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1. Introduction

The first member of the citreamicin family of arititics; which
constitutes a novel subclass of polycyclic xanthomatural
products, was isolated by Lechevalier in 1989 frangulture of
Micromonospora citrea that was taken from lake Manyara in
Tanzanid? Shortly after this initial discovery, additionalembers
of this family were isolated and characterized bart€® and
others®® The citreamicins generally display potent inhibjto
activity against a broad spectrum of Gram-positaerobic and
anaerobic bacteria, but given the current problefmincreasing
antibiotic resistance, it is especially notable tha citreamicins are
active against multidrug-resistant vancomycin-tesis
Enterococcus faecalis (VRE) and Saphylococcus aureus
(MDRSA) X With a minimum inhibitory concentration (MIC) 062
nM against several Gram-positive strains, citreamic(1) is one
of the most potent members of this family (FigujeICoupled
with their impressive antibiotic activity, severalembers of the
citreamicin family exhibit cytotoxic activity agah HelLa and
Hep62 cells® The feature that differentiates the citreamiciresrf
other polycyclic xanthones natural products suclteasinomycin
A, 22),2 IB-00208 R),? kibdelone C4),* kigamicin &), xantholipin
(6)° and other$, is a dihydrooxazolo-[3,2-b]-isoquinolinone
tricyclic subunit that comprises the GAB rings (g 1). In view
of the potent biological activities of the citre@mi antibiotics, it is
surprising that no member of this family has sudoed to
synthesis. On the other hand, the total synthekespoesentative
cervinomycing and kibdelonés have been reported, and we
recently disclosed the synthesis of the aglycontBdi0208 @).'°
Synthetic efforts directed toward a number of otpetycyclic

xantholipin (6)

kigamicin (5)
OMe

Figure 1. Polycyclic xanthone natural products.
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xanthones have also been descrifeédle now disclose the details
of our recent efforts to synthesize citreamigjn including the
preparation of the pentacyclic core as well asargbory studies to
annelate the G and A rings.

2. Retrosynthetic analysis

Naturally-occurring polycyclic xanthones captured attention
several years ago because of their complex moleanthitectures
coupled with their potent biological activities. &hunique
challenges associated with the synthesis of theeagiticins
appealed to us, so we initiated efforts towardttial synthesis of
citreamicinn (1). Drawing upon our successful invention of a novel
approach to 1,4-dioxygenated xanthones and itscapioin to the
synthesis of 1B-00208 aglycofé® we initially formulated the plan
for the synthesis of citreamicip (1) that is outlined in Scheme 1.
We envisioned final assembly dfby annelating the G and A rings
onto the hexacyclic precurso? via a thermodynamically-
controlled, diastereoselective condensation »f with (9-o-
methylseriné? Formation of7 from 8 requires a cross-coupling to

o /OH
ZM _ Late-Stage
%0_G \* O Annelation

7777777 Moore
Rearrangement
9 10
*GH MeQ OMe
7 MOMO 6 0
HO 8 OMe PMBO 4 17
= ) =
21 \
PMBO OMe 008 RCM
11 12
OMOM
OMe
MeQO
s ol e PMBO 4 _Br
+
19 17 O 20
13 14

Scheme 1. Retrosynthetic analysis.



introduce the ester and the acetonyl groupsmpound8 might
then be accessible from the quindheia sequential oxidation and
cyclization, whereas generation®features a variant of the Moore
rearrangement of0,"® which would be formed by the union of an
acetylide anion derived frorhl and the naphthocyclobutenoh2
There are no general methods for the synthesesulodtitited
naphthocyclobutenones like2, but we reasoned tha2 might be
prepared by coupling of bromostyretvewith the vinyl squaraté3
fO||O\1I\6Ied by a ring closing metathesis (RCM) to teethe arene
ring.

oH NBS/amine (1:1)

PhMe/DCM (2:3)
-78 °C

PMBO

OH OH
PMBO PMBO Br
+
Br | i
0] (e}
16 17

Table 1. Effect of amines on regioselectivity of brominatiof
18.

18

3. Synthesisof BCD ring precur sor

In our first approach to the napthocyclobutenorsgiment12,
which was required for the acetylide stitching step C4 phenolic
moiety of 3,4-dihydroxybenzaldehydel5) was selectively
protected as itp-methoxybenzyl (PMB) ether (Equation 1)To
our surprise, however, the amine-mediated, regotiee

Entry Amine Ratio of 16:17°
tert-BuNH,™ 1:3.75

2 (i-Bu).NH™™ 1:115

3 DBU 1:135

4 ™G 1:>20

bromination of the intermediate phenol did not pext at the 2-
position to givel7 as expectedf, but rather at C5 to furnishé

exclusively (Equation 1). To our knowledge, this tlse first
example of selective bromination of an isovanitierivative at the

a) Ratios determined by NMR.

Although the conditions identified in Table 1 faoiminating18
to give 17 worked well on a small scale, it was necessarhtmge

5-position™® Conversely, the corresponding benzyl ether analoghe stoichiometry of NBS to TMG from 1:1 to 1:2 avder to

underwent regioselective bromination to give a @@
derivative in 55% vyield. Apparently the PMB-proiegt group
influences the regiochemistry in this brominatibnt the origin of
this effect remains unknown.

OH  1)NaHCO,, Nal, PMBCI OH
HO DMF, 40 °C PMBO
(1)
2) NBS, (i-Bu),NH, CH,Cl, Br
| -78°C |
[e) o
0,
15 46% 16
OH
PMBO\@r
i
o
17
not isolated!

Our overall plan suggested that tRePMB protecting group
would likely be better than a benzyl group. Herwe,had to solve
the problem and develop a procedure that enablgidselective
brominationortho to the phenolic hydroxyl group ih8 at the 2-
position. Accordingly, we explored other conditidios the amine-
mediated bromination. We hypothesized that mordcbasines
would favor the desired pathway to forti, so we selecteébur
amines with varying basicity to evaluate their effeon the
regioselectivity in the bromination df5 (Table 1)*° Consistent
with expectations, we found that the selectivity oftho-

brominationof the phenol increased with basicity of the amine,

with tetramethylguanidine (TMG) providindl7 with >20:1
selectivity (Table 1, entry 4) using a solvent miet (2:3) of
toluene and CKCly;
this success.

use of toluene as a cosolvent proved critical to

selectively producel7 on a multigram scale because increased
quantities of16 were observed when a 1:1 ratio was employed
(Scheme 2). Protection of the phenolic hydroxy grau18 as a
methoxymethyl (MOM) ether followed by a Wittig oleétion in a
mixture (1:1) of THF and DMSO provided bromostyrebe in
85% overall yield. Unfortunately, initial attempte couple the
aryllithium reagent derived from4 by metal-halogen exchange
with the vinyl squaratd3 led to the isolation of the debrominated
product 20, and an unexpected side-product that was tenkative
identified as21 (Scheme 2).

PMBO NBS/TMG 12), | o g, 1) MOMCI, DIPEA,
_CHyCly, 78T r CH,Cl,
83% 2) PhsPMeBr,
17 6 n-BulLi,
THF/DMSO (1:1)
85%
MeQ OMe
OMOM tert-BuLi, E,0, 78 T; 13 MOMO o

then PMBO !

PMBO. Br
| L)
14 |

—78 T — 0 C; TFAA
19

OMOM MOMO O

PMBO

OMe

PMBO OMe

20 |
26-78%

21
10-20%

Scheme 2. Synthesis of bromostyrerid and attempted
coupling with squarat#3.

Debrominated starting materiad formed even in the presence
of NaH, suggesting that the something in the reaathixture, not
an adventitious protic impurity such as water, edras the proton
source. Some exploratory studies implicated thezylenprotons
on the PMB group as a probable proton source. \fise that the
aryllithium 22 is transformed by proton transfer into the benzyl
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anion 23, which forms 20 upon aqueous workup (Scheme 3,
Pathway A). Alternatively, the reaction of vinylusrate13 with
aryllithium 22 produces the addu@4, which is protonated to
furnish the desired9 (Scheme 3, Pathway B). The side-prodict
likely originates from protonation of dienola®s, which could be
generated via an oxy-anion accelerated electracyilg opening
of 24 (Scheme 3, Pathway &).

Pathway A
Disproportionation to benzyl anion
OMOM OMOM
. PMBO Li Ar__O "
1q fet-Buli Y HO" .
Li
22 23
MOMO  OLi OMe
PMBO X~ OMe
. OMe
25
H30* H30*
19 21
Pathway B Pathway C

Desired formation of 19 Ring-opening of squarate adduct

Scheme 3. Putative pathways forming side-products.

