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UNIVERSITY OF GLASGOW

ABSTRACT

FACULTY OF SCIENCE

Doctor of Philosophy

SYNTHETIC STUDIES ON THE PEDERIN FAMILY OF ANTITUMOUR AGENTS.
SYNTHESES OF PEDERIN, MYCALAMIDE B AND ANALOGUES

by Robert Narquizian

A general modular approach to members of the pederin family of antitumour agents,
exemplified by syntheses of pederin (L.1), mycalamide B (1.5) and analogues (17-epi-1.5,
2.8, 2.9 and 2.10), is described. The common strategy makes use ol a metallated
dihydropyran approach to couple two advanced fragments. All 6 compounds are prepared
from 6-lithio-2,3-dimethyl-4-phenylselenomethyl-3,4-dihydro-21{-pyran 1.5% and 2-(3-
chloropropyl)-3,3-dimethyl-3,4-dihydro-2H-pyran-4-one 2.4. The key steps in the
synthesis ol pederin 1.1 or its analogues are Sharpless asymmetric dihydroxylations and a
rhodium-catalysed directed reduction of an acylimidate. The key steps in the synthesis of
the right fragment of mycalamide B 1.5 are a P2QOs-mediated formation of the trioxadecalin
ring, a Meerwein-Pondorf-Verley reduction to install the C13-stereogenic centre,
installation of the C10-N bond in good vield and total stereocontro! at the C10 centre vig a
Curtius rearrangcment and/or a Hofmann rearrangement, as well as Sharpless asymmetric
dihydroxylations.

o__a o A o U
J\l/\,m* Y — X7 ]
DMa
21 Safn SePh 1,50 “SePh

Paderin {1.1)

! OMeO
A oM M:O\E)L,\ L\”OW 0 ) H
—_— i
chv O, A-
24 cl 250 .~ 1.77
—— ~ \?n\ms M,rala nide 0 (1.5)

OMa O

o oM
NCHE O7BS - MO \Q)LH /kL OIS I j\l)L VJ\L/
z%“:l 161 \r\%\c‘ 24 RaGLX-Y= O-CH;

23 F=ClL %Y cCHECH,
240 F = HNOOF::, Xt = O-CHy




Contents

PIEIACC ottt e e seae st ns s snasssaissines U
AcKNOWICZEMENES...ocoieiiireiri e sneeenes. 05
ADDIBVIATODS.rvvvvr - eovcsssssesesseressssesssesssssssssnesesenesasssssssesssssssmasssnaessnssssssssmmnesarseeesrere 00
Chapter 1  'The Pederin Family ol Antitumour Agents:

Structures, Syuthesis and Biological Activity.

INErOQUCTION. .ty rvieere st i casnsinee e seassesnesnesnsies 09
Chapter 2  Previous achievements in the Kocienski group and objectives........ 33
Chapter 3 Construction of the left fragment......cvciiiinninni s 37
Chapter4  Synthesis of Dihydropyranone 2.4........cccovvvvcrornnvncnviininnnnn. 44
Chapter S5 Synthesis of Pederin.....ocniiininccinncccrnneerevvivinnne,. 47
Chapter 6  Total synthesis of Mycalamide B and 17-epi-Mycalamide B.......... 55
Chapter 7  Synthcsis of Pederin analogues 2.8, 2.9 and 210, 67
Chapter 8  Biological activity.....ccooieevcicinieniniins e mnensnnesesssssiians (0
Chapter @ SUMIDIAIY .oo.vevieceenerircee e s e ess stasmsssscssssssansssessssssssesinns B4

Chapter 10 Experimental.................... OO U OO PR 79

TR EE I EIICES. ..ot ecvriireeree s i ieeeteesesssesasresnereessesrsnntaetesessnsnnreeesesssssssssrarsrrerensresrrsranrss 13D




Preface

The research described in this thesis was carried out under the supervision of Professor P.
J. Kocienski at the University of Glasgow between October 1997 and September 2000.
Part of this thesis has been previously published :

. P. J. Kocienski, R. Narquizian, P. Raubo, C. Smith, and F. T. Boyle, Synlett, 1998,
869.

. P. J. Kocienski, R. Narquizian, P. Raubo, C. Smith, and F. T. Boyle, Synlett, 1998,
1432.

. P. J. Kocicnski, R, Narquizian, C. Raubo, C. Smith, L. F. Farrugia, and K. Muir, J.
Chem. Soc., Perkin Trans. 1, 2000, 2357.

v R. Narquizian, P.J. Kocienski,“The Pederin Family of Antitumour Agents: Structures,
Synthesis and Biological Activity”, in proceeding of the Frnst Schering Foundation
Workshop on "Drugs from Natural Products”, Springer Verlag, Betlin, 2000, Chapter
2, in press.




Acknowledgements

I would like to thank Professor Philip J. Kocienski, for his advice and support over the past
three years, every member of the pederin-mycalamide team (Dr. Piotr Raubo, Di.
Christopher Smith, Dr. Krzysztof Jarowicki, Catherine M®Cusker, Dr. Fabrice Anizon), as
well as Dr. F. Thomas Boyle (AstraZeneca) for his advice and financial support.

Special thanks to James Tweedie for technical assistance, Andrew Knox and Hassan
Mamdani (fourth year project students) for their contribution in the project, as well as
Tony Ritchie [or mass spectra.

Much thanks to all members of our group past and present :

Dr. Paul Biakemore, Dr. Stephen Brand, Dr. Jean-Yves Le Brazidec, Robert Chow, John
Christopher, Dr. Valerie Fargeas, Andrew Gunn, Philip Hall, Dr Alexander Kuhi, Louise
Lea, Yingfa Li, Jacqueline Milne, Dr Jean-Frangois Morelli, Béatrice Pelotier, Dr A.
Pommier, Marcel de Puit, Dr. Anne Schuemacher, Sukhjinder Uppal, Tanya Wildman.

I gratefully ackowledge the University of Glasgow for financial support.

Last but not least, I would like to thank all my family for their cvery moments

encouragements.

Lo



Ac

AD
AIBN
Allyl
Anal.
aq

Ar
BINAP
Bn

1ByLi

COSY
CSA

Cl

d

D

A
DABCO
DBU
de
DDQ
DIiQ
DHQD
DIAD
DIBAL
DIPEA
DMAP
DMF
DMPM
DMPU

Abbreviations

angstrom

acely!

asymmelric dihydroxylation
2.2'-azobis(2-methylpropionitrile)
2-propenyt

combustion analysis

aqucous

aryl
1,1"-bis(diphenylphosphino)-1,1'-binaphthyl
benzyl

boiling point

n-butytlithium

concentration in g/100 mL (for optical rotation)
correlation spectroscopy

camphorsulfonic acid

chemical jonisation

days

dextro rotary

reflux

1,4-diazahicyclo[2.2.2]octane
1,8-diazabicyclo[5.4.0Tundecene-~7
diastereomeric excess
2,3-dichloro-3,6-dicyano-1,4-benzoquinone
dihydroquinine

dihydroquinidine

diise-propy! azodicarboxylate
diise-butylaluminium hydride
diiso-propylethylamine
4-dimethylaminopyridine
N,N'-dimethylformamide
dimethoxyphenylmethyl
1,3-dimethyl-3,4,5-tetrahydro-2(1 H}-pyrimidinone

6




DMS
DMSO
dr

er

EI

ES
EtL
FAB

HMBC
HMPA
HMQC
HPLC
HRMS
i

1C

Im

Lp.

IR

Kg
KITMDS
L

[LAH
LDA
[.LRMS
M
mCPBA
Me
MM
mg
MHz
MIC
min

ml

mmol

MOM
mp

dimethyl sulfide

dimethyl sulfoxide

diastereomeric ratio

enantiomeric ratio

electron impact

equivalents

clectrospray

ethyl

fast atom bombardment

gram

hours

heteronuclear multiple quantum coherence
hexamethylphosphoramide
heteronuclear multiple bond correlation
high performance liquid chromatography
high resolution mass spectrometry
iso

inhibition constant

imidazole

intra peritoneal

infrared

kilogram

potassium hexamethyldisilazide
levo rotary

lithium aluminium hyvdride
lithium diiso-propylamide

low resolution mass spectrometry
molarily

meta-chloroperbenzoic acid
methyl

methoxyethoxymethyl

milligram

megahertz,

minimum inhibitory concentration
minute

millilitre

millimole

methoxymethyl

melting point



MS
MTPA

ng

nM
NMR
NOe
PDC

Ph

Pv

pp
PPTS

Pr

pY

It

s

SAR
SEM

i

TBAF
TBS
TBSCN
TBSOTYt
TEMPO
THE
TLC
TMEDA
™S
TPAP
Tr

Ts

uv

mcthanesulfony!

molecular sicves

a-methoxy-a-(trifluoromethyl)phenylacetic acid

normal

nanogram

nanomolar

nuclear magnetic rcsonance
nuclear Overhanser effect
pyridinium dichromate

pheny!l

pivaloyl

parts per million

pyridinium para-toluenesutfonate
propyl

pyridine

room temperature

secondary

structure activity relationship
2-(trimethylsilyl)ethoxymethyl
tertiary

tetrabutylammonium fluoride
tert-butyldimethylsilyl
tert-butyldimethylsilyl cyanide
tert-butyldimethylsilyl triflate

2,2,6,6-tetramethyl-1-piperidinyloxy

tetrahydrofuran
thin layer chromatography

N, N, N’', N'-tetramethylethylenediamine

trimethylsilyl

tertrapropylammonium perruthenate

teityl
para-toluenesulfonyl
ultraviolet




The Pederin Family of Antitumour Agents:
Structures, Synthesis and Biological Activity

LINTRODUCTION
1.1 Structures

In 1775 the Danish entomologist Tohann Christian Habricius (1745-1808) first
described the genus Paederus which at that time included only two species. In the ensuing
two centuries, over 600 species have been identified including Paederus fuscipes whose
natural history deserves some mention.! Paederus fuscipes (picture 1.1) is aboul 8 mm
long with a black head and abdominal apex, an orange thorax and ahdominal base and
iridescent blue elytra (wing case). It inhabits riverbanks, marshes, and irrigated [ields
where it feeds mainly on insects, mites, soil nemalodes, and decaying vegetable maiter.
Like most members of the genus, Paederus fitscipes is a predator of the fly population but
it is also a pest to man. The insect doesn't sting or bite but a toxin in its hemolymph causes
severe dermatitis when it is crushed on the skin and the eyes are particularly sensitive
though the palms of the hand and the soles of the fect are resistant. In addition to the
lesions, severe symptoms such as [ever, oedema, neuralgia, arthralgia, and vomiting arc
observed with erythrema persisting for several months. It has been suggested! that both the
affliction and its causative agent were known to Chinese medicine over 1200 years earlier.
An insect called ch'ing vao ch'ung was described in A. 13, 739 by Ch'en : "it contains a
strong poison and when it louches Lthe skin it causes the skin to swell up. It will take the
skin off one's face and remove tattoo marks completely. 1t is used as a canstic for toxic
boils, rasal polypi, and ringworm.”

The active chemical agent rcsponsible for the dermatilis was first isolated in
crystalline form by Netolitzky in 1919.%4 The research which eventually led to the correct
structure began in 1952 with Pavan and Bo® who named the toxic agent pederin and
determined its melting point (112°C) on a sample derived from 25 million specimens (ca
100 kg). The correct molecular formula (Co5H4509N) established by Quilice® in 1961 led
to detailed study of the chemical constitution of pederin and a structure, devoid of
stereochemical definition, was proposcd in 1965.7 An independent investigation by
Matsumolo's leam at Sapporo gave corroborating evidence.® ® With one minor exceplion
(vide infra) all the conclusions drawn from the degradation and 1H NMR studies of
Quilicol? und Matsumoto were later confirmed by an X-ray crystallographic analysis of
pederin di-p-bromobenzoate!!> 12 which also established the absolute and relative

stercochemistry.
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Single Paederus riparius speeimens reared [rom the egg and kept for prolonged
periods of time show that only the females are able to biosynthesise pederin.!3-1
Preimaginal stages efficiently store pederin transferred by the females into their eggs and
the males' pederin content decreases slowly over time. Only males with access to eggs
containing the substance moderately increase their pederin foad. The females begin to
accumulate the toxin a few weeks after imaginai eclosion and build up reserves for the egg
laying period within 60 days.

Paederus fuscipes

Picture 1.1

For many years, pederin (1.1), pseudopederin (1.2)" and pederone (1.3)1¢ (also
isolated from Paederus fuscipes) were structurally unique in the realm of natural products.
However, in 1988 routine screening for antiviral agents identified two marine natural
praducts which bore a close structural resemblance to pederin, Mycalamide A (1.4) was
isclated from a sponge of the genus Mycale found in the Otago harbour off New Zealand!”-
18 whilst onnamide A (1.6) was isolated from a sponge of the genus Theonella found in
Okinawan waters'?, The pederin family grew to 24 members by 1995 with the isolation of
mycalamide B (1.5)'8, a further 11 onnamides?0- 2} and theopederins A-E (1.7)?%, The most
recent additions to the pederin family are icadamides A (1.8) and B (1.9) isolated from a
sponge of the genus Leiosella.”® The significance of the mycalamides, onnamides,
theopederins and icadamides in spenge physiology is unclear although it has been
suggested that the accurrence of closely related compounds in such taxonomically remote
animals as sponges and terrestrial beetles may indicate connection by a common producer,
possibly a symbiotic micro-organism.”!
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1.2. Synthetic Studics

All members of the pederin family are rare, difficult to isolate, and comparatively frail;
many of them have potent and potentially useful activity as antiviral and antitumour agents
{see below) which has stimulated considerabje interest in their total synthesis. Total
syntheses of pederin®>-33, mycalamide A**37, mycalamide B* 3, onnamide A®® and
theopederin D33 have been reported as have significant syntheses of various fragments?
40-38 The parent member of the family, pederin itself, is also the simplest. IL is composed
of two tetrahydropyran rings (a left [ragment and a right fragment) connected by an N-acyl
aminal bridge as depicted in structure 1.10 (Scheme 1.2). The left fragment of all members
of the pederin family is identical but all remaining members of the family (the
mycalamides, onnamides, theopederins and icadamides) have a trioxadecalin right
fragment as shown in structure 1.11. The principal site of structural variation is the side
chain attached to C15. The common leflt fragment also imposes a common probiem: the
high acid lability associated with the alkene at C4 which activates the acetal function at C6.
A comprehensive discussion of the syntheses of members of the pederin family is beyond
the scope of this review so we will focus on one of the most demanding challenges: the

i1



construction of the N-acyl uminal bridge linking the left and right fragments. The following
discussion is arranged according to the bond formed in the fragment linkage strategy.

left N-acyl aminal right trioxadecalin
| fragment bridge 1 fragment | fragment
{ [ | i l
4 OMe O MeO o”H\o
3 OH G
o H - ) OMe
O
"1? R

; OMe
Pederin \l/\ Core Structure of the Mycalamides,

| OMe | Onnamides and Theopederins
1.0 Ci6side chain 111

Scheme 1.2
1.2.1. The C8-N9 Connection via Imidate Ester Acylation

Matsumoto and his team reported the first total synthesis of pederin in 1982 in which the
left and right fragments were connected by the N-acylation of an imidate ester {Scheme
1.3).25. 57 The crucial coupling reaction was accomplished by brief treatment of (+)-
acetylpederic acid (1.12) with thionyl chloride in the presence of pyridine in
dichloramethane followed by addition of methyl pedimidate (1.15). The reaction time had
to be minimised owing to the instability of the acid chloride intermediate 1.13.
Unfortunately, the highly hindesed carboxylic acid was converted slowly to the acid
chloride 1.13 under the reaction conditions thereby allowing time for the reaction of
imidate ester 1.15 with thionyl chloride to give N,N-sulfinyl-bis(methyl pcdimidate) (1.16)
which can also serve as a substrale in the acylation of acid chloride 1.13. Thus, the
formation of N-acyl imidate intermediate 1.17 occurred by two different paths
concurrently. The N-acyl aminal bridge was then constructed by reduction of 1.17 with
sodium borohydride. The synthesis was completed by hydrolysis of the benzoate and
acetate ester protecting groups (o give a mixture of pederin (1.1) and 10-epi-pederin (118}
in a ratio of 1;3 |68% overall from (+)-benzoylpedamide (1.14)] with pederin being the
minor product.
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The high acid sensitivity of the homoallylic acetal in (+)-acetylpederic acid (1.12) was a
major obstacle (o Matsumoto's first synthesis. In a subsequeint refinement, the C4 alkene
was carried through the synthesis in latent form with the troublesome alkene being
introduced in the penultimate step of the synthesis as shown in Scheme 1.4.%° However, the
reduction of N-acyl imidate 1.20 once again afforded an unfavourable mixture of N-acyl
aminals 1.21 in 72% overall yield {dr 7:2). After chromatographic separation, the requisite
alkene was introduced by brief thermolysis of the selenoxide derived from oxidation of the
minor sclenoether 1.23 whereupon hydrolysis of the C7 and C13 benzoates afforded
pederin (1.1).
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The poor stereoselectivity in the reduction of the N-acyl imidates 1.17 and 120 in the
forcgoing studies was beyond repair and so isomerisation of the N-acyl aminal in the 10-
epi-pederin series was investigated. ‘I'ransacetalisation of 10-epi-pederin derivative 1.22
with acetyl chioride in methanol (rt, 3 h) gave an cquilibrivin mixtwe (¥.22:1.23 = 3:1
showing that the undesired 10-epi series was the thermodynamic product. The possibility
of selective conversion of the 10-e¢pi-pederin derivative 1.22 into pederin derivative 1.23
under kinetically controlled conditions was next examined, by taking into account the
acceleration effect of the alkoxy-exchange reaction in methanal by a large alkoxy group.>¢
Thus, treatment of 1.22 with acetyl chloride (Scheme 1.5) in isopropanocl gave 1.25
selectively after 7 days through initial formation of the kinetically contralled product 1.24.
Compound 1.25 was unstable and could not be isolated in a pure state but kinetically
controlled transacetalisation of 1.25 with acetyl chloride in methanol (rt, 4.5 h, 50%
conversion) procecded in a stereoselective manner to give a 60% isolated yield (based on
consumed 1.25) of 1,22 and a 14% yield of 1.26 (1.26:1.22 = 4:1). The 10¢-iscpropoxy
compound was rccovered in 42% yield in the form of a 6o-methoxy compound 1.27.

14
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Nakata and his associates discovered that reduction of the 7-O-benzoyl analogue of N-acyl
imidate 1.20 with NaBll4 in a mixture of isopropanol and CH;Cly gave 1.23 (28%) and
1.22 (30%) (Scheme 1.6). 27 28 The 10-epi derivative 1.22 was converted into 1.23 by
reaction of 1.22 with 2-propanethiol and camphorsulfonic acid (CSA) in CHyCly to give
thioacetal 1.28 which was then treated with HgCly in MeOH in the presence of NEt3 to
give 1.23 in 47% yield (from 1.22) along with epimer 1.22 (36%). The completion of the
synthesis was performed as previously described by Matsumoto.
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OMe CMe
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ng NEY. MeOH
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Q : H
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- Bz Q
{cy LIOH MeOH \L
SePh (\ Obte
Pederin (1.1) 1@ 1.23 Me
(+1.22)

Scheme 1.6
1.2.2, The C8-N9 Connecfion via Aminal Acylation.

In the Matsumoto-Nakata approaches to pederin, the N-acyi aminal bridge was constructed
by first condensing an activated carboxylic acid (e.g. acid chloride 1.13) with an imidate
gster to give an N-acyl imidate which was reduced with sodium borohydride to generate
the N-acyl aminal—a reaction which gave poor stereoselectivity. In the mycalamides,

onnamides and theopederins, the incorporation of the oxygen atom of the aminal into a

15




dioxane ring makes the Matsumoto—Nakata protocol less attractive owing to the difficulty
associated with the synthesis of the appropriate imidate ester. Therefore, the first syntheses
of mycatamide A, mycalamide B34 and onnamide A3° by Kishi and Tiong adapted the
Malsumoto-Nakata protocol by condensing an aminal 1.32 with the activated carboxylic
acid derivative 1.30¢ as illustrated in Scheme [.7. The CI0 aminal unit of 1.32 is
configurationally unstable under acidic, basic, and neutral conditions, and consequently a
[:1 mixturc of adducts 1.33 and 1.34 was obtained. However, treatment of 1.34 with
potassium ferz-butoxide at room temperature first accomplished the transesterification of
the carbonate group of 1.34 to the corresponding diol 1.35 which then epimerised on
heating to yield 1.37. Owing to competing decomposition, the reaction was stopped at
approximately 60% completion to yield the epimerised natural diastereoisomer 1.37 in
42% vyield along with the unnatural diastereoisomer 1.35 (33% yield). Nakata has also
described a synthesis of mycalamide A in which the N-acyl aminal bridge is constructed by
the Kishi procedure.’®
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i!i 1 \| M H 4 ﬁ H
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|:1 37 R=DMB QH 1.36 OH 135 OH

14 R=H
Scheme 1.7

In 1993 Roush and co-workers described a route to the mycalamides which incorporates
two significant advances.*” Firstly, the stereochemistry of the aminal was assured by a
Curtius rearrangement and secondly, the configuration of the aminal centre was stabilised
as a temporary carbamate appendage. The steps leading up to the Curtius rearrangement
are noteworthy, Reductive cleavage of the 2,2,2-trichloroethyl carbonate 1,38 (Scheme
1.8) with Zn released an alkoxide which performed a nucleophilic attack on the
neighbouring oxirane to give a cyclic diot which was selectively protecied as ils mono-fert-
16
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butyldiphenylsilyl ether 1.39.5% After closure of the 1,3-dioxane ring, the zert-
butyldiphenylsilyl ether was cleaved and the resultant alcohol oxidised to the
corresponding carboxylic acid 1.40. The key Curtius rearrangement was performed by
treatment of acid 1.40 with diphenylphosphoryl azide at 65 °C. The intermediatc acyl azide
1.41 underwent the desired Curtius rearrangement with clcan retention of configuration to
the isocyanate 1.42 which was trapped with 2-trimethylsilylethanol te give the carbamate
1.43 as a single diastereoisomer. Hoflmann published an approach to the trioxadecalin ring
system of the mycalamides in 1993 which was similar to that of Roush, in that it included a
Curtius rearrangement to form the C10-aminal diastereosclectively.
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! g\o imidazui, DMF, 1 o {c)Jenes oxidation o
Cly ~§J 78% % 76% o ‘<
) 1.40 Y%

138

PhQYsP{OiNg, NEta l 4%
Mey SiClCHOH, THF, &

00 o0 o0 )

H H H
HN Ome N/j\r OMe Curius O, )\, OMe
| H rearmngoment T‘
o ~— |g - o h

1.43

1.4 it

" Scheme 1.8

Roush and co-workers later published a very briel route to the pederic acid derivatives
1.44, 1.45 and 1.30 and they achieved some success in the construction of N-acyl aminal
bridges with model systems but the high steric hindrance of the carboxyl group in the left
fragments once again thwarted condensation with the catbamate 1.43 (Scheme 1.9) under a
wide variety of conditions and none of the desired adduct 1.46 was observed, >t 3338

o Me 0 o/lTo
e YR o
Qi : : _
L b Ly
ObBMB o
Moy -
1.44 ¥ =Cl \<o
1.45 X=F 145
1.30 X=0Ts

Scheme 1,9
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1.2.3. The C7-C8 Connection.

In 1996 Hoffmann proposed an original strategy to the construction of the N-acyl aminal
bridge of mycalamide B based on union of the ester 1.47 with the acyl anion 1.48 to forge
the C7-C8 bond (Scheme 1,10).7? Once again, the stereochemistry of the aminal is to be
controlled by a Curlius rearrangement.

o Mo ~0

¢ 0’H OMe C o]
i OMe s OMa PN i Olve
+ MOONTYINY - 8 N
A oo H
1.48

-
1.47 oT8S 1.49 OTBS
Ma Ma

Scheme 1.10

Model studies for the navel coupling step were carried out with the commercially available
isocyanate 1.50 as a surrogate for the right fragment. The acylstannane 1.51 (Scheme 1.11)
protected as its 2-(trimethylsilylDethoxymethoxy (SEM) derivative was easily prepared by
addition of BuzSnLi to the isocyanate 1.50 followed by N-alkylation with 2-
(trimethylsily)ethoxymethyl chloride. The use of SEM protection for the N-atom was a
judicious choice whose purpose was stabilisation of the highly labile acyllitbium 1.52
which was generated and trapped in sifu by transmetallation with BuLi at —100°C. The
desired model adduct 1.53 was obtained in 87% yield. A fortuitous and unprecedented
reduction of the c-oxo cster accompanied the deprotection of the SEM group in adduct
1.53 with TBAF in N,N“-dimethylpropyleneurea (DMPU]) to give the desired «-
hydroxyamide 1.54 as mixture of diastereoisomers (dr 3:1). The origin of the hydride for
the reduction of the keto function is unknown. Progress towards implementation of the
strategy has been reportcd: a synthesis of 1.55 from D-arabinose has been accomplished™
but unicn of the fragments remains elusive.
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1.2.4. The C6-C7 Connection: The Metallated Diliydropyran Approach.

In our early approaches to the synthesis of pederin, we chose the well-trodden Matsumoto-
Nukata protocol for the construction of the N-acyl aminal bridge,2% 40-42, 44, 45 We were
similarly chastened by difficulty in reconciling slow reactions with unstable rcagents
which has been a persistent feature of nearly all of the accounts reported to dale. Moreover,

the problem was compounded by the poor stereosclectivity of the subsequent reaction of

the N-acyl imidate adducts. In the mid-198(0's we turned to a new siratcgy which attempted
to alleviate the problems associated with the high steric hindrance surrounding the acctal
centre at C6. Qur new strategy was inspired by some of the elcgant degradation studies
conducted by Quilico during their structure clucidation of pederin.lo Pseudopederin (1.2,
Scheme 1.12), the hydrolysis procuct of pederin, undergocs an casy retroaldol reaction on
heating in base in presence of air to give pederolactone (1.56) and meropederoic acid
(1.57) wherein the N-acyl aminal group is still intact, These transformations suggested an
alternative disconnection between C6 and C7 that circumvented the cascade of problems
which beset the closing stages of the previous syntheses. The new strategy required a
metallated dihydropyran 1.59 functioning as an acyl anion equivalent in reaction with 2
suitably activated meropederoic acid derivative 1.58.31:32

OR 0 fv‘eO Q MeO
OH 0 HO.
\/ 80,0, "~ H
o
1.2 R=H seudapedpnn, 1.56 “OMe
1.1R=M Podcrolacione Meropederochod Olle

\kl/\ome SPh D\(;\om

.60 OMe 1.9 1.58 OMe

Scheme 1.12

J\o 6 MO " Q MeD
2 H OTBS o 1 ])J\ )\’/\/OIBE»
1

Amide 1,61 was converted to thc N-acylimidate 1.62 in 2 steps using standard
transformations. The imidate ester intermediate 1.62 was prone to hydrolysis but good
yields were obtained by working fast and with minimal purification. Reduction of the N-
acylimidate 1.62 was acnieved by using an unprecedented reaction—reduction with
catecholborane in the presence of a catalylic amount of [Ph3P]3RhCl. Under these
conditions a 70% yield of a mixture of diasterecisomeric N-acyl aminals was obtained in
which the desired isomer 1.64 predominated (10:1). Thus, for the first time, a metal
hydrice reduction of an N-acyl imidate in the pederin series afforded appreciable
selectivity in favour of the desired diastercoisomer at C10). The stereochemistry of the
19




reduction was interpreted in terms of an intermediate 1.63 in which an octahedral Rh
complex delivers a hydride intramolecularly as indicated in Scheme 1.13.
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4 staps
70% (3 staps)

Scheme 1.13

The key reaclion of the sequence entailed addition of the metallated dihydropyran
1.59 to the methyl ester 1.64 in the presence of TMEDA at low temperature to give a 54%
yield of the adduct 1.60. With the bulk of the pederin skeleton now constructed,
completion of the synthesis mecrely required the introduction of the two adjacent
stereogenic centres at C6 and C7 and a few functional group transformations. The
stereogenic centre at C7 was introduced by metal hydride reduction of the enone function
in 1.60. Use of the bulky reducing agent LiBH(s-Bu)3s afforded the desired diastereoisomer
in modest diastereoselectivily (3:1). Addition of methanol to the dihydropyran occurred
with excellent diastereoselectivity (= 20:1). Completion of the synthesis required 4 further
steps which were well precedented.

The success of the metallated dihydropyran approach in the synthesis of pederin
suggested an easy adaptation of the strategy to syntheses in the mycalamide-theopederin
series. An initial foray publishcd in 1996 was superseded by tactical improvements
depicted in Scheme 1.14 for the synthesis of 18-O-methyl myecalamide B%?, which had
been identified as the most polent of the mycalamide dertvatives in assays against a series
of human wmours®! 2 (scc below). The construction of the 1,3-dioxane ring was
accomplished by treatment of 1.66 with parafarmaldehyde in the presence of HCl to give a
mixture of diastereoisomeric 1,3-dioxane acetals 1.67 (dr = 6.5:1) in 88% yield. Separation
of acetals 1.67 by column chromatography was possible but useless since hydrogenolysis
of the benzyl group gave the same mixture of hemiacetals 1.68 (dr 3:1).

20

R T T R T T T SO

J
5




5 3 i O O
b A ONE iy g Sane e A ome
#0 (HCKE%}" BnO™ l H Hy P¥C H H M= X \t 14
Q — — —— o} . %
% 87% DMAP
OMeo ““DMe Ote “NoMe
OMe CMe OMe St
1.66 1.67 1.68 )
dr(G10) 5.5:1 er(GI10) &1 TASE [ 1,69X =OMs
TMEN L e 170X =N,
EHLPAL o,
?l;;r«:gozo-cool' 7%
¥
o 3% O?O o] o/i_‘i‘o
E |
Yo o 9 ono w0y b o
sieps - .
OH P . J\ | I - L H -
I N Hoo
SePh |
1.73 W OMe : OMe
18- 0-Me Myaakmide B OMe 172 - Ate
d(C10) 21
Scheme 1.14

Replacement of the hydroxyl group in 1.68 by an azido group viu substitution of
the mesylate 1.69 by BusNN3 had been reported by Hong and Kishi®® but in our hands the
yields ranged from 20% (typically) to 72% (rarely). We therefore developed a new method
which, to our knowledge, is novel: the crude mesylate 1.69 derived from the mixture of
hemiacetals 1,68 was treated with wimethylsilyl azide in the presence of
tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF) to give the azides 170 us u
mixture of diastcreoisomers in the ratio 1:1 to 2:1 depending on the reaction conditions.
The isomers could be separated for purposes of characterisation but in practice il was best
to carry the mixturc of azides forward to the next stage of the synthesis. Catalytic reduction
of the azides 1,71 gave a sensitive mixture of aminals which were acylated with methyl
oxalyl chloride in the presence ol DMAP to afford the diastereoisomeric methyl
oxalamides (1:2) in 77% yield. The diastereoisomers were separated by column
chromatography and the minor crystalline diastercoisomer 1.71 having the coirect
stercochemistry at C10 was added to a solution of the dihydro-2H-pyranyHithiumn reagent
1.5Y in the prescnce of excess TMEDA to give the acylated dihydro-2H-pyran derivative
1.72 in 64% yield. The remainder of the synthesis was conducted as described above for

the synthesis of pederin.*?

The succcssful implementation of the metallated dihydropyran approach to 18-0-
methyl mycalamide B (Scheme 1.14) was gratitying but the unfavourable stereochemistry
at the C10 aminal centre was a blemish which etuded correction. Therefore, we examined
the Roush-Hoffmann Curtius protocol as part of a synthesis of mycalamide B,*® ‘Freatment
of the carboxylic acid 1.55 (Scheme 1.15) with diphenylphosphoryl azide afforded an acyl
azide intermediate which rearranged to an isocyanate which was trapped by 2-
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(trimethylsilylcthanol to give the carbamate 1.75. However, (he elevated temperatures (70
°C) required for the rearrangcment resulted in some decomposition with an overail
reduction in yield to 56% at best with typical yiclds being more like 40%. A much better
alternative was a classical Hofmann rearrangement using Ag(I)~assisted rearrangement of
the N-bromoamide derived from amide 1.74.9 The reaction occurred at room temperature
wilh clean retention of configuration to give the carbamate 1.75 in 79% overall yield. The
remaining 2-carbon fragment was installed by reaction ol carbamale 1.75 with methyl
oxalyl chloride in the presence of DMAP to yield the imide derivative 1.76. To complete
the sequence, the carbamate function was cxpunged using TBAF buffered with acctic acid
to give the N-acyl aminal intermediate 1,77 of mycalamide B. A similar strategy was used
in the first synthesis of a member of the thcopederin family, theopederin D (1.7D).3?

o”\o

A, Curlivs reamanganant (X« OH) )
i\ OMe (FHO)P(=0iN, M SICHOH,OH HN \{/}& OMe
AA NG, DIFEA, PIiMe, 70 °C {40-56 %)
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MeO,C-COCH 1 .
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MaG L )\ OMe MeO, )\ OMe
W eaginie B L TBAF, HOAG (L ]
i TF, 2 min 0’“\0
7 5%
OTBS ,l) &/\oms
1.77 Me SiMe; 1,76 Me
Scheme 1,15

1.3. Biological Activity
1.3.1. The Natural Products.

Pederin is a very weak antibacterial agent but il is highly toxic fo eukaryotic celis.
Ingestion can cause severe internal damage and intravenous injection causes death at levels
which suggest that it is more potent than cobra venom, The toxicity of pederin appears 1o
be related to its inhibition of protein biosynthesis and cell division. Using human tonsil

ribosomes, Vazquez® 63

showed that pederin binds irreversibly to the ribosome preventing
translation of mRINA. Inhibition occurred at the transiocation step during the elongation
cycle, The irreversible binding of pederin to ribosomes and its vesicant aclivily suggest it
may function as an alkylating agent with the homoallylic acetal or N-acyl aminal as sites of
potential reactivity. The biochemical and pharmacological activities are probably not
related, however, since the hydrogenated derivative dihydropederin is not a vesicant

though it remains a potent inhibitor of protein biosynthesis. Unfortunately there have been
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very few attempts to evaluate the clinical potential of pederin. Pavan® demonstrated that
elderly patients with chronic necrotic and purulent sores completely recovered in somc
cases after treatment with minute amounts of pederin. A Russian study has also revealed a
therapeutic effect on eczema and neurodermatitis with no complications.%” Potential use as
an anti-cancer agent has been suggested based on pederin's ability to block mitcsis in
normal and tumour cells at doses of 1 ng/ml and reports that it inhibited sarcoma-180
taumours in mice.%8

I.ike, pederin, the mycalamides and their derivatives induce severe dermatitis.
Mycalamides A and B reveal potent in vitro cytotoxicity and in vive antitumour efficacy
against several leukemia and solid tumour model systems as well as antiviral activity. They
inhibit in vitro replication of murine lymphoma P388 cells (ICs5¢ 3.0 + 1.3 and 0.7 + 0.3
ng/ml respectively and human promyelocytic (HL-60), colon (HT-29) and lung (A549)
cells (ICsg < 5 nM).% Mycalamide A was also active against B16 melanoma, Lewis lung
carcinoma, MS5076 ovarian carcinoma, colon 26 carcinoma, and the human MX-1
(mammary), CX-1 (colon), LX-1 (Jlung) and Burkitt's lymphoma tumour xenogratts,%
Mode of action studies confirm that the mycalamides, like pederin, arc protein synthesis
inhibitors. Mycalamide A also disrupts DNA metabolism but does not intercalate into
DNA itself. A correlation between their relative ability to inhibit protein synthesis,
cytotoxicity and their in vivo efficacy suggests that their anti-tumour activity is a
consequence of protein synthesis inhibition.?

Antiviral assays on mycalamide A by thc Munro group!” 18 indicated that the
minimum dosc that inhibited the cytopathic effect of the test viruses (Herpes simplex
Type-1 and Polio Type-1 viruses) over a whole (17 mm) well was 5 ng/disk. No in vivo
antiviral results on pure mycalamide A were available from the initial screen but in vitro
assays showed that it was responsible for the in vitro activity of the crude sponge extract
and thus probably the in vive activity as well. A crude extract (ca 2% mycalamide A) was
tested in mice infected with A59 coronavirus. Four mice dosed with virus and the extract at
0.1 mg/kg survived 14 days whilst eight mice dosed with the virus only all died within 8
days. For further data relevant to the antiviral activity of mycalamide A sce section 1.3.4,

Onnamide A is approximately equivalent in potency to mycalamides A and B
against murine P388 leukemia cells (IC5q 2.4 = 0.3 nM) in vitro but it was inactive against
P388 cells in vivo (15% increase in life span at 40 pg/kg). Onnamide A is about 70-fold
less active against HL-60, HT-29 and A549 in line with its reduced potency as an inhibitor
of protein synthesis.®” Biological data for the remaining members of the onnamide sub-
family is limited to in vifro studies against P38% and the refevant data is collected in Table
L.1. Onnamide A and 23(Z)-cnnamide A (1.88, Schemc 1.16) are the most polent members
of the family whilst onnamide E (1.85), lacking the N-acyl aminal functionality, is inactive.

All members of the onnamide sub-family were vesicants.?? There 18 also very little data
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published regarding the antiviral activity of the onnamides. In their original report on the
isolation and structure determination of onnamide A, Iliga et al'® claimed potent antiviral

aclivity against Herpes simplex Type- |, vesicular stomatitis virus and coronavirus A-59.
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Theopederins A-E (1.7A-E) were markedly cytotoxic against P388 leukemia cells
{see Table 1.1).22 Theopederins A and B also showed promising antitumour activity
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against P388 (i.p.): T/C = 205% (0.1 mg/kg/day, treated on days 1, 2, and 4-6, i.p.) and
T/C = 173% (0.4 mg/kg/day, treated on days 1,2 and 4-6, i.p.), respectively.

Table 1.1. JCsq values (ng/ml) i vitro for members of (he pederin family against murine
P388 leukemia cells.

Compound® Munro?  Fusetani®  Fusetani”’ Kobayashi
Pederin (1.1) 0.07 — — —
Mycalamide A (1.4) 0.5 — — —
Mycalamide B (1.5) 0.1 — — -
Theopederin A (L.7A) — %015 — -
Theopederin B (1.7B) _ 07 - -
Theopederin C (1.7C) _ 1.0 _ .
Theopederin D (1.7D) _ 9.0 _ .
Theopederin E {1.7E) 0.4 _ 10 2.0
Onnamide A (1.6) — - 150 —
13-des-0-Methyl-onnamidc A (1.78) — — 40 4.6
21,22-Dihydo-onnamide A (X.79) — — 130 e
Pseudo-onnamide A (1.80) — — 130 —
Onnamide B (1.81) — — 100 —
17-Oxo-onnamide B (1.82) - - 70 -
Onnamide C (1.83) — — . 20 —
Onnamide D (1.84) — — iactve 5o
Onnamide E (1.85) - : o 07
21,22-Dihydro-17-oxo-onnamide A (1.86) _ o 1.5

17-Oxo~onnamide A (1.87)
4(Z)-Onnamide A (1.88)

¢ Por structures see Schemes 1.1 and 1.16, ® Reference 18 and 62. © Reference 22. ¢ Reference
20.. ¢ Refecrence 21. Murine L1210 lymphoma cells were used.

1.3.2. Simple Derivatives of the Natural Mycalamides.

In 1992, Munro et al,%% prepared 34 simple acyl, alkyl and silyl derivatives of the C7, C17
and C18 hydroxy! groups and the N-amido group of mycalamides A and B and their
relative potency assayed in vitro against P388 cells. The most noteworthy conclusions
from this study arc (a) methylation of the amide nitrogen together with the C7 hydroxyl
group causes at least a 103-fold reduction of activity; (b) derivatisation of the C7 hydroxyl
group causes a 10-100 fold reduction in activity: and (c) methylation of bolh the C17 and
C18 hydroxy! groups (as found in pederin} renders the mycalumides as active as pederin,
From these observations Munro concluded that the intact N-acyl aminal bridge is vitally
important [or the biological activity of the mycalamides.

