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We describe the evolution of a synthetic stratemytifie construction athe marine polyketic
salimabromide. Combining a bicyclo[3.1.0]hexan-2oming-expansion to build ups
functionalized naphthalene and an unprecedentedarggement/cyclization cascadenable
synthesis of a dearomatized tricyclic subunit oé ttarget compound. Alternativelyar
intramolecular ketiminium [2+2]-cycloaddition andbsequent Baeyer-Villiger ringxpansio
gave access to the sterically encumbered architecfusalimabromideSequential oxidation
the carbon framework finally enabled the total bgsis of this unusual natural product.

© 2019 Elsevier Ltd. All rights reserved

1. Introduction

Myxobacteria are a unique class &proteobacteria with an
elaborate ability for intercellular communicatiorl].[ In an
impressive process of cooperative morphogenesesethrod-
shaped gliding bacteria can aggregate and pileruptarvation
conditions, forming so-called fruiting bodies. With the
maturing fruiting body, the cells differentiate antnyxospores
that are resistant to desiccation. Most myxobaztalio have a
fascinating predatory activity on other microorgam$ and can
lyse a variety of bacteria and fungi to feed onltls#s products
[2]. More than 100 natural product scaffolds withraad range
of biological activities were isolated from termesi
myxobacteria since the last three decades [3]. ®ny998, the
first member of currently ten known marine myxolesict
strains was reported by lizuka [4]. Difficulties inet cultivation
of these bacteria complicate the isolation of redtproducts and
only seven natural product classes have been fiehto far
(Figure 1) [5]. These include enhygrolide &) @nd B @) [6],
enhygromic acid 3) [7], haliamide 4) [8], haliangicins %) [9],
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Figure 1 | Natural product classes from marine myxobacteria.

screens were limited as only @iy of 7 could be isolated [10].
However, they revealed a moderate antibiotic actiagainst
Arthrobacter cristallopoedewith a MIC value of 1igmL™".

The group of Menche began first synthetic studiesrtty
after the isolation o7 in 2013 [11]. In their approach, the crucial
guaternary stereocenter was set via an asymmetrign&mn
crotylation (95% ee) employing aldehy@e It is interesting to

salimyxins 6) [6] and salimabromider [10]. note tha®, derived from aci® in four steps, already contains the

ShOW any resemblance to Other known natural produtgs_ IntI’OdUCtlon Of the I'emalnlng CaI’bOI‘l atoms, an Mﬂﬂhﬂ ten
tetrahydronaphthalene moiety features two contigamagernary ~ Steps were required to give the eight-membered fact®.
carbon centers, one of which is asymmetric, andigaled to a  Unfortunately, the final ring closure of thebutyrolactone by an
ry_butyrc)'actone An enone mo“f connects the |actand the intram0|ecu|al’ MiChae|-additi0n as We” as the aﬁmion Of the
saturated half of the tetrahydronaphthalene. The livamides neopentylic methoxy group could not be achievettiiatstage.
are located on the aromatic half, resulting in atpeubstituted

arene with an uncommon ethyl side chain. First lgickl



Menche (2015):

o
Br.
(©)k OH 4 steps
8 Br 9
Me OMe
B Bi {
6 steps NN \ 10 steps r Me
e oy OBz —— P e
Br 11 RN

Brg O 12

OH
Me

9 0
Br. -
H CIJS|N/,\/OTBDPS
_— _J otBDPS
(85%, 95% ee)
Br 10
Br Me
(T
H)=0
9
ro/ (¢} 7

Scheme 1 | Syntheticstudies towards salimabromid® by Menche. TBDP
= tert-butyldiphenylsilyl; Bz = benzoyl.

2. Results and discussion

In our retrosynthetic analysis, we envisioned a dempntary
approach to the one developed by Menche and dedded
introduce the bromide substituents bfat the very end of the
synthesis (Scheme 2). This decision was based ohnyiathesis
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Scheme 2 | Initial retrosynthesis of salimabromidé)(

that the biosynthesis involves a late-stage broticinaand on
steric arguments [10]. The enone bfwas disconnected via a
dynamic kinetic aldol reaction to provid&3 [12]. Further
disconnection was accomplished by removal of theotee and
masking of the aldehyde function as an alkenewe H. For the
construction of 14, a dearomatization sequence © was
planned. Guided by our previously developed ringagson
methodology, we envisioned to directly trace baéko 16 [13—
15].

2.1.First Generation Route

We commenced our synthesis with commercially avhil&b
bromo-1-indanonel{) (Scheme 3)From there, cyclopropanated

with copper(ll) bromide 19 to 20) [18,19] followed by
elimination and subsequent cyclopropanation with hylet
dichloroacetate (MDAZ20 to 21) [13,20]. The fragmentation was
conducted in sulfolane at 19Q affording naphthoR2 in good
yield (77%) on gram-scale [13]. Negishi cross-cauplusing
freshly prepared diethylzinc introduced the etligkschain ofl5
in excellent yield [21]. To achieve the dearomadimma of the
naphthalene we pursued the sequence shown in Schefirst4
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Scheme 4 | A tandem Claisen/Cope-rearrangement of phenyl atlyer23
and dearomatization &6. a) Allyl bromide, KCO;, DMF, 65°C, 90%; b
sulfolane, 190C, 31%; c) allyl chloroformate, B, THF, 0°C, 80%; d
Pd(PPR),, toluenef-hexane (9:1), 48C, 69%. THF = tetrahydrofurai
DMF = N,N-dimethylformamide.

15 was allylated under standard conditions (allyl hbiden
K,CO;, DMF, 65 °C) to give23 in 92% vyield. Heating a solution
of 23 in sulfolane at 196C induced a tandem Claisen/Cope-
rearrangement/cyclization sequence to afford - e
intermediacy o0f24 and p-quinomethide25 — the lactone26 in
31% yield. For the crucial dearomatizati@®, was converted to
its allyl carbonate7 [22]. Exposure to palladium(0) induced the
decarboxylative allylation to provid@8 as a mixture of two
diastereomers (69%, dr = 2.1:1) [23]. Unfortunatelyattempts
to selectively reduce the enone2® lead to decomposition, no
reaction, isomerization of the vinyl group or retioic of the
ketone [24-26].

We therefore decided to go back 16 and first concentrate on

indanone2l was generated in six steps involving a three-stene installation of thgemdimethyl group (Scheme 5). For this

o o}

methylation procedurel{ to 18 to 19) [16,17], a bromination
Me ¢) HCI, AcOH .
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a) DMC, NaH
b) K,CO3, Mel

o

Me
o}
(50% over 6 steps)  Br

20 21 Cl OMe

OH
[ e] Cl O

22 15
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(77%) (93%)

Scheme 3 | Synthesis of naphthol5 by fragmentation of cyclopropana
indanone2l. a) DMC, NaH, THF, 0 to 78C; b) K,CO; Mel, DMSO, 0 t
23°C; c) HCI (37%), AcOH, 100C; d) CuBg, EtOAC/CHC}, 70°C; e) DBU
benzene, 0 to 2%; f) MDA, LHMDS, THF, -78°C, 50% over 6 steps; (
sulfolane, 190C, 77%; h) EiZn, Pd(dppf)C, 1,4dioxane, 0 to 90C, 93%
DMC = dimethylcarbonate, DMSO = dimethylsulfoxid&)BU = 1,8-
diazabicyclo[5.4.0]undec-7-eneMDA = methyl dichloroacetate, LHMDS
lithium bis(trimethylsilyl)amide, dppf = 1,1'-Bisi@ghenylphosphino)ferrocene.

purpose15 was dearomatized following an analogous procedure
as above. In this way, the dearomatized pro@4davas obtained
in good yields (79% over two steps). Isomerizatibithe allylic
double bond — required for the intended ozonolimigards13 —
was accomplished by conditions developed by Skrygdstr
(Pd(dbay, t-BusP, i-PrCOCI, PhMe) in 84% yield [27]. WitB1

in hand, we investigated introduction of thenidimethyl group.
First, Wittig olefination proceeded smoothly to gi82 [28].
Unfortunately we were not able to cyclopropanate atkene by
employing the Simmons—Smith protocol (&4 ZnEy) [29], the
use of dichlorocarbene or dibromocarbene [30]. Iseaond
approach, a Kluge—Wittig reaction/hydrolysis seq@ergave
aldehyde 34 which was a-methylated. Noteworthy, rigorous
degassing of the solvent (THF) was mandatory to davoi
competing oxidation of the enolate and diminishetdg of 35.
Attempts to directly reduce this aldehyde by thetquol of
Wolff—Kishner [31] or the formation of a thioacetallowed by
nickel catalyzed hydrogenation (Mozingo protocd®] failed.
Therefore,34 was reduced to the primary alcol88. While it
was possible to tosylate this alcoh86 ¢o 37), 33 could not be
generated by reduction with lithium aluminum hydridgen
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Scheme 5 | Attempts towards thgemdimethylation of dearomatized napht36l a) Allyl chloroformate, BN, THF, 0 °C, 99%,; b) Pd(PBA, tolueneh-hexan:
(10:1), 45°C, 80%; c) Pd(dba)t-BusP,i-PrCOCI, toluene, 88C, 84%; d) MePPiBr, t-BuOK, THF, 0 to 23C, 99%; e) P}P(Cl)CH,OCHs, n-BuLi, THF, O tc
23°C, 81%; f) HCIQ, E%O, 23°C, 79%; g) NaH, Mel, THF, 0 to 2&, 69%; h) NaBH MeOH, 0°C, 80%; i)p-TsCl, pyridine, 23C, 73%; j) C3, NaHMDS
THF, -78 to —-65C, 83%; g) TiCl, ZnMe, CH.Cl,, 0°C, 61%. dba = dibenzylideneacetong,Ts = p-toluenesulfonyl, NaHMDS = sodit
bis(trimethylsilyl)amide, py = pyridine.

a) MeMgBr, b) m-CPBA,

_thenHCl | i PTSOH : t 2O c)KH, Mel
MeO (44% over MeO (71%)

2 steps)

under elevated temperature (€0). Finally, a radical Barton— '
McCombie deoxygenation &8 was investigated [33]. However, /@ij
the intended product was not formed but a compledymt '
mixture was obtained. Direct dimethylation of thedket using PR
Reetz conditions [34] failed as the strongly Lewisid& /@\%ro MeMgBr MéoH &) Co(acac),, +BuOOH
conditions induced a Wagner—Meerwein rearrangendsno(40 O MeO/[jé/

to 41) to give42 as the sole product [35].

2.2 Second Generation Route %
- f) sto,, HOAc O‘ O
Realizing that introduction of the two quaternarybom centers  weo o ©8%)  MeO %\

is highly problematic at this stage of the synthesie abandoned
the indanone ring-expansion route and tried tde#t centers at
an earlier stage. Starting with commercially avadéab 988, _MWTEO.ELN ) EtgZn, Pd(@ppnCly
methoxytetralon&3, addition of methylmagnesium bromide and HO (85 over 28p8) T,oﬁ/ 8%)

acid-mediated elimination gave know# [36]. Epoxidation with 50 O 51 0

concomitant Meinwald-rearrangement afforded R-tetr@a#5 in Ve
44% vyield over two steps [37]. Methylation under O‘ DallyiMg8r O‘ _6)+BuOK, 18-crown§ _ B
thermodynamic control using potassium hydride asliase set (38% over 2 steps) X

54

the gemdimethyl group and afforded tetralon® [38]. The e ®

vicinal methyl group of7 was introduced by Grignard addition

employing Knochel's conditions (LagI2 LiCl, MeMgBr) [39]. "’Pdf°§23é|a“3p

Benzylic oxidation with cobalt acetylacetonate [4f#ve clean —

48 [41] and subsequent acid-mediated eliminationreéd enone X = CO,R, CH,0R, CHO
49 [42] in good vyield [43]. A three-step procedurayalving
demethylation, triflation [44] and Negishi cross-pting [21]
with diethylzinc was used to replace the methoxy withethyl
group Yyielding 52 (via 50 and 51, 86% over three steps).
Allylation with allylmagnesium bromide5g to 53) followed by
an anionic oxy-Cope rearrangement set the quaterna
stereocenter ob4 [45,46]. For the isomerization of the allyl
group, Skrydrup’s conditions again proved to be riethod of
choice affording55 in 92% vyield [27]. Surprisingly, despite
extensive efforts tetralorisb proved to be reluctant to react at its
a-position. We examined severalacylation and alkylation
procedures to introduce the carboxylate for tHmutyrolactone,
however, no carbon-carbon bond formation to gb& was
observed. We reasoned that steric hindrance byathacent
quaternary stereocenter impedes nucleophilic attatkthe
enolate.

(96%) (95%)

X-ray X-ray

Scheme 6| Synthesis of tetralon&5. a) MeMgBr, THF, OC, then HCI,
23°C; b) m-CPBA, CHCI/TFE, p-TsOH, 0°C, 44% over 2 steps; c) K
Mel, THF, 0 to 23C, 71%; d) MeMgBr, LaGle 2 LiCl, THF, 0°C, 96%); e
Co(acac), t-BuOOH, MeCO, 23°C, 95%; f) HSO,, AcOH, 100°C, 88%; g
BBr;, CHClp, =78 to O°C; h) T£O, EtN, CH.Cl,, —78 to 23°C, 98% ove
two steps; i) BZn, Pd(dppf)CJ, 1,4dioxane, 90C, 88%; j) allylMgBr, THF
0°C; g)t-BuOK, 18-crown-6, THF, 0 to 23, 38% over 2 steps; h) Pd(dha)
t-BusP, i-PrCOCI, toluene, 80C, 92%. mCPBA = meta
chloroperoxybenzoic acid, TFE = 22j#luoroethanol, acac
acetylacetonate, Tf = trifluoromethanesulfonatecd®vn-6 = 1,4,7,10,13,16-
hexaoxacyclooctadecane.

As steric hindrance preventedfunctionalization of the ketone,
we considered an alternative [2+2]-cycloadditioratetyy using
the readily availablel9 (Scheme 7). Conversion @b to 58a
proceeded uneventfully via the intermediacyofand involved a
Wittig—Still rearrangement to construct the quabeyn
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Scheme 7 Investigation of the [2+2]-cycloadditon &8. a) NaBH, CeC}+ 7 H,0, MeOH, 0°C; b) KH, ICH:SnBuw, THF, 0°C; c)n-BulLi, —78 to 45°C, 48%
over 3 steps; dpla: AcO, NEt, CHCl,, 0°C, 86%;61b: DIPEA, MOMCI, CHCI,, 0°C, 94%;61c: TBSCI, imH, DMF, 0 to 23C, 68%;61d: NaH, Mel
DMF, 0 to 23 °C, 80%; e) NaH, CIGHONE®b, (CH:OMe),, 0 to 23°C, 97%; e) TO, 2,4,6-collidine, (CkLCl),, 80°C, then KCO;, Me,CO, 70°C, 70%
DIPEA =N,N-diisopropylethylamine, DMP = Dess—Martin periodieaTBS =tert-butyldimethylsilyl, MOM = methoxymethyl, Ac = agdtimH = imidazole.

stereocenter (48% over three steps) [47,48]. Weasiemed the
primary alcohol to serve as a handle to control faeial
selectivity of the ketene [2+2]-cycloaddition. Fjrswe
investigated the use of Lewis acids (AllyieAICl,) to control
the trajectory of the ketene derived fr&@@ via coordination to
the alkoxide. Unfortunately, no cycloaddition produ60 was
observed and only traces of the corresponding esgether with
polymeric byproducts were formed. Protection of grenary
alcohol pla-d = Ac, MOM, TBS, Me) and cycloaddition with
dichloroketene to giveé2 was equally unproductive.

Facing the problems of ketene oligo-and polymeionatwe

resorted to keteniminium salts, which are known tonhare
electrophilic and reluctant to dimerization [49,50leatment of
58 with 2-chloroN,N-diethylacetamide 63) gave 64. We were
pleased to see that upon treatment with freshlyilldist
trifluoromethanesulfonic anhydride arsymecollidine at 8C°C,

64 underwent the intramolecular cycloaddition to th@nium

salt 70. The cycloaddition productt5 was formed after
hydrolysis in 70% yield and excellent regioseletyiaffording

exclusively the 6/4- instead
regioselectivity finds its basis in a stepwise medida
presumably proceeding via the benzylic cat@h(Scheme 8).
This cation should be favored over the secondatiorce67

leading to regioisomess.

With 65 in hand, we cleaved the ether bridge by treatmetit wi

Me NEL 94 GTfZOII'd Me
2 ,4,6-collidine N O
gy T T e
MeO MeO
64 66
Me
GOy
MeO
H ‘
68 o

M
favored = s H,0
AN Moo H p— H - 65
e 9 MeO R D
0= " X NEt,

69 NEt,

Scheme 8 | Proposed mechanism of the intramolecular

cycloaddition of keteniminium io64.

[2+2]

samarium iodide to give lactall (Scheme 9) [51]. Reduction
with lithium aluminum hydride afforded didi2 and oxidation
under Swern conditions provided cyclobutan@8én 95% vyield.
All efforts to functionalize the cyclobutanone riagd to convert
73 to 74a-d failed. Under basic conditions formation 6f was
observed in minor amounts. We believe tfi@tis formed via
ring-opening of the enolaté5 (stepwise or electrocyclic) and
subsequent aldol condensatior76f

Me Me OH
Me asm, AN b)LIAH; AN N /o
G- o :
MeO : MeO 9 = MeO
o., o (uant) H - (99%, dr = 30:1) W OH
65 7 72
©) (COCl),, Me O Me O
DMSO, Et;N /< /<
_— HH - HH 5
(95%) MeO u o MeO W o
73 74a-d R

R = Ac, vinyl, 1-methylvinyl, allyl

o
MeO Me
Ay D
MeO o H0 MeO
[e]
76 9 77

Scheme 9 | Synthesis of cyclobutanongél a) Smj, THF/MeOH, C°C,
quant.; b) LiAIH, EtO, 0°C, 99%; c) (COChH DMSO, EtN, CH,Cl,, —78
to 23°C, 95%.

Basel H®

Me O

L

H

MeO p ‘ o
75

At this point, we realized that synthesis ©8, the key-
substrate for the intended kinetic dynamic aldohdEnsation,

of the 5/4-system. Themight not be possible via the investigated routéerefore, we

reassessed our strategy once again. Encouragedhebyigh
selectivity of the keteniminium mediated cycloaduitof 64 we
decided to investigate an [2+2]-cycloaddition a@ggio using a
carbon chain tether (Scheme 10) [52]. For this psep we
resorted to alcohdb8a. Since synthesis d#8a was rather low-
yielding so far, we considered other synthetic opito get rapid
access to the tetraline core. Inspired by the woikl-¢-outy [53]
and our desire to rapidly introduce both quaterneaybon
centers, we envisioned the synthesis 8¥ by a Wagner—
Meerwein cyclization sequence of epoxid®. [54] When
conducting this reaction in 1,1,1,3,3,3-hexaflusopropanol
(HFIP), 41% of the desired product could be isaatgiving
access to large amounts & in four steps involving only two
(82% over

a) H,SO,,
HFIP .
0 9 OH
MeO MeO (41%)
MeO
78 H 3 steps) 79 © 80
b) TBDPSCI Me e
O‘ OTBDPS O‘ OH
R R

¢)DDQ
58a: R = OMe (85%)
81:R = OMe 58b: R = Et (99%)
LiPPh, [
o) LIFPhe 82:R=0H

(91% over 2 steps)
ICI.
f) PhNTF, 83:R=0T h) Q'z’g;lrﬁ?‘r}é
9) ZnEt,, PAO) g4 g gy 2
(7%)

(91% over
3 steps)

3 steps

—_—

d) TBAF

Scheme 10 | Second generation approach58ab. a) HSO,, HFIP, 23°C,
41%; b) TBDPSCI, imidazole, DMAP, DMF, 28; c) DDQ, 1,4dioxane
93°C, 91% over two steps; d) TBAF, THF, 23, 85-99%; e) LiPRPh THF,
60°C; f) PhNTE, NEt, THF, 23°C, 99% over two steps; g) Znkt
Pd(dppf)C}, 1,4-dioxane, 70C, 92%; h) AIC}, EtMgBr, Ni(cod), dcype
PhMe,i-Pr,O, 100°C, 7%. HFIP = 1,1,1,3,3,3-hexafluoroisopropamDQ
= 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, cod 155-cyclooctadient
dcype = 1,2-bis(dicyclohexylphosphino)ethane.



purification steps [54]. For the oxidation to thgrene81 with
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ), pcota of
the free alcohol was mandatory as otherwise tetratfiycm
formation was observed. Deprotection 0Bl using
tetrabutylammonium fluoride completed the synthesfis58a.
This sequence shortens the route from nine to seteps, uses
inexpensive reagents and enables large scale sigthfb8a. In
addition, 81 was used for the installation of the ethyl sideitha
A four-step protocol involving demethylation, triftaformation,
Negishi cross-coupling using diethylzin82(to 83 to 84) and
cleavage of the silyl protecting group ga®8b. We also
investigated the direct nickel(0)-catalyzed couplwf 81 using
the conditions developed by Rueping and Schoenelfafek
Under these conditior& was only formed in low yields (7%).

