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Abstract
This thesis is concerned with studies towards tital tsynthesis of labiatin A using
metal carbenoid methodology. The work describeceineshows the most recent

contribution to this field from our research group.

labiatin A

Chapter | provides an introduction to metal carb@smcand their uses in organic
synthesis. In particular, the synthesis of diazorb@ayl compounds, their
decomposition by metal catalysts leading to thenfiron of metal carbenoids and the
reactions involving metal carbenoids is describAdretrosynthesis of labiatin A
involving the use of two metal-carbenoid transfotiores — intramolecular C-H
insertion reaction and oxonium ylide formation delled by [2,3]-sigmatropic
rearrangement — is presented.

In Chapter II, the successful applications of th&ge reactions to the enantioselective
synthesis of the tricyclic core of labiatin A issdebed. This is followed by the
description of the different attempts to compléte $ynthesis of labiatin A. Finally, the
exploration of a modified approach to the totaltbgsis of labiatin A is described.

Chapter 11l provides the analytical support to tihissis.
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Chapter 1

Chapter | — Introduction

1.1 Carbenes and carbenoids

Carbenes are neutral species containing a carloom\aith only six valence electrons:

two in each bond and two nonbonding electrons. Tdreyhighly reactive species due
to their extreme electrophilicity. To gain two dlens, carbenes typically undergo
insertion reactions, either into O-H, C=C or C-thdt® They can also react with a
heteroatom to form an ylide. MethylengCH,) is the most simple carbene and is

formed by irradiation of diazomethane with ligBicheme L

- + hv .
H,C—N=N N, + :CH,
R R
Ro-H -2 rRo-c " R CH, RL
H, R H R ¢
H,
R / CH2 R +
~ 7 RO-R e RO-R
C 7CH2
H,
Scheme 1

Carbenes can be formed byo main processesi-elimination reactions or thermal
decomposition of diazo compounds. Tdxelimination follows the mechanism shown
in Scheme 2 A strong base removes an acidic proton adjacenart electron-

withdrawing group to give a carbanion. Subsequess lof a leaving group from the

carbanion forms a carbene.

fol e cl
B+ H-C—Cl c—cl e
cl (cl cl

Scheme 2

Even though the formation of a carbene by caalimination reaction is of great
importance in organic chemistry — Simmons-Smithlaqy®panation and the Reimer-

Tieman reaction are important examples — the nasinton method to form carbenes
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is the decomposition of diazo compounds. The fownatof a carbene from

diazomethane is described above, but this readsorarely used because of the
explosive nature of diazoalkanes. However, diazmoayl compounds are much more
stable because the electron-withdrawing carbongugrstabilizes the diazo dipole

(Equation 1). They can therefore be generated and handledala@vely safe manner.

i 7
R? . _R?
Rl)%}/ - R]_
N+ ANﬁ
I 111
N_

Equation 1

Despite this relative stability diazocarbonyl compds can be fairly easily
decomposed by light or heat to give carbenes asirshn Scheme 3 The very
favourable formation of gaseous nitrogen compess#&be the formation of the

unstable carbene.

0 o_)
H ~_H o)
Rl)%( - Rl K_\(‘ + N
- _H 2
W ND Rl)kc
N7 N L)
Scheme 3

The chemistry based on thermal or photochemicabrdgosition of diazo compounds
has been of relatively little use due to the extramactivity of free carbenes which
often leads to non-selective reactions. Howevee titility of diazocarbonyl

compounds as carbene precursors became more iaétirante the decomposition of
diazo compounds by transition metal had been deyenv Indeed, this led to the
formation of metal-complexed carbenes known as Intetdbenoids. Carbenoids are
less reactive species than carbenes but they wnilergo the same types of reaction

with more selectivity.
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The first part of this introduction will deal witthe chemistry of diazo compounds:
their formation, their decomposition by metal cgdtd and their subsequent reactions,

focusing on C—H insertion reactions and oxoniurdeg/fiormation and rearrangement.

1.2 Synthesis of diazo compounds

Curtius was the first chemist to report the synghes ethyl diazoacetate from glycine
in 1883 but the routine formation of simplediazocarbonyl compounds dates from the
work of Arndt and Eistert in the late 1923'Shey discovered that these compounds
are readily available by reaction of an acid clderwith an excess of diazomethane
(Scheme 4 equation (1)). Almost 90 years later, this metiwdtill the most widely
used for the preparation of diazoketones. As shmw8cheme 4(equations (2) and
(3)), formation of diazoketoneésand4, key intermediates in the total synthesis of (z)-
9-isocyanoneopupukeanane by Srikrishaad the synthesis of the tricyclic core of

neoliacinic acid by ClarR were accomplished using this technique.

! Doyle, M. P.; McKervey, M. A.; Ye TModern Catalytic Methods for Organic Synthesis vidiazo
Compounds: From Cyclopropanes to Ylig&¥iley, New York,1998and references cited herein.

2 Srikrishna, A.; Satyanarayana, Getrahedror2005 61, 8855-8859.

3 Clark, J. S.; Dossetter, A. G.; Blake, A. J.;W, S.; Whittingham, W. GChem. CommurL999 749-
750.
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Et,O
RCOCI  + 2 CH,N, ROCHN,  + CHsCl + N, (1)
0T
CH2N, A
O O (2)2
1 Et,0, 90 %
N
o~ >l 07 2
1 2
AcO,) i AcO, | :
: i, NaOMe \O ; ,
H™ H (3)
OTIPS i, (COCI), SN OTIPS
then CH,N, 2
o o)
3 4

Scheme 4

An excess of diazomethane (at least two equivglestsequired for this reaction to
give a diazocarbonyl coumpound. One equivalent iakaimethane is required to
qguench the hydrogen chloride liberated in the reaand prevent it reacting with the
diazoketone to give a chloromethyl ketoiBelieme %. Typically, between 5 and 10

equivalents of diazomethane are used.

Et,0

RCOClI + CH,N,

[ROCHNZ + HCI] RCOCHCI + N,

0°C

Scheme 5

It is important to note that the use of explosivel aery toxic diazomethane implies
working using appropriate safety measures. Diazbamet is a toxic gas which is
usually used as a cold (0 °C or below) dilute sotuin ether. It is known to easily
explode in contact with rough surfaces and theeefmust be handled using only
special clear joint apparatus. The most commontwayepare diazomethane involves

reacting a solution of Diazdld(5) in ether with a warm (70 °C) aqueous solution of
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sodium hydroxide. Condensation of the vapours preduin the reaction mixture

affords an ethereal solution of diazomethdbguation 2).

O\\S//O OH o O\\ /,O

N \©\ H,C=N=N + o/s\©\
N\\O

Diazald (5)

Equation 2

The acylation of diazomethane can also be perforosdg acid anhydrides. This
method is usually chosen for acid sensitive sutesrar when the formation of the
corresponding acid chloride is problematic. The yanide is often a carboxylic-

carbonic anhydride and can be easily formed bytieaof a carboxylic acid with a

chloroformate (e.g. methyl, ethyl or isobutyl cldformate). Subsequent treatment of
the anhydride with ethereal diazomethane afforas dbrresponding diazoketone in
usually good yields as shown Scheme 6'*° The reactivity of the carbonyl group
flanked by two oxygen atoms is reduced and so dietomethane attacks only the

original carboxy component of these particular rdirahydrides.

o (0]

E/c:ozH N,

t-BuOCOCI, EtzN

o M N,
! CH,N,, 49% <I)~~0Me O\)—OMe
] ]

2
OR? O t-BuOCOCI, EtzN OR" O

OH  CH,N,, 66-76%

9 10a (R* =R? =Bn)
10b (R! = Bn, R? = allyl)
10c (R = allyl, R? = Bn)

Scheme 6

4 (@) Murphy, G. K.; Marmséter, F. P; West, F.G&n. J. Chem2006 84, 1470-1486 (b) Marmséter, F.
P.; Vanecko, J. A.; West, F. Grg. Lett.2004 10, 1657-1660.

10
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Pettit and Nelson have studied alternative wayactif’ating a carboxylic acid to bring
about the acylation of diazomethane, but they disiad that only esterkld and11f

reacted (at least partially) with diazomethaBgquation 3).°

0 CH,N 0
XJWCOZBZ 2 NQMCOZBZ
NHZ NHZ
12
F F Q
\
11a,X= © F 1le,X=  O-N
F F o}
cl R F
cl F F
\ N
11c, X= O— NO, 11g, X = |
O,N

=\
11d, X O-@NOZ

Equation 3

Nicolaou et al managed to synthesise elaborated diazoketonesomyersion of a
carboxylic acid into an acyl mesylate prior to aai of diazomethane and reported
that this method is particularly efficient in thase of hindered diazoketoné&cheme
7).° Nevertheless, the reaction of diazomethane witld ahlorides and mixed
anhydrides still remains the most commonly usechotkeffor the synthesis of simple

diazoketones.

® Pettit, G. R.; Nelson, P. €an. J. Chenl986 64, 2097-3102.
® Nicolaou, K. C.; Baran, P. S.; Zhong, Y. L.; Chidi,S.; Fong, K. C.; He, Y.; Yoon, W. Kdrg. Lett.
1999 1, 883-886.

11



Chapter 1

F3C\>\OM%H i, MsCl, EtzN FaC OMe
N
N>
m ii, CH,N, W
13 14
Me_ Me ) Me_ Me
Me//,,\Q//Meo 1, MsCl, EtsN Meu,,é/'vle
’ 4 N
‘( ||, CH2N2 H/\NZ
(@] (@]
15 16

Scheme 7

The major limitation of the formation efdiazo carbonyl compounds by acylation of
diazomethane is that its use is restricted to ayarboxylic acid derivatives. The

synthesis of cyclic diazoketones nearly always ive® a diazo transfer reaction. The
concept of diazo transfer was introduced by Dimiath910 and was later studied in
depth by Regitzt al’ It consists of the transfer of a diazo group framsulfonyl azide

to a carbon adjacent to a carbonyl grodguation 4).

O O TSN3
RMR, — RMR-
EtsN N,

Equation 4

It requires the presence of a base to deprotohatedrbono. to the carbonyl group
prior to diazo transfer. When this position is qu#cidic, only a weak base such as
triethylamine is required and the reaction usuplgceeds smoothly. This is notably

the case with,p-dicarbonyl compoundsEquation 5).2

o 0] TSN3 Q Q
T oy o
EtO OEt  NEts, CH5CN, 95% N,
17 18

Equation 5

" Regitz, M.Synthesid972 351-373.
8 Regitz, M.; Liedhegener, AChem. Ber1966 99, 3128-3147.

12



Chapter 1

The simple diazo transfer procedure fails in theecaf non-activated carbonyl
compounds and extensive efforts have been madeviap an efficient diazo transfer
reaction for those compounds over many years. 167 1%Regitz was the first to
describe the deformylating diazo transfer procedisea method for the synthesis of
diazocarbonyl compoundsA strongly activating formyl group is introducesing a
Claisen condensation of a ketone with ethyl formatech then allows the diazo

transfer to occur§cheme §.

O
0 i, base R i, Base Q )
%R' R)i - = R)S(R + TsNHCHO
R ii -
ii, HCO,Et H”“OH i, TSN3 N,

Scheme 8

Although deformylating diazo transfer is a usefubgedure, it is frequently low
yielding and a related procedure developed by Dayleé improved by Danheiser is
generally preferred’ In the Doyle and Danheiser procedure, the fornojivating
group is replaced by a trifluoroacetyl group whisheasier to introduce and usually

leads to higher yield for the diazo transfer stepheme 9.

(0]
A . (0]
0 i, LIHMDS, -78 T %R' i, EtgN -
KR. R R + R"NHCOCF;
R ii, CF3CO,CH,CF /g i, R"N
3L LR LR F.C o 3 N,
(@)
\N
N\ 2 0% via formylation, 86% via trifluoroacetylation
N
H
19
(0]
‘ AN N3 56% via formylation, 81% via trifluoroacetylation
Pz
20
Scheme 9

° Regitz, M.Angew. Chem., Int. Ed. Engl967, 6, 733-749.
9 (@) Doyle, M. P.; Dorow, R. L.; Terpstra, J. Wodenhouse, R. Al. Org. Chem1985 50, 1663-
1666 (b) Danheiser, R. L.; Miller, R. F.; Brisboi&, G.; Park, S. ZJ. Org. Chem199(Q 55, 1959-1964.

13
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It is also worth noting thap-acetamidobenzenesulfonyl azide-ABSA) is often
preferred to the potentially explosive and toxiagent tosyl azide. It indeed allows
safer working conditions and usually leads to beyields. This reagent has been
employed by Pattendeet al for the formation of the kew-diazo p-keto ester22

during the synthesis of the cyclopentane @8iof viridenomycin 24) (Scheme 1p**

O @) N, HO
,%/V\Cjit p-ABSA %jy\ciit Rh;(OAC), ’%fiit
MeO MeO= MeO
R SN 62% NEEAgN
TBSO TBSO TBSO
21 22 23

[N

A
Ph
O

(0]
HO
#/%
MeO=— — NH
TS o

HO
Viridenomycin (24)

Scheme 10

Finally, the formation of diazo compounds can bhieed using the Corey-Myers
diazoacetate transfer protocdllt has the advantage of being a single-step psottes

is performed in an organic solvent. In this casgleaus conditions are avoided
allowing easy purification of water soluble or wagensitive products. The Corey-
Myers protocol has been used recently by Doyle @anavorkers for the synthesis of

the hygroscopic diazoaceta@&(Equation 6).:*

1 pattenden, G.; Blake, A. J.; ConstandinosTétrahedron Lett2005 46, 1913-1915.
12 Corey, E. J.; Myers, A. Gietrahedron Lett1984 25, 3359.
13 Weathers, Jr., T. M.; Wang, Y.; Doyle, M.P.Org. Chem2006 71, 8183-8189.

14
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i, DMA, CH,Cl,

0
0
OH a&N\N/TS O&Nz
H

OJT/\ Oﬁ]vo\/\ ii, EtgN, 73-79% o MOWO\/\
n
25

Equation 6

1.3 Metal catalysed decomposition of diazo compousd

The thermal decomposition of diazo compounds preslwarbenes by elimination of
nitrogen. At the beginning of the ®@entury, it was found that this reaction could be
performed at lower temperatures by treatment ofstiigstrate with copper bronze or
copper(ll) sulphaté.Since then a multitude of metal catalysts haverhesed to study
the mechanism of the formation of metal stabili@adbenes and their subsequent
reactions.

The generally accepted catalytic cycle for thisameposition is shown ischeme 11
Electrophilic attack of the metal complex onto tdaebon bearing the dinitrogen group
produces the metal-bound diazonium intermed2&evhich readily loses nitrogen to
afford the metal carbenoid9. Nucleophilic attack by the electron-rich subsir&:
onto the electrophilic carbenoid regenerates théalmsmplex and completes the

catalytic cycle.

15
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Scheme 11

The electrophilicity of the transition metal catstlyand the stability of the
diazocompound are the two main factors influent¢heyrate of diazo decomposition.
Diazo compounds in which there are two carbonylupgsoflanking a diazomethylene
carbon are more stable towards these catalystshiogae possessing only one carbonyl
group. Diazoesters are generally more stable tharokietones and diazoamides are
more stable than diazoesters. Diazo compounds erentposed by transition metal
complexes that are Lewis acids. They are usuadlie“ltransition metals in the third
and fourth periods, typically copper, rhodium, ertlum, cobalt, palladium and iron
complexes.

Copper catalystsHgure 1) are of major importance firstly because they were
historically the first to be used (copper bronzd aopper sulphate), secondly because
nowadays copper(ll) acetylacetond®@ and its fluorinated derivativ2 are the
catalysts of choice for diazo decomposition, anddip because chiral copper
complexes (for example structurd8 and 34) have been developed for asymmetric
diazo decomposition. It is important to note thespuite the fact copper(ll) catalysts are

used, the active species is thought to be coppediplex. Therefore one of the

16
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bidentate ligands (e.g., acetylacetonate) is digtmt from the metal centre upon

reduction of copper(ll) to copper(l) by the diazogmwund.

R

X X XX
- bk Gl
R/ LR R U LR

Cu(acac), (31, R = CHy) 33 34
Cu(hfacac), (32, R = CF3)

Figure 1

Another extremely important class of catalyststagedirhodium(ll) metal complexes
(Figure 2). The ligands play a key role in the reactivityroétal carbenoids and the
possible carboxylate and carboxamides ligand fiachment to dirhodium complexes
are of such a variety that it is often possibleoltain a higher degree of regio- and
chemoselectivity for reactions involving rhodiunasilised carbenoids than with other
catalysts.

Dirhodium(ll) tetraacetat®5 was first introduced in the 1970’s by Teyssie aoéd
workers and since that time it has been the sinmgist widely used catalyst for metal
carbenoid generatiofi. Dirhodium(ll) carboxamidates [dirhodium(ll) tetcetamide
{Rhy(acam)} 36 and derivatives] are also very important catalydte to their
propensity to increase reaction selectivity. lalso relatively easy to prepare chiral

derivatives such as cataly88to 42.

1 paulissenen, R.; Reimlinger, H.; Hayez, E.; Hubgrtl.; Teyssie, PTetrahedron Lett1973 2233-
2236.

17
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R R
R R
|~ 10 |~ | NH
Rh™—Rh Rh™—Rh
|/ |/
o/o<?o HNWO
R R R R
R = CHj3, ha(OAC)4 35 R = CHg, ha(acam)4 36
R = CF3, Rhy(tfacam), 37
0
b, N-S—n-Cy,H R, Nes
7, - n
X / 6 121125 ///
AN N o
PN coMe P9 P9
e e e
RhZ—RH RhZ—RH RhZ—RH
aa ama ang
X = CH,: Rh,(5S-MEPY), 38 Rh,(S-DOSP), 40 R = t-Bu: Rhy(S-PTTL), 41
X = O: Rh,(4S-MEOX), 39 R = Bn: Rhy(S-PTPA), 42
Figure 2

1.4 Reactions of metal carbenoids

1.4.1 Cyclopropanation reactions of carbenoids

Metal-stabilised carbenes are highly electrophdpgecies and therefore react with
electron-rich substrates and undergo insertiontic@a: Insertion into the electron-rich
n-system of an alkene leads to cyclopropane formaiidis reaction has been widely
used in natural product synthesis and some notdalmples are presentedScheme
12. For instance (£)-cyclolaurendd) and the cyclopropan&7 have been synthesised

using an intramolecular cyclopropanation reactisthe key stepr

15 (@) Srikrishna, A.; Krishnan, Kletrahedron1992 48, 3429-3436 (b) Martin, S. F.; Dwyer, M. P.;
Hartmann, B.; Knight, K. SI. Org. Chem200Q 65, 1305-1318.

18
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— CuSO, steps
O = A =
0

43 44 Cyclolaurene (45)

o)
t
de o Rh,(5S-MEPY), H/AA! Steps
M oo
‘ ‘ >95% d.e.;

>94%, e.e.

46 47 48

Scheme 12

Cyclopropane formation from a diazoketone has aksen used for the synthesis of
valuable intermediates which can be further elaledrao highly functionalised
skeletons. Indeed, cyclopropanes can undergo \arneactions due to their inherent
strain. For example, prostaglandia faethyl ester§0) has been synthesised by Taber
and co-workers via a cyclopropanation reactiorofe#d by ring opening to install the

required side chairBcheme 13'°

o 0
— CO,Me Rh,(OAC), %X:‘;WC%MG
TBDPSO" ™ 2 83% 3 ;\/\J
P TBDPSO
48 49

steps

SSN—=">""co,Me

Prostaglandin E, methyl ester (50)

Scheme 13

' Taber, D. F.; Hoerrner, R. $. Org. Chem1992 57, 441-447.
19
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1.4.2 C-H Insertion reactions of metal carbenoids

In the 1940’s, Meerwein, Rathjen and Werner disoedehat metal carbenoids can
also insert into C—H bonds opening a new areanforacarbon bond formatiod.The
generally accepted mechanism proposed by Doylethliar reaction involves an
electrophilic metal carbene intermedidt®©verlap of the p-orbital with the-orbital of
the reactive carbon-hydrogen bond is believed twoand formation of the new C-C

bond results once the metal dissociates from tbensre transition stat&¢heme 14

t
e A
/ B’;C“H A/, /H
D _— = D AN e B—/Cfc-llH
>

H\\?" Rh2L4

D E
H/%i

X—Rh,L, E
E 24

Scheme 14

Further studies based on Density Functional ThéDRyT) performed by Nakamura
showed that the mechanism is probably more complax Doyle’s model and that it
notably involves both rhodium atoms from the dirod catalyst Scheme 15*°
According to Nakamura, the process starts with tbhenplexation of the diazo
compound with the dirhodium catalyst. Back donatb@a rhodium d orbital to the C—
N o*-orbital leads to the extrusion of nitrogen torfola metal-stabilised carbenoid
species. The key step then involves hydride trarisfen a C—H bond followed by C—
C bond formation and regeneration of the Rh—Rh béiithough only one rhodium
atom functions as a carbene-binding site, the athedium atom assists the overall
process which explains the efficiency of dirhodilling¢arboxylates for C—H insertion

reactions.

" Meerwein, H.; Rathjen, H.; Werner, Ber. Dtsch. Chem. Ge$942, 75, 1610.

8 Doyle, M. P.; Westrum, L. J.; Wolthuis, W. N. Bee, M. M.; Boone, W. P.; Bagheri, V.; Pearson,
M. M. J. Am. Chem. So&993 115 958-964.

19 (@) Nakamura, E.; Yoshikai, N.; Yamanaka, MAm. Chem. So2002 124, 7181-7192 (b) Yoshikai,
N.; Nakamura, EAdv. Synth. CataR003 345 1159-1171.
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Scheme 15viechanism of the C—H insertion reaction of rhodilljnfarboxylate stabilised carbenes

into an alkane according to Nakamura and co-workers

A slightly different model has been used by Nakamim an effort to explain the
diastereoselectivities obtained when forming 5-mered rings by carbenoid C-H

insertion Gcheme 15'% He claimed that the diastereoselectivity dependsthe

configuration of the three-centre transition stite
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S
(?A\ (? E)k H 9,\ N Q + N///N
Rh—Rh Rh—Rh—¢
71 2 21 217 %H
R1
H‘(/,H
E
R 1 R +
_-Ry
H™
00 1/ 0o it
Rh—Rh--Cr iy Rh—Rh==c
R B = 71 27 LH
51
R R
Ry + N
H
0:\%‘0 . oo LN
Rh—Rh=C, 4 Rh—Rh=C,.
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Scheme 1@rigin of the diastereoselectivity of the C-H irtimm reactions according to Nakamura.

However, in 2004 Taber thoroughly studied the netdatreactivity of a range of
rhodium catalysts on cyclopentane formation by Jnrbertion and concluded that
there was no obvious rational for the observedctiglges?® He particularly focused
on the ratio of C—H insertion tf-hydride elimination [§4 + 55 + 56)/ 53], the
chemoselectivity 34/ (55 +56)] and the diastereoselectivitpFq56) of the insertion
reaction and did not find any correlation betwelea tharacteristics of the catalysts
employed and the ratio of products obtainEduation 7). These results clearly show
that the mechanism for the C—H insertion reactibmetal carbenoids is still not well

defined.

“ Taber, D. F.; Joshi, P. \l. Org. Chem2004 69, 4276-4278.
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CO,Et

52 53

54 55 56a 56b

Equation 7

It is worth noting that a metal carbene complex patentially insert into any C-H
bond. This characteristic raises both regio- arehradselectivity issues. Taber and co-
workers reported that the formation of a five-mereldering is the favoured outcome
of the C—H insertion reaction ofcadiazo p3-keto ester into a freely rotating aliphatic
side chairf! He also showed that the more substitutedytarbon is, the faster the
insertion reaction. Finally he showed that bothyl@lland benzylic positions are

disfavoured sites for C—H insertion compared tphadtic positions$cheme 1Y. %2

“ Taber, D. F.; Petty, E. H. Org. Chem1982 47, 4808-4809.
%2 (a) Taber, D. F.; Raman, K. Am. Chem. So¢983 105, 5935-5937 (b) Taber, D. F.; Ruckle, R. E.,
Jr.J. Am. Chem. So986 108 7686-7693.
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Scheme 17

Stork and Nakatani investigated the influence oécebnic effects on the
regioselectivity of the C—H insertion reactionsnodtal carbenoids. They demonstrated
that electron-withdrawing groups such as carboxglugs can deactivate & or y-

methylene group to carbenoid C—H insertiBqation 8).23

(@] AN ha(OAC)4 O
Nz ~{
CO,Et 81% -~ CO,Et

68 69

Equation 8

2 Stork, G.; Nakatani, KTetrahedron Lett1988 29, 2283-2286.
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Rhodium(ll) carboxylates are the catalysts of cadior carbenoid generation when
performing C—H insertion reactions. Variation o€ thgands, and in particular their

steric bulk, greatly influences the selectivity.r Fostance, lkegami showed that the
bulky rhodium(ll) triphenylacetate favours insertimto a methylene C—H bond rather
a methine C—H bond in the case of substrates wdresediazop-keto ester is tethered

to a carbocycleHquation 9).%*

[\ [\

o O o 0 [\
C o Rh(ll) 0 O~ _o
o © "
N2 CO,CH
OCHj CO,CH3 -
69 70 71
96 : 4 with Rhy(TPA),
Equation 9

Finally, it is important to bear in mind that confmational preferences can be more
influential than electronic effects on the regiestivity of C—H insertion reactions.
Indeed, Doyle and co-workers confirmed Tabers olmens in terms of
regioselectivity:® namely that the preference tertiary > secondagpyimary C—H bond
insertion is expected for systems in which eackhefpossible sites for insertion can
present a C—H bond to the carbene centre with gopaddability for insertion. This
effect can be amplified by decreasing the elecifimly of the metal carbenoid by
changing the catalyst ligandSaqheme 18 equation (1)). Doyle and co-workers also
showed that when the possible sites for insertmnat present their C—H bonds to the
carbene centre with equal probability, conformatlgoreferences govern the process
and electronic effects can not be used to prebetoutcome of the reaction on their
own (Scheme 18equation 2). This finding can probably be expdiy the fact that

the C—H insertion reaction is governed by the @apmping of the p-orbital of the metal

4 Hashimoto, S.; Watanabe, N.; IkegamiT8trahedron Lett1992 33, 2709-2712.
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carbenoid with thes-orbital of the reactive C—H bond. Therefore, afoomationaly

constrained system where these two orbitals asedlmeach other will be favoured.

(e}
o O 0
o9 \g RhsLy o
MO/ ot 0 + \< o)
N, CeHs
reflux
73 74 75
Rh,(OAC), 90 : 10
(@] O
o O
(0] O Rh,L4 (@]
)%o/ —_— + /0 )
CeHs
N2 reflux
76 77 78
ha(OAC)4 3 . 97
Scheme 18

Despite being limited to intramolecular processegtal carbenoid C—-H insertion
reactions can be used to form of three- to six-mexeth carbocycles and heterocycles.
In general five-membered ring formation is the faneml process, but four-membered
heterocycles such a3-lactones and3-lactams are also synthesised efficiently by
catalytic decomposition of diazo compounds. Lee emdavorkers have described the
synthesis of-lactones from alkyl methyl diazomalonateand Doyle has shown that
rhodium(ll) carboxylates are ideal catalysts foe fiormation ofp-lactams froma-
diazo amides giving the desired lactams in higHdgieand with good selectivity

(Scheme 192°

% Lee, E.; Jung, K. W.; Kim, Y. Setrahedron Lett199Q 31, 1023-1026.
% Doyle, M. P.; Pieters, R. J.; Taunton, J.; PhoQH.Padwa, A.; Hertzog, D. L.; Precedo,J.Org.
Chem.199], 56, 820-829.
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Scheme 19

Six-membered ring formation can compete with fivemniered ring formation when a
6-C—H bond is activated by an adjacent heteroatodands showed that the presence
of a heteroatom makes the adjacent C—H bond(s) fikelg to undergo the insertion
with a metal carbenoitl. For instance the cyclohexanoBéd is the main product

obtained from the reaction of diazoket@&promoted by ROAc), (Equation 10).

(@] (e} O
N Rh,(OAc
ii 2 —»2( Ja ii + Q, + dimer
OBn OBn OBn

83 84 (30%) 85 (0%)

Equation 10

The formation of six-membered heterocycles by Crseition is usually disfavoured
because the presence of a heteroatom at-position of the diazoketone can result in
the formation of an ylide intermediate which caarthundergo a variety of subsequent
reactions, as described in part.3 Nevertheless, McKervest al have demonstrated
that rhodium(ll) carboxylate catalysed decompositiof diazoketones86 and 88

furnishes the chromanon&g and89 (Scheme 2p?®

7 (a) Adams, J.; Poupart, M. E.; Grenier, L.; SahalC.; Ouimet, N.; Frenette, Retrahedron Lett.
1989 30, 1749-1752 (b) Adams, J.; Poupart, M. E.; Greniefl,etrahedron Lett1989 30, 1753-1756.
% McKervey, M. A.; Ye, T. JJ. Chem. Soc., Chem. Commii892, 823-824.
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Scheme 20

The construction of 5-membered rings is by farrtwest successful application of C-H
insertion reactions. The reaction has largely bemployed in the total syntheses of
natural products due to the very frequent presemag/clopentane structural units in
these compounds. For instance, the key step itothksynthesis of (+)-isocarbacylin
(92) by Ikegami and co-workers is a rhodium catalyseeH insertion reaction
(example 1,Scheme 21* More recently, Fukuyama’s group achieved the first
enantioselective total synthesis of (-)-ephedradiAe (Orantine) 95) using
intramolecular carbenoid C-H insertion to construttie optically active

dihydrobenzufuran core (exampleSsheme 2)1°°

? Hashimoto, S.; Shinoda, T.; Ikegami JJSChem. Soc., Chem. Commii888 1137-1139.
% Kurosawa, W.; Kan, T.; Fukuyama, J. Am. Chem. So2003 125, 8112-8113.
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Methods for the formation of 5-membered heterocyeale of great importance and are
particularly useful for the preparation of reduckslans. Adams and co-workers
showed that furanones can be obtained in very ggeldl and selectivity using
carbenoid C—H insertion reactiorSquation 11).”® This demonstrated once more that
the presence of a heteroatom increases the regativadjacent C—H bonds towards
insertion of a metal carbenoid.

I Q
OJ\
96

(0]

97

Equation 11
In the recent years, important progress has beele nmathe field of enantioselective

rhodium-catalysed C—H insertion reactions and tlaeeenow many instances in which

these reactions have been used in total syntHesmisexample, Davies and co-workers
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used dirhodium tetrakis$-N-dodecylbenzenesulfonyl]prolinate [5-DOSP)] as a

catalyst in the asymmetric total synthesis of @atraline {00) (Scheme 223!

N { ] [ ]
N COzMe _
COzMe
Cl Rh,(S-DOSP), P
cl 99% ee Cl

Cl
98 99

NHCHg.HCI

steps

Cl
(+)-indatraline (100)

Scheme 22

Hashimoto’s group recently reported the highly eiwanand diastereoselective
construction of 1,2-disubstituted cyclopentane coumals by dirhodium(ll) tetrakisF
phtaloyl-@)-tert-leucinate]-catalysed C—H insertion reactions efdiazo esters

(Equation 12).%

CO-Me CO,Me
N, Rhy(S-PTTL),
85%, 95% ee @
101 102

Equation 12

1.4.3 Oxonium ylide formation and subsequent reacts
Metal-stabilised carbenoid species are Lewis aitidscan therefore undergo addition

of a Lewis base (B:) at the carbene carbon. Thasideto the formation of a metal

3. Davies, H. M. L.; Gregg, T. Mletrahedron Lett2002 43, 4951-4953.
%2 Minami, K.; Saito, H.; Tsutsui, H.; Nambu, H.; At® M.; Hashimoto, SAdv. Synth. Cata005
347, 1483-1487.
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stabilised ylidel04 which can dissociate to form a “free” ylid®5 (Scheme 23 In

principle, all these processes are reversible &wedférmation of a free ylide will
depend on the strength of the metal-carbene boedisLbases associated with the
formation of ylides are usually heteroatoms andilfus nitrogen or oxygen atom is

most commonly involved.

L,M=CR, +B: "”MJERZ LM + B—CR,
103 104 105
Scheme 23

Ylides generated by the catalytic decompositiodiako compounds can undergo four
different types of reactions: the [2,3]-sigmatropgarrangement of allyl-substituted
ylides, the [1,2] rearrangement (Stevens rearraegémB-hydride elimination and
dipolar cycloaddition when the Lewis base is amiicarbonyl or thiocarbonyl group
(Scheme 2X These four types of transformation can compete @ach other and the
outcome of the reaction of ylides is governed bg tlature of the substrate, the

experimental conditions and the catalyst involved.

+
X A
R. ~_R' (1.2] R WJXAL —»[2’3] R W/xkl
TM R’ R’
o)

9 o)

X = NR,, OR, SR

R RS
sz/,\wl\\\R4
¥ X=NR
Rl
1 =X +
RR2 R? R X-R g = ¢ EiE
X A T
R =Ry R R* 2.7 o
R "X 'R cycloaddition cycloaddition R X R
X=NR,0, S
E =CO,R
Scheme 24
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Stevens rearrangement ([1,2]-shift)

The 1,2-shift of an ylide is formally a symmetrydfadden process according to the
Woodward-Hoffmann rules. Nevertheless, this tramsédion is frequently observed
when ylide intermediates are involved. Mechanistizestigations suggest that the
ylide intermediate undergoes homolytic cleavagprtmuce a radical pair which then
undergoes rapid recombination within the solvergecan which the radicals were

trapped during their formatiots¢heme 25>

/I "\X. . R"\X . R"\x
R' R'
(0] (0] (0] R'
X=NR,0, S solvent cage

Scheme 25

[2,3]-Sigmatropic rearrangement

This rearrangement is one of the most widely usadsformations of catalytically
generated ylides. It is a very versatile method@eC bond formation and allows the
rapid construction of structurally complex interriegds from simple starting materials
(Equation 13). This rearrangement reaction can only occur énddise of allylic ylides

but the presence of an alkene also means that d¢ivgeprocesses such as
cyclopropanation can intervene. Substrates which wadergo [2,3]-sigmatropic
rearrangement can also undergo a [1,2]-shift bat [diter reaction is usually

disfavoured.

Equation 13

% (a) Iwamura, H.; Imahashi, Yietrahedron Lett1975 1401-1404 (b) Maeda, Y.; Sato, Y. Chem.
Soc. Perkin Trans. 1997, 1491-1493.
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Reactions of metal-stabilised sulfur and nitrogbdes

The chemistry of nitrogen and sulfur ylides gersgtdtom carbenes and carbenoids is
too vast an area of organic chemistry to be desdriblly in this thesis. To summarise,
both types of ylide have been used most frequealyintermediates for [2,3]-
sigmatropic rearrangement reactions. Our group diasvn that cyclic amines of

various sizes can be generated from ammonium y{Beseme 2@ndTable 1).3

% Cu(acac), (I o (n °
R/'\L/ CeHe, reflux R\\N\_/ E
106 107
Scheme 26
Substrate n R Isolated yield 0ofl07 (%)
106a 1 CHCHCH; 76
106b 1 Me 12
106¢ 2 CHCHCH; 79
106d 3 Me 84
106e 4  CHCHCH, 39
Table 1

A typical example of sulfonium ylide generation asdbsequent rearrangement is
shown inScheme 27In this example, the diazo esidl8 was treated with rhodium(ll)
acetate dimer affording the ylide intermedia@®. [2,3]-Sigmatropic rearrangement of
this ylide afforded the trisubstituted furanoh&0 in yields ranging from 53 to 70%
depending on the nature of the substituent R (nhethgropyl, isopropyl, benzyl and

n-pentyl) >

% Clark, J. S.; Hodgson, P. B. Chem. Soc., Chem. Commi#194 2701-2702.
% Kido, F.; Sinha, S. C.; Abiko, M.; Yoshikoshi, Petrahedron Lett1989 30, 1575-1578.
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Scheme 27

Oxonium ylides

Even though oxygen-based ylides are nowadays widsty, the development of this
chemistry is a relatively recent innovation complaiee the chemistry of sulfonium and
ammonium ylides. The relatively recent introductioh rhodium(ll) acetate as a
catalyst is responsible for this late developm@&his catalyst allows metal carbenoid
generation to be performed at room temperatureengpérature at which oxonium
ylides are stable enough to undergo further cdettaleactions. Oxonium ylides are
indeed less stable than the corresponding ammoaiuwulfonium ylides. The relative
instability of oxonium ylides was believed to irgluce the competition with other

processes.

