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1. Introduction

The marine environment is becoming an
important source for the discovery of new potentiflioactive
molecules and drug leadswhile the diversity of life in the
terrestrial habitat is extraordinary, the greatasdiversity and
chemical novelty occurs in the ocedfsMarine actinomycetes
are a prolific source of secondary metabolitesgémeral, the
Actinobacteria subclass is comprising half of thecdiered
secondary metabolites, in particular, antibioticgntitumor
agents, immunosuppressive agertsand enzyme$. A large
number of terrestrial actinomycetes have been serbeand
isolated but their distribution in the sea is ldygenexplored.
The vast majority of the marine actinomycetes aeved from
the genus Streptomyces This is the largest genus of
Actinobacteria and is widely spread in marine andegtrial
ecosystem$. Interestingly, the genusStreptomyces alone
accounts for the majority the antibiotics used yoda’

Studies of marine actinomycetes have yielded alargnber
of structurally diverse bioactive molecufédn 2013, Fenical and
co-workers isolated the cytotoxic meroterpenoidrexctinone X)
from the marine actinomycetes strain CNQ-627his strain
shares only 97.6% 16S rRNA gene sequence identity thih

increasingly
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Scheme 1: Retrosynthetic analysis of actinorandne

2. Results and Discussion

The synthesis of vinyl iodid2 started with the preparation of

genusStreptomyces marinu&ence might represent new speciestrisubstituted A”*alkene 8 from commercially available (+)-

adapted to live in the séh.Actinoranone constitutes of a
tetralone fragment of polyketidic origin (C1'-C103and a
bicyclic diterpenoid fragment (C1-C20) connected &yC—-C
single bond between C15 and C8". Its promisingil&lue of
2.0 pg/mL against HCT-116 human colon carcinoma pieth
the initiation of several synthesis prograthsThe first total
synthesis of actinoranone was achieved by’ ¥e2017 and led
to a revision of the initially proposed configuaatiof 1 (Figure
1). Later that year a formal synthesis was realmethe group of
Pastre®’

actinoranone actinoranone (1)

(proposed) (revised )
Fenical et al. 2013 Ye etal. 2017

Figure 1: Originally proposed (left) and revised structuriglht)
of actinoranond.

Me Mg

Similar to the previously reported approaches, cetro-
synthetic analysis exploits a polar disconnecti@tween C14
and C15 leading to vinyl iodid2 and the bicyclic aldehyd® as
the key fragments (Scheme 1). Likewise, we envisicied 2
could be obtained from the sesquiterpenoid sclaredt®’ In
contrast to Ye and Pastre, we anticipated aldel8de be

accessible from estér For the synthesis of this intermediate, a Me

semipinacol rearrangement/Wittig reaction sequestarting

from silyl ether6 was considered. Such a one-pot strategy avoid

the isolation of the configurationally labile aldele5. The chiral
silylated epoxyalcohob can be obtained from 3,5-dimethoxy-
benzaldehyd@ using standard transformations.

sclareolide (Scheme 2). Treatment with sulfuric acichethanol
resulted in a one-pot methanolysis of the lactooliowed by
elimination of the resulting tertiary alcohol at .E&
Subsequently, the ratio @ ®-alkene,A**-alkene,and exocyclic
A**.alkene was optimized by screening different remcti
temperatures and times. After three days at 23°@jxture of
alkene-isomers"® A%°, A®1° = 1.0:0.2:0.7) witt\"%-alkene8 as
the major product was obtained. Heating the reactidture to
reflux for 24 h afforded two endocyclic alkene isomd.e. the
thermodynamically most stable tetrasubstitutéd-alkene and
the A"®alkene in a 1:1 ratio. Reducing the reaction time h
gave the best result for the desirat®-alkene8 (60% vyield).
Other acids such as HCIl, AcOH, or;R0D, led to no
improvement. Nevertheless, the optimized selectiaityl yield
for 8 constitute an improvement over those reportechlitee®®

MeO,C
H,S04, MeOH Me LiAlH4, Et,O
—_—_— —_—
reflux, 3 h < 0°C,1h
60% Me Mlé' >99%
8
Me H
CpoZrCly, MegAl
H,0, CH,Clp
-30°C, 1h Me

then
o, THF,0°C, 2h yd (E

94% 1"

87%

Scheme 2: Synthesis of fragmer

Next, esteB wasreduced to primary alcoh@ using LiAlH,
followed by the conversion into iodidd0 under Appel
conditions. The subsequent two-carbon extensionlkgna 4
required some optimization. Using lithium acetylide
ethylenediamine complex (LAEDA) in DMS®® at ambient
temperature gave the desired prodiktin only moderate yield
of 42% (Table 1, entry 1). Changing the solverDMF (entry 2)
slightly increased the vyield ofll, whereas using HMPA
lowered the yield to 7% (entry 3). Other methods sashthe



reaction within situ generated lithium trimethylsilylacetylitfeor
Sonogashira couplify with trimethylsilylacetylene did not
provide any of the desired product (not displaydd@atment of
10 with sodium acetylid¥ in DMF slightly improved the yield to
58% (entry 4). Finally, treatment of iodid® with LAEDA in a
1:1 solvent mixture of DMSO/ED gave alkyné.l in 87% (entry
5).

Table 1: Two-carbon homologation db.

Entry Conditions Solvent tth) 11 (%Y
1 LAEDA (2.0 equiv) at 23 °C  pmsO 72 42

2 LAEDA (3.0 equiv) at 50 °C  pmF 16 45

3 LAEDA (2.0 equiv) at 23 °C  jMmPA 18 7

4 Na—= (2.0 equiv) at 0 °C DMF 2 58

5 LAEDA (3.0 equiv) at 23 °C  pMSO/ELO® 3 87

3solated yield® 1:1v/v was used.

