hg), 1.15 (s, 9H, 12-H), 0.95 (d, *Ji613 =
6.8 Hz, 3H, 16-H), 0.74 (s, 3H, 10-H) ppm.

"C NMR (CDCl;, 150 MHz): § = 159.3 (C-27), 145.5 (C-14), 141.4 (C-17), 130.9 (C-24),
129.4 (C-25), 1229 (C-18), 113.9 (C-26), 112.0 (C-15), 80.9 (C-1), 79.7 (C-6), 72.8 (C-23),
72.4 (C-11), 69.7 (C-21), 55.4 (C-28), 42.6 (C-9), 40.2 (C-7), 39.3 (C-4), 39.2 (C-5), 36.5 (C-13),
33.9 (C-8), 31.5 (C-2), 29.9 (C-20), 28.9 (C-12), 25.7 (C-3), 24.7 (C-19), 15.0 (C-16), 13.7 (C-22),
10.9 (C-10) ppm.

ESI-MS for C3,Hy04 [(M—H)]: caled. 497.3636
found 497.3633.

IR (ATR): d/em™ = 3484 (br w), 3074 (w), 2971 (s), 2954 (s), 2869 (m), 1634 (w), 1587 (w),
1513 (m), 1388 (w), 1362 (m), 1248 (m), 1196 (w), 1097 (m), 1061 (m), 1048 (m), 905 (w), 821 ().

[o] = +23.4 (¢ 0.50, CH,CL,).

Synthesis of Diol 334
Me Ot-Bu
o Ne DDQ (2.0 eq.)
_—
PMBO CH,Cly/H,0 HO.
0°C,2h
333 (75%) 334

C24H4203
M = 378.59 g/mol

To a solution of PMB ether 333 (175 mg, 351 umol, 1.0 eq.) in CH,Cl,/H,O (10:1, 22 mL) at 0 °C was
added DDQ (159 mg, 708 umol, 2.0 eq.) in one portion and the biphasic mixture was stirred
vigorously for 2 h. The mixture was filtered over a pad of Celite” (washings with CH,Cl,) and the
resulting solution was sequentially washed with saturated aqueous NaHCO; (3 x 25 mL), H,O
(20 mL) and saturated aqueous NaCl (20 mL), and dried over MgSO,. The solvents were evaporated
under reduced pressure and the crude product was purified by flash column chromatography (silica,

CH,Cl1,:MeOH = 100:1) to yield diol 334 (99 mg, 262 pumol, 75%) as a pale yellow oil.
R;=0.19 (hexanes:EtOAc = 4:1).
"H NMR (CDCls, 600 MHz): 6= 5.79 (ddd, *Jy4:15» = 16.7 Hz, *Ji41s5 = 10.7 Hz, *Jy413 = 7.0 Hz, 1H,

14-H), 5.61 (mc, 1H, 18-H), 4.91-4.85 (m, 2H, 15-H), 3.67 (t, *J2120 = 6.5 Hz, 2H, 21-H), 3.50 (dd,
3ip = 9.1, 7.4 Hz, 1H, 1-H), 2.28 (m¢, 1H, 13-H), 2.15 (mc, 2H, 19-H), 1.95-1.89 (m, 1H, 2-H,),
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1.87 (ddd, °J = 12.8, 3.7, 2.3 Hz, 1H, 7-H), 1.78-1.70 (m, 2H, 4-H, 5-H,), 1.70-1.64 (m, 2H, 20-H),
1.63 (s, 3H, 22-H), 1.52-1.39 (m, 5H, 2-Hg, 3-H,, 8-Hs, OH), 1.30-1.22 (m, 2H, 3-Hp, 8-Hp),
1.17-1.10 (m, 1H, 5-Hg), 1.15 (s, 9H, 12-H), 0.96 (d, *Ji¢13 = 7.0 Hz, 3H, 16-H), 0.74 (s, 3H,
10-H) ppm.

3C NMR (CDCls, 150 MHz): 5= 145.4 (C-14), 141.6 (C-17), 122.7 (C-18), 112.1 (C-15), 80.9 (C-1),
79.7 (C-6), 72.4 (C-11), 62.9 (C-21), 42.6 (C-9), 40.2 (C-7), 39.3 (C-4), 39.2 (C-5), 36.6 (C-13),
34.0 (C-8), 32.8 (C-20), 31.5 (C-2), 28.9 (C-12), 25.7 (C-3), 24.4 (C-19), 15.1 (C-16), 13.7 (C-22),
10.9 (C-10) ppm.

ESI-MS for Cz4H42()3Jr [MJr]ﬁ calcd. 378.3128
found 378.3121.

IR (ATR): 9/cm™" = 3416 (br m), 3074 (w), 2972 (), 2954 (s), 2946 (), 2872 (s), 1461 (w), 1388 (W),
1362 (m), 1254 (w), 1196 (m), 1129 (w), 1096 (w), 1061 (m), 905 (w).

[a];) =+34.7 (¢ 0.15, CH,Cly).

Synthesis of Alkyne 337

(COCI), (1.5 eq.)
Me, e Ot-Bu DMSO (3.0 eq.);
EtsN (6.0 eq.)

HO. CH2C|2, -78 0C, 30 mln, O

-78°C to 0 °C, 30 min

(MeO)ZI‘:‘I\[HJ\

86N, (5.0 eq.)
K2CO3 (7.5€eq.)

MeOH, 0 °C
tort, 1h

(78% over two
steps) CasHyoO2
M = 372.58 g/mol

To a solution of DMSO (55 pL, 0.78 mmol, 3.0 eq.) in CH,Cl, (5 mL) at —78 °C was added dropwise
(COCl), (195 uL of a 2.0M solution in CH,Cl,, 390 umol, 1.5 eq.) and the mixture was stirred for
30 min. Then, a solution of diol 334 (99 mg, 0.26 mmol, 1.0 eq.) in CH,Cl, (2 mL) was added slowly
and the reaction was stirred for an additional 30 min at —78 °C. After addition of Et;N (220 uL,
1.56 mmol, 6.0 eq.), the cold bath was replaced by an ice/water bath and the mixture was stirred for
30 min. The reaction was partitioned between H,O (10 mL) and CH,Cl, (10 mL), and the aqueous

layer was extracted with CH,Cl, (3 x 10 mL). The combined organic layers were washed with
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saturated aqueous NaCl (15 mL) and dried over MgSO,. The solvents were removed under reduced
pressure and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc
=17:1) to yield aldehyde 335, which was immediately used in the next step.

To a solution of aldehyde 335 (assumed 0.26 mmol, 1.0 eq.) in MeOH (7 mL) at 0 °C was
consecutively added K,CO; (259 mg, 1.88 mmol, 7.5 eq.) and a solution of Ohira-Bestmann
reagent (336, 243 mg, 1.25 mmol, 5.0 eq.) in MeOH (2 mL). The mixture was allowed to warm to
room temperature and stirred for 1 h. The reaction was diluted with H,O (15 mL) and the mixture was
extracted with Et,O (5 x 10 mL). The combined organic layers were washed with saturated aqueous
NaCl (10 mL) and dried over MgSQ,. The solvents were removed under reduced pressure and the
crude product was purified by flash column chromatography (silica, hexanes:EtOAc = 40:1) to yield

alkyne 337 (75 mg, 0.20 mmol, 78% over two steps) as a colorless oil.
Ry=0.13 (hexanes:EtOAc = 30:1).

'H NMR (CDCls, 600 MHz): 6= 5.79 (ddd, *Jis15x = 17.6 Hz, *Ji4158 = 9.8 Hz, *Ji413 = 7.0 Hz, 1H,
14-H), 5.63 (m¢, 1H, 18-H), 4.91-4.85 (m, 2H, 15-H), 3.50 (dd, *J;», = 9.2, 7.4 Hz, 1H, 1-H),
2.36-2.22 (m, 5H, 13-H, 19-H, 20-H), 1.95-1.84 (m, 1H, 2-Hy), 1.93 (t, “J2,0 = 2.5 Hz, 1H, 22-H),
1.87 (ddd, *J = 12.7, 3.8, 2.3 Hz, 1H, 7-H), 1.78-1.70 (m, 2H, 4-H, 5-H,), 1.65 (s, 3H, 23-H),
1.56 (br's, 1H, OH), 1.50 (dd, “Jsass = 12.6 Hz, *Jspr = 3.9 Hz, 1H, 8-H,), 1.48—1.41 (m, 2H, 2-Hp,
3-H,), 1.32—1.19 (m, 2H, 3-Hg, 8-Hp), 1.18-1.10 (m, 1H, 5-Hg), 1.15 (s, 9H, 12-H), 0.96 (d, *Ji613 =
7.1 Hz, 3H, 16-H), 0.74 (s, 3H, 10-H) ppm.

3C NMR (CDCl;, 150 MHz): & = 145.5 (C-14), 142.6 (C-17), 121.6 (C-18), 112.1 (C-15),
84.5 (C-21), 80.9 (C-1), 79.8 (C-6), 72.4 (C-11), 68.4 (C-22), 42.6 (C-9), 40.2 (C-7), 39.3 (C-4),
39.1 (C-5), 36.5 (C-13), 34.0 (C-8), 31.5 (C-2), 28.9 (C-12), 27.3 (C-19), 25.7 (C-3), 18.9 (C-20),
16.1 (C-16), 13.8 (C-23), 10.9 (C-10) ppm.

EI-MS for C,5sH300," [(M-H)"]: calcd. 371.2945
found 371.2943.

IR (ATR): d/em™ = 3545 (br w), 3309 (m), 3076 (W), 2971 (s), 2871 (s), 1462 (w), 1388 (w),
1361 (m), 1253 (w), 1196 (m), 1127 (w), 1095 (w), 1061 (m), 995 (w), 904 (w).

[a]}) =+41.7 (c 0.33, CH,CL).
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Synthesis of Vinyl Stannane 340

Bus;SnSiMe; (5.0 eq.)
Pd(PPh3),4 (20 mol-%)

-

y

THF, reflux, 5 h

AN Hszg SiS
28 40M76U2915N
337 M =735.83 g/mol

(75%)

To a solution of alkyne 337 (52 mg, 0.14 mmol, 1.0 eq.) in THF (5 mL) was added trimethyl(tri-n-
butylstannyl)silane (244 puL, 700 pmol, 5.0 eq.) and Pd(PPhs), (32 mg, 28 umol, 20 mol-%). The
yellow solution was heated to reflux for 5 h changing its color to dark brown. The reaction mixture
was allowed to cool to room temperature and was diluted with hexanes (15 mL). The mixture was
filtered over a pad of silica (washings with Et,O) and the solvents were removed under reduced
pressure. The thus obtained orange crude oil was purified by flash column chromatography (silica,

hexanes:EtOAc = 1:0 to 80:1) to yield stannane 340 (77 mg, 105 pmol, 75%) as a colorless oil.
R;=0.18 (hexanes:EtOAc = 30:1).

'"H NMR (CDCls, 600 MHz): &= 6.37 (br s, 1H, 22-H), 5.79 (m¢, 1H, 14-H), 5.55 (mc, 1H, 18-H),
4.91-4.85 (m, 2H, 15-H), 3.50 (dd, *J;» = 9.0, 7.3 Hz, 1H, 1-H), 2.38-2.24 (m 3H, 13-H, 20-H),
2.11-2.02 (m, 2H, 19-H), 1.95-1.89 (m, 1H, 2-H,), 1.87 (m¢, 1H, 7-H), 1.79-1.69 (m, 2H, 4-H,
5-Hy), 1.63 (s, 3H, 23-H), 1.54-1.41 (m, 9H, 2-Hg, 3-H,, 8-Ha, 26-H), 1.32 (mc, 6H, 27-H),
1.28-1.22, (m, 2H, 3-Hg, 8-Hg), 1.18-1.12 (m, 1H, 5-Hp), 1.15 (s, 9H, 12-H), 1.01-0.83 (m, 18H,
16-H, 25-H, 28-H), 0.74 (s, 3H, 10-H), 0.09 (s, 9H, 24-H) ppm.

BC NMR (CDCl;, 150 MHz): & = 165.2 (C-21), 145.6 (C-14), 143.7 (C-22), 141.0 (C-17),
122.8 (C-18), 112.0 (C-15), 80.9 (C-1), 79.7 (C-6), 72.4 (C-11), 47.2 (C-20), 42.6 (C-9), 40.3 (C-7),
39.3 (2C, C-4, C-5), 36.6 (C-13), 34.1 (C-8), 31.5 (C-2), 29.4 (C-26), 28.9 (C-12), 28.6 (C-19),
27.7 (C-27), 25.7 (C-3), 16.1 (C-16), 13.8 (2C, C-23, C-28), 11.4 (C-25), 10.9 (C-10), 0.4 (C-24) ppm.

ESI-MS for C4H760,SiSnCI™ [(M+Cl) : caled.  771.4331
found ~ 771.4325.

IR (ATR): ¥/cm™" = 3599 (br w), 3071 (w), 2953 (s), 2929 (s), 2871 (s), 2855 (m), 1463 (w), 1375 (W),
1361 (W), 1246 (w), 1196 (w), 1128 (w), 1063 (w), 905 (w), 861 (w), 835 ().

[a]}) =+11.4 (c 0.33, CH,Cly).
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Synthesis of Vinyl lodide 342

l2(1.0eq.)
t-Bu N t-Bu

N

l = (3.0eq.)
341

CH2C|2, —40 OC, 15 h ~N |

(95%)

342

CogHyglOoSi
M =572.68 g/mol

To a solution of stannane 340 (74 mg, 0.10 mmol, 1.0 eq.) in CH,ClI, (6 mL) at —40 °C was added 2,6-
di-tert-butyl-4-methylpyridine (341, 62 mg, 0.30 mmol, 3.0 eq.) followed by I, (26 mg, 0.10 mmol,
1.0 eq.). The yellow mixture was stirred at this temperature for 1.5 h and the reaction was then
quenched by addition of saturated aqueous Na,S,0; (7 mL). The mixture was diluted with H,O (7 mL)
and CH,Cl, (10 mL), and the phases were separated. The aqueous layer was extracted with
CH,Cl, (3 x 10 mL) and the combined organic layers were dried over Na,SO,. The solvents were
evaporated under reduced pressure and the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 80:1 to 60:1) to yield vinyl iodide 342 (55 mg, 95 pumol,

95%) as a colorless oil.

Ry=0.09 (hexanes:EtOAc = 30:1).

'"H NMR (CDCls, 600 MHz): 8= 6.33 (t, *J20 = 1.0 Hz, 1H, 22-H), 5.79 (m¢, 1H, 14-H), 5.55 (mc,
1H, 18-H), 4.91-4.86 (m, 2H, 15-H), 3.50 (dd, *J,,= 8.9, 7.4 Hz, 1H, 1-H), 2.61 (m¢, 2H, 20-H),
2.33-2.23 (m, 3H, 13-H, 19-H), 1.95-1.90 (m, 1H, 2-H,), 1.87 (mc, 1H, 7-H), 1.76-1.70 (m, 2H, 4-H,
5-Hy), 1.66 (s, 3H, 23-H), 1.50 (dd, 2Jsass = 12.7 Hz, *Jsa = 3.7 Hz, 1H, 8-H,), 1.48-1.41 (m, 2H,
2-Hg, 3-Hy), 1.32-1.21 (m, 2H, 3-Hg, 8-Hp), 1.17-1.11 (m, 1H, 5-Hp), 1.15 (s, 9H, 12-H), 0.96 (d,
3Jiens = 6.9 Hz, 3H, 16-H), 0.74 (s, 3H, 10-H), 0.18 (s, 9H, 24-H) ppm.

3C NMR (CDCL, 150 MHz): & = 145.4 (C-14), 142.4 (C-17), 137.4 (C-22), 122.8 (C-21),
121.2 (C-18), 112.1 (C-15), 80.9 (C-1), 79.8 (C-6), 72.4 (C-11), 50.9 (C-20), 42.6 (C-9), 40.3 (C-7),
39.4 (C-4)*, 39.3 (C-5)*, 36.5 (C-13), 34.0 (C-8), 31.4 (C-2), 28.9 (C-12), 28.0 (C-19), 25.7 (C-3),
16.1 (C-16), 13.9 (C-23), 10.9 (C-10), —1.0 (C-24) ppm.

ESI-MS for Cp3sHyIOSi" [(M—OH)'T: calcd. 555.2514
found 555.2510.

IR (ATR): d/em™ = 3560 (br w), 3072 (W), 2972 (s), 2955 (s), 2873 (m), 1595 (m), 1461 (w),
1388 (w), 1361 (w), 1248 (m), 1196 (m), 1127(w), 1062 (W), 905 (W), 863 (w), 841 (m).



2 Experimental Procedures 195

[a]) =+32.0 (¢ 0.25, CH,CLy).

Synthesis of Vinyl Silane 343

o Ot-Bu MelLi (10 eq.)
Cul ( 50eq)
Et O -20°C W
Me3Si 2 \
€ao! 00°C,2h S' %0 i H
(86%) 343

CogH520,Si
M = 460.81 g/mol

To a suspension of Cul (87 mg, 0.45 mmol, 5.0 eq.) in Et,0 (5 mL) at —20 °C was added dropwise
MelLi (0.57 mL of a 1.6M solution in Et,0, 0.91 mmol, 10 eq.) and the resulting pale yellow solution
was stirred for an additional 15 min. Then, a solution of vinyl iodide 342 (52 mg, 91 umol, 1.0 eq.) in
Et,O (1.5 mL) was added dropwise and the reaction mixture was allowed to slowly warm to 0 °C.
After stirring for an additional 60 min at 0 °C, the reaction was quenched by addition of saturated
aqueous NH,CI (5 mL) and the biphasic mixture was filtered over a pad of Celite® (washings with
Et,0). The phases were separated and the aqueous layer was extracted with Et,O (3 x 10 mL). The
combined organic layers were washed with saturated aqueous NaCl (10 mL) and dried over MgSQO,.
The solvents were evaporated under reduced pressure and the crude product was purified by flash
column chromatography (silica, hexanes:EtOAc = 70:1 to 60:1) to yield vinyl silane 343 (36 mg,

78 umol, 86%) as a colorless oil.

The C-21/C-22 double bond geometry has been verified to be (£) by 2D NOESY experiments,
indicating a proximity between 24-H and 25-H.

Ry=0.18 (hexanes:EtOAc = 30:1).

'H NMR (CDCl;, 600 MHz): § = 5.79 (m¢, 1H, 14-H), 5.55 (m¢, 1H, 18-H), 5.20 (m¢, 1H, 22-H),
4.91-4.84 (m, 2H, 15-H), 3.50 (dd, *J;, = 9.0, 7.4 Hz, 1H, 1-H), 2.31-2.26 (m, 1H, 13-H),
2.26-2.09 (m, 4H, 19-H, 20-H), 1.95-1.85 (m, 1H, 2-H,), 1.87 (ddd, *J5s5 = 12.8 Hz, *J754 = 3.6 Hz,
*Jons = 2.3 Hz, 1H, 7-H), 1.78 (d, *Jo4n2 = 0.8 Hz, 3H, 24-H), 1.77-1.69 (m, 2H, 4-H, 5-H,), 1.63 (s,
3H, 23-H), 1.49 (dd, “Jsass = 12.6 Hz, *Jsar = 3.8 Hz, 1H, 8-H,), 1.48-1.41 (m, 2H, 2-Hg, 3-H,),
1.30-1.22 (m, 1H, 3-Hg), 1.24 (dd, “Jsgsa = “Jsg7 = 12.7 Hz, 1H, 8-Hg), 1.18-1.11 (m, 1H, 5-Hp),
1.15 (s, 9H, 12-H), 0.96 (d, *Ji¢13 = 6.9 Hz, 3H, 16-H), 0.74 (s, 3H, 10-H), 0.09 (s, 9H, 25-H) ppm.

B3C NMR (CDClL,, 150 MHz): & = 154.9 (C-21), 1454 (C-14), 140.9 (C-17), 123.1 (C-22),
122.8 (C-18), 111.8 (C-15), 80.7 (C-1), 79.5 (C-6), 72.3 (C-11), 42.4 (C-9), 42.2 (C-20), 40.1 (C-7),
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39.1 (2C, C-4, C-5), 363 (C-13), 33.8 (C-8), 31.3 (C-2), 28.7 (C-12), 26.4 (C-19), 25.5 (C-3),
21.6 (C-24), 15.9 (C-16), 13.5 (C-23), 10-7 (C-10), 0.1 (C-25) ppm.

ESI-MS for C3oHs30,4Si” [(M+HCOO)1: calcd. 505.3719
found 505.3719.

IR (ATR): d/em™ = 3598 (br w), 3073 (w), 2972 (s), 2955 (s), 2876 (m), 1618 (w), 1461 (W),
1376 (w), 1362 (w), 1248 (m), 1197 (m), 1128 (w), 1062 (W), 906 (w), 866 (w), 838 (m).

[a]) =+28.4 (c 0.25, CH,Cly).

Synthesis of Alcohol 346

MeH Me Ot-Bu TBDPSCI (1.1 eq.) MeH Me Ot-Bu
imidazole (3.0 eq.)
HO » TBDPSO
LA < DMF, rt, 2 h A 8
Et,SiO : Et;SiO :
300 462
e My ok
10
CSA (20 mol-%) P ®°H Me O
- N 12
CHCl/MeOH @9 o
2Lly/Vie WG
1. 3.5 h 22 N 20 HO F:{
(87% over two c 3460 Si
steps) 34M5203

M = 536.86 g/mol

To a solution of alcohol 300 (330 mg, 801 umol, 1.0 eq.) in DMF (8 mL) was sequentially added
imidazole (163 mg, 2.40 mmol, 3.0 eq.) and TBDPSCI (239 uL, 921 umol, 1.1 eq.), and the mixture
was stirred for 2 h at room temperature. The reaction was quenched by addition of H,O (8 mL) and the
mixture was extracted with Et,O (4 x 15 mL). The combined organic layers were washed with 10%
aqueous NaCl (3 x 8 mL) and subsequently dried over MgSO,. Having evaporated the solvents under
reduced pressure, the crude product was subjected to a short flash column chromatography (silica,
hexanes:EtOAc = 60:1) to yield bissilyl ether 462 (R,= 0.37, hexanes:EtOAc = 16:1) as a colorless oil,
which was directly used in the next step.

To a solution of crude bissilyl ether 462 (assumed 801 pmol, 1.0 eq.) in CH,Cl,/MeOH (7:1, 12 mL)
was added (1R)-(—)-camphorsulfonic acid (35 mg, 0.15 mmol, 20 mol-%) and the mixture was stirred
for 3.5 h at room temperature. The reaction was quenched by addition of saturated aqueous
NaHCO; (8 mL) and the mixture was extracted with CH,Cl, (3 x 15 mL). The combined organic
layers were washed with saturated aqueous NaCl (10 mL) and dried over MgSO,. Having evaporated
the solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, n-pentane:Et,O = 8:1) to yield silyl ether 346 (345 mg, 644 umol, 87% over

two steps) as a colorless honey.
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R;=0.30 (hexanes:EtOAc = 7:1).

