Springer Theses
Recognizing Outstanding Ph.D. Research

Xiao-Yu Sun

| Total Synthesis of
Plakortide E and

Biomimetic Synthesis. .
of PlakortoneB =

R

pringer



Springer Theses

Recognizing Outstanding Ph.D. Research

For further volumes:
http://www.springer.com/series/8790


http://www.springer.com/series/8790

Aims and Scope

The series “Springer Theses” brings together a selection of the very best Ph.D.
theses from around the world and across the physical sciences. Nominated and
endorsed by two recognized specialists, each published volume has been selected
for its scientific excellence and the high impact of its contents for the pertinent
field of research. For greater accessibility to non-specialists, the published versions
include an extended introduction, as well as a foreword by the student’s supervisor
explaining the special relevance of the work for the field. As a whole, the series
will provide a valuable resource both for newcomers to the research fields
described, and for other scientists seeking detailed background information on
special questions. Finally, it provides an accredited documentation of the valuable
contributions made by today’s younger generation of scientists.

Theses are accepted into the series by invited nomination only
and must fulfill all of the following criteria

e They must be written in good English.

e The topic should fall within the confines of Chemistry, Physics, Earth Sciences
and related interdisciplinary fields such as Materials, Nanoscience, Chemical
Engineering, Complex Systems and Biophysics.

e The work reported in the thesis must represent a significant scientific advance.

e If the thesis includes previously published material, permission to reproduce this
must be gained from the respective copyright holder.

e They must have been examined and passed during the 12 months prior to
nomination.

e Each thesis should include a foreword by the supervisor outlining the signifi-
cance of its content.

e The theses should have a clearly defined structure including an introduction
accessible to scientists not expert in that particular field.



Xiao-Yu Sun

Total Synthesis
of Plakortide E and
Biomimetic Synthesis

of Plakortone B

Doctoral Thesis accepted by
The Chinese University of Hong Kong

@ Springer



Author

Dr. Xiao-Yu Sun

Laboratory of Organic Chemistry
ETH Ziirich
Wolfgang-Paulistrasse 10

ETH Honggerberg HCI E 306
8093 Ziirich

Switzerland

ISSN 2190-5053
ISBN 978-3-642-27194-6
DOI 10.1007/978-3-642-27195-3

Springer Heidelberg New York Dordrecht London
Library of Congress Control Number: 2011944750

© Springer-Verlag Berlin Heidelberg 2012

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilm or in any other way, and storage in data banks. Duplication
of this publication or parts thereof is permitted only under the provisions of the German Copyright Law
of September 9, 1965, in its current version, and permission for use must always be obtained from

Supervisor

Prof. Henry N. C. Wong
Department of Chemistry

Chinese University of Hong Kong
Shatin NT

Hongkong SAR

China

e-ISSN 2190-5061
e-ISBN 978-3-642-27195-3

Springer. Violations are liable to prosecution under the German Copyright Law.

The use of general descriptive names, registered names, trademarks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant

protective laws and regulations and therefore free for general use.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Parts of this thesis have been published in the following journal article:

X.-Y. Sun, X.-Y. Tian, Z.-W. Li, X.-S. Peng, H. N. C. Wong, Chem. Eur. J. 2011,
17, 5874-5880. Reproduced with permission.



Supervisor’s Foreword

This thesis describes the first total synthesis of all possible stereoisomers of the
peroxide natural product plakortide E. This includes the first confirmation of the
absolute configuration of natural plakortide E, based on the conversion of pla-
kortide E to plakortone B. This transformation also suggests a biomimetic con-
version of plakortide E to plakortone B.

A new synthetic approach involving palladium-catalyzed reaction of vinyl
cyclopropanes with hydrogen peroxide to form highly substituted 1,2-dioxolanes
was developed. A lipase-catalyzed kinetic resolution was employed to provide
optically pure 1,2-dioxolane central cores. The efficient conversion of these
optically pure 1,2-dioxolane central cores into four possible 3,5-cis-stereoisomers
of the plakortide E structure is very interesting and challenging. The successful
application of the Corey-Fuchs homologation on the framework of 1,2-dioxolane,
involving a metal-halogen exchange, is particularly impressive. This pathway may
be the first reported example of metal-halogen exchange on cyclic peroxides. Two
palladium-mediated reactions in the presence of 1,2-dioxolanes were used during
the homologation sequence: a palladium-catalyzed hydrostannylation of an alkyne
and Negishi olefination. Our results may widen the synthetic scope of hindered
peroxide chemistry. Furthermore, these results will be of interest to scientists
interested in organic peroxides as well as in the marine natural products containing
five-membered cyclic peroxides.

For the following reasons I am convinced that the research presented in this
thesis is outstanding and significant.

I. Plakortide E and plakortone B have attractive bioactivities and the synthetic
studies toward them and their analogs will be pivotal both for the evaluation
of the biological activity of these molecules and their analogs, and for drug
discovery.

II. The methodology study for the syntheses of highly substituted cyclic per-
oxides is novel and useful, which not only extends the field of Pd-catalyzed
reactions, but also provides a convenient synthetic approach to prepare 1,2-
dioxolanes series.

vii



viii Supervisor’s Foreword

III. It goes without saying that construction and functionalization of 1,2-diox-
olanes are particularly difficult because of the low O-O bond dissociation
energy, so the syntheses in the thesis are full of challenges.

IV. The convergent synthetic strategy was employed in the total synthesis of
plakortide E, so the synthesis is step-economical, starting from (+)-cis-137a,
the plakortide candidate structure (10S)-(+)-cis-86a was efficiently synthe-
sized in ten simple chemical operations.

V. The thesis is well prepared and the chemistry inside clearly described.

Hong Kong, September 2011 Henry N. C. Wong
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Chapter 1
Introduction

1.1 Introduction to Organic Peroxides

Organic peroxides are compounds containing an O-O bond. The O-O group is
called the peroxide group. The peroxide bond is one of the weakest bonds in
organic molecules, with BDE of approximately 34 kcal/mol (C-C: 81 kcal/mol,
C-H: 98 kcal/mol, C-O: 79 kcal/mol, C-N: 66 kcal/mol) [1, 2]. The O-O bond is
unstable and easily splits into reactive radicals via homolytic cleavage. For this
reason, peroxides are found in nature only in small quantities, in water, atmo-
sphere, plants, animals and man. According to the substitution patterns, organic
peroxides can be classified into hydroperoxides, acyclic dialkyl peroxide and
cyclic peroxides (Fig. 1.1).

1.2 Cyclic Peroxide Natural Products and Their
Potential Biological Activities

Ascaridole, used as a remedy for worms, which was isolated from chenopodium
oil and named by Hiithig in 1908 [3], was the first studied naturally occurring
organic peroxide (Fig. 1.2). Hiithig described its explosive character and deter-
mined its chemical formula as CoH;40,. In 1911, these results were confirmed by
Nelson in his detailed study of ascaridole [3].

One of the most important medical applications of organic peroxides has been
in the treatment of malarial. In the worldwide scale, there are 300-500 million
clinical cases of people that are infected by malaria every year, and between one to
three million deaths, mostly of children, are attributable to this disease. Every 40 s
a child dies of malaria, resulting in a daily loss of more than 2,000 young lives
worldwide. These estimates made malaria one of the top three killers among
communicable diseases [4].

X.-Y. Sun, Total Synthesis of Plakortide E and Biomimetic Synthesis 1
of Plakortone B, Springer Theses, DOI: 10.1007/978-3-642-27195-3_1,
© Springer-Verlag Berlin Heidelberg 2012
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0-0
R-0-0-H Ri—0-0-R;
n
Hydroperoxides Acyclic dialkyl peroxide Cyclic peroxides

Fig. 1.1 Categories of peroxides
Fig. 1.2 The first studied
naturally occurring organic
peroxide ‘

Ascaridole

In the search for antimalarial drugs, yingzhaosu A was isolated by Liang et al.
in 1979 from Artabotrys uncinatus (Annonaceae) [5], which was used in China as
a traditional remedy for the treatment of malaria (Fig. 1.3). Further work from this
lab resulted in the isolation of yingzhaosu C (Fig. 1.3) [6]. Yingzhaosus A and C
both contain a 1,2-dioxane core structure. These compounds have been extensively
studied for their potential antimalarial activity.

At about the same time, artemisinin, a naturally occurring organic peroxide
with a 1,2,4-trioxane core, also known as ginghaosu, was isolated from the plant
Artemisia annua, a herb described in Chinese traditional medicine by Wu and
coworkers (Figs. 1.3 and 1.4) [7]. Artemisinin and its derivatives are a group of
drugs that possess the most rapid action of all current drugs against falciparum
malaria. The discovery of strong antimalarial activity from artemisinin and yin-
ghaosu motivated the worldwide exploration of antimalarial cyclic peroxide drugs.
Since scientists recognized the pivotal role of cyclic peroxides in various vital
biological processes [8], the chemistry of cyclic peroxides has been rejuvenated in
the 1970s. More and more naturally occurring cyclic peroxides have been isolated
and identified.

Chondrillin, isolated from a Great Barrier Reef sponge of the genus Chondrilla
by Wells in 1976, was the first cyclic peroxide to be isolated from marine sources
[9]. Later, it was also isolated from another marine sponge Plakortis lita by
DeGuzman and Christophersen [10, 11], and its diastereomer plakorin and a
number of other alkoxydioxines were isolated from this marine sponge (Fig. 1.5)
[12].

These peroxides have shown interesting biological properties. For example,
chondrillin was found to have an in vitro ICsy of 5 pg/mL against P388 leukemia
cells [10, 11]. Plakorin is a potent activator of sarcoplasmic reticulum calcium-
ATPase, and it also has an in vitro ICsy = 0.85 pg/mL against murine lymphoma
L1210 cells and ICsy = 1.8 pg/mL against human epidermoid carcinoma KB cells
[13].



1.2 Cyclic Peroxide Natural Products and Their Potential Biological Activities 3

) Artemisinin (Qinghaosu)
Yingzhaosu A Yingzhaosu C From Artemisia annua

Fig. 1.3 Antimalarial natural cyclic peroxides

Fig. 1.4 Artemisia annua

Fig. 1.5 Six-membered — H ~— H
cyclic peroxides C16H33§(S_>'\R\ C16H33§<\9_>{5
MeO O-O “—CO;Me MeO 0-O “—CO,Me

Chondrillin Plakorin

Many natural peroxides with 1,2-dioxine or 1,2-dioxane subunits have been
isolated from the marine sponge, Plakortis sp., especially from Plakortis halic-
hondrioides. For example, plakortin (1), 3-epi-plakortin (2), plakortic acid (3) all
share a common six-membered cyclic peroxide core (Fig. 1.6). The marine cyclic
peroxide plakortic acid (3) is a potent antifungal and antibacterial agent; however,
the corresponding methyl ester, plakortin (1), is inactive [14, 15].

Plakinic acid A, a 3,3,5,5-tetrasubstituted 1,2-dioxolane isolated from a Carib-
bean sponge, was the first isolated five-membered ring peroxide among marine
natural products (Fig. 1.7) [16, 17]. In the last decades, many additional plakinates
have been isolated and characterized, which usually exhibited remarkable cyto-
toxicity against fungal and cancer cell lines [17-25]. As shown in Table 1.1, all the
plakinic acids contained a 3,3,5,5-tetrasubstituted 1,2-dioxolane core.

The highly unstable prostaglandin H, (PGH,) and prostaglandin G, (PGG,),
containing a five-membered ring peroxide, were isolated and identified as key
intermediates in prostaglandin’s biosynthesis from arachidonic acid (Fig. 1.8) [26—
28]. PGH, and PGG, were also biosynthetic precursors for many other physio-
logical important compounds, such as prostacyclins and thromboxanes [29, 30].
Afterwards, the total syntheses of PGH, and PGG, were reported by Porter and
coworkers [102] and Johnson and coworkers [110]. The early studies on prosta-
glandin endoperoxides and their analogs were reviewed by Nicolaou and Salomon
[31, 32].
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Fig. 1.7 The first isolated five-membered ring peroxide
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Table 1.1 Plakinates from marine sponge Hoog \/ML
R
R Plakinate Reference
Ci6Has CisHs, unnamed [18]
C\/ C (3,5-cis); epi-C (3,5-trans) [17]
)\/ _ D (3,5-cis); epi-D (3,5-trans) [17]
N (CH
)\/ epi-E (3,5-trans) [20]
Ph(CH,)g ‘L‘:
/51: F (3,5-cis); epi-F (3,5-trans) [21]
(CHy)
Ve Wt
)\/k/ G (3,5-cis); epi-G (3,5-trans) [22]
Ph(CH,)g '25:
)\/ unnamed (3,5-cis); unnamed (3,5-trans) [108]
Ph\N\(CHz)e %
andavadoic acid (3,5-trans) [24]

Fig. 1.8 Prostaglandin G,
and H,

(I)IC(/EAACOZH
o

R =OOH, Prostaglandin G,
R = OH, Prostaglandin H,
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Fig. 1.9 A polycyclic
natural product with 1,2-
dioxane core

Fig. 1.10 A novel linear
polyene peroxide

Fig. 1.11 Natural products
containing medium ring
cyclic peroxides

4 Verruculogen (5)

In the course of their continuing search for drug leads from Japanese marine
invertebrates, Nakao and Fusetani isolated graciliorther A from the deep-sea
sponge Agelas gracilis in 2009, which show considerable antimalarial activity
(Fig. 1.9) [33]. The absolute stereochemistry of graciliorther A was confirmed by
application of the modified Mosher’s method.

Clardy and coworkers in their study of the southern pine beetle system, have
discovered another symbiont (Streptomyces sp. SPB74) that produces a polyene
peroxide, which was named mycangimycin (Fig. 1.10). It was found that myc-
angimycin selectively inhibits the beetle’s fungal antagonist. The complete
structure was fully elucidated including the absolute configuration [34, 35].

Although majority of cyclic peroxide natural products contain dioxanes or
dioxolanes, some medium ring cyclic peroxides discovered in nature (Fig. 1.11).
The terpenic peroxide 4 was isolated from the spice cardamom, the fruit of
Amomum krervanh Pierre, which contained a seven-membered cyclic peroxide
core. Compound 4 also exhibited moderate antimalarial activity in vitro against
Plasmodium falciparum (ICsq = 170 nM) [36]. Verruculogen (§), containing a
novel eight-membered cyclic peroxide core, was obtained from a strain of
Penicillium verruculosum Peyronel isolated from peanuts, which was fully char-
acterized by Clardy and coworkers in 1974 [37, 38].
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Fig. 1.12 Natural products from the genus Plakortis

1.3 Natural Products from Marine Sponges
of the Genus Plakortis

Marine sponges have been among the most studied of marine organisms. The
genus Plakortis has attracted particularly interests as a source of novel metabolites.
Many unusual metabolites isolated from the genus Plakortis exhibited anti-fungal,
anti-tumor, anti-bacterial and other important pharmacological activities. Based on
their work, the structures, stereochemistry, pharmacological activities and selected
syntheses of the Plakortis derived metabolites have been reviewed by Kitching and
coworkers in 2004 [39-41].

Examples of cyclic peroxides isolated from the genus Plakortis are illustrated in
Fig. 1.12. These cyclic peroxide natural products are very fascinating because of
their novel structure and activities.

In their continuing search for biologically active natural products to cure
cardiac disease, Patil and coworkers employed a high throughput screening to
evaluate the ability of natural products to stimulate cardiac SR-Ca®* ATPase [42].
A screening of over 2400 plant and marine extracts found an extract of sponge
Plakortis halichondrioides with the ability to stimulate cardiac SR-Ca** ATPase
activity. This led to the discovery of four novel polyketides, plakortones A-D, four
novel acids, plakortides E-H and one known compound 3-epi-plakortin (2) were
isolated from the sponge Plakortis halichondrioides (Fig. 1.13).

In 2002, Kitching and coworkers reported the first total synthesis of plakortone D,
which not only confirmed the absolute stereochemistry of plakortone D, but also
enabled the acquisition of other plakortones and analogs [39]. In 2010, they reported
the total syntheses and configuration assignments of plakortone C and F [41]. Our
group were also interested in the synthetic chemistry of the Plakortis derived
metabolites. Our preliminary synthetic efforts towards plakortide E were recorded in
2007 [43]. In 2010, we have reported the total syntheses and configuration assign-
ments of all four isomers of plakortone B [44], whose total synthesis was reported by
Semmelhack and coworkers in 2006 [45]. In consideration that plakortone B was
isolated from the same animal source together with plakortide E [42], we reasoned
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Fig. 1.13 Natural products from the sponge Plakortis halichondrioides
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Scheme 1.1 Biosynthesis of plakortone B

that diol 6 could be converted to plakortone B (Scheme 1.1) [109]. Kitching has also
suggested that the 1,3-diol notionally derived from reductive cleavage of
1,2-dioxolane are perhaps the actual precursors of the plakortone series [40, 41].

1.4 Methodologies for Synthesis of Cyclic Peroxides

Construction of cyclic peroxides is a particularly challenging issue because of the
low O-O bond dissociation energy (37 # 1 kcal mol™") [1]. Numerous approa-
ches have been developed in the past for the synthesis of five- and six-membered
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Scheme 1.2 Corey’s synthesis of 1,2-dioxolanes
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Scheme 1.3 Adam’s route to 1,2-dioxolanes
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Scheme 1.4 Formations of 1,2-dioxolanes via nucleophilic reactions

ring peroxides [48-90]. Syntheses of cyclic peroxides were well-reviewed by
Nojima and coworkers [46], and Bachi and coworker [47]. Many of these
methodologies demand low temperature operations and mild conditions.
These approaches can be categorized into three types: (1) cyclization of hydro-
peroxides through intramolecular nucleophilic reactions; (2) cycloaddition of
triplet oxygen with radicals; (3) cycloaddition of singlet oxygen with 1,3-dienes.

Cyclization via intramolecular nucleophilic reaction. In 1975, Corey and
coworkers reported a method to obtain the 1,2-dioxolane through a intramolecular
substitution. Bis (mesylate) 7 was treated with potassium superoxide to give the
cis-disubstituted 1,2-dioxolane 8 in a moderate yield (Scheme 1.2) [87].

In 1978, Adam treated cyclopropane 9 with H;O,/NBS to afford f-bromohydro
peroxide 10, which was cyclized to 1,2-dioxolane 11 in the presence of silver(I)
oxide in good yield (Scheme 1.3) [88].

Kropf [56] prepared 1,2-dioxolanes by treating hydroperoxides with Pb(OAc),,
which involves 1,5-hydrogen abstraction by an intermediate peroxyl radical.
Alternatively, the treatment of 1,3-dibromopropane 14 with ferz-butylhydroperoxide
in the presence of AgO,CCF; also led to 1,2-dioxolane 16 (Scheme 1.4) [89].
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Scheme 1.5 Intramolecular hydroperoxide addition to double bond

Ho0o
Pho~H __KOH _  py OH
Y MeOH, -5 °C \g_z/
0 78%
19 20
23:2C1;CCO,H
o (10 mol%) 0-0 NH;
\)J\ H,05 (1.5 equiv) OH N %
N-CeHig” dioxane, 30 °C, n'CGH”)\)Y = H IN
20 h, 58%, 95% ee 23
21 22
MeO

Scheme 1.6 Intramolecular hydroperoxide addition to carbonyl group

Bloodworth [66-69] prepared four non-natural plakinic acids via a peroxym-
ercuration reaction as shown below (Scheme 1.5). A similar strategy was used by
Gunstone [70] for his preparation of 1,2-dioxolanes from methyl oleate.
A cycloperoxyiodination route also gave rise to 1,2-dioxolane frameworks.
The difference between Bloodwoworth’s and Gunstone’s approach is five-exo vs.
5-endo peroxymercuration.

Intramolecular nucleophilic addition of hydroperoxide to a carbonyl group
was one of the earliest methods to prepare cyclic peroxides. For example, the
o, B-unsaturated aldehyde 19 reacted with hydrogen peroxide at room temperature
in the presence of KOH to form the 1,2-dioxolane 20 in 78% yield [91-93]. An
asymmetric version of this reaction was reported by List and coworkers in 2008
(Scheme 1.6) [93].

Acid-catalyzed intramolecular attack of hydroperoxide on an epoxide to form
the 1,2-dioxolane was reported in 1976 (Scheme 1.7) [94]. This type of reaction
was applicable to more complex substrates, and has been applied to the total
syntheses of natural products [101].

Methods to synthesize the cyclic peroxides by the intramolecular opening of
oxetanes with hydroperoxides have been developed by Dussault and coworkers
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Scheme 1.8 Formations of 1,2-dioxolane via intramolecular opening of oxetanes with
hydroperoxides

[78]. The method was used to synthesize the 1,2-dioxolanes, 1,2-dioxanes and 3-
alkoxy-1,2-dioxolanes with good stereoselectivity and good yields (Scheme 1.8).

Cycloaddition of triplet oxygen with radicals. As can be seen in Scheme 1.9,
pentasubstituted 3-hydroxy-1,2-dioxolanes were realized via oxygen trapping
during thermolysis of cyclic a-azohydroperoxides [90].
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Scheme 1.10 Formations of 1,2-dioxolanes reported by Feldman and coworkers

Ergosteryl Acetate (45) 46

Scheme 1.11 Ergosteryl acetate oxidation with oxygen

Feldman developed a convenient approach for the formation of 1,2-dioxolanes
from vinylcyclopropanes by a free radical-mediated ring expansion with oxygen as
demonstrated in Scheme 1.10. In their experiments, the cis-1,2-dioxolanes 43 were
obtained in good yield [83-86].

Cycloaddition of singlet oxygen with 1,3-dienes. Singlet oxygen ('O,) can be
generated by a chemical process on a synthetically useful scale or in a photo-
sensitized process by energy transfer from dye molecules such as rose bengal,
methylene blue or porphyrins [95]. The electron occupancy of the shells of the
singlet oxygen is different from those of ground state oxygen. The energy dif-
ference between ground state and singlet oxygen is 94.3 kJ/mol [96]. The damages
caused by the sunlight to many organic materials are always attributed to the
effects of singlet oxygen. Singlet oxygen reacting with a variety of 1,3-dienes
gives the corresponding six-membered cyclic peroxides. This is one of the oldest
and the most general methods to generate cyclic peroxides. Windaus and Brunken
isolated the cyclic peroxide of ergosteryl acetate in 1928 [97], which was prepared
through singlet oxygen cycloaddition to ergosteryl acetate (45) (Scheme 1.11).
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Scheme 1.14 Total syntheses of yingzhaosu C and its isomers. Reagents and conditions: (a) L-
(+)-DIPT, Ti(Oi-Pr)4, -BuOOH, CH,Cl,; (b) Ac,O/Pyr; (c) Et3SiH, O,, Co(modh),; (d) KF/18-
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RuC,3, MeCN:CC 4:H,0 (2:2:3, v/v), rt, then CH,N,/Et,0; (h) 2 equiv of MeLi/Et,O0, —78 °C,
then aqueous NH,C1

(35,5S,7R,115)-64 (3R,5R,7R,11R)-Plakinic acid A (65)

Scheme 1.15 Total synthesis of plakinic acid A. Reagents and conditions: (a) Me;SiOTf,
H,0,, Et,O, —78 °C, 57%; (b) LiN(SiMe3),, +-BuMe,SiCl; (c) Dess-Martin periodinane, 80%;
(d) HF, MeOCH,CH,0H, 2 days, 88%; (e) TiCl, CH,=CH,(0SiMe3)SEt, —50 to 0 °C, 88%; (f)
NaOMe, MeOH; g. LiOH, H,0,, THF, 71%



14 1 Introduction

H,0, \
Br 15%-20% ©' Y
Cl 50H

Prostaglandin G, (67)

CO,Me_AgO2CCFs O" CO,Me
202 ol

24%

68 Prostaglandln H2 methyl ester (69)

Scheme 1.16 Semi-syntheses of prostaglandin H, and prostaglandin G,

0 .
hv CO,M
n'C16H33)vY\COZMe n-C16H33_(_\é;H\ bivie
OOH 0
trans-70 cis-70

ﬂ hv
— hv, MeOH/H* —
2 ’ -
R WCOQMG < n C16H33_)<‘_>/\C02Me
1 HO

R" b-g H 52% from trans 70 —
72/73 = 1:1 0-0
R' = OMe, R? = C4gH33 Chondrillin (72) 71

R'! = CygH33, R2 = OMe ent-Plakorin (73)

Scheme 1.17 Total syntheses of chondrillin and enf-plakorin

Anthracene derivatives reacted with singlet oxygen to furnish the corresponding
1,4-endoperoxides or 9,10-endoperoxides. For example, singlet oxygen cycload-
dition to 1,2,3,4,5,6,7,8-octamethylanthracene (47) mainly led to 1,4-endoperoxide
48 (Scheme 1.12) [98].

Singlet oxygen [4+2]-cycloadditions to 1,3-dienes were widely used in the total
syntheses of non-peroxide containing natural products. For example, in the total
synthesis of brevetoxin A (52), 1,3-diene 49 reacted with singlet oxygen to furnish
the cyclic peroxide containing intermediate 50 (Scheme 1.13) [99, 100].

1.5 Total Syntheses of Cyclic Peroxide Natural Products

The discovery of antimalarial and anticancer activity in cyclic peroxide natural
products has resulted in increased interest in the total syntheses of cyclic peroxide
natural products in the last decades. In this section, the total syntheses of cyclic
peroxide natural products will be reviewed.
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Scheme 1.18 Total synthesis of 6-epiplakortolide E. Reagents and conditions: (a) Mg/ether, rt,
2 h, 69%; (b) allylmagnesium bromide, ether, 0 °C, 1.5 h, 60%; (c) 9-BBN, rt, 3 N NaOH/H,0,,
2 h, 90%; (d) +-BuMe2SiCl, imidazole, DMF, rt, 4 h, 98%; (e) TsOH/CaCl,, benzene, rt, 2 h,
80%; (f) O,, 500-W lamp, rose bengal, 0 °C, 6 h, CH,Cl,/MeOH (19:1), 45%; (g) 10% HCI,
THF/MeOH, rt, 1 h, 87%; (h) Jones’ reagent, acetone, 1t, 1.5 h, 78%; (i) NaHCO3/I,, CHCl3/
H,O0, rt, 2 days, 55%; (j) AIBN/BusSnH, benzene, 80 °C, 1 h, 68%

Xu and coworkers reported the total synthesis of all four stereoisomers of
yingzhaosu C in 1995 [101]. The core structure of the 1,2-dioxane was constructed
by intramolecular epoxide opening under acidic conditions (Amberlyst-15), with
the stereochemistry of the ring-closure controlled by the stereochemistry of the
epoxide (Scheme 1.14). Compounds 58a, and 58a, were prepared from 53a. Di-
oxanes 58b; and 58b, were synthesized in a similar manner. These four samples
are two pairs of enantiomers (58a, and 58b,, 58a, and 58b,). The NMR spectra of
58a, and 58b; were identical with that of the natural yingzhaosu C. On the basis of
the observed optical rotation, Xu and coworkers concluded that natural yingzhaosu
C may be considered to be a mixture of enantiomeric (85,12R)-58a, and (8R,125)-
58b; with the former being in excess, because the optical rotation of the natural
yingzhaosu C was only +2.89 (MeOH). However, the strategy employed in this
study is not suitable for the substrates with unsaturated side chains.
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Based on elegant synthetic routes [72—82], Dussault and coworkers achieved for
the first time the asymmetric synthesis and configurational assignment of plakinic
acid A (65) in 2006 [79]. The synthetic pathway for the (3S,5S,7R,11S)-stereo-
isomer of plakinic acid is shown in Scheme 1.15. As can be seen, a regio- and
stereoselective opening of an enantiomerically enriched oxetane by hydrogen
peroxide led to an intermediate, which was further elaborated into the 1,2-
dioxolane product. After preparing four possible structural candidates of plakinic
acid A (65), Dussault concluded that the most likely configuration for plakinic acid
A should be (3R,5R,7R,11R).

Porter and coworkers reported the semi-syntheses of prostaglandin H, and
prostaglandin G, (Scheme 1.16). 1,3-Dibromide 68 was treated with hydrogen
peroxide and silver trifluoroacetate to give prostaglandin H, (69) in 24% yield. In a
similar manner, prostaglandin G, was obtained in 15-20% yield [102-104].

Total syntheses of chondrillin and ent-plakorin were accomplished by Dussault
and coworkers. The final key step was based on the cyclization of trans-70 as
shown in Scheme 1.17. Compound trans-70 was subjected to photocyclization and
transetherification to give a mixture of chondrillin (72) and ent-plakorin (73) in
good yield [105, 106].

In 2002, Jung and coworkers reported the first total synthesis of racemic 6-
epiplakortolide E (Scheme 1.18) [107]. Thus, the intermediate diene 79 underwent
singlet oxygen [4+2]-cycloaddition to provide the six-membered cyclic peroxide
containing compound 80, which was a mixture of cis-80a and trans-80b. The
ability to perform a [4+2]-cycloaddition on intermediate 79 was related to a
substitution pattern. Compound cis-80a was subjected to desilylation giving
alcohol 81 in 87% yield. Oxidation of 81 with Jones’ reagent furnished acid 82,
which was subjected to iodolactonization to give 83. A chemoselective free-radical
reductive deiodination of 83 led to the natural product 6-epiplakortolide E (84).
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Chapter 2
Results and Discussion

2.1 Introduction

Plakortide E (85) and plakortone B (87) were first isolated from the Jamaican
marine sponge Plakortis halichondrioides along with plakortones A, C, D in 1996
by Patil and coworkers (Figs. 2.1, 2.2) [1]. In 1999, plakortone B (87) was also
isolated from the Caribbean sponge Plakortis simplex along with plakortones C—F
by Fattorusso and coworkers [2]. In their continuing program to identify com-
pounds with antifungal properties, Wright and coworkers also isolated a molecule
identified as plakortide E (85) from the sponge Plakortis halichondrioides in 2002
[3].

Plakortide E (85), [o]y= 63.9(c = 2.0, CHCI3), isolated as a low melting
solid, was first characterized in 1996 by Patil and coworkers [1]. The molecular
formula of plakortide E (85) was determined as C,,H3¢0,4 from the LRESIMS
351(M + H)*. The basic skeleton was determined by interpretation of the IR, 'H
NMR (Table 2.1), '*C NMR (Table 2.1), COSY, and HMBC spectra. In the IR
spectrum, a sharp and intense absorption at 1,690 cm ™" indicated that the carbonyl
was an o, B-unsaturated acid. Treatment of 85 with diazomethane furnished methyl
ester 86, confirming the presence of an acid group in 85. The data of methyl ester
86 is summarized in Table 2.2. The NMR spectra indicated that plakortide E (85)
contained five methyl groups and two double bonds. The methyl group was at C-8
in the side chain. The coupling constants of the double bond (15.8 Hz) suggested
trans stereochemistry. Additionally, the NMR data indicated that the remaining
oxygen in 85 must be attached via a peroxide functionality in the form of a 1,2-
dioxolane. A combination of COSY, and HMBC spectra confirmed that plakortide
E (85) contained a tetra-substituted cis-1,2-dioxolane, whose oxygen atoms were
linked to two tertiary C4 and C6 centers. However, only the relative configuration
was established. The absolute configuration at C4, C6 and C10 were not revealed
in the initial structure elucidation.

X.-Y. Sun, Total Synthesis of Plakortide E and Biomimetic Synthesis 21
of Plakortone B, Springer Theses, DOI: 10.1007/978-3-642-27195-3_2,
© Springer-Verlag Berlin Heidelberg 2012
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Fig. 2.1 The Jamaican
marine sponge Plakortis
halichondrioides

In 2002, Wright and coworkers [3] also characterized plakortide E (85), how-
ever, the absolute configurations of C4, C6 and C10 were still unknown. The NMR
and specific rotation data, depicted in Table 2.3, were nearly identical to those
reported by Patil and coworkers. However, a chemical shift difference at C3 was
observed in both the "H NMR and '*C NMR spectra, although both samples were
measured in CDCl; (Tables 2.1, 2.3). The proton and carbon signals were
observed at 4 6.69 (d, J = 15.8 Hz) and 146.9 respectively by Patil and coworkers.
While the proton and carbon were observed at § 6.93 (d, J = 15 Hz) and 152.07
respectively by Wright and coworkers. The isolation procedures used in both
isolations were similar. Wright and coworkers have not given any explanations on
the differences of the chemical shift at C3 in the NMR spectra. They thought that
some form of tautomerism was occurring, and it was possible that their isolation
was of the sodium or other salt [3].

So far, the absolute configuration of plakortide E has not been determined.
Based on the stereochemical data of the isolation papers, we can conclude that
plakortide E had four possible configurations (Fig. 2.3).

Plakortone B (87), [2]2)= —9.2 (¢ = 0.72, CHCl3), isolated as a colorless oil,
was first characterized in 1996 by Patil and coworkers. The molecular formula of
plakortone B (87) was determined as C,;H3,05 by 335.2586 (M + H)". The basic
skeleton was established by NMR methods (Table 2.4). NOE difference data
provided the relative configuration. Many similarities were observed between the
'H NMR spectra of plakortone B (87) and plakortide E (85). However, the
absolute configurations of their stereocenters were not revealed in the initial
structure elucidation [1].

According to the stereochemical data, there are four possible structures for
plakortone B (Fig. 2.4). In 2006, the absolute configuration of plakortone B was
established as 87a by total synthesis [4]. Recently, our group has reported the total
syntheses and stereochemical assignments of all four isomers of plakortone B [5].

The novel structural features of plakortide E (85) as well as its potential bio-
activities have stimulated our considerable interest in the quest for its total syn-
thesis. Our first plan was to synthesize all four possible isomers of plakortide E
(Fig. 2.3) and to realize the determination of the absolute configuration of pla-
kortide E. We were also intrigued by the biosynthesis of plakortone B (87). So our
second plan was to convert plakortide E to plakortone B, which would support the
hypothesis that plakortide E was the precursor of plakortone B in nature.
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R = Me plakortide E methyl ester (86)

Fig. 2.2 Plakortide E (85) and plakortone B (87)

Table 2.1 The data of plakortide E (85) reported by Patil and coworkers

Source Natural product [1]
Reference [1]
Assigned structure 16 18

NS 2

9 6 4 2
12 _Jxo 0-0
21 19

EIHRMS m/z [M + HJ": 351
o] [o]y= 63.9(c = 2.0, CHCl3)
NMR (CDCl) 'H (ppm) 1C (ppm)
Equipment Bruker AMX-400 spectrometer
H-1 C-1 173.0
H-2 598 (1H,d, 15.8) C-2 1239
H-3 6.69 (1 H, d, 15.8) C-3 146.9
H-4 C-4 87.2
H-5 253 B (1 H,d, 12.0) C-5 55.8

242 o (1 H, d, 12.0)
H-6 C-6 89.1
H-7 5.12 (1 H, m) c-7 126.9
H-8 C-8 136.5
H-9 2.00 (1 H, m) C-9 46.6

1.85 (1 H, m)
H-10 2.00 (1 H, m) C-10 42.6
H-11 5.05 (1 H, ddt, 15.2, 8.3, 1.4) C-11 132.8
H-12 534 (1 H, dt, 6.3, 15.2) C-12 131.9
H-13 1.98 (2 H, m) C-13 25.6
H-14 093 3H,t,74) C-14 14.0
H-15 1.85 (1 H, m) C-15 32.1

1.63 (1 H, m)
H-16 087 3H,t,74) C-16 8.8
H-17 1.77 (2 H, m) C-17 31.0
H-18 087 3H, t,74) C-18 8.9
H-19 1.61 3 H, d, 1.0) C-19 17.7
H-20 1.35 (1 H, m) C-20 27.6

1.11 (1 H, m)

H-21 0.80 B H,t,7.4) C-21 11.6
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Table 2.2 The data of plakortide E methyl ester (86) reported by Patil and coworkers
Source Natural product [1]

Reference
Assigned structure

EIHRMS m/z [M + H]": caled for C,,H3704: 365.2692,
found: 365.2681

b [o]5=75.1(c = 2.23, CHCl3)
NMR (CDCl3) 'H (ppm) °C (ppm)
Equipment Bruker AMX-400 spectrometer
H-1 C-1 166.9
H-2 6.07 (1 H, d, 15.8) C-2 119.9
H-3 6.85 (1 H,d, 15.8) C-3 149.6
H-4 C-4 87.1
H-5 2.54 B (1H,d, 12.0) C-5 55.9

2.44 o (1 H,d, 12.0)
H-6 C-6 89.1
H-7 511 (1H,q, 1.3) C-7 126.7
H-8 C-8 136.4
H-9 2.00 (1 H, m); 1.85 (1 H, m) C-9 46.5
H-10 2.00 (1 H, m) C-10 42.5
H-11 5.05 (1 H, ddt, 1.5, 8.4, 15.3) C-11 132.7
H-12 5.34 (1 H, dt, 6.43, 15.3) C-12 131.9
H-13 1.97 (2 H, m) C-13 25.5
H-14 093 (3H,t, 7.4) C-14 14.0
H-15 1.86 (1 H, m); 1.64 (1 H, m) C-15 32.1
H-16 088 3H,t, 7.4) C-16 8.8
H-17 1.78 (2 H, m) C-17 30.8
H-18 090 3H, t, 7.4) C-18 8.8
H-19 1.61 (3 H, d, 1.3) C-19 17.7
H-20 1.35 (1 H, m); 1.10 (1 H, m) C-20 27.6
H-21 080 3 H, t,7.4) C-21 11.5

3.73 (3 H, s, OCH3) 51.1

2.2 Retrosynthesis

Our studies of the total synthesis of plakortide E (85) began as early as 2002.
Initially, in consideration of the instability of the cyclic peroxide, we planned to
construct the cyclic peroxide ring in the final step. We designed the model sub-
strate 88 to investigate the Feldman reaction (Scheme 2.1). However, to our dis-
appointment, the starting material decomposed, but no desired product 89 was
obtained [6]. Assuming that the failure resulted from the steric hindrance in 88, we
designed an alternative convergent strategy.



2.2 Retrosynthesis 25

Table 2.3 The data of plakortide E (85) reported by Wright and coworkers

Source Natural product [3]
Reference [3]
Assigned structure 16, — 18 .
12 209 6Ofo4 ?
29 19
EIHRMS
o [2]¥= 63(c = 0.001, CHCl3)
NMR (CDCl3) 'H (ppm) *C (ppm)
Equipment Bruker AMX-500 spectrometer
H-1 C-1 172.0
H-2 6.09 (1 H, d, 15) C-2 120.5
H-3 6.93 (1 H, d, 15) C-3 152.1
H-4 C-4 87.2
H-5 253 B (1 H,d, 12.0) C-5 56.0
242 o (1 H, d, 12.0)
H-6 C-6 89.3
H-7 5.10 (1 H, s) C-7 126.6
H-8 C-8 136.7
H-9 2.00 (1 H, m) C-9 46.6
1.85 (1 H, m)
H-10 2.00 (1 H, m) C-10 42.6
H-11 5.04 (1 H, dd, 15, 8) C-11 132.8
H-12 5.33 (1 H, dt, 6.5, 15) C-12 132.0
H-13 1.95 2 H, m) C-13 25.6
H-14 092 (3H,t,7.5) C-14 14.1
H-15 1.86 (1 H, m) C-15 322
1.64 (1 H, m)
H-16 0.86 BH, t, 7.5) C-16 8.9
H-17 1.78 (2 H, m) C-17 30.8
H-18 0.88 3 H, t, 7.5) C-18 8.9
H-19 1.60 3 H, s) C-19 17.8
H-20 1.37 (1 H, m) C-20 27.7
1.24 (1 H, m)
H-21 0.80 BH, t, 7.5) C-21 11.6

Retrosynthetic analysis. According to the convergent synthetic strategy as
shown in Scheme 2.2, we envisioned that the assembly of the target molecule 86
can be achieved by coupling the corresponding central core 90 with the side chain
91. Formation of the C8—C9 single bond is realized by a metal-catalyzed sp>—sp’
coupling reaction [7-10]. Realization of the frans double bond, in turn, can be
accomplished by a Horner—Wadsworth-Emmons olefination reaction [11-13].
Variations in the structure of central core 90 and the side chain 91 would provide
the four possible absolute configurations of plakortide E. In our synthetic strategy,
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Fig. 2.3 Four possible isomers of plakortide E

Table 2.4 The data of plakortone B (87) reported by Patil and coworkers
Source Natural product [1]

Reference
Assigned structure

EIHRMS m/z [M + H]": caled for C,1H3505: 335.2586,
found: 335.2541
S []5= —9.2(c = 0.72, CHCI;)
NMR (CDCl3) 'H (ppm) °C (ppm)
Equipment Bruker AMX-400 spectrometer
H-1 C-1 175.6
H-2 2.71 B (dd, 5.1, 18.4, 1 H) C-2 36.7
2.64 o (dd, 1.3, 18.4, 1 H)
H-3 4.21 (dd, 1.3, 5.1, 1 H) C-3 79.5
H-4 C-4 97.2
H-5 224 o (d, 13.7, 1 H) C-5 49.0
2.13 B (d, 13.7, 1 H)
H-6 C-6 86.9
H-7 5.03 (q, 1.3, 1 H) C-7 129.5
H-8 C-8 137.1
H-9 2.00 (m, 1 H); 1.85 (m, 1 H) C-9 46.9
H-10 1.98 (m, 1 H) C-10 42.6
H-11 5.06 (ddt, 1.5, 8.4, 15.3, 1 H) C-11 132.7
H-12 5.36 (dt, 6.3, 15.3, 1 H) C-12 131.9
H-13 1.96 (m, 2 H) C-13 25.5
H-14 0.95 (t, 7.4, 3 H) C-14 14.0
H-15 1.73 (m, 2 H) C-15 33.7
H-16 0.86 (t, 7.4, 3 H) C-16 8.7
H-17 1.73 (m, 2 H) C-17 30.3
H-18 0.96 (t, 7.4, 3 H) C-18 8.3
H-19 1.69 (d, 1.3, 3 H) C-19 16.7
H-20 1.35 (m, 1 H); 1.15 (m, 1 H) C-20 27.8

H-21 0.83 (t, 7.4, 3 H) C-21 11.5
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Scheme 2.1 Feldman reaction of the model substrate

lipase-catalyzed kinetic resolution of racemic 1,2-dioxolane 90 would be
employed to generate the two enantiomerically pure central cores [14, 15]. The
racemic 1,2-dioxolane 90 would be prepared from vinylcyclopropane 92. When
the four possible isomers of plakortide E are obtained, we plan to convert them
into the four possible isomers of plakortone B (87), whose total synthesis has been
reported by us recently [5]. This conversion will not only provide a biomimetic
synthesis towards plakortone B, but will also help to confirm the absolute con-
figuration of plakortide E (Scheme 2.2).

2.3 Synthesis of cis-1,2-Dioxolane
2.3.1 Syntheses of 1,2-Dioxolanes by the Feldman Reaction

In 1986, Feldman developed a convenient method for the synthesis of
1,2-dioxolanes. In this reaction, vinylcyclopropanes react with molecular oxygen
via a radical-mediated [3 + 2] addition to form 1,2-dioxolanes (Scheme 2.3). The
experimental results support the notion that cis-1,2-dioxolanes should predominate
[16-19].

The mechanism of the Feldman reaction is depicted in Scheme 2.4. The free
radical PhSe- is produced by using AIBN as an initiator, which reacts with the
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Scheme 2.2 Retrosynthetic analysis of plakortide E and plakortone B
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Scheme 2.3 Formations of 1,2-dioxolanes via Feldman reactions

double bond of vinylcyclopropane 95, leading to cyclopropylcarbinyl radical 96.
Then cyclopropylcarbinyl radical 96 opens to the homoallylic radical 97, which is
trapped by oxygen to generate 5-hexenylperoxy 98. Cyclization of the interme-
diate 98 leads to 99. Finally, expulsion of PhSe- radical from peroxyl radical 99
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Scheme 2.4 The mechanism of the Feldman reaction

results in the formation of 1,2-dioxolane 100. The rate-determining step is the
irreversible cyclization of 5-hexenylperoxy 98 to peroxyl radical 99 [16-19].

Our previous research. Our preliminary synthetic efforts towards plakortide E
were recorded in 2007 [20], in which Zhao studied the application of the Feldman
reaction to synthesize highly substituted 1,2-dioxolanes. Initially, substrate 101d
was prepared and used to investigate the Feldman reaction. Irradiation with a
300 W sunlamp at 0 °C under an atmosphere of oxygen and in the presence of
catalytic amounts of Ph,Se, and AIBN furnished 1,2-dioxolane in 88% yield and
as a 1/7 mixture of diastereomers, as determined by '"H NMR and HPLC. The
major product was determined to have frans configuration based upon nOe studies.
A subsequent study applied the same peroxidation to a series of vinyl cyclopro-
panes. The results are depicted in Table 2.5.

In studies on less substituted vinylcyclopropane substrates, Feldman found that
cis-1,2-dioxolanes predominated [16—-19]. Weinreb and Feldman [19] utilized ab
initio computation methods at the MP2/6-31G*//UHF/6-31G* level to probe the
predicted energies between these species (5-hexenylperoxy 98 and peroxyl radical
99 in Scheme 2.4) in order to explain the cis/trans ratio in the product. Their
results indicate that a chair-like transition state is always favorable, and an elec-
tron-withdrawing group would prefer an axial disposition that leads to a trans-
product. On the other hand, an electron-donating group will occupy an equatorial
position to give a cis-product (Scheme 2.5).

In the less substituted substrates, both experimental and computational results
support the notion that cis-1,2-dioxolanes should predominate [16—-19]. However,
to our disappointment, during our construction of 3,5-tetrasubstituted-1,2-
dioxolanes, we observed that the Feldman reaction predominantly furnished the
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Table 2.5 Investigations of Feldman reaction
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101a 101b 101c
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Entry Substrate Yield (%) cisltrans®
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3 101c Quant 1/13
4 101d 88 177
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Scheme 2.5 Chair-like transition states in Feldman reaction

trans-stereoisomer when both oxygen atoms were on tertiary carbons (Table 2.5)
[20]. Even substrate 92a, which had an electron-rich styrenyl substituent, under
Feldman reaction conditions as described above furnished the frans-product
(cis/trans = 1:2.8) as the major product. These results were different from the
traditional results as reported by Feldman and coworkers.

To explain our experimental results, we reinvestigate the transition states for
cyclization of the hexenyl peroxyl radical which were developed by Feldman and
coworkers to interpret the stereochemistry of 1,2-dioxolane formation [17]. After
the equilibration studies with 1,2-dioxolanes and a trapping experiment with
1,2-dioxolane, Feldman and coworkers had predicted that the cyclization was
irreversible and that the stereoselectivity reflected kinetic control. In the cycliza-
tion of 5-hexenylperoxy radical 108, there were four transition states, the chair-like
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Scheme 2.6 Stereochemistry of 1,2-dioxolane formation

transition state 108a featuring a pseudoequatorial substituent R>, a boat-like
transition state 108b with pseudoaxial R3, the chair-like transition state 108¢
featuring a pseudoaxial substituent R* and a boat-like transition state 108d with
pseudoequatorial R* (Scheme 2.6). Reaction is believed to proceed through the
more stable chair-like transition states 108a or 108c to generate the cis-product
or trans-product respectively. When R' = R? = H, the reaction mainly pro-
ceeded through conformer 108a to furnish the cis-1,2-dioxolane as the
major product. However, when R' = R? = Et, the two Et groups would suffer
from a 1,3-diaxial interaction in 108a. As a result, cyclizations of substrates with
R' = R? = R? = alkyl proceed mainly via conformer 108¢, leading to the trans-
1,2-dioxolane as the major product.

We also have studied this issue by employing DFT computional methods
(courtesy of Dr. Yu-Xue Li, Shanghai Institute of Organic Chemistry, The Chinese
Academy of Science). As expected, UB3LYP/6-31G* level computations indi-
cated that the chair-like transition state going towards tertiary trans-peroxide was
about 0.2 kcal/mol more stable in energy than those leading to cis-products.

Comparing the cis/trans ratio of the peroxides in Table 2.5, we found that the
substrate 92a gave the best value (cis/trans = 1:2.8). We envisioned that cis/trans
ratio can be improved with a benzyl group. This result might suggest that the aryl
group plays an important role in the stereocontrol process. We presumed that a
n—m stacking interaction might be a crucial factor to control cis-selectivity
(Fig. 2.5). To address this issue, we planned to reinvestigate the Feldman reaction
with a series of divinylcyclopropanes containing a range of arene substituents on
the alkenes. It was anticipated that the realization of cis-1,2-dioxolane could be
accomplished by this strategy.

Syntheses of trans-divinyl cyclopropanes. The key intermediate 113 was
prepared according to McCoy’s procedure [21-23]. As depicted in Scheme 2.7,
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ethyl a-chlorobutyrate (111) and ethyl a-ethylacrylate (112) underwent tandem
Michael/alkylation for the generation of diethyl 1,2-diethyl-1,2-cyclopropanedi-
carboxylate (113). Ethyl o-chlorobutyrate (111) [24-26] was prepared from
butyric acid (114) (Scheme 2.8) and ethyl o-ethylacrylate (112) [27] was formed
from diethy 1,2-ethylmalonate (116) (Scheme 2.9).

Our previous studies towards plakortide E showed that the cis-divinyl cyclo-
propane might undergo Cope rearrangement to furnish cycloheptadiene [20].
Therefore, we resorted to the use of the trans-divinyl cyclopropane as a precursor
for our investigation of the Feldman reaction (Scheme 2.10). Reduction of diester
113 gave diol 118 in 93% yield by employing LiAlH, [6, 20].