In 1997 we sludied the biological activities of 18-O-methyl mycalamide B (1.73),
10-¢pi-18-0-methyl mycalamide B and pederin, all prepared by total synthesis.®' The
aclivities of 18-0-methyl mycalamide B and pederin were virtually indistinguishable when
cvaluated in DNA or protein synthesis assays, and in cylotoxicity assays using human
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carcinoma cell lines (ICsgs €.2-0.6 nM). 1n the assays, 10-epi-18-O-methyl mycalamide B
was 103 times less toxic than its diaslerecisomer, demonstrating that the cytotoxicity of 18-
O-methyl mycalamide B is inseparable from its ability to inhibit proiein synthesis. Short-
term exposure of squamous carcinoma cells to 18-0O-methy! mycalamide B or pederin
caused an irreversible inhibition of cellular proliferation and induced cellular necrosis. In
contrast, the antiproliferative effects of the compounds on human fibroblasts were
reversible and there was no evidence of necrosis.

1.3.3. Degradation Products of the Natural Mycalamides.

An extensive programme on the chemistry of the mycalamides by the New Zealand group
of Munro and Blunt involved treatment of mycalamide A and some of its alkyl derivatives
with alkoxide, hydroxide, oxide bases, sodium borohydride und azide.”® The study was
extended to acid-catulysed degradations, acetal exchange reactions, catalytic
hydrogenation, epoxidation and oxidation reactions.”! The numerous derivatives and
degradation products were then tested in vitro against P388 cells. The ICsq values in ng/ml
are given together with the relevant structures in Scheme 1.17.
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Oxazolidinones 1.89-1.91 and the 7-0-benzyl derivatives 1,92 and 1.93 displayed poor
activity as expected from the previous studies which had established the need for a free
hydroxyl group at C7. The relative inactivily of the cleavage fragments 1.97--1.103
demonstrates further that both segments of the mycalamide structure are essential to the
biological activity. Ounly the reduction product 1,96 (40-fold deactivation) has a significant
biological activity, showing that the CL0O configuration was crucial for activity to be
displayed. The moderate activity of the reduction product 1.96 is surprising since the
aminal function is generally considered a crucial structural motif for biological activity.
The importance of the C6 acetal is shown by the retention of activity with a C6 ethoxy
derivative 1.106, a 20-40-fold drop in activity for a C6 hydroxy subsfituent as in
compounds 1.104 and 1.105 and further losses (> 100-fold) with climination or
hydrogenolysis at C6 {(compounds 1.107-1.110, 1,115, 1.117), Compounds involving
derivatisalion or transposition of the exocyclic double bond retained significant activity:
thus, 4B-dihydromycalamide A 1,111 was significantly more active than mycalamide A but
4B-dihydromycalamide B 1.113 had the same activity as mycalamide B but A3-
mycalamide A 1.116 was 100-fold less active than mycalamide A. The epoxide derivatives
1.118-1.121 were also much less active although there was an even more pronounced
isomer effect.

Modifications at the C16 side chain were expected to be well tolerated so it was
surprising that both AlS-normycalamide B isomers (1.122 and 1.123) were ca 100 fold less
active than mycalamide B, However, the C17 aldehyde and alcohol derivatives (1.124 and
1.125) were significantly more active than both mycalamide A and theopederin ¥ (ICsp =9
ng/mL against P3388),

1.3.4. Advanced Synthetic Analogues of Mycalamide A

In 1997 the Nakata’ group synthesised a set of ten advanced analogucs of mycalamide A
(Scheme 1.18) in order to probe the minimum structural requirements of the left fragment
for biological activity and to explore the possibilily of replacing the right fragment with
glucose derivatives. The cylotoxicity against HeLa cells and antiviral activity against
Herpes simplex typel (HSV-1) and Varicella-zoster virus (VZV) were tested in vitro along
with 5-fluorouraci! and acyclovir as standards, The data are summarised in Table 1.2. For
comparison, parallel tests were run on mycatamide A itseif and its 10-cpimer (1,95},
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10-spi-Mycalamide A (1.94) OH

a.b

Cytotoxicity Antiviral activity Antiviral activity
Compound against HeLa cells  against HSV-1 against VZV
ICsq MICS  IC5¢  MICC 1o

5-Fluorouracil 3.0 — — e —
Acyclovir — 1.6 6 6.25 >50.0
Mycalamide A (1.4) <0.03 <0.4 <0.4 <04 <0.4
{Q-epi-Mycalamide A (1.94) 3.0 12.5 125 1.6 12.5
1.126 <0.03 <0.4 <0.4 <0.4 <04
1'128 0.03 3.1 3.9 <0.4 1.6
1'129 >10.0 500 >50.0 3.1 >50.0

’ >10.0 50.0 12.5 <0.4 12.5
L1130 >10.0 500  >500 125 >50.0
1.131 1.0 250 250 31 >3500
1.132 >10.0 >50.0 >50.0 25.0 >50.0
1.133 3.0 500  >50.0 120 >3500
1.134 10.0 50.0 50.0 12.5 >50.0
1.135

¢ Data taken from Nakata ef al., ref 72. ®1Csn (ug/ml), MIC (ug/ml) ¢ Against HSV-1 cells.  Against

vero cells. ¢ Against VZV. S Against HEL cells.

Mycalamide A, 1,126 and 1.128 showed very potent cytotoxicity against Hela cells
but their corresponding 10-epimers (i.e. 10-epi-mycalamide A, 1.127 and 1.129) were 100-
fold less active suggesting that the CI0 configuration is a crucial determinant for high
cytotaxicity. As expected from the results described in the previous section, the high
activity of compound 1,127 verifies that the presence of the C4-exo-methylene and C3-
methy! groups are not an important factor for the potent cytotoxicity. The unnatural C7
hydroxyl isomers 1.130 and its C10-epimer 1,131, decreased the activity, which suggests
that the configuration of the C7-hydroxy group is also essential for potent cytotoxicity, It is
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noteworthy that 1,132 and 1.134, in which the right [ragment is replaced by glucose
derivatives, showed nearly the same activity as 5-fluorouracil.

A compound can be judged to have significant antiviral activity if its therapeutic
ratio (TR = IC5p/MIC) is higher than that of acyclovir. The antiviral activity of
mycalamide A, 1,126 and 1.128 against HSV-1 is very strong. However, their cytotoxicity
(ICsq) against vevo cells is also very strong: TRs of all synthetic compounds iested are less
than 1 (TR of acyclovir = 32). Although mycalamide A, 1.126 and 1.127 showed strong
activity against VZV, their potent cytotoxicity (ICsg) against HEL cclls was also observed.
10-epi-Mycalamide A (1.94), 1,127, 1.129, 1.130, und 1.132 showed potent antiviral
activity against VZV and low cytotoxicity against HEL cells: TRs of 10-epi-mycalamide A
(1.94), 1.127, 1.129, 1.130 and 1.132 are 8, >32, >16, >32, and >16, respectively (cf. TR of
acyclovir >&). Thus 7- or 10-epimeric compoumnds showed significant antiviral activity
against VZV.

1.3.5, Simple Synthetic Derivatives.

None of the biological data presented thus far identifies the minimum structural
requirements for cytotoxicity or antiviral activity. In 1997, Abcll er al Pevaluated the
cytotoxicity of simple analogues (Table 1.3) of the N-acyl aminal bridge against the P388
leukaemia cell line in visro. In general, compounds 1,136a-i with a (1'R,25)-configuration
(equivalent to C7 and CI0 in the natural products) show significantly greater in vitro
cytotoxicity than the corresponding (1'S5,25)-derivatives 1,136a-i. Notable exceptions were
the parcnt natural products (pederin, mycalamides A and B) for which the equivalent C10
position is S. A preference for a (1'R)-configuration over a (1'S)-configuration does not
seem (o be evident within the cyclic eoxazolidinone series 1,138-1.143 (Scheme 1.19),
where the (1'S)- and (1'R)-compounds show similar iz vitro cytotoxicity.

Table 1.3
1Cy, values of 1.136 and 1,137 against P388 cells

Rl Q2 ICs0 (pgfml) B

. L136 (1"R,2S) 1137 (1'528) Ph\/i\[ri\lﬁ'/na

a OH h 52 >340 G  OMe
L OH Me >125 >1487 1.136 (1°RRE
¢ NHZ Ph 14 >188" (A2a
d NH-Al-Z Ph 36 >125
e OAc Ph 101 >313
f OH Et 176 43 o
g NHZ Me >375 >375 Phe A LN R2
b OCOCHBr  ibr 105° 103 ~EYY
1 O-camphanyk Ph 424 787 0 OMs

1.137 {1'525)

 1:1 mixture of epimers. ” 3¢ 1 mixmre of epimess. © 17:3 mixtuveof cpimers.
29:1 mixwre of epimars.
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Et £t
d CH OR
& H H H
eh ‘?jNH Ph "QA(NH P“\/:\g’/"' e OF
\/\g \/\‘g Q. ""OFI
1,134 R = H(>375)
1122 (57) 1,143 (47) 1145 R=Ac (267) QR
Scheme 1,19

A variety of Rl groups appear to be accommodated for the induction of in vitro
cytotoxicity. For example, the corresponding acetates of 1.136a and 1,137a, compounds
1.136e and 1,137¢, show comparable activity. By comparison, acylation of the C7-
hydroxyl group of mycalamide A and B (analogous to C2 in 1.136/1.137) resulls in
compounds with significantly decreased activity. The (1")-epimeric pairs 1.136¢,d,g and
1.137¢,d,g were designed to give the derivatives more peptide character. The most active
compounds in this series, compounds ¥.136¢,d show aclivities comparable to, or better
thun, ¥,136a. Again a preference for a (1'R)-configuration is noted (1.136¢/1.137¢ and
1.136d/1.137d). A change from R? = Ph (0 Et appears to be tolerated, although in this case,
contrary (o the other compounds, a (1'S)-configuration scems to give the most potent in
vitre bloactivity (1.136f > 1,137f). It should be noted that 1.137f and the parent natural
products possess the same relative configuration at this centre (i,e. ). The introduction of a
methyl group at the R2 position resulted in compounds with significantly reduced activity
(see compounds 1.136b,g, 1.137b,g). Finally, the glucosyl derivatives 1.143 and 1.144
show less activity than the corresponding acyclic analogues 1,136 and 1.137 where R* = Et
and Ph.

In conclusion, the foregoing structure activity studies on the pederin family of antitumour
agents established Lhat the N-acyl aminal bridge is the pharmacophore. The homoallylic
acetal array encompassing C4-C6 which is responsible for the acid lability of the natural
products as well as their vesicant effects, is not necessary for antitumour or antiviral
activity. The C6 acetal function contributes to the high aclivily of the natural products
though simpler analogue studies reveal that it is not essential. The presence of a free
hydroxyl group at C7 with the (§)-configuration is important for high activity, The
configuration of the aminal centre is also very important with the (S)-configuration at C10
being significantly more active as an antitumour agent than the (R)-epimer; however,
compounds with the (®)-configuration at C10 remain potent antiviral agents. The complex
trioxadecalin ring system characteristic of the mycalamides, onnamides and theopederins is
not essential for high activity since pederin , with its simpler monocyclic right half, is one

of the most active of the natural products followed closely by 18-0-methyl-mycalamide B,
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a simple synthetic derivative of natural mycalamide B. Finally, the side chain at CIS
tolerates considerable variation with comparatively little impact on activity. A summary of
the SAR data is given in Scheme 1.20.
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Scheme 1,20

Addendum. Theopederins F-J (1.146F-]J, Scheme 1.21} have recently been isolated from
Theonella swinhoei.’® Theopederin F was antifungal against an erg6 mutant of
Saccharomyces cerevisiae deficient in (S)-adenosylmethi.onine:A24-methyltransferase
involved in the biosynthesis of ergosterol, Theopederin F was also cytotoxic against
murine P388 cells with an ICsg of 0.15 ng/ml. No biclogical data was reported for
thcopederins G-J. The close structural kinship between theopederins G-J and the
onnamides suggests that the theopederins may be biosynthetic precursors of the

onnatnides.

P

TCOM

Thecpedarin F (1.146F ) Theopedarin | (1.146)
N
O QOH
/O\VW\NE\?{’? OMo NN i
on 1 oN o’
N~ /\/\/\/\
NFNF N oo COaH

OH
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Scheme 1.21
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Chapter 2 : Previous achievements in the Kocienski group and objectives
2.1 I'revious achievements in the Kocienski group
2.1.1 Lithiated dihydropyran approach

During the early work on the synthesis of pederin 1.1, Jarowicki and Marczak were
faced with the task of constructing the N-aminal bridge. As shown in Chap 1, Sec 2.4, they
completed the synthesis of pederin 1.1 using the metailated dihydropyran approach
(Scheme 2.1) and they also optimised the instalfation of the stereogenic centres at C7 and
C10.32.75

Oile
O MeO "
O <
H N/u"-u, orBs MeO N OTBS  gateshalborans Fl? B
| (o) MeOBFy ) oIPP, | PhoP-l Ih“—l-l
(0) MeCaC-COT| Phve,—10°s |, MOy Ohle
70% (3 steps) : CMe
OMe SO Ho ~
1.61 OMe 162 OMe TES
- 1.63 -
dr (CO) »20: 1, dr{C7) 314 i
faC O MeQ
P WL OTBS mo. L LY OTBS
. & N 159 \]’ N7 ’
H TMEDA ; H
0. ePh o} -— 0 0
- TIF, =80 °C
54% dr{C 10} 11
&} LiBuH{s-Bu)y, 80'C oM OMe
10} CSA, M3OF, it 180 (\
tf B2Cl, DMAP, 1l OMe 1.64 OMe
70%(3 slaps)
[ O
. §
|
se SePn
Scheme 2.1

Amide 1.61 was converted to the N-acylimidate 1.62 in 2 stcps using standard
transformations. The imidate ester intermediate 1.62 was prone to hydrolysis but good
yields were obtained by working fast and with minimai purification. Reduction of the -
acylimidate 1.62 was achieved by using an unprecedented reaction—reduction with
catecholborane in the presence of a catalytic amount of [Ph3P]3RhCl. Under these
conditions a 70% yield of a mixture of diastereoisomeric N-acy! aminals was obtained in
which the desired isomer 1.64 predominated (10:1). Thus, for the {irst time, a metal
hydride reduction of an N-acyl imidate in the pederin series afforded appreciable

sclectivity in favour of the desired diastereoisomer at C10. The stereochemistry of the
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reduction was interpreted in terms of an intermediate 1.63 in which an octahedral Rh

complex delivers a hydride intramolecularly as indicated in Scheme 1.13.

The key reaction of the sequence entailed addition ol the metallated dihydropyran
1.59 to the methyl ester 1.64 in the presence of TMEDA at low temperature to give a 54%
yield of the adduct 1.60. With the bulk of the pederin skeleton now constructed,
completion of the synthesis mercly required the introduction of the two adjacent
stereogenic centres at C6 and C7 and a few functional group transformations. The
stereogenic centre at C7 was introduced by metal hydride reduction of the enone function
in 1.60. Use of the bulky reducing agent LiBH(s-Bu)s afforded the desired diastereoisomer
in modest diastereoselectivity (3:1). Addition of methanol to the dihydropyran occurred
with excellent diastereoselectivity (= 20:1). Completion of the synthesis required 4 further
steps which were well precedented.

The success of the metallated dihydropyran approach in the synthesis of pederin
suggested an easy adaptation of the strategy fo syntheses in the mycalamide-theopederin
series. This approach for the coupling of the two fragments has since successfully been
applied to the synthesis of 18-0-methyl mycalamide B.5% 76

2.2.2 Optimised access to lactone 2.1 and enone 2.4

Figure 2.1

Unfortunately, the previous route to fragments 1.59 and 1.64 designed by Jarowicki
and Marczak was expensive and impractical and thereforc targeting the total synthesis of
18-Omethyl-mycalamide B, Smith and Raubo developed a very efficient synthesis of both
lactone 2.1 and enone 2.4 (figure 2.1).77 Their objeclives were :

+ To develap syntheses of the pederin family members using the well-precedented 3
metallated dihydropyran approach to bridge the two fragment(s (see chapter 1, sec 2.4);

» To access these critical intermediates in high yields with good stereocontrol using large
scale reaclions;

+ To use cheap starting materials, and avoid column chromatography instead of
distillutions or recrystallisations as main means of purification;

+ To develop a flexible route that would allow access to several members of the pederin
family and analogues.
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Smith and Raubo had successfully applicd their improved synthesis of 2.1 and 2.4
(chapters 3 and 4) towards the synthesis of 18-O-methyl mycalamide B8, prior to the
launch of the investigations described herein.

2.2 Objectives of the present work

1. To apply the aforementioned approach to 2.1 and 2.4 towards Lhe design of an
improved route towards pederin,
T'o complete and improve the total synthesis of mycalamide B.

3. To synthesise analogues of pederin in order to assess their biological activily.

However, a crucial requirement is to make use of the key alorementioned snetallated
dihydropyran approach in the synthesis of cach member of the pederin family.

2.3 Synthetic strategy

As shown in scheme 2.2 the synthetic strategy for pederin 1.1, mycalamide B 1.5,
17-epi-mycalamide B, and analogues 2.8, 2.9, 2.10 uses the lithiated dihydropyran 1.59%2
75 which is accessed cither from stannanc 2.2 or 2.3. Studies on the coupling reaction
{Chapter 3) showed that the tributylstannane 2.3 is a more efficient intermediate than its
trimethylstannane analogue 2.2. Newly developed methodology, unpublished, has been
used to access 2.3 by the reaction of a mixed cyano-stanny! cuprate with the enol triflate
derived trom lactone 2.1. The key steps in the synthesis of pedetin or its analogues are
Sharpless asymmetric dihydroxylations and a rhodium-catalysed directed reduction of an
acylimidate. The key steps in the synthesis of the right fragment of mycalamide B 1.5 arc a
P20 5-mediated formation of the trioxadecalin ring, a Mecrwein-Pondorf-Verley reduction
to install the C13-stereogenic centre, instailation of the C10-N bond in good yield and total
stereocontrol at the C10 centre via a Curtius rcarrangement and/or a Hofmann
rearrangement, as well as Sharpless asymmelric dihydroxylations.
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Thereby, after a brief description of the synthesis of lactone 2.1, formation and application

of stannanes 2.2 and 2.3 to the coupling reaction will be discussed in chapter 3. Chapter 4

is devoted to a bricf description of the synthesis of enone 2.4, whereas chapters 5, 6, and 7

wifl detail the total (or formal) syntheses of pederin 1.1, mycalamide B 1.5 (and its 17-

epimer) and analogues 2.8-2.10 respectively. Finally, Chapter 8 is concerned with the

biological activity of certain intermediates and synthetic members of the pederin family.
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Chapter 3 Construction of the left fragment

ﬁilf

“8elh

SR,

22 [F=Me
23 R=bu

Figure 3.1

Vinyl stannane 2.2 is an intermediate, common to our synthesis ol pederin 1.1 and
mycalamide B 1.5, and has been previously synthesised by Kocienski and co-workers
during a synthesis of pederin 1.1.32 The synthesis was too long and expensive; (herefore,
during the years 1996-1997, renewed efforts by Dr P. Raubo and Dr C. Smith concentrated
on a more efficient synthesis of the lactone 2.1. Lactone 2.1 was obtained in 13 steps from
the cheap and readily available ethyl (S)-lactate (£1.60/mole) with nothing but distillations
and recrystallisations as means of purification until reaching advanced intermediates. The
key steps of this synthesis are a 1,4-conjugate addition of a methyl cuprate to homochirai
enoate 3.2 and a diastereoselective afiylation of the corresponding potassium enolate of {3-
methyl cster 3.3.

3.1 Description of the synthesis of lactone 2.1

Gthyl (S)-lactate 3.1 was transformed in three simple steps to the «,-unsaturated ester 3.2
in 71% overall yield on a 0.26 mol scale.”® A diastereoselective conjugate addition of
fithium dimethyleupeate to the ester 3.2 in the presence of HMPA and TMSCI at -95 °C™:
80 sfforded adduct 3.3 in 75% yield {dr 24:1). The final C-C bond forming reaction in the
sequence was also highly diastercoselective. Alkylation of the potassium enolate of the
ester 3.3 with allyl bromide gave the third contignous stereogenic centre in 3.4 in 80%
yield (dr 22 :1) (scheme 3.2).
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Ground state conformational models have been proposed to explain the
stereoselectivity ol the foregoing reactions. Yamamoto's model for the diastereoselective
conjugate addition of vatious organocopper reagents to y-alkoxy-o,B-unsaturated carbonyl
derivatives places the best electron donating group perpendicular to the plane of the 7t-
system and the OTBS group in the more sterically demanding "inside position".?® The
clear steric discrimination between the diastereotopic faces as indicated in structure 3.5
accounts for the anti attack of the nucleophile giving the anti-adduct 3.3. Houk's
"electrophilic rule" rationalises the diastereoselective alkylation of enolates with adjacent
stereogenic centres.3! Thus the eclipsed conformation 3.6 placing the hydrogen of the
stereogenic centre in the plane of the 7i-system again causes stcric discrimination between
the two diastereotopic faces of the enolate leading to alkylation as shown in structure 3.4.
Corroborating evidence for the Houk model has been presented.32-54

Routine transformations accomplished the conversion of 3.4 to the alcohol 3.9
(scheme 3.3) but the Mitsunobu reaction used to invert the configuration at C-2
(mycalamide numbering) in alcohol 3.9 was plagued by a competing elimination to give
alkenc 3.11. A number of variations in carboxylic acid and azodicarboxylale ester
eventually established that the combination of trityl as the protecting group, p-
chlorobenzoic acid as the nucleophile, and diisopropyl azodicarboxylate as the activator
returned the ester 3.10 in 76% yield together with only 5% of the elimination product 3.11
which was easily separated by column chromatography—the first in the sequence. Any
minor diastereoisomers were easily separated by crystallisation of the p-chlorobenzoate
3.10.
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Oxidative cleavage of the alkene 3.10 (schcme 3.4) followed by acid ireatment
achieved simultaneous trity! deprotection and lactonisation to give the second crystalline
compound of the series, the lactone 3.13. The phenylselenide group in 3.14 was introduced
by nucleophilic substitution of the butyrolactone 3.13.%% Saponification of the p-
chlorobenzoate ester in the usual way using hot 2 M NaOH was accompanied by an
unexpected side reaction: epimerisation at C-2. Although the extent of epimerisation was
small {ca 5%), suppressing it altogether was obtained by performing the cleavage with an
"ate" complex derived from addition of BuLi to DIBAL-H.3% The resultant hydroxy acid
lactonised to give 2.1 in 72% yield.
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Scheme 3.4
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3.2. Syntheses of stannanes 2.2 and 2.3 from lactone 2.1

Conversion of lactone 2.1 to the trimethylstannane 2.2 had already becn reported in our
previous synthesis of pederin > 75 by a 3-step sequence (yield 70%). The conversion
involves a Pd(0)-catalysed Stille coupling between the enol triflate intermediate 3.21 and
the expensive and toxic hexamethylditin (£19.70/g) as shown in scheme 3.8. This approach
was used in the synthesis of pederin, mycalamide B, and 17-epi-mycalamide B (chapters 4-
).

Two aspects of the coupling reaction require further comment. First, the method used here
is inherently wasteful, since one equivalent of lithiated dihydropyran 1.89 was squandered
in abstracting the amide proton. Aftempts to improve the sloichiometry by using a
sacrificial lithium reagent (Buli) in model systems were foiled by rapid competing
addition of the butyllithium to the oxalamide. Secondly, the yield of the coupling was
variable; whilst a 40% yield is typical, >70% was also obtained in related systems (scheme
3.5). Success in this reaction was experimentally related to the amount of transmetallated
dihydropyran (estimated by TLC) which was variable as well. Literature studics on
transmetallation between trimethylstannanes and tributylstannanes led us to compare their

reactivities on our substrates.

neo, Mk .
° THl H/\" T
\/0 SAMES (o) L1210 ), TIF, -76C Q. _-H 0 o /J\_(N o, 0
T A AL | - | ; T |
/ {b) TMED A o S
SePh SePh SePh Selfh
(>20ey
2.2 1.59 3
Scheme 3.5

Indeed, J. M. Chong in 1998 showed thal o-alkoxyorganotrimethylstannanes do not
undergo transmetallations as well as their tributy! analogues.” Schemme 3.6 exemplifies the

difference in reactivity.
OBCM  (a) nBuli (10 eq) OBOM
-

Ma)\Si'IBU;,- ) COg H” Me COpH
4,158 €2% 316
CBOM (@) rBul10eq) OBOM

—
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Scheme 3.6
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While tributylstannane 3.15a underwent quantitative transmetallation with 1 equivalent of
BuLi to provide an g—alkoxyorganolithium specics which could be trapped in 92% yield
with COg, the trimethylstannane 3,15b required 10 equivalent of BuLli in order to generate
reasonable amounts of ci—alkoxyorganolithium and still only provided 58% yield of the
same trapped product 3.16.

In the above example, it is likely that the difference in transmetallation chemistry of 3.15a
and 3.15b is due to the difference in stabilities (ie relative acidity) of organolithiums
involved. In fact, McGarvey has shown that the stability of organolithiums decreases in the
order: RIOCH3Li > RIOCH(R2)Li > MeLi >RIOCR2R3Li > nBuli > ¢-HexLi (Rl =
MOM).58 Based on this ranking, Chong concluded that treatment of organostannane 3.15b
with BuLi should provide organolithium BOMOCH(Me)Li selectively rather than MeLi
but with some degree of competition.

Although our lithiated dihydropyran 1.59 (scheme 3.5) should be more stable than a
saturated o—alkoxyorganolithium analogue, synthesis of tributylstannane 2,3 was
attempted. Unfortunately, using the same Pd(0) catalysed Stille-type procedure 32 73 with
the bulky hexabutylditin occurred in very poor yield (14%). A more efficient synthesis was
necessary. Fortunately, Tanya Wildman, a PhD student in the Kocienski group (1999-
2002) was working on routes to vinylic stannanes from enol triflates using Lipshutz's
mixed trialkylstannyl cyano cuprates® (unpublished results). Working on simple lactones
such as 3.17 (scheme 3.7), she not only simplified and improved the preparation of enol
triflates {e.g. 3.18), but she also showed on simple lactones that reacting the corresponding
enol triflates with (BuzSn)Bu-Culi-CNLi yields the corresponding vinyl tributylstannane
(e.g. 3.19) in good yield along with a little of the corresponding destannylated
dihydropyran (e.g. 3.20) (10-15%).

. SHMDS (1.3 o A . g s,
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217 a18 3,19 420
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(@) 8ull (2 6 cq), THF, -78C, 5 min .
CuCN [ Bu{BuSr)Cul-CHLi +Hy - BusSi-
(13eq) () BusSrrH (2.6 eg), THF, =78°C, 20 min

Scheme 3.7

Although this methodology is being optimised, the tributylstannane 2,3 was obtained in
good yield (62-85%) along with dihydropyran 3.14 (10-15%) as a byproduct (scheme 3.8)
using Wildman's procedure.,
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3.3 Recycling of dihydropyran 3.14

As shown in scheme 3.5, dihydropyran 3.14 is produced as a byproduct in large quantities
in our coupling reactions, since an excess of 2 equivalents of the precious stannanes 2.2
and 2.3 is used. Acid catalysed hydrolysis of dihydropyran 3.14 produced the
corresponding lactols 3.22 in good yield (98%, dr = 55:45, in favour of the equatorial
hydroxyl). Oxidation of lactols 3,22 to recover the previously described lactone 2.1 was
foiled by competitive oxidation of the setanyl ether (scheme 3.9). Alternatively, lactols
3.22 were readily transformed into the sulfones 3.23 by reaction with phenyisulfinic acid in
the presence of CaCly, Deprotonation of the resulting sulfones, followed hy direct
condensation with tributylstannyl chloride and heating in chloroform containing Hiinig's
base, affords the vinylstannane 2.3 efficiently.?0 %1
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91%
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5 <) evaporate b
X tq PIPEA (18 eq) CHk, 70°C, 4 b

¥

Q.

21 TSePh

B2%( $3% from 3.14)
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Scheme 3.9
3.4 Conclusion

We have now in our hands a very efficient and economical synthetic route towards lactone
2.1. Both stannancs 2.2 and 2.3, precursors of the lithiated dihydropyran 1.59, are now
easily accessible from lactone 2.1. Bearing in mind that our aim is to use the same
metallated dihydropyran approach for every member of the pederin family, we are now
ready to compare the reactivities of 2.2 and 2.3 in this reaction. Finally, the previously
wasted dihydropyran byproduct 3.14 is now recycled in good yield, rendering the coupling
reaction less wasteful.
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Chapter 4 : Synthesis of Dihydropyranone 2.4

%
2.4 CI

Figure 1

Dihydropyranone 2.4 is a critical interimediate in our synthetic strategy because it could, in
principle, be converted to the simple monocyclic system of pederin as well as the more
complex trioxadecalin ring system of the mycalamides, onnamides and theopederins. The
3-chloropropyl side chain in 2.4 also satisfied the need for an inert latent aikene which
could be fashioned into any of the side chain variations of the pederin family. The
optimised route’” towards 2.4 is briefly described here

4.1 Creation of the C15-stereogenic centre

Dihydropyranone 2.4 harbours a single stereogenic centre at C-15 {mycalamide
numbering) which was constructed efficiently by two different routes. In the first route, the
lithium enolate prepared from ethyl isobutyrate was condensed with 4-chlorobutanoyl
chloride to give the f-keto ester 4.2 in 93% yield (scheme 4.2). Noyori catalytic
asymmetric hydrogenation of the f-keto ester 4.2 using [(R)-(+)-2,2"-
bis(diphenylphosphino)-1,1’-binaphthyl] chloro (p-cymene) ruthenium chloride®?>
installed the requisite (R)-configured stereogenic centre in good yield and high
enantiomeric ratio (97:3). The reaction worked well on a 50 mmol scale but on scaleup to
150 mmol, the reaction time was variable and occasionally it failed to go to completion.
Moreover, the ruthenium catalyst was expensive and commercial supplics gave variable
activity. Economy, scale, cost and reliability led us to an alternative synthesis of S-hydroxy
ester 4.3 using an asymmetric directed aldol reaction mediated by the scalemic borane 4.5
according to the method of Kiyooka.?® %7 Although the Kiyooka method requires
sloichiometric amounts of the borane 4.5, it was easily prepared from cheap crystalline N-
tosyl valine which was recovered in pure form after one recrystallisation in 90% yield. The
directed aldol approach gave comparable yields and enantioselectivity and its ease of
execution won our favour.
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A conformation of 4.3 is represented diagramatically in scheme 4.3 and is based on MM2
calculations performed by Kiyooka.?® The isopropyl group governs the position of the
sulfonamide group and together they define the co-ordination site for the aldehyde. The
aldehyde co-ordinates with its i face exposed to nucleophilic attack whilst co-ordination
exposing the Re face of the aldehyde (o nucleophilic attack is disfavoured due to steric
repulsion.
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=
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Scheme 4.3

4.2 Conversion of [3-hydroxy ester 4.3 to dihydropyranone 2.4

To complete the synthesis, the ring was constructed by Dieckmann cyclisation of the
acctatc 4.6 to give the highly crystalline f-keto lactone 4.7 which could be easily obtained
enantiopure by crystallisation (scheme 4.4). Simple O-methylation under phase transter
catalysed conditions afforded the crystalline enol ether 4.8. Reduction of the remaining
carbonyl with DIBAL-H returned the desired dibydropyranone 2.4 in 50-52% overall yield
from ethyl iscbutyrate. Note that nonc of the steps depicted in scheme 4.2 required column
chromatography.
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Chapter 5 : Synthesis of Pederin
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Figure 1

5.1 A formal synthesis of pederin

Kocienski and co-workers had already described a synthesis of pederin from the metallated
dihydropyran 2.2 and the nitrile 2,5 which was expensive and impractical.3? The ready
accessibility of dihydropyranone 2.4 on a large scale stimulated a fresh approach to the
synlhesis of nitrile 2.5 which is far more practical. Below, we summarise the conversion of
dihydropyranone 2.4 to nitrile 2.5 which, together with our much improved synthesis of
melallated dihydropyran 2.2 reported herein, represents a new formal total synthesis of
pederin (schemes 5.2-5.4).

5.1.1 Construction of the C11 centre

Conjugate addition of rimethylsilyl cyanide to dihydropytanone 2.4 catalysed by TMSOTT
gave the nitrile 5.1 as a single isomer in 92% yield. The pseudo axial disposition of the
cyano group was evidenced by 360 MIlz 111 NMR spectroscopy (scheme 5.2) and is the
result of both a double stereoelecironic control in the transition state leading to its
formation. Thus, attack via path a proceeds through the flattened chair 5.9a with additional
stabilisation from the anti-periplanar lone pair adjacent to the newly formed bond, whilst
attack via path b must proceed through the higher energy twist boat 5.9b which also lacks
a suitably aligned lone pair on the pyran oxygen. Prediction of the dihydral angles between
C13-H and both C12 protons using MM2 calculation (Chem3D) as well as their coupling
constants [{H NMR spectroscopy (360 Hz, CDCls)] are in agreement with Karplus rales®®
(scheme 5.2). Occupation of the pseudo-axial position of the nitrile thereby confirmed the
stereoselectivity.
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5.1.2 Construction of the C13 stereogenic cenire

Luche reduction?® of the carbonyl group was diastereoselective affording a quantitative
yield of diastereoisomeric alcohols (dr 30:1) from which the pure desired isomer 5.2
(scheme 5.3) could be obtained by crystallisation. In this reaction the sterecelectronic
preference for axial attack was not subverted by the presence of the sterically undemanding
axial nitrile group. Experimentally the best diastereoselectivity was obtained in the
presence of CeCls trihydrate at low temperature (-95°C) adding a large excess (4 eq) of
sodium borohydride in one batch to the reaction mixture. However the diastereomeric ratio
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was determined by T NMR (360 MHz, CDCl3) spectroscopy by integration of signals
{dd) of C11-H at § =4.91 ppm (major) and 4.81 ppm (minor). The structure was confirmed
after protection of the hydroxyl as its TBS ether by 1H NMR (360 MHz, CDCl3) as shown
in scheme 5.3

NC., O Nabl U, CeCl7 HD NG., OH NCo, QOTBS
N M0 ~93 1060 °C. 3 h I/\ TBSOT, 2,6:uidng (CRE
0\(& aes o CH.Cl, 010 5 °C, 2.5h o

Q9% 18
R
cl <l ~

]
5.1 5.2 (dr301 5.3
mp 36-3 °C mp71-72° mp 44-48°C

O—_
e He
H xﬁg, OTES
T,
on

14 NMA (360 MHz, CRCh)
§(ppm)  ooupling constants

487 S a=15Hz Jyq= 59 Hz
H; 867 HE-62Hz JyS=118Hz

Scheme 5.3
5.1.3 Construction of the side chain

After displacement of chloride with sodinm phenylselenide, the alkene was gencrated by
thermolysis of a selenoxide intermediate giving terminal alkene 5.5. Experimentally, to
avoid the side reactions or disproportionation reactions involving sclenic acids!®,
triethylamine was added (0 the organic exiracts immediately after the work up. This
method has become our method of choice and was used in every syn elimination ol alkyl
sclenoxides in the following chapters. Several chiral ligands for the Sharpless asymmetric
dihydroxylation of olefin 5.5 were screened [(DIIQ)2PYRI!®! (DHQD);PYR,
(DHQ),PHAL!??, (DHQD);PHAL!®} (DHQ)29-phenanthryl ether!®?, (DHQ)2-4-methyl-
2-quiroyl ether!®, (DHQD)PYDZ'® and (DHQ)2,AQN'") byt the diastereoselectivity
was modest at best (scheme 5.4). The diastereomeric ratio was determined by integration
of the signal (dd) derived from C11-H in the I'H NMR spectrum at & = 4.90 (5.6b) ppm and
8 = 4.86 (5.6a) ppm and the stereoconfiguration was confirmed at the next step.
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The desired (175)-diol 5.6a was then methylated to give the crystalline nitrile 2.5 which
was converted to pederin as described previousty.3?

5.2 Completion of the right fragment of pederin

From the nitrile 2.5, pederin was synthesised as described previously3? (schemes 5.5 and
5.6), with comparable results. This route deserves further comments since a similar
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strategy is applied to the synthesis of analogues of pederin (chapter 7). Nitrile 2.5 was
converted to fragment 1.64 in four steps. Both imidate §.12 and ester 1.62 were prone to
hydrolysis and the yield was maximised by proceeding to 1.64 guickly with minimal
purification of intermecdiates. Rhodium-~mediated reduction of the N-acylimidate 1.62
proceeded with high stereoselectivity yielding 1.64 with 30:1 selectivity after column
chromatography (scheme 5.5). Integration of the signals (dd) arising from C10-H at & =
5.21 ppm (major) and & = 5.12 ppm (minor) determined the ratio of the diastereomers.
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NC.., OTBS 110, KCO4, (n-CyHglgNHSO; HQNJ ,,,,, QIES S e s HNJ-‘..,T/\ OTBS
oA o e
EIOH, it, 12h N\ CHaCl. 4 h
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25 OMe 161 “~Oule 612 OMe
OMce CMe OMe

McO2C-COCI, py
CH,CL, ~50°C, 70 min

O MeO O OMe

- H OTHS catacholborans, RhCI[PPhg) M ) —
e ~ e =
T])k HM/\’ Phile, ~7C°C, 20h oﬁy/lL N7
o 0 . 63% (3 stops) o
1.8 OMe 1.62 OMe
OMo OMe
Scheme 5.5

A mechanism for the reduction involving a rhodium-catalysed 1,4-hydroboration reaction
is proposed in scheme 5.0. Previous studies have demonstrated that high levels of
stereocontrol were achieved in the {ormation of the unwanted diastereomer 10-epi-1.64 in
accord with a preferential attack on rotamer 1.62b from Lhe least hindered face of the N-
acylimidate function. Consequently, stereoselective reduction in the desired sense requires
some means for enhancing the population of rotamer 1.62a or, alternatively, a means for
delivering hydride from the more hindered face of 1.62b. The rhodium complex 1.63c¢ in
which the N-acylimidate side chain serves as 4 bidentale ligand in the thodium complex
derived from oxidative addition of Rh{I) to the borane. In this complex, the
triphenylphosphine ligand very effectively shields the 57 face of the N-acylimidate thereby
directing reduction to the desired Re face. According to models, the corresponding
complex from rotamer 1.62a suffers from severe steric congestion with the TBS protecting
group at C13. It has been shown that the role of the protecting group in ensuring
preferential formation of complex 1.63¢ is crucial since the reduction of the N-acylimidate
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bearing an O-benzoyl function at the C13 was much less diastereoselective (3:2 vs
>10:1).32
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Scheme 5.6

5.3 Coupling and completion

Transmetallation of the trimethylslannane 2.2 and reaction with ester 1,64 in the presence
of TMEDA at low temperature gave adduct 1.60 in modest yield (47%) as shown in
scheme 5.7. With the bulk of the pederin skeleton now constructed, completion of the

25 .
P T

synthesis required the introduction of the two adjacent stereogenic centres at C6 and C7 as

VIR ¢

well as a few functional group transformations. The reduction of the carbonyl at C7
required the bulky reducing agent LiBH(s-Bu)3z to yield the corresponding alcohols with
modest stereoselectivity (3:1). The diastereomeric ratic was determined by integration of

]
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the signal (s) derived from C7-H in the }H NMR spectrumn (400 MHz, CDCl3) at § = 5.53
(major) ppm and & = 5.55 (minor) ppm. Addition of methanol in thc presence of

camphorsulfonic acid followed by the protection of the hydroxy! at C7 yielded the desired

compound 1.65 as a mixture of diastereoisomers 1.65a,b. Separation of 1.65a and 1.65b

was accomplished easily by preparative thin layer chromatography. Pederin was finaily

obtained by elimination of the selenoxide, hydrolysis of the bcnzoate, and TBS
deprotection. The I NMR and 13C NMR of pederin 1.1 were recorded in CgDg to avoid
decomposition of this acid-sensitive compound that had becn previously reported>? using
CDCl3 as the NMR solveat.
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Chapter 6 : Total synthesis of Mycalamide B and 17-epi-Mycalamide B
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Figure 6.1
6.1 Construction of the 1,3-dioxane ring

Construction of the 1,3-dioxane ring required a 3-stage sequence of 7 steps
comprising appendage of a 2-carbon unit to the dihydropyranone; two oxidations at C10
and C12; and finally ring closure.