We postulated that the presence of non-polar ceestd could
favor more aggregated forms of aryllithiu2®2 that might be less
prone to suffer proton transfeérsAfter some experimentation, we
discovered that performing the metal-halogen exgbain a
mixture (5:1) of E4O and toluene at —78 °C, followed by addition
of 13 and warming the reaction mixture to 0 °C led te igolation
of 19 in 40% yield while suppressing the formation 20.
However, the ring-opened side-prodi2t was still isolated in
yields up to 20%. We reasoned that the oxy-aniehéctrocyclic
ring-opening reaction of24 would be suppressed at lower
temperatures and eventually found that raisingotite temperature
to —20 °C after the addition 4B enabled us to isolatE9 in 68%
yield with only traces o021 being observed. Heatirl9 in degassed
dichloroethane in the presence of Grubbs Il catddysring closing
metathesis and the formation of the naphthocyckrmel?2 in
78% (91% BRSM) yield (Scheme %)**

OMOM e OMeO
MOMO
tert-BuLi, Et,0/PhMe (5:1)
PMBO Br 78 °6; 13 PMBO !
then O /
-78 —-20°C |
14 68% 19
MeO OMe
Grubbs II, DCE MOMO . 0o
BHT, 90 °C; DMso  PMBO OO
78% (91% BRSM)
12

Scheme 4. Completiorof the naphthocyclobutenone fragment.
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4. Setting the stage for the M oor e r earrangement

4.1. First generation approach to precursor of Moore
rearrangement

With the naphthocyclobutenone fragm@&gtin hand, we turned
to the synthesis of a suitable substrate for thefgoearrangement.
In our first approach, the salicylaldehy@&, which was readily
prepared from 1,2 4-trimethoxybenzen&6)( by a known
proceduré® was O-protected with a PMB moiety to give8 in
nearly quantitative yield (Scheme 5). Addition of
ethynylmagnesium bromide t@8 then furnished the F-ring
fragmentll. Using conditions we previously developed during o
synthesis of IB-00208 aglycor®, 11 was treated with
tetramethylpiperidinomagnesium bromide (TMPMgBr)fétom an
intermediate magnesium acetylide that was couplétt &2 to
provide 10, albeit in only 40% vyield. We screened a number of
other bases and solvents to improve the yield isf idaction, but

these efforts were to no avalil.
o)
HO OMe

Meo\©:OMe 1) POCls, DMF

2) BBr3, CH,CI

OMe ) BBr3, CH,Cl,
27

PMBCI, DMF,
K»COj3

99%
See ref 25

26

(0]
PMBO OMe

28

OH

OMe
¥V 5
PMBO OMe

11

= MgBr
THF, 0T
98%

n-BuLi, PDA,
CeCl3-2LiCl, 0 T; 12
84% (91% brsm)

L.A., solvent/H,O
—_— %

OMe
OMe

OH OPMB

29
Scheme 5. Synthesis of F-ring fragment, acetylide coupling a
attempted hydrolysis.

Organocerium reagents may add more efficientlyetokes than
Grignard reagent. However, initial attempts to generate the
cerium reagent fromi1l were complicated by adventitious proton
sources in the Ce@PLiCl solution?” Because we wanted to
combinell and 12 in 1:1 stoichiometry, a suitable indicator was
needed so we could closely monitor formation of terium
acetylide anion fromll. Serendipitously, we had employed 4-
(phenylazo)diphenylamine (PDZ)as an indicator to titrate the
solutions of TMPMgBr used to deprotondt# (vide supra). We
were impressed by the vivid endpoints, so we qdesieether PDA
might be useful as an internal indicator to mongeneration of the
organocerium reagent froii. Gratifingly, we found that adding
BuLi to a mixture ofll, CeCke2LiCl, and PDA produced a vivid



purple endpoint showing that complete deprotonatih the
benzylic alcohol moiety ofll had occurred. Addition of another
equivalent of n-BuLi ensured quantitative formation of the
acetylide anion, whereupoi? was added to delivetO in 84%
yield. Subsequent to these experiments, we denatedtthat PDA
is generally an excellent indicator for titratingvariety bases,
Lewis acids and reducing agefts.

With compoundlO in hand, it remained to selectively hydrolyze
the dimethyl ketal moiety to furnisP9, the requisitesubstrate for
the Moore rearrangement. However, all attemptsotozert 10 into
29 using a variety of Lewis and Brgnsted acid catalysvariably
led to complex mixtures of compounds. This findimas surprising
because we had previously hydrolyzed a number ddtect
substrates without difficulty’** We eventually found thatl was
unstable to the acidic conditions, wherd®scould be recovered
unscathed, suggestiribat the benzyl alcohol moiety at C8 10
might be the offending functionalityrhis discovery signaled that
we needed a synthon for the F-ring subunit havingrezydealcohol
that would be less prone to solvolysis under additditions.

4.2. Second generation approach to precursor of Moore
rearrangement

A plausible explanation for the observed instapitif 10 is that
the benzylic C-OH bond at C8 in the putatively pregd
conformation of10 is aligned with theresystem of the arene as

shown in10a (Figure 2).We reasoned that constraining this C-O

bond in approximately the plane of the aromatig nmight allow
selective hydrolysis of the dimethyl ketal withoobncomitant
solvolysis of the benzyl alcohol moiety. This goalight be
achieved through the agency of a cyclic protectyrgup that
incorporated both the benzylic hydroxyl group are brtho
oxygen atom.

X
A OH R
\\‘ OH
OPMB / H
= MeO OPMB
MeO MeO
OMe

10
Figure 2. Putative origin of solvolytic instability dfO.

Based upon this hypothesis, we turned to the cilidether
protecting group in30, which was prepared in 82% yield by
addition of ethynylmagnesium bromide 23 and reaction of the
unstable intermediate alcohol with  t@ért-butylsilyl
bis(trifluoromethanesulfonate) DTBS(O7fjn analogy with our
previous work (Scheme &3.Application of the acetylide coupling
conditions developed previously furnish&l in 90% yield on
multigram scale. Gratifyingly, hydrolysis &L with H;PO,-doped
hydrated silica gel provide82 in virtually quantitative yield. The
stage was now set for the pivotal Moore rearranggme

o)
b[owle 1) =—MgBr,THF o OMe
t-Bu_ 1.
. S
HO OMe  2) (¢£BU);SI(OTh, rgd O OMe
CH,Cly, 2,6-lutidine
27 —-40-0°C 30
81%
n-BuLi, CeClge2LiCl H3PO,/Silica
THF, -78 — 0 °C; 12 CH,Cl,
then quant
AcOH
90%
31
0 OMe
MOMO . OH OMe
PMBO O
S
o: ©
t-Bu” “t-Bu
32

Scheme 6. Synthesis 082
5. Moorerearrangement and synthesis of the pentacyclic core

When 32 was heated at 100 °C in DMSO according to the
protocol developed during our synthesis of 1B-002@fycone’’
only trace amounts of the desired quinoB® were observed
(Scheme 7). In previous studies of the Moore reagement, we
observed that solvent could influence the outcoAwrordingly,
we screened a number of solvents and discoveredhéasing32 in
tert-amyl alcohol at 100 °C gave a mixture (~1:1) & tresired33
and the %exo cyclization producB4 (E/Z-ratio ca. 1.1:1) together
with smaller quantities of compounds that were ggwntly
identified as the hydroquinor85 and the C-H insertion addug.
The formation of products a34 from 5-exo-cyclizations in the
Moore reaction were known, but the isolation36fsuggested the
possible intermediacy of compounds with carbene-tikaracter at
C7. Although carbenoid mechanisms for the Mooreraegement
have been predicted computationdflysolation of36 offers some
experimental evidence for this mechanistic pathway.



tert-amylOH, 100 T
60%

33 (30%)

also isolated:

35 (6%) el
e
36 (5%)

Scheme 7. Initial studies of Moore rearrangement.

Recent studies of the Moore rearrangement revesl fhotic
solvents can affect the course of the reaction. example, when
1% H,O is present, mixtures (1:1) ofeéhdo and 6exo products are
formed, rather than products expected from a radigalization®
We thus surmised that use w@ft-amyl alcohol as solvent might
have a similar effect, so we queried whether impdoxatios 0f33
to 34 might be obtained in an aprotic solvent. We evaihu
discovered that the Moore rearrangement3@fin methyltert-
butylether (MTBE) proceeds at 60 °C to give a nriet(l.4:1, 70%
combined yield) o33 and 34, the latter of which was isolated as a
single diastereomer (Scheme 8); only trace amoaht36 were
detected.With a reliable procedure for forming3 in hand, the
cyclic silyl ether protecting group was removedhamiFe pyridine
to furnish37 in 73% yield. Compoun@7 proved to be sensitive to
acids, bases and a variety of oxidants, so opttonselectively
oxidize the benzylic alcohol were limited. Follogina
comprehensive examination of numerous oxidants, Me@erged
as the oxidant of choicg,although some experimentation with
Lewis basic additives was necess¥ryVe eventually discovered
that the combination of pyridine and MpQurnished8, which
comprises the pentacyclic core of citreamiginin reproducible
44% yield>

We then turned to the task of removing the PMB grou
However, exposure d to several oxidative conditions known to
remove PMB groups resulted in rapid decompositidn8g°®
whereas use of Lewis acids selectively removedMiV group,
perhaps owing to its close spatial proximity to tfugnone carbonyl
oxygen atoni’ Although we were able to selectively remove the
PMB group from8 by hydrogenolysis, the quinone and the C19-
C20 double bond were also unavoidably reduced doige 38 in
53% vyield. This was unexpected, but not unprecedkmts the
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double bond in the central ring of phenanthrenes karown to
undergo facile reduction by catalytic hydrogenafioihis result
has interesting implications for the synthesis tifeo polycyclic
xanthones, such as kibdelone4}, vhich lacks the double bond in
the C ring.

MnO,, CH,Cly/pyr (10:1)
44%

HFepyridine

pyridine, THF
73%

OMe

H, balloon, Pd/C

PhMe/MeOH
53%

38
Scheme 8. Synthesis of pentacyclic core of citreamigin

6. GAB ring model studies

The polycyclic xanthone natural products, which are
exemplified in Figure 1, bear one or two additioriahs fused to
the pentacyclic BCDEF core. Accordingly, we wantedlevelop a
unified and modular strategy that could be usedgpend these
different heterocyclic rings at a late stage in $lgathesis of these
natural products. We envisioned that the dihydraola&(3,2-b]-
isoquinolinone43, the isoquinolinonel2, and the isocoumarif4
could all be accessed from the keto edie(Scheme 9). Although
there are a number of routes to keto-esters sudh fiem o-halo ™
methyl®® or alkynyl benzoate derivativé$there was no general
methodology that enabled the elaboration of sulietit phenols
such as39 into the pivotal intermediatdl. We thus sought to
develop a reliable approach 44 and the derived annelated ring
systemsA2-44 from phenols39 by sequential palladium-catalyzed
alkoxycarbonylation and ketone arylation of thefatiéntially
functionalized arenelO, which could be prepared with our new
procedure for selective-bromination of phenols (see Table 1).



