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ABSTRACT

One potentially attractive approach to canc:¢

system to reject solid tumours. The enzyme indoleaminaigy3genase (IDO) has been
shown to fpay a major role in supressinghmune response, and there is now growing
evidence to support the hypothesis that inhibition of IDO produces significant anticancer
effects. The development of chemotherapeutic agents for cancer based on the inhibition of

indoleamine 2,3lioxygenase is thpurpose of this present work.

Chapter | contains an overview aidioleamine 2, glioxygenase, describing its structure,

activation cycle, catalytic mechanism and inhibitors.

Chapter Il is divided in two parts. Initialithe efforts towards the synthesdf a simple
analogue, containinthe isobenzofuranquinonaoiety of annulins A and C are described.

The aim was to verify which part of the molecule was important for IDO inhibiton. Four
main approaches to the analogue are described. Next, investigatmtise total synthesis

of annulins A and C are discussed. These led to the synthesis of the naphthoquinone core of
both naturabroducts by performing a Dielslder reaction. Attempts to introduce the furan

ring proved challenging, and different approes to thisproblem are described in this

Chapter.

In Chapter Il the synthetic approach&swards annulin Bare discussedrhe possibility to
access this natural produga Diels Alder reaction, prompted us to investigate the synthesis
of the required dienophilé a chromarB-one substrate. Wsucceeded in constructing this
highly advanced intermediate using two different strategies, namely a Dieckmann

condensation and antiamolecular GH insertion reaction.



Finally, the synthesiand biological evaluatioof a narrow range of benzofuranquinones
with varying substituents angresented in Chapter IVTheir synthesis wabased on the

structureof the benzofura®CHA488, prevously identified as a good IDO inhibitor.

The experimental details of the abaverk are described in Chapter V
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Chapter | Indoleamine 2,3lioxygenase

1.1. Introduction

Cancer remains a major cause of death worldwide. In 2008, in Europe there were an
estimated 3.2 million cancer cases diagnosed and 1.7 million deaths from'cacoerding

to the World Health Organization, from a total of 58 million deaths worldwide in 2008,
cancer accounts for 7.6 million (13%) and are projected to continue rising, with an estimated

12 million deaths in 2030.

Nowadays, fie leading treatment options for cancer are chemotherapy, surgery and
radiotherapy. However, given the intrinsic nature of cancer cells, the full efficacy of these
therapies is limited.Typical therapies, such as, chenamd radietherapy are not tumour
targeted and, as a result, these treatments have undesirable effects on normal tissues.
Furthermore, even whethe majority of cancer cells are destroyed by treatment with a
chemotherapeutic drug, a small number of residual cells, resistant to the drug, can be enough
to begin the regrowth of the tumour. These situations have led to the development of
alternative strategies that are expected to change the landscape of the anticancer drug

market?®

The study of how cancer interacts with the immune system is now bringing new treatment
approaches. One of these approaches readdresses the focus of attack from the tumour cell
itself to the environment thdteeps its growth and survivaind thealternative approach

works by boosting the cancer patient immune system.

Until now all the strategies involving immunotherapy have focused mainly on presenting
tumour antigens. Strategies such as cytckiaged therapies, antibotiased therapies,

adoptive celltransfer and therapeutic vaccines, curredibyninatethe immunotherapeutic
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Chapter | Indoleamine 2,3lioxygenase

field, and are based on the premises that stimulation of the immune system will enable the
recognition of antigens expressed by the tumour. Although undoubtedly important, these

strategies have produced only a small proportion of positive clinical response.

Recent progresis the understanding of tumoehiost interactions at the molecular letalve
revealednew targetsfor smalkmolecule inhibitordesigns These include key effemts of
tumoural immune tolerance, such as, enzymes, receptors and cytokine signalling pathways
that are present in stromal and in tumour cells, and which can through several mechanisms,
lead to a reduction on the activation or efficacy of the immune systieserved in cancer

patients’

1.2. Indoleamine 2,3dioxygenase general remarks

Indoleamine 2,3lioxygenase (IDO), an enzyme originally isolafeom rabbit intesting

has emerged as a promising molecular target for the development of a new class of
anticancer agentd.he interest in IDO a@ses from its supposed role to promote tumoural
immune tolerangeby inhibiting the activation ofmmune cells known as-gells, through &

capacity to catabolise the amino acid tryptopaad generate kynurenifté

L-Tryptophanl is the least abundant esgial amino acid in mammals aigda biochemical
precursor of several biologically active compounds. These include the neurotransmitter
serotonin2, the neurohormone melaton8) products of the kynurenine pathway and the

amine tryptamind.®®

12



Chapter | Indoleamine 2,3lioxygenase

CO,H

NH, HO NH MeO NH, NH
N N
N H H N
1 2 3 4

Figure 1 Some biologically active ergroducts of ETrp metabolism.

Although tryptophan metabolism comprises several pathwhgs lead to its incorporation
into proteins and to the synthesis of biologically active compounds, 99Pe fifod intake
of L-Trp is routed tdahe kynurenine pathway, which leadisr exampleto the formation of

thecentral nervous system active metabolites quinolinic acid and kynurenf&acid.

The initial and rate limiting step dhe kynurenine pathway involves the oxidative cleavage

of the 2,3double bond in the indole moiety, resulting in the production Nof
formylkynurenine $chemel). Since the 1979it has been believed that this reaction was
catalysed byDO or tryptophan 2,3lioxygenase (TDO), depending on the tissue and cell
type. However, more recently a novel enzymatic form of IDO was discovered and named
IDO-2 and subsequély demonstratedlso to have the ability to catabolise tryptophan.

IDO and IDO2 share 43% identity and are not structurally related to TIDO. expression

is found in many tissuesvith especially high activities in the lung, small intestine and
placenta,and is regulated by complex immunological signals, such as, interferonsgj)(IFN
lipopolysaccharide (LPS), inflammatory citokynes and tumourasés factor (TNFU )Like

IDO, IDO-2 catalyses the oxidative cleavage of a broad range of indole bearing derivatives,
such as, tryptamine, serotonias well as,L-Trp, and is predominantly expressedtire

kidney, liver, male and female reproductivetsys’*

13
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Schemel IDO-mediated tryptophan catabolism.

Although it was initially supposed that TDO expression was mainly confined to the liver and
that it was not induced by signals from the immune sy§tere,c e nt | Y anfBvaredert e n 6 s
Eynd e greups® reported that TDO istrongly expressed iseveralhuman tumourgndin

vitro experiments confirmed that kynurenine, generated from THa@ the same capacity as

IDO to suppress antitumour immune resporiées.

After the revolutionary discovery of the involvement of IDO nmintaining maternal

tolerance towards the foettfs IDO has been implicated in mediating several

14



Chapter | Indoleamine 2,3lioxygenase

immunosuppressive mechanisms, suchTasell toleance to tumours. The mechanism by
which IDO disables cells is still not completely clear and two main theories have been
proposed. The tryptophan starvation theory proposes that over expression of IDO results in
depletion of Ltryptophan in the tumoumicroenvironment inducing a stress respossieh

that T-lymphocytes arrest in G1 and fail to proliferate. The sedberdry,the tryptophan
metabolite theorypostulates that some metabolites from the kynurenine pathway, mainly
kynurenine,3-hydroxykynurenine and-Bydroxyanthranilic acid are toxic to lymphocytes.
These metabolites suppressdll proliferation and differentiation, and accelerate apoptosis

preventing immunological rejectioof the tumour*’

Several studies have indicated tHa®© is chronically activated imany cancer patients and

its expression or enzyme activity correlates with a poor prognosis in patients with
melanomas, colon andvarian cancers, among oth&fs? In addition to cancer cells,
dendritic cells and regulatory-&ells of the immune system may bssentiakites of IDO
action Dendritic cells and regulatory-Bells canmove to lymph nodes stimulating the

productionof reguhtory T-cells andacilitating metastasi§”***°

1.2.1. Structure of IDO

I The overall

The crystal structure of human IDO weseasedn 2006 by Sugimot@t a
structure show that | DO is a monomeric enzy

domains (small and large) with the haem prosthgtitp situated between thefidure 2).

15
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Small domain

L arge domain

Figure 2 Representation of the overalructure of human ID@omplexed with the ligand
inhibitor 4phenylimidazold pdb f il e A2D0TO0) .

The small domairconsists ofn i n-6 e lUi c e s -sheets and the large domain is
composedof t hi r theedri cl@ s -sheets, andwaontaifis the catalypiocket. The
haembinding pocket iscomprisedby four long helices (G, I, Q, S) and three short helices

(K, L, N). The iron is pentzoordinated to the active site through a histidine imidazole
(His346) provided by the third long helix (helix Q). The ifhee between the two domains

is formed by several interactions, such as, hydrogen bonding, salt bridges and hydrophobic
interactions. The entrance for the substrate or ligand to the catalytic site is delimited by a
flexible loop. The distal haem pockethigh is a coordination site of the haem iron for the
sixth external ligand (where the substrate binds), is formed by residues belonging to both

small and large domains and to the I¢Bjgure 3).°
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Chapter | Indoleamine 2,3lioxygenase

Figure 3 Structure of IDO complexed with the ligand inhibitopBenylimidazole (PI) (pdb
file A2DOTO) .

1.2.2. Activation cycle of IDO

In 1996 Sono and cavorkers? proposed a model for the catalytic activation cycle of IDO
(Scheme?2). According to tis model, the tryptophafiee ferric enzyme (ID&-e(lll)) is

either reduced to the ferrous state (HB€(ll)), which then binds oxygen andttyptophan

to form the ternary complex (ID®e(ll)/oxygen/L-Trp) or, if superoxide is available, the

ferric state ifst combing with this reactive oxygen species, to generate the oxygenated
binary complex of the enzyme (IDBe(lll)/superoxide) followed by {tryptophan binding.

In this alternative route, the oxygenated enzyme can be presented as a resonance hybrid of
IDO-Fe(lll)/superoxide and ID&e(ll)/oxygen. Sono and eworkers postule that under
physiological conditions, util&ion of superoxide is probably insignificant because of the

ubiquity of superoxide dismutasahich isan inhibitor of IDO activity. Noteworthy, recent

17



Chapter | Indoleamine 2,3lioxygenase

Raman and computational studiéé have suggested that oxygen gains superoxide character
after binding to the haem iron. The final step of the catalytic cycle is the decomposition of
the ternary complex to the ferrous enzyme and produstbrimylkynurenine) In order for

IDO to be catalytically active it is essential to mantain the haem iron in the ferrous state.

Since the enzyme is susceptible to autooxidation, a reductant is needed for preserving the

12 |26

enzyme activity. Studies by Vottest al.”>and Maghzakt al”™ suggest thatytochrome b

and cytochromedreductase play this rola vivo.

.0 e O

- L-T
—Fe(llim —22 > —fo(lym —— P> —fe(ll— ———= —Fe(l)— + @R

His His His His

—Ilze(lll)—
His
i - LT
O o’o

L-Ti
ot T o e et +
. | |
His His His

Scheme2 Proposed activation cydef IDO.

1.2.3. Catalytic mechanism of IDO

Despite decades of research the reaction mechanisnvhiph oxygen is insrted into
tryptophan by IDO hastill not beenclarified. Early studi€d suggestedthat the reaction
starts with deprotonatioof the indole protonby an active site basihat stimulateshe
electrophilic addition of théhaembound dioxygen intermediate to the cari®rof the
deprotonated tryptopharproducing a 3dndolenylperoxyFe(ll) complex (Scheme 3).
However, and given the fact that human IDO does not contain an active site thase
proposed mechanism seemed problematic. [BHiso an aernative proposaiwhich did not
require abase(Scheme3). Nonethelessseweral sources of evidengsuch asinconsistency
with the chemistry of indoles (that do not react by loss of the indole prasignificant IDO

activity when tryptophan waseplaced by dmethyltryptophaff?® and also the fact that

18



Chapter | Indoleamine 2,3lioxygenase

several studi€8® revealedthat proton transfer from the indole to the d&en® bound

dioxygen exhibit a very high activation barriesuggested that both proposals are not

feasible3>*?

A B
77N
.. N R _N R
B H g> H ;>
(I)// ’tl)c
II:e(II)— II:e(II)—
His His

Scheme3 Abstraction of the indole proton by an active site base (A); Abstracfighe
indole proton by the haetmound dioxygen (B

The laststeps of the reaction leadingtbformylkynurenine argroposed to occur by either

a Criegee or dioxetane rearrangemengsen thoughthere is no experimental evidence

(Schemed).?
HN R
S\
Dioxetane 0
mec@/ Fe (Il \
AR N R His
/o> - 0 HN R
o 0 ) ©
Fe(ll— Fe(ll}—

o
His His \ Fe(II)
Criegee o {OH His
i N R
mechanism ‘\/ N '/(;

N-formylkynurenine

Fe(llj—
His

Scheme 4 Proposed dioxetane and Criegee reaction mechanisms for formatidh of
formylkynurenine.

Recent Raman spectroscépgind mass spectrometfynave suggested that the mechanism
of formation ofN-formylkynurenine by IDO may proceada a twostep reaction, in which
the two atoms of dioxygen are inserted into the substrate one at artimdinding is not
consistent with Aembased dioxygenase chemistry, which was believed to procieed

simultaneousncorporation of both atoms of dioxygénAccording to several authérs>*
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Chapter | Indoleamine 2,3lioxygenase

the ternary complexf IDO is activated by partial electron transfer from the haem to the
dioxygen, which is consistent with the superoxide character observesldogt 1137 crit,

and then inserted into the(Z)=C(3) bond of tryptophan to produce Zindolenylperoxy
radical, which spontaneously convert to a ferryl haem and seph8ide through a

homolytic O-O bond cleavagéSchemeb).

_N R g
H iw HN:g;R HN; ?R HN> ;R

Z
o —_— 0]
o % /
¢ % ?
II-_e(III)— 'I:e(m)_ II:e(IV)— N-formylkynurenine
His His His

Schemeb Proposed ferrybased mechanism.

The last stepsf the mechanism leading Mformylkynurenine ar@ot yetclarified. In view
of mass spectrometry datBasran and cworkers? proposeshat ring opening of the 2,3
epoxide followed by attack of the ferryl haem the substrate, shouldive an intermediate

that after cleavage of thgZ)-C(3) bond will produceN-formylkynurening(Schemes6).

HND) R HN >>VR HN )\R . HN ;R
= - Yoi
o]
(

Q (o J °
(P' Il

Fe(IV) Fe(IV) Fe(l) Fe(ll)
His His His His
N-formylkynurenine

Scheme6 Final steps oN-formylkynurenine formation as proposed by Baszaal*

More recently Capece and -wmrkers® using QM/MM methods postulatéhat the
mectanism starts with proton transfer from tryptopidids™ to the epoxide oxygen,
resulting inepoxide openingollowed bynucleophilicattack of the ferryl oxygen to thg2)

of tryptophan The resulting intermediate then convertedinto the desired producafter

20



Chapter | Indoleamine 2,3lioxygenase

cleavage of the @)-C(3) bond and proton transfer from the oxygen to the indoleamine

(Schemey).
HN HN
%O ,)—CO;———— ¥ OH )—CO; KN COy— = HN .
NH, H,N & O N, /) © NH,
E i (||= Il — OF [ >
Fe(IV Fe(IV j— ,9( ) I_e( )
His His His His

N-formylkynurenine

Scheme7 Final steps oN-formylkynurenine formation as proposed by Capeical *®

1.2.4. IDO inhibitors

Until recently, the best known IDO inhibitors were mainly analogues of tryptophan, that are
active only at concentrations of >10 uM. Examples shownFigure 4 include %
methyltryptopharb (Ki = 32 puM)***%* the natural product brassinb1(K& 9 8 *Gavid

methylthiohydantoirtryptophan? (Ki=11.4 uM)?’

0 &S

pd

I

N

Irz />>\
pd
T

N IZ
12)7

w

Figure 4 Inhibitors of IDO.

In 2006 a screen of natural compounds disclosed the marine natural products ann8ilins A
(Ki =690 nM), B9 (K; =120 nM) and Cl10 (K;=140nM), isolated from the orange hydroid
Garveia annulataas potent inhibitors of ID&* Exiguamine A1l, an alkaloid of the
marine spongéeopetrosia exigyawas #s0 reported as potent IDO inhibitor ;@40 nM)

(Figure 5).%°
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9 annulin B 11 exiguamine A

8 (R=H)annulin A
10 (R=Me) annulin C

Figure 5 Somenaturally occurring IDO inhibitors.

Based on the earlier discovery of the marine invertebrate inhibitors, Carr and cofforkers

identified the trypamine quinone moiety asfundamental pharmacophore of exiguamine A

and reported several derivatives, the best showingp&a200 nM(Figure 6).

(0] P o [o)
7/
>X\N O %N O 2 >\N/ 0
///N NH, ///N N T\N

\ N\, M A
© N ° N 0O N
I H MeO,C H MeO,C H

o o}
14 K;= 420 "M

12 K; = 200 nM 13 K;= 260 nM

Figure 6 IDO inhibitors reported by Cast al.
Kumar et al** focused on the napfaquinone core of annulin B and designed various

derivatives with IG, values dowrto 55 nM (Figure 7).
OH O

O o) o}
CoC COCE "o CLIC
OH . OH OH OH

O _NH ¢ %NH O _NH O _NH

16 IC50= 82 NM

17 ICs0 = 58 nM 18 ICs0 = 59 nM

15 |C50 =55nM

Figure 7 IDO inhibitors reported by Kumaat al.

Further screening dDO inhibitors have revealesiew natural product inhibitorécluding
G*Mransavicennol22 (K; = 635

plectosphaeroi@cids A19, B 20 and C21 (ICs,a 2

22
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uM)** and potensyntheticcompetitive inhibitorssuch as, hydroxyamidine derivativa3*
(ICso values down t&0 nM) and Sbenzylscthioureaanalogue4* (ICs, values down to

100 nM)(Figure 8).

"
\// HO s O

\s N~
N OH
A \W\s X
H o
CO,H
o_ N _co,H N
o CO,R
NH,
o NH,
19 plectosphaeroic acid A o

20 (X=0OH, R=H) plectosphaeroic acid B
21 (X=R=H) plectosphaeroic acid C

OH \H
HoN
| JC
g N S NH,
N™ | H
o-N

23 ICg0 = 59 nM 24 1C50 = 100 nM

22 trans-avicennol

Figure 8 IDO inhibitors.

Despite extensive work untii now only XmethytD-tryptophan and a derivative of
hydroxyamidine series have achieved phase 1 clinical téStiAg a result there is

continuingneedfor noveland potentDO inhibitors
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1.3. Conclusion

Interest in IDO is increasingontinuouslysince the discovery of is involvementin the
mechanisms of immune tolerance and tumour immune edoappite great advances on the
structure, activity and expressiantense researdh still necessarin order to clarify several
aspects and tose that information to synthesi$DO inhibitorsthat might be used in clinical

oncology
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Chapter I Studies towards the synthesis oinallins A and C

2.1. Introduction

In many forms of human efforts, Nature often provides the inspiration, and searching for
new anticancer compounds is no exception. Natural products have emiergeynthesis

by proteins, and these evolutionary seledigdnds generally fulfill the preequisites for
binding to proteins and penetrating cetiembrane&® Natural products have contributed
significantly to the development of anticancugs. According to a revielwy Newmanet

al,” in the period betweerl981 to 2006,0f the 81 new small moleculespprovedas
anticancer drugsonly 18 of them can be classified as truly synthetic. The majority are

natural product derivedr inspired.

In an attempt to find better IDO inhibitors that could be used as drug leads,gsoups

have screened libraries of marine invertebrate extracts for their ability to inhibit recombinant
human IDOin vitro. Among the compounds discovered using ithesitro screen are the
polyketides annulins 8, B 10and C9, 2-hydroxygarveatin 5 and garveatin 26, as well

as,exiguamine Al1 (Figure 9).%8%°

(0]

or O OH
MeO
{1
9 annulin B
o O OH O
8 (R=H) annulin A
10 (R=Me) annulin C HO ‘O‘
O
(0]
o OH O 25 2-hydroxygarveatin E
‘O‘ 11 exiguamine A
HO
(0]
26 garveatin E

Figure 9 IDO inhibitorsdiscovered byn vitro screeing of marine natural products

libraries
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2.2.  Annulins A and C1 discovery and description

Annulins Aand C arawo naphthalendased polyketides isolated by Fahy and coworkers
and Pereira and coworkers, respectively, from a Northeastern Pacific hy&aoieia
annulata Their structures werelucidated byhigh resolution ionization impact mass

38,39

spectroscopy (HREIMS), NMR and-pay crystallographyfor annulin A)

Annulin A is a naturally occurring racgte with only one chiral centr€-1, that eventually
epimerizes in solutiorfFigure 10).** NMR data for annulins A and C revealed a strong
similarity, indicating that the molecules were directly related. The main difference thithe
NMR spectra was the lack of the hemiketal OHnaigin the spectrum o010 and a new
methyl singletsignal. Further HMBC studies suggested that the hemiketal in annulin A was
replaced by a methyl ketal in annulin C. Pexeind coworkers suggested thahalin C is
probably an i sthdneethyl ketal being formdd dycreactionvef the matural

occurring metabolite annulin A with the methanol extraction soffent.

Figure 10 Annulins Aand C.

2.3. Aim of the project

In view of our interest in developimpvel cancer therapeutic agehtssed on the inhibition
of IDO, we decided to investigate routes to prepare the natural compounds afiratichS.
In parallel and ér comparison purposdale synthesis of a simple analogue, containing the

isobenzofuranquinone moiety was also attempted.
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2.4. Results and discussion

2.4.1. Advances towards the synthesis of analoguy

In order to evaluate which part of the molecule of annulins A and C was important for IDO

inhibition wefirst decided to attempt the synthesidlufanalogue27 (Figure 11).

0
or 9

(0]
27 R=H or Me

Figure 11 Analogue27.

The preparationof this analoguewas of great interest because it could be used in the
synthesis of the natural compourmisnulins A and Cby applying a Diels Alder reaction

betweertheanalogue and a suitable die2f&(Scheme8).

P OMe 0 O OH
Meo Diels Alder MeO PR
(0] + TMSO XYy~ ™ .- == itt= . -
(0]
27TR=H or Me 28 O

annulins A and C

SchemeB Diels-Alder reaction between analog@é and diene28.

2.4.1.1Initial synthetic route

A first retrosynthesis was propostm analogue27 (Scheme9). The plan was to perform

the oxidation to the quinone at the end of the synthesis and to introduce a vinyl group as a
carboxy precursor at €l. Therefore,dimethylation of the commercially available 2,3
dicyanohydroquinon@9 followed by hydrolysis and cyclodehydration would provide the
phthalic anhydride30. Then addition of methylmagnesium bromide should result in the

formation of thetertiary alcohol that is expesd to cyclise to the desired phthalid@é.
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Thereafter, adtion of vinylmagnesium bromide wasxpected to provide the lact8R2
(R=H), that after treatment with acidic methanol should lead to the ketal (R=Me). Finally,
oxidative cleavage of the vinyl group should install the carboxylate, readily esterified, and

oxidative demethylation of the Xdimethoxybenzene moiety should provide the desired

(0]
MeO ORO = OROMe o) OMe
fe) — O — ()));@
0 OMe OMe
32 31

27 R=Hor Me

quinone27.

OH o OMe
NC
& 0o
NC
OH O  OMe
29 30
Scheme9 Retrosynthesis of analog@é.

The synthesis started with protection of the hydroquirRhwith dimethyl sulfatein 81%
yield. Then, hdrolysis with concentrated suliic acid followed by treatment with an excess
of acetic anhydridegave the desiredphthalic anhydride30 (51% yield)®* Next, the
anhydride was reacted with an excess of methylmagnesium broonigee phthalide 31 in

68% yield Schemel0).”*

OH OMe o) OMe o) OMe
e T T
NC NC

OH OMe O  Ome OMe

29 33 30 31

Schemel0 Reagents and condition@) Me,SQ;, K,COs, 2-butanonereflux, 18 h,81%.(b)
1. H,SO, conc., 100 °C, 1h; 2. rt, 16 h; 3. Acetic anhydride, reflux, h; 51%. (c)1.
MeMgBr, THF, 0°C;2.rt, 16 h;3. HCI 10%, 0° C, h, 68%.
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It was then planned to reattte phhalide 31 with vinylmagnesium bromide to provide the
lactol 32. This conversion proved more difficult than anticipated and several reaction

conditions were investigatédable 1).

o OMe Ho \ O7I\/Ie
o] o]
OMe OMe
31 32
Entry Reagents Solvent Temperature/ °C Isolated Products
; starting material +
1 vinyIMgBr (1.3 eq.) THF 780 degradation
; starting material +
2 vinyIMgBr (1.3 eq.) THF O-rt degradation
3 vinylIMgBr (1.3 eq.) Et,O O-reflux starting material

vinylMgBr (1.3 eq.),

4 LiCl (1 eq.) THF -78-0 degradation
s MG g ggo  Sngmaera
6 vinylIMgBr (2.2 eq.) THF -20-0 degradation
7 vinylMgBr (1.3 eq.) THF -20-0 degradation
8 vinyl lithium (1.3 eq.) THF -20-0 complex mixture

Table 1 Conditions screened to obtain compo@2d

To our surprise, none of the experimental conditions tgsteduced the desired product,
returning either starting material or degradation produddis. lack of reactivity is probably
due to the electredonating character of the methoxy group in position 7 deattivates the

carbonyl group and prevents the Grignard addition. As a result, this strategy was no longer
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investigated and it was decided to redesign the synthesis plan considering the influence of

the electrordensity of the aromatic moiety.

2.4.1.2 Revised retosynthetic approach 1

As mentioned earliergconversion ofphthalide31 into lactol 32 was impossible to perform,
and thiswas probably due to the electrdonating group in position 7. Therefolie,was
decided to design a new synthetic route that included a more electron deficient aromatic ring,

such as compourgr.

Similarly to the previous synthetic route, the ester grou@¥imas expected to be obtained
by oxidative cleavage of the vinyl group 3. The latter would be the result of the addition
reaction of vinylmagnesium bromide to compowédand this lactone would stem from the
diol 35 via oxidation. This intermediat&ould be available by additiomf methylmagnesium

bromide tothesuitably protected phensd# (Schemell).

O
0] —> 0 — 0
@)
37

OMOM OMOM

27 R=Hor Me 36

HO

OMOM
34 35

Schemell Improved retrosynthesis of the analo@ire

The starting materig84 was preparedaccording to Hamadet al.*? and Tabacchét al in

threesteps. The synthesis started with acetylation ofciramercially available compound
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38 with ace¢ic anhydride and pyridine. Thereaftebenzylic bromination with N-
bromosuccinimide (NBS) in carbon tetrachloridmve compound 40 that underwent
cyclisation in water/dioxane at reflue yield the desired compound in 8194eld, over three
steps.Finally, protection of the free alcoh8% with methoxymethy! chloride in the presence
of H¢ ni, gtdoem ternaprateire gave the MOMprotected phitalide 41 in very good
yield. It must be noted thdhe success of thiprotection depends extremely the degree of
purity of the starting materigschemel?2).
Br
\/Op : - ~_0 . 0
O OH o}
38

OAc O OAc
39 40

O  omOM O OH

4
34

Schemel2 Reagents and conditiong&) Acetic anhydride, pyridine, rt, 3 h, quantitative; (b)
NBS, benzoyl peroxide, Cglreflux, 4 h; (c) HO/dioxane, reflux, 18 h, 81%; (d) MOMCI,
iPLNEt, CHCI,, rt, 65 h, 81%.

Methylmagnesium bromide was then addedhe MOMprotected phthalide to give the
desired diol35 that is prone to degradation during purification by colurthromatography

on silica-gel. For the oxidation step of di@5 it was feared that the MOM proteatj group
might not be stable to oxidation methods in acidic conditidierefore initial attempts
were made under mild conditions, usiNgodosuccinimide and silver acetats described

by Beebeet al® Unfortunately, this method failed to provide the desired lactone.
Unexpectedly, the highly acidic Joid@sagent in acetone cleanly oxidized compo8&do

the corresponding lactor8s in goodyield.>® Next, addition of vinylmagnesiumromideto
lactone36 in THF at room temperatungeldedthe desired lactdd7. A reaction time of e

hours and 1.5 equivalents of the Grignard reagent were required to obtain complete
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conversioninto the lactol. The hydroxyl group had now to be protectéwitial attempts
using hydrochloric acidr sulfuric acidin methanol only led to degradation. Best conditions
were found by reacting the lactol with methyl iodide and silvexljle at room temperature
for 24 hours or with methyl iodide and sodium hydride in DMF at room temperaturé.for

hours(Schemel3).

Next, the plan was to install the carboxylait@ oxidative cleavage of the vinyl group. Usual
procedures imply the use of ozone followed byxalatve work-up™ in different solvents,
osmium tetoxide followed by sodium periodate (Lemietdohnson reagerf)or osmium
tetroxide and then oxorfao give directly the carboxylic acid. Several attempts, usingethe
conditions, failedand only complex mixtures were obtained. Possible side reactions and

instability of the starting material are to be accounted for. A new approach was therefore

o)
g; Ho; \I; ;\; ;
o a b
————— Ho —— =0
O  omom OMOM

designed

OMOM
41 35 36
c
O
HO OMe OMe —\ OH
O <o X------ (0] <—d (e}
OMOM OMOM OMOM
43 42 37

Schemel3 Reagents and conditionG@) MeMgBr, THF, rt, 1h, 6074%; (b) JoneSreagent
1.98 M, acetone, 0 °C, 1.5 h, 78%; (c) vinylMgBr, THF, rt, 5 h, 93%; (dDANlel, rt, 24
h, 84%.
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2.4.1.3Revised retrosynthetic approach 2

As the original plan to install the carboxyl grouvia oxidative cleavage of the vinyl group
proved unsuccessful it wasext plannedo i nt r o d u c e-ketdester encietybyy t he
addition of methyloxalyl chloride or dimethyl oxalate to the corresponding lithiated

derivative45. Thelatter would derivefrom phenol44, after reaction with methylmagnesium

bromide(Schemel4).
O MeO._ _O
MeO ORO Br .
(e} — PG% —— PGO p— Meo\[p
o OPG OPG O OH
27 R=H or Me 46 45 44

Schemel4 Revised retrosynthetic approach 2.

The most straightforard strategy to access pherdl was to protect the commercially
availablephenol47 with tert-butyldimethylsilyl chloride (TBSCI)selectivelyortho lithiate
and quenchthe resulting aniowith bromineto give bromoamide49. Conversion of the
amide functionality into methyl ester andmmoval of TBS protecting group was effected

usingtrimethyloxoniumtetrafluoroborat¢Schemel5).>

OH O OTBS O OTBS O OH
47 48 49 44

Schemel5 Reagents and conditiorfa) TBSCI,i-PrLNEt, DMF, rt, 17 h, quantitative; ().
t-BuLi, THF, -78 °C, 1 h;2. Br,, -78 °C, 30 min.3. -78 °G rt, 21 h, 68%; (cL.Na,HPQ,,
Me3;OBF,;, CH:CN, 16 h, rt;2. NaHCQ; sat.(aq.), rt, 23 h, 69%.

With compound44 in hand, the access to the tertiary alcohol intermediditewas

conveniently accomplished by addition of methylmagnesionomide in exces This
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reaction gae the desired tertiary alcoh8&D in moderate yieldalong with thecorresponding

olefinic product thatresultsfrom the dehydration of the tertiary alcohol.

Next, the plan was to protect both hydroxyl groups as TBS etherarth&nown taresist
basic conditions n-BuLi, sBuLi, t-BuLi) and can be easily removed with
tetrabutylammonium fluoride (TBAF) in THF at 0 8 Initial attempts, usingTBS
protecton standard conditions fdrindered alcoholgsilyl triflate with a hindered amine base
at low temperatupé€”®® only gavethe olefinic producb1 (53%) (Schemel6). Repeating the
reaction using TBSCI as reagent with either imidazole ord#nethylaminopyridine as
catalyst gave similar resultdn fact, tetiary alcohols are known to easily undergo

elimination, producing the corresponding olefinicfinpduct n high yields***

Br Br. B Br.
Meop a H%g;j +’b TBSO@ @
(0] OH OTBS
50 51

r
OH oTBS
45

44

Schemel6 Reagents and conditionga) 1.MeMgBr, THF, 0 °C, 1.5 h2. 0 °Grt, 2 h 45
min., 63%; (b) TBSOTf, 2/4utidine, dichloromethane, 18 h.

Althoughwe wereunableto protect both hydroxyl groups it was decidedoatinueinto the
next step andreact compounds50 with an excess oft-BuLi and dimethyl oxalate.
Unfortunately this reaction faile provide the desired compound, but instead compéand
(25%) was isolatedalong with degradation product$he dgructure of compound?2 was

ascertained b)MR spectroscopyFigure 12).

HO

52

Figure 12 Structure of compoung2.
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Compound52 is probably generated byheteroDiels-Alder reaction between a quinone
methideand an alkene, the latter being formed by-H,Shift of the quinone methide

(Schemel?).

X X
B tBuLi
— OH—— N
OH oé\—f - N~ Li
X
R

¢}
Q . work-up (o)
—_— Li — » !
HO

HO X
—_— \5/ HO 52

o C
<* H X = Li or Br

Schemel7 Proposed mechanism for the formation of compdatd

Given the instability of the tertiary alcohiblwas clearthat it wasessentiato introduce the
Uketo ester moiety before generating the tertiary alcdhalas from this context thatrsew

strategy emerged.

2.4.1.4Revisedretrosynthetic approach3

In this modified synthetic strategy, it wapr opos ed t o -ketaestee maetye
through oxidation of methylketong3 using selenium dioxidefollowed by reaction with
thionyl chloride in methanplccording to the conditions described Hyuanget al®® The
requiredtertiary alcohol wagxpected to baccesseffom intermediaté&4 by halogenmetal
exchange and reaction with acetoBémilarly to theprevious synthetic plandescribedit
wasproposed to perform the oxidatiafi the free phendlo thepara-quinone at the end of

thesynthesisusing forexampleF r e myt§Schemedd).

O MeO O M
MeO o) © OPG €0° ome O OMe
OR
(0] _ H% _ o _ )Jj@
Br Br
(6]
55 54 53

27 R=HorMe

Schemel8 Revised retrosynthetic approach 3
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Our first, and relatively simple, task wés synthesise the requisiteethylketones3. This
assignment wasuccessfully accomplished using the synthetic sequem@enin Scheme

19. Thus, commercially available2-methoxyenzaldehyde56 was protected as the
corresponding imidazoliding7. Directed metalation of the latter and then bromination with
dibromdetrachloroethane followed by adwork up provided zbromoanisaldehydb8 in
good yield®” Final conversion to keton83 was accomplished by addition of methyl
magnesiumbromide to aldehy88, revealing the secondary alcols® that was oxidized
with DessMartin periodinan®® in excellent yield.With compound53 synthesised, we
proceeded to perform theidation of the methylketone, using selenium dioxide, followed
by esterificationvia the chloride intermediate. Using a protocol taken directly from the

literature®®the desired r yKeto é$teb4 was obtained in very good yield.

OH OMe

/
(0] OMe <\N OMe (0] OMe
“k(j — 7 K@ — “Jjﬂj — ﬁ@
Br Br
56 57 58

59

OMe

O O OMe
Meo\’HEEj
e
o) - I ]
Br Br
54 53

Scheme19 Reagents and conditionga) N,N&dimethylethylenediamine, EtOH, rt, 24 h,
75%; (b)1. tBuLi, Et,0, -40 °C, 1 h2.-20 °C, 7 h3. (CBrCL),, 0 °Grt, 14 h, 5359%; (c)
MeMgBr, THF, 0 °Crt, 1 h, quantitative; (d) Deddartin periodinane, 0 °@t, 1.5 h, 90%;
(e) 1. SeQ, pyridine, 100 °C, 23 2. SOC}, MeOH, rt, 15 h3. HCIO,, MeCN, HO, 0.5 h,
rt, 81%

In orderto avoidusing harsltonditionsgenerally needed to cleave methyl ethers, in the last
steps of the synthesis was decided to examine at this stagenethylation o064 to phenol

60 that wouldthen beprotectedwith the more easilyemovable TBS groufScheme20).
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O OMe O OH o OTBS
Meo% Meo% MeO
---------- E R it
o) (@]
OBr Br Br
54 60 61

Scheme20 Prospective demethylation and TBS protection steps.

Initial attemptsusing BCls, BBr3;, CeCk.7H,O or TMSI only led to recovery of starting
material®®®* Additional experimentation using other demethylating agents such as, AICI
AlBr;, or a combination of both, once again faitedfurnish the desired phendéading to
recovery of starting materiadegradation productsr amixture of compoundsn which both

themethyl ester and methoxy groyms only the methyl ester grougwere removed

These results led us to examine an alternatstarting material namely 2,5
dimethoxybenzaldehydé¢hat allowed us to avoid the demethylation stiepthis case, the
dimethoxybenzene intermediatould be directly subjected to oxidative demethylation

leading to the desired quinone.

The aldehydes4 has previasly been prepared by Li armb-workers’® Their synthesis
involved the directed lithiation of 1;@ioxane derivatives2, usingn-BuLi in a mixture of
hexane and benzene, followed by bromination with dibtetreluoroethaneand acidic

hydrolysis to provide benzaldehy@é in very good yield $cheme21).

Co OMe (\o OMe O OMe
0 a (0] b H
Br

OMe OMe OMe
62 63 64

Scheme2l Reagents andonditions: (a) 1. n-BuLi, hexane/benzene (3:1)25 °C, 10 h;

2 BrCF,CF,Br, THF,rt, 0.5 h, 70%(b) 13 M HCI, THF, rt, 10 min., 100%"
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When this reaction was repeated under the reported conditions, the desmedund63

was obtained in considerable lower yield (27 #png with starting materigl able 2, entry
1). In order to optimizehis reaction and to avoid using benzene as sqlgemeralreaction
conditions, including, base, electrophitemperature and timeyere screened The best
results were obtained by reactiég with t-BuLi at - 40 °C followed byaddition of iodine at

the same temperatur&€he desired iodinated compouffl was obtainedn moderate yield

(entry 8.
[\O OMe 4) base (eq.), temp., 0.5 h (\0 OMe
b) temp., time
c) electrophile, temp., 0.5 h
d) temp. to rt E
OMe OMe
62 63 E =Br;
65E = |
. . Isolated
(o]
Entry Base Electrophile Solvent Temp./°C Time/h Products
n-BulLi Hexane o
S (1.5€eq.) CBrR):  penzen: “29 L e
n-BuLi Hexane starting
2 (1.5€eq.) (CBrChl  penzen -25 6 material
t-BulLi starting
2 (2.0eq.) Brz = - U material
. 65 (8%) +
4 (tz_%il" ) P Et,O -78 0.5 starting
-Uea. material (74%)
. 65 (24%) +
5 (tz_ %uel" ) P Et,O -40 0.5 starting
-Uea. material (55%)
. 65 (24%) +
6 (tz_%tg" ) P Et,O -20 0.5 starting
Dea. material (61%)
t-BulLi starting
U (2.0eq.) 2 THF = = material
. 65 (35%) +
t-BuLi !
8 (3.0 eq.) I2 Et,O -40 0.5 starting

material (52%)

Table 2 Directed metalationddogenation of 18lioxane derivativé2.
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As analternative, v nextexamineddirected metalatidhalogenatiorof aldehydes6 by first
protecting it as its corresponding imidazolidBiéand subsequdmtto react itwith different

electrophilesunder varied experimental conditiogf®heme22).

