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ABSTRACT

Beta-Lactones as Synthetic Vehicles in Natural Bco&ynthesis:
Total Syntheses of Schulzeines B & C and Omphadidd,
Studies toward the Total Syntheses of
Scabrolides A & B and Sinulochmodin C.
(December 2011)
Gang Liu, B.S., Wuhan University;
M.S., Wuhan University

Chair of Advisory Committee: Dr. Daniel Romo

B-Lactones are a class of structurally unique comgdsuThe versatile reactivity
patterns offered byB-lactones have enabled chemists to utilize themp@serful
synthetic vehicles in complex molecule synthesis.

In the total syntheses of the naturatigcurring, a-glucosidase inhibitors
schulzeines B & C, a readily available trichloromg{3-lactone was used as a versatile
masked surrogate for bishomoserine aldehyde, whéch to a highly efficient
construction of the core structures through a jivBictet-Spengler condensation and a
Corey-Link reaction.

The first total synthesis of (+)-omphadivas achieved in ten steps from){

carvone. This synthesis features a three-stephesist of a bicyclid3-lactone, which



constitutes the key intermediate for the highlyesteontrolled introduction of the six
contiguous stereogenic centers in the natural mtodu

In efforts toward the total synthesesacdbrolides A & B and sinulochmodin C
via transannular C-H insertion$;lactones served as the key intermediates for the
synthesis of complex macrocyclic model substratédsese model studies provided
valuable insights into the reactivity and seletyivssues for transannular C-H insertion

reactions.
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CHAPTER |
INTRODUCTION: B-LACTONESASSYNTHETIC VEHICLESIN

NATURAL PRODUCT SYNTHESIS

1.1 Introduction
As a class of structurally unique orgacommpoundsf-lactones (2-oxetanones)

have been the focus of much attention in organithgsis. Such an interest in this
structural motif stems from its presence in numsroiologically active natural products
and pharmaceutical agerité Moreover, the versatile reactivity, in conjunctiaith the
unusual structural features of these species,ns@sred the development of a variety of
methodologies involving both the construction oégé organic compounds and their
applications as important synthetic intermediatestfansformations to more advanced

structures: 4

O
H
O
H
H H H
B-lactones: cyclobutanes:
planar puckered

Figure 1.1 Structural Comparison @Lactones and Cyclobutanes

This dissertation follows the style éburnal of Organic Chemistry.



From the perspective of organic structtine uniqgueness @@-lactones originates
from the planar structure that deviates dramaticdtbm the common puckered
conformation of their saturated counterparts sush cgclobutanes (Figure 1.1);
incorporation of an ester functionality in a comipémur-membered ring leads to the
nearly square geometry of the four atoms in thg, fiorced by the resonance of the ester
bond. This highly strained structure possesses aombfe strain energy relative to

epoxides (Figure 1.25.

[ /\

-Lactones Epoxides
Strain Energy: Strain Energy:
22.8 kcal/mol 27.2 kcal/mol

Figure 1.2 Strain Energy op-Lactones and Epoxides

Imparted by the unusual planar strucauré highly strained nature gflactones,

a unique spectrum of reactivity patterns that leadistinct reaction pathways could be
revealed under different reaction conditions (Sobhdm).

Arguably, the most prevalent transforimatof 3-lactones is the attack at the C1
carbonyl group under the influence of a suitableleaphile, leading to the ring-opening
products. This site (C1) is mostly susceptibleh® addition of hard nucleophiles such as
alcohols and amines. This transformation readilynasks lactones under very mild

conditions to the correspondir@zhydroxyl esters or amides characteristic of ester



amide aldol adducts1). Thus, the methodologies developed for {Bdactone

synthesis through C2-C3 bond formation could berded as variants of classic aldol
reactions.
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OH O
R\(z\l)j\
N 1
" X Y Z e 0 °
R_ 2 V4 : LwR
X 2 1.2 R \
X H O
Y XY 7
1.9 1.3
heat HNR,
LDA, Rl
(0] o) O
Z MgBr, o, o) OH
0 - R o BuyNF > RS
\ R 2 ' R 2 R'
RY v & Z R'CHO & o
X Y (Z = SiMe3) Y
1.8 1.1 14
TiCly, Et3SiH
X NaN3 R',CuMgBr
( n ll:Y O
R
o’} I OH ] 0
Ny O }(!\HI\OH
(R =(CH2)nC(O)Me); n =1,2 R Xy z
X3 OH
1.7 XY z 1.5
1.6

The C2 carbon could be manipulated toualaophilic site by either direct

deprotonation or fluoride-induced C-Si cleavage nviaesilyl group resident at C2 is

available. The strained enolates so formed couldrdy@ped by electrophiles such as



alkyl iodides or aldehydes, giving rise to deriiethctones 1.3 and1.4). This reaction
manifold enables the carbon homologation at thep@&ition while maintaining the
integrity of the highly strainefi-lactone ring system.

The highly strained nature [pactones renders C3 a potential reacting site that
offers a range of unique reaction manifolds norynalavailable to other lactones and
esters. For example, soft nucleophiles such ashomygurates and azides tend to induce
the cleavage of the C-O single bond at C3 to affgrsubstituted acids with the
inversion of stereoconfiguratiod.b and1.6).

In addition, Lewis acids, such as TjGlould activate the C-O single bond to
generate a partial cation at C3, which could bergapted in the presence of a pendant
carbonyl group to form a five or six membered oxbeaium. Ensuing hydride
reduction of this transient intermediate by tri¢tlsjfane delivers highly substituted
furans or pyrans with defined stereoconfigurati@ng(

With certainB-lactones, dyotropic rearrangements could be tregdoy Lewis
acids. This concerted process leads to ring-expansom four-membered lactones to
five-membered lactones through the antiperiplaraarsposition of the C-O bond and the
neighboring C-Y bond1(8).

Thermal extrusion of G@o give olefins {.9) is another unique reactivity pattern
of B-lactones, even though this transformation is gaherundesirable; from the
standpoint of synthetic efficiency, this leads taegradation of structural complexity
due to the elimination of two vicinal stereogengnters. Notably, this event proceeds in

a stereospecific fashion to deliver the substitutddfins that retain the relative



stereochemistry dB-lactonesj.e. cis-p-lactones give4)-olefins, whiletrans-p-lactones

lead to E) olefins.

1.2 Application of B-Lactonesin Natural Product Total Synthesis

The versatile reactivity patterns avdealo (-lactones have armed organic
chemists with powerful tools that facilitate rapiaiild-up of structural complexity,
which is evidenced by numerous applicationg-ddctones as pivotal synthetic vehicles
in complex settings, especially in natural prodsytthesis. This section will focus on
the representative examples of natural producthegn that implement uniqu@-
lactone chemistry as strategic transformations tiverdast seven years since a relevant

review on this topic was published in 2004.

1.2.1 (-)-Pironetin

In 2006, the Nelson group reported thetial synthesis of (-)-pironethThis total
synthesis highlighted the iterative application tfeir acid chloride-aldehyde
cyclocondensation (AAC) reactions for the catalg8&ymmetric synthesis of extended

propionate networks (Scheme 1.2).



Scheme 1.2
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Their AAC technology successfully integichin situ ketene formation and
aldehyde cycloaddition to realize the catalytfslactone formation employing
inexpensive commercially available materials. Tpdactones emerged from these
reactions constitute ester or amide aldol adduatnfwhich the characteristic 1,3-
hydroxyl ester or amide could be readily unmaskednuring-opening with alcohols or
amines under very mild conditions. Thus, this mdteerves as a highly efficient variant
of catalytic asymmetric cross aldol reactions bylradsing the issues of cost and
operational simplicity associated with chiral aiay-based asymmetric aldol reactions.

The first AAC reaction using @Bmethoxybenzyloxypropanal 1.0) and
propionoyl chloride as the reaction partners atorg-lactone 1.11 in excellent
enantiomeric excess and diastereomeric ratios, hwhias subjected to a three-step
lactone-to-aldehyde conversion to gisgn aldehydel.12, positioned for the second
iteration of the AAC reaction. It was found that K$-quinine catalyzed the AAC
homologation 0fl.12 in a matched double diastereodifferentiation, fhong the syn,
anti, syn B-lactonel.13 with high than 19:1 diastereomeric ratio.

Further elaboration of thfslactone (.13) through an array of straightforward
transformations led to aldehydel4, setting the stage for the last aldol bond forming
step. This substrate, however, failed to deliver tlycloaddition product.15 under

alkaloid-catalyzed conditions.



Instead, engaging aldehyld®4 in Lewis acid-promoted AAC homologation (50
mol % of 1.19) employing butyryl bromide as a butanoate enodafaivalent afforded
B-lactonel.15 (65% yield, high than 19:1 diastereomeric rafpmssessing all of the (-)-
pironetin stereocenters. This result attests tatmeplementary nature of the Lewis acid
and alkaloid-catalyzed AAC reactions. Ensuing tfamsations delivered (-)-pironetin

without incident.

1.2.2 Erythronolide B
As shown in the previous case, Nelson'sid a chloride-aldehyde

cyclocondensation reactions provided a uniformtegpafor executing asymmetric cross
aldol additions on enantioenriched aldehyde sutestrdterative application of these
AAC reactions afforded a rapid entry into stereodsd polypropionate building blocks
expressed in numerous polyketide natural produ@ts. further demonstrate the
usefulness of this method as a practical surrofgataldol reactions, the Nelson group
extended the application of this strategy to thal teynthesis of erythronolide B, a much
more complex setting that encompasses a fourteembered macrocycle along with

eleven stereogenic centers (Scheme 1.3).



The synthesis hinged on the disconnedafaarget across the C1-013 and C7-C8
bonds leading to two modified propionate trimer ieglents 1.23 and 1.24; the

construction of both fragments utilized the AAC agans for key C-C bond forming

steps as well as the elaborations of the resybtdattone units (Scheme 1.4).

Scheme 1.3

OMe

10:>

TBSO oPvMBO OH

mQ
mQO

erythronolide B (1.21)

TBSO  OPMBO O O OMe

mQO
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Scheme 1.4
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All four stereogenic centers of fragmar®3 were introduced by AAC reactions.
Condensation of propionyl chloride with propiondigide catalyzed by OTMS-quinidine
provided-lactonel.26, which presents the C12-C13 syn-propionate unddifitation
of this B-lactone through a two-step sequence to aldely?leé set the stage for the

second AAC homologation. In the event, the condemsavith propionyl chloride was
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performed in the presence of the quinine-basedysata18, affording 3-lactonel1.28
with exceptional efficiency (95% vyield) and greatiean 19:1 diastereomeric ratio. The
B-lactone was subsequently elaborated to fragrh@it

The cyclocondensation @f3-unsaturated aldehyde30 with propionyl chloride
catalyzed by OTMS-quinine also proceeded with ggietd and excellent enantiomeric
excess to giv@-lactonel.31, which provides the C4-C5 bond in fragmér#4. The two
stereogenic centers generated in this pivotal alwid construction served as the
stereochemical control elements in the followindraduction of the other three
stereogenenic centers, and eventually enabledsgebly of this fragment in a highly

substrate-controlled manner.

1.2.3 Amphidinolide P
Amphidinolide P is a member of the ampiotide family isolated by Kobayashi
from a strain of laboratory-cultured symbiotic dilagellates of the genusmphidinium

sp. This macrolide exhibited cytotoxicity against mmutymphoma L1210 and human

epidermoid carcinoma KB celis vitro (ICso = 4.0 and 14.6:M, respectively). The

Trost group disclosed their total synthesis of tiégural product employinfj-lactone

construction as a strategic C-C bond forming st®pheme 1.5f
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Scheme 1.5
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In the late stage elaborations en rooitéhé final target, they resorted to a Lewis
acid mediated silyl ketene-aldehyde cycloadditieaction to effect the two-carbon
homologation at C3. Thp-lactone so formedl(36), surprisingly, survived a series of
transformations, including desilylation under bahbidic and basic conditions, Ru-
catalyzed en-yne coupling reaction, and sharplpssiéation to arrive at the cyclization
precursomn.39.

Under the influence of a catalytic amoohOtera’s catalyst.40, eventually, the
B-lactone motif 0f1.39 acted as a latent acylation site to cap the pdnskecondary
hydroxyl group, delivering the eight-membered laett.34. The ring expansion event
was presumably driven by the strain release of3thectone to the more flexible eight-

membered ring.

1.2.4 (-)-Bakkenolide S

Bakkenolides belong to a large classesfysiterpenes containing a characteristic
cisfused 6,5-bicyclic core. The Scheidt group develbpegeneral strategy for the
catalytic asymmetric syntheses of these naturalymts (Scheme 1.6).

The desymmetrization of 1,3-diketodel2 catalyzed by an N-heterocyclic
carbene (NHC) provided a rapid entry into the tlxyp-lactonel.44 with excellent
relative and absolute stereocontrol. Notably, thiscess is amenable to large scale
synthesis (up to 5 grams) without diminishing stesectivity. To adjust the oxidation
state at C10 as found in the final targktactonel.44 was subjected to heated silica gel

to effect the elimination of C£ generating the trisubstituted double bond with
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essentially quantitative yield. Following the praten of the ketone carbonyl group in
the form of a ketal, a regioselective hydroboratiawdation of this olefin was executed

at a later stage to properly secure the methinerolggsh at C10 with desired

stereoconfiguration.

Scheme 1.6

‘);OM
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1.2.5 (+)-Maculalactone

Isolated from the marine cyanobacterkKyrntuthrix maculans, maculalactones are
unique natural products containing a butenolide etyoi Among this family,
maculalactone A was found to be the only memberhid family that exhibited
biological activity, namely, inhibition of the gralwof marine bivalves on rock surfaces

(LDso = 4.2 ug/mL).*®

Scheme 1.7
O-TMS Quinidine o0’ 0P
/\)OL SR J PMbO /\odj
Ph Cl iPr,NEt Phi ] CHCl, P ]
CH,Cl, Ph (57 %) Ph
1.47 (60 %, 97% ee) 1.48 1.49
lHN(OMe)Me
o)
Ph 5 oh
Ph <~ | 0
HO
Ph oh
(+)-maculalactone (1.51) 1.50

Toward the total synthesis of maculalaet®®, the Romo group devised an
approach that centered on the application of spowgf-lactones, a class of highly
strained yet surprisingly stablB-lactones (Scheme 1.7). The asymmetric ketene

dimerization catalyzed by OTMS-quinidine affordéa thighly enantioenriched ketene
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dimer 1.48. The spiroepox-lactonel.49 was subsequently accessed by treatment of
this ketene dimer with dimethyldioxirane (DMDO) Ipreferential delivery of the
oxygen atom to the less hindered face of the aldting opening with N,O-dimethyl
hydroxyl amine elicited the rearrangement of th&y IB-lactone to the butenolide
domain, which was elaborated by ensuing transfaomab reach the targeted natural

product in a highly efficient manner.

1.2.6 (-)-Curcumanolide A
Curcumanolide A was isolated from thederwlrug zedoary and other Curcuma

species and is expected to possess potential vivact

Scheme 1.8
1.57 Oy_0
O Me
(R)-HBTM (0.2 equiv) m-CPBA
/COzH - Me ___ — = o
TsCl, LiCl Na,HPO,
O i-PI’zNEt, CH2C|2 J CH2C|2
(80%, dr >19:1, 97% ee) (45%, dr >19:1)
152 1.53

TMSOTf
_>
(73%, dr >19:1)

1.54

(-)-curcumanolide A (1.56)
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The Romo group developed a practicalalgat asymmetric nucleophile
catalyzed aldol lactonization (NCAL) process ofdatids that highlights a novel utility
of homobenzotetramisole derivative (HBTML.57) as a chiral nucleophile in
conjunction with LiCl as mild Lewis acid co-catalyproviding bi- and tricyclicp-
lactones in excellent enantioselectivities and gtmdexcellent yields (Scheme 1.8).
Tricyclic B-lactonel.53 produced from this reaction was subjected to bedfeBaeyer-
Villiger conditions; the oxidative ring expansionopeeded smoothly to afford the bis-
lactonel.54 after a prolonged reaction time. The stereospedifbtropic rearrangement
of this intermediate was triggered in the preseatesubstoichiometic TMSOTf to
deliver the spiro~lactone 1.55, which constitutes the core of curcumanolide A.
Subsequent elaborations on this core structure dvaitimately lead to the natural

product.
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CHAPTERII

TOTAL SYNTHESESOF SCHULZEINESB & C*

2.1 Introduction

Schulzeines A-C are members of a newsad@isnarine alkaloids isolated from the
marine spong®enares schulzei in 2003 by the Fusetani group (Figure Z4Bioassays
indicated potenti-glucosidase inhibitory activity of these compoundth ICso values
of 48-170 nM. Thus schulzeines are potential deagl$ for treatment of diseases such
as diabetes, viral diseases, and cancer, sifglacosidases are involved in a series of
important biological processes, such as processioigin glycosylation and controlling

oligosaccharide metabolist.

HO

N
H

OSO;Na

schulzeine A *(S), R= Me (2.1)
schulzeine B *(R), R=H (2.2)
schulzeine C *(S), R=H (2.3)

Figure 2.1 Structures of Marine Alkaloid Schulzeines A-C

*Reprinted with permission from [Enantioselectivenghesis of Schulzeines B and C via
a B-Lactone-derived Surrogate for Bis-homoserine Aldih Liu, G.; Romo, DOrg.
Lett, 2009, 11, 1143-1147.] Copyright [2009] American Chemicat®ty.
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Because of their intriguing bioactivitychulzeines have attracted considerable
attention from the synthetic community. In 2006e tKuntigyong group reported a
synthesis of the tricyclic core structure of scleuies capitalizing on an N-acyliminium
ion cyclization** In 2007, the Gurjar group reported their totaltbgses of schulzeines
B and C using a strategic Bischler-Napieralski ization® More recently, the Wardrop
group disclosed their syntheses of all the thrembezs of schulzeines (A-C) employing
a pivotal Pictet-Spengler condensation for the tanton of the core structur8Their
synthetic efforts toward schulzeine A led to thevisen of the stereochemical
assignment with the inversion of the methyl steoafiguration at C20’. All these
synthetic approaches relied on the glutamate deresas the starting material to forge
the core structures’

Prompted by our continued interest in épplication off-lactone chemistry in
natural product synthesis, we proposed a distipgraach that is initiated fron-
lactone-containing building blocks (Figure 2.2).

Our retrosynthetic analysis of the cdracture of schulzeines B and C hinges on
the fusion of the six-membered lactam through theda bond formation of the pendant
a-azido acid as i2.5. The a-azido acid moiety was envisioned to arise from the
trichloromethyl carbinol2.6 through a Corey-Link reaction. This strategy takes
advantage of trichloromethyl carbinols as synthetjaivalents of maskegamino acids
so as to avoid potential epimerization at theposition in the course of multiple
manipulations. Simultaneous disconnection of thalCC-N and C-C bond as 6

suggests a Pictet-Spengler condensation dbald greatly simplify the tetrahydro-
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W0SO;Na

HO
6
N R
™ © o Naos0'
OH

4

BnO
@?Nf
OBn NH,

24

—

BnO
NH
CO,H
OBn Ny
25
2.1 2.10 oP
Corey-Link @
BnO

. Noyori
ﬂ Pictet-Spengler hydrogenation
0  MeO BnO ﬂ
OI j UCIs NH MeO
2 e '
] “'OH YO 6

ClsC OBn O O l Br

215 2.8 2.7 2.13 2.14 1°

Figure 2.2 Retrosynthetic Analysis of Schulzeines B & C
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isoquinoline to the primary amin€.7 and an aldehyde equivaler2.8. The
trichloromethyl carbinol unit ir2.8 was further projected to be readily derived frdma t
commercially availabl@-lactone2.15.

Central to the assembly of the side clsithe stereoselective installation of the
three stereogenic hydroxyl groups. The difficulty this task could be easily
underestimated by the fact that there exists a apdetrum of reactions that are readily
available for the stereoselective formation of selewy alcohols from various types of
precursors. Decades of advancement in the fieldrgénic chemistry has reached a
point where the efficiency of a synthetic route,oag of the top priorities for synthetic
design, has never been so high as it is today.oNgelr is the feasibility of a synthetic
design the only concern, as the efficiency andagleg are now added as a significant
consideration.

In line with the criteria for an efficiesynthetic design, we opted to implement
Sharpless asymmetric dihydroxylation (SAD) reactban E olefin as i2.12 to install
the vicinal diol and Noyori hydrogenation of tReketoester to introduce the isolated
hydroxyl group. Both reactions proceed in a catalfigshion and are known for the high
levels of stereocontrol with the substrates ofrege More importantly, thp-keto ester
portion that is required for Noyori hydrogenatiooutd act as a dual functional carbon
homologation synthon; the E-olefin moiety for thbafless AD reaction could be
joined by a straightforward dienolate coupling &t ty position, while the ester
functionality, after controlled reduction to aldeley could serve to extend to the other

end of the C28 side chain through a Wittig coupliflgis synthetic design was expected
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to build up the side chain in a very concise amghlyi stereoselective manner from

readily available materials.

2.2 Synthesis of the Core Structure

Synthesis of the tetrahydroisoquinolineecbegan with commercially availalfle
lactone2.15 (Scheme 2.1). Nucleophilic attack of ethanol ® $trained ring system led
to smooth ring cleavage. The resultant trichlordwletarbinol2.16 was protected with
TES to afford the maskeithydroxyl este.17. Controlled partial reduction of this ester
proceeded uneventfully to afford the corresponditdehyde?2.18.*® Subsequent one
carbon homologation via the Wittig reaction gaveerio the vinyl etheR.8 as an
inconsequential 3:2 mixture &/Z olefin isomers, which was envisioned to act as an
aldehyde surrogate to couple with a primary amiméeu acid-promoted Pictet-Spengler

condensation conditions.

Scheme 2.1
o)
2 j p-TsOH :{)?\ TESCI, NEt, TESQ  Q
R - > —_— ~
cct EtOH, reflux ~ ClaC OEt  DMAP, CH,Cl,  ClC OEt
2.15 2.16 2.17
S
_— H —_— > z
CH,Cl,, -78 °C cl,C LIHMDS, THF ClsC
(90%, 3 steps) (86%, Z/E=3:2)
2.18 2.8



In our initial

commercially available dimethyl catechol amia&9 to probe suitable Pictet-Spengler

conditions.