With alkyne1l in hand, we turned our focus to Negisfirs
zirconium-catalyzed carboalumination-iodination sege®’
Application of Wipf's protocol afforded E-vinyl iodide 2 in
94% vyield. Precise temperature control and slowtaadbf the
reactants were crucial to avoid premature proto-daitaton, as
reported by Ye and co-worketsIn summary, intermediat@
was obtained from (+)-sclareolide in five steps 4iébo overall
yield (Figure 2). While our approach shares somia@fsynthetic
transformations used by Ye (15 steps) and Paststef$s), we
have been able to shorten the previous sequengasttb steps
and raise the overall yield fragmeatto 47%. This optimized
route should also be useful for future SAR studfies.

this work
47%, 5 steps

Xu & Ye
11%, 15 steps
Novaes & Pastre
3.4%, 9 steps

Me M'é'
2

(+)-sclareolide

Figure 2: Comparison of the synthetic approaches to fragent

Our route to the tetralone fragment was based owchhality
transfer from epoxyalcohdd to the stereogenic center in the
benzyl position of aldehydg Such transformation belongs to the
semipinacol rearrangements (type IlI: epoxid&8).it is also
known under the name Meinwald rearrangeiffenand
Yamamoto epoxide rearrangement. The required <iglat
epoxyalcohol was prepared starting from the readilgilable
allylic alcohol 12 (Scheme 3§° A catalytic Sharpless
epoxidatiofi* followed by treatment with TBSOTf permitted
stereoselective preparation of the epoxy silyl etieguired for
the rearrangement in good yield and excellent éowuetic

3

we investigated various work-up methods that were @itoe
avoid undesired racemization (entries 2—6). Pouthmg crude
reaction mixture into diluted aqueous hydrochl@dad enhanced
the yield to 65% yet with a strongly reduced enanédc excess
of 33% (entry 2). Addition of saturated agueous,8Hor H,O
did not give better results in terms of yield amau@tioselectivity
(entries 3 and 4Removal of the reaction solvent yielded 36% of
5 (57%eg entry 5). As the newly formed stereogenic center in
the benzylic position and to the aldehyd® proved to be very
sensitive to the applied work-up conditions, we dedido
directly submit the reaction mixture to the subseguWittig
olefination. Direct addition of freshly prepared gtreagent
gave a poor 3% vyield of (entry 6). Thus, the reaction mixture
was concentrated and re-dissolved in THF prior te ytide
addition. To our delight, unsaturated egtevas obtained in 44%
yield whilst completely suppressing the undesirecemaization
(entry 7). After extensive screening, we found oat #ddition of
THF followed by careful removal of GBI, gave the best result.
Under these conditions, estewas finally obtained in 71% vyield
and 96%ee(entry 8).

Table 2: Optimization of the Yamamoto rearrangement.

Ar~ s H 7A H ]
DN
RQMeAI(g‘;Q/OTBS j/s\OTBS | oTes
1" {l i "
L ores . .
oTBS 2 4
H 0TBS 0TBS
6 i E CO,Et
Pl H o} H
r}? H PR "H
Ar =3,5-OMe-CeHz  AIMeR;
L not |
R = 4-Br-2,6-Buy-Ph isolated
N Yield® ee
Entry  Conditions Work-up Product (%) (%)
NaF (6.0 equiv), KD (8.0 equiv)
1 addition, stirring at 23 °C for g 33 60
30 min, filtration over Celite®
Poured into diluted HCI solution,
2 extraction with CHCl, 65 33
Addition of saturated NkCI
3 solution, extraction with C}Cl, 38 7
Addition of H,O (excess),
4 extraction with CHCl, 5 61 14
5 Removal of CHCI, under HV 5 36 57
6° Addition to Wittig reagent 4 3 -
Removal of CHCI, under HV,
7 redissolved in THF and addition 4 44 926
to Wittig reagent
Addition of THF, removal of
8 CHCl; under HV, addition to 4 71 926

Wittig reagent

2After the described work-up, flash column chromaapgy (10:1 =
pentane: BED) was performedisolated yield ‘eewas not measured.

The route toward aldehyde fragmet(and its stable alcohol
precursorl5) continued with the hydrogenation of the double

excess 10, Scheme 3). At this point, we investigated thebond of 4 using Pd/C (10 w%) under jrtmosphere. Using

antiperiplanar migration of the vicinal C—C bond ltenzylic
position using a Yamamoto rearrangeniéfif. Therefore, we
applied the original reaction conditions using &b@metric
amounts of thein situ formed aluminum-based Lewis acid
MABR (methylaluminum bis-(4-bromo-2,6-dért-
butylphenoxide)f*** The originally described work-up with
NaFH,O gave aldehydell in 33% yield and a decreased
enantiomeric excesed of 60% (Table 1, entry 1). Therefore,

MeOH as solvent led to an undesired cleavage of ilye s
group® This problem was solved by changing the solvent to
MeCN which afforded estel3 in 93% yield. Estel3 was then
transformed into aldehydd4 in 83% yield via DIBAL-H
reduction. At this point, our synthesis towards theydlic
alcohol 3 converged into Pastre’s and Ye's rotftd&ollowing
their conditions, acid catalyzed cyclization andylsiether
cleavage usingp-TsOH was followed by hydrogenation
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employing Pd/C in MeOH (10 w%, slightly acidic) tovei

bicyclic alcoholl15 in 66% yield.