O OMe [N/ OMe O OMe
H a ~ N b ~ H
/ E
OMe OMe OMe
66 67 64 E = Br;
68 E =1,

Scheme?22 Reagents and conditionga) N,N&dimethylethylenediamine, EtOH, rt, 24 h,
95% (b) seeTable3;

Unfortunately all attemptsfailed to provide the desired halogenateenzaldehydén better

yields, than those described befdiieable 3).

/
(\N OMe a) base (eq.), temp. (T4), time (time,) OMe
N b) temp. (T), time (timey) H
/ c) electrophile, temp. (T5)
d) temp.(T3) to rt E
OMe €)HCI1M,0°C,1h OMe
67 64 E =Br

68E =1

T4 T Ty Time; Time, Isolated

Entry Base Electrophile Solvent oC  oC oC 'h h Products

n-BulLi Hexane/ deprotected
1 (15eq) (©BrCR: qiene -25 -25 -25 05 75 starting
material
t-BulLi .
2 (23eq) (CBrCh: EtO -40 -20 O 1 7 64 (26%)
t-BulLi deprotected
3 (CBrCL), THF -40 -20 0 0.75 0.5 starting
(2.3eq.) _
material
t-BulLi deprotected
4 Br, EtO -78 -78 -78 05 0.5 starting
(2.3eq.) _
material
t-BulLi deprotected
5 I ELO -78 -78 -78 0.5 0.5 starting
(2.3eq.) _
material

Table 3 Directed metalationddogenation ofmidazolidinederivative67.
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Alternatively, the desiredhalogenated benzaldehyde, insthase, the bromoderivative4
was synthesisd through a two step sequence involving bromindtioh the commercially
available 2,5dihydroxybenzaldehyd@&9 in position 6, followed by methylation of both

hydroxyl groups, using dimethyl sulfate in the presence of potassium carl§Scheme

23).
(0] OH o OH (o] OMe
H __a . H __ b _H
Br Br
OH OH OMe
69 70 64

Scheme23 Reagents and conditionga) Br,, CHCL, rt, 2.5 h, 95%;(b) Me;SOy, KyCO;,
DMF, rt, 24 h 28%.

As mentioned in the retrosynthetic analysis, the formation of the tertiary alcohol in pésition
was envisaged to be accessed through rhalalyjen exchange followed by reaction with
acetoneGiven the fact thatmetathalogen exbange reactiongiith lithium or magnesium,
are known to be faster with iodinated compounds than tiithcorrespondingprominated
compounds it waglecided to pursue the next steps using the iodinated derivé@ive
Therefore following the same synthetic sequenpeeviously described for the synthesis of

compound54, iodobenzaldehydé8 was converted intthe desiredaryl U-ketoester73 in

very good yield Scheme24).
O OMe OH OMe O OMe O OMe
MeO.
H” I ? _a . b __c
o}

| | | |
OMe OMe OMe OMe
68 71 72 73

Scheme24 Reagents and conditionga) MeMgBr, THF, 0 °Grt, 2.5 h, 98% (b) Dess
Martin perbdinane, 0 °crt, 35 h, 75%; (¢ 1. SeQ, pyridine, 100 °C, 23 h2. SOCH},
MeOH, rt, 16h; 3. HCIO,, MeCN, HO, 1 h, rt, 79%

41



Chapter I Studies towards the synthesis oinallins A and C

Before performing the metdlalogen exchang# was decidedo first reduce the ketone
function and then protect the exposed alcpholorderto avoid possibleside reactions
Reduction was carried out in the presence of sodium borohydride at room temperature for 1

h, giving the desired producd in excellent yield Scheme25).

O OMe OH OMe
MeO MeO
___a .
(0]
| ° |
OMe OMe
73 74

Scheme25 Reagents and condition&) NaBH,, MeOH, rt, 1 h, 89%.

Due to a lack of material and time restriction, no more experiments could be carried out to

complete the synthesis of the analo8ue

Future work will include the protection of the free alcohol with a protecting group resistant
to basic conditions andcid labile, such as, MOM or THRollowed by conversion of the
latter into the corresponding lithiateor Grignard derivativé 76 and reactiorwith acetone
(Scheme26). After installing the tertiary alcohpthe hydroxyl protecting group could be
removed with theise ofa mild acid such as, hydrochloric acid in etfepr with pyridinium

p-toluenesulfonate irt-butanol™

Oxidation of the secondary alcohol with Delfartin
periodinane should install the ketoi®@ that after intramolecular reaction with the tertiary
alcohol should provide the desired lac8. Finally, treatment of the lactol with methyl

iodide and silver(l) oxide should lead to the ké&&land oxidative demethylation of the 4,4

dimethoxybenzene moiety should provide the desired pr@iuct
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R =MOM or THP

O OMe OH OMe OR OMe
MeO MeO MeO
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HO HO
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Scheme26 Prospective completion of the synthesis

2.4.2 Advancestowards the synthesis of annulins A and C

Our first hypothesis when considering how to approach #yathesis of theseompounds,

was that thenaphthoquinone coref annulins A and C could be assemblieing a Diels

Alder reaction between dier&8 and dienophileB4. The [4+2] cycloaddition of an electron

rich diene to a halogenated quinone is known to proceed with very high regioselectivity, with
the nucleophilic endfdhe diene forming a bond to the unhalogenated dienophile c&ttfon.

We therefore proposed thaiede 28 and dienophile84 could be synthesisedrom methyl
ester82 and tribromophend3, respectivelyThe furan ring was envisioned to be introdd

by chemicamanipulations o dibrominated compounduch a86 (Scheme27).
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annulin A (R=H) 87 86
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o OMe O OH
Br. Br B
+ TMSO XX Diels-Alder ="
&——
O
(6]
28
I H 85

83 82

Scheme27 Retrosynthesis of annulins A and C.

2.4.2.1 Construction of the naphthoquinone core

Our first task was to synthesise the requisite di2@eand dienophile84 that had been

envisioned as key fragments for the synthesis of the naphthoquinonel ooaecess the

dienophile 84, commercially available phend3 was reacted with periodic acids

described by Bhatet al’’ The synthesis of dien&8 beganwith alkylation of methyl

senecionate82 with ethyl iodide in the presence of lithiumigtipropylamide (LDA),

according to the procedure described by Wenkeral’ It was then plannedotconvert

butenoate88 into the corresponding trimethylsilyloxy derivati&s, using the classical

conditions - trimethylsilyl chloride (TMSCI) and LDA as base. Unfortunatelyhese

conditions proved to be ineffective, as no silylated product was obg&Sekdme28).
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o 0 OTMS
a
MOMe —’)\ikOMe —H = P SoMe
88

82

28

Scheme28 Reagents and condition&@) 1. LDA, -70 °C, 1 h2.-70°C to 0 °C3.0°C 1 h#4.
CH3CH,l, 0 °C;5.0°C to rt;6. rt, 2 h; 73%.

A MeOD quenching experiment revealed that LDA was not deprotonatidga@d, as a

result, a range of different bases and temperatures were scréah&z4).

Entry Base Temperature/ °C Isolated Products
1 LDA -20—0 no reaction
2 n-BulLi 0—rt *
3 NaH -78—0 no reaction
4 t-BulLi -78—0 *
5 DBU rt degradation
6 KHMDS -78—-20 degradation

*-Base adds to the carbonyl group;

Table 4 Conditions screened to obtain compo2&d

Several #empts using LDA, NaHn-BuLi, t-BuLi, 1,8diazabicyclo[5.4.0Junde@-ene
(DBU) or potassium hexamethyldisilazigg HMDS) produced either no reaction, eventual
decomposition of starting material attack onto the carbonyl groups an alternative, the
terminal olefin of88 was isomerised to the internal obg potassiunt-butaxide’ and the

intermediate thus obtained was treated with EDMSCI to give the desired silyl enol ether
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28 (Scheme29). The configuration of the-@ double bond was found to best likelyZ, on
the basis of the observation of NOESY correlatitmosn the methy}TMS to the methoxy

group at G1 and the methyl group at&

o o) oTMS
)\i‘\OMe 2 )\i‘\OMe b )\ikonne

88 89 28

Scheme29 Reagents and condition&) t-BuOK, 0 °Grt, 2 h;(b) 1. LDA, -78 °C, 1.5 h;
2TMSCI, -78 °C, 1.5 h3.-78 °C- rt, 1.5 h,74%;

With the key intermediates now synthesisegvas timeto attempt the naphthoquinone core
formation The DielsAlder cycloaddition of dien€8 to dienophile84 was carried out at
room temperature in toluene, for 16 h, followed by addition of silica in dichloromethane.
Upon flash chromatographie desired addu@5 was obtained iwery good yield and as a
single regioisomefScheme30). The structure of compoun8b was confirmed by Xay

crystallography Figure 13).

(0] OMe (e} OH
Br Br Br
e O
+ —_—
(0] (6]
84 28 85

Scheme30 Reagentand conditionsi. toluene, 0 °C rt, 16 h;2. Si0,, dichloromethanert,
48 h, 76082%.

Figure 13 X-ray crystal structure of compougé.
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As already suggested byrse author$®”® the result of this reaction shows that bromine
probablyacts as a key elememt theregiospecificformation of anew carborcarbon bond.
In this case, the nucleophilic attack occurs from the electcbnend of the diene to the

unsubstituted carbon of the quinone

2.4.2.2 Attempts towards the introduction of the furan ring

Our initial plan to assemblehe furan ringwas tointroduce a -vityl ester in G2 via a
Baylis-Hillman reaction between dibromoquino8&and methylacrylatehy usinga similar
procedure described by Leeal.®* The product restilig from this reaction90) would then
be subjected t o o02zonol-keteesta9l Fihaypveefewisagetb af f or
preparethe tertiary alcohol i®3 by habgenmetal exchange of compouB@ with lithium

and then reaction with aceto(fecheme31).

OR (0] O O OPG O OPG OPG
MeO oxidation MeO
j— j—
O O
HO
md Me | HO o OPG
annulin A (R=H) 87 93
annulin C (R=Me)
halogen-
metal
exchange

O OPGOPG

ozonolys@v'eo reductlon MeO
O OO
Br

OPG
92

HBaylis-Hillman

(e} OPG e} OPG
Br-g-
@ bromination Br
j—
Br
9 (o]
86 85

Scheme31 Initial plan to construct the furan ring.
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The construction of the furan ring began v8ththat was protected as #setate94 and then

reactedvith molecular bromine in acetic acid to gi@dromoquinone6 in excellent yield.

The possibility ofperforminga Baylis-Hillman reactionwas then examinedlhe Baylis

Hillman reaction allows the preparation of acrylic comnpds from the coupling between the

Uposition of an activated wtic system and carbon electrophilesnder the catalytic

influence of a tertiary aminf&.In 2004, Lee and cworkerd’r eport ed t he- prepar
vinylquinones under BayliBlillman conditions. In our case, reaction @ompound86 and

methyl acrylate in the presence of -tlidzabicyclo[2.2.2]Joctane (DABCQ¥sulted in the

formation of an inseparab1 mixture of the regioisomer85 and 96. The same reaction

was attempted using the mondromoquinoned4, unfortunately,it was also unsuccessful

yielding the undes@dregioisomer9d5 (Scheme32).

O OH O OAc O OAc O OAc
Br Br Br e
O = O = o = 110
Br MeO
o) O (o} (0]
85 94 86 95
dl *
O OAc
O OAc MeO
Br-
o (0
(0
MeO (0]
(0] 96

95

Scheme32 Reagentand conditions{a) 1. Acetyl chloride, pyridinedichloromethange0 °C,
30 min.;2.rt, 30 min., 56%. (b) By AcOH, rt, 4 h, 91%: (c) methyl acrylate, DABCO, THF,
rt, 30 h, 55%(2:1 95/96); (d) methyl acrylate, DABCO, neat, rt, 1 h 15 min., 19%

Given the poor results obtained so far, we dectdeskplore other methods to introduce the
Uvinylester unit.The Stille coupling wasne ofthe elected methedThis process involved
initial palladium mediatedynhydrostanation of methyl propiolat87 to give vinylstanane

98% that then underwent palladiumcatalysed cross coupling reaction (Stille) with
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bromoquinoned4, to givet h e d e sunsatwaded thrbdnyl compou@é in very good

yield (Scheme33).

Having successf u-Vinylgsteriunitt weongxi precededed to eattertipe
ozonolysis step Unfortunately, no conditions could be found psoduce the desired
compound 100, despite a wide ramgg experimentationthrough the possibleeaction
conditions(ozone followed by reductive workup, osmium tetrxide and sodiurperiodatg

and extensive experimentation with other reaction variables (e.g., temperature, solvent,
reaction times). Degradation was seen under all the reaction conditions Téssefhilure

could be dueto the presence ain additional vinylicbond aroad ((2)-C(3). In fact, there

are no examples in the literature of oxidative cleavagemylic groups directly linked to a

quinone.

O OAc

OO £

(0]
94

Scheme33 Reagentsand conditions:(a) BusSnH, (PRP)LPdC}, toluene, rt, 2 h, 52%; Jb
Pd(PPB),, toluene, 75 °C, 23 h, 84%.

On the basis of this result,was decided to reduce the gane core, by first protecting the
phenol in85 as its methyl ethel01, and then subjecting it to reductive methylation. An
extensive screen of conditions revealed that sodium dithionite in dichloromethane followed
by potassium carbonate and dimethyl sulfate in degassed &lgtanéded the best results,
with the desired naphthaled®2 producedn 76% yield. Regrettably, when compouhd2

was subjected to Stille couplingnder the reaction conditions described for the synthesis of
99, only starting material waecovered. Other reaction conditions were also attempted on

substratel02, including use of DMF or THF at various temperatuiscovery of starting
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material, @égradation and/diormation of the cinnamate derivatit@®4 wasseen under these

reaction condions (Scheme34).

O OH O OMe OMe OMe OMe OMe
Br Br Br MeO
I U T e
(0]
(0] (e} OMe OMe
85 101 102 103
O OMe OMe
OMe

104

Scheme34 Reagentsand conditions:(a) Mel, AgO, reflux, 5.5 h, 68%; (bl. Na:S,O,,
dichloromethanert, 1.5 h;2. K,CO;, M&eSQ,, acetone, reflux, 2 h, 76%;)(stannan&8,
Pd(PPB)4, DMF, 150 °C, 16, 103(0%), 104(30%).

An examination of the literatu#¥* revealed that cinnamatésid preiously been observed

in Stille-type coupling of vinylstannanesin 199, Busaccaet al®

proposed a reaction
mechanisnfor the formation of these unexpected produstzording to the auther the
mechanisnstarts by oxidative addition of Pd(0) émylbromide102 followed by formation
of a complex with stannar8 to give the intermediat®05. The latter is considered to be a
precursor for thesupposedHeck intermediatel06. Transmetdhtion of this intermediate
leadsto palladium(ll) carbenederivative 107 that isthen expected to undergb-hydride

elimination to palladium hydrid208 which could reductivelgliminateto givethe observed

product,104 (Scheme35).
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eOzC
CO,Me
OMe OMe PN BUASH : OMe OMe OMe OMe
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Br 08 _Pd MeO,C
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OMe
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-
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OMe
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Scheme35 Proposed reaction mechanism for the formation of compa0a#’

At this point, we decided to investigate whether compdlO®icould be converted directly
to the U-ketoesterl09 by preparation of the corresponding Grignard reagent or by lithium
bromine exhange followed by reaction withthe commercially available compounds

monomethyl oxalyl chloride or dimethyl oxalgf@cheme36).

OMe OMe OMe OMe OMe OMe
Br M= MgBr M MeO
OO or Li OO
________ > I
OMe OMe
102 109

Scheme36 Prospective synthesis of compout@p.

Attempts topreparethe Grignard reagent using the conventional methddg, 1, THF -

only led to recovered starting material. Different conditions involving a lithium chloride
mediated Br/Mg exchange reaction witArMgCF® at different temperatures were also
screened. However, under any of the conditions tegtted,eactiorfailed and only starting

material was recoveredlhe inability to perform the magnesium/bromide exchange is
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probably due to the high electron density in the aromatic hinfact, Shiet al®’ stated that

the rate of BiMg exchange is slowor electron rich bromides.

Our attention turned nexo the lithiumbromine exchange. To access the desired compound
109, intermediatel 02 was firstreactedwith 1 equivalent oh-butyllithium in THF at-78 °C

and then treatedvith monomethyl oxalyl chlorideor dimethyl oxalate Unfortunately, in
both cases, the reaction gave only the debrominated compdin8everal attempts, using
other basess{BuLi, t-BuLi) at various temperatures gave similar resuitglicating,
however, under these circumstances, the conversi@zihto its lithium salt by bromine

lithium exchange$cheme37).

OMe OMe OMe OMe OMe OMe
..

OMe OMe OMe

102 109 110

Scheme37 Reagentand conditionslithium base, monomethyl oxalyl chloride or dimethyl
oxalate, THF.

Once again, due to time restriction, the studies towards annnulins A and Gl dn o6t
completedGiven the difficultiesencountereavhile trying to instalt h eketdJester moiety
futurework will focus on completing the synthesis of the analagjiend then to perform a

Diels Alder reaction between the latter and the d@hgScheme38).

0]

O oM (0]
MeO " ) orR @ QA
g +TMSO)>/1\ __Diels-Alder___ MeO ‘ O
o
o)
27 R=Hor Me 28 0

annulins A and C

Scheme38 Prospective completion of the synthesisannulins A and C

52



Chapter I Studies towards the synthesis oinallins A and C

2.5. Conclusion

This Chapter has described our efforts towards the synthesis @&fobd@nzofuranquinone

analogie27 andthe natural product@nnulins A and C

Four main approaches to analgg?7 have beerdescribedIn a first route we accessed the
phthalide31, but then we were unable to converinito the desired lactolThe electron
donating character of the methoxy group in posit7 probably accounts for tHack of

reactivity. As a result, this strategy was abandoned

In view of these results, the second approach included a more electron deficient aromatic
ring. In this case, although we were able to add vinylmagnesium bromide to the phthalide

the oxidative cleavage of the vinyl group was fieatsible.

As the original plan to install the carboxyl grouvig oxidative cleavage of the vinyl group
proved unsuccessfuh a third approach to the analm7, our aim was to initially form the
required tertiary alcohol, andthemt i nt r o d u c eketaster reogety byyadditidm ef U
methyl oxalyl chloride or dimethyloxalate to a suitable lithiated derivativglthough we
accessed an advanced intermedlighis route was abandoned due te tihstability of the
tertiary alcohal It was clear thatitwasese nt i al t o -kétoester motkty beforet h e

generating the tertiary alcohol.

Due to the lack of timea fourth approacmvolving the formation of thé}ketoester moiety
via oxidation ofa suitablemethylketonewith selenium dioxide€ollowed by reaction with
thionyl chloride in methanolcould not be completed. Until now we succeeded in

introducing theJketoester moiety(73).

53



Chapter I Studies towards the synthesis oinallins A and C

In our efforts towardghe synthesis of annulins A andv& succeeded in constructing the
naphthoquinone core in godyieldsby performing a DielAlder reaction between diergs
and dienophilé4. Introduction of the furan ring proved difficult, although several synthetic

strategies were investigated.
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Chapter IlI Studies towards the synthesis of annulin B

3.1.  Annulin B 7 discovery and description

Annulin B was isolated by Fahy and coworkérs 1986, from a Northeastern Pacific
hydroid Garveia annulata together with annulin A (Chapter)ll It was obtained aan
optically active orange ailbut its absolute configuration was not assigrigte proposed
structure for annulinB was inferred from its spectroscopitata, namely|R, UV/VIS,

HREIMS,H and®™C NMR.

Figure 14 Annulin B.

3.2. Aim of the project

In view of our continuing interest DO inhibitors and inthe annulin family, we also
decided tdanvestigate routes tacemicannulin B For the sythesis of this compound, few
key steps would have to be taken into consideratiddlaisen rearrangemei install an
allyl chainthat will give accesto the ketone functioat G-3, the formation of thehroman
3-onering andthe DielsAlder reaction tantroducethe phenolicmoiety (Figure 15). The

most relevant examples from the liteena will be discussed below.

formation of the

3-ch i . )
chromanone ring Diels-Alder reaction to

o _____\O /O,H\ install the phenolic ring

Claisen
rearrangement

9

Figure 15 Key transformations in the synthesis of ann@in
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3.3. Background

3.3.1. The aromatic Claisen rearrangement

3.3.1.10verview

The aromatic Claisen rearrangement is a very effective tool for the preparatichafor
para-substituted phenol derivatives. Since its discovery by Ludwig Clafseryeral
research groups have contributed for the understanding of the mechanism and the factors that
influence the regioand sterselectivity of tis reactiorf® It was first reported in 1912 arid

was describedas the rearrangement of an allyl vinyl eth#ll i nt o -uasatuthted
carbonyl compound12, as well aghe transformation of allyl phenyl eth#i3into C-allyl

phenol114 (Scheme39).

3IXTX 1 A X7 N1
4K/6 4\ 6

X=0,N,S

C i D QOO0
O\‘/\cozEt © CO,Et o OH
113

114

111 112

Scheme39 First reported exaples of Claisen rearrangements on aromatic and aliphatic

substrates

The thermal rearrangement of aflyl aryl ether 113 generally yields arortho-allylated
phenol.This reaction starts with a [3;3]gmatropicmigration, generating aortho-dienone
115 as intermediate. If theortho-carbon bearing the allyl group is not substituted,
rearomatisatiorvia enolisation occurs, resulting in the formation of trého-allyl phenol
114. On the other hand, when botitho-positions are substituted, rearomatisation is not
viable and a second [3;8]gmatropic rearrangement (Cope rearrangemecturs This
rearrangement places the allyl chain atghea position, leadindo an intermediatel 16 that

enolises to theparaallyl phenol 117 (Scheme 40). In some casespara-Claisen
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rearrangement competes with tbeho rearrangement, even without a substituent on the

ortho-position?°

3
JEZ ’3,3‘ _ H 3 , | enolisation 2
Al SR e O}
o X OH
113

Claisen

115 114

3 1 H 3 1

\/\@ enolisation XX
O OH

116 117

Schemed40 Mechanism of thertho- andpara-Claisen rearrangement ahallyl aryl ether.

The Claisen rearrangement is generally regardedcameerted pericyclic process and it is
commonly accepted that it proceethrough a chailike transition stat&® This transition
state correspond® a suprafaciateaction pathwaynd, therefore allowed by Woodward

Hoffmann rules*

(0] OHX
g 257

Scheme41 Chairlike transition staten the Claisen rearrangement.

The aromatic Claisen rearrangement usually requires high temperatures, in the E8®e of
225 °C, and long reaction timddnder such conditions, undesired side reactions can occur
competitively. The rearrangement can be performed under milder conditions by use of

catalysts, such as, Lewis acfds.
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3.3.1.2Competition betweenortho- and para-Claisen rearrangement of allyl aryl ethers

It is well known that under Claisen rearrangement condititims allyl group migrates
almost exclusively to arortho position, if at least one is free. Hengeara-Claisen
rearrangementsan occur when thertho-position is substituted or when tbetho-dienone
intermediate cannot enolise due to steric hindrdhwéhen only oneortho-position is free,

competition betweeartho andpararearrangement care observed®

Gester and coworkers observed magpara compound formation with prenyl ethérl8
After 2 h at reflux in decalin substratd8 gave a 3:1 mixture gbara andortho Claisen
products. Upon extending the reaction to 2 days only ghea compound119 was

obsened®*

Scheme42 Reagents and condition&) decalin, reflux, 188 °C.

Daskiewicz and coworkers reported the regioselective control of the Claisen rearrangement
of 5-prenylchrysinl21 using microwave irradiation. According to the authors, the products
obtained were highlylependent orhe type of solvent and by the microwave irradiation
power. When the rearrangement was performed at 750NVNRdiethylaniline, almost only

para produ¢ 123 was obtained. Conversely, when the power was decreased the amount of
ortho product122 increasedHeatingthe etherl21in N, N-diethylbutylamine undereflux,

gave almost exclusive rearrangement todttio position(Table 5).%
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122 123

Irradiation 1221123 Total yield /

Entry Solvent Heating power / (W) ratio (%)
1 N,N-diethylaniline MW 750 0.02 83
2 N,N-diethylaniline MW 620 0.18 a0
3 N,N-diethylaniline MW 570 0.5 90
4 N,N-dimethylaniline MW 570 0.81 87
5 N,N-diethylbutylamine D - 16.2 86

Table 5 Claisen rearrangement ofsenylchrysin121 using microwave irradiation and

conventionaheating™

3.3.1.3. Abnormal Claisen rearrangement

The abnormal Claisen rearrangement is the most common side reaction for the thermally
induced rearrangesnts of ethers bearingralkyl substituents on the allyl grouf.his
rearrangement was first reported by Lauer and Fifbetiere they describe the formation of

ortho-(Ug-dimethylallyl}-phenol125from g-ethylallyl phenyl ethef 24 (Scheme43).

o) -G

124 125

Scheme43 Abnormal Claisen rearrangement described by Lauer and Fitbert.
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The mechanism of this reactidms been identified as thesult of three consecutive
processes, i.¢he normal Claisen rearrangemenfntralkyl allyl aryl ether followed by1,5]-

hydrogershifts (Scheme44).*’

H
o g o) OH
J 13,3] {1154 — s
( \
124 126 127

Schemed4 Mechanism for the abnormal Claisen rearrangement.

Several groups have reported methods for preventing this side reaction, by using a trapping
agent to prevent participation of the phenolic hydrogen in a-fily&jogen shift. Jeffersaost

al.%® reported the use of butyric anhydrideNeN-dimethylanilne and Karanewskget al®®

used the trappg of acetic anhydride in sodium or potassium acetstigre recently
Fukuyama and coworkershowed the suppression of abnormal Claisen rearrangement

products by trapping the normal Claisen products as their silyl ethers, usingbdti3,3,3

hexamethyldisilazane amdO-bis-(trimethylsilyl)acetamidé®

3.3.2. Synthetic methods for the preparation of chromanr3-ones

3.3.2.1From chromene-3-carboxylic acid

Several chromaf3-ones have been prepared from the appropriate chrofBezarboxylic
acid’®*** A typical route starts from basic condensation of salicylaldehy2® with
acnyonitrile to form 2H-chromen3-carbonitrile under refluxing conditiongith subsequent
basic hydrolysis and acidification. The carboxylic at®P thus formed is then converted
into the acid chloride, which on reaction with sodium azide or diphenyl pbodpdwide

forms the acyl azide&Successiv€urtius rearrangement and acidic hydrolysis of the resulting
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vinyl isocyarate leads to chroma3tones 130, via hydrolysis of the enamirkke 3-

aminochromené€Scheme45).

HO OMe (e} OMe (0] OMe
e OO O
OHC HOL,C™ o
128 129 130

Scheme45 Reagents and condition&) 1.acrylonitrile, DABCO, reflux, 24 h, 85%2. 10%
aqg.NaOH, reflux, 24 h, 90%; (H). diphenyl phosphoryl azide, ft, 45 °C;2. Toluene, 80
°C; 3.HCI (6 N), reflux, 78%™*

3.3.2.2From coumarins

Gadsmith and coworkers reported the preparation of chredaames134 by oxidation of
the corresponding chromand83 The latter were obtained by hydroboratmridation of
coumarinsl32 prepared byechmann reactioof m-cresol and acetoacetic es{&cheme

46).105'106

HO 0.__0O (0] (0]
\©/ Pechmann a b
N HO 0
131 132 133 134

Scheme46 Reagents and conditionga) BHs, THF, HO/HO", 49%; (b) DCC, DMSO,

benzene, 849>

3.3.2.3Using Dieckmann condensation

One of the mostommonly usedoutes for the synthesis of chromaones involves a
Dieckmann condensation ah appropriatedimethyt or diethylestef®*'® This cyclistion
has been successfully used and exploited by a number of research’fbfipsastasiset
al. reported the preparation of-ethoxycarbonyt7-methoxy2,2-dimethykchroman3-one,

exclusively in the enolic form 137, by cyclisation of ethyl 2(2-(2-ethoxy2-
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oxoethyl)phenoy)-2-methylpropanoatel35 with sodium ethoxide in refluxing ethanol

(Scheme47).*

o)
Eto)§<o a 0 o
—_—. _— -
o T HO
Et0” YO Et0” O Et0” YO
135 136 137

Scheme47 Reagents and conditiong&) sodiumethoxide, ethanokeflux, 3 h, 85%

In 1980, Verhé and coworkersported the isolation dhetwo possibleésomeric chromai3-
ones, 139 and 140, by cyclisation of methyl 2(2-(2-methoxy2-oxoethoxy)naphthalef-

yl)acetatel 38 (Scheme48).'°

1o L] i o L]
QL ) el
O O
MeO™ ~O MeO™ ~O
138

139 (32%) 140 (43%)

Scheme48 Reagents and conditiong&) ethanol, sodium, toluene, reflux, 4.

3.3.2.4.F r o nuiatbketones

An alternative approachio the synthesis of chromdaones involves the use of U
diazoketone$™*° Saba and coworkers reported the preparation in high yields of a series of
benze and naphtopyran3-ones byintramolecularC-H insertion of 1-diazo3-aryloxy-2-
propanonesin the presence of bis[hexafluoroacetoacetonato]coppéBdheme49). The
requisite diazoketones were prepared in good yield from the correspoadimxyic acids

by in situ formation of acid chloride and subsequent condensation with diazométhane.

63



Chapter IlI Studies towards the synthesis of annulin B

(e}
A 1
—_— »
(@)
141 142

Scheme49 Reagents and conditiong&) [Cu(hfacag), CH.Cl,, rt, 78%"'°

In 1992, Eberleinet al. prepared denzyt3-chromanoneld4f r om an appropr.i
diazoketonel43, by formation of a cyclic oxonium ydie, followed by concerted [1;8hift
(Schemes0).1?

BnO Bn

143 144

Scheme50 Reagents and condition&) dirhodium tetraacetate, GBIy, rt, 0.5 h, 67%.

3.3.2.5From propargyl aryl ethers

Recently Zhang and coworkers reported the syntliésibroman3-ones146 through gold

120

catalysed oxidation gfropargyl aryl ether&45(Scheme51).

H
X || a . X o
RI_ — - R
Pz 0 = o
145 146

Scheme 51 Reagents and conditions(a) pyridine N-oxide, M&'BuXPhosAuNT$,

dichloroethane, rt1-3 h%°

According t o t he author s, t h e s ediazoketoyesn, e s cal
generally toxic and di f-dxo matal darbenes tha are masts |, i n

likely the intermediates of these reactidi@hemes2).
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R'—'/j L

[[— K A 0
O oo — O O
o R & ©\o R o0 R 0" 'R

Scheme52 Mechanism for the gotdatalysed oxidation of propargyl aryl ethers.

3.3.3. Diels Alder reaction

As described in Chapter, Ithe Diels Alderreactionbetweenan electron rich diene and an
halogenated quinonasedto prepare the naphthoquinone core of annulins A and C, could be

applied to the synthesis of annulin B.
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3.4. Results and discussion

3.4.1. Retrosynthetic analysis

In our analysis of annulin B, we envisioned the natural product arising from a Diels Alder
reaction between chrom&ione 154 and the dien@8 (Scheme53). As already described in
Chapter 1] the required dien28 can be easily prepareih a few stepsfrom commercially
available methyl senecionat®2. To prepare the hroman 3one intermediatel54, we
decided toperform a Dieckmann condensation usthg dimethyl esterl52 as precursor,
followed by adjustment of tb oxidation states of the areri2imethyl esterl52 could be
synthesisedoy ozonolysisof dimethyhllyl aryl ether151 and subsequent oxidation and
esterification Therequired allylic substitution would stem from prenyl eth4® via Claisen
rearrangemdn This compound would in turrbe derived from phenoll48 and tis

intermediate could be readily obtained from commercially availablg-hydroxy5-

methoxybenzaldehydet7.
O O OH OMe (0] (e}
(0) Diels Alder (o) Br
eO ‘O — TMSO™ X + MeO
[e) (0]
o 28 154 O
annulin B U H
M (0] OMe
(0]
(0] B
J MeO '
MeO
82 o
153 OMe
Dieckmann
condensation/
methylation
OMe
ozonolysis/oxidation/ o OMe
AcO Br MeO Br esterlflcatlon MeO)k/o Br
Z
OMe
150 MeO™ ~O OMe
152
Clalsen

w> @::@

Schemeb3 Retrosynthetic analysisf annulin Bbased on a Dieckmann condensation
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A second possible strategy for the synthesis of annulis Based on an intramolecular
rhodium carbene GH insertion reactiorto form the chroma-one ring (Scheme 54).
Therefore a diazocarbonyl compoub®8 would berequired as a key intermexdie and this
would be accessedrom the corresponding aldehydE57 via reaction with methyl
diazoacetate, followed by oxidatiorAldehyde 157 was expected to be obtained by
ozonolysis of Z2allyl-bromobenzenel56 which could in turn arisevia a Claisen
rearrangement dafhe allyloxybenzend 55 This compound could be derived from phenol
148and this intermediate could be readily obtained from commercially avaletijdroxy

5-methoxybenzaldehyds47.

OTMS

Diels Alder
f— Meo X

28 154

annulin B ﬂ M
153

Me
2L
MeO =
82

HO-H insertion/

methylation
OMe OMe diazoacetate
addition/
OPG Br ozonolysis  OPC Br oxndatlon
= OHC
OMe OMe
157 158
Clalsen
OH

\@:@g:

Scheme 54 Retrosynthetic angsis of annulin B based onan intramolecular rhodium

OMe
147

carbene EH insertion reaction
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3.4.2. Synthetic strategy based on ®ieckmann condensatiorreaction

3.4.2.1lnitial synthetic route

The synthesis of annulin B started withregioselective bromination ofommercially
available2-hydroxy-5-methoxybenzaldehyd&47, using standard conditions. Protection of
the phenol as a methyl eth#60 followed by Baeyer-Villiger oxidation underhydrolytic
conditionsgave the desired pherial good yield"?**?? At this stage, phendl48was reacted
with 3,3-dimethyhllyl bromide in the preence of sodium hydride to yield the desired

allyloxy intermediatel49in excellent yield §chemesb).

OH OH OMe
OHC OHC Br b OHC Br
_a . 5 5
OMe OMe OMe
147 159

160

OMe OMe
H B
Z (o) Br g @) r
-—
OMe OMe
149 148

Schemeb5 Reagents and condition@) AcOH, NaOAc, Bg, rt, 1 h,79%; (b) KCOs;, DMF,
dimethylsulfate, rt, 24 h, 93%; (d). mCPBA, CHCI,, rt, 18 h;2. MeOH, KOH (aq.), rt, 1
h, 79%; (c)3,3-dimethylallyl bromide, NaH, DMF, rt,.3 h,99%

Once the prenyl ethel49 was available,we focu®d our attention on the Claisen
rearrangemenfs already mentioned above, it is known that heagiatkyl substituted allyl
groups often results in the formation of thecstied abnormal Claiseproduct®®®*# It is
also weltknown that he formation of theeproducs can be prevented by trapping the initial
phenol with an acylating agent under basic conditiBfisHence,reactionof prenyl ether
149at 200°C in acetic anhydride and potassium acegatee botrortho andpararearranged

products150and161in 15 and 28% vyield, respectivel¥dble 6, entry 1) Similar results

were obtained by replacing potassium acetate with sodium agetdtg 2) Using N,N-
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diethylaniline in the presence of acetic anhydradgin gave disappointing rsults. The
undesiredpara rearranged product6l was isolated in 63% yield, along with starting
material entry 3).0n the basis of the work reported Baskiewicz and coworkerswhere
they describe the regioselective control of the Claisen rearrangemeéiailyloxyflavones,
by changng the type of solvent and theicrowave irradiation power wexpected that by
using a similar strategythe prenyl ethemwould behave similarly.In the event, gating
compound149in N, N-diethylbutylamine did not siw any product formation, even after
stirring for 41 h at 140 °@entry 4) Using microwave irradiatiorgave similarresults(entry
5). Last dtempts to obtain the desiredtho rearranged product by heating in DMF, either
using conventional heating avith microwave irradiationonly gave the undesirepara
product(entries 6 and)7

OMe OMe

W/\/o\©/ Br A RO Br RO Br
+

= X
OMe OMe OMe
149 150 R = Ac 161 R = Ac
162R=H 163 R =H
Entry Conditions Isolated products
1 Acetic anhydride, potassium acetate, 200 °C, 16 150(15%) +161 (28%)
. . : 150(12%) +161 (31%) +
(o]
2 Acetic anhydridesodiumacetate, 200 °@1h S.M. (27%)
3 N,N-diethylaniline acetic anhydride, 200 °C, 21 h 161(63%) +S.M. (25%)
4 N,N-diethylbutylamine, 140 °C, 41 h S.M.
5 N,N-diethylbutylamine, 140 °Cl,.5 h, MW S.M.
6 DMF, 160 °C, 21 h 163(80%)
7 DMF, 200 °C,60 min., MW 163(87% )

Table 6 Claisen rearrangemenf prenyl etherl49,
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In view of these results, we quickly realized that a revised synthetic plan was needed.

3.4.2.2 Revised retrosynthetic approach 1

As theClaisen rearrangement prenyletherl49was disappointingly selective for tipara
positionit was decided to revisthe original synthetic plan(Scheme56). We hopedthat
Claisen rearrangement aflyl ether 155 without any methyl groups atposition, would
give mainly the desiredrthorearranged produdit4. It was still expected that thérmman
3-one ring could be acce=d by a Dieckmann condensatidn. this revised strategyhé
methyl groups at positions 2 anavwuld be introduced after cyctiton.