Historically one of the first examples of the ugeomonium ylides was described by
Nozaki in 1966. It involved the copper(ll)-catalgseeaction of phenyl oxetarll
with the diazo estet12to give the oxonium ylidd13 A [1,2]-Stevens rearrangement

subsequently afforded the tetrahydrofutdd in 87% yield Scheme 2§3°

Ph

Ph :<C02CH3 CuSO, + [1,2] (&Ph
+ N3 O —_
0 H = COLHs o CO,CH;
H
111 112 113 114

Scheme 28

% (a) Nozaki, H.; Takaya, H.; Noyori, Retrahedron1966 22, 3393-3401 (b) Nozaki, H.; Takaya, H.;
Moriuti, S.; Noyori, R.Tetrahedronl968 24, 3655-3669.
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In spite of the example above, intermolecular tieastinvolving oxonium ylides are
very scarce compared to the much more frequentigowertered intramolecular
process. As for sulfonium and ammonium ylides, rif@n interest in oxonium ylides
as reactive intermediates relies on their ability windergo [2,3]-sigmatropic
rearrangement. The first examples of [2,3] reareamgnt reactions of cyclic oxonium
ylides were described by Pirrung and Werner in 986 these examples, rhodium(ll)
acetate catalysed decomposition of several diaaokst afforded cyclic ethers with

various ring sizesScheme 29

Rh,(OAC), R
QQV/N\O/A\V/lLW /
| 70% I

115 116

N, 51% L_o

w\\ ha(OAC)4
Y \

o N, 81%

119 120

Scheme 29

The Clark group was the first to introduce coppeitetylacetonate as a catalyst for
the efficient formation of furanone422 and 124 in high yield and excellent
diastereoselectivitiesStheme 30>® Copper(ll) acetylacetonate was found to be an

excellent catalyst in cases where competing C—lériizs is problematic. Copper

37 Pirrung, M. C.; Werner, J. A. Am. Chem. Sot986 108, 6060-6062.
% Clark, J. STetrahedron Lett1992 33, 6193-6196.
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catalysts have been used again by our group inkéyestep leading to the total

synthesis of (+)-decarestrictine 17).%°

o) o) o)
_N, Cu(acac), \ \
1 oL @
/ R™ ™o R™ Mo
RV 07 R? R? R?
121 R! = (CH,),CH, R? = H 122a,82% 122b, 2.5%
123 R = CH4(CH,),, R> = H 124a, 82% 124b, 2.5%

0]

/E\i Cu(hfacac), o steps

S ~  HC' O )
K/ 68% H;C O

= HsC”~ O

125 126 (*)-decarestrictine L (127)

Scheme 30

Although [2,3]-sigmatropic rearrangement is the anajeaction of cyclic allylic
oxonium ylides, it is important to note that [12fevens rearrangement often competes
with [2,3]-rearrangement. For instance, Hashimatd ao-workers have studied the
enantioselective generation and rearrangementlygicabxonium ylides from then-
diazo p-ketoesterd 28*° Using dirhodium(ll) tetrakis{l-phtaloyl-(©-tert-leucinate] as

a catalyst they obtained mixtures of benzofurandiZ®and 130, and the ratio of
products arising from [2,3]-rearrangement and [sfdft was found to be dependent

on the substitution pattern of the substr&guation 14).

% (a) Clark, J. S.; Whitlock, G. Aletrahedron Lett1994 35, 6381-6382 (b) Clark, J. S.; Fessard, T. C.;
Whitlock, G. A.Tetrahedror2006 62, 73-78.

40 Kitagaki, S.; Yanamoto, Y.; Tsutsui, H.; Anada,; Makajima, M.; Hashimoto, Setrahedron Lett.
2001, 42, 6361-6364.
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o

0 O

CO,Me CO,Me
B 2 Rhy(S-PTTL), L£OMe 2
= N2 2 + O
0 “R o X \__R1
2 R
| . R RN

Me

Me K/\Rl M R2
128 129 [2,3] 130[1,2]
R'=Meand R®=H 92 : 8
R! = H and R? = Me 82 : 18
R! = Me and R? = Me 71 : 29
Equation 14

Clark and co-workers obtained mixtures of [2,3] dag?]-rearrangement products
when attempting to construct fused medium-ring eaybles by catalytic generation
and rearrangement of oxonium ylidéj(iation 15).** For example, treatment of the
diazoketonel 31 with Rhpy(OAc), afforded the desired [2,3]-sigmatropic rearrangame

product132in 70% yield alongside 5% of the [1,2]-shift pratit33.

-
W ML,
OMe n
|§_| ~ N2 CH2C|2
O
131 132 [2,3] 133[1,2]
ML,, = Rh,y(OAc), 70% 5%
Cu(hfacac), 49% 9%
Equation 15

The [2,3]-sigmatropic rearrangement reaction obaonium ylides obviously requires
the presence of an alkene. Consequently, therehds pbssibility of competing

cyclopropanation during ylide formation. For examptiecomposition of the diazo
esterl35with Rhp(OAC), in the presence of the allylic aceid4 led to the formation

of the desired enol ethdB6 as well as the formation of cyclopropati&/ (Equation

16).42

“LClark, J. S.; Walls, S. B.; Wilson, C.; East, S.[Brysdale, MJ. Eur. J. Org. ChenR006 323-327.
“2Doyle, M. P.; Griffin, J. H.; Chinn, M. S.; Van Leen, D.J. Org. Chem1984 49, 1917-1925.
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MeQ
Rh,(OAC), _
=\ 2 CO,Et
+ N,CHCO,Et +
CH(OMe); 2 2 75 (Meo)zHCACOzEt
OMe
134 135 136 77% 137 23%

Equation 16

The [1,2]-Stevens rearrangement reaction cannobhbsidered only as side reaction to
the [2,3]-rearrangement. It is also a reaction afeptial synthetic utility as shown
recently by West and co-workers who used cycli¢gasgrecursors to construct fused
bicyclic compounds containing a medium ring via appmer(ll)-catalysed ylide

formation and [1,2]-shift sequendequation 17).*?

9 O
)&NZ
E Cu(tfacac),
: _0O__OMe N
]
O/\j 82% = OMe
= H

H

138 139

Equation 17

Our group has demonstrated that metal carbenoiilgedefrom diazo compounds can
be used for the formation of a great variety oflicystructures. For instance, fused
carbocycles can be prepared in good vyield followtimg synthetic pathway described
in Equation 18* Upon treatment with rhodium(ll) acetate dimer,zdieetone140

was converted into the fused tricyclic ketoi#l in 90% vyield and with excellent
selectivity. This methodology has direct applicatimwards the total synthesis of

fused polycarbocyclic natural products such as Goastepene AL@2).

3 Clark, J. S.; Guérot, C.; Wilson, C.; Blake,JAChem. Commu2007, 4134-4136.
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ha(OAC)4

90%

guanacastepene (142)

Equation 18

Tandem oxonium ylide formation and [2,3]-sigmatopearrangement is also the key
step in the synthesis of the A-ring fragment of baaric acid A (43A) (Scheme

31).* Treatment of diazoketon#44 with Cu(acac) afforded furanonel45 in 85%

yield as a 92:8 mixture of diastereocisomers.

= (R)-COCH,CH(Me)CH,CO.H
= (R)-COCH,CH(Me)CH,COH

(@]
N o o

2 Cu(acac),, / steps o

| o 85%, >92:8 e Fﬁ MeO 4 o/ﬁ\\

OTBS Me OTBS Me OH
Me
144 145 146
Scheme 31

“Clark, J. S.; Fessard, T. C.; Wilson,@g. Lett.2004 11, 1773-1776.
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Last but not least, the Clark group has shownttim&a{2,3]-sigmatropic rearrangement
is a powerful tool for the rapid construction ofséd cyclic ethers. This particular
transformation has fantastic direct applicationsnatural product synthesis notably
towards the syntheses of neoliacinic acid and thmcellin class of compounds. This

will be described in detail hereafter.

1.5 Labiatin A and related natural products
Labiatin A (L47) was isolated in 1996 frofaunicellia labiatg a relatively deep water
gorgonian coral collected near Dakar in Senegahalith the labiatins B148) and

C (149 and labiatamides A and Bigure 3).°

OH O

australin A (150) australin D (151) neoliacinic acid (152)

Figure 3 The labiatin family of marine natural products, &rasins A and D, and neoliacinic acid.

These four molecules belong to the cladiellin (eealin) family of natural products
which is characterised by the general tricycliepenoid carbon skeleton shown in

Scheme 32° The eunicellin class includes more than 60 membadsis one of the

%> Roussis, V.; Fenical, W.; Vagias, C.; KornprokktM.; Miralles, J.Tetrahedron1996 52, 2735-

2742.
6 Bernardelli, P.; Paquette, L. Neterocycled998 49, 531-556.

40



Chapter 1

four known classes of oxygenated 2,11-cyclized cemtids, the others being the
briarellins, asbestinins and sarcodictyins. In eathhese classes, several members
exhibit significant biological activity: the cladiies exhibit molluscicidal and repellent
activity, insect growth inhibitory activity, antirilammatory and anti-tumor properties

whilst several of the sarcodictyins exhibit vergticytotoxicity*’

17 16

9
2y c2-cl11 L
—_— 0 —_—
2

18

19 20 15

cembranes cladiellins briarellins

\C\Z-Cll (eunicellins) 1 / 1,2-Me shift

sarcodictyins

asbestinins

Scheme 32resumed biosynthesis of the four known classgatcyclised cembranoids.

Labiatin A (147) has a rather unusual structure compared to ther atunicellan

diterpenoids, possessesing an ether-linkage bet@2eand C6 rather than the C2-C9
ether-linkage found in labiatin BL48) and C (49 and characteristic of this entire
class of natural products. Only recently have twhep eunicellins possessing

structures similar to labiatin A been isolated:tels A (150) and D (51).*

The core structure of labiatin AL47) is similar to neoliacinic acid162 a natural

product first isolated along with a related compbunneoliacine — from the leaves of

4" Ahmed, A. F.; Wu, M. H.; Wang, G. H.; Wu, Y. Ché&u, J. HJ. Nat. Prod 2005 68, 1051-1055.
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the plantNeolitsea acciculataKoidz by Nakayama and co-workers in 1983The
moderate cytotoxicity of neoliacine against HelLdl calture and the various
biological activities exhibited by several euniaellditerpenoids [e.g., labiatin B48)
shows cytotoxic activity against human colon carmals with ERQo = 0.85 pg/mL]
suggest that labiatin AL47) might also exhibit interesting biological propest The
remarkable tricyclic core of labiatin A147) and the numerous contiguous
stereocentres that it possesses combined with pihiential bioactivity make it a

particularly interesting target for synthetic chetsi

1.5.1 Chemistry of labiatin A and related compounds

The eunicellin family of natural products has atteal much attention in the scientific
community. The first synthesis of a eunicellin thene {(-)-7-deacetoxyalcyonin
acetate 153} was achieved by Overman and MacMillan in 1986eme 33*° The
first disconnection reveals the intermediabe which contains an aldehyde and a vinyl
iodide; a NiC}.CrCh catalysed intramolecular coupling between those fumctional
groups would allow the final cyclisation to occév.key retrosynthetic Prins-pinacol
condensation affords the alcold6 and the aldehyd&57. These intermediates could

be prepared fron§-carvone {58 and the epoxid&59respectively.

“8 (a) Nozaki, H.; Hiroi, M.; Takaoka, D.; NakayanM, J. Chem. Soc., Chem. Comm@883 1107-
1108 (b) Takaoka, D.; Nozaki, H.; Nakayama,MChem. Soc. Chem. Commu887, 1861-1862.
*MacMillan, D. W. C.; Overman, L. . Am. Chem. So&995 117, 10391-10392.
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OH

Y4

ij o J\A -
NS
— OHC OTIPS + OH ™S
o7
159 158

157 156

Scheme 33verman’s synthetic approach to (-)-7-deacetoxyalay acetate 153

Following the synthesis of (—)-7-deacetoxyalcyoagetate 153), Overman and co-
workers managed to complete a synthesis of sclgtimpA (163) by isomerisation of
cladiell-11-ene-3,6,7-trioll62 the latter being readily obtained from allyliccaihol

160which was an intermediate in the synthesi$58 (Scheme 3%°°

sclerophytin A (163)

Scheme 34eagents and conditioris VO(acac), t-BuO;H, benzene, 99%i, (a) DIBAL-H, benzene,

78% (b) TBAF, THF, reflux, 96%iji, hv, p-xylene, AcOH,-PrOH, 28%.

¥ MacMillan, D. W. C.; Overman, L. E.; Pennington,. J. Am. Chem. So2001, 123 9033-9044.
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Just before Overman’s publication of a synthesisaérophytin A {63, Paquette

disclosed a total synthesis of this natural produiich also revealed its authentic
structure>! The retrosynthesis describedScheme 35starts with several FGls which
successively lead to the intermediai€gl and 165 Intermediatel65 was expected to
be accessible by Claisen rearrangement of the ethelk 166. Chemoselective vinyl
anion addition to the keton&67 with accompanying ring closure would deliver a
tricyclic lactone, Tebbe olefination of which wouddford the enol ethet66. Further
simplifications then revealed intermedialé8 A retro-Diels-Alder reaction finally

afforded Danishefsky’s dierfg69 and lactond.70.

169 170

Scheme 35

Crimmins has also been prolific in the area conmpdethe synthesis of ophirin B 72

in 2004 and related astrogorgiti7() in 2006° Both natural products have been

*1 Bernardelli, P.; Moradei, O. M.; Friedrich, D.; iY@ J.; Gallou, F.; Dyck, B. P.; Doskotch, R. W.;
Lange, T.; Paquette, L. A&. Am. Chem. So2001, 123 9021-9032.

%2 (a) Crimmins, M. T.; Brown, B. HJ. Am. Chem. So2004 126, 10264-10266 (b) Crimmins, M. T.;
Brown, B. H.; Plake, H. RI. Am. Chem. So2006 128 1371-1378.
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synthesised following the retrosynthesis shownSicheme 36 Synthesis of the
tricyclic core would be constructed via a strategntramolecular Diels-Alder
cycloaddition of the tetraerer3 The nine membered ring @73 could arise from the
ring-closing metathesis of dierfe’4 which could come from the intermedial&5.

Ultimately 175 could be produced in a couple of steps from therel76.

OAcC

RO, TESO

astrogorgin (171) ophirin B (172) 173

\\CH(MG)Z
HO \

CH,X [\
Hj\/< OYNKO Hy e
2
P— @) — — BnO g
, o 4 T
\A(\/\ Hir S fe}
< 0Bn BnO

BnO

174 175 176

Scheme 36

A second synthesis of deacetoxyalcyonin acethtS) (was published in 2004 by
Molander>® As shown inScheme 37the synthesis starts from commercially available
a-phellandrenel 77 which was converted into the key mixed acéf&8 in 2 steps. A
Lewis acid mediated [4+3] cycloaddition reaction thwi 1-methoxy-1,3-
bis(triethylsilanyloxy)buta-1,3-diene afforded ttesired annulation produg9 with
complete regio- and stereoselectivity. The hydrogybup and the methyl ester
intermediate179 were then used to build the cyclopentet®) and subsequent

ozonolysis and final functionalisations afforded thatural product53

3 Molander, G. A.; St. Jean, Jr.; D. J.; Haas, Am. Chem. So2004 126, 1642-1643.
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OR OMe

OMe P CO,Me

steps N OR

— @) ‘ OH

TiCl
OAc N
177 178 179
steps ‘@ OAC  gteps
e
180 153

Scheme 37

The most recent publication of a total synthesiss @hember of the eunicellin family
comes from the Clark group with the total synthesis(+)-vigulariol 181°* The
retrosynthetic approach to this compound start$ wepoxide opening and further
functional group interconversion to produce the oket 182 A Diels-Alder
disconnection then reveals diet&3 and methyl vinyl ketone. Conversion of the diene
unit into a carbonyl group leads to the ket@B8d. This ketone is the product of the key
tandem oxonium ylide formation and [2,3]-sigmatmpiearrangement sequence
starting from the diazoketond85 Finally C—C bond disconnection of the
tetrahydropyranl86 produces the keton&87, precursor for a samarium diiodide

induced cyclisation reactios¢heme 38

* Clark, J. S.; Hayes, S. T.; Wilson, C., GobbiAngew. Chem. Int. EQ007, 46, 437-440.
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186 185 184

5 Br Q
| .
A~ — >~ = CO,R
0 OR OR

187 188 189 190

Scheme 38

The key metal carbenoid reaction proved to be mdhg efficient Scheme 3%
Indeed, treatment of diazoketoh®&5 with Cu(hfacacg)in CH,ClI, at reflux afforded the
desired bicyclic keton&84 in 96% vyield as a 5:1 mixture &E geometrical isomers.
It is worth noting that the undesirédisomer was smoothly converted to thésomer
upon treatment with AIBN and a sub-stoichiometmneoaint of ethanethiol in benzene
at reflux. The use of our metal carbenoid chemiptigvides an extremely quick and
efficient entry to the bicyclic core of vigularioConstruction of the cyclohexyl ring
using a Diels-Alder reaction and then final funnfibsation resulted in the shortest

synthesis for a cladiellin compound to date.
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o -
W N
.OTBS H 2

TBSO
(E)-184

—_—

o
TBSO

(2)-184
Scheme 39%Reagents and conditions; Cu(hfacac) (5 mol%), CHCl,, reflux (96%, 5:1Z/E); ii,

AIBN, EtSH, PhH, reflux (56%).

In spite of the considerable efforts devoted to tibkal synthesis of the cladiellin
natural products, there are no reports of attergptsy/nthesise labiatin AL47) other
than that published by our grothThere have been few attempts to synthesise natural
products that possess the same core structurdiasinaA (147) and these dealt with
the synthesis of neoliacinic acill52). The first attempt was reported in a PhD thesis
from the University of Wisconsin-Madison USA in ¥9 and the retrosynthetic
analysis employed by the author is show®sameme 40The first disconnection of the
oxabicyclo[5.3.1Jundecenone system led to an intteoular Horner-Wadsworth-
Emmons precursot92 which was expected to arise from oxidative marapah of

the allenylphosphonatd93 In turn, this phosphonate was to be prepared by
condensation of the aldehyd®4 and theo,y-dianion derived from the alleri©5aor
195hb It was believed that this would allow the appiica of a dioxanone-to-
dihydropyran lactonic enolate Claisen rearrangemiantin attempt to make the
aldehydel94 The most advanced intermediate synthesised veasligmel95h Three
attempts including Ireland-Claisen rearrangemedtradical cyclisation failed to give

tetrahydropyrari94

> Clark, J. S.; Baxter, C. A.; Castro, J.8/nthesi€005 19, 3398-3404.
% Kort, M. E., PhD Thesis, University of Wisconsirablison, 1994
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HH/\‘AOMPM
Me

eto-F=0
OEt

195a R = SnBuj
195b R =H

Scheme 4ort's retrosynthetic analysis for neoliacinic acid

In 1999, Paquette and Paget reported another agdnsgnthesis of neoliacinic acid
using the retrosynthetic analysis showrscheme 41The strategy centred around the
construction of the lacton#96 by chemoselective oxygenation of the homoallylic
alcohol 197. It was anticipated that the tetrahydropy®8v would be prepared by
cyclisation of the allylic epoxidd98 To date, only the five-step synthesis of the
intermediate epoxid&98from the allylic alcoholL99 has been describéd.

Oy_-OH

Me3Si

""/O — —
H H<
Sl
OH\O
152
Me3Si MesSi OH
\ \
E\ o OPMB \ OH OPMB ‘
:> B O >
H \) /
OH OPMB
197 198 199

Scheme 4Paquette’s retrosynthetic analysis for neoliaciagd.

>’ Paget, S. D.; Paquette, L. A.Indian Chem. So02999 76, 515.
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The work in the Clark group has been the most ssfokto date and concentrates on
the use of two metal carbenoid reactions to pregpeadicyclic core of neoliacinic acid
(152).%® As shown inScheme 42it was expected that neoliacinic ackb®?) could be
constructed from intermedia00 which possesses the bicyclic core of the natural
product. The latter was to be introduced by an axuonylide formation and [2,3]-
sigmatropic rearrangement starting from the diatmle201. Further disconnection of
the tetrahydrofuran reveals a second diazokeff¥®which could be subjected to a
metal carbenoid C—H insertion reaction. This di&toke was to be synthesised from

the alcohoR03and the allylic bromid@04.

200 201

g OTIPS :
— T OTIPS
'OH /ﬁ(\/
OPMB
202 203 204

Scheme 4Zlark’s retrosynthetic analysis for neoliacinic dci

The bicyclic ketone200 was synthesised on a multi-gram scale but unfatain
further work on functionalising this system to affoneoliacinic acid ¥52) was
unsuccessful. Although the lactone ring was effitie introduced attempts to

introduce thex,f-unsaturated ketone functionality failed.

8 Clark, J. S.; Baxter, C. A.; Dosseter, A. G.; PgigS.; Castro, J. L.; Whittingham, W. G. Org.
Chem.2008 73, 1040-1055.
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This methodology has also been applied for theh®gi$ of the lytophininsScheme
43)>° An episelenonium ion mediated rearrangement of [R@&]-sigmatropic
rearrangement produ@07 led to the formation of the core structure foundthe
lytophinins210and can allow access to the whole range of euimisel

~ 0,CCF3 |
AcO,)) PhSe ¢

\/ /\D
4ﬁ i Ao 0 i N
HOH | H> H AcO y 0

H
le} (@]
205 206 207
B ] PhSe,
H SePh
H H
\/ |
HO N o \_o
\O H HOI,
Me ‘& o Me™ 2
B | AcO
208 209 210

Scheme 43cConstruction of the core of the lytophinins by aisef@nonium ion mediated

rearrangement reaction; Cu(hfacac), CH.Cl,, reflux, 50%:;ii, PhSe@CCF;, CH,Cl,, 0 °C, 31%.

Recently, the Clark group published the synthetia model of the core structure of
labiatin A (147).>° The strategy for the synthesis of the tricyclicecof labiatin A
(147) is similar to the one used for neoliacinic aci82) and relies on carbenoid C-H
insertion and subsequent tandem oxonium ylide foomd2,3]-sigmatropic

rearrangement as the two key steépsheme 44

* Clark, J. S.; Wong, Y. $hem. Commun200Q 1079-1080.
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211 212

OPMB
214 213

Scheme 44Retrosynthetic approach towards a model of theytiic core of labiatin A.

The synthesis starts from the known alcoR@8 which was converted into the ether
216 by standard Williamson coupling with 1-(bromomdjbyclohexene Z15
(prepared from a commercially available ester in stepsf° The acetonide was then

converted into the corresponding diazoketdhéin 5 steps$cheme 45

e

OPMB
203

Scheme 45

The influence of several rhodium catalysts andtreaconditions on the carbenoid C—
H insertion reaction was then studiéhble 2). Mixtures of three different products
were obtained in different ratios depending on ¢hosnditions: the desired furanone

213 (obtained as an inseparable mixturecisfandtrans diastereoisomers), the acetal

% Lythgoe, B.; Trippett, S.; Watkins, J. &.Chem. Sod 956 4060.
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217, arising from anomalous C—H inserti&nand the intramolecular cyclopropanation
product218 When the reaction was performed using rhodiunt¢lifjuroacetamide
(entries 1-4) the desired furano2&3 was generally the major product except when
CH.CI, was used as a solvent. The use opClklas the reaction solvent tends to result
in as an increase in the amount of cyclopropanagicoduct 218 obtained. It is
interesting to observe that lowering the tempeeafusm reflux to room temperature
results in an increase in thes-trans ratio of 213 The desiredcis furanone was
obtained in up to 6:1 ratio (entry 2). The use lod traditional rhodium(ll) acetate
dimer resulted in a decrease in the yield of thédGhsertion produc13 In the
studies concerning neoliacinic acid15@), the bulky catalyst rhodium(ll)
triphenylacetate had given good results for thisipaar transformatiori® but this was

not the case when dealing with diazoket@té (entry 7).

®1 (a) Mander, L. N.; Owen, D. Jetrahedron Lett1996 37, 723-726 (b) Clark, J. S.; Dossetter, A. G.;
Russel, C. A.; Whittingham, W. Q. Org. Chem1997, 62, 4910-4911 (c) Clark, J. S.; Wong, Y.-S.;
Townsend, R. JTetrahedron Lett2001, 42, 6187-6190 (d) Clark, J. S.; Dossetter, A. G.; \§/on.-S.;
Townsend, R. J. Whittingam, W. G.; Russel, CJAOrg. Chem2004 69, 3886-3898.
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X
Y
o
T e
OPMB
213X =0, Y =CH, OPMB
217 X = CH,, Y =0 218

Entry Ligand SolventTemp Yield 213 (%) (cisitrang)® Yields 217, 218 (%)

1  HNCOCE THF  reflux 60 (2:1) 217(13),218(16)
2 HNCOCE THF 1t 59 (6:1) 218(13)
3 HNCOCR CH.Cl, reflux 21 (2:1) 218(35)
4 HNCOCR CH.Cl, rt 33 (3:1) 218(27)
5  OCCHs THF reflux 26 (7:1) 217(2),218(36)
6 OCCHs THF 1t 16 (4:1) 218(21)
7  O.CCPH CH.Cl, rt 32 (2:3) 217(7),218(16)

2 Diastereoisomeric ratio determined B/ NMR analysis

Table 2

A couple of steps were then required to accesskéyecyclisation precurso2l12

(Scheme 4% Notably, addition of methyllithium to ketor#l3 afforded the alcohol
219 stereochemistry of which has been determined blserving nOe effects in the
'H NMR spectrum. This confirmed that tises furanone213 was the major product

from the C—H insertion reaction. Six additionalpstéed to diazoketonzl2

o Aco,)
steps (.
HOH —_— HO H
AN N2
OPMB o}
213 212
Scheme 45

Based on the results obtained from the key cyatisaeaction used to prepare the core

of neoliacinic, several conditions were investigat®r the key oxonium ylide
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formation and [2,3]-sigmatropic rearrangement rieacstarting from the diazoketone
212 (Table 3). Copper(ll) hexafluoroacetylacetonate [Cu(hfaglaels the catalyst of
choice for this reaction (entry 1). A mixture of , 3R and [1,2]-sigmatropic
rearrangement products was obtained in a very @684 yield. The two compounds
were separated after isomerisation of theEB2mixture of geometrical isomegi1to
give the thermodynamically favoured alken®11in 64% yield. Better selectivity in
favour of the desired [2,3] product has been obkthnwhen the reaction was performed
in benzene but the yield was much lower than incise where dichloromethane was
used as the solvent (entry 2). The use of eithdacae) or Rh(OAC), resulted in
relatively poor yields and did not significantlypmove the211:221 ratio (entries 3 and

4).

220
23 | 12

\
ACO,, @ AIBN  AcQ,
0 -~ =
H Hyp H

+ — >/H
EtSH JQO/L
(0] CgHg, reflux H o
(E:Z, 3:2)
(2)-211 211 221

Entry ML Solvent Yield211+ 221 (%), Ratid 211:221 Ratio211(E:2)

1 Cu(hfacag) CH.ClI, 83, 2:1 3:2
2 Cu(hfacag) CgHs 52,6:1 4:1
3 Cu(acag) CHCl, 35, 2:1 1:1
4 Rh(OAc), CH,CL° 22,3:1 1:6

2 Product and diastereoisomeric ratio determinedi#R. ° Reaction performed at rt

Table 3
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The last important result that arose from the ssighof this model was obtained by
NMR studies. The signal for the proton, k4 a doublet with a coupling constant of
12.6 Hz corresponding to the coupling with protogn Hhe value for this coupling
constant is indicative of a large dihedral angld #rat protons kland H, are in arans

relationship which is the stereochemistry requitedabiatin A (L47).

The model studies clearly showed that our methapolbased on two successive

carbenoid reactions is a viable approach to tred synhthesis of labiatin AL47).

1.5.2 Retrosynthetic analysis for labiatin A

Following the positive results obtained with usitige model compoun@1l, the
objective was the total synthesis of labiatin AeTretrosynthetic approach envisaged
for the total synthesis of labiatin A47) is presented ischeme 46Functional group
interconversions produce the tricyclic syst&®2 which could arise from [2,3]-
sigmatropic rearrangement of the oxonium ylide gateel by treatment of the
diazoketone223 with a suitable catalyst. Further simplificatiorveals the dihydro-
3(2H)-furanone224. A retrosynthetic carbenoid C—H insertion reactmoduces the
diazoketone€25 which could be prepared from the known alcab@®°? and bromide

226
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——
147

A

@) OPG

H

w OH + Br D —

OPMB _ OPMB A
203 226 225

Scheme 46Retrosynthetic analysis of labiatin A

Conclusion

The chemistry of metal carbenoids produced by ttalytic decomposition of diazo
compounds has gained considerable attention fopdsethree decades. Thanks to the
discovery of new catalysts, reactions that wereeocunsidered to be non-selective
have become extremely useful processes allowingdimeation of very elaborated
substrates with high diastereo-, regio- and enselietivities. The synthetic utility of
metal carbenoid reactions is evident from theirolaement in a large number of
natural product syntheses. The next part of thissigh will describe the very
challenging and successful application of the cksamiof metal carbenoids towards

the total synthesis of labiatin A.
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Results and Discussion
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Chapter Il — Results and Discussion
Our retrosynthetic analysis for labiatin 24(7) ultimately led to the cyclohexenyl unit
226. The first part of the project would therefore ahwe the synthesis of this
intermediate for coupling to the alco203 Before embarking on an enantioselective

synthesis, preparation of the cyclohexene uniagemic form was investigated.

2.1 Synthesis of the cyclohexene fragment
The starting material required for our synthesisdisopropylcyclohexanon@30,
which is commercially available but can also beaot#d in four steps from much
cheaper and commercially available compound 4-agmgphenol Scheme 4Y°%% An
alkaline solution of 4-isopropylphen@R7 was methylated with dimethylsulfate and a
Birch reduction followed by ether hydrolysis gabe tunsaturated ketor&29 in 80%
yield over 2 steps. Hydrogenation of the double dorafforded 4-
isopropylcyclohexanon230in 83% yield.

OH o~ o] o]

A

227 228 229 230
Scheme 47Reagents and conditiong dimethylsulfate (7.0 eq.), 15% aqg. KOH solutiof,2.5 h

[95%]; ii, (a) lig. ammonia, lithium (8.3 eq.), EtOH, —78,{6) 0.6 N oxalic acid, acetone, MeOH,®{

rt, 3 h [80%, 2 stepsiii, H,, Pd/C, MeOH, rt, 18 h [83%].

4-1sopropylcyclohexanon230 was first treated with LDA to give the correspargli
enolate which was quenched with TMSCI. A Saegusectien afforded thex,f-

unsaturated ketor@32in very good 85% yield over 2 ste}isin contrast to what was

%2 Nelson, N .A.; Mortimer, G. Al. Org. Chen1957 22, 1146-1153.
% (a) Ito, Y.; Hirao, T.; Saegusa, J.0Org. Chem1978 43, 1011-1013 (b) Larock, R. C.; Hightower, T.
R. Tetrahedron Lett1995 36, 2423-2426.
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described in the literature, bromination on the ldeubond using triethylamine and
bromine was unsuccessfilllt only led to the aromatisation of the keto®®2 and
therefore to 4-isopropylphenol. Fortunately, broetoke233 was obtained in 82%
yield by refluxing ketone232 in CH,Cl, in the presence of tetrabutylammonium
tribromide (TBATB) and potassium carbonate for teays®® The TBS protected
alcohol234 was then obtained in 88% yield by the Luche radnobf the keton@33
followed by treatment with TBDMS triflate. Unfortately, and contrary to results
obtained by Smith Ill and co-worke?s,halogen-metal exchange by treatment of
bromoketoneé234 with n-BuLi followed by electrophilic capture of the rétsg anion
by ethylchloroformate did not afford the desiretee®35. Instead, a mixture of several
unidentified products was obtained and, due tor ttreatively similar polarity, it was

not possible to isolate them individuallydheme 48

Ha &
PN PN PN

230 231 232

OTMS

OTBS TBSO O

o)

Br Br

ii i} iv v/ S})&;Et
235

233 234
Scheme 48&eagents and conditions:n-BuLi (2.2 eq.),i-PLNH (1.5 eq.), TMSCI (5.0 eq.), THF, —
78 °C, 3 hji, Pd(OAc) (0.1 eq.), @ atmosphere, DMSO, rt, 15 h [85%, 2 stejfis];TBATB (2.0 eq.),
K,CO; (3.0 eq.), CHCl,, 0 °C (45 min) then reflux 2 days [82%Y, (a) CeC} (1.3 eq.), NaBH (1.1
eq.), MeOH, —20 °C, 15 min; (b) TBDMSOTT (2.0 e®)6-lutidine (3.0 eq.), C}l,, —78 °C to rt, 14 h

[88%, 2 steps]y, n-BuLi (1.5 eq.), CICGEt (3.0 eq.), THF, —78 °C to rt, 1.5 h [0%].

% Smith, A. B., Ill.; Branca, S. J.; Pilla, N. N.u@ciaro, M. A.J. Org. Chem1982 47, 1855-18609.
% Gopal, B.; Bujar Barua, P. M.; Chaudhuri, M. K.ala, D.; Khan, T.AChem. Lett2001, 4, 290-
201.

60



Chapter I

Adding DMPU to the reaction mixture or using metloganoformate (Mander’'s
reagent)® as an electrophile did not improve the resultsannattempt to understand
why this reaction failed, a deuterium oxide quenah the lithium anion of
bromoketone234 was performedScheme 4% This reaction led to the formation of
the alkene237 which demonstrates, that the ani286 is clearly formed, and that the
electrophile is attacked (otherwise a protonateodypct rather than the deuterated
product237would be obtained when the reaction mixture isnghed with water), but
something else happens as well. Attempts to rethegotentially formed ester with
LiAIH 4, led to desilylated products. These observatiorggest that a subsequent
reaction with the silyl protecting group occurs attis could explain why in the

literature a ketal protected ketone is used.

OTBS OTBS OTBS
| Br Li D
_— _—
234 - 236 - 237

Scheme 4%Reagents and conditions:n-BuLi (1.5 eq.), THF, —=78 °C to rt, 1.5 h; D,O (excess), —

78 °C, 30 min.

