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Abstract
Efforts Toward the Arcutines and Related Diterpenoid NatBroducts

by
Kyle Robert Owens

Doctor of Philosophy in Chemistry
University of California, Berkeley

Professor Richmond Sarpong, Chair

This dissertation describes our approaches toward a yarietatural products, including the
arcutine family and the related diterpenoid atropurpufamethodology developed to access sev-
eral interesting terpenoids is also discussed. Chaptead istroduction to the diterpenoid alka-
loids, a large class biologically active natural produasgessing highly caged scaffolds. Arcutine
is the prototypical member of a small family of these moleswdonsisting of arcutine, arcutinine,
aconicarmicharcutinium and the diterpenoid atropurpurBims section includes a discussion of
the biosynthesis of these molecules as well as our biostatheposal. Previous work toward
these molecules, including two total syntheses of atropampus also discussed.

Chapter 2 describes our initial approaches toward arcatigedemonstrates many of the limi-
tations of these approaches. In particular, much of theudson focuses on synthetic disconnec-
tions that build on our groups previous approaches towarditierpenoid alkaloids.

Chapter 3 describes our current approach toward the aesutifthile this approach has not led
to a total synthesis to date, it has led to the first synthdsfseedhexacyclic arcutine scaffold. Many
of the transformations needed to access the arcutines frisrsdaffold have been completed and
a total synthesis of all of the natural products in this fgnmsl well within reach. This approach
hinges on an oxopyrrolium Diels—Alder cycloaddition thatsadeveloped to improve upon many
of the shortcomings of previous approaches. This in turrtdea scalable synthesis of the hexa-
cyclic arcutine framework.

Finally, Chapter 4 describes some previously publishedkwwat utilizes carvone derived cy-
clobutanols as precursors toward a variety of natural ppbdnd natural product like scaffolds.
This work builds on our groups initial report based on theg#gabutanols, and extends it to allow
further C—C bond formation. We use these new C—C bonds te @ngriety of interesting targets
as well as a 4 step synthesis of the taxoid core. This work pasrsed projects toward various
diterpenoid natural products.
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Chapter 1
The Cyqg Diterpenoid Alkaloids

1.1 Introduction & Biosynthesis

The diterpenoid alkaloids are a family of natural productthwa long history in both tradi-
tional medicine and modern chemistry. From the initialasian of aconitine (Figure 1.1) nearly
200 years ago,to today, chemists have been enamored by their complextstescand potent
biological activities. With over 1200 members isolated &bed the diterpenoid alkaloids are one
of the largest classes of natural products. While primasiyated from theAconitum andDelphe-
niumgenera, small numbers of these alkaloids have been isdtatadhe plant gener@onsolida,
Spoiraea, Tricalysia, Anopterus, and Daphniphyllum. Given the size of this family, as well as their
diverse structures, the diterpenoid alkaloids have giisnto a complex system of classification.
This has largely been codified in the works of Feng-Peng Waragnieffort to bring some consis-
tency to this otherwise chaotic landscapeThe diterpenoid alkaloids are broadly classified by
the number of carbons in their core skeleton. While manygsssthe full 20-carbon skeleton of a
diterpenoid, Gy and Gg diterpenoid alkaloids arise from oxidative degradationhef G frame-
work. In a 2002 review, the Gy diterpenoid alkaloids alone were subdivided into 4 classéh
19 types, 34 subtypes, and 42 groups, and this number hasnégedrown in the intervening 16
years.

MHg OMe OBz oX—_\ OMe OMe ?H
e OH 7
N o N B A0 -
Me OH HO OAc
aconitine (1.1) lappaconitine (1.2) Guan-fu Base A (1.3)

Figure 1.1: Biologically active Gg, C,9, and Gg diterpenoid alkaloids.

While their complex structures have captured the interfesgrthetic chemists for decades, the
potent biological activities of the diterpenoid alkaloidave been known since antiquity. Often
known by the more common names, wolfsbane and monkshoatsgtam the genugconitum
have been used as poisons and herbal remedies for at le@sy@8@, appearing in ancient Greek
literature andShennong bencao jin, one of the earliest, and most important texts in traditiona
Chinese medicine.



1.1.1 Biological Activity

As modern chemistry has developed, many of the remediesingeatlitional medicine have
come under scientific scrutiny. This has led to efforts teedatne the mechanisms of action
of diterpenoid alkaloids. While many of the details arel stitknown, it has been found that
that many of the biological effects of the diterpenoid atkds can be attributed to their ability
to modulate voltage-gated sodium (J@hannels, and to a lesser extent, potassium and calcium
channels. These sodium channels exist as at least 9 isofolmsians, Ngl.1-9, and modulate a
variety of physiological effects related to action potalstin muscles and neuroAfevelopment
of small molecules that can selectively modulate theseraamwould be invaluable for treating a
wide variety of conditions including hypertension and chicgain.

Our limited understanding of the biological effects of thiegenoid alkaloids is no better ex-
emplified than by the comparison between aconitihé)(and lappaconitinel(2). Despite their
similar structures they have very different effects. At is a highly potent Nachannel ac-
tivator with a lethal dose in humans of approximately 2 mg.n¥&osely, lappaconitine is a Na
channel blocker and is currently marketed in Russia and&Ch#a treatment for arrhythmié.
Recent studies have shown that the physiological effecthefiterpenoid alkaloids are more
complex than being simple blockers or activators, indigathat further study is necessary.

While the most potent members of the diterpenoid alkaloidganerally G alkaloids related
to aconitine, the high toxicity of these compounds is prota@c when considering pharmaceutical
applications. In comparison,gditerpenoid alkaloids generally exhibit lower toxicity ihstill
maintaining biological activity. Like lappaconitide2, guan-fu base Al(.3) has also been studied
as a treatment for arrhythmias and is approved for humanru€hina?® Despite these clinical
successes, there is still a great deal to learn about thelszuhes as there is little known about
their protein binding and how changes in structure affeeirthioactivity. Many of these natural
products have only been isolated as complex mixtures vattetamounts of any particular natural
product of interest. In contrast, total synthesis can mglewaccess to individual members in a
targeted fashion, and in quantities sufficient for bioladjgtudies.

1.1.2 Biosynthesis

H+
S
P — —
H OoP
B:J

QOPP
geranylgeranyl ent-copallyl 1.6
pyrophosphate pyrophosphate
(1.5)
™ @D - T - TR
ent-atisane (1.8) ent-kaurane(1.9)

Figure 1.2: Proposed biosynthesis of the atisane core from geranyiggsaophosphatel(4).



All diterpenoid alkaloids arise biosyntheticatljrom geranylgeranyl pyrophosphate (GGPP,
1.4), which undergoes a series of cationic cyclizations givisg to carbocatiorl.7. With this
tetracycle in place, a 1,2 hydride shift followed by 1,2 matgzn and loss of a proton gives the
ent-atisane corel(.8), which serves as a precursor for most of thg diterpenoid alkaloids. Al-
ternatively, a 1,2 migration and loss of a proton gives ristheent-kaurane skeletoril(9). This
process is facilitated by at least two enzymes;copallyldiphosphate synthase aeat-kaurane
synthase. Other enzymes related to the biosynthesis ofitdmpenoid alkaloids have yet to be
identified, but it is believed that cytochrome P450s playmapdrtant role. Following oxygenation,
condensation with ethanolamine introduces a nitrogensélaelducts can then undergo reductive
amination to form saturated nitrogen heterocycles. Oxidabss of the ethanol fragment or reduc-
tion to the ethyl group is commonly observed, leading to sdaoy or tertiary N-ethyl amines. In
a few instances the ethanolamine remains intact, resutting azaacetal.

At this stage in the biosynthesis, a wide variety of rearesmngnts and C—C or C—N bond
forming events give rise to many of the more common ditermkatkaloid families. C-C bond
formation, presumably via a Mannich reaction, gives righéchetidine {.11) or denudatine}.13
cores. The hetidine core can undergo an amination reacigivé the heptacyclic hetisiné.(L2
core. The denudatine core can undergo a Wagner-Meerwdimstioxidative loss of the C17 and
C18 carbons to give the aconitink. {4 and lappaconitinel(15 scaffolds. Depending on which
pathways are operative, plants are able to produce a widg afrthese natural products. At the
time of the last review in 2010, more than 8@C700 G, and 350 G, diterpenoid alkaloids had
been characterizett®

[O] &
N) 7 Mannlch amlnatlon
H 14

atisine core hetldlne core hetisine core
1.10 111 1.12
[O] &
Mannlch
Wagner- Meerweln
Wf 17 C17 oxidation C18 oxidation
—_——
N N
H H
denudatine core aconitine core lappaconitine core
1.13 1.14 1.15

Figure 1.3: Biosynthesis of several major classes of atisane derivedpdinoid alkaloids.

1.2 The Arcutines & Atropurpuran

Among the numerous diterpenoid alkaloids isolated to dhtearcutines and the related diter-
penoid atropurpuran stand out as some of the most unusualsifiall family of natural products
possesses structural elements unique to this class, nastiyithe presence of a [5.3.300%12]
ring system. The arcutines are hexacyclic, highly cagedrabproducts whereas the related diter-
penoid atropurpuran possess a pentacyclic scaffold lgeckmpyrrolidine ring found in the related
alkaloids.
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Figure 1.4: The arcutine family of natural products.

Arcutine (1.16), originally named arcutin, was isolated in 2000 by Saidktt@eva and Besso-
nova fromAconitum arcuatum Maxim. in southeastern Russia Approximately 2 kilograms of
dried aerial plant material was extracted to give 6.5 grafrtsue alkaloids. These were further
partitioned into hexane-insoluble (6.4 g) and hexanelsel(@40 mg) fractions. From the hex-
ane soluble material, chromatography and recrystalimagielded 8 mg of a mixture of crystals.
Manual separation of the crystals yielded arcutihd §), the structure of which was elucidated
by X-ray crystallography. One year later, the same groupighid a follow up wherein they re-
ported arcutinineX.17) as the other crystalline component isolated alongsidatiaee *H NMR
spectroscopy showed that these molecules were isolateaagldy 2:1 mixture, with arcutine be-
ing the major componerit. The structure of arcutinidine was determined by high resmiumass
spectroscopy, which gave a fragmentation pattern indigatie presence of an isopropyl group
rather than theec-butyl moiety in arcutine. This was verified by saponificatmf the mixture of
1.16and1.17, which gave arcutinidinel(19 as the sole product. Since arcutine and arcutinine
proved inseparable by chromatography,HONMR data was reported. However the& chemical
shifts of the mixture were provided. Arcutinidine was pshkd with full**C and partialH data.

Figure 1.5: X-ray structure of arcutinel(16 left) and atropurpuraril(2Q right) Rings are labeled
clockwise from the top left ring. Ring F is absent in atropugm.

In 2016, the latest member of the arcutine family was isdl&t@m Aconitum carmichaelii, one
of the most common and thoroughly studigcbnitum varieties. Aconicarmicharcutiniuni (18
was isolated as part of the Shi group’s efforts to charazeehie water soluble constituents of aconi-
tum roots, forgoing organic extractions and acid/base csteyroften used to preferentially isolate
the alkaloidal constituents. When these plants are usaddiitipnal medical practices it is often
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as an aqueous solution. Therefore they hoped to identifylmelwgically active constituents that
have eluded characterization by utilizing unadulteratggeaus extracts. They have been quite
successful to date, isolating dozens of new alkaloids dholyithe first new arcutine type alkaloid
since the original isolation reportd.Starting from 50 kg of dried lateral roots they performed an
exhaustive series of chromatographic separations, ukisngielding 2.5 mg of aconicarmichar-
cutinium (1.18 as a mixture of the hydroxide and the trifluoroacetate sdltsey did not report
the azaacetal form df.18 but previous reports show that this equilibrium is highgpdndent
on the structure of the molecule as well as the solvé&htnlike arcutine and arcutinine, detailed
spectroscopic information was provided fod 8

The most unusual member of the arcutine family was isolat@®09 by Feng-Peng Wang and
coworkers. While the aconitum genus is a treasure troveteffggnoid alkaloids, diterpenoids are
relatively rare, despite being the presumed biosyntheécyrsors to the alkaloids. Atropurpuran
(1.20 was isolated from 2.4 kg of the dried rootsAdonitum hemsleyanum var. atropurpureum
from Mount Emei in the Sichuan province of China. After tygdialkaloid extraction procedures,
12 mg of1.20was isolated as a crystalline solid. The structure was chéted by NMR studies
and verified by X-ray crystallography. Surprisingly, theMyagroup appears to have been unaware
of arcutine and arcutinine at the time, as they report atyman as the first known instance of a
[5.3.3.0+.0%!?] tetracyclic system. This oversight was corrected by theetthey published their
review of the diterpenoid alkaloids in 2020.

1.3 Biosynthetic Link Between the Arcutines and Hetidines

Given the unusual structure of the arcutine-type ditergkatkaloids, it is unsurprising that
their biosynthesis has also garnered interest among tlteesicacommunity. The initial biosyn-
thetic proposal posited by Wang in the isolation paper fampatrpuran 1.20 clearly demonstrates
the difficulty in identifying the connection between contienal diterpenoid alkaloids and the ar-
cutines!* In this proposal, a hetidine type precurdo?21was thought to undergo a ring opening
to form tricarbonyl compound..22 They proposed an unusual step wherein oxidative loss of
ethylene forms cyclohexadienorieZ23. Rather than tautomerize to the phenol, they proposed an
addition of water to form dien&.24 Readdition of ethylene from the opposite face, in a Diels—
Alder cycloaddition, then presumably provide25 which possesses all the carbon atoms in the
natural product. This enolate could undergo an aldol readtiith the aldehyde generated in the
first step of the biosynthesis to form the full atropurpuregistonl.26 At that stage, atropurpuran
could arise from several redox manipulations.

When we approached this project, we too were very interdstéde biosynthesis of these
molecules. Given our group’s previous difficulties in pnepa diterpenoid alkaloids, we hoped
that a greater understanding of the biosynthesis wouldigedasight and facilitate a bio-inspired
approach. In studying the relative connectivity of the &irms and the hetidine type diterpenoid
alkaloids, we found that despite how dissimilar they appeathey are actually only separated by a
single difference in connectivity and stereochemistryr Ky insight was the recognition that the
C5-C10-C20 connectivity common in most diterpenoid allddavas rearranged to a C10-C5-C20
triad in the arcutines and atropurpuran. Given that thecgiral diversity within the diterpenoid
alkaloids is often derived from Wagner-Meerwein rearranget of cationic intermediates, we
posited that this could indeed be the source of the arcutimesual skeleton. Such a rearrange-
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Figure 1.6: Wang’s biosynthetic proposal to access atropurputa2() from a hetidine-type pre-
cursor.

ment also explains the stereochemical differences betthese two families.

To this end, my colleague, Dr. Manuel Weber, and | began tdoexhis relationship com-
putationally. While it is impossible to determine a biogyedis without biochemical studies, we
planned to model the conversion of known biosynthetic mesdiates in the synthesis ofiter-
penoid alkaloids to the arcutine framework. Utilizing DFdlaulations, we hoped to show that the
conversion between these scaffolds was feasible undesdioallly relevant conditions. We pub-
lished the details of this study, which are summarized hef@alculations were performed with
mPW1K or B3LYP hybrid functionals in combination with the3@-+G(d,p) basis set.
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Figure 1.7: Relatives energies in the rearrangement of an atropurgypa&ncation via a 1,2 acyl
shift. blue (gas phasegjed (water)

Since we were unsure whether the rearrangement would oefarebor after addition of a
nitrogen atom, we chose to explore the rearrangement orel@eant cationic substrates. The first
was1.27, which could feasibly be an intermediate en route to a merab#re hetidine class. In
this case, the migration of a relatively high energy acyioratvould give the atropurpuryl cation,
which could either eliminate a proton to from the alkene gréaund in1.20 or be trapped by
water. Calculations showed that the transition state ferdtionic rearrangement &f28 had
the same relative energy in both the gas phase as well as wbdaling water as the solvent.
Rearrangement to the atropurpuryl cation is thermodynalfgi€avored in the aqueous case and
slightly disfavored in the gas phase.
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Figure 1.8: Relatives energies in the rearrangement of an hetidinedgpen to an arcutine type
cation via a 1,2 alkyl shiftblue (gas phasej)ed (water)

We also modeled this rearrangement on a cation containimg@ngary amine as a possible
biosynthetic precursor. CarbocatidrBOpossesses the full hetidine skeleton, albeit with unnhtura
stereochemistry to the nitrogen. This stereochemistry is required for tterengement to give
the desired product. Several hetidine type natural preduassessing C5 hydroxylation have been
isolated, and this hydroxyl group could serve as a viableys®r to the necessary carbocation.
The alkyl migration showed a slightly lower barrier to migoa as compared to the acyl cation,
likely due to an interaction between the positive chargetheaditrogen lone pair that was readily
apparent in the minimized structures. The gas phase and sa@li@ated systems share similar
energetics in this rearrangement, and were both slightip#nermic.

* Hzo) HO
OH> OH > OH OH
s — - — =
N~
o h'l\c/o* hll\/O
1.33 1.34 aconicarmicharcutinium (.18)

Figure 1.9: Possible biosynthetic pathway to aconicarmicharcutiniirhd

While these calculations cannot be used to determine wiathhway is operative, they provide
evidence for the feasibility of this transformation. Givigre difficulty of synthesizing hetidine
type skeletons to date, accessing the arcutines via a ngameent of a hetidine type precursor is
unlikely to prove effective. However, efficient access te #ncutine framework might provide a
simpler pathway to the hetidine and hetisine type diterfmkalkaloids.

Given the rarity of diterpenoid natural products isolatexhf Aconitum species, it seems likely
that the introduction of a nitrogen would occur before raagement to the arcutine skeleton.
Whether that rearrangement occurs from an amine that isdatdized, or via an imine, is still
unknown. However, the recent isolation of aconicarmichi@naum (1.18 helps shed some light
on the subject. Since ethanolamine is generally believée tihe nitrogen source in these natural
products, it is reasonable to conclude that aconicarmechi@mium (1.18 may be the precursor to
the arcutines. If this is the case, then rearrangement ofidite-like scaffold (.33 could be fa-
cilitated by an azaacetal as1i34 This could then cyclize to give aconicarmicharcutiniui@.
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DFT calculations show that this transformation is thermmatyically favored by 3 kcal/mol. Ox-
idative loss of the ethanolamine fragment could give thetares and hydrolysis of the azaacetal,
and subsequent oxidation would lead to atropurpuran.

1.4 Previous Synthetic Approaches

In the nearly two decades since arcutibhel @ was isolated, there has been significant synthetic
interest in accessing it’s unique skeleton, as well asedlabmpounds. This has been especially
true for atropurpuranl(20, which has led to two total syntheses to date. No synthe#o
related alkaloids have been reported.

Following the isolation of atropurpurat.0) by Feng-Peng Wang in 2009, a great deal of syn-
thetic work has been developed by his colleague Yong Qimicwting in the first total synthesis
of a member of this family of natural products.

1.4.1 Work by Yong Qin

OH o] Ph
Lo
o}

8 steps N OTMS 10 steps
R I H > —_—
OH
AcO DCM, 12h
@] OTIPS 0%
1.35 1.36 >19:1 dr
>99% ee
R R
KO OTIPS KO OTIPS
+ PMBO7//
1:1.4 dr | pMBO 5 - o
O

1.39a 1.39b

'OTIPS “1OTIPS f

Oo
atropurpuran (.20)

Scheme 1.1Qin’s enantioselective approach to the ABC ring systemmipatrpuran {.20).

The Qin group’s initial work was the development of an enzsdlective organocatalytic method
for synthesizing an A-ring building block toward atropuran.t® In 2016, they published a fol-
lowup where they synthesized a highly functionalized tleythat was used to form the A/B/C ring
system!’ Starting from the commercially available pheddB5 they elaborated the side chain and
performed an oxidative dearomatization to afford dienbi3& This possessed an aldehyde poised
for a Michael addition that furnished the B and C rings of ptngpuran. Building on their previous
work, they developed a prolinol-catalyzed Michael additiwhich gave the desired bicycl&.87)



with excellent enantio- and diastereoselectivity. At ttigge, 10 steps were needed to introduce
a 6 carbon fragment at th& position of the enone. A second Michael addition usingt8D
furnished tricyclel.40as a mixture of diastereomers, slightly favoring the uneeldi.40b While

this was the most advanced attempt toward atropurpur@)(published at the time, at 20 steps,
the length of the synthesis and relatively low overall ymlolild make it difficult to advance to the
natural product.

Just a year later, the Qin group published a new approachdpuapuran (Scheme 1.2). This
approach relied on a new, racemic strategy, and ultimagelyd the first total synthesis of atrop-
urpuran®® Starting from substituted ethoxybenzehdl, accessible in 5 steps from commercial
materials, they were able to install an acrylate moiety aé ageunmask the phenol to givie42
From there, oxidative dearomatization afforded a dienahéch underwent a Diels—Alder cycload-
dition with the pendant acrylate upon heating in xylene.sTgavel.43as a single diastereomer
and established the C and D rings of the natural product. Thettylketal was reduced and the
ketone protected as a cyclic ketal after which the lactong eygened with ethanethiol to give a
thioester. The resulting primary alcohol group was oxidize the aldehyde and then condensed
with 1,3 cyclohexanedione, which would go on to form the AgriThe dione was then converted
to the silyl enol ether to givé.44 The thioester was converted to an aldehyde, which thenrunde
went a Mukaiyama type aldol reaction to forge the E ring. Téslting hydroxyl was protected as
the silyl ether to givel.45 In what could be considered the key step, Qin et al. formedthing
via a reductive cyclization yieldingl.46as a single diastereomer. This product was converted to
1.47via chlorination and elimination of the tertiary alcoholdalydrolysis of the ketal, followed
by Wittig methylenation of the resulting ketone. Finallypr@y—Chaykovsky epoxidation of the
A ring ketone followed by rearrangement with BELO installed a pendant aldehyde. The E
ring hydroxyl was deprotected and oxidized to the ketonethadA ring aldehyde was alkylated
with Mel to install the quaternary center to gite48 Finally, allylic oxidation with selenium
dioxide provided the epimeric natural product with only draanounts of atropurpuran. Oxida-
tion to the enone followed by extensive screening of resaatonditions ultimately showed that
NaBH(OMe) reduction at low temperatures provided atropurpudadj with excellent diastere-
oselectivity.

OMe OMe
—
B OTBS 2 steps | N OH 2 steps o =0 5 steps
B — B — B —
0) = OMe
Y O H
141 (0] 1.42 1.43
OTBDPS
3 steps j Smly/HMPA J 3 steps
EtS —
TBSO THF TBSO
O 144
%\ 5 steps %\ 3 steps %

TBSO
atropurpuran (1.20)

Scheme 1.2Qin’s total synthesis of atropurpurah.20).



1.4.2 Work by Susumu Kobayashi and Keiji Tanino

Some of the earliest work toward these natural products epsrred® by Kobayashi and
coworkers in 2011, just two years after atropurpuran waktsd. Given the uniqueness of the
[5.3.3.047.0"?] ring system found in these natural products, it is no segptihat many of the syn-
thetic efforts toward these molecules have focused on rdsttwinstall this unusual ring system.
The Kobayashi group also opted to utilize an oxidative detization/Diels—Alder sequence to
enable the synthesis of this system, a feature that wouldhéeed by many later approaches to
these molecules.

The Kobayashi group’s work starts with doubly protectedalene1.49 which can be con-
verted to the triply-allylated guiacdl.50in three steps. From this compound, oxidative dearom-
atization with PIDA afforded dienon&.51, which upon heating provided the desired cycloadduct
(1.52 containing the [5.3.348.0*'2] ring system. From there, ring closing metathesis with ®isib
second generation catalyst afforde&3 containing the full skeleton of atropurpurah20. Fur-
ther functionalization to complete the total synthesisyéer, proved elusive.

OBn OH
OMe OMe
3 steps = PIDA OMe
EE—— _— Yy E——
MeOH “ mesitylene
0o 7/ OH 0°C 180°C, 1h
1.49 / 89% 75%

1.50
OH OH
\\ S o Gl 3 o = OH
—_— |l .., meemeeaaa
S _ome OMe >
DCM o= =
OMe 99% OMe
O
1.52 1.53 atropurpuran (1.20)

Scheme 1.3Kobayashi’s 2011 approach to the total synthesis of atfmpan (.20).

In 2014, the Kobayashi group published anotfarsynthetic study towards the [5.3.8%00"12]
tetracyclic scaffold. This time, however, they were foaiea achieving the synthesis of the under-
lying hydrocarbon skeleton, which they named dibarreldng&9 in reference to the well known
barreleneg! Unusual hydrocarbons have long interested synthetic cterdile to the challenge
inherent in synthesizing complex molecules without anycfiomal handles. This requires a great
deal of strategy to forge the necessary bonds while alsinigavom to remove any undesired func-
tional groups at a later stage. In addition to their unustrattures, many of these hydrocarbons
also possess interesting material properties.

Their work toward dibarrelané (59 begins similarly to their previous synthesis of the BCDE
ring system of atropurpurai 0. Allylation and installation of a methyl ester on tetraddh49,
followed by reduction, protection of the resulting alcohahd debenzylation affordel54in 5
steps. An oxidative dearomatization/Diels—Alder seqeenxe again afforded the [5.3.3%00%12]
tetracycle containind.55in good yield. Hydrogenation followed by treatment withchaiforded
the diketone as well as unmasked the secondary alcohol iB tireg. An unusual Clemmensen
reduction afforded not only reduction of the diketone, bedxiygenation of the secondary alcohol
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group to afford dibarrelane carboxylic acldb8 Finally, Barton decarboxylation afforded dibar-
relane (.59 in 11 steps from known tetralortie49 Surprisingly,1.58 crystallized as a dimer
where each monomer was enantiomeric in the X-ray crystafmyc structure. This is due to a
small torsion in the 2 carbon bridges. Unfortunatélyg9failed to provide X-ray quality crystals,
which, in addition to the relatively small calculated enebgrrier between isomers, meant it was
difficult to state whether dibarrelane is in fact chiral.

O
OMe
OMe
5 steps P|DA \
—_—
MeOZC MeOZC

M OH OTES toluene
180°C, 1h
94% 1.55 94%
TESO Clemmensen Barton
MeO,C OMe 2 steps MeO,C ,0 reductlon HO,C Decarboxylatlon @
OMe 1%
1.58 dibarrelane(1.59)

Scheme 1.4Kobayashi’s 2014 synthesis of the novel hydrocarbon débamne (.59.

In 2017, the Tanino and Kobayashi groups publishedollowup to their work from 2011. By
incorporating more densely functionalized building blsdarly in the synthesis, they were able
to complete the second total synthesis of atropurpurante d#ilizing the same tetraloné .49
as in previous syntheses, they were able to elaborate it 8telfs to their Diels—Alder precursor
(1.63. Upon heating, an inverse demand Diels—Alder reactioniwed to afford an intermediate
tetracycle 1.64). This adduct was then cyclized with the Hoveyda-Grubbs @ewkeration cata-
lyst in the same flask to furnish.65 which possesses the full pentacyclic core of atropurpuran
From there an additional 10 steps, the last of which is adialhydroxylation, furnished 15-epi-
atropurpuran. Utilizing precedent from the Qin group, tleydized and reduced the resulting
enone selectively, which afforded atropurpurar2() in good diastereoselectivity.

1.4.3 Work by other groups

The Sorensen group has also shown interest in these madeanié although no papers were
ever published, their efforts were reported in a Ph.D. diagen. Their work began shortly af-
ter the isolation of atropurpuran in 2009, and while theitiah approach unwittingly mirrored
Kobayashi's!® it suffered from an unlucky choice of substrates to pursee#y step. They chose
to approach the synthesis by targeting a less highly oxidizeermediate that utilized a normal
demand Diels—Alder cycloaddition of an electron rich diefey arrived at dien&.67in a short
sequence of steps from the Wieland-Miescher ketone. Thefuses starting material incorpo-
rates an undesirable ring fusion methyl group, which wowddehto be removed or replaced at
some stage. This was necessary to prevent the aromatizdttbair diene, which was observed
in some very early attempts with substrates bearing a risgfuhydrogen. Upon heatirig67to
150°C, they did observe some of the desired tetracytlédj but also a substantial amount of un-
desired isomerization to givie69 Kobayashi’s related, but more highly oxidized, subst(atg1)
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OBn

OBn OBn
OMe 2 steps OMe 5 steps 2 steps
(6] CN O
1.49 1.60
OBn
S
" 2 steps
ESO' p RSO' OMe HGII
NC HO = NC Hd == 180 °C TESO
1.62 1.63
1) DMP OH
=
OMe 10 steps % ) NaBH(OMe)3 %
OH
TESO O
15-epi-atropurpuran (1.66) atropurpuran (.20)

Scheme 1.5Tanino’s total synthesis of atropurpuranZ0).

underwent the Diels—Alder reaction in good yields to givB2 These observations illustrate the
importance of choosing the appropriate redox level wheeldg@ing a synthesis. While Sorensen’s
approach would give products much closer in redox level ¢onttural product, their chosen sub-
strates suffered from diminished reactivity. This juxtapsnicely with Kobayashi’s high oxidation
state approach, which ultimately costs steps but allowsiaech better control of which bonds can
be made and broken. This choice is often difficult due to therddo achieve shorter syntheses,
especially in natural products with relatively low oxidatistates. Walking the fine line between
step economy and bond forming robustness is key to an effisjgrthesis. Sorensen and cowork-
ers also pursued a radical cyclization based approach twmatiély decided against pursuing the
project further.

1) PhiMe
OTBS DTFA TFA
=
1.68 ® 160
21% 25%

mesitylene
180°C

1.52
75%

Scheme 1.6:Sorensen’s first approach to the core of atropurpdr@ (top), and Kobayashi’s
tetracycle synthesis (bottom).

In 2016, Singh and coworkers reported their synthesis ddfitopurpuran BCDE ring systef.
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Like Kobayashi, they planned to install the rightmost [2]dicycle with an oxidative dearoma-
tization Diels—Alder sequence. Starting from a pherlo¥V@Q) with an ortho benzylic hydroxyl,
they were able to perform an oxidative dearomatization e @i dienone that rapidly dimerized
to give1.71 Upon heating in the presence of the dienophile, a retrosBAdder followed by in-
termolecular Diels—Alder gavk.72 Following removal of the epoxide, the ethyl ester was twice
homologated. In total, a 9 step sequence, including pilioteend deprotection of the ketone,
was needed to acce$s7’3 This ester was converted to an acyl radical, which cycliaetb the
alkene to form1.74 Ether cleavage, and subsequent oxidation of the resultydgoxyl to an
aldehyde, led to a spontaneous aldol reaction and furthdatian to form the final bridge of the
[5.3.3.0+7.0!?] tetracycle. In total, it took 15 steps to access this tguhe system from the
starting phenol. The total step count is unknown given tlbadetails on the synthesis df70are
provided and no syntheses of their starting material haea beported to date.

MeO OH 0 MeO (0]
Nalo, A Co,kEt
OH > 5
MeCN MeO dichlorobenzene =
75% € MeO 100 °C EtO,C H
1.70 1.71 1.72
MeO— X MeO o o o)
9 steps 2 steps 2 steps
 — R (e} —_—
A~
HO,C H
1.73 1.74 1.75

Scheme 1.7Singh’s approach to the [5.3.3:00%!?] system.
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Chapter 2

Initial Approaches Toward the Arcutines

2.1 Topological Analysis & Retrosynthesis

Our initial retrosynthesis of the arcutines was guided Ipptogical analysis, a tool developed
by Corey* and later Heathcocdkin their respective longifolene and daphyniphyllum alkalsyn-
theses, and codified by Coreyand Hoffmanr in their books on retrosynthesis analysis. This
method was developed for highly caged molecules such ae thdsgure 2.1, making it ideal for
the diterpenoid alkaloids. Unlike many retrosyntheticraghes, it focuses on connectivity while
being functional group agnostic. Due to their complex catingy, these molecules can be dif-
ficult to understand intuitively. This method provides wsefisconnections that might be missed
by other approaches. The key premise of this strategy isdie that bridging ring systems are
inherently more complicated than fused systems. By idgntifthe maximally bridged ring and
seeking retrosynthetic transforms that reduce the numblenidgehead atoms in highly complex
caged structures, they can be rapidly reduced to simpledfagstems. Our group has previously
applied this approach to the syntheses of other diterpeaikédoids?

CO,Me
N- N OMe
_ Eo
longifolene (2.1) methyl homodaphniphyllate (2.2) weisaconitine D (2.3)

Figure 2.1: Natural products synthesized utilizing topological as@y Bridgehead atomand
maximally bridging ring

My work on this project began several months after my collealdr. Manuel Weber initiated
it. Our initial approach sought to utilize some chemistryaviginally developed for several other
total syntheses. The most notable step was a gallium @iddgzed cycloisomerization reactivn
to form 6-7-6 fused ring systems. | joined the project whilede efforts were winding down
in favor of developing an entirely new approach. At that time were aware of Kobayashi’'s
approach to the core of atropurpuran as well as the early work from tiregfoup? Given that
much of the progress toward these molecules relied on bgilithe rightmost [2.2.2] bicycle first,
we instead opted to explore the early installation of thestoslyclic left hand portion, as this
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challenge was still unaddressed in the literature. The @éaroduction of a nitrogen causes many
of its own challenges, therefore developing a sufficientlyust synthesis that could tolerate this
functionality was also a key consideration.

We identified arcutinidinel(19 Figure 2.2) as our target since it would allow us to access
the full suite of arcutines and atropurpuran. Utilizing abgmgical analysis, we identified our first
key disconnection as shown in Figure 2.2. After labelingo&lthe bridgehead carbons (red) it
was immediately obvious that the central 6 membered rin@ Wibridgehead carbons was the
maximally bridged <8-membered ring, and therefore an idksae to start. We recognized that the
Diels—Alder transform on the right hand [2.2.2] bicycleuedd this hexacyclic ring system with 8
bridgehead atoms to a tetracyclic all fused ring systemghdriorward sense, this transformation
could be achieved by addition of a vinyl group into the ketgneup of2.4 followed by Birch
reduction and Diels—Alder cycloaddition. This strategig(ffe 2.3) relied heavily on precedent
from Gin and Peese’s total synthesis of the hetisine typerminoid alkaloid nomining At the
time, we were unaware of Sorensen’s approach using a diemsiatilar redox level, and their
difficulties in achieving this transformation.

vinyl addition

OH OH_~ o
OH ' OH_[4+2]
= =
NZ r NZ N OMe
Bn
2.4

arcutinidine (L.19)

Figure 2.2: The first disconnection in our retrosynthesis was the reimava 2 carbon fragment
that would form the B and C rings. Bridgehead atoms are lalieleed, and the maximally bridged
ring is shown in blue.

Birch CNH
% reduction Y
N N
OMe (0]
2.5 2.6
% ’— S
N N
NR,
2.7 2.8
Figure 2.3: Gin’s endgame makes use of a Diels—Alder cycloaddition wittansient aminodiene.

2.2 Dipolar Cycloaddition Approach
While we were confident in this analysis, the next discorinaadf 2.4 was less obvious, as

there were several possible candidates to take tetra2ytleack to simpler materials. The first
approach we decided to investigate was a 1,3 dipolar cydlbad to form the F ring, as there
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was some precedent from the synthesis of nominine. In Gpysaach to nominine they used

an N-alkyl isoquinolinone 1,3 to generate a dipole (8e), which engaged a tethered electron
deficient cyclohexene in a cycloaddition to form the F and i@@sisimultaneously as shown in
2.9. Our proposal would utilize an azomethine ylide 1) to generate the E and F rings of arcu-
tine simultaneously. One key challenge was the need forastdistituted dipolarophile, which

generally impedes this type of cycloaddition reaction.

QN Q'CN N Q om
) e
’ f— “
N —> L OMe =
OMe _ NQ
A
2.9

J
s
S
)
o]

Figure 2.4: Gin’s approach to the nominine core (top) and our proposedd-synthesis.

We envisioned accessing this azomethine ylide from theesponding aldehyde(15. Our
synthesis started with known triflaR212 which was be prepared in two steps from 3-methoxy-
phenol!® Sonogashira cross coupling with TMS acetylene followed Isyrangly basic workup
to cleave the silyl group gav2.13 A second Sonogashira cross coupling with 2-iodo-3-methyl
cyclohexanon¥ gave2.14 Hydrogenation with Pd on BaSGat 1 bar of H gave the alkyne
reduction product without overreduction, to afford ouraagr cycloaddition precurs@®.15

O
|
=—TMS
2.0 Pd(PPh3),Cl, .0 o .0

Cul, DIPA Pd(PPh3)2C|2 Pd/ Ba,SO4
then KOH Cul, DIPA H, O

—— ——
THF, 0 °C  MeO THF, rt EtOAc, rt MeO

69% 80% 45%

2.13 2.15

Scheme 2.1Synthesis of dipolar cycloaddition precursbb?.

We condensed aldehy@es8with various glycine derivatives in an effort to form an azthine
ylide both thermally, as well as with various copper catay All attempts gave back unreacted
starting material or hydrolysis produ2tl5 Upon heating to higher temperatures, only nonspecific
decomposition was observed. The problems with this apprappeared to lie in both the diffi-
culty accessing an appropriate dipole as well as the additidhat dipole to the tetrasubstituted
dipolarophile. Next, we tried an approach that would sifygienerating the necessary carbanion.
N-methyl imines with an appropriate heteroatom on the meigup can be converted toimino
anions (aza-allyl anions) by metallation or desilylatioie chose the desilylative method (see
Scheme 2.2) due to the ease of synthesizing the necessdayesilamine precursdg.
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MeO.
HoN_TMS
i MQSOA é(\ TBAF
\"/R DCM rt

quant.
COZR

MeO.
0
OMe
I —
\N h
| O \—NH

2.18

Scheme 2.20ur attempts to perform a dipolar cycloaddition led to pdetsilylation.

Condensation o2.15with trimethylsilylmethylamine gave our silylated nucfdule precursor
2.17, in practically quantitative yields. When treated with aiety of fluoride sources such as
tetrabutylammonium fluoride (TBAF), loss of the silicatesgaarbanior2.18 Unfortunately no
cyclization to give2.19was ever observed, and only the protodesilylated startaignal .20 or
the starting aldehyde2(15 were recovered. Due to the difficulties in forming vicinalagernary
centers as well as the seven acidi@andy protons in2.18 this approach became increasingly
unappealing. In one final effort, we synthesized the desyhegitlohexanone in hopes that addi-
tion to a trisubstituted enone would be more favorable. Hanghe same protodesilylation issues
were observed in that case as well.

2.3 Initial Diels—Alder Approach

It became clear that this dipolar cycloaddition approack walikely to progress further so
we revised our plans. We still believed that our topologatiatonnection to the tetracycle was
valid, but formation of the F ring wasn't the only approachbtald the tetracycle. Synthesis of
the A ring via a Diels—Alder cycloaddition with a heteroagalienophile would form a fragment
with the A and F rings in place. We could also choose to intoeda nitrogen at various stages
depending on our choice of dienophile. If a pendant aryl graas also present, it could be
dearomatized to serve as a diene in a Diels—Alder cycloaddats in Gin’s synthesis of nominine.
With these disconnections in mind we developed a new retitbegis (Figure 2.5). From tetracycle
2.21we could build the E ring utilizing a Friedel-Crafts type @ktion, which would bring us
back to fused bicycl@.22 Fused bicycle.22 could in turn be synthesized using a Diels—Alder
cycloaddition between an oxygen containing dieh@3 and a heterocyclic dienophil2.24). The
main challenge associated with the approach is the formafi@icinal quaternary centers in the
Diels—Alder step, which is relatively uncommon and oftequiees very harsh conditions.
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OMe OMe
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%;@/ — —
h x I X
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221 2.22 2.23 2.24

Figure 2.5: Retrosynthetic approach utilizing a Diels—Alder to buheé tA/F ring system.

2.3.1 Anhydride Based Dienophile

For the diene4.23 we chose a TBS enol ether (i.e. R=TBS) as it was readily albkslin high
isomeric purity in one step from crotonaldehyt{eFor the dienophile coupling partner, we chose
to target the anhydride as it was very electron deficientclwiwvould help facilitate the Diels—
Alder and could be converted to the imide in order to intradthe requisite nitrogen atom. Our
group has utilized a comparable system en route to othepeiteid alkaloids;? and we hoped to
develop a similar approach. The first challenge was to sgi#behe requisite anhydride. While
there are many approaches to form trisubstituted anhysiritiere is relatively little precedent for
forming tetrasubstituted anhydrides from simple precs.so

OMe 1) malonic acid,
piperidine, A 1) (COCl),, DMF CBry
2) H,, Pd/C 2) H,, Pd/C, lutidine PPh3
) 50% over 81%
295 O 4 steps
OMe Me

Ni(acac),, bpy, Zn
nBuLi then MgBry, 4A MS, CO,
Mel then HCI
O
84% 57%
228 2.30 )
Br
¢}

Scheme 2.3Synthesis of target anhydri@:3Q

Starting from 3-anisaldehyde@.@5 Scheme 2.3), Knoevenagel condensation with malonic
acid gave an unsaturated carboxylic acid that was hydrageérna give2.26 Treatment with ox-
alyl chloride and catalytic DMF led to the acid chloride, wiiwas simply concentrated and sub-
jected immediately to a Rosenmund reduction to give theespwnding aldehyde 27). Upon
treatment with the Ohira-Bestmann reagé&this aldehyde gave the desired terminal alkyne, but
subsequent attempts to methylate it proved unsuccessfstledd, Corey-Fuchs alkynylation fol-
lowed by trapping of the intermediate lithium acetylidemibdomethane led to the desired alkyne
(2.29. Access ta2.29set the stage for our anhydride forming step. Initial attesngt forming
the trisubstituted anhydride!’ by dicarboxylation of a terminal alkyne were moderatelycass-
ful, but gave roughly equal amounts of the E and Z double bsodhers, of which only the Z
isomer could be used to form an anhydride. Attempts to foretrasubstituted anhydrid@.G0
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using the same conditions provided none of the desired ptodtortunately, a recent report by
Tsuji demonstrated the synthesis of tetrasubstituteddudss directly from internal alkynes via
a nickel catalyzed dicarboxylation reacti&hOur initial attempts failed to give any of the desired
product, which we speculated was due to the presence of ttigyhe¢her since the original report
only demonstrated this reaction on hydrocarbon substradtéempts to replicate the work using
the same substrates in the original report, however, ailsulfeo give the expected products. After
careful purification of all reagents, we found that our sewtDMF was the culprit. Transferring
all the reagents, including our anhydrous solvent, to aejox led to reproducible results, allow-
ing us to access gram quantities of our desired dienopki&d( We also found that we could
generate the active catalyst Ni(acdopy in situ instead of synthesizing and isolating it sepyat
as described in the initial report.

OMe
1) Hy, Pd/IC
TBSO e} 2) TBAF
—
=z
+ | o
>
(@)
2.31 2.30
MeO
OMe
(COCl),, DMF
then OMe o
+
AICl3 OMe
h COzH N 'C02H DCM N + (@) >
o) O o\ O H
o) o o) ©
2.33a 2.33b 2.34a 2.34b

Scheme 2.4Synthesis of tetracyclic lactones via a Friedel-Craftdatoyn of 2.33aand2.59

With compound.30in hand we investigated the Diels—Alder cycloaddition.ekfcreening a
variety of Lewis acid catalysts to help facilitate this réa with unsatisfactory results, we found
that judicious application of heat to a mixture of n@aB0and?2.31led to the expected Diels—
Alder adduct, albeit as an inseparable mixture of congtitad isomers, the desire?2l32aand
2.32h Hydrogenation once again gave an inseparable mixtureeoéxipected products. When
this mixture was treated with TBAF, we found that none of tRpexted alcohol was present in
our organic extracts despite formation of a product withaberect mass by LCMS. Upon closer
inspection, we foun@.33aand2.33bin our aqueous extracts. This was the result of desilylation
followed by attack of the axial alkoxide onto the anhydridédrm an inseparable mixture of two
bicyclic lactones. While we had initially planned to perfoa Friedel-Crafts cyclization with the
anhydride, we found that formation of the acid chloridesamstandard conditions followed by
the addition of AIC} led to a mixture of two Friedel-Crafts produ@84aand2.34h which were
separable by chromatography. 2D NMR studies of these lastammely their HMBC spectra,
showed that the more polar of these isomeric products wasistent with the desired spiro-fused
tetracycle. X-ray crystallography confirmed that it vza84a
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Figure 2.6: X-ray structure oR.34avisualized with CYLview.

With the modest amounts of material that this route affoydesl next investigated the instal-
lation of a nitrogen atom. This could be achieved either lduotive amination of the tetralone
or via amidation of the lactone. Our attempts to condense @maronto the ketone group of the
tetralone resulted in only recovered starting materiagécibn rich tetralones are quite unreactive
at the carbonyl. When coupled with the challenge of the adfjaguaternary center, this low reac-
tivity was too much to overcome. Introduction of nitrogerted lactone would allow us to achieve
the same goal, however attempts to amidate the lactone widliety amines led to no nitrogen
incorporation.

2.3.2 Imide Based Dienophile

After coming to the realization that we would need to incogte a nitrogen earlier in the se-
guence, we decided to do so before the Diels—Alder cycldoiaddstep. Treatment of anhydride
2.30with benzylamine gave N-benzyl imid35 High temperatures were still required in order
for the Diels—Alder to proceed and the produ@s36aand2.36b were formed as an inseparable
mixture of isomers. Fortunately, upon hydrogenat@®@6aand2.36bwere separable. Deprotec-
tion of the 2°alcohol gav@.38and oxidation with Dess-Martin periodinane (DMP) gave keto
2.39 Treatment oR.39with vinyl magnesium bromide gave the allylic alcoh®l40, as a single
diastereomer with unknown stereochemistry at the tertianter. At this stage we now needed to
cyclize the aryl portion onto the imide carbonyl to form theilg. Attempts at a Friedel-Crafts
type cyclization showed that the imide was too unreactivd=feedel-Crafts cyclization, and that
the allylic alcohol was prone to undesired side reactions.

Taking the unproductive cyclization and side reactionshefdllylic alcohol into account, we
sought more mild conditions to achieve this transformati@ndecided to use an anionic cycliza-
tion as shown in Scheme 2.6. We also considered that thergaagecentei to the imide might
be too sterically encumbering, which could hinder this atlon. We elected to take the TBS
ether @.37) forward as both the alcoho2(38), and ketoneZ.39 would be incompatible with the
alkyllithium bases needed to generate our carbanion. feyatof2.37 with N-iodosuccinimide
(NIS) gave para iodinated compou@dt1 exclusively. Upon treatment with Mgno Grignard
formation was detected. Treatment witBBuLi gave the desired tetracycl2.g42), albeit in modest
yields. s-BuLi andtBuLi gave inferior results. lonic reduction conditionsngiBF; - Et,O as a
Lewis acid and ESiH as a hydride source afford@d43in good yields. Desilylation to unveil
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Scheme 2.5Synthesis of a vinyl containing A/F ring system of arcutine.

the secondary alcohol proved unexpectedly difficult, bt ofa large excess of TBAF at very
high temperatures did give the desired alcot2of#if). We found that sterically hindered alcohol
2.44was unreactive to most common oxidants with the excepti@i\®, which gave the expected
product .45 in good yields. Witl2.45in hand, we had finally achieved the key intermediate from
our retrosynthesis. We next set out to explore installatibtihe vinyl group and the subsequent
dearomatization/Diels—Alder sequence.

OMe OMe
OMe BFj3 -+ Et,0
NIS n-BulLi OH Et3SiH
—_— D — —_—
MeCN, 85 °C THF, -78 °C ) DCM, 50 °C
92% 519% TBSO NBn
(0]
2.42
OMe OMe OMe
e~ S o GO
l|
TBSO NBn THF, 140 °C HO NBn DCM, rt
77% over 2 0) 70% O
43 steps 2.44 2.45

Scheme 2.6 Synthesis of the key tetracycl2.45 from our initial retrosynthesis.

At this stage we wanted to confirm the structure2of5 and to ensure that the silane reduc-
tion product, which was initially assigned via 1D NOE coatédn, was the desired diastereomer.
Additionally, since we were anticipating some difficultydioly nucleophiles to a neopentyl-like
carbonyl, we hoped to gain some information about how aduesthe ketone carbonyl was, as
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well as what face nucleophiles might add from. X-ray streetetermination o2.45showed that
we did have the desired tetracycle, but that both Burgi-Exagpproaches were relatively similarly
hindered.

Figure 2.7: X-ray structure o.45 visualized in CYLview.

2.3.3 Vinyl Group Installation

OMe OMe
MgBr HO \
additives
HO Bn

2.45 2.46a 2.46b

Scheme 2.7Addition of a vinyl group to keton@.45 2.46apossesses the desired stereochemistry
that matches that of the natural product.

Since we were unable to determine what the facial selegifia nucleophilic addition to the
carbonyl in2.60 would be, we set out to install a vinyl group and rely on v@oiain experimen-
tal conditions to achieve selectivity. After our initiakatnpts utilizing vinylmagnesium bromide
failed, it became readily apparent that this step would ewore challenging than expected.
In addition to being surprisingly unreactive, keto2edf was also extremely insoluble in all but
chlorinated solvents, which were unsuitable for the reacajiven the strongly basic conditions. It
was difficult to say if this lack of reactivity was due to therst environment of the ketone group
or deprotonation and formation of an unreactive enolate.tt@nbasis of the latter assumption,
a variety of additives known to mitigate deprotonation, namely Ce£and LaCt - 2 LiCl were
examined. Since it has been demonstrated that ketone ipegt as well as transmetalation of
the organometallic reagent can be used, both possibiliteee explored?® Given our difficulties
installing the vinyl group, installation of an alkyne usithg less sterically demanding ethynylmag-
nesium bromide was also attempted. The results of thesesefite summarized in Table 2.1.

Attempts to use the ketone "as is" or precomplexing theistpdarbonyl with the vinyl Grig-
nard alone failed to give any conversion. After screenirgvarious combinations we found that
activating the starting ketone with a commercial THF solotf LaCk - 2 LiCl and transmetalating
the vinyl Grignard with anhydrous Ce{provided the best conversion. High temperatures were

23



Table 2.1: Conditions for nucelophilic addition to ketore45 Reactions were performed in
sealed microwave vials on 2Bnol scale in THF. When used, the starting ketone and orgatabme
lic reagents were precomplexed at room temperature foroappately two hours before use.
a) reaction conducted on larger scale.

Entry equiv Nuc. equiv Ketone Act. equiv Nuc. Act. Temp Timeorg.
1 1 vinyl 1.05 LaCls 23°C 18h 0%
2 1 vinyl 1.05 CeCk 23°C 3h 0%
3 3 vinyl 23°C 18h 0%
4 5 vinyl 50°C 12h 0%
5 5 vinyl CeCk 70°C 12h 0%
6 5 vinyl LaCls 70°C 12h 0%
7 3 vinyl 15 CeCj 3.5 CeCk 70°C 12h 0%
8 3 vinyl 25 CeCk 3.5 CeCk 100°C 1h 15%
9 3 vinyl 25 CeCk 3.5 CeCk 70°C 12h 15%
10 3 vinyl 2.5 LaCl; 3.5 LaCl; 100°C 1h 0%
11 3 vinyl 2.5 LaCl; 3.5 LaClg 70°C 12h trace
12 3 vinyl 2.5 LaClg 3.5 CeCk 100°C 1h  50%
13 3 vinyl 25 CeCk 3.5 LaCls 100°C 1h 0%
14 6 vinyl 2.5 LaCl; 7 CeCk 100°C 1h 15%
1 3 vinyl 2.5 LaCl; 3.5 CeCk 100°C 1h  40%
16 5 ethynyl 5 CeCk 70°C 12h 80%
17 5 ethynyl 5 CeCk 70°C 12h 30%

needed as the starting ketone was insoluble belo®C7@ven under relatively dilute conditions
(approximately 0.02M). While addition of ethynylmagnesibromide initially looked promising
(Table 2.1, entry 16), the resulting proparygylic alcohetdmposed upon purification, even when
deactivated silica was used. The best conditions for thgl @ddition (Table 2.1, entry 15) re-
sulted from complexing the ketone with LaCR LiCl, and using an excess of CeQ@b preform
the organocerium reagent from vinyl magnesium bromide.nBwvigh this optimization, we were
only able to isolate a few milligrams of the resulting altyilcohol. No NOE correlations were
observed with the vinyl or hydroxyl protons, so once agaegtiucture was determined by X-ray
analysis, which showed that addition of the vinyl group ooed from the undesired face of the
carbonyl to give2.46h

In order to circumvent this troublesome Grignard addititeps we developed a second ap-
proach to introduce the vinyl group using a cross couplingc&we believed that deprotonation
was an issue in the Grignard addition, we decided to usedlusrtadvantage by converting ketone
2.45to the corresponding vinyl triflate2(47). Stille coupling provided the desired dier#e48) in
good yields but with poor reproducibility. This diene coaldo be selectively epoxidized, albeit in
poor yields using mCPBA to give the vinyl epoxid249. Given the low yields of this epoxidation,
we opted to advance the synthesis ustiginstead.
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Figure 2.8: X-ray structure oR.46h visualized in CYLview.

OMe OMe ZsnBus
|O PhNTf, GO Pd(PPhs),
KHMDS A7 Licl
NBn NBn

> 1 >
© THF, 1t Tio THF, 70 °C
T ,
0 66% 0 62%
2.45 2.47
OMe OMe
(1) J0®
(X7 mCPBA [ 7
=1 \—~nNBn —> I\ _nBn
& DCM, 0 °C 4
22%
248 2.49

Scheme 2.8Vinylation of ketone2.45via vinyl triflate formation then Stille coupling.