OMe
Diels Alder
— TMSO

28 154 o)

annulin B U

Mw

Hmethylation
ozononS|SIOX|dat|on/
Me esterlflcatnon Dieckmann 0 OMe
Br condensation o Br
MeO — MeO ——— MeO
(0]
OMe
MeO O 167
H 166
OMe OMe OMe
HO Br o B HO Br
Claisen & >~ r
4 — —

OMe OMe OMe
164 155 148

Scheme56 Revisedretrosyntheti@approach 1
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3.4.2.2.1Synthesis of the Dieckmann condensation precursor 166

With a new synthetic plan in mind, we investigated the synthesis of sulié@&{&cheme
57). To this end, phendl48was reacted with allyl bromide to provid&5 which was then
subjected to Claisen rearrangeméwicrowave heating of compourid5in DMF at 200 °C
for 40 minutes gave separablemixture of the desiredrtho rearranged product64 along
with the para-isomer168 in 57% and 29% yield, respectively. Treatment of compoléd
with potassium carbonate and methyttdoroacetate gave the desired methyl es6&in
excellent yield. Oxidative cleavage of the allylic double bond using ofmlmved by a
reductive workup gave aldehydel69 The aldehyde was then meerted to the

124125126

corresponding carboxylic acid70 using Pinnick oxidaon, with subsequent

esterificaion toyield the Dieckmann condensation precur$66in very good yield

OMe OMe OMe (0] OMe
(0] Br HO Br 0 B
HO Br . P A b c MeO/LK/ r
_— = _— —_—
= =
OMe OMe OMe OMe
148 155 164 165
d
(0] OMe (6] OMe (0] OMe
o) Br o) B
MeOJ\/ . MeOJ\/O Br . MeOJ\/ r
-— -
O/
Meo” So OMe Ho o OMe OMe
166 170 - 169

Scheme57 Reagents andonditions (a) allyl bromide, NaH, DMF, rt, 5 h, quantitative

(b) DMF, 200 °C 40 min.(MW), 57%; (c) CICH,CO,Me, K,COs, DMF, 16 h, 100 °C, 85%
(d) 1. Oz, CH.Cl,, -78 °G 10 min; 2. PPh, -78°C- rt, 2 h, 85% (e) NaClQ, NaH,PQO,, H.0O,

2-methyl2-butenet-BuOH, rt,1 h; (f) MeOH, SOC}, 0 °C rt, 16 h, 88% (over 2 steps).
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3.4.2.2.2Dieckmann condensatiorreaction onsubstrate 166

With dimethyl esterl66 in hand, we nextnvestigated the Dieckmann cyetgon. Initial

attempts using potassiutrbutoxide orsodium hydrideonly returned unreacted starting

material. After substatial experimentation it was discovered that the useaifissium
bis(trimethylsilyl)amidein tetrahydrofurangenerated the undesd cyclised productl71

along withits enol tautomefl 72 (ratio 5:1) in high yield. Use of other bases suchsasium
methoxide,sodiumbis(trimethylsilyl)Jamide(NaHMDS) or lithium bis(trimethylsilyl)amide

(LIHMDS) gave identical resultsThe '"H-NMR spectrumof 171s howed t wo si gnal

4.74 and 4.68 ppm thus confirming the presence of @@H, function. A benzylic function

would exhibit the correspondindCH,s i gnal -4d@ppd. 3. 50

(0] OMe (0] OMe

OMe OMe
166 167

Scheme58 Reagents and condition&) LIHMDS, THF, 0 °G-rt, 2 h, 74% (ratio 5:1).

In principle, Dieckmann condensation of diesfé6 could give two cyclised products.
Nevertheless, we found no trace of the desired isomeric chr8roan 167 even in the

crude reaction mixturen the basis of NMR spectroscopy.
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As mentioned above, Dieckmann condensation of dimetbigr 166 was not successful
leading to the undesireayclised productl7l. Therefore an alternativeoute was

investigated.

3.4.2.2.3. Dieckmann condensation reaction on substrat&73

In the course of our studies towards the desiretir8Bmanond 67, it wasthoughtthat the
latter could be accessed by Dieckmann condensatidneahixed tert-butylmethyl diester

173, followed bytreatment with TFA and methandb generate the methyl es{@&@cheme

59).
OMe OMe o OMe
o B o Br
tBuO)K/ Br 2 t-BuO ' 4&8“0)&)@/
0 HO
OM OMe OMe
MeO™ N0~V 174 175
173 !
v
v
o OMe
0 B
MeO r
o)
OMe

Scheme59 Prospective synthesis of chromaione167.

This assumption was based on the work reported by drigh Sulikowski> where they
describe thepreparation of a-8hromanone rind 77, with the ester group at the required 2

position, using diestet76as substratéScheme60).

O _OBu O._OBu
T o
0~ CcO,Me (O
NaHMDS
THF, -78 °C
N 92% NN
OPiv / i OPiv / l
0 0 0o

176

Scheme60 Dieckmann condensian reaction reported by Lim and SulikowsKi.
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Hence, after following the synthetic route previously described for intermediéde the
latter was alkylated witkert-butyl bromoacetate to yieldompoundl78in excelent yield.

Ozorplysis of 178 followed by oxidation and esterification produced diedféB in very

good yield(Scheme6l).
OMe [e) OMe (0] OMe
HO B J\/O Br
r a t-BuO)K/O Br b t-BuO
= = o~

OMe

OMe OMe

164 178 179

O OMe [e) OMe

t-BuO)J\/O B d t-BuO)J\/O Br

oM
MeO O © HO (6] OMe

173 180

Scheme61 Reagents and conditioné&) BrCH,COut-Bu, K,CO;, MeCN, Nal, 15h, reflux,
88%; (d) 1. O3, CH,Cly, -78 °G 40 min.;2. PPh, -78°C- t, 2 h,59%; (€) NaCIQ, NaHPQ,
H,0, 2methyl2-butenet-BuOH, rt, 1 h; (f TMSCHN,, MeOH/toluenert, 1.5 h, 93%over
2 steps).

With diesterl73 in hand, we nexattempted the Dieckmann cyealison applying the same
reaction conditionsisedby Lim and Sulikowskit™ Unfortunately, treatment af73 with

NaHMDS gave the undesired cyeproductl71in 72% yield(Scheme62).
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(0] OMe (0] OMe
o) Br
(0)
OoM
MeO (6] © 174 OMe

173

OMe OMe
(e} Br (0] Br
o) HO™ Y
oM
MeO” S0 V€ Meo™ So OMe
171 172

Scheme62 Reagents and condition@) NaHMDS, THF,-78 °C, 45 min., 72% (ratio 5:1).

With the evident inability of mixed est&73to undergo selective cyclisation to the desired

3-chromanone we decided to reviag strategy.

3.4.2.3Intitial synthetic strategy revisited

After the disappointing results described abdvdéecame clear that in order to obtain the
desired chromaf3-one, with the required ester group aR{t was essential tmtroduce the
requisite methyl groups at-€ before Diecknann cycligtion. In view of this, we revisited

the original retrosynthetic plan aedamined an alternative strategy to introduce the required

methyl groups

Our aim was to prepare the allyl substituted benZeswe described before and then to
perform ozonolysis followed by odation and esterification to access methyl es8&r Then
dimethylation of the latter would hopefully yield the desired intermedi&®that after
reaction with methyl bromoacetate should give the Dieckmann condensation prd@3rsor

(Scheme63).
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O (0] OH fo) OMe (0] OMe

o 2 0 Br Dieckmann " O)K/O Br

d ti e
MeO ‘O MeO condensation

(0] [e) x

0 OMe Meo” S0 OMe
annulin B 184 183

Br
/\J©/ methylatlon

MeO O
181

Scheme63 Intitial synthetic strategy revisited.

The synthesis started with preparation of intermediedd using the same synthetic
sequence described beforerotectionof the phenol as a benzyl ethand subsequent
ozonolysis of the allylic double borghvethe desired aldehydEs6 in excellent yield. The

latter was then converted into the methyl est88, after oxidation and esterification

(Scheme64).
OMe OMe OMe
HO Br BnO Br BnO Br BnO
—a b ¢ .
= = o~
OMe OMe OMe OMe
164 185 186 187 R = OH

188 R = OMe

Scheme64 Reagents and condition&) BnBr, NaH, TBAI, THF, rt, 16 h, 91%; (). O,
CH.Cl,, -78 °C, 10 min.;2. PPh, -78 °G rt, 2 h, 86%; (c) NaClQ NaHPQ, H,O, 2
methyl2-butenet-BuOH, rt,1 h; (d) MeOH, SOG]J 0 °G rt, 16 h, 91% (over 2 steps).

With compound188 synthesisedwve turned our attention to thpreparation of thegem
dimethyl intermediatd 90 (Scheme65). Initial attempts using NaH (2.2 equivalents)ter
BuOK (2.2 equivalents) and iodomethane only returned unreacted starting material. After
extensive experimentation this reaction was effected by reactingl8steith LIHMDS and
iodomethane in THF, to give the monoalkylated ed®9. Further treatmentfahe latter

with an excess oLiHMDS and iodomethane gave the desigahidimethyl ester in very
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good yield. Next the plan was to remove the benzyl protecting gRegrcting compound
190 with a vast excessf boron trichloridein dichloromethaneyave lactone 192 in 74%
yield. Alternatively190was reacted witlonly 3 equivalents of boron trichloride to give the
desiredphenol 191 Sadly, his compoundproved to be extremely unstable, and upon
exposure to methylchlorcacetate and potassium carbonate or starding at room

temperature, cyclaion occurred and the lactone prodL@p was isolated.

OMe

Eit/ fié/ p HO. Br
4> —» —>
M
o o) MeO OOe
191

MeO™ ~O Me

MeO)J\/

19 183

Scheme65 Reagents and condition§a) LIHMDS, Mel, THF, -78 °G rt, 18 h, 94%; (b)
LIHMDS, Mel, THF, 0 °C-rt, 21 h, 76%]c) BCL, CH.Cl,, -78 °C, 2.5 h, quantitative; (d)
CICH,COMe, K,COs, DMF, 1 h, 100 °C, 60%.

Formation of theyclisedproduct can be due to tgemdialkyl effect that isknown to cause
an increae in the rate of cyclgion reactions.This effect was originally observed by

127 According to them the

Beesley, Ingold and Thorpnd named th&horpelngold effect
observed rate increase of cyalimn when adding gemdialkyl functionality is caused by
the reduction of the angle between the relevant ring atoms, resulting fropression by
the substituentsin alternativeexplanation for this effect is called the reactigtamer effect

and subscribethat substitution lowers the rotational barrier so that the probability of the

reactivegaucheconformation beingeactedis increased?®

77



Chapter IlI Studies towards the synthesis of annulin B

3.4.2.4. Revised retrosynthetic approach 2

In light of the evident inability to prepare the desired dimethyl ester withaheal mehyl
groups we decided to alter our retrosynthetic analgsise more(Scheme 66). Upon
consideration it was thought that instead of incorporativgtwo methyl groupsbefore
Dieckmann cyclisatiorwe could alternatively add only onieoping thatthis wouldlead to
the eclusive formation of the desired cyclysed produkd7. For the installationof the
methyl groupat the required positiowe planned tgerform a Claisen rearrangement of
crotyl ether193 assumingthat this would give mainly the desiredrtho-( Athethylallyl)-

phenol194.

OM
O Br methylation
—> MeO
O
annulin B 153 197
Dieckmann
condensation
(0] OMe
o Br
MeO)J\/
OM
MeO” S0 "¢
196
ozonolysis/oxidation/
esterification
OMe OMe OMe (o] OMe
HO Br O Bremicen O Br MeOJ\/O Br
S — L e— —
= =
OMe OMe OMe OMe
148 193 194 195

Schemeb66 Revised retrosynthetic approach 2.

3.4.2.4.1. Synthesis of the Dieckmann condensation precursdrO6

After following the synthetic sequence previously described for the preparation of

intermediate 148 the latter was reacted with crotyl bromide to deliver the Claisen

78



Chapter IlI Studies towards the synthesis of annulin B

rearrangement substrat®3in 87% vyield as a 5:1HZ) mixture of isomergScheme67).

With this intermediate in hand, we next investigated the Claisen rearrangement reaction
(Table 7). Heating the allyl ether t&60 °C in neat conditions or using DMF providelda

yield of both ortho- and pararearranged produst(entries 1 and 2)The use of acetic
anhydride and\,N-diethylaniline gave similar results (entry 3Jo our delight improved

yields of the desiredrtho Claisen product were obtained when the allyl ether in DMF was

heated to 200 °C under microwave irradiation (entry 4).

OMe OMe OMe
RO Br RO B
%O Br A r . r
= X
OMe OMe OMe
193 194R=H 198 R = H
199 R = Ac 200R =Ac
Entry Conditions Isolated products
1 neat, 160 °C, 48 h 194 (23%) +198(26%, E/Z 2:1)
2 DMF, 160 °C, 48 h 194(31%) +198(26%, E/Z 2:1)
3 N,N-diethylaniline, acetic anhydride, 200 ®h  199(35%) +200(36%, EZ 1.8:1)
4 DMF, 200 °C, 60 min., MW 194 (53%) +198(29%, E/Z 2:])

Table 7 Claisen rearrangemeaof crotyl ether193.

After the successful synthesis of the desiredho-( {thethylallyl}phenol 194 this
intermediate was elaborated into the Dieckmann cyclisation subs@@tarough the usual

sequence3chemes?7).
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OMe OMe OMe (0] OMe
HO. Br o} Br o B
a N S b HO Br MeO)K/ r
- > —_—
= =
OMe OMe OMe OMe
148 193 194 195
d
(0] OMe
O OMe (0] OMe
o Br o Br
MeOJ\/ f Meo)J\/O Br e MeOJ\/
O/
oM
MeO (0] e HO o OMe OMe
196 L 202 - 201

Scheme67 Reagents and conditionga) crotyl bromide, NaH, DMF, rt, 2.5 hl87% (b)
DMF, 200 °C,60 min.(MW), 53%; (c) BrCH,CO.Me, K,CO,;, DMF, 50°C, 3 h, 88%; (d) 1.
Oz, CH,Cly, -78 °G 15min.; 2. PPh, -78 °G rt, 2 h,75%; (e) NaClQ, NaHPQO,, H,O, 2-
methyl2-butenet-BuOH, rt, 1 h; (f) MeOH, SOG| 0 °G rt, 16 h,68% (over 2 steps).

3.4.2.4.2. Dieckmann condensation

The proposed Dieckmann condensation veesomplishedby reacting dimethyl estet96
with LIHMDS at -78 °C for 3 h This reaction provided a compound RWINMR
spectroscopidat consistent with the enol tautomer of the desired chreBraame. The 'H-
NMR spectrumshoweda si ngl et aansistent dith thd hygdrgxyhgroup at
position 3, as wellasquar t et and a s i ngl omrespandingtche3 .

methyl groupandhydrogen at position €scheme68).

(0] OMe O OMe
O Br
MeO)J\/ a Meow Br
HO
H
Meo™ So OMe C OMe
196 5 10.4 ppm (singlet) 203 4 3.81 ppm (quartet)

4 1.39 ppm (doublet)

Scheme68 Reagents and condition&) LIHMDS, THF,-78 °C, 3 h, 96%.
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3.4.2.4.3. Completion of the synthesis

With the desired chroma3one successfully prepared, we began the final campaign towards
annulin B Initial attempts to methylate positions 2 and 4 involved the additigotafssium
t-butoxideandiodomethando a solution 0203 in THF. These conditions resulted in the

formation of the desired compound, although in low yield.

0 OMe O OMe
(o) B
MeO™ © Br__a | MeO '
HO 0
H OMe OMe
203 153

Scheme69 Reagents and condition&) 1. +BuOK, THF, 0 °C, 1 h2.CHal, 0 °C, 1 h;3.0
°C-10°C, 1 h, 21%.

Due to a lack of material and time restriction, the studies towards annulimdBo be

interrupted

The remaining steps for convertif§3into annulin B arehe oxidative demethylation of the
dimethoxybenzene moiety to provide the desired quidddeard the Diels Alder reactign

between théatterand diene28, whosepreparatiorhasalreadybeendescribed.

OMe

OMe
153 154 annulin B

Scheme70 Prospective completion of thgrghesis.
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3.4.3. Intramolecular O-H insertion approach

Although thereare someexamples in the literature on the preparation of oxygenated

heterocyclesyia an OH insertion reactiof?®**

thereis no literature precederior the
preparation of chromaB-onesusing ths strategy. As a result, we considered that it would
be interesting to westigate in parallel a route for the synthesis of the chregvame ring of

annulin Bbased orD-H insertionchemistry

HO Br O Br
O O cat. MeO
_____________ -
MeO -N, (0]
N> OMe OMe
158 167

Scheme71 Prospective €H insertion reation.

3.4.3.1.Synthesis ofJ-diazo-b-ketoester158

The synthesistartedwith the commercially available -hydroxy-5-methoxybenzaldehyde
147, which was convertednto allyl benzenel64, using the same synthetgequence
described irSections 3.4.2.5nd 3.4.2.2.1The phenoll64thus formed wagrotected as its
ethoxymethyl ether (EOM) and thesubjeced to ozonolysis conditiongdo convert the

terminal alkene into the desired aldehgf&, in very good yield$cheme72).

OH OMe OMe OMe
OHC HO Br EOMO Br EOMO Br
a-e f g
= = o7
OMe OMe OMe OMe
147 164 204 205

Scheme72 Reagents and conditionga) AcOH, NaOAc,Br,, rt, 79%; (b) kKCOs;, DMF,
dimethylsulfate, rt, 24 h, 93%; (&) m-CPBA, CHCI,, rt, 18 h;2. MeOH, KOH (aq.), rt, 1
h, 79%; (d) allyl bromide, NaHDMF, rt, 2.5 h, quantitative(e) DMF, 200 °C, 40 min.
(MW), 57% (f) EOMCI, iPLNEt, CHCl,, rt, 17 h,81%; (9 1. O3, CH,Cl,, -78 °G 10 min;
2.PPh, -78 °G rt, 2 h, 86%;
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The installation of theequired diazo functionalitwas effected in two steps. Following the

precedents established biang et al,**

aldehyde 205 was reacted with methyl
diazoacetaté” in the presence of DBU to giv -didzob-hydroxy compound08 in 80%
yield.**® Oxidation of the resulting alcohalsing IBX in DMSG* gave thedesiredJ-diazo
b-ketoesteR09 that was subsquenttyeated witha solution of hydrochloric acid in methanol

to revealthe substrate for the key intramobiar O-H insertionreaction in excellentyield

(Schemer3).
EOMO EOMO EOMO
o o
+ Meo% b
o~ N,
OMe 207 N,
205 209

HO Br

o]
MeO )J\/ NH,.HCI OMe
206

MeO

N2 OMe
158

Scheme73 Reagents and conditionéa) 1. NaNG;, (aq.), HO, CHCl,, rt; 2. H,SO, (aq.),
-10°C, 20 min., 80%; (b) DBU, MeCN, rt, 3 h, 74%; (c) IBX, DMSO, 60 °C, 20 min., 80%;
HCI, MeOH, rt, 2 h, 96%.

3.4.3.2.Intramolecular O -H insertion

The stage was now set for the intramolecular rhodium carbddén®ertion. This reaction
was effectedy adding rhodium(ll) acetate catalystdasolution of the diazo compoui88
in dichloromethaneThis resuledin the formation of the desired chroma:one as its enol

tautomer210, in excellent yieldScheme74).
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OMe (0] OMe
HO Br (0] Br

MeO HO

N> OMe OMe
158 210

Scheme74 Reagents and condition&@) Rhy(OAc)s, CH.CIy, 1t, 1 h, 98%.

The appearance oftwosinggt s at U0 1 QcorBespendirty toZhe Hy@roxpl pru
theT CH, groups confirmed the successful transformati@ue to the lack of time, no more

experiments could be carried out to completesyrghesis of annulin B.

Similarly to thesynthetic routedescribed above, future work will include the methylation at
positions 2 and 4, followed bgxidative demethylation of thieenzene cor¢o the desired

qguinonel54and Diels Alder reactigrbetween théatterand diene8.

) OMe o) OMe 0 o)
0 B
MeO ' MeO Br MeO © Br
| ——————————— » | 1 | memmmmm————- E
HO o o
210 OMe 153 OMe 154 O
| OMe
FTMSO X

annulin B

Scheme75 Prospective completion of the synthesis.
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3.5. Conclusion

This Chapter has described our synthetic efforts towards the synthesis of annmiorBer

to access the chrom&rone ring two different strategies were investigatkd.a first
approach, our aim was to synthesise the chreBrame ring through a Dieckmann
condensation reactiorf-or the preparation of the substrate for this key i@actve
performed a Claisen rearrangement of three intermediates, namely, prenyl4&henotyl
ether195and allyl etherl55 Claisen rearrangement of prenyl etthd® was disappointing
and gave mainly the undesirpdra rearranged produd63 To our ctlight, crotyl and allyl
ethers gave the desir@dtho rearranged products in good yields. After transformation of
ortho-allylphenol 164 and ortho-( {thethylallyl-phenol 194 into the corresponding
dimethyksters 166 and 196, both compounds were subjected to Dieckmann condensation.
Initial attempts, usingdimethylester166 were not successful leading to the undesired
cyclised productl71l Fortunately, reactioof dimethyl esterl96, which containoone of the
required methyl gups, resulted in the formation of the desiredhBomanone as its enol
tautomer203, in excellent yield96%). Using this synthetic route the desired chrofBaone
203 was obtained inl2% yield, over 10 steps.In a second approach, we successfully
preparedhe 3chromanone ring of annulin B using an intramolecular carbehkisertian
reaction, by dirhodium(ll) catalysed reaction Bfliazob-ketoester158 This alternative
approach allowed the preparation of the desiretird@manone rin@10in 13% vyield, over

11 steps.
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Chapter IV Synthesis of benzofuranquinones

4.1 Introduction

Earlier biological assays identified the benzofufs®H488, previously synthesised in the
Moody group, as a good IDO inhibitor. ThesjGralue for this compound, 237 nM, is
comparable to the most potent IDO inhibitors discovered so far, including naphthoquinones

and the marine sponge alkaloid exiguamin&A.

0 OH
MeO
N
O
O

ACH488

Figure 16 Structureof ACH488.

Aiming to extend our studies on the inhibition of IXXekction of benzofurans, based on

the ACH488 core, was prepare@&¢heme76). Our initial aim was to investigate the effects

of IDO inhibition by modifying the substituents at positions 5 and 6. The synthesis of the 6
methoxy regioisomer oACH488 was initially invesigated and following this, the-5
position was substituted with aminoalkyl groups. Further investigations looked at protecting
the hydroxyl group at the-Bosition, with a methyl and with an electraithdrawing group.

In addition, we decided to modify theder of substituents at positions @1d 3 and to

prepare analoguil6.
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e

212 RS = NH(CHy)4Me;
I 213 RS = NH(CH,);NMe; ;

o OH

MeO 0
e
\ 6 N
0 MeO o
O O

211

215 R3 Ar(F3)
O
e0 3 OH
A\
o2
O
216

Scheme76 Structure of benzofuranquinonasalogues.

4.2 Synthesis of ACH488

BenzofuranACH488 was prepared using a modified version of the methodology developed
by Murphy et al.”****® in 1992. The authors reported the regioespecific synthesis of the
pyrrolo[1,2a]indoloquinone framework, employing a bromoquin@m@amine annulation, in
the presence of potassium carbonate and copper(ll) broimgeoved conditions for this
reaction were developed within the Moody group, using stoichiometric copper(ll) acetate

(Scheme77).**

NHR' ] O co,Rr
R R
R2 X COZR \ R2
R® Br Cu(OAc)2.H20, K2CO3 R® N
MeCN, reflux o K
217 218

Scheme 77 Cu(ll)-mediated synthesis of indolequinones from the corresponding

bromoquinones and enamines.
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The synthesis started with bromination of the commercial available comga@ridllowed

by oxidation with cerium ammoniumitrate, to give bromoquinori22l in 2 steps, in 85%

yield. Then, reaction of the latter with methyl acetoacetate, in the presence of potassium
carbonate or potassiutrbutoxide and copper(ll) acetate monohydngdttded the desired
benzofuran223. Theyield variedfrom 9% to 34%, depending whether the reaction was
performed in gram or nligram scaleTreatment with lithium aluminium hydride in THF
reduced the ester group to the corresponding alcohol, and oxidation with iron trichloride

gave the expectebenzofurarACH488 as an orange solid in 30% yiel8dheme78).

OMe OMe
219 220 221

o O

A A oue

222

>,—_ OzMe

ACH488

Scheme78 Reagents and condition@) Br,, CH,Cl,, 0 °C, 1h 96%; (b) CAN, HO, MeCN,
rt, 16 h, 89%; (c) methyl acetoacetate, Cu(QA¢0O, K.COs, MeCN, 80 °C, 1.5 h, 34%; (d)
1. LIAIH 4, THF, rt 1 h;2. Acetone, FeGIH,O (1 M), 5 min, 30%.

The mechanism proposed by Murpétyal **°for the annulation reaction betweetb®mo
5-methoxyquinone21 and methyl acetoacetate is showrSicheme79. The key steps are
(a) the Michael type addition @&22to C6 of the bromoquinon221to give hydroquinone
224, after enoliation, (b) oxidation of the hydroquinone to quin@, and (c) cycliation

to 223. Themain role ofCu(ll) is to oxidi® the hydroquinone to the corresponding quinone

under aerobic conditions.
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o] m o OH CO,Me CO,Me
MeO M Oxidation _MeO
+ MeO
Br
o Base O 225
221 e} o
MeO)J\)J\
222
0 CO,Me CO,Me Cone
MeO

Scheme79 Proposed mechanism for the annulation reaction.

4.3  Synthesis of ACH488 analogues

4.3.1 Synthesis of Bmethoxy-2-methylbenzofuran-4,7-dione 211

The first analogue to be synthesiswas the Bnethoxy regioisomer cACH488. The initial
aim was to investigate if switching the methoxy group, from thie 5he 6position, would
effect IDO inhibition. Although this may appear trivial change, the switch of the electron
releasing methoxy group from thet® the 6position affects the electronic properties of the

guinone ring system.

The same strategy, previously applied to the synthes;ACf488, was used to prepare the
6-methoxy regioisomer Scheme 80). The synthesis started with Dakin oxidation of 5
bromovanillin 228 with sodium percarbonate to give hydroquind229 in 81% yield.
Subsequent oxidation @9 with iron(lll) chloride yielded quinon230, whichwas reacted

with methyl acetoacetatin the presence of potassium carbonate and copper(ll) acetate
monohydrated give benzofura233in 49% vyield. To perform the reduction of the methyl
ester to the alcohol, the quinone moiety was first reduced with sodium dithionite to the

corresponding hydroquinon232 and then treated with lithium aluminium hydride. The
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Chapter IV Synthesis of benzofuranquinones

work-up was conducted by treating the reaction mixture with ethgtade, water, sodium
hydroxide and silica in the presence of air to induce the spontaneous reoxidation of the

hydroquinone, giving the desired benzofufdrd in 52% vyield.

CHO OH o
_a b
MeO Br MeO Br MeO Br
OH @)
229

OH
228

o] OH OH  co,Me O co,Me
N\ - & Nn_. ¢ \
MeO o MeO o MeO o
o) OH (0]
211 232 231

Scheme80 Reagents and conditioné&) sodium percarbonate, THR® rt, 4 h, 81%; (b)
FeCk.H,O, MeOH, rt, 1 h, 91%; (c) methyl acetoacetate, Cu(@QRgp, K.,CO;, MeCN,
8C°C, 1.5 h, 49%; (d) N&,O,, CHCL, H,0, rt, 3h, 79%; (e) 1. LiAIH, THF, 0 °C, 2.rt, 1.5
h, 52%.

4.3.2 Synthesis of 5aminoalkyl substituted benzofuranquinones 212 and 213

Synthesis of benzofuranquinor&k2 and213 (Figure 17) was of interest as the introduction
of another heteroatom containing substituent could eventually help in the solubility of the
compoundlt would also enable us to verify if IDO can accégriger chain substituents at

the 5position

w © OH | Ho§ OH
A~~~ UN \ NN N\
(0] (@]
(@] (o]
212 213

Figure 17 Structure of compound&l2 and213.
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Analogues?1? and213 were prepared by nucleophilic substitution of theé&hoxy group,

by an excess of pentylamine bkN-dimethylpropanel,3-diamine in acetonitrile at room

temperature§chemesl).
o} OH 0 OH
MeO R
A\ - a A\
o o
o} o}

ACH488 212 R® = NH(CH,)sMe;

213 R® = NH(CH,)3NMey;

Scheme81 Reagents and condition@) NH:R, acetonitrile, rt.

Compounds212 and 213 were obtained in 64% and 55% yieldsspectively. Complete

characteriation ofeach compound confirmed that the substitution reactions were successful.

4.3.3 Synthesis of analogueg14and 215

In order to investigate whether the free hydroxyl group at theskion was essential for
IDO inhibition we decided t@ynthesie two analoguesn which the hydroxyl group was
protected with a methyl grougil4 or with a electrorwithdrawing group215, in this case, a

trifluorophenyl Figure 18).

o OMe 0 o F
MeO MeO

0 (0]
214 215

Figure 18 Structure of compound&l4 and215.

Initial efforts to prepare methyl eth@l4 included attempts to reaétCH488 with mild
bases, such asodium methoxide, aesium carbonate or pyridine in the presence -of 4
dimethylaminopyridingor strong bases, such as, sodium hydfidle 8). Nevertheless, all

of these approaches proved to be unsatisfactory, leadaeptadation products or recovery
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of starting material Alternatively, ACH488 was treated with thionyl chloride and then
reacted with methanoin the presencef potassium carbonate. These conditions, however,
only gave thechlorinated compound or degradation products. A final attempt using silver(l)
oxide and methyl iodide at reflux was carried out. Using this metA@h488 was

converted into the desired metleygher214in 51%.

(6] OH o OMe
MeO MeO
A\ - . A\
o] o]
o) o]
ACH488 214
_ Isolated
Entry Reagents Temperature/ °C Time/ h
Products
1 DMAP, pyridine, " 8 starting material
Mel,CH,CI, + degradation
DMAP, pyridine, Mel, starting material
2 40 48
DMF + degradation
3 NaH, Mel, THF rt 20 degradation
4 a) SOC}, CHCI, t a)l chlorinated
compound
b) MeOH, KCOs;, DMF b) 16
a) SOC}, CHCI a)l ,
5 ) SOCh CHCl, rt ) degradation
b) MeOH, KCO; b) 2
NaOMe, Mel, MeOH, :
rt 2 degradation
THF
7 CsCOs, Mel, DMF rt 32 degradation
8 Ag;0, Mel reflux 22 214 (51%)

Table 8 Conditions screened to obtain compoid.
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The synthesis of analog@d5 was carried out in two steps. First, the free hydroxyl group
was chlorinated with thionyl chloride and then treated with 2dflGorophenol in the
presence of sodium hydride. The desired comp@irrdvas obtained in 34% yield over two
steps(Scheme82). Attempts to obtain directly compouril5 without isolation of the

chlorinated intermediat233failed. It wasnecessary to isolatbe chlorinated compound in
order to perform the coupling reaction.

F
? OH Q cl o o F
MeO. MeO MeO
A\ a » AN b N F
9 o] o]
o) o) o)
213 233 215

Scheme 82 Reagentsand conditions: (a) SOC}, CHCl,, rt, 2 h, 58%; (b) 2,46
trifluorophenol, NaH, DMF, rt, 5 h, 58%.

4.3.4 Synthesis of analogu@16

In order to explore the influence of changing the order of substituents at positions 2 and 3,

compound216was synthesisedr{gure 19).

O
MeO OH
A\
(0]
O

216
Figure 19 Structure of compoun#16.

The synthesis started with alkylation ehgdroxyacetophenor#34 with ethyl bromoacetate
under basic conditionsSEheme83). The resulting ethyl phenoxyaceta?85 was then
treated with sodium ethoxide to give the corresponding benzof2@88nn 36% vyield.
Nitration using fuming nitric acid in acetic acid provided an entry to the desied 4
nitrobenzofuran237 in 58% yeld, along withthe isomeric éitrobenzofuran.'H-NMR
spectroscopy confirmed the position of the nitro grou8n by the appearance of two

doublet signals with a 9.2 Hz coupling constant.
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Reduction of the nitro group using tin powder in hydrochloric acid and ethanol at reflux
yielded the aminobenzofuré38 in 93% yield. Treatment with lithium aluminium hydride
in THF reduced the ester gmto the corresponding alcohol, and oxidation vaidtassium

nitrosodi sul f gavatheeexpéckgliaome2 1 i 898ogidldt )

(@] NO,
MeO MeO MeO
b N—cogt ¢ N—co,Et
OR (0] (e}
. ( 234R=H 236 237

235 R = CH,CO,Et

NH,

0] NH,
MeO. A\ OH f MeO OH e MeO
- N I — N—co,Et
O (0] (0]
o 239

238
216

Scheme83 Reagents and condition&) ethyl bromoacetate, ¥COs, acetone, 60 °C, 18 h,
97%; (b) NaOEt (21 wt% in ethanol), EtOH, 75 °C, 2 h, 36%; (c) El{ming), AcOH
(glacial), rt, 18 h, 58%; (d) Sn, HCI, ethanol, reflux, 1.5 h, 93%; (e) LIATHHF, rt, 2.5 h,
87%; (f) Fr enNaB,BO,muféel, rt, 1h 8%et one,

4.4  Biological evaluation of benzofuranquinones

Some of the benzofuranquinones described in this chapter were evaluated for their ability to
inhibit purified recombinant humaiDO. All these experiments were carried out in the

laboratories of Professor David Ross by Dr David Siegel and colleagues, within the
University of Colorado, Department of Pharmaceutical Sciences and Cancer Center in

Denver.

4.4.1 Biochemical Assay

Recombinant human IDO was expressed purified as describebly Littlejohnet al*** The

method used to evaluate inhibition efficiency is showrrigure 20. IDO expressin was
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activated by stimulation of the tumour cells in culture with interfeson (-b F N and
lipopolysaccharide (LPS¥8 hafter stimulation, the cell culture medium was collected and
the levels ofL-tryptophan,L-kynurenine and.-kynurenic acid were meased by capillary
liquid chromatographelectrospray iongtion tamem mass spectrometry. In the presence of
IDO inhibition, the levels of tryptophan in the cell culture medium remaimethanged and

the levels okynurenine and kynurenic acid decreggetative to norAnhibited controls.

IDO
Induce IDO expression with IFN-y and LPS e e
IDO
IDO
ipo . 'DO

COH O COMH
N NH,

H
L-tryptophan L-kynurenine
OH
X
—
N CO,H

kynurenic acid

Figure 20 IDO inhibition assay.

4.4.2 Biological results

The results of the biological assays are provideBahle 9 and include the I§ determined
for inhibition by ACH488, the related énethoxy regioiosome211 andthe corresponding
synthetic precurser223 240and231, 232 The percent activity remaining of IDO at 1 uM
for benzofuran®12 213 214and215is also displayedBiological data of compoun16,

described in this Chaptas awaited from our collaborators.
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Compounds

ICs0 (LM)

Percent activity
remaining of IDO at 1
UM

=
[
e}

o o
O -

e}

T

ACH488

0.237

17.0

O co,Me

=
[
o
o
o -

223

7.20

OH  co,Me
MeO

® 0
8 I

94.2

(o]
o

H

MeO o

N O

0.499

O co,Me

MeO

o
o~

231

33.8

OH  co,Me

&

MeO

e]
I

>100

i

T

o o
oz

e}

212

I

71.9

\
?
ZT
o o
[oN9Z
o)

N
©

I

57.1

MeO.

O o
o7

(e}

<

[

214

26.2

215

41.0

* Synthesisedising the same proceduaedescribedor 232;

Table 9 In vitro inhibition of IDO.
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The data clearly shows thahCH488, the 6-methoxy regioisomer 211 and the 3
methoxymethyl derivative214 were the most potent IDO inhibitors. In contrast,
hydroquinones240 and 232 were very poor inhibitors demonstrating that the quinone
functionality is critical for activity. The poor results with the methyl ester derivatives

confirm the importance of the hydroxymethyl group.

Protecting the hydroxyl group at position 3 witlriluorophenyl group Z15) resulted in a
considerabldoss of activity.In contrast, the mtection of the hydroxyl group with a methyl
groupresulted in a compoun@14) whichactivity is roughly equal to that AACH488. This
result suggests that it Iikely that theoxygen atom at position B exploiting hydrogen

bonding interactions with some residues of the enzyme.

