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Homoallyl ortho-vinylaryl ketones were prepared via several different routes. In the presence of 1-2 mol-% Grubbs-
Il catalyst, these substrates cyclized to give 6,7-dihydrobenzocyclohepten-5-ones. The enolates derived therefrom

by treatment with NaHMDS in THF were oxidized by a stream of molecular oxygen at 0°C. This furnished 6-
hydroxybenzocyclohepten-5-ones (“6,7-benzotropolones”).
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Metatheses

Michael Kreibich,® Manuel Gemander,® David Peter,/@ Dharmendra B. Yadav,™ Charles B. de
Koning,™ Manuel A. Fernandes, Ivan R. Green, Willem A. L. van Otterlo,*d Reinhard Brtickner,*?¢l

Abstract: Four homoallyl ortho-vinylaryl ketones (10a-d) — 1,8-dienes
of sorts — were prepared by several approaches. In the presence of
1-2 mol-% Grubbs-II catalyst, they ring-closed to give 6,7-dihydroben-
zocyclohepten-5-ones (11a-d) in 90-96% vyield. With SeO; the parent
compound (11a) delivered benzocyclohepten-5-one (13a) and/or se-
lenium-containing compounds (18-22) but no more than traces of 6,7-
benzotropolone (5a). However, 5a was accessible from compound
1la via the sodium enolate and allowing the latter to react with a
stream of oxygen (43% yield). The sodium enolates of the substituted
6,7-dihydrobenzocyclohepten-5-ones 11b-d and oxygen underwent
analogous 4-electron oxidations. This furnished the substituted 6,7-
benzotropolones 11b-d. In contrast, the corresponding lithium eno-
lates were inert towards oxygen. The 6,7-dihydrobenzocyclohepten-
5-one 11d was also accessed differently, namely by a Grubbs-II cat-
alyst-mediated RCM / C=C migration tandem reaction of the allyl or-
tho-allylaryl ketone 73 — another 1,8-diene of sorts (90% yield).

Introduction

Atropine (Figure 1) has been known for almost 200 years.M It is
the racemate obtained from attempts to extract its (S)-enantiomer,
the alkaloid (-)-hyosciamine, from Atropa belladonna with base.[
Atropine is composed of two nitrogen-containing heterocycles
and an isocyclic periphery which constitutes a trisubstituted cyclo-
heptane. That peripheral ring’s relationship to Atropa belladonna
inspired the trivial names for a number of cycloheptatrienes: “trop-
ylidenel®!” for cycloheptatriene itself, “tropylium cationt5"” for the
cycloheptatrienylium cation, “tropone!®” for cycloheptatrienone,
and “tropolonel™” for 2-hydroxycyclohepatrien-2-one (1; Figure 1).
Tropone and tropolone can be desribed by resonance forms
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Figure 1: Atropin-based trivial names; tropolone (1) and 6,7-benzotropolone
(2), a donor-substituted cyloheptatrienylium cation and its benz-annulation prod-
uct, respectively.

which characterize them as donor-substituted cycloheptatrienyl-
ium cations. The fusion of a benzene ring to a tropolone core de-
fines two bicyclic compounds, namely “6,7-benzotropolone” (2;
Figure 1) and “3,4-benzotropolone” (not depicted). The present
paper deals with the unsubstituted 6,7-benzotropolone and meth-
oxylated derivatives thereof.

Q  ome Q  owme Q  oH
OMe . OMe TsOH
=z ‘ ring-closing = ‘ (10 equiv.), =z ‘
R X olefin R X ag. MeCN, X
/ N\ metathesis reflux (0.8-2 h)
3 4 5
Bry;
cis-vic-dibromide izt
(6) crystallization o o
OMe
OMe 1) cross- OH
DABCO 7/ ‘ coupling 7/ ‘
RO 2) TsOH RO
(10 equiv.),
7 Br ag. MeCN, R
reflux (2-20 h)
Q ome Q
OMe 1) cross- OH
DBU Rf/ ‘ coupling Rf/ ‘
AN 2) TsOH AN
(10 equiv.),
Br ag. MeCN, R
iso-7 reflux (1.5-48 h) iso-8

Scheme 1: Top: Our previously established ring-closing olefin metathesis
(“RCM”) / ketal hydrolysis route to type-5 6,7-benzotropolones.”® Underneath:
Regiocomplementary processings of a type-4 RCM product via the dibromide 7
and the bromoolefins 7 or iso-7 by cross-couplings and hydrolyses giving type-
8 or -iso-8 6,7-benzotropolones, respectively.l*0

6,7-Benzotropolone (2; Figure 1) and substituted 6,7-ben-
zotropolones have been synthesized by at least ten different ap-
proaches.!®! The newest strategy is from one of our own the labor-
atories: (1) Arican developed a ring-closing olefin metathesis
(“RCM”; - 4)/ ketal hydrolysis (- 5) routel® whose key steps are
sketched in row 1 of Scheme 1. (2) Arican embellished the just
mentioned approach by functionalizing the C=C bond formed in
the RCM step in 3 extra-steps which preceded the respective
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ketal hydrolysis:*% by adding Br,, eliminating HBr, and cross-cou-
pling the resulting bromolefins with organometallic nucleophiles.
Gratifyingly, the respective HBr-eliminations could be realized
with complementary regioselectivities, delivering either of the bro-
moolefins 7 and iso-7 selectively.*? Their cross-couplings and the
ensuing enol-releasing ketal hydrolyses provided the correspond-
ing benzotropolones 8 or iso-8 isomerically pure as well.[X%

MeO O ome MeO O ome OMe

OMe o
MeO. 'I hEOMe MeO. 'I _‘OM(& MeO. 'I hEOMe II P‘OM(&

9a,b iso-9a,b
(from cross-couplings)

iso-9c
(from an enyne
metathesis)

(from an enyne

. metathesis)
a: R = CH=CH-CO,iPr

b: R = C=C-SiMe3

Figure 2 : Ketals 9 or iso-9 whose hydrolyses provided no benzotropolones at
all (9a,129 ¢l is0-9a,1% b,1% ¢l or gave a 6,7-benzotropolone with a modified
side-chain (9b°),

The Arican routes of Scheme 1 have a major drawback, though,
namely the harsh conditions required for hydrolyzing a type-4
ketal in the last step: Liberating the enol required refluxing with 10
equiv. of tosic acid and 100 equiv. of water in acetonitrile for 1 h
— 2 d.P19 These conditions were applicable to certain type-9 or
type-iso-9-ketals, as well (Figure 2). When their substituent R was
Et, Ph, CO;Me or CO,Et, such hydrolyses also proceeded well.[%
However, when their substituent R was CH=CH-CO.iPr (in 9a or
iso-9a), H,C=CH (in 9c or iso-9c) or C=C-SiMe; (in iso-9c) the
substrate vanished under hydrolysis conditions without delivering
any benzotropolone.®1% The C=C-SiMes-containing ketal 9b was
an in-between-case: Its hydrolysis released a benzotropolone as
expected but the side-chain R had been converted into
C(=0)-CH,.[%

o o o OH
= ‘ ring- closmg = ‘ 4-e° oxidation =z ‘
Ry X olefin AN AN
/ N\ metathesis

10 11 5

B-elimination?
T 12

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

2-e® oxidation?

Scheme 2: Can 6,7-benzotropolones 5 be reached via an RCM / oxidation route
rather than via the RCM / hydrolysis route of Scheme 1? A 4-e® oxidation 11 -
5 would be required overall, but two 2-e® oxidations 11 - 12 and 12 -5 might
be used as an alternative.

Scheme 2 shows how we intended to prepare benzotropolones 5
without the ketal hydrolyses being invoked in the 2-step transfor-
mations 4 - 5,7 - 8, and iso-7 - iso-8 of Scheme 1: by depriv-
ing the former metathesis substrates 3 of their ketal group. This
change meant subjecting ketal-free type-10 dienes to the RCM
reaction. The resulting cycloheptenones 11 would then also be
ketal-free. Subsequently, they would have to undergo a 4-electron
oxidation for rendering benzotropolones 5 in a single step.

10.1002/ejoc.202000256

WILEY-VCH

Alternatively, the products 11 of Scheme 2 might be subjected to
two 2-electron oxidations for attaining benzotropolones 5 — in two
steps: step 1 would lead to a hydroxycycloheptone 12, step 2
would proceed to a benzotropolone 5. We wondered whether-step
2 might be disadvantaged vs. a dehydration delivering the ben-
zotropone 13. While 13 looks like a dead-end at first, it might be
re-routable towards 5. This is because unsubstituted benzotro-
pone (13, all R = H) gave unsubstituted benzotropolone (5, all R
= H) by endoperoxide formation and an ensuing reduction with
thiourea.l*Y! Consequently, benzotropones 13 appeared as con-
ceivable intermediates of our Scheme 2 strategy towards ben-
zotropolones.

A Modified Synthesis of 6,7-Benzotropolone

Our proof-of-principle benzotropolone synthesis by the approach
of Scheme 1 delivered the parent compound 5a and is shown in
Scheme 3 and Scheme 5. Scheme 3 advances to the RCM prod-
uct and Scheme 5 supplements its oxidation.

H3C-PPhy® Br®
(pre -treated with

Br
NaHDMS in THF)
) 68%
[¢]

14

SOCl, (neat); f

addition to CHZCIZ soln.
(MeO)N HO
of (MeO)NMeH+HCI;
addmon of NEta \

17

nBuLi, THF, -78°C;
—=78°C — room temp.;
88%

Q o
Grubbs-II cat. (2 mol%),
toluene, 60°C, 5.5 h;

92%
10a 1lla

Scheme 3: Reaching the RCM product 11a, our synthetic precursor of unsub-
stituted benzotropolone (5a).

Our synthesis began by a salt-free Wittig methylidenation of ortho-
bromobenzaldehyde (14, Scheme 3).22 The resulting ortho-bro-
mostyrene (15) was treated sucessively with nBuLi and the Wein-
reb amide 16,3 the latter being obtained via the chloride of pent-
4-enoic acid (17) by a published®¥ procedure. This provided or-
tho-(pent-4-enoyl)styrene (10a) in 88% yield. This compound
ring-closed in toluene solution at 60°C in the presence of 2 mol%
of the 2" generation Grubbs catalystl!S! (“Grubbs Il catalyst”).
Yields were 92% on a gram scale or 99% for a 0.4 mmol batch.
Our RCM product 1la contained a Cqua—C(=0)—-CH, motif. It
should allow for this compound to be subjected to a SeO; (,Ri-
ley“*l) oxidation. That would establish a Cqua—C(=0)—-C(=0) moi-
ety,'”whose enolization would deliver benzotropolone. However,
the RCM product 1la also contained an additional
Cqua—CH=CH-CH, motif. The latter was a second conceivable
point of attack of SeO,, in which case it would react to give either
an allyl alcohol or the corresponding enone.

In fact SeO, attacked the Cgqua—C(=0)—-CH, rather than the
Cqua—CH=CH-CH, motif of compound 1la (Scheme 4, at top).
We tried this oxidation in about 30 variations of solvent (hexane,
chlorobenzene, toluene, ortho-xylene, diethyl ether, DME, THF,
ag. dioxane, dichloromethane, acetonitrile, water, formic acid,
acetic acid, trifluoroacetic acid, diisopropylamine), temperature
(20°C - 155°C), and time (3 h — 6 d). The following products were
isolated and identified: the diselenyl bis(benzotropolone) 18 (*H,

This article is protected by copyright. All rights reserved.
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13C, and 7Se NMR, combustion analysis, and HRMS; 19% yield,
70% aq. HOAc, 90°C, 12 h); the selenium-bridged alcohol 19 (*H,
13C, and ""Se NMR; 24% yield, ortho-xylene, reflux, 9.5 h) and its
carboxylic esters 20-22 (*H, 13C, and "’Se NMR; 18-36% yield, in
the respective carboxylic acid, reflux or room temp., 2.5 — 4 h);
and benzotropone (13a, a known compound;*¥ 50% yield, chlo-
robenzene + 2.2 eq. of tBUOOH, reflux, 6 h). The amount of ben-
zotropolone (5a) never surpassed the 1 percentile rank according
to 'H-NMR spectroscopic examinations of the crude product mix-
tures using an aliquot of 2,4,6-tribromotoluene for calibrating the
integrals.

(o}

OH

5a
(never obtained)

1la 19-22
+SeO, (up lo 19%) (up to 24%, 30%, ~80%, and 36%)
(usually 1.1 equiv.;
— 21: 1.5 equiv.)

2- ee oxidation “

13a
(up to 50%, in which case tBuOOH had been added)

2
I ose .

|:| eliminative fragmentation OH  B-elimination of HO-Se-OH

5a ) =-------NNrm- e H o e - |13a

] g =]

.4
23 B-elimination of Se(=0)(-OH) |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

w2 i
i B-elimination of Se(OH), Y

Q 1 o . OH
OH O-Se
Sg in enol \ 4 N
,,,,,,,,,, N +Se0, o
N Tl H
'
11a \ 24 25
i Se—OH i
3 +HO,CR
4

o +2 i
SeH 19-22) |
@ air (or Se0,?) OQ 1,4-elimination '

Scheme 4: At top: SeOz-oxidations of the RCM product 11 (synthesis: Scheme
3); the desired benzotropolone 5a did not emerge. At bottom: Suggested origin
of the product portfolio of the aforementioned oxidations, starting from the a-
[(hydroxylselenyl)oxy]ketone 23 which we consider as the first intermediate.

The formation of the oxidation products 13a and 18-22 from the
RCM product 11a is rationalized in the lower parts of Scheme 4.
According to Corey and Schaefer’@ SeO, and ketones give an
enol ester at first. The latter undergoes a [2,3]-sigmatropic rear-
rangement (not yet named so at the timel*"@). In the case at hand

10.1002/ejoc.202000256
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(Scheme 4) it should form the Se(ll) ester 23 of an acyloin. Elimi-
nation over a 6-membered cyclic transition state might furnish
benzotropone (13a) directly. Alternatively, 13a might result after
Se—-OHE transfer to the enol tautomer of substrate 11a. This re-
action would deliver the selenenic acid 26 — whose fate is dis-
cussed below — and the acyloin 24. The latter and SeO, might
form the Se(IV) ester 25. A B-elimination via a 6-membered cyclic
transition state would accomplish a second pathway to benzotro-
pone (13a). A different B-elimination of the same Se(lV) ester 25
— via a 5-membered cyclic transition state — would appear as a
plausible origin of the desired benzotropolone 5a, which, how-
ever, hardly formed at all.

The selenenic acid 26 is poised for an electrophilic selenylation of
its olefinic C=C double bond. It should deliver the carbenium-ion
27 and neither its regioisomer nor the isomeric selenium-ion be-
cause 27 should be less ring-strained. If this carbenium-ion is
guenched by the co-solvent — water — or the solvent — formic acid,
acetic acid or trifluoroacetic acid, respectively — trans-selec-
tively*®l and if the resulting (carb)oxonium ion is deprotonated,
compounds 19-22 result.

Alternatively, the carbenium-ion 27 of Scheme 4 is capable of be-
ing deprotonated and thus also capable of establishing the C=C
double bond of the “2,5-dihydroselenophene” 28. If a 1,4-elimina-
tion of H” and RSe® follows, a dieneselenolate and a proton
(source) form. They would combined to give the C=C-C=C-Se-H
moiety of the dieneselenol 29. The latter would be (aut)oxidized
rapidly, causing a dimerization to compound 18.

In response to the inability of SeO, (Scheme 4) to oxidize the
RCM product 11a to benzotropolone (5a) we tried different rea-
gents for accomplishing this oxidation (Scheme 5, at top). Enolate
formation with NaHMDS followed by treatment with MoOs[pyri-
dineMMPU1 effected no conversion at all. In contrast, a Davis
oxaziridine?? converted the same sodium enolate completely.
Disappointingly, an extractive workup with ag. NaOH (4 m), acidi-
fication with concentrated HCI, extraction with CH,Cl,, and sepa-
ration from 4-chlorobenzenesulfonyl N-(4-chlorophenyl)amide by
flash-chromatography on silica gel?! provided benzotropolone
(5a) in just 4% vyield.

The center part of Scheme 5 rationalizes this unusual oxidation.
If these reactants underwent nothing but the routinely observed
a-hydroxylation, the ketone 30 with the ring-opened aziridine as
an a-appendage would form first and the acyloin anion 31 there-
after (along with an N-sulfonylimine, which is not shown). Nor-
mally, the oxidation should have come to an end at this stage. The
fact that it proceeded beyond, forces one to consider a deproto-
nation of 31 by the first-formed 11a-enolate (unless an inadvertent
tiny excess of NaHMDS assumed that role); this would give the
acyloin dianion 32. Either of its two enolate moieties might ring-
open some of the extra-amount of the oxaziridine, which we em-
ployed. These ring-openings would resemble the ring-opening of
the first equivalent of this oxaziridine by the 11a-enolate. Acccord-
ingly, the ketones 33 and iso-33 should form, each containing the
ring-opened aziridine at C-a. These species might resist fragmen-
tation under the reaction conditions but will fragment upon proto-
nation during work-up, thereby liberating, after tautomerism, ben-
zotropolone (5a). The 4-electron oxidation 11a - 5a would thus
be viewed as resulting from two 2-electron oxidations.
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Scheme 5: Oxaziridine- and O-oxidations of the RCM product 11 (synthesis:
Scheme 3) and conceivable intermediates en route to the resulting benzotropo-
lone 5a.