With 58a and 58b in hand, we continued with the
cycloaddition approach. Dess—Martin periodinane (DMBye
aldehyde85ab in 80-96% yield (Scheme 11). E-selective
Wittig olefination [56] afforded estei86ab that could be
converted into amid&7ab by heating in neat pyrrolidine [57].
We were pleased to see thgitab underwent the envisioned
[2+2] cycloaddition in good yields (67% f&0a, 82—89% for
90b) and excellent regioselectivity (> 30:1). Only 2% tbe
undesired [2+2] producB89a and trace amounts @&9b were
formed. We later found that a very similar approashs
investigated by Menche [58,5%aving successfully built up the
full carbon framework of salimabromider)( only Baeyer—
Villiger oxidation to expand the cyclobutanone toe th-
butyrolactone and allylic oxidation of the alkere give the
enone were left. Baeyer—Villiger oxidation of the lojutanone
90a promoted bymetachloroperoxybenzoic acidm-CPBA)
proceeded smoothly, however, the undesired regias®a

oxidation. Efforts to realize the oxidation with diom (e.g.
bis[rhodiumg,a,o’,a’-tetramethyl-1,3-benzenedipropionic  acid)]
[60]) or manganese based catalysts (e.g Mn(@A61]) in
combination with tert-butylhydroperoxide were unsuccessful.
The use of bromine or selenium dioxide did not leadany
functionalization of the desired position. Next, wied inversion

of the overall sequence and investigated the allgkidation
first. Exposure oP0a to a large excess of selenium dioxide (10
equiv) in the presence of fine quartz sand — twegmeselenium
dioxide from agglomeration [62] — and terminatihg teaction at
around 40% conversion to avoid overoxidation, gaBeein 25%
yield. This alcohol was converted to the lacto®s and94b by
careful treatment with an equimolar amount of-CPBA
followed by DMP oxidation of the allylic alcohol. Wa we were
pleased to observe the desired oxidation, we werdrarard
with an unfavorable regioselectivity 94a:95a = 1:1.4).
Employing conditions previously developed by Bolgu(OAc),
t-BuCHO, Q) we were able to invert this ratio to favor the
desired lacton®4a (94a:95a = 2.5:1) [63—65]. Since the overall
route using58b turned out to be more efficient, we turned our
attention to the completion of the synthesis usdof. While
allylic oxidation of 90b proceeded with comparable yields, we
observed in the Baeyer—Villiger oxidation @8b the formation

of many sideproducts and a significant drop of c@liy on
scales larger than 50g. Despite a balanced ratio of the
regioisomeric lactone®94b:95b = 1:1), we found that copper(l)
thiophene carboxylate in wet benzene, followed by DMP
oxidation in dichloromethane gives reproducibleldgeof both
94b and95b even on gram scale (see Experimental for details).

Introduction of the remaining bromine substituenss
accomplished by treatment &b with bromine and silver

prevailed 91:92 = 1:1.4). As separation of this mixture was trifluoroacetate to give 29®g of salimabromide7) in a single

impossible at this stage, we directly investigateeé llylic
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Scheme 11 | Synthesis of the carbon skeleton of salimabromijea) DMP,
CH.Cl,, 0 to 23°C; b) NaHMDS, P§P(Br)(CH,)sCO.Et, THF, —78 to 23C;
c) pyrrolidine, 100C; d) T£O, 2,4,6-collidine, (CkLCl),, 80°C, then CCl,,
H.0, reflux; e) Se@ SiO,, 1,4-dioxane, 120-12%; f) Cu(OAc), t-BuCHO
O,, (CHLCI),, 23°C, thenDMP, 0 to 23C.
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salimabromide (7)
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Scheme 12 | Total synthesis of salimabromide..BERCO,Ag, TFA, 0°C,
45-50%.

batch (Scheme 12). The use of silver trifluoroaeeta form
highly reactive trifluoroacetyl hypobromite was edss [66,67].
Other bromination reagents (NB&:Bu,NBrs/ZnCl,; Br,/FeBr)
only lead to monobromination or decompositiorddib [54]. The
analytical data for synthetic salimabromide matchibdse
reported in the literature [10].

3. Conclusion

We presented two complementary strategies for thal to
synthesis of salimabromide. In our initial route teegeted a
highly-substituted keto-aldehyde that was thought he
synthesized via ring-expansion of a cyclopropanatethinone
and subsequent dearomatization. Although both key-
transformations were realized, efforts to introdube gem
dimethyl group as well as the stereocenters commgecthe
lactone and the tetrahydronaphthalene core falitedur second
approach, we relied on a [2+2]-cycloaddition to d¢omg the
carbon skeleton. While intermolecular cycloadditigactions
were unsuccessful, an intramolecular ketiminium [2+2
cycloaddition showed to be high-yielding and pro@ekdavith
excellent regioselectivity. Three regioselective idations
(allylic, Baeyer—Villiger, late-stage bromination) nabled
completion of the total synthesis in 18 steps (&stglinear



sequence). The developed route allowed producti@®6fmg of  Hz. All raw fid files were processed and the spectralyaed
salimabromide in a single batch. using the program MestReNOVA 9.0 from Mestrelab Retear
S. L. All mass spectra were measured by the analytic section of
the Department of Chemistry, Ludwig-Maximilians-Unisiggit
Munchen and the group of Thomas Miiller at the Depamnt of
Chemisty, Leopold-Franzens Universitat Innsbrucks$/spectra
were recorded on the following spectrometers (iofdnatmode
E brackets): MAT 95 (El), MAT 90 (ESI) from Thermo
innigan GmbH and Q Exactive Orbitrap (ESI) from Therm
Fisher Scientific. Mass spectra were recorded ih-négolution.
The method used is reported at the relevant seatioithe
experimental section.IR spectra were recorded on a
PerkinElmer Spectrum BX Il FT-IR system. If required
substances were dissolved in £ or CDCL prior to direct
application on the ATR unit. Data are representedoisws:
frequency of absorption (¢ and intensity of absorption (vs =
very strong, s = strong, m = medium, w = weak, bread).

Experimental

All reactions were performed in flame-dried glasswiited
with rubber septa under a positive pressure of argmess
otherwise noted. Air- and moisture-sensitive liquidere
transferredvia syringe or stainless-steel cannula through rubbe
septa. Solids were added under inert gas counter dlowere
dissolved in appropriate solvents. Low temperatesetions
were carried out in a Dewar vessel filled with a caplagent:
acetone/dry ice (-78C), water/ice (0C). Reaction temperatures
above room temperature were conducted in a hedtedtbi The
reactions were magnetically stirred and monitored NAVIR
spectroscopy or analytical thin-layer chromatogyagiiLC),
using aluminum plates precoated with silica gel §®2n, 60-A
pore size, Merck) impregnated with a fluorescenticiatr
(254nm). TLC plates were visualized by exposure to vitdat ~ 3.1. Methyl 5-bromo-2-methyl-1-ox0-2,3-dihydro-1H-indéhe-
light (UV), were stained by submersion in aqueous gsiian  carboxylate 18)
permanganate solution (KMnJ) ceric ammonium molybdate ) _ ) ) o
solution (CAM) or p-anisaldehyde solution (Anis), and were TO & suspension of sodium hydride (60% dispersianineral
developed by heating with a heat gun. Flash-columril, 19.99, 497mmol, 2.0Cequiv) and dimethyl carbonate
Chromatography was performed as descnbed by ﬁﬂ] (399mL, 474mm0|, ZOCEQUIV) n tetl’ahydr(?furan (4]@'.) n
employing silica gel (64, 40-63um, Merck KGaA). The yields @ 3-necked 1-I|te_r round bottom flask fitted with raflux
refer to chromatographically and spectroscopicgity and**c ~ condenser, dropping funnel and thermometer was added
NMR) pure material. Tetrahydrofuran (THF) and dié¢tether ~ bromo-l-indanone 1¢) (50.0g, 237mmol, lequiv) in
(Et,0) were distilled under nitrogen atmosphere fromwodand ~ tetrahydrofuran (68fL) at 0°C over 45min. The dark brown
benzophenone or sodium/potassium alloy prior to . use€action mixture was stirred at°G for 30min, warmed very
Dichloromethane (CKCl,), Acetonitrile (MeCN), acetone and Slowly to 23°C and carefully heated to 7G for 15h. The
methanol (MeOH) were purchased from Acros Organicsxam'e  Solution was cooled to T and diluted with saturated agueous
dry' reagents and used as received. All other réagand ~@mmonium chloride solution (200L), aqueous hydrogen
solvents were purchased from chemical suppliers nfgig Cchloride solution (21; 200 mL) and diethyl ether (300 mL). The
Aldrich, TCI, Acros Organics, Alfa Aesar, Strem Chemical layers were separated and the aqueous layer wastextraith
ABCR, Fluorochem) and were used as received. Solviemts diethyl ether (3400mL). The combined organic layers were
extraction, crystallization and flash column chrooggaphy were ~Washed with saturated aqueous sodium chloride soly860
purchased in technical grade and distilled undéunced pressure ML) and the washed solution was dried over sodiutfatsulThe
prior to use. The molarity af-butyllithium andtert-butyllithium ~ dried solution was filtered through a short pad efit€® and the
solutions was determined by titration against dipteetic acid ~filtrate was concentrated. The crude prodsttvas afforded as a
as an indicator (average of three determinatidﬁMR Spectra dark brown solid and was used without additional |'[11a1f0n for
were measured on a Bruker Avance Il HD 400 MHzthe next step. To crude 1.71 in dry dimethyl suitex(240mL)
spectrometer equipped with a CryoProbeTM, Bruker Aean Was added potassium carbonate (€5.874mmol, 2.00equiv)
Neo 400 MHz spectrometer, Bruker Avance Il 600MHzportionwise at OC. After dropwise addition of methyl iodide
spectrometer, Bruker AXR300, a Varian VXR400 S, Bruker(29.5mL, 474mmol, 2.0Cequiv) the dark green slurry was
AMX600 or Bruker Avance HD 800. Proton chemical shifts  Stirred at 23C for 2h. The excess methyl iodide was removed
expressed in parts per million (ppﬁ]scaje) and are referenced by distillation (2300, 50mbar) The reaction mixture was cooled
to residual proton in the NMR solvent (CHCS 7.26, acetone- t0 0°C, diluted with saturated aqueous ammonium chloride
ds: 8 2.05, GDsH: & 7.16). Carbon chemical shifts are expressecfolution (100mL), water (10GmL) and ethyl acetate (230L).
in parts per million § scale, assigned carbon atom) and arelhe layers were separated and the aqueous layeextated
referenced to the carbon resonance of the NMR sb@dCl; ~ With ethyl acetate (8400mL). The combined organic layers
§ 77.16, acetonds: 5 29.84, 206.26, Dy & 128.06)."H NMR  Were washed with saturated aqueous sodium chlorideicol
spectroscopic data are reported as follows: Chershittlin ppm ~ (300mL) and the washed solution was dried over sodiuffasul
(multiplicity, coupling constants J (Hz), integratidntensity, ~ The dried solution was filtered through a short padCelite®
assigned proton). The multiplicities are abbrewateith s and the filtrate was concentrated. The crude prod8civas
(singlet), br s (broad singlet), d (doublet), iptet), q (quartet) afforded as a dark brown solid and was used withoditiadal
and m (multiplet). In case of combined multiplieii the Purification for the next step. An analytical pureple of18
multiplicity with the larger coupling constant isattd first. ~Was obtained by flash column chromatography onzstel (9%
Except for multiplets, the chemical shift of alysals, as well for ~ €thyl acetate in hexanesjnalytical data for 18: TLC (20%
centrosymmetric multiplets, is reported as the eeruf the ©thyl acetate in hexanes); R 0.40 (UV, KMnQ). 'H NMR
resonance range. Additionally t and**C NMR measurements, (400MHz, CDCL) &: 7.63 (s, 1H), 7.60 (d} = 7.5Hz, 1H), 7.51
2D NMR techniques such as homonuclear correlatiofd, J = 8.6Hz, 1H), 3.69 (s, 1H), 3.64 (s, 3H), 2.95 @=
spectroscopy (COSY), total correlation spectroscap®QSY), ~ 17.3Hz, 1H), 1.48 (s, 3H)."C NMR (101MHz, CDCI3) &
heteronuclear single quantum coherence (HSQC) and02.1,172.0,154.2,133.5, 131.6, 130.9, 129.8,1156.1, 52.9,
heteronuclear multiple bond coherence (HMBC) wereduse 39.6, 21.0.IR (Diamond-ATR, neatymax: 2953 @), 1742 §),
assist signal assignment. For further elucidatibB structures 1710 ¢9), 1594 §), 1579 (), 1428 (n), 1317 (n), 1266 ), 1200

of the products, nuclear Overhauser enhancementrspeapy  (5), 1177 €), 1095 (n), 1057 (n), 964 €), 919 (n), 830 (), 769
(NOESY) was conducted. Coupling constants J are mrbart



(m), 668 (), 593 M) cm . HRMSS (EI) calcd for G,H.;0:*'Br
[M] ™ 283.9866; found: 283.9875.

3.2.5-bromo-2-methyl-2,3-dihydro-1H-inden-1-ori®X

Crude 18 was dissolved in water (82 mL), glacial acetic acid
(400 mL) and aqueous hydrogen chloride solutiof43¥25mL,
924mmol, 3.90equiv). The reaction mixture was heated to
100°C for 16h. After cooling to 23C, the solution was diluted
with dichloromethane (30@L) and water (30€nL) and was
carefully neutralized by portionwise addition of &od
bicarbonate (250) and aqueous sodium hydroxide solution

purification for the next stepNote: Indenones undergo facile
polymerizations and should therefore be used immewiafeer
preparation. For safety reasons the cyclopropamatiovas
carried out in two parallel batches. The crude mateof both
batches was subsequently combined and purified Hegéefo a
stirred solution of lithium bis(trimethylsily)amé (1m in
tetrahydrofuran, 13imL, 137mmol, 1.1%quiv) in
tetrahydrofuran (1161L) in a 3-necked fter round bottom flask
fitted with a reflux condenser, dropping funnel ahdrmometer,
was added methyl dichloroacetate (1219 125mmol,
1.05equiv) over 30min at —78C. After stirring for 105nin, a

(10%, 300mL). The layers were separated and the aqueous lay&p!ution of crude indenong2 in tetrahydrofuran (2381L) was

was extracted with dichloromethanex(300mL). The combined
organic layers were dried over sodium sulfate. Tieddsolution
was filtered through a short pad of Celite® and filieate was
concentrated. The crude prodadétwas afforded as a dark brown
solid and was used without additional purificatiom fbe next
step. An analytical pure sample @® was obtained by flash
column chromatography on silica gel (2% ethyl aeetm
hexanes)Analytical data for 19: TLC (20% ethyl acetate in
hexanes), R= 0.56 (UV, KMnQ). '*H NMR (400MHz, CDCk)
8: 7.63 — 7.56 (m, 2H), 7.49 (d,= 8.1Hz, 1H), 3.37 (dd, =
18.1, 8.8Hz, 1H), 2.70 (dtJ = 12.1, 3.8Hz, 2H), 1.29 (dJ =
7.1Hz, 3H).*C NMR (101MHz, CDC}) 5: 208.2, 155.2, 135.3,
131.1, 130.1, 129.9, 125.3, 42.1, 34.7, 16B(Diamond-ATR,
neat) Vimax: 2964 (v), 2930 ), 1707 ¢9), 1594 ¢9), 1572 M),
1412 (m), 1318 (), 1265 (), 1199 (m), 1055 (), 963 €), 882
(m) 858 (), 825 (), 764 (M), 676 M) cm~. HRMS (El) calcd
for C,HoO™Br [M]*: 225.9811; found: 225.9814.

3.3.2,5-Dibromo-2-methyl-2,3-dihydro-1H-inden-1-or28)

To a solution of crude indanord® in ethyl acetate (L) and
chloroform (1L), was added copper(ll) bromide (16

474mmol, 2.00equiv). The green suspension was heated to 7

°C and while stirring with a KPG stirrer. After B2 the mixture
was allowed to cool to 2%, filtered through a short pad of
Celite® and the filtrate was concentrated. The crobeluct20
was used without additional purification for the nexép. An
analytical pure sample o020 was obtained by flash column
chromatography on silica gel (2% ethyl acetate @xames).
Analytical data for 20: TLC (20% ethyl acetate in hexanes), R
= 0.57 (UV)."H NMR (400MHz, CDCE) &: 7.72 (d,J = 8.2Hz,
1H), 7.61 (s, 1H), 7.59 (d, = 8.6Hz, 1H), 3.77 (d,J = 18.3Hz,
1H), 3.47 (d,J = 18.3Hz, 1H), 1.96 (s, 3H).®C NMR
(101MHz, CDCk) 8: 199.2, 150.7, 132.1, 131.7, 131.4, 129.8,
127.0, 59.2, 46.1, 26.8R (Diamond-ATR, neatymax: 1723 ¢9),
1596 €), 1575 (), 1423 (), 1320 (n), 1266 (v), 1210 (), 1057
(m), 973 (n), 900 (v), 857 (), 831 (v) cm . HRM'S (El) calcd
for C,HsO™™Br, [M] *: 301.8936; found: 301.8937.

3.4.Methyl 3-bromo-1-chloro-6a-methyl-6-oxo-1,1a,6,6a-
tetrahydrocyclopropalalindene-1-carboxylat2l]

To crude indanon@0 in benzene (47ML) was added 1,8-
diazabicyclo[5.4.0lundec-7-ene (16, 711mmol, 3.00equiv)
at 0°C. After 5min, the solution was warmed to 23 and was
stired for 45min. The reaction mixture was diluted with
saturated aqueous ammonium chloride solution 0D and

diethyl ether (200nL). The layers were separated and the

aqueous layer was extracted with diethyl ether 80mL). The
combined organic layers were washed with saturate@cau
sodium chloride solution (20@L) and the washed solution was
dried over sodium sulfate. The dried solution whsrid through

a short pad of Celite® and the filtrate was coneaatt
(>200mbar). The crude indenor#? was afforded as a yellow-
brown oil and was used immediately without additional

added over 1.5 and after the addition, the reaction mixture was
allowed to warm slowly to 23C. After 16h, the mixture was
cooled to OC and diluted with saturated aqueous ammonium
chloride solution (20@nL) and ethyl acetate (300L). The
layers were separated and the aqueous layer wastegtraith
diethyl ether (% 300mL). The combined organic layers were
washed with saturated aqueous sodium chloride splutio
(200mL) and the washed solution was dried over sodiuffatsul
The dried solution was filtered and the filtrate wasicentrated.
The crude product was purified by flash column chatography
on silica gel (2 to 3% ethyl acetate in hexanespitain 21
(38.99, 50% over 6 steps, inconsequential mixture of
diastereomers) as a yellow soli@nalytical data for 21: Note:
Traces of the minor diastereomer are visible in tHeand *°C
NMR spectra, but solely the resonances of the major
diastereomer are listed belowlLC (20% ethyl acetate in
hexanes), R= 0.47 (UV, KMnQ). 'H NMR (400MHz, CDCk)
d: 7.67 (s, 1H), 7.54 (s, 2H), 3.86 (s, 3H), 3.71 {3),11.51 (s,
3H). ®C NMR (101MHz, CDCL) &: 197.3, 165.9, 149.4, 134.5,
132.2, 129.9, 129.8, 125.3, 64.9, 53.9, 42.8, 383, IR
(Diamond-ATR, neatyma: 2954 (), 1717 ¢s), 1597 §), 1579

), 1435 (), 1356 (v), 1283 (), 1260 §), 1237 §), 1206 (),

162 ¢n), 1107 (), 1055 (), 988 (), 952 (m), 938 (M), 889
(m), 836 (), 788 (v), 777 (), 738 () cm . HRM'S (EI) calcd
for CigH1005 "Br*°CI [M] *: 327.9496; found: 327.9505.