6.1.1 Construction of the C11-centre

The first stage was accomplished in high yield (80%) and high diastereoselectivity (dr
95:5) by Cu(I)-catalysed conjugate addition of vinylmagnesium bromide to
dihydropyranone 2.4 as shown in scheme 6.2. The 1,4-addition of a cuprate or
organomagnesivm reagent fo an ¢,B-unsaturated kelone is an irreversible process!?, As a
consequence, the products should be governed by kinetic control!%7, and the
steveoselectivity can be explained by the relative energies of the transition states, Indeed,
attack via path a proceeds through a chair like enolate 2.4a whilst attack vig path b must
proceed through the higher energy boat like enolate 2.4b. The stereochemistry at the C11
centre was confirmed by 1H NMR spectroscopy with the coupling constants between both
C12 protons and C11-H being 6.0 Hz (scheme 6.2).
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Scheme 6.2
6.1.2 Construction of the C10-centre

Attempts to launch the second stage by substrate controlled dihydroxylation gave poor
diuslercocontrol [1O(R):10(S) 2:3] so the task was accomplished using the Sharpless
asymmetric dihydroxylation {scheme 6.3).108 Using 20 mg of substrate, several ligand
systems were screened but the diastereoselectivity was modest at best: AD-mix-o
[10(S):10(R) 1:2], AD-mix-f (2:1), (DHQ)PYR!C! (1:3.5), (DHQD)PYR (2.6:1),
DHQD-PYDZ195 (1.3:1) and DHQ 4-methyl-2-quinolyl ether!® (1:7.5). Best results were
obtained with DHQ 9-phenanthryl ether!® which gave a 75% yield of diols with dr > 10:1
in Favour of the desired 10(R) derivative 6.2. The ratio between the two diastereoisomers
was determined by !H NMR spectroscopic analysis by integration of the signals derived
from Cl4-Me [1H NMR (360 MHz, CDCl3): d = 1.28 ppm (minor) and 1,26 ppm

(major)]. The diols were inseparable but the corresponding monopivalates were separable
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by simple crystallisation from ether-hexanes to afford pure 6.3 in 78% yield. The
remaining hydroxyl group was converted (o its crystalline MOM ether 6.4 which not only
served as a protecting group, but also as an essential participant in the final ring
construction.
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Scheme 6.3
6.1.3 Construction of the trioxadecalin ring

The second oxidation was accomplished by simple epoxidation of the enol silane
derivative 6.5 prepared from ketone 6.4 and TBSOTT. Two aspects of the conversion 6.5 to
6.6 are noteworthy, First, the epoxidation was highly diastereoselective giving virtually a
single diasterecisomer with the desired stereochemistyy at C12 (scheme 6.4), Secondly, the
oxirane 6.6 was surprisingly stable—e.g., it could be purified by silica gel chromatography
without detriment though in practice, the crude product was generally used in the next step.

The very favourable stercochemistry of the epoxidation of enol silane 6.5 deserves
comment. We had originally expected difficulty with this step because it would appear that
epoxidation was required from the same face of the ring as the bulky and branched side
chain at C11. ITowever, the C11 side chain can occupy a pseudo-equatorial position in the
half chair conformalion as shown in Scheme 6.8 in which it offers comparatively little
steric impediment to the approach of the oxidant compared with the pseudo-axial 3-
chloropropyl side chain at C15. Indeed, an MM2 calculation (Chem3D) predicts that the 3-
chloropropyl side chain protrudes over the ring somewhat thereby exacerbating its steric
effect hence forcing the epoxidation to take place as shown. The favourable
stereochemistry could be ascribed to tethered delivery of the m-chloroperbenxoic acid via a
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hydrogen-bonded intermediate but the same favourable stereochemistry was also obtained
with dimethyldioxirane in which hydrogen bonding is preciuded.
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Scheme 6.4

During a synthesis of the trioxadecalin nucleus of mycalamide A, Roush®® hud prepared
the methylene acetal in 6,10 (Scheme 6.5) by adding phosphorus pentoxide to a solution of
diof 6.9 in dimethoxymethane according to literature precedent.

o N0

P! 0 El
—————a
Cl{OMe);

23 °C

1 =Bu'Me, 5l

Scheme 6.5

We found that the methylene acetal could be construeted directly by adding the oxirane 6.1
to a solution of phosphorus pentoxide in dichloromethane containing a large excess of
dimethoxymethane at 0 °C. An overall yield of 77% was obtained for the three steps from
ketone 6.4 to methylene acetal 6.7 with a diastercoselectivity of 15:1, The methylene acetal
could be obtained as a single diastereoisomer by simple crystallisation [rom ether-hexanes,

A possible mechanism of the formation of the ketone 6.7 is given in scheme 6.6,
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However, experimentally, both a lower yield (70%) und lower diastercoselectivity {ca 8:1)
was obtained when the phosphorus pentoxide was added to a solution of the oxirane in a
mixture of dimethoxymethane in dichloromethane. Thus another plausible mechanism for

this reaction is given in scheme 6.7.
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6.2 Installation of the C13-centre

The reduction of the C13 carbonyl which introduced the single remaining
stereogenic centre on the ring was thwarted by poor stereoselectivity (scheme 6.8). 'the
most favourable ratio of 6.114:6.11b (1:1) was obtained with KBH4 and CeCl3+7H20 in
MeOH at 90 to 20 °C ; all other variants gave mixtures rich in 6.11b, BH3*THF and
LiBH(s-Bu); gave exclusively 6.11b; Rhodium-catalysed hydrosilylation gave
predominantly 6.11b. Dissolving metal reduction (Na, Smly) gave decomposition but Mg
in MeOH gave a 1:1 mixture with competing reduction of the chloride, Fortunately, the
diastereoisomeric alcohols werc casily scparable thereby allowing a recycling process. A
reason for the poor stereoselectivity can be gleaned from the ground state conformation of
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the ketone 6.7: formation of the desired stereoisomer 6.11a requires delivery of hydride
from the more hindered concavity of the ¢is-lused trioxadeealin system. This recalcitrant
reduction was the greatest obstacle to progress until a simple, convenient and effective
sofution to the problem was found in the form of a modificd Meerwein—Ponndorf—Verley
reduction. Thus treatment of ketone 6.7 at room temperature with a reagent prepared by
reaction of isopropanol with trimethylaluminium (3.8 equiv.) guve a mixture of 6.11a and
6.11b in 66% yield with a dr of 6:1 in favour of 6.11a. Starting ketone 6.7 was also
recovered (28%) making the yield based on recovered starting material 92%. The
reversible nature of the Meerwein—Ponndorf—Verley reduction is well known to afford the
thermodynamic alcohol.'% Evidence that 6.11a is the thermodynamic product comes from
two observations. First, the dr of the reaction was a function of time with the mol fraction
of 6.11a incrcasing with time. Secondly, subjection of the pure axial alcohol 6,11b to the
reaction conditions led to isomerisation. Attempts to drive the reduction to completion by
removing the acetone at elevated temperature led to diminished dr. O-Mcthylation of 6.11a
gave a methyl ether 6.12 whose stereochemistry was assigned based on the large coupling
constant J13,13 10.4 Hz for C13H consistent with a frans-diaxial disposition of the vicinal
hydrogens as indicated in stracture 6.12".
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6.3 Installation of the C15 side chain

"The C13 side chain is the principal seat of struciural variation in the pederin tamily
and our route was designed to access as many members of the pederin family and their
analogues as possible. The chloropropyl side chain was introduced at the oulsel because it
offered opportunities for nucleophilic substitution or climination and thence a rich vein of
transformations. For the synthesis of mycalamide B, we required an elimination reaction.
However, neither the chloride nor iodide would eliminate without severe decomposition.
Therefore, we were forced to adopt a regrettable 3 step sequence involving substitution by
phenylselenide anion to give phenylseleno ether 13 (scheme 6.9) whence thermolysis of
the corresponding selenoxide!1® afforded the desired alkene 6.14 in excellent overall yield
(94%) [or the 3-step sequence from 6.12.

L~
Q HO 0”0
i OMe
H

H
\l/%‘ OMe (A} NalO, (1.7 oq.eiv) CMe
I) H _ PhseNa -)\i H20-MeOH, t, 25 min I\
ok O EtOK, A, 10 min OPv —_——————r (Pv -
;%
<l

{0) PhMie-KMa, (141
A, 10 min (98%)
8ePh

612 6.13 614
Scheme 6.9

To complete the elaboration of the C15 side chain (scheme 6.10) we performed a
Sharpless asymmetric dihydroxylation as Hong and Kishi** had done before us. The
diastereoselectivily was poor giving a mixture of diols (dr 3:2) which was difficult to
separatc but the corresponding mono-TBS ethers were separable by chromatography and
gave the desired alcohal 6.15a as a crystalline solid together with its C17 epimer 6.15b.
Both compounds were converted to their respective methyl ethers 6.16a and 6.16b. As
before the whole gamut of standard ligands used for the Sharpless asymmetric
dihydroxylation was surveyed in the scarch for improved diastereoselectivity but to no
avail. Once again DHQ 9-phenanthryl ether!% maximised the desired diastereoisomer but
the highest diastereoselectivity (9:1) was obtained with (DHQD)PYRI® with the major
isomer being the unwanted C17 epimer 6.16a. The stercochemistry of the desired alcohol
6.16a was eslablishcd by X-ray analysis of a subsequent advanced intermediate (sce
below).
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6.4 Installation of the ¥-acyl aminal function

The last remaining task in the synthesis of the trioxadecalin fragment entailed the
introduction of the N-acyl aminal (unction. The acid- and base-lability of the ¥-acyl aminal
together with the threat of isomerisation under basic conditions demanded a mild, and
rcliable route. Qur optimised solution is depicted in scheme 6.11. Reductive cleavage of
the pivalate ester 6.16a followed by oxidation of thc primary alcohol 6.17 using the
Sharpless protocol!!! gave the carboxylic acid 1.55 which was converted (o the
corresponding primary amide 1.74 using standard procedures. A classical Hofmann
rearrangement using Ag(l)-assisted rearrangement!!? of the N-bromoamide derivalive
occurred at room temperature with clean retention of configuration to give an isocyanate
intermediate which was trapped by 2-(trimethylsilyl)ethanol to give the carbamate 1.75 in
79% overall yield from the alcohol 6.17. Alternatively, the Holiann rearrangement could
be induced by reaction of amide 1.74 with [,1-bis(trifluoroacetoxy)iodobenzene! 1% 114 bug
the yield was slightly lower (73%). The Curtius rearrangement of an acyl azide derived
from acid 1.55 is a well-precedented route to the carbamate 1,75 (see below) which we also
evaluated. However, the clevated temperatures (70 °C) required for the rearrangement
resulted in decomposition with an averall reduction in yicld to 56% at best with typical
yields being more like 40%. Atlempts o reduce the temperature by employing the
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photochemical variant of the Curtius rearrangement were rewarded with a multiplicity of

products and so the route was abandoned in favour of the Hofmann rearrangement.
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Scheme 6.11

The remaining 2-carbon fragment was installed by reaction of carbamate 1.75 with
methyl oxalyl chloride in the prescnce of DMAP32 to yield the imide derivative 1.76.
Although the reaction required 6 days to go to completion, the yield of the imide was
exccllent (98%). To complete the scquence, the urethane function was cleaved using TBAF
buffered with acetic acid to give the crystalline trioxadecalin fragment 1.77 in 73% yield.
In the absence of acetic acid, the primary TBS group was also partially cleaved. The
structure and relative stereochemistry of 1.77 was firmly established by X-ray
crystallography (Fig. 6.1).
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Fig. 6.1 X-ray crystai structure ot compound 1.77 showing the atom numbering and 20%
probability ellipsoids for non-hydrogen atoms.

6.5 Coupling and completion of the synthesis of mycalamide B

The principal task required to complete the synthesis of mycalamide B was Lhe
construction of the N-acyl aminal bridge linking the two ring systems by deploying the
same linkage sirategy as previously described. Thus addition of the trioxadecalin fragment
1.77 (scheme 6.12) to a mixture of the lithiated dihydropyran 1.89 (2.7 equiv.) (derived
from the trimethyistannane 2.2) and N,N,N'N”tetramcthylethylenediamine (TMEDA) at

low temperature gave the adduct 6.18 in 41% yield.
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The acyldihydropyran adduct 6.18 harboured (he entire skeleton of mycalamide B
and completion of the synthesis now only required some functional group manipulations
which began with reduction of the keto group with LiBH(s-Bu)3. The crude product
underwent acid-catalysed addition of MeOH to the dihydropyran and the remaining
hydroxyl function was acylated with benzoyi chloride. 'H NMR spectroscopic analysis of
the crude reaction mixture revealed two diastereoisomeric benzoates (dr 6:1) which were
separated by chromatography to give the pure benzoate 6.19 in 73% overall yield from
6.18. Two stereogenic centres at C6 and C7 were created in the forgoing transformations
but the detection of only two isomers at C7 indicates that addition of MeOH had occurred
wilth very high diastereoselectivity. Brief thermolysis of the selenoxide derived from
oxidation of phenyiselanyl ether 6,18 installed the hypersensitive methylene function at
C4. Finally, hydrofysis of the benzoate ester with lithium hydroxide followed by cleavage
of the primary TBS ether with TBAF produced mycalamide B in 78% overall yield from
6.18. By using identical procedures, 17-epi-mycalamide B was prepared from 6,16b with
comparable overall efficiency. The 'H and 13C NMR spectroscopic data recorded on
natural and synthetic mycalamide B together with the data for the 17-epi diastcrcoisomer
are summarised in Table 6.1, Data for the synthetic material is also given in CgDg owing to
the slow deterioration of the synthetic material in CIDCla.
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Table 6.1. 1H and 13C NMR data for natural and synthetic
mycalamide B derivatives.

Mycnlamide B Mycalaralde B Myclanvda B 17-api-Myculamidu 8
Posilian naiural {COCla} synthalic (CDCla) synthsile {C+sDe) syrihetic (CoDe)
&H {J, Hz) &C §i1(J, Hz) &H (J. Hz) 5C tH (J, Hz) &C
2 4.02, dq (2.8, G.6) 59.64 |[4.04,dq (2.5, 6.5; 3.80, ¢q (1.8, 6.5) B3, 8.82,dq (2.5, 6.6) 63.0
2-Me 1.20, d (6.6} 17.93 1.21, 4 (8.6) 0.81,d (6.6) 185 0.81,d {6.6) 16.5
3 2,54, d (2.4, 6.9) 41.27 228, dg{26. 7.1} 1,86, dq (1.7, 7.0) 40.4 1.88,dq {2.6,7.1) 40.3
3-Me 1a1,d (7.1) 1243 [1.02,4{7.2) 0.92, ¢ {7.0) i1 040, d{(7.1) i2.9
4 s 1310 |~ _— 144.6 — 145.C0
4=CHz {4.85,dd (2.6, 2.0} 111.02 |4.86,brs 4.71,dd (1.8, 1.8) 1096 |4.754.70, m 109.4
4.72, dd{1.9, 1.9) 4.73,brs 4.65, dd (1.9, 1.9) 4.75-4.70, m
5 2.22, ddd {2.0, 2.0, 86.43 2.24, dm (13.9} 2.40, dd (1.8, 14.0) 32.9 242 brd {13.9) 33.0
13,5)
2.36.d {13.¢) 2.37,d (14.0) 2.60,d{14.0) 2.60,d{13.0)
6 — BU.05 - - an.2 - a1
6-DMe |329, s 48.57 3.3.8 .15, 8 A7 321, 5 47.1
7 4,285 71,73 |4.29,d{2.0} 4.6, 5 MFor |47, 5 711
70.9
7-0H - —~ 3.88,d(2.1) 4.07 {br 8) — 417, 8 -
8 — 171.868 |— -— 1721 — 1744
NH 7.54, brd (10.0) — 7.52, d {8.6) 7.58, d (2.8) — 7.48,d {0.5) —
10 579, dd (8.7, 9.7) 73.90 5.81, dd (9.6, 9.5) 5.83,d(9.9) 72.9 5.94,d (9.9} 728
10-C~ | 5.12 (7.0} 36.49 5,12,d{7.0) 4.56, d (7.0} 851 4.57,d (6.9} a5.0
CHe
484 (6.9} 1.86,d{(8.7) 453, d (6.9) 1.5%, d (6.9)
1t 2,79 (6,7, 9.7) 70.84 (bri} 8.79, dd (6.8, 9.5) 3.€9, dtf (7.0, 10.0) 7C.7or |3.65,dd(7.1,9.7) 70.1
70.9
12 4.21 (6.7, 10.4) T4 1,22, dd (6.8, 10.2) [4.24, dd (7.0, 10.6) 739 428, dd (6.8, 10.2) 73.8
13 344 (10.5) 79.27 [3.44, d (104 2.94, 1 {10.5) 775 0r |2.96,d{10.4) 778
77.7
13-OMe | 2.55, s 61,78 13.56, s 3.22,8 60 332.8 ED.G
-4 _ A47 |— — 03 |— dni
11-heea § 0.97, 5 23.13 0.99, s 080, 8 21.8 083, ¢ 21.7
14-Neo [0.85, 5 1332 (br)| C.87, 5 0.76, s 11.9 0.77.5 121
1§ 2.41(3.3,8.5) 76.46 3.46-3.40, m 340, dd (5.6, G.1) rexs 3.51,d{8.3) 0.8
16 1.65,m 29.63 |1.58-..52,m 1.59-1.85, m 29.3 1,65, dd (8.2, 14.8) 3.5
155, m 1.58-1.52, m 1.539-1.E5 m 1.27,ddd (2.8, 10.0,
14.6)
17 52, m 78.54 3.23-316,m 3.33-3.24,m ¥78or ]13.27-3.18.m 783
777
17-OMe | 3.24, 5 54.64 3.25,8 3.03, s 552 3.05, s 558
18 2.65(3.3.11.9) 63.48 3.70-363, m 3.85-3.77, m 52.6 3.61-3.55, m G256
347 {6.7, 11.8} 3.62-3.48, m 3.74-288, m 3.6%-856, m
i6-OH b— — - 2933 bru — 150, brs —
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Chapter 7 : Synthesis of Pederin analogues 2.8, 2.9 and 2.10

OmMe O Nso OMe O Med OMe O MeO
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H
Figm'e 7.1
7. 1 Choice of analogues

7.1.1 Summary of the SAR data of the pederin family

As described in chapter 1, sec. 3, structure activity studies on the pederin family of
anlitumour agents established that the N-acyl aminal bridge is the pharmacophore. The
homoallylic acetal array encompassing C4-C6 which is responsible for the acid lability of
the natural products as well as their vesicant effects, is not necessary for antitumour or
antiviral activity. The C6 acetal function contributes to the high activity of the natural
products though studics of simpler analogue reveal that it is not essential. The presence of
a free hydroxyl group at C7 with the (S)-configuration is important for high activity. The
configuration of the aminal centre is also very important with the (8)-configuration at C10
being significantly more active as an anlitumour agent than the (R)-epimer; however,
compounds with the (R)-configuration at C10 remain potent antiviral agents. The complex
trioxadecalin ring system characteristic of the mycalamides, onnamides and theopederins is
not essential for bigh activity since pederin, with its simpler monocyclic right half, is one
of the most active of the natural products followed closcly by 18-O-methyl-mycalamide B,
a simple synthetic derivative of natural mycalamide B. Finally, the side chain at C15
tolerates considerable variation with comparatively litile impact on activity. A summary of
the SAR data is given in [igure 7.2.
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7.1.2 RGD peptides as selective vehicle delivery

In 1997, previous work in the Kocienski group® had shown that pederin/mycalamide
derivatives were extremely potent cytotoxins but insufficiently selective. Therefore,
exploitation of the high cytotoxicity of the pederin series would require a means of
selective delivery.

7.1.2.1 Integrins as drug targets

Cell-cell and cell-maftrix interactions play a major role in biology. An important class of
surface receptors are the integrins, which exist in a number of subtypes and are involved in
many biological processes, for examples embryonic development, blood coagulation,
osteoporosis, cancer, and regulation of the balance between proliferation und death
(apoptosis) of a cell. Therefore, selective inhibition of specific integrin subtypes is of great
pharmaceutical interest.

‘The integrins are heterodimeric transmembrane glycoproteins which act as cell surface
receptors. They play an important role in signal transduction leading to functional changes
in the cell. The integrins consist of an & and a 3 subunit. Bight separate § and fourteen @
subunits are known.'1® The wyf3 integrin is highly expressed in many tamour cells where
it binds to extracellular matrix proteins which share a common structural motif: the amino
acid sequence arginine-glycine-aspartic acid (RGD). The result of such binding is
angiogenesis (formation of new blood vesscls) and tumour metastasis. Since tumours
require angiogenesis to provide sufficient nutrition for rapidly proliferating cancer cells
and provide a pathway for cancer cells to enter the bloed circulation (the first step in the
metastatic cascade), selective inhibition of the oyf33 integrin is of great pharmaceutical

interest for the treatment ot cancer.

Specific antagonists for the otyfiz integrin based on the RGD sequence and the NGR
{asparagine-glycine-arginine) scquence have been identified by Ruoslahu using in vive
selection of phage display libraries.1'6 Although the alfinity of NGR for integrins is about
three orders of magnitude less than that of RGD peptides, the homing ratio {(tumour/control
organ) of the phage displaying the NGR molif was three times that of the RGD peptides
suggesting the RGD and NGR peptides may bind to different sites on the ¢y 3 integrin.

7.1.2.2 RGD peptides as intergrin antagonists

Kessler and co-workers!!” 118 screened a library of RGD-based cyclic penta- and hexa-
peptides containing D-amino acids and discovered highly active and selective cyfs
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antagonists with TCsg's in the nanomolar range. Jacobsen and co-workers!!? have also
described the solid phase synthesis of cyclic RGD peptides with high selectivity
(>500,000) for the ayf3 integrin over the o3 integrin involved in platelet aggregation.

The first attempt to harness the high binding affinity of RGD peptides for the sclective
delivery of a drug to a tumour was reported in 1998 by Ruoslahti and co-workers. They
prepared a covalent conjugate of unspecified structure between doxorubicin, a common
chemotherapeutic agent with antiangiogenic activity, and the cysteine-rich nonapeptide
CDCRGDCI'C (RGD-4C). The doxorubicin/RGD-4C conjugate was then used to treat
mice bearing tumours derived from human MDA-MB-435 breast carcinoma cells, All of
the mice treated with the conjugate outlived the control mice. Histopathological analysis
revealed widespread destruction of the tumour architecture whereas tumours of niice
trcated with doxorubicin alone were minimally affected. Furthermere, the conjugate was
less toxic to the liver and heart than free doxorubicin.

7.1.3.1 Aim

The aim of our work is to develop a drug which inhibits tumour angiogenesis and
metathcsis based on o33 integrin antagonists. Our antagonists will consist of a cyclic
RGD (or NGR) peptide (the delivery vehicle) to which is attached a potent cytotoxic agent
(the warhead) based on Lhe pederin-class of natural products such as 7.1a (figure 7.3).

cyclic peptide

linker

Figure 7.3
7.1.3.2 Choice of analogues

Synthesising conjugates such as 7.1a required division of the task; whilst Catherine
McCusker (PhD student) and Dr Fabrice Anizon (postdoctoral fellow) in the Kocienski
group were concentrating their efforts on making cyelic peptides of the Kessler, Ruoslahti
or Jacobscn type (7.1b, 7.1¢ and 7.1d respectively, figure 7.4), synthesis and biological
testing of non-conjugated analogues was performed as deseribed herein.
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Bearing in mind the above mentioned sununary of the SAR data of the pederin family the

choice of analogues was driven by two factors:

» Firstly, the need to establish that the side chain variants lacking the OMe/OH groups
(C17 and C18) were still highly active and could thus be used as a point ol attachment

» Secondly, the need to suppress the high acid-lubility due to the homoallylic acetal array
of the "pederin” part of the conjugates.

It appeared to us that analogues 2.8, 2.9 and 2.10 could fulfil the above requirements.

7.2 Synthesis of analogucs 2.8, 2.9 and 2.10

o OMo O MeO o OMe O M o OMe O Ml |,
Py HJ"\i 12,0H \I" i N OH j Y J\é/\/OH
/ :
 OH /:Q -~ H \(/\ i ; \C‘ Q
18 J
L/ \ Cl N I\Fh
2.8 29 2.10 H

Our syntheses of pederin analogues, uses the readily available nitrile 5.3 as well as the
flexibility of the 3-chloropropyi-sidechain approach. The routes are similar to that of
pederin (chapter 5) with the exception of the couplings between the left fragment and the
right fragment which make use of the tributylstannane 2.3.

7.2.1 Synthesis of the right fragments of the analogues

Nitrile 5.3 (scheme 7.1) wus hydrolysed to give amide 7.1,120 121 which was converted
to the chlorinated right fragment 7.5 in 3 steps including a rhodium-mediated seduction of
the N-acyfimidate 7.3 giving a diastereomeric mixture of 7.5 and 7.4 (105:10R = 5.5:1).
The diastereomeric ratio was determined by 1H NMR (400 MHz, CDCl3) spectroscopy by

70



integration of signals deriving from C10-H at & = 5.21 ppm (dd, J 9.8, 6.7, major) and 5.10
ppm {(dd, J 9.9, 3.4, minor). Separation and purification of 7.4 and 7.5 was easily achieved
by column chromatography.

o ) MeO H
NG., oros I Qs ores
. | H,0,, K, HZNJT\Q +rocovered it 5.3 ed0BR HN)\"&/\Q
4*-&0”.(:”2% \(/\ LHCly, 1, 4.5 b \(/\
i

/don

65% 15%
53 ' 71 iy cl
i o
' Meaful(o' Y
|
{108} (10R) ; G, 6L, 0°C, 10 min
MeO i MG/C‘]\H OTBS MeO, CI) ME? 3 OTBS o ol B
1D e N 0 cate chelborane, RhCIiPh 4P, N o188
H a McO
- Phha, ~76 — —70°C. 2h
N
75 . 74 Gl 7.3 A
46% 8%
{2 stops) (3 skape)
Scheme 7.1

7.2.2 Synthesis of analogue 2.8 with 10(R) stereochemistry

Previous experience had shown that the best yiclds in the coupling reaction of the two
halves were achieved when 2.5-4 cquivalents of the trimethylstannane 2.2 were
transmetallated with Buli prior to reaction with N-acylimidate. When the same protocol
with tributylstannane 2.3 was uscd to creatc the hridge in 7.8, a minor byproduct 7.7 (37%)
was isolated suggesting that the transmetatlation step is more cfficient with the
tributylstannane 2.3 than the (rimethylstannane 2.2.
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Scheme 7.2

Benzoates 7.8a,b were obtained following the previously described 3-slep sequence and
were separated by HPLC. The diastereomerie ratio of the reduction step using I.-Selectride
step (7.82a:7.8b = 64:36) was determined by 1H NMR (400 Mz, CDCl3) spectroscopy by
integration of signals (s) of C7-H at § = 5.46 ppm (major) and 5.73 ppm (minor). NOe
experiments (400 MHz, CDCl3) were not conclusive in the determination of the
stereochemisiry of each benzoate 7.8a and 7.8b, and although compound 7.8b is
crystalline, its state of crystallisation ("soft" crystals in a "feather" manner) did not allow
us to obtain X-Ray diffraction data. Comparison of the chemical shifts of C7-H in 1T
NMR (400 MHz, CDCl3) spectroscopy and C7 in 13C NMR (400 MHz, CDClz)
spectroscopy with the benzoates in the pederin, mycalamides and pederin analogues series
led us to the tentative conclusion that the stereochemistry of the major product (7.8a) was
(78) (scheme 7.2), Unfortunately, after oxidalive cleavage of phenyl selanylether, and
deprotection of the benzoate, the TBAF deprotection step was more difficult than expected
and yielded a complex mixture of products.
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7.2.3 Coupling of tributylstannane 2.3 with 7.5 and synthesis of analogues 2.8, 2.9, 2.10),

Synthesis of several analogues with the natural stercochemistry at the C10 centre were
synthesised as described in schemes 7.3 and 7.5. It is noteworthy that the coupling reaction
gave adduct 7.9 in good yield {(62%) when 2.6 equivalents of tributylstannane 2.3 was
used. Benzoates 7.10ab were obtained with a 4:1 diastereoselectivity at the C7-centre
(Scheme 7.3). The diastereoselectivity was determined by 1H NMR (400 MHz, CDCl3)
spectroscopy by integration of signals (Gd} of C10-IT at & = 5.26 ppm (7.10a) and 5.73 ppro
(7.10b).

O MeD

o._.u MeO\”)LN oras 0 O MO,

\l]/ . I A o, PhSe P J\N + QTS

62%
T\/\ based 017.5 o "o

159 75 7.9 cl

Bull, TMEDA,
THF,—80°C, 25 mia
! (a) L-Selectride, THF. ~80°C, 10 min
(2) MeOH:CHCl2 (19), CSA, 1, th

’,CLW,SnEu:q (c) PhGOC|, DMAP, DIFEA, CH,Cl,, Th
| (76 e
H o ?M_e O MeQ

FhSe *’ 0T38 4 OTBS
N /I Y
23 H & . B
PhSe g
16% (3 evps) 7.10b

dr=d:i

Scheme 7.3

Synthesis of pederin analoguc 2.8 with a chloropropy! sidechain followed the typical
procedures already described (scheme 7.5). Hydrogenation of the ¢cxocyclic double bond
was more problematic. Indeed, Munro, had already attempted to obtain
dihydromycalamide A 7.12 by catalytic hydrogenation.”! He showed that if the reaction
was carried out using Palladium~-on-charcoal in methanol, the two diastereomers of
dihydromycalamide A {(a,3) 7.12 were abtained in 45% yield, as well as two new products
(scheme 7.4). The first one (7.13, 18%) is the result of the transposition of the exocyclic
double bond into the ring to form tetrasubstituted double hond whereas the second one
(7.14, 18%) had the 6-methoxy replaced by a proton. Munro also described the reaction
carricd out with Adam's catalyst (PtOs xH2QO) in methanol yielding, this time, mainly the
desired products. Studies on the effect of solvent in hydrogenation reactions have shown
that benzene is effective as an isomerisation inhibitor whether or not it is used on its own
or mixed with other solvents.'?? Since our first attempt at homogeneous catalysed
hydrogenation using Wilkinson's catalyst [(PPh3)RhCI] on 1.0 mg scale of 2.8 was not
successful, the reaction was carried out using Adams' platinium oxide catalyst in benzene
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to yield the two diastercoisomers 2.9 as an inseparable mixture (dr = 7:3). The
diastereometric ratio was determined by integration of the signal derived from C7-H (1H,
s) at &= 3.96 ppm (major) and 4.02 ppm (minor).

o SMe O o/};o
T N GMe
H H
OH g
7,12 (45%) \l\éf“ OH

H
OMs O o)
:(0 H 0 ?MEJL 0/;-?0 oM
. T e
——— < TN
ho ' j;;l\b_[ H*L/H -
|
7.13 (16%) OH
Mycalamide A14 I

Oor
O oo
~O~8 I3 ome
- YR
H S
7.14 (18%) \[\{\OH
H

To synthesise the benzamide analogue 2.10, the chlorine of the side chain was displaced by

Scheme 7.4

relluxing 7.10a in the presence of sodium azide in dimethyl formamide to yield the
azidopropyl side chain. Reduction of the azide was then performed under mild condition
using triphenylphosphine and water following a procedure described by Vaultier!?? to
yield the corresponding amine derivative which was then acylated with henzoyl chloride in
the presence of pyridine to give the desired benzamide 7.11 in good yield (78% over 3
steps), Oblaining the benzamide analogue 2.10 was achieved by using the same last four

steps as previously described.
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Chapter 8 : Biolegical activity

Samples have been submitted for biological testing at AstraZencca (Macclesfield) and we

are awaiting results.
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Chapter 9 : Summary

The aim of the study was to develop a highly efficient, flexible and cconomical route
towards the synthesis of pederin family members. By completing the total synthesis of
pederin 1.1, mycalamide B 1.5, 17-epi-mycalamide B 17-epi-1.5, and some analogues of
pederin (2.8, 2.9 and 2.10) we have shown that both lactone 2.1 and enone 2.4 with its 3-
chioropropy! side chain were judiciously chosen intermediates which fulfilled our
objectives. Although the construction of the C17 centre in both the synthesis of pederin 1.1
and mycalamide B 1.5 accurred with little stereocontrol, every other challenging problems
has been addressed. Indeed, the C13 centre was obtained with good to high stereocontrol
using a reduction under T.uche conditions for the pederin-like compounds and under
Meerwein-Pondorf-Verley conditions in the mycalamide series. The construction of the
cis-2,4,7-rioxabicyclof4.4.0jdecalin ring was performed by u high yielding ring closure
procedure using P20Os/dimethoxymethane which occurred with high stereocontrol. The
remaining claboration of the difficult N-aminal bridge with its C10 cenire found solution in
the well precendented Rh-catalysed reduction of an N-acylimidate for the pederin-like
compounds whercas Curtius and Hofmann rearrangements were used efficiently in the
mycalamide series. Finally, the metallated dihydropyran approach to link the two
fragments, which had been set as a requirement of every synthesis, has been improved by
using the tributyistannane 2.3. An unprecedented and unpublished methodology using
Lipshulz's mixed trialkylstannyl cyano cuprates was applied in the synthesis of 2.3.

A summary of the syntheses presented herein is shown in scheme 9.1.
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Scheme 9.1




Chapter 10, Experimental
10.1 Gencral Experimental Details

Reactions requiring anhydrous conditions were conducted in flame-dried apparatns under a static atmosphere
of dry argon or nitrogen. Organic extracts were evaporated at 5-20 mm Hg using a Buchi rotacy evaporataor,
Where appropriale, solvents and reagents were dried by standard mf:thods,l 24 e, by distillation from the
usual drying agent prior to use: dicthyl ether and tetrahydrofuran were distilled from Na/benzophenone and
used fresh. Acetonilrile, pentane, pyridine, dimethylsulfoxide, dichloromethane, &,N-dimethylformarmide,
toluene diidopropylethylamine and tricthylamine were distilled from CaH, and stored over 4 A molecular
sieves under nitrogen or KOH. Methanol was distilled from the corresponding magnesium methoxide.
Hexanes (bp 40-60°C) for chromatography was distilled before use. Iodine and catechol were sublimed at 0.5
g Hg and stored under nitrogen. Por best results, copper (I} iodide was extracied with TIIF in a Soxhlet
apparatus and stored in the dark, The Dess-Martin periodinane reagentlzi 126 95 prepared according to
the literature and stored at —20°C under nitrogen. Commercial organometallics were used as supplied and

alleyllithium reagents were titrated against 1,3-diphenylacetone p-tosylhydmzonc.127

All reactions were magnelically stirred and were monitored by Thin Layer Cliromatography (TL.C) using
Macherey-Nagel Alugrin Sil G/UVjgy pre-coated aluminium foil sheets, layer thickness 0.25 mm.

Compounds were visualised by UV (254 nm), 20 wt% phosphomolybdic acid (PMA) in cthanol,
anisaldehyde, vanallin followed by H,SQ,, potassium permanganate with heating or Ceric sulphate, Flash
chromatography was performed on Fisher Scientitic Matrex Silica 60 (35-70 micron, code No.
$/0683/70).128 Preparative TLC were performed on Machcrey-Nugel SIL 9-200 UV,s,4 pre-coated glass

sheels (20 x 20 cm, layer thickness 2 ),

Optical rotations were recorded an an Optical Activily AA-100 polarimeter, Melting points were measured
on a Griffin electrothermal apparatus and are uncorrected. IR spectra were recorded on a Perkin Elmer 1600
series FTIR spectrometer as thin films supported on sodium chloride plates. Absorptions are reported as
values in cm~! and weak absorplions are not reported.

1 and 13C NMR spectra were recorded in Fourier Transforin node at the field strength specified. All
spectra were obtained in CDCly or C4Dg solution in 5 mm diameter tubes, and the chemical shift in p.p.m. is

quoted relative o the residual signals of chloroform 8y 7.27, 8o 77.0) or CgHy (8y 7.0, 8¢126.7) as the
internal standard unless otherwise specified. Multiplicities in the LH NMR spectra are deseribed as: s =
singlet, d = doublet, t = triplet, q = quartet, m = muliplet, br = broad, and app = apparent. Coupling constants
(J) are reported in Hz. Numbers in parenthesis following the chemical shift in the 13C NMR spectra refer to
thc number of protons attached to that carbon as revealed by the Distortionless Enhancement by Phase
Transfer (DEPT) spectral editing technique, with secondary pulscs at 90° and 135°. Signal assignments were
based on COSY, HMQC and HMBC correlations, Mycalwmide numbering was used throughout in assigning
NMR signals. Low and high resolution mass spectra were run on a JEOL MStation JMS-700 speclromeler.
Ion mass/charge (/z) ratios are reported as valves in atomic mass units followed, in parenthesis, by the peak
intensity relative to the base peak (100%). Mass spectra were recorded on samples judged to be 295% pure
by 1T and 13C NMR spectroscopy unless otherwise stated,
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Numbering of all intermediates uses the mycalamide system as shown below:

Mycalamide B
1.5

10.2 Synthesis of lactone 2.1

Ethyl (5)-0-(fer+-butyldimethylsilyllactate (3.1")

. Ol BS
4,{/ ‘r.|/0T
CO,E CO:E:
34 3
CHy O Gpy Hat O,
Mol W 11813 Mol Wi 232,59

The title compound prepared in 99% yield (0.54 mol scale) from ethyl (S)-lactate by the procedure of Smith,
Kocienski and Street gave [o(lp22 —30.0 (¢ 2.5, CHCly); lit, fotlpy ~30.5 (¢ 2.1, CHCl5). 122

Ethyl (S)-4-(zert-butyldimethylsilyloxy)pent-2-enoate (3.2)

o, JOTBS

"'(OTBS
[
COEt \
. COpEt
a1 3.2
Ciy Ha a5 CyHe 08
Mol W1 232 39 Mol. W.: 259.43

The title encate ester 3.2 was prepared in 72% yield (0.175 mel scale) by the method of Annunziala et al”8

Ethyl (3R,45)-4-(tert-butyldimethylsilyloxy)-3-methylpentanoate (3.3)

~

OTBS ", JOTBS

\\\| —_—
CO,tt CO:Et
32 3.3
CyHaOs Crakin0sSi
Mol Wt.r 258 48 Mol Wi 274,47

The tile ester 3.3 was prepared in 75% yield (7! mmol scale) by the method of Yamamoto et al 0
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Ethyl (2R,3R,48)-2-allyl-4-(tert-butyldimethylsilyloxy)-3-methylpentanoate (3.4)

v, SOTBS ", OTES
A - L
COytt COat
33 34
G, H QS0 1 H, O8I
Mok Wt.: 27447 Mol . 314,54

Cster 3.3 (24.0 g, 91.6 mmol) was added dropwise via syringe to a stirred solution of potassium
bis{trimethylsilylamide (23.3 g, 80%, 93.0 mmol) in TIHR (350 ml) at =78 °C. The reaction mixture was

stirred at =78 “C for 30 min and then altyl bromide (40 ml, 456 mmo!l) was added dropwise. 'The reaction
mixture was stirred at =78 °C for 3 h, quenched with saturated aqueous NH4Cl and extracted with hexanes (2

x 100 ml)., The combined organic extracts were washed with brine (100 ml}), dried (NaySQ,4) and

concentrated. The residue was purified by short path distillation to give ester 3.4 (22.2 g, 73.4 mumol, 80%)

as a colourless oil: bp 84—88 “C at (.5 mm Hg as a 22:1 mixture of diastereoisomers according to inlegration
of the doublets at § 0.06 (minor) and 0.04 (major) as revealed in the !H NMR spectrum (CDCl3),

Spectroscopic data (1H NMR, 3¢ NMR, IR, and [tt}y) in agreement with Dr C. Smith da.tz1.77

(2R,3R,45)-2-Allyl-4-O-{teré-buiyldimethylsilyl)-3-methyl-1,4-pentandiol (3.7)

", r,'DTFLS‘
/J\I/\/ -
Q0261
34 17
h.'lofi::1 f'\iu':y :'?%f IE 1 2] '1?‘3'\';!3 Pg?zglﬁfl

A solution of DIBAL-H (neat, 28 ml, 156 mmol} was added dropwise to a stirred solution of ester 3.4 (21.0
g, 66.9 mmol) in CH,Cl, (30 ml) between 5-10 °C over 40 min. The redction mixtwre was stireed at -5 °C

for 1 h. A mixture of water (4 ml) and acctonc (40 ml) was added dropwise over 45 min. keeping the
temperature of the reaction mixture below 20 °C. The clear solution beeame a white salid. Agqueous FCI

(2M, 230 ml) was then added over |5 min. The phases were separated and the aqueous layer was extracted
with CH,Cl, (2 x 100 ml). The combined extracts were dried (MgS0y4) and vonceniraled. Kugelrohr

distillation afforded alcohel 3.7 (16.2 g, 59.6 mmol, §9%) as a colourless oil: bp 140-145 °C (bath) at (.02
mm Hg.