After reduction with LiAlH4, mono-protection of alcohol group was necessary.
Diol 118 was treated with Et;N and -BuMe,SiCl to afford the desired mono-
protected product 119 as a colorless oil in 80% yield (Scheme 2.10) [6, 20].
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Et \A(COgEt _a Et\A/\OH b Et\_A_/\OH

8 2 N 5 1 . R 3
EtO,C  Et HO— Et BuMe,SiO—= Et
trans-113 118 119
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122 123 92a

Scheme 2.10 Synthesis of frans-divinyl cyclopropane. Reagents and conditions: (a) LiAlH,,
Et,0, rt, 84%; (b) +-BuMe,SiCl, Et;N, CH,Cl,, 0 °C, 2 h, 78%; (c) (COCl),, DMSO, Et;N,
CH,Cl,, —78 °C, 81%; (d) n-BuLi, PPh3;CH;I, THF, —78 °C to 1t, 74%; (e) p-TsOH, CH,Cl,/
CH30H, 90%; (f) (COCl),, DMSO, Et;N, CH,Cl,, —78 °C; (g) n-BuLi, PPh;BnBr, THF, —78 °C
to rt, 70% (2 steps)

Scheme 2.11 Syntheses of
trans-divinyl cyclopropanes Et \A/\ Wittig E;A\\\
Et

OQ‘: —/Et 70% X
(2 steps)
123 92b oM
e
Et M _»Wittig E;A\‘ v©/
o= g 64% X Et
(2 steps)
123 92¢
Et/ A Wittig it/A\\ ‘
<= 59% X Et ‘
O= Et (2 steps)
123 92d

The mono-protected alcohol 119 was then subjected to Swern oxidation to gen-
erate aldehyde 120 as a colorless oil. Subsequently, aldehyde 120 was used
directly for the Wittig reaction affording vinylcyclopropane 121 as a colorless oil
in 65% yield (Scheme 2.10) [6, 20].

Then p-TsOH mediated desilylation of 121 furnished the free hydroxyl inter-
mediate 122 as a colorless oil in 98% yield. Then the alcohol was subjected to
Swern oxidation as above to furnish aldehyde 123 a colorless oil. Subsequently,
Wittig reaction was performed, and the desired product divinylcyclopropane 92a
was prepared in 70% yield (two steps) (Scheme 2.10) [6, 20].
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Table 2.6 Syntheses of 1,2-dioxolanes by Feldman reaction

Oz
Ph,Se, (0.2equiv)
N N e
2 BN B s s S \NRAY "/,/\Ar + /\\\(Y/
S MeCN, 25°C 0-0 B 0-0
92 cis-124 trans-124
MO O UM I
o_
92a 92b 92c 92d
Entry Substrate Yield (%) cis/trans®
1 92a 72 1:3.1
2 92b 75 1:4
3 92¢ 84 1:2.6
4 92d 62 1:2.5

* Determined by '"H NMR analysis

Starting from the 1,2-diethyl-2-vinyl- cyclopropanecarbaldehyde (123), three
other aryl-substituted divinylcyclopropanes were prepared by Wittig reactions in a
similar manner (Scheme 2.11) [6, 20].

Syntheses of 1,2-dioxolanes by the Feldman reaction. With the desired
substrates in hand, we began our studies on the effect of aryl n—m stacking
interaction in the Feldman reaction. The reactions were performed under standard
Feldman reaction conditions. All the experimental results are summarized in
Table 2.6. However, to our disappointment, we found that there was no significant
improvement to the cis/trans ratio when various substrates were used. The best
value in the table was cis/trans = 1:2.6, when the substrate 92¢ was used. How-
ever, the major product was still the trans-1,2-dioxolane. The natural product
plakortide E [1] was a cis-tetrasubstituted peroxide, so we sought to develop a
complementary approach to synthesize the cis-tetrasubstituted 1,2-dioxolanes.

2.3.2 Palladium-Catalyzed Approach Towards 1,2-Dioxolanes

Ru-catalyzed oxidation of amides with tert-butyl hydroperoxide to give the cor-
responding tert-butyldioxy amides has been reported [28]. A Co-mediated per-
oxidation of alkenes in the presence of oxygen and triethylsilane was also known
[29-34]. To the best of our knowledge, only two examples of Pd-catalyzed
reaction resulting in peroxide-containing products have been reported [35, 36].
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Scheme 2.12 Formation of allylic fert-butylperoxy ethers catalyzed by Pd(OAc),
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Scheme 2.13 Formations of 1,2-dioxanes reported by Woerpel and coworkers

Table 2.7 Catalyst screening

Et Ph  cat Et Et Et "
A Oelbaloon) | NN S Y
=" Et MeCN, rt 0-0 0-0
92a cis-124a trans-124a

Catalyst (mol%) Temperature (°C) Time (h) Yield (%) cis/trans®
No catalyst 25 48 NR® -
Pd(PCy3),Cl, (10) 25 24 NR® -
Pd(PPhs), (10) 25 24 25 1:1
Pd,(dba); (10) 25 48 20 1:1
PdCl, (10) 25 24 NR® -
Pd(OAc), (10) 25 24 NR® -
CuS0, (100) 25 24 NR® -

% Determined by '"H NMR analysis, ® NR No reaction

Corey’s method only furnished allylic tert-butylperoxy ethers as the major prod-
ucts (Scheme 2.12) [35].

Woerpel reported a palladium-catalyzed intramolecular cyclization of unsatu-
rated hydroperoxides for the formation six-membered cyclic peroxides [36].
However, yields of this method were reportedly low (30-35%). Furthermore, this
method has not been known to afford 1,2-dioxolanes (Scheme 2.13).

Our initial studies involved the use of 92a [20] as a substrate. Thus, under O,
(oxygen balloon), we examined a number of catalysts to identify the optimal
catalytic system. Our results are summarized in Table 2.7. As can be seen,
Pd(PPh;3), was found to give the best result. In the absence of the catalyst, the
reaction did not take place. In the presence of the CuSQ,, or Pd** [Pd(OAc),,
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Table 2.8 Solvent screening

Ph O, (balloon) Ph
Et ~ " Pd(PPhg), (10 mol%)  Et Et Et ~
\A/\ X\ e ppt \m
= Et Solvent, rt 0-0 0-0
92a cis-124a trans-124a
Entry Solvent Time (h) Yield (%) cis/trans®
1 THF 48 19 1:1
2 DMF 48 13 1:1
3 Toluene 48 15 1:1
4 DMSO 48 NR® -
5 MeNO2 48 NR® -
6 MeCN 24 25 1:1
* Determined by 'H NMR analysis, ® NR No reaction
Table 2.9 Catalyst screening
Ph Et Et Et .
Et " cat., H,O, (3.0 e
\A/\ 205 ( Q)= = "”/\Ph+ et z
= E MeCN, rt 0-0 0-0
92a cis-124a trans-124a
Entry Catalyst (mol%) Time (h) Yield (%) cis/trans®
1 Pd(PPh3), (10) 24 15 1:1.5
2 Pd(PPh3), (20) 24 26 1:1.5
3 CuCl, (20) 24 NDP® -
4 Pd(PPh3), (10) 24 Trace -
CuCl, (20)
5 PdCl, (10) 24 NDP® -
6 Pd,(dba); (10) 24 9 1:1.5

 Determined by 'H NMR analysis, ® NDP No desired product

Pd(PCy3),Cl, and PdCl,], no 1,2-dioxolane was resulted. In the presence of the
Pd(0) catalyst, the desired product was obtained, and the ratio of the cis/trans is
1:1. When Pd(PPh3), was used as the catalyst, the yield of the reaction was found
to be higher than that of Pd,(dba);.

For further optimization, we examined the reaction in a variety of solvents. All
results are summarized in Table 2.8. In DMSO or MeNO,, there was no reaction.
When MeCN was used as the solvent, the reaction gave a higher yield than in other
solvents.

In the syntheses of peroxides, H,O, is a widely used reagent. For further
screening of reaction conditions for the oxidation of 92a, aqueous H,O, (30%) was
used instead of oxygen balloon. The reaction was performed at room temperature
in the presence of various catalysts with aqueous H,O, solution in MeCN. The
results are shown in Table 2.9. To our delight, in the presence of Pd (0) catalyst,
substrate 92a reacted with aqueous H,O, solution, leading to the desired 1,2-
dioxolane. However, the yields were not good. In the presence of 20 mol%
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Table 2.10 Optimizations for the Pd-catalyzed approach towards 1,2-dioxolane

h Pd(PPhs), (cat.) Et Et Et \/Ph
EM CO(NHy)»-H20, - Rt X et
= Et Solvent, rt -0 -
92a cis-124a trans-124a
Entry  Catalyst (mol%) H,O, (equiv)  Solvent Time (h) Yield (%)  cis/trans®
1 Pd(PPh3), (10) 2.0 MeCN 12 33 1:1.5
2 Pd(PPh3), (20) 2.0 MeCN 12 53 1:1.5
3 Pd(PPh3), (20) 2.0 Benzene 36 46 1:1.9
4 Pd(PPh3), (20) 2.0 THF 12 17 1:1.2
5 Pd(PPh3), (20) 3.0 MeCN 12 57 1:1.5
 Determined by "H NMR analysis
Table 2.11 Palladium-catalyzed approach towards 1,2-dioxolanes
. Pd(PPhg)4 (20 mol%), Et Et = Et
TN COMNH)H0:80eq) Y Y ;\/\/
BT = MeCN, rt | 0-0 ”\ " 0-0 ”\
R R R
92 cis-124 trans- 124
TN L
=0 T T -
o— CO,Et
92a 92b 92¢ 92d 92e
Entry Substrate Yield (%) cis/trans®
1 a 57 1:1.5
2 b 70 1:1.4
3 c 40 1:1.6
4 d 67 1:1.8
5 e NR® -

 Determined by "H NMR analysis, ® NR No product formed

Pd(PPhs),, the mixture of 1,2-dioxolanes (cis/trans = 1:1.5) was obtained in 26%
yield (Table 2.9).

Consideration of the effect of water in the reaction, urea hydrogen peroxide
(UHP), a white crystalline solid, was used instead of aqueous H,O,. The reaction
was performed at room temperature in the presence of Pd(PPhs), with urea
hydrogen peroxide in dry organic solvents. The experimental results are summa-
rized in Table 2.10. In these studies, we observed that the reaction with urea
peroxide led to a better result (yield = 33%, cis/trans = 1:1.5) than that with
aqueous H,O, solution (yield = 15%, cis/trans = 1:1.5). By increasing the
Pd(PPh3), catalyst loading from 10 mol% to 20 mol%, an isolated yield of 57%
was realized. We also screened other solvents (THF and benzene), but it was found
that MeCN was the best solvent for this reaction.
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Scheme 2.14a Proposed mechanism for a palladium-catalyzed approach towards 1,2-dioxolane

The application of this palladium-catalyzed approach towards various
1,2-dioxolanes under the optimized condition is shown in Table 2.11. We have
still not been able to obtain exclusively cis-1,2-dioxolanes by this method although
the cis/trans ratio of this palladium approach (cis/trans = 1:1.4) is much better
than that of the Feldman reaction (cis/trans = 1:2.8) [20]. Further optimization
and search for asymmetric versions of this palladium-catalyzed process towards
1,2-dioxolanes are in progress.

An attempt to gain insight into the mechanism of this reaction was carried out.
A radical scavenger, 2,6-di-tert-butyl-4-methylphenol (BHT), was used in the
reaction between 92a and urea peroxide. Despite the presence of a radical scav-
enger, the desired product was still obtained in 42% yield. This result implies that
the reaction is not expected to proceed through a free radical process. As illustrated
in Scheme 2.14a, a mechanism is proposed in light of other palladium-catalyzed
reactions involving vinylcyclopropanes [37]. Divinylcyclopropane 92a may react
with Pd(0) to generate a m-allylpalladium complex 131b, which can attack the
monopalladium(II) dioxide [O,Pd"] [38] to form 132. Ring closure by an intra-
molecular attack therefore yields 133, which undergoes reductive elimination to
yield the 1,2-dioxolane 124a and regenerate the Pd(0) catalyst.

2.3.3 Synthesis of cis-1,2-Dioxolane

The mixture of cis/trans 1,2-dioxolanes 124a was subjected to ozonolysis, which
on reductive workup with NaBH, gave two chromatographically separable diols
trans-134 and cis-135. (Scheme 2.14b) [20]. Peroxide cis-135 was isolated as a
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Et Et a,b HON o Et Et o
R E—
. T
mt B o0 ° 0-0
124a Ph trans-134 cis-135
HO Et c ‘BuMe,SiO Et
OH Et OH
B 6-0 0-0
trans-134 trans-136
Et Et c Et Et
HO_X A OH > tB“Me2SiOmOH
0-0 0-0
cis-135 cis-137

Scheme 2.14b Synthesis of cis-1,2-dioxolane 137. Reagents and conditions: (a) O;, CH,Cl,/
MeOH (7:1), 78 °C; (b) NaBH, (1.5 equiv), —78 to 0 °C, 5 h, 90% (2 steps); (c) t-BuMe,SiCl
(1.0 equiv), imidazole (1.0 equiv), DMAP (5 mol%), DMF, 0 °C to rt, 74% (reacted yield)

Fig. 2.6 X-ray
crystallographic analysis
of cis-135

colorless solid, whose stereochemistry was confirmed by an X-ray crystallographic
analysis (Fig. 2.6). Peroxides trans-134 and cis-135 were monoprotected with
t-BuMe,SiCl to give trans-136 and cis-137, respectively.

2.4 Studies on the Model Reactions

cis-1,2-Dioxolane 137 is the key synthetic precursor towards the total synthesis of
plakortide E, while the trans-product 136 is useful for model studies. Due to the
weak O-O bond dissociation energy (37 & 1 kcal mol™") [39], the functionali-
zation of the 1,2-dioxolanes are expectedly difficult. Generally, it is widely
believed that peroxides are unstable compounds. Metals and metal ions such as Co
and Pd, Sn(Il), Fe(Il) and Zn(Il) are able to function as single- or two electron
donors or Lewis acids to decompose peroxides. Strong bases, strong acids and high
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Scheme 2.15 Horner—Wadsworth—-Emmons reaction

‘BuMe;,SiO Et a 'BuMe,SiO t L 'BuMe,SiO Et
Et OH EWO Et
0-0 = 0-0 =\

E
t
O-0 CO,Et
trans-136 trans-141 trans-142

Scheme 2.16 Construction of trans-double bond. Reagents and conditions: (a) Dess—Martin
periodinane (1.5 equiv), CH,Cl,; (b) (EtO),P(O)CH,CO,Et (3.0 equiv), NaH (2.8 equiv), THF,
0 °C, 79% (2 steps)

temperature are all detrimental to peroxides [39, 40]. According to these facts,
it goes without saying that the studies on the model reactions for the total synthesis
are by no means trivial.

2.4.1 Construction of trans-Double Bond

In 1958, Horner developed a modified Wittig reaction between aldehydes or
ketones 138 and stabilized phosphonate 139 (Scheme 2.15) [11-13, 41]. Com-
pared to phosphonium ylides, phosphonate-stabilized carbanions are more nucle-
ophilic and more basic. Wadsworth and Emmons did further studies on this
reaction [12]. The stereoselectivity of Horner—Wadsworth—-Emmons reaction is
usually pretty high, which favors the formation of E-alkenes. Another advantage is
that the phosphate by-product can be washed away by aqueous solution of pH > 2.

Starting from the mono-protected trans-1,2-dioxolane containing alcohol 136,
we began to construct the frans double bond, which is a substituent of the tertiary
peroxide center. In light of the good stereoselectivity and mild reaction conditions
of Horner—-Wadsworth—-Emmons olefination reaction, we envisioned that this
reaction would meet our requirements. The synthetic route is depicted in
Scheme 2.16. Oxidation of 136 with Dess—Martin periodinane (DMP) generated
the 1,2-dioxolane-containing aldehyde 141. Aldehyde 141 as an unstable species
that had to be freshly prepared for each olefination. To our delight, the Horner—
Wadsworth—-Emmons olefination of aldehyde 141 with triethyl phosphonoacetate
resulted exclusively in the desired product 142 in 79% yield (two steps) [11-13, 41].
The stereochemistry was determined by the "H NMR, with the 15.8 Hz *Jy i
coupling confirming the frans stereochemistry.

Encouraged by the success of the Horner—Wadsworth—-Emmons olefination,
we next investigated the application of a Wittig olefination for introduction of
tri-substituted alkene adjacent to the 1,2-dioxolane. The model reaction is shown
in Scheme 2.17. Although two kinds of Wittig reactions have been tried, we failed
to obtain the desired product (Table 2.12). In both cases, no obvious product spot



2.4 Studies on the Model Reactions 41

IBUMezSiOWt/ 143 or1% {BUMeZSiO%
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Scheme 2.17 Construction of trisubstituted double bond

Table 2.12 Reaction conditions for Wittig reaction

Entry Reaction conditions Results
1 n-BuLi (1.2 equiv), 144 [6] (1.3 equiv), THF, —78 °C to 1t Decomposed
2 n-BuLi (1.2 equiv), 145 [6] (1.3 equiv), THF, —78 °C to rt Decomposed
‘BuMe,SiO Et tBuMe,SiO Et
Et Et
0-0 | 0-0 \\
trans-146 trans-147
‘BuMe,SiO Et 'BuMe,SiO Et
Et Et =0
0-0 \ 0-0
trans-148 trans-141

Scheme 2.18 Retrosynthesis of alkenyl iodide 146

was observed on TLC, although all starting material was consumed. We presumed
that the steric hindrance between the 1,2-dioxolane-containing aldehyde 141 and
the side chain 144 [6] or 145 [6] led to the failure of these coupling reactions.
When the desired Wittig reaction did not take place, the unstable 1,2-dioxolane-
containing aldehyde decomposed under these conditions. For this reason, we
abandoned this Wittig reaction approach. Next, we place our focus on the Pd-
catalyzed cross-coupling reaction, which has been widely used in carbon—carbon
bond-forming reactions.

2.4.2 Synthesis of Alkenyl lodide

In our retrosynthesis of plakortide E, 1,2-dioxolane-containing-alkenyl iodide
90 was an important key precursor. To prepare for the synthesis of the
cis-1,2-dioxolane-containing alkenyl iodide 90, we intended to initially model the
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synthetic steps on the trans isomer, 146. As shown in Scheme 2.18, starting from
the trans-1,2-dioxolane-containing-aldehyde 141 to prepare the trans-1,2-dioxolane-
containing-alkenyl iodide 146, we need as the first step to prepare the intermediate
terminal alkyne 148. With terminal alkyne 148 in hand, subsequent methylation
afforded the alkyne 147. The conversion of an alkyne to an alkenyl iodide has been
reported in the literature [4, 5, 42].

Preparation of terminal alkyne 148. The one-pot conversion of ketones or
aldehydes to the corresponding internal or terminal alkynes by using dia-
zophosphonates under basic conditions is called Seyferth—Gilbert homologation
(Scheme 2.19). In 1973, Colvin and coworkers reported that aryl ketone 149
(or aldehyde) reacted with dimethyl (diazomethyl)phosphonate 150 in the presence
of a base to give substituted alkynes 151 [43, 44]. Dimethyl (diazomethyl)phos-
phonate 150 was often called the Seyferth—Gilbert reagent [45], which was first
synthesized by Seyferth. In 1979 Gilbert and coworkers improved the procedure of
the reaction, and extended its scope [46, 47]. Ohira and Bestmann made a further
modification of this reaction based upon generation of the dimethyl(diazometh-
yl)phosphonate in situ from dimethyl(1-diazo-2-oxopropyl)phosphonate (153),
which was called Ohira-Bestmann reagent (Scheme 2.20) [48, 49]. The Ohira—
Bestmann procedure is now widely used in organic syntheses. The mild reaction
conditions are tolerant most functional groups and various aldehydes can be
homologated in excellent yields.

In the light of the advantages of the Ohira—Bestmann procedure and its wide
synthetic applications, we planned to use this reaction to introduce the terminal
alkyne to our 1,2-dioxolane-containing substrate. As shown in Scheme 2.21,
freshly prepared aldehyde 141 was subjected to the standard Ohira—Bestmann
procedure [48, 49]. To our disappointment, none of the desired terminal alkyne
148 was obtained, although the TLC showed that all starting material was
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Scheme 2.21 Synthesis of terminal alkyne via Ohira—Bestmann procedure
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Scheme 2.22 Synthesis of terminal alkyne
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Table 2.13 Reaction conditions for the preparation of 1,1-dibromoalkene 155

‘BuMeQSiON conditions ’BUMGQSiOMr
4>
E O

t 0-0 & Et 0-0 Br
trans-141 trans-155
Entry Reaction conditions Results
1 CBry, Ph3P, CH,Cl, (Corey—Fuchs reaction) Decomposed
2 CBr,HPPh;Br, +-BuOK 79% (2 steps)

consumed. We presumed that the 1,2-dioxolane-containing aldehyde 141
decomposed under the basic conditions due to its instability.

Due to the fact that a one-pot conversion of the 1,2-dioxolane-containing
aldehyde 141 to terminal alkyne 148 failed, we planned to convert the
1,2-dioxolane-containing aldehyde 141 to the 1,1-dibromoalkene 155, which can
be treated with n-BuLi to generate the desired terminal alkyne 148 (Scheme 2.22).

The Corey—Fuchs reaction [50] included two sequential reactions, the formation
of the 1,1-dibromoolefin and the formation of the terminal alkyne. Starting from
aldehyde 156, and through these two sequential transformations, a terminal alkyne
158 was obtained (Scheme 2.23). The formation of 1,1-dibromoolefins via
phosphine-dibromomethane was originally developed by Desai and McKelvie [51].

In consideration of the good functional group tolerance of the Corey—Fuchs
reaction, we intended to employ it in our preparation of the terminal alkyne 148.
Freshly prepared aldehyde 141 was used to investigate the Corey—Fuchs reaction.
The reaction was performed under standard Corey—Fuchs reaction conditions [50].
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Scheme 2.24 Preparation of trans-1,2-dioxolane-containing alkyne. Reagents and conditions:
(a) n-BuLi (2.2 equiv), THF, —78 °C, 0.5 h, 95%; (b) n-BuLi (1.2 equiv), MeOTf (1.5 equiv),
THF, —78 °C, 1 h, 70%
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However, to our disappointment, we failed to obtain the desired 1,1-dibromoalkene
155 (Table 2.13). Under these reaction conditions, no obvious spot was observed
on TLC although all starting material was consumed. We thought that the
1,2-dioxolane-containing aldehyde 141 decomposed during the reaction.

Then we adopted the Rassat’s procedure which has also been widely used in
total synthesis [52]. Thus to a slurry of freshly prepared Ph;P-CHBr; [53]
(2.5 equiv) in THF at 0 °C was added -BuOK (2.4 equiv). The bright yellow
slurry was stirred for 15 min and the temperature was allowed to warm to room
temperature. Then the solution of the aldehyde 141 (1.0 equiv) in THF was added
to the mixture and stirred for 30 min, the reaction was complete as monitored by
TLC. To our delight, the desired 1,1-dibromoalkene 155 was prepared in 79%
yield starting from the 1,2-dioxolane-containing alcohol 136 (two steps). It was
necessary to warm the reaction system after the addition of -BuOK. If the reaction
were kept at 0 °C, an inseparable side product was formed along with the
1,1-dibromoalkene 155. The reaction time for the Wittig salt PhsP-CHBr; and
t-BuOK and the amount of -BuOK were also important. It is essential to allow a
complete consumption of the base +-BuOK; otherwise, the base would decompose
1,2-dioxolane-containing aldehyde 141.

Preparation of the alkyne 147. With dibromoalkene 155 in hand, we treated it
with n-BuLi (2.2 equiv) at —78 °C to provide the terminal alkyne 148 in 95%
yield. Then the terminal alkyne 148 was deprotonated with n-BuLi (1.2 equiv) at
—78 °C, followed by methylation to afford trans-1,2-dioxolane-containing alkyne
147 in 70% yield (Scheme 2.24) [4, 5].

Preparation of the alkenyl iodide 146. In 1970, Wailes and Weigold first
prepared zirconocene hydrochloride (Cp,ZrHCI) by the reduction of Cp,ZrCl,
[54], and then Schwartz examined the reactions of Cp,ZrHCI with a wide range of
substrates and developed it to become a useful reagent for organic synthesis
(Fig. 2.7) [42, 55]. Zirconocene hydrochloride reacts with alkenes or alkynes to
form alkenylzirconium or alkylzirconium compounds and this reaction is called
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Scheme 2.25 Preparation of frans-1,2-dioxolane-containing alkenyl iodide 23 by Schwartz
hydrozirconation

Table 2.14 Reaction conditions for Schwartz hydrozirconation

tBUMegsiO Et Cpgzr(H)Cl tBUMGQSiOW;A
- X
Et * 00

0-0 \\ ZrCp,Cl
trans-147 trans-160
Entry Reaction conditions Results
1 Cp,Zr(H)CI, benzene, THF, 0 °C to 1t No reaction
2 Cp,Zr(H)Cl, benzene, THF, 50 °C Complicated

Schwartz hydrozirconation. Zirconocene hydrochloride (Cp,ZrHCI) is called the
Schwartz reagent. Generally, the addition of the Zr—H proceeds with syn-addition
[56].

To prepare the alkenyl iodide 146, we attempted to employ the Schwartz
reagent in our transformation. Hydrozirconation of the alkyne 147 should lead to
the formation of the alkenylzirconium 160, iodination of which affords the desired
alkenyl iodide 146 (Scheme 2.25).

The Schwartz hydrozirconation reaction of the alkyne 147 was performed under
standard reaction conditions reported in the literature [42, 55, 57]. To a suspension
of Cp,Zr(H)Cl in THF at 0 °C was added a solution of the alkyne 147 in benzene
under nitrogen. The temperature was allowed to warm to room temperature. The
reaction was examined by 'H NMR. Although the reaction mixture was stirred for
24 h, no reaction took place (Table 2.14). Then the reaction was performed at
50 °C, and was monitored by '"H NMR. To our disappointment, no desired product
160 resulted. However, the starting material was consumed. Decomposition of the
starting material made the reaction very messy.

After the failure of the Schwartz hydrozirconation reaction, we sought to
employ a milder reaction to prepare the 1,2-dioxolane-containing alkenyl iodide
146. This time, we resorted to the palladium-catalyzed hydrostannylation of
alkynes. Compared to other methods, the palladium-catalyzed hydrostannylation
offers these advantages: (1) mild reaction conditions; (2) good functional group
tolerance; (3) good stereoselectivity (cis-addition) [58, 59]; (4) wide application in
total synthesis. It was recently reported that hexane minimized the competitive
stannane dimerization in palladium-catalyzed hydrostannylations [60]. In light of
these findings, our synthetic route was designed in Scheme 2.26. The palladium-
catalyzed hydrostannylation of the alkyne 147 regiospecifically furnished 161.
Then subsequent iodination of 161 cleanly led to the 1,2-dioxolane-containing
alkenyl iodide 146.
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BuMe,SiO Et 2 'BuMe,SiO Et b 'BuMe,SiO Et
Et Et Et
0-0 \ 0-0 SnBus 0-0 |

trans-147 trans-161 trans-146
Scheme 2.26 Preparation of trans-1,2-dioxolane-containing alkenyl iodide 146 by palladium-

catalyzed hydrostannylation of the alkyne 147. Reagents and conditions: (a) Pd(PPh;),Cl,
(10 mol%), n-BuzSnH (3.0 equiv), Hexane, 1 h, 84%; (f) I, (1.0 equiv), CH,Cl,, 0 °C, 86%

Table 2.15 Optimization of the palladium-catalyzed hydrostannylation

'BuMe,SiO Bt tBuMe,SiO Et 'BuMe,SiO Et
Et Et " Et
0-0 \\ 0-0 SnBus 0-0 H

BusSn
trans-147 trans-161 trans-162
Catalyst Solvent (n-Bu);SnH 161 162 SM
(equiv)
Pd(PPh3),Cl, (10 mol%) THF 4.0 33% 33% -
Pd(PCy3),Cl, (10 mol%) THF 2.0 Trace Trace 56%
Pd(OAc), (10 mol%) PCy; THF 4.0 24% Trace —
(20 mol%)
Pd(PPh3),Cl, (10 mol%) PCy; THF 4.0 30% 33% -
(30 mol%)
Pd(PPhj3), (10 mol%) THF 4.0 31% 35% -
Pd(OAc), (10 mol%) PCy; Hexane 2.0 17% 7%  46%
(30 mol%)
Pd(PPh3),Cl, (10 mol%) Hexane 4.0 84% Trace —
Pd(PPh3),Cl, (10 mol%) Hexane 2.0 71% Trace SM
residual
Pd(PPh3),Cl, (10 mol%) Hexane 2.5 80% Trace —

Employing alkyne 147 as the substrate, we studied the palladium-catalyzed
hydrostannylation of 1,2-dioxolane-containing alkyne. To a solution of
Pd(PPh;),Cl, (10 mol%) and alkyne 147 in THF, tributyltin hydride was added
dropwise at room temperature. The dark brown reaction mixture was stirred for
1 h, and the reaction was monitored by TLC. The starting material alkyne 147 was
completely consumed. After flash column chromatography, both 161 and 162 were
obtained in 66% yield, and the 161/162 ratio is 1:1. Although we obtained our
desired product 161, the regioselectivity was not acceptable. We optimized the
reactions by screening several palladium catalysts, ligands and solvents. All the
results are summarized in Table 2.15. Gratifyingly, we found the best reaction
conditions. In the presence of Pd(PPh3),Cl, (10 mol%), alkyne 147 reacted with
tributyltin hydride in hexane, and regioselectively resulted in the desired product
in 84% yield. With the intermediate 161 in hand, its iodination led to 1,2-dioxolane-
containing alkenyl iodide 146 in 86% yield.
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Scheme 2.27 Preparation of the Julia reagent. Reagents and conditions: (a) NaH, Hspt, THF,
0 °C to rt, overnight, 96%; (b) (NH4)sM070,4-4H,0, H,0,(30%), EtOH, overnight, 92%

o o
b
EtO)%OEt . OH“COH —>tBuMeZSiO/\<\OH
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f
HOW . |Ai\/\
170 racemic-91

Scheme 2.28 Synthesis of the racemic side chain. Reagents and conditions: (a) LiAlH,, THF,
reflux, 24 h, 60%; (b) n-BuLi, +-BuMe,SiCl, THF, —78 °C to rt, 99%; (c) (COCl),, DMSO, Et;N,
CH,Cl,, —78 °C; (d) KHMDS (solid), Julia reagent, THF, —78 °C to rt, 89% (2 steps);
(e) p-TsOH, CH,Cl,/CH;0H, 86%; f. PPhs, imidazole, I,, CH,Cl,, 0 °C to rt, 86%

2.4.3 Synthesis of the Racemic Side Chain

To continue our basic model study, the racemic side chain needed to be prepared.
The route is shown in Scheme 2.28. The synthetic paradigm was step-economical
and starting material was commercially available and cheap.

As shown in Scheme 2.28, Julia olefination was used to construct the trans-
double bond of the side chain. We first prepared the Julia reagent 165 by literature
reported methods (Scheme 2.27) [6]. Commercially available n-propyl bromide
163 was allowed to react with 1-phenyl-1H-tetrazole-5-thiol (Hspt) in THF in the
presence of NaH furnishing the intermediate thioether 164 in 96% yield, which
was in turn oxidized to the sulfone 165 with H,O, in the presence of a catalytic
amounts of (NH4)sMo0,0,4-4H,0 in 92% yield.

We next prepared the aldehyde substrate for the Julia olefination. Commercially
available ethyl diethyl malonate (116) was reduced to diol 166 in 60% yield by
using LiAIH,. Diol 166 was then treated with n-BuLi and +-BuMe,SiCl at —78 °C
to afford the desired mono-protected product 167 as a colorless oil in excellent
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Table 2.16 Optimization of the Julia olefination

’BuMeQSiOYO _Conditions 'BuMeZSiOW N

168 169
Entry Reaction conditions trans/cis® Yield (2 steps) (%)
1 LDA, THF, —78 °C to rt 10:1.2 56
2 KHMDS (Toluene), THF, —78 °C to rt 11:1 30
3 KHMDS (solid), THF, —78 °C to rt 25:1 89

2 Determined by '"H NMR analysis

yield [61]. The mono-protected alcohol 167 was then subjected to Swern oxida-
tion. After oxidation, a colorless oil of aldehyde 168 was obtained and was directly
used for the Julia olefination (Scheme 2.28).

When we used Julia olefination to construct the trans-double bond, we found
that the stereoselectivity of the reaction was problematic. We found that the trans/
cis ratio was affected by the base. Initially, LDA was used, the trans/cis ratio is
10:1.2 as determined by '"H NMR spectrometry. Then we optimized the reaction
by screening bases and solvents. The results are summarized in Table 2.16. When
KHMDS was used as a base, the desired 1,2-disubstituted olefin 169 was obtained
in 89% yield (two steps). The trans/cis ratio of the 1,2-disubstituted olefin 169
obtained under these reaction conditions was also acceptable (trans/cis = 25:1).

The 1,2-disubstituted alkene 169 underwent p-TsOH mediated desilylation to
furnish the free hydroxy intermediate 170 as a colorless oil in 86% yield. Alcohol
170 was converted to (£)-91 in 86% yield with PPhs/I,/imidazole (Scheme 2.28)
[4, 5].

2.4.4 Pd-Catalyzed sp’=sp’ Coupling

In studying the evolution of organic chemistry and grasping its essence, one comes quickly
to the conclusion that no other type of reaction plays as large a role in shaping this domain
of science than carbon—carbon bond-forming reactions.—K. C. Nicolaou [62]

In the last quarter of the 20th century, transition metal-catalyzed cross coupling
reactions have been greatly developed. Nowadays, these types of cross coupling
reactions have become the most powerful and useful C—C formation reactions in
synthetic organic chemistry. Amongst them, the palladium-catalyzed cross cou-
pling reactions are the most visible. It is only natural that Pd-catalyzed coupling
has been used as a pivotal reaction in many total syntheses [63, 64].

Palladium-catalyzed cross-coupling reactions in total synthesis have been
comprehensively reviewed by Nicolaou and coworkers [65]. Below, I have
provided some examples relevant to our total synthesis of plakortide E.
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1) t-BuLi (2.0 equiv),
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L 2) 9-BBN-OMe, \BJ
' THF, 23°C MeO™~ “—

PACly(dppf) (5 mol%)
K4PO, (3.0 equiv)
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coupling

plakortone B (87)

Scheme 2.29 Application of Suzuki reaction in total synthesis of plakortone B

These beautiful applications of palladium-catalyzed cross-coupling reactions in
total synthesis have shed light on our own program in the quest for plakortide E.

In 2006, Semmelhack and coworkers reported the synthesis of plakortone B
(87) and analogs [4]. The connection of the side chain ($)-91 to the core structure
172 was achieved by a palladium-catalyzed Suzuki reaction (Scheme 2.29).

Recently, starting from p-mannitol (174), our group accomplished the total
syntheses of all four possible isomers of plakortone B [5]. And one of these
molecules, 87, was found to be identical with the natural plakortone B on the basis
of 'H, >C NMR spectra and specific rotation, demonstrating that absolute con-
figuration of the natural plakortone B is (35,4S5,6R,10R). In our synthesis, a Suzuki
reaction was also used to connect the central core 175 and side chain (S5)-91
(Scheme 2.30).

In 1977, Negishi and coworkers developed a new carbon—carbon bond for-
mation reaction, which was used to couple organozinc reagents and organic
halides [65]. The synthesis of B-carotene demonstrates the utility of this reaction
both as a sp—sp” and sp’—sp® coupling method [66]. Generally, diorganozinc
species (R,Zn) and organozinc halides (RZnX) can be employed in the Negishi
reaction. Organozinc halides (RZnX), typically prepared either by the direct
insertion of zinc (zinc dust) into organic halides or by transmetalation from other
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HO Y
OH OH
D-Mannitol (174)

plakortone B (87)

Scheme 2.30 Application of Suzuki reaction in total synthesis of plakortone B. Reagents and
conditions: (a) -BuLi, Et,O, —78 °C, 5 min; (b) 9-BBN-OMe, THF, —78 °C, 10 min, then
warm to 23 °C, 1 h; (¢c) 3 N K3PO, (aq.), 3 min; then 175, [PdCl, (dppf),]-CH,Cl,, DMF, 23 °C,
20 h; (d) Na/NH; (lig.), THF, —78 °C, 0.5 h; (e) PDC, DMF, 23 °C, 20 h, 60% over 3 steps

organometallic species, are widely used in organic synthesis [67, 68]. Alkylzinc
reagents were used in the cross coupling process, which have greatly expanded the
scope of the Negishi reaction beyond standard C(sp*)—C(sp?) couplings. Smith and
coworkers reported a gram-scale synthesis of discodermolide (180), which was a
clinically relevant microtubule-stabilizing agent. In their total synthesis, the
Negishi coupling reaction was beautifully utilized to achieve the coupling of two
fragments (Scheme 2.31). This application was a good example of the use of
alkylzinc reagents in the process of sp”—sp” carbon—carbon bond-formation [8, 9].

In this approach, the two fragments 176 and 178 were coupled to form the
C14—C;5 bond of the target product. Significantly, it was found that 3 equivalents
of #-BuLi were needed in the initial lithium-halogen exchange process after the
optimization. If the customary 2 equivalents were used, the product was a 1:1
mixture of the iodide starting material 176 and the expected product 179.
To explain such modified Negishi protocol, they speculated that the mixed fert-
butyl-alkyl zinc intermediate (177) was in fact the reactive alkyl donor in the
coupling process (Scheme 2.31) [8, 9].

Recently, Aggarwal and coworkers reported the total synthesis of (+)-faranal.
Remarkably, this synthesis was completed in only six steps from propyne, which
was quite step-economical. The key reaction in the total synthesis was the coupling
of the two fragments 182 and 181 from Negishi coupling. Zinc bromide was used
to generate the alkyl-zinc intermediate from the corresponding organolithium
(Scheme 2.32). This application was also an example of sp”—sp> carbon—carbon
bond-formation achieved by Negishi cross-coupling [10].
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Scheme 2.31 Application of the Negishi reaction in the total synthesis of discodermolide
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Scheme 2.32 Application of Negishi reaction in the total synthesis of (+)-faranal

In 1998, Dussault and coworker reported their studies on the application of
palladium-mediated carbon—carbon bond forming reactions to functionalized
peroxides [69]. They found that the peroxides are compatible with a series of
Pd-catalyzed cross coupling reactions. In that paper, they used acyclic peroxides in
Stille (Scheme 2.33), Heck (Scheme 2.34), and Pd-catalyzed carbonylation reac-
tions of vinyl iodides (Scheme 2.35). These examples demonstrated that peroxides
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Scheme 2.34 Heck reaction
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Scheme 2.35 Pd-catalyzed carbonylations of vinyl iodide reactions

are stable to the conditions for a series of palladium-catalyzed carbon—carbon bond
formation reactions.

Dussault and coworkers observed that acyclic peroxides were reduced under the
conditions of the Sonogashira reaction. However, in the syntheses of polyunsat-
urated peroxides peroxyacarnoate A (203) and peroxyacarnoate D (204) [70], the
Sonogashira reaction was successfully employed for the key coupling reactions
(Scheme 2.36). Taken together, these results encouraged us in our planned use of
Pd-catalyzed cross coupling reactions in our total synthesis of plakortide E.
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Scheme 2.36 Syntheses of polyunsaturated peroxides
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Scheme 2.37 The coupling of the side chain 91 and the central core 90

In our retrosynthetic analysis of the total synthesis of plakortide E, the coupling
of the side chain 91 with the cyclic peroxide containing central core 90 is one of
the challenging issues (Scheme 2.37). Side chain 91 is an alkyl iodide, and the
centre core is an 1,2-dioxolane-containing alkenyl iodide. So the C7-C8 bond
formation is in fact an issue concerning C(spH)-C(sp) coupling.

The organozinc reagents mentioned before show only moderate reactivity
towards many organic electrophiles, However, they are among the most reactive of
nucleophilic species in palladium-catalyzed cross-coupling reactions. This is due
to the fact that in contrast to other organometallic reagents, organozinc reagents
undergo rapid transmetalation with transition-metal salts, most notably those of
palladium [62]. Based on these facts, we thought the Negishi cross-coupling
reaction was suitable for application to the peroxide-containing substrate, because
the moderate nucleophilicity of organozinc reagents would decrease their reac-
tivity towards organic peroxides.
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Scheme 2.38 Negishi coupling (condition I)

We proceeded to test this reaction with a model study. With the side chain
(£)-91 and trans-1,2-dioxolane-containing alkenyl iodide 146 in hand, we
attempted to couple the two components together. The modified Negishi coupling
protocol developed by Smith’s group was demonstrated as an efficient method for
C(sp*)—C(sp) bond formation in their gram-scale synthesis of discodermolide [8,
9]. Inspired by their success, we directly employed the modified Negishi coupling
protocol to our model reaction (Scheme 2.38). To a solution of iodide (3)-91
(1.2 equiv) and ZnCl, (1.2 equiv) in Et,O at —78 °C, -BuLi (3.6 equiv) was
added, and was followed by warming the reaction mixture to room temperature.
Then alkenyl iodide 146 (1.0 equiv) and Pd(PPh3)4 (10 mol%) in THF were added
to the reaction mixture. The reaction mixture was stirred at room temperature for
16 h. After work-up and flash column chromatography, a colorless oil was
obtained. The '"H NMR spectrum indicated that a 4:1 mixture of our expected
coupling product 206 and an unknown side product was furnished. Unfortunately
the side product cannot be removed by column chromatography.

To obtain the pure coupling product 206, we optimized the Negishi cross-
coupling reaction. The side chain was easily prepared by reported methods [5, 61].
However, the 1,2-dioxolane-containing alkenyl iodide was not readily available.
Due to the above facts, we considered to use an excess of the side chain in order to
improve the yield and the purity of the expected coupling product. In accordance
with the literature, ZnBr, was used instead of ZnCl, [10]. The reaction was then
performed under the improved conditions (Scheme 1.3). To a solution of iodide
(£)-91 (1.0 equiv) and ZnBr, (1.3 equiv) in Et,0, -BuL.i (2.0 equiv) was added at
—78 °C. The mixture was stirred at —78 °C for 30 min. Then the temperature was
allowed to warm to room temperature and the reaction mixture was stirred for 1 h.
Subsequently, alkenyl iodide 146 (0.4 equiv) and Pd(PPhs); (4 mol%) in THF
were added to the above reaction mixture. The reaction mixture was stirred at
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Scheme 2.39 Negishi coupling (condition II)
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Scheme 2.40 Synthesis of model product 210. Reagents and conditions: (a) p-TsOH
(10 mol%), CH,Cl,/MeOH (1:2), 89%; (b) Dess—Martin periodinane (1.5 equiv), CH,Cl,;
(c) (EtO),P(O)CH,CO,Et (2.0 equiv), NaH (1.9 equiv), THF, 0 °C, 80% (2 steps)

room temperature for 16 h (Scheme 2.39). After flash column chromatography,
the desired coupling product was obtained in good yield (>80%) as the only
product. No side product was found by 'H NMR spectroscopy.

After we successfully obtained the crossing coupling product 206, we continued
to study the total synthesis of plakortide E. To our delight, the successive con-
versions were achieved smoothly (Scheme 2.40). The crossing coupling product
206 was subjected to a p-TsOH mediated desilylation to give the free hydroxy
intermediate 208 in 89% yield [20]. Dess—Martin oxidation of 208 afforded an
aldehyde 209, whose Horner—Wadsworth—-Emmons olefination with triethyl
phosphonoacetate gave 210 in a good yield [11-13]. The coupling constant
between H-2 and H-3 of 210 was found to be 15.8 Hz, indicating trans stereo-
chemistry of the C2—C3 disubstituted double bond (Scheme 1.6). Until now, all
fundamental reactions related to the total synthesis of plakortide E were well
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studied. The successful completion of this model sequence was very helpful to our
total synthesis of plakortide E.

2.5 Synthesis of Chiral Side Chains

In our project, the four possible structures of plakortide E will be synthesized. For
this reason, both chiral side chains (R)-91 and (5)-91 were needed (Fig. 2.8). The
syntheses of these two compounds have been reported in the literature
(Scheme 2.41) [4, 5, 71-75].

Commercially available L-phenylalanine (211) was reduced by LiAlH, to give
amino alcohol 212 in good yield, which was converted to (S)-4-benzyl-2-oxazo-
lidinone (213) with potassium dicarbonate/diethyl carbonate [75]. Then the Evans
reagent 213 was treated with n-BuLi/butyryl chloride to furnish imide 214 [74].
The subsequent reaction of 214 with (benzyloxy)methyl chloride (BOMCI) in the
presence of TiCl, and Et3N at 0 °C produced imide 215 as a single stereoisomer in
77% yield. Hydrogenolysis of 215, followed by protection of the resulting alcohol
216 with t-BuMe,Si group, quantitatively provided 217 (Scheme 2.41) [73].
Reduction of 217 with LiBH, furnished (S5)-167 in 85% yield [73].

As shown in Scheme 2.41, 7 steps were needed in the synthesis of the chiral
intermediate (S)-167, starting from the commercial available L-phenylalanine
(211). The synthesis of its enantiomer of (R)-167 also should involve similar steps.
In consideration of a step-economic synthetic strategy, we sought to develop an
alternative synthetic route to realize the chiral side chain (R)-91 and (S5)-91
(Scheme 2.42). In our model studies for the synthesis of the racemic side chain,
the racemic-167 as the intermediate was easily prepared in only two steps from
commercially available ethyl diethyl malonate (116). The lipase catalyzed kinetic
resolution of racemic-167 was employed in the total synthesis of rutamycin B and
oligomycin C, and showed excellent enantiomeric excess [61]. We envisioned to
use this method to prepare the optically pure (5)-167 and (R)-167 in only one step.
If we employed the synthetic route described in Scheme 2.41, there were totally 14
steps required to prepare (S)-167 and (R)-167. According to the literature, the
kinetic resolution of racemic 167 was performed. To a solution of racemic 167 in
pentane, the lipase extract and vinyl acetate were added. The reaction mixture was
stirred vigorously for 24 h. Then the reaction mixture was filtered to remove the
lipase catalyst. Purification by column chromatography furnished acetate (R)-218
in 47% yield and alcohol (5)-167 in 46% yield. On the other hand, hydrolysis of
acetate (R)-218 gave the enantiomeric alcohol (R)-167 (Scheme 2.42).
A comparison of the specific rotation with literature values is shown in Table 2.17
[76, 77].

We also assessed the enantiomeric purity of (S)- and (R)-167 by analyses of the
'"H NMR and '>C NMR spectra of the diastereomeric derivative 220. Our
synthetic chiral compound (R)-167 reacted with optically pure N-Boc protected
L-phenylalanine (219) to afford the diastereomeric derivative 220 [78], which was
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Scheme 2.41 Synthesis of side enantiomerically pure side chain

analyzed by the "H NMR and >C NMR spectroscopy (Scheme 2.43). The NMR
spectra indicated that compound 220 was very pure, with virtually no trace of the
diastereoisomer (dr > 95%).

After the enantiomerically pure (R)-167 and (S)-167 were obtained, we pro-
ceeded to continue the syntheses of enantiomerically pure side chains of plakortide
E. Since all related reactions have been well studied in model studies, we found it
straightforward to convert the desired enantiomerically pure side chains (R)-91 and
(5)-91. The synthetic route is shown in Scheme 2.44. The enantiomerically pure
alcohol (R)-167 was first subjected to Swern oxidation. After oxidation, a colorless
oil of aldehyde 221a was generated and was used immediately in the Julia olef-
ination. When KHMDS was used as the base, the desired 1,2-disubstituted olefin
222a was obtained in 89% yield (two steps) [4, 5]. From 1,2-disubstituted olefin
222a, p-TsOH mediated desilylation helped to remove the ~-BuMe,Si group to
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/\/\";q/\| I HO/\_;/\OSiMegtBu /V/j/\l
~ ~
(R)-91 (R)-167 (5)-91

Scheme 2.42 An alternative synthetic route for enantiomerically pure side chains. Reagents
and conditions : (a) Lipase PS30, vinyl acetate, pentane, rt, 24 h; (b) K,CO3;, MeOH, 99%

Table 2.17 Comparison of specific rotations

Entry Compound o] Literature

D

1

HO OSiMe,Bu []X=—10.6 [76]
(¢, 0.99, CHCl3)

(nearly 100% ee)

HO OSiMe,Bu ()= —11.41 [77]
(¢, 1.42, CHCl3)

(>99% ee)
HO OSiMe,Bu [o]y= —10.7 Our synthetic compound
(¢, 1.37, CHCly)
(5)-167
HO/\E/\OSiMeZ‘Bu [o]n’= 10.6 Our synthetic compound
U (¢, 1.67, CHCly)
(R)-167

give the free hydroxy intermediate 223a as a colorless oil in 86% yield. Alcohol 223a
was converted with PPhs/I,/imidazole to iodide (R)-91 in 86% yield. In a similar
manner, enantiomerically pure side chain (5)-91 was also synthesized [4, 5].

2.6 Syntheses of Enantiomerically Pure Dioxolane Cores

Syntheses of enantiomerically pure central cores via chemical resolution.
Chemical resolution is an established method for producing optically pure com-
pound as single enantiomers. A racemic compound is reacted with an optically
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S CoH
2
Ph 219
NHBoc 0
DMAP, DCC
HO™ " OSiMe,Bu vy > Phﬂ)ko/\_/\OSiMeztBu

- Cc NHBoc -~
(R)-167 220

Scheme 2.43 Formation of the diastereomeric derivative 220

a 165
HO™ >\ 0SiMe,Bu — 07 " 0SiMe,Bu —

~ ~
(R)-167 221a

R c
NN 08iMe,Bu —— O 0H

s s
222a 223a
N O Ph

: P N,

- S

(R)-91 165 N

HoﬁAOSiMeztBU —_— /)/\I
(5)-167 (S)-91

Scheme 2.44 Syntheses of enantiomerically pure side chains. Reagents and conditions: (a)
(COCl),, DMSO, EtzN, CH,Cl,, —78 °C; (b) KHMDS (solid), Julia reagent , THF, —78 °C to rt,
89% (2 steps); (c) p-TsOH, CH,Cl,/CH;0H, 86%; (d) PPhj, imidazole, I,, CH,Cl,, 0 °C to rt,
86%

pure reagent to form a pair of diastereomers, which can be separated by con-
ventional techniques, such as column chromatography. This method was first
introduced by Louis Pasteur in 1853, who successfully resolved racemic tartaric
acid with optically active (+)-cinchotoxine.