Ra O ORy OMe OMe OMe
:2\ m%{ HO\© NBS, TMG HOJ@ Tf,0, 2,6-lut Tfo:@
X - s e T,
o1 3 CHClp, 78 C g CH,Cl, B
0,
2 5 84% 6 95% 4
43: X =Hp0r O
x OH Condition A
HzNJ\/ Pd(OAC),, dppp, n-BUOH, (CO balloon) O  OMe
o Rs n-BusNOAG, K,CO3, PhMe, 3 AMS, 70T n-BuO
4
Ry _N._O Rs0._O Ry«_O._0O Condition B -
| | Pd(OAC),, dppp, n-BuOH, (CO balloon) 48
OR
o piciia: 3 " o oase, ' n-Bu,NOAc, DMSO, 3 A MS, 70 T Condition A: 76%
e ¢} w2 NI Condition B: 69%
4|2 4|1 4|4 also isolated:
OMe O OMe
)OI\H o HO n-BuO
R3OH X
Ra : n-BuO
Br

o

R, 46 49
Condition A: 0% 11-19%
Condition B:  10% 0%

Scheme 10. Synthesis of model system and
alkoxycarbonylation.

Br*]
szo

C( )

Scheme 9. A un|f|ed methodology strategy for the GAB rings.

We initiated a model study by brominating guaia@) using There are several methods for coupling aryl halith
NBS and TMG to furnishd6 in 84% yield, (Scheme 10), and acetoné’ Jput we eventually adopted a procedure reported by
subsequent reaction with trific anhydride providdd in 95%  Buchwald.™ ,in the event48 was coupledwith acetone using
yield. In preliminary experiments to conve into 48, hydrolysis  JohnPhos and R@baj* CHCl; in the presence afBu,;NOAc and
to return46 was problematic. Toward addressing this issue, wé-methoxyphenol, and the putative keto ester inteliate cyclized
modified conditions that had been originally repdrt by ~Spontaneously to furnish the known isocouma(xin 65% yield
Buchwald® and found that use of molecular sieves, 1,3{(Scheme 11f*
bis(diphenylphosphino)propane (dppp), and a@rBu,NOAc in

O OMe O OMe
R . Pd,(dba)3*CHClI3, JohnPhos
toluene gavel8 in 76% vyield together; however, the phthalge : . Z(th )3 N |3 B NOA :
. e | -methox enol, n-Bu, C
was also isolated (11-19%) (Scheme 10, condition Bgcause n-Buo i 4 o\
polar aprotic solvents can favor palladium-catatyreactions of a Br KsPOy, acetone, PhMe, 50 T >

. . . . 0,
triflate moiety versus a halidéwe screened several polar aprotic 48 65% 50

solvents and discovered that use of DMSO gave mate amounts

of 49, although46 was also formed in about 10% yield. neat

~20% (100% brsm)

» OH
Condition A O Bn Bn
AlMeg, L-phenylalanine o '
DCE, reflux z | N2 O
Condition B 2 OMe
LiAIMe,, L-phenylalanine

THF/PhMe reflux

29%
85%

Condition A:
Condition B:

10%
0%

also isolated:
OMe

20

Condition A: 32%
Condition B: 0%

Scheme 11. Acetone arylation and amino acid coupling.

Although we had hoped to isolate the intermediadt lester
instead of50, the reaction of amino alcohols with isocoumarins
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related to 50 was known to form dihydrooxazolo-[3,2-b]-
isoquinolinones or isoquinolinon&s? Toward inducing this
condensation, we turned to a method we had preyideseloped i

Tetrahedron

pressure using a Buchi rotary evaporator. SolutadnsBuLi, and
tert-BuLi were titrated according to our published pdere®
Reaction mixtures were degassed by putting theticsawessel

which for AIMe; was used to couple amino acids with amino estersinder vacuum until the solvent effervesced, andfiliicg with

to form peptide§® When 50 was allowed to react with-
phenylalanine in the presence of Aliyla mixture 0f51-53 was in
about 70% combined yield (Condition A, Scheme 1The

formation of53 was unexpected, and we reasoned that a less Lewsgere obtained with a TSQ-70

acidic promoter might suppress methylation of thmunsarin
carbonyl group. Accordingly, we first combinedphenylalanine
and LiAIMe,, which was generateidh situ from AlMe; and Meli,
in a mixture of THF and toluene under refflixAfter adding
isocoumarin50, the isoquinolones2 was isolated in 85% yield
(Condition B, Scheme 11); neith&l nor 53 was observed. We
attempted to conveld2 into 51 using Brgnsted and Lewis acids,
but these efforts were unavailing. Serendipitouslg, discovered
that merely storing the isoquinolo®2 at room temperature for
several days gave the dihydro-5H-oxazolo[3,2-bjisogline-

nitrogen (3 x). Infrared (IR) spectra were obtainesihg a FT IR
1600 spectrophotometer using sodium chloride platesreported
as wave numbers. Low resolution chemical ionizatimass spectra
instrument. High resoiu
measurements were made with a VG Analytical ZAB2-E
instrument. Thin layer chromatography (TLC) wasfpened on
glass-backed precoated silica gel plates (0.25 tiok twith 60
F254) and were visualized using one or both of fiiowing
manners: UV light (254 nm) and staining with basigueous
KMnO, or Cerium ammonium molybdate (CAM). Flash
chromatography was performed according to Stilli®cpdure
using ICN Silitech 32-67 D 60A silica g&1'H nuclear magnetic
resonance (NMR) spectra were obtained at either 500, or 400
MHz as indicated as solutions in CRClWwith 0.05% v/v

2,5(3H)-dione51 as a single diastereomer with a conversion oftetramethylsilane (TMS) unless indicated otherwid@:NMR was

about 20%. Further studies on the cyclization ofjignolones to
dihydro-5H-oxazolo[3,2-b]isoquinoline-2,5(3H)-diae are
underway.

7. Summary

In summary, we completed a short 11-step synthekithe
pentacyclic core of citreamicin by an approach that exploits a
novel variant of the Moore rearrangement inspirgdbr previous

methodological work and our synthesis of the aglycone of IB-

00208 In order to solve a problem involving the regiestive
bromination of a vanillin derivative, we discoveradvay to induce

obtained at either 125, 100 or 75 MHz as showrh@ihdicated
deuterated solvent. Chemical shifts are reportgghits per million
(ppm, 3), and referenced to TMS, and coupling constanes ar
reported in Hertz (Hz). Spectral splitting patteame designated as
s, singlet; d, doublet; t, triplet; g, quartet; miquintuplet; sex,
sextet; sept, septuplet; m, multiplet; comp, ovarlag multiplets

of magnetically nonequivalent protons; br, broad)d aapp,
apparent.
8.2. Synthetic procedures

3-Hydroxy-4-((4-methoxybenzyl)oxy) benzaldehyde (18).

selectiveortho bromination of phenols using TMG and NBS. The Prepared according to a modified procedure use@loyrde,” A

use of TMG as an alternative to other amines aseans) of
promoting such brominations may be generally Uséfuanother
key step, we exemplified the utility of a new rotbeangular aryl
cyclobutendiones that exploits a RCM reaction. \ié® ahowed
that PDA can be exploited as an internal indicatoenable the
quantitative generation of cerium acetylides unaonibated with
excess nucleophilic bases. Finally, our exploratstydies to
develop tactics for the annelation of the G and iAgs of
citreamicinn led to the discovery of a potentially general,rfetep
approach to the synthesis of isocoumarins and isotpnes from
phenols.

8. Experimental section
8.1. General

Unless otherwise noted, solvents and reagents wgee without
purification. Tetrahydrofuran (THF) and diethyl eth(EtO) were
dried by passage through two columns of activagdral alumina.
Methanol (CHOH), acetonitrile (CHCN), and N,N-
dimethylformamide (DMF) were dried by passage tigrouwo
columns of activated molecular sieV&sToluene was dried by
sequential passage through a column of activatedralealumina
followed by a column of Q5 reactant. Methylene cide (CHCl,),
benzene, triethylamine (&), and diisopropylethylamine (DIPEA)
were distiled from calcium hydride prior to use.ini2thyl
sulfoxide (DMSO), and tert-amyl alcohol were storeder 4A
molecular sieves for 48 h prior to use. All sohsewere determined
to contain less than 50 ppm,® by Karl Fischer coulometric
moisture analysis, unless otherwise noted. All tieas were
performed in flame-dried glassware under argonitbogen unless
otherwise indicated. Volatile solvents were remouader reduced

mixture of 3,4-dihydroxybenzaldehydé&5j (10.0 g, 65.6 mmol),
NaHCG; (8.2 g, 98.4 mmol) and sodium iodide (Nal) (3.0L8,6
mmol) in anhydrous DMF (40 mL) was heated at 4032 h.p-
Methoxybenzyl chloride (PMBCI) (20.6 g, 17.8 mL,113 mmol),
prepared according to Sosa’s procedireyas added, and the
reaction was stirred at 40 °C for 24 h, whereugmnreaction was
cooled to room temperature angCH (80 mL) was added. The
mixture was extracted with EtOAc (3 x 30 mL), ahé tombined
organic extracts were washed with 13% aqueous Bohsion (4 x
10 mL) and dried (N&0O,). Hexanes (50 mL) were added, and the
combined organic extracts were filtered throughiliaasplug and
eluted with EtOAc/Hexanes (2:1; 1 x 300 mL), and tombined
organic layers were concentrated under reducedymesThe crude
material was crystallized from toluene (40 mL) tiely 13.4 g
(79%) purel8 as a white solid: mp 117-120 °C.

The mother liquors were washed with 5% aqueous NaOH
solution (3 x 60 mL), the combined aqueous extractye
neutralized with saturated aqueous J8H(ca. 32 mL) until the pH
was 5-7 (pH paper), and the mixture was extractélul EtOAc (3 x
20 mL). The combined organic extracts were washéih &
saturated aqueous NaHgGolution (5 mL), dried (NSQO,),
filtered, and concentrated under reduced pres3ime.solids were
purified by flash chromatography eluting with a djemt of
EtOAc/hexanes (1:4»> 1:2) to provide 3.4 g (20%) mods as an
off-white solid (99% total)"H-NMR (400 MHz)& 9.83 (s, 1 H),
7.52 (d,J=2.0 Hz, 1 H), 7.44 (dd| = 2.0, 8.0 Hz, 1 H), 7.36 (d,
=8.8,2H), 7.05 (d) = 8.0 Hz, 1 H), 6.95 (d} = 8.8 Hz, 2 H), 5.10
(s, 2 H), 3.84 (s, 3 H)?C-NMR (100 MHz)5 191.0, 160.0, 151.1,
146.3, 130.7, 129.8, 127.2, 124.3, 114.3, 114.2,8,171.1, 55.3;
IR (film) 3213, 1668, 1612, 1504, 1274, 1128 criiRMS (ESI)
m/z calc for GsH1,0,, 257.0819; found, 257.0826.