'"H NMR (CDCLs, 600 MHz): 5= 7.69-7.65 (m, 4H, 20-H)*, 7.44-7.40 (m, 2H, 22-H), 7.40~7.37 (m,
4H, 21-H)*, 4.05 (mc, 1H, 6-H), 3.76-3.70 (m, 1H, 15-H,), 3.69-3.64 (m, 1H, 15-Hp), 3.45 (mc, 1H,
1-H), 1.93-1.84 (m, 2H, 2-H,, 14-H,), 1.73-1.58 (m, 4H, 4-H, 5-H,, 8-H,, 13-H), 1.51-1.40 (m, 4H,
2-Hg, 3-H,, 5-Hg, OH), 1.34-1.23 (m, 3H, 3-Hp, 7-H, 14-Hy), 1.14 (s, 9H, 12-H), 1.05 (s, 9H, 18-H),
1.04-0.99 (m, 1H, 8-Hy), 0.85 (d, *Ji613 = 6.8 Hz, 3H, 16-H), 0.68 (s, 3H, 10-H) ppm.

3C NMR (CDCl;, 150 MHz): & = 135.8 (C-20)*, 134.0 (C-19), 129.7 (C-22), 127.8 (C-21)*,
80.8 (C-1), 72.4 (C-11), 67.9 (C-6), 62.5 (C-15), 42.8 (C-9), 42.1 (C-7), 37.5 (C-4), 37.1 (C-14),
36.2 (C-8), 33.7(C-5), 31.5 (C-2), 3.1 (C-13), 28.9 (C-12), 27.1 (C-18), 25.6 (C-3), 19.3 (C-17),
18.2 (C-16), 11.0 (C-10) ppm.

ESI-MS for C34H53O3Si+ [(M+H)+] calcd. 537.3758
found  537.3761.

IR (ATR): d/cm™ = 3480 (br w), 3071 (w), 2981 (s), 2932 (s), 1472 (w), 1428 (w), 1389 (w),
1361 (w), 1197 (w), 1112 (m), 1086 (m), 1063 (m), 702 (m).

[ ]2 =+22.8 (¢ 0.50, CH,CL).

Synthesis of Ketone 347

(COCI), (1.5 eq.)

Me Ot-Bu DMSO (3.0 eq.); w8\|/ Mo 0 /%
M Me EtN (6.0 eq.) L ®°H Me O
TBDPSO - @g \OW 2
NN CH,Cl,, ~78 °C, 1 h; 6, 4l
HO A ~78°Ct00°C,30min =~ 5 °° 0 a

346 347
(96%) CaqHsoO5Si
M = 534.85 g/mol

To a solution of DMSO (120 uL, 1.68 mmol, 3.0 eq.) in CH,Cl, (15 mL) at —78 °C was added

(COCl), (420 pL of a 2.0M solution in CH,Cl,, 840 umol, 1.5 eq.) within 5 min and the mixture was
stirred for 15 min. Then, a solution of alcohol 346 (300 mg, 560 umol, 1.0 eq.) in CH,Cl, (3 mL) was
added slowly and the mixture was stirred for an additional 45 min prior to adding Et;N (470 pL, 3.36
mmol, 6.0 eq.). The cold bath was replaced with an ice/water bath and the mixture was stirred at 0 °C
for 30 min. The reaction was quenched by addition of H,O (20 mL) and the phases were separated.
The aqueous layer was extracted with CH,Cl, (3 x 20 mL) and the combined organic layers were

washed with saturated aqueous NaCl (15 mL), and were dried over MgSQ,4. Having evaporated the
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solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 16:1) to yield ketone 347 as a colorless oil.
Purification was carried out combined with a smaller reaction batch. Overall, alcohol 346 (320 mg,

596 umol) was converted to ketone 347 (305 mg, 571 umol) in 96% yield.
Ry=0.47 (hexanes:EtOAc = 7:1).

'"H NMR (CDCls, 600 MHz): 8= 7.69-7.63 (m, 4H, 20-H)*, 7.43-7.40 (m, 2H, 22-H), 7.40-7.35 (m,
4H, 21-H)*, 3.69-3.62 (m, 2H, 15-H), 3.45 (m¢, 1H, 1-H), 2.40 (m¢, 1H, 13-H), 2.01-1.95 (m, 3H,
5-H, 7-H), 2.01-1.95 (m, 1H, 2-Hy), 1.82 (dd, 2sass = 12.4 Hz, *Jsay = 6.4 Hz, 1H, 8-H,),
1.67-1.52 (m, 3H, 2-Hp, 3-Ha, 4-H), 1.51-147 (m, 2H, 14-H), 1.40-1.36 (m, 1H, 3-Hp),
1.20-1.14 (m, 1H, 8-Hg), 1.15 (s, 9H, 12-H), 1.04 (s, 9H, 18-H), 0.89 (s, 3H, 10-H), 0.76 (d, *Jign3 =
6.8 Hz, 3H, 16-H) ppm.

3C NMR (CDCL, 150 MHz): & = 212.1 (C-6), 135.7 (C-20)*, 134.1 (C-19), 129.7 (C-22),
127.7 (C-21)*, 80.0 (C-1), 72.7 (C-11), 62.5 (C-15), 49.2 (C-7), 44.7 (C-4), 43.2 (C-5), 42.3 (C-9),
37.2 (C-14), 35.8 (C-8), 31.8 (C-2), 28.9 (C-12), 27.8 (C-13), 27.1 (C-18), 25.9 (C-3), 19.3 (C-17),
16.4 (C-16), 11.2 (C-10) ppm.

EI-MS for C33H,,05S8i" [(M—Me)']: caled.  519.3289
found ~ 519.3283.

IR (ATR): ¥/em™' = 3072 (w), 2960 (s), 2931 (s), 2859 (s), 1705 (s), 1472 (m), 1428 (m), 1389 (w),
1362 (m), 1253 (w), 1192 (m), 1109 (s), 1061 (s), 899 (w), 738 (w), 701 (s).

[a]) =+14.4 (c 1.00, CH,Cl).

Synthesis of Alcohol 348

Me o Ot-Bu  330(25eq.)

MM +-BuLi (4.8 eq.)
TBDPSO — = _O
o : Et,0,-78°C 28 7
H 60 min 26
347 (60%)

C4gH7005Si
M =755.15 g/mol

To a solution of vinyl iodide 330 (494 mg, 2.74 mmol, 2.5 eq.) in Et,0 (15 mL) at —78 °C was added

t-BuLi (1.61 mL of a 1.7M solution in pentane, 1.43 mmol, 4.8 eq.) and the resulting solution was
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stirred for 30 min at this temperature. Then, a solution of ketone 347 (305 mg, 571 pmol, 1.0 eq.) in
Et,0 (4 mL) was added dropwise and the mixture was stirred for 60 min prior to quenching the
reaction by addition of saturated aqueous NH,4Cl1 (10 mL). The mixture was allowed to warm to room
temperature and was diluted with HO (10 mL) and Et,O (15 mL). The phases were separated and the
aqueous layer was extracted with Et;O (3 x 20 mL). The combined organic layers were dried over
MgSO, and the solvents were evaporated under reduced pressure. The crude product was purified by
flash column chromatography (silica, hexanes:EtOAc = 12:1 to 7:1) to yield alcohol 348 (260 mg,

345 umol, 60%) as a colorless oil and single isomer.
R;=0.29 (hexanes:EtOAc = 7:1).

'H NMR (CDCls, 600 MHz): 5= 7.67-7.63 (m, 4H, 32-H)*, 7.42-7.38 (m, 2H, 34-H), 7.38-7.34 (m,
4H, 33-H)*, 7.24 (m¢, 2H, 25-H), 6.86 (mc, 2H, 26-H), 5.54 (mc, 1H, 18-H), 4.40 (mc, 2H, 23-H),
3.79 (s, 3H, 28-H), 3.65-3.58 (m, 2H, 15-H), 3.49 (dd, *J;, = 9.0, 7.4 Hz, 1H, 1-H), 3.40 (t, *Jo100 =
6.5 Hz, 2H, 21-H), 2.14-2.02 (m, 2H, 19-H), 1.95-1.88 (m, 1H, 2-H,), 1.83-1.77 (m, 1H, 13-H),
1.76-1.59 (m, S5H, 4-H, 5-H,, 7-H, 20-H), 1.55 (s, 3H, 22-H), 1.51-1.36 (m, SH, 2-Hp, 3-H,, 8-H.,,
14-H), 1.30-1.20 (m, 2H, 3-Hg, 8-Hp), 1.15 (s, 9H, 12-H), 1.09-1.01 (m, 1H, 5-Hg), 1.03 (s, 9H,
30-H), 0.77 (d, *J1613 = 6.9 Hz, 3H, 16-H), 0.71 (s, 3H, 10-H) ppm.

3C NMR (CDCl;, 150 MHz): & = 159.2 (C-27), 141.3 (C-17), 135.7 (C-32)*, 134.2 (C-31),
130.9 (C-24), 129.7 (C-34), 129.4 (C-25), 127.7 (C-33)*, 122.6 (C-18), 113.9 (C-26), 80.9 (C-1),
80.1 (C-6), 72.7 (C-23), 72.4 (C-11), 69.8 (C-21), 62.4 (C-15), 55.4 (C-28), 42.6 (C-9), 40.6 (C-14),
40.4 (C-7), 39.3 (C-4), 39.1 (C-5), 33.0 (C-8), 31.5 (C-2), 29.9 (C-20), 28.9 (C-12), 27.8 (C-13),
27.0 (C-30), 25.8 (C-3), 24.7 (C-19), 19.3 (C-29), 16.4 (C-16), 13.6 (C-22), 11.0 (C-10) ppm.

ESI-MS for C4gH740sNSi* [(M+NH,)': caled. 772.5331
found 772.5330.

IR (ATR): /em™ = 3481 (br w), 3071 (W), 2933 (s), 2858 (s), 1513 (w), 1302 (w), 1248 (m),
1196 (w), 1111 (m), 1093 (m), 1063 (w), 823 (w), 703 (W).

[a]2) = +16.8 (c 0.33, CH,CLy).



200 EXPERIMENTAL SECTION

Synthesis of Diol 349

Me. e OtBu

DDQ (2.0 eq.)

CH,Cly/aq. pH 7 buffer
0°Ctort,5h

(93%)
348 349
M = 635.00 g/mol

To a solution of PMB ether 348 (260 mg, 345 umol, 1.0 eq.) in CH,Cl, (24 mL) and aqueous pH 7
buffer (3 mL) at 0 °C was added DDQ (157 mg, 690 umol, 2.0 eq.) in one portion. The biphasic
mixture was allowed to warm to room temperature and was stirred for an additional 5 h prior to
filtering over a pad of Celite® (washings with CH,Cl,, ca. 50 mL). The organic layer was washed with
saturated aqueous NaHCO; (3 x 20 mL) and the combined aqueous layers were re-extracted with
CH,Cl, (2 x 20 mL). The combined organic layers were washed with H,O (20 mL) and saturated
aqueous NaCl (20 mL), and were dried over MgSQO,. Having evaporated the solvents under reduced

pressure, the crude product was purified by flash column chromatography (silica, CH,Cl,:MeOH =
50:1) to yield diol 349 (204 mg, 321 pumol, 93%) as a colorless foam.

R;=0.39 (hexanes:EtOAc = 7:3).

'"H NMR (CDCls, 600 MHz): 5= 7.66-7.62 (m, 4H, 26-H)*, 7.43-7.38 (m, 2H, 28-H), 7.38-7.34 (m,
4H, 27-H)*, 5.56 (mc, 1H, 18-H), 3.65-3.55 (m, 4H, 15-H, 21-H), 3.48 (dd, *J;» = 9.0, 7.3 Hz, 1H,
1-H), 2.12-2.00 (m, 2H, 19-H), 1.93—1.87 (m, 1H, 2-H,), 1.83-1.77 (m, 1H, 13-H), 1.76-1.69 (m,
2H, 4-H, 5-H,) 1.66 (mc, 1H, 7-H) 1.59 (mc, 2H, 20-H), 1.56 (s, 3H, 22-H), 1.51-1.35 (m, 5H, 2-Hs,
3-H,, 8-Hy, 14-H), 1.29-1.19 (m, 3H, 3-Hg, 8-Hg, OH), 1.14 (s, 9H, 12-H), 1.10-1.07 (m, 1H, 5-Hp),
1.03 (s, 9H, 30-H), 0.77 (d, *Ji613 = 6.9 Hz, 3H, 16-H), 0.71 (s, 3H, 10-H) ppm.

"C NMR (CDCl;, 150 MHz): § = 141.5 (C-17), 136.7 (C-26)*, 1342 (C-25), 129.7 (C-28),
122.7 (C-27)*, 122.4 (C-18), 80.9 (C-1), 80.1 (C-6), 72.4 (C-11), 62.8 (C-21), 62.4 (C-15), 42.6 (C-9),
40.6 (C-14), 40.5 (C-7), 39.3 (C-4), 39.1 (C-5), 33.0 (C-8), 32.8 (C-20), 31.5 (C-2), 28.9 (C-12),
27.8 (C-13), 27.0 (C-24), 25.8 (C-3), 243 (C-19), 19.3 (C-23), 164 (C-16), 13.6 (C-22),
11.0 (C-10) ppm.

ESI-MS for C40H6204NaSi+ [(M+Na)+]: caled. 657.4310
found  657.4307.

IR (ATR): d/em™' = 3433 (br m), 3071 (w), 2932 (s), 2859 (s), 1472 (w), 1428 (w), 1389 (w),
1362 (w), 1196 (w), 1112 (m), 1092 (m), 1062 (w), 901 (w), 824 (w).
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[a]}) =+9.2 (¢ 0.50, CH,CL,).

Synthesis of Alkyne 350

(COCI), (2.0 eq.)
Me, e Ot-Bu DMSO (4.0 eq.);
Et3N (8.0 eq.)

CH,Cl,, -78 °C, 2 h;
-78 °C to 0 °C, 60 min

349

QO a3
(MeO),P
N> (6.0 eq.)
K2003 (9.0eq.)

MeOH, 0 °C
tort, 1h

(75% over two .
steps) Cyq1HgoO3Si
M = 629.00 g/mol

To a solution of DMSO (87 pL, 1.2 mmol, 4.0 eq.) in CH,Cl, (7 mL) at =78 °C was added dropwise
(COCI), (310 uL of a 2.0M solution in CH,Cl,, 620 umol, 2.0 eq.) and the mixture was stirred for
20 min. Then, a solution of diol 349 (195 mg, 308 umol, 1.0 eq.) in CH,Cl, (3 mL) was added within
5 min and the reaction was stirred for an additional 2 h at —78 °C. After addition of Et;N (343 pL,
2.46 mmol, 8.0 eq.), the cold bath was replaced by an ice/water bath and the mixture was stirred for
60 min. The reaction mixture was partitioned between H,O (10 mL) and CH,Cl, (15 mL), and the
aqueous layer was extracted with CH,Cl, (3 x 15 mL). The combined organic layers were washed with
saturated aqueous NaCl (20 mL) and dried over MgSO,. The solvents were removed under reduced
pressure and the crude product was purified by flash column chromatography (silica, hexanes:EtOAc
= 5:1) to yield aldehyde 463 (176 mg, 278 pmol, 91%, R,= 0.48, hexanes:EtOAc = 4:1) as a light
yellow oil, which was immediately used in the next step.

To a solution of aldehyde 463 (176 mg, 278 umol, 1.0 eq.) in MeOH (7 mL) at 0 °C was sequentially
added K,COs; (345 mg, 2.50 mmol, 9.0 eq.) and a solution of Ohira-Bestmann reagent (336, 320 mg,
1.67 mmol, 6.0 eq.) in MeOH (3 mL). The mixture was allowed to warm to room temperature and was
stirred for 4 h prior to being diluted with H,O (10 mL). The biphasic mixture was extracted with
Et,0 (5 x 20 mL) and the combined organic layers were washed with saturated aqueous
NaCl (15 mL), and dried over MgSO,4. The solvents were removed under reduced pressure and the
crude product was purified by flash column chromatography (silica, n-pentane:Et,O = 16:1 to 12:1) to

yield alkyne 350 (141 mg, 230 pmol, 75% over two steps) as a colorless oil.

Ry=0.53 (hexanes:EtOAc = 7:1).
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'"H NMR (CDCls, 600 MHz): 6= 7.67-7.63 (m, 4H, 26-H)*, 7.44-7.40 (m, 2H, 27-H), 7.40-7.35 (m,
4H, 25-H)*, 5.60 (mc, 1H, 18-H), 3.65-3.56 (m, 2H, 15-H), 3.49 (mc, 1H, 1-H), 2.29-2.15 (m, 4H,
19-H, 20-H), 1.95-1.89 (m, 1H, 2-H,), 1.87 (t, “Josno = 2.4 Hz, 1H, 22-H), 1.82 (m¢, 1H, 13-H),
1.77-1.69 (m, 2H, 4-H, 5-H,), 1.67 (mc, 1H, 7-H), 1.58 (s, 3H, 23-H), 1.50—1.38 (m, SH, 2-Hg, 3-H,,
8-H,, 14-H), 1.33-1.19 (m, 2H, 3-Hg, 8-Hg), 1.15 (s, 9H, 12-H), 1.11 (mc, 1H, 5-Hg), 1.04 (s, OH,
29-H), 0.78 (d, *Ji613 = 7.0 Hz, 3H, 16-H), 0.72 (s, 3H, 10-H) ppm.

3C NMR (CDCl;, 150 MHz): & = 142.5 (C-17), 135.7 (C-25)*, 134.2 (C-24), 129.7 (C-27),
127.7 (C-26)*, 121.3 (C-18), 84.5 (C-21), 80.9 (C-1), 80.1 (C-6), 72.4 (C-11), 68.4 (C-22),
62.4 (C-15), 42.6 (C-9), 40.6 (C-14), 40.4 (C-7), 39.3 (C-4), 39.1 (C-5), 33.0 (C-8), 31.5 (C-2),
28.9 (C-12), 27.8 (C-13), 27.3 (C-19), 27.0 (C-29), 25.8 (C-3), 19.3 (C-28), 19.0 (C-20), 16.4 (C-16),
13.7 (C-23), 11.0 (C-10) ppm.

ESI-MS for C4,Hg;05Si™ [(M+HCOO)]: caled. 673.4294
found 673.4304.

IR (ATR): ¥/em™" = 3311 (w), 3072 (w), 2957 (s), 2931 (s), 2857 (m), 1472 (w), 1428 (w), 1389 (),
1362 (w), 1259 (w), 1196 (w), 1111 (m), 1063 (w), 738 (w), 702 (W).

[a]}) =+7.0 (¢ 0.25, CH,Cly).

Synthesis of Vinyl lodide 357

Et,SiCI (1.3 eq.)

imidazole (2.6 eq.) 6}
Ho/w/N - Sl
\o/\(\|
DMF, rt, 2 h
S
356 (94%) 357

M = 312.26 g/mol

To a solution of vinyl iodide 356'%* (700 mg, 3.53 mmol, 1.0 eq.) in DMF (7 mL) was added
imidazole (626 mg, 9.20 mmol, 2.6 eq.) and Et;SiCl (770 pL, 4.60 mmol, 1.3 eq.). The mixture was
stirred for 2 h at room temperature before the reaction was quenched by addition of HO (7 mL). The
mixture was diluted with n-pentane (15 mL), the phases were separated and the aqueous layer was
extracted with n-pentane (3 x 15 mL). The combined organic layers were washed with 10% aqueous
NaCl (2 x 10 mL) and dried over MgSO,. Having evaporated the solvents under reduced pressure, the
crude product was purified by flash column chromatography (silica, n-pentane:Et,O = 1:0 to 30:1) to
yield vinyl iodide 357 (1.04 g, 3.33 mmol, 94%) as a colorless liquid.
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R;=0.47 (hexanes:EtOAc = 30:1).

'"H NMR (CDCls, 300 MHz): 6 = 6.24-6.21 (m, 1H, 1-H), 4.11 (mc, 2H, 3-H), 1.79 (mc, 3H, 4-H),
1.00-0.93 (m, 9H, 6-H), 0.66-0.56 (m, 6H, 5-H) ppm.

“C NMR (CDCl;, 75 MHz): 6 = 146.9 (C-2), 76.2 (C-1), 66.9 (C-3), 21.3 (C-4), 6.9 (C-6),
4.6 (C-5) ppm.

EI-MS for C,oH,,10Si* [M*]: calcd. 312.0401
found 312.0406.

IR (ATR): d/em™" = 2955 (s), 2910 (s), 2876 (s), 1458 (w), 1413 (w), 1377 (w), 1280 (w), 1250 (w),
1143 (w), 1106 (m), 1007 (w), 815 (W), 744 (w).

Synthesis of Diol 359
9-BBN (237, 2.0 eq.)
THF, 40°C, 2 h; Me
Me, e Of-Bu Cs,CO3 (35 €q.) " Me OtBu

X THF/H,0, rt, 45 min; |
ELsio" : 357 (1.5 eq.) AsPhg (40 mol-%) o :

3 i Pd(dppfCl; (10mol-%), DMF bgiey &gy H

1,20 h
299 358

19
Me 0T

10
CSA (40 mol-%) H  Me
_— 16715 Y 13 7 8 S 12
CH,CIMeOH o e, 4_
1, 6h N HOUN

18

359
CooH4003
M = 352.55 g/mol

(63% over two
steps)

To a solution of alkene 299 (624 mg, 1.58 mmol, 1.0 eq.) in THF (9.5 mL) was added 9-BBN (237,
6.35 mL of a 0.5M solution in THF, 3.16 mmol, 2.0 eq.) and the resulting mixture was stirred at 40 °C
for 3 h. The solution was cooled to 0 °C and degassed aqueous Cs,CO; (3N, 1.9 mL, 5.53 mmol,
3.5 eq.) was added. The mixture was stirred vigorously for 45 min at room temperature and a solution
of vinyl iodide 357 (740 mg, 2.37 mmol, 1.5 eq.) and AsPh; (193 mg, 632 umol, 40 mol-%) in
degassed DMF (15.8 mL) was added. The mixture was degassed (N, bubbling for 5 min) and
Pd(dppf)Cl, (complex with CH,Cl,, 128 mg, 158 pumol, 10 mol-%) was added. The reaction mixture
was stirred for 20 h at room temperature and was then diluted with H,O (20 mL) and Et,O (20 mL).
The layers were separated and the aqueous layer was extracted with Et;0 (4 x 20 mL). The combined
organic layers were washed with 10% aqueous NaCl (3 x 20 mL) and the aqueous layers were re-
extracted with Et,0O (2 x 20 mL). The combined organic layers were dried over MgSO,4 and the
solvents were evaporated under reduced pressure. The crude product was purified by flash column

chromatography (silica, hexanes:EtOAc = 100:1 to 60:1) to yield bissilyl ether 358 (R,=0.2,
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hexanes:EtOAc = 30:1, 700 mg, ~1.21 mmol, ~77%) as a yellow liquid, which was contaminated by
some impurities and used without further purification in the next step.