2.3.4 Arene Dearomatization

Our initial attempts at a Birch reduction focused on di@¥8 Using standard Birch con-
ditions we were able to effect a Birch reduction, which gaweigture of products including the
debenzylated starting material, diene reduction, as we¢h@expected Birch reduced prod2d&0
albeit as a mixture of the conjugated and unconjugated rhetiof ether. The use of lithium as
a reductant gave similar results and,Kampregnated silica géf gave only diene reduction. Pu-
rification of these product mixtures proved difficult, andasubjectind.50to acidic conditions
to unmask the ketone, decomposition occured. We next loak#te Birch reduction of the alco-
hol containing tetracycl@.44 Dissolving metal conditions using sodium metal gave trsrdd
Birch reduced produc2.52 relatively cleanly, although purification was still a cleedbe. Once
again, however, treating this enol ether with a variety afiiated and Lewis acids resulted only in
decomposition.

Given our difficulties in effecting a useful reductive deatization, we decided to attempt
an oxidative dearomatization. We were also motivated bysQecently reported synthesis of
atropurpurai® that utilized an oxidative dearomatization. Since we wetaatant to develop a
new route with more oxidized starting materials, we firsteopto explore ways of utilizing the
material we already had. Cleavage of the aryl methyl ethevgat difficult on our tetracycle with
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Scheme 2.9Birch reduction of methoxy arenes.

both the free alcohol2(44) and ketone .49 in place (Scheme 2.10). These substrates proved
unreactive to EtSNa and related thiolates. Attempts to deyrete with a variety of common
Lewis acids including BBy, All3, and TMSI, showed that only BBrgave any of the desired
product. This transformation was low yielding, but enoudhhe resulting phenol2.54) was
accessed to attempt an oxidative dearomatization. Tredtwith phenyliododiacetate (PIDA) in
methanol did give the oxidative dearomatization produatnot the desired 1,3—diene needed for
a Diels—Alder. Instead, addition of water gave the dienéhg5], which proved too unstable to
use in subsequent steps.

NBn

I I
O NBn DCM, 0 °C (0] NBn MeOH, 0 °C O

(0]
2.45 2.54 2.55

Scheme 2.100xidative dearomatization &f.45

With our inability to access any form of the dearomatizeddieve next attempted to oxidize
the aromatic portion to install either another oxygen atoraame sort of halide that might allow
for a more productive oxidative dearomatization. Idealg would be able to oxidize ortho to
the alkyl and methoxy substituents 2066to best set the stage for an oxidative dearomatization.
Alcohol and keton&.44and?2.45 respectively, were explored as substrates for these toida
A variety of bromination and iodination reagents were sceekeas well as the phthaloyl peroxide
developed by the Siegel grodpCommon solvents for this type of halogenation were explased
well as both mild and forcing temperatures. Unfortunatebne of these attempts provided any
detectable amount of the desired prodzctg).

2.4 Experimental Contributors
All of the work in Section®2.1 and2.2 were conducted jointly by Dr. Manuel Weber (M.W.)

and Kyle Owens (K.O.), both authors contributed equallywArk in Section2.3and beyond was
conducted solely by K.O..
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Scheme 2.11Attempted oxidation oR.44and2.45

2.5 Experimental Details

Materials and Methods for the Experiments in Chapter 2 Unless stated otherwise, reactions
were performed in flame or oven dried glassware sealed withausepta under a nitrogen atmo-
sphere and were stirred with Teflon-coated magnetic sts.Hdaguid reagents and solvents were
transferred by syringe using standard Schlenk technidResction temperatures above room tem-
perature (rt), 23C, were controlled by a temperature modulated stir plat@cien temperatures
below room temperature were performed in appropriate calddomaintained with dry ice, liquid
Ny, or a portable cryostat. THF, £, PhH, PhMe, MeCN, EN and MeOH were dried by pas-
sage over a column of activated alumina; DCM was distillegra@alcium hydride; other solvents
were obtained in a sure-seal bottles; all other reagentsalveénts were used as received from
commercial sources unless stated otherwise. Thin layenwwography was performed using pre-
coated (0.25 mm) silica gel 60 F-254 plates, which were Vized by UV irradiation and CAM

or anisaldehyde stain when necessary. Silica gel (padizée40-63.um) was used for flash chro-
matography, or the reaction products were isolated andigaiising an automated Yamazen flash
system. CDG and GDg were obtained from commercial suppliers and were used ahased.
NMR experiments were performed on Bruker spectrometersatipg at 300, 400, 500, or 600
MHz for 1H nuclei, 75, 100, 126, or 151 MHz for 13C experimemitsd 376 MHz when 19F was
observed. Chemical shift$) are reported relative to TMS using the residual solvemaigs
internal reference (CD@I 7.26 ppm for 1H, 77.16 ppm for 13C;xD¢: 7.16 ppm for 1H, 128.06
ppm for 13C). NMR data are reported as follows: chemicaltgmiiltiplicity, coupling constants

J [Hz] where applicable, number of hydrogens). Abbreviaiare as follows: s (singlet), d (dou-
blet), t (triplet), g (quartet), sep (septet), m (multipldt (broad). High-resolution mass spectral
data were obtained from the UCB Mass Spectral Facility ugiRgnnigan/Thermo LTQ/FT instru-
ment for ESI, and a Waters Autospec Premiere instrument foXfRay data were collected on
a Bruker APEX-II CCD diffractometer with Mo-K radiation § = 0.71073 A) or a MicroStar-H
X8 APEX-II diffractometer with Cu-kx radiation § = 1.54178 A) and analyzed by Dr. Antonio
DiPasquale (University of California, Berkeley), strugs were visualized with CYLview.
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Pd(PPh3),Cl,

OMe DIPA, Cul, TMSA S OMe
TfO then KOH \>©
Ox THF, 0°C SN
68%
2.12 2.13

Alkyne 2.13: Triflate 2.12(5 g, 17.6 mmol, 1 equiv) was dissolved in THF (120 mL, 0.15M)
and Pd(PP}).Cl, (618 mg, 0.88 mmol, 0.05 equiv) and Cul (335 mg, 1.76 mmolQ @&quiv)
were added and the flask was flushed with N'he reaction mixture was cooled to°C and
trimethylsilylacetylene (TMSA, 5.01 mL, 35.2 mmol, 2 equitaen diisopropylamine (DIPA, 7.4
mL, 52.8 mmol, 3 equiv) was added. After 90 minutes TLC showedsumption of starting
material so the reaction mixture was moved to room temperatud 1M KOH (150 mL, 150 mmol,
8.5 equiv) was added. The reaction mixture was stirred vigsly for 45 min until desilylation was
complete by TLC. The reaction mixture was diluted witp{ extracted with EtOAc (3x150 mL),
washed with brine, dried over MgQ@nd filtered through celite to afford a dark brown solution
that was concentrated and purified by flash chromatographyH@:EtOAc) to give2.13(1.95 g,
69%) as a pale yellow powder. Spectral data was in good agmetenith the literature reports.

o
X

OMe Pd(PPhs),Cl, ‘

DIPA, Cul

2/0 /i/
Y
(@]
Vi

THF, 1t
80%

2.13 2.14

Alkyne 2.13(1.36 g, 8.47 mmol, 2 equiv) and 2-iodo-3-methylcylohexan (.0 g, 4.24 mmol,
1 equiv) were dissolved in THF (30 mL, 0.15M) and Pd(PR@I, (149 mg, 0.21 mmol, 0.05
equiv) and Cul (80 mg, 0.42 mmol, 0.10 equiv) were added aadl#sk was flushed with N
The reaction mixture was cooled taG and DIPA was added and the flask was moved to room
temperature. After 6 hours no starting material was visiiylelLC so the reaction mixture was
diluted with 1N HCI (30 mL) and extracted with 2 (2x30 mL), washed with brine, dried over
MgSGQ;, filtered and concentrated. The resulting crude solid waiged by flash chromatography
(0%—75% EtOAcC in Hx) to give.14 (908 mg, 80%) as a colorless solitki NMR: (300 MHz,
CDClg) 6 10.48 (s, 1H), 7.89 (d, J = 8.8 Hz, 1H), 7.08 (d, J = 2.6 Hz, 1FD5dd, J = 8.8, 2.6
Hz, 1H), 3.89 (s, 3H), 2.52 (q, J = 7.2, 6.8 Hz, 4H), 2.29 (s,,3)4 (t, J = 6.4 Hz, 2H).
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‘ OMe Pd / BaSO, ‘ OMe
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Ox THF/MeOH, rt ©

54%

Y
o}
/

2.14 2.15

2.14(539 mg, 2.01 mmol, 1 equiv) was dissolved in a 1:1 mixture @FTand MeOH (200
mL, 0.01M) and put under N Pd on BaS® (1070 mg, 0.5 mmol, 0.25 equiv) was added and the
reaction mixture was sparged with for 5 minutes and then stirred under a balloon ef HAfter
80 minutes the reaction was complete by TLC. The reactionurexwas filtered through a celite
plug, which was washed with EtOAc and then MeOH and conceuralhe crude product was
purified by flash chromatography (25%—66% EtoAc in Hx) to give2.15(306 mg, 56%) as a
waxy white solid.*H NMR: (300 MHz, CDC}) 6 10.09 (s, 1H), 7.78 (d, J = 8.6 Hz, 1H), 6.85
(dd, J=8.6,2.5Hz,1H), 6.78 (d, J = 2.6 Hz, 1H), 3.87 (s, 3H)33dd, J = 8.8, 6.6 Hz, 2H), 2.59
(dd, J = 8.6, 6.8 Hz, 2H), 2.39 (dd, J = 7.5, 6.0 Hz, 2H), 2.29 &,6.1 Hz, 2H), 1.92 (p, J=6.4
Hz, 2H), 1.76 (s, 3H).

OMe OMe

1) (COCIl), / DMF in DCM
2) 2,6-lutidine, Pd/C, H, in THF
OH > \
50% from I

0 3-anisaldehyde
2.26 2.27

2.26(20.16 g, 112 mmol, 1 equiv) was dissolved in DCM (375 mL, 0)2id a small amount
of DMF (0.5 mL) was added. Oxalyl chloride (9.93 mL, 117 mmhl5 equiv) was added and
the flask was fitted with a bubbler full of 2N KOH. Warning: Extnely vigorous gas evolution
occured upon addition of oxalyl chloride. After 90 minutessgvolution and the reaction was
concentrated and filtered through a celite plug underMe plug was rinsed with 3x 10 mL DCM
and the solution was concentrated to give the crude acididklas a viscous yellow oil (51.78g,
78% crude weight).

Two 1 L flasks were charged with THF (500 mL, 0.25M) and placaedar N>, Pd/C (10% Pd
basis, 2.6 g, 10 wt. %) was added followed by 2,6 lutidineXI¥8L, 130 mmol, 1 equiv). The
flask was purged with H3 times and then the crude acid chloride was added. After 1i50am
small aliquot was quenched with iPrOH4 showed no isopropyl ester so the reaction mixtures
were filtered through celite and concentrated. The regulgllow oil was filtered through a 3
cm silica plug with 10%—-20% EtOAc in Hx to give a pale yellov. dihis was further purified by
vacuum distillation (108C, 2 mtorr) to give2.27(32.76 g, 50% over 4 steps from 3-anisaldehyde)
as a colorless oil'!H NMR: (500 MHz, CDC}) 6 9.82 (t, J = 1.4 Hz, 1H), 7.21 (td, J = 7.7, 0.7
Hz, 1H), 6.80-6.73 (m, 3H), 3.80 (s, 3H), 2.94 (t, J = 7.6 Hz),2H81-2.76 (m, 2H).
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OMe

OMe
1
CBry, PPh3, Zn
~ 4 3 - ]
| DCM, 0 °C to 1t
(6] 81% Br Br
2.27 2.28

A dry 1 L round bottom flask was charged with GRR9.5 g, 89 mmol, 2 equiv) and DCM
(300 mL, 0.15M) and cooled to®@. PPh was added (23.3 g, 89 mmol, 2 equiv). After stirring for
10 minutes, Zn powder (5.82 g, 89 mmol, 2 equiv) was added iorBgns. After 10 minutes the
reaction mixture was moved to room temperature. After 3 at7was added and the resulting
suspension was stirred overnight. After 18 hours no morehgide was visible by TLC so the
reaction was concentrated to give a chunky brown/gray fdgifi. mL of EtO was added and the
mixture was sonicated until no large chunks of solids reediThe E£O layer was filtered off and
the process was repeated 4 more times. The resulty@ tEactions were partially concentrated
to give a yellow solution that was washed with J8g03, brine, dried over MgSg filtered and
concentrated to give an orange oil that was dry loaded ohta sind flushed through a 5 cm silica
plug with 800 mL 5% EtoAc in Hx to give the dibromoolefn61(22.81 g, 81%) as a pale yellow
oil that was used without further purificatiotd NMR: (600 MHz, CDC}) § 7.22 (t, J = 7.9 Hz,
1H), 6.77 (t, J = 9.3 Hz, 2H), 6.74 (s, 1H), 6.41 (t, J = 7.3 Hz),1}H81 (d, J = 1.3 Hz, 3H), 2.71
(t, J=7.8Hz, 2H), 2.41 (q, J = 7.5 Hz, 2H).

OMe
OMe
“
> nBuLi then Mel
B l B THF, -78 °C to 1t AN
r r 84%
2.28 2.29

A dry 1 L 3 necked flask was charged with61 (22.81 g, 71.3 mmol, 1 equiv) and then
azeotroped 3 times with PhH. THF (360 mL, 0.2M) was added aed&action was fitted with
on oven dried dropping funnel and placed underlmosphere. The reaction mixture was cooled
to -78°C and nBuLi (2.2M in Hx, 68 mL, 149.7 mmol, 2.1 equiv) was addsdr 10 minutes.
After 45 minutes, Mel (22 mL, 213.8 mmol, 5 equiv) was added #re reaction was allowed to
slowly warm up to room temperature overnight. The reactias guenched by the addition of sat.
NH,4CI and diluted with HO. The reaction mixture was concentrated to remove mosteot HiF
and then extracted with pentane (3x150 mL), washed withebdnied over MgSQ filtered and
concentrated. The resulting orange oil was purified by vacdistillation (95°C, 2 mtorr) to give
2.29(10.46 g, 84%) as a colorless ofiH NMR: (400 MHz, CDC}) § 7.23 (t, J = 7.7 Hz, OH),
6.88—6.68 (m, 1H), 3.81 (s, 1H), 2.80 (t, J = 7.7 Hz, 1H), 2d&,(J = 7.6, 5.0, 2.5 Hz, 1H), 1.80
(t, J=2.6 Hz, 1H)!3C NMR: (101 MHz, CDC}) 5 159.7, 142.7,129.4, 120.9, 114.3, 111.6, 78.7,
76.3,55.2,35.7, 21.0, 3.6.
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OMe Zn, 4A MS, Ni(acac),, 0
2,2'-bpy, MgBr,, CO,
then HCI - | O
A DMF, 0 °C to rt

57%
2.29 2.30

A flame dried 200 mL round bottom flask was transferred to aajlox and charged with acti-
vated zinc powder (2.25 g, 34.44 mmol, 3 equiv), activatedwb sieves (4.60 g, 400 mg/mmol),
Ni(acac) (295 mg, 1.15 mmol, 0.1 equiv), 2,2’-bipyridine (296 mg, 2mmol, 0.15) followed
by anhydrous DMF (77 mL, 0.15M). MgBn6.34 g, 34.44 mmol, 3 equiv) prepared by heat-
ing MgBr, - Et,O under vacuum was added, which caused a strong exothermre@bton was
quickly transferred to a fume hood and cooled to 0 ° beforadpurged 3x with C@and fitted
with a balloon of CQ. 2.30(2.0 g, 11.48 mmol, 1 equiv) was added and the reaction n@xtas
stirred at room temperature. After 18 hours HCI (6N, 100 nlLe§uiv) was added (fevolution,
exotherm) and the reaction mixture was stirred for 2 houes ttluted with HO and extracted
with Et,O (3x100 mL). The combined organic layers were washed wiilrased NaHC@Q, brine,
dried over MgSQ), filtered and concentrated. The resulting crude solid wadadided onto celite
and purified by flash chromatography (10%—20% EtOAc in Hx)ite 8.30(1620 mg, 57%) as a
white powder.H NMR: (500 MHz, CDC}) § 7.21 (t, J = 7.9 Hz, 1H), 6.77 (dd, J = 8.4, 2.5 Hz,
1H), 6.72 (dd, J = 7.6, 1.4 Hz, 1H), 6.68 (d, J = 2.1 Hz, 1H), I BH), 2.88 (t, J = 7.3 Hz, 2H),
2.76 (t, J=7.3Hz, 2H), 1.75 (d, J = 1.0 Hz, 3H).

MeO

OMe
2 A o8
| o > v
165 °C v
o) 66% combined oOTBRs ©
2.30 2.32 TMP3

An oven dried 4 mL vial was charged with30 (881 mg, 3.57 mmol, 1 equiv) and diefie
(1.98g, 10.73 mmol, 3 equiv) and placed under high vacuurB@aninutes. The vial was flushed
with N, and fitted with a Teflon cap then heated to 26%or 23 hours. Upon cooling the reaction
mixture solidified. The resulting solid was purified by flasttamatography (10%—-20% EtOAc in
HXx) to give2.32aand2.62a(995 mg, 65%) as a waxy colorless solid and a 1:1 mixttHeNMR:
(500 MHz, CDC}) 6 7.21 (td, J = 8.0, 4.6 Hz, 2H), 6.78-6.65 (m, 6H), 6.07-5.924ht), 4.45
(dd, J = 4.2, 1.7 Hz, 1H), 4.15 (d, J = 5.7 Hz, 1H), 3.80 (s, 3HJ93s, 3H), 3.12-3.03 (m, 1H),
2.94 (td, J = 13.1, 4.4 Hz, 1H), 2.73-2.44 (m, 1H), 2.18-2rB13H), 1.92-1.71 (m, 3H), 1.38 (s,
3H), 1.20 (s, 3H)**C NMR: (101 MHz, CDC}) § 176.4, 175.6, 174.7, 159.9, 159.9, 142.9, 142.0,
130.2, 129.9, 129.8, 129.7, 126.8, 126.6, 120.7, 120.621141.8, 111.6, 70.4, 67.7, 56.2, 55.3,
54.4,47.8,45.0,41.2,31.9, 31.2, 30.8, 30.4, 28.4, 255,47.9,14.4,-4.1,-4.1, -5.3, -5.3.
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OMe
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2) Hy, Pd/C +
. CO,H . ‘COyH
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o] o]

2.32a 2.32b 2.33a 2.33b
OMe
0
(COCl),, DMF OMe
then v + O, >
AlCl3 O\ O H
- o O
DCM
2.34a 2.34b
37% 34%

2.32aand2.32b(607 mg, 1.41 mmol, 1 equiv) were dissolved in THF (7 mL, 0.2yl cooled
to 0°C. TBAF (1M in THF, 2.8 mL, 2.8 mmol, 2 equiv) was added. Aftemthutes TLC showed
full conversion. The reaction was quenched with 2N HCI (4 rah{l extracted with EtOAc (3x10
mL) and washed with brine, dried over MggQiltered and concentrated to a pale yellow foam
that was used without further purificatiold NMR: (600 MHz, GDg) 5 7.10 (td, J = 7.9, 2.1 Hz,
2H), 6.72 (d, J = 7.5 Hz, 1H), 6.69-6.62 (m, 4H), 6.59 (t, J =H2z] 1H), 6.11-6.04 (m, 2H), 5.97
(d, J = 9.3 Hz, 1H), 5.90 (d, J = 9.4 Hz, 1H), 4.82 (dd, J = 5.7,Hz11H), 4.64 (dd, J = 5.8, 1.2
Hz, 1H), 3.70 (d, J = 1.1 Hz, 6H), 2.98 (td, J = 13.0, 4.3 Hz, 144 (td, J = 12.6, 4.7 Hz, 1H),
2.58 (td, J =13.0, 5.3 Hz, 1H), 2.47-2.11 (m, 6H), 2.05 (td 128, 12.2, 4.7 Hz, 1H), 1.94-1.88
(m, 1H), 1.85-1.79 (m, 1H), 1.27 (d, J = 3.6 Hz, 5H).

The crude lactones were dissolved in EtOAc (7 mL, 0.2M) andRdharcoal (10% Pd basis,
45 mg, 10 wt. %) was added. The flask was evacuated and bagkfiite H, 5 times and then
stirred under a balloon of H After 3 hours the reaction mixture was filtered throughteedind
concentrated to give.33aand2.33b (414 mg, 92% mass balance) as a white fodid.NMR:
(500 MHz, CDC}) 6 11.17 (bs, 2H), 7.23 (t, J = 7.9 Hz, 1H), 7.17 (t, J = 7.8 Hz, 16834-6.68
(m, 6H), 4.92 (d, J = 4.5 Hz, 1H), 4.69 (d, J = 4.4 Hz, 1H), 3.813@), 3.77 (s, 3H), 2.90 (td, J
=13.0, 4.5 Hz, 1H), 2.64 (qd, J = 12.4, 5.0 Hz, 2H), 2.50 (td,1P:8, 4.4 Hz, 1H), 2.17 (td, J =
13.2,4.9 Hz, 1H), 2.11-1.99 (m, 2H), 1.92 (td, J = 13.1, 5.144), 1.83-1.67 (m, 8H), 1.56 (dd,
J=13.6, 6.1 Hz, 1H).

A dry flask was charged wit.33aand 2.33b (20 mg, 63umol, 1 equiv) and DCM (32QuL,
0.2M) and cooled to OC. A bubbler was attached and DMF (&) and oxalyl chloride (12.L,
138umol, 2.2 equiv) were added. The and the reaction was stitrezban temperature for 1 hour
then AICk (25 mg, 190umol, 3 equiv) was added and the reaction was sealed and heatftlix
for 2 hours. After the reaction was complete the reactiontiméxwas quenched with 2N HCI (1
mL) and extracted with EO (3x1 mL). The combined organic layers were washed withrategd
NaHCQ;, brine, dried over MgSQ) filtered and concentrated. The crude products were pubfied
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flash chromatography (35%—-55% EtOAc in Hx) to g&&3a(7.0 mg, 37%) an@.33b (6.4 mg,
34%) as white solids2.33a'H NMR: (500 MHz, CDC}) § 8.04 (d, J = 8.8 Hz, 1H), 6.85 (dd, J
=8.8, 2.5 Hz, 1H), 6.69 (d, J = 2.6 Hz, 1H), 4.64 (d, J = 4.7 H2),1386 (s, 3H), 3.08-2.88 (m,
2H), 2.43 (dt, J = 13.9, 3.7 Hz, 1H), 2.12 (td, J = 13.2, 5.5 H#),2.06-1.95 (m, 1H), 1.84-1.67
(m, 4H), 1.61-1.51 (m, 1H), 1.16 (s, 3HFC NMR: (126 MHz, CDC}) § 195.0, 179.9, 164.1,
1449, 131.4, 124.6, 113.9, 112.4, 77.6, 56.3, 55.7, 49.2,24.9, 24.4, 23.7, 17.0, 16.3.33b

H NMR: (500 MHz, CDC}) § 7.39 (d, J = 8.5 Hz, 1H), 6.77 (dd, J = 8.5, 2.5 Hz, 1H), 6.61 (d, J
=2.5Hz, 1H), 4.99 (d, J = 4.6 Hz, 1H), 3.82 (s, 3H), 2.80-2m4%H), 2.40 (ddd, J = 14.9, 8.8,
6.3 Hz, 1H), 1.97-1.79 (m, 3H), 1.77-1.57 (m, 3H), 1.53 (dd 1B.7, 6.8 Hz, 1H), 1.31 (s, 3H).

OMe OMe

\ 0] BnNHz ‘ NBn
PhMe, reflux

2.30 2.35

Anhydride2.30(1.33 g, 5.4 mmol, 1 equiv) was added to a dried flask and banzgk (1.14
mL, 10.8 mmol, 2 equiv) was added. The mixture was dissolmeldOH (10.8 mL, 1M) and
the flask was fitted with a reflux condenser and put undes atiosphere and heated to 12D
overnight. After 14 hours the flask was cooled to room tentpesaand the solution concentrated.
The crude mixture was purified by flash chromatography (5%6-E60Ac in Hx) and concentrated
to a pale yellow oil. The oil was suspended in pentane andated to precipitate the product (1.49
g, 82%) as a fine white powdetH NMR: (600 MHz, CDC}) § 7.36—7.23 (m, 5H), 7.17 (t, J =
7.9 Hz, 1H), 6.76—6.69 (m, 3H), 6.67 (d, J = 2.1 Hz, 1H), 4.62$), 3.74 (s, 3H),2.83 (t,J=7.5
Hz, 2H), 2.69 (t, J = 7.5 Hz, 2H), 1.71 (s, 3H).

OMe

\ NBn BnNH,

PhMe, reflux

2.35 2.36a 2.36b

TBS diené* (2.86 g, 15.53 mmol, 3 equiv) and imi@e35(1.74 g, 5.18 mmol, 1 equiv) were
added to a dry 20 mL vial, flushed with,Mind sealed with a Teflon cap. The vial was heated to
170°Cfor 21 hours and then cooled to room temperature. The negutaxy solid was purified
by flash chromatography to give the the mixed Diels—Aldedpuats (2.33g, 86% combined, 1.2:1
desired:undesired isomers) as a colorless oil.
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14 NMR: (500 MHz, CDC}) & 7.39-7.33 (m, 2H), 7.33-7.17 (m, 8H), 7.09 (dt, J = 43.2, 7.8
Hz, 2H), 6.71-6.61 (m, 4H), 6.38-6.32 (M, 2H), 5.96-5.874Hht), 4.68—4.52 (m, 4H), 4.37 (d, J
= 3.8 Hz, 1H), 4.07 (d, J = 5.1 Hz, 1H), 3.73 (s, 3H), 3.68 (s,,3H96-2.85 (m, 2H), 2.78 (td, J
=13.1, 4.5 Hz, 1H), 2.48 (td, J = 13.3, 4.9 Hz, 1H), 2.26 (td,1B=2, 4.8 Hz, 1H), 2.16 (td, J =
13.2, 4.6 Hz, 1H), 2.07-1.92 (m, 1H), 1.77 (ddd, J = 14.5, 128 Hz, 2H), 1.71-1.61 (m, 1H),
1.49 (td, J = 13.1, 4.5 Hz, OH), 11.17 (s, 3H), 1.13 (s, 3H)30® J = 1.4 Hz, 3H), 0.78 (s, 18H),
-0.02 (dd, J = 7.6, 4.5 Hz, 12H). z

OMe

BnNH,

Y

PhMe, reflux

2.36a 2.37

Diels—Alder adducts vinylimide-2.one,vinylimide-2.twd,33gm 4.48 mmol, 1 equiv) were
dissolved in EtOAc (23 mL, 0.2M) and Pd/C (10% Pd Basis, 230 bigwt%) was added. The
flask was purged 5 times withHnd then fitted with a FHballoon and stirred at room temperature.
After 21 hours the solution was filtered through a 2 cm celiteg@mnd concentrated. The crude
products were purified by Yamazen flash chromatography te tjig desired product (1022 mg,
44%) contaminated with approximately 10% of an undesiretheyric product as a colorless oil.
(desired isomer rf 0.42, undesired isomer rf 0.35 in 10% E@AHX)

H NMR: (500 MHz, CDC}) & 7.35-7.14 (m, 5H), 6.80-6.72 (m, 3H), 4.64-4.55 (m, 2H),
4.29-4.19 (m, 1H), 3.80 (s, 3H), 3.03 (td, J = 13.0, 4.4 Hz,, {7 (td, J = 12.9, 5.1 Hz, 1H),
2.28(dt,J=14.2,4.9Hz, 1H), 1.96 (ddd, J=14.4, 12.8, 4 A1HY, 1.86-1.65 (m, 4H), 1.56-1.38
(m, 2H), 1.34-1.24 (m, 1H), 1.02 (s, 3H), 0.87 (s, 9H), 0.06)(d 11.8 Hz, 6H).

OMe

BnNH,

\i

PhMe, reflux

2.37 2.38

Silyl ether €.37(51 mg, 0.1 mmol, 1 equiv) was dissolved in THF and cooled°®. OBAF
(1M in THF, 200 uL, 0.2 mmol, 2 equiv) was added and the reaatiixture was stirred for 1 hour
at then moved to room temperature and stirred for an additibiours until no starting material
remained by TLC. The reaction was quenched by the additidilNoHCI (1 mL) and extracted
with EtOAc (3x5 mL), washed with brine, dried over Mg @iltered and concentrated. The crude
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product was purified by Yamazen flash chromatography to dieeproduct (26 mg, 66%) as a
colorless oil.

'H NMR: (500 MHz, CDC}) § 7.39 (dd, J=7.8, 1.7 Hz, 1H), 7.35-7.28 (m, 30H), 7.14 (t, J =
8.0 Hz, 1H), 6.71 (dt, J = 8.4, 1.5 Hz, 1H), 6.60-6.49 (m, 2HJ444.56 (m, 2H), 4.35(d, J=3.6
Hz, 1H), 3.76 (s, 3H), 2.54 (td, J = 12.8, 5.0 Hz, 1H), 2.37 {§td,12.8, 4.3 Hz, 1H), 2.24 (td, J =
13.1, 5.0 Hz, 1H), 1.84-1.69 (m, 3H), 1.58-1.51 (m, 1H), £489 (m, 3H), 1.37-1.31 (m, 1H),
1.30 (s, 3H).

OMe OMe

BNnNH,

PhMe, reflux

2.38 2.39

Alcohol 2.38(7 mg, 17umol, 1 equiv) was dissolved in DCM (173, 0.1M) and NaHCQ
(3.5 mg, 42umol, 2.4 equiv) then DMP (9 mg, 2dmol, 1.2 equiv) was added. After 1 hour the
reaction mixture was filtered through celite and conceeattaihe crude product was purified by
pipette flash chromatography to give the product (5.7 mg, 88% colorless oil)H NMR: (600
MHz, CDChL) & 7.38 (d, J = 5.1 Hz, 2H), 7.35-7.28 (m, 3H), 7.18 (t, J = 7.9 H#), .73 (dd, J =
8.1, 2.5 Hz, 1H), 6.69 (d, J = 7.5 Hz, 1H), 6.65 (t, J = 2.1 Hz,, 4#8 (g, J = 14.1 Hz, 2H), 3.78
(s, 3H), 2.66 (id, J = 13.2, 4.6 Hz, 1H), 2.51 (ddd, J = 16.0, 3.3 Hz, 1H), 2.45-2.32 (m, 2H),
2.23 (dd, J =11.5, 4.8 Hz, 1H), 2.13 (ddd, J = 14.1, 12.9, 4.714Y, 1.97 (ddd, J = 14.1, 12.9,
4.7 Hz, 1H), 1.93-1.85 (m, 21), 1.67-1.60 (m, 2H), 1.23 (s). 33C NMR: (151 MHz, CDC})

5 206.0, 180.3, 175.2, 159.9, 142.8, 135.6, 129.7, 128.991288.3, 120.7, 114.2, 111.8, 64.2,
55.3,52.3, 43.0, 39.3, 32.8, 32.4, 31.5, 20.9, 20.8.

OMe OMe
OH
(0]
O - O
BnNH,
NBn > NBn
PhMe, reflux

(0] (0]

2.39 2.40

Ketone2.40(5.7 mg, 14uL, 1 equiv) was dissolved in THF (144.) and cooled to OC. Vinyl-
magnesium bromide (1M in THF, 42, 3 equiv) was added and the reaction mixture was stirred
for 2 hoursn and then quenched by the addition of,8IH100 pL). The reaction mixture was
extracted with BE1O (3x1 mL), washed with brine, dried over MggQiltered, and concentrated.
The resulting crude residue was purified by pipette flashraatography to give the product (<2
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mg, yield not determined) as a colorless residittNMR: (600 MHz, CDC}) § 7.42 (dd, J = 7.4,

2.2 Hz, 2H), 7.36-7.28 (m, 3H), 7.11 (t, J = 7.8 Hz, 1H), 6.7846m, 1H), 6.46-6.39 (m, 2H),
6.03 (ddd, J=17.1, 10.9, 1.5 Hz, 1H), 5.57 (dd, J = 16.9, 1.91H1), 5.24 (dd, J = 10.9, 1.9 Hz,
1H), 4.82—-4.53 (m, 3H), 3.75 (s, 3H), 2.54 (td, J = 13.2, 4.5 H#), 2.21 (td, J = 13.7, 4.5 Hz,
1H), 2.11 (td, J = 13.3, 4.0 Hz, 1H), 1.91-1.84 (m, 1H), 1.72)(¢ 13.6 Hz, 1H), 1.66-1.57 (m,
3H), 1.46 (td, J = 13.7, 5.0 Hz, 1H), 1.30 (s, 3H).

OMe OMe

OMe
NIS n-BuLi OH
NB
n
MeCN, 85 °C THF, -78 °C ]
92% 51% TBSOO NBn

2.42

Bicycle 2.35 (1522 mg, 2.91 mmol, 1 equiv) was dissolved in MeCN (15 mLM).2nd
transferred in a dry flask. N-iodosuccinimide (983 mg, 4.3%oh 1.5 equiv) was added and the
flask was fitted with a reflux condenser and heated t6@®vernight. After 14 hours the vial
was cooled to room temperature and the contents transferradlask and concentrated (prone
to bumping in small containers). The crude residue was hliedon EtO, washed with Ng5,05
and extracted with EO (3x10 mL). The combined organic layers were washed withehrdried
over MgSQ, filtered, and concentrated. The crude residue was purifigthbh chromatography
(0%—15%) to give the product (1604 mg, 85%) as an off whit&lsol
Crude aryl iodide (1604 mg, 2.48, 1 equiv) was dissolved yOE25 mL, 0.1M) and cooled
to -78°C. n-Bu Li (2.5M in hexane, 1.05 mL, 1.05 equiv) was added andestir After 4 hours
ceNH4CI (100 uL) was added and the reaction was allowed tolglcome to room temperature.
The reaction mixture was diluted with,B® and extracted with EO (3x50 mL) , washed with
brine, dried over MgSQ filtered and concentrated. The crude residue was purifiedabyazen
flash chromatography to give the product (662 mg, 51%) as tevidam.
1H NMR: (600 MHz, CDC}) § 7.60 (d, J = 8.5 Hz, 1H), 7.17-6.97 (m, 5H), 6.76 (dd, J = 8B, 2.
Hz, 1H), 6.42 (d, J = 2.7 Hz, 1H), 4.15 (d, J = 15.0 Hz, 1H), 380aLH), 3.76 (s, 4H), 3.62 (dd, J
=11.5, 6.5 Hz, 1H), 2.30 (dt, J = 14.9, 3.4 Hz, 1H), 2.18 (td,M-1, 2.9 Hz, 1H), 2.05 (td, J =
13.4, 3.0 Hz, 1H), 2.00-1.67 (m, 5H), 1.63 (td, J = 13.9, 3.3HH), 1.44 (dtd, J = 13.9,10.8, 3.1
Hz, 1H), 1.29 (s, 3H), 0.56 (s, 9H), -0.02 (s, 3H), -0.33 (s).3fC NMR: (151 MHz, CDC}) 5
180.7, 159.5, 141.3, 138.6, 132.4, 128.3, 127.8, 126.861262.8, 111.1, 91.7, 77.8, 55.5, 51.2,
45.6,43.2,37.4, 35.1, 33.4, 26.8, 25.5, 20.2, 20.0, 14.0, -5.3.

\

A'@O OMe . R NGO OMe

] ]
TBSO )—NBn PhMe, reflux TBSO )—NBn

(@) (0]
2.42 2.43
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Hemiaminal2.42(662 mg, 1.27 mmol, 1 equiv) was dissolved in DCM (12.7 mLM).&nd
triethylsilane (2.03 mL, 12.7 mmol, 10 equiv) and BEOEL (1.57 equiv, 12.7 mmol, 10 equiv)
were added. The flask was fitted with a reflux condenser an@dheéad5°Covernight. After 13
hours the reaction mixture was cooled to room temperatuldesan NHCI was added carefully
until no more gas evolution was observed. The reaction mexttas extracted with EtOAc (3x50
mL), washed with sat. NaHCQwater, brine, dried over MgS(and concentrated to a white solid
that was used without purificatiohH NMR: (600 MHz, CDC}) & 7.57 (d, J = 8.4 Hz, 1H), 7.21
(s, 5H), 6.78 (dd, J = 8.4, 2.7 Hz, 1H), 6.68 (d, J = 2.7 Hz, 1H§1%d, J = 14.5 Hz, 1H), 4.39 (d, J
=14.5 Hz, 1H), 4.05 (s, 1H), 3.79 (s, 3H), 3.33 (d, J = 2.7 Hz),2B0-2.65 (m, 2H), 2.27-2.19
(m, 1H), 1.79 (ddd, J = 13.8, 10.5, 5.1 Hz, 1H), 1.71 (ddd, J $12.4, 4.7 Hz, 1H), 1.61-1.55
(m, 1H), 1.51-1.37 (m, 2H), 1.29-1.11 (m, 3H), 0.85 (s, 9HJ4(s, 3H), -0.19 (s, 3H), -0.55 (s,
3H).

The crude lacton8.43was dissolved in a solution of TBAF (1M in THF, 12.7 mL, 10 eguand
heated under microwave irradiation to 1@for 1 hour. Upon cooling the reaction was quenched
with 0.5 HCI (5 mL), and extracted with EtOAc (3x30 mL). Thentbined organic layers were
washed with brine, dried over MgQ@nd concentrated to an off white solid that was purified by
Yamazen flash chromatography to give the product (461 mg,®&8%2 steps) as a white solitH
NMR: (600 MHz, CDC}) 6 (7.34 (d, J=8.8 Hz, 1H), 7.29-7.18 (m, 5H), 6.80-6.70 (m,, A2
(d,J=14.8Hz, 1H), 4.55 (d, J = 14.7 Hz, 1H), 4.16 (s, 1H), %0 3H), 2.91 (s, 1H), 2.84-2.65
(m, 2H), 2.28-2.19 (m, 1H), 1.88 (ddd, J = 13.6, 10.8, 2.7 H§,1.72 (dddd, J = 17.2, 13.5, 8.7,
3.8 Hz, 1H), 1.56 (d, J = 25.2 Hz, 2H), 1.51 (d, J = 13.8 Hz, 1H39%1.32 (m, 2H), 1.31-1.23
(m, 2H), 1.13 (td, J = 13.7, 4.9 Hz, 1H), 0.85 (s, 3H).

OMe OMe
0 (I
ANy AN g7

\ ]
HO NBN PhMe, reflux OI NBN

O (0]
2.44 2.45

Alcohol 2.44 (405 mg, 1.03 mmol, 1 equiv) was dissolved in DCM (10.3 mL,M).Jand
NaHCG; (433 mg, 5.17 mmol, 5 equiv) was added. The reaction mixtuae @ooled to OC
and DMP (526 mg, 1.24 mmol, 1.2 equiv) was added. After 45 mes.CMS showed no more
starting material. After 1 hour the reaction mixture wasigitl with HO and sat. NaHC®and
extracted with DCM (3x30 mL), washed with brine, dried oveg®, filtered, and concentrated.
The resulting crude orange solid was purified by Yamazen tastmatography to give the prod-
uct(269 mg, 67%) as a white solitd NMR: (600 MHz, CDC}) § 7.32-7.19 (m, 6H), 6.69 (dd,
J = 8.5, 2.7 Hz, 1H), 6.64 (d, J = 2.7 Hz, 1H), 5.31 (d, J = 15.3 H1), 4.65 (d, J = 15.3 Hz,
1H), 4.33 (s, 1H), 3.75 (s, 3H), 2.86-2.68 (m, 2H), 2.29 (t, 0.2 Hz, 2H), 2.24-2.18 (m, 1H),
2.08-1.93 (m, 2H), 1.86 (ddd, J = 10.3, 8.1, 4.6 Hz, 2H), 1ds(J = 14.1, 11.1, 7.3 Hz, 1H),
1.12 (s, 3H).*C NMR: (151 MHz, CDC}) & 211.0, 180.6, 157.9, 137.0, 136.5, 128.8, 128.4,
128.1,127.7,123.6, 114.6, 111.0, 59.6, 59.2, 55.2, 57.3,88.3, 30.3, 27.6, 23.1, 22.6, 19.3.
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2.45 2.46b

A dry microwave vial was charged with.45 (40 mg, 103umol, 1 equiv) and THF (1 mL,
0.025M) was added. Lagl2 LiCI (0.57M in THF, 451uL, 2.5 equiv) was added and the resulting
suspension was stirred for 2 hours at room temperature. @@mtly, a dry vial was charged with
anhydrous CeGl(89 mg, 360umol, 3.5 equiv) and THF (1 mL, 0.025M) was added followed by
vinylmagnesium bromide (1.1M in THF, 3Q8., 339umol, 3.3 equiv and the resulting suspension
was stirred at room temperature for 2 hours. After compligxine vinylcerium solution was added
to the ketone solution and the reaction mixture was heat&8@6C for 1 hour. After the reaction
had cooled to room temperature it was quenched with sat;G\NBblution, extracted with DCM
(4x2 mL), washed with brine, dried over MggUiltered and concentrated. The product was
combined with several batches of material and purified by &aam flash chromatography to give
the product (12 mg, 27%) as a crystalline yellow solid.

add carbon

'H NMR: (400 MHz, CDC}) § 7.31-7.17 (m, 5H), 7.10 (d, J = 8.3 Hz, 1H), 6.72 (dd, J = 8.2,
2.6 Hz, 1H), 6.63 (d, J = 2.5 Hz, 1H), 5.13 (d, J = 14.5 Hz, 1H)15dd, J = 16.8, 10.7 Hz, 1H),
4.49 (d, J = 14.5 Hz, 1H), 4.24 (d, J = 16.9 Hz, 1H), 4.15 (s, #02 (d, J = 10.4 Hz, 1H), 3.77
(s, 3H), 2.79-2.62 (m, 2H), 2.23 (d, J = 13.9 Hz, 1H), 1.95€12.4 Hz, 1H), 1.89-1.82 (m, 1H),
1.72-1.61 (m, 2H), 1.42 (t, J = 13.5 Hz, 1H), 1.21-1.03 (m,, &6 (s, 3H).

OMe OMe
(0 o ST
(17 A o7

)
O Y—NBn PhMe, reflux TfO Y—NBn

(6] (0]
2.45 2.47

Ketone2.47 (266 mg, 0.68 mmol, 1 equiv) was suspended in THF (7 mL, 0.1M)en N.
The flask was cooled to @ and KHMDS (1M in THF, 1.4 mL, 1.36 mmol, 2 equiv) was added.
After 5 minutes the flask was moved to room temperature anedti After 90 minutes the flask
was cooled to @C and a solution of PANEf(1M in THF, 1.5 mL, 1.5 mmol, 2.2 equiv) was
added dropwise. The flask was moved to room temperature angaation mixture was stirred
overnight. After 18 hours the reaction was quenched with8El,Cl, diluted with HO, extracted
with EtOAc (4x10 mL), washed with brine, dried over Mg&@iltered, and concentrated. The
crude product was purified by Yamazen flash chromatograpgivéothe triflate (236 mg, 66

!H NMR: (500 MHz, CDC}) & 7.33-7.13 (m, 6H), 6.82—-6.69 (m, 1H), 5.77 (d, J = 6.8 Hz,
1H), 5.18 (d, J = 14.9 Hz, 1H), 4.57 (d, J = 15.0 Hz, 1H), 4.27.&), 3.79 (s, 3H), 2.89 (dd, J =
15.6, 7.9 Hz, 1H), 2.77-2.61 (m, 1H), 2.37 (dq, J = 12.5, 7.0H&, 1H), 2.19 (dd, J = 14.8, 9.8
Hz, 1H), 2.13-2.00 (m, 2H), 1.74 (dt, J = 15.6, 8.7 Hz, 1H)2)(dt, J = 12.7, 6.4 Hz, 1H), 1.13
(s, 3H).23C NMR: (126 MHz, CDC}) 5 181.4, 158.8, 150.7, 139.2, 136.4, 128.8, 128.3, 127.8,
126.9,122.7,122.1, 115.1, 111.2, 55.5, 50.4, 50.0, 48.D, 28.0, 23.7, 21.3, 19.1.
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Diene2.63vinylcc-2. A5 mL microwave vial was dried and transferredatglovebox where
Pd(PPBR)s (25 mg, 20umol, 0.1 equiv) and LiCl (25 mg, 0.58 mmol, 3 equiv) were addHuk vial
was transferred to a Schlenk line and a solution of trifag& (100 mg, 0.19 mmol, 1 equiv) in THF
(2 mL, 0.1M) was added. Tributyl(vinyl)tin (78L, 0.27 mmol, 1.4 equiv) was added and the vial
was heated to 70C overnight. After 24 hours the reaction mixture was poungd & 10% aqueous
solution of KF and extracted with DCM (3x10 mL), washed witimle, dried over MgSQ filtered
and concentrated. The crude residue was purified by Yamaa&im ¢hromatography to give the
diene (47 mg, 62%) as a light yellow foam.

!H NMR: (400 MHz, CDC}) 6 7.31-7.18 (m, 5H), 7.01 (d, J = 8.2 Hz, 1H), 6.72 (d, J = 2.6
Hz, 1H), 6.66 (dd, J = 8.4, 2.6 Hz, 1H), 5.81 (d, J = 5.5 Hz, 1H)159d, J = 15.2 Hz, 1H), 4.89
(dd, J=16.5,10.5 Hz, 1H), 4.61 (d, J = 15.2 Hz, 1H), 4.55 (dd18.6, 2.4 Hz, 1H), 4.36 (s, 1H),
4.06 (dd, J=10.5, 2.4 Hz, 1H), 3.79 (s, 3H), 2.9@8&.58 (m, 2H), 2.32-2.19 (m, 1H), 2.12 (dd,
J=14.2,9.4 Hz, 1H), 2.06-1.93 (m, 2H), 1.65 (ddd, J = 15.04,18.0 Hz, 1H), 1.46-1.25 (m,
2H), 1.11 (s, 3H), 0.93 (t, J = 7.3 Hz, 1H).

OMe OMe
(0 o & LI
(X7 AN g7

¢| NBn PhMe, reflux ¢| NBR

(6] (0]
2.48 2.49

Diene2.48(20 mg, 0.05 mmol, 1 equiv) was dissolved in DCM (0.5 mL, 0.1ivia 4 mL vial
and cooled to 0C. mCPBA (70%, 15.4 mg, 6@mol, 1.25 equiv) was added and the reaction was
stirred at 0°C. After 3 hours the reaction was quenched with sat.,GlHextracted with EtOAc
(3x2 mL), washed with brine, dried over MggUiltered and concentrated. The product was
purified via pipette column flash chromatography to give thexale (4.5 mg, 22%) as a colorless
oil.

H NMR: (500 MHz, CDC}) 6 7.43-7.14 (m, 6H), 6.61 (dd, J =8.7,2.8 Hz, 1H), 6.54 (d, J =
2.7 Hz, 1H), 5.39 (dd, J = 16.7, 10.6 Hz, 1H), 5.23 (d, J = 15.7HH), 4.83-4.72 (m, 3H), 4.13
(dd, J =10.5, 2.0 Hz, 1H), 3.74 (s, 3H), 2.94 (dt, J = 16.4, &0HH), 2.79 (s, 1H), 2.72 (ddd, J
=16.9, 8.0, 5.0 Hz, 1H), 2.16-2.03 (m, 2H), 1.95 (dd, J = 15.3Hz, 1H), 1.87 (dt, J =13.5, 8.2
Hz, 1H), 1.77 (dd, J = 14.1, 5.7 Hz, 1H), 1.60 (s, 2H), 1.03 ), 3°C NMR: (126 MHz, CDC})

5 182.0, 158.4, 139.0, 138.2, 137.0, 128.9, 128.5, 127.651225.1, 114.3, 111.2, 108.9, 66.7,
63.6, 60.4,55.3,47.9,47.2,46.9, 27.9, 24.5, 23.9, 2B5,. 1
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2.A  NMR Spectral Data for Chapter 2
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Figure 2.22:'H NMR of 2.34a
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2.B X-ray Crystallography Data for Chapter 2

OMe

O\ o
o)

2.34a

A colorless plate 0.090 x 0.060 x 0.030 mm in size was mountea Gryoloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(23idguphi and omega scans. Crystal-
to-detector distance was 50 mm and exposure time was 10dpen frame using a scan width
of 1.0°. Data collection was 99.9% complete to 25.0000.inA total of 15628 reflections were
collected covering the indices, -8<=h<=8, -11<=k<=11 <2k=25. 2739 reflections were found
to be symmetry independent, with an Rint of 0.0531. Indexind unit cell refinement indicated
a primitive, monoclinic lattice. The space group was fountbé P 21/c (No. 14). The data were
integrated using the Bruker SAINT software program andestaising the SADABS software
program. Solution by iterative methods (SHELXT) producedoanplete heavy-atom phasing
model consistent with the proposed structure. All non-bgeén atoms were refined anisotropically
by full-matrix least-squares (SHELXL-2014). All hydrogetoms were placed using a riding
model. Their positions were constrained relative to thanept atom using the appropriate HFIX
command in SHELXL-2014.
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Table 2.2: Crystal data and structure refinement2084a

X-ray ID
Sample/notebook ID
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

sarpong108

kro3-160

C18 H20 O4

300.34
100(2) K

0.71073 A
Monoclinic
P 21/c

a=7.2426(7) A

b =9.7698(10) A
c=21.177(2) A
1497.5(3) A3
4
1.332 Mg/
0.093 mm
640

0.090 x 0.060 x 0.030 Mm
1.925 to 25.386°.

-8<=h<=8, -11<=k<=11, -25<=I<=25
15628
2739 [R(int) = 0.0531]

99.90%

Semi-empirical from equivalents
0.928 and 0.711
Full-matrix least-squares on F2

2739/0/201

1.083

R1 =0.0495, wR2 =0.1187

R1=0.0627, wR2 =0.1316

n/a
0.352 and -0.238 € A

a=90°.
b=92.020(2)°.
g =90°.

77



Table 2.3: Atomic coordinates (x0*) and equivalent isotropic displacement parametets (&%)
for sarpong108. U(eq) is defined as one third of the traceenbtthogonalized tensor.

X y Z U(eq)

C(l) 6927(2) 1333(2) 3526(1) 22(1)
C(2) 5130(2) 1392(2) 3887(1) 23(1)
C(3) 4395(2) 2741(2) 4060(1) 21(1)
C(4) 2729(2) 2808(2) 4376(1) 24(1)
C(5) 1997(2) 4037(2) 4553(1) 25(1)
C(6) 2924(2) 5250(2) 4413(1) 22(1)
C(7) 4579(2) 5210(2) 4101(1) 22(1)
C(8) 5320(2) 3961(2) 3925(1) 22(1)
C(9) 7118(2) 3914(2) 3591(1) 26(1)
C(10) 8128(2) 2564(2) 3709(1) 25(1)
C(11) 2990(3) 7692(2) 4457(1) 26(1)
C(12) 6348(3) 1219(2) 2815(1) 30(1)
C(13) 7994(3) 1372(2) 2396(1) 36(1)
C(14) 9419(3) 250(2) 2531(1) 40(1)
C(15) 9697(3) -88(2)  3237(1) 31(1)
C(16) 7872(3) -88(2)  3601(1) 25(1)
C(17) 6542(3) -972(2) 3213(1) 29(1)
C(18) 8227(3) -616(2) 4270(1) 29(1)
O(1) 4295(2) 333(1) 4008(1) 33(1)
O(2) 2094(2) 6425(1) 4602(1) 28(1)
O(3) 5666(2) -192(1) 2760(1) 34(1)
O(4) 6301(2) -2189(1) 3244(1) 35(1)

Table 2.4: Bond lengths [A] for sarpong108.

C(1)-C(10)  1.527(3) C(11)-H(11A) 0.98
C(1)-C(2) 1.533(2) C(11)-H(11B) 0.98
C(1)-C(16)  1.553(2) C(11)-H(11C) 0.98
C(1)-C(12)  1.554(2) C(12)-0(3)  1.467(2)
C(2)-0(2) 1.230(2) C(12)-C(13)  1.519(3)
C(2)-C(3) 1.473(2) C(12)-H(12) 1
C(3)-C(4) 1.401(2) C(13)-C(14)  1.526(3)
C(3)-C(8) 1.402(2) C(13)-H(13A) 0.99
C(4)-C(5) 1.371(3) C(13)-H(13B) 0.99
C(4)-H(4) 0.95 C(14)-C(15)  1.538(3)
C(5)-C(6) 1.398(3) C(14)-H(14A) 0.99
C(5)-H(5) 0.95 C(14)-H(14B) 0.99
C(6)-0(2) 1.363(2) C(15)-C(16)  1.553(3)
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C(6)-C(7)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)

C(10)-H(10A)
C(10)-H(10B)

C(11)-0(2)

1.390(2)
1.390(2)
0.95
1.504(2)
1.524(3)
0.99
0.99
0.99
0.99
1.436(2)

C(15)-H(15A)
C(15)-H(15B)
C(16)-C(17)
C(16)-C(18)
C(17)-0(4)
C(17)-0(3)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)

0.99
0.99
1.514(3)
1.520(2)
1.204(2)
1.364(2)
0.98
0.98
0.98

Table 2.5: Bond angles [°] for sarpong108.