As a consequence of the failure of the route shiosmcheme 48an alternative route
involving the use of a Baylis-Hillman reaction beem theo,f-unsaturated keton@

and formaldehyde was explore&Equation 19). Due to the poor reactivity of
cycloalkenones in the Baylis-Hillman reaction, madifferent catalysts have been

described in the literatute (e.g. DMAP, n-tributylphosphine, DBU,N,N,N’,N’-

® Mander, L. N.; Sethi, S. Aetrahedron Lett1983 24, 5425-5428.

%7 (a) Gatri, R.; El Gaied, M. Mletrahedron Lett2002 43, 7835-7836; (b) Aggarwal, V. K.; Mereu, A.
Chem. Commurl.999 2311-2312; (c) Kabat, M. M.; Kiegel, J.; Cohen; Woth, K.; Wovkulich, P. M.;
Uskokovic, M. R.J. Org. Chem1996 61, 118-124; (d) Taylor, R. J. K.; Thorsten, Getrahedron Lett.
2002 43, 3573-3576; (e) Lee, K. Y.; GowriSankar, S.; Kidn,N. Tetrahedron Lett2004 45, 5485-
5488.
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tetramethyl-1,3-propanediamine) with DMAP am@usP being the most widely used.

Treatment of keton232 with aqueous formaldehyde and a catalytic amotiDtiNdAP

was very sluggish and afforded the allylic alcoR8Bin a modest yield of 51% after
two weeks. A similar yield was obtained usm@usP after only 15 h. Scale up of this
reaction proved difficult and it has been foundt thddition of triethylamine to the

reaction mixture greatly increased the amount obvered unreacted starting material.

(0] O
§ i §/\ )
—_—
232 238

Equation 19 Reagents and conditions; n-Bu,P (0.8 eq.), CED (37% solution in water, 2.0 eq.),

NEL, (1.0 eq.), THF, rt, 3 h, [50%, 70% brsm].

The alcohol238 was converted into the corresponding mesylate which upon treatment
with LiBr did not afford the expected bromoketoB89 (Equation 20) Attempts to
obtain bromide239 in a one step procedure using phosphorus tribromide or
triphenylphosphine/carbon tetrabromide resulted in the formation afnatentified

product

OH i 2: Br

238 239

Equation 20 Reagents andonditions i, (a) EtN (2.0 eq.), MsCl (1.5 eq.), GBl,, —=78 °C, 1.5 h,

[100% crude vyield] (b) LiBr (1.5 eq.), THF, rt, 2 ér PBg (0.5 eq.), hexane : THF (2:1), —20 °C, 30

min; or CBy, (3.0 equiv), PPh(3.0 equiv.), CHCN, 0 °C, 30 min, [0%].

Attempts to couple the alcoh@03with the mesylate derived from alcol88led to a

very surprising result. Heating a solution of the alkoxide cblabl 203 with the
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mesylate240 at reflux in THF resulted in the formation of theesylate241 and a

product which was tentatively assigned by NMR asdhe ethe42 resulting from

dimerization of the initial mesyla@10 (Equation 21).

%O 0 #O 0 0
0 o
>
H + OMs i H + (@)
—_— [
OH OMs

H H

OPMB OPMB

203 240 241 242

Equation 21 Reagents and conditions: NaH (1.1 eq.), THF, rt, 1 h, thenBu,NI (0.03 eq.),240

(1.2 eq.), THF, 1t, 1 i1 (75%),242 (80%)].

The presence of thef-unsaturated ketone was possibly the source optbblems
and so it was reduced to the corresponding alglttohol using Luche conditions just
after the Baylis-Hillman reaction to afford the Wig43 in 97% vyield as a 7:1
diastereomeric mixtureScheme 5D The two diastereocisomers were inseparable by
chromatography and so the mixture was used in &xt step which consisted of a
PMP acetal protection (80% yield). Reductive opgrohthe acetal44 with DIBAL-

H afforded selectively the desired alcohol (primalgohol free and secondary
protected with a PMB group) in 93% yield. Bromiatiusing triphenylphosphine and
carbon tetrabromide afforded bromi@d5 in a very satisfying 90% vyield. Finally,
heating a solution of the alkoxide derived fromoalal 203 with the bromide245 at

reflux in THF for 2 h afforded the desired etd6in 79% vyield.
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PMP
O OH OH OH o o OPMB
i 9) i g ii Br
238 243 244 245
PMB 3
S>) iv e OPMB
Br _
+ 0
1o !
OPMB OPMB
245 203 246

Scheme 5@Reagents and conditions: CeCk7H,O (1.5 eq.), NaBi (1.1 eq.), MeOH, —20 °C, 30

min, [97%l]; i, p-MeOGH,CH(OMe), (1.3 eq.), CSA (0.2 eq.), 4 A mol. sieves, CH, rt, 2 days
[809%]; iii, (a) DIBAL-H (3.1 eq.), CKCl,, =78 °C, 2 h [93%] (b) CBK(3.0 eq.), PPh(3.0 eq.), CHCN,

0 °C, 20 min [90%]jv, NaH, rt to reflux, 1 h, then bromid@5, rt to reflux, 15 h [79%].

Having discovered an efficient way to synthesizeee246 (31 % yield over 8 steps) it
was decided to directly apply this route to thetkgnis of the bromide coupling
partner245 as a non-racemic form, replacing LDA by a chirddibm amide base in

the first step to desymmetrize 4-isopropylcyclohee Scheme 51

OTMS
(R)-cryptone 232 (S)-cryptone 232

Scheme 51

The desymmetrization gfara-substituted cyclohexanones has been widely stuayed
the Simpkins and Koga grouffs.They have developed a series of structurally

diversified chiral amines which enabled them totkgsize highly enantioenriched

% (a) Cox, P. J.; Simpkins, N. $etrahedron Asym1991, 2, 1-26, (b) Aoki, K.; Koga, KTetrahedron
Lett, 1997, 38, 2505-2506 and references cited herein.
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cyclohexanones. Three of their chiral bases westedeon our ketone, nameR-[R*,
R*)]-(+)-bis(a-methylbenzyl)amine hydrochloride (R,R)-247, -)-O-(1-
phenylethyl)(2,2,2-trifluoroethyl)-amingR)-248 and (+)-R)-(1-phenylethyl)(2,2,2-

trifluoroethyl)aming(S)-248 (Figure 4).

' B I;’h Ph
Ph” "N~ “Ph ~ N7 CR, SN CE,
HHCI X H
247 (S)-248a X =H, (S)-248b X = HHCI (R)-248

Figure 4 Amines for chiral lithium amide base generation.

The different conditions that were tested are sunm®d inTable 4. The influences of
the chiral amine, the temperature and the condemiraf the different reagents
involved were studied. The enantiomeric excessethe#, f-unsaturated keton232
were measured by chiral HPLC (Chiracel AD columthviiexanasopropanol 98:2 as
an eluent). The best enantiomeric excess (89%)altmned using amingR)-248a
(entry 4. It was also found that the enantiomeric rati@sewonly slightly affected by
the concentration of the reagenentfies 6 and ) so it was decided to work with
concentrations as high as possible to allow theti@ato be scaled-ufentry 5shows
that it is essential to perform the reaction at kmmperature in order to obtain high

enantiomeric excesses.
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Entry amine Concentration (mol.l') Temperature ee%

Amine/ substrate

(e.r. (R)-232(9-232)

1 (R,R)-247 0.09/0.36 ~100 °C 86% (93:7)

2 (S)-248a  0.09/0.36 ~100 °C 86% (7:93)

3 (S)-248b  0.09/0.36 ~100 °C 81% (9.5:90.5)
4 (R)-248  0.09/0.36 ~100°C  89% (94.5:5.5)
5 (R)-248  0.09/0.36 ~78°C 76% (88:12)

6 (R)-248  0.37/0.72 ~100 °C 83% (91.5:8.5)
7 (R)-248  0.41/0.82 ~100 °C 80% (90:10)

Table 4 4-1sopropylcyclohexanone desymetrisation.

Ultimately, this reaction was scaled up to 11.5 82 (mmol) of 4-
isopropylcyclohexanon230 leading to R)-cryptone232in 87% yield over two steps
and 83% ee. It is also worth noticing that the ah@mine248 could be recovered in

80% vyield from the reaction mixture and used aguaitthout any erosion of

O
/:\

230 (R)-232

enantiomeric exces&quation 22).

Equation 22 Reagents and conditiond; (a) n-BuLi (1.3 eq.), (+)-R)-(1-phenylethyl)-2,2,2-
trifluoroethylamine248 (1.2 eq.), TMSCI (3.5 eq.), THF, -100 °C, 1.5 h Rul(OAc), (0.1 eq.), G

DMSO, rt, 15 h [87% yield, 83% ee].
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At this juncture it was decided to follow the saprecedure as for the synthesis of
bromide245in racemic form except that the PMB protectingugravas replaced by a
benzyl ether $cheme 52 As previously, the synthesis starts with a Bapillman
reaction to give the alcohdR)-238 in 52% vyield (70% vyield based on recovered
starting material). The ketone was then reduce@ubdche conditions to give the diol
(R)-243 in 98% vyield and as an inseparable 10:1 mixturediebtereoisomers, the
diasteroselectivity was improved by lowering theaperature to —78°C. This diol was
then protected as a benzylidene ac2éf) in 98% yield. Regioselective reduction of
the acetal with DIBAL-H afforded two diastereomeaicohols250aand 250b which
were separable by silica gel chromatography at ttsge. Only the major
diastereoisomer was brough through the next stiyowdh its relative configuration
was not determined at the time. The configuratibrthe carbon atom bearing the
benzyl ether was determined by X-ray crystallogyalatter in the synthesisé¢e page
78). The major alcohoR50a (having the benzylether and the isopropyl grouphia
trans configuration) was converted to the corredpan mesylate and subsequent
displacement with lithium bromide afforded brom2iel in 94% over two steps. The
one-step bromination procedure using triphenylphwsp and carbon tetrabromide
used previously proved to be unreliable on largalescFinally, bromide251 was
coupled with alcohol203 (enantio-pure synthesis of which from D-Mannitohsv
elaborated in our laboratory when working on thetlsgsis of neoliacinic aciti52)® in
87% yield to give the ethé?52 as the sole isolated diastereoisomer after patitio

by chromatography. The enantiopure etBBR was therefore synthesized in 9 steps

and an excellent 39% vyield.
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I‘Dh
o 0 1 OH o o
sH
ij i Hoﬁ i HO i K@
—_— —_— —_—

: : N N
N N N N
(R)-232 (R)-238 (R)-243 249

N
(@)
OBn H ) OBn

iv v Br/\Q vi Oﬁ
—_— —_— ‘ —_— H ‘

=YH :
SN OPMB _~_
250a/b 251 252
a=trans
b=cis

Scheme 5Reagents and conditions:n-Bu,P (0.8 eq.), CkD (37% solution in water, 2.0 eq.), NEt
(1.0 eq.), THF, 1t, 3 h, [52%, 70% brsni}; CeC}, (2.0 eq.), NaBEI (1.1 eq.), MeOH, —78 °C, 20 min,
98%, 10:1 d.r.jii, benzaldehydedimethylacetal (1.4 eq.), camphdosial acid (0.2 eq.), 4 A mol.
sieves, CHCL, rt, 15 h [98%];iv, DIBAL-H (4.0 eq.), CHCI,, —78 °C to rt, 15 h [82%]}y, on major
alcohol only: (a) MsClI (1.5 eq.), & (2.0 eq.), CHCl,, =78 °C to 0 °C, 1.5 h, (b) LiBr (1.5 eq.), THF,
rt, 2.5 h [94%, 2 stepsyi, NaH (2.0 eq.), reflux, 1 h, the203 (1.1 eq.), 18-crown-6 (0.5 eqr};BusNI
(0.03 eq.), THF, rt, 15 h [87%].

2.2 Synthesis of the tricyclic core of labiatin A

Acetal 252 was cleaved under acidic conditions to give theesponding diol which
underwent an oxidative cleavage using sodium meatagae to afford the aldehyde
253 in 92% vyield over two steps. Oxidation using Paknicondition§® gave the
corresponding carboxylic acid which was convertatb ia mixed anhydride by
treatment with isobutylchoroformate. Addition ofetlcrude mixed anhydride to a
freshly distilled solution of diazomethane affordibe diazoketon254 in 86% vyield

over 2 steps§cheme 53

% Bal, B. S.; Childers, W. E.; Pinnick, H. Wetrahedron1981, 37, 2091-2096.
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4

o/) O _H ol

H™ OBn OBn OBn
0o i o i

) - ) - O
OPMB _~__ OPMB _~_ OPMB _~__

252 253 254
Scheme 53Reagents and conditions:(a) PPTS (0.2 eq.), ethylene glycol, LH, THF, reflux, 15 h,
(b) NalQ, (4.0 eq.), THF, HO, 45 min [92%];i, (a) NaCIQ (7.5 eq.), NakPO, (6.5 eq.), 2-methyl-2-
butene (8.0 eq.}sbutanol, HO, rt, 30 min [100%)]; (b) i, NEt(1.1 eq.)j-butylchloroformate (1.1 eq.),
Et,O, rt, 2 h, ii, CHN, (10 eq.), EO, 0 °C, 1 h [86%].

At this stage, the first key carbenoid reaction weagplored. Treatment of the
diazoketone254 with rhodium (Il) trifluoroacetamide dimer gaveetlc—H insertion
product255in 66% yield and a 7:tis:itrans ratio along with 11% of a side product
(Equation 23). Although NMR studies were carried out, the dinoe of this side-
product could not be determined. Encouraginglys ttrucial reaction resulted in the
formation of the desired dihydrofuranone not omlyai yield similar to that obtained

during the model studies but also with a much higigtransratio.

Equation 23Reagents and conditionRhy(tfacam), (0.04 eq.), THF, rt, 2 h, [66%)].

Nucleophilic addition of a methyl group to the ket®55 proved to be challenging
(Table 5. Using trimethylaluminium, the ketone was congdrinto a 7:3 mixture of
two products in 62% yield. NMR studies showed ttieg major product was the
desired tertiary alcohd@56 (Figure 5). Based on the results obtained with the model
compound, the minor product was assumed to bepgpesite diastereoisomeb7 but

no further analyses to confirm this hypothesis weeied out, as this compound was

of no use for our synthesis. Using methyllithiuhre reaction did not go to completion
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even using three equivalents of the alkyl metafje@é but the diastereoselectivity was
better (8:1 d.r). Moreover, it was possible to reraunreacted starting material, and so

methyllithium seems to be the reagent of choiceHi® nucleophilic addition reaction.

— +
OPMB /\
256 257
Methylating agent d.r266.257) Conversion (isolated yield f@56)
AlMe3 (2 M in toluene) 7:3 100% (62%)
MeLi (1.6 M in EtO)  8:1 80% (61%)

Table 5

Studies on the tetrahydrofura2b6 (Figure 5) confirmed that the C—H insertion
reaction gave essentially thes furanone: there is an nOe of 1.8% between theopsot
Ha and H, and 2.7% between the protoR &hd the methyl group. This is in agreement
with the ketone being attacked from the top faeedfpresenting the two protong H

and H), and so the stereochemistry is that requiredatmatin A (147).

0 79 1.8%
7%

H3C Ha
"
HO R; ©

Figure 5nOe studies on the furan syst266.

Following the success of the C-H insertion reactaitention was directed towards the
second key step of the synthesis, namely the tezdtof the diazoketon262 with a
metal catalyst leading to a tandem oxonium ylidemfation/[2,3] sigmatropic

rearrangement. Our efforts towards the synthesdiafoketone262 are described in
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Scheme 54 Firstly, alcohol256 was protected with an acetate group in 79% vyield
using freshly distilled acetic anhydride and DMARe PMB group was then removed
with DDQ leading to the formation of the alcol&89in 71% vyield. This alcohol was
oxidised into the corresponding aldehy2i&0 using Dess-Martin periodinane in 89%
yield. The aldehyde was then quantitatively oxidise the carboxylic aci@61 under

Pinnick conditions.

HO’«' BnO AcO,," BnO ACO//,' BnO
Mo i o i
Q H H-H
OPMB ™~ OPMB ™~ S~
256 258 259

261

262
Scheme 54Reagents and conditionis: Ac,O (2.0 eq.), DMAP (3.0 eq.), GBI, rt, 15 h [79%l];ii,
DDQ (1.5 eq.), CKCIy/H,O 20:1, rt, 1 h [71%]iii, Dess-Martin periodinane (2.0 eq.), &, 0 °C to
rt, 15 h [89%];iv, NaCIQ, (7.5 eq.), NakPO, (6.5 eq.), 2-methyl-2-butene (8.0 ed:-putanol, HO, rt,

30 min [100%)].

Unfortunately, formation of diazoketon262 proved troublesomeSgheme 5h
Reactions on the model system suggested thatidusldgtone could be formed by the
reaction of diazomethane with the acid chlorideivéigl from carboxylic acid?61
Carboxylic acid261 was first treated with sodium methoxide in methandorm the
corresponding sodium salt. Subsequent treatmehtoxialyl chloride was expected to

give the acid chloride263 which would then react with diazomethane to gike t
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diazoketone262 Unfortunately the product we obtained at thigstaas the lactone
264. The use of sodium methoxide was responsible Her deavage of the acetate
protecting group giving the free alcohol which trelised to give lacton264. This

lactone was successfully opened upon treatmenttvigtinylamine in methanol.

AcO]l  Bno
HOH
OH /
o} e
261
i \
BnO
0.0,
O H
H
264 265

Scheme 55Reagents and conditions: sodium methoxide (1.05 eq.), oxalyl chloride (p)gii, (a)

NEt; (1.5 eq.), MeOH, reflux, 2 days, (b) Az (2.0 eq.), DMAP (3.0 eq.), GBI, rt, 16 h.

Alternative methods for the formation of the acidocide 263 were then investigated
(Table 6). The carboxylic aci®61 was treated with oxalyl chloride and a catalytic
amount of DMF and the reaction was stirred overmahrt under an atmosphere of
argon. It was then added to a solution of diazoarethn diethyl ether; unfortunately
this only resulted in the degradation of the stgrtmaterial éntry 1. Attempt to
synthesise the diazoketo@62 via the formation of an acyl mesylét@lso led to the
decomposition of the starting materiah{ry 2. Finally, the last attempt to form the
diazoketone262 consisted of the formation of a mixed anhydridengishe same
conditions as that had been used to prepare tbediazoketone254 earlier in the
synthesis: namely treatment with isobutylchlorofatea The mixed anhydride was
formed in quantitative yield but unfortunately itddhot react with diazomethanentry

3).
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Entry Conditions Result

1) (COCI} (1.2 eq.), cat. DMF, C¥ZLl,, rt, 16 h
1 Decomposition
2) CHN;, (c.al0eq.), EO,0°C,2h

1) E&N (10.0 eq.), MsCI (5.0 eq.), GBN, 10 min
2 Decomposition
2) CHN;, (c.al0eq.), EO,0°C,2h

1) CICOOQisobutyl (1.1 eq.), Bt (1.1 eq), rt, 1.5h
3 Mixed anhydride
2) CHN;, (c.al0eq.), EO,0°C,2h

Table 6

These very disapointing results prompted us to neder the initial attempt to
synthesize diazoketor#62 when 1.05 equivalents of sodium methoxide werel use
produce the sodium salt of the acid. As describefbrb the addition of sodium
methoxide led to the cleavage of the acetate gamapwas followed by lactonisation.
Consequently, it was thought that by using onlyb0eguivalents the methanolysis of
the acetate could be avoided. To our delight, tmeat of acid261 with a sub-
stoichiometric amount of sodium methoxide followsdreaction with oxalyl chloride
afforded the corresponding acid chlori2@3 Pleasingly, addition of this acid chloride
to a solution of freshly distilled diazomethanesther finally afforded the diazoketone
262in 79% yield along with 10% of methyl es@85. Addition of diazoketon262to

a solution of Cu(hfacag)the catalyst of choice according to the modetlistsr) in
CH.CI, at reflux afforded the core structu66 in 76% vyield and as a single

geometrical isomerScheme 5&
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261 262 266
Scheme 56reagents and conditions:(a) sodium methoxide (0.95 eq.), MeOH, rt, 15 ,n(in) oxalyl

chloride (5.0 eq.), benzene, rt, 1.5 h, (c),RKH(10.0 eq., solution in ED), CHCIl,, 0 °C [79%];ii,

Cu(hfacac) (5 mol%), CHCI,, reflux, 1 h [76%].

The successful application of the Clark group metihagy to such an elaborate
diazoketone proves once more the efficacy and tiiensaf this reaction. Indeed, the
yield for this transformation is even higher thaattobtained using the model system.
In addition, it is also worth noting that a subsi@namount of [1,2]-sigmatropic
rearrangement product was obtained from the reaabib the model system but
reaction of our key diazoketor#62 gave only the [2,3]-sigmatropic rearrangement
product266, the desired tricyclic core. Last but not least,were extremely pleased to
see that the relative stereochemistry266 (Figure 6) is that required for labiatin A.
'H NMR studies show that the signal for proton 2 idoublet and couples to proton 3
with a coupling constant of 12.6 Hz, the magnitedl¢his J value is indicative of a
large dihedral angle and that the relationship betwprotons 2 and 3 asti. Moreover

in contrast to what was obtained using the modehpmund, only one geometrical
isomer was isolated. The geometry of the doubledbeas determined later in the
synthesis thanks to the X-ray crystal structure ohore advanced intermediateé

page78).

Figure 6 Tricyclic core structure of labiatin A
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2.3 Studies towards the completion of the synthesis

A possible route for the completion of the synthes labiatin A (47) is shown in

Scheme 57 Debenzylation followed by oxidation should affaitie o,f-unsaturated
ketone268 and a double methyl addition/acetylation seques@rvisaged to give the
intermediate269. Finally, hydroboration of the double bond andtter oxidation

should lead to the formation of labia#n(147).

Scheme 57Reagents and conditions: Birch reductionji, allylic oxidation;iii, (a) methyl addition,

(b) acetate protectioiv, (a) hydroboration, (b) oxidation.

We firstly turned our attention to the debenzylatieaction. The presence of the
double bond in the 8-membered ring prevented um frgerforming the classic
hydrogenolysis of the benzyl group. Despite variattempts, it was not possible to
obtain the desired allylic alcoholdble 7). The use of liquid metal®iitries 1, 2 and
3) led to the decomposition of the starting mater@hd Lewis acid mediated
debenzylation dntries 4 to Y led a mixture of two inseparable and unidentified
products in which the benzyl protecting had beanawed. Finally, hydrogenolysis

(entries 8 and Palso led to a similar mixture of products.
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BnQ HQ
AcO, [ 3 ______ . AcO, [ T 3
—\ _O0_ /= = —\ 0./~ %
H iy / H o /
o o
266 267
Entry Conditions Result
1 Na (3.5 eq.), lig. N} =78 °C, 30 min Decomposition
2 Li (3.5eq.), lig. NH, =78 °C, 1.5 h Decomposition

3 1M lithium naphtalenide solution (3.0 eq.), —138td rt, 15 h Decomposition

4 BCLDMS (2 M in CHCI,, 3.0 eq.), CECl,, —=78 °C, 1.5 h  Debenzylation

5 DDQ (10 eq.), CBCly, rt, 17 h Debenzylation
6 AICl; (3.1 eq), dimethylaniline (4.2 eq.), @&z, 20 h No reaction
7 AICl; (2.0 eq.), CHClo/m-xylene 2:1, —15 °C, 30 min Debenzylation

8 Ammonium formate (4.8 eq.), Pd (10% on carborf &4.), No reaction

MeOH, rt, 20 h

9 H,, Pd (10% on carbon) (0.3 eq.), EtOAc, 3 days Deyation

Table 7 Debenzylation on the core structure.

These results show that the removal of the benmtepting group at this stage of the
synthesis was extremely complicated and the resbli@ined with Lewis acids and by
hydrogenolysis led us to conclude that even ifibezyl group could be removed, the
resulting allylic alcohol is probably unstable améy rearrange to give unidentified

debenzylated compounds.

The fact that the debenzylation reaction was tregdnine at this stage led us to perform

methyl addition to the keton@66 prior to deprotection. Several organometallic
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reagents were testedigble 8), but methyl lithium proved to be the only one imagv
sufficient reactivity. Nevertheless, the reactiomswvery sluggish and had to be
performed at least twice in order to achieve comepleonversion. The reaction

conditions used also led to the removal of theaeeajroup Equation 24).

BnO

266
Entry Conditiond Result
1 MeMgCl (3Min THF),5eq,-78°Ctort,2 h Decposition
2 MeMgBr (1.4 M in Tol/THF 3:1), 5eq, —78 °C to 5 h no conversion
3 MeMgl (c.a. 1 Min EO), 5eq,-78°Ctort, 16 h No conversion
4 AlMes (2 M in hexanes), 5 eq, —78 °Ctort, 16 h No @eion
5 ZrMeg (c.a. 13Min THF), 1 eq,-78 °C, 1 h 44% conwansi
6 MeLi (1.6 M in EtO), 1 eq,—-78 °C, 1 h 58% conversion
7 MeLi (1.6 M in E£O), 5 eq, —78 °C to rt, 16 h, two run¢ 100% conversion

Table 8 Methyl addition to the ketor266.

266

Equation 24 Reagents and conditiong: MeLi (1.6 M in EtO, 5 eq.), toluene, =78 °C to rt, 2 runs,

[82%].

The methyl addition on ketorn266 was stereoselective and the stereochemistry was
established by the X-ray crystallographic analydisliol 271 which showed that the
compound possesses the relative configuration redjdor labiatin A Figure 7). This
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X-ray structure confirmed the correct installatairsix stereocentres present in labiatin
A, five of them being contiguous. It also showedttthe endocyclic alkene in the 8-

membered ring possesses the E geometry.

' R '5

Figure 7 X-ray structure of dioR71

In labiatin A, the two hydroxyl groups in di@l71 are acetylated. We firstly performed
the bis-acetylationquation 25) using acetic anhydride and DMAP in . In this

case only one acetate was installed after 24 hjrigathe reaction for a further 24
hours led to the total decomposition of the stgrimaterial and the product. Addition
of TMSOTT to the reaction mixture is known to a@rate the acetylation of alcohols

and to give particularly good results with tertiagohols’® In our case the use of

O Procopiou, P. A.; Baugh, S. P. D.; Flack, S. &glis, G. G.J. Org. Chenl1998 63, 2342-2347.
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TMSOTf only led to the decomposition of the stagtimaterial and notably the

cleavage of the benzyl protecting group.

Equation 25Reagents and conditions:Ac,O (3.0 eq), TMSOTf (1 M in CkCl,, 0.04 eq), CkCl,,

0°Ctort, 2.5 h, [0%].

In parallel to work concerning the methyl additie@ ketone 268 followed by
acetylation, we focused on another interestingufeatn labiatin A, namely the
presence of the ketone in the 8-membered ring.essribed earliercheme 5Y, the
intention was to introduce this ketone by hydrobora of the double bond and
oxidation of the resulting alcohol. With the tridigccore 268 now available, we
attempted to hydroborate the trisubstituted alk@uuation 26). Addition of thexyl
borane followed by sodium perborate at pH 7 redulte the recovery of starting
material. The use of a more reactive borane insbédide bulky reagent thexyl borane
led to consumption of the starting material but mid deliver the expected alcot¥3

and instead gave a complex mixture of unidentiégimlar by-products.

273

Equation 26 Reagents and conditiong: BH; (1 M in THF, 2.0 eq), THF, 0 °C, 50 min then pH 7

buffer, NaBQ4H,0 (2.0 eq), rt, 2 h, [0%].

It was thought that the presence of the ketoneoantthe acetate group might be

responsible for this failure and therefore the byration reaction was attempted on
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the diol 271 (Equation 27). Unfortunately, in this case the starting matenias

consumed but none of the required alcd! was obtained.

BnO
\
Hchgjffi§> i
- (o) ETEA
_ H > ?f
H H/
“"OH

271 274

Equation 27 Reagents and conditions:BH; (1 M in THF, 3.2 eq), THF, 0 °C to rt, 1.5 h theH 7

buffer, NaBQ4H,0 (3.2 eq), rt, 2 h [0%)].

As a consequence of the results above, the decrggsntaken to bis protect the diol
271 with TES groups. The use of TESCI and imidazol®MF led once more to the
decomposition of the starting material. However the® TES groups could be
successfully introduced in 48% yield using TESOTWd a2,6-lutidine in CHClI,

(Equation 28).

Equation 28Reagents and conditions: TESOTf (10.0 eq), 2,6-lutidine (15.0 eq), &Hp, =78 °C, 4

h [48%].

The X-ray crystal structure of di@l71 suggests that the double bond is hindered by the
presence of the benzyl group. Attack of the dobloled by borane could probably only
occur from the bottom face which is encouragingabse this is the outcome required
to give the required product. However because @fstkric hindrance, we thought that
the eventual organoborane intermediate could oelyXidised only by a small and
highly reactive oxidising agent. Therefore we perfed the hydroboration on alkene

275 using borane and hydrogen peroxide instead olusogierborateEquation 29).
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Unfortunately, this reaction led once again to filnation of polar by-products and

none of the required alcoh®¥6.

Equation 29Reagents and conditions:BH; (1 M in THF, 6.0 eq), THF, 0 °C to rt, 1.5 h theH 7

buffer, HO, (37% in water, 2.0 eq), 0 °C, 20 min, [0%].

After the failure of various attempts to hydroberahe double bond in the 8-
membered, a modified route was designgdhéme 58 In this route the alken275
would be epoxidised usingrCPBA. Removal of the benzyl protecting group by
hydrogenation should afford an alcohol that woutddxidised to the corresponding
ketone278 Reductive opening of the epoxide using diphesgidinide and sodium
borohydride should afford an alcohol on the 8-memteing’* It would subsequently
be TES protected to give the intermedid#. Methyl addition to the keton279
followed by acetylation should afford intermedi&®@0. Finally, removal of the TES
groups followed by oxidation of the secondary hygtagroup and acetylations of the

two tertiary alcohols would lead to the formatidiabiatin A (147).

" Miyashita, M.; Suzuki, T.; Hoshino, M.; Yoshikosti. Tetrahedronl 997, 53, 12469-12486.
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labiatin A

Scheme 58&eagents and conditions:mCPBA; ii, (a) H, Pd/C, H-cube for pressure, (b) oxidation;

iii, (@) PhSeSePh, NaBH(b) TESOTTf, 2,6-lutidinejv, (a) methyl addition, (b) A©, DMAP; v, (a)

TBAF, (b) oxidation, (c) AgO, DMAP.

The alkene275 was first epoxidised using freshly purifiedtCPBA (Equation 30).
The reaction proceeded smoothly but three equitaleim-CPBA were required for
complete consumption of the alkeR@5 The stereochemistry of the epox@é7 has
not been confirmed but it is thought to tb@nsto the OBn group not only because the
double bond upper face is hindered but also becawsmilar epoxidation performed

by our group on the bicyclic core of neoliaciniédasccurred from the bottom face.

OBn

275

Equation 30Reagents and conditions:m-CPBA (3.0 eq.), CkCly, rt, 2 h, [100% crude].

The crude epoxide was then hydrogenated in thepecesof palladium on carbon in an
effort to remove the benzyl protecting groupg@ation 31). Following the work of

Crimmins on the total synthesis of ophirirBthe hydrogenation was performed at rt
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in EtOAC but after 24 h a 72% conversion was oleirEncouraginglyH NMR

analysis of the unpurified product shows that oammound is formed and the only
difference between th#d NMR of the starting material and of this new protis the
proton Ha. After heating the mixture at 40 °C, llemzyl group was nearly completely
cleaved as judged bYH NMR analysis but unfortunately other products aveiso
produced. Hydrogenolysis reactions performed in Me® THF were actually even

more sluggish (virtually no debenzylation was otsdrafter 24 h).

OBn OH
\\Q L Ha \\O

wHa

Equation 31Reagents and conditionis:Pd (10% on C, 0.2 eq), EtOAc [72% conversion].

The crude mixture resulting from the hydrogenolysiaction was treated with Dess-
Martin periodinane in an attempt to obtain the ket®78 but unfortunately

unidentifiable products were obtaindeuation 32).

Equation 32 Reagents and conditions: Dess-Martin periodinane (2.0 eq.), &H, 0 °C to rt, 3 h

[0%].

2.4 Modified approach towards labiatin A
After our unsuccessful attempts to remove the bepegtecting group from the
rearrangement produ@66, we envisaged modifying the synthesis to insthk t

stereocentre C1 earlier in the synthesis. Not evdyld this prevent the problematic

83



Chapter I

debenzylation but also it would dramatically deseethe number of steps required to

complete the synthesis after our key rearrangeneation Scheme 5%

/:\

OPMB
203 287

Scheme 5New retrosyntetic approach.

The key compound in this modified approach is thentide 287, the synthesis of
which could be achieved following the route sho®oheme 60 Addition of an
alkylmetal reagent to the hydroxyl keto(ie)-238 (resulting from a Baylis-Hillman
reaction on the/p-unsaturated keton®)-232as shown above) would give us the diol
288 Bromination of the primary alcohol and acetylatf the tertiary alcohol would

then lead to formation of bromi@S87.

O \QH pAC

PN PN PN
(R)-238 288 287

Scheme 60Proposed synthetic pathway to bromRR.
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Ketone (R)-238 was treated with several alkylating ageniakle 7). The use of
methyllithium or trimethylaluminium led to the foation of alcohoR89 as the major
product. Unfortunately, the stereochemistry is @ijgoto that desired for labiatin A
(147). The desired product is the minor product, alt@88 the structure of which has
been confirmed by X-ray crystallographlyigure 8). To invert the stereoselectivity,
the ketone(R)-238 was first treated with MAD reagéAtbut no change in the

diastereoisomeric ratio was observed.

0 - OH OH
Hoﬁ Hoﬁ HO%
| — ;
(R)-238 289 288
Entry Conditions d.r289288
1 MeLi (1.6 M in EtO, 5 eq.), toluene, —78 °C, 2 h 20:1

2 AlMe3 (2 M in heptane, 10 eq.), toluene —78 °C to rth185.7 : 1

3 MAD reagent (3 eq.), MeLi (1.6 M in 2, 8 eq.), toluene2.0: 1

—78°Ctort, 20 h.

Table 7Methyladdition to the ketongR)-238

2 Maruoka, K.; Itoh, Y.; Sakurai, M.; Nonoshita, amamoto, HJ. Am. Chem. Sot988 110, 3588-
2597.
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Figure 8 X-ray structure of minor alcoh@88.

In an effort to reverse the selectivity, the aldohas converted into a bulky TBS ether.
The resulting compound displayed increased selgctiring addition of the methyl
group but unfortunately the major product was $tid undesired alcohol as confirmed
by removal of the TBS group using TBAF to give kmowlcohols289 and 288
(Scheme 6L In a final attempt to invert the selectivity,tnoduction of a MOM
protecting group was attempted. The idea was {seaitchelation control to achieve
selectivity, but attempts to install the MOM grouging sodium hydride and MOMCI

were not successful and led to decomposition oftaging material.
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o] OH 2 OH
Hoﬁ I TBSO ‘ TBSO
—_— +
(R)-238 290 291
ii J i J
pH -~ OH
HO + HO
288 289
Conditions(i, (b)) d.r.292/290
MelLi (1.6 M in E®O, 5 eq.), toluene, =78 °C, 2 h 2:1

AlMe3 (2 M in heptane, 10 eq.), toluene —78 °C to rth18 9:1

Scheme 61Reagents and conditions: (@) TBSCI (1.6 eq.), imidazole (2.5 eq.), DMF, ,RTh; (b)

see abovdj, TBAF (1 M in THF, 5 eq.), THF, rt, 1 h.