To a solution of crude bissilyl ether 358 (700 mg, 1.21 mmol, 1.0 eq.) in CH,Cl,/MeOH (5:1, 24 mL)
was added (1R)-(—)-camphorsulfonic acid (112 mg, 480 umol, 40 mol-%) and the solution was stirred
for 6 h at room temperature. The reaction was quenched by addition of saturated aqueous
NaHCOj; (15 mL) and the aqueous layer was extracted with CH,Cl, (4 x 15 mL). The combined
organic layers were washed with saturated aqueous NaCl (20 mL) and dried over MgSO,. Having
evaporated the solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, CH,Cl,:MeOH = 100:1 to 50:1) to yield diol 359 (350 mg, 994 pumol, 63%

over two steps) as a pale yellow highly viscous oil.
R;=0.19 (hexanes:EtOAc = 7:3).

'H NMR (CDCl;, 600 MHz): & = 5.42 (m¢, 1H, 16-H), 4.09 (m¢, 1H, 6-H), 3.99 (s, 2H, 18-H),
3.44 (dd, *J,, = 8.8, 7.5 Hz, 1H, 1-H), 2.15-2.05 (m, 1H, 15-H,), 2.04-1.96 (m, 1H, 15-Hp),
1.95-1.85 (m, 1H, 2-H,), 1.70-1.56 (m, 4H, 4-H, 5-H., 8-Ha, 14-H,), 1.67 (s, 3H, 20-H),
1.54-1.30 (m, 7H, 2-Hg, 3-H,, 7-H, 13-H, 14-Hg, OH), 1.30-1.18 (m, 2H, 3-Hg, 5-Hg), 1.13 (s, 9H,
12-H), 1.02 (dd, “Jspss = *Jsas = 12.7 Hz, 1H, 8-Hy), 0.92 (d, *J1013 = 6.7 Hz, 3H, 19-H), 0.71 (s, 3H,
10-H) ppm.

3C NMR (CDCls, 150 MHz): 5= 134.9 (C-17), 126.8 (C-16), 80.8 (C-1), 72.4 (C-11), 69.2 (C-18),
68.3 (C-6), 42.8 (C-9), 42.0 (C-7), 37.6 (C-4), 36.0 (C-8), 34.3 (C-5), 34.1 (C-14), 33.7 (C-13),

31.4 (C-2), 28.9 (C-12), 25.6 (C-3), 25.1 (C-15), 17.6 (C-19), 13.9 (C-20), 11.0 (C-10) ppm.

EI-MS for C»H330," [(M-H,0)]: calcd. 334.2866
found 334.2875.

IR (ATR): §/em™ = 3360 (br s), 2973 (s), 2930 (s), 2871 (s), 1461 (w), 1388 (w), 1361 (w), 1197 (w),
1128 (w), 1063 (w), 1007 (w).

[a]) =+33.9 (¢ 0.50, CH,Cl).
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Synthesis of Alcohol 360

Me ot-B
| 16 13 7 8
HO. o pyrldlne 0°C 21
HO H tort,4h HO
359 (89%) 360
Ca7H4g04
M = 436.67 g/mol
To a solution of diol 359 (358 mg, 1.02 mmol, 1.0 eq.) in pyridine (10 mL) at 0 °C was added
PivCI (213 pL, 1.73 mmol, 1.7 eq.). The mixture was allowed to warm to room temperature and was
stirred for 4 h prior to being diluted with CH,Cl, (60 mL). The solution was washed with HCI (2N,
2x25mL) and the combined aqueous layers were re-extracted with CH,Cl, (3 x 25 mL). The
combined organic layers were washed with saturated aqueous NaCl (20 mL) and dried over MgSOQO,.
After evaporation of the solvents under reduced pressure, purification of the crude product by flash

column chromatography (silica, hexanes:EtOAc = 10:1) afforded alcohol 360 (394 mg, 904 umol,

89%) as a colorless oil.
=0.19 (hexanes:EtOAc = 10:1).

'H NMR (CDCls, 600 MHz): & = 5.44 (m¢, 1H, 16-H), 4.44 (s, 2H, 18-H), 4.08 (mc, 1H, 6-H),
3.44 (mc, 1H, 1-H), 2.15-2.07 (m, 1H, 15-H,), 2.04—1.96 (m, 1H, 15-Hg), 1.95-1.87 (m, 1H, 2-H,),
1.72-1.56 (m, 4H, 4-H, 5-H,, 8-Hy, 14-H,), 1.64 (s, 3H, 20-H), 1.55-1.36 (m, 4H, 2-Hg, 3-H,, 13-H,
14-Hg*), 1.36-1.32 (m, 1H, 7-H), 1.32-1.18 (m, 2H, 3-Hg, 5-Hg*), 1.21 (s, 9H, 23-H), 1.14 (s, 9H,
12-H), 1.03 (dd, *Jsass = *Jsar = 12.7 Hz, 1H, 8-H,), 0.92 (d, *J013 = 6.7 Hz, 3H, 19-H), 0.71 (s, 3H,
10-H) ppm.

3C NMR (CDCl;, 150 MHz): 5= 178.6 (C-21), 130.3 (C-17), 129.5 (C-16), 80.8 (C-1), 72.4 (C-11),
70.2 (C-18), 68.3 (C-6), 42.9 (C-9), 42.0 (C-7), 39.0 (C-22), 37.5 (C-4), 35.9 (C-8), 34.2 (C-5)*,
34.1 (C-14)*, 33.8 (C-13), 31.4 (C-2), 28.9 (C-12), 27.4 (C-23), 25.6 (C-3), 25.2 (C-15), 17.6 (C-19),
14.0 (C-20), 11.0 (C-10) ppm.

ESI-MS for C,;H4304Na” [(M+Na)']: caled.  459.3445
found  459.3444.

IR (ATR): ¥/em™ = 3520 (br w), 2972 (s), 2933 (s), 2873 (m), 1730 (m), 1480 (w), 1461 (w),
1388 (W), 1362 (w), 1284 (w), 1197 (w), 1156 (m), 1063 (w).

[a];) =+27.0 (¢ 1.00, CH,Cl).
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Synthesis of Ketone 361

Me Ot-Bu DMP (1.5 eq. )
. |
PivO Ho™ : CH,Cly, t, 3 h 21 6 4
H
(84%)
360 361

CazHae04
M = 434.65 g/mol

To a suspension of alcohol 360 (390 mg, 894 pumol, 1.0 eq.) and NaHCO; (225 mg, 2.68 mmol,
3.0eq.) in CH,Cl, (15 mL) was added DMP (568 mg, 1.34 mmol, 1.5 eq.) in one portion. The
resulting mixture was stirred for 3 h at room temperature prior to quenching the reaction by addition of
saturated aqueous NaHCOs/saturated aqueous Na,S,0;3/H,O (1:1:1, 10 mL). The biphasic mixture was
stirred vigorously at room temperature until two clear layers were obtained. The mixture was then
diluted with CH,Cl, (10 mL) and the aqueous layer was extracted with CH,Cl, (3 x 15 mL). The
combined organic layers were washed with saturated aqueous NaCl (20 mL) and were dried over
MgSO,. Having evaporated the solvents under reduced pressure, the crude product was purified by
flash column chromatography (silica, n-pentane:Et,O = 8:1 to 4:1) to yield ketone 361 (326 mg,

751 pmol, 84%) as a colorless oil.

Ry=0.19 (hexanes:EtOAc = 10:1).

'"H NMR (CDCls, 600 MHz): 5= 5.44 (mc, 1H, 16-H), 4.44 (s, 2H, 18-H), 3.47 (dd, *J;» = 9.0, 7.7 Hz,
1H, 1-H), 2.37-2.19 (m, 4H, 5-H, 7-H, 13-H), 2.08-1.94 (m, 3H, 2-H,, 15-H), 1.87 (dd, *Jsass =
12.6 Hz, *Jsan = 6.5 Hz, 1H, 8-H,), 1.68-1.50 (m, 3H, 2-Hp, 3-Ha, 4-H), 1.63 (s, 3H, 20-H),
1.43-1.35 (m, 1H, 3-Hp), 1.26 (mc, 2H, 14-H), 1.22-1.16 (m, 1H, 8-Hg), 1.21 (s, 9H, 23-H), 1.15 (s,
9H, 12-H), 0.97 (s, 3H, 10-H), 0.79 (d, /1013 = 6.8 Hz, 3H, 19-H) ppm.

3C NMR (CDCLs, 150 MHz): 6= 212.4 (C-6), 178.5 (C-21), 130.5 (C-17), 129.0 (C-16), 80.0 (C-1),
72.7 (C-11), 70.1 (C-18), 49.4 (C-7), 44.6 (C-4), 43.2 (C-5), 42.3 (C-9), 39.0 (C-22), 35.7 (C-8),
34.4 (C-14), 31.9 (C-2), 30.8 (C-13), 28.9 (C-12), 27.5 (C-23), 26.0 (C-15)*, 25.9 (C-3)*, 16.0 (C-14),
13.9 (C-20), 11.2 (C-10) ppm.

ESI-MS for Cy;H,s0,Na" [(M+Na)']: caled.  457.3288
found  457.3287.

IR (ATR): d/em™ = 2970 (s), 2933 (s), 2872 (s), 1727 (s), 1705 (s), 1479 (w), 1460 (w), 1389 (w),
1362 (m), 1282 (m), 1192 (m), 1151 (s), 1061 (m), 1031 (w), 901 (w).
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[a]}) =+6.0 (¢ 0.50, CH,CL,).

Synthesis of Vinyl Iodide 364

TBSCI (1.2 eq.)
/\)\ imidazole (2.6 eq.) 6\4/ 4
.
HO ! DMF, t, 2.5 h Ao
363 364
88%
(88%) C1oHoyIOSI

M = 312.26 g/mol

To a solution of alcohol 363**”! (297 mg, 1.50 mmol, 1.0 eq.) in DMF (3 mL) was consecutively
added imidazole (265 mg, 3.90 mmol, 2.6 eq.) and TBSCI (271 mg, 1.80 mmol, 1.2 eq.), and the
mixture was stirred for 2.5 h at room temperature. The reaction was quenched by addition of
H,0 (7 mL) and the mixture was diluted with n-pentane (15 mL). The phases were separated and the
aqueous layer was extracted with n-pentane (3 x 10 mL). The combined organic layers were washed
with 10% aqueous NaCl (2 x 7 mL) and dried over MgSQO,4. Having evaporated the solvents under
reduced pressure, the crude product was purified by flash column chromatography (silica,
n-pentane:Et;0O = 1:0 to 30:1) to yield vinyl iodide 364 (413 mg, 1.32 mmol, 88%) as a pale yellow
liquid.

The double bond configuration was verified to be (£) by 2D NOESY experiments indicating a
proximity between 3-H and 4-H.

R;=0.43 (hexanes:EtOAc = 30:1).

'H NMR (CDCls, 600 MHz): 6= 6.29 (tq, *J»s = 6.5 Hz, “J,4 = 1.4 Hz, 1H, 2-H), 4.12 (d, *J3, =
6.4 Hz, 2H, 3-H), 2.41 (br s, 3H, 4-H), 0.90 (s, 9H, 6-H), 0.07 (s, 6H, 7-H) ppm.

PC NMR (CDCls, 150 MHz): & = 140.8 (C-2), 96.1 (C-1), 60.8 (C-3), 28.2 (C-4), 26.0 (C-6),
18.5 (C-5), =5.1 (C-7) ppm.

EI-MS for C,oH,;10Si* [M*]: calcd. 312.0401
found 312.0382.

IR (ATR): d/cm™" = 2954 (s), 2929 (s), 2885 (m), 2857 (s), 1472 (W), 1463 (w), 1380 (w), 1256 (m),
1089 (s), 1042 (m), 836 (s), 776 (m).

The analytical data matched those reported previously.!**!)



208 EXPERIMENTAL SECTION

Synthesis of Alcohol 365

364 |

TBSO/\A

MeH Me Ot-Bu (1 6 eQ)

t-BuLi (3.1 eq.)
i | o, > 30 2
PivO o o Et,0, -78 °C, 1 h
H
(77%) >I\2

361 Si__
L

O CS7H68058i

M =621.02 g/mol

To a solution of vinyl iodide 364 (350 mg, 1.12 mmol, 1.6 eq.) in Et,0 (7 mL) at —78 °C was slowly
added #-BuLi (1.27 mL of a 1.7M solution in pentane, 2.16 mmol, 3.1 eq.) and the mixture was stirred
for 30 min at this temperature. The thus obtained solution of the corresponding vinyl lithium species
was added dropwise via cannula to a solution of ketone 361 (318 mg, 696 umol, 1.0 eq.) in
Et,O (14 mL) at —78 °C. The mixture was stirred for an additional 2 h and the reaction was quenched
by addition of half-saturated aqueous NH4Cl (25 mL). The phases were separated and the aqueous
layer was extracted with Et,0O (3 x 25 mL). The combined organic layers were washed with saturated
aqueous NaCl (15 mL) and dried over MgSO,. Having evaporated the solvents under reduced
pressure, the crude product was purified by flash column chromatography (silica, hexanes:EtOAc =

30:1) to yield tertiary alcohol 365 (330 mg, 539 umol, 77%) as a colorless oil and single isomer.

Ry=0.14 (hexanes:EtOAc = 16:1).

'H NMR (CDCls, 600 MHz): & = 5.73 (mc, 1H, 22-H), 5.41 (m¢, 1H, 16-H), 4.43 (s, 2H, 18-H),
427 (me, 2H, 23-H), 3.50 (dd, *Jip = 9.0, 7.5 Hz, 1H, 1-H), 1.99-1.88 (m, 3H, 2-H,, 15-H),
1.79-1.71 (m, 3H, 4-H, 5-H,, 7-H), 1.68-1.53 (m, 1H, 13-H), 1.62 (s, 3H, 20-H), 1.60 (s, 3H, 24-H),
1.50-1.41 (m, 3H, 2-Hg, 3-Hg, 8-H,), 1.31-1.18 (m, 4H, 3-Hg, 8-Hg, 14-H), 1.21 (s, 9H, 30-H),
1.18-1.10 (m, 1H, 5-Hg), 1.15 (s, 9H, 12-H), 1.09 (br s, IH OH), 0.91 (s, 9H, 27-H), 0.85 (d, *Jyo13 =
6.9 Hz, 3H, 19-H), 0.75 (s, 3H, 10-H), 0.08 (s, 6H, 25-H) ppm.

3C NMR (CDClL,, 150 MHz): & = 178.5 (C-28), 141.6 (C-21), 130.3 (C-17), 129.4 (C-16),
124.1 (C-22), 80.9 (C-1), 79.9 (C-6), 72.4 (C-11), 70.2 (C-18), 60.9 (C-23), 42.6 (C-9), 39.8 (C-7),
39.2 (C-29)*, 39.0 (C-4)*, 38.8 (C-5), 37.4, (C-14), 32.9 (C-8), 31.5 (2C, C-2, C-13), 28.9 (C-12),
27.4 (C-30), 26.2 (C-27), 26.1 (C-15), 25.8 (C-3), 18.5 (C-26), 16.7, (C-19), 13.9 (C-20), 13.8 (C-24),
11.1 (C-10), —4.9 (C-25) ppm.

ESI-MS for C3;H7,0sNSi* [(M+NH,)']: caled.  638.5174
found  638.5173.



2 Experimental Procedures 209

IR (ATR): d/em™ = 3529 (br w), 2956 (s), 2932 (s), 2878 (m), 1730 (m), 1462 (w), 1388 (w),
1283 (W), 1254 (w), 1196 (w), 1155 (m), 1062 (m), 836 (w).

[a]2) = +19.8 (c 0.50, CH,CLy).

Synthesis of Diol 366

u
DIBAL-H (4.25 eq.)

CH,Cl,, 78 °C
45 min o 023 367
L CaoHgnO,4Si
. Si 326004
(85%) | 22 26 M =536.90 g/mol

To a solution of pivalate 365 (330 mg, 531 umol, 1.0 eq.) in CH,Cl, (25 mL) at —78 °C was slowly
added DIBAL-H (1.86 mL of a 1.0M solution in toluene, 1.86 mmol, 3.5 eq.) and the resulting mixture
was stirred for 30 min. Due to incomplete conversion, another aliquot of DIBAL-H (400 uL of a 1.0M
solution in toluene, 400 umol, 0.75 eq.) was added and the mixture was stirred for an additional
15 min. The reaction was quenched by addition of half-saturated aqueous Rochelle salt (25 mL) and
the biphasic mixture was vigorously stirred at room temperature for 2 h. The layers were separated and
the aqueous layer was extracted with CH,Cl, (4 x 20 mL). The combined organic layers were washed
with saturated aqueous NaCl (20 mL) and were dried over MgSQ,, Having evaporated the solvents
under reduced pressure, the crude product was purified by flash column chromatography (silica,

n-pentane:Et,O = 4:1) to yield diol 366 (241 mg, 449 pumol, 85%) as a colorless oil.

R;=0.42 (hexanes:EtOAc = 4:1).

'H NMR (CDCls, 600 MHz): &= 5.72 (mc, 1H, 22-H), 5.37 (mc, 1H, 16-H), 4.27 (m¢, 2H, 23-H),
3.98 (mc, 2H, 18-H), 3.50 (dd, *Ji», = 9.0, 7.4 Hz, 1H, 1-H), 1.98-1.89 (m, 3H, 2-H,, 15-H),
1.79-1.70 (m, 3H, 4-H, 5-H,, 7-H), 1.65 (s, 3H, 20-H), 1.64-1.59 (m, 1H, 13-H), 1.60 (s, 3H, 24-H),
1.50-1.41 (m, 4H, 2-Hy, 3-Hg, 8-H, OH), 1.32-1.17 (m, 5H, 3-Hy, 8-Hg, 14-H, OH), 1.17-1.10 (m,
1H, 5-Hp), 1.15 (s, 9H, 12-H), 0.91 (s, 9H, 28-H), 0.85 (d, *Ji913 = 6.8 Hz, 3H, 19-H), 0.75 (s, 3H,
10-H), 0.08(2) (s, 3H, 25-H)*, 0.08(0) (s, 3H, 26-H)* ppm.

13C NMR (CDCls, 150 MHz): 6= 141.7 (C-21), 134.8 (C-17), 126.5 (C-16), 124.0 (C-22), 80.9 (C-1),
79.9 (C-6), 72.4 (C-11), 69.1 (C-18), 61.0 (C-23), 42.6 (C-9), 39.8 (C-7), 39.2 (C-4), 38.8 (C-5),
37.6 (C-14), 32.9 (C-8), 31.5 (C-2), 31.2 (C-13), 28.9 (C-12), 26.2 (C-28), 25.8 (2C, C-3, C-15),
18.6 (C-27), 16.7 (C-19), 13.8 (2C, C-20, C-24), 11.0 (C-10), —4.8 (C-25)*, —4.9 (C-26)* ppm.
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ESI-MS for C3,HgO4NaSi" [(M+Na)']: calcd. 559.4153
found 559.4152.

IR (ATR): d/cm™" = 3410 (br m), 2954 (s), 2931 (s), 2858 (s), 1472 (w), 1463 (w), 1388 (W), 1362 (W),
1255 (w), 1196 (w), 1062 (m), 836 (w) 776 (W).

[a]}) = +18.4 (¢ 0.50, CH,Cl,).

Synthesis of Sulfone 367

1) PPh3 (2.0 eq.), im (2.6 eq.)

I (2.0 eq.), CHQC|2 32
0 °C, 30 min 31
2) NaSO,p-tol (3.0 eq.)
DMF, 1t, 2.5 h
>E7 O CaoHes05SSi
y Si 39665
(46% over two steps) | 2; 2% M= 675.09 g/mol

To a solution of diol 366 (14 mg, 26 umol, 1.0 eq.) in CH,Cl, at 0 °C was sequentially added
imidazole (4.6 mg, 68 umol, 2.6 eq.), PPh; (14 mg, 52 umol, 2.0 eq.) and I, (13 mg, 52 umol, 2.0 eq.)
and the reaction was stirred for 30 min. The mixture was diluted with n-pentane (10 mL) and filtered
over a short plug of silica (eluted with n-pentane:Et,O = 4:1). The product containing fractions were
carefully evaporated under reduced pressure (water bath temperature: 30 °C) to yield an intermediate
allylic iodide (R;= 0.68, hexanes:EtOAc = 7:1) which was used without further purification.

To a solution of crude allylic iodide (assumed 26 pumol, 1.0 eq.) in DMF (2 mL) was added
NaSO,p-tol (14 mg, 78 pmol, 3.0 eq.) in one portion and the mixture was stirred for 2.5 h in the dark.
The reaction was quenched by addition of H;O (3 mL) and the biphasic mixture was extracted with
Et,0O (4 x 5 mL). The combined organic layers were washed with 10% aqueous NaCl (3 x 3 mL) and
dried over MgSQ,. The solvents were removed under reduced pressure and the crude product was
purified by flash column chromatography (silica, n-pentane:Et,O = 7:1 to 5:1) to yield allylic

sulfone 367 (8 mg, 12 umol, 46% over two steps) as a colorless oil.

The product was contaminated by ca. 25% of an unknown impurity. Based on the ?C NMR spectrum,
this compound is presumably a diastereomer, the structure of which needs to be elucidated in future

experiments.

Ry=0.53 (hexanes:EtOAc = 4:1).
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'H NMR (CDCl;, 600 MHz, major isomer quoted): & = 7.72 (m¢, 2H), 7.33 (m¢, 2H), 5.71 (m¢, 1H)
5.09 (mc, 1H), 4.26 (mc, 2H), 3.76 (s, 2H), 3.50 (dd, /= 9.0, 7.4 Hz, 1H), 2.45 (s, 3H), 1.99—-1.80 (m,
3H), 1.78-1.64 (m, 6H), 1.63—-1.33 (m, 7H), 1.29-1.22 (m, 2H), 1.18-1.08 (m, 1H), 1.16 (s, 9H),
1.06 (br s, 1H), 1.03-0.97 (m, 2H), 0.90 (s, 9H), 0.80 (d, J = 6.8 Hz, 3H), 0.75 (s, 3H),
0.07 (s, 6H) ppm.

®C NMR (CDCl;, 150 MHz, major isomer quoted): & = 144.5 (Cy), 141.5 (Cy), 136.5 (CH),
135.7 (Cy), 129.6 (CH), 128.7 (CH), 124.1 (CH), 123.3 (Cy), 80.9 (CH), 79.8 (Cy), 72.5 (Cy),
66.5 (CH,), 60.9 (CH,), 42.6 (Cg), 39.8 (CH), 39.1 (CH), 38.8 (CH,), 37.0 (CH,), 32.9 (CH,),
31.6 (CH,)*, 31.5 (CH)*, 29.0 (CH3), 26.9 (CH»), 26.2 (CHs;), 25.8 (CH,), 21.8 (CHsj), 18.5 (C,),
16.8 (CH3), 16.6 (CH3), 13.8 (CHj3), 11.1 (CH3), —4.8(5) (CH3), —4.9(0) (CH3) ppm.