C(10)-C(1)-C(2)

C(10)-C(1)-C(16)

C(2)-C(1)-C(16)

C(10)-C(1)-C(12)

C(2)-C(1)-C(12)

C(16)-C(1)-C(12)

O(1)-C(2)-C(3)
O(1)-C(2)-C(1)
C(3)-C(2)-C(1)
C(4)-C(3)-C(8)
C(4)-C(3)-C(2)
C(8)-C(3)-C(2)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
0O(2)-C(6)-C(7)
0O(2)-C(6)-C(5)
C(7)-C(6)-C(5)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(3)
C(7)-C(8)-C(9)
C(3)-C(8)-C(9)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9A)

C(10)-C(9)-H(9A)

109.32(14)
115.68(15)
111.22(14)
115.69(15)
106.32(14)
97.90(14)
121.07(16)
120.32(16)
118.57(15)
118.92(16)
119.02(16)
122.05(15)
121.29(16)
119.4
119.4
119.42(16)
120.3
120.3
124.04(16)
115.59(15)
120.37(16)
119.99(16)
120

120
120.00(15)
120.13(16)
119.87(16)
111.60(15)
109.3
109.3
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H(11A)-C(11)-H(11C) 109.5
H(11B)-C(11)-H(11C) 109.5

0(3)-C(12)-C(13)
0(3)-C(12)-C(1)
C(13)-C(12)-C(1)
0(3)-C(12)-H(12)
C(13)-C(12)-H(12)
C(1)-C(12)-H(12)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13A)
C(14)-C(13)-H(13A)
C(12)-C(13)-H(13B)
C(14)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14A)
C(15)-C(14)-H(14A)
C(13)-C(14)-H(14B)
C(15)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15A)
C(16)-C(15)-H(15A)
C(14)-C(15)-H(15B)
C(16)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(17)-C(16)-C(18)
C(17)-C(16)-C(15)
C(18)-C(16)-C(15)
C(17)-C(16)-C(1)

108.41(16)
102.84(14)
111.67(16)
111.2
111.2
111.2
111.04(16)
109.4
109.4
109.4
109.4
108
113.69(16)
108.8
108.8
108.8
108.8
107.7
113.43(17)
108.9
108.9
108.9
108.9
107.7
113.25(16)
105.52(15
110.08(15)
100.65(14)



C(8)-C(9)-H(9B)
C(10)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(9)-C(10)-C(1)
C(9)-C(10)-H(10A)
C(1)-C(10)-H(10A)
C(9)-C(10)-H(10B)
C(1)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
0(2)-C(11)-H(11A)
0(2)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
0(2)-C(11)-H(11C)

109.3
109.3
108

112.00(15)

109.2
109.2
109.2
109.2
107.9
109.5
109.5
109.5
109.5

C(18)-C(16)-C(1)
C(15)-C(16)-C(1)
O(4)-C(17)-O(3)
O(4)-C(17)-C(16)
0(3)-C(17)-C(16)
C(16)-C(18)-H(18A)
C(16)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
C(16)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
C(6)-0(2)-C(11)
C(17)-0(3)-C(12)

117.20(15)
109.24(15)

121.67(17)

128.68(18)
109.50(16)
109.5
109.5
109.5
109.5
109.5
109.5
117.11(13)
108.82(14)

Table 2.6: Anisotropic displacement parameters’¢A10%)for sarpong108. The anisotropic dis-

placement factor exponent takes the formy/22 ha?U!! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12
C(1) 24(1) 21(1) 21(1) 1(1) O() 1(1)
C(2) 24(1) 21(1) 25(1) 3(1) -4(1) -1(1)
C(3) 21(1) 20(1) 22(1) 2(1) -1(1) 1(1)
C(4) 25(1) 21(1) 26(1) 3(1) 1(1) -4(1)
C(5) 22(1) 26(1) 28(1) 1(1) 5(1) 0(1)
C(6) 23(1) 20(1) 23(1) -1(1) -2(1) 2(1)
C(7) 24(1) 18(1) 23(1) 2(1) -1(1) -2(1)
C(8) 22(1) 23(1) 20(1) 2(1) -1(1) -1(1)
CO) 26(1) 23(1) 29(1) 0(1) 5(1) -3(1)
C(10) 25(1) 24(1) 26(1) -1(1) 3(1) O0(1)
C(11) 29(1) 19(1) 31(1) -2(1) 2(1) 0(1)
C(12) 39(1) 24(1) 26(1) 4(1) -6(1) -2(1)
C(13) 54(1) 34(1) 21(1) 1(1) 2(1) -5(1)
C(14) 55(1) 37(1) 29(1) -4(1) 15(1) 2(1)
C(15) 33(1) 27(1) 33(1) -5(1) 5(1) 5(1)
C(16) 29(1) 22(1) 24(1) -1(1) 1(1) 3(1)
C(17) 36(1) 27(1) 23(1) -2(1) 0(1) 1(1)
C(18) 34(1) 27(1) 26(1) 0(1) -5(1) 6(1)
O(1) 31(1) 21(1) 47(1) 5(1) 7(1) -2(1)
0(2) 29(1) 20(1) 36(1) -2(1) 8(1) 1(1)
O(3) 46(1) 27(1) 27(1) 2(1) -10(1) -6(1)
O(4) 51(1) 22(1) 31(1) -3(1) 0(1) -5(1)
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Table 2.7: Hydrogen coordinates (x 1pand isotropic displacement parametergxA0*) for
sarpong108.

X y Z U(eq)

H4) 2095 1985 4468 29
HG) 871 4065 4769 30
H(7) 5203 6037 4008 26
HQA) 7914 4680 3741 31
HOB) 6873 4034 3132 31
H(10A) 8506 2498 4161 30
H(10B) 9261 2548 3460 30
H(11A) 4241 7697 4649 39
H(11B) 2282 8457 4624 39
H(11C) 3058 7786 3997 39
H(12) 5355 1893 2697 35
H(13A) 8572 2279 2469 43
H(13B) 7568 1325 1947 43
H(14A) 10617 541 2364 48
H(14B) 9026 -590 2303 48
H(15A) 10555 591 3434 37
H(15B) 10283 -1000 3280 37
H(18A) 7092 -540 4506 43
H(18B) 9205 -71 4479 43
H(18C) 8611 -1577 4254 43

81



MGO OMe

O NBn

@)
2.45

A colorless blade 0.060 x 0.040 x 0.030 mm in size was moumntexl©ryoloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(23igiand scans. Crystal-to-detector
distance was 60 mm and exposure time was 10 seconds per figngeaiscan width of 2.0°.
Data collection was 97.9% complete to 67.0009inA total of 16629 reflections were collected
covering the indices, -9<=h<=11, -12<=k<=12, -14<=|<=1327 reflections were found to be
symmetry independent, with an Rint of 0.0234. Indexing amitlecell refinement indicated a prim-
itive, triclinic lattice. The space group was found to be PNb. 2). The data were integrated using
the Bruker SAINT software program and scaled using the SABABftware program. Solution
by iterative methods (SHELXT-2014) produced a completeyre@tiom phasing model consistent
with the proposed structure. All non-hydrogen atoms wefi@ed anisotropically by full-matrix
least-squares (SHELXL-2014). All hydrogen atoms were guagsing a riding model. Their po-
sitions were constrained relative to their parent atomqusire appropriate HFIX command in
SHELXL-2014.
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Table 2.8: Crystal data and structure refinement 2045

X-ray ID sarpongl22

Sample/notebook ID kro4.185

Empirical formula C25H27 N O3

Formula weight 389.47

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=9.1549(6) A a= 98.346(2)°.
b =10.0413(6) A b=91.324(2)°.
c=11.6705(7) A g =114.6290(10)°.

\olume 960.73(10) A3

Z 2

Density (calculated) 1.346 Mg/m3

Absorption coefficient 0.697 mm

F(000) 416

Crystal size 0.060 x 0.040 x 0.030 Mm

Theta range for data collection ~ 3.845 to 68.319°.

Index ranges -9<=h<=11, -12<=k<=12, -14<=|<=14

Reflections collected 16629

Independent reflections 3427 [R(int) = 0.0234]

Completeness to theta = 67.000° 97.90%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.929 and 0.878

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 34271/0/271

Goodness-of-fit on F2 1.054

Final R indices [I>2sigma(l)] R1 =0.0382, wR2 = 0.0972

R indices (all data) R1=0.0387, wR2 =0.0975

Extinction coefficient n/a

Largest diff. peak and hole 0.341 and -0.332 €A
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Table 2.9: Atomic coordinates (x0*) and equivalent isotropic displacement parametets (&%)
for sarpong122. U(eq) is defined as one third of the traceenbtthogonalized tensor.

X y z U(eq)

C(1)  2482(2) 6363(1) 3038(1) 20(1)
C(2)  2084(2) 7712(1) 3200(1) 22(1)
C(3)  2279(2) 8360(1) 4499(1) 23(1)
C(4)  3589(1) 8232(1) 5242(1) 19(1)
C(5)  3820(1) 8849(1) 6413(1) 20(1)
C(6)  4906(2) 8701(1) 7179(1) 20(1)
C(7)  5770(2) 7903(1) 6768(1) 20(1)
C(8)  5542(2) 7283(1) 5596(1) 20(1)
C(9)  4479(1) 7440(1) 4814(1) 18(1)
C(10) 4253(1) 6918(1) 3509(1) 18(1)
C(11) 3719(2) 5001(1) 1941(1) 24(1)
C(12) 2453(2) 5589(1) 1778(1) 23(1)
C(13) 846(6) 4122(5) 1352(4) 25(1)
C(14) -569(3) 4339(3) 1843(2) 28(1)
C(13A) 778(6) 4575(5) 1188(4) 25(1)
C(14A) -315(3) 3532(3) 1950(2) 28(1)
C(15) -405(2) 4450(2) 3136(1) 28(1)
C(16) 1319(2) 5132(1) 3654(1) 22(1)
C(17) 6229(2) 9331(2) 9099(1) 26(1)
C(18) 3099(2) 6691(2) 929(1) 31(1)
C(19) 6312(2) 5805(2) 3052(1) 24(1)
C(20) 7509(2) 7210(2) 2688(1) 23(1)
C(21) 8505(2) 8434(2) 3501(1) 28(1)
C(22) 9564(2) 9736(2) 3149(1) 33(1)
C(23) 9639(2) 9820(2) 1980(1) 34(1)
C(24) 8658(2) 8605(2) 1162(1) 35(1)
C(25) 7592(2) 7312(2) 1509(1) 29(1)
N(1)  4664(1) 5714(1) 2967(1) 21(1)
O(1)  5028(1) 9370(1) 8313(1) 24(1)
O(2)  3903(1) 4074(1) 1230(1) 37(1)
O(3)  1758(1) 4636(1) 4414(1) 30(1)

Table 2.10: Bond lengths [A] for sarpong122.

C(1)-C(2) 1.5313(17) C(14)-H(14B)  0.99
C(1)-C(10)  1.5352(17) C(13A)-C(14A) 1.525(5)
C(1)-C(16)  1.5409(17) C(13A)-H(13C) 0.99
C(1)-C(12)  1.5543(16) C(13A)-H(13D) 0.99
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C(2)-C(3) 1.5363(17)
C(2)-H(2A)  0.99
C(2)-H(2B)  0.99
C(3)-C(4) 1.5229(17)
C(3)-H(BA)  0.99
C(3)-H(3B)  0.99
C(4)-C(5) 1.3889(17)
C(4)-C(9) 1.4096(17)
C(5)-C(6) 1.3892(18)
C(5)-H(5) 0.95
C(6)-O(1) 1.3736(14)
C(6)-C(7) 1.3899(18)
C(7)-C(8) 1.3908(17)
C(7)-H(7) 0.95
C(8)-C(9) 1.3903(17)
C(8)-H(8) 0.95
C(9)-C(10)  1.5174(16)
C(10)-N(1)  1.4734(15)
C(10)-H(10) 1
C(11)-0(2)  1.2238(16)
C(11)-N(1)  1.3718(16)
C(11)-C(12)  1.5243(18)
C(12)-C(13A) 1.519(5)
C(12)-C(18)  1.5348(18)
C(12)-C(13)  1.590(5)
C(13)-C(14)  1.512(6)

C(13)-H(13A) 0.99
C(13)-H(13B) 0.99
C(14)-C(15)  1.497(3)
C(14)-H(14A) 0.99

C(14A)-C(15)
C(14A)-H(14C)
C(14A)-H(14D)

C(15)-C(16)
C(15)-H(15A)
C(15)-H(15B)

C(16)-0(3)

C(17)-0(1)

C(17)-H(17A)
C(17)-H(17B)

C(17)-H(17C)

C(18)-H(18A)

C(18)-H(18B)
C(18)-H(18C)

C(19)-N(1)
C(19)-C(20)

C(19)-H(19A)

C(19)-H(19B)
C(20)-C(21)

C(20)-C(25)

C(21)-C(22)

C(21)-H(21)

C(22)-C(23)

C(22)-H(22)

C(23)-C(24)

C(23)-H(23)
C(24)-C(25)
C(24)-H(24)

C(25)-H(25)

1.572(3)
0.99
0.99
1.5033(18)
0.99
0.99
1.2147(16)
1.4318(15)
0.98
0.98
0.98
0.98
0.98
0.98
1.4727(16)
1.5098(19)
0.99
0.99
1.3890(19)
1.3961(18)
1.392(2)
0.95
1.381(2)
0.95
1.384(2)
0.95
1.384(2)
0.95
0.95

Table 2.11:Bond lengths [°] for sarpong122.

C(2)-C(1)-C(10) 107.04(10)
C(2)-C(1)-C(16) 110.69(10)
C(10)-C(1)-C(16) 112.65(10)
C(2)-C(1)-C(12) 118.18(10)
C(10)-C(1)-C(12) 102.54(10)
C(16)-C(1)-C(12) 105.64(10)
C(1)-C(2)-C(3) 109.79(10)
C(1)-C(2)-H(2A) 109.7

C(3)-C(2)-H(2A) 109.7

C(1)-C(2)-H(2B) 109.7

C(13)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(12)-C(13A)-C(14A)
C(12)-C(13A)-H(13C)
C(14A)-C(13A)-H(13C)
C(12)-C(13A)-H(13D)
C(14A)-C(13A)-H(13D)

109.9
108.3
113)(
108.8
108.8
108.8
108.8

H(13C)-C(13A)-H(13D) 107.7

C(13A)-C(14A)-C(15)

110.0(3)

C(13A)-C(14A)-H(14C) 109.7
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C(3)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3B)
C(2)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(5)-C(4)-C(9)
C(5)-C(4)-C(3)
C(9)-C(4)-C(3)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
O(1)-C(6)-C(5)
O(1)-C(6)-C(7)
C(5)-C(6)-C(7)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(8)-C(9)-C(4)
C(8)-C(9)-C(10)
C(4)-C(9)-C(10)
N(1)-C(10)-C(9)
N(1)-C(10)-C(1)
C(9)-C(10)-C(1)
N(1)-C(10)-H(10)
C(9)-C(10)-H(10)
C(1)-C(10)-H(10)
0(2)-C(11)-N(1)
0(2)-C(11)-C(12)
N(1)-C(11)-C(12)
C(13A)-C(12)-C(11)
C(13A)-C(12)-C(18)
C(11)-C(12)-C(18)
C(13A)-C(12)-C(1)
C(11)-C(12)-C(1)
C(18)-C(12)-C(1)
C(11)-C(12)-C(13)
C(18)-C(12)-C(13)
C(1)-C(12)-C(13)
C(14)-C(13)-C(12)

109.7
108.2
116.13(10)
108.3
108.3
108.3
108.3
107.4
119.51(11)
117.13(11)
123.22(11)
121.50(11)
119.3
119.3
115.80(11)
124.82(11)
119.37(11)
119.29(11)
120.4
120.4
122.08(11)
119

119
118.24(11)
125.85(11)
115.79(10)
122.23(10)
102.38(9)
111.09(10)
106.7
106.7
106.7
125.28(12)
124.43(12)
110.22(10)
121.15(19)
101.30(18)
105.80(10)
114.8(2)
100.95(9)
112.94(11)
103.42(18)
117.47(19)
113.9(2)
109.0(3)
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C(15)-C(14A)-H(14C)
C(13A)-C(14A)-H(14D)
C(15)-C(14A)-H(14D)
H(14C)-C(14A)-H(14D)
C(14)-C(15)-C(16)
C(16)-C(15)-C(14A)
C(14)-C(15)-H(15A)
C(16)-C(15)-H(15A)
C(14)-C(15)-H(15B)
C(16)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
0(3)-C(16)-C(15)
0(3)-C(16)-C(1)
C(15)-C(16)-C(1)
O(1)-C(17)-H(17A)
O(1)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
0(1)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
C(12)-C(18)-H(18A)
C(12)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
C(12)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
N(1)-C(19)-C(20)
N(1)-C(19)-H(19A)
C(20)-C(19)-H(19A)
N(1)-C(19)-H(19B)
C(20)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(21)-C(20)-C(25)
C(21)-C(20)-C(19)
C(25)-C(20)-C(19)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
C(23)-C(24)-C(25)

109.7
109.7
109.7
108.2
113.37(14)
101.87(14)
108.9
108.9
108.9
108.9
107.7
121.72(12)
123.64(12)
114.23(10)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
111.36(10)
109.4
109.4
109.4
109.4
108
118.66(13
121.59(1

119.72)(1

12q173)
119.6

119.6
119.97(13
120

120
119178
120.1
120.1
120.39(13



C(14)-C(13)-H(13A)  109.9 C(23)-C(24)-H(24) 119.8

C(12)-C(13)-H(13A)  109.9 C(25)-C(24)-H(24) 119.8
C(14)-C(13)-H(13B)  109.9 C(24)-C(25)-C(20) 120.45(13)
C(12)-C(13)-H(13B)  109.9 C(24)-C(25)-H(25) 119.8
H(13A)-C(13)-H(13B) 108.3 C(20)-C(25)-H(25) 119.8
C(15)-C(14)-C(13) 108.7(3) C(11)-N(1)-C(19) 117.58(10)
C(15)-C(14)-H(14A)  109.9 C(11)-N(1)-C(10) 110.11(10)
C(13)-C(14)-H(14A)  109.9 C(19)-N(1)-C(10) 123.17(10)
C(15)-C(14)-H(14B)  109.9 C(6)-O(1)-C(17) 116.80(9)

Table 2.12: Anisotropic displacement parameters’¥A10%)for sarpong122. The anisotropic dis-
placement factor exponent takes the formy/22 h*a?U!! + ... + 2 h k a* b* U]

Uil uU22 U33 U23 U13 Ul2

C(l)  19(1) 22(1) 17(1) 3(1) O0(1) 7(1)
C(2)  20(1) 25(1) 22(1) 6(1) 1(1) 11(1)
C(3)  22(1) 25(1) 24(1) 2(1) 1(1) 13(1)
C(4)  16(1) 17(1) 21(1) 4(1) 2(1) 5(1)
C(5)  18(1) 18(1) 24(1) 3(1) 4(1) 7(1)
C(6)  19(1) 18(1) 18(1) 2(1) 4(1) 5(1)
C(7)  20(1) 23(1) 19(1) 5(1) 1(1) 10(1)
C(8)  20(1) 21(1) 21(1) 3(1) 3(1) 10(1)
C(9)  17(1) 16(1) 19(1) 3(1) 2(1) 5(1)
C(10) 20(1) 18(1) 19(1) 4(1) 2(1) 9(1)
C(11) 34(1) 20(1) 18(1) 4(1) 0(1) 12(1)
C(12) 23(1) 26(1) 17(1) 4(1) 1(1) 8(1)
C(13) 28(1) 21(2) 20(2) 2(1) -3(1) 6(2)
C(14) 27(1) 25(1) 26(1) 2(1) -3(1) 6(1)
C(13A) 28(1) 21(2) 20(2) 2(1) -3(1) 6(2)
C(14A) 27(1) 25(1) 26(1) 2(1) -3(1) 6(1)
C(15) 22(1) 29(1) 28(1) 7(1) 2(1) 5(1)
C(16) 24(1) 23(1) 18(1) 3(1) 2(1) 7(1)
C(17) 29(1) 31(1) 18(1) 0(1) O0(1) 16(1)
C(18) 47(1) 39(1) 22(1) 13(1) 9(1) 29(1)
C(19) 30(1) 30(1) 19(1) 3(1) 2(1) 20(1)
C(20) 24(1) 32(1) 20(1) 2(1) 3(1) =20(1)
C(21) 26(1) 41(1) 21(1) 0(1) 3(1) 19(1)
C(22) 25(1) 36(1) 35(1) -4(1) 2(1) 14(1)
C(23) 27(1) 37(1) 42(1) 12(1) 8(1) 16(1)
C(24) 33(1) 49(1) 27(1) 12(1) 5(1) 19(1)
C(25) 30(1) 37(1) 20(1) 2(1) 1(1) 15(1)
N(1)  26(1) 21(1) 17(1) 1(1) 1(1) 13(1)
O(1)  26(1) 30(1) 17(1) -1(1) O0(1) 14(1)
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Table 2.12: Anisotropic displacement parameters’}A10%)for sarpong122. The anisotropic dis-
placement factor exponent takes the formy/22 ha?U!! + ... + 2 h k a* b* U?]

Uil uU22 U33 U23 Ul13 U112

0(2)  63(1) 33(1) 22(1) -5(1) -8(1) 32(1)
O(3)  29(1) 32(1) 26(1) 12(1) 1(1) 8(1)

Table 2.13: Hydrogen coordinates (x $pand isotropic displacement parameteréxA0®) for
sarpongl122.

X y y4 U(eq)
H(2A) 962 7410 2876 26
H(2B) 2816 8477 2776 26
H(3A) 2510 9425 4573 28
H(3B) 1236 7855 4823 28
H(5) 3220 9385 6698 24
H(7) 6509 7783 7283 25
H(8) 6132 6734 5320 24
H(10) 4888 7808 3150 22
H(13A) 687 3916 492 30
H(13B) 930 3264 1622 30
H(14A) -586 5257 1643 34
H(14B) -1592 3488 1505 34
H(13C) 885 3972 473 30
H(13D) 258 5195 953 30
H(14C) 114 2810 2101 34
H(14D) -1410 2969 1542 34
H(15A) -962 3442 3333 33
H(15B) -951 5055 3491 33
H(17A) 6003 8296 9135 38
H(17B) 6208 9845 9875 38
H(17C) 7296 9826 8824 38
H(18A) 3234 6172 189 47
H(18B) 4143 7490 1260 47
H(18C) 2333 7116 795 47
H(19A) 6333 4932 2548 29
H(19B) 6626 5781 3863 29
H(21) 8462 8380 4307 34
H(22) 10236 10568 3714 39
H(23) 10360 10708 1738 40
H(24) 8717 8658 357 42
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Table 2.13: Hydrogen coordinates (x $pand isotropic displacement parametergxA0®) for
sarpongl122.

X y z U(eq)
H(25) 6913 6489 941 35
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A colorless prism 0.050 x 0.040 x 0.040 mm in size was mounied Gryoloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(23idguand scans. Crystal-to-detector
distance was 60 mm and exposure time was 5 seconds per framgeauscan width of 2.0°. Data
collection was 98.5% complete to 67.0000inA total of 36493 reflections were collected covering
the indices, -10<=h<=10, -14<=k<=14, -12<=I<=14. 3978ewfbns were found to be symme-
try independent, with an Rint of 0.0430. Indexing and unit einement indicated a primitive,
triclinic lattice. The space group was found to be P -1 (Na. ®)e data were integrated using
the Bruker SAINT software program and scaled using the SABABftware program. Solution
by iterative methods (SHELXT-2014) produced a completejre@iom phasing model consistent
with the proposed structure. All non-hydrogen atoms wefieed anisotropically by full-matrix
least-squares (SHELXL-2014). All hydrogen atoms were gdagsing a riding model. Their po-
sitions were constrained relative to their parent atomgqusire appropriate HFIX command in
SHELXL-2014.
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Table 2.14: Crystal data and structure refinement 2046h

X-ray 1D

Sample/notebook ID

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient

F(000)
Crystal size

Theta range for data collection

Index ranges

Reflections collected
Independent reflections

sarpongl31
kro6.008a
C27 H31 N O3
417.53
100(2) K
1.54178 A
Triclinic
P-1
a=8.6339(5) A
b =11.8023(7) A
c=12.0475(7) A
1101.73(11) A3
2
1.259 Mg/m
0.641 mm
448

0.050 x 0.040 x 0.040 mMm
4.007 to 68.264°.

a= 67.177(2)°.
b= 79.596(3)°.
g = 78.562(3)".

-10<=h<=10, -14<=k<=14, -12<=|<=14

36493

3978 [R(int) = 0.0430]

Completeness to theta = 67.000° 98.50%

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

Semi-empirical from equivalents
0.929 and 0.858
Full-matrix least-squares on F2

3978/0/283
1.037

R1=0.0420, wR2 = 0.1088
R1=0.0449, wR2 = 0.1119

n/a

0.480 and -0.254¢€.A
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Table 2.15: Atomic coordinates (x0%) and equivalent isotropic displacement parameters (A
10%) for sarpong131. U(eq) is defined as one third of the trachebtthogonalizedV tensor.

X y Z U(eq)

C(l) 5587(2) 2885(1) 7167(1) 24(1)
C(2) 6574(2) 2461(1) 6208(1) 27(1)
C(3) 8021(2) 1688(1) 6280(1) 31(1)
C(4) 8776(2) 1395(2) 5293(2) 37(1)
C(5) 8074(2) 1865(2) 4220(2) 37(1)
C(6) 6598(2) 2589(2) 4151(1) 35(1)
C(7) 5833(2) 2881(1) 5146(1) 31(1)
C(8) 4176(2) 3606(2) 5112(1) 39(1)
C(9) 3049(2) 3270(1) 6311(1) 31(1)
C(10) 3898(2) 2492(1) 7449(1) 24(1)
C(11) 3927(2) 1060(1) 7749(1) 26(1)
C(12) 2296(2) 672(2) 8426(1) 32(1)
C(13) 1956(2) 834(2) 9642(1) 33(1)
C(14) 1902(2) 2188(2) 9451(1) 32(1)
C(15) 3312(2) 2794(1) 8622(1) 26(1)
C(16) 4847(2) 2419(1) 9224(1) 23(1)
C(17) 8397(3) 2194(2) 2111(2) 51(1)
C(18) 4233(2) 651(1) 6666(1) 30(1)
C(19) 5327(2) -297(2) 6591(2) 42(1)
C(20) 2903(2) 4203(1) 8374(1) 32(1)
C(21) 7633(2) 2730(1) 8554(1) 27(1)
C(22) 7869(2) 4086(1) 8002(1) 26(1)
C(23) 7025(2) 4925(2) 8529(1) 35(1)
C(24) 7259(2) 6165(2) 8046(2) 39(1)
C(25) 8363(2) 6575(2) 7037(2) 36(1)
C(26) 9195(2) 5754(2) 6503(1) 34(1)
C(27) 8928(2) 4522(1) 6974(1) 30(1)
N(1) 6103(1) 2530(1) 8359(1) 24(1)
O(1) 8923(2) 1537(1) 3281(1) 47(1)
O(2) 5118(1) 423(1) 8537(1) 26(1)
O(3) 4932(1) 2170(1) 10306(1) 27(1)

Table 2.16:Bond lengths [A] for sarpong131.

C(1)-N(1) 1.4585(17) C(14)-H(14A) 0.99
C(1)-C(2) 1.494(2) C(14)-H(14B) 0.99
C(1)-C(10)  1.5572(18) C(15)-C(16)  1.5313(19)
C(1)-H(1) 1 C(15)-C(20)  1.5493(19)
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C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-H(4)
C(5)-0(1)
C(5)-C(6)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(8)-C(9)
C(8)-H(8A)
C(8)-H(8B)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)
C(10)-C(15)
C(10)-C(11)
C(11)-0(2)
C(11)-C(18)
C(11)-C(12)
C(12)-C(13)
C(12)-H(12A)
C(12)-H(12B)
C(13)-C(14)
C(13)-H(13A)
C(13)-H(13B)
C(14)-C(15)

1.388(2)
1.403(2)
1.381(2)
0.95
1.393(2)
0.95
1.376(2)
1.383(2)
1.392(2)
0.95
1.513(2)
1.546(2)
0.99

0.99
1.5427(18)
0.99

0.99
1.5627(19)
1.5807(19)
1.4198(17)
1.523(2)
1.552(2)
1.519(2)
0.99

0.99
1.517(2)
0.99

0.99
1.531(2)

C(16)-0(3)  1.2327(16)
C(16)-N(1)  1.3493(18)
C(17)-0(1)  1.427(2)

C(17)-H(17A) 0.98
C(17)-H(17B) 0.98
C(17)-H(17C) 0.98

C(18)-C(19)  1.334(2)

C(18)-H(18) 0.95
C(19)-H(19A) 0.95
C(19)-H(19B) 0.95
C(20)-H(20A) 0.98
C(20)-H(20B) 0.98
C(20)-H(20C) 0.98

C(1)-N(1)  1.4612(17)
C(21)-C(22)  1.5166(19)

C(21)-H(21A) 0.99
C(21)-H(21B) 0.99

C(22)-C(27)  1.385(2)
C(22)-C(23)  1.396(2)
C(23)-C(24)  1.390(2)

C(23)-H(23) 0.95

C(24)-C(25)  1.388(2)

C(24)-H(24) 0.95

C(25)-C(26)  1.382(2)

C(25)-H(25) 0.95

C(26)-C(27)  1.392(2)

C(26)-H(26) 0.95
C(27)-H(27) 0.95
0(2)-H(2) 0.84

Table 2.17:Bond lengths [°] for sarpong131.

N(1)-C(1)-C(2)
N(1)-C(1)-C(10)
C(2)-C(1)-C(10)
N(1)-C(1)-H(1)
C(2)-C(1)-H(1)
C(10)-C(1)-H(1)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)

121.80(12)
104.06(10)
111.11(11)
106.3
106.3
106.3
119.29(14)
128.33(13)
112.29(13)
120.53(15)
119.7
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C(13)-C(14)-H(14A)
C(15)-C(14)-H(14A)
C(13)-C(14)-H(14B)
C(15)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(14)-C(15)-C(16)
C(14)-C(15)-C(20)
C(16)-C(15)-C(20)
C(14)-C(15)-C(10)
C(16)-C(15)-C(10)
C(20)-C(15)-C(10)

108.6
108.6
108.6

108.6

107.6
113.82(12)
106.66(12)
103.42(11)
117.44(12)
101.21(11)
113.52(12)



C(2)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
O(1)-C(5)-C(6)
O(1)-C(5)-C(4)
C(6)-C(5)-C(4)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(6)-C(7)-C(2)
C(6)-C(7)-C(8)
C(2)-C(7)-C(8)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8A)
C(9)-C(8)-H(8A)
C(7)-C(8)-H(8B)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9A)
C(8)-C(9)-H(9A)
C(10)-C(9)-H(9B)
C(8)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(9)-C(10)-C(1)
C(9)-C(10)-C(15)
C(1)-C(10)-C(15)
C(9)-C(10)-C(11)
C(1)-C(10)-C(11)
C(15)-C(10)-C(11)
0(2)-C(11)-C(18)
0(2)-C(11)-C(12)
C(18)-C(11)-C(12)
0(2)-C(11)-C(10)
C(18)-C(11)-C(10)
C(12)-C(11)-C(10)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12A)
C(11)-C(12)-H(12A)
C(13)-C(12)-H(12B)
C(11)-C(12)-H(12B)

H(12A)-C(12)-H(12B)

C(14)-C(13)-C(12)
C(14)-C(13)-H(13A)

119.7
119.91(16)
120
120
123.92(16)
115.80(16)
120.27(15)
119.85(15)
120.1
120.1
119.99(15)
120.48(14)
119.48(14)
116.98(12)
108.1
108.1
108.1
108.1
107.3
114.12(12)
108.7
108.7
108.7
108.7
107.6
106.02(11)
117.98(11)
99.10(10)
110.22(11)
113.34(11)
109.78(11)
109.89(12)
108.77(11)
106.08(11)
106.43(10)
116.09(11)
109.43(12)
111.88(12)
109.2
109.2
109.2
109.2
107.9
109.76(13)
109.7
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0(3)-C(16)-N(1)
0(3)-C(16)-C(15)
N(1)-C(16)-C(15)
O(1)-C(17)-H(17A)
O(1)-C(17)-H(17B)

H(17A)-C(17)-H(17B)

O(1)-C(17)-H(17C)

H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)

C(19)-C(18)-C(11)
C(19)-C(18)-H(18)
C(11)-C(18)-H(18)

C(18)-C(19)-H(19A)
C(18)-C(19)-H(19B)
H(19A)-C(19)-H(19B)

C(15)-C(20)-H(20A)
C(15)-C(20)-H(20B)

H(20A)-C(20)-H(20B)

C(15)-C(20)-H(20C)

H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)

N(1)-C(21)-C(22)
N(1)-C(21)-H(21A)
C(22)-C(21)-H(21A)
N(1)-C(21)-H(21B)

C(22)-C(21)-H(21B)
H(21A)-C(21)-H(21B)

C(27)-C(22)-C(23)
C(27)-C(22)-C(21)
C(23)-C(22)-C(21)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
C(26)-C(25)-C(24)
C(26)-C(25)-H(25)
C(24)-C(25)-H(25)
C(25)-C(26)-C(27)
C(25)-C(26)-H(26)
C(27)-C(26)-H(26)
C(22)-C(27)-C(26)
C(22)-C(27)-H(27)
C(26)-C(27)-H(27)

124.94(13)
125.80(13)
108.93(11)
109.5
109.5
109.5
109.5
109.5
109.5
123.25(14)
118.4
118.4
120
120
120
109.5
109.5
109.5
109.5
109.5
109.5
112.70(11)
109.1
109.1
109.1
109.1
107.8
118.39(14
121.19)(1
120.483(1
12078)(
119.6
119.6
119189
120.1
120.1
1197
120.1
120.1
120.12(14)
119.9
119.9
120.98(14)
119.5
119.5



C(12)-C(13)-H(13A)  109.7 C(16)-N(1)-C(1) 111.09(11)

C(14)-C(13)-H(13B)  109.7 C(16)-N(1)-C(21) 121.03(11)
C(12)-C(13)-H(13B)  109.7 C(1)-N(1)-C(21) 124.05(11)
H(13A)-C(13)-H(13B) 108.2 C(5)-0(1)-C(17) 116.86(15)
C(13)-C(14)-C(15) 114.70(12) C(11)-0(2)-H(2) 109.5

Table 2.18: Anisotropic displacement parameters’¥AL0°%)for sarpong131. The anisotropic dis-
placement factor exponent takes the formy/22 ha?U'! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12

C(l) 27(1) 22(1) 22(1) -5(1) -5(1) -6(1)
C(2) 29(1) 28(1) 24(1) -8(1) O0(1) -11(1)
C(3) 30(1) 33(1) 31(1) -13(1) -1(1) -9(1)
C(4) 33(1) 39(1) 42(1) -20(1) 6(1) -10(1)
C(5) 45(1) 42(1) 31(1) -20(1) 10(1) -21(1)
C(6) 45(1) 39(1) 24(1) -10(1) 1(1) -18(1)
C(7) 36(1) 33(1) 24(1) -8(1) -2(1) -12(1)
C(8) 42(1) 45(1) 25(1) -6(1) -11(1) -3(1)
C(9) 31(1) 31(1) 30(1) -11(1) -11(1) 1(1)
C(10) 24(1) 26(1) 24(1) -8(1) -4(1) -3(1)
C(11) 26(1) 27(1) 25(1) -9(1) -4(1) -6(1)
C(12) 30(1) 37(1) 34(1) -15(1) -1(1) -12(1)
C(13) 28(1) 41(1) 33(1) -14(1) 3(1) -14(1)
C(14) 24(1) 42(1) 32(1) -18(1) 1(1) -5(1)
C(15) 25(1) 27(1) 27(1) -11(1) -41) -2(1)
C(16) 28(1) 18(1) 24(1) -8(1) -3(1) -4(1)
C(17) 72(1) 59(1) 33(1) -26(1) 12(1) -26(1)
C(18) 36(1) 30(1) 26(1) -10(1) -3(1) -10(1)
C(19) 56(1) 40(1) 32(1) -17(1) -7(1) -4(1)
C(20) 33(1) 30(1) 34(1) -14(1) -8(1) 4(1)
C(21) 25(1) 30(1) 28(1) -11(1) -6(1) -4(1)
C(22) 24(1) 31(1) 27(1) -12(1) -5(1) -6(1)
C(23) 39(1) 39(1) 32(1) -19(1) 4(1) -13(1)
C(24) 47(1) 38(1) 42(1) -23(1) -1(1) -9(1)
C(25) 39(1) 32(1) 40(1) -11(1) -8(1) -12(1)
C(26) 26(1) 38(1) 33(1) -6(1) -2(1) -9(1)
C(27) 23(1) 35(1) 31(1) -13(1) -2(1) -2(1)
N(1) 25(1) 24(1) 22(1) -8(1) -3(1) -5(1)
O(1) 53(1) 57(1) 38(1) -29(1) 14(1) -19(1)
O(2) 30(1) 22(1) 26(1) -6(1) -6(1) -5(1)
O(3) 33(1) 26(1) 22(1) -9(1) -3(1) -5(1)
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Table 2.19: Hydrogen coordinates (x $pand isotropic displacement parameteréxA0®) for
sarpong108.

X y z U(eq)

H(1) 5432 3813 6815 29
H@E) 8497 1358 7014 37
H@4) 9773 874 5346 44
H®6) 6107 2886 3426 42
H(BA) 3664 3496 4496 47
H(8B) 4277 4498 4833 47
H(OA) 2473 4048 6404 37
HOB) 2249 2802 6258 37
H(12A) 1443 1182 7917 38
H(12B) 2288 -208 8556 38
H(13A) 924 555 10058 40
H(13B) 2797 319 10159 40
H(14A) 1858 2256 10250 38
H(14B) 909 2660 9103 38
H(17A) 7333 2014 2121 77
H(17B) 9137 1930 1509 77
H(17C) 8360 3088 1900 77
H(18) 3613 1092 6011 36
H(19A) 5961 -753 7234 50
H(19B) 5472 -515 5895 50
H(20A) 2744 4337 9143 48
H(20B) 1927 4534 7978 48
H(20C) 3779 4630 7845 48
H(21A) 8499 2244 8196 33
H(21B) 7704 2420 9436 33
H(23) 6281 4646 9227 41
H(24) 6665 6729 8405 47
H(25) 8545 7417 6716 43
H(26) 9951 6032 5813 41
H(27) 9480 3971 6585 36
H(2) 5062 -342 8818 40
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Chapter 3

Synthesis of Arcutine

3.1 Introduction

Given the difficulties we had accessing many of the key satesdtrin our retrosynthesis as
described in Chapter 2, it became apparent that a redestge odute was necessary. With a more
clear idea of what would be possible, we set out to developraregosynthesis that addressed
the deficiencies of our old approaches. We were also ableate dpon the new literature towards
these molecules had been published since our initial appesa

ACO RO

OH
' OH Reductive
' Cycllzanon / J.f ? ; ‘7l( Dlels—AIder OAC
Nig R

arcutinidine (1.19)

OMe
OR Dlels—AIder OH
e} Fnedel Crafts GO OMe OQ[ieaq;n
| NBn
ACO NBn
34 © © 33

Figure 3.1: Retrosynthesis of arcutinidin&.(L9 utilizing a reductive coupling to form the B ring
and an oxidative dearomatization/Diels—Alder sequenderto the C & D rings.

3.2 Optimized Imide Synthesis

During our earlier efforts, we found an overlooked repahiat greatly simplified the synthesis
of our starting imide 2.35 as shown in Scheme 3.1. On the basis of this report, we desela
new approach to a series of more oxidized imide precur8o4sb), and eventually identified one
that could be used for our oxidative dearomatization. Nzlgkeitraconimide 8.5) was synthesized
from the commercial anhydride in high yields, and on morath@dgram scale. Treating this imide
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PPh3
NBn
AcOH, 120 °C Et3N/THF \
18h

reflux, 2d
22% over 2
steps 2.35

Scheme 3.1improved synthesis of imid2.35

with PPh in AcOH gave an ylide.6) that underwent Wittig reaction with a variety of aldehydes
to give imides with an exocyclic olefin such 34. In the original report, these exocyclic products
were refluxed for 2 days in a mixture of THF angEtto give the desired maleimides, such as
2.35 We found that using methyl enol ethers as masked aldehydeadents, gave higher overall
yields. These enol ethers could be synthesized in one sigptfre corresponding benzaldehydes
using a Wittig reaction, and purified by simple filtration gaove the bulk of the PR®. We also
found that 1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU)lfeted isomerization to the maleimides
under milder conditions, and in only a few hours. This modafgroach allowed us to synthesize
a series of imides3(4ab) in only three steps with only a single chromatographic satjen.

3.4a OMe
o 3.4c OBn
PPh 3.4d OTBDPS
3 3.4e OTIPS
| NBn —_— > NBn 3.4b |
AcOH, 120 °C THF rt ’
18h

© 15- 58%
35

Scheme 3.2Scalable, modular synthesis of a variety of maleimides dighbstituted aryl groups.

3.3 Oxopyrrolium Diels Alder

The most dramatic improvement to our route came from ourtsfto improve the regioselec-
tivity of the Diels—Alder step. Throughout all of our earlydls—Alder-based approaches, lack of
regioselectivity in this key step led to mixtures of produtitat were often difficult to separate,
and resulted in half of the material eventually being didedr Our key insight came when we
considered changing the order of operations in the syrgtegsour tetracycle. Whether it was a
Friedel-Crafts, as in our early approaches or an anionitzeyon in the later one, forging the
C-C bond between the arene and heterocyclic portion of tHeaule was proving difficult. To
that end we discussed forming that bond before installatidhe A ring (Figure 3.2). We realized
that if done earlier in the sequence, the resulting hemiahdauld prove useful for facilitating
the Diels—Alder that had been so inefficient in earlier apph®s. Upon elimination of hydroxide,
the resulting N-acyliminium3.9) would be substantially activated toward a cycloadditiesation.

98



MeO

3.9

Figure 3.2: Two possible routes to our key tetracyc&10

Preliminary DFT calculations showed that this N-acylimimiion not only displayed the desired
polarization of the LUMO, but also significantly lowered thelMO energy (Figure 3.3). We
hoped that this polarization would give us some regioswigcin the Diels—Alder cycloaddition,
and that the lower energy LUMO would facilitate the reactnemperatures lower than 170
(as was required previously). In the acyclic precur&89, the LUMO has a calculated energy
of -2.3 eV whereas the cyclized iminium ion dienophBed) had a LUMO energy of -4.0 eV; as a
result, the HOMO/LUMO gap was decreased by a factor of 2. fye of analysis has shown to
be a strong predictor of both reactivity and selectivity irelB-Alder reactiong. With these com-
putational results in hand, we were confident that this aggravould solve our selectivity issues,
assuming that we could synthesize the requisite tricyg#).(

2.35 3.9

Figure 3.3: The LUMO’s of 2.35and3.9 calculated using ETD2/6-31+G* and visualized in Spar-
tan.

Using our series of more highly oxidized imide precurs@d§b), we attempted the Friedel—
Crafts alkylation to give us the tricyclic dienophile presors. While there was little precedent
for forming these types of heterocycles, one rebdedmonstrated the desired reactivity using ph-
thalimides with N tethered aryl groups and trifluoromettsarti@nic acid (TfOH) to facilitate the
reaction. We were pleased to find that the desired cyclizatiorked well as long as the starting
materials could tolerate the strongly acidic conditiomsidies with benzyl and silyl protected guia-
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cols gave poor yields, but the 3-methoxy and 2,3-dimethatgiates gave the tricyclic products
(3.9and3.11) in high yields.

R
4-6 equiv TfOH —
—_——
o S OMe OMe
R DCM, rt 1) Nn OH

BnN o 3h B

2.35 39 R=H 98%
3.11 R =0OMe 86%

Scheme 3.30xopyrrolium dienophile precursor synthesis.

With these dienophile precursors in hand, we set out to exmonditions for the Diels-Alder
reaction. Initial attempts at performing this reaction enthermal conditions were unsuccessful,
as these tricycles were prone to aromatization at high testyres. Screening by a visiting scholar,
Sohei Ueno, eventually hit upon several promising Lewisdl aaitalysts including B Et,O and
AICI; that allowed the reaction to proceed at lower temperatubdter some optimization, we
found that 3 equivalents of Alghnd 3 equivalents of diene in acetonitrile at@gave the desired
tetracycle 8.15 as a single isomer and in good yields, validating our hypsih The switch to a
Lewis acidic catalyst also required a more acid stable dieamely 1-acetoxybutadiene, as the 1-
silyloxybutadiene used in previous approaches was prodedomposition under these conditions.
With this new approach we were able to access decagram tieamti our key tetracycle much
more efficiently than with previous routes. This synthesas wxploited for much of the later work
from Chapter 2 utilizing the monomethoxy substrates. Stheechapter focuses on our current
approach toward the arcutines we will only discuss the dumet substrates.

PPh3 MeO
AcOH
110 °C, 12h
thenDBU ~ MeO
THF

MeO rt, 3h TfOH OMe
Z NBn 58% DCM OMe
o NBn 0~ N OH

MeO

OMe 0°Ctort, 4h Bn
o 86%
3.12 35 3.4a 3.11
OMe
T \—0xc OMe
NCe
O0“IN AcO NBn
Bn X o)
3.14 3.15

Scheme 3.4Synthesis of dimethoxy tetracycBela

100



3.4 Tetracycle Functionalization

With Diels-Alder adduct3.15in hand, we were ready to explore the later steps toward the
oxidative dearomatization. Fortunately, the Rh op@l catalyzed hydrogenation and ionic reduc-
tion conditions previously developed for the monomethaxystrate 2.42) were applicable to the
dimethoxy substrate3(15. Using this approach, we were able to access large quemntiti3.17,
which served as the staging point for many of our approacines # could be stored for months
at —20°C without any apparent degradation.

OMe
OMe Rh/A|203 OMe BF3e Etzo OMe
@O @O GO
EtOAC DCM
AcO 18h, rt AcO 50 °C, 14h AcO
0) 0) 78% over 2 steps @)
3.15 3.16 3.17

Scheme 3.5Reduction of Diels—Alder addu&t15to lactam3.17.

3.5 Oxidative Dearomatization & Diels-Alder Investigations

— ANy
AcO DCM AcO Y—NBn
(e} O
3.17 3.3
TMSI
DCM/MeCN, 50°C
85%
OH (0]
H l OMe (0]
) ]
AcO NBn AcO NBn
O O
3.19 3.18

Scheme 3.61nitial approaches to the oxidative dearomatizatio.4f7.

At this stage, we had several options for the oxidative deatation. Direct dearomatization
of 1,2-dimethoxy arenes to orthoquinones is known with sear@m oxidants including CARN
and Ce(SQ@)2 with HCIO,.® This was recently demonstrated by the Qin group in their syt
sis of a variety of atisane-type diterpenoids. Under theselitions we only observed undesired
oxidation elsewhere in the molecule. Unlike our monomeyhexbstrate, demethylation 8f17
with excess BBy worked reliably to give catech@d.18 Attempts to perform a monodemethyla-
tion with 1 equivalent of BBy gave a statistical mixture of demethylated products. Giodeof
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the catechol to the diketon8.09 with DDQ, Ag,O and Ce(S@), gave complex mixtures or de-

composition. Like the monomethoxy substrate, the dimetremmpound was resistant to EtSNa
mediated demethylation. Fortunately, upon trea8rigy with 10 equivalents of TMSI, a selective

monodemethylation occurred to give guiaBd. The selectivity was confirmed by comparison to
a sample synthesized from the benzyl protected in3d&d.

OMe

OMe O, OMe
OMe
PIDA 0 OMe
) @) M R
AcO Bn MeOH AcO )—NBn N
o Bn
3.20 3.21

Scheme 3.70xidative dearomatization & 3with PIDA.

With this guiacol 8.3) in hand we were able to test the oxidative dearomatizatomditions
that had been so effective for Qin, Kobayashi, and othersatiment with diacetoxyiodobenzene
(PIDA) in methanol led to the expected masked orthobenzrmma (MOB) 8.20. While the crude
reaction was relatively clean, this MOB was unstable teaziiel. Therefore the intermolecular
Diels—Alder cycloadditions were attempted on crude makeBenzyl propargyl ether, trimethylsi-
lylacetylene, and ethyl vinyl ether were chosen as dierdeplsince they would lead to products at
roughly the correct level of oxidation. However, upon hegtio 180°C, no desired product was
detected and only slow decomposition of the starting dieag observed. Since we had expected
the intermolecular Diels—Alder cycloaddition would be ibdaging, we next explored options to
install a pendant dienophile such as an allyl group in theatkre dearomatization.

OH
OMe Pb(OAC),
GO acryllc acid
Ay \OMe — > 5
)
AcO )—~NBn “oow sorHon
O 33 .

rt, 1h Bn
3.23

Scheme 3.8Wessley oxidation 08.3and subsequent Diels—Alder to form the ACDEF ring system
of arcutine.

Treating guiacoB.3with allyl alcohol and PIDA gave complex mixtures. On the other hand,
treating this guiacol with a solution of lead (V) acrylatgeerated from lead (IV) acetate and a
large excess of acrylic acid) gave the Wes$leyidation product.22 possessing a diene and an
acrylate moiety ortho to the ketone. Isolating this commbliy chromatography proved difficult
as it was also unstable to SiObut upon heating to reflux in benzene, a new product formed
that was consistent with the desired Diels—Alder producthilgVwe were relatively confident
that the acrylate would react from the less hindepefhce, we confirmed the connectivity and
stereochemistry of this product using X-ray crystallodgmagFigure 3.4).
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Figure 3.4: X-ray structure 08.23 visualized in CYLview.

3.6 Pentacyclic Amide Functionalization

With cycloadduct3.23in hand, we only needed to form the B ring in order to complbte t
arcutine skeleton. Given the precedent set by Qin, we waotéam the B ring via a reductive
cyclization utilizing Sm. To mimic their substrate, we would need to convert the aeef@up in
3.23to a ketone and install an alkene in the [2.2.2] bicycle &24. Alternatively, a 1,6 diketone
would be well poised for a pinacol coupling as3r25(see Figure 3.5).

o\~ COzMe CO,Me
0
N
3. 25

Figure 3.5: Possible precursors for B ring closure via a pina824), or Qin’s reductive cycliza-
tion (3.25).

Screening of various hydride and dissolving metal redactionditions gave only decompo-
sition. Treating3.23 with an excess of Smlgave reduction of the masked 1,2 diketone with
concomitant formation of the carboxylic acid. This acid wes isolated but instead methylated
with TMSCHN; to give the methyl esteB(26). While this reduction was a useful step toward the
targeted B ring precursofs24and3.25 the reaction suffered from one major shortcoming. Dur-
ing the reduction a transient 1,4 cyclohexadieBT, Scheme 3.9) forms, which can undergo a
retro Diels—Alder through loss of acrylate to giv&2 Our initial attempts using Smin methanol
gave nearly a 1.1 mixture of the desired reduction produdtle guiacol. Fortunately, guiacadI3
could be recycled since it was our oxidative dearomatingpieecursor. Common additives such
as hexamethylphosphoramide (HMPA) and 1,3-dimethyl534tetrahydro-2(1H)-pyrimidinone
(DMPU) were examined, but these led to more of the retro Bfider product. We then looked
at different temperatures and found that, while the oveed# of this reaction was sensitive to
temperature, little difference in product ratio was obsdrat temperatures between <“I3and
room temperature. The one factor that did improve the readightly was the use of more acidic
cosolvents such as trifluoroethanol (TFE) or hexafluoratspganol (HFIP). These improved the
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ratio to roughly 70:30 in favor of the desired reduction prod We believe that these solvents
facilitate the tautomerization between the initial enaittemer @.73 that can rapidly undergo a
retro Diels—Alder and the relatively stable keto tauton3er§.

o 9Me OMe
:,0 1) Sml,/HFIP
D (6]
0 __2)TMSCHN, Q‘\:i i i OzMe
(0] &g
N 50% over 4 steps

Bn

3.23 O 33 3.26
lZ Sml, [e) T 1) H*
_ 2) TMSCHN
X - 2
A
X2SmO MeO 0. MeO X2SmO o
o= o . (o] o o= )
n- — tautomerize n — 2 Sml, n =
N © N © N
Bn Bn
3.27 3.28 3.29

Scheme 3.9Reduction 0f3.23to0 3.26as well as guiacd.3.

In order to suppress the retro Diels—Alder cycloadditior, twed to reduce the alkene in the
[2.2.2] bicycle 0f3.23 Heterogeneous catalysts including Pd and PdgQif)charcoal, Rh on
charcoal, Rh on AlO;, PtO,, and Pt on AdO5; at 50 atm were explored, as were additives such as
AcOH. In the end, none of the desired alkene reduced pro8ugd(was ever detected, and only
starting material, retro Diels—Alder products, and reaurcof the benzyl group to the methylenecy-
clohexyl group occurred. After examining a 3D model of thistem, we realized that pyramidal-
ization of the spcarbons would force the carbonyl in the [2.2.2] bicycle iatsevere steric clash
with the acetate, which could prevent the desired reduction

o)
o CO,Me cone
o

Bn Bn

O

(e} COoMe o CO,Me
AaZ o= Jac7 7/~
Bn Bn H

3.33

Scheme 3.10Attempted transformations of Diels—Alder prod@c23

One way to mitigate this steric clash would be to convert tetike group in the C ring to
something smaller. Since the Qin group was able to form thn@ vria a reductive cyclization
onto an alkene at that position we attempted to install aeredkn the [2.2.2] bicycle. Treatment
with LiBH,4 afforded the desired alcoh8l34 as a single diastereomer. Attempts to sulfonylate
this alcohol with triflic anhydride or mesyl chloride failgokresumably due to the highly sterically
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encumbered environment. Treatment with Burgess reagéiddim’s sulfurane led to a new prod-
uct, which appeared to be the result of a rearrangemenn@ifisim the formation of a secondary
carbocatiorf While the structure of this product was not fully elucidatédvas apparent that it
lacked the desired alkene group ity analysis. Installation of a vinyl triflate resulted in rdpetro
Diels—Alder to give the triflated guiacol. Given that fornoat of alkene would be impossible due
to the heavily favored retro Diels—Alder, we decided to perseemoval of the acetyl group.