2-Bromo-3-hydroxy-4-((4-methoxybenzyl)oxy) benzaldehyde
(17). A suspension of aldehyds (3.73 g, 14.44 mmol) in Ci€l,
(144 mL) was cooled to — 78 °C. In a separate flaskG (3.32 g,
3.62 mL, 28.88 mmol) was added to a slurry of NBST g, 14.44
mmol) in CHCI, (43 mL) at 0 °C. The mixture was stirred until it

became homogenousa( 5 min), whereupon it was added in one

portion to the slurry ofl8 at— 78 °C. The reaction mixture was
stirred for 30 min at — 78 °C, whereupon AcOH (0g837.83 mL,
28.88 mmol) was added, and the reaction was wartmewom
temperature. The mixture was filtered through &aiplug (300
mL) eluting with EtOAc/Hexane (1:1, 1 x 1.5 L). Tleduent was
concentrated under reduced pressure to provideg(83%)17 as
a pale yellow solid: mp 154-156 °C (IPA). The crudaterial can
be purified by flash chromatography eluting withgeadient of
acetone/hexanes with 1%3HNt(1:7 — 3:7), but the material was
sufficiently pure for use in the next stelpj-NMR (400 MHz) 8
10.26 (s, 1 H), 7.55 (d, = 8.2 Hz, 1 H), 7.35 (d] = 8.8 Hz, 2 H),
6.99 (d,J = 8.2 Hz, 1 H), 6.95 (d] = 8.8 Hz, 2 H), 6.13 (s, 1 H),
5.17 (s, 2 H), 3.84 (s, 3 HY*C-NMR (100 MHz)3 190.9, 160.1,
1435, 137.9, 129.8, 127.3, 126.8, 122.5, 114.3,0,1110.6, 71.5,
55.4; IR (film) 3388, 2927, 1680, 1588, 1516, 148464, 1282,
1251, 1176, 1130 cfy HRMS (ESI)m/z calc for NaGsH5 *BrO,"
(M+Na), 358.9889; found, 358.9010.

2-Bromo-4-((4-methoxybenzyl) oxy)-3-(methoxymethoxy)
benzaldehyde A solution of the crude aldehyde (6.76 g, 20.05
mmol) and diisopropylethylamine (DIPEA) (3.89 @25.mL, 30.07
mmol) in CHCI, (140 mL) was cooled to 0 °C. Chloromethyl
methyl ether (MOMCI) (1.18 M, 25.5 mL, 30.07 mmagrepared

9
NMR (100 MHz) 8 159.8, 151.8, 143.7, 135.7, 131.7, 129.3,
128.3, 121.9, 119.6, 115.2, 114.0, 113.2, 98.7M,78.1, 55.3; IR
(film) 2934, 2835, 1614, 1587, 1515, 1484, 14658231287,
1251, 1214, 1174, 1159, 1033, 985 GrRIRMS (CI) m/z calc for
CigH1o °BrO,", 377.0388; found, 377.0391.

4,4-Dimethoxy-3-(3-((4-methoxybenzyl ) oxy)-2-
(methoxymethoxy)-6-vinylphenyl)-2-vinylcyclobut-2-en-1-one  (19).
Compound14 (500 mg, 1.32 mmol) was dried by dissolving in
toluene (2 mL) and concentrating under reducedspres(2 x),
whereupon it was stored under vacuum for 2 h. 3l4igethoxy-
2-vinylcyclobut-2-en-1-one 1@), prepared according to Moore’s
proceduré was freshly purified via flash chromatography ielgt
with a gradient of EtOAc/hexanes (1:39 1:2), and the oil thus
obtained was stored under vacuum for 2 h. Toluéneal), EtO
(44 mL) and NaH (60 % dispersion in mineral oil, 4, 0.26
mmol) were added to the flask containitgy and the mixture was
stirred for 10 min before cooling to — 78 °C. Thmxture was
degassed, and a solutionteft-BuLi in pentanes (1.85 M, 1.64 mL,
3.03 mmol) was added dropwise at — 78 °C. Stirmirag continued
for an additional 5 min, whereupon a solutiorl8fin EtLO (2 mL)
that had been slurried over NaH (60 % dispersiomiimeral oil, 8
mg, 0.13 mmol) for at least 5 min was added. Tlaetien mixture
was warmed to —20 °C and stirring continued for i,
whereupon a solution of saturated agqueous NaH@O mL) was
added. The mixture was extracted with EtOAc (3 10, and the
combined organic extracts were dried {81@,) and concentrated
under reduced pressure. The crude oil was purifigdflash
chromatography eluting with a gradient of EtOAc/uess (1:10-

according to Chong’s procedutewas added, and the cooling bath 1:4) to provide 364 mg (61%) df9 as a yellow oil that slowly

was removed. The solution was stirred at room teatpee for 3 h,
whereupon a solution of saturated aqueous NaH@O mL) was
added. The mixture was extracted with CH (3 x 20 mL), and the
combined organic extracts were dried {8@,), filtered, and
concentrated under reduced pressure to provideanaderial as a
white solid: mp 88-90 °C. The crude material canpbeified by
flash chromatography eluting with a gradient of EtIhexanes
(1:20 — 1:3), but the material was sufficiently pure fareun the
next step’H-NMR (400 MHz)8 10.27 (s, 1 H), 7.72 (d,= 8.6 Hz,
1H), 7.34 (dJ =8.6 Hz, 2 H), 7.02 (d] = 8.6 Hz, 1 H), 6.92 (d]
=8.6 Hz, 2 H), 5.19 (s, 2 H), 5.11 (s, 2 H), 3(823 H), 3.58 (s, 3
H); ®C-NMR (100 MHz) & 191.0, 159.8, 157.4, 143.6, 129.4,
1275, 127.2, 126.4, 123.2, 114.1, 112.2, 98.8),/8.1, 55.3; IR
(film) 2968, 1674, 1515, 1382, 1250, 931 GnHRMS (ESI)m/z
calc for NaG;H,,"*BrOs" (M+Na), 403.0152; found, 403.0147.

2-Bromo-4-((4-methoxybenzyl) oxy)-3-(methoxymethoxy)- 1-
vinylbenzene (14). A slurry of methyltriphenylphosphonium
bromide (PBPMeBr) (14.12 g, 40.10 mmol) in THF (35 mL) was
cooled to 0 °C and degassed. A solutiom-&uLi in hexanes (1.61
M, 25 mL, 40.10 mmol) was slowly added over 10 miine
mixture was stirred for an additional 5 min, wheyen DMSO (70
mL) was added followed by a solution of crude ajdkd17 in THF
(35 mL). The reaction was stirred for 10 min, whgren a solution
of saturated aqueous NaHE(®0 mL) and water (100 mL) was
added. The mixture was extracted with EtOAc (3 ® BfiL), and
the combined extracts were dried ¢8@,) and concentrated under
reduced pressure. The crude oil was purified byshfla
chromatography eluting with a gradient of EtOAc/kuess (1:20-
1:4) to provide 6.51 g (86% frot7) of 14 as a white waxy solid:
mp 41-43 °C!H-NMR (400 MHz)5 7.34 (d,J = 8.8 Hz, 2 H), 7.26
(d,J=8.8 Hz, 1 H), 7.02 (ddl = 11.2, 17.2 Hz, 1 H), 6.90 (comp,
3 H),5.56 (ddJ=1.2,17.2 Hz, 1 H),5.25 (dd=1.2,11.2 Hz, 1
H), 5.17 (s, 2 H), 5.03 (s, 2 H) 3.82 (s, 3 H),B(, 3 H);*°C-

turns solid upon standing: mp 75-77 °tE-NMR (600 MHz) 5
7.37 (d,J=8.6 Hz, 1 H), 7.34 (d] = 8.8 Hz, 2 H), 7.02 (d] = 8.6
Hz, 1 H), 6.90 (dJ = 8.8 Hz, 2 H), 6.77 (dd] = 10.8, 17.6 Hz, 1
H), 6.16 (ddJ = 2.8, 17.6 Hz, 1 H), 6.08 (dd,= 10.4, 18.0 Hz, 1
H) 5.60 (ddJ=1.2, 17.6 Hz, 1 H), 5.56 (dd~ 2.8, 10.4 Hz, 1 H),
5.18 (ddJ = 1.2, 10.8 Hz, 1 H), 5.06 (s, 2 H), 5.04 (s, 2381 (s,
3 H), 3.47 (s, 6 H), 3.38 (s, 3 HI'C-NMR (150 MHz)5 191.1,
170.9, 159.6, 152.8, 151.1, 142.5, 134.2, 129.3.312128.4,
126.0, 125.8, 124.1, 121.3, 116.7, 115.1, 114.8,01199.0, 70.7,
57.3, 55.3, 52.7; IR (film) 2945, 1765, 1515, 146851, 1028, 992
cm’; HRMS (Cl) mvz calc for GgHo0;" (M+), 452.1835; found,
452.1837.