ESI-MS for C39H70OsNSSi* [(M+NH,)]: calcd. 692.4738
found 692.4733.

IR (ATR): d/em™ = 3518 (br w), 2951 (s), 2857 (m), 1463 (w), 1361 (w), 1315 (w), 1256 (w),
1197 (w), 1132 (w), 1088 (w), 1062 (w), 835 (W).

Since the product had been obtained as a mixture of isomers, the specific optical rotation was not

determined.

Synthesis of Vinyl Iodide 378

6
NaH (1.9 eq.); " U
OH PMBCI (1.4 eq.) o 0
- :5
O—I THF/DMF, 0 °C, 20 min; 4@*'
0°Ctort,3h S

377 378
82%
(82%) C13H15107
M =330.16 g/mol

To a solution of vinyl iodide 377**' (630 mg, 3.00 mmol, 1.0 eq.) in THF/DMF (2:1, 12 mL) at 0 °C

was added NaH (60% in mineral oil, 228 mg, 5.70 mmol, 1.9 eq.) in one portion and the resulting
suspension was stirred for 20 min at this temperature. Then, PMBCI (560 pL, 4.13 mmol, 1.4 eq.) was
slowly added and the mixture was allowed to warm to room temperature. After stirring for an
additional 3 h, the reaction was carefully quenched with saturated aqueous NH4CI (15 mL) and the
biphasic mixture was stirred for 30 min prior to diluting with H,O (10 mL). The layers were separated
and the aqueous layer was extracted with Et,0O (3 x 30 mL). The combined organic layers were
sequentially washed with saturated aqueous CuSO, (10 mL), saturated aqueous NaHCO; (10 mL) and

saturated aqueous NaCl (10 mL), and dried over MgSQ,. After evaporation of the solvents under
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reduced pressure, the crude product was purified by flash column chromatography (silica,

hexanes:EtOAc = 20:1) to yield vinyl iodide 378 (810 mg, 2.46 mmol, 82%) as a colorless oil.
R;=0.58 (hexanes:EtOAc = 4:1).

'H NMR (CDCls, 300 MHz): & = 7.34 (mc, 2H, 8-H), 6.89 (mc, 2H, 9-H), 6.35 (m¢, 1H, 2-H),
4.58-4.49 (m, 3H, 5-H, 6-H), 3.81 (s, 3H, 11-H), 2.54-2.43 (m, 1H, 3-H,), 2.34-2.10 (m, 2H, 3-Hj,
4-H,), 2.00-1.89 (m, 1H, 4-Hy) ppm.

3C NMR (CDCls, 75 MHz): & = 159.4 (C-10), 143.7 (C-2), 130.6 (C-7), 129.6 (C-8), 113.8 (C-9),
96.7 (C-1), 88.2 (C-5), 70.5 (C-6), 55.4 (C-11), 33.1 (C-3), 29.1 (C-4) ppm.

EI-MS for (:13.H15IOQ+ [MJr]Z calcd. 330.0111
found 330.0113.

IR (ATR): ¥/em™' = 2998 (w), 2934 (m), 2848 (m), 1612 (m), 1586 (w), 1512 (s), 1463 (w), 1339 (W),
1302 (w), 1245 (s), 1172 (m), 1158 (w), 1075 (m), 1034 (s), 922 (w), 889 (W), 821 (m).

[a]) =+2.2 (¢ 1.00, CHCL).

The analytical data matched those reported previously.!**"

Synthesis of PMB Ether 379

9-BBN (237, 2.0 eq.)

THF, 40 °C, 3 h; 2 25 g Me 10 o%
MeH Me Ot-Bu 032003 (35 eq) ZSQ\ Zo9 15 H Me 1
19 16 4

X THF/H,0, rt, 40 min; 2% ‘ i R 12
> 27\ 17 W 6 5 4.
EtSSiO“\ g 378 (1.3 eq.) 18 (@)

A
H AsPhg (40 mol-%) ™~
Pd(dppf)Cl, (10 mol-%) 2%8/ 7
299 DMF, rt, 24 h
379
(88%) CoHaD.S

M = 598.97 g/mol
To a solution of alkene 299 (600 mg, 1.50 mmol, 1.0 eq.) in THF (9 mL) was added 9-BBN (237,
6.00 mL of 0.5M solution in THF, 3.00 mmol, 2.0 eq.) and the resulting solution was heated to 40 °C
for 3 h. The mixture was cooled to 0 °C and degassed aqueous Cs,CO; (3N, 1.75 mL, 5.25 mmol,
3.5 eq.) was added. The reaction was stirred vigorously at room temperature for 40 min prior to adding
a solution of vinyl iodide 378 (643 mg, 1.95 mmol, 1.3 eq.) and AsPh; (184 mg, 600 pmol, 40 mol-%)
in degassed DMF (15 mL). The reaction mixture was degassed (N, bubbling) and Pd(dppf)Cl,
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(complex with CH,Cl,, 122 mg, 150 umol, 10 mol-%) was added in one portion. The mixture was
stirred for 24 h, at which time the reaction was partitioned between H,O (20 mL) and Et,0 (30 mL).
The aqueous layer was extracted with Et,0 (3 x 30 mL), the combined organic layers were washed
with 10% aqueous NaCl (2 x 30 mL) and saturated aqueous NaCl (30 mL), and dried over MgSO,.
Having evaporated the solvents under reduced pressure, the crude product was purified by flash
column chromatography (silica, hexanes:EtOAc = 50:1) to yield silyl ether 379 (793 mg, 1.32 mmol,

88%) as a colorless oil.
R;=0.34 (hexanes:EtOAc = 16:1).

'"H NMR (CDCl;, 600 MHz): § = 7.28 (m¢, 2H, 24-H), 6.87 (m¢, 2H, 25-H), 5.56 (m¢, 1H, 17-H),
4.50 (d, “Jooamas = 11.3 Hz, 1H, 22-H,), 4.48 (mc, 1H, 20-H), 4.38 (d, *Jaom224 = 11.3 Hz, 1H, 22-Hp),
4.02 (m¢, 1H, 6-H), 3.80 (s, 3H, 27-H), 3.42 (dd, *J,, = 8.9, 7.5 Hz, 1H, 1-H), 2.45-2.39 (m, 1H,
18-Hy), 2.23-2.17 (m, 1H, 18-Hp), 2.17-2.04 (m, 3H, 15-H, 19-H,), 1.94-1.83 (m, 2H, 2-H,4, 19-Hp),
1.73 (m¢, 1H, 4-H), 1.60—1.47 (m, 4H, 5-H,, 8-Ha, 13-H, 14-H,), 1.47-1.35 (m, 3H, 2-Hp, 3-H,,
5-Hg), 1.32—1.21 (m, 3H, 3-Hg, 7-H, 14-Hg), 1.15 (s, 9H, 12-H), 1.10 (dd, *Jsgsa = *Jsgr = 12.5 Hz,
1H, 8-Hg), 0.95 (t, *Ja0,5 = 8.0 Hz, 9H, 29-H), 0.87 (d, >J»113 = 6.8 Hz, 3H, 21-H), 0.69 (s, 3H, 10-H),
0.62—0.52 (m, 6H, 28-H) ppm.

BC NMR (CDCl;, 150 MHz): § = 159.2 (C-26), 145.4 (C-16), 131.4 (C-23), 129.3 (C-24),
127.4 (C-17), 113.8 (C-25), 85.0 (C-20), 81.0 (C-1), 72.3 (C-11), 70.0 (2C, C-6, C-22), 55.4 (C-27),
42.7 (C-9), 42.5 (C-7), 37.4 (C-4), 35.4 (C-8), 34.7 (C-5), 34.2 (C-13), 33.3 (C-14), 31.6 (C-2),
30.3 (C-18), 30.0 (C-19), 29.0 (C-12), 25.9 (C-15), 25.5 (C-3), 17.2 (C-21), 11.1 (C-10), 7.2 (C-29),
5.5 (C-28) ppm.

ESI-MS for C3,H,04NaSi" [(M+Na)]: caled.  621.4310
found  621.4314.

IR (ATR): d/em ' = 2952 (s), 2933 (s), 2911 (s), 2874 (s), 1612 (w), 1513 (m), 1462 (w), 1361 (w),
1247 (m), 1195 (w), 1062 (m), 1042 (m), 976 (w), 798 (W), 741 (W)

[a]2) = +36.6 (c 0.50, CH,CLy).
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Synthesis of Ketone 382 and Methyl Ether 380

single diastereomer
relative configuration

not proven
PMBO Ot-Bu PMBO Ot-Bu
Me (4o moI %) ‘Me 9 11 Me
‘6 i é i
CHZCIZ/MeOH 17
EtS10™ rt, 60 min
378 (38% 380) 380 381
Co4H4203

M = 378.59 g/mol

DMP (1.5 eq.) 24 23 = O 21 /%
NaHCO; (3.0 eq.) 25
CH.Cl,, 1t, 2 h 70
(34% over
two steps) 382
Ca1H4e04
M = 482.69 g/mol

To a solution of silyl ether 378 (710 mg, 1.18 mmol, 1.0 eq.) in CH,Cl,/MeOH (3:1, 20 mL) was

added (1R)-(—)-camphorsulfonic acid (110 mg, 470 pmol, 40 mol-%) in one portion and the mixture
was stirred for 1 h prior to being partitioned between saturated aqueous NaHCO; (20 mL) and
CH,Cl, (20 mL). The phases were separated and the aqueous layer was extracted with CH,Cl, (3 x
20 mL). The combined organic layers were washed with saturated aqueous NaCl (20 mL) and were
dried over MgSO,. Having evaporated the solvents under reduced pressure, the crude product was
purified by flash column chromatography (silica, hexanes:EtOAc = 8:1) to yield methyl
ether 380 (172 mg, 454 pmol, 38%) along with PMB ether 381 (R,= 0.43, hexanes:EtOAc = 4:1,
264 mg, 540 pmol, 46%), which was immediately used in the next step.

To a suspension of crude alcohol 381 (264 mg, 540 pmol, 1.0 eq.) and NaHCO; (136 mg, 1.62 mmol,
3.0 eq.) in CHyCl, (10 mL) was added DMP (343 mg, 810 umol, 1.5 eq.) in one portion and the
mixture was stirred for 2 h at room temperature. The reaction was quenched by addition of saturated
aqueous Na,S,0s/saturated aqueous NaHCO5/H,O (1:1:1, 10 mL) and the biphasic mixture was stirred
vigorously for 30 min. The phases were separated and the aqueous layer was extracted with
CH,Cl, (3 x 15 mL). The combined organic layers were washed with saturated aqueous NaCl (10 mL),
dried over MgSO, and the solvents were evaporated under reduced pressure. Purification by flash
column chromatography (silica, pentane:Et,O = 5:1) yielded ketone 382 (195 mg, 405 umol, 34% over

two steps) as a colorless oil.
Ry=0.59 (hexanes:EtOAc = 4:1).
'H NMR (CDCl;, 600 MHz): 6= 7.26 (m¢, 2H, 24-H), 6.87 (m¢, 2H, 25-H), 5.58 (m¢, 1H, 17-H),

4.51 (d, 2honmon = 11.3 Hz, 1H, 22-H,), 4.46 (mc, 1H, 20-H), 4.36 (d, 2Jpgma = 11.5 Hz, 1H, 22-Hy),
3.80 (s, 3H, 27-H), 3.45 (dd, *Ji, = 8.9, 7.8 Hz, 1H, 1-H), 2.42 (mc, 1H, 18-H,), 2.34-2.28 (m, 2H,
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5-Ha, 7-H), 2.28-2.05 (m, 6H, 5-Hp, 13-H, 15-H, 18-Hp, 19-H,), 2.02-1.95 (m, 1H, 2-H,),
1.89-1.81 (m, 2H, 8-Ha, 19-Hp), 1.67—1.53 (m, 3H, 2-Hg, 3-Ha, 4-H), 1.44—-1.32 (m, 3H, 3-Hg, 14-H),
1.22-1.12 (m, 1H, 8-Hg), 1.15 (s, 9H, 12-H), 0.96 (s, 3H, 10-H), 0.79 (d, *Jo113 = 6.8 Hz, 3H,
21-H) ppm.

"C NMR (CDCl;, 150 MHz): § = 212.5 (C-6), 159.2 (C-26), 144.6 (C-16), 131.3 (C-23),
129.3 (C-24), 127.9 (C-17), 113.9 (C-25), 85.1 (C-20), 80.0 (C-1), 72.7 (C-11), 70.2 (C-22),
55.4 (C-27), 49.6 (C-7), 44.7 (C-4), 43.3 (C-5), 42.3 (C-9), 35.8 (C-8), 32.6 (C-14), 31.9 (C-2),
31.0 (C-13), 30.3(C-18), 30.0 (C-19), 28.9 (C-12), 26.6 (C-15), 259 (C-3), 16.0 (C-21),
11.2 (C-10) ppm.

ESI-MS for C3H,s0,Na* [(M+Na)*]: caled. 5053288
found  505.3287.

IR (ATR): ¥/cm ™ = 2970 (s), 2931 (s), 2854 (m), 1704 (m), 1612 (s), 1513 (m), 1462 (w), 1361 (w),
1301 (w), 1248 (m), 1192 (w), 1062 (m), 1038 (W), 820 (W).

[a];) =+15.6 (c 0.50, CH,Cl).

Methyl ether 380 was obtained as colorless oil and as a single diastereomer. The relative configuration

at C-20 could not be assigned by 2D NMR spectroscopy.
Ry=0.48 (hexanes:EtOAc = 4:1).

"H NMR (CDCl;, 600 MHz): 6= 5.59 (mc, 1H, 17-H), 4.27 (m¢, 1H, 20-H), 4.08 (ddd, *Jesa = *Jg/s5 =
3Jen = 2.8 Hz, 1H, 6-H), 3.45 (dd, *J;, = 8.8, 7.4 Hz, 1H, 1-H), 3.30 (s, 3H, 22-H), 2.44-2.37 (m, 1H,
18-H,), 2.28-2.14 (m, 3H, 15-H, 18-Hp), 2.13-2.07 (m, 1H, 19-H,), 1.97-1.85 (m, 2H, 2-H,, 14-H,),
1.80 (m¢, 1H, 19-Hg), 1.73-1.60 (m, 3H, 4-H, 5-H,, 8-Hy), 1.53—1.38 (m, 4H, 2-Hg, 3-Ha, 5-Hp,
13-H), 1.32-1.21 (m, 2H, 3-Hg, 7-H), 1.19-1.07 (m, 1H, 14-Hg), 1.13 (s, 9H, 12-H), 1.00 (m¢, 1H,
8-Hg), 0.89 (d, *J5115 = 6.7 Hz, 3H, 21-H), 0.70 (s, 3H, 10-H) ppm.

C NMR (CDCls, 150 MHz): § = 143.4 (C-16), 129.9 (C-17), 89.1 (C-20), 80.9 (C-1), 72.3 (C-11),
67.2 (C-6), 56.3 (C-22), 42.8 (C-9), 42.4 (C-7), 37.5 (C-4), 36.4 (C-8), 33.5 (C-5), 32.4 (C-13),
31.7 (C-14), 31.5 (C-2), 30.1 (C-18), 29.7 (C-19), 28.9 (C-12), 26.8 (C-15), 25.6 (C-3), 17.2 (C-21),
11.0 (C-10) ppm.
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EI-MS for Co,H4,05" [M™]: caled.  378.3128
found 378.3120.

IR (ATR): ¥/em’ = 3462 (br m), 2971 (s), 2929 (s), 2870 (s), 1461 (w), 1387 (w), 1361 (m), 1253 (w),
1196 (m), 1127 (w), 1062 (m), 1025 (w), 1008 (w).

[a]}) =+32.6 (¢ 0.50, CH,Cl,).

Synthesis of Ketone 385

single diastereomer
relative configuration
not proven

(COCl), (2.0 eq.)
DMSO (4.0 eq.);
Me NEtg ( 8 0eq.)

22
/ 21 /%
Me 10
Q 15 H Me 07,
20, 3 ) 12
CHCly, 78 °C, 1 h; 191‘76 1 Q
-781t00°C,1h 18 o) ﬁ

385
(82%)
° Co4H403

M = 376.57 g/mol

To a solution of DMSO (97.0 uL, 1.38 mmol, 4.0 eq.) in CH,Cl, (5§ mL) at —=78 °C was added

dropwise (COCI), (344 uL of a 2.0M solution in CH,Cl,, 688 umol, 2.0 eq.) and the mixture was
stirred for 30 min prior to adding slowly a solution of alcohol 380 (130 mg, 344 umol, 1.0 eq.) in
CH,Cl, (1 mL). The reaction was stirred for an additional 1 h at =78 °C and Et;N (380 pL, 2.75 mmol,
8.0 eq.) was added in one portion. The cold bath was replaced by an ice/water bath and the mixture
was stirred for 1 h at 0 °C. The reaction was partitioned between H,O (5 mL) and CH,Cl, (5§ mL) and
the layers were separated. The aqueous layer was extracted with CH,Cl, (3 x 5 mL), and the combined
organic layers were washed with saturated aqueous NaCl (5 mL) and dried over MgSO,. Having
evaporated the solvents under reduced pressure, the crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 8:1) to yield ketone 385 (106 mg, 281 umol, 82%) as a

colorless oil.

R;=0.59 (hexanes:EtOAc = 4:1).

'"H NMR (CDCls;, 600 MHz): 6= 5.56 (m¢, 1H, 17-H), 4.30 (m¢, 1H, 20-H), 3.47 (m¢, 1H, 1-H),
3.30 (s, 3H, 22-H), 2.43-2.34 (m, 2H, 7-H 18-H,), 2.31 (dd, *Jsassz = 14.9 Hz, *Jspu = 4.9 Hz, 1H,
5-H,), 2.29-2.07 (m, 5H, 5-Hg, 13-H, 15-H,, 18-Hg, 19-H,), 2.04-1.95 (m, 2H, 2-H,, 15-Hp),
1.88 (dd, *Jsass = 12.8 Hz, *Jga; = 6.3 Hz, 1H, 8-H,), 1.78 (m¢, 1H, 19-Hg), 1.68—1.54 (m, 3H, 2-Hp,
3-Hy, 4-H), 1.45-1.32 (m, 3H, 3-Hg, 14-H), 1.19 (m¢, 1H, 8-Hg), 1.15 (s, 9H, 12-H), 0.97 (s, 3H,
10-H), 0.89 (d, *J5113 = 6.6 Hz, 3H, 21-H) ppm.
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PC NMR (CDCls, 150 MHz): & = 212.5 (C-6), 144.5 (C-16), 127.7 (C-17), 87.3 (C-20), 80.0 (C-1),
72.7 (C-11), 55.9 (C-22), 49.0 (C-7), 44.6 (C-4), 43.3 (C-5), 42.2 (C-9), 35.4 (C-8), 32.6 (C-14),
31.9 (C-2), 30.9 (C-13), 30.2 (C-18), 29.3 (C-19), 28.9 (C-12), 26.5 (C-15), 25.9 (C-3), 16.2 (C-21),
11.2 (C-10) ppm.

EI-MS for Cz4H4003+ [M+]Z calcd. 376.2972
found 376.2971.

IR (ATR): ¥/cm ™' = 3376 (br w), 2969 (s), 2931 (s), 2873 (m), 1704 (s), 1461 (w), 1388 (w), 1361 (m),
1251 (w), 1192 (m), 1103 (w), 1061 (m), 1026 (w).

[a]) =+1.6 (¢ 0.50, CH,Cl).

2.3 Experimental Procedures for Chapter 4: ‘Synthetic Studies

toward Nitiol’

Synthesis of Oxazolidinone 399

n-BuLi (1.1 eq.); R

Ph 38 O 10
HN/S /VJ\Q (1.1 eq.) o .
> 3 I8
P THF, -78°C, 1.5 h 4/\2)}\,\, =
(0] )_5\ 6
(79%) g ©
397 399

Cy3H3NO3
M =231.25 g/mol

To a solution of Evans auxiliary 397" (4.71 g, 28.9 mmol, 1.0 eq.) in THF (120 mL) at —78 °C was
added dropwise n-BuLi (12.7 mL of a 2.5M solution in hexanes, 31.8 mmol, 1.1 eq.) and the mixture
was stirred for 30 min at this temperature before adding dropwise a solution of crotonyl chloride (398,
3.04 mL, 31.8 mmol, 1.1 eq.) in THF (10 mL). The mixture was stirred for an additional 60 min at
—78 °C and was allowed to warm to 0 °C. The reaction was quenched by addition of saturated aqueous
NH,4CI (15 mL) and the mixture was freed of THF under reduced pressure. The resulting suspension
was partitioned between Et,0 (100 mL) and H,O (30 mL) and the layers were separated. The aqueous
phase was extracted with Et,O (30 mL) and the combined organic layers were washed with saturated
aqueous NaHCO; (2 x 30 mL) and saturated aqueous NaCl (30 mL). Having dried the organic layer
over Na,SO, and evaporated the solvents under reduced pressure, the crude product was purified by
flash column chromatography (hexanes:EtOAc = 5:1 to 1:1) to yield oxazolidinone 399 (5.16 g,
22.3 mmol, 78%) as a pale yellow solid.
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R;=0.50 (hexanes:EtOAc = 7:3).

'H NMR (CDCls, 400 MHz): 6= 7.41-7.24 (m, 6H, 2-H, 9-H, 10-H, 11-H), 7.09 (dq, >J»5 = 15.3 Hz,
Jsu = 6.8 Hz, 1H, 3-H), 5.48 (dd, *J76s = 8.7 Hz, *Jojs = 3.8 Hz, 1H, 7-H), 4.69 (dd, *Jensn = *Jores =
8.8 Hz, 1H, 6-H,), 4.27 (dd, *Jeien = 8.9 Hz, *Jepr» = 3.9 Hz, 1H, 6-Hp), 1.93 (dd, *Jus = 6.9 Hz, *Jyp =
1.6 Hz, 3H, 4-H) ppm.

3C NMR (CDCls, 100 MHz): 5= 164.4 (C-1), 153.8 (C-5), 147.4 (C-3), 139.2 (C-8), 129.3 (C-10),
128.7 (C-11), 126.1 (C-9), 121.8 (C-2), 70.1 (C-7), 57.8 (C-6), 18.6 (C-4) ppm.

ESI-MS for C;3H;3NNaO;" [(M+Na)']:  caled.  254.0788
found 254.0788.

IR (ATR): ¥/em™" = 3034 (w), 2977 (w), 1774 (s), 1618 (w), 1495 (w), 1338 (m), 1234 (m), 1197 (m),
1126 (w), 1024 (w), 968 (w), 924 (w), 830 (W), 762 (W).