3.5.Methyl 7-bromo-1-chloro-4-hydroxy-3-methyl-2-naplete
(22)

Note: The reaction was carried out in two parall&tches.
The crude material of both batches was subsequenthbined
and purified togetherA solution of 21 (8.90g, 27.0mmol,
1equiv) in sulfolane (54nL) was heated to 1€ for 5.5h and
then cooled to 23C. The reaction mixture was diluted with
diethyl ether (20@nL) and water (20€nL). The layers were
separated and the aqueous layer was extracted \etttytether
(3x300mL). The combined organic layers were washed
successively with saturated agueous sodium chlosimlation
(200mL) and water (¥%300mL) and the washed solution was
dried over sodium sulfate. The dried solution wésrid and the
filtrate was concentrated under reduced pressure. driude
product was purified by flash column chromatographysilica
gel (14% ethyl acetate in hexanes) to proddé€13.8g, 77%) as
a brown solid Analytical data for 22: TLC (20% ethyl acetate
in hexanes), R= 0.18 (UV, KMnQ). '"H NMR (400MHz,
CDCly) &: 8.18 (s, 1H), 7.94 (d) = 8.9Hz, 1H), 7.57 (dJ =
8.9Hz, 1H), 5.65 (s, 1H), 4.02 (s, 3H), 2.25 (s, 3HL NMR
(101MHz, CDCk) 6: 168.5, 148.4, 133.5, 130.6, 130.5, 126.8,
124.2,123.8, 122.2, 118.9, 115.0, 53.2, 133(Diamond-ATR,
neat) Vmax: 3330 (v), 2951 (), 1695 ¢s), 1619 (), 1583 (),
1558 (v), 1439 6), 1378 (m), 1361 (), 1275 y9), 1247 ¢9),
1177 (), 1111 (n), 1074 (m), 1053 M), 962 (), 927 €), 874
(m), 863 ), 823 ¢9), 761 (1), 741 () cm -. HRM S (EI) calcd
for CisH105""Br¥°Cl [M]*: 327.9496; found: 327.9492.



3.6.Methyl 1-chloro-7-ethyl-4-hydroxy-3-methyl-2-napldte
(15

Note: The reaction setup has to be flame-dried eargfully,
since otherwise the yield decreases significanfip. [1,1-
Bis(diphenylphosphino)ferrocene]palladium(ll) dichtle
(400mg, 0.546mmol, 0.018Ckquiv) was added a solution 22

(10.0g, 30.3mmol, lequiv) in 1,4-dioxane (25 mL). The red
suspension was cooled t¢0 and a freshly prepared solution of

diethylzinc (Im in toluene, 60.InL, 60.7mmol, 2.00equiv) was

added very carefully over 30in. After the addition, the dark red

A solution of 23 (1.56g, 4.90mmol, lequiv) in sulfolane
(10mL) was heated to 19€. After 2h, water (100nL) and
diethyl ether (100nL) were added, the layers were separated and
the aqueous layer was extracted with diethyl ether1@0mL).
The combined organic layers were washed successivigly
water (5%x100mL) and saturated aqueous sodium chloride
solution (100mL). The washed solution was dried over sodium
sulfate, the dried solution was filtered and theardte was
concentrated. The crude product was purified byhflaglumn
chromatography on silica gel (10% ethyl acetatbhéranes) to
afford 26 (407.7mg, 31%) as a yellow solidnalytical data for

mixture was allowed to warm to 2@ over 30 min and the beige 6. 1| ¢ (20% ethyl acetate in hexanes), R0.23 (UV, CAM

suspension was then heated carefully t6®@O0After 3h, it was

KMnO,). ‘*H NMR (400MHz, CDCE) &: 8.22 (d,J = 8.7Hz,

cooled to CC and methanol (20L) was added dropwise. Water 1H), 7.64 (dJ = 1.0Hz, 1H), 7.53 (ddJ = 8.7, 1.7Hz, 1H), 6.04

(100mL) and aqueous hydrochloric acid solutiorm(2100mL)
were added, the layers were separated and the adlageusvas

(d,J = 7.8Hz, 1H), 5.92 (dddJ = 17.0, 9.9, 7.Hz, 1H), 5.75 (d,
J=16.8Hz, 1H), 5.52 (dJ = 10.3Hz, 1H), 5.50 (s, 1H), 2.83 (q,

extracted with diethyl ether 8200mL). The combined organic j_ 5y, 2H), 2.70 (s, 3H), 1.32 (1,= 7.6Hz, 3H).°C NMR

layers were washed with saturated aqueous sodiumidgnlor (101MHz, CDCk) &: 171.4, 150.8, 143.4, 140.0, 134.7, 129.8
solution (20anL). The washed solution was dried over sodium; ¢ o 12’5.8 123'1' 122'_0’ 121:7’ 121"2’ 112.-47’81'9.1' ’15'4 -

sulfate, the dried solution was filtered throughhers pad of

Celite® and the filtrate was concentrated undercedipressure.

The crude product was purified by flash column chratography
on silica gel (9% ethyl acetate in hexanes) to iohia (7.82g,
93%) as a red-brown oilAnalytical data for 15: TLC (20%
ethyl acetate in hexanes); R 0.31 (UV, KMnQ). 'H NMR
(400MHz, CDCk) &: 8.05 (d,J = 8.6Hz, 1H), 7.97 (q,J =

0.9Hz, 1H), 7.45 (ddJ = 8.7, 1.7Hz, 1H), 5.37 (s, 1H), 4.03 (s,
3H), 2.86 (qJ = 7.6Hz, 2H), 2.32 (s, 3H), 1.63 (s, 1H), 1.36Jt,
= 7.6Hz, 3H). °C NMR (101MHz, CDC}L) &: 168.6, 148.2,

143.7, 132.7, 130.0, 128.3, 123.9, 122.7, 121.8.611113.1,
52.9, 29.3, 15.6, 13.1R (Diamond-ATR, neatyma: 3475 (),
2362 (), 1715 §), 1438 (), 1387 (n), 1293 (), 1239 ¢s9),
1053 (), 668 () cm “HRM S (El) calcd for GsH1:05°Cl [M]
278.0704; found: 278.0699.

3.7.Methyl 4-(allyloxy)-1-chloro-7-ethyl-3-methyl-2-naphbate
(23)

To a solution of 15 (100mg, 0.359mmol, 1equiv) in

9.2. IR (Diamond-ATR, neatma: 3418 (v), 2966 (), 1733
(vs), 1582 (), 1469 (v), 1395 (v), 1371 (), 1299 (v), 1262 (),
1198 (v), 1013 (), 977 (), 939 (), 834 () cm - HRMS (EI)
calcd for GH,¢03 [M] *: 268.1094; found: 268.1074.

3.9. Allyl (8-ethyl-4-methyl-3-oxo-1-vinyl-1,3-
dihydronaphtho[1,2-c]furan-5-yl) carbonat@%)

To a solution of 26 (500mg, 1.86mmol, lequiv) in
tetrahydrofuran (9.81L) was added triethylamine (0.368.,
2.61mmol, 1.40equiv). After 10 min, the reaction mixture was
cooled to @C and allyl chloroformate (0.238L, 2.24mmol,
1.20equiv) was added. After I8in, water (100nL) was added,
the layers were separated and the aqueous layer xwasted
with ethyl acetate (8 100 mL). The combined organic layers
were washed with saturated aqueous sodium chloridegicol
(70mL). The washed solution was dried over sodium sejlfdie
dried solution was filtered and the filtrate was camtcated. The
crude product was purified by flash column chromedpgy on
silica gel (9% ethyl acetate in hexanes) to affavd(528mg,

dimethylformamide (1.21L) were successively added potassiumgo%) as a light-yellow solidAnalytical data for 27: TLC (20%

carbonate (74.mg, 0.538nmol, 1.50equiv) and allyl bromide

ethyl acetate in hexanes); R 0.35(UV, CAM, KMnO,). *H

(34.2uL, 47.7mmol, 1.1Cequiv) and the reaction mixture was MR (400MHz, CDCL) &: 7.90 (d,J = 8.7Hz, 1H), 7.71 (dJ =

heated to 68C. After 1.5h, water (1GnL) and diethyl ether

0.8 Hz, 1H), 7.57 (ddJ = 8.7, 1.6Hz, 1H), 6.10 (dJ = 7.7Hz,

(15mL) were added, the layers were separated and thepasu 1H), 6.10 — 5.88 (M, 2H), 5.80 (d= 16.7Hz, 1H), 5.56 (d;) =
layer was extracted with diethyl ether{35mL). The combined 9.9Hz, 1H), 5.48 (dqJ = 17.2, 1.4Hz, 1H), 5.39 (dg) = 10.4,
organic layers were washed with aqueous hydrochlotid a 1.1Hz, 1H), 4.81 (dt] = 5.8, 1.3Hz, 2H), 2.83 (g, = 7.6Hz,
solution (2v, 30mL) and saturated agueous sodium chlorideZH)’ 2.66 (s, 3H), 1.31 (d,= 7.6Hz, 3H)."°C NMR (101MHz,
solution (30mL). The washed solution was dried over sodiumCDC|3) 5. 170.4, 153.0, 146.1, 145.7, 143.8, 134.0, 13133.0,

sulfate, the dried solution was filtered and theardte was
concentrated under reduced pressure. The residupusifisd by
flash column chromatography on silica gel (5% ethgtate in
hexanes) to yiel@3 (103mg, 90%) as a colorless olnalytical

datafor 23: TLC (20% ethyl acetate in hexanes),/0.58 (UV,
KMnO,). '*H NMR (400MHz, CDCL) &: 8.02 (s, 1H), 8.01 (dl

= 6.6Hz, 1H), 7.45 (dd)J = 8.6, 0.9Hz, 1H), 6.18 (ddt) = 17.1,
11.6, 5.9z, 1H), 5.50 (d,) = 17.2Hz, 1H), 5.33 (d,) = 10.4Hz,

1H), 4.45 (d,J = 6.6Hz, 2H), 4.01 (s, 3H), 2.85 (d,= 7.3Hz,

2H), 2.37 (s, 3H), 1.34 (fl = 7.1Hz, 3H).”C NMR (101MHz,

CDCly) &: 168.2, 152.1, 143.6, 133.6, 133.3, 130.4, 1212G,9,
123.4, 123.0 (2C), 122.6, 118.0, 75.2, 52.8, 29536, 13.51R

(Diamond-ATR, neatyma: 2965 (), 1736 ¢9), 1598 ), 1436
(m), 1385 (n), 1330 (m), 1315 (), 1280 (), 1231 §), 1214 (),

1170 (), 1113 (), 1051 §), 991 (), 972 (), 937 (), 877
(m), 833 (), 757 () cm . HRMS (El) calcd for GgH;405>°Cl

[M]*: 318.1017; found: 318.1020.

3.8.8-Ethyl-5-hydroxy-4-methyl-1-vinylnaphtho[1,2-c]fura
3(1H)-one 26)

128.5, 126.7, 124.4, 122.3, 122.3, 122.1, 121.8,118B0.7, 69.8,
29.1, 15.4, 10.6LR (Diamond-ATR, neatymax: 2921 (), 1746
(vs9), 1610 (v), 1411 (), 1356 (v), 1304 (), 1232 §), 1196 (),
1147 (), 1027 (), 1013 (), 972 (n), 938 (M), 924 (), 886
(m), 840 (M), 778 ) cm . HRM S (EI) calcd for G;H,Os [M]*:
352.1305; found: 352.1309.

3.10.4-Allyl-8-ethyl-4-methyl-1-vinyl-1,4-dihydronaphttioR-
cJfuran-3,5-dione 28)

Tetrakis(triphenylphosphine)palladium(0) (38,
0.0284mmol, 0.10Cquiv) was added to a Schlenk flask and the
flask was purged with argon. Carbonag(100mg, 0.284mmol,
lequiv) was added and the flask was purged with argbs.
reactants were dissolved in degassed toluenem@)5and
degassedi-hexanes (0.7B1L) and stirred at 45C for 45min.
The reaction mixture was filtered through a plugitita gel and
rinsed thoroughly with diethyl ether (166L). The filtrate was
concentrated and the residue was purified by flaslunen
chromatography on silica gel (5% ethyl acetate éxames) to



obtain28 (60mg, 69%, mixture of diastereomers) as a yellow oil.(151MHz, CDCL) &: 198.4, 166.4, 151.9, 137.9, 134.4, 132.2,

Note: A small sample of the diastereomeric mixture wgsesl to
separate the diastereomers by flash column chromapbgran
silica gel (5% ethyl acetate in hexane&halytical data for the
major isomer 28: TLC (20% ethyl acetate in hexanes),/R0.29
(UV, KMnO,). '"H NMR (800MHz, CDCk) &: 8.11 (d,J =
8.0Hz, 1H), 7.43 (ddJ = 8.0, 1.™z, 1H), 7.28 — 7.26 (m, 1H),
5.89 (dddJ = 17.0, 10.0, 7.9 Hz, 1H), 5.77 (@7= 8.4Hz, 1H),
5.76 (d,J = 17.0Hz, 1H), 5.57 (dJ = 10.0Hz, 1H), 5.33 (dddd]
= 16.8, 10.1, 8.2, 618z, 1H), 4.97 (dq,) = 16.9, 1.3Hz, 1H),
4.80 (dd,J = 10.1, 1.Hz, 1H), 2.96 (ddJ = 13.5, 8.Hz, 1H),
2.81 (dd,J = 13.5, 6.8z, 1H), 2.74 (qdJ = 7.5, 2.Hz, 2H),
1.53 (s, 3H), 1.28 (dJ = 7.6Hz, 3H). *C NMR (201MHz,
CDCly) 8: 200.8, 170.0, 153.0, 151.7, 133.5, 132.8, 13P34,4,
130.7, 128.9, 128.3, 124.4, 122.5, 118.7, 80.5%,4&.6, 29.2,
23.1, 15.0IR (Diamond-ATR, neatVmax: 2920 (), 2363 (),
1756 ¢9, 1679 (), 1600 (), 1456 (), 1378 (), 1239 (),
1015 ¢r), 853 (), 797 W) cm ~. HRM S (EI) calcd for GoH,,05
[M] *: 308.1407; found: 308.1410.

3.11.Methyl 4-(((allyloxy)carbonyl)oxy)-1-chloro-7-eth$t
methyl-2-naphthoatesB)

To a solution of 15 (4.00g, 14.4mmol, lequiv) in
tetrahydrofuran (7&nL) was added triethylamine (2.%,
20.1mmol, 1.4Cequiv), the mixture was cooled tdO and allyl
chloroformate (1.88L, 17.2mmol, 1.20equiv) was added.

129.7,127.7, 127.6, 127.5, 125.4, 118.8, 52.53,524.2, 29.3,
23.7, 15.0IR (Diamond-ATR, neatymae: 2970 (), 1729 ¢9),
1679 (), 1598 (), 1453 (v), 1434 (), 1284 (), 1248 (),
1231 ¢r), 1195 (), 1044 (v), 994 (v), 924 (v), 848 (v) 701 ()
cm . HRMS (EI) calcd for GgH1405>°Cl [M] *: 318.1017; found:
318.1016.

3.13.Methyl (E)-1-chloro-7-ethyl-3-methyl-4-oxo-3-(propef-
1-yl)-3,4-dihydronaphthalene-2-carboxyla@f)

To bis(dibenzylidenacetone)palladium(0) (ag,
0.0196mmol, 10.0mol%) was added a solution @f (625mg,
1.96mmol, lequiv) in degassed toluene (BaB), tri-t-
butylphosphine (1 in toluene, 0.1961L, 0.196mmol,
10.0mol%) and then isobutyryl chloride (0.0m8in degassed
toluene, 2.5IL, 0.196mmol, 10.0mol%). The reaction mixture
was heated to 8 for 41h, diluted with ethyl acetate (50L)
and then concentrated. The residue was purifiedasi fcolumn
chromatography on silica gel (2% ethyl acetate &% acetic
acid in hexanes) to affor80 (523mg, 84%) as a yellow oil.
Analytical data for 30: Note: The product30 could not be
separated from traces of remaining starting mategdl since
both were co-polar during column chromatograpfy.C (20%
ethyl acetate in hexanes), R0.56 (UV, KMnQ). ‘*H NMR (400
MHz, CDCk) &: 7.96 (d,J = 7.9Hz, 1H), 7.65 (dJ = 1.6Hz,
1H), 7.33 (ddJ = 7.9, 1.6Hz, 1H), 5.67 (dg,) = 15.6, 6.Hz,

After 10min, saturated agueous ammonium chloride solutiorlH), 5.43 (dgJ = 15.4, 1.6Hz, 1H), 3.85 (s, 3H), 2.76 (d,=
(100mL) was added, the layers were separated and the@asjue 7.6Hz, 2H), 1.65 (ddJ) = 6.5, 1.6Hz, 3H), 1.52 (s, 3H), 1.29 ,
layer was extracted with ethyl acetate x(B0mL). The = 7.6Hz, 3H). °C NMR (101MHz, CDC}L) &: 197.0, 166.4,
combined organic layers were washeth saturated aqueous 151.9, 137.8, 134.3, 129.8, 129.7, 128.4, 128.7,.3,2127.3,

hydrogen chloride solution (100 mL). The washed tmtuwas
dried over sodium sulfate, the dried solution wisriéd and the
filtrate was concentrated. The produs3 (5.15g, 99%) was
obtained as an orange oil and used without furtheifigation.

125.6, 54.2, 52.4, 29.4, 21.5, 18.2, 15.R. (Diamond-ATR,
neat) vma: 2967 (v), 1729 ¢9, 1683 §), 1598 €), 1447 (),
1433 (), 1373 (v), 1270 ¢S, 1230 €), 1198 §), 1121 (n), 1061
(m), 1043 €), 983 (), 958 €), 846 (M), 806 (n), 698 (M) cmi ™.

Analytical data for S3: TLC (20% ethyl acetate in hexanes), R HRMS (El) calcd for GgHi0s°Cl [M]™: 318.1017; found:

= 0.43 (UV, KMnQ). *H NMR (599MHz, CDCL) &: 8.05 (d,J
= 1.8Hz, 1H), 7.79 (dJ = 8.5Hz, 1H), 7.49 (ddJ = 8.7, 1.7Hz,
1H), 6.24 — 5.78 (m, 1H), 5.46 (dd= 16.9, 1.Hz, 1H), 5.37

(dg,J = 10.6, 1.3z, 1H), 4.88 — 4.59 (m, 2H), 4.01 (s, 3H), 2.85

(q, J = 7.6Hz, 2H), 2.29 (s, 3H), 1.33 (@ = 7.5Hz, 3H).*C

NMR (151MHz, CDCk) é: 167.6, 152.9, 144.1, 143.8, 132.8,

131.1, 130.2, 129.9, 126.5, 126.2, 123.3, 123.1,3,2120.0,
69.8, 52.9, 29.3, 15.6, 13.R (Diamond-ATR, neatymax: 2361
(m), 1764 (), 1736 (), 1437 (), 1232 ¢9), 940 (), 668 ()

cm . HRMS (EI) calcd for GoH,c0s>°Cl [M] *: 362.0916; found:
362.0917.

3.12.methyl 3-allyl-1-chloro-7-ethyl-3-methyl-4-oxo-3,4-
dihydronaphthalene-2-carboxylat24)

Tetrakis(triphenylphosphine)palladium(0) (669,

318.1014.

3.14.Methyl (E)-1-chloro-7-ethyl-3-methyl-4-methylene-8sfp
1-en-1-yl)-3,4-dihydronaphthalene-2-carboxyladé)(

To a solution of methyltriphenylphosphonium bromide
(1.03g, 2.89mmol, 2.00equiv) in tetrahydrofuran (1#L) was
added potassiurtert-butoxide (324ng, 2.89mmol, 2.00equiv).
After 1.5h, the reaction mixture was cooled t&@ a solution of
30 (460mg, 1.44mmol,1equiv) in tetrahydrofuran (@&L) was
added and the reaction mixture was allowed to warrR3teC.
After 4h, water (70nL) was added, the layers were separated
and the aqueous phase was extracted with ethyl acetat
(3x70mL). The combined organic extracts were dried over
sodium sulfate, the dried solution was filtered #mfiltrate was
concentrated. The residue was purified by flash malu

0.579mmol, 7.00mol%) was added to a Schlenk flask and thechromatography on silica gel (20% ethyl acetatdiéranes) to

flask was purged with argo83 (3.00g, 8.27mmol, 1lequiv) was

yield 31 (455mg, 99%) as a yellow oilAnalytical data for 31:

addedand the flask was purged with argon. Degassed tolueneLC (20% ethyl acetate in hexanes); R 0.56 (UV, CAM,

(219mL) and degassed-hexane (22nL) were added and the
solution was stirred at #& for 15h. The reaction mixture was
filtered through a plug of silica gel and the plugs thoroughly
rinsed with diethyl ether (20@L). The filtrate was concentrated
and the residue was purified by flash column chrography on
silica gel (2% ethyl acetate and 1% acetic acichéxanes) to
obtain24 (2.1g, 80%) as a light-yellow oilAnalytical data for
24; TLC (20% ethyl acetate in hexanes); R 0.44 (UV,
KMnO,) *H NMR (599MHz, CDCE) 5: 8.00 (d,J = 7.8Hz, 1H),
7.67 (d,J = 1.6Hz, 1H), 7.34 (ddJ = 8.2, 1. Mz, 1H), 5.74 —
5.32 (m, 1H), 4.99 (dt) = 17.0, 1.8z, 1H), 4.93 — 4.77 (m,
1H), 3.91 (s, 3H), 2.76 (@l = 7.6Hz, 3H), 2.52 (dd,] = 13.7,
6.5Hz, 1H), 1.41 (s, 3H), 1.30 (@ = 7.7Hz, 3H). °C NMR

KMnO,). '"H NMR (400MHz, CDCk) &: 7.48 (d,J = 1.7Hz,
1H), 7.45 (dJ = 7.8Hz, 1H), 7.16 (ddJ = 7.9, 1.8Hz, 1H), 5.67
—5.56 (M, 2H), 5.44 (s, 1H), 5.18 (s, 1H), 3.80 &), 2.68 (q.J
= 7.6Hz, 2H), 1.77 — 1.66 (m, 3H), 1.42 (s, 3H), 1.26J(&
7.6Hz, 3H).”°C NMR (101MHz, CDCL) 5: 167.5, 148.3, 144.8,
136.8, 133.3, 132.2, 129.4, 128.8, 128.3, 125.8.312124.7,
112.7, 52.1, 47.3, 28.9, 23.7, 18.2, 158.R. (Diamond-ATR,
neat) Vmax: 2966 (v), 1755 ¢9), 1602 (), 1485 (), 1432 (),
1264 6), 1235 €), 1193 (), 1154 (), 1091 @), 1043 (), 962
(m), 898 (), 836 (), 737 M) cm’. HRMS (EI) calcd for
C1H2:0,°Cl [M]*: 316.1225; found: 316.1222.