Indeed, the vinyl ether was carefully @sked under acidic conditions to give the

studies of the Pictet-Sglar process, we employed the
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aldehyde2.20, which was condensed in aprotic solvent with then@ry amine to give

an imine intermediate, as confirmed by NMR studgh@ne 2.2).
attempts to effect the Pictet-Spengler reaction wt failure when acylating reagents

(acid chloride or trifluroacetic acid anhydride) iwaused to activate the putative imine

intermediate2.21; isomerization of imine to enamine was observedhas dominant

reaction pathway in these studies.

MeO
OMe

219

TESOW

L 2.21

O3 OTES
+

CCly

Scheme 2.2

AcCl or (CF5C0),0

Pyridine MeO
N\
< > Y NH
CCls CH,Cl, or CHCl, CCly
OMe “
220 OTES
2.24
MeO MeO
®
N_ _R
? Ny e
> OMe o | OMe o]
TESO™ ~CCl, TESO™ ~CCl,
L 2.22 - 2.23

Unfortunately, all
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Attention was then directed to using Bited acids as the activating species,
which does not require unmasking of the aldehydmfthe vinyl ether (Scheme 2.3). A
wide range of Bronsted acids were screened undevectional conditions at room
temperature, but to no avail. Eventually, a conditusing acetic acid as the solvent at
elevated temperatures was identified to promote dpelization event with great
efficiency: simply by heating the equimolar mixtuoé vinyl ether and the primary
amine in acetic acid to 100 degrees for 24 hourg;ladiastereomeric mixture of
tretrahydroisoquinolin@.28 was obtained with excellent yields. Surprisinghgge two
diastereomers could be readily separated by sifitggd column chromatography. The
efficiency of this protocol was further highlightday the fact that not only the
construction of the C-N and C-O bond at C11b wasized simultaneously but also the
protected trichloromethyl carbinol was unveiled comitantly, immediately setting the

stage for the pivotal Corey-Link reaction.
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Scheme 2.3
MeO
MeO\Q/\\ Meou ES acetic a::id H NHCC|3
OMe o CcCh 90;4?10 © OMe “IOH
srs - (87%, dr = 1:1) 2.28

easily separable

MeO. MeO MeO
N NH - N®
A - Z "H
I
OMe OMe OMe (L
TESO™ ~CCl, TESO™ CCl, TESO™ >CCly
L 2.21 2.25 2.26 -

The Corey-Link reaction is the conversajririchloromethyl carbinols ta-azido
acids in the presence of a strong base and an agideies (Scheme 2.4y, %
Mechanistically, the base would deprotonate theorsgary alcohol to promote the
dichloroepoxide Z.29) formation, which in turn could be opened by engui
nucleophilic attack of the azide with simultanedys2 shift of the oxygen atom to
extrude a chloride ioftt The resultant acid chloride would then be hydretyzinder
basic conditions to give a carboxylate. In thisxsfarmation, the stereoconfiguration of
the trichloromethyl carbinol is inverted due to #tereospecific attack of the azide at the

oxirane ring (K2 type).
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Scheme 2.4
(=]
OH o) o)
) /'\CC| NaOH, NaNg . D cl %’CI
* (5]
3 DME/H,0 <5 Cl Na Cl
2.27 2.28 2.29
N3 N3
— R >cocl | —» R”>COH
2.30 2.31

Our initial strategy involved a one-pangersion of the trichloromethyl carbinol

2.28 to the oé-lactam 2.31 (Scheme 2.5). We envisioned that treatment of the
trichloromethylcarbinoP.28 with sodium hydroxide and sodium azide (standarce@o
Link conditions) would lead to an acid chloride emhediate 2.30 through
dichlorooxirane formation and azide attack. Thedaen acid chloride so formed could
be potentially intercepted by the piperidine nindo provide-lactam2.31 prior to the
saponification by sodium hydroxide present, consngethat the intramolecular process
is a kinetically favored process over the intermolar one. However, despite extensive
experimentation, this strategy was unsuccessfud. réeaction proceeded very sluggishly
and prolonged reaction time led to very complex tories that prevented effective

analysis.
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Scheme 2.5
MeO. MeO.
H NaOH, NaN3 H
NHCCI ---------------- » N._O
3 DME/H,0
M " 2
OMe "OH OMe N,
2.28 2.31
' '
MeO MeO.
e
H
NH
M NH
OMe
OMe 3 Lo > \
cl
cl N
e 3
229 Ng 2.30 o)
MeO NaN3 (2 equiv.)
M
NaOH (4 equiv.) e0
> >
DME/H,0 = 1:4
C=0.1[M]
r.t., 24h

2.31a

Under one set of conditions employing DBE base, pyrrolidine2.35 were
isolated as a~6:1 mixture of separable diastereomers with 68% hined vyield
(Scheme 2.6). These products presumably arose dttank of the piperidine nitrogen
onto the intermediate dichloroepoxi@83 as shown (Scheme 2). In the presence of
MeOH, the methyl este2.35 is generated from the putative acid chloride inttrate

2.34.
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Scheme 2.6
MeO. MeO
NaN,, DBU Hy B
» % CO,Me
18-C-6, MeOH OMe
60°C, 10 h
2.28a (68 %, dr = 6:1) 2.35

MeO
MeO

OMe cl

- 2.32 - L 2.33 _ — 2.34 -

To avoid the premature cyclization, tlee@dary amin®.28a was protected as
the correspondindrbutyl carbamate (Boc) and then subjected to stah@arey-Link
conditions which now proceeded smoothly to givedfaezido acid2.37a (Scheme 2.7).
Direct Boc deprotection and cyclization to #actam with diphenylphosphoryl azide
(DPPA) in DMF gave the azido tricycl@.39a. Following azide reduction and
demethylation of the protected catechol, the knawnno tricycle2.41a was obtained,
and all spectroscopic data matched those previaeglgrted for the same compound

derived from schulzeines degradation.
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Scheme 2.7

MeO. MeO

NaOH (4 equiv)
NaN3 (2 equiv)
DME/H,0 = 1:1
C=0.1[M]
r.t., 24h
2.36a (82 %)

(Boc),0

(95 %)

MeO MeO

DPPA

NEt,

DMF
(83%, 2 steps)

2.37a 2.38a

MeO
Pd/C, Hy
MeOH
(95 %)

BBr3

CH,Cl,
(85 %)

In a second-generation strategy to theahgdroisoquinoline core, aiming to
simplify final deprotection of the catechol, we doyed a dibenzyl-protected catechol
derivative 2.6 in the Pictet-Spengler reaction to enable a ladgestdeprotection by
hydrogenation (Scheme 2.8). The required phenetimyine 2.7 was prepared by
reduction of a known cyanide precursor using ahslignodification of a literature
procedure. Pictet-Spengler condensation of virty2.8 and phenethyl amin27 gave
the tetrahydroisoquinolinea6 (d.r. = 1:1) which were readily separable and could be

processed separately to schulzeines B and C.
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Scheme 2.8
1) MeOH, H,SO,, reflux cl CN
HO CO,H BnO NaCN  Bno
2H  2) BnCl, K,CO3, DMF, 80 °C DMF
> 0,
3) LAH, THF 100 °C
OH 4) SOC|2, CH2C|2 OBn (95%) OBn
(76% 4 steps)
2.42 243 2.44
BnO . . BnO
MeO acetic acid
_SealAH - . | OTES .
1eq. HySO, NH; 100 °C
CCl3 24h CCl3
THF OBn OBn
(90%) (76 %, d.r. 1:1) COH
27 28 2.6

Following the same process developedh&n dimethyl series, amine protection
with a Boc groupwas followed by subjection of the resulting triatdmethyl carbinol
2.45a to the previously employed Corey-Link conditionti&me 2.9). However, with
this dibenzyl substrate, no reaction was observetkiuthese reaction conditions. We
reasoned that this was likely due to a solubibguie of this hydrophobic substrate in the

DME/H,0 reaction medium.
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Scheme 2.9

BnO BnO 4 equ@v. NaOH BnO
(Boc),0 2 equiv. NaN3
= _NH e = _NBoc —
San L 5k cmon $CL DME/H,0 1:1
‘OH  (95%) “"OH C=0.1M
24 h
2.6a 2.45a

Thus, the concentration of reagents (N&A@iINL) was maintained (0.4 M/0.2 M),
while substrate concentration was significantlyéo@d (0.008 M) (Scheme 2.10). Under
these conditions, the Corey-Link reaction proceegféidiently to give the desired azido
acid 2.47a which was directly transformed to the tricyclic ustiure 2.48a by Boc
deprotection and lactamization. Hydrogenolysis & benzyl ethers with concomitant
reduction of the azide enabled correlation to thevipusly prepared amino catechol
2.41a and confirmed both relative and absolute stereo@tgmdentical to the previous
sequence. Selective azide reductior2.dBa with triphenyl phosphine gave the primary
amine 2.49a ready for coupling to the side chain. Likewise, tbmstereomeric
tetrahydroisoquinolin@.45b was transformed to the corresponding schulzeirmoi@

structure2.49b by following the same synthetic sequence.
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Scheme 2.10

BnO 50 equiv. NaOH BnO

25 equiv. NaN3

H -‘ 1) TFA, CH,Cl,, 0°C

H
= _NBoc

= _NBoc

:

CCly DME/H,0 1:1 CO,H
OBn ” C=0.002M OBn 2) DPPA, NEt;, DMF
0 24 h N3 (47%, 3 steps)
2.45a 2.47a
BnO BnO
PPh;
—>

THF, H,0, 70 °C
(95 %)

2.49a
BnO BnO
H NB E— H N O
ccl —
3
OBn "o OBn NH,
2.45b 2.49b
2.3 Synthesis of the Side Chain

The synthesis of the side chain begarh valkylation of the dienolate of
methylacetoacetate with allyl bromid@.51 prepared by bromination of the
commercially available allylic alcoh@50 (Scheme 2.11). The deriv@eketoeste2.52
was subjected to Noyori hydrogenation conditiongitee optically active-hydroxyl
ester in good yield and excellent enantioselegtigtr. > 95:5). To avoid reduction of
the olefin, the hydrogenation was terminated ptimrcompletion, and the starting

material was readily separated and recycled. Th& C18 diol was then introduced via
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reagent-controlled Sharpless dihydroxylation inetbent yield and diastereoselectivity

(d.r. >19:1).

Scheme 2.11
MeO\n/\n/
6 | NBS, PPhs 6 | O O
—
CHyCl, NaH, nBuLi
OH (96%) Br THF
2.50 2.51 (76%)
- 0,
(R)-BINAPRuUBr; (0.5 mol %) 5 | AD-mix-c.

H; (6 atm) - methanesulfonamide
MeOH, 80 °C, 10 min. MeO tBuOH/H,0 1:1
(70-90%, 99% brsm) O OH (76%, 95% brsm)

(e.r.>95:5) (d.r.>19:1)

MeO

2.52

‘\\O H

HOW

MeO

2.54

To confirm the relative stereochemistiye triol 2.54 was peracylated witlp-

bromobenzoyl chloride to give a crystalline tribeate 2.55 enabling confirmation of

the relative and absolute stereochemistry by Xawgtallographic analysis as shown

based on heavy atom (Br) anomalous dispersion (Bel212).



Scheme 2.12

WOC(O)Ar
6

4-bromobenzoyl chloride

> Ar(0)co™
DMAP, CH,Cl,, NEt; MeO
(61 %)
(0] OC(O)Ar
254 Ar = 4-bromophenyl
2.55

X-ray Single Crystal Structure @f55
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Protection of the triol est@r54 as the corresponding tris-triethylsilyl eth2b6
and patrtial reduction gave an intermediate aldet?/8e that was directly subjected to
olefination with the Wittig reagent derived fromg#phonium sal2.58 (Scheme 2.13).
Simultaneous alkene hydrogenation and benzyl hydrolysis in the presence of 2,6-

lutidine, to avoid TES deprotection, gave the caytio acid side chair2.60.

Scheme 2.13

~OH WOTES WOTES
6 6
- TESCI, DMAP DIBAL-H .
HO' —_— > TESOY
Meo NEtg, CH2C|2 CH2C|2’ -78 OC
(98%) (97%) I
O OH O OTES O OTES
254 2.56 2.57
O
2.58 H,, Pd/C
L
THF, LIHMDS 2,6 lutidine
(95%) BnO gé);
(Z/E > 19:1) OTES (95%)
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2.4 Total Syntheses of SchulzeinesB & C

Scheme 2.14

BnO
+ HOBt, EDCI
NEt;, CH,Cl,
(65 %)
2.49a
BnO
HOAc
:
THF/H,0
(99 %)
BnO ~OH
6
HO“‘ 1) SOzPy, DMF
2) Pd/C, H,
9 MeOH
OH (82 %)
2.62a

schulzeine B (2.2)
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Under typical carbodiimide coupling caiwhs, the carboxylic acid side chain
2.60 and the amino tetrahydroisoquinoline c@rd9a were joined to give amid2.6la
(Scheme 2.14). Cleavage of the TES ethers unddranitiic conditions gave tri@d.62a
which was subjected to sulfation with the S8yridine complex to provide the trisulfate
which was of sufficient purity following rapid pdigation through silica gel, to carry on
to the final step. Hydrogenolysis of the benzylup® and filtration to remove the Pd
catalyst led to schulzeine B.R) of high purity that was identical in all respetbsthe
natural product including optical rotation (lit]JP -23 € 0.1, MeOH); syn.{]° -23.5 ¢
0.68, MeOH).

Following the same sequence, schulzein@.8} was also synthesized from the
diastereomeric core structu2ed9b, and data for the synthetic material matched those
previously reported for the diastereomeric natpradduct including optical rotation (lit.

[a]° +33 € 0.1, MeOH); syn.¢]° +38.0 € 0.42, MeOH) (Scheme 2.15).

Scheme 2.15
BnO HO. 6 ~OSO3Na
H
H N R
N O —> e NaO,SO"
OH
OBn N
NH> H
OSO;Na
2.49b
schulzeine C (2.3)
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CHAPTER 111

TOTAL SYNTHESIS OF (+)-OMPHADIOL*

3.1 Introduction

Omphadiol3.1) is a sesquiterpene isolated from the basidiomyoeighal otus
illudens and the edible fungusavicorona pyxidata.? ** As a member of the africanane
family of sesquiterpenes, which all possess a 5-7-3 tricyclic core, omphadiol contains six
contiguous stereogenic centers making it a challenging synthetic target (Figure 3.1).

Comparison to structurally similar terpenoids, including africaB@) (and
pyxidatol @3.3), reveals a large family of sesquiterpenes and diterpenes that share a
common tetrasubstituted cyclopentane ring. Notably, many of these natural products
display potent biological activities. For example, rossinone3B) (showed anti-
inflammatory, antiviral, and antiproliferative activitié$ while tomoeone F 36)
displayed significant cytotoxicity against KB celfS. Chinesin 8.8) possessed
antimicrobial and antiviral activit§? While for members of this family synthetic studies
including a recent biomimetic synthesis of rossinone B have appeared, no further
biological studies have been described. Full biological evaluation of omphadiol was

precluded owing to insufficient quantities isolated from natural sources.

*Reprinted with permission from [Total Synthesis of (+)-Omphadiol. Liu, G.; Romo, D.
Angew. Chem. Int. Ed. 2011, 50, 7537-7540.] Copyright [2011] Wiley-VCH.
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aromadendrane
-7,11-diol (3.4)

.,
Yy —

Me

rossinones B (3.5) HO

tomoeones F (3.6)

chinesin | (3.8) caulolactone A (3.9) zedoarondiol (3.10)

Figure 3.1 Omphadiol and Structurally Related Natural Products

As part of a program demonstrating thdityitof p-lactones as synthetic
intermediates, we set out to develop a scaleabit o the common cyclopentane core
found in these terpenoids, which we believed cdiddlerived fromR)-carvone 8.11)
through a p-lactone intermediate 3(12), as a prelude to biological studies and

investigations into their likely biosynthetic int®nnectivity (Figure 3.2).
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EEE—
Me, O
o) 2, o Me,, OH R1
{——— ——— <:(H
H P ,
X i dOR
(R)-carvone (3.11) 3.12 3.13
—

Figure 3.2 Common Cyclopentane Core from a Kei{actone Intermediate

Our efforts toward this goal has culm@thin a three-step synthesis of a versatile,
carvone-derived bicycli@-lactone, which constitutes the key intermediatethe ten-
step synthesis of (+)-omphadiol described in théstion?’ This total synthesis also
features several efficient C-C bond-forming reawdionovel single-pot, sequential and
tandem processes, and the highly stereocontrofidduction of all six stereogenic

centers.

omphadiol (3.1) 3.14 3.15

0] Me," O, OH LG Me
- 0] Me,, 7 A~ (-‘
: = CINN
—

= B O
A 2 5 M
/S H RO R_
(R)-carvone (3.11) 312 Me 4\§
) 3.16

Figure 3.3 Retrosynthetic Analysis of Omphadiol
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Our synthetic strategy was premised on late-stage facial selective
cyclopropanation of the C2-C4 double bond goverbhgdhe topology of the [5.3.0]
bicycle 3.14 (Figure 3.3). The cycloheptenone would in turndo@structed by ring-
closing metathesis (RCM) of dier@15, which could be derived from a suitable
intermediate3.16 by a series of carbon homologation events inclydister alkylations
and carbonyl addition with vinyl metallic regenihie key intermediate for the synthesis
of omphadiol and related terpenes was identifiedhasbicyclic p-lactone3.12. We
anticipated that this versatile intermediate cdu#dconstructed by the reorganization of
the carbon skeleton ofRJ-carvone 3.11 through a nucleophile promoted aldol

lactonization process of a derived keto-acid.

3.2 Synthesis of the Core Structure

Synthesis of (+)-omphadiol commenced with [Mn(dpm}]-catalyzed
(dpm=dipivaloylmethanato) formal hydration of theoee moiety of )-carvone to
afford hydroxyl ketone3.18 in a chemo- and regioselective manner and as an
inconsequential mixture of diasteromers (d.r. =; 2Scheme 3.1)*® Subsequent
oxidative cleavage of the-hydroxyketone by periodic acid, delivered ketoda8il9
(Scheme 3.1, route III).

Other attempted routes to access this Kedp-acid intermediate include Cul
catalyzed 1,4-hydrosilylation of the enone moietyd asubsequent ozone mediated
oxidative C-C bond cleavage (Scheme 3.1, routéi$; route proved to be impractical

as ozonolysis could not afford satisfactory chemndifferentiation between the two
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olefins in 3.17 resulting in complex mixtures of oxidation producwith poor
reproducibility.

Another route to avoid this non-discriating oxidation was attempted through a
stepwise oxidation sequence, that is the Rubotteitiaton of vinyl silyl ether3.17 to
afford thea-hydroxyl ketone3.18 followed by oxidative cleavage with periodic aas
before (Scheme 3.1, route Il); this route was etaztin decagram scale and proved to
be reproducible, however, from the perspectiveteph sount, it takes one more step than

route | to access keto-acadlo.

Scheme 3.1
0 OTMS HO 0
Meli Cul i) O, MeOH, - 78 °C - O
v HMPA, DIBAL Y Sudan Red 7B -
/—\ TMSCIO, NEt; A i) dimethyl sulfide /-\
(92 %) (50-60%)
(R)-carvone (3.11) 3.17 0 3.19
m-CPBA A
@ [ cH,Cl,
(89 %)

Mn(dpm); (3 mol %)

PhSiH3, iPrOH HO, o HslOg
02, 1 atm > Et20
(63 %) (95 %)

any

2 Yo
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With keto-acid.19 in hand, attention was then directed to the faisbtal C-C
bond forming event, i.e. nucleophile-promoted aldatonization (Scheme 3.2)Upon
activation of the carboxylic acid with tosyl chide and addition of 4-PPY (4-
pyrrolidinopyridine) as a nucleophilic promoter,td&ecid 3.19 underwent an aldol
lactonization to give the desired bicyclelactone3.12 with high diastereoselectivity
(55%, d.r. > 19:1) after 24 hours. Optimization ds&s revealed that powdered
anhydrous KCQO;, in combination with iIBINEt as a shuttle base, led to a high yield of
83% in 2 hours on a scale greater than 10 grarisThe high diastereoselectivity is
rationalized by the chair-like transition st&t80, wherein the isopropenyl moiety adopts
a pseudoequatorial position to avoid 1,3-allyli@ist with the ammonium enolate (E/Z
geometry undefined) substituent and 1,3-diaxiarexttion between the pseudoaxial C-

H bond.

Scheme 3.2

HO. O TsCl (1.5 eqL-Jiv) Me," (0 o
(0) PPY (1 equiv)
B Hunig's base (4 equiv) z
/\ K2C03 (3 equiv) /
(CHCly, 2 h) 342

3.19 3.20
83%

single diastereomer
14 gram scale
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3.3 Carbon Homologation Through Alkylations

The next stage of the planned synthegmiled a four-carbon homologation at C7
including the introduction of the C6-gemdimethyl iety (Scheme 3.3). Hence}-
lactone3.12 was elaborated to primary bromi@&£2 by sequential DIBAL reduction,
selective bromination of the primary alcohol, andS protection of the tertiary alcohol,
setting the stage for the subsequent intermole@lkatation. However, all attempts to

effect this C-C bond formation event returned uatee starting material.

Scheme 3.3
Me, ,0 Me, OH M% OTMS
0 DIBAL 1) PPhg, CBry, THF
—_— OH ' Br
L CH,Cl, L 2) TMSCI, DMAP >
F (99 %) /F NEts;, CH.Cl, /
(63% 2 steps)
3.12 3.21 3.22
Me OTMS
E'SA 0 LDA, THF Me"’ o o
, 7 &
/ Br * IVle\|)l\OMe — OMe
7: Me 78 °C to rt : Me Me
3.22 3.23 Me/§3 24

In sharp contrast, a control experimesing a simple primary bromida.25
afforded the desired alkylation prod&®6 with essentially quantitative yield (Scheme

3.4). This observation prompted us to take a cldsek at the three-dimensional
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structure 0f3.22. Among the three staggered conformational isoroéf%36 along the
C7-C8 bondthe two relatively stable one8.27 and3.28) were unreactive toward the
enolate nucleophiles due to the shielding of thgettories of the incoming nucleophiles
by either the TMS ether moiety or the isopropemglug. The third conforme3.29 with

a readily accessible C-Br anti bond was conformationally susceptible to bogdvith
the incoming nucleophile, however, the steric cetiga between the bromine atom and
the TMS ether moiety would dramatically increase gnound state energy, rendering

this reaction pathway unlikely.