The oxidation of the 1la-enolate to benzotropolone (5a) suc-
ceeded much better with a stream of oxygenl?? than with the men-
tioned oxaziridine (Scheme 5, at top). Our best conditions con-
sisted of deprotonating 11a in a THF solution with 2.0 equiv. of
NaHMDS, adding no P(OEt); thereafter or 1.0 equiv. thereof,%3
and bubbling pure oxygen through the resulting mixture at 0°C for
6 h. Work-up as described above then furnished benzotropolone
(5a) as a yellow solid in 43% (42%) yield.[?4

This last-metioned type of oxidation may be unprecedented. We
rationalize its course as shown at the bottom of Scheme 5. In the
inaugural step or in the two inaugural steps, the 11a-enolate and
O, should combine to give the hydroperoxide anion 34. At this
juncture (EtO)sP may become involved — or not. In the latter case,
the hydroperoxide anion 34, which contains a keto group, must
be deprotonated by the second equivalent of NaHMDS. This
leads to the enolate-containing hydroperoxide anion 35. If its O-O
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bond heterolyzed in spite of expelling fairly unstable Na,O, the
diketo form tautom-5a of benzotropolone would result. Proton
transfer to Na,O would render the 5a-enolate and NaOH. How-
ever, this enolate would have to stay inert towards the stream of
oxygen throughout the rest of the reaction time. This is hard to
believe. Accordingly, we prefer to consider the enolate-containing
hydroperoxide anion 35 as inert towards O—-O bond heterolysis.
In this case 35 would await protonation during work-up. This
would facilitate the O—O bond heterolysis and thereby render the
benzotropolone 5a. Thus the 4-electron oxidation 11a — 5a over-
all would be a 4-electron oxidation mechanistically speaking.
Conversely, the ketone-containing hydroperoxide anion 34 of
Scheme 5 might react not with NaHMDS (cf. above) but with
(EtO)sP — as related hydroperoxide anions presumably do.[?3-<]
This would lead to the acyloin anion 31 along with (EtO)sP=0 (36).
The possibility that 31 and the second equivalent of NaHMDS un-
dergo a proton transfer which delivers the acyloin dianion 32 was
already mentioned above. Either enolate moiety of this dianion
might react with O, like the 11a-enolate supposedly reacts with
O, (- 35): by forming a hydroperoxide anion, namely the interme-
diates 37 or iso-37. Therein — other than in the hydroperoxide an-
ion 35 discussed before — the O-O bond must not heterolyze for
advancing towards benzotropolone (5a). This is because the hy-
droperoxide anions 37 and iso-37 are O,0-hemiketals of sorts.
Expelling NazO_ under the reaction conditions or H,O, upon protic
work-up would generate a carbonyl group. Tautomerism would
then accomplish benzotropolone (5a). If this pathway applied, the
4-electron oxidation 11a - 5a would comprise two 2-electron ox-
idations of the substrate and an additional 2-electron redox reac-
tion with (EtO)sP.

Synthesis of a (Methoxybenzo)tropolone

K® F8° .
Q NBS, 2 W 3
MeO. I (10 mol%), MeO Pd(OAC), (5 mol%), MEC
MeCN, room PPh3 (10 mol%),
temp., 21 h; Br s,c0; (3 equiv.), )
38 82% 39fal aq. THF, 66°C, 20 h; a0!b)

90%

KH (1.1 equiv.), THF;
BEt3 (1.1 equiv.);

allyl bromide (1.5 equiv.),
room temp.; 18 h;

49%(°]

NaHMDS (2.0 equiv.), THF, —=78°C, 15 min;
addn. of P(OEt)3 (1.0 equiv.);

— 0°C, stream of oxygen, 2 h;
32%

o OH o o
MeO MeO Grubbs-Il cat. (1 molog), MO
O O toluene, 60°C, 6 h;
96% /
5b 11b 106!

Scheme 6: Preparation of the RCM product 11b and its oxidation to the ben-
zotropolone 5b.- BICompound 39 was a 91:9 mixture with substrate 38. P\Com-
pound 40 was a 91:9 mixture with compound 38. ITaking into account the re-
isolation of 31% 40, the yield of 10b was 71% instead of 49%. [!lCompound 10b
resulted in an 88:12 mixture with allyl-38 (formula: Experimental Part).

The feasibility of the RCM / 4-electron oxidation route to the un-
substituted benzotropolone 5a led us to extend our strategy to a
number of substituted benzotropolones 5b-5d (Scheme 6-
Scheme 9). Striving for the methoxybenzotropolone 5b the meth-
oxyacetophenone 38 was brominated with NBS following the lit-
eraturel®® (Scheme 6). This provided 82% of the desired bromide
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39. It was subjected to a Suzuki-coupling/?®271 with potassium vi-
nyltrifluoroborate.?8:29 This rendered the styrene 40 in 90% yield.
We allylated compound 40 via an ate-complex of its diethyl-
borinate — i. e., using a method of Negishi.B% Still, the desired
monoallylation (- 49% diene 10b) competed with inertness (-
31% re-isolated 40) and diallylation (-~ 9% triene allyl-10b; for-
mula: Experimental Part). The diene 10b was the substrate of a
well-working RCM reaction. It delivered compound 11b in 96%
yield. Deprotonation with excess NaHMDS and oxidation with mo-
lecular oxygen under the same conditions, which had provided
the MeO-free benzotropolone 5a in 42% yield (Scheme 5, at top),
gave the MeO-containing analog 5b in 30% yield.

Synthesis of (Trimethoxybenzo)tropolones

We also synthesized two (trimethoxybenzo)tropolones 5c¢ and 5d
(Scheme 9). This occurred via the RCM products 11c (resulting
from the sequence of Scheme 7) and 11d (obtained from either of
the two approaches of Scheme 8 or from the appoach of Scheme
11), respectively.

CI\(CI
MeO B eo, MeO Br _ HoC-PPhs” B pphy Br°  MeO
MeO TiCly, MeO (pre -treated with
© CH,Cly; Me ]| nBuLiin THF);
MeO 99% MeO O 88% MeO
41 42
nBulLi (1.3 equiv.), EtSH, DCC,
THF, -78°C; cat. DMAP,
ZnCly (1.1 equiv.); CH,Cly;
81%
PdCl,(PPhg), (5 mol%),
toluene, o
— room temp., 16 h;
0,
o o 83% EtS
MeO Grubbs-II cat. (1 mol%), MeO. w N\
toluene, 60°C, 3.5 h;
MeO 96% MeO / N\
MeO MeO
1lic 10c

Scheme 7: Preparation of the RCM product 11c.

The RCM product 11c was prepared from the commercially avail-
able bromotrimethoxybenzene 41 in the 5 steps shown in Scheme
7. The Rieche formulation, with which we started, worked as well
as reported,® affording the aldehyde 42 in 99% yield. A Wittig
methylidenation afforded the corresponding styrene 43 in 88%
yield. The C-Br motif of this compound was a place-holder for the
C-C(=0)-CH,—CH,—CH=CH_ motif of the desired RCM substrate
10c. The respective functionalization was attempted via several
protocols. It was found that a Fukuyama ketone synthesisl®2
worked best. It was accomplished by combining the thioester 44
- prepared from pen-4-enoic acid (17), ethanethiol, and DCC -
and the arylzinc reagent obtained from the styrene 43 - by suc-
cessive Br/Li and Li/ZnCl exchanges — under PdCl,(PPhs), catal-
ysis. The diene 10c was obtained in 83% yield. 1 mol-% of
Grubbs-Il catalyst*®! ring-closed this compound and furnished
96% of the RCM product 11c.

Our least laborious synthesis of the RCM precursor 10d (Scheme
8, upper part) resembled our synthesis of the isomer 10c
(Scheme 7). Starting from the commercially available trimethoxy-
benzaldehyde 45, this synthesis, too, comprised 4 linear steps
and 5 steps altogether (Scheme 8). A bromination with NBS in
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CHCI; afforded the aldehyde 46 in 64% yield (ref.3%: 84% in
MeCN). A Wittig methylidenation provided the corresponding sty-
rene 47 (86%). The ensuing Fukuyama ketone synthesis deliv-
ered the desired diene 10d in 51% yield. It was isolated as a flash-
chromatographically® inseparable mixture with a 28% yield of
the protonolysis product. The compound is depicted in Scheme 8,
namely, debromo-47 of the arylzinc intermediate. This difference
compared to the 83% vyield of the diene 10c of Scheme 7 and the
non-occurrence of a protonated aromatic byproduct reflects the
greater hindrance of the arylzinc intermediate used in Scheme 8
vs. Scheme 7. When we exposed the 64:36 mixture of the diene
10d and its contaminant debromo-47 to 1 mol-% of Grubbs-II cat-
alyst[*sl the RCM product 11d resulted in 84% yield.

MeO MeO MeO

MeO nBs, MeO B HycpPhd Br® MeO Br
MeO CHClg; Moo (pre-treated with MeO
e ) eave  Me ) nBuLiinTHR), M )
o o 86% Q
45 46 47
EtS
nBuLi (1.2 equiv.),
THF, -78°C; \
ZnCl, (1.0 equiv.);
qnthesm
PdCl,(PPh3); (5 mol%), Scheme 7)
toluene,
— room temp., 17 h;
o) MeO O MeO
MeQ Grubbs-II cat. (1 mol%), © MeO.
MeO 1,2-dichloroethane, ™0 ©
80°C, 5 h; MeO
MeO 90% MeO / \ e
11d 10d debromo-47

Grubbs-II cat. (1 mol%),
toluene, 60°C, 3.5 h;

84% relative to 10d

F(Sl%) inseparable mixture (28%)

Dess-Martin periodinane, moist CH,Cly;
92%

0
MeO BrMg TSOH, MeO /§
ag. MeOH; Meo
90%
820/\ MeO R

50: R = CH=CHj (81%)
Wittig

51: R = CH=0 (80%)

PCC
MeO 52: R = CH,0H(84%)
MeO LiAIH,
53: R = CO,Me (92%)
MeO

CO,R

o

54:R=H Cl Cl MeO
MeOH, he \ HO/§ , TSOH, HC(OEt)3, THF
H,SO0. MeO MeO HO
2% s5R=Me —

SNCly, CH,Cly;
MeO
87% over COzMe

the 2 steps 56

Scheme 8: 4-Step synthesis (at top) and 10-step synthesis (at bottom) of the
RCM product 11d (see second formula line at left).

The same RCM product 11d was formed in 90% yield, when we
ring-closed a pure specimen of the diene 10d. The latter stemmed
from the commercially available trimethoxybenzoic acid 54 and
the 9-step sequence depicted in the lower part of Scheme 8. This
sequence consists of ® an esterification (-55), @ a Rieche
formylation (-561%4), ® acetal formation with ethyleneglycol
(-53), @ reduction of the ester moiety with LiAIH4 (- 52), ® oxi-
dation to the aldehyde with pyridinium chlorochromatel®® ( - 51),
® Wittig olefination (- 50), @ acetal hydrolysis (- 49), ® addition
of homoallylmagnesium bromide (- 48), and ® oxidation of the
resulting secondary alcohol with the Dess-Martin periodinanel®®!
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in moist CH,Cl,*") (- 10d). The respective overall yield of 29%
10d was was very similar to the overall yield of the 3-step se-
quence 45 - 46 - 47 - 10d (28%; Scheme 8, upper part) +
debromo-47.

p-Br- H4Ce

p-bromo-
MeO. Ehenacyl MeO.
romide.
MeO New MeO
CH,Cl,,

t, 47%

with LDA (0°C, 6 h): = 81% unchanged 11c

with NaHMDS and P(OEt)3 (-10°C, 2 h):
— 38% 5¢, no 11c, no 57

with NaHMDS but no P(OEt)3 (0°C, 2 h):
— 36% 5¢, no 11c, 13% 57

o o

OH
MeO. l Q MeO. i Q
MeO alkali metal amide MeO
MeO (2.0 equiv.), MeO
11c THF, -78°C, 15 min; 5¢

addition of P(OEt)3
(1.1 equiv.) or not;
MeO O stream of oxygen, MeO O

OH
MeO - Tt Meo
MeO MeO

11d 5d

with LDA (0°C, 6 h): = 96% unchanged 11d

with NaHMDS and P(OEt)3 (0°C, 20 min):
— 26% 5d, no 11d, 33% 59

with NaHMDS but no P(OEt)3 (0°C, 30 min):
— 15% 5d, no 11d, 32% 59

o)
H
p-Br-H,Cg H

(S
meo OO P;]bromO-l Meo © %ﬁf’,&“
phenacyi &
) e Y
MeO NE  \eo
CHZCl,
59 rt; 73% 60

Scheme 9: Reaching the benzotropolones 5c and d by oxidizing the RCM prod-
ucts 11c and d, respectively.

The enolate-forming conditions (exposure to 2 equiv. of NaHMDS
in THF at —78°C for 15-20 min) established for the benzotropo-
lone-delivering autoxidations [stream of oxygen, in the absencel??
or presencel® of P(OEt)s] of the RCM products 11a (- 5a, cf.
Scheme 5, line 2) and 11b (- 5b, cf. Scheme 6) let the RCM
products 11c and d react similarly (Scheme 9): The RCM product
11c gave the (trimethoxybenz)tropolone 5c¢ in 36% and 38% yield,
respectively; the isomeric RCM product 11d gave the correspond-
ing (trimethoxybenz)tropolone 5d in 15% and 26% yield, respec-
tively. Working up these reactions only after monitoring their pro-
gress by TLC indicated complete consumption of the substrate, it
became clear, that the better-yielding autoxidation (of 11c) pro-
ceeded more slowly than the less-yielding autoxidation (of 11d).
When we used 2.0 equiv. LDA instead of 2.0 equiv. of NaHMDS,
we observed no autoxidations whatsoever. Even when the expo-
sure time to oxygen was 6 h, we re-isolated the RCM substrates
11c and d in yields of 81% and 96%, respectively. Exposure of
the RCM substrate 11c to 2.0 equiv. of KHMDS followed by 3 h of
autoxidation destroyed the substrates completely giving 8.6% of
the (trimethoxybenz)tropolone 5c¢ as the only identifiable product.
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Only one of the four sodium enolate autoxidations of Scheme 9
delivered the respective (trimethoxybenz)tropolone chemoselec-
tively, namely the P(OEt)s-free autoxidation of the RCM-product
11c (- 36% 5c). The same substrate in the presence of P(OEt)s
(- 38% 5c) as well as the RCM-product 11d no matter whether
P(OEt)s was present (- 26% 5d) or absent (- 15% 5d) delivered
rearranged autoxidation products as well: The RCM-product 11c
gave 13% of the trimethoxynaphthoic acid 57 and the RCM-prod-
uct 11d 33% and 32% of the trimethoxynaphthoic acid 59, P(OEt);
being present or absent, respectively. We confirmed the identity
of both acids by preparing and characterizing their para-bromo-
phenacyl esters 58 (from 57) and 60 (from 59; Scheme 9).

dc.6 = 156.3 ppm

d¢c.1 = 173.3 ppm d¢c.;r =123.8 or

d¢c.5 = 179.5 ppm
Oy OH 126.2 ppm
837ppm—~H O > ol 8.65 ppm — H 7

H
MeO. =X MeO H

I QG
MeO = ) 3),5=9.3Hz MeO H

S

H
MeO H MeO
~/ 333 4=83Hz

3Jg9=11.8 Hz

d¢c-5 =180.2 ppm Oc-g = 158.2 ppm dc1'=1315

OH or 129.8 ppm

MeO.
0@ P

g =9.2Hz MeO
6.61 ppm — H

d¢c.1 =177.9 ppm \
MeO O J
O.
MeO
6.32 ppm = H H\/

3J =83 Hz
3Jge =115 Hz 34

Figure 3: *H- (500 MHz) and **C-NMR (126 MHz) distinctions in CsDs solution
between the desired benzotropolones 5¢ and 5d and the naphthoic acids 57
and 59, respectively, which formed competitively.

In terms of 3C-NMR spectral evidence, formation of the rear-
rangement products 57 and 59, in addition to the benzotropolones
5c and 5d (Scheme 9) was rather inconspicuous. This was cer-
tainly true when comparing the single-most deshielded *C-nu-
cleus of each compound with one another (Figure 3): The car-
bonyl-13C of the benzotropolone 5c resonates at & = 179.5 ppm
and the carboxyl-**C of the naphthalene 57 at & = 173.3 ppm.
Similarly, the carbonyl-*3C resonance of the benzotropolone 5d (&
=180.2 ppm) is only slightly down-field from the carboxyl-*3C res-
onance of the naphthalene 59 (6 = 177.9 ppm).

The trimethoxynaphthoic acids 57 and 59 are constitutional iso-
mers of the (trimethoxybenz)tropolones 5¢ and 5d, respectively
(Scheme 9).This suggests that the former arise via the latter. To
our surprise, we failed to induce the respective isomerizations
when we (seemingly) re-submitted the pure (trimethoxy-
benz)tropolone 5c or its isomer 5d to the conditions of their for-
mations: @ 45.8 mg (trimethoxybenz)tropolone 5¢c and NaHMDS
(2.0 equiv.) were combined in THF at —=78°C, warmed to 0°C 15-
20 min therafter, whereupon a stream of oxygen was passed
through the solution for 7 h; extractive workup and purification by
flash-chromatography on silica gell?¥ led to the recovery of 27.6
mg 5¢ (60%) but furnished none of the naphthoic acid 57. @ Anal-
ogously, 60.5 mg (trimethoxybenz)tropolone 5d and NaHMDS
(2.0 equiv.) were combined in THF at —=78°C, warmed to 0°C 15-
20 min therafter, whereupon a stream of oxygen was passed
through the solution for 6 h; extractive workup and purification by
flash-chromatography on silica gel?*! afforded 52.4 mg 5d (86%
mg) but gave none of the naphthoic acid 59.
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Scheme 10: Rationalization of the formation of naphthoic acids 57 and 59 in the
course of the oxidations of Scheme 9 (starting from the intermediates tautom-
5c,d and/or 5c,d-enolate depicted there) as benzilic acid rearrangements. The
lower part of the Scheme represents the classical, i. e., HO®-induced mecha-
nism, while the upper part is an °O-0O®-induced mechanism.

On the other hand, Cook and Somerville reported that “by fusion
with 80 per cent potash at 180-185°”" 5a “was almost quantitatively
converted into a-naphthoic acid.”®® Differently expressed, a mol-
ten 20:80 mixture (w/w) of the benzotropolone 5a and potash un-
derwent a benzilic acid rearrangement®d giving 1-naphthoic
acid.*® An oxidation of benzotropylium tetrafluoroborate with 90%
Na,O, in THF, possibly not unrelated to our own (aut)oxidations,
gave four C;-substituted naphthalenes (plus other products).?!
Literature autoxidations of the sodium enolates of cholesta-
nonel?d or benzil*? went beyond the 1,2-diketone stage due to
ensuing benzilic acid rearrangements as well.