3.15.Methyl-1-chloro-7-ethyl-4-(methoxymethylene)-3-me#yl-
((E)-prop-1-en-1-y1)-3,4-dihydronaphthalene-2-caxgtate &4).

To a suspension of (methoxymethyl)triphenylphosimn
chloride (1.19, 3.48mmol, 3.70equiv) in tetrahydrofuran
(4.7mL) was addeah-butyllithium (2.36m in hexanes, 1.2dL,
2.92mmol, 3.10equiv) over Smin at 0°C. After the addition was
completed, the reaction mixture was warmed t6@3stirred at
this temperature for 2@in and then cooled to°€. A solution of
30 (300mg, 0.94Immol, lequiv) in tetrahydrofuran (4mL)
was added and the reaction mixture was warmed f@€23fter
2 h, saturated aqueous ammonium chloride solutiom(lbwas
added and the layers were separated. The aqueoss ples
extracted with ethyl acetate ¥20mL) and the combined
organic extracts were washed with saturated aqueodisingo

chloride solution (18nL). The washed organic solution was

dried over sodium sulfate and the dried solution fileeved and
concentrated. The residue was purified by flash malu
chromatography on silica gel (2% ethyl acetate éxames) to
afford S4 (265mg, 81%, inconsequential 1:1 mixture of
diastereomers) as a light-yellow oinalytical data for S4:
Note: Singals marked with an asterisk belong to Haene
diastereomerTLC (20% ethyl acetate in hexanes), R 0.47
(UV, CAM). 'H NMR (400MHz, CDC}) 8: 7.81 (d,J = 8.0Hz,
1H)*, 7.48 (d,J = 1.9Hz, 1H)*, 7.46 (dJ = 1.9Hz, 1H), 7.20 (d,
J=7.9Hz, 1H), 7.15 (ddJ = 8.0, 1.Hz, 1H)*, 7.07 (dd,) = 8.0,
1.9Hz, 1H), 6.43 (s, 1H), 6.14 (s, 1H)*, 5.73 — 5.63 (rhl),1
5.62 — 5.57 (m, 1H+1H*), 5.46 (dd,= 15.4, 6.4z, 1H), 3.80
(s, 3H), 3.78 (s, 3H)*, 3.70 (s, 3H)*, 3.66 (s, 3H¥4L(qd,J =
7.6, 5.4Hz, 2H+2H*), 1.75 — 1.67 (m, 3H)*, 1.64 (dd,= 6.4,
1.6Hz, 3H), 1.54 (s, 3H), 1.38 (s, 3H)*, 1.24 (I5 7.6, 3.6Hz,
3H+3H*). ®C NMR (101MHz, CDCE) &: 167.6, 167.5*, 146.8,
145.9%, 142.8, 142.7*, 136.6, 136.6*, 134.6, 133.331.8,
129.3%, 129.1, 128.9% 128.7* 128.7*, 128.5, 128.328.0,
125.9%, 124.9, 124.7*, 123.4, 123.0, 116.6, 11680,8*, 60.7,
52.0, 52.0%, 45.6, 45.3%, 28.9, 28.7*, 24.0*, 2318.2*, 18.0,
15.6%, 15.6.IR (Diamond-ATR, neatymax: 2965 (1), 1748 ¢9),
1641 §), 1432 (), 1260 6), 1239 §), 1145 (), 1103 (m), 1043
(m), 977 (), 833 M) cm . HRM S (El) calcd for GoH,405>°Cl
[M]™: 346.1330; found: 346.1330.

3.16.Methyl (E)-1-chloro-7-ethyl-4-formyl-3-methyl-3-(prdp
en-1-yl)-3,4-dihydronaphthalene-2-carboxylasd)(

To $4 (265mg, 0.764nmol, 1equiv) in diethyl ether (181L)
was added perchloric acid (70% in water, 0.885 4.56mmol,
6.00equiv) and the reaction mixture was vigorously sdrifor
19h. The mixturw was diluted with diethyl ether (i) and
water (15mL), and then sodium bicarbonate (4088) was
carefully added. The layers were separated andgireoas phase
was extracted with diethyl ether X20mL). The combined
organic extracts were washed with saturated sodiuraridil

solution (15mL), dried over sodium sulfate and the dried

solution was filtered and concentrated. The residas purified
by flash column chromatography on Davisil© (2% ethgktate
in hexanes) to yiel84 (202mg, 79%, inconsequential mixture of
diastereomers) as a colorless éihalytical data for 34: Note:
The singals, which could be assigned to the majastdreomer,
are marked with an asteriskTLC (20% ethyl acetate in
hexanes), R= 0.47 (UV, CAM, KMnQ). *H NMR (599MHz,
CeDg) 8: 9.62 (d,J = 4.5Hz, 1H), 9.54 (d,) = 4.5Hz, 1H)*, 7.63
(d, J= 11.9Hz, 1H+1H*), 6.88 — 6.63 (M, 2H+2H*), 5.77 — 5.59
(m, 1H), 5.51 (dqd) = 15.3, 6.5, 2.4z, 1H+1H*), 5.33 (ddJ =
15.6, 2.1Hz, 1H*), 3.44 (app d) = 4.06Hz, 3H+3H*), 3.23 (d,

= 4.7Hz, 1H)*, 3.18 (d,J = 4.9Hz, 1H), 2.31 (dgJ = 19.5,
7.5Hz, 2H+2H*), 1.41 (ddJ = 6.7, 1.6Hz, 3H), 1.29 — 1.25 (m,
9H*), 0.99 (t,J = 7.7Hz, 3H), 0.96 (tJ = 7.7Hz, 3H)*. °C
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NMR (151MHz, CDe) &: 198.0, 197.6*, 166.7*, 145.2, 145.1%,
136.5, 135.1*, 133.3, 131.4, 131.1, 130.6, 13029.8, 129.3,
129.2, 128.6, 128.5, 125.9, 125.5, 63.0, 62.3*75151.6, 43.8,
42.8*, 28.9, 28.8*, 23.0, 21.6*, 18.1, 17.9%, 1556.4*. IR
(Diamond-ATR, neatyma: 2967 (v), 1724 ¢s), 1603 (), 1434
(w), 1266 §), 1203 (), 1046 (), 964 (), 834 (v) cm ~. HRM S
(El) caled for GoH,;,0:>°ClI [M]*: 332.1174; found: 332.1155.

3.17. methyl (E)-1-chloro-7-ethyl-4-formyl-3,4-dimethyl-3-
(prop-1-en-1-yl)-3,4-dihydronaphthalene-2-carboxgl&5)

To sodium hydride (60% dispersion in mineral o.8mg,
0.823mmol, 2.00equiv) was added a degassed solutiorB4f
(137mg, 0.412nmol, lequiv) and methyl iodide (0.256L,
4.12mmol, 10.0equiv) in tetrahydrofuran (5/@L) at 0°C. The
solution was allowed to warm to 2@ and after 5.5, saturated
aqueous ammonium chloride solution (@0) was added. The
layers were separated and the aqueous phase wastezkinath
ethyl acetate (3 20mL). The combined organic extracts were
dried over sodium sulfate, the dried solution wisriéd and the
filtrate was concentrated. The residue was purifigdflash
column chromatography on silica gel (toluene) tdaob 35
(98 mg, 69%) as a light-yellow oiAnalytical data for 35: TLC
(20% ethyl acetate in hexanes),#R0.45 (UV, CAM, KMnQ).
'"H NMR (800MHz, C;Dg) 5: 9.82 (s, 1H), 7.68 (d] = 1.9 Hz,
1H), 6.87 (dJ=7.9 Hz, 1H), 6.83 (dd] = 7.9, 1.9z, 1H), 5.50

— 5.30 (m, 2H), 3.43 (s, 3H), 2.33 @@= 7.6Hz, 2H), 1.35 (s,

3H), 1.34 — 1.30 (m, 3H), 1.24 (s, 3H), 1.00J& 7.6Hz, 3H).
¥C NMR (201MHz, CsDg) 8: 199.8, 166.7, 144.5, 141.5, 136.1,
133.2, 131.1, 130.3, 129.9, 127.3, 127.1, 125.9,581.6, 46.2,
28.7, 18.1, 18.0, 15.4, 14.[R (Diamond-ATR, neatymax: 2969
(W), 2362 (v), 1731 ¢9), 1605 @), 1434 (v), 1373 (v), 1268 (),
1154 (), 1102 (v), 1042 (v), 968 (v), 890 (v), 816 (v) cm .
HRMS (El) calcd for GoH,0:°Cl [M]*: 346.1330; found:
346.1341.

3.18.methyl (E)-1-chloro-7-ethyl-4-(hydroxymethyl)-3,4-
dimethyl-3-(prop-1-en-1-yl)-3,4-dihydronaphthalene-2
carboxylate 86)

To a solution of35 (15.0mg, 0.0432nmol, lequiv) in
methanol (0.4nL) was added sodium borohydride (2§,
0.0649mmol, 1.50equiv) at °C. After 25min, saturated
aqueous ammonium chloride solution (@0) was added. The
layers were separated and the aqueous phase wastezkinath
ethyl acetate (3 15mL). The combined organic extracts were
driedover sodium sulfate, the dried solution was filteaed! the
filtrate was concentrated. The residue was purifigdflash
column chromatography on silica gel (11% ethyl aieetin
hexanes) to obtain.143 (12mg, 80%, major isomer) as
colorless oil. Analytical data for 36: Note: Signals in thé’C
NMR which could only be assigned by cross-couplimghe
HMBC are marked with an asterisk. The relative stehemistry
was assigned by NOE correlations 85: TLC (20% ethyl
acetate in hexanes),; R 0.21 (UV, CAM, ANIS, KMnQ). H
NMR (400MHz, CDCk) &: 7.53 (d,J = 1.7Hz, 1H), 7.23 (dJ =
7.9Hz, 1H), 7.18 (ddJ = 7.9, 1.4z, 1H), 5.50 (dtJ = 18.0,
6.4Hz, 1H), 5.34 (dJ = 15.6Hz, 1H), 3.90 (ddJ = 10.9, 3.Hz,
1H), 3.82 (s, 3H), 3.51 (i = 9.8Hz, 1H), 2.67 (9J = 7.6Hz,
2H), 1.60 (dd,J = 6.3, 1.5Hz, 3H), 1.30 (s, 3H), 1.26 (8 =
7.6Hz, 3H), 1.21 (s, 3H)"*C NMR (101MHz, CDC}) 5: 167.6,
143.3, 135.9, 131.0, 129.9, 129.2, 127.9%, 12716.0, 125.4,
66.0, 52.2, 46.5, 45.8, 29.9, 28.6, 18.3, 16.4*4185.5.IR
(Diamond-ATR, neatyma: 3430 (), 2964 (), 1731 ¢9), 1629
(w), 1607 (), 1433 (), 1375 (), 1268 ¢9), 1196 (), 1151
(m), 1040 6), 968 (M), 890 (), 833 W), 723 (v) cm ~. HRMS
(El) calcd for GoH,s05°Cl [M] *: 348.1487; found: 348.1492.



3.19.methyl (E)-1-chloro-7-ethyl-3,4-dimethyl-3-(prop-1-&n
yh)-4-((tosyloxy)methyl)-3,4-dihydronaphthalene-2aylate
(37)

To 36 (14.0mg, 0.040Immol, 1equiv) andp-toluene-sulfonyl
chloride (23.0ng, 0.120mmol, 3.00equiv) was added pyridine
(0.3mL). After stirring for 48, the reaction mixture was diluted
with saturated aqueous ammonium chloride soluti&m(ll), the
layers were separated and the aqueous phase wasteatwith

3.21.10-Chloro-8-ethyl-3,5,5-trimethyl-3,5,9,9a-tetrahgelt H-
benzo[g]isochromen-1-ondZ)

To titanium(lV) chloride (v in dichloromethane, 0.944#L,
0.941mmol, 6.00equiv) in a Schlenk tube, which was wrapped
in aluminum foil, was added dimethylzinc (15wt% iruene,
0.784mL, 0.941mmol, 6.00equiv) over Snin at 0°C. After
25min, a solution of30 (50.0mg, 0.157mmol, lequiv) in
dichloromethane (1.81L) was added over fin. The reaction

ethyl acetate (3 20mL). The combined organic extracts were mixture was stirred for B at 0°C before saturated aqueous

dried over sodium sulfate, the dried solution wisrid and the
filtrate was concentrated. The residue was purifigdflash
column chromatography on silica gel (14% ethyl ateetin
hexanes) to afford37 (14.8mg, 73%) as a colorless oil.
Analytical data for 37: Note: Due to severe signal broadening

ammonium chloride solution (IAL) was added. The layers
were separated and the aqueous phase was extractedthmit
acetate (¥ 10mL). The combined organic extracts were dried
over sodium sulfate, the dried solution was filteraad the
filtrate was concentrated. The residue was purifigdflash

in the NMR spectra some signals are missing or pessegolumn chromatography on silica gel (2% ethyl aeetand 1%

inaccurate integrals. Signals in thé& NMR which could only be
assigned by cross-coupling in the HMBC are markedh \ait
asterisk. TLC (20% ethyl acetate in hexanes), R0.31 (UV,
ANIS, KMnO,). '"H NMR (400MHz, CDCE) &: 7.29 (s, 1H),
7.21-7.10 (m, 4H), 5.44 (dql = 15.4, 6.4z, 1H), 5.20 (s, 1H),
4.08 (s, 2H), 3.77 (s, 3H), 2.66 @= 7.6Hz, 2H), 2.41 (s, 3H),
1.55 (d,J = 4.9Hz, 3H), 1.27 (tJ = 7.6Hz, 6H), 1.16 (s, 3H).
BC NMR (151MHz, CDCk) &: 167.2, 144.5, 143.3, 135.1%,
132.2,129.8, 129.3, 129.1, 128.1, 127.8, 125.(,B2.1, 46.6%,
44.1, 29.9*%, 28.6, 21.8, 18.2, 16.7, 15IR (Diamond-ATR,
neat) Vmax: 2965 (v), 1729 ), 1628 (v), 1451 ), 1434 (),
1361 (n), 1269 (), 1189 §), 1176 ¢9), 1097 (n), 1041 (), 979
(s), 912 (), 830 §), 813 6), 731 (M), 666 €) cm ~. HRM S (EI)
calcd for GHg,05°CIS [M]": 502.1575; found: 502.1574.

3.20.methyl (E)-1-chloro-7-ethyl-3,4-dimethyl-4-
((((methylthio)carbonothioyl)oxy)methyl)-3-(prop-1-&+yl)-3,4-
dihydronaphthalene-2-carboxylatgg)

To a solution of36 (12.0mg, 0.0344nmol, lequiv) in
tetrahydrofuran (0.261L) was added sodium
bis(trimethylsilyl)Jamide (M in tetrahydrofuran, O0.17&aL,
0.172mmol, 5.00 equiv) at —78°C. After 30 min, carbon
disulfide (0.0415nL, 0.688mmol, 20.Cequiv) was added and the
reaction was allowed to warm te5 °C. After 30 min, methyl
iodide (0.0428nL, 0.688mmol, 20.0equiv) was added and the
reaction mixture was stirred for Tin. Saturated aqueous
ammonium chloride solution (I6L) was added, the layers were
separated and the aqueous phase was extracted ytlaettate

acetic acid in hexanes) to yied@ (29mg, 61%) as a light-yellow
oil. Analytical data for 42: TLC (20% ethyl acetate in hexanes),
Ri = 0.23 (UV, CAM, KMnQ). '*H NMR (599MHz, CDCL) &:
7.85 (d,J = 1.9Hz, 1H), 7.33 (dJ = 8.0Hz, 1H), 7.24 (dd)] =
8.0, 1.9Hz, 1H), 5.94 (d,J = 2.9Hz, 1H), 5.03 (qdJ = 6.8,
3.2Hz, 1H), 2.69 (qJ = 7.7Hz, 2H), 1.48 (s, 3H), 1.47 (d,=
7.0Hz, 3H), 1.43 (s, 3H), 1.26 (1 = 7.7Hz, 3H). °C NMR
(151MHz, CDCk) 6: 163.6, 143.1, 143.0, 142.6, 136.8, 130.7,
130.2, 127.6, 123.8, 123.3, 117.9, 74.5, 38.3,,2839%6, 27.2,
22.1, 15.61R (Diamond-ATR, neatymex: 2967 (M), 1729 (vs),
1556 (m), 1463 (m), 1379 (), 1379 (), 1286 (), 1210 (),
1159 (), 895 (v), 835 (v), 835 (v), 786 (v) cm ~. HRMS (EI)
calcd for GgH140,>°CI [M] *: 302.7975; found: 302.1071.

3.22.7-methoxy-4-methyl-1,2-dihydronaphthaled4) (

To 6-methoxy-3,4-dihydronaphthalen-1(2H)-o@g)((10.0g,
56.7mmol, lequiv) in tetrahydrofuran (10@lL) was added
methylmagnesium bromide solution N3 in diethyl ether,
28.4mL, 85.1mmol, 1.50equiv) at °C. The ice bath was
removed after the addition and the reaction mixtues stirred
for 17h. The mixture was cooled to °G@ and aqueous
hydrochloric acid solution (&, 200mL) was added until pH=2.
The reaction was stirred forth diluted with water (10tL) and
the layers were separated. The agueous phase wastedtwith
diethyl ether (% 200mL). The combined organic extracts were
washed with saturated aqueous sodium chloride sblutio
(200mL), the washed solution was dried over sodium sejlfidie
dried solution was filtered and the filtrate was camtcated. The

(3x20mL). The combined organic extracts were dried overesidue was used without further purification. An gtiedl pure

sodium sulfate, the dried solution was filtered #relfiltrate was
concentrated. The residue was purified by flash malu
chromatography on silica gel (5% ethyl acetate éxames) to
obtain38 (12.6mg, 83%) as a colorless ofknalytical data for

38: Note: Due to severe signal broadening in the NMRctspe
some signals are missing or possess inaccurate iaedgignals

sample of44 was obtained by flash column chromatography on
silica gel (2% ethyl acetate in hexaneShalytical data for 44:
TLC (20% ethyl acetate in hexanes),#R0.63 (KMnQ, ANIS).

'"H NMR (400MHz, CDCL) 8: 7.16 (d,J = 8.2Hz, 1H), 6.88 —
6.62 (m, 2H), 5.73 (ddd] = 6.0, 3.8, 1.61z, 1H), 3.81 (s, 3H),
2.75 (t,J = 8.0Hz, 2H), 2.29 — 2.16 (m, 2H), 2.03 @ 1.6Hz,

in the ™®*C NMR which could only be assigned by cross-cogplin 3H). “C NMR (101MHz, CDCk) &: 158.5, 138.3, 131.9, 129.2,

in the HMBC are marked with an asteriskLC (20% ethyl
acetate in hexanes); R 0.50 (UV, ANIS, KMnQ). 'H NMR

(400MHz, CDC}) 8: 7.58 — 7.44 (m, 1H), 7.18 (d,= 1.2Hz,

2H), 5.64 — 5.37 (m, 2H), 4.75 (s, 2H), 3.81 (s, 3HH72q,J =

7.8Hz, 2H), 2.45 (s, 3H), 1.65 (d,= 6.1Hz, 3H), 1.36 (s, 3H),
1.31 — 1.18 (m, 6H)*C NMR (101MHz, CDCE) &: 215.5,
167.4, 143.4, 137.3*, 135.8*, 130.2, 129.7, 12353.2, 125.3,
77.0%, 52.1, 47.2*, 44.7, 28.6, 18.9, 18.4, 17.8,51 10.6*.IR

(Diamond-ATR, neatymax: 2964 (), 1730 ), 1607 (), 1488
(W), 1449 (), 1432 (), 1375 (v), 1268 §), 1253 €), 1209 §),

1153 (), 1067 ), 1041 (), 967 (), 911 (), 832 (), 731
(w) cm*. HRMS (El) calcd for G,H,,0,*CIS, [M]*: 438.1085;
found: 438.1077.
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124.0, 123.0, 113.7, 110.9, 55.4, 29.0, 23.3, I1RYDiamond-
ATR, neat)vme: 2932 (v), 1605 (1), 1496 §), 1427 (), 1302
(m), 1249 ¢9), 1141 ¢), 1032 §), 867 (), 819 §), 674 () cm ™.
HRMS (EI) calcd for G,H.,0 [M]*: 174.1039; found: 174.1041.