1,1-Dimethoxy-7-((4-methoxybenzyl ) oxy)-8-
(methoxymethoxy)cyclobuta] a] naphthalen-2(1H)-one  (12). A
solution of 19 (1.14 g, 2.513 mmol), Grubbs Il (149 mg, 0.176
mmol) and butylated hydroxytoluene (BHT) (111 mdg32 mmol)
in dichloroethylene (DCE) was degassed and thenetieander
reflux for 8 h. The reaction mixture was cooled toom
temperature, whereupon DMSO (0.564 g, 0.62 mL, B.78nol)
was added, and the mixture was stirred for 16 le Jdlvent was
removed under reduced pressure, and the crude iahateas
purified by flash chromatography eluting with a djemt of
EtOAc/hexanes (1:16» 1:2) to provide 836 mg (78%) dR as a
brownish green solid: mp 83-85 °C and 214 mg (13%)91%
brsm);'H-NMR (500 MHz)5 7.90 (d,J = 8.4 Hz, 1 H), 7.70 (dl =
8.8 Hz, 1 H), 7.51 (dJ = 8.8 Hz, 1 H), 7.41 (d] = 8.8 Hz, 2 H),
7.36 (d,J = 8.4 Hz, 1 H), 6.92 (d] = 8.8 Hz, 2 H), 5.35 (s, 2 H),
5.20 (s, 2 H), 3.82 (s, 3 H), 3.57 (comp, 9 BE-NMR (125 MHz)
8 193.2, 160.3, 159.6, 150.4, 147.5, 140.6, 133R.7, 129.4,
128.4, 125.8, 125.2, 120.1, 118.2, 114.7, 114.06,981.7, 57.7,
55.3, 53.7; IR (film) 2942, 2836, 1760, 1614, 158815, 1462,
1334, 1251, 1174, 1108, 1033, 937 GrRIRMS (Cl) mvz calc for
CoH250;" (M+), 425.1600; found, 425.1596.
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2-Hydroxy-4,5-dimethoxy benzaldehyde (27). A solution of
2,4,5-trimethoxybenzaldehyde26) (3.3 g, 16.78 mmoB3* in
CH,Cl, (84 mL) was cooled to 0 °C, whereupon BRfreshly

(methoxymethoxy)-1,2-dihydrocycl obuta] a] naphthalen-2-ol (10). A
solution of 12 (143 mg, 0.337 mmol) in toluene (2 mL) was
concentrated under reduced pressure (3 x), putrwzdeium for 2

distilled from CaH, 4.59 g, 1.74 mL, 18.45 mmol) was added, andh and dissolved in THF (2.7 mL). A separate rounttdmed flask

the mixture was warmed to room temperature andedtifor 24 h.
H,O (20 mL) was added, and stirring was continued dor
additional 10 min. The mixture was extracted witH,Cl, (2 x 20
mL), and the combined organic extracts were driNd,30,),

filtered, and concentrated under reduced pressupeovide 2.60 g

containing1l (221 mg, 0.674 mmol) was dissolved in toluene (2
mL), concentrated under reduced pressure (3 x) @rtdunder
vacuum for 2 h. 4-(Phenylazo)diphenylamine (PDAN{§, 0.017
mmol) was added to the flask containit followed by a solution
of CeCke2LiCl in THF (0.33 M, 4.1 mL, 1.35 mmol), preparbg

(85%) crude27 as a dark green solid: mp 104-106 °C (MeOH). TheKnochel's method’ and the reaction mixture was cooled to — 78

crude material can be purified by flash chromatphyaeluting

°C and degassed. The cooling bath was removed, rendhixture

with a gradient of acetone/hexanes (£:31:1), but in most cases was warmed to 0C, whereupon a solution ofBulLi (1.21 M, 1.5

the material is sufficiently pure for the next stdpi-NMR (400
MHz) 8 11.41 (s, 1 H), 9.71 (s, 1 H), 6.91 (s, 1 H), 6481 H),
3.94 (s, 3 H), 3.89 (s, 3 H); 13C-NMR (100 MHZ)194.0, 159.3,
152.2, 142.9, 113.1, 112.8, 100.1, 56.4, 56.3filR) 2838 (C-H),
1625 (C=0), 1506, 1475, 1443, 1369, 1339, 1280,1,12998,
1147, 998 crif; LRMS (CI) m/z found, 183.0.

4,5-Dimethoxy-2-((4-methoxybenzyl)oxy)benzaldehyde (28). A
mixture of crude aldehyd27 (0.50 g, 2.74 mmol), ¥CO; (0.76 g,
5.48 mmol) and Nal (0.12 g, 0.82 mmol) in DMF (InL) was

heated at 40°C for 2 h.Paramethoxybenzyl chloride (PMBEI)

(0.64 g, 0.56 mL, 4.12 mmol) was added, and theturéxwas

stirred at 40°C for 24 h. HO (10 mL) was added, and the reaction

mixture was cooled to room temperature. The mixtuas

extracted with CHCI, (3 x 5 mL), and the combined organic

extracts were washed with 5% NaOH solution (1 xnil0, 13%

aqueous brine solution (4 x 3 mL), dried {§@,) and concentrated

under reduced pressure. The crude material wasiquuby flash
chromatography eluting with a gradient of EtOAc/ess (1:4-

1:2) to provide 820 mg (99%28 as a white solid: mp (IPA) 98-99

°C; *H-NMR (500 MHz)5 10.34 (s, 1 H), 7.35 (d,= 8.8 Hz, 2 H),

7.32 (s, 1 H), 6.93 (dl = 8.8 Hz, 2 H), 6.56 (s, 1 H), 5.10 (s, 2 H),

3.93 (s, 3 H), 3.88 (s, 3 H), 3.83 (s, 3 HC-NMR (125 MHz)$
188.1, 159.8, 157.8, 155.6, 144.0, 129.2, 128.18.211114.2,
108.8, 98.1, 71.7, 56.2, 55.3; IR (film) 2958 (C-2p37 (C-H),
2837, 1655 (C=0), 1606, 1468, 1454, 1276, 1216,711D37,
1021, 915 cit, HRMS (Cl) miz calc for GH.;05" (M+),
302.1154; found, 302.1159.

1-(4,5-Dimethoxy- 2-((4-methoxybenzyl)oxy)phenyl) prop-2-yn- 1-

mL, 1.81 mmol) in hexanes was added until the reaatixture
turned a persistent purple color. After the pueatepoint had been
seen, an additional amountm@BuLi in hexanes (1.21 M, 0.56 mL,
0.67 mmol) was added, and the reaction mixture stiaed for 10
min at 0°C. The solution ofl2 in THF (1 mL) was slurried over
NaH (60 % dispersion in mineral oda. 6 mg, 0.150 mmol) before
adding to the reaction mixture containidd, and stirring was
continued for 1 h at 8C. A solution of saturated aqueous NaHCO
(5 mL) was then added and the mixture was extrasitd EtOAC
(3 x 10 mL). The combined organic extracts weredi(NaSQy),
filtered, and concentrated under reduced pressihre. crude oil
was purified by flash chromatography eluting withgi@adient of
EtOAc/hexanes (1:2, 3:4) to provide 212 mg (84%) 4D and 10
mg (7%) of12 (91% brsm)*H-NMR (600 MHz)3 7.81 (d,J = 8.6
Hz, 1 H), 7.78 (dJ = 8.6 Hz, 1 H), 7.60 (d] = 6.9 Hz, 1 H), 7.58
(d,J=6.9 Hz, 1 H), 7.40-7.35 (Comp, 6 H), 7.30dd; 9.0 Hz, 2
H), 7.27 (d,J = 8.8 Hz, 2 H), 7.24 (d] = 8.8 Hz, 2 H), 7.084 (s, 1
H), 7.07 (s, 1 H), 6.55 (s, 1 H), 6.53 (s, 1 H)B(&@pp. d, 2 H), 5.29
(d,J=5.3 Hz, 1 H), 5.25 (d] = 5.3 Hz, 1 H), 5.16 (app qd, 4 H),
5.09 (d,J=5.3 Hz, 1 H), 5.04 (d] = 5.3 Hz, 1 H), 4.96 (app qd, 4
H), 3.82 (s, 3 H), 3.81 (s, 3 H), 3.80 (s, 6 HY43(s, 3 H), 3.73 (s,
3 H), 3.72 (s, 3 H), 3.67 (s, 3 H), 3.64 (s, 3 BIB3 (s, 3 H), 3.58
(s, 3 H), 3.53 (s, 3 H), 3.52 (app. d, 6 MC-NMR (150 MHz)5
159.5, 159.4, 150.3, 150.1, 150.0, 149.5, 149.4.314143.4,
138.7, 136.7, 132.6, 131.0, 129.4, 129.2, 128.8.712126.3,
126.2, 121.4, 117.2, 117.1, 116.6, 114.0, 113.9,.811111.6,
107.6, 99.8, 99.7, 87.1, 83.9, 83.7, 77.6, 71.86,760.9, 60.6,
57.6, 56.3, 56.2, 56.1, 55.3, 55.2, 53.2, 51.985R (film) 3466
(O-H), 2939 (C-H), 2838 (C-H), 2251 #C), 1728, 1613, 1515,

ol (11). A solution of aldehyde8 (354 mg, 1.17 mmol) in THF (7 1463, 1405, 1382, 1303, 1251, 1209, 1113, 1032,c812 HRMS

mL) was degassed. A solution of ethynyl magnesiuomide (0.5
M, 5.8 mL, 2.93 mmol) in THF was added and the tieaamixture

was stirred for 2 h at 8C, whereupon a solution of saturated
aqueous NaHCO(1 mL) was added. The mixture was extracted

with EtOAc (3 x 2 mL), and the combined organicragts were

dried (NaSQ,), filtered, and concentrated under reduced pressur

The crude oil was purified by flash chromatograghyting with
EtOAc/hexanes (1:2) to provide 375 mg (98%)1dfas a waxy

solid: *H-NMR (600 MHz)5 7.36 (d,J = 8.8 Hz, 2 H), 7.13 (s, 1

H), 6.92 (d.J = 8.8 Hz, 2 H), 6.60 (s, 1 H), 5.68 (dti= 2.4, 6 Hz,

1 H), 5.05 (ddJ = 4, 10.6 Hz, 2 H), 3.87 (s, 3 H), 3.86 (s, 3 H),

3.82 (s, 3 H), 2.79 (dl = 6 Hz, 1 H), 2.62 (d] = 2.4 Hz, 1 H)**C-

NMR (150 MHz)§ 159.6, 150.1, 149.7, 143.5, 129.1, 128.7, 120.8

114.1, 111.5, 99.5, 83.6, 73.9, 71.7, 66.3, 565,%55.3; IR (film)
3469 (O-H), 3282, 3001, 2936 (C-H), 2836 (C-H), 261515,
1464, 1405, 1383, 1304, 1249, 1209, 1175, 111491941 cni;

HRMS (ESI)mvz calc for NaGsH,Os" (M+Na), 351.1203; found,

351.1200.