Ac (o) Ac
co,Me % co,Me Y =, CO,Me
_LiBHi °
NT =TT N
Bn

MeOH Bn
3.34

Scheme 3.11Attempted formation of dien8.74

Selective removal of the acetyl group to gi®€0proved challenging and we were only suc-
cessful at removing it by global reduction to the triBl31). Reoxidation to the diketoaldehyde
proved somewhat feasible but the compound proved chafigrigiisolate. Because we sought to
keep the methyl ester intact, a variety of methanolysis itimms were explored. Under basic con-
ditions, only epimerization of the methyl ester was evereobsd. The acetate was also completely
resistant to acidic methanolysis conditions.

Scheme 3.12Alternative oxidative dearomatization substrates.

With our attempts to remove this acetyl group faltering, veeided to remove it at an earlier
stage in the synthesis. We synthesized a variety of oxie@aaromatization precursors bearing
a ketone 8.36), alcohol 3.37), and alkene 3.39 instead of the acetate. In all cases, oxidative
dearomatization gave complex mixtures, possibly due ta d@stereoselectivity in the acrylate
addition due to lack of steric influence from the acetateeAftorkup, the crude oxidative dearom-
atization products were heated to reflux in benzene, but misBilder product formation was
evident. At this stage, it appeared that the acetate walyideegted for this approach since it was
oxidatively stable and bulky enough to enforce a diast&lective oxidative dearomatization.

AC S COM Oxone® AC \Q
§| f 7\\\‘7 Me ke CO,Me
MeN02

50 °C, 15h
34%

Scheme 3.13Preparation of vinylogous imid&39using Oxoné.
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Our final effort to salvage this approach was to remove theydgmoup since we were unsure
whether it could interfere with acetate removal or doubladbydrogenation. Given our exhaus-
tive attempts to reduce the alkene group in the [2.2.2] egywee knew that hydrogenolysis was
unlikely to work since debenzylation was never detectethars¢ attempts. Selective reduction of
the amide to give3.32 which would render hydrogenolysis more feasible, gaveenainthe de-
sired product. Therefore, we explored a variety of oxidatwnd acidic debenzylation conditions.
Treatment with AIC4 or TFOH and various other acids at temperatures up to°Co@turned only
starting material or decomposition products. Oxidatiothtobenzoyl group also proved challeng-
ing but we did achieve some success with the combination afdt@ Oxoné&.° Under anhydrous
conditions, this combination gave a mixture of oxidizeddurcts, one of which also lacked the
benzyl group. Addition of a small amount of water gave goodveosion to the debenzylated
product albeit with over oxidation to the vinylogous imi@&9 With imide 3.39in hand we once
again looked at a battery of reductive and methanolytic tmms$ to cleave the acetyl group with
Nno success.

3.7 Synthesis of the Arcutine Core

Given that the only positive results at this point involvedwimg toward highly oxidized sub-
strates like3.39rather than more reduced products closer to the naturalptedwe once again
decided to revisit an earlier stage in the synthesis. Maiba or removal of the acetyl group had
already been explored with no success. Therefore, we dibtideonvert the N-benzyl lactam to
something that could be more readily removed. This meantiad the lactam to the amine, which
would render hydrogenolysis feasible, or replacing thezplegroup entirely. We chose to explore
the latter option first. Once again we revisited our key tstcac lactam 8.17) as a staging point
for these attempts. Given our previous experience withiBiecluctions on similar substrates, we
knew that the dimethoxy arene would be resistant to reduetging dissolving metal conditions.
Birch reduction with Na or Li on both the guiacd.8) and veratrol 8.17) tetracycles provided
the debenzylated productd3.40and3.42), albeit with loss of the acetyl group as well. Upon treat-
ing the debenzylated verat®.40 with TMSI, we observed an unexpected rearrangement to the
aminolactone .41) that we had originally targeted in one of our very first agmizes. While
Birch reduction of the guiacol afforded the expected prodiicearranged on silica to the same
amino lactoned.41).

Lithium aluminum hydride (LAH) reduction d8.40gave the expected secondary amine. Re-
protection of the nitrogen with a Boc group proved facilewkwer reintroduction of a protecting
group on the oxygen proved challenging. Rather than coatwith that approach, we opted to
explore the N-benzylated amin8.43, which would give us the benefit of having orthogonal
protecting groups on the nitrogen and oxygen. Global redncif 3.17with LAH provided the
tertiary amine bearing a 2°hydroxyl in good yields. Reatigtaunder forcing conditions provided
the desired amino acetate 43. Attempts to access this compound directly from the amaiesh
been unsuccessful so far, as even amide selective redummilitions gave primarily reduction of
the esteft0-12

To our surprise, these tertiary amine substrates werauvalabxidatively stable, and surpris-
ingly nonpolar, making them easy to purify. Using condis@imilar to those developed for the
amide substrates, we were able to successfully accessidmb(3.44) and perform the oxidative
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AcO NBn 78C°
O 33 O 342

Scheme 3.14Debenzylation 08.17led to unexpected spirolactonization.

1) LAH
THF, reflux, 18h
2) Ac,O/pyridine

GO OMe THF, reflux, 72h GO OMe TMSI
—»

! 65% over 2 steps DCM/MeCN
AcO NBn AcO NBn 40 °C, 24h
¢} 75%
3.17 3.43
OH
Pb(OACc),
GO OMe acrylic acid
)
DCM
AcO NBn rt, 1h
3.44 3.45

Scheme 3.150xidative dearomatization and installation of an acrytatgive 3.45

dearomatization with lead (IV) acrylate to gi8e45 Upon heating to reflux in benzene, we were
only able to isolate a small amount of the desired Diels—Af®duct 3.47). Upon examina-
tion, the bulk of the crude material appeared to be a diasteeec mixture of isomerized starting
material 8.46 Scheme 3.16). This was presumably due to the basic nitfagéditating a proton
transfer. Fortunately, conducting the Diels-Alder at leigtemperatures greatly improved the prod-
uct ratios and heating the oxidative dearomatization petsdim toluene or xylenes at reflux gave
mostly the desired product as roughly a 15:1 mixture of di@stmers.

o 0
H QMOe OMe Ac o OMe
5 Z N \ 2 0
s \ﬂ/ 5 o
O —-——— [
PhH ) PhM
80°C, 12h AcO \—NBn 110°C, 12h ’é‘n
3.46 3.45 60% over 2 steps 3.47

Scheme 3.16Temperature dependence of the Diels—Alder reactidh4h

With this new Diels—Alder product in han®.47), we explored several of the conditions that
had shown promise with the lactam-containing substia23(. To our dismay, nearly all condi-
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tions that we tried led to complex mixtures, including thelemediated reduction conditions that
had worked previously fo-keto reduction. Serendipitously, during an attemptedcé&dn using
NaBH, in methanol, we found that the colorless starting mateuiadedd bright yellow after several
minutes of stirring, but before any other reagents were @d@eC confirmed full conversion to a
new product that had the same mass as the starting matedi&@ks. This new product decom-
posed slowly in solution, but we were able to isolate it antkcoONMR data. This confirmed that
methanolysis of the lactone in the [2.2.2] bicycle occutredive diketone3.48 3C NMR showed
characteristic 1,2-dicarbonyl resonances, and whéiiwas stirred in CROD, the diketone was
isolated with the fully deuterated of the methyl ester. 8intany of our initial studies had been
done in methanol, we believed that the resulting complexunes were due to partial conversion
of the starting material before other reactions could accur

After allowing the starting material to fully isomerize toetdiketone, we reexamined our initial
reaction conditions. Methanolysis of the acetyl group pobdifficult given how prone the diketone
was to decomposition. Treatment2#8with a wide array of borohydride reducing reagents led
to complex mixtures of diastereomeric products. After isamation to the diketone, reduction
with Smk, proceeded smoothly (Scheme 3.17). When methanol was usleel sale cosolvent, the
ketone containing produc8(60 was formed. When water was used, reduction to alc88,
largely obtained as a single isomer, occurtgd.

o ?MOE o o HO o)
o\ 0 0 0 CO,Me 0 CO,Me
M MeOH M THF/MeOH M or M
%In rt, 30m En rt, 30m ’I%ln ’éln
3.47 3.48 3.49 350
with H,O no H,O

Scheme 3.171somerization and reduction of Diels—Alder prodGct7.

With ketone3.50and alcohol3.75in hand, we looked toward achieving the transformations
necessary to form the final ring of the arcutine core. Onceagee found the acetate was resistant
to basic methanolysis; acidic methanolytic conditionsyéeer, showed some promise. While the
ketone containing substratg.50 proved unreactive, removal of the acetyl grou@id9occurred
with several acids at high temperatures. Eventually we dotivat Amberlyst15 resin at 100
°C gave good conversion to di8l51, which was isolated by simply filtering off the resin and
concentrating. Treatment of the resulting diol with DMP gé#ve diketone3.52) in modest yields.
With this compound in hand we were ready to attempt a pinamgbling to form the last C—C bond
in the arcutine skeleton. Treating diketa®®&2with Smk gave two new products with the correct
masses by LCMS in roughly a 10:1 ratio. 2D NMR studies of theomaroduct seemed to confirm
that it had the desired connectivity, but it was difficult ttnérm which diasteromer was formed.
Calculations showed that only two of the four possible @iamhers (epimeric at the A ring alcohol)
were energetically feasible, with the undesired A ringestehemistry being energetically favored
by approximately 3 kcal/mol. While still attempting to detene the structure of this product, we
explored a variety of other samarium based reductants. \Wedfdthat the diastereomeric ratio
could be tuned to favor the other diastereomer, in a rougHlyr&tio, using SmBr conditions
developed by Riesman during their synthesis of maoecrystalWe were able to obtain an X-
ray quality crystal of the major diastereomer from the smediated reaction, which confirmed
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that it was the pinacol product with the desired stereochiyni This may be due to chelation
of both alkoxides by the samarium to give the syn product.s Thisomewhat supported by the
observation that conditions with additives like LiBr or watend to favor the anti diasteromer.
These nucleophiles could disrupt any chelation and thegal®/the thermodynamically favored
diastereomer.

Ac OH H OH
\ DMP
(©) CO;Me  Amberlyst 15 O CO;Me NaHCOs
—_—T —_—T
N cMeOH N DCM
Bn 349 100°C (uw), 8h Bn 55 rt, 1h
0 HO OH
S0 CO,Me Sml, CO,Me
—>
N THF N
Bn rt, 90m Bn
3.52 24% over 4 steps 3.53

Scheme 3.18Synthesis of the completed arcutine skeleton.

During the exploratory phase of this synthetic sequencen(8.47to 3.53 we isolated every
intermediate, leading to an overall yield of less than 5%eriually, we found that we could repro-
ducibly access pinacol produ8t53in a single series of operations starting from the Diels-eAld
adduct 8.47). After isomerization to the diketone in methanol, the tEacmixture was diluted
with THF and water and degassed before Swéds added. Once the reduction was complete, it
was worked up, and immediately subjected to methanolyssnoght. After filtration, the crude
diol was oxidized to the diketone with DMP, and after workunul @azeotropic drying, the crude
diketone was treated with Spiio give the desired pinacol product. Unlike many of the imey
diates in this sequence, the pinacol product was stablegirtousolate without significant losses
during purification. Yields suffered when more than 400 mthefDiels—Alder product3.49 was
used. With this approach, we have accessed nearly a grara pirtacol product3.53 to date.

Figure 3.6: X-ray structure of pinacol produ&53 Visualized in CYLview.
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3.8 Synthetic Studies Toward Arcutinidine

With the skeleton of arcutine in place, we needed severalkrathnipulations to complete the
natural product. We expected the largest challenge to bedleetive deoxygenation of the diol
that resulted from the pincaol coupling. Based on the X-taycture, there was relatively little
differentiation between the two tertiary alcohol group8iB3 Our initial attempts were directed
at installing some sort of functionality, such as a thiocaidite, that could be used in a radical
deoxygenation. Unfortunately, all attempts to install im¢arbonate with thiophosgene, thiocar-
bonyldiimidaziole, and phenyl chlorothionocarbonatésfto give any thiocarbonate products. In
stark contrast, use of a variety of boron sources such asBFO and NaBH resulted in rapid
incorporation of the boron atom to give a bora®esg), which was confirmed by HRMS artdB
NMR. Interestingly, small amounts of this product were alstected in the crude pinacol reaction
mixture. A report by Baran and coworkers demonstrated thbtots such as8.53 can actually
react with the boron in borosilicate gla¥sAttempts to convert one of the tertiary alcohols to a
chloride with SOC] led to the formation of cyclic sulfit8.57.

OH o Ph\ ,Ph
B, S, R
HO OH O O O © o O
COyMe CO,Me COyMe CO,Me
[EE—
N N N N
Bn Bn Bn Bn
3.53 3.56 3.57 3.58

Scheme 3.19Heterocycles accessible from pinacol prodBi&3

The most interesting results were obtained using a proediduthe deoxygenation of tertiary
alcohols!® Treatment of3.53with InCl; and a silane based reductant, 8 Cl, led to the for-
mation of a new product with both hydroxyls removed, one otigaly and the other by loss of
water. Attempts to scale this reaction up were initiallystrated by the formation of a cyclic silane
(3.58. After some investigation it became clear that on smales;ave were using a larger excess
of InCl; than thought, and significantly more than the 5 mol% used énotiiginal report. After
further studies we found that with two equivalents of i@k were able to achieve consistently
good yields of the deoxygenated produgsd).

X
O O HO OH H
InCI3 =
= COoMe = COoMe Ph,SiHCI CO,Me
-H— /5

N N DCE, 80 °C N
Bn Bn Bn

3.54 3.53 3.55

Scheme 3.20Thiocarbonat&.54 proved elusive, but deoxygenation to gR&5was successful.

Concurrently, we were also exploring other applicationshef pinacol product. Hydrogena-
tion with Pd on charcoal led to a very surprising result. Aftgdrogenolysis of the benzyl group
occurred, a rapid isomerization took place to give an imiith & saturated [2.2.2] bicycl& (60
Scheme 3.21). Extended reaction times and higher presailed fo further reduce the resulting
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imine. While this isomerization was initially surprisin@FT calculations showed that the isomer-
ized product was favored by a staggering 30 kcal/mol, detnatisg just how much strain energy
there is in this fused ring system. Unlike substrates withibe B ring in place, the now highly
strained trisubstituted alkene in the rightmost [2.2.2}yble was readily reduced with diimide to
give the saturated frameworR.61).

HO OH HO OH HO OH
CO,Me = CO,Me CO,Me
-
N N N
Bn H H
3.53 3.59 3.60

Scheme 3.21Hydrogenolysis and unexpected isomerizatio .&f3

Under our optimized conditions we were also able to deoxgtgethe diimide reduction prod-
uct (3.61) in good yields. Meanwhile, all attempts to deoxygenatea3.60failed to deliver any
of the desired product. Instead the cyclic silane produstf@emed in all attempts.

HO OH HO OH

H
one CO,Me InClg = CO,Me
HN NH" PhZSIHCI
N N
MeOH 50 °C Bn

DCE 85°C Bn

0, 0,
353 4% 3 61 95% 3.62

Scheme 3.22Double deoxygenation &.53

» CO,Me ‘o cone OH
F3C
N
Bn
3.62

DCM 0°C B THF rt n
3.64

Scheme 3.23:Epoxidation and reduction &&.62 No reduction of the epoxide opening occurs,
even at elevated temperatures.

With these deoxygenation produc&%5and3.62) in hand, we attempted to progress further
toward arcutinidineX.19. At this stage the remaining transformations needed wezedintro-
duction of a hydroxyl group in the A ring, debenzylation,fation of the imine, installation of the
exomethylene, and an allylic oxidation. In order to reitistee oxygen that was eliminated in the
previous step we examined various alkene hydration camditi Treating3.55and3.62with stan-
dard Mukaiyama hydration conditions led to complex mixsurespecially in the case where two
alkene groups were present. Treating the pinacol deoxyigenaroduct 8.55 with Hg(OAc), or
MCPBA led to rapid functionalization of the strained alkenthe [2.2.2] bicycle. Oxymercuration
of monounsaturate8.62led to oxidation at the nitrogéhrather than the desired oxymercurated
product. Treatment with mCPBA gave some epoxidized prqduithh poor conversion, and more
forcing conditions led to decomposition. Upon switchingthhe much more reactive trifluorop-
eracetic acid (TFPAA), we were able to access the epoxidesasgée diastereomer. Since we
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were unsure whether the nitrogen was directing the epagigathe reaction was conducted un-
der acidic conditions, which is known to suppress any dingogffects of the nitroger® These
conditions gave the same product as when the reaction waswdar buffered conditions. X-ray
crystallography confirmed that the epoxi®g3 was formed with the desired stereochemistry.

Figure 3.7: X-ray structure of3.63 with the desired epoxide stereochemistry. Visualized in
CYLview.

When epoxide3.63 was treated with LAH, the ester was cleanly reduced, but raxidp
opening was observed, even at P& Under very forcing conditions, or when treated with LAH
and a Lewis acid, a mixture of products was formed, with treglpminant one bearing an alkene
group where the epoxide once was. This could result fromatadrring opening and subsequent
elimination of the tertiary alkoxide.

ArSeCN
nBuzP
then
Pd(OH)z /C H202
Bn 3.64 3.65 3.67

Scheme 3.24Exomethylene installation and unexpected amine oxidation

When primary hydroxyl bearing substra®es4 was subjected to hydrogenolysis conditions
in methanol, the expected secondary amine was not isoldtesiead the N-methylated amine
was formed, presumably via Pd mediated oxidation of methand condensation of the result-
ing formaldehyde with the unveiled 2°amine. Changing theesu to isopropanol avoided this
complication and gave the expected secondary am3i6&)( Treating this amine with Grieco elim-
ination'® conditions gave the expected elimination of the primaryrbygl. Unexpected oxidation
of the nitrogen also occurred, presumably via selenatidghe&mine and extrusion of a selenoxide
upon treatment with kD,. This elimination was relatively unselective as two pradu8.66and
3.67) were isolated. Imin&.66 could arise directly from the selenoxide extrusion wheltbas
lactam3.67could arise from elimination and further oxidation.

To date, imine3.66represents our closest intermediate towards arcutinidiri€). Reductive
ring opening of the epoxide and allylic oxidation would giecutinidine, and from there all 3
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alkaloid natural products should be achievable in one stfforts are currently underway to
identify conditions to open epoxid63via elimination or reduction.

3.9 Experimental Contributors

Initial optimization of the oxopyrrolium Diels—Alder cy@hddition was conducted by Sohei
Ueno (S.U.) under the supervision of Kyle Owens (K.O.). Aher chemistry in Chapter 3 was
developed by K.O.. Scale up and route optimization, as veeflaane exploratory chemistry that
was not discussed was performed by Shelby McCowen (S.V.M.).

3.10 Experimental Details

Materials and Methods for the Experiments in Chapter 3 Unless stated otherwise, reactions
were performed in flame or oven dried glassware sealed withausepta under a nitrogen atmo-
sphere and were stirred with Teflon-coated magnetic sts8.daguid reagents and solvents were
transferred by syringe using standard Schlenk technidReaction temperatures above room tem-
perature (rt), 23C, were controlled by a temperature modulated stir plate.ccRen temperatures
below room temperature were performed in appropriate caldomaintained with dry ice, liquid
N, or a portable cryostat. THF, £, PhH, PhMe, MeCN, EN and MeOH were dried by pas-
sage over a column of activated alumina; DCM was distillegr@alcium hydride; other solvents
were obtained in a sure-seal bottles; all other reagentsalveénts were used as received from
commercial sources unless stated otherwise. Thin layenwwography was performed using pre-
coated (0.25 mm) silica gel 60 F-254 plates, which were Vized by UV irradiation and CAM

or anisaldehyde stain when necessary. Silica gel (padizée40-63.um) was used for flash chro-
matography, or the reaction products were isolated andiguitising an automated Yamaz&da
flash system. CDGland GDe were obtained from commercial suppliers and were used as pur
chased. NMR experiments were performed on Bruker spectesmeperating at 300, 400, 500,
600 or 700 MHz for 1H nuclei, 75, 100, 126, 151, or 176 MHz foICl8xperiments, and 376
MHz when 19F was observed. Chemical shiftsqre reported relative to TMS using the residual
solvent signal as internal reference (CBCY.26 ppm for 1H, 77.16 ppm for 13C;sD¢: 7.16
ppm for 1H, 128.06 ppm for 13C). NMR data are reported asvidlacchemical shift (multiplicity,
coupling constants J [Hz] where applicable, number of hgdns). Abbreviations are as follows: s
(singlet), d (doublet), t (triplet), q (quartet), sep (sptm (multiplet), b (broad). High-resolution
mass spectral data were obtained from the UCB Mass Speettdity using a Finnigan/Thermo
LTQ/FT instrument for ESI, and a Waters Autospec Premiestriment for El. X-Ray data were
collected on a Bruker APEX-II CCD diffractometer with MoeKradiation § = 0.71073 A) or a
MicroStar-H X8 APEX-II diffractometer with Cu-k radiation { = 1.54178 A) and analyzed by
Dr. Antonio DiPasquale and Nick Settineri (University ofli@ania, Berkeley), structures were
visualized with CYLview.

113



BnNH, ®)

O
AcOH / PhMe

0 12 h, 125 °C
3.68 92% 35

Benzylamine (30 mL, 275 mmol, 1.1 equiv) was added to a drkfiasd cooled to O°C.
Citraconic anhydride (22.5 mL, 250 mmol, 1 equiv) was addewdly followed by AcOH (250 mL,
1M) and PhMe (25 mL, 0.1M). The flask was fitted with a Dean{Steap and a condenser and
heated to 125C overnight. After 12 hours the reaction mixture was movewbtoam temperature,
concentrated under reduced pressure and azeotroped viitl. PFhe crude mixture was diluted
with EtOAc (300 mL), washed with 1N HCI, #D, then twice with sat. NaHC{before being
dried over NaSQy, filtered, and concentrated to an orange oil. The crude toslas purified by
flash chromatography (5% EtOAc in Hx) to give N-benzylcitainide @.5) (46.32 g, 92%) as a
white solid.

Spectral data was consistent with the literature repSrts.

1) PPh; OMe
AcOH, 120 °C
OMe 2) DBU OMe
OMe o) THF, rt (0]
+ -
BN 58% | 'NBn
\
OMe o o
3.12 3.5 TMP3

N-benzyl citraconimide (10.41 g, 51.72 mmol, 1 equiv) andh$R6.23 g, 62.06 mmol, 1.2
equiv) were added to a 1 L flask and dissolved in AcOH (260 m2\). The mixture was stirred
until homogeneous (about 15 minutes) undertien for an additional 30 minutes. Methyl enol
ether3.12? (11.05 g, 56.89 mmol, 1.1 equiv) was added and the flask wad fitith a reflux con-
denser, flushed with Nand heated to reflux. After 24 hours the flask was cooled andecdrated
to remove the bulk of the acetic acid. The crude residue wastezped with PhMe (3x100 mL)
to further remove any trace acetic acid and dried overnighieuvacuum to give a thick orange
paste. This paste was redissolved in THF (260 mL, 0.2M) andmpder N atmosphere. DBU (7.7
mL, 51.72 mmol, 1 equiv) was added to give a deep red soluédter 8 hours the mixture was
guenched by the addition of 2N HCI (50 mL) and®and concentrated under reduced pressure
to remove most of the THF. The mixture was extracted wittOEBx200 mL), washed with 4D,
brine, dried over MgSQ filtered and concentrated to give a yellow oil that was pedlifoy flash
chromatography (5%-10% EtOAc in Hx) to give imiBeta(11.0 g, 58%) as a yellow oil*H
NMR: (700 MHz, CDC}) 6 7.38-7.29 (m, 4H), 7.29-7.24 (m, 1H), 6.92 (t, J = 7.9 Hz, B)8
(d, J = 8.6 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 4.65 (s, 2H), 3.8BH), 3.77 (s, 3H), 2.84 (t, J =
7.4 Hz, 2H), 2.67 (t, J = 7.4 Hz, 2H), 1.66 (s, 3H3C NMR: (176 MHz, CDC}) 6 172.0, 171.8,
152.9, 147.5, 140.3, 138.2, 136.9, 134.3, 128.7, 128.471224.1, 122.2, 111.2, 60.7, 55.9, 41.5,
28.9, 25.0, 8.4HRMS (ESI) m/z: calculated for [GoH23NOsNa]* 388.1519, found 388.1514.
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OMe

OMe OMe
OMe
w30
I NBn DCM 7
4h,rt NBn
o 89% I
3.4a 3.11

A solution of imide3.4a(10.93 g, 29.91 mmol, 1 equiv) in DCM (300 mL, 0.1M) was codied
0°C. Triflic acid (15.9 mL, 179.46 mmol, 6 equiv) was added oveributes and then the solution
was removed from the ice bath and stirred at room temperaiote: TfOH will rapidly destroy
plastic syringes, use greased glass syringes when workihgiOH. After 4 hours the reaction
was quenched by very careful addition of sat. NaHC®color change from red to yellow occurs
near the end of the quench. Once the aqueous layer has a pHws8 iextracted with DCM
(3x200 mL), washed with sat. NaHGQObrine, dried over MgSg filtered and concentrated to
give an orange foam. The crude product was purified by flastneatography (33%—-50% EtOAc
in Hx) to give tricycle3.11(9.73 g, 89%) as a pale orange foathl NMR: (700 MHz, GDe) &
7.47 (d, J = 7.6 Hz, 2H), 7.20-7.14 (m, 2H), 7.07 (t, J = 7.8 H2),5.20 (d, J = 8.6 Hz, 1H),
5.12 (d, J = 16.3 Hz, 1H), 4.97 (d, J = 16.3 Hz, 1H), 3.60 (s, 24 (s, 3H), 3.12-3.04 (m, 2H),
2.89 (dt, J=15.4,6.7 Hz, 1H), 2.42 (dt, J = 14.6, 7.0 Hz, 1k)7Zdt, J = 14.6, 6.6 Hz, 1H), 1.71
(s, 3H);*C NMR: (176 MHz, CDC}) 6 173.9, 155.0, 153.0, 146.7, 140.2, 132.3, 130.8, 128.9,
128.5, 128.3, 127.2, 126.1, 122.7, 110.6, 88.9, 60.1, 3538, 37.0, 23.5, 21.3, 8.Rs: 0.33in
1:1 Hx:EtOAc;HRMS (ESI) m/z: calculated for [G,H23NOsNa]™ 388.1519, found 388.1513.

OMe PN OMe
OMe 2 OAc OMe
'agilm AlCI3
7 e
MeCN
AcO NBn
NBn 3h, 40 °C
o) 78% o
3.11 3.15

Tricycle 3.11(3.65 g, 10 mmol, 1 equiv) and 1-acetoxybutad@r{(@.36 g, 30 mmol, 3 equiv)
was added to a 200 mL flask and dissolved in MeCN (100 mL, O0.Tk.flask was cooled to@
and AICk (4.0 g, 30 mmol, 3 equiv) was added (exotherm and color ch&oge yellow to dark
red). The flask was sealed, and heated t6@®@r 3 hours, then cooled to room temperature, and
the contents were poured inte® (150 mL) in a separatory funnel. The mixture was extracted
with EtOAc (4x150 mL), washed with sat. NaHG®wice, brine, dried over N&Qy, filtered
and concentrated to an orange foam. The crude product wigegury flash chromatography
(20%—33% EtOAc in Hx) to giv8.15(3.74 g, 78%) as a pale yellow foam.
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OMe
OMe 1) Rh/Al,O3 OMe
@O 2) BF3 + Et,0 / EtsSiH GO
L7 - > L7
Acé NBn 78% over 2 steps

(6] (0]
3.15 3.17

Diels—Alder adduct3.15 (3.74 g, 7.83 mmol, 1 equiv) was dissolved in EtOAc (300 mL,
0.025M) and Rh on AlO3 (5% rhodium, 935 mg, 25 %wt) was added. The flask was backfilled
with H, 5 times and then stirred vigorously overnight. After appmuately 15 hours the reaction
progress was checked by NMR and checked every few hoursx@@¥ conversion was observed
by NMR. Prolonged reaction times lead to overreduction eolhmethylenecyclohexyl product,
which is difficult to separate chromatographically. Oncenptete, the reaction mixture was fil-
tered through a pad of celite with EtOAc and concentratedvwige foam that was used without
purification. *H NMR: (600 MHz, CDC}) & 7.41 (d, J = 8.6 Hz, 1H), 7.15-7.05 (m, 3H), 6.99
(dd,J=7.7,1.8 Hz, 2H), 6.82 (d, J = 8.6 Hz, 1H), 4.97 (dd, J $]18.7 Hz, 1H), 4.28 (d, J = 15.2
Hz, 1H), 4.12 (d, J = 15.2 Hz, 1H), 3.86 (s, 3H), 3.51 (s, 3H352s, 1H), 2.59 (ddd, J = 16.2, 7.4,
4.3 Hz, 1H), 2.19 (ddd, J = 16.5, 9.6, 4.2 Hz, 2H), 1.97-1.843H), 1.84-1.78 (m, 2H), 1.53 (s,
3H), 1.43 (ddd, J = 14.0, 9.5, 4.4 Hz, 1H), 1.32 (s, 3H).

The crude hydrogenation product (3.61 g, 7.53 mmol, 1 equdg dissolved in DCM (75
mL, 0.1M) and transferred to a 250 mL Schlenck flask. Triediighe (12.0 mL, 75.3 mmol, 10
equiv) then BEk- EtO (9.3 mL, 75.3 mmol, 10 equiv) were added and the flask wasdeaid
heated to 50C overnight. After 14 hours the reaction mixture was coote@ tC and carefully
vented to release any built up pressure. The reaction neixtas poured into ca was quenched by
careful slow addition of sat. NaHGQintil no more gas evolution was observed. The mixture was
extracted with DCM (3x100 mL), dried over MgQCfiltered, and concentrated to a pale yellow
foam. The crude product was purified by repeated Yamazen dlasimatograph to give lactam
3.17(2.84 g, 78% over 2 steps) as a white sofitth NMR: (500 MHz, CDC}) 6 7.23—-7.11 (m,
5H), 6.88 (d, J =8.4 Hz, 1H), 6.61 (d, J =8.3 Hz, 1H), 5.14 (d, 1%+ Hz, 1H), 4.47 (d, J = 14.6
Hz, 1H), 4.07 (s, 1H), 4.01-3.95 (m, 1H), 3.73 (s, 3H), 3.68%), 3.14 (ddd, J = 17.2, 9.5, 3.4
Hz, 1H), 2.35 (ddd, J = 16.9, 10.8, 5.6 Hz, 1H), 2.19 (d, J = HZ71H), 1.86 (ddd, J = 14.2, 10.8,
3.5 Hz, 1H), 1.69 (s, 3H), 1.56-1.47 (m, 1H), 1.46-1.32 (m),2K32-1.18 (m, 2H), 1.10 (id, J
= 13.6, 4.5 Hz, 1H), 0.83 (s, 3H}3C NMR: (126 MHz, CDC}) & 181.8, 169.0, 151.1, 146.9,
136.5, 129.5, 128.9, 128.6, 128.5, 128.4, 127.7, 118.44109..1, 60.6, 60.5, 55.8, 47.9, 45.2,
30.8, 25.9, 23.0, 21.6, 21.4, 19.2, 168RMS (ESI) m/z: calculated for [GgH34NOs]* 464.2432,
found 464.2427.

OMe OH
OMe OMe
PO O R RN ()
1 . . 1
AcO )—NBn 1-122"?5’\(‘)-?5'\" AcO )—NBn
o 78% o
3.17 33
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Lactam3.17(1000 mg, 2.16 mmol, 1 equiv) was dissolved in DCM (22 mL, 0)Hvid trans-
ferred to a dry 100 mL Schlenck flask by cannula. The residudéenal was dissolved in MeCN
(22 mL, 0.1M) and transferred to the Schlenck flask. The flagk sealed and transferred to a
glove box where trimethylsilyl iodide (3.06 mL, 10 equiv wadded). The flask was sealed and
remove from the glove box and transferred to°@oil bath. After 22 hours the reaction mixture
was carefully diluted with sat. NaJ€O; and NaS; O3 solution. The mixture was extracted with
DCM (3x 100 mL), washed with sat. NaHG@nd Na$; 03, dried over MgSQ, filtered, and con-
centrated. The crude residue was dry loaded onto celite aslieftl through a 2 cm plug of silica
with 5% EtOAc in Hx to remove a non polar byproduct. The resglsolution was concentrated
and purified by Yamazen flash chromatography to give guid&i759 mg, 78%) as a white solid.
H NMR: (500 MHz, CDC}) & 7.32-7.19 (m, 5H), 6.80 (d, J = 8.3 Hz, 1H), 6.66 (d, J = 8.3 Hz,
1H), 5.76 (s, 1H), 5.27 (d, J = 14.6 Hz, 1H), 4.55 (d, J = 14.5 H4), 4.19-4.14 (m, 2H), 3.85
(s, 3H), 3.20 (ddd, J = 17.3, 9.6, 3.9 Hz, 1H), 2.44 (ddd, J 8,180.8, 5.2 Hz, 1H), 2.28 (dq, J
=13.5, 3.1, 2.6 Hz, 1H), 1.95 (ddd, J = 14.5, 10.9, 4.0 Hz, 181 (s, 3H), 1.65-1.59 (m, 1H),
1.57-1.44 (m, 2H), 1.43-1.31 (m, 2H), 1.21 (td, J = 13.6, 4&7HH), 0.92 (s, 3H).

OMe

Pb(OAcr)4 O_-0
O
DCM i 6: PhH M
ACO )y—NBn 1ho°c  AcO y—NBn 12h,80°C N Z
O 88% over 2 steps Bn
3.22 3.23

Pb(OAc) (895 mg, 2.02 mmol, 1.2 equiv) was dissolved in DCM (28 mL60A). Acrylic acid
(7.4 mL, 108.1 mmol, 64 equiv) was added and the resultingtisml of Pb(OAcr) was stirred for
30 minutes. Meanwhile, a solution of guia®B (759 mg, 1.69 mmol, 1 equiv) in DCM (57 mL,
0.03M) was prepared. Once the lead solution had stirred @omButes it was cooled to ©C
and the guiacol solution was added. After stirring 1 hour & Qhe reaction was quenched by
the addition of ethylene glycol (200L), poured in to ice water, and extracted with DCM (3x100
mL). The organic layers were combined, washed with sat. Naild@ried over MgSO4, and
concentrated to give masked orthobenzoquirth@2as a yellow foam.

The crude masked orthobenzoquin@22was dissolved in PhH (85 mL, 0.02M) in a 200 mL
flask. The solution was sparged with kor 5 minutes and then the flask fitted with a condenser
and refluxed overnight. After 12 hours the solution was cotre¢ed under reduced pressure and
purified by flash chromatography (0%—-5% MeOH in DCM) to givelBi-Alder producB.23(775
mg) as a yellow foam!H NMR: (700 MHz, CDC}) 6 7.30-7.27 (m, 3H), 7.18-7.15 (m, 2H),
6.06 (dd, J = 6.8, 1.9 Hz, 1H), 5.30 (d, J = 14.5 Hz, 1H), 4.10(@d,14.5 Hz, 1H), 4.07-4.06 (m,
1H), 3.87 (d, J = 2.5 Hz, 1H), 3.75 (s, 3H), 3.59 (dd, J = 6.7 Hiz11H), 2.77 (ddd, J = 10.5, 5.1,
1.2 Hz, 1H), 2.24 (dd, J = 14.6, 7.6 Hz, 1H), 2.22-2.19 (m, 1194 (s, 4H), 1.93-1.91 (m, 1H),
1.87 (dd, J=14.9, 8.7 Hz, 1H), 1.80 (d, J = 14.5 Hz, 1H), 1.552{m, 1H), 1.44 (tt, J = 13.2, 3.6
Hz, 1H), 1.39-1.31 (m, 4H), 1.14 (td, J = 13.5, 4.6 Hz, 1H)20(§ 3H);:3C NMR: (176 MHz,
CDCl) 6 199.7, 179.6, 174.2, 168.6, 142.3, 135.7, 128.7, 128.6,21286.9, 99.6, 73.5, 57.1,
55.1,53.4,45.9,45.4,45.2,44.9, 40.2, 37.1, 30.3, 285%,22.3, 21.4, 20.7, 16.3.
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o, 9Me o)

0o Smlb HO, TMSCHN, Q
Q O (@] > =~ O COzMe
(o) &’ HFIP / THF (o) mg 1.1 THF:-MeOH O Mg
N 10m,rt N 4 h,rt N
Bn Bn 81% over 2 steps Bn
3.23 3.69 3.26

Diels—Alder producB.23 (486 mg, 0.935 mmol, 1 equiv) was dissolved in $parged HFIP
(9.8 mL, 93.5 mmol, 100 equiv) underMtmosphere. SmK0.09M in THF, 66 mL, 5.97 mmol,
4 equiv) was added and the solution was stirred at room teatyrer After 1 hour the reaction
was quenched by the slow addition of 2N HCI (5 mL). The reactaixture was concentrated
to remove most of the THF and then diluted with@to dissolve Sm salts and extracted with
Et,O, washed with brine, dried over MggJiltered and concentrated to give a pale yellow foam
(roughly 60:40 produc.3). The crude extract was redissolved in@tand extracted with sat.
NaHCG; (3x50 mL). The combined bicarbonate extracts were acidiftgdd conc. HCI (white
solid precipitated) and extracted with,Bx (3x50 mL). The organic extracts were concentrated to
give the crude carboxylic aci8.69 (366 mg) as a white foam:H NMR: (500 MHz, CDC}) §
7.38-7.32 (m, 3H), 7.25 (dd, J = 7.2, 2.3 Hz, 2H), 6.40 (dd, B 8.3 Hz, 1H), 5.37 (d, J =14.4
Hz, 1H), 4.31 (s, 1H), 4.13 (d, J = 14.3 Hz, 1H), 3.89 (d, J = 224 1H), 3.41 (s, 1H), 2.80-2.71
(m, 1H), 2.38-2.22 (m, 4H), 2.12 (dd, J = 13.4, 5.3 Hz, 1H)61(&d, J = 14.7, 8.4 Hz, 1H),
1.61-1.07 (m, 13H), 0.95 (s, 3H).

The Smj reduction product (366 mg, 0.74 mmol, 1 equiv) was dissoinddl THF:MeOH (15
mL, 0.05M) and TMSCHN (2M in EtO, 740uL, 1.47 mmol, 2 equiv) was added. After stirring
4 hours at room temperature the reaction was quenched widHAROO L), and the reaction
mixture was concentrated and azeotroped with PhMe to givieii®ioam. The crude product was
purified by Yamazen flash chromatography using (0%—-3% MeOBIGiM). The resulting methyl
ester3.26 (354 mg) was a white foam containing 10% of an impurity thatldde removed by
preparative TLC (2 runs with 15% £ in DCM). *H NMR: (700 MHz, CDC}) § 7.31-7.27 (m,
3H), 7.19 (dd, J = 7.5, 2.0 Hz, 2H), 6.33 (dd, J = 6.8, 2.3 Hz,,BB1 (d, J = 14.3 Hz, 1H), 4.25
(d, J=2.5Hz, 1H), 4.07 (d, J = 14.3 Hz, 1H), 3.83 (d, J = 2.4 H),B.71 (s, 3H), 3.31 (dq, J
=5.6, 2.7 Hz, 1H), 2.65 (ddt, J = 11.1, 5.2, 2.3 Hz, 1H), 2.3824m, 2H), 2.21-2.13 (m, 2H),
2.06 (dd, J =13.5, 5.4 Hz, 1H), 1.94 (s, 3H), 1.79 (dd, J = 18.8Hz, 1H), 1.58-1.54 (m, 1H),
1.52-1.43 (m, 2H), 1.42-1.36 (m, 1H), 1.31 (dd, J = 13.6, Hz32H), 1.24-1.20 (m, 1H), 1.13
(td, J=13.6, 4.9 Hz, 1H), 0.89 (s, 3HFC NMR: (176 MHz, CDC}) § 210.7,179.7,173.8, 169.4,
138.5,135.9, 128.7, 128.6, 128.1, 125.6, 72.8, 56.9, 52@, 45.6, 45.2, 44.6, 42.4, 36.4, 35.2,
33.3, 30.0, 25.6, 23.6, 22.1, 21.7, 20.6, 16{RMS (ESI) m/z: calculated for [GoH3sNOsNa]"
528.2357, found 528.2363.

KBr, Oxonel @)
f(lii; COzMe o CO,Me
(0] &
MeN02 N r

13 h, 50 °C Bn
76% 3.39
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Pentacycle3.26 (49 mg, 97umol, 1 equiv) was dissolved in MeN(4.85 mL, 0.02M) in
a dry 20 mL vial. KBr (35 mg, 291umol, 3 equiv), HO (49 uL, 2.72 mmol, 30 equiv), and
Oxone (357 mg, 581umol, 6 equiv) were added and the vial sealed and heated t€ 2Mder
fluorescent (fume hood lights) bulbs. After 13 hours the omtwas cooled to room temperature,
diluted with sat. NaHC®@and aqueous N&,0Os, extracted with EtOAC (3x10 mL), washed with
sat. NaHCQ, brine, dried over MgSQ) filtered and concentrated. The crude residue was purified
by flash chromatography (25%—66% EtOAc in Hx) to give vinylag imide3.39(31 mg, 76%)
as a white foam'H NMR: (700 MHz, CDC}) § 9.73 (s, 1H), 5.32 (dd, J = 3.8, 2.4 Hz, 1H), 3.73
(s, 3H), 3.08 (q, J = 2.7 Hz, 1H), 3.00 (ddt, J = 10.4, 6.1, 1.8 Ht), 2.82 (td, J = 15.0, 4.6 Hz,
1H), 2.71 (dd, J =19.4, 2.8 Hz, 1H), 2.49 (ddd, J = 19.4, 3®H, 1H), 2.26-2.14 (m, 3H), 1.89
(s, 3H), 1.84 (td, J = 14.3, 4.5 Hz, 1H), 1.78-1.70 (m, 2H)4Xdddd, J = 16.7, 12.8, 8.4, 3.8 Hz,
1H), 1.57-1.44 (m, 3H), 1.28 (ddd, J = 14.4,12.9, 4.9 Hz, 1H)3 (s, 3H).

OMe OMe
OMe OMe
NOS SIS
! THF !
AcO »—NBn 18 h, 80 °C HO \NBn
0 67%
3.17 3.70

Lactam3.17(5.42 g, 11.69 mmol, 1 equiv) was dissolved in THF (230 mL58)and LAH
(2M in THF, 29.2 mL, 58.45 mmol, 5 equiv) was added and the un&ivas refluxed overnight.
After 18 hours the mixture was cooled t¢0 and quenched by the careful sequential addition of
1 mL H,O, 1 mL 15% NaOH, and 3 mL of ¥D. The mixture was diluted with ED and MgSQ
was added until and stirred until a fine and flocculent. Thetunéxwas filtered through a pad of
celite with EtO and concentrated to give a white foam. The crude materiglpuafied by flash
chromatography (20%—25% EtOAch In Hx) to give amino alcdha@D(3.20 g, 67%) as a white
solid. *H NMR: (700 MHz, CDC}) 6 7.43 (d, J = 7.2 Hz, 2H), 7.38 (t, J = 7.7 Hz, 2H), 7.29 (t, J
=7.5Hz, 1H), 7.13 (d, J = 8.3 Hz, 1H), 6.82 (d, J = 8.3 Hz, 1H)86bs, 1H), 4.54 (d, J = 14.3
Hz, 1H), 4.17 (s, 1H), 3.85 (s, 3H), 3.80 (s, 3H), 3.62 (d, J 61z, 1H), 3.58 (d, J = 14.4 Hz,
1H), 3.21 (ddd, J = 16.5, 8.7, 3.4 Hz, 1H), 3.06 (dd, J = 4.0Hz01H), 2.52 (ddd, J = 16.9, 10.0,
7.3 Hz, 1H), 2.33 (d, J = 10.5 Hz, 1H), 1.98 (ddd, J =13.7, 18.4 Hz, 1H), 1.88-1.79 (m, 1H),
1.56-1.46 (m, 2H), 1.37-1.30 (m, 2H), 1.27-1.14 (m, 2H)2Xg, 3H);*C NMR: (700 MHz,
CDCl) 6 151.2, 146.3, 138.9, 130.9, 130.5, 128.7, 128.0, 127.3,21189.9, 70.1, 69.0, 65.9,
61.4,60.7,55.8, 49.6, 40.1, 33.3, 29.3, 28.4, 23.7, 2G.B.1

OMe OMe
OMe  Ac,0 / pyridine OMe
DMAP
HO \—NBn THF AcO \—NBn
72 h, 80 °C
3.70 91% 3.43
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Amino alcohol3.76(3.20 g, 7.85 mmol, 1 equiv) was dissolved in THF (80 mL, 0.1DMYIAP
(192 mg, 1.57 mmol, 0.2 equiv), pyridine (3.17 mL, 39.25 mptokquiv) and AgO (3.71 mL,
39.25 mmol, 5 equiv) were added. The flask was fitted with axefandenser and refluxed for
three days, or until NMR of an aliquot showed full conversio@nce complete the flask was
cooled to room temperature, quenched with sat. Nakl@@il no more gas evolution occurred,
then concentrated in vacuo to remove most of the THF. Theurextvas extracted with DCM
(3x100 mL), dried over MgS®) filtered and concentrated to an orange foam. The crude produ
was purified by flash chromatography (20%—-33% EtAOc in Hx)ive @mino acetat8.43(3.22
g, 91%) as a white foantH NMR: (700 MHz, CDC}) § 7.54 (d, J = 7.6 Hz, 2H), 7.37 (t, J= 7.6
Hz, 2H), 7.28 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 1.2 Hz, 1H), 6.69)¢& 8.3 Hz, 1H), 4.39 (s, 1H),
4.27 (d,J =14.8 Hz, 1H), 4.15 (s, 1H), 3.81 (d, J = 2.2 Hz, 6H)733.70 (m, 2H), 3.16 (ddd, J =
17.9,9.7,5.8 Hz, 1H), 2.73 (ddd, J=17.9, 10.6, 3.5 Hz, 197 Zs, 1H), 2.06-1.99 (m, 1H), 1.96
(s, 3H), 1.71-1.43 (m, 6H), 1.34-1.28 (m, 1H), 1.23 (td, J 5138.5 Hz, 1H), 1.13 (s, 3H}C
NMR: (176 MHz, CDC}) & 169.6, 150.9, 147.0, 141.6, 132.2, 129.2, 128.4, 127.9,71288.0,
109.8,71.2,70.0,65.0, 62.2,60.3, 56.0, 48.4, 41.6, ZB@, 27.0, 24.9, 21.7, 20.6, 16 RRMS
(ESI) m/z: calculated for [GgH3sNO4]* 450.2639, found 450.2635.

OMe OH
OMe OMe
N0 N0
AcO \—NBn 1:1 DCM:MeCN AcO \—NBn

16 h, 40 °C
3.43 96% 3.44

Amino veratrol3.43(3.22 g, 7.16 mmol, 1 equiv) was dissolved in DCM (65 mL, 0.31M
and cannulated into a dry 250 mL Schlenck flask. The residadirsg material was dissolved in
MeCN (65 mL, 0.11M) and cannulated to the Schlenck flask. Tdekflivas sealed and transferred
to a glove box where TMSI (10.2 mL, 71.62 mmol, 10 equiv) wadeatd The flask was removed
from the glove box and heated to 40 overnight. After 16 hours the reaction mixture was cooled
to room temperature, diluted with £2 and poured into a solution of N&,0;. Sat. NaHCQ was
carefully added until no more gas evolved when shaken. Tégtieg emulsion was extracted
with Et,O (3x200 mL) and DCM (2x200 mL) the combine organics were wdshith a solution
of NaHCG; and NaS,05 three times until the aqueous layer was clear then the ardayer was
washed with brine, dried over MgSQ{iltered and concentrated. The crude product was purified
by flash chromatography (25%—-33% EtOAc in Hx) to give the gola.44 (2.99 g, 96%) as a
white solid.*H NMR: (500 MHz, GDs) 6 7.62 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.7 Hz, 2H), 7.21
(t, J = 7.4 Hz, 1H), 6.84 (d, J = 8.1 Hz, 1H), 6.37 (d, J = 8.1 Hz),18479 (s, 1H), 4.68 (s, 1H),
4.27 (d, J = 14.9 Hz, 1H), 3.98 (s, 1H), 3.73 (d, J = 10.5 Hz, BH1 (d, J = 14.9 Hz, 1H), 3.30
(ddd, J =18.1, 9.7, 6.5 Hz, 1H), 3.22 (s, 3H), 2.72 (ddd, J 2,180.4, 2.9 Hz, 1H), 2.13 (d, J =
10.4 Hz, 1H), 1.91 (s, 3H), 1.72-1.58 (m, 2H), 1.52 (qt, J ¥13.7 Hz, 1H), 1.34-1.22 (m, 2H),
1.15 (tdd, J = 13.8, 3.9, 2.3 Hz, 1H), 1.05 (d, J = 13.3 Hz, 1t91@td, J = 13.8, 4.8 Hz, 1H), 0.82
(s, 3H);3C NMR: (126 MHz, GDe¢) & 168.4, 145.0, 143.8, 142.2, 132.8, 128.6, 128.2, 126.9,
121.3,113.6, 108.0, 71.5, 69.5, 65.4, 62.6, 55.6, 48.5,488B.0, 27.9, 27.2, 25.0, 21.5, 20.7, 16.5;
HRMS (ESI) m/z: calculated for [G7H34sNO4]* 436.2482, found 436.2478.

120



o OMe

OH
OMe O'V'e 2,00
GO _PB(OAG: %‘\:ioi ; '
:I DCM PhMe N t
AcO \—NBn AcO 14 h, 110 °C Bn
3.44 3.45

1h,0°C

60% over 2 steps
3.47

A dry recovery flask was charged with Pb(OA€3.77 g, 8.51 mmol, 1.1 equiv) and DCM (60
mL). Acrylic acid (32.8 mL, 464 mmol, 60 equiv) was added ane solution was stirred for 30
minutes. Meanwhile, guiac@®.44(3.37 g, 7.74 mmol, 1 equiv) was dissolved in DCM (180 mL,
0.04M) and cooled to @C under N. After stirring for 20 minutes the lead solution was canteda
into the guiacol solution. After stirring for an additionabur the reaction was quenched by the
addition of ethylene glycol (1 mL) and transferred to an Emeyer flask in an ice bath. Ice cold 2N
KOH(200 mL) was added followed by aqueousCQOs; until potassium polyacrylate precipitated
and the aqueous layer was basic. This emulsion was extradtiedCM (3x200 mL), washed
with sat. NaHCQ twice, brine, dried over N&OQ, filtered and concentrated to an orange foam
(4.18 g, 106% mass balance) that was azeotroped with PhMesaadwithout purification.

The crude Wessley oxidation produgi5 was dissolved in PhMe (240 mL, 0.04M) and
sparged with N 5 minutes before the flask was fitted with a condenser and dhe¢at&20°C
overnight. After 14 hours the reaction mixture was con@att and purified by flash chromatog-
raphy (0%—-6% EO in DCM) to give the desired Diels—Alder produg#7(2.33 g, 60% over 2
steps) as a pale orange solith NMR: (500 MHz, CDC}) § 7.41 (d, J = 7.6 Hz, 2H), 7.37-7.30
(m, 2H), 7.24 (t, J = 7.3 Hz, 1H), 5.85 (dd, J = 6.5, 2.5 Hz, 1H)644.13 (m, 1H), 4.03 (d, J =
14.1 Hz, 1H), 3.94 (d, J = 2.6 Hz, 1H), 3.76 (s, 3H), 3.63-3M44H), 2.74 (ddd, J = 10.5, 5.1,
1.2 Hz, 1H), 2.40-2.31 (m, 1H), 2.17 (d, J = 10.5 Hz, 1H), 298H), 2.03 (d, J = 13.8 Hz, 1H),
1.97-1.88 (m, 1H), 1.80 (d, J = 13.8 Hz, 1H), 1.70 (dd, J = 1B)& Hz, 1H), 1.54-1.38 (m, 5H),
1.29-1.23 (m, 1H), 1.16 (td, J = 13.7, 4.7 Hz, 1H), 1.06 (d, J&H¥, 3H);**C NMR: (176 MHz,
CDCl) 6 200.2, 175.0, 169.3, 145.4, 140.7, 128.4, 126.9, 126.9,71140.3, 73.2, 68.4, 64.1,
61.3,54.9,53.1, 48.3,45.3,41.2, 40.6, 37.6, 32.6, 28®,24.0, 23.5, 21.7, 15.RMS (ESI)
m/z: calculated for [GoH3sNOs]* 506.2537, found 506.2531.

o OMe

O CO,Me
MeOH
30m,rt

70%

Diels—Alder producB.47(20 mg, 40umol, 1 equiv) was dissolved in MeOH (2 mL, 0.02M)
under N.. After several minutes the colorless solution turned hngtlow, and after 30 minutes
the reaction mixture was concentrated and purified by flasbncatography (20%—-33% EtOAc in
HXx) to give diketone3.48(14 mg, 70%) as a yellow solidH NMR: (700 MHz, GDs) & 7.39 (d,
J=7.6 Hz, 2H), 7.27 (t, J = 7.5 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H$65dd, J = 6.8, 2.4 Hz, 1H),
4.47 (s, 1H), 3.82(d, J=14.0 Hz, 1H), 3.61 (d, J = 2.5 Hz, 1H#8%d, J = 10.5 Hz, 1H), 3.44 (dd,
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J=6.7,2.9 Hz, 1H), 3.35 (d, J = 14.1 Hz, 1H), 3.23 (s, 3H), ZdtRl, J = 11.7, 5.1, 2.9 Hz, 1H),
2.26 (dd, J = 14.4, 7.6 Hz, 1H), 2.15 (dd, J = 13.6, 5.0 Hz, 195 1d, J = 10.5 Hz, 1H), 1.80 (s,
3H), 1.48 (dd, J = 14.8, 8.7 Hz, 1H), 1.42-1.29 (m, 3H), 1.2221m, 1H), 1.20-1.09 (m, 3H),
0.95-0.91 (m, 1H), 0.77 (td, J = 13.7, 4.8 Hz, 1H), 0.72 (s,;38¢ NMR: (176 MHz, GDs) &
189.9, 185.7, 172.9, 168.3, 145.1, 141.0, 128.6, 128.431287.2, 117.7, 71.7, 68.8, 64.2, 61.7,
53.3,52.1, 51.1, 49.3, 42.0, 40.9, 33.9, 32.4, 27.8, 2@, 23.7, 21.4, 16.2.