3.23.6-methoxy-1-methyl-3,4-dihydronaphthalen-2(1H)-ot® (

To a solution of crudé4 in dichloromethane (283L) and
2,2, 2-trifluoroethanol  (7inL) were added  3-chloro-
peroxybenzoic acid (75% in water, 1,3 70.9mmol,
1.25equiv) and p-toluenesulfonic acid monohydrate (18,5
70.9mmol, 1.2%quiv) subsequently at°C. After stirring for
20min, saturated aqueous sodium bicarbonate sol({@oamL)
and dichloromethane (200L) were added, the layers were
separated and the aqueous layer was extracted with



dichloromethane (8200 mL). The combined organic layers
were dried over sodium sulfate, the dried solutiors \ikered
and the filtrate was concentrated. The crude prodastpurified
by flash column chromatography on silica gel (6%tyktcetate
in hexanes) to obtain5 (4.76g, 44% over 2 steps) as a yellow
oil. Analytical data for 45: TLC (20% ethyl acetate in hexanes),
Ri = 0.45 (KMnQ). ‘H NMR (400MHz, CDCk) 8: 7.11 (d,J =
8.3Hz, 1H), 6.83 — 6.76 (m, 2H), 3.81 (s, 3H), 3.47 (@d,6.9,
0.9Hz, 1H), 3.15 — 2.91 (m, 2H), 2.62 (dt= 17.5, 5.Hz, 1H),
2.48 (ddd,J = 17.5, 9.0, 6.Hz, 1H), 1.45 (dJ = 7.0Hz, 3H).
BC NMR (101MHz, CDCk) &: 212.5, 158.5, 138.1, 130.1,
127.3, 113.3, 112.3, 55.4, 46.8, 37.3, 28.4, 1M6(Diamond-
ATR, neat)vmax: 2937 (v), 1713 ¢9), 1610 (n), 1579 (), 1497
(s), 1454 (), 1261 6), 1160 (), 1037 (), 864 (V) cm -
HRMS (El) caled for G,H;sO, [M]": 190.0988; found:
190.0994.

3.24.6-methoxy-1,1-dimethyl-3,4-dihydronaphthalen-2(1H)-one
(46)

To a suspension of freshly washed potassium hy@4idég,
114mmol, 1.20equiv) in degassed tetrahydrofuran (4D) was
added a degassed solution4af (18.0g, 94.6mmol, lequiv) in
tetrahydrofuran (50fhL) over 25min at 0°C. After 20min, the
ice bath was removed and the reaction mixture wasedtiat
23°C. After 1h, the mixture was cooled t0°C, methyl iodide

= 8.7, 2.8z, 1H), 6.60 (dJ = 2.7Hz, 1H), 3.78 (s, 3H), 2.98
(dt, J=17.6, 7.1Hz, 1H), 2.81 (dtJ = 17.5, 6.8z, 1H), 2.04 —
1.79 (m, 2H), 1.32 (s, 3H), 1.27 (s, 6HIC NMR (101MHz,
CDCly) &: 157.4, 137.4, 135.5, 128.1, 113.0, 112.8, 735/3,5
41.5, 32.8, 27.1, 27.0, 25.4, 241R (Diamond-ATR, neatymax:
3470 (), 2969 (n), 1608 (), 1499 (9, 1464 (), 1373 (),
1315 (r), 1237 §), 1084 (n), 1037 €), 911 (), 818 &) cm ~
HRMS (El) caled for GsH,O, [M]": 220.1458; found:
220.1452.

3.26.3-hydroxy-7-methoxy-3,4,4-trimethyl-3,4-
dihydronaphthalen-1(2H)-on&g)

To a solution of47 (843mg, 3.83mmol, lequiv) in dry
acetone (7.7L) was added cobalt(ll) acetylacetonate (fry,
0.765mmol, 0.20C=quiv). To the resulting purple suspension
was added dropwiskert-butyl hydroperoxide (5.8 in decane,
2.78mL, 15.3mmol, 4.00equiv). After 2d, saturated aqueous
ammonium chloride solution (20L) and ethyl acetate (20L)
were added. The layers were separated and the agageusvas
extracted with ethyl acetate x20mL). The combined organic
layers were washed with saturated aqueous sodiumidgnlor
solution (20mL) and the washed solution was dried over sodium
sulfate. The dried solution was filtered and therdie was
concentrated. The crude product was purified byhfleglumn
chromatography on silica gel (25% ethyl acetatbéranes) to

(11.8mL, 189mmol, 2.00equiv) was added and the ice bath wasafford 48 (854mg, 95%) as a green oL C (20% ethyl acetate

removed after the addition. After B%in at 23°C, the mixture

in hexanes), Rf = 0.056 (ANIS, UV}H NMR (400MHz,

was again cooled to €, saturated aqueous ammonium chlorideCDCls) 3: 7.50 (d,J = 3.0Hz, 1H), 7.41 (dJ = 8.7Hz, 1H), 7.14

solution (200mL) and ethyl acetate (1@0L) were added, the
layers were separated and the aqueous layer wastextraith
ethyl acetate (83 200mL). The combined organic layers were
dried over sodium sulfate, the dried solution wisriéd and the
filtrate was concentrated. The crude product wadipdrby flash
column chromatography on silica gel (6% ethyl aeta
hexanes) to afford6 (13.6g, 71%) as a yellow oilAnalytical
data for 46: TLC (20% ethyl acetate in hexanes), R 0.39
(KMnO,, ANIS, UV). 'H NMR (400MHz, CDCE) &: 7.29 (s,
1H), 6.84 (dddJ = 8.7, 2.8, 0.Hz, 1H), 6.73 (dJ = 2.6Hz, 1H),
3.83 (s, 3H), 3.09 (J = 6.9Hz, 2H), 2.79 — 2.63 (m, 2H), 1.44
(s, 6H). ®°C NMR (101MHz, CDCE) &: 215.0, 158.1, 136.6,
135.8, 127.4, 113.3, 112.9, 55.4, 47.4, 37.3, 28192 (2C).IR
(Diamond-ATR, neatyma: 2968 (), 1709 ¢s), 1609 (), 1500
(s), 1464 (), 1307 (m), 1265 §), 1228 (), 1138 (), 1035 §),
814 (m) cm ™. HRMS (EI) calcd for GsH;60, [M]™: 204.1145;
found: 204.1133.

3.25.6-methoxy-1,1,2-trimethyl-1,2,3,4-tetrahydronaphtha?e
ol (47)

To a solution of 46 (2.74g, 13.4mmol, lequiv) in
tetrahydrofuran (181L) was added lanthanum(lll) chloride
bis(lithium chloride) complex solution (OM in tetrahydrofuran,
44.7mL, 13.4mmol, lequiv). After 1h, the solution was cooled
to 0°C and methylmagnesium bromide solutiorm(3 diethyl
ether, 6.7ImL, 20.1mmol, 1.50equiv) was added dropwise over
20min (syringe pump). After 2fhin, saturated aqueous
ammonium chloride solution (50L) and diethyl ether (501L)
were added, the layers were separated and the agageusvas
extracted with diethyl ether 850mL). The combined organic
layers were washed with saturated aqueous sodiumiddnlor
solution (20mL) and the washed solution was dried over sodiu
sulfate. The dried solution was filtered and therdie was
concentrated. The crude product was purified byhfleglumn
chromatography on silica gel (14% ethyl acetatbéranes) to
obtain 47 (2.83g, 96%) as a colorless oAnalytical data for
47: TLC (20% ethyl acetate in hexanes), =R0.23 (ANIS).'H
NMR (400MHz, CDCk) &: 7.27 (d,J = 8.7Hz, 1H), 6.75 (ddJ
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(dd,J = 8.7, 3.0Hz, 1H), 3.84 (s, 3H), 2.89 (s, 2H), 1.44 (s, 3H),
1.38 (s, 3H), 1.33 (s, 3H))C NMR (101MHz, CDCL) &: 196.8,
158.2, 143.5, 131.8, 127.8, 122.6, 109.1, 75.77,556.6, 50.0,
42.5, 24.7, 24.6lR (Diamond-ATR, neatyma: 3483 (), 2975
(m), 1677 ¢9), 1608 €), 1493 §), 1418 (), 1325 €), 1291 ¢9),
1262 6), 1087 (n), 1032 €), 883 (v), 830 (v), 705 () cm .
HRMS (El) caled for GsH;g0; [M]™: 234.1250; found:
234.1249.

3.27.7-methoxy-3,4,4-trimethylnaphthalen-1(4H)-o48)(

A mixture of 48 (270mg, 1.15mmol, lequiv) in acetic acid
(11.5mL) and sulfuric acid (97%, 3(L) was heated to 10
for 10min. After cooling to 23C, the reaction mixture was
diluted with water (36nL) and dichloromethane (50L).
Sodium bicarbonate was slowly added until pH=7. Thera
were separated and the aqueous layer was extractéd wit
dichloromethane (8 30 mL). The combined organic layers were
dried over sodium sulfate. The dried solution wésrid and the
filtrate was concentrated. The crude product wadipdrby flash
column chromatography on silica gel (25% ethyl ateetin
hexanes) to obtaid9 (220mg, 88%) as a yellow solid.
Analytical data for 49; TLC (60% ethyl acetate in hexanes), R
= 0.50 (KMnQ, UV). '"H NMR (800MHz, CDCk) &: 7.63 (d,J
= 3.0Hz, 1H), 7.50 (dJ = 8.8Hz, 1H), 7.16 (ddJ = 8.7, 3.tHz,
1H), 6.32 (qJ = 1.3Hz, 1H), 3.88 (s, 3H), 2.14 (d,= 1.3Hz,
3H), 1.48 (s, 6H)*C NMR (201MHz, CDC}) &: 184.5, 165.9,
158.2, 144.1, 131.7, 127.9, 126.6, 121.4, 107.6/,58.3, 28.7
(2C), 20.3.IR (Diamond-ATR, neatYmae: 2975 ), 1657 ¢9),
1608 (), 1497 ), 1425 §), 1296 6), 1230 (v), 1032 (), 870
(w) cm ™. HRM S (EI) calcd for G4H160, [M]*: 216.1145; found:
216.1145.

I’r5.28.5,5,6-trimethyl-8-oxo-5,8-dihydronaphthalen-Z-yI

trifluoromethanesulfonateby)

To a solution of49 (200mg, 0.925mmol, lequiv) in
dichloromethane (4.8L) was added dropwise boron tribromide
(AM, in dichloromethane, 4.62L, 4.62mmol, 5equiv) at



—78 °C. The reaction mixture was allowed to warm to 0°C over
2h ‘and methanol (BIL) was added dropwise. Water (@)
was added, the layers were separated and the aglageusvas
extracted with dichloromethane 20mL). The combined
organic layers were dried over sodium sulfate. Tiieddsolution
was filtered and the filtrate was concentrated. Tioele product
50 was used in the next step without further purificatido a
solution of crude50 in dichloromethane (4.8L) was added
triethylamine at —78C and the mixture was stirred formbn
before trifluoromethanesulfonic anhydride (0.280,
1.39mmol, 1.50equiv) was added over B@in. The reaction was

1.50equiv) at C. After 1h, the mixture was cooled to°C and
saturated aqueous sodium bicarbonate solutionm(90 and
dichloromethane (161L) were added. The layers were separated
and the aqueous layer was extracted with dichloroaneth
(3x15mL). The combined organic layers were dried over
sodium sulfate. The dried solution was filtered dhd filtrate
was concentrated. The crude prodd®ivas used without further
purification. A mixture of 18-crown-6 (1.4 5.50mmol,
2.00equiv) and potassiuntert-butoxide (617ng, 5.50mmol,
2.00equiv) in tetrahydrofuran (4®L) was stirred at 0C for 1h.

A solution of crude53 in tetrahydrofuran (1énL) was added

allowed to warm to 23C over 3h and saturated aqueous sodiumover 10 min and after complete addition, the reactnixture

bicarbonate solution (I8L) and dichloromethane (20L) were
added. The layers were separated and the aquepers ias
extracted with dichloromethane 20mL). The combined
organic layers were dried over sodium sulfate. Tiieddsolution
was filtered and the filtrate was concentrated. Tioele product
was purified by flash column chromatography on ailiel (14%
ethyl acetate in hexanes) to aff&@d (302mg, 98% over 2 steps)
as a yellow solid Analytical data for 41: TLC (33% ethyl
acetate in hexanes),{ R= 0.26 (KMnQ, UV). 'H NMR
(400MHz, CDCkL) &: 8.05 (d,J = 2.9Hz, 1H), 7.69 (dJ =
8.8Hz, 1H), 7.47 (ddJ = 8.8, 2.%Hz, 1H), 6.36 (tJ = 1.3Hz,
1H), 2.17 (dJ = 1.3Hz, 3H), 1.53 (s, 6H)*C NMR (101MHz,
CDCly) &: 182.5, 166.2, 151.1, 148.4, 132.8, 129.2, 12625, 3,
1189 (q,J 320.3Hz) 118.8, 40.7, 28.7 (2C), 20.3R
(Diamond-ATR, neatyma: 2980 (), 1660 €), 1579 (), 1486
(w), 1421 6), 1314 ), 1290 (), 1204 ¢s), 1137 ¢s), 1109 (),
918 (/s), 875 (), 841 §), 811 §), 767 (n) cm~. HRMS (El)
calcd for G,H150,4F5S [M]": 334.0481; found: 334.0490.

3.29.7-ethyl-3,4,4-trimethylnaphthalen-1(4H)-or&2)

Note: The reaction setup has to be flame-dried eargfully,
since the yield otherwise decreases significanfip. [1,1-
bis(diphenylphosphino)ferrocene]palladium(ll) dictitie
(41.1mg, 0.0562nmol, 0.018Gquiv) was added a solution &
(1.04g, 3.12mmol, lequiv) in 1,4-dioxane (2.8L). The red
suspension was cooled t¢© and diethylzinc solution (15wt%
in toluene, 4.2ML, 6.25mmol, 2.00equiv) was added dropwise.
After stirring for 10min, the yellow solution was heated to @D
for 70min, cooled to OC and treated with methanol rft).

was allowed to warm to Z&. After 2h, saturated aqueous
sodium bicarbonate solution (4L) and dichloromethane
(40mL) were added. The layers were separated and thepasu
layer was extracted with dichloromethanex@mL). The
combined organic layers were dried over sodium wilfdhe
dried solution was filtered and the filtrate was cameated. The
crude product was purified by flash column chromedpgy on
silica gel (2% ethyl acetate in hexanes) to ob&In(270mg,
38% over 2 steps) as a yellow dNnalytical data for 54: TLC
(20% ethyl acetate in hexanes); R 0.59 (KMnQ, UV). 'H
NMR (400MHz, CDCk) 8: 7.84 (s, 1H), 7.38 (s, 2H), 5.78 (ddt,
J=15.0, 10.1, 7.5iz, 1H), 5.08 (ddJ = 10.1, 2.tHz, 1H), 4.98
(d,J=17.0Hz, 1H), 2.66 (gJ = 7.6Hz, 2H), 2.60 (s, 2H), 2.17 —
2.13 (m, 2H), 1.35 (s, 3H), 1.34 (s, 3H), 1.25)( 7.6Hz, 3H),
0.99 (s, 3H)*C NMR (101MHz, CDCk) &: 198.4, 149.9, 142.1,
134.5, 134.2, 131.3, 126.4, 125.7, 118.6, 46.12,440.9, 40.4,
28.3, 20.9, 15.4IR (Diamond-ATR, neatymax: 2969 €), 1683
(v9), 1639 (v), 1611 (), 1456 (), 1376 (M), 1296 (M), 1263
(m), 1093 ), 999 M), 913 M), 835 () cm . HRM S (El) calcd
for CigH,40 [M]": 256.1822; found: 256.1820.

3.31.(E)-7-ethyl-3,4,4-trimethyl-3-(prop-1-en-1-yl)-3,4-
dihydronaphthalen-1(2H)-on&%)

To bis(dibenzylidenacetone)palladium(0) (6614,
0.115mmol, 10.0mol%) was added subsequently a solution of
54 (295mg, 1.15mmol, lequiv) in degassed toluene (31R),
tri-t-butylphosphine (1 in toluene, 0.118&L, 0.115mmol,
10.0mol%) and isobutyryl chloride (0.0%8in degassed toluene,
1.47mL, 0.115mmol, 10.0mol%). The reaction mixture was

Water (15mL) was added, the layers were separated and tHaeated to 80C for 2d, diluted afterwards with ethyl acetate

aqueous layer was extracted with diethyl ethex ZBmL). The
combined organic layers were washed with aqueous ggdro

(30mL) and concentrated. The residue was purified laghfl
column chromatography on silica gel (20% ethyl ateetin

chloride solution (&1, 20mL) and saturated aqueous sodium hexanes) to affor@5 (272mg, 92%) as a yellow oiAnalytical
chloride solution (2@nL). The washed solution was dried over data for 55: TLC (20% ethyl acetate in hexanes), R 0.58

sodium sulfate, the dried solution was filtered #mfiltrate was
concentrated. The crude product was purified byhflaglumn
chromatography on silica gel (17% ethyl acetatbéranes) to
obtain52 (590mg, 88%) as a yellow oillL C (20% ethyl acetate
in hexanes), R= 0.35 (KMnQ, UV). '"H NMR (599MHz,
CDCl) &: 8.01 (d,J = 2.1Hz, 1H), 7.50 (d,) = 8.2Hz, 1H), 7.42
(dd, J = 8.2, 2.2Hz, 1H), 6.32 (dJ = 1.5Hz, 1H), 2.71 (9] =
7.6Hz, 2H), 2.13 (dJ = 1.1Hz, 3H), 1.49 (s, 6H), 1.27 (§,=
7.7Hz, 3H).*C NMR (151MHz, CDCL) 5: 184.9, 165.6, 148.8,
142.6, 132.5, 130.4, 126.8, 126.5, 125.2, 40.47,283.5, 20.3,
15.5.IR (Diamond-ATR, neatyma: 2971 (M), 2873 (), 1657
(v9), 1610 (), 1462 (v), 1427 ), 1307 (), 1270 (), 1117
(w), 1011 @), 876 (), 837 () cm . HRMS (EI) calcd for
C1sH140, [M] " 214.1352; found: 214.1351.

3.30.3-allyl-7-ethyl-3,4,4-trimethyl-3,4-dihydronaphthale
1(2H)-one 54)

To a solution of 52 (590mg, 2.75mmol, lequiv) in
tetrahydrofuran (5.5L) was added dropwise allylmagnesium
bromide solution (& in diethyl ether, 4.1&1L, 4.13mmol,
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(KMnO,, UV). '"H NMR (400MHz, CDCk) &: 7.86 (d,J =
1.9Hz, 1H), 7.40 — 7.33 (m, 2H), 5.61 (@@= 15.7Hz, 1H), 5.47
(dg,J = 15.6, 6.Hz, 1H), 2.83 (dJ) = 17.3Hz, 1H), 2.66 (q,) =
7.6Hz, 2H), 2.53 (dJ = 17.4Hz, 1H), 1.67 (dJ = 6.2Hz, 3H),
1.33 (s, 3H), 1.28 (s, 3H), 1.24 {t= 7.6Hz, 3H), 1.06 (s, 3H).
®C NMR (101MHz, CDCk) &: 198.6, 149.7, 142.0, 135.9,
134.1, 130.9, 126.4, 125.8, 124.5, 48.1, 43.5,,4P%63, 26.8,
24.5, 21.7, 18.5, 15.4R (Diamond-ATR, neatymax: 2968 (M),
2936 (v), 1683 {9, 1611 (v), 1491 (v), 1452 (), 1376 (),
1290 (v), 1264 (v), 1096 (), 975 (), 834 () cm™. HRMS
(El) calcd for GgH,0 [M]*: 256.1822; found: 256.1821.