Scheme 2.45 illustrates the planned resolution. To prepare the optically pure
cyclic peroxide, we planned to start from cis-137. Thus, oxidation of the aldehyde
224 leads to the acid 225, which is allowed to react with the chiral amine 226 to
furnish a pair of diastereomers 227 and 228. Then the diastereomers are separated
by column chromatography.

To our disappointment, oxidation of aldehyde 224 with NaClO, did not suc-
cessfully furnish the corresponding acid 225; instead, the aldehyde decomposed.
TLC indicated that the reaction was very complicated. On the other hand, attempts
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Bt Et B Et
s OHC .
HOWOSiMengu > W\OSiMeZ’Bu
0-0 0-0
cis-137 224

O Et Et

Ph/\(NHz Phﬂ—-NH 0-0

Et  Et CO,Me COMe 597

HO,C 226
O  osive,By -2 o E Et

AN
OSiMe,'Bu

' 0SiMe,Bu
225 PR N=NH  0-0 2
COgMe 228
Scheme 2.45 Chemical resolution of racemic cis-1,2-dioxolane alcohol
Table 2.18 Oxidations of racemic cis-1,2-dioxolane alcohol
Et  Et conditions Et _E
OHCW —X> HO.C .
OSiMe,Bu OSiMe,Bu
0-0 0-0
224 225
Entry Reaction conditions Results
1 NaClO,, H,0,, NaH,PO,, THF, rt Complicated
2 PDC, DMF, rt, 10 h Complicated

to oxidize aldehyde 224 with PDC in DMF also did not lead to the desired acid 225
[79]. The results are summarized in Table 2.18.

One reason for these failures was presumably due to the sensitivity of the
t-BuMe,Si group. We therefore designed an alternate route replacing the
t-BuMe,Si protecting group with a Bn group. Another route of chemical resolution
was therefore designed (Scheme 2.46). Thus, racemic cis-1,2-dioxolane alcohol
137 is protected with Bn group to give 229, whose t-BuMe,Si group is removed to
afford the free alcohol 230. Oxidation of the racemic cis-1,2-dioxolane alcohol 230
leads to the acid 231, which reacts with enantiomerically pure amine 226 to furnish
the diastereomers 231 and 232. Then the diastereomers are separated by column
chromatography.

However, the protection of the racemic cis-1,2-dioxolane alcohol 137 with
benzyl bromide is problematic. The reaction conditions are depicted in Table 2.19
[80-82]. In all cases, TLC indicated that no expected product was produced.
However, the starting material was consumed. The racemic cis-1,2-dioxolane
alcohol 137 was found to decompose easily under these reaction conditions. For
this reason, we had to abandon this chemical resolution route.

Due to the aforementioned failure, we had to seek other milder reactions to
accomplish the resolution of racemic cis-1,2-dioxolane alcohol 137. Finally,
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Et  Et Et  Et
HOWOSiMeZ’Bu B BnOWOSiMeQ’Bu B
cis-137 229
o NH,
COQMB
Et Et Et Et 226
—_» HOC
Ho X o T 12 X osn >
0-0 0-0
230 231
o) OQFt Et
11, Y A N\ 8 B
Ph/\’N‘o} \/\/ “0Bn Ph/\’ 6] OBn
coMe OO coMe OO
bivle bIVie
231 233

Scheme 2.46 An alternative chemical resolution route of racemic cis-1,2-dioxolane alcohol 137

Table 2.19 Reaction conditions for protection of the racemic cis-1,2-dioxolane alcohol 137 with
benzyl bromide

Et Et conditions Et Et
o osive,B X 500" F NosiMe, Bu

0-0 2 0-0 ?

cis-137 229
Entry Reaction conditions Results
1 BnBr, NaH, DMF Complicated
2 BnBr, Ag,O, DMF Complicated
3 BnBr, NaH, TBAI, THF Complicated

we found the racemic cis-1,2-dioxolane alcohol 137 reacted with N-Boc protected
L-phenylalanine (219) smoothly in the presence of DMAP/DCC to furnish the
diastereomers 234 and 235 (Scheme 2.47) [78]. However, their diastereomers
could not be separated by column chromatography. In principle, diastereomers 234
and 235 could be converted to other derivatives that might be separable. However,
this approach is not step-economical for our total synthesis of plakortide E. We
therefore moved onto enzymatic resolution of the 1,2-dioxolane core.

Syntheses of enantiomerically pure central cores by lipase-catalyzed kinetic
resolution. Enzymes are proteins that catalyze a vast number of chemical reac-
tions [14, 15, 83, 84]. The history of enzyme is very long, which can go back to
thousands of years to ancient Egypt [14, 15]. Over the last few years, more and
more organic chemists have recognized the potential of biocatalysis as a viable and
popular technique in organic synthesis. Compared to other catalysts, the
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Scheme 2.47 Formation of diastereomeric derivatives of racemic cis-1,2-dioxolane alcohol

Fig. 2.9 A computer-
generated image of a type of
pancreatic lipase (PLRP2)
from the guinea pig

advantages of enzymes are quite obvious. It is known that reactions catalyzed by
enzymes are more selective and efficiently performed.

There has been a dramatic increase in the number of publications in the field of
lipase-catalyzed reactions. Lipases are ubiquitous water-soluble enzymes that
catalyze the hydrolysis of ester chemical bonds and can be found in animals,
plants, fungi and bacteria [14, 15, 85-88]. A computer-generated image of a type
of pancreatic lipase from the guinea pig is showed in Fig. 2.9. Traditionally,
biocatalysis are performed in aqueous medium. However, water is a poor solvent
for organic chemistry, since most organic compounds are very sparingly soluble
and are sometimes unstable in aqueous solutions. Side reactions such as hydro-
lysis, racemization, polymerization and decomposition often take place easily in
water medium. As a result, chemists have developed procedures for the use of
enzymes in organic solvents. Now, enzymatic catalysis in non-aqueous media has
significantly benefited the chemistry of lipase catalysis [89, 90].
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Scheme 2.48 Reactions catalyzed by lipase

Lipases as organocatalysts are widely used in three main types of asymmetric
transformations [91]. They are (a) kinetic resolution of racemic carboxylic acids or
alcohols, (b) transformations of meso dicarboxylic acids or meso diols and
(c) transformations of prochiral dicarboxylic acid and diol derivatives. In kinetic
resolutions, theoretical yields are limited to 50%. Through enantiotopic group
differentiation of meso dicarboxylic acids or meso diols, yields of up to 100% are
possible [92]. Some typical reactions catalyzed by lipases are depicted in
Scheme 2.48.

According to [IUPAC recommendation, kinetic resolution (KR) is defined as the
achievement of partial or complete resolution by virtue of unequal rates of reaction
of the enantiomers in a racemate with a chiral agent (reagent, catalyst, solvent,
etc.) [92].

The enzyme catalyzed reactions and the lipase-catalyzed kinetic resolutions
have been reviewed [14, 15]. The following section describes some selected
examples of lipase-catalyzed resolutions.

In 1997, an efficient method [93, 94] to prepare enantiomerically pure
(8)-(+)-236 and (R)-(+)-237 by a lipase-catalyzed kinetic resolution was reported
by Sakai. Their reactions were carried out preferentially at —40 °C (Scheme 2.49).
Recently, in their continuing program, porous ceramic (Toyonite)-immobilized
lipase (PSCII) was used in the resolution of (£)-238 at low temperature, giving the
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Scheme 2.49 An efficient method to prepare enantiomerically pure alcohols by lipase-catalyzed
kinetic resolution

OH
lipase
—_— (S)-alcohol +  (R)-acetylated product
Z
RO\?, Z0he >99% ee >99% ee
OR
242 243 244

Scheme 2.50 The lipase-catalyzed kinetic resolution of boron-containing alcohols

synthetically useful (2R, 35)-238 and its acetate (2S5, 3R)-239 with (25)-selectivity
(E = 55 at —40 °C), while a similar reaction of (£)-240 gave (25, 35)-240 and its
acetate (2R, 3R)-241 with (2R)-selectivity (E = 73 at —20 °C) (Scheme 2.49).
Two special points in this example are intriguing and are worthy of mentioning.
First, substrates (£)-238 and (£)-240 belong to an interesting class of primary
aziridine alcohols, which feature two stereogenic centers at the - and y-carbons.
Before this report, there were few examples of the lipase-catalyzed reaction for
such 2-aziridinemethanols. Second, the substrates without N-protection were
directly used in the reactions. These outcomes inspired us to use the lipase-
catalyzed resolution to realize the enantiomerically pure cis-1,2-dioxolane
containing alcohols, which also feature two stereogenic centers [93, 94].

Boron compounds are useful as potential enzyme inhibitors. Recently, a highly
enantioselective lipase-catalyzed kinetic resolution of boron-containing alcohols
was reported. It was found that aromatic, allylic, and aliphatic secondary alcohols
containing a boronate ester or boronic acid group (viz. 242) were resolved by
lipase from Candida antartica (CALB). Excellent E values (E > 200) and high
enantiomeric excesses (>99%) of 243 and 244 were obtained (Scheme 2.50) [95].
This example extends the scope of the lipase-catalyzed kinetic resolutions.
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Table 2.20 Optimization for the kinetic resolution of (+£)-cis-137

Bt~ FEt
HO._X (. OSiMe,Bu

0-0

i s e——

3 0-0 MezBu vinyl acetate Et * Et
(£)-cis-137 Hexane Aco.__X~ X _oSsiMe,Bu

0-0

cis-245

Lipase source Time Alcohol Ester

Yield (%) ee (%) Specific rotation Yield (%) ee (%) Specific rotation

Lipase CR 40 68 34 —6.6 31 49 10.0
Lipase BC 3 53 78 235 45 94 -21.5
5 49 89 26.3 46 —21.5
29 43 >99 28.5 55
3 56 41 >99*  -21.5

Lipase CR Candida rugosa lipase, Lipase BC Lipase PS from Burkholderia cepaci
# Resolution two times, the ee was determined by chiral HPLC

With the desired mono-protected alcohol (&£)-cis-137 in hand, the lipase-
catalyzed kinetic resolution of cis-1,2-dioxolane-containing alcohol was investi-
gated [14, 15, 61]. Results of these studies are summarized in Table 2.20. Lipase
PS from Burkholderia cepaci was found to give the best kinetic resolution out-
come. We observed that prolongation of the reaction time to 29 h provided the
optically pure alcohol, which showed excellent enantiomeric excess (>99% ee).
When the reaction was quenched after 3 h, the optically pure ester was obtained
(94% ee). We were able to secure the optically pure ester in excellent enantio-
meric excess (>99% ee) by repeating the resolution on partially resolved material.

2.7 Total Synthesis of Four Possible Structures
of Plakortide E Methyl Ester

With the enantiomerically pure 1,2-dioxolane-containing alcohol cis-137 and ester
cis-245, enantiomerically pure side chain (R)-91 and (5)-91 in hand, we assembled
the four possible plakortide E methyl esters structures using the chemistry worked
out in our model sequences. The routes are illustrated in Scheme 2.51.
Preparation of enantiomerically pure cis-1,2-dioxolane-containing alkenyl
iodide 246a and 246b. As shown in Scheme 2.52, oxidation of 137a with
Dess—Martin periodinane (DMP) produced a 1,2-dioxolane-containing aldehyde.
Thus, the 1,2-dioxolane-containing aldehyde was treated with freshly prepared
CHBr,PPh;Brand #-BuOK, giving dibromoalkene 247a in good yield with
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Scheme 2.51 Total synthesis of four possible structures of Plakortide E methyl ester
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Scheme 2.52 Syntheses of enantiomerically pure 246a and 246b. Reagents and conditions:
(a) Dess—Martin periodinane (1.5 equiv), CH>Cl,; (b) CHBr,P*Ph3;Br~ (2.5 equiv), +-BuOK
(2.4 equiv), THF, rt, 79% (2 steps); (c) n-BuLi (2.2 equiv), THF, —78 °C, 0.5 h, 95%; (d) n-BuLi
(1.2 equiv), MeOTf (1.5 equiv), THF, —78 °C, 1 h, 70%; (e) Pd(PPh3),Cl, (10 mol%),
n-BusSnH (3.0 equiv), Hexane, 1 h, 84%; (f) I, (1.0 equiv), CH,Cl,, 0 °C, 86%; (g) K>CO3
(1.0 equiv), MeOH, 94%

excellent reproducibility [52]. Preparation of terminal alkyne 248a was subse-
quently achieved by treatment of 247a with n-BuLi, followed by methylation to
provide 249a [5]. In the presence of a catalytic amount of PdCIl,(PPhs),, 249a
underwent regiospecific hydrostannylation to furnish 250a in 84% yield.
Subsequent iodination of 250a led to the formation of the key alkenyl iodide 246a.
On the other hand, hydrolysis of 245 gave the enantiomeric 137b in a good yield.
In a similar manner, optically pure 246b was also synthesized (Scheme 2.52).
Because all the related reactions had been well executed in the model studies, the
syntheses of 246a and 246b were achieved smoothly.

Total synthesis of four possible isomers of plakortide E methyl ester. With
the central core (+)-246a and side chain (R)-91 in hand, the Negishi cross coupling
reaction was carried out to join the two partners together [10], from which the
desired molecule 251a was generated as the only product. Subsequent p-TsOH
mediated desilylation of the ~-BuMe,Si group furnished the free hydroxy inter-
mediate 252a in 89% yield [20]. Dess—Martin oxidation of 252a afforded an
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Scheme 2.53 Synthesis of 86a. Reagents and conditions: (a) ZnBr, (1.3 equiv), #-BuLi
(2.0 equiv), Et,O/THF, —78 °C to rt; (b) Pd(PPh3), (10 mol%), THF, 16 h, 93%; (c) p-TsOH
(10 mol%), CH,Cl,/MeOH (1:2), 89%; (d) Dess—Martin Periodinane (1.5 equiv), CH,Cl,;
(e) Me0),P(O)CH,CO,Me (10.0 equiv), NaH (10.0 equiv), THF, 0 °C, 80% (2 steps)
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Scheme 2.54 Syntheses of three other possible isomers of plakortide E methyl ester

aldehyde, whose Horner—Wadsworth—-Emmons olefination with trimethyl phos-
phonoacetate gave 86a in a good yield [11-13]. The coupling constant between H-2
and H-3 of 86a was found to be 15.8 Hz, indicating the trans stereochemistry of the
C2-C3 disubstituted double bond (Scheme 2.53).

With the two enantiomerically pure central cores (246a and 246b) and two side
chains (R)-91 and (S5)-91 available, the other three possible isomers of plakortide E
methyl ester were synthesized through similar sequences. All reactions proceeded
smoothly to give the other three isomers in good yields (Scheme 2.54).

All four possible isomers of plakortide E methyl ester were synthesized so that
a comparison of their NMR spectral data with those of the natural plakortide E
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Table 2.21 Comparison of selected "H NMR chemical shifts (J values) and specific rotations

H5 H7 HI19 o

86a 2.54 (11.9) 5.11 1.61 —86.0
2.44 (11.9)

86b 2.58 (11.8) 5.15 1.59 —74.8
2.44 (11.8)

86¢ 2.58 (11.9) 5.15 1.59 +75.0
2.44 (11.9)

86d 2.54 (11.9) 5.11 (1.3)° 1.61 (1.3)* +87.0
2.44 (11.9)

Plakortide E methy! ester [1] 2.54 (12.0) 5.1 (1.3) 1.61 (1.3) +75.1
2.44 (12.0)

% Coupling constants were measured by 2D J-resolved NMR experiment on an advance Bruker
600M spectrometer

Table 2.22 Comparison of selected '*C chemical shifts

C-1 C-2 C-3 C5 C7 C-8 C-11 C-12
86d 167.1 1199 1498 56.0 1267 136.6 1328 132.0
Plakortide E methyl ester 166.9 1199 149.6 559 1267 1364 1327 1319

methyl ester could be made [1]. All "H and '*C NMR spectra and specific rotation
data are included in the experimental section, with the most crucial data being
summarized in Tables 2.21 and 2.22. As can be seen, the four synthetic samples
can be divided into two pairs of enantiomers (86a and 86d, 86b and 86c¢).
Although the differences in their '"H NMR spectra are generally very small, there
are considerable differences in the chemical shifts of H-5, H-7 and H-19. While
the '"H NMR spectra of the synthetic molecules 86a and 86d show good
agreement with those of the natural compound, the '"H NMR spectra of com-
pounds 86b and 86¢ exhibit significant differences. It is therefore clear that 86b

and 86c are not related to the natural product. Because the specific rotation MzDo

of the natural plakortide E methyl ester ([u]y= 475.1,¢ = 2.23 in CHCl3) [1]
was found to be in positive value, the value of 86a is negative
([4]= —86,c = 0.28 in CHCl3), indicating that this enantiomer can also be

ruled out. It was found therefore that only the '"H NMR spectrum and specific

rotation ([a]ZDO: +87.1,¢ = 0.39 in CHCl3) of 86d fit closely with those of the

natural plakortide E methyl ester. These results confirm that 86d possesses an
identical structure to the natural plakortide E methyl ester.
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Scheme 2.55 Application of intramolecular Michael addition reaction in the total synthesis of
(+)-goniofufurone
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Scheme 2.56 Application of intramolecular Michael addition in the total syntheses of
sphydrofuran and secosyrins

2.8 Biomimetic Synthesis of Plakortone B
and Determination of the Absolute
Configuration of Plakortide E

Over the past few years, the intramolecular Michael addition has become one of
the most efficient and simple approaches to the synthesis of furanofuran bicyclic
lactone skeleton, which has been widely applied to the total synthesis of natural
products containing furanofuran bicyclic lactone skeleton. For example, Shing and
coworkers [96] reported the total synthesis of (+)-goniofufurone through an
intramolecular Michael addition reaction (Scheme 2.55). Thus, treatment of the
butenolide 253 with a catalytic amount of DBU in THF provided the desired
lactone 254 in 74% yield.

Our group has used intramolecular Michael addition to prepare the dioxaspiro
framework in the syntheses of natural products, including the total synthesis of
sphydrofuran and secosyrin (Scheme 2.56) [97].
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Scheme 2.57 Application of intramolecular Michael addition in the total syntheses of
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Scheme 2.58 Application of _HO OH
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(35,45,6RR,10R)-Plakortone B (87)

Peng also applied the same protocol to realize the total syntheses of natural
products pallavicinin (264) and neopallavicinin (265) (Scheme 2.57). Treatment of
the butenolide mixture 261 with DBU in toluene provided a 4:1 mixture of 262 and
263 [98, 99].

Recently, our group has reported the total syntheses and configuration assign-
ments of all four isomers of plakortone B. The synthesis of the furanofuran
bicyclic lactone skeleton was achieved through a stereoselective intramolecular
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Scheme 2.59 Biomimetic synthesis of plakortone B. Reagents and conditions: (a) Zn (50 equiv),
AcOH/CH,CI, (1:2), 0 °C to rt, 2 h, 99%; (b) DBU (0.2 equiv), toluene, reflux, overnight, 90%
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Scheme 2.60 Syntheses of the other three isomers of plakortone B

conjugate addition of an alcohol to an unsaturated lactone; the transformation is
chemoselective for one alcohol in the triol substrate (Scheme 2.58) [5].

In consideration that plakortone B (87a) was isolated from the same marine
sponge together with plakortide E (85) [1], we reasoned that plakortide E methyl
ester 86d could be converted to plakortone B (87a). In this way, the determination
of the absolute configuration of plakortide E methyl ester (86d) would be
achieved, and this conversion would also provide a concise biomimetic synthesis
pathway to plakortone B (87a). To begin with, cleavage of the O-O bond of
plakortide E methyl ester (86d) with zinc in acetic acid provided 1,3-diol 268 in an
excellent yield [100]. With the 1,3-diol 268 in hand, our next objective was to
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S Et Et Et Et
P 7,3 oy, COMe _~ _~8 /1,3 Xy, CO-Me
/vw\]/ NS 0 XS
s 0-0 0-0
(4R,65,105)-86a (4R,6S,10R)-86b
/\/\S/WEE?\/CO2MG A~ Et’: .'Et X CO2Me
10 6 4 2 10 6 4 2
pa 0-0 0-0
(45,6R,105)-86¢ (45,6R,10R)-86d

Plakortide E Methyl Ester

Fig. 2.10 Absolute configurations of four isomers of plakortide E methyl ester

Et Et

Et Et
P~ R = S \/002'\/19 a P~ R z 5 \/COZH
10 6 4 2 10 6 4 2
0-0 0-0
(45,6R,10R)-86d (45,6R,10R)-85a

Scheme 2.61 Synthesis of plakortide E. Reagents and conditions: (a) LiOH (5.0 equiv), THF/
H,0 (4:1), 0 °C to rt, 24 h, 90%

Table 2.23 Comparison of selected NMR shifts (J values) and specific rotations

H-2 H-3 H-5 Cl €2 C3 G5 Y
85a 6.09 (15.7) 6.93 (15.7) 243 (12.0) 171.1 1196 152.1 560 66.6
2.53 (12.0)
Wright [3] 6.09 (15) 693 (15) 243(12) 1720 1205 152.1 560 63
2.53 (12)
Patil et al. [I] 5.98 (15.8) 6.69 (15.8) 243 (12)  173.0 1239 1469 558 63.9
2.53 (12)

convert it to the corresponding isomer of plakortone B. Encouraged by our recent
success in the preparation of various tetrahydrofurofuranone frameworks towards
the syntheses of naturally occurring molecules, an intramolecular Michael addition
was employed to achieve this conversion. Thus, the 1,3-diol 268 was subjected to
an intramolecular oxa-Michael addition/lactonization cascade reaction. To our
delight, our target 87a was afforded exclusively in 90% yield (Scheme 2.59)
[98, 99, 101].

The other three possible isomers of plakortone B were prepared in a similar
manner from the three corresponding isomers of plakortide E methyl ester, as can
be seen in Scheme 2.60. A comparison of the NMR spectra and the specific
rotations of the four synthetic isomers and the reported data of plakortone B (87a)
and its isomers [5] confirms the absolute configurations of 86a, 86b, 86¢ and 86d
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to be (4R,6S,108), (4R,6S,10R), (4S5,6R,10S) and (4S,6R,10R). All absolute con-
figurations of plakortide E methyl ester and its isomers are depicted in Fig. 2.10.

2.9 Synthesis of Plakortide E

As depicted in Scheme 2.61, compound 86d was then saponified to provide the
plakortide E (85a). Comparisons of the chemical shifts and coupling constants for
the synthetic compound and the literature values for plakortide E are summarized
in Table 2.23. Our values are identical to those reported by Wright [3]. However,
our results and those of Patil [1] show some differences for the 13C NMR chemical
shifts of C-1, C-2 and C-3.
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Chapter 3
Conclusion

The key steps included the synthesis of enantiomerically pure dioxolane cores
through lipase resolution of a racemic precursor, the introduction of an alkynyl
sidechain on a 1,2-dioxolane via a Corey-Fuchs homologation, and the introduc-
tion of the sidechain of the natural product through Pd-catalyzed sp*/sp> cross-
coupling.

Synthesis of plakortide E methyl ester 86a (one of the plakortide E candidate
structures) was completed in ten steps from (+)-cis-137a (Scheme 1). The other
three possible isomers of plakortide E methyl ester (86b, 86¢ and 86d) were
synthesized in a similar manner. One of these molecules 86d was identical to the
natural plakortide E methyl ester on the basis of "H, '*C NMR spectra and specific
rotation comparisons.

With the plakortide E methyl ester 86d and its other three isomers in hand,
we successfully converted them into plakortone B (3S5,4S5,6R,10R)-(87a), and its
isomers ent-87a, 87b and ent-87b via an intramolecular oxa-Michael addition/
lactonization cascade reaction. A comparison of the NMR spectra and the specific
rotations of the four synthetic isomers (87a, ent-87a, 87b and ent-87b) and the
reported data of plakortone B and its isomers [1] confirmed the absolute config-
urations of 86a, 86b, 86¢ and 86d to be (4R,6S5,105), (4R,65,10R), (4S,6R,10S) and
(4S,6R,10R). The conversion not only provided a concise biomimetic synthesis
pathway to plakortone B (87a), but also proved the hypothesis that plakortide E
was the precursor of the plakortone B in nature.

Saponification converted 1,2-dioxolane 86d into plakortide E (85a) whose
absolute configuration (4S5,6R,10R) was confirmed by comparison of spectral and
physical data with those of reported.
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of Plakortone B, Springer Theses, DOI: 10.1007/978-3-642-27195-3_3,
© Springer-Verlag Berlin Heidelberg 2012



78 3 Conclusion

Et Br Et
HOMOSlMe{Bu _ab_ WOSIMerBu _C 5
O-0
(+)-cis-137a (+)-cis-247a
Bt Et g Et, . Et .
MOSiMeZ’Bu 9 ' OSiMe,Bu —2—>
Z 0-0 Z 0-0
(+)-cis-248a (+)-cis-249a
Ao
OSiMe,Bu ——> WOSlMe B
BusSn b d 2 2
(+)-cis-250a (+)—c:s-246a
/\/@\l
g
h 8
NG OSlMeg'Bu
S 0-0 1

(85)-(+)-cis-251a

M 10 3 X % g 2
OH > ¢ P
S B CO,Me
0-0 3 |

(85)-(+)-cis-252a (105)-(+)-cis-86a

Scheme 1 Synthesis of 86a. Reagents and conditions: (a) Dess—Martin periodinane (1.5 equiv),
CH,Cly; (b) CHBr,P*Ph3Br~ (2.5 equiv), +-BuOK (2.4 equiv), THF, 1t, 79% (2 steps); (c) n-BuLi
(2.2 equiv), THF, —78 °C, 0.5 h, 95%; (d) n-BuLi (1.2 equiv), MeOTf (1.5 equiv), THF, —78 °C,
1 h, 70%; (e) Pd(PPh;3),Cl, (10 mol%), n-BusSnH (3.0 equiv), Hexane, 1 h, 84%; (f) I, (1.0
equiv), CH,Cl,, 0 °C, 86%; (g) ZnBr, (1.3 equiv), +-BuLi(2.0 equiv), Et,O/THF, —78 °C to rt,
then Pd(PPh3), (10 mol%), THF, 16 h, 93%; (h) p-TsOH (10 mol%), CH,Cl,/MeOH (1:2), 89%;
(i) Dess—Martin periodinane (1.5 equiv), CH,Cl,; (j) (MeO),P(O)CH,CO,Me (10.0 equiv), NaH
(10.0 equiv), THF, 0 °C, 80% (2 steps)
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Chapter 4
Experimental Section

4.1 General Information

All non-aqueous reactions were carried out using oven-dried glassware under a
positive pressure of dry nitrogen unless otherwise noted. All reagents and solvents
were reagent grade. Further purifications and drying by standard methods were
used when necessary. Except as indicated otherwise, reactions were magnetically
stirred and monitored by thin layer chromatography (TLC) using Merck silica gel
60 F254 plates and visualized by fluorescence quenching under UV light.
In addition, compounds on TLC plate were visualized with a spray of 5% w/v
dodecamolybdophosphoric acid in ethanol and with subsequent heating. Chro-
matographic purification of products (flash chromatography) was performed on
E. Merck silica gel 60 (230-400 mesh). All evaporation of organic solvents was
carried out with a rotary evaporator. Yields refer to chromatographically and
spectroscopically pure compounds, unless otherwise stated.

NMR spectra were recorded on Bruker DRX300 spectrometer, Brucker
Advanced III 400 spectrometer and Advanced Brucker 600 M spectrometer.
Chemical shifts () are reported in ppm with the solvent resonance as the internal
standard relative to chloroform (6 7.26) or tetramethylsilane (6 0.00) for 'H and
chloroform (8 77.1) for '*C. Data are reported as follows: brs = broad singlet,
s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet; coupling con-
stants in Hz. "H NMR measurements were carried out at room temperature in
deuterated chloroform solution unless otherwise stated. Mass spectra (EIMS and
HRMS (ESI)) were obtained with a HP 5989B spectrometer and determined at an
ionizing voltage of 70 eV unless otherwise stated; relevant data were tabulated as
m/z. HPLC analysis was performed on a Hewlett Packard Series 1050 HPLC, or
Hewlett Packard Series 1100 HPLC, or Agilent 1100 HPLC with a diode array UV
detector (4 = 214-258 nm), using Chiralpak AD-H (0.46 cm x 25 cm). Optical
rotations were measured on a Perkin-Elmer model 241 polarimeter operating at the

X.-Y. Sun, Total Synthesis of Plakortide E and Biomimetic Synthesis 79
of Plakortone B, Springer Theses, DOI: 10.1007/978-3-642-27195-3_4,
© Springer-Verlag Berlin Heidelberg 2012



80 4 Experimental Section

sodium D line with a 100 mm path length cell and at 20 °C, and were reported as
follows: [oc]%, concentration (g/100 mL), and solvent.

2-Chlorobutyric acid (115) [1, 2]

EtYoogH
cl
115

Sulfuryl chloride (366 mL, 4.5 mol) was added dropwise to a solution of
butyric acid 114 (265 g, 3 mol) in dimethylformamide (5 mL) in a three-necked
round flask fitted with a condenser, drying tube and HCIl gas convertor. The
reaction mixture was heated to 80—85 °C and then the yellow solution was heated
to 90-95 °C for 2 h. Colour change from yellow to colorless was observed. The
resulting mixture was distilled carefully to yield 2-chlorobutyric acid (115) (106 g)
in 29% yield. b.p.: 112 °C/25 torr (Lit: [2] 123 °C/34 torr); '"H NMR (300 MHz,
CDCl3): 6 = 1.08 (t, J = 7.2 Hz, 3H), 1.93-2.17 (m, 2H), 4.28 (t, J = 6 Hz, 1H),
10.77 (s, 1H) ppm; MS (ESD): m/z (M) 122.

Ethyl 2-chlorobutyrate (111) [1, 3]

EtYCOZEt
Cl
11

Concentrated sulfuric acid (9 mL) was added to a solution of 2-chlorobutyric
acid (115) (76.1 g, 0.62 mol) in ethanol (95%, 110 mL) and benzene (40 mL) in a
three-necked round flask fitted with condenser, thermometer. The reaction mixture
was heated to reflux for 14 h (monitored by TLC) and the solvent was removed in
vacuo. The residue was washed with water (70 mL x 2) and the pH of solution
was adjusted to pH 5-6 using saturated sodium hydrogen carbonate. The solution
was extracted with Et;O (70 mL x 2) and the combined layers were dried over
Na,S0Oy, filtered and concentrated in vacuo to yield 111 (65.0 g) as a colorless oil
in 70% yield. b.p.: 85 °C/35 torr (Lit: [3] 64 °C/20 torr); '"H NMR (300 MHz,
CDCl;): 6 =1.00 (t, J =17.5Hz, 3H), 1.27 (t, J = 7.5 Hz, 3H), 1.92-2.10
(m, 2H), 4.16-4.26 (m, 3H) ppm; MS (ESI): m/z (M + H)* 151.

Ethyl 2-ethylacrylate (112) [1, 4]

EtWCOZEt

112
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Diethyl 2-ethylmalonate (35 g, 186 mmol, 1 equiv) in anhydrous ethanol
(50 mL) was added to potassium hydroxide (10.5 g, 186 mmol, 1 equiv) in
anhydrous ethanol (100 mL) at O °C. The reaction mixture was stirred for 10 h.
White precipitate was formed and solvent was removed. Water (10 mL) was added
to dissolve the white solid and the solution was acidified to pH 3-4 using
hydrochloric acid (10%). The solution was extracted with Et,O (70 mL x 3). The
combined organic layers were dried over Na,SOy, filtered and the solvent was
concentrated in vacuo to yield a colorless oil.

Pyridine (40 mL) was added to the crude, (HCHO), (5.58 g, 186 mmol, 1 equiv)
and piperidine (1.8 mL) were added to the solution. The reaction mixture was heated
to reflux for 1 h and then cooled to room temperature. The mixture was poured into
water (100 mL), and washed with n-pentane (70 mL x 3). The combined layers were
washed with hydrochloric acid (10%, 100 mL), water (100 mL), sodium hydrogen
carbonate (5%, 100 mL), then dried over Na,SQ,, filtered and concentrated in vacuo.
It was purified by using distillation at 68 °C in vacuo to yield a colorless oil (16.7 g,
70%). 'H NMR (400 MHz, CDCl;) & = 1.04 (t, J=7.5Hz, 3H), 126
(t,J = 7.3 Hz,3H),2.30(q,J = 7.5 Hz,2H),4.17(q,J = 7.5 Hz,2H), 5.47 (s, 1H),
6.09 (s, 1H) ppm; ">C NMR (100 MHz, CDCl5) § = 12.7, 14.2, 24.8, 60.5, 123.2,
142.5,167.3 ppm; MS (ESI): m/z (M + Na)" 151.

Diethyl cis-1,2-diethylcyclopropane-1,2-dicarboxylate (cis-113) and Diethyl
trans-1,2-diethylcyclopropane-1,2-dicarboxylate (rrans-113) [1, 5]

Eta/\COEt Eta/\LEt
Et0,C  Et EtO,C  CO,Et
trans-113 cis-113

NaH (60%, 5.6 g, 140.4 mmol, 1.5 equiv) in DMF (25 mL) was cooled in an ice-
bath. A solution of a-ethylacrylate 112 (12.0 g, 93.6 mmol) and a-chlorobutyrate
111 (11.1 g, 93.6 mmol) in DMF (50 mL) were added dropwise to the solution with
temperature below 30 °C (gas released). The reaction mixture was stirred at room
temperature for 17 h (monitored by TLC). MeOH (15 mL) was added to quench the
excess NaH, then washed with water (100 mL). The mixture was extracted with Et,O
(70 mL x 3) and the combined layers were dried over Na,SQO,, filtered and con-
centrated in vacuo. The crude material was subjected to purification using column
chromatography on silica gel (800 g) eluting with hexanes/EtOAc (20:1) to yield
trans-113 (14.3 g, 63%), and cis-113 (5.7 g, 25%). trans-113 Ry = 0.6 (hexanes/
EtOAc, 20:1); cis-113 R; = 0.4 (hexanes/EtOAc, 20:1); cis-113: 'H NMR
(400 MHz, CDCl3): & = 0.65 (d, 1H, J = 4.5 Hz), 1.01 (t, J = 7.5 Hz, 6H), 1.24
(t,J = 7.5 Hz,6H), 1.43-1.50 (m, 2H), 1.86 (d,J = 4.5 Hz, 1H), 1.94-2.02 (m, 2H),
4.10(q, J = 7.5 Hz, 4H) ppm; >C NMR (100 MHz, CDCl5): § = 11.8, 14.2, 23.0,
23.9, 38.1, 60.8, 172.1 ppm; MS (ESI): m/z (M + Na)* 265.

trans-113: '"H NMR (400 MHz, CDCl;): & = 0.89 (t, J = 7.5 Hz, 6H),
1.10-1.15 (m, 2H), 1.24 (t, J = 7.5 Hz, 6H), 1.28 (s, 2H), 1.98-2.06 (m, 2H),
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4.08-4.20 (m, 4H) ppm; '*C NMR (100 MHz, CDCl5): 8 = 11.6, 14.3, 20.1, 23.6,
38.0, 60.9, 171.6 ppm; IR (Film): 2974, 2939, 2880, 1729, 1458, 1382, 1309,
1234, 1182, 1139, 1031 cm™'; MS (ESI): m/z (M + Na)* 265.

trans-1,2-Diethyl-1,2-bis (hydroxymethyl) cyclopropane (118) [1, 6]

Et\A/\OH

HO—
118

Compound frans-113 (10 g, 41.3 mmol) in Et;O (50 mL) was added dropwise
to a solution of LiAIH, (3.4 g, 90.8 mmol, 2.2 equiv) in Et,0 (50 mL) at 0 °C and
the reaction mixture was heated to reflux for 17 h (monitored by TLC). NaOH
(5%, 20 mL) was added to the reaction mixture to quench the excess LiAlH,, then
filtered and extracted with Et,O (50 mL x 3). The combined organic layers were
dried over Na,SQy,, filtered and concentrated in vacuo. The crude material was
subjected to purification using column chromatography on silica gel (250 g)
eluting with hexanes/EtOAc (1:2) to yield a colorless oil (6.1 g, 93%). Ry = 0.3
(hexanes/EtOAc, 1:2); 'H NMR (400 MHz, CDCls) 6 = 0.19 (s, 2H), 0.93
(t, J = 7.4 Hz, 6H), 1.25-1.34 (m, 2H), 1.82-1.91 (m, 2H), 3.28 (d, / = 11.3 Hz,
2H), 3.69 (s, 2H), 3.79 (d, J = 11.4 Hz, 2H) ppm; "*C NMR (100 MHz, CDCl5)
6 =112,19.2, 21.9, 32.9, 63.4 ppm; MS (ESD): m/z (M + Na)* 181.

trans-1,2-Diethyl-2-(hydroxymethyl)-[ (fert-butyl-dimethylsiloxy)methyl]-
cyclopropane (119) [1, 6]

Et\A/\OH

‘BuMe,SIO— g
119

Et;N (11.0 g, 15.1 mL, 108.4 mmol, 2.2 equiv) was added to a solution of 118
(7.8 g,49.3 mmol) in CH,Cl, (60 mL) at 0 °C and stirred for 10 min. -BuMe,SiCl
(8.2 g, 54.2 mmol, 1.1 equiv) in CH,Cl, (20 mL) was then added dropwise to the
solution at 0 °C and stirred for 4 h (monitored by TLC). White precipitate was
formed. The reaction mixture was washed with water (100 mL), dried over Na,SQOy,
filtered and concentrated in vacuo. The crude material was subjected to purification
using column chromatography on silica gel (400 g) eluting with hexanes:ethyl
acetate (5:1) to yield a colorless oil 119 (10.73 g) in 80% yield. R = 0.3 (hexanes/
EtOAc, 5:1); '"H NMR (400 MHz, CDCl5) § = 0.02 (s, 3H), 0.03 (s, 3H), 0.28
(q,J = 4.8 Hz,2H), 0.88 (s,9H), 0.92 (t,J = 7.5 Hz,3H), 0.98 (t,J = 7.5 Hz, 3H),
1.24 (s, 1H), 1.41-1.70 (m, 4H), 3.40 (d, J = 10.7 Hz, 1H), 3.54 (d, J = 11.5 Hz,
1H), 3.65 (d, J = 11.6 Hz, 1H), 3.70 (d, J = 10.7 Hz, 1H) ppm; *C NMR
(100 MHz, CDCl3) 6 = —5.4, —5.4,11.3, 11.4, 18.3, 20.3, 22.9, 23.1, 26.0, 32.7,
32.9, 64.1, 64.9 ppm; MS (ESI): m/z (M + Na)* 295.
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trans-1,2-Diethyl-1-(tert-butyldimethylsiloxymethyl)-2-vinylcyclopropane
(121) [1]

EtlAA

‘BuMe,SIO—
121

DMSO (7.2 g, 6.6 mL, 91.7 mmol, 2.5 equiv) in CH,Cl, (20 mL) was added
carefully to a solution of (COCl), (5.6 g, 3.8 mL, 44.0 mmol, 1.2 equiv) in CH,Cl,
(60 mL)at —78 °Cand stirred for 15 min. 119 (10 g,36.7 mmol)in CH,Cl, (20 mL)
was added to the mixture and followed by Et;N (19.3 g, 26.6 mL, 190.8 mmol, 5.2
equiv). The reaction mixture was allowed to stir at room temperature for 20 min.
Water (50 mL) was added to the mixture and stirred for a further 30 min. The mixture
was extracted with CH,Cl, (70 mL x 3) and the combined layers were washed with
hydrochloric acid (10%, 70 mL) sodium hydrogen carbonate solution (10%, 70 mL)
and saturated brine solution (70 mL), then dried over Na,SQOy, filtered and concen-
trated in vacuo. The crude material was used directly for the next step.

n-BuLi (1.6 M, 35 mL, 30.3 mmol, 1.3 equiv) was added to a solution of
PPh3CH5I(19.3 g,47.7 mmol, 1.3 equiv) in THF (100 mL) at —78 °C. The solution
was stirred at room temperature until no solid left and then re-cooled to —78 °C. The
crude material in THF (10 mL) was added dropwise to the solution and left stirring at
room temperature for overnight. saturated aq. NH4Cl (70 mL) was added to the
reaction mixture and extracted with Et,O (70 mL x 3). The combined layers were
washed with water (100 mL), saturated brine solution (100 mL), dried over Na,SOy,,
filtered and concentrated in vacuo to yield a yellow solid. The crude material was
subjected to purification using column chromatography on silica gel (250 g) eluting
with hexane to yield a colorless oil 121 (5.9 g) in 60% yield (two steps); Ry = 0.3
(hexanes/EtOAc, 20:1); "HNMR (400 MHz, CDCl3) § = 0.04 (s, 3H), 0.05 (s, 3H),
0.34 (d,J = 4.2 Hz, 1H), 0.57 (d, J = 4.7 Hz, 1H), 0.87 (t, J = 7.5 Hz, 3H), 0.90
(s, 9H), 0.92 (t, J = 7.5 Hz, 3H), 1.39-1.49 (m, 3H), 1.57-1.62 (m, 1H), 3.56
(d, J = 10.7 Hz, 1H), 3.70 (d, J = 10.7 Hz, 1H), 4.95 (d, J = 17.2 Hz, 1H), 5.07
(d, J = 10.5 Hz, 1H), 5.86 (dd, J = 10.5, 17.2 Hz, 1H) ppm; >*C NMR (100 MHz,
CDCl;) 6 = —5.3, =54, 11.2, 11.7, 18.4, 20.6, 23.8, 25.7, 26.0, 33.3, 34.4, 64.2,
114.6, 140.8 ppm; MS (ED): m/z (M)* 268.

trans-1,2-Diethyl-2-vinylcyclopropyl)methanol (122) [1]
SIVAVN

HO— g
122

p-TsOH (242.5 mg, 1.42 mmol, 10 mol%) was added to a solution of 121 (3.8 g,
14.2 mmol) in CH,Cl,/MeOH (1:2, 80 mL) at 0 °C with stirring. The reaction
mixture was stirred at room temperature for 4 h (monitored by TLC). The mixture
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was then extracted with CH,Cl, (40 mL x 3). The combined layers were washed
with NaHCO5 solution (5%, 40 mL), saturated brine solution (40 mL) and dried over
Na,SQOy, filtered and concentrated in vacuo to the crude. The crude material was
subjected to purification using column chromatography on silica gel (100 g) eluting
with hexane/EtOAc (5:1) to yield a colorless oil (2.0 g, 90%); Ry = 0.3 (hexanes/
EtOAc, 5:1); '"H NMR (400 MHz, CDCl;) § = 0.34 (d, J = 4.8 Hz, 1H), 0.63
(d, J = 4.8 Hz, 1H), 0.90 (t, J = 7.4 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H), 1.37-1.52
(m, 4H), 1.60-1.68 (m, 1H), 3.64 (d, J = 12.5 Hz, 1H), 3.72 (d, J = 12.5 Hz, 1H),
497 (d,J = 17.2 Hz, 1H), 5.10 (d, / = 10.5 Hz, 1H), 5.83 (dd, J = 10.5, 17.2 Hz,
1H) ppm; >C NMR (100 MHz, CDCl5) 6 = 11.2,11.7,20.7,23.4,25.7,33.7,34.7,
64.4, 115.3, 139.9 ppm; MS (ESI): m/z (M + Na)* 177.

1-(2-(trans-1,2-Diethyl-2-vinylcyclopropyl)vinyl)benzene (92a) [1, 7]

Et A\ A Ph

= Et

92a

A solution of DMSO (0.13 mL, 1.85 mmol) in CH,Cl, (2 mL) was added to a
solution of (COCI), (0.07 mL, 0.74 mmol) in CH,Cl, (2 mL) at —78 °C over
30 min, followed by a solution of trans-122 (114 mg,0.74 mmol) in CH,Cl, (2 mL).
The resulting mixture was stirred at the same temperature for 30 min, and then Et;N
(0.5 mL, 3.7 mmol) was added. After another 20 min, water (10 mL) and CH,Cl,
(10 mL) were added, and the whole was partitioned. The aqueous layer was extracted
with CH,Cl, (20 mL x 3). The combined organic layers were successively washed
with 1% HCI (30 mL), H,O (30 mL), saturated aq. NaHCO3 (30 mL), and brine
(30 mL), and dried over Na,SO,. After removal of the solvents, the crude product
was used without purification in the next step. BnPPh;Br (415.6 mg, 1.0 mmol, 1.3
equiv) was suspended in anhydrous THF (5 mL) under nitrogen. n-BuLi (1.6 M in
hexane, 0.63 mL, 1.00 mmol) was added into the reaction flask dropwise at —78 °C.
After warming to room temperature, the resulting ylide mixture was allowed to stir
for 30 min and then cooled to 0 °C again. A solution of the crude aldehyde in THF
(2 mL) was added dropwise into the cooled reaction mixture, and was then allowed to
warm slowly to room temperature. After 20 h, saturated aq. NH,Cl (10 mL) was
added to the mixture followed by Et,O (30 mL). The organic layer was separated,
and the aqueous layer was extracted with Et;O (30 mL x 2). The combined organic
layers were dried over Na,SOy, filtered, and concentrated. The crude product was
purified by flash chromatography on silica gel (8 g) eluting with hexane to afford 92a
as a colorless oil (117.1 mg, 70% in 2 steps): Ry = 0.85 (Hexane); '"H NMR
(300 MHz, CDCl5): 6 = 0.41 (d, J = 4.5 Hz, 1H), 0.87 (t, J = 7.5 Hz, 3H), 0.95
(t, J =17.5 Hz, 3H), 1.34-2.04 (m, 4H), 1.87 (d, J = 4.5 Hz, 1H), 4.93-5.22
(d, J = 17.1 Hz, 2H), 5.23-5.37 (m, 1H), 5.75-6.05 (m, 1H), 6.22-6.75 (m, 1H),
7.09-7.50 (m, SH) ppm; IR (Film): 3082, 3026, 2961, 2854, 1640, 1601, 1495, 1463,
1378, 1164, 959, 694 cm™"; MS (ED): m/z 226 [M*];
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1-(2-(trans-1,2-Diethyl-2-vinylcyclopropyl)vinyl)-4-methylbenzene (92b) [1]

Al
\/A'\

Et
92b

Compound 92b was prepared by a similar procedure as 92a : yield = 70% (2
steps); (E/Z = 7/3); Ry = 0.85 (Hexane); '"H NMR (400 MHz, CDCl5) 6 = 0.44
(d, J =4.7HZ, 0.3 H), 0.79-0.96 (m, 7.7H), 1.25-1.65 (m, 4H), 2.34 (s, 2.1 H),
235 (s, 0.9 H), 499 (dd, 1H, J= 1.1, 11.9 Hz), 5.16 (m, 1H), 5.74 (d,
J = 11.9 Hz, 0.3H), 5.86-5.96 (m, 1H), 6.26-6.45 (m, 1.7H), 7.12 (d, J = 7.6 Hz,
2H), 7.27 (d, J = 8.2 Hz, 1.4H), 7.33 (d, J = 7.8 Hz, 0.6 H) ppm; '*C NMR
(100 MHz, CDCl3) 6 = 11.6, 11.7, 11.8, 12.4, 21.2, 21.2, 24.8, 26.4, 26.5, 26.7,
27.2,32.9, 35.6, 36.6, 36.6, 115.3, 115.4, 125.9, 128.7, 129.1, 129.3, 130.5, 131.3,
131.5, 132.5, 134.3, 135.1, 136.5, 136.7, 139.7, 139.9 ppm; MS (EI): m/z 240
[M*]; HRMS (EI) m/z [M]* caled for C gHo4: 240.1873, found: 240.1884.

1-(2-(trans-1,2-Diethyl-2-vinylcyclopropyl)vinyl)-4-methoxybenzene (92c)

OMe
Et, @
\/A'\

Et
92c

Compound92¢ was prepared by a similar procedure as 92a: yield = 64% (2 steps);
Ry = 0.60(Hexanes/EtOAc,20:1); '"HNMR (400 MHz,CDCl3)é = 0.43(d,J = 4.8
HZ,1H),0.84 (t,J = 7.3 Hz,3H),0.87(d,J = 4.7HZ, 1H),0.94 (t,J = 7.4 Hz,3H),
1.48-1.68 (m, 4H), 3.81 (s, 3H), 4.99 (dd, 1H, J = 1.8, 17.2 Hz), 5.16 (dd, 1H,
J =1.7,10.5 Hz),5.67(d,J = 11.9 Hz, 1H),5.86 (dd,J = 10.5,17.2 Hz, 1H), 6.38
(d,J = 12.0 Hz, 1H), 6.84 (d, J = 6.8 Hz, 2H), 7.37 (d, J = 8.7 Hz, 2H) ppm; °C
NMR (100 MHz, CDCly) 6 = 11.6, 12.3, 24.8, 26.5, 27.2, 32.8, 36.6, 55.3, 113.4,
115.3,130.0,130.4,131.0,131.3,139.7,158.5 ppm; MS (FAB): m/7256 [M*]; HRMS
(FAB) m/z [M]* calcd for C,gH,40: 256.1822, found: 256.1811.