2-(3-(4,5-Dimethoxy-2-((4-methoxybenzyl )oxy)phenyl )-3-
hydroxyprop-1-yn-1-yl)-1,1-dimethoxy- 7-((4-methoxybenzyl ) oxy)-8-

(ESI) m/iz calc for NaGgH.O:, (M+Na), 775.2725; found,
775.2722.

2,2-Di-tert-butyl-4-ethynyl -6, 7-dimethoxy-4H-
benzo[d][1,3,2] dioxasiline (30). A solution of aldehyde®7 (1.56
mg, 8.57 mmolf® in THF (16 mL) was cooled to — 78 °C, and the
reaction vessel was degassed. A solution of ethymgginesium
bromide (0.5 M, 42.8 mL, 21.41 mmol) was then added 78 °C.
The cooling bath was removed, and the reaction uréxtwas
warmed to room temperature and stirred for 1 h, redygon a
solution of dilute NHCI (10 mL) was added. The mixture was
extracted with EtOAc (3 x 10 mL), and the combinedanic
extracts were dried (N80O,) and concentrated under reduced
pressure. The crude oil was purified by silica péligting with 1:1
mixture acetone/hexanes (500 mL) to provide 1.44fgthe
acetylide adduct as a brown solid that used diréctthe next step.

A solution the acetylide adduct (1.44 g, 6.92 mmaid 2,6-
lutidine (1.85 g, 2.0 mL, 17.3 mmol) in GEl, (18 mL) was cooled
to — 40 °C, {ert-Bu),Si(OTf), (3.65 g, 2.7 mL, 8.30 mmol) was
added, and the reaction mixture was warmed to By @eplacing
the cooling bath with an ice/water bath. The migtwas stirred for



4 h, whereupon a solution of saturated agqueous XRHE mL)
was added, and the mixture was extracted with Et(3Ac10 mL).
The combined organic extracts were dried @), filtered, and
concentrated under reduced pressure. The crudesipurified by
flash chromatography eluting with a gradient of BtIhexanes
(1:20 — 1:10) to provide 1.98 g (82% frov) of 30 as a waxy
white solid: mp 78-80 °C!H-NMR (500 MHz) 5 6.82 (s, 1 H),
6.49 (s, 1 H), 5.84 (dd, = 0.7, 2.3 Hz, 1 H), 3.85 (s, 1 H), 3.83 (s,
3 H), 2.66 (d,J = 2.3 Hz, 1 H), 1.06 (s, 9 H), 1.03 (s, 9 Hic-

11
methoxybenzyl)oxy)-8-
(methoxymethoxy)cyclobuta] a] naphthalen-1(2H)-one (32). H;PO,
(85%, 7 mg, 4 pL, 0.0697 mmol) and® (28 mg, 28 pL, 1.2546
mmol) was added to a slurry of silica (280 mg) i,Cl, (2.1 mL).
The mixture was stirred vigorously for 1 h, wheren31 (54 mg,
0.0697 mmol) and CKLI, (1 mL) were added, and the mixture was
stirred for 1 h. BN (35 mg, 49 uL, 0.3485 mmol) was added, and
the mixture was filtered through a silica plug (~HQ). The plug
was eluted with EtOAc/hexanes (1:1, 1 x 100 mL) #mel eluant

NMR (125 MHz) 6 149.8, 147.1, 143.2, 116.5, 109.8, 103.6, 83.1was concentrated under reduced pressure (bath 8mfC) to

74.1, 64.5, 56.4, 55.9, 26.9, 26.9, 21.5, 20.9(filR) 3287, 2936,
2896, 2860, 2120, 1616, 1512, 1471, 1471, 14505,14364,
1326, 1291, 1264, 1218, 1200, 1195, 1175, 1126410812, 940
cm’; HRMS (ESI)mVz calc for NaGeH,40,Si* (M+Na), 371.1649;
found, 371.1652.

2-((2,2-Di-tert-butyl-6,7-dimethoxy-4H-
benzo[ d] [ 1,3,2] dioxasilin-4-yl)ethynyl)-1,1-dimethoxy-7-((4-
methoxybenzyl)oxy)-8-(methoxymethoxy)-1,2-
dihydrocyclobuta[ a] naphthalen-2-ol (31). A solution of12 (1 g,
2.36 mmol) in toluene (5 mL) was concentrated uncetuced
pressure (1 X), put under vacuum for 2 h, and diissoin THF (5
mL). A separate round-bottomed flask contair3dg1.64 mg, 4.72
mmol) was dissolved in toluene (5 mL), concentratgaer
reduced pressure (1 X), and put under vacuum foh. 24-
(Phenylazo)diphenylamine (PDA) (32 mg, 0.12 mmadjF (24
mL) and a solution of CegPLiCl in THF (0.33 M, 17.8 mL, 5.89
mmolY”’ was added to the flask containi@@ and the mixture was
cooled to — 78 °C and the reaction vessel was dedasvhereupon
a solution ofn-BuLi in hexanes was added until the reaction
mixture turned a persistent purple color. After theple endpoint
had been seen, an additional amoum-8uLi in hexanes (2.47 M,
1.91 mL, 4.72 mmol) was added, the cooling bath vessoved,
and the reaction mixture was warmed to 0 °C. Thetism of 12 in
THF was slurried over NaH (60 % dispersion in maheil, ca. 60
mg, 1.5 mmol) before adding to the reaction mixtcoataining9,
and stirring continued for an additional 1 h.Theat®n was
guenched with neat AcOH (7.07 mL, 1.36 g, 23.6 mrfalowed
by de-ionized HO (50 mL), and the mixture was extracted with
EtOAc (3 x 50 mL). The combined organic extractsrevdried
(N&SQ,), filtered, and concentrated under reduced presstine
crude oil was purified by flash chromatography ielgtwith a
gradient of EtOAc/hexanes (14 1:2) to provide 1.64 g (90%) of
31 as a golden foamiH-NMR (600 MHZz)3 7.81 (d,J = 8.3 Hz, 2
H), 7.60 (d,J=8.9 Hz, 2 H), 7.41 (d] = 8.3 Hz, 1 H), 7.40 (dl =
8.3 Hz, 1 H), 7.39 (d) = 8.8 Hz, 4 H), 7.31 (d] = 9.0 Hz, 2 H),
6.90 (d,J =9.7 Hz, 4 H), 6.78 (s, 1 H), 6.69 (s, 1 H), 6(841 H),
6.43 (s, 1 H), 5.89 (dl = 6.4 Hz, 2 H), 5.31 (dd} = 5.3, 6.8 Hz, 2
H), 5.18 (dqJ = 2.4, 11.4 Hz, 4 H), 5.10 (dd= 5.3, 8.3 Hz, 2 H),
3.82 (s, 3 H), 3.81 (s, 6 H), 3.67 (s, 3 H), 3.663 H), 3.65 (s, 3
H), 3.61 (s, 3 H), 3.56 (s, 3 H), 3.53 (s, 3 Hp3(s, 3 H), 3.51 (s,
3 H), 3.50 (s, 3 H), 1.51 (s, 9 H), 1.03 (s, 9 6196 (s, 9 H), 0.90
(s, 9 H);"®*C-NMR (150 MHz)3 159.5, 150.1, 150.0, 149.5, 149.4,
147.0, 146.3, 143.0, 142.9, 138.7, 136.8, 136.72.5.3131.0,
129.4, 128.8, 128.7, 126.3, 126.2, 117.1, 117.05.611113.9,
109.9, 109.8, 107.6, 107.5, 103.4, 99.8, 86.7,,83/%, 71.6, 64.8,
57.6, 56.1, 55.9, 55.3, 53.2, 51.9, 51.8, 26.95,221.0, 20.8; IR
(film) 3498, 2937, 2860, 2353, 1732, 1615, 159413151464,
1405, 1337, 1252, 1200, 1175, 1121, 1080, 10352,1938 cn;
HRMS (ESI) mvz calc for NaGeH,0,Si* (M+Na), 795.3171;
found, 795.3163.

2-((2,2-Di-tert-butyl-6,7-dimethoxy-4H-
benzo[ d] [1,3,2] dioxasilin-4-yl)ethynyl)-2-hydr oxy-7-((4-

provide 48 mg (95%) oB2 as an orange oil. The material was
unstable, so it was used directly in the next stéhout further
purification; "H-NMR (600 MHz)5 8.04 (d,J = 8.3 Hz, 1 H), 8.03
(d,J=8.5Hz,1H), 7.66 (d1=9.0 Hz, 1 H), 7.65 (A= 9.0 Hz, 1
H), 7.63 (d,J = 8.2 Hz, 1 H), 7.61 (d] = 8.2 Hz, 1 H), 7.41-7.37
(comp, 6 H), 6.91 (d) = 8.7 Hz, 4 H), 6.72 (s, 1 H), 6.68 (s, 1 H),
6.46 (s, 1 H), 6.44 (s, 1 H), 5.90 @= 0.7 Hz, 1 H), 5.87 (d] =
0.7 Hz, 1 H), 5.40-5.36 (m, 4 H), 5.20 (s 3.2 Hz, 4 H), 3.84 (s,
3 H), 3.82 (s, 3 H), 3.81 (s, 6 H), 3.75 (s, 3 Bl})3 (s, 3 H), 3.54
(s, 3 H), 3.52 (s, 3 H), 1.04 (s, 9 H), 1.03 (¢1)9 0.99 (s, 9 H),
0.97 (s, 9 H);*C-NMR (150 MHz)5 182.9, 160.4, 160.3, 159.6,
151.6, 149.8, 149.7, 147.0, 146.9, 143.2, 142.10.414138.6,
130.9, 129.3, 128.3, 126.1, 124.1, 118.1, 116.65.411116.3,
114.0, 109.5, 103.6, 103.5, 99.6, 99.5, 90.0, 83%%, 82.2, 82.1,
715, 64.7,57.7, 56.3, 56.2, 56.0, 55.9, 55.30,276.9, 26.8, 21.5,
20.8; IR (neat) 3435, 2935, 2860, 1765, 1615, 13%12, 1465,
1406, 1336, 1251, 1216, 1200, 1175, 1120, 10804,1981 cril;
HRMS (ESI) m/z calc for NaGH.0Si* (M+Na), 749.2752;
found, 749.2739.