[a]) =—113.6 (¢ 1.00, CHCL).

The analytical data matched those reported previously.**”!

Synthesis of Michael Adduct 400

allyl MgBr (1.3 eq.) N

(0] Ph CuBr-SMe, (1.3 eq.) 13
s BF3-OEt, (1.3 eq.) 7
/\)J\N = . Me O ;T 12

):(} THF, -78 °C, 1.5 h e/\/!\/EJ\N/&OQ

O 4 2 8
(79%, d.r. >95:5) 400 O//Lo
Cy6H1gNOg
M =273.33 g/mol

To a slurry of CuBr-SMe, (115 mg, 560 pumol, 1.3 eq.) in THF (5 mL) at —40 °C was added

allylmagnesium bromide (560 uL mL of a 1.0M solution in Et,0, 560 umol, 1.3 eq.) within 10 min.
The solution was stirred for an additional 30 min at this temperature before being cooled to —78 °C. To
the resulting black reaction mixture was sequentially added BF;-OEt, (70 uL, mmol, 1.3 eq.) and a
solution of oxazolidinone 399 (100 mg, 430 umol, 1.0 eq.) in THF (2 mL). The mixture was stirred for
an additional 90 min and the reaction was quenched by addition of saturated aqueous NH4Cl (5 mL).
The biphasic mixture was diluted with Et,0 (5 mL), filtered over a pad of Celite” and the layers were
separated. The aqueous layer was extracted with Et,0 (4 x 5 mL) and the combined organic layers

were dried over MgSO,. The solvents were removed under reduced pressure and the crude product
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was purified by flash column chromatography (hexanes:EtOAc = 5:1) to yield
oxazolidinone 400 (93 mg, 0.34 mmol, 79%, d.r. > 95:5) as a colorless solid.

R;=0.29 (hexanes:EtOAc = 4:1).

'H NMR (CDCls, 400 MHz): 8= 7.43-7.26 (m, 5H, 12-H, 13-H, 14-H), 5.72 (m¢, 1H, 5-H), 5.43 (dd,
3Jiooa = 8.8 Hz, *Jioos = 3.8 Hz, 1H, 10-H), 5.01-4.93 (m, 2H, 6-H), 4.68 (dd, *Joaos = *Joao =
8.8 Hz, 1H, 9-H,), 4.27 (dd, *Jopjon = 8.9 Hz, *Jo1o = 3.8 Hz, 1H, 10-Hg), 2.99 (dd, “Joans = 16.5 Hz,
3hoas = 5.9 Hz, 1H, 2-Hy), 2.71 (dd, “Jopon = 16.4 Hz, *Jops = 8.2 Hz, 1H, 2-Hp), 2.16-1.93 (m, 3H,
3-H, 4-H), 0.88 (d, >J75 = 6.6 Hz, 3H, 7-H) ppm.

3C NMR (CDCl;, 100 MHz): 6= 172.3 (C-1), 153.8 (C-8), 139.3 (C-11), 136.6 (C-5), 129.3 (C-13),
128.8 (C-14), 126.1 (C-12), 116.7 (C-6), 70.0 (C-10), 57.7 (C-9), 42.0 (C-2), 41.1 (C-4), 29.4 (C-3),

19.6 (C-7) ppm.

ESI-MS for C;sH;oNNaO;" [(M+Na)]: caled. 296.1257
found 296.1255.

IR (ATR): d/cm™" = 2962 (w), 2917 (w), 1778 (s), 1703 (m), 1495 (w), 1458 (w), 1384 (m), 1322 (m),
1196 (m), 1044 (w), 1001 (w), 916 (w), 762 (W), 710 (w).

[a]) =—59.6 (c 0.50, CHCL), lit. for ent-400, [ ]") =+53.8 (¢ 2.12, CHCly).*]

On a larger scale, the yield dropped dramatically. Beside recovered starting

N N
material, side product 401 was isolated in 10% yield as colorless foam, which - M‘?\/(}

0 o]
was contaminated by some minor impurities. The relative stereochemistry of this O/\\\N o
single diastereomer could not be determined. \/,"’Ph
401
CagH3oN20g
R;=0.09 (hexanes:EtOAc = 4:1). M =504.57 g/mol

'"H NMR (CDCls, 400 MHz): & = 7.40-7.27 (m, 8H), 7.25-7.20 (m, 2H), 5.75 (mc, 1H), 5.43 (dd,
J=8.6,3.3 Hz, 1H), 5.32 (dd, J = 8.7, 3.8 Hz, 1H), 5.05-4.96 (m, 2H), 4.61 (mc, 2H), 4.22 (dd, J =
8.9, 3.2 Hz, 1H), 4.20 (dd, J = 8.9, 3.9 Hz, 1H), 4.09 (t, J = 7.5 Hz, 1H), 2.81 (dd, J = 17.7, 10.3 Hz,
1H), 2.71 (dd, J = 17.8, 3.0 Hz, 1H), 2.49-2.41 (m, 1H), 2.33-2.25 (m, 1H), 2.01-1.94 (m, 1H),
1.91-1.83 (m, 1H), 0.92 (d, J= 6.3 Hz, 3H), 0.75 (d, J = 6.4 Hz, 3H) ppm.
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3C NMR (CDCls, 100 MHz): 5= 174.7 (C,), 171.8 (Cy) 153.7 (Cy), 153.5 (Cy), 139.5 (Cy), 139.2 (Cy),
136.5 (CH), 129.2 (2C, CH), 128.7 (2C, CH), 1263 (CH), 125.9 (CH), 116.6 (CH,), 69.9 (CH.),
69.5 (CH,), 58.0 (CH), 57.7 (CH), 50.1 (CH), 38.9 (CH,), 38.6 (CH,), 33.1 (CH), 29.8 (CH),
17.8 (CHs), 15.6 (CHs) ppm.

ESI-MS for C29H33N206Jr [(M+H)+] calcd. 505.2339
found 505.2334.

Synthesis of Weinreb Amide 402

~t.0.
:2 o (36eq) ]

Me O Ph M
PPN AlMes (1.9 eq.) /5\/()?\ o
=z N/> —_— - A NN

P THF, 0°C L
o tor, 25h
400 X 402
(26%) CgH47NO,

M = 171.24 g/mol

To a suspension of (MeO)NHMe-HCI (92 mg, 0.94 mmol, 3.6 eq.) in THF (2.5 mL) at 0 °C was
slowly added AlMes; (245 pL of a 2.0M solution in toluene, 490 pumol, 1.9 eq.) and the mixture was
stirred for 1 h at room temperature. After cooling to 0 °C, a solution of oxazolidinone 400 (72 mg,
0.26 mmol, 1.0 eq.) in THF (2 mL) was added and the mixture was stirred for 30 min at 0 °C and an
additional 16 h at room temperature. The reaction was quenched by addition of saturated aqueous
Rochelle salt (4 mL) and the mixture was diluted with HO (2 mL) and CH,Cl, (4 mL). The layers
were separated and the aqueous phase was extracted with CH,Cl, (2 x 5 mL). The combined organic
layers were dried over MgSO, and the solvents were evaporated under reduced pressure. Purification
of the obtained crude product by flash column chromatography (silica, hexanes:EtOAc = 4:1) yielded
the desired Weinreb amide 402 (12 mg, 70 mmol, 26%) as a volatile colorless liquid.

Ry=0.19 (hexanes:EtOAc = 4:1).

'H NMR (CDCls, 400 MHz): 5 = 5.78 (mc, 1H, 5-H), 5.05-4.99 (m, 2H, 6-H), 3.67 (s, 3H, 9-H),
3.18 (s, 3H, 8-H), 2.42 (dd, *Joans = 15.0 Hz, *Jo3 = 5.4 Hz, 1H, 2-H,), 2.28-2.05 (m, 3H, 2-Hg, 3-H,
4-H,), 2.04-1.95 (m, 1H, 4-Hg), 0.95 (d, *J> = 6.4 Hz, 3H, 7-H) ppm.

3C NMR (CDCl;, 100 MHz): § = 137.0 (C-5), 116.4 (C-6), 61.3 (C-9), 41.4 (C-4), 38.5 (C-2),
32.3 (br, C-8), 29.7 (C-3), 20.0 (C-7) ppm (C1 obscured).
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FAB-MS for CoH;sNO," [(M+H)']: caled.  172.1338
found  172.1333.

IR (ATR): d/em™ = 3093 (w), 2928 (w), 2873 (w), 1524 (s), 1481 (w), 1349 (s), 1266 (m), 1202 (w),
1041 (m), 919 (w), 893 (w).

[a]}) =—18.0 (¢ 0.30, CHCLy), Lit.: [ ]} =—13.1 (c 0.23, CHCl3).*"

Synthesis of Carboxylic Acid 404

Me O LiOH (1.6 eq.) 7
/\/k/lL Ph H,0, (4.0 eq.) /s\/'\'ﬂi/[cj)\
z N/g —_— 31" 0H

P THF/H,0 6 42
(0] 0°C,1.5h
402 404
(85%) C7H120,

M = 128.17 g/mol

To a solution of oxazolidinone 403 (400 mg, 1.46 mmol, 1.0 eq.) in THF/H,O (4:1, 8 mL) at 0 °C
was consecutively added H,O, (30% in H,O, 660 pL, 5.84 mmol, 4.0 eq.) and a solution of
LiOH (56.0 mg, 2.34 mmol, 1.6 eq.) in H,O (4 mL). The mixture was stirred for an additional 90 min
at 0 °C before quenching the reaction by adding a solution of Na,SO; (736 mg, 5.84 mmol, 4.0 eq.) in
H,O (6 mL). Most of the THF was removed under reduced pressure (water bath temperature: 30 °C)
and the resulting basic phase was extracted with CH,Cl, (3 x 10 mL). The combined organic layers
were dried over MgSQO, and the solvents were removed under reduced pressure to yield recovered
Evans auxiliary.

The pH of the aqueous phase was adjusted at 0 °C to pH = 1 by addition of HCI (2N). The aqueous
phase was extracted with CH,Cl, (4 x 10 mL), the combined organic layers were dried over MgSO,
and the solvent was carefully removed under reduced pressure (water bath temperature: 30 °C) to yield

acid 404 (159 mg, 1.24 mmol, 85%) as a colorless liquid judged to be pure by "H NMR spectroscopy.

Ry=0.23 (hexanes:EtOAc = 10:1, 1% AcOH).

'H NMR (CD,Cl,, 400 MHz): & = 5.79 (m¢, 1H, 5-H), 5.06-5.00 (m, 2H, 6-H), 2.39 (dd, “Joans =
15.1 Hz, *Joa3 = 5.3 Hz, 1H, 2-H,), 2.18-2.00 (m, 4H, 2-Hg, 3-H, 4-H), 0.98 (d, *Jy3 = 6.6 Hz, 3H,
7-H) ppm.

3C NMR (CD,Cl, 100 MHz): &= 179.8 (C-1), 137.0 (C-5), 117.0 (C-6), 41.4 (C-4), 41.2 (C-2),
30.5 (C-3), 19.8 (C-7) ppm.
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ESI-MS for C4;H»0, [2M-H)]: caled. 255.1602
found 255.1610.

IR (ATR): d/em™ = 3079 (w), 2962 (w), 1703 (s), 1642 (m), 1541 (w), 1411 (m), 1380 (w), 1284 (W),
1196 (m), 1032 (w), 995 (w), 913 (w).

[]}) = +1.6 (c 0.53, CHCLy), lit. for en-404: [¢];) = —0.71 (¢ 1.13, CHCL),* —2.8 (¢ 1.00,
CHCl;).*

Synthesis of Western Fragment 392

Me
HT (1.05 eq.)

OH 405
EDCI (1.2 eq.) 7 15
Me O EtsN (4.2 eq.), DMAP (30 mol-%) /5\/'\'/5/?]\ /I\:/Ii‘/©wa
/\/'\/U\ > S 12
7 OH CHyCl, 1t, 15 N e
4 OH
404 (89%) 392
Cy7H25NO;

M = 275.39 g/mol

To a solution of acid 404 (100 mg, 780 umol, 1.0 eq.), EDCI (180 mg, 940 pumol, 1.2 eq.),
Et;N (390 uL, 2.81 mmol, 4.2 eq.) and DMAP (20 mg, 0.160 mmol, 30 mol-%) in CH,Cl, (7 mL) was
added (1R,2R)-pseudoephedrine (405, 135 mg, 820 umol, 1.05 eq.) and the mixture was stirred for 15
h at room temperature. The mixture was quenched by addition of saturated aqueous NH4CI (5 mL) and
the aqueous phase was extracted with CH,Cl, (2 x 5 mL). The combined organic layers were washed
with saturated aqueous NaCl (5 mL), dried over Na,SO, and the solvents were removed under reduced
pressure. The crude product was purified by flash column chromatography (silica, CH,Cl,:MeOH =
97:3) to yield amide 392 (190 mg, 691 umol, 89%) as a highly viscous colorless oil.

Ry=0.23 (hexanes:EtOAc = 1:1).

'"H NMR (CDCI3, 300 MHz, 3.6:1 mixture of rotamers, asterix denotes minor rotamer): J =
7.41-7.22 (m, 5H, 11-H, 12-H, 13-H), 5.86-5.69 (m, 1H, 5-H), 5.10-4.93 (m, 2H, 6-H),
4.64-4.52 (m, 1H, 8-H), 4.51-4.38 (m, 1H, 9-H), 4.07-3.96 (m, 1H, 9-H)*, 2.91 (s, 3H, 14-H)*,
2.81 (s, 3H, 14-H), 2.49-1.87 (m, 5H, 2-H, 3-H, 4-H), 1.11 (d, *Ji55 = 7.1 Hz, 3H, 15-H), 0.98 (d,
3Jis5 = 6.8 Hz, 3H, 15-H)*, 0.95 (d, °J>3 = 5.8 Hz, 3H, 7-H)*, 0.94 (d, *J75 = 6.0 Hz, 3H, 7-H) ppm.

" The analytical data was obtained from a sample assumed to be >90% ee pure. This assumption is based on the
fact that acid 404 had been prepared utilizing highly diastereomerically enriched oxazolidinone 400.
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®C NMR (CDCl;, 75 MHz, asterix denotes minor rotamer): & = 175.0 (C-1), 173.7 (C-1)*,
142.7 (C-10), 141.3 (C-10)*, 137.2 (C-5)*, 136.9 (C-5), 128.9 (C-11)*, 128.6 (C-13)*, 128.5 (C-11),
127.8 (C-13), 127.1 (C-12)*, 126.5 (C-12), 116.5 (C-6), 116.3 (C-6)*, 76.7 (C-9), 75.7 (C-9)*,
58.5 (C-8), 58.1 (C-8)*, 41.5 (C-4)*, 41.3 (C-4), 40.8 (C-2), 40.3 (C-2)*, 33.4 (C-14), 30.2 (C-3)*,
30.1 (C-3), 26.9 (C-14)*, 20.1 (C-7)*, 19.9 (C-7), 15.5 (C-15)*, 14.7 (C-15) ppm.

ESI-MS for C;7H,NO," [(M+H)]: calcd. 276.1958
found 276.1956.

IR (ATR): d/ecm™ = 3376 (br m), 3065 (w), 2972 (m), 2930 (m), 1617 (s), 1454 (m), 1405 (m),
1377 (w), 1260 (w), 1200 (w), 1111 (w), 1052 (w), 912 (w), 701 (w).

[a]) =—96.8 (c 0.50, CHCL).

Synthesis of Acid 409 and Lactone 408

KHMDS (1.4 eq.);
Me Et,SiCl (4.5 eq.) Me

%©:> EtsN (5.5 eq.) /©:> Og; Me,S
_— T
[e) H < THF, -78°C, 1 h  Et3SiO H B CH,Cl,/MeOH
7 / -78 °C, 5 min; =78 °C
/S S tort, 1h
ent-141 406

219
Me 3.0
1) )LMgBr (3.0eq)

H 2 THF, 0°Cto =~/
2 rt,1h z
HO™ X0 {ﬁ\m o~
o single diastereomer,
407 12(:f foggg\; er 409 408 unknown relative configuration
C13H2205 three steps) C16H2603 Ci6H260>
M =226.31 g/mol M = 268.39 g/mol M =250.37 g/mol

To a solution of ketone ent-141 (500 mg, 2.57 mmol, 1.0 eq.) in THF (25 mL) at —78 °C was added
dropwise KHMDS (7.20 mL of a 0.5M solution in toluene, 3.60 mmol, 1.4 eq.) and the mixture was
stirred for 30 min at this temperature. Then Et;N (1.79 mL, 12.9 mmol, 4.0 eq.) and Et;SiCl (1.94 mL,
11.6 mmol, 4.5 eq.) were added dropwise and the reaction was stirred for an additional 30 min. The
reaction was quenched by addition of saturated aqueous NH,4Cl1 (10 mL) and the mixture was diluted
with n-pentane (50 mL). The mixture was allowed to warm to room temperature and the phases were
separated. The aqueous layer was extracted with n-pentane (2 x 20 mL) and the combined organic
layers were dried over Na,SO,. The solvents were removed under reduced pressure (water bath
temperature: 30 °C) to yield silylenol ether 406 as a colorless oil, which was used without further

purification.
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Through a solution of crude enol ether 406 in MeOH (15 mL) and CH,Cl, (15 mL) at —78 °C was
bubbled O; until the solution turned blue. After bubbling N, through the solution for 10 min,
Me,S (5.6 mL, 77.1 mmol, 30 eq.) was added and the mixture was allowed to warm to room
temperature within 1 h. The solution was stirred for an additional 1 h at this temperature before the
solvents were removed under reduced pressure. The residue was purified by flash column
chromatography (silica, CH,Cl,:MeOH = 10:1) to yield labile acid 407 (594 mg, quantitative) as a pale
yellow oil, which was immediately used in the next step.

To a solution of aldehyde 407 (assumed 2.57 mmol, 1.0 eq.) in THF (30 mL) at 0 °C was slowly added
isopropenylmagnesium bromide (219, 15.0 mL of a 0.5M in THF, 7.50 mmol, 3.0 eq.). The mixture
was stirred an additional 10 min at this temperature and then for 1 h at room temperature. The mixture
was quenched by addition of saturated aqueous NH4Cl (15 mL) and the aqueous phase was acidified
with HCI (2N). The biphasic mixture was extracted with Et,0O (3 x 30 mL) and the combined organic
layers were dried over MgSQ,. Evaporation of the solvents under reduced pressure and purification of
the crude product by flash column chromatography (hexanes:EtOAc = 5:1, 1% AcOH) yielded labile
seco acid 409 (290 mg, 1.08 mmol, 42% over three steps) as an inseparable, approximately 1:1
mixture of diastereomers, which was immediately used in the next step.

Additionally, lactone 408 (80 mg, 0.32 mmol, 12% over three steps) was isolated as a single
diastereoisomer, the relative configuration of which was not be determined. This compound was
contaminated by Et;SiOH and was characterized by 'H NMR, *C NMR and low resolution mass

spectrometry.

Analytical data for acid 407:

R, = 0.39 (CH,Cl,:MeOH = 10:1).

'H NMR (CDCl;, 400 MHz): 5= 9.81 (dd, *Joss = 3.2 Hz, *Joss = 2.6 Hz, 1H, 9-H), 2.46 (dd, “Jsassp =
14.9 Hz, *Jgao = 3.2 Hz, 1H, 8-H,), 2.39-2.25 (m, 3H, 2-H, 8-Hg), 1.94 (m¢, 1H, 3-H) 1.74—-1.54 (m,
5H, 4-H, 5-H,, 6-H, 11-H), 1.49-1.41 (m, 1H, 5-Hg), 0.98 (s, 3H, 10-H), 0.91 (d, *J1»1; = 6.8 Hz, 3H,
12-H)*, 0.82 (d, *Ji31, = 6.6 Hz, 3H, 13-H)* ppm.

BC NMR (CDCl;, 100 MHz): § = 203.3 (C-9), 179.4 (C-1), 54.8 (C-8), 49.6 (C-4), 47.6 (C-3),
43.6 (C-7), 384 (C-6), 35.1 (C-2), 29.3 (C-11), 232 (C-5), 22.5 (C-12)*, 21.0 (C-10),
16.8 (C-13)* ppm.

ESI-MS for Cy¢Hy304" [(2M—H)7] calcd. 451.3065
found  451.3064.
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IR (ATR): O/cm ™" = 2951 (s), 2870 (m), 1703 (s), 1467 (w), 1412 (w), 1387 (w), 1367 (w), 1301 (w),
1278 (w), 1240 (w), 1141 (w), 1079 (w).

Analytical data for allylic alcohol 409:
R;=0.49 (CH,Cl,:MeOH = 10:1).

"H NMR (CDCl;, 600 MHz, both diastereomers quoted): 6= 4.95 (mc¢, 0.5H, 11-H,), 4.94 (mc, 0.5H,
11-Hy,), 4.78 (mc, 0.5H, 11-Hg), 4.77 (mc, 0.5H, 11-H)g, 4.23 (d, J = 8.5 Hz, 0.5H, 9-H), 4.22 (d, J =
4.22 Hz, 0.5H, 9-H), 2.42 (dd, “haps = 15.5 Hz, *Joass = 6.3 Hz, 0.5H, 2-Hy), 2.40 (dd, “Jonps =
15.3 Hz, *Joas = 5.7 Hz, 0.5H, 2-H,), 2.18 (dd, “ppa = 15.2 Hz, *Jops = 7.0 Hz, 0.5H, 2-Hp),
2.17 (dd, “hpna = 15.4 Hz, *Jops = 6.8 Hz, 0.5H, 2-Hg), 1.97 (mc, 0.5H, 3-H), 1.90 (m¢, 0.5H, 3-H),
1.73 (s, 3H, 12-H), 1.72—1.55 (m, 5H, 4-H, 5-Ha, 6-Ha, 8-Ha, 14-H), 1.54—1.33 (m, 4H, 5-Hg, 6-Hp,
8-Hg, OH), 0.94 (s, 1.5H, 13-H), 0.96 (d, *J;514 = 6.7 Hz, 3H, 15-H)*, 0.86 (s, 1.5H, 13-H), 0.82 (d,
*Jiena = 6.4 Hz, 1.5H, 16-H)*, 0.81 (d, *J1614 = 6.5 Hz, 1.5H, 16-H)* ppm.

5C NMR (CDCls, 150 MHz, both diastereomers quoted): 5= 179.6 (C-1), 179.3 (C-1), 149.2 (C-10),
149.1 (C-10), 110.5 (C-11), 110.3 (C-11), 74.2 (C-9), 73.4 (C-9), 50.8 (C-4), 50.1 (C-4), 47.3 (C-3),
47.1 (C-8), 46.4 (C-3), 45.9 (C-8), 44.3 (C-7), 44.2 (C-7), 39.0 (C-6), 38.2 (C-6), 35.8 (C-2),
35.6 (C-2), 29.5 (C-14), 29.2 (C-14), 23.1 (C-5), 22.9 (C-5), 22.6 (2C, C-15)*, 21.3 (C-13),
20.9 (C-13), 18.0 (C-12), 17.8 (C-12), 16.8 (C-16)*, 16.5 (C-16)* ppm.