Incorporation of aminoalkyl chains at thepbsitionclearly have aletrimentaleffect This

probably suggesthat only small groups are toleratatthis position.
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45 Conclusion

Several compounds were synthegisaround theACH488 scaffold. From the biological
resultsobtained it can be concluded that the presence of a quinone moiety isigisant
potent IDO inhibition.In addition, these preliminary studies also indicate thatokygen
atomat position 3 might be important for IDO inhibitory effe€he dramatic losi activity
observed with the-&aminoalkyl substituted benzofurans prolyabuggestghat only small
groups are tolerated at this positionhese results will enable us to further exploit
modifications of theACH488 structure, with the goal of generating even more potent IDO

inhibitors.
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Chapter V Experimental

General experimental details

Commercially availableeagents were used throughout without further purification unless
otherwise stated. All anhydrous solvents were purchase from Aldrich except tetrahydrofuran
and dichloromethane that were distilled from sodium benzophenone ketyl and calcium
hydride, respeately. All other solvents were obtained as spectroscopic grade and used as
received. Light petroleum refers to the fraction with bpe@0C and ether refers to diethyl
ether. All reactions were routinely carried out under a nitrogen or argon atmosptiexié an
glassware was flamaried before use. Microwave reactions were carried out in a CEM
Discover Sclass (300W) microwave reactwith IR temperature sensoAnalytical thin

layer chromatography was carried out on aliomim backed plates coated with &di gel
(Merck Kieselgel 60 Gk, and visualised under UV light at 254 and/or 360 nm and/or
potassium permanganate or ethanolic vanillin dip. Chromatography was carried out using
Merck Kieselgel 60 H silica with the eluent specified. Infrared spectra neepeded on a
Perkin ELMER 1600 FTIR spectrometer, in the range 4800 cni using chloroform as
solvent. Ultraviolet spectra were recorded in the range-6200 nm as solutions in
spectrometric grade acetonitrile using either Perkin Elmer Lambda 5 cydemtiometer or

ATI Unicam UV4.'H-NMR and™C-NMR spectra were recorded using Bruker Avance llI
500, Avance IH400, Avance 400, DPX 400 and DPX 300 instrumetitsf{equencies are

300, 400 and 500 MHz, correspondifi¢ frequencies 75, 100 and 125 MHz)émnical

shifts are quoted in ppm and are referenced against residual proton in the deuterated solvents.
J values are recorded in Hz. In tf€ spectra, signals corresponding to CH,,@H Me
groups are assigned from DERU and-135 spectra; all others are quaternary C. Mass
spectra were recorded on a Bruker MicroTOF mass spectrometer using electrospray
ionization (ESI) or electron ionization (El). Elemental analysis was carried cutGig440

elemental analyzer. Melting points were measured on a Reiklddler hot stage apparatus
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or on a Eletrothermal 1A9200 apparatus and are uncorrected. Ozone was generated by

electric discharge, passing pure oxygen through a Fisher ozone genéator 5
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Experimental detaildor Chapter II

2,3-Dicyano-1,4-dimethoxybenzene 3%

OH OMe
NC NC
—_—
NC NC
OH OMe
29 33

Dimethyl sulfate (13.1 mL, 137 mmol) and anhydrous potassium carbonate (19.8 g, 143
mmol) were added to a solution of ZJ&yanohydroquinon@9 (2.62 g, 16.0 mmol) in-2
butanone (105 mL). The reaction mixture was heated under reflux for 18 h, cooled to room
temperature and the solid collected by filtration. The residue was added to water (90 mL)
and the insoluble material was collected by filoat Recrystallisation from acetic acid
yielded thetitle compound3 as colourless needles (2.45 g, 81%); mp-288 °C (lit.>° mp
273274 °C); Found: M+N4, 211.0474C;0HgN,Ox+Na’ requires 211.0483))max(KBr)/cm’
13019, 2227, 1215, 769, 698; (400 MHz; DMSQd;) 7.63 (2 H,s, ArH), 3.93 (6 H, s,
OMe); dc (100 MHz; DMSOds) 155.4 (C), 119.5 (CH), 113.5 (C), 102.4 (C), 57.1 (Mel

(ESI) 211 (M+N4, 100%).Data in agreement with literature valuis.

4,7-Dimethoxyisobenzofuranl,3-dione 30°

OMe 0 OMe
NC
R ——
NC
OMe O  OMme
33 30

A mixture of 2,3-dicyanel,4-dimethoxybenzen83 (300 mg, 1.59 mmol) in concentrated
sulfuric acid (1.41 mL) was heated to 100 °C for 1 h. After standing at room temperature
overnight, the reaction mixture was added to ice and the solid was collected by filtration. The
solid was dissolved in acetic anhigte (5 mL) and stirred at room temperature for 1 h. After

evaporation of the solvent, the residue was recrystallised from chloroform, yielditijethe
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compound30 as a yellow powder (191 mg, 51%); mp 288 °C (lit.2° mp 259260 °C);
(Found: M+N4d, 2310261.C;HgOs+Na' requires 231.0372}, (400 MHz; DMSQds) 7.61
(2 H, s, ArH), 3.95 (6 H, s, OMe)dc (100 MHz; DMSGOde) 160.4 (C), 151.1 (C)122.3
(CH), 116.7 (C), 56.5 (Me)m/z (ESI) 231 (M+N4 100%). Data in agreement with

literature values®

4,7-Dimethoxy-3,3-dimethylisobenzofuran-1(3H)-one 31

o) OMe 0 OMe
O  OMe OMe
30 31

Methylmagnesium bromide (3 M in ether; 0.53 mL, 1.58 mmol) was added to a solution of
4,7-dimethoxyisobenzofuraft,3-dione 30 (150 mg, 0.72 mmol) in TH2 mL) at 0 °C. The
reaction mixture was allowed to warm to room temperature over 17 h and then a solution of
hydrochloric acid (10%; 0.93 mL) was added and the reaction mixture was stirred at 0 °C for
1 h. The mixture was poured into water (5 mL) andastéd with dichloromethane €35

mL). The combined organic layers were dried (MgS®vaporated under reduced pressure
and the residue was purifiedvia silica-gel column chromatography using
dichloromethane/ether (9:1) to give ttike compound3l as abeige solid (109 mg, 68%),

after precipitation with light petroleum; mp 1224 °C; (Found: M+Na 245.0782.
C1H1.04+Na" requires 245.0784))max (CHCl)/cmit 2985, 2840, 2360, 1749, 1505, 1296,
961;dy (300 MHz; CDC}) 7.04 (1 H, d,J 8.8, ArH), 6.84 (1 H, dJ 8.8, ArH), 3.92 (3 H, s,
OMe), 3.85 (3 H, s, OMe), 1.66 (6 H, s, Me); (75 MHz; CDC}) 167.7 (C), 152.0 (C),
147.2 (C), 144.1 (C), 117.2 (CH), 114.5 (C), 111.5 (CH), 84.0 (C), 56.2 (Me), 55.8 (Me),

25.2 (Me);m/z(ESI) 267 (2M-Na', 100%), 245 (M+N§ 32%).
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Ethyl 2-acetoxy-6-methylbenzoate39>

5

e
(0] OH (6] OAc
38 39

Ethyl 6-methylsalicylate38 (500 mg, 2.77 mmol) was dissolved in dry pyridine (1.39 mL)
and acetic anhydride (0.55 mL, 5.54 mmol) was added at room temperature. After being
stirred for 3 h, the reaction mixture was diluted with ethyl acetate (15 mL), washed with
hydrochloric acid (IM), until lower layer became pH-24, water (23 15 mL), saturated
aqueous sodium hydrogen carbonate (15 mL), brine (15 mL) and dried (MdSi@ation
followed by evaporation gave thitle compound39 as colourless crystals (615 mg,
quantitative yield); mp 3435 °C (lit.>> mp 3637 °C); (Found: M+Nj 245.0781.
C1H1404+Na' requires 245.0784})), (400 MHz; CDC}) 7.32 (1 H, tJ 7.9, H4), 7.10 (1 H,
d,J7.9, H3), 6.96 (1L H, dJ 7.9, H5), 4.37 (2 H, q) 7.2, HH.Me), 2.41 (3 H, s, Me), 2.27
(3 H, s, Me), 1.37 (3 H, § 7.2, CHMe); dc (100 MHz; CDC}) 169.1 (C), 166.5 (C), 148.3
(C), 138.0 (C), 130.5 (CH), 128.1 (CH), 12¢®), 120.3 (CH), 61.2 (Ch), 20.8 (Me), 20.0
(Me), 14.2 (Me);m/z(ESI) 467 (2M+N4), 245 (M+N4d). Data in agreement with literature

values>?

7-Hydroxy isobenzofuran-1(3H)-one 34>

5
6
O
O OAc 0 OH
39 34

A mixture of ethyl 2acetoxy6-methylbenzoat&9 (4.16 g, 18.7 mmol)NBS (3.67 g, 20.6
mmol) and benzoyl peroxide (449 mg, 1.87 mmol) in carbon tetrachloride (16 mL) was
heated to reflux for 4 h, then cooled to room temperature and evaporated to give ethyl 2

acebxy-6-(bromomethyl)benzoatd0 as a pale yellow oil. The residue was suspended
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without further purification in water/dioxane (1:1; 34 mL) and then heated under reflux for
18 h. The solvent was evaporated and the resuitid recrystallised from light geoleum

to give thetitle compound34 as an offwhite solid (2.28 g, 81%); mp 13B41 °C (lit.>> mp
135136 °C); (Found: M+Na 173.0210, eHsOs+Na" requires 173.0209)ly (400 MHz;
CDCL) 7.74 (1 H, s, OH), 7.56 (1 H, 1,8.0, H-5), 6.986.93 (2 H, m, H4,6), 5.32 (2 H, s,
CH,); dc (100 MHz; CDC}) 172.6 (C),156.6 (C),146.7 (C), 137.0 (CH), 115.3 (CH), 113.4
(CH), 110.9 (C), 70.6 (CH m/z (ESI) 173 (M+Nd, 100%). Data in agreement with

literature values®

7-(Methoxymethoxy)isobenzofuran-1(3H)-one41

P — 17
© oH O  omom
34 41

To a solution of “hydroxyisobenzofurarl(3H)-one 34 (417 mg, 2.77 mmol) in
dichloromethane (3.47 mL) were addedsdbiropylamine (0.96 mL, 5.56 mmol) and
methoxymethyl chloride (0.42 mL, 5.56 mmol) dropwise at 0 °C under argon. After stirring
for 6.5 h atroom temperature, saturated aqueous ammonium chloride solution (2 mL) was
added and the mixture extracted into ethet @mL). The combined organic extracts were
dried (MgSQ), concentratedin vacuo and the residue was purified by column
chromatography on silica gel, eluting wigkhyl acetate/light petroleum (9:1 to 7:3) to give
thetitle compound41 as a colourless soli@37 mg, 81%); mp 78 °C; (Found: C, 61.64;
H, 5.18.C;H100, requires C, 6B5; H, 5.19); (Found: M+Na 217.0477. GH;0,+Na"
requires 217.0471)max (CHCL)/cmit 1765, 1615, 1604, 1485, 1316, 1027, 985,400
MHz; CDCk) 7.58 (1 H, tJ 8.0,H-5), 7.19 (1 H, d,J 8.0, ArH), 7.06 (1 H, d,J 8.0, ArH),
5.38 (2 H, s, CHMOM), 5.24 (2 H, s, OCH, 3.53 (3 H, s, M&MOM); dc (100 MHz;
CDCl) 168.8 (C), 156.3 (C), 149.1 (C), 136.0 (CH), 114.9 (CH), 114.6 (CH), 114.2 (C),

94.7 (CH), 68.7 (CH), 56.7 (Me):m/z(ESI) 411 (2M+N4&, 100%), 217 (M+N569%).
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2-(2-(Hydroxymethyl) -6-(methoxymethoxy)phenyl)propan2-ol 35

HO
HO

O  omom OMOM
41 35

To a solution of Amethoxymethoxyyobenzofurarl(3H)-one41 (250 mg, 1.28 mmol) in
dry THF (4 mL) at 0 °C was added dropwise methylmagnesium bromide (3 M in ether; 0.93
mL, 2.82 mmol). After stirring for 1 h at room temperature, the reaction mixture was
guenched with saturated aqueous ammonium chloride solution (2 mL) and extracted with
dichloromethane (3 x 3 mL). The combined organic extracts were dried (Mg8d
evaporatedn vacua The residue was purified by column chromatography eluting with light
petroleum/ethyl acetate (7:3) to give titke compound5 as a colourless oil (213 mg, 74%)
(prone to decomposition); (Found: M+N&a249.1099.C,,H;¢0,+Na" requires 249.1097);
Nmax (CHCl3)/cmi® 3690, 3606, 3011, 2927, 1602, 128Q;(400 MHz; CDC}) 7.147.13 (2
H, m, ArH), 6.906.88 (1 H, m, ArH), 5.19 (2 H, s, G/MOM), 4.86 (2 H, s, €&,0H), 3.49
(3 H, s, MeMOM), 1.75 (6 H, s, Me)dc (75 MHz; CDC}) 154.8 (C), 138.8 (C), 135.6 (C),
127.5 (CH), 126.0 (CH), 115.2 (CH), 94.6 (§H75.7 (C), 67.6 (Ch), 56.2 (Me), 31.1

(Me); m/z(ESI) 249 (M+N4, 51%).

4-(Methoxymethoxy)-3,3-dimethylisobenzofuran-1(3H)-one 36

Prepar at i ceagent(if.98 W:oQhremnsiuin trioxide (992 mg) in water (2.5 mL) was
placed in a 5 mL volumetric flask. Sulfuric acid £98%; 1.3 mL) was added with cooling.

The mixture was then diluted with water to a total volume of 5 mL.
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To a solution of A2-(hydroxymethyl)6-(methoxynethoxy)phenyl)propa-ol 35 (202 mg,

0.89 mmol) in acetone (6.0 mL) at 0 °C was added dropwise a freshly prepared solution of
Joneéreagent (1.98 M; 1.12 mL, 2.22 mmol). The reaction mixture was stirred at 0 °C for
1.5 h and then quenched by the additidr?-propanol (2 mL), followed by solid sodium
hydrogen carbonate. The mixture was extracted with ethyl acetaéte5(3nL) and the
combined organic extracts were dried over Mg&@ filtered. The solvent was removied
vacuo and the residue purified by olemn chromatography, eluting with light
petroleum/ethyl acetate (7:3) to give tiitde compound36 as a colourless solid (156 mg,
78%); mp 7576 °C; (Found: C, 64.78; H, 6.36;,;H140, requires C, 64.85; H, 6.35);
(Found: M+N4, 245.0784. GH.,0,+Na' requires 245.0784))ma(CHCl)/cm* 1754, 1606,
1488, 1260, 11564, (400 MHz; CDC}) 7.49 (1 H, d,) 7.8, H7), 7.42 (1 H, tJ 7.8,H-6),

7.32 (1L H, dJ 7.8,H-5), 5.30 (2 H, s, CHMOM), 3.49 (3 H, s, MeMOM), 1.72 (6 H, s,

Me); de (100 MHz; CDC}) 169.6 (C), 151.2 (C), 142.5 (C), 130.7 (CH), 127.7 (C), 118.4
(CH), 118.4 (CH), 93.9 (Ch, 85.4 (C), 56.3 (Me), 25.5 (Me)m/z (ESI) 245

(M+Na*,100%).

1,3-Dihydro -1-methoxy-4-(methoxymethoxy)3,3-dimethyl-1-vinylisobenzofuran 42

0 OH MeO\ Hy
o —
OMOM OMOM OMOM
36

To a solution of 4dmethoxymethoxyB,3-dimethyisobenzofurarl(3H)-one 36 (85.7 mg,
0.386 mmol) in THF (1.2 mL) at 0 °C under argon was added vinylmagnesium bromide (1 M
in THF; 0.58 mL, 0.579 mmol) dropwise. After stigirat room temperature for 5 h,
saturated aqueous ammonium chloride solution (2 mL) was added and the mixture was

extracted with ethyl acetate £33 mL). The combined organic extracts were dried over

MgSQO, and evaporateth vacuoto give 1,3dihydro-4-(methoxymethoxy)3,3-dimethyl1-
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vinylisobenzofurarl-ol 37 as a colourless oil (89.5 mg, 93%), that was used in the next step
without further purification. To a solution of lactol37 (89.5 mg, 0.357 mmol) in
iodomethane (1.8 mL, 28.6 mmol) was added silver(l) oxide (124 mg, 0.534 mmol). The
reaction mixture was stirred at room temperature for 24 h, filtered through Celite® and
washed with dichloromethane (15 mL). The filtrate and tlashings were combined and
evaporatedn vacua The residue was purified by column chromatography on silica gel,
previously inactivated with triethylamine, eluting with light petroleum/ethyl acetate (9:1) to
give thetitle compoundi2 as a colourless o{B7 mg, 84%) that solidified in the freezer; mp
50-52 °C; (Found: M+N4, 287.1247 CisH,00,+Na' requires 287.1254))max (CHCl)/cmi*

2434, 2414, 1521, 1476, 1239, 66Q;(400 MHz; acetonels) 7.29 (1 H, tJ 7.8, H6), 7.08

(1 H, d,J 7.8, H5 or H7), 6.86 (1 H, d)J 7.8,H-5 or H7), 6.12 (1 H, dd) 17.2, 10.4, H
16), 5. 4J17.220,H8,0)dd,5. 3 0-MOM), 547 (114 dd) 1M, 2.0, H
26), 3. 44MQM, 3.68,(3 H s, ONE} 1.65 (3 H, s, Me), 1.57 (3 HM®); dc

(100 MHz; acetoneds) 153.2 (C), 142.8 (C), 141.2 (CH), 136.6 (C), 131.3 (CH), 117.7
(CH), 116.6 (CH), 115.6 (CH), 110.9 (C), 95.6 (GH86.7 (C), 57.3 (Me), 51.0 (Me), 28.8

(Me), 28.6 (Me)m/z(ESI) 287 (M+N4&, 100%).

2-(tert-Butyldimethylsil oxy)-N,N-diethylbenzamide 48*°

0 30

OTBS
48

To a solution ofN,N-diethyl2-hydroxybenzamid€2.00 g, 10.3 mmip in anhydrous DMF

(50 mL) was addedN,N-diisopropylethylamine (6.49 mL, 37.26 mmol) anirt-
butyldimethylsilyl chloride (3.90 g, 25.9 mmol) under a nitrogen atmosphere at room
temperature. After 16 h, the mixture was diluted with water (50 mL) and extracted with ethyl
acetate (3 50 mL). The combined organic phases were washed with water (1)Qried

over MgSQ, filtered and concentrated under reduced pressure. The residue was purified by
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column chromatography eluting with light petroleum to light petroleum/ethyl acetate (9:1) to
give thetitle compound48 as a yellow oil (3.16 g, quantitatiygFound: M+H, 308.2026.
C1H3oNO,Si+H' requires 308.2040)max (CHCL)/cm 1620, 1482, 1292, 1040, 100d;

(400 MHz; CDC}) 7.247.18 (2 H, m, AH), 6.96 (1 H, tdJ 7.5, 1.1, ArH), 6.81 (1 H, dJ

7.5, ArH), 3.663.41 (2 H, m, N&l,Me), 3.283.09 (2H, m, NCH,Me), 1.24 (3 H, tJ 7.0,
NCH;Me), 1.01 (3 H, t] 7.0, NCHMe), 0.96 (9 H, st-Bu-TBS), 0.22 (6 H, s, M&BS); dc

(100 MHz; CDC}) 169.0 (C), 151.1 (C), 129.8 (C), 129.5 (CH), 127.8 (CH), 121.3 (CH),
119.2 (CH), 42.8 (CH), 39.1 (CH), 25.6 (M@, 18.1 (C), 14.9 (Me), 13.2 (Me}.13 (Me).-

4.51 (Me);m/z(ESI) 308 (M+H, 100%).Data in agreement with literature valués

2-Bromo-6-(6-tert-butyldimethylsiloxy) -N,N-diethylbenzamide 49>

A solution of 2(tert-butyldimethylsl oxy)-N,N-diethylbenzamidd8 (500 mg, 1.63 mmol) in
anhydrous THF (18 ml.)under a nitrogen atmosphergas cooled to 78 °C andtert-
butyllithium (1.6 M in pentane; 1.5 mL, 2.44 mmol) was added dropwise over 30 min. The
solution was stirred at78 °C for an additional 30 min and bromine (0.13 mL, 2.44 mmol)
was slowly added over 30 min. The bath was removed and theosadifbwed to warm to

room temperature. After 20 h, saturated aqueous sodium thiosulfate solution (20 mL) and
ethyl acetate (20 mL) were added. The organic layer was separated, washed with brine, dried
(MgSQy), concentrated and purified by flash chromaagdy, eluting with light petroleum to

light petroleum/ethyl acetate (15%), to give thke compound49 as a colourless solid (430

mg, 68%); mp 7Z3 °C; (Found: M+Nj 408.0977.C,H,s'"BrNO,Si+Na requires
408.0965)Nmax (CHCL)/cm* 1627, 1602, 1445239, 9370y (300 MHz; CDCY) 7.14 (1 H,

dd,J10.8, 1.2, H3), 7.05 (1 H, tJ 10.8,H-4), 6.76 (1 H, ddJ 10.8, 1.2H-5), 3.803.74 (1
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H, m, (H.Me), 3.383.26 (1 H, m, &,Me), 3.203.07 (2 H, m, Ch), 1.26 (3 H, tJ 9.6,
NCH,Me), 1.09 (3 H, tJ 9.6, NCH,Me), 0.95 (9 H, st-Bu-TBS), 0.24 (3 H, s, M@BS),
0.21 (3 H, s, MeTBS); dc (75 MHz; CDC}) 166.2 (C), 152.7 (C), 131.2 (C), 129.8 (CH),
125.2 (CH), 120.4 (C), 117.9 (CH), 42.9 (§H39.1 (CH), 25.5 (Me), 18.1 (C), 13.8 (Me),
12.7 (Me),-4.06 (Me),-4.70 (Me);m/z(ESI) 410/408 (M+N§ 100/95%)Data inagreement

with literature values®

Methy!l 2-bromo-6-hydroxybenzoate44>

\Br Br
\/Nj;@ S Meop
0, OTEs o,, OH

2-Bromo-6-(6-tert-butyldimethylsibxy]-N,N-diethylbenzamide49 (300 mg, 0.776 mmol)
was dissolved in anhydrous acetonitrile (5.2 mL) difmhsicsodium phospate (165 mg,
1.16 mmol) and trimethyloxonium tetrafluoroborate (344 mg, 2.32 mmol) were sequentially
added. The resulting mixture was stirred for 17 h at room temperature, upon which a
saturated aqueous sodium hydrogen carbonate solution (5.16 mL) veask fatidwed by
solid sodium hydrogen carbonate. After stirring for 23 h at room temperature the resulting
mixture was extracted with ethyl acetate3(20 mL), dried (MgS@), concentrated and
purified by flash chromatography, eluting with light petroleum/ethyl acetat®%0) to give
the title compound44 as a colourless solid (123 mg, 69%); mp%5°C; (Found: M+Nj
252.9469.CsH,"°BrOs+Na’ requires 252.9471)imax (CHCL)/cm* 3044, 29561669, 1601,
1571, 1441, 1345, 1345, 1182, 88Q,(400 MHz; CDC}) 10.9 (1 H, s, OH), 7.22.18 (2 H,
m, ArH), 6.986.93 (1 H, m, ArH), 3.99 (3 H, s, OMejic (100 MHz; CDC}) 169.8 (C),
162.9 (C), 134.5 (CH), 126.4 (CH), 122.4 (C), 117.2 (CH), 113.8 (C), 52.4 (MeJESI)

255/253 (M+N4&, 99/100%) Data inagreementvith literature values’
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3-Bromo-2-(2-hydroxyprop-2-yl)phenol 50

Br Bre_ALs
Meop - Ho)l;e
o44 OH . OH
To a solution of methyl-broma6-hydroxybenzoatd4 (109 mg, 0.470 mmol) in dry THF
(2 mL) was added methylmagnesium bromide (3.0 M in ether; 0.78 mL, 2.35 mmol), at 0 °C,
under nitrogen atmosphere. The reaction mixture was stirred at 0 °C for 1.5 h and then
warmed to room temperature over 3 h. Aftercoeling to 0 °C a solution of hydrochloric
acid (10%; 1.37 mL) was added and the reaction mixture was stirred for 30 min. Water (5
mL) was then added and the mixture extracted into ethyl acet&t® (8L). The combined
organic layers were dried with anhydsosodium sulfate and concentrated under reduced
pressure. The residue was purifigd silica-gel column chromatography, eluting with light
petroleum/ethyl acetate (5 to 20%) to give title compound0 as a colourless solid (67.9
mg, 63%); mp 73 °C;(Found: M+N4, 252.9827.CoH1, "BrO, requires 252.9835 ) max
(CHCL)/cmi* 3227, 1603, 1438, 1283, 868; (400 MHz; CDC}) 10.7 (1 H, s, OH), 7.10 (1
H, dd,J 7.7, 1.2, H4), 6.93 (1 H, tJ 7.7, H5), 6.81 (1 H, ddJ 7.7, 1.2, H6), 1.95 (6 H, s,

Me); dc (75 MHz; CDC}) 157.9 (C), 128.9 (CH), 128.2 (C), 126.6 (CH), 120.1 (C), 118.0

(CH), 80.2 (C), 30.6 (Me)n/z(ESI) 255/253 (M+N§ 99/100%).

2-(2,4,4Trimethylchroman -2-yl)phenol 52

50 52
A solution of 3-bromo2-(2-hydroxyprop2-yl)phenol 50 (20.0 mg, 0.086 mmol) in

anhydrous THF Q.57 mL), under a nitrogen atmosphesgas cooled to 78 °C andtert-
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butyllithium (1.6 M in pentand).19mL, 0.31mmol) was added dropwise over 30 min. The
solution was stirre at- 78 °C for an additional 30 min arad solution of dimethyloxalate
(36.6 mg 0.31mmol)in THF (0.57mL) was slowly addedThe reaction mixture was stirred
at-78 °C for30 minand then warmed to room temperature over After re-cooling to 0 °C

a solution of hydrochloric acid (10%; 0.9.nL) was added and the reaction mixtweas
stirred for 30 min. Water (&1L) was then added and the mixture extracteddmethyl ether
(33 3 mL). The combined organic layers were washed with brienfL), dried(MgSQ,)
and purified by column chromatography, eluting with light petroleum/ethyl ac&ddet¢
give thetitle compounds2 as acolourless 0il(5.7 mg, 25%); (Found: M+N4, 2911343
C1gH200, requires291.136); dy (400 MHz; CDC}) 8.13(1 H, s, OH), 29(1 H, dd,J 7.7,
1.3, ArH), 7.187.12 (3 H, mArH), 6.99 (1 H, ¢, J 7.7, 1.3 ArH), 6.94 (1 H, dd,J 8.1, 0.9
ArH), 6.84 @ H, d,J 7.7, ArH), 2.61 (1 H, d,J 14.4, H3), 2.10 (1 H, dJ 14.4, H3), 1.72 (3

H, s, Me) 1.45 (3 H, s, Me), 1.18 (3 H, Ble); dc (100 MHz; CDC}) 154.4(C), 150.2 (C),
131.9 (C), 129.6 (C), 128.9 (CH), 127.3 (CH), 126.9 (CH), 126.5 (CH), 122.2 (CH), 119.7
(CH), 117.8 (CH), 81.6 (C), 47.5 (GH 32.9 (Me), 32.2 (Me), 31.0 (C), 27.9 (Mejyz

(ESI) 291 (M+Na’, 100%).

2-(2-Methoxyphenyl)-1,3-dimethylimidazolidine 57°’

O OMe {N/ OMe
H N
/
56 57

To a solution of 2nethoxybenzaldehydg6 (15.0 g, 0.110 mol) in ethanol (225 mL) was
addedN , Mitethylethylenediamine (85%; 15.17 mL, 0.121 mol) and the reaction mixture
was stirred at room temperatu@ 24 h.Magnesium sulfate (ca. 20 g) was added, and the
resulting mixture was stirred far further 15 min. The reaction mixture was filtered and the

filter cake was washed with ether (100 mL). The ether/ethanol solution was conceantrated
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vacuoto yield the crude compound, which was recrystallised fndmexane to give thgtle
compounds7 as a colourless solid (17.1 g, 75%); mp4Bi°C (lit.¥” mp 41-42 °C); (Found:
M+H*, 207.1488.C;H1oN,O+H' requires 207.1492)max (CHCL)/cnit 3076, 3010, 1601,
1491, 1281, 973, 66 (400 MHz; CDC}) 7.67 (1 H, ddJ 7.6, 2.0, ArH),7.287.23 (1 H,

m, ArH), 6.99 (1 H, tJ) 7.6, ArH), 6.88 (1 H, d,J 7.6, ArH), 4.06 (1 H, s, CH), 3.81 (3 H, s,
OMe), 3.353.31 (2 H, m, Ch), 2.632.59 (2 H, mCH,), 2.19 (6 H, s, Me)iic (125 MHz;
CDCl) 158.9 (C), 129.2 (CH), 128.9 (CH), 127.6 (C), 121.1 (CH), 110.37 (CH), 82.8 (CH),
55.5 (Me), 53.5 (Ck), 39.7 (Me);m/z (ESI) 207 (M+H, 100%).Data inagreemenwith

literature value&’

2-Bromo-6-methoxybenzaldehydes8’

(\N/ OMe O  OMe
N
/

57 58
To a solution of 22-methoxyphenyhl,3-dimethylimidazolidines7 (500 mg, 2.42 mmol) in
dry ether (10 mL) at 40 °C, was addetbrt-butyllithium (1.6 M inpentane; 3.53 mL, 5.66
mmol), dropwise over 1 h. Upon completiofthe addition the resulting orange reaction
contents were warmed slowly 1@0 °C, stirred for an additional 7 h and then transferred by
cannula into a flask containing igibromotetrachdroethane (1.84 g, 5.66 mmol) in dry
ether (10 mL) at 0 °C. The reaction contents were stirred for 14 h, during which time they
were warmed to room temperature. Upon completion, the solution was recooled to 0 °C and
aqueous hydrochloric acid (1 M; 17 mL)ag added slowly. The resulting solution was
stirred for 1 h at 0 °C, quickly warmed to room temperature, and then water (17 mL) was
added. The reaction contents were then extracted with ethyl acetatéQ(3nL) and the
combined organic extracts were wagheith water (30 mL) and brine (30 mL), dried

(MgSQ,) and concentrateth vacuo The resulting yellow solid was purified by column
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chromatography, eluting with light petroleum/ethyl acetate (9:1) to yieltitttecompound
58 as a colourless solid (278 n6B%); mp 5651 °C (lit.*” mp 5758 °C); (Found: M+N§
236.9516.CsH,"°BrO,+Na’ requires 236.9522)3max (CHCL)/cmi' 2943, 1698, 1586, 1462,
1352, 10345k, (400 MHz; CDC}) 10.4 (1 H, s, CHO), 7.32 (1 H, d 8.0, H-4), 7.24 (1 H,
dd, J8.0,0.8,H-3), 6.95 (1 H, dJ 8.0, H5), 3.92 (3 H, s, OMe) (75 MHz; CDC}) 190.4
(CH), 161.9 (C), 134.8 (CH), 126.5 (CH), 124@®)(123.5 (C), 111.0 (CH), 56.2 (Me})/z

(ESI) 239/237 (M+N§ 97/100%) Data inagreementvith literature value§’

(R/S)-1-(2-Bromo-6-methoxyphenyl)ethanol59

O OMe OH OMe
4
Br Br 3
58 59

To a solution of Zoroma6-methoxybenzaldehyde8 (1.00 g, 4.65 mmol) in dry THF (20

mL) was added methylmagnesium bromide (4.6 M in ether; 1.2 mL, 5.58 mmol) dropwise, at
0 °C under an argon atmosphere. The resulting mixture was stirred for 1 h, during which time
it was warmed to room temperature, ahdrt quenched by addition of saturated aqueous
ammonium chloride solution (10 mL) and extracted into ethyl acetate @ mL). The
combined organic extracts were washed with brine (20 mL), dried (¥)g%0d
concentratedn vacuoto give thetitle compound59 as a yellow oil (1.07 g, quantitative
yield); (Found: M+N4, 252.9840.CsH:,"°BrO,+Na’ requires 252.9835))max (CHCL)/cm*

3561, 1590, 1571, 1462, 1274, 10d9(400 MHz; CDC}) 7.17 (1 H, dJ 8.3, H3), 7.06 (1

H, t,J 8.3, H4), 6.87 (1 H, dJ 8.3, H5), 5.31 (1 H, s br, BOH(Me), 3.91 (3 H, s, OMe),

1.53 (3 H, dJ 6.8, Me);dc (75 MHz; CDC}) 158.2 (C), 132.0 (C), 128.7 (CH), 125.8 (CH),
122.8 (C), 110.6 (CH), 70.9 (CH), 55.8 (Me), 22.7 (Me)/z (ESI) 255/253 (M+N§

37/37%).
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1-(2-Bromo-6-methoxyphenyl)ethanone53
OH OMe O OMe

Br Br
59 53

To a solution of 4(2-broma6-methoxyphenyl)ethanob9 (0.869 g, 3.76 mmol) in dry
dichloromethane (18 mL) was added D&&artin periodinane (2.39 g, 5.64 mmol), at 0 °C
under argon. The reaction mixture was allowed to warm to room temperature over 1.5 h and
then a mixture of saturated aqueous sodium thidsuléamlution and saturated aqueous
sodium hydrogen carbonate solution (1:1; 50 mL) was added and the reaction contents were
stirred for 1 h. The organic phase was separated and washed again with a mixture of
saturated aqueous sodium thiosulfate solution sairated aqueous sodium hydrogen
carbonate solution (1:1; 30 mL), dried with magnesium sulfate and evapanataduo
Purification by flash chromatography using light petroleum/ethyl acetate (9:1) gatitethe
compounds3 as a colourless solid (0.775 90%); mp 3233 °C (lit. **mp 35 °C); (Found:
M+Na', 250.9681.CqHy BrO+Na’ requires 250.9678)Nmax (CHCL)/cm* 1710, 1589,

1462, 12601052, 8310y (400 MHz; CDC}) 7.19 (1 H, tJ 7.9, H4), 7.15 (1 H, dd) 7.9,

1.4, H3), 6.86 (1 H, ddJ 7.9, 1.4, H5), 3.82 (3 H, s, OMe), 2.51 (3 H, s, Mel; (100

MHz; CDCk) 202.2 (C), 156.5 (C), 132.8 (CH), 130.7 (CH), 124.8 (CH), 117.8 (C)9109.

(CH), 55.9 (Me), 31.4 (Men/z(ESI) 253/251 (M+N¥ 99/100%).

Methyl 2-(2-bromo-6-methoxyphenyl}-2-oxoacetate54
O OMe O OMe

Br Br
53 54

A mixture of X(2-broma6-methoxyphenyl)ethanong3 (2.44 g, 10.7 mmol), selenium

dioxide (1.78 g, 16.0 mmol) in dry pyridine (3.97 mL) was heated to 100 °C for 23 h under
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an argon atmosphere. After this time, the reaction mixture was cooled in-batlicand
molecular sieves 4 A (0.628 g) and dry methgi@ol9 mL, 0.19 mol) were addeandthe
mixture wasstirred for an additional 10 min. Thionyl chloride (3.87 mL, 53.5 mmol) was
then added dropwise, over 10 memd the iceébath was removedTlhe resulting brown
solution was stirred for 16 h at room temgtere before a mixture of perchloric acid,
acetonitrile and distilled water (6.8 mL: 135.9 mL: 13.59 mL) was poured into the flask and
stirred for 30 min. Excess acid was neutralised with saturated aqueous sodium hydrogen
carbonate solution, and the mixtuwas extracted with ethyl acetate 3350 mL). The
combined organic layers were washed with brine (100 mL), dried (Mg&@ purified by
column chromatography, eluting with light petroleum/ethyl acetate (8:2) to givétlthe
compoundb4 as an offwhite solid (2.36 g, 81%); mp 685 °C; (Found: C, 43.96; H, 3.27.
CiHoBrO, requires C, 43.98; H, 3.32), (Found: M+N&294.9572. GHe °*BrO,+Na'
requires 294.9576Ymax (CHCL)/cm™ 1740, 1589, 1572, 1462, 1432, 131l};(400 MHz;
CDCly) 7.30(1 H, t,J 8.2, H4), 7.23 (1 H, ddJ 8.2, 0.9, H3), 6.92 (1 H, ddJ 8.2, 0.9, H

5), 3.91 (3 H, s, Me), 3.82 (3 H, s, Mel; (100 MHz; CDC}) 185.6 (C), 161.3 (C), 159.3
(C), 133.0 (CH), 126.7 (C), 125.6 (CH), 120.8 (C), 110.3 (CH), 56.3 (Me), 53.2 (ME);

(ESI) 297/295 (M+N% 64/67%).