Considering these analogies, we do not refrain from rationalizing
the formation of our naphthoic acids 57 and 59 during 3 of the 4
autoxidations of Scheme 9 by the diketone monohydrate-anion
mechanismi? of a standard benzilic acid rearrangement (Scheme
10, bottom half). In principle, either substrate might give rise to
two “regioisomeric” diketone monohydrate-anions: In 63c,d, the
C(-0° Na")(-OH) motif is substituted by an aryl group whereas
in iso-63c,d, the C(—-O® Na")(-OH) motif is substituted by an allyl

10.1002/ejoc.202000256

WILEY-VCH

group. As a consequence, the intermediates 63c and d are poised
to realize the benzilic acid rearrangement either by a [1,2]-shift of
the aryl group — namely if 63c or d rearranges — or by a [1,2]-shift
of the allyl group — if iso-63c or d rearranges. Interestingly, both
alternatives give rise to the same rearrangement product 64c,d.
Proton transfer should give the hydroxycarboxylates 65c,d,
whose dehydrations would accomplish the naphthoic acid struc-
tures 57 and 59. If regioisomeric 1,2-diketone monohydrate-ani-
ons allow, in principle, [1,2]-shifts of an aryl or a benzyl group, in
reality a benzyl group migration is favored.*¥ This suggests that
in our case (Scheme 10, lower part) allyl group migrations should
be faster than aryl group migrations. Accordingly, the diketone
monohydrate-anions iso-63c,d would be the rearranging species,
not the diketone monohydrate-anions 63c,d.

The upper part of Scheme 10 supplements an unusual benzilic
acid rearrangement mechanism as an alternative. It takes into
consideration that this kind of rearrangement can also be brought
about by alkoxide anionsl®*® (“ester variant of the benzilic acid re-
arrangement”) and amines®® (“amide variant of the benzilic acid
rearrangement”) as well. Why not, accordingly, attribute an anal-
ogous role to disodium peroxide? The latter is a plausible side-
product of the paralleling autoxidation (cf. mechanism in Scheme
5). Again, either of two “regioisomeric” anion intermediates would
be appropriate to rationalize the product structure: the dianions
37c or d, if an aryl group [1,2]-shifts, or the dianions iso-37c or d,
if an allyl group [1,2]-shifts. Following the reasoning of the preced-
ing paragraph, 37c,d would appear as less reactive than iso-
37c,d.

An RCM / Isomerization Approach to Com-
pound 11d

This section describes another synthesis of the RCM-product 11d
(Scheme 11, Table 1). Its required 10 linear steps which is identi-
cal with our approach from the lower part of Scheme 8 and 7 steps
more than in our approach shown in Scheme 8 at top. The overall
yields of the ring-closed product 11d was 21% by the third route,
28% by the second route, and 24% by the first route.

Our access by Scheme 11 started from the commercially availa-
ble (trimethoxyphenyl)acetic acid 66. We applied the same se-
guence of transformations as in our second approach, changing
reagents only in step ® (using a Swern oxidation**! now and no
PCC oxidation as before) and in step ® (adding allylmagnesium
bromide to an aromatic aldehyde now as opposed to homoallyl-
magnesium bromide before). Steps ©-® were routine: ® H,SO,-
catalyzed esterification (-671“%); @ SnCls-promoted Rieche
formylation*” (- 681648l); ® protection of the formyl group as a
dioxolane (-69); @ reduction of the CO,Me group with LiAlH,4
(- 70); ® Swern oxidationi3! of the resulting CH,OH group (- 71);
® Wittig methylidention (- 72); @ dioxolane hydrolysis (- 75);
addition of allylmagnesium bromide to the liberated CH=0 group
(- 74); ©® water-facilitated®”! Dess-Martin oxidation!3¢! (. 73).
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Scheme 11: Reaching the RCM product 11d differently than by the syntheses
of Scheme 8 (for details of the crystal structural analyses, cf. ref.[49:5%),

Step © of our 11d-synthesis following Scheme 11 was a RCM
reaction of the last-mentioned diene 73. Catalyzed by 6-10 mol-
% of the the Grubbs Il catalyst,[*® this metathesis turned out to be
“special” since it proceeded in tandem with C=C bond migration.
In fact, the TLC of the crude reaction mixture showed no discern-
ible trace of the RCM product 76 containing the isolated C=C
bond. Accordingly, the migration of the C=C bond must have been
considerably faster than its formation. The direction of this bond
migration was subject to temperature control. After a reaction at
75-80 °C this allowed for the isolation of iso-11d in 90% vyield and
11d in 5% yield after separation by flash-chromatography on silica
gell?Y. By lowering the temperature to 40-45 °C 11d and iso-11d
were isolated in 70% and 20% yields, respectively, after flash-
chromatography on silica gel.?] These selectivities were attained
under the metathesis conditions illustrated in entries 5 and 4 of
Table 1, respectively. They differed from one another as follows:
enone iso-11d formed in 90% yield at 80-85°C in (CICH,), within
5 h (entry 5) and is thus the thermodynamically favored isomer
relative to compounds 11d and 76. The styrene 11d was the ma-
jor isomer formed at the lower temperature of 40-45°C in CH,Cl,
within 10 h (entry 4) or at room temp. in CH,CI; or (CICH), within
1-2 d (entries 1-3). Accordingly, its formation is kinetically favored
vs. iso-11d and thermodynamically vs. the initial, yet not observed
ring-closure product 76.
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Table 1: Grubbs-Il catalyst*™ mediated tandem RCM / isomerization
reactions starting from the diene 73 of Scheme 11.12

Entry | Solvent | Temp. | Time Yields
G | (%)
Diene RCM Products
73 76 11d iso-11d
1 CH.Cl, | ~20 48 | 20 50 5
2 (CICH,), | ~20 24 12 60 10
3 CH.Cl, | ~30 48 15 0 60 7
4 (CICH,), | 40-45 | 10 5 70 20
5 |(CICH,).|75-80| 5 0 5 90

@ Our attempts at cyclizing the diene 73 of Scheme 11 using the Grubbs-I catalyst (5-
10 mol-%) failed to give any of the RCM-products 76, 11d, and iso-11d (while allowing
to recover 73) under the following conditions: CH.Clz, ~20 °C, 5 d; (CHzCl)2, ~20 °C,
48 h; CH.Cl, 40-45 °C, 48 h; toluene, 80-110 °C, 24 h.

H-NMR spectroscopy on 11d and iso-11d demonstrated that
both isolated products contained the CH,—CH,—CH=CH moiety
(chemical shifts: Scheme 11). This proved that none of them was
the originally expected RCM-product 76. Their identity became
clear from single crystal X-ray structure determinations!*®50
(ORTEP plots: Scheme 11): The C=C bond is conjugated with the
benzene ring in compound 11d®Y but with the keto function in
compound iso-11d52 This was underlined in the *3C-NMR spectra
because the isolated carbonyl group of 11d displayed a low-field
shift (& = 202.2 ppm) compared to the conjugated carbonyl group

of iso-11d (6 = 194.6 ppm).
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Scheme 12: Analogies to the C=C-shifting RCM reaction(s) 73 - 76 — 11d - iso-
11d of Scheme 11.

C=C bond migrations have been known to accompany olefin me-
tatheses performed in the presence of Grubbs or Schrock cata-
lysts.[53:54.55.56.57.58] Scheme 12 shows three examples which we
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consider pertinent for placing our isomerizing RCMs 73 - - 11d
and 73 - —iso-11d of Scheme 11: The first line of Scheme 12
shows a(nother) RCM-based cycloheptadiene-annulation to an
aromatic nucleus, after whose occurrence (- 78) some C=C bond
migration occurred (- iso-78).5° The second line of Scheme 12
shows that the RCM-based formation of a dihydropyridone 80
could be stopped at that stage working in CHCI; at <70°C.[%% The
same line also shows how that stage could be left behind for ob-
taining the C=C-bond shifted isomers iso-80 or neo-80.1% Which
of these compounds was the mejor product depended on whether
the respective RCM was executed at 120°C in toluene or at 140°C
in CHCI; (sealed tube), respectively.l® The third line of Scheme
12 shows two RCM-based dihydroazepine annulations to an in-
dole-N-sulfonamide scaffold.®Yl Performed in refluxing dichloro-
methane, compounds 82a and b resulted,’® the newly estab-
lished C=C bond staying where formed.[®l However, according to
the transformation depicted at the bottom of Scheme 12, this lo-
cation of the C=C bond was disfavored when exposure to the
Grubbs-II catalyst*! in refluxing toluene provided an opportunity
for the migration.®? When the dihydroazepine moiety contained
an N-Ts group, this migration was unidirectional and “clockwise”
(—is0-78b).4 When the dihydroazepine moiety contained an N-
Boc group, the C=C bond moved “counter-clockwise” (- neo-78a)
with a 3:1 preference over moving “clockwise” (- iso-78a).52 The
yields of our RCM product isomers (11d and iso-11d, Scheme 11)
supercedes the isomerization yields of Scheme 12.

Conclusions

We turned the 4-e® oxidation RCM-route to benzotropolones, as
conceived in Scheme 2, into reality. To our delight as much as to
our surprise, the crucial oxidation functioned in a single step em-
ploying O (1 bar, 0°C); its yield being at best 43% hitherto, there
is clearly a need for improvement. In addition, the functional group
compatibility of our novel access will have to be studied. Never-
theless, we were able to reach the benzotropolones 5a-d in just
3-5 steps.

Our 10-step syntheses of the RCM-product 11d totalling a higher
overall yield than the far shorter route. This makes it attractive to
explore the scope of our not-so-straightforward approach of
Scheme 11 to the RCM-substrate — or 1,8-diene — 73: Will it allow
to perform tandem RCM/C=C bond migration reactions quite gen-
erally for gaining the substrates proper (like 11d) of our ben-
zotropolone-delievering 4-e° oxidation step? If yes, it would be
advantageous to proceed via allylated (e. g. the 1,8-diene 73 and
its precursors, Scheme 11) rather than vinylated aromatics (e. g.
the 1,8-diene 10d and its precursors, Scheme 8) as synthetic in-
termediates. This is because the former are easier to prepare than
the latter.

Last but not least the considerable regioselectivities — including
regiocomplementarity! — and the yields of the tandem RCM/C=C
bond migration reactions of our 1,8-diene 73 are noteworthy. This
notion is warranted both from an “absolute”, i. e. basic science
view-point and relative to tandem processes of the same kind.*3!

Experimental Section
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General Working Technique and Analytic Techniques

Organometallic and metal hydride reactions were carried out under an Nz-
atmosphere. Reaction flasks were dried in vacuo with a heat gun prior to
use. Liquids were added with a syringe through a septum. THF was dis-
tilled over potassium, i-Pr2NH over CaHz under an Nz-atmosphere prior to
use. Other solvents and reagents were purchased and used without further
purification. Flash-chromatography :21 Macherey-Nagel silica gel 60®
(230-400 mesh). All eluents were distilled prior to use. Chromatography
conditions are documented as in, for example, "[a x b cm, cCsH12:EtOAC
=c:d (v:v), e mL] ... Ff-g", which means: a column with a diameter of a cm
was packed with b cm silica high, it was eluted with cCeH12 and EtOAc in
a c:d ratio (v:v), fractions of the size of e mL were taken, and the product
was isolated from fractions f-g. Nuclear magnetic resonance spectra
Bruker Avance 500 spectrometer (500 MHz and 125 MHz for *H and 3C
respectively), Bruker Avance 400 spectrometer (400 MHz and 100 MHz
for 'H and 3C respectively), and Bruker Avance 300 spectrometer
(300 MHz and 75 MHz for *H and 3C respectively) referenced internally
by the H- and **C NMR signals of the solvent [CDCls: 7.26 ppm (*H) and
77.16 ppm (*3C); CeDe: 7.16 ppm (*H) and 128.06 ppm (*3C); (CHz)4Si:
0.00 ppm (*H) and 0.00 ppm (*3C)]. *H NMR data are reported as follows:
chemical shift (& in ppm), multiplicity (s for singlet; d for doublet; t for triplet;
q for quartett, m for multiplet; mc for symmetrical multiplet; br for broad
signal), number of protons (concluded from the integrals), coupling con-
stant(s) (Hz), specific assignment or integral. *3C NMR data are reported
in terms of chemical shift and assignment. For AB signals the high-field
part was named A and the low-field part B. The atom numbering used for
NMR assignments follows the IUPAC nomenclature unless noted other-
wise. High-resolution mass spectra  were obtained on a Finnigan MAT
8200 instrument (EI: 70 eV; CI/NHs: 110 eV) using an orbitrap analyzer;
alternatively, a Kratos MS 9/50, VG 70E MS or VG 70 SEQ mass spec-
trometer, a WatersAP| Q-TOF Ultima or Waters GCT Premier mass spec-
trometer were utilized. Elemental analyses were obtained on a CHNS an-
alysator Elementar Vario EL. Melting points were determined in a Bichi
melting point or Reichert hot stage apparatus using open glass capillaries.
IR spectra were obtained on an FT-IR Perkin Elmer Paragon 1000 spec-
trometer, a Bruker IFS 25 Fourier Transform spectrometer or on a Bruker
Vector 22 Fourier Transform spectrometer in CHCIz solution or as a film of
the substance on a polyethylene-foil (Spectra-Tech Inc.; self-absorption
may compete in the regions 2920-2850, 1480-1430, and 740-700 cm™1).

6-Hydroxy-5 H-benzo[7]annulen-5-one (“Benzotropolone”; 5a 1)

C11HgO2
172.18 g/mol

NaHMDS (2 M, solution in THF, 0.96 mL, 1.92 mmol, 2.0 equiv.) was
added to a solution of 11a (151 mg, 0.96 mmol, 1.0 equiv.) in THF (9.6 mL)
at —=78°C within 5 min. The mixture was stirred for 15 min. The temperature
was raised to 0°C and P(OEt)s (0.16 mL, 0.96 mmol, 1 equiv.) was added
in one portion. Oz (moderate gas flow) was passed through the solution for
6 h at 0°C. An aqueous solution of NaOH (4 M, 10 mL) was added and the
aqueous solution was washed with CHzClz (3 x 10 mL). The aqueous layer
was acidified with HCI (conc., pH = 1) and extracted with CH2Cl> (3 x
15 mL). The combined organic layers (after acidification) were dried over
anhydrous Na:SOas. The solvent was evaporated and the residue was
purified by flash-chromatography on silica gell?!! [2 x 15 cm, cCeH12:EtOAC
+ 5% AcOH, 40:1 to 10:1 (v:v), 20 mL] to render the title compound (F5-
21; 69.6 mg, 42%) as yellow solid [mp.79-81°C (ref.l*4: 81°C)].— When
then identical substrate 11a (120 mg) was oxidized without P(OEt)s [THF,
-78°C; NaHMDS (2.0 equiv.), 0°C, stream of Oz, 35 min], flash-
chromatography on silica gel? provided the benzotropolone 5c in a slighly
better yield (56.0 mg, 43%).

IH NMR (500.22 MHz, CDCls): 8 = 6.96 (dd, Jso = 11.5 Hz, Jg7 = 9.5 Hz,
1H, 8-H), 7.21 (dd, J7,s = 2.1 Hz, *J79 = 0.8 Hz, 1H, 7-H), 7.38 (dddd, Jo,7
=11.4 Hz, 4J97 = *Jo,1 = 5Jo4 = 0.6 Hz, 1H, 9-H), 7.70 (ddd, J34 = 8.3 Hz,
J32=6.6 Hz, #J31=1.7 Hz, 1H, 3-H), 7.78 (ddd, J21= 8.0 Hz, J23=6.6 Hz,
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4J24=1.4 Hz, 1H, 2-H), 7.81 (dddd, J1,2=8.0 Hz, 4J13=1.7 Hz, *J10=5%J14
= 0.5 Hz, 1H, 1-H), 8.66 (Sbr, 1H, 6-OH), 8.92 (dddd, Ja3 = 8.3 Hz, 4J42 =
1.4 Hz, 5341 =549 = 0.6 Hz, 1H, 4-H).

13C NMR (125.78 MHz, CDCls): 3 = 114.39 (C-7)*, 126.76 (C-8)", 129.46
(C-3)A, 131.21 (C-4)*, 132.89 (C-2)*, 132.98 (C-4a)B, 133.26 (C-9)A,
134.07 (C-1)A, 138.36 (C-9a)B, 157.17 (C-6)8, 180.88 (C-5); A the indi-
cated *3C nuclei — they are non-quaternary — were identified in an edHSQC
spectrum by their crosspeaks with directly bond protons; B the indicated
13C nuclei are quaternary and were distinguished in an HMBC spectrum
by their crosspeaks due to 2J, 2J and/or 4J couplings to "remote" protons.
IR (KBr): v =3470, 3181, 3035, 1680, 1635, 1610, 1590, 1545, 1530, 1485,
1415, 1350, 1230, 1165, 1120, 1065, 985, 960, 930, 905, 865, 825, 790,
740, 705, 670, 580, 565, 530, 515 cm'L.