ESI-MS for C16H27O37 [(M—H)i] calcd. 267.1966
found  267.1970.

IR (ATR): ¥/ cm™' = 3401 (br w), 2957 (s), 2929 (s), 2876 (m), 1708 (s), 1454 (w), 1438 (w),
1388 (w), 1235 (w), 1015 (w).

Since this compound had been obtained as a mixture of diastereomers, the specific optical rotation was

not determined.
Analytical data for lactone 408:

Ry=0.14 (hexanes:EtOAc = 16:1).
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'H NMR (CDCl,, 600 MHz): 5 = 5.01 (m¢, 1H), 4.86 (mc, 1H), 427 (d, J = 10.3 Hz, 1H),
2.57-2.47 (m, 2H), 1.83-1.59 (m, SH), 1.79 (s, 3H), 1.58-1.54 (m, 1H), 1.49-1.40 (m, 2H),
1.27-1.20 (m, 1H), 0.99 (s, 3H), 0.92 (d, J = 6.8 Hz, 3H), 0.81 (d, J= 7.2 Hz, 3H) ppm.

C NMR (CDCls, 150 MHz): 6= 174.8, 144.0, 112.6, 79.5, 46.8, 46.7, 46.0, 42.9, 40.0, 33.2, 28.5,
22.3,22.1,18.2, 18.1, 16.8 ppm.

LRESI-MS for C16H2702+ [(M+H)+] calcd. 2514
found  251.3.

Synthesis of Ester 412

TBDPSCI (5.0 eq.)

LiAIH,4 EtsN (5.0 eq.)
(4.0eq.) DMAP (5 mol-%)
_—
}El z THF, 0°C CH20|2, 0°C
HO O/\ tort,4h tort,5h
409
a1
Etj;oa
EtO (42 eq.)
EtCOOH
neat, 130 °C
distill head, 1 h
24
(86% over o6 25
three steps) 412

M = 562.90 g/mol

To solution of seco acid 409 (220 mg, 820 umol, 1.0 eq.) in THF (10 mL) at 0 °C was added
LiAlIH, (3.30 mL of a 1.0M solution in THF, 3.30 mmol, 4.0 eq.) dropwise. The mixture was allowed

to warm to room temperature and stirred for 4 h before being quenched by addition of NaOH (3M,
2 mL). The mixture was diluted with Et,0 (20 mL) and water (5 mL) and filtered over a pad of
Celite™ (washings with Et,0). The aqueous phase was extracted with Et,0 (2 x 10 mL) and the
combined organic layers were dried over MgSO,. The solvents were evaporated under reduced
pressure and the crude product was purified by flash column chromatography (hexanes:EtOAc = 2:1)
to yield diol 415 (195 mg, 768 umol, 96%) as a mixture of diastercomers, which was immediately
used in the next step.

To a solution of diol 415 (165 mg, 650 umol, 1.0 eq.) in CH,CIl, (10 mL) at 0 °C was added
subsequently Et;N (498 uL, 3.58 mmol, 5.0 eq.), TBDPSCI (850 pL, 3.25 mmol, 5.0 eq.) and
DMAP (4.3 mg, 30 pmol, 5.0 mol-%). The mixture was allowed to warm to room temperature and
stirred for an additional 5 h. The mixture was diluted with CH,Cl, (10 mL) and the reaction was

quenched by addition of saturated aqueous NH4Cl (10 mL). The aqueous layer was extracted with



2 Experimental Procedures 227

CH,Cl, 3 x 15 mL) and the combined organic layers were washed with saturated aqueous
NaCl (20 mL) and dried over MgSO,. The solvents were evaporated under reduced pressure and the
crude product was purified by flash column chromatography (hexanes:EtOAc = 24:1) to yield
alcohol 410 as mixture of diastereomers. Due to silanol impurities, this material was directly used in
the next step.

The crude alcohol 410 (assumed 650 umol, 1.0 eq.) was dissolved in triethyl orthoacetate (411, 5 mL,
27.3 mmol, 42 eq.) and one drop of propionic acid was added. The mixture was heated to 130 °C for
1 h, distilling off generated EtOH. The reaction was allowed to cool to room temperature and excess
orthoacetate 411 was removed under reduced pressure. The residue was dissolved in Et,O (50 mL) and
was sequentially washed with saturated aqueous NaHCO; (2 x 10 mL) and saturated aqueous
NaCl (10 mL). The organic layer was dried over MgSQO,, the solvent was removed under reduced
pressure and the crude product was purified by flash column chromatography (hexanes:EtOAc = 39:1)

to yield ester 412 (330 mg, 587 umol, 86% over three steps) as a highly viscous colorless oil.

The configuration of the double bond was determined to be (£) by 2D NOESY NMR spectroscopy
showing the proximity of 3-H and 5-H.

Ry=0.48 (hexanes:EtOAc = 7:1).

'H NMR (CDCl;, 600 MHz): & = 7.69-7.65 (m, 4H, 25-H)*, 7.43-7.35 (m, 6H, 24-H*, 26-H),
5.19 (m¢, 1H, 5-H), 4.11 (q, *Jiono = 7.1 Hz, 2H, 19-H), 3.66 (dd, *Ji312a = *Ji3128 = 7.3 Hz, 2H,
13-H), 2.40-2.33 (m, 2H, 2-H), 2.32-2.26 (m, 2H, 3-H), 2.02 (dd, “Jepes = 14.3 Hz, *Jsas = 8.2 Hz,
1H, 6-Hy), 1.76 (dd, “Jepea = 14.2 Hz, *Jeps = 7.0 Hz, 1H, 6-Hg), 1.70-1.63 (m, 1H, 12-H,),
1.61-1.56 (m, 1H, 16-H), 1.54 (s, 3H, 14-H), 1.53—-1.40 (m, 3H, 9-H,, 10-H, 12-Hg), 1.36-1.22 (m,
4H, 8-H, 9-Hg, 11-H), 1.24 (t, *Jo910 = 7.1 Hz, 3H, 20-H), 1.05 (s, 9H, 22-H), 0.82 (d, *J;7,16 = 7.0 Hz,
3H, 18-H)**, 0.72 (d, *Ji5/16 = 6.8 Hz, 3H, 16-H)**, 0.69 (s, 3H, 15-H) ppm.

B3C NMR (CDCl;, 150 MHz): & = 173.7 (C-1), 135.7 (C-25)*, 134.4 (C-4), 1322 (C-23),
129.6 (C-26), 127.7 (C-24)*, 122.8 (C-5), 64.8 (C-13), 60.4 (C-19), 50.8 (C-10), 46.5 (C-11),
45.5 (C-7), 39.9 (C-6), 38.6 (C-8), 35.2 (C-3), 34.3 (C-12), 33.6 (C-2), 29.8 (C-16), 27.1 (C-22),
22.9 (C-17)**,22.8 (C-9), 20.7 (C-15), 19.3 (C-21), 16.4 (C-18)**, 16.3 (C-14), 14.4 (C-20) ppm.

ESI-MS for C3sHssO3NSi* [(M+NH,)]: calcd. 580.4180
found 580.4179.
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IR (ATR): B/em™ = 3072 (w), 3051 (w), 2957 (), 2932 (s), 2860 (s), 1737 (s), 1472 (w), 1464 (w),
1428 (w), 1386 (w), 1368 (w), 1300 (w), 1254 (w), 1177 (w), 1560 (w), 1112 (m), 1093 (m), 941 (W)
823 (w), 702 (m), 614 (w).

[a]}) = 0.8 (¢ 0.50, CH,CL).

Synthesis of Carboxylic Acid 417

NaH (2.5 eq.);
PMBOH (1.05 eq.);

0 TBABr (5.2 mol-%) o \/©/o\
- 7 8
Br
HOJ\/ THF, tt, 30 min; HOAK/O N6
0°Ctort,1h;A,4h 28 8

464 a7

(72%) C1oH1204
M =169.20

To a suspension of NaH (60 wt% in mineral oil, 5.73 g, 144 mmol, 2.5 eq.) in THF (75 mL) was
carefully added bromoacetic acid (464, 7.90 g, 57.4 mmol, 1.0 eq.) and the mixture was stirred at room
temperature until H, evolution had ceased. After cooling to 0 °C, a solution of PMBOH (7.10 mL,
58.0 mmol, 1.05 eq.) in THF (150 mL) was carefully added via cannula. The mixture was allowed to
warm to room temperature and stirred for an additional 1 h at this temperature before adding
BuyNBr (1.00 g, 3.00 mmol, 5.2 mol-%) and heating the suspension to reflux for 4 h. The reaction was
cooled to 0 °C and EtOH (20 mL) was carefully added. The white precipitate was filtered off and
dissolved in HO (50 mL). This solution was acidified with aqueous HCI (2N, 20 mL) to pH = 1
precipitating a colorless solid. The aqueous phase was extracted with Et,O (3 x 50 mL) and the
combined organic layers were dried over MgSQO,. Evaporation of the solvent under reduced pressure

yielded carboxylic acid 417 (8.10 g, 41.3 mmol, 72%) as a colorless solid.

R;=0.31 (hexanes:EtOAc = 1:1, 1% AcOH).

Melting point = 53.5-55.0 °C (Et,0).

'H NMR (CDCl;, 300 MHz): 5= 10.86 (brs, 1H, OH), 7.29 (mc, 2H, 5-H), 6.89 (mc, 2H, 6-H),
4.58 (s, 2H, 3-H), 4.11 (s, 2H, 2-H), 3.81 (s, 3H, 8-H) ppm.

3C NMR (CDCls, 75 MHz): 5= 175.5 (C-1), 159.8 (C-7), 130.0 (C-5), 128.8 (C-4), 114.1 (C-6),
73.2 (C-3), 66.4 (C-2), 55.4 (C-8) ppm.

ESI-MS for C]()H]]O;( [(M—H)i] calcd. 195.0663
found 195.0669.
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IR (ATR): 9/cm™ = 3125 (br m), 2960 (m), 2840 (w), 1756 (s), 1724 (s), 1611 (m), 1583 (w), 1511
(s), 1461 (m), 1429 (m), 1374 (w), 1301 (w), 1249 (s), 1214 (m), 1174 (s), 1094 (m), 1026 (m),
999 (m), 952 (m), 933 (W), 903 (W), 816 (s), 758 (W).

The analytical data matched those reported previously.*””!

Synthesis of Ester 418

TBSCI (1.1 eq.)
LiAIH,4 EtaN (1.1 eq.)
(3.0eq.) DMAP (5 mol-%)
e -
Et,0, 0 °C CH,Cl,, 0 °C
tort,4h tort, 16 h
single diastereomer,
408 unknown relative configuration 415
PMBO OH
4“7 O (5.0eq.) 10
EDCI (5.0 eq.)
DMAP (5.5 eq.) 23 20
- 22~Q 21
CH,Cl,, 0 °C ~ @Z\
t035°C, 17 h o
418
416 (51% over Ca2H5405Si
three steps) M = 546.85 g/mol

To a solution of lactone 408 (50 mg, 0.20 mmol, 1.0 eq.) in Et,0O (4 mL) at 0 °C was added
LiAlH, (23 mg, 0.60 mmol, 3.0 eq.) in one portion and the mixture was stirred at room temperature for
4 h. The reaction was quenched at 0 °C by carefully adding half-saturated aqueous Rochelle
salt (4 mL) and the biphasic mixture was stirred vigorously for 1 h at room temperature. The phases
were separated and the aqueous layer was extracted with Et,0O (3 x 10 mL). The combined organic
layers were dried over MgSO, and the solvents were evaporated under reduced pressure. The crude
product was purified by a short flash column chromatography (silica, hexanes:EtOAc = 2:1 to 1:1) to
yield diol 415 (37 mg, 0.15 mmol, 73%, R,= 0.18, CH,Cl,:MeOH = 100:5) as a colorless solid, which
was used without further characterization.

To a solution of diol 415 (30 mg, 0.12 mmol, 1.0 eq.) in CH,Cl, (2 mL) at 0 °C was added
Et;N (18 pL, 0.13 mmol, 1.1 eq.), TBSCI (20 mg, 0.13 mmol, 1.1 eq.) and DMAP (spatula tip). The
mixture was allowed to warm to room temperature and was stirred an additional 16 h prior to being
diluted with CH,Cl, (10 mL). The reaction was quenched by addition of saturated aqueous
NH4Cl1 (5 mL) and the phases were separated. The aqueous layer was extracted with CH,Cl, (3 x
5 mL) and the combined organic layers were dried over Na,SO,4. The solvents were evaporated under
reduced pressure and the crude product was purified by flash column chromatography (silica,
hexanes:EtOAc = 16:1) to yield allylic alcohol 416 (34 mg, 92 umol, 78%, Ry= 0.12, hexanes:EtOAc
= 30:1) as a highly viscous colorless oil, which was used in the next step without further

characterization.
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To a solution of allylic alcohol 416 (30 mg, 82 umol, 1.0 eq.), carboxylic acid 417 (80 mg, 0.41 mmol,
5.0 eq.) and DMAP (55 mg, 0.45 mmol, 5.50 eq.) in CH,Cl, (5 mL) at 0 °C was added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (78 mg, 0.41 mmol, 5.0 eq.). The mixture
was allowed to warm to room temperature and stirred for an additional 30 min before being stirred at
35 °C for 16 h. The reaction was cooled to room temperature, diluted with CH,Cl, (5 mL) and
quenched by addition of H,O (5§ mL). The organic phase was extracted with CH,Cl, (3 x 5 mL) and
the combined organic layers were sequentially washed with saturated aqueous NaHCO; (4 mL) and
saturated aqueous NH4CIl (4 mL), and dried over MgSO,. Having evaporated the solvents under
reduced pressure, the crude product was purified by flash column chromatography (silica,
hexanes:EtOAc = 20:1) to yield ester 418 (40 mg, 73 pumol, 90%) as a colorless oil.

Note: the intermediate allylic alcohol 416 and ester 418 are co-polar on TLC.

R;=0.12 (hexanes:EtOAc = 30:1).

'H NMR (CDCls, 600 MHz): 5= 7.29 (mc, 2H, 24-H), 6.88 (m¢, 2H, 25-H), 5.37 (dd, *J34a = 8.4 Hz,
3Jyas = 3.0 Hz, 1H, 3-H), 4.95 (br s, 1H, 1-H,), 4.83 (mc, 1H, 1-Hpg), 4.56 (s, 2H, 22-H), 4.03 (s, 2H,
21-H), 3.80 (s, 3H, 27-H), 3.64 (ddd,Jy;an1s = 9.8 Hz, *Ji1an0s = 8.4 Hz, *Jiian0a = 5.4 Hz, 1H,
11-Hy), 3.58 (ddd, *Jy15/114 = 9.9 Hz, *J1 15104 = 8.1 Hz, *Ji 15108 = 6.9 Hz, 1H, 11-Hp), 1.89 (dd, *Jarus
=14.9 Hz, *Jun3 = 8.5 Hz, 1H, 4-H,), 1.72 (s, 3H, 12-H), 1.70 (m¢, 1H, 14-H), 1.64—1.59 (m, 2H, 8-H,
10-Hy), 1.57-1.48 (m, 2H, 6-Hy,, 7-H,), 1.45-1.40 (m, 2H, 4-Hg, 10-Hg), 1.48-1.33 (m, 1H, 7-Hp),
1.31-1.26 (m, 2H, 6-Hg, 9-H), 0.91-0.87 (m, 3H, 15-H)*, 0.89 (s, 9H, 19-H), 0.81 (s, 3H, 13-H),
0.77 (d, *Ji¢15 = 6.9 Hz, 3H, 16-H)*, 0.04 (s, 6H, 17-H) ppm.

"C NMR (CDCl;, 150 MHz): & = 169.8 (C-20), 159.6 (C-26), 144.6 (C-2), 129.9 (C-24),
129.5 (C-23), 114.0 (C-25), 1124 (C-1), 76.6 (C-3), 73.0 (C-22), 67.2 (C-21), 62.9 (C-11),
55.4 (C-27), 50.1 (C-8), 48.0 (C-9), 45.0 (C-4), 44.3 (C-5), 38.8 (C-6), 34.2 (C-10), 29.7 (C-14),
26.1 (C-19), 22.8 (2C, C-7, C-15%), 204 (C-13), 18.5 (C-18), 18.3 (C-12), 16.3 (C-16)*,
-5.1 (C-17) ppm.

ESI-MS for C3,HssNOsSi* [(M+NH,)]: calcd. 564.4079
found 564.4078.

IR (ATR): ¥/em™" = 2954 (s), 2959 (m), 1755 (m), 1613 (w), 1514 (m), 1463 (w), 1386 (w), 1250 (m),
1197 (w), 1108 (m), 1039 (w), 940 (w), 835 (w), 775 (W).

[}y = +4.0 (¢ 0.50, CH,Cly).
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2.4 Experimental Procedures for Chapter 5: ‘Synthetic Studies
toward YW 3548’

Synthesis of Oxazolidinone 434

n-BuLi (1.0 eq.);

a3 Q O
WLCI (1.1 eq.) o}
HN > SWJ\N 3
)0 THF, -78 °C, 30 min; a2 pa ’
g ~78°Ctort, 1.5h S o
436 (72%) 434
C141H17NO3

M = 211.26 g/mol
To a solution of Evans auxiliary 436! (1.58 g, 12.2 mmol, 1.0 eq.) in THF (30 mL) at —78 °C was
added n-BuLi (5.60 mL of a 2.4M solution in hexanes, 13.4 mmol, 1.0 eq.) and the mixture was stirred
for 30 min. Then, a solution of 4-pentenoyl chloride (437, 1.50 mL, 13.6 mmol, 1.1 eq.) in
THF (1.5 mL) was added dropwise and the reaction mixture was stirred for 30 min at —78 °C prior to
removing the cold bath. After stirring for an additional 30 min at room temperature, the reaction was
quenched by addition of saturated aqueous NH4CI (15 mL) and the aqueous phase was extracted with
EtOAc (3 x 30 mL). The combined organic layers were dried over MgSO,4 and the solvents were
removed under reduced pressure. The crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 7:1) to yield oxazolidinone 434 (1.87 g, 8.83 mmol, 72%)

as a colorless oil.

R;=0.34 (hexanes:EtOAc = 4:1).

'H NMR (CDCls, 300 MHz): 5= 5.85 (ddt, *Jysa = 16.9 Hz, *Jys5 = 10.2 Hz, *J43 = 6.6 Hz, 1H, 4-H),
5.07 (ddt, *Jsas = 17.1 Hz, *Jsass = “Jsas = 1.6 Hz, 1H, 5-H,), 5.00 (ddt, *Jsps = 10.3 Hz, *Jspsa =
“Jsgs = 1.4 Hz, 1H, 5-Hg), 4.43 (mc, 1H, 8-H), 4.26 (dd, J75 = 9.2 Hz, *J7a5 = 8.1 Hz, 1H, 7-H,),
4.19 (dd, *Jrp7a = 9.2 Hz, *Jops = 3.4 Hz, 1H, 7-Hg), 3.10 (ddd, /o5 = 17.0 Hz, *Joa3 = 7.8 Hz,
*Joas =71.0 Hz, 1H, 2-H,), 2.97 (ddd, “Jopna = 17.1 Hz, *Jog;s = 7.5, 7.5 Hz, 1H, 2-Hp), 2.49-2.28 (m,
3H, 3-H, 11-H), 0.90 (d, *Ji00 = 7.0 Hz, 3H, 10-H)*, 0.86 (d, *J;,0 = 6.9 Hz, 3H, 11-H)* ppm.

3C NMR (CDCls, 75 MHz): § = 172.6 (C-1), 154.2 (C-6), 136.8 (C-4), 115.8 (C-5), 63.5 (C-7),
58.5 (C-8), 34.9 (C-2), 28.5 (2C, C-3, C-9), 18.1 (C-10)*, 14.8 (C-11)* ppm.

EI-MS for C] 1H17NO3+ [M+] Calcd. 21 1 1203
found  211.1201.
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IR (ATR): d/em™" = 3079 (w), 2965 (w), 2877 (W), 1776 (s), 1706 (5), 1641 (w), 1487 (w), 1439 (w),
1389 (s), 1302 (m), 1204 (s), 1061 (m), 916 ().

[a]}) = +50.2 (¢ 1.00, CHCL).

The analytical data matched those reported previously.*”

Synthesis of Aldol Product 439

Bu,BOTf (2.0 eq.)
DIPEA (1.2 eq.); 2 g

9] 432)OL OH O Y
(1.25eq.)
WJ\NI H - MéMthg
)\O Et,0, 0 °C, 30 min; Gf: 0)8\0
|
7

o) ~78°C,1h
434 (85%, d.r. = 94:6) 439
55 gimol

To a solution of oxazolidinone 434 (1.45 g, 6.85 mmol, 1.0 eq.) in Et,0 (20 mL) at 0 °C was
consecutively added Bu,BOTf (3.32 mL, 13.7 mmol, 2.0 eq.) and DIPEA (1.40 mL, 8.09 mmol,
1.2 eq.). The resulting suspension was stirred for an additional 30 min at 0 °C and then cooled to
—78 °C before adding a solution of acetaldehyde (432, 482 uL, 8.56 mmol, 1.25 eq.) in Et,O (6.8 mL)
within 10 min. The reaction mixture was stirred for an additional 1 h at —78 °C and was then quenched
by addition of tartaric acid (5.13 g, 34.0 mmol, 5.0 eq.). The mixture was allowed to warm to room
temperature and stirred for 2 h at this temperature, forming a dark brown solution. The acid was
filtered off, the filter cake was rinsed with Et,0 (30 mL) and the organic layer was washed with
H,O (30 mL). The aqueous phase was extracted with Et,0O (2 x 40 mL) and the combined organic
layers were washed with saturated aqueous NaHCO; (2 x 80 mL). The aqueous phases were re-
extracted with Et,0 (3 x 80 mL) and the combined organic layers were washed with saturated aqueous
NaCl (100 mL). The volume of the Et,O phase was reduced to ca. 180 mL, before the solution was
cooled to 0 °C and a mixture of MeOH/H,0, (3:1, 35 mL) was added dropwise. The biphasic mixture
was stirred for 1 h at room temperature changing its color from orange to yellow. The mixture was
diluted with Et,0O (100 mL) and the organic phase was washed with saturated aqueous
NaHCO; (75 mL) and saturated aqueous NaCl (75 mL). Having dried the organic layer over Na,SO,
and having evaporated the solvent under reduced pressure, the crude product was purified by flash
column chromatography (silica, hexanes:EtOAc = 5:1 to 4:1 to 3:1) to yield alcohol 439 (1.48 g,
5.8 mmol, 85%, d.r. = 94:6) as an inseparable mixture of diastereomers as a colorless oil.