1-(2-(trans-1,2-Diethyl-2-vinylcyclopropyl)vinyl)naphthalene (92d)
AN S
>
92d

Compound 92d was prepared by a similar procedure as 92a (the E/Z ratio is
about 5/2): yield = 59% (2 steps); Ry = 0.85 (Hexane); '"H NMR (400 MHz,
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CDCls) 6 = 0.11 (d, J = 5.1 HZ, 0.4 H), 0.60 (d, J = 5.0 HZ, 0.4 H),0.79-0.96
(m, 7.7H), 0.80 (t, J = 7.3 Hz, 1.2H), 0.86-0.96 (m, 8H), 1.4-1.67 (m, 5.6H), 4.90
(dd, J = 1.8, 17 Hz, 0.4H), 5.04-5.10 (m, 1.4H), 5.17 (dd, J = 1.6, 10.5 Hz, 1H),
5.84 (dd, J = 10.4, 17.2 Hz, 0.4H), 5.96 (dd, J = 10.5, 17.2 Hz, 1H), 6.05
(d, J = 11.8 Hz, 0.4H), 6.33 (d, J = 15.6 Hz, 1H), 7.03 (d, J = 11.8 Hz, 0.4H),
7.10 (d, J = 15.7 Hz, 1H), 7.40-7.56 (m, 5.6H), 7.75 (d, J = 8.1 Hz, 1.4H), 7.84
(d, J = 7.4 Hz, 1.4H), 8.0 (d, J = 8.0 Hz, 0.4H), 8.11 (d, J = 8.0 Hz, 1H) ppm;
3C NMR (100 MHz, CDCl) 6 = 11.6, 11.7, 11.8, 12.2, 21.6, 23.9, 26.5, 26.6,
26.8, 28.0, 31.9, 33.1, 35.9, 36.1, 36.6, 115.2, 115.4, 123.4, 124.0, 124.7, 125.1,
125.6, 125.6, 125.7, 125.8, 126.5, 127.1, 127.3, 127.9, 128.4, 128.5, 129.3, 131.1,
131.5, 133.4, 133.6, 134.7, 134.8, 135.8, 139.5, 139.7 ppm; MS (ESI): m/z 277
[M + HI*; HRMS (ESI) m/z [M + H]" caled for C,Has: 277.1951, found:
277.1957.

(E)-cis-3,5-Diethyl-3-styryl-5-vinyl-1,2-dioxolane (cis-124a) and (E)-trans-3,5-
Diethyl-3-styryl-5-vinyl-1,2-dioxolane (frans-124a) [1]

Et Et — Et

Ph Ph
cis-124a trans-124a

Feldman procedure. To a stirring solution of the vinylcyclopropane 92a (226 mg,
1 mmol) in CH3CN (10 mL) at room temperature was added diphenyl diselenide
(32 mg, 0.1 mmol) and AIBN (13 mg, 0.08 mmol). The reaction was placed under
a balloon of oxygen and irradiated with a 300 W sunlamp. When starting material
was consumed as shown by TLC, the reaction mixture was concentrated in vacuo,
and the residue was purified by flash chromatography on silica gel (8 g, hexane/
EtOAc, 10/1) to afford 124 (cis/trans = 1:3.1) as a colorless oil (185.8 mg, 72%);
R¢ = 0.50 (hexanes/EtOAc, 20:1);

Pd-catalyzed procedure. To a 25-mL, two-necked, round-bottomed flask
equipped with a magnetic stirring bar was added 92a (57 mg, 0.25 mmol), urea
peroxide (35%, 73 mg, 0.75 mmol, 3.0 equiv) and Pd (PPh3), (57 mg, 20 mol%).
The flask was placed under an argon atmosphere, and MeCN (2 mL) was added
via syringe. The resulting mixture was stirred at room temperature for 24 h. The
reaction mixture concentrated under reduced pressure to give a residue which was
purified by flash column chromatography on silica gel (8 g, hexanes/EtOAc, 20:1)
to give the pure product in which the cis/trans ratio is about 1/1.5 as a colorless oil
(37 mg, 57%); Ry = 0.50 (hexanes/EtOAc, 20:1); '"H NMR (400 MHz, CDCls)
0 = 0.86-0.98 (m, 15 H), 1.67-1.83 (m, 10H), 2.38 (d, J = 12.1 Hz, 1H), 2.52
(s, 3H), 2.64 (d, J = 12.0 Hz, 1H), 5.16 (dd, J = 1.0, 11.0 Hz, 1H), 5.20 (dd,
J =10, 109 Hz, 1.5H), 5.25 (dd, J = 1.0, 17.6 Hz, 1H), 5.31 (dd, J = 1.0,
17.5 Hz, 1.5H), 5.82-5.94 (m, 2.5H), 6.21 (t, J = 16.5 Hz, 2.5H), 6.62
(t, J = 16.3 Hz, 2.5H), 7.23-7.25 (m, 2.5H), 7.28-7.41 (m, 10H) ppm; '*C NMR
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(100 MHz, CDCl3) 6 = 8.7, 8.9, 30.5, 30.9, 31.0, 31.5, 53.3, 53.9, 83.4, 88.5,
88.5, 88.6, 114.1, 114.8, 126.4, 127.5, 128.5, 128.9, 129.6, 130.8, 131.8, 136.7,
139.4, 140.2 ppm; MS (EI): m/z 258 [M]*; HRMS (EI) m/z [M]* caled for
C,7H2,0,: 258.1614, found: 258.1613.

(E)-3-(4-Methystyryl)-cis-3,5-diethyl-5-vinyl-1,2-dioxolane (cis-124b) and (E)-
3-(4-Methystyryl)-trans-3,5-diethyl-5-vinyl-1,2-dioxolane (trans-124b) [1]

Et

I O 0 \ \
cis-124b trans-124b

Compound 124b was prepared by a similar procedure as 124a; Feldman pro-
cedure: yield = 75%, (cis/trans = 1:4); Pd-catalyzed procedure: yield = 70%
(cis/trans = 1:1.4); R; = 0.50 (hexanes/EtOAc, 20:1); 'H NMR (400 MHz,
CDCl3) 6 = 0.86-0.97 (m, 14.4H), 1.69-1.84 (m, 9.6H), 2.33 (s, 3H), 2.34 (s,
4.2H), 2.37 (d, J = 12.0 Hz, 1H), 2.52 (s, 2.8H), 2.65 (d, J/ = 12.0 Hz, 1H), 5.16
(dd, J = 1.1, 11.0 Hz, 1H), 5.19 (dd, J = 1.1, 10.9 Hz, 1.4H), 5.26 (dd, J = 1.1,
17.6 Hz, 1H), 5.30 (dd, J = 1.1, 17.5 Hz, 1.4H), 5.86-5.93 (m, 2.4H), 6.16
(t, J =164 Hz, 2.4H), 6.57 (t, J = 17.0 Hz, 2.4H), 7.11-7.14 (m, 4.8H),
7.28-7.31 (m, 4.8H) ppm; "*C NMR (100 MHz, CDCl;) § = 8.9, 9.0, 9.0, 21.2,
30.7,31.1, 31.2, 31.6, 53.4, 54.0, 88.6, 88.7, 88.7, 88.7, 114.2, 114.9, 126.4, 126 .4,
128.9, 129.3, 129.3, 129.7, 129.9, 130.9, 134.1, 137.5, 139.7, 140.4 ppm;
MS(ESI): m/z 290 [M + NH,]"; HRMS (ESI) m/z [M + NH,4]* calcd for
C1gH,gNO,: 290.2115, found: 290.2113.

(E)-3-(4-Methoxystyryl)-cis-3,5-diethyl-5-vinyl-1,2-dioxolane (cis-124¢) and
(E)-3-(4-Methoxystyryl)-trans-3,5-diethyl-5-vinyl-1,2-dioxolane (trans-124c)

Et

i 0 o \ \
cis-124¢c trans-124¢
O_

Compound 124c was prepared by a similar procedure as 124a; Feldman
procedure:  yield = 84%, (cis/trans = 1:2.6);  Pd-catalyzed  procedure:
yield = 40% (cis/trans = 1:1.6); Ry = 0.50 (hexanes/EtOAc, 10:1); '"H NMR
(400 MHz, CDCl;3) 6 = 0.86-0.97 (m, 16.2H), 1.67-1.84 (m, 10.8H), 2.37
(d, J = 12.0 Hz, 1H), 2.51 (s, 3.4H), 2.64 (d, J = 12.0 Hz, 1H), 3.80 (s, 3H), 3.81
(s, 5.1H), 5.16 (dd, J = 1.0, 11.0 Hz, 1H), 5.19 (dd, J = 1.0, 11.0 Hz, 1.7H), 5.28
(dt, J = 1.0, 17.6 Hz, 2.7H), 5.82-5.93 (m, 2.7H), 6.07 (t, J = 16.8 Hz, 2.7H),
6.54 (t, J = 16.6 Hz, 2.7H), 6.84-6.88 (m, 5.4H), 7.30-7.35 (m, 5.4H) ppm;
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C NMR (100 MHz, CDCl3) 6 = 8.9, 9.0, 30.7, 31.0, 31.2, 31.6, 53.4, 53.9, 55.4,
88.6, 88.6, 88.7, 88.7, 114.0, 114.0, 114.2, 114.9, 127.7,128.5, 128.6, 129.3, 129.6,
139.7, 140.3, 159.3 ppm; IR (Neat): 2964, 2934, 1607, 1511, 1251, 1175, 1036,
839 cm~'; MS (FAB): m/z 288 [M]*; HRMS (EI) m/z [M]" caled for C,gH405:
288.1720, found: 288.1716.

(E)-cis-3,5-Diethyl-3-(2-(naphthalen-1-yl)vinyl)-5-vinyl-1,2-dioxolane
(cis-124d) and (E)-trans-3,5-Diethyl-3-(2-(naphthalen-1-yl)vinyl)-5-vinyl-1,
2-dioxolane (trans-124d)

Et Et — Et

0-0 0-0

cis-124d O trans-124d O

Compound 124d was prepared by a similar procedure as 124a; Feldman
procedure:  yield = 62%, (cis/trans = 1:2.5);  Pd-catalyzed  procedure:
yield = 67% (cis/trans = 1:1.8); Ry = 0.50 (hexanes/EtOAc, 20:1); '"H NMR
(400 MHz, CDCl3) 6 = 0.91-1.06 (m, 16.8H), 1.73-1.91 (m, 11.2H), 2.44 (d,
J = 12.1 Hz, 1H), 2.61 (s, 3.6H), 2.75 (d, J = 12.0 Hz, 1H), 5.20 (dd, J = 1.1,
10.8 Hz, 1H), 5.23 (dd, J = 1.1, 10.9 Hz, 1.8H), 5.31 (dd, J = 1.0, 18 Hz, 1H),
5.36 (dd, J = 1.0, 17.4 Hz, 1.8H), 5.89-5.98 (m, 2.8 Hz), 5.18 (d, / = 16 Hz,
1H), 6.22 (d, J = 16 Hz, 1.8H), 7.36-7.60 (m, 14H), 7.79 (dd, J = 3.8, 8.2 Hz,
2.8H), 7.85 (dd, J=12.6, 7.4 Hz, 2.8H), 8.09 (d, J= 7.4 Hz, 1H), 8.13
(d, J = 7.9 Hz, 1.8H) ppm; '*C NMR (100 MHz, CDCl5) é = 8.9,9.1, 30.7, 31.2,
31.7, 53.5, 54.2, 88.6, 88.7, 88.8, 88.8, 114.2, 115.0, 123.7, 124.0, 124.0, 125.6,
125.8, 126.1, 126.1, 126.5, 127.3, 127.9, 128.5, 131.4, 133.6. 134.3, 135.0, 135.1,
139.6, 140.5 ppm; MS (ESD): m/z 326 [M + NH4]*; HRMS (ESI) m/z
[M + NH4]+ calcd for C2]H28N02: 326.21 15, found: 326.2120.

(trans-3,5-Diethyl-1,2-dioxolane-3,5-diyl)dimethanol (trans-134) and (cis-3,
5-Diethyl-1,2-dioxolane-3,5-diyl)dimethanol (cis-135) [1]

'ed DOK
E o HOLXY A oH

" o-0 0-0
trans-134 cis-135

To a —78 °C solution of 92a (440 mg, 1.6 mmol) in CH,Cl, (14 mL)/MeOH
(2 mL) was bubbled Oj. After the mixture turned light blue and TLC analysis
displayed little or no starting material, ozonolysis was stopped and the ozone was
removed by passage of O, or N, through the solution. NaBH, (91 mg, 2.4 mmol)
was added to the reaction mixture at the same temperature and the reaction was
slowly (5 h) warm to room temperature. The reaction was diluted with water
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(2 mL) and the mixture extracted with EtOAc (15 mL x 2). The organic extracts
were dried over Na,SQ,, filtered, and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (10 g, hexanes/EtOAc, 2:1-1:1) to
afford firstly trans-134 (178 mg, 55%), followed by cis-135 (113 mg, 35%);
trans-134: R; = 0.25 (hexanes/EtOAc, 1:1); 'H NMR (400 MHz, CDCls)
0 =093 (t,J = 7.6 Hz, 6H), 1.51-1.60 (m, 2H), 1.74-1.83 (m, 2H), 2.05 (s, 2H),
2.25 (brs, 2H), 3.43 (d, J = 11.8 Hz, 2H), 3.72 (d, J = 11.8 Hz, 2H) ppm; *C
NMR (100 MHz, CDCl3) 6 = 9.2, 25.0, 44.7, 64.5, 89.5 ppm; MS (ESI): m/z 208
[M + NH4]*; HRMS (ESI) m/z [M + NH4]* caled for CoH,,NO,4: 208.1543,
found: 208.1540.

cis-135: Ry = 0.22 (hexanes/EtOAc, 1:1); 'H NMR (400 MHz, CDCls)
0=094 (t, J="7.6 Hz, 6H), 1.58-1.67 (m, 2H), 1.74-1.83 (m, 2H), 2.14
(d, J=124Hz, 1H), 246 (d, J= 124 Hz, 1H), 2.60 (s, 2H), 3.63
(q, J = 12.2 Hz, 4H) ppm; "*C NMR (100 MHz, CDCl3) 6 = 8.7, 27.4, 44.2,
63.9, 89.5 ppm; MS (ESI): m/z 213 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for CoH;gO4Na: 213.1097, found: 213.1093.

(5-((tert-Butyldimethylsilyloxy)methyl)-cis-3,5-diethyl-1,2-dioxolan-3-yl)
methanol (cis-137) and 3,5-bis((tert-Butyldimethylsilyloxy)methyl)-cis-3,
5-diethyl-1,2-dioxolane (cis-270)

Et Et Et Et

‘BuMe,Si0._Y~ Y. _OH 'BuMe;Sio._X~ Y OSiMe,Bu
0-0 0-0
cis-137 cis-270

To a stirring solution of cis-135 (741 mg, 3.89 mmol) in DMF (10 mL) cooled
at 0 °C were added imidazole (265 mg, 3.89 mmol), DMAP (24 mg, 0.19 mmol),
and fert-butyldimethylsilyl chloride (587 mg, 3.89 mmol). The reaction was stir-
red overnight, and it was allowed to warm to room temperature slowly. Then
quenched by addition of saturated aq. NH4CI (10 mL), and the resulting solution
was stirred at room temperature for 30 min. The mixture was extracted with Et,0O
(3 x 10 mL). The combined extracts were washed with brine (15 mL), dried over
anhydrous Na,SO,, and concentrated on the rotary evaporator. The residue was
purified by flash chromatography on silica gel (8 g, hexane/EtOAc, 20:1 — 10:1)
to afford cis-270 (83 mg, 5%), cis-137 (532 mg, 45%) and cis-135 (259 mg, 35%)
as colorless oil. cis-137: Ry = 0.50 (hexanes/EtOAc, 8:1); '"H NMR (400 MHz,
CDCl;) 6 =0.06 (s, 6H), 0.89 (s, 9H), 0.90 (t, J= 7.5 Hz, 3H), 0.94
(t, J = 7.5 Hz, 3H), 1.57-1.66 (m, 2H), 1.75-1.83 (m, 2H), 2.07-2.12 (m, 1H),
2.06 (d, J =123 Hz, 1H), 2.32 (d, J = 12.3 Hz, 1H), 3.46 (dd, J = 7.6 Hz,
11.9 Hz, 1H), 3.58 (d, J = 3.0 Hz, 2H), 3.72 (dd, J = 4.6 Hz, 11.9 Hz, 1H) ppm;
3C NMR (100 MHz, CDCl3) 6 = —5.4, 8.5, 8.9, 18.4, 25.9, 26.4, 28.0, 44.8, 63.9,
64.1, 89.1, 89.2 ppm; IR (Neat): 2956, 2931, 2883, 2858, 1463, 1254, 1113, 1060,
838, 778 cm™'; MS (ESI): m/z 305 [M + H]*; HRMS (ESI) m/z [M + H]" calcd
for C;5H3304S1: 305.2143, found: 305.2141.
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¢is-270: R; = 0.9 (hexane); '"H NMR (400 MHz, CDCl5) d = 0.06 (s, 12H),
0.89 (s, 18 H), 0.90 (t, J = 7.5 Hz, 6H), 1.55-1.64 (m, 2H), 1.75-1.84 (m, 2H),
198 (d, J = 12.4 Hz, 1H), 2.28 (d, J = 12.3 Hz, 1H), 3.49 (d, J = 10.6 Hz, 2H),
3.65 (d, J = 10.7 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3) é = —5.4, —5.3,
8.6, 18.3,25.9, 27.2, 45.3, 64.0, 88.8, ppm; MS (ESI): m/z 419 [M + H]*; HRMS
(ESI) m/z [M + H]* caled for CyH4704Si,: 419.3007, found: 419.3018.

(5-((tert-Butyldimethylsilyloxy)methyl)-trans-3,5-diethyl-1,2-dioxolan-3-
ylmethanol (trans-136) and 3,5-bis((fert-Butyldimethylsilyloxy)methyl)-trans-
3,5-diethyl-1,2-dioxolane (trans-271)

tBuMeZSiON fBuMezsiON
E OH Et OSiMe,'Bu

U 0-0 0-0
trans-136 trans-271

trans-136 and trans-271 were prepared by a similar procedure as cis-137 and
cis-270; trans-137: Ry = 0.50 (hexanes/EtOAc, 9:1); 'H NMR (400 MHz, CDCls)
0 = 0.06 (s, 6H), 0.89 (s, 9H), 0.91 (t, J = 7.4 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H),
1.49-1.59 (m, 2H), 1.70-1.80 (m, 2H), 1.96 (d, J = 12.6 Hz, 1H), 2.04-2.10
(m, 1H), 2.17 (d, J = 12.6 Hz, 1H), 3.44 (dd, J = 8.3 Hz, 11.6 Hz, 1H), 3.49
(d, J = 10.9 Hz, 1H), 3.68 (d, J = 10.9 Hz, 1H), 3.71 (dd, J = 8.3 Hz, 11.6 Hz,
1H) ppm; *C NMR (100 MHz, CDCl;) 6 = -5.4, —5.3, 8.8, 9.0, 18.3, 25.4, 25.9,
25.9, 44.6, 64.4, 65.0, 88.9, 89.1 ppm; IR (Neat): 2955, 2933, 2884, 2862, 1464,
1254, 1112, 1059, 842, 779 cm™'; MS (ESI): m/z 305 [M + H]*; HRMS (ESI) m/z
[M + HJ* calced for C,5H3304Si: 305.2143, found: 305.2141.

trans-271: Ry = 0.9 (hexane); '"H NMR (400 MHz, CDCl3) 6 = 0.06 (s, 12H),
0.89 (s, 18 H), 0.91 (t, J = 7.5 Hz, 6H), 1.55-1.62 (m, 2H), 1.72-1.80 (m, 2H),
2.10 (s, 2H), 3.50 (d, J = 10.2 Hz, 2H), 3.65 (d, J = 10.2 Hz, 2H) ppm; '*C NMR
(100 MHz, CDCl3) 6 = —5.5, —5.3, 8.6, 18.3, 25.9, 26.3, 44.4, 64.9, 88.5 ppm;
MS (BESD): m/z 441 [M +Na]*; HRMS (ESI) m/z [M + Na]* caled for
C,1Hy604Si,Na: 441.2827, found: 441.2831.

(E)-Ethyl 3-(5-((butyldimethylsilyloxy)methyl)-trans-3,5-diethyl-1,2-dioxolan-
3-yDacrylate trans-142

'BuMe,SiO Et
Et =\
0-0 CO,Et
trans-142

To a solution of trans-136 (38 mg, 0.125 mmol) in CH,Cl, (2.0 mL) was added
DMP (80 mg, 0.188 mmol). The reaction mixture was stirred until the starting
material had disappeared, NaHCO3; (84 mg, 1.0 mmol) was added. Then added
saturated aq. NaHCO; (5.0 mL), and the mixture was extracted with Et,O
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(3 x 10 mL). The combined extracts were washed with brine (25 mL), dried over
anhydrous Na,SO,, and concentrated on the rotary evaporator. The residue was
purified by flash chromatography on silica gel (8 g, hexanes/EtOAc, 10:1) to afford
the desired aldehyde frans-141, which was used in the next step. To a 0 °C
spension of NaH (14 mg, 60% in mineral oil, 2.8 equiv) in THF (1 mL) was added
a solution of triethyl phosphonoacetate (84 mg, 0.375 mmol, 3.0 equiv) in THF
(0.5 mL). After stirring for 0.5 h, the aldehyde 141 in THF (1 mL) was added
slowly. The reaction mixture was warmed to room temperature, stirred until no
starting material remained (TLC). Quenched the reaction with saturated aq. NH4Cl
extracted with Et,O three times and combined the organic layers and washed with
brine and water, and dried over MgSO, and filtered. Removed the solvent with
rotary evaporation. Flash chromatography on silica gel (8 g) of the residue gave
the product (37 mg, 79% in 2 steps) as a colorless oil. Ry = 0.50 (hexanes/EtOAc,
10:1); '"H NMR (400 MHz, CDCls) § = 0.07 (s, 6H), 0.86 (t, J = 7.5 Hz, 3H),
0.89 (s, 9H), 0.91 (t, J = 7.5 Hz, 3H), 1.30 (t, J = 7.1 Hz, 3H), 1.52-1.58 (m,
1H), 1.68-1.78 (m, 3H), 2.31 (q, J = 12.5 Hz, 2H), 3.50 (d, J = 10.3 Hz, 1H),
3.65 (d, J = 10.3 Hz, 1H), 4.20 (q, J = 7.1 Hz, 2H), 6.11 (d, J = 15.8 Hz, 1H),
6.87 (d, J = 15.8 Hz, 1H)ppm; >°C NMR (100 MHz, CDCl;) 6 = —5.5, —5.3,
8.7, 8.8, 14.3, 18.3, 25.9, 26.2, 30.4, 49.0, 60.6, 65.0, 87.7, 89.0, 120.5, 149.8,
166.7 ppm; IR (Neat): 2956, 2930, 2857, 1722, 1658, 1463, 1304, 1259, 1178,
1113, 1039, 838, 778 cm™'; MS (ESI): m/z [M + H]* 373; HRMS (ESI) m/z
[M + HJ* calcd for C,9H5,05Si: 373.2405, found: 373.2402.

tert-Butyl((5-(2,2-dibromovinyl)-trans-3,5-diethyl-1,2-dioxolan-3-
yl)methoxy)dimethylsilane (zrans-155)

rBuMeZSioMr
B Y d

Br
trans-155

To a slurry of Ph3;P-CHBr3 [8] (322 mg, 0.625 mmol) in THF (2.0 mL) at 0 °C
was added -BuOK (67 mg, 0.6 mmol). The bright yellow slurry was stirred for
15 min and the temperature was allowed to warm to room temperature. Then
added the aldehyde 141 in THF (1.0 mL) to the mixture and stirred for 30 min,
TLC, the reaction completed. Quenched the reaction with saturated aq. NH4Cl
extracted with Et,O three times and combined the organic layers and washed with
brine and water, and dried over MgSO, and filtered. Removed the solvent with
rotary evaporation. Flash chromatography on silica gel (8 g) of the residue gave
the product (90 mg, 79%, 2 steps) as a colorless oil : Ry = 0.75 (hexanes/EtOAc,
20:1); '"H NMR (400 MHz, CDCl3) & = 0.07 (s, 6H), 0.89 (s, 9H), 0.91 (t,
J =17.5 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H), 1.56-1.63 (m, 1H), 1.70-1.81 (m, 2H),
2.15-2.20 (m, 1H), 2.25 (d, J = 12.7 Hz, 1H), 2.69 (d, J = 12.7 Hz, 1H), 3.48 (d,
J =102 Hz, 1H), 3.63 (d, J = 10.2 Hz, 1H), 6.91 (s, 1H) ppm; >C NMR
(100 MHz, CDCl;) 6 = —5.4, —5.3, 8.5, 8.9, 18.3, 25.9, 26.2, 28.0, 49.1, 65.5,
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87.1, 88.8, 90.3, 144.9 ppm; IR (Neat): 2954, 2930, 2858, 1461, 1256, 1115,
838 cm~!; MS (ESI): m/z 481 [M + Na]*; HRMS (ESI) m/z [M + Na]" calcd for
C,6H30Br,O3SiNa: 481.0203, found: 481.0190.

tert-Butyl((¢trans-3,5-diethyl-5-ethynyl-1,2-dioxolan-3-yl)methoxy)dimethylsi-

lane (trans-148)
tBuMeZSiON
Et
0-0 \\

trans-148

To a two necked round-bottomed flask equipped with a magnetic stirring bar was
added trans-155 (114 mg, 0.25 mmol) under an argon atmosphere, and THF (2 mL)
was added via syringe. The mixture was cooled to —78 °C and n-butyllithium
(0.55 mmol, 1.6 M solution in hexanes, 0.344 mL) was added dropwise via syringe.
The mixture was stirred at —78 °C for 30 min, then saturated aq. NH4Cl water
solution was added. The mixture was warmed to 25 °C, diluted with Et,O, trans-
ferred to a separatory flask, and the layers separated. The aqueous layer was extracted
with Et,O and the combined organic extracts washed with saturated brine and water,
dried by MgSOy, filtered and the solvent removed by rotary evaporation. The residue
was purified by column chromatography onssilica gel (8 g) to yield 148 (71 mg, 95%)
as a colorless oil, Ry = 0.55 (hexanes/Et,O 20:1); '"H NMR (400 MHz, CDCl5)
0 = 0.06 (s, 3H), 0.06 (s, 3H), 0.88 (s, 9H), 0.95 (t, J = 7.5 Hz, 3H), 1.08
(t,J = 7.4 Hz, 3H), 1.70-1.81 (m, 2H), 1.80-1.87 (m, 2H), 2.33 (d, / = 12.4 Hz,
1H), 2.51 (s, 1H), 2.56 (d, J = 12.4 Hz, 1H), 3.47 (d, J = 10.3 Hz, 1H), 3.63
(d,J = 10.3 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl3) § = —5.5, —5.3, 8.5, 9.6,
18.3,25.9,26.2,31.2,51.6,65.3,73.0, 82.7, 84.8, 89.0, ppm; IR (Neat): 3311, 2955,
2930, 2858, 1471, 1463, 1258, 1111, 1007, 839 cm™'; MS (ESD): m/z 321
[M 4+ Na]™; HRMS (ESI) m/z [M + Na]* calcd for C;¢H3003SiNa: 321.1856,
found: 321.1854.

tert-Butyl((trans-3,5-diethyl-5-(prop-1-ynyl)-1,2-dioxolan-3-yl)methoxy)

dimethylsilane (trans-147)
'BuMe,SiO Et
SN N\

trans-147

To a 25-mL, two-necked, round-bottomed flask equipped with a magnetic
stirring bar was added 148 (89 mg, 0.3 mmol). The flask was placed under an
argon atmosphere, and THF (2.5 mL) was added via syringe. The mixture was
cooled to —78 °C and n-butyllithium (0.36 mmol, 1.6 M solution in hexanes,
0.225 mL) was added dropwise via syringe. The mixture was stirred at —78 °C for
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5 min and methyl trifluoromethanesulfonate (0.45 mmol, 74 mg, 0.052 mL) was
added dropwise via syringe. The mixture was stirred at —78 °C for 30 min, then
saturated aq. NaHCOj; was added. The mixture was warmed to 25 °C, diluted with
Et,0, transferred to a separatory flask, and the layers separated. The aqueous layer
was extracted with Et,O and the combined organic extracts washed with saturated
brine and water, dried by MgSQy,, filtered and the solvent removed by rotary
evaporation. The residue was purified by column chromatography on silica gel
(8 g) to yield 147 (66 mg, 70%) as a colorless oil, Ry = 0.55 (hexanes/Et,O 20:1);
"H NMR (400 MHz, CDCl3): 6 = 0.05 (s, 3H), 0.05 (s, 3H), 0.87 (s, 9H), 0.96
(t, J =175 Hz, 3H), 1.04 (t, J = 7.4 Hz, 3H), 1.66-1.73 (m, 2H), 1.73-1.83
(m, 2H), 1.85 (s, 3H), 2.27 (d, J = 12.3 Hz, 1H), 2.48 (d, J = 12.3 Hz, 1H), 3.45
(d, J = 10.4 Hz, 1H), 3.60 (d, J = 10.3 Hz, 1H) ppm; >*C NMR (100 MHz,
CDCl3) 6 = —5.5, —5.3,3.7,8.5,9.8, 18.3,25.9, 26.4, 31.7, 51.9, 65.3, 80.2, 81.1,
83.1, 88.9 ppm; MS (ESI): m/z 335 [M + Na]"; HRMS (ESI) m/z [M + Na]*
calcd for C;7H3,05SiNa: 335.2013, found: 335.2017.

(E)-tert-Butyl((trans-3,5-diethyl-5-(2-iodoprop-1-enyl)-1,2-dioxolan-3-
yl)methoxy)dimethylsilane (trans-146)
(E)-tert-Butyl((¢trans-3,5-diethyl-5-(1-iodoprop-1-enyl)-1,2-dioxolan-3-
yl)methoxy)dimethylsilane (trans-162b)

rBuMezsiom 'BuMe,SiO Et
Et
Et O_O O_O H

trans-146 trans-162b

Procedure I: To a 10-mL, argon-filled, two-necked round-bottomed flask equip-
ped with a magnetic stirring bar was added trans-147 (64 mg, 0.206 mmol) and
Pd(PPh3),Cl, (10 mol%). The flask was evacuated and filled with argon three
times, and then freshly distilled THF (2 mL) was added via a syringe. Tributyltin
hydride (4.0 equiv) was added slowly (about over 10 min) via a syringe. The
reaction was stirred at 23 °C for 1 h, then immediately transferred to a silica gel
column (8 g) and rapidly eluted with hexanes until the excess Bu;SnH/(BusSn), is
removed, followed by elution with a mixture of hexanes and EtOAc (10:1) to
afford trans-161 (41 mg, 33%), trans-162 (41 mg, 33%) as colorless oil; trans-
162: R; = 0.70 (hexanes/EtOAc, 20:1); trans-161: R; = 0.60 (hexanes/EtOAc,
20:1); The obtained stannane compound frans-162 was dissolved in CH,Cl,
(2 mL) and cooled to 0 °C. I, (17 mg, 0.07 mmol) in CH,Cl, (1 mL) was added
and the resulting mixture was stirred at 0 °C for 5-8 min then worked up by a
saturated aq. Na,S,03 solution (3 mL) and extracted by Et,O (3 x 10 mL). The
combined organic layers were washed with brine (10 mL), dried over anhydrous
Na,SQ,, filtered and concentrated under reduced pressure to give a residue which
was purified by flash column chromatography on silica gel (8 g, hexanes/EtOAc,
20:1) to give 162b (26 mg, 86%) as an oil: Ry = 0.60 (hexanes/EtOAc, 20:1);
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In a similar manner of iodination, trans-146 was prepared as a colorless oil:
R; = 0.50 (hexanes/EtOAc, 20:1);

trans-146: "H NMR (400 MHz, CDCl5): 6 = 0.06 (s, 6H), 0.90 (s, 9H), 0.92
(t, J =175 Hz, 3H), 093 (t, J = 7.5 Hz, 3H), 1.55-1.64 (m, 1H), 1.70-1.76
(m, 3H), 2.28 (d, J = 1.6 Hz, 2H), 2.58 (d, J = 1.3 Hz, 3H), 3.48 (d, / = 10.2 Hz,
1H), 3.61 (d, J =102 Hz, 1H), 6.17 (d, J = 1.4 Hz, 1H) ppm; *C NMR
(100 MHz, CDCl3) 6 = —5.4, —5.3, 8.5, 9.1, 18.3, 25.9, 26.4, 29.8, 30.9, 50.8,
65.4, 88.4, 90.8, 96.4, 144.1 ppm; MS (ESI): m/z [M + Na]* 463; HRMS (ESI)
m/z [M + Na]* caled for C;7H33105SiNa: 463.1136, found: 463.1137.

trans-162b: "H NMR (400 MHz, CDCl5): § = 0.06 (s, 6H), 0.90 (s, 9H), 0.92
(t,J = 7.5 Hz, 6H), 1.60-1.68 (m, 1H), 1.70-1.77 (m, 2H), 1.87 (d,J = 7.5 Hz,3H),
2.11-2.19 (m, 1H), 2.26 (d, J = 12.9 Hz, 1H), 2.87 (q, J = 12.8 Hz, 1H), 3.50 (d,
J = 10.1 Hz, 3H), 3.62 (d, J = 10.1 Hz, 1H), 6.45 (d, J = 7.5 Hz, 1H) ppm; "°C
NMR (100 MHz, CDCl5) 6 = —5.4,—5.3,8.2,8.6,18.0, 18.4,26.0,26.0,30.9,51.7,
65.8,88.6,93.2,107.1, 138.8 ppm; MS (ESI): m/z [M + Na]* 463; HRMS (ESI) m/z
[M + Na]" caled for C;7H33105SiNa: 463.1136, found: 463.1138.

Procedure II (trans-146): To a 10-mL, argon-filled, two-necked round-
bottomed flask equipped with a magnetic stirring bar was added trans-147 (64 mg,
0.206 mmol) and Pd(PPhs),Cl, (10 mol%). The flask was evacuated and filled
with argon three times, and then freshly distilled n-hexane (2 mL) was added via a
syringe. Tributyltin hydride (4.0 equiv) was added slowly (about over 10 min) via
a syringe. The reaction was stirred at 23 °C for 1 h, then immediately transferred
to a silica gel column (8 g) and rapidly eluted with hexanes until the excess
Bu3SnH/(BusSn), is removed, followed by elution with a mixture of hexanes and
ethyl acetate (10:1) to give the stannane compound frans-161 (105 mg, 84%) as a
colorless oil: Ry = 0.60 (hexanes/EtOAc, 20:1). The obtained stannane compound
was dissolved in CH,Cl, (3 mL) and cooled to 0 °C. I (43 mg, 0.17 mmol) in
CH,Cl, (1 mL) was added and the resulting mixture was stirred at 0 °C for
5-8 min then worked up by a saturated aq. Na,S,05 solution (3 mL) and extracted
by Et;O (3 x 10 mL). The combined organic layers were washed with brine
(10 mL), dried over anhydrous Na,SQO,, filtered and concentrated under reduced
pressure to give a residue which was purified by flash column chromatography on
silica gel (8 g, /EtOAc, 20:1) to give trans-146 (64 mg, 86%) as an oil: Ry = 0.50
(hexanes/EtOAc, 20:1);

1-Phenyl-5-(propylthiol)-1H-tetrazole (164) [1, 9]

Ph

S._N
SN \W ,\,
N-N

N

164

To a solution of n-propyl bromide 163 (1.3 g, 10.6 mmol) in THF (40 mL) was
added NaH (424 mg, 60% in mineral oil, 12 mmol) and 1-phenyl-1h-tetrazole-5-thiol
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(HSPT) (2.16 g, 12 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature and stirred overnight. The reaction mixture was quenched with
saturated aq. NH,Cl and extracted with EtOAc. The organic layer were dried over
MgSO04, filtered and concentrated under reduced pressure to give aresidue which was
purified by flash column chromatography on silica gel (100 g, hexanes/EtOAc, 20:1)
to give the desired 164 (2.25 g) in 96% yield. Ry = 0.70 (hexanes/EtOAc, 20:1); 'H
NMR (400 MHz, CDCl3) 6 = 1.03 (t, J = 7.4 Hz, 3H), 1.79-1.89 (m, 2H), 3.35
(t,2H,J = 7.2 Hz),7.52-7.56 (m, 5H) ppm; *CNMR (100 MHz, CDCl;)§ = 13.2,
22.6,35.2,123.9,129.8, 130.1, 133.7, 154.5 ppm; MS (ESI): m/z [M + H]* 221;

1-Phenyl-5-(propylsulfonyl)-1H-tetrazole (165) [1, 9]

Ph

Il ]

165

To a solution of 164 (0.22 g, 1.0 mmol) in EtOH (5 mL) was added
(NH4)6Mo0,0,4-4H,0O (0.13 g, 0.1 mmol) and H,0, (30% in H,O, 1 mL,
10 mmol) at room temperature. The reaction mixture was stirred for 14 h. The
reaction mixture was extracted with Et;O (25 mL x 3). The organic layer were
dried over MgSOQ,, filtered and concentrated under reduced pressure to give a
residue which was purified by flash column chromatography on silica gel (8 g,
hexanes/EtOAc, 6:1) to give the desired 165 (0.23 g) in 92% yield; R; = 0.50
(hexanes/EtOAc, 5:1); "H NMR (400 MHz, CDCl3) 6 = 1.12 (t, J = 7.4 Hz, 3H),
1.94-2.01 (m, 2H), 3.68-3.72 (m, 2H), 7.56-7.68 (m, 5H) ppm; *C NMR
(100 MHz, CDCl3) 6 = 12.8, 16.0, 57.6, 125.1, 129.7, 131.5, 133.0, 153.5 ppm;
MS (ESI): m/z [M + H]* 253;

2-Ethylpropane-1,3-diol (166) [10]

OH /\(\OH

166

To a solution of ethyl diethyl malonate (10 g, 0.053 mol) in THF (90 mL) was
slowly added LiAIH,4 (3.9 g, 0.103 mol) at 0 °C. The reaction mixture was stirred
at rt for 1 h and refluxed for 15 h. The reaction mixture was cooled to 0 °C and
quenched with 20% NaOH solution. The mixture was further diluted with Et,0O
(300 mL), filtered and the precipitated aluminum salts were washed with addi-
tional 200 mL of Et,O. The combined filtrates were concentrated under reduced
pressure to give a yellow oil which was distilled under reduced pressure at 110 °C,
to provide diol as a colorless oil in a 60% yield (3.3 g). '"H NMR (400 MHz,
CDCl3) 6 = 0.89 (t, J = 7.4 Hz, 3H), 1.20-1.27 (m, 2H), 1.55-1.61 (m, 1H),
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3.52-3.58 (m, 2H), 3.67-3.71 (m, 2H), 3.81 (s, 1H), 3.87 (s, 1H) ppm; '*C NMR
(100 MHz, CDCl3) 6 = 11.6, 20.6, 43.7, 64.8, 64.9 ppm; MS (ESI): m/z
[M + H]* 105;

2-((tert-Butyldimethylsilyloxy)methyl)butan-1-ol (167) [10]

’BuMegsiOA(\OH

167

To a solution of diol 166 (3.3 g, 0.032 mol) in THF (90 mL) was slowly added
n-BuLi (1.6 M, 19.8 mL, 1.0 equiv) at —78 °C. The reaction mixture was stirred at
—78 °C for 1 h, the reaction mixture was warmed to —30 °C, and t-BuMe,SiCl
was added (1.0 equiv). After stirring for 1 at —30 °C, the reaction mixture was
allowed to warm to room temperature, quenched with saturated aq. NH4CI and
extracted with EtOAc. The organic layer were dried over MgSO4, filtered and
concentrated under reduced pressure to give a residue which was purified by flash
column chromatography on silica gel (hexanes/EtOAc, 20:1) to give the desired
mono protected alcohol 167 (7.0 g) as an oil in quantitative yield.

R; = 0.50 (hexanes/EtOAc, 10:1); '"H NMR (400 MHz, CDCl3) 6 = 0.06 (s,
6H), 0.88 (s, 9H); 0.91 (t, J = 7.4 Hz, 3H), 1.22-1.30 (m, 2H), 1.60-1.65 (m, 1H),
295 (s, 1H), 3.60 (q, J =74 Hz, 2H), 3.72 (d, J =104 Hz, 1H), 3.79
(dd, J = 3.8, 9.8 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl;) § = —5.6, —5.5,
11.8, 18.2, 20.6, 25.9, 43.7, 66.4, 67.2 ppm; MS (ESD): m/z [M + H]" 219;

(E)-tert-Butyl(2-ethylhex-3-enyloxy)dimethylsilane (169) [11]

'BuMeZSiOW

169

To a stirring solution of (COCI), (0.75 mL, 8.6 mmol) in CH,Cl, (50 mL) was
added DMSO (1 mL, 14.0 mmol) dropwise via a syringe at —78 °C. The mixture
was stirred at —78 °C for 15 min and then a solution of 167 (1.08 g, 4.95 mmol) in
CH,Cl, (10 mL) was added dropwise to the reaction mixture via a syringe. After
stirring for 1 h at —78 °C, EtzN (2.5 mL, 18.0 mmol) was added and the reaction
was allowed to warm to 23 °C and stirred at this temperature for 0.5 h. Then it was
successively washed with an aq. HCI solution (10 mL, 1 N), a saturated aq.
NaHCOs; solution (10 mL) and brine (10 mL). The organic phase was dried over
anhydrous Na,SOy, filtered, and concentrated under reduced pressure to provide
the crude aldehyde 168 as a pale yellow oil which was used directly in the next
step without further purification.

To a solution of compound 165 (1.26 g, S mmol) of THF (20 mL) was added
dropwise KHMDS (4.5 mL, 1.0 M in THF, 4.5 mmol) at —78 °C. After stirring at
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—78 °C for 2 h, a solution of the above freshly prepared aldehyde 168 in THF
(5 mL) was added dropwise. The resulting mixture was stirred from —78 to 23 °C
overnight, and quenched with a saturated aq. NH4Cl solution (10 mL). The organic
layer was separated and the aqueous layer was extracted with Et;O (3 x 50 mL).
The combined organic layers were washed with brine (10 mL), dried over anhy-
drous Na,SQ,, filtered, and concentrated under reduced pressure to provide a
residue which was purified by flash column chromatography on silica gel (40 g,
hexanes/Et,O 20:1) to give 169 (1.07 g, 89% in 2 steps) as a 25:1 E/Z mixture:
Ry = 0.35 (hexanes/Et,O 20:1); '"H NMR (400 MHz, CDCl3) 6 = 0.03 (s, 6H),
0.85 (t, J = 7.4 Hz, 3H), 0.90 (s, 9H), 0.98 (t, J = 7.6 Hz, 3H), 1.16-1.26 (m,
1H), 1.49-1.59 (m, 1H), 1.97-2.05 (m, 3H), 3.43-3.51 (m, 2H), 5.15 (ddt, J = 1.4,
7.2, 15.4 Hz, 1H), 5.48 (dt, J = 6.5, 15.2 Hz, 1H); >C NMR (100 MHz, CDCl;)
0 =-52,-52,11.7,14.0, 18.5, 24.1, 25.9, 26.0, 47.2, 67.0, 130.4, 133.4 ppm;
MS (ESD: m/z [M + Na]* 265; HRMS (ESI) m/z [M + Na]* calcd for
C4H30NaOSi: 265.1958, found: 265.1955.

(E)-2-Ethylhex-3-en-1-ol (170) [11, 12]

HoAC\A

170

To a solution of 169 (35 mg, 0.14 mmol) in CH,CI,/MeOH (0.7/1.4 mL) was
added p-TsOH (10 mol%). The reaction was stirred at room temperature until no
starting material remained (TLC). After removal of the solvents, the crude product
was purified by column chromatography on silica gel (8 g, hexanes/EtOAc, 5:1) to
yield 170 (18 mg, 86%); Ry = 0.35 (hexanes/Et,O 9:1); 'H NMR (400 MHz,
CDCl3) 6 =0.85 (t, J=7.4Hz, 3H), 098 (t, J = 7.6 Hz, 3H), 1.16-1.27
(m, 1H), 1.38-1.43 (m, 2H), 2.01-2.09 (m, 3H), 3.35 (t, J = 10.6 Hz, 1H),
3.51-3.57 (m, 1H), 5.13 (ddt, J = 1.4, 7.4, 15.4 Hz, 1H), 5.60 (dt, J = 6.3,
15.3 Hz, 1H); >*C NMR (100 MHz, CDCl3) § = 11.7, 14.1, 24.1, 25.8, 47.7, 65.8,
130.0, 135.9 ppm; MS (EI): m/z [M + Na]* 151;

(E)-5-(Iodomethyl)hept-3-ene (recemic-91) [11, 12]

IAC\/\

racemic-91

170 (179 mg, 1.40 mmol) was dissolved in CH,Cl, (5 mL) and stirred at 0 °C.
PPh; (628 mg, 2.4 mmol) and imidazole (204 mg, 3 mmol) was added to the
solution followed by I, (558 mg, 2.2 mmol) at O °C. The resulting mixture was
stirred from 0 °C to 23 °C for 4 h and then worked up by adding a saturated aq.
Na,S,05 solution (5 mL). The organic layer was separated and the aqueous layer
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was extracted with pentane (3 x 15 mL). The combined organic phase was dried
over anhydrous Na,SO, and concentrated at 25 °C under reduced pressure to give
a residue which was purified by flash column chromatography on silica gel (10 g,
pentane) to give recemic-91 (286 mg, 86%): R; = 0.80 (hexanes); '"H NMR
(400 MHz, CDCl3) 6 = 0.86 (t, J = 7.4 Hz, 3H), 0.99 (t, J = 7.5 Hz, 3H),
1.26-1.33 (m, 1H), 1.52-1.58 (m, 1H), 1.96-2.07 (m, 3H), 3.16 (d, J = 6.1 Hz,
2H), 5.13 (dd, J = 8.4, 15.2 Hz, 1H), 5.52 (dt, J = 6.4, 15.0 Hz, 1H) ppm; *C
NMR (100 MHz, CDCl3) 6 = 11.6, 13.9, 14.8, 25.7, 27.9, 45.9, 130.9, 134.5 ppm;
MS (ESI): m/z [M]" 238.

tert-Butyl((trans-3,5-diethyl-5-((1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-
dioxolan-3-yl)methoxy)dimethylsilane (206)

'BuMe,SiO Et
Et 0-0 N
206

Negishi Coupling: To a 25-mL, two-necked, round-bottomed flash equipped
with a magnetic stirring bar was added ZnBr; (70 mg, 0.312 mmol). The flask
was placed under an argon atmosphere, and the side chain racemic-91 (57 mg,
0.24 mmol) in Et,O (3 mL) was added via syringe. The solution was cooled to
—78 °C and t-butyllithium (0.48 mmol, 1.6 M solution in hexanes, 0.32 mL) was
added dropwise via syringe. The mixture was stirred at —78 °C for 30 min and
THF (0.75 mL) was stirred forl h and the temperature was allowed to warm to
room temperature. The core 146 (40 mg, 0.09 mmol) in THF (1.5 mL) with
Pd(PPh3), was added via syringe. The mixture was stirred overnight in the
absence of light. Quenched with saturated aq. NH4Cl. The mixture was diluted
with Et,0, and the layers was separated. The water layer was separated with Et,0,
and the combined organic layers were washed with brine and water, dried over
MgSO,, filtered and solvent was removed by rotary evaporation. Chromatography
on silica gel (8 g) gave the product 206 (36 mg, 93%) as a colorless oil: Ry = 0.50
(hexanes/EtOAc, 20:1); 'H NMR (400 MHz, CDCl;) 6 = 0.06 (s, 3H), 0.07
(s, 3H), 0.83 (t, J = 7.4 Hz, 3H), 0.86 (t, / = 7.4 Hz, 3H), 0.87 (t, / = 7.4 Hz,
3H), 0.89 (s, 9H), 0.95 (t, / = 7.4 Hz, 3H), 1.09-1.20 (m, 1H), 1.32-1.44 (m, 1H),
1.52-1.62 (m, 1H), 1.63 (s, 1.5 H), 1.64 (s, 1.5 H), 1.66-1.81 (m, 3H), 1.90-2.04
(m, 5H), 2.21-2.45 (m, 2H), 3.49 (d, J = 12.4 Hz, 1H), 3.61 (d, J = 12.8 Hz,
1H), 5.08 (dd, J = 8.3, 15.3 Hz, 1H), 5.27 (s, 0.5H), 5.30 (s, 0.5H), 5.33-5.40
(m, 1H) ppm; "*C NMR (100 MHz, CDCl;) § = -5.4, —5.3, 8.6, 9.1, 9.2, 11.7,
11.7, 14.1, 14.1, 17.5, 17.6, 18.4, 25.7, 26.0, 27.0, 27.8, 27.9, 31.3, 42.6, 42.8,
46.6, 46.7, 51.5, 51.7, 64.9, 65.0, 88.3, 88.4, 88.8, 130.0, 130.5, 131.9, 133.0,
135.1, 135.5 ppm; IR (Neat): 2962, 2930, 2880, 2857, 1462, 1438, 1263, 1118,
838 cm™!; MS (ESI): m/z 447 [M + Na]*; HRMS (ESI) m/z [M + Na]* calced for
C,5Hy503SiNa: 447.3265, found: 447.3269.
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(trans-3,5-Diethyl-5-((1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-dioxolan-3-
yl)methanol (208)

HO Ft
208

To a solution of 206 (35 mg, 0.08 mmol) in CH,Cl,/MeOH (0.7/1.4 mL) was
added p-TsOH (10 mol%). The reaction was stirred at room temperature until no
starting material remained (TLC). After removal of the solvents, the crude product
was purified by column chromatography on silica gel (8 g, hexanes/EtOAc, 5:1) to
yield 208 (22 mg, 89%): Ry = 0.30 (hexanes/EtOAc, 10:1); 'H NMR (400 MHz,
CDCl;) 6=084 (t, J=74Hz, 3H), 088 (t, J=74Hz, 3H), 0.90
(t, J = 7.4 Hz, 3H), 0.95 (t, J = 7.4 Hz, 3H), 1.11-1.20 (m, 1H), 1.33-1.44 (m,
1H), 1.56-1.60 (m, 1H), 1.65 (d, / = 1.0 Hz, 1.5 H), 1.67 (d, / = 1.0 Hz, 1.5 H),
1.72-1.79 (m, 3H), 1.19-2.07 (m, 6H), 2.24 (dd, J = 3.2, 11.8 Hz, 1H), 2.40
(t,J = 11.8 Hz, 1H), 3.49 (dd, J = 7.5, 11.7 Hz, 1H), 3.64 (dd, J/ = 5.8, 11.7 Hz,
1H), 5.09 (dd, J = 8.1, 15.3 Hz, 1H), 5.26 (s, 0.5H), 5.30 (s, 0.5H), 5.33-5.40
(m, 1H) ppm; '*C NMR (100 MHz, CDCl3) 6 = 9.0, 9.2, 9.3, 11.7, 11.7, 14.0,
14.1, 17.3, 17.5, 25.7, 26.1, 27.9, 27.9, 31.1, 42.6, 42.8, 46.7, 46.8, 51.1, 51.2,
65.3, 88.6, 88.7, 89.3, 130.0, 130.4, 132.0, 132.0, 132.9, 133.0, 135.6, 136.0 ppm;
MS (ESD: m/z 333 [M + Na]*; HRMS (ESI) m/z [M + Na]* calcd for
Cy9H3403Na: 333.2400, found: 333.2403.