HRMS (pos. ESI): CuHeOz" (M+HY): calculated: 173.05971; found:
173.05984 (A = +0.8 ppm).
Elemental analysis :
C11HsO2 (172.18 g/mol) calc. C76.73
found C 76.42

H 4.68
H 4.75

6-Hydroxy-3-methoxy-5 H-benzo[7]annulen-5-one (5b)

C12H1003
202.21 g/mol

At -78 °C a solution of NaN(SiMes)z in THF (2 M, 0.5 mL, 1 mmol, 2 equiv.)
was added dropwise to a solution of the RCM product 11b (100 mg,
531 pmol) in THF (5.3 mL). The mixture was stirred at =78 °C for 15 min,
warmed to 0°C and stirred at that temperature for 15 min. P(OEt)s
(0.09 mL, 0.09 g, 0.5 mmol, 1 equiv.) was added and a stream of O2 was
passed through the solution for 2 h while continuing to stir at 0 °C. The
reaction was quenched by addition of ag. NaOH (4 M, 10 mL). The mixture
was extracted with CH2Cl2 (20 mL). The aqueous phase was acidified to
pH 1 with conc. ag. HCI solution (5 mL). The mixture was extracted with
CHzCl2 (3 x20mL). The combined organic phases were dried over
Na2S0O4 and the solvent was evaporated under reduced pressure. Purifi-
cation by flash-chromatography on silica gel?!! [1.5 x 15 cm, 7 mL, cyclo-
hexane/EtOAc/AcOH = 100:10:5.5 (F1-12) — 100:20:6 (F13-28), F4-23]
afforded 5b (33 mg, 0.16 mmol, 31%) as a yellow solid (m.p. 90-95°C). It
was slightly contaminated with unidentified compounds.

'H NMR (400.13 MHz, CDClz): & = 4.01 (s, 3H, 3-OCHz), 6.89 (dd, Js =
11.3 Hz, Js7 = 9.5 Hz, 1H, 8-H), 7.27 (dd, J7.8 = 9.5 Hz, J79 = 0.8 Hz, 1H,
7-H), 7.37 (mc, 1H, 9-H), 7.38 (dd, J21 = 8.8 Hz, J24 = 2.9 Hz, 1H, 2-H),
7.75(d, J12 = 8.8 Hz, 1H, 1-H), 8.32 (d, J42 = 2.8 Hz, 1H, 4-H), 8.7 (br. s,
1H, 6-OH) ppm.

13C NMR (100.61 MHz, CDCls): 3 = 55.86 (3-OCHs), 110.35 (C-4), 115.43
(C-7), 123.59 (C-2), 124.65 (C-8), 132.98 (C-4a)*, 133.05 (C-9), 134.99
(C-9a)*, 136.30 (C-1), 156.15 (C-6), 160.74 (C-3), 179.66 (C-5) ppm;
*assignment interchangeable.

IR (CHCls): v = 3277, 3005, 2965, 2940, 1755, 1710, 1635, 1615, 1590,
1565, 1545, 1490, 1440, 1425, 1375, 1280, 1245, 1220, 1180, 1125, 1060,
1035, 1005, 885, 835, 790, 745 cm™.

HRMS: (pos. APCI): Ci12H110s” (M+H®): calculated: 203.0703; found:
203.0700 (A =-1.2220 ppm).

6-Hydroxy-1,2,3-trimethoxy-5 H-benzo[7]annulen-5-one  (5c) and
5,6,7-Trimethoxy-1-naphthoic acid (57)

C14H1405 Meo.
262.26 g/mol

C14H1405
262.26 g/mol

MeO” 6 ‘
MeO

5¢ 57
(characterization data: vide infra)

NaHMDS (2 m, solution in THF, 484 uL, 967 umol, 2.0 equiv.) was added
dropwise to a solution of compound 11c (120 mg, 483 pmol, 1.0 equiv.) in
THF (11 mL) at —78°C. The mixture was stirred for 20 min at the same
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temperature. Then, the temperature was raised to 0°C and P(OEt)s (94 pL,
88.0 mg, 532 pmol, 1.1 equiv.) was added in one portion. O2 (moderate
gas flow, 1 atm.) was bubbled through the solution for 2 h at 0°C. The
reaction was complete, if the color change from yellow to red. An agueous
solution of NaOH (1 m, 10 mL) was added and the aqueous solution was
washed with CHz2Cl> (1 x 10 mL). The aqueous layer was acidified with
conc. HCI (pH 1) and extracted with CH2Clz (3 x 10 mL). The combined
organic layers (after acidification) were dried over Na:SO4. The solvent
was removed in vacuo and the residue was purified by flash-chroma-
tography on silica gel?Y [d = 1.0 cm, h = 14 cm, F = 10 mL; c-CsH12/EtOAC
4:1 (F1-13)] gave the benzotropolone 5c¢ [F3-7, Ry 11 =0.73, 47.8 mg,
38%] as a yellow solid (mp. 88-91°C); no 1-naphthoic acid 57 was ob-
served under this reaction conditions.— When the identical oxidation was
carried out under the same conditions (11c: 120 mg) but without P(OEt)s,
flash-chromatography on silica gel?Y [d = 1.0 cm, h=14 cm, F=10 mL;
c-CeH12/EtOAC 4:1 (F1-13) - 0:1 (F14-21)] led to the benzotropolone 5c
(F3-7, 46.2 mg, 36%) as an oill® and to the naphthoic acid 57 (F9-20, 16.5
mg, 13%) as a solid [mp. 132-133°C (ref.®¥: 159°C)].

IH NMR (500.10 MHz, CeDe¢): & = 3.34 (s, 3H, 3-OCHBa), 3.59 (s, 3H, 1-
OCHs), 3.69 (s, 3H, 2-OCHs), 6.49 (dd, Jso= 11.8 Hz, Js7=9.4 Hz, 1H, 8-
H), 7.07 (d, J78=9.3 Hz, 1H, 7-H), 7.86 (d, Jes= 11.8 Hz, 1H, 9-H), 8.37
(s, 1H, 4-H), 9.14 (br. s, 1H, 6-OH) ppm.

NOESY (500.10 MHz/500.10 MHz, CsDe): [3(*H) < 3(*H)]: 8=3.34 (3-
OCHs) &> 8=8.37 (4-H); 3.59 (1-OCHs) < 6=7.86 (9-H); 6.49 (8-
H) & 8=7.07 (7-H), 7.86 (9-H); 7.07 (7-H) < &= 6.49 (8-H); 6=7.86 (9-
H) & &=3.59 (1-OCHz), 6.49 (8-H).

13C NMR (125.75 MHz, CsDs): 8 = 55.30 (3-OCHs3), 60.56 (2-OCHz), 61.32
(1-OCHzs), 107.65 (C-4), 114.69 (C-7), 124.43 (C-9), 125.29 (C-8), 129.06
(C-9a), 130.90 (C-4a), 147.00 (C-2), 152.07 (C-1), 155.48 (C-3), 156.63
(C-6), 179.47 (C-5) ppm.

edHSQC (“short-range H,C-COSY”, 500.10 MHz/125.75 MHz, CeDs):
[3(*H) <> 3(*3C)]: =3.34 «> 5 =55.30; 3.59 «> = 61.32; 3.69 — 5=60.56;
6.49 « 8 =125.29; 7.07 « 6 = 114.69; 7.86 «> 0 = 124.43; 8.37 < 0 =
107.65.

HMBC (“long-range H,C-COSY”, 500.10 MHz/125.75 MHz, CsDs): [8(*H)
< 8(*3C)]: 8= 3.34 (3-OCHza) «» 8 = 155.48 (C-3); & = 3.59 (1-OCH3) <> &
=152.07 (C-1); 8= 3.69 (2-OCHs) <> 8 = 147.00 (C-2); = 6.49 (8-H) < &
=129.06 (C-9a), 156.63 (C-6); & = 7.07 (7-H) < & = 124.43 (C-9), 156.63
(C-6), 179.48 (C-5); 6 = 7.86 (9-H) < & = 114.69 (C-7), 130.90 (C-4a),
152.07 (C-1); 6 = 8.37 (4-H) « 0 =129.06 (C-9a), 130.90 (C-4a), 147.00
(C-2), 155.48 (C-3), 179.48 (C-5).

IR (KBr): v =3430, 3280, 2955, 2930, 2840, 1635, 1605, 1580, 1540, 1485,
1435, 1415, 1370, 1295, 1250, 1205, 1160, 1100, 1045, 1030, 1005, 925,
865, 810, 785, 735, 660 cm™.

HRMS: (pos. APCI): calcd. for CisHisOs [M+H] = 263.0914; found
263.0917 (+1.16 ppm).

6-Hydroxy-2,3,4-trimethoxy-5 H-benzo[7]annulen-5-one  (5d) and
6,7,8-Trimethoxy-1-naphthoic acid (59)

Oy -OH

MeO QO oy Me(‘) ‘
MeO. (s MeO. Lo
2 2 Y C14H1405 ‘ ) C14H140s
MeO’ 5/ s 262.26 g/mol MeO™ 6 ™~ 262.26 g/mol
5d 59
(characterization data: vide infra)

NaHMDS (2 M, solution in THF, 484 pL, 967 pmol, 2.0 equiv.) was added
dropwise to a solution of 2,3,4-trimethoxy-6,7-dihydro-5H-benzo[7]annu-
len-5-one (11d) (120 mg, 483 pmol, 1.0 equiv.) in THF (6 mL) at —78°C.
The mixture was stirred for 20 min at the same temperature. Then, the
temperature was raised to 0°C and P(OEt)s (94 pL, 88.0 mg, 532 pmol,
1.1 equiv.) was added in one portion. Oz (moderate gas flow, 1 atm.) was
bubbled through the solution for 20 min at 0°C. The reaction was complete,
if the color change from yellow to red. An aqueous solution of NaOH (1 M,
5mL) was added and the aqueous solution was washed with CH2Cl2
(1 x 5mL). The aqueous layer was acidified with conc. HCI (pH 1) and
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extracted with CH2Cl2 (3 x 5 mL). The combined organic layers (after acid-
ification) were dried over Na2SOa. The solvent was removed in vacuo and
the residue was purified by flash-chromatography on silica gel?
[d=1.0cm, h=11cm, F=10 mL; c-CeH12/EtOAc 3:1 (F1-20)] gave the
benzotropolone 5d (F6-9, Rr 31 =0.24, 42.1 mg, 33%) as a yellow solid
(mp. 132-134°C) and the naphtalen-1-carboxylic acid 59 (F11-18,
Rr, 31 =0.35, 33.1 mg, 26%) as a light brown solid (mp. 138-140°C).—
When the identical oxidation was carried out under the same conditions
(11d: 100 mg) but without P(OEt)s for 30 min instead of for 20 min,flash-
chromatography on silica gel?!l led to the benzotropolone 5d (16.3 mg,
15%) and to the naphthoic acid 59 (34.0 mg, 32%).

'H NMR (500.10 MHz, CsDe): 8 =3.21 (s, 3H, 2-OCHjs), 3.72 (s, 3H, 3-
OCHs3), 4.06 (s, 3H, 4-OCHs), 6.20 (dd, Js9= 11.5 Hz, Js7=9.2 Hz, 1H, 8-
H), 6.32 (s, 1H, 1-H), 6.58 (ddd, Je.g= 11.5 Hz, 4Jo7 = *J91 = 0.7 Hz, 1H, 9-
H), 6.75 (dd, J7g=9.2 Hz, 4J79= 0.8 Hz, 1H, 7-H), 9.00 (br. s, 1H, 6-
OH) ppm.

NOESY (500.10 MHz/500.10 MHz, CeDe): [3(*H) « 3(*H)]: 8=3.21 (2-
OCHs3) < 8 =6.32 (1-H); 6.32 (1-H) < 6 = 3.21 (2-OCHpz), 6.58 (9-H); 6.58
ppm (9-H) & 6 = 6.32 ppm (1-H).

13C NMR (125.75 MHz, CeDs): 8 = 55.12 (2-OCHs), 60.69 (3-OCHz), 62.04
(4-OCHz), 109.64 (C-1), 110.47 (C-7), 124.24 (C-4a), 125.66 (C-8), 130.83
(C-9), 136.31 (C-9a), 145.23 (C-3), 156.52 (C-4)*, 156.57 (C-2)*, 158.16
(C-6), 180.19 (C-5) ppm; *assignment interchangeable

edHSQC (“short-range H,C-COSY”, 500.10 MHz/125.75 MHz, CeDs):
[3(*H) <> 8(*3C)]: =3.21 «» 8 =55.12; § = 3.72 +> 5 = 60.69; & = 4.06
5=62.04;06=6.20 < 6=125.66; 5 =6.32 <> 8=109.64; 6=6.58 <> &=
130.83; 6 = 6.75 ppm « 6 = 110.47 ppm.

HMBC (“long-range H,C-COSY”, 500.10 MHz/125.75 MHz, CesDs): [3(*H)
< 3(*3C)]: 8 = 3.21 (2-OCHs) «» & = 156.52 or 156.57 (C-2); & = 3.72 (3-
OCHs3) <> 6 = 145.23 (C-3); 5 = 4.06 (4-OCHs) < 6 = 156.52 or 156.57 (C-
4); 5=16.20 (8-H) « d=136.31 (C-9a), 158.16 (C-6); d=6.32 (1-H) & 0=
124.24 (C-4a), 130.83 (C-9), 145.23 (C-3), 156.52 or 156.57 (C-2 or C-4);
5 =3.59 (1-OCHs) <> 6 = 152.07 (C-1); 6 = 6.58 (9-H) < 0 = 109.64 (C-1),
110.47 (C-7), 124.24 (C-4a); d = 6.75 ppm (7-H) < & = 130.83 (C-9),
158.16 (C-6), 180.19 ppm (C-5).

IR (KBr): v = 3425, 3295, 2925, 1640, 1605, 1585, 1555, 1490, 1450, 1430,
1400, 1365, 1280, 1260, 1230, 1210, 1195, 1150, 1100, 1055, 1040, 985,
975, 865, 790, 750, 675 cm™.

HRMS (pos. APCI): calcd. for Ci4H1s0s [M+H] =263.0914; found
263.0916 (+0.6963 ppm).

1-(2-Vinylphenyl)pent-4-en-1-one (10a)

C13H140
186.25 g/mol

nBuLi (2.45 m, solution in n-hexane; 0.2 mL, 546 umol, 1.1 equiv.) was
added dropwise within 10 min to a solution of 15 (101 mg, 546 umol,
1.1 equiv.) in THF (1 mL) at =78°C. The mixture was stirred for 30 min at
—78°C. The Weinreb amide 16 (71.1 mg, 497 umol, 1 equiv) was added in
one portion and the resulting mixture was stirred for 3 h at -78°C. A
saturated aqueous solution of NH4ClI (2 mL) and H20 (10 mL) were added.
The layers were separated and the aqueous layer was extracted with
EtOAc (3 x 10 mL). The combined organic layers were washed with a
saturated aqueous solution of NaCl (15 mL) and dried over anhydrous
Na.SO4. The solvent was evaporated and the residue was purified by
flash-chromatography on silica gel®3 [2 x 15 cm, cCgHi2:EtOAC 40:1 to
10:1 (v:v), 20 mL] to render the title compound (F 9-13; 57.2 mg, 88%) as
colorless oil.

'H NMR (400.13 MHz, CDCls): 8 = 2.43-2.49 (m, 2H, 3'-H2), 2.98 (t, 2H,
J23 = 7.4 Hz, 2'-Hy), 5.00 (tdd, 1H, Js-n@)a = 10.2 Hz, Jgem = 1.7 Hz, 4Js5-
Hw.3 = 1.3 Hz, 5'-H1), 5.06 (tdd, 1H, Js-H@)a = 17.1 Hz, Jgem = 1.7 Hz, 4Js-
H@.3 = 1.7 Hz, 5'-H?), 5.33 (dd, 1H, J2--@)1* = 11.0 HZ, Jgem = 1.2 Hz, 2"-
HY), 5.63 (dd, 1H, J2-H() 1 = 17.4 HZ, Jgem = 1.2 Hz, 2"-H?), 5.87 (tdd, 1H,
Jas-he) = 17.0 Hz, Ja s = 10.4 Hz, Ja3 = 6.6 Hz, 4'-H), 7.09 (dd, 1H,
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J1"2H2) = 17.4 Hz, J1" 2"-H@) = 11.0 Hz, 1"-H), 7.32 (ddd, Js.4 = Js6 = 7.6 Hz,
4Js3 = 1.3 Hz, 5-H), 7.44 (dddd, J43 = 7.9 Hz, J45 = 7.3 Hz, “J46 = 1.4 Hz,
5J41+ = 0.5 Hz, 4-H), 7.55 (ddd, 1H, Jss = 7.7 Hz, Js4 = 1.4 Hz, *J63 =
0.5 Hz, 6-H), 7.56 (ddd, 1H, J34 = 7.8 Hz, 4J35 = 1.2 Hz, 5J36 = 0.6 Hz, 3-
H).

13C NMR (100.61 MHz, CDCls): 8= 28.47 (C-3")4, 41.29 (C-2)", 115.50 (C-
5, 116.77 (C-2")A, 127.46 (C-3)*, 127.53 (C-5)A, 127.91 (C-6)*, 131.28
(4-C)A, 135.65 (C-1")A, 137.16 (C-4)", 137.42 (C-2)B, 138.07(C-1)B,
204.24 (C-1"B; A the indicated *3C nuclei — they are non-quaternary — were
identified in an edHSQC spectrum by their crosspeaks with directly bond
protons; B the indicated *3C nuclei are quaternary and were distinguished
in an HMBC spectrum by their crosspeaks due to 2J, 3J and/or 4J couplings
to "remote" protons.

IR (film): v = 3080, 3065, 3025, 2980, 2920, 1830, 1685, 1640, 1595, 1565,
1480, 1445, 1410, 1350, 1290, 1255, 1240, 1210, 1195, 1115, 1020, 980,
915, 770, 750, 700, 655 cm™.

HRMS (pos. APCI): Ci3H14ONa" (M+Na"): calculated: 209.0937; found:
209.0937 (A = 0.0 ppm).