It was also thought that alcoh®88 could be obtained by opening of the epox288
(Scheme 62 A Wittig olefination of ketongR)-238 led to the formation of dier292
in 66% yield. Unfortunately epoxidation of eithdkene 292 or the TBS protected
alcohol294 with m-CPBA led to the formation of a complicated mixtewen though

we expected to accomplish selective epoxidatiathe@®xocyclic alkené®

3 Urones, J. G.; Marcos, I. S.; Pérez, B. G.; Lithgé\. M.; Diez, D.; Gémez, P. M.; Basabe, P.;
Garrido, N. M.Tetrahedron 995 51, 1845-1860.
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o) OH
o
HO i HO i // HO@ HO
—_— ‘ —————— > ‘
(R)-238 292 293 A

0

i TBSO i y_ TBSO
294 295

Scheme 6ZReagents and conditioisPiPCH;Br (9.0 eq.), KCBu (9.0 eq.), toluene, reflux, 1.5 h,
[66%]; ii, mCPBA (1.1 eq.), CkCl,, rt, 0 °C, [0%];iii, TBSCI (1.6 eq.), imidazole (2.5 eq.), DMF, RT,

2 h [84%].

The epoxide295 was ultimately obtained via a Corey-Chaykovsky ctiea.”
Treatment of ketone296 with the sulfur ylide generated by deprotonatioh o
trimethylsulfonium iodide led to the formation opaxide 295 as a 6:1 mixture of
diastereoisomers. Unfortunately, treatment of gpexide with LiAlH, did not deliver
the desired tertiary alcohols but instead resultedlecomposition of the starting

material Gcheme 63

o ') OH
TBSO% i TBSO i / HO%
—_—
/:\ /_\
296 5

/_\
29 288
Scheme 63Reagents and conditions(a) KHMDS (1.3 eq.), M1~ (1.5 eq.), THF, 0 °C, 30 min,

(b) ketoner2 (1.0 eq.), THF, 0 °C, 30 min [100%i; LiAIH 4 (2.0 eq.), 0 °C to rt, 2 h, [0 %].

At this stage it was decided to design another new r@dbe(me 63 The strategic

concept of introducing the C1 stereocentre early in the synthesiseeteéised and the

" (a) Corey, E. J.; Chaykovsky, M. Am. Chem. So&962 84, 867-868; (b) Corey, E. J.; Chaykovsky,
M. J. Am. Chem. Sot965 87, 1353-1364.
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main new feature in the retrosynthetic approach twase a Stille coupling reaction

between the stannaB82 and the triflate803.

OAc

147

300 299
301 %
/fO
(@) OTBS
_ _ H o %
Stille cross coupling PPN
— H (@) SI’IBU3 + ‘

OPMB AN

302 303

Scheme 64Retrosynthetic approach involving a Stille crosagling reaction.

The enantiopure triflate303 was synthesised in 5 steps and 23% vyield from
commercially available §)-(-)-limonene oxide (1:1 mixture of diastereoisog)eas
described irScheme 65(5)-(-)-limonene oxide&804 was first heated at reflux in water
with a catalytic amount of pyrazole to gitranslimonene oxide804aand the dioB05

as a 1:1 mixture in 96% vyiefd. The double bond was then hydrogenated using 20
mol% of Wilkinson’s catalyst in 88% yield and thesulting diol was then oxidised to

the corresponding ketone using IBX in 89% yieldteAfprotection of the tertiary

> Steiner, D.; Ivison, L.; Goralski, C. T.; AppeR. B.; Gojkovic, J. R.; Singaram, Bletrahedron:
Asymmetry2002 13, 2359-2363.
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alcohol with a TBS group in 72% vyield, the ket@@6 was treated with KHMDS and

Comins’ reagent to afford the enol trifla&803in 90% yield’®

\OTBS \OTBS
i O i 11O~
—_— —_—
/_\ /_\
306 303

OH
HO_

»CF
L_.

304 305
Cl ﬁ

| Comins' reagent
Tf

Scheme 65Reagents and conditions; pyrazole (0.17 eq.), 4, reflux, 5 h [48%];ii, (a)

(PPR)sRhCI (20 mol%), H, toluene, rt, 6 h [88%], (b) IBX (4.0 eq.), EtOA®flux, 6 h [89%], (c)
TBSOTf (3.0 eq.), 2,6-lutidine (4.5 eq.), &, —78 °C, 2.5 h [72%]iii, KHMDS (2.5 eq.), Comins’

reagent (2.0 eq.), —20 °C, 30 min [90%].

A drawback of this synthesis is the use of a largmwunt of Wilkinson’s catalyst for
the hydrogenation which can make it expensive téop®a on large scale. But we were
happy to find out that oxidation of the secondardgolol 305 prior to the

hydrogenation reaction allowed us to reduce thebldobond using only 0.05 mol%

catalyst Scheme 6&

OH \OH OTBS
HO_~ i o i Oy~
—_— —_—

305 307 306

Scheme 66Reagents and conditions; IBX (4.0 eq.), EtOAc, reflux, 6 h, [89%i; (a) (PPB)sRhCI

(0.05 mol%), H, toluene, rt, 6 h [95%], (b) TBSOTT (3.0 eq.),-yéidine (4.5 eq.), CkCl,, —78 °C, 2.5

h, [96%].

® Comins, D. L.; Dehgani, ATetrahedron Lett1992 33, 6299-6302.
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Having designed an efficient synthesis of the enfiate 303 we focused on the
synthesis of the stannar892 Treatment of alcohoR03 with potassium hydride
followed by addition of ICHSNBW'’ afforded stannang02 in a relatively good 73%

yield (Equation 33).

H™ i H
—_—
PN
OH O SnBu
H H 3
OPMB OPMB
203 302

Equation 33Reagents and conditionis:KH (2.0 eq.), THF, 0 °C to rt, 3 h, then 1g5hBy; (2.0 eq.),

THF, 0 °C to rt, 15 h [73%].

The Stille coupling reaction between an alkoxymktfayynane and a triflate is a
reaction rarely described in the literature butwexe pretty confident that conditions
developed by Blaszczaak al. could be applied to our substrafeUnfortunately, as
shown inTable 8 (entry 2, those conditions were unsuccessful with our sates The
coupling also failed using a variety of catalystslvents and additives, as summarized
in Table 8 The classic method, in which palladium tetrakitenylphosphine and
lithium chloride are used, led to the recoverytafting materialsgntry 1) whereas the
use of (MeCN)PdCL and Pddba.CHCL led to the decomposition of one or both

starting materialseftries 2 to 4

" For a preparation see: Ahman, J.; SomfaSyhthetic Commuri994 24, 1117-1120.

8 Blaszczak, L. C.; Brown, R. F.; Cook, G. K.; Hoagh, W. J.; Hoying, R. C.; Indelicato, J. M.;
Jordan, C. L.; Katner, A. S.; Kinnick, M. D.; McDald, Ill, 3.H.; Morin, J. M., Munroe, J. E., Pasidi.
E.J. Med. Cheml199Q 33, 1656-1662.
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Entry Stannane Triflate Catalyst Additives Result
17 1.5 eq. 1-cyclohexen-1-yl- Pd(PPh), LiCl (6.0 eq.) Recovered
trifluoromethanesulfonate (0.15 eq) starting
(1.0 eq) materials
2'8 1.0eq. 303(2.2eq.) (MeCNpPdChL  LiCl (2.0 eq.) Decomposition
(0.1 eq.) of the stannane
3®  1.leqg. 303(1.0eq) (MeCNpPdChL  LiCl (2.0 eq.) Decomposition
(0.1 eq.) of the triflate
4% 20eq. 303(1.0eq) Pglba.CHCl,  LiCl (6.0 eq.)  Decomposition
(0.1eq) Tri-2- of both starting

furylphosphine  materials

(0.8 eq.)

Table 8 stille cross-coupling reactions of the stann&0&

The fact that the enol triflat803 could not be coupled to the stann@02 meant that
other avenues had to be explored. The broiBidwas an attractive coupling partner.
It was thought that that the alcohol precur3@® could be prepared by using a Shapiro
reaction®” Treatment of the hydrazo®®8 with butyllithium followed by electrophilic
trapping of the anion by DMF should afford an algid and a subsequent Luche
reduction would lead to the formation of alcoBOR (Scheme 6Y. This alcohol could
then be converted into the corresponding brom3iti@ using carbon tetrabromide and
triphenylphosphine. Ketong06 was converted into the hydrazod@8 in 79% vyield
using commercially available 2,4,6-triisopropylbenesulfonyl  hydrazide.
Unfortunately, treatment of this hydrazone with dduivalents oh-Buli, followed by

the addition of DMF did not afford the expectededigde and most of the hydrazone

" Scott, W. J.; Crisp, G. T.; Stille, J. Am. Chem. Sot984 106, 7500-7506.

8 Nicolaou, K. C.; Pihko, P. M.; Bernal, F.; Freddti M. O.; Quian W.; Uesaka, N.; Diedrichs, N.;
Hinrichs, J.; Koftis, T.; Loizidou, E.; Petrovic,.GRodriguez, M.; Sarlah, D.; Zou, N. Am. Chem. Soc.
2006 126, 2244-2257.

8 Roy, O.; Pattenden G.; Pryde, D. C.; WilsonT€trahedror2003 59, 5115-5121.
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was recovered insteadBuLi and MeLi were also used as bases but in bates the
hydrazone remained intact. Addition of TMEDA to theaction to enhance the
formation of the anionic intermediate, as recomneenidy Chamberlirt al,®* did not

give a better result.

OTBS \QTBS OTBS OTBS
O i TrlsyIHNND % HO% iii Br
—_— e i | et >
PN N

PN
306 308 309 310

Scheme 6Reagents and conditioni:2,4,6-triisopropylbenzenesulfonylhydrazide (1¢0) eCHCl,,

rt, 1 h [79%];ii, (a)n-BuLi (4.0 eq.), THF, =78 °C to rt, 30 min then DN{&.0 eq.), —78 °C to rt, 2 h (b)

NaBH, (1.1 eq.), CeGI7H,O (2.0 eq.), MeOH, —20 °@j, CBr4, PPh, CH;CN, 0 °C.

An alternative method to prepare bromlis shown inScheme 68The ketone&806
was successfully converted into the alkeB&1 in 92% vyield via a Wittig
methylenation reaction. However, allylic brominatiaising N-bromosuccinimide

under various reaction conditions did not delivke tdesired allylic bromid€10

(Table 9).
OTBS OTBS OTBS
o \ ; :
i \b i Br™
- . #» \
306 311 310

Scheme 6&Reagents and conditionis:(a) KOBu (6.0 eq.), PYPCH:Br (6.0 eq.), toluene, reflux, 1 h

(b) ketone306, refllux, 30 min [81%]ii, seeTable 9.

8 Chamberlin, A. R.; Stemke, J. E.; Bond, FJTOrg. Chem1978 43, 147-154.
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Entry NBS Solvent T Time  Result
(eq.)
1% 20 DMSO/HO 70:1 rt 15 min Recovered SM
2 2.0 DMSO/HO 70:1 rt 20 h Mixture of SM + one
product
3 2.0 DMSO/HO 70:1 rt 40 h Unidentified products
432 0.4 CCh rt to 35h -
reflux
5 1.5 DME/HO 2:1 0°C 2h Recovered SM
6 3.0 DME/HO 2:1 0°Ctort24 h -
7 3.0 DME/HO 2:1 0°C 6 h -

% a catalytic amount of benzoyl peroxide was added.

Table 9Allylic bromination

The failure to effect direct bromination of the efie 311 meant that our attention
turned back to the synthesis of the alcaB@®. One possibility would be to prepare a
silane 312 from the corresponding triflatB03 and then perform a Fleming-Tamao
oxidation® Treatment of triflate303 with trimethylsilylmethyl magnesium chloride
afforded the silan812ain 73%, but it transpired that this was not aahlé substrate
for Fleming-Tamao oxidation. Attempted preparatiof a silane bearing an
isopropyloxy substituen812b was not successful. This compound turned out to be
unstable to silica gel and treatment of the credetion mixture with KF, KHC®and

hydrogen peroxide did not lead to the formatiolobhol309 (Scheme 6%

8 paquette, L. A.; Underiner T. L.; Galluci, J..Org. Chem1992 57, 86-96.

8 Baguley, P. A.; Walton, J. @. Chem. Soc., Perkin Trans.1998 2073-2082.

8 (a) Tamao, K.; Ishida, NTetrahedron Lett1984 25, 4245-4248 (b) Kobayashi, Y.; Takeuchi, A.;
Wang, Y-G.Org. Lett.2006 8, 2699-2702.
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OTBS OTBS OTBS
> R S >
TfO . .
i R1-Si i HO
— 2
R

303 312a, R=R'=R?=CHj, 309
312b, R=R'=CH; R?*=0i-Pr

Scheme 6%Reagents and conditions: Pd(PPK), (0.3 eq.), RER?SiMgCI (5.0 eq.), BD, rt, 30 min,

R=R'=R°=CH, [73%] and R=R=CH, and R=0i-Pr [0%)]; ii, KHCO; (6.0 eq.), KF (6.0 eq.), 4D,

(27.5% 15.0 eq.), THF/MeOH 1:1, 50 °C, 3 h.

The triflate intermediat803 is very versatile and a large number of conditioosld
lead us to the formation of the alcol3819. For instance this triflate was converted into
the corresponding nitril@13 using zinc (ll) cyanide and Pd(Pfhand the nitrile
group was then treated with DIBAL-H to afford theehyde314in a very low 12%
conversion from the triflaté® This result was not satisfactory because the yieldw

and very toxic zinc cyanide is required, so thisteovas abandone&¢heme 70

OTBS OTBS H OTBS oTBS
TfO_ \ NC \ \: \d
O i \O i O i HO
_ B e T | I > ‘
303 313 314 309

Scheme 7(Reagents and conditions:Zn(CN), (0.6 eq.), Pd(PRJy (0.03 eq.), DMF, 60 °C, 18 fi,

DIBAL-H (1 M in cyclohexane, 1.2 eq.), toluene,©,?2 h [12% conversionjii, Luche reduction.

We also attempted to convert the trifl@@3into the methyl susbstituted alkeB&5%’
The alkene315 would be an ideal substrate for allylic oxidati@nth selenium
dioxide®® or direct allylic bromination. However, to our gte disappointment,
treatment of triflate303 with methyl magnesium iodide in the presence db€ac)

did not afford the desired intermedi&®5 (Scheme 7L

8 peese, K. M.; Gin, D. YJ. Am. Chem. So2006 128, 8734-8735.
8 Maulide, N.; Vanherck, J-C.; Marko, I. Eur. J. Org. Chen2004 3962-3967.
8 Garlaschelli, L.; Vidari, GTetrahedronl989 45, 7371-7378.
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\§DTBS \§3TBS \§3TBS
TfO 8 . : B R/\ <
‘ %» ‘ -—-- —Il—— >
303 315 309 R =OH
310 R =Br

Scheme 71reagents and conditiong: MeMgl (2.2 M in E3O, 2.8 eq.), Fe(acagf0.02 eq.), THF,

NMP (2:1), —15 °C, 30 minii, R = OH: Se®@( 6 eq.), dioxane, reflux; R = Br: NBS.

The methyl group could be introduced using a Nedmgbe coupling reaction with
dimethylzinc catalysed by Pd(dppf}f Complete consumption of starting material
was observed after heating the reaction mixtuneeffux in THF for 16 h but a poor
yield (25%) of the product was obtained possiblg tim decomposition of the product
on silica gel during the purification process. Atyoxidation of the alken815 using
selenium dioxide was then performed, but this ¢ediyto decomposition of the starting

material Scheme 72%°

OTBS OTBS OTBS
TfO.__X ‘ ‘
i i 45 HO%
—_— ‘

PN PN PN
303 315 309

Scheme 7ZXReagents and conditions: Me,Zn (2 M in toluene, 2.0 eq.), Pd(dppH@H.Cl,, THF,

60 °C, 16 h [25%d]ii, t-butylhydroperoxide (5.0 eq.), Se@.0 eq.), salicylic acid (0.02 eq.), &Hl,,

reflux, 2 h, [0%].

An alternative sequence for the preparation ofaleehol 309, involving epoxide ring
opening, was explored. The ketoB86 was easily converted into the epoxid&6
using sulfur ylide chemistryScheme 73 Various conditions have been used to open

epoxides of this type. However, to our great ssgrhumerous procedures described

8 Nicolaou, K. C.; Nold, L. A.; Milburn, R. R.; Satdler, C. S.; Cole, K. P.; Yamaguchi, J.Am.
Chem. Soc2007, 129 1760-1768.

' Winkler, J. D.; Rouse, M. B.; Greaney, M. F.; Hson, S. J.; Jeon. Y. T. Am. Chem. S&®002 124,
9726-9728.
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in the literature did not furnish the alcol®99 from the epoxide16 and the epoxide

either remained intact or decomposédlfle 10).

pTBS pTBS QTBS
(@] X . . S
i il ;{ HO
[ (@]
PN PN N
306 316 309

Scheme 73Reagents and conditions:(a) MeSI (1.5 eq.), KHMDS (0.5 M in toluene, 1.3 eq.), FH

0 °C, 30 min (b) ketong06, 0 °C, 30 minji, seeTable 10

Entry  Conditiongi Result

1 CSA (5.0eq.), MeCN, rt, 16 h Decomposition

2 Al(i-PrO) (2.9 eq), toluene, reflux, 22 h Recovery of SM

3 Al(i-PrO) (10.0 eq), toluene, reflux, 22 h Decomposition

4 EtNLi (2.5 eq.), E4O, reflux, 5 h Recovery of SM

5 Decomposition
N—AIEt,

(4.0 eq.), benzene,0°Ctort,5h
6> TMSOTf (1.0 eq), 2,6-lutidine (1.0 eq), -78 °C,,3hecomposition

benzene then DBU (1.0 eq), rt, 14 h

Table 10Epoxide opening.

The final route to be explored involved the coniarsof the ketone306 into the
corresponding vinylic stannan8&17 followed by treatment withn-BuLi and
electrophilic capture of the vinyl lithium specigh DMF or formaldehyde§cheme
74). This sequence was expected to lead to the favmaf aldehyde314 or alcohol

309respectively. A one-pot procedure developed byr@tes af? in which addition of

%I Murata, S.; Suzuki, M.; Noyori, B. Am. Chem. Sot979 101, 2738-2739.
%2 Darwish, A.; Chong, J. Ml. Org. Chem2007, 72, 1507-1509.
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BusSnLi to the ketone is followed by dehydration wittsCl and triethylamine, led to
decomposition of the starting material.

We also explored a two-step procedure in whichtiifiate 303 was utilised in a Stille
cross coupling reaction using fba as a catalyst However, only the triflat03

was recovered from this reaction.

OTBS OTBS OTBS
(@) : BusSn <
% | i R
306 317 314R=0

309 R=0H
Scheme 74reagents and conditions;: (a) LDA (1.10 eq.), BssnH (1.02 eq.), 0 °C, 10 min, (b)

ketone (1.0 eq.), 10 min, (c)3#k (4.0 eq.), MsCl (4.0 eq.), 0 °C to rt, 30 naon(a) KHMDS (2.5 eq.),
Commins’ reagent (2.0 eq.), —20 °C, 30 min, 90%, t{b2-furylphosphine (0.5 eq.), LiCl (3.0 eq.),

SnBug (2.0 eq.), Pglba (0.1 eq.), THF, rt, 22 hi, n-BuLi then HCOH or DMF.

2.5 Conclusion and future work

The tricyclic core of labiatin A147) has been synthesised in 27 steps (23 steps as the
longest linear sequence) using two metal carbemaidtions: a rhodium catalysed C-H
insertion reaction and a copper catalysed tandeomiomn ylid formation and [2,3]-
sigmatropic rearrangement. The outstanding yiatdsselectivities obtained for these
two reactions emphasise the efficacy of this methaygly and its versatility regarding
very elaborate and sensitive substrates. Completiorthe synthesis has proved
troublesome. Nevertheless, an X-ray structure okry advanced intermediate has
been obtained, demonstrating that the stereocenées been correctly installed. The
few remaining steps could be realized as describeflcheme 75 Removal of the
benzyl protecting group by hydrogenation under sues (H-cube) should afford a free
alcohol that would be oxidised to the correspondkegone 278 Opening of the
epoxide using diphenyldiselenide and sodium borabgd and subsequent TES

protection would afford silyl etheét79. Methyl addition to the ketoriz79 followed by
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acetylation should afford intermedia280. Removal of the TES groups followed by

oxidation of the secondary hydroxyl group woulddda the formation of australin A
(150 and finally double acetylation would give labrat (147). If the debenzylation

step proves troublesome, a change of protectingpgravill be necessary. A PMB
protecting group could be installed instead of Hemzyl group and this could be

removed using DDQ.

OBn

Labiatin A =<------

150
australin A

Scheme 75Reagents and conditions; (a) H, Pd/C, H-cube, pressure, (b) oxidatidi; (a)

PhSeSePh, NaBH(b) TESOTf, 2,6-lutidineiii, (a) methyl addition, (b) A©, DMAP; iv, (a) TBAF,

(b) oxidation;v, Ac,O, DMAP.

Substantial work has also been completed on amattee synthetic route to labiatin
A (147). Unfortunately, despite the efficient synthedishe ketone806 from the chiral
pool, it was not possible to couple this buildingdik with alcohol203 and progress

any further Equation 34).

o)
ba
= o}
O{) H ) OTBS
- 0&6
H H
/_\ Z

OPMB _~_
306 301

Equation 34
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Various unsuccessful attempts to synthesise thehal309 from ketone306 have
been described, but the versatility of this ketaneans that alternative methods
deserve to be explored. As shownSoheme 76 methylenation of the keton&l8
followed by oxidation of the sulfid819 should lead to an allylic sulfoxide which

would undergo a Mislow-Evans rearrangement to gleehol309°

5 \:QTBS 5 \QTBS \QTBS \QTBS
Qe ) e 20 T
PhS Y PhS Y
306 318 319 309

Scheme 76Reagents and conditions:KHMDS, PhSClii, Wittig; iii , H,O,, RsP.

% (a) Bickart, P.; Carson, F. W.; Jacobus, J.; Mille. G., Mislow K.J. Am. Chem. Sat968 90,
4869-4876 (b) Tang, R.; Mislow, KI. Am. Chem. Sod.97Q 92 2100-2104 (c) Evans, D. A
Andrews, G. C.; Sims, C. J. Am. Chem. Sot971 93, 4956-4957.
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Chapter Il — Experimental

3.1 General information
'H NMR spectra were recorded on a Bruker DRX 508 Brucker AV 400 FT or a

JEOL EX270 spectrometer at room temperature. Spedtrere run in
deuterochloroform, using residual chloroform as thernal standards(= 7.26
ppm) or in deuterated benzene, using residual Ibenas the internal standardl (
7.16 ppm).J values are given in Hertz. Signals in NMR speeir@ described as
singlets (s), doublets (d), triplets (t), quart@¥y multiplets (m), broad (b), pseudo
(ps) or combination of these, which refers to thEnspin coupling pattern
observed. Data are reported as follows; chemic#tssin ppm, multiplicity,
integration, coupling constant and assignm&i@. NMR spectra were recorded on
Bruker DRX 500 or a Bruker AV 400 FT or a JEOL EX23pectrometer at room
temperature. Spectra were run in deuterochlorofarsimg residual chloroform as
the internal standard (/7.0 ppm) or in deuterated benzene, using resieene
as the internal standard {28.1 ppm). Data are reported as follows; chenshéts

in ppm and assignment. Assignments were based TOB5 and DEPT 90 pulse
experiments and HMQC and HMBC experiments.

IR spectra were recorded in the range 4000-600 ema Perkin-Elmer 1600 series
FT-IR spectrometer with internal calibration usisglution cells and a JASCO
FT/IR 4100 using NaCl plates. High resolution magsctra were recorded under
El, FAB, Cl and ES conditions by the analyticalveegs of the University of
Nottingham or the analytical services of the Unsigr of Glasgow. Optical
rotations were determined using a Jasco DIP-370tatligpolarimeter or an
Autopol®V Automatic polarimeter (Rudolph Research Analgfic[o]p values are

measured at the concentration and temperature shBlgmental analyses were
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carried out on an Exeter Analytical Elemental Asaly EA 440. Melting points

were recorded with an Electrothermal 1A 9100 aptosta

Reactions were monitored by TLC performed on M&iselgel 60 B4 plates and
visualization was peformed using a combination oW Uight, ethanolic
anisaldehyde, ethanolic phosphomolybdic acid omgmum permanganate with
heat. Flash chromatography was performed usingréthem LC60A, 35-70
micron silica gel.

Reagents were used as supplied unless otherwisel.skry solvent reactions were
performed in flame-dried glassware under argonrofetm Ether 40-60 °C is
described as Petroleum Ether in the text. THF waslldd from potassium-
benzophenone, dichloromethane was distilled froloiwwa hydride and EtOH was
distilled from sodium. Dry toluene and dry,Bt were dried by filtration through
towers of activated alumin, through a 7 micronefiland through a non-metering
hand operated valve to Luer-lock connector. Dryzeee, methanol, DMF and
DMSO were purchased and used as supplied. Trietinggaand 2,6-lutidine were
distilled from calcium hydride and were stored unalgjon over KOH, TMSCI was

distilled from calcium hydride.
3.2 Procedures and analytical data

2-Bromo-4-isopropyl-cyclohex-2-enone (233)
o} 0
® U

232 233
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TBATB (3.77 g, 7.82 mmol) and 4£0O; (1.62 g, 11.7 mmol) were added to a

solution of ketone32 (540 mg, 3.91 mmol) in dry Gi&l, (15 mL) at 0 °C under
argon. The mixture was stirred at 0 °C for 30 ntiren at rt for 20 min and finally at
reflux temperature for 2.5 days. The mixture wéereéd and the filtrate was washed
with water (1 x 15 mL) and brine (1 x 15 mL), dri¢gflgSQy), filtered and
evaporated under vacuum. Silica gel chromatogrdpétroleum ether/EtOAc 19:1)
gave bromid33(698 mg, 82%) as a yellow oils R 0.45 (petroleum ether/EtOAcC,
9:1). vmax (CHCL) 2959, 2931, 2872, 1697 ch'*H NMR (400 MHz, CDC}) 6 7.35
(dd, 1H,J = 2.6, 1.4 Hz, O=C-C-B), 2.76 (dt, 1HJ = 16.6, 4.1 Hz, 1 x O=C-
CHy), 2.51-2.39 (m, 2H, ¥C-CH-CH and 1 x O=C-@&,), 2.04 (m, 1H, 1 x O=C-
CH,-CH), 1.89-1.78 (m, 2H, ¥C-CH and 1 x O=C-CKCH,), 0.99 (d, 3HJ =
6.3 Hz,H3C-CH), 0.98 (d, 3H) = 6.3 Hz,HsC-CH) **C NMR (101 MHz, CDGJ) 5
191.5 €=0), 154.8 (O=C-G=H), 123.8 (O=Cc-CH), 45.6 (HC-CH-CH), 37.4
(O=C-CH,), 31.5 (HC-CH), 25.1 (O=C-CH-CH,), 19.5 (HC-CH), 19.4 (HC-

CH). HRMS (CI) mass calc. forg813BrO 217.0228 (M+H), found 217.0221.

2-Bromo-1-(tert-Butyldimethylsilyloxy)-4-isopropylcyclohex-2-ene 234)

OTBS

O
Br Br
—_—
233 234

CeCk7H,0 (1.55 g, 4.16 mmol) was added to a solution ofriwketone233 (695
mg, 3.20 mmol) in MeOH (10 mL). The mixture wagrstd at rt for 15 min, then
cooled (=20 °C) and sodium borohydride (133 mg,23rBmol) was added
portionwise. The reaction mixture was stirred abD-<Z for 10 min and then
guenched with saturated aqueous;8H(10 mL). EtOAc (20 mL) was added, the

layers were separated and the organic layer walsedasith water (1 x 10 mL) and
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brine (1 x 10 mL), dried (MgS4), filtered and evaporated under vacuum to give a

crude alcohol (670 mg) as a colourless oil. 2,Gdiné (1.1 mL, 9.17 mmol) and
TBSOTf (1.4 mL, 6.12 mmol) were successively adtied solution of the alcohol
(670 mg, 3.06 mmol) in dry Ci€l, (7 mL) at —78 °C under argon. The mixture was
stirred for 15 h being allowed to slowly warm tavter this period. It was quenched
with water (10 mL), saturated aqueous CwS6lution (10 mL) was added and the
layers were separated. The organic layer was washikdaturated aqueous CusSO
solution (2 x 10 mL) and water (1 x 10 mL), driddoSOy), filtered and evaporated
under vacuum. Silica gel chromatography (petroletiner) gave bromid234 (894
mg, 88%) as a colourless oil and as of separabtéunsi of diastereocisomers (6:1).
R: (major) = 0.31 (petroleum ether); Rminor) = 0.50 (petroleum etherymax
(CHCls, major) 2956, 2929, 2857, 1103 €mH NMR (major) (400 MHz, CDG)

6 6.09 (ddd, 1HJ = 2.5, 1.2, 1.2 Hz, TBSOCH-C#{, 4.21 (dddd, 1H] = 8.4,
5.5, 2.7, 1.0 Hz, TBSOQ), 2.14-2.00 (m, 2H, 1 x TBSOCHH; and HC-CH-
CH), 1.79-1.55 (m, 3H, $C-CH, 1 x TBSOCH-E; and 1 x TBSOCH-CHKCH>),
1.43-1.33 (m, 1H, 1 x TBSOCH-GHCH,), 0.92 (s, 9H, Si-C-{€l3}3), 0.89 (d, 3H,

J = 6.9 Hz,HsC-CH), 0.87 (d, 3H) = 6.9 Hz,HsC-CH), 0.17 (s, 3H, Si-83), 0.11
(s, 3H, Si-®s3) *C NMR (101 MHz, CDGJ) § 135.4 (TBSOCH-CEH), 127.5
(TBSOCHC=CH), 70.9 (TBS@H), 44.7 (HCEH-CH,), 33.6 (TBSOCHECH),),
31.7 (HC-CH), 25.9 (Si-C-CHa}s), 22.9 (TBSOCH-CHCH,), 19.6 (HC-CH),

19.5 (H,C-CH), 18.2 (Si€-{CH3}3), —4.5 (SiCH3), —4.6 (SiCHa).

((R)-1-Phenylethyl)-2,2,2-trifluoroethylamine {([R)-248}

s}
>
@]

s}

h

—— A Rs, — A
H H

320 321 (R)-248

CF3
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(R)-(+)-1-Phenylethylamine820 (5.74 g, 47.4 mmol) was added dropwise to a

suspension of NaH (2.08 g of a 60% suspensionlirb®i0 mmol) in dry BO (86
mL) at O °C under argon. The resulting mixture waged at 0 °C for 20 min and
then at rt for 2 h. After cooling (0 °C), ethylttiibroacetate (6.4 mL, 57 mmol) was
added dropwise and the mixture was stirred at @fQ@ h and then at rt for 18 h. It
was carefully quenched with 1 M aqueous HCI sohuii69 mL), the layers were
separated and the aqueous layer was extractedeeEh(3 x 100 mL). The organic
extracts were combined, washed with brine (1 x 4, dried (MgSQ), filtered
and evaporated under vacuum to give crude aBfdas a white powder.

BH3THF (186 mL of a 1 M solution in THF, 186 mmol) wizansferred by canula
to a solution of crude amid#1 (10.3 g, 47.4 mmol) in dry THF (200 mL) and the
resulting mixture was stirred at reflux temperatiore2 days. The reaction was very
carefully quenched with MeOH (100 mL) and water (BD) at O °C. Concentrated
HCI (40 mL) was then added, followed by water (X60Q) and the mixture was
extracted with BEO (2 x 150 mL). The organic extracts were discardEde
aqueous phase was made strongly basic (pH 14)dticadof NaOH (powder) and
was extracted with ED (3 x 200 mL). The organic extracts were combinezkhed
with brine (1 x 200 mL), dried (MgSfD filtered and evaporated under vacuum.
Silica gel chromatography (petroleum ether/EtOAR) ave aming€R)-248(8.33 g,
86%) as a slightly yellow oil. &= 0.70 (petroleum ether/EtOAc, 3:2]4 +50.7 €

= 1.00, CHC}, 22 °C) (Litt. []p®® +115.3 € = 1.24, CHCL,), vmax (CHCL) 2959,
2931, 2872, 1697 cth *H NMR (400 MHz, CDCY) § 7.30 (m, 5H, G4 Ar), 3.92
(g, 1H,J = 6.5 Hz, HC-CH), 3.07 (d, 1H,) = 9.5 Hz, 1 x EI,CF), 3.02 (d, 1H,J =
9.5 Hz, 1 x @1,CF), 1.62 (bs, 1H, M), 3.12 (d, 3H,J = 6.5 Hz,H3C-CH) °C
NMR (101 MHz, CDC}) 6 144.1 C Ar), 128.6 CH Ar), 127.0 (ddd,) = 225 Hz,

CFs), 127.3 CH Ar), 126.6 CH Ar), 57.3 (HC-CH), 48.3 (ddd,J = 31 Hz,
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CH.CRs), 24.5 CH3). HRMS (Cl+) mass calc. for :gH1,FsN 204.1000 (M+H),

found 204.0999.

(R)-(—)-4-Isopropylcyclohex-2-enone R)-(—)-Cryptone] (232)

O
O
/:\

230 (R)-(-)-232

n-BuLi (39 mL of a 2.5 M solution in hexanes, 98.tnol) was added dropwise to a
solution of (R)-1-Phenylethyl)-2,2,2-trifluoroethylamin€¢R)-248 (18.3 g, 82.2
mmol) in dry THF (220 mL) at —78 °C under argoneTrixture was stirred at —78
°C for 20 min, freshly distilled TMSCI (36 mL, 28&mol) was added and the
resulting mixture was cooled down to —100 °C. Adc¢+78 °C) solution of 4-
isopropylcyclohexanone (11.45 g, 81.66 mmol) in diF (80 mL) was added
using a canula over 1 h. After the addition was plete, the mixture was stirred for
an additional 15 min at -100 °C and quenched witbthylamine (85 mL).
Saturated aqueous NaHg®olution (85 mL) was then added and the mixture wa
allowed to warm to rt. After addition of water (5@4L), the mixture was extracted
with petroleum ether (2 x 200 mL). The organic agts were combined, partially
evaporated under vacuum (~50 mL remaining), wash#dsaturated agqueous citric
acid solution (6 x 70 mL), brine (1 x 50 mL), satied aqueous NaHG@1 x 50
mL), dried (MgSQ), filtered and evaporated under vacuum to givectingle TMS-
enol ethe231(19.9 g) as a yellow oil.* Pd(OA£)1.83 g, 8.15 mmol) was added to
a solution 0f231in dry DMSO (280 mL), and the resulting mixturesastirred at rt
under Q for 18 h. The reaction was quenched by the addifosaturated aqueous
NH4CI (100 mL) at 0 °C and the mixture was extractathvet,O (3 x 150 mL).