OMe

/@\/\/OH
MeQ Z 2. TBSOTY, 2,6-lutidine

12 CH,Cl,, 0°C, 2 h

1. Ti(O'Pr),, (+)-DET,
BUOOH, 4 AMS
CHyClp, —20°C, 2 h

— -
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OMe

O,
Meo/©\=/\/OTBS

6
(4-Br-2,6-Buy-Ph),AlMe

using a streamlined synthesis involving a two-carlimmo-
logation and a subsequent zirconium-catalyzed edwbanation.
The polyketide fragmer? was obtained in nine steps with 17%
overall yield from 3,5-dimethoxybenzaldehyde. Coempéntary
to the previously reported syntheses, the singlesgenic center
in 3 was generated from silylated epoxyalcot®lusing a
semipinacol rearrangement.

80%, 96% ee .
CH,Clp, =78 °C, 15 min

1% then
96 %ee | Eto,C._ PPhyBr
KO'Bu, THF, 0°C, 4 h

4, Experimental section

4.1 General procedures

OMe

All reactions sensitive to moisture and/or air weesf@rmed
under an argon atmosphere using Schlenk technidresgents
and solvents were obtained from commercial sourcdsuaed as
received unless otherwise noted. Anhydrous solvemtsF(
CH,CI,, EtO, PhMe) were purified using the solvent purification
system MB-SPS-800 (Braun). The solvents (EtOAGOED-
pentane) used for column chromatography and workwepe
purified from commercially available technical geasblvents by
distillation under reduced pressufguclear magnetic resonance
spectra H NMR, *C NMR) were recorded at the following
frequenciesH NMR at 400, 500, and 700 MHZ:C NMR at
100, 125, and 175 MHz with solvent resonance as rtteznial
standard 'H NMR: CDCk at 7.26 ppm,*C NMR: CDC} at
77.0 ppm).*H NMR data are reported as follows: chemical shift,
multiplicity (s = singlet, brs = broad singlet, ddeublet, dd =
doublet of doublet, t = triplet, m = multiplet), waling constant
(Hz), and integration. High resolution mass spectrarewe
measured with a TOF mass spectrometer. TLC visumlizavas
accomplished using UV light and/or staining in a Gér&ulfate

PdIC, Hy
MeCN, 23°C, 16 h Moo
93%

DIBAL-H

83%
" | CHCl, -78°C, 1h

OMe OMe

yy OTBS 1. p-TsOH-H,0, PhMe, 23°C, 1h
3 2. Pd/C, Ha, MeOH, 23 °C, 16 h MeO
66% (2 steps)

Scheme 3: Synthesis of fragmenib.

Finally, the coupling of fragment® and 3 was carried out
following Ye’'s™ and Pastre’ procedure. The aldehyde
fragment was prepared by Dess-Martin oxidatiod®fo give3,
which wasdirectly added to a solution @ situ lithiated vinyl

iodide 2. The allylic alcohol16 was obtained in 70% vyield ggjytion (5.0 g phosphomolybdic acid, 16 mL conc,SE,

thereby completing the formal synthesis of actinoree (Figure 500 mL HO, 4.0 g cerium(IV) sulfate) or acidizanisaldehyde

4). solution (450 mL EtOH, 25 mL anisaldehyde, 25 mL conc
H,SO,, 8 mL AcOH) and subsequent charring. Yields refer to

Qe isolated yields after flash column chromatography.

OMe

H OH  Dess-Martin periodinane

NaHCO3, CHxCl,, 0°C, 1 h

MeO MeO

4.2 Synthesis of Methyl 2-((1S,4aS,8aS)-2,5,5,8a-tettgie
15 3 1,4,4a,5,6,7,8,8a-octahydronaphthalen-1-yl)ace(ga)ye >*
2, n-BuLi, Et,0
-78°C,1h
then 3

70%
(from 15)

(3aR)-(+)-Sclareolide (1.00 g, 4.00 mmol) was dissohied
MeOH (19 mL) and then treated with conc,S@)y, (0.7 mL).
After refluxing for 3 h, MeOH was distilled off andettresidue
dissolved in BEO (100 mL), washed with @ (2 x 50 mL),
saturated aqueous NaHEg@ x 50 mL), and brine (20 mL). The
organic phase was dried over anhydrous MgSénd
concentrated under reduced pressure. The crudeeslkeere
separated by column chromatograpiypéntane/ED = 120:1 to
80:1) givingA"®8 (636 mg, 2.4 mmol, 60%) ant®® (424 mg,
1.60 mmol, 40%) alkenes as colorless oils.

8: R; = 0.46 (-pentane/BO = 40:1);'H (500 MHz, CDC)): &
=5.47 —5.39 (m, 1H), 3.68 (s, 3H), 2.490¢; 9.5 Hz, 1H), 2.42

—2.35 (m, 1H), 2.17 (dd} = 16.5, 9.7 Hz, 1H), 2.04 — 1.95 (m,

According to Xu's and Ye's work® actinoranonel can be 1H), 1.84 (dddtJ = 17.5, 12.0, 4.5, 2.4 Hz, 1H), 1.75 — 1.65 (m,
obtained from 16 in three additional steps inverting the 1H), 1.56 — 1.53 (m, 3H), 1.53 — 1.37 (m, 3H), 1.28 (&= 12.2,
configuration at C-15 under Mitsunobu conditionfideed by 4.7 Hz, 1H), 1.18 (tdJ = 13.1, 3.6 Hz, 1H), 1.09 (id,= 13.0,
benzylic C—H oxidation using DDQ, and basic hydrolysfisthe 3.9 Hz, 1H), 0.88 (s, 3H), 0.86 (s, 3H), 0.75 (s, 3HnppC
Mitsunobu ester. (125 MHz, CDC)): 6 = 175.5, 133.8, 122.9, 51.9, 50.7, 49.9,
42.2,39.2, 36.1 33.3, 33.1, 23.8, 22.0, 21.5,,1891 (2C) ppm.