(E)-Ethyl 3-(trans-3,5-diethyl-5-((1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-
dioxolan-3-yl)acrylate (E)-ethyl acrylate (210)

EtO,C. 3
Et 0-0 Y

To a solution of 208 (22 mg, 0.07 mmol) in CH,Cl, (1 mL) was added DMP
(45 mg, 0.105 mmol). The reaction mixture was stirred until the starting material
had disappeared, NaHCO;5 (25 mg, 0.30 mmol) was added. Then added saturated
aq. NaHCO; solution (5 mL), and the mixture was extracted with Et,O
(3 x 10 mL). The combined extracts were washed with brine (25 mL), dried over
anhydrous Na,SO,, and concentrated on the rotary evaporator. The residue was
purified by flash chromatography (hexanes/ethyl acetate) to afford the desired
aldehyde, which was used in the next step. To a 0 °C suspension of NaH (5.3 mg,
60% in mineral oil, 0.13 mmol) in THF (0.8 mL) was added a solution of triethyl
phosphonoacetate (31.4 mg, 0.14 mmol) in THF (0.5 mL). After stirring for 0.5 h,
the aldehyde in THF (0.7 mL) was added slowly. The reaction mixture was
warmed to room temperature, stirred until no starting material remained (TLC).
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Quenched the reaction with saturated aq. NH4Cl extracted with Et,O three times
and combined the organic layers and washed with brine and water, and dried over
MgSO, and filtered. Removed the solvent with rotary evaporation. Flash chro-
matography on silica gel (8 g) of the residue gave the product 210 (21 mg, 80% in
2 steps) as a colorless oil : Ry = 0.50 (hexanes/EtOAc, 10:1); "H NMR (400 MHz,
CDCl;) 6=0.81 (t, J=74Hz, 3H), 085 (t, J=74Hz, 3H), 0.89
(t, J=175Hz, 3H), 094 (t, J=73Hz, 3H), 1.10-1.20 (m, 1H), 1.30
(t, J=7.1 Hz, 3H), 1.33-1.40 (m, 1H), 1.63 (d, J = 1.1 Hz, 1.5H), 1.64
(d, J = 1.0 Hz, 1.5H), 1.65-1.70 (m, 2H), 1.72-1.86 (m, 2H), 1.87-1.93 (m, 1H),
1.94-2.10 (m, 4H), 2.49 (s, 1H), 2.51 (d, J = 2.3 Hz, 1H), 4.20 (q, J = 7.2 Hz,
1H), 5.07 (dd, J = 8.3, 15.2 Hz, 1H), 5.27 (d, J = 10.6 Hz, 1H), 5.33-5.40 (m,
1H), 6.06 (d, J = 15.8 Hz, 1H), 6.88 (d, J = 15.8 Hz, 1H) ppm; °C NMR
(100 MHz, CDCl3): 6 = 8.8,9.0,9.1, 11.7, 11.7, 14.1, 14.1, 14.3, 17.6, 17.7, 25.7,
27.9, 28.0, 30.9, 31.0, 31.5, 31.5, 42.7, 42.8, 46.6, 46.6, 55.9, 56.0, 60.6, 87.3,
87.4, 89.3, 120.1, 129.0, 129.3, 132.0, 132.1, 132.8, 132.9, 135.9, 136.2, 149.2,
149.2, 166.7 ppm; MS (ESI): m/z 382 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for Co3H3304Na: 401.2662, found: 401.2661.

(R)-2-((tert-Butyldimethylsilyloxy)methyl)butyl acetate ((R)-218) and (S)-2-
((tert-butyldimethylsilyloxy)methyl)butan-1-ol ((5)-167) [10, 13, 14]

AcO” " 0OSiMe,Bu HOT\OSiMeZ’Bu
~

(R)-218 (5)-167

To a solution of racemic primary alcohol 167 (5.16 g,) in pentane was added
the lipase extract PS30 (250 mg) and freshly distilled vinyl acetate. The hetero-
geneous mixture is stirred vigorously at room temperature for 24 h. Then filtered
through a sintered glass funnel to recover the enzymatic extract. The extracted was
washed with Et,O, and combined the solutions and removed the solvents under
vacuum. Purification by column chromatography on silica gel (200 g, hexanes/
EtOAc, 10:1) to afford (R)-218 (2.91 g, 47%) and (S)-167 (2.40 g, 46%);

(R)-218 : R; = 0.60 (hexanes/EtOAc, 10:1); [ot]zD() = 1.2 (¢, 1.40, CHCl5); 'H
NMR (400 MHz, CDCl3) 6 = 0.02 (s, 6H), 0.87 (s, 9H); 0.91 (t, J = 7.4 Hz, 3H),
1.30-1.40 (m, 2H), 1.68-1.70 (m, 1H), 2.03 (s, 3H), 3.52-3.60 (m, 2H), 4.05 (d,
J = 5.8 Hz, 2H) ppm; ">C NMR (100 MHz, CDCl3) § = —5.5, 11.5, 18.3, 20.8,
21.0, 25.9, 41.9, 62.4, 64.5, 171.3 ppm; MS (ESI): m/z [M + Na]*™ 283; HRMS
(ESD m/z [M + Na]* calcd for C,3H,303SiNa: 283.1700, found: 283.1704.

(5)-167 : R; = 0.50 (hexanes/EtOAc, 10:1); [¢]® = —10.7 (c, 1.37, CHCI3);
"H NMR (400 MHz, CDCl3) & = 0.06 (s, 6H), 0.88 (s, 9H); 0.91 (t, J = 7.4 Hz,
3H), 1.22-1.30 (m, 2H), 1.60-1.65 (m, 1H), 2.95 (s, 1H), 3.60 (q, J/ = 7.4 Hz, 2H),
3.72 (d, J =104 Hz, 1H), 3.79 (dd, J = 3.8, 9.8 Hz, 1H) ppm; '*C NMR
(100 MHz, CDCl3) 6 = —5.6, —5.5, 11.8, 18.2, 20.6, 25.9, 43.7, 66.4, 67.2 ppm;
MS (ESD: m/z [M + H]" 219;
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(R)-2-((tert-Butyldimethylsilyloxy)methyl)butan-1-ol ((R)-167) [10, 11]

HO™ > 0SiMe,Bu

S
(R)-167

To a solution of (R)-218 (426.4 mg, 1.64 mmol) in MeOH (30 mL) was added
K>CO;5 (226 mg, 1.64 mmol). The reaction mixture was stirred until the starting
material had disappeared. Removed the solvent under reduced pressure. Water
(20 mL) was added. The mixture was extracted with Et,O (3 x 20 mL). The
combined extracts were washed with brine (25 mL), dried over anhydrous
Na,SO,4, and concentrated on the rotary evaporator. The residue was purified by
flash chromatography on silica gel (20 g, hexanes/EtOAc, 8:1) to afford (R)-167
(354 mg, 99%) as colorless oil; Ry = 0.50 (hexanes/EtOAc, 10:1); (R)-167 :
[oc]zD0 = 10.6 (¢, 1.67, CHCl5); '"H NMR (400 MHz, CDCl5) é = 0.06 (s, 6H), 0.88
(s, 9H); 0.91 (t, J = 7.4 Hz, 3H), 1.22-1.30 (m, 2H), 1.60-1.65 (m, 1H), 2.95
(s, 1H), 3.60 (q, J = 7.4 Hz, 2H), 3.72 (d, J = 10.4 Hz, 1H), 3.79 (dd, J = 3.8,
9.8 Hz, 1H) ppm; '>*C NMR (100 MHz, CDCl;) § = —5.6, —5.5, 11.8, 18.2, 20.6,
25.9, 43.7, 66.4, 67.2 ppm; MS (ESI): m/z [M + H]* 219;

(S)-((R)-2-((tert-Butyldimethylsilyloxy)methyl)butyl) 2-(tert-butoxycarbonyl)-
3-phenylpropanoate (220)

)

Ph/\‘)ko/\;/\OSiMeQ’Bu
NHBoc -~

220

To a solution of (R)-167 (34.9 mg, 0.16 mmol) and optically pure N-Boc
protected r-phenylalanine 219 (46 mg, 1.05 equiv) in CH,Cl, (2 mL) was added
DMAP (10 mol%) and DCC (41 mg, 1.2 equiv) at O °C. The temperature was
allowed to warm to room temperature. The reaction mixture was stirred overnight.
Quenched the reaction with saturated aq. NH4Cl extracted with Et,O three times
and combined the organic layers and washed with 10% aqueous HCI, brine and
water, and dried over MgSO, and filtered. Removed the solvent with rotary
evaporation. Flash chromatography on silica gel (8 g) of the residue gave the
product (74.0 mg, 99%) as a colorless oil; Ry = 0.40 (hexanes/EtOAc, 5:1); '"H
NMR (400 MHz, CDCl3) 6 = 0.03 (s, 6H), 0.88 (s, 9H); 0.91 (t, J = 7.5 Hz, 3H),
1.23-1.38 (m, 2H), 1.41 (s, 9H), 1.61-1.67 (m, 1H), 3.02-3.12 (m, 2H), 3.50 (d,
J = 5.0 Hz, 2H), 4.07 (dd, J = 5.4, 10.8 Hz, 1H), 4.14 (dd, J = 6.2, 10.8 Hz,
1H), 4.56-4.60 (m, 1H), 4.97 (d, J = 8.1 Hz, 1H), 7.13 (d, J = 6.8 Hz, 2H),
7.2-7.3 (m, 3H) ppm; '*C NMR (100 MHz, CDCl;) 6 = —5.4, —5.4, 11.4, 18.3,
20.6, 25.9, 28.4, 38.6, 42.0, 54.5, 62.2, 65.4, 79.9, 127.0, 128.6, 129.4, 136.2,
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155.1, 172.0 ppm; MS (ESI): m/z [M + Na]* 488; HRMS (ESI) m/z [M + Na]*
calcd for C,5H43NNaOsSi: 488.2803, found: 488.2811.

(R,E)-tert-Butyl(2-ethylhex-3-enyloxy)dimethylsilane (222a) [11]

R
S 0siMe,Bu

~
222a

The procedure was similar to that for the preparation of 169 (vide supra):
yield = 89% (two steps); Ry = 0.35 (hexanes/EtOAc, 20:1); [a]® = —16.6(c, 1.49,
CHCls); '"HNMR (400 MHz,CDCl3) 6 = 0.03 (s,6H),0.85(t,J = 7.4 Hz,3H),0.90
(s, 9H), 0.98 (t, J = 7.6 Hz, 3H), 1.16-1.26 (m, 1H), 1.49— 1.59 (m, 1H), 1.97-2.05
(m, 3H), 3.43-3.51 (m, 2H), 5.15 (ddt,J = 1.4,7.2,15.4 Hz, 1H),5.48 (dt,J = 6.5,
15.2 Hz, 1H) ppm; >*C NMR (100 MHz, CDCl3) § = —5.2, —5.2,11.7, 14.0, 18.5,
24.1,25.9,26.0,47.2,67.0,130.4,133.4 ppm; MS (ESI): m/z[M + Na]*265; HRMS
(ESI) m/z [M + Na]” calcd for C;4H3oNaOSi: 265.1958, found: 265.1952.

(R,E)-2-Ethylhex-3-en-1-ol (223a) [11]

AN oH

~
223a

The procedure was similar to that for the preparation of 170 (vide supra):
yield = 86%; Ry = 0.35 (hexanes/EtOAc, 9:1); [ot]zDO = —3.0(c, 0.32, CHCly); 'H
NMR (400 MHz, CDCl;) 6 = 0.85 (t, J = 7.4 Hz, 3H), 0.98 (t, J = 7.6 Hz, 3H),
1.16-1.27 (m, 1H), 1.38-1.43 (m, 2H), 2.01-2.09 (m, 3H), 3.35 (t, / = 10.6 Hz,
1H), 3.51-3.57 (m, 1H), 5.13 (ddt, J = 1.4, 7.4, 15.4 Hz, 1H), 5.60 (dt, J = 6.3,
15.3 Hz, 1H) ppm; "*C NMR (100 MHz, CDCl;) § = 11.7, 14.1, 24.1, 25.8, 47.7,
65.8, 130.0, 135.9 ppm; MS (EI): m/z [M]* 128; HRMS (EI) m/z [M]" calcd for
CgH;6O: 128.1196, found: 128.1197.

(R,E)-5-(Iodomethyl)hept-3-ene ((R)-91) [11, 15]

/
(R)-91

The procedure was similar to that for the preparation of recemic-91 (vide supra);
yield = 86%; Ry = 0.80 (hexanes); Ry = 0.80 (hexanes); 'H NMR (400 MHz,
CDCl3) 6 = 0.86 (t,J = 7.4 Hz, 3H), 0.99 (t,J = 7.5 Hz, 3H), 1.26-1.33 (m, 1H),
1.52-1.58 (m, 1H), 1.96-2.07 (m, 3H), 3.16 (d, J/ = 6.1 Hz, 2H), 5.13 (dd, J = 8.4,
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15.2 Hz, 1H), 5.52 (dt, J = 6.4, 15.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCl5)
d=11.6,13.9, 14.8,25.7, 27.9, 45.9, 130.9, 134.5 ppm; MS (ESI): m/z [M]* 238.

(S,E)-tert-Butyl(2-ethylhex-3-enyloxy)dimethylsilane (222b) [11]

/\/j/\OSiMeZ’Bu

222b

The procedure was similar to that for the preparation of 169 (vide supra):
yield = 89% (two steps); Ry = 0.35 (hexanes/EtOAc, 20:1); [rx]2DO = 16.2 (¢, 0.95,
CHCl5); "HNMR (400 MHz, CDCls) 6 = 0.03 (s,6H),0.85 (t,J = 7.4 Hz,3H),0.90
(s, 9H), 0.98 (t, J = 7.6 Hz, 3H), 1.16-1.26 (m, 1H), 1.49-1.59 (m, 1H), 1.97-2.05
(m, 3H), 3.43-3.51 (m, 2H), 5.15 (ddt,J = 1.4,7.2,15.4 Hz, 1H),5.48 (dt,J = 6.5,
15.2 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl;) 6 = —5.2, —5.2,11.7, 14.0, 18.5,
24.1,25.9,26.0,47.2,67.0,130.4, 133.4 ppm; MS (ESI): m/z[M + Na]*265; HRMS
(ESI) m/z [M + Na]* caled for C4H30NaOSi: 265.1958, found: 265.1943.

(S,E)-2-Ethylhex-3-en-1-ol (223b) [11, 12]

The procedure was similar to that for the preparation of 170 (vide supra):
yield = 86%; R; = 0.35 (hexanes/EtOAc, 9:1); [o]X = 2.9 (c, 0.40, CHCl5); 'H
NMR (400 MHz, CDCl3) 6 = 0.85 (t, J = 7.4 Hz, 3H), 0.98 (t, J = 7.6 Hz, 3H),
1.16-1.27 (m, 1H), 1.38-1.43 (m, 2H), 2.01-2.09 (m, 3H), 3.35 (t, J/ = 10.6 Hz,
1H), 3.51-3.57 (m, 1H), 5.13 (ddt, J = 1.4, 7.4, 15.4 Hz, 1H), 5.60 (dt, J = 6.3,
15.3 Hz, 1H) ppm; '>C NMR (100 MHz, CDCl5) 6 = 11.7, 14.1, 24.1, 25.8, 47.7,
65.8, 130.0, 135.9 ppm; MS (ED): m/z [M]* 128; HRMS (EI) m/z [M]* calcd for
CgH;6O: 128.1196, found: 128.1196.

(S,E)-5-(Iodomethyl)hept-3-ene ((5)-91) [11, 12]
/\/)/\,
(9)-91

The procedure was similar to that for the preparation of recemic-91 (vide
supra); yield = 86%; Ry = 0.80 (hexanes); '"H NMR (400 MHz, CDCl;) = 0.86
(t, J = 7.4 Hz, 3H), 0.99 (t, J = 7.5 Hz, 3H), 1.26-1.33 (m, 1H), 1.52-1.58 (m,
1H), 1.96-2.07 (m, 3H), 3.16 (d, J/ = 6.1 Hz, 2H), 5.13 (dd, J = 8.4, 15.2 Hz,
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1H), 5.52 (dt, J = 6.4, 15.0 Hz, 1H) ppm; ">C NMR (100 MHz, CDCl;) é = 11.6,
13.9, 14.8, 25.7, 27.9, 45.9, 130.9, 134.5 ppm; MS (ESI): m/z [M]* 238.

(8)-((3R,55)-5-((tert-Butyldimethylsilyloxy)methyl)-3,5-diethyl-1,2-dioxolan-3-
yl)methyl 2-(tert-butoxycarbonyl)-3-phenylpropanoate (234) and (5)-((3S,5R)-
5-((tert-Butyldimethylsilyloxy)methyl)-3,5-diethyl-1,2-dioxolan-3-yl)methyl 2-
(tert-butoxycarbonyl)-3-phenylpropanoate (235)

O Et Et O Et Et
S W S ") [
Phﬁ)ko 0SiMe,Bu Phﬁ)ko/ V_\/ NosiMe,Bu
NHBoc 0- NHBoc 0-0
234 235

To a solution of cis-137 (53.7 mg, 0.18 mmol) and optically pure N-Boc pro-
tected L-phenylalanine 219 (70.2 mg, 1.5 equiv) in CH,Cl, (2 mL) was added
DMAP (10 mol%) and DCC (54.7 mg, 1.5 equiv) at 0 °C. The temperature was
allowed to warm to room temperature. The reaction mixture was stirred overnight.
Quenched the reaction with saturated aq. NH,4Cl extracted with Et,O three times
and combined the organic layers and washed with 10% aqueous HCI, brine and
water, and dried over MgSO, and filtered. Removed the solvent with rotary
evaporation. Flash chromatography on silica gel (10 g) of the residue gave the
product (90.9 mg, 93%) as a colorless oil; Ry = 0.30 (hexanes/EtOAc, 5:1); 'H
NMR (400 MHz, CDCl;) 6 = 0.08 (s, 6H), 0.87-0.93 (m, 6H), 0.90 (s, 9H), 1.41
(s, 9H), 1.54-1.64 (m, 2H), 1.70-1.82 (m, 2H), 2.05 (dd, J = 4.5 Hz, 12.4 Hz,
1H), 2.25-2.30 (m, 1H), 3.03-3.15 (m, 2H), 3.52-3.62 (m, 2H), 3.97-4.03
(m, 1H), 4.33 (d, J = 11.6 Hz, 1H), 4.58-4.63 (m, 1H), 4.98 (s, 1H), 7.13-7.16
(m, 2H), 7.21-7.30 (m, 3H) ppm; "*C NMR (100 MHz, CDCl3) § = —5.5, —5.4,
—5.4,85,8.7,8.7, 184, 18.4, 25.9, 26.4, 26.7, 27.8, 28.2, 28.4, 38.4, 45.6, 45.6,
54.4,54.5,63.4,63.6,65.2,65.2,79.9, 86.8, 86.9, 89.1, 127.0, 127.1, 128.6, 129.3,
129.5, 136.0, 136.0, 155.1, 171.7, 171.7 ppm; IR (Neat): 3381, 2957, 2931, 2883,
2858, 1745, 1718, 1497, 1472, 1462, 1366, 1253, 1169, 1115, 1007, 838, 779, 738,
701 cm™'; MS (ESI): m/z [M + Na]* 574; HRMS (ESI) m/z [M + Na]* calcd for
Cy9H4oNNaO;Si: 574.3171, found: 574.3190.

(—)-(5-((tert-Butyldimethylsilyloxy)methyl)-cis-3,5-diethyl-1,2-dioxolan-3-

yDmethyl acetate ((—)-cis-245) and  (+)-(5-((fert-Butyldimethylsilyl-
oxy)methyl)-cis-3,5-diethyl-1,2-dioxolan-3-yl)methanol ((+)-cis-137a)

Et___ FEt Bt Ft
AcO_X L _osiMe,Bu HO_X L OSiMe,Bu
0-0 0-0
(-)-cis-245 (+)-cis-137a

To a solution of racemic alcohol (£)-cis-137 (1.11 g, 3.65 mmol) in hexane
(40 mL) was added the Lipase PS from Burkholderia cepaci (555 mg) and vinyl
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acetate (1.68 mL, 18.3 mmol). The heterogeneous mixture was stirred vigorously
at rt for 29 h before being filtered through a sintered glass funnel to recover the
lipase catalyst. The catalyst was washed with Et,O (20 mL), and the combined
filtrates were concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel (25 g, hexanes/EtOAc, 10:1) to afford (—)-cis-
245 (695 mg, 55%) and (+)-cis-137a (477 mg, 43%) as colorless oil;

(—)-cis-245: Ry = 0.50 (hexanes/EtOAc, 10:1); 'H NMR (400 MHz, CDCls)
o = 0.05 (s, 6H), 0.88 (s, 9H), 0.90 (t, J/ = 7.5 Hz, 3H), 0.92 (t, J = 7.6 Hz, 3H),
1.56-1.66 (m, 2H), 1.73-1.82 (m, 2H), 2.05 (d, J = 12.4 Hz, 1H), 2.06 (s, 3H),
233 (d, J = 12.4 Hz, 1H), 3.53 (d, J = 10.8 Hz, 1H), 3.60 (d, J = 10.8 Hz, 1H),
4.02 (d, J = 11.8 Hz, 1H), 4.21 (d, J = 11.8 Hz, 1H) ppm; >*C NMR (100 MHz,
CDCl;3) 6 = —5.5, —5.4, 8.4, 8.6, 18.3, 20.9, 25.9, 27.0, 27.7, 45.5, 63.6, 64.4,
86.9, 89.0, 170.8 ppm; MS (ESI): m/z 347 [M + H]"; HRMS (ESI) m/z [M + H]*
calcd for C;7H3505Si: 347.2248, found: 347.2248.

(+)-cis-137a: Ry = 0.35 (hexanes/EtOAc, 10:1); [oc]zD0 = 28.5 (c 1.13, CHCly);
"H NMR (400 MHz, CDCl3) § = 0.06 (s, 6H), 0.89 (s, 9H), 0.90 (t, J = 7.5 Hz,
3H), 0.94 (t, J = 7.5 Hz, 3H), 1.57-1.66 (m, 2H), 1.75-1.83 (m, 2H), 2.02 (s, 1H),
2.06 (d, J =123 Hz, 1H), 2.32 (d, J = 12.3 Hz, 1H), 3.46 (dd, J = 7.6 Hz,
11.9 Hz, 1H), 3.58 (d, J = 3.0 Hz, 2H), 3.72 (dd, J = 4.6 Hz, 11.9 Hz, 1H) ppm;
3C NMR (100 MHz, CDCl3) 6 = -5.4, 8.5, 8.9, 18.4,25.9, 26.3, 28.0, 44.8, 63.8,
64.00, 89.1, 89.2 ppm; MS (ESI): m/z 305 [M + H]"; HRMS (ESI) m/z [M + HJ*
calcd for C;5sH330,4Si: 305.2143, found: 305.2141.

(+)-(5-((tert-Butyldimethylsilyloxy)methyl)-cis-3,5-diethyl-1,2-dioxolan-3-
yl)methyl 4-methylbenzenesulfonate ((+)-cis-272a)

Et Et

Ts0. X" {_0siMe,Bu

0-0
(+)-cis-272a

To a solution of acetate (+)-cis-137a (46 mg, 0.15 mmol) in CH,Cl, (1 mL)
was added p-TsCl (34 mg, 1.8 mmol), EtzN (2.0 eq) and DMAP (10 mol %). The
reaction mixture was stirred until the starting material had disappeared. Removed
the solvent, the residue was purified by flash chromatography on silica gel (10 g,
hexanes/EtOAc, 10:1) to afford 272a (61 mg, 89%): Ry = 0.40 (hexanes/EtOAc,
10: 1); ee > 99%; The ee values were determined by chiral HPLC; CHIRALPAK
AD-H column; hexane/2-propanol 95/5; flow rate 1.0 mL/min; temp 25 °C;
wavelength = 254 nm; retention time: 4.9 min; '"H NMR (400 MHz, CDCls)
6 = 0.00 (s, 3H), 0.01 (s, 3H), 0.85 (s, 9H), 0.87 (t, J = 7.0 Hz, 6H), 1.52-1.66
(m, 2H), 1.71-1.82 (m, 2H), 2.03 (d, J/ = 12.6 Hz, 1H), 2.33 (d, J/ = 12.6 Hz, 1H),
2.44 (s, 3H), 3.48 (s, 2H), 3.91 (d, J = 10.1 Hz, 1H), 4.15 (d, J = 10.1 Hz, 1H),
7.33 (d, J = 8.1 Hz, 2H), 7.79 (d, J = 8.3 Hz, 2H) ppm; 3C NMR (100 MHz,
CDCl3) 6 = —5.5, =54, 84, 18.3, 21.7, 25.9, 26.4, 28.1, 45.3, 63.2, 69.4, 86.7,
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89.2, 128.0, 129.9, 132.9, 144.9 ppm; MS (ESI): m/z 459 [M + H]"; HRMS (ESI)
m/z [M + H]* caled for CpH3906SSi: 459.2231, found: 459.2225.

(—)-(5-((tert-Butyldimethylsilyloxy)methyl)-cis-3,5-diethyl-1,2-dioxolan-3-
yl)methanol ((—)-cis-137b)

Et Et

HO. X" OSiMe,Bu

0-0
(-)-cis-137b

To a solution of racemic alcohol (£)-cis-137 (1.11 g, 3.65 mmol) in hexane
(40 mL) was added the Lipase PS from Burkholderia cepaci (555 mg) and vinyl
acetate (1.68 mL, 18.3 mmol). The heterogeneous mixture is stirred vigorously at
rt for 3 h before being filtered through a sintered glass funnel to recover the lipase
catalyst. The catalyst was washed with Et,O (20 mL), and the combined filtrates
were concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (30 g, hexanes/EtOAc, 10:1) to afford (—)-cis-245
(568 mg, 45%) and (+)-cis-137a (588 mg, 53%). (—)-cis-245: Ry = 0.50 (hex-
anes/EtOAc, 10:1); [oc]zD0 = —21.5 (¢, 0.89, CHCly);

To a solution of acetate (—)-cis-245 (568 mg, 1.64 mmol) in MeOH (30 mL)
was added K,CO;5 (226 mg, 1.64 mmol). The reaction mixture was stirred until the
starting material had disappeared, the reaction mixture was acidified to pH 6 with
10% aqueous HC1. Removed the solvent under reduced pressure. The residue was
extracted with Et,O (3 x 20 mL). The combined extracts were washed with brine
(25 mL), dried over anhydrous Na,SQO,, and concentrated on the rotary evaporator.
The residue was purified by flash chromatography on silica gel (30 g, hexanes/
EtOAc, 10:1) to afford (—)-cis-137b (469 mg, 94%) as colorless oil : Ry = 0.35
(hexanes/EtOAc, 10:1); [¢]¥ = —27.5 (¢ 0.47, CHCl5); '"H NMR (400 MHz,
CDCl3) 6 =0.06 (s, 6H), 0.89 (s, 9H), 090 (t, J= 7.5 Hz, 3H), 0.94
(t, J = 7.5 Hz, 3H), 1.57-1.66 (m, 2H), 1.75-1.83 (m, 2H), 2.02 (bs, 1H), 2.06
(d, J = 12.3 Hz, 1H), 2.32 (d, J = 12.3 Hz, 1H), 3.46 (dd, J = 7.6 Hz, 11.9 Hz,
1H), 3.58 (d, J = 3.0 Hz, 2H), 3.72 (dd, J = 4.6 Hz, 11.9 Hz, 1H) ppm; '*C NMR
(100 MHz, CDCl3) 6 = -5.4, 8.5, 8.9, 18.4, 25.9, 26.3, 28.0, 44.8, 63.9, 64.00,
89.1, 89.2 ppm; MS (ESI): m/z 327 [M + Na]"; HRMS (ESI) m/z [M + Na]*
caled for C;sH3,04SiNa: 327.1962, found: 327.1968.

(—)-(5-((tert-Butyldimethylsilyloxy)methyl)-cis-3,5-diethyl-1,2-dioxolan-3-
yl)methyl 4-methylbenzenesulfonate ((—)-cis-272b)

Et Et

Ts0. X" _0siMe,Bu
0-0
(-)-cis-272b
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To increase the ee, (—)-cis-137b was resolved again. Then it was converted into
(—)-cis-272b to determine the ee value. The procedure was similar to that for the
preparation of (+)-cis-272a (vide supra): R; = 0.40 (hexanes/EtOAc, 10:1);
ee > 99%; The ee values were determined by chiral HPLC; CHIRALPAK AD-H
column; hexane/2-propanol 95/5; flow rate 1.0 mL/min; temp 25 °C; wave-
length = 254 nm; retention time: 5.4 min; '"H NMR (400 MHz, CDCl3) 6 = 0.00
(s, 3H), 0.01 (s, 3H), 0.85 (s, 9H), 0.87 (t, J = 7.0 Hz, 6H), 1.52-1.66 (m, 2H),
1.71-1.82 (m, 2H), 2.03 (d, J = 12.6 Hz, 1H), 2.33 (d, J = 12.6 Hz, 1H), 2.44
(s, 3H), 3.48 (s, 2H), 3.91 (d, J = 10.1 Hz, 1H), 4.15 (d, J = 10.1 Hz, 1H), 7.33
(d, J = 8.1 Hz, 2H), 7.79 (d, J = 8.3 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl5)
é=-5.5 —-54, 84, 18.3, 21.7, 25.9, 26.4, 28.1, 45.3, 63.2, 69.4, 86.7, 89.2,
128.0, 129.9, 132.9, 144.9 ppm; MS (ESI): m/z 459 [M + H]*"; HRMS (ESI) m/z
[M + HJ* calcd for Cy,H3906SSi: 459.2231, found: 459.2225.

(+)-tert-Butyl((5-(2,2-dibromovinyl)-cis-3,5-diethyl-1,2-dioxolan-3-
yl)methoxy)dimethylsilane ((+)-cis-247a)

Bret  Et
*_OSiMe,Bu
0-0
(+)-cis-247a

Br

The procedure was similar to that for the preparation of trans-155 (vide supra);
yield = 79% (two steps); Ry = 0.75 (hexanes/EtOAc, 20:1); [«]® = —11.0
(¢, 0.75, CHCl3); "H NMR (400 MHz, CDCl3) 6 = 0.07 (s, 3H), 0.08 (s, 3H), 0.90
(s, 9H), 0.92 (t, J = 7.5 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H), 1.60-1.66 (m, 1H),
1.75-1.87 (m, 2H), 2.07-2.12 (m, 1H), 2.23 (d, J = 12.5 Hz, 1H), 2.80
(d, J = 12.5 Hz, 1H), 3.49 (d, J = 10.5 Hz, 1H), 3.58 (d, J = 10.5 Hz, 1H), 6.79
(s, 1H) ppm; ">C NMR (100 MHz, CDCl3) 6 = —5.4, —5.3, 8.5, 8.9, 18.4, 25.9,
27.4, 29.1, 50.0, 64.1, 87.4, 88.9, 90.1, 142.5 ppm; IR (Neat): 2955, 2929, 2883,
2858, 1462, 1256, 1115, 838, 777 cm™'; MS (ESD): m/z 459 [M + H]*; HRMS
(EST) m/z [M + HJ* caled for Ci¢H3,Br,03Si: 459.0383, found: 459.0391.

(+)-tert-Butyl((cis-3,5-diethyl-5-ethynyl-1,2-dioxolan-3-yl)methoxy)dimethyl-
silane ((+)-cis-248a)

Bt Ft
MOSiMeszu
Z 0-0

(+)-cis-248a

The procedure was similar to that for the preparation of trans-148 (vide supra);
yield = 95%; Ry = 0.55 (hexanes/Et,O 20:1); [<x]2D0 = 17.0 (¢, 1.60, CHCl,); '"H
NMR (400 MHz, CDCl3) ¢ = 0.07 (s, 3H), 0.08 (s, 3H), 0.89 (s, 9H), 0.92
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(t, J =75 Hz, 3H), 1.07 (t, J = 7.4 Hz, 3H), 1.60-1.67 (m, 1H), 1.67-1.80
(m, 2H), 1.85-1.92 (m, 1H), 2.25 (d, J = 12.4 Hz, 1H), 2.51 (s, 1H), 2.70 (d,
J = 12.4 Hz, 1H), 3.70 (q, J = 10.3 Hz, 2H) ppm; >C NMR (100 MHz, CDCls)
0=-54,-53,84,94, 183,259, 27.1, 32.1, 52.5, 64.2, 73.7, 82.3, 83.4, 89.2,
ppm; IR (Neat): 3311, 2956, 2931, 2883, 2858, 1472, 1463, 1259, 1111, 1007, 838,
670 cm™'; MS (ESI): m/z 299 [M + H]*; HRMS (ESI) m/z [M + H]* calcd for
C16H3105Si: 299.2037, found: 299.2037.

(+)-tert-Butyl((cis-3,5-diethyl-5-(prop-1-ynyl)-1,2-dioxolan-3-yl)methoxy)
dimethylsilane ((+)-cis-249a)

Et Et

¥~ __0SiMe,Bu
Z 0-0

(+)-cis-249a

The procedure was similar to that for the preparation of trans-147 (vide supra);
yield = 70%; Ry = 0.55 (hexanes/Et,O 20:1); [oc]2D0 = 9.5 (¢, 1.70, CHCl5); 'H
NMR (400 MHz, CDCl3): 6 = 0.07 (s, 3H), 0.08 (s, 3H), 0.88 (s, 9H), 0.90
(t, J =75 Hz, 3H), 1.03 (t, J = 7.4 Hz, 3H), 1.61-1.67 (m, 2H), 1.69-1.77
(m, 1H), 1.81-1.88 (m, 1H), 1.85 (s, 3H), 2.20 (d, J = 12.3 Hz, 1H), 2.60
(d, J = 123 Hz, 1H), 3.68 (q, J = 10.2 Hz, 2H) ppm; '*C NMR (100 MHz,
CDCl3) 6 = —5.5, —5.3,3.7,8.4,9.5, 18.3,25.9,26.9, 32.5, 52.3, 64.4, 78.6, 82.0,
82.7, 89.1, ppm; MS (ESI): m/z 335 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for C;7H3,05SiNa: 335.2013, found: 335.2008.

(+)-(E)-tert-Butyl((cis-3,5-diethyl-5-(2-iodoprop-1-enyl)-1,2-dioxolan-3-
yl)methoxy)dimethylsilane ((+)-cis-246a)

Et_ . Et
| WOSiMeg’Bu

0-0
(+)-cis-246a

To a 10-mL, argon-filled, two-necked round-bottomed flask equipped with a
magnetic stirring bar was added (+)-cis-249a (64 mg, 0.206 mmol) and
Pd(PPh;3),Cl, (10 mol%). The flask was evacuated and filled with argon three
times, and then freshly distilled n-hexane (2 mL) was added via a syringe.
Tributyltin hydride (4.0 equiv) was added slowly (about over 10 min) via a syr-
inge. The reaction was stirred at 23 °C for 1 h, then immediately transferred to a
silica gel column and rapidly eluted with hexanes until the excess Buz;SnH/
(BusSn), is removed, followed by elution with a mixture of hexanes and ethyl
acetate (10:1) to obtain the stannane compound 250a (104 mg, 84%) as a colorless
oil: Ry = 0.60 (hexanes/EtOAc, 20:1). The obtained stannane compound was
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dissolved in CH,Cl, (3 mL) and cooled to 0 °C. I, (43 mg, 0.17 mmol) in CH,Cl,
(1 mL) was added and the resulting mixture was stirred at O °C for 5—8 min then
worked up by a saturated aq. Na,S,03 solution (3 mL) and extracted by Et,O
(3 x 10 mL). The combined organic layers were washed with brine (10 mL),
dried over anhydrous Na,SQ,, filtered and concentrated under reduced pressure to
give a residue which was purified by flash column chromatography on silica gel
(hexanes/EtOAc, 20:1) to give 246a (65 mg, 86%) as an oil: Ry = 0.50 (hexanes/
EtOAc, 20:1); [a]® = 1.2 (¢, 2.24, CHCly); 'H NMR (400 MHz, CDCl,):
0 =0.07 (s, 3H), 0.08 (s, 3H), 0.88 (s, 9H), 0.91 (t, J = 7.5 Hz, 3H), 0.93
(t,J = 7.5 Hz, 3H), 1.58-1.74 (m, 2H), 1.76-1.88 (m, 2H), 2.18 (d, J = 12.2 Hz,
1H), 2.42 (d, J = 12.2 Hz, 1H), 2.53 (d, J = 0.7 Hz, 3H), 3.50 (d, J = 10.4 Hz,
1H), 3.62 (d, J =104 Hz, 1H), 6.14 (d, J = 0.8 Hz, 1H) ppm; 3C NMR
(100 MHz, CDCl3) 6 = —5.4, —5.3, 8.5, 9.0, 18.3, 25.9, 27.0, 30.3, 31.8, 51.3,
64.4, 88.4,90.6, 96.6, 142.2 ppm; MS (ESI): m/z 441 [M + H]"; HRMS (ESI) m/z
[M + HJ* calcd for C,7H34105Si: 441.1316, found: 441.1320.

(—)-tert-Butyl((5-(2,2-dibromovinyl)-cis-3,5-diethyl-1,2-dioxolan-3-
yl)methoxy)dimethylsilane ((—)-cis-247b)

Bret . Et
& K. OSiMe,Bu
0-0
(-)-cis-24Tb

Br

The procedure was similar to that for the preparation of trans-155 (vide supra);
yield = 79% (two steps); Ry = 0.75 (hexanes/EtOAc, 20:1); [oc]2D0 = 10.0 (c, 2.55,
CHCls); "H NMR (400 MHz, CDCls) § = 0.07 (s, 3H), 0.08 (s, 3H), 0.90 (s, 9H),
0.92 (t, J = 7.5 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H), 1.60-1.66 (m, 1H), 1.75-1.87
(m, 2H), 2.07-2.12 (m, 1H), 2.23 (d, / = 12.5 Hz, 1H), 2.80 (d, J = 12.5 Hz, 1H),
3.49 (d, J = 10.5 Hz, 1H), 3.58 (d, J = 10.5 Hz, 1H), 6.79 (s, 1H) ppm; '*C NMR
(100 MHz, CDCl;) 6 = —5.4, —5.3, 8.5, 8.9, 18.4, 25.9, 27.4, 29.1, 50.0, 64.1,
87.4, 88.9, 90.1, 142.5 ppm; MS (ESI): m/z 459 [M + H]*; HRMS (ESI) m/z
[M + H]* calcd for C;¢Hz;Br,05Si: 459.0383, found: 459.0385.

(—)-tert-Butyl((cis-3,5-diethyl-5-ethynyl-1,2-dioxolan-3-yl)methoxy)dimethyl-
silane ((—)-cis-248b)

Bt Et
mo&Meszu
Z 0-0

(-) -cis-248D

The procedure was similar to that for the preparation of trans-148 (vide supra);
yield = 95%; R; = 0.55 (hexanes/EtOAc, 20:1); [¢]® = —17.5 (¢ 0.64, CHCl;);



110 4 Experimental Section

'"H NMR (400 MHz, CDCl3) 6 = 0.07 (s, 3H), 0.08 (s, 3H), 0.89 (s, 9H), 0.92
(t, J =7.5Hz, 3H), 1.07 (t, J = 7.4 Hz, 3H), 1.56-1.65 (m, 1H), 1.67-1.80
(m, 2H), 1.85-1.94 (m, 1H), 2.25 (d, J = 12.4 Hz, 1H), 2.52 (s, 1H), 2.70
(d, J = 12.4 Hz, 1H), 3.70 (q, J = 10.3 Hz, 2H) ppm; C NMR (100 MHz,
CDCls) 6 = —5.4, —5.3, 84, 94, 18.3, 25.9, 27.1, 32.1, 52.5, 64.2, 73.7, 82.3,
83.4, 89.2 ppm; MS (ESI): m/z 299 [M + H]*; HRMS (ESI) m/z [M + HJ* caled
for C;cH3,05Si: 299.2037, found: 299.2032.

(—)-tert-Butyl((cis-3,5-diethyl-5-(prop-1-ynyl)-1,2-dioxolan-3-yl)methoxy)
dimethylsilane ((—)-cis-249b)

Et Et

¥ __0siMe,Bu
Z 0-0

(-)-cis-249b

The procedure was similar to that for the preparation of trans-147 (vide supra);
yield = 70%; Ry = 0.75 (hexanes/EtOAc, 20:1); [a]2D0 = —9.0 (¢, 2.05, CHCly);
"H NMR (400 MHz, CDCl3): § = 0.07 (s, 3H), 0.08 (s, 3H), 0.88 (s, 9H), 0.90
(t, J = 7.5 Hz, 3H), 1.03 (t, J = 7.4 Hz, 3H), 1.61-1.67 (m, 2H), 1.69-1.77 (m,
1H), 1.81-1.88 (m, 1H), 1.85 (s, 3H), 2.20 (d, J = 12.3 Hz, 1H), 2.60 (d,
J = 12.3 Hz, 1H), 3.69 (q, J = 10.2 Hz, 2H) ppm; >C NMR (100 MHz, CDCl;)
0= -55,-53,37,84,95, 18.3, 25.9, 26.9, 32.5, 52.3, 64.4, 78.6, 82.0, 82.7,
89.1 ppm; MS (ESI): m/z 335 [M + Na]*; HRMS (ESI) m/z [M + Na]* calcd for
C,7H3,05SiNa: 335.2013, found: 335.2016.

(—)-(E)-tert-Butyl((cis-3,5-diethyl-5-(2-iodoprop-1-enyl)-1,2-dioxolan-3-yl)
methoxy)dimethylsilane ((—)-cis-246b)

Bt Et
| WOSiMeZ’Bu

0-0
(-) -cis-246b

The procedure was similar to that for the preparation of (+)-cis-246a (vide
supra): yield = 72% (two steps); Ry = 0.50 (hexanes/EtOAc, 20:1); [o]X = —1.5
(¢, 1.60, CHCl5); "H NMR (400 MHz, CDCl3): 6 = 0.07 (s, 3H), 0.08 (s, 3H),
0.88 (s, 9H), 0.91 (t, J = 7.5 Hz, 3H), 0.93 (t, J = 7.5 Hz, 3H), 1.58-1.74 (m,
2H), 1.76-1.88 (m, 2H), 2.18 (d, J = 12.2 Hz, 1H), 2.42 (d, J = 12.2 Hz, 1H),
2.53 (d, J = 0.7 Hz, 3H), 3.50 (d, / = 10.4 Hz, 1H), 3.62 (d, J = 10.4 Hz, 1H),
6.14 (d, J = 0.8 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl;) § = —5.4, —5.3, 8.5,
9.0, 18.3, 25.9, 27.0, 30.3, 31.8, 51.3, 64.4, 88.4, 90.6, 96.6, 142.2 ppm; MS (ESI):
m/z 441 [M + H]*; HRMS (ESI) m/z [M + H]" calcd for C;7H34105Si: 441.1316,
found: 441.1322.
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tert-Butyl(((+)-cis-3,5-diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-
1,2-dioxolan-3-yl)methoxy)dimethylsilane ((85)-(+)-cis-251a)

Et 3 Et
N X K. OSiMe,Bu
S 0-0 1

(85)-(+)-cis-251a

The synthesis of (85)-(+)-cis-251a was similar to that for the preparation of 206
(vide supra): yield = 93%; Ry = 0.50 (hexanes/EtOAc, 20:1); [oc]lzj0 = 60.5 (c,
0.47, CHCI3); 'H NMR (400 MHz, CDCl3) 6 = —0.04 (s, 3H), 0.05 (s, 3H), 0.83
(t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 0.88 (s, 9H), 0.92 (t, J/ = 7.4 Hz,
3H), 0.96 (t, J = 7.4 Hz, 3H), 1.09-1.17 (m, 1H), 1.34-1.41 (m, 1H), 1.58-1.65
(m, 2H), 1.63 (d, J = 1.1 Hz, 3H), 1.73-1.83 (m, 1H), 1.85-1.92 (m, 2H), 1.94—
2.04 (m, 4H), 2.03 (d, J = 12.6 Hz, 1H), 2.24 (s, 2H), 3.42 (d, / = 10.3 Hz, 1H),
3.64 (d, J = 10.3 Hz, 1H), 5.07 (dd, J = 8.3, 15.3 Hz, 1H), 5.18 (s, 1H), 5.36 (dt,
J = 6.3, 15.3 Hz, 1H) ppm; >C NMR (100 MHz, CDCl3) § = -5.5, —5.2, 8.8,
9.0, 11.7, 14.1, 17.9, 18.3, 25.7, 25.9, 26.3, 27.6, 32.2, 42.6, 46.6, 51.9, 64.5, 88.3,
88.7, 127.3, 131.9, 132.9, 135.9 ppm; MS (ESI): m/z 447 [M + Na]*; HRMS
(ESD) m/z [M + Na]" caled for C,5H,305SiNa: 447.3265, found: 447.3279.

((+)-cis-3,5-Diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-dioxo-

lan-3-yl)methanol ((85)-(+)-cis-252a)

o | BUALR

S 0-0 1
(8S)-(+)-cis-252a

OH

The procedure was similar to that for the preparation of 208 (vide supra):
yield = 89%; R;= 0.30 (hexanes/EtOAc, 10:1); [a]® =-81.2 (¢, 0.29,
CHCl5);'H NMR (400 MHz, CDCl;) 6 = 0.83 (t, J = 7.4 Hz, 3H), 0.88 (t,
J = 7.4 Hz,3H), 0.94 (t, J = 7.6 Hz, 3H), 0.95 (t, / = 7.4 Hz, 3H), 1.09-1.20 (m,
1H), 1.31-1.40 (m, 1H), 1.54-1.68 (m, 2H), 1.64 (d, J/ = 0.8 Hz, 3H), 1.73-1.83
(m, 1H), 1.85-1.92 (m, 2H), 1.94-2.06 (m, 5SH), 2.28 (q, J = 11.9 Hz, 2H), 3.40
(dd, J = 7.0, 11.7 Hz, 1H), 3.62 (dd, J = 4.0, 11.8 Hz, 1H), 5.05 (dd, J = 8.4,
152 Hz, 1H), 5.17 (s, 1H), 5.36 (dt, J = 6.3, 15.2 Hz, 1H) ppm; *C NMR
(100 MHz, CDCl3) 6 = 9.0, 9.0, 11.7, 14.1, 17.9, 25.7, 26.0, 27.9, 32.2, 42.7,
46.6, 51.2, 64.5, 88.8, 89.5, 126.7, 132.1, 132.7, 136.7 ppm; MS (ESI): m/z 333
[M -+ Na]*; HRMS (ESI) m/z [M + Na]* calcd for C;oH3403Na: 333.2400,
found: 333.2400.
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(E)-Methyl  3-((+)-cis-3,5-diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-die-
nyl)-1,2-dioxolan-3-yl)acrylate (S-(+)-cis-86a)

Et_ . Ft

X 7
(S 0-0 COMe

S-(+)-cis-86a

The procedure was similar to that for the preparation of 210 (vide supra):
yield = 80% (two steps); Ry = 0.50 (hexanes/EtOAc, 10:1); [oc]%0 = —86.0 (c,
0.26, CHCl3); '"H NMR (400 MHz, CDCl5) 6 = 0.80 (t, J = 7.4 Hz, 3H), 0.88 (t,
J = 7.4 Hz, 3H), 0.90 (t, J = 7.5 Hz, 3H), 0.93 (t, / = 7.3 Hz, 3H), 1.07-1.14 (m,
1H), 1.31-1.38 (m, 1H), 1.61 (d, J = 0.7 Hz, 3H), 1.62-1.69 (m, 1H), 1.70-1.82
(m, 2H), 1.83-1.93 (m, 2H), 1.94-2.02 (m, 4H), 2.44 (d, J = 11.9 Hz, 1H), 2.54
(d, J = 11.9 Hz, 1H), 3.73 (s, 3H), 5.05 (dd, J = 8.3, 15.2 Hz, 1H), 5.11 (s, 1H),
5.34 (dt, J = 15.2, 6.3 Hz, 1H), 6.07 (d, J = 15.8 Hz, 1H), 6.85 (d, / = 15.8 Hz,
1H) ppm; *C NMR (100 MHz, CDCl5): § = 8.9, 8.9, 11.6, 14.1, 17.8, 25.6, 27.6,
30.9, 32.2, 42.6, 46.6, 51.6, 56.0, 87.2, 89.3, 119.9 126.7, 132.0, 132.8, 136.6,
149.80, 167.1 ppm; IR (Neat): 2963, 2919, 2849, 1720, 1656, 1461, 1262,
798 cm™'; MS (ESI): m/z 382 [M + NH,]*; HRMS (ESI) m/z [M + NH,4]* caled
for CyoH49O4N: 382.2952, found: 382.2943.

tert-Butyl(((—)-cis-3,5-diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-
1,2-dioxolan-3-yl)methoxy)dimethylsilane ((8R)-(—)-cis-251d)

™ Bt Et
W’\/KWOSM%’BU

(R) 0-0
(8R)-(-)-cis-251d

The synthesis of 251d was similar to that for the preparation of 206 (vide
supra): yield = 93%; Ry = 0.50 (hexanes/EtOAc, 20:1); [¢]¥ = 62.0 (c, 1.12,
CHCls); 'H NMR (400 MHz, CDCl3) 6 = 0.04 (s, 3H), 0.05 (s, 3H), 0.83 (t,
J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 0.88 (s, 9H), 0.92 (t, J = 7.4 Hz, 3H),
0.96 (t, J = 7.4 Hz, 3H), 1.09-1.17 (m, 1H), 1.34-1.41 (m, 1H), 1.58-1.65 (m,
2H), 1.63 (d, J = 1.1 Hz, 3H), 1.73-1.83 (m, 1H), 1.85-1.92 (m, 2H), 1.94-2.04
(m, 4H), 2.03 (d, J = 12.6 Hz, 1H), 2.24 (s, 2H), 3.42 (d, J = 10.3 Hz, 1H), 3.64
(d, J = 10.3 Hz, 1H), 5.07 (dd, J = 8.3, 15.3 Hz, 1H), 5.18 (s, 1H), 5.36 (dt,
J = 6.3,15.3 Hz, 1H) ppm; '>C NMR (100 MHz, CDCl5) 6 = -5.5,-5.2, 8.8, 9.0,
11.7, 14.1, 17.9, 18.3, 25.7, 25.9, 26.3, 27.6, 32.2, 42.6, 46.6, 51.9, 64.5, 88.3,
88.7, 127.3, 131.9, 132.9, 135.9 ppm; IR (Neat): 2961, 2930, 2857, 1463, 1263,
1119, 741 cm™"'; MS (ESI): m/z 447 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for C,5sHyug05SiNa: 447.3265, found: 447.3259.
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((—)-cis-3,5-Diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-dioxo-
lan-3-yl)methanol ((8R)-(—)-cis-252d)

: Et Et

¥ __OH
\/\ (R) b-d

(8R)-(-)-cis-252d

The procedure was similar to that for the preparation of 208 (vide supra):
yield = 86%; R; = 0.30 (hexanes/EtOAc, 10:1); [oz]ZDO = 80.0 (¢, 0.80, CHCl);
"H NMR (400 MHz, CDCl3) 6 = 0.82 (t, J = 7.4 Hz, 3H), 0.88 (t, J = 7.4 Hz,
3H), 0.94 (t, J = 7.6 Hz, 3H), 0.95 (t, J = 7.4 Hz, 3H), 1.09-1.20 (m, 1H),
1.31-1.40 (m, 1H), 1.54-1.68 (m, 2H), 1.63 (d, J = 0.5 Hz, 3H), 1.73-1.83 (m,
1H), 1.85-1.92 (m, 2H), 1.94-2.06 (m, 5H), 2.28 (q, J = 11.9 Hz, 2H), 3.40 (dd,
J =178, 11.8 Hz, 1H), 3.62 (dd, J =53, 11.8 Hz, 1H), 5.05 (dd, J = 84,
152 Hz, 1H), 5.17 (s, 1H), 5.35 (dt, J = 6.3, 15.2 Hz, 1H) ppm; *C NMR
(100 MHz, CDCl3) 6 = 9.0, 9.0, 11.7, 14.1, 17.9, 25.7, 26.0, 27.9, 32.2, 42.7,
46.6, 51.2, 64.5, 88.8, 89.5, 126.7, 132.1, 132.7, 136.7 ppm; MS (ESI): m/z 333
[M + Na]"; HRMS (ESI) m/z [M + Na]* caled for C;oH3,03Na: 333.2400,
found: 333.2404.