1-(5-Methoxy-2-vinylphenyl)pent-4-en-1-one (10b) in  an 88:12 Mixture

With 1-(3-Methoxyphenyl)pent-4-en-1-one (allyl-38)

MeO. 3

C14H1602 88:12 - H T C12H140;
216.28 g/mol | (8812 () 190.24 g/mol
40 (91:9) 38 allblets
\ i i MeO
C17H200, | ! Ve C15H150
256.34 g/mol ~ot (B416) boom 230.30 g/mol

allyl-10b diallyl-38

At 0 °C a solution of a 91:9 (mol:mol) mixture (870 mg) of compounds 40
(802 mg, 4.55 mmol) and 38 (68 mg, 0.45 mmol) in THF (2 mL) was added
dropwise to a suspension of KH (washed, 0.22 g, 5.5 mmol, 1.1 equiv.
relative to the combined amounts of 40 and 38). The mixture was stirred
at 0 °C for 5 min and then at room temp. for 2 h. A solution of BEtz in THF
(1 m, 5.5mL, 5.5 mmol, 1.1 equiv. relative to the combined amounts of 40
and 38) was added dropwise at 0 °C. The mixture was stirred at 0 °C for
5 min and at room temp. for 1 h. Allyl bromide (0.65 mL, 0.91 g, 7.5 mmol,
1.5 equiv. relative to the combined amounts of 40 and 38) was added
dropwise and the resulting mixture was stirred at room temp. for 18 h. The
reaction was quenched at 0 °C by adding aq. NaOH (15%, 10 mL) and
H202 (15%, 10 mL) and stirring for 1 h at room temp. Et2O (50 mL) was
added and — while stirring at room temp. for 3 h — sat. aq. Na2SOs3
(200 mL), 5% ag. FeSO4 (100 mL), and solid FeSO4 (approx. 5 g) were
added successively. Nevertheless, peroxides could still be detected in the
mixture. The phases were separated. The organic phase was washed with
a mixture of sat. ag. Na2SOs and 10% ag. FeSO4 (200 mL) until no more
peroxide species were detectable. The aqueous phase was extracted with
Et20 (2 x 100 mL) and dried over MgSOa. The solvent was evaporated
under reduced pressure. Purification by flash-chromatography on silica
gell?Y [3.5 x 19 cm, 50 mL, cyclohexane/EtOAc = 50:1 (F1-17) — 30:1
(F18-29) — 20:1 (F30-43) — 10:1 (F44-50)] afforded the following
isolates: 1) F15-20 = 125 mg of a colorless oil representing a 84:16
mixture (mol:mol) of the bisallylation product 2-allyl-1-(5-methoxy-2-
vinylphenyl)pent-4-en-1-one (allyl-10b ; 107 mg, 9% relative to 40) and its
vinyl-free analog 2-allyl-1-(3-methoxyphenyl)pent-4-en-1-one (diallyl-38 ;
18 mg, 17% relative to 38); 2) F21-28 = 542 mg of a yellowish oil which
was a 88:12 mixture (mol:mol) of the desired monoallylation product 10b
(484 mg, 49% relative to 40) and its vinyl-free analog 1-(3-
methoxyphenyl)pent-4-en-1-one (allyl-38 ; 58 mg, 68% relative to 38); 3)
F33-40 = 246 mg of a yellowish oil which was the pure substrate 40 (31%
relative to the original amount of 40; accordingly, the 49% yield of isolated
monoallylation product 10b was tantamount to 71% b.o.r.s.m.). In contrast,
the vinyl-free substrate 38 was not re-isolated.
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H NMR (400.13 MHz, CDCla): 810p = 2.46 (Mc, 2H, 3-Hz), 2.95 (t, J23 =
7.1 Hz, 2H, 2-Hy), 3.84 (s, 3H, 5'-OCHs3), 5.01 (ddt, Js.+E 4 =10.2 Hz, 2Js.
HE5-HZ = 4Js.HE3 = 1.3 Hz, 1H, 5-HF), 5.06 (ddt, Js.+z,4 =17.1 Hz, 2J5.1z,5.HE
=4Js.4z3 = 1.6 Hz, 1H, 5-H?), 5.23 (dd, J2-HE,1+ =11.0 Hz, 2J2-HE 24z = 1.3
Hz, 1H, 2-HE), 5.53 (dd, J2-nz1+ =17.4 Hz, 2J2-nz2-HE = 1.2 Hz, 1H, 2"-
H?), 5.86 (ddt, JasHz = 16.7 Hz, J45.4e = 10.2 Hz, Ja3 = 6.5 Hz, 1H, 4-H),
6.96 (dd, Jy«p.nz = 17.9 Hz, 3y 5. 4e = 10.9 Hz, 1H, 1"-H), 6.98 (dd, Ja.3: =
8.6 Hz, Jae = 2.7 Hz, 1H, 4*-H), 7.02 (d, Je&'4' = 2.6 Hz, 1H, 6'-H), 7.50 (d,
Jza = 8.6 Hz, 1H, 3'-H) ppm.— &35 = 2.50 (Mmc, 2H, 3-Hz), 3.06 (t, J23 =
7.2 Hz, 1H, 2-H2), 3.86 (s, 3H, 3-OCHs3), 5.01 (ddt, JsHE4 =10.3 Hz, 2Js.
HE5-HZ = 4Js.HE3 = 1.3 Hz, 1H, 5-HF), 5.09 (ddt, Js.+z,4 =17.0 Hz, 2J5.Hz,5.HE
=4J5.4z,3 = 1.6 Hz, 1H, 5-HZ), 5.90 (ddt, J45.Hz = 16.9 Hz, J4 5.4 = 10.3 Hz,
Jaz = 6.6 Hz, 1H, 4-H), 7.11 (ddd, Jes = 8.3 Hz, Jo.2 = 2.7 Hz, Joo.4 = 1.0
Hz, 1H, 6’-H)*, 7.37 (ddd, Js.¢ = 8.0 Hz, Js.4 = 7.6 Hz, Js'2 = 0.4 Hz, 1H,
5'-H), 7.49 (dd, J2¢ = 2.6 Hz, J2 4 = 1.5 Hz, 1H, 2'-H), 7.54 (ddd, Ja5 =
7.6 Hz, Jy2> = 1.6 Hz, Jae = 1.0 Hz, 1H, 4-H)* ppm; *assignment
interchangeable.

13C NMR (100.61 MHz, CDCls): &1p = 28.44 (C-3), 41.52 (C-2), 55.60 (5'-
OCHs), 113.07 (C-6), 115.12 (C-2"), 115.54 (C-5), 116.69 (C-4), 128.63
(C-3Y, 129.68 (C-2), 134.81 (C-1%), 137.10 (C-4), 139.46 (C-1'), 158.95
(C-5), 204.36 (C-1) ppm.~ daiyi-3s = 28.32 (C-3), 37.98 (C-2), 55.54 (3"-
OCHs), 112.46 (C-2), 115.38 (C-5), 119.55 (C-6)*, 120.75 (C-4)*, 129.66
(C-5Y), 137.38 (C-4), 138.49 (C-1'), 159.99 (C-3%), 199.33 (C-1) ppm;
*assignment interchangeable.

1-(3,4,5-Trimethoxyphenyl-2-vinyl)pent-4-en-1-one ( 10c)

C16H2004
276.33 g/mol

n-BuLi (1.6 M in hexane, 7.15 mL, 11.4 mmol, 1.5 equiv.) was added to a
stirred solution of the styrene 43 (2.58 g, 9.53 mmol, 1.25 equiv.) in THF
(24 mL) at—78°C. The resulting red solution was stirred at that temperature
for 20 min, before a solution of anhydrous ZnCl. (1.66 g, 12.2 mmol,
1.6 equiv.) in THF (12 mL) was added. The cooling bath was exchanged
by an ice bath and the mixture was stirred at 0°C for 1 h. The clear
colorless solution was transferred to a solution of PdCl2(PPhs)2 (214 mg,
305 pmol, 4 mol-%) and S-ethyl pent-4-enethioate (44; 1.10 g, 7.63 mmol)
in toluene (48 mL) at room temp. . The resulting mixture was stirred at the
same temperature for 16 h and filtered over a pad of celite (d =2 cm, h =
3. cm). The filter residue was washed with EtOAc (50 mL). The solvents
were removed in vacuo and the residue was purified by flash-
chromatography on silica gell® [d=6.0cm, h=14cm, F=50mL; c-
CsH12/EtOAC 20:1 (F1-35); c-CeH12/EtOAC 10:1 (F36-57)] to give the target
compound (F34-55, Ry, 41 = 0.29, 1.75 g, 83%) as a yellow oil.

!H NMR (400.13 MHz, CDCls): 0=2.34-2.40 (m, 2H, 3-Hz), 2.82 (,
J =7.3 Hz, 2H, 2-Hz), 3.82 (s, 3H, 5'-OCHs), 3.86 (s, 3H, 3'-OCHs), 3.90
(s, 3H, 4'-OCHz), 4.97 (ddt, Jcis = 10.1 Hz, Jgem = 1.6 Hz, *Js-4a3 = 1.3 Hz,
1H, 5-H?), 5.02 (ddt, Jrans = 17.1 Hz, Jgem = 1.7 Hz, 4Js.1b3 = 1.7 Hz, 1H, 5-
HP), 5.32 (dd, Juans = 17.7 Hz, Jgem = 1.5Hz, 1H, 2"-H?), 5.41 (dd,
Jois =11.3 Hz, Jgem=1.5Hz, 1H, 2"-HF), 5.81 (ddt, Jians=17.0 Hz,
Jeis = 10.3 Hz, Ja3=6.6 Hz, 1H, 4-H), 6.66 (s, 1H, 2'-H), 6.88 (dd,
Jwrans = 17.7 Hz, Jais = 11.3 Hz, 1H, 1"-H) ppm.

13C NMR (100.61 MHz, CDCl3): 8=29.01 (C-3), 42.44 (C-2), 56.18 (3"
OCHs), 60.85 (5-OCHz), 61.00 (4'-OCHz), 106.80 (C-5'), 115.33 (C-5),
120.44 (C-2"), 124.32 (C-6'), 130.94 (C-1"), 136.37 (C-1'),137.11 (C-4),
144.04 (C-4"), 151.67 (C-5'), 152.75 (C-3'), 206.40 (C-1) ppm.

IR (film): v =3080, 2975, 2935, 2845, 1690, 1585, 1490, 1455, 1380,
1355, 1330, 113,1115, 1025, 915, 840, 745 cm™.

HRMS (pos. APCI): calcd. for CieH2104" (M+H) = 277.14344; found
277.14283 (A =-2.2 ppm).
Elemental analysis :
C16H2004 (276.3 g/mol) calc. C 69.55
found C 69.12

H7.30
H7.27
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1-(2,3,4-Trimethoxy-6-vinylphenyl)pent-4-en-1-one (
Mixture With 3,4,5-Trimethoxystyrene (debromo-47)

10d) in a 65:35

MeO

C16H2004
276.33 g/mol

C11H1403
194.23 g/mol

10d debromo-47

n-BuLi (1.6 m in hexane, 3.25 mL, 5.20 mmol, 1.5 equiv.) was added to a
stirred solution of the bromostyrene 47 (1.17 mg, 4.33 mmol, 1.25 equiv.)
in THF (11 mL) at —78°C. The resulting yellow solution was stirred at that
temperature for 20 min, before a solution of anhydrous ZnCl2 (756 mg,
5.55 mmol, 1.6 equiv.) in THF (6 mL) was added at —78°C. The mixture
was allowed to warm up to 0°C and stirred for 1 h. The clear colorless
solution was transferred to a mixture of PdCl2(PPhz)z (97 mg, 0.14 mmol,
4 mol-%) and S-ethyl pent-4-enethioate (44; 500 mg, 3.47 mmol) in
toluene (22 mL) at room temp. . The resulting mixture was stirred at the
same temperature for 18 h, filtered over a pad of celite, and washed with
EtOAc (50 mL). The solvents were removed in vacuo. The residue was
purified via flash-chromatography on silica gel?!! (d = 4.0 cm, h = 15 cm,
F =50 mL; c-CeH12/EtOAC 10:1) to give a 64:36-mixture (mol:mol; F8-22,
Rt 41 = 0.38, 842 mg) of 10d (607 mg, 51%) and debromo-47 (235 mg,
28%) as a yellow oil.

H NMR (400.13 MHz, CDCls, NMR-file: 2018: 20181108-4220): 8104 =
2.40-2.47 (m, 2H, 3-H2), 2.85 (t, J23 = 7.2 Hz, 2H, 2-H), 3.86 (s, 3H, 3'-
OCHa), 3.878 (s, 3H, 2-OCHs), 3.90 (s, 3H, 4-OCHjz)", 4.99 (ddt,
Jois = 10.2 Hz,  Jgem=4JsnE3=1.3Hz, 1H, 5-HF), 5.06 (ddt,
Jirans = 17.1 Hz, Jgem = 4~]5-HZ.3 =1.7 Hz, 1H, 5-HZ), 5.25 (dd, Jeis = 10.9 Hz,
Jgem = 0.9 Hz, 1H, 2"-HE), 5.59 (dd, Jwrans = 17.4 Hz, Jgem = 1.0 Hz, 1H, 2"-
HZ), 5.86 (ddt, Jwans = 16.6 Hz, Jcis = 10.1 Hz, Ja;3 = 6.4 Hz, 1H, 4-H), 6.58
(dd, Jtrans = 17.4 Hz, Jcis = 11.0 Hz, 1H, 1"-H), 6.83 (s, 1H, 5-H) ppm.—
Odebromo-47 = 3.85 (s, 3H, 4'-OCHs), 3.88 (s, 6H, 3'-OCHs, 5-OCHg), 5.21
(dd, Jeis = 10.8 Hz, Jgem =0.8 Hz, 1H, 2-HE), 5.65 (dd, Jtrans = 17.6 Hz,
Jgem = 0.9 Hz, 1H, 2-H?), 6.64 (s, 2H, 2'-H, 6'-H), 6.64 (dd, Jirans = 17.6 Hz,
Jeis = 10.7 Hz, 1H, 1-H) ppm.

HRMS (pos. ESI): calcd. for CieH2104 [Mioq+H]* = 277.14344; found
277.14385 (+1.48 ppm); calcd. for C11H1503 [Mgebromo-47 +H]* = 195.10157;
found 195.10116 (-2.10 ppm).

1-(2,3,4-Trimethoxy-6-vinylphenyl)pent-4-en-1-one ( 10d)

OMe O

Ca6H2004
276.33 g/mol

This reaction was performed in a very similar manner to that described for
compound 73 utilizing Dess-Martin periodinane (6.00 g, 14.1 mmol), 48
(1.97 g, 7.07 mmol) in moist DCM (50 mL, saturated with H20). A similar
work-up afforded a residue which was purified by flash column
chromatography on silica gel (10% EtOAc/hexane) to give the diene 10d
(1.80 g, 6.50 mmol, 92%) as a light reddish-colored liquid.

1H NMR (300 MHz; CDCls): & = 2.47-2.40 (m, 2H, 3-H), 2.85 (t, J = 7.5 Hz,
2H, 2-H), 3.86 (s, 3H, OMe), 3.88 (s, 3H, OMe), 3.90 (s, 3H, (OMe), 5.10-
4.97 (m, 2H, 5-H), 5.25 (d, J = 10.8 Hz, 1H, cis 2"-H), 5.59 (d, J = 17.2 Hz,
1H, trans 2"-H), 5.88 (ddt, Jvans H-4-H-5 = 16.8, Jcis H-4-H-5 = 10.2, JH-4-H-3= 6.5
Hz, 1H, 4-H), 6.58 (dd, Jtrans H-1H-2" = 17.2, Jcis H-1H-2"= 10.8 Hz, 1H, 1"-H),
6.83 (s, 1H, 5'-H) ppm.

13C NMR (75 MHz; CDCla): & = 27.8 (C-3), 44.3 (C-2), 56.0 (OMe), 60.9
(OMe), 61.7 (OMe), 104.5 (C-5'), 115.1 (C-5), 116.0 (C-2"), 128.4 (C-1'),
130.6 (C-1"), 133.4 (C-6'), 137.2 (C-4), 141.5 (C-2")*, 150.3 (C-3')*, 154.3
(C-4"*, 205.5 (CO) ppm; *assignments interchangeable.

IR (neat): v = 2937, 1696, 1589, 1558, 1487, 1399, 1320, 1249, 1196 cm"
1

HRMS: calcd for Ci6H2104 (M*+H) = 277.1434, found: 277.1436 (A =
+0.72 ppm).
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6,7-Dihydro-5 H-benzo[7]annulen-5-one (11a)

2 ga/
A mixture of the 1,8-diene 10a (1.18 mg, 6.34 mmol, 1.0 equiv.) and
Grubbs 2" generation catalystl's (115 mg, 1.8 mol-%) in toluene (31 mL)
was stirred at 60°C for 6 h. After cooling to room temp. silica gel was
added. The solvent was evaporated and the residue was purified by flash-
chromatography on silica gel?!l [6 x 15cm, cCeHi2:EtOAC 80:1 (v:v),
100 mL] to render the title compound (FF18-32; 927 mg, 92%) as a
colorless oil.

'H NMR (400.13 MHz, CDCls): 8 = 2.49-2.54 (m, 2H, 3-H2), 2.93-2.97 (m,
2H, 4-H2), 6.19 (ddd, 1H, J21 = 11.5 Hz, J23 = J24 = 5.7 Hz, 2-H), 6.47
(ttdd, 1H, J12=12.8 Hz, J1,3 = J12= 2.7 Hz, J14 = 1.2 Hz, 1-H), 7.23 (dd,
1H, Ja3 = 7.7 Hz, 41 = 1.2 Hz, 4'-H), 7.29 (ddd, 1H, J2.1 = J2,3 = 7.6 Hz,
J2a = 1.3 Hz, 2'-H), 7.47 (ddd, 1H, Jz.2 = J3.4 = 7.5 Hz, J3.1 = 1.5 Hz, 3'-
H), 7.91 (dddd, 1H, Jv2 = 7.8 Hz, J13 = 1.5 Hz, Jr4 = J1,1 = 0.5 Hz, 1'-H).
13C NMR (100.61 MHz, CDCl3): 8 = 24.41 (C-3)4, 42.02 (C-4)A, 127.14 (C-
2%, 129.62 (C-1)*, 131.38 (C-1)A, 131.79 (C-4)*, 132.52 (C-3)*, 133.23
(C-2)A, 135.95 (C-7)B, 136.80 (C-6)8, 202.14 (C-5)B; A the indicated 3C
nuclei —they are non-quaternary — were identified in an edHSQC spectrum
by their crosspeaks with directly bond protons; B the indicated '3C nuclei
are quaternary and were distinguished in an HMBC spectrum by their
crosspeaks due to 2J, 3J and/or 4] couplings to "remote" protons.