The organic extracts were combined, washed witmebiil x 100 mL), dried
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(MgSQ), filtered and evaporated under vacuum. Silica gktomatography

(petroleum ether/EtOAc, 9:1) gaveR){(-)-cryptone 232 (9.85 g, 87%) as a
colourless oil. R= 0.40 (petroleum ether/EtOAc, 4:1). 83% ee HPLUGr&cel AD
1.00 mL/min 99.5:0.5 Hexane:2-propanol. 15.8 mimanienantiomer, 20.0 min
major enantiomer.op —97.9 ¢ = 1.00, CHCJ, 30 °C). (Litt. R)-(-)-Cryptone was
first reported to showo]]p?° =119.3 ¢ = 2.0, EtOH)* whereag(R)-232 obtained
from optical purificatiorvia (—)-cryptol showedd]p*® —91.7 € = 2.2, EtOH)® vimax
(CHCls) 2960, 2873, 1673, 1388 cm'H NMR (400 MHz, CDCJ) § 6.89 (ddd,
1H,J=10.3, 2.0, 2.0 Hz, O=C-CH#Q, 6.00 (ddd, 1HJ = 10.3, 2.7, 0.8 Hz, O=C-
CH=CH), 2.50 (dt, 1HJ = 16.6, 4.2 Hz, 1 x O=C{g,), 2.39-2.25 (m, 2H, 1 %
O=C-CH; and 1 x O=C-CKCH,), 2.00 (dddd, 1HJ =9.2, 6.1, 4.7, 1.6 Hz,Ja-
CH-CH), 1.87-1.69 (m, 2H, 1 x O=C-GHCH, and HC-CH), 0.97 (d, 3HJ =6.1
Hz, HsC-CH), 0.95 (d, 3H,) = 6.1 Hz,H3sC-CH) **C NMR (101 MHz, CDG) §
200.1 €=0), 154.3 (O=C-CH:zH), 129.7 (O=CEH-CH), 42.5 (HC-CH-CH),
37.4 (O=CCH,), 31.5 (HC-CH), 25.2 (O=C-CH-CH,), 19.6 (HC-CH), 19.5

(H3C-CH). HRMS (ESI) mass calc. forg8:40 139.1123 (M+H), found 139.1014.

*NB: the chiral amine could be recovered using tbhBowing procedure: The
aqueous layers were combined and made strongly lmsiaddition of sodium
hydroxide. It was extracted with & (3 x 150 mL), dried (MgS§), filtered and

evaporated under vacuum. Silica gel chromatogrgpbyroleum/EtOAc 7:3) gave

chiral aming(R)-248(15.6 g, 85% recovery).

% Galloway, A. S.; Dewar, J.; Read,JJChem. Sod936 1595.
% Tanis, S. P.; Herrinton, P. M. Org. Chem1985 50, 632.
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2-Hydroxymethyl-4-isopropylcyclohex-2-enone (238)

L
A

232 238

o

n-Tributylphosphine (0.72 mL, 2.9 mmol) and aquefmrsaldehyde (0.67 mL of a
37% solution in water, 9.0 mmol) were successiaglyged to a solution of ketone
232(0.50 g, 3.6 mmol) in THF (10 mL) at rt under angand the reaction mixture
was stirred at rt for 5 h. The solvent was remoueder vacuum (but not until
complete dryness) to give an oily residue. Silieh chromatography (petroleum
ether/EtOAc, 3:2) gave alcoh®B8(0.32 g, 50 %, 70% brsm) as a colourless qil. R
= 0.47 (petroleum ether/EtOAc, 2:3H NMR (400 MHz, CDCJ) 6.83 (bs, 1H),
4.28 (ddd, 1HJ = 13.2, 1.3, 1.3 Hz), 4.23 (ddd, 18z 13.2, 1.3, 1.3 Hz), 2.65 (bs,
1H,), 2.53 (dt, 1H,J = 16.7, 4.1 Hz), 2.42-2.26 (m, 2H), 1.98 (dddd, dt 9.3,
5.6, 4.9, 1.6 Hz), 1.88-1.66 (m, 2H), 0.97 (d, 3 7.1 Hz), 0.96 (d, 3H] = 7.1
Hz) **C NMR (101 MHz, CDGJ)) § 201.0 (C), 150.7 (CH), 138.0 (C), 62.2 (§H

42.5 (CH), 37.8 (Ch), 31.7 (CH), 25.3 (CH), 19.7 (HC), 19.5 (HC).

(4R)-2-Hydroxymethyl-4-isopropylcyclohex-2-enone (238)

O O
R —
/:\

PN
(R)-(-)-232 (R)-238

n-Tributylphosphine (2.9 mL, 12 mmol), aqueous folaeayde (2.7 mL of a 37%
solution in water, 36 mmol) and freshly distillagethylamine (2.0 mL, 15 mmol)
were successively added to a solution R (E)-cryptone232 (2.0 g, 15 mmol) in

dry THF (40 mL) at rt under argon and the reactiarture was stirred at rt for 21
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h. Water (20 mL) was added and the mixture wasaeted with CHCIl, (4 x 50

mL). The organic extracts were combined, dried (RgSfiltered and evaporated
under vacuum. Silica gel chromatography (petroleather/EtOAc, 3:2) gave
alcohol(R)-238(1.27 g, 52 %, 70% brsm) as a colourless qikR.47 (petroleum
ether/EtOAc, 2:3).d]p —55.9 € = 1.00, CHCJ, 29 °C).vmax (CHCL) 3604, 2960,
2873, 1667, 1380 cth H NMR (400 MHz, CDC}) 6.83 (bs, 1H, O=C-C=8),
4.28 (ddd, 1H,J = 13.2, 1.3, 1.3 Hz, 1 xK3OH), 4.23 (ddd, 1H) = 13.2, 1.3, 1.3
Hz, 1 x GH,0H), 2.64 (bs, 1H, CkOH), 2.52 (dt, 1HJ = 16.7, 4.1 Hz, 1 x O=C-
CHy), 2.40-2.27 (m, 2H, 1 x O=CHG and 1 x O=C-ChCH,), 1.98 (dddd, 1HJ

= 9.3, 5.6, 4.9, 1.6 Hz, &-CH-CH), 1.86-1.66 (m, 2H, 1 x O=C-GHCH, and
HsC-CH), 0.98 (d, 3H, = 7.1 Hz,H3C-CH), 0.96 (d, 3HJ = 7.1 Hz,HsC-CH) °*C
NMR (101 MHz, CDC}) § 201.0 €=0), 150.6 (O=C-CEH), 137.9 (O=CS=CH),
62.1 CH,OH), 42.4 (HC-CH-CH), 37.6 (O=CEH,), 31.5 (HC-CH), 25.2 (O=C-
CH,-CH,), 19.6 (HC-CH), 19.4 (HC-CH). HRMS (ESI) mass calc. for

CioH1602Na 191.1048 (M+N4d) found 191.0867.

Methanesulfonic acid 3-isopropyl-6-oxo-cyclohex-1rglmethyl ester (240)

o o
HO MsO
\ —_—
238 240

Methanesulfonyl chloride (0.20 mL, 2.5 mmol) wasled dropwise to a solution of
alcohol 250 (0.44 g, 1.68 mmol) and triethylamine (0.47 mL4 3nmol) in dry

CH,CI, (10 mL) at —78 °C under argon and the reactiontunéxwas stirred at 0 °C
for 1.5 h. The reaction was quenched by the adafsaturated agueous NaHgO
solution (5 mL) and the mixture was extracted v@t,Cl, (3 x 5 mL). The organic

extracts were combined, dried (Mg8Qfiltered and evaporated under vacuum to
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give the crude mesylag23(415 mg, 100%)*H NMR (400 MHz, CDC})  7.08 (s,

1H), 4.85 (d, 1H,) = 11.6 Hz), 4.80 (d, 1H] = 11.6 Hz), 3.07 (s, 3H), 2.59 (dt, 1H,
J=16.8, 4.2 Hz), 2.44-2.32 (m, 2H), 2.08—1.98 (i), 1.92—1.72 (m, 2H), 1.45—

1.34 (m, 1H), 1.00 (d, 3H,= 6.7 Hz), 0.97 (d, 3H] = 6.7 Hz).

(1R,4R)- and (1S,4R)-2-Hydroxymethyl-4-isopropylcyclohex-2-enol (243)

O HOH
—_—

E =TH

PN PN

(R)-238 243
Cerium trichloride heptahydrate (22.8 g, 61.2 mmegs added to a solution of
ketone(R)-238 (5.15 g, 30.6 mmol) in methanol (150 mL) and thixtare was
stirred at rt for 15 min until Cegtompletely dissolved. The solution was cooled to
—78 °C and solid sodium borohydride (1.27 g, 33riiaf) was added portionwise.
After stirring at —78 °C for 20 min, the mixture svaarefully quenched with
saturated aqueous NEI (58 mL) at 0 °C. Water (300 mL) was added anel th
mixture was extracted with EtOAc (5 x 100 mL). Theganic extracts were
combined, washed with brine (100 mL), dried (MggQiltered and evaporated
under vacuum. Silica gel chromatography (petroleaiher/EtOAc, 2:3) gave diol
243 (5.10 g, 98%) as a colourless oil and a 10:1 méxtf diastereocisomers; R
0.23 (petroleum ether/EtOAc, 2:3)]p —50.8 ¢ = 1.00, CHC], 26 °C). Vmax
(CHCls) 3605, 2958, 2871, 1386 cm'H NMR (400 MHz, CDCJ) & 5.74 (s, 1H,
HOCH-C=CH minor), 5.65 (s, 1H, HOCH-C3€ major), 4.53 (d, 1HJ = 11.2 Hz,
CHOH minor), 4.35 (t, 1HJ) = 7.9 Hz, G(1OH major), 4.24-4.13 (m, 4H,HGOH
major and E,OH minor), 2.76 (bs, 4H, CiOH major, CHOH minor, CHH
major, CHQH minor), 2.07 (dddd, 1H] = 12.3, 8.6, 5.8, 2.8 Hz, 1 x HOCH-G

major), 2.03-1.94 (m, 1H, 4&-CH-CH major), 1.92-1.83 (m, 2H, 1 x HOCH-G
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minor, HC-CH-CH minor) 1.77-1.67 (m, 1H, 1 x HOCH-G¥H, major), 1.67—

1.39 (m, 6H, 1 x HOCH-B, major, BC-CH major, 1 x HOCH-El, minor, HC-
CH minor), 1.36-1.24 (m, 1H, 1 x HOCH-GI€H, major), 0.94-0.89 (m, 6H,
H3C-CH-CH3 minor), 0.88 (d, 3HJ = 6.8 Hz,HsC-CH major), 0.84 (d, 3H] = 6.8
Hz, HsC-CH major)*®C NMR (101 MHz, CDGJ) 5 138.8 (HOCHE=CH major),
137.8 (HOCHE=CH minor), 132.3 (HOCH-CEH minor), 131.3 (HOCH-CEH
major), 69.0 (H@H major and H@H minor), 66.3 CH,OH major), 66.5 CH,OH
minor), 42.2 (HC-CH-CH minor), 41.8 (HC-CH-CH major), 32.2 (HOCHzH,
major), 31.9 (HC-CH major), 31.8 (HOCHzH, minor), 30.9 (HC-CH minor),
23.2 (HOCH-CH-CH, major), 23.0 (HOCH-CHCH, minor), 19.8 (HC-CH
minor), 19.7 (HC-CH major), 19.4 (HC-CH major), 19.3 (BHC-CH minor). HRMS

(ESI) mass calc. for gH150, 193.1204 (M+N4), found 193.1156.

Methanesulfonic acid 1-(2,2-dimethyl-[1,3]dioxolam-yl)-4-(4-methoxy-

benzyloxy)-butyl ester (241) and dimer (242)

%O o) #O o)
@) (@)
-
H + OMs H + (@)
> B
OH OMs
H H

OPMB OPMB

203 240 241 242

A solution of alcohoR03 (435 mg, 1.40 mmol) in dry THF (4.5 mL) was addea
suspension of sodium hydride (62.0 mg of a 60% enspn in oil, 1.54 mmol) in
dry THF (0.2 mL) at rt under Argon. The resultingktare was stirred at rt for 1.5 h
and then a solution of mesyla?d0 (415 mg, 1.68 mmol) in THF (0.5 mL) was

added dropwise at rt. The reaction mixture was 8igred at reflux temperature for
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2.5 h. It was quenched with saturated aqueougONKb mL) at 0 °C, CHCl, (20

mL) was added and the layers were separated. Tueoag layer was extracted with
CH.CI; (3 x 20 mL). The organic layers were combinededirfiMgSQ), filtered
and evaporated under vacuum. Silica gel chromagpbgrépetroleum ether/EtOAc
4:1) gave mesylat241 (415 mg, 75%) and dimé@42 (214 mg, 80%)‘H NMR 241
(270 MHz, CDC4) & 7.23 (d, 2HJ = 9.3 Hz), 6.82 (d, 2H] = 9.5 Hz), 4.40-4.28
(m, 1H), 4.09 (s, 2H), 3.85 (dd, 1Bl= 15.1, 7.5 Hz), 3.68 (dd, 1H= 9.5, 7.5 Hz),
3.41 (s, 3H), 3.32 (dd, 1H,= 9.5, 7.5 Hz), 3.13-2.98 (m, 2H), 2.63 (s, 3HR9t
0.96 (m, 4H), 0.78 (s, 3H), 0.69 (s, 3HC NMR (101 MHz, CDG)) § 159.3 (C),
130.5 (C), 129.4 (CH), 113.9 (CH), 110.2 (C), 840M), 77.7 (CH), 69.0 (Ch),
65.9 (CH), 55.4 (CH), 39.0 (CH), 28.2 (CH), 26.4 (CH), 25.5 (CH), 25.3
(CH,). 'H NMR 242 (270 MHz, CDCJ) § 6.97 (s, 2H), 3.90-3.75 (m, 4H), 2.01 (dt,
2H, J = 18.5, 4.7 Hz), 1.88-1.69 (m, 4H), 1.47-1.31 &), 1.29-0.99 (m, 4H),
0.24 (d, 6H,J = 4.8 Hz), 0.22 (d, 6H) = 4.8 Hz)*C NMR (101 MHz, CDG)) &
197.5 (2 x C), 152.9 (2 x CH), 135.6 (2 x C), 42% CH), 40.9 (2 x Ch), 37.3 (2

x CHp), 31.5 (2 x CH), 24.9 (2 x G| 19.5 (2 x CH), 19.3 (2 x CH).

6-Isopropyl-2-(4-methoxy-phenyl)-6,7,8,8a-tetrahydn-4H-benzo[1,3]dioxine
(244)

PMP
OH OH o o

243 244
p-Methoxybenzaldehyde dimethylacetal (0.849 mL,4.88nol) followed by
camphorsulfonic acid (165 mg, 0.710 mmol) and 4 dleoular sieves were added

to a solution of dioR43 (606 mg, 3.56 mmol) in dry Gi&l, (25 mL). The reaction
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mixture was stirred at rt for 2 days and then fdtethrough celite. Triethylamine

(3.60 mL) was added to the filtrate and the mixtues then washed with water (1 x
20.0 mL). The layers were separated and the aquiegyes was extracted with
CH.CI; (2 x 15.0 mL). The organic layers were combingtcdd(MgSQ), filtered
and evaporated under vacuum. Silica gel chromgpbgrépetroleum ether/EtOAc,
9:1) gave acetal44 (826 mg, 80 %) as a colourless oilk R 0.54 (petroleum
ether/EtOAc, 9:1)'H NMR (270 MHz, CDCY) § 7.45 (d, 2H, J = 9.6 Hz), 6.84 (d,
2H, J = 9.8 Hz), 5.61 (s, 1H), 5.43 (s, 1H), 4.2824(m, 2H), 3.41 (s, 3H), 1.68—
1.50 (m, 2H), 1.27-0.84 (m, 4H), 0.68-0.48 (m, 18{%8 (d, 3HJ = 7.9 Hz), 0.15
(d, 3H,J = 7.9 Hz)*®C NMR (101 MHz, CDGCJ) § 160.0 (C), 132.1 (C), 131.0 (C),
127.6 (CH), 113.6 (CH), 101.3 (CH), 75.1 (CH), 7(08+), 55.3 (CH), 42.1 (CH),

32.0 (CH), 29.1 (Ch), 27.5 (CH), 19.5 (CH), 19.1 (CH)

1-(2-Bromomethyl-4-isopropyl-cyclohex-2-enyloxymetyl)-4-methoxy-benzene

(245)

PMP
o~ o OPMB

Br

244 245
Diisobutylaluminium hydride (7.10 mL of a 1.5 M atibn in toluene, 4.70 mmol)
was added dropwise to a solution of acetal 2440(1,03.50 mmol) in dry CkCl,
(20 mL) at —78 °C under argon. The reaction mixwes stirred at —78 °C for 2 h.
Then it was quenched by addition of methanol (5.nilhe mixture was partitioned
between aqueous potassium sodium tartrate sol(B@mL) and CHCI, (50 mL).
The aqueous layer was extracted with,CH (2 x 50 mL). The organic extracts

were combined, dried (MgSY) filtered and evaporated under vacuum. Silica gel
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chromatography (petroleum ether/EtOAc, 9:1) gaeedésired alcohol (964 mg, 96

%) as a thick yellow oil. Triphenylphosphine (2.§9 9.87 mmol) was added
portionwise at 0 °C to a solution of the primargaddol and carbon tetrabromide
(3.27 g, 9.87 mmol) in acetonitrile (15 mL). Thesuting mixture was stirred at 0
°C for 20 min. The white precipitate was filterefdi, ovater was added to the filtrate
and the layers were separated. The aqueous laygeextracted with CECl, (3 x 10
mL). The organic extracts were combined, washeti wiater (1 x 15 mL), dried
(MgSQy), filtered and evaporated under vacuum. Silica gketomatography
(petroleum ether/EtOAc, 9:1) gave bromi#b (1.05 g, 90 %) as a yellow oilsR
0.45 (petroleum ether/EtOAc, 9:3H NMR (270 MHz, CDCJ)  7.33 (d, 2H,J =
8.7 Hz), 6.89 (d, 2H) = 8.7 Hz), 5.88 (s, 1H), 4.63 (d, 1Bi= 10.8 Hz), 4.50 (d,
1H, J = 10.8 Hz), 4.45 (dd, 1H = 9.2, 2.3 Hz), 4.24 (t, 1H, = 7.6 Hz), 3.86 (d,
1H,J = 9.2 Hz), 3.81 (s, 3H), 2.25-2.16 (m, 1H), 2.0851(m, 1H), 1.80-1.70 (m,
1H), 1.68-1.52 (m, 2H), 1.38-1.25 (m, 1H), 0.903d, J = 6.8 Hz), 0.87 (d, 3H]

= 6.8 Hz)™*C NMR (101 MHz, CDGCJ) § 159.2 (C), 136.9 (C), 134.7 (CH), 130.7
(C), 129.5 (CH), 113.8 (CH), 72.9 (CH), 71.2 (§H65.2 (CH), 42.0 (CH), 35.8

(CHy), 31.8 (CH), 28.0 (CH), 22.8 (CH), 19.7 (CH), 19.3 (CH).

6-Isopropyl-2-phenyl-6,7,8,8-tetrahydro-4H-benzo[1,3]dioxine (249)
Ph
OH
o)\o
HO% :
|
N

243 249
Benzaldehyde dimethylacetal (12.5 mL, 83.1 mmollpfeed by camphorsulfonic
acid (2.70 g, 11.9 mmol) and 4 A molecular sievesenadded to a solution of diol

243(10.1 g, 59.3 mmol) in dry Ci&I, (400 mL). The reaction mixture was stirred
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at rt for 40 h and then filtered through celiteietinylamine (70 mL) was added to

the filtrate and the mixture was then washed wititew (1 x 70 mL). The layers
were separated and the aqueous layer was extraite@€H,Cl, (1 x 100 mL). The
organic layers were combined, dried (MgghOfiltered and evaporated under
vacuum. Silica gel chromatography (petroleum eBEt&Ac, 19:1) gave acet249
(14.8 g, 98 %) as a colourless 0it./R0.63 (petroleum ether/EtOAc, 9:1d]§ —33
(c = 0.75, CHCJ, 25 °C).vmax (CHCL) 2958, 2253, 1382 cth *H NMR (400 MHz,
CsDg) 6 7.75-7.68 (m, 4H, 2 x K Ar minor, 2 x G4 Ar major), 7.24—7.09 (m, 6H,
3 x CH Ar major, 3 x G Ar minor), 5.60 (s, 1H, Ph4€ minor), 5.59 (s, 1H, Ph-
CH major), 5.39 (s, 1H, OCH-C#L minor), 5.23 (s, 1H, OCH-C4&€ major),
4.29-4.16 (m, 5H, B,OCH major, G1,0CH minor, O®-C=CH major), 4.09—
4.02 (m, 1H, O@-C=CH minor), 2.13-2.03 (m, 2H, 1 x OCHHg major, 1 x
OCH-CH;, minor), 1.92-1.81 (m, 2H, 4€-CH-CH major, HC-CH-CH minor),
1.79-1.66 (m, 2H, 1 x OCHH#L; major, 1 x OCH-E@l, minor), 1.57-1.48 (m, 2H, 1
x OCH-CH-CH; minor, HC-CH minor), 1.48-1.39 (m, 1H, 1 x OCH-GIH
major), 1.34 (sext, 1H] = 6.9 Hz, HC-CH major), 1.06-0.93 (m, 1H, 1 x OCH-
CH,-CH, major), 0.93-0.87 (m, 1H, 1 x OCH-G#&H, minor), 0.84 (d, 3HJ =
6.5 Hz,H3C-CH minor), 0.80 (d, 3H) = 6.5 Hz,H3C-CH minor), 0.75 (d, 3H] =
6.9 Hz,HsC-CH), 0.72 (d, 3H,) = 6.9 Hz,HsC-CH) **C NMR (101 MHz, GDg) &
139.7 C major), 139.6 € minor), 133.2 C major), 133.1C minor), 128.8 CH Ar
major), 128.7 CH Ar minor), 128.3 CH Ar major), 128.2 CH Ar minor), 126.8
(CH Ar major), 126.8 CH Ar minor), 126.6 (OCH-CEH major and OCH-CEH
minor), 101.7 (PKEH minor), 101.3 (PHEH major), 75.0 (@H-C=CH major),
74.1 (OCH-C=CH minor), 71.5 CH,OCH minor), 71.0 CH,OCH major), 42.3
(H3C-CH-CH major), 41.2 (HC-CH-CH minor), 32.2 (HC-CH major), 32.1 (HC-

CH minor), 29.5 (OCHZH; major), 27.2 (OCHzH, minor), 23.4 (OCH-CKCH>
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major), 22.7 (OCH-CKCH; minor), 20.8 (HC-CH minor), 20.7 (HC-CH minor),

19.5 (C-CH major), 19.2 (KC-CH major). HRMS (ESI) mass calc. fog&2,0,

281.512 (M+Na), found 281.1505.

((3R,6S)-6-Benzyloxy-3-isopropyl-cyclohex-1-enyl)-methang250)

Ph
)\ OBn OBn
(@] (@] -
K@ HO HO
‘ —_— +
: =YH :YH
B PN PN
PN
249 250a 250b

DIBAL-H (229 mL of 1M solution in CHCI,, 229 mmol) was added dropwise to a
solution of aceta?49 (14.8 g, 57.3 mmol) in dry Gi€l, (300 mL) at —78 °C under
argon. The reaction mixture was stirred for 15 m¢pallowed to warm to rt over
this period and then very carefully quenched wittQH (40 mL) at 0 °C. Saturated
agueous potassium sodium tartrate solution (200 wdg added and the mixture
was vigorously stirred for 1 h. The layers wereasafed and the aqueous layer was
extracted with CHCI, (3 x 200 mL). The organic extracts were combirgrikd
(MgSQ,), filtered and evaporated under vacuum. Silica gketomatography
(petroleum ether/EtOAc 85:15) gave alcoh@s0a (10.5 g, 70%) and
diastereocisomeR50b (1.65 g, 12%) as a separable mixture of colourteélss R
(major) = 0.34 (petroleum ether/EtOAc, 4: 1] +7.5 € = 1.0, CHC}, 22 °C).vimax
(CHCIls) 3525, 2958, 2869, 1710, 1364 ¢ntH NMR (500 MHz, CDCJ) § 7.36 (d,
4H,J = 4.0 Hz, &1 Ph), 7.32-7.27 (m, 1H, B Ph), 5.73 (s, 1H, BnOCH-C=),
4.72 (d, 1HJ = 11.6 Hz, 1 x OHE,Ph), 4.50 (d, 1HJ = 11.6 Hz, 1 x O€,Ph),
4.18 (d, 1HJ = 12.0 Hz, 1 x €,0H), 4.20-4.13(m, 1H, BnOg), 4.05 (d, 1H,) =
12.0 Hz, 1 x @®,0H), 2.53 (bs, 1H, CpOH), 2.23 (dddd, 1H) = 12.5, 8.3, 5.6 Hz,

2.9 Hz, 1 x BnOCH-8), 2.04 (bs, 1H, EKC-CH-CH), 1.82-1.74 (m, 1H, 1 x
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BNnOCH-CH-CHy), 1.65-1.54 (m, 2H, 1 x BnOCHF; and HC-CH), 1.36-1.25

(m, 1H, 1 x BnOCH-CHCH>), 0.89 (d, 3H,J = 6.8 Hz,H3C-CH), 0.86 (d, 3HJ =
6.8 Hz, HsC-CH). ®C NMR (101 MHz, CDGJ) § 138.3 (), 138.0 ), 132.0
(BhOCH-C=CH), 128.5 CH Ph), 127.8 CH Ph), 127.7 CH Ph), 76.5 (BnCCH),
70.6 (GCH,Ph), 66.2 CH,OH), 41.7 (HC-CH-CH), 31.9 (HC-CH), 28.1
(BNOCH-CH,), 23.2 (BnOCH-CH-CHj), 19.6 (HC-CH), 19.3 (HC-CH). HRMS
(ESI) mass calc. for GH»40, 283.1669 (M+N4), found 283.1653.

Minor diastereoisome250b has not been fully characterised but crdeNMR

showed the CH alkene peak &0bat 5.80 ppm.

((1S,4R)-2-Bromomethyl-4-isopropyl-cyclohex-2-enyloxymethl-benzene (251)

OBn OBn OBn
| | |
HO MsO Br
‘ —_— —_— ‘
250a 323 251

Methanesulfonyl chloride (2.3 mL, 29 mmol) was atldieopwise to a solution of
alcohol 250 (5.10 g, 19.5 mmol) and triethylamine (5.4 mL, 88nol) in dry
CH.Cl; (120 mL) at —78 °C under argon and the reactiotturne was stirred at 0 °C
for 1.5 h. The reaction was quenched by the addifsaturated aqueous NaHgO
solution (50 mL) and the mixture was extracted WitH,Cl, (3 x 50 mL). The
organic extracts were combined, dried (MggJiltered and evaporated under
vacuum to give the crude mesylé&23 Mesylate323 was dissolved in dry THF
(120 mL) and LiBr (2.50 g, 29.3 mmol) was addedtatnder argon. The mixture
was stirred at rt for 2.5 h and the reaction wamntiquenched by the addition
saturated aqueous NaHg®6blution (40 mL). The mixture was extracted withT
(3 x 100 mL) and the organic extracts were combiaeed (MgSQ), filtered and

evaporated under vacuum. Silica gel chromatogrdpairoleum ether/EtOAc, 9:1)
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gave bromide251 (5.97 g, 94%) as a colourless oil; R 0.59 (petroleum

ether/EtOAc, 4:1).d]p —17.6 € = 1.00, CHCJ, 22 °C).vmax (CHCk) 2958, 2869,
1071 cmi. *H NMR (500 MHz, CDCY) § 7.45-7.24 (m, 5HCH Ph), 5.90 (s, 1H,
BnOCH-C=CH), 4.70 (d, 1HJ = 11.2 Hz, 1 x O6,Ph), 4.58 (d, 1HJ = 11.2 Hz,
1 x OCH,Ph), 4.47 (d, 1HJ = 9.3 Hz, 1 x ©,Br), 4.30-4.24 (m, 1H, BnO4),
3.88 (d, 1HJ = 9.3 Hz, 1 x E,Br), 2.23 (dddd, 1HJ = 12.0, 5.4, 2.8, 2.8 Hz, 1 x
BnOCH-CH>), 2.01 (dddd, 1HJ = 10.8, 8.0, 5.8, 2.8 Hz,48-CH-CH), 1.82-1.72
(M, 1H, 1 x BnOCH-CRCH>), 1.67—1.53 (m, 2H, ¥€-CH and 1 x BnOCH-8,),
1.39-1.30 (m, 1H, 1 x BnOCH-GHCH,), 0.91 (d, 3H,) = 6.8 Hz,H3C-CH), 0.88
(d, 3H,J = 6.8 Hz,H3C-CH) *C NMR (101 MHz, CDGJ) 5 138.6 C), 136.9 C),
134.8 (BnOCH-CEH), 128.3 CH PHh), 127.9 CH Ph), 127.6 CH PHh), 73.2
(BnOCH), 71.5 (GH,0Ph), 42.0 (HGSH-CH,), 35.7 CH.Br), 31.8 (HC-CH),
28.0 (BNOCHEH,), 22.8 (BNOCH-CHCH,), 19.7 (HC-CH), 19.3 (HC-CH).

HRMS (ESI) mass calc. for;@H,3BrO 345.0824 (M+Nad) found 345.0835.

(R)-4-((R)-1-(((3R,69)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)methoxyl-(4-
methoxybenzyloxy)butyl)-2,2-dimethyl-1,3-dioxolan€252)

/ OBn
o} o}
> B OBn
H + —
OH O
H i H
N B
OPMB OPMB /_\
203 251 252

A solution of alcohol203® (3.90 g, 12.6 mmol) in dry THF (38 mL) was added
dropwise to a suspension of sodium hydride (1.00&60% suspension in oil, 25.1
mmol) in dry THF (75 mL) at rt under argon. Theuldsg mixture was stirred at
reflux for 1 h. The mixture was cooled to rt andaution of bromide251 (4.50 g,

14.0 mmol) in dry THF (38 mL) was added dropwisdloived by 18-crown-6 (1.65
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g, 6.24 mmol) anch-BusNI (139 mg, 0.376 mmol). After stirring the mixtuag rt

for 15 h, it was quenched with saturated aqueougONEBS mL) at O °C and it was
extracted with EtOAc (3 x 100 mL). The organic aegts were combined, dried
(MgSQy), filtered and evaporated under vacuum. Silica gketomatography
(petroleum ether/EtOAc, 9:1 to 7:3) gave eth&? (6.08 g, 87%) as a yellow oilsR
= 0.38 (petroleum ether/EtOAc, 4:1n]f +8.30 € = 1.00, CHCJ, 22 °C). vmax
(CHCls) 2956, 2868, 1070 cth 'H NMR (500 MHz, CDCJ) & 7.39-7.29 (m, 4H,
CH Ph), 7.29-7.26 (m, 1H, B Ph), 7.25 (d, 2H,) = 8.5 Hz, & Ar), 6.88 (d, 2H,]

= 8.5 Hz, 1 Ar), 5.79 (s, 1H, BnhOCH-C=@), 4.65 (d, 1H,J = 11.6 Hz, 1 x
OCH2Ph), 4.53 (d, 1HJ = 11.6 Hz, 1 x O@,Ph), 4.45-4.40 (m, 3H, QGPMP
and 1 x G,0PMB), 4.18 (dd, 1HJ = 13.6, 6.6 Hz, ClEDCHCHO), 4.08 (t, 1HJ
= 6.4 Hz, BnO®l), 4.00 (d, 1H,J=11.8 Hz, 1 x €,0PMB), 3.94 (dd, 1H] = 8.0,
6.6 Hz, 1 x (HC),COCH,), 3.80 (s, 3H, OB3), 3.67 (dd, 1HJ = 7.8, 7.8 Hz 1 x
(HsC),COCH)), 3.46-3.41 (m, 2H, BnOCH-CHG), 3.40-3.34 (m, 1H, BnOCH-C-
CH,0-CH), 2.13-2.04 (m, 1H, 1 x BnOCHHG), 2.00-1.92 (m, 1H, $C-CH-CH),
1.82-1.70 (m, 1H, 1 x BnOCH-GHCH,), 1.67-1.43 (m, 6 H, 1 x BnOCHHG,
HsC-CH-CHs and 2 x ®&ly), 1.41 (s, 3HH3C-C-CH), 1.34 (s, 3HHC-C-CHy),
1.33-1.29 (m, 1H, 1 x BnhOCH-GHCH), 0.92 (d, 3HJ = 6.7 Hz,H3C-CH), 0.89
(d, 3H,J = 6.7 Hz,H3sC-CH) ®*C NMR (101 MHz, CDGJ)) & 159.1 (BnOCH-
C=CH), 139.0 C Ph), 136.3 C Ar), 132.3 (BnOCH-CEH), 130.6 C Ar), 129.1
(CH Ar), 128.2 CH Ph), 127.6 CH Ph), 127.3 CH Ph), 113.7 CH Ar), 109.1
(HsC-C-CHg), 78.6 (BNOCH-C-CHD-CH), 78.0 (CHOCHCHO), 73.7 (Bn@H),
72.4 (CCH,PMP), 71.6 CH,OPMBY), 70.8 (@H.Ph), 69.7 (BnOCH-GEH,), 65.8
({H3C},COCH,), 55.2 (CCHs), 41.6 (HC-CH-CH), 31.9 (HC-CH), 27.7

(BNOCH-CH,), 27.3 CHy), 26.5 (HC-C-CHs), 25.9 CH,), 25.4 (HC-C-CHy),
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22.8 (BnOCH-CH-CHy), 20.0 (HC-CH), 19.7 (HC-CH). HRMS (ESI) mass calc.

for C34H4g0s 575.3343 (M+Na*). found 575.3321.

(R)-2-(((3R,69)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)methoxy-(4-
methoxybenzyloxy)pentanal (253)

}Lo OH O._H
ﬁg: OBn . Hogo on - g\oﬁn

OIRIOAS

OPMB /-\ OPMB A OPME A

252 324 253

PPTS (945 mg, 3.76 mmol) was added to a solutioetloér252 (10.4 g, 18.8
mmol) in ethylene glycol (220 mL), THF (110 mL) a@iH,Cl, (110 mL) and was
heated at reflux for 15 h. The reaction mixture wasled down to rt and then
CH.CI; (170 mL) and water (170 mL) were added followednieytralisation with
concentrated ammonia (9 pasteur pipette drops).phases were separated and the
aqueous layer was extracted with L (3 x 100 mL). The organic layers were
combined, washed with water (1 x 100 mL), dried 8@y), filtered and evaporated
under vacuum to give the di@24 as a yellow crude oil. The crude diol was
dissolved in THF/water (330 mL of a 2:1 mixturedasodium metaperiodate (16.1
g, 75.9 mmol) was added portionwise at rt. The omextwas stirred at rt for 1 h and
then water (350 mL) and brine (100 mL) added. T@seiiting mixture was extracted
with EO (3 x 200 mL) and the organic extracts were coetdhirdried (MgSGQ),
filtered and evaporated under vacuum. Silica gealorclatography (petroleum
ether/EtOAc, 7:3) gave aldehyd253 (8.26 g, 92%). R= 0.7 (petroleum
ether/EtOAc, 1:1).d]p +18.3 € = 1.00, CHCY, 25 °C).vmax (CHCL) 2955, 2863,
1731, 1095 cit. *H NMR (400 MHz, CDCY) & 9.60 (d, 1HJ = 2.2 Hz,H-C=0),

7.36-7.26 (m, 5H, B Ph), 7.24 (d, 2HJ = 8.7 Hz, &1 Ar), 6.87 (d, 2HJ = 8.7
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Hz, CH Ar), 5.74 (s, 1H, BhOCH-C=4), 4.65 (d, 1HJ = 11.6 Hz, 1 x O@,Ph),

4.50 (d, 1HJ = 11.6 Hz, 1 x OE,Ph), 4.44 (d, 1H) = 12.0 Hz, 1 x €&,0PMP),
4.41 (s, 2H, OG,PMB), 4.07-4.01 (m, 1H, BnQ{), 3.81 (d, 1H,]) = 12.0 Hz, 1 x
CH,OPMP), 3.80 (s, 3H, O), 3.70-3.65 (m, 1H, O=CHd), 3.45-3.39 (m, 2H,
BNnOCH-C-CH,), 2.14-2.06 (m, 1H, 1 x BnOCHHG), 2.01-1.93 (m, 1H, ¥C-
CH-CH), 1.81-1.54 (m, 7H, ¥C-CH, 1 x BnOCH-G,, 1 x BnOCH-CH-CH.,
O=C-CH-CH; and GH,-CH,OPMB), 1.37-1.24 (m, 1H, 1 x BnOCH-Gi€H,),
0.91 (d, 3H,J = 6.8 Hz,HsC-CH), 0.88 (d, 3H, = 6.8 Hz,HsC-CH). ®C NMR
(101 MHz, CDC}) § 204.3 (HC=0), 159.1 (BhOCHE=CH), 138.7 C Ph), 135.2
(C Ar), 133.6 (BnOCH-CEH), 130.5 C Ar), 129.2 CH Ar), 128.3 CH Ph), 127.8
(CH Ph), 127.5 CH PHh), 113.7 CH Ar), 82.2 (O=CEH), 73.4 (Bn@CH), 72.5
(OCH,PMP), 71.5 CH,OPMB), 71.0 (@H,Ph), 69.4 (BnOCH-GSH,), 55.2
(OCHj), 41.6 (HC-CH-CH), 31.8 (HC-CH), 27.7 (BnOCHEH,), 26.9 CHy),
25.2 CH,), 22.8 (BNOCH-CHCH,), 19.9 (HC-CH), 19.6 (HC-CH). HRMS

(ESI) mass calc. for 4gH4005 503.2768 (M+N4), found 503.2747.