3-(2,2-Di-tert-butyl-6,7-dimethoxy-4H-
benzo[ d] [ 1,3,2] dioxasilin-4-yl)-6-((4-methoxybenzyl) oxy)-5-
(methoxymethoxy) phenanthrene-1,4-dione (33). A solution of crude
32 (35 mg, 0.0472 mmol) in degassed MTBE (14 mL) weated
to 60 °C for 1 h. The reaction mixture was cooled room
temperature, the solvent was removed under redpeessure, and
the crude oil was purified by flash chromatograghyting with a
gradient of acetone/hexanes (1:303:10) to provide 61 mg (37%)
of 33 as an amorphous red solid and 48 mg (29%3afs a yellow
solid: "H-NMR (600 MHz)& 8.00 (d,J = 8.5 Hz, 1 H), 7.97 (dl =
8.5 Hz, 1 H), 7.63 (dJ = 8.9 Hz, 1 H), 7.48 (d] = 8.9 Hz, 1 H),
7.40 (d,J=8.7 Hz, 2 H), 6.91 (d] = 8.7 Hz, 2 H), 6.73 (s, 1 H),
6.56 (s, 1 H), 6.47 (s, 1 H), 6.37 (s, 1 H), 5.2965(comp, 4 H),
3.87 (s, 3 H), 3.81 (s, 3 H), 3.66 (s, 3 H), 3.813 H), 1.09 (s, 9
H), 1.02 (s, 9 H);*C-NMR (150 MHz)3 186.9, 185.4, 159.6,
154.8, 150.9, 149.8, 148.3, 143.3, 142.8, 133.63.113133.0,
132.9, 132.0, 129.4, 128.5, 125.3, 125.0, 120.19.611117.8,
114.0, 110.6, 103.7, 98.9, 71.9, 69.4, 57.6, 56650, 55.3, 27.1,
27.1, 21.9, 20.8; IR (film) 2934, 2859, 1662, 161588, 1513,
1448, 1407, 1336, 1299, 1251, 1199, 1135, 1058,c81'9 HRMS
(ESI) mviz calc for NaGH0.,Si* (M+Na), 749.2752; found,
749.2747.

3-(Hydroxy(2-hydroxy-4,5-dimethoxyphenyl)methyl)-6-((4-

methoxybenzyl)oxy)-5-(methoxymethoxy) phenanthrene-1,4-dione
(37). One drop of HFePyridine was added to a solutdr33 (41
mg, 0.0565 mmol) and pyridine (49 mg, 50 pL, 0.624Mol) in
THF (2 mL), and the reaction was stirred for 30 nainroom
temperature. The mixture was diluted with EtOAa{E), and the
solution was washed with NBI (1 x 2 mL) and de-ionized 8 (1
x 2 mL). The organic layer was dried ($&,) and concentrated
under reduced pressure, and the crude oil wasigirfy flash
chromatography eluting with a gradient of EtOAc/ess (1:2—
3:4) to provide 24 mg (72%) &7 as an amorphous red solfth-
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NMR (600 MHz)$ 7.97 (d,J=8.5Hz, 1 H), 7.90 (d] =85 Hz, 1 it was added to the solution containing guiad) (@t — 78°C over
H), 7.68 (bs, 1 H), 7.63 (d,=8.9 Hz, 1 H), 7.47 (d]= 8.9 Hz, 1 10 min. The reaction mixture was stirred for 30 rain— 78°C
H), 7.39 (d,J = 8.7 Hz, 2 H), 6.93 (d] = 8.7 Hz, 2 H), 6.67 (s, 1 whereupon AcOH (1.1 mL, 1.15 g, 19.33 mmol) waseaficand
H), 6.55 (s, 1 H), 6.47 (d,= 1.6 Hz, 1 H), 6.17 (bs, 1 H), 5.19 (s, 2 the reaction was warmed to room temperature. Theéung was
H), 5.13 (d,J = 4.8 Hz, 1 H), 5.19 (d1 = 4.8 Hz, 1 H), 4.40 (bs, 1 washed with HO (1 x 100 mL), dried (N&Q,), filtered, and
H), 3.86 (s, 3 H), 3.82 (s, 3 H), 3.82 (s, 3 HIB(s, 3 H);*C- concentrated under reduced pressure. The crudesipurified by
NMR (150 MHz)5 188.8, 185.0, 159.7, 152.7, 150.9, 150.3, 150.0flash chromatography eluting with a gradient oftane/hexanes
143.0, 141.4, 133.8, 133.2, 132.9, 132.7, 130.9.412128.3, (1:4 - 1:2) buffered with 1% EN to provide 2.74 g (84%) of6
125.3, 125.1, 119.6, 114.1, 114.0, 113.6, 111.2,41(08.2, 71.7, as a white solid: mp 49-5T; 'H-NMR (600 MHz)5 7.09 (ddJ =
70.3, 57.6, 56.6, 56.0, 55.3; IR (film) 3431, 292837, 1659, 1.4,8.1Hz, 1 H), 6.81 (dd,=1.4,8.1 Hz, 1 H), 6.74 (§ =8.1
1614, 1588, 1514, 1449, 1335, 1302, 1250, 1197711312, Hz, 1 H), 3.90 (s, 3 H)C-NMR (150 MHz)5 147.4, 143.2, 124.8,
1055, 1035, 916 ¢ HRMS (ESI) m/z calc for NaGsHssOx0" 120.7, 109.9, 108.4, 56.3; IR (film) 3409 (O-H)53%C-H), 2848
(M+Na), 609.1731; found, 609.1722. (C-H), 1601, 1490, 1471, 1442, 1354, 1287, 12634121201,

Y 790 .+
10,11-Dimethoxy-2-(4-methoxybenzyi)oxy)-1- 1147, 1072, 1027 ch HRMS (Cl)miz calc for GH,0,"°Br" (M+),

(methoxymethoxy)-13H-naphtho| 1,2-b] xanthene- 7,13, 14-trione (8). 2019629 found, 201.9632.

Activated manganese dioxide (MpQ667 mg, 7.670 mmol) was 2-Bromo-6-methoxyphenyl trifluoromethanesulfonate (47). A
added to a solution &7 (30 mg, 0.051 mmol) in C}I, (6.1 mL)  solution of phenol6 (4.38 g, 21.57 mmol) and pyridine (3.41 g,
and pyridine (0.3 mL) at room temperature andeddifior 4 h. The  3.47 mL, 43.14 mmol) in C}l, (120 mL) was cooled to €C.
mixture was then filtered through a silica plugutilg with a  Neat triflic anhydride (TH) (7.31 g, 4.35 mL, 25.88 mmol) was
mixture (1:1) of acetone/hexanes (20 mL) and thenined added, and the reaction mixture was stirred for B, (100 mL)
filtrates were concentrated under reduced pressline. crude was added, and the layers were separated. Theiorgager was
material was then purified by flash chromatographyting with a  washed with aqueous Cug@ M, 1 x 100 mL) dried (NSQ,),
gradient of acetone/hexanes (7:201:2) to provide 13 mg (44%) filtered, and concentrated under reduced pressire. crude oil
of 8 as an amorphous orange sofid:NMR (500 MHz)5 8.04 (d,  was purified by flash chromatography eluting wittDBc/hexanes
J=8.5Hz, 1 H), 7.99 (d1= 8.5 Hz, 1 H), 7.65 (s, 1 H), 7.61 8, (1:10) to provide 6.83 g (94%) @ as a clear oil'H-NMR (600
=9.1Hz,1H),750 (d]=9.0Hz, 1 H), 742 (d]=8.8 Hz, 2 H), MHz)3§ 7.22 (ddJ=1.5, 8.2 Hz, 1 H), 7.18 (§ = 8.2 Hz, 1 H),
7.15 (s, 1 H), 6.92 (dl = 8.8 Hz, 2 H), 5.26 (s, 2 H), 5.23 (s, 2 H), 6.97 (dd,J = 2.5, 8.2 Hz, 1 H), 3.91 (s, 3 HfC-NMR (150 MHz)
4.03 (s, 3 H), 4.01 (s, 3 H), 3.82 (s, 3 H), 3.443 H);"*C-NMR  § 152.6, 137.0, 129.3, 125.3, 118.6 Jcf 321 Hz), 116.9, 112.0,
(125 MHz)5 182.1, 179.1, 172.6, 159.6, 155.6, 153.8, 1560,8,  56.4; IR (film) 1595, 1475, 1300, 1282, 1210, 113636, cri;
148.8, 143.7, 135.2, 133.7, 133.3, 130.4, 129.8.512125.2, HRMS (ESI)m/z calc for NaGH °*BrF;0,S" (M+Na), 356.9014;
124.7, 121.6, 121.0, 119.8, 119.1, 114.0, 105.0,68,09.2, 77.1, found, 356.9026.

57.8, 56.8, 56.5, 55.3; IR (film) 2928, 1688, 164620, 1600,
1512, 1467, 1450, 1428, 1402, 1334, 1272, 1249511126,  °utY 2-bromo-6-methoxybenzoate (48).