IR (film): v = 3060, 3025, 2965, 2920, 2885, 2835, 2685, 2440, 2330, 1945,
1840, 1675, 1595, 1480, 1445, 1430, 1345, 1320, 1285, 1270, 1245, 1200,
1175, 1155, 1105, 1080, 1040, 1025, 1010, 960, 910, 870, 820, 785, 740,
725, 700, 665, 575, 550, 535, 505 cm™L.

HRMS (pos. APCI): C11H1aNO® (M+NH4"): calculated: 176.10699; found:
176.10706 (A = +0.4 ppm).

C11H100
158.20 g/mol

3-Methoxy-6,7-dihydro-5 H-benzo[7]annulen-5-one (11b)

C12H120;
188.22 g/mol

At room temp. a solution of the Grubbs 2" generation catalystl'®! (20 mg,
24 pmol, 1.1 mol%) in toluene (4.0 mL) was added dropwise to a solution
of an 88:12 (mol:mol) mixture (510 mg) of the 1,8-diene 10b (455 mg, 2.10
mmol) and the arylpentenone allyl-38 (55 mg, 0.29 mmol) in toluene
(20 mL). The solution was stirred at 60 °C for 6 h and then cooled to room
temp. Silica (2 g) was added and the solvent was evaporated under
reduced pressure. Purification by flash-chromatography on silica gelf?!
[3.5 x 13 cm, 20 mL, cyclohexane/EtOAc = 50:1 (F1-20) — 30:1 (F21-35)
— 20:1 (F36-58), F37-52] afforded the title compound 11b (379 mg, 2.01
mmol, 96%) as a yellowish oil.

'H NMR (400.13 MHz, CDClg): d = 2.48 (mc, 2H, 7-H2), 2.94 (mc, 2H, 6-
H2), 3.85 (s, 3H, 3-OCHzs), 6.05 (dt, Jso = 11.1 Hz, Js,7 = 5.5 Hz, 1H, 8-H),
6.41 (mc, 1H, 9-H), 7.01 (dd, J21 = 8.5 Hz, J2,4 = 2.9 Hz, 1H, 2-H), 7.15 (d,
J12=8.4 Hz, 1H, 1-H), 7.44 (d, Ja2 = 2.9 Hz, 1H, 4-H) ppm.

13C NMR (100.61 MHz, CDCls): & = 24.15 (C-7), 42.01 (C-6), 55.58 (3-
OCHg), 113.19 (C-4), 119.47 (C-2), 129.33 (C-9a), 130.64 (C-8), 130.77
(C-9), 133.49 (C-1), 137.74 (C-4a), 158.54 (C-3), 201.81 (C-5) ppm.

IR (CHCls): v = 3025, 2005, 2960, 2940, 2910, 2835, 1675, 1605, 1565,
1495, 1465, 1430, 1395, 1345, 1330, 1290, 1250, 1230, 1195, 1185, 1155,
1075, 1035, 875, 855, 835, 560 cm™.

MS (CI, NHg): 206 (48%, M+NH,4"), 189 (100%, M+H"), 188 (26%, M").

1,2,3-Trimethoxy-6,7-dihydro-5 H-benzo[7]annulen-5-one (11c)

C14H1604
248.27 g/mol
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The 1,8-diene 10c (725 mg, 2.62 mmol) was added to a stirred solution of
the Grubbs 2" generation catalyst!*™ (22 mg, 26 umol, 1.0 mol-%) in tolu-
ene (26 mL) at room temp. The mixture was heated to 60°C and stirred for
3 h. After letting the mixture cool down to room temp. , the solvents were
removed in vacuo. Flash-chromatography on silica gel?” [d = 3.0 cm,
h =17 cm, F =20 mL; c-CeH12/t-BuOMe 6:1 (F1-24); c-CeH12/ t-BuOMe
3:1 (F25-35)] gave the target compound (F15-30, Ry, 41 = 0.24, 624 mg,
96%) as yellow solid (mp. 51-54°C).

1H NMR (400.13 MHz, CDCls): & = 2.42-2.47 (m, 2H, 7-Hz), 2.89-2.92 (m,
2H, 6-H), 3.83 (s, 3H, 1-OCHs), 3.91 (s, 3H, 3-OCHjs), 3.93 (s, 3H, 2-
OCHa), 6.19 (ddd, Jcis = 11.8 Hz, Jg,7-4a = 5.9 Hz, Jg 7.4b = 5.9 Hz, 1H, 8-H),
6.84 (dddd, Jos=11.9Hz, “Jo7na=1.4Hz, *Jo7.ub=1.4Hz, S5Joe
Ha = 0.4 Hz, 1H, 9-H), 7.29 (s, 1H, 4-H) ppm.

13C NMR (100.61 MHz, CDCls): & = 23.74 (C-7), 43.15 (C-6), 56.06 (3-
OCHs), 60.96 (2-OCHs), 61.33 (1-OCHs), 108.51 (C-4), 123.69 (C-9),
124.42 (C-9a), 131.79 (C-8), 132.91 (C-4a), 146.20 (C-2), 151.58 (C-1),
152.17 (C-3), 201.53 (C-5) ppm.

IR (film): v =2940, 2840, 1670, 1585, 1490, 1430, 1375, 1340, 1290,
1215, 1130, 1100, 1025, 925, 865, 740 cm™.

HRMS (pos. ESI, 70 eV): calcd. for C14H1704” (M+HP) = 249.1121; found
249.1121 (A =+ 0.0 ppm).

2,3,4-Trimethoxy-6,7-dihydro-5 H-benzo[7]annulen-5-one (11d)

MeO O

MeO.
3 @ i 67 C14H1604
2 § 248.27 g/mol
MeO =% 9

A) Preparation | (From a Mixture of the 1,8-Diene 1  0d and the Styrene
debromo-47 ):

A 64:36-mixture (845 mg) of the 1,8-diene 10d (608 mg, 2.20 mmol) and
the styrene debromo-47 (237 mg, 1.23 mmol) was added to a stirred
solution of the Grubbs 2" generation catalyst('s (19 mg, 23 umol, 1.0 mol-
%) in toluene (22 mL) at room temp. The mixture was heated to 60°C and
stirred for 2 h. After letting the mixture cool down to room temp. , the
solvents were removed in vacuo. The residue was purified via flash-
chromatography on silica gel?! [d=4.0cm, h=16cm, F=20mL; c-
CsH12/EtOAC 20:1 (F1-22); c-CeH12/EtOAC 15:1 (F23-36); c-CsHi2/EtOAC
10:1 (F37-89); c-CeH12/EtOAC 7:1 (F90-122); c-CeH12/EtOAC 4:1 (F123-
130)] gave the title compound (F70-126, Ry, 4.1 = 0.24, 471 mg, 84% based
on the employed amount of substrate 10d) as a light brown solid (mp. 97-
99°C).

1H NMR (400.13 MHz, CDCls): 8 = 2.46-2.51 (m, 2H, 7-H2), 2.91-2.94 (m,
2H, 6-Hz), 3.88 (s, 6H, 3-OCHs and 4-OCHs), 3.91 (s, 3H, 2-OCHs), 6.00
(ddd, Jcis = 11.2 Hz, Jg,7-+a = 5.6 Hz, Jg7-4b = 5.6 Hz, 1H, 8-H), 6.33 (dddd,
Jeis = 11.6 Hz, *Jg,7-va = 1.5 Hz, %Jo.7.nb = 1.5 Hz, 5Jg6-Ha = 0.5 Hz, 1H, 9-
H), 6.47 (s, 1H, 1-H) ppm

13C NMR (100.61 MHz, CDCls): & = 26.08 (C-7), 44.59 (C-6), 56.07 (3-
OCHa)*, 60.96 (4-OCHs)*, 62.56 (2-OCHz), 109.49 (C-1), 127.84 (C-4a),
130.42 (C-8), 130.69 (C-9a), 131.74 (C-9), 141.87 (C-3), 151.88 (C-2),
154.67 (C-4), 202.25 (C-5) ppm; *assignment interchangeable.

IR (CHCla): v = 2940, 2845, 1690, 1585, 1555, 1490, 1450, 1385, 1335,
1265, 1195, 1130, 1100, 1005, 935, 845, 550 cm™.

HRMS: (pos. APCI): calcd. for CisH1704 [M+H]* =249.11214; found
249.11181 (-1.32 ppm).

B) Preparation Il (From the 1,8-Diene 73 ):

Grubbs second generation catalyst (0.37 g, 6.0 mol%) was added under
Ar to a degassed solution of keto-alkene 10d (1.80 g, 6.50 mmol) in dry
CICH2CH2CI (25 mL). The mixture was then heated at reflux (40-45 °C)
for 10 h. The solvent was then removed under reduced pressure and the
residue was subjected to column chromatography on silica gel (20%
EtOAc/hexane) to afford mainly the cyclized product 11d (1.13 g, 4.55
mmol, 70%) as a light brown solid, along with regioisomer iso-11d (0.32 g,
1.3 mmol, 20%) as a white solid.

X-ray crystal structure details of compound 11d:M9 crystallized from
EtOAc/hexane, formula: C1aH1604, M = 248.27, color of crystal: colorless,
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needle, crystal size 0.44 x 0.27 x 0.11 mm?, a = 7.5208(4) A, b = 7.5470(4)
A, c =22.1488(13) A, B = 97.455(2)°, V = 1246.53(12) A3, pcaca = 1.323
Mg/m3, u=0.097 mm-, F(000) = 528, Z =4, T = 173(2)K, 8183 reflections
collected, 2992 [Rint = 0.0479] independent reflections, Omax 27.99°
(99.8%), Largest diff. peak and hole 0.264 and -0.220 e.A3, R1 = 0.0427,
wWR2 =0.0913, R1 =0.0711, wR2 = 0.1031.

2,3,4-Trimethoxy-8,9-dihydro-5 H-benzo[7]annulene-5-one ( iso-11d)

MeO O
4

MeO. AN

34a \), CuaH1604
MeO> & /" 24827 gimol

9

Grubbs second generation catalysti*®! (0.27 g, 5.0 mol%) was added under
Ar to a degassed solution of diene 73 (1.77 g, 6.40 mmol) in dry
CICH2CH2CI (30 mL). The mixture was heated at 75-80 °C for 5 h. The
solvent was removed under reduced pressure and the residue was sub-
jected to flash chromatography on silica gel (20% EtOAc/hexane) to give
the cyclised compound iso-11d (1.43 g, 5.76 mmol, 90%), as a white solid.
A minor amount of the regioisomer 11d was also isolated (0.079 g, 0.32
mmol, 5%).
Mp. 137-139 °C.
H NMR (300 MHz, CDClz): 8 = 2.50-2.54 (m, 2H, 8-H), 2.96-2.92 (m, 2H,
9-H), 3.85 (s, 3H, OMe), 3.89 (s, 3H, OMe), 3.90 (s, 3H, OMe), 6.20 (dt,
Jn-6-H-7 = 12.0, Jn-6-v-8 = 1.8 Hz, 1H, 6-H), 6.46 (s, 1H, 1-H), 6.51 (dt, Jn-7-+-
6 =12.0, JH-7-n-8 = 4.5 Hz, 1H, 7-H) ppm.
3C NMR (75 MHz, CDCls): & = 30.0 (C-8), 34.2 (C-9), 55.9 (OMe), 60.8
(OMe), 62.2 (OMe), 107.2 (C-1), 129.1 (C-4a), 132.6 (C-6), 135.0 (C-9a),
141.2 (C-4)*, 143.8 (C-7), 152.5 (C-3)*, 154.8 (C-2)*, 194.6 (C-5) ppm.
IR (neat): v = 2938, 1644, 1591, 1488, 1449, 1407, 1387, 1361, 1339,
1318, 1280, 1236 cm™™.
HRMS: calcd for Ci4H1704 (M*+H) = 249.1126, found: 249.1125 (A =
—0.40 ppm).
X-ray crystal structure details of compound iso-11d:1*% crystallized from
EtOAc/hexane, formula: C14H1604, M = 248.27, color of crystal: colorless,
needle, crystal size 0.50 x 0.36 x 0.10 mm3, a = 9.9788(7) A b=
14.5190(10) A, ¢ =9.0942(6) A, B=111.999(3)°, V = 1221.65(14) A3, pcaica
= 1.350 Mg/m, y = 0.099 mm, F(000) = 528, Z = 4, T = 173(2)K, 8142
reflections collected, 2942 [Rint = 0.0455] independent reflections, Bmax 28°,
436 refined parameters, Largest diff. peak and hole 0.257 and -0.182 e.A-
3, R1=0.0401, wR2 = 0.0971, R1 = 0.0687, wR2 = 0.1090.

5H-Benzo[7]annulen-5-one (13a [11)

o]
4

—
3 w ),
2 8_

8
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C11HgO
156.18 g/mol

A mixture of 1la (67.1 mg, 424 mmol, 1.0 equiv.), SeO2 (51.8 mg,
467 mmol, 1.1 equiv.), and tBUOOH (50% in CH2Cl2, 0.1 mL, 2.2 equiv.) in
chlorobenzene (1.9 mL) was stirred at 115°C for 6 h. After cooling to room
temp. the mixture was filtered through a syrring filter (O = 2 um) and
washed with Et2O (2 x 10 mL). The solvent was evaporated and the
residue was purified by flash-chromatography on silica gel?!! [2 x 15 cm,
cCeH12:EtOAC 40:1 to 10:1 (v:v), 20 mL] to render the title compound (F28-
40; 32.9 mg, 50%).

'H NMR (400.13 MHz, CDCl3): & = 6.72 (ddd, 1H, Jso = 11.3 Hz, Jg7 =
8.9 Hz, 8-H), 7.39 (dd, 1H, Jo,s = 11.3 Hz, Jo,7 = 0.6 Hz, 9-H), 7.67 (dd, 1H,
J78=9.0 Hz, J79=0.8 Hz, 7-H), 7.72-7.79 (m, 3H, 1-H, 2-H and 3-H), 8.68-
8.72 (m, 1H, 4-H).

13C NMR (100.61 MHz, CDCl3): & = 125.64 (C-8)*, 130.95 (C-1, C-2, or C-
3)A, 131.57 (C-4)A, 132.93 (C-2, C-3, or C-1)#, 133.78 (C-7)*, 134.03 (C-
3, C-1, or C-2)A, 134.55 (C-4a)B, 136.52 (C-9a)B, 137.65 (C-9)*, 143.17 (C-
6)B, 185.73 (C-5)B; A the indicated **C nuclei — they are non-quaternary —
were identified in an edHSQC spectrum by their crosspeaks with directly
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bond protons; B the indicated '3C nuclei are quaternary and were distin-
guished in an HMBC spectrum by their crosspeaks due to 2J, 3J and/or 4J
couplings to "remote" protons.

HRMS (pos. APCI): CiiHoO" (M+HY): calculated: 157.06479; found:
157.06479 (A = +0.0 ppm).

ortho-Bromostyrene (15)

6
1
s Br
4 2N
s
>

NaHMDS (2 M solution in THF, 17 mL, 34 mmol, 1.7 equiv.) was slowly
added to a suspension of MePhsP*Br~ (12.2 g, 34.1 mmol, 1.7 equiv.) in
THF (72 mL). The mixture was stirred for 3 h at room temp. A solution of
2-bromobenzaldehyde (14; 3.70 g, 20.3 mmol) in THF (40 mL) was added
dropwise within 30 min. After complete addition the mixture was stirred
additional 3.5 h at room temp. A saturated aqueous solution of NaHCO3
(100 mL) was added. The layers were separated and the aqueous layer
was extracted with EtzO (4 x 50 mL). The combined organic layers were
dried over anhydrous Na:SOs4. The solvent was evaporated and the
residue was purified by flash-chromatography on silica gel?1 [6.0 x 14 cm,
PE (30-50°C), 50 mL] to obtain the title compound (F7-16; 2.48 g, 68%) as
a colorless liquid.

1H NMR (400.13 MHz, CDClz): 8 = 5.36 (dd, 1H, J2-+().1' = 11.0 Hz, Jgem =
1.1 Hz, 2-H%), 5.69 (dd, 1H, J2-H@),1' = 17.4 Hz, Jgem = 1.1 Hz, 2'-H?), 7.06
(ddd, 1H, J12-H@) = 17.5 Hz, J12-H@2) = 11.0 Hz, J13 = 0.7 Hz, 1'-H), 7.11
(ddd, 1H, Js6 = 7.7 Hz, Js.4 = 7.6 Hz, Js3 = 1.9 Hz, 5-H), 7.25-7.29 (m, 1H,
4-H), 7.53-7.55 (mc, 2H, 3-H and 6-H).

13C NMR (100.61 MHz, CDCl3): & = 116.75 (C-2")A, 123.70 (C-1)B, 126.91
(C-3)A, 127.56 (C-4)A, 129.16 (C-5)A, 132.98 (C-6)*, 135.94 (C-1)A, 137.62
(C-2)B; A the indicated **C nuclei — they are non-quaternary — were
identified in an edHSQC spectrum by their crosspeaks with directly bond
protons; B the indicated *3C nuclei are quaternary and were distinguished
in an HMBC spectrum by their crosspeaks due to 2J, 3J and/or 4J couplings
to "remote" protons.

IR (CHCls): v = 3090, 3065, 3020, 2980, 2930, 2870, 1915, 1835, 1800,
1625, 1590, 1560, 1565, 1435, 1415, 1275, 1200, 1140, 1120, 1030, 986,
915, 860, 785, 760, 730, 660 cm™.