2-(2,5-Dimethoxyphenyl)-1,3-dioxane 6243

>

O OMe 3'(\0 OMe
&

H o 1 3
—_—
6 4
OMe OMe
66 62

To a solution of 2&limethoxybenzaldehyd&6 (5.00 g, 30.1 mmol) and trimethyl
orthoformate (7.24 mL, 66.2 mmol) in 3pBopanediol (13.1 mL) was added
tetrabutylammonium tribromide (290 mg, 0.601 mmol). The resulting mixture was stirred at

room temperature for 26 h and then poured into saturatedoag sodium hydrogen
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carbonate solution (30 mL) and extracted with ethyl acetafe §2 mL). The combined

organic layers were dried (MgSQQ filtered and evaporatedn vacuo Column
chromatography, eluting with light petroleum/dichloromethane/etherl(8dgave thetitle
compound62 as a colourless oil (5.32 g, 79%); (Found: M¥N247.0945.C,H160,+Na’

requires 247.0941Nmax (CHCl)/cmit 3010, 2959, 2936, 1503, 1466, 1379, 1095, 2Q5;

(400 MHz; CDC}) 7.20 (1 H, dJ 3.2, H6), 6.866.80 (2 H, mH-3,4), 5.85 (L H, sH-1 6 ) ,
428423 (2H mHMH 6 ahd) H3.98(2HAm H 6 ashd) H 3.80 (3 H,
3.79 (3 H, s, OMe), 2.32.17 (1 H, m, H3 & ) , -1.41 (14H6 m, H3 6 Jic (100 MHz;

CDCl) 153.8 (C), 150.6 (C), 127.7 (C), 116.0 (CHL2.3 (CH), 111.8 (CH), 96.8 (CH),

67.6 (CH), 56.4 (Me), 55.8 (Me), 25.9 (GH m/z (ESI) 472 (2M+N&, 100%), 247

(M+Na*, 50%).Data inagreementvith literature values®

2-(2-Bromo -3,6-dimethoxyphenyl)-1,3-dioxane 63"

Co OMe 3 Co OMe
o} 407
Br

OMe OMe

62 63

2-(2,5Dimethoxy phenyhl,3-dioxane62 (100 mg, 0.445 mmol) was dissolved ir8 mL
hexane and the reactigras cooled t625°C. To the cooled solution was addechL freshly
distilled benzene followed by dropwise additionmeBuLi (1.6 M in hexane0.42mL, 0.667
mmol). After 10 h,dibrotetrafluoroethanéd(10 mL, 0.830mmol) in1 mL THF was added
and thereaction was warmed up to rt and stirred for 0.5 h. After removal of madsteof
solvent by evaporatiorthe residue was purified by column chromatography, eluting with
light petroleum/ethyl acetate (8:2) to give tite compound3 as a yellow solid36.4 mg,
27%); mp 102103 °C (lit,** mp 105106 °C), (Found: M+N&, 325.0055
C1H1s"BrOs+Na' requires325.005); d. (400 MHz; CDC}) 6.82(2 H, s ArH), 6.18 (1 H,

s,H10)27-428Q2H, m H2 6 a-#R3.9H3.91(2H, m, H2 6 a4 &3.781(3H, s,
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OMe),3.78 (3 H, s, OMeR.40-2.20(1 H, m, H3 61.381.35(1 H, m, H3 6 (100 MHz;
CDCl) 152.9(C), 151.1(C), 127.3(C), 114.2(CH), 113.5(CH), 112.4(CH), 99.8(C), 67.9
(CH,), 57.3 (Me), 57.3 (Me),25.9 (CH,); m/z (ESI) 327325 (M+Na*, 97/10®%). Data in

agreementvith literature valueg’

2-(2-lodo-3,6-dimethoxyphenyl)-1,3-dioxane 65

OMe OMe
62 65

To a solution oR-(2,5dimethoxyphenybl,3-dioxane62 (154 mg, 0.687 mmol) in dry ether
(6.1 mL) at- 40 °C, was addetert-butyllithium (1.6 M in pentane; 1.29 mL, 2.06 mmol)
dropwise, over 30 min. Upon completion, the resulting mixture was stirredl0aC for an
additional 30 min and then a solution of iodine (261 mg, 1.03 mmol) in dry ether (3.6 mL)
was added dropwise, over 30 min. The mixture was allowed to warm slowly to room
temperature over 18 h, upon which time a saturated aqueous thiosulfate solution (10 mL)
was added and the mixture extracted into ethyl acetatel(BmL). The combined organic
layers were washed with brine (30 mL), dried (MgEdiltered and evaporateid vacuo

The residue was purified by column chromatography, eluting with light petroleum/ethyl
acetate (8:2) to give th#le compound5 as a colourless solid (84.6 mg, 35%i) 138140

°C; (Found: M+N4d, 372.9900.C,.H:5l04+Na’ requires 372.9907 )max (CHCL;)/cmi* 3010,

1574, 1474, 1431, 1280, 1103, 999;(400 MHz; CDC}) 6.89 (1 H, dJ 9.2, ArH), 6.79 (1
H,d,J9.2, ArH), 6.18 (1 H,s, H 6 ) ,-4.29 23H3m, H2 6 ahal) H3.97 (20i4m,
H26 aéd) H 3.82 ( 6-2.37,(1Hsm, HOMe,r1,36 @HAOH 0 ;
(100 MHz; CDC}) 153.1 (C), 152.4 (C), 129.7 (C), 113.5 (CH), 112.1 (CH), 10C!8),

90.6 (C), 67.7 (Ch), 57.4 (Me), 57.3 (Me), 25.6 (GH m/z(ESI) 373 (M+N4, 98%).
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2-(2,5Dimethoxyphenyl)-1,3-dimethylimidazolidine 67

O OMe (\N/ OMe
HJ\© N 3
=

6 4
OMe OMe
66 67

To a stirred solution of 2;:8imethoxybenzaldehyd&6 (1.00 g, 6.02 mmol) in ethanol (25
mL) was added\,N &imethylethylenediamine (85%; 0.90 mL, 7.22 mmol). After being
stirred for 24 h at room temperature magnesium sulfate (ca. 2 g) was added, and the resulting
mixture was stirred for a further 15 min. & heaction mixture was then filtered and the filter
cake was washed with ether (20 mL). The ether/ethanol solution was concentratedq

and the residuevas recrystallised fronm-hexane to give theitle compound67 as a
colourless solid (1.37 §5%); mp 7980 °C; (Found: M+H, 237.1619.C13H,N,Ox+H"
requires 237.1598))max (CHCL)/cm* 3011, 2947, 2787, 1498, 1466, 1274, 1239, 10i46;
(400 MHz; CDC}) 7.22 (1 H, dJ 3.2, H6), 6.91 (1 H, dJ 9.1, H3), 6.81 (1 H, ddJ 9.1

and 3.2, H4), 3.% (1 H, s, CH), 3.76 (3 H, s, OMe), 3.72 (3 H, s, OMe), R4 (2 H, m,
CH,), 2.542.50 (2 H, m, CH), 2.10 (6 H, s, Me)iic (100 MHz; CDC}) 154.2 (C), 153.3

(C), 128.8 (C), 114.8 (CH), 113.6 (CH), 112.0 (CH), 82.9 (CH), 56.3 (Me), 55.8 (Me), 53.5

(CHy), 39.7 (Me);m/z(ESI) 237 (M+H, 100%).

2-Bromo-3,6-dimethoxybenzaldehydet4

(\N/ OMe (@] OMe
N~ \[; H I j
/ —_—
Br
OMe OMe
67 64

To a solution of A2,5dimethoxyphenybl,3-dimethylimidazolidine67 (300 mg, 1.27
mmol) in dry ether (7 mL) at40 °C, was addetért-butyllithium (1.6 M in pentane; 1.86

mL, 2.97 mmol), dropwise over 1 h. Upon completion, the reaction contents were warmed
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slowly to - 20 °C, stirred for an additional 7 h and then transferred by cannula into a flask
containing 1,2Zibromotetrachloroethane (86ng, 2.97 mmol) in dry ether (7 mL) at 0 °C.
The reaction contents were stirred for 12 h, during which time they were warmed to room
temperature. Upon completion, the solution was recooled to 0 °C, and an aqueous solution of
hydrochloric acid (1 M; 9 mLjvas added slowly. The resulting mixture was stirred for 1 h at

0 °C, quickly warmed to room temperature and water (9 mL) was added. The reaction
contents were then extracted with ethyl acetaté (B0 mL) and the combined organic
extracts were washed witvater (30 mL) and brine (30 mL), dried (Mgg§Oand
concentrated. The resulting yellow solid was purified by column chromatography, eluting
with light petroleum/ethyl acetate (8:2) to yield titee compoundb4 as a lidnt yellow solid

(81 mg, 26%);mp 9799 °C (lit.** mp 102103 °C); (Found: M+N3a 266.9624.
CoHs"°BrOs+Na’ requires 266.9627)max(CHCls)/cmi* 3011, 2434, 2414, 1522, 1424, 1239,
929: d; (400 MHz; CDC}) 10.4 (1 H, s, CHO), 7.07 (1 H, 89.0, ArH), 6.93 (1 H, dJ 9.0,

ArH), 3.88 (3 H, s, OMe), 3.87 (3 H, s, OMe); (100 MHz; CDC}) 190.9 (CH), 155.4 (C),
150.4 (C), 124.8 (C), 117.1 (CH), 184(C), 111.5 (CH), 57.1 (Me), 56.6 (Ma))/z (ESI)

269/267 (M+N4, 97/100%).

2-Bromo-3,6-dihydroxybenzaldehyde70™

O OH O OH
H ~H
Br
OH OH
69 70

To a solution of 2&lihydroxybenzaldehydé9 (500 mg, 3.62 mmol,) in chloroform (15
mL) was added a solution of bromine (0.19 mL, 3.77 mmol) in chloroform (3 mL) dropwise,
over 30 min. After the addition was complete, the reaction mixture was stirred for 2.5 h,
whereupon saturated aqueous sodiumstiifate solution (10 mL) was added and stirring

was continued for an additional 5 min. After extraction with dichloromethafel(B mL),
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the combined organic layers were washed with briné (B mL), dried (MgS@ and
concentrateéh vacuoto give 2bromea3,6-dihydroxybenzaldehydeO as a yellow solid (748
mg, 95%); mp 13133 °C (lit.’* mp 130131 °C); (Found: MH', 214.9351.
C/Hs"°BrOs+Na’ requires 214.9349))ma(CHCL)/cmi* 3531, 3011, 1655, 1612, 1586, 1470,
1382, 1317, 1283, 1173, 861, 83iL;(400 MHz; CDC}) 11.6 (1 H, s, CHO), 10.3 (1 H, s,
OH), 7.24 (1 H, dJ 9.0, ArH), 6.92 (1 H, dJ 9.0, ArH), 5.35 (1 H, s, OH)l (100 MHz;
CDCly) 196.9 (CH), 158.3 (C), 145.6 (C), 125.4 (CH), 118.7 (CH), 116.5 (C), 111.9(Z);

(ESI) 217/215 (MH", 95/100%) Data inagreementith literature values™

2-lodo-3,6-dimethoxybenzaldehydes8

To a solution of2-(2-iodo-3,6-dimethoxyphenybl,3-dioxane65 (1.18 g, 3.38 mmol) in
THF (100 mL) was added aqueous hydrochloric acid (2 M; 95 mL, 0.19 mol). After stirring
for 1 h at room temperature, the mixture was extracted with etherl@ mL) and the
combined organic layers washed with brine (150 mL), dfMdSQ,) and evaporateth
vacuo to give thetitle compound8as a yellow solid (987 mg, quantitative)p 113115 °C
(lit.,** mp 114-115°C); (Found: M+N4&, 314.9482 CoHslOs+Na" requires 314.9489))max
(CHCL)/cm™* 1695, 1566, 1467, 1432, 1394, 1286, 1a80(400 MHz; CDC}) 10.2 (1 H, s,
CHO), 6.99 (1 H, dJ 9.0, ArH), 6.97 (1 H, dJ 9.0, ArH), 3.88 (3 H, s, OMe), 3.87 (3 H, s,
OMe); dc (100 MHz; CDC4) 193.1 (CH), 155.6 (C), 152.7 (C), 126.7 (C), 115.9 (CH), 112.6

(CH), 90.3 (C), 57.4 (Me), 56.7 (Ma))/z(ESI) 315 (M+N4, 100%).
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(R/S)-1-(2-lodo-3,6-dimethoxyphenyl)ethanol 71

O  OMe OH OMe
H
B —
I I
OMe OMe
68 71

To a solution of 2odo-3,6-dimethoxybenzaldehydg8 (1.00 g, 3.42 mmol) in THF (25 mL)

at 0 °C under argon was added methylmagnesium bromide (1 M in ether; 4.45 mL, 4.45
mmol) dropwise. The reaction mixture was allowed to warm to room temperature over 1 h,
stirred for 1.5 h and then quenched with saturatgpeeous ammonium chloride (14 mL). The
mixture was extracted into ethyl acetate3(20 mL) and the combined organic fractions
were washed with brine (50 mL), dried over magnesium sulfate, filtered and conceinirated
vacuoto give thetitle compound71 as a yellow solid (1.04 g, 98%); mp-73 °C; (Found:
M+Na', 330.9802C;H;4O3+Na" requires 330.9802))max (CHCL)/cm* 3548, 3010, 2971,
2838, 1618, 1466, 1452, 1260, 1053, 1031, 8RG400 MHz; CDC}) 6.87 (1 H, dJ 9.0,

ArH), 6.68 (1 H, dJ 9.0, ArH), 5.26 (1 H, gJ 6.6, G(HOH(Me)), 3.87 (3 H, s, OMe), 3.26 (3

H, s, OMe), 1.49 (3 H, d] 6.6, Me);d: (100 MHz; CDC}) 152.6 (C), 151.3 (C), 136.4 (C),
111.7 (CH), 109.1 (CH), 92.3 (C), 77.0 (CH), 57.0 (Me), 56.0 (Me), 22.4 (M&)(ESI)

639 (M+Na’, 100%), 331 (M+N§ 79%).

1-(2-lodo-3,6-dimethoxyphenyl)ethanone72

OH OMe [o) OMe
_— >
I I
OMe OMe
71 72

To a solution of 4(2-iodo-3,6-dimethoxyphenyl)ethanofl (800 mg, 2.59 mmol) in dry
dichloromethane (12 mL) was added D®&artin periodinang2.19 g, 518 mmol) at 0 °C

under argonThe reaction mixture was allowed to warm to room temperature over 1.5 h,
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stirred at this temperature for 2 h, and then a mixture of saturated agueous sodium thiosulfate
solution and saturated aqueous sodium hydregénonate solution (1:1; 50 mL) was added

and the reaction contents were stirredLfar The organic phase was separated and washed
again with a mixture of saturated aqueous sodium thiosulfate solution and saturated aqueous
sodium hydrogen carbonate sadumt (1:1; 30 mL), dried with magnesium sulfate and
evaporatedin vacuo Purification by flash chromatography using light petroleum/ethyl
acetate (8:2) gave thidle compoundr2 as a colourless solid (600 mg, 75%); mp&R°C;

(Found: M+Nd, 328.9645.C;H1;105+Na’ requires 328.9645)nmax (CHCL)/cm™ 3009,

2963, 2941, 1838, 1706, 1570, 1471, 1431, 1407, 1267, 1252, d.0@®)0 MHz; CDC})

6.90 (1 H, dJ 8.8, ArH), 6.81 (1 H, dJ 8.8, ArH), 3.87 (3 H, s, OMe), 3.80 (3 H, s, OMe),

2.54 (3 H, s, Me)d: (75 MHz; CDC}) 203.7 (C), 152.5 (C), 150.0 (C), 138.4 (C), 111.8
(CH), 111.1 (CH), 83.2 (C), 57.1 (Me), 56.5 (Me), 30.7 (Me)z (ESI) 329 (M+N4,

100%).

Methyl 2-(2-iodo-3,6-dimethoxyphenyl)}-2-oxoacetate73

O OMe O OMe
MeO
B ——
(0]
| |
OMe OMe
72 73

A mixture of 1-(2-iodo-3,6-dimethoxyphenyl)ethanon&2 (420 mg, 1.37 mmol) and
selenium dioxide (228 mg, 2.06 mmol) in dry pyridine (0.7 mL} Wwaated at 100 °C for

23h, under an argon atmosphere. The reaction mixture was allowed to reach room
temperature, cooleéh an icebath and then molecular sieves 4 A (96.0 mg) and dry
methanol (1.00 mL, 24.7 mmol) were added and stirred for an additional 10 min. Thionyl
chloride (0.50 mL, 6.86 mmol) was added dropwise over 15 anih the icébath was
removed. After stirring for 16 h at room temperature a mixture of perchloric acid,

acetonitrile and distilled water (1.2 mL:24 mL:2.4 mL) was poured into the flask and stirred
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for 1 h. Excess acid was neutralised with saturated aqueous sodium hydrogen carbonate and
the mixture wa extracted with ethyl acetate {320 mL). The combined organic extracts

were washed with brine (50 mL), dried (MggQand the residue purified by column
chromatography, eluting with light petroleum/ethyl acetate (6:4 to 1:1) to giveitlhe
compound73 as a yellow solid (379 mg, 79%np 9798 °C; (Found: M+N§ 372.9544.
CuHulOs+Na' requires 372.9543))max (CHCL)/em* 1735, 1591, 1573, 1470, 1431, 1412,
1261, 1030, 1018, (400 MHz; CDC}) 6.96 (1 H, dJ 9.2, ArH), 6.93 (1 H, dJ 9.2, ArH),

3.94(3 H, s, OMe), 3.89 (3 H, s, OMe), 3.79 (3 H, s,,86); dc (100 MHz; CDC}) 186.8

(C), 160.4 (C), 152.8 (C), 152.7 (C), 132.1 (C), 113.6 (CH), 112.2 (CH), 85.4 (C), 57.2 (Me),

56.8 (Me), 53.3 (Me)m/z(ESI) 373 (M+N4, 100%).

(R/S)-Methyl 2-hydroxy-2-(2-iodo-3,6-dimethoxyphenyl)acetate74

O OMe OH OMe
MeO MeO

OMe OMe
73 74

To a suspension of methy}(2-iodo-3,6-dimethoxyphenytR2-oxoacetate’3 (50.0 mg, 0.14
mmol) in dry methanol (1.5 mL) at30 °C under argon was added sodium borohydride (27.0
mg, 0.07 mmol). After stirring for 1 h at room temperature, the reaction mixture was
guenched with hydrochloric acid (1 M), until evolution of gas stopped, diluted with water (5
mL) and extracted into leyl acetate (3 5 mL). The combined organic fractions were
washed with brine (2 10 mL), dried (MgS@) and concentrated under reduced pressure to
give thetitle compound74 as a colourless solid (45 mg, 89%); mp -2 °C; (Found:
M+Na’, 374.9700Cy;H;4Os+Na’ requires 374.9700))ma (CHCl)/cm* 3542, 3011, 2955,
2839, 1743, 1574, 1473, 1433, 1259, 1083, 1064, @3#00 MHz; CDC}) 6.85 (1 H, dJ

8.8, ArH), 6.78 (1 H, dJ 8.8, ArH), 5.73 (1 H, dJ 8.0, (HOH), 3.84 (3 H, s, OMe), 3.77 (3

H, s, QMe), 3.73 (3 H, s, CMe), 3.70 (1 H, dJ 8.0, OH);dc (100 MHz; CDC}) 173.7 (C),
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152.9 (C), 151.7 (C), 131.9 (C), 111.9 (CH), 111.2 (CH), 95.2 (C), 76.4 (CH), 57.1 (Me),

56.4 (Me), 52.7 (Me)m/z(ESI) 375 (M+N4, 100%).

Methyl 2-ethyl-3-methylbut-3-enoate88®

)\)OJ\ i
—_ >
" 0OMe )\ikowle

82 88
A mixture of methyl 3methyl2-butenoate82 (1.28 mL, 10.5 mmol) in THF (4.4 mL) was
added to a stimg solution of LDA (12.0 mmol), prepared from-butyllithium and
diisopropylamine in THF (13 mL) at78 °C, and the stirring was continued for 1 h. The
solution was allowed to warm to 0 °C over 1 h, and iodoethane (1.56 mL, 19.4 mmol) was
added dropwise. The mixture was warmed to room temperature, over 1 h, and stirred for 2 h,
before being poured into wex (10 mL) and extracted with dichloromethane (30 mL).
The combined organic extracts were then washed with water (20 mL), dried (MaS®D
concentratedn vacuowithout heating. The residue was subjected to flash chromatography
on silica gel, usingight petroleum/ethyl acetate (25:1) to give thk compoundd8 as a
colourless oil (1.09 g, 73%); (Found: M+Nd 65.0884 CgH140,+Na’ requires 165.0891);
Nmax (CHCls)/cmi* 3081, 2954, 1731, 1646, 1601, 1457, 1376, 1249, 1170, d0G00
MHz; CDCk) 4.894.86 (2 Hm, H-4), 3.67 (3 H, s, OMe), 2.98.90 (1 H, m, H2), 1.73 (3
H, s, Me); 1.661.87 (2 H, m, ©,Me); 0.87 (3 H, J 7.5, CHMe); dc (100 MHz; CDCY)
174.2 (C), 142.4 (C), 113.7 (GH 54.8 (CH), 51.7 (Me), 23.2 (GH 20.0 (Me), 11.9 (Me);

m/z(ESI) 165 (M+N4, 21%).Data inagreementvith literature value®
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Methyl 2-ethyl-3-methylbut-2-enoate89

o} o
)\iKOMe = /Ki‘\OMe

88 89
To a soltion of methyl 2ethyl3-methybut-3-enoate88 (5.00 g, 35.2 mmol) in THF (40

mL) at -78 °C was added potassiulrt-butoxide (4.34 g, 38.6 mmol) and the reaction
mixture was allowed to reach 0 °C over gwrse of 2 h. The mixture wagashed with

water (30 mL) and extracted with dichloromethane (30 mL). The organic phase was dried
(MgS0O,) and evaporatenh vacuowithout heating. Evaporation of the solvent gavetithe
compoundd9 as a yellow oil (4.92 g) contaminated witBuOH. Thematerial was used in

the next step without further purification;,a(CHCL)/cm* 3010, 1707, 1435, 876, (300

MHz; CDCk) 3.72 (3 H, s, OMe), 2.29 (2 H, §7.5, tH,Me), 1.94 (3 H, s, Me), 1.79 (3 H,

s, Me), 0.97 (3 H, tJ 7.5, CHMe); dc (75 MHz; CDCL); 170.2 (C),141.6 (C), 129.1 (C),

51.1 (Me), 23.1 (Ch) 22.9 (Me), 21.4 (Me), 13.4 (Mejp/z(El) 142 (M).

(2)-((2-Ethyl-1-methoxy-3-methylbuta-1,3-dien-1-yl)oxy)trimethylsilane 28

o) OTMS
89 28
n-Butyllithium (1.6 M in hexanel4.0 mL, 22.3 mmol) was added dropwise to a stirring
solution of disopropylamine (3.75 mL, 26.8 mmol) in THF (14 mL) at 0 °C. The resulting
solution was stirred at 0 °C for 1 h and then cooled/&°C. Methyl 2ethy}t3-methylbut2-
enoate89 (2.79 g, 1% mmol) dissolved in THF (28 mL) was added dropwise and the
mixture was stirred at78 °C for 1.5 h. Freshly distilled chlorotrimethylsilane (4.01 mL,

31.4 mmol) was added and the reaction mixture was stirred for another 1.5 h and then

warmed to room tempature over 1.5 h. The solvent was removed under reduced pressure
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and the resulting slurry was suspended in pentane (10 mL), filtered and the filtrate was
concentratedn vacuo The residue was distilled under reduced pressure (water aspirator) to
give the desired compour8 as a ctourless oil (3.11 g, 74%); bp0-80 °C (15 mm Hg);
Nmax (CHCl)/cmi' 3081, 3011, 1726, 1661, 1636, 1438, 1253, 1175, 1115, 1060, 860, 850;
dy (400MHz; CDCl) 4.904.89 (1 H, m, H4), 4.834.82 (1 H, mH-4), 3.54 (3 H, s, OMe),
2.14 (2 H, qJ 7.6, H.Me), 1.86 (3 H, s, Me), 0.94 (3 H, 1,7.6, CHMe), 0.20 (9 H, s,
SiMes); dc (100 MHz; CDC}) 150.2 (C), 142.3 (C), 112.9 (GH104.5 (C), 56.7 (Me 23.4

(Me), 22.0 (CH), 14.0 (Me), 0.03 (Me)n/z(FT-MS) 214 (M, 22%).

2,6-Dibromo-1,4-benzayuinone 84’’

OH o

Br Br Br Br
—_—
Br o
83 84

A solution of 2,4,éribromophenoB3 (1.00 g, 3.02 mmol) in acetonitrile (40 mL) was added
to a solution of periodic acid (1.75 g, 7.68 mmol) in water (BLJ and stirred at 80 °C for 6
h. After setting aside for 2 h, the mixture was extracted with ethér §8 mL), dried
(MgSQy) and concentrateith vacuo Recrystallisation from ethanol gave tiitte compound
84 as a yellow solid (421 mg, 52%); mp 1280 °C (lit.,”” mp 130 °C);dy (400 MHz;
CDCl) 7.32 (2 H,s, H3,5); dc (100 MHz; CDC}) 182.3 (C), 172.4 (C), 130.2 (CH), 135.7

(C): m/z(El) 268/266264 (M, 24/46/23%). Data inagreementvith literature values’
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2-Bromo-7-ethyl-8-hydroxy-6-methylnaphthalene 1,4-dione 85

oTMS Q o OH
3
28 g4 © g5 5
To a solution of 2,8liboromal,4-benzauinone84 (1.71 g, 6.43 mmol) in dry toluene (20
mL) at O °C, under a nitrogen atmosphere was added a solutid@h(@2-ethyt1-methoxy
3-methylbutal,3-dien1-yl)oxy)trimethylsilane28 (2.08 g, 9.61 mmol) in dry toluene (6
mL), dropwise, over 10 min. The reactionixture was allowed to reach rooemiperature
over the course of 16 , bef ore being poured into a fl as
dichloromethane (100 mL). After stirring for 48 h at room temperature, the mixture was
filtered and the filter cakevas washed with dichloromethane3(2L00 mL) under reduced
pressure and the solvent evaporated. Purification by flash chromatography using first light
petroleum and then light petroleum/ethyl acetate (2%), gavéitthecompound85 as an
orange solid (1.6 g, 82%); mp 13132 °C (dichlorometharmehexane); (Found: C, 52.65;
H, 3.66. CisHi,BrO; requires C, 52.91; H, 3.76); (Found: M+Na316.9790.
CiH1.°BrOs+Na" requires 316.9784)Nmax (CHCl)/cm' 3691, 1601, 1350, 8540max
(acetonitrile)/nm 222 (log)4.70), 256 (log03.99), 289 (logl4.17), 441 (logd3.77); dy
(400 MHz; CDC}) 12.1 (1 H, s, OH), 7.44 (1 H, s/5), 7.41 (1L H, s, FB), 2.77 (2 H, g,
7.6,CH,Me), 2.42 (3 H, s, Me), 1.15 (3 H,1,7.6, CHMe); dc (100 MHz; CDC}); 182.6
(C), 181.9(C), 160.6 (C), 146.3 (C), 140.9 (CH), 139.4 (C), 139.2 (C), 128.6 (C), 122.1

(CH), 111.7 (C), 20.1 (Me), 19.6 (GH12.6 (Me);m/z(ESI) 316 (M+N4, 100%).

129



Chapter V Experimental

7-Bromo-2-ethyl-3-methyl-5,8-dioxo-5,8-dihydronaphthalen-1-yl acetate94

O OH O OAc
Br Br.
(O — 1
6
4
(0] O
85 94

To a solution of acetyl chloride (0.06 mL, 0.93 mmol) in dichloromethane (2.5 mL) was
added a solution of-Bromo7-ethyl-8-hydroxy-6-methylnaphthalené,4-dione85 (245 mg,

0.83 mmol) in pyridine (4 mL) and dichloromethai3® mL), dropwise at 0 °C under argon.
The reaction mixture was stirred at 0 °C for 30 min and then tHeaitewas removed and

the stirring was continued for 30 min at room temperature. The mixture was concentrated
and the residue was taken up in dicbloethane (20 mL) and washed with water (2 x 10
mL). The organic phase was dried over magnesium sulfate and evaporated under reduced
pressure.The residue was purified by column chromatography on silica gel, eluting with
light petroleum/ethyl acetate (9:fg give thetitle compound®4 as a yellow solid (154 mg,
56%); mp 139141 °C (dichloromethanehexane); (Found: C, 53.27; H, 3.83sH:3BrO,
requires C, 53.43; H, 3.89); (Found: M+Na358.9891. GHis"*BrO,+Na’ requires
358.9889)Nmax (CHCL)/cm™ 3690, 3045,1772, 1676, 1369, 8% (acetonitrile)/nm 206

(log U4.65), 260 (lod)4.30), 285 (logJ4.19), 358 (logJ)3.63); Uy (400 MHz; CDC}) 7.83

(1 H, s, H4), 7.43 (1 H, s, k), 2.732.54 (2 H, m, &,Me), 2.50 (3 H, s, Me), 2.49 (3 H, s,

Me), 113 (3 H, t,J 7.6, CHMe); Uc (100 MHz; CDC}) 181.9 (C), 176.2 (C), 169.5 (C),
148.5 (C), 145.6 (C), 143.7 (C), 141.3 (C), 139.1 (CH), 130.5 (C), 126.7 (CH), 120.1 (C),

21.1 (Me), 20.7 (Ch), 20.1 (Me), 12.9 (Me)n/z(ESI) 361/359 (M+N§ 99/100%).
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6,7-Dibromo-2-ethyl-3-methyl-5,8-dioxo-5,8-dihydronaphthalen-1-yl| acetate86

O OAc O OAc
Br Br
TOC—
o) " o *
94 86

To a solution of fbroma2-ethyt3-methylt5,8-dioxo-5,8-dihydronaphthalei-yl acetate94

(80.0 mg, 0.24 mmol) in acetic acid (0.32 mL) at roemperature was added a solution of
bromine (12 pL, 0.24 mmol) in acetic acid (32 pL), dropwise over 5 min. After stirring for 4
h at room temperature, the reaction mixture was diluted with dichloromethane (3 mL),
washed successively with water (3 x 5 nmdgfurated aqueous sodium carbonate (3 x 5 mL),
brine (5 mL) and dried (MgS{ Evaporation of the solvent and flash chromatography of the
residue over silica gel with light petroleum/ethyl acetate (9:1) gavetlitneompound6 as

a yellow solid (89.6 mg; 91%); mp 2@10 °C (dichloromethanehexane); (Found:
M+Na', 436.8992.C,sH:."Br,Os+Na" requires 436.8995ax (CHCl)/cmi* 3691, 2337,
1771, 1677, 1600, 1177, 88&;. (acetonitrile)/nm 208 (lod)4.50), 254 (logJ4.20) 262

(log U4.19), 298 (logJ4.10) 362 (log03.55); Ui (400 MHz; CDC}) 7.92 (1 H, s, H4),
2.732.60 (2 H, m, G,Me), 2.50 (6 H, s, 2 x Me), 1.13 (3 H,X,7.6, CHMe); Uc (100

MHz; CDCk) 175.6 (C), 174.1 (C), 169.3 (C), 148.7 (C), 145.6 (C), 14@)3143.7 (C),
140.9 (C), 129.5 (C), 128.0 (CH), 120.0 (C), 21.1 (Me), 20.8,JC20.1 (Me), 12.9 (Me);

m/z(ESI) 441/439437 (M+Nd, 37/71/38%).
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Methyl 2-(5-acetoxy-3-bromo-6-ethyl-7-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-
yhacrylate 95 and methyl 2-(8-acetoxy3-bromo-7-ethyl-6-methyl-1,4-dioxo-1,4-

dihydronaphthalen-2-yl)acrylate 96

96

A mixture of6,7-dibromo2-ethyl3-methyt5,8-dioxo-5,8-dihydronaphthaleri-yl acetate86
(50.0 mg, 012 mmol), methyl acrylat¢30 L, 0.36 mmol) and DABCO 18.8 mg, 014
mmol) in THF (2 mL) was stirred at rt foBO h. The reaction mixture wasiluted with water

(1 mL) and extracted witldichloromethan€3 x 2 mL). The combined organic layers were
dried (MgSQ,), evaporatedin vacuo and he resultingresiduewas purified by column
chromatography, eluting witlight petroleum/ethyl acetate (9:fo givea 21 mixture ofthe
regioisomers95 and 96 as ayellow oil (27.8 mg, 55%); (Found: M+Nd, 443.0072
CiH17"°BrOg+Na’ requires443.0106; Regioisomei95: Uy (400 MHz; CDCY) 7.87 (1 H, s,
ArH), 6.78 (1 H, s, C=8,), 5.87 (1 H, s, C=8,), 3.76 (3 H, s, Me), 2.72.62 (2 H, m,
CH.Me), 2.51 (3 H, s, Me), 2.49 (3 H, s, Me), 1.14 (3 H] 7.6, CHMe); d- (100 MHz;
CDCl;) 180.3 (C),179.3 (C), 169.5 (C), 164.3 (C), 148.3 (C), 145.6 (C), 143.7 (C), 140.7
(C), 135.0 (C), 132.1 (CHl 130.2 (C), 127.1 (CH), 126.4 (C), 120.2 (C), 52.5 (Me), 21.1
(Me), 20.7 (CH), 20.1 (Me), 13.0 (Me)Regioisomer6: 7.93 (1 H, s, ArH), 6.78 (1 H, s,
C=CH,), 5.87 (1 H, s, C=8,), 3.75 (3 H, s, Me), 2.72.62 (2 H, m, El,Me), 2.49 (3 H, s,
Me), 2.43 (3 H, s, Me), 1.12 (3 H,3,7.6, CHMe); dc (100 MHz; CDC}) 177.4(C), 175.9
(C), 169.3(C), 163.9(C), 145.5(C), 145.0(C), 144.1(C), 137.6(C), 134.9(C), 132.1 (CH),
129.8(C), 1275 (CH), 127.1(C), 1206 (C), 52.5(Me), 21.0(Me), 20.7 (CH), 20.0(Me),

13.0 (Me);m/z(ESI) 445/443(M+Na’*, 99/100%);

132



Chapter V Experimental

Methyl 2-(tributylstannyl)acrylate 98%*

SnBug

=—CO,Me CO,Me
97 98

To a solution of bis(triphenylphosphine)palladium(ll) dichloride (83.5 mg, 0.12 mmol) in
toluene (120 mL), stirred at room temperature for 10 min was ade#dyihpropiolated7

(1.06 mL, 11.9 mmol) and then tributyltin hydride (3.84 mL, 14.3 mmol) in toluene (35 mL),
dropwise over 5 min. After stirring for 2 h at room temperature the reaction mixture was
concentrated and purified by column chromatography lwagjel, using 2% ether in light
petroleum. Theitle compound8 was collected as a colourless oil (2.31 g, 52%); (Found:
M+Na®, 399.1330.C;eH3,0,Sn+Nd requires 399.1316)Nmax (CHCL)/cm® 2957, 2927,
2872, 2854, 1695, 1463, 126k; (400 MHz; CDC}) 6.89 (1 H, dd,) 108.9, 2.8, SnC=8,),

5.92 (1 H, dd,J 53.4, 2.8, SnC=8,), 3.73 (3 H, s, OMe), 1.56.87 (27 H, m, SmBu); Ui

(100 MHz; GDg) 170.2 (C),146.6 (C),139.8 (CH), 51.4 (Me), 29.4 (Ch), 27.6 (CH), 13.9

(Me), 10.3 (CH):; m/z(ESI) 399(M+Na', 100%).Data inagreementvith literature value&?

Methyl 2-[8-(acetyloxy)7-ethyl-6-methyl-1,4-dioxo-1,4-dihydronaphthalen-2-yl]prop -2-

enoate99

O OAc SnBus
Br
e
© 94 98

7-Bromo-2-ethyt3-methyt5,8-dioxo-5,8-dihydronaphthalerd-yl acetate94 (64.7 mg, 0.191
mmol) was dissolved in dry toluene (3nL) and a solution of methyl -2
(tributylstannyl)acrylate 98 (286 mg, 0.762 mmol) in dry toluene (1 mL) and
tetrakiqtriphenylphosphine)palladium (15.8 mg, 0.014 mmol) were sequentially added. The
reaction mixture was stirred at 75 °C for 23 h, under agem atmosphere and then diluted

with water (5 mL), extracted with dichloromethane® (8 mL), washed with brine (15 mL),

133



Chapter V Experimental

dried (MgSQ), filtered and the solvent removedvacua The residue was purified by flash
chromatography on silica gel, eluting witthyl acetate/light petroleum-@20%) to give the

titte compound99 as a yellow solid55 mg, 84%);mp 160162 °C (dichloromethan&-
hexane);(Found: M+Nd, 365.1009.C;¢H140s+Na’" requires 365.0996Yamax (CHCL)/cm*
3046, 2977, 1770, 1729, 1665, 1192, 1063400 MHz; CDC}) 7.83 (1 H, s, b), 6.84 (1

H, s, H3), 6.49 (1 H, dJ 0.8, C=CH,), 5.91 (1 H, d,J 0.8, C=CH,), 3.76 (3 H, s, Me), 2.69
2.64 (2 H, m, €,Me), 2.48 (3 H, s, Me), 2.43 (3 H, s, Me), 1.13 (3 H 7,6, CHMe); dc

(100 MHz; CDC}) 184.5 (C), 182.5 (C), 169.5 (C), 165.5 (C), 147. 8 (C), 147.7 (C), 144.9
(C), 143.5 (C), 136.8 (C), 134.2 (CH), 130.9 (C), 130.04CE6.0 (CH), 121.0 (C), 52.4

(Me), 21.1 (Me), 20.6 (CH), 20.1 (Me), 13.0 (Me)n/z(ESI) 365 (M+N4, 100%).

2-Bromo-7-ethyl-8-methoxy-6-methylnaphthalene 1,4-dione 101

o OH (0] OMe
Br Br.
OO \ L
5

le} (0]

85 101
A mixture of 2bromao 7-ethyl8-hydroxy-6-methylnaphthalené,4-dione 85 (400 mg, 1.35
mmol), silver(l) oxide (469 mg, 2.00 mmol) and iodomethane (6.75 mL, 0.108 mol) was
heated to reflux for 5.5 h. The mixture was filtered through Celite® and the filter cake was
washed with dichloromethane (15 mL). The filtrate and the washivaye combined and
concentratedn vacua The residue was purified by column chromatography on silica gel,
using light petroleum to light petroleum/ethyl acetate (95:5) to giveitthecompoundlO1
as a yellow solid287 mg, 68%); mp 886 °C (dichloronethanet-hexane); (Found: C,
53.98; H, 4.31.C;jH.3BrO; requires C, 54.39; H, 4.31); (Found: M+Na330.9931.
CiH13"BrOs+Na’ requires 330.9940)Nmax (CHClL)/cm™ 1724, 1674, 1585, 1465, 1451,
1381, 1336, 1303, 1255, 1175, 1101, 1684 (acetonitrile)/nm 211 (lo§)4.54), 262 (lod)

4.14), 283 (lodJ4.07), 374 (10g)3.57);dy (400 MHz; CDCY) 7.70 (1 H, s, Ib), 7.42 (1 H,
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s, H3), 3.89 (3 H, s, OMe), 2.78 (2 H, 7.6, GH,Me), 2.45 (3 H, s, Me), 1.16 (3 H, 1,
7.6, CHMe); de (L00MHz; CDCE) 182.6 (C), 176.4 (C), 159.3 (C), 145.53 (C), 145.49 (C),
142.0 (C), 138.7 (CH), 130.9 (C), 125.1 (CH), 120.8 (C), 62.3 (Me), 20.3) (2811 (Me),

13.7 (Me):m/z(ESI) 331/333 (M+N§ 53/51%).

7-Bromo-2-ethyl-1,5,8trimethoxy -3-methylnaphthalene 102

O OMe OMe OMe
Br Br
O — T
(0] OMe
101 102

To a solution of Zoromeo7-ethyt8-methoxy6-methylnaphthalen#,4-dione 101 (122 mg,

0.39 mmol) in dichloromethane (29 mL) was added a saturated aqueous solution of sodium
dithionite (15 mL). After stirring vigorously for 1.5 h at room temperature, the organic phase
was separated and the aqueous layer was extracted with dichloaoe¢2® 20 mL). The
combined organic phases were washed with briné (20 mL), dried (MgS@ and
concentrated under reduced pressure yielding pure hydroquinone, which was used in the next
step without further purification. The hydroquinone was purgigd mitrogen over 30 min,
dissolved in degassed acetone (8.7 mL) and potassium carbonate anhydrous (502 mg, 3.62
mmol) followed by dimethyl sulfate (0.34 mL, 3.62 mmol) were added. The solution was
heated to reflux for 2 h, cooled and filtered through wgpdf Celite®. The residue was
purified by column chromatography on silica gel, eluting with light petroleum/ethyl acetate
(9.5:5 to 8:2) to give thtle compoundL02 as an offwhite solid(102 mg, 76%); mp 989

°C; (Found: M+N3, 361.0410.CyH;o BrOs+Na’ requires 361.0410)Nmax (CHCL)/cm*

3011, 2971, 2935, 1584, 1455, 1330, 1061, 9400 MHz; CDC}) 7.81 (1 H, s, ArH),

6.86 (1 H, s, ArH)3.95 (3 H, s, OMe), 3.84 (3 H, s, OMe), 3.83 (3 H, s, OI235 (2 H,q,

J 7.6, H,Me), 2.47 (3 H, sMe), 1.22 (3 H, t,J 7.6, CHMe); dc (75 MHz; CDC}) 152.2

(C), 151.7 (C), 1453 (C),136.0 (C), 136.0 (C), 126.3 (C), 121.9 (C), 118.9 (CH), 113.4 (C),
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107.8 (CH), 63.0 (Me), 61.7 (Me), 55.9 (Me), 20.0 (Me), 19.9 JCEX.7 (Me):m/z (ESI)

363/361 (M+N3, 86/87%).