Spectroscopic data (1H NMR, 13C NMR, IR, and [a]py) in agreement with Dr C. Smith data.”?
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(2R,3R A8)-2- Allyl-4-O-(feri-butyldimethylsilyl}-3-methyl-1-O-triphenylmethyl-1,4-pentanediol (3.8)

33
CoH 0S8
M. W2 614 81

A solution of alcohol 3.7 (15.0 g, 55.0 mmol), writyl chloride (17.3 g, 62.0 mmol), triethylamine (22 ml, 157
mmol) and DMAP (610 mg, 5.0 mmol) in CH,Cl, (50 ml) was stirred at rt for 12 h, poured onto aqueous

saturated NaHCO4 and extracted with CH,Cly (3 x 100 ml) and concentrated. The oily residue was dissolved
in EtpO (100 ml) treated with hexanes (200 ml) and washed with water (500 ml), The organic laycr was dricd
(Na,80,) and concentrated. The residue was filtered through a pad of silica gel (5% Et;O in hexanes) to give
trityl ether 3.8 (26.6 g, 51.7 mmol, 94%) as a colourless oil

Spectroscopic data (LH NMR, 13C NMR, IR, and [olp) in agreement with Dr C, Smith data.””

(2R,3R45)-2-Allyl-3-methyl-1-O-triphenylmethyl-1,4-pentancdiol (3.9)

"‘m, OTBS """ ) (a.l
/E(\% — /\(\/
aTr oTr
.3 39
&%, o
Mo WTS1 401 Mt 23085

A solution of TBS ether 3.8 (53.6 g, 104.0 mmoal) and TBAF trihydrate (53.0 g, 168.0 mmol) in T (200
ml) was stirred at reflux for 5 h. After cooling to rt, the mixture was pouted onto water (1 1) and extracted
with Et50 (3 x 150 ml). The combined organic extracts were dried (NayS04) and concentrated to give crude

alcohol 3.9 (40.4 g, 100.9 mmol, 97%) as u colourless oil which was immediatcly used in the next step. Data
was obtained by purification of a small sample by column chromatography (809, 5-10% Et,O in hexanes).

Spectroscopic data ({H NMR, !3C NMR, IR, aud [o]})) in agreement with Dr C, Smith data.”’

(2R,3R,4R)-2-Ally)-4-0-(d-chlorobenzoyl)-3-methyl-1-0-triphenylmethyl-1,4-pentuanediol (3.10)

", OH 0,GCgH,CI
)/\Q:\/f = — 2
Te Tr
39 310
G, Uy c:n“:nq 10,
Mol. Wt 400 56 Mol WL 53743

A solution of diisopropyl azodicarboxylate (16.05 ml, 81.5 mmol) in THF (10 ml} was added dropwise to a
stirred solution of alcohol 3.9 (18.5 g, 46.3 mmol), triphenyiphosphine (21.4 g, 81.6 mmol} and p-
chlorobenzoic acid (12.8 g, 81.7 mmol) in T (150 ml). The temperawre of the reaction mixture was
maintained between ~10 °C and 0 "C. The reaction mixture was stirred for 3 h between —10 °C and 0 “C.

Water {1 mi) was added and the mixture was stirred at rt for 15 min before concentration, The residual oil
was dissolved in Et,O (50 ml) and hexanes (100 ml) were added dropwise to cause formation of white
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crystals. The crystals (triphenylphosphine oxide) were filtered off and washed with bexaoes (3 x 50 ml), The
filtrate was extracted with 2M aqueous NaOH (2 x 30 ml). water (50 ml) and brine (50 ml), dried (Na;50y4)

and concentrated in vacuo. The residue was pucified by column chromatography (Si0O4 0-4% El;O in
hexanes) ta give the p-chlorobenzoale 3.10 as a colourless oil that crystaltiscd on standing (19 g, 35 mmol,
769 and its C3 epimer (0.6 g, 1,1 mmol, 2.4%).

Spectroscopic data (H NMR, 13C NMR, IR, and [crly) in agreement with Dr C. Smith data.”’

(3R 4R, 5R)-5-(4-Chlorohenzoyloxy)-4-methyl-3-(friphenylmethoxymethyl) hexanoic acid (3.12)

0,6CH,CH _04CCH,CI
B
GOH
CTr OTe¢
340 312
C HCO 11,CIO
Mo M 837 10 ».'o%:xflta?s 5708

Oxidative cleavage of the olefin was accomplished by the procedure of Sharpless et alttt N alOy4 (18.3 g,
85.7 mmol) was added to a stirred mixture of olefin 3,10 (11.0 g, 20.4 mmoal), CCl, (41 ml}, acetonitrile (41
ml) and water (62 ml). After 15 min RuCi4»3H,0 (270 mg, 1.0 mmol) was added and the reaction mixture

stirred vigoronsly for 7 h. The mixture was poured onto water (600 mi), the organic layer removed and the
aqueous phase extracted with CH,Cly (3 x 150 ml). The combined organic cxlracts were dried (MgSOy) and
concentrated in vacuo, The residue was purified by column chromatography (Si0; 200 g, 5% EtOAc in
hexanes) to give acid 3.12 (10.8 g, 19.4 munol, 95%) as a stable white foam, mp 55-57 °C;

Spectroscopic data (\H NMR, 13C NMR, IR, and [ap) in agreement with Dr C. Smith data.””

(R)-4-[{1R,2R)-2-(4-Chlorabenzoyloxy)-1-methylpropylj-dihydrofuran-2(3H)-one (3.13)

jo 20CsH 4C} 020CgH4CI
j\/o\cozH .
T 0
832 313
CoyHCIOs Cefl,CID,
Mol Wi:557.08 Mol W1 256,75

A solution of acid 3.12 (10.8 g, 19.3 mmol) and p-toluenesuifonic acid (490 mg, 2.6 mmol) in MeOH (180
ml) was stirred at rt for 4 h before concentration iz vacuo, The residue was purilied by columin
chromatography (St05 120 g, 10-50% Et;0 in hexanes) to give lactone 3.13 (4.0 g, 13.5 mmol, 71%) as a
while solid. The lactone 3,13 was further purificd by recrystallisation from hexanes-EtyO to remove the
minor diastercoisomers: mp 69.5-70 °C (hexanes- Et,0).

Spectroscopic data (1 H NMR, 13C NMR, IR, and [«]p) in agreement with Dr C. $mith data.”?
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(3R,4R,5R)-5-(4-Chlorobenzoyloxy)-4-methyl-3-(phenylselenylinethyl) hexanoic acid (3.14)

\,OgCCeHACI LCCGHL O
-,
‘CQOaH
afh
313 3.14
Gy H, 010, G, H,:010, Se
Mel, ¥W.:29G.75 Mol Wt: 453,82

The lactone cleavage was accomplished using sodium phenyl selenide as described in the literature. 82
Sodium borohydride (350 mg, 9.25 mmol)} was added portionwise (o a sticred yellow suspension of diphenyt
disclenide (1.6 g, 5.15 mmol) in EtOH (5.8 ml) causing cxotherinic reaction and gas evolulion. Lactone 3,13
(1.0 g, 3.37 mmol) was added to the coloutless solution of sodium phenyl selenide. The resulting mixture
was sticred at reflux for 10 h. After cooling to 11, the reaction mixture was diluted with Et,O (8 ml) and
treated with aqueous HC! (2M, 5 ml), The layers wera separated, and the agucous phase was extracted with
L5 O (3 x 20 ml). The combined organic extracts were washed with aqueous NaHCO4 (2 x 10 ml), dried
(MgSO,) and concentrated in vacuo. The residue was purified by column chromatography (Si0, 20 g, 10-
40% El,O in hexanes) to give acid 3.14 as a yellow oil (1.05 g, 2.72 mmol, 80%).

Spectroscopiz data (\H NMR, 13C NMR, IR, and [oyy) in agreement with Dr C. Smith data,””

(2R,3R,4R)-Tetrahydro-5,6-dimethyl-4-phenylselenylmethyl-2H-pyran-2-one (2.1)

Q2CCHCl o
—
ICCOgH ¥
SePh sefh
21

a4
Cz1H2s010; Se G110 Se
Mal. Wi 453.62 Mol Wt 297 25

Reductive cleavage of the p-chlorobenzoate esler was accomplished according to the procedure of Trost et

a1 86 130 p5;5 (3.75 ml, 2.32 M in hexuanes, 8.7 mmol) was added dropwise to a solution of DIBAL-H
(ncat, 8.7 mmol, 1.55 ml) in CH,Cl, (16 ml) at -5 °C. THF (32 ml) was then added, the mixture was cooled

to =78 °C and a solution of the ester 3.14 (1.31 g, 2.9 mmol) in THF (32 ml) was added via cannula. The

mixture was allowed to warm to ~20 °C over 5 min. and stirred at -20 *C for 3 h. The mixture was then
treated with agueous HCI (2M, 35 ml, 70 mmol), and Bi»O (30 1nl) and stirred vigorously for 24 h. The

orgunic layer was removed and the aqueous phase extracted with Bl O (2 x 40 ml). The combined organic
extracts were dried (MgSQ4) and concentrated in vacuo. The residue was purificd by column
chromatography (SiO5 40 g, 10-30% Et0 in hexanes) to give 2,1 as a clear colourless oil (619 mg, 2,08
mmol, 72%).

I NMR and 13¢: NMR spectroscapic data agree with the literature. 32
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(2R,3R,45)-3,4-Dihydro-2,3-dimethyl-4-phenylselenylmethyl- 6-trimethylstannyl-2H-pyran (2.2)

0.0 0. _.Snive,
e \ﬂ/ 3
———— B
SePh SeiPh
2.2 23
CHinO:5a Ciy712605eEn
Mol W1 297,25 M. V.44 4.06

The conversion of lactone 2,1 (150 mg, 0.50 mmol} to 2.2 (156 mg, 0.35 mmol) was accomplished in 70%

yield according to a reported procedurc.32

Tributyl-{(4S,5R,6R)-5,6-dimethyl-4-phenylselanylmethyl-5,6-dihydro-41-pyran-2-yl]-siannane (2.3)

. Irom lactone 2.1
0.0 \/OTSnBus
- o
-
Sefh SaPh
22 23
CruH;pO:S8e CagHaqOSecEn
Mot WL 50723 Mol W1 570 30
Procedure AS% 73

To the lactone 2.1 (944 mg, 3.16 mmol) in THE (8 ml) at ~78°C was added HMPA {0.72 ml, 4.12 numol)
followed by LIHMDS (4.6 mi, 4.12 mmol, 0.9 M in THF). Afier 2 h at -78°C, PhNTf, (1,44 g, 4.12 mmol)

was added as a solid to the reaction mixture which was then allowed to warm gradually te 0°C. Aller 2 h al
0°C hexabutylditin (1.5 ml, 3.06 mmol) followad by Pd(PPh3}, (109 mg, 0.095 mmol) and then lithium

chloride (805 mg, 19.0 mmol) were added. The pale yellow/brown sclution was refluxed for 14 h and the
resulting black solution was poured onto saturated aqueous NaHCO4 (10 mi) and extracted with a 1:1

solution of hexanes:Et,O (3 x 10 mf). The combined organic exiracts were dried (Na; S04 ) and concentrated
in vacuo. Purification by column chromatography (deactivated Aly Oy (5% 11,0), 1% Et3N in hexanes) gave
252 mg (0.44 mmol, 14%) of stannane 2.3 as a colourless oil.

Procedurc B 89, 131

T'o a solution of KBMDS (4.45 mi, 2.22 mmeol, 0.5 M in PhMe) in THF (4.5 ml) at —78°C was slowly added
a solution of lactone 2.1 (508 mg, 1.71 mmol), PhNTt) (672 mg, 1.88 mmol) in THF (4.5 ml) over 25 win io

form the intermediate enotltriflate 3.21. The formation of enoliriflate was followed by TLC.

Meanwhile, to a suspeusion of CuCN (200 mg, 2.22 mmol) in THF (5.6 mi) at -78°C, wus added dropwise
nBul.i (1.95 mi, 4.44 mmol, 2.27 M in hexane). The cooling bath was temporarily removed (2 min) and the
clear pale yellow solution was then cooled again at ~78°C. After 5 min at —78°C, BuqgSnH (1.2 ml, 4.44
mmol) was added dropwise (H, evolution) anc the dark yellow solution was then stirred at —78°C for another
20 min,

The enoltriflate solution was then quickly transferred using a large cannula to the copper complex solution
and the reaction mixtarc was then stirred at —=78°C for 3 min before being poured onto a 100 ml solution

85



containing 10 ml of concenirated aqueous NHy and 90 ml of saturaled aqueous NH,Cl. After dilution with
Ci15Cly (10 mly and strong shaking (5 min), the phases were separated and the blue aqueous layer was
extracted with CII,Cly (3 x 30 mi). The cambined extiracts were dried (Na,SO,) and concentrated in vacuo.
11 NMR (400MHz, CDCl3) spectroscopy showed a 86.4:13.5 ratio of desited stannane 2.3 : dihydrapyran

3.14 byproduct,

Purification by column chromatography (deactivaled AlyC4 (3% H,O), 500 g, column diameter = & cm, 1%
Er3N in bexanes) gave 837 mg (1.46 mmol, 85%) of stannane 2.3 as a colourless oil: [ﬂt]D18 ~1.4 (¢ 1.1,
CHCRY) Vijax film/em—1 2955, 2926, 2870, 2853, 1596, 1579, 1476, 1462, 1437, 1080, 734, 690; dyy (400
Mllz, CDCl3): 7.43-7.35 (2H, m, Harom), 7.20-7.13 (3H, m, Harom), 4.35 (1H, t, Jyp_13 1.7, Jy.g, 144, C5-
H), 3.84 (1H, dq, J 6.5, 1.4, C2-[1), 2,75 (2H, d, J 8.2, CHy-8e}, 2.67-2.60 (IH, m, C4-H), [.80-1.72 (IH, m,
C3-H), 1.50-1.60 (6H, m, Sn-[CIH;-CH3-CH>-CHsl3), 1.29-5.16 (6H, m (6 lines), Sn-[CHy-CHy-Cli5-
CIlz1a), 1.08 (3H, d, J 6.5, C2-Me), 0.82 (6H, 1, J 8.0, Sn-[CH,-CH,-CH;-CH414), 0.81 (OH, t, J 7.3, Sn-
[CH,-CH,-CH,-CH3l3), 0.69 (3H, d, J 6.8, C3-Mc); 8¢ (100 MHz, CDCl3} 162.6 (0, C6), 132.6 (1, 2C,
Carom), 130.5 (U, Carom), 129,0 (1, 2C, Carom), 126.7 (1, Caromy), 112.5 (1, t, Jo_g,, 30, C35), 75.3 (1, ¢, Je.
sn 10, C2), 384 (1, t, Jo.g, 16, C4), 33.9 (1, C3), 31.6 (2, CHp-Se), 29.0 (2, 3C, t, Jo gy 10, Sn-{CI,-CH,-
CH,-CHals), 27.1 (2, 3C, Jo.gn 26, Su-|CH,-CHgy-CHy-CH3lq), 18.5 (3, C2-Me), 13.7 (3, 3C, Sn-[CHjy-
CH,)-CHy-Cli3]4), 9.6 (2, 3C, W, Jo gy 170, 1063, Sn-[CHy-CH,-CEH5-CH313), 5.3 (3, C3-Me), m/z (CI) 573

(92), 571 [(M+ID™F, 100%], 569 (76), 415 (25), 413 (18), 308 (7), 283 (20), 281 (10); Found : (ED),
570.1587. CagHy,OSeSn requires M, 570.1587.

. I'rom dibhydropyran 3.14
\/0\ Ig/ Ieﬁsopm IE/SnHu3
SePh SePh 8eFh
314 322a,L 32%a,b
C.;H, 0S5 €y H 050 G H,,0,850 G H, Osesn
Maol. Wr.c 28 1.25 Mel Wiz 2127 M. N 423«-3 MoI.Wt.‘.570.SD

Synthesis of stannane 2.3 [rom 3.14 Tollowed a 5. Ley procedure.90

dihydropyran 3.14 to lactols 3.22a,b

To a solution of dihydropyran 3.14 (300 mg, 1.06 mmol) in TIH® (1 ml) was added 2N HCI (1 ml) and the
rcaclion was stirred at room temperature. After 10 b, the reaction mixture was diluted with CH,Cly (10 ml)

und then poured slowly onto ice-covled saturated aqueous NaHCO4 (10 ml), The phases were separated and
the aqueous phase was extracted with CH»Cl4 (3 x 10 ml). The combined organic extracts were dried
(MgSQ,) and concentrated in vacuo lo give a mixture of inseparahle lactols 3.22a,b (310 mg, 1.0 mmnol,
98%) which was used directly in the next step. The diastereomeric ratio (dr = 3.22a:3.22b = 56:44) was
determined by 111 NMR (400 MHz, CDCl3) spectroscopy by integration of signals (d or dd) of C6-H at & =
5.20 ppm {minor, OH in axial position) and 4.61 ppm (minor, OIl in equatorial position).
lactols 3.22a,b to sulfoncs 3.23a,b

To the crude mixture of lactols 3.22a,b in CHyCly (5 ml) was added CaCl, anhydrous (255 mg, 2.5 mmol)
followed by freshly prepared benzenesulfinic acid (142 mg, 1.0 mmol). After 15 h at room temperature, the
reaction mixture was diluted (10 ml), filtered and washed with salurated NalICO4. The aqueouns layer was
then extracted with CI15Cly (3 x 10 ml) and the combined organic layers were dried (Mg80,)} and
concentrated in vacno to give a crude mixture of inseparable diastereomeric sulfones 3.23a,b (404 mg, 0.96

mmol, 96%) which was used directly in the next step.
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sulfones 3.23a,b to tributylstannane 2.3
To the crude mixture of sulfones 3.23a,b in THF (5 ml) was added dropwise at —783°C nBuLi (0.72 ml, 1.40
M in hexanes, 1.0 mmal). After 30 min at —78°C, Bu3SnCl (0.27 ml, 1.0 mmol) was added slowly and the
reaction mixture was stirred at —78°C for 1 h and at —10°C for 2 h. The solution was evaporated to drvness
and taken up in chloroform (7 ml). DIPEA (0.19 mi, 1.5 mmol) was added and the resulting mixture was
heated at 70°C for 4 I, then cocled to room temperature, and then concentrated in vacuo. Purification by
column chromatography (deactivated Al,O4 (5% Hp0), 500 g, column diameter = 8 cm, 1% EtsN in

hexanes) gave 373 mg (0.65 mmol, 65% over 3 steps) of stannane 2.3,

(2R 4R ,5R,61}-5,6-Dimethyl-4-phenylselanylmethyl-tetrahydro-pyran-2-0l] (3.22a) and (25,4R,5R,6R)-
5,6-Dimethyl-4-phenylselanylmethyl-tetrahydro-pyran-2-ol (3.22b)

Data for the crude mixture of lactols 3.22a and 3.22) are reported using M for the major diastereciner 3.22a
and m for the minor diastereomer 3.22b.

Vimax film/er! 3398, 2972, 2928, 2890, 1725, 1578, 1477, 1437, 1383; Sy (400 MIz, CDCl3): 7.46-7.39
(2Hpg and 2H,,,, m, Harom), 7.22-7.14 (3Hpg and 3H,,, m, Harom), 5.20 (1H,,, d, /3.5, C6-H), 4.61 (11T,
dd, J 9.4, 1.6, C6-H,,), 4.14 (1H,,,. dq, J 6.4, 2.1, C2-H)}, 4,00 (1Ll4, bd s, OH), 3.53 (11, da, / 0.4, 2.1,
C2-H), 3.18 ({1H,,,, br, OH), 2.85-2.71 (2Hy, and 2H,;,, m, 2 x 8e-CHy), 2.33-2.23 (1l4;,, m, 10 lines, C4-H),
1.91-1.80 (1Hypq, m, 10 lines, C4-I1), 1.77 {1 Hpy, app dt, J 12.8, 2.7, C5-H 4 Hy), 1.73-1.68 (1H;, m, C3-H),
1.64-1.57 (1M, m, C5-H,Hp), 1.64-1.57 (1l m, C3-H), 1.43 (11, app dt, J 13.3, 3.8, C5-H), 1.26 (1H,
dd, J 12.8, 6.6, C5-H), 1.26 (1Hy,, dd, J 12.8, 6.6, C5-HpHg), 1.10 (3Hyy, d, J 6.5, C2-Me), 1.03 (3H ., d, J
6.5, C2-Me), 0.73 (3Hpq, d, 7 7.0, C3-Me), 0.69 (3H,, d, J 7.0, C3-Me); 8¢ (100 MHz, CDCl3) 132.5 (1,
2Cy\ + 2C, € arem), 129.3 (0, 1C, ), Carom), 129.2 (0, 1Cy, Carom), 129.05 (1, 2Cyy, Carom), 128.99 (1,
2C,,, Carom), 126.8 (1, 1Cpy, Carom), 126.7 (1, 1Cyg, Carom), 96.2 (1, 1Cyy, C6), 91.6 (1, 1C,, C6), 74.4
(1, 1Cy €2), 67.6 (1, 1Cpy, C2), 38.6 (1, 1Cyy, C4), 35.7 (1, 1C,, C3), 35.4 (1, 1C, C3), 33.9 (2, 18y,
C5), 33.7 (1, 1C,, C4), 32.5 (4, 1Cp,, Se-CHy), 31.9 (2, 1Cyy. Se-CHy), 31.0 (2, 1Cyy, C5), 18.5 (3, 1C,
C2-Me), 18.3 (3, LCyy, C2-Me), 5.0 (3, 1Cyy, C3-Me), 4.0 (3, LC,,,, C3-Me), m/z (EI) 302 (20), 301 (20),

300 [M™, 100%), 299 (10), 298 (55), 297 (20}, 296 (20), 295 (5), 157 (63), 143 (80); Found : (El),
300.0628. C4Hyq0,Se requires M, 300.0629.
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(2R,3R4R,65)-6-Benzencsutfonyl-2,3-dimethyl-4-phenylsclanylmethyl-tetrahydro-pyran (3.23a) and
(2R,3R 4R ,6R)-6-Benzenesulfonyl-2,3-dimethyl-4-phenylsclanylmethyl-tetrahydro-pyran (3.23b)

o EOFh oS0
SePh SePh
C,H.,0.580
AT

'H NMR (400 Mz, CDCly) and '3C NMR (100 MHz, CDCl5) data of the mixture of sulfoncs 3.23a and
3.23b are reporied here describing only the best resolved and caracleristic pics M for the major diastereomer
3.23a and m for the minor diastereomer 3.23b .

Vinax film/cnr! 3527, 3058, 2973, 1726, 1578, 1477, 1445, 1384; By (400 MHz, CDCl3): 4.63 (1H,y, d, J
7.6 , C6-11), 4.58 (1EL,,, dq, J 6.5, 4.3, C2-H), 4.29 (1Hy, dd, 7 11.7, 2.8, C6-H), 3.43 (1Hy, dq, J 6.4, 2.0,
C2-H), 1.04 (3, d, J 6.5, C2-Mc), 0.98 (3H,,, d, J 6.5, C2-Mc), 0.66 (3Hy,, d, J 7.0, C3-Me), 0.53 (3H,,,
d, 77.0,C3-Mc); 8¢ (100 MHz, CDCl3) 138-127 (24C, Carom), 91.3 (1, 1Cy, C6), 89.6 (1, 1y, C6), 78.6
(1, ICpp, €2), 728 (1, 1Cy, €2), 39.3 (1, 1Cyp + 1C,, ©4), 354 (1, 1Ty, C3), 349 (1, 1C,,, €3), 325 (2,
1C s C5), 318 (2, 10y, C5), 248 (1, 1Cyy, Sc-CHy), 22.7 (2, 1C,y,, Se-CHy), 18.6 (3, 1C, C2-Me), 18.3
(3, 1Cpp, €2-Me), 4.8 (3, 1Cy C3-Me), 3.9 (3, IC,,, C3-Me), m/z (CI, NHy) 444 (7), 443 (5), 442
[(M+NEL,)*, 25%)] 441 (5), 440 (15), 430 (5), 438 (6), 286 (5), 285 (20), 284 (18), 283 (100), 282 (10), 281
(50), 280 (20, 279 (20); Found : (ED), 424.0604, CogH14045Se requires M, 424.0612.

10.3 Synthesis of cnonc 2.4

Ethyl (£)-6-chloro-3-hydroxy-2,2-dimethylhexanoate (4.3)

OEt
QE: Et 0TS
Cl
4.1 4.4 4.3
CsHiO CaleoOsSi G roHheClOg
Mol Wt.: 86.13 Mol Wi 188.34 Mol. Wt.: 222.71

By directed aldol condensation:

A solution of BH3*THF complex (313 ml, 1 M in THF, 313 mmel) was added dropwisc to a stined
suspengion of (.5‘)-4’\/-tosylvaline132 (105.3 g, 388 mmol} in CH,Cl, (1.85 1) under nitrogen at rt over 30 min.
Afler 30 min, the clear solution was cooled o =70 °C and a solution of 4-chlorobutanat! 33 {41.4 g, 388
mmol} in CH,Cly (35 ml) was added over 10 min, Silyl ketene acetal 4.4134 {78.9 g, 419 mmol) was then
added over 30 min maintaining the reaction temperature below —65 °C. After 2 h at ~70 °C a solution of

NaQIH (24.5 g, 612 mmol) in 300 ml of water was added and the reaction mixture was allowed (o warm 1o .
The phases werc separated, the ugucous phase was extracted with CIH5Cly (2 x 100 ml) and the combined

organic extracts were washed with water (500 ml) and concentraled in vacuo. The residue was treated with
water (500 ml) and cxtracted with EtyO (4 x 200 ml). The combined organic extracls were dried (MgSOy)

and concentraled in vacue to give the hydroxy ester 4.3 (67.7 g, 370 mmol, 95%) as a yellow oil. The
enantiomeric ratio (97:3) had been determined by integration of the TH NMR signals at & 1.16 {major) and &
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L.11 (minor) of the (R)}-MTPA esters prepared from 4.3 in the usuat way (270 MHz, CgDg, referenced to 7.16

ppm) X

Spectroscopic data { 1] NMR, 13C NMER, IR, and [alp) in ageeement with Dr C. Smith data.”’

Ethyl (R)-3-acetoxy-6-chloro-2,2-dimethylhexanoate (4.6)

OVOEt
HO\C\ _ . ko
Cl
4.3
G 1oH O, Gy H, CIO,
Mol Wz 22271 Mol Wt:264.75

To a solution of the crude hydroxy ester 4.3 (97.7 g, 370 mmol), tricthylamine (76 ml, 550 mmol}, and
DMAP (233 mg, 1.9 mmol) in CH,Cl, (300 ml) was added acclic anliydride (49 ml, 517 mmol) dropwise.

The solution was stirred overnight at et and then diluted with hexanes (1 1), washed with water {3 x 200 m}),
and brine (100 ml), dried (NaySOy) and concentrated in vacuo. The crude product was filtered through a pad

of silica gel (15 g, 10% El,O in hexanes), concentrated in vacuo and the residuc distilled {bp 88-96 °C, 0.01
mm/Hg) to givc acctate 4.6 (78.2 g, 0.295 mol, 76%) as a colourless oil.

Spectroscopic data (\H NMR, 1*C NMR, IR, and [o]p) in agreement with Dr C, Smith data.”’

(R)-6-(3-Chloropropyl)-5,5-dimethyl-diliydro-pyran-2,4-dione (4.7)

0. OEt 0 0
"o g
‘/\CI \(/\CI
18 47
Cy 2:"2 ICI N C‘UH:SCTOG
Mal. Wt 264,75 Mo’ Wt: 218.68

BuLi (293 ml, 2.32M in hexane, 610 mmol) was added to a slirred solution of diisopropylamine (90 ml, 637
mmol) in THF (875 ml) at O} °C over 15 min. After stirring at 0 °C for 20 min, the solution was cooled to ~74
°C and a solution of the ester acetate 4.6 (78.2 g, 292 mmol) in THF (125 ml) was added dropwise over 1S
min keeping the temperatwe of the reaction mixture below —68 °C. The yellow solution was stirred at —74 °C

for 1.3 h before adding aqueous HCL (2 M, 750 ml). The phascs were separated and the aqueous phase was
extracted with CH,Cly (3 x 240 ml). The combined organic extracts were washed with brine (200 ml), dried

(NayS04) and concentrated in vacuo. The tesidue was recrystallised twice from hexanes-Et, O 1o give the f3-
ketolactone 4.7 (50 g, 228 mmol, 78%) as a white solid: mp 103-105 °C.

Spectroscopic data (| H NMR, 13C NMR, IR, and | o)) in agreement with Dr C. Smith data.]’
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{R)-6-(3-Chloropropyl)-4-methoxy-5,5-dimethyl-5,6-dihydro-pyran-2-one (4.8)

0 o
Y\ oﬁ, o OMe
0 . O
o] cl
47 43
G C10, Gy Hy 010,
Mot Wt.:2:8 88 Mol Wit: 232,7C

Potassium carbonate (4.74 g, 34.4 mimol) was added to a solution of B-ketolactone 4,7 (5.00 g, 22.9 mmol),
18-crown-6 (60 mg, 0.25 mmol) and dimethyl sulfate (2.6 ml, 27.5 mmol) in CH,Cl, (50 ny). The reaction

mixture was vigorously stirred at rt for 20 h, filtered through a pad of Celite and concentrated in vacuo.
Kugelrohr distillation (bp 245-250%(oven)/0.05 mm Hg) gave enol ether 4.8 (5.28 g, 22.7 munol, 99%) as a

colourless oil which formed a white solid on cooling: mp 56-57 °C.

Spectroscopic data (JH NMR, 13C NMR, IR, and [cip) in agreement with Dr C. Smith data.””

(18)-6-(3-Chloropropyi)-5,6-dihydre-5,5-dimethyl-4 H-pyran-4-one (2.4)

0 OMe O

= o e
) i \l/\/\
<Gl Cl
4.8 2.4
CiH A0, CoH5ClI02
Mol. Wi 232,70 Mol. Wi 202.63

DIBAL-I (neat, 8.7 ml, 48.6 mmol) was added dropwise to a stitred solution of lactone 4.8 (10.3 g, 44.2
minol) in CH,Cl, (80 ml) maintaining the temperature of the reaction mixture below —70 °C, The reaction

mixture was stirred at ~70 °C for 40 min and then poured onto aqueous HCI (2M, 250 ml) and vigorously
stirred at rt for 15 min. The phases were separated and the aqueous layer was extracted with CHyCl, (2 x 30

mi). The combined organic extracts were washed with saturated aqueous NaHCO5, dried (Na,SOy) and
concentrated in vacuo, The residue was distilled to give enone 2.4 (7.6 g, 37.4 mmol, 85%) as a colourless
oil: bp 110--112 °C/0.8 mm Hg,

Spectroscopic daka (!H NMR, 13C NMR, IR, and {o]p) in agreement with Dr C. Smith data.”?
10.4 Synthesis of Pederin (1.1)

(25,6R)-6-(3-Chloropropyl}-2-cyano-tetrahydro-5,5-dimethyl-2 H-pyran-4-one (5.1)

[o}
= /O NC""
N 1.
™l cl
. 5.1
CigHCIO, €117 CIND,
Mol, Wt: 202,63 Mal. Wik, 22970

Trimethylsily) trifluoromethanesulfonate (110 pl, 0.6 mmol) was added to a stirred solution of
dihydropyranoue 2.4 (4.0 g, 19.7 mmol) and trimethylsilyl cyanide (2.7 ml, 21.7 minol} in CH,Cly (40 mi} at
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0 °C. The reaction mixture was stirred for 1.5 h at 0 °C and poured onto saturated aquecus NaHCOg (10 ml).
The phases were separated and the aqucous phase was extracted wilh CH,Cly (2 x 20 ml}), The combined
organic extracts were dricd (MgS8Q,) and concentrated in vacuo. The residue was treated with THF (10 ml)

and aqueous HC1 (2M, 2 ml) and then stirred at rt for 30 min. The reaction mixture was extracted with
CH,Cly (3 x 25 ml), The combined organic extracts were dried (MgSO,) and concenurated in vacuo.

Kugelrohr distillation {bp 250 °C(oven)0.05 mm Hg] gave a colourless oil which crystaliised upon cooling
in the refrigerator. Recrystallisation from hexanes-El, O gave cyano ketone 5.1 (4,15 g, 18.1 mmol, 92%) as
a white solid: mp 36-38 °C; [a]p20 +120.0 (¢ 1.0, CIICL): Vi film/em! 17155 8y (400 MHz, CDCly):
5.18 (1H, dd, 7 8.1, 1.5, C1110), 3.79 (1H, dd, J 8.8, 3.7, C15H), 3.62 (2H, t, 7 6.6, C18H,), 3.10 (1H, dd, J
15.5, 8.1, CI2H Hy), 2.57 (1H, dd, J 15.5, 2.2, C12H 4 Hp), 2.12-2.01 (1H, m, C17[{ ), 1.93-1.82 (1H,

m, CI71 4 p), 1.77-1.70 (2H, m, C16H,), 1.16 (3H, s, C14Me), 1.12 (3H, 5, C14Me); OS¢ (100 MHz,
CDCly): 206.4 (0, C13), 116.7 (0, C10), 81.4 <1, C15), 64.5 (1, C11}, 5G.1 (0, C14), 44.7 (2, CIR), 40.1 (2,
C12), 29.2 (2, C17), 26.0 (2, C16), 18.9 (3, 2C, C14Me); m/z (EI): 231 (10), 229 (M*+*, 30), 123 (87), 70
(100%). Found: (M™), 229.0867. CH50,NCl requires M, 229.0870. Found: C, 57.32; H, 6.95; N, 5.96%.
CH,(CINO, requires C, 57.52; H, 7.02; N, 6.10.

(25,4R,6R)-G-(3-Chloropropyl)-2-cyano-tetrahydro-5,5-dimethyl-2H -pyran-4-ol (5.2)
and
(25,45,6R)-6-(3-Chloropropyl)-2-cyano-tetrahydro-5,5-dimethyl-2 H-pyran-4-ol (epi-5.2)

NC.,, ol NG, WOH
— % * %
cl cl cl
5.2 13-epl-62
CyqHysCINO, C.\H ,sCNO» Cy4HysCING,
Mol Wi.: 228.70 Mol WL:231.72 Mol W 231,72

To a solution of ketone 3.1 (13 g, 56.6 mmol) and CeCl3*7I1,0 (10,4 g, 28.0 mmol) in MeOH (130 ml) at
—95 °C was added in one portion sodium borohydride (6.5 g, 169.7 mmol). The reaction mixture was stirred
for 1 h below -85 *C and was then allowed to warm to —60 °C over 1 h with stirring before pouring onto
aqueous HCI1 (2 M, 150 ml) at 0 °C. The phases were separated and the aqucous phase was extracted wilh
CH,Cl, {3 x 150 ml). The combined organic extracts were washed with saturated aqueous NaHCQ4 (35 mb),
dried (Nap804) and concentrated in vacuo. The residue was filtered through a pad of Si0O; to give a 30:1
mixture of alcohols (13.0 g, >99%) as a white solid. Purification by column chromatography (5i0,, 10%
Et,0 in CH,Cly) gave pure undesired alcohol epi-5.2 (110 mg, .48 mmol, 0.8%) and 12.8 g of 4 mixture of
5.2 and ¢pi-5.2 which was recrystallised from hexanes—-Et;O to give pure alcohol 5.2 (10.1 g, 43.6 mmol,
77%%) as white crysfals:

(28, 4R,6R)-6-(3-Chlorepropyl)-2-¢cyano-tetrahydro-5,5-dimethyl-2H-pyran-4-ol (5.2}

NC.,. OH

o]

&]
5.2
Cy1H1gCING,
Mal, Vdt.: 231.72

mp 71-72 °C; [6]p27 +83.0 (¢ 1.0, CHCY); Vo (CClo/om=! 3630, 3540; 8y (400 MHz, CDCly): 4.91
(1H, dd, J 5.9, 1.5, C11H), 3.75 (1H, dd, J 11.0, 5.1, C13H), 3.67-3.53 (2H, m, C18H,), 3.42 (1H. dd, J 10.3,
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£.5, C15H), 2.01 (14, ddd, J 13.5, 11.7, 6.0, C12# 4 1g), 1.94 (1H, ddd, J 13.5, 4.9, 1.5, C12H, Hpg), 2.05-
1.80 (14, m, C17HaHg), 1.73-1.87 (2H, m, CIL6H s Hy and C17THa Hp), 1.67 (1H, br s, C130H), 1.60-1.48
(LH, m, C16HTip), 1.02 (3H, s, Cl4Mc), 0.88 (3H, s, Cl4Me); SC (100 MHz, CDCla): 117.8 (0, C10),
81.1 (1, C15),71.8 (f, C13),64.0 (1, C11), 44.9 (2, C18), 35.4 (0, Ci4d), 32.7 (2, C12),294 (2, Ci7), 257 (2,
C16), 22.2 (3, C14Me), 12.0 (3, C14Me); m/z (CI, NHy) 249 [(M+NH4)+, 100%]). Found: C, 56.87; H,
7.70; N, 6.03; C1 15.35%. C | HgCINO, requires C, 56.97; H, 7.76; N, 6.04; C1 15.32.

(28,48,61)-6-(3-chloropropyl)-2-cyano-tetrahydro-5,5-dimethyl-2H-pyran-4-ol (13-¢pi-5.2)

NG, OH
Cl

13-¢pl-5.2

Cy1H;5CINO,
Md, Wr.: 231.72

The minor isomer (epi-5.2) was isolated as a colourless oil: [0 +84.2 (¢ 1.3, CHCl3); Viux (film)/em1
3491, 2964; 8y (400 MHz, CDCl,): 477 (1H, 4, J 6.7, CL1H), 3.95 (11, dd, 7 10.7, 1.2, C15H), 3.61-3.54
(3H, m, C131i and C18H,), 2.32-2.25 (2H, m, OH and C12H 4 Hp), 2.04-1.94 (1H, m, CL71isIlp), 1.89~
1.78 (2H, m, CL17-Hp Hy), 1.70-1.61 (1H, m, CEGH4Hg), 1.50~1.39 (1, m, C16H, Hp), 0.98 (3H, s,
C14Me), 0.90 (3H, s, C14Me); §¢ (100 MHz, CDCl3): 119.4 (0, C10), 75.1 (1, C15), 72,2 (1, C13), 60.7 (1,
Cl1), 45.0 (2, C18), 36.9 (0, Cl4), 31.5 (2, C12), 29.2 (2, C17), 25.6 (2, Cl6), 22.7 (3, C14Me), 19.0 (3,
Cl14Me); m/z (Cl, NHg) 249 [(M+NHy)*, 100%]. Found : (M+NH)*, 249.1368. C) 1 HyrO9NoCl requires
M, 249.1370. Found: C, 56.96; H, 7.74; N, 6.01%. Cy;H;gCINO, requires C, 56.97: H, 7.76; N, 0.04.

The isomers are easily separable on TLC (CHyCly-BtyO  9:1) Ry (major isomer) 0.39: Ry (minor isomer)
0.47.