CgH7Br
183.05 g/mol

N-Methoxy- N-methylpent-4-enamide (16 [14)

(0]

1
MeON 2
Me
3
‘ 4
5

The mixture of pent-4-enoic acid (17; 1.0 mL, 10.0 mmol, 1 equiv.) and
SOCI2 (1.1 mL, 15.0 mmol, 1.5 equiv.) was stirred at 60°C for 5 h, cooled
to 0°C and added dropwise to the solution of N,O-dimethylhydroxylamine
hydrochloride (1.46 g, 15.0 mmol, 1.5 equiv.) in CH2Cl> (50 mL) in one
portion. NEts (4.2 mL, 3.05 g, 30.1 mmol, 3.0 equiv.) was added dropwise
within 15 min and stirring was continued at 0°C for 30 min. The
temperature was raised to ambient within 2 h and the reaction was
guenched by addition of a saturated aqueous solution of NaHCOs (25 mL).
The layers were separated and the aqueous layer was extracted with
CH2CI2 (3 x 20 mL). The combined organic layers were washed with a
saturated aqueous solution of NaCl (40 mL) and dried over anhydrous
NazSOa4. The solvent was evaporated and the residue was purified by
flash-chromatography on silica gel®! [3.5 x 15 cm, cCsH12:EtOAC 4:1 to
2:1 (v:v), 50 mL] to render the title compound (F9-22; 1.17 g, 82%; ref.[4l:
83%) as a pale brown oil.

1H NMR (400.13 MHz, CDCls): & = 2.36-2.42 (m, 2H, 3-H2), 2.50-2.56 (m,
2H, 2-H2), 3.18 (s, 3H, N-CHs), 3.69 (s, 3H, O-CHs3), 4.99 (tdd, 1H, Js-H(1)4
=10.2 Hz, Jgem = 1.9 Hz, 4J51(),3 = 1.2 Hz, 5-H*), 5.07 (tdd, 1H, Js.H(2).4 =
17.1 Hz, Jgem = 1.7 Hz, *Js5.1(2)3 =1.6 Hz, 5-H?), 5.87 (tdd, 1H, JasHe) =
16.9 Hz, JasH@) = 10.4 Hz, Js3 = 6.6 Hz, 4-H).

C7H13NO;
143.18 g/mol
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13C NMR (100.61 MHz, CDCls): & = 28.62 (C-3)*, 31.28 (C-2)A, 32.30 (N-
CHza)A, 61.27 (O-CHs)”, 115.164 (C-5)A, 137.55 (C-4)A, 173.90 (C-1)8; Athe
indicated 3C nuclei — they are non-quaternary — were identified in an
edHSQC spectrum by their crosspeaks with directly bond protons; B the
indicated **C nuclei are quaternary and were distinguished in an HMBC
spectrum by their crosspeaks due to 2J, 2J and/or 4J couplings to "remote"”
protons.

IR (film): v = 3505, 3320, 3080, 5975, 2940, 2820, 2240, 1775, 1665, 1465,
1440, 1420, 1385, 1315, 1175, 1150, 1120, 995, 915, 840, 790, 740 cm™.
Elemental analysis :
C7H13NO2 (143.18 g/mol) calc. C 58.72
found C 58.47

H9.15
H 8.96

N 9.78
N 9.80

6,6'-Diselanediylbis(5 H-benzo[7]annulen-5-one) (18)

8

. 9 ., Se—Se P
3 @\ . CyoH1405Se,
2 $_ 468.27 g/mol
1 9

A solution of the RCM-product 11a (440.6 mg, 2.79 mmol, 1 equiv.) and
SeO:2 (339.9 mg, 3.06 mmol, 1.1 equiv.) in AcOH:H20 (v:v, 70:30, 28 mL)
was heated at 90°C for 12 h. H2O (200 mL) was added and the crude
product was extracted with EtOAC (3 x 200 mL). The combined organic
layers were washed with a saturated aqueous solution of Na2COs (2 x
100 mL) and dried over anhydrous Na>SO4. The solvent was evaporated
and the residue was purified by flash-chromatography on silica gel?! [4.5
x 1.5 cm, cCeH12:EtOAC (v:v) 40:1 to 1:1, 50 mL] rendering the unchanged
RCM-product 11a (F26-34; 9.8 mg, 2%), the benzotropone 13a (F48-58;
92.1 mg, 21%), the title compound [18; F63-90; 227.8 + (18.9-1.7) mg =
245.0 mg, 19%)], the benzotropolone 5a (F91-98; 1.7 mg, 0.4%), and the
tricyclic selenide 19 (F107-120; 116.6 mg, 17%).

'H NMR (500.22 MHz, acetone-[D]e): 8= 6.91 (dd, 1H, Jso = 11.4 Hz, Jg7
=9.0 Hz, 8-H), 7.60 (dd, 1H, Jos = 11.4 Hz, 4J97 = 0.6 Hz, 9-H), 7.69 (dd,
1H, J7,se = 30.1 Hz, J7,8 = 8.9 Hz, “J70 = 0.7 Hz, 7-H), 7.87 (ddd, 1H, J34 =
8.2 Hz, Ja2 = 6.9 Hz, 4J31 = 1.4 Hz, 3-H), 7.91 (ddd, 1H, J2,1 = 7.8 Hz, J23
=7.0 Hz, *J2,4 = 1.6 Hz, 2-H), 7.97 (dd, 1H, J12 = 7.8 Hz, *J13= 1.6 Hz, 1-
H), 8.63 (dd, 1H, Ja3 = 8.1 Hz, “Ja2 = 1.7 Hz, 4-H).

13C NMR (125.78 MHz, acetone-[D]s): & = 126.45 (C-8)*, 131.71 (C-4)*,
131.86 (C-3)4, 134.05 (C-2)A, 134.46 (C-7)*, 135.04 (C-4a)B, 135.25 (C-
1)A, 137.39 (C-9a)B, 138.49 (C-9)A, 143.10 (C-6)B, 185.81 (C-5)B; A the
indicated 3C nuclei — they are non-quaternary — were identified in an
edHSQC spectrum by their crosspeaks with directly bond protons; B the
indicated *3C nuclei are quaternary and were distinguished in an HMBC
spectrum by their crosspeaks due to 2J, J and/or 4J couplings to "remote"”
protons.

77Se NMR (95.40 MHz, acetone-[D]e): & = 408.29 (s, 1Se).

Se HMBC {'long-range Se,H-COSY spectrum" (95.40/500.22 MHz),
acetone-[D]e}: 408.29 ("’Se) «»> 7.69 (7-1H).

IR (film): v = 2995, 1770, 1760, 1575, 1550, 1475, 1375, 1310, 1245, 1055,
930, 850, 790 cm™.

HRMS (pos. APCI): Cz2H1sNaO2Sex” (M+Nal): calculated: 492.921;
found: 492.9212 (A = —0.8 ppm!).

Elemental analysis :
C22H1402Se2 (468.27 g/mol) calc. C56.43
found C55.86

H3.01
H3.12

(6-rel-S,8-rel-S,9-rel-S)-8-Hydroxy-6,9-seleno-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-5-one (19)

o
4 6
3 Gan C11H100,5e
2ge Y7 11H1002
2 N 253.16 g/mol

Y9 oH

A mixture of the RCM-product 11a (32.4 mg, 205 mmol, 1.0 equiv.) and
Se02 (25.0 mg, 225 mmol, 1.1 equiv.) in o-xylene (1.4 mL) was heated
under reflux for 9.5 h. After cooling to room temp. the reaction was filtered
through a pad of silica gel (2 cm x 1 cm) and rinsed with Et20 (2 x 10 mL).
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The solvent was evaporated and the residue was purified by flash-
chromatography on silica gell?!! [2 x 15 cm, cCgsH12:EtOAC 10:1 to 2:1 (viv),
20 mL] to render the benzotropone 13a (F6-11; 13.4 mg, 42%) and the
tricyclic selenide 19 (F38-47; 12.6 mg, 24%).

1H NMR (500.32 MHz, CDCls): 3 = AB-Signal (da = 2.08, s = 3.19, Jas =
14.4 Hz, A-part additionally split by J7.n)s = 5.0 Hz, B-part additionally
split by J7-ne).s = 9.5 Hz, J7-1@)6 = 7.5 Hz, 7-H2), 4.04 (d, Je 7-H@) = 7.5 Hz,
6-H), 4.25 (d, 1H, Jos = 4.8 Hz, 9-H), 5.20 (ddd, 1H, Js7-H@®) = 9.5 Hz, Jg9
= Js7-Hp) = 4.8 Hz, 8-H), 7.20 (dd, 1H, J12 = 7.4 Hz, J153 = 1.3 Hz, 1-H),
7.39 (ddd, 1H, J32 = J3,4 = 7.5 Hz, J31 = 1.4 Hz, 3-H), 7.44 (ddd, 1H, J21 =
J23=7.4Hz, J24 = 1.6 Hz, 2-H), 8.06 (dd, 1H, Ja3 = 7.6 Hz, J42 = 1.6 Hz,
4-H).

13C NMR (125.81 MHz, CDCls): 3 = 36.17 (C-7)*, 44.70 (C-6)*, 47.51 (C-
9)A, 80.39 (C-8)*, 128.88 (C-1)A*, 128.92 (C-3)A*, 129.83 (C-4)", 131.01
(C-4a)B, 132.82 (C-2)A, 142.97 (C-9a)®, 194.63 (C-5)B; * assignment
interchangeable; # the indicated *3C nuclei — they are non-quaternary —
were identified in an edHSQC spectrum by their crosspeaks with directly
bond protons; B the indicated *3C nuclei are quaternary and were
distinguished in an HMBC spectrum by their crosspeaks due to 2J, 3J
and/or 4J couplings to "remote" protons.

7Se NMR (95.42 MHz, CDCls): 8 = 578.09 [dd, 1Se, 2Jse6-+ = 2Jse7-H =
25.4 Hz, Se(CH)2].

7Se HMBC ['long-range Se,H-COSY spectrum” (95.42/500.32 MHz),
CDCls): 578.09 (7/Se) « 2.08 (7-*H”), 4.04 (6-*H), and 4.25 (9-'H).

HRMS (neg. ESI): Ci11Ho02Se® (M-HP): calculated: 252.97732; found:
252.97732 (A = +0.0 pm!).— HRMS (pos. ESI): C11H1102Se"” (M+H"):
calculated: 254.99188; found: 254.99174 (A = —0.5 ppm).

(5-rel-S,6-rel-S,8-rel-S)-9-Oxo-5,8-seleno-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-6-yl Formate (20)

Numbering for IUPAC name: Numbering of NMR spectrum (for ready com-

paribility with the NMR spectrum of 19):

o o
1 8 4 6
2 9 C12H1003Se 3 5
9a, 4a,
s O 7 281.17 g/mol ) oy )7

4 s ocoM b9 oc(=oH

The mixture of the RCM-product 11a (25.5 mg, 161 pmol, 1.0 equiv.) and
SeOz (19.7 mg, 177 pmol, 1.1 equiv.) as well as 2,4,6-tribromotoluene
(26.5 mg, 80.6 umol, 0.5 equiv.; not a reactand but a reference compound
for *H-NMR analyses) in formic acid (1.1 mL) was heated under reflux for
3 h. Silica gel was added and the solvent was evaporated. The residue
was purified by flash-chromatograpy on silica gel?d [2 x 15cm,
cCsHi12:EtOAC 10:1 to 2:1 (v:v), 20 mL] to render the NMR standard (F1-6;
20.2 mg, 76%) and a mixture (F8-20; 45.6 mg) of what seemed to be
mostly the tricyclic title compound 20 (100% yield would have represented
45.3 mg), some contaminant(s) with aromatic/olefinic resonances only (yet
no 13a), and AcOEt.

1H NMR (300.13 MHz, CDCls; contaminated; all non-aromatic/non-olefinic
resonances plus the most notable low-field resonances are listed): 6=2.39
(dd, Jgem = 14.6 Hz, J7,6 = 4.7 Hz, 1H, 7-H), 3.26 (ddd, Jgem = 14.6 Hz, J7s
= 9.8 Hz, J76 = 7.3 Hz, 1H, 7-H?), 4.10 (d, J6,7-H(2) = 7.3 Hz, 1H, 6-H), 4.61
(d, Jog = 4.9 Hz, 1H, 9-H), 5.93 (dddd, Js7-+@2) = 9.8 Hz, Jg7-H1) = Jso =
4.8 Hz, “JscHo = 1.0 Hz, 1H, 8-H), 7.04-7.11 (m, 1H, 1-H), 7.37-7.41 (m,
2H, 2-H and 3-H), 7.88 (d, “JcHos = 0.8 Hz, 1H, CHO), 8.04-8.07 (m, 1H,
4-H).

(5-rel-S,6-rel-S,8-rel-S)-9-Oxo0-5,8-seleno-6,7,8,9-tetrahydro-5 H-

benzo[7]annulen-6-yl Acetate (21)
Numbering for IUPAC name: Numbering of NMR spectrum (for ready com-
paribility with the NMR spectrum of 19):

o o
1 4

2 TA
ZaSe 7
3 N

4 5 "OC(=0)CHg

C13H1,055e B TN
Sé )7

295.19 g/mol N 9a A

19 OC(=0)CHs

H2S04 (0.03 mL, 557.5 pmol, 3 equiv.) was added in one portion to a
suspension of SeO2 (30.9 mg, 278.8 umol, 1.5 equiv.) in H20 (0.01 mL,
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557.5 umol, 3 equiv.). The mixture was stirred at room temp. for 20 min. A
solution of the RCM-product 11a (29.4 mg, 185.8 pmol, 1 equiv.) and
2,4,6-tribromotoluene (30.6 mg, 92.9 umol, 0.5 equiv.; not a reactand but
a reference compound for *H-NMR analyses) in conc. acetic acid (1.9 mL)
was added. The resulting mixture was stirred at room temp. for 2.5 h. The
mixture was diluted with ice-cold NHa/H2O 25:75 (v:v; 10 mL). The
aqueous phase was extracted with EtcO (3 x 10 mL). The combined
organic layers were dried over anhydrous Na:SOs. The solvent was
evaporated and the residue was purified by flash-chromatography on silica
gel?!l [2 x 15 cm, cCeH12:EtOAC 80:1 to 10:1 (v:v), 20 mL] to render the
tricyclic title compound (F24-35; 9.6 mg, 18%) as a yellow oil.

'H NMR (500.22 MHz, acetone-[DJs): & = 1.81 (s, 3H, 2'-Hs), 2.27 (dddd,
1H, Jgem = 14.6 Hz, J7.H)8 = 4.7 HZ, J7.n).6 = 0.8 Hz, *J7.n(1).0 = 0.5 Hz, 7-
HY), 3.25 (ddd, 1H, Jgem = 14.6 Hz, J7.H(2)8 = 9.8 Hz, J7.n@)6 = 7.3 Hz, 7-
H?), 4.11 (ddd, Je7-H@) = 7.3 Hz, Je,7-11) = 0.9 Hz, Js,0 = 0.9 Hz; in addition,
the isotopologue containing 7’Se gives rise to satellites as 2 ddd due to
2Js,se = 25.5 Hz; 1H, 6-H), 4.73 (ddd, Jog = 4.9 Hz, 5Jo,s = 0.8 Hz, *Jo,7-1(2)
= 0.4 Hz; in addition, the isotopologue containing ’Se gives rise to
satellites as 2 ddd due to 2Jg;se = 27.2 Hz; 1H, 9-H), 5.80 (ddd, 1H, Js 7-+(2)
= 9.8 Hz, Jg7-H(1) = Js9 = 4.9 Hz, 8-H), 7.17 (dd, 1H, J12 = 7.5 Hz, 4J13 =
1.3 Hz, 1-H), 7.41 (ddd, 1H, J32 = J34 = 7.5 Hz, 4J31 = 1.3 Hz, 3-H), 7.48
(ddd, 1H, J23 = J21 = 7.5 Hz, 4J24 = 1.5 Hz, 2-H), 7.96 (dd, 1H, Ja3 =
7.6 Hz, 442 =1.5Hz , 4-H).

NOESY {500.22 MHz, acetone-[D]e}: crosspeaks for ou = 7.17 (1-H) < on
= 3.25 (7-H?, 4.11 (6-H), 4.73 (9-H), and 5.80 (8-H) identify 1-H;
crosspeaks for 8n = 3.25 (7-H?) < du = 4.11 (6-H), 4.73 (9-H), and 5.80 (8-
H) identify 7-H?; crosspeaks for 3+ = 4.73 (9-H) «> &1 =5.80 (8-H) and 7.17
(1-H) identify 9-H; crosspeak &n = 7.17 (1-H) < du = 7.48 (2-H) identifies
1-H; crosspeaks for én = 7.41 (3-H) < on = 7.48 (2-H) and 7.96 (4-H)
identify 3-H; crosspeak for &x = 7.48 (2-H) « &u = 7.96 (4-H) identifies 2-
H.

13C NMR (125.78 MHz, acetone-[D]s): & = 20.64 (C-2')A, 34.38 (C-7)A,
44.96 (C-9)A, 45.20 (C-6)*, 81.91 (C-8)*, 128.94 (C-1)A, 129.19 (C-3)4,
129.67 (C-4)A, 131.62 (C-4a)B, 133.44 (C-2)A, 145.05 (C-9a)8, 170.74 (C-
18, 194.61 (C-5)B; A the indicated *3C nuclei — they are non-quaternary —
were identified in an edHSQC spectrum by their crosspeaks with directly
bound protons; B the indicated '3C nuclei are quaternary and were
distinguished in an HMBC spectrum by their crosspeaks due to 2J, 3]
and/or 4J couplings to "remote" protons.

77Se NMR (95.40 MHz, acetone-[D]e): 8 = 573.85 (br. dd, 2JsesH ~ 2Jseo-
H~ 26 Hz, Se).

7Se HMBC {'long-range Se,H-COSY spectrum" (95.40/500.22 MHz),
acetone-[D]e}: 573.85 (7'Se) «» dx = 2.27 (7-*HY), 4.11 (6-*H), and 4.73 (9-
H).

HRMS (pos. ESI): Ci11HoOSe"” (M-HsCCO.°): calculated: 236.9813;
found: 236.9813 (A = £0.0 ppm).