(E)-Methyl-3-(7-ethyl-1,4,8trimethoxy -6-methylnaphthalen-2-yl)acrylate 104

OMe OMe (0] OMe OMe
B ——
OMe OMe
102 104

7-Bromo-2-ethyt1,5,8trimethoxy3-methylnaphthalenel02 (50.0 mg, 0.147 mmol) was
dissolved in dryDMF (1 mL) and a solution of methyl-@ributylstannyl)acrylate€8 (286
mg, 0.762 mmol) in drypMF (0.2 mL) andtetrakiqtriphenylphosphine)palladiun8{® mg,
0.0073mmol) were sequentially added. The reaction mixture was stirr&€802C for 16 h,
under a nitogen atmospher and then diluted with water (81L), extracted with
dichloromethane (3 3 mL), washed with brine (16L), dried (MgSQ), filtered and the
solvent removedn vacua The residue was purified by flash chromatography on silica gel,
eluting withlight petroleum/ethyl acetaf®:1) to give thecompoundL04 as a yellow solid
(15.3 mg, 30%); mp 145149 °C; (Found: M+Nd, 367.1527 C,yH.Os+Na’ requires
367.1521);dy (400 MHz; CDC4) 8.34 (1 H, dJ 16, GH=CHCOMe), 7.87(1 H, s, ArH),
6.86 (1 H, s, ArH), 6.49 (1 H, d, 16, CH=GHCO,Me), 4.02(3 H, s, OMe),3.87 (3 H, s,
OMe), 3.86(3 H, s, OMe)3.85 (3 H, s, OMe)2.88(2 H, q,J 7.6, (H:Me), 2.52(3 H, s,
Me), 1.25(3 H, t,J 7.6, CHMe); dc (100 MHz; CDCk) 167.8(C), 153.5(C), 151.5(C),
149.7(C), 140.1(CH), 137.5(C), 136.0(C), 128.5 (C), 123.0 (C), 121.2 (C)18.9 (CH),
117.3(CH), 99.5 (CH),63.0 (Me),62.9(Me), 55.6(Me), 51.6 (Me), 20.1Me), 19.9 (CH),

14.7 (Me);m/z(ESI) 367 (M+Na’, 100%).
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Experimental detailfor Chapter IlI

3-Bromo-2-hydroxy-5-methoxybenzaldehydel 59'*

OH OH
OHC OHC Br
B — e
OMe OMe
147 159

To a solution of Zhydroxy-5-methoxybenzaldehydb47(20.0 g, 131 mmol) in glacial acetic
acid (600 mL) was added sodium acetate anhydrous (17.1 g, 209 amwddbromine (8.69

ml, 169 mmol). The resulting mixture was stirred at room temperature for 1 h and
concentrated. The residue was then dissolved in dichloromethane (1 L), washed with
saturated aqueous sodium thiosulfate solution (500 mL), water (500 mik} dver
magnesium sulfate and concentraied/acuo Theresultingsolid was recrystallised from
ethanol to yield thditle compoundl59 as a yellow solid (24.0 g, 79%); mp Q@8 °C
(lit., ™ mp 108 °C); (Found: M+Na252.9470CsH, *BrOs+Na’ requires 252.9471)j, (400

MHz; CDCk) 11.13 (1L H, s, CHO), 9.83 (1 H, s, OH), 7.42 (1 H] 8,0, ArH), 7.04 (1L H, d,

J 3.0, ArH), 3.82(3 H, s, OMe);lic (100 MHz; CDC}) 195.6 (CH), 152.8 (C), 152.5 (C),
127.4 (CH), 120.4 (C), 115.8 (CH), 111.5 (C), 56.2 (M®)z (ESI) 255/253 (M+N§

100/99%).Data inagreementvith literature values??

3-Bromo-2,5-dimethoxybenzaldehydel 602

OH OMe
OHC Br OHC Br
_ =
OMe OMe
159 160

To a solution of dromo2-hydroxy-5-methoxybenzaldehydks9 (2.50 g, 10.8 mmol) in dry
DMF (50 mL) was added potassium carbonate (2.10 g, 15.1 mmol) and dimethylsulfate (1.43
mL, 15.1 mmol). The resulting mixture was stirred at room temperature foruoh,which

water (50 mL) was added. The organic layer was separated and the aqueous layer was
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extracted with ethyl acetate £250 mL). The combined organic extracts were washed with
brine (100 mL), dried over magnesium sulfate and concentiatedcuo The resulting
residue was purified by column chromatography, eluting with light petroleum/ethyl acetate
(8:2) to give thditle compoundL60as a colourless solid (2.47 g, 93%); mp&&&°C (lit.

mp 68 °C); (Found: M+Na 266.9627.CsHo"*BrOs+Na' requires 266.9627)3; (400 MHz;
CDCL) 10.31 (1 H, s, CHO), 7.38 (1 H, 2.8, ArH), 7.27 (1 H, dJ 2.8, ArH),3.93 (3 H,

s, OMe), 3.82 (3 H, s, OMeii: (100 MHz; CDC4) 189.0 (CH), 156.4 (C), 154.4 (C), 130.5
(C), 126.5 (CH), 118.5 (C), 110.2 (CH), 63.8 (Me), 56.0 (Mejz (ESI) 269/267 (M+N%

96/100%).Data inagreementvith literature values

3-Bromo-2,5-dimethoxyphenol 148

OMe OMe
OHC Br HO Br
_—
OMe OMe
160 148

To a solution of dbromo2,5-dimethoxybenzaldehyd&60 (2.16 g, 8.80 mmol) in dry
dichloromethane (44 mL) at 0 °C under argon, was aduetdchloroperoxybenzoic acid
(5.92, 26.4 mmol) portionwise. After stirring for 18 h at room temperature, the reaction
mixture was diluted with dichloromethane (20 mL) anastved successively with sodium
thiosulfate solution (1 M; 50 mL), saturated aqueous sodium hydrogen carbonate solution
(50 mL) and brine (50 mL). The organic layer was dried over magnesium sulfate,
concentratedn vacuoand taken up imrmethanol (44 mL). Ageous potassium hydroxide
solution (1 M; 1 mL) was then added and the resulting mixture was stirred at room
temperature for 1 h, upon whicm aqueous hydrochloric acid solution (1 M; 2 mL) and
water (44 mL) were added. The mixture was extracted into attegate (2 40 mL) and the
combined organic layers were washed with water (50 mL), brine (50 mL), dried ()gSO

and concentrateéh vacua The resulting oil was purified by column chromatography,
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eluting with light petroleum/ethyl acetate (1:1) to give tike compoundl48 as an off
white solid (1.62 g, 79%); mp 701 °C (lit.;* mp 7374 °C); (Found: M+N§ 254.9631.
CgHo *BrOs+Na’ requires 254.9627)3 (300 MHz; CDC}) 6.62 (1 H, dJ 3.0, ArH), 6.50
(1 H, d,J3.0, ArH), 5.67 (1 H, s, OH), 3.86 (3 H, s, OMe), 3.74 (3 H, s, OM&)75 MHz;
CDCk) 157.0 (C), 150.2 (C), 138.6 (C), 115.7 (C), 109.7 (CH), 101.3 (CH), 61.3 (Me), 55.7

(Me); m/z(ESI) 257/255 (M+N% 95/100%).

1-Bromo-2,5-dimethoxy-3-((3-methylbut-2-en-1-yl)oxy)benzenel49

OMe OMe
HO Br /2 0 Br
- .3 1
OMe
148 149 OMe

To a stirred solution of-Bromeo-2,5-dimethoxyphenoll 48 (300 mg, 1.29 mmol) in dry DMF

(7 mL) under argon at 0 °C was added sodium hydride (60% dispersion in mineral oil, 57.0
mg, 1.42 mmol). After stirring for 5 min, 3dmethylallyl bromide (1.29 mL, 1.54 mmol)

was added dropwise and the resulting mixtuierest at room temperature for 2.5 h.
Saturated aqueous ammonium chloride solution (10 mL) was then added and the mixture
was extracted into ether @ 10 mL). The combined organic extracts were washed with
water (23 30 mL), dried over magnesium sulfatedatoncentrateth vacuoto give thetitle
compound 149 as a light yellow oil (385 mg, 99%); (Found: M+N\a323.0267.
CisH17*BrOs+Na' requires 323.0259)max (CHCL)/cm* 3011, 2938, 1766, 1599, 1572,
1488, 1239, 1175, 831i; (400 MHz; CDC}) 6.63 (1 H, dJ 2.8, ArH), 6.45 (1 H, dJ 2.8,

ArH), 5.505.46 (LH, m,H2 6) , 4. 3&8 KR6)H, A.,79 (3 H, s,
OMe), 1.79 (3 H, s, Me), 1.74 (3 H, s, Mé); (100 MHz; CDC}) 156.3 (C), 153.2 (C),
141.2 (C), 138.2 (C), 119(CH), 117.5 (C), 108.1 (CH), 101.5 (CH), 65.9 (&60.6 (Me),

55.7 (Me), 25.8 (Me), 18.3 (Men/z(ESI) 325/323 (M+N§ 62/63%).
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3-Bromo-2,5-dimethoxy-6-(2-methylbut-3-en-2-yl)phenyl acetate150

OMe OMe
Y\/O Br ,ZCO Br .
3/ 1
OMe OMe
149 150

1-Bromo-2,5-dimethoxy3-((3-methylbut2-en-1-yl)oxy)benzenel49 (182 mg, 0.60 mmol),
acetic anhydride (4.4 mL) armhhydroussodium acetate (99.0 mg, 1.21 mmol) were placed
in a sealed tube and heated at 200 °C for 21 h. After cooling to room tempdratugaction
mixture was poured into water (10 mL) and stirred vigorously for 0.5 h. The resulting
aqueous mixture was extracted into ethet @ mL) and the combined organic layers were
washed with saturated aqueous sodium hydrogen carbonate solutibtieuwashings were
neutral, brine (20 mL), dried (MgSPand concentrateth vacuo The resulting oil was
purified by column chromatography, eluting with light petroleum/ethyl acetate (5% to 20%)
to give compoundd50 and 161 along with starting materig49.9 mg, 27%). Thditle
compoundl50 was obtained as a colourless oil (24.6 mg, 12%); (Found: M3#83.0550.
CisH1o°BrO+H" requires 343.0539)Nmax (CHCL)cm® 3010, 2954, 1756, 1737, 1596,
1576, 1479, 1438, 1239, 1169, 1122, 1047400 MHz; CDC}) 6.91 (1 H, s, H4), 6.21 (1

H, dd,J17.4,10.6, 2 6 ) , 4. 8JA7.4, 10, #8,Q.),d @2 (1 H, dd]) 10.6, 1.0, H

38), 3.76 (3H, s, OMe), 3.75 (3 H, s, OMe), 2.22 (3 H, s;Ade 1.46 (6 H, s, Me)lc

(100 MHz; CDC}) 1690 (C), 155.5 (C), 149.3 (CH), 144.1 (C), 143.9 (C), 129.7 (C), 114.4
(C), 114.0 (CH), 106.6 (CH 60.9 (Me), 55.9 (Me), 41.7 (C), 21.0 (Me)/z(ESI) 345/343
(M+H", 98/100%), 365 (M+Na 59%); Compoundl61 (64.1 mg, 31%) was obtained as an
orange oil; (Found: M+Nd, 365.0361. GHio°BrOs+Na’ requires 365.0364):Nmax
(CHCL)/cm™* 3097, 3055, 3006, 1769, 1596, 1577, 1477, 1395, 1148, 104800 MHz;
CDCL) 6.56 (L H, s, Fb), 5.11 (LH, tJ6.8,H26), 3.78 (3 H, s, OMe),
351(2H,dJ6.8,H1 6 ) , 2. 3 3Ac) 1379 @ H, s,sMe), IM68 (3 H, s, Mé); (100

MHz; CDCk) 169.0 (C), 153.9 (C), 142.8 (C), 142.4 (C), 132.3 (C), 129.1 (C), 121.1 (C),
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120.9 (CH), 105.1Q), 61.0 (Me), 56.1 (Me), 29.3 (GH 25.8 (Me), 20.7 (Me), 18.1 (Me);

m/z(ESI) 367/365 (M+N# 99/100%);

3-Bromo-2,5-dimethoxy-4-(3-methylbut-2-en-1-yl)phenol 163

OMe

OMe
149

A solution of Xbromo2,5-dimethoxy3-((3-methylbut2-en-1-yl)oxy)benzenel49 (113 mg,

0.376 mmol) in dry DMF (1.3 mL) was placed in a sealed tube and heated at 16@®.for

The solvent was evaporated and the resulting oil purified by column chroegaltggeluting

with light petroleum/ethyl acetate (9:1) to give thke compoundl63as a beige solid (91.0

mg, 80%); mp 7&5 °C; (Found: M+N§ 323.0242C,H;,"°BrOs+Na’ requires 323.0253);

Nmax (CHCl)/cm* 3533, 3010, 2967, 2915, 1608, 1584, 141785, 1453, 1417, 1315, 1192,

1168, 1034, 984, (400 MHz; CDC}) 6.51 (1 H, s, Fb), 5.54 (1 H, s, OH), 5.12.08 (1 H,
t,J69,H26), 3.84 (3 H, s, OMe)  J6QHIF) (31H78s(3
s, Me), 1.68 (3 H, s, Me)ic (125 MHz CDCL) 154.8 (C), 147.7 (C), 137.8 (C), 131.9 (C),

122.4 (C), 121.6 (CH), 119.0 (C), 98.4 (CH), 61.1 (Me), 56.0 (Me), 28.6)(CH.8 (Me),

18.0 (Me);m/z(ESI) 325/323 (M+N§ 100/99%);
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1-(Allyloxy) -3-bromo-2,5-dimethoxybenzenel 55

OMe OMe
HO Br /2\/0 Br
—_— 3' 1:
OMe OMe
148 155

To a stirred solution of-Bromeo-2,5-dimethoxyphenoll 48 (300 mg, 1.29 mmol) in dry DMF

(7 mL) was added sodium hydride (60% dispersion in mineral oils; 57.0 mg, 1.42 mmol),
under argon at 0 °C. After stirring for 5 min, allyl bromide (0.13 mL, 1.54 mmol) was added
dropwise and the resulting mixture was stiradroom temperature for 1.5 h. Saturated

aqueous ammonium chloride solution (10 mL) was then added and the mixture was extracted

into ether (3 10 mL). The combined organic extracts were washed with wateB(@mL),
dried over magnesium sulfate and cemtcatedn vacuoto give thetitle compoundl55as a
light yellow oil (350 mg, quantitative yield); (Found: C, 48.67; H, 4C@QH3BrOsrequires
C, 48.37; H, 4.80); (Found: M+Na294.9960.C;;H15""BrOs+Na’ requires 294.9940))max
(CHCL)/cmi* 3011, 2964, 2838, 1601, 1572, 1489, 1424, 1319, 1148,183400 MHz;
CDCL) 6.65 (1 H, dJ 2.8, ArH), 6.44 (1 H, dJ 2.8, ArH),6.05 (1 H, ddtJ 17.2, 10.6, 5.2,
H-2 65.43 (1 H, ddJ 17.2, 1.6, H3 @), 5.30 (1 H, dd,J 10.6, 1.6, H3 &), 456 (2 H, d,J
52,H16), 3.81 (3 H, s, uQNeNHz CBC}H7156.3(C3, 1532.9
(C), 141.1 (C), 132.7 (CH), 117.9 (GH117.6 (C), 108.4 (CH), 101.5 (CH), 69.7 (§H

60.7 (Me), 55.7 (Me)m/z(ESI) 297/295 (M+N§ 99/100%).
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2-Allyl -5-bromo-3,6-dimethoxyphenol 164

OMe OMe OMe
/\/O Br HO Br HO Br
ST ool o ¢
3'/ 1 1 \3'
OMe OMe OMe
155 164 168

A solution of E(allyloxy)-3-broma2,5-dimethoxybenzen&55 (418 mg, 1.53 mmol) in dry
DMF (13 mL) was heated at 200 °C fdd #in in a microwave reactor (300 W). The solvent
was evaorated and the resulting oil was purified by column chromatography, eluting with
light petroleum/ethyl acetate (9:1 to 8:2) to give title compoundlL64 as a colourless solid
(237 mg, 57%); mp 723 °C; (Found: C, 48.16; H, 4.7841H:3BrO; requires C48.37; H,
4.80); (Found: M+N§ 294.9940. GH,5°BrOs+Na’ requires 294.9940))max (CHCL)/cm*

3527, 2927, 2854, 1681, 1580, 1186, 1034, 93400 MHz; CDC}) 6.57 (1 H, s, H4),

5.87 (1 H, ddtJ 16.9, 10.2,6.1, ) 6), 5. 75 (1 Hdd k169 OHH, 5.

3 ny, 4.97 (1 H, ddJ 10.2, 1.7, H3 @), 3.86 (3 H, s, OMe), 3.77 (3 H, s, OMe), 3.37 (2 H,
dt,J6.1 and 1.6, HL 6 Uc (100 MHz; CDC}) 154.8 (C), 148.3 (C), 138.8 (C), 135.7 (CH),
114.8 (C), 114.7 (Ch), 112.4 (C), 106.3 (CHp1.3 (Me), 56.0 (Me), 27.6 (GH m/z(ESI)
297/295 (M+N3, 97/100%); as well as the regioisome88 (121 mg, 29%); (Found:
M+Na', 294.9926. GH:5"°BrOs+Na" requires 294.9946)0m. (CHCL)/cm®* 3532, 3010,
2838, 1637, 1608, 1479, 1454, 1314, 1092, 1032, 86300 MHz; CDC}) 6.52 (1 H, s, H

6), 5.88 (1 H, ddt]) 16.4, 10.8, 6.1, k2 65.58 (1 H, s, OH), 5.00 (1 H, dd,10.8, 1.7, H
30 ), 4. 99164,1.7,H3 A.X 384 (3 Hs, OMe),3.77 (3 H, s, OMe), 3.50 (2 H,
d,J6.1, H1 6 (75 MHz; CDC}) 154.9 (C), 148.1 (C), 137.9 (C), 135.4 (CH), 120.5 (C),
119.3 (C), 114.9 (Ch), 98.4 (CH), 61.1 (Me), 56.1 (Me), 33.4 (@Hm/z (ESI) 297/295

(M+Na", 92/100%);
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Methyl 2-(2-allyl-5-bromo-3,6-dimethoxyphenoxy)acetatel 65

OMe (0] OMe
HO Br (0] B
MeOJL\/ '
o

= N
3 1

OMe OMe

164 165

To a solution of Zllyl-5-bromao3,6-dimethoxyphenoll64 (400 mg, 1.46 mmol) in DMF

(18 mL) was added potassium carbonate (304 mg, 2.19 mmol) and methigr@aetate
(191 mg, 1.76 mmol). The reaction mixture was stirred for 16 h at 100 °C, before water was
added (50 mL) and the mixture extracted with ethe? (0 mL). The combined organic
extracts were washed with water €3 150 mL), dried over magnesium sulfate and
concentratedn vacuoto give thetitle compoundl65 as a colourless oil (431 mg, 85%);
(Found: C, 48.90; H, 4.95C;sH:/BrOs requires C, 48.71; H, 4.96); (Found: M+Na
367.0143. GH1;°BrOs+Na’ requires 367.01%); Nmax(CHCl)/cmi® 3008, 2956, 1759, 1594,
1572, 1475, 1412, 1134, 1038; (400 MHz; CDC}) 6.82 (1 H, s, H4), 5.92 (1 H ddt, J
16.9,10.9,6.0,F2 6 ) , 4. 9J30.9 13, H3 ), 49 (1 H, dd)J 16.9, 1.3, H3 A9,

4.63 (2 H, s, OCh), 3.80 (6 H, s, OMe), 3.78 (3 H, s, OM&46 (2 H, dJ 6.0, H1 6 0c ;
(100 MHz; CDC}) 169.5 (C), 154.5 (C), 151.0 (C), 144.0 (C), 136.4 (CH), 122.7 (C), 114.7
(C), 114.6 (CH), 110.7 (CH), 69.9 (Ch), 61.0 (Me), 56.1 (Me), 51.9 (Me), 28.0 (gHm/z

(ES)) 369/367 (M+N4&, 100/98%).

Methyl 2-(3-bromo-2,5-dimethoxy-6-(2-oxoethyl)phenoxy)acetatel 69

o) OMe O OMe
B
MeOJ\/O Br MeoJ\/O '
B
= o~
OMe OMe
165 169

Ozone was bubbled through a solution ofmethyl 2(2-allyl-5-bromc3,6-

dimethoxyphenoxy)acetald5(371 mg, 1.07 mmol) in anhydrous dichloromethane (20 mL)
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at-78 UC, until the solution turned blue (&
mmol) was then added and the reaction mixture was warmed to room temperature over 2 h.
The reaction mixture watken diluted with ether (8 mL) and washed with water (20 mL) and
brine (20 mL). The organic layer was dried (Mgg©@oncentrateth vacuoand the resulting

oil was purified by column chromatography, eluting with light petroleum/ethyl acetate (9:1
to 7:3) to give thditle compoundl69 as a colourless solid (318 mg, 85%)p 4950 °C;
(Found: C, 44.93; H, 4.35C;3H:sBrOs requires C, 44.98H, 4.36); (Found: M+Nj
368.9938. GH15 BrOg+Na’ requires 368.9944)1max(CHCI3)/cm'1 3008, 2893, 1757, 1724,

1477, 1439, 1127, 1050;, (400 MHz; CDC}) 9.68 (1 H, tJ 1.2, CHO), 6.85 (1 H, s, H),

4.72 (2 H, s, OChj, 3.86 (2 H, dJ 1.2, H,CHO), 3.80 (3 H, s, OMe), 3.76 (3 H, s, OMe),

3.75 (3 H, s, OMg)lc (100 MHz; CDC}) 199.5 (CH), 169.6 (C), 154.5 (C), 151.2 (C),
143.7 (C), 116.5 (C), 116.0 (C), 110.6 (CH), 69.5 £C180.9 (Me), 56.1 (Me), 52.0 (Me),

39.2 (CH); m/z(ESI) 371/369 (M+N& 96/100%).

Methyl 2-(3-bromo-2,5-dimethoxy-6-(2-methoxy-2-oxoethyl)phenoxy)acetatel 66

O OMe (0] OMe (0] OMe

MeO)K/O Br Meo)JVO Br Meo)l\/o Br

O/

OMe HO N0 OMe MeO™ X0 OMe

169 170 166

To a stirred solution of methyl-@-bromeo2,5dimethoxy6-(2-oxoethyl)phenoxy)acetate
169(316 mg, 0.91 mmol) in-nethyt2-butene (2nL) andtert-butanol (11 mL) at 0 °C was
added a solution of sodium chlorite (140 mg, 1.54 mmol) in aqueous sodium dihydrogen
phosphatel M; 1.33 mL, 1.33 mmol). After thaddition, the icébath was removed and the
reaction mixture was stirred at rocmperature for 1,lquenched with citric acid (0.5 M;
5.5 mL), and extracted with dichloromethane3(® mL). The combined organic layers were

dried (MgSQ) and concentrated under reduced pressure. The crude acid was dissolved in

dry methanol (3 mL), coel to 0 °C and stirred for 10 min. To this was added thionyl
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chloride (0.33 mL, 4.52 mmol) dropwise, over 5 min and the resulting mixture was allowed
to warm to room temperature over 16 h. The solvent was then evaporated under reduced
pressure and the rddng oil was purified by column chromatography, eluting with light
petroleum/ethyl acetate (9:1 to 7:3) to give title compoundlL66as a colourless solid (303
mg, 88%);mp 8081 °C;(Found: C, 44.45; H, 4.5@,,H,BrO; requires C, 44.58; H, 4.54);
(Found: M+N4d, 399.0072. @H,;BrO+Na’ requires 399.0050))max (CHCL)/cm* 3010,
2954, 1756, 1737, 1596, 1576, 1479, 1438, 1239, 1169, 1122, G.0&00 MHz; CDC})

6.83 (L H, s, H4), 4.70 (2 H, s, OCH), 3.80 (3 H, s, OMe), 3.79 (2 H, SH&O.Me), 3.77

(3 H, s, OMe), 3.76 (3 H, s, OMe), 3.67 (3 H, s, OMg){100 MHz; CDC}) 171.9 (C),
169.6 (C), 154.5 (C), 151.3 (C), 143.8 (C), 117.5 (C), 116.2 (C), 110.6 (CH), 69,J, (CH
60.9 (Me), 56.1 (Me), 52.0 (Me), 51.9 (Me), 29.4 (Hm/z (ESI) 401/399 (M+N§

98/100%).

(R/S)-Methy! 7-bromo-5,8-dimethoxy-3-oxochroman4-carboxylate 171

0 OMe OMe OMe
MeOJ\/O Br—> ) Br 5 (o) Br
o TR 6
Meo™ So OMe MeO™ SO meo” So OMe
166 171 172

To a stirring solution of methyl -£3-brome2,5dimethoxy6-(2-methoxy2-
oxoethyl)phenoxy)acetate66 (30.0 mg, 0.08 mmol) in THF (2 mL) at 0 °C under argon,
was addedpotassiumbis(trimethylsilyl)amide (0.5 M in toluene; 0.41 mL, 0.21 mmol)
dropwise. The reaction mixture was allowed to warm to room temperature over 2 h,
guenched with aqueous sodium ditggen phosphate (0.3 M; 2 mL) and extracted into ethyl
acetate (3 2 mL). The combined organic extracts were washed with brine (6 mL), dried
(MgSQy) and concentrated vacuoto give a 5:1 mixture of methytGromo5,8-dimethoxy
3-oxochromamri-carboxylatel71and the corresponding enol tautori@? as a yellowish oil

(20.2 Mg, 74%)7max (CHCL)/cm* 1733, 1601, 1582, 1484, 1463, 1422, 1240, 90&pr
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tautomerl7L 4 (300 MHz; CDCY) 6.77 (1 H, s, HB), 4.74 (1 H, dJ 17.0, H2), 4.68 (1 H,

s br, H4), 4.34 (1 H, ddJ 17.0 and 1.2, I2), 3.85 (3 H, s, OMe), 3.80 (3 H, s, OMe), 3.73
(3 H, s, CQMe); ¢ (@00 MHz; CDC}) 199.7 (C), 166.6 (C)153.3 (C), 148.7 (C), 141.2
(C), 117.4 (C), 110.1 (C), 109.0 (CH), 71.8 (1.4 (Me), 56.2 (Me), 53.2 (CH), 51.3
(Me); Minor tautomerL 72 Uiy (400 MHz; CDCY) 11.3 (1 H, s, OH), 6.75 (1 H, §-6), 4.55

(2 H, s, H2), 3.84 (3 H, s, OMe), 3.81 (3 H, s, OMe), 3.78 (3 H, ;M) ¢ (00 MHz;
CDCL) 169.7 (C), 166.0 (C), 151.5 (C}46.6 (C), 140.5 (C), 114.8 (C), 111.6 (C), 109.7

(CH), 96.0 (C), 66.6 (CH), 61.2 (Me), 56.1 (Me), 51.9 (Me).

tert-Butyl 2-(2-allyl-5-bromo-3,6-dimethoxyphenoxy)acetatel 78

OMe (6] OMe
H B B
(@) r +-BUO J\/O r
I o
= =
3 1
OMe OMe
164 178

To a solution of Zallyl-5-bromo-3,6-dimethoxyphenoll64 (0.744 g, 2.72 mmol) in dry
acetonitrile (45 mL) was added anhydrous potassium carbonate (0.564 g, 4.08 mmol) and
sodium iodide (40.6 mg, 0.27 mmol). The resulting mixture was heated to reflux, under
argon, for 30 min, upon whictert-butyl bromoacetate (0.48 mL, 3.26 mmol) was added
dropwise. After heating for 15 h, the reaction mixture was allowed to cool to room
temperature and then water (40 mL) and ethyl acetate (40 mL) were added. The organic
phase was separated and the aqueous layer was extracted with ethyl aéetiten(3). The
combined organic extracts were washed with water (100 mL), dried over magnesium sulfate
and evaporateth vacuo The resulting oil was purified by column chromatodmapeluting

with light petroleum/ethyl acetate (9:1) to give ttidee compoundl78 as colourless oil
(0.928 g, 88%); (Found: M+Na 409.0612.C;/H,5"BrOs+Na’ requires 409.0621)Nmax
(CHCL)/cm™ 3010, 2982, 2939, 1749, 1637, 1590, 1572, 1475, 1412, 1240, 1159, 1133,

1038, 909, 843 (400 MHz; CDC}) 6.80 (1 H, s, ArH), 5.93 (1 H, ddi,17.5, 9.8, 6.0, H
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206), 4. 95176,1.7,H3 A.9d 493 (1 H, ddJ 9.8, 1.7, H3 @), 4.49 (2 H,s,

OCH), 3.80 (3 H, s, OMe), 3.77 (3 H, s, OMe), 3.47 2 H)8,0, H1 6) , 1. 50 ( 9
butyl); Uic (100 MHz; CDC}) 168.2 (C), 154.4 (C), 151.3 (C), 144.0 (C), 136.5 (CH), 122.7
(C), 114.7 (C), 114.6 (CH 110.5 (CH), 81.8 (C), 70.6 (GH 61.0 (M@, 56.1 (Me), 28.1

(CH,), 27.8 (Me):m/z(ESI) 411/409 (M+N 99/100%).

tert-Butyl 2-(3-bromo-2,5-dimethoxy-6-(2-oxoethyl)phenoxy)acetatel 79

(0] OMe (e} OMe
B B
t—BuO)K/ © ' t-BuOJ\/ © r
—_—
= o~
OMe OMe
178 179

Ozone was bubbled through a solution dert-butyl 2-(2-allyl-5-broma3,6-
dimethoxyphenoxy)acetafie’8 (887 mg, 2.29 mmol) in dichloromethane (15 mL) @8 °C,

over 40 min. Triphenylphosphine (1.862 g, 7.10 mmol) was added and the reaction mixture
was warmed to room temperature over 2 h and washed with water (15 mL) and brine (15
mL). The organic layer was dried over magnesium sulfate, conceninatedto and the
resulting oil was purified by column chromatography, eluting with light petroleum/ethyl
acetate (5% to 20%), to give tiide compoundl79 as colourless oil (523 mg, 59%) and
starting material (221 mg, 25%); (Found: M+Na&11.0402.Ci¢H.1 °BrOg+Na’ requires
411.0414)nmax (CHCL)/cm™ 2982, 2940, 2838, 2733, 1724, 1593, 1477, 1413, 1370, 1241,
1125, 909, 842, (400 MHz; CDC}) 9.67 (1 H, tJ 1.4, CHO), 6.83 (1 H, s, ArH), 4.57 (2

H, s,OCH), 3.87 (2 H, dJ 1.4, CH), 3.79 (3 H, s, OMe), 3.75 (3 H, s, OMe), 1.46 (9 H, s,
t-butyl); Uic (100 MHz; CDC}) 199.6 (CH), 168.2 (C), 154.5 (C), 151.5 (C), 143.7 (C), 116.4
(C), 116.0 (C), 110.3 (CH), 82.1 (C), 70.2 (§H60.9 (Me), 56.1 (Me), 39.2 (GH 28.1

(Me): m/z(ESI) 413/411 (M+N§60/62%).
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tert-Butyl 2-(3-bromo-2,5-dimethoxy-6-(2-methoxy-2-oxoethyl)phenoxy)acetatel 73

(0] OMe [o) OMe (0] OMe
o) Br o B
t-BuO)Jt/\/\©/ t-BuO)K//(E:;/ Br t-BuOJK/ '
O/
OMe OM
HO O OMe MeO (0] ©
179 180 173

To a stirred solution dfert-butyl 2-(3-bromeo2,5-dimethoxy6-(2-oxoethyl)phenoxy)acetate

179 (462 mg, 1.18 mmol) in-nethyl2-butene (2.6 mL) antert-butanol (14 mL) at 0 °C

was added a solution of sodium chlorite (182 mg, 2.02 mmol) in agueous sodium dihydrogen
phosphate (1 M; 1.73 mL, 1.73 mmol). After 1 h, the reaction was quenched with(Wate
mL) and extracted with dichloromethane3(8 mL), dried (MgSQ@) and concentrated under
reduced pressure. The crude acid was dissolved in toluene:methanol (20 mL:&nanL)
trimethylsilyldiazomethané2.0 M in ether; 0.59 mL, 1.18 mmol) was added drigp. The
resulting mixture was stirred at room temperature until bubbling ceased (1.5 h). The solvent
was then evaporated under reduced pressure and the residue was purified by column
chromatography, eluting with light petroleum/ethyl acetate (9:1)\e tietitle compound

173 as a yellow oil (462 mg, 93%]Found: M+N4d, 441.0528C,7H,5'"BrO+Na’ requires
441.0519):Nmax (CHCL)/cmi® 2982, 2940, 1746, 1596, 1576, 1479, 1414, 1243, 1121, 1047,
1004;Uy (400 MHz; CDC}) 6.81 (1 H, s, ArH), 4.56 (2 H, s, OGK13.81 (2 H, s, Ch), 3.80

(3 H, s, OMe), 3.76 (3 H, s, OMe), 3.70 (3 H, s,,M8), 1.48 (9 H, st-butyl); Uc (100

MHz; CDCL) 171.9 (C), 168.3 (C), 154.5 (C), 151.6 (C), 143.8 (C), 117.5 (C), 116.1 (C),
110.4 (CH),81.8 (C), 70.4 (Ch), 61.0 (Me), 56.1 (Me), 51.9 (Me), 29.4 (9H28.1 (Me);

m/z(ESI) 443/441 (M+N% 100/98%).
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2-Allyl -3-(benzyloxy)5-bromo-1,4-dimethoxybenzenel 85

OMe OMe
HO Br BnO Br
D ——
=z =
OMe OMe
164 185

To a solution of Zallyl-5-broma3,6-dimethoxyphenoll64 (1.32 g, 4.84 mmol) in THF (40

mL) at O °C under argon, was added sodium hydride (60% dispersion in mineral oil; 213 mg,
5.32 mmol). After 15 min, benzyl bromide (0.63 mL, 5.32 mmol) was added dsepwi
followed by tetrabutylammonium iodide (357 mg, 0.968 mmol). After stirring for 16 h at
room temperature, water (40 mL) was added and the mixture was extracted into &ther (2
mL). The combined organic extracts were washed with brine (40 mL), dried (YgB0
concentratedn vacuo The resulting oil was purified by column chromatography, eluting
with light petroleum to light petroleum/ethyl acetate (9:1) to givditleecompoundl85as a
colourless solid (1.60 g, 91%); mp -62@ °C; (Found: M+Nj 385.0414.
CigH16Br®BrOs+Na’ requires 385.0410);ax (CHCL)/cmi* 3011, 2939, 2838, 1637, 1588,
1572, 1474, 1413, 1129, 996, 91B;(400 MHz; CDC}) 7.46 (2 H, dJ 6.8, H-Bn), 7.42-
7.33(3H, m, HBn), 6.83 (1L H, s, k6), 5.91 (L H, ddt) 17.7,9.4,6.1,F2 6) , 5. 02 ( 2
CHx-Bn), 4.94 (1 H, dd) 17.7, 1.6, H3 @nd, 4.93 (1 H, dd)J 9.4, 1.6, H3 4), 3.84 (3 H, s,
OMe), 3.78 (3 H, s, OMe), 3.36 (2 H, 6.1, H1 6 i) (100 MHz; CDC}) 154.6 (C), 151.4

(C), 144.9 (C), 137.4 (C), 136.4 (CH), 128.5 (CH), 128.1 (CH), 128.0 (CH), 123.0 (C), 114.8
(C), 114.7 (CH), 110.3 (CH), 75.3 (Ch), 60.9 (Me), 56.1 (Me), 28.3 (GH m/z (ESI)

387/385 (M+N4, 94/100%).
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2-(2-(Benzylaxy)-4-bromo-3,6-dimethoxyphenyl)acetaldehydel 86

OMe OMe
BnO. Br BnO Br
D ————
= o~
OMe OMe
185 186

Ozone was bubbled through a solution of-al®l-3-(benzyloxy}5-bromol,4-
dimethoxybenzen&85 (150 mg, 0.413 mmol) in anhydrous dichloromethane (15 mL) at
-78UC, wuntil the solution turned blue (& 10
was then added and the reaction mixture was warmed to room temperature over 2 h, before
being washed with water (15 mL) and brine (15 mL). The organic layer was dried ove
magnesium sulfate, concentratedviacuo and the resulting oil was purified by column
chromatography, eluting with light petroleum/ethyl acetate (9:1), to givéttheompound

186 as a colourless solid (130 mg, 86%hp 5657 °C; (Found: M+N4&, 387.0B5.
CiH17°BrO+Na" requires 387.0202)nmax (CHCL)/cm* 2965, 2940, 2732, 1724, 1574,
1476, 1415, 1117, 1048, (400 MHz; CDC}) 9.43 (1 H, tJ 2.0, CHO), 7.387.33 (5 H, m,

H-Bn), 6.85 (1 H, s, ArH), 5.04 (2 H, §H>-Bn), 3.87 (3 H, s, OMe), 3.75 (3 H, s, OMe),

3.55 (2 H, dJ 2.0, CH); tic (L00 MHz; CDC}) 199.5 (CH), 154.5 (C), 151.6 (C), 144.8 (C),
136.7 (C), 128.6 (CH), 128.4 (CH), 116.5 (C), 116.3 (C), 110.3 (CH), 75.5,(6H0 (Me),

56.0 (Me), 39.2 (Ch); m/z(ESI) 389/387 (M+N§ 95/100%).