(25 AR,6R)-4-(fert-Bulyldimethylsilyloxy)-6-(3-chloropropyl)-2-cyano-tetraliydro-5,5-dimethyl-2H -
pyran (5.3)

NG, O NC., oTBS
o . O
Cl Cl
5.2 5.3
C,1H15CING, C7HgCINO,SI
Md. Wi 23172 iol. WA.: 345,98

tert-Butyldimethylsily! trifluoromethancsulfonate (3.85 ml, 16.6 mmol) was added dropwise o a stirred
solution of alechol 5.2 (3.5 g, 15.1 mmol) and 2,6-lutidine (3.67 ml, 18.2 mmol} in dry CH,Cly (25 ml) at O
s(, ’I'he reaction mixture was stirred at 0-3 °C for 2.5 h, then poured inlo saturated aqueous NaHCO4 (10
ml). The phases were separated and the aqueous phase was extracted with CHpCly (2 x 30 ml). The
combined organic extracts were washed with agucous HCI (2M, 70 ml) followed by water (90 ), dried
(N2a,80,) and concentrated in vacuo. The residue was putified by column chromatography (SiO,, 10% EL,O
in hexanes) {o give silyl ether 5.3 as a white solid (3.20 g, 15.0 mmol, >99%): mp 44-46 °C (hexanes—LEt; O
)i [lp20 +60.7 ¢ 1.84, CHCL):  Vypax (CCly)/om™! 2958, 2932, 2858, 1472, 1258, 1084, 876, 838; 8y
(400 MHz, CDCly): 4.87 (1H, dd, / 5.9, 1.5, C1111), 3.67 (111, dd, J 11.8, 5.2, C13H), 3.65-3.53 (2H, m,
C18M,), 3.43 (1M, dd, J 10.3, 1.5, C15H), 2.08-1.91 (2H, m), 1.89-1.69 (311, m), 1.60-1.44 (1H, m}, 0.93
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(3H, 5, C14Me), 0.90 (9H, s, ‘BusSi), 0.85 (3H, 5, C14Me), 0.09 (3H 5, SiMe), 0.08 (3H, 5, SiMe); ¢ (100
MHz, CDClg): 117.9 (0, C10), 81.2 (1, C15), 72,5 (1, C13), 63.9 (1, C11), 44.9 (2, C18), 40.0 (0, C14), 33.7
(2, C12), 29.5 (2, C17), 26.0 (2, C16), 25.9 (3, 3C, BuSi), 22.8 (3, C14Me), 18.1 (0, CSi), 12.4 (3, Cl4Me),
4.0 (3, MeSi), —4.8 (3, MeSi); mi/z (Cl, NH3) 363 [(M+NH,)", 100%]. Found: C, 58.97; H, 9.24; N, 3.9,
Cl 10.26%. C7H3,CINO,Si requires C, 58.97; H, 9.26; N, 4.04; C1 10.26.

{28 AR, 6R)-d-(tert-Butyldimethylsilyloxy)-2-cyano-6-(3-phenylselenylpropyl)-5,5-dimethyl-tetrahydro-
2H-pyran (5.4)

NC.,, OTBS NC.,, OTBS
O A - Q —
’\CI SePh
5.3 64
Cy7H50CINC,Si CoghlyNO,SeSi
Mai, VWA.: 345,98 Mol, Wt.: 436.59

Sodium borobydride (720 mg, 18.7 mmol) was added portionwise to # stirred suspension of diphenyl
diselenide (2.65 g, 8.46 mmol) in dry ethanol (25 ml). The exothermic reaction resulted in a pale yellow
solution to which was added chloride 5.3 (4.5 g, 13 mmol). The resulting mixture was refluxed for 1 h,

cooled to rt and treated with agueous NaOH (2M, 40 ml) and extracted with hexunes (3 x 20 ml}). The
combined organic extracts were dried (NapSQy) and concentrated in vacuwo. The residuc was purified by

chromatography on $i0; eluting with toluene:hexanes (1:1) until the yellow band passed and then hexanes—
EtyO (85:15} to give selenide 5.4 (5.5 g, 91%) as a colourless oil that crystaltised an standing: mp 28-30 °C
(hexanes—Ety0 ); [0)p20 +36.9 (¢ 1.89, CHClR); v,y (CCly)iom=1 2958, 2932, 2858, 1595, 1472, 1258,
1084, 876, 838; Oy1 (360 MHz, CDCl3): 7.57-7.50 (211, m), 7.35-7.20 (3If, m), 4.85 (1H, dd, J 6.0, {.3,
C11H), 3.67 (1H, dd, J L L.5, 4.6, C1311), 3.42 (114, dd, J 10.3, 1.4, C15}), 3.02-2.90 (2H, m, C18H;), 1.99
(1H, ddd, J 13.6, 11.6, 6.1, C12H 4 ), 2.00-1.88 (1H, m), 1.85-1.64 (3H, m}, 1.56-1.43 (1H, m), 0.83 (11,
s, IBuSi), 0.91 (3H, s, C14Me), 0.84 (3H, s, C14Me), C.11 and 0.10 (311 each, s, Me,Si); 3¢ (90 MHz,
CDCl3): 132.4 (1, 2C), 130.4 (0), 129.0 (1, 20), 126.6 (1), 117.5 (), 81.1 (1), 72.4 (1), 63.7 (1), 39.8 (0),
33.6 (2), 28.5 (2), 27.5 (2), 27.0 (2), 25.8 (3, 3C), 22.6 (3), 17.9 (0), 12.3 (3), 4.2 (3), 4.9 (3); m/z (CI,
NHj3) 485 [(M+NH4)+, 100%], 483 (50). Found: C, 59.29; H, 8.03; N, 2.92%. Cy3l137INO,SeSi requires C,
59.15; H, 7.92; N, 3.00.

(28 4R, 6R)-d-(tert-Butyldimethylsiiyloxy)-2-cyano-tetralydro-5,5-dimethyl-6-(prop-2-enyl)-2H -pyran
(5.5

NCq(\ OIBS NG QTBS
St e
SePh -
5.4 5.5
CpaHarNO,SeSi CypHaNQ,SI
Wal. Wt: 166.509 Mof. W\t.: 309.52

Sodium metaperiodate (2.15 g, 10 mmol) was added in one portion to a stirred solution ol selenide 5.4 (3.15
g, 6.75 mmol) in water (100 mi) and methanol {200 ml). The reaction mixtre was stirred for 30 min,
extracted with CH,Cly (3 x 50 ml). The combined organic phascs were dried (Na,SQy), tristhylamine (0.5
ml, 7.1 mmol) was added to the solution and the mixture then concentrated under high vacuum at tt. Toluene
(25 ml) was added Lo the residue followed by the addition of triethylamine (10.5 ml, 75 mmol). The reaction
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mixture was then refluxed for 30 min. Solvent was remwoved ia vacuo and the residue purified by column
chromatography (5102, 10% toluene in hexanes) followed by Kugelrohr distillation [bp 200 °C (oven)/0.05
mmHg] Lo give the clelin 5.5 (2.0 g, 6.46 mmol, 96%) as a colourless oil: [{x]i)zo +48.6 (¢ 1.35, CIICl3);
Yinax film/cn~! 1644, 1472, 1258, 1162, 1104, 1082, 880, 838, 776, Spp (400 MHz, CDClyq): 5.84 (1H, ddt, J
16.8, 10.2, 6.8, C17H), 5.10 (1H, dq, 7 16.8, 1.5, C18H Hg), 5.07 (1H, dq, J 10.2, 1.5, CI8H  Hp), 4.87
(IH, dd, J 6.0, 1.5, C11R), 3.68 (1H, dd, J 11.4, 4.6, C13H), 3.54 (1H, dd, J 10.0, 2.5, C15H), 2.33 (1H.
dddt, J 15.0, 6.2, 2.5, 1.5, C16H4 Hg), 2.17 (1H, dddt, 7 15.0, 9.8, 6.8, 1.3, C16H s Hg), 2.00 (111, ddd, S
13.7, 11.6, 6.0, CI2H AR), 1.78 (1H, ddd, J 13.7, 4.6, 1.6, C12H 4 Hg), 0.94 (311, 5, Cl4Me), 0.90 (9H, s,
‘BuSi}, 0.86 (3H, s, C1d4Me), 0.09 and 0.08 (3H each, s, MeaSi); O (B0 MHz, CDCl3): 135.7 (1, C17),
117.9 (U, C10), 116.6 (2, C18), 8L.6 (1, C15), 72.5 (1, C13), 64.0 (1, C11), 40.0 (0, C14), 33.8 (2, C12), 33.5
(2, C16), 25.9 (3, 3C, 'BuSi), 22.9 (3, CldMe), 18.1 (0, CSi), 12.6 (3, Cl4Me), 4.0 (3, McSi), ~4.8 (3,
MeSi); m/z (CT, NHg) 327 [(M+NH,)*, 100%]. Found: C, 60.15; II, 10.09; N, 4.62%. C;;H1;NO,Si
requires C, 66.02; H, 10.03; N, 4.53.

Asymmetric dihydroxylation of alkene 5.5

NC.,, oTBS NC.,, OTBS  No, ores
o o
= ol =
5.5 CH OH
GizHz1M02Si 5.6a 5.6b
Mol Wt: 309.52 CyaHloNO4S Cy7HagNO,S
Mal. Wh.: 343.63 Mal. V't.: 34363

Alkene 3.5 (1.4 g, 4.5 mmol) and dihydroquinine 9-phenanthryl ether104 (113 mg, 0.225 mmol) were stirred
in warm {-BuQH (28 m!) until the crystals of ligand dissolved completely, After cooling to 1t, water (28 ml),
K3Fe(CN)¢ (4.5 g, 13.5 mmol) and K5CO4 (1.90 g, 13.5 mmol) were added and the mixtare was cooled to 0
°C before addition of potassium osmate dihydrate (89 mg, 0,225 mmol). The reaction mixture was stirred for
3 hat 0 °C, then treated with saturated aqueous Niuy SO3 (40 1nl) and extracted with CH;Cly (80 + 2 x 40 ml).
The combined organic extracts were washed with brine (30 ml), dried (MgS(Q)4) and concentrated in vacuo to

give the crude diols 5.6a,b as a 1.5:1 mixture of diastereoisomers. The residue was purified by column
chromatography on Si0, (70 g, 0-1.4% MeOIl in CII,Cly) to give pure diol 5.6a (806 mg, 2.34 mmol, 52%)

ang pure diol 5,6b (402 mg, 1.2 mmol, 26%).

(28,4R,61)-4-(tert-Butyldimethylsilyloxy)-2-cyano-6-{(25)-2,3-dihydroxypropyl]-tetrahydro-5,5-
dimethyl-2H-pyran (5.6a)
e, OTBS

OH
5.6a
Cy7HaaNO, S
Md. Yéi.: 343.53

gave mp 53-35 °C (hexanes—E1y0 ); [6]p2> +50.0 (¢ 2.0, CHCly); vy, film/om 3442, 1472, 1258, 1100,
1082, 878; 8y (400 MHz, CDClz): 4.90 (1H, dd, 7 6.0, 0.9, C11H), 3.96-3.90 (lH, m, C17H), 3.73-3.63
(3M, m (10 lines), CI3H + C15H + C18H4Hp), 3.51(1H, dd, J 11.1, 6.0, CI18H s /7g), 2.00 (1H, ddd, 7 13.7,
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11.6, 6.1, C12H, Hp). 1.81 (1H, ddd, J 13.7, 4.6, 1.3, C12H 4 [1g), 1.78~1.64 (2H, m, CI6H;), 1.64-1.40
(2I1, br s, CI170H and C180H), 0.91 (3H, s, C14Me), 0.89 (9H, s, ‘Bu), 0.86 (3H, s, C14Me), 0.08 (3H, s,
SiMe), 0.07 (3H, s, SiMe); 8¢ (100 MHz, CDCl3): 117.6 (0, C10), 8L.0 (1, C13 or C15 or C17), 72.2 (1,
Cl13orCl50r CIT), 71,1 (1, C13 or C15 or C17), 65.8 (2, C18),03.8 (1, C11), 39.8 (0, C14), 33.4 (2, Cl6 or
C12), 32.1 (2, C12 or C16), 25.7 (3, 3C, BuSi), 22.6 (3, Cl4Me), 17.9 (0, CSi), 12.3 (3, Cl4Me), 4.2 (3,
MeSi), -5.0 (3, MeSi); m/z (CI, NHjz): 361 [((M+NH )™ 100%), 343 [(M+H)™, 8], 329 (12), 96 (12). Found:
(M+H)*, 344.2258. C|7H4404NSi requires M, 344,2257.

(28 4R,6R)-4-(fert-Butyldimethylsilyloxy)-2-cyano-6-[(2R)-2,3-dihydroxypropyl]-tetrahydro-§,5-
dimethyl-2H-pyran (5.6b)

NC.. oTBS
0

" TOH
OH
5.6

Cy7HaaNO,Si
Mol. Wi 348.53

mp 36-3R8 °C (CHCly); [alp2 +58.5 (¢ 1.0, CHCla): Vinax KBriem™! 3426, 1471, 1257, 1103, 1083, 881;
8yy (400 MHz, CDCl3): 4.86 (11, dd, J 6.0, 0.9, C11H)}, 3.92-3.85 (LH, m, CL7H), 3.74 (1H, dd, / 10.3, 1.3,
C15H), 3.70 (1H, dd, J 11.6, 4.7, C13H), 3.65 (1, dd, J 11.1, 3.3, CI18H 4Hp), 3.51(1H, dd, / 10.8, 7.2,
C18Ha Hp), 2.00 (1H, ddd, 7 13.6, 11.6, 6.1, Ci2Hs Hg), 1.79 (1H, ddd, J 13.6, 4.0, 1.4, C12/ s Hg), 1.67
(1H, ddd, J 14.4, 8.9, 1.6, CI6H,Hy), 1.67 (1H, ddd, J 14.4, 10.3, 3.6, C16H4Hp), 1.60-1.40 (2H, br s,
C17011 and C18QH), 0.92 (3H, 5, Cl4Me), 0.90 (9H, s, ‘Bu), 0.84 (3H, 5, C14Me), 0.09 (3H, s, SiMe), 0.08
(3H, 5, SiMe); 8¢ (100 MHz, CDClg): 117.7 (0, C10), 78.1 (1, C13 or C15), 72.3 (1, CL5 or C13), 69.2 (4,
C17), 66.8 (2, C18), 66.8 (1, C11), 39,6 (0, C14), 33.5 (2, C16 or C12), 32.2 (2, C12 or C16), 25.7 (3, 3C,
IBuSi), 22.5 (3C, 14Me), 17.9 (0, CSi), 12.3 (3, ClaMe), 4.2 (3, MeSi), -5.0 (3, MeSi); mi/z (CI, NHz) 361
[(M+NH ) 100%), 343 [((M+H)*, 15], 329 (25), 96 (62). Found : (M+H)*, 344.2258. C|;H3404NSi
requires M, 344.2257.

Neither 5.6a nor 5.6b gave satisfactory microanalytical data,

(25 4R ,6R)-4-(tert-Butyldimethylsityloxy)-2-cyano-6-[(25)-2,3-dimethoxypropyl]-tetrahydro-5,5-

dimethyl-2H-pyran (2.5)
NC,, gh ;OTBS NG,, OTBS
......... — N
H

OMa
CH OMe
5.6a 25
C17]‘K33N O4SI CwHoyNO,‘Si
Mdl. Wt.; 34353 Mol Wt.:371.59

NaH (310 mg, 7.7 mmol, 60% in oil) was added in one portion to diol 5.6a (870 mg, 2.53 mmol), Mel (0.79
nj, 12.6 mmol) and 18-crown-6 (80 mg, 1.30 mmol) in THF (24 ml) 4t 0 °C. The ice bath was removed and
the reaction mixiure was sealed and stirred at rt for 24 h, The reaction mixture was then poured onto saturated
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aqueous NH,Cl (5 ml), extracted with CHoCly (3 x 25 ml) and the combined organic excracts were dricd
(MgS0, ) and concentrated in vacuo. The residue was purifisd by column chromatography (Si0y, 50 g, 20%
El; O in hexanes) to give the title compound 2.5 (860 mg, 2.31 minol, 91%) as a white solid: mp 47-49 °C

(hexanes—E, 0 ); 1it, mp 46-48 o, 43

(28,4R,6R)-4-(fert-Butyldimethylsilyloxy)-2-cyano-6-[(2R)-2,3-dimethoxypropyl|-tetrahydro-5,5-
dimethyl-2H-pyran (5.7h)

NC,, oTBS NG, oTBS
———
< om " OMe
OH OMe
5.6b 5.7b
Cy7HgNO, Si C.gHz;NO,Si
Mal. Wt: 343.53 Mol. Wi 371.69

By the same procedure described above, diol 5.6b (390 mg, 1.13 mmol), McI (3.35 ml, 5.6 mmol) gave the
dimethyl ether 5.7b (341 mg, 0.91 mmol, 81%} as a white solid: mp 72-74 °C (hexancs-Et,0 ) [OL]D2]

+51.0 (¢ 1.0, CHCl3); vy, KBriem™1 2953, 2931, 1857, 1473, 1252, (104, 881, 839; &y (360 MHyz,
CDC15): 4.86 (1H, dd, J 6.4, 1.0, C11H), 3.73 (1H, dd, J 1.4, 10.0, C15H), 3.70 (1H, dd, / 11.6, 4.7, C13H),
3.48-3.37 (3H, m, C17H, CI18H,), 3.48 (3H, s, OMe), 3.38 (3, 5, OMe), 1.99 (1H, ddd, J 13.5, 11.6, 6.1,
Cl2H 5 Hg), 178 (1H, ddd, J 13.6, 4.7, 1.3, C12HyHp), 1.67 (111, ddd, 7 14.4, 9.3, 1.4, C16Hp Hp), 1.49
(1H, ddd, J 14.5, 10.3, 2.2, C16H 4Hp), 0.91 (31, 5, Cl4Me), 0.90 (9H, s, ‘Bu), 0.83 (3H, s, C14Me}, 0.09
(3H, s, SiMe), 0.07 (3H, s, SiMe); 3¢ (90 MHz, CDCly): 117.8 (0, C10), 78.1.0 (1, C15), 76.4 (1, C17),
74.3 (2, C18), 72.4 (1, C13), 63.7 (1, C11}, 59.3 (1, OMe), 38.5 (1, OMe), 39.4 (0, C14), 33.6 (2, C12),32.2
2, CL6&)Y, 25.7 (3, 3C, 'BusSi), 22.5 (3, C1dMe), 17.9 (0, CSi), 12.3 (3, C14Me), —4.2 (3, Me-Si), ~5.0 (3,
MeSi); mi/z (Cl, iscbutane) 372 [(M+I*, 10091, 340 (3), 314 (5), 287 (5), 240 (5), 213 (20). Found :
(M+H)*, 372.2573 C gH3504NSI requires M, 372,2570. Found: C, 61.56; H, 10.02; N, 3.72%.
C9H37NO,Si requires C, 61.41; H, 10.04; N, 3.77.

Pedamide :
(25,4R)-4-fert-Butyldimethylsilyloxy-6-[(5)-2,3-dimethoxypropyl]-tetralkydro-5,5-dimethyl-2/{ -pyran-

2-carboxamide (1.61),

o]

NG, OT8S M, oT8S

'ty HEN h

——e
Mo Me
Me Me
2.5 i.61
CgHz7NO5i C4gHagNOgSI
Mol. Wt.: 371,59 Mol. Wt.:389.50

To a solution of nitrile 2.5 (800 mg, 2.15 mmol) in EIOH (18 ml), was added a solution of K,CO5 (6 g, 43.4
mmol) in water (12 1nl) followed by H,O5 (8 ml, 30 % aqueous solution, 52 mmol). The reaction mixture
way stirred at room temperature for 5 h and a further portion of H,09 (8 ml, 30 % aqueous solution, 71
mmniol) was added. The reaction mixture was stirred for an additional [5 h; Lefore saturated aqueous
NayS,04 (15 ml) was added dropwise until effervescence ceased. The solvent was evaporated and (he
residue extracted with CIT,Cly (3 x 40 mi). The combined organic extracts were dried, concentrated, and
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purified by chromatography on silica gel (40 g) cluting with hexanes/AcOLEt (7:3) to give amide 1.61 (728
mg, 1.87 mmol, 87%).

JH NMR and 13C NMR data in agreement with the literature>2

Methyl 13-O-(tert-Butyldimethylsilyl)meropederonte (1.64)

(f Q MeO

H,N'J |/\E/OTBS MOU%N /\(0155

N I
\lﬁ/‘;om \H)Mﬁovwe

OMe e

161 1.84
©1gM3gNO,Si G pgH,5NCgSI
Mol. Wt 38960 Mol Wi.: 491.62

Methyi (25,4R)-4-fert-Butyldimethylsilyloxy-6-[(S)-2,3~dimethoxypropyl]-tetrahydro-5,5-dimethyl-2 11
pyran-2-carboxamidate (1.61)

To a solution of pedamide %.61 (100 mg, 0.26 mmol) in CH,Clp (5.5 ml) was added in one portion
MezOBE, (120 mg, 0.84 mmol). After 3 h at room temperaiure the mixture was poured onto saturated
aqucous NaHCO4 (5 ml) and extracted with CH,Cly (3 x 5 ml), dried (MgSO,) and concenirated in vacuo to

give 3.12 as a foam which was used immediately in the following step.

Methyl (2S5 ,AR)-4-tert-Butyldimethylsilyloxy-6-[(S)-2,3-dimethoxypropyl]-tetrahydro-V-methoxalyl-5,5-
dimethyl-2H-pyran-2-carboxantidate (1.62)

To a solution of crude methyl imidate 5.12 in CHyCly (5.5 ml) at --50°C was added pyridine (50 pui, 0.618

mmol, 2.3 eq) followed immediately by methyl oxalyl chloride (32 ul, 0.34 mmol). After 10 min at -50°C
the mixture was pourcd into saturated aqueous NaHCO4 (10 ml) and extracted with CH,Cly (3 x 10 mi),

dried (MgSOy) and concentrated in vacuo to give 1.62 as a colourless oil which was used immediately in the

next step.
Methyl 13-O-(tert-Butyldimethylsilylpweropederoate (1.64)

To a solution of crade N-acylimidate 1.62 in toluene (4 ml) at room temperature was added RhCI[Ph, P4 (12
mg, 10 gmol). The mixture was cooled to ~70°C and freshly prepared catecholboranel 37 (0.80 ml, 0.4

minol, 0.51 M solution in THF) was added. The reaction mixture was stirred at ~70°C for 20 h and poured
into saturated agueous NaHCO, (50 ml) and extracted with CH,Cly (3 x 10 mlb). The combined organic

extracts were dried (MgSQy), and concentrated in vacuo to give a yellow oil which was purified by column

chromatography on silica gel (20 ml) eluling with hexanes/ethyl acetate (9:1 — 7:3) to give 1.64 (81 mg,
0.165 mmol, 63.5%).

TH NMR and 3¢ NMR data in agrecment with the literatore™2
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Acylation of lithiated dibydropyran (1.64); Acyldihydropyran (1.60).

O MeO o
o. _soMe;  wmeo. L oTES © MeQ
N - OTBS
I + 0 H o N ———— N
SePh o) 0
SePh Ohla
OMe OMe
2.2 1.64 1.60 Ohe
Cy7Has0508N CagHasNOGSI CegHagMNOyS28
Mol, Wt.: 444.03 Mol, Wt: 481,69 Mol. iA.: 740.80

To a solution of dihydropyran 2.2 (100 mg, 0.225 minol) in THF (1.5 ml) at ~80°C was added BuLi {464 u,
0.487 M soluion in hexane, 0.226 mmol) and the solution stirred ut =80 “C for 15 min. TMEDA (34 pl,
0.224 mmol) was added and after 10 min at — 80 °C, a solution of ester 1.64 (40 mg, 0.081 munol) in THI
(2.2 ml) was added. After a further 45 min maintaining the {emperature below ~60°C, the mixture was treated
with saturated aqueous NH4Cl (2 ml), and extracted with Et;O (2 x 4 ml). The combined extracts were dried
and concentrated to give a ycllow oil which was purified by chromatography on silica gel (10 ml), eluting
with hexanes/E1OQAc {10:1, 5:1, 3:1] to give coupling product 1.60 (28 mg, 0.038 mmal, 47% based on the
right half [ragment) as a colorless oil..

111 NMR data in agreement with the Jiterature 2

Reduction of adduct (1.60), addition methanol, henzoylation : synthesis of henzoate (1.65).

L

OMe D MeQ
o 2 MeO H . 0. : H
= H oTBS 7 “N QTBS
[
SePh O 0 . OBz -
ScPh
“~OMe ¢ OMe
1.8 OMe 1.65 OMe
C3ﬁH5 NOBSQSI Cﬂ,1HugN01os£G[
Mot Wt: 74050 Mol. Wt.: 879.06
reduction

To a solution of acyldihydropyran 1,60 (21.4 mg, 0.029 mmol) in THEF {1.5 ml) at ~-80°C was added LiBH(s-
Bu)z €0.032 ml, 1.0 M solution in THY, 0.032 mmol). After 10 min at —80°C the mixture was treated with
brine (0.7 mi} and extracted with CH,Cly (2 x 4 ml), ‘the combined organic exiracts were dried (MgSQ,) and
concentrated in vacuo. The residue was dried by azeotropic distillation with toluene in vacue (2 x 3 ml) to
give the corresponding sensitive aflylic alcohols.

additivn of methanol
The alcohols were immediately dissolved in CH,Cly (1.3 ml) and McOH (0.13 ml). Camphorsulfonic acid

(2.0 mg, 0.0086 mmol) was added and the solution stirred at room lemperature for 3 h. Solid K5 CO4 (16 mg,

0.117 mmol) was added slowly during 30 min after which the mixture was poured into saturated aqueous
NalICO5 (1 ml) and extracted with CH4Cl5 (3 x 5 ml), The combined organic cxtracts were dried (Mg504)
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and concentrated in vacuo, to give the corresponding diastereoisomeric acetals as a colourless il which were
used immediately in the next step.

benzoylation
Benzoyl chloride (8.2 mg, 6.7 1, 0.058 mmol) was added to a stirred solution of acetal alcohols, EigN (12 M,

0,058 mmol) and DMAP (5.7 mg, 0.046 mmol) in CH5Cl, (1.6 ml) and the reaction mixture was stirred for
15 h at room temperature. MeOTH (0.3 ml) was added and after 15 min the mixture was poured into brine (2
ml) and extracted with CH,Cly (3 x 5 ml). The combined organic extracts were dried (MgSOy,) and
concentrated in vacuo, The residue was puritied by columin chromatlography on silica gel (5 g) cluling with
hexanes/EtOAc (10-20%) to give 12.8 mg (0.015 mmol, 50% over 3 steps) of a mixture of the two
diastereoisomers at C7 in the ratio 3:1, The mixtlure was purified by preparative thin layer chromatography
eluting with hexunes/ether (1:1) to give pure diastereoisomer 1.65 (5.5 mg, 6.25 pumol, 22%) along with a
mixture of 1,65 and its C7-epimer (6.1 mg, 6.95 umol, 24%).

TH NMR data in agreement with Lhe literalure2
Iederin (1.1}
OMe O MeO QMe O NeO
:&J\/\N I{g\' OH
SePh
’\OMe OMe
1.66 ) Pederin (1.1) Me
C4HuNO 56 Si CagHagNQg
Mol. Wt.: 879.06 Iol. WA.: 503.63

7-0-Benzoyl-13-0-(tert-butyldimethylsilyl)pederin
Sodium perindate (2.2 mg, 10 gmol) was added in one portion to a solution of the diastereoisomericully pure
selenide 1.65 (5.5 mg, 6.26 pmol} in MeOH/H,C (3:1, 1.4 ml). After 30 min the mixture was diluted with
ElyO (5 ml) and washed with H,0 (2 x 5 ml), dried (NapyS0,4) and concentrated in vacue Lo give the
selenoxide as a colourless oil which was dissolved in toluene (2 ml) whercupon EtgN (0.95 ml, 6.65 pmol)
was added. After refluxing for 2 min, the reaction mixture was poured into suturated aqueons NaHCO4 (5
ml) and extracted with EtyO (2 x 10 ml). The organic extracts were dried (NaySOy) and concentrated ix
vacuo to give a palc ycllow oil which was used immediately in the next step.
13-Q-(fert-Butyldimethylsilyl)pederin
To the residue in MeOH (1.5 m]) was added aqueous LiOH (0.15 ml, 1.0 M, 0.15 minol). After 30 min at
room temperaturc the mixture was concentrated, the residue was dissolved in EtyO (5 nl), washed with HyQ
(2 x | ml) and brine {1 ml), dried (Na,S0,)}, and concentrated in veciio to give the 13-0-TBS pederin as an
oil which was used immediately in the next step.
Pederin (1.1)
Ta a solution of 13-0-TBS pederin in THF (0.4 ml) was added 4A molecular sieves (100 mg, crushed and
activaled in vacuo at 180°C) und TBAF (4 mg, 15.3 pumol). After 24 h at room temperature the reaction
mixture was diluted wilh Ft;0 (5 ml) and washed with saturated aqueons NallCO3 (1 ml). The aqueous
phase was extracted with CHyCly (2 x 5 ml) and (e combined organic layers dried (NapySO4) and
concentrated in vacuo to give an oil which was purified by column chromatography on silica gel (1 g) eluting
wilh hexanefAcOEt (7:3) and then with AcOE( o give pedecin 1.1 (1.8 mg, 3.57 pmol, 57% over 4 steps).
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8y (400 MHz, CgDg): 7.22 (1H, d, J 10.1, N-H), 5.54 (LH, dd, J 7.9, 10.1, C10-H), 474 (1H, (, J = 2.0,
C4=CH,), 4.70 (1H, 1, J = 2.0, C4=CHy), 4.37 (1H, d, J = 2.9, CT-H), 4.14 (1H, d, J = 2.9, C7-OH), 3.86
(1H, dq, J = 2.8, 6.6, C2-H), 3.82-3.77 {IH, m, C11-H), 3.62-3.56 (1H, m, C17-H), 3.50 (IH, dd, J = 3.1,
10.5, C18-H,), 3.44 (iH, dd, J = 5.9, 10.4, C18-H,), 3.35-3.31 (2H, m, CI5-H and C13-H), 3.32 (3H, s,
OMe), 3.27 (3H, s, OMc), 3.20 (3H, 5, OMe), 3.15 (3H, 5, OMe), 2.70 (1H, d, J = 14.2, C5-H), 2.56 (1,
dt, J = 2.0, 14.2, C5-H,), 1.97 (1H, ddd, J = 2.7, 4.5, 134, C12-H,), 1.90 (1H, dt, J = 2.7, 7.0, C3-H), 1.82
(1H, ddd, 3.1, 10.4, 14.1, C16-H), 1.69-1.63 (1H, w, C16-Hy), 1.63-1.58 (1H, m, C12-H,,), 1.55 (I, &, J =
6.1, C13-OH), 0.94 (3H, d, J = 7.9, C2-Me), 0.89 (3H, d, J = 6.6, C3-Me), 0.784 (3H, s, C14-Me), 0.776 (3H,
s, Cl4-Me); 8¢ (100 MHz, CgDg): 170.8 (0, C8), 145.2 (0, C4), 109.1 (2, T6), 99.0 (0, C6), 78.4 (L, C10),
77.0 (1, C17), 74.9 (1, C15), 73.5 (2, C18), 72.4 (1, C7), 7L.7 (1, C11), 70.4 (1, CI3), 68.1 (1, C2), 57.6 (3,
OMe), 55.7 (3, OMe), 54.8 (3, OMe), 47.6 (3, C6-OMe), 40.4 (1, C3), 37.3 (0, C14), 33.3 (2, C5), 29.8 (2,
C16), 28.9 (2, C12), 21.9 (3, Cl4-Me), 16.5 (3, C2-Me), 12.0 (3, C14-Me), 10.9 {(C3-Me).

10.5 Synthesis of Mycalamide B (1.5) and 17-epi-Mycalamide B (17-epi-1.5)

(2R,68)-2-(3-Chloropropyl)-3,3-dimethyl-6-vinyl-tetrahydro-pyran-4-one (6.1)

0 H
(\ z O
U ——e-e
Cl Cl
21 6.1

CyohysC10, G H 4010,
Mnl. Wi 202,68 Mof. ¥W1.: 23073

To a stirred solulion of enone 2,4 (17.6 g, 86.8 mmol) and copper(l) iodide (1.0 g, 5.35 mmol) in THF (170
ml) at ~95 °C was added a solution of vinyl magnesium chloride (1.7 M in THFE, 90 ml, 153 mmol) over 30

min. The reaction mixture was sticred for 1.5 h at 90 “C and then ailowed 1o warm up to -30 °C over 1.5 h.
Saturated aqueous NH4Cl (300 ml) was added followed by concentrated ammionia solution (60 ni). The

resulting mixture was stirred for 30 min at 1t before being extracted with EtoO (3 x 80 ml). The combined
orgunic extracts were dried (NaySOy) and concentrated in vacuo. T'he residue was purified by Kugehrohr
distillation to give vinyl ketone 6.1 {16.0 g, 63.3 mmol, 80%) as a colourless oil: bp 160--180 °C (bath) at
0.07 mm Hg. The diastereoisomeric ratio was 95:5 according to integration of the 1H NMR spectrum signals
(400 MHz, CDCl3) al 8 2.85 and 2.81 ppm (minor) and 2.67 and 2.55 ppm (major) cotrasponding to C12H,.
The following data was recorded on the mixture: [0]p20 +46.5 (¢ 1.1, CHCl3), Vo film/em! 1712, 1128;

8g (400 MHz, CDCl3): 5.85 (111, ddd, 7 17.2, 10.8, 4.8, C10H), 5.26 (1H, dt, J 7.8, 1.2, C9Hy fy). 5.3 (1H,
di, J 17.2, 1.2, COH s Hp), 4.56 (1H, dtt, 7 6.0, 4.8, L4, C11H), 3.61 (1H, dd, J 10.0, 3.6, C15L1), 3.55 (24, t,

J 6.4, C18H,), 2.67 (1H, dd, J 144, 5.9, C12H 4 Hy), 2.55 (11, dd, 7 144, 5.9, C12H ,Hy), 2.02-1.92 (1H,
m, C17TH4Hg), 1.81-1.70 (141, m, C17H, Hp), 1.70-1.50 (2H, m, C16I1y, 1.11 (311, 5, C14Me), 1.06 (3H, s,

CldMe); ¢ (100 MHz, CDCl5): 211.5 (0, C13), 137.3 (1, C10}, 117.9 (2, C9), 79.3 (1, C15), 72.6 (1, C11),
49.8 (0, C14), 45.0 (2, C18), 41.5 (2, C12), 29.3 (2, C17), 25.9 (2, C16), 22.0 (3, Cl4Me), 19.4 (3, C14Me);
m/z (CL) 248 [(M+N114)F, 100%); Found: (M+H)*, 230.1071. C;5H,4CI0, requires /4, 230.1074;, Found:

C, 62.48; 11, 8.18%. C,H,¢ClO, requires C,62.47; H, 8.24,
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(28,6R)-6-(3-Chloropropyl}-2-[(R}-1,2-dihydroxycthyl]-teirahydro-5,5-dimethyl-2H-pyran-4-one (6.2)

Cl
6.1 52
CpaHoTI0, CHy Gy
Mol \Wt:230.v3 Mo.. W,: 264.75

The procedure of Sharpless et al. was used. 194 Olefin 6.1 (10.0 g, 43.5 mmol) and hydroguinine 9-
phenanthryl cther (Aldrich, 439 mg, 0.9 mmel) were stirred in fBuOH (260 ml) until the ligand dissolved
completely. After cooling to it, water (260 ml}, K3Ie(CN)g (43.3 g, 131.3 mmol) and K,CO4 (18.3 g, 132.6
mmol) were added and the mixture was cooled to 0 °C before addition of potassium osmale dihydrate (267

mg, 0.72 mmol). The reaction mixiure was stirred for 3 h at 0 °C, then treated with saturated aqueous
Na, S04 (400 ml) and water (100 ml). Alter stiering at ambient temperature for 30 min the mixlure was

extracted with CH,Cly (400 ml + 2 x 200 ml). The combined orgauic extracts were dried (NapySO,) and
concentrated in vacro to give the crude diol. Filtration through silica gel (100 g, 10-40% EtOAc in Et;0)
alforded diol 6.2 (8.63 g, 32.7 mmol, 75%) as a 13:1 mixture of diastereoisomers according to integration of
1H NMR signals (360 MHz, CDCly) derived from the gem-dimethyl groups [8 1,26 ppm (major) and 1.28
ppm (minor)] : [Dt]Dlg ~8.0 (¢ 1.1, CHCIR);  Vppox film/om™1 3412, 1712; §p5 (400 MHz, CDCly): 3.94 (111,
dt, J 9.7, 4.6, C11-H), 3.81 (1H, ddd, J 9.8, 6.2, 3.7, C10H), 3.77 (1H, dd, J 11.9, 3.5, C15H), 3.73 (1H, dd, J
11.4, 3.6, COH,Hyg), 3.65 (1H, dd, J 11.3, 6.4, COH s Hp), 3.58 (2H, ¢, 7 6.0, C181y), 2.80 (1H, dd, J 14.6,
9.7, CI2H AHp), 2.38 (1H, dd, J 14.6, 4.3, C12[I4 Hp), 2.00-1.74 (2H, br, OH), 2.00-1.89 (1H, m,
C17H Hg), 1.83-1.74 (1H, m, C17THp Hy), 1.75-1.63 (1H, m, CL6H,Hp), 1.61-1.50 (11, m, C16115Hp),
1.27 (34, s, Cl4Me), 1.01 (3H, 5, CldMe); 8¢ (100 MHz, CDCly): 212.9 (0, C13), 81.6 (1, C15), 73.6 (1,
C10), 71.7 (1, C11), 63.2 (2, C9), 49.6 (0, C14), 44.5 (2, C18), 38.8 (2, C12), 28.7 (2, C17), 25.3 (2, C10),
24.2 (3, C14Mc), 19.3 (3, Cl4Me); m/z (CI) 248 [(M+NIIy)*, 100%]; Found: C, 54.50; H, 7.74; Cl,
13.72%. C)9H;,ClO, requires C, 54.44; H, 7.94; Cl, 13.42.

(28,6R)-2-[(R)-2-(tert-Butylcarbonyloxy)-1-hydroxyethyl]-6-(3-chloropropyl)-tetrahydro.5,5-dimethyl-
2H-pyran-4-onc (6.3)

HO HO

H H .
o l/l\r o
OH =~ CPv —
e Cl
6.2 6.3
C.BaCI0, Gy Hoe3 105
Mal. V. 264,75 Mol. . 34806

To a solution of diols 6.2 (dr 13:1, 4.8 g, 18.2 mmol) and pyridine (4.45 ml, 55.0 mmol) in CHy Cl5 (35 ml) at
0 °C was added pivaloyl chloride (4.6 ml, 37.5 mmot). The rcaction mixture was stirred at 0 °C for 1 h,
treated with saturated aqucous NalICO4 and extracted with Et;O (3 x 70 ml). The combined extracts were
washed with aqueous HCI (2M, 50 ml), brine (70 ml), dried (Na;SOy4) and concentrated in vacuo. The
residue was filtered through a pad of silica (50 g, 20-50% Et,O in hexanes) and concentrated in vacko.
Diasterenisomerically pure monopivalate ester 6,3 (11.6 g, 33.5 mmol, 78%) was obtained as colourless
needles by recrystullisation from hexanes-Et;G: mp 69-70 °C;  [a]p'? 2.0 (¢ 1.0, CHCl3); Va4
CCl4e’cm—1 3599, 1716; Sy (400 MHz, CDClg) 4.27 (111, dd, J 11.6, 3.6, COH s HR), 4.12 (1H, dd, J 11.6,
6.4, COH AHp), 3.96 (1H, dddd, J 14.8, 6.4, 5.6, 4.0, C1011), 3.92 (1H, di, J 9.8, 5.3, CLLH), 3.80 (1H, dd, J
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12.0, 3.2, CI5H), 3.58 (1H, ddd, J 10.9, 6.2, 1.1, CISH,Hp), 3.55 (11, ddd, J 10.9, 6.6, 1.6, CISH,Hp),
2.82 (1H, dd, J 14.8, 9.6, C12H, Hp), 2.70 2.20 (1H, d,J 4.4, OI1), 2.42 (1H, dd, J 14.8, 4.0, C12H 4Hp),
2.00-1.85 (1H, m, C17H yHp), 1.83-1.73 (1H, i, C17Ha Hg), 1.73-1.61 (1B, m, CL&4p), 1.60-1.50
(111, m, CI1GH yHp), 1.29 (3H, s, C14Me), 122 (9H, s, Bu), 1.03 (3H, s, C14Me); S (100 MHz, CDCly):
211.9 (0, C13), 179.1 (0, ester C=0), 82.1 (1, C15), 72.3 (1, C10), 712 (1, C11), 64.9 (2. C9), 49.7 (0, C14),
44.8 (2, C18), 39.1 (0, CMeq), 38.6 (2, C12), 28.8 (2, C17}, 274 (3. 3C, CMe3), 254 (2, C16), 24.8 (3,
CldMe), 19.5 (3, ClaMe);  mrz (CE) 349 [(M+H)*, 20%]; Found: C, 58.71; LI, 8.02; Cl, 10.37%.
C7HygCIO5 requires C, 58.54; H, 8.32; C1, 10.19.