The analytical data were identical with those pulelsti

actinoranone (1)
Scheme 4: Completion of the formal synthesis of actinoranone
1.15

3. Conclusion

.3 Synthesis of 2-((1S,4aS,8aS)-2,5,5,8a-tetrainkihyia,5,6,

In summary, we have achieved a formal synthesis o '8.8a-octahydronaphthalen-1-yl)ethan-1-8) (

actinoranone starting from commercially available (+)-
sclareolide an@®,5-dimethoxybenzaldehyde. The synthesis of the
terpenoid fragmen2 was completed in 5 steps and 47% yield



To a suspension of LiAlH(0.230 g, 6.05 mmol, 1.5 equiv) in
anhydrous ED (20 mL), a solution of este8 (1.07 g,
4.04 mmol, 1.0 equiv) in anhydrous,8t (40 mL) was added
slowly at 0 °C. The mixture was stirred for 1 h befar was
quenched by the addition of aqueous HCIm;(150 mL).
Afterwards, the mixture was extracted with@&t4 x 50 mL) and
the combined organic layers were washed with satuesjadous
NaHCO, (50 mL), dried over anhydrous MggO and
concentrated under reduced pressure. After puiiicaty
column chromatographyn{pentane/EtOAc = 5:1), alcohd®
(0.954 g, 4.04 mmol, >99%) was obtained as colodédss

9: R = 0.39 -pentane/EtOAc = 5:1fH (400 MHz, CDC)):

8 =5.41 (brs, 1H), 3.78 (dd,= 9.5, 5.2 Hz, 1H), 3.66-3.47 (m,
1H), 2.04-1.91 (m, 1H), 1.92-1.78 (m, 1H), 1.72 (@d; 14.2,
7.2 Hz, 2H), 1.66 (s, 3H), 1.66-1.64 (m, 1H), 1.57-1mM54H),
1.40 (d,J = 13.9 Hz, 1H), 1.18 (dd] = 11.9, 5.1 Hz, 1H), 1.13
(dd,J = 13.1, 3.9 Hz, 1H), 0.95 (d§,= 13.1, 3.9 Hz, 1H), 0.87
(s, 3H), 0.85 (s, 3H), 0.76 (s, 3H) ppHC (100 MHz, CDC)): &
=134.7,122.8, 64.5, 50.8, 50.2, 42.4, 39.3, 3&263, 33.1, 30.6,
23.9,22.2,22.0,18.9, 13.7 ppm.

4.4 Synthesis of (4aS,5S,8aS)-5-(2-iodoethyl)-4,8;ttrame-
thyl-1,2,3,4,4a,5,8,8a-octahydronaphthalet@) (

To a solution of alcohdd (500 mg, 2.12 mmol, 1.0 equiv) in
anhydrous THF (35 mL), PRI{666 mg, 2.54 mmol, 1.2 equiv),
imidazole (288 mg, 4.23 mmol, 2.0 equiv), and (644 mg,
2.54 mmol, 1.2 equiv) were subsequently added aadnitture
was stirred for 2 h at 23 °C. The reaction was quetdby the
addition of saturated aqueous,S#; (50 mL) and extracted

5
(dd,J=13.1, 3.8 Hz, 1H), 1.01 (td,= 13.1, 3.8 Hz, 1H), 0.87
(s, 3H), 0.85 (s, 3H), 0.75 (s, 3H) ppiC (125 MHz, CDC)): &
=134.7,122.9, 85.0, 68.4, 53.8, 50.2, 42.4, 38627, 33.3, 33.2,
26.4, 23.9, 22.3, 22.0, 20.5, 18.9, 13.8 ppm.

4.6 Synthesis of (4aS,5S,8aS)-5-((E)-4-iodo-3-ntaityg-en-1-
yI)-S:ng.,1,4a,6-tetramethyl-1,2,3,4,4a,5,8,8a-octahytdmhthalene
@

To a solution of CgZrCl, (24.0 mg, 0.0820 mmol, 0.5 equiv)
in anhydrous CKCl, (6.0 mL), MeAl (2 M in PhMe; 0.24 mL,
0.489 mmol, 3.0 equiv) was added slowly at —30 °Ce Phle-
yellow mixture was stirred for 30 min at 23 °C anabled to
—30 °C again. At this point, #@ (4.40 puL, 0.245 mmol, 1.5
equiv) was added and the mixture stirred for addéic30 min,
and then a solution of alkyn&l (40.0 mg, 0.163 mmol, 1.0
equiv) in anhydrous C}€l, (0.30 mL) was added. After 1 h, |
(54.0 mg, 2.12 mmol, 1.3 equiv) dissolved in anbwydr THF
(0.60 mL) was added and the yellow solution was stifog 4 h
at 0°C. The reaction was quenched with saturatececacpu
NaHCQO; (10 mL) followed by extraction witm-pentane (3 x
30 mL). The combined organic phases were washed wittle b
(20 mL), dried over anhydrous MggCand concentrated under
reduced pressure. The crude product was purifieccdiymn
chromatography ntpentane) yielding vinyl iodide (44.0 mg,
0.154 mmol, 94%) as colorless solid.