3.32.(6-methoxy-1,1,2-trimethyl-1,2-dihydronaphthalen-2-
yl)methanol $8a)

To a solution o8 (870mg, 4.02mmol, lequiv) in methanol
(34mL) were added cerium(lll) chloride heptahydrate6%h,
4.42mmol, 1.10equiv) and sodium borohydride (288,
6.03mmol, 1.50equiv) respectively at . After 1h, the
mixture was diluted with pH7 buffer solution (@) and
dichloromethane (261L). The layers were separated and the



aqueous layer was extracted with dichloromethare2@mL).
The combined organic layers were dried over sodiulfate, the
dried solution was filtered and the filtrate was camtecated. The
crude product was used immediately without furtheifigation.
Note: The product is very sensitive toward acidanditions.
Therefore, it was used immediately in the next stepwashed
potassium hydride (2489, 6.03mmol, 1.50equiv) was added a
solution of the crude alcohol in tetrahydrofura® ¢@L) at 0°C.
After 10min, a solution of tributyl(iodomethyl)stannane9qlg,
4.42mmol, 1.1Cequiv) in tetrahydrofuran (1%L) was added.
After 105min, the mixture was diluted with pH7 buffer solution
(30mL) and dichloromethane (30L). The layers were separated
and the aqueous layer was extracted with dichloroaneth
(3x30mL). The combined organic layers were dried over
sodium sulfate, the dried solution was filtered #mfiltrate was
concentrated. The crude produb? was used immediately
without further purification. To a solution of crudg’ in
tetrahydrofuran (8énL) was addedn-butyllithium (2.51m in
hexanes, 2.081L, 5.23mmol, 1.30 equiv) dropwise ovemain at
=78 °C. The reaction was allowed to warm to —45 °C over 2h
and was diluted with saturated aqueous ammonium idklor
solution (30mL) and water (26nL). The layers were separated,
the aqueous layer was extracted with ethyl ace@a4QmL)
and the combined organic layers were dried overusodiulfate.
The dried solution was filtered and the filtrate vascentrated.
The crude product was purified by flash column cratography
on silica gel (17% ethyl acetate in hexanes) toaiobb8a
(450mg, 48% over three steps) as a yellow Aihalytical data
for 58a: TLC (25% ethyl acetate in hexanes); R 0.26
(KMnO,, CAM, UV). 'H NMR (400MHz, CDCL) &: 7.18 (d,J

= 8.5Hz, 1H), 6.73 (ddJ = 8.5, 2.8z, 1H), 6.59 (d,) = 2.8Hz,
1H), 6.46 (d,J = 9.6Hz, 1H), 5.68 (dJ = 9.6Hz, 1H), 3.79 (s,
3H), 3.62 (dJ =10.8Hz, 1H), 3.39 (dJ = 10.8Hz, 1H), 1.29 (s,
4H), 1.13 (s, 3H), 1.09 (s, 3HYC NMR (101MHz, CDCk) :
157.9, 137.3, 135.5, 133.3, 127.3, 125.2, 112.9,21167.8, 55.3,
43.0, 38.6, 25.8, 21.6, 17.IR (Diamond-ATR, neatymax: 3409
(m), 2969 (), 2877 ), 1746 (), 1602 (), 1490 (m), 1309
(m), 1259 ¢9), 1154 (), 1035 ¢9), 777 (v) cm . HRMS (EI)
caled for GsH,gO, [M] : 232.1458; found: 232.1458.

3.33.6-Methoxy-1,1,2-trimethyl-1,2-dihydronaphthalen-2-
yl)methyl acetate6{la)

To a solution of58a (10.0 mg, 0.0430 mmol, 1 equiv) in
dichloromethane (0.43 mL) were added triethylamib@.q pL,
0.129 mmol, 3.00 equiv), acetic anhydride (10.50.4,12 mmol,
2.60 equiv) and 4-dimethylaminopyridine (0.526 mg,
0.00430 mmol, 0.100 equiv) at 0 °C. After 30 ming tleaction
mixture was diluted with saturated aqueous sodiurarbanate
solution (10 mL), the layers were separated anédueous layer
was extracted with dichloromethane (3 x 10 mL). Tomlgined
organic layers were dried over sodium sulfate, ttieddsolution
was filtered and the filtrate was concentrated. Thoele product
was purified by flash column chromatography on ailgel (5%
ethyl acetate in hexanes) to affoéda (10.2 mg, 86%) as a
colorless oil.Analytical data for 6la: TLC (20% ethyl acetate
in hexanes), R= 0.31 (UV, CAM)'H NMR (599MHz, CDCk)

8: 7.18 (d,J = 8.3Hz, 1H), 6.72 (dd) = 8.3, 2.8z, 1H), 6.58
(d,J =2.7Hz, 1H), 6.39 (d,) = 9.7Hz, 1H), 5.67 (d,) = 9.5Hz,
1H), 4.01 (gJ = 10.7Hz, 2H), 3.78 (s, 3H), 1.94 (s, 3H), 1.27 (s,
3H), 1.18 (s, 3H), 1.07 (s, 3HY)C NMR (151MHz, CDCL) &:
171.4, 158.0, 136.8, 135.1, 133.2, 126.7, 125.2.8,1112.2,
68.6, 55.4, 41.4, 39.0, 24.7, 22.5, 21.0, 1MB(Diamond-ATR,
neat) Vmaxr: 2971 (), 1738 §), 1603 (), 1491 (), 1375 (M),
1260 ), 1237ys), 1154 (n), 1034 §), 856 €), 777
(s) cm “.HRMS (El) calcd for G;H,,0; [M]*: 274.1563; found:
274.1564.
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3.34.6-Methoxy-2-((methoxymethoxy)methyl)-1,1,2-trimethyl-
1,2-dihydronaphthalenesib)

To a solution of58a (20.0 mg, 0.0861 mmol, 1 equiv) in
dichloromethane (0.43 mL) were added
N,N-diisopropylethylamine (59.6 uL, 0.344 mmol, 4.@Qw),
4-dimethylaminopyridine (1.05 mg, 0.008641 mmol,
0.100 equiv) and chloromethyl methyl ether (22.9 pL
0.301 mmol, 3.50 equiv) respectively at 0 °C. Theaction
mixture was allowed to warm to 23 °C and after 4 hurated
aqueous ammonium chloride solution (10 mL) was addéd
layers were separated, the aqueous layer was extradth
diethyl ether (3 x 10 mL) and the combined orgdajers were
washed with saturated aqueous sodium chloride solutio
(20 mL). The washed solution was dried over sodiulfawy the
dried solution was filtered and the filtrate was camteated. The
crude product was purified by flash column chromegpgy on
silica gel (5% ethyl acetate in hexanes) to prodtle (22.3 mg,
94%) as a colorless oiAnalytical data for 61b: TLC (20%
ethyl acetate in hexanes); R0.43 (UV, KMnQ). '"H NMR
(400MHz, CDCk) &: 7.18 (ddJ = 8.4, 0.8Hz, 1H), 6.72 (ddJ =
8.5, 2.8Hz, 1H), 6.58 (dJ = 2.8Hz, 1H), 6.37 (dJ = 9.6Hz,
1H), 5.77 (dJ = 9.6Hz, 1H), 4.59 — 4.52 (m, 2H), 3.79 (s, 3H),
3.45 (s, 2H), 3.32 (s, 3H), 1.22 (s, 3H), 1.19 (s, 3H)0 (s, 3H).
BC NMR (101MHz, CDCk) &: 158.0, 137.0, 136.6, 133.5,
125.7, 125.2, 112.5, 112.1, 97.0, 72.3, 55.3, 58230, 39.1,
24.3, 22.9, 17.9LR (Diamond-ATR, neatymax: 2968 (v), 2931
(w), 1602 (v), 1464 {v), 1309 ), 1260 (), 1149 (), 1105 (),
1037 (9, 916 (), 854 (v), 776 (v) cm ~. HRMS (EI) calcd for
C17H,405 [M] " 276.1720; found: 276.1715.

3.35.tert-Butyl((6-methoxy-1,1,2-trimethyl-1,2-
dihydronaphthalen-2-yl)methoxy)dimethyl-silabéd)

To a solution of58a (20.0 mg, 0.0861 mmol, 1 equiv) in
dimethylformamide (0.21 mL) were added imidazole.Tlhg,
0.172 mmol, 2.00 equiv) andert-butyldimethylsilyl chloride
(19.5 mg, 0.129 mmol, 1.50 equiv) at 0 °C and #ection was
allowed to warm to 23 °C. After 20 h, saturated agseou
ammonium chloride solution (10 mL) was added andlalyers
were separated. The aqueous layer was extracted veithyld
ether (3 x 10 mL) and the combined organic layereeweshed
with saturated aqueous sodium chloride solutionnfl). The
washed solution was dried over sodium sulfate, thesldiolution
was filtered and the filtrate was concentrated. Thuele product
was purified by flash column chromatography on ailgel (5%
ethyl acetate in hexanes) to obtdfic (20.2 mg, 68%) as a
colorless oil.Analytical data for 61c: TLC (20% ethyl acetate
in hexanes), R= 0.68 (UV, CAM)."H NMR (400MHz, CDCk)
8:7.17 (dd,J = 8.4, 0.6Hz, 1H), 6.71 (ddJ = 8.5, 2.8Hz, 1H),
6.56 (d,J = 2.8Hz, 1H), 6.33 (dJ = 9.6Hz, 1H), 5.71 (dJ =
9.6Hz, 1H), 3.79 (s, 3H), 3.51 (s, 2H), 1.21 {ds 3.6Hz, 6H),
1.02 (s, 3H), 0.86 (s, 9H), -0.03 @ = 2.4Hz, 6H).*C NMR
(101MHz, CDCk) &: 157.8, 137.5, 137.1, 133.7, 125.6, 125.1,
112.4,111.9, 67.0, 55.3, 43.1, 39.0, 26.0, 24352,218.4, 17.6, -
5.4, -5.4.IR (Diamond-ATR, neatma: 2955 (), 2928 (1),
2855 (v), 1602 (), 1463 (), 1360 (v), 1309 (v), 1259 §), 1072
(s), 1038 §), 1005 (), 849 {9), 835 (9), 773 9, 668 (M) cm .
HRMS (El) caled for GH30.Si [M]": 346.2323; found:
346.2322.

3.36.6-Methoxy-2-(methoxymethyl)-1,1,2-trimethyl-1,2-
dihydronaphthaleneg(ld)

To a solution of58a (20.0 mg, 0.0861 mmol, 1 equiv) in
dimethylformamide (0.43 mL) was added sodium hydi{@i@%
dispersion in mineral oil, 6.89 mg, 0.172 mmol, @eQuiv) at
0 °C. After 15 min, methyl iodide (9.65mL, 0.15%nol,



1.80 equiv) was added and the mixture was allowed tonwa
23 °C over 2.5 h. Saturated aqueous ammonium del@@lution
(10 mL) was added and the layers were separatedadieous
layer was extracted with ethyl acetate (3 x 10 mby &he
combined organic layers were dried over sodium wilfdhe
dried solution was filtered and the filtrate was cameated. The
crude product was purified by flash column chromedpgy on
silica gel (5% ethyl acetate in hexanes) to prode (17 mg,
80%) as a colorless oiAnalytical data for 61d: TLC (20%
ethyl acetate in hexanes), R0.61 (UV, CAM). 'H NMR
(400MHz, CDCE) 3: 7.18 (d,J = 8.4Hz, 1H), 6.72 (ddJ = 8.5,
2.8Hz, 1H), 6.59 (dJ = 2.7Hz, 1H), 6.37 (dJ = 9.6Hz, 1H),

product was purified by flash column chromatographysilica
gel (14% ethyl acetate in hexanes) to yi&hd(33mg, 70%) as a
yellow oil. Analytical data for 65: TLC (25% ethyl acetate in
hexanes), R= 0.41 (CAM, ANIS, KMnQ). 'H NMR (400MHz,
CDCly) 8: 7.36 (d,J = 8.7Hz, 1H), 6.83 (ddJ = 8.7, 2.8Hz, 1H),
6.69 (d,J = 2.8Hz, 1H), 4.66 (ddJ = 6.7, 4.3Hz, 1H), 4.05 (dt)
=12.1, 0.Hz, 1H), 3.80 (s, 3H), 3.50 (d,= 12.1Hz, 1H), 3.41
(tt, J = 6.1, 0.Mz, 1H), 3.27 (dd)] = 6.0, 4.3Hz, 1H), 1.41 (s,
3H), 1.08 (s, 3H), 1.06 (s, 3HY)C NMR (101MHz, CDCL) &:
204.8, 158.0, 139.1, 130.3, 126.3, 113.7, 113.4),94L.9, 64.2,
55.3, 45.9, 38.1, 35.8, 30.9, 21.5, 20R.(Diamond-ATR, neat)
Vmax: 2975 (M), 2865 (v), 1780 ¢9), 1610 (M), 1501 (n), 1465

5.75 (d,J = 9.6Hz, 1H), 3.79 (s, 3H), 3.33 — 3.22 (m, 5H), 1.22 (m), 1316 ), 1260 (), 1249 (), 1153 (), 1053 (), 1037

(s, 3H), 1.18 (s, 3H), 1.09 (s, 3HJC NMR (101MHz, CDCL)

8: 157.9, 137.0, 136.9, 133.5, 125.5, 125.2, 11212.0, 77.4,
59.5, 55.3, 42.2, 39.1, 24.4, 22.8, 1T1R.(Diamond-ATR, neat)
Vmax: 2970 (), 2932 (n), 1886 (), 1602 (m), 1572 (n),

1489 (n), 1464 (), 1361 ), 1309 (), 1282 (), 1261 ¢9),

1194 (n), 1154 (m), 1105 ¢9), 1089 §), 1037 6), 982 (), 871
(W), 777 ) cm-HRMS (EI) calcd for GgH»,0, [M]™:

246.1620; found: 246.1614.

3.37.N,N-diethyl-2-((6-methoxy-1,1,2-trimethyl-1,2-
dihydronaphthalen-2-yl)methoxy)acetamiéé)(

To a solution of58a (100mg, 0.430mmol, lequiv) in 1,2-
dimethoxyethane (2:2L) was added sodium hydride (60%
dispersion in mineral oil, 5189, 1.29mmol, 3.00equiv) at °*C
and after 20nin 2-chloroN,N-diethylacetamide (881,

(m), 908 (), 818 () cm . HRM S (EI) calcd for G/H,O3 [M]*:
272.1407; found: 272.1406.

3.39.7-methoxy-3a,4,4-trimethyl-3,3a,4,8b-tetrahydro-1H-
benzo[flcyclobuta[cd]isobenzofuran-1a(lalH)-alLj

To a degassed solution 86 (12.0mg, 0.044Immol, 1lequiv)
in tetrahydrofuran (1.ehL) and methanol (0.8\L) was added
dropwise a solution of samarium(ll) iodide (&1 in
tetrahydrofuran, 3.5&1L, 0.352mmol, 8.00equiv) at O°C. After
1h, water (10 mL) and aqueous hydrochloric acid smu(2m,
10mL) were added and the aqueous phase was extracted wi
ethyl acetate (8 10mL). The combined organic layers were
dried over sodium sulfate, the dried solution wisriéd and the
filtrate was concentrated. The crude product wadipdrby flash
column chromatography on silica gel (33% ethyl aieetin

0.646mmol, 1.5Cequiv). The reaction was allowed to warm hexanes) to afford7l (12mg, quant.) as a colorless oil.
slowly to 23°C over 17h and diluted with saturated aqueous Analytical data for 71: TLC (33% ethyl acetate in hexanes), R

ammonium chloride solution (X0BL) and water (3nL). The
layers were separated, the agueous layer was edrafth ethyl

= 0.26 (CAM). '"H NMR (400MHz, CDCk) &: 7.24 (d,J =
8.8Hz, 1H), 6.73 (ddJ = 8.7, 2.8z, 1H), 6.58 (dJ = 2.7Hz,

acetate (¥ 15mL) and the combined organic layers were dried1H), 3.78 (s, 3H), 3.68 (dl = 8.9Hz, 1H), 3.51 (dJ = 8.9Hz,

over sodium sulfate. The dried solution was filtetr@ad the
filtrate was concentrated. The crude product wadipdrby flash
column chromatography on silica gel (33% ethyl aieetin
hexanes) to afford64 (144mg, 97%) as a colorless oil.
Analytical data for 64: TLC (33% ethyl acetate in hexanes), R
=0.17 (UV, CAM)."H NMR (400MHz, CDC}) &: 7.16 (d,J =
8.4Hz, 1H), 6.70 (dd,) = 8.5, 2.8Hz, 1H), 6.56 (dJ = 2.7Hz,
1H), 6.34 (dJ = 9.6Hz, 1H), 5.78 (dJ = 9.7Hz, 1H), 4.04 (q,)

= 13.2Hz, 2H), 3.78 (s, 3H), 3.47 — 3.25 (m, 6H), 1.26 — X4
15H). ®*C NMR (101MHz, CDCk) &: 168.5, 157.9, 136.9,
136.7, 133.4, 125.6, 125.2, 112.4, 112.0, 76.03,735.3, 42.3,
41.1, 39.8, 39.0, 24.3, 22.8, 17.9, 14.4, 1B9(Diamond-ATR,
neat) vmax: 2971 (), 2935 (), 2874 (), 1645 ¢9), 1603 (M),
1572 (v), 1464 (), 1431 (), 1381 (v), 1362 (v), 1309 (),
1261 ¢9), 1222 (n), 1153 (n), 1102 (n), 1088 (), 1036 (),
947 (), 871 (), 791 (v), 779 (), 734 (v) cm . HRMS (EI)
calcd for GiH3; 05N [M] *: 345.2298; found: 345.2295.

3.38. 7-methoxy-3,4,4-trimethyl-2a,3,4,8b-tetrahydro-1,3-
(epoxymethano)cyclobuta[a]naphthalen-2(1H)-068) (

To a solution of64 (60.0mg, 0.174nmol, lequiv) in 1,2-
dichloroethane (&1L) were added 2,4,6-collidine (11ut,

1H), 3.34 (td,J = 10.4, 5.(Hz, 1H), 3.05 (ddd) = 12.9, 11.2,
1.7Hz, 1H), 2.75 — 2.66 (m, 2H), 2.23 (db= 13.0, 5.1Hz, 1H),

1.28 (s, 6H), 1.06 (s, 3HYC NMR (101MHz, CDCI3)3: 157.8,
139.4, 136.8, 126.1, 112.8, 112.3, 106.4, 76.73,953.6, 46.6,
44.2, 37.9, 29.5, 23.6, 22.2, 211R (Diamond-ATR, neatymax:

3391 (v), 2971 (), 1608 (), 1575 (), 1502 (), 1424 (),

1364 (v), 1284 §), 1254 (s), 1216w), 1158 (), 1125 (), 1037
(v9), 867 (), 815 (), 728 ) cm~. HRMS (EIl) calcd for
Cy7H,,05 [M] " 274.1563; found: 274.1572.

3.40.3-(hydroxymethyl)-7-methoxy-3,4,4-trimethyl-
1,2,2a,3,4,8b-hexahydrocyclobuta[a]naphthalen-Z7a)

To a solution of71 (12.0mg, 0.0437nmol, 1equiv) in diethyl
ether (3mL) was added lithium aluminum hydride (160G,
0.437mmol, 10.Cequiv) at ®C and the reaction mixture was
allowed to slowly warm to 23C. After 4h, the reaction mixture
was diluted with saturated agueous ammonium chlaadiation
(15mL), the layers were separated and the aqueous Veger
extracted with ethyl acetate x3LOmL). The combined organic
layers were washed with saturated aqueous sodiumidgnlor
solution (10mL) and the washed solution was dried over sodium
sulfate. The dried solution was filtered and therdie was

0.868mmol, 5.0Cequiv) and trifluoromethanesulfonic anhydride concentrated. The crude product was purified byhflaslumn

(1m in dichloromethane, 0.868L, 0.868mmol, 5.00equiv) and
the reaction mixture was heated to °80 After 75min,
potassium carbonate (183, 0.868nmol, 5.00equiv), acetone

chromatography on silica gel (33% ethyl acetatbéranes) to
yield 72 (12mg, 99%, d.r. = 30:1) as a colorless @ihalytical
data for 72: TLC (50% ethyl acetate in hexanes), R 0.20

(6mL) and water (énL) were added and the mixture was heated(CAM). *H NMR (400MHz, CDCk) &: 7.09 (d,J = 8.5Hz, 1H),

to 70°C. After 2h, aqueous hydrochloric acid solution M2

6.66 (dd,J = 8.6, 2.8Hz, 1H), 6.59 (dJ = 2.7Hz, 1H), 4.52 (dt,

20mL) was added and the aqueous phase was extracted with9.7, 8.1Hz, 1H), 3.77 (s, 3H), 3.55 — 3.44 (m, 2H), 3.35 (s,
diethyl ether (3x20mL). The combined organic layers were 2H), 3.12 (q,J = 8.9Hz, 1H), 3.03 (dtJ = 12.0, 6.(Hz, 1H),

washed with saturated aqueous sodium chloride sol{@0mL)
and the washed solution was dried over sodium sulféite dried
solution was filtered and the filtrate was conceettaiThe crude
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2.90 (dtd,J = 11.3, 8.0, 3.8iz, 1H), 2.00 (g = 10.1Hz, 1H),
1.31 (s, 3H), 1.18 (s, 3H), 1.02 (s, 3H)C NMR (101MHz,
CDCl) &: 158.2, 140.7, 137.0, 124.9, 112.3, 111.1, 65%],6



55.3, 49.8, 42.9, 41.1, 40.1, 27.9, 27.3, 21.57.1R (Diamond-
ATR, neat)vma: 3217 (), 2970 (), 2934 (), 1606 (), 1576
(w), 1495 (), 1465 (), 1365 (), 1310 (), 1247 €), 1198 (),

1112 (n), 1031 ¢s), 849 (n), 808 (n), 735 &), 703 () cm -

HRMS (El) calcd for GH,0O; [M]": 276.1720; found:
276.1726.