(28,6R)-2-[(R)-2- (fert-Butylcarbonyloxy)-1-(methoxymethoxy)ethyl]-6-(3-chloropropyl)-tetrahydro-5,5-
dimethyl-2H-pyran-4-one (6.4)

MOMO
HG H o
Pv >~ OPv O
~T
¢ ,flamo ° c ,;?':o|o,0|
Mct, W BAB-HG e W 992,91

A mixture of alcohol 6.3 (7.1 g, 20.0 mmol), N-ethyldiisopropylamine (10.8 ml, 62.0 mmol),
tetabutylammonium iodide (355 mg, 0.92 mmol), chioromethyl methyl ether (4.7 ml, 62.0 mmol) and

anbydrous toluene (55 ml) were stirred at 90 °C for 2 h. The reaction mixture was cooled to rt and treated
with saturated agucous NaHCO4 (30 ml). The layers were separated and the aqueous layer was extracted with

Etp0 (2 x 30 ml). The combined organic extracts were washed with brine (30 ml), dried (NayS04) and
concentrated in vacueo. The residue was purified by column chromatography (510, 50g, 10-40% Et;O in
hexanes) to give the desired MOM ether 6.4 (2.63 g, 6.7 mmol, 97%) as a white solid : mp 4243 "C
(hexanss—FEt,0):  [wlp?! +3.4 (¢ 1.4, CHCLY, Vg CClgem™! 1732, 1716, 1154; Sy (400 MHe,
CDCl): 4.65 (1H, d, J 6.9, OCH 4Hp0), 4.61 (1H, d,/7 6.9, OCH, HgO), 4.29 (1H, dd, 7 11.8, 4.3,
CYH A HR), 3.99 (1H, dd,J 11.8, 4.9, COH, Hy), 3.92 (1H, dt, / 9.9, 4.6, C11H), 3.78 (1H, q, / 5.0, C10H),
3.68 (1H, dd, J 11,7, 3.2, C15H), 3.47 (2H, 1, J 5.5, C18H,), 3.30 (311, 5, OMe), 2.71 (1H, dd, J 14.8, 10.0,
C12H 43}, 2.34 (14, dd, J 14.7, 4.3, C12H H ), 1.90-1.80 (1H, m, Ci7H 4 Hp), 1.74-1.62 (1H, m,
CL71L, Hy), 1.62-1.51 (1€, m, CI6H s Hg), 1.50-1.40 (1H, m, C16HpHp), 119 (3H, 5, C14Me}, 1.11 (9H,
s, tBu), 0.93 (3H, s, C14Me); ¢ (100 MHz, CDCl3): 211.3 (0, C13), 177.8 (0, ester C=0), 96.2 (2, O-
CH,-0), 81.5 (1, C15), 76.5 (&, CIO), 70.3 (1, CL1), 62.4 (2, C9), 55.8 (3, OMe), 49.3 (0, Cld), 44.4 (2,
C18), 38.7 (2, C12), 38.6 (0, CMc3), 28.4 (2, CL7), 20.9 (3, 3C, CMe3), 24.9 (2, C16), 24,3 (3, Cl4Me), 19.1
(3, C14Me); m/z (CD) 393 [(M+H)*, 7%]; Found: C, 58.36; H, 8.12; Cl, 8.94%. CgH33ClQg requires C,
58.09; H, 8.41; Cl, 9.04,
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(2S,6R)-2-[(R)-2-(tert-Butylcarbonyloxy)-1-(methoxymethoxyyethyl]-4-[ (fer¢-butyldimethylsilyl) oxy]-6-
{3-chloropropyl)-5,6-dihydro-5,5-dimethyl-2H-pyran (6.5)

MOVO MOVIO

)\(tA C OT8S
(ng \(Q —_— \é
/\O
CpyHgCID, cz,,H,,c 0,Si
Mol Wi: 382.91 Mol. vA.: 50718

To a mixture of ketone 6.4 (17.5 g, 44.5 mrnol) and triethylamine (12.1 ml, 86.6 mmol) in CH,Cly (70 ml) at
0 °C was added TBSOTT (12.1 ml, 51.5 mmol) in a dropwise fashion over 5 min. After the addition was

complele the cooling bath was removed and the reaction mixture stirred for 1.5 It at 1. Saturated aqueous
NaHCO4 (200 ml) was added and the mixture exteacted wifth hexancs (3 x 50 ml). The combined extracts

were dried (NaySO,) und concentrated in vacue to give crude silyl enol ether 6.5. TBSOH was removed
under vacuum at 50 °C, 1 mun/Hg overnight to give the desired silyl enol ether 6.5 (19.2 g, 37.8 mmol, 85%)
as a clear colourtess oil : [at]pl7 +10.3 {c 1.1, CHCly); vy, flmiem™1 1732, 1664, 1154; Sy (400 MHz,
CDCly): 4.74 (14, d, J 3.0, C12I0), 4. 72 (1H, d, J 6.8, OCH 5 HZ0), 4.66 (1H, d,J 6.8, OCHAHR0), 4,406
(1H, dd. J 11.9, 2.5, C9H 4 Hp), 4.20 (1H, dd, /7.8, 3.0, C11H), 4.08 (1H, dd, J 12.0, 5.7, C9H 4 A), 3.71
(1H, ddd, J 7.9, 5.7, 2.5, C10H), 3.65-3.53 (ZH, m, C18l14), 3.40 (11, dd, 7 10.6, 2.1, Ci5H), 3.37 (3H, s,
OMe), 2.10-2.00 (111, m, C171i yHp), 1.83~1.70 (1H, m, CL7H s Hg), 1.70-1.59 (1H, m, CL6H sHp), 1.59-
1.49 (1H, m, C16H 4 Hp), 1.19 (911, s, Bu), 1.01 (3H, s, C14Me), 0.93 (3H, s, C14Me), 0.92 (YH, s, 'Busi),
0.16 (3H, s, MeSi), 0.15 (3H, s, MeSI); 8¢ (100 MHz, CDCly): 178.2 (0, ester C=0), 156.0 (0, C'13), 98.2
(1, C12), 96.4 (2, OCH,0), 79.0 (1, C15), 77.3 (1, C10), 70.0 (1, C11), 64.2 (2, C9), 55.8 (3, OMe}, 45.2 (2,
C18), 38.7 (0, CMes or C14), 38.4 (0, C14 or CMes), 29.6 (2, C17), 27.1 (3, 3C, 'BuC=0}, 26.2 (2, CI6),
25.6 (3, 3C, IBusSi), 23.0 (3, Cl14Me), 19.7 (3, Cl4Me), 18.1 (0, CSi), —4.5 (3, MeSi), 4.8 (3, MeSi); m/z
(CI, NHy) 524 [(M+NH)", 40%]; Found: (M+H)*, 507.2910. Cy5H,5Cl0Si requires M, 507.2909;
Found: C, 59.31; I, 9.01%. CysH47Cl0gS1 requires C, 59.35; H, 9.23.

(2R,35,45,6R)-2-[(R)-2~{tert-Butylcarbonyloxy)-1-{methoxymethoxy)ethyl]-4-[ {reri-
butyldimethylsilyl)oxy|-6-(3-chloropropyl)-3,4-epoxy-tetraliydro-5,5-dimcthyl-2£-pyran (6.6)

MOMO MOMO
OPv o\& —> opv O
6.6
c:o oS Cy i 010, S
oL Softo Mol Wt:523.17

A solution of m-chloroperbenzoic acid (15.2 g, 57-80%) in CHyCly (150 ml) was dried over NayS0y,
filtered and stirred with sodium hydrogen orthaphosphate (11.2 g, 78.7 minol) at rt for 30 min, The mixture
was then couled (o 0 °C and a solution of cnol ether 6.5 (8.58 g. 17.0 mmol) in CH;Cly (36 ml) was added
dropwise over 20 min. ‘The reaction mixture was stirred for 40 min, treated with saturated aqueous Nay S04
and hexanes (500 ml). The phases were separated and the organic layer was extracted with aqueous NaOH
(2M, 2 x 70 ml), washed with water (70 mi), brine (70 ml), dried (NapSO,) and concentrated in vacuo to
afford crude oxirane 6.6 (.58 g, 18.4 nmumol, ca. 100%, single diaslereoisomer) as a clear colourless oil :
[oc]D20 +10.0 (¢ 2.0, CHCl3):  Vjax film/em~! 1732, 1152; 8 (360 MIlz, CDCly): 4.78 (1H, d, J 6.7,
QCH,Hg0), 4.74 (1H, 4, J 6.7, OCH 4 HgO), 4.54 (1H, dd, J 12.0, 1.8, C9H HR), 4.05 (1H, dd, 79.9, 3.2,
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C11H), 4.01 (11, dd, J 12.0, 4.3, COH zHg), 3.94 (114, ddd, s 9.9, 4.1, 1.6, C10H), 3.57-3.47 (ZH, m,
C18H,), 3.51 (1H, d, .J 3.2, C12H), 3.43 (311, s, OMe), 3.27 (1H, dd, 7 10.3, 1.4, C15H), 2.00-1.85 (1H, m},
1.70-1.50 (2H, m), 1.40~1.30 (1H, m), 1.22 (94, s, 'BuC=0), 1.05 (3H, s, C14Me), 0.98 (3H, 5. C14Me),
0.91 (9H, s, BuSL), 0.14 (3H, s, SiMe), 0.06 (3H, s, SiMe); 3¢ (90 MHz, CDCly): 178.5 (0}, 96.3 (2), 86.6
{0), 76.0 (1), 71.7 (1), 68.9 (1), 63.6 (2), 60.4 (1), 56.2 (3), 45.3 (2), 39.1 (0), 38.9 (0), 30.1 (2), 27.4 (3, 3C),
26.9 (2), 25.8 (3, 30), 18.7 (3), 18.0 (0), 16.8 (3), =3.1 (3), ~3.4 (3}; m/z (CI, NH3) 540 [(M+NH*, 100%];
Lound: (M+H)*, 522.2781. Cy5H4,ClO, 81 requires M, 522.2780.

(18,5R,6R,8R)-5-(tert-Butylcarbonyloxy)methyl-8-(3-chloropropyl}-9,9-dimethyl-2,4,7-
trioxabicyclo[4.4.0]decane-10-one (6.7)

G
GorHaaOI G, 31 H, C10,5F
Nl : 52317 s

A mixture of crude oxirane 6.6 (3.5 g, ca. 92% pure, 6.17 mmol) in CH,Cl, (15 ml) was added via cannula
to a solution of dimethoxymethane (30 mi) und P;O4 (2.5 g, 8.8 mmoi}) in CH;Cly (15 ml) at O °C aver §
min. The coal bath was removed and the reaction mixlure was sticred at tt for 2 h whereupon the reaction
mixture was pouted onto saturated agueous NaHCO3 (50 ml). The phases were separated and the aqueous
layer was extracted with CH,Cly (3 x 100 ml). The combined extracts were washed with brine (100 mi),
dried (Na,50,) and concentrated in vacuo. A TH NMR spectrum of the crude product showed a 15:1 ratio of
diasterenisomers by integration of the I NMR signals (360 MHz, CDCly) derived from gem-dimethyl
groups at 8 1.06 ppm (major) and .32 ppin (minor)]. The crude product was purified by column
chromatography (Si05 45 g, 10-40% EtyO in hexanes) to give ketone 6.7 (1.79 g, 4.75 mmol, 77%) as a
white solid: mp 88-89 °C (hexanes-Ety0); [ei]n20 +166.6 (¢ 1.4, CIICl3); v, ., KBrom™! 1724, 1282,
1164, 1150; 8py (400 MHz, CDCly): 4.94 (1H, d, J 7.8, C12H), 4.87 (1H, d, J 6.5, OCH 4 [150), 4.83 (14, d,
J 6.5, OCH, HRO), 4.50 (1H, dd, J 12.2, 1.6, COH sHg), 4.30 (11, dd, J 10.9, 7.8, C11H), 4.03 (1H, dd, J
12.2, 6.9, C9H Hp), 3.88 (111, ddd, 7 10.8, 6.9, 1.6, C10H), 3.60 (211, dt, J 6.8. 5.1, C18Hy), 3.56 (1H, dd, J
12.4, 40, C15H), 2.12~2.02 (1H, m, C17H s Hp), 1.90-1.70 (1H, m, C171{51Ig}, 1.70 -£.6f (2H, m, C16Hy),

ester C=0), 89.8 (2, OCH,0), 78.6 (1, C15), 73.3 (1, C12), 72.6 (1, C10), 70.0 (1, C11), 62.8 (2, C9), 51.0
(0, C14 or CMes), 45.0 (2, C18), 38.7 {0, CMe5 or C14), 29.4 (2, C17), 27.0 (3, 3C, BuC=0), 26.7 (2, C16),
19,0 (3, C14Me), 18.9 (3, C14Me); si/z (Cl, NHs) 394 [(M+NH)*t, 100%]. Found: (M+H1)*, 376.1652.
(1 gH3ClOg requires M, 376.1653. Found: C, 57.37; H, 7.64; Cl, 9.46%. CgHygClOg requires C, 57.37; H,
7.70, Cl, 9.43.
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Reduction of ketone 6.7

O O
H\f/ /o) OH
orv 0 ~ opy o !
g e
GV 6.11a G.11b
CiaHaClOg CiHa ClOg CigHaCl06
Mol Wt 376.87 Mol. V.. 378 69 Mcl, W.: 378 89

Two procedures were used the most selective being a modified Meerwein-Ponndor[-Verley reduction. Thus,
trimethylaluminivm (2.5 ml, 2.0 M in hexane, 5 mmal) was added to isopropanol (50 ml). The solution was
stirred for 30 min at rt before solid ketone 6.7 (500 myg, 1.325 mmol) was added. The reaction mixture was
stitred for 24 h at rt, then concentrated in vacuo. 'The residuc was diluted with EtOAc (50 ml) and treated
with HCI (0.5M, 25 ml). The phases were separated and the aqueous phase was extracted with BEtOAc (2 x 25
ml). The comhbined organic extracts were dried (MgSO,4) and concentrated in vacuo 1o give a mixture of the
ketonc 6.7, the alcohol 6.11a, and the undesired alcohol 6.11b as a colourless oil. Separation by column
chromatography (SiO5, 10 g, 30-50% Et,0 in hexanes) gave ketone 6.7 (140 myg, 0.371 mg, 28%), and a
mixtute of alcohols 6.7a and 6.7b (332 mg, 0.878 mmol, 66%, or 92% based on rceovered starting material)

in the ratio 6:1 {major prodluct is the desired onc). The alcohols were then separated by a second columnn
chromatography (SiO5, 10 g, 10-50% Et;O) in hexanes) to give alcohals 6.7a and 6.7b as caloutless oils.

(15,5R,6R 8R,108)-5-(tert-Butylcarbonyloxy)methyl-8-(3-chloropropyl)-9,9-dimethyl-2,4,7-
trivxabicyclol4.4.0]decan-10-o0l (6.11a)

Kt | I A
Mob. Wi:378.83

[]p20 +87.0 (¢ 2.0, CHCl3); vy filmiem! 3486, 1740, 1728; 8y (400 MHz, CDCly): 4.94 (1H, 4, J
6.4, OCH 4 HR0), 4.80 (1H, d, J 6.8, OCH,Hg0), 4.49 (1H, dd, J 12.0, 2.0, C9H,Hp), 4.16 (11, ddd, J
104, 6.8, 1.6, CLOII), 4.06 (1H, dd, J 10.4, 6.4, C11H), 4.03-3.94 (3H, m), 3.65-3.50 (2H, m, C18H,), 3.26
(1H, dd, J 10.4, 1.6, C15H), 2.24 (1H, br, OH), 2.10-1.90 (1H, m), 1.80-1.60 (2H, m), 1.50-1.37 (LH, m),
1.23 (94, s, (BuCOO), 1.04 (3H, 5, C14Me), 0.93 (3H, s, C14Me); §¢ (100 MHz, CDCl3): 178.6 (0), 86.7
(2), 78.3 (1), 72.8 (1), 71.4 (1), 69.4 (1), 67.4 (1), 63.8 (2), 45.4 (2), 40.8 (0), 39.0 (0), 29.7 (2), 27.3 (3, 30),
26.3 (2), 23.1 (3), 12.6 (3); m/z (CI) 379 [(M+H)", 100%]. Found: C, 57.11; H, 8.10%. C)gHy;ClOg
requires C, 57.07; H, 8.19.
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(15,5R,6R,8R,10R)-5-(ter¢-Butylcarbonyloxyymethyl-8-(3-chloropropyl)-9,9-dimethyl-2,4,7-
trinxabicyclo[4.4.0]dccan-10-0] (6.11b)

e
OHO

LOH

~cl

6.11b
CIRHJIC|OE
Mol. Wi:373.89

(022 +66.3 (¢ 0.3, CHCly);  Vyay film/cm™! 3496, 1734; 8y (360 MHz, CDCly): 5.15 (1H, d, J 5.8,
OCHH0), 4.89 (1H, d, J 5.8, OCH,HgO), 4.30 (2H, apparent d, J 5.7, C9Hy), 4.21 (IH, dt, J 104, 5.2,
C10H), 4.06 (1H, 1, / 3.8), 3.75-3.62 (3H, m), 3.59 (211, 1, J 5.5, C18H,), 2.32 (1H, d, J 8.1, OLI), 2.00-1.58
(4H, m), 1.21 (94, s, BuC=0), 1.13 (3H, 5, C14Me), 0.96 (3H, 5, C14Me); 8¢ (100 MHz, CDCly): 178.3
(0), 89.1 (2), 78.0 (1, broad signal), 74.3 (1, broad signal), 73.1 {1), 70.2 (1), 65.4 (1), 623 (2), 45.1 (2), 38.9
(0), 38.5 (0), 29.3 (2), 27.2 (3, 3C), 24.0 (2), 22.6 (3), 22.2 (3, broad signal); 8¢ (90 MHz, CDCly, 333 K):
178.1 (0), 89.1 (2), 78,0 (13, 74.3 (1), 73.1 (1), 70.3 (1), 65.7 (1), 62.6 (2), 44.9 (2}, 38.9 (0), 38.4 (0), 29.5
(2), 27.2 (3, 3C), 24.1 (2), 22.7 (3), 22.1 (3% m/z (C1) 379 {(M+H)", 100%). Found: C, 57.05; 11, 8.05%.
C g1l ClOg requires C, 57.407: H, 8.19.

Alcohols 6.11a and 6.11h were also generated by reduction of ketonc 6.7 with KBH, in the presence of
CeClz*7H,O. A solution of ketone 6,7 (1.80 g, 4.8 mmol) and CeCl3*7H, 0 (2.6 g, 7.1 tumol) in anhydrous
methanol (90 ml) was stirred at rt for 15 min and then cooled to 0 °C. Solid KBH, (740 mg, 4.1 mmiol) was
added (gus evolution!). After 1.5 h acclone (1 ml) was added to the reaction mixture foliowed by saturated
aqueous NaHCO4 (50 ml). The methanol was removed in vacuo and the aqueous phase extracted with
CH,Cly (3 x 50 ml). The combined extracts were washed with brine (50 ml}, dried (NaySOy4) and
concentrated in vacua, 'H NMR spectrum of the crude product showed a 1:2 ratio of diastereoisomers by
integration of LH NMR signals (360 MHz, CDCly) derived from the gem-dimethyl groups at & 1.14 ppm
(major) and 1,05 ppm (minor). The undesired alcohol 6.11b was the major product. The crude product was
purified by column chromatography (SiG 50 g, 30-50% EtyO in hexanes) 10 give a mixture of alcohols

6.11a,b (1.72 g, 4.56 mmol, 95%) us a coloutless oil. The diastereaisomers were separated by colunn
chromatography (SiO9 150 g, hexanes~Ety O 20-40%)
The undesired alcohel 6.11b was converted back to ketone 6.7 by Dess—Martin oxidation.!23

Dess—-Martin periodinane (2.7 g, 6.35 mmol} was added in one portion to a stirred solution of alcohol 6.11b
(1.6 g, 4.3 mmol) in CHyCl, (20 ml). The reaction mixture was stirred at rt for 25 min and treated with

saturated aqueous NayS,0O4 (25 ml) and saturated aqueous NaHCOz (20 ml). After | h the phases were
scparated and the aqueous layer was extracted with CH,Cl (3 x 20 ml). The combined extracls were dricd
(Na,S0Oy4) and concentrated. The residue was purified by colwun chromatography (8i0y 10 g, 10-30% E, O

in hexanes) to give ketone 6.7 (1.61 g, 4.3 mmol, [00%).
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(1R,5R,6R.8R ,108)-5-(teri-Butylcarbonyloxyymethyl-8-(3-chloropropyl)-10-methoxy-9,9-dimethyl-2,4,7-
trioxabicyclo[4.4.0]decane (6.12)

P AN

Q70 070
H OMe

orv o ~ Gy O
NG [

B.11a 6.12

CiaHa CI0g CygHal0
Mol Wt: 373.83 Mol Wi 392 81

A soluticn of alcohol 6.11a (4.2 g, 11.0 mmol) in THF (25 ml) was added dropwise to u stirred solution of
sodium bis(trimethylsilyl)amide (2M in TEIF, 7.3 ml, 14.5 mmol) in THF (5 ml) at ~78 °C. After 5 min
methy] trifluoromethanesuifonate (2.5 ml, 22.4 mumol) was added dropwise. The reaction mixture was stivred
at ~78 °C for 20 min, treated with saturated agucous NaHCO4 (50 ml) and extracted with Et;0 (3 x 50 ml).
The combined organic extracts were dried (MgSQy4) and concentrated in vacuo. The residue was purified by
column chromatography (8i05, 5-20% Et»O in hexanes) to give methyl ether 6.12 (3.7 g, 3.41 mmol, 86%)
as a colourless oil: []p2! +54.7 (¢ 1.1, CHClL); ¥ pay film/iom=! 1732, 1162, 1112, 1040; &y (400 MHz,
CDCLy): 4.98 (IH, d, J 6.6, OCH,HpO), 4.84 (111, d, J 6.6, OCH, Hp0), 4.48 (1H, dd, J 12.0, 1.6,
C911411p), 4.19-4.13 (2H, m, C10H, CI2H), 4.00 (14, dd, / 12.0, 7.0, COH p Hp), 3.92 (111, dd, /10.6, 6.8,
C11H), 3.63-3.50 (2H, m, C18H,), 3.55 (3H, s, OMe), 342 (1H, d, J 10.3, C13H), 3.24 (1H, d, J 9.7,
CI5H), 2.02-1.94 (1H, m, C17H,Hp), 1.80-1.68 (1H, m, C17H Hp), 1.68-1.60 (1H, m, C16H4Hg), 1.46~
1.35 (111, m, C1GH 4 Hp), 1.22 (9H, 5, BuC=0), 1.00 (311, s, C14Me), 0.86 (3H, s, C14Me); b (100 MHz,
CDCly): 178.4 (0, ester C=0), 86.9 (2, OCH,0), 79.2 (1, C13}, 78.0 (1, C15), 73.3 (1, C10 or C12), 71.2 (1,
C12 or C10), 67.3 (1, C11), 63.7 (2, C9), 6L.7 (3, OMe), 45.2 (2, C18), 41.6 (0, C14), 38.8 (0, CMeq), 29.5
(2, C17), 27.1 (3, 3C, 1Bu), 26.1 (2, C16), 23.1 (3, Cl4Me), 13.4 (3, Cl4Me); m/z (CI) 393 [(M+H)™,
100%]. Found: (M+H)*, 393,2040. C gH34CIOg requires M, 393.2044. Found: C, 58.19; H, 8.41%.
C19H33C10¢ requires C, 58.09; H, 8.41.

(1R,5R,61,8R ,10S)-5-((ert-Butylcarbonyloxy)methyl-10-methoxy-9,9-dimethyl-8-(3-
phenylselenylpropyl)-2,4,7-trioxabicyclo[4.4.0]ldccane (6.13)

o oo
/'\L/t\ OMe OMs
ORv \6 > éJPv H
Cl 8ePh
6,13
Cis HaglleSa

6.12

Cig 132C10; 3
Mok Wi 392.91 Mol. WL: 513.58

Solid NaBH, (610 mg, 16.1 mmol) was added in several batches to a stirred suspension of diphenyl
diselenide (2.5 g, 8.26 mmol) in anhydrous ethanol (30 ml) to cause exothermic reaction. The reaction
mixture was stirred at rt until a clear yellow solution was obtained. A solution of chloride 6.12 (4.2 g, 10.7
mmol) in ethanol {30 ml) was then added via canuula and the resulting mixture was heated at reflux for 10
min. The rcaction mixiure was cooled to rt, poured onto saturated aqueous NaHCO5 (200 mi) and extracted
with EtO (3 x 200 ml). The combincd organic extracts were washed with aqueous NaOII (2M, 100 ml) and
brine (100 ml), dried (MgSOy4) and concentrated in vacuo. The residue was purified by column
chromatography (Si0,, 10-40% Bt;C in hexanes) to give selenide 6.13 (5.25 g, 10.2 mimol, 96%) as a
colourless vil: [of.]U20 171.3 (¢ 1.6, CHClz); Vi tili/em—! 1732, 1580, 1186, 1162, 1112, 1040; &y (400
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MHz, CDCly): 7.54-7.51 (2H, m), 7.31-7.23 (3H, m), 4.99 (1M, d, J 6.6, OCH4HRO), 4.88 (1H, d, J 6.5,
OCHHgO), 4.47 (113, dd, J 12.0, 1.6, C9H 4Hp), 4.20-4.16 (1H, m, C10H collapsed by C12H), 4.18 (1H,
dd, J 10.3, 6.8, C12H), 4.02 (1H, dd, J 12.1, 6.9, COH 4 H 5, 3.97 (1H, dd, J 10.6, 6.3, C11H), 3.59 (311, s,
OMe), 3.42 (11, 4, 4 10.3, C13H), 3.23 (1H, dq, J 10.2, 1.4, C15H), 2.96 (2H, t, J 7.0, CI18H,), 2.00-1.90
(IH, m, CI7H Hg), 1.75-1.65 (18, m, C1TH A Hp), 1.65-1.57 (1H, m, C16H Hg), 1.47-1.40 (1H, m,
Cl6HaiIp), 125 (9H, s, BuC=0), 1.00 (3H, s, Cl14Me), 0.87 (3H, s, Cl4Me); 3¢ (100 MHz, CDClz):
178.3 (0, ester C=03), 132.7 (1, 2C), 130.3 (0), 129.0 (1, 2C), 126.7 (1), 86.9 (2, OCI10), 79.2 (1, C13), 78.1
(1,C15),73.4 (1, ClQor C12}, 71.2 (1, C12 or C10), 67.3 (1, C11), 63.6 (2, C9), 61.7 (3, OMe), 41.6 (0, C14
or CMes), 38.9 (0, CMcgor C14), 28.6 (2, C18), 27.9 (2, C17 or C16), 27.1 (3, 3C, TBu); 27.1(2, C16 or
CL7), 23.2 (3, CldMc), 134 (3, Cl4Me); m/z (Bl) 514 [(MAH)™*, 33%]. 357 (15}, 243 (15), 193 (20}, 113
(25), 71 (100). Found: (M+H)*, 514.1830, C55H33045¢ requires M, 514.1835. Found: C, 58.47; T, 7.48%.
Cy5H3zg0¢Se requires C, 58,48 H, 7.41.

(1R,5R,6R,8,108)-5-(tert-Butylcarbonyloxy)methyl-10-methoxy-9,9-dimetlyl-8-(prop-2-enyl)-2,4,7-
trioxabicyclo[4.4.0]decane (6.14)

N N
" 0
(‘1\!/ Me H#/ a
H _ =
OFv O OPv O H
SePh =
6.14

6.13

CzsH40cSe Ciotha O
Mol ‘Wt 51353 Mol Wi 356.45

Sodium metaperiodate (3.5 g, 16.8 nimol) was added in one portion to a stirred mixture of selenide 6.13 (5.20

g, 10.1 mmol), water (60 ml) and McOH (150 ml) at .. The reaction mixture was stirred for 25 min then
diluted with water (50 ml) and extracted with CH5Cly (3 x 50 ml). To the combined organic extracls was

added 5 ml of triethylamine and the extructs were dried (NapSOy4) and concentrated in vacuo. The residue
was dissolved in roluene (110 ml) and triethylamine (110 ml) and heated at reflux for 10 min . The yellow
reaction mixlure was allowed to cool to rt, poursd onto saturated aqueous NaHCO4 (200 ml) and extracted
with CH,Cly (3 x 100 ml). The combined organic extracts were dried (NayS0,) and conceatrated at rt in
vacuo. The residue was dissolved in toluene (7 ml) and putitied by column chromatography (5i0,, hexanes)
until the yellow hand eluted and then Et,O:hexanes (5-50%) to give olefin 6.14 (3.55 g, 9.96 mmol, 98%) as
a colourless oil: [all22 +25.9 (¢ 1.4, CHCL), vy, filmiom™! 1732, 1480, 1284; 8y (400 MHz, CDCl3):
5.84 (1H, ddt, J 18.0, 11.4, 6.8, C17H), 5.08 (1H, ddm, J 5.6, 1.2, C18H, Hp), 5.04 (1H, dm, J 1.2,
CI8HHp), 4.99 (1H, d, J 6.6, OCH, HgO), 4.86 (IH, d, .7 6.6, OCHAH50), 4.47 (111, dd, / 12.0, 1.9,

C9H4Hg), 4.20-4.15 (11, m, C10H collapsed by C12H), 4.18 (1H, dd, J 10.2, 6.8, C12H), 4.06 (1M, dd, /
12.0, 6.6, COlIAH1p), 3.99 (1H, dd,J 10.6, 6.8, C11H), 3.57 (3H, s, OMe), 3.44 (1H, d,J 10.2, C13H), 3.30
(1H, dd, J 10.1, 2.3, CI5H), 2.19 (1H, dddi, J 14.4, 10.2, 7.1, 1.2, C16H 4Hp), 2.12-2.03 (1H, m,
Cl6H, Hp), 1.23 (9H, s, BuC=0), 1.02 (3H, 5, C14Me}, 0.89 (3H, s, C14Me); 5 (100 MHz, CDCly):
178.6 (0, ester C=0), 135.8 (1, C173, 116.7 (2, C18), 87.2 (2, OCH,0), 79.3 (1, C13), 78.5 (1, C15), 73.5 (],
C12), 71.3 (1, C10), 67.3 (1, C11), 63.5 (2, C9), 61.8 (3, OMe), 41.6 (0, C14), 38.9 (0, CMey), 33.4 (2, C16),
27.2 (3, 3C, 1Bu), 23.2 (3, Ci4Me), 13.4 (3, Cl4Me); aw/z (CI) 357 [((M+H)*, 100%)]. Found: (M+H),
357.2277. CgH330¢ requires M, 357.2276. Found: C, 64.04; H, 9.19%. CyH3,Og requires C, 64.04; H,
9.00.
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Sharpless asymmetric dihydroxylation of alkene 6.14

-

[o} " O Cile Ohla
i Otde
P H — . OFv¥ 0 + OPv 0
v
\[\/ /\OTBS oToS
= :
6.14 615:1 B‘le
[ C MO Si C M Q,8!
Mol Wt 356.45 Mol WA.: 604.73 Mo’ WL 504,73

Alkene 6,14 (2 g, 5.61 mmol} and dihydroguinine 9-phenantheyl ethey104 (86 mg, 0.170 mmol) were stirred
in 'BuOH (40 ml) unlil the crystals of ligand dissolved completely. After cooling to rt, water (40 ml),
K4Fe(CN)g (5.6 g, 17.1 mmol} and K,CO5 (2.3 g, 16,7 mmol) were added and Lhe mixture was cooled to O
°C. Potassium osmate dihydratc (60 mg, 0.16 mmol} was added and the reaction mixture was stirred for 3 h
at 0 °C, then treated with saturated aqueous NaySO4 (70 ml) and exteacted with CH,Cly (3 x 100 ml). The
combined organic extracts were washed with brine, dried (MgSO,4) and concentrated i vacuo 1o give the

crude diols as an insepurable mixture (1.5:1) of diastereoisomers which were used immediately in the next
step. The isomeric ratio was ascertained by integraiion of the crude mixture which revealed signals derived
from one of the C9 protons at & 4.82 (dd, J 12.2, 1.2, minor) and 4.60 ppm (dd, J 12.1, 1.2, minor}} in the 1
NMR spectrum (360 MHz, CDCl3).

ter-Butyldimethylsilyl chloride (1.72 g, 11.45 nunel) was added in one portion to a stirred solution
of crude mixture of diols, (ricthylamine (1.6 mi, [1.0 mmel) and DMAP (70 mg, 0.58 mmol) in CH,Cl, (25
ml) at 0 °C. The reaction mixture was stirred at 0 °C far 1 hand at rt for 2 h. Saturated aquecus NaHCO3 (40
ml) was added and the resulting mixture was extracted with CHyCly (3 x 100 ml). The combined organic
extracts were dried (MgSO,) and concentrated in vecuo. The residue was purified by column
chromatography (SiQ3, 30-40% Bt; 0 in hexanes) to give a mixtwre of 6.15a and 6.15b (2.7 g, 5.3 mmol,
05% trom the alkene). Separation by chromategraphy on silica gel (0-50% Et;O in hexanes) gave the desired
monoprotected diol 6.15a (1.5 g. 3.0 mmol, 53%) which cryslalliscd on standing and the undesired
monoprotected diol 6.15b (1.0 g, 2.0 mmol, 36%) us a colourless oil. I'LC monitoring conditions: 50% Ei, O
in hexanes (phosphomolybdic acid); Rg(diol) 0.00 (black); Ry (6.15a) 0.43 (black), (6.15b) 0.31 (black).

(1R ,5R,6R 8K 10S)-5-(tert-Butylcarbonyloxy)methyl-8-{(25)-3-[(tert-butyldimethyisilyl)oxy]-2-
hydroxypropyl}-10-methoxy-9,9-dimethyl-2,4,7-trioxabicyclo[4.4.0]dccane (6.15a)

o’:l‘*o
[ Oha

OPvUH

OTBS

OH

6158
C o Hy@ 551
Mel. Wi 534 73

p 32-34 °C (hexanes-Tiy0); []p23 +58.0 (e 0.42, CHCL); Vi filmiem™1 3542, 2958, 1186, 1732,
1472, 1040; 8yp (400 MHz, CDCly): 5.00 (1H, d, J 6.6, OCH,Hp0), 4.86 (1H, d, J 6.6, OCHpAH0), 4.54
(1H, dd, 7 12.0, 1.7, C9H4Hp), 4.22 (114, ddd, J 10.5, 6.4, 1.7, CI0H), 417 (1H, dd, J 12.0, 6.8, CSH,IIp),
4.14 (1H, dd, J 12.4, 6.4, C12H), 4.00 (111, dd, J 10.6, 6.8, C11H), 3.79 (1H, m, C17H), 3.62 (1B, dd, ./ 10.0.
5.2, CI8H H)y), 3.57 (311, 5, OMe), 3.52-3.43 (3, m, C13H, C15H and C18HHp), 3.12 (1K, br d, J1.6,
OH), 1.82 (1H, ddd, J 14.5, 3.6, 2.0, C1614H}), 1.44 (1H, ddd, J14.5, 10.0, 8.0, C16H4Hp), 1.23 (9H, s,
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"BuC=0), 1.00 (3H, s, C14Me), 0.90 (3H, s, C14Me}, 0.89 (9H, s, 'BusSi), 0.07 (64, s, Me;Siy, 3¢ (100
MHz, CDCl): 178.3 (0, ester C=0), 86.9 (2, OCH,Q), 78.92 (I, C13 or C15), 78.87 ({, CI5 or CI3), 73.1

(1,€12). 717 (1, C17), 71.2 (1, C10), 67.4 (1, C11), 66.4 (2, C18), 63.4 (2, C9), 61.7 (3, OMc), 41.7 (0, C14
or CMes), 38.8 (0, CMes or CL4), 32.2 (2, C16), 27.1 (3, 3C, 'Bu), 25.8 (3, 3C, ‘Busi), 23.1 (3, Cl4Me),
18.2 (0, CSi), 13.4 (3, C14Me), -5.4 (3, 2C, SiMe,); mvz (CI, isobutane) 505 [(M+H)*, 100%]. Found:
(M+H)*, 5053193, CpsHygOgSi requires M, 505.3197. Found: C, 59.29; H, 9.53%. CysH,304Si requires

C, 39.49; H, 9.59.

(1R,5R.6R,8R,1085)-5-(fert-Butylearbonyloxy)methyl-8-((2R)-3-[(¢ri-butyldimethylsilyl)oxy]-2-
hydroxypropyl}-10-methoxy-9,9-dimethyl-2,4,7-trioxabicyclof4.4.0]decane (6.15b)

2" o

OMe

A
OpPv O%
70 TBS

OH
8.16b

CogHy0Si
Mol Wt:504.73

folp2? +753 (¢ 0.3, CHCly),  Vpnay filvem=! 3568, 2958, 1186, 1732, 1472, 1040; Sy (400 MHz,
CDCly): 5.00 (1H, d, J 6.6, OCH 4, HgO), 4.86 (1H, d, J 6.6, OCHy Hp0), 4.66 (1H, dd, J 12,1, 1.3,

COH 4 Hp), 4.22-4.15 (1H, m, C10H collapsed by C12I1), 4.19 (1H, dd, J 10.3, 7.1, C12H), 4.03 (1H, dd, J
12.1, 6.9, CSHp Hp), 3.95 (1H, dd,J 11.0, 7.0, C11H), 3.85-3.75 (1H, m, C17H), 3.62 (1H. dd, J 9.8, 2.4,

C155), 3.57 (3H, s, OMe), 3.57 (1H, dd. J 9.9, 4.4, C18H,Hg) 3.47 (14, d, 4 10.5, C13H), 3.47 (1H, dd, J
10.0, 3.3, C18H 4 Hp), 3.13 (1H, br d, J 4.0, OH), 1.45-1.33 (24, m, C16Hy), 1.23 (94, s, ‘BuC=0), 0.99
(3H, s, Cl4Me), 0.90 (9H, s, ‘BuSi), 0.86 (3H, s, C14Me), 0.07 (611, s, Me;Si); 8¢ (100 MHz, CDCl3):
178.8 (0, CCO), 86.9 (2, OCH,0), 79.4 (1, C13), 74.0 (1, C15}, 73.6 (1, C10 or C12), 71.7 (1. C12 or C10),
67.9 (1, C17), 67.8 (2, C18), 67.3 (1, C11), 64.0 (2, C9), 61.8 (3, OMe), 41.3 (0, C14 or CMey). 38.9 (0,
CMe; or Cl4), 32.0 (2, C16), 27.1 (3, 3C, ‘Bu), 25.9 (3, 3C, 'BuSi), 22.9 (3, C14Me), 18.3 (0, CSi), 13.2 (3,
CldMe), -5.3 (3, 2C, SiMey);  m/z (CI, isobutane) 505 [(M+H)*, 100%], 487 (8), 447 (10). Tound: ‘
(M+H)*, 505.3193, CpqHygOgSi requires M, 505.3197. Found: C, 59.58; H, 9.40%, Cysll450gSi requires
C, 5549; H, 9.59.