2: Ry = 0.94 @-pentane)H (500 MHz, CDC}): & = 5.89 (q,J
= 1.1 Hz, 1H), 5.40 (brs, 1H), 2.46 — 2.33 (m, 1H)62dddd,J
=13.7, 10.3, 6.2, 0.8 Hz, 1H), 2.00 — 1.93 (m, 1H391- 1.86
(m, 1H), 1.85 (dJ = 1.1 Hz, 3H), 1.83 — 1.78 (m, 1H), 1.68 (brs,

with ELO (3 x 50 mL). The combined organic phases were drie@H), 1.62 — 1.47 (m, 3H), 1.47 — 1.38 (m, 2H), 1.34.26 (m,
over anhydrous MgSfand concentrated under reduced pressurelH), 1.20 — 1.12 (m, 2H), 0.93 (tdl= 13.1, 3.9 Hz, 1H), 0.87 (s,
The crude product was purified by column chromatolgya(n- 3H), 0.85 (s, 3H), 0.75 (s, 3H) ppMiC (125 MHz, CDC)): & =
pentane) giving alkyl iodidd0 (693 mg, 2.00 mmol, 95%) as 148.7, 135.0, 122.8, 75.0, 54.4, 50.3, 42.4, 42923, 36.9, 33.3,

colorless oil.
10: Ry = 0.98 O-pentane);lH (400 MHz, CDC)): 6 = 5.42
(brs, 1H), 3.38 (ddd] = 10.3, 9.4, 4.7 Hz, 1H), 3.14 (td= 9.4,

7.5 Hz, 1H), 2.05 (dddd] = 14.7, 10.3, 7.5, 1.8 Hz, 1H), 2.01 —

1.94 (m, 1H), 1.89 — 1.72 (m, 3H), 1.67 (s, 3H), 165.60 (m,
1H), 1.56 — 1.51 (m, 1H), 1.47 (t4,= 10.2, 3.4 Hz, 1H), 1.41
(dtd, J = 13.1, 3.2, 1.7 Hz, 1H), 1.19 (di= 12.0, 4.9 Hz, 1H),
1.15 (dd,J = 13.2, 3.9 Hz, 1H), 1.04 (td,= 13.1, 4.1 Hz, 1H),
0.87 (s, 3H), 0.85 (s, 3H), 0.74 (s, 3H) ppHC (100 MHz,
CDCl): & = 133.7, 123.4, 56.6, 50.1, 42.3, 39.3, 36.8, 33331,
32.7,23.9,22.2,22.0, 18.8, 13.9, 8.5 ppm.

4.5 Synthesis of (4aS,5S,8aS)-5-(but-3-yn-1-y|}}a,6-tetrame-
thyl-1,2,3,4,4a,5,8,8a-octahydronaphthaleb#) (

To a suspension of LAEDA (40.0 mg, 0.434 mmol, 1.6ieq
in anhydrous DMSO/ED (1:1 viv; 0.6 mL), was added a
solution of iodide 10 (100 mg, 0.289 mmol, 1.0 equiv) in

33.1, 25.7, 24.2, 24.0, 22.3, 22.0, 18.9, 13.7 ppm.

4.7 Synthesis of (E)-3-(3",5-dimethoxyphenyl)pregr2l-ol
(12)43,55

Triethyl phosphonoacetate (6.05 mL, 14.1 mmol, éiiv)
was added to a suspension of NaH (60 w% mineral &G800g,
24.0 mmol, 1.8 equiv) in anhydrous THF (71 mL) &) The
suspension cleared after stirring for 30 min, dmehta solution
of the 3,5-dimethoxybenzaldehydé, (2.00 g, 12.0 mmol, 1.0
equiv) in anhydrous THF (4.0 mL) was added. Stirrings
continued for additional 16 h during gradual warmtng23 °C.
The mixture was then quenched with saturated aqulsL€l
(20 mL) and extracted with 2 (4 x 50 mL). The combined
organic phases were dried over anhydrous MgSfhd
concentrated under reduced pressure. The obtainett @ster
was dissolved in anhydrous &, (50 mL) and DIBAL-H (M
in CH,Cl,; 36.0 mL, 36.1 mmol, 3.0 equiv) was slowly added at 0

anhydrous ED (0.3 mL) at 0 °C. The reaction was stirred for 1 h°C. The reaction mixture was stirred for 1 h andchtheenched

and then another portion of LAEDA (40.0 mg, 0.434 mmiadb
equiv) was added. After 3 h the reaction was quentiyethe
addition of HO (2.0 mL) and extracted with &£ (3 x 30 mL).
The combined organic phases were washed wiid K2 x

by careful addition of aqueous HCIM130 mL). The mixture
was stirred for 30 min and then extracted withOE¢4 x 50 mL),
dried over anhydrous MgSQand concentrated under reduced
pressure. The crude product was purified by column

10 mL), dried over anhydrous MggQand concentrated under chromatography (ED/n- pentane = 2:1) giving allylic alcoh@?

reduced pressure. The crude product was purifieccdiymn
chromatography ntpentane) giving the alkyn&l (61.7 mmol,
0.252 mmol, 87%) as colorless oil.

11: R = 0.76 (-pentane);'H (500 MHz, CDC)): § = 5.41
(brs, 1H), 2.37 (dddd] = 16.7, 9.1, 5.0, 2.6 Hz, 1H), 2.18 (did,
=16.7, 8.3, 2.6 Hz, 1H), 2.02 — 1.97 (m, 1H), 1.96 & 2.6 Hz,
1H), 1.89 — 1.83 (m, 2H), 1.76 — 1.70 (m, 2H), 1.68), 1.59
—1.48 (m, 1H), 1.48 — 1.37 (m, 3H), 1.22 — 1.17 {i), 1.15

(2.01 g, 10.4 mmol, 86%) as colorless oil.