3.41.7-methoxy-3,4,4-trimethyl-2-ox0-1,2,2a,3,4,8b-
hexahydrocyclobuta[a]naphthalene-3-carbaldehyd®) (

To a solution of oxalyl chloride (@ in dichloromethane,
151ul, 0.302mmol, 2.20equiv) in dichloromethane (1rBL)
was added dimethyl sulfoxide (471B, 0.674mmol, 4.90equiv)
at —78 °C. After stirring for 3 min, a solution of 72 (38.0mg,
0.137mmol, lequiv) dichloromethane (bL) was added and
after further 25nin triethylamine (19LL, 1.37mmol,

KMnO,). '"H NMR (400MHz, CsDs) &: 7.20 (s, 1H), 6.99 (dl =
8.5Hz, 1H), 6.86 (ddJ = 6.0, 1.1Hz, 1H), 6.78 (ddJ = 8.5,
2.8Hz, 1H), 6.63 (dJ = 2.8Hz, 1H), 6.24 (dJ = 6.0Hz, 1H),
3.27 (s, 3H), 1.08 (s, 3H), 0.76 (s, 3H), 0.69 (s, 30.NMR
(101MHz, CDg) &: 194.6, 162.4, 158.9, 143.1, 139.3, 136.4,
133.0, 126.1, 124.4, 115.9, 115.0, 54.9, 49.9,,39663, 20.4,
20.3.1R (Diamond-ATR, neatyma: 2966 (v), 2929 (v), 1689
(vs), 1645 ¢s), 1605 (r), 1566 (), 1482 (), 1465 (), 1372
(w), 1322 (v), 1249 (1), 1229 ¢9), 1205 (v), 1146 (v), 1082 (),
1057 (), 1036 (n), 853 (v), 816 €), 709 (v) cm*. HRM S (EI)
calcd for GH10; [M]*: 254.1301; found: 254.1301.

3.43.6-methoxy-1,1,2-trimethyl-1,2-dihydronaphthalene-2-
carbaldehyde&5a)

To a solution of alcohob8a (1.17g, 5.04mmol, lequiv) in

10.0equiv) was added. The reaction mixture was stirred fodry dichloromethane (5®L) was added potassium carbonate

10min at =78 °C and was then directly warmed to 23 °C. After
10min, saturated aqueous sodium bicarbonate solfiomL)
was added, the layers were separated and the aglageusvas
extracted with dichloromethane %3l0mL). The combined
organic layers were dried over sodium sulfate, tieddsolution
was filtered and the filtrate was concentrated. Thoele product
was purified by flash column chromatography on ailiel (20%
ethyl acetate in hexanes, triethylamine pretreaiida gel) to
obtain73 (35.5mg, 95%) as a colorless ollote: Signals in the
¥C NMR which could only be assigned by cross-coggfinthe
HMBC are marked with an asterisknalytical data for 73:
TLC (20% ethyl acetate in hexanes),#R0.18 (ANIS)."H NMR
(400MHz, CsDg) 8: 9.12 (br s, 1H), 6.89 (d,= 8.5Hz, 1H), 6.68
—6.59 (m, 2H), 3.31 (s, 3H), 3.24 (br s, 1H), 3.08dd = 17.2,
9.6, 3.8Hz, 1H), 2.95 (tdt) = 9.6, 6.0, 1.Hz, 1H), 2.83 (ddd)

=10.3, 3.7, 2.81z, 1H), 1.05 (s, 3H), 1.01 (s, 3H), 0.73 (s, 3H).
3C NMR (101MHz, C;Dg) &: 206.7, 202.2, 159.2, 140.3, 135.5,

125.4, 113.4, 112.3, 63.9, 55.9, 54.7, 53.1, 396.3, 25.9,
21.7*, 16.3.IR (Diamond-ATR, neatymae: 2973 (v), 2933 (),
2728 (), 1774 (9, 1718 €), 1607 (), 1574 (), 1494 (),
1465 (), 1388 (n), 1298 (), 1249 §), 1155 (), 1087 (M),
1034 §), 854 (v), 820 (v) cm . HRM S (ESI) calcd for GH,oOs
[M]™: 272.1407; found: 272.1409.

3.42.7-methoxy-3a,4,4-trimethyl-3a,4-dihydro-1H-
cyclopenta[b]naphthalen-1-on&7)

To a solution of73 (5.00mg, 0.0184mmol, lequiv) in
tetrahydrofuran (0.;nL) was added lithium
bis(trimethylsilyl)amide (M in tetrahydrofuran, 22fL,
0.0220mmol, 1.20equiv) at —=78C. After 1h, freshly distilled
trimethylsilyl chloride (over Call 3.52uL, 0.0275mmol,

(2.39g, 10.1mmol, 2.00equiv) and Dess—Martin periodinane
(4.27g, 10.1mmol, 2.00equiv) at ®®*C. The suspension was
stirred at OC for 30min and at 23C for 1.5h. Excess Dess—
Martin periodinane was quenched by addition of saéar
aqueous sodium bicarbonate solution f85 and saturated
aqueous sodium thiosulfate solution (80). The organic layer
was separated and the aqueous phase was extracted with
dichloromethane (8 50mL). The combined organic layers were
dried over sodium sulfate and the filtrate was catreged under
reduced pressure. Purification by flash column cfatgraphy
(1% ethyl acetate in cyclohexane initially, graditog5% ethyl
acetate in cyclohexane) afforded aldeh§8a (0.92 g, 80%) as a
colorless oil.Analytical data for 85a: TLC (10% ethyl acetate
in cyclohexane) R= 0.37 (UV)'H NMR (400MHz, CDCL) &:
9.35 (s, 1H), 7.20 (d] = 8.5Hz, 1H), 6.77 (ddJ = 8.5, 2.Hz,
1H), 6.65 — 6.61 (m, 2H), 5.49 (d,= 9.5Hz, 1H), 3.80 (s, 3H),
1.28 (s, 3H), 1.20 (s, 3H), 1.17 (s, 383 NMR (101MHz,
CDCly) 6 202.8, 158.4, 135.4, 133.1, 130.6, 129.9, 12518,6]
112.8, 55.4, 54.8, 38.7, 25.3, 22.5, 14R.(ATR, CDCh) Vimax:
3032 (v), 2971 (), 2871 (v), 2833 (), 2715 (v), 1715 §), 1634
(w), 1601 (), 1570 (), 1495 (), 1463 (), 1427 (n), 1386
(w), 1363 {v), 1308 (), 1283 (m), 1259 §), 1223 (), 1192 (),
1175 (), 1153 (m), 1093 (), 1034 §), 961 (v), 933 (), 908
(m), 871 (), 856 (M), 818 (m), 791 ), 773 ), 754 (v), 731 §),
712 (n), 683 (v), 621 (v), 582 (), 553 (), 527 M), 498 (),
431 () cm’. HRMS (ESI) calcd for GH;gNaQ, [M+Na]":
253.1199; found: 253.1185.

3.44.ethyl (2)-5-(6-methoxy-1,1,2-trimethyl-1,2-
dihydronaphthalen-2-yl)pent-4-enoa&6§)

To a stirred suspension of [3-

1.50equiv) was added and the mixture was allowed to warm td¢ethoxycarbonyl)propyl]triphenylphosphonium bromi¢2.85g,
23°C. After 3h, dichloromethane (BL) was added, the reaction 6.23mmol, 1.60equiv) in tetrahydrofuran (28L) was added

mixture was filtered through a small plug of Celite®d the
filtrate was concentrated. The residue was used withother
purification. To acetone (2.G8, 0.0276mmol, 1.5Cequiv) in
dichloromethane (0.hL) was added titanium(lV) chloride
(3.04uL, 0.0276mmol, 1.50equiv) followed by the addition of a
solution of crude product in dichloromethane (@13 at —78°C.
The reaction mixture was allowed to warm to°23over 17h.
pH7 Buffer solution (1@nL) and diethyl ether (1GL) were
added, the layers were separated and the aqueoes Was
extracted with diethyl ether 810mL). The combined organic

sodium bis(trimethylsilyl)amide (1:@ in THF, 7.1mL,
7.1mmol, 1.8equiv) at ®C. The orange mixture was stirred for
30min at 0°C and was then cooled to =78 °C. A solution of
aldehyde85a (0.90g, 3.90mmol, lequiv) in tetrahydrofuran
(4.2mL) was added slowly. After IfBin, the reaction was
allowed to warm to 23C and stirred at 23C for 4h. Excess
amide was quenched by addition of saturated aqueous
ammonium chloride solution (2fiL). The mixture was extracted
with diethyl ether (3 50mL). The combined organic layers were
washed with saturated aqueous sodium chloride sol¢fiomL)

layers were washed with saturated aqueous sodiumiddlor and the washed solution was dried over sodium sulfae
solution (10mL) and the washed solution was dried over sodiunsolution was filtered and the filtrate was conceettaunder

sulfate. The dried solution was filtered and therdte was
concentrated. The crude product was purified byhflaslumn
chromatography on silica gel (20% ethyl acetatbéranes) to
provide trace amounts @ as colorless oilAnalytical data for

77. TLC (20% ethyl acetate in hexanes),R0.26 (UV, CAM,
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reduced pressure. The crude product was purifiedfldsh
column chromatography on silica gel (10% ethyl ateetin
cyclohexane) to afford the title compou®6h (1.20g, 94%) as a
colorless oil.Analytical data for 86a: TLC (10% ethyl acetate
in cyclohexane) R= 0.45 (UV)'H NMR (400MHz, CDCL) &:



7.18 (d,J = 8.5Hz, 1H), 6.72 (ddJ = 8.4, 2.8Hz, 1H), 6.58 (d))
= 2.7Hz, 1H), 6.31 (dJ = 9.6Hz, 1H), 5.99 (dJ = 9.6Hz, 1H),
5.46 (d,J = 12.0Hz, 1H), 5.36 (dtJ = 12.0, 7.Hz, 1H), 4.14 (q,
J = 7.1Hz, 2H), 3.78 (s, 3H), 2.73 — 2.62 (m, 1H), 2.50 (tdl},
14.7, 7.2, 1.8z, 1H), 2.37 (tJ = 7.5Hz, 2H), 1.28 (s, 3H), 1.25
(t, J = 7.2Hz, 3H), 1.16 (s, 3H), 1.09 (s, 3HFC NMR

(101MHz, CDCE) &: 173.1, 157.9, 139.0, 136.5, 135.7, 133.2,

129.7, 125.2, 124.6, 112.3, 112.0, 60.4, 55.2,,45019, 34.7,
26.1, 24.9, 22.5, 21.6, 14.BR (ATR, CDCL) vpae 2972 (1),

2937 (v), 2873 (), 2833 (v), 1732 §), 1636 (v), 1602 (n), 1571
(w), 1489 (), 1464 (), 1427 (), 1371 (), 1308 (n), 1281
(m), 1259 ¢), 1214 (m), 1171 k), 1151 §), 1089 (), 1062 (),

1035 §), 910 ¢n), 871 (), 856 (M), 818 (), 778 (m), 730 §),

648 (v), 631 (v), 597 (v), 554 (), 473 (), 433 (v) cmi.

HRMS (ESI) calcd for GH,gNaO, [M+Na]*: 351.1931, found:
351.1926.

3.45.(2)-5-(6-methoxy-1,1,2-trimethyl-1,2-dihydronaphtimaiz
yh)-1-(pyrrolidin-1-yl)pent-4-en-1-one3{a)

The ester86a (1.20g, 3.65mmol, lequiv) was dissolved in
dry and colorless pyrrolidine (4rBL, 55mmol, 15equiv) in a
pressure tube under argon. The tube was sealed eatddhat
100°C. The reaction mixture was stirred for I6&nd was then

(10% ethyl acetate in cyclohexane) R 0.21 (UV, CAM) 'H
NMR (400MHz, Acetonedg) 3. 7.20 (d,J = 8.4Hz, 1H), 6.75 —
6.67 (m, 2H), 5.37 (ddt] = 12.5, 2.7, 1.8z, 1H), 5.11 (ddddJ
=125, 5.1, 2.6, 1.#z, 1H), 3.75 (s, 3H), 3.72 (d, = 8.2Hz,
1H), 3.67 — 3.60 (m, 1H), 3.48 (ddd,= 8.3, 6.6, 1.%z, 1H),
2.21 (dtd,J = 18.5, 5.1, 1.6lz, 1H), 1.98 (dgJ = 18.5, 2.8z,
1H), 1.37 (s, 3H), 1.24 (s, 3H), 1.10 (s, 3HJC NMR
(101MHz, Acetoneds) &: 209.2, 158.2, 139.7, 136.7, 134.5,
126.6, 126.5, 114.8, 112.9, 64.9, 61.7, 55.3, 4415], 30.6,
28.3, 27.6, 21.9, 21.9R (ATR, CDCL) Vpae 2969 (v), 2909
(w), 2834 (), 1776 €), 1608 (), 1576 (v), 1497 (v), 1464 (),
1424 (), 1387 (), 1370 (), 1324 (), 1304 (), 1281 (),
1255 ), 1246 (), 1220 (), 1160 ), 1112 ), 1090 (),
1062 (v), 1037 (v), 975 (v), 929 (), 857 (v), 822 (), 760 ),
701 (v), 688 (v), 601 (), 570 (v), 483 ), 410 ()
cm’. HRMS (ESI) calcd for GH,,NaO, [M+Na]": 305.1512,
found: 305.1472Analytical Data for 89a: TLC (10% ethyl
acetate in cyclohexane); R= 0.27 (UV, CAM) 'H NMR
(600MHz, CDCE) 3: 7.10 (d,J = 8.6Hz, 1H), 6.84 (dd,J = 2.8,
1.2Hz, 1H), 6.63 (ddd) = 8.6, 2.8, 1.84z, 1H), 5.46 (dddJ =
10.4, 6.7, 1.%z, 1H), 5.42 (dddJ = 10.2, 2.9, 1.5z, 1H), 4.28
(dt, J = 9.8, 2.tHz, 1H), 3.71 (s, 3H), 3.62 (dddd,= 9.9, 7.0,
3.2, 1.7Hz, 1H), 3.04 (tdJ = 9.8, 1.8z, 1H), 2.28 (ddd) =

cooled to 23C. Excess pyrrolidine was removed under reduced.6.9, 6.7, 1.81z, 1H), 2.06 (dddd] = 17.0, 7.0, 2.9, 2.8z, 1H),

pressure. Purification by flash column chromatobyapn silica
gel (50% ethyl acetate in cyclohexane) afforded tiike
compound87a (1.38g, quant.) as a pale-yellow oinalytical
datafor 87a: TLC (50% ethyl acetate in cyclohexang)ZR0.27
(CAM) 'H NMR (400MHz, CDC}) &: 7.17 (d,J = 8.4Hz, 1H),
6.71 (ddJ = 8.4, 2.8Hz, 1H), 6.57 (dJ = 2.7Hz, 1H), 6.29 (d)
=9.6Hz, 1H), 6.00 (dJ = 9.6Hz, 1H), 5.46 — 5.36 (m, 2H), 3.78
(s, 3H), 3.47 (tJ = 6.8Hz, 2H), 3.40 (tJ = 6.8Hz, 2H), 2.73 —
2.62 (m, 1H), 2.59 — 2.47 (m, 1H), 2.31Jt 7.7Hz, 2H), 1.99
—1.89 (m, 2H), 1.89 — 1.80 (m, 2H), 1.27 (s, 3H)61(4, 3H),
1.08 (s, 3H)*C NMR (101MHz, CDCL) 5: 171.1, 157.9, 139.4,
136.8, 135.4, 133.5, 130.7, 125.3, 124.6, 112.2,01 65.3, 46.8,
45.8, 45.2, 41.0, 35.3, 26.3, 26.2, 25.1, 24.66,221.7.IR
(ATR, CDCL) vmax 2969 (1), 2872 (), 2833 (), 1641 €), 1602
(m), 1571 (), 1489 (), 1433 6), 1380 (v), 1359 (), 1340 (),
1309 (v), 1282 (), 1260 §), 1225 (), 1192 (v), 1171 (), 1152
(w), 1089 (v), 1035 (n), 870 (v), 857 (), 818 (), 780 (W), 727
(W), 632 (v), 549 (), 421 (v) cm*. HRMS (ESI) calcd for
CxHaNNaQ, [M+Na]™: 376.2247, found: 376.2240

3.46.7-methoxy-3,4,4-trimethyl-2a,3,4,8b-tetrahydro-3,1-
prop[1]enocyclobuta[a]naphthalen-2(1H)-on80ga)

To a vigorously stirred solution of freshly disti
trifluoromethanesulfonic  anhydride (0.@L, 4.55mmol,
1.20equiv) in dry 1,2-dichloroethane (41.) at 80°C was added
dropwise a solution of amid&7a (1.34g, 3.79mmol, lequiv)
and 2,4,6-collidine (0.66L, 4.55mmol, 1.20equiv) in 1,2-
dichloroethane (4mL) via a dropping funnel over a period of
2h. The initial yellowish reaction mixture turned #etbwnish,
stirring was continued at 8C for 24h and was cooled to 28.
The dark red-brownish reaction mixture was concesdramnder

1.34 (s, 3H), 1.11 (s, 3H), 1.02 (s, 3H)C NMR (151MHz,

CDCly) 3: 212.6, 157.8, 137.5, 134.9, 130.9, 126.2, 12612 4,
112.0, 58.9, 55.7, 55.3, 39.9, 38.7, 34.6, 25.51,221.9, 20.4.
IR (ATR, CDCE) viax 3034 (v), 2969 (M), 2838 ), 1775 §),

1606 (), 1575 (v), 1496 (), 1464 (), 1400 (), 1383 (),

1369 (v), 1320 (v), 1302 (n), 1257 (), 1229 (), 1178 (),

1158 (v), 1141 (), 1117 (), 1091 (), 1037 (n), 1016 (), 956
(w), 927 (), 868 {v), 850 (v), 815 (), 757 (v), 731 (v), 698
(m), 589 (), 560 (), 526 (), 507 W), 479 (), 442 () cmi’.

HRMS (ESI) calcd for GH,,NaO, [M+Na]*: 305.1512, found:
305.1465.

3.47.11-hydroxy-7-methoxy-3,4,4-trimethyl-2a,3,4,8b-
tetrahydro-3,1-prop[1]enocyclobuta[a]naphthalen-2{}tone
(93a)

To finely grinded selenium dioxide (2.§3 19.2mmol,
10.0equiv) and oven-dried (10C) fine white quartz sand
(2.199g, 19.0equiv, particle size >230mesh) in a flame-dried
pressure tube (IBL) equipped with a magnetic stirring bar was
added cyclobutanon@0a (541mg, 1.92mmol, lequiv). After
sparging with argon for 1@in, dry 1,4-dioxane (9.61L) was
added. The tube was sealed and the vigorously dtigaction
mixture was heated at 126 (700rpm) for 7h. The reaction
mixture was cooled to 2 and filtered through a pad of
Celite®. The Celite® plug was washed with ethyl aeetat
(200mL) and the filtrate was concentrated under reduced
pressure. Purification by flash column chromatobyafi% ethyl
acetate in cyclohexane initially, grading to 10%yétacetate in
cyclohexane, grading to 25% ethyl acetate in cyolahe,
grading to 50% ethyl acetate in cyclohexane) a#drdlightly
impure 93a (165mg) as an orange foam. Cyclobutan®@a

reduced pressure. To the crude iminium salt was cadde(294mg, 54%) was recovered. Purification of the impunedpct

tetrachloromethane (20L) and water (20nL) and the dark
brown mixture was heated at reflux at°8Dfor5 h under an
atmosphere of argon. The organic layer was sepagatddthe
aqueous phase was extracted with dichlorometharel§3nL).
The combined organic layers were dried over sodiulfate,
filtered and the filtrate was concentrated undeuced pressure.
Purification by flash column chromatography oncsilgel (10%
ethyl acetate in cyclohexane) afforded cyclobutan@®a
(0.72g, 67%) as a pale yellow solid and cyclobutan@da
(0.02g, 2%) as a colorless oiknalytical Data for 90a: TLC
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93a by flash column chromatography (10% ethyl acetate
dichloromethane) afforded the allylic alcoté@a (142mg, 25%)
as a colorless sticky foarAnalytical Data for 93a: TLC (25%
ethyl acetate in cyclohexane)} R 0.30 (UV, CAM)'H NMR
(400MHz, CDCl) &: 7.19 (d,J = 8.7Hz, 1H), 6.75 (ddd) = 8.7,
2.8, 0.7Hz, 1H), 6.66 (ddJ = 2.8, 0.Hz, 1H), 5.42 (dtJ = 12.6,
1.8Hz, 1H), 5.34 (ddd) = 12.7, 2.5, 1.#1z, 1H), 4.04 — 3.97 (m,
1H), 3.83 (ddddJ = 8.6, 6.4, 4.3, 1.8z, 1H), 3.78 (s, 3H), 3.73
(t, J = 8.5Hz, 1H), 3.48 (dddJ) = 8.3, 6.6, 1.Hz, 1H), 1.98 (dJ
= 9.4Hz, 1H), 1.39 (s, 3H), 1.28 (s, 3H), 1.09 (s, 3¢ NMR



(101MHz, CDCE) o: 208.5, 157.5, 138.6, 135.8, 132.3, 130.0,

126.2, 113.9, 112.8, 68.1, 67.5, 64.7, 55.3, 405, 28.4, 27.7,
22.0, 21.91R (ATR, CDCL) viae 3420 (v br), 2971 @), 2909
(W), 2836 (), 2251 (), 1771 €), 1607 (n), 1575 (), 1496 (),
1477 (), 1464 (v), 1425 (), 1388 (), 1371 @), 1325 (),
1309 (), 1244 (), 1174 (), 1163 (), 1128 ), 1107 W),
1090 (), 1057 (), 1032 €), 974 (), 908 (), 879 (1), 852 (),
816 (), 775 (), 726 ), 701 (), 688 ), 647 (), 588 (),
552 (v), 529 (), 492 (), 453 () cm™. HRMS (ESI) calcd for
CyH,,NaO; [M+Na]™: 321.1461, found: 321.1416.