The diastereomeric ratio was determined by "H NMR spectroscopy by integration of the baseline

separated doublet signals of 4-H at 1.29 ppm (major) and 1.22 ppm (minor).
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Ry=0.29 (hexanes:EtOAc = 3:1).

'H NMR (CDCls, 600 MHz, only major isomer quoted): &= 5.75 (m¢, 1H, 6-H), 5.06 (ddt, *J7xs
17.1 Hz, *Jopss = “J7as = 1.6 Hz, 1H, 7-H,), 5.00 (mc, 1H, 7-Hg), 4.42 (ddd, *Ji00a = 7.9 Hz, *Jio11 =
3.9 Hz, *Jyo05 = 3.0 Hz, 1H, 10-H), 4.23 (dd, *Joaes = 9.0 Hz, *Joano = 7.8 Hz, 1H, 9-H,), 4.20 (dd,
*Jogjon = 9.0 Hz, *Jog/10 = 3.0 Hz, 1H, 9-Hg), 4.02 (ddd, *J5;3 = 9.0 Hz, *Jysp = 6.0 Hz, *J5s5 = 5.6 Hz,
1H, 2-H), 3.93 (ddq, *J5» = *Jy0n = 8.9 Hz, *J34 = 6.3 Hz, 1H, 3-H), 2.60 (d, *Jous=9.1 Hz, 1H, OH),
2.54-2.26 (m, 3H, 5-H, 11-H), 1.27 (d, *J43 = 6.4 Hz, 3H, 4-H), 0.92 (d, *J151; = 7.1 Hz, 3H, 12-H)*,
0.88 (d, *Ji311 = 7.0 Hz, 3H, 13-H)* ppm.

BC NMR (CDCls, 75 MHz, only major isomer quoted): &= 175.5 (C-1), 154.4 (C-8), 135.1 (C-6),
117.4 (C-3), 69.4 (C-3), 63.5 (C-9), 59.0 (C-10), 49.5 (C-2), 33.8 (C-5), 28.7 (C-11), 21.8 (C-4), 18.1

(C-12)*, 14.8 (C-13)* ppm.

EI-MS for C13H21NO4+ [MJr]Z calcd. 255.1465
found  255.1455.

IR (ATR): d/cm™" = 3508 (br s), 3078 (w), 2967 (m), 2932 (m), 2876 (w), 1776 (s), 1696 (m), 1641
(w), 1489 (w), 1439 (w), 1385 (m), 1300 (w), 1202 (m), 1119 (w), 1057 (w).

[a]2 = +61.2 (c 1.00, d.r. = 94:6, CH,CL,).

Synthesis of Carbamate 443

442 NCO
o o
B (SOGq) 18 O
OH O ' . NJkO 5 2. 13
DMAP (3.4 eq. 15N
Me)\.)J\N (34eq) . L 4/'\2)J\ .
: )\ o Me”3 " 1°N 9
d.r. = 94:6 ( d 0 CH.Cl,, 0 °C :

8
tort,1.5h eﬁ o)*o
(86%) !
439 443
ConQsBrNQOS

M = 453.33 g/mol
To a solution of alcohol 439 (d.r. = 94:6, 28 mg, 0.11 mmol, 1.0 eq.) in CH,Cl, (3 mL) at 0 °C was
added DMAP (28 mg, 0.35 mmol, 3.4 eq.) and 4-bromophenyl isocyanate (442, 65 mg, 0.33 mmol,
3.0 eq.). The thus formed yellow solution was allowed to warm to room temperature and stirred for
1.5 h precipitating a white solid. The reaction was quenched by addition of saturated aqueous
NaHCO; (5 mL) and the mixture was extracted with Et;0O (2 x 15 mL). The combined organic layers
were washed with saturated aqueous NaCl (10 mL) and dried over Na,SO,4. After evaporation of the

solvents under reduced pressure, the crude product was purified by flash column
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chromatography (silica, hexanes:EtOAc = 7:1 to 5:1) to yield carbamate 443 (43 mg, 95 pmol, 86%)
as a colorless solid. The minor diastereomer was separable by flash column chromatography, but not

isolated.

Crystals suitable for X-ray analysis were obtained by slow evaporation of a solution of carbamate 443

in Et,O/n-pentane (1:1).
Ry=0.36 (hexanes:EtOAc = 3:1).
Melting point = 106.0—108.0 °C (hexanes/EtOAc).

'H NMR (CDCl;, 600 MHz): 5= 7.41-7.37 (m, 2H, 17-H), 7.29-7.23 (m, 2H, 16-H), 6.65 (br s, 1H,
NH), 5.75 (m¢, 1H, 6-H), 5.22 (m¢, 1H, 3-H), 5.07 (dd, *J5a6 = 17.1 Hz, *J55;s = 1.3 Hz, 1H, 7-H,),
5.03 (d, *Jope = 10.1 Hz, 1H, 7-Hg), 4.44 (mc, 1H, 10-H), 4.37 (mc, 1H, 2-H), 4.23 (dd, “Jores =
9.0 Hz, *Joano = 8.3 Hz, 1H, 9-H,), 4.18 (dd, *Jopoa = 9.1 Hz, Jogyo = 3.0 Hz, 1H, 9-Hp),
2.45-2.28 (m, 3H, 5-H, 11-H), 1.29 (d, *J45 = 6.5 Hz, 3H, 4-H), 0.87 (d, *Ji,1, = 7.2 Hz, 3H, 12-H)*,
0.84 (d, *Jy311 = 7.0 Hz, 3H, 13-H)* ppm.

3C NMR (CDCls, 150 MHz): 6= 173.2 (C-1), 154.0 (C-8), 152.3 (C-14), 137.1 (C-15) 134.2 (C-6),
132.1 (C-17), 120.2 (C-16), 118.0 (C-7), 116.0 (C-18), 72.8 (C-3), 63.4 (C-9), 58.9 (C-10), 47.4 (C-2),
33.5(C-5),28.7, (C-11), 18.2 (C-4), 18.1 (C-12)*, 14.8 (C-13)* ppm.

ESI-MS for C20H25BI'N2N305+ [(M+Na)+]: calcd. 475.0839
found  475.0838.

IR (ATR): d/cm™" = 3334 (br w), 3077 (W), 2965 (w), 2875 (w), 1775 (s), 1702 (s), 1593 (m), 1527 (s),
1489 (m), 1396 (s), 1386 (s), 1305 (m), 1219 (s), 1118 (w), 1099 (w), 1073 (m), 1055 (m), 1007 (W),

977 (W), 922 (w), 825 (W), 767 (W), 707 ().

[a]) =+38.8 (¢ 1.00, CH,Cl).
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Synthesis of Acetates 444 and 445

Ac,0 (433, 1.5 eq.) 0

12 43
OH O Et3N (1.5 eq.) )mj\o o
/V\)J\ DMAP (0.28 eq.) s
Me > N - 4 /'\Z)J\ 10 "
: »  Me 3 1N 9
d.r.=94:6 ( O)\O CH2C|2, A, 2h 5
4

(e

(85%, 88%

39 combined) 445 444
C15H23NO5 C15H23NO5
M =297.35 g/mol M =297.35 g/mol

To a solution of alcohol 439 (d.r. = 94:6, 950 mg, 3.72 mmol, 1.0 eq.) in CH,Cl, (35 mL) was added
Et;N (780 pL, 5.62 mmol, 1.5 eq.), DMAP (129 mg, 1.06 mmol, 28 mol-%) and Ac,O (433, 560 uL,
5.50 mmol, 1.5 eq.). The resulting solution was heated to reflux for 2 h and, after cooling to room
temperature, the mixture was diluted with CH,Cl, (35 mL). The organic phase was washed with IN
HCI (30 mL), saturated aqueous NaHCO; (40 mL) and saturated aqueous NaCl (50 mL). Having dried
the organic layer over Na,SO, and evaporated the solvent under reduced pressure, the crude product
was purified by flash column chromatography (silica, hexanes:EtOAc = 5:1) to yield
acetate 445 (940 mg, 3.16 mmol, 85%) as a colorless solid along with the

syn-diastereomer 444 (30 mg, 0.10 mmol, 3%) from the previous reaction as a colorless oil.

Analytical data for anti-diastereomer 445:

R;=0.30 (hexanes:EtOAc = 3:1).

Melting point = 65.0-67.0 °C (hexanes/EtOAc).

'H NMR (CDCls, 600 MHz): 6= 5.78-5.70 (m, 1H, 6-H), 5.17 (dq, *J5, = 8.5 Hz, *J34 = 6.3 Hz, 1H,
3-H), 5.05 (ddt, *Joa6 = 17.1 Hz, 2J5as5 = “Joas = 1.6 Hz, 1H, 7-H,), 5.01 (m¢, 1H, 7-Hg), 4.43 (ddd,
*Jiooa= 8.2 Hz, *Jio11 = 4.0 Hz, *Jy0os = 3.2 Hz, 1H, 10-H), 4.31 (dt, >J, = 8.5 Hz, *J5;s = 5.6 Hz, 1H,
2-H), 4.22 (dd, *Jopros = 9.1 Hz, *Jopno = 8.2 Hz, 1H, 9-H,), 4.18 (dd, “Joppoa = 9.2 Hz, *Jop10 = 3.2 Hz,
1H, 9-Hg), 2.40-2.27 (m, 3H, 5-H, 11-H), 1.96 (s, 3H, 15-H), 1.29 (d, *J45 = 6.3 Hz, 3H, 4-H),
0.90 (d, *Jy211 = 7.1 Hz, 3H, 12-H)*, 0.88 (d, *J;311 = 7.0 Hz, 3H, 13-H)* ppm.

3C NMR (CDCls, 150 MHz): 6= 173.2 (C-1), 170.0 (C-14), 153.9 (C-8), 134.2 (C-6), 117.9 (C-7),
71.7 (C-3), 63.3 (C-9), 58.7 (C-10), 47.3 (C-2), 33.4 (C-5), 28.7 (C-11), 21.2 (C-15), 18.1 (C-12)*,
17.6 (C-4), 14.9 (C-13)* ppm.

FAB-MS for C15H24N05+ [(M+H)+] calcd. 298.1649
found  298.1653.
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IR (ATR): O/cm™" = 3274 (br w), 2975 (w), 1776 (s), 1733 (s), 1697 (s), 1386 (s), 1372 (s), 1300 (m),
1231 (s), 1201 (s), 1120 (m), 1098 (m), 1056 (m), 978 (W), 950 (w), 927 (w).

[}y = +54.0 (¢ 1.00, CH,Cl,).

Analytical data for syn-diastereomer 444:

R;=0.38 (hexanes:EtOAc = 3:1).

'"H NMR (CDCls, 300 MHz): 8= 5.73 (m¢, 1H, 6-H), 5.26 (m¢, 1H, 3-H), 5.11-4.95 (m, 2H, 7-H),
4.44 (mc, 1H, 10-H), 4.28-4.14 (m, 3H, 2-H, 9-H), 2.56-2.44 (m, 1H, 5-H,), 2.39-2.24 (m, 2H, 5-Hp,
11-H), 2.00 (s, 3H, 14-H), 1.27 (d, *Jus = 6.3 Hz, 3H, 4-H), 0.91 (d, *Jio11 = 7.1 Hz, 3H, 12-H)*,
0.90 (d, *Jy311 = 7.0 Hz, 3H, 13-H)* ppm.

BC NMR (CDCl;, 75 MHz): § = 172.7 (C-1), 170.2 (C-14), 154.0 (C-8), 135.2 (C-6), 117.3 (C-7),
70.6 (C-3), 63.3 (C-9), 58.7 (C-10), 46.8 (C-2), 31.9 (C-5), 28.5 (C-11), 21.2 (C-15), 18.1 (C-12)*,

17.7 (C-4), 14.6 (C-13)* ppm.

FAB-MS for C;sHxNOs" [(M+H)]: caled.  298.1649
found  298.1666.

IR (ATR): 9/cm™" = 3080 (w), 2967 (m), 1777 (s), 1739 (s), 1697 (m), 1387 (m), 1371 (m), 1301 (w),
1236 (s), 1203 (m), 1122 (w), 1098 (w), 1058 (w), 1020 (w).

[}y = +41.4 (¢ 1.00, CH,Cl,).

Synthesis of Enol Triflate 446

0}

)I\o o) KHMDS Ti,O (2.4 eq.)
Me : N (4.0eq.) Me.,, Et3N (3.2 eq.)
: )~o THF o CH,Cl,
( 9 -78°C,25h -78°C,15h
o)
445 465 (75% over 446

two steps) CyoH11F40sS
M = 300.25 g/mol

To a solution of acetate 445 (750 mg, 2.52 mmol, 1.0 eq.) in THF (40 mL) at —78 °C was added
dropwise KHMDS (20.0 mL of a 0.5M solution in toluene, 10.0 mmol, 4.0 eq.) and the pale yellow

solution was stirred for 2.5 h at —78 °C prior to quenching the reaction by addition of MeOH/saturated
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aqueous NH4CI/H,O (1:1:1, 40 mL). After warming to room temperature, the pH was adjusted to 2—3
by adding 1IN HCI and the biphasic mixture was extracted with EtOAc (3 x 50 mL). The combined
organic layers were dried over MgSQO, and evaporation of the solvents under reduced pressure yielded
crude ketone 465 as an orange oil, which was used without further purification.

The crude oil 465 (assumed 2.52 mmol, 1.0 eq.) was redissolved in CH,Cl, (13 mL) and the solution
was cooled to =78 °C. Then Et;N (1.10 mL, 7.94 mmol, 3.2 eq.) and Tf,0 (6.00 mL of a 1.0M solution
in CH,Cl,, 6.00 mmol, 2.4 eq.) were sequentially added and the solution was stirred for an additional
90 min at this temperature. The reaction was quenched by addition of saturated aqueous
NaHCOj; (25mL) and the mixture was allowed to warm to room temperature before being extracted
with CH,Cl, (3 x 50 mL). The combined organic layers were dried over MgSO, and the solvents were
removed under reduced pressure. The crude product was purified by flash column
chromatography (silica, hexanes:EtOAc = 7:1) to yield enol triflate 446 (566 mg, 1.89 mmol, 75%

over two steps) as a pale yellow oil
R;=0.32 (hexanes:EtOAc = 9:1).

'"H NMR (CDCl;, 300 MHz): & = 6.08 (s, 1H, 2-H), 5.72 (dddd, *Jys5 = 17.1 Hz, *Jy5a = 10.3 Hz,
Je=1.5, 6.7 Hz, 1H, 7-H), 5.22 (m¢, 1H, 8-H,), 5.19 (ddt, *Jspr = 16.9 Hz, *Jggsa = *Jipe= 1.4 Hz,
1H, 8-Hg), 4.65 (qd, *Juo= 6.7 Hz, *Jus = 3.2 Hz, 1H, 4-H), 2.57 (ddd, *Jsa = 7.6 Hz, *Jse5 = 4.8 Hz,
3J51s=3.2 Hz, 1H, 5-H), 2.55-2.41 (m, 2H, 6-H), 1.47 (d, *Jos= 6.6 Hz, 1H, 9-H) ppm.

C NMR (CDCl;, 75 MHz): & = 163.6 (C-1), 161.9 (C-3), 131.9 (C-7), 120.4 (C-8), 118.4 (q,
"Jior =321 Hz, C-10), 109.7 (q, *Jor = 0.8 Hz, C-2), 75.8 (C-5), 42.8 (C-4), 34.5 (C-6),
19.8 (C-9) ppm.

F NMR (CDCls, 377 MHz): 6= —-73.2 ppm.

FAB-MS for C;oH,F305S" [(M+H)"]: calcd. 301.0352
found 301.0345.

IR (ATR): d/cm™" = 3085 (w), 2987 (w), 1730 (s), 1659 (w), 1429 (s), 1366 (w), 1305 (m), 1246 (m),
1213 (s), 1136 (s), 1078 (m), 1042 (w), 980 (w), 916 (W), 884 (m), 797 (), 762 (W).

[a]}) =+95.0 (c 1.00, CH,CL,).
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Synthesis of Dimer 447

| MegSn, (1.5 eq.)
Cul (32 mol-%)
A
ve,, ot Pd,dbag (17 mol-%)

o | DMF, 60 °C, 1 h

[e) (72%)
446 447

W=355.36 gmol
To a degassed solution of enol triflate 446 (30 mg, 0.10 mmol, 1.0 eq.) and MesSn, (47 mg,
0.15 mmol, 1.5 eq.) in DMF (2.5 mL) was added Cul (6.0 mg, 32 umol, 32 mol-%) followed by
Pd,dba; (16 mg, 17 umol, 17 mol-%) and the resulting suspension was stirred at 60 °C for 1 h. After
cooling to room temperature, the reaction was quenched by addition of H,O (3 mL) and the mixture
was extracted with Et,O (3 x 7 mL). The combined organic layers were washed with 10% aqueous
NaCl (2 x 10 mL) and dried over MgSO,. The solvent was evaporated under reduced pressure and the
crude product was purified by flash column chromatography (silica, hexanes:EtOAc = 5:1 to 3:1) to

yield dimer 447 (11 mg, 36 umol, 72%) as a colorless amorphous solid.

Ry=0.12 (hexanes:EtOAc = 3:1).

'H NMR (CDCls, 600 MHz): & = 6.24 (s, 2H, 2-H), 5.75 (mc, 2H, 7-H), 5.20 (m¢, 2H, 8-H,), 5.16
(m¢, 2H, 8-Hp), 4.84 (m¢, 2H, 5-H), 2.53 (mc, 2H, 4-H), 2.34-2.24 (m, 4H, 6-H), 1.39 (d, *Jo;s =

6.8 Hz, 6H, 9-H) ppm.

3C NMR (CDCls, 150 MHz): 6= 162.6 (C-1), 151.6 (C-3), 133.5 (C-7), 119.8 (C-2)*, 119.4 (C-8)*,
75.7 (C-5), 38.8 (C-4), 36.9 (C-6), 20.0 (C-9) ppm.

FAB-MS for CisH,;04" [(M+H)']: calcd. 303.1591
found 303.1577.

IR (ATR): b/em™ = 3078 (w), 2979 (w), 1704 (s), 1437 (w), 1380 (w), 1350 (w), 1224 (m), 1135 (),
1039 (m), 994 (w), 917 (w), 885 (W).
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Synthesis of Lactone 448

PhB(OH), (3.0 eq.)
| Cul (1.1 eq.)
Pd(PPhg), (13 mol-%)
Me.,, ot Na,CO5 (7.0 eq.)

| benzene/EtOH, A, 1 h

O

¢} (88%)
446 448
CysH1602
M =228.29 g/mol

To a suspension of enol triflate 446 (24 mg, 80 umol, 1.0 eq.), Pd(PPh;), (12 mg, 10 umol, 0.13 eq.),
Cul (8.8 mg, 88 umol, 1.1 eq.) and Na,CO; (59 mg, 0.56 mmol, 7.0 eq.) in degassed benzene (5 mL)
was added a solution of phenylboronic acid (29 mg, 0.24 mmol, 3.0 eq.) in EtOH (1.5 mL) and the
reaction mixture was heated to reflux for 1 h changing its color from pale yellow to deep red. The
mixture was allowed to cool to room temperature and quenched by addition of saturated aqueous
NaHCOj; (4 mL). The mixture was diluted with EtOAc (5 mL) and the organic layer was washed with
H,0 (2 x 10 mL) and saturated aqueous NaHCO; (3 x 10 mL). The combined aqueous phases were re-
extracted with EtOAc (2 x 10 mL) and the combined organic layers were washed with saturated
aqueous NaCl (30 mL). After drying the organic layer over MgSO, and evaporation of the solvent
under reduced pressure, the crude product was purified by flash column chromatography (silica,
hexanes:EtOAc = 1:0 to 9:1) to yield lactone 448 (16 mg, 70 umol, 88%) as a highly viscous colorless

oil.
Ry=0.42 (hexanes:EtOAc = 3:1).

'"H NMR (CDCl;, 600 MHz): 8= 7.54-7.50 (m, 2H, 11-H), 7.48-7.43 (m, 3H, 12-H, 13-H), 6.31 (s,
1H, 2-H), 5.74 (m¢, 1H, 8-H), 5.14-5.09 (m, 2H, 9-H), 4.83 (qd, *J5s = 6.8 Hz, *J5; = 1.1 Hz, 1H,
5-H), 2.78 (mc 1H, 4-H), 2.34 (m¢, 2H, 7-H), 1.47 (d, *Jgs = 6.7 Hz, 3H, 6-H) ppm.

13C NMR (CDCl;, 150 MHz): 5= 164.0 (C-1), 156.9 (C-3), 136.2 (C-10), 134.4 (C-8), 130.7 (C-13),
1293 (C-12), 126.5 (C-11), 118.8 (C-9), 114.8 (C-2), 75.5 (C-5), 41.9 (C-4), 36.7 (C-7),

20.0 (C-6) ppm.

EI-MS for Cy,H;40" [(M—CO)']: caled.  200.1196
found 200.1191.

IR (ATR): d/em™ = 3077 (w), 2979 (w), 1707 (s), 1640 (w), 1618 (w), 1446 (w), 1363 (m), 1258 (w),
1225 (m), 1135 (w), 1043 (m), 996 (w), 961 (w), 920 (w), 874 (m), 771 (m).

[a]}) = +241.6 (c 0.25, CH,CL).
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Al X-RAY CRYSTALLOGRAPHIC DATA

The data collections were performed on an Oxford Diffraction Xcalibur diffractometer or on a Nonius
KappaCCD diffractometer at 100K or 173 K using MoKo-radiation (4 = 0.71073 A, graphite

monochromator). The CrysAlisPro software (version 1.171.33.41)1"!

was applied for the integration,
scaling and multi-scan absorption correction of the data. The structures were solved by direct methods
with SIR97'"! and refined by least-squares methods against F2 with SHELXL-97.0% All non-
hydrogen atoms were refined anisotropically. The hydrogen atoms were placed in ideal geometry

riding on their parent atoms. More details are provided in tables A1.1-A1.12 at the different sections.

Al.1 Diketone 116

CCDC 934941 contains the supplementary crystallographic data for diketone 116. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.1 Crystallographic Data for Diketone 116.

net formula C10H1202

M,/g mol™ 164.201

crystal size/mm 0.43 x0.37x0.28
/K 100(2)

radiation MoKa
diffractometer 'Oxford XCalibur'
crystal system orthorhombic
space group P2,2:24

a/A 7.3464(3)

b/A 10.3828(4)

c/A 11.4263(4)

o/° 90

Bre 90

v/° 90

VIA® 871.56(5)

Z 4

calc. density/g cm™ 1.25139(7)
wmm-™ 0.086

absorption correction 'multi-scan’

transmission factor range
refls. measured

0.99380-1.00000
6290

Rin 0.0282
mean o(/)/] 0.0327

0 range 4.31-28.28
observed refls. 1942

x, y (weighting scheme)
hydrogen refinement

0.0370, 0.1077
constr

Flack parameter -0.4(13)
refls in refinement 2149
parameters 110
restraints 0




Al X-Ray Crystallographic Data 243

R(Faps) 0.0350
Ry(F?) 0.0834
S 1.056
shift/error, 0.001
max electron density/e A~ 0.184
min electron density/e A~ -0.126

Flack test meaningless (Mo radiation, no anomalous scatterer), correct structure derived from synthesis.