Scheme 3.4
(0] Me
B Me LDA, THF Me
+ OMe ————» ppy 0
Me -78°Ctort Meo
(99 %)
3.25 3.23 3.26
Me Me Me
Me™ JI-Me Me’SI’Me MefSI'Me “2“

H (J \\ o
J H
Me Me \\_,
\ H
3.27 3.2 3.29

favored conformation unfavored conformation



46

Hampered by this setback, recourse wadenta intramolecular alkylations.

Hence, a highly efficient process involving a ormé-fosylation-bromination sequence

and a subsequent acylation was developed to prdyoi@o-estei3.31 (Scheme 3.5).

When this substrate was subjected to the actidbé¥, surprisingly, esteB.34 emerged

as the product. Similar results were obtained WwithtMDS and NaHMDS. A rationale

for this result could be the intramolecufaralkylation of the enolate that gave rise to a

putative ketene acetal intermedi&t83, which could be hydrolyzed during acidic work-

up to yield3.34.
Scheme 3.5
i) TsCl, LiBr o=(_
Me, OH Py, r.t. 8 h,
Z Me (@)
then 60 °C, 3 h 2
OH —
3 ii) (EtC0),0, DMAP Br
/’= Py, r.t. 48 h Y
(79 %) !
3.30 3.31
©
Li o)

3.33 _

i) LDA, THF
-78°C,1h
then -30 °C, 18 h

ii) HOAC
(57 %)
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Utlimately, a highly efficient processrfoonstruction of the C6-C7 bond was

identified when KHMDS was used as the b§Seheme 3.6). Treatment of this ester

with KHMDS (3 equiv) in THF at -78C, followed by quenching with excess Mel,

furnished the bicycli®d-lactone 3.35 bearing the requisite C6 gem-dimethyl moiety.

Thus, two required C-C bonds were formed in oneraim. Notably, except the

dramatic counter-ion effect orC-alkylation and O-alkylation pathways in this

intramolecular alkylation, solvent also played amportant role in this transformation.

THF facilitated the desire@-alkylation, while toluene tended to favor t@ealkylation

pathway.

Scheme 3.6

O i) KHMDS

Me,
i -78°C, 1h
—_—
Br i) Mel

iii) HOAC

PhMe/THF 1:1
THF

3.34

22 %
<5%
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3.4 Synthesis of 5-epi-Omphadiol

With lactone8.35 in hand, a two-step sequence involving the radado the
lactol and vinyl Grignard addition was envisioneam ihtroduce the remaining two
carbons required for the ring-closing metathesi€NR to form cycloheptene3.38
(Scheme 3.7). While the degree of diastereoselggtivz any, for the Grignard addition
step was uncertain at this point, lact@@5 was reduced to lact8l36 by DIBAL and
to our surprise, the subsequent addition of vingigmesium bromide gave dieBe7
with high diastereoselectivity (d.r. > 19:1) even0a°C. RCM of diene3.37 using
Grubbs second generation catalyst yielded theetesians-fused [5.3.0] bicyclic core in
nearly quantitative yield® A Simmons—Smith cyclopropanation of allylic alco!3:38

delivered cyclopropan&39 as the exclusive product (d.r > 19:1).

Scheme 3.7

/\MgBr
—_——-
THF

0°Ctort.

(80 %, 2 steps)
(dr >19:1)

DIBAL-H
CH,Cl,

3.35 3.36

diethyl zinc
CHol,
CH,Cl,
-30°C tort
(75 %, dr >19 :1)

Grubbs 2nd Gen (3 mol%)

toluene, 90 °C
(99 %)

5-epi-omphadiol (3.39)
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However, comparison of NMR data repoftgdhe natural product suggested that
a diastereomer had been produced. X-ray crystalpdgec analysis of the bis(p-
bromophenylester) derivativ8.40 unambiguously determined that di@l39 was

actually a C5-epimer of omphadiol (Scheme 3.8).

Scheme 3.8
Br
Br.
o)
cl” o J Me
> N
KHMDS
THF

(77 %)

Br

X-ray Structure 08.40
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The high diastereoselectivity obtainedrythe vinyl Grignard addition revealed
an interesting example of 1,5-sterecinduction (8&&.9)** **One rationale for this
highly selective example of 1,5-stereoinductionokes chelation control between iam
situ generated C9-magnesium alkoxide and the C5-aldghids leading to an eight-

membered metallocycl8.41 that imparts substantial facial bias during nugtelic

addition.
Scheme 3.9
OH 1,5 chelation control
Me"o g e M OHC\' IOH
/ Me 7 MgBr <,
—_— ——— Me
> THF l"H Me
Vo 0°Ctort. z
Me /\
3.36 3.41 3.37

3.5 Synthesis of (+)-Omphadiol

We recognized that one solution to thes@seochemical issue would involve a
facial selective reduction of enorg14, which can be derived from the RCM of a
dienone3.42 (Scheme 3.10). The seemingly straightforward cmsiga of the sterically
hindered lacton&.35 into enone3.14 by the monoaddition of a vinylmetal species (e.g.
vinyl lithium, vinyl magnesium bromide, and divinginc), proved challenging. In

contrast to the facile partial reduction to lac®86 by DIBAL (Scheme 3.7) and
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numerous reported successful monoadditions of mietdl reagents té-lactones, the
monoaddition of vinyl metallic species with thergtally congested-lactone3.35 was
unsuccessful> *® The major by-product was derived from the subsetjwenjugate
addition to the initially formedo,p-enone3.42.%" *® On the other hand, a control

experiment showed that addition of butyllithiumaaffed predominantly monoaddition

product @.45).
Scheme 3.10
7 Me
HO Me
Me O Me - ,OH H )
> Me " N ™~
( i ---------- > C \ 2
/ z Me Ve O
2 ~ Me
M = Me/\
e
3.35

/ THF
e _ 0
= 78t0 0°C

BuLi (10 equiv.)

THF, -78 °C
20 mins
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Thus, this problem was circumvented bylitamh of allyllithium, derived from

allyltriphenyltin by transmetallation, to the staily congested-lactone3.35 to give

the B,y-enone3.45 (Scheme 3.113’ Use of the latter intermediate was premised on a

designed tandem isomerization/RCM process guideth&known reluctance of RCM

to provide eight-membered rings**and the ability of the ruthenium—hydride species

generated from the Grubbs catalyst to promote rolisbmerizatior?” **As predicted,

upon heating dien8&.48 with the second generation Grubbs catalyst inetod the

desired cycloheptenone was formed in 95% vyieldcauthig that olefin isomerization

was faster than RCM; a situation which would hagetb a cyclooctenone.

Scheme 3.11

/
P S~ph 3.47
Ph
i) PhLi, nBu,O, Et,0
0°Ctor.t.
ii) -78 °C, 3.35, Et,0
40 mins
(74 %)

Me, OH ~Xy4

N

Me
3.49 3.14

M
Me//, WMe
O *Q
/ Mg Me
. H 2 4
/2

Grubbs Il
(3 mol%)
toluene
90 °C, 3h
(95 %)
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At this juncture, the remaining steps dmphadiol involved the regio- and
stereoselective reduction of the enone and a faeilaictive cyclopropanation (Scheme
3.12). After studying several reaction conditioaspne3.14 was reduced smoothly to
give the desired allylic alcoh@.50 by treating with a DIBAL-tBuLi complex at -7&
in toluene (d.r. = 14:1%! Finally, the cyclopropanation of allylic alcoh8I50 under
Simmons—-Smith conditions gave (+)-omphadiol withhhfacial selectivity (d.r. > 19:1).
Despite the well-known directing effect of allylalcohols in seven-membered rings
under Simmons—Smith conditions, this was not okeskwith3.50.*> “° This avoided the
need for protection of the C5-hydroxyl group. Threque conformational constraint of
allylic alcohol 3.50, imposed by the bicyclic structure, places theosdary hydroxyl
group in a pseudoequatorial position (in plane whi p bond). This rigid conformation
is likely responsible for the unexpected, non-hygtodirected but desired facial
selectivity. Both DFT calculations and NMR studigssns = 0 Hz) of alcohol3.50
support the conformation shown in Scheme 3.12. If&yiat (+)-omphadiol correlated

well spectroscopically with the natural productiuging optical rotation.



54

Scheme 3.12

OH

oH H Me
H Me Me
s 'BuLi-DIBAL Me
pre— >
_ 2 - Me toluene Me N Ve
Me" H O .78 °C X OH
0, = .

3.14 314 (86 %, dr = 14:1) 350

J (HgHs) =0

diethyl zinc
CH,l,
%
CH,Cl,
-30to 0°C

3.50 (83 %, dr > 19:1)

(+)-omphadiol (1)
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CHAPTER IV
STUDIESTOWARD THE TOTAL SYNTHESES OF

SCABROLIDESA & B AND SINULOCHMODIN C

4.1 Introduction

Since 1999, a class of structurally related terpndas been isolated from a
variety of natural sources (Figure 4.1). Inelegai®[4.6) was initially isolated by Duh
and coworkers from a related soft cofahularia inelegans in 1999, the structure of
which was determined by spectral and single cryétaly analysis?’ Scabrolides A and
B (4.1 and4.2) were isolated by Sheu and coworkers from the cofal in 2002; the
structural assignment was made based on extersdetrgscopic studies and the relative
stereochemistry was established by NOESY expersf€nsinulochmodin C4.3) was
isolated in 2005 from soft cor@nularia lochmodes; the structure was elucidated by
NMR studies and a modified Mosher metH8dDther significant members include
verillin (4.4) *° and rameswaralide.5).>*

Some members of this family possess interestindogiical activities. For
example, ineleganolidel.6) displayed cytotoxicity against a P388 cell linghwan EDRy

of 3.82 pg/mL. Rameswaralide 4(6) showed potent anti-inflammatory activity

(inhibitory activity exhibited against TN&; IL-15, IL-5 and Cox; ICso 0.5-5ug/mL).
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verrillin (4.4) rameswaralide (4.5) ineleganolide (4.6)

Figure 4.1 Scabrolides and Related Natural Products

From the perspective of chemical structure, thedaral products are related by
their highly substituted cyclopentane ring fusethvay-lactone. This common structural
motif shared by these natural products inspiredousndertake the total syntheses of
scabrolides A & B and sinulochmodin C. We beliekattentry into these relatively
simple structures could serve as a prelude toythihstic as well as biological studies of

other more complex, biologically significant natiypeoducts of this family.
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4.2 Retrosynthetic Plan

Retrosynthetically, sinulochmodin @.8) could be derived from scabrolide B
(4.2) by an intramolecular oxo-Michael addition of ttextiary alcohol on the enone
motif to close the furan ring (Figure 4.2). In tuthe conjugated 1,4-dione motif in
scabrolide B 4.2) could be rearranged from scabrolide A1) through an allyic
transposition, taking advantage of thermodynamabibty gained by the extented
conjugation. Disconnection of the tetra-substitu@®€ double bond in scabrolide A
(4.1) by a regioselective transannular aldol condeosatwould lead to macrocyclic
trione4.7. As a key C-C bond forming step in this synthetsign, we envisioned tlye
lactone moiety could be forged through a transaam@iH insertion of a diazo carbene
precursor into the cyclopentyl ring as4.>% > This macrocyclic structu8 could be
derived from thep-lactone 4.9 fused with a cyclopentane, which has been readily

accessed by a nucleophile promoted aldol lactaoizgirocess developed in the Romo

group.



conjugate
addition

olefin
isomerization

scabrolide A (4.1)

aldol
condensation

sinulochmodin C (4.3) scabrolide B (4.2)

e transannular
0 C-H insertion
& O C———
TBSO
B-lactone (4.9) =
via biscyclization g~
(4.8)

Figure 4.2 Retrosynthetic Plan

4.3 Transannular C-H Insertion Studies on M acrocyclic Systems
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The transannular C-H insertion in the context afacrocycle has rarely been

reported. Toward understanding the electronic amtformational factors that control

the outcome of transannular C-H insertions, weiatdtd model studies on various

macrocyclic systems.

PGO
Hl/, 13 12 »
o) o N2
— ,
o © 6

15t Generation Model (4.14)

real system

Figure 4.3 Design of the First Generation Model Substrate
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First, macrocycle4.14, which contains the requisite 14-membered cydlic
ketoester to meet the minimal structural requirenodrthe planned transannular C-H
insertion, was designed (Figure 4.3). Synthesishief substrate started with primary
iodide 4.10. Alkylation with dioxenone led to intermediadell. Removal of the TBS
protection, followed by submission to refluxing uehe to generate a putative acyl
ketene that is trapped by the pendant primary alcatelivered the macrocyclif-
ketoester4.13.°* Diazo transfer to the: position under conventional conditions (p-
ABSA) produced the desired substraté4 for the first transannular C-H insertion.

(Scheme 4.1).

Scheme 4.1

TBSG 5 TBAF
—_—
| LIHMDS, THF THF
(90 %)
4.10 (53 %)

p-ABSA
toluene NEte,
—_—
reflux acetonltrlle

(78 %, 2 steps)
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Attempts to effect the C-H insertion with Rh-bassatalysts resulted in clean
conversion to bicyclic cyclopentanoddb, the structure of which was confirmed by X-
ray crystallographic analysis (Scheme 4.2). Thactien is surprisingly site-selective
considering that formation of lactones by insertioto C11, C12, or C13 and formation
of carbocycles by insertion into C5, C6, or C7 hheen well documented in analogous

linear systems>”: °°

in this particular macrocyclic system, only on¢esii.e. C6)
reacted>’ Conditions using Cu-based catalysts led to compiextures that defied
further analysis, while exposure to light (256 nwm lamp) led to a major product

identified as an acid arising from Wolff rearrangem

Scheme 4.2
13 12 > H
o N Rhy(OAC)4 e
S 7 _— [e) o
benzene, reflux 12 0
: H
° 5 ° (90 %) o0
4.14 4.15

X-ray Structure o#.15



61

The site-selective C-H insertion could be attribute thes-cis conformation of

the estes bond present in the 14-membered macrocycle (ScHe®)eThis forces C12

trans to the C2 carbene center and thus C12 is confavnaly inaccessible to the C2

carbene center. Another factor that could favor dieserved selectivity was the

electronic withdrawing nature of the ester funcdiity, which renders C12 less reactive

comparing to C6, as the C-H insertion proceedsutyitoan electrophilic carbenoid

wherein the targeted CH bonds act as electron dotior’ This site-selectivity imparted

by both electronic and stereoelectronic effecthaf éster functionality could be further

supported by many reported cases sucl.B88 where formation of cyclopentanones

instead ofy-lactones is the exclusive reaction pathiy.

Scheme 4.3
6
0 0
R1JLO/R2 ~— R1JLO 0
R2 O 2 N,
s-cis s-trans o
4.16
(o} (o}
OMe
OMe (0]
o O Rh,(OAc), ,_[\
(\o CICH,CH,CI
H N H
b 2 2 96% MeO  OMe
417 4.18
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A second model system incorporated the requisitelopgntane ring in the
macrocyclic structure (Figure 4.4). We anticipathdt this structural revision would
introduce rigidity in the macrocycle and thus pdstthe conformation in favor of the

desired reaction pathway, i.e. insertion into ti2 C-H bond.

O 6
5

real system

2" Generation Model (4.19)

Figure 4.4 Design of the Second Generation Model Substrate

In line with the objective to highlight the applimmn of B-lactones as synthetic
vehicles, we opted to implement the NCAL processetiped in our group to introduce
the substituted cyclopentane ring (Scheme 4.4)sThuring-opening manipulation of
the derived cyclohexanome20 was executed by vinyl silyl ether formation andu@ng
ozone-mediate oxidative cleavage. The linear aldehgcid so formed4(21) was

subjected to the NCAL conditions, giving rise tdiayclic p-lactone fused with the
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requisite cyclopentane ring.22). Subsequent elaborations based on this cyclopentan

ring would eventually lead to the desired substrate

Scheme 4.4
N
I Do
1) TMSCI, NEt, lil Cl
0 0 o) 0SO0,CF
DMF, 80 °C 2LF3
SO - O -
o 2) O3, CH,Cly, -78 °C; o OTMS-QN
then PPh3 COzH Hunig's base, MeCN
4.20 4.21 (20-35 % 3 steps)
OH OTIPS
CHZ=CHMgBr H o TIPSOTf o
[ ><:|"'O (2 equiv) " 2 6-lutidine
m % </ </
CuBr- DMS -78 °C
TMS, THF | CH,Cl,
0,
422 (60 %) 423 ™
OTIPS
H,O/acetone L H o
(:15) 0 L-selectride
p-TsOH 0O -
50°C, 45 min -98°C, THF
/ (76 %)
(67 % 2 steps)
4.25 4.26

Hence, four carbon homologation at C10 affordedke#.23 through a tandem
ring-opening and conjugate addition with vinyl caigr reagents. Subsequent protection
of the secondary alcohol and careful unmaskinghefketal functionality at C13 led to

dione 4.25. Differentiation of the two keto groups througheotoselective reduction
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with a sterically demanding hydride species, i-selectride, at -98C in THF proved to

be very successful. This condition selectively tlithe C13 carbonyl group to the
corresponding secondary alcohol, with the C10 aaybgroup intact; the facial selective
hydride delivery from the less hindered face of ¢helopentyl ring secured the desired

diastereoselectivity, affordingj26 as the exclusive product.

Scheme 4.5

Q\['(O H o
4.27 H
O 4.
> O _

xylene,
150°C, 30min g © N
0,
(63 %) 4.28
Grubbs 2 Pd/C, H,
toluene 100°C MeOH

(61 % 2 steps)

p-ABSA, NEt,

MeCN, 60 °C
(85 %)

The resulting alcohol was thus coupled with a damtivdioxenone4.27 under

thermal conditions to afford diere28 (Scheme 4.5). Exposure of this diene to tffe 2
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generation Grubbs catalyst at 18D in toluene completed the construction of the 14-
membered macrocyclip-ketoester bridged to the substituted cyclopentemmg. This
material was obtained as an inconsequential mixdtieelin Z/E isomers, as both were
hydrogenated leading to the same intermedda3®. Ensuing diazo transfer to the
position of thep-ketoester moiety as before eventually delive4e1, arriving at the

stage for the investigation of the second transkanr@+H insertion model system.

Scheme 4.6

4-bromobenzoyl

Rhy(OAc), chloride
— >
benzene NEt;, DMAP
reflux CH,Cl,
(92 %, dr = 5:1) (72 %)

Attempted C-H insertions on this substrate, howewaiurned only discouraging
results (Scheme 4.6). Consistent with previous miasiens with the first generation
model study, insertion occurred with the C6 C-H darh 4.31 to afford the undesired
cyclopentanond.32 with excellent yields when rhodium acetate wasluesethe catalyst.
All Rh-based catalysts provided similar resultshwiit C-H insertion into C12. Other
metallic catalysts screened led to either no reacthr complex mixtures without

observation of the desired product.
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We then turned our attention to a third model systehich incorporated a C8-C9
enone motif 4.35) in the macrocycle (Figure 4.5). We anticipatets twould further
rigidify the macrocycle enforcing aswtrans conformation of the ester moiety and thus

facilitate the desired C-H insertion.

OTIPS
H o
H,, =
N
o) 2
o} © 6
34 Generation Model (4.35) 2" Generation Model (4.19)

Figure 4.5 Design of the Third Generation Model Substrate

To access this model substrate, bicy¢litactone4.22 was used again as the
starting point of the synthetic sequence (Scherii® Zhe lactone was opened with a
lithiated phosphonate to give a secondary alcakoich was immediately capped with a
TIPS group. Careful unveiling of the cyclic ketolnem the ketal moiety under acidic
conditions delivered dior#38. Site- and facial selective reduction of the diasang L-

selectride as before afforded secondary alcatasl
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Scheme 4.7

mQ

_{O

oH OTIPS
MePO(OMe), 5 \DZ(O TIPSOTF
; n-BuLi Q/
o o

H o
o o 4
2 6-lutidine Q/
THF, -78 °C » 2l
/ ’ (80 % 2 steps)
4.22 4.36 4.37
OTIPS
acetone/H,O 9 T:'PSO _ S H o 4.46
(15:1) L-selectride NaH
p-TsOH o THF, -78 °C HO™ THF
55°C, 4h PO(OMe), (91 %) PO(OMe), (57 %)
(70%) 4.38 4.39
OTIPS
H o

mn
HO™

I[IO

TIPS

TIP
50|—| S ) H o
’ o)

toluene N p-ABSA, NEt; Qo N =
—_— O‘ — L 2

o) reflux MeCN, 60 °C

N 0
oxo o

(70 % 2 steps) o]
4.40 4.41 4.42
TBSO 0=
O 1
A ) p-TsOH

" d LDA HMPA g EroH o

050 OTBS N 2) Swern D

X NN 0__0 0__O

THF, -78°C (90 % 2 steps) 7< 4.46

4.44 (30 %) 4.45

The phosphonate functionality was then utilizedtles carbon extension site to

react with aldehydd.46 (prepared from THF via 5 steps) by a Horner-Wad#wo
Emmons (HWE) reaction. This coupling reaction ssstdly introduced thé€e enon

motif as planned and, at the same time, appendédibxenone unit ready for the
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subsequent macrocyclization. The ring-closure evenbceeded under thermal
conditions (refluxing toluene) via a ketene intedma¢e to afford the macrocyclic keto-
ester 441 with good yields. Routine diazo transfer as befdedivered the third
generation substrate4?2 for the transannular C-H insertion.

Screening of conditions for C-H insertion with tiherd generation model substrate
was even more challenging (Scheme 4.8). All attenuging various types of metallic
catalysts afforded polar complex mixtures. Evenhwitodium catalysts, which were
proved to be effective in catalyzing the C-H ingartinto C6 in the first and second
generation model studies, the reactions led to texnmixtures and one of the major
components was assigned as a Wolff rearrangmedtipro

To better understand these results, a single ¢rgbthe diazo substrai®42 was
obtained. Information drawn from the X-ray diffreet analysis is quite revealing. As is
clearly shown by the three dimensional structuretleé single crystal, thes-cis
conformation of the ester moiety was still presethte rigidity conferred by the
incorporation of the enone motif in the macrocydié not reverse the conformational
bias of the estes bond. On the contrary, the conformational rigidittroduced was able
to block the facile C-H insertion into C6 C-H bonalsserved in the first and second
model studies. The unavailability of CH bond in tbeal environment of the carbene
center led to the manifestation of the Wolff reag@ament pathway, which is normally

regarded as trivial under Rh-complexes catalyzeditions.
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Scheme 4.8
OTIPS
H o
H
o N, — Rhy(OAC),
benzene
reflux
4.42 4.47

tentative assignment

X-ray Structure o#.42

At this point, all efforts toward transannular Cist$ertions on macrocyclic systems
were of no avail. The implication from these resu#t multifold. First, we are dealing
with macrocyclic systems, which generally possessiderable flexibility comparing to
conformationally stable small rings, such as finel aix membered rings. Even though

this conformational mobility could be tuned to somwdent, prediction of the stable
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conformation of macrocyclic systems as to deternwmether a conformational bias
could be reversed by structural variation in aipaldr substrate is generally difficult.