1) MeOH
o OMe )

6] 2) THF / Sml,

Diels—Alder producB.47(10 mg, 20umol, 1 equiv) was dissolved in MeOH (1 mL, 0.02M)
and stirred for 30 minutes until full conversion to diketdhd8was observed by TLC. The crude
diketone solution was concentrated and the residue wassaded in 5:1 THF:MeOH (1.2 mL,
0.017M). Sm4 (0.07M in THF, 2.3 mL, 16Qumol, 8 equiv) was added. The resulting dark blue
solution was stirred for 20 minutes after which it faded toadepgray/yellow. The reaction was
guenched with sat. NaHGQextracted with DCM (4x10 mL), dried over MgSCfiltered and
concentrated. The resulting yellow residue was purifiedreparative TLC (1/4 plate, 50% EtOAc
in Hx) to give ketone3.50 *H NMR: (700 MHz, GDe¢) § 7.44 (d, J=7.5Hz, 2H),7.29 (t,J=7.7
Hz, 2H), 7.19 (t, J = 7.7 Hz, 1H), 5.89 (dd, J = 6.6, 2.5 Hz, 1HBAAd, J = 2.2 Hz, 1H), 3.92 (d,
J = 14.1 Hz, 1H), 3.65 (d, J = 2.5 Hz, 1H), 3.51 (d, J = 10.4 Hz,,BB5 (d, J = 14.1 Hz, 1H),
3.26 (s, 3H), 2.94 (dqg, J = 5.6, 2.7 Hz, 1H), 2.58 (dt, J = 18.5,Hz, 1H), 2.46-2.36 (m, 2H),
2.34-2.26 (m, 2H), 1.99 (d, J = 10.4 Hz, 1H), 1.89 (s, 3H), 41687 (m, 3H), 1.29-1.12 (m, 4H),
0.95 (d, J = 13.8 Hz, 1H), 0.83-0.78 (m, 1H), 0.76 (s, 4R NMR: (176 MHz, GDe) & 210.0,
174.0,169.0, 141.5, 128.5, 128.4, 128.4,127.0, 123.4, 88.3, 64.3,61.6, 52.8, 51.5, 48.3, 42.8,
40.8, 36.9, 35.6, 34.1, 32.5, 28.0, 26.5, 24.2, 23.9, 26.8.1

o e MeOH
then c02M CO,Me
HZO / Sml, Amberlyst515
THF M OH
30m, it 8 h, 100°C
o HO OH
DMP X0 CO,Me CO,Me
NaHCO; Sml,
—— ——
DCM N THE N
1h,0°C 3.5 90 m, rt 353

25% over 4 steps

Diels—Alder producB.47(300 mg, 593:tmol, 1 equiv) was dissolved in MeOH (6 mL, 0.1M)
and stirred 30 minutes until full conversion to diketdhd8was observed by TLC. THF (30 mL,
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0.02M) and HO (6 mL, 0.1M) were added and the solution was sparged witftoN20 minutes
then Smj (0.099M in THF, 48 mL, 4.75 mmol, 8 equiv) was added and thetgsm was stirred.
Additional Sm} (2 equiv) was added whenever the reaction mixture turned fileep purple to
greylyellow until the dark purple color had persisted fotestst 30 minutes (12 equiv of Sgnl
total, variable from batch to batch). Upon completion, thaction was quenched by the addition
of sat. NaHCQ and aqueous N&,0s. The mixture was extracted with £ (3x100 mL), filtered
through a 2 cm silica plug with additional #22 and concentrated to give alcotb0as a pale
yellow foam (284 mg)H NMR: (700 MHz, GDs) & 7.45 (d, J = 7.5 Hz, 2H), 7.29 (t, J = 7.7 Hz,
2H), 7.19 (t, J=7.5Hz, 1H), 5.92 (dd, J = 6.7, 2.7 Hz, 1H), 5@% J = 4.0, 2.2 Hz, 1H), 4.02 (d,
J =14.2 Hz, 1H), 3.95 (s, 1H), 3.63 (d, J = 2.8 Hz, 1H), 3.57%3B, 2H), 3.33 (d, J = 14.1 Hz,
1H), 3.32 (s, 3H), 2.74 (dq, J = 6.0, 2.9 Hz, 1H), 2.47 (ddd, 3:8,19.0, 3.1 Hz, 1H), 2.24 (ddd, J
=14.6, 8.0, 4.6 Hz, 1H), 2.21 (dg, J = 11.2, 2.3, 1.8 Hz, 1H)2Zdd, J = 13.2, 4.6 Hz, 1H), 2.01
(d, J = 10.8 Hz, 1H), 1.91 (s, 3H), 1.62 (ddd, J = 13.7, 8.9, &£6HH), 1.59-1.48 (m, 2H), 1.44
(dt, J = 14.5, 8.4 Hz, 2H), 1.37 (ddt, J = 13.7, 4.7, 2.4 Hz, 1H32 (ddd, J = 14.0, 4.0, 2.2 Hz,
1H), 1.25-1.18 (m, 1H), 1.09 (dd, J = 12.9, 11.1 Hz, 1H), 1106% (m, 1H), 0.92 (dd, J = 13.7,
5.0 Hz, 1H), 0.80 (d, J = 0.9 Hz, 3H).

A dry 20 mL microwave vial was charged with Amberl§4$6 resin (140 mg, 50% wt.) and
evacuated. Crudd.50 (284 mg) was dissolved in MeOH (14.3 mL, 0.04M) and transino
the microwave vial. The solution was sparged withfdl 5 minutes then subjected to microwave
heating at 100C for 8 hours. Upon cooling the solution was filtered througtekite plug, which
was washed with MeOH containing 5%;Bt The resulting solution was concentrated and flushed
through a 2 cm silica pad with large amounts of@&&and concentrated. This was repeated until
the mass was constant after concentrating to give crude8dial(171 mg) as a yellow foamtH
NMR: (600 MHz, CDC}) § 7.36—7.21 (m, 5H), 6.73 (bs, 1H), 6.27 (dd, J = 6.7, 2.5 Hz, #:87
(dd,J=3.9,2.0Hz, 1H), 4.34 (d, J=13.9 Hz, 1H), 3.84 (dd, }5+49.1 Hz, 2H), 3.68 (s, 3H), 3.45
(d, J=10.5Hz, 1H), 3.35 (d, J = 13.9 Hz, 1H), 2.91 (dq, J = 6.9}, 1H), 2.40 (ddt, J = 11.0,
4.6, 2.4 Hz, 1H), 2.20 (ddd, J = 13.7, 8.9, 3.2 Hz, 1H), 2.17)(d,10.5 Hz, 1H), 1.99-1.91 (m,
2H), 1.88 (dd, J = 13.1, 4.5 Hz, 1H), 1.81 (dt, J = 13.0, 3.7 H), 1.79-1.74 (m, 1H), 1.64-1.53
(m, 3H), 1.43 (s, 1H), 1.42-1.38 (m, 1H), 1.36-1.29 (m, 1H27%1.24 (m, 1H), 1.17-1.09 (m,
1H), 0.97 (s, 3H).

A dry flask was charged with the crude d&b1(171 mg, 380umol, 1 equiv) and DCM (38
mL, 0.01M). NaHCQ (255 mg, 3.03 mmol, 8 equiv) and DMP (640 mg, 1.51 mmol, 4 equere
added and the reaction was stirred at room temperature dad&eaction progress was monitored
by LCMS. After 1 hour the reaction was quenched by aqueouS§)a and stirred for 10 minutes.
The mixture was extracted with DCM (3x100 mL), washed with $aHCG;, brine, dried over
MgSQy, filtered through a celite plug, and concentrated. The craedielue was azeotroped with
PhMe to give the crude diketor8252 (166 mg) as a yellow/brown soliddH NMR: (500 MHz,
CDCl) 6 7.37-7.28 (m, 4H), 7.26—7.21 (m, 1H), 6.24 (dd, J = 6.8, 2.6, 4.30 (d, J = 14.0
Hz, 1H), 3.70 (s, 3H), 3.63 (d, J = 2.6 Hz, 1H), 3.41 (d, J = 1420 HH), 3.29 (dq, J = 5.5, 2.7 Hz,
1H), 3.22 (d, J = 11.0 Hz, 1H), 2.77 (ddt, J =11.4, 5.0, 2.3 H), .43-2.09 (m, 7H), 1.93 (ddd,
J=14.9,7.6,1.7 Hz, 1H), 1.79-1.68 (m, 3H), 1.64 (dd, J =,1B14 Hz, 1H), 1.53-1.39 (m, 4H),
1.03 (s, 3H).

Crude diketone8.52 (166 mg, 0.37 mmol, 1 equiv) was dissolved in THF (18 mL, 0.02M
and sparged with Nfor 10 minutes. Sml (0.099M in THF, 15 mL, 1.48 mmol, 4 equiv) was
added and the resulting deep blue solution was stirred tinetiblue color had persisted for at least
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90 minutes. In some cases additional $méas needed to maintain the appropriate color for the
duration of the reaction. After the reaction was completeas quenched with sat. NaHG@nd
aqueous Ng5,03, extracted with BO (3x50 mL), washed sequentially with NaHgé&nd aqueous
NaxS$,03, H20O, and brine. The organic layer was dried over MgSitered and concentrated to
give a crude brown residue that was purified by Yamazen flasindtography (25%-45% EtOAc
in Hx) to give the pinacol produ&.53(93 mg, 25% over 4 steps) as a white solid.NMR: (500
MHz, CDCl) & 7.40 (d, J = 7.3 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.29-7.22 (h), .24 (ddd,
J=6.4,2.2, 0.8 Hz, 1H), 4.25 (d, J = 13.4 Hz, 1H), 3.71 (s, 391 (d, J = 2.1 Hz, 1H), 3.09
(s, 1H), 2.93 (d, J =9.4 Hz, 1H), 2.88 (td, J = 4.1, 1.9 Hz, 1H32d, J = 13.5 Hz, 1H), 2.67 (s,
1H), 2.60 (ddt, J =11.4, 7.7, 1.8 Hz, 1H), 2.31 (ddd, J = 14.8, 4.8 Hz, 1H), 2.23 (td, J = 12.6,
12.0, 3.4 Hz, 1H), 2.18 (dd, J = 14.0, 7.7 Hz, 1H), 2.03 (td, 32112.8, 5.4 Hz, 1H), 1.98-1.90
(m, 2H), 1.89-1.77 (m, 2H), 1.68-1.64 (m, 1H), 1.58 (s, 1H37%1.47 (m, 2H), 1.45-1.36 (m,
2H), 1.09 (ddd, J = 12.8, 6.1, 1.3 Hz, 1H), 0.92 (s, 38 NMR: (176 MHz, CDC}) § 175.7,
146.9, 140.0, 128.4, 128.2, 127.0, 126.8, 81.8, 77.9, 7A@, 60.5, 56.3, 52.0, 43.7, 42.9, 40.6,
36.3, 35.1, 34.9, 33.4, 27.0, 25.7, 23.1, 22.0, 1B;8;0.33 in 2:1 Hx:EtOACHRMS (ESI) m/z:
calculated for [GgH36NO4]* 450.2639, found 450.2635.

HO OH
@COZW INCl3 / Ph,SiHCI @come
N DCE N
Bn 15 h, 80 °C Bn
3.53 72% 3.55

Pinacol producB.53(10.0 mg, 22umol, 1 equiv) in a 4 mL vial was transferred to a glovebox
and DCE (1.11 mL, 0.02M), InGl(9.8 mg, 46umol, 2 equiv) and P{SIHCI (13 uL, 67 umol, 3
equiv) were added. The vial was sealed and transferred to@ B8ating block. After stirring for
15 hours the vial was cooled to room temperature, and theéioeaguenched with sat. NaHGO
extracted with DCM (3x2 mL), dried over MgS{Xiltered, and concentrated. The resulting crude
residue was purified by pipette column to give the deoxygengiroduct3.55(6.7 mg, 72%) as
a colorless residuetH NMR: (700 MHz, CDC}) §7.38 (d, J = 7.6 Hz, 2H), 7.31 (t, J = 7.6 Hz,
2H), 7.23 (t, J = 7.3 Hz, 1H), 6.20 (dd, J = 6.3, 1.5 Hz, 1H), 5@®8J = 4.9, 2.4 Hz, 1H), 4.05 (d,
J=13.7 Hz, 1H), 3.70 (s, 3H), 3.62 (d, J = 1.9 Hz, 1H), 3.43 &13.7 Hz, 1H), 3.06 (d, J = 10.1
Hz, 1H), 2.95 (ddt, J = 6.5, 3.3, 1.4 Hz, 1H), 2.50 (ddt, J = 11.3, 1.9 Hz, 1H), 2.38 (d, J = 6.5
Hz, 1H), 2.13 (d, J = 10.2 Hz, 1H), 2.08-1.90 (m, 3H), 1.888%™, 1H), 1.73 (dd, J =13.7, 7.4
Hz, 1H), 1.58-1.48 (m, 2H), 1.47-1.35 (m, 2H), 1.31-1.183h), 0.96 (s, 3H):*C NMR: (176
MHz, CDClk) 6 176.0, 151.5, 147.5, 140.4, 134.5, 128.6, 128.3, 126.841221.7, 73.4, 65.8,
60.7,56.1,51.9, 48.6, 42.1, 40.0, 39.4, 36.1, 35.1, 388,28.4, 27.1, 26.6, 21.7.

HO OH KO,C. =N\, HO OH
Z¥*N" T rcoK
COyMe AcOH COyMe
N MeOH N
Bn 30m, 50 °C Bn
3.53 74% 3.61
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Pinacol producB.53 (90 mg, 200umol, 1 equiv) was suspended in MeOH (4 mL, 0.05M)
in a 20 mL vial. Potassium azodicarboxylate (5 equiv, 1.0 mrh®4 mg) and AcOH (114.L,
2.0 mmol, 10 equiv) were added and the vial was sealed anéh&atb0°C. After 15 minutes
the reaction mixture was concentrated and the crude resids@urified by flash chromatography
(20% EtOAc in Hx) to give the saturated hexacy8l61(66 mg, 74%) as a white solidH NMR:
(700 MHz, CDC}) 6 7.41-7.29 (m, 4H), 7.24 (t, J = 7.1 Hz, 1H), 4.01 (d, J = 13.5H4), 3.70
(s, 3H), 3.64 (s, 1H), 3.46 (s, 1H), 3.07 (d, J = 10.1 Hz, 1H914d, J = 10.8 Hz, 1H), 2.76 (d, J =
13.5 Hz, 1H), 2.59 (dd, J = 11.1, 6.1 Hz, 1H), 2.54 (ddd, J = 1P070, 6.8 Hz, 1H), 2.35 (dd, J =
15.2,2.1 Hz, 1H), 2.13 (ddt, J = 8.3, 5.9, 3.1 Hz, 2H), 2.09 (i 14.2, 6.0 Hz, 1H), 2.03 (qd, J =
11.6,11.0, 5.2 Hz, 2H), 1.88-1.82 (m, 2H), 1.75 (d, J = 10.1), 1.74-1.55 (m, 4H), 1.44 (dt,
J=15.2,2.8 Hz, 1H), 1.28 (td, J = 12.2, 3.8 Hz, 2H), 1.24 (dd 14.2, 11.2 Hz, 1H), 1.14 (ddd,
J=13.4,12.0, 4.9 Hz, 1H), 1.08 (dd, J = 13.3, 7.9 Hz, 1H), (s88H);13C NMR: (176 MHz,
CDCl) 6 177.8, 140.0, 128.4, 128.0, 126.9, 75.3, 73.0, 70.4, 68.9,62.2, 49.9, 42.0, 40.7,
35.8, 35.4, 35.1, 31.3, 30.6, 30.4, 29.5, 28.0, 26.7, 2R19,27.1;Rs: 0.27 in 2:1 Hx:EtOAc;
HRMS (ESI) m/z: calculated for [GsH3sNO4]* 452.2795, found 452.2791.

HO OH
@cozme InCl3 / Ph,SiHCI @COzMe
N DCE N
Bn 12 h, 80 °C Bn
3.61 95% 3.62

Saturated hexacyc®61(66 mg, 147umol, 1 equiv) in a dry 20 mL vial was transferred to a
glovebox. DCE (7.3 mL, 0.02M), In€l(64 mg, 293umol, 2 equiv) and P{SIHCI (86 uL, 440
umol, 3 equiv) were added and the vial was sealed and heate@l . After 12 hours the vial
was cooled to room temperature and the reaction was quemdtiedat. NaHCQ, extracted with
DCM (3x15 mL), dried over MgS@ filtered, and concentrated. The crude residue was purified
by flash chromatography (5%—10% EtOAc in Hx) to give the dgexated produ.62(61 mg,
>95%) as a white solidtH NMR: (700 MHz, CDC}) 6 7.33 (d, J=7.2 Hz, 2H), 7.29 (t, J=7.6
Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 5.60 (d, J = 5.9 Hz, 1H), 3.88)& 13.4 Hz, 1H), 3.68 (s, 3H),
3.07(dd, J=14.8,11.7 Hz, 2H), 2.90 (d, J =9.2 Hz, 1H), 2.5 Jc¢= 10.3, 8.5 Hz, 1H), 2.26 (ddd,
J=13.2,7.1, 2.0 Hz, 1H), 2.07-2.01 (m, 3H), 1.99-1.94 (m), 1t94-1.86 (m, 2H), 1.80 (dddd,
J=11.3,9.2,7.0, 2.2 Hz, 1H), 1.78-1.69 (m, 2H), 1.63 (dd 133, 4.6 Hz, 1H), 1.55-1.46 (m,
2H), 1.42 (dddd, J = 13.4, 11.2, 4.2, 2.7 Hz, 1H), 1.38-1.283H), 1.20 (td, J = 12.3, 5.3 Hz,
1H), 0.92 (s, 3H).

HO OH HO OH
Pd(OH),/ C
CO,Me H, CO,Me
N EtOAC N
Bn 16 h, rt
3.53 60% 3.60
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Pinacol producB.53(5 mg, 11umol, 1 equiv) was dissolved in EtOAc (560, 0.02M) and
Pd(OH) C (2.5 mg, 50 %wt.) was added. The solution was sparged wittoiH30 seconds and
then stirred under a balloon obldvernight. After 16 hours the mixture was filtered and pudifag
preparative TLC to give imin8.60(2.4 mg, 60%) as a white solidH NMR: (700 MHz, CDC})

5 5.05 (s, 1H), 3.90 (s, 1H), 3.86 (dd, J = 15.6, 3.7 Hz, 1H), 34/2 = 1.2 Hz, 3H), 3.49 (dd, J
=15.5, 2.8 Hz, 1H), 2.73 (d, J = 11.6 Hz, 1H), 2.41 (d, J = 10.7 H), 2.24 (dd, J = 13.2, 4.7
Hz, 1H), 2.17-1.96 (m, 4H), 1.93-1.82 (m, 2H), 1.83-1.544ht), 1.50-1.24 (m, 6H), 1.13 (t, J
=11.9 Hz, 1H), 0.85 (s, 2H):*C NMR: (176 MHz, CDC}) 6 179.6, 75.9, 73.4, 72.9, 60.2, 52.7,
41.7,41.6, 38.8, 35.0, 32.1, 30.8, 27.7, 27.6, 26.5, 264,,29.8, 16.5.

O,

N DC N
Bn 1h,0°C Bn
3.62 45% 3.63

A 0.1M solution of trifluoroperacetic acid (TFPAA) was prega by dissolving TFAA (138
uL, 0.98 mmol, 1.2 equiv) in DCM (8.2 mL, 0.1M) and adding® (50% in HO, 47 uL, 0.82
mmol, 1 equiv) and stirring at room temperature for 1 hour.oX3genation producB.62 (34
mg, 82uL, 1 equiv) was dissolved in DCM (4.1 mL, 0.02M) and cooled t&é@ The TFPAA
solution (3.28 mL, 328umol, 4 equiv) was added dropwise and stirred for 30 minuteSMB
showed 50% conversion so another 4 equivalents of TFPAA ddsd After and additional 30
minutes the reaction appeared complete by LCMS. The reaat#s quenched with sat. NaHGO
extracted with DCM (3x10 mL), dried over MgQfiltered, and concentrated. The crude residue
was purified by flash chromatography (5%—20% EtOAc in Hx) t@gpoxide3.63(16 mg, 45%)
as a white solid!H NMR: (700 MHz, CDC}) 6 7.33 (d, J = 7.2 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H),
7.22 (t,J=7.2Hz, 1H),5.60 (d, J=5.9 Hz, 1H), 3.88 (d, J = ¥&41H), 3.68 (s, 3H), 3.07 (dd, J
=14.8,11.7 Hz, 2H), 2.90 (d, J = 9.2 Hz, 1H), 2.54 (dd, J = 18.83Hz, 1H), 2.26 (ddd, J = 13.2,
7.1, 2.0 Hz, 1H), 2.07-2.01 (m, 3H), 1.99-1.94 (m, 1H), 11986 (m, 2H), 1.80 (dddd, J = 11.3,
9.2,7.0,2.2 Hz, 1H), 1.78-1.69 (m, 2H), 1.63 (dd, J = 138 Hk, 1H), 1.55-1.46 (m, 2H), 1.42
(dddd, J=13.4,11.2,4.2,2.7 Hz, 1H), 1.38-1.28 (m, 3H)Q {t&, J = 12.3, 5.3 Hz, 1H), 0.92 (s,
3H).

30m,rt
A47%

O (0)
N THF - N
Bn Bn
3.63 3.64
Epoxide3.63(22 mg, 50umol, 1 equiv) was dissolved in THF (2.5 mL, 0.02M) and LAH (2M
in THF, 50 uL, 100 umol, 2 equiv) wad added and the reaction was stirred at roompéeeature.
After 30 minutes the reaction was quenched by the sequeaddition of 4ulL Hy, 4 uL15%
NaOH, and 12:L H,0O. The reaction was then diluted with EtOAc and dried with \gSThe
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mixture was filtered through a pad of celite and concentralde crude residue was purified by
flash chromatography (33%—-50% EtOAc in Hx) to give the aminol#l 3.64(9.6 mg, 47%) as a
white solid.*H NMR: (500 MHz, CDC}) 6 7.38-7.28 (m, 4H), 7.26 (s, 2H), 4.04 (d, J = 13.1 Hz,
1H), 3.64 (d, J = 3.8 Hz, 1H), 3.56-3.46 (m, 2H), 2.72 (d, J =H9z5 1H), 2.64 (d, J = 13.0 Hz,
1H), 2.58 (d, J = 9.4 Hz, 1H), 2.20 (ddd, J =13.0, 7.3, 2.0 H2, -:02-1.92 (m, 2H), 1.91-1.71
(m, 5H), 1.68-1.41 (m, 9H), 0.94 (dt, J = 12.5, 3.2 Hz, 1H)40$8 3H), 0.82 (dd, J = 13.3, 8.5
Hz, 1H).

(@) (@)
OH Pd(OHH)2/C OH
%% s 5: / 2 % s E: /
N iPrOH N
Bn H
3.64 3.65

16 h, rt
80%

Alcohol 3.64 (5 mg, 12umol, 1 equiv) was dissolved in dry iPrOH (6QQ., 0.02M) and
Pd(OHY\C (2.5 mg, 50 %wt.) and AcOH (1M in iPrOH, 121, 12 umol, 1 equiv) was added.
The solution was sparged withpHor 1 minuted and then stirred under a balloon efd¥ernight.
After 16 hours the crude reaction mixture was filtered thioaggsilica plug with 20% MeOH in
DCM with 1% EgN. The filtrate was concentrated and azeotroped with PhMe pleified by
preparative TLC (25% MeOH, 5% &4 in DCM) to give the secondary amir3e65(3.1 mg, 80%)
as a white solid*H NMR: (700 MHz, CDC}) § 3.46 (dt, J = 34.6, 9.4 Hz, 2H), 3.32 (s, 1H), 3.21
(d,J=10.9 Hz, 1H), 3.07 (d, J = 10.9 Hz, 1H), 2.59 (d, J = 11.0HH), 2.03 (t, J = 11.5 Hz, 1H),
1.99-1.79 (m, 6H), 1.74 (s, 1H), 1.57 (dt, J = 25.4, 12.5 H2), 3F50-1.41 (m, 5H), 1.40-1.31 (m,
2H), 1.07 (d, J = 13.5 Hz, 1H), 0.84 (s, 3H), 0.80 (dd, J = 14.BH, 1H).

L.
SeCN

nBuzP
O then o
@OH NaHCOs / H,0, @
N THE N=
H 5h,rt
3.65 3.66

Amino alcohol3.65 (1.5 mg, 5umol, 1 equiv) and o-nitrophenyl selenocyanate (3.3 mg, 15
umol, 3 equiv) were dissolved in THF (250, 0.02M) in a dry 4 mL vial. The vial was sealed
and transferred to a glovebox where nBy3.7uL, 15 umol, 3 equiv) was added. The resulting
deep red solution was stirred at room temperature for 90 tesnafter which the red had faded to
yellow. NaHCQ (13 mg, 154umol, 31 equiv) and kO, (35%, 16uL, 186 umol, 37 equiv) were
added and the reaction was stirred an additional 3 houses, aftich LCMS showed no starting
material or intermediate selenide. Two products with m/2%8 and 314 were observed alongside
various phosphine related masses. Crude NMR showed two natugts with exo-methylene
groups in a 3:2 ratio. The lower molecular weight product gatated by preparative TLC with
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(1:2 Hx:EtOAc with 1% E4N. The higher molecular weight product could not be sepdratan
the phosphine related productsl NMR: (600 MHz, CDC}) § 4.76 (s, 1H), 4.63 (s, 1H), 3.78 (d,
J=15.5Hz, 1H), 3.52 (d, J = 15.4 Hz, 1H), 3.14 (s, 1H), 2.5232m, 4H), 2.14 (d, J = 16.8 Hz,
1H), 1.99 (dd, J = 36.3, 13.1 Hz, 3H), 1.91-1.57 (m, 6H), 1g}3H), 1.24-1.13 (m, 2H), 0.87 (s,
3H) (major product, m/z 296).
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3.A NMR Spectral Data for Chapter 3
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Figure 3.A.1: 'H NMR of 3.4a
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Figure 3.A.32:'H NMR of 3.53
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Figure 3.A.36:'H NMR of 3.61
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3.B X-ray Crystallography Data for Chapter 3

X-ray crystallography data for 3.23

A colorless rod 0.080 x 0.040 x 0.040 mm in size was mounted Gryaloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(23idguand scans. Crystal-to-detector
distance was 60 mm and exposure time was 1 seconds per framgeauscan width of 2.0°. Data
collection was 98.4% complete to 67.0000inA total of 40188 reflections were collected covering
the indices, -h<12, -16<k<18, -21<1<22. 10098 reflections were found to be symmetry inde-
pendent, with an B of 0.0336. Indexing and unit cell refinement indicated a ftim, triclinic
lattice. The space group was found to be P -1 (No. 2). The datea imtegrated using the Bruker
SAINT software program and scaled using the SADABS softygaogram. Solution by iterative
methods (SHELXT-2014) produced a complete heavy-atomipipasodel consistent with the pro-
posed structure. All non-hydrogen atoms were refined aigmially by full-matrix least-squares
(SHELXL-2016). All hydrogen atoms were placed using a rdmodel. Their positions were
constrained relative to their parent atom using the appatgHFIX command in SHELXL-2016.
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Table 3.1: Crystal data and structure refinement 3023

X-ray ID sarpongl137

Sample/notebook ID kro7-072C

Empirical formula C30 H33 N O7

Formula weight 519.57

Temperature 100(2) K

Wavelength 1.54178 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=10.4084(4) A o = 80.465(2)°.
b =15.0798(7) A f =85.870(2)°.
c =18.4956(9) A v = 78.653(2)°.

Volume 2804.6(2) A

Z 4

Density (calculated) 1.231 Mghn

Absorption coefficient 0.716 mt

F(000) 1104

Crystal size 0.080 x 0.040 x 0.040 Mm

Theta range for data collection 2.424 to 68.450°.

Index ranges -9h<12, -16<k<18, -2K1<22

Reflections collected 40188

Independent reflections 10098 [R(int) = 0.0336]

Completeness to theta = 67.000° 98.4 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.929 and 0.744

Refinement method Full-matrix least-squares én F

Data / restraints / parameters 10098 /0/691

Goodness-of-fit on F2 1.021

Final R indices [I>2sigma(l)] R1 =0.0416, wR2 = 0.1042

R indices (all data) R1 =0.0464, wR2 = 0.1082

Extinction coefficient n/a

Largest diff. peak and hole 0.420 and -0.204&.A
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Table 3.2: Atomic coordinates (x0*) and equivalent isotropic displacement parametets (&%)
for sarpong137. U(eq) is defined as one third of the traceenbtthogonalized tensor.

X y z U(eq)

C(1) 5037(2) 7609(1) 4857(1) 26(1)
C(2) 3812(1) 8246(1) 4535(1) 26(1)
C(3) 2565(2) 8152(1) 5004(1) 32(1)
C(4) 2108(2) 7262(1) 4986(1) 31(1)
C(5) 1962(1) 7145(1) 4196(1) 28(1)
C(6) 3262(1) 7116(1) 3753(1) 23(1)
C(7) 3859(1) 7988(1) 3751(1) 23(1)
C(8) 3182(1) 8716(1) 3133(1) 25(1)
C(9) 4043(1) 8827(1) 2416(1) 26(1)
C(10) 5017(1) 7977(1) 2243(1) 25(1)
C(11) 4380(1) 7291(1) 1939(1) 25(1)
C(12) 5408(1) 6467(1) 1729(1) 27(1)
C(13) 6418(2) 7191(1) 730(1) 37(1)
C(14) 6961(2) 7381(1) 1418(1) 32(1)
C(15) 6749(1) 6536(1) 1976(1) 27(1)
C(16) 6625(1) 6685(1) 2762(1) 25(1)
C(17) 5742(1) 7408(1) 2907(1) 22(1)
C(18) 5362(1) 7822(1) 3589(1) 23(1)
C(19) 6100(2) 8246(1) 1665(1) 32(1)
C(20) 4089(2) 9217(1) 4539(1) 31(1)
C(21) 4080(2) 5515(1) 3800(1) 26(1)
C(22) 5221(2) 4765(1) 4015(1) 34(1)
C(23) 5843(2) 4845(1) 1872(1) 39(1)
C(24) 7295(1) 7090(1) 4426(1) 27(1)
C(25) 7965(1) 7904(1) 4363(1) 25(1)

Table 3.3: Bond lengths [A] for sarpong137.

C(1)-0(2) 1.2211(19) C(31)-0(9)  1.2251(19)
C(1)-N(2) 1.369(2) C(31)-N(2)  1.360(2)
C(1)-C(2) 1.530(2) C(31)-C(32) 1.537(2)
C(2)-C(3) 1.525(2) C(32)-C(33) 1.521(2)
C(2)-C(20)  1.549(2) C(32)-C(50)  1.549(2)
C(2)-C(7) 1.556(2) C(32)-C(37) 1.551(2)
C(3)-C(4) 1.517(2) C(33)-C(34) 1.511(2)
C(3)-H(3A)  0.99 C(33)-H(33A) 0.99
C(3)-H(3B)  0.99 C(33)-H(33B) 0.99
C(4)-C(5) 1.523(2) C(34)-C(35) 1.527(2)

176



C(4)-H(4A)
C(4)-H(4B)
C(5)-C(6)
C(5)-H(5A)
C(5)-H(5B)
C(6)-0(3)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-C(18)
C(8)-C(9)
C(8)-H(8A)
C(8)-H(8B)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)
C(10)-C(11)
C(10)-C(17)
C(10)-C(19)
C(11)-0(5)
C(11)-C(12)
C(12)-0(6)
C(12)-0(1)
C(12)-C(15)
C(13)-0(7)
C(13)-0(1)
C(13)-C(14)
C(14)-C(15)
C(14)-C(19)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(18)-N(1)
C(18)-H(18)
C(19)-H(19A)
C(19)-H(19B)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-0(4)
C(21)-0(3)
C(21)-C(22)

0.99

0.99
1.527(2)
0.99

0.99
1.4586(17)
1.5609(19)
1

1.551(2)
1.5510(19)
1.550(2)
0.99

0.99
1.534(2)
0.99

0.99
1.531(2)
1.531(2)
1.563(2)
1.2044(18)
1.554(2)
1.3661(19)
1.4702(19)
1.527(2)
1.200(2)
1.359(2)
1.519(2)
1.543(2)
1.547(2)

1

1.501(2)

1

1.331(2)
0.95
1.492(2)
1.4554(19)
1

0.99

0.99

0.98

0.98

0.98
1.2063(19)
1.3495(18)
1.496(2)

C(34)-H(34A)
C(34)-H(34B)
C(35)-C(36)
C(35)-H(35A)
C(35)-H(35B)
C(36)-0(10)
C(36)-C(37)
C(36)-H(36)
C(37)-C(48)
C(37)-C(38)
C(38)-C(39)
C(38)-H(38A)
C(38)-H(38B)
C(39)-C(40)
C(39)-H(39A)
C(39)-H(39B)
C(40)-C(41)
C(40)-C(47)
C(40)-C(49)
C(41)-0(12)
C(41)-C(42)
C(42)-0(13)
C(42)-0(8)
C(42)-C(45)
C(43)-0(14)
C(43)-0(8)
C(43)-C(44)
C(44)-C(45)
C(44)-C(49)
C(44)-H(44)
C(45)-C(46)
C(45)-H(45)
C(46)-C(47)
C(46)-H(46)
C(47)-C(48)
C(48)-N(2)
C(48)-H(48)
C(49)-H(49A)
C(49)-H(49B)
C(50)-H(50A)
C(50)-H(50B)
C(50)-H(50C)
C(51)-0(11)
C(51)-0(10)
C(51)-C(52)
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0.99

0.99
1.524(2)

0.99

0.99
1.4629(17)
1.560(2)

1
1.5456(19)
1.553(2)
1.544(2)

0.99

0.99
1.529(2)

0.99

0.99
1.524(2)
1.5351(19)
1.567(2)
1.2056(17)
1.547(2)
1.3644(18)
1.4730(18)
1.5296(19)
1.195(2)
1.367(2)
1.516(2)
1.550(2)
1.550(2)

1
1.495(2)

1
1.329(2)

0.95
1.488(2)
1.4594(18)

1

0.99

0.99

0.98

0.98
0.98
1.2061(19)
1.3450(18)
1.502(2)



C(22)-H(22A)
C(22)-H(22B)
C(22)-H(22C)
C(23)-0(6)
C(23)-H(23A)
C(23)-H(23B)
C(23)-H(23C)
C(24)-N(1)
C(24)-C(25)
C(24)-H(24A)
C(24)-H(24B)
C(25)-C(26)
C(25)-C(30)
C(26)-C(27)
C(26)-H(26)
C(27)-C(28)
C(27)-H(27)
C(28)-C(29)
C(28)-H(28)
C(29)-C(30)
C(29)-H(29)
C(30)-H(30)

0.98
0.98
0.98
1.4401(19)
0.98
0.98
0.98
1.4644(18)
1.511(2)
0.99
0.99
1.389(2)
1.392(2)
1.385(2)
0.95
1.388(2)
0.95
1.377(2)
0.95
1.390(2)
0.95
0.95

C(52)-H(52A)
C(52)-H(52B)
C(52)-H(52C)
C(53)-0(13)
C(53)-H(53A)
C(53)-H(53B)
C(53)-H(53C)
C(54)-N(2)
C(54)-C(55)
C(54)-H(54A)
C(54)-H(54B)
C(55)-C(56)
C(55)-C(60)
C(56)-C(57)
C(56)-H(56)
C(57)-C(58)
C(57)-H(57)
C(58)-C(59)
C(58)-H(58)
C(59)-C(60)
C(59)-H(59)
C(60)-H(60)

0.98
0.98
0.98
1.4330(19)
0.98
0.98
0.98
1.4671(19)
1.511(2)
0.99
0.99
1.386(2)
1.396(3)
1.395(3)
0.95
1.369(4)
0.95
1.374(4)
0.95
1.388(3)
0.95
0.95

Table 3.4: Bond angles [°] for sarpong137.

O(2)-C(1)-N(1)
0(2)-C(1)-C(2)
N(1)-C(1)-C(2)
C(3)-C(2)-C(1)
C(3)-C(2)-C(20)
C(1)-C(2)-C(20)
C(3)-C(2)-C(7)
C(1)-C(2)-C(7)
C(20)-C(2)-C(7)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3B)
C(2)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)

124.90(14)
126.26(14)
108.66(13)
113.26(13)
107.95(13)
103.74(12)
116.30(12)
101.50(12)
113.36(13)
113.32(13)
108.9
108.9
108.9
108.9
107.7
110.01(13)
109.7
109.7
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C(33)-C(32)-C(37) 116.22(13)
C(31)-C(32)-C(37) 101.56(12)
C(50)-C(32)-C(37) 113.21(13)
C(34)-C(33)-C(32) 113.87(13)
C(34)-C(33)-H(33A)  108.8
C(32)-C(33)-H(33A)  108.8
C(34)-C(33)-H(33B)  108.8
C(32)-C(33)-H(33B)  108.8
H(33A)-C(33)-H(33B) 107.7
C(33)-C(34)-C(35) 110.42(13)
C(33)-C(34)-H(34A)  109.6
C(35)-C(34)-H(34A)  109.6
C(33)-C(34)-H(34B)  109.6
C(35)-C(34)-H(34B)  109.6
H(34A)-C(34)-H(34B) 108.1
C(36)-C(35)-C(34) 110.93(12)
C(36)-C(35)-H(35A)  109.5
C(34)-C(35)-H(35A)  109.5



C(3)-C(4)-H(4B)
C(5)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5A)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5B)
C(6)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
0(3)-C(6)-C(5)
0(3)-C(6)-C(7)
C(5)-C(6)-C(7)
0(3)-C(6)-H(6)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(8)-C(7)-C(18)
C(8)-C(7)-C(2)
C(18)-C(7)-C(2)
C(8)-C(7)-C(6)
C(18)-C(7)-C(6)
C(2)-C(7)-C(6)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8A)
C(7)-C(8)-H(8A)
C(9)-C(8)-H(8B)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9A)
C(8)-C(9)-H(9A)
C(10)-C(9)-H(9B)
C(8)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(11)-C(10)-C(17)
C(11)-C(10)-C(9)
C(17)-C(10)-C(9)
C(11)-C(10)-C(19)
C(17)-C(10)-C(19)
C(9)-C(10)-C(19)
0(5)-C(11)-C(10)
0(5)-C(11)-C(12)
C(10)-C(11)-C(12)
0(6)-C(12)-O(1)
0(6)-C(12)-C(15)
0(1)-C(12)-C(15)

109.7
109.7
108.2
111.57(12)
109.3
109.3
109.3
109.3
108
109.52(12)
110.40(11)
112.57(12)
108.1
108.1
108.1
109.00(12)
118.24(12)
99.61(11)
105.79(11)
112.78(11)
111.54(12)
113.54(12)
108.9
108.9
108.9
108.9
107.7
117.01(12)
108
108
108
108
107.3
103.98(12)
113.74(12)
114.32(12)
106.93(12)
106.14(12)
111.07(12)
125.11(13)
122.75(14)
112.12(12)
109.90(12)
118.82(13)
104.60(12)
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C(36)-C(35)-H(35B)
C(34)-C(35)-H(35B)
H(35A)-C(35)-H(35B) 108

109.5
109.5

0(10)-C(36)-C(35) 108.45(11)
0(10)-C(36)-C(37) 110.77(11)
C(35)-C(36)-C(37) 112.48(12)
O(10)-C(36)-H(36)  108.3
C(35)-C(36)-H(36) 108.3
C(37)-C(36)-H(36) 108.3

C(48)-C(37)-C(32) 99.31(11)

C(48)-C(37)-C(38) 108.97(12)

C(32)-C(37)-C(38) 118.00(12)
C(48)-C(37)-C(36) 113.31(11)
C(32)-C(37)-C(36) 111.94(12)
C(38)-C(37)-C(36) 105.50(11)

C(39)-C(38)-C(37) 113.20(12

C(39)-C(38)-H(38A)  108.9

C(37)-C(38)-H(38A)  108.9

C(39)-C(38)-H(38B)  108.9

C(37)-C(38)-H(38B)  108.9

H(38A)-C(38)-H(38B) 107.8

C(40)-C(39)-C(38) 116.50(12)
C(40)-C(39)-H(39A)  108.2
C(38)-C(39)-H(39A)  108.2
C(40)-C(39)-H(39B)  108.2
C(38)-C(39)-H(39B)  108.2

H(39A)-C(39)-H(39B) 107.3

C(41)-C(40)-C(39) 113.59(12
C(41)-C(40)-C(47) 104.41(11)
C(39)-C(40)-C(47) 113.82(12)
C(41)-C(40)-C(49) 106.91(12)
C(39)-C(40)-C(49) 111.71(12)
C(47)-C(40)-C(49) 105.83(11)

0(12)-C(41)-C(40) 125123

0(12)-C(41)-C(42) 122.35(1

C(40)-C(41)-C(42) 112.40(1

0(13)-C(42)-0(8) 109.65(1

O(13)-C(42)-C(45) 11913(

0(8)-C(42)-C(45) 104.23(11

0(13)-C(42)-C(41) 108.2)(1

0(8)-C(42)-C(41) 105.15(11

C(45)-C(42)-C(41) 10812)(

0(14)-C(43)-0(8) 121.44(16)

0(14)-C(43)-C(44) 129.59(1

O(8)-C(43)-C(44) 108.93(13



0(6)-C(12)-C(11)
0(1)-C(12)-C(11)
C(15)-C(12)-C(11)
O(7)-C(13)-O(1)
O(7)-C(13)-C(14)
0(1)-C(13)-C(14)
C(13)-C(14)-C(15)
C(13)-C(14)-C(19)
C(15)-C(14)-C(19)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(19)-C(14)-H(14)
C(16)-C(15)-C(12)
C(16)-C(15)-C(14)
C(12)-C(15)-C(14)
C(16)-C(15)-H(15)
C(12)-C(15)-H(15)
C(14)-C(15)-H(15)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(16)-C(17)-C(18)
C(16)-C(17)-C(10)
C(18)-C(17)-C(10)
N(1)-C(18)-C(17)
N(1)-C(18)-C(7)
C(17)-C(18)-C(7)
N(1)-C(18)-H(18)
C(17)-C(18)-H(18)
C(7)-C(18)-H(18)
C(14)-C(19)-C(10)
C(14)-C(19)-H(19A)
C(10)-C(19)-H(19A)
C(14)-C(19)-H(19B)
C(10)-C(19)-H(19B)

H(19A)-C(19)-H(19B)

C(2)-C(20)-H(20A)
C(2)-C(20)-H(20B)

H(20A)-C(20)-H(20B)

C(2)-C(20)-H(20C)

H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)

0(4)-C(21)-0(3)
O(4)-C(21)-C(22)
0(3)-C(21)-C(22)

109.05(12)
104.74(12)
108.79(12)
121.50(17)
129.08(18)
109.40(14)
101.59(13)
109.28(14)
108.90(13)
112.2
112.2
112.2
109.12(12)
114.59(13)
97.43(13)
111.6
111.6
111.6
115.50(14)
122.3
122.3
132.73(14)
115.12(13)
112.03(12)
121.36(12)
103.39(11)
112.21(12)
106.3
106.3
106.3
110.46(13)
109.6
109.6
109.6
109.6
108.1
109.5
109.5
109.5
109.5
109.5
109.5
123.48(14)
125.05(14)
111.47(13)

C(43)-C(44)-C(45)
C(43)-C(44)-C(49)
C(45)-C(44)-C(49)
C(43)-C(44)-H(44)
C(45)-C(44)-H(44)
C(49)-C(44)-H(44)
C(46)-C(45)-C(42)
C(46)-C(45)-C(44)
C(42)-C(45)-C(44)
C(46)-C(45)-H(45)
C(42)-C(45)-H(45)
C(44)-C(45)-H(45)
C(47)-C(46)-C(45)
C(47)-C(46)-H(46)
C(45)-C(46)-H(46)
C(46)-C(47)-C(48)
C(46)-C(47)-C(40)
C(48)-C(47)-C(40)
N(2)-C(48)-C(47)

N(2)-C(48)-C(37)

C(47)-C(48)-C(37)
N(2)-C(48)-H(48)

C(47)-C(48)-H(48)
C(37)-C(48)-H(48)
C(44)-C(49)-C(40)

C(44)-C(49)-H(49A)
C(40)-C(49)-H(49A)

C(44)-C(49)-H(49B)

C(40)-C(49)-H(49B)
H(49A)-C(49)-H(49B)
C(32)-C(50)-H(50A)

C(32)-C(50)-H(50B)

H(50A)-C(50)-H(50B)
C(32)-C(50)-H(50C)

H(50A)-C(50)-H(50C)
H(50B)-C(50)-H(50C)

0(11)-C(51)-O(10)
O(11)-C(51)-C(52)
0(10)-C(51)-C(52)

C(51)-C(52)-H(52A)

C(51)-C(52)-H(52B)

101.08(1
110.2)(1
1091)(
112

112

112

10928)(
114108(

97.40)(1
111.6

111.6
111.6
115123)(
122.4
122.4
132.84(13)
115.39(13)
111.63(12)
121.32)(1
103.67(11)
111.38(11)
106.5
106.5
106.5
110.12)(1
109.6
109.6
109.6
109.6
108.1
109.5
109.5
109.5
109.5
109.5
109.5
124.34(14)
125.00(14)
110.66(13)
109.5
109.5

H(52A)-C(52)-H(52B) 109.5

C(51)-C(52)-H(52C)

109.5

H(52A)-C(52)-H(52C) 109.5
H(52B)-C(52)-H(52C) 109.5



C(21)-C(22)-H(22A)
C(21)-C(22)-H(22B)
H(22A)-C(22)-H(22B)
C(21)-C(22)-H(22C)
H(22A)-C(22)-H(22C)
H(22B)-C(22)-H(22C)
0(6)-C(23)-H(23A)
0(6)-C(23)-H(23B)
H(23A)-C(23)-H(23B)
0(6)-C(23)-H(23C)
H(23A)-C(23)-H(23C)
H(23B)-C(23)-H(23C)
N(1)-C(24)-C(25)
N(1)-C(24)-H(24A)
C(25)-C(24)-H(24A)
N(1)-C(24)-H(24B)
C(25)-C(24)-H(24B)
H(24A)-C(24)-H(24B)
C(26)-C(25)-C(30)
C(26)-C(25)-C(24)
C(30)-C(25)-C(24)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
C(26)-C(27)-C(28)
C(26)-C(27)-H(27)
C(28)-C(27)-H(27)
C(29)-C(28)-C(27)
C(29)-C(28)-H(28)
C(27)-C(28)-H(28)
C(28)-C(29)-C(30)
C(28)-C(29)-H(29)
C(30)-C(29)-H(29)
C(29)-C(30)-C(25)
C(29)-C(30)-H(30)
C(25)-C(30)-H(30)
0(9)-C(31)-N(2)
0(9)-C(31)-C(32)
N(2)-C(31)-C(32)
C(33)-C(32)-C(31)
C(33)-C(32)-C(50)
C(31)-C(32)-C(50)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
111.53(12)
109.3
109.3
109.3
109.3

108
118.92(14)
120.67(14)
120.34(14)
120.75(15)
119.6
119.6
119.81(16)
120.1
120.1
120.02(15)
120

120
120.17(15)
119.9
119.9
120.32(15)
119.8
119.8
125.38(14)
125.82(14)
108.57(12)
112.87(13)
108.12(13)
104.16(12)

O(13)-C(53)-H(53A)
O(13)-C(53)-H(53B)

H(53A)-C(53)-H(53B)

0(13)-C(53)-H(53C)

H(53A)-C(53)-H(53C)
H(53B)-C(53)-H(53C)

N(2)-C(54)-C(55)
N(2)-C(54)-H(54A)
C(55)-C(54)-H(54A)
N(2)-C(54)-H(54B)
C(55)-C(54)-H(54B)

H(54A)-C(54)-H(54B)

C(56)-C(55)-C(60)
C(56)-C(55)-C(54)
C(60)-C(55)-C(54)
C(55)-C(56)-C(57)
C(55)-C(56)-H(56)
C(57)-C(56)-H(56)
C(58)-C(57)-C(56)
C(58)-C(57)-H(57)
C(56)-C(57)-H(57)
C(57)-C(58)-C(59)
C(57)-C(58)-H(58)
C(59)-C(58)-H(58)
C(58)-C(59)-C(60)
C(58)-C(59)-H(59)
C(60)-C(59)-H(59)
C(59)-C(60)-C(55)
C(59)-C(60)-H(60)
C(55)-C(60)-H(60)
C(1)-N(1)-C(18)
C(1)-N(1)-C(24)
C(18)-N(1)-C(24)
C(31)-N(2)-C(48)
C(31)-N(2)-C(54)
C(48)-N(2)-C(54)
C(13)-0(1)-C(12)
C(21)-0(3)-C(6)
C(12)-0(6)-C(23)
C(43)-0(8)-C(42)
C(51)-0(10)-C(36)
C(42)-0(13)-C(53)

109.5
109.5
109.5
109.5
109.5
109.5
111.85(12)
109.2
109.2
109.2
109.2
107.9
118.77)1
120.75(17)
120.51(15)
120.3(2)
119.8
119.8
119)8(2
120.1
120.1
120)9(2
119.5
119.5
119)5(2
120.3
120.3
120)7(2
119.7
119.7
110.65(12
119.40(13)
124.38(12)
110.38(1
120.04(12)
124.60(12)
107.53(12)
116.30(11)
115.42(12
107.99(1

116111)(
116X2)(
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Table 3.5: Anisotropic displacement parameters’¢A10%)for sarpong137. The anisotropic dis-
placement factor exponent takes the formy/22 ha>U!! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12

C(l) 27(1) 22(1) 34(1) -9(1) -2(1) -12(1)
C(2) 25(1) 25(1) 29(1) -9(1) 1(1) -7(1)
C(3) 27(1) 38(1) 32(1) -11(1) 4(1) -8(1)
C(4) 24(1) 36(1) 36(1) -8(1) 4(1) -9(1)
C(5) 20(1) 28(1) 37(1) -6(1) -2(1) -7(1)
C(6) 19(1) 21(1) 30(1) -5(1) -5(1) -3(1)
C(7) 18(1) 21(1) 29(1) -7(1) 1(1) -4(1)
C(8) 22(1) 21(1) 32(1) -6(1) O(1) -1(1)
C(9) 24(1) 21(1) 32(1) -5(1) 1(1) -2(1)
C(10) 21(1) 22(1) 30(1) -6(1) 1(1) -3(1)
C(11) 22(1) 26(1) 26(1) -5(1) O0(1) -2(1)
C(12) 23(1) 30(1) 31(1) -12(1) -2(1) -3(1)
C(13) 30(1) 39(1) 37(1) -11(1) 8(1) 6(1)
C(14) 23(1) 34(1) 40(1) -11(1) 7(1) -4(1)
C(15) 19(1) 26(1) 38(1) -13(1) 1(1) -2(1)
C(16) 16(1) 24(1) 36(1) -9(1) -2(1) -5(1)
C(17) 16(1) 21(1) 32(1) -6(1) -1(1) -7(1)
C(18) 19(1) 20(1) 32(1) -7(1) -2(1) -5(1)
C(19) 29(1) 28(1) 37(1) -6(1) 7(1) -6(1)
C(20) 32(1) 25(1) 38(1) -12(1) 1(1) -5(1)
C(21) 31(1) 24(1) 26(1) -5(1) O0(1) -9(1)
C(22) 41(1) 24(1) 36(1) -7(1) -4(1) -4(1)
C(23) 28(1) 26(1) 64(1) -20(1) -3(1) 1(1)
C(24) 22(1) 22(1) 37(1) -7(1) -8(1) -3(1)
C(25) 16(1) 22(1) 36(1) -8(1) -4(1) -1(1)
C(26) 26(1) 34(1) 35(1) -11(1) -2(1) -8(1)
C(27) 35(1) 40(1) 38(1) -3(1) -1(1) -17(1)
C(28) 32(1) 29(1) 49(1) -6(1) -8(1) -14(1)
C(29) 26(1) 29(1) 42(1) -13(1) -6(1) -6(1)
C(30) 22(1) 28(1) 36(1) -8(1) -4(1) -5(1)
C(31) 25(1) 23(1) 28(1) -7(1) 1(1) O(L)
C(32) 27(1) 22(1) 30(1) -6(1) -2(1) -3(1)
C(33) 35(1) 26(1) 38(1) -4(1) -3(1) -11(1)
C(34) 31(1) 32(1) 36(1) -5(1) 3(1) -14(1)
C(35) 22(1) 33(1) 32(1) -8(1) 1(1) -8(1)
C(36) 20(1) 25(1) 24(1) -6(1) -2(1) -3(1)
C(37) 21(1) 23(1) 25(1) -7(1) -1(1) -4(1)
C(38) 24(1) 26(1) 26(1) -7(1) -4(1) -5(1)
C(39) 23(1) 28(1) 22(1) -8(1) -1(1) -4(1)
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Table 3.5: Anisotropic displacement parameters’¢A10%)for sarpong137. The anisotropic dis-
placement factor exponent takes the formy/22 ha>U!! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12

C(40) 19(1) 25(1) 21(1) -5(1) -1(1) -4(1)
C(41) 22(1) 24(1) 18(1) -1(1) -1(1) -5(1)
C(42) 23(1) 21(1) 27(1) -3(1) -5(1) -4(1)
C(43) 37(1) 35(1) 31(1) -1(1) -9(1) -18(1)
C(44) 22(1) 33(1) 27(1) -2(1) -1(1) -11(1)
C(45) 20(1) 25(1) 26(1) -5(1) -2(1) -6(1)
C(46) 16(1) 26(1) 23(1) -5(1) -2(1) -3(1)
C(47) 15(1) 26(1) 21(1) -5(1) 1(1) -2(1)
C(48) 19(1) 24(1) 22(1) -7(1) -1(1) -1(1)
C(49) 22(1) 34(1) 22(1) -5(1) O(1) -6(1)
C(50) 40(1) 26(1) 37(1) -11(1) -2(1) -2(1)
C(51) 26(1) 22(1) 27(1) -6(1) 5(1) -4(1)
C(52) 37(1) 32(1) 34(1) -14(1) 0(1) -7(1)
C(53) 32(1) 50(1) 51(1) -32(1) O(1) -8(1)
C(54) 25(1) 27(1) 32(1) -6(1) -9(1) -1(1)
C(55) 21(1) 29(1) 51(1) -13(1) -9(1) -5(1)
C(56) 28(1) 33(1) 74(1) -10(1) -14(1) -2(1)
C(57) 29(1) 50(1) 118(2) -43(1) -10(1) 4(1)
C(58) 31(1) 94(2) 107(2) -59(2) 11(1) -5(1)
C(59) 43(1) 96(2) 67(2) -31(1) 16(1) -29(1)
C(60) 34(1) 51(1) 47(1) -11(1) 3(1) -17(1)
N(1) 21(1) 23(1) 31(1) -5(1) -5(1) -6(1)
N@2) 21(1) 24(1) 24(1) -4(1) -3(1) O(1)
O(1) 28(1) 43(1) 35(1) -16(1) 0(1)  O(1)
O(2) 36(1) 33(1) 31(1) -5(1) -5(1) -13(1)
0(3) 22(1) 20(1) 30(1) -6(1) -4(1) -5(1)
O(4) 39(1) 30(1) 38(1) -8(1) -10(1) -12(1)
O() 21(1) 30(1) 36(1) -9(1) -3(1) -1(1)
o) 21(1) 25(1) 48(1) -16(1) -3(1) -2(1)
O(7) 45(1) 55(1) 38(1) -9(1) 11(1) 6(1)
O(8) 30(1) 27(1) 38(1) 1(1) -91) -7(1)
0(9) 38(1) 27(1) 32(1) 0(1) -5(1) -2(1)
O(10) 21(1) 22(1) 24(1) -7(1) -1(1) -2(1)
O(11) 29(1) 30(1) 35(1) -8(1) 2(1) 4(1)
O(12) 19(1) 29(1) 27(1) -6(1) -3(1) -5(1)
O(13) 22(1) 30(1) 35(1) -15(1) -2(1) -4(1)
O(14) 49(1) 45(1) 38(1) 9(1) -10(1) -24(1)
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Table 3.6: Hydrogen coordinates (x 1pand isotropic displacement parametergxA0*) for
sarpong137.