12: Ry = 0.66 (-pentane/BD = 1:3);'H (500 MHz, CDC}): &
= 6.56 — 6.55 (m, 1H), 6.54 (d,= 2.3 Hz, 1H), 6.53 — 6.51 (m,
1H), 6.38 — 6.36 (m, 1H), 6.34 (dd,= 15.9, 5.7 Hz, 1H), 4.63
(brs, 1H), 4.31 (dJ = 5.6 Hz, 2H), 3.79 (s, 6H) ppnt’C
(125 MHz, CDC})): & = 161.0 (2C), 138.9, 131.1, 129.2, 104.7
(2C), 100.0, 63.7, 55.4 (2C) ppm.
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4.8 Synthesis of tert-butyl(((2R,3R)-3-(3",5 -diro&jphenyl)
oxiran-2-yl)methoxy)dimethylsilané){*

To a suspension of (+)-DET (0.240 mL, 1.41 mmol,80.1
equiv) and powdered (or grinded) 4 A MS in anhydr@iCl,

Tetrahedron

4: R; = 0.45 (-pentane/BD = 8:1); p]p”> = +12.8 (CHCJ, ¢
= 1.4); IR: v = 833, 1152, 1428, 1461, 1594, 1717, 2856, 2929,
2953 cn; *H (500 MHz, CDCY): & = 7.15 (dd,J = 15.8, 7.3 Hz,
1H), 6.39 — 6.26 (m, 3H), 5.85 (dd,= 15.8, 1.4 Hz, 1H), 4.18
(9, J = 7.1 Hz, 2H), 3.85 (dJ = 6.7 Hz, 2H), 3.78 (s, 6H), 3.54

(25 mL), Ti(OPr), (0.350 mL, 1.17 mmol, 0.15 equiv) was added(q, J = 6.7 Hz, 1H), 1.27 (J = 7.1 Hz, 3H), 0.86 (s, 9H), 0.01 (s,

at—20 °C. The mixture was stirred for 30 min and tf&mOOH
(5.5 in decane; 2.85 mL, 15.7 mmol, 2.0 equiv,) was ddde
After stirring for additional 30 min at20 °C, a solution of allylic
alcohol12 (1.52 g, 7.83 mmol, 1.0 equiv) in anhydrous,CH
(3.5 mL) was added. The reaction mixture was stifoe@ h at-
20 °C and then quenched by the addition of aquBa@H (10%

w/w; 10 mL) and brine (10 mL). The mixture was filtered

through a pad of Celite and the filtrate was thetraexed with

3H),-0.01 (s, 3H) ppm:°C (125 MHz, CDCJ): § = 166.4, 160.8
(2C), 148.4, 142.0, 122.5, 106.4 (2C), 98.7, 6621, 55.2 (2C),
51.2, 25.7 (3C), 18.1, 14.15.6 (2C) ppm; HRMS (ESI):
[M+H]® calculated for GH30sSIH 395.2249, found:
395.2230; [M+Na] calculated for GH3,0sSiNa: 417.2068,
found: 417.2082.

4.10 Synthesis of ethyl (S)-5-((tert-butyldimetiyilsixy)-4-

CH.CI, (3 x 50 mL). The combined organic phases were dried3’,5 -dimethoxyphenyl)pentanoats)
over anhydrous MgS{and concentrated under reduced pressure.

The obtained crude epoxide was dissolved in anhgd€Cl,
(77 mL) and treated with 2,6-lutidine (1.09 mL, 9mtnol, 1.2
equiv) and TBSOTf (1.98 mL, 8.61 mmol, 1.1 equi¥)0a°C.
The solution was stirred for 2 h at this temperatbefore
quenching with saturated aqueous NaHC(30 mL) and
extracted with CHECI, (3 x 50 mL). The combined organic
phases were dried with anhydrous MgSénd concentrated
under reduced pressure. After purification
chromatographyr¢pentane/ED = 11:1), TBS-protected epoxide
6 (2.03 g, 6.26 mmol, 80%, 96%e was obtained as colorless
oil.

6: Ry = 0.74 (-pentane/ED = 8:1); []p>> =-28.7 (CHC}, ¢

by column

A mixture of alkene4 (173 mg, 0.437 mmol, 1.0 equiv) and
Pd/C (17.5 mg, 40 mg/mmol, 1086w) in MeCN (2.0 mL) was
stirred under K atmosphere for 16 h at 23 °C. The mixture was
filtered through a pad of Celite® and the filtekeavashed with
EtOAc. The filtrate was concentrated under reducesspre and
the residue purified by column chromatographypéntane/E0D
= 9:1) giving estel3 (161 mg, 0.406, 93%) as pale-yellow oil.