Moreover, substituents embedded in the 14-membearadrocyclic framework
could give rise to multiple structural variablesittlare capable of dramatically altering
the conformation of the macrocycles in an unpradbiet way. These variables could be
the positions where the substituents reside, thetrehic or steric impact they might
impose on the neighboring functionalities, and somes even transannular interactions
between the substituents that might bring aboutedam conformational bias. This
multitude of structural variables in conjunctiorthvthe conformationally flexible nature
of macrocycles renders envisioning the outcomeheffinal C-H insertion reactions at
the planning stage a very challenging task.

In addition, from the point of practice, each oé4k macrocyclic substrates took
multiple steps to prepare; along the way to eadistsates, lots of chemoselectivity and
reactivity issues need to be dealt with individyalll these factors added considerably

to the difficulties of the progress to the finaigets.

4.4 Attempted Transannular C-H Insertion on Medium-sized Systems

The obstacle encountered with the macrocyclic systéorced us to resort to
another approach toward C-H insertions. Thus, 14.Bridged diazo substratd.$0)
was designed (Figure 4.6). In this strained systié®,conformation would force the
carbenoid center to be in close proximity to thgyeged C-H bond; unlike the flexible

macrocyclic systems, this medium-sized bridged tsates has limited conformational
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choices and ensure the esterbond adopts ars-cis conformation. The caged
cyclobutanoned.51 arising from this planned C-H insertion reactioruldobe readily

converted into the 5-5 bicycte52 by a nucleophile initiated retro-Dieckmann cleavage

PQ PO,
H P
CH O
H “@' o _insertion H H m.(
3 \n/( """"" > < Nu
(0] 2 o =
N, :
© O
4.50 4.52

Figure 4.6 Design of a Bridged Diazo Substrate

This design raised another question: how to make hhdged structure in an
efficient way? As the carbon skeleton of the ta¥desubstrate is an unprecedented
structure with considerable strains, it is antitgolethat this would not be an easy task.

Indeed, we encountered a maze of obstacles en toutke bridged structure
(Scheme 4.9). Thus, the derived bicydiitactone4.54 was prepared from a derived
cyclohexanonet.53 through a five-step sequence involving a pivotalAGeaction®
The attempted transannular Dieckman condensatiathisfsubstrate under numerous
conditions failed to provide the bridged structure.

Attention was then directed to the ring-closureatstyy based on lactonization.
Hence, after a series of transformatioh$6 was accessed fro#53. Unfortunately,
ring-closure through a ketene-trapping strategyeutizermal conditions failed to deliver

the desired product with practical yields. Anotlsebstrate 4.59) prepared fron¥.22
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could not be converted to the corresponding bridgetbne4.60 either. These failed
cyclization processes were attributed to the casbamoup at C3 4.57), the sp

hybridization of which added considerably to thgdity of the resulting bridged system.

Scheme 4.9
0
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O W\ O
4.22 HO
4.59 OMe ©
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Ultimately, a strategy using a pivotal Yamaguchitdmization emerged as a

solution to the construction of the bridged struet(5cheme 4.10). Following a cascade

of transformations, cyclopentenodél was converted to hydroxyl ac#l65 with the

keto group at C3 masked in the form of a ketak #tructural variation would relieve the

strain previously posed by the C3 carbonyl groGgclization under Yamaguchi

esterification conditions proceeded smoothly toldyithe desired bridged lactone

structure 4.66. Further advances by ketal removal,

unfortunatedye presently

unsuccessful, presumably due to the fragile naifitbe highly strained structures under

the reaction conditions.

Scheme 4.10
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"'Jjét
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Cl Cl
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CHAPTER YV

CONCLUSIONS

5.1 Total Syntheses of SchulezeinesB & C

Scheme5.1

BnO 18'\\\OSO3Na
18'
NH2<:I | ~—& Sharpless AD
OBn g ” [ o[- 8iani?nic
N oupling
Pictet-SpengIer‘ @ y “‘ OSO3Na I
0 ;o witig ) o Noyori Hydrogenation
3,
OH  Peptide HOJLHQ/\PPthr
Corey-Link 4/ Coupling

Total syntheses of the naturally occgyringlucosidase inhibitors schulzeines B
and C have accomplished in a highly convergent maemploying a masked;amino

acid aldehyde synthon derived fronfi-dactone. Key features of the synthesis include a

tetrahydroisoquinoline synthesis via a Pik3gengler reaction of a masked

bishomoserine aldehyde, a Cotlepk process to unmask tleeamino acid, and a highly

efficient synthesis of the required optically aetisulfated triol side chain employing a

Noyori hydrogenation and Sharpless dihydroxylatisequence. An unexpected

pyrrolidine product was obtained under modified &#lrink conditions with a substrate
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bearing a pendant amine and suggests the possiblitapturing the dichloroepoxide
intermediate by other tethered nucleophiles leadmgroline and other amino acid
derivatives. This synthesis further demonstrateautility of B-lactones as intermediates
in natural product total synthesis, and in paricidpplication of the readily available
trichloromethylB-lactone which, in this instance, leads to a véesatasked surrogate

for bishomoserine aldehyde.

5.2 Total Synthesis of (+)-Omphadiol

Scheme 5.2
Me Me
Me
HO Me, O
O ",
cY e v °
—_— > —> . —

z H = %
Me” N Mo N W
(R)-carvone single diastereomer

Me OH

QAOH
7=

(+)-omphadiol
single diastereomer
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The first total synthesis of (+)-omphddias been achieved in ten steps fréj (
carvone. This synthesis features the highly stemtnolled introduction of the six
contiguous stereogenic centers exclusively usingstsate control from the single
stereocenter inR)-carvone. The concise nature of the synthesiveefrom a high ratio
of C-C bond-forming steps (five of the ten stedwttproceed in a highly efficient
manner, the design and implementation of novellsipgt sequential processes, and the
absence of protecting groups. This total synthpaiges the way for further biological
studies of omphadiol and its congeners. Furthernsyrghetic strategies are now readily
envisioned toward other members of this class gbetees employing the versatile

bicyclic B-lactone that is readily prepared on a multigraalesc

5.3 Synthetic Studiestoward Scabrolides A & B and Sinulochmodin C

Scheme 5.3
. OTIPS
3, . H H o
2
(0] , N
(o]
(0] © 6 0
5 o 6
15t Generation Model 2nd Generation Model 314 Generation Model
N2
o) °
3 o O
OfLH  ------ > O/H
H H
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Transannular CH insertion has been imgated on three generations of
macrocyclic model substrates. These results regetlat insertion into the C6 C-H
bonds is favored over the C12 CH bond to give pmadantly cyclopentanone products.
The attempted study of transannular C-H insertiormedium-sized bridged structures
was hampered by the inaccessibility of the subedrdtie to the highly strained nature of

the structure.
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APPENDIX A

EXPERIMENTAL PROCEDURES

A.1 General

All reactions were carried out under nitrogemadphere in flame-dried glassware.
Dichloromethane, methanol, and diethyl ether wetgifipd by passage through
activated alumina. Tetrahydrofuran was freshly iltkst from sodium and
benzophenone. All commercial reagents were usedreasived. Mn(dpmy) was
purchased from Strem Inc. and used as receivildNMR chemical shifts are reported
asd values in ppm relative to CDE(7.26 ppm,), coupling constanty @re reported in
Hertz (Hz), and multiplicity follows normal conveon. Unless indicated otherwise,
deuterochloroform (CDG) served as an internal standard (77.16 ppm) fbral
spectra. Flash column chromatography was perfounsedy 60A silica gel (Baker, 230-
400 mesh or Silacycle, 230-400 mesh) as a stayqiaase. Mass spectra were obtained
at the Center for Chemical Characterization andlysis (Texas A&M University).
Thin layer chromatography (TLC) was performed usjtass-backed silica gel 684

(Merck, 250um thickness).
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A.2 Procedure

OMe

TESO O TESO
A =
Cl;C ClsC

Vinyl ether 2.8: LIHMDS (1M in THF, 2.4 mL, 2.4 mmol) was added dvadpe to a
suspension of (methoxymethyl)triphenyl phosphonehtoride (790 mg, 2.3 mmol) in
THF (8 mL) at 0 °C. The resulted orange mixture stased at OC for 1 h, followed by
addition of the solution of aldehyde (470 mg, 1rédhol) in THF (8 mL). The mixture
was then left to warm up to 23 °C and stirred omgrhh The reaction was quenched by
addition of 10% potassium carbonate solution, extch with diethyl ether, dried over
anhydrous MgSg) concentrated by rotary evaporation, and puritigdflash column
chromatography (Sig) eluting with 100% hexanes) to give the vinyl eths a clear oil
(441 mg, 84%,2/E=2:3). A small amount of material was used for gyaeolumn
chromatography to separate & isomer for characterizatio@ isomer: [a]p?® +49.1
(c 3.5, CHC}); IR (thin film) 2957, 2880, 1667 cfp *H NMR (300 MHz, CDC)) &
6.00 (dt,J = 6.0, 1.2 Hz, 1H), 4.44 (m, 1H), 4.13 (dds 8.1, 3.0 Hz, 1H), 3.61 (s, 3H),
2.82-2.96 (m, 1H), 2.31-2.44 (m, 1H), 0.99 (m, 96i¥1 (m, 6H);"*C NMR (75 MHz,
CDCl;) 6 148.3, 103.9, 101.6, 84.0, 59.7, 28.6, 7.0, 5BMIS (ESI+) calcd. for

C12H24C1502Si (M+H) 333. Found 333E isomer: [a]p”® +33.6 € 0.72, CHCY); IR (thin

film) 2957, 2881, 1655 cif) *H NMR (300 MHz, CDCJ) & 6.37 (d,J = 12.3 Hz, 1H),
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4.73 (m, 1H), 4.03 (m, 1H), 3.55 (s, 3H), 2.66-2(@8 1H), 2.18-2.34 (m, 1H), 0.99 (m,
9H), 0.72 (m, 6H);*C NMR (75 MHz, CDC}) & 149.7, 103.7, 98.0, 84.9, 56.0, 32.4,

7.0, 5.5; LRMS (ESI+) calcd. forieH24Cl30,Si (M+H) 333. found 333.

e MeO OTES \eo eo
T LN B )"
CCly CCl3 *
OMe

OMe

"“'OH

Tetrahydroisoquinoline 2.28: The primary amine (292 mg, 1.64 mmol) and vinyleeth
(525 mg, 1.64 mmol) were dissolved in AcOH (10 mih)a seal tube. The reaction
vessel was sealed and placed in an oil bath prexacito 100 °C. The reaction was
stirred for 24 h, cooled down to 23 °C, concentidig rotary evaporation, and purified
by flash column chromatography (SiCeluting with 30%->50% EtOAc/hexanes, 4%

Et;N) to separate the two diastereoisomers as foafdsso

2.28a: (254 mg, 42%):d]p>* -28.3 € 0.66, CHCY); IR (thin film) 3055, 2990, 1261 ¢m
1 IH NMR (500 MHz, CDCJ) & 6.30 (d,J = 2.5 Hz, 1H), 6.22 (d] = 2.5 Hz, 1H), 4.04
(dd, J = 10.0, 2.0 Hz, 1H), 3.96 (dd,= 10.0, 1.5 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H),
3.05-3.20 (m, 2H), 2.65-2.81 (m, 2H), 2.54-2.61 (M), 2.16-2.24 (m, 1H), 1.76-1.86

(m, 1H), 1.64-1.73 (m, 1H}C NMR (125 MHz, CDG) & 159.1, 157.1, 135.6, 119.6,
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104.6, 104.3, 96.7, 83.5, 55.4, 55.3, 52.4, 3@245,329.8, 28.7; LRMS (ESI+) calcd. for

C15H21CIsNO3 (M+H) 368. Found 368.

2.28b: (276 mg, 45%):d]p> -65.6 € 1.1, CHCA); IR (thin film) 3061, 2990, 1267 cm
1 'H NMR (500 MHz, CDCJ) & 6.32 (d,J = 2.5 Hz, 1H), 6.25 (d] = 2.5 Hz, 1H), 4.30
(dd,J = 7.5, 3.5 Hz, 1H), 4.19 (dd,= 9.0, 2.5 Hz, 1H), 3.80 (s, 3H), 3.79 (s, 3H),53.
(m, 1H), 3.02 (m, 1H), 2.85 (m, 1H), 2.71 (m, 1RR28 (m, 1H), 2.18 (M, 1H), 1.95 (m,
1H), 1.79 (m, 1H)*C NMR (125 MHz, CDGJ) & 159.0, 157.2, 137.0, 119.0, 104.6,
104.5, 96.7, 82.2, 55.4, 55.3, 50.0, 38.9, 29.95,298.6; LRMS (ESI+) calcd. for

C15H21CIsNO3 (M+H) 368. Found 368.

MeO

pyrrolidines 2.35: A mixture of amine (50 mg), DBU (0.1 mL), and Na{27 mg) in
MeOH (2.5 mL) was stirred at 6 for 10 hours, and the mixture was concentrated,
diluted with ethyl acetate, washed with saturatdd,@l solution, dried over MgS{
concentrated by rotary evaporation, and purifiedléagh column chromatography (SO
eluting with 20% EtOAc/hexanes) to give the majgmrplidine (23 mg, 58%) and minor
(4 mg, 10%):§]p>> -171 € 0.24, CHCJ); IR (thin film) 2990, 2949, 1738, 1607 &nH

NMR (500 MHz, CDC4) & 6.30 (d,J = 2.5 Hz, 1H), 6.22 (d] = 2.5 Hz, 1H), 4.49 ({] =
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6.5 Hz, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 3.75 (4),33.69 (t,J = 6.5 Hz, 1H), 3.04 (m,
1H), 2.97 (m, 1H), 2.83 (m, 1H), 2.50-2.64 (m, 2B)10 (m, 1H), 2.01 (m, 1H), 1.62
(m, 1H); *C NMR (125 MHz, CDGJ) 5 175.0, 158.6, 157.9, 136.4, 120.4, 103.9, 96.6,
64.3, 57.3, 55.4, 55.3, 52.2, 45.5, 31.6, 28.8);26RMS (ESI+) calcd. for GH2:NO,4

(M+H) 292. Found 292

MeO

Boc amine 2.36a: A mixture of secondary amine (200 mg, 0.54 mmaljl §Boc)O
(153 mg, 0.7 mmol) in dichloromethane (2 mL) wasedl at room temperature for 3
hours. The mixture was washed sequentially withuraéd sodium bicarbonate and
water, dried over MgS§) concentrated, and purified by flash column chrimgeaphy
(SiO,, eluting with 20% EtOAc/hexanes) to gi2e6a as a foamy solid (242 mg, 95%):
[a]o? +131.0 € 3.3, CHCY); IR (thin film) 3393, 2975, 2940, 1658, 1670 tmtH
NMR (500 MHz, CDC}), rotamer, see attached figuré¥ NMR rotamer, see attached

figures; LRMS (ESI+) calcd. for £8H29CIsNOs (M+H) 468. Found 468

MeO




88

Lactam 2.39a: To a solution of the trichloromethyl carbinol (4g, 0.1 mmol) in DME
(0.5 mL) was added a solution of NaOH (0.8M) and\N#&.4M) in water (0.5 mL)
with vigorous stirring. The mixture was stirred @om temperature for 24 hours,

extracted with ethyl acetate, dried over MgS&hd concentrated to give the crude acid.

To a solution of the crude acid in dichloromethé®é mL) at °C was added TFA (0.3
mL). The mixture was stirred at°C for 1 hour. The mixture was then concentrated and
driedin vacuo. DMF (0.7 mL), triethyl amine (40uL, 0.3 mmol),&aDPPA (42uL, 0.2
mmol) were added sequentially to the same vial thedmixture was stirred at room
temperature for 8 hours. The mixture was dilutethveithyl acetate and washed with
water. The organic layer was dried over MgS€@oncentrated, and purified by flash
column chromatography (SiQeluting with 40% EtOAc/hexanes) to give aziig9a as

a foamy solid (16 mg, 53% over 3 stepsy}of> -375.8 € 1.0, CHCY); IR (thin film)
2999, 2102, 1667, 1643 ¢m'H NMR (500 MHz, CDCJ) & 6.35 (d,J = 2.0 Hz, 1H),
6.29 (d,J = 2.0 Hz, 1H), 4.86 (m, 1H), 4.70 (dii= 11.0, 3.5 Hz, 1H), 4.15 (dd= 6.5,
6.5 Hz, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 2.79-2(81, 1H), 2.63-2.74 (m, 2H), 2.53-2.61
(m, 1H), 2.08-2.18 (m, 1H), 1.76-1.85 (m, 1H), 11388 (m, 1H):*C NMR (125 MHz,
CDCl3) 6 167.6, 159.4, 157.3, 137.6, 116.9, 104.6, 97.24,585.4, 55.3, 52.7, 39.1,

30.2, 26.3, 25.6; LRMS (ESI+) calcd. fois819N4O3 (M+H) 303. Found 303,
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MeO

primary amine 2.41a: A mixture of azide (50 mg, 0.16 mmol) and Pd/C 1@% in
MeOH (1 mL) was stirred under hydrogen for 8 holitse mixture was then filtered and
concentrated to give the crude amine, which wasotlied in dichloromethane (1 mL)
and cooled to -78C. Boron tribromide solution (1M, 0.63 mL, 0.63 mijnwas added
dropwise. The mixture was then warmed up to roomptrature and stirred for 18
hours. The reaction was cooled down to °Z8 quenched slowly with MeOH, and
warmed up to room temperature slowly. The mixtuees wried and purified by flash
column chromatography (SiQeluting with 5% MeOH/CKLCI,) to give amine2.41a as

a foamy solid (33 mg, 85% from azide ¥]§* -138.7 € 0.73, MeOH); IR (thin film)
3203, 2949, 1673, 1613, 1202, 1140crtH NMR (500 MHz, DO) 6 6.25 (d,J=2.5
Hz, 1H), 6.24 (dJ = 2.5 Hz, 1H), 4.72 (dd] = 11.5, 4.0 Hz, 1H), 4.41 (d1,= 11.5, 3.5
Hz, 1H), 4.10 (dtJ = 10.5, 7.5 Hz, 1H), 2.62-2.74 (m, 3H), 2.28-2(40 2H), 1.66 (m,
1H), 1.41 (m, 1H) *C NMR (125 MHz, DO) & 168.3, 155.4, 153.8, 138.2, 114.3,
107.0, 101.1, 49.6, 48.7, 39.4, 28.3, 26.9, 22RMIS (ESI+) calcd. for &H17N203

(M+H) 249. Found 249.
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B BnO
nO CN
—_— NH,

OBn OBn

primary amine 2.7: Into a suspension of LAH (2.6g, 68.4 mmol) in TE® mL) at 0
°C was added dropwise concentrated sulfuric ac®i ifil., 22.8 mmol) and the mixture
was stirred at the same temperature for 30 minolétion of the nitrilé (7.5g, 22.8
mmol) in THF (10 mL) was then added dropwise tortrection mixture and the reaction
was allowed to warm up to room temperature ancestiat room temperature for 1 hour.
The mixture was carefully quenched with a mixindvent of THF and water at C,
added with 15% NaOH solution, and filtered throwglipad of celite. The filtant was
concentrated and dried to gi2e7 as a syrup (6.8g, 90%), which is essentially @ure

used without further purification. The NMR data oted with the reported.

BnO BnO

BnO MeO
NH2 * CC|3 CC|3 +

OBn OBn "/OH

! The nitrile was prepared according to the liter@procedures: Comber, M.F; Sargent,
M; Skelton, B; and White.DJ. Chem. Soc. Perkin Trans. 1 1989; 441-448

2 Zhao, H; Neamati, N; Mazumder, A; Sunder, S; Poenm¥; Burke, T.J. Med. Chem,
1997, 40, 1186-1194.
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tetrahydroisoquinoline 2.6: The primary amine (220 mg, 0.66 mmol) and vinylest
(265 mg, 0.66 mmol) were dissolved in AcOH (4 miLi seal tube. The reaction vessel
was sealed and placed in an oil bath pre-warmd@®@°C. The reaction was stirred for
24 h, cooled down to 23 °C, concentrated by roesgporation, and purified by flash
column chromatography (SiOeluting with 30%->50% EtOAc/hexanes, 4% J)XHH) to
separate the two diastereoisomers as foamy s@iés. (140 mg, 41%): 4]o> -2.2 €
2.7, CHCY); IR (thin film) 3304, 2946, 1601 ¢t *H NMR (500 MHz, CDCY) & 7.43-
7.33 (m, 10H), 6.46 (d] = 2.0 Hz, 1H), 6.34 (dJ = 2.0 Hz, 1H), 5.08-5.01 (m, 4H),
4.06 (m, 2H), 3.15 (m, 2H), 2.76 (m, 2H), 2.51 @Hi), 2.28 (m, 1H), 1.75 (m, 2HY*C
NMR (125 MHz, CDC}) 6 158.4, 156.2, 136.9, 136.8, 135.8, 128.8, 1288,2, 128.1,
127.6, 126.9, 120.2, 105.8, 104.5, 98.6, 83.5,,70928, 52.6, 36.5, 32.4, 30.1, 28.7,

LRMS (ESI+) calced. for @H29ClsNO3 (M+H) 520. Found 520.