X y z U(eq)
H(3A) 2724 8193 5517 38
H(3B) 1859 8670 4829 38
H(4A) 1255 7265 5261 38
H(4B) 2752 6742 5225 38
H(5A) 1303 7660 3963 34
H(5B) 1640 6570 4191 34
H@6) 3097 7078 3234 28
H(BA) 2357 8542 3022 30
H(@8B) 2950 9313 3311 30
H(QA) 3452 9043 2001 31
H(OB) 4544 9315 2439 31
H(14) 7907 7432 1348 39
H(15) 7424 5983 1903 33
H(16) 7141 6290 3131 30
H(18) 5612 8439 3493 27
H(19A) 5682 8650 1234 38
H(19B) 6656 8588 1881 38
H(20A) 3386 9675 4296 47
H(20B) 4929 0275 4277 47
H(20C) 4129 9316 5047 47
H(22A) 4951 4171 4055 51
H(22B) 5525 4832 4489 51
H(22C) 5934 4800 3641 51
H(23A) 6210 4887 1367 58
H(23B) 5382 4327 1978 58
H(23C) 6554 4752 2212 58
H(24A) 7713 6692 4066 32
H(24B) 7410 6729 4923 32
H(26) 8204 8106 3251 36
H(27) 9165 0395 3151 44
H(28) 9507 9968 4208 42
H(29) 8872 9260 5355 37
H(30) 7899 7971 5457 33
H(33A) -703 1114 2252 39
H(33B) 165 640 2940 39
H(34A) -667 1848 3576 38
H(34B) -1882 1504 3300 38
H(35A) -2084 2720 2289 34
H(35B) -2228 3123 3046 34
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Table 3.6: Hydrogen coordinates (x 1pand isotropic displacement parametergxA0*) for
sarpong137.

X y z U(eq)

H@36) -821 3866 2190 27
H(38A) 132 2413 970 30
H(38B) -909 3242 1229 30
H(39A) 1517 3318 447 29
H(39B) 147 3997 300 29
H(44) 3553 5646 856 32
H(45) 2437 5954 1992 28
H(46) 2723 4404 2572 26
H(48) 2464 2704 1552 26
H(49A) 3070 4376 504 31
H(49B) 1919 5079 66 31
H(50A) 1996 470 1992 51
H(50B) 2434 1359 1522 51
H(50C) 1098 1072 1355 51
H(52A) 1166 4446 3837 50
H(52B) 541 3685 4378 50
H(52C) -159 4739 4305 50
H(53A) 1014 6244 2880 63
H(53B) -438 6813 2984 63
H(53C) 527 7176 2339 63
H(54A) 3878 2189 3407 34
H(54B) 3916 3114 2845 34
H(56) 5308 809 3185 54
H(57) 6947 17 2466 76
H(58) 7475 688 1293 89
H(59) 6428 2155 823 78
H(60) 4808 2959 1537 51
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X-ray crystallography data for 3.53
HO OH

CO,Me

3.53
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Table 3.7: Crystal data and structure refinement 3d63

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Index ranges
Reflections collected

Independent reflections

KO001
C28 H35N 04
449.57
100(2) K
0.71073 A
Monoclinic
P 21/n
a=12.7300(9) A
b =8.7313(6) A
c =20.2583(14) A
2245.9(3) A
4
1.330 Mg/
0.088 mm
968
0.260 x 0.180 x 0.100 Mm
1.832 to 28.354°.
-16h<16, -11<k<11, -26<1<27
121138
5589 [R(int) = 0.0405]

Completeness to theta = 28.000° 100.00%

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(l)]

R indices (all data)
Extinction coefficient

Largest diff. peak and hole

Semi-empirical from equivalents
0.746 and 0.710
Full-matrix least-squares on F2
5589/0/308
1.046
R1 =0.0462, wR2 =0.1205
R1 =0.0523, wR2 =0.1255
n/a
0.434 and -0.2118.A
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Table 3.8: Atomic coordinates (x0*) and equivalent isotropic displacement parametets (&%)
for ko001. U(eq) is defined as one third of the trace of theamytimalizedU" tensor.

X y z U(eq)

C(1) 8311(1) 2828(2) 3629(1) 24(1)
C(2) 8194(1) 4342(1) 3996(1) 16(1)
C(3) 8246(1) 4010(2) 4739(1) 20(1)
C(4) 8104(1) 5437(2) 5159(1) 22(1)
C(5) 7145(1) 6425(1) 4919(1) 16(1)
C(6) 6475(1) 5744(1) 4338(1) 14(1)
C(7) 5513(1) 6857(1) 4057(1) 14(1)
C(8) 5395(1) 8437(1) 4404(1) 17(1)
C(9) 5860(1) 9749(1) 3989(1) 17(1)
C(10) 5160(1) 9988(2) 3342(1) 18(1)
C(11) 4226(1) 11018(2) 3430(1) 22(1)
C(12) 2553(1) 11807(2) 2967(1) 41(1)
C(13) 4908(1) 8403(2) 3036(1) 17(1)
C(14) 5706(1) 7212(1) 3324(1) 14(1)
C(15) 6815(1) 7868(1) 3429(1) 14(1)
C(16) 6897(1) 9152(1) 3785(1) 16(1)
C(17) 7628(1) 6658(1) 3400(1) 13(1)
C(18) 7165(1) 5252(1) 3754(1) 13(1)
C(19) 6409(1) 4491(1) 3225(1) 17(1)
C(20) 5652(1) 5733(1) 2917(1) 16(1)
C(21) 9104(1) 5423(1) 3827(1) 18(1)
C(22) 9288(1) 7969(2) 3357(1) 16(1)
C(23) 10317(1) 8446(2) 3717(1) 16(1)
C(24) 10337(1) 9634(2) 4173(1) 20(1)
C(25) 11279(1) 10123(2) 4498(1) 23(1)
C(26) 12216(1) 9405(2) 4369(1) 24(1)
C(27) 12207(1) 8206(2) 3922(1) 23(1)
C(28) 11262(1) 7731(2) 3592(1) 20(1)
N(1) 8651(1) 6963(1) 3748(1) 15(1)
O(1) 6017(1) 4368(1) 4595(1) 19(1)
O(2) 4542(1) 6026(1) 4062(1) 19(1)
O(3) 4195(1) 11994(1) 3850(1) 34(1)
O(4) 3450(1) 10788(1) 2953(1) 29(1)

Table 3.9: Bond lengths [A] for ko001.

C(1)-C(2) 1.5292(18) C(13)-C(14)  1.5391(16)
C(1)-H(1A)  0.98 C(13)-H(13A) 0.99
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C(1)-H(1B) 0.98 C(13)-H(13B) 0.99
C(1)-H(1C)  0.98 C(14)-C(15)  1.5240(16)
C(2)-C(3) 1.5311(17) C(14)-C(20)  1.5305(17)
C(2-C(21)  1.5511(17) C(15)-C(16)  1.3333(17)
C(2)-C(18)  1.5803(16) C(15)-C(17)  1.4832(16)
C(3)-C(4) 1.5260(19) C(16)-H(16) 0.95
C(3)-H(3A)  0.99 C(A7)-N(1)  1.4599(14)
C(3)-H(3B)  0.99 C(17)-C(18)  1.5581(16)
C(4)-C(5) 1.5448(17) C(17)-H17) 1
C(4)-H(@4A)  0.99 C(18)-C(19)  1.5386(16)
C(4)-H@4B)  0.99 C(19)-C(20)  1.5515(17)
C(5)-C(6) 1.5240(16) C(19)-H(19A) 0.99
C(5)-H(5A)  0.99 C(19)-H(19B) 0.99
C(5)-H(5B)  0.99 C(20)-H(20A) 0.99
C(6)-O(1) 1.4490(14) C(20)-H(20B) 0.99
C(6)-C(18)  1.5827(17) C(21)-N(1)  1.4681(16)
C(6)-C(7) 1.6341(17) C(21)-H(21A) 0.99
C(7)-0(2) 1.4336(14) C(21)-H(21B) 0.99
C(7)-C(14)  1.5552(16) C(22)-N(1)  1.4662(15)
C(7)-C(8) 1.5594(17) C(22)-C(23)  1.5100(16)
C(8)-C(9) 1.5622(18) C(22)-H(22A) 0.99
C(8)-H(8A)  0.99 C(22)-H(22B) 0.99
C(8)-H(8B)  0.99 C(23)-C(24)  1.3893(19)
C(9)-C(16)  1.5044(17) C(23)-C(28)  1.3941(18)
C(9)-C(10)  1.5452(17) C(24)-C(25)  1.3926(18)
C(9)-H(9) 1 C(24)-H(24) 0.95
C(10)-C(11)  1.5119(17) C(25)-C(26)  1.388(2)
C(10)-C(13)  1.5410(18) C(25)-H(25) 0.95
C(10)-H(10) 1 C(26)-C(27)  1.384(2)
C(11)-0(3)  1.2062(18) C(26)-H(26)  0.95
C(11)-0(4)  1.3459(18) C(27)-C(28)  1.3966(18)
C(12)-0(4)  1.4496(17) C(27)-H(27) 0.95
C(12)-H(12A) 0.98 C(28)-H(28) 0.95
C(12)-H(12B) 0.98 O(1)-H(1) 0.89(2)
C(12)-H(12C) 0.98 0(2)-H(2) 0.89(3)

Table 3.10: Bond angles [°] for koO01.

C(2)-C(1)-H(1A) 109.5 H(13A)-C(13)-H(13B) 108.2
C(2)-C(1)-H(1B) 109.5 C(15)-C(14)-C(20) 113.46(10)
H(1A)-C(1)-H(1B) 109.5 C(15)-C(14)-C(13) 112.27(10)
C(2)-C(1)-H(1C) 109.5 C(20)-C(14)-C(13) 111.33(9)
H(1A)-C(1)-H(1C) 109.5 C(15)-C(14)-C(7) 98.60(9)
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H(1B)-C(1)-H(1C)
C(1)-C(2)-C(3)
C(1)-C(2)-C(21)
C(3)-C(2)-C(21)
C(1)-C(2)-C(18)
C(3)-C(2)-C(18)
C(21)-C(2)-C(18)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3B)
C(2)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4B)
C(5)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(6)-C(5)-H(5B)
C(4)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
O(1)-C(6)-C(5)
O(1)-C(6)-C(18)
C(5)-C(6)-C(18)
O(1)-C(6)-C(7)
C(5)-C(6)-C(7)
C(18)-C(6)-C(7)
0(2)-C(7)-C(14)
0O(2)-C(7)-C(8)
C(14)-C(7)-C(8)
0O(2)-C(7)-C(6)
C(14)-C(7)-C(6)
C(8)-C(7)-C(6)
C(7)-C(8)-C(9)
C(7)-C(8)-H(8A)
C(9)-C(8)-H(8A)
C(7)-C(8)-H(8B)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(16)-C(9)-C(10)
C(16)-C(9)-C(8)

109.5
108.45(10)
108.58(10)
110.58(10)
113.05(10)
112.12(10)
103.97(9)
113.32(10)
108.9
108.9
108.9
108.9
107.7
113.75(10)
108.8
108.8
108.8
108.8
107.7
114.28(10)
108.7
108.7
108.7
108.7
107.6
105.27(9)
107.63(9)
111.96(10)
107.87(9)
113.65(10)
110.10(9)
107.59(9)
109.50(10)
106.31(10)
108.82(9)
106.54(9)
117.61(9)
110.75(10)
109.5
109.5
109.5
109.5
108.1
106.12(10)
105.54(10)
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C(20)-C(14)-C(7)
C(13)-C(14)-C(7)
C(16)-C(15)-C(17)
C(16)-C(15)-C(14)
C(17)-C(15)-C(14)
C(15)-C(16)-C(9)
C(15)-C(16)-H(16)
C(9)-C(16)-H(16)

N(1)-C(17)-C(15)

N(1)-C(17)-C(18)

C(15)-C(17)-C(18)
N(1)-C(17)-H(17)

C(15)-C(17)-H(17)
C(18)-C(17)-H(17)

C(19)-C(18)-C(17)

C(19)-C(18)-C(2)
C(17)-C(18)-C(2)
C(19)-C(18)-C(6)

C(17)-C(18)-C(6)
C(2)-C(18)-C(6)

C(18)-C(19)-C(20)

C(18)-C(19)-H(19A)
C(20)-C(19)-H(19A)
C(18)-C(19)-H(19B)

C(20)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(14)-C(20)-C(19)
C(14)-C(20)-H(20A)
C(19)-C(20)-H(20A)
C(14)-C(20)-H(20B)
C(19)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
N(1)-C(21)-C(2)
N(1)-C(21)-H(21A)
C(2)-C(21)-H(21A)
N(1)-C(21)-H(21B)
C(2)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
N(1)-C(22)-C(23)
N(1)-C(22)-H(22A)
C(23)-C(22)-H(22A)
N(1)-C(22)-H(22B)

C(23)-C(22)-H(22B)

110.00(10)
110.51(10)
126.39(11
115.32(11
111.66(10
113.81(11)
123.1
123.1

116.85(10)

106.01(9)
104.76(9)

109.6

109.6
109.6

105.00(9)

117.53(10)

101.88(9)

106.57(9)

112.22(9)
113.37(9)

108.52(10)

110

110

110

110
108.4
111.76(10)
109.3
109.3
109.3
109.3
107.9
106.70(9)
110.4
110.4
110.4
110.4
108.6

113.50(10)

108.9

108.9

108.9

108.9

H(22A)-C(22)-H(22B) 107.7

C(24)-C(23)-C(28)

118.63(12



C(10)-C(9)-C(8) 109.71(10) C(24)-C(23)-C(22) 120.07%(11
C(16)-C(9)-H(9) 111.7 C(28)-C(23)-C(22) 121.29(12)
C(10)-C(9)-H(9) 111.7 C(23)-C(24)-C(25) 121.18(12)
C(8)-C(9)-H(9) 111.7 C(23)-C(24)-H(24) 119.4
C(11)-C(10)-C(13) 115.98(11) C(25)-C(24)-H(24) 119.4
C(11)-C(10)-C(9) 113.08(11) C(26)-C(25)-C(24) 119.69(1
C(13)-C(10)-C(9) 108.09(10) C(26)-C(25)-H(25) 120.2
C(11)-C(10)-H(10) 106.3 C(24)-C(25)-H(25) 120.2
C(13)-C(10)-H(10) 106.3 C(27)-C(26)-C(25) 119.85(12)
C(9)-C(10)-H(10) 106.3 C(27)-C(26)-H(26) 120.1
0(3)-C(11)-O(4) 123.53(12) C(25)-C(26)-H(26) 120.1
0(3)-C(11)-C(10) 124.61(13) C(26)-C(27)-C(28) 120.2)(1
O(4)-C(11)-C(10) 111.72(12) C(26)-C(27)-H(27) 119.9
O(4)-C(12)-H(12A)  109.5 C(28)-C(27)-H(27) 119.9
O(4)-C(12)-H(12B)  109.5 C(23)-C(28)-C(27) 120.40(13)
H(12A)-C(12)-H(12B) 109.5 C(23)-C(28)-H(28) 119.8
O(4)-C(12)-H(12C)  109.5 C(27)-C(28)-H(28) 119.8
H(12A)-C(12)-H(12C) 109.5 C(17)-N(1)-C(22) 110.93(9)
H(12B)-C(12)-H(12C) 109.5 C(17)-N(1)-C(21) 102.41(9)
C(14)-C(13)-C(10) 109.99(10) C(22)-N(1)-C(21) 112.28)(1
C(14)-C(13)-H(13A)  109.7 C(6)-O(1)-H(1) 106.1(15)
C(10)-C(13)-H(13A)  109.7 C(7)-0(2)-H(2) 110.5(16)
C(14)-C(13)-H(13B)  109.7 C(11)-O(4)-C(12) 115.68(13)
C(10)-C(13)-H(13B)  109.7

Table 3.11: Anisotropic displacement parameters’¥A10%)for ko0O01. The anisotropic displace-
ment factor exponent takes the form:/2[ h*a?U'! + ... + 2 h k a* b* U'?]

Ull U22 U33 U23 U13 U12
C(1) 28(1) 16(1) 29(1) -1(1) 2(1) 5(1)
C(2) 17(1) 13(1) 18(1) 2(1) 1(1) 2(1)
C(3) 22(1) 19(1) 19(1) 6(1) 0(1) 5(1)
C(4) 23(1) 25(1) 17(1) 1(1) -4(1) 5(1)
C(5) 17(1) 17(1) 14(1) 0(1) -1(1) 0(1)
C(6) 15(1) 14(1) 14(1) 1(1) 2(1) -2(1)
C(7) 12(1) 17(1) 14(1) 0(1) 1(1) -1(2)
C() 16(1) 19(1) 16(1) -1(1) 0(1) 3(1)
C(O) 18(1) 15(1) 18(1) -1(1) -1(1) 3(1)
C(10) 17(1) 18(1) 18(1) 2(1) 2(1) 4(1)
C(11) 21(1) 25(1) 21(1) 8(1) 5(1) 7(1)
C(12) 28(1) 55(1) 40(1) 18(1) 7(1) 24(1)
C(13) 14(1) 20(1) 16(1) 1(1) -1(1) 3(1)
C(14) 12(1) 15(1) 14(1) 0(1) -1(1) -1(0)
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Table 3.11: Anisotropic displacement parameters’¥A10%)for ko0O01. The anisotropic displace-
ment factor exponent takes the form:/2[ h*a?U'! + ... + 2 h k a* b* U'?]

Ull U22 U33 U23 U13 U12

C(15) 12(1) 15(1) 15(1) 3(1) 0(1) 0(1)
C(16) 15(1) 15(1) 19(1) 2(1) -1(1) -1(1)
C(17) 12(1) 13(1) 14(1) 1(1) O0(1) -1(1)
C(18) 14(1) 12(1) 14(1) 1(1) 1(1) -1(1)
C(19) 19(1) 14(1) 17(1) -2(1) 0(1) -2(1)
C(20) 16(1) 17(1) 15(1) -2(1) -2(1) -2(1)
C(21) 16(1) 17(1) 22(1) 3(1) 1(1) 3()
C(22) 14(1) 20(1) 15(1) 4(1) -1(1) -2(1)
C(23) 14(1) 19(1) 16(1) 6(1) O(1) -3(1)
C(24) 17(1) 19(1) 25(1) 2(1) 0(1) o0(1)
C(25) 24(1) 21(1) 24(1) 1(1) -2(1) -5(1)
C(26) 17(1) 30(1) 26(1) 7(1) -3(1) -8(1)
C(27) 14(1) 32(1) 23(1) 7(1) 2(1) o)
C(28) 17(1) 24(1) 19(1) 2(1) 3(1) o0(1)
N(1) 11(1) 15(1) 17(1) 4(1) -1(1) -1(1)
O(1) 19(1) 18(1) 20(1) 5(1) O0(1) -5(1)
0(2) 14(1) 23(1) 20(1) 0(1) 3(1) -4(1)
O(3) 38(1) 35(1) 29(1) -2(1) 6(1) 19(1)
O(4) 21(1) 37(1) 28(1) 8(1) O0(1) 12(1)

Table 3.12: Hydrogen coordinates (x $pand isotropic displacement parameteréxA0®) for
ko0O01.

X y z U(eq)
H(1A) 8978 2340 3783 36
H(1B) 8307 3025 3152 36
H(1C) 7724 2148 3716 36
H(3A) 7691 3259 4829 24
H(3B) 8936 3539 4874 24
H(4A) 8749 6071 5157 26
H(4B) 8024 5118 5622 26
H(5A) 6696 6575 5293 19
H(5B) 7400 7445 4789 19
H(8A) 5767 8409 4850 20
H(8B) 4640 8642 4456 20
H(9) 5949 10718 4250 21
H(10) 5607 10529 3030 21
H(12A) 2242 11713 3394 61
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Table 3.12: Hydrogen coordinates (x $pand isotropic displacement parametergxA0®) for
ko0O01.

X y z U(eq)

H(12B) 2026 11531 2610 61
H(12C) 2783 12865 2905 61
H(13A) 4187 8092 3133 20
H(13B) 4937 8456 2550 20
H(16) 7550 9645 3899 20
H(17) 7726 6395 2928 16
H(19A) 6001 3674 3429 20
H(19B) 6813 4024 2877 20
H(20A) 5838 5958 2461 20
H(20B) 4921 5335 2892 20
H(21A) 9671 5413 4188 22
H(21B) 9404 5091 3413 22
H(22A) 8875 8899 3233 20
H(22B) 9439 7434 2944 20
H(24) 9697 10121 4266 24
H(25) 11281 10945 4805 28
H(26) 12861 9736 4588 29
H(27) 12846 7705 3838 28
H(28) 11263 6916 3281 24
H(1)  5436(19) 4180(30) 4337(12) 55(7)
H(2)  4350(20) 5930(30) 4474(13) 63(7)
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X-ray crystallography data for 3.77

O

N

Bn
3.77
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Table 3.13: Crystal data and structure refinement3or7.

Identification code KRO 11 051 finished
Empirical formula C28H35N03

Formula weight 433.57

Temperature/K 100(2)

Crystal system orthorhombic

Space group Pbca

alA 15.00270(10)

b/A 13.12140(10)

c/A 22.87130(10)

o/° 90

B/° 90

v/° 90

Volume/A3 4502.36(5)

Z 8

pcalcg/cni 1.279

Tijfmm 1 0.644

F(000) 1872.0

Crystal size/mr 0.33 A0 0.1 A0 0.06
Radiation Cukx (A =1.54184)

20 range for data collection/° 9.726 to 158.352
Index ranges -1 h<19,-16<k <13,-28<1 <29
Reflections collected 48143

Independent reflections 4848 [Rint = 0.0394, Rsigma = 0.p182
Data/restraints/parameters 4848/0/291
Goodness-of-fit on F2 1.031

Final R indexes [I>=2 (1)] R1 =0.0380, wR2 = 0.0966
Final R indexes [all data] R1 =0.0401, wR2 = 0.0983
Largest diff. peak/hole / e R 0.26/-0.17
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Table 3.14: Atomic coordinates (x0%) and equivalent isotropic displacement parameterx (A
10%) for KRO_11 051 _finished. U(eq) is defined as one third oftthee of the orthogonalized?’
tensor.

X y z U(eq)
Ol 2614.4(5) 6778.7(6) 4784.1(3) 24.91(18)
O3 5766.4(6) 5344.8(6) 7037.2(3) 29.8(2)
02 4472.8(6) 6044.0(7) 7317.4(4) 33.3(2)
N1 5155.6(6) 7916.2(7) 4294.9(4) 18.41(19)
C16 4784.6(7) 8313.3(8) 4838.1(4) 18.4(2)
C8 4628.0(7) 8451.6(8) 3853.7(5) 21.5(2)
C6 6447.9(7) 7677.9(8) 3658.9(5) 21.2(2)
C7 6110.1(7) 8102.9(8) 4230.4(5) 21.7(2)
C12 3510.2(7) 6488.3(8) 3887.2(5) 21.9(2)
C13 3389.2(7) 6294.1(8) 4529.9(5) 20.9(2)
C14 3503.0(7) 7124.8(8) 4953.1(4) 18.8(2)
C21 3684.8(7) 6953.9(8) 5608.8(4) 20.2(2)
C27 5096.2(8) 6020.3(8) 6987.5(5) 23.4(2)
C20 3305.6(8) 8935.0(8) 5180.8(5) 23.5(2)
C17 5104.9(7) 7837.9(8) 5416.4(4) 19.5(2)
C18 4287.0(7) 7828.4(8) 5827.9(4) 19.6(2)
CO 3652.5(7) 8402.5(8) 4071.8(5) 20.7(2)
C22 4113.0(8) 5928.8(8) 5784.0(5) 24.5(2)
C19 3761.9(8) 8824.8(8) 5786.7(5) 24.0(2)
C23 5110.8(8) 6094.0(8) 5883.8(5) 23.4(2)
C15 3764.9(7) 8198.0(8) 4749.4(4) 19.0(2)
C26 5240.5(8) 6699.8(8) 6461.3(5) 22.2(2)
C25 4599.3(8) 7616.9(8) 6453.5(5) 22.9(2)
C24 5481.5(8) 6735.7(8) 5377.9(5) 23.5(2)
C11 3170.2(7) 7548.2(9) 3737.1(5) 23.3(2)
C5 6333.7(8) 6649.5(9) 3528.5(5) 27.0(2)
Cl 6867.8(8) 8297.2(9) 3252.2(5) 27.9(2)
C10 3174.2(9) 9402.6(9) 3926.6(5) 29.4(3)
C4 6621.7(8) 6250.5(10) 2999.1(6) 31.8(3)
C3 7027.0(9) 6885.2(10) 2591.2(6) 33.6(3)
C28 5679.7(10) 4612.1(10) 7505.3(5) 33.7(3)
C2 7155.2(9) 7905.9(10) 2720.2(6) 35.5(3)

Table 3.15:Bond lengths [A] for KRO_11_051_finished.

o1
o1

C13 1.4470(13)
C14 1.4605(12)
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C21 C22 1.5435(15)
C27 C26 1.5134(15)



03
03
02
N1
N1
N1
C16
C16
C8
C6
C6
C6
C12
C12
C13
Cl4
Cl4
C21

C27
C28
C27
C1l6
C8
C7
C17
C15
C9
C7
C5
C1
C13
Cl1
Ci4
C21
C15
C18

1.3452(14)
1.4449(14)
1.2022(14)
1.4577(13)
1.4623(13)
1.4602(13)
1.5392(14)
1.5506(14)
1.5475(15)
1.5087(15)
1.3926(16)
1.3866(15)
1.5028(14)
1.5205(15)
1.4677(14)
1.5405(14)
1.5345(14)
1.5440(14)

C20
C20
C17
C17
C18
C18
C9
C9
C9
C22
C23
C23
C26
C5
C1
C4
C3

C19
C15
C18
C24
C19
C25
C15
Cl1
C10
C23
C26
C24
C25
C4

C2

C3

Cc2

1.5523(15)
1.5439(14)
1.5465(14)
1.5552(15)
1.5293(14)
1.5309(14)
1.5819(14)
1.5382(15)
1.5320(15)
1.5298(17)
1.5537(15)
1.5353(15)
1.5408(15)
1.3882(17)
1.3891(17)
1.3905(18)
1.3848(19)

Table 3.16:Bond angles [°] for KRO_11_ 051 _finished.

C13
Cc27
C16
C16
C7
N1
N1
C1l7
N1
C5
Cl
Cl
N1
C13
0O1
o1
Cl4
o1
0O1
0O1
C13
C13

o1
o3
N1
N1
N1
C16
C16
C16
C8
C6
C6
C6
C7
C12
C13
C13
C13
Cl4
Ci4
Ci4
Cl4
C14

Cl4
C28
C8
C7
C8
C17
C15
C15
C9
C7
C7
C5
C6
Cl1
C12
Cl4
C12
C13
C21
C15
C21
C15

60.64(6)
115.71(9)
102.11(8)
113.61(8)
112.37(8)
117.93(8)
103.31(8)
112.38(8)
105.64(8)
120.16(10)
121.15(10)
118.69(10)
110.79(9)
109.60(9)
114.55(9)
60.14(6)
120.34(9)
59.23(6)
111.97(8)
116.02(8)
123.68(9)
120.73(9)
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C19
C19
C19
C25
C25
C8

Cl1
Cl1
C10
C10
C10
C23
C18
C22
C22
C24
C1l6
Cl4
Cl14
Cl14
C20
C20

C18
C18
C18
C18
C18
C9
C9
C9
C9
C9
C9
C22
C19
C23
C23
C23
C15
C15
C15
C15
C15
C15

C21
C1v
C25
C21
C17
C15
C8
C15
C8
C15
Cl1
C21
C20
C26
C24
C26
C9
C16
C20
C9
C16
C9

108.30(9)
111.36(9)
111.73(8)
110.35(9)
109.11(9)
102.82(8)
108.35(9)
114.46(9)
109.72(9)

114.05(9)
107.22(9)
108.82(9)
111.21(8)
108.78(9)
108.64(9)
108.34(9)
102.52(8)
107.61(8)
105.46(8)
115.20(8)
107.20(8)
118.17(9)



C15 Cl4 C21 112.57(8) C27 C26 C23 110.89(9)

Cl4 C21 C18 108.14(8) C27 C26 C25 112.34(9)
Cl4 C21 C22 116.95(8) C25 C26 C23 108.15(9)
C22 C21 C18 108.65(9) C18 C25 C26 110.09(8)
03 C27 C26 110.40(9) C23 C24 C17 109.62(9)
02 C27 03 123.06(10) Cl12 Ci11 C9 113.35(9)
02 C27 C26 126.53(10) C4 C5 C6 120.93(11)
C15 C20 C19 108.37(9) c6 Cl1 C2 120.80(11)
Cl6 C1l7 C18 106.17(8) C5 C4 C3 119.70(12)
Cl6 C1l7 C24 116.21(8) C2 C3 C4 119.80(12)
C18 C17 C24 108.38(8) C3 C2 C1 120.07(11)

C21 C18 C17 105.83(8)

Table 3.17: Anisotropic displacement parameters?(A10°)for KRO_11 051 finished . The
anisotropic displacement factor exponent takes the for2g/2f h*a?U't + ... + 2 h k a* b*
U12]

Ull U22 U33 U23 U13 U12

Ol 18.4(4) 30.7(4) 25.6(4) -6.1(3) 2.5(3) -3.5(3)
O3 38.4(5) 29.7(4) 21.2(4) 7.1(3) 2.8(3) 8.5(4)
02 35.8(5) 39.9(5) 24.4(4) 7.9(3) 6.7(4) 4.0(4)
N1 19.2(4) 21.0(4) 15.0(4) 2.03) -0.6(3) -0.9(3)
C16 22.2(5) 15.5(4) 17.5(55) 0.2(4) -0.9(4) -1.0(4)
C8 24.1(5) 22.1(5) 18.4(5) 3.3(4) -3.0(4) -1.1(4)
C6 17.1(5) 26.0(5) 20.6(5) 3.7(4) -0.9(4) -0.7(4)
C7 20.7(5) 24.9(5) 19.6(5) 2.4(4) -1.2(4) -4.7(4)
C12 23.6(5) 22.5(5) 19.5(55) -3.6(4) -0.9(4) -3.2(4)
C13 21.3(5) 20.3(5) 21.1(5) -2.5(4) 1.6(4) -1.9(4)
Cl14 17.7(5) 19.5(5) 19.1(5) -1.9(4) 1.5(4) -0.2(4)
C21 22.9(5) 20.3(5) 17.5(5) -1.7(4) 3.6(4) -1.4(4)
C27 29.2(6) 23.8(5) 17.1(5) -0.8(4) -1.5(4) 0.5(4)
C20 26.6(5) 20.7(5) 23.2(5) -3.3(4) -1.1(4) 5.9(4)
C17 21.7(5) 19.9(5) 17.0(5) -0.2(4) -0.6(4) -0.6(4)
C18 23.5(5) 17.9(5) 17.3(5) -2.3(4) 0.9(4) 0.9(4)
C9 23.1(5) 19.0(5) 20.0(5) 0.7(4) -3.4(4) 1.9(4)
C22 37.3(6) 18.0(5) 18.1(5) -0.2(4) 0.8(4) -2.5(4)
C19 30.9(6) 19.7(5) 21.3(5) -4.9(4) -0.3(4) 4.1(4)
C23 33.8(6) 20.4(5) 16.1(5) 0.9(4) 2.4(4) 6.8(4)
C15 21.2(5) 17.2(5) 18.6(5) -1.7(4) -1.2(4) 1.8(4)
C26 26.9(5) 23.2(5) 16.6(5) 1.2(4) 0.7(4) 1.7(4)
C25 30.0(5) 21.5() 17.2(5) -2.8(4) 1.2(4) 1.8(4)
C24 27.6(6) 25.4(5) 17.6(5) 2.7(4) 2.9(4) 7.5(4)
C1l 22.7(5) 26.5(5) 20.7(5) -1.2(4) -4.2(4) -0.4(4)
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Table 3.17: Anisotropic displacement parameters?(A10%)for KRO_11_ 051 finished . The
anisotropic displacement factor exponent takes the for2g/2f h*a?U'* + ... + 2 h k a* b*
U12]

Ull U22 U33 U23 U13 U12

C5 27.9(6) 26.1(6) 27.1(6) 3.1(4) 5.4(5) -3.7(4)
Cl 29.3(6) 25.7(5) 28.6(6) 5.0(5) 5.2(5) -1.8(4)
C10 35.9(6) 24.1(5) 28.2(6) 1.4(4) -6.2(5) 7.9(5)
C4 30.8(6) 30.0(6) 34.5(6) -4.3(5) 5.8(5) -2.6(5)
C3 33.4(6) 40.5(7) 27.0(6) -1.9(5) 9.3(5) 2.0(5)
C28 47.5(7) 31.4(6) 22.2(5) 8.9(5) -1.1(5) 5.6(5)
C2 40.7(7) 36.3(7) 29.7(6) 7.4(5) 14.4(5) -0.3(5)

Table 3.18: Hydrogen coordinates (x $pand isotropic displacement parameter$xA0®) for
KRO_11 _051_finished.

X y z U(eaq)
H16  4920.99 9058.83 4853.71 22
H8A 4686.31 8114.75 3468.32 26
H8B 4826.8 9168.15 3816.8 26
H7A 6434.4 7779.84 4558.66 26
H7B 6225.7 88453 424476 26
H12A 3177.3 5971.95 3659.31 26
H12B 4149.14 6433.07 3783.85 26
H13  3531.42 5591.46 4671.17 25
H21  3102.07 7008.84 5818.67 24
H20A 2663.93 8767.86 5212.74 28
H20B 3361.66 9645.08 5039.12 28
H17 5571.9 8289.82 5589.86 23
H22A 3831.96 5668.31 6145.97 29
H22B 4020.59 5420.28 5469.98 29
H19A 4170.27 9407.09 5850.16 29
H19B 3302.76 8840.62 6097.41 29
H23  5427.29 5424.31 5905.68 28
H26 5865.85 6962.82 6472.82 27
H25A 4077.63 7471.37 6705.03 28
H25B 4905.95 8225.98 6611.01 28
H24A 5309.71 64249 4999.91 28
H24B 6140.44 6753.69 5399.09 28
H11A 2525.08 7583.14 382597 28
H11B 3244.5 7663.79 3312.15 28
H5 6054.68 6214.87 3805.75 32
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Table 3.18: Hydrogen coordinates (x $pand isotropic displacement parametergxA0®) for
KRO_11 051 _finished.

X y z U(eq)

H1 6959.99 8997.55 3338.29 33
H10A 3482.81 9970.45 4117.66 44
H10B 2557.7 9369.71 4067.01 44
H10C 3176.14 9507.36 3502.39 44
H4 6542.25 5547.02 2915.79 38
H3 72155 6619.38 2225.13 40
H28A 5178.98 4154.71 742257 51
H28B 5571.23 4971.04 7874.29 51
H28C 6230.13 4213.66 7536.68 51
H2 7439.9 8338.9 24447 43
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Chapter 4

Synthesis of Natural Product Like
Molecules Using C—C Activation

4.1 Introduction

In addition to the diterpenoid alkaloids, our group is ietged in a wide range of non-alkaloidal
diterpenoid natural products. This broad class of natumadiycts possesses more structural di-
versity than can easily be quantified as well as a correspghdiarge assortment of biological
activities. One common approach to the syntheses of diteige is to utilize the large number of
commercially available and inexpensive monoterpenoidmahproducts as building blocks. These
cheap, abundant, and renewable chemical feedstocks adearstarting point for any synthesis
that can utilize their stereochemical and structural digr This group of molecules, referred to
as the "chiral pool" has long dictated which enantiopurgdts are easily within reach, and which
require difficult to employ enantioselective methods orahiesolutions’: By converting chiral
pool molecules to new scaffolds via deep-seated structin@hges, chemists can access chiral
building blocks with novel structural motifs that enable 8yntheses of new targets.

R W

(+)-pinene @.1) (+)-pulegone (4.2) (+)-camphor (4.3) (+)-carvone (4.4)

Figure 4.1: Common terpenoid natural products used as chiral poolibgilolocks.

In addition to natural product synthesis, there has beeoemtesurge in interest in the synthesis
of natural product like compounds. In this context, we cdesi'natural product like" to mean
compounds that occupy chemical space that is closely telatanown natural products, but are not
simple derivatives (i.e., esterification, saponificatiete,) >4 One approach to these molecules is to
transform commercially available complex natural produotnovel natural product like scaffolds
via ring expansion or contractiohAlternatively, rearrangements and fragmentations camlasd
to new scaffolds that still possess the stereochemicaltamectsral complexity generally associated
with natural products.

201



Our approach relies on transforming simple natural praglintd complex terpenoid building
blocks with unusual scaffolds. While many applications lof@ pool molecules rely on well es-
tablished chemistry that incorporates their skeletorectly into their targets, methods that utilize
rearrangements of these scaffolds enable the syntheseo$caffolds and expand the synthetic
toolbox. Our interest in this field began in 2015 when we fotimat unnaturally hydroxylated
pinene derivatives such @s7 could undergo a Rh catalyzed C—C bond activation (Schenje 4.1
to furnish novel chiral building blocké.These unusual pinene derivatives could in turn be syn-
thesized from the cheap and abundant chiral pool molecul®ea @.4), which is conveniently
available in both enantiomefsUsing this method, we were able to transform carvone to a wide
variety of interesting enantiopure scaffolds. Mechaodly, this reaction proceeds through a Rh
mediated C-C bond cleavage that occurs with selectivityogwnal to more traditional methods
such as Lewis acids.

% OH

/Qi "-'/Q‘—,i '"“'\) o

“ OH .

(0] .

A

- previously proposed Pd° Pd°

% OH reported mechanism K

o) /
Lo~ ArX

/\‘ [Rh]'—OH T Ropdl_x <~

""OH
ol

Scheme 4.1Mechanisms of Rh and Pd mediated cyclobutanol openingioeact

Methods that activate unreactive bonds such as C—H and Ca@spbave become a powerful
tool for organic chemists. C—H bond activation in particiias garnered a significant amount of
interest over the past decade and has become a mainstay ynfigds of chemistry. C-C ac-
tivation, however has received comparatively less ateritiThis is largely due to the increased
challenge compared to C—H bond activation. While C—C bomdgyanerally weaker than C-H
bonds, considerations regarding orbital overlap and ttagive weakness of carbon metal bonds
mean that this process is substantially more difficult. Oag t@ overcome this challenge is to cou-
ple C—C bond activation with a strain releasing processdeioto render the desired reaction more
favorable. To that end, a large body of work toward C—C atitweemploying cyclopropanot8
and cyclobutanof8-*?has been reported.

In our initial report, we used these pinene-type cycloboisto access transient organorhodium
species. While this C—C activation was a useful tool for asitey new scaffolds, we wanted to
further develop this strategy to allow us to form new C—C lsoile sought to develop a Pd—based
system (Scheme 4.1) that achieved C-C bond activation dsasef—sp cross-couplings from
the resulting alkylpalladium species. That work forms thsib of this chaptel®
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(@]
4.4 4.5
szTiC|2
Zn
THF/dioxane
PPTS Ac,Olpy
_— + S OH —m—m4m > OAc
OOH CHCl3 OH OH 80% OH
55% HO
4.8 4.7a 4.7b 4.9
20% 40%

Scheme 4.2Bermejo’s synthesis of hydroxylated pinene scaffolds.

4.2 Taxagifine: An Unusual Taxoid Natural Product

Our motivation for developing this methodology was theigdion that with the proper cross-
coupling partner, this approach could provide rapid acteassariety of natural product scaffolds.
In particular, tricyclic cyclobutanat.8 mapped directly onto several taxoid natural products such
as taxagifine4.10), which possesses an additional tetrahydrofuran ringeayshat is not found
in most taxoids. The taxoids paclitaxdl.{1) and docetaxel.12 have become some of the most
important chemotherapy drugs on the market today, and ardérdint line treatment for a vari-
ety of common cancers. Given their broad applications torgetyaof diseases, concerns over
drug resistance have driven chemists to search for othkrgaally active taxoid natural products.
Taxagifine is particularly interesting as it lacks sevefahe characteristic structural features of
paclitaxel that are thought to confer its bioactivity. Diésghese differences, taxagifine possess
comparable potency in €ainduced microtubule depolymerization assdy# scalable synthe-
sis of taxagfine and related compounds would facilitatetamtdil studies of their mechanism of
action.

~ H (@)

. HO BzO OAc

R1 =Bz, R, = Ac paclitaxel (4.11) taxagifine (4.10)
R, =Boc, R, =H docetaxel (4.12)

Figure 4.1: The two most commonly prescribed taxoids, as well as taxagifiFunctionalities
absent in taxagifine are shown in blue, the unusual tetralfiydm ring in taxagifine is shown in
red.

Our retrosynthesis of taxagifine identified two key discanioes that took the natural product
back to two fragments of similar complexity. Diketoh@4would be converted t4.13by an aldol
reaction to form the eight-membered ring in the taxoid gkeleThis was an ambitious disconnec-
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tion as there was little precedent for forming 8-memberadgiof this type via an aldol reaction
because eight membered rings are generally difficult to fasna result of the high transannular
strain and the inherent reversibility of the aldol reacttd®ur second disconnection cut the aldol
precursor into two similarly sized fragments. In the fordvdirection this would occur via a Pd-
catalyzed C—C bond activation of a strained cyclobuta#d)( followed by cross-coupling with
an appropriately functionalized partner. While the systbef taxagifine would require a complex
coupling partner, we opted to use a simple acetophenonératd&’-bromoacetophenone) to de-
termine the feasibility of this approach. This would allogvito synthesize the [6.8.6] tricyclic core
of the taxoids while using a commercially available couglpartner.

“\OAC
L JOAC o} o C-C activation o
o~ Aldol - cross-coupling Br

RO,

AcO MOAC  — S — o —» . _OH
OH OH ﬁ
7q d d d
taxagifine @.10) 4.13 4.14 4.8

Figure 4.2: Retrosynthesis of the taxagifine skeleton.

4.3 Palladium Mediated C—C Bond Activation/ Cross-Couplirg

While our ultimate goal was to synthesize a variety of ndfpraduct and natural product like
molecules, we wanted to develop a general method that deratetsthe utility of these interesting
chiral building blocks. This cross-coupling was explorathva variety of aryl and heteroaryl cross-
coupling partners as well as two cyclobutanols, a tricy418)@rising from the minor diastereomer
of the Ti (Ill)-mediated cyclization and an acetoxy-prdgst cyclobutanol4.9) from the major
diastereomer. Tricycld.8was chosen since it possesses the same THF ring found inftagag

Building on the previous work on cyclobutanols by Uemidrave found a metal complex
and solvent system that was generally applicable to a yavietross-coupling partners. Simple
electron-rich and electron-deficient aryl bromides such.26a-c gave the desired cross-coupling
products 4.15a-) in high yields with 5% Pd(OAg)and 5% R)-BINAP loadings. Bulky ortho-
substituted cross-coupling partners suchtds$l also gave high yields, but required slightly el-
evated catalyst loadings. Heteroaryl cross-couplingneast ¢.16d-h) also worked in moderate
to good yields. In these cases, it was beneficial to decreastion temperatures and extend the
reaction times. Unfortunately, when we attempted thisssmmupling with 2’-bromoacetophenone
(4.16m), we were unable to isolate any of the desired product. We wencerned that the methyl
ketone might be forming an unreactive palladacycle (Figui¢ so we examined a variety of other
substrates that could be transformed into the desired gloetone'® The protected and free ben-
zylic alcohols also failed to give any desired product, abttlie aldehyde and ketal substrates.
Palladium complexes with bulky monodentate ligands arevno exhibit substantially increased
reactivity.l” With this in mind, we explored other ligands with our origisabstrate 4.16m) and
found that the we could perform the desired cross-couplinigrg as a large excess of the ligand
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Ar-Br (4.16)
Cs,CO3

Pd(OAc), o
(R)-BINAP or t-BugP R
OH Benzene, 65 °C, 18 h
(0] (0]
4.8 4.15
Br
Br Br Br N Br X Br
i i N g |
U
s” Br o N “ “
MeO O,N Me N N
a) 87% b) 89% c)85%  d)34% e) 68% f) 54% g) 76% h) 70%
OMe F O OMe O
i) 82% j) 86% k) 93% 1) 90% m) 68% n) 59%

Scheme 4.3Substrate scope of the cross-coupling with tricytig

P(t-Bu)s was used. With these conditions, we were able to access siredi¢éaxoid core precursor
(4.15m) in 68% vyield.

CorelR o = T

Z
0]

S = solvent or substrate

Figure 4.1: Formation of a deactivated palladacycle by chelation witardonyl.

Next, we explored cross-couplings with our acetoxy-pri@cyclobutanol4.9). Under our
optimized conditions, a variety of aryl and indole electribgs underwent cross-coupling in good
yields. Other heteroaromatic electrophiles were not veddirated with this substrate. Based on
our results withd.8, these cross-couplings should be possible with individadloptimization. We
also explored a single non-aromatic cross-coupling pafth&89, which gave the corresponding
prenylated cross-coupling produdt 179 in 49% yield.

We have examined the role oR{-BINAP in our system. In our previous studies under Rh
catalysis, we found a strong matched-mismatched effett (R}- and §)-BINAP. Under our pal-
ladium conditions, however, we observed only minor matetmesimatched effects (Scheme 4.4).
(S-BINAP giving slightly lower yields wher.9was used, and a somewhat improved yield when
the unprotected cyclobutanal.fb) was used.
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@.18) R-Br (1.1 equiv)
Cs,CO3 (2.0 equiv)

Pd(OAC), (10 mol%) R
(R)-BINAP (10 mol%)
S OAc > = A
OH Benzene, 65 °C, 18 h o OAc
4.9 Br 4.17
Br Br Br Br
"G Oy O s
MeO O,N iPr ’é‘oc R‘Ae

a) 64% b) 76% €)63%  d)67% e) 84% f) 59% g) 84%

Figure 4.2: Substrate scope of the cross-coupling wit@

4-bromoanisole (1.1 equiv)
Cs,CO3 (2.0 equiv)

Pd(OACc), (10 mol%)
W Ligand (10 mol%) R
> OR ’
OH CeDg, 65 °C, 18 h

4.7b and 4.9

OMe

Entry R Ligand Yield (%)
1 H (R)-BINAP 46
2 H (S-BINAP 72
3 Ac (R-BINAP 76
4  Ac (S-BINAP 70

Scheme 4.41igand matched-mismatched effects witiyband4.9.

4.4 Synthesis of Natural Product Like Scaffolds

With these cross-coupled products in hand, we next turneatbention toward using them to
access more complex molecules. In addition to the taxoitfdddawe were interested in using
the inherent functionality of these products to form novelypyclic scaffolds. The two indole
containing cross-coupling product.{7eand4.17f) were especially interesting since they pos-
sessed a nucleophilic indole unit as well as an electrapéilone. When heated in the presence
of Yb(OTf)3, 4.17fcyclized to form4.21containing a [3.3.1] bicycle. In the case of Boc protected
indole 4.17¢ thermolysis of the carbamate followed by addition of Anip&t®15 and Yb(OTf}
provided tetracyclet.19 which features a [4.3.1] bicycle. The structure and stremistry of
these molecules was confirmed by X-ray crystallography. t€tracycle derived frod.17epos-
sessed a framework reminiscent of the welwitindolinode23) with slightly different connectivity
in the bicyclic portion that would be difficult to access venssynthesis.

Finally, we explored conditions to form the taxoid core wiitle tetrahydrofuran ring found in
taxagifine 4.10. After examining a variety of bases, we found that lithiuis(tsimethylsilyl)amide
(LHMDS) facilitated the desired aldol reaction in good di®l The counter ion of our base proved
very important as potassium bases gave only starting nat&tiibsequent work by our group has
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Hwave 170 °C
then Yb(OTf)3
Amberlyst-15

—_—

MeCN
67%

welwitindolinone B
isothiocyanate @.22)

Yb(OTf)s3 \
5
MeCN
83% Ho" [T

4.21

Scheme 4.5Cyclization of indole containing cross coupled productiotm bicyclic systems.

shown that the thermodynamics of this reaction can varytlyreae to relatively minor changes
and that using potassium bases, the reaction equilibrivorgathe starting materials. We were
able to confirm the structure of our desired produdt3 This methodology provided us with the
first synthesis of the taxagifine core in only 4 steps from caev

o)
LiHMDS
o
THF, rt
74% OH
0 O (82% brsm) L
o)
4.15m 4.13

Scheme 4.6Synthesis of the taxoid core using an aldol reaction. X-rggtallography confirmed
the structure of the product. Visualized in CYLview.