(1R,5R,6R B8R ,108)-5-(tert-Butylcarbonyloxy)methyl-8-{(25)-3-[ {fert-butyldimethylsilyDoxy]-2-
methoxypropyl}-10-methexy-9,9-dimethyl-2,4,7-trioxabicyclof4.4.0]decane (6.16a)

{
OTBS l
OH
6352
Cr Oy CopOSi
W B A

A solution of alcoho! 6.15a (525 mg, 1.04 mmol), 2,6-di-tert-butyl-4-methylpyridine (700 mg, 3.36 mmol)
and methy] tritluoromethanesulfonate (350 ul, 3.05 mmol) in toluene (3 ml) was stirred at 70 °C (oil bath

temperature) for 4 h and overnight at 40 °C. The reaction mixture was cooled to rt and treated with saturated
aqueous NaHCQ4 and extracted with BtyO (3 x 20 ml). The combined organic extracts were washed with

P L AT SR
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aqueous HCI (2M) and brine, then dried (NayS0,4) and concenirated in vacuo, The yesidue was purified by
column chromatography (Si0O,, 5-25% Ety(} in hexanes) to give methyl ether 6.16a (412 mg, 0.794 mmol,
76%) as a colourless oil which solidified on standing: mp 30-32 °C (hexanes—LityO); [elp?! +91.4 (¢ 0.3,
CHCl3): Vyax KBrfeni! 2058, 1732, 1472, 1108; 85 (400 MHz, CDCl3): 3.01 (1H, d, J 6.6, OCH,Hy0),
4.86 (1H, d, J 6.6, OCH, Hg0), 4.46 (1M, dd, J 10.1, 5.5, C9H,Hp), 420411 (3H, m, COHpHy, CL0H,

CI12H), 4.00 (1H, dd, 7 10.2, 6.8, C11H), 3.67 (2H, d, 7 4.3, C18H5), 3.57 (3H, 5, OMe), 3.43 (1H, d, J 10.3,
Cl13H), 3.36 (3H, s, OMe), 3.35 (111, dd, J 9.8, 1.6, C15H), 3.29 (1H, dq, J 8.1, 4.3, C17H), 1.81 (1H, ddd, J
14.2, 8.1, 1.6, C16H 4Hy), 1.52 (1H, ddd, J 14.2, 7.6, 10.1, 4.3, CI6H Hp), 1.23 (9H, s, BuC=0), 1.00 (3H,

s, C14Me), 0.90 (9H, s, FBuSi), 0.89 (3H, s, Ci4Me), 0.07 (6H, s, MeySi); S (100 MHz, CDClg): 178.4 (0,
osler C=0), 87.0 (2, OCH,0), 79.8 (1, C17), 79.5 (1, C13), 76.2 (1, C15), 73.4 (1, C10 or C12), 714 (1, C12
or C10), 67.3 (1, C11), 63.8 (2, C18 or C9), 63.6 (2, C9 or C18), 61.8 (3, OMe), 57.2 (3, OMe), 41.7 (0, C14
or CMeg), 39.0 (0, CMes or C14), 30.5 (2, C16), 27.3 (3, 3C, 'Bu), 26.1 (3, 3C, ‘BuSi), 23.4 (3, C14Me),
18.4 (0, CSi), 13.5 (3, CI4Me), -5.2 (3, 2C, Me,Si);  m/z (Cl, isobutane) 519 [(M+H)*, 100%], 461 (8), 387
(10). Tound: (M+H)T, 519.3350. Cyglls OgSi requires M, 519.3353. Found: C, 60.31; H. 9.63%.
Cy6Hs10g8S1 requires C, 60.20; H, 9.71.

(12,5R,6R 8R,108)-5-(tert-Rutylearbonyloxy)methyl-8-{ (2R)-3-[({ert-butyldimethylsilyl oxy] -2~
methoxypropyl}-10-methoxy-9,9-dimethyl-2,4,7-trioxabicyclof4.4.0]decane {(6.161)

O/\O A

H\?/l OWis Me
H H
0Py %"\ e OPY O
v aTBs < SoTBS
oH OMe
G10h 6.16k
G M5 Q0sSi G H Gy S
Mol W12 501,73 MDL{M?%B}G

Methylation of 6.15b (530 mg, 1.05 mmol) by the same procedure gave methyl ether 6.16b (403 mg, 0.78
munol, 74%) as a colourless oil: [0t]n!? +82.5 (¢ 0.8, CHCly); vy, KBriem™! 2057, 1732, 1473, 1111; 8y
(400 MHz, CDClg): 5.02 (1H, d, J 6.6, OCH4Hy0), 4.85 (1H, d, J 6.6, OCH, Hg0), 4.36-4.30 (14, m,
C9H4Hp), 4.23 (111, dd, J 104, 7.0, COHp Hp), 4.23-4.18 (1H, m collapsed by signals at 4.23 and 4.21

ppm, C10H), 4.16 (1H, dd, J 10.2, 6.9, C12H). 3.98 (IH, dd, J 10.4, 6.9, C11H), 3.63 (11, dd, J 10.8, 4.6,
CI8H 4Hp), 3.60-3.54 (1H, m, C18H, Hp ), 3.56 (3H, s, OMe), 3.51 (1H, dd, J 10.1, 1.0, C15H), 3.47 (1H,

d, J 10.3, C13H), 3.37 (3H, 5, OMc), 3.38-3.31 (1H, m, C17H), 1.52 (1H, ddd, J 14.3, 104, 14, C16H4Hp),
140 (1H, ddd, J 14.4, 10.4, 2.3, C16[1 /1g), 1.21 (9H, 5,’BuC=0), 0.97 (3H, s, C14Me), 0.88 (9H, 5, 'BuSi),
0.85 (3H, s, C14Me), 0.04 (611, 5, Me,Si); 8¢ (100 MHz, CDCly): 178.2 (0, ester C=0), 86.8 (2, OCHy0),
79.4 (1, C13), 77.6 (1, C17), 74.0 (1. C15), 73.5 (1, C12), 71.3 (1, Ct0Y, 67.0 (1, C11), 64.5 (2, C18), 63.6 (2,
C9), 61.7 (3, OMe), 57.4 (3, OMe), 41.2 (0, C14 or CMe4), 38.8 (0, CMe4 or C14), 31.5 (2, C16), 27.1 (3,
3C, 'Bu), 25.8 (3, 3C, 'BuSi), 23.1 (3, Cl4Mc), 18.2 {0, CSi), 13.3 (3, Cl4Me), —5.4 (3, 2C, Me,Si); m/z
(C1, isobutane) 519 [(M+H)™, B0%]., 487 (60), 461 (10), 387 (10), 355 (100), 315 (15). Found: (M+H)",
519.3352. CpgHsOgSi requires M, 519.3353. Found: C, 60.28; H, 9.59%. CoaH50gSi requires C, 60.20,
11, 9.71.
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(1R,SR,6R,8R,108)-8-{(28)-3-[{tert-Butyldimethylsilyl)oxy]-2-methoxypropyl}-5-hydroxymethyl-10-
methexy-2,9-dimethyi-2,4,7-trioxabicyclol4.4.0]decane (6.17)

O O
OMe OMeo
ore oM . onoH N
OTBS 0TBS
OMe OMe
8.16a 617
CygHsOSi G, My, St
Mol. Wt:510.76 Mol. Wt: 434.4

To a solution of ester 6,10a (415 mg, 0.800 mmol) in THF (5 ml) at -80 °C was added Red-Al™ (400 ui, 1.1
M in THE, 0.44 mmol) dropwise over 5 min. The cooling bath was removed and the clear colourless reaction

mixture aflowed to warm to 0 °C over 30 min whereupon acetone (40 pl) was added and the mixture then
poured onto ice cold aqucous NaOH (1M, 1.9 ml). Dichloromethane (2 ml) and HyO (2 ml) were added and

the clear colourless phases were then separaled and the aqueous phase was extracted with CH,Cly (3 x 30
ml). The combined organic extracts were dried (MgSO,) and concentrated in vacio. The residuc was purified
by column chromatography (SiQy, 40% EiyQ) in hexanes) to give alcohol 6.17 (327 mg, 0.75 mmol, 94%) as
a clear caloutless oil: [alp?! +67.4 (¢ 1.6, CHCl3);  Vppnay film/em™! 3466, 2932, [472; Sy (400 MHe,
CDCly): 5.02 (1M, d, J 6.5, OCHHgQ), 4.85 (114, d,J 6.5, OCH, Hg0), 4.14 (1H, dd,/ 10.3, 6.0, CL1H),

4.20-3.80 (2H, m, C10H, C12H), 3.85 (1H, br d, J 11.7, COII411), 3.73-3.66 (1M, m, COl15i/p), 3.65 {111,
dd, J 10.8, 4.7, C18H 4Hp), 3.59 (1H, dd, 7 10.8, 4.5, CI8HHp), 3.56 (3H, s, OMe), 3.42 (1H, 4,7 10.4,

C13H), 3.36 (3H, s, OMe), 3.37-3.33 (1H, m, C15H), 3.28 (1H, dq, 7 7.6, 4.4, C17H), 2.48 (1H, br s, OH),
176 (1H, ddd, J 14.4, 7.6, 1.6, C16H Hp), 1.49 (1M, ddd, J 14.4, 9.6, 4.8, C16H 4 Hp), 0.97 (3H, s, C14Moc),
0.89 (9H, s, 'BuSi), 0.86 (3H, s, C14Me), .06 (GH, s, Mc,Si); 8¢ (100 MUz, CDCl3): 86.7 (2, OCH,0),
79.9 (1, C17),79.2 (1, C13), 76.0 (1, C15), 73.3 (1, C10 0t C11 or C12), 73.2 (1, Cl0 or C11 or C12), 68.0
(1, Cl0or C12), 63.9 (2, C18), 63.4 (2, C9), 61.7 (3, OMe), 57.0 (3, OMe), 41.7 (0, C14), 30.5 (2, C16), 25.8
(3, 3C, 'BuSi), 23.2 (3, Cl4Me), 18.2 (0, CSi), 13.1 (3, Cl4Me), -5.4 (3, 2C, Me,Si);  myz (CI, isobutanc)

435 [(M+H)*, 100%], 403 (12), 377 (15), 345 (4), 303 (23). Found: (M+H)*, 435.2779. CyH,30,Si
requires A, 435.2778. Found: C, 58.08; H, 9.73%. C5H,704Si requires C, 58.03; I, 9.74.

17-epi-6.17

Y T

(tr/?\ oMe OMe
OPv 0\}6\ — = OH O H
Y TOT8eS Y oT8s
OMo OMe
6.16b 17epl-6.17
CygHs O S oy, 0, Si
Mol. Wt 518.76 Mol Wt 434.64

Reductive cleavage of pivalate ester 6.16b (320 mg, 0.62 mmol) by the same procedure afforded alcohol 17-
epi-6.17 (264 mg, 0.61 mmol, 98%) as a clear colourless oil: [ln?? +92.0 (¢ 1.5, CHCl3); Vpnax film/cm=1
3466, 2930, 1470; Oy (400 MHz, CDCl4): 5.02 (1H, d, J 6.5, OCH,Hz0), 483 (1H, d,7 6.5, OCH4 #50),

4.13 (1H, dd, J 10.3, 6.8, Ci12H), 4.05 (1H, ddd, J 10.6, 5.5, 2.5, C10H), 3.96 (1H, dd, J 10.6, 6.9, C11H),
3.89-3.81 (1H, m, C94 Hp), 3.71-3.64 {1H, m, COH4 Hp), 3.62-3.55 (2H, m, C181L), 3.53 (3H, s, OMc),

3.49 (1H, d, 7 10.3, C13H), 3.43 (1H, 4, J 10.4, C15H), 3.39 (311, 5, OMe), 3.37-3.30 (1H, m, C17H), 2.54
(TH, br s, OH), 1.53-1.45 {1H, m, C16H4H3), 1.40~-1.30 (1H, m, C16HHp), 0.93 (3H, s, Cl4Me), 0.86

(9H, s, 'BuSi), 0.82 (3H, s, C14Mec), 0.02 (6H, s, Me,Si); 8¢ (100 MHz, CDCl3): 86.6 (2, OCH,0), 79.4 (1,
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C15),77.8 (1,C17),73.9 (1, C13),73.5 (1, C10 or Ci2}, 73.4 {1, C10 or C12), 67.4 (1, C11), 64.7 (2, C18),
62.8 (2, C9), G1.6 (3, OMe), 57.5 (3, OMe), 41.2 (0, C14), 31.2 (2, C16), 25.8 (3, 3C, ‘BuSi), 23.0 (3,
Cl14Me), 18.2 (0, CS1), 13.1 (3, ClaMe), —5.5 (3, 2C, Me,Si);  m/z (CI, isobutane) 435 [(M-+H)*, 100%],
403 (12), 377 (10), 345 (4), 303 (23). Found: (M+H)*, 435.2777. Cy5Hy30481 requires M, 435.2778.
Found: C, §8.12; H, 9.68%. Cq,H450Si requires C, 58,03; H, 9.74.

(1R,58,63,8R,108)-8-{(25)-3-[ (fert-Butyldimethylsilyl)oxy]-2-methoxypropyl}-10-methoxy-9,9-dimethyl-
S5-{N-[(Z-trimethylsilyDethoxycarbonyllamine}-2,4,7-trioxabicyclo[4.4.0]decane (1.75) via Curfius
rearrangement

N
Q0 oo e
} OMNe HO. OMe OMse
t r HN L
OH O A~ — s 0 O A— . 0/&0 u
OTBS j/\oms kl OTBS
OMe OMe Sikey  OMe
61 70 o 1.‘55o 1,75
C. i S| Couft Si Gyl Si
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Sodium periodate (750 mg, 3.5 mmol) was added to a stirred mixture of alcohoel 6,17 (280 mg, 0.65 mmol),

carbon letrachloride (5 ml), acetonitrile (5 ml) and water (7.5 ml) followed by ruthenium chloride trihydrate
(11.3 mg, 0.043 mmol}. The reaclion mixture was stirred at rt for 3 h and extracted with CH,Cl, (3 x 10 ml).

The combined organic extracts were dried (MgSO,) and concentrated in vacuo. The crude black-green
residue was dissolved in anhydrous toluene (2 ml) and concentrated in vacuo three times and then
immediately used in the next step.

The crude acid 1.55 was dissolved in anhydrous teluene (3 ml) to which freshly activated 4A
molecular sieves (80 mg) and anhydrous N-ethyldiisopropyluinine (0.180 ml, 1.03 mimol) were added. 2-
Trimethylsilylethanol ¢0.73 ml, 5.1 nunol), dried by the addition of [reshly activated 4A molecular sieves (80

mg), and diplienylphosphoryl azide (0.18 ml, 0.83 mmol) were then added. The mixture was plunged into an
oil bath at 65 °C and evolution of Ny gas was observed. After heating at 65 °C for 3 h the reaclion mixture

was quenched by the addition of saturated aquecus NaHCO5 (15 ml) and extracted with CII,Cly (3 x 20 ml),
The combined organic extracts were dried (NapS0,4) and concentrated in vacuo. The residue was purified by
column chramatography (Si05, 5-25% Et,O in hexane) to give carbamate 1.75 (205 mg, 0.364 mmol, 56%)
as a pale yellow oil: |otp!® +56.6 (¢ 0.73, CHCI3); vy, (CDCl)Mem™1 3437, 2959, 1729, 1514, 1212;
8p (400 MHz, CDCl3): 5.51 (1H, brt, J 9.3, C10H), 5.32 (1H, d, .7 9.3, NH), 5.14 (1H, d, J 6.7, OCH,Hp 0),
4.85 (1H, d, J 7.0, OCHp H0), 4,25-4.15 (3H, m, C12H and OCH,CH,TMS), 3.80 (1, dd, J 9.5, 6.9,
C11H), 3.63 (1H, dd, J 11.1, 3.5, C18H 4Hp), 3.56 ({H, dd, J 10.8, 4.0, C18H fip), 3.56 (3H, s, OMe), 3.43
(1H, d, J 10.3, C13H), 3.32 (3H, s, OMe). 3.29 (1H, d, J 9.5, C15H), 3.18 (111, dq, J 7.8, 4.0, C17H), 1.84
(11, dd, J 13.2, 8.0, C16H4Hy), 1.47 (1H, m, C16H s Hp), 1.05-0.95 (2H, m, CH;TMS), (.99 (34, s,
C14Me), .89 (9H, s, ‘Busi), 0.88 (3H, 5, Cl14Me), 0.06 (6H, s, Me,Si), 0.05 (9H, s, Me3Si); O¢ (90 MHz,
CDClg): 155.8 (0, O-C(O)-NH), 86.3 (2, OCH,0), 79.7 (1, C17), 79.6 {1, C13), 76.5 (1, C10 or C15), 76.3
(L, Cl0 or C15), 74.4 (1, C12), 70.3 (t, Ci1), 63.9 (2, OCH,CH,TMS), 62.1 (2, C18), 61.8 (3, OMe), 56.9
(3, OMe), 41.7 (0, C14), 29.7 (2, C1G), 25.9 (3, 3C, ‘BuSi), 23.3 (3, Cl14Mc), 18.3 (0, CSi), 17.7 (2, CH, S),
13.4 (3, C14Me), —1.5 (3, 3C, Me3Si), -5.4 (3, 2C, Me,Si);  m/z (CI, isobutane) 564 {(M+H)*, 20%]1, 536
(100), 488 (25), 372 (25). Found: (M+H)*, 564.3385, CogHs4NOgSi, requires M, 564.3388.
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(1R,58,65,8R,108)-8-{ (2R-3~[(eri-Bulyldimethylsilyf)oxy]-2-methoxypropyl}-10-methoxy-9,9-dimethyl-
5-{N-[(2-trimelhylsilyl}ethoxyearbonyl]Jamino}-2,4,7-trioxabicyclo[4.4.0]decane (17-epi-1.75)
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Mol. Wt 43464 Mei. Wt 448,62 Mol. W.; 563.87

Alcohol 17-epi-6.17 (258 mg, 0.59 mmol} was converted to carbamate 17-epi-1.75 (192 mg, 0.340 mmol,
57%) by the same procedure [()L]D'9 +65.0 (¢ 0.4, CHCl3). Vi (CDCI:;)/cm“l 3322, 2953, 1729; 81{ (400
MHz, CDCl3): 5.52 {1H, br (, J 8.5, C10H), 5.36 (IH, d, J 8.3, NH), 5.14 (111, d, J 6.7, OCH4H0), 4.85
(1H, d, J 7.0, OCHpHz0), 4.24-4.17 (2H, m, C12H and OCH, H;CI;TMS), 4.17-4.05 (1H, m,
OCH , HpCH, TMS), 3.80 (1H, br t, J 8.5, C11H), 3.61-3.53 (2H, m, C18H5), 3.56 (3H, s, OMe), 3.51-3.40
(211, m, C13IT and C15H), 3.49 (3H, 5, OMe), 3.31-3.25 (1K, m, C17H), 1.48-1.35 (2H, m, C16H,), 0.98
(3H. s, C14Mc), 0.98-0.93 (2H, m, CH,TMS), 0.89 (9H, s, ‘BuSi), 0.84 (3H, s, C14Me), 0.045 and 0.032
(15H, 2 x 5, Me,Si and MesSi);  §¢ (100 MIlz, CDCL): 155.9 (0, N-C=0), 86.1 (2, OCH,0), 79.6 (1, C13
or C15), 78.3 (1, C17), 76.3 (1, Ci0), 74.9 (L, C13 or C15), 74,4 (1, C12), 70.2 (1, C11), 65.2 (2, OCH -
CH,TMS), 63.8 (2, C18), 61.8 (3, OMe), 58.1 (3, OMe), 41.3 (0, C14), 31.9 (2, C16}), 25.9 (3, 3C, 'BuSi),
23.1 (3, C14-Me), 18.3 (0, CSi), 17.7 (2, CH,TMS), 13.4 (3, Cl14Me), —1.6 (3, 3C, SiMes), -5.4 (3, 2C,
SiMe,); m/z (FAB mode, PEG) 564 [(M+H)"]. Found: (M+H)*, 564.3384. CyHs4NOgSi, requires M,
564.3388.

(1R,55,65,8R,145)-5-Aminocarhony!-8-{(25)-3-[ (fers-butyldimethylsilyl)oxy]-2-mnethoxypropyl}-10-
methoxy-9,9-dimethyl-2,4,7-trioxabicyclo[4.4.0]decane (1.74)

O/H\O oo N
H\{, OMa HO\ Oie HzN\“/%, OMe
H H H
CH — O e O o\(\h
0TBS oTBS [ otes
OMe

Ol OMe
B.17 1,58 1.74
CaH .08 G051 gy Hy NOSi
Mol Wi 434.64 Mel. Wt.: 44862 Mol. Wt: 447 54

Sodium periodate (50 mg, 0.24 mmol) was added to a stirred mixture of alcohol 6.17 (21 mg, 0.048 mmuol},

carbon tetrachloride (0.3 ml), acetonitrile (0.3 ml) and a solution of ruthenium chloride trihydrate in water
(6.7 mM, 0.45 ml, 0.003 mmol). The reaction mixture was stiired at rt for 5 h and exiracted with CH,Cl, (3 x

3 ml). The combined organic extracts were dricd (MgSQO,) and concentrated in vacuo. The crude black-green
residue (24 mg) was immediately used in the next step.

To crude acid 1.55 in CII;Cly (0.5 ml) was added 1-hydroxybenzotriazole monoliydrate (6.5 mg,
0.048 mmol) foliowed by a solution of 1,3-dicyclohexylearbodiimide in CH,Cly (96 mM, 0.5 ml, 0.048
mmol) at rt. The reaction mixture was stirred for 1 h and ammonia (gas) was bubbled into the reaction

mixture for 15 min to vield a white precipitate. The solution was filtered and the solid was washed with
CH,Cly (4 ml), The combined filtrate was washed with saturated aqueons NaHCO4 (3 1nl), ice cooled 1iCl

(0.1M, 3 ml), agueous NatICQ5 (3 ml), brine (3 ml), and then dried (Mg30,) and concentrated i vacun. The
residue was purified by columan chromatography (8i0, 5g, 70-100% EtpO in hexanes and then 0-50%
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EtOQAc in Et,0) to give the desired amide 1.74 (19.3 mg, 0.043 mumol, Y0%) as an oil: (o] D24 +35.9 (¢ 0.85,
CHCl3);  Vipux (CDC13)/cm“' 3332, 2929, 1697, dyy (400 MHz, CDCly): 6.65 (15, s, NH4Hp), 5.45 (1H,
s, NHp Hyp).. 5.06 (1H, d, J6.5, OCH,Hg0), 4.91 (1L, d, J 6.5, OCH 4 H50), 4.39 (1H, d,7 8.0, C10ID), 4.24

(LH, dd, J 7.8, 5.4, C11H), 4.05 (1H, dd, J 7.7, 5.2, C12I), 3.78 (1K, dd, J 11.1, 4.2, C18H 4Hp). 3.6% (1H,
dd, J 11.1, 4.1, CI8H, Hp), 3.51 (3H, s, OMe), 3.51-3.46 (1H, m, C15MH), 3.41-3.36 (1H, m, C17H), 3.37
(3H, s, OMe), 3.26 (11, d, J 7.9, C13H), 1.85 (1H, ddd, J 14.5, 7.7, 2.4, C16H 4Hg), 1.79-1.64 (1H, m,
CIGH, HE), 1.08 (3H, s, CL4Me), 0.91 (3H, s, C14Me), 0.90 (9H, s, ‘BusSi), 0.07 (611, s, Me,Si), 3¢ (100
MHz, CDCls): 170.7 (0, HyN-C=0), 87.4 (2, OCH,0), 80.5 (1, C13), 79.7 (1, C17), 77.2 (1, C15), 734 (1,
C10), 72.7 (1, C12), 67.0 (1, br, C11), 63.1 (2, C18), 61.6 (3, OMe), 57.1 (3, OMe), 49.1 (0, Cl4), 29.9 (2,
C16), 24.9 (3, 3C, 1BuSi), 24.5 (3, C14Me)}, 18.3 (0, CS8i), 16.5 (3, br, Cl4Me), -5.317 (3, MeSi), -5.373 (3,
McSi);  mi/z (Cl, isobutane) 448 [(M+H)*t, 30%], 279 (20), 225 (100). Found: (M+H)*, 448.2729.
CyH4oNO,Si requires M, 448.2731. Found: C, 56.40; H, 9.16; N, 3.12%. Cy114,048i requires C, 56.35;
[1,9.23; N, 3.13

(1R,55,65,8R,108)-8-{(25)-3-[(tert-Butyldimethylsilyl)oxy]-2-methoxypropyl}-10-methoxy-9,9-dimethyl-
S-{N-[(2-trimethylsilyl)ethoxycarbonyllamino}-2,4,7-trioxabicyclof4.4.0]decane (1.75) via Hofmann

rearrangement.
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C, iy NOSI ¢, H MOS8,
Mel, WA, 447.64 pol. V. 56887

Procedure A: Trimethylsilylethanol (0.05 ml, 0.35 mmal), silver acetate (4.1 mg, 0.025 mmol} followed by
N-bromosuccinimide (4.5 mg, 0.025 mmol) were added to a solutien of amide 1.74 (8.1 mg, 18.1 pnol) in
N, N-dimethy!formamide (I ml) at ri. The reaction mixture was stirred at rt for 24 h, treated with saturated
aquenus NaHCQ3 (1 ml) and extracted with hexanes-Et,O (1:1) (3 x 3 ml). The combined organic extracts
were dricd (MgS0,) and concentrated in vacue. The residue was then purified by column chromatography
(8104, 0-30% Et,0 in hexanes) to give carbamate 1.75 (8.9 mg, 15.9 pmol, 88%) as a pale yellow oil.

Procedure 13: Trimethylsitylethanol (0.05 ml, 0,35 mmol), pyridine (2 pl, 24.5 pmol) followed by /i
bis(trifluoroacetoxy)iodobenzene (Aldrich, 10.5 mg, 24.5 pimol) wore added to a solution of amide 1.74 (8.5

mg, 19.0 umol) in acetonitrile (0.1 ml) at rt. The reaction mixture was stirred at 1t for 24 h, treated with
saturated aqueous NaHCQ3 (2 ml) and extracted with CH,Cly (3 x 3 ml), The combined organic extracts

were dried (MgS0y4) and concentrated in vacuo, The residue was then purified by column chromatography
(5104, 0-30% Ei,O in bexanes) to give carbamate 1.75 (8.6 mg, 15.3 junol, 81%:} as a pale yellow oil,
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(1R,55,65 ,8R,105)-8-{(25)-3-[{tert-Butyldimethylsilyl)uxy]-2-methoxypropyi}-10-methoxy-9,9-dimethyl-
5-[N-(methyloxalyl)amine]-2,4,7-trioxabicyclo{4.4.0]decane (1.77)

oo P oo o oo
HN )~\¥/L\ Ohe Me%_[,JL NJ\“{/H ChMo M O\H\ N H OMe
: - H
o O, . O, O . _ oH g
QTBS CTBS 0TRS
siMe,  OMe M, ONe OMe
1.75 177
G, A NOSi, Cme}:Fg. Siy Cply NOG S
Mal. . 56307 Mol. V¥t: Bag.92 Mol. WA: 30567

To a solution of DMAT (233 mg, 1.68 mmol) and methyl oxalyl chleride (140 wl, 1.53 mmol) in CH4Cl, (2

ml) was added to carbamate 1,75 (178 mg, 0.316 mmo}) and the reaction mixture was stitred at rt for 6 d. The
solution was then diluted with Et;O (5 ml) and quickly washed with ice~cooled ammnonia solution (0.1M, 10

ml) and then washed quickly with ice-cooled aqueons HCI solution (0.1M, 10 ml) and finally washed with
saturated aqueous NaHCO5 (10 mi). The organic phase was then dried (NaySQy4) and concentrated in vacuo

1o give the [airly pure N-Teoc amide 1.76 as & pale yellow oil (201 mg, 0.309 mmol, 98%) which was used
crude in the nexli reaction. N-Teoc amide 1.76 was unstable towards column chromaiography but a sample

isolated in low yield (34%) gave the following speciroscopic data:

176
CagHesMQ 4y Sk
Mol. .. 84987

lop2© +30.9 (¢ 1.1, CHCI3);  Vinax {fitm)/cm—1 2955, 2919, 2856, 1748, 1715, 12533; 8y (400 Mliz,
CDCly): 6.12 (1H, d, J 10.4, C10H), 5.13 (18, d, J 6,7, OCH,HgQ), 4.97 (1H. d. /6.7, OCHA H0), 4.88
(1H, dd, J 104, 7.2, C11H), 4.39-4.36 (2H, m, OCH,CH,TMS), 4.32 (1M, dd, J 10.6, 7.2, C12H), 3.90 (3H,
s, OMc), 3.66 (11, dd, J 11.3, 3.3, CI8H 4Hp), 3.59 (3H, s, OMe), 3.49 (1H, dd, J 11.3, 3.3, C18MIA i),
3.47 (1Y, d, J 10.3, C13H), 3.31 (3H, s, OMe), 3.23 (1H, d, J 9.9, C151), 3.14 (1H, dq, J 9.0, 3.0, CL7IT},
1.90 (1H, dd, J 14.0, 10.0, C16H 4Hp), 1.41 (1H, ddd, J 14.0, 10.2, 3.1, CI6H Hy), 1.16-1.10 (2H, m,
CH,TMS), 0.97 (3, 5, C14Me), 0.90 (SH, s, 'BuSi), 0.89 (3H. s, C14Me), 0.074 (6H, s, Me,5i}, 0.070 (9H,
s, Me38i); 8¢ (90 MHz, CDCly): 163.0 (0), 161.1 (0), 152.3 (0), 87.5 (2, OCH,0), 79.2 (1, C13), 78.7 (1,
C17), 76.9 (1, C10), 76.3 (1, C15), 74.8 (1, C12), 67.3 (2, CH,CH,TMS), 66.7 (1, C11), 61.4 (2, C18), 61.2
(3, OMg), 56.5 (3, OMe), 52.9 (3, OMe), 41.7 (0, C14), 30.0 (2, C16), 25.9 (3, 3C. ‘BuSi), 23.1 (3, Cl4Me),
18.3 (0, CSi), 17.3 (2, CH,TMS), 13.1 (3, Cl4Me), -1.7 (3, 3C, Me3Si), —5.40 (3, MeSi), —=3.46 (3, McSi);
m/z (Cl, isobutane) 650 [(M+H)*, 100%], 578 (70), 500 (50}, 490 (50), 403 (70). TFound: (M+H)*, 650.3393.
CyoHseNO  1Sig requires M, 650.3392. Found: C, 55.38; H, 9.52; N 2.24%. CygH550,5iy requires C,
55.38;, H, 9.47; N, 2.48,

A solution of TBAF (0.76 g, 2.4 mmol) and acetic acid (0.5 ml, 8.8 mmol) in CH,Cl; (9.5 ml) was added to
the N-Teoc amide 1,76 and immediate gas evolution was observed. The reaction mixture was stirred for 4
min and then immediately diluted with CHyCly (10 ml), and washed with water (3 x 10 ml). The organic
phase was dricd (MgSOy4) and concentrated in vacuo. The residue was then purilicd by columa
chromatography (SiO,, 50-70% EtyO in hexancs) to give 177 (116 mg, 0.230 minol, 73%) as u white solid:
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Meo\n)-kNJ\k@
CzaHf.a

Mot Wir.: ﬁumr Ohe

mp 136-138 °C (hexancs—ether); [alp20 +56.2 (¢ 0.8, CHCly);  Viax (CHCMem 1 3401, 3019, 2956,
2884, 1720; Sy (360 MHz, CDCl3): 7.53 (1H, d, J 9.2, NH), 5.71 (IH, 1, J 9.5, C10H), 5.16 (1H, d, J 7.0,
QCH HpO), 4.88 (IH, d,J 7.0, OCH,Hz0), 4.23 (1H, dd, 7 10.1, 6.6, CI2H), 3.93 (1H, dd, J 9.5, 6.7,
C11H), 3.93 (3H, s, OMe), 3.57 (1H, dd, J 10,8, 4.4, CI8H4Hy), 3.57 (3H, 5, OMe), 3.52 (1H, dd,J 11.0,
4.1, C18Hp Hp), 3.43 (1H, d, 7 10.2, CI3H), 3.30 (11, dd, J 9.6, 0.9, CL5H), 3.27 (3H, 5, OMe), 3.12 (1H,
dq, / 8.2, 4.1, C17HD), 1.82 (1H, ddd, J 14.3, 7.5, 1.4, C16H,Hp), 1.47 (1H, ddd, J 14.5,9.9, 4.2, CI6H A Hp),
1.00 (3H, s, Cl4Me), 0.88 (12H, 5, ‘BusSi and C14Me), 0.05 (6H, s, Me;Si); 8¢ (90 Mliz, CDCly): 160.2 (0,
C(O)), 156.4 (0, C(O)), 86.4 (2, OCH,0), 79.7 (1, C17), 79.4 (1, C13), 76.7 (1, C15), 742 (1, C12), 74.0 (1,
C10), 69.9 (1, C11), 62.7 (2, C18), 61.7 (3, OMe), 56.8 (3, OMe), 53.9 (3, OMe), 41.6 (0, C14), 29.7 (2,
C16), 25.8 (3, 3C, 'BuSi), 23.3 (3, C14Me), 8.2 (0, CSi), 13.5 (3, Cl4Me), -5.5 (3, 2C, Me,Si); m/z (T,
isobutane) 506 [(M+H)", 100%], 474 (25), 448 (20), 444 (10), 374 (15). Found: (M+1I)*, 506.2782.
Co3lig4NOgSi requires M, 506.2785. Found: C, 54.09; H, 8.29; N 2.69%. Cy3HyaNOgSi requires C, 54.63;
11, 8.57; N, 2.77.

The structure and relative stereochemistry of 1.77 was confirmed by X-ray crystallography with Mo X-rays
on a CAD4 diffractometer.}30: 137 Crystal data (1.77) Cy3H43NOgSi, M = 505.67, orthorhombic, ¢ =
9.824(2), b = 12.368(2), ¢ = 22.340(6) A, U = 2934(1) A3, 7= 293 K, space group P2,2,2;, 7 = 4, W(Mo-
Ky 0.13 mm™!, 10536 reflections measured, 3388 unique (R;,; = 0.052) used in refinement. R1{2369 with
1>2a(D)] = 0.083, wR2(all data) = 0.27. The absolute structure could not be determined from the X-ray data.
The results for 1.77 reflect the poor quality of the crystals. The atoms of the C15 side-chain show large Uq
values and some atypical bond lengths which suggest positional disorder. CCDC reference number 207/406.
See http:#/www.rsc.org/suppdata/pl/a9/a9098984/ fur crystallographic files in .cif format.

17-cpi-1.77

Acylation of carbamate 17-epi-1.75 {190 mg, 0.337 mmol) by the same procedure described above gave the
N-Teoc amide 17-epi-1.76 in 50% yield:

Cleavage of N-Teoc amide 17-epi-1,76 by the samne procedure described above gave recovered carbamate 17-
epi-1.75 (29 mg, 0.052 mmol, 15%) and 17-¢pi-1,77 (106 mg, 0.230 mmol, 63%) as an oil;

o o~0

{04 +74.2 (¢ 1.1, CHCl3);  Vipax (CDCl3)em! 2954, 2922, 2857, 1749, 1715, 1252, 1109, 1026, 837,
775; 8g (400 MHz, CDCly): 6.13 (1H, d, J 104, C10H), 5.13 (I1H, d, J 6.7, OCH,HgO0), 4.96 (1H, d, /6.7,
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OCH,Hp0), 4.89 (1H, dd,.J 10.4, 7.3, C11H}, 4.40-4.35 (2H, m, OCH,CH,'IMS), 4.32 (1H, dd, J 10.6, 7.3,
C12H), 3.89 (31, s, OMe), 3.62 (1H, dd, J 10.8, 4.5, C18H,Hp), 3.59 (3H, s, OMe), 3.55 (1H, dd,J 10.8,
4.4, CI8H s Hp), 3.53-3.50 (2H, m, J 10.3, C13H and C15H), 3.34 (3H, s, OMc), 3.23-3.18 (1H, m, C17H),
1.52 (11, dd, J 14.5, 9.4, C16H 4Hg), 1.41 (111, ddd, J 14.6, 9.4, 2.3, C16H4 Hp), 1.15-1.10 2H, m,
CH,TMS), 1.00 (3H, s, Cl4Me), 0.89 (9H, s, ‘BuSi), (.85 (3H, s, Cl4Me), 0.073 (9H, s, Me381), 0.044 (GH,
s, MeaSi): S (90 MHz, CDClg): 162.9 (0), 161.1 (0), 152.6 (0), 87.5 (2, OCI,0), 79.1 (1, C13 or C15),
77.8(1,C17), 77.2 (1, C10), 75.6 (1, C15 or C13), 74.8 (1, C12), 67.6 (2, CllHCH,TMS), 66.3 (1, C11), 64.5
(2, C18), 61.8 (3, OMe), 57.2 (3, OMe), 52.9 {3, OMe}, 41.5 (0, C14), 32.3 (2, C16), 25.9 (3, 3C, 'BuSi),
23.1 (3, Cl4Me), 18.3 (0, CSi), 17.3 (2, Cl,TMS), 13.2 (3, Cl4Me), —1.6 (3, 3C, Me3Si), —5.38 (3, MeS1i),
-5.40 (3, MeSi); m/z (CL, isobutang) 650 [(M+H)™, 535%], 622 (70), 578 (60), 506 (35}, 474 (45), 458 (25),
403 (70, 371 (45). Found: (M+i1)*, 650.3387, CogHsgNO| | Siyrequires M, 650.3392.
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Lu]D23 +70.6 (¢ 1.5, CHClg); Vpax {(‘2I—[Cl3)/cm—I 3330, 2954, 2930, 2857, 1717, 1529, 1111, 1026, 836,
717 by (360 MHz, CDCls): 7.56 (1H, d, J 9.1, NH), 5.73 (1H, t, J 9.4, C10H), 5.18 (111, d, J/ 7.0,
OCHHRQ), 4.87 (1H, d,J 7.0, OCHy #/30), 4.25 (1H, dd, J 10.3, 6.8, C12M), 3.96-3.90 (1K, m, C11H),
3.92 (3H, s, OMe), 3.00-3.52 (2H, m, C18H,), 3.58 (311, s, OMe), 3.52-3.46 (2H, m, C13H and C15H), 3.27
(3H, s, OMe), 3.22-3.17 (IH, m, C17IT), 1.51-1.38 (2H, m, C16H,), 1.00 (31, s, C14Me), 0.88 (9H, s,
"BuSi), 0.87 (3H, s, C14Mej), 0.04 (611, s, Me, Si); & (90 MHz, CDCls): 160,3 (0, C(0)), 136.4 {0, C(Q)),
86.3 (2, OCH,0), 79.5 (1, C13 or C15), 78.0 (1, C17), 75.2 (1, C13 or C15), 74.4 (1, C12), 74.1 (L, C10),
70.0 (1, C11), 64,8 (2, C18), 61,8 (3, OMe), 57.7 (3, OMc), 53.9 (3, OMe), 41.3 (0, C14), 31.7 (2, C16), 259
(3, 3C, 'BuSi), 23.2 (3, C14Me}, 18.2 (0, C-81), 13.5 (3, C14Me), -5.5 (3, 2C, Mey-Si); m/z (CI, isobutane)
506 [(M+H)*, 100%], 476 (15), 474 (10), 448 (10), 391 (7). Found: (M+H)*, 506.27835. C53FH44NOgSi
requires M, 506.2783.