2.6b: (114 mg, 33%):d]p> -43.6 € 2.0, CHCH); IR (thin film) 3064, 2937, 1604, 1149
cm’; *H NMR (500 MHz, CDCY) & 7.44-7.32 (m, 10H), 6.48 (d,= 2.0 Hz, 1H), 6.35
(d, J = 2.0 Hz, 1H), 5.03-4.98 (m, 4H), 4.33 (dds 7.5, 3.0 Hz, 1H), 4.14 (dd,= 9.5,
3.0 Hz, 1H), 3.16 (m, 1H), 3.01 (m, 1H), 2.83 (@t 16.5, 5.0, Hz, 1H), 2.70 (m, 1H),
2.29 (m, 1H), 2.12 (m, 1H), 1.94 (m, 1H), 1.77 (bh)); **C NMR (125 MHz, CDGJ)
5C NMR (125 MHz, CDGJ)) & 158.2, 156.3, 137.2, 136.9, 136.8, 128.7, 1288,2]
127.7, 127.3, 119.6, 105.9, 104.5, 98.6, 82.1,,70021, 50.2, 38.9, 29.9, 29.6, 28.8;

LRMS (ESI+) caled. for @H29CIsNO3 (M+H) 520. Found 520.
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BnO BnO

S NH —_— p
CCly : N58°C|3

“OH

“'OH

Boc amine 2.45a: A mixture of secondary amine (396 mg, 0.76 mmaoil)l €Boc}O
(189 mg, 1.0 mmol) in dichloromethane (3 mL) wasedl at room temperature for 3
hours. The mixture was washed sequentially witluraéd sodium bicarbonate and
water, dried over MgS§) concentrated, and purified by flash column chrogaphy
(SiO,, eluting with 20% EtOAc/hexanes) to gii45a as a foamy solid (433 mg,
92%).[a]p> +28.5 € 6.7, CHCY); IR (thin film) 3283, 2978, 2931, 1655 &mH NMR
(500 MHz, CDC}), rotamer, see attached figur&% NMR (125 MHz, CDGJ) rotamer,

see attached figures; LRMS (ESI+) calcd. fgsHz/CIsNOs (M+H) 620. Found 620

BnO BnO

Lactam 2.48a: To a solution of the trichloromethyl carbinol (58, 0.08 mmol) in
DME (5.0 mL) was added a solution of NaOH (0.8My aaN; (0.4M) in water (5.0
mL) with vigorous stirring. The mixture was stirretl room temperature for 24 hours,

extracted with ethyl acetate, dried over MgS&hd concentrated to give the crude acid.
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To a solution of the crude acid in dichlorometh&h® mL) at °C was added with TFA
(0.5 mL). The mixture was stirred afO for 1 hour. The mixture was then concentrated
and driedin vacuo. DMF (0.8 mL), triethyl amine (40uL, 0.3 mmol), AbPPA (42uL,
0.2 mmol) were added sequentially to the sameandlthe mixture was stirred at room
temperature for 8 hours. The mixture was dilutethveithyl acetate and washed with
water. The organic layer was dried over MgS€@oncentrated, and purified by flash
column chromatography (SiOeluting with 40% EtOAc/hexanes) to gi¥e48a as a
foamy solid (17 mg, 47% for 3 stepsi]§> -375.8 € 1.0, CHCY); IR (thin film) 2999,
2102, 1667, 1643 ¢ 'H NMR (500 MHz, CDC}) & 6.35 (d,J = 2.0 Hz, 1H), 6.29 (d,
J = 2.0 Hz, 1H), 4.86 (m, 1H), 4.70 (ddl= 11.0, 3.5 Hz, 1H), 4.15 (dd,= 13.0, 6.5
Hz, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 2.79-2.91 (H), 2.63-2.74 (m, 2H), 2.53-2.61 (m,
1H), 2.08-2.18 (m, 1H), 1.76-1.85 (m, 1H), 1.368L#n, 1H);*C NMR (125 MHz,
CDCl3) 6 167.6, 159.4, 157.3, 137.6, 116.9, 104.6, 97.24,585.4, 55.3, 52.7, 39.1,

30.2, 26.3, 25.6; LRMS (ESI+) calcd. fopA220N403 (M+H) 455. Found 455,

BnO BnO

NH,

primary amine 2.49a: A mixture of azide (71 mg, 0.16 mmol) and tripiigmosphine
(61 mg, 0.24 mmol) in THF (3 mL) and,@8 (20 uL) was stirred at 61 for 12 hours.
The mixture was concentrated and purified by flastumn chromatography (SiO

eluting with 5% MeOH/CHCl,) to give amine2.49a as a solid (72 mg, 93%)a]o> -
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278.6 € 1.5, CHCY); IR (thin film) 3369, 2940, 1649, 1610 &m*H NMR (500 MHz,
CDCl) 8 6.35 (d,J = 2.5 Hz, 1H), 6.29 (d] = 2.5 Hz, 1H), 4.76 (m, 2H), 3.80 (s, 3H),
3.78 (s, 3H), 3.54 (dd] = 12.0, 15.5 Hz, 1H), 2.62-2.88 (m, 3H), 2.22-2(48 2H),
1.23-1.55 (m, 2H)*C NMR (125 MHz, CDGJ) & 174.4, 159.5, 157.2, 137.7, 117.4,
104.6, 97.2, 55.6, 55.5, 50.4, 50.0, 39.0, 30.16,287.9; LRMS (ESI+) calcd. for

Co7H20N>03 (M+H) 429. Found 429.

BnO BnO

H

H
NH » NBoc
CCl;

CCl,
OBn “1oH OBn “'OH

Boc amine 2.45b: A mixture of secondary amine (515 mg, 1.0 mmot) é8oc)O (246
mg, 1.3 mmol) in dichloromethane (3 mL) was stiregkdoom temperature for 3 hours.
The mixture was washed sequentially with saturatedium bicarbonate and water,
dried over MgS@, concentrated, and purified by flash column chrmg@phy (SiQ,
eluting with 20% EtOAc/hexanes) to gigel5h as a foamy solid (590 mg, 95%)]p>3 -
12.1 € 10.0, CHCY); IR (thin film) 3419, 2975, 2931, 1687, 1664 tnH NMR (500
MHz, CDCL), rotamer, see attached figuré¥C NMR (125 MHz, CDGJ)) rotamer, see

attached figures; LRMS (ESI+) calcd. fog:H37CIsNOs (M+H) 620. Found 620.
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BnO BnO
H H BnO

NBoc NBoc H

CCl; — CO,H | N.__©O
OBn . OBn

‘OH N OB
3 n N

Azide 2.48b: To a solution of the trichloromethyl carbin@0 mg, 0.08 mmol) in DME
(5.0 mL) was added a solution of NaOH (0.8M) and\N#&.4M) in water (5.0 mL)
with vigorous stirring. The mixture was stirred @mtom temperature for 24 hours,

extracted with ethyl acetate, dried over MgS&hd concentrated to give the crude acid.

To a solution of the crude acid in dichlorometh&h® mL) at 0°C was added with TFA
(0.5 mL). The mixture was stirred afO for 1 hour. The mixture was then concentrated
and driedin vacuo. DMF (0.8 mL), triethyl amine (40uL, 0.3 mmol), DPPA (42uL,
0.2 mmol) were added sequentially to the sameandlthe mixture was stirred at room
temperature for 8 hours. The mixture was dilutethvaithyl acetate and washed with
water. The organic layer was dried over MgS€@oncentrated, and purified by flash
column chromatography (SiQeluting with 40% EtOAc/hexanes) to give azitid8b as

a foamy solid (14 mg, 39% for 3 stepsdjd> +229.2 € 0.82, CHCY); IR (thin film)
2940, 2102, 1646 ¢ *H NMR (500 MHz, CDCJ) & 6.35 (d,J = 2.0 Hz, 1H), 6.27 (d,
J = 2.0 Hz, 1H), 4.93 (m, 1H), 4.72 (ddi= 10.5, 3.0 Hz, 1H), 4.08 (dd,= 11.5, 7.0
Hz, 1H), 3.80 (s, 3H), 3.78 (s, 3H), 2.80-2.93 @H), 2.59-2.68 (m, 2H), 2.15-2.23 (m,
1H), 1.72-1.82 (m, 1H), 1.26-1.38 (m, 1KC NMR (125 MHz, CDGJ) 8 167.8, 159.3,
157.7, 137.8, 117.3, 104.7, 97.3, 59.8, 55.5, 556543, 39.3, 30.4, 27.9, 27.0; LRMS

(ESI+) caled. for G7H22N4O3 (M+H) 455. Found 455.
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BnO BnO
M H
N (0] N 0

—_—

OBn
N3 OBn NH2

Primary amine 2.49b: A mixture of azide (185 mg, 0.41 mmol) and triphmpsphine
(160 mg, 0.61 mmol) in THF (8 mL) and>® (0.5 mL) was stirred at 6&C for 12
hours. The mixture was concentrated and purifiedflagh column chromatography
(SiO,, eluting with 5% MeOH/ChLCI,) to give2.49b as a solid (170 mg, 87%)a]p>
+270.8 € 0.62, CHCY); IR (thin film) 3357, 2937, 1610, 1590, 1456, B4&m%; H
NMR (500 MHz, CDC}) & 6.34 (d,J = 2.5 Hz, 1H), 6.26 (d] = 2.5 Hz, 1H), 4.92 (m,
1H), 4.71 (ddJ = 11.0, 3.0 Hz, 1H) , 3.79 (s, 3H), 3.77 (s, 3BiB3 (dd,J = 12.0, 6.5
Hz, 1H), 2.89-2.97 (m, 1H), 2.78-2.88 (m, 1H), 2563 (m, 2H), 2.19-2.27 (m, 1H),
1.61-1.72 (m, 1H), 1.29-1.40 (m, 1Hy)C NMR (125 MHz, CDG)) & 171.1, 159.1,
157.7, 137.8, 117.9, 104.7, 97.2, 56.1, 55.4, 55224, 39.3, 30.6, 28.6, 28.2; LRMS

(ESI+) calcd. for G7H20N03 (M+H) 429. Found 429.

Tl T T
OH Br
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Primary bromide 2.51: To a solution of allylic alcohol (1.0 g, 5.0 mmahd PPk
(1.38 g, 5.3 mmol) in dichloromethane (15 mL) &twas added NBS (1.05 g, 5.8
mmol) in one portion. The reaction mixture wasretirat °C for 1 hour. The reaction
mixture was then left to warm up to room tempematand stirred for another 1 hour.
Hexane was added to the mixture and some whitapmiege showed up. The mixture
was then passed through a silicon gel plug andilth&ete was concentrated to give the
bromide2.51 as a colorless oil (1.27g, 96%): IR (thin film) 292925, 1673 cify *H
NMR (500 MHz, CDC}) 8 5.67-5.82 (m, 2H), 3.94 (d,= 7.5 Hz, 2H), 2.05 (m, 2H),
1.33-1.41 (m, 2H), 1.10-1.33 (m, 14H), 0.88Jt 6.5Hz, 3H);"*C NMR (125 MHz,
CDCl) 6 136.9, 126.3, 33.8, 32.2, 32.0, 29.8, 29.7, 29%65, 29.3, 28.9, 22.8, 14.2;

LRMS (ESI+) calcd. for GH26Br (M+H) 261. Found 261.

Ketoester 2.52: To a suspension of NaH (132 mg, 3.3 mmol) in THM{H at 0°C was
added methyl acetoacetate (383 mg, 3.3 mmol) andikture was stirred at°@ for 15
min before n-butyl lithium was added dropwise. Aftee addition, the mixture was
stirred at OC for another 15 min before the solution of broen{608 mg, 2.3 mmol) in
THF (0.5 mL) was added to the reaction mixture. Té®ction was then left to warm up

to room temperature, stirred at room temperaturél foour, quenched with sat. NE,
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extracted with ethyl ether, dried over Mg&@©oncentrated to give a oily crude, which
was purified by flash column chromatography, elgitimith 5% EtOAc/hexanes, to give
the ketoeste.52 as a white solid (517 mg, 76%): IR (thin film) 2952928, 2854,
1747, 1720, 1649, 1616, 1462 ¢ntH NMR (300 MHz, CDCJ) & 5.24-5.54 (m, 2H),
3.70 (s, 3H), 3.43 (s, 2H), 2.58 Jt= 7.2 Hz, 2H), 2.25 (m, 2H), 1.95 (m, 2H), 1.134.
(m, 16H), 0.86 (tJ = 6.6Hz, 3H);"*C NMR (75 MHz, CDCJ) & 202.3, 167.7, 132.1,
127.7, 52.4, 49.1, 43.0, 32.6, 32.0, 29.7, 29.6,220.4, 29.3, 26.6, 22.8, 14.2; LRMS

(ESI+) caled. for GgH3303 (M+H) 297. Found 297.

Secondary alcohol 2.53: A vial containing the reaction mixture of newlyepared

catalyst (R)-BinapRuBr (2.5 mg, 0.5% eq.) and ketoester (172 mg, 0.58 Inmo

MeOH (0.3 mL) was placed in a hydrogen bomb, whigs placed in an oil bath pre-
warmed to 80 °C. Hydrogen gas was purged throughtldrogen bomb for 5 min, the
pressure of hydrogen was then raised to 6 bars,tlamdnixture began to stir. The
stirring was continued for 50 min and reaction wa&spped. The reaction mixture was
diluted with dichloromethane, passed through a phdilica gel, concentrated, and

purified by flash column chromatography (Si@luting with 5% EtOAc/hexanes) to
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give the alcohoR.53 as a solid (149 mg, 85%) and also unreacted Sgantiaterial (24
mg, 14%) : 5> -30.0 € 0.45, CHCJ) IR (thin film) 2919, 2851, 1714, 1471, 1172°cm
 'H NMR (300 MHz, CDCJ) & 5.42 (m, 2H), 4.01 (m, 1H), 3.71 (s, 3H), 2.84J¢
4.2 Hz, 1H), 2.36-2.58 (m, 2H), 1.93-2.25 (m, 3#)}0-1.65 (m, 2H), 1.10-1.40 (m,
16H), 0.88 (tJ =6.9 Hz, 3H):**C NMR (75 MHz, CDC}) 5 173.5, 131.5, 129.2, 67.6,
51.8, 41.2, 36.4, 32.7, 32.0, 29.7 (3C), 29.6, 2993, 28.7, 22.8, 14.2; LRMS (ESI+)

calcd. for GsHzsBrLi (M+Li) 305. Found 305.
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Enantiomeric purity determination by Mosher estemlysis of alcohol{F NMR,

CDCI3)

a) racemic

71450

b) optically active

/
[E—
s &
T T T T T T
-71.200 71.250 -71.300 71.3¢ -71.400 T1.450 -71.500
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Triol 2.54: To a vial charged with AD-mix-alpha (530 mg, Orm4nol) and MeSGNH,
(70 mg, 0.74 mmol) was added t-Butyl alcohol (1.5)nasind water (1.5 mL). The
mixture was stirred at room temperature until thixtane turned a yellow-brownish
homogeneous solution. The mixture was then coaed°C and the alkene (147 mg,
0.49 mmol) was added to the reaction mixture. Haetion was then left to warm up to
room temperature and stirred at room temperatur4ohours. The reaction was then
guenched by addition of sat. s, driedin vacuo, and purified by flash column
chromatography, eluting with 80% EtOAc/hexanegit@ the triol2.54 as a white solid
(123 mg, 76%) and some starting material (30 m@p)2@as also recovereda]p?: -
19.5 € 1.5, MeOH) IR (thin film) 3431, 2928, 2857, 1738540, 1456 ci; 'H NMR
(500 MHz, CROD) 8 4.05 (m, 1H), 3.67 (s, 3H), 3.37 (m, 2H), 2.3942(f, 2H), 1.70
(m, 2H), 1.40-1.52 (m, 6H), 1.24-1.40 (m, 16H),D(8 J =7.0Hz, 3H);**C NMR (125
MHz, CDsOD) & 173.9, 75.5, 75.3, 52.0, 43.3, 34.8, 33.9, 33009,330.8 (3C), 30.7,
30.5, 30.2, 27.1, 23.8, 14.5; LRMS (ESI+) calcd. @gHseOsLi (M+Li) 339. Found

339.
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Br

Tribenzoate 2.55: Pyridine (0.5 mL) was added into a vial chargedhwite triol (12
mg, 0.036 mmol) and 4-bromobenzoyl chloride (47 831 mmol), and DAMP (2 mg).
The white mixture was stirred at 2@ for 6 hours. The mixture was then poured into
cold water, extracted with ethyl acetate, driedraMgSQ,, concentrated to give a crude
oil, purified to give a solid (19 mg, 61%), whiclagicrystallized from ethyl ether to give
single crystals for X-ray analysis]p> -1.4 € 2.8, CHC}) IR (thin film) 3422, 2928,
2851, 1729, 1720, 1696,1649, 1261 ctH NMR (500 MHz, CDCJ) & 7.74-7.86 (m,
6H), 7.48-7.57 (m, 6H), 5.54 (m, 1H), 5.33 (m, 2BBO (s, 3H), 2.73 (dd, = 15.5, 7.0
Hz, 1H), 2.61 (ddJ = 15.5, 6.0 Hz, 1H), 1.83 (m, 4H), 1.63 (m, 3H)24:1.33 (m,
15H), 0.86 (tJ =7.0Hz, 3H);**C NMR (125 MHz, CDGJ) 5 170.4, 165.4, 165.1, 131.9,
131.8 (2C), 131.3, 131.2, 131.1, 128.7, 128.6 (AQR.5, 128.4 (2C), 74.5, 74.3, 71.0,
52.0, 39.1, 32.0, 30.8, 29.9, 29.6, 29.5, 29.4 (26)8, 25.2, 22.7, 14.2; LRMS (ESI+)

calcd. for GgH4sBrsOgli (M+Li) 885. Found 885.
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O OTES

TES protected triol 2.56: To a solution of triol (0.92 g, 2.8 mmol) , TESQI] g, 16.6
mmol), and DMAP (34 mg, 0.28 mmol) in dichloromeathg40 mL) at OC was added
triethylamine (2.7 mL, 19.6 mmol) dropwise. Theatan mixture was then allowed to
warm up to room temperature and stirred for 12 e feaction was cooled down to 0
°C, quenched with methanol, diluted with ether, embwith water and then brine, dried
over MgSQ, concentrated, and purified by flash column chrmmaphy, eluting with
2% EtOAc/hexanes, to give the es?e6 as a colorless oil (1.83g, 98%9)]p* -38.2 €
0.68, CHCY); IR (thin film) 2957, 2922, 2880, 1744, 1092 tnH NMR (500 MHz,
CDCl) & 4.13 (m, 1H), 3.66 (s, 3H), 3.50 (m, 2H), 2.45Jd; 6.5 Hz, 2H), 1.71 (m,
2H), 1.54-1.64 (m, 1H), 1.41-1.50 (m, 1H), 1.33@(t, 1H), 1.12-1.32 (m, 17H), 0.91-
10.01 (m, 27H), 0.86 (il = 6.5 Hz, 3H), 0.56 (m, 18H}’C NMR (125 MHz, CDG)) &
172.5,76.1, 75.6, 70.1, 51.6, 42.8, 35.5, 32.12,318.9, 29.7, 29.8 (m), 29.7, 29.5, 26.8,
26.2, 22.8, 14.3, 7.1 (m), 6.9, 5.3, 5.2 (m), ERMS (ESI+) calcd. for gH7gO0sSisLi

(M+Li) 681. Found 681.
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Benzyl ester 2.59: To a solution of ester (533 mg, 0.79 mmol) in dicbimethane (5
mL) at -78°C was added a solution DIBAL (0.18 mL, 1.0 mmal)dichloromethane (5
mL) dropwise. The reaction mixture was stirred7&°C for 3 hours and then quenched
by dropwise addition of methanol before warmingtopoom temperature slowly. The
reaction was then added with 1M Rochelle’s salt phid7 buffer, stirred overnight,
extracted with dichloromethane, dried over MgS@nd concentrated to give the
aldehyde as a yellowish oil, which was used for thext step directly without

purification (478 mg, 97%).

To a suspension of the phosphonium salt (137 n&3 mol) in THF (1.5 mL) at -78
°C was added KHMDS (0.5M in THF, 0.42 mL, 0.21 mndtopwise. The resulted
orange mixture was stirred af© for 1 h, and cooled back to -78 before the solution
of aldehyde (40 mg, 0.063 mmol) in THF was addegbdise. The reaction mixture was
then left to warm up to room temperature and stiaeroom temperature for 12 h. The
reaction mixture was quenched with water, extraetgd ethyl ether, dried over MgSO
concentrated, and purified by flash column chromephy, eluting with 2%
EtOAc/hexane, to give the olefin as a colorless(84 mg, 95%, only Z olefin was

observed): §]p?° -22.7 € 0.79, CHCY); IR (thin film) 2951, 2928, 2854, 1741, 1456,
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1092 cni; *H NMR (500 MHz, CDCJ) 8 7.36 (m, 5H), 5.39 (m, 2H), 5.11 (s, 2H), 3.63
(m, 1H), 3.54 (m, 2H), 2.35 (§ = 7.5 Hz, 2H), 2.20 (1) = 1.5Hz, 2H), 2.02 (m, 2H),
1.57-1.80 (m, 5H), 1.40-1.50 (m, 1H), 1.10-1.36 8@H), 0.93-0.98 (m, 27H), 0.88 {,

= 6.5Hz, 3H), 0.53-0.62 (m, 18H)Y’C NMR (125 MHz, CDGJ) 6 173.8, 136.3, 131.6,
128.7, 128.3, 128.2, 125.9, 76.3, 75.7, 73.2, 6862, 34.7, 34.5, 32.1, 30.3, 30.0, 29.8
(m), 29.7 (M), 29.6 (M), 29.5 (M), 29.4 (m), 223,6, 26.8, 26.7, 25.1, 22.8, 14.3, 7.1
(m), 7.0, 5.3, 5.2 (m), 5.1; LRMS (ESI+) calcd. f&y3H10/0sSisLi (M+Li) 909. Found

909.

Acid 2.60: A mixture of benzyl ester (173 mg, 0.19 mmol), @0 mg, 10%), and 2,6-

lutidine (0.045 mL, 0.38 mmol) in EtOH (1 mL) watsreed under hydrogen (10 atm) for
5 hours. The mixture was then filtered through d pasilica gel and concentrated to
give the acid as a colorless oil (147 mg, 95%),cwhwas used immediately in the next

step without further purification.