(R)-3-(((3R,6S)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)methoxy) -diazo-6-
(4-methoxybenzyloxy)hexan-2-one (254)

(e} H (@) OH (@)
OBn OBn
>
(@) (e}

OPMB _~_ OPMB _~_

253 325 254

A solution of sodium chlorite (11.7 g, 129 mmol) dansodium
dihydrogenophosphate dihydrate (17.4 g, 112 mmmolyvater (47 mL) was added
dropwise at rt to a solution of aldehy?&3(8.26 g, 17.2 mmol) itBuOH (94 mL)
and 2-methyl-2-butene (14.6 mL, 137 mmol). The omatwas stirred at rt for 40

min and then extracted with & (3 x 100 mL). The organic extracts were
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combined, washed with brine (1 x 100 mL), dried @@y), filtered and evaporated

under vacuum to give the corresponding carboxyid 325 (9.05 g) as a colourless
thick oil. The crude aci@25was dissolved in dry ED (164 mL), stirred at rt under
argon and triethylamine (2.6 mL, 18.9 mmol) asobutylchloroformate (2.4 mL,
19 mmol) were added sequentially. The mixture wiaed at rt under argon for 2 h
and then filtered and added dropwise to a solutioineshly distilled diazomethane
in ELO (=172 mmol in 260 mL of ED) at 0 °C. The resulting mixture was stirred
at 0 °C for 1.5 h and then the excess diazomethase consumed using glacial
acetic acid (12 mL). The mixture was stirred forrilh and then neutralized by the
addition of saturated aqueous NaHJ80 mL). The mixture was then washed with
saturated aqueous NaHg@ x 150 mL), brine (1 x 150 mL), dried (MgaQ®
filtered and evaporated under vacuum. Silica gealorclatography (petroleum
ether/EtOAc, 7:3) gave diazoketo@84 (7.66 g, 86%) as a yellow oil.sR 0.35
(petroleum ether/EtOAc, 7:3)a]p +30.5 € = 1.00, CHCY, 25 °C).vmax (CHCL)
2954, 2934, 2864, 2105, 1349, 1097 trtH NMR (400 MHz, CDCJ) 6 7.36—7.27
(m, 5H, GH Ph), 7.24 (d, 2H,J = 8.7 Hz, G Ar), 6.86 (d, 2H,) = 8.7 Hz, G Ar),
5.80-5.63 (m, 2H, BnOCH-C#C and G1iNp), 4.67 (d, 1H,J = 11.6 Hz, 1 x
OCH,Ph), 4.47 (d, 1HJ = 11.6 Hz, 1 x O8,Ph), 4.40 (s, 2H, OB,PMP), 4.38 (d,
1H,J = 11.0 Hz, 1 x E,0PMB), 4.06 (t, 1HJ = 6.8 Hz, BnOG@l), 3.80 (s, 3H,
OCH3), 3.76-3.67 (m, 1H, O=C4d), 3.70 (d, 1HJ = 11.0 Hz, 1 xE&,0OPMB),
3.42 (t, 2H,J = 6.0 Hz, BhOCH-C-8,), 2.20-2.10 (m, 1H, 1 x BnOCHHKG),
2.03-1.95 (m, 1H, kC-CH-CH), 1.80-1.56 (m, 7H, $C-CH, 1 x BnOCH-CG,, 1

x BnOCH-CH-CH,, O=C-CH-(H, and @H,-CH,OPMB ), 1.29 (m, 1H, 1 x
BnOCH-CH-CH,), 0.91 (d, 3H,J = 6.8 Hz,H3C-CH), 0.88 (d, 3HJ = 6.8 Hz,
HsC-CH) ®C NMR (101 MHz, CDGJ) § 197.9 €=0), 159.1 (BnOCH==CH),

138.7 C Ph), 135.3 C Ar), 133.5 (BnOCH-CEH), 130.6 C Ar), 129.1 CH Ar),
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128.3 CH Ph), 127.6 CH Ph), 127.5 CH Ph), 113.7 CH Ar), 82.7 (O=CEH),

73.6 (BnOGH), 72.5 (QCH,PMP), 71.7 CH,OPMB), 70.5 (@H.Ph), 69.6
(BnOCH-CCH,), 55.2 (QCH3), 52.5 CHNy), 41.6 (HC-CH-CH), 31.8 (HC-CH)
30.1 CHy), 27.7 (BNOCHEH,), 25.5 CHy), 22.8 (BnNOCH-CHCH,), 19.8 (H s
CH), 19.5 (HC-CH). HRMS (FAB+) mass calc. forsgHsN;0s 521.3015 (M+H),

found 521.3013.

(2R)-5-((3R,6S5)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)-2-(3-&4
methoxybenzyloxy)propyl)dihydrofuran-3(2H)-one (259

(0]
N, OBn

OPMB A

254 255
A solution of diazoketon254 (4.68 g, 8.99 mmol) in dry THF (470 mL) was added
dropwise over 2 h to a solution of ftfiacam) (272 mg, 0.499 mmol) in dry THF
(78 mL) at rt under argon. The solvent was remaweder vacuum and the purple
residue was purified by silica gel chromatograppgtoleum ether/EtOAc, 9:1 to
4:1) to give furanone255 (2.93 g, 66%) as a diastereoisomeric mixture (7:1
cistrans). R = 0.40 (petroleum ether/EtOAc, 8:2)sax (CHCl) 2954, 2935, 2866,
2105, 1754, 1095 cth *H NMR (400 MHz, CDC)) § 7.37-7.27 (m, 5H, B Ph),
7.25 (d, 2H,J = 8.7 Hz, & Ar), 6.87 (d, 2H,J = 8.7 Hz, & Ar), 5.98 (s, 1H,
BnOCH-C=(H), 4.72 (dd, 1H, = 10.6, 6.0 Hz, BnOCH-C480), 4.64 (d, 2H,) =
11.5 Hz, 1 x OE@,Ph), 4.42 (s, 2H, OB,PMP), 4.38 (d, 2H,) = 11.5 Hz, 1 x
OCH,Ph), 4.07 (t, 1H) = 4.3 Hz, BnO@®l), 3.83-3.81 (m, 1H, O=C4d0), 3.80 (s,
3H, OCH3), 3.47 (dt, 2H,J = 6.2, 1.3 Hz, €,0PMB), 2.50 (dd, 1HJ = 18.0, 6.0
Hz, 1 x O=C-G®,), 2.39 (dd, 1H,) = 18.0, 10.6 Hz, 1 x O=C#g;), 2.09-1.99 (m,

2H, BnOCH-QGHy), 1.92-1.60 (m, 7H, O=C-CH#L, CH,-CH,OPMB, 1 x
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BNnOCH-CH-CHj,, H3C-CH, H3C-CH-CH ), 1.41-1.32 (m, 1H, 1 x BnOCH-GH

CH,), 0.92 (d, 3H,J = 6.8 Hz,H3C-CH), 0.89 (d, 3H,) = 6.8 Hz,H3C-CH). *°C
NMR (101 MHz, CDC}) § 216.4 (O<), 159.0 (BhOCHS-CH), 138.3 C), 137.0
(C), 130.6 C), 130.3 (BNOCH-CEH), 129.1 CH Ar), 128.4 CH Ph), 127.8 CH
Ph), 127.6 CH Ph), 113.7 CH Ar), 81.0 (O=CEH-0), 76.1 (BhOCH-C-E0),
73.1 (BnQCH), 72.5 (GCH,Ph), 72.4 (@H,PMP), 70.2 CH,OPMB), 55.2
(OCHs), 43.3 (O=CEH,), 41.0 (HC-CH-CH), 31.9 (HC-CH), 27.6 (BnOCH-
CH,), 26.8 CH,), 25.5 CH,), 22.0 (BhOCH-CHCH,), 20.0 (HC-CH), 19.7
(HzC-CH). HRMS (ESI) mass calc. for s(Hs00s 515.2768 (M+Na), found
515.2770.

Due to the impossibility of getting a clean sampfethe minor diasteromer, this
compound is not fully caracterised in this thelisverthelessH NMR of the crude

mixture showed that this product is caracterised BH alkene peak at 5.90 ppm.

(2R,3R,5R)-5-((3R,69)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)-2-(3-¢4
methoxybenzyloxy)propyl)-3-methyltetrahydrofuran-3-ol (256)

HO
i BnO
LIS

Methyllithium (20 mL of a 1.6 M solution in KD, 32 mmol) was added dropwise to
a solution of keton@55 (3.10 g, 6.29 mmol) in dry toluene (150 mL) at 18
under argon. The reaction mixture was stirred #®hlbeing allowed to warm to rt
during this period. The reaction was quenched lyatthdition of saturated aqueous
NH,4CI (30 mL) at 0 °C and the mixture was extractethvidtO (3 x 100 mL). The
organic extracts were combined, washed with brinexc 60 mL), dried (MgS6),

filtered and evaporated under vacuum. Silica gealomiatography (petroleum
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ether/EtOAc, 4:1) gave alcohdk56 (3.47 g, 54%). R= 0.28 (petroleum

ether/EtOAC, 7:3).dlp +125 € = 0.550, CHGJ, 18 °C).vmax (CHCk) 3534, 2938,
2867, 1713, 1095 cth *H NMR (400 MHz, CDCJ) § 7.35-7.30 (m, 4H, B Ph),
7.29-7.24 (m, 3H, B Phand 2 x & Ar), 6.87 (d, 2H,J = 8.7 Hz, &1 Ar), 5.89 (d,
1H,J = 1.2 Hz, BnOCH-C=6)), 4.62 (d, 1H,J = 12.0 Hz, 1 x OB,Ph), 4.66-4.59
(m, 1H, BnOCH-C-EI0), 4.47-4.40 (m, 3H, O&,PMP, 1 x O®i,Ph), 4.15-4.09
(m, 1H, BnOG), 3.80 (s, 3H, Of5), 3.57-3.42 (m, 3H, B,OPMB and HC-
C{OH}-CH), 2.42 (bs, 1H, @), 2.16-2.06 (m, 2H, 1 x 4&-C(OH)-CH, and 1 x
BnOCH-CH,), 2.04-1.95 (m, 1H, ¥C-CH-CH), 1.93-1.85 (m, 1H, 1 x 4&-
C(OH)-CH,), 1.82-1.51 (m, 7H, 1 x BNOCHHG, 1 x BNOCH-CH-CH,, H:C-C-
CH-CH,, CH»-CHOPMB, HC-CH), 1.32-1.22 (m, 1H, 1 x BnOCH-GHH,),
1.20 (s, 3H, HC-COH), 0.88 (d, 3HJ = 6.8 Hz,H3C-CH), 0.85 (d, 3HJ = 6.8 Hz,
H3C-CH). *C NMR (101 MHz, CDGJ) § 159.1 (BnOCHE=CH), 141.0 C), 138.4
(C), 130.8 C), 129.2 CH Ar), 128.3 (BnOCH-CEH), 127.7 CH Ph), 127.6 CH
Ph), 127.5 CH Ph), 113.7 CH Ar), 86.4 (HC-C(OH)-CH), 78.2 (HGC-CHs), 76.0
(BnOCH-CCHO), 74.2 (Bn@H), 72.5 (GCH,PMP), 70.1 CH,OPMB), 69.9
(OCH,Ph), 55.3 (O@ls), 46.8 (HCC(OH)CH,), 41.3 (HC-CH-CH), 32.0 (HC-
CH), 27.5 (BnNOCHEH,), 27.1 CHy), 25.2 CH,), 22.6 (BNOCH-CH-CH,), 22.3
(HsCCOH), 22.6 (HC-CH), 22.3 (HC-CH). HRMS (ESI) mass calc. fors@14:0s

531.3081 (M+Na), found 531.3086.

(2R,3R,5R)-5-((3R,69)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)-2-(3-¢4
methoxybenzyloxy)propyl)-3-methyltetrahydrofuran-3-y| acetate (258)

W — k)

256 258

126



Chapter Il
DMAP (841 mg, 6.89 mmol) was added to a solutioralobhol256 (1.17 g, 2.30

mmol) and freshly distilled acetic anhydride (434 4.59 mmol) in dry CKHCI; (20
mL). The resulting mixture was stirred at rt undegon for 18 h. Water (100 mL)
was added and the mixture was extracted with@H3 x 50 mL) and the organic
extracts were combined, dried (Mgg8Qfiltered and evaporated under vacuum.
Silica gel chromatography (petroleum ether/EtOA®) fave furan258 (1.00 g,
79%). R = 0.43 (petroleum ether/EtOAc, 7:3¥]f +4.9 € = 1.0, CHC}, 20 °C).
vmax (CHCL) 3534, 2938, 2867, 1713, 1095 ¢mH NMR (400 MHz, CDCY) &
7.34-7.30 (m, 5H, B Bn), 7.27 (d, 2H,) = 8.6 Hz, G PMB), 6.88 (d, 2H,) = 8.6
Hz, CH PMB), 5.90 (s, 1H, BnOCH-C=d), 4.62 (d, 1H,J = 11.7 Hz, 1 x
OCH2Ph), 4.50 (t, 1HJ = 6.1 Hz, BnhOCH-C-80O), 4.45 (s, 2H, OB,PMP), 4.39
(d, 1H,J = 11.7 Hz, 1 x O8,Ph), 3.94 (bs, 1H, BnQq), 3.80 (s, 3H, OH5),
3.56-3.46 (m, 3H, B,OPMB and HC-C-CH), 2.32-2.17 (m, 2H, $C-C-CH,),
2.09-2.01 (m, 1H, 1 x BnOCHHG), 2.01-1.95 (m, 1H, $C-CH-CH), 1.92 (s, 3H,
H3C-CO-0), 1.91-1.87 (m, 1H, 1 x BnOCHHg), 1.79-1.49 (m, 6H, $C-CH, 1 x
BNnOCH-CH-CH;, H3;C-C-CH-CH, and H,-CH,OPMB), 1.47 (s, 3H,HsC-
COAC), 1.24 (m, 1H, 1 x BnOCH-GHCH>), 0.90 (d, 3HJ = 6.8 Hz,H3C-CH),
0.85 (d, 3H,J = 6.8 Hz,H3sC-CH). °C NMR (101 MHz, CDGJ)) § 170.4 C=0),
159.1 (BnOCHE=CH), 138.9 C), 138.7 C), 130.7 C), 129.2 CH Ar), 128.3
(BhOCH-C=CH), 127.6 CH Ph), 127.4 CH Ph), 127.0 CH Ph), 113.7 CH Ar),
86.9 (HC-C-CH), 86.3 (HC-COAC), 76.0 (BnOCH-GSHO), 74.0 (Bn@@H), 72.4
(OCH,PMP), 70.1 CH,OPMB), 70.0 (@H.Ph), 55.2 (CHs), 44.2 (HC-C-CH)),
41.0 (HiC-CH-CH), 32.1 (HC-CH), 27.4 (BnOCHEH,), 26.9 CH,), 26.1 CH,),
22.4 (BNOCH-CH-CH,), 22.1 (HC-COAc), 22.0 (HC-COO), 19.9 (HC-CH),
19.6 (HC-CH). HRMS (ESI) mass calc. forafHss0s 573.3187 (M+N4), found

573.3191.

127



Chapter Il
(2R,3R,5R)-5-((3R,6S)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)-2-(3-
hydroxypropyl)-3-methyltetrahydrofuran-3-yl acetate (259)

DDQ (616 mg, 2.71 mmol) was added in one portioa smlution of furar258 (996
mg, 1.81 mmol) in CkCI>/H,0O (38.8 mL of a 20:1 mixture) at 0 °C and the migtu
was stirred at rt for 1.5 h. The solution was ditutwith CHCl, (35 mL) and
washed with saturated aqueous,Gl@; (2 x 35 mL) and brine (1 x 35 mL). The
aqueous layers were combined and extracted withduCHCl, (1 x 50 mL). The
organic layers were combined, dried (Mg$Ofiltered and evaporated under
vacuum. Silica gel chromatography (petroleum eEt€Ac 7:3) gave alcohd59
(550 mg, 71%) as a colourless 0il.#R0.11 (petroleum ether/EtOAc, 7:3)]§ +11

(c = 0.55, CHCY, 20 °C).vmax (CHC) 3421, 2939, 2869, 1726.1, 1623, 1369, 1097
cm . 'H NMR (400 MHz, CDCJ) § 7.35-7.25 (m, 5H, B Ph), 5.87 (d, 1HJ = 1.3
Hz, BhOCH-C=®), 4.62 (d, 1HJ = 11.7 Hz, 1 x O@,Ph), 4.54 (t, 1H) = 7.8
Hz, BnOCH-C-GH0), 4.38 (d, 1HJ = 11.7 Hz, 1 x O€,Ph), 3.96-3.90 (m, 1H,
BnOCH), 3.73-3.67 (m, 2H, B,0H), 3.53-3.49 (m, 1H, 4&-C-CH), 2.53 (bs, 1H,
CH,0H), 2.28 (d, 2H,J = 7.7 Hz, HC-C-CH>), 2.11-2.02 (m, 1H, 1 x BnOCH-
CH>), 2.01-1.95 (m, 1H, §C-CH-CH), 1.92 (s, 3H, KC-CO-0), 1.82-1.70 (m, 5H,
1 x BnOCH-CH-CH;, CH»-CH,OH, H;C-C-CH-CHj), 1.67-1.60 (m, 1H, 1 x
BNnOCH-(H,), 1.59-1.52 (m, 1H, ¥C-CH), 1.50 (s, 3H, KC-COAc), 1.30-1.20
(m, 1H, 1 x BnOCH-CkKCH>), 0.90 (d, 3H, = 6.8 Hz, HC-CH), 0.85 (d, 3H, =
6.8 Hz, HC-CH) *C NMR (101 MHz, CDGJ) § 170.4 C=0), 138.8 C), 138.3
(C), 128.3 (BnNOCH-CEH), 127.6 CH Ph), 127.4 CH Ph), 127.2 CH Ph), 87.3

(HsC-CCH), 86.3 (HC-COAC), 76.3 (BNOCH-GZHO), 74.0 (BnGCH), 70.2
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(OCH2Ph), 62.3 CH,0OH), 43.9 (HC-C-CH>), 41.0 (HC-CH-CH), 32.1 (HC-CH),

30.4 CHy), 27.4 (BNOCHEH,), 26.3 CH,), 22.4 (BnOCH-CH-CHj), 22.0 (HC-
CO-0), 21.8 (HC-COAc), 20.0 (HC-CH), 19.6 (HC-CH). HRMS (ESI) mass

calc. for GgH3g0s5 453.2611 (M+N4), found 453.2609.

(2R,3R,5R)-5-((3R,6S)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)-3-metHy2-

(3-oxopropyl)tetrahydrofuran-3-yl acetate (260)

259 260

Dess-Matrtin periodinane (1.40 g, 3.38 mmol) waseddith two portions at 30 min
intervals to a solution of alcoh@b9 (717 mg, 1.69 mmol) in dry Gi&l, (23 mL) at

0 °C. The mixture was stirred at O °C for 30 miml &inen at rt for 1 h. The reaction
was quenched with saturated aqueous thiosulfatei@ol(40 mL) and stirred for 15
min. The mixture was extracted with @&, (3 x 50 mL) and the organic extracts
were combined, washed with saturated aqueou€®g(1 x 50 mL) and brine (1 x
50 mL), dried (MgSQ), filtered and evaporated under vacuum. Silica gel
chromatography (petroleum ether/EtOAc, 7:3) gadel®yde260 (645 mg, 89 %).
Rr = 0.43 (petroleum ether/EtOAc, 7:3)]f +18 € = 0.33, CHC4, 24 °C).vmax
(CHCI3) 2955, 2936, 2869, 1731, 1246, 1096 tH NMR (400 MHz, CDCJ) &
9.83 (t, 1HJ = 1.3 Hz, O=CH), 7.36-7.26(m, 5H, CH Ph), 5.85 (d, 1H,) = 1.3 Hz,
BnOCH-C=), 4.62 (d, 1HJ = 11.7 Hz, 1 x O@,Ph), 4.49 (t, 1H,) = 8.5 Hz,
BnOCH-C-CHO), 4.38 (d, 1HJ = 11.7 Hz, 1 x OB,Ph), 3.92 (s, 1H, BnOg),
3.52 (t, 1HJ = 6.9 Hz, HC-C-CH), 2.80-2.56 (m, 2H, B,C=0), 2.30 (dd, 1HJ =

13.8, 7.2 Hz, 1 x BC-C-CHy), 2.20 (dd, 1HJ = 13.8, 7.2 Hz, 1 x §C-C-CH)),
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2.11-2.02(m, 1H, 1 x BnhOCH-@l,), 2.00-1.70 (m, 8HH;C-CO-O, HC-CH-CH,

HsC-CH, 1 x BnOCH-CH-CH,, CH,-CH,-CO), 1.671.59 (m, 1H, 1 x BnOCH-
CHy), 1.59-1.52(m, 1H, HC-CH), 1.51 (s, 3HH3C-COAc), 1.3£1.20(m, 1H, 1
xx BnOCH-CH-CH,), 0.89 (d, 3H,J = 6.8 Hz,H3C-CH), 0.85 (d, 3H,) = 6.8 Hz,
H3C-CH)*C NMR (101 MHz, CDGJ) § 202.3 (O€-H), 170.3 (HC-CO-0), 138.8
(C), 138.5 (), 128.3 (BnOCH-CEH), 127.6 CH Ph), 127.4 CH Ph), 127.1 CH
Ph), 86.2 (HC-COAC), 85.9 (HC-C-CH), 76.2 (BnOCH-OSHO), 74.0 (BnGH),
70.2 (OCH.Ph), 44.1 CH,C=0), 41.2 (HC-C-CH,), 41.0 (HC-CH-CH), 32.1
(HsC-CH), 27.4 (BNOCHEH,), 22.4 CHy), 22.0 (BNOCH-CH-CH,), 22.0 (HC-
CO-0), 22.0 (HC-COAc), 19.9 (HC-CH), 19.6 (HC-CH). HRMS (Cl+) mass

calc. for GgHz60s5 429.2641 (M+H), found 429.2640.

(2R,3R,5R)-5-((3R,6S)-6-(benzyloxy)-3-isopropylcyclohex-1-enyl)-2-(4-dizo-3-
oxobutyl)-3-methyltetrahydrofuran-3-yl acetate (263

ACO,J BnO

260 261 262
A solution of sodium chlorite (794 mg, 8.78 mmol)nda sodium
dihydrogenophosphate dihydrate (1.18 g, 7.61 mnmoljater (7 mL) was added
dropwise at rt to a solution of aldehy@60 (500 mg, 1.17 mmol) it-BuOH (14
mL) and 2-methyl-2-butene (998, 9.36 mmol). The mixture was stirred at rt for
30 min, then BO (50 mL) was added, the layers were separatedtendrganic
layer was washed with water (1 x 50 mL) and brihex (50 mL), dried (MgSg),
filtered and evaporated under vacuum to give caffmacid 261 (522 mg) as thick

yellow oil. The crude aci@61 was dissolved in dry MeOH (10 mL) under argon
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and sodium methoxide (60 mg, 1.1 mmol) was addeshe portion. The resulting

mixture was stirred at rt for 15 min, concentratedler vacuum and dried under
high vacuum for 1 h. The white foam was dissolvedliy benzene (10 mL) and
oxalyl chloride (497uL, 5.87 mmol) was added dropwise at rt. The mixtuwees
stirred at rt for 2 h, concentrated under vacuum dissolved in dry CECl, (60
mL). The dichloromethane solution of the acid ciderwas then added dropwise at
0 °C to a solution of freshly distilled diazometbar11.7 mmol in 46 mL of ED)
and the resulting mixture was stirred at 0 °C fdr. The excess diazomethane was
guenched with acetic acid (1.5 mL) and the mixtues diluted with B (50 mL),
washed with saturated aqueous NaHG® x 50 mL), brine (1 x 50 mL), dried
(MgSQy), filtered and evaporated under vacuum. Silica gbetomatography
(petroleum ether/EtOAc, 7:3) gave diazoket@6@ (435 mg, 79%) as a yellow oil.
Rr = 0.25 (petroleum ether/EtOAc, 7:3p]f +15 € = 0.33, CHC4, 22 °C).vmax
(CHCI3) 2938, 2870, 2108, 1728, 1386, 1066 trfH NMR (400 MHz, CDGJ) &
7.36-7.26 (m, 5H, B Ph), 5.87 (s, 1H, BhOCH-C=8), 5.28 (bs, 1H, EIN,), 4.62
(d, 1H,J = 11.7 Hz, 1 x O@,Ph), 4.50 (t, 1HJ) = 7.5 Hz, BhOCH-C-E80), 4.38
(d, 1H,J = 11.7 Hz, 1 x OB,Ph), 3.91 (s, 1H, BnO4), 3.49 (dd, 1H,) = 9.6, 3.2
Hz, HsC-C-CH), 2.61-2.46 (m, 2H, B,COCHN,), 2.32-2.17 (m, 2H, C-C-
CHy), 2.10-2.02 (m, 1H, C-CH-CH), 2.01-1.94 (m, 2H, 1 x i»-CH,COCHN,
and 1 x BnOCH-E,), 1.93 (s, 3H,H3C-CO-0), 1.82-1.73 (m, 1H, 1 xHz-
CH,COCHN,), 1.70-1.48 (m, 3H, C-CH, 1 x BnOCH-G, and 1 x BnOCH-
CH,-CH,), 1.50 (s, 3HH3C-C), 1.31-1.20 (m, 1H, 1 x BnOCH-GIEH), 0.89 (d,
3H, J = 6.8 Hz,H3C-CH), 0.85 (d, 3HJ = 6.8 Hz,H3C-CH).*C NMR (101 MHz,
CDCl;) § 194.8 COCHNy), 170.4 (HC-CO), 138.8 C), 138.7 C), 128.3 (BnOCH-
C=CH), 127.6 CH Ph), 127.5 CH Ph), 127.00 CH Ph), 86.2 (HC-COAc), 86.0

(HsC-C-CH), 76.1 (BnOCH-OSHO), 74.0 (BnGH), 70.2 (GCH,Ph), 54.5
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(COCHNy) 44.1 CH,COCHN,), 41.0 (HC-CH-CH and HC-C-CHy), 32.1 (HC-

CH), 27.4 (BnNOCHEH,), 22.4 CH,-CH,COCHNp), 22.0 (HC-CO-0), 21.9 (HC-
COAc and BnO-CkCHj), 20.0 (HC-CH), 19.6 (HC-CH). HRMS (FAB+) mass

calc. for G7H3gN205 469.2702 (M+H), found 469.2707.

6-Benzyloxy-3-isopropyl-10-methyl-14-oxo-15-oxatrigclo[9.3.1.G |pentadec-7-

en-10-yl acetate (266)

262 266
A solution of diazoketon262 (162 mg, 0.346 mmol) in dry GBI, (24 mL) was
added dropwise over 20 min to a solution of Cu(@éxc(9 mg, 0.02 mmol) in dry
CH.ClI; (5.5 mL) at reflux under argon. The mixture wasadtl at reflux for 30 min,
the solvent was removed under vacuum and the msiés purified by silica gel
chromatography (petroleum ether/EtOAc. 4:1) to gihe [2,3]-rearrangement
product266 (116 mg, 76%) as white foam; R 0.50 (petroleum ether/EtOAc, 7:3).
[a]p +66 € = 0.80, CHGY, 20 °C).vmax (CHCk) 2955, 2871, 1724, 1241, 1084 tm
! IH NMR (400 MHz, CDCY) § 7.37-7.21 (m, 5H, B Ph), 5.77 (t, 1HJ = 8.2 Hz,
BnOCH-C=CH), 4.68 (d, 1HJ =11.5 Hz, 1 x OB ,Ph), 4.42 (dd, 1H] = 11.2 Hz,
7.3 Hz,HC-CH,-CH,-C=0), 4.28 (d, 1HJ = 11.5 Hz, 1 x O8,Ph), 4.17 (d, 1HJ
=12.6 Hz, O=C-€l0), 3.79 (t, 1HJ = 2.6 Hz, BnO®), 2.78 (d, 1HJ = 12.1 Hz,
O=C-CH-H), 2.81-2.71 (m, 1H, 1 x K»-CH=C), 2.68-2.40 (m, 3H, 1 xHG-
CH=C, (H»-C=0), 2.29-2.16 (m, 2H{H,C-CH,-C=0), 2.05-1.95 (m, 4H, 4€-
CO-0O, 1 x BnOCH-CKCH5), 1.89 (s, 3HH3C-CH), 1.81-1.38 (m, 5H, BnOCH-

CHj, 1 x BhOCH-CH-CH», H3C-CH, HC-CH-CH,), 0.86 (d, 3HJ = 6.0 Hz,H3C-
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CH), 0.85 (d, 3H,) = 6.4 Hz,HsC-CH) **C NMR (101 MHz, CDGJ) 6 209.5 (HC-

C=0), 169.9 (HC-C=0), 139.0 C), 136.6 ), 129.4 (BnOCH-CEH), 128.3 (G
Ph), 127.7 (&1 Ph), 127.3 (G1 Ph), 87.1 (HC-COAc), 82.1 (O=C-EIO), 78.3
(BnOCH), 77.5 HC-CH,-CH,-C=0), 69.0 (@H,Ph), 42.3 (O=C-CHZH), 37.9
(HC-CH-CH}), 34.1 CH;C=0), 31.2 CH,-CH=C), 28.2 (HC-CH), 26.8 (BnOCH-
CHy), 23.1 (HC-CO-0), 22.4 (HC-C), 21.1 (HC-CH), 20.3 (HC-CH), 19.8
(H2C-CH,-C=0), 17.6 (BnOCH-CHCH,). HRMS (ESI) mass calc. for;@z60s

463.2455 (M+Na), found 463.2440.

6-Benzyloxy-3-isopropyl-10,14-dimethyl-15-oxatricyio[9.3.1.G" Jpentadec-7-

ene-10,14-diol (271)

266 271

MeLi (920 pL of 1.6 M solution in BO, 1.47 mmol) was added dropwise to a
solution of keton&66 (81 mg, 0.18 mmol) in dry toluene (10 mL) at -8 dnder
argon and the resulting mixture was stirred for I6.6eing allowed to warm to rt
over this period. The reaction was quenched byattdition of water (15 mL) and
the mixture was diluted with ED (10 mL) and brine (10 mL) and then extracted
with ELO (3 x 20 mL). The organic extracts were combingded (MgSQ),
filtered and evaporated under vacuum. The crudetumexwas dissolved in dry
toluene (10 mL) and treated with MeLi (920 of 1.6 M solution in EiO, 1.47
mmol) at —78 °C under argon. The reaction mixtuiees stirred for 6 h and then
guenched with water (15 mL). The mixture was diduéth ELO (10 mL) and brine

(10 mL) and then extracted with JBX (3 x 20 mL). The organic extracts were
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combined, dried (MgS), filtered and evaporated under vacuum. Silica gel

chromatography (petroleum ether/EtOAc, 7:3 to Igaye the diol271 (62 mg,
82%) as a white solid.:R 0.14 (petroleum ether/EtOAc, 7:3)]§ —1.4 € = 0.45,
CHCls, 20 °C).vmax (CHCL) 3419, 2957, 2869, 1065 ¢'H NMR (400 MHz,
CDCly) § 7.34 (m, 4H, ® Ph), 7.39-7.23 (m, 1H, B Ph), 5.65 (t, 1HJ = 8.0 Hz,
BnOCH-C=CH), 4.77 (d, 1HJ = 12.0 Hz, 1 x OG,Ph), 4.35 (d, 1HJ = 12.0 Hz,
1 x OCH,Ph), 3.96 (d, 1HJ) = 12.0 Hz, HC=C-CH-@), 3.73 (dd, 1HJ = 2.7, 2.7
Hz, BhO), 3.63 (dd, 1H,J = 11.2, 7.4 Hz, BC-C-CH,-CH,-CH), 2.91 (d, 1HJ
=11.9 Hz, HC=C-@-CH), 2.73 (dd, 1HJ = 13.0, 8.7 Hz, 1 ¥,C-CH=C), 2.00—
1.86 (m, 5H, 1 XH,C-CH=C, 1 x BnOCH-CKCH,, H3C-C-CH,-CH,, H3;C-CH-
CH), 1.76-1.59 (m, 5H, BnOCHHL;, H3C-C-CH,-CH,, OH), 1.58-1.47 (m, 5H, 1
x BnOCH-CH-CH,, CH3-COH, CH), 1.46-1.40 (m, 4H, B3-COH, HC-CH),
1.01 (d, 3H,J = 6.5 Hz,H3C-CH), 0.86 (d, 3HJ = 6.5 Hz,HsC-CH) *C NMR (101
MHz, CDCk) § 139.7 C Ph), 138.6 (HC<), 129.2 (BnOCH-CEH), 128.3 CH
Ph), 127.7 CH Ph), 127.1 CH Ph), 82.1 (HC=C-CHEH), 81.7 (HC-C-CH-CHy-
CH), 79.0 (BnGCH), 76.7 (HC-COH), 72.3 (HC-COH), 68.8 (Q@CH,Ph), 43.5
(HC=C-CH-CH), 39.5 (HC-CH-CH), 36.2 ((H,), 35.6 (HC-CH=C), 30.3 CHaz-
COH), 29.0 (HC-CH-CH), 28.5 CH3-COH), 26.7 CH,), 21.9 (HC-CH), 20.6
(HsC-CH), 18.3 CH,), 17.7 CH,). HRMS (ESI) mass calc. for,gHss04 437.2662
(M+Na)*, found 437.2658. Crystal data f@71 Crystallisation performed in a
mixture of hexane, ED and CHClIy; CyeH3s04. ¥a (GHg), M, = 437.62, crystal

dimensions 0.40 x 0.30 x 0.15 mMmtetragonal, space group 4; 2, 2, a =

13.7906(10),b = 13.7906(10)c = 26.375(4) A,a = 90,8 = 90,y = 90°, V
5016.1(9) R, Z = 8, peaica = 1.16 Mg.nT, p(Mok.) 0.072 mnT, T = 100(2) K,

24,286 reflections collected of which 3593 indeparid Dmax = 56.6°. Structure
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solved by direct methods (SIR92) and refined bishatrix least squares agairist

(CRYSTALS),R; = 0.0529wWR, = 0.1552, 379 parameters, 144 restraints.