Methyl 2-(2-(benzyloxy)4-bromo-3,6-dimethoxyphenyl)acetatel88

OMe OMe OMe
BnO Br BnO Br gno Br
(0]
—_— >
_—
o~ HO MeO
OMe OMe OMe
186 187 188

To a stirred solution of -22-(benzyloxy}4-bromeo-3,6-dimethoxyphenyl)acetaldehydie36

(2.10 g, 3.01 mmol) in-nethyt2-butene (6.6 mL) antkrt-butanol (33 mL) at 0 °C was
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added a solution of sodium chlorite (463 mg, 5.12 mmol) in aqueous sodium dihydrogen
phosphate (1 M; 4.40 mL, 4.40 mmol). After addition, the ice bath was removed end th
reaction mixture was stirred at room temperature for 1 h, before being quenched with citric
acid (0.5 M; 17 mL) and extracted with dichloromethan& £ mL). The combined organic
layers were dried (MgSfp and concentrated under reduced pressure. Tudeacid was
dissolved in dry methanol (19 mL), cooled to 0 °C and stirred for 10 min. To this was added
thionyl chloride (1.05 mL, 14.4 mmol) dropwise, over 5 min and the resulting mixture was
allowed to warm to room temperature over 16 h. The solventties evaporated under
reduced pressure and the resulting oil was purified by column chromatography, eluting with
light petroleum/ethyl acetate 9:1 to give titee compoundl88 as a colourless solid (1.09 g,

91 %); mp 6263 °C; (Found: C, 54.58; H, 4.882,gH:9BrOs requires C, 54.70; H, 4.85);
(Found: M+N4, 417.0293. GH.o BrOs+Na' requires 417.0308))max (CHCL)/cmi* 3009,

2940, 2840, 1735, 1592, 1575, 1478, 1465, 1341, 1113, 1200 MHz; CDC}) 7.43

7.32 (5 H, m, HBn), 6.83 (1 H, s, 5), 5.05 (2 H, s, CKHBN), 3.85 (3 H, s, OMe), 3.77 (3

H, s, OMe), 3.62 (3 H, s, Ge), 3.59 (2 H, s, Ch); Uc (100 MHz; CDC}) 171.8 (C),

154.5 (C), 151.6 (C), 144.6 (C), 137.1 (C), 128.5 (CH), 128.3 (CH), 12843, 117.8 (C),

116.2 (C), 110.3 (CH), 75.3 (GH 60.9 (Me), 56.1 (Me), 51.9 (Me), 29.5 (@Hm/z(ESI)

419/417 (M+N4, 95/100%);

(R/S)-Methyl 2-(2-(benzyloxy)4-bromo-3,6-dimethoxyphenyl)propanoate189

OMe OMe
BnO Br BnO Br

oM
MeO O © MeO OOMe

188 189
To a solution of methyl 22-(benzyloxy}4-broma3,6-dimethoxyphenyl)acetat&88 (400
mg, 1.01 mmol) in dry THF (16 mL) at78 °C under argon, was adddithium

bis(trimethylsilyl)amide (1.0 M in THF; 2.63 mL, 2.63 mmol), dropwise over 10 min. After
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stirring for 1.5 h at 78 °C, iodomethane (0.19 mL, 3.03 mmol) was added dropwise and the
reaction mixture was allowed wwarm to room temperature over 18 $aturated ageous
ammonium chloride solution (15 mL) was then added and the mixture was extracted into
ethyl acetate (3 15 mL). The combined organic extracts were washed with water (30 mL),
dried over magnesium sulfate and concentraiiecacuo The resulting oil wa purified by
column chromatography, eluting with light petroleum/ethyl acetate (8:2) to givétlthe
compound189 as a colourless solid (391 mg, 94%hp 6663 °C; (Found: M+N4,
431.0477 CigH,,*BrOs+Na' requires 431.0465))ma(CHCL)/cm* 3011, 2940, 1734, 1589,
1572, 1497, 1476, 1463, 1373, 1239, 1124, 14031400 MHz; CDC}) 7.457.34 (5 H, m,
H-Bn), 6.82 (1 H, s, ¥6),5.07 (1 H, dJ 14.2, CH-Bn), 5.05 (1 H, dJ 14.2, CH-Bn), 4.10

(1 H, g,J 7.0, H(Me)COMe), 3.84 (3 H, s, OMe)3.75 (3 H, s, OMe), 3.57 (3 H, s,
COMe), 1.31 (3 H, dJ 7.0, Me); tc (100 MHz; CDC}) 174.7 (C), 153.9 (C), 150.7 (C),
144.7 (C), 137.1 (C), 128.5 (CH), 128.3 (CH), 128.2 (CH), 124.9 (C), 115.7 (C), 110.6 (CH),
75.4 (CH), 60.8 (Me), 56.0 (Me), 51.fMe), 35.5 (CH), 15.9 (Me)m/z (ESI) 433/431

(M+Na’, 98/100%).

Methyl 2-(2-(benzyloxy)4-bromo-3,6-dimethoxyphenyl)-2-methylpropanoate 190

OMe OMe
BnO. Br BnO Br

B —

OM
MeO O © MeO o) OMe

189 190

To a solution ofmethyl 2(2-(benzyloxy}4-bromao 3,6-dimethoxyphenyl)propanoat&89

(301 mg, 0.74 mmol) in THF (7 mL) at 0 °C under argon, was adibkuim
bis(trimethylsilyl)amide (1.0 M in THF; 1.25 mL, 1.25 mmol), dropwise over 10 min. The
resulting mixture was stirred at 0 °C for 45 min and then iodomethane (0.27 mL, 4.42 mmol)
was addeddropwise. After stirring for 20h at room temperature, saturated aqueous

ammonium chloride solution (10 mL) was added and the mixture was extracted into ethyl
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acetate (3 10 mL). The combined organic extracts were washed with brine (30 mL), dried
(MgSQ,) and concentratedin vacua The resulting oil was purified by column
chromatography, eluting with light petroleum/ethyl acetate (8:2) to givétttecompound

190 as a colourless solid (238 mg, 76%)p 10%:102 °C;(Found: M+Nd, 445.0615.
CooHas°BrOs+Na’ requires 445.0621)nmax (CHCl)/cnit 3091, 3067, 2982, 1809, 1731,
1580, 1567, 1462, 1408, 1241, 1136, 1021, 847400 MHz; CDC}) 7.497.32 (5 H, m, H

Bn), 6.82 (1 H, s, Fb), 5.02 (2 H, s, CHBn), 3.77 (3 H, s, OMe), 3.74 (3 H, s, OM8)57

(3 H, s, CQMe), 1.59 (6 H, s, Me){ic (100 MHz; CDC}) 178.2 (C), 154.4 (C), 152.1 (C),
145.5 (C), 137.1 (C), 128.4 (CH), 128.3 (CH), 128.0 (CH), 127.7 (C), 115.6 (C), 111.1 (CH),
75.8 (CH), 60.9 (Me), 56.0 (Me), 51.8 (Me), 45.4 (C), 26.6 (Mm)iz (ESI) 447/445

(M+Na’, 99/100%).

6-bromo-4,7-dimethoxy-3,3-dimethylbenzofuran-2(3H)-one 192

OMe OMe
BnO Br 0 Br
—_— O
OM
MeO” S0 ~ V¢ OMe
191 192

To a solution of methyl -22-(benzyloxy}4-broma3,6-dimethoxyphenyh2-
methylpropanoate91 (50.0 mg, 0.118 mmol) in anhydrous dichloromethane (5 mL) at

- 78 °C under an argon atmosphere was added boron trichloride (1 M in hexane; 2.39 mL,
2.39 mmol) dropwise. After 3.5 h, methanol (5 mL) and saturated aqueous sodium hydrogen
carbonate sotion (5 mL) were added. The reaction mixture was allowed to reach room
temperature over 30 min, stirred at room temperature for an additional 30 min and extracted
into ethyl acetate (3 10 mL). The combined organic layers were washed with brine (20
mL), dried (MgSQ), filtered and concentratad vacuo The resulting oil was purified by
column chromatography, eluting with light petroleum/ethyl acetate (8:2) to givétlhe

compound192 as a colourless solid (26.3 mg, 74%); mp -146 °C; (Found: M+H,
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301.0062.C1H15"BrO+H* requires 301.0070))max (CHCh)/cmi* 3011, 2434, 2412, 1809,
1600, 1521, 1493, 1459, 1239, 952, 662(400 MHz; CDC}) 6.82 (1 H, s, Fb), 3.94 (3 H,

s, OMe), 3.82 (3 H, s, OMe), 1.54 (6 H, s, M&)(100 MHz; CDC}) 179.9 (C),151.5 (C),
144.2 (C), 136.0 (C), 120.8 (C), 115.6 (C), 110.9 (CH), 61.1 (Me), 56.0 (Me), 43.5 (C), 23.0

(Me); m/z(ESI) 303/301 (M+F, 100/100%).

(E/Z2)-1-Bromo-3-(but-2-en-1-yloxy)-2,5-dimethoxybenzenel 93

P
HO. Br WO Br
—_— 3 1
OMe OMe

148 193

To a stirred solution of-Bromo2,5-dimethoxyphenoll48(2.58 g, 11.1 mmol) in anhydrous

DMF (50 mL) under argon at 0 °C was added sodium hydride (60% dispersion in mineral
oils; 94 mg, 2.36 mmol). After stirring for 5 mitrans-1-bromo2-butene(85%; 161 mL,

13.3 mmol) was added dropwise and the resulting mixture was stirred at room temperature
for 2.5 h. Saturated aqueous ammonium chloride solution (50 mL) was then added and the
mixture was extracted into ether {350 mL). The combined organic extrasvere washed

with water (23 100 mL), dried over magnesium sulfate and concentriatedicuo The
resulting oil was purified by column chromatography, eluting with light petroleum/ethyl
acetate (9:1) to give thiitle compoundl93 as a colourless oil (2.58 g, 87%, inseparable
mixture E/Z 5:1); (Found: M+N4&, 309.0091.C;;H;5"*BrOs+Na’ requires 309.0097 Mimax
(CHCL)/cm™* 3011, 2940, 160, 1572, 1489, 1428, 1377, 1266, 1175, 1055, 1003;.909;
(400 MHz; CDC}) 6.64 (1 H, dJ 2.6, ArH-Z), 6.63 (1 H, dJ 2.8, ArHE), 6.45 (1 H, dJ

2.6, ArHZ), 6.44 (1H, dJ 2.8, ArHE), 5.895.81 (1 H, m, H2 &), 5.795.68 (3 H, m, H

3& + H-2 6-23462 (2 H, dJ 6.0, H1 &), 4.47 (2 H, dJ 5.6, H1 &), 3.80 (6 H, s,
OMeE + OMeZ), 3.75(6 H, s, OMeE + OMeZ), 1.75 (3 H, dJ 6.4, MeE), 1.74 (3 H, d,

J 5.2, Me2); Uc (100 MHz; CDC}) 156.2 (GE+2), 153.1 (GE+Z), 141.2 (GE+Z), 130.6
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(CH-E), 128.9 (CHZ), 125.6 (CHE), 125.2 (CHZ), 117.5 (GE+Z), 108.2 (CHZ), 108.1
(CH-E), 101.5 (CHE), 101.4 (CHZ), 69.7 (CH-E), 64.9 (CH-2), 60.6 (MeE+Z), 55.7

(Me-E+Z), 17.8 (MeE), 13.4 (MeZ); m/z(ESI) 311/309 (M+N# 99/100%).

(R/S)-3-Bromo-6-(but-3-en-2-yl)-2,5-dimethoxyphenol 194

OMe
193

198

A solution of tbromo3-(but-2-en1-yloxy)-2,5dimethoxybenzend 93 (123.9 mg, 0.43
mmol) in anhydrous DMF (2 mL) was heated to 200 °C for 60 min in a microwave reactor
(300 W). The solvent was evaporated and the resulting oil was purified by column
chromatography, eluting with light petroleum/ethyl acetate (9:1) toaiwgpoundsl94 and

19§ the title compoundl194 (65.6 mg, 53%) was collected as a colourless (Biqund:
M+Na', 309.0092.Cy;H:s5"°BrOs+Na’ requires 309.0097)0max (CHCL)/cm* 3520, 3078,
3010, 2967, 2908, 2839, 1603, 1577, 1483, 1417, 1369, 1239, 1104, 1045, 9460

MHz; CDCL) 6.56 (1 H, s, H4), 6.24 (1 H, dddJ 17.1, 10.1,6.6,F2 6) , 5. 87 (1
5.07 (1 H, dddJ 17.1, 1.7, 1.6, 8 @), 4.99 (1 H, dddJ 10.1, 1.7, 1.6, kB &), 4.094.02

AH mHLO), 3.85 (3 H, s, OMe), JB2 Nepic (1@ H,
MHz; CDCkL) 154.6 (C), 148.4 (C), 141.9 (CH), 139.1 (C), 119.8 (C), 113.1,(CH2.4

(C), 106.7 (CH), 61.2 (Me), 56.0 (Me), 33GH), 18.0 (Me):m/z (ESI) 311/309 (M+N§
98/100%); Compound.98 was collected as a colourless oil (35.9 mg, 2%9%epaable
mixture E+Z 2:1); (Found: M+N4, 309.0090.C;,H:°BrOs+Na’ requires 309.0097 Nmax
(CHCL)/cm* 3532, 3010, 2940, 1608, 1584, 1479, 1465, 1417, 1314, 1192, 1123, 1033, 985,
831; Uy (400 MHz; CDC}) 6.51 (2 H, s, H6-E + H-6-2), 5.58 (2 H, S, OFE + OH-2), 5.54
5.33(4H, m, H 6-E3 Bl-2 6 523384 (6 H, s, OME + OMe-Z), 3.77 (6 H, s, OMKE +

OMe-2), 3.50 (2 H, d,] 6.8, H1 ), 3.423.40 (2 H, m, H1 &), 1.78 (3 H, d,) 6.8, MeZ),
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1.62 (3 H, dJ 4.4, MeE); Uc (100 MHz; CDCY) 154.8 (GZ). 154.7 (GE), 147.9 (GE+2),
137.9 (GE+2), 127.8 (CHE), 127.7 (CHZ), 125.7 (CHE), 124.2 (CHZ), 121.8 (G2),
121.4 (GE), 119.2 (GE), 119.0 (GZ), 98.5 (CH,E+Z), 61.1 (Me,E+2), 56.1 (Me,E), 56.0
(Me, 2), 32.2 (CH, E), 27.5 (CH, 2), 17.9 (Me,E), 13.1 (Me,Z); m/z (ESI) 311/309

(M+Na’, 98/100%).

(R/S)-3-Bromo-6-(but-3-en-2-yl)-2,5-dimethoxyphenyl acetate199

OMe
193

1-Bromo-3-(but-2-en-1-yloxy)-2,5-dimethoxybenzenel 93 (71.8 mg, 0.25 mmol), acetic
anhydride (1.83 mL) and,N-diethylaniline (1.83 mL) were stirred together at 200for 19

h and then cooled to room temperature. Ice was added to the reaction and the resulting
mixture was stirred vigorously for 15 min, and then extracted into eth&r2(3nL). The
combined organic extracts were washed with watér 24mL), hydrochbric acid (2 M; 43

2 mL), saturated sodium hydrogen carbonaté @ mL) and brine (10 mL), before being

dried over magnesium sulfate and concentratedicua The resulting residue was purified

by column chromatography, eluting with light petroleum/ethyl acetate (9:1) to give
compoundsl99and200; Thetitle compoundl99 (29.0 mg, 35%) was collected as a yellow

oil; (Found: M+N4d, 351.0202.C,H:;"BrOs+Na’ requires 351.0202)0max (CHCl)/cm™

3011, 2970, 2939, 1770, 1636, 1596, 1477, 1464, 1369, 1192, 1096, 1016, 929, 87, 834
(400 MHz; CDC}) 6.91 (1 H, s, H4), 6.07 (1 H, dddJ 17.0, 10.3, 5.8, F2 65.02 (1 H,

ddd J17.0, 1.7, 1.6, KB a9, 498 (1 H, ddd J10.3,1.7, 1.6, F8 &), 3.853.79 (1 H, m, H

16), 3.79 (3 H, s, OMe), -2c,132(3HKdIH2 Ms, OMe),
tc (100 MHz; CDC4) 168.6 (C), 154.1 (C), 143.7 (C), 143.7 (C), 141.1 (CH), 127.3 (C),

114.4 (C),112.9 (CH), 112.8 (Ch), 61.0 (Me), 56.1 (Me), 34.1 (CH), 20.7 (Me), 17.5 (Me);
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m/z (ESI) 353/351 (M+N§ 98/100%); Compoun@00 was collected as a colourless oil
(29.7 mg, 36%, inseparable mixtureE+Z 1.81); (Found: M+Nd, 351.0204.
CuH17°BrOs+Na’ requires 351.0202)Nmax (CHCL)/cmi* 3011, 2939, 2853, 1767, 1597,
1578, 1477, 1396, 1370, 1328, 1192, 1112, 1038, 31#00 MHz; CDC}) 6.57 (2 H, s, H
6-E + H-6-2), 5.565.34 (4 H, m, H2 6 sE3 &1-2 6 523378 (6 H, s, OME + OMe2),
3.77 (6 H, sOMeE + OMeZ), 3.57 (2 H, dJ 6.9, H1 ¥), 3.493.48 (2 H, m, HL &),
2.34 (6 H, s, MAC-E + Me-Ac-Z), 1.78 (3 H, dJ 6.0, MeZ), 1.63 (3 H, dJ 4.5, MeE); lic
(100 MHz; CDC}) 168.9 (GE+Z), 154.0 (GZ), 153.9 (GE), 142.8 (GE+Z), 142.5 (G2),
142.4 (GE), 128.5 (GZ), 128.1 (GE), 127.0 (CHE), 126.9 (CHZ), 126.3 (CHE), 124.7
(CH-2), 121.2 (GE), 121.1 (GZ), 105.2 (CHE+Z), 61.0 (MeE+Z), 56.1 (Me,E), 56.0 (Me,
7), 32.9 (CH-E), 28.1 (CH-2), 20.7 (2 MeE+Z), 17.9 (MeE), 13.1 (MeZ); m/z (ESI)

353/351 (M+N4, 96/100%)

(R/S)-Methyl 2-(3-bromo-6-(but-3-en-2-yl)-2,5-dimethoxyphenoxy)acetatel 95

HO

OMe
194

To a solution of dromo6-(but-3-en2-yl)-2,5dimethoxyphenol%4 (1.19 g, 4.15 mmol) in
anhydrous DMF (10 mL) under argon, was added anhydrous potassium carbonate (2.29 g,
16.6 mmol) followed by methyl bromoacetate (0.47 mL, 4.98 mmol). After stirring at 50 °C
for 3 h, the reaction mixture was cooled to room tempegauifuted with water (10 mL)

and extracted into ethyl acetate3(3L0 mL). The combined organic extracts were washed
with water (33 20 mL), dried over magnesium sulfate and concentratedacuo The
resulting residue was purified by column chromatogyaghuting with light petroleum/ethyl
acetate (9:1) to give théitle compoundl19 as a colourless oil (1.31 g, 88%); (Found:

M+Na’, 381.0307.CysH1o" BrOs+Na’" requires 381.0308)0max (CHCL)/cmit 3080, 3002,

158



Chapter V Experimental

2838, 1759, 1635, 1587, 1473, 1410, 1239, 11286, 917 {i; (400 MHz; CDC}) 6.80 (1

H, s, H4), 6.17 (L H, ddd) 17.2, 10.2,6.9, 2 6 ) , 4. 9J717.%, 14, H8 0., & @2

(1 H, dd,J10.2, 1.4, H3 &), 4.58 (2 H, d,J 3.8, OCH,), 4.11 (1 H, quin) 6.9, H1 6) , 3. 81
(3 H, s, OMe)3.79 (3 H, s, OMe), 3.76 (3 H, s, @®e), 1.37 (3 H, dJ 6.9, Me); lic (100

MHz; CDCE) 169.4 (C), 154.7 (C),150.6 (C), 144.3 (C), 142.2 (CH), 128.0 (C), 114.7 (C),
112.9 (CH), 111.3 (CH), 69.9 (Ch, 61.1 (Me), 55.9 (Me), 51.9 (Me), 34.5 (CH), 18.7

(Me); m/z(ESI) 383/381 (M+N4 95/100%);

(R/S)-Methyl 2-(3-bromo-2,5-dimethoxy-6-(1-oxopropan-2-yl)phenoxy)acetate201

0 OMe o) OMe
0 B B
MeO)K/ ' MeOJ\/ © '
—_—
= o~
OMe OMe
195 201

Ozone was bubbled through a solution of methy(3-Bromo6-(but3-en2-yl)-2,5
dimethoxyphenoxy)acetatds (1.25 g, 3.48 mmol) in dichloromethane (30 mL) &8 °C,
until the solution turned blue (& 15 min).
and the reaction mixture was warmed to room temperature over 2 h, before being washed
with water (30 mh) and brine (30 mL). The organic layer was dried over magnesium sulfate,
concentrated invacuo and the resulting crude product was purified by column
chromatography, eluting with light petroleum/ethyl acetate (9:1 to 8:2), to givétldhe
compound201as a colourless solid (939 mg, 75%)p 7981 °C;(Found: C, 46.53; H, 4.69.
C14H1:BrOs requires C, 46.56; H, 4.74); (Found: M+N&83.0100. @H17BrOg+Na’
requires 383.0101)0ma (CHCL)/cmi' 3008, 2940, 2839, 1758, 1725, 1590, 1572, 1476,
1411, 1306, 1239, 1131, 1011, 968;(400 MHz; CDC}) 9.65 (1 H, s, CHO), 6.85 (1 H, s,

H-4), 4.79 (1 H, dJ 16.1, OG4,CO.Me), 4.64 (1 H, dJ 16.1, OGH,CO.Me), 4.18 (1 H, qJ

7.0, (HMeCHO), 3.80 (3 H, sDMe), 3.77 (3 H, s, OMe), 3.73 (3 H, s, &@), 1.36 (3 H,

d, J 7.0, Me) tic (100 MHz; CDC}) 202.1 (CH), 169.3 (C), 154.2 (C), 150.7 (C), 143.9 (C),

159



Chapter V Experimental

122.6 (C), 116.5 (C), 111.0 (CH), 69.6 (§H61.0 (Me), 56.0 (Me), 52.0 (Me), 43.4 (CH),

13.1 (Me);m/z(ESI) 385/383 (M+N& 100/99%).

(R/S)-Methyl 2-(4-bromo-3,6-dimethoxy-2-(2-methoxy-2-oxoethoxy)phenyl)propanoate

196
0 OMe o OMe o OMe
o Br o Br
MeO)Jv . MeO)J\/o Br MeO)K/
O/
OM
OMe HO o) OMe MeO O ©
201 202 196

To a stirred solution of methyl -@-bromo2,5dimethoxy6-(1-oxopropar2-
ylphenoxy)acetat201 (205 mg, 0.57 mmol) in -hethyt2-butene (1.3 mL) andert-

butanol (6.8 mL) at 0 °C was added a solution of sodium chlorite (87 mg, 0.97 mmol) in
aqueous sodium dihydrogen phosphate (1 M; 0.83 mL, 0.83 mmol). After addition,-the ice
bath was removed antd reaction mixture was stirred at room temperature for 1 h, before
being quenched with citric acid (0.5 M; 3.5 mL), extracted with dichloromethahé (aL),

dried (MgSQ) and concentrated under reduced pressure. The crude acid was dissolved in
dry methaol (3.6 mL), cooled to 0 °C and stirred for 10 min. To this, was added thionyl
chloride (0.2 mL, 2.75 mmol) dropwise, over 5 min, and the resulting mixture was allowed
to warm to room temperature, over 16 h. The solvent was then evaporated under reduced
pressure and the resulting oil was purified by column chromatography, eluting with light
petroleum/ethyl acetate (9:1) to give tlitle compoundl96 as a colourless oil (151 mg,
68%); (Found: M+N3j 413.0209C;H;o °BrO+Na' requires 413.0206))max (CHCL)/cm*

3007, 2953, 2840, 1759, 1736, 1591, 1573, 1477, 1462, 1413, 1375, 1239, 1131, 1087, 1031,
974; Ui (400 MHz; CDC}) 6.82 (1 H, s, b), 4.68 (1 H, dJ 15.8, OG4,CO,Me), 4.61 (1 H,

d, J 15.8, OGH,CO.Me), 4.27 (1 H, gJ 7.1, (HMeCO:Me), 3.80 (3 H, sOMe), 3.79 (3 H,

s, OMe), 3.75 (3 H, s, CBle), 3.63 (3 H, s, CMe), 1.40 (3 H, dJ 7.1, CHMeCO,Me); lic

(100 MHz; CDC4) 174.6 (C), 169.3 (C), 153.9 (C), 150.3 (C), 143.9 (C), 124.5 (C), 115.7
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(C), 111.1 (CH), 69.9 (Cy, 61.1 (Me), 56.1 (Me), 52.0 (Me), 51.8 (Me), 35.4 (CH), 15.9

(Me); m/z(ESI) 415/413 (M+N& 98/100%).

(R/S)-Methyl 7-bromo-3-hydroxy-5,8-dimethoxy-4-methyl-4H-chromene2-carboxylate

203
(@] OMe (@] OMe
B o B
MeOJ\/O ' MeO™ r
—_—
HO
MeO o OMe OMe

196 203

To a stired solution of methyl -@-brome3,6-dimethoxy2-(2-methoxy2-
oxoethoxy)phenyl)propanoat6 (461 mg, 1.18 mmol) in THF (11 mL) a8 °C under

argon, was added lithiubis(trimethylsily)amide (1 M in THF/ethylbenzene; 2.57 mL, 2.57
mmol) dropwvise. After stirring for 3 h at 78 °C, the reaction mixture was poured into an
ice-cooled mixture of ethyl acetate (20 mL) and aqueous phosphate buffer pH 7.0 solution
(20 mL). The organic phase was separated and the aqueous phase was further extnacted wit
ethyl acetate (4 20 mL). The combined organic extracts were washed with brine (80 mL),
dried (MgSQ) and concentrateid vacuoto give thetitte compoun®03( 4 06 mg, a9 6 %)
a yellow oil, which was used in the next step without further purificafidoynd: M+N43,
380.9953Cy4H15BrOs+Na’ requires 380.9944))max(CHCL)/cmi® 3011, 2940, 2840, 1733,

1677, 1645, 1582, 1484, 1461, 1243, 1157, 1115, 1086,(R&800 MHz; CDC}) 10.4 (1

H, s, OH), 6.68 (1 H, s, 48), 3.92 (3 H, s, OMe), 3.88 (3 H,@Me), 3.80 (3 H, s, CMe),

3.81 (1 H, gJ 6.8, H4), 1.39 (1 H, dJ 6.8, Me);lic (100 MHz; CDC}) 167.1 (C), 158.3

(C), 152.8 (C), 144.9 (C), 139.6 (C), 121.0 (C), 114.9 (C), 114.0 (C), 108.1 (CH), 60.9 (Me),

55.9 (Me), 52.3 (Me), 30.2 (CH), 20.0 (M&)/z(ESI) 383/381 (M+N& 100/96%).
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(R/S)-Methyl 7-bromo-5,8-dimethoxy-2,4,4trimethyl -3-oxochroman-2-carboxylate 153

o} OMe o} OMe
(0] B (0] Br
MeO™ ™, T . MeO
HO ®)
OMe OMe
203 153

To a solution of methyl -bBromo3-hydroxy5,8-dimethoxy4-methyt4H-chromene2-
carboxylate203 (40.0 mg, 0.11 mmol) in THF (1.0 mL) at 0 °C was added a solution of
potassiurntert-butoxide (27.6 mg, 0.25 mmol) in THF (1.0 mL), under an argon atmosphere.
After stirring for 1 h at 0 °C, iodomethane (41 pL, 0.67 mmol) was added and the reaction
mixture was stirred for another hour at 0 °C. After being warmed to 10 °C over 1 h, water
(3.0 mL) was added and the resulting mixture was extracted into ethyl acetag ().

The combined organic layers were washed with brine (9 mL), dried over magnediate sul
fitered and concentratedn vacua The resulting oil was purified by column
chromatography, eluting with light petroleum/ethyl acetate (9.5:0.5 to 9:1) to giél¢he
compound 153 as a colourless oil (8.9 mg, 21%); (Found: M+Na409.0259.
CidH1e°BrOg+Na" requires 409.0257)nmax (CHCL)/cmi* 3010, 2941, 1754, 1731, 1594,
1572, 1482, 1457, 1435, 1254, 1136, 1094, 1042, 1024,(Q&800 MHz; CDC}) 6.71 (1

H, s, H6), 3.95 (3 H, s, OMe), 3.78 (3 H, s, OMe), 3.69 (3 H, s;NI¥), 1.77 (3 H, s, Me

2), 1.53 (3 H, s, Md), 1.48 (3 H, s, Md); Uc (125 MHz; CDC}) 205.2 (C), 168.9 (C),
154.4 (C), 146.7 (C), 140.9 (C), 118.9 (C), 115.9 (C), 109.3 (CH), 82.7 (C), 60.8 (Me), 55.6
(Me), 52.8 (Me), 44.8 (C), 26.9 (Me), 24.0 (Me), 2Q\8e); m/z (ESI) 411/409 (M+N3§

100/100%).
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2-Allyl -5-bromo-3-(ethoxymethoxy)1,4-dimethoxybenzene204

OMe OMe
HO Br ~_90._0 Br

= =

OMe OMe
164 204

To a solution of 2allyl-5-bromo3,6-dimethoxyphenol164 (430 mg, 1.57 mmol) in
dichloromethane (20 mL) were addd¢N-diisopropylethylamine (0.55 mL, 3.15 mmol) and
chloromethylethyl ether (0.29 mL, 3.15 mmol) dropwise at 0 °C under argon. After stirring
for 17 h at room temperature, saturated aqueous ammonium chloride solution (15 mL) was
added and the mixture wasteacted into ether (2 15 mL). The combined organic extracts
were washed with brine (20 mL), dried over magnesium sulfate and conceiratanio

The resulting oil was purified by column chromatography, eluting with light petroleum/ethyl
acetate (9:1to give thetitle compound204 as colourless oil (422 mg, 81%); (Found:
M+Na', 353.0360.C1H:¢"°BrOs+Na’ requires 353.0359)0max (CHCL)/cm* 3010, 2980,
2939, 1637, 1589, 1572, 1474, 1421, 1307, 96Q400 MHz; CDC}) 6.80 (1 H, s, FB),

5.94 (1 H, ddtJ 17.5,9.8,6.0, 2 6 ) , 5. 1 6H,QCBLMe} 4.97s(1 H, @IT17.5,

1.7, H3 @, 4.95 (1 H, ddJ 9.8, 1.7, H3 &), 3.82 (2 H, qJ 7.2,0CH,Me), 3.79 (3 H, s,
OMe), 3.77 3H, s, OMe), 3.41 2 H,386.0H-16 ) , 1. 272, GCBMeH Ui (160,
MHz; CDCk) 154.6 (C), 149.7 (C), 144.3 (C), 136.3 (CH), 122.9 (C), 114.7,\CHA4.7

(C), 110.5 (CH), 98.0 (Ch)\, 65.7 (CH), 60.7 (Me), 56.1 (Me), 28.3 (GH 15.2 (Me);m/z

(ESI) 355/353 (M+N% 93/100%).
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2-(4-Bromo-2-(ethoxymethoxy)3,6-dimethoxyphenyl)acetaldehyde205

OMe OMe
HO Br ~_9._0 Br

OMe OMe
204 205

Ozone was bubbled through a solution ofal®l-5-bromo3-(ethoxymethoxyil,4-
dimethoxybenzen204 (84.8 mg, 0.26 mmol) in dichloromethane (10 mL) @8 °C, until

the solution turned blue (&4 10 min). Triphe
added and the reaction mixture was warmed to room temperature over 2 h. The reaction
mixture was washed with water (10 mL), brine (10 mL) and the organicuegedried over
magnesium sulfate and concentraitedvacua The resulting oil was purified by column
chromatography, eluting with light petroleum/ethyl acetate (9:1), to givéttheompound

205 as a colourless solid (73.0 mg, 86%)p 6364 °C; (Fourd: M+Na', 355.0142.
CiH17"°BrOs+Na’ requires 355.0152)nmax (CHCL)/cmi* 3011, 2980, 2940, 1724, 1591,
1575, 14761107, 9541, (400 MHz; CDC}) 9.68 (1 H, tJ 1.6, CHO), 6.85 (1 H, s, ),

5.17 (2 H, s, O8,0CHMe), 3.80 (3 H, s, OMe), 3.77 (3 H, s, OMe), 3.74 (2 H] @,2,
OCH:Me), 3.71 (2 H, dJ 1.6, H,CHO), 1.22 (3 H, tJ 7.2, OCHMe); Uc (100 MHz;

CDCl) 199.6 (CH), 154.5 (C), 150.4 (C), 144.2 (C), 116.5 (C), 116.3 (C), 110.4 (CH), 98.1
(CH,), 65.9 (CH), 60.7 (Me), 56.1 (Me), 39.2 (GH 15.1 (Me);:m/z(ESI) 357/355 (M+N§

99/100%).

Methy! diazoacetate207*3*

0 0
oo o Narel ey o I
206 207 N2

To a solution of glycine methyl ester hydrochlor2i¥6 (1.64 g, 13.1 mmol) in water (3 mL)

at room temperature, and protected from incident light was atldelbromethane (6.8 mL)
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followed by agueous sodium nitrite (5.0 M; 2.8 mL). The resulting mixture was cooted to

10 °C and an aqueous solution of sulfuric acid (5 wt %; 1.1 mL) was added dropwise at a rate
that maintained the temperature beld8*C. Themixture was allowed to stir for 20 min and

the layers were separated in a cold separatory funnel. The aqueous layer was extracted into
dichloromethane (3 6 mL) and the combined organic layers were washed with saturated
aqueous hydrogen carbonate until neutral, dried over magnesium sulfate, filtered and
concentratedn vacuoat room temperature. Thiétle compound207 was collectedas a

yellow oil (1.05 g,80%); Nmax (CHCl)/cm* 2116, 1690, 1485, 1439, 1373, 1343, 1257,
1156, .l(4D@ MHz; QIDCY) 4.74 (1 H, s, CH), 3.75 (3 H, s, OMek; (100 MHz;

CDCL) 167.2 (C), 51.9 (Me), 46.1 (CHpata in agreement with literature valuds.

(R/S)-Methyl 4-(4-bromo-2-(ethoxymethoxy}3,6-dimethoxyphenyl)2-diazo-3-
hydroxybutanoate 208
OMe OMe
EOMO Br EOMO Br
o)
OMe N> OMe
205 208

To a solution ofreshly prepared methyl diazoaceta@¥ (410 mg, 4.10 mmol) in anhydrous
acetonitrile (16 mL) at room temperature, under argon atmosphere, were added a solution of
2-(4-bromao2-(ethoxymethoxy)3,6-dimethoxyphenyl)acetaldehyd®05 (810 mg, 2.43

mmol) in anhydrous acetonitrile (24 mL) and a solution of DBU (0.99 mL, 6.66 mmol) in
anhydrous acetonitrile (24 mL), dropwise, over 1 h. The mixture was stirred for 3 h at room
temperature, upon which phosphate buffer pH 7 solution (48 mL) was added. The mixture
was extracted into ethyl acetate{30 mL) and the combined organic layers were washed
with water (60 mL), dried over magnesium sulfate, filtered and concentratetuo The

residue was purified by column chromatography, eluting with light petroleum/ethyl acetate

(9:1 to 7:3) to give théitle compound208 as a yellow oil (784 mg, 74%{Eound: M+N3,
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455.0430. GeH2"°BrN,O+Na" requires 455.0424)0max (CHCL)/cm* 2099, 1686, 1599,
1574, 1475, (4D NHz, CDO)06EMB2 (1 H, s, H6), 5.23 (1 H, dJ 6.0,
OCH,OCH,CH3), 5.19 (1 H, d,J 6.0, OGH,OCH,Me), 4.89 (1 H, ddJ 13.5 and 5.6,
CH,CHOH) 3.80 (2 H, gJ 7.1, O®H,Me), 3.79 (3 H, s, OMe), 3.77 (3 H, sM®), 3.76 (3
H, s, CQMe), 3.223.17 (2 H, m, &,CHOH), 3.09 (1 H, dd,) 13.5 and 5.6, B,CHOH),
1.25 (3 H, t1J 7.1, OCHMe); ¢ (125 MHz; CDC}) 166.6 (C), 154.6 (C), 150.7 (C), 144.1
(C), 119.6 (C), 115.8 (C), 110.4 (CH), 98.3 (§1H56.1 (CH), 65.9 (Ch), 60.6 (Me), 56.0
(Me), 51.8 (Me), 29.9 (Ch, 15.1 (Me) diazo C unobservedn/z (ESI) 457/455 (M+Nj

100/99%).

Methyl 4-(4-bromo-2-(ethoxymethoxy)}3,6-dimethoxyphenyl)}-2-diazo-3-oxobutanoate

209

OMe OMe

EOMO Br EOMO Br

(0] O O
—_
MeO
e OH MeO
N> OMe N> OMe

208
To a solution of methyl 44-broma2-(ethoxymethoxy)3,6-dimethoxypheny2-diazo3-
hydroxybutanoat@08 (763 mg, 1.76 mmol) in DMSO (30 mL) at room temperature under
argon, was addediddoxybenzoic acid (45 wt.%; 2.45 g, 8.80 mmol). The reaction mixture
was warmed to 60 °C and stirred for 20 min. After cooling to room temperature, the reaction
mixture was diluted with ethyl acetate (50 mL) and washed successively with saturated
aqueous sodium thiosulfate solution (50 mL), saturated aqueous sodium Inycaogenate
(53 30 mL), water (3 30 mL), dried over magnesium sulfate, filtered and concentiated
vacua The crude product was purified by column chromatography, eluting with light
petroleum/ethyl acetate (8:2) to give tlitle compound209 as a colarless oil (608 mg,
80%); (Found: M+N4d, 453.0267. CiHio""BrN,O+Na" requires 453.0268); Nmax

(CHClL)/cm* 2137, 1719, 1658, 1594, 1576, 1475, 1438, 1305, 1239, 1104, 1047, 1021,
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957; Uiy (400 MHz; CDCH) 6.81 (1 H, s, Fb), 5.14 (2 H, s, OB,0CH,Me), 4.22(2 H, s,
CH.CO), 3.88 (3 H, s, OMe), 3.79 (3 H, s, OMe), 3.72 (2 Hl B1,1, OCH,Me), 3.73 (3 H,
s, OMe), 1.21 (3 H, t) 7.1, OCHMe); ic (100 MHz; CDC}) 189.1 (C), 161.9 (C), 154.6
(C), 150.3 (C), 144.1 (C), 117.9 (C), 116.1 (C), 110.4 (CH), 98.0,(@3.8 (CH), 60.7
(Me), 56.1 (Me), 52.2 (Me), 36.2 (G} 15.1 (Me) diazoC unobservedm/z (ESI) 455/453

(M+Na’, 99/100%).