106

Amide 2.61a: A mixture of aming46 mg, 0.11 mmol), acid (89 mg, 0.11 mmol), HOBt
(18 mg, 0.13 mmol), EDCI (26 mg, 0.13 mmol), andtN&E025 mL, 0.18 mmol) in
CH.Cl, (1.6 mL) was stirred at room temperature for 2dreo The mixture was then
poured into water, extracted with EtOAc, dried oMgSQ,, concentrated, and purified
by flash column chromatography (SiCeluting with 30% EtOAc/hexanes) to give the
amide (88 mg, 65%) as a clear oitr]§*° -62.5 € 0.66, CHCY); IR (thin film) 3304,
2954, 1640, 1607 ch *H NMR (500 MHz, CDCJ) & 7.42-7.30 (m, 10H), 6.80 (d,=
5.0 Hz, 1H), 6.50 (dJ = 2.5 Hz, 1H), 6.37 (d] = 2.5 Hz, 1H), 5.09 (d, J=2.5 Hz, 2H),
4.99 (s, 2H), 4.73 (m, 1H), 4.54 (m, 1H), 3.60 {H), 3.51 (m, 2H), 3.08 (M, 1H), 2.64-
2.88 (m, 4H), 2.48 (m, 1H), 2.25 (,= 7.0 Hz, 2H), 1.54-1.76 (m, 8H), 1.10-1.50 (m,
38H), 0.95 (tJ = 7.5 Hz, 27H), 0.88 (] = 6.5H, 3H), 0.52-0.62 (m, 18H)*C NMR
(125 MHz, CDC}) 6 173.2, 170.6, 158.6, 156.0, 137.3, 136.8, 13628.9, 128.8,
128.3, 128.2, 127.6, 127.2, 117.3, 105.9, 99.13,78.7, 73.1, 70.3, 70.2, 48.9, 48.8,

39.0, 37.4, 36.9, 35.0, 32.0, 30.2, 30.0, 29.98 23C), 29.7 (3C), 29.6, 29.5 (2C), 29.4,
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28.6, 26.8, 26.5, 25.9, 25.7, 25.3, 22.8, 14.2,7.Q, 5.3, 5.2; LRMS (ESI+) calcd. for

C73H125N>04Sis (M+H) 1225. Found 1225.

BnO

BnO

OBn

Amide 2.61b: 2.61b was obtained by following the same proced(#® mg, 54%):
[a]p? +48.0 € 0.62, CHCY); IR (thin film) 3304, 2954, 1640, 1607 &mtH NMR (500
MHz, CDCk) & 7.43-7.31 (m, 10H), 6.50 (d,= 2.5 Hz, 1H), 6.37 (d] = 2.5 Hz, 1H),
6.30 (d,J = 4.0 Hz, 1H), 5.09-4.98 (m, 4H), 4.88-4.95 (m,) 1479 (ddJ = 3.0, 11.0
Hz, 1H), 4.22 (m, 1H), 3.60 (m, 1H), 3.52 (m, 28)08 (m, 1H), 2.82-2.92 (m, 1H),
2.54-2.68 (m, 3H), 2.22 (dd,= 7.0, 9.0 Hz, 2H), 1.56-1.88 (m, 8H), 1.38-1.56 &H),
1.12-1.36 (m, 34H), 0.90-0.98 (m, 27H), 0.86-0.8(0/(5, 3H), 0.52-0.86 (m, 18H)°C
NMR (125 MHz, CDC4) 6 174.0, 169.2, 158.6, 157.1, 138.1, 137.0, 13&9,d, 128.9,
128.4, 127.8, 127.5, 118.5, 106.3, 99.4, 76.5,,76393, 70.5, 70.4, 56.5, 52.3, 39.9,

37.6, 37.1, 35.2, 32.2, 30.9, 30.4, 30.2, 30.10 B4C), 29.9 (2C), 29.8, 29.7 (2C), 29.6,
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28.2, 27.6, 27.0, 26.7, 26.0, 25.9, 23.0, 14.5, 7.3 5.5, 5.4, LRMS (ESI+) calcd. for

073H124l\12078i3Na(M+Na) 1247. Found 1247.

BnO

Triol 2.62a: A mixture of amide (80 mg, 0.065 mmol) in a mixisglvent of THF (0.3
mL), HOAc (0.45 mL), and kD (0.15 mL) was stirred at room temperature foo8rhk.
The volatile was then removed vacuo and the crude was purified by flash column
chromatography (Si§) eluting with 5% MeOH/CBLCI,) to give triol (57 mg, 99%) as a
clear oil: o]p? -22.8 € 0.65, CHCY); IR (thin film) 3307, 2919, 2848, 1667, 1646,
1610, 1465 cri; *H NMR (500 MHz, CDCJ) & 7.44-7.30 (m, 10H), 6.49 (d,= 2.5 Hz,
1H), 6.45 (dJ = 5.0 Hz, 1H), 6.36 (d] = 2.5 Hz, 1H), 5.09 (d, J=2.5 Hz, 2H), 4.97-5.05
(m, 4H), 4.90 (m, 1H), 4.79 (m, 1H), 4.22 (m, 18)64 (m, 1H), 3.42 (m, 2H), 2.63-
2.87 (m, 4H), 2.48 (m, 1H), 2.25 @= 7.5, 2H), 1.60-1.76 (m, 8H), 1.18-1.60 (m, 4H),
1.12-1.36 (m, 42H), 0.87 (t, 7.5H, 3HC NMR (125 MHz, CDG)) & 173.4, 170.8,
158.7, 156.1, 137.4, 136.9, 136.7, 129.0, 128.8,41228.3, 127.7, 127.3, 117.3, 106.0,

99.3, 74.8, 74.6, 72.1, 70.3 (2C), 49.0 (2C), 39717, 37.0, 33.7, 33.3, 32.1, 29.9 (2C),
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29.8 (2C), 29.7 (2C), 29.6, 29.5 (2C), 29.4, 285.9 (2C), 25.4, 22.9; LRMS (ESI+)

calcd. for GsHg2NoO7Li (M+Li) 889. Found 889.

BnO ~OTES  BnO

OBn

Triol 2.62b: 2.62b was obtained by following the same procedd mg, 99%): di]p>*
+34.8 £ 0.41, CHCY); IR (thin film) 3309, 2916, 2846, 1664, 1644, 561467 crit; *H
NMR (500 MHz, CDC}) & 7.44-7.30 (m, 10H), 6.80 (d,= 5.5 Hz, 1H), 6.47 (d] = 2.5
Hz, 1H), 6.38 (dJ = 2.5 Hz, 1H), 5.09 (d, J=2.5 Hz, 2H), 4.99 (s)2#93 (m, 1H),
4.72 (m, 1H), 4.54 (m, 1H), 3.66 (m, 1H), 3.43 (@h{), 3.06 (m, 1H), 2.86 (m, 1H),
2.63 (m, 1H), 2.52 (m, 1H), 2.21 @= 7.5, 2H), 1.60-1.76 (m, 5H), 1.38-1.60 (m, 9H),
1.12-1.36 (m, 32H), 0.87 (t, 7.5H, 3HC NMR (125 MHz, CDG)) & 174.0, 169.1,
158.4, 157.0, 138.0, 136.9, 136.6, 128.9 (2C),323C), 127.8, 127.4, 118.3, 106.2,
99.3, 74.6, 72.0, 70.4, 70.3, 56.4, 52.1, 39.87,336.9, 33.7, 33.3, 32.1, 30.8, 30.0, 29.9
(2C), 29.8, 29.7 (3C), 29.6, 29.5 (2C), 28.1, 223.9 (2C), 25.8, 22.9, 14.4; LRMS

(ESI+) caled. for GsHgNO7Li (M+Li) 889. Found 889.



110

BnO

schulzeine B

Schulzeine B: A mixture of triol (50 mg, 0.057 mmol) and sulftnioxide pyridine
complex (135 mg, 0.85 mmol) in DMF (1.5 mL) wasrstil at room temperature under
nitrogen for 48 h. The mixture was then quencheith wat. NaHC® solution and dried
under a stream of nitrogen. The crude was passedgh a pad of silica gel by eluting
with 20% methanol in EtOAc slowly to give an essaht pure product, which was
immediately dissolved in a vial charged with MeQH5(mL) and Pd/C (6.7 mg, 10%).
Hydrogen balloon was inserted to the vial and thgture was stirred for 4h. The
mixture was then passed through silica gel paegmaore the catalyst and concentrated
to give Schulzeine B (45 mg, 82% over 2 steps) as a white powdss? -23.5 € 0.68,
MeOH); IR (thin film) 2925, 2851, 1633, 1599 ¢ntH NMR (500 MHz, CDCY) 5 6.21
(d,J = 2.5 Hz, 1H), 6.14 (d] = 2.5 Hz, 1H), 4.87 (dd] = 11.5, 4.0 Hz, 1H), 4.63-4.70
(m, 4H), 4.36 (dt) = 10.5, 5.5 Hz, 1H), 2.68-2.80 (m, 2H), 2.52-2(68 2H), 2.23-2.34
(m, 3H), 1.92-2.04 (m, 2H), 1.51-1.82 (m, 9H), :B87 (m, 3H), 1.22-1.48 (m, 32H),
0.87 (t,J = 7.5H, 3H);**C NMR (125 MHz, CDGJ) 5 176.1, 171.8, 157.9, 156.2, 138.3,
115.0, 107.2, 101.9, 81.2, 80.0, 79.8, 51.6, 4904, 37.0, 35.5, 31.7, 30.9, 30.8 (3C),
30.7 (2C), 30.6, 30.5, 30.4, 30.3, 29.8, 29.0, 2B@0, 25.9, 25.8, 23.7, 14.4; LRMS

(MALDI+) calcd. for Gi1He7N2NasO16 (M+Na) 1031. Found 1031.
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BnO

OBn

0SO;Na

schulzeine C

Schulzeine C was obtained by following the same procedur&dmilzeine B (23 mg,
75% over 2 steps)np® +38.0 € 0.42, MeOH); IR (thin film) 2922, 2851, 1689, 1611
cm’; *H NMR (500 MHz, CDCYJ)  6.20 (d,J = 2.5 Hz, 1H), 6.10 (d] = 2.5 Hz, 1H),
4.77-4.85 (m, 2H), 4.62-4.73 (m, 2H), 4.33-4.43 (hl), 4.29 (ddJ = 12.0, 6.5 Hz,
1H), 3.09 (dgJ = 14, 2.5 Hz, 1H), 2.60-2.79 (m, 2H), 2.50-2.6Q (H), 2.25 (dtJ =
7.0, 4.0 Hz, 2H), 2.12 (m, 1H), 1.89-2.04 (m, 3#)52-1.84 (m, 8H), 1.21-1.52 (m,
38H), 0.89 (tJ = 7.5H, 3H);**C NMR (125 MHz, CDGJ) 5 174.9, 169.3, 156.5, 155.5,
137.4, 114.6, 106.4, 100.9, 80.1, 78.8, 78.7, H0®, 39.6, 35.9, 31.9, 30.6, 29.8, 29.7
(2C), 29.6 (3C), 29.5, 29.4, 29.3, 29.2, 29.1, 28862, 27.3, 25.8, 25.7, 24.8, 24.7, 22.6,

13.3; LRMS (MALDI+) calcd. for GHs7N2NayO16 (M+Na) 1031. Found 1031,
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Me HO Me
Y’ CY’
Me/\ Me/\

a-Hydroxy ketone 3.18: To a solution of R)-carvone (3.6 g, 24 mmol) and Mn(dpm)
(435 mg, 0.72 mmol, 0.03 equiv) ifPrOH (120 mL) at 0 °C was added phenylsilane
(3.9 g, 4.4 mL, 36 mmol, 1.5 equiv) dropwise oveni&x under an oxygen atmosphere
(balloon). The reaction mixture was stirred a&Q0for 30 min, then ambient temperature
(23 °C) for 2 h. After removing the oxygen balloon, thigphosphite (6.0 g, 36 mmol,
1.5 equiv) was added. The mixture was stirred3f@min, diluted with ethyl acetate,
washed with saturated sodium bicarbonate and thee.blhe organic layer was dried
over sodium sulfate and purified by flash columnoohatography (Sig@) eluting with 10

- 40% EtOAc/hexanes) to afford the ketaagea 2:1 mixture of diastereomers (2.55 g,

63%). NMR data matched that previously reported.

HO Me y
ij Oﬁ
_—

Me
0] 0.__0
Me/\ Me/\

Ketoacid 3.19: A mixture ofa-hydroxy ketone (7.36 g, 44 mmol) and periodic g&id
g, 88 mmol, 2.0 equiv) in ED (200 mL) was vigorously stirred at ambient terapane
(23 °C) until reaction completion (~10 min) as monitol®dTLC. The reaction mixture

was diluted with ethyl acetate and washed with éofimilowed by saturated N&Os.

3 (a) Blair, M.; Tuck, K. L.Tetrahedron: Asym. 2009, 20, 2149-2153. (b) Kido, F.; Yamaji, K.;
Sinha, S. C.; Abiko, T.; Kato, M.etrahedron 1995, 51, 7697-714.
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The organic layer was then dried over sodium seildaid concentrated to afford ketoacid
as a colorless liquid (7.71 g, 95%). NMR data matckhat previously reported and
purity was established b4 NMR (500 MHz)? The crude material was of sufficient
purity to be used in the next step without furtperification.

Me
o

OO Me@:o
> ’/I'H

Me/\ /\

Bicyclic-B-lactone 3.12: To a mixture of TsCl (22 g, 116 mmol, 1.5 equivyPRY
(11.4 g, 77.2 mmol, 1.0 equiv), and diisopropylétagine (53.8 mL, 309 mmol, 4.0
equiv) in CHCI, (150 mL) was added a solution of ketal#(14.2 g, 77.2 mmol) in
CH.Cl, (20 mL) dropwise (over 2 minJhe reaction mixture was stirred at ambient
temperature (28C) for 10 min and then powdered anhydrou€&; (32 g, 232 mmol,
3.0 equiv) was added in one portion. The reactionetd dark brown after stirring at
ambient temperature (Z&) for 2 h. The reaction was diluted with hexaned passed
through a pad of silica gel to remove the solidmé&ntration by rotary evaporation and
purification of the residue by flash column chroagabphy (SiQ, eluting with
20-50% EtOAc/hexanes) gaelactoneas a colorless liquid (10.6 g, 83%), which
upon standing became a white solid]f® +33.8 € 1.4, CHC}); IR (thin film) 2975,
2937, 1818, 1643 ch *H NMR (500 MHz, CDC}) 5 4.76 (s, 1H), 4.41 (s, 1H), 3.47 (s,
1H), 2.84 (dJ = 7.0 Hz, 1H), 1.99-2.12 (m, 2H), 1.84-1.92 (m,)1H73 (s, 3H), 1.68
(s, 3H); 1.62-1.67 (m, 1H}:3C NMR (125 MHz, CDGJ) § 171.1, 145.1, 109.8, 87.9,
63.0, 45.7, 33.7, 28.3, 22.5, 21.6; HRMS (ESI+rdafor GoH1s0, (M+H) 167.1072.
Found 167.1079.

4 Pinheiro, L.; Marsaioli, A. JI. Mol. Cat. B: Enz. 2007, 44, 78-86.



114

Me, O Me OH

OH

N
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Y

1

Me

Diol 3.21: To a solution of}-lactone(5.14 g, 31 mmol) in CkCl, (200 mL) cooled to -
78 °C was added DIBAI-H (16.5 mL, 93 mmol, 3.0 equiropwise over 2 mimhe
reaction mixture was warmed to O °C and stirredaforadditional 30 mins. The reaction
was quenched by careful and slow addition of 3 mOdt 0 °C. Stirring was continued
at the same temperature for 30 min, and then 6 6% 2. NaOH was added and
stirring was continued at ambient temperature @3 for 3 h. The resulting white
precipitate was removed by filtration through a pddsilica gel and the eluent was
concentrated to afford dig5.21 g, 99%) as a colorless oilt]p** -36.0 € 1.0, CHC});

IR (thin film) 3357, 2966, 2875, 1643 &'H NMR (500 MHz, CDC}) 5 4.77 (s, 1H),
4.74 (s, 1H), 3.90 (dd] = 11.5, 3.0 Hz, 1H), 3.71 (dd,= 11.5, 5.0 Hz, 1H), 3.44 (s,
1H), 3.34 (s, 1H), 2.88 (dd,= 20.0, 9.0 Hz, 1H), 1.89-1.98 (m, 1H), 1.72-1(i6 2H),
1.69 (s, 3H), 1.54-1.59 (m, 1H), 1.44-1.54 (m, 1HR9 (s, 3H)*C NMR (125 MHz,
CDCl;) 6 147.0, 110.8, 81.7, 60.7, 52.5, 46.9, 41.6, 28811, 19.4; HRMS (ESI+)
calcd. for GoH1g0,Li (M+Li): 177.1467. Found 177.1466.
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Bromide 3.31: A mixture of diol (2.37 g, 13.9 mmol), TsCl (2.78 g, 14.6 mmol), and
LiBr (1.33 g, 15.3 mmol) in freshly distilled pyiite (3.5 mL) was stirred at ambient
temperature (23C) for 8 h. The reaction was then heated to 600fGfh. After cooling
to ambient temperature (28), (EtCOYO (20 mL), triethylamine (10 mL), and DMAP
(340 mg) was added and the reaction was stirrecdatitional 48 h. The reaction
mixture was then diluted with EtOAc and washed veighhd. NaHCQ followed by 1M
HCIl and brine. The organic layer was dried overiwodsulfate, concentrated, and
purified by flash column chromatography ($i0 - 20% EtOAc/hexanes) to afford the
bromoesteras a light yellow oil (3.16 g, 79%)a]p?® +40.0 € 0.35, CHCY); IR (thin
film) 2976, 2937, 2879, 1731, 1641 ¢mH NMR (500 MHz, CDCY) 8 4.77 (s, 2H),
3.62 (t,J = 9.5, 1H), 3.37 (dd) = 10.5, 2.5 Hz, 1H), 3.35-3.49 (m, 2H), 2.30 (dd;
15.0, 7.5 Hz, 2H), 2.00-2.80 (m, 1H), 1.88-1.98 (thi), 1.74-1.82 (m, 1H), 1.70 (s,
6H), 1.40-1.52 (m, 1H), 1.06-1.14 {t= 7.5, 3H);"*C NMR (125 MHz, CDG) 5 173.3,
1455, 111.9, 88.8, 55.7, 52.0, 37.5, 30.1, 2882,224.6, 19.0, 9.2. The parent

molecular ion (M) could not be detected by available ionizationhuds.

O

\\“9
w
Y
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o-Lactone 3.35: A solution of KHMDS (1M in THF, 43 mL, 43 mmol, 3€quiv) was
added dropwise by syringe over 5 min to a cool@d ¢C ) THF (50 mL) solution of
bromoesteB (4.15 g, 14.4 mmol, 1.0 equiv). The reaction nrigtwas stirred for 30 min
at -78 °C and then Mel (17.8 mL, 288 mmol, 20 ejjuvas added. The mixture was
warmed to ambient (23C) temperature, diluted with EtOAc, and washed viitme
followed by saturated N&,Os, dried over sodium sulfate, concentrated, andfipdrby
flash column chromatography (SI& - 15% EtOAc/hexanes) to afford the lactone as
a light yellow oil (2.68 g, 84%).0]]p*% +75.0 € 1.1, CHC4); IR (thin film) 3071, 2968,
2937, 2873, 1728, 1451 ém'H NMR (500 MHz, CDCJ) 8 4.73 (d,J = 1.5 Hz, 1H),
4.71 (s, 1H), 2.45 (dd] = 18.0, 8.0 Hz, 1H), 1.97-2.05 (m, 1H), 1.77-1(88 3H),
1.69(s, 3H), 1.59-1.66 (m, 1H), 1.44-1.52 (m, 1H%3 (s, 3H), 1.24 (s, 6H), 1.11-1.22
(m, 1H);*°C NMR (125 MHz, CDGJ) 5 177.6, 145.7, 110.3, 90.3, 52.1, 43.0, 39.7, 38.7,
36.1, 28.7, 28.4, 27.5, 26.4, 20.2.; HRMS (ESHgaafor G4H230, (M+H): 223.1698.

Found 223.1702.

Lactol 3.36: To a solution of lactone (1.22 g, 5.5 mmol, 1.0iegin CH.Cl, (10 mL)
cooled to -78 °C was added dropwise a solution I®FADH, (1.36 mL, 7.7 mmol, 1.4
equiv) in THF (2 mL)The reaction mixture was stirred at -78 °C for 3@ @and then
MeOH (0.1 mL) was added carefully at -78 °C andeti for an additional 30 min. The
reaction was quenced by careful addition of 20% NaOH (0.2 mL) at -78C and
stirring was continued at this temperature for 8'he resulting white precipitate was
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removed by filtration through a pad of silica geldathe eluent was concentrated to
afford the lactolas a colorless liquid (1.21 g). This material wagied directly to the

next step without further purification.

Diol 3.37: To a solution of freshly prepared lactol (1.215gt mmol) in THF (20 mL)
cooled to -78 °C was added dropwise over 2 minplatisn of vinyl magnesium
bromide (1M in THF, 16.2 mL, 16.2 mmol). After colage addition, the reaction
mixture was warmed to 0 °C and stirred at the stengerature for 1 h. The mixture
was then quenched with,8, warmed to ambient temperature, diluted with E¢OA
washed with brine, dried over sodium sulfate, cotreged, and purified by flash column
chromatography (Si§) 20 — 50% EtOAc/hexanes) to afford the diol as a cokwleil
(1.11 g, 80%)*H NMR (500 MHz) analysis of the crude reaction raiet revealed a dr
>19:1. p]p?® +8.5 € 0.7, CHC}); IR (thin film) 3320, 3074, 2962, 2873, 1641, 246
cm™; *H NMR (500 MHz, CDCJ) 5 5.91 (dddJ = 17.5, 10.5, 6.0 Hz, 1H), 5.22 @@=
17.5 Hz, 1H), 5.15 (d] = 10.5 Hz, 1H), 4.72 (s, 1H), 4.71 (s, 1H), 3.82& 6.0 Hz,
1H), 3.65 (s, 1H), 2.19-2.26 (m, 1H), 1.99 (dd&; 15.0, 7.0 Hz, 1H), 1.74-1.81 (m, 1H),
1.66-1.71 (m, 1H), 1.65(s, 3H), 1.44-1.49 (m, 1HB5-1.40 (m, 1H), 1.33(s, 3H), ),
0.97 (dd,J = 15.0, 7.0 Hz, 1H), 0.79 (s, 3H), 0.73 (s, 3HE NMR (125 MHz, CDGJ)

0 146.5, 137.8, 116.3, 111.8, 79.2, 78.5, 57.5, ,46267, 39.2, 37.4, 30.6, 28.7, 24.1,
23.1, 18.6.; HRMS (ESI+) calcd. forg2sOoLi (M+Li) 259.2249. Found 259.2260.
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Allylic alcohol 3.38: A solution of dien (136 mg, 1 mmol) and Grubbs Gatien I
catalyst (21 mg, 0.03 mmol, 3 mol%) in toluene Q) was heated to 90 °C under
nitrogen for 3 h. The solvent was then removed unelduced pressure and the residue
was purified by flash column chromatography (§i@0 - 50% EtOAc/hexanes) to
afford allylic alcoholas an amorphous solid (222 mg, 99%]of> +26.9 € 0.5, CHC});

IR (thin film) 3409, 2962, 2867, 1557 ¢in"H NMR (500 MHz, CDCJ) & 5.47 (d,J =
5.5 Hz, 1H), 3.83 (dJ = 6.5 Hz, 1H), 2.92 (dd] = 4.5, 6.5 Hz, 1H), 1.86-1.89 (m, 1H),
1.82(t,J = 13.0 Hz, 1H), 1.73 (s, 3H), 1.64-1.71 (m, 2H}3t1.54 (m, 2H), 1.32-1.40
(m, 2H), 1.22-1.28 (m, 2H), 1.21 (s, 3H), 0.99 &), 0.91 (s, 3H)*C NMR (125
MHz, CDCk) 6 142.5, 126.3, 80.3, 76.2, 64.8, 48.9, 46.1, 48806, 35.8, 28.7, 26.8,
26.1, 23.6; HRMS (ESI+) calcd. forg240,Li (M+Li) 231.1936. Found 231.1932.