13: Ry = 0.44 f-pentane/BD = 8:1); [r]p™° = +8.15 (CHCJ, ¢
=0.75); IR: ¥ = 835, 1154, 1204, 1429, 1462, 1595, 1733, 2856,
2930, 2953 ci; *H (500 MHz, CDCJ): & = 6.34 (d,J = 2.2 Hz,
2H), 6.32 (tJ = 2.6 Hz, 1H), 4.08 (qdl = 7.1, 1.0 Hz, 2H), 3.77
(s, 6H), 3.73 —3.63 (m, 2H), 2.71 — 2.62 (m, 1H)42-2.15 (m,

= 1.0); IR: ¥ = 833, 1152, 1252, 1347, 1461, 1470, 1597, 23603H), 1.87 — 1.79 (m, 1H), 1.22 (= 7.1 Hz, 3H), 0.86 (s, 9H),

1856, 2929, 2953 ch 'H (500 MHz, CDCJ): 6 = 6.44 (d,J =
2.3 Hz, 2H), 6.39 () = 2.3 Hz, 1H), 3.96 (dd] = 12.1, 3.0 Hz,
1H), 3.83 — 3.79 (m, 1H), 3.78 (s, 6H), 3.76 (s 2.1 Hz, 1H),
3.12 - 3.07 (m, 1H), 0.92 (s, 9H), 0.11 (s, 3H), qsL,BH) ppm;
¥C (125 MHz, CDCJ): & = 161.2 (2C), 140.0, 103.5 (2C), 100.5,
63.0, 62.7, 56.0, 55.5 (2C), 26.0 (3C), 18.6,1 (2C) ppm;
HRMS (ESI): [M+Na[ calculated for GH,s0,SiNa": 347.1649,
found: 347.1640; [M+K] calculated for GH,0,SiK"
363.1389, found: 363.1391.

4.9 Synthesis of ethyl (S,E)-5-((tert-butyldimeihy)sxy)-4-
(3,5 -dimethoxyphenyl)pent-2-enoa#'t

4-Bromo-2,6-ditert-butylphenol (703 mg, 2.46 mmol, 4.0
equiv) was dissolved in anhydrous £&Hp (14 mL) and the
yellow solution was degassed (freeze-pump-thaw; thyetes).
Subsequent addition of M& (2mM in PhMe; 0.62 mL,
1.23 mmol, 2.0 equiv,) gave a colorless solutiotirriBg was
continued for 1 h till the gas development has ega#fter
cooling to—78 °C, a solution of epoxid@ (200 mg, 0.616 mmol,
1.0 equiv) in CHCI, (1.5 mL) was added to give a bright yellow
solution. After 15 min stirring, anhydrous THF (3r0L) was
added to the mixture and GEl, was carefully removed HV with
the help of a cooling trap during warming to 23 Ws{llation
was stopped after visual reduction of the 15.5 mICB§Cl, and
visual slowed or stopped distillation process). Tiesulting
solution was then added to a suspension of the gMigagent
(845 mg, 1.85 mmol, 3.0 equiv) and KD (200 mg, 1.79 mmol,
2.9 equiv) in anhydrous THF (8.0 mL), which was poesily
reacted for 30 min at 0 °C. The reaction mixtures\gtrred for
additional 4 h at 0°C and quenched with saturatedeaus
NH,CI (20 mL). The mixture was extracted with,@t (4 X
50 mL), the combined organic phases were dried ambydrous

0.01 (s, 3H),-0.03 (s, 3H) ppm;°C (125 MHz, CDCJ): & =

173.8, 160.9 (2C), 144.8, 106.4 (2C), 98.5, 67093655.4 (2C),
48.5, 32.5, 27.3, 26.0 (3C), 18.4, 14.5,3 (2C) ppm; HRMS
(ESI): [M+Na] calculated for GHsc0sSiNa": 419.2224, found:
419.2218; [M+K[ calculated for GHsOsSIK™: 435.1964,
found: 435.1949.

4,11 Synthesis of (S)-5-((tert-butyldimethylsilyy)e%-(3",5"-
dimethoxyphenyl)pentan&l4)

To a solution of estet3 (73.0 mg, 0.184 mmol, 1.0 equiv) in
anhydrous CKCl, (1.8 mL), was added DIBAL-H (1M in
CH,Cly; 0.20 mL, 0.202 mmol, 1.1 equiv) at —78 °C. After
stirring for 1 h, the reaction was quenched by thditeon of
saturated aqueous potassium sodium tartrate (5)Qstitred for
30 min and extracted with EtOAc (3 x 20 mL). The camelli
organic phases were dried over anhydrous MgSind
concentrated under reduced pressure. After puiificadf the
crude by column chromatographyn-ggentane/EO 5:1),
aldehyde 14 (53.8 mg, 0.153 mmol, 83%) was obtained as
colorless oil.

14: Ry = 0.42 @-pentane/BD = 6:1); o™ = +11.0 (CHCJ, ¢
= 1.05); IR: ¥ =835, 1110, 1152, 1204, 1252, 1428, 1461, 1594,
1724, 2856, 2929, 2952 ¢m'H (500 MHz, CDCJ): & = 9.70 (t,
J=1.6 Hz, 1H), 6.50 — 6.17 (m, 3H), 3.77 (s, 6H), Id@ J =
9.9, 5.4 Hz, 1H), 3.66 (dd, = 10.0, 7.4 Hz, 1H), 2.66 (ddi,=
10.2, 7.4, 5.1 Hz, 1H), 2.36 (td= 7.8, 1.4 Hz, 2H), 2.29 — 2.07
(m, 1H), 1.91 — 1.74 (m, 1H), 0.87 (s, 9HD.01 (s, 3H)-0.02
(s, 3H) ppm;*C (125 MHz, CDC)): § = 202.5, 161.0 (2C),
144.6, 106.4 (2C), 98.6, 67.9, 55.4 (2C), 48.42426.0 (3C),
24.5, 18.4-5.3 (2C) ppm; HRMS (ESI): [M+H]calculated for
CygH3,05SiH™: 353.2143, found: 353.2161.