Methy! 4-(4-bromo-2-hydroxy -3,6-dimethoxyphenyl)-2-diazo-3-oxobutanoate158

OMe OMe
EOMO B
o o r o oHO Br
MeO MeO
N2 OMe N2 OMe
209 158

Methyl 4-(4-bromao2-(ethoxymethoxy)3,6-dimethoxyphenyhR-diazo 3-oxobutanoate209
(585 mg, 1.36 mmol) was dissolved in a solution of hydrochloric acid (37%) in methanol
(v/v 3%; 16.5 mL) and stirred at room temperature for 2 h. After addition of wateni],

the resulting mixture was extracted into ethyl acetafe 22 mL) and the combined organic
layers were dried over magnesium sulfate, filtered and concentratetuo The residue
was purified by column chromatography, eluting with light petroletinyl acetate (7:3), to
give thetitle compoundl58 as a colourless solid (488 mg, 96%); mp 146 °C;(Found:
M+Na', 394.9851.C;sH15""BrN,Os+Na' requires 394.9849)ma (CHCL)/cm* 3527, 2138,
1720, 1657, 1617, 1584, 1491, 1460, 1307, 1241, 1132, 1041598200 MHz; CDC})
6.58 (1 H, s, FB), 5.99 (1 H, s, OH), 4.19 (2 H, sH&CO), 3.88 (3 H, s, OMe), 3.86 (3 H, s,
OMe), 3.73 (3 H, s, OMe)ic (100 MHz; CDC}) 189.4 (C), 162.4C), 155.0 (C), 148.9 (C),
138.9 (C), 113.9 (C), 109.8 (C), 106.4 (CH), 61.3 (Me), 56.0 (Me), 52.3 (Me), 353, (CH

diazoC unobservedn/z(ESI) 397/395 (M+N§ 100/97%).
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Methy! 7-bromo-3-hydroxy-5,8-dimethoxy-4H-chromene 2-carboxylate 210

OMe O OMe

MeO HO
N, OMe OMe

To a solution of methyl 44-bromo2-hydroxy3,6-dimethoxyphenyh2-diaze3-
oxobutanoatel58 (479 mg, 1.28 mmol) in anhydrous dichloromethane (18 mL) at room
temperature, under argon, was added rhodium(ll) acetate dingmnd,10.26 mmol). After
stirring for 1 h, the mixture was filtered through Celite® and the solvent was renmoved
vacuoto give thetitle compound210 as a beige solid (434 mg, 98%); mp 168l °C;
(Found: M+N4, 366.9784.C,3H:5"°BrOg+Na’ requires 366.978); Nma (CHCL)/cm* 1745,
1680, 1600, 1584, 1488, 1452, 1439, 1400, 1315, 1248, 1154, 4.0@E0 MHz; CDC})

10.5 (1L H, s, OH), 6.64 (1 H, s, ArH), 3.92 (3 H, s, OMe), 3.87 (3 H, s, OMe), 3.78 (3 H, s,
COMe), 3.50 (2 H, s, H); Uc (100 MHz; CDC}) 166.9 (C), 153.4 (C), 153.0 (C), 144.7
(C), 139.5 (C), 121.6 (C), 115.0 (C), 107.9 (C), 107.4 (CH), 60.9 (Me), 55.9 (Me), 52.3

(Me), 24.5 (CH); m/z(ESI) 369/367 (M+N§ 98/100%).
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Experimental detaildor Chapter IV

1-Bromo-2,4,5trimethoxybenzene220’

OMe OMe
MeO MeO
—_—
Br
OMe OMe
219 220

A solution of bromine (1.59 mL, 30.9 mmol) in dichloromethane (50 mL) added
dropwise at 0 °C to a solution of 1,Zrémethoxybenzen®19 (4.39 mL, 29.4 mmol) in
dichloromethane (200 mL) over 1 h. The resulting solution was stirred at 0 °C for 2 min,
washed with saturated aqueous sodium thiosulfate solution (100 mL), edtgadium
hydrogen carbonate solution (100 mL) and brine (100 mL), dried (MgSi®ered and
concentratedn vacuoto give thetitle compound220as a colourless oil which solidified on
standing at room temperature (6.94 g, 9686 5254 °C (lit."*” mp 5354 °C); (Found:
M+Na', 268.9780C,H.,"BrOs+Na’ requires 268.9784}j, (300 MHz; CDC}) 7.05 (1 H s,
ArH), 6.58 (1 Hs, ArH), 3.90 (3 H, s, OMe), 3.88 (3H, s, OMe), 3.85 (3 H, s, OMe}75
MHz; CDCk) 150.3 (C), 149.1 (C), 143.8 (C), 116.5 (CH), 101.9 (C), 98.9 (CH), 57.2 (Me),
56.7 (Me), 56.3 (Me)m/z (ESI) 271/269 (M+N&, 100/98%).Data in agreement with

literature vales™*®

2-Bromo-5-methoxy-1,4-benzoquinone 221

OMe O
MeO. MeO
B
Br Br
OMe O
220 221

A solution of ammonium cerium(lV) nitrate (20.5 g, 37.5 mmolwater (100 mL) was
added in one portion to a stirred solution ebrbmao2,4,5trimethoxybenzen220 (3.71 g,

15.2 mmol) in acetonitrile (100 mL) at room temperature. The resulting mixture was stirred
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at room temperature for 16 h, concentrated to appraglypndalf its volumein vacuoand
extracted with dichloromethane (2 x 150 mL). The combined organic phases were dried
(MgSQ,), filtered and concentrated in vacuo to give tile compound221 as an orange

solid (2.91 g, 89%); mp 18587 °C (lit.1*®* mp 192194 °C); (Found: M+Na 238.9309.
C/HsBrOs+Na' requires 238.9314), (300 MHz; CDC}) 7.26 (1 H,s, ArH), 6.14 (1 H, s,

ArH), 3.88 (3 H, s, OMe). (75 MHz; CDC}) 179.2 (C), 1589 (C), 139.2 (C), 135.8 (CH),
106.9 (CH), 56.6 (Me); 1 C unobservem/z (ESI) 241/239 (M+N§ 59/59%).Data in

agreement with literature valu&s.

Methyl 4,7-dihydro -5-methoxy-2-methyl-4,7-dioxobenzofuran-3-carboxylate 223

o O co,Me
MeO MeO
N
_—
Br o
(@) (e}
221 223

Acetonitrile (10 mL) was added to copper(ll) acetate (299 mg, 1.38 mol), potassi
carbonate (381 mg, 2.76 mmol), methyl acetoacetate (99 pL, 0.92 mmoR-taodo5-
methoxy1,4-benzoquinon@21 (200 mg, 0.92 mmol). The resulting mixture wsigred at
reflux for 1.5 h, diluted with dichloromethane (40 mL), filtered through Celite® and
concentratedn vacuo The residue was purified by column chromatography, eluting with
light petroleum/ethyl acetate (2:1) to give thikee compound®23as ayellow solid (78.5 mg,
34%); mp 202205 °C; (Found: M+Na 273.0365.C;,H100s+Na’" requires 273.03750max
(CHCk)/cm* 1718, 1701, 1661, 1610, 1551, 1456, 1248, 118026, 992; omax
(acetonitrile)/nm 232 (log)4.17), 267 (log03.87), 302 (log)3.92),404 (logU3.08); dy
(400 MHz; CDC}) 5.80 (1 H, s, Fb), 3.92 (3 H, s, OMe), 3.87 (3 H, s, OMe), 2.68 (3 H, s,
Me); dc (100 MHz; CDC}) 175.4 (C), 174.7 (C), 164.0 (C), 162.4 (C), 160.6 (C), 150.2 (C),
123.6 (C), 112.5 (C), 104.6 (CH), 57.0 (Me), 5@v&2), 14.0 (Me)m/z(ESI) 523 (2M+N3,

100%), 273 (M+N4 65%).
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Methyl 4,7-dihydroxy -5-methoxy-2-methylbenzofuran-3-carboxylate 240

O co,Me OH  co,Me
MeO MeO
N AN
o - o
o} OH
223 240

To a solution of methyl 4,7-dihydro5-methoxy2-methyt4,7-dioxobenzofurasB-
carboxylate223 (200 mg, 0.80 mmol) in chloroform (4 mL) was added a solution of sodium
dithionite (835 mg, 4.80 mmol) in water (8 mL) and the reaction mixture was stirred at room
temperature for 3 h. The precipitate formed was filtered and iiriedcuoto yield thetitle
compound 240 as a colourless solid (161 mg, 80%); mp 238 °C;(Found: M+N4,
275.0527.C;.H;:06+Na’ requires 275.0526))4 (400 MHz; DMSQdg) 9.64 (1 H, s, OH),

9.52 (1 H, s, OH), 6.52 (s, 1 H;6), 3.94 (3 H, s, Ce), 3.72 (3H, s, OMe), 2.67 (3 H, s,
Me); dc (100 MHz; DMSQds) 167.5 (C), 163.3 (C), 142.6 (C), 136.9 (C), 133.8 (C), 131.3
(C), 114.8 (C), 108.5 (C), 100.8 (CH), 57.0 (Me), 53.0 (Me), 14.9 (Mex (ESI) 527

(2M+Na', 100%), 275 (M+N§ 40%).

3-Hydroxym ethyl-5-methoxy-2-methylbenzofuran4,7-dione ACH488

O co,Me o OH
MeO MeO
A\ A\
o o
o} o}
223 ACH488

A solution of compoun@23(75.0 mg, 0.30 mmol) in THF (3 mL) was added at 0 °C to a
suspension of lithium aluminium hydride (57.0 mg, 1.50 mmol) in THF (6 mL), under
nitrogen atmosphere. The reaction mixture was stirred at room temperature for 1.5 h, and
then acetone (0.72 mL) and a solution of RGO (1 M; 0.36 mL) in HCI (1 M; 0.36 mL)

were added. The mixture was stirred at room temperature for 5 min and theteskinith
dichloromethane (3 5 mL). The combined organic extracts were washed wiB O

mL), brine (10 mL), dried (MgS§), filtered and the solvent removédvacuo Theresulting
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product was purified by column chromatography using light petrole@#E&t(2:1) to give
thetitle compoundACH488 (19.8 mg, 30%) as an orange solid; mp 183 °C; (Found: M+Na
245.0424.CyH:0s+Na’ requires 245.0420)0max (CHCL)/cni® 2360, 1666, 1602, 1554,
1187;dy (400 MHz; CDC}) 5.79 (s, 1 H, k), 4.62 (2 H, s, Cb), 3.87 (3 H, s, OMe), 2.42
(3 H, s, Me);dc (100 MHz; CDC}) 179.2 (C), 175.3 (C), 159.7 (C), 154.9 (C), 150.3 (C),
125.8 (C), 119.7 (C), 105.9 (CH), 56.9 (Me), 54.8 g;H2.0 (Me);m/z(ESI) 245 (M+N4,

42%).

2-Bromo-6-methoxybenzenel 4-diol 229*°

CHO OH
e ———
MeO Br MeO Br
OH OH
228 229

Sodium percarbonate (4.28 g, 27.3 mmol) was added as a single portion to a solution of 5
bromovanillin228(6.02 9,26.0 mmol) in THF/water (75/30 mL). The resulting mixtuas

stirred at room temperature for 4 h, concentratedacuoto a solid, dissolved in acetone
(250 mL), filtered and concentratéd vacuo Chromatography of the residue eluting with
light petrobum/ethyl acetate (2:1) gave ttitbee compound®229as a pale pink solid (4.61 g,
81%); mp 138139 °C;(Found: M+N3, 240.9462 C/H,Br,0Os+Na’ requires 240.9471)4

(400 MHz; aetoneds) 8.03 (1 H,s, OR); 7.45 (1 H, s, OH), 6.57 (1 H, s, ArH), 6.49 (1H, s,
ArH), 3.81 (3 H, s, OMe)dk (100 MHz; acetonel) 152.6 (C), 150.5 (C), 139.2 (C), 111.9
(CH), 110.0 (C), 101.5 (CH), 57.5 (Me/z (ESI) 243/241 (M+N% 68/68%).Data in

agreement with literature kaes'*
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2-Bromo-6-methoxycyclohexa2,5-diene-1,4-dione 230*®

OH e}
e
MeO Br MeO Br
OH le}
229 230

A solution of iron(lll) chloride hexahydrate (24.6 g, 91.2 mmol) in water (183 mL) was
added as a single portion to a stirred solution -bfdno6-methoxybenzené,4-diol 229

(4.00 g, 18.3 mmol) in methanol (37 mL). The resulting mixture was stirredoa ro
temperature for 1 h and then water (122 mL) was added. The precipitate was collected by
filtration and driedn vacuoto give thetitle compound30 (3.62 g; 91%) as a brown solid;

mp 161163 °C (lit.1*¥* mp 162163 °C):(Found: M+N4d, 238.9303C;H:sBr,0s+Na’ requires
238.9314); Nmax (CHCL)/cmi* 1695, 1643, 1590, 1355, 1130, 1006, 90%; (400 MHz;

CDCL) 7.20 (1 H,s, H3), 5.96 (1 H, s, Fb), 3.85 (3 H, s, OMe)i: (100 MHz; CDCH)

184.6 (C), 174.5 (C), 158.3 (C), 138.5 (CH), 134.3 (C), 107.6 (CH), 56.8 (Me)(ESI)

241/239 (M+N4, 50/48%) Data in agreement with literature vald&s.

Methyl 4,7-dihydro -6-methoxy-2-methyl-4,7-dioxobenzofuran-3-carboxylate 231

230 231
Acetonitrile (10 mL) was added to copper(ll) acetate (299 mg, 1.38 mol), potassium
carbonate (381 mg, 2.76 mmol), methyl acetoacetate (99 pL, 0.92 mmol)}tzodnd6-
methoxycyclohex&,5-dienel,4-dione230 (200 mg, 0.92 mmol). The mixture was stirred at
reflux for 1.5 h, before being diluted with dichloromethane (250 mL), filtered through
Celite® and concentrateéd vacuo The residue was purified by column chromatography,
eluting with light petroleum/ethyl acetate (2:1) to give tile compound231 asa yellow

solid (114 mg, 4%); mp 191193 °C;(Found: M+N4, 273.0369.C;,H;(Os+Na’ requires
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273.0375);Nmax (CHCL;)/cmi* 3011, 1690, 1662, 1611, 1458, 1313, 1248, 1094, &48;
(acetonitrile)/nm 232 (log)4.11), 259 (logd3.84), 303 (logd4.12), 402 (logd2.90); dy
(400 MHz; CDC}) 5.85 (1 H, s, B), 3.94 (3 H, s, OMe), 3.86 (3 H, s, OMe), 2.68 (3 H, s,
Me); dc (100 MHz; CDC}) 179.9 (C), 169.4 (C), 165.2 (C), 162.3 (C), 158.1 (C), 148.6 (C),
127.0 (C), 113.1 (C), 108.2 (CH), 56.9 (MBR.3 (Me), 14.3 (Me)m/z(ESI) 273 (M+N4,

100%).

Methyl 4,7-dihydroxy -6-methoxy-2-methylbenzofuran-3-carboxylate 232

O co,Me OH  co,Me
A\ - . N
MeO Y MeO o]
o) OH
231 232

To a solution of methyl 4;dihydro6-methoxy2-methyt4,7-dioxobenzofurasB-
carboxylate231 (439 mg, 1.75 mmol) in chloroform (3.7 mL) was added a solution of
sodium dithionite (1.84 g, 10.5 mmol) in water (7.3 mL). After being stirred at room
temperature for 3 h, the precipitate formed was filtered and drigdcuoto yield thetitle
compound232 as a colourless solid (351 mg, 79%); mp -183 °C; (Found: M+N4,
275.0525.C1.H1,06+Na’ requires 275.0526)3 (400 MHz; DMSGQdg) 9.78 (1 H, s, OH),
8.70 (L H, s, OH), 6.41 (1 H, s/b), 3.94 (3H, s, Ce), 3.78 (3 H, s, OMe), 2.66 (3 H, s,
Me); de (100 MHz; DMSQds) 167.5 (C), 162.0 (C), 146.5 (C), 143.7 (C), 141.4 (C), 124.3
(C), 108.1 (C), 107.1 (C), 96.7 (CH), 56.5 (Me), 53.0 (Me), 14.6 (Mw¥) (ESI) 275

(M+Na", 47%), 253 (M+H, 46%).
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3-Hydroxymethyl-6-methoxy-2-methylbenzofuran4,7-dione 211

OH  co,Me o OH
N - N
MeO o MeO o
o}

OH
232 211

A solution of methyl 4,tihydroxy-6-methoxy2-methylbenzofurai3-carboxylate232 (96.8

mg, 0.38 mmol) in THF (3 mL) was added at 0 °C to a suspension of lithium aluminium
hydride (75.0 mg, 1.98 mmol) in THF (6 mL}Jhe reaction mixture was stirred at room
temperature for 1.5 h, cooled to 0 °C and quenched by addition of water (0.15 mL), sodium
hydroxide (1 M; 0.15 mL) and silica gel (150 mg). The granular precipitate was filtered off
through a pad of Celite®. Thetfiite was dried (N&O,) and concentrateid vacuoto give
thetitle compound11 as an orange solid (44.7 mg, 52%)p 142144 °C;(Found: M+N4,
245.0424.C1H100s+Na’ requires 245.0420)0max (CHCI3)/cm'l 3479, 3011, 1686, 1647,
1588, 1321, 1095 (acetonitrile)/nm 222 (lo@4.30), 267 (lod)4.06), 318 (logJ3.99),

433 (logU3.05):; dy (400 MHz; CDC}) 5.83 (s, 1 H, +b), 4.60 (2 H, s, Ch), 3.88 (3 H, s,
OMe), 2.43 (3 H, s, Me)l: (100 MHz; CDC}) 184.6 (C), 168.5 (C), 160.1 (C), 156.7 (C),
148.2 (C), 129.4 (C), 121.0 (C), 106.3 (CH), 57.1 (Me), 55.0 JCER.3 (Me);m/z (ESI)

245 (M+Nd, 42%).

3-Hydroxymethyl-2-methyl-5-(pentylamino)benzofuran4,7-dione 212

o OH Ho @ OH
N
MeO A\ N N
o o
0 o}
ACH488 212
Pentylamine (0.15 mL, 1.31 mmol) was added to a solution -@fy@oxymethyl)5-
methoxy2-methylbenzofuraid,7-dione ACH488 (29.1 mg, 0.13 mmol) inanhydrous

acetonitrile (1.5 mL) and the resulting mixture was stirred at room temperature for 45 min.

The sdvent was removedn vacuo and thecrude product was purified by column
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chromatography on silica gel, previously inactivated with triethylamine, eluting with light
petroleum/ethyl acetate (1:1) to give ttide compound212 as a purple solid23.4 mg,
64%); mp 102 °C (dichloromethane/light petroleum); (Found: M+Na300.1199.
CusHioNO4+Na' requires 300.1212)ax (CHCl)/cmit 3491, 338, 3007, 2961, 2863, 1671,
1633, 1591, 1467, 1390, 1198;.. (acetonitrile)/nm214 (logU4.76), 245 (logJ4.56), 341

(log 04.17), 518 (lodJ3.82);dy (400 MHz; CDC4) 5.84 (1 H, s br, NH), 5.28 (1 H, s;:6),

459 (2 H, s, Ch), 3.14 (2 H, qJ) 6.9, CH), 2.38 (3 H, s, Me), 1.72.65 (2 H, quinJ 6.9,
CH,), 1.391.35 (4 H, m, 2 CH,), 0.93 (3 H, tJ 6.9, Me);dc (100 MHz; CDC}) 180.7 (C),
175.1 (C), 153.2 (C), 152.9 (C), 147.9 (C), 123.5 (C), 118.9 (C), 95.8 (CH), 55:p @30
(CH,), 29.1 (CH), 27.8 (CH), 22.3 (CH), 13.9 (Me), 11.8 (Me)m/z(ESI) 300 (M+N4,

100%).

5-(3-(Dimethylamino)propylamino)-3-(hydroxymethyl)-2-methylbenzofuran-4,7-dione

213
o OH | TR OH
MeO. NN
N\ A\
—_—
o o
o 0
ACH488 213

N,N-Dimethylpropanel,3-diamine (0.16 mL, 1.28 mnijowas added to a solution of 3
hydroxymethyl5-methoxy2-methylbenzofurai, 7-dione ACH488 (28.5 mg, 0.13 mmol)

in anhydrous acetonitrile (1.5 mL) and the resulting mixture was stirred at room temperature
for 1 h. The solvent was removeith vacuo and the residue purified by column
chromatography, eluting with methanol/dichloromethan2q®) togive thetitle compound

213 as a purple solig20.5 mg, 55%); mp 12728 °C (dichloromethane/light petroleum);
(Found: M+H, 293.1495.C,sH,N,O,+H" requires 293.1496)nmax (CHCL)/cm™ 3053,

2360, 2341, 1733, 1716, 1698, 1192, 1087.x (acetonitrile)/nm 215 (lo§4.29), 246 (log

U4.02), 343 (lodJ3.64), 315 (lod)3.31);dy (400 MHz; CDC}) 7.83 (1 H, s br, NH), 5.23
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(1 H, s, H6), 459 (2 H, s, Ch), 3.26 (2 H, gJ 6.0, CH,), 2.53 (2 H, tJ 6.0, CH), 2.37 (3
H, s, Me), 2.34 (6 Hs, Me), 1.86 (2 H, quin] 6.0, CH); dc (100 MHz; CDC}) 180.8 (C),
175.1 (C), 153.4 (C), 152.6 (C), 148.8 (C), 123.5 (C), 118.9 (C), 95.2 (CH), 57,8 B5+0

(CH), 45.0 (Me), 42.9 (Ch), 24.2 (CH), 11.8 (Me);m/z(ESI) 293 (M+H, 100%).

5-Methoxy-3-(methoxymethyl)}-2-methylbenzofuran-4,7-dione 214

ACH488 214

A mixture of 3hydroxymethyl5-methoxy2-methylbenzofurai,7-dione ACH488 (15.0

mg, 0.067 mmol), silver(l) oxide (23.4mg, 0.10 mmol) and iodomethand_jiwasheated

to reflux for 22 h and then filtered through Celite®. The filter cake was washed with
dichloromethane (5 mL) and the filtrate and washings were combined and concentrated
vacuo The crude product was purified by column chromatography, eluting hgtt
petroleum/ethyl acetate (1:1) to give ttile compound214 (8.2 mg, 51%) as an orange
solid; mp 164165 °C; (Found: M+N4&, 259.0549.C;,H;,0s+Na’" requires 259.0582max
(CHCl)/cm™* 1691, 1658, 1533, 1390, 1121, 1020, 847 (acetonitrile)/nm 225 (Iong
4.07), 259log U3.92), 310 (lodJ3.65), 426 (lodJ3.02);dy (400 MHz; CDC}) 5.75 (1 H, s,
H-6), 4.54 (2 H, s, CH, 3.84 (3 H, s, Me), 3.41 (3 H, s, Me), 2.46 (3 H, s, Me)(100
MHz; CDCk) 177.7 (C), 175.5 (C), 1594€), 157.6 (C), 149.9 (C), 125.2 (C), 116.5 (C),

105.4 (CH), 63.3 (CH), 58.5 (Me), 56.8 (Me), 12.3 (Mel/z(ESI) 259 (M+N4, 100%).
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3-((2,4,6 Trifluorophenoxy)methyl) -5-methoxy-2-methylbenzofuran-4,7-dione 215

ACHA488 233 215

Thionyl chloride (0.64 mL, 8.87 mmol) was added at 0 °C to a soluti@rhgtiroxymethyi
5-methoxy2-methylbenzofurai#,7-dione  ACH488 (37.5 mg, 0.17 mmol) in
dichloromethane (2 mL). After being stirred at room temperature for 2 h, the solvent was
removedn vacuoand the resulting residue was purified by column chromatography, eluting
with light petroleum/ethyl acetate (2:1) to give the chlorinated comp@38ds a ydbw

solid (23.5 mg, 58%). To -8hloromethy5-methoxy2-methylbenzofurai,7-dione 233

(23.5 mg, 0.097 mmol) in anhydrous DMF (2 mL) was added sodium hydride (60%
dispersion in mineral oils; 4.68 mg, 0.195 mmol) followed by 2tdfsiorophenol (31.0

mg, 0.211 mmol) and the reaction mixture was stirred at room temperature for 5 h. Water (3
mL) was then added and the reaction mixture was extracted with ethds f3L) and dried
(MgSQy). The solvent was removed under reduced pressure and the crude product was
purified by column chromatography, eluting with light petroleum/ethyl acetatet@diye
thetitle compound215 as a yellow solid (20.1 mg, 58%); mp 1225 °C; (Found: M+N3,
375.0459 GH:F0s+Na' requires 375.04510max (CHCL)/cm* 2927, 2855, 1692, 1660,
1509, 1454, 1390, 1120, 1042, 842;(400 MHz; CDC}) 6.66 (2 H, t,J 8.0, ArH), 5.76 (1

H, s, ArH), 5.20 (2 H, s, Ch, 3.84 (3 H, s, OMe), 2.46 (3 H, s, Me); (100 MHz; CDC})

177.3 (C), 175.4 (C), 159.9 (C), 159.0 (C), 1575.4 (m, CF), 155:254.9 (m, CF), 149.9

(C), 147.3 (C), 124.7 (C), 114.8 (C), 105.5 (CH), B0@dd,Jcr 27, 19, 8, CH), 64.7 (CH

56.8 (Me), 12.0 (Me)m/z(ESI) 375 (M+N4, 100%).
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Ethyl 2-(2-acetyl4-methoxyphenoxy)acetate35™°

o} 5 o
Meo\©fk Meo\©\)k
—_—
OEt
5
OH 6 O/\ﬂ/
234 235 O

A solution of 5methoxy2-hydroxyacetophenon234 (5.0 g, 30.1 mmol) and potassium
carbonate (8.42 g, 60.24 mmol) in acetone (19.8 mL) was stirred at rogrartgure for 30

min, before ethyl bromoacetate (6.68 mL, 60.2 mmol) was added dropwise. The reaction
mixture was heated to 60 °C for 18 h, cooled to room temperature, diluted with brine (20
mL) and extracted with ethyl acetate3(3.0 mL). The combined ganic layers were dried
(MgSQy), filtered and evaporated under reduced pressure. The resulting residue was purified
by column chromatography, eluting with dichloromethane to dichloromethane/methanol
(5%) to yield theitle compound®35as a colourlessolid (7.35 g, 97%); mjg0-72°C (lit.,*°

mp 7274 °C); (Found: M+N§ 275.0897. Ci3H1¢Os+Na™ requires 275.0890);3max
(CHCly)/cm* 3010, 1755, 1674, 1603, 1493, 1142, 8iy(400 MHz; CDC}) 7.30 (1 H, d,

J 3.2, H3), 7.00 (1 H, ddJ 9.0, 3.2, H5), 6.80 (1 H, dJ 9.0, H6), 4.67 (2 H, s, OC}),

4.27 (2 H, gJ 7.2, OH;Me), 3.79 (3 H, s, OMe), 2.72 (3 H, s, Me), 1.30 (3 H] 7,2,
OCH;Me); Uc (75 MHz; CDC}) 199.3 (C), 168.4 (C), 154.2 (C), 151.4 (C), 129.2 (C), 120.1
(CH), 114.1 (CH), 114.1 (CH), 66.3 (GH61.5 (CH), 55.8 (Me), 32.0 (Me), 14.1 (Me)/z

(ESI) 527 (2M+N4&, 100%), 275 (M+N§ 69%).Data in agreement with litature valued>

Ethyl 5-methoxy-3-methylbenzofuran-2-carboxylate 236

(@]
MeO MeO
et N—Cco,Et
oY ©
235 0 236

Sodium ethoxide (21 W in ethanol; 8.89 mL, 23.8 mmol,) was added dropwise to ethyl (2

acetyt4-methoxyphenoxy)acetas5 (6.00 g, 23.8 mmol) in anhydrous ethanol (200 mL).
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The reaction mixture was stirred at 75 °C for 2 h, cooled to 0 °C, quenched with hydrochloric
acid (1M) until neutral and diluted with water (100 mL). The product was extracted with
ethyl acetate (3 100 mL), dried over MgS§) concentrateth vacuoand purified by column
chromatography, eluting with light petroleum/dichloromethane (1:1) to yieldtitle
compound236as a colourless solid (2.01 g, 36%); mp 0B °C (lit.”>*mp 10 5,xUC) ;
(CHCl)/cmi* 3010, 1709, 1590, 1479, 1320, 1153, 909; (Found: Mi#+Ne57.0774.
CiH140,+Na" requires 257.0784)j (300 MHz; CDCY) 7.44 (1 H, dJ 8.9, H7), 7.05 (1

H, dd,J 8.9 and 2.4, ¥6), 7.00 (1 H, dJ 2.4, H4), 4.45 (2 H, gJ 7.2, OtH,Me), 3.87 (3 H,

s, OMe), 2.57 (3 H, s, Me), 1.44 (3 HJt7.2, OCHMe); Uic (100 MHz; CDC}) 160.5 (C),

156.2 (C), 149.4 (C), 141.6 (C), 129.5 (C), 125.6 (C), 117.6 (CH), 112.9 (CH), 102.2 (CH),
61.1 (CH), 55.9 (Me), 14.4 (Me), 9.5 (MeJn/z(ESI) 491 (2M+N4, 100%), 257 (M+N§

77%).Data in agreement with literature valles.

Ethyl 5-methoxy-3-methyl-4-nitrobenzofuran-2-carboxylate 237

NO,

MeO MeO
N—co,et — N—co,Et
o o

236 237

A solution of fuming nitric acid (1.46 mL, 35.8 mmol) in glacial acetic acid (23.1 mL) was
added dropwise to ethylmethoxy3-methytbenzofurar2-carboxylate236 (839 mg, 3.58
mmol) at room temperature. The mixture was stirred at room temperature for défdre
being poured into ice/water and extracted with ethyl acetate 48 mL). The combined
organic phases were dried (MgJQevaporatedn vacuoand the residue was purified by
column chromatography, eluting with light petroleum/ethyl acetate (B:3jeld thetitle
compound37as a yellow solid (575 mg, 58%); mp :0@8 °C (lit.**mp 115 °C); (Found:
M+Na’, 302.0641.C;3H.1sNOg+Na" requires 302.0635)3max (CHCl)/cm* 2983, 17186,

1601, 1462, 1240, 1092, 90%; (400 MHz, CDC}) 7.64 (1 H, dJ 9.2, ArH), 7.19 (1 H, dJ
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9.2, ArH), 4.46 (2 H, ¢J 7.2, OGH,Me), 3.96 (3 H, s, OMe), 2.47 (3H, s, Me), 1.44 (3 H, t,
J 7.2, OCHMe); iic (100 MHz, CDCJ) 159.7 (C), 148.7 (C), 147.5 (C), 143.5 (C), 133.5
(C), 122.7 (C), 121.5 (C), 115.1 (CH), 113.4 (CH), 61.7 4CH7.6 (Me), 14.3 (Me), 8.9
(Me); m/z(ESI) 581 (2M+N4&, 100%), 302 (M+N§ 45%).Data in agreement with literature

valuest®?

Ethyl 4-amino-5-methoxy-3-methylbenzofuran-2-carboxylate 238

NO, NH,
MeO MeO
N—co,pt——— N—co,Et
o] o
237 238

To a suspension of ethyliethoxy3-methyt4-nitrobenzofurarR-carboxylate237 (439 mg,

1.57 mmol) in ethanol (27 mL) was added tin powder (851 mg, 7.11 mmol) and aqueous
hydrochloric acid (3 M; 11 mL). The reaction mixture was stirred under reflux for 1.5 h,
cooled to room temperature and then neutralised with saturated aqueious bgdrogen
carbonate. The suspension obtained was filtered through Celite® and extracted with ethyl
acetate (3 25 mL). The combined organic extracts were dried (M{@@d concentratdd
vacuoto yield thetitle compound®38as a colourless solid (368g, 93%), that is prone to
degradation on exposure to air and light; mp-720°C; (Found: M+Nd&, 272.0900
CisHiNOANa'r equi r es 2 (CRCLICE®3RIQ0,; 2258, 1704, 1592, 1376, 907,

6 5 14;(4000MHz; CDC}) 6.98 (1 H, dJ 9.0, ArH), 6.85 (1 H, dJ 9.0, ArH), 4.43 (2 H, q,

J7.2, 0CH,Me), 4.32 (2 H, s br, N, 3.87 (3 H, s, OMe), 2.81 (3 H, s, Me), 1.43 (3 H, t,

7.2, OCHMe) :c (160 MHz; CDC}) 160.6 (C), 150.6 (C), 141.6 (C), 139.9 (C), 131.7 (C),
125.7 (C), 117.2 (CX13.5 (CH), 100.4 (CH), 60.9 (GH 57.2 (Me), 14.4 (Me), 11.4 (Me);

m/z(ESI) 521 (2M+N&, 100%), 272 (M+N§ 23%).
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(4-Amino-5-methoxy-3-methylbenzofuran-2-yl)methanol 239

NH NH,

MeO MeO OH
N—co,et — N
o o

238 239
To a suspension of lithium aluminium hydrig@9 mg, 6.50 mmol) in THF (9 mL) at 0 °C
was added a solution of ethytadnine5-methoxy3-methylbenzofurai2-carboxylate238
(405 mg, 1.62 mmol) in THF (5 mL). The reaction was allowed to warm to room
temperature over 30 min and then stirred for 2 h. ihgure was recooled to 0 °C and
guenched by addition of water (1 mL), aqueous sodium hydroxide (1 M; 1 mL) and silica gel
(&4 10g¢g) . The granular precipitate was filte
filtrate was dried (MgSg) and concentratkin vacuoto yield thetitle compound39 as an
off-white solid (294 mg, 87%); mp 1338 °C;(Found: M+N4d, 230.0792C;,H13NOs+Na’
requires 230.07888max (CHCL)cm™ 2934, 2253, 1612, 1496, 1384, 91; (400 MHz;
CDCL) 6.83 (1 H, d,J 8.8, ArH), 6.77 (1 H, dJ 8.8, ArH), 4.68 (2 H, s, B,OH), 4.14 (2 H,
s br, NH), 3.86 (3 H, s, OMe), 2.44 (3 H, s, M&l; (100 MHz; CDC}) 150.5 (C), 150.3
(C), 141.8 (C), 130.4 (C), 117.5 (C), 112.3 (C), 110.3 (CH), 100.1 (CH), 57.2 (Me), 55.6

(CHy), 10.2 (Me);m/z(ESI) 230(M+Na", 100%).

2-Hydroxymethyl-5-methoxy-3-methylbenzofuran4,7-dione 216

NH, o}

MeO. OH MeO OH
b
o] (0]
O
239 216

To a solution of (damina5-methoxy3-methylbenzofura2-yl)methanol239 (286 mg, 1.38
mmol) in acetone (83 mL) was added a solution of potassium nitrosodisulfonate in sodium
dihydrogen phosphate buffer (0.3 M; 66.5 mL). After being stirred at room temperature for 1

h, the excess acetone was remoiredacuoand the resultingesidue was extracted with
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dichloromethane (3 50 mL). The combined organic layers were concentriatedcuoand

the resulting residue was stirred at room temperature for 1 h, in a mixture of agueous
hydrochloric acid (2 M)/acetone (1:1; 170 mL). Thetaoe was removed vacuoand the
resulting product extracted with dichloromethané 0 mL). The combined organic layers
were washed with water, dried (Mg@@nd evaporated under reduced pressure to yield the
titte compound 216 as a dark orange solid274 mg, 89%); mp 20204 °C
(dichloromethan@-hexane); (Found: M+Na 245.0425C,.H;Os+Na’ requires 245.0420);
3max (CHCl)/cm® 3045, 2936, 2363, 1690, 1661, 1547, 1334, 1172, 909, &6Q;
(acetonitrile)/nm226 (logU4.20), 261 (logd4.12), 317 (log)3.63), 422 (logJ3.18); Ui

(400 MHz; CDC}) 5.79 (1 H, s, Ib), 4.69 (2 H, s, €&,0H), 3.86 (3 H, s, OMe), 2.31 (3 H,

s, Me); lc (100 MHz; CDC}) 177.9 (C), 175.8 (C), 160.2 (C), 155.3 (C), 150.6 (C), 125.6
(C), 118.2 (C), 105.8 (CH), 58 (Me), 55.0 (CH), 8.5 (Me); m/z (ESI) 467 (2M+N3,

100%), 245 (M+N3, 82%).
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Crystal data and structure refinement for compound 85at 90(2)K

Empirical formula
Formula weight
Crystal description
Crystal size
Crystal system
Space group

Unit cell dimensions

Volume

Reflections for cell refinement
Range in theta

V4

Density (@lculated)
Absorption coefficient
F(000)

Diffractometer type
Wavelength

Reflections collected

Theta range for data celttion

Index ranges

C13 H11 Br O3

295.13

colourless block

0.6699 x 0.1320 x 0.0715 mm
monoclinic

P 21/c
a=15.3653(3R alha =90

b = 4.77008(108 beta = 96.9069(18)
c=15.7486(3A gamma =99
1145.90(4)A3

4502

3.79 to 73.85°

4

1.711 mg/m

4.848 mmt

592

SuperNova, Single source at offséitlas
1.5418A

5195

5.66 to 67.49°

-16<=h<=18-4<=k<=5,-18<=I<=18
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Independent reflections
Observed reflections
Absorption correction
Decay correction

Structure solution by
Hydrogen atom location
Hydrogen atom treatment
Data / restraints / paramete
Final R indices [I>2sigma(l)]
Final R indices (all data)
Goodnessf-fit on F?

Final maximum delta/sigma

Largest diff. peak and hole

2067 [R(int) = 00176]
1857 [II>2s(1)]

Analytical (Tmin = 0.268, Tmax = 0.748)

0%

direct and difmap methods
geom

constr

2067/0/157 (leassquares onf
R1 =0.0265, wR = 0.0722
R1 =0.0307, wR2 = 0.0861
1.126

0.001

0.545 and0.729 eA”
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