OH
Me OH Me
Me
Me
H o H

5-epi-omphadiol

(+)-5-epi-omphadiol (3.39). To a solution of allylic alcohol (27.1 mg, 0.12mul, 1.0
equiv) in CHCI, (4 mL) cooled to -30 °C was added diethyl zinc (62 0.6 mmol, 5.0
equiv) dropwise over 2 min. After stirring for 10irm CH,l, (68 uL, 0.84 mmol, 7.0
equiv) was added dropwise over 2 min and the m@actiixture was slowly warmed to
0°C and stirred at that temperature for an addi@nh. The reaction was then quenched
with H,O, diluted with EtOAc, washed with 1M NaOH and lerindried over sodium
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sulfate, concentrated, and purified by flash coluwhromatography (Si§) eluting with

20 - 50% EtOAc/hexanes) to affordépi-omphadiol as an amorphous solid (21.4 mg,
75%). [a]p?® +57.2 € 1.1, CHCY); IR (thin film) 3404, 2954, 1456, 1379 &mH NMR
(500 MHz, CDC}) & 3.84 (d,J = 4.5 Hz, 1H), 1.81-1.89 (m, 1H), 1.72-1.80 (m,)1H
1.62-1.69 (m, 2H), 1.55-1.62 (m, 2H), 1.44-1.54 (th]), 1.46(s, 1H), 1.25-1.30 (m,
1H), 1.23 (s, 3H), 1.19 (dd, = 23.0, 11.0 Hz, 1H), 1.06 (s, 3H), 1.01 (s, 36189 (s,
3H), 0.62-0.68 (m, 2H), 0.42-0.47 (m, 1HJC NMR (125 MHz, CDGJ) & 81.1, 76.5,
47.6, 46.7, 41.5, 37.7, 35.5, 31.5, 27.0, 25.62,223.3, 20.8, 19.6, 18.1.; HRMS (ESI+)
calcd. for GsHzeO,Li (M+H): 245.2093, Found 245.2087.

\

Ar = 4-bromophenyl

Bis-4-bromophenyl derivative of (+)-5-epi-omphadiol. To a solution of the diol (15.1
mg, 0.063 mmol, 1.0 equiv) in THF (1 mL) at O °Csnadded a solution of KHMDS
(M in THF, 0.32 mL, 0.32 mmol, 5.0 equiv) dropwigdter stirring for 30 min at 0 °C,
a solution ofp-BrPhCOCI (83 mg, 0.38 mmol, 6.0 equiv) in THF (k) was added
and stirring was continued at the same temperdtur8 h. The reaction mixture was
then quenched with 4@, diluted with EtOAc, washed with satd. NaHCOdried over
sodium sulfate, concentrated, and purified by fleslumn chromatography (S010 -
40% EtOAc/hexanes) to give the diester as a gunuly £9.3 mg, 77%). This material
was dissolved in a mixed solvent system ofCHvleOH (v/v 1:1, 1 mL) and slow
evaporation at ambient temperature {€3 gave crystals suitable for X-ray analysis; mp
81-82°C (ELO/MeOH). []p®® +91.2 € 0.97, CHCY); IR (thin film) 2957, 1717, 1593,
1291, 1273 cil; 'H NMR (500 MHz, CDC}) & 7.81-7.90 (m, 4H), 7.46-7.55 (m, 4H),
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5.38 (d,J = 6.0 Hz, 1H), 2.73-2.80 (m, 1H), 1.92-2.09 (m)2H80-1.88 (m, 1H), 1.71-
1.75 (m, 2H), ), 1.69 (s, 3H), 1.60-1.68 (m, IH}A1.55 (m, 1H), 1.18 (s, 3H), 1.06 (s,
3H), 1.05 (s, 3H), 0.90 (ddd,= 10.5, 9.5, 5.0 Hz, 1H), 0.60 (d#i= 10.5, 5.0 Hz, 1H),
0.28 (t,J = 5.0 Hz, 1H)**C NMR (125 MHz, CDCJ) 5 164.9, 164.8, 132.0(2), 131.8(2),
131.1, 130.8(2), 130.6(2), 129.3, 128.1, 127.68929.3, 50.2, 47.2, 37.4, 37.1, 36.8,
31.0, 25.0, 23.8, 23.5, 21.3, 20.8, 19.7, 19.2; HR(&SI+) calcd. for GHs,Br.ClO,
(M+Cl) 637.0356, Found 637.0335.

Y

Enone: To a solution of allyl triphenyltin (260 mg, 0.@mol, 1.65 equiv) in EO (2
mL) at 0 °C was added a solution of phenyl lithigin8 M in BpO, 0.37 mL, 0.67
mmol, 1.65 equiv) dropwise. The mixture was warrneémbient temperature (28)
and stirred for an additional 20 min. The resultmixture containing a white precipitate
was cooled to -78 °C, and a solution of the lact@®emg, 0.4 mmol) in EO (0.5 mL)
was added dropwise. After stirring for 40 min, tleaction was quenched with MeOH,
diluted with EtOAc, passed through a pad of sitieh to remove the white precipitate,
dried over sodium sulfate, concentrated, and maify flash column chromatography
(SiO,, 0 » 60% EtOAc/hexanes) to afford dieB@ as a colorless liquid (79 mg, 74%).
This diene exists as an equilibrium mixture of lopdr ketone an@d-lactol, therefore to
faciliate characterization, a portion of diene wasverted to the corresponding TMS-
ether ketone. However, the hydroxyketone could deed directly to the ring-closing
metathesis step. The TMS-ether ketone was pregaratissolving a portion of diene
(20 mg, 0.038 mmol) in MeCN (1 mL) and TMSCI (0riL) and imidazole (100 mg)
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were added. The mixture was stirred at ambient ézatpre for 8 h, quenched with
MeOH, concentrated, and purified by flash columrooiatography (Si@ eluting with

0 - 20% EtOAc/hexanes) to afford TMS ethees a colorless liquid (11.7 mg, 92%).
[a]o? +74.3 € 0.4, CHCY); IR (thin film) 2960, 2925, 1702, 1643, 1462 tmH NMR
(500 MHz, CDC}) 8 5.87-5.98 (m, 1H), 5.22 (m, 2H), 4.70 (m, 1H),94(6n, 1H), 3.23-
3.36 (d,J = 10.5 Hz, 2H), 2.39 (dd, = 12.5, 9.0 Hz, 1H), 1.92-1.97 (m, 1H), 1.79-1.89
(m, 1H), 1.69-1.77 (m, 1H), 1.64 (s, 3H), 1.55-1(68 2H), 1.32-1.42 (m, 2H), 1.24 (d,
J = 0.5 Hz, 3H), 1.07 (s, 3H), 1.06 (s, 3H), 0.1190); °C NMR (125 MHz, CDG) &
213.9, 147.9, 132.0, 117.7, 111.1, 83.5, 54.7,,49/04, 41.9, 41.0, 39.0, 28.3, 27.6,
25.2, 25.1, 19.2, 2.3(3); HRMS (ESI+) calcd. fout;0,Si (M+H): 337.2563. Found

337.2566

Cycloheptenone 3.14: A solution of diene (136 mg, 0.51 mmol, 1.0 equangd Grubbs
2" generation catalyst (11 mg, 0.013mmol, 3 mol%joinene (30 mL) was heated to
90 °C under nitrogen for 3 h. The solvent was resdownder reduced pressure and the
residue was purified by flash column chromatograpf$O,, 20 - 50%
EtOAc/hexanes) to afford enoms an amorphous solid (108 mg, 95%iiof° -125 €
0.8, CHC}); IR (thin film) 3443, 2963, 2931, 2869, 1720, 564456 crit; 'H NMR
(500 MHz, CDC}) & 5.77 (s, 1H), 2.70 (dd] = 14.5, 9.5 Hz, 1H), 2.00-2.10 (m, 1H),
1.87 (s, 3H), 1.76-1.84 (m, 3H), 1.56-1.65 (m, 2H28-1.35 (m, 2H), 1.27 (s, 3H), 1.15
(s, 3H), 1.11 (s, 3H)*3C NMR (125 MHz, CDG)) & 209.2, 154.3, 126.7, 80.2, 52.3,
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51.6, 47.4, 39.0, 36.9, 29.4, 27.6, 26.9, 25.96;2HARMS (ESI+) calcd. for GH»30,
(M+H) 223.1698. Found 223.1691.

OH

H Me
Me

Y

Me
n Me

OH

Allylic alcohol 3.50: A solution of DIBALABuULi complex in hexanes/toluehé.37 M,
5.1 mL, 1.89 mmol, 3.0 equiv) was cooled to -78&i@ a solution of enone (140 mg,
0.63 mmol, 1.0 equiv) in toluene (10 mL) was addeapwise. After stirring at -78 °C
for 12 h, the reaction was carefully quenched WighOH (0.2 mL), diluted with CECl,
and 0.4 mL of ag. 20% NaOH was added. The reactas stirred at ambient
temperature (28C) for 8 h. The resulting white precipitate was oxed by filtration
through a pad of silica gel and the eluent was eotrated to afford the allylic alcohol as
an amorphous solid (121 mg, 86%]4>* +11.4 ¢ 0.5, CHC)); IR (thin film) 3387,
2963, 2931, 2869, 1652, 1453 tnH NMR (500 MHz, CDCJ) 5 5.23 (s, 1H), 4.14 (s,
1H), 2.72 (ddJ = 17.5, 10.0 Hz, 1H), 1.82-1.93 (m, 1H), 1.7638l), 1.64-1.74 (m,
3H), 1.44-1.62 (m, 3H), 1.24-1.32 (m, 2H), 1.2238l), 1.03 (s, 3H), 0.84 (s, 3H)’C
NMR (125 MHz, CDC}) 6 138.8, 130.3, 80.7, 77.3, 48.7, 45.7, 42.4, 43507, 29.2,
26.4, 24.6, 22.0, 19.3; HRMS (ESI+) calcd. foiH34ClO, (M+CI) 259.1465. Found
259.1475.

® Bian, J.; Van Wingerden, M.; Ready, J. M.Am. Chem. Soc. 2006, 128, 7428-7429.
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OH

Me -

Me Me
OH

(+)-omphadiol

Omphadiol (1). To a solution of the allylic alcohol (16.2 mgQ©2 mmol, 1.0 equiv) in
CH.Cl, (2 mL) cooled to -30 °C was added diethyl z{@@6 zi, 0.36 mmol, neat)
dropwise. After stirring for 10 mins, GH (0.41 /4, 0.5 mmol) was added dropwise.
The reaction mixture was warmed to 0°C slowly atdes at this temperatute for 2 h.
The reaction was then quenched wityOHdiluted with EtOAc, washed with 1M NaOH
and brine, dried over sodium sulfate, concentrataa purified by flash column
chromatography (Si§) eluting with 20— 50% EtOAc/hexanes) to afford omphadiol as
an amorphous solid (14.3 mg, 83%)14?3 [a]p> +19.4 € 0.31, EtOH); IR (thin film)
3384, 2990, 2951, 2926, 1557, 1538, 1465 chor 'H and**C NMR line listings, see
Tables 1 and 2 below; HRMS (ESI+) calcd. fostheNaO, (M+Na) 261.1830. Found
261.1827.
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Table 1. Comparison of'H NMR data of natural (600 MH2)and synthetic (+)-
omphadiol (this work, (500 MHz) in (GIRCO

C# natural omphadiol synthetic omphadiol
& (H) (multicity, J in Hz) 8 (H) (multicity, J in Hz)

1 1.45 (overlap) 1.45 (m)

3a 0.62 (dd, J = 8.2, 4.0) 0.62 (dd, J=8.5, 4.0)

3B 0.34 (t,J=4.4) 0.34 (t, J=4.4)

4 0.51-0.55 (m) 0.51-0.55 (m)

S5a 3.05 (dd, J=9.0, 4.2) 3.05 (dd, J =8.5, 4.5)

70 1.42 (overlap) 1.42 (m)

78 1.25-1.29 (m) 1.23-1.29 (m)

8 1.59 (overlap) 1.59 (m)

10a 1.65 (overlap) 1.65 (m)

108 1.58 (overlap) 1.58 (m)

11la 1.77 - 1.80 (m) 1.75-1.82 (m)

11B 1.64 (overlap) 1.64 (m)

12 0.98 (s, 3 H) 0.98 (s, 3 H)

13 0.97 (s, 3 H) 0.97 (s, 3 H)

14 0.94 (s, 3 H) 0.94 (s, 3 H)

15 1.21(s,3 H) 1.21(s,3 H)

5(0OH) | 3.40(d,J=4.2) 3.41 (d, J=4.5)

9(0OH) | 2.90(s) 2.90 (s)

(+)-omphadiol

6 Zheng, Y.-B.; Lu, C.-H.; Zheng, Z.-H.; Lin, X.-Bu, W.-J.; Shen, Y.-Mdelv. Chim. Acta.
2008, 91, 2174.
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Table 2. Comparison of*C NMR data of natural (150 MHz) and synthetic (+)-
omphadiol (this work, 125 MHz) in (GIpCO.

C# natural omphadiol synthetic omphadiol | (A )
1 492 492 0
2 18.8 18.8 0
3 225 22.5 0
4 30.3 30.3 0
5 79.8 79.8 0
6 37.8 37.8 0
7 42.4 42.4 0
8 48.3 48.3 0
9 79.4 79.4 0
10 41.4 414 0
11 23.0 23.0 0
12 19.0 19.1 -0.1
13 30.0(*) 28.8 1.2
14 18.9 18.9 0
15 25.0 25.0 0

*Zhenget. al. inadvertently misassigned this peak.

Note: In general, théH and'*C NMR data for our synthetic omphadiol matched well
with that reported by Zhefdor the natural product. However, there was ardigancy
with one’>C signal (C13, naturab 30.0, syntheticd 28.8,A51.2). We determined that
the C13 signal in the reportédC spectrum was actually embedded in the @00
solvent signals and was thus likely misassigned tduthe low concentration of the
natural sample (see p. S42). 2D NMR data reportedZibend also support this
conclusion since reported HSQC and HMBC spectravetloC-H correlations with a
peak embedded within the solvent acetone sign@2§-8) but not the signal &t30.0
(see pp. S45-49). Thus, the correct chemical $biftC13 of omphadiol should be
0 28.8 rather than 30.0(*) in (GRCO

" This was confirmed in a private communication vitiofs. Zheng and Shen.
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TBSO

Dioxenone 4.11: A solution ofi-PrpNH (134 /4., 0.96 mmol) in THF (1 mL) at -78 °C
was added with a solution ofBuLi (2.5 M in hexanes, 0.35 mL, 0.87 mmol). The
reaction was stirred at -78 °C for 30 minutes. HMR67 14, 0.96 mmol) was added,
followed by a solution of dioxenone (1@8, 0.82 mmol) in THF (0.5 mL). The mixture
was stirred for 1 hour before the addition of i@lii200 mg, 0.52 mmol). After the
addition, The reaction was allowed to warm up tonnaemperature over 3 hours. The
reaction was then quenched with saturated@Hpartitioned between ethyl acetate and
water. The organic extract was concentrated to @iwride product and purified by flash
column chromatography (SiOeluting with 100% hexanes) to give the dioxeneasa
clear oil (110 mg, 53%). IR (thin film) 2959, 2888721, 1705, 1667 ch ‘H NMR
(500 MHz, CDC}) 5 5.17 (s, 1H), 3.54 (] = 6.0 Hz, 2H), 2.18 (] = 8.0 Hz, 2H), 1.44
(m, 4H), 1.28 (m, 18 H), 0.94 (s, 9H), 0.02 (s, K¢ NMR (75 MHz, CDCY) 8 172.2,
161.5, 106.2, 93.1, 63.3, 33.6, 32.9, 29.6, 29,4P®)2, 29.0, 26.0(3), 25.8, 25.8,

25.0(2), 18.4, -5.1(2); LRMS (ESI+) calcd. fosH4504Si (M+H) 399. Found 399.
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Alcohol 4.12: A reaction mixture of TBS ether (400mg, 1mmol) ikA (8 mL) was
added with TBAF(1 mmol, 1.5 mL) at 0 °C. The reawtvas stirred for 3 hours at room
temperature, diluted with ethyl acetate, washed wgiiturated NECI, concentrated,
purified by flash column chromatography ($jO eluting with 30%->50%
EtOAc/hexanes) to give the alcohol as a clear dig@b5 mg, 90%). IR (thin film) 2959,
2889, 1721, 1705, 1665 ¢in*H NMR (500 MHz, CDCJ) 85.18 (s, 1H), 3.63 (1= 6.0
Hz, 2H), 2.16 (tJ = 8.0 Hz, 2H), 1.45 (m, 4H), 1.28 (m, 18 HJC NMR (125 MHz,
CDCl3) 6172.2, 161.6, 106.3, 93.1(2), 63.1, 33.7, 32.85,220.4, 29.4, 29.2, 29.0, 25.8,

25.1(2); LRMS (ESI+) calcd. for {gH2904 (M+H) 285. Found 285.

Diazoester 4.14: A solution of primary alcohol (26 mg, 0.09 mmol)twluene (40 mL)

was added dropwise to a refluxing toluene (150 ougr 3 hours. The reaction mixture
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was concentrated to give a crude product (20 mdy)s Trude was subsequently
dissolved in a blending solvent of dichloromethamel acetonitrile (1:1, 0.5 mL) and
added with p-ABSA (26 mg, 0.33 mmol) and triethyhiae (244, 0.6 mmol). After
stirring at 40°C for 10 hours, the reaction was diluted with ethgétate, washed with
saturated NECI solution, dried over MgS£) concentrated by rotary evaporation, and
purified by flash column chromatography (Si@luting with 10-50 % EtOAc/hexanes)
to give the diazoester as a softB mg, 78% over 2 steps). IR (thin film) 2995, 298
1742, 1708, 1685, 1476 ¢n'H NMR (500 MHz, CDCJ) & 4.37 (t,J = 9.0 Hz, 2H),
2.88 (t,J = 11.0 Hz, 2H), 1.79 (m, 4H), 1.27-1.58 (m, 12 ¢ NMR (125 MHz,
CDCl3) 6 193.0, 162.4, 80.3, 65.5, 38.5, 27.4, 26.8, 2831, 24.9, 24.2(2), 22.7,

LRMS (ESI+) caled. for GH21N203 (M+H) 253. Found 253.

Cyclopentanone 4.15: A mixture of diazo ester (20 mg, 0.0794 mmol) imbene (1
mL) was added dropwise into refluxing benzene (1) mantaining RAOACc), (2 mg,
0.0045 mmol) over 4 hours. After the addition tleaation was stirred at the same
temperature for another 1 hours. The mixtusre Wwes toncentrated down and purified
by flash column chromatography (SiGluting with 10-50 % EtOAc/hexanes) to give

the cyclopentanone as a solid (16 mg, 90%). IR (ilin) 2941, 2139, 1705, 1668 ¢n
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'H NMR (500 MHz, CDC}) & 4.31 (t,J = 8.5 Hz, 1H), 4.08 (d] = 10.5 Hz, 1H), 2.83
(m,J = 10.5 Hz, 1H), 2.76 (m, 1H), 2.28-2.47 (m, 2HN72.16 (m, 1H), 1.79-1.93 (m,
2H), 1.32-1.58 (m, 5H), 1.13-1.27 (m, 6KJC NMR (125 MHz, CDGJ) 5 212.4, 170.5,
66.1, 62.4, 40.3, 38.9, 34.6, 29.2, 27.7, 26.06,223.0, 21.9; LRMS (ESI+) calcd. for

C13H2103 (M+H) 225. Found 225.

Te)

H OTIPS OTIPS
H o 0 0

0 0

—> —>
Cd 0 S ©
I Y ;

Dione 4.25: To a solution of the ketone (450 mg, 2 mmol) inhtbcomethane (15 mL)
at -78 °C was added 2,6-lutidine (0.47 mL, 4 mnaol)l TIPSOTf (0.59 mL, 2.2 mmol).
The reaction was stirred at -78 °C for 30 minutes then at 0 °C for another 30
minutes before quenched with saturated,8lIH The mixture was diluted with ethyl
acetate, washed with 1N HCI, dried over MgSé&nd concentrated to give a clean crude
product. This material was then dissolved in a dileg solvent of acetone and water
(15:1) containing p-TsOH (0.4 M, 0.5 mL, 0.2 mmahd heated up to 55 °C for 35
minutes. The reaction was then carefully quenchied saturated sodium bicarbonate,
diluted with ethyl acetate, washed with water, diraver sodium sulfate, concentrated,
and purified by flash column chromatography (§iOCeluting with 10-40%

EtOAc/hexanes) to give the dione as a colorles§4si® mg, 67% over 2 stepsi]p?> -

15.3 € 1.0, CHC}); IR (thin film) 2994, 1719, 1712, 1643 ém'H NMR (500 MHz,
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CDCl) 8 5.91 (m, 1H), 4.96-5.07(n2H), 3.36 (ddJ = 8.5, 2.5 Hz, 1H), 2.79-2.84 (m,
2H), 2.57-2.63(M2H), 2.12-2.21 (m3H), 2.06 (m2H), 1.05 (m, 21H)**C NMR (125
MHz, CDCk) & 214.2, 208.2, 137.1, 115.4, 72.5, 54.0, 47.5, 42862, 27.4, 18.1(3),

18.0(3), 12.5(3); LRMS (ESI+) calcd. forgEl3s0sSi (M+H) 339. Found 339.