3.48.8-methoxy-4,5,5-trimethyl-3a,4,5,9b-tetrahydro-4,1-
prop[1]enonaphtho[1,2-c]furan-3,12(1H)-dion&4a)

To a solution of allylic alcohob3a (50.0mg, 0.168nmol,
1equiv) in 1,2-dichloroethane (4mdL) was added pivalaldehyde

(m), 1578 (), 1502 (), 1465 (), 1426 ), 1392 (v), 1374 ),
1358 (), 1341 (), 1316 (v), 1260 (1), 1243 (), 1204 (),
1159 fn), 1091 @), 1065 @), 1019 (r), 958 (), 925 (), 865
(), 844 (), 813 (), 783 (), 753 (), 705 (), 656 (), 607
(W), 546 (), 514 (), 497 (), 447 () cmi’. HRM'S (ESI) calcd
for CigHaNaO, [M+Na]*: 335.1254, found: 335.1199.

3.49.tert-butyl((6-ethyl-1,1,2-trimethyl-1,2-dihydronaplaten-
2-yl)ymethoxy)diphenylsilan&4)

To aluminum chloride (1381g, 1.00mmol, 3.00equiv) in an
oven dried Schlenk flask was added dry toluene rfiLp and
ethyl magnesium bromide solutionn3in diethylether, 1.0enL,
3.00mmol, 12.0equiv). The suspension was irradiated in an
ultrasonic bath for 1&in. To a second Schlenk flask equipped
with  a magnetic stirring bar was added bis(1,5-

(0.09mL, 0.8mmol, 5equiv) and copper(ll) acetate monohydrate cyclooctadiene)nickel(0) (5:8g, 21umol, 25mol%) and 1,2-

(33.5mg, 0.168mmol, 1.0Cequiv). The flask was capped with a
septum and sparged with oxygen gas from a balloor2 foin.
The solution was stirred under oxygen at’@3until monitoring
by thin layer chromatography indicated full convensof the
starting material (1.B). Sodium bicarbonate (70¥g,
0.838mmol, 5.00equiv) and Dess—Martin periodinane (148,

bis(dicyclohexylphosphino)ethane (8@, 21umol, 25mol%)
and protected dehydrotetrali®d (45.0mg, 95.6umol, lequiv)
in a glovebox. Toluene (0rBL) and diisopropyl ether (OraL)
were added. The suspension of aluminum chloride ethgll
magnesium bromide (0.50L, 0.50mmol AlEt, 5.2equiv) was
transferred to this solution. The resulting briglellow

0.335mmol, 2.00equiv) were added and the reaction was stirrecsuspension was heated to 2@ for 19h and then cooled to

at 23°C. After 1lh, an additional portion of Dess-Martin 23°C. Excess ethyl metal species were quenched by slow
periodinane (14gng, 0.335mmol, 2.00equiv) was added and the addition of saturated aqueous potassium sodiumatarsolution
reaction was stirred at 28 for 1h. Excess Dess—Martin (5mL) and the biphasic mixture was stirred fdn 2t 23°C. The

periodinane was quenched by addition of saturateseacs
sodium bicarbonate solution 8L) and saturated aqueous
sodium thiosulfate solution (4rBL). The mixture was extracted
with dichloromethane (8 25mL). The combined organic layers
were dried over sodium sulfate. The dried solutiors Vitkered
and the filtrate was concentrated under reduced spres
Purification by flash column chromatography oncsilgel (10%
ethyl acetate in cyclohexane initially, grading 26% ethyl
acetate in cyclohexane) afforded a mixture of laet®4a and
95a. Separation by slow flash column chromatographysitica
gel (5% ethyl acetate in cyclohexane initially, djrey to 10%
ethyl acetate in cyclohexane) afforded lact®da (34mg, 64%)
and lacton®5a (13mg, 25%) as both colorless crystalline solids.
Analytical Data for 94a: TLC (25% ethyl acetate in
cyclohexane) R= 0.27 (UV, CAM)'H NMR (400MHz, CDCl)
8:7.21 (d,J = 8.8Hz, 1H), 6.78 (ddd) = 8.9, 2.8, 0.6z, 1H),
6.61 (dd,J = 2.8, 0.8Hz, 1H), 6.10 (ddJ = 13.1, 1.5z, 1H),
5.63 (dd,J = 13.1, 1.Hz, 1H), 5.03 (ddJ = 8.6, 2.(Hz, 1H),
4.05 (t,J = 8.7Hz, 1H), 3.75 (s, 3H), 3.15 (dd,= 8.7, 1.%Hz,
1H), 1.58 (s, 3H), 1.42 (s, 3H), 1.21 (s, 3HJC NMR

(101MHz, CDCk) &: 195.8, 176.9, 158.2, 148.2, 135.7, 128.4,

127.6, 126.2, 114.9, 113.0, 84.6, 55.4, 45.7, 4823, 39.6,
28.6, 22.2, 21.4IR (ATR, CDCL) vmae 2978 (v), 2838 (),
1776 §), 1680 §), 1612 (), 1579 (), 1503 (), 1479 (v), 1466
(m), 1427 ), 1392 (), 1377 (v), 1368 (v), 1331 (v), 1314 (),
1284 (n), 1258 €), 1242 §), 1206 (), 1180 (), 1155 €), 1109
(m), 1090 (v), 1065 (v), 1028 §), 992 (v), 958 (v), 923 (v), 905
(w), 877 (v), 825 6), 753 M), 722 (), 704 (), 692 (), 666
(w), 602 (), 563 (v), 547 (), 498 (), 457 (), 432 () cmi™.
HRMS (ESI) calcd for GH,gNaO, [M+Na]": 335.1254, found:
335.1194 Analytical Data for 95a: TLC (25% ethyl acetate in
cyclohexane) R= 0.20 (UV)'H NMR (400MHz, CDCL) &:
7.18 (d,J = 8.8Hz, 1H), 6.78 (ddJ = 8.8, 2.™Hz, 1H), 6.59 (dd,
J=2.8, 0.8Hz, 1H), 6.04 (ddJ = 13.2, 1.8z, 1H), 5.70 (ddJ =
13.2, 1. Mz, 1H), 5.10 (ddJ = 8.2, 1.8Hz, 1H), 4.18 (tJ =
8.5Hz, 1H), 3.90 (ddJ = 8.8, 1. Mz, 1H), 3.75 (s, 3H), 1.49 (s,
3H), 1.43 (s, 3H), 1.25 (s, 3HYC NMR (101MHz, CDCE) &:
192.2, 171.6, 158.3, 148.0, 135.6, 130.8, 127.9,3,2114.9,
113.6, 81.5, 60.1, 55.4, 49.2, 43.2, 40.6, 28.62,239.0.I1R
(ATR, CDC) vmax 2977 (), 2927 (v), 1774 §), 1673 (), 1612
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aqueous phase was separated and extracted with aztbigte
(3x5mL). The combined organic phases were washed with
saturated aqueous sodium chloride solutiomi® and dried
over sodium sulfate. The dried solution was filteradd
concentrated. The crude product was purified byhflaslumn
chromatography on silica gel (20% ethyl acetatbéranes) to
provide ethyl tetraline84 (3.1mg, 7%) as a colorless oil.
Analytical Data for 84: The physical data were identical in all
respects to those previously reported [54].

3.50.tert-butyl((6-ethyl-1,1,2-trimethyl-1,2-dihydronaplaten-
2-yl)ymethoxy)diphenylsilan&4)

To a solution of triflate83 (15.0g, 25.5mmol, lequiv) in dry
dioxane (130mL) was added [11
bis(diphenylphosphino)ferrocene]dichloropalladiuin (250 mg,
0.34mmol, 1.3mol%). The orange suspension was cooled to
0°C causing partial crystallization of the solveBliethylzinc
(1™ in hexanes, 38.21L, 38.2mmol, 1.50equiv) was added and
the ice bath was removed. When all dioxane was malgaih, a
yellow clear solution was formed. The reaction migtwas
heated at 70C for 1h and was then cooled to°C. Excess
diethylzinc of the brownish solution was quencheddglition of
methanol (20nL), water (100nL) and saturated aqueous
ammonium chloride solution (100L). The mixture was
extracted with ethyl acetate x3L50mL). The combined organic
layers were washed with saturated aqueous sodiumidgnlor
solution (100mL) and the washed solution was dried over
sodium sulfate. The filtrate was concentrated uneaetuced
pressure, passed through a plug of silica (5% edlogtate in
cyclohexane) and used without further purificationtiie next
step.Analytical Data for 84: The physical data were identical in
all respects to those previously reported [54].

3.51.(6-ethyl-1,1,2-trimethyl-1,2-dihydronaphthalen-2-
yl)methanol $8b)

To a stirred solution of protected alcotgd (ca. 25.5mmol,
lequiv) in tetrahydrofuran (13BL) was added a solution of
tetrabutylammonium fluoride (@ in THF, 35mL, 35mmol,
1.4equiv) at ®C. The ice bath was removed aftermiis and the



reaction was stirred at 28 for 18h. Excess fluoride was
quenched by addition of water (BQL). The reaction was
extracted with ethyl acetate x%0mL). The combined organic
layers were washed with saturated aqueous sodiumiddnlor
solution (50mL) and the washed solution was dried over sodiu
sulfate. The filtrate was concentrated under redymesbsure.
Purification by flash column chromatography (1%ykthcetate
in cyclohexane initially, grading to 5% ethyl adetain
cyclohexane) afforded the title compoubib (5.99, 99%) as a
colorless viscous oiAnalytical Data for 58b: The physical data
were identical in all respects to those previousported [54].

3.52.6-ethyl-1,1,2-trimethyl-1,2-dihydronaphthalene-2-
carbaldehyde&5b)

To a solution of oxalyl chloride (4L, 50mmol, 2.0equiv)
in dichloromethane (25@L) was added a solution of dimethyl
sulfoxide (4.4mL, 63mmol, 2.5equiv) in dichloromethane
dropwise at —78C. The mixture was stirred for 30in before a
solution of alcohol 58b (5.8g, 25mmol, 1lequiv) in
dichloromethane (261L) was added dropwise. The reaction
mixture was stirred at —7& for 1h before triethylamine

on silica gel (50% ethyl acetate in cyclohexan&rded the title
compound87b (7.5g, 99%) as a pale-yellow oilAnalytical
Data for 87b: The physical data were identical in all respects to
those previously reported [54].

rr1%.55.7-ethyl-3,4,4-trimethyl-2a,3,4,8b-tetrahyd ro-3,1-

prop[1]enocyclobutala]- naphthalen-2(1H)-on80p)

To a vigorously stirred solution of freshly disgi
trifluoromethanesulfonic  anhydride (4.60., 26.8mmol,
1.30equiv) in dry 1,2-dichloroethane (2WiL) at 80°C was
added dropwise a solution of ami@b (7.25g, 20.6mmol,
1lequiv) and 2,4,6-collidine (3.54L, 26.8mmol, 1.30equiv) in
1,2-dichloroethane (270L) via a dropping funnel over a period
of 3.5h. The initial yellowish reaction mixture turned red
brownish, stirring was continued at 80 for 20h and then the
reaction mixture was concentrated under reducespresTo the
crude iminium salt was added tetrachloromethane ifil00and
water (100mL) and the dark brown mixture was heated at reflux
at 80°C for 5h under an atmosphere of argon. The organic layer
was separated and the aqueous phase was extracted with
dichloromethane (8 50mL). The combined organic layers were

(17mL, 0.13mol, 5.0equiv) was added. The reaction was stirreddried over sodium sulfate and the filtrate was catre¢ed under
for 30min at —78C and 4 at 23°C. Excess base was quenchedreduced pressure. Purification by flash column ctaimgraphy

by the addition of saturated aqueous ammonium icld@olution
(100mL). The biphasic mixture was extracted with dietbgier

on silica gel (5% ethyl acetate in cyclohexane ggdo 10%
ethyl acetate in cyclohexane) afforded cyclobutafifi (4.89,

(3x200mL). The combined organic layers were washed with83%) as a pale yellowish oil that solidified upororage.

concentrated aqueous sodium chloride solution 00 and
dried over sodium sulfate. The dried solution wéteréd and
concentrated under reduced pressure. Purificatign flash
column chromatography on silica gel (5% ethyl aet:
cyclohexane) afforded aldehy88b as colorless oil (5., 99%).
Analytical Data for 85b: The physical data were identical in all
respects to those previously reported [54].

3.53.ethyl (2)-5-(6-ethyl-1,1,2-trimethyl-1,2-dihydrondpéalen-
2-yl)pent-4-enoatesgb)

To a stirred suspension of
(ethoxycarbonyl)propyl]triphenylphosphonium bromid€17g,
38mmol, 1.50equiv) in tetrahydrofuran (150L) was added
sodium bis(trimethylsilyl)amide (1@ in THF, 12.6mL,
12.6mmol, 1.70equiv) at ®C. The yellow-orange mixture was
stirred for 30min at 0°C and was then cooled to —78°C. A
solution of aldehyde 85b (5.7g, 25mmol, 2lequiv) in
tetrahydrofuran (2€nL) was added slowly. After 1fin, the
reaction was allowed to warm to 23 and stirred at 23C for
5h. Excess amide was quenched by addition of satueafeeous
ammonium chloride solution (100L). The mixture was
extracted with diethyl ether 8300mL). The combined organic
layers were washed with saturated aqueous sodiumiddnlor

3-

Analytical Data for 90b: The physical data were identical in all
respects to those previously reported [54].

3.56.7-ethyl-11-hydroxy-3,4,4-trimethyl-2a,3,4,8b-tetrdio-
3,1- prop[1l]enocyclobuta[a]naphthalen-2(1H)-ong3b)

To finely grinded selenium dioxide (21 0.19mol, 10equiv)
and oven-dried (10%C) fine white quartz sand (2L 0.35mol,
19eq, particle size >23@esh) in a flame-dried pressure tube
equipped with a magnetic stirring bar was added tytknone
90b (5.2g, 19mmol, lequiv). After sparging with nitrogen for
5min, dry 1,4-dioxane (981L) was added. The tube was sealed
and the vigorously stirred reaction mixture was béatt 120C
for 6h. The reaction mixture was cooled to°Z3and filtered
through a pad of Celite®. The Celite® was washed withyl
acetate (20€nL) and the filtrate was concentrated under reduced
pressure. Purification by flash column chromatobyafi% ethyl
acetate in cyclohexane initially, grading to 10%yétacetate in
cyclohexane, grading to 25% ethyl acetate in cyelahe,
grading to 50% ethyl acetate in cyclohexane) a#drdlightly
impure93b (1.21g) as an orange oil. Cyclobutand®@b (3.38g,
65%) was recovered and used in the next cycle faligvthe
same procedure. After four cycles, the product ivast were
combined and collectively purified by flash column

solution (200mL) and the washed solution was dried overchromatography on silica gel (dichloromethane grgdo 10%

sodium sulfate. The filtrate was concentrated unetuced
pressure and the crude product was purified by fleglomn
chromatography on silica gel (5% ethyl acetateyidahexane)
to afford the title compoun@6b (7.0g, 86%) as a colorless oil.
Analytical Data for 86b: The physical data were identical in all
respects to those previously reported [54].

3.54.(2)-5-(6-ethyl-1,1,2-trimethyl-1,2-dihydronaphthai2ryl)-
1-(pyrrolidin-1-yl)pent-4-en-1-one8{b)

The estei86b (7.0g, 21mmol, lequiv) was dissolved in dry
and colorless pyrrolidine (26L, 0.32mol, 15equiv) in a
pressure tube under argon. The tube was sealed eatddhat
100°C. The reaction mixture was stirred for 60and then

ethyl acetate in dichloromethane) to afford thgliallalcohol93b

(2.429, 44%) as a slightly yellow waRnalytical Data for 93b:

The physical data were identical in all respects those
previously reported [54].

3.57.8-ethyl-4,5,5-trimethyl-3a,4,5,9b-tetrahydro-4,1-
prop[1]enonaphtho[1,2- c]furan-3,12(1H)-dion&4b)

A flask charged with allylic alcohd3b (1.27g, 4.29mmol,
lequiv) and copper(l) thiophene-2-carboxylate 182
0.43mmol, 0.1Cequiv) was sparged with oxygen formin.
Water saturated benzene (hl) was added and the suspension
was stirred till the allylic alcohol was solved coetely.
Pivaldehyde (3.261L, 30.0mmol, 7equiv) was added in seven

allowed to cool to 23C. Excess pyrrolidine was removed under portions (1 equivalent/hour). The green-blueistctiea mixture

reduced pressure. Purification by flash column clatgraphy
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was stirred after complete addition at °Z3for 18h. Another



portion of copper(l) thiophene-2-carboxylate (83, 0.43mmol,
0.10equiv) was added and the mixture was stirred torBxcess
peroxy-species were quenched by the addition ofratd (1]
aqueous sodium thiosulfate solution nfg) and saturated
aqueous sodium bicarbonate solution f#5. The biphasic
mixture was extracted with dichloromethanex@O0mL). The [2]
combined organic layers were dried over sodium wilfdhe  [3]
dried solution was filtered and concentrated undsttuced
pressure. The crude product was solved in dichlotioame
(40mL). Sodium bicarbonate (1.@5 12.9mmol, 3.00equiv) and 4
Dess—Martin periodinane (3.64 8.58mmol, 2.00equiv) were
added at OC. The reaction was stirred for frfBn at 0°C and 1.5  [5]
h at 23°C. Excess periodinane was quenched by the addifion
saturated aqueous sodium thiosulfate solution n{Lp and [6]
saturated aqueous sodium bicarbonate solutiorm{§0 The
biphasic mixture was extracted with dichloromethane(7]
(4x30mL). The combined organic layers were dried over
sodium sulfate and filtered. The filtrate was corceed under  [€]
reduced pressure. Purification by flash column cfatmgraphy [9]
on silica gel (5% ethyl acetate in cyclohexanepmféd lactone

94b (445mg, 33%) and regioisomeric lactorbb (433mg, [10]
32%) as both colorless crystalline solidmalytical Data for

94b and 95b: The physical data were identical in all respects to
those previously reported [54]. [11]

[12]
3.58.Salimabromide®) 3]
A flask charged with lactoneé94b (438mg, 1.41mmol,
lequiv) and silver trifluoroacetate (98%, 4.23mmol, Hg}
3.00equiv) was sparged with nitrogen. Trifluoroacetic daci
(10mL) was added and the mixture was stirred & Quntil a  [16]
clear solution was formed. Bromine (02, 4.2mmol, [17]
3.0equiv) was added dropwise under rigorous stirringe Th
white-orange suspension was stirred fomii at 0°C. Excess [18]
bromine and trifluoroacetic acid were quenched Hey addition |1
of saturated aqueous sodium thiosulfate solutidhm{ll) and
saturated aqueous sodium bicarbonate solution 250 The  [20]
suspension was extracted with dichloromethane5@mL). The
combined organic extracts were dried over sodiurfatl The E;}
dried solution was filtered and concentrated undstuced
pressure. Purification by flash column chromatobyapn silica  [23]
gel afforded salimabromide 7Y (296mg, 45%) and [24]
monobrominated product (7-bromo) (Ibg, 21%) as both
colorless crystalline solids. The physical data weeatical in all Eg}
respects to those previously reported [10,54].
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