Formation of adduct 6.18

o _sMes o N I8 o /l\o o o
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SePh oTBS
22 77 e 618 \!)/\OTBS
Ci7Hx0SESH CaHgNOSI CaglNOgSeSi  OMea
Mol WE: 444,06 Mol. Vt.: 506.57 riol. Wt: 754.38

To a solution of stannane 2.2 (170 mg, 0.383 mmol) and 4A MS in THF (2.5 ml) al ~80 °C was added BuLi
{265 ul, 1.43 M solution in hexane, 0.370 nunol) and the bright yellow solution stirred at 80 °C for 15 min.
TMEDA (57 pl, 0.378 mmol) was added and after 10 min at —80 °C, a solution of ester 1.77 (73 mg, 0.144
mmol) and 4A MS in THF (2.25 ml) was quickly added. After stirring for 1 ht maintaining the lemperature
below -60 °C, the mixture was poured into brine (3 ml), and extracted with CHyCly (2 x 5 ml). The
combined cxtracts were dried (NaySO4) and concenirated to give a yellow oil which was purified by column
chromatography (SiO5, PhMe:hexanes:EtOAc, 100:0:0, 0:95:5, (175:25, 0:30:30) to give (2R,IR,4R)-3,4-
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dihydro-2,3-dimethyl-4-phenylselenylmethyl-2H-pyran (77 mg, 0.274 mmol, 74%) and the coupling pruduct
6.18 (44 mg, 0,058 mmol, 41% based on the fragment 1.77) as a colourless oil; [OL]D24 +29.0 (¢ 0.9,
CHCl3);  Vpax (CHCI3),"(‘.m_i 3054, 2974, 2933, 2878, 1640, 1578, 1477, 1454, 1437, 1382, 1237, 1091,
736, 690; Jyy (400 Mllz, CDCly): 7.43-7 .40 (2H, m), 7.20~7.10 (3H, m), 6.21 (1H, dd. 7 2.4, 6.2, C6H),
440 (1H, dt, J 1.7, 6.2, C5H), 3.92 (1H, dg, J 1.7, 6.6, C2H), 2.78 (1H, dd, J 9.1, 11.8, Cli 4Hy), 2.73 (1H,
dd, J 7.2, 11.8, CHp Hp), 2.65-2.57 (1H, m, C41), 1.83~1.75 (1H, m, C3H), 1.14 (3H, d, / 6.6, C2Me), 0.72
(31, d, 7.0, C3Me); ¢ (100 MHz, CDCl3): 143.8 (1, C6), 132.6 (1, 2C), 130.0 (0), 129.0 (1, 2C), 126.8 (1),
101.9 (1, CS5), 75.3 (1, C2), 37.0 (I, C4), 34.0 (1, C3), 31.0 (2, ClLlySe), 18.2 (3. C2Mg), 5.1 (3,
C3Me) Found: (M+H)*, 282.0522. C | 4HgOSe requires M, 282.0523.

Acyl dihydrapyran 6.18: [0i]n20 = 21.2 (¢ 0.5, CHCl3);  Vjax (CHClaVem™! 3319, 2928, 1671, 1106, 1023,
826; Sy (400 Milz, CDCl3): 7.56 (1H. d.J 9.5, NH), 7.55-7.51 (2H, m), 7.31~7.28 (3H, m), 7.14 (1H, (, J
1.8, CSH), 5.68 (1H, 1, /9.3, CLOH), 5.16 (1H, d, J 6.9, OCH,Hg0), 4.88 (1H, d, 7 6.9, OCH,H,40), 4.23

(1H, dd, J 6.4, 9.9, C12H), 4.09 (1H, dq, J 1.2, 6.5, C2H), 3.95 (1H, dd, J 6.5, 9.3, C11H), 3.57 (311, s,
OMe), 3.57 (1H, dd, J 4.1, 10.9, C18H4HR), 3.50 (111, dd, J 3.8, 11.0, C18H s Hp), 3.42 (1M, d, J 10.0,

C13H), 3.31 (IH, br d, J 9.3, C15H), 3.26 (3H, s, OMe), 3.10-3.16 (1H, m, CI17H), 2.98-2.94 (2H, m,
CH,Se), 2.85 (1 H, dddd, J 2.5, 5.7, 8.1, 10.6, C4H), 2.07-1.99 (1H, m, C3H), 1.83 (111, ddd. J 1.4, 8.0, 14.1,
Cl16H 4Hg), 1.57-1.47 (11, m, C16HH ), 1.39 (31, d,J 6.5, C2ZMe), 1.01 (3H, s, C14Me), 0.90 (3L, s,
Cl4Me), 0.88 (9H, s, "BuSi), 0.82 (3H, d, J 7.0, C3Me), 0.04 (611, 5, Me,Si); 8¢ (100 MHz, CDCly): 179.6
(0), 160.7 (0), 148.0 (0), 133.2 (1, 2C), 129.3 (1, 2C), 129.1 ((h, 127.4 (1), 125.0 (1, C5), 86.4 (2, OCIL,0),
79.7 (1, C13 or C17), 79.4 (1, C17 or C13), 77.2 (1, C2 or C15), 76.8 (1, C15 or C2), 74.1 (1, C12), 73.8 (1,

Ci0), 69.6 (1, C11), 62.3 (2, CI8), 61.7 (3. OMe), 56.9 (3, OMe), 41.4 (0, C14), 39.0 (1, C4), 33.1 (1, C3},
29.5 (2, C16 or CH,Se), 29.4 (2, CH,Se or C16), 25.9 (3, 3C, “BuSi), 23.5 (3, Cl4Me), 18.3 (0, CSi), 18.2

(3, C2Me), 13.9 (3, Cl4Me), 5.9 (3, C3Me), —5.30 (3, MeSi), -5.33 (3, MeSi); m/z (CI, isobutane) 756
(MR, 30%], 698 (20), 598 (1003, 540 (60). Found: (M+H)*, 756.3047. CagHsgNOgSeSi requires M,

756.3045.

Formation of adduct 17-epi-6.18
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Acylation of dihydropyran 2.2 (135 mg, 0.304 mmol) by the procedure described above gave (2R,3R 4R)-3,4-
dihydro-2,3-dimethyl-4-phenylselenylmethyl-2H-pyran (66 my, 0.235 wunol, 77%) and the coupling product
17-epi-6.18 (36 mg, 0.048 mmol, 39% based on the right half fragment 17-epi-1.77) as a colourless oil:
[0]p®? +16.0 (¢ 1.0, CHCly); Vnax (CHCly)lem™! 3366, 2928, 2855, 1727, 1670, 1104, 1024, 836; 8y
(400 MHz, CDCl3): 7.63 (111, d, J 8.7, N¥), 7.52~7.45 (2H, m), 7.30-7.20 (31, m), 7.15 (1H, ¢, J 1.8, C5H),
5.67 (1H, 1, J 9.2, CI0H), 5.14 (1H, d, J 7.0, OCiI411zO), 4.85 (1H, d, 7 6.9, OCH, HpO), 4.21 (1H, dd, 7
6.5, 10.2, C12H), 4.06 (1H, dq. J 1.3, 6.5, C2H), 3.93 (1H, dd, J 6.6, 9.5, C11H), 3.54 (3H, 5, OMe), 3.52~
3.43 (41, m, C18H,, C15H, C13H), 3.23-3.14 (1H, m, CI7H), 3.19 (3H, s, OMe), 2.90-2.84 (2], m,
CH»Se), 2.84-2.77 (1H, m, C4H), 2.10-1.92 (1H, m, C3H), 1.50-1.40 (1H, m, C16H 4Hp), 1.30-1.18 (1H,
m, C16HHg), 1.34 (3H, d,J 6.5, C2Me), 0.97 (3, s, C14Me), 0.84 (S, s, ‘BusSi), 0.83 (3H, s, Cl4Me),

119




0.73 (3H, d, J 7.0, C3Me)}, 0.00 (6H, s, Me,Si); dgy (400 MHz, CgDg). 7.49 (1H, d. J 9.0, NH), 7.35-7.32
(2H, m), 7.16 (IH, ¢, / 1.9, C5H), 6.97-6.91 (311, m), 5.81 (1H, t. J 9.5, C10H), 4.68 (1H, 4, J 6.9,
OCH,H;0), 4.57 (111, d, 7 6.9, OCHp HpO), 4.19 (1H, dd, J6.9, 0.4, C12H), 3.53-3.40 (5H, m), 3.38 (3H,

s, OMe), 3.38-3.36 (LH, m), 3.19 (3H, s, OMe), 2.98 (1H, J 10.4, C131I), 2.59-2.51 (2H, m), 2.50-2.44 (1H,
m), 1.61-1,53 (111, m, C16H,Hp), 1.48-1.40 {211, m, C3H and C16HsHp), 0.95 (3H, d,J 6.7, C2Me}, .91

(9H, s, FBuSi), 0.85 (3H, s, C14Me), 0.82 (311, s, C14Me), 0.55 (311, d, J 7.0, C3Me), 0.004 (3, s, McSi),
-0.003 (341, s, MeSi); 8¢ (100 MHz, CgDg): 179.4 (0), 160.5 (0), 147.2 (O), 131.9 (1, 2C), 128.1 (1, 2C),
126.6 (0), 126.0 (1), 122.4 (1, C5), 84,9 (2, OCH,0), 77.9 (1, C13), 77.0 (1), 75.0 (1), 73.8 (1), 73.7 (1,
Cl12), 72.7 (1, C10), 68.9 (1), 63.5 (2, C18), 60.0 (3, OMe), 56.6 (3, OMe), 40.1 (0, C14), 37.7 (1), 32.0 (1},
31.0 (2, C16), 28.2 (2, CH,Se), 24.8 (3, 3C, ‘BuSi), 21.6 (3, C14Me), 17.2 (0, CSi), 16.7 (3, C2Me), 12.2 (3,
Cl4Me), 4.5 (3, C3Me), —6.47 (3, MeSi), -6.52 (3, MeSi); m/z (CI, isobutane) 756 [(M+H)*, 20%], 598
(100), 540 (20). Found: (M+I)*, 756.3049. C35Hs5gNOgSeSi requires M, 756.3045.

Synthesis of benzoate 6.19

~

J\ [a] QO
2 % Fwy AL e

7 HLN N H

i H H o]

SePh Q O.
8BS

6.18 6.19 OMa

CH, NOSesi OMe C 4 HgNO, B2 S

Mul. WL 76455 Mol Y1 893.05

To a solution of acyldihydropyran 6.18 (30.0 mg, 39.7 pmol) in THF (2.5 ml) al 95 °C was added dropwise
LiBH(s-Bu)g (0.1 mi, 1.0 M solution in THEF, 0.1 mmaol). After 10 min at ~95 “C (he mixture was treated

with brine (1 ml) and extracted with CHL,Cl, (2 x 4 ml). The combined organic extracts were dried (Na;SOy4)
and concentrated in vacro, The residue was immediately dissolved in CH,Cly (2 mi) and MeOH (0.2 ml).
Camphorsulfonic acid (3.0 mg, 0.012 mmol) was added and the solution stirred at vt for 1.5 h. Solid K,CO5
(25 mg, 0.18 mmol) was added slowly during 10 min after which the mixture was poured into saturated
aqueous NalICO3 (2 ml) and extracted with CH,Cly (3 x 5 ml). The combined organic extracts were dried
(NurSOy4) and concentrated in vacuo, to give the crude diastereoisomeric acetals as a colourless oil which
were used immediately in the next step.

A yellow solution of benzoy! chloride (15 pl, 0.129 mmel), DMAP (10 mg, 0.082 mmol) and N, N-
diisopropylethylamine (80 pl, 0.459 mmol) in CH,Cl, (0.5 ml) and 4A MS was added to a stirred sofutian of
the crude acetals in CH5Cly(1.5 ml). The reaction mixture was stirved for 1 h at tt before MeOII (0.5 mi) was
added. After 10 min the mixture was poured into brine (3 ml) and cxiracted with CH,Cly (3 x 5 ml). The
combined organic extracts were dried (Na;S() and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (5 g) eluting with 50% hexanes—Et;O in hexanes to give 26 mg (29.1
wmel, 73% over 3 steps) of a mixture of the two diastereoisomers at C7 in the ratio 6:1 (delermined by
integration of signals derived from C12H 'H NMR (400 MHz, CgDg): 8 4.24 (dd, major) and 4.17 (dd,
minor)}. The mixture was purified by column chromatography on silica gel (5 g) eluting with 10-20% Et,O
in CH,Cl, (o give diastereoisomer 6.1% (16 mg, 17.9 umol, 45%) along with an impure mixture of 6.19 and
its C7-epimer (8 mg, 8.95 pmol, 23%). Data for benzoate 6.19: [0(.]1)20 +50.0 (¢ 0.55, CHCl3):  Vjux
(CI-I(213)/’cm‘i 3358, 2929, 2856, 1732, 1706, 1524, 1471, 1263, 1123, 1032, 836; 3y (400 MHz, CgDg):
8.23 (2H, ddm, J 1.6, 8.3), 7.41 (2H, ddm, J 1.6, 8.1), 7.31 (1H, d, 7 9.6, NH), 7.10~6.97 and 6.95-6.85 (6H,
2 m), 5.87 (1H, s, C7H), 5.86 (1H, t, J 9.7, C10H}, 4.50 (1H, 4, J 7.0, OCH 4HgO), 4.44 (1H, d,J 7.0,
OCHpHZ0), 4.24 (1H, d4,J 6.6, 10.2, C12H), 3.95 (1H, dd, J 2.6, 11.7, C18H 4y Hp), 3.86 (1H, dd, J 2.4,
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117, CI8H A H)), 3.71 (16, dd, 7 6.7, 9.5, C11H), 3.49 (1H, dq, J 2.3, 6.7, C2H), 3.46 (1H, br d, J 8.8,
C15H), 3.42-3.38 (1H, m, C17H), 3.32 (313, s, OMe), 3.21 (31i, s, OMe), 3.05 (111, d, 7 10.1, C13H), 2.85
(3H, 5, OMe), 2.78 (2H, dd, J 7.9, SeCH,), 2.41--2.31 (1H, m, C4H), 2.20 (1H, dd, J 3.5, 8.1, C5H ), 2.09
(IH, ddd, J 0.8, 5.6, 10.6, C16H 4Hg), 1.69 (1H, t,J 13.0, CSH, Hp), 1.66-1.57 {IH, m, C16H, Hg), 1.52—
1.48 (1H, m, C3iD), 0,99 (3H, s, C14Me), 0.96 (9H, s, ‘BuSi), 0.89 (311, s, Ci4Me), 0.80 (311, d, J 6.6,
C2Me), 0.77 (3H, d, J 7.1, C3Me), 0.101 (3H, s, MeSi), 0.091 (311, s, MeSi); S (100 Mz, CgDg): 165.3
(0), 164.0 (0), 132.0 (1), 131.5 (1), 129.7 (0), 129.0 (0), 128.9 (1, 2C), 128.0(1, 2C), 127.4 (1, 2C), 125.6 (1,
2(), 98.0 (0, C6), 85.2 (2, OCH50}, 78.0 (1, C13 or C17), 77.9 (1, C17 or C13), 75.1 (1, C15), 73.7 (1, Ci2),
72.9(1,C7 or C10), 71.4 (1, Cl0 or C7), 70.3 (1, C11), 694 (1, C2), 61.0 (2, C18), 59.9 (3, OMe), 55.1 (3,
OMe), 46.7 (3, OMe), 40.4 (0, C14), 34.2 (1, C3), 33.8 (1, C4), 30.8 (2, CH, Se}, 30.0 (2, C5), 28.5 (2, C16),
24.9 (3, 3C, fBuSi), 22.2 (3, CldMe), 17.3 (0, CSi), 16.8 (3, CZMe), 12.5 (3, CidMe), 3.4 (3, C3Mc), -6.39
(3, MeSi), -6.49 (3, MeSi); m/z (FAB mode) 916 [(M+Na)yt, 4%, 914 (2), 758 (1}, 628 (1), 479 (4). Found:
(M+Na)*t, 916.3547. C44Hg7NO| | SeSiNarequires M, 916,3547,

17-epi-6.19
P
L oM 0
0 JoT - H O
- Mo
2 N H
SePh o} H o8z ©
oFh
Y 88
W -ephG10 17-0pi-6.19 OMe
Cop iy, NOS0S1 Che C,y Hn NO 8 88
g Flage NUgS ‘49 i N 49 0C %
Mol W1z 754.08 Mal. Wt 093,05

Acyldihydropyran 17-epi-6.18 (30.0 mg, 39.7 pmol) was converted (o 17-epi-6.19 (14 mg, 15.7 pmol, 40%)
by the procedure described above: [a]y20 161.4 (¢ 0.7, CHCLR); vy, (CHClg)em™! 3359, 2029, 2856,
1732, 1706, 1523, (471, 1263, 1124, 1030, 836; &y (400 M1z, CgDg): 8.21 (2H, ddm, J 1.5, 8.0), 7.45 (2H,
ddm, J 1.5, 8.0), 7.36 (1H, d, J 9.6, NH), 7.05-6.88 (6H, m), 5.96 (1H, 1, 7 9.7, C10H), 5.91 (1H, s, CTH),
4.54 (1H, d, J 7.3, OCH,Hp0), 4.52 (1H, d. J 7.5, OCIL Hp0), 4.27 (111, dd, 7 6.9, 10.2, CI2F), 3.73 (1H,
dd, J 7.0, 9.6, C11H), 3,70 (1H, dd, J 9.4, 10.0, C15H), 3.67 (1H, dd, J 4.6, 9.9, C18H 4Hp), 3.62-3.57 (IH,
m, C18H Hy) 3.58 (31, s, OMe), 3.51 (JH, dq, J 2.3, 6.6, C2H), 3.51-3.43 (1H, m, C17H), 3.20 3H, s,
OMe), 3.01 (1H, J 10.3, C13H), 2.86 (1H, dd, J 7.1, 12.0, SeCH4Hp), 2.86 (3H, s, OMe), 2.79 (19, dd, J
8.6, 12.1, SeCH Hp), 2.44-2.35 (1H, m, C4H), 2.26 (111, dd, J 3.5, 13.1, CSHHR), 1.77 (1H, t, J 13.0,
C5HpHg), 1.65 (1H, dd, J 10.2, 14.2, C16H 4Hp), 1.67-1.50 (1H, m, C3H), 1.46 (1H, br dd,J 9.3, 138,
C16HpHp), 0.95 (911, 5,/BuSi), 0.92 (3H, s, C14Me), 0.88 (3H, s, C14Me), 0.81 (3H, d, J 6.4, C2Mc), 0.80
(311, d, 4 7.1, C3Me), 0.063 (3H, 5, MeSi), 0.061 (3H, s, MeSi); ¢ (100 MHz, CgDg): 165.4 (0), 146 (0),
132.0 (1), 131.7 (1, 2C), 129.4 (0), 128.9 (1, 2C), 128.1 (1, 2C), 127.3 (1, 2C), 125.8 (1), 124.5 (1), 98.0 (0,
C6), 84.9 (2, OCH,0), 77.8 (1, C13), 76.8 (1, C17), 74.6 (1, C15), 73.8 (1, C12}, 729 (1, C10), 714 (1, CT),
704 (1, C11), 69.5 (1, €2), 63.9 (2, C18), 60.0 (3, OMe), 56.8 (3, OMe), 46.7 (3, OMe), 40.1 (0, C14), 34.1
(1,C4), 33.8 (1, C3), 32.2 (2, C16), 30.9 (2, CH,Se), 30.3 (2, C5), 24.9 (3, 3C, ‘BusSi), 21.9 (3, Cl4Me), 17.3
(0, CSi), 16.8 (3, C2Me), 12.4 (3, C14Mec), 3.3 (3, C3IMe), -6.3 (3, MeSi), ~6.4 (3, MeSi); wm/z (FAB made)
916 [(M+Nayt, 28%], 914 (16), 758 (6), 329 (24). Found: (M+Na)*, 916.3548. CyqHgyNO{;SeSiNa
requires M, 916.3547,
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Mycalamide B (1.5)

OMe O Q70 OMe © o/\o
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CHHO, Soi ° H,QNO,U °
iAol Wi: 893,06 Mal. W‘..' 51781

Sodium periodate (30 mp, 0.14 mmol) was added in one portion 0 a selution of the diastereoisomerically
pure selenide 6.19 (10 mg, 11,2 umol) in MeOH/H, O/CH,Cl, (3:1:1, 3.5 ml), After 30 min the mixture was
diluted with EtyO (10 ml) and Et3N (0.5 ml) and washed with H,O (2 x 5 ml), dried (NaySO4) and
concentrated in vacue to give the selenoxide as a colourless oil which was dissolved in toluenc (2 ml)
whercupon Ei3N (2 ml, 14.3 pumol) was added. After refluxing for 5 min, the reaction mixture was poured
into saturated aqueous NaHCO4 (5 ml) and extracted with EtyO (2 x 10 ml). The organic extracls were dried
(Nag80y) and concentrated ir vacuo to give a pale yellow oil which was dissolved in MeOH (3 ml) to which
was added aqueous LiOH (0.3 ml, .0 M, 0.3 mmol). After 30 min al 1t the mixture was concentrated, the
residue was dissolved in EtyO (5 ml), washed with HyO (2 x 2 ml} and brine (2 ml), dried (Na;S04), and
concentrated in vaco Lo give 18-0-TBS inycalamide B as a yellow oil which was used immediately in the
next step.

TBAF (22 mg, 70 wmol) was added to a solution of 1840-TBS mycalamide B in THF (1 mnl) and
after I hatrt the reaction mixture was diluted with Et20 (5 ml) and washed with saturated aqueous NailCO;
(2 ml). The aqueous phase was extracted with CI1,Cl, (2 x 5 ml) and the combined organic layers dried
(NapSO,4) and concentrated in vacuo to give an oil which was purified by column chromatography on silica
gel (1 g} eluting with hexanes:EtOAc:NEty (100:0:1, 75:25:1, 50.50:1, 25:75:1, 0:100:1) to give mycalamidc
B (1.5} (4.5 mg, 8.09 umol, 78% over 4 sleps): Vo, (CIIC13)/cnr1 3359, 2971, 2933, 1686, 1522, 1468,
1382, 1193, 1109, 1075, 1032, 959, 879, 789; Oy (400 MHz, CDCl3): 7.54 (1H, d, J 9.6, NH), 5.83 (1H, . J
9.6, C10H), 5.14 (1H, d, J 7.0, OCH4Hz O}, 4.88 (1H, d,J 6.7, OCH , H30), 4.88 (111, br s, =CH,Hp), 4.75
(LI1, br s, =CHp Hp), 4.31 (1K, d, /2.0, C7TH), 4.24 (1H, dd, J 6.8, 10.2, C12H), 4.06 (1T1, dq, J 2.8, 6.5,
C2H), 3.90 (1H, d, J 2.1, C70H), 3.81 (1H, dd, J 6.8, 9.6, C11H), 3.72-3.65 (11, m, CI8H 4Hy), 3.58 (3H.
s, OMe), 3.54-3.48 (1H, m, C18H, Hy), 3.46 (1H, d, J10.4, C13H), 3.48-3.42 (1H, m hidden, C15H), 3.32
(3H, s, OMc), 3.27 (3H, s, OMe), 3.25-3.18 (1H, m, C17H), 2,39 (1H, d, J 14.0, C5H 4Hp), 2.30 (1H, dq, J
2.8,7.1, C3II), 2.26 (1H, dm, J 13.9, C5H4 Hp), 1.60-1.54 (2H, m, C16th), 1.23 (3H, d, 7 6.6, C2ZMe), 1.04
(3H, d, J 7.2, C3Me), 1.01 (3H, s, C14Me), 0.89 (3H, 5, C14Me); Sy (400 MIlz, CgDyg): 7.38 (1H, d, 4 9.8,
NH}, 5.83 (1H, t, /9.9, C10H), 4.71 (1H, t, J 1.8, =CH Hg), 4.606 (1H, t, J 1.9, =CH 4 Hp), 4.56 (1H, 1,7 7.0,
OCH,Hp0), 4.53 (1H, d, 5 6.9, OCH, H0), 4.24 (1H, dd, J 7.0, 10.6, C12H), 4.16 (1H, s, C7H), 4.07 (1H,
br s, C701), 3.85-3.77 (111, m, C18H 4Hp), 3.80 (1T, dq, J 1.8, 6.6, C2H), 3.74-3.68 (1H, m, C18H 5 Hp),
3.69 (1H, dd, J 7.0, 10.0, CL1LD), 3.40 (111, dd, J 5.6, 6.1, C15I1), 3.33-3.28 (1H, m, CI7H), 3.22 (3H, s,
C130Me), 3.15 (3H, 5, C60Me), 3.03 (3H, s, C170Me), 2.94 (1H, d, J 10.5, C13-H}, 2.60 (1H, d, J 14.0,
C5-11411g), 2.40 (1H, dt, J 1.8, 14.0, CSHy /I p), 2.33 (14, br s, CIBOH), 1.86 (1H, dg, /1.7, 7.0, C3H),
1.59-1.55 (2I1, m, C16Hy), 0.92 (3H, d, J 7.0, C3Me), 0.81 (3, d collapsed by C14Me, J 6.6, C2Me), 0.80
(3H, s, C14Me), 0.76 (3H, 5, C1dMe); 8¢ (100 MHz, CgDg): 171.1 (0, C8), 144.6 (0, C4), 109.6 (2, =CHy),
99.2 (0, C6), 85.1 {2, OCH,0), 77.7 (1, C13 or C17), 77.5 (1, C17 or C13), 74.4 (1, C15), 73.9 (1, C12), 72.9
(1, C10), 70.9 (1, C7 or C11), 70.7 (1, C11 or C7), 68.1 (1, C2), 62.6 (2, C18), 60.0 (3, C130OMe), 55.2 (3,
C170Me), 47.0 (3, C60Me), 40.4 (1, C3), 40.3 (0, C14), 32.9 (1, C3), 29.3 (2, C16), 21.5 (3, C14Mecq),
16.5 (3, C2Me,,), 11.9 (3, C14Me), 11.0 (3, C3Me); /z (FAB modc) 540 [(M+Na)*, 100%], 507 (20), 486
(25), 176 (32). Found: (M+Na)*, 540.2790. Cy5H3NO¢oNa requircs M, 540.2785,
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17-epi-Mycalamide B
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Sclenide 17-epi-6.19 (14 mg, 15.7 wmol) gave L7-epi-mycalamide B (17-epi-1.5) (6.3 mg, 12.2 umol, 78%
over 4 steps) by the procedure described above: v, (CHCly)em™! 3356, 2971, 2933, L686, 1524, 1468,
1382, 1194, 1109, 1074, 1033, 959, 878, 790; Oy (400 MHz, CgDg): 7.48 (1H, d,J 9.9, NH), 5.94 (1H, t, J
9.9, C10H), 4.75-4,70 (2H, m, =CH,), 4.57 (15, d, J 6.9, OCH,HgQ), 4.54 (11, ¢, J 6.9, OCH, H50), 4.23
{I1H, dd, J 6.9, 10.2, Ci2H), 4.17 (2H, s, C7H and C7OH), 3.82 (1H, dq, J 2.6, 6.6, C2H), 3.65 (14, dd, / 7.1,
9.7, C11H), 3.61-3.55 (2H, m, C18H,}, 3.51 (1H, d, J 9.3, C15H), 3.32 (3H, 5, CI30Me}, 3,27-3.18 (1H, m,
C17H), 3.21 (3H, 5, C60OMe), 3.06 (3H, s, C170Me), 2.96 (1H, d, J 10.4, CI13ID), 2.60 (L1, d, J 13.9,
C5H,4Hg), 242 (1H, br d, J13.9, CS11aflp), 1.88 (111, dq, J 2.6, 7.1, C3H), 1.65 (1H, dd,J 8.2, 14.8,
C16H4Hp), 1.50 (1H, br s, C180H), 1.27 {1H, ddd, J 2.8, 10.0, 14.3, C1GH 4 Hpg), 0.90 (3H, d, / 7.1, C3Me},
0.83 (3L, 5, Cl14Me), (.81 (3H, d. J 6.6, C2Me), (.77 (3H, s, Cl4Me]); 8(3 (100 MKz, Cgbg): 171.1 (0, C8),
145.0 (0, C4j, 109.4 (2, =CII,), 99.1 (0, C6), 85.0 (2, OCH, ), 78.3 (1, C17), 77.8 (1, C13), 75.9 (1, C15),
73.8(1,Cl12),72.8 (1, Cl10), 71.1 {1, C7), 70.1 (1, C11), 68.0 (I, C2), G2.G (2, C18), 60.0 (3, C130Me), 55.0
(3, C170Me), 47.1 (3, C60Me), 40.3 (1, C3), 40.1 (0, C14), 33.0 (1, C5), 31.5 (2, C16), 21.7 (3, C14Me),
16.5 (3, C2Me), 12.1 (3, CldMe), 11.1 (3, C3Me); m/z (FAB mode) 540 [(M+Na)™, 100%], 508 (20), 486
(25). Tound: (M:+Na)*, 540.2789. C55H43NO gNa requires M, 540.2785.

10.5 Synthesis of analogunes of pederin

(2S,4R,6R}-4-(tert-Butyldimethylsilyloxy)-6-(3-chloropropyl)-5,5-dimethyl-tetrahydro-pyran-2-
carboxamide (7.1).

O
NC,, OTES A oTBS
— R
Cl Cl
53 7.
Ci 2 CING, S CyH 4 Ci NG 5Si
Mol. Wt 345.98 Mol. Wi :864.00

Ta a solution of nitrile 5.3 (14.3 g, 41.3 mmol) in £tOII (100 ml) and CH,Cly (50 ml) at 0°C, was added a
solution of K;CO4 (107.3 g, 776 mmol) in water (50 ml) followed by HyO, ({48 ml, 30% aqueous solution,
930 mmol) and n-tetrabutylammonium hydrogen sulfate (2.80 g, 8.3 mmol} causing strong gas evolution.
The reaction mixture was stirred at rt (using o water bath) for 7 days while H;O4 (50 ml, 30% aqueous
solution, 310 mmol) was added cvery 24 h. Saturated aqueous Na, S, 04 (150 ml} was added dropwise until
effervescence ceased. The phases were separaled and the aqueous phase was extracted with CHoCly (3 x 150
ml). The combined organic extracts were dried (MgSOy), and concentrated én vacuo. The residue was
purified by column chromatography (SiO,, hexanes/Et,O 0-50%) to give amide 7.1 (9.73 g, 26.7 mmal,
65%) as a white solid and recovered nitdile 5.3 (2.16 g, 6.25 mmol, 15 %) : mp 90-92°C (hexanes); [(I]D?'3
+19.4 (¢ 0.9, CHCl3); Yiax flm/en! 3482, 3313, 3204, 2956, 2857, 1694, 1586, 1471, 1388, 1256, 1086,
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Sy (400 Milz, CDCl4): 6.35 (1H, br s, NH4Hp), 5.49 (1 H, br s, NH4Hp) 4.35 (1H, ¢, 4.9, C11-H), 3.59
(1IL, ddd, s 10.7, 6.6, 3.0, CI8 H4Hy), 3.55 (iH, ddd, J 10.7, 6.5, 2.8, 7 10,7, 6.5, 2.8, C18 Hp Hp), 3.45
(111, dd, J 8.9, 4.0, C13-H), 3.22 (14, dd, J 10.7, 1.8, C15-H), 2.22 (1H, dt, J 134, 4.4, C12-IijHp), 2.10-
1.96 (1H, m, C17-H4Hp), 1.90-1.60 (4H, m, CI2-HpHp, C16-H, C17-HHp), 0.92 3H, 5, C14-Me), 0.91
(94, s, BuSi), 0.89 (3H, s, Cl4-Me), 0.11 (3H s, Si-Me), 0.06 (3H, s, Si-Me); §¢ (100 MHz, CDClg):
174.3 (0, C10), 81,0 (1, C15), 72.8 (1, C13). 70.8 (1, C11), 44.9 (2, C18), 38.3 (0, C14), 30.3 (2, 2C, C12 and
C17),26.2 (2, C16), 25.8 (3, 3C, 'BuSi), 24.3 (3, C14-Me), 18.0 (0, C-Si), 15.7 (3, C14-Me), ~4.2 (3, Me-Si),
-5.0 (3, Mc-Si);  mi‘z (C, Tsobutanc) 366 (35), 364 [(M+H)', 100%], 308 (7), 306 (21), 234 (30), 232 (100),
174 (20); Tound : (M+ID¥, 364.2073. C|7H3503NSiCl requires M, 364.2075; Found: C, 56.04; H, 9.39;
N, 3.84. C|7H34CINO;Si requires C, 56.09; I, 941, N, 3.85.

N-{[(28 4R, 6R)-4-(fer{-Butyldimethylsilyloxy)-6-(3-chloropropyl)-5,5-dimethyk-tetrahydro-pyran-2-ylj-
(S)-methoxy-methyl}-oxalamic acid methyl ester (7.5)

and

N-{[{25 4R, 6R)-4-(fert-Butyldimethylsilyloxy)-6-(3-chloropropyl)-5,5-dimethyl-tetrahydro-pyran-2-yl}-
({¢)-methoxy-methyl}-oxalamic acid methyl ester (7.4)

Q O MeQ " O MaO H
M, oTBS MeD OTBS  MeO : oTes
HaN" ™ N u
—_—
\l N +
N e NN ~

7.1 G 7.6 & 7.4 cl
C 7H3CIN G i C 2 Hyo OO S CatHyoCINQSI
Mot Wi 064,00 Mol. WL: 486.08 Mol W1.: 466 08

To a solution of amide 7.1 {1.06 g, 2.9 mmol} in CH,; Cly (50 ml) was added in one portion freshly purchased
MeqOBF, (1.76 g, 11.9 mmol, 4.1 eq). After 4.5 h at 1t, the mixture was poured onto saturated aqueous
NaHCO; (50 ml) and extracted with CH,Cls (3 x 25 ml), dried (MgS80,) and concentrated in vaciio to give

7.2 as u colourless oil which was used limmnediately in the following step.

To a solufion of crude methyl imidate 7.2 in CH»Cl, (50 ml) at 0 "C was added pyridine (1.1 ml, 13,6 mmol)

followed immediately by methyl oxalyl chloride (350 ul, 3.8 mmol). After 10 min at 0 °C, the mixture was
poured into saturated aqueous NaHCO3 (20 ml) and extracted quickly with CH,Cly (3 x 40 ml), dried

{MgS0,) and concentrated in vacio (o give 7.3 as a colourless oil which was used immediately in the next

step.

To a solution of crude N-acylimidate 7.3 in toluene (40 mi) af rt was added RhCI[Ph,P]3 (135 mg, 0.15

mimol). The mixture was cooled (o =75 °C and freshly prepared catecholborane 133 (5.8 ml, 2.9 mmol, 0.5 M

solution in THF) was added. The rexclion mixture was stirred at ~70 °C for 2 h and poured into saturated
aguecus NaHCO5 (20 ml) and extracted with CH,Cly (3 x 40 ml). The combined organic extracts were dried

(MgS8Qy), und concentrated in vacuo to give a yellow oil which was purified by column chromatography
(810,, 10-30% EtOAc in hexanes) to give 7.5 (620 mg, 1.33 mmol, 46%) as a colourless oil which
crystallised on standing and 7.4 (112 mg, 0.24 mmol, 8.3 %) as a colourless oil (dr = 5.5:1).
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N-{[(25 4R,6R)-4-(tert-Butyldimethylsilyloxy)-6-(3-chlorepropyl)-5,5-dimethyl-tctrahydro-pyran-2-yl]-
(S)-methoxy-methyl}-oxalamic acid methyl ester (7.5)

O MsO

MeO\g)L X )\i/\%OTBS
~cl

7.5
CayHec CINO:SI
Mol, W1 455.08

mp 40-42°C (hexanes); |alp?0 421.4 (c 1.0, CHCL); Va0 film/cm—! 3403, 3359, 2953, 2857, 1713,
1518, 1471, 1361, 1295, 1210; By (400 MHz, CDClg): 7.48 (1H, d, J 9.7, NH), 5.21 (1B, dd, J 9.8, 6.7,
C10-H), 3.93 (3H, 5, OMe). 3.84 (1H, dt, J 7.1, 5.5, CL1-H), 3.54 (1H, dd, J 8.3, 4.0, C13-11), 3.48 (2H, 1, J
6.6, C18-H5), 3.40 (3H, 5, OMe), 3.17 (1H, dd, J 11.0, 1.4, CI5-H), 1.91-1.79 (3H, m), 1.70-1.48 (3H, m),
0.92 (3H, 5, C14-Me), 0.90 (9H, s, ‘BuSi), 0.85 (3H, 5, C14-Me), 0.055 (3H, 5, Si-Me), 0.049 (3H, s, Si-
Me); 8¢ (100 MHz, CDClg): 1605 (0), 157.2 (0), 80.9 (1, C10), 79.8 (1, C15), 72.6 (1, C13), 70.0 (1, br
signal, CL1), 56.8 (3, OMc}, 53.8 (3, OMe), 45.1 (2, C18), 38.4 (0, C14), 30.3 (2, C(2 or C16 or C17), 29.9
(2, C12 or C16 or C17), 26.0 (2, €12 or C16 or C17), 25.7 (3, 3C, /BuSi), 24.5 (3, C14-Me), 18.0 (8, C-8i),
16.5 (3, br signal, C14-Me), —4.4 (3, Me-Si), -5.0 (3, Me-81); m/z (CI, Isobutane) 366 (35), 364 [(M+H)*,
100%], 308 (7), 306 (21), 234 (30), 232 (100), 174 (20); m/z (FAR, Nal) 490 (40), 488 [(M+Na)*, 100%],
304 (15), 302 (45); Found : (M+Na)*, 488.2212. Cy HyqOgNSICINa requires M, 488.2211.

N-{[(25 4R,6R)-4-(tert-Butyldimethylsilyloxy)-6-(3-chloropropyl)-5,5-dimethyl-tetrahydro-pyran-2-yli-
(R)-methoxy-methyl}-nxalamic acid methyl ester (7.4)

O M@
MeO, QTBS
kl’\i&
CaH 0 CINOgSI
Kol WL:4166.08

[OL]D17 +13.5 (¢ 0.5, CHCL3),  Vhiax film/iem~1 3404, 3358, 2954, 2857, 1713, 1518, 1471, 1361, 1295,
1210; &gy (400 MHz, CDCl3): 7.84 (1H, d, J 9.7, NH), 5.10 (1H, dd, J 9.9, 3.4, C10-H), 3.93 (3H, s, OMu),
3.87-3.82 (1H, m (5 lincs), C11-H}, 3.68 (1H, dd, J 6.0, 3.6, C13-H or C15-H), 3.58 (2H, dd, J 6.6, 6.2, C18-
Hj), 3.50 (114, dd, 7 11.7, 2.4, C15-H or C13-H), 3.41 (31, 5, OMe), 2.14-1.93 (2H, m), 1.82-1.73 (1H, m),
1.63-1.54 (3H, m), 1.02 (3H, s, Cl4-Mc), 0.90 (9H, s, ‘BuSi), 0.87 (31, s, C14-Me), 0.06 (3L, s, Si-Me),
0.04 (3H, s, Si-Me); & (100 MHe, CDCly): 160.9 (0}, 156.8 (0), 82.8 (1, C10), 81.1 (1, C13 or CI5), 73.4
{1, C15 or C13), 68.7 (1, C11), 57.4 (3, OMe), 54.2 (OMe), 45.4 (2, C18), 38.3 (0, C14), 31.4 (2, C12 or C16
or C17), 30.2 (2, C12 or C16 or C17), 30.0 (2, C12 or C16 or C17), 26.2 (3, 3C, ‘Busi), 25.7 (3, C14-Me),
19,6 (0, br signal, C14-Me), 18.3 (0, C-Si), —4.1 (3, Me-8i), 4.7 (3, Me-Si); msz (FAB, Nal) 490 (40}, 488
[(M+Na)*, 100%]; Found : (M+Na)t, 488.2210. CyHy9ONSICINu requires M, 488.2211.
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N-{(2S,4R ,6R)-4-(tert-Butyldimethylsilyloxy)-6-(3-chloropropyl)-5,5-dimethyl-tetrahydro-pyran-2-yl]-
(R)-methoxy-mcthyli}-2-((48,5R,6 R)-5,6-dimethyl-4-phenylselanyhnethyl-5,6-dihydro-4H-pyran-2-yl)-2-
oxo-acetamide (7.6)

and

N-{1(28 4R ,6R)-4-(tert-Butyldimethylsilyloxy)-6-(3-chloropropyl)-5,3-dimethyl-tetrahydro-pyran-2-yl}-
(R)-m