\ °,1°/ o1

| g
R A

Al.2  Acid 205

CCDC 934940 contains the supplementary crystallographic data for acid 205. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.2 Crystallographic data for acid 205.

net formula C,5H,,04

M,/g mol™ 266.333

crystal size/mm 0.25x0.17 x 0.12
/K 100(2)

radiation MoKa
diffractometer 'Oxford XCalibur'
crystal system orthorhombic
space group P2,2,2,

alA 6.3678(7)

b/A 9.2177(8)

c/A 24.664(3)

o/° 90

Bre 90

v° 90

VIA? 1447.7(3)

VA 4

calc. density/g cm™ 1.2220(3)

w/mm:™' 0.087

absorption correction 'multi-scan’
transmission factor range 0.98476—-1.00000

refls. measured 7632
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Rint 0.0350

mean o(/)/1 0.0423

0 range 4.23-25.34
observed refls. 2316

x, y (weighting scheme) 0.0262, 0.3919
hydrogen refinement mixed

Flack parameter 0.0(12)

refls in refinement 2641
parameters 180

restraints 0

R(Fyps) 0.0389

Ry(F?) 0.0832

S 1.022
shift/erroray 0.001

max electron density/e A~ 0.152

min electron density/e A~ -0.159

Flack test meaningless (no anomalous scatterer, Mo radiation), correct structure derived from synthesis. C-bound
H: constr, O-bound H: refall.

Al1l.3 Ketone 195

CCDC 865613 contains the supplementary crystallographic data for ketone 195. These data can be

obtained free of charge from the Cambridge Crystallographic
www.ccdc.cam.ac.uk/data_request/cif.

Table A1.3 Crystallographic data for ketone 195

net formula CoH;30;

M,/g mol™ 210.270

crystal size/mm 0.31 x0.28 x 0.12

TIK 173(2)

radiation MoKa

diffractometer 'Oxford XCalibur'

Data

Centre

via
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crystal system

space group

alA

b/A

c/A

o/°

pre

v°

VIA®

VA

calc. density/g cm™
w/mm:

absorption correction
transmission factor range
refls. measured

Rint

mean o(/)/]

0 range

observed refls.

x, y (weighting scheme)
hydrogen refinement
Flack parameter

refls in refinement
parameters

restraints

R(F obs)

R(F?)

S

shift/error,,ay

max electron density/e A~
min electron density/e A~

orthorhombic
P212121
9.2588(5)
9.4467(5)
12.5446(7)
90

90

90
1097.21(10)
4
1.27292(12)
0.090
'multi-scan’
0.89301-1.00000
8113

0.0310
0.0270
4.31-26.33
1051
0.0500, 0
Constr
=3.1(15)
1301

137

0

0.0320
0.0784
0.969

0.001

0.166
—0.136

Flack parameter meaningless. 933 Friedel pairs merged.

\C12
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Al.4 Enone 194

CCDC 865618 contains the supplementary crystallographic data for enone 194. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.4 Crystallographic data for enone 194

net formula CoH 603
M,/g mol™ 208.254
crystal size/mm 0.49 x0.16 x 0.03
T/K 173(2)
Radiation MoKa
diffractometer 'KappaCCD'
crystal system monoclinic
space group P2,

alA 6.4233(5)
b/A 9.7999(7)
c/A 8.5116(7)
o/° 90

Bre 100.147(4)
v° 90

VIA® 527.41(7)

Z 2

calc. density/g cm™ 1.31138(17)
wmm:' 0.093
absorption correction none

refls. measured 3526

Rin 0.0515
mean o(/)/] 0.0365

0 range 3.84-25.32
observed refls. 874

x, y (weighting scheme) 0.0496, 0.0788
hydrogen refinement constr
Flack parameter -1.7(19)
refls in refinement 1016
parameters 137
restraints 1

R(Fps) 0.0379

Ry (F) 0.0953

S 1.081
shift/erroray 0.001

max electron density/e A~ 0.166

min electron density/e A~ -0.185

Flack parameter meaningless, absolute structure deduced from synthesis, 845 Friedel pairs merged.
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Al.5 Ketone 220

CCDC 865615 contains the supplementary crystallographic data for ketone 220. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.5 Crystallographic data for ketone 220.

net formula C5H5,0;
M,/g mol™ 250.333
crystal size/mm 0.29 x 0.17 x 0.07
T/K 173(2)
Radiation MoKa
diffractometer 'Oxford XCalibur'
crystal system monoclinic
space group P2,

N 9.6490(5)
b/A 5.8746(3)
c/A 12.3783(7)
o/° 90

Bre 107.487(6)
v° 90

VIA® 669.22(6)

VA 2

calc. density/g cm™ 1.24233(11)
w/mm: 0.085
absorption correction 'multi-scan’
transmission factor range 0.96533-1.00000
refls. measured 4829

Rin 0.0299
mean o(/)/] 0.0419

0 range 4.20-26.33
observed refls. 1167

x, y (weighting scheme) 0.0412,0
hydrogen refinement constr
Flack parameter -2.5(13)
refls in refinement 1488
parameters 165
restraints 1

R(Fops) 0.0344
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Ry(F?) 0.0732
S 0.926
shift/erroray 0.001
max electron density/e A~ 0.169
min electron density/e A~ -0.118

Flack parameter meaningless. 741 Friedel pairs merged. Absolute structure deduced from synthesis.
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Al1l.6 Ketone ent-141

CCDC 865614 contains the supplementary crystallographic data for ketone ent-141. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

Table A1.6 Crystallographic data for ketone ent-141.

net formula Ci3H0
M,/g mol™ 194.313
crystal size/mm 0.15 % 0.14 x 0.04
T/K 173(2)
Radiation MoKa
Diffractometer 'KappaCCD'
crystal system monoclinic
space group P2,

alA 7.2906(10)
b/A 6.4842(11)
c/A 13.310(2)
a/° 90

p/e 104.680(10)
v/° 90

VIA® 608.67(17)
Z 2

calc. density/g cm™ 1.0602(3)
wmm'' 0.064
absorption correction none
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refls. Measured

Rint

mean o(/)/]

0 range

observed refls.

x, y (weighting scheme)
hydrogen refinement
Flack parameter

refls in refinement
Parameters

Restraints

R(F obs)

Ry(F?)

S

shift/error

max electron density/e A’
min electron density/e A’

2730
0.0901
0.0727
3.63-23.63
715
0.0964, 0.0251
constr
-1(5)

974

130

1

0.0686
0.1868
1.180
0.001
0.190
-0.185

Flack parameter meaningless, 589 Friedel pairs merged. Investigated crystal had poor scattering strength leading

to reduced resolution.
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Al.7 Ketone 222

CCDC 865619 contains the supplementary crystallographic data for ketone 222. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.7 Crystallographic data for ketone 222.

net formula Ci5H2,05
M,/g mol™ 252.349
crystal size/mm 0.23 x0.20 x 0.11
T/K 173(2)
Radiation MoKa
diffractometer 'Oxford XCalibur'
crystal system Orthorhombic
space group P2,2,2,

alA 5.8846(4)
b/A 9.0415(5)

c/A 26.2051(14)
o/° 90

Bre 90

v/° 90

VIA® 1394.26(14)
Z 4

calc. density/g cm™ 1.20219(12)
w/mm ' 0.082
absorption correction 'multi-scan’
transmission factor range 0.98145-1.00000
refls. Measured 5778

Ry 0.0359

mean o(/)/] 0.0470

0 range 4.20-26.24
observed refls. 1215

x, ¥ (weighting scheme) 0.0388, 0
hydrogen refinement constr

Flack parameter 1.5(14)

refls in refinement 1665
Parameters 166
Restraints 0

R(Fops) 0.0361

Ry (F%) 0.0738

S 0.894
shift/error,,ay 0.001

max electron density/e A~ 0.177

min electron density/e A~ —-0.124

Flack Parameter meaningless, 1256 Friedel pairs merged. Absolute structure derived from synthesis.
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Al1.8 Ketone 246
CCDC 865616 contains the supplementary crystallographic data for ketone 246. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.8 Crystallographic data for ketone 246.

net formula C,5H2405
M,/g mol™* 252.349
crystal size/mm 0.26 x 0.11 x 0.06
/K 173(2)
Radiation MoKa
Diffractometer 'KappaCCD'
crystal system monoclinic
space group P2,

alA 10.0211(5)
b/A 5.8555(2)
c/A 11.9154(6)
o/° 90

Bre 93.215(2)
v/° 90

VIA® 698.08(5)

Z 2

calc. density/g cm™ 1.20056(9)
wWmm:' 0.082
absorption correction None

refls. Measured 4457

Rin 0.0240
mean o(/)/] 0.0351

0 range 3.89-25.31
observed refls. 2167

x, y (weighting scheme) 0.0396, 0.1213
hydrogen refinement Constr
Flack parameter 0.7(12)

refls in refinement 2417
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Parameters 185
Restraints 2
R(Fons) 0.0392
Ry(F?) 0.0970
S 1.148
shift/error .y 0.001
max electron density/e A~ 0.143
min electron density/e A~ —0.152

Flack test results meaningless, no anomalous scatterer in structure. C14 and C15 are disordered, split model
applied, sof ratio 0.58/0.42. Only the main part of the disordered group C14/C15 is shown is the figure:

01
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A1.9 Epoxide 250

CCDC 934938 contains the supplementary crystallographic data for epoxide 250. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.9 Crystallographic data for epoxide 250.

net formula C15H2403
M,/g mol™ 252.349
crystal size/mm 0.33 x 0.09 x 0.07
/K 173(2)
radiation MoKa
diffractometer 'KappaCCD'
crystal system orthorhombic
space group P2,2:24

a/A 5.88880(10)
b/A 14.6273(4)
c/A 16.5099(4)
o/° 90

Bre 90

v/° 90

N 1422.12(6)
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Z

calc. density/g cm™
w/mm™

absorption correction
refls. Measured

Rint

mean o(/)/1

0 range

observed refls.

x, y (weighting scheme)
hydrogen refinement
Flack parameter

refls in refinement
parameters

restraints

R(F obs)

Ry(F?)

S

shift/error,y

max electron density/e A~
min electron density/e A~

4
1.17864(5)
0.080
None

9872
0.0312
0.0265
3.72-26.00
2449
0.0613, 0.3685
constr
-0.2(13)
2785

166

0

0.0450
0.1169
1.047
0.001
0.368

—0.258

A1.10 Ketone 191

CCDC 865617 contains the supplementary crystallographic data for ketone 191. These data can be

obtained free of charge from the Cambridge Crystallographic
www.ccdc.cam.ac.uk/data_request/cif.

Table A1.10 Crystallographic data for ketone 191.

net formula CoH360,S1

M,/g mol™* 324.573

crystal size/mm 0.31 x0.29 x 0.15

TIK 173(2)

Radiation MoKa

Diffractometer 'Oxford XCalibur'

Data

Centre

via
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crystal system

space group

alA

b/A

c/A

o/°

pre

Ve

VIA®

VA

calc. density/g cm™

i /mm™

absorption correction
transmission factor range
refls. Measured

Rint

mean o(/)/]

0 range

observed refls.

x, ¥ (weighting scheme)
hydrogen refinement
Flack parameter

refls in refinement
parameters

restraints

R(F obs)

Ry (F)

S

shift/error .,

max electron density/e A~
min electron density/e A~

orthorhombic
P212121
6.1373(2)
10.5263(4)
30.6532(13)
90

90

90
1980.29(13)
4
1.08868(7)
0.124
'multi-scan’'
0.93992-1.00000
15263
0.0421
0.0564
4.25-26.35
3138
0.0376, 0
constr
0.00(11)
3991

207

0

0.0344
0.0720
0.920

0.001

0.200
—0.170
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Al1.11 Lactone 291

CCDC 934939 contains the supplementary crystallographic data for lactone 291. These data can be

obtained free of charge from the Cambridge Crystallographic Data
www.ccdc.cam.ac.uk/data_request/cif.

Table A.11 Crystallographic data for lactone 291.

net formula C7H530;

M,/g mol ™! 280.402

crystal size/mm 0.33 x0.20 x 0.15
T/K 173(2)

radiation MoKa
diffractometer 'Oxford XCalibur'
crystal system orthorhombic
space group P2,2,2,

alA 9.1321(9)

b/A 11.8589(12)

c/A 15.1809(15)

o/° 90

Bre 90

v° 90

N 1644.0(3)

VA 4

calc. density/g cm™ 1.1329(2)
w/mm: 0.076

absorption correction 'multi-scan’
transmission factor range 0.75017-1.00000
refls. Measured 5560

Ry 0.0337

mean o(/)/] 0.0342

0 range 4.31-26.10
observed refls. 1655

x, y (weighting scheme) 0.0545, 0.1445
hydrogen refinement Constr

Flack parameter —1.1(15)

refls in refinement 1869

Parameters 186

Restraints 0

R(Fops) 0.0400

Ry (F?) 0.1031

S 1.060
shift/errory, 0.001

max electron density/e A~ 0.167

min electron density/e A~ -0.199

Flack parameter meaningless, 1386 Friedel pairs merged, correct structure deduced from synthesis.
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Al1.12 Carbamate 443

CCDC 934937 contains the supplementary crystallographic data for carbamate 443. These data can be

obtained free of charge from the Cambridge

www.ccdc.cam.ac.uk/data_request/cif.

Table A1.12 Crystallographic data for carbamte 443.

Crystallographic Centre

net formula C,0H,5BrN,Os
M,/g mol™ 453.327

crystal size/mm 0.31x0.22%x0.16
T/K 173(2)

Radiation MoKa
diffractometer 'Oxford XCalibur'
crystal system orthorhombic
space group P2,2,2,

al 5.9917(2)

b/A 9.7824(4)

c/A 36.0498(14)

o/° 90

Bre 90

y° 90

VIA® 2112.99(14)

Z 4

calc. density/g cm™ 1.42505(9)
Ll/mm_l 1.978

absorption correction 'multi-scan’
transmission factor range 0.93697-1.00000
refls. Measured 8750

Rin 0.0340

mean o(/)/] 0.0838

0 range 4.17-26.33
observed refls. 2799

x, y (weighting scheme) 0.0131,0
hydrogen refinement mixed

Flack parameter 0.013(6)

refls in refinement 4003

parameters 259

via
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restraints 1
R(Fops) 0.0300
R(F?) 0.0433
S 0.800
shift/error,,ay 0.001
max electron density/e A~ 0.469
min electron density/e A~ -0.329

C-bound H: constr., N-bound H: distance fixed to 0.88(1) A, U(H) = 1.2 U(N).
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'H NMR (CDCls, 300 MHz):

Me QO

O
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C10H1202
M = 164.20 g/mol
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'H NMR (CDCl;, 300 MHz):

Me OH

L0

201
C1oH1402
M =166.22 g/mol
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'H NMR (CDCl;, 300 MHz):

Me Ot-Bu

203
Cy4H20,
M = 222.32 g/mol
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'H NMR (CDCl;, 300 MHz):

Me Ot-Bu

COOH
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Cy5H20,4
M = 266.33 g/mol
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'H NMR (CDCl;, 400 MHz):

Me Ot-Bu
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'H NMR (CDCl;, 300 MHz):

Me OH
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'H NMR (CDCl;, 400 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CD,Cl,, 400 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CD,Cl,, 400 MHz):
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'H NMR (CDCl;, 400 MHz):
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'H NMR (C¢Ds, 400 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CD,Cl,, 400 MHz):
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M =234.33 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CD,Cl,, 400 MHz):
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'H NMR (CDCl;, 600 MHz):

C15H2403
M = 252.35 g/mal
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'H NMR (CDCl;, 600 MHz):

CysH2603
M = 254.37 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):

M =210.31 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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M = 324.57 g/mol
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'H NMR (CDCl;, 600 MHz):
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M = 238.37 g/mol
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'H NMR (CDCl;, 600 MHz):

Cy3H220
M =194.31 g/mol
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'H NMR (CDCl;, 100 MHz):
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C14H200,
M =222.32 g/mol
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'H NMR (CDCl;, 600 MHz):

Me Ot-Bu
MeO
HO g
H
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Cy6H2604

M =282.38 g/mol
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'H NMR (CDCl;, 600 MHz):

H Me Ot-Bu
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'H NMR (CDCl;, 600 MHz):

H Me OtBu
YOS

HO
286

C17H3¢02
M = 266.42 g/mol
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'H NMR (CDCl;, 600 MHz):

288
C17H300;
M = 266.42 g/mol
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'H NMR (CDCl;, 600 MHz):

290
C16H2603
M = 266.38 g/mol
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'H NMR (CDCl;, 600 MHz):

291

C47H203
M = 280.40 g/mol
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'H NMR (CDCl;, 600 MHz):

Co1H3604
M = 352.51 g/mol
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'H NMR (CDCl;, 600 MHz):

296

C17H3203
M = 284.43 g/mol
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'H NMR (CDCl;, 600 MHz):

297

C29Hs0O3Si2
M =512.96 g/mol
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'H NMR (CDCl;, 600 MHz):

MEH Me Ot-Bu

H .«
o

|
SiEt;
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Co3H44O5Si
M = 296.68 g/mol
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'H NMR (CDCl;, 600 MHz):

Et,Si0™

299

Co4H4602Si
M =394.71 g/mol
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'H NMR (CDCl;, 600 MHz):

MeH Me Ot-Bu

HO

Et,SiO™ E

3ol A
300

Co4H4g03Si

M =412.72 g/mol
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'H NMR (CDCls, 600 MHz):
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M = 298.46 g/mol
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'H NMR (CDCl;, 600 MHz):

C1gH3003
M = 294.43 g/mol
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'H NMR (CDCl;, 600 MHz):

302
M = 364.64 g/mol

A
I L} 52 8 0 MW Ay
e R ) oo ap oen~h~hm Ko
— — S AN S S ANANNG NN
L e T LIS e B B T L B T T T T T T
120 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 . (5.5 ) 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 -0.5
1 (ppm,
13 .
C NMR (CDCls, 150 MHz):
[e2) ~ o
o o n [ o) o N o ~NANWONM o~
o O e} x x® N Q ganaQa n Q
o~ i i ~ n < < o NANANAN [
\ N e N
" l " A A
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



308 APPENDICES

'H NMR (CDCl;, 600 MHz):

CooHy505Si
M = 366.65 g/mol
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'H NMR (CDCl;, 600 MHz):

CZ1H38038i
M = 366.61 g/mol
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'H NMR (CDCl;, 600 MHz):

M = 380.64 g/mol
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'H NMR (CDCl;, 600 MHz):
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C34H;504Si3

M =613.19 g/mol
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'H NMR (CDCl;, 600 MHz):

268
CagH550,Siz
M = 494.94 g/mol
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'H NMR (CDCl;, 300 MHz):
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'H NMR (CDCl;, 600 MHz):

OSiEt,

311
C36H7203515
M = 609.13 g/mol
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'H NMR (CDCl;, 600 MHz):
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M = 492.85 g/mol
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'H NMR (CDCl;, 600 MHz):

MeH Me Ot-Bu

SiEts
317
C31Hsg04Si
M =490.88 g/mol
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1
H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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M =374.60 g/mol
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'H NMR (CDCl;, 600 MHz):
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CagHag02
M =416.68 g/mol
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'H NMR (CDCl;, 400 MHz):

PMBO. |
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'H NMR (CDCl;, 300 MHz):

MeH Me ©Ot-Bu

HO" ™=
H
331
C1gH320;
M = 280.45 g/mol

|
:

1.009 =
093~ &

0.867~

5 1 0.99—

o] 0.96—

1220 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -10
f1 (ppm)
13 .
C NMR (CDCl;, 75 MHz):
n N
< < T v O aHnmaNN O O
< [22) N Mo @ LMoNMaw = 6
< — o o o NOM—EOWL O o
— — [ee} ~N o < MmMmMmm NN ~—
I I I [ T\ 1 | I
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



322

APPENDICES

'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):

MeH Me Ot-Bu
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M = 378.59 g/mol
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'H NMR (CDCl;, 600 MHz):
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CosH4002
M =372.58 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):

CogHa9lOLSi
M =572.68 g/mol
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'H NMR (CDCl;, 600 MHz):
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460.81 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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M = 534.85 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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C40H6204Si
M = 635.00 g/mol
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'H NMR (CDCl;, 600 MHz):

Cy41He003Si
M = 629.00 g/mol
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'H NMR (CDCl;, 300 MHz):

EhSiOYI
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M = 312.26 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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Co7H4804

436.67 g/mol
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'H NMR (CDCl;, 600 MHz):
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M =434.65 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):

C37H6g05Si
M =621.02 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 300 MHz):
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M = 330.16 g/mol
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):

single diastereomer,
relative configuration
not assignable
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'H NMR (CDCl;, 600 MHz):

single diastereomer,
relative configuration
not assignable
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'H NMR (CDCl;, 400 MHz):
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'H NMR (CDCl;, 400 MHz):
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'H NMR (CDCl;, 400 MHz):
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M =171.24 g/mol
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'H NMR (CD,Cl,, 400 MHz):
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'H NMR (CDCl;, 300 MHz):
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'H NMR (CDCl;, 400 MHz):

M = 226.31 g/mol

| —

. A ™ L
1 28 LTl 2%
< Qe © 9o qoaa
— — M — n— NN AN
. ——— ;
120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)
13
C NMR (CDCl;, MHz):
o n
«” ] N O N N O
o o @ W A, AT o
o N W M 1 NS
N — N+ 0 N NN
| | I ==
I | | |
T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



354 APPENDICES

'H NMR (CDCl;, 600 MHz):

408
CigH2603
M = 268.39 g/mol

g DI o2
S o S S QUIN © NO VO
— - — — ool <+ ;A
L e e s T L e B
115 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
13 .
C NMR (CDCl;, 150 MHz):
o~ wn n am
O N — O <t ™M N (o)} NN n  Oan O =M
o g a S o Y Q9 Yeaq 1 N © QM Y%
NS < < — T ™M™ o O wn T < n o O WMN OO
— — — — NS n T T T < M AN AN o~
N~ N~ N2 = S L
I\
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



A2 'H and 3C NMR Spectra

355

'H NMR (CDCl;, 600 MHz):

single diasteromer
unknown relative configuration
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 300 MHz):
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'H NMR (CDCl;, 600 MHz):

single diasteromer
unknown relative configuration
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'H NMR (CDCl;, 300 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz):
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C15H3NO;
M =297.35 g/mol
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'H NMR (CDCl;, 300 MHz):
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'H NMR (CDCl;, 300 MHz):
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'H NMR (CDCl;, 600 MHz):
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'H NMR (CDCl;, 600 MHz)
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