4.5 Experimental Contributors

Synthesis of cyclobutanoks.7aand4.7b was conducted by Dr. Manuel Weber (M.W.) and
Dr. Ahmad Masarwa (A.M.) A method for obtaining pu#e7b was developed by Kyle Owens
(K.O.). All cross couplings and subsequent transformatiand characterization related 4o/a
were conducted by M.W. and all cross couplings and subseédrearsformations and characteri-
zation related t@l.25awere conducted by K.O.. Non-commercial aryl bromide couppartners
were synthesized by K.O..
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4.6 Experimental Details

Materials and Methods for the Experiments in Chapter 4 Unless stated otherwise, reactions
were performed in flame or oven dried glassware sealed withemusepta under a nitrogen at-
mosphere and were stirred with Teflon-coated magnetic ats.bLiquid reagents and solvents
were transferred by syringe using standard Schlenk teabsig Reaction temperatures above
room temperature (RT), 23C, were controlled by a temperature modulated stir platerafg-
drofuran (THF) and diethyl ether ED were dried by passage over a column of activated alumina;
dichloromethane was distilled over calcium hydride; dinyformamide (DMF) was obtained in
a sure-seal bottle; benzene was de-oxygenated by stimidgru\, continuously exchanging the
atmosphere; non-commercially available aryl bromidesvegnthesized as according to literature
protocols; all other reagents and solvents were used aweddeom commercial sources unless
stated otherwise. Thin layer chromatography was perfonsaty pre-coated (0.25 mm) silica gel
60 F-254 plates, which were visualized by UV irradiation anisaldehyde or KMn@stain when
necessary. Silica gel (particle size 40463 ) was used for flash chromatography, or the reaction
products were isolated and purified using an automated Yam@éash system. CDghnd GDs
were obtained from commercial suppliers and were used ahased. NMR experiments were
performed on Bruker spectrometers operating at 300, 4@Dp6600 MHz for 1H nuclei, 75, 100,
125, or 150 MHz for 13C experiments, and 376 MHz when 19F waeied. Chemical shifts
(0) are reported relative to TMS using the residual solvemaigs internal reference (CDLI
7.26 ppm for 1H, 77.16 ppm for 13C;sDe: 7.16 ppm for 1H, 128.06 ppm for 13C). NMR data
are reported as follows: chemical shift (multiplicity, gung constants J [Hz] where applicable,
number of hydrogens). Abbreviations are as follows: s (si)gd (doublet), t (triplet), g (quartet),
sep (septet), m (multiplet), b (broad). Melting points wexeorded on a Mel-Temp Il by Labora-
tory Devices Inc., USA and are uncorrected. Optical rotetizvere recorded on a Perkin Elmer
Polarimeter 241 at the Na D-line (1.0 dm path length), c = 10hmhgl. IR spectra were recorded
on a Bruker Alpha Platinum ATR spectrometer and are repantéequency of absorption [cm-1].
High-resolution mass spectral data were obtained from 68 Wass Spectral Facility using a
Finnigan/Thermo LTQ/FT instrument for ESI, and a Waterso&pec Premiere instrument for El.
X-Ray data were collected on a Bruker APEX-Il CCD diffractter with Mo-Kx radiation

= 0.71073 A) or a MicroStar-H X8 APEX-II diffractometer witbu-K« radiation § = 1.54178
A) and analyzed by Dr. Antonio DiPasquale and Dr. Lena J. Deum(University of California,
Berkeley), structures were visualized with CY Lview.

General Procedure for the Palladium-Catalyzed Ring-Opemg/Cross-Coupling reaction of
cyclobutanol 4.8 (GP1) Cyclobutanol4.8, Pd(OAc), CsCQO;, aryl bromide4.16 and a mag-
netic stir bar were added to a dry 4 ml vial. The vial was braugto a N, atmosphere glovebox.
The ligand and benzene (2.1 mL, 0.1M) were added. The vialssaked with a Teflon cap and
the resulting mixture was stirred at room temperature f@0%nin then the vial was placed into a
pre-heated metal block and was stirred with heating fornldecated time. After cooling to room
temperature, the mixture was filtered through celite usithyleacetate and concentrated. The
crude product was purified by Yamazen flash chromatography.

Conditions A: 4.8 (1.0 equiv, 208umol, 35.0 mg), Pd(OAg)(0.05 equiv, 10.4umol, 2.3 mg),
C2CO0;s (2.0 equiv, 416umol, 135.6 mg)4.16(1.25 equiv, 26Qumol), (R)-BINAP (0.05 equiv, 10
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umol, 6.5 mg), 80C, 4 h.

Conditions B: 4.8 (1.0 equiv, 208umol, 35.0 mg), Pd(OAg)(0.10 equiv, 20.8tmol, 4.7 mg),
C2CO0O;s (2.0 equiv, 416umol, 135.6 mg)4.16 (2.0 equiv, 416umol), (R)-BINAP (0.1 equiv, 21
umol, 13.0 mg) , 80C, 22 h.

Conditions C: 4.8 (1.0 equiv, 208umol, 35.0 mg), Pd(OAg)(0.05 equiv, 10.41mol, 2.3 mg),
C2CO0O;s (2.0 equiv, 416umol, 135.6 mg)4.16(1.25 equiv, 26Qumol), (R)-BINAP (0.05 equiv, 10
umol, 6.5 mg) , 65C, 22 h.

Conditions D: 4.8 (1.0 equiv, 208umol, 35.0 mg), Pd(OAg)(0.15 equiv, 31.2wumol, 7.0 mg),
C2CG0; (2.0 equiv, 416.mol, 135.6 mg)4.16(1.0 equiv, 208tmol), (R)-BINAP (0.15 equiv, 31
umol, 19.4 mg) , 65C, 43 h.

Conditions E: 4.8 (1.0 equiv, 208umol, 35.0 mg), Pd(OAg)(0.15 equiv, 31.2umol, 7.0 mg),
CsCGs; (2.0 equiv, 416umol, 135.6 mg)4.16 (2.0 equiv, 416umol), P(tBu} (1.5 equiv, 312
umol, 63.1 mg) , 65C, 22 h.

Br
4.16a ©/
general procedure 1.A O
OH 87%
(0] (0]

4.8 4.15a

Cyclobutanok.8was treated according to general procedure 1.A uéibh8§a(40.8 mg, 27LL)
to give4.17a(44.0 mg, 18Qumol, 87%) as a colorless solitkHH NMR: (400 MHz, CDC}) § 7.31—
7.25(m, 2 H), 7.22-7.17 (m, 1 H), 7.10-7.05 (m, 2 H), 4.28 @835, 1 H), 3.89 (d, J = 8.3, 1 H),
2.86 (dd, J=13.7, 2.6, 1 H), 2.25-2.17 (m, 1 H), 2.07 (dd, J #,1R.3, 1 H), 2.02-1.84 (m, 3
H), 1.38-1.31 (m, 1 H), 1.26 (s, 3 H), 1.19 (s, 3 FAC NMR: (100 MHz, CDC}) § 214.7, 140.6,
129.1, 128.6, 126.3, 80.0, 75.1, 52.7, 50.5, 39.3, 34.B,2®.5, 14.1m.p. 54-56°C; [«]D?:
—24.8° (c = 0.307, CBCL,); IR (ATR, neat) vmax: 2933, 2875, 1751, 1492, 1453, 1381, 1146,
1115, 1019, 988, 954, 923, 874, 850, 755, 740, 701, 613, B8t HRMS (El) m/z: calculated
for [C15H2002]+ 2441463, found 244.1466.

MeO

Br
4.16b /©/
MeO
general procedure 1.A O
OH 89%
lo) O

48 4.15b

Cyclobutanol4.8 was treated according to general procedure 1.A udidgb (46.8 mg, 33
ul) to give 4.17b(51.0 mg, 186umol, 89%) as a colorless oitH NMR: (400 MHz, CDC})
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§ 7.01-6.95 (m, 2 H), 6.84-6.79 (m, 2 H), 4.27 (d, J = 8.5, 1 H983d, J = 8.2, 1 H), 3.78 (s,

3 H), 2.79 (dd, J = 13.3, 2.6, 1 H), 2.19-2.11 (m, 1 H), 2.00 (dd,14.0, 12.2, 1 H), 1.99-183
(m, 3 H), 1.38-1.30 (m, 1 H), 1.24 (s, 3 H), 1.18 (s, 3 M NMR: (100 MHz, CDC}) § 214.8,
158.1, 132.6, 130.0, 114.0, 80.0, 75.2, 55.4, 52.9, 50.3,33.2, 20.8, 18.5, 14[k]D?3: —39.9°

(c =0.193, CHCL,); IR (ATR, neat) vmax: 2929, 2873, 2755, 1611, 1510, 1444, 1297, 1244,
1175, 1148, 1033, 1019, 993, 853, 833, 822, 796, 742, 540, RS (El) m/z: calculated for
[C17H2203]+ 274.1569, found 274.1571.

O,N

Br
4.16¢ /©/
O2N
general procedure 1.A o
OH 85%
o) O

4.8 4.15c

Cyclobutanok.8was treated according to general procedure 1.A uéih§c(52.5 mg) to give
4.17¢(51.1 mg, 177umol, 85%) as a pale yellow solidH NMR: (300 MHz, CDC}) 5 8.17-8.10
(m, 2 H), 7.26-7.20 (m, 2 H), 4.28 (d, J = 8.5, 1 H), 3.84 (d, J5 &.H), 2.99-2.86 (m, 1 H),
2.30-2.15 (m, 2 H), 2.08-1.95 (m, 1 H), 1.94-1.78 (m, 2 H)631217 (m, 1 H), 1.24 (s, 3 H),
1.18 (s, 3 H);'3C NMR: (300 MHz, CDC}) 6 214.4, 148.5, 146.7, 129.9, 123.9, 79.9, 75.0, 52.2,
50.4,39.2,34.3,21.0,18.4, 14r;p. 126-128C; [x]D?%: —47.3° (c = 0.427, CkClL); IR (ATR,
neat) vimax: 2934, 2886, 2873, 1756, 1593, 1512, 1492, 1446, 1377, 1339,1256, 1207, 1170,
1146, 1106, 1092, 1034, 1016, 994, 951, 924, 882, 863, 85,8, 750, 739, 699, 651, 630,
596, 548, 528HRMS (EI) m/z: calculated for [GsH1oNO4]™ 289.1314, found 289.1316.

S Br
4.16d @/ 0

general procedure 1.C O
OH 68%
¢} e}

48 4.15d

Cyclobutanol4.8 was treated according to general procedure 1.C u4ihfd (42.4 mg, 25
ul) to give 4.17d(35.3 mg, 142umol, 68%) as a colorless oitH NMR: (400 MHz, CDC}) &
7.20-7.15(m, 1 H), 6.98-6.92 (m, 1 H), 6.79-6.74 (m, 1 H)34B J=8.1, 1 H), 3.92 (d, J = 8.3,
1 H), 3.07-2.99 (m, 1 H), 2.42 (dd, J = 15.0, 12.1, 1 H), 2.3332m, 1 H), 2.14-2.01 (m, 1 H),
1.98-1.80 (m, 1 H), 1.56—1.46 (m, 1 H), 1.34-1.17 (m, 1 H)8123 H), 1.21 (s, 3 H)**C NMR:
(100 MHz, CDC}) & 214.6, 143.2, 127.0, 125.5, 123.8, 80.0, 75.1, 53.1, 5@4, 28.6, 21.3,
18.5, 13.9]«]D?% —27.1° (c = 0.447, CbCl); IR (ATR, neat) vmax. 2977, 2928, 2872, 1754,
1443, 1377, 1295, 1257, 1220, 1196, 1162, 1131, 1118, 110¥8,1045, 1019, 994, 924, 878,
852, 840, 804, 756, 745, 691, 627, 587, 546, 3ORMS (EI) m/z: calculated for [G4H180,S]
250.1028, found 250.1027.
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a Br
4.16e )/
o)

general procedure 1.C
OH 34%
o}

4.8 4.15e

Cyclobutanok.8was treated according to general procedure 1.C ukib®e(38.2 mg, 23.L)
to give4.17e(16.4 mg, 70umol, 34%) as a colorless solidiH NMR: (400 MHz, CDC}) § 7.35
(t, J=1.5, 1 H), 7.17 (s, 1 H), 6.18 (d, J = 0.9, 1 H), 4.28 (d, J2 & H), 3.87 (d, J=8.2, 1
H), 2.60-2.54 (m, 1 H), 2.16-2.08 (m, 1 H), 2.08-1.93 (m, 2H90-1.73 (m, 2 H), 1.48-1.40
(m, 1 H), 1.23 (s, 3 H), 1.14 (s, 3 H*C NMR: (100 MHz, CDC}) § 214.7, 143.3, 139.7, 123.2,
110.4, 80.0, 75.2, 51.3, 50.4, 39.3, 23.4, 21.3, 18.5, 1&D%3: 6.5° (c =0.413, ChCl,); IR
(ATR, neat) vmax: 2976, 2930, 2875, 1754, 1501, 1447, 1378, 1218, 1175, 11604, 11117,
1065, 1041, 1020, 993, 924, 872, 847, 826, 810, 776, 755,6Z8HRMS (El) m/z: calculated
for [C14H1803]+ 2341256, found 234.1259

Me
Z N
Br
asef |y MeN
general procedure 1.D Q
OH 54%
(e} ¢}

4.8 4.15f

Cyclobutanok.8was treated according to general procedure 1.D usibf(43.7 mg) to give
4.17f(33.5 mg, 1131mol, 54%) as a pale yellow solidH NMR: (400 MHz, CDC}) & 7.53 (dt,
J=7.8,0.9,1H),7.27 (dt, J =8.3,0.9, 1 H), 7.18 (td, J = 6.9, 1 H), 7.09 (td, J = 7.8, 1.0, 1
H), 6.21 (b, 1 H), 4.34 (d, J =8.3, 1 H), 3.92 (d, J = 8.4, 1 H)43$§ 3 H), 2.97-2.84 (m, 1 H),
2.42-2.27 (m, 2 H), 2.15-2.02 (m, 1 H), 1.98-1.83 (m, 2 H441655 (m, 1 H), 1.28 (s, 3 H), 1.23
(s, 3 H);3C NMR: (100 MHz, CDC}) § 214.7, 138.7, 137.5, 127.8, 121.0, 119.9, 119.6, 109.0,
100.5, 80.1, 75.1, 50.4, 50.1, 39.6, 29.8, 25.5, 21.6, 18.®;m.p. 92-94°C; [«]D?%: -50.9° (c
=0.513, CHCIy); IR (ATR, neat) vmax: 2980, 2931, 2885, 2846, 1747, 1543, 1467, 1448, 1396,
1376, 1360, 1334, 1313, 1216, 1154, 1138, 1116, 1095, 1@23,922, 904, 882, 855, 840, 826,
816, 783, 774, 750, 704, 683, 629, 5683 MS (ESI) m/z: calculated for [GoH24NO,]" 298.1802,
found 298.1800.
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N N Br N/§N
ateg I '
N

general procedure 1.D O
OH 70%
O )

4.8 4.15g9

Cyclobutanol.8was treated according to general procedure 1.D u&ib8g(33.1 mg) to give
4.179(36.1 mg, 147umol, 70%) as a colorless solild NMR: (400 MHz, CDC}) § 9.06 (s, 1 H),
8.47 (s,2H),4.27(d,J=8.4,1H),3.84(d,J=8.6, 1 H), 2.8 (&= 13.6, 1.5, 1 H), 2.23-2.14
(m, 1 H), 2.10-1.97 (m, 1 H), 2.07 (dd, J = 14.0, 12.1, 1 H), 41985 (m, 2 H), 1.26-1.16 (m, 1
H), 1.24 (s, 3 H), 1.18 (s, 3 H}3C NMR: (100 MHz, CDC}) 5 214.2, 157.2, 133.7, 79.9, 74.9,
51.8, 50.3, 39.1, 29.0, 20.9, 18.4, 14m;p. 101-103°C; [«]D?3: —23.1° (c = 0.333, CbLl,);

IR (ATR, neat) vmax: 2978, 2959, 2932, 2881, 1754, 1558, 1452, 1434, 1406, 1373,, 11288,
1237,1218, 1202,1173,1147, 1105, 1041, 1020, 991, 9549926876, 851, 829, 808, 752, 731,
631, 592HRMS (ESI) m/z: calculated for [GsH19N2O2]* 247.1441, found 247.1441.

N/ Br N =
at6h L | 9
general procedure 1.D Q
OH 76%
o) O

4.8 4.15h

Cyclobutanol.8was treated according to general procedure 1.D u&ib8h(32.9 mg, 2QuL)
to give4.17h(38.7 mg, 158:mol, 76%) as a colorless solid NMR: (400 MHz, CDC}) 6 8.44
(dd,J=4.7,15,1H),8.33(d,J=2.1,1H),7.38(dt,J=78,1H), 7.20 (ddd, J=7.8, 4.8,0.7,
1H),4.26(d,J=8.4,1H),3.88(d,J=8.3,1H),2.82(dd,J#9]12.3,1H), 2.21-2.14 (m, 1 H),
2.07 (dd,J=13.9,12.4,1 H), 2.03-1.92 (m, 1 H), 1.92-1.78(kh), 1.29-1.25 (m, 1 H), 1.23 (s,
3 H), 1.18 (s, 3 H)*C NMR: (100 MHz, CDC¥}) § 214.4, 150.4, 147.9, 136.4, 135.9, 123.5, 80.0,
75.0, 52.3, 50.4, 39.2, 31.4, 20.8, 18.4, 14nlp. 71-73°C; [x]DZ3: —22.2° (c = 0.36, ChLCl,);
IR (ATR, neat) vmax: 2984, 2932, 2874, 1754, 1575, 1476, 1452, 1423, 1377, 1298, 11196,
1172, 1148, 1115, 1096, 1041, 1021, 994, 925, 878, 852, 830,85, 751, 714, 633, 613, 584,
548, 509;HRMS (ESI) m/z: calculated for [GsH20NO,]* 246.1489, found 246.1486.

MeO Br

MeO OMe
4.16i
OMe
general procedure 1.A O
OH 82%
(0] (0]
4.8 4.15i
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Cyclobutanok.8was treated according to general procedure 1.A u4ih§i(56.5 mg) to give
4.17i(51.7 mg, 17Qumol, 82%) as a colorless solidH NMR: (400 MHz, CDC}) 5 6.29 (t, J =
241H),6.21(d,J=2.3,2H),4.27(d,J=8.3,1H),3.87 (d, - 8H), 3.75 (s, 6 H), 2.78 (dd, J
=13.7,3.1,1H),2.25-2.15(m, 1 H), 1.98 (dd, J = 13.8, 12H4),2.01-1.90 (m, 1 H), 1.89-1.80
(m, 2 H), 1.41-1.32 (m, 1 H), 1.23 (s, 3 H), 1.16 (s, 3 HZ NMR: (100 MHz, CDC}) § 214.7,
160.9, 142.9,107.2, 97.8, 80.0, 75.1, 55.3, 52.4, 50.4}, 39..4, 21.0, 18.5, 14.0n.p. 88-90°C;
[x]DZ3: —21.4° (c = 0.467, CbLl,); IR (ATR, neat) vmax: 3002, 2929, 2881, 2838, 1750, 1611,
1586, 1501, 1457, 1430, 1378, 1315, 1202, 1158, 1108, 1033, B0, 958, 944, 935, 917, 848,
809, 753, 706, 687, 639, 622, 5433RMS (El) m/z: calculated for [GgH2404]" 304.1675, found
304.1678.

F3C Br
F CF3
4.16j
F
general procedure 1.A 0
OH 86%
o} o}

4.8 4.15j

Cyclobutanol.8was treated according to general procedure 1.A u4ih8j (63.2 mg, 42.L)
to give4.17j(59.4 mg, 18Qumol, 86%) as a colorless solitd NMR: (400 MHz, CDC}) 6 7.15
(d,8.3,1H),7.11(m,1H),697(d,J=9.2,1H),4.28 (d,J 5 84#), 3.89 (d, J =8.4, 1 H),
2.88 (d, J =13.3, 1 H), 2.26-2.18 (m, 1 H), 2.15 (dd, J = 13.33,12 H), 2.08-1.95 (m, 1 H),
1.94 (m, 2 H), 1.28-1.20 (m, 1 H), 1.24 (s, 3 H), 1.17 (s, 3% NMR: (100 MHz, CDC}) 5
214.3, 163.5, 161.8, 144.5 (d, 7.3), 132.7 (qd, 33.1, 83,3 (qd, 272.5, 3.1), 121.5 (m), 119.5
(d, 119.4), 80.0, 75.0, 52.2, 50.4, 39.3, 34.1, 21.0, 1814);n.p. 117-119C; [«]D?3: —19.6° (C
= 0.46, CHCIy); IR (ATR, neat) vmax: 2979, 2932, 2890, 2850, 1755, 1598, 1455, 1358, 13333,
1283, 1265, 1230, 1164, 1121, 1087, 1043, 1020, 996, 983,%H 983, 955, 926, 912, 895,
882, 875, 864, 848, 827, 806, 754, 720, 656, 639, 626, 587 ,FB8S (EI) m/z: calculated for
[C17H18F402]+ ]+ 330.1243, found 330.1249.

Br
4.16k ©/\
general procedure 1.B 0
OH 93%
o) O

4.8 4.15k

Cyclobutanok.8was treated according to general procedure 1.B usib8k(71.2 mg, 5QuL)
to give 4.17k (49.0 mg, 193umol, 93%) as a colorless solidH NMR: (400 MHz, CDC}) §
7.16-7.08 (m, 3 H), 7.01-6.95 (m, 1 H), 4.29 (d, 8.4, 1 H), 38&) = 8.4, 1 H), 2.84 (dd, J =
13.7,2.0, 1 H), 2.27 (s, 3 H), 2.24-2.17 (m, 1 H), 2.13 (dd, 3$6,112.3, 1 H), 2.03-1.88 (m, 3
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H), 1.42-1.33 (m, 1 H), 1.26 (s, 3 H), 1.22 (s, 3 ¢ NMR: (100 MHz, CDC}) § 214.7, 138.6,
136.2, 130.6, 130.2, 126.5, 126.0, 80.0, 75.2, 51.0, 5@§, 31.3, 20.8, 19.7, 18.5, 13.81.p.
80-82C; [o]D?% —15.6° (¢ = 0.82, ChCL,); IR (ATR, neat) vmax: 2976, 2963, 2946, 2927, 2872,
1756, 1714, 1488, 1453, 1378, 1297, 1220, 1175, 1151, 1088, 1055, 1038, 1019, 1000, 954,
941, 923, 883, 868, 858, 825, 752, 738, 618, 39RMS (EI) m/z: calculated for [G/H20,]*
258.1620, found 258.1625.

4.16l q/
general procedure 1. B
OH 90%
(6]

4.8 4.15|

Cyclobutanol.8was treated according to general procedure 1.B u&ih8l(82.8 mg, 64uL)
to give4.171(53.3 mg, 186:mol, 90%) as a colorless solitd NMR: (400 MHz, CDC}) § 7.27
(dd,J=7.8,1.3,1H),7.20 (td,J=7.4,1.2,1H),7.08 (td, 55 1.5,1 H),6.97(dd,J=7.5,1.1, 1
H), 4.29(d,J=8.3,1H),3.90(d, J=8.4,1H), 3.02 (sep, 619),2.95-2.82 (m, 1 H), 2.21-2.07
(m, 2 H), 2.02-1.87 (m, 3H), 1.41-1.34 (m, 1 H), 1.27 (s, 3HJ3Xs, 3H), 1.22 (d, J=4.1, 3 H),
1.21 (d, J = 4.1, 3 H)¥*C NMR: (100 MHz, CDC}) 6 214.7, 147.1, 136.9, 130.6, 126.9, 125.6,
80.1, 75.3,52.3,50.7, 39.7, 30.6, 28.8, 24.2, 20.6, 189, in.p. 118-120°C; [x]D?* -15.3° (c
=0.347, CHCL); IR (ATR, neat) vmax: 2968, 2957, 2929, 2889, 2873, 1747, 1490, 1449, 1380,
1361, 1221, 1163, 1147, 1113, 1079, 1020, 989, 951, 926,87 826, 763, 750, 719, 615, 593,
555;HRMS (EI) m/z: calculated for [GeH2602]* 286.1933, found 286.1933.

4.16m @Ef
general procedure 1. E
OH 68%
o}

4.8 4.15m

Cyclobutanol4.8 was treated according to general procedure 1.A udiagm (82.8 mg, 56
uL) to give4.17m(40.5 mg, 14lumol, 68%) as an off white solid.

1H NMR: (400 MHz, CDC}) § 7.70 (d, J = 7.8, 1 H), 7.38 (tt, J = 8.6, 0.9, 1 H), 7.29 (tt, J =
7.5,0.9, 1 H), 7.08 (d, J = 7.7, 1 H), 4.25 (d, J = 8.3, 1 H), 386J(= 8.3, 1 H), 2.56 (s, 3 H),
2.32-2.24 (m, 1 H), 2.22 (dd, J =12.5, 12.0, 1 H), 2.00-1.823(id), 1.27-1.18 (m, 2 H), 1.24
(s, 6 H);3C NMR: (100 MHz, CDC}) § 215.0, 201.6, 140.8, 137.6, 132.9, 131.6, 130.2, 126.5,
80.0, 75.4, 51.5, 50.8, 39.8, 32.3, 29.9, 20.7, 18.5, 18.6; 118-120°C; [«]D?% —45.5° (c =
0.62 , CHCL,); IR (ATR, neat) vmax: 2976, 2930, 2873, 1755, 1682, 1598, 1570, 1485, 1444,
1377, 1354, 1296, 1250, 1223, 1193, 1175, 1154, 1129, 13, 1046, 1019, 993, 950, 921,
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883, 871, 851, 825, 806, 760, 732, 639, 615, 599, 584, 55Q,3BMS (ESI) m/z: calculated
for [C18H2203Na]+ 309.1461, found 309.1461.

MeO Br
OMe
o MeO
4.16n
OMe o
general procedure 1.E o
OH 59%
(0] O

4.8 4.15n

Cyclobutanol4.8 was treated according to general procedure 1.A ugitgn(107.8 mg) to
give4.17n(42.4 mg, 122.umol, 59%) as a yellow oil.

1H NMR: (500 MHz, CDC}) 6 6.31 (d, J = 1.9, 1 H), 6.15 (d, J = 1.8, 1 H), 4.24 (d, J = 8.4,
1H),3.83(d,J=8.2,1H), 3.79 (s, 3 H), 3.78 (s, 3 H), 2.80 (@4,13.7, 2.8, 1 H), 2.42 (s, 3
H), 2.26-2.13 (m, 1 H), 2.06-1.78 (m, 4 H), 1.42-1.31 (m, 1121 (s, 3 H), 1.12 (s, 3 H}C
NMR: (125 MHz, CDC}) 6 214.8, 204.6, 161.1, 158.6, 140.2, 124.5, 107.9, 96.2, 86.Q2, 55.7,
55.5,52.2,50.5, 39.6, 32.8, 31.5, 20.6, 18.5, 1RxJD?3: —24.5° (c = 0.366, CkCl,); IR (ATR,
neat) vmax. 2932, 2874, 2841, 1754, 1684, 1599, 1577, 1454, 1419, 1348,1.317, 1291, 1258,
1222,1202, 1155, 1113, 1086, 1043, 1019, 994, 956, 917 880,731, 644, 592, 568, 542, 511,
HRMS (ESI) m/z: calculated for [GoH260sNa]" 369.1672, found 369.1673.

General Procedure for the Palladium-Catalyzed Ring-Opemg/Cross-Coupling reaction of
cyclobutanol 4.9 (GP2) Cyclobutanok.9 (1.0 equiv, 197umol, 41.4 mg), Pd(OAg)(0.1 equiv,
19.7 umol, 4.4 mg), CsCO; (2.0 equiv, 394umol, 128.0 mg), aryl bromidd.18(1.1 equiv, 216
umol), and a magnetic stir bar were added into a 4 ml vial. Tla wias brought intoa a N
atmosphere glove box and (R)-BINAP (0.1 equiv, 1@Qriol, 12.3 mg) followed by benzene (2.0
mL, 0.1M) were added. The vial was sealed with a Teflon cap la@desulting mixture was stirred
at room temperature for 5-10 min. After this time, the vialswdaced into a pre-heated (66)
metal block and stirred for 18 hours. After cooling to roommperature, the mixture was filtered
through celite using ethyl acetate and concentrated. Tidegoroduct was purified by Yamazen
flash chromatography.

Br
4.18a ©/

Cs,CO3
Pd(OAc),
(R)-BINAP
S OAc >
OH Benzene, 65 °C, 18 h

64%

4.9
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CyclobutanoM.9 was treated according to general procedure 2 uéithia(21.0 mg) to give
4.17a(36.1 mg, 126:mol, 64%) as a colorless oitH NMR: (600 MHz, CDC}) 6 7.29 (t, J = 7.6,
2H),7.21(t,J=73,1H),7.10(d,J=7.4,2H),6.52 (s, 1 H354d, J=11.4,1H),4.27 (d, I =
11.4,1H),2.97 (dd,J=13.2,2.7,1H),2.37 (t,J=12.4,1 H)12d, J=21.2,2 H),2.12(d, J =
17.1,1H),2.07 (s, 3H), 1.78 (s, 3H), 1.34 (s, 3 ¥ NMR: (151 MHz, CDC}) § 201.5, 170.9,
142.0, 140.3, 134.3, 129.1, 128.6, 126.4, 66.4, 48.5, 86, 27.6, 21.0, 19.7, 16.4x]D?**:
4.3° (c = 0.938, CHCL,); IR (ATR, neat) vmax: 3025, 2975, 2923, 1738, 1664, 1602, 1494, 1452,
1433, 1364, 1230, 1077, 1029, 999, 950, 913, 865, 834, 7®7,702, 632, 603, 505, 45HRMS
(ESI) m/z: calculated for [GgH2203Na]" 309.1461, found 309.1461.

Br
4.18b /©/
MeO

Cs,CO3

Pd(OAc);
(R)-BINAP
3 OAc >
OH Benzene, 65 °C, 18 h

76%
49 4.17b

CyclobutanoM.9 was treated according to general procedure 2 u4ihgb (37.8 mg) to give
4.17b(47.2 mg, 149umol, 76%) as a colorless oitH NMR: (600 MHz, CDC}) § 7.01 (d, J =
8.5, 2 H), 6.88-6.78 (m, 2 H), 6.53 (s, 1 H), 4.34 (d, J = 11.4)1426 (d, J = 11.4, 1 H), 3.79
(s, 3H),2.91(dd, J=13.3,2.7, 1 H), 2.31 (dd, J = 13.4, 1115),2.25-2.15 (m, 2 H), 2.14-2.09
(m, 1 H), 2.07 (s, 3H), 1.77 (d, J = 1.7, 3 H), 1.32 (s, 3HE NMR: (151 MHz, CDC}) § 201.6,
171.0,158.2,142.1,134.2,132.2,130.0, 114.0, 66.4,88.5, 44.1, 34.8, 27.6, 21.1, 19.7, 16.5;
[«]D?% 5.8° (c = 1.075, CHCl,); IR (ATR, neat) vmax: 2923, 2835, 1739, 1664, 1610, 1583,
1511, 1457, 1364, 1299, 1235, 1177, 1106, 1086, 1032, 998,93, 867, 841, 809, 758, 600,
523;HRMS (ESI) m/z: calculated for [GoH2404Na]" 339.1576, found 339.1576.

Br
4.18¢c /©/
O,N

Cs,CO3

Pd(OAc);
(R)-BINAP
3 OAc >
OH Benzene, 65 °C, 18 h

74%
4.9 4.17c

Cyclobutanok.9 was treated according to general procedure 2 uéithgc(41.4 mg) to give
4.17c(48.1 mg, 145umol, 74%) as a yellow solid'H NMR: (600 MHz, CDC}) § = 8.15 (d,
J=86,2H),727(d,J=852H),6.51(s, 1H),434(d,J=11.6),4.28(d, J=115,1
H), 3.06 (dd, J =13.3, 3.1, 1 H), 2.52 (dd, J = 13.2, 11.9, 1 F§122.26 (m, 1 H), 2.21 (d, J =
21.2, 1 H), 2.12-2.04 (m, 1 H), 2.08 (s, 3 H), 1.78 (d, J = 1.4) 31kB4 (s, 3 H)13C NMR: (151
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MHz, CDCl) § 200.9, 170.8, 148.2, 146.9, 141.1, 134.6, 129.9, 123.9, 8.5, 43.7, 35.7, 27.4,
21.0, 19.9, 16.4m.p. 85-88°C; [«]D%: 5.8° (¢ = 1.203, CKCl,); IR (ATR, neat) vmax: 2977,
2923, 1739, 1665, 1599, 1517, 1451, 1434, 1365, 1344, 1288, 1033, 999, 952, 906, 856, 831,
806, 744, 707, 630, 602, 58BtRMS (ESI) m/z: calculated for [GsH22NOs]* 332.1492, found
332.1488.

Br
4.18d @(
Cs,CO3
Pd(OAc),
(R)-BINAP
S OAc >
OH Benzene, 65 °C, 18 h

67%
49 4.17d

Cyclobutanol4.9 was treated according to general procedure 2 uditgd (44.2, 34ulL) to
give 4.17d(43.1 mg, 132umol, 67%) as a colorless oitH NMR: (600 MHz, CDC}) 6 7.27 (d,
J=7.8,1H),7.20(t,J=7.4,1H),7.09(t,J=7.2,1H),6.98)(d,7.4, 1L H), 6.53 (s, 1 H), 4.41
(d, J=11.4, 1 H), 4.31 (d, J = 11.4, 1 H), 3.08 (sep, J = 7.3,B18), 2.99 (dd, J = 13.2, 1.5, 1
H), 2.43 (t, J = 12.4, 1 H), 2.22 (d, J = 14.4, 2 H), 2.16—2.10 Inkj), 2.09 (s, 3 H), 1.79 (s, 3
H), 1.35 (s, 3 H), 1.25-1.16 (m, 6H®C NMR: (151 MHz, CDC}) § 201.8, 171.0, 147.1, 142.0,
136.4, 134.1, 126.9, 125.7, 125.6, 100.1, 66.4, 48.6, 82.9, 28.6, 26.9, 24.2, 21.0, 19.9, 16.4;
[«]D?3: 9.8° (c = 1.042, CHCl,); IR (ATR, neat) vmax: 2961, 2925, 2871, 1740, 1664, 1488,
1451, 1381, 1362, 1230, 1081, 1031, 998, 949, 905, 833, /0,701, 602, 501HRMS (ESI)
m/z: calculated for [GiH2s0sNa]" 331.1931, found 331.1931.

Me
N
4.18e ) Br

Cs,CO3

Pd(OAc);
(R)-BINAP
3 OAc >
OH Benzene, 65 °C, 18 h

66%
4.9 4.17e

Cyclobutanok.9(82 mg, 390umol) was treated according to general procedure 2 scalg usin
4.18¢e(82.0 mg) to givet.17e(134.0 mg, 32Qumol, 81%) as a white soliddH NMR: (500 MHz,
CDCl3) 68.03(d,J=8.2,1H),7.60(s,1H),7.24(t,J=7.8,1H),6.93d 7.3, 1 H), 6.53 (d,
J=3.9,1H),6.49(s,1H),4.46(d,J=11.5,1H),4.33(d, J411H),3.19(dd,J=13.2,34,1
H), 2.64 (t, J=12.6, 1 H), 2.42-2.33 (m, 1 H), 2.13 (s, 3 H)922.03 (m, 2 H), 1.79 (s, 3 H), 1.67
(s, 9 H), 1.39 (s, 3 H)!3C NMR: (126 MHz, CDC}) § 201.7, 171.0, 149.8, 142.1, 135.3, 134.1,
132.5,130.0, 125.8, 124.4,123.4, 113.5, 105.2, 83.9,@8.5, 43.0, 32.7, 28.3, 27.4, 21.1, 19.9,
16.4;m.p. 123-126°C; [«]D?3: 16.5° (c = 0.803, ChbLCl,); IR (ATR, neat) vmax. 2977, 2930,

217



1732, 1665, 1599, 1533, 1481, 1454, 1428, 1383, 1369, 1324, 1297, 1282, 1232, 1154, 1122,
1028, 999, 983, 950, 909, 851, 825, 796, 760, 731, 646, 6@B8,HBMS (ESI) m/z: calculated
for [C25H28NO5Na]+ 4482904, found 448.2903.

Cs,CO3

Pd(OAc);
(R)-BINAP
3 OAc >
OH Benzene, 65 °C, 18 h

66%
49 4.17f

Cyclobutanok.9 was treated according to general procedure 2 uéitgf (41.4 mg) to give
4.17f(44 mg, 130umol, 66%) as a yellow solidtH NMR: (500 MHz, CDC}) § 7.54 (d, J = 7.8,
1H),7.28(d,J=8.2,1H),7.19(t, J=7.6,1H),7.10 (t, I = T.4), 6.56 (s, 1 H), 6.25 (s, 1 H),
4.44 (d, J=11.6,1H),4.33(d, J=11.6, 1 H), 3.66 (s, 3 H), 8da3J = 14.7, 2.6, 1 H), 2.67 (dd, J
=14.6,11.8,1H),2.46-2.32(m, 2 H), 2.28 (d,J=19.0, 1 H)9Z%s, 3 H), 1.81 (s, 3 H), 1.38 (s, 3
H); *C NMR: (126 MHz, CDC}) § 201.4,170.9, 142.0, 138.3, 137.6, 134.2,127.8, 121.1.9119
119.7, 109.0, 101.0, 66.3, 48.4, 41.2, 29.7, 27.5, 26.7,,20.1, 16.4m.p. 75-77°C; [«]D?%:
—-16.6° (c =0.67, CbCly); IR (ATR, neat) vmax: 2972, 2927, 1741, 1665, 1544, 1467, 1433, 1382,
1364, 1339, 1315, 1234, 1087, 1032, 999, 905, 777, 749,4R81S (ESI) m/z: calculated for
[C21H26NOs]" 340.1907, found 340.1908.

Cs,CO3

Pd(OAc);
(R)-BINAP
N OH
OH Benzene, 65 °C, 18 h

29%
4.7b 4.20

Y

Cyclobutanok.7b(300 mg, 1.78 mmol) was treated according to a modified gépeveedure
2 using a larger excess 4f18f(562 mg, 2.67 mmol, 1.5 equiv) to give26(155 mg, 0.516 mmol,
29%) as a pale yellow oil*H NMR: (400 MHz, CDC}) 6 7.57 (d, 7.9, 1 H), 7.30 (d, 8.2, 1 H),
7.21(t, 7.1, 1 H), 7.13 (t, 7.4, 1 H), 6.61 (t, 4.3, 1 H), 6.271($1), 4.04 (dd, 11.1, 2.9, 1 H), 3.77
(dd, 10.9, 6.1, 1 H), 3.67 (s, 3 H), 3.11 (dd, 14.7, 2.5, 1 H}322.59 (m, 2 H), 2.54-2.41 (m, 1
H), 2.39-2.27 (m, 1 H), 1.87 (s, 3 H), 1.39 (s, 3 H)C NMR: (100 MHz, CDC}) 5 204.6, 142.7,
138.8,137.5,134.1,127.7,120.9, 119.5, 109.0, 100.1, 8.6, 41.9, 29.7, 27.2, 26.3, 20.1, 16.1;
[«]D?3: —56.0° (c = 0.945, CbLCly); IR (ATR, neat) vmax: 3458, 2924, 2886, 1656, 1541, 1466,
1433, 1400, 1362, 1338, 1314, 1233, 1202, 1181, 1046, 1®54,96, 778, 748, 7341RMS
(ESI) m/z: calculated for [GoH24NO,]* 298.1802, found 298.1801.
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Br
Z

4.18g
Cs,CO3
Pd(OAc),
(R)-BINAP
S OAc >
OH Benzene, 65 °C, 18 h o
49%
4.9 4.179

Cyclobutanol4.9 was treated according to general procedure 2 uditig§g(33.0, 25uL) to
give 4.179(25.8 mg, 97umol, 49%) as a light yellow oil!H NMR: (500 MHz, CDC}) & 6.57
(s, 1 H), 5.06-5.01 (m, 1 H), 4.28 (d, J = 11.3, 1 H), 4.16 (d, 1311 H), 2.47—2.40 (m, 1 H),
2.22-2.12 (m, 2 H), 2.02 (s, 3 H), 1.99-1.87 (m, 2 H), 1.76 (d,135, 3 H), 1.69 (s, 3 H), 1.56
(s, 3 H), 1.24 (s, 3 H)**C NMR: (151 MHz, CDC}) & 202.0, 171.0, 142.2, 134.1, 133.7, 122.5,
66.5, 48.4, 42.5, 28.1, 27.9, 25.9, 21.0, 19.6, 18.0, Jof?3: —26.4° (c = 0.933, CbCl,); IR
(ATR, neat) vmax: 2969, 2920, 1740, 1665, 1555, 1537, 1451, 1433, 1363, 1284, 1031, 987,
907, 849, 830HRMS (ESI) m/z: calculated for [GsH2403sNa]" 287.1618, found 287.1612.

Br

4.18¢g Z
Cs,CO3

Pd(OAc),

(R)-BINAP

S OH -
OH Benzene, 65 °C, 18 h
55%
4.7b 4.23

Cyclobutanol4.7b was treated according to a modified general procedure 2 4sir@y (33
mg, 25uL) and S-BINAP (0.1 equiv) to givé.23(24.1 mg, 113umol, 55%) as a colorless oftH
NMR: (600 MHz, CDC}) 6 6.57 (t, 3.5, 1 H), 5.02 (t, 5.3, 1 H), 3.99 (dd, 11.1, 3.8, 1342 (dd,
11.3, 8.7), 2.57-2.38 (m, 2 H), 2.31-2.07 (m, 2 H), 1.97-1802 H), 1.77 (s, 3 H), 1.68 (s, 3
H), 1.54 (s, 3 H), 1.27 (s, 3 H}3C NMR: (151 MHz, CDC}) § 205.9, 142.9, 134.0, 133.7, 122.9,
66.5, 49.5, 43.3, 27.7, 27.5, 25.9, 19.7, 18.0, 1f]D?% —-56.0° (c = .503, ChCl,); IR (ATR,
neat) vmax: 3465, 2968, 2922, 2882, 1659, 1450, 1435, 1376, 1255, 12G2,1.090, 1050, 1023,
994, 941, 853, 8244RMS (ESI) m/z: calculated for [GsH230,]* 223.1693, found 223.1689.

MeN

Yb(OTfs
_
MeCN
83% HO r

4.21
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To a vial containing cross-coupling prod¥c20(51 mg, 172uL, 1 equiv) in MeCN (0.57 mL,
0.3M) was added Yb(OT4)(5.3 mg, 8,5umol, 0.05 equiv) and the reaction mixture was stirred
under N. After 5 hours the mixture was concentrated to dryness anfiguiby Yamazen flash
chromatography to givé.21(42.4 mg, 143umol, 83%, 2.6:1 dr, major shown) as an off white
solid. 'H NMR: (400 MHz, CDC}) 6 7.45 (d, J=7.9, 1 Kinor), 7.41 (d, J=7.7, 1 khjor), 7.25 (d,
J=9.2, 1 bhajor), 7.22 (d, I = 8.3, 1 o), 7.17 (td, I = 7.1, 1.0, 1 ko), 7.13 (td, J = 8.2, 1.0,
1 Hinor), 7.10—=7.03 (M, 1 Kinor and 1 Huajor), 3.85-3.77 (M, 1 Kinor), 3.69—3.58 (M, 1 Khinor and
2 Hmajor), 3.58 (S, 3 Fhajor), 3.57 (S, 3 Khinor), 3.49-3.44 (M, 1 Kinor), 3.31-3.08 (M, 2 Kinor and
2 Hmajor), 2.86-2.71 (M, 2 Kinor and 3 Hhajor), 2.70-2.60 (M, 1 Kinor), 2.57-2.49 (M, 1 Kinor and
1 Himajor), 2.48-2.42 (M, 1 Hajor), 2.09-2.01 (M, 1 Kinor), 2.01-1.93 (M, 1 Hajor), 1.44 (d, 7.7, 3
Hmajor), 1.38 (S, 3 Fhinor), 1.34 (S, 3 Fhajor), 1.14 (d, 6.7, 3 Rinor); *C NMR: (100 MHz, CDC},
major diastereomerd 221.8, 137.5, 133.2, 125.6, 121.0, 119.0, 117.3, 113.0,01@3.6, 51.5,
51.1, 40.1, 33.7, 29.1, 25.2, 25.1, 24.3, 183C NMR: (100 MHz, CDC}, minor diastereomer)
6 219.2,137.2,133.4,127.6, 120.7, 119.0, 118.8, 110.1.81@8.1, 51.6, 47.7, 41.7, 36.9, 31.5,
29.2,25.4,23.7, 14.1m.p. 145-150°C; [«]D?% 17.5° (c = 0.993, ChCl,); IR (ATR, neat) vmax:
3518, 2922, 2872, 2851, 1674, 1612, 1558, 1467, 1416, 13330,11252, 1192, 1170, 1144,
1131, 1101, 1062, 1032, 1013, 993, 967, 932, 919, 874, 842, B0, 621, 559HRMS (ESI)
m/z: calculated for [GoH23NO,]* 297.1729, found 297.1735.

Boc H
N N
Hwave 170 °C
then Yb(OTf)3
Amberlyst-15
—_—) H“"
MeCN "H
67%
O * oAc
4.17e 4.19

A microwave vial containingt.17e(22.5 mg, 53umol, 1 equiv) in MeCN (0.68 mL, 0.078M)
was subjected to microwave heating at 2Zdor 50 minutes. Once cooled the vial was transferred
to a glovebox with a Matmosphere and Yb(OTEf{2 mg, 3umol, 0.06 equiv) and Amberly&t(2
mg) were added. The reaction was stirred for 4 hours at roarpeeature then diluted with 10,
extracted with EO (5x10 mL), washed with brine, dried over Mgg@iltered, and concentrated.
The crude residue was purified by Yamazen flash chromatogtagiive4.19(11.6 mg, 3gumol,
67%) as a white solidkH NMR: (600 MHz, CDC}) & 8.04 (s, 1 H), 7.13 (d, J = 8.1, 1 H), 7.03 (t,
J=7.7,1H),6.91(d, J=2.4,1H),6.83(d,J=7.1, 1 H), 4.28 §dd 17.6, 11.9, 2 H), 3.63 (s, 1
H), 3.31 (dd, J = 17.1, 3.6, 1 H), 3.19 (p, J = 6.7, 6.3, 6.0, 58), 3.07 (dd, J = 17.1, 3.8, 1 H),
2.95 (dddd, J=13.5,6.6,4.5,1.8, 1 H), 2.75(q, J=4.9, 1 B5 /d, J = 14.1, 1 H), 2.12 (s, 3 H),
1.46 (s, 3 H), 0.79 (d, J = 6.5, 3 HP¥C NMR: (151 MHz, CDC}) § 213.5, 171.2, 136.6, 132.2,
125.8, 122.6, 122.5, 120.1, 114.4, 109.0, 67.4, 50.0, 44.9, 44.1, 40.1, 34.0, 24.5, 21.3, 13.3;
m.p. 200°C (decomposed]x]D?%: 97.0° (c = .773, CHCL,); IR (ATR, neat) vmax: 3366, 2970,
2927, 2882,1735,1697, 1613, 1449, 1427, 1370, 1303, 1288,1142, 1107, 1086, 1043, 1006,
986, 914, 799, 781, 747, 610, 633RMS (ESI) m/z: calculated for [GoH23sNOsNa]"™ 348.1570,
found 348.1560.
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O LHMDS
e

THF, 1t oH
, T
\ L

74% o)

4.15m 4.13

To a flask containing.17m(30 mg, 105umol, 1 equiv) in THF (2.1 mL, 0.05M) was added
LHMDS (1M in THF, 525uL, 525umol, 5 equiv). After 10 minutes, 20 mL of4® was added and
the resulting mixture was extracted with DCM (5x10 mL), wedhwvith brine, dried over MgS{Q
filtered, and concentrated. The crude residue was purifiedabyazen flash chromatography to
give4.13(22.3 mg, 78umol, 74%) as a white solidH NMR: (400 MHz, CDC}) & = 8.15 (dd, J
=7.9,15,1H),7.48(td,J=7.4,1.6,1H),7.36(td,J=8.2,1H),7.26 (d, J=7.0,1H), 4.00 (d,
J=129,1H),3.81(d,J=7.9,1H),3.59(d,J=8.2,1H), 3.50 §&= 15.4, 10.8, 1 H), 3.05 (dd,
J=15.4,7.8,1H),2.76(d,J=12.9, 1 H), 256, s, 1 H), 2.2522n, 3 H), 1.83-1.72 (m, 1 H),
1.43-1.34 (m, 1 H), 1.30 (s, 3 H), 0.39 (s, 3 F3C NMR: (100 MHz, CDC}) 5 199.50, 141.43,
138.09, 134.02, 132.76, 129.96, 127.49, 87.90, 79.434792.77, 47.46, 43.48, 43.02, 33.89,
26.24,19.09, 16.6M.p. 158-156°C; [x]D?%: —44.5° (c = 0.196, CbLl,); IR (ATR, neat) vmax:
3475, 2964, 2930, 2877, 1662, 1594, 1483, 1458, 1446, 134B,1307, 1285, 1246, 1191, 1174,
1145, 1130, 1120, 1109, 1081, 1055, 1028, 914, 864, 814,7883,731, 626, 485, 472, 459, 444,
428;HRMS (ESI) m/z: calculated for [GgH2203]* 286.1569, found 286.1568.
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Figure 4.A.1: 'H NMR of 4.15a
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Figure 4.A.2: 13C NMR of4.15a
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Figure 4.A.3: 'H NMR of 4.15b
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232

1 (ppm)

0.0

0.5

1.0

1.5

2.0

25

3.0

3.5

4.0

5.0

55

6.0

6.5

7.0

75

8.0

8.5

9.0



06
1

00l
1

(wdd) 1y

oLl

ocl
1

ock
1

ovl
1

0sh
1

09l
1

0Ll
1

08l
1

06l
1

00¢
1

ole
1

0ce
)

0

0001}

0002

000€

000

0005

0009

0002

0008

0006

00001

ovl—
S8~
€le~
VeT~

00041

£'6¢

705~

€5

¢GL—

008—

6011

ceet

L'6el—

eerl—

9ST'¥

Lyle—

Figure 4.A.10: 13C NMR of4.15e

233



00 S0 0l g

-
o

X4

=

€ g€ (4 Sy 0'G S’ 09 g9 0

N

S 08 g8

e
oLe
1oL
zoL |
1zl

0S5~

=001

.