(E)-Methyl 3-((—)-cis-3,5-diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-die-
nyl)-1,2-dioxolan-3-yl)acrylate (R-(—)-cis-86d) [16]
e Et Et

(R 0-0 COMe

R-(-)-cis-86d

The procedure was similar to that for the preparation of 210 (vide supra):
yield = 80% (two steps); Ry = 0.50 (hexanes/EtOAc, 10:1); [¢]¥ = 87.0 (c, 0.85,
CHCl3); '"H NMR (400 MHz, CDCl3): 6 = 0.80 (t, J = 7.4 Hz, 3H), 0.88
(t,J = 7.4 Hz, 3H), 0.90 (t, J = 7.5 Hz, 3H), 0.93 (t, J = 7.3 Hz, 3H), 1.07-1.14
(m, 1H), 1.31-1.38 (m, 1H), 1.61 (d, J = 0.7 Hz, 3H), 1.62-1.69 (m, 1H),
1.70-1.82 (m, 2H), 1.83-1.93 (m, 2H), 1.94-2.02 (m, 4H), 2.44 (d, J = 11.9 Hz,
1H), 2.54 (d, J = 11.9 Hz, 1H), 3.73 (s, 3H), 5.05 (dd, J = 8.3, 15.2 Hz, 1H), 5.11
(s, 1H), 5.34 (dt, J = 15.2, 6.3 Hz, 1H), 6.07 (d, J = 15.8 Hz, 1H), 6.85 (d,
J = 15.8 Hz, 1H) ppm; ">C NMR (100 MHz, CDCl5): 6 = 8.9, 8.9, 11.6, 14.1,
17.8, 25.6, 27.6, 30.9, 32.2, 42.6, 46.6, 51.6, 56.0, 87.2, 89.3, 119.9 126.7, 132.0,
132.8, 136.6, 149.80, 167.1 ppm; IR (Neat): 2963, 2920, 2875, 2850, 1720, 1657,
1462, 1303, 1262, 1038, 798 cm™'; MS (ESI): m/z 387 [M + Na]*; HRMS (ESI)
m/z [M + Na]* caled for C,,H3604Na: 387.2506, found: 387.2505.
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tert-Butyl(((+)-cis-3,5-diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-
1,2-dioxolan-3-yl)methoxy)dimethylsilane ((8R)-(+)-cis-251b)

-
\/\/\/‘\MOSiMegtBU
(R) 0-0

(8R)-(+)-cis-251b

The synthesis of 251b was similar to that for the preparation of 206 (vide
supra): yield = 93%; Ry = 0.50 (hexanes/EtOAc, 20:1); [oc]zD0 = —47.1 (¢, 0.93,
CHCl3); '"H NMR (400 MHz, CDCls): 6 = 0.04 (s, 3H), 0.05 (s, 3H), 0.81
(t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 0.88 (s, 9H), 0.92 (t, / = 7.5 Hz,
3H), 0.95 (t, J = 7.4 Hz, 3H), 1.59-1.64 (m, 2H), 1.61 (d, J = 0.6 Hz, 3H),
1.74-1.81 (m, 2H), 1.83-1.92 (m, 2H), 1.94-2.04 (m, 4H), 2.23 (d, J = 12.0 Hz,
1H), 2.31 (d, J = 12.0 Hz, 1H), 3.43 (d, J = 10.2 Hz, 1H), 3.64 (d, J = 10.2 Hz,
1H), 5.06 (dd, J = 8.3, 15.2 Hz, 1H), 5.20 (s, 1H), 5.36 (dt, J = 6.3, 15.2 Hz, 1H)
ppm; 13C NMR (100 MHz, CDCl;): d = —5.5, —5.2, 8.7, 8.9, 11.7, 14.1, 17.8,
18.3, 25.7, 25.9, 26.4, 27.9, 32.2, 42.7, 46.6, 51.8, 64.7, 88.3, 88.7, 127.6, 132.0,
132.9, 135.5 ppm; MS (ESI): m/z 447 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for C,5sH,g05SiNa: 447.3265, found: 447.3265.

((+)-cis-3,5-Diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-dioxo-
lan-3-yl)methanol ((8R)-(+)-cis-252b)

(R) 0-0

(8R)-(+)-cis-252b

The procedure was similar to that for the preparation of 208 (vide supra):
yield = 86%; Ry = 0.30 (hexanes/EtOAc, 10:1); [« = —43.5 (c, 0.85, CHCl5);
'"H NMR (400 MHz, CDCls): 6 = 0.83 (t, J = 7.4 Hz, 3H), 0.88 (t, J = 7.4 Hz,
3H), 0.94 (t, J = 7.4 Hz, 6H), 1.13-1.18 (m, 1H), 1.31-1.41 (m, 1H), 1.56-1.68
(m, 2H), 1.62 (d, J = 1.2 Hz, 3H), 1.72-1.80 (m, 1H), 1.82-1.91 (m, 2H),
1.94-2.07 (m, 5H), 2.31 (s, 2H), 3.41 (dd, J=6.3, 11.8 Hz, 1H), 3.61
(dd, J = 4.0, 11.8 Hz, 1H), 5.05 (ddt, J = 1.4, 8.5, 15.2 Hz, 1H), 5.18 (s, 1H),
5.36 (dt, J = 6.3, 15.2 Hz, 1H) ppm; '>°C NMR (100 MHz, CDCl;) é = 8.9, 9.0,
11.7, 14.1, 17.8, 25.7, 26.2, 28.0, 32.1, 42.7, 46.6, 51.2, 64.5, 88.8, 89.5, 126.9,
132.3, 132.7, 136.5 ppm; MS (ESD): m/z 333 [M + Na]*; HRMS (ESI) m/z
[M + Na]* caled for C;9H3,05Na: 333.2400, found: 333.2391.
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(E)-Methyl  3-((+)-cis-3,5-diethyl-5-((R,1E,SE)-4-ethyl-2-methylocta-1,5-die-
nyl)-1,2-dioxolan-3-yl)acrylate (R-(+)-cis-86b)

e Et . Et
S Y
(A o-0 = COMe
R-(+)-cis-86b

The procedure was similar to that for the preparation of 210 (vide supra):
yield = 80% (two steps); Ry = 0.50 (hexanes/EtOAc, 10:1); [«]X = —74.8
(¢, 0.39, CHCl3); "H NMR (400 MHz, CDCls): 6 = 0.81 (t,J = 7.4 Hz, 3H), 0.88
(t, J = 7.3 Hz, 3H), 0.91 (t, J = 7.5 Hz, 3H), 0.94 (t, J = 7.5 Hz, 3H), 1.10-1.13
(m, 1H), 1.30-1.35 (m, 1H), 1.59 (s, 3H), 1.61-1.67 (m, 1H), 1.70-1.81 (m, 2H),
1.82-1.89 (m, 2H), 1.89-2.02 (m, 4H), 244 (d, J = 11.9 Hz, 1H), 2.58
(d, J = 11.8 Hz, 1H), 3.74 (s, 3H), 5.04 (dd, J = 8.0, 15.2 Hz, 1H), 5.15 (s, 1H),
5.34 (dt, J = 15.2, 6.4 Hz, 1H), 6.08 (d, J = 15.8 Hz, 1H), 6.86 (d, J = 15.8 Hz,
1H) ppm; "*C NMR (100 MHz, CDCl3): d = 8.9, 8.9, 11.7, 14.1, 17.8, 25.7, 27.8,
30.9, 32.2, 42.7, 46.5, 51.7, 55.8, 87.4, 89.2, 120.0, 127.1, 132.0, 132.8, 136.1,
149.8, 167.1 ppm; MS (ESI): m/z 387 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for Cy,H3604Na: 387.2506, found: 387.2507.

tert-Butyl(((—)-cis-3,5-diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-
1,2-dioxolan-3-yl)methoxy)dimethylsilane ((85)-(—)-cis-251c¢)

Et, 3 FEt
A N __0SiMe,'Bu
S 0-0 1

(89)-(-)-cis-251¢c

The synthesis of 251c was similar to that for the preparation of 206 (vide
supra): yield = 93%; Ry = 0.50 (hexanes/EtOAc, 20:1); [a]f = 46.5 (c, 0.55,
CHCl3); 'H NMR (400 MHz, CDCl;): 6 = 0.04 (s, 3H), 0.05 (s, 3H), 0.81
(t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 0.88 (s, 9H), 0.92 (t, J = 7.5 Hz,
3H), 0.95 (t, J = 7.4 Hz, 3H), 1.59-1.64 (m, 2H), 1.61 (s, 3H), 1.74-1.81 (m, 2H),
1.83-1.92 (m, 2H), 1.94-2.04 (m, 4H), 2.23 (d, J = 12.0 Hz, 1H), 2.31
(d, J = 12.0 Hz, 1H), 3.43 (d, J = 10.2 Hz, 1H), 3.64 (d, / = 10.2 Hz, 1H), 5.06
(dd, J = 8.2, 15.2 Hz, 1H), 5.20 (s, 1H), 5.36 (dt, J = 6.2, 15.2 Hz, 1H) ppm; °C
NMR (100 MHz, CDCly): 6 = -5.5, =5.2, 8.7, 8.9, 11.7, 14.1, 17.8, 18.3, 25.7,
25.9, 26.4, 27.9, 32.2, 42.7, 46.6, 51.8, 64.7, 88.3, 88.7, 127.6, 132.0, 132.9,
135.5 ppm; MS (ESI): m/z 447 [M + Na]*; HRMS (ESI) m/z [M + Na]" calcd for
C,5H,4305SiNa: 447.3265, found: 447.3254.
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((—)-cis-3,5-Diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-dioxo-
lan-3-yl)methanol ((85)-(—)-cis-252c)

Et 3 Et

NUENGF " OH
S 0-0 1
(8S)-(-)-cis-252¢

The procedure was similar to that for the preparation of 208 (vide supra):
yield = 86%; Ry = 0.30 (hexanes/EtOAc, 10:1); [oc]zD0 =44.0 (c, 0.27, CHCly);
"H NMR (400 MHz, CDCl3): 6 = 0.83 (t, J = 7.4 Hz, 3H), 0.88 (t, J/ = 7.4 Hz,
3H), 0.94 (t, J = 7.4 Hz, 6H), 1.13-1.18 (m, 1H), 1.31-1.41 (m, 1H), 1.56-1.68
(m, 2H), 1.62 (d, J = 1.2 Hz, 3H), 1.72-1.80 (m, 1H), 1.82-1.91 (m, 2H),
1.94-2.07 (m, 5H), 2.31 (s, 2H), 3.41 (dd, J= 6.3, 11.8 Hz, 1H), 3.61
(dd, J = 4.0, 11.8 Hz, 1H), 5.05 (ddt, J = 1.4, 8.5, 15.2 Hz, 1H), 5.18 (s, 1H),
536 (dt, J = 6.3, 15.2 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl3) § = 8.9, 9.0,
11.7, 14.1, 17.8, 25.7, 26.2, 28.0, 32.1, 42.7, 46.6, 51.2, 64.5, 88.8, 89.5, 126.9,
132.3, 132.7, 136.5 ppm; MS (ESI): m/z 333 [M + Na]"; HRMS (ESI) m/z
[M + Na]* calcd for C;9H3,05Na: 333.2400, found: 333.2395.

(E)-Methyl  3-((—)-cis-3,5-diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-die-
nyl)-1,2-dioxolan-3-yl)acrylate (S-(—)-cis-86¢)

Et ., Et

N (S) 0-0 /\COZMG

S-(—)-cis-86¢

The procedure was similar to that for the preparation of 210 (vide supra):
yield = 80% (two steps); Ry = 0.50 (hexanes/EtOAc, 10:1); [oc]zDO = 75.0 (c, 0.15,
CHCl3); 'H NMR (400 MHz, CDCl3): 6 = 0.81 (t, J = 7.4 Hz, 3H), 0.88
(t,J = 7.3 Hz, 3H), 0.91 (t, J = 7.5 Hz, 3H), 0.94 (t, / = 7.5 Hz, 3H), 1.10-1.13
(m, 1H), 1.30-1.35 (m, 1H), 1.59 (s, 3H), 1.61-1.67 (m, 1H), 1.70-1.81 (m, 2H),
1.82-1.89 (m, 2H), 1.89-2.02 (m, 4H), 2.44 (d, J = 11.9 Hz, 1H), 2.58
(d, J = 11.8 Hz, 1H), 3.74 (s, 3H), 5.04 (dd, J = 8.0, 15.2 Hz, 1H), 5.15 (s, 1H),
5.34 (dt, J = 15.2, 6.4 Hz, 1H), 6.08 (d, / = 15.8 Hz, 1H), 6.86 (d, / = 15.8 Hz,
1H) ppm; "*C NMR (100 MHz, CDCl3): § = 8.9, 8.9, 11.7, 14.1, 17.8, 25.7, 27.8,
30.9, 32.2, 42.7, 46.5, 51.7, 55.8, 87.4, 89.2, 120.0, 127.1, 132.0, 132.8, 136.1,
149.8, 167.1 ppm; MS (ESD: m/z 382 [M + NH,*; HRMS (ESI) m/z
[M + NH4]* caled for CyyHy0O4N: 382.2952, found: 382.2961.
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(=)-QE,TE,10R,11E)-Methyl  4,6,10-triethyl-4,6-dihydroxy-8-methyltetra-
deca-2,7,11-trienoate (R-(—)-cis-268d)
e Et Et

5 NG

SN N
OH OH CO,Me

R-(-)-cis-268d

To a 25-mL round-bottomed flask equipped with a magnetic stirring bar was
added 86d (18 mg, 0.05 mmol) and Zn power (160 mg, 2.5 mmol), CH,Cl,
(1 mL) was added via syringe, and then 0.5 mL AcOH was added dropwiseat
0 °C. The mixture was stirred at room temperature, TLC monitor the reaction until
the starting material disappeared. Two hours later, the reaction completed.
Chromatography gave the product (18 mg, 99%): Ry = 0.30 (hexanes/EtOAc,
4:1); [0]® = —34.4 (¢, 0.33, CHCly); '"H NMR (400 MHz, CDCl3): § = 0.81
(t, J = 7.4 Hz, 3H), 0.83 (t, J = 7.4 Hz, 3H), 0.83 (t, / = 7.5 Hz, 3H), 0.93
(t, J = 7.4 Hz, 3H), 1.09-1.19 (m, 1H), 1.28-1.35 (m, 2H), 1.45-1.60 (m, 5H),
1.63 (d, J = 0.7 Hz, 3H), 1.75-1.81 (m, 1H), 1.87-2.06 (m, 6H), 3.71 (s, 3H), 4.87
(s, 1H), 5.02 (dd, J = 8.6, 15.2 Hz, 1H), 5.32 (dt, J = 15.2, 6.3 Hz, 1H), 6.03
(d, J =155 Hz, 1H), 6.93 (d, J = 15.5 Hz, 1H) ppm; '>*C NMR (100 MHz,
CDClL): 0 =174, 7.5, 11.8, 14.1, 17.1, 25.9, 28.3, 35.6, 37.1, 42.7, 47.7, 50.4,
51.4,76.0, 78.6, 117.6, 130.5, 132.0, 133.0, 135.7, 155.0, 167.4 ppm; MS (ESI):
m/z 389 [M + Na]*; HRMS (ESI) m/z [M + Na]* caled for C,H3gO4Na:
389.2662, found: 389.2668 (Table 4.1).

(3aS,5R,6aS)-5,6a-Diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)
-tetrahydrofuro[3,2-b]furan-2(5H)-one ((35,4S,6R,10R)-Plakortone B (87a))
[11, 12, 16]

(35,4S5,6R,10R)-Plakortone B (87a)

To a solution of 268d (16 mg, 0.044 mmol) in toluene (5 mL) was added DBU
(20 mol%) at 25 °C. The reaction mixture was allowed to reflux for 24 h and then
concentrated under reduced pressure to give a residue which was purified by flash
column chromatography on silica gel (hexanes/EtOAc, 10:1) to afford 87a (13 mg,
90%). Ry = 0.30 (hexanes/EtOAc, 10:1); [¢]¥ = —15.4 (c, 0.17, CHCly); 'H
NMR (400 MHz, CDCl3): 6 = 0.83 (t, J = 7.4 Hz, 3H), 0.86 (t, ] = 7.4 Hz, 3H),
0.95 (t, J = 7.4 Hz, 3H), 0.97 (t, J = 7.4 Hz, 3H), 1.09-1.17 (m, 1H), 1.32-1.39
(m, 1H), 1.63-1.67 (m, 2H), 1.69 (d, J = 1.1 Hz, 3H), 1.70-1.81 (m, 2H),
1.82-1.90 (m, 1H), 1.94-2.04 (m, 4H), 2.14 (d, J = 13.8 Hz, 1H), 2.24
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(d,J = 13.8 Hz, 1H), 2.64 (dd, J = 1.2, 18.4 Hz, 1H), 2.71 (dd, J = 5.1, 18.4 Hz,
1H), 4.21 (dd, J = 1.1, 5.0 Hz, 1H), 5.03 (s, 1H), 5.06 (ddt, J = 1.0, 8.4, 15.3 Hz,
1H), 5.36 (dt, J = 6.3, 15.3 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl,): § = 8.4,
8.8,11.7, 14.1, 16.8, 25.7, 27.9, 30.4, 33.9, 36.8, 42.8, 47.0, 49.1, 79.6, 87.1, 97 .4,
129.6, 132.1, 132.8, 137.3, 175.8 ppm; MS (ESI): m/z 335 [M + H]"; HRMS
(ESI) m/z [M + H]* caled for C,H3505: 335.2581, found: 335.2574.

(—)-(2E,7E,10S,11E)-Methyl 4,6,10-triethyl-4,6-dihydroxy-8-methyltetradeca-
2,7,11-trienoate (S-(—)-cis-268c)

Et Et

OH on  COAMe

S-(-)-cis-268¢

The procedure was similar to that for the preparation of R-(—)-cis-268d (vide
supra): Ry = 0.30 (hexanes/EtOAc, 4:1); [0]2 = —48.5 (c, 0.20, CHCl3);'H NMR
(400 MHz, CDCl3): 6 = 0.81 (t, J = 7.5 Hz, 3H), 0.83 (t, J/ = 7.4 Hz, 6H), 0.94
(t, J = 7.4 Hz, 3H), 1.07-1.14 (m, 1H), 1.28-1.38 (m, 2H), 1.45-1.65 (m, 5H),
1.63 (d, J = 0.8 Hz, 3H), 1.75-1.77 (m, 1H), 1.92-2.01 (m, 6H), 3.71 (s, 3H), 4.93
(s, 1H), 5.04 (dd, J = 8.3, 15.2 Hz, 1H), 5.34 (dt, J = 15.3, 6.3 Hz, 1H), 6.03
(d, J = 15.5 Hz, 1H), 6.93 (d, J = 15.5 Hz, 1H) ppm; ">C NMR (100 MHz,
CDCly): 6 =74, 7.5, 11.6, 14.1, 17.3, 25.7, 27.8, 35.6, 36.8, 42.6, 47.5, 50.3,
51.4,76.0,78.3,117.7, 131.1 132.0, 133.1, 135.5, 155.2, 167.4 ppm; MS (ESI): m/
7389 [M + Na]*; HRMS (ESI) m/z [M + Na]" caled for C,H3304Na: 389.2662,
found: 389.2663.

(3aS,5R,6aS8)-5,6a-Diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-tet-
rahydrofuro[3,2-b]furan-2(5H)-one ((35,45,6R,105)-87b) [11]

S 0

=
T TerX 3g45)=0
. J O

\ " H

(35,45,6R,105)-87b

The procedure was similar to that for the preparation of 87a (vide supra):
Ry = 0.3 (hexanes/EtOAc, 10:1); [¢]¥ = —31.0 (¢, 0.20, CHCl3); 'H NMR
(400 MHz, CDCl3): 6 = 0.83 (t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 0.95
(t, J =174 Hz, 3H), 098 (t, J = 7.4 Hz, 3H), 1.09-1.17 (m, 1H), 1.32-1.38
(m, 1H), 1.63-1.76 (m, 4H), 1.68 (d, J = 1.1 Hz, 3H), 1.82-1.90 (m, 1H),
1.94-2.04 (m, 4H), 2.14 (d, J = 13.7 Hz, 1H), 2.24 (d, J = 13.7 Hz, 1H), 2.64
(dd, J = 1.2, 18.6 Hz, 1H), 2.71 (dd, J = 5.1, 18.6 Hz, 1H), 4.19 (dd, J = 1.1,
5.0 Hz, 1H), 5.04 (s, 1H), 5.05 (dd, J = 8.8, 15.3 Hz, 1H), 5.36 (dt, J = 6.3,
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15.3 Hz, 1H) ppm; ">C NMR (100 MHz, CDCl5): § = 8.5, 8.9, 11.7, 14.2, 16.8,
25.8, 28.1, 30.4, 33.8, 36.8, 42.7, 47.0, 48.9, 79.7, 87.0, 97.4, 129.7, 132.1, 132.9,
137.3, 175.7 ppm; MS (ESD): m/z 357 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for Cp,H3405Na: 357.2400, found: 357.2403.

(+)-(2E,7E,10R,11E)-Methyl 4,6,10-triethyl-4,6-dihydroxy-8-methyltetradeca-
2,7,11-trienoate (R-(+)-cis-268b)

e Bt Et

Xy - N
OH on  COuMe

R-(-)-cis-268b

The procedure was similar to that for the preparation of 268d (vide supra):
Ry = 0.30 (hexanes/EtOAc, 4:1); [«]¥ =45.5 (c, 0.24, CHCl;); 'H NMR
(400 MHz, CDCl3): 6 = 0.81 (t, J = 7.5 Hz, 3H), 0.83 (t, J = 7.4 Hz, 6H), 0.94
(t, J = 7.4 Hz, 3H), 1.07-1.14 (m, 1H), 1.28-1.38 (m, 2H), 1.45-1.65 (m, 5H),
1.63 (d, J = 0.8 Hz, 3H), 1.75-1.77 (m, 1H), 1.92-2.01 (m, 6H), 3.71 (s, 3H), 4.93
(s, 1H), 5.04 (dd, J = 8.3, 15.2 Hz, 1H), 5.34 (dt, J = 15.3, 6.3 Hz, 1H), 6.03
(d, J = 15.5 Hz, 1H), 6.93 (d, J = 15.5 Hz, 1H) ppm; '>*C NMR (100 MHz,
CDClLy): 6 = 7.3, 7.4, 11.6, 14.0, 17.1, 25.6, 27.7, 35.5, 36.7, 42.5, 47.4, 50.1,
51.3, 76.0, 78.3, 117.6, 131.0, 132.0, 133.0, 135.4, 155.2, 167.4 ppm; MS (ESI):
m/z 389 [M + Na]*; HRMS (ESI) m/z [M + Na]* caled for C,,H3304Na:
389.2662, found: 389.2677.

(3aR,5S,6aR)-5,6a-Diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-tet-
rahydrofuro[3,2-b]furan-2(5H)-one ((3R,4R,6S,10R)-ent-87b) [11]

~

R S o
NS “,,
A(\ﬁs 3R 4A)=0
(o
H
(3R4R,65,10R)-ent-87b

The procedure was similar to that for the preparation of 87a (vide supra):
Ry = 0.30 (hexanes/EtOAc, 10:1); [«]® = 33.0 (¢, 0.25, CHCl3); 'H NMR
(400 MHz, CDCl3): 6 = 0.83 (t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 0.95
(t, J =174 Hz, 3H), 098 (t, J = 7.4 Hz, 3H), 1.09-1.17 (m, 1H), 1.32-1.38
(m, 1H), 1.63-1.76 (m, 4H), 1.68 (d, J = 1.1 Hz, 3H), 1.82-1.90 (m, 1H),
1.94-2.04 (m, 4H), 2.14 (d, J = 13.7 Hz, 1H), 2.24 (d, J = 13.7 Hz, 1H), 2.64
(dd, J = 1.2, 18.6 Hz, 1H), 2.71 (dd, J = 5.1, 18.6 Hz, 1H), 4.19 (dd, J = 1.1,
5.0 Hz, 1H), 5.04 (s, 1H), 5.05 (dd, J = 8.8, 15.3 Hz, 1H), 5.36 (dt, J = 6.3,
15.3 Hz, 1H) ppm; ">C NMR (100 MHz, CDCl5): § = 8.5, 8.9, 11.7, 14.2, 16.8,
25.8, 28.1, 30.4, 33.8, 36.8, 42.7, 47.0, 48.9, 79.7, 87.0, 97.4, 129.7, 132.1, 132.9,
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137.3, 175.8 ppm; MS (ESI): m/z 335 [M + H]*; HRMS (ESI) m/z [M + HJ*
calcd for C,H3505: 335.2581, found: 335.2580.

(+)-(2E,7E,108,11E)-Methyl 4,6,10-triethyl-4,6-dihydroxy-8-methyltetradeca-
2,7,11-trienoate (S-(+)-cis-268a)

Et Et

\/\ /\
OH oH  COMe

S-(+)-cis-268a

The procedure was similar to that for the preparation of 268d (vide supra):
Ry = 0.30 (hexanes/EtOAc, 4:1); [oc]zD0 =339 (¢, 0.14, CHCly); 'H NMR
(400 MHz, CDCl3): 6 = 0.81 (t, J = 7.4 Hz, 3H), 0.83 (t, J = 7.4 Hz, 3H), 0.83
(t, J =75Hz, 3H), 093 (t, J = 7.4 Hz, 3H), 1.09-1.19 (m, 1H), 1.28-1.35
(m, 2H), 1.45-1.60 (m, 5H), 1.63 (d, J = 0.7 Hz, 3H), 1.75-1.81 (m, 1H),
1.87-2.06 (m, 6H), 3.71 (s, 3H), 4.87 (s, 1H), 5.02 (dd, J = 8.6, 15.2 Hz, 1H),
5.32(dt,J = 15.2, 6.3 Hz, 1H), 6.04 (d, / = 15.5 Hz, 1H), 6.94 (d, J/ = 15.5 Hz,
1H) ppm; '*C NMR (100 MHz, CDCl3): § = 7.4, 7.5, 11.8, 14.1, 17.1, 25.9, 28.3,
35.6, 37.1, 42.7, 47.7, 50.4, 51.4, 76.0, 78.6, 117.6, 130.5, 132.0, 133.0, 135.7,
155.0, 167.4 ppm; MS (ESI): m/z 389 [M + Na]*; HRMS (ESI) m/z [M + Na]*
calcd for Cp,H3304Na: 389.2662, found: 389.2657.

(3aR,5S,6aR)-5,6a-Diethyl-5-((S,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-tet-
rahydrofuro[3,2-b]furan-2(5H)-one ((3R,4R,65,105)-ent-87a) [11]

~

S )
NS .
/\% A 4R=0
. O |i|

(3R4R,6S,10S)-ent-87a

The procedure was similar to that for the preparation of 87a (vide supra):
Ry = 0.30 (hexanes/EtOAc, 10:1); [«]® = 15.0 (¢, 0.12, CHCl3); 'H NMR
(400 MHz, CDCl3): 6 = 0.83 (t, J = 7.4 Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H), 0.95
(t, J =74 Hz, 3H), 0.97 (t, J = 7.4 Hz, 3H), 1.09-1.17 (m, 1H), 1.32-1.39
(m, 1H), 1.63-1.67 (m, 2H), 1.69 (d, J = 1.1 Hz, 3H), 1.70-1.81 (m, 2H),
1.82-1.90 (m, 1H), 1.94-2.04 (m, 4H), 2.14 (d, J = 13.8 Hz, 1H), 2.24
(d,J = 13.8 Hz, 1H), 2.64 (dd, J = 1.2, 18.4 Hz, 1H), 2.71 (dd, J = 5.1, 18.4 Hz,
1H), 4.21 (dd, J = 1.1, 5.0 Hz, 1H), 5.03 (s, 1H), 5.06 (ddt, J = 1.0, 8.4, 15.3 Hz,
1H), 5.36 (dt, J = 6.3, 15.3 Hz, 1H) ppm; "*C NMR (100 MHz, CDCl5): 6 = 8.4,
8.8,11.7, 14.1, 16.8, 25.7, 27.9, 30.4, 33.9, 36.8, 42.8, 47.0, 49.1, 79.6, 87.1, 97 .4,
129.6, 132.1, 132.8, 137.3, 175.8 ppm; MS (ESI): m/z 335 [M + H]"; HRMS
(ESD m/z [M + HJ" calcd for C,H3505: 335.2581, found: 335.2590
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(E)-3-((3S,5R)-3,5-Diethyl-5-((R,1E,5E)-4-ethyl-2-methylocta-1,5-dienyl)-1,2-
dioxolan-3-yl)acrylic acid ((4S,6R,10R)-Plakortide E (85a)) [16, 17] (Tables 4.2,

4.3)
Et Et

/\/ = S \/COQH
10 6 4 2
0-0

(48,6R,10R)-Plakortide E (85a)

To a 0 °C solution of 86d (13 mg, 0.037 mmol) in THF/H,O (4:1, 2 mL) was
added LiOH (4.5 mg, 0.19 mmol). The reaction mixture was allowed to warm to
room temperature and stirred overnight. TLC monitor the reaction until the starting
material disappeared. The reaction mixture was acidified to pH 2 with 10%
aqueous HCI. The resulting solution was extracted with Et,O (3 x 10 mL). The
combined extracts were washed with brine (15 mL), dried over anhydrous
Na,SQO,, and concentrated on the rotary evaporator. The residue was purified by
flash chromatography (hexanes//EtOAc/AcOH 100/10/1) to afford 85a (11.6 mg,
90%) as a colorless oil: Ry = 0.25 (hexanes/EtOAc/AcOH, 100:10:1);
[0]¥ = 66.6 (c, 0.24, CHCly); '"H NMR (400 MHz, CDCl3): & = 0.80
(t, J = 7.4 Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H), 0.92
(t, J = 7.4 Hz, 3H), 1.07-1.14 (m, 1H), 1.31-1.38 (m, 1H), 1.61 (d, J = 0.6 Hz,
3H), 1.62-1.69 (m, 1H), 1.70-1.82 (m, 2H), 1.83-1.93 (m, 2H), 1.94-2.02
(m, 4H), 2.43 (d, J = 12.0 Hz, 1H), 2.53 (d, J/ = 12.0 Hz, 1H), 5.05 (dd, J = 8.3,
15.2 Hz, 1H), 5.11 (s, 1H), 5.34 (dt, J = 6.4, 15.2 Hz, 1H), 6.09 (d, J = 15.7 Hz,
1H), 6.93 (d, J = 15.7 Hz, 1H) ppm; '*C NMR (100 MHz, CDCl;): § = 8.9, 8.9,
11.6, 14.1, 17.8, 25.6, 27.7, 30.8, 32.3, 42.6, 46.6, 56.0, 87.2, 89.3, 119.6, 126.6,
132.0, 132.8, 136.7, 152.1, 171.1 ppm; MS (ESI): m/z 351 [M + HJ]*; HRMS
(ESD) m/z [M + H]" calcd for C,;H3504: 351.2530, found: 351.2533 (Table 4.4).
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Appendix

Table A.1 Crystal data and structure refinement for xysun-1

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices
Reflections collected/unique
Completeness to 6 = 25.25
Absorption correction
Refinement method
Data/restraints/parameters
Goodness-of-fit on F*

Final R indices [I>2a(])]

R indices (all data)

Largest diff. peak and hole

xysun-1

C9 H18 04

190.23

296(2) K

0.71073 A

Triclinic, P-1

a = 5.6535(3) A, a = 77.5980(10)°
b = 8.1968(5) A, f = 86.4690(10)°
¢ = 11.5406(7) A, y = 77.1180(10)°
509.12(5) A*

2, 1.241 Mg/m®

0.096 mm™"

208

04 x 0.3 x 0.3 mm

1.81-25.25°

—6<=h<=6, —9<=k<=9, —13<=l<=13
9128/1842 [R(int) = 0.0585]
100.0%

None

Full-matrix least-squares on F*
1842/0/118

1.036

R1 = 0.0517, wR2 = 0.1433

R1 = 0.0569, wR2 = 0.1504

0.539 and —0.501 ¢ A3

X.-Y. Sun, Total Synthesis of Plakortide E and Biomimetic Synthesis 127
of Plakortone B, Springer Theses, DOI: 10.1007/978-3-642-27195-3,

© Springer-Verlag Berlin Heidelberg 2012
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Appendix

Table A.2 Atomic coordinates (x10%*) and equivalent isotropic displacement parameters
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor

(A% x 10%) for A.

x y z Uleq)
o(1) —41542) 8764(2) 6738(1) 43(1)
0(Q2) —5883(2) 10086(2) 7204(1) 46(1)
0®3) —77(3) 6246(2) 6413(1) 46(1)
0(4) —7398(3) 13420(2) 5588(1) 58(1)
C(1) 247(5) 7491(3) 9301(2) 65(1)
CQ) —1905(4) 7587(3) 8560(2) 46(1)
C(@3) —1906(3) 8680(2) 7313(2) 31(1)
Cc4) —1943(3) 10564(2) 7284(2) 34(1)
C(5) —4623(3) 11467(2) 7088(2) 32(1)
C(6) —5750(4) 12407(3) 8058(2) 47(1)
C(7) —4723(5) 13945(3) 8099(2) 66(1)
C(8) 62(3) 7922(2) 6510(2) 39(1)
C) —4946(4) 12574(3) 5847(2) 43(1)
Table A.3 Bond lengths (A) and angles (°) for A
Oo(1H)-C@3) 1.451(2)
0(1)-0(2) 1.4596(18)
0(2)-C(5) 1.446(2)
0(3)-C(8) 1.422(2)
O)-H(3) 0.8200
04)-C) 1.424(2)
O4)-H#4) 0.8200
C(1)-C(2) 1.508(3)
C(1)-H(1A) 0.9600
C(1)-H(1B) 0.9600
C(1)-H(1C) 0.9600
C(2)-C3) 1.523(3)
C(2)-H(2A) 0.9700
C(2)-H(2B) 0.9700
C(3)-C(8) 1.515(2)
C(3)-C(4) 1.533(2)
C(4)-C(5) 1.538(2)
C(4)-H(4B) 0.9700
C(4)-H(4C) 0.9700
C(5)-C(9) 1.519(3)

(continued)
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Table A.3 (continued)
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C(5)-C(6)
C(6)-C(7)
C(6)-H(6A)
C(6)-H(6B)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-H(8A)
C(8)-H(8B)
C(9)-H(9C)
C(9)-H(9A)
C(3)-0(1)-0(2)
C(5)-0(2)-0(1)
C(8)-0(3)-H(3)
C(9)-0O(4)-H(4)
C(2)-C(1)-H(1A)
C(2)-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(2)-C(1)-H(1C)
H(1A)-C(1)-H(1C)
H(1B)-C(1)-H(1C)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
O(1)-C(3)-C(8)
0(1)-C(3)-C(2)
C(8)-C(3)-C(2)
O(1)-C(3)-C(4)
C(8)-C(3)-C(4)
C(2)-C(3)-C(4)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4B)
C(5)-C(4)-H(4B)
C(3)-C(4)-H(4C)
C(5)-C(4)-H(4C)
H(4B)-C(4)-H(4C)

1.522(2)
1.512(3)
0.9700
0.9700
0.9600
0.9600
0.9600
0.9700
0.9700
0.9700
0.9700
103.37(11)
104.13(11)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
115.21(18)
108.5
108.5
108.5
108.5
107.5
104.45(13)
109.22(14)
113.30(15)
102.98(13)
111.98(14)
113.90(14)
104.29(13)
110.9
110.9
110.9
110.9
108.9

(continued)
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Table A.3 (continued)

0(2)-C(5)-C(9) 109.98(15)
0(2)-C(5)-C(6) 104.07(14)
C(9)-C(5)-C(6) 113.55(15)
0(2)-C(5)-C4) 104.27(13)
C(9)-C(5)-C4) 110.01(15)
C(6)-C(5)-C4) 114.32(15)
C(7)-C(6)-C(5) 113.66(18)
C(7)-C(6)-H(6A) 108.8
C(5)-C(6)-H(6A) 108.8
C(7)-C(6)-H(6B) 108.8
C(5)-C(6)-H(6B) 108.8
H(6A)-C(6)-H(6B) 107.7
C(6)-C(7)-H(7A) 109.5
C(6)-C(7)-H(7B) 109.5
H(7A)-C(7)-H(7B) 109.5
C(6)-C(7)-H(7C) 109.5
H(7A)-C(7)-H(7C) 109.5
H(7B)-C(7)-H(7C) 109.5
0(3)-C(8)-C(3) 112.50(15)
0(3)-C(8)-H(8A) 109.1
C(3)-C(8)-H(8A) 109.1
0(3)-C(8)-H(8B) 109.1
C(3)-C(8)-H(8B) 109.1
H(8A)-C(8)-H(8B) 107.8
04)-C(9)-C(5) 113.31(16)
0(4)-C(9)-H(90) 108.9
C(5)-C(9)-H(9C) 108.9
0(4)-C(9)-H(9A) 108.9
C(5)-C(9)-H(9A) 108.9
H(9C)-C(9)-H(9A) 107.7

Symmetry transformations used to generate equivalent atoms
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Table A.4 Anisotropic displacement parameters (A% x 10%) for A. The anisotropic displace-
ment factor exponent takes the form: —2 pi2 [h? a*? U1l + ... + 2 h k a* b* U12]

Ull U22 U33 U23 Ul13 Ul12
o(l) 33(1) 36(1) 63(1) —23(1) —10(1) —2(1)
0(2) 27(1) 39(1) 75(1) —22(1) 0(1) —6(1)
0(3) 46(1) 37(1) 56(1) —23(1) —8(1) 7(1)
0(4) 55(1) 54(1) 60(1) —27(1) —28(1) 21(1)
c) 75(2) 66(2) 45(1) —4(1) —16(1) 1(1)
Q) 56(1) 40(1) 41(1) —7(1) 2(1) —10(1)
Cc3) 29(1) 28(1) 36(1) —10(1) —4(1) —4(1)
C@) 28(1) 29(1) 46(1) —10(1) —5(1) -3(1)
c(5) 27(1) 30(1) 40(1) —12(1) —2(1) —3(1)
C(6) 43(1) 52(1) 44(1) —20(1) 1(1) 1(1)
) 69(2) 55(1) 80(2) —42(1) —21(1) 6(1)
C@®) 39(1) 36(1) 42(1) —12(1) 1(1) —2(1)

C(9) 41(1) 43(1) 40(1) —12(1) =7(1) 6(1)
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Bruker Advance ITI 400
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Bruker Advance III 400
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Bruker Advance III 400

7.2599
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Bruker Advance ITI 400
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Bruker Advance III 400

NI/

3352588338 war  sunxy-cycloprane-Tas 08
S535sd3ss 1

7.2600

INSTRUM spec
PROBED 5 mm BADUL 13C
PULPROG 2330
™ 65536
SOLVENT =Y
s 16
D8 H
swi 8223.685 Hz
FIDRES 25483

0.1 2
3.9846387 sec

B on i

‘BuMe,SI0— gy B i
119 o

14.83 usec
B

PL 0.00 d
PLIW 531434441 W
sFo: 400.1324710 MHz

400.1300096 MHz
B

o
0.30 Bz
o

1.00

£

"IN

Bruker Advance III 400

NAE  sunxy-cycloprans-TBS-OH-C13

1
™ apact

860
=G
-

LN 41.24164963 W

200.6127614

1.00 He

140

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

206



Appendix

8 EINTEIERREER

<
/

A5ES SESE3IREESINRIALS33330S3
S888% SSERCRCEEEESE3s85585g88
G380 SSARLRRIEEEIESES 82325271

EIVAVEN

'BuMe,Si0
121

Et

Bruker Advance III 400

1
20110111
15.20

aQ 3.9846387
RG 1

bW 60.800

DE 6.50

= 297.5

D1 1.00000000

00 1
CHANNEL £1 =

1

14.00

1.00

13.56617069

400.1924713

32768

400.1900141

M

o

0.30

o

1.00

Bruker Advance III 400

\4 \ v :
I A1]
21‘0 260 1§0 150 1"!0 1é0 150 1-‘10 1:;0 150 11‘0 160 9‘0 8‘0 7‘0 éo 5‘0 4‘0 3‘0 2‘0 1‘0 ‘ppm

207

sunxy-cycloprane-TBS-witti
1

3

a8
W
iz

Mz

sunxy-cylopeane-Tos-wiced-c1
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Appendix

Bruker Advance III 400
s HEEEEE PR g
g £308-288833 59 T waE  sunxy-cycloprane-OH-witti
g P S mxeo 1
FROCNO 1
Date_ 20110112
Tine 5.45
INSTROM spect
PROBHD 5 mm PABBO BB
PULPRO!
65536
SOLVENT coels
Ns 10
bs 2
Et s 8223685 Hz
TAY N FIDRES 0.125483 Kz
HO—s 5 a0 3.9846387 sec
5 ) &G 0.3
— Et o 60.800 usec
DE 6.50 usec
122 = 297.4 K
b1 1.00000000 sec
™0 H
CcHANNEL £1
1n
14.00 usec
“1.00 4B
13.56617069 W
400.1524713 Mtz
s1 32768
¢ 400.1500141 Mtz
Wi En
ssB o
18 0.30 1z
s
sc 1.00
- Ed H AR
" T T T T T T T T T T T T T T T T
6.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1 0.5 0.0 ppm
. = Bruker Advance III 400
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



Appendix

1

b

62918

38

F2R8E582%

75

5

N\ v

lL

Bruker

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
D

SOLVENT
NS

139

Advance III 400
sunxy-4-38-72
3

1
20100817
13.28

Hz
Hz
sec

usec
0 usec

-1.00 dB
13.56617069 W
400.1933363

1638
400.1900137
EM

0

1.00

0
1.00

Bruker Advance III 400
NAME sunxy-4-38-72-C13
EXENO 1
PROCNO 1
Date_ 20100817
Time 13.48
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 29pa30

536
SOLVENT cocls
NS 569
DS 4
e 24038.461 Hz
FIDRES 0.366798 Hz
a0 1.3631988 sec
RG 2
DM 20.800 usec
DE 6.50 usec
TE 294.7 K
b1 2.00000000 sec
D11 0.03000000 sec
DO 1

=== CHANNEL £1 =

13¢

14750 usec
00 a8

4
90.22689819 W
Mz

100.56228298

CHANNEL £2
waltzle
11

usec
B

1880 dB
0 am
13.17734718 W

=

MHz

iz

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100

T
920

209

T
70

T
60



140 Appendix

Bruker Advance III 400

R R L R R T E L P P EE R L e 20100817yl opropane-ote
R R R R B bR P R N R R R R R e R PR R S e b v Jreveronmer
Rbdedehdivib it b detabebb i i h ki ki i oo B S 2222355555232 H
20100813
e
poct
S om pass? T/
2550
Pty
el
i

0.153588 Hz

. 4

Y

a2c 2,00 GB
LK 13.17734728 W
sroL 400.1316005 iz
s 65536
sF 4001300053 iz
WK BN
ssB o
1B 0.30 K2
B 0
e 1.00

|

3
T T T T T T T T T T 1

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

E lels

Bruker Advance III 400

__—amam
—
12357

‘ | “\L \J Lo dl

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

210



Appendix 141

Bruker Advance III 400

HAHE sumcy=4=43-8802
EXPHO 1
PROCHD 1
Date_ 20100827
Time 20.58
sTHEI

PRODND & mm PABBE 101/
PULEROG

™ 65535
SCLVENT £TE13

HE E

[

= 10000000 Wz
FIoRES =
aa =
5

i usec
DE uses
TE 3
B o sec
o0

WDs

£28 o
i .30 Hz
aB [
B 1.00

Wkl L \A. I

e 6 [l sl G @

T T T T T
I N 6.5 4.5 4.0 2.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

.5

Brukeyr Advance II1 300

26890 usea

J§ hllM

19 180 170 160 150 140 130 120 Mo 100 S0 8 70 6D S 40 3] 20 10 ppm

211
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Bruker Advance III 400

spect
S mm PADUL 13C

R R R P R e L R L R R R EE R P R LR LR sunxy-2-276-urea-H202-product
B R I R e e R e D R R B ] H
EEE S EEE R EE RN R PR R S L EEEE R R R S P T P EE 3
T o e e e e R R R R T T N e R e R R B R R R R R R R R R R R 20080920
V i)

R N Vs

|

5
ess3¢
s
5 3
5 H
S 10000000 7z
Et Et Et FioRes oiisasas &

- Et* .o—o. ’ b %30 vees
]Lph z i e

- CHANNEL £1

cis-124a trans-124a

14.83 usec
000 a8

PL1n 8.31434441 W
sFo1 400.1316005 Mz
s1 65536
s 4001300163 Mz
ssi o
LB 0.30 Hz
aa ]

1.00

T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 ppm
< OB m© o Bruker AdvanceIIT 400
S-8IR83E8L 78 5838 239 =3 °s93
$5856E8585 88 5888 888 33 £3ge o
IYRZBLIILB 88 8288 £8% 28 582¢% 83
SZgdrogREng T Bh33 533 88 S39B 28
SB858AXERE T S@Eg NNg o e NE  sunxy-2-276-urea-H202
IoepeNdady oo 8888 KRE 38 5588 oo oo i
BROCIO 1
Date. 20080920
1159

= 1K
o1 1.00000000 sec
11 09103000000 sec
™o
CHANNEL £1
ey 3¢
P1 968 usec
pL1 050 a8
PN 31.24164563 W
sro1 1006227690 Mz
a5
6 an
W
13 0
Mz
s1 31072
¢ 100.6127783 Mz
W m
i o
3.00 Kz
o

ec 1.40

\\\

T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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[ 60 E'}EX‘M
cis-124b || trans-124b ||
MM mmY

=
~
=5

143

Bruker Advance III 400

NAME sunxy-4-39-77
EXPNO 1
PROCNO 1
Date_ 20100721
14.37
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT cpc13
NS 32
DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
a0 3.2768500 sec
RG 181
DW 50.000 usec
DE 6.50 usec
TE 294.5 K
D1 1.00000000 sec
DO 1
- = CHANNEL f1 =
NuC1 1H
P1 7.10 usec
PL1 .00 dB
PLIW 13.17734718 W
SFOL 400.1316005 MHz
ST 6553
SF 400.1300053 MHz
WDW EM
ssB 0
LB 0.30 Hz
GB 0
BC 1.00
Bruker Advance ITI 400
NAME  sunxy-4-39-77-C13
EXPNO 1
PROCNO 1
Date_ 20100808
ime 22.53
INSTRUM
PROBHD 5 mm PABEO BE-
PULPR 29pg30
D 65536
SOLVENT cpe13
s 11095
DS 4
sa 24038.461 Hz
FIDRES 0.366798 Hz
a0 1.3631988 sec
RG 22
oW 20.800 usec
DE 6.50 usec
T 296.4
b1 2.00000000 sec
D11 0.03000000 sec
D0