6-Benzyloxy-3-isopropyl-10,14-dimethyl-10,14-bis(tethylsilanyloxy)-15-

oxatricyclo[9.3.1.G'|pentadec-7-ene (275)

BnO
\

271

TESOTf (172uL, 0.76 mmol) was added dropwise to a solutioniof 871 (63 mg,
0.15 mmol) and 2,6-lutidine (138, 1.11 mmol) in dry CHCI; (3.5 mL) at —78 °C
under argon. The mixture was stirred at —78 °Clfbr TLC indicates some starting
material remaining, therefore 2,6-lutidine (188, 1.11 mmol) and TESOTf (172
uL, 0.760 mmol) were successively added and theuraxwvas stirred at —78 °C for
an additional 3 h period. The reaction was quendhedhe addition of saturated
aqueous NaHCg(3 mL) and allowed to warm to rt. Water (10 mLdaBLO (10
mL) were added and the mixture was extracted witurated aqueous CugO
solution (2 x 20 mL). The aqueous layers were coedbiand extracted with £ (3

x 20 mL). The organic layers were combined, washigkd water (1 x 20 mL) and
brine (1 x 20 mL), dried (MgSf), filtered and evaporated under vacuum. Silica gel
chromatography (petroleum ether/EtOAc, 99:1 to 9ghve doubly protected
compound275 (54 mg, 48%). R= 0.68 (petroleum ether/EtOAc, 9:1¥]f —0.7 €

= 0.3, CHC4, 19 °C).vmax (CHCL) 2955, 2875, 1005 cth *H NMR (400 MHz,
CDCly) § 7.38-7.21 (m, 4H, B Ph), 7.25 (m, 1H, @& Ph), 5.57 (t, 1HJ = 8.1 Hz,
HC=C), 4.74 (d, 1HJ = 11.7 Hz, 1 x O€,Ph), 4.29 (d, 1HJ = 11.7 Hz, 1 %

OCHPh), 3.80 (d, 1HJ = 11.4 Hz, HC=C-CH-8), 3.71 (t, 1H,J = 2.8 Hz,
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BnOCH), 3.59 (dd, 1HJ = 10.6, 8.1 Hz, BC-C-CH,-CH,-CH), 2.87 (d, 1HJ =

11.4 Hz, HC=C-E@i-CH), 2.71 (dd, 1HJ = 13.4, 8.1 Hz, 1 H,C-CH=C), 2.34
(ddd, 1H,J = 8.6, 3.5, 3.5 Hz, $€-CH-CH), 2.20-2.08 (m, 1H, 1 x 4&-C-CH,-
CHy), 2.02-1.84 (m, 4H, 1 x4€-C-CH,-CH,, 1 xH,C-CH=C, 1 x BnOCH-Cht
CHj, 1 x HC-C-CH,-CHy), 1.81-1.60 (m, 3H, 1 x 4@-C-CH,-CH,, BnOCH-
CHy), 1.52-1.45 (m, 4H, B3-COTES, 1 x BnOCH-CHKHCH,), 1.44-1.39 (m, 4H,
CH3-COTES, HC-CH), 1.02 (d, 3HJ = 6.5 Hz,H3C-CH), 0.98-0.90 (m, 18 H, 2 x
Si{CH,CHs}3), 0.84 (d, 3H,J = 6.7 Hz, HsC-CH), 0.65-0.53 (m, 12H, 2 x
Si{CH,CHg}3) *C NMR (101 MHz, CDGJ) 5 139.7 C), 138.7 C), 129.4 (HC=C),
128.2 CH Ph), 128.0 CH Ph), 127.0 CH Ph), 79.7 (HC=C-CHEH), 79.3
(BnOCH), 78.9 (HC-C-CH-CH,-CH), 78.0 (HC-COTES), 74.9 (HC-COTES),
68.6 (OGH,Ph), 43.1 (HC=QGcH-CH), 38.8 (HC-CH-CH), 36.0 H,C-CH=C),
33.0 (LC-C-CH-CH;), 31.8 (HC-COTES), 28.1 (KC-CH), 27.8 (HC-COTES),
27.0 (BNOCHEH,), 22.2 (HC-CH), 20.6 (HC-CH), 19.4 (HC-C-CHx-CH,), 17.9
(BNOCH-CH-CH,), 7.1 (2 x Si{CHCHs}s), 6.9 (S{CH.CHs}s), 6.8
(Si{CH,CHga}3). HRMS (Cl+) mass calc. for4gHesO4Si> 643.4578 (M+H), found

643.4577.

Epoxide (277)

275 277

m-CPBA (6 mg, 0.04 mmol) was added to a solutioralkéne275 (15 mg, 0.023
mmol) in dry CHCI, (1.8 mL) at rt under argon. The mixture was stirfer 45 min

and therm-CPBA (6 mg, 0.04 mmol) was added again and theéurexstirred for an
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additional 1 h at rt. The reaction was quenchethkeyaddition of saturated aqueous

NaS,03 solution (2 mL) and extracted withEx (2 x 10 mL). The organic extracts
were combined, washed with saturated agueous NaKZ®©10 mL) and brine (1 x
10 mL), dried (MgSG@), filtered and evaporated under vacuum to givederu
epoxide277 (15 mg, 100% crude). The epoxide was used in &xt step without
any further purification. R= 0.50 (petroleum ether/EtOAc, 19:Mmax (CHCL)
3442, 2956, 2875, 1007 ¢h*H NMR (400 MHz, CDCY) 6 7.40-7.23 (m, 5H, B
Bn), 4.82 (d, 1H,J = 11.6 Hz, 1 x OB,Ph), 4.46 (d, 1HJ = 11.6 Hz, 1 %
OCH2Ph), 4.28 (d, 1HJ) = 11.9 Hz, HC-C-CH-CH), 3.60 (dd, 1HJ = 10.2, 7.1 Hz,
HsC-C-CH-CHy), 2.85-2.79 (m, 2H, BnOg€, CHO-C-), 2.30 (d, 1H,J = 10.5 Hz,
HsC-CH-CH), 2.09-1.30 (m, 19 H, 4€-CH-CH, H3;C-C-CH-C(H, H,C-CHO-C-,
H3C-C-CH-CH;, H3C-C-CH-CH-CH,, 2 x H3C-COTES, BnOCH-E,;, BhOCH-
CH,-CH,, HsC-CH), 1.04-0.78 (m, 24 Hi3C-CH-CH, 2 x Si{CH,CH3}3s), 0.67—
0.51 (m, 12 H, 2 x Si{€,CHa}3). °C NMR (101 MHz, CDG)) § 139.1 C), 128.2
(CH Ph), 127.6 (CHPh), 127.3 (CHPH), 81.1 (BnO®), 77.4 (HC-C-CH-CHb),
77.2 (HC-C-CH-CH), 75.6 (HC-COTES), 74.9 (HC-COTES), 70.8 CH,OPh),
61.4 (HC-CHO<C-), 59.6 (HC-CHO-C-), 42.1 (HC-C-CH-CH), 40.2 (HC-CH-
CH), 37.8 CHy), 33.1 CHs), 32.5 CHy), 30.3 CHy), 29.7 CH3), 29.4 CH,), 27.3
(CHy), 26.2 (HC-CH), 23.8 CHs), 21.9 CH,), 21.2 CH,), 18.6 CHJ), 17.2
(CHg), 7.1 CHy), 7.1 CHy), 6.8 CH3), 6.8 CH3). HRMS (Cl+) mass calc. for

CagHeeOsSi, 659.4534 (M+H), found 659.4527.
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(1S,4R)-2-Hydroxymethyl-4-isopropyl-1-methyl-cyclohex-2-eol  (289) and

(1R,4R)-2-Hydroxymethyl-4-isopropyl-1-methyl-cyclohex-2-aol (288)

O % OH OH
Ho% Ho“é HO%
—_— +
288

(R)-238 289
Trimethylaluminium (3 mL of a 2 M solution in hex@s) 6 mmol) was added
dropwise to a solution of ketor{®)-238 (200 mg, 1.17 mmol) in dry toluene (20
mL) at —78 °C under argon. The mixture was stifed 18 h being allowed to
slowly warm to rt over this period. The reactionswepienched by careful addition of
a saturated aqueous NE (5 mL) at 0 °C. The layers were separated amd th
aqueous layer was extracted with@&t(2 x 20 mL). The organic extracts were
combined, dried (MgS§), filtered and evaporated under vacuum. Silica gel
chromatography (petroleum ether/EtOAc, 1:1) gavgomdiol 289 (140 mg, 65%)
and minor diol288 (27 mg, 13%). R(289 = 0.19 (petroleum ether/EtOAc, 1:H
NMR (289, 400 MHz, CDCJ) § 5.59 (s, 1H), 4.45 (d, 1H,= 12.1 Hz), 4.00 (d, 1H,
J = 12.1 Hz), 2.98 (bs, 2H), 2.08-2.01 (m, 1H), +B80 (m, 1H), 1.79-1.68 (m,
2H), 1.63-1.53 (m, 1H), 1.41-1.34 (m, 4H), 0.883d, J = 6.7 Hz), 0.85 (d, 3H]
= 6.7 Hz)**C NMR (101 MHz, CDGJ) & 140.9 (quat.), 130.90H), 72.6 (quat.),
65.2 CHy), 42.1 CH), 39.5 CHy), 31.8 CH), 27.6 CH3), 23.2 CH,), 19.6 CHs3),
19.2 CHa). R (288 = 0.23 (petroleum ether/EtOAc, 1:3H NMR (288 400 MHz,
CDCly) & 5.67 (s, 1H), 4.49 (s, 1H), 4.00 (t, 1H= 12.1 Hz), 2.98 (bs, 2H), 2.00—-
1.97 (m, 1H), 1.88-1.80 (m, 1H), 1.79-1.68 (m, 2H§3-1.53 (m, 1H), 1.41-1.34
(m, 4H), 0.93 (d, 3HJ = 6.9 Hz), 0.91 (d, 3H) = 6.9 Hz). Crystal data fd288
Cu1iH2002, M, = 184.27, crystal dimensions 1.00 x 0.30 x 0.07°pmmonoclinic,
space group R2a = 8.682(2),b = 6.764(2),c = 9.255(2) A,a = 90()), 8 =
98.746(4),y = 90(/)°,V = 537.2(4) &, Z = 2, pcaica = 1.139 Mg.n, u(Moy,) 0.076
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mm*, T = 150(2) K, 3342 reflections collected of whict253ndependent,@nax =

55°. Structure solved by direct methods (SHELXS-8@)l refined by full-matrix

least square against (SHELXTL), R, = 0.0356 wR, = 0.0915, 120 parameters.

(1S,4R)-2-(tert-Butyl-dimethyl-silanyloxymethyl)-4-isopropyl-1-methyl-
cyclohex-2-enol (291) and @®,4R)-2-(tert-Butyl-dimethyl-silanyloxymethyl)-4-

isopropyl-1-methyl-cyclohex-2-enol (290)

o = ,OH \ O
HO% TBSO% TBSO/\O
 — + ‘
(R)-238 291 290

TBSCI (177 mg, 1.17 mmol) and imidazole (125 m@41mmol) were added to a
solution of alcoho(R)-238 (125 mg, 0.744 mmol) in dry DMF (6 mL) at rt under
argon. The mixture was stirred at rt for 1.5 hntleuted with E2O (6 mL) and
washed with water (5 x 12 mL). The aqueous layesseveombined and extracted
with EO (1 x 6 mL). The organic layers were combinededifiMgSQ), filtered
and evaporated under vacuum to give a crude silylepted alcohol (223 mg,).
MeLi (1.4 mL of a 1.6 M solution in ED) was added dropwise to a solution of
crude TBS alcohol (140 mg, c.a. 0.46 mmol) in drlueéne (8.5 mL) at —78 °C
under argon. The resulting mixture was stirred 78 2C for 1 h. It was quenched
with water (10 mL) at O °C. ED (10 mL) was added, the layers were separated and
the aqueous layer was extracted withkC(E€2 x 10 mL). The organic extracts were
combined, dried (MgS), filtered and evaporated under vacuum. Silica gel
chromatography (petroleum ether/EtOAc 19:1) gavgomalcohol 291 (65 mg,
47%) and minor alcoho290 (31 mg, 23%) as colourless oils; R91) = 0.31

(petroleum ether/EtOAC, 9:Mmax (CHCL) 3480, 2956, 2931, 2857, 836 ¢nrH
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NMR (291, 400 MHz, CD.J) 6 5.53 (d, 1HJ = 1.5 Hz, C=El), 4.50 (ddd, 1HJ =

12.0, 2.0, 2.0 Hz, 1 xI&0TBS), 4.10 (d, 1HJ = 12.0 Hz, 1 x €,0TBS), 3.66
(bs, 1H, GH), 2.03-1.95 (m, 1H, ¥C-CH-CH), 1.83-1.66 (m, 3H, $C-C-CH, and
1 x HC-C-CH-CH,), 1.55 (sept, 1HJ = 6.5 Hz, HC-CH), 1.37-1.31 (m, 4H,
H3C-C-OH and 1 x BC-C-CHy-CHy), 0.90 (s, 9H, Si-C-{€l3}3), 0.87 (d, 3H,J =
6.5 Hz,HsC-CH), 0.84 (d, 3H,) = 6.5 Hz,H3C-CH), 0.09 (s, 3H, Si-83), 0.09 (s,
3H, Si-CH3) *°C NMR (101 MHz, CDGJ) § 140.0 C=CH), 129.0 (CEH), 71.3
(HsC-C-OH), 65.9 CH,OTBS), 42.0 (HC-CH-CH), 38.6 (HC-C-CH,), 31.8
(HsC-CH), 27.8 (HC-COH), 25.8 (Si-C-CHa)s), 22.9 (HC-C-CH-CH,), 19.8
(HsC-CH), 19.4 (HC-CH), 18.1 (Si€-(CHs)3), —5.4 (SiCHs), —5.6 (SiCHs) .

Rr (290) = 0.44 (petroleum ether/EtOAC, 9xkax (CHCE) 3500, 2956, 2930, 2857,
836 cni’. *H NMR (290, 400 MHz, CDCJ) § 5.57 (s, 1H, C=8), 4.51 (ddd, 1H}
= 11.5, 2.9 Hz, 1.3 Hz, 1 xHGOTBS), 4.02 (ddd, 1H) = 11.5, 1.1, 1.1 Hz, 1 x
CH,OTBS), 3.27 (s, 1H, B), 1.87-1.79 (m, 2H, ¥-CH-CH and 1 x HC-C-
CH>), 1.64 (sept, 1H] = 6.9 Hz, HC-CH), 1.54-1.42 (m, 3H, 1 x 4&-C-CH, and
HaC-C-CH-CHy), 1.34 (s, 3HHC-C-OH), 0.99-0.83 (m, 15H, 2 M3C-CH and
Si-C-{CH3}3), 0.10 (s, 3H, Si-83), 0.09 (s, 3H, Si-B3) C NMR (101 MHz,
CDCly) § 139.3 C=CH), 130.6 (CEH), 69.1 (HC-C-OH), 66.5 CH,0TBS), 42.5
(HsC-CH-CH), 38.1 (HC-C-CH,), 31.9 (HC-CH), 28.0 (HC-COH), 25.8 (Si-C-
{CHa}s), 21.4 (HC-C-CH-CHy), 19.7 (HC-CH), 19.3 (HC-CH), 18.1 (Sic-

{CH3}3), =5.4 (SiCH3), =5.5 (SiCHa).
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((R)-3-Isopropyl-6-methylene-cyclohex-1-enyl)-methanq292)

(0]
— >
/E\ /:\

(R)-238 (R)-292
Methyltriphenylphosphonium bromide (1.08 g, 3.01 oimwas added to a
suspension of K@u (338 mg, 3.01 mmol) in dry toluene (11 mL) atmder argon.
The yellow solution was stirred at reflux for 1A.solution of ketongR)-238 (57
mg, 0.33 mmol) in dry toluene (11 mL) was then atded the mixture was stirred
at reflux for 1.5 h. The reaction mixture was caote rt and water (20 mL) was
added. The mixture was then extracted witlfOH3 x 15 mL) and the organic layers
were combined, dried (MgSJ) filtered and evaporated under vacuum. Silica gel
chromatography (petroleum ether/EtOAc, 9:1) gaemel{R)-292 (38 mg, 72%) as
a colourless oil. R = 0.61 (petroleum ether/EtOAc, 3:2n]f +1.3 € = 0.30,
CHCls, 20 °C).vmax (CHCL) 3346, 2956, 2932, 2870 ¢m'H NMR (400 MHz,
CDCl) 6 5.87 (s, 1H, C=6), 4.97 (s, 1H, 1 *H,C=C), 4.83 (s, 1H, 1 #,C=C),
4.27 (ddd, 1H,) = 12.5, 1.3, 1.3 Hz, 1 xK;0H), 4.19 (ddd, 1HJ =125, 1.1, 1.1
Hz, 1 x GH,0H), 2.46 (dt, 1HJ = 14.5, 4.9 Hz, 1 x $§C=C-CH>), 2.34-2.25 (m,
1H, 1 x HC=C-CH,), 2.10 (bs, 1H, EC-CH-CH), 1.81-1.72 (m, 1H, 1 x 4&=C-
CH»-CH,), 1.71-1.59 (m, 2H, ¥C-CH and CHOH), 1.37 (dddd, 1H,J = 13.0,
13.0, 10.3, 3.8 Hz, 1 x4@=C-CHx-CH), 0.92 (d, 3HJ = 6.8 Hz,H3C-CH), 0.89
(d, 3H,J = 6.8 Hz)™*C NMR (101 MHz, CDG)) § 142.2 C), 136.2 C), 133.3
(C=CH), 107.4 (HC=C), 64.2 CH,OH), 42.7 (HC-CH-CH), 32.0 (HC=C-CH,),
32.0 (KC-CH), 25.8 (HC=C-CH-CHy), 19.7 (HC-CH), 19.4 (HC-CH). HRMS

(EI+) mass calc. for GH1g0 165.1358 (M+H), found 165.1357.
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tert-Butyl-(( R)-3-isopropyl-6-methylene-cyclohex-1-enylmethoxy)ithethyl-

HO% TBSO%
—_—
/:\ /:\

(R)-292 (R)-294

silane (294)

TBSCI (39 mg, 0.26 mmol) and imidazole (27 mg, Omfhol) were added to a
solution of alcohol(R)-292 (25 mg, 0.16 mmol) in dry DMF (1 mL) at rt under
argon. The mixture was stirred at rt for 2 h, tliBluted with E;O (5 mL) and
washed with water (5 x 10 mL). The aqueous layesseveombined and extracted
with EO (1 x 5 mL). The organic layers were combinededfMgSQ), filtered
and evaporated under vacuum. Silica gel chromapbgrgpetroleum ether) gave
diene (R)-294 (38 mg, 84%) as a colourless oily R= 0.79 (9:1 petroleum
ether/EtOAC). §]o —29 € = 0.50, CHCJ, 20 °C).vmax (CHCL) 2930, 2857, 1080
cm . 'H NMR (400 MHz, CDCJ) 6 5.93 (s, 1H, C=6), 4.79 (bs, 1H, 1 #,C=C),
4.72 (bs, 1H, 1 H,C=C), 4.35 (ddd, 1HJ = 13.5, 2.0, 2.0 Hz, 1 xOTBS),
4.30 (ddd, 1HJ = 13.5, 2.5, 1.7 Hz, 1 xKOTBS), 2.42 (dt, 1HJ = 14.5, 4.1 Hz,
1 x H,C=C-CH>), 2.34-2.24 (m, 1H, 1 x &=C-CH,), 2.13-2.05 (m, 1H, $C-CH-
CH), 1.80-1.71 (m, 1H, 1 x §&=C-CH-CH,), 1.70-1.60 (m, 1H, C-CH), 1.42—
1.30 (m, 1H, 1 x KC=C-CHx-CH>), 0.95-0.87 (m, 15H, Si(C{83}3) and 2 xHC-
CH), 0.08 (s, 6H, Si{El3},) *C NMR (101 MHz, CDGJ) & 142.4 C), 135.3 (),
130.4 (C€H), 106.1 (HC=C), 63.1 CH,OTBS), 42.6 (HC-CH-CH), 32.3
(H.C=C-CH,), 32.2 (HC-CH), 26.2 (HC=C-CH-CH,), 26.0 (Si(C{H3}3), 19.7
(HsC-CH), 19.6 (HC-CH), 18.4 (SC{CH3}3), =5.3 (Si{CH3}2). HRMS (CI+) mass

calc. for G7H3,0Si 281.2301 (M+H), found 281.2293.
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tert-Butyl-(( R)-6-isopropyl-1-oxa-spiro[2.5]oct-4-en-4-ylmethoxyilimethyl-

0 o
TBSO% TBSO
—_—
/:\ /_\
295

(R)-294

silane (295)

KHMDS (0.70 mL of a 0.5 M solution in toluene, 0.88nol) was added dropwise
to a solution of trimethylsulfonium iodide (83 n@41 mmol) in dry THF (1 mL) at
0 °C under Ar. After 30 min, a solution of crudad®e(R)-294 (76 mg, 0.27 mmol)
in dry THF (0.5 mL) was added dropwise and the orxtwas stirred at 0 °C for 30
min. The reaction was quenched by the addition atew(5 mL) and allowed to
warm to rt. The mixture was extracted with,@t(2 x 10 mL) and the organic
extracts were then combined, dried (Mggdiltered and evaporated under vacuum
to give crude epoxide95 (80 mg, 100%) as a yellow oil (6:1 mixture of
diastereoisomers). It was used without any furtheification. R = 0.51 (petroleum
ether/EtOAC, 9:1).vmax (CHCh) 2956, 2858, 1078 cth *H NMR (400 MHz,
CDCl) ¢ 6.07 (dt, 1HJ = 2.6, 1.3 Hz, C=8 minor), 6.00 (dt, 1HJ = 3.0, 1.5 Hz,
C=CH major), 4.00-3.90 (m, 2H,xOTBS major), 3.90-3.85 (m, 2HHZOTBS
minor), 3.18 (d, 1HJ = 4.6 Hz, 1 x €&,0C minor), 3.02 (dd, 1H]=5.1, 1.5 Hz, 1
x CH,OC major), 2.71 (d, 1H] = 4.6 Hz, 1 x €&,0C, minor), 2.67 (d, 1H] = 5.1
Hz, 1 x (H,OC major), 2.15-1.49 (m, 12H,38-CH-CH minor, HC-CH minor,
CH,-CH, minor, CH-CH, minor, HsC-CH-CH major, BC-CH major, (H,-CH;
major, CH-CH, major), 0.95-0.86 (m, 30 H;3C-CH-CH3z minor, SiC{CH3}3
minor, H3C-CH-CH3 major, SiC{TH3}3 major), 0.06-0.02 (m, 12H, Si{ds}.
minor, Si{CH3}» major)**C NMR (101 MHz, CDGJ) § 136.1 (C<€H minor), 135.5

(C=CH major), 134.3 @=CH minor), 133.0 (CEH major), 61.7 (Ei,OTBS
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minor), 61.1 (&H,0OTBS major), 57.8 (CHOC major), 55.4 (CHOC minor), 54.3

(CH,OC major), 52.8 CH,OC minor), 42.2 (HC-CH-CH minor), 42.1 (HC-CH-
CH major), 32.3 CH, minor), 32.0 (HC-CH major), 31.9 CH, major), 30.3 (HC-
CH minor), 25.9 (SiICCHs}3 major), 25.8 (SICCHs}s minor), 24.9 CH, major),
23.4 CH; minor), 19.8 (HC-CH major), 19.7 (BHC-CH minor), 19.6 (HC-CH
major), 19.5 (HC-CH minor), 18.3 (ST{CHg3}3 minor), 18.3 (SC{CH3}3 major), —
5.1 (Si{CH3}, minor), -5.3 (SiCHs}, major), -5.4 (SiCH3}, major), -5.4
(Si{CHaz}> minor). HRMS (Cl+) mass calc. for @3,0,Si 297.2250 (M+H),

found 297.2249.

(1R,2R,4S)-4-Isopropenyl-1-methyl-cyclohexane-1,2-diol (305)

OH o

2 HOW_ \ ?"/

e s e
//£§>

X

304 305 326

A mixture of §-(-)-limonene oxide804 (7.8 g, 51 mmol), pyrazole (590 mg, 8.67
mmol) and deionised water (27.7 mL) was heatedetitix temperature for 5 h.
After cooling to rt, the mixture was extracted wiEHOAc (4 x 40 mL). The organic
layers were combined, dried (Mg@Qfiltered and evaporated under vacuum. Silica
gel chromatography (petroleum ether/EtOAc, 4:1 1) jave diol305 (4.18 g,
48%) along with epoxide326 (3.70 g, 48%). R (305 = 0.24 (petroleum
ether/EtOAc, 3:2)'H NMR (400 MHz, CDCY) § 4.74 (s, 2H), 3.65 (dd, 1H,= 3.3,

3.3 Hz), 2.32-2.22 (m, 1H), 1.94 (ddd, 1H= 14.6, 11.8, 2.8 Hz), 1.82-1.64 (m,
5H), 1.61-1.50 (m, 3H), 1.27 (s, 3H). Spectroscapeta for diol305 were in

accordance with the literatufé.
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'H NMR for 326 (400 MHz, CDCY) 6 4.71 (s, 2H), 3.70 (dd, 1H, J = 11.8, 4.4 Hz),

2.09-1.99 (m, 1H), 1.98-1.89 (m, 1H), 1.85 (td, IHs 12.8, 3.0 Hz), 1.75-1.64

(m, 4H), 1.60—1.50 (m, 1H), 1.42—1.22 (m, 5H).

(1R,2R,4S)-4-Isopropyl-1-methyl-cyclohexane-1,2-diol (327)

OH OH
HO A~ HO_~
_—

A /:\
305 327

Wilkinson’s catalyst (870 mg, 0.940 mmol) was addieé solution of alken805
(787 mg, 4.62 mmol) in dry toluene (15 mL) at rdenAr and the resulting mixture
was hydrogenated at rt under atmospheric pres$urgdoogen for 6 h. The solvent
was removed under vacuum and the brown residue puaged by silica gel
chromatography (petroleum ether/EtOAc, 1:1) to gii@ 327 (701 mg, 88%) as a
thick, colourless oil. R= 0.19 (petroleum ether/EtOAc, 1:3H NMR (400 MHz,
CDCl) 6 3.60 (t, 1H,J = 3.5 Hz, G(HOH), 1.76-1.27 (m, 10H, CHOHHG, HsC-
CH, H3C-CH-CH, HzC-C-CH;, H3C-C-CH,-CH,, CHOH, COH), 1.25 (s, 3HH3C-
C-OH), 0.89 (d, 3H,) = 5.8 Hz,H3C-CH), 0.87 (d, 3H,) = 5.8 Hz,H3C-CH). **C
NMR (101 MHz, CDC}) § 74.0 CHOH), 71.8 (HC-COH), 36.8 CH), 33.7 CH>),
32.6 CHy), 31.4 CH), 26.1 (HC-COH), 24.3 CH,), 20.1 (HC-CH), 20.0 (HC-

CH). HRMS (Cl+) mass calc. fori@,00, 169.1229 (M+H), found 169.1225.

(2R,55)-2-Hydroxy-5-isopropenyl-2-methyl-cyclohexanone (37)

305 307
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IBX (7.85 g, 28.2 mmol) was added to a solutiomiof 305 (1.60 g, 9.40 mmol) in

EtOAc (56 mL) and the resulting mixture was stire¢deflux temperature for 3.5 h.
The mixture was filtered and the filtrate was evaped under vacuum. Silica gel
chromatography (petroleum ether/EtOAc, 1:1) gavierke307 (1.43 g, 89%) as a
yellow oil. R = 0.45 (1:1 petroleum ether/EtOAcy]f +50 € = 0.33, CHCY, 23
°C). vmax (CHCl) 3436, 2935, 1714, 1644 ch*H NMR (400 MHz, CDCJ) § 4.84
(s, 1H, 1 x ®,-C-CHy), 4.69 (s, 1H, 1 x B,-C-CHy), 3.36 (bs, 1H, CH), 2.78
(ddd, 1H,J=6.8, 5.2, 1.8 Hz, 1 xi&,), 2.63 (dd, 1HJ = 9.0, 4.5 Hz, KC-C-CH),
2.57 (dd, 1HJ = 13.7, 5.8 Hz, 1 x B;), 2.00-1.89 (m, 1H, 1 x i), 1.89-1.74
(m, 3H, H, and 1 x @1y), 1.71 (s, 3HH3C-C-CH), 1.35 (s, 3HH;C-COH) °C
NMR (101 MHz, CDC}) § 213.6 C=0), 145.9 (CHC-CHa), 112.1 CH,-C-CHb),
75.7 (HiC-COH), 43.9 (HC-C-CH), 41.4 CH,), 37.0 CH,), 25.2 (HC-COH),
25.1 CH,), 21.6 (HC-C-CH). HRMS (Cl+) mass calc. for 6160, 169.1229

(M+H)*, found 169.1228.

(2R,55)-2-Hydroxy-5-isopropyl-2-methyl-cyclohexanone (328

OH OH
Ox Ox
—_—
/_\
328

307

Wilkinson’s catalyst (393 mg, 0.425 mmol) was addeda solution of alken807

(1.43 g, 8.50 mmol) in dry toluene (27 mL) and tkeulting mixture was stirred
under B for 24 h. The solvent was removed under vacuumthadrown residue
was purified by silica gel chromatography (petroteether/EtOAc, 3:2) to give
ketone 328 (1.37 g, 8.0 mmol, 95%) as a colourless oi{.=R0.51 (petroleum
ether/EtOAc, 3:2).d]p +36 € = 0.33, CHCJ, 23 °C).vmax (CHCL) 3436, 2959,
1714 cm*. *H NMR (400 MHz, CDCJ) 6 3.17 (s, 1H, HC-COH), 2.63 (dd, 1H,)
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=13.3, 6.2 Hz, 1 x O=C4d3,), 2.49 (ddd, 1HJ = 13.3, 5.0, 1.2 Hz, 1 x O=CHp),

1.93-1.70 (m, 4H, C-COH-H, and HC-COH-CH-CH>), 1.69-1.64 (m, 1H,
HsC-CH-CH), 1.47 (sept, 1HJ = 6.7 Hz, HC-CH), 1.36 (s, 3HHsC-COH), 0.91
(d, 3H,J = 6.7 Hz,HsC-CH), 0.89 (d, 3H, = 6.7 Hz,H;C-CH) 3C NMR (101
MHz, CDCk) & 213.8 (C=0), 75.7 (§C-COH), 45.3 (HC-CH-CH), 40.9 (O=C-
CH,), 38.4 CH,), 29.4 (HC-CH), 25.0 (HC-COH), 24.8 CH,), 20.3 (HC-CH),
20.2 (HC-CH). HRMS (Cl+) mass calc. forgH:g0, 171.1385 (M+H), found

171.1381.

(2R,59)-2-(tert-Butyldimethylsilanyloxy)-5-isopropyl-2-methylcyclohexanone

(306)
OH OTBS
Ox \: Ox \:
328 306

2,6-Lutidine (2.5 mL, 22 mmol) and TBSOTf (2.8 nll2 mmol) were successively
added to a solution of ketoid28 (822 mg, 4.83 mmol) in dry Gi&l, (20 mL) at —
78 °C under Ar. The resulting mixture was stirréd-a8 °C for 6 h. The reaction
was quenched by the additon of water (20 mL) aed tbft to warm to rt. Saturated
aqueous CuSPsolution (30 mL) was added and the layers werars¢gd. The
organic layer was washed with further saturatedeags CuS@ solution (3 x 30
mL) and water (1 x 30 mL), then dried (Mg8Qfiltered and evaporated under
vacuum. Silica gel chromatography (petroleum eth@9%) gave keton806 (1.32
g, 96%) as a colourless oil; R 0.76 (petroleum ether/EtOAc, 7:3y]) —63 € =
0.33, CHC}, 22 °C).vmax (CHCL) 2957, 2857, 1723 cth '*H NMR (400 MHz,
CDCls) 6 2.71 (dd, 1HJ =12.4, 12.4 Hz, 1 x O=CH), 2.17 (ddd, 1HJ = 12.4,

2.1, 1.3 Hz, 1 x O=C-8,), 2.01 (dt, 1H,J = 13.9, 3.3 Hz, 1 x B,), 1.75 (ddd, 1H,
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J=16.3, 13.0, 3.4 Hz, 1 xH5), 1.60-1.44 (m, 3H, 1 xld,, O=C-CH-CH, HsC-

CH-CHs), 1.43-1.33 (m, 1H, 1 xH,), 1.27 (s, 3HH3C-C-OTBS), 0.89 (s, 9H, Si-
C-{CH3}3), 0.87 (d, 6H,J = 2.0 Hz,HsC-CH-CH3), 0.09 (s, 3H, Si-83), 0.00 (s,
3H, Si-CH3) ®C NMR (101 MHz, CDGJ) § 212.6 (O<€), 77.4 (HC-C-OTBS),
46.8 (O=C-CH-CH), 41.7 CH,), 41.1 (O=CEH,), 32.8 (HC-CH), 25.9 (HC-C-
OTBS), 23.9 CHy), 23.6 (Si-C{Ha}s), 19.6 (HC-CH), 19.3 (HC-CH), 18.2 (Si-
C{CH3}3), —2.0 (SI€H3), —3.2 (Si€H3). HRMS (CI+) mass calc. for 16H3,0,Si

285.2250 (M+Hj, found 285.2251.

(3R,6R)-6-(tert-Butyl-dimethyl-silanyloxy)-3-isopropyl-6-methyl-cyclohex-1-en-

ol trifluoromethanesulfonate (303)

\pTBS \pTBS
(0] . TfO .
) — U
PN N
306 303

KHMDS (3.0 mL of a 0.5 M solution in toluene, 1.5mal) was added dropwise to a
solution of ketone&06 (170 mg, 0.598 mmol) and Commins’ reagent (469 It
mmol) at —20 °C and the resulting mixture was atirat that temperature for 30
min. The reaction was quenched by the addition abfirated agueous NaHGO
solution (15 mL) and the mixture was allowed to mvato rt. Water (15 ml) was
added and the mixture was extracted witfOE(3 x 25 mL). The organic extracts
were combined, dried (MgSY) filtered and evaporated under vacuum. The residu
was taken up in petroleum ether and filtrated. Tiheate was evaporated under
vacuum to give triflate803 (208 mg, 90%) as a yellow oil which was used witho
any further purification. R= 0.67 (petroleum ether/EtOAc, 19:1H NMR (400

MHz, CDCk) & 5.06 (d, 1H, J = 1.4 Hz), 2.73 (t, 1 H, J = 122),2.22-2.15 (m,
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1H), 2.10-1.99 (m, 2H), 1.92-1.85 (m, 1H), 1.8141(rh, 1H), 1.27 (s, 3H), 0.91—

0.88 (m, 15H), 0.11 (s, 3H), 0.00 (s, 3H).