Fo01
Fooz .
}AOL |~
Froz

05+

-
——= F01
j
3

% Fie0

00l

——

0S1

002

0GZ-
00€-
0G€-
00¥
061
005
065
009
059 IST'Y

] 0
004+
0524 (e}
] /NN
008
068

006

056

Figure 4.A.11:'H NMR of 4.15f
234



(wdd) 1y
0 oL 0z og o 0s 09 0L 08 06 00L oLl ozl ogl orl 0sl 09l 0Ll 08l 061 00z 0Lz 0zz
L " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " J

0051 STy

0081 7> Nan

hY
7

=)
3

N

h
OIVL/

g8l
00l —
060l —
96l
6611
o’lck
82—
GLEL~
1'8¢L~"
Lvle

9lz—
§'GZ~
162~
9'6¢

106~
705"
L'GL—
1'08—

Figure 4.A.12: 13C NMR of 4.15f
235



(wdd) 1y
00 S0 o'l gl 0z Sz : 06 S'6 ]
" " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " J

09'¢
98'¢
11'e
sec [~
80°L

__ I iw
3
IR
44—7 Fcoz | g

0G-

o0t

Fsol
FsoL

ow Y

00l
051+

002

0S¢

00€-

05€
00¥
0S¥
005
055+

009+

x ) [

052 ]

008
| =

» , N
058 N

006

056+

Figure 4.A.13:'H NMR of 4.15¢
236



2500

2000

1500
1000

500

Lyl
V'8l ~
6'0c~

06c—

1'6E—

€05~
81—

6V, —

6'6L—

L'eelL—

LS
ZL9L3>

cvie—

Z2=

&

4.15g

Figure 4.A.14: 13C NMR of4.15¢g
237

210 200 190 180 170 160 150 140 130 120 f1210 ) 100 90 80 70 60 50 40 30 20 10
ppm

220



00 g0 0l

0S-

0

05

00l

051

002+

0S¢

00€-

0S€-

00

0S¥

005

055

009+

059

(4

S

(wdd) 1y
0'S GG 09 G9 0L gL 08 g8 06 S'6 ]
1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " J

cL'e
o'y 1

10
00'L

E

= F-co0l
Fzol

R
—

J
—3
=
__J
—

T

Figure 4.A.15:'H NMR of 4.15h

238



(wdd) 1y
06 00L oLl ozl ogl orl 0sl 09l 0Ll 08l 061 00z 0Lz 0zz
1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " J

Lvl—
78l~
8'0c~
vie—
z6e—
705~
€e8—
06L—
008—

Ust'v

(6]

(6]

=~

I N
/N [ 7
- = - o N
3 &8 33 IS
[ o ©ohr EN

Figure 4.A.16: '3C NMR of4.15h
239



o o o
o o o o o o o o o o o o
N -~ o o o o o o o o o o
~— ~— ~— [} [5¢] ~ © v < [3p] N ~ o
1 1 1 1 1 1 1 1 1 1 1 1 1
S
—— E$0¢
oLe
- ; el
—_ 002
e
~ g0l |
—~ % Fiou
—
> —J‘A Fosio t
— = 01
— = 20 |
- 102 |
— = E-00'L
()
=
O
-
le) =
O «
(@)
()
=

Figure 4.A.17:'H NMR of 4.15i
240

f1 (ppm)

0.5

1.0

15

2.0

25

3.0

35

4.5

5.0

55

6.0

6.5

7.0

75

8.0



4500

4000
3500
3000
2500
2000
1500

1000

500

-0

ovL-—"
§8l~
0le~

yve—

y'6e—

05—
v'es—
€66 —

V'GL—
008—

86—

¢'L0Ll—

6¢rl—

609l —

Lyle—

OMe

(0]
4.15i

MeO

Figure 4.A.18: 13C NMR of 4.15i
241

210 200 190 180 170 160 150 140 130 120 f1210 ) 100 90 80 70 60 50 40 30 20 10
ppm

220



wdd) |4

S0 ol gl X4 0'¢ g€ (VA4 S 0'g S’ 09 g9 0. S

€6'C
96°¢
68°0
00'L

E

€60

001~

4

om 4\14

00l

—
Ty

—= 90
—_— /60
ﬁ 960

00¢-
oom“
oov“
oom“
ooo“
OONM
oow“
ooo“
ooor“
oorr“
oowr“

00€ 1}

0071
0051

A [ e

0021

0081 o}
0061

1 €
0002 4 o

00l2

0022

Figure 4.A.19:'H NMR of 4.15j
242



14000

13000

12000

11000

10000

9000
8000
7000

6000
5000

4000

3000

2000

1000

oyl
ovi
'8l
VSLZ;
o'le

L've
VV€:7
£6e—

705~
ces—

0G6L—
008—

801l
801l
0LbL
0bLb
6Ll
96LL
L0cL
g'iel
siel
g'iel
geel
geel
€vel
9VZL2>
L'oclk

9celL
LzelL
8'cel
6ceL

Syl
Syl

8’191~
ge9lL—

evie—

FsC

4.15]

Figure 4.A.20: 13C
243

NMR of 4.15]

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



wdd) 1)
00 S0 ol Sl 0 ST 0¢ '€ (184 S 0'S G 09 S9 0L SL

goe |
00'¢
10k

05~

Fue2

660 |-

X
I
Fesz
v
v
Foo0t
Foo0t

05

o

1

ﬁ
——=—= 660 |

__J

R

—

00l

051+

002

052

00€-

05€-

00

0S¥

005
055
AST'Y
009 0
059
002

052+

008+

Figure 4.A.21:'H NMR of 4.15k
244



(wdd) 1y
0 oL 0z o¢ o 0s 09 0L 08 06 0oL oLl ozl ogk orl 0slL 09l 0Ll 08l 06l 00z 0Lz
L " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

ASTY

7

29el—
98eL—"

6EL~
58l
R
80z~
ele—
L6E—
0
L
z5L—
008—
092~
gozL~"
z o€l

9'0€L

Lyle

Figure 4.A.22: 3C NMR of 4.15k

245



00l

051+

00¢-

0S¢

00€-

05€-

00¥-

0S¥

005

055

009+

059+

004+

052+

008

058+

006

90’9
8¢'¢
€C'¢
€0’}

|

Fu61

o960

Foot

=eol

Feol

=0

0L

//

N

Figure 4.A.23:'H NMR of 4.15I

246



(wdd) 1y
0 oL 0z og o 0s 09 0L 08 06 00L oLl ozl ogl orl 0sl 09l 0Ll 08l 061 00z 0Lz
L " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

0ce
)

00¢-

002

00¥

009

008+

0001}

00¢1}

0071

0091}

0081}

0002

00zz- IST'Y

00t7Z

0092

0082

6¢€l—
S8l
902~
zve
QVZ:>
882~
90—
1L'6€
2’06~
€25
2SL—
1'08—
96zl
162l
6921
Soel
69¢€L—
(A4}

000€-

Lvle

Figure 4.A.24:3C NMR of 4.15|

247



00 S0 0l Sl 0C X4 0€ g€ (4 Sy 0'G S’ 09 g9 0L S 08 g8

0G-

069 |
K60
vLL b
%sow
Foot

F-s60

001+
051+
002
0S¢
00€-
05€-
00¥-
0S¥
005+
0SS+
009+

. \ [ fo /| wsT
059+

002
052+
008+

058

Figure 4.A.25:'H NMR of 4.15m
248



3500

3000

2500
2000
1500
1000

9eL—
S8~
102~

6'6C—
€ce—
8'6e—

880G~
GG

V'eL—
008—

§'ocl—
L'0gl~
glel—,
GZSLJf
98l —
80Vl —

9'10¢—

0Gle—

4.15m

Figure 4.A.26: 3C NMR of 4.15m
249

200 190 180 170 160 150 140 130 120 f1110 ) 100 90 80 70 60 50 40 30 20 10
ppm

210



05

05

001

051+

00¢-

0S¢

00€-

05€-

00¥

0S¥

005+

0SS+

009+

059+

004+

0S.+

008+

S0

ol Sl 0¢C x4

1 . 1 1 1
Nw = A o N o
O©nN = o © ©o ©
© o = © © N ©
ol e =

\\\%\

66°0
00'L

I/ usTY

SN
9NO ©

Figure 4.A.27:'H NMR of 4.15n

250



(wdd) 1y
0 oL 0z og oy 0s 09 0L 08 06 00k oLl ozl ogk Oyl 0SL 09l 0/L 08L 06L 00z OlZ 0ZZ Ofz
L " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " J

001-

0

00l

002

00€-

00¥

005

009

002+

008+

006

0001}

00l

00¢1}

00€ 4
00% 1
005}
0091
0021
008} usT'
006 o)
0002
0012 0 0
0022
00€Z 9NO

00172

e

0052

8,01
Svel
covk
9851 —
Lol —
9'v0C—
8vle—

S5~
zee~
5'sg
LSS
61—
008—
z96

Lel—
S8~
9'0C~
§le~
8ce—"
96—

009z

Figure 4.A.28: 3C NMR of4.15n
251



00 ) ol gl 0z sz o€ ge S oy S oS g5 09 59 0L S/

860 [°
6l
001
6L

Foze
Fosie
14

0001}

0002

000€

0001

0005
0009
000Z-
0008
0006

[ |

00041

0002}

000€}

Figure 4.A.29:'H NMR of 4.17a
252



98¢l —r
L'GZL/
eyelL—
oVl ~
oeylL—

6°0LL—

o o o o o o o o o
S S S S S S ) S S o o o o
%] 35 N S ) @ < I ) S S S S
N N N N -~ ~ ~ ~ -~ © © < N o
n 1 1 1 1 n 1 n 1 n 1 n 1 n 1 n 1 1 n 1 n 1 n 1
79l ~
L6~
ole—
9/2—
8'Ge—
ovy—
9‘8‘77 %
7'99— ;
¥'9ZL — }

S§'10c—

TMP2

Figure 4.A.30: 13C NMR of4.17a
253

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



00

S0

ol

gl

0

N

X4

o

e

g€

,:oﬂ s

S

0'g

S'g

09

0002~

Fue

0002

000v

0009

0008

00001

000¢}

000¥1

0009}

00081

00002

00022

000¥¢

00092

00082

Fl0€ |

;
= Feot -

R

86'C
ry

Eue |

001 [T ©

=

—

é }srz I

TFsoz |

Fwoe 2

Figure 4.A.31:'H NMR of 4.17b

254



1400

1300
L1200
L1100
L1000
1900
1800
1700
1600
1500
1400

300
200
100

7oL~
L6~
Lie—
9/¢c—
8Ye—
Lvy—
§8y—

Ve —

7'99—

ovil—

00€L ~
ceelL—
cvel—

Levl—

c8sLl—

0'LLL—

TMP2

Figure 4.A.32:3C NMR 0f4.17b
255

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



Sl

o

I~

0
o

Fsie

0002

000

0009

0008

0000}

00021

000¥1

00091

00081

00002

00022

000172

00092

00082

7

=667C |

]

6LV
9l'c

Foot [

Ee6ire |

J

% ool [

J H

Figure 4.A.33:'H NMR of 4.17¢

256



002-

002

00¥-

009

008+

0001}

002}

007}

0091}

0081

0002

0022

00172

0092

008

000€-

06
1

00k
1

o
1

och
1

ocl
1

ovl

0gh
1

09l
1

0Ll

08l
1

06l
1

002

ole
L1

7ol ~—
6'6L~_
0le—

V'iZ—
1'6e—
Ley—
§8y—
2’99

6°€Cl—

6'6Cl —

9YeEL—

Vivlk—

89Vl ~

o8yl

8'0LL

L
=]
o
©

Figure 4.A.34:13C NMR of4.17c

257



600

1550
1500
1450
1400
1350
1300
1250
1200
150
100
150
Lo

}/’96'0

)

i)
_ MMUM

———— T-¢60

=8
I €0l

Figure 4.A.35:'H NMR of 4.17d
258

Fuz |

%&sgs
660 [
260
660

}ZG‘L

80k |

7.0 6.5 6.0 55 5.0 4.5 40 35 3.0 25 2.0 15 1.0 0.5

75



3000

2800

2600

2400

2200
2000
1800
1600
1400
1200
1000

800

600

400

200

=Y

7'99—

1’00} —

0'bLL—

8'10¢—

IO A AR

TMP2

Figure 4.A.36: 3C NMR of4.17d
259

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



00

S’

09

¢

L

g8

0'6

001~

00l

002

00€-

00¥

005+

009+

004+

008+

006

0001}

0011

002}

00€}

0071

00G} -

[430%

gee|

ava

T sizr

Fooll e
N~

F ezl

F eou

Fooifa

Figure 4.A.37:'H NMR of 4.17e

260



5000

4500
4000
3500
3000
2500
2000
1500

1000

roL—
6'6b~
Vig—
viz—
egz”
Lee—
0er—

98—

§'99—

6'€8—

'S0l —
Sell—

v'eet

V'vel—
8'GCL~"
00€l~
Geel~
Lvel—+
€ael

Levl—

8'6Yl —

0'bLL—

L'10¢—

TMP2

Figure 4.A.38: 13C NMR of4.17e
261

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



00

ol gl 0¢C

0'g S'g 09 g

©

0. g

~
L2
0

002-

ELl0¢
E60¢
Foae

09—

002+

00

009+

008+

0001}

0021

0017}

0091}

0081

0002

0022

00¥7Z

0092

0082

Psus I

Feo

Eeot

vz

00t

Feol

— 0} [ P

— F-00'

—_— 00

€T0E0T DIdL

suedS QP1xSuU asn *bulidnodap uojoid add YIM

29D ¢1/21/9 A9y sizrpweled buiels DET aqold Ogz wws 00S-Xdd
P T"WOROqOTO-10

Figure 4.A.39:'H NMR of 4.17f

262



5500

5000

4500

4000
3500
3000
2500
2000

1500

1000

500

vol—
NTANE
Liz—
192~
glz—
162"

clr—

V'8r—

€99—

0’10l —

0'60L—

L6l
6611
(%43

8.z —
TreL—
9LEL~
zeeL"
0ZrL—

6°0LL—

€10c—

4.17f

Figure 4.A.40: 13C NMR of 4.17f
263

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



(wdd) 1y
00 G0 o'l gl (04 :

0G-

B0
00l

Fue
Faie
«}E:OL'Z
60'L &2
peoe
Feou
Fvo
Feor [~

— Fiot
Fo00)
Lo
101

T Q

05+
001
051+

00¢-

0S¢+

00€

05€-

00

0S¥

005

0SS+

009+

059+

004+

052+

Figure 4.A.41:'H NMR of 4.20
264



1900
1800

1700

1600

1500

1400

1300
1200
1100
1000
900
800
700
600

500

400

300

200

100

9T —
roe—
YT~
Yoz
59'60~"

98’ TP —

656y —

P1'99—

€°00T—
86'80T —

8v'6TT
9['611}
§8°0¢T

wLer—
80 vET —
8b'LET ~

78'8€1 "
U —

€9'v0C—

O S——————

Figure 4.A.42:3C NMR 0f4.20
265

200 190 180 170 160 150 140 130 120 11?1 ( ‘I)OO 90 80 70 60 50 40 30 20 10
ppm

210



001~

oor“
oowm
oom“
oov“
oom“
ooo“
oonm
oow“
oom“
ooorm
oovr“
oowrm
oomrm
oovrm
oomrm
oowrm
oonrm
oomrm
oomvm
ooowm
oorNM
OONNM
oomNM

00¥2

S

- ©

Fuae }

—

—— Feso 3

——— Foot

Figure 4.A.43:'H NMR of 4.17g

266



00k
1

oLL
1

(V4%
1

ocl
1

ol
1

oSl
1

09l
1

0Ll
1

08l
1

061
1

00¢
1

ole
)

N
7

vol
08l
96l —
(4
6'GC~_
6.2
182
gzr—
v'8y—
G99

geel

LEEL~_

LyeL-"

gl —

0'LLL

Q

BTV

o

0c0c

Figure 4.A.44:13C NMR of4.17g

267



1300
1280
1260
1240
1220
1200
1180
160
1140
120
1100

80

60
40
120
20

1L,

J

Figure 4.A.45:'H NMR of 4.23
268

-——==é§§§§§§§§§§:§§:::; Teot -

< Foo

R
I\QO'S
oce
10 1
80°C
i 8¢’
00
}SO'Z

—— Foou |

0.5

1.0

15

2.0

25

3.0

35

4.5

5.0

55

6.0

6.5

7.0

75

8.0

f1 (ppm)



25000

-20000

15000
10000

5000

Lol ~
08—
L6
6'Ge
§'lc~
L'/2

eer—

ger—

§99—

6¢cl—
LEEL~

oveL~-"

6¢hl—

6'G0c—

OO PPN P RPN 0 S | | o

Figure 4.A.46:3C NMR of4.23
269

10

T T
110 100 90

T
120

T
140

T T T
190 180 170

T
200

1 (ppm)



550

500
450
400

350
300
250
200

150

100
50

J,//// s M

\
=
= Y
T &
3
(e}

HO

1243
[44Y)

9€'C

Figure 4.A.47:'H NMR of 4.27
270

244

880

voL |

980
00'L

,A,ﬂﬂljﬁ\J\ﬁJJyAL-waw\jv\-A~,NN\~»JV~¢J W, e S— | W Y,
kg T

1 (ppm)

0.0

0.5

1.0

1.5

2.0

25

3.0

3.5

4.0

5.0

55

6.0

6.5

7.0

75

8.0

8.5

9.0



19000
18000

~17000

16000

15000

14000

13000

12000

11000

10000

~9000

~8000

7000

~6000

~5000

4000

~3000

2000

~1000

+-1000

Lyl
181
1'€2
vz
15z
zse
6z
162
762
gle—
1ee—
698 —
Loy —
L
LIv~_
AN
v'1g

9'lg

L

1'89~_
989"

880l
G‘SOL\
0oLk
O'SLL%
o
S
0'6hh }-
064k
Lozl
ozl /
9zl
922l
Z'SSL/
veel
VgL
el

€6le—
8'lcc—

MeN

>

4.27

HO

Figure 4.A.48:13C NMR of 4.27

271

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220

1 (ppm)



4.28

Figure 4.A.49:'H NMR of 4.28

272

o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o
o 0 o ) o ') o [Ye) o Ye) o w o o o
~ © o n v <t < [32] (32] N N -~ -~ v o T
Il L " L " L " L " L " L " Il " Il " Il " Il Il " Il " L " L " L
~— @@ iJ Feie

— foee

j Fcoe

— Fou

I— Rzo1

_— 90k

_ S0l

—_ S0'L

—_— I[QO'L

— FooL

—_ —% T80z

L0')

— o

— oLl

— 10k

Foo

1.0 0.5 0.0

1.5

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0

9.0



~6500

~6000

5500

~5000

4500
~4000
3500
~3000
2500
~2000

1500

€el—

gle—
Sve—

ove—

bor~
e
9y 7
svr/
005~

V'i9—

0601 —
vyl —
102}~
52zl

9zel >
ggzL "
zzel—
99gL —

L —

Sele—

OAc

Lt

4.28

Figure 4.A.50: 13C NMR of 4.28

273

90 80 70 60 50 40 30 20 10

100

210 200 190 180 170 160 150 140 130 120

220

110



(wdd) 14
(o4

(s g0 00 S0 oL gl 0c ST 0€ g S¥ 0's [ 09 g9 0L [P 08 X}
L | | | | | | | | | | | | | | | | | | |
w w = = w - 2 = S S =
i N <y 38 8 & o885 INCE 8
il W I bl W ra s i
| T | (]

1 €T’y
0021 OJ
00€ - HO

i (@)

Figure 4.A.51:'H NMR of 4.13
274



55000

50000

45000

40000

35000
30000
25000
20000
15000

10000

5000

L9l —
1'6L—

29—
6'€€—

0er~_
Ser"
G lr—
EX:Tad

26L
VBL:>

68—

S/l —
0oelL—
8'cel—
0veEl

1’81 —
Vvl —

G661 —

OH

4.13

Figure 4.A.52:13C NMR 0f4.13

275

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210



4.B X-ray Crystallography Data for Chapter 4

MeN

HO I

4.21

A colorless plate 0.050 x 0.040 x 0.020 mm in size was mountea Gryoloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(23idguphi and omega scans. Crystal-
to-detector distance was 60 mm and exposure time was 20depen frame using a scan width
of 2.0°. Data collection was 99.3% complete to 67.00@.inA total of 9983 reflections were
collected covering the indices, <®1<9, -10<k<10, -1&1<14. 2771 reflections were found to
be symmetry independent, with an Rint of 0.0769. Indexind anit cell refinement indicated
a primitive, monoclinic lattice. The space group was foumdé P 21 (No. 4). The data were
integrated using the Bruker SAINT software program andestaising the SADABS software
program. Solution by iterative methods (SHELXT) producedoanplete heavy-atom phasing
model consistent with the proposed structure. All non-bgeén atoms were refined anisotropically
by full-matrix least-squares (SHELXL-2014). All hydrogaetoms were placed using a riding
model. Their positions were constrained relative to thanept atom using the appropriate HFIX
command in SHELXL-2014. Absolute stereochemistry was unguoously determined to be R at
Cland S at C3, C4, and C14, respectively.
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Table 4.1: Crystal data and structure refinement4c2l

X-ray 1D
Sample/notebook ID
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Index ranges
Reflections collected

Independent reflections

sarpongl14
MW5-085
C19 H23 N 02
297.38
100(2) K
1.54178 A
Monoclinic
P21
a=7.5354(6) A a=90°.
b =8.5029(8) A b= 90.259(6)°.
c=11.9989(11) A g =90°.
768.79(12) A3
2
1.285 Mg/m3
0.651 mm-1
320
0.050 x 0.040 x 0.020 mm3
3.684 to 68.816°.
-8h<9, -10<k<10, -1&1<14
9983
2771 [R(int) = 0.0769]

Completeness to theta = 67.000° 99.30%

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

Semi-empirical from equivalents
0.929 and 0.776
Full-matrix least-squares én F
2771/1/203
1.064
R1 =0.0585, wR2 =0.1491
R1=0.0691, wR2 = 0.1567
-0.1(3)
n/a
0.345 and -0.1832.A
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Table 4.2: Atomic coordinates (x0*) and equivalent isotropic displacement parametets (&%)
for sarpong114. U(eq) is defined as one third of the traceenbtthogonalized tensor.

X y z U(eq)

C(1) 7314(7) 2684(5) 2390(4) 36(1)
C(2) 8379(6) 3811(5) 1676(4) 32(1)
C(3) 7423(6) 5123(5) 1009(4) 32(1)
C(4) 5782(6) 5803(5) 1618(4) 33(1)
C(5) 6198(7) 7061(5) 2506(4) 34(1)
C(6) 6696(5) 6271(5) 3580(4) 29(1)
C(7) 7720(6) 5942(6) 5321(4) 36(1)
C(8) 8396(7) 6152(8) 6393(5) 46(1)
C(9) 8617(7) 4844(9) 7042(5) 53(2)
C(10) 8185(7) 3334(8) 6648(4) 53(2)
C(11) 7476(7) 3121(7) 5588(5) 42(1)
C(12) 7216(6) 4450(6) 4900(4) 33(1)
C(13) 6557(6) 4699(5) 3803(4) 30(1)
C(14) 5789(6) 3554(5) 2970(4) 33(1)
C(15) 6836(7) 4346(7) -103(4) 43(1)
C(16) 8799(6) 6395(6) 725(4) 38(1)
C(17) 4673(6) 4470(6) 2140(4) 37(1)
C(18) 7629(7) 8730(6) 4616(5) 42(1)
C(19) 6690(8) 1287(6) 1699(5) 44(1)
N(1) 7405(5) 7042(5) 4505(4) 34(1)
O(1) 9960(5) 3624(4) 1583(3) 38(1)
O(2) 7895(5) 7685(5) 213(3) 51(1)

Table 4.3: Bond lengths [A] for sarpong114.

C(1)-C(2) 1.517(6) C(10)-C(11)  1.389(8)
C(1)-C(19) 1.521(6) C(10)-H(10)  0.95
C(1)-C(14) 1.536(6) C(11)-C(12)  1.412(7)
C(1)-H1) 1 C(11)-H(11) 0.95
C(2)-O(1) 1.207(6) C(12)-C(13)  1.421(7)
C(2)-C(3)  1.549(6) C(13)-C(14)  1.509(6)
C(3)-C(16) 1.537(7) C(14)-C(17)  1.516(7)
C(3)-C(4) 1.551(6) C(14)-H(14) 1
C(3)-C(15) 1.551(7) C(15)-H(15A) 0.98
C(4)-C(5) 1.541(7) C(15)-H(15B) 0.98
C(4)-C(17) 1.543(6) C(15)-H(15C) 0.98
C(4)-H@4) 1 C(16)-0(2)  1.429(6)
C(5)-C(6)  1.500(7) C(16)-H(16A) 0.99
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C(5)-H(5A)
C(5)-H(5B)
C(6)-C(13)
C(6)-N(1)
C(7)-N(1)
C(7)-C(8)
C(7)-C(12)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)

0.99

0.99
1.367(6)
1.393(6)
1.374(7)
1.392(7)
1.417(7)
1.368(10)
0.95
1.406(10)
0.95

C(16)-H(16B) 0.99
C(17)-H(17A) 0.99
C(17)-H(17B) 0.99
C(18)-N(1)  1.452(6)
C(18)-H(18A) 0.98
C(18)-H(18B) 0.98
C(18)-H(18C) 0.98
C(19)-H(19A) 0.98
C(19)-H(19B) 0.98
C(19)-H(19C) 0.98
0(2)-H(2) 0.84

Table 4.4: Bond angles [°] for sarpongl114.

C(2)-C(1)-C(19)
C(2)-C(1)-C(14)
C(19)-C(1)-C(14)
C(2)-C(1)-H(1)
C(19)-C(1)-H(1)
C(14)-C(1)-H(1)
O(1)-C(2)-C(1)
O(1)-C(2)-C(3)
C(1)-C(2)-C(3)
C(16)-C(3)-C(2)
C(16)-C(3)-C(4)
C(2)-C(3)-C(4)
C(16)-C(3)-C(15)
C(2)-C(3)-C(15)
C(4)-C(3)-C(15)
C(5)-C(4)-C(17)
C(5)-C(4)-C(3)
C(17)-C(4)-C(3)
C(5)-C(4)-H(4)
C(17)-C(4)-H(4)
C(3)-C(4)-H(4)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(6)-C(5)-H(5B)
C(4)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(13)-C(6)-N(1)
C(13)-C(6)-C(5)

110.4(4)
110.5(4)
113.1(4)
107.5
107.5
107.5
119.6(4)
120.2(4)
120.1(4)
108.0(4)
112.4(4)
113.3(4)
107.4(4)
105.5(4)
109.9(4)
109.8(4)
115.2(4)
110.6(4)
107

107

107
109.4(4)
109.8
109.8
109.8
109.8
108.2
109.5(4)
125.9(4)
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C(11)-C(12)-C(13) 135.0(5)
C(7)-C(12)-C(13) 106.8(4)
C(6)-C(13)-C(12) 107.4(4)
C(6)-C(13)-C(14) 122.1(4)
C(12)-C(13)-C(14) 130.5(4)
C(13)-C(14)-C(17) 108.3(4)
C(13)-C(14)-C(1) 109.0(4)
C(17)-C(14)-C(1) 111.4(4)
C(13)-C(14)-H(14) 109.4
C(17)-C(14)-H(14) 109.4
C(1)-C(14)-H(14) 109.4
C(3)-C(15)-H(15A)  109.5
C(3)-C(15)-H(15B)  109.5
H(15A)-C(15)-H(15B) 109.5
C(3)-C(15)-H(15C)  109.5
H(15A)-C(15)-H(15C) 109.5
H(15B)-C(15)-H(15C) 109.5
0(2)-C(16)-C(3) 108.3(4)
0(2)-C(16)-H(16A) 110
C(3)-C(16)-H(16A) 110
0(2)-C(16)-H(16B) 110
C(3)-C(16)-H(16B) 110
H(16A)-C(16)-H(16B) 108.4
C(14)-C(17)-C(4) 110.1(4)
C(14)-C(17)-H(17A)  109.6
C(4)-C(17)-H(17A)  109.6
C(14)-C(17)-H(17B)  109.6
C(4)-C(17)-H(17B)  109.6

H(17A)-C(17)-H(17B) 108.2



N(1)-C(6)-C(5) 124.6(4) N(1)-C(18)-H(18A)  109.5

N(1)-C(7)-C(8) 129.2(5) N(1)-C(18)-H(18B)  109.5
N(1)-C(7)-C(12)  108.1(4) H(18A)-C(18)-H(18B) 109.5
C(8)-C(7)-C(12)  122.7(5) N(1)-C(18)-H(18C)  109.5
C(9)-C(8)-C(7) 117.7(6) H(18A)-C(18)-H(18C) 109.5
C(9)-C(8)-H(8) 121.1 H(18B)-C(18)-H(18C) 109.5
C(7)-C(8)-H(8) 121.1 C(1)-C(19)-H(19A)  109.5
C(8)-C(9)-C(10)  121.5(5) C(1)-C(19)-H(19B)  109.5
C(8)-C(9)-H(9) 119.2 H(19A)-C(19)-H(19B) 109.5
C(10)-C(9)-H(9)  119.2 C(1)-C(19)-H(19C)  109.5
C(11)-C(10)-C(9)  121.0(6) H(19A)-C(19)-H(19C) 109.5
C(11)-C(10)-H(10) 119.5 H(19B)-C(19)-H(19C) 109.5
C(9)-C(10)-H(10) 119.5 C(7)-N(1)-C(6) 108.2(4)
C(10)-C(11)-C(12) 118.9(5) C(7)-N(1)-C(18) 126.0(5)
C(10)-C(11)-H(11) 120.6 C(6)-N(1)-C(18) 125.6(5)
C(12)-C(11)-H(11) 120.6 C(16)-0(2)-H(2) 109.5

C(11)-C(12)-C(7)  118.2(5)

Table 4.5: Anisotropic displacement parameters’¢A10%)for sarpong114. The anisotropic dis-
placement factor exponent takes the formy/22 ha2U!! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12

C(1) 43(3) 24(2) 41(2) -22) 0@2) 2(2)
C(2) 36(2) 30(2) 31(2) -92) 4(2) 2(2)
C(3) 33(2) 32(2) 32(2) 0(2) 4(2) 3(2)
C@) 27(2) 34(2) 36(2) 3(2) 3(2) 4(2)
C(5) 34(2) 26(2) 42(3) 3(2) 9(2) 5(2)
C(6) 28(2) 25(2) 34(2) -22) 7(2) -2(2)
C(7) 27(2) 45(3) 37(2) -422) 8(2) 3(2)
C(8) 31(2) 68(4) 39(3) -11(3) 4(2) 2(2)
C(9) 32(2) 93(5) 33(3) -5(3) 5(2) -9(3)
C(10) 35(3) 84(5) 40(3) 22(3) 4(2) -3(3)
C(11) 35(3) 43(3) 49(3) 11(2) 9(2) -5(2)
C(12) 27(2) 32(2) 39(2) 1(2) 10(2) -3(2)
C(13) 26(2) 24(2) 40(2) -3(2) 6(2) -2(2)
C(14) 34(2) 22(2) 42(2) -3(2) 8(2) -8(2)
C(15) 42(3) 52(3) 36(3) 0(2) 0(2) 2(2)
C(16) 35(2) 38(2) 40(2) 7(2) 11(2) 7(2)
C(17) 32(2) 37(2) 41(3) -7(2) 5(2) -6(2)
C(18) 38(2) 28(2) 60(3) -15(2) 12(2) -5(2)
C(19) 54(3) 28(2) 50(3) -5(2) -2(2) 1(2)
N(1) 322) 27(2) 44(2) -7(2) 6(2) -3(2)
O(1) 38(2) 41(2) 35(2) O(1) 4(1) 8(2)
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Table 4.5: Anisotropic displacement parameters’(A10%)for sarpong114. The anisotropic dis-
placement factor exponent takes the formy/22 ha>U!! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12
O(2) 50(2) 48(2) 54(2) 22(2) 22(2) 14(2)

Table 4.6: Hydrogen coordinates (x 1pand isotropic displacement parameter$xA0*) for
sarpongl114.

X y z U(eaq)
H(1) 8125 2272 2984 43
H(4) 5020 6317 1039 39
H(5A) 7188 7735 2251 41
H(5B) 5144 7737 2621 41
H(8) 8694 7168 6664 55
H(9) 9072 4958 7778 63
H(10) 8382 2446 7113 63
H(11) 7171 2100 5330 51
H(14) 5022 2777 3366 39
H(15A) 5767 3715 22 65
H(15B) 7790 3668 -378 65
H(15C) 6580 5165 -655 65
H(16A) 9410 6751 1412 45
H(16B) 9699 5964 210 45
H(17A) 3628 4922 2521 44
H(17B) 4242 3755 1547 44
H(18A) 6582 9181 4978 63
H(18B) 7772 9200 3876 63
H(18C) 8685 8950 5070 63
H(19A) 5890 1655 1107 66
H(19B) 6060 543 2179 66
H(19C) 7718 765 1365 66
H(2) 8472 7993 -343 76
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A colorless rod 0.050 x 0.030 x 0.030 mm in size was mounted Gryaloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(23ikguphi and omega scans. Crystal-
to-detector distance was 60 mm and exposure time was 10depen frame using a scan width
of 2.0°. Data collection was 100.0% complete to 67.000%A total of 46264 reflections were
collected covering the indices, <1<8, -14<k<14, -2X1<22. 3061 reflections were found to
be symmetry independent, with an Rint of 0.0412. Indexingdj @mit cell refinement indicated a
primitive, orthorhombic lattice. The space group was fotmbte P 21 21 21 (No. 19). The data
were integrated using the Bruker SAINT software programsaraded using the SADABS software
program. Solution by iterative methods (SIR-2014) produaecomplete heavy-atom phasing
model consistent with the proposed structure. All non-bgeén atoms were refined anisotropically
by full-matrix least-squares (SHELXL-2014). All hydrogaetoms were placed using a riding
model. Their positions were constrained relative to thanept atom using the appropriate HFIX
command in SHELXL-2014. Absolute stereochemistry was unguoously determined to be S at
C1, C2, C11, and C12, respectively.
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Table 4.7: Crystal data and structure refinement 4029

X-ray 1D
Sample/notebook ID
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

sarpongl15
kro4-035
C20 H23 N 03
325.39
100(2) K
1.54178 A
Orthorhombic
P212121
a=7.2672(2) A
b=12.3762(4) &
c = 18.5597(5) A& g
1669.27(8) A3
4
1.295 Mg/m3
0.694 mm-1
696
0.050 x 0.030 x 0.030 mm3
4.294 to 68.3B8A
-8h<8, -14<k<14, -2X<1<22
46264
3061 [R(int) = 0.0412]

Completeness to theta = 67.000A100.00%

Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

Semi-empirical from equivalents
0.929 and 0.859
Full-matrix least-squares on F2
3061/0/220
1.089
R1=0.0291, wR2 =0.0748
R1=0.0296, wR2 = 0.0753
0.08(5)
n/a
0.248 and -0.189 e.A-3
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Table 4.8: Atomic coordinates (x0*) and equivalent isotropic displacement parametets (&%)
for sarpong115. U(eq) is defined as one third of the traceenbtthogonalized tensor.

X y Z U(eq)

C(1) 3790(3) -748(2) 7532(1) 24(1)
C(2) 3286(2) -1750(2) 8004(1) 23(1)
C(3) 4635(3) -1908(1) 8609(1) 23(1)
C(4) 6204(3) -2512(2) 8577(1) 27(1)
C(5) 6417(3) -1623(1) 9626(1) 24(1)
C(6) 6982(3) -1196(2) 10283(1) 29(1)
C(7) 5779(3) -475(2) 10608(1) 29(1)
C(8) 4046(3) -252(2) 10315(1) 26(1)
C(9) 3453(3) -701(2) 9668(1) 23(1)
C(10) 1449(3) -647(1) 9461(1) 23(1)
C(11) 845(2) -597(1) 8667(1) 21(1)
C(12) 1507(3) 433(1) 8255(1) 22(1)
C(13) 3453(3) 280(2) 7955(1) 22(1)
C(14) 5717(3) -792(2) 7210(1) 31(1)
C(15) 1279(3) -1638(1) 8249(1) 23(1)
C(16) 4716(3) -1349(1) 9290(1) 23(1)
C(17) 198(3) 643(2) 7615(1) 28(1)
C(18) 1520(3) 1431(1) 8739(1) 25(1)
C(19) -1294(3) 2392(2) 8974(1) 26(1)
C(20) -3104(3) 2289(2) 9354(1) 36(1)
N(1) 7275(2) -2349(1) 9177(1) 27(1)
O(1) 4622(2) 976(1) 8029(1) 29(1)
O(2) -255(2) 1513(1) 9098(1) 27(1)
O(3) -821(2) 3139(1) 8609(1) 36(1)

Table 4.9: Bond lengths [A] for sarpong115.

C(1)-C(13)  1.515(3) C(11)-C(15)  1.537(2)
C(1)-C(14)  1.523(3) C(11)-C(12)  1.561(2)
C(1)-C(2) 1.562(2) C(11)-H(11) 1
C(1)-H(1) 1 C(12)-C(18)  1.528(2)
C(2)-C(3) 1.505(3) C(12)-C(13)  1.531(3)
C(2)-C(15)  1.534(2) C(12)-C(17)  1.544(2)
C(2)-H(2) 1 C(13)-0(1)  1.217(2)
C(3)-C(4) 1.365(3) C(14)-H(14A) 0.98
C(3)-C(16)  1.441(3) C(14)-H(14B) 0.98
C(4)-N(1) 1.372(3) C(14)-H(14C) 0.98
C(4)-H(4) 0.95 C(15)-H(15A) 0.99
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C(5)-N(1)
C(5)-C(6)
C(5)-C(16)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(16)
C(9)-C(10)
C(10)-C(11)

1.375(3)
1.392(3)
1.425(3)
1.386(3)
0.95

1.399(3)
0.95

1.392(3)
0.95

1.406(3)
1.507(3)
1.539(2)

C(10)-H(10A) 0.99
C(10)-H(10B) 0.99

C(15)-H(15B)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-0(2)
C(18)-H(18A)
C(18)-H(18B)
C(19)-0(3)
C(19)-0(2)
C(19)-C(20)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
N(1)-H(1A)

0.99
0.98
0.98
0.98
1.455(2)
0.99
0.99
1.197(3)
1.343(2)
1.498(3)
0.98
0.98
0.98
0.88

Table 4.10:Bond angles [°] for sarpong115.

C(13)-C(1)-C(14)
C(13)-C(1)-C(2)
C(14)-C(1)-C(2)
C(13)-C(1)-H(1)
C(14)-C(1)-H(1)
C(2)-C(1)-H(1)
C(3)-C(2)-C(15)
C(3)-C(2)-C(1)
C(15)-C(2)-C(1)
C(3)-C(2)-H(2)
C(15)-C(2)-H(2)
C(1)-C(2)-H(2)
C(4)-C(3)-C(16)
C(4)-C(3)-C(2)
C(16)-C(3)-C(2)
C(3)-C(4)-N(1)
C(3)-C(4)-H(4)
N(1)-C(4)-H(4)
N(1)-C(5)-C(6)
N(1)-C(5)-C(16)
C(6)-C(5)-C(16)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)

112.48(16)
109.78(14)
114.02(16)
106.7
106.7
106.7
114.14(15)
111.63(15)
108.55(15)
107.4
107.4
107.4
105.46(17)
125.66(17)
128.29(16)
110.98(17)
124.5
124.5
130.22(18)
106.47(17)
123.31(18)
116.04(18)
122

122
121.72(18)
119.1
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C(13)-C(12)-C(17)
C(18)-C(12)-C(11)
C(13)-C(12)-C(11)
C(17)-C(12)-C(11)
0(1)-C(13)-C(1)
0(1)-C(13)-C(12)
C(1)-C(13)-C(12)
C(1)-C(14)-H(14A)
C(1)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(1)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
C(2)-C(15)-C(11)
C(2)-C(15)-H(15A)
C(11)-C(15)-H(15A)
C(2)-C(15)-H(15B)
C(11)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(9)-C(16)-C(5)
C(9)-C(16)-C(3)
C(5)-C(16)-C(3)
C(12)-C(17)-H(17A)
C(12)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(12)-C(17)-H(17C)

108.08(1
111.90(14
111.22(14
108.94(14)
122.61(17)
121.12(17)
116.19(15)
109.5
109.5
109.5
109.5
109.5
109.5
114.87(15)
108.5
108.5
108.5
108.5
107.5
118.94(17)
133.12(18)
107.76(16)
109.5
109.5
109.5
109.5



C(8)-C(7)-H(7) 119.1 H(17A)-C(17)-H(17C) 109.5

C(9)-C(8)-C(7) 122.38(18) H(17B)-C(17)-H(17C) 109.5
C(9)-C(8)-H(8) 118.8 0(2)-C(18)-C(12) 108.67(14)
C(7)-C(8)-H(8) 118.8 0(2)-C(18)-H(18A) 110
C(8)-C(9)-C(16) 117.07(17) C(12)-C(18)-H(18A) 110
C(8)-C(9)-C(10) 120.10(17) O(2)-C(18)-H(18B) 110
C(16)-C(9)-C(10) 121.95(17) C(12)-C(18)-H(18B) 110
C(9)-C(10)-C(11) 121.40(15) H(18A)-C(18)-H(18B) 108.3
C(9)-C(10)-H(10A) 107 0(3)-C(19)-0(2) 124.09(18)
C(11)-C(10)-H(10A) 107 0(3)-C(19)-C(20) 125.73(18)
C(9)-C(10)-H(10B) 107 0(2)-C(19)-C(20) 110.18(17)
C(11)-C(10)-H(10B) 107 C(19)-C(20)-H(20A)  109.5
H(10A)-C(10)-H(10B) 106.7 C(19)-C(20)-H(20B)  109.5
C(15)-C(11)-C(10) 112.95(14) H(20A)-C(20)-H(20B) 109.5
C(15)-C(11)-C(12) 111.97(14) C(19)-C(20)-H(20C) ~ 109.5
C(10)-C(11)-C(12) 114.48(14) H(20A)-C(20)-H(20C) 109.5
C(15)-C(11)-H(11) 105.5 H(20B)-C(20)-H(20C) 109.5
C(10)-C(11)-H(11) 105.5 C(4)-N(1)-C(5) 109.26(16)
C(12)-C(11)-H(11) 105.5 C(4)-N(1)-H(1A) 125.4
C(18)-C(12)-C(13) 107.92(15) C(5)-N(1)-H(1A) 125.4
C(18)-C(12)-C(17) 108.68(15) C(19)-0(2)-C(18) 118.48(1

Table 4.11: Anisotropic displacement parameters’¥A10%)for sarpong115. The anisotropic dis-
placement factor exponent takes the formy/22 ha?U'! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12

C(1) 23(1) 28(1) 21(1) O(1) 4(1) -5(1)
C(2) 24(1) 22(1) 24(1) -4(1) 4(1) -3(1)
C@B) 26(1) 21(1) 24(1) 2(1) 5(1) -5(1)
C@) 27(1) 26(1) 29(1) 2(1) 7(1) -1(1)
C(5) 20(1) 23(1) 28(1) 8(1) 6(1) 1(1)
C(6) 24(1) 34(1) 29(1) 9(1) 2(1) -4(1)
C(7) 33(1) 31(1) 24(1) 1(1) 3(1) -7(1)
C(8) 30(1) 24(1) 24(1) 1(1) 5(1) -4(1)
C(9) 24(1) 20(1) 23(1) 4(1) 3(1) -1(1)
C(10) 23(1) 20(1) 24(1) 2(1) o) 1(1)
C(11) 17(1) 21(1) 24(1) 1(1) 1(1) -2(1)
C(12) 21(1) 21(1) 24(1) 3(1) -1(1) -2(1)
C(13) 22(1) 25(1) 20(1) 6(1) -1(1) -3(1)
C(14) 29(1) 35(1) 29(1) 0(1) 9(1) -4(1)
C(15) 23(1) 21(1) 25(1) 0(1) 2(1) -5(1)
C(16) 25(1) 20(1) 25(1) 5(1) 3(1) -3(1)
C(17) 25(1) 30(1) 30(1) 6(1) -4(1) -3(1)
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Table 4.11: Anisotropic displacement parameters’}A10%)for sarpong115. The anisotropic dis-
placement factor exponent takes the formy/22 ha?U!! + ... + 2 h k a* b* U?]

Ull U22 U33 U23 U13 U12

C(18) 21(1) 21(1) 33(1) 1(1) 3(1) o(1)
C(19) 30(1) 24(1) 23(1) -7(1) -8(1) 5(1)
C(20) 30(1) 37(1) 40(1) -13(1) -3(1) 6(1)
N(1) 20(1) 29(1) 33(1) 6(1) 5(1) 6(1)
O(1) 25(1) 28(1) 32(1) 2(1) 2(1) -7(1)
0(2) 22(1) 22(1) 37(1) 3(1) 4(1) 3(1)
O(3) 47(1) 28(1) 34(1) 3(1) 1(1) 11(1)

Table 4.12: Hydrogen coordinates (x $pand isotropic displacement parametersxA0°) for
sarpong115.

X y z U(eq)
H(1) 2910 -741 7118 29
H(2) 3360 -2403 7687 28
H(4) 6514 -2983 8192 32
H(6) 8124 -1387 10497 34
H(7) 6141 -124 11040 35
H(8) 3246 222 10567 31
H(10A) 924 -5 9703 27
H(10B) 843 -1287 9676 27
H(11) -528 -546 8678 25
H(14A) 5905 -166 6895 47
H(14B) 5856 -1458 6929 47
H(14C) 6630 -781 7599 47
H(15A) 969 -2265 8558 28
H(15B) 475 -1670 7819 28
H(17A) 666 1248 7328 42
H(17B) -1031 819 7797 42
H(17C) 129 -6 7313 42
H(18A) 2513 1368 9102 30
H(18B) 1747 2087 8447 30
H(20A) -3616 3010 9440 53
H(20B) -2923 1920 9816 53
H(20C) -3957 1871 9055 53
H(1A) 8343 -2659 9260 33
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OH

4.13

A colorless block 0.050 x 0.050 x 0.010 mm in size was mounted Gryoloop with Paratone
oil. Data were collected in a nitrogen gas stream at 100(23ikguphi and omega scans. Crystal-
to-detector distance was 60 mm and exposure time was 20depen frame using a scan width
of 0.3°. Data collection was 99.7% complete to 25.00@.inA total of 7289 reflections were
collected covering the indices, <h<9, -6<k<10, -26<1<21. 2548 reflections were found to
be symmetry independent, with an Rint of 0.0403. Indexind @mt cell refinement indicated a
primitive, orthorhombic lattice. The space group was fotmbte P 21 21 21 (No. 19). The data
were integrated using the Bruker SAINT software programsaraded using the SADABS software
program. Solution by iterative methods (SHELXT) producedoanplete heavy-atom phasing
model consistent with the proposed structure. All non-bgen atoms were refined anisotropically
by full-matrix least-squares (SHELXL-2014). All hydrogetoms were placed using a riding
model. Their positions were constrained relative to thanept atom using the appropriate HFIX
command in SHELXL-2014.
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Table 4.13: Crystal data and structure refinement4ot3

X-ray ID sarpong118

Sample/notebook ID MW5128

Empirical formula C18 H22 O3

Formula weight 286.35

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a=7.5988(4) A a=90°.
b =8.4424(4) A b= 90°.
¢ =21.9530(10) A g =90°.

Volume 1408.33(12) A3

Z 4

Density (calculated) 1.351 Mg/m3

Absorption coefficient 0.090 mm-1

F(000) 616

Crystal size 0.050 x 0.050 x 0.010 mm3

Theta range for data collection 1.85510 25.347°.

Index ranges -Zh<9, -6<k<10, -26<1<21

Reflections collected 7289

Independent reflections 2548 [R(int) = 0.0403]

Completeness to theta = 25.000° 99.70%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.745 and 0.686

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2548/0/193

Goodness-of-fit on F2 1.045

Final R indices [I>2sigma(l)] R1=0.0314, wR2 = 0.0817

R indices (all data) R1=0.0320, wR2 = 0.0823

Absolute structure parameter -0.2(5)

Extinction coefficient n/a

Largest diff. peak and hole 0.225 and -0.171E&-3
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Table 4.14: Atomic coordinates (x0%) and equivalent isotropic displacement parameterx (A
10%) for sarpong118. U(eq) is defined as one third of the trachebtthogonalized’ tensor.

X y z U(eq)

C(1) 2328(3) 6930(2) 4076(1) 13(1)
C(2) 4255(2) 6390(2) 3943(1) 12(1)
C(3) 4600(3) 6206(2) 3256(1) 13(1)
C(4) 6307(3) 5440(2) 3065(1) 13(1)
C(5) 6611(3) 3671(2) 3098(1) 13(1)
C(6) 8284(3) 3163(2) 2911(1) 15(1)
C(7) 8799(3) 1594(2) 2948(1) 17(1)
C(8) 7627(3) 486(2) 3180(1) 18(1)
C(9) 5960(3) 967(2) 3357(1) 16(1)
C(10) 5399(3) 2544(2) 3317(1) 14(1)
C(11) 3518(3) 2878(2) 3506(1) 15(1)
C(12) 3143(3) 3585(2) 4146(1) 14(1)
C(13) 1201(3) 4119(2) 4157(1) 16(1)
C(14) 960(3) 5738(2) 3850(1) 15(1)
C(15) 1938(3) 8601(2) 3860(1) 17(1)
C(16) 4344(2) 4944(2) 4379(1) 13(1)
C(17) 6178(3) 4359(2) 4565(1) 15(1)
C(18) 3493(3) 5712(2) 4946(1) 16(1)
O(1) 2277(2) 6910(2) 4739(1) 16(1)
O(2) 5480(2) 7595(2) 4119(1) 15(1)
O(3) 7474(2) 6283(2) 2862(1) 21(1)

Table 4.15:Bond lengths [A] for sarpong118.

C(1)-0(1) 1.457(2) C(11)-C(12)  1.554(3)
C(1)-C(15) 1.517(3) C(11)-H(11A) 0.99
C(1)-C(14) 1.530(3) C(11)-H(11B) 0.99
C(1)-C(2)  1.561(3) C(12)-C(13)  1.543(3)
C(2)-0(2) 1.432(2) C(12)-C(16)  1.552(3)
C(2-C(3)  1.538(3) C(12)-H(12) 1
C(2)-C(16) 1.552(3) C(13)-C(14)  1.535(3)
C(3)-C(4)  1.509(3) C(13)-H(13A) 0.99
C(3)-H(3A) 0.99 C(13)-H(13B) 0.99
C(3)-H(3B) 0.99 C(14)-H(14A) 0.99
C(4)-0(3) 1.222(2) C(14)-H(14B) 0.99
C(4)-C(5)  1.513(3) C(15)-H(15A) 0.98
C(5)-C(6)  1.403(3) C(15)-H(15B) 0.98
C(5)-C(10)  1.408(3) C(15)-H(15C) 0.98
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C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)

1.384(3)
0.95
1.388(3)
0.95
1.385(3)
0.95
1.401(3)
0.95

C(10)-C(11) 1.514(3)

C(16)-C(17)
C(16)-C(18)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-0(1)
C(18)-H(18A)
C(18)-H(18B)
0(2)-H(2)

0.98
0.98
0.98

0.99
0.99
0.84

Table 4.16:Bond angles [°] for sarpong118.

1.535(3)
1.546(3)

1.444(2)

O(1)-C(1)-C(15)
O(1)-C(1)-C(14)
C(15)-C(1)-C(14)
0O(1)-C(1)-C(2)
C(15)-C(1)-C(2)
C(14)-C(1)-C(2)
0(2)-C(2)-C(3)
0(2)-C(2)-C(16)
C(3)-C(2)-C(16)
0(2)-C(2)-C(2)
C(3)-C(2)-C(1)
C(16)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3B)
C(2)-C(3)-H(3B)

H(3A)-C(3)-H(3B)

O(3)-C(4)-C(3)
0O(3)-C(4)-C(5)
C(3)-C(4)-C(5)
C(6)-C(5)-C(10)
C(6)-C(5)-C(4)
C(10)-C(5)-C(4)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)

108.51(16)
107.33(15)
112.19(17)
102.03(15)
113.37(16)
112.64(15)
103.03(15)
111.35(15)
121.14(16)
110.60(15)
111.88(15)
98.93(15)
117.59(16)
107.9
107.9
107.9
107.9
107.2
118.46(17)
118.81(18)
122.71(17)
119.08(17)
115.19(18)
125.69(18)
122.13(19)
118.9
118.9
118.98(19)
120.5
120.5
119.51(19)
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C(13)-C(12)-C(16)
C(13)-C(12)-C(11)
C(16)-C(12)-C(11)
C(13)-C(12)-H(12)
C(16)-C(12)-H(12)
C(11)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13A)
C(12)-C(13)-H(13A)
C(14)-C(13)-H(13B)
C(12)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(1)-C(14)-C(13)
C(1)-C(14)-H(14A)
C(13)-C(14)-H(14A)
C(1)-C(14)-H(14B)
C(13)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(1)-C(15)-H(15A)
C(1)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(1)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
C(17)-C(16)-C(18)
C(17)-C(16)-C(12)
C(18)-C(16)-C(12)
C(17)-C(16)-C(2)
C(18)-C(16)-C(2)
C(12)-C(16)-C(2)
C(16)-C(17)-H(17A)

110.00(15
107.52(16
118.29(1
106.8
106.8
106.8
111.56(16)
109.3
109.3
109.3
109.3
108
111.29(16)
109.4
109.4
109.4
109.4
108
109.5
109.5
109.5
109.5
109.5
109.5
107.44(16)
112.57(15)
109.19(15)
117.21(16)
98.56(15)
110.68(15)
109.5



C(9)-C(8)-H(8) 120.2 C(16)-C(17)-H(17B)  109.5

C(7)-C(8)-H(8) 120.2 H(17A)-C(17)-H(17B) 109.5
C(8)-C(9)-C(10) 122.61(19) C(16)-C(17)-H(17C)  109.5
C(8)-C(9)-H(9) 118.7 H(17A)-C(17)-H(17C) 109.5
C(10)-C(9)-H(9) 118.7 H(17B)-C(17)-H(17C) 109.5
C(9)-C(10)-C(5) 117.65(18) O(1)-C(18)-C(16) 107.92(15)
C(9)-C(10)-C(11) 116.54(18) O(1)-C(18)-H(18A)  110.1
C(5)-C(10)-C(11) 125.81(17) C(16)-C(18)-H(18A)  110.1
C(10)-C(11)-C(12) 119.47(16) O(1)-C(18)-H(18B)  110.1
C(10)-C(11)-H(11A)  107.5 C(16)-C(18)-H(18B)  110.1
C(12)-C(11)-H(11A)  107.5 H(18A)-C(18)-H(18B) 108.4
C(10)-C(11)-H(11B)  107.5 C(18)-0(1)-C(1) 107.81(14)
C(12)-C(11)-H(11B)  107.5 C(2)-0(2)-H(2) 109.5

H(11A)-C(11)-H(11B) 107

Table 4.17: Anisotropic displacement parameters’}A10%)for sarpong118. The anisotropic dis-
placement factor exponent takes the formy/22 h*a?U'! + ... + 2 h k a* b* U]

Ull U22 U33 U23 U13 U12

C(l) 14(1) 16(1) 10(1) 1(1) 1(1) 2(1)
C(2) 12(1) 12(1) 12(1) O(1) -1(1) 0(1)
C(3) 14(1) 12(1) 12(1) 1(1) 0(1) 0(1)
C(4) 15(1) 16(1) 9(1) -1(1) -2(1) -2(1)
C(5) 15(1) 15(1) 10(1) -3(1) -1(1) 1(1)
c(6) 15(1) 18(1) 12(1) -3(1) -1(1) -2(1)
C(7) 13(1) 20(1) 17(1) -5(1) -1(1) 3(1)
C(8) 21(1) 14(1) 18(1) -2(1) -4(1) 3(1)
C(9) 19(1) 15(1) 16(1) -1(1) 0(1) -3(1)
C(10) 15(1) 17(1) 11(1) -2(1) -2(1) -1(1)
C(11) 15(1) 14(1) 17(1) 0o(1) 2(1) -3(1)
C(12) 14(1) 13(1) 14(1) 2(1) 2(1) -1(1)
C(13) 14(1) 18(1) 15(1) 0(1) 1(1) -3(1)
C(14) 11(1) 22(1) 14(1) 0(1) 1(1) 1(1)
C(15) 19(1) 17(1) 16(1) 3(1) 4(1) 7(1)
C(16) 14(1) 14(1) 10(1) 1(1) -1(1) -1(1)
C(17) 16(1) 16(1) 14(1) 2(1) -3(1) 1(1)
C(18) 18(1) 17(1) 12(1) 1(1) -1(1) O(1)
O(1) 18(1) 17(1) 12(1) 0(1) 2(1) 3(1)
0(2) 18(1) 15(1) 13(1) -1(1) -1(1) -42)
O(3) 17(1) 18(1) 29(1) 4(1) 6(1) -2(1)
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Table 4.18: Hydrogen coordinates (x $pand isotropic displacement parametergxA0®) for
sarpong118.

X y Z U(eq)

H(3A) 3623 5579 3081 15
H(3B) 4550 7272 3069 15
H®6) 9089 3921 2754 18
H(7) 9938 1279 2816 20
H@8) 7965 -593 3217 21
HO) 5167 196 3512 20
H(11A) 2858 1870 3474 18
H(11B) 3009 3610 3201 18
H(12) 3253 2697 4445 16
H(13A) 471 3322 3943 19
H(13B) 790 4181 4584 19
H(14A) 1070 5616 3403 18
H(14B) -235 6144 3939 18
H(15A) 703 8856 3943 26
H(15B) 2158 8676 3421 26
H(15C) 2699 9350 4076 26
H(17A) 6928 5269 4663 23
H(17B) 6702 3760 4228 23
H(17C) 6077 3673 4924 23
H(18A) 2863 4900 5187 19
H(18B) 4411 6195 5207 19
H2) 5590 7595 4499 23
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