MgSQ,, and concentrated under reduced pressure. Thee crud.12 Synthesis of (S)-(5,7-dimethoxy-1,2,3,4-tgttednaphtha-

product was purified by column chromatograpmpéntane/E0D
= 11:1) yielding este4 as pale-yellow oil (173 mg, 0.437 mmol,
71%, 96%¢6).

len-1-yl)methano(15)
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A solution of aldehydd4 (53.8 mg, 0.153 mmol, 1.0 equiv) 3H), 2.88 — 2.79 (m, 1H), 2.62 (dt,= 16.7, 6.4 Hz, 1H), 2.51
in anhydrous PhMe (5.2 mL) was treated wipiSA-H,O (dt, J =17.0, 6.3 Hz, 1H), 2.21 (td,= 13.2, 12.6, 4.5 Hz, 1H),
(28.5 mg, 0.153 mmol, 1.0 equiv). The reaction wiésed for  2.02 — 1.74 (m, 8H), 1.69 (s, 3H), 1.66 — 1.60 (m,, 258 (s,
1h at 23°C and quenched with saturated aqueous NaHCQGH), 1.49 — 1.30 (m, 4H), 1.29 — 1.12 (m, 3H), 0.90.92 (m,
(5.0 mL). The mixture was extracted with EtOAc (3 xrD), 1H), 0.88 (s, 3H), 0.85 (s, 3H), 0.75 (s, 3H) ppra; (125 MHz,
the combined organic phases were washed with brinen(30 CDCly): 6 = 158.5 (2C), 139.3, 138.9, 135.7, 126.2, 12220,1,
dried over anhydrous MgSQand concentrated under reduced 105.0, 96.4, 72.0, 55.7 (2C), 55.0, 50.6, 44.67 422.6, 39.6,
pressure. The crude product was purified by columr37.2, 33.6, 33.4, 26.1, 24.2, 23.8, 23.0, 22.63,220.6, 19.2,
chromatographyntpentane/ED = 8:1) giving the corresponding 17.2, 13.9 ppm.
3,4-alkene (45.1 mg, 0.135 mmol, 88%) as colortdéss

R; = 0.78 @-pentane/BO = 5:1); f]o>> = +1.77 (CHC}, ¢ =  Acknowledgments
0.93); IR: v = 833, 1092, 1148, 1207, 1319, 1425, 1463, 1576,
1603, 2856, 2928, 2952 ¢m'H (500 MHz, CDCJ): & = 6.71
(dd, J = 9.8, 2.9 Hz, 1H), 6.35 (d| = 2.3 Hz, 1H), 6.32 (d] =
2.3 Hz, 1H), 5.73 (dddj = 9.5, 5.9, 2.8 Hz, 1H), 3.81 (s, 3H),
3.80 (s, 3H), 3.65 — 3.44 (m, 2H), 2.89 — 2.82 (m,, 51 (ddd,
J=17.4,6.0, 2.6 Hz, 1H), 2.42 — 2.29 (m, 1H), 08%(), 0.00 .
(s, 6H) ppm:=°C (125 MHz, CDCJ): 5 = 159.5, 156.0, 138.5, “JPplementary Information
122.7,120.7, 116.2, 105.8, 97.0, 64.5, 55.7, 56L9), 26.1 (3C), Supplementary data related to this article carobed at
24.3, 18.5,-5.2,-5.3 ppm.; HRMS (ESI): [M+H] calculated for
C1H3500sSiH": 335.2037, found: 335.2054; [M+Natalculated
for CygH300;SiNa": 357.1856, found: 357.1869.

A mixture of the intermediate alkene (45.1 mg, 0.h8%ol, References
1.0 equiv) and Pd/C (5.40 mg, 40 mg/mmol, 1@#&) in MeOH
(1.0 mL) was stirred under Hatmosphere for 16 h at 23 °C. To 1. Martins A, Vieira H, Gaspar H, SantosM@r. Drugs2014; 12:
the mixture EtOAc (80 mL) was added and the suspensio ~ 1066.
filtered through a pad of Celite®. The filtrate wesncentrated Montaser R, Luesch Huture Med. Chen011; 3: 1475.
under reduced pressure and the residue purifiedcdiymn Haefner BDrug Discovery Todag003,; 8: 536.
chromatography ntpentane/EtOAc = 3:1) giving alcohdb Dgnla dgablamann MTLgncgt Infect. Dis2003; 3: 338.
(22.5 mg, 0.101 mmol, 75%) as colorless oil. Bérdy JJ. Ar,'t'b'Ot'2005' 58: 1. o,

15: R, = 0.28 f-pentane/EtOAC = 3:1)u],2 = —2.2 (CHCJ, l(\)/llano C, Méndez C, Salamr. .Drugszoog, 7:210.

_ 1 e _ ann JNat. Prod. Rep2001; 18: 417.
¢ = 1.0);"'H (500 MHz, CDCJ): & = 6.39 (d,J = 2.2 Hz, 1H), Oldfield C, Wood NT, Gilbert SC, Murray FD, (fa FR
6.32 (d,J = 2.3 Hz, 1H), 3.81 (d] = 6.3 Hz, 2H), 3.79 (s, 6H), ' ' ' ' '

ntonie
2.92 (p,Jd = 5.4 Hz, 1H), 2.62 (d{J = 16.9, 5.1 Hz, 1H), 2.53 — van Leeuwenhodl@9s: 74: 119.

2.42 (m, 1H), 1.95 — 1.86 (m, 1H), 1.81 (dds 10.5, 3.6 HZ, 9. Dpharmaraj SWorld J. Microbiol. BiotechnoR010; 26: 2123.
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