Alcohol 4.26: A solution of dione (95 mg, 0.28 mmol) in THF a8« was added with
a solution of L-selectride (1 M in THF, 0.28 mL28.mmol). The reaction mixture was
stirred at -98°C for 40 minutes and acetone was added slowly encju the reaction.
The reaction mixture was then left to warm up tomotemperature, quenched with
saturated sodium bicarbonate, and diluted with ledicgtate. The crude product was
purified by flash column chromatography (Si@luting with 20% EtOAc/hexanes) to
give the alcohol as a liquid (72 mg, 76%}]4*® -12.6 € 0.7, CHC}); IR (thin film)
2994, 2949, 1713, 1202 &mn*H NMR (500 MHz, CDCY) 5 5.92 (m, 1H), 4.97 (dd] =
10.5, 5.5 Hz, 2H), 4.49 (dd, = 8.5, 2.5 Hz, 1H), 4.12 (4H), 3.83 (s,1H), 3.16 (m,
1H), 2.81 (m,1H), 2.64 (m,1H), 2.19-2.34 (m2H), 1.93 (m,2H), 1.64 (m,1H), 1.06
(m, 21H), 0.92 (m1H):; *C NMR (125 MHz, BO) & 213.8, 137.2, 115.2, 76.4, 70.4,
55.2, 44.3, 44.3, 35.9, 27.4, 18.1(3), 18.1(3),3@); LRMS (ESI+) calcd. for

C1oH3705Si (M+H) 341. Found 341.
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Diene 4.28: A reaction mixture of alcohol (72 mg, 0.21 mmoldatioxenone (39 mg,
0.21 mmol) in xylene was heated up to £80 After 30 mins, the reaction was cooled
down to 0°C, concentrated, and was purified by flash colurhromatography (Si©)
eluting with 20% EtOAc/hexanes) to give the dieseadiquid (62 mg, 63%).0fp> -
25.8 € 0.2, CHCY): IR (thin film) 2994, 2949, 1748, 1722, 1712, 24&m®; 'H NMR
(500 MHz, CDC}) 3 5.87 (m, 2H), 4.92-5.09 (nBH), 4.78 (ddJ = 8.5, 2.0 Hz, 1H),
3.36 (s,2H), 2.87 (M1H), 2.54-2.72 (m2H), 2.17-2.42 (m4H), 1.96 (m2H), 1.14 (m,
1H), 1.06 (m, 21H)*C NMR (125 MHz, CDCI3)5 208.3, 201.9, 167.2, 137.4, 136.6,
115.7, 115.2, 74.1, 73.7, 55.8, 49.3, 42.6, 42123,431.5, 27.5, 27.5, 18.1(3), 18.1(3),

12.6(3); LRMS (ESI+) calcd. for £H50sSi (M+H) 465. Found 465.

OTIPS
SH oo
H
o
o
o)

Macrocycle 4.30: A reaction mixture of diene (40 mg, 0.086 mg) andilsbs catalyst

(14 mg, 0.0172 mmol) in toluene (170 mL) was heated 00 °C for 2 hours. The
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reaction mixture was then concentrated by rotagpevation to give a crude product,
which was purified by flash column chromatograpl8iCg, eluting with 10-30%
EtOAc/hexanes) to give a product that is identifesda Z/E isomeric mixture. The crude
was dissolved in 0.5 mL MeOH and added with Pd/@415mg). The reaction mixture
was stirred under 1 atm hydrogen (balloon) for 8re@nd concentrated down to give a
reaction mixture that is purified by flash columma@matography to give the macrocycle
as colorless oil (24 mg, 61%}]p> +7.2 € 0.5, CHC}); IR (thin film) 2998, 1740,
1721, 1711, 1601 ¢ 'H NMR (500 MHz, CDCY) & 5.18 (m, 1H), 4.45 (miH), 3.52
(d,J = 11.5 Hz, 1H), 3.38 (d] = 11.5 Hz, 1H), 2.92 (mlH), 2.41-2.63 (m5H), 2.21
(m, 2H), 1.93 (d,J = 10.5 Hz, 1H), 1.63-1.83 (MH), 1.43-1.52 (m1H), 1.13-1.28 (m,
3H), 1.07 (m, 21H)®C NMR (125 MHz, CDGJ) & 209.9, 203.3, 166.3, 74.3, 73.9,
55.6, 49.4, 42.8, 40.7, 40.6, 34.0, 27.1, 26.8%,221.7, 18.0(3), 18.0(3), 12.1(3); LRMS

(ESI+) caled. for G4H430sSi (M+H) 439. Found 439.

Diazoester 4.31: Keto-ester (4.5 mg, 0.01 mmol) was dissolved ineading solvent of
dichloromethane and acetonitrile (1:1, 0.2 mL) added with p-ABSA (4.9 mg, 0.02
mmol) and triethyl amine (4.2L, 0.03 mmol). After stirring at 48C for 10 hours, the

reaction was diluted with ethyl acetate, washech wsiturated NECI solution, dried
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over MgSQ, concentrated by rotary evaporation, and purifieg flash column
chromatography (Sig&) eluting with 10-50 % EtOAc/hexanes) to give thazdester as a
solid (4.0 mg, 85 %).d]p> +7.8 € 0.2, CHC4); IR (thin film) 2975, 2136, 1708, 1667
cm’; 'H NMR (500 MHz, CDGJ) & 5.36 (m, 1H), 4.48 (mlH), 3.09 (t,J = 10.5 Hz,
1H), 2.57-2.68 (m4H), 2.32-2.51 (m4H), 2.21 (d,J = 13.0 Hz, 1H), 1.93 (m, 1H),
1.54-1.83 (m3H), 1.36-1.52 (m3H), 1.06 (m, 21H)*C NMR (125 MHz, CDG)) &
209.8, 192.5, 162.2, 81.6, 75.6, 74.3, 55.9, 44016, 40.5, 33.7, 26.9, 26.7, 24.0, 21.1,
18.2(3), 18.1(3), 12.2(3); LRMS (ESI+) calcd. fops84N.0sSi (M+H) 465. Found

465.

TIPS

Ester 4.33: A mixture of diazoester (74 mg, 0.16 mmol) in bere¢4 mL) was added
dropwise to refluxing benzene (13 mL) containingx(®#\c); (3.4 mg, 0.008 mmol)
over 4 hours. After the addition the reaction wasesl at the same temperature for
another 1 hours. The mixture was then concentrdtedn purified by flash column
chromatography (Si§ eluting with 10-50 % EtOAc/hexanes) to give the
cyclopentanonas a solid (63 mg, 92%). NMR of this material shdwaediastereomeric

mixture.
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An aliquot of this material (5 mg) was dissolvedid mL dichloromethane, added with
4-bromobenzoyl chloride (10 mg), DMAP (3 mg) anettryl amine (0.02 mL). The
reaction mixture was stirred at room temperature3@® mins. TLC showed starting
material was consumed. The reaction was quenchégdwater, filtered through silica
gel, and concentrated to give a crude, which wasifipdi by flash column
chromatography (Sig) eluting with 5-10 % EtOAc/hexanes) to give théeeg4.3mg,
60%) and another diastereomer (1.0 mg, 14 [#)p?® -17.8 € 0.3, CHC}); IR (thin
film) 2945, 1744, 1715, 1706, 1663, 1652 %H NMR (500 MHz, CDCJ) 6 8.00 (d,J

= 6.5 Hz, 2H), 7.61 (d] = 6.5 Hz, 2H), 5.26 () = 3.5 Hz, 1H), 4.63 (mlH), 3.57 (m,
1H), 3.05-3.18 (m, 2H), 2.96 (m, 1H), 2.61-2.72 @hl), 2.31-2.42 (m1H), 1.96-2.17
(m, 4H), 1.44-1.73 (M}H), 1.06 (m, 21H)**C NMR (125 MHz, CDGJ) 5 213.2, 162.4,
161.1, 153.6, 132.3, 131.9, 131.9, 131.8, 129.0,92121.7, 74.7, 74.2, 58.5, 41.8,
40.6, 38.9, 36.3, 34.8, 31.8, 28.7, 25.2, 17.913)9(3), 11.8(3)LRMS (ESI+) calcd.

for C31HasBrLiOeSi (M+Li) 625. Found 625

OTIPS

L e
<, O(OMe), <, PO(OMe),

Phosphate 4.37: A mixture of MePO(OMeg) (220 mg, 1.8 mmol) in THF (1 mL) at -78

mO
nul\\
I,O

O O

°C was added with a solution of BuLi (2.17 M, 0.7 mL5 mmol). The reaction mixture

was stirred for 20 minutes and then a solutioratdrie (100 mg, 0.6 mmol) in THF (1
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mL) was added dropwise to the reaction mixtureeAfttirring at this temperature for 1
hour, TFA (0.11 mL, 2.1 mmol) was added. THF wasentlhremoved by rotary
evaporation. Dichloromethane was then added atC78ollowed by 2,6-lutidine (0.35
mL, 3 mmol) and TIPSOTf (0.644 mL, 2.4 mmol). Tleaction was stirred at 0 °C for 1
hour, before quenched with saturated,8H The mixture was diluted with ethyl acetate,
washed with 1N HCI, dried over MgQQroncentrated to give a clean crude product, and
purified by flash column chromatography (Si@luting with 50-80% EtOAc/hexanes)
to give a colorless liquid (211 mg, 80%] > -8.7 € 0.5, CHC}); IR (thin film) 2940,
1745, 1716, 1649 cmH NMR (500 MHz, CDCY) & 4.76 (dd,J = 8.0, 2.5 Hz, 1H),
3.96 (m, 4H), 3.72 (s, 3H), 3.68 (s, 3H), 3.47 @H), 3.03 (m, 1H), 2.44 (dd,= 11.0,
3.5 Hz, 1H), 1.92-2.15 (m, 2H), 1.83 (dtf 8.0, 3.5 Hz, 1H), 1.06 (m, 21H)C NMR
(125 MHz, CDC}) 6 201.4 (201.4 split by P), 114.5, 73.6, 64.7, 68%3(55.3 split by
P), 53.2(53.1 split by P), 53.0(52.9 split by P5.24 42.3 (41.373split by P), 36.0,

18.1(3), 18.0(3), 12.5(3); LRMS (ESI+) calcd. foia0:PSi (M+H) 451. Found 451.

OTIPS OTIPS

p‘ , fo D ) fo
o —_—
Q,o PO(OMe), 0 PO(OMe),

Dione 4.38: The ketal (1.4 g, 3 mmol) was dissolved in a blagdolvent of acetone
and water (15:1) containing p-TsOH (0.4 M, 6 ml4 é&imol) and heated up to 55 °C for

4 hour. The reaction was then carefully quenchett wodium bicarbonate (200 mg),
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dried over sodium sulfate, filtered to remove tlodids and purified by flash column
chromatography (Si§) eluting with 50-100% EtOAc/hexanes) to give thend as a
colorless oil (880 mg, 70%)a]p?® -13.8 € 0.4, CHC}); IR (thin film) 2976, 2931,
1718, 1713, 1664 ¢ 'H NMR (500 MHz, CDCJ) 5 5.01 (dd,J = 8.0, 2.0 Hz, 1H),
3.72-3.86 (m, 7H), 3.62 (m, 1H), 3.08 (m, 1H), 2(64,J = 11.0, 3.5 Hz, 1H), 2.37-
2.45 (m, 2H), 2.20 (dd) = 15.0, 4.5 Hz, 1H), 1.06 (m, 21HYC NMR (125 MHz,

CDCly) & 213.7, 200.5, 72.5, 54.7, 53.4(53.3 split by P®,163.1 split by P), 47.6,
42.1(41.1 split by P), 37.9, 18.1(3), 18.0(3), 12)5LRMS (ESI+) calcd. for

C18H3606P Si(M+H) 407. Found 407.

OTIPS OTIPS

ohe — e
o PO(OM
(OMe), HO PO(OMe),

Alcohol 4.39: A solution of dione (1.1 g, 2.7 mmol) in THF aB-TC was added with a
solution of L-selectride (1 M in THF, 7 mL, 7 mmoljhe reaction mixture was stirred
at -78°C for 1 hour and acetone was added slowly to quémemeaction. The reaction
mixture was then left to warm up to room tempemtguenched with saturated sodium
bicarbonate, and diluted with ethyl acetate. Thederproduct was purified by flash
column chromatography (SiQeluting with 100% EtOAC) to give the alcohol akcaid
(1.03 mg, 91%).d]p>° +22.5 € 0.2, CHC}); IR (thin film) 2994, 2949, 1718, 1712,

1613 cm’; *H NMR (500 MHz, CDC}) & 4.54 (dd,J = 8.0, 2.0 Hz, 1H), 4.09 (m, 1H),
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3.70-3.89 (m, 7H), 3.41-3.63 (m, 2H), 2.94 (m, 1RR4 (dd,J = 12.5, 3.5 Hz, 1H),
1.93 (m, 2H), 1.57 (m, 1H), 1.06 (m, 21HC NMR (125 MHz, CDGJ) 4 205.1(205.1
split by P), 75.8, 69.9, 55.9 (55.9split by P),1§83.0 split by P), 52.8 (52.8 split by P),
44.0, 43.3 (42.3 split by P), 35.4 (35.3 split by P7.9(3), 17.8(3), 12.2(3); LRMS

(ESI+) calcd. for GgH3s0PSi(M+H) 409. Found 409.

OTIPS
9%
dT]
OTIPS HO™ —
H o
\\\ 0 A
O(OMe)

€)2 0__0O

<

Dioxenone 4.40: To a solution of phosphonate (135 mg, 0.33 mnmmoljHF (1 mL) was
added NaH powder (13.2 mg, 0.33 mmol) 8€0n one portion. The mixture was stirred
at at 0°C for 20 minutes and then a solution of aldehytferag, 0.33 mmol) in THF (1
mL) was added to the reaction mixture dropwise. fidaction was left to warm up to
room temperature, stirred for 1 hour, diluted wiichloromethane, concentrated, and
purified by flash column chromatography (Si@luting with 20-50% EtOAc/hexanes)
to give the dioxenone (93 mg, 57%)]§* +11.8 € 0.2, CHC4); IR (thin film) 3356,
2974, 1724, 1708, 1665, 1580 ¢mH NMR (500 MHz, CDCY) & 6.83 (ddd,J = 11.5,
6.5, 2.0 Hz, 1H), 6.34 (d,= 11.5 Hz, 1H), 4.63 (dd},= 8.5, 2.0 Hz, 1H), 4.17 (m, 1H),
3.74 (d,J = 8.5 Hz, 1H), 3.45 (m, 1H), 2.18-2.27 (m, 5HP%2.07 (m, 3H), 1.77-1.90

(m, 1H), 1.75 (s, 6H), 1.60-1.69 (m, 2H), 1.514L(B, 2H), 1.06 (m, 21H)}"*C NMR
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(125 MHz, CDC¥) & 202.0, 171.4, 161.3, 145.9, 131.4, 106.4, 93.48,7BL.0, 54.1,
44.9, 36.0, 33.5, 32.0, 27.5, 25.4, 25.1(2), 18,148.1(3), 12.3(3); LRMS (ESI+) calcd.

for Ca7H4706Si (M+H) 495. Found 495.

oTIPS
LH o :Q'I;_I'PS
dInm
E > o)
HOY — H
—> o
o) N2
SN
0__0 0
X o

Diazoester 4.42: A solution of alcohol (72 mg, 0.176 mmol) in tohee(10 mL) was
added dropwise to a refluxing toluene (240 mL) d¥dwurs. The reaction mixture was
concentrated to give a crude product (66 mg). Thisle was subsequently dissolved in
a blending solvent of dichloromethane and acetimi(i:1, 1 mL) and added with p-
ABSA (73 mg, 0.3 mmol) and triethyl amine (62, 0.45 mmol). After stirring at 48C

for 4 hours, the reaction was diluted with ethyktate, washed with saturated MNH
solution, dried over MgS£) concentrated by rotary evaporation, and puribgdflash
column chromatography (SiOeluting with 10-30 % EtOAc/hexanes) to give the
diazoester as a solih7 mg, 70% over 2 steps). This material was clysi from
diethyl ether to give a single crystal (meltingmoi96°C ). [a]p* +7.6 € 0.3, CHC});

IR (thin film) 2996, 2138, 1743, 1708, 1665, 1648 'H NMR (500 MHz, CDCY) &
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6.91 (ddd,) = 11.0, 6.5, 2.0 Hz, 1H), 6.34 (@z= 11.0 Hz, 1H), 5.66 (m, 1H), 4.72 (dH,
= 8.5, 3.5 Hz, 1H), (m, 1H), 2.94-3.12 (m, 3H), 2564 (m, 3H), 2.23-2.43 (m, 2H),
2.05-2.14 (m, 1H), 1.44-1.87 (m, 4H), 1.06 (m, 218 NMR (125 MHz, CDGJ) &
199.8, 191.7, 162.0, 145.2, 127.7, 81.2, 75.7,,78634, 41.4, 41.3, 35.3, 30.1, 25.7,

25.0, 17.9(3), 17.9(3), 12(3); LRMS (ESI+) calook €,4H3eN,0sSi (M+H) 463. Found

463.

0O
D—CN — (o)
BnO BnO

OEt

Ketoester 4.63: To a suspension of zinc (1.44 g, 22.1 mmol), leit(i.48 g, 7.36
mmol), and methanesulfonic acid (12, 0.15 mmol ) in THF (120 mL) at 6% was
added ethyl bromoacetate (1.64 mL, 14.7 mmol) soiun THF (10 mL) over 1 hour.
After addition, the reaction was stirred at’€5for another 1 hour. The reaction was then
guenched with 3N HCI, stirred at room temperatue X0 hours, diluted with ethyl
acetate, washed with saturate sodium bicarbonatédeaed over sodium sulfate. The
crude was purified by flash column chromatograp®yOf, eluting with 10-30 %
EtOAc/hexanes) to give the ketoester as a liquiB87(1g, 64%).IR (thin film) 2957,
2927, 1746, 1720, 1648 ¢in'H NMR (300 MHz, CDCJ) & 7.34 (m, 3H), 7.12 (m, 2H),
4.46 (dd,J = 9.5, 3.0 Hz, 2H), 4.13 (¢, = 6.5, 2H), 3.93 (m, 1H), 3.54 (s, 2H), 2.96-

3.01 (dd,J = 9.5, 2.5 Hz, 2H), 1.67-2.08 (m, 5H), 1.21Jt 6.5, 3H); °C NMR (75
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MHz, CDCk) 6 201.4, 165.0, 135.3, 129.0, 126.8, 118.8, 77.64,88.9, 47.6; LRMS

(ESI+) caled. for @7H2304 (M+H) 291. Found 291.

O o/ﬁ
0 (0]
BnO HO

OEt EtO
o

Ketal ester 4.64: A reaction mixture of ethylene glycol (250 mg, 4 oljn ketoester
(290 mg, 1 mmol) , p-TsOH (25 mg, 0.1 mmol), anchéthyl orthoester(212 mg, 2
mmol) was stirred at room temperature for 24 holie reaction was then diluted with
ethyl acetate, washed with saturate sodium carbpaatl dried over sodium sulfate. The
crude was concentrated to give a crude oil. Thiterrad was then dissolved in MeOH (3
mL) and added with Pd/C (10%, 20 mg). The reactsas stirred under hydrogen
atmosphere (balloon) for 24 hours. The reaction thaa concentrated and purified by
flash column chromatography (SiCeluting with 10-30 % EtOAc/hexanes) to give the
ketal ester as a liquid (175 mg, 72% 2 stelfs)thin film) 2983, 2924, 1745, 1232 &m
'H NMR (500 MHz, CDC}) & 4.01-4.17 (m, 7H), 3.82 (s, 1H), 3.75 (s, 2H),5:2405
(m, 7H), 1.21 (m, 3H)*C NMR (125 MHz, CDCJ) & 169.5, 110.9, 73.2, 65.5, 65.4,

60.7, 43.8, 41.7, 36.1, 36.0, 24.7, 14.2; LRMS (g8hlcd. for G;H210s (M+H) 245.

Found 245.
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O/ﬁ O/H o O/>
(0] le) o
HO HO > QL n
EtO HO
(6] (o) H

A reaction mixture of the ester (25 mg, 0.1 mmail gotassium hydroxide/lithium
hydroxide 1:1 aqueous solution (2M, 0.1 mL, 0.2 fjnmomethanol (3 mL) was stirred
at room temperature for 4 hours. The reaction e tdiluted with ethyl acetate,
washed with saturate ammonium chloride and 1N @&d over sodium sulfate. The
crude was concentrated to give a crude oil. Thiterre@d was then dissolved in THF (1
mL) and added with Yamaguchi acid chloride (62 th§, mmol) and triethyl amine (0.3
mL). The reaction was stirred for 3 hours and édiunvith toluene (2 mL). This mixture
was added dropwise to a refluxing solvent of torl€kD mL) over 8 hours. The reaction
was then diluted with ethyl acetate, washed wittism bicarbonate and ammonium
chloride, dried over sodium sulfate, and purifigdfflash column chromatography (SiO
eluting with 10-30 % EtOAc/hexanes) to give thedged structure as an amorphous
solid (7.5 mg, 38%)IR (thin film) 2988, 2932, 1749, 1664 dn'H NMR (500 MHz,
CDCl) 5 4.88 (m, 1H), 3.90-4.15 (m, 4H), 2.96 (= 7.5 Hz, 1H), 2.87 (d] = 7.5 Hz,
1H), 2.23-2.41 (m, 3H), 2.03-2.16 (m, 2H), 1.768L@n, 2H); *C NMR (75 MHz,
CDCl) & 169.2, 108.2, 81.1, 65.3, 64.8, 47.3, 43.3, 38183, 27.0; LRMS (ESI+)

calcd. for GoH1s04 (M+H) 199. Found 199.
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APPENDIX B

SELECTED SPECTRA DATA
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