Tributyl-[( R)-1-((R)-2,2-dimethyl-[1,3]dioxolan-4-yl)-4-(4-methoxy-beryloxy)-

butoxymethyl]-stannane (302)

#—o }Lo

o o}
H™ H
—_—
I ~OH O~ “SnBus
H H
OPMB OPMB
203 302

A solution of alcohol203 (95 mg, 0.31 mmol) in dry THF (0.4 mL) was added
dropwise at 0 °C to a suspension of petroleum eteshed KH (86 mg of 30%
suspension in oil, 0.64 mmol) in dry THF (4 mL).el'mixture was stirred for 3.5 h
being allowed to warm to rt over this period. Awgan of ICHSnBuy (197 mg,
0.46 mmol) in dry THF (0.2 mL) was then added driganat 0 °C. The mixture was
stirred for an additional 18 h being allowed to mato rt over this period. It was
guenched with saturated aqueous;SHsolution (5 mL) at 0 °C and extracted with
Et,O (2 x 20 mL). The organic extracts were combimgtsd (MgSQ), filtered and
evaporated under vacuum. Silica gel chromatogrgphtroleum ether/EtOAc, 4:1)
gave the stannan®&02 (138 mg, 73%) as a colourless oili R 0.69 (petroleum
ether/EtOAC, 3:2).vmax (CHCL) 2955, 2926, 1870 cth 'H NMR (400 MHz,
CDCl;) § 7.25 (d, 2H,J = 8.8 Hz, G Ar), 6.87 (d, 2H,) = 8.8 Hz, G Ar), 4.43 (s,
2H, OCH,PMP), 4.20 (dd, 1H) = 6.7, 6.7 Hz, OB CH,0), 3.90 (dd, 1HJ = 6.7,
6.7 Hz, 1 x OCHE,0), 3.87 (d, 1HJ = 9.8 Hz, 1 x OE,SnBuw), 3.80 (s, 3H,
OCH3), 3.75 (d, 1HJ = 9.8 Hz, 1 x OEl,SnBw), 3.69 (dd, 1H)=7.9, 7.9 Hz, 1 x

OCHCH0), 3.45 (dt, 2HJ = 2.3, 6.8 Hz, €,0PMB), 3.13 (td, 1HJ = 8.8, 4.0
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Hz, OCHCH,CH,), 1.82-1.71 (m, 1H, 1 x OCHE{CHy), 1.70-1.59 (m, 2H, B»-

CH,OPMB), 1.50 (g, 6H)) = 7.5 Hz, SN{CH-CH»-CH»-CHs} ), 1.43-1.38 (m, 4H,
HsC-C and 1 x OCHB,CH;,), 1.34 (s, 3HHC-C), 1.29 (sext, 6HJ = 7.5 Hz,
SN{CH,-CH,-CH,-CHg}s), 0.92-0.82 (m, 15H, Sn{€,-CHy-CHp-CHa}s). °C
NMR (101 MHz, CDC}) § 159.1 COCH; Ar), 130.7 (OCHC Ar), 129.2 CH Ar),
113.7 CH Ar), 109.0 C(CHs)z), 84.1 (CCHCH,CH), 77.1 (@CHCH,0), 72.5
(OCH,PMP), 70.1 CH,OPMB), 65.6 (OCHEI,0), 61.8 (OGi,SnBu), 55.3
(OCHg), 29.2 (GH,-CH,OPMB), 27.4 (Sn{Ch-CH»-CH,-CHg}s), 26.5 (HC-C),
26.3 (OCHG,CH,), 26.0 (SN{CH-CHy-CH»-CHg}3), 25.4 (HC-C), 13.8 and 9.0

(S n{CH »-CH,-CH»>-CH 3} 3).

Trisylhydrazone (308)

306 308
2,4,6-Triisopropylbenzenesulfonylhydrazide (157 fd27 mmol) was added to a
solution of ketone806 (150 mg, 0.527 mmol) in dry G&l, (1.5 mL) at rt and the
resulting mixture was stirred at rt under Ar fob h. The solvent was removed
under vacuum and the residue was purified by sgelachromatography (petroleum
ether/EtOAc, 19:1) to give hydrazoB68 (234 mg, 79%) as a white solid: R0.45
(petroleum ether/EtOAc, 9:1). mp 118-120 *B.NMR (400 MHz, CDCJ) § 7.41
(bs, 1H, NH), 7.37 (s, 1H, € Ar), 7.26 (s, 1H, € Ar), 4.29 (sept., 2H] = 6.7 Hz,

2 x C-CH-{CH3}»), 3.00 (sept., 1HJ = 6.9 Hz, C-Gi-{CH3},), 2.45-2.38 (m, 1H,
1 x N=C-(H,), 2.03 (dd, 1HJ = 13.2, 13.2 Hz, 1 x @), 1.96 (ddd, 1HJ = 13.5,

3.2,3.2Hz, 1 x 6y, 1.78-1.49 (m, 5H, 1 xK, H;C-CH, CH,-CH, CH>), 1.42—
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1.31 (m, 27H,H3C-C, 3 x C-CH-{TH3},, Si-C{CH3},), 1.03-0.97 (m, 9H, Si-

C{CHas}3, H,C-CH-CH-{CH3},), 0.90-0.86 (m, 6H, Si{H3}.) C NMR (101
MHz, CDCk) & 160.7 C), 153.2 C), 151.0 C), 131.2 C), 123.6 CH Ar), 74.9
(C), 44.0 CH), 42.0 CH,), 34.2 CH), 32.7 CH), 29.9 CH), 25.9 CHs3), 25.8 (2 x
CH,), 24.9 CHz), 23.6 CH3), 19.6 CHs), 19.4 CHa), 18.2 (quat.), —2.2QHs), —
3.4 (CHs). HRMS (Cl+) mass calc. for &gHseN,OsSSi 565.3859 (M+H) found

565.3868.

tert-Butyl-((1R,4S)-4-isopropyl-1-methyl-2-methylene-cyclohexyloxy)-tunethyl-

silane (311)
OTBS OTBS
o. ¥ ;
—_—
/:\ /:\
306 311

To a suspension of KiBu (241 mg, 2.15 mmol) in dry toluene (12 mL) walsled
PhPCH:Br (768 mg, 2.15 mmol) and the resulting mixtures\vgéirred at reflux for

1 h. Then a solution of ketor3®6 (102 mg, 0.36 mmol) in dry toluene (12 mL) was
added and the mixture was stirred at reflux forn@@. It was cooled down to rt,
Et,O (20 mL) and water (20 mL) were added. The layeese separated and the
aqueous layer was extracted with,@&t(2 x 10 mL). The organic layers were
combined, dried (MgS§), filtered and evaporated under vacuum. Silica gel
chromatography (petroleum ether, 100%) gave alkéhk (89 mg, 92%) as a
colourless oil. R= 0.76 (petroleum ether/EtOAc, 19:1)ax (CHCL) 2956, 2929,
2857 cm®. *H NMR (400 MHz, CDCY) 6 4.75 (s, 1H, 1 H,C=C-CH), 4.68 (s,
1H, 1 xH,C=C-CH,), 2.23 (dd, 1HJ = 12.4, 12.4 Hz, 1 x #£=C-CH>), 2.07 (ddd,
1H,J=1.9, 3.7, 12.4 Hz, 1 xJ@=C-CH,), 1.81 (ddd, 1HJ =13.1, 3.4, 3.4 Hz, 1 x
TBSOC-(H,-CH,), 1.60-1.42 (m, 3H, 1 x TBSOC-GH¥H,, HC-CH and 1 x
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TBSOC-CH-CH>), 1.38 (s, 3HH3C-C-OTBS), 1.26 (ddd, 1H] = 13.1, 3.4, 3.4

Hz, 1 x TBSOC-Gl,-CH), 1.17-1.08 (m, 1H, ¥=C-CH-CH), 0.93-0.85 (m,
15H, H3C-CH-CH; and Si-C-{CH3}s), 0.07 (s, 3H, Si-B3), 0.02 (s, 3H, Si-Hj)
3C NMR (101 MHz, CDGJ) § 154.2 (HC=C), 106.0 (HC=C), 73.4 (HC-C-
OTBS), 46.1 (HC=C-CHy-CH), 42.8 (TBSOCEH,-CH;), 36.1 (HC=C-CH,), 32.6
(HsC-CH), 27.3 (HC-C-OTBS), 26.0 (Si-C-CHa}s), 24.9 (TBSOC-CHCH,),
19.9 (H,C-CH), 19.8 (HC-CH), 18.4 (Si€-{CH3}3), —1.9 (Si€H3), —3.0 (SiCHa).

HRMS (CI+) mass calc. forGH3,0Si 283.2457 (M+H), found 283.2442.

(3R,6R)-6-(tert-Butyl-dimethyl-silanyloxy)-3-isopropyl-6-methyl-1-

trimethylsilanylmethyl-cyclohexene (312a)

\pTBS \pTBS
TfO - X
Me3Si/\
\ - >
/_\ /_\
303 312a

Pd(PPh3) (103 mg, 0.09 mmol) and TMSGMgCI (1.48 mL of a 1M solution in
Et,O, 1.48 mmol) was added to a solution of cruddatef303 (114 mg, 0.300
mmol) in dry E3O (5 mL) at rt under Argon. The resulting mixturasastirred at rt
for 30 min. It was then quenched with saturatedeages NaHC@ The layers were
separated and the aqueous layer was extractedBiy(th The organic layers were
combined, dried (MgS§), filtered and evaporated under vacuum. Silica gel
chromatography (petroleum ether, 100%) ga¥2a (72 mg, 73%) as a colourless
oil. Rf = 0.65 (petroleum ethe)H NMR (400 MHz, CDC}) § 5.20 (s, 1H), 1.89—
1.76 (m, 2H), 1.68-1.38 (m, 6H), 1.31-1.18 (m, 6HY9—0.80 (m, 12H), 0.13-0.11
(m, 15H) **C NMR (101 MHz, CDG)) & 140.9 (C), 126.2 (CH), 73.7 (C), 42.8
(CH), 39.4 (CH), 32.8 (CH), 29.2 (CH}, 26.3 (CH), 22.2 (CH), 20.4 (CH), 20.1
(CHs), 19.3 (CH), 18.7 (C), 0.0 (3 x CH), -1.6 (CH), -1.8 (CH).
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tert-Butyl-((1R,4R)-4-isopropyl-1,2-dimethyl-cyclohex-2-enyloxy)-dimgyl-

silane (315)

\O7BS
|
AN

\OTBS
TfO.__*
o —
/_\
303

315
[1,1’-bis(Diphenylphosphino)ferrocene]dichloropalladium@dmplex with CHCI,
(1:1) (Pd(dppf)GICH.CI,) (14 mg, 17umol) and dimethylzinc (338L of a 2 M
solution in toluene, 0.676 mmol) were added sedalntto a solution of crude
triflate 303 (130 mg, 0.34 mmol) in dry THF (1.9 mL) at rt und&. The mixture
was degassed twice and heated at 60 °C for 16 fin¢dthis process the yellow
solution turned black). The reaction was quenchgdhe addition of saturated
aqueous NHECI (5 mL) at 0 °C and the mixture was extractechv,O (3 x 10
mL). The organic extracts were combined, dried (RgSfiltered and evaporated
under vacuum. Silica gel chromatography (petroleather) gave alken815 (24
mg, 25%) as a colourless oil; R0.75 (petroleum ether/EtOAc, 19:1)ax (CHCL)
2957, 834 ciit. 'H NMR (400 MHz, CDCJ) § 5.25 (dg, 1H,) = 2.5, 1.5 Hz, hC-
C=CH), 1.80 (m, 2H, HC-B-CH,, 1 x HC-C-CH), 1.70 (dd, 3HJ = 2.5 Hz, 1.5
Hz, H;C-C=CH), 1.63-1.42 (m, 4H, 1 x38-C-CH,, HC-CH-CH;, H3C-CH), 1.26
(s, 3H,HsC-COTBS), 0.89 (d, 3H] = 6.8 Hz,H3C-CH), 0.88—0.84 (m, 12HHsC-
C, SiC{CH3}3), 0.07 (s, 6H, Si(B3),) **C NMR (101 MHz, CDGJ) & 138.9 (HC-
C=CH), 127.1 (HC-C=CH), 72.4 (HC-COTBS), 42.5 (HOSH-CH,), 39.1 (HC-
C-CH,), 32.1 (HC-CH), 28.5 (HC-COTBS), 25.8 (SiC{Ha}s), 21.6 (HC-CH-
CH,), 19.8 (HC-CH), 19.4 (HC-CH), 18.3 (HC-C=CH), 18.3 (ST{CH3}3), -2.1
(SiCH3), —2.4 (SiG3). HRMS (CI+) mass calc. for §Hs,0Si 283.2457 (M+H),

found 283.2460.
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tert-Butyl-((4R,7S)-7-isopropyl-4-methyl-1-oxa-spiro[2.5]oct-4-yloxy)dimethyl-

OTBS OTBS
o\ R)
f} - . o’

silane (316)

PN PN
306 316

KHMDS (3.2 mL of 0.5 M solution in toluene, 1.6 miwas added dropwise to a
solution of trimethylsulfonium iodide (382 mg, 1.&/mol) in dry THF (3.7 mL) at
0 °C under Ar. After 30 min, a solution of ketoB@6 (355 mg, 1.25 mmol) in dry
THF (1.5 mL) was added dropwise and the resultingure was stirred at 0 °C for
30 min. It was quenched with water (10 mL) andwéd to warm to rt. The mixture
was extracted with ED (2 x 10 mL). The combined organic extracts weiedd
(MgSQy), filtered and evaporated under vacuum to givexel®o316 (378 mg) as a
yellow oil which was used without any further pig#tion. R = 0.52 (petroleum
ether/EtOAC, 19:1)vmax (CHCL) 2955, 2857, 1474 cth 'H NMR (400 MHz,
CDCl;) § 2.90 (d, 1H,J = 4.5 Hz, 1 x C-E,0), 2.47 (d, 1H,) = 4.5 Hz, C-&i,0),
2.12 (dd, 1HJ = 11.9, 11.9 Hz, 1 x i8,), 1.70-1.66 (m, 1H, B), 1.57-1.41 (m,
5H, CH,, CH and (Hy), 1.04 (s, 3HH3;C-C-OTBS), 0.99 (d, 1H]) = 13.4 Hz, 1 x
CH>), 0.90 (s, 9H, Si-C-(B3)3), 0.87 (s, 3HH3C-CH), 0.86 (s, 3HH3C-CH), 0.09
(s, 3H, Si-G3), 0.06 (s, 3H, Si-B3) °C NMR (101 MHz, CDGJ) § 73.7 C-
CH,0), 61.5 (HC-C-OTBS), 51.0 (OSH,0), 40.9 CH), 39.2 CH,), 33.3 CHo),
32.4 CH), 25.9 (Si-C-CHa)s), 24.2 CH,), 22.9 (HC-C-OTBS), 19.7 K3C-CH),
19.5 HsC-CH), 18.3 (SiE-{CH3}3), —1.9 (SiCH3), —2.0 (Si-G3). HRMS (CI+)

mass calc. for GH340,Si 299.2406 (M+H), found 299.2403.
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Apendix 1

Synthesis of 4-isopropylcyclohexanone
1-Isopropyl-4-methoxybenzene (228)
OH O/

A

227 228
Dimethylsulfate (122 mL, 1.29 mol) was added draggmvover 30 min to a cooled
(0°C) solution of 4-isopropylphen@R7 (25.0 g, 184 mmol) in a 15% aqueous KOH
solution (500 mL). The reaction mixture was stirdrt for 2.5 h. Then it was
extracted with CHCI, (3 x 200 mL) and the combined organic layers wkted
(MgSQy), filtered and evaporated under vacuum. Silica gktomatography
(petroleum ether/ EtOAc, 19:1) gave etl@8 (26.1 g, 95%) as a yellow oil.tR
0.3 petroleum etherfH NMR (400 MHz, CDGJ) & 7.15 (d, 2HJ = 9.6 Hz, G4
Ar), 6.80 (d, 2HJ = 9.6 Hz, &1 Ar), 3.41 (s, 3H, O83), 2.39 (sept., 1H) = 7.8
Hz, HC-CH), 0.57 (d, 6H,) = 7.8 Hz,H3C-CH-CH3) **C NMR (101 MHz, CDG))

§ 157.6 COCH), 141.0 C-CH-CHg), 127.2 CH Ar), 113.7 CH Ar), 55.2 (QCH>),
33.2 (C-CH), 24.2 (BC-CH-CH3). NMR data are in accordance with the

literature>3

4-1sopropylcyclohex-3-enone (229)

228 329 229

Ether228(19.0 g, 127 mmol) was dissolved in drg@t(125 mL) and the resulting

mixture was cooled down to —78 °C. Liquid ammomia (1 L) was added followed
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by pieces of lithium (4.60 g, 663 mmol) bit by bier 10 min. After 10 min, dry

EtOH (65 mL) was added dropwise over 10 min. Whwen lilue colour has been
discharged, lithium (2.80 g, 403 mmol) was addedblgi bit over 5 min and the
mixture was stirred for 5 min after the additionsaaished. Dry EtOH (35 mL)
was added dropwise over 8 min and the mixture wiasved to warm to rt to
evaporate the ammonia. The residue was dissolvéthb@® (500 mL), water (500
mL) was added, the layers were separated and thepbag phase was extracted with
Et,O (3 x 200 mL). The organic extracts were combirdrted (MgSQ), filtered
and evaporated under vacuum. The crude832d@ was dissolved in methanol (193
mL), acetone (340 mL) and water (147 mL). Oxalidathydrate (1.6 g, 13 mmol)
was added and the mixture was stirred at rt for. Ite mixture was partially
evaporated under vacuum and the residue was dilutddwater (600 mL) and
extracted with CHCI, (3 x 300 mL). The organic extracts were combirgrikd
(MgSQy), filtered and evaporated under vacuum. Silica gketomatography
(petroleum ether/EtOAc, 9:1) gave ket@®9 (14.1 g, 80%) as a colourless oit.R
0.43 (petroleum ether/EtOAc, 9:1H NMR (400 MHz, CDCJ) § 5.24 (ddd, 1H,)

= 3.6 Hz, 3.6 Hz, 1.3 Hz, C#0), 2.36 (t, 2HJ = 1.3 Hz, O=C-€l,), 1.98-1.81 (m,
4H, O=C-H,-CH and O=C-®l,-CH,), 1.76 (sept., 1H] = 7.8 Hz,H3C-CH), 0.34
(d, 6H,J = 7.8 Hz,H3C-CH-CH3) *C NMR (101 MHz, CDG)) § 211.5 C=0),
144.6 C=CH), 115.4 (CE€H), 39.6 CH,), 38.8 CH,), 34.7 CH), 26.2 CH,), 21.1

(2 x CH3). NMR data are in accordance with the literafiire.

4-1sopropylcyclohexanone (230)
O o}
229 230
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A solution of keton€29(11.4 g, 82.5 mmol) in EtOAc (110 mL) was hydrogtea

over palladium (10% on activated carbon, 435 mgl0nmol) for 18 h. The
catalyst was filtered off trough celite and théréite was evaporated under vacuum.
Silica gel chromatography (petroleum ether/EtOAd,) @yave ketone€30 (9.6 g,
83%) as a colourless oil.sR 0.3 (petroleum ether/EtOAc, 19:£H NMR (400
MHz, CDCh) & 1.89-1.70 (m, 4HH,C-CO-CH>), 1.49-1.35 (m, 2H, B,), 1.03-
0.74 (m, 4H, @i, H3C-CH, HsC-CH-CH), 0.21 (d, 6HJ = 7.3 Hz,H3C-CH-CH3).

NMR data are in accordance with the literatiire.

Crystallographic data

Crystal data foR88:
Table 1. Crystal data and structure refinementHfdiPMC at 150(2)K.

Empirical formula C11 H20 O2

Formula weight 184.27

Crystal description colourlésth

Crystal size 1.00 x 0x30.07 mm

Crystal system Monoclinic

Space group P21

Unit cell dimensions a =8.68282 alpha = 90 deg.

b=6.764(2) A beta = 98.746(4) deg.
c =9.255(2) A gamma = 90 deg.

Volume 537.2(43 A
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Reflections for cell refinement 2315

Range in theta 2.2 to 2¥eh.

4 2

Density (calculated) 1.139 M3/m

Absorption coefficient 0.076 nim

F(000) 204

Diffractometer type Bruker SMARAPEX CCD area detector
Wavelength 0.71073 A

Scan type omega

Reflections collected 3342

Theta range for data collection 2.23 tb2®eg.

Index ranges -8<=h<=8,<3k<=11, -5<=I<=12

Independent reflections 1325 [R(nD.017]

Observed reflections 1298 [Ixpsa(l)]

Absorption correction Semi-emgatifrom equivalents (Tmin = 0.777,
Tmax = 1.000)

Decay correction none
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Structure solution by direct nuath
Hydrogen atom location OH fromtddF; others placed geometrically
Hydrogen atom treatment rigid rotading model

Data / restraints / parameters  1325/1(l2Bst-squares orfF

Final R indices [I>2sigma(l)] R1=0.03%R2 =0.0911

Final R indices (all data) R1 = 0.03&&R2 = 0.0915

Goodness-of-fit on F*2 1.06

Absolute structure parameter  Not rejjatdtermined

Final maximum delta/sigma 0.001

Weighting scheme
calc w=1/[\s"2"(Fo"2")+(0.066P)"2"+0.039P]ext P=(Fo"2"+2Fc"2")/3

Largest diff. peak and hole 0.27 and5@. A

Table 2. Atomic coordinates ( x 90and equivalent isotropic displacement

parameters (Ax 10°) for HMIPMC. U(eq) is defined as one third of tinace of the

orthogonalized Uij tensor.

X y z U(eq)
o1 119(1)  10568(2) 6357(1)  30(1)
c1 83(2)  9560(2) 7748(1)  25(1)
c2 200Q2) 7378(2) 7377(1)  21(1)
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C3
C4
C5
C6
o7
C7
C8
C9
C10
Cl1

1551(2)
3113(2)
3025(2)
1582(2)
-1088(1)
-1303(2)
4200(2)
4456(2)
4769(2)
-1324(2)

6405(2) 7575(2)
7282(2) 8178(2)
9533(2) 8104(2)
10266(2) 8691(2)
4505(2) 6077(1)
6371(2) 6719(2)
6708(3) 5795(2)
6444(2) 7449(2)
4268(3) 7824(2)
10025(3) 508(2)

23(1)
26(1)
31(1)
31(1)
25(1)
25(1)
42(1)
30(1)
37(1)
35(1)
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Table 3. Bond lengths [A], angles and torsiategy] for HMIPMC.

01-C1

O1-H10

C1l-C2
C1-C6
Cil-Ci1
C2-C3
C2-C7
C3-C4
C3-H3A
C4-C5
C4-C9
C4-H4A
C5-C6
C5-H5A
C5-H5B
C6-HGBA

1.5487)
0.8400
1.62p
1.620
1.531(
1.833
1.696
1.8Q10)
0.9500
1.625
1.62p
1.0000
1.623
0.9900
0.9900
0.9900

160



C6-H6B
Oo7-C7
O7-H70
C7-H7B
C7-H7C
C8-C9
C8-H8A
C8-H8B
C8-H8C
C9-C10
C9-H9A
C10-H10A
C10-H10B
C10-H10C
C1l1-H11A
C11-H11B
C1l1-H11C

C1-01-H10

01-C1-C2
01-C1-C6
C2-C1-C6
01-C1-Ci11
C2-C1-C11
C6-C1-C11
C3-C2-C7
C3-C2-C1
C7-C2-C1
C2-C3-C4

C2-C3-H3A
C4-C3-H3A

C3-C4-C5
C3-C4-C9
C5-C4-C9

0.9900
1.4(88)
0.8400
0.9900
0.9900
1.5253(
0.9800
0.9800
0.9800
1.527(2
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

109.5
105.09(11)
109.79(13)
110.56(12)
108.36(12)
112.80(13)
110.07(13)
121.26(14
122.37(14
116.34(13
125.43(14
117.3
117.3
109.90(13)
113.02(13)
112.53(14)
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C3-C4-H4A
C5-C4-H4A
C9-C4-H4A
C6-C5-C4
C6-C5-H5A
C4-C5-H5A
C6-C5-H5B
C4-C5-H5B
H5A-C5-H5B
C5-C6-C1
C5-C6-H6A
C1-C6-H6A
C5-C6-H6B
C1-C6-H6B
H6A-C6-H6B
C7-0O7-H70
O7-C7-C2
O7-C7-H7B
C2-C7-H7B
O7-C7-H7C
C2-C7-H7C
H7B-C7-H7C
C9-C8-H8A
C9-C8-H8B
H8A-C8-H8B
C9-C8-H8C
H8A-C8-H8C
H8B-C8-H8C
C8-C9-C10
C8-C9-C4
C10-C9-C4
C8-C9-H9A
C10-C9-H9A
C4-C9-H9A

107.0
107.0
107.0
110.32(14
109.6
109.6
109.6
109.6
108.1
111.73(12
109.3
109.3
109.3
109.3
107.9
109.5
114.10(12)
108.7
108.7
108.7
108.7
107.6
109.5
109.5
109.5
109.5
109.5
109.5
109.56(15)
113.079(13
112.04(14)
107.3
107.3
107.3
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C9-C10-H10A
C9-C10-H10B
H10A-C10-H10B
C9-C10-H10C
H10A-C10-H10C
H10B-C10-H10C
C1-C11-H11A
C1-C11-H11B
H11A-C11-H11B
C1-Ci11-H1iiC
H11A-C11-H11C
H11B-C11-H11C

01-C1-C2-C3
C6-C1-C2-C3
C11-C1-C2-C3
01-C1-C2-C7
C6-C1-C2-C7
Cl1-C1-C2-C7
C7-C2-C3-C4
C1-C2-C3-C4
C2-C3-C4-C5
C2-C3-C4-C9
C3-C4-C5-C6
C9-C4-C5-C6
C4-C5-C6-C1
01-C1-C6-C5
C2-C1-C6-C5
C11-C1-C6-C5
C3-C2-C7-0O7
C1-C2-C7-O7
C3-C4-C9-C8
C5-C4-C9-C8
C3-C4-C9-C10

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

104.28(16)
-14.12(18)
-137.85(15)
-73.79(15)
167.80(12)
44.07(17)
178.16(13)
0.2(2)
-16.9(2)
-143.54(15)
47.02(17)
173.94(11)
-63.94(17)
-70.32(17)
45.18(17)
170.47(13)
-12.36(19)
165.74(11)
56.67(19)
- 68.55(18
-67.74(17)
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C5-C4-C9-C10 167.04(13)

Table 4. Anisotropic displacement parametersxAC’) for HMIPMC.
The anisotropic displacement factor exponent téhkesorm:
2 pf[h*a*2 Ull + ...+ 2 hka*b*U12]

ull u22 U33 U23 U13 Uiz

Ol 46(1) 17(1) 28(1) 4(1) 9(1)  8(1)
Cl 35(1) 17(1) 241) 1(1)8(1) 3(1)
C2 27(1) 16(1) 21(1) O(1)5(1) -2(1)
C3 27(1) 15(1) 26(1) 2(1) 2(1) -3(1)
C4 27(1) 19(1) 30(1) 1(1)-2(1) -4(1)
C5  34(1) 18(1) 40(1) -2(1)-1(1) -7(1)
C6  45(1) 17(1) 32(1) -4(1) 2(1) -3(1)
07 29(1) 18(1) 29(1) -1(1) 4(1) -3(1)
C7 24(1) 20(1) 32(1) -1(1)4@1) 1(1)
C8  40(1) 40(1) 48(1) 14(1)16(1) 11(1)
CO  22(1) 22(1) 441) 3(1)-1(1) -2(0)
C10 36(1) 25(1) 48(1) 5(1)-2(1)  5(1)
C1l 46(1) 26(1) 38(1) -3(1)19(1)  5(1)

Table 5. Hydrogen coordinates ( X*)L&nd isotropic displacement parameter$ (A
x 10°) for HMIPMC.

X y z U(eq)
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H10
H3A
H4A
H5A
H5B
H6A
H6B
H70
H7B
H7C
H8A
H8B
H8C
HI9A
H10A
H10B
H10C
H11A
H11B
H11C

-348
1527
3333
3969
2988
1592
1605
-750
-1961
-1872
3998
3304
5132
5419
4943
5695
3869
-2279
-1383
-1211

11757
5046
6915
10106
9970
11729
9782
4672
6191

7248
8105
5913
6277
7197
4102
3830
3474
9575
11454
9342

6477
7314
9236
8689
7079
8717
9703
5282
7494
5964
5556
5361
5404
7847
8888
7425
7398
7891
8663
9451

45
27
31
38
38
38
38
38
30
30
63
63
63
36
55
55
55
53
53
53

Crystal data foR71

Table 1. Crystal data and structure refinementHfdiPMC at 150(2)K.

Empirical formula

Formula weight

Crystal size

C26 H38 O% C7 H8

437.62

0.40 x 0:80.15 mni
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Crystal system tetragonal
Space group P4;2,2
Unit cell dimensions a=13.700H A alpha = 90 deg.

b =13.7906(10) A beta = 90 deg.
c =26.375(4) A gamma = 90 deg.

Volume V =5016.1(9) &

4 8

Density (calculated) 1.16 M3/m

Absorption coefficient 0.072 nim

Reflections collected 24286

Structure solution by direct huads

Hydrogen atom location The H atomese all located in a difference

map, but those attached to carbon atoms were tepwsi geometrically.

Hydrogen atom treatment The H atoraee refined with soft restraints on
the bond lengths and angles to regularise theimgéy

Final R indices (all data) R1 = 0.05%R2 = 0.1552

Absolute structure parameter  assignat 2 known chiral centre in the

starting material
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Table 2. Atomic coordinates ( x 90and equivalent isotropic displacement
parameters (A x 10°). U(eq) is defined as one third of the trace bé t

orthogonalized Uij tensor.

X y z U(eq)

Cl 0.2683 0.8600 0.5618 0.0152

C2 0.2735 0.7666 0.5948 0.0149
C3  0.3055 0.7773 0.6502 0.0180
C4  0.4013 0.8319 0.6522 0.0218
C5 04700 0.8093 0.6074 0.0189
C6 0.4401 0.7257 0.5717 0.0183
O7 0.3391 0.7004 0.5711 0.0169
C8  0.4752 0.7392 0.5166 0.0184
C9  0.4296 0.8265 0.4880 0.0203
C10 0.3238 0.8157 0.4755 0.0185
Cl1 0.2510 0.8303 0.5072 0.0161
Cl2 0.1471 0.8104 0.4912 0.0192
C13 0.0778 0.8890 0.5089 0.0226
Cl14 0.0921 0.9096 0.5659 0.0207
C15 0.1955 0.9400 0.5785 0.0169
Cl6 0.2254 1.0392 0.5554 0.0239
Cl7 0.3265 1.0724 0.5714 0.0324
C18 0.1538 1.1187 0.5700 0.0315
019 0.1097 0.7222 0.5135 0.0199
C20 0.1547 0.6350 0.4959 0.0221
C21 0.1309 0.6099 0.4418 0.0204
C22 0.1968 0.5617 0.4113 0.0305
C23 0.1739 0.5352 0.3620 0.0353
C24 0.0832 0.5592 0.3420 0.0370
C25 0.0185 0.6072 0.3716 0.0349
C26 0.0408 0.6324 0.4215 0.0298
027 0.5778 0.7573 0.5224 0.0229
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C28 0.4584 0.6464 0.4862 0.0235
029 0.2367 0.8324 0.6794 0.0204
C30 0.3141 0.6765 0.6740 0.0263

Table 3. Bond lengths [A].

C1-C2 1.555
Cil-Ci1 1.517
C1-C15 1.555

C1l-H11 1.001
C2-C3 1.533
C2-0O7 1.429
C2-H21 1.002
C3-C4 1.522

C3-029 1.439
C3-C30 1.530
C4-C5 1.544
C4-H41 0.980
C4-H42 0.953
C5-C6 1.546
C5-H51 0.933
C5-H52 0.955

C6-07 1.435
C6-C8 1.543
C6-H61 0.982
C8-C9 1.553
C8-027 1.445

C8-C28 1.528
C9-C10 1.503
C9-HI1 0.974
C9-H92 0.976
C10-C11 1.322
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C10-H101
Cl1-Ci12
C12-C13
C12-019
Cl2-H121
C13-C14
C13-H131
C13-H132
C14-C15
Cl4-H141
Cl4-H142
C15-C16
C15-H151
Cl6-C17
C16-C18
Cl6-H161
Cl7-H171
Cl7-H172
C17-H173
C18-H181
C18-H182
C18-H183
019-C20
C20-C21
C20-H201
C20-H202
C21-C22
C21-C26
C22-C23
C22-H221
C23-C24
C23-H231
C24-C25
C24-H241

0.931
1.519
1.519
1.446
0.981
1.542
0.990
0.982
1.523
0.987
0.997
1.554
0.995
1.527
1.525
0.985
0.948
0.968
0.958
0.957
0.954
0.972
1.430
1.505
0.968
0.974
1.383
1.389
1.388
0.938
1.397
0.951
1.357
0.925
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C25-C26 1.396
C25-H251 0.924
C26-H261  0.943
027-H27 0.902
C28-H281  0.965
C28-H282  0.983
C28-H283 0.971
029-H1 0.803
C30-H301 0.963
C30-H302 0.960
C30-H303 0.976

Table 4. Hydrogen coordinates ( X*)L&nd isotropic displacement parameter$ (A

x 10°).

X y z U(eq)
H11 0.3351 0.8879 0.5644 0162
H21 0.2081 0.7352 0.5926 0.0154
H41 0.4344 0.8177 0.6842 0.0236
H42 0.3870 0.8995 0.6516 0.0236
H51 0.5307 0.7949 0.6211 0.0195
H52 0.4771 0.8675 0.5882 0.0195
H61 0.4742 0.6683 0.5846 0.0177
H91 0.4395 0.8855 0.5077 0.0214
H92 0.4646 0.8316 0.4560 0.0214
H101 0.3090 0.7946 0.4429 0.0208
H121 0.1437 0.8047 0.4542 0.0199
H131 0.0891 0.9478 0.4882 0.0237
H132 0.0118 0.8658 0.5020 0.0237
H141 0.0448 0.9603 0.5751 0.0202
H142 0.0781 0.8481 0.5844 0.0202
H151 0.1998 0.9487 0.6159 0.0168
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H161 0.2228
H171 0.3377
H172 0.3336
H173 0.3738
H181 0.1752
H182 0.1440
H183 0.0913
H201 0.2245
H202 0.1335
H221 0.2594
H231 0.2197
H241 0.0695
H251 -0.0410
H261 -0.0049
H281 0.4926
H282 0.4851
H283 0.3902
H301 0.3300
H302 0.2523
H303 0.3643
H1  0.1890
H27 0.6084

Selected spectra

1.0338
1.1370
1.0680
1.0310
1.1816
1.1178
1.1058
0.6401
0.5813
0.5484
0.4985
0.5412
0.6246
0.6657
0.6498
0.5896
0.6353
0.6831
0.6446
0.6388
0.8022
0.7557

0.5182
0.5605
0.6078
0.5559
0.5595
0.6058
0.5544
0.4987
0.5172
0.4234
0.3431
0.3090
0.3583
0.4416
0.4543
0.5038
0.4791
0.7094
0.6721
0.6569
0.6868
0.4922
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0.0253
0.0377
0.0377
0.0377
0.0374
0.0374
0.0374
0.0252
0.0252
0.0328
0.0371
0.0442
0.0393
0.0347
0.0243
0.0243
0.0243
0.0294
0.0294
0.0294
0.0500
0.0500
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