I

T
190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

T
90

213

T
80

T
70

T
60

50

-2
55.33689499
100.6375183

EL £2
waltzls
18

2768
100.6278487
EM

1.40
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cis-124c
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Bruker Advance III 400

$235582% namE sunxy-2-49-288
8323323233 Exeno 1
W PROCNO 1
Date_ 20100522
ime 16.03
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
™ 65536
SOLVENT cnc13
NS 16
DS 0
SuH 10000.000 Hz
FIDRES 0.152588 Hz
20 3.2768500 sec
RG 203
oW 50.000 usec
trans-124¢ DE 6.50 usec
TE 294.8 K
o— D1 1.00000000 sec
DO 1

- = CHANNEL £1 =
NUCL 1H
P1 14.83 usec
PL1 .00 dB
PLIW 8.31434441 W
sFo1 400.1316005 MHz
sT 6553
sF 400.1300052 Miz
oW EM
ssB 0
=3 0.30 Hz
e 0
pC 1.00
T T T T T T T T T T T T T T T T !
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance III 400
g 2% FREES  §RE: 28p8  23F 248 sn2g Ge NAME sunxy-2-49-288-C13
a R b IELE EsE a8 REED: 32 EXeNO 2
] g% 8388% 3333 Sg52  EsE ga8 dRas : FROCNO 1
Date 20100807
Time 20.56
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 29930
e5536
SOLVENT cocls
ns 17995
bs
suit 24038.461 Kz
FIDRES 0.366798 Hz
a0 1.3631988 sec
RG 20
oa 20.500 usec
e 6.50 usec
= 2555 K
D1 2.00000000 sec
11 0103000000 sec
0 1
CHANNEL £1
3
14150 usec
300 an
90.22689819 W
100.6228258 MHz
CHANNEL £2
CPDPRG2 waltzle
w2 b
rceD2 80.00 usec
rL2 200 a8
rL12 18180 dB
PL13 1880 dn
PL2W 13.17734718 W
PLAZN 0110960442 W
PLL3W 0.10960442 W
s¥02 400.1316005 Mz
s1 3276
¢ 100.6127614 MHz
o B
ssB o
Iy 1.00 Hz
Ga 0
Bc 1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

214



Appendix 145

Bruker Advance III 400

fagppdsznazIngssess §59H5 wum  sumy-2-ssa07
A IR R B R B P PR R P 23333 EXPNO 1
PROCNO 1
Date_ 20100525
i 20.30
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT cpe13
NS 16
= Et s 0
h ! SWH 10000.000 Hz
= Et” £ = FIDRES 0.152588 Hz
| -0 ] 20 3.2768500 sec
A RG 144
DW 50.000 usec
cis-124d trans-124d o8 6.50 usec
TE 294.4 K
D1 1.00000000 sec
Do
= CHANNEL f1
NUC1L
P1
PLL .
PL1W 13.17734718 W
SFOL 400.1316005 MHz
s1 6553
SF 400.1300053 MHz
WoW EM
ssB 0
1B 0.30 Hz
GB 0
pC 1.00
T T T T T T T T T T
H 7 6 s 1 3 2 1 o ppm
Bruker Advance ITI 400
288 23 REH I NAME  sunxy-2-55-307-C13
i a8 i a5 EXPNO 1
£Ed dds i PROCNO 1
N U0V v B e
Time 20.33
INSTRUM Spect
PROBHD 5 mm PABEI 1H/
PULPROG 29pg30
65536
SOLVENT cpels
s 1364
DS 4
su 24038.461 Hz

"
FIDRES 0.366798 Hz

aQ 1.3631988 sec
RG 203

D 20.800 usec
DE 6.50 usec
TE 294

D1 2.00000000 sec
p11 0.03000000 sec
D0 1

== CHANNEL £1 =

130
P1 14.50 usec
PL1 4,00 a8
PL1N 5022689815 W
SFO1 1006228298 MHz

CHANNEL £2
waltzle

18
80.00 usec

18.80 dB
18.80 dB
13.17734718 W

=

W
400.1316005 MHz

i 1\ |

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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Bruker Advance III 400

3 2233 NAME sunxy-3-93-267-trans
i TTeT EXPNO 1
\/ \/ PROCNO 1
Date_ 20100727
Time 19.44
INSTRUM spect.
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT CcDCl3
xS 12
Ds o
SW 10000.000 Hz
HO FIDRES 0.152588 Hz
AQ 3.2768500 sec
RG 64
Et OH oW 50.000 usec
0-0 DE 6.50 usec
T 298.3 K
D1 1.00000000 sec
trans-134 D0
P10 13.17734718 W
sFo1 400.1316005 MHz
s1
sF 400.1300043 MHz
Wil M
SSB o
LB 0.30 Hz
ca 0
BC 1.00
L

et

o 2.5 2.0 1.5 1.0 0.5 0.0 ppm

Bruker Advance III 400

sunxy-3-93-267-trans-C13
1

Nane
ExeNo
PROCNO
Date.

s 23038461 Bz

FIDRES 0.366798 Bz

aQ 1.3631988 sec
2

&G 13
oW 20.800 usec
D& 6.50 usec
= 298.1 K
o1 2.00000000 sec
D11 0.03000000 sec
™0 1
CHANNEL £1

e 3¢

e1 13.50 usec
L1 -4.00 @B
PLLW 90.22669919
sFo1 1006226298 Miiz

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Bruker Advance III 400

g SYEE g NAME sunxy-3-14-38
= e 3 EXPNO 1
PROCNO 1
Date_ 20090523
ime 14.19
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT cpc13
Et Et NS 16
DS 2
HO OH SWH 8223.685 Hz
FIDRES 0.125483 Hz
0-0 a0 3.9846387 sec
RG 114
bW 60.800 usec
g DE 6.50 usec
cis-135 TE 294.6 K
D1 1.00000000 sec
DO 1
= CHANNEL f1 =
NUC1 1H
P1 7.10 usec
PLL -2.00 dB
PLIW 13.17734718 W
SFO1 400.1324710 MHz
sT 32768
SF 400.1300051 MHz
WDW EM
ssB 0
LB 0.30 Hz
cB 0
BC 1.00
E 1
T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 0.5 .0 ppm
Bruker Advance III 400
a ¢ 2 g . NAME  sunxy-3-93-267-cis-C13
& & 3 i g ero 1
g @ i 5 G PROCNO 1
Date 20100727
ime 16.25
INSTR spect
ROBHD 5 mm BABEO 8-
BULER 293
D 2336
soLvenT cocls
Ns 597
s s
s 24038461 Hz
FIDRES 0.366795 Bz
a0 1.3631588 sec
&G 181
oM 20.800 usec
DE 6.50 usec
= 295.2 K
1 2.00000000 sec
11 003000000 sec
0 1
CHANNEL £1
2
s 99
100.6379183 Mz
canEL £2
waltzis
u
90.00 usec
100
15116 a8
1662 a8
13.56617069 ¥
0.32844096 W
0.1806664
400.1516008 Mz
32768
100.6278509 Mz
B
o
1.00 52
o
1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

217
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Bruker Advance III 400
g NAME sunxy-2-86-393-TBS
~ EXPNO 1
PROCNO 1
pate.. 20100809
Time 22.19
INSTRUM pect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CDC13
NS 10
Ds 2
Et Et SWH 8223.685 Hz
f FIDRES 0.125483 Hz
i AQ 3.9846387 sec
BuMe,Sio._ " . OH e _
DW 60.800 usec
0-0 oE £°88 uoee
TE 298.2
D1 1.00000000 sec
. TDO 1
cis-137
CHANNEL f1
14.00
-1.00 dB
13.56617069 W
400.1924713 MHz
3276
400.1900143 MHz
B
0
0.30 Hz
0
1.00
rgrssj M; o m
=52 ElEEEE B B
ol 50 75 70 65 a0 55 s0 a5 a0 a5 30 25 20 15 10 os o0 pen
Bruker Advance III 400
53 38 g3 E a2 T wwe sumey-2-06-393-TmsCi3
oo Few - - o “ EXPNO. 1
4 frf o dc : iz i mmmo :
Voo V Baoe 20100808
Hom s
Foreate
Sowvr
S 5
i
Sihes 823615 e
o 123355006 hec
S 530 vee
2559 &
B :
o HOC T
BLaw 13.56617065 W
e 3. 3554v058 W
o o disseses w
1596
& 100. 6270083 Mz
T o
& 100 e
F 5
e e e i s L
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Bruker Advance III 400

Z NAME sunxy-3-96-272
j EXPNO 1
PROCNO 1
Date_ 20100723
Time 16.01
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
Et Et SOLVENT cpc13
", * NS 16
i DS 0
Homos MeztBU SWH 10000.000 Hz
0-0 FIDRES 0.152588 Hz
a0 3.2768500 sec
RG 64
. DW 50.000 usec
(+)-cis-137a DE 6.50 usec
TE 294.3 K
D1 1.00000000 sec
DO 1
- - CHANNEL f1 =
NuC1 1H
P1 7.10 usec
PLL .00 dB
PLIW 13.17734718 W
SFO1 400.1316005 MHz
ST 6553
SF 400.1300053 MHz
WDW EM
ssB 0
1B 0.30 Hz
GB 0
BC 1.00
1 »\Jm
T T T T T T T T T T T T |
8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3 300 2 2.0 1 10 0 0.0 ppm
Bruker Advance III 400
I 23 & - NAME  sunxy-3-96-272-C13
I a8 s ¢ g8 EXPNO 1
EEI ag $ L PROCNO 1
Date_ 20100723
Tim 16.07
INSTR spect
PROBHD 5 mm PABBI 1H/
PULPROG 29pg30
65536
SOLVENT cpc13
s 165
s s
sui 24038.461 Hz
FIDRES 0.366795 Hz
AQ 1.3631988 sec
RG 20
oW 20.800 usec
DE 6.50 usec
ko 294
b1 2.00000000 sec
p11 0.03000000 sec
D0 1
1
14.50
00 ap
90.22689819 W
100.6228298 MHz
CHANNEL £2
waltzig
1
80.00 usec
2100 ap
15080 aB
80 an
13.17734718 W
0.10960442 W
0.10960442 W
400.1316005 Miiz
s1 32768
sF 100.6127614 Miz
D EM
ssB o
L5 1.00 Hz
B o
rC 1.40
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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7.2599
42287
41993
40325
4.0031
36134
3.5865

/

Et Et

AcO. Y osiMe,Bu

0-0
(~)ycis-245

S

Appendix

Bruker Advance III 400

Sr3zEE222 FEE2585%  wamm sunxy-3-96-272-0Ac
ARN8SSSEE 222323333 mxeno 1
\ ‘\\WMM% PROCNO 1
Date_ 20100724
ime 16.09
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT coe13
NS 14
DS 0
Sni 10000.000 Hz
FIDRES 0.152588 Hz
20 3.2768500 sec
RG 25.4
D 50.000 usec
DE 6.50 usec
TE 294.2 K
D1 1.00000000 sec
D0 1

- CHANNEL f1

NUCL

Pl 7.10 usec
PL1 .00 dB
PL1W 13.17734718 W
SFO1 400.1316005 MHz
ST 6553

sF 400.1300052 MHz
WDW M
ssB 0

LB 0.30 Hz
@B 0

PC 1.00

[KIp=
203
25—

8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance III 400
58 F3F Lt ) 885 27 23 NAME sunxy-3-96-272-0Ac-C13
] g8 ERE 38 E SRR B3 b4 EXPNO 1
PROCNO 1
Date. 20100724
Tine” 16.16
sTRUM
PROBED 5 mm PASEI 18/
PULPROG 2apg30
65536
SOLVENT coc1s
e 593
s
sux 24038 461 Kz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
o 20,800 usec
D 6.50 usec
18 2845 X
D1 2.00000000 sec
D11 0103000000 sec
50 1
cawNEL £1
1 14
L1 -4.00 dB
1w 90.22689613 W
sFo1 100.6228298 Mz
s1
sr 1006127635 Mz
oW EY
ss o
L 1.00 Hz
s o
sc 1.40
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o ppm
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Bruker Advance III 400

7 NAME sunxy-4-11-20
ja EXPNO 1
PROCNO 1
Date_ 20100724
Time 13.13
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT cpe13
NS 16
Et Et % :
ey Mo e
z
HO OSIMQZfBU 20 3.2768500 sec
RG 64
0_0 DW 50.000 usec
DE 6.50 usec
TE 294.4 K
D1 1.00000000 sec
1

(-)-cis-137b

= CHANNEL f1

Pl 7.10 usec
PL1 -2.00 dB
PL1W 13.17734718 W
SFO1 400.1316005 MHz
sI 6553

sF 400.1300052 MHz
WDW EM
ssB 0

LB 0.30 Hz
aB 0

PC 1.00

Bruker Advance III 400

anooEEn o ae 5 gas & g3 NAME  sunxy-4-11-20-C13

g8 EFE 39 H d88 3 o4 EXPNO 1
PROCNO 1
Date_ 20100724
Tim 13.16
INSTR spect
PROBHD 5 mm PABBI 1H/
PULPROG 29p930

65536

SOLVENT cels
xS 1106
s s
s 24038.461 Hz
FIDRES 0.36679
AQ 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
E 234
D1 2.00000000 sec
D11 0103000000 sec
00 1

3¢
14.50 usec

PL1 4200 dB
PLIN 90.22689819 W
sFo1 100.6228298 Mz

CHANNEL £2
waltzig
1
80.00 usec
-2.00 aB
18.80 dB
50 B
13.17734718 W
0.10960442 W
0.10960442 W
400.1316005 MHz
32768
sF 100.6127606 MHz
wou EM
ssB o
LE 1.00 Hz
cB 0
BC 1.40
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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78044

77837

—— 34851

Et Et
TsO\X\//VOSiMeZ"Bu
0-0

(+)ycis-272a
(ee >99%)

o1

00—

HT95=
ENES

-

Appendix

Bruker Advance III 400

NAME sunxy-3-34-105
EXPNO 1
PROCNO 1
Date 20090724
Time 22.09
INSTRUM
PROBHD 5 mm PADUL 13C
PULPROG 2930
65536
SOLVENT cpel3
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203
DW 60.800 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
1H
14.83 usec
.00 dB
8.31434441 W
400.1324710 MHz
32768
400.1300053 MHz
EM
0
0.30 Hz
0
1.00

Bruker Advance III 400

i st % z3E %08 H 8RR g S8 mae  sunxy-3-30-105-c13
H nHg 28 rER 8 g 2 888 a7 < 9 o B
PROCNO 1
v W Date 2005072
ime 22.14
INSTRUM spect
BHD 5 mm PADUL 13C
PULPROG 29pa30
65536
SOLVENT 1
xs 301
s 1
si 24038.461 Hz
FIDRES 0.366798 Kz
o 1.3631988 sec
RS 203
it 20.800 usec
DE 6.50 usec
=
1 2.00000000 sec
D11 003000000 sec
™0 1
WNEL £1
13c
9.68 usec
-0.60 a8
41.24164963 W
100.6228298 Miiz
CHANNEL £2
waltzls
bt
90.00 usec
000 a8
15.66 aB
15.92 a8
8.31434441 W
0.2258541
021272963 W
400.1316005 MHz
32768
100.6127606 Mz
B
o
1.00 Kz
0
1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

222



Appendix 153

Bruker Advance III 400

35 2o
22 248 NAME sunxy-4-40-79
SeoRod EXPNO 1
PROCNO 1
\/ \V Date_ 20100727
Time 15.02
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT cpc13
Et Et 5 b
DS o
i SWH 10000.000 Hz
TSOVW/OSMez‘Bu o es 0000000 12
A9 3.2768500 sec
o-0 RG 101
DW 50.000 usec
jo. DE 6.50 usec
(-)-cis-272b T 2502 K
D1 1.00000000 sec
DO 1
(ee >99%)
- - CHANNEL f1 =

NUC1 1H
Pl 7.10 usec
PL1 2.00 dB
PL1W 13.17734718 W
SFO1 400.1316005 MHz
ST 6553

SF 400.1300053 MHz
WDW EM

ssB 0

LB 0.30 Hz
aB 0

PC 1.00

098 =
198

099 —

Bruker Advance III 400

83

bl b EEL . a ] R84 & S NAME sunxy-4-40-79-C13
H 588 EE R 4 EEE ¢ ExeNo 1
BROCNO b
\ ’ \V \V Date 20100727
Time 15.04
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2gpg30
™ S36
SOLVENT cocls
xs 115
bs a
s 24038.461 Kz
FIDRES 0.366798 Hz
) 1.3631988 sec
®G 203
o 20.500 usec
D& 6.50 usec
=
o1 2.00000000 sec
D11 0103000000 sec
0 1
CHANNEL £1
3c
n 14250 usec
1 “200 an
sL1w 90.22689615 W
sro1 100.6226298 Miz
CHANNEL £2
waltaie
18
50.00 usec
“2.00 a
18180 db
0 a5

13.17734718 W
0.10960442 W
0.10960442 W

400.1316005 Mz

32768

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

223



154 Appendix

Bruker Advance III 400

4 E@35 SnS3RRERRACERANAAazE ¢ WE  suney-dithe-peroxide
A==} 1
Date_ 20100728
15.17
INSTRUM spect
PROBHD 5 mm PABBI 1H/
Et Et - oS
'BuMe,SI0 OSiMe,'B 5 %
u ez I L e2 u SWH 10000.000 Hz
O_O FIDRES 0.152588 Hz
AQ 3.2768500 sec
2 %
Cis 270 TE 294.4 K
CHANNEL f1
PL1 -2.00 dB
=
SSB 0
LB 0.30 Hz
@ :
e Lo

Bruker Advance III 400

E H # 8 3 48 sumxy-ditbs -peroxide-c12
H g g 88 - b B
T
20100728
1558
P
2apa30
8
e1s
2
24038.461 1z
FibRes 00366758 o
a0 12385566 sec
RS 203
bt 20,300 usec
b2 4730 veec
o 2570 K
o1 2.00000000 sec
o11 $103000000 sec
oo
- chmwEL 11 -
3
1420 usec
50 a
9022639819 1
10076335208 iz
g T —
it
g
80.00 usec
: %200 &
Pia 15780 @
P 15180 @
o 1317730718 W
BLign 0110580443
e 0110960443 it
Sron 4051316005 Wiz
E 33768
S 100.6127835 iz
oy £
S5 o
s 1.00 52
4 o
e 1.1
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

224



Appendix

3666
38408
3lsme

'BuMe;SLON
i Iy
Et 5-0 OSiMe;Bu

trans-271

0.9317

=
=

0.0636

155

Bruker Advance IIT 400

nawE

sunxy-20101206-
1

20101206

3.0

et
PROBHD 5 mm PADUL 13C
PULPROG 93!
™ 65336
SOLVENT cocl3
s ®

Bruker Advance III 400

=\ ARNA o 3
F%% F% E#‘ < <
<|<] < |S|< < |
T T T T T T T T T T T T T T 1
85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2. 1.0 0.0 ppm
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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156 Appendix

Bruker Advance III 400

2 NAME sunxy-5-3-7
EXPNO 1
PROCNO 1
Date 20101202
Time 10.01
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 65536

lrB uMe;SIO Et SoLvenT cpe13

DS 2
Et OH swr 8223.685 Hz
Q-0 FIDRES 0.125483 Hz
20 3.9846387 sec
RG 36
. DW 60.800 usec
trans-136 DE 6.50 usec
TE 298.3
D1 1.00000000 sec
DO 1
CHANNEL £1
1 14.00
PL1 1.0
PLIW 13.56617069 W
SFO1 400.1924713 MHz
s1 3276
SF 400.1900138 MHz
WOW M
ssB 0
L8 0.30 Hz
cB 0
PC 1.00

2.00

Bruker Advance III 400

o e a2 “ aan 2 s NAME sunxy-5-3-7-C13
22 1333 b 3 {48 2 Er e EXPNO 1
U AR —
E
I
i
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

226



Appendix 157

Bruker Advance IIT 400

rBuMQZSiO%
BN

CO5Et
trans-142

Bruker Advance III 400

L L ol

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

227
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'BuMe,SIO B g
By d o
trans-158
| 1 Ll L e
"IN

148,885
sis

-
—m

li |

Bruker

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
D

SOLVENT
NS

1

Appendix

Advance III 400

sunxy-5-3-8
1

1
20101108
15.19
spect
5 mm PABBO BB-
2930
65536
cpel3
15
2
8223.685 Hz
0.125483 Hz
3.9846387 sec
57
60.800 usec
6.50 usec
297.2
1.00000000 sec
1

CHANNEL £1

13.56617069 W
400.1924713

3276
400.1900141
EM

0

0.30

0
1.00

Bruker Advance III 400
NAME sunxy-5-3-8-C13
EXENO 1
PROCNO 1

te_ 20101108

me 16.43
INSTRUM
PROBHD 5 mm PADUL 13C
PULPROG 29pg30

553,

SOLVENT cpcls
NS 77
DS 4
swn 24038.461 Hz
FIDRES 0.366798 Hz
aQ 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
TE B3
D1 2.00000000 sec
D11 0.03000000 sec
™0 1

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70

228

ppm

CHANNEL £1

130
5.68
0.60

41.24164963
1006228298

usec
B

W
Mz

CHANNEL £2
waltzle
1
90.00 usec
0l00 dB
15.66 dB
15.92 aB
8.31434441 W
0.22585411
0.21272963 W
400.1316005 MHz
3276
100.6127606 MHz
EM
o
1.00 Hz
0
1.40



Appendix

‘BuMe,Sio
Et

Et

0-0 \,

010573

159

Bruker Advance ITI 400

Sunxy-5-3-9
1

1

20101115
13.59

spec
5 mm PADUL 13C
1

1H
13.83 usec
0 a8

400.1324710 MHz

32768
400.1300099 MHz
B

Bruker Advance IIT 400

frans-148
Fh
ro
T
:
&
&
]
l L | TN
of o A a2 AN A
3| 3] S(52 3|S 335 3|
212 SIS Slals 3
T T T T T T T T T T T T T T T !
8.5 8.0 75 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
g 38 £een i A eg Exero
/ ' v H PROCNO
Date

I ‘ L

sunxy-5-3-3-C13
1

1
20101201
10.32

0 98 H:

1.3631988 sec
203

20.800 usec

6.50 usec

294.5 K

2.00000000 sec

0103000000 sec
1

CHANNEL £1

3c
14750 usec
400 dB

50.22689815 W
100.6228298 MHz

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

229

ppm



160

{BuMe,Sio Et

Et -0 %

trans-147

1.022
0

1002

1.006

3232
2.090

2228

6102

Appendix

Bruker Advance III 400

Suny-5-3-9-Methyl

2
5223.685 Kz
3.5846387 sec
oW 60.800 usec

.50 usec

295.0 K
b1 1.00000000 sec

CHANNEL £1

18
13.83 usec

400.1324710 Mz

32768
400.1300095 MHz

w
°
N
o

2.0

.65

o

—

0

0.0 ppm

Bruker Advance III 400

-3-9-Methyl-c13
1

1
20101228
0.57

.
24030461 H2
FIDRES 0.366798 Hz
a0 1.3631988 sec
RG 203
20,800 usec
6.50 usec

295.3 K
D1 2.00000000 sec
003000000 sec

1

caam

a
3¢
E .68 usec
0160 dB.
41.24164563 ¥
00-6228298 Miiz

T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

230

ppm



Appendix 161

Bruker Advance III 400

o eie < NAME sunxy-5-12-32
e sou0raz
e e
e
it o5
- &as
2 B
) s
‘BuMe,SiO Et S
0008 usee
Et 6.50 usec
0-0 |
:
JE—
trans-146
:
= 026 e
| | L 1
N AN ANARNFAR o A
B sl3] 2 g [(es o 2
2| 2| @ (2 < k] M
B ki K g i
; ; T T . T T T T
8 7 6 5 4 3 2 1 0 ppm
Bruker Advance III 400
i LEE LI L i Pomr B e smysaaen
3 s 83 EEE 8 2 am EXPNO 1
ERoto i
oy 20101228
frvas 3
TSteom
ERopth. 5 mn eABO DL
Fhomme oo
I e
St Seas
I
£ i
e 24030461 12
Sihees $9389%8 e
i RIS
e o
I 20,308 usee
= 5320 ueac
= 25779 ¥
kS 200080000 sec
o 583000000 oec
B 2
JE—
e
5726 usea
oo
5533620458
13623575453 e
copaneL £2
wiiente
i
90.60 uaee
2000
ERTR-
e
1356617068
sy
5604 W
205 10008 e
0%
1006278487 e
£
5
1.00 1
6
L4l
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

231



162

——7.2601
64850
64663
64475
64288

o
X

trans-162b

099

Appendix

Bruker Advance III 400

NAME sunxy-5-12-33
EXPNO 1
PROCNO 1
Date 20101230
Time 19.29
INSTRUM pect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 65536
SOLVENT cpcls
NS 16
DS 2
s 8223.685 Hz
FIDRES 0.125483 Hz
a0 3.9846387 sec
RG 128
DW 60.800 usec
DE 6.50 usec
TE 297.9
D1 1.00000000 sec
DO 1
CHANNEL £1
11
14.00 usec
~1.00 dB
13.56617069 W
400.1924713 MHz
3276
400.1900138 MHz
EM
0
0.30 Hz
0
1.00

Bruker Advance III 400
" 2 a2 EEE 2 @ s 88 A% @w b PNO 1
\ v VTV R
-
S
o
H
l‘ ‘ ‘ [. “
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

232



Appendix 163

Bruker Advance III 400

< 3% IAME sunxy-sidechain-diiol
EXPNO 1
Date_ 20110112
Time 16.38
INSTRUM spect
PROBHD 5 mm PABEO BB-
PULPRO 2930
TD 65536
SOLVENT CDC13
NS 11

OH OH e 5223.685 12

FIDRES 0.125483 Hz
A 3.9846387 sec
16

DW 60.800 usec

166 = Bt

1.00000000 sec
1

CHANNEL £1

H
14.00 usec

P
PLL “1l00 B
PLIW 13.56617069
sFOL 400.1924713 MHz
s1 3276
sF 400.1300135 MHz
WD EM
ssB o
LB 0.30 Hz
cB 0
rC 1.00
r T T T T T T T T T j“m“j T T T ‘ r\ U \u T T "
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance III 400
EL LA L g g @ W sunsy-sidechain-diiol-c13
EEE 33 3 2 4 o v
Erocio i
\V v Cate. 20z

s spe
PROBHD 5 mm PABSO

A 13631988 sec
] 203
on 20,800 usec
] 2976
o1 200000000 sec
11 003000000 sec
™0 1

chmEL £1
1

5c
.90 usec
-2.00 a8
5533689499 W
106.6379183 iz

cHANEL £2 -
waltz

2768
1006278553 iz

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

233



164 Appendix

Bruker Advance III 400

5 EEREEREREREE B EE R P EEEE O
j B dcdmmamaamaS 2222232222090 038338 NAME sunxy-sidechain-OH-TBS
Sito i
TS\ TSN\ === B i
Bae 2010113
S e
Froo it
BRosi> 5 mm oassd 5b-
Fiteros a2
S e
SOLVENT cpcl3
i i
5 :
t P sun 8223.685 Hz
BuMe,SiO OH $1oREs 135505 e
aQ 3.9846387 sec
2 5
5 607805 usec
B Pt
% 2570 ¥
A 1.00059065 sec
167 0 1
S T
ot e
5 14,55 use
PL1 -1.00 dB
Bhv  us.sesiziss
Shot 1005 e
& 3576
& s00.1500143 e
o e
et ]
i 0.5 15
S 5
% 1.0
. Mb /\_)\,JK_JL‘;
Frgj% gr B § E H
e e
S L L Lt A P T
Bruker Advance III 400
-
i :
e st e
B ocmusn
e S
i &
G i e
D1 2.00000000 sec
B i
i i
& :
i e
v 1.40
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

234



Appendix 165

Bruker Advance III 400

cooooon i NAME sunxy-propryl-tetrazole
EXPNO 1
N V% :
Date_ 20110112
e 18.23
INSTROM spect.
PROBHD 5 mm PABEO BB
PULPRO!
™ 65536
SOLVENT cDCl13
xS 12
s 2
su 8223685 Hz
Ph FIDRES 0.125483 Hz
aQ 3.9846387 sec
G 40.3
S N oW 60.800 usec
P . DE 6.50 usec
1 297.2 K
N o3 100000000 Sec
1

= CHANNEL f1 =
11
14.00 usec
00 dB

c1
13.56617069 W
400.1924713 MHz

3276
400.1900141 MHz
EM
0

0.30 Hz

0
1.00

Bruker Advance III 400

i § £ee “ B Sroo i
oy ao1s0113
e 1843
v [
BRGBID. 5 mm EABBS 35
Fobroo “apas
e
=
2030161 12
oasirsn H
) JTiEdig e
o1 o 0300000 sec
3150 i
553360548 1t
185755510 e
- comaes 2
il
4665536008 e
£
%
100 52
o
140
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

235



166 Appendix

Bruker Advance III 400

z8gogyEgeR 8883%% ZEEZ2% 252
SEEansnsy rppep: g S3223%  ZE3 NAME sunxy-julia reagent
EXPNO 1
N\ g NV i
Date 20110113
Time 16.29
INSTRUM spect.
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 65536
SOLVENT cpcl3
o ph NS 11
I 0 o :
SWH 8223.685 Hz
/\VS N FIDRES 0.125483 Hz
1 . AQ 3.9846387 sec
o i N RG .
‘ DW 60.800 usec
N-p bE 5250 uoec
TE 297.2 X
D1 1.00000000 sec

PL1 -1.00 dB
PL1W 13.56617069 W
SFO1 400.1924713 MHz
s1 3276

SF 400.1900140 MHz
WDW EM
SSB [

LB 0.30 Hz
aB 0

PC 1.00

Bruker Advance III 400

sunxy-julia reagent-c13

s
133.0:
%

20120113
16.35

-

FIDRES 0.366798 Hz
Q 1.3631988 sec
&G 161

o0 20800 usec
DE ec
E 297.8 K
o1 2.00000000 sec
D11 003000000 sec
o0 H

CHANNEL £1

nuct 13¢

P .90 usec
PLL 2,00 aB
PLIW 55.33689499 W
sFo1 100.6375183 Mz

= 50.00 usec
2 00 a8
PL12 1516 dB
PL13 18062 dB
P 13.56617069 W
PLAZW 032844096 W
PLLIW 12806664 W
sFoz 400.1916008 Mz
1 327
P 100.6278568 Mz
won £
ssB o
1B 1.00 Bz
=) o
rc 1.40

I

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

236



Appendix 167

Bruker Advance III 400

8 WAE sunxy-rac-sidechain-Tos-julin
EXeo B
Brocro T
Date 20110121
i 1633
InSTRo apec
PROSMD. 5 mm PABEO BB
FULERGG 2330
D Py
SouvenT =
5o H
bs H
S 8223685 5z
FIores $iiasies

S 3.5846387 sec

&G 3

t i RN = T
BuMe,Sio E

CHANNEL £1

TH

14.00 usec

1356617069 W
400.1524713 Mz
169 32768
400.1900141 iz
B

o
0.30 Bz

o
1.00

Bruker Advance III 400

-

50 40 30 20 10 0 ppm

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

237



168 Appendix

Bruker Advance III 400

7.2601

sunxy-rac-sidechain-Oi-julia-i

327
400.1900140
]

o

0.30 Bz

1.00

100
—
100,

Bruker Advance III 400

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm

238



Appendix

169

Bruker Advance III 400

g P EH 2288528822088438 g B, cumeyaosaied
o 1
i 39 deiei e dhddnadndnndadss ] o !
Date, 20090928
- 20.15
TR pect
PROBED S mm PADUL. 13
BULERO et
65326
Sorvawr ocls
Ts
H
6223605 1z
FIDRES 0.125483 Hz
20 3.5846387 sec
26 7
ou 60,800 usec
o8 550 usec
T 204.7 X
o1 1.00000000 sec
0 1
wNEL £1
et
M ¢ 14.83 usec
AcO 0SiMe;'Bu 0w
2 5.31434441 W
40021324710 Wiz
3276
st 400.1300051 Mz
o e
ssa o
15 0.30 Bz
@ o
vc 1.00
.
< g g (o lg (&l <
318 sl g g [Eg 3|
5 |3 S| g (g3 S
kIR S 3|
T T T T T T T T T
8 7 6 5 4 3 2 1 ppm
Bruker Advance III 400
i 388 §8 H §88% & H NAME  sunxy-3-54-164-C13
B EEE  g¢ E 4 488 A “ EXPNO 2
PROCNO 1
\/ V| Date. 20090928
20.39
INSTRUM 2
ROBHD 5 mm PADUL 13C
PULPROG 2apg30
553
SOLVENT cocls
Al ‘oTBS 24038461 Hz
FIDRES 0.36679
Ao 1.3631988 sec
RG 203
0 o 20,800 usec
iR e 6.50 usec
E 2939 K
1 2.00000000 sec
D11 0103000000 sec
™0 1
c
9.68 usec
PL1 -0.60 db
L 41.24164363 W
sFo1 100.6228298 MHz
CHANNEL £2
waltzls
18
0.0 usec
0l00 dB
15066 B
15052 dz
5.31434441 W
0122585411 W
127296
4001316005 MHz
32768
100.6127606 Mz
£
o
8 1.00 Hz
s 0
rc 1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
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Appendix

Bruker Advance III 400

g S8R EERAnNREI30380 08255280883 80330088R8433R58R45488 E  sunxy-3-54-164-P2
cces B0 B
N e e B i e B el B e D B R e Exeo 1
Dace 20030929
- 10.29
HO 0SiMe,Bu
et
1483 usec
P 0100 o
BLin 53143010 0
sFo1 406:1324710 Wiz
s e
E 4001300051 Mz
b £
ssa o
1B 0.30 1z
] o
e 1.00
| Al A L
el - S s s A
Sgls IS s B g 3
2(2|S| % 2 = |® S
EEN 2| EEN IS i
T T T T T T T
8 5 4 3 2 1 ppm
Bruker Advance III 400
S8 nE 2 RS NAME  sumxy-3-54-164-82-C13
EEZ  G¥ b & 88 = EXPNO 1
BROCNO 1
Date. 20092000
e 5.3z
STRON
PROBED 5 mm PADUL 13C
POLoR 290930
™ e
sotvant oets
§s 21
b8 3
s 24038461 1z
2366758 hz
103631588 sec
203
20,800 usec
5.50 ueec
2908 K
2.00000000 sec
0.03000000 sec
1
cammE, £1
-
4124164563
106-6228258 Mz
commeL £2
waltzis
gl
90.00 usec
ol00
15166 @
1si52
8.31434441 W
0.22585411
0.21272563 7
40021316005 Mz
33768
1006127614 Wz
e
o
1000 Hz
1.0
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
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Appendix

el
shos

171

Bruker Advance III 400

295.7 K
o1 100000000 sec

racemic-91 e

CHANNEL £

4.83 usec
0.00 B
531434441 W
400.1324720 Mz
400.1300099 Mz
B

o
0.30 Bz
o

1.00

1 ME e

Bruker Advance III 400

Bxm0 °

c-sidschain-c1

SoLvawT

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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o]

Ph/\‘)LO/‘“‘._/\“‘GSIMez’Eu
NHBoc _~

220

o2 2 |
EE = N

Appendix

Bruker Advance III 400
NAME  sumxy-r-sidechain-aminoacid-18S
1
1
Date. 20110114
18.03

o spect
PROBED 5 mm PABEO BB-
s 230

65536

a
L1 13.56617069 W
srFo1 400.1524713 Mz
s 32768
F 400.1900138 Mz
o
0.30 B2
o
1.00

Bruker Advance III 400
. LA . | ‘ ) ‘ ! “
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

242



Appendix 173

Bruker Advance IIT 400

NAME  sunxy-r-sidechain-TBS-julia
EXPNO 1
FROCKO 1

0.1 e
690 uaec

25
1.00000060 sec
1

R
ANF T osiMe,Bu Bt b,

= 50 400.2900141 Mz
-~ = o
i 0.30 52
& o

222a

T T T T T T T T T T T T T T Banas: T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.0 0.5 0.0 ppm
Bruker Advance III 400
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

243



174 Appendix

Bruker Advance III 400

AME  sumxy-R-sidechain-OH-julia-H
N 1

PROCNO 1
to, 20110125
e 12.44

INSTRUM

PROBHD 5 mm PABEO BB-

PULPROG 2930

b
293a
;

e 1.00

Bruker Advance III 400

135,826
ces
7

s

300 da

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
244



Appendix

7.2898

2010

1292

1488

3281

Bruker
nawE

PROCNO
Date.
Time
INSTRUM
PROBHD
PULPROG

175

Advance IIT 400
sunxy-R-sidechain
1

1
20110410
5.13

16

spect
5 mm PADUL 13C
2330

7000

Fed
o

s6s

13088

»
o

13002

T 1
0.0 ppm

Bruker

SOLVENT
Ns

s
s

pepD2

T T
190 180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

T
90

245

T
80

T
70

T
60

T
50

T
40

Advance III 400
sunxy-R-sidechain-C13
1
1
20110410
16.22
5 mm PADUL 13C
29030

65336
cocls

4

24038.461 Bz

0.366798 1z

1.3631988 sec
203

20.800 usec
5.50 usec
0K

2.00000000 sec
0103000000 sec
1

CHANNEL

130

5.68 usec
060 as
41.24164563 W

100.6226298 Mz

HANNEL £2
waltzls
10

90.00 usec
0l00 a8
15066 ds
15092 a8

40071315005 Miz

32768
100.6127621 Mz
M



176 Appendix

Bruker Advance III 400

AME sunxy-S-sidechain-Tas-julia
EXPNO 1
PROCNO 1
Date 20110124
Time 16.37
INSTR

BROBHD 5 mm PABEO BB-
BULEROS 293

™ 65536
SOLVENT cpela
NS 12
s 2
s 8223685 Bz
FIDRES 0.125483

3.5846387 sec
e

i
NF 0SiMe,'Bu

o8 6.50 usec
18 297.5 K
D1 1.00000000 sec
00 1

CHANNEL £1

18
14.00 usec
“1lo0 ae

13.56617069 W

3001524713 Mz

32768
4001500141 Mz
EM

0
0.30 He

s 0

BC 1.00

, . A
| | | [l K f HEstn A :

Bruker Advance III 400

16.16
14,050

R ame suney-s-sidechatn-tes-julia-cis

66,997

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

246



Appendix 177

Bruker Advance III 400

e
N a9 3.9846387 sec
OH
223b
Bruker Advance III 400
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

247



178 Appendix

Bruker Advance IIT 400

H ] WE suncy-S-sidechain

i oa ¥
Broco 1
Bate 20110610
Tine ete
InsTroe Cpect
FROBHD 5 mm PADUL 13C
EULEROG 2530

(S)-91

,r o < Nr of o] o3
g e e
5 I3 H 5 |5 2
& B H 8 KB ER
85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance III 400
E ek o an NAME sunxy-S-sidechain-C13
L) 1333 b 88 EXPNO 1
o !
\ \

a0 1.3631988 sec
RG 20

DU 20,800 usec
DE 6.50 usec
™ 4.1

b1 2.00000000 sec
D11 09103000000 sec
00 1

CHANNEL £1

nuc 13C

Pl 9.68 usec
L1 -0.60 aB
PLIN 41.24164963 W
sFo1 100.6228298 MHz

32768
100.6127628
B

o
1.00 Hz

o

1.40

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

248



Appendix

179

Bruker Advance III 400

NavE

sunxy-20110311-trans-negishi

1
ate_ 20110311
1318

Siasens ne

; ) Et 60,300 uees

BuMe,SIiO 25771 K

100000000 e
H

Et 0-0 N
206

CHANNEL 1 =s==ssss=
H

13.00 usec
“1.00 a8

32768
400.1900141 MHz
£

o
0.30 Bz
o

1.00

Bruker Advance III 400

VUV VY NWNVAT

A%

(l | o g L‘

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

T
0 ppm

249



Appendix

180

Bruker Advance ITI 400

1

sunxy-negishi-trans-on

H
H
H
H
H
H
‘
Zeave
i
s

Et

HO

1.00000000 sec

1

o

400.2300096 Mz

B

o
0.30 B2

o
1.00

O-0

Et

208

1]

000°F

:

8860

1

1160
000°F

00 ppm

25 2.0 15 1.0 0.5

3.0

4.0

45

0 6.5 6.0 55

7

75

Bruker Advance III 400

W

LU

Ll

L

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

190

250



Appendix

7.2603

o

N\

%

Et0,C

181

Bruker Advance IIT 400

inalproduct

S

3
Et ZPN”

NSTRUM
PROBHD 5 mm
FULEROG

0.5

210
<2 2| 2|2 |2 2 = 2| (22 |N[2x (22
K 2 22| (2 K 2 B
T T T T T T T T T T T T T T T T )
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.0 ppm

72

.

W

I

V

Bruker Advance III 400

R AY 4

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100

T
90

80

251



182 Appendix

" e

B AR R

T T T T T
5 6.0 5.5 5.0 3.5 3.0 .0 0.5 0.0 ppm

LW VT v




Appendix 183

Bruker Advance III 400

o S NAME sunxy-4-18-33
‘ ‘ EXPNO 3
PROCNO 1
Date_ 20100517
Time 22.22
INSTRI spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
65536
SOLVENT cpc13
NS 8
Ds 0
Br gt Et Swi 10000.000 Hz
. FIDRES 0.152588 Hz
Br OSiMe;'Bu 20 3.2768500 sec
RG 57
-0 bW 50.000 usec
" DE 6.50 usec
&+ - TE 294.6 K
(+)cls-247a D1 1.00000000 sec
DO 1
- CHANNEL f1
P1 7.10 usec
PLL -2.00 dB
PL1W 13.17734718 W
SFOL 400.1316005 MHz
ST 6553
SF 400.1300053 MHz
WoW EM
ssB 0
1B 0.30 Hz
GB 0
pC 1.00

Bruker Advance III 400

0 a8 9sE 2 2 ERE I R+ a9 NAME sunxy-4-18-33-C13
A 885 EEE b A88 g Ery ? PNO 2
Y Wl
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 L] ppm



184 Appendix

Bruker Advance III 400

e Mo ddaaS2E2E0E00D2288 522022233 NAME sunxy-4-20-35
EXPNO 1

PROCNO 1

Date_ 20100609

Time 8.49

INSTRUM spect

PROBHD 5 mm PABBI 1H/

PULPROG 2930

™ 65536

Et Et SOLVENT cpe13
NS 16

_ OSlMegtBu S 10000.000 sz
Z 5-0 FIoRes 0.152588 Hz

0 3.2768500 sec
RG 57
. oW 50.000 usec
(+)-C;S-24sa DE 6.50 usec
e 301.9 K
D1 1.00000000 sec
D0 1
- CHANNEL f£1
3 7.10 usec
PL1 -2.00 dB
PL1W 13.17734718 W
SFOL 400.1316005 MHz
ST 6553
SF 400.1300050 MHz
wow M
ssB o
LB 0.30 Hz
e 0
rC 1.00

130=
os=

Bruker Advance III 400

SownEanh o “ conEn EES e NAME sunxy-4-20-35-C13
2 @EERep 3 Bl T oa i EXPNO 1
PROCNO 1
Date_ 20100609
Time 8.52
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 29pg30
™D 65536
SOLVENT cpe13
NS
Ds
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
P1 14.50 usec
PL1 4.00 di
PLIW 30.22689819 W
SFOL 100.6228298 MHz
CHANNEL f£2 = -
waltzl6
1H
80.00 usec
-2.00 dB
18.80 dB
18.80 dB
13.17734718 W
0.10960442 W
0.10960442 W
400.1316005 Mz
32768
SF 100.6127584 MHz
WDW EM
ssB 4
LB 1.00 Hz
GB o
BC 1.40
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o ppm

254



Appendix

7.2598

Et Et

7

0-0
(+)-cis-249a

0OSiMe,'Bu

Bruker Advance III 400

185

NAME sunxy-4-20-36
EXPNO 2
PROCNO 1
Date_ 20100528

ime 16.47
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930

™ 65536
SOLVENT cpc13

NS 12

Ds 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
A9 3.2768500 sec
RG 32

DW 50.000 usec
DE 6.50 usec
TE 294.3 K
D1 1.00000000 sec
DO 1

- CHANNEL f1

P1 7.10 usec
PLL -2.00 dB
PL1W 13.17734718 W
SFOL 400.1316005 MHz
ST 6553

SF 400.1300053 MHz
WoW EM

ssB 0

LB 0.30 Hz
GB 0

pC 1.00

Bruker Advance III 400

2 Sewan b a8 a " a3 8 " NAME sunxy-4-20-36-C13
¢ dderpg ¢ 8 i g Gis 99 Exeno 2
N\ VoY e
PROBHD 5 mm PABBI 1H/
-
i
E
:
:
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o ppm

255
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Appendix

Bruker Advance III 400

S S S383853 SEnAdZE3E53S  ame sunxy-4-29-52
EXPNO 2
YV INTESSS e i
Date_ 20100616
'ime 18.12
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
TD 65536
SOLVENT CDC13
NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
. AQ 3.2768500 sec
OSlMeeru RG 40.3
| DW 50.000 usec
O_O DE 6.50 usec
TE 297.2 K
2 D1 1. 00000000 sec
(+)cis-246a ™o
= CHANNEL f1
1 7.10 usec
PL1 .00 dB
PL1W 13.17734718 W
SFO1 400.1316005 MHz
ST 6553
SF 400.1300051 MHz
WO EM
SSB [
LB 0.30 Hz
GB 0
PC 1.00
, | i
T T T T T T T T T T T T T T T T T !
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance III 400
g & 23 b ° : I an NAME sunxy-4-29-52-C13
3 2 88 RER 3 o) a2 @ o EXPNO 1
\/ V V PROCNO 1
e 20100616
Time 18.15
IsTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 29pg30
85536
SOLVENT coe1a
NS 242
s 3
s 24038461 Kz
FIDRES 0.366798 Hz
a0 1.3631988 sec
RG 20
oW 20.800 usec
oE 5.50 usec
= 297
o1 2.00000000 sec
b11 0103000000 sec
00 1
CHANNEL £1
13c
P 14750 usec
L1 00 aB
L0 90.22689815 W
sFo1 100.6228298 Miiz

190

T
180 170 160 150 140

T T T T
130 120 110 100

1

PCPD2 80.00 usec
PL2 ~2100 dB
PL12 18.80 dB
PL13 18.80 dB
PL2K 13.17734718 W
PL1ZW 960442 W
BL13W 0.10960442 W
sF02 400.1316005 Miz
s1 3276
SF 100.6127606 Mz
W EM
ssB o
LB 1.00 Hz
cB 0
BC 1.40

T T T T T T T T T T T

9 80 70 60 50 40 30 20 10 0 ppm

256



Appendix

187

s = Bruker Advance III 400
R NAME sunxy-4-19-34
‘ ‘ EXPNO 1
PROCNO 1
Date_ 20100517
Time 22.49
INSTRU} spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
65536
SOLVENT cpc13
NS
8 DS 0
r SWH 10000.000 Hz
Et Et . FIDRES 0.152588 Hz
0SiMe;'Bu AQ 3.2768500 sec
Br RG 57
0-0 DW 50.000 usec
DE 6.50 usec
e TE 294.4 K
(-)-cis-247b D1 1.00000000 sec
Do 1
- CHANNEL f1 =
NUC1 1
P1 7.10 usec
PL1 2.00 dB
PL1N 13.17734718 W
SFO1 400.1316005 MHz
ST 65536
SF 400.1300052 MHz
WDW EM
ssB 0
1B 0.30 Hz
cB 0
BC 1.00
T T T T T T T T T T T T T T T —
8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 s 0.0 ppm
Bruker Advance III 400
8 388 488 3 S H a3 sunxy-4-19-34-C13
3 Sé5  fre Z : g Qe 3
3 285 RES i d H ik 1
\ / \V 20100527
25200
Spect
5538
souvanT cneis
NS 51
DS
s 24036 461 2
Flbres 0.366756 iz
a0 173631998 see
o 20500 usec
5 §.50 usec
™= 20427
o1 2.00000000 sec
b11 0103000000 sec
0 1
24150 usec
L1 500 a5
L 9022685615 W
sro1 105. 6228208 Wiz
HANNEL £
vez
Feep2
oLz
P11z
5115 T
FLzw 1317734718
ELiZN 10960442
P13 0:20560442
sFoz 405.1316005
st 32768
By 100.6127606 bz
ssa o
is 2.00
@ o
e 1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 ppm
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7.2600

Et

W

37372

27104
2.6885
25187

T

SOLVENT
NS

DS
SWH

Et TDO
0Siie,'Bu

0-0 Pl

- CHANNEL f1

Appendix

Bruker Advance III 400

sunxy-4-13-25
1

1

20100429
11.41

spect
5 mm PABBI 1H/

0

10000.000 Hz
0.152588 Hz
3.2768500 sec

114
50.000 usec
6.50 usec
294.8 K
1.00000000 sec
1

7.10 usec
0

13.17734718
400.1316005 MHz

6553
400.1300053 MHz
BM
0
0.30 Hz
0

1.00

Bruker Advance III 400

PLIw
. SFO1
(-)-cis-248b s
o
SSB
1B
GB
PC
1 |
SR N 11 -
W5 7l0 T els eo 55 s Wo a3l 25 20 i 1o o5 o0 ppm
0
S
L ‘ ‘ l ‘ \' ! |‘ |
19‘0 1%0 1;0 1(‘30 1‘50 1“10 11‘10 1%0 1‘;0 160 9‘0 E‘IJ ';0 6‘0 5‘0 4‘0 3‘0 2‘0 1‘0 6ppm