1081, 1048, 992 cth HRMS (ESI) m'z calc for NaGHO10' Using PhMe: Pd(OAcy) (75 mg, 0.33 mmol), 1,3-
(M+Na), 605.1418; found, 605.1410. bis(diphenylphosphino)propane (DPPP) (270 mg, Omeol),

2,7,14-Trihydroxy-10,11-dimethoxy-1-(metho hoxy)-5,6- K,CO; (1.81 g, 13.08 mmol) and tet_rabuty!ammonium aeetat
dihydro-13H-naphtho[ 1,2-b] xanthen-13-one (38). Pd/C a. 1-2 (L‘ZAQ)I(LWHQ' 6'%4. ”gmo') were t‘;ve'gr:je"']{l n2 g'md" e 33";\’
mg) was added to a solution 8f(7 mg, 0.12 mmol) in a mixture added fo a flame dried round vottomed Hask. '

. : : molecular sieves (1.1 g) were added, and the flesk put under
(1:1) of MeOH/PhMe (1 mL). The reaction mixture wssarged ; .
with a balloon of H for 5 min then stirred at room temperature for Vacuum and backfilled with N3 x). Toluene (20 mL) was added

- - and the reaction mixture was stirred for 10 minobefadding47
2_4 h under a hydrog_en atmosphere_:. The_ reactlon_umlxv\{as (2.19 g, 6.54 mmol) and-BuOH (1.46 g, 1.80 mL, 19.61 n?;ol).
filtered through a_silica plug, eluting with a mixe (1:1) The reaction mixture was heated to X0 for 16 h. The mixture
acetone/nexanes (5 mi). The sqlutithywes concedrainder was cooled to room temperature and filtered thrdalgiﬂica lu
reduced pressure and the crude material was plirtfie flash he ol hed Pth 11 EtOAc/h 200 hpthg.
chromatography eluting with a gradient of acetoer#émes (7:20 The plug was washed wi : c/hexanes ( Vo @ 3l the
- 1:2) to provide 3 mg (53%) @ as an amorphous yellow solid: combined _ eluant was _concentra_\ted and _purified b_&Shﬂ
H-NMR (500 MHz)5 13.06 (s, 1 H), 8.25 (s, 1 H), 6.98 {d= 8.5 chromatography eluting with a gradient of 5_C}I§/hexanes 14

4 3:4) to provide 1.26 g (67%) dB as a clear oil.

Hz, 1 H), 6.944 (s, 1 H), 6.941 (@~ 8.0 Hz, 1 H), 5.39 (bs, 1 H),
5.29 (bs, 2 H), 4.07 (s, 3 H), 4.03 (s, 3 H), 3§23 H), 1.57 (bs, 4 Using DMSO: Pd(OAc)2 (34 mg, 0.149 mmol), 1,3-
H); “C-NMR (125 MHz)$ 180.9, 156.1, 151.9, 151.3, 148.1, bis(diphenylphosphino)propane (DPPP) (123 mg, 0.2e8ol),
147.2, 143.9, 142.9, 136.5, 131.9, 131.5, 124.63.412115.8, and tetrabutylammonium acetate (TBAA) (900 mg, 2rB8hol)
114.8, 113.4, 106.8, 104.7, 99.7, 99.3, 57.0, 3064, 29.2, 23.9; were weighed in a glove-box, and added to a flameddround
IR (film) 3396 (O-H), 2955 (C-H), 1644 (C=0), 1618588, 1509, bottomed flask. Pulverized 3 A molecular sieve$ ¢).were added
1479, 1453, 1434, 1382, 1361, 1299, 1277, 1237112175, and the flask was put under vacuum and backfilléth W, (3 x).
1147, 1115, 1073, 1030, 1003, 988 ¢rHRMS (ESI)m/z calc for  Degassed DMSO (20 mL) was added, and the reactixne was
NaGysH,0," (M+Na), 489.1156; found, 489.1154. stirred for 10 min before addingZ (500 mg, 1.49 mmol) and-

2-Bromo-6-methoxyphenol (46). Guiacol @5) (2.0 g, 16.11 BuOH (0.33 g, 0.41 mL, 4.47 mmol). The mixture vaasited to 70

mmol) was dissolved in Cil, (160 mL) and cooled to — 7&. In °C for 16 h. The mixture was cooled to room tempesa and

filtered through a silica plug. The plug was washeith 1:1
a separate flask, TMG (4.45 g, 4.85 mL, 38.66 mmai} added to .
a slurry of NBS (3.44 g, 19.33 mmol) in G&l, (43 mL) at 0°C. EtOAc/hexanes (1 x 100 mL), and the combined eluastwashed

: : P ; with H,O (1 x 50 mL), dried (N£04), filtered and concentrated
The mixture was stirred until it became homogenesmin), then under reduced pressure and the crude oil was edrliy flash



chromatography eluting with a gradient of {H/hexanes (1:4

3:4) to provide 272 mg (69%) @8 as a clear oil. 1H-NMR (500
MHz) d 7.18 (dd, J = 8.1, 8.0 Hz, 1 H), 7.13 (dé&; 1.0, 8.3 Hz, 1
H), 6.85 (dd, J = 1.0, 8.0 Hz, 1 H), 4.36 (t, J.6 Bz, 2 H), 3.81 (s,
3 H), 1.74 (quin, J = 6.6 Hz, 2 H), 1.47 (sex, 3.6 Hz, 2 H), 0.96
(t, 3 = 7.3 Hz, 3 H); 13C-NMR (125 MHz) d 166.3,715, 131.1,

126.4, 124.5, 119.7, 110.0, 65.6, 56.1, 30.6, 18317; IR (film)
2960 (C-H), 2873 (CH), 1731 (C=0), 1591, 1573, 146433,
1267, 1187, 1157, 1107, 1066, 1035, 839 cm-1; HRES!) m/z
calc for NaG,H,s *BrOs" (M+Na), 309.0097; found, 309.0102.

(50).
(2-biphenyl) tht-

8-Methoxy-3-methyl- 1H-isochromen-1-one
Pd(dba}*HCCl; (45 mg, 0.043 mmol),

butylphosphine (52 mg, 0.174 mmol);R0, (923 mg, 4.35 mmol),
mmol) and

para-methoxyphenol 43 mg, 0.348
tetrabutylammonium acetate (TBAA) (525 mg, 1.74 Mnwere

weighed in a glove-box and added to a flame dréeshd bottomed
flask. Pulverized 3 A molecular sieves (250 mg) added and the
flask was put under vacuum and backfilled with(® x). Toluene
(5 mL) was added, and the reaction mixture wasestifor 10 min
before adding a degassed solution48f(2.19 g, 6.54 mmol) in

toluene (4 mL) and acetone (freshly distilled fr@aH,, 0.61 g,
0.77 mL, 10.44 mmol) and the mixture was heate@t6C for 16

h. The mixture was then cooled to room temperatane, filtered

13
(35,10aS)- 3-Benzyl-6-methoxy-10a-methyl-10,10a-di hydro-
5H-oxazol o[ 3,2-b] isoquinoline-2,5(3H)-dione (51). Isolated from a
sample 062 which was left on the bench at room temperature-fo
1 week. Purified via preparative TLC (50% EtOAc/aeas) to
provide 9 mg (20%) 061 as an amorphous white solitH-NMR

(600 MHz)3 7.40 (ddJ = 7.5, 8.5 Hz, 1 H), 7.27-7.20 (comp, 5 H),

6.96 (d,J = 8.6 Hz, 1 H), 6.76 (d] = 7.4 Hz, 1 H), 4.97 (dd] =
2.6, 6.4 Hz, 1 H), 3.95 (s, 3 H), 3.52 (di= 6.4, 13.9 Hz, 1 H),
3.42 (dd,J = 2.6, 13.9 Hz, 1 H), 3.16 (d,= 14.6 Hz, 1 H), 3.05 (d,
J=14.7 Hz, 1 H), 0.53 (d = 1.0 Hz, 3 H)**C-NMR (150 MHz)3
171.3, 161.0, 159.9, 136.3, 136.0, 133.7, 130.3.612127.3,
120.2, 116.5, 111.9, 94.2, 69.6, 58.0, 56.3, 5386; IR (film)
3436, 1729 (C=0), 1666 (C=0), 1599, 1571, 1478,414B19,
1282, 1262, 1163, 1089, 1039, 980 crAIRMS (CI) mvz calc for
CaoH1NO," (M+), 337.1314; found, 337.1310.
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through a silica plug. The plug was washed with 3:1Referencesand notes

EtOAc/hexanes (100 mL) and
concentrated and purified by flash chromatographyirg with a

gradient of EtOAc/hexanes (1:4 1:2) to provide 197 mg (59%)
of 50 as a brown amorphous solfti-NMR (600 MHz)5 7.57 (dd,

J=17.77,7.78 Hz, 1 H), 6.89 (d,= 8.3 Hz, 1 H), 6.86 (d] = 7.77
Hz, 1 H), 6.15 (app d] = 1 Hz, 1 H), 3.99 (s, 3 H), 2.23 @z= 1

Hz, 3 H);"*C-NMR (150 MHz)5 161.6, 159.8, 155.1, 140.7, 135.7,
117.0, 109.3, 108.0, 103.6, 56.3, 19.5; IR (filmMBB, 1729 (C=0),
1666, 1599, 1571, 1478, 1434, 1319, 1282, 12623,11689,

1039, 980 cil; HRMS (ESI)mvz calc for NaG;H;Os  (M+Na),
213.0522; found, 213.0523.

(9)-2-(8-Methoxy-3-methyl- 1-oxoisoquinolin-2(1H)-yl)-3-
phenylpropanoic acid (52). A solution of AlMe (2 M, 3.44 mL,

6.89 mmol) in toluene was added to THF (10 mL)lofeked by a

solution of MeLi (1.26 M, 5.5 mL, 6.89 mmol) in & The

mixture was stirred for 10 min before adding toemaksed flask

containing solid L-phenylalanine (487 mg, 2.95 mmorhe

mixture was stirred for 10 min before heating to°80and heating
for an additional 30 min or until the mixture be@homogeneous.
A solution of50 (187 mg, 0.98 mmol) in toluene (10 mL) was then4.
added and the mixture was stirred for 1 h atGpwhereupon the
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