258

sunxy-4-13-25-C13
1

1
20100425
11.50

0103000000 sec

- CHANNEL £1 -

c
14750 usec
“4lo0 ag

90.22685615 W

T00-6228258 iz

cHANEL £2 -
waltz

80.00 usec

400.1316005 sz
o

3276
100.6127595 Wiz
£

1.00 H2

1.40



Appendix

Et Et

Z 6-0
(-)-cis249b

189

Bruker Advance III 400

NAME sunxy-4-13-26
EXPNO 2
PROCNO 1
Date_ 20100528
Time 17.24
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
65536
SOLVENT coc1s
NS 8
i f Ds 0
OslMe2 Bu SWH 10000.000 Hz
FIDRES 0.152588 Hz
aQ 3.2768500 sec
RG 36
DW 50.000 usec
DE 6.50 usec
TE 294.2 K
D1 1.00000000 sec
Do 1

= CHANNEL f1

13.17734718 W
400.1316005 MHz

400.1300053 MHz
EM

)
0.30 Hz

0
1.00

a.s 8.0 7.5 0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance III 400
g g3ggse 3 7 $ 8% § g5 82 NAME sunxy-4-13-26-C13
& doacrs : N I EXENO 1
@ dofrie @ @ EEEE I B : BxeNo :
Date_ 20100528
Time 1
INSTROM spect
PROBHD 5 mm PABBI 1H/
PULZROG 30
™ 85536
SOLVENT cocl3
NS 102
Ds 3
s 24038461 Hz
FIDRES 0.366798 1z
a0 1.3631988 sec
RG 203
Dt 20,800 usec
£ 6.50 usec
= 2953 K
o1 2.00000000 sec
11 0103000000 sec
0 1
cHANNEL £1
14.50 usec
-4.00 db
90.22689815 W
100- 6220298 Miiz
CHANNEL £2 -
waltz1e
1
80.00 usec
2100 dB
1850 dB
50 an
13.17734718 W
0.10960442 W
096044
400.1316005 Miiz
32768
100.6127613 MHz
o
o
1.00 1z
o
1.40
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

259
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7.2599

Appendix

Bruker Advance III 400

NAME sunxy-4-30-54
EXPNO 1
PROCNO 1
Date_ 20100616
Time 18.10
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT cpc13
Et Et NS 16
> . DS 0
OSiMe. PBU SWH 10000.000 Hz
| 2 FIDRES 0.152588 Hz
0-0 a0 3.2768500 sec
RG 25.4
bW 50.000 usec
(—)*C!S—Z“ﬁb DE 6.50 usec
TE 297.2 K
D1 1.00000000 sec
DO 1
= CHANNEL f1
NUC1 1
P1 7.10 usec
PLL .00 dB
PL1W 13.17734718 W
SFO1 400.1316005 MHz
ST 6553
SF 400.1300052 MHz
WDW EM
ssB 0
1B 0.30 Hz
GB 0
BC 1.00
, k i
T T T T T T T T T T T T T T T |
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 1.0 0.5 0.0 ppm
Bruker Advance III 400
M § %% AR a b I az E sunxy-4-30-54-C13
3 ¢ g8 r£rd 3 a s &d ¢ Exeno 1
\/ v PROCNO 1
te_ 20100615
e 18.37
INSTRUM ect
PROBHD 5 mm PABBI 1H/
BULEROG 29pg30
6553
SoLVENT cpe13
NS 371
s 1
s 24038.461 Hz
FIDRES 0.366798 Hz
20 1.3631988 sec
RG 20
i 20.800 usec
DE 6.50 usec
8 297.2 K
D1 2.00000000 sec
D11 003000000 sec
Do 1
- CHANNEL £1 = -
c
14750 usec
1,00 db
90.22689815 W
1006228298 MHz

|

T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70

260

60 50 40 30 ppm



Appendix 191

Bruker Advance III 400

- NAME sunxy-4-22-40-2
s SR\ :
PROCNO 1
Date_ 20100618
Time 17.21
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
65536
SOLVENT CDC13
NS 8
DS 0
SWH 10000.000 Hz
Et 3 Et FIDRES 0.152588 Hz
= . 20 3.2768500 sec
NP 0SiMe,'Bu w8 14
s oW 50.000 usec
o-0 1 DE 6.50 usec
TE 294.4 X
fe D1 1.00000000 sec
(85)+(+)-cis-251a 50 H
= CHANNEL f1
NUC1 1H
Pl 7.10 usec
PL1 2.00 dB
PLIW 13.17734718 W
SFO1 400.1316005 MHz
ST 6553
SF 400.1300053 MHz
Wi EM
SSB 0
8 0.30 Hz
GB 0
PC 1.00

Bruker Advance III 400

: BRO3EE 3 E BE AREEE diaiy W euney-4-22-40-C13
B 28 1433 M i@ %9 SR4E88 25 3Hew EXPNO 1
Srocwo H
20100615

H
Hz

usec
usec

K

sec

D11 0.03000000 sec
1

CHANNEL £1 =

3c
14.50 usec

~4.00 a
90.22689815 W
100.6228298 Mz

1
PL2W 13.17734718 W
BL120 0.10560442 W
PL130 0.10960442 W
sFo2 400.1316005 Mz
s1 3276
SF 100.6127599 Mz
Wow EM
ssB 0
LB 1.00 Hz
cB o
2 1.40

T T T T T T T T T T T T T T T T T T T T T

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

261
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Bruker Advance III 400

NAME sunxy-4-23-42
EXPNO 2
PROCNO 1
Date_ 20100602
Time 8.43
INSTRUI spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
65536
SOLVENT cocl13
NS 16
DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
oo} 3.2768500 sec
RG 144
oW 50.000 usec
DE 6.50 usec
TE 294.4 X
D1 1.00000000 sec
TDO 1
s = CHANNEL £1
O_O 1 NUC1 1H
P1 7.10 usec
PL1 -2.00 dB
(85).(4.).{;{3.252& PLIW 13.17734718 W
SFO1 400.1316005 MHz
ST 6553
SF 400.1300053 MHz
WOW EM
SSB 0
1B 0.30 Hz
GB 0
PC 1.00

Bruker Advance III 400

i s oe sa8 “ 8 8 s oREd NAME sunxy-4-23-42-C13

i i EH (333 H @ 8 Zdaa EXENO 1
BROCNO 1
Date_ 20100602
Tine 8.46
INSTR spect
PROBED 5 mm PABBI 1H/
BULEROG 29pg30
™ 6553
SOLVENT cpels
NS 787
DS

4
swH 24038.461 Hz
FIDRES 0.366798 Hz

a0 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
T8 294.6 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1

CHANNEL £1

13¢
14.50 usec

=a
&

-4.00
5022689815
100.6228298 Mz

- CHANNEL £2 =
waltz:

1
80.00 usec
B

2.
PL12 18.80 dB
PL13 18.80 dB
PL2W 13.17734718 W
BL12W 0.10950442 W
BL13W 0.10960442 W
sF02 100.1316005 Mz
s1 32768

S 100.6127606 Mz
wpw EM
ssB 0

3 1.00 Hz
GE o

BC 1.40

i | |

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 ppm

262



Appendix

(8)

-

Et

=,

0-0
S-(+)-cis-86a

ZC0oMe

193

Bruker Advance III 400

NAME sunxy-4-25-45
EXPNO 2
PROCNO 1
Date_ 20100603

Time 17.11
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930

™ 65536
SOLVENT cpc13

NS 16

DS 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
a9 3.2768500 sec
RG 203

DW 50.000 usec
DE 6.50 usec
TE 294.5 K
D1 1.00000000 sec
DO 1

CHANNEL £1

7.10 usec
2.00 dB
13.17734718 W
400.1316005 MHz
6553
400.1300052 MHz
EM
0
0.30 Hz
0

1.00

Bruker Advance III 400
e o 6 e 6 o na <ne e= "9 e @ dega NAME sunxy-4-25-45-C13

5 M aag g " 26 FEE 2 a %9 EER1 S fhew EXPNO 1

i v il i

PROBHD 5 mm PABBI 1H/
o

G i

| | Ly I 1] HHHH
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10 ppm

263
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Appendix

sz ﬁ Bruker Advance III 400
o S NAME sunxy-4-37-71
W&FMNW/ e :

PROCNO 1
Date_ 20100718
Time 13.28
INSTRUI spect
PROBHD 5 mm PABBI 1H/
65536
SOLVENT CDC13
NS 16
DS 0
SWH 10000.000 Hz
RO 3.2768500 sec
! oW 50.000 usec
OSiMe;'Bu DE 6.50 usec
TE 297.2 X
D1 1.00000000 sec
TDO 1
(8R)-(+)-cis-251b - CHANNEL £1
NUC1 1H
PL1 .00 dB
SFO1 400.1316005 MHz
ST 6553
SF 400.1300045 MHz
SSB 0
GB 0
PC 1.00
P I
Bruker Advance III 400
2 B g £88 HENR AEifay N sunxy-4-37-71-C13
B 22 REE k3 F ] ARERY A0 Adew PNO 2
VoV WY :
s
%
?
:
1N | N
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

264



Appendix

o-0

(8R)-(+)-cis-252b

NAME
EXPNO
PROCNO

SOLVENT
NS

DS
SWH

77.420

—s
salazs

1 ll

o

=
=

o518

so2

- CHANNEL f1

sunxy-4-36-69
1

1

20100709
15.44

spect
5 mm PADUL 13C

0
10000.000
0.152588
3.2768500
101
50.000
6.50

195

Bruker Advance III 400

Hz
Hz
sec

usec
usec

294.7 K

1.00000000
1

1H
14.83
.00
8.31434441
400.1316005
6553
400.1300049
BM

0
0.30
0

1.00

Bruker Advance ITI 400

14,081

sunxy-4-36-63-C13
1

1
20100709
15.53

2.00000000

Hz
Hz

sec
sec

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80

265

.68 usec

-0.60 dB
41.24164563 W
100.6228298 MHz

CHANNEL £2

waltzle
1H

o
1.00

o
1.40

a8
a8

==z

=

Ez

Hz
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Bruker Advance III 400

=g NAME sunxy-4-5-9
‘ \ EXPNO 3
PROCNO 1
Date_ 20100412
Time 21.45
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
™ 65536
SOLVENT cpc13
NS 19
DS o
SwWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2768500 sec
o~ RG 1aa
DW 50.000 usec
(R) 0-0 COEME DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
R+(+)-cis-86b ™0 1
- - CHANNEL f1 =
NUCL 1H
P1 7.10 usec
PLL 2.00 dB
PL1N 13.17734718 W
SFOL 400.1316005 MHz
s1 6553
SF 400.1300058 MHz
WOW EM
SsB 0
1B 0.30 Hz
GB 4
pC 1.00
T T T T \H H T T T T j r\Hr\HH(H\ |
8.5 8.0 7.5 7.0 6.5 6.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance IIT 400
: : D §s FL AR S52F 2 SRHE mame  sumxy-4-5-9-C13
4 E a33 8 3 ged #d 9 d258 5 idic  Exewo 1
\ V \ Iy =" :
Date_ 20100412
Time 21.15
INSTRU!
PROBHD 5 mm PABBI 1H/
PULPROG 29pg30
65536
SOLVENT cpeLs
ns 578
s 1
s 24038 461 Bz

aQ 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
TE 94.5 K
D1 2.00000000 sec
D11 0.03000000 sec
™0 1
CHANNEL £1
13C
14.50 usec
~4.00 a8
0.226895

s 19 W
1006228298 MHz

CPDPRG2

nucz 15
PCED2 80.00 usec
L -2.0

PL12 18.80 a8
PL13 18.80 dB
PL2W 13.17734718 W
PL12 0.10960432 W
PL13W 0.10960442 W
SFO2 400.1316005 MHz
s1 3276

SF 100.6127606 Mz
WOW EM
sSB o

LE 1.00 Hz
G o

B 1.40

Lo L

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

266
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Bruker Advance III 400

NAME sunxy-4-14-29
EXPNO 1
PROCNO 1
Date_ 20100715
Time 15.54
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 32768
SOLVENT coc13
NS 12
DS 2
SwH 11160.714 Hz
FIDRES 0.340598 Hz
Et 3 Et 20 1.4680564 sec
8 x f RG 57
OSIMEQ Bu DW 44.800 usec
M"‘- s DE 6.50 usec
0-0 1 = 297.8 K
D1 1.00000000 sec
DO 1

(8SH(-)-cis-251¢

CHANNEL £1

14.00 usec
1.00 dB

13.56617069 W

400.1933363 MHz

400.1900137 MEz
EM

0
1.00 Hz
0

1.00

Bruker Advance III 400

Gad r o & ok aEREE AE 8Rgy ae NAME sunxy-4-14-29-C13
aa8 8 tH H i €9 dnged 85sags a6 EXENO 1
BROCNO 1
Date_ 20100715
Time 15.57
INSTRUM
PROBHD 5 mm PABEO BB-
PULPROG 29pg30
65536
SOLVENT cpcls
ns 102
DS 1
B 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 181
o 20.800 usec
DE 6.50 usec
TE 96.1 K
b1 2.00000000 sec
D11 0.03000000 sec
1
c
1 5.90 usec
BL1 -2.0
PL1N 55.33689499
SFO1 100.6379183 MHz
CHANNEL £2
waltzle
15
90.00 usec
-1.00
15.16 a8
18.62 dB
13.56617065 W
534096 W
0.14806664 W
400.1916008 MHz
32768
100.6278480 MHz
EM
o
1.00 Hz
o
1.40
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o ppm

267



198 Appendix

Bruker Advance III 400

NAME sunxy-4-16-31
EXPNO 2
PROCNO 1
Date_ 20100709
Time 15.51
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
™ 65536
SOLVENT cpc13
NS 8
DS 0
s 10000.000 Hz
FIDRES 0.152588 Hz
a0 3.2768500 sec
RG 128
bW 50.000 usec
DE 5.50 usec
E 294.7 K
D1 1.00000000 sec

s TDO 1

o-0 1

= CHANNEL f1

1. NUC1 1H
(8S)-(-)-cis-252¢ "
PL1 .00 dB
SFO1 400.1316005 MHz
ST 6553
SF 400.1300049 MHz
SSB 0
GB 0
PC 1.00

A

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.

Bruker Advance III 400

g ae e @ . GERE B afgd NAME sunxy-4-16-31-C13
i HH 1333 3 ] 8884 5 ddds EXENO 1
BROCNO 1
Date, 20100709
ime 16.16
INSTRUI spect
PROBHD 5 mm PADUL 13C
PULPROG 29pg30
65536
SOLVENT cocls
§s
DS 4
S 24038.461 Hz

H
FIDRES 0.366798 Hz
A

Q 1.3631988 sec
RG 203

oW 20.800 usec
DE 6.50 usec
= 295.5 K
b1 2.00000000 sec
D11 0.03000000 sec
00 1

CHANNEL £1

13¢

9.68 usec
-0.60 dB

141.24164963 W

100.6228298 Miiz

CHANNEL £2
waltz16
11

3276
100.6127606 Mz
EM

o
1.00 Hez
0

1.40

i 1| | LI L]

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

268
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Et

Et

(s) O-

S-(~)cis-86¢

| ‘
! f o I

= B kB i

CO:Me

|
,N‘AJW |~

199

Bruker Advance III 400
NAME sunxy-4-16-32
EXPNO 2
PROCNO 1
Date_ 20100517
Time 23.24
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPRO 2930

™D 65536
SOLVENT cpel3

s 50

DS o

SWH 10000.000 Hz
FIDRES 0.152588 Hz
aQ 3.2768500 sec
RG 20

DW 50.000 usec
DE 6.50 usec
TE 294.2 K
D1 1.00000000 sec
Do

-2.00 dB
13.17734718
400.1316005

400.1300053
EM

0
0.30

0
1.00

Bruker Advance III 400

| 1f v WIE Ty s
o
&
o
b
H
&
H JL |
19 180 170 160 150 140 130 120 110 100 9% 8 70 6 50 40 30 20 10 0 ppm

269

sunxy-4-16-32-C13
3

SRLTILITES
400.1316005
32768
100.6127606
EM

o

1.00

o
1.40




(8R)-(-)-cis-251d

-
-

098

057
00—
098

Appendix

Bruker Advance III 400

NAME sunxy-4-31-55
EXPNO 2
PROCNO 1
Date_ 20100618
Time 17.04
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930

TD 65536
SOLVENT cpc1z

NS 16

DS 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
2Q 3.2768500 sec
RG 45.2

oW 50.000 usec
DE 6.50 usec
TE 294.5 K
DL 1.00000000 sec
TDO 1

= CHANNEL £1

NUC1 1H

p1 7.10 usec
PLL .00 B
PLIW 13.17734718 W
SFO1 400.1316005 MHz
ST 6553,

SF 400.1300053 MHz
WDW EM

ssB [

LB 0.30 Hz
cB 0

BC 1.00

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2 0.5 0.0 ppm
Bruker Advance III 400
ERE L “ L HEAER AR AREE A8 waw sunxy-4-31-55-C13
a88 8 g2 mnd H 4 ¢4 S54dd 85 9430 EXPNO 1
BROCNO 1
Date. 20100618
ime 17.09
INSTR spect
PROBHD 5 mm PABBI 1H/
PULEROS 290930
65536
SOLVENT cocls
NS
DS 4
swH 24038.461 Hz
FIDRES 0.366798 Hz
2Q 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
= 294.7 K
b1 2.00000000 sec
D11 0.03000000 sec
00 1
CHANNEL £1
130
14750 usec
400 A
90.22689819 W
100.6228298 Mz
CHANNEL £2
waltzlg
m
80.00 usec
-2.00 dB
18.80 dB
18.80 dB
13.17734718 W
010960442 W
010960442 W
400.1316005 MHz
3276
100.6127599 MHz
EM
o
1.00 He
0
1.40
L | N T O o 1 |
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o ppm

270
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0-0

(8R)-(-)-cis-252d

i

201

Bruker Advance III 400

NAME sunxy-4-32-56
EXPNO 1
PROCNO 1
Date_ 20100619
Time 15.33
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
TD 65536
SOLVENT cpc1z
NS 16
DS 0
SWH 10000.000
FIDRES 0.152588
2Q 3.2768500
RG 57
oW 50.000
DE 6.50
TE 294.1
DL 1.00000000
TDO 1
= CHANNEL £1
NUC1 1H
p1 7.10
PLL .00
PLIW 13.17734718
SFO1 400.1316005
ST 6553,
SF 400.1300052
WDW EM
ssB [
LB 0.30
cB 0
BC 1.00

Hz
Hz
sec

usec

r T T T T T T T T T
8.5 8.0 7.5 7. 6.5 6.0 55 5 4 4.
Bruker Advance III 400
. ar e M R a = RREE NAME sunxy-4-32-56-C13
28 8 g8 cgs H b B 5 Sdad PNO 1
BROCNO 1
Date_ 20100619
Time 15.37
INSTRUM spect
PROBED 5 mm PABBI 1H/
BULPROG 29pg30
65536
SOLVENT cocls
NS 382
DS 1
S 24038.461 Hz
FIDRES 0.366798 Hz
20 1.3631988 sec
RG 20,
oW 20.800 usec
DE 6.50 usec
8 294.3
D1 2.00000000 sec
D11 003000000 sec
00 1
CHANNEL £1
13¢
14.50 usec
400 aB
90.22689815 W
sF01 100.6228298 Mz
- - CHANNEL f2
CPDERG2 waltzls
Nucz 11
80.00 usec
-2.00 aB
16.80 dB
18.80 dB
13.17734718 W
0960442 W
0.10960442 W
400.1316005 MHz
32768
100.6127606 Mz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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Bruker Advance III 400

NAME sunxy-4-32-57
EXPNO 2
PROCNO 1
Date_ 20100621
Time 14.26
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
TD 65536
SOLVENT cpe13
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
~ 2Q 3.9846387 sec
~ Et RG 181
oW 60.800 usec

: v DE 6.50 usec
294.6

TS (R) 0-0 /\COZMQ o 1.00000000 sec
DO 1

R-(—)-C[s-aﬁd - CHANNEL £1

NuCL 1H

Pl 7.10 usec
PL1 Z00 dB
PLIW 13.17734718 W
SFO1 400.1324710 MHz
ST 32768

SF 400.1300051 MHz
W EM
ssB 0

LB 0.30 Hz
cB 0

C 1.00

1.5 1.0 0.5 0.0 ppm

Bruker Advance III 400

A 5 as 9 a a5 B33 ER EERTS A ihea EXPNO 1
| vV I Vo
PROBHD 5 mm PABBI 1H/

2Q 1.3631988 sec
RG 203

oW 20.800 usec
DE 6.50 usec
T 29.

b1 2.00000000 sec
D11 0.03000000 sec
00 1

CHANNEL £1

130
14.50 usec

PL1 4l00 aB
PLIW 90.22689819 W
sFo1 100.6228298 Mz

e

BCPD2 80.00 usec

P 2100 aB

PL12 18.80 dB

PL13 18.80 dB

BL2W 13.17734718 W

PL12W 10960442 W

BL13N 0.10960442 W

5702 400.1316005 MHz
327

SF 100.6127606 MHz

wow

ssB o

LE 1.00 Hz

B 0

BC 1.40

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Appendix 203

™ Et Et
~NR) bg 7 CosMe J-Resolved CDCI3 4-32-57
R<{-)-cis-86d
ppm
F NAME  YM Wang 4-32-57
EXPNO 10
PROCNO 1
Date_ 20100805
——5} [3.985  Reoum ‘2'2;2)%1
- PROBHD 5 mm CP2 1H-31
PULPROG jresqf

TD
| SOLVENT cDCI3
3990 §9 .

DS 16
SWH 7211.539 Hz
FIDRES 3.521259 Hz
L AQ 0.1420447 sec
3.995 Rg 202

bW 69.333 usec
DE
TE 298.0 K
DO 0.00000300 sec
= 4.000 p1 2.00000000 sec
INO 001250000 sec
== CHANNEL f1
1H
4.005 7.50 usec
15.00 usec
2. B
7.76597643 W
4.010 600.1324037 MHz
4. 2
= Tl 2
SFO1 600.1324 MHz

FIDRES  0.078125 Hz
W 0.067 ppm
L FnMODE
4.015 1024
SF_ 600.1300000 MHz
wbw SINE

B ooon
L .00 Hz
4020 18 o

PC 1.00

si 1024

9% 6001300000 Mt

2 iz

= £4.025  wow SINE

SSB

LB 0.00 Hz

GB 0

~4.030
T T T T T T T T T T T T
524 522 520 518 5.16 514 512 510 5.08 506 5.04 502 5.00 ppm

J-Resolved CDCI3 4-32-57

ppm

= NAME  YM Wang 4-32-57

3.975 EXPNO Igﬂ
PROCN(

o
Date_ 20100805

L Time 12.02

3 '980 INSTRUM spect

PROBHD_5 mm CP2 1H-31
PULPROG  "irosaf

[3.985  sovent ° cocis
NS 4

DS 16

SWH 7211.539 Hz
[3.990 FioREs 3531250 Hz

AQ 0.1420,

A 447 sec
W 69.333 usec
3.995 e
TE 298.0 K
.
X sec
[4.000 N0  0.01250000 sec
CHANNEL f1
1H
4.005 7.50 usec
15.00 usec
7.76597643 W
~4.010  SFO1  600.1324037 MHz
NDO 2
T 12
SFO1 6001324 MHz
~4.015 FIDRES  0.078125Hz
sw 0067 ppm
FnMODE
1024
4.020 SF_ 600.1300000 MHz
wow SINE
SSB 0
LB 0.00 Hz
F GB
4025 PC 1.00
sl 1024
nMc2 aF
E SF_ 600.1300000 MHz
4.030 wow SINE
SSB
LB 0.00 Hz
Fa.035 @B 0

T T T T T T T
1.80 1.75 1.70 1.65 1.60 1.55 1.50 ppm

273
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\/ S\ T o [ p——""
LS »go 2 come
L_Jl i i
7 6 s C 3 2 1 o ppm
B E
PN o
l “ U. e (105M +pcisBBa
7 6 s i 3 2 1 o ppm
A,
(105 }H(--cis-86e
il Il st Tu
; : A ; ; 1 -
"LLM " uo?ai«m«?m
I I
B A 1A A i
g Brul é% §a§ jce III 400
\ 1
AR o
UW -tia-Bid
R Vo gJ il
‘ 5.‘0 415 4}0 3i5 3}0 24‘5 ppm
\‘l!f' B F
g g S b-d \afzmr;orui
(1051 (+Feis-50a J
TR Ve L e

5.0 4.5 4.0 3.5 3.0 2.5 ppm

5.0 4.5 4.0 3.5 3.0 2.5 ppm

\/\M%cmm
IV i U e
R

5.0 4.5 4.0 35 3.0 2.5 ppm

274

_/
3.05
m
/S
1.00
0
.02
g




Appendix

I I

i

167,448
105
47,722
17149
1,082

s67

=
X

I

205

Bruker Advance III 400

NAME sunxy-4-41-83
EXPNO 1
PROCNO 1
Date_ 20100813
Time 16.03
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2g
TD 65536
SOLVENT cpc13
NS 16
DS 0
SWH 10000.000
FIDRES 0.152588
2Q 3.2768500
RG 90.5
oW 50.000
DE 6.50
TE 294.3
DL 1.00000000
TDO 1
- CHANNEL £1
NUC1 1H
p1 7.10
PLL .00
PLIW 13.17734718
SFO1 400.1316005
ST 6553,
SF 400.1300052
WDW EM
ssB 0
LB 0.30
cB 0
BC 1.00

Hz
Hz
sec

usec

Bruker Advance III 400

NAME

sF01

CPDERG2
Nucz

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

275

0 ppm

sunxy-4-41-83-C13
2

1
20100813
22.42

spect
5 mm PABBI 1H/

0.03000000
1

CHANNEL £1

13¢

1450
-1
90.2268981.

CHANNEL £2
waltzls
11

32768
100.6127606
EM

0

1.00

0
1.40

5w
100.6228298

Hz
Hz

0 usec

sec
sec

L00 aB

===

Mz

Mz

Hz
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Bruker Advance III 400

AME sunxy-4-42-85
EXPNO 2
PROCNO 1
Date_ 20100817
ime 19.47
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG zg
™ 65536
SOLVENT cpc13
NS 8
DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
a0 3.2768500 sec
RG 57
DW 50.000 usec
DE 6.50 usec
TE 294.5 K
D1 1.00000000 sec
Do 1
- CHANNEL f1 =
1H
7.10 usec

2.
13.17734718 W

(3R.4R,6S,10S)-ent-87a 21;01 40013160[3)5 MHz

65536
SF 400.1300056 MHz
WDW EM
ssB 0
LB 0.30 Hz

cB 0
BC 1.00

e ER:A

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.

Bruker Advance III 400

o1

o i a8 ERREE] NAME sunxy-4-42-85-C13
b H 35 9 48 gidaa EXPNO 2
BROCNO 1
Date_ 20100817
Time 15.45
INSTRUM
PROBHD 5 mm PABEO BB-
PULPROG 29pg30
b 65536
SOLVENT cocls
ns 1383
DS
B 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 181
o 20.800 usec
DE 6.50 usec
TE 96.6 K
b1 2.00000000 sec
D11 0.03000000 sec
™0 1
c
P1 5.90 usec
BL1 -2.0
PLIN 55.33689499
SFO1 100.6379183 MHz
CHANNEL £2
waltzle
15
90.00 usec
-1.00
15.16 a8
18.62 dB
13.56617065 W
534096 W
0.14806664 W
400.1916008 MHz
32768
100.6278480 MHz
EM
o
1.00 Hz
o
1.40

i |1 IR

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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“C0osMe

167372
70
620

17182

1.0

Ul |

207

Bruker Advance III 400

NAME sunxy-4-24-43
EXPNO 1
PROCNO 1
Date_ 20100601
Time 20.32
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
TD 65536
SOLVENT cpe1z
NS 18
DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
2Q 3.2768500 sec
RG 161
oW 50.000 usec
DE 6.50 usec
TE 294.5 K
DL 1.00000000 sec
TDO 1
= CHANNEL f1
NUC1 1H
p1 7.10 usec
PLL .00 B
PLIW 13.17734718 W
SFO1 400.1316005 MHz
ST 6553,
SF 400.1300052 MHz
WDW EM
ssB [
LB 0.30 Hz
cB 0
BC 1.00
Bruker Advance III 400
E sunxy-4-24-43-C13
PNO 1
PROCNO 1
Date_ 20100601
Time 20.35
INSTRUM spect
PROBHD 5 mm PABBI 1H/
BULPROG 9pg30
65536
SOLVENT bl
NS 423
DS
swH 24038.461 Hz
FIDRES 0.366798 Hz
aQ 1.3631988 sec
RG 20
oW 20.800 usec
DE 6.50 usec
TE 294
D1 2.00000000 sec
D11 0.03000000 sec
00 1

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100

CHANNEL £1
1
14.50 usec
00 B
50.22683819 W
100.6228298 Mz
CHANNEL £2
waltzle
1
80.00 usec
~2.00 aB
18.80 dB
18.80 dB
13.17734718 W
0.10960442 W
0.10960442 W
4001316005 MHz
32
100.6127606 Mz



(3R.4R.6S,10R)-ent-87b

Appendix

Bruker Advance III 400
NAME sunxy-4-24-44
EXPNO 2
PROCNO 1
Date 20100818
Time 22.10
INSTRUM spect:
PROBHD 5 mm PABBO BB-
PULPROG 2930

D 65536
SOLVENT cpels

NS 8

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
2Q 3.9846387 sec
RG .

DW 60.800 usec
DE 6.50 usec
TE 298.7

D1 1.00000000 sec
TDO 1

CHANNEL £1

Pl 14.00
PL1 -1.0
PL1W 13.56617069 W
SFO1 400.1924713 MHz
SI 3276
SF 400.1900138 MHz
WDW EM
sSB 0
LB 0.30 Hz
GB 0
PC 1.00
r T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppn
Bruker Advance ITT 400
¢ “ S oEne 28 8 =2 inn RAtER NAME  sunxy-4-24-44-C13
. 5 2EERR 35 0% 840388 fhaw EXPNO 1
PROCNO 1
Date_ 20100818
Tine 21.21
INSTR spect
PROBED 5 nm PABHO BB
PULPROG 290930
45536
soLveNT coc1s
Ns 783
s 4
s 24038 461 Bz
FIDRES 0.366798 1z
20 13631988 sec
®G 181
oW 20.800 usec
o8 5.50 usec
= 295
o1 2.00000000 sec
b1 0.03000000 sec
D0 1
CHaNEL £1
13¢
5.90 usec
00 a8
55.33689499 W
100.6379183 Wiz
caNNEL £2
waltz16
1
90.00 usec
“100 4B
15116 a3
562 a5
13.56617069 W
0.32844056 W
0.14806664 W
00.1916008 Mz
3276
100.6278480 Wiz
EM
o
1.00 k2
o
1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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69514

T—6.9126

\\J\ Et}’y"w‘gﬂ
S R \/‘l\/ ~7 a0,
OH CH CO.Me

S+(-)-cis-268¢

Bruker Advance III 400
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NAME sunxy-4-6-10
EXPNO 1
PROCNO 1
Date 20100806
Time 14.07
INSTRUM ect
PROBHD 5 mm PABBO BB-
PULPROG 2930

™ 32768
SOLVENT coc13

NS 1

DS 2

E 11160.714 Hz
FIDRES 0.340598 Hz
a0 1.4680564 sec
RG 114

DW 44.800 usec
DE 6.50 usec
TE 298.2

D1 1.00000000 sec
DO 1

CHANNEL £1

-1.00 dB
13.56617069 W
400.1933363

1638
400.1900144
EM

0
1.00

0
1.00

6.0 s .0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppn
Bruker Advance ITI 400
h 4 8 EEEEE EEE] g2 FRE gz NAME  sunxy-4-6-10-C13
g 4 g frcfee dge f4 caail EXPNO 1
g i H EEEREs 485 EE I I Exeno H
\\\V/ H v Date 20100806
Tine 18.55
INSTR o
PROBHD 5 mm PABEO BB
PULPRO 29pg30
™ 65536
SOLVENT coels
s 1128
s <
swi 24038461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
&G 50.5
on 20.800 usec
DE 6.50 usec
E 985 K
b1 2.00000000 sec
D11 003000000 sec
™0 1
CHANNEL f1
c
.90 usec
-2.00
55.33689499 W
100.6379183 Mz
90.00 usec
-1l00 a8
15.16 dB
18.62 dB
13.56617065 W
032844096 W
0.14806664 W
400.1916008 MHz
32
100.6278480 MHz
M
o
1.00 Hz
o
1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 ppm
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Bruker Advance III 400

NAME sunxy-4-6-11

EXPNO 1

PROCNO 1

Date_ 20100818
19.26

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

D 65536

SOLVENT cpc13

NS 8

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 90.5

W 60.800 usec

DE 6.50 usec

TE 298.3

D1 1.00000000 sec

TDO 1

CHANNEL £1

1H
14.00 usec
-1.00 dB

13.56617069 W

400.1924713 MHz

(35,45,6R,105)-87b

400.1900138 MHz
EM

0
0.30 Hz
0
1.00
EREA- el ERER [l
== =l D I e e Pl
T T T T T T T T T T T T T T T T T T d
8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance IIT 400
g 5 438 g s g s § $g5ssf ssdes NAME  sunxy-4-6-11-C13
] L H I $¢ ¢ %488 4xddd oo ¢
PROCNO 1
Date 20100818
Tine 19.38
INSTRUM
PROBHD 5 mm PABEO BB
PULPROG 29pg30
65336
SOLVENT cpc1s
NS
s 1
sw 24036.461 Hz
FIDRES 0.366798 Hz
A0

1.3631988 sec
203

20.800 usec

6.50 usec

=

2.00000000 sec
0.03000000 sec
1

CHANNEL £1 =

.50 usec
-2.00
55.33689499
100.6379183 MHz

=g
&

CHANNEL £2
CPDPRG2 waltzle
NUC2 1H
PCPD2 90.00 usec
L “1l00 aB
PL12 15.16 dB
PL13 18.62 dB

W 13.56617069
PL12W 0.32834096 W
PL13W 0.11806664 W
sF02 400.1916008 Mz
s1 32768
SF 100.6278560 MHz
wow EM
ssB o
LB 1.00 Bz
cB o
eC 1.40

\ L Ll IR -

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

280
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Bruker Advance III 400

NAME sunxy-4-33-58
EXPNO 1
PROCNO 1
Date_ 20100621
Time 23.46
INSTRUM spect
PROBHD 5 mm PABBI 1H/
BULPROG 2930
™ 65536
SOLVENT coc13
NS 12
DS 0
sue 10000.000 Hz
FIDRES 0.152588 Hz
20 3.2768500 sec
/\-GO M RG 12
alvie o 50.000 usec
OH OH DE 6.50 usec
TE 294.3 K
D1 1.00000000 sec
R-(-)-cis-268d 0 *
= CHANNEL £1
P1 7.10 usec
PL1 .00 dB
PL1W 13.17734718 W
SFO1 400.1316005 MHz
s1 6553
SF 400.1300045 MHz
WOW EM
ssB 0
1B 0.30 Hz
cB 0
BC 1.00
" T T T T T Aeaacneses T T T T B
8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
Bruker Advance IIT 400
5 8 EEEH 5 arcee vyl o iniw NAME  sunxy-4-33-58-C13
j greug dgg § 54 4 24 2 EXPRO h
PROCNO T
Date_ 20100621
Tine 23.50
INSTRUM spect
PROBHD 5 mm PABEI 1H/
PULERS 2gpg3
D 65536
SOLVENT ce1s
s 9133
s 3
s 24038.461 Hz
FIDRES 0.366798 Bz
) 1.36319885 sec
®G 20
oW 20800 usec
DE .50 usec
E 294.6 K
o1 2.00000000 sec
D11 0103000000 sec
0o 1
=== CHANNEL £1 =
3¢
14.50 usec
.00 4B
90.22689819 W
100.6228298 MHz
CHANNEL £2 ===
waltzis
1
80.00 usec
200 a8
1880 4B
18080 dB
13.17734718 W
0110960482 W
960442 W
400.1316005 Miz
32768
v 100.6127606 Mz
wow B
ssB o
B 1.00 Bz
= 0
rc 1.40
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

281
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7.2600
53820
53596
53439
5.0873
5.0664

(35.45,6R, 10R)-Plakortene B (87a)

115,800

L |

470028

16.830

——

Appendix

Bruker Advance III 400

NAME sunxy-4-35-67
EXPNO 2
PROCNO 1
Date_ 20100817
Time 19.44
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2g

TD 65536
SOLVENT cpc1z

NS 8

DS 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
2Q 3.2768500 sec
RG 64

oW 50.000 usec
DE 6.50 usec
TE 294.5 K
DL 1.00000000 sec
TDO 1

= CHANNEL £1

NUC1 1H

p1 7.10 usec
PLL -2.00 dB
PLIW 13.17734718 W
SFO1 400.1316005 MHz
ST 6553,

SF 400.1300056 MHz
WDW EM

ssB [

LB 0.30 Hz
cB 0

BC 1.00

Bruker Advance III 400

NAME sunxy-4-35-67-C13
EXENO 2
PROCNO 1
Date_ 20100817
Time 17.08
INSTR
PROBED 5 mm PABEO EB-
BULEROG 29pg30

6553
SOLVENT cpels
NS 831
DS 4
swH 24038.461 Hz
FIDRES 0.366798 Hz
aQ 1.3631988 sec
RG 181
DW 20,800 usec
DE 6.50 usec
TE 299.2 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1

=== CHANNEL £1 ===
13¢

NucL 3
P1 9.50 usec
PL1 -2.00 dB
PLIW 55.33689495 U
sFO1 100.6375183 Mz
HANNEL £2
waltzls
1

i
90.00 usec
B

15116 B
62 an

WL

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100

T T
90 80

282

T
70

T
60

T
50

T
40

T
30

T
20

T
10

0/1as0se6
4051526008 Mtz
e
S 100.6278480 Mtz
o
553 o
s 1.00 Hz
4 5
e 1.0
T
0 ppm
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jirere=t

(4S,6R, 10R)-Plakortide E (85a)

45
582

e

136,759
16
-
6,592

——sse

213

or Advance

suner

Bruker Advance IIT 400

NAME sunxy-4-44-90-C13
EXENO 4
BROCNO 1
Date_ 20100831

me 21.52
INSTRUI spect.
PROBHD 5 mm PABBI 1H/
BULPROG 2gpg30

65536

SOLVENT cpels
ns 8711
DS
sw 24038.461 Hz
FIDRES 0.366798 H:
AQ 1.3631988 sec
RG 203
oW 20.800 usec
DE 6.50 usec
TE 294.8 K
o1 3.00000000 sec
D11 0.03000000 sec
DO 1

- CHANNEL f1
130
1 14.50 usec
BL1 “4.00 aB
PL1N 90.22689815 U
sFo1 100.6228298 Mz
= CHANNEL f2
waltzle

1
80.00 usec
2100 a8
18.80 aB
18.80 dB
13.17734718 W
0.10960442 W
0.10360442 W
400.1316005 MHz

32768
100.6127606 MHz
EM

200 190 180 170 160 150 140 130 120 110 100 90

Se
oW
ss8 o
ia 2.00 Kz
& o
e 140
ppm
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Data File I:\HPLC\DATA\HEHRO\051-0101.D

MP: 95% Hexane : 5% IPA
Column: SH e - H

CHLRALPAK. -

Flow: 1.0ml/min

Appendix

Sample Name: XYS5_PO-OTs_rac

7/31/2009 1:26:31 FPM
XYS_PO-0Ts_rac
lgh

Injection Date
Sample Name H
Rcg. Operator

Seqg. Line : 1
Location : Vial 51
Inj : 1

Acqg. Instrument : Instrument 1 Inj Volume ; 20 pl
Acg. Method I:\HPLC\METHODS\SAM-POT2.M
Last changed 7/31/2009 1:36:35 PM by lgh
{modified after leoading)
Analysis Method : I:\HPLC\METHODS\SAM-POTS.M
Last changed 7/31/2009 2:17:30 FM by SAM
imodified after loading)
For AD-mix DIOL Reaction Product
Channel A: IPA
Channel B: Hexane
DAD1 B, Sig=230,8 Ref=550.100 (HEHAOWG51-0101.0)
mAU
700
Et Et
800
TsO OTBS
500
0-0
400 -
(x)-cis B &
300 w
2004
100
[/}
T T T T T T T
1 - 3 4 5 ] ri miry
Area Percent Repeort
Sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, S5igw230,8 Ref=550,100
Peak RetTime Type Width Area Height Area
§  [min] [min]  [mAU*s] [mAU] %
i | ===~ I I I
1 5.087 vV 0.1248 2249.16724 271.19827 49.9%087
2 5.618 VB 0.1368 2257.39478 251.29340 50.0913
Totals : 4506.56201 522.49167

Results cbtained with enhanced integrator!

**% End of Report **+

Instrument 1 7/31/2009 2:18:00 BM SAM 284

Page 1 of 1
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Data File I:\HPLC\DATA\HEHAO\021-0101.D

215

Sample Name: XYSun_ 132

MP: 95% Hexane : 5% IPA Flow: 1.0ml/min ARy o

Column: CHIRALPAK AD-H 5«-‘12’}/ > B}
CHIRA| PAR..

Injection Date : 8/25/2009 1:48:47 BM Seq. Line : 1

Sample Name + XY¥Sun_132 Location : Vial 21

Acg. Operator : S5AM Inj : 1

Acg. Instrument : Instrument 1 Inj Volume : 20 pl

Acg. Method : I:\HPLC\METHODS\SAM-POT2.M

Last changed : B/10/2009 12:50:39 PM by SAM

Analysis Method : I:\HPLC\METHODS\SAM-POTZ2.M

Last changed : B/25/200% 2:06:25 PM by SAM

(modified after loading)
For XY5un Peroxide-0Ts Product
Channel A: IPA
Channel B: Hexane

DADT B, Sig=230.8 Ref=550,100 (HEHAOWZ1-0101.0)
mAU B Et
Ts0. % 0SiMe,Bu
1200 - a4
(+)-cls
1000 - (ee 78%)
e b
600
400+
200- g
w
. JAN
T T T T
2 4 -] 8 min

Area Percent Report

Sorted By E Signal
Multiplier Z 1.0000
Dilution H 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl1 B, S5ig=230,8 Ref=550,100

Peak RetTime Type Width Area Height Area
£ [min] [min] [mAD*s] [mAU] %
—mm-] 1====1 1 1 1 1
1 5.075 vv 0.1166 6080.63818 800.48834 89.1612
2 5.583 W 0.1228 739.18622 90.93532 10.8388

Totals : 6819.82440 891.42366

Results obtained with enhanced integrator!

*** End of Report *+*+

nstrument 1 B/25/2009 2:06:27 PM SAM

Page 1 of 1
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ata File I:\HPLC\DATA\HEHAQ\022-0201.D

Appendix

Sample Mame: XYSun_135

MP: 95% Hexane : 5% IPA  Flow: l.0ml/min Sundy-32_135
Column: CHIRARLPAK AD-H
Injection Date : 8/25/2009 2:05:46 PM Seq. Line : 2
Sample Name : X¥Sun_135 Location : Vial 22
Acg. Operator : SAM Inj 1
Acqg. Instrument : Instrument 1 Inj Volume 20 pl
Acg. Method : I:\HPLC\METHODS\SAM-POT2.M
Last changed : B/10/2009 12:50:39 PM by SAM
Analysis Method : I:\HPLC\METHODS\SAM-POT2.M
Last changed s B/25/2009%9 2:24:42 PM by SAM
(modified after loading)

For XYSun Peroxide-0Ts Product
Channel A: IPA
Channel B: Hexane
[ DADIB, Sig=230.8 Ref=550,100 (HEHACW22-0201.0)

mau ]

1750 iz Et :

5 HO OSiMe;'Bu
1500 - w O-
(-)-cis

280 (06 94%)

1000

750 -

500

250 - ©

a
o Loy
5 T T T X T
2 4 ] 8 min

Area Percent Report

Sorted By § Signal
Multiplier H 1.0000
Dilution : 1.0000

Do not uwse Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=230,8 Ref=550,100

Peak RetTime Type Width Area Height Area
# [min] [min] (mAU*s] [mAU] %

I |====] | | I |
1 5.116 VP 0.1233 404.39487  49.52249  2.9286
2 5.614 VB 0.1366 1.34042e4 1495.09082 97.0714

Totals : 1.38086e4 1544.61331

Results obtained with enhanced integrator!

*+* End of Report ***

nstrument 1 8/25/2009 2:24:44 PM SAM

Page 1 of 1
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ta File I:\HPLC\DATA\HEHAO\023-0301.D Sample Wame: XYSun_136
MP: 95% Hexane : 5% IPA  Flow: 1.0ml/min ‘wa’/-;"l;{
Column: CHIRALPAK AD-H
Injection Date : 8/25/200% 2:22:44 PM Seq. Line : 3
Sample Name 1 XYSun_136 Location : Vial 23
Acq. Operator : SAM Inj : 1
Acqg. Instrument : Instrument 1 Inj Velume : 20 pl

I:\HPLC\METHODS\SAM-POT2.M

8/10/2009 12:50:39 PM by SAM

I:\HPLC\METHODS\SAM-POT2.M

B8/25/2009 2:38:31 PM by SAM

(modified after loading)

For XYSun Peroxide-0Ts Product

Channel A: IEA

Channel B: Hexane
DAD1 B, Sig=230.8 .1 1.0) \

Et Et
m\X},mlue,'au
[«
2000 - (+)cls

(ee 89%)
i

Acg. Metheod
Last changed
Analysis Method
Last changed

mAL

2500

5.081

10001

Area Percent Report

Sorted By : Signal
Multiplier z 1.0000
Dilution H 1.0000
Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=230,8 Ref=550,100

Peak RetTime Type Width Area Height Area
§ [min] [min]  [mAU*s] [mAU] %
me ] 1====1 1 | l l
1 5.081 VWV 0.1580 2,.30140e4 2315.59375 94.6720
2 5.605 W 0.1305 1295.19531 150.39812 5.3280

Totals : 2.43092ed4  2465.99187

Results obtained with enhanced integrater!

+*++ End of Report ***

[nstrument 1 8/25/2009 2:38:37 PM SAM Page 1 of 1
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Data File C:\HPCHEM\1\DATA\20100825\XYSRAC2.D

XYS-rac-1
IPA: 5%,
Column:

Hexanes:
CHIRALPAK AD-H

95%

Injection Date
Sample Name
Acg. Operator

Acg. Method
Last changed

Analysis Method
Last changed

VWD1 A, Wavelength=254 nm (20100825\XYSRAC2.D)

8/25/2010 1:21:30 PM
XYS-rac-2
SAM

Location Vial 1
Inj Volume

C:\HPCHEM\1\METHODS\TERMS04 .M

8/25/2010 12:34:47 PM by SAM

(modified after loading)

C:\HPCHEM\1\METHODS\TERMS04 .M Et Et

8/25/2010 1:37:29 PM by SAM

(modified after loading)

5 pl

0-0

Sample Name:

Appendix

XYS-rac-2

Tso % K 0siMe,Bu

mAU
(E)cis
400
300
200 o R
5 o
2 ©
100
0
T T T T
2 4 6 8 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| === -1 | | |
1 4.878 Vv 0.1183 1362.06201 172.57300 45.0561
2 5.278 vv 0.1376 1660.97363 178.62419 54.9439
Totals 3023.03564 351.19719

Results obtained with enhanced integrator!

Instrument 1 8/25/2010 1:37:38 PM SAM

*** End of Report ***

288

Page 1 of 1
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Data File C:\HPCHEM\1\DATA\20100825\XYS7901.D Sample Name: XYS-4-79

XYS-4-40-79
IPA: 5%, Hexanes: 95%
Column: CHIRALPAK AD-H

Injection Date : 8/25/2010 12:01:49 PM
Sample Name 1 XYS-4-79 Location : Vial 1
Acqg. Operator : SAM
Inj Volume : 5 pl
Acq. Method : C:\HPCHEM\1\METHODS\TERMS04 .M
Last changed : 8/25/2010 11:55:15 AM by CYW
(modified after loading) Et Et
Analysis Method : C:\HPCHEM\1\METHODS\TERMS04.M [{
Last changed : 8/25/2010 12:34:47 PM by SAM TSO 05"“"32 Bu
(modified after loading) o_o
VWD1 A, Wavelength=230 nm (20100825\XYS7901.D)
mAU ] (-)-cis-272b
17501 ee >99%
1500 -
1250 +
3
=
o
1000
750
500 -
250
0
T T T T 1
0 2 4 6 8 min

Area Percent Report

Sorted By : Signal
Multiplier B 1.0000
Dilution : 1.0000

Signal 1: VWDl A, Wavelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| === | | |
1 5.438 vV 0.1676 1.11494e4 1025.61499 100.0000
Totals : 1.11494e4 1025.61499

Results obtained with enhanced integrator!

*** End of Report ***

Instrument 1 8/25/2010 12:37:07 PM SAM 539 Page 1 of 1
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Data File C:\HPCHEM\1\DATA\20100825\XYS8002.D Sample Name: XYS-4-80

XYS-4-40-80
IPA: 5%, Hexanes: 95%
Column: CHIRALPAK AD-H

Injection Date : 8/25/2010 12:51:32 PM
Sample Name : XYS-4-80 Location : Vvial 1
Acg. Operator : SAM

Inj Volume : 5 pl
Acq. Method : C:\HPCHEM\1\METHODS\TERMS04.M
Last changed : 8/25/2010 12:34:47 PM by SAM

(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\TERMS04.M

Last changed  : 8/25/2010 1:37:29 PM by SAM Et Et
(modified after loading) TsO o * OSiMe I‘Bu
VWD1 A, Wavelength=254 nm (20100825\XYS8002.D) 2
mAU ] o-0
(+)cis-272a
400 ee > 99%
2
e
<
300
200
100
0
T T T T
2 4 6 8 min
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

=== -1 | | |
1 4.870 PB 0.1113 2507.12842 343.81906 100.0000

Totals : 2507.12842 343.81906

Results obtained with enhanced integrator!

*** End of Report ***

Instrument 1 8/25/2010 1:39:00 PM SAM 290 Page 1 of 1
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