(5-rel-S,6-rel-S,8-rel-S)-9-Oxo-5,8-seleno-6,7,8,9-tetrahydro-5 H-
benzo[7]annulen-6-yl Trifluoroacetate (22)

Numbering for IUPAC name: Numbering of NMR spectrum (for ready com-

paribility with the NMR spectrum of 19):

0 o
2 S PN 3 A A
O s Ci3HgF305Se O ,
3 N /6 349.16 g/mol 2 Y /8
4 5 OC(=0)CF3 9 OC(=0)CF3

The mixture of the RCM-product 11a (245.7 mg, 1.55 umol, 1 equiv.) and
SeO: (189.6 mg, 1.71 pmol, 1.1 equiv.) in F3CCO2H (10 mL) was heated
under reflux for 4 h. Silica gel was added and the solvent was evaporated.
The residue was purified by flash-chromatograpy on silica gel?! [3 x
10 cm, cCeH12:EtOAC 80:1 to 20:1 (v:v), 20 mL] to render the tricyclic title
compound (F17-23; 197.7 mg 36%) as a slightly orange solid (mp. 89°C).
In addition, we identified small amounts of benzotropone (13a, 5%), the
tricyclic compound 19 (1%), and the diselenide 18 (1%).

!H NMR (500.22 MHz, CDCl3): 8 = 2.54 (ddd, 1H, Jgem = 14.8 Hz, J7-H1)s
= 4.4 Hz, J7nae = 0.7 Hz, 7-HY), 3.32 (ddd, 1H, Jgem = 14.8 Hz, J7.H2)8 =
9.9 Hz, J7.1(2)6 = 7.2 Hz, 7-H?), 4.12 (ddd, J6,7-H2) = 7.2 HZ, J6,7-1(2) = Je.8 =
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0.8 Hz; in addition, the isotopologue containing 7’Se gives rise to satellites
as 2 ddd due to 2Jg,se = 25.6 Hz; 1H, 6-H), 4.67 (d, Jogs = 5.1 Hz; in addition,
the isotopologue containing 7’Se gives rise to satellites as 2 d due to 2Jg se
= 26.8 Hz; 1H 9-H), 5.98 (ddd, 1H, Jg 7-H@) = 9.8 Hz, Js9 = 4.8 Hz, Jg 7-H()
= 4.8 Hz, 8-H), 7.01-7.04 (m, 1H, 1-H), 7.37-7.43 (m, 2H, 2-H and 3-H),
8.05-8.08 (m, 1H, 4-H).

13C NMR (125.78 MHz, CDClz): & = 33.92 (C-7)", 43.43 (the isotopologue
containing "’Se causes satellites as d due to Jc.gse = 53.4 Hz; C-9)A,
44.12 (the isotopologue containing "’Se causes satellites as d due to *Jc-
6se = 44.7 Hz; C-6)", 84.25 (C-8)", 114.18 (q, 1C, Jcr, = 285.6 Hz,
COCF3)B, 127.67 (C-1)A, 129.23 (C-2)*", 129.97 (C-4)A, 130.35 (C-4a)®,
133.11 (C-3)*", 141.89 (C-9a)® 157.16 (g, 1C, Jcocr, = 42.9 Hz,
COCF3)B, 193.64 (C-5)B; A the indicated *C nuclei — they are non-
quaternary — were identified in an edHSQC spectrum by their crosspeaks
with directly bond protons; B the indicated 3C nuclei are quaternary and
were distinguished in an HMBC spectrum by their crosspeaks due to 2J, 3J
and/or 4J couplings to "remote" protons; * assignment interchangeable.
77Se NMR (95.40 MHz, CDCls): 8=590.61 (dd, 2Jse6-+ = 2Jse,9-H = 26.4 Hz,
Se).

7Se HMBC ['long-range Se,H-COSY spectrum” (95.40/500.22 MHz),
CDCl3]: 590.61 ("’Se) «> dn = 2.54 (7-1HY), 4.12 (6-'H), 4.67 (9-'H), and
8.06 (4-*H)

19F NMR (470.68 MHz, CDCls): 8 = =75.11 (CF3).

HRMS (pos. APCI): CisH10F303Se” (M+H): calculated: 350.9742; found:
350.9740 (A = -0.6 ppm).

1-(2-Bromo-5-methoxyphenyl)ethanone (39  1291) in a 91:9 Mixture With

1-(3-Methoxyphenyl)ethanone (38)

6
MeO AL CoHgBrO, CoH1005
229.07 g/mol 150.17 g/mol
4 2 Br
3
39 38

At room temp. 3-methoxyacetophenone (38; 30.0 g, 200 mmol) was added
dropwise to a solution of NBS (35.6 g, 200 mmol, 1.00 equiv.) and |2 (4.9 g,
19 mmol, 0.10 equiv.) in MeCN (1000 mL). The mixture was stirred at
room temp. in the dark for 21 h. The reaction was quenched by addition of
sat. ag. Na2S203 solution (200 mL) and H20 (50 mL) and stirring at room
temp. for 30 min. The precipitate was filtered off. Brine (200 mL) was
added to the filtrate. The phases were separated and the aqueous phase
was extracted with EtOAc (2 x 100 mL). The combined organic phases
were concentrated to approx. 200 mL and the residue was taken up in
EtOAc (200 mL). The suspension was filtered . The filtrate was washed
with a mixture of aq. NaOH (1 M, 100 mL) and brine (50 mL), with aq.
NaOH (1 m, 100 mL), and with brine (2 x 100 mL). The organic phase was
dried over Na:SOs4 and the solvent was evaporated under reduced
pressure. Purification by vacuum distillation (b.p.o.2mbar = 73-81°C)
afforded a yellow oil (39.8g). It was a 91:9 (mol:mol) mixture of
compounds 39 (37.4 g, 82%; ref.?5: 94%) and 38 (2.4 g, 8%).

1H NMR (400.13 MHz, CDCl3): 339 = 2.62 (s, 3H, 2"-Hs), 3.80 (s, 3H, 5-
OCHs), 6.84 (dd, Ja3 = 8.8 Hz, Jas = 3.1 Hz, 1H, 4-H), 6.97 (d, Js4 = 3.1
Hz, 1H, 6-H), 7.47 (d, J3.4 = 8.8 Hz, 1H, 3-H) ppm.- &35 = 2.59 (s, 3H, 2"-
Hz), 3.85 (s, 3H, 3-OCHg), 7.11 (ddd, Ja5 = 8.2 Hz, J42 = 2.7 Hz, J46 = 1.0
Hz, 1H, 4-H), 7.36 (ddd, Js4 = 8.2 Hz, Js6 = 7.6 Hz, Js52 = 0.4 Hz, 1H, 5-
H), 7.48 (dd, J2,4 = 2.7 Hz, J26 = 1.4 Hz, 1H, 2-H), 7.53 (ddd, Je5 = 7.6 Hz,
Js2 = 1.6 Hz, Js,4 = 1.0 Hz, 1H, 6-H) ppm.

13C NMR (100.61 MHz, CDCls): 839 = 30.35 (C-2*), 55.71 (5-OCHs), 109.20
(C-1), 114.27 (C-6), 117.95 (C-4), 134.64 (C-3), 142.40 (C-2), 158.96 (C-
5), 201.26 (C-1‘) ppm.— &g = 26.75 (C-2°), 55.51 (3-OCHjs), 112.50 (C-2),
119.67 (C-4), 121.18 (C-6), 129.62 (C-5), 138.64 (C-1), 159.94 (C-3),
197.95 (C1') ppm.

IR (CHCla): v = 3390, 3005, 2965, 2940, 2840, 1705, 1700, 1590, 1570,
1470, 1440, 1425, 1420, 1405, 1395, 1355, 1315, 1285, 1240, 1220, 1180,
1095, 1035, 1020, 875, 815 cm™.
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HRMS (pos. APCI): CoH10"°BrO."” (M+H"): calculated: 228.9859; found:
228.9855 (A = -1.5254 ppm); CoH10®'BrO2" (M+H"): calculated: 230.9838;
found: 230.9834 (A = -1.5254 ppm).

1-(5-Methoxy-2-vinylphenyl)ethanone (40) in a 91:9
Methoxyphenyl)ethanone (38)

Mixture With 1-(3-

(0]

6 . s
MeO_5 1 2 C11H120, MeO 2 CoHi002
176.21 g/mol 150.17 g/mol
XN
s
o
40 38

At room temp. THF (180 mL) was added to a mixture of potassium
vinyltrifluoroborate (4.02 g, 30.0 mmol, 1.50 equiv.), Pd(OAc). (0.22 g,
1.0 mmol, 5.0 mol%), and PPhs (0.52 g, 2.0 mmol, 10 mol%) under Ar. A
degassed solution of Cs2CO3 (20 g, 60 mmol, 3.0 equiv.) in H20 (20 mL)
was added. The mixture was stirred at room temp. for 5 min. 4.87 g of a
91:9 (mol:mol) mixture of compounds 39 (4.57 g, 20.0 mmol) and 38 (0.30
g, 2.0 mmol) was added dropwise. The resulting mixture stirred at room
temp. for 15 min and then heated to reflux at 90 °C (oil bath temperature)
for 20 h. After cooling to room temp. silica (10 g) was added, the mixture
was stirred at room temp. for 15 min. and then filtered through a plug of
Celite® (10 x 3 cm). The filter cake was washed with EtOAc (2 x 100 mL)
and the filtrate was concentrated to approx. 100 mL. H20 (100 mL) and
brine (100 mL) were added, the phases were separated and the aqueous
phase was extracted with EtOAc (100 mL). The combined organic phases
were dried over NazSO4 and the solvent was evaporated under reduced
pressure. Purification by flash-chromatography on silica gel?!
[5.0 x 15 cm, 50 mL, cyclohexane/EtOAc = 30:1 (F1-20) — 20:1 (F21-39)
— 10:1 (F40-59), F32-45] afforded a yellow oil (3.42 g) which was a 91:9
(mol:mol) mixture of compounds 40 (3.15 g, 89%) and 38 (0.27 g, 90%).
'H NMR (400.13 MHz, CDCls): 840 = 2.55 (s, 3H, 2*-Hza), 3.84 (s, 3H, 5-
OCHs3), 5.25 (dd, J2-z1+ = 10.9 Hz, 2p-nz2wne = 1.3 Hz, 1H, 2-H?), 5.54
(dd, Jp-nE s+ = 17.4 Hz, 23p-nE2-nz = 1.3 Hz, 1H, 2-HE), 6.99 (ddd, Ja;3 =
8.6 Hz, Jas=27Hz, 5Ja1» = 0.6 Hz, 1H, 4-H), 7.07 (dddd, J1- »-1E = 17.4 Hz,
Ji2nz = 10.9 Hz, 4J1v3 = 53174 = 0.6 Hz, 1H, 1"-H), 7.09 (d, Js.s = 2.7 Hz,
1H, 6-H), 7.49 (br. d, J34 = 8.6 Hz, 1H, 3-H) ppm.— The &s-values were as
specified in conjunction with the preparation of compound 39.

13C NMR (100.61 MHz, CDCls): 840 = 30.06 (C-27), 55.57 (5-OCHz), 113.79
(C-6), 115.15 (C-2"), 117.00 (C-4), 128.78 (C-3), 130.05 (C-2), 135.12 (C-
1), 138.97 (C-1), 158.91 (C-5), 202.16 (C-1") ppm.— The ds-values were
as specified in conjunction with the preparation of compound 39.

IR (CHCIs): v = 3005, 2965, 2940, 2840, 1685, 1605, 1560, 1490, 1465,
1445, 1415, 1355, 1320 1290, 1270, 1255, 1220, 1180, 1045, 1025, 990,
960, 910, 870, 855, 830, 705 cm™.

HRMS (pos. APCI): C11H1202Na" (M+Na"): calculated: 199.0730; found:
199.0731 (A = +0.6203 ppm).

6-Bromo-2,3,4-trimethoxybenzaldehyde Y (42)
MeO. s 2o Br C10H11BrO4
Q 275.10 g/mol
MeO 33y 1Y

MeO O

5-Bromo-1,2,3-trimethoxybenzaldehyde (4.94 g, 20.0 mmol) in CH2Clz
(25 mL) was transferred to a stirred solution of TiCls (5.25 mL, 9.08 g,
47.9 mmol, 2.4 equiv.) and dichloromethyl methyl ether (3.6 mL, 4.6 g,
40 mmol, 2.0 equiv.) in CH2Cl2 (75 mL) at 0°C. After stirring at room temp.
for 5h, 1 m HCI (20 mL) was cautiously added at 0°C. After complete
Addition the mixture was stirred 15 min at 0°C. The phases were separated
and the aqueous phase was extracted with CH2Cl> (3 x 20 mL). The
combined organic phases were washed with an aqueous 8% NaHCOs3
solution (60 mL) and brine (60 mL), dried over MgSQa4, and concentrated
in vacuo. Flash-chromatography on silica gell?Y (d =4 cm, h=14cm,
F=50mL; c-CeHi2/EtOACc 5:1) gave the target compound [F9-16,
Rt 41 =0.27, 5.44 g, 99% (ref.?Y: 99%)] as a yellow solid [mp. 39-40°C
(ref.BU: 51-52°C)].
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1H NMR (300.13 MHz, CDClz): & = 3.87 (s, 3H, 2-OCHjs*), 3.93 (s, 3H, 3-
OCHgz*), 3.96 (s, 3H, 1-OCHs*), 6.96 (s, 1H, 6-H), 10.24 (s, 1H, 4-
CHO) ppm; *assignment interchangeable.

6-Bromo-2,3,4-trimethoxystyrene (43)

MeO._s s, Br
MeO ,\:ezo; 1 Ui
H

n-BuLi (1.6 M in hexane, 12.0 mL, 19.2 mmol, 1.06 equiv.) was added to a
stirred suspension of methyltriphenylphosphonium bromide (6.83 g,
19.1 mmol, 1.05 equiv.) in THF (50 mL) at 0°C. After stirring for 25 min at
the same temperature, a solution of the aldehyde 42 (4.98 g, 18.2 mmol)
in THF (23 mL) was added at 0°C. The ice bath was removed. The mixture
was stirred vigorously at room temp. for 3 h, before water (50 mL) and
EtOAc (50 mL) were added to the reaction mixture at 0°C. The layers were
separated and the aqueous phase was extracted with EtOAc (2 x 50 mL).
The combined organic phases were dried over Na2SO4 and the solvents
removed in vacuo. Flash-chromatography on silica gel?! (d = 6.5 cm,
h =12 cm, F =50 mL; c-CeH12/EtOAC 9:1) gave the title compound (F4-
12, Ry, 41 = 0.56, 4.33 g, 88%) as a colorless oil.
1H NMR (400.13 MHz, CDCls): & = 3.82 (s, 3H, 2-OCHa), 3.85 (s, 3H, 4-
OCHs), 3.86 (s, 3H, 3-OCHs), 5.48 (dd, Jcis = 11.8 Hz, Jgem = 2.0 Hz, 1H,
2-HE), 5.89 (dd, Jians = 17.8 Hz, Jgem = 2.0 Hz, 1H, 2-H?), 6.69 (dd,
Jtrans = 17.8 Hz, Jois = 11.8 Hz, 1H, 1'-H), 6.92 (s, 1H, 5-H) ppm.
13C NMR (100.61 MHz, CDCls): =56.26 (4-OCHas), 60.58 (2-OCHs),
61.01 (3-OCHg), 112.39 (C-5), 117.94 (C-6), 119.91 (C-2'), 124.89 (C-1),
131.89 (C-1'), 142.40 (C-3), 152.90 (C-4), 153.08 (C-2) ppm.
IR (CHCIg): v = 2995, 2965, 2935, 2835, 1585, 1480, 1450, 1395, 1295,
1240, 1200, 1130, 1080, 1015, 945, 920, 825, 795, 780 cm™.
HRMS: (pos. APCI): Calcd. for C11H14"°BrOs"” (M+H") = 273.01208; found
273.01204 (A = -0.1 ppm); calcd. for C11H148BrOs” (M+H") = 275.01004;
found 275.00983 (A = -0.8 ppm).
Elemental analysis :
C11H13BrOs (273.12 g/mol)

C11H13Bros
273.12 g/mol

HE

calc. C48.37%
found C 48.44%

H 4.80%
H 4.86%

S-Ethyl Pent-4-enethioate (44)

o

EtST1) C7H1,0S
S 144.23 g/mol
o

4-Pentenoic acid (3.20 mL, 3.11 g, 30.2 mmol) was added to a stirred,
clear solution of N,N’-dicyclohexylcarbodiimide (7.48 g, 36.2 mmol,
1.2 equiv.) and 4-dimethylaminopyridine (959 mg, 7.85 mmol, 26 mol-%)
in CH2Cl2 (200 mL) at room temp. and a white precipitate was formed. After
adding ethanethiol (2.30 mL, 1.93 g, 30.2 mmol, 1.0 equiv.) to the resulting
suspension at room temp. , the reaction mixture was stirred vigorously at
the same temperature for 16 h. Then, the reaction mixture was filtered
through a paper filter and the residue was washed with CH2Clz
(2 x 30 mL). The combined organic phases were washed with a saturated
aqueous NaCOs solution (100 mL). The organic phase was dried over
NazS0;4, silica gel was added to the dry organic phase, and the solvents
were removed in vacuo. The residue was purified via flash-
chromatography on silica gel® (d=6.5cm, h=11cm, F=50mL; c-
CsH12/EtOAC 20:1) to give the target compound (F3-8, Ry, 41 = 0.72, 3.52 g,
81%) as a colorless oil.

1H NMR (400.13 MHz, CDCls): & = 1.25 (t, J2,1 = 7.4 Hz, 3H, 1'-Hs), 2.38-
2.44 (m, 2H, 3-H2), 2.62-2.65 (m, 2H, 2-H2), 2.88 (q, J1r2 = 7.4 Hz, 2H, 1"-
H2), 5.01 (ddt, Jeis = 10.1 HZ, Jgem = 1.6 Hz, “Js5ha3 = 1.3 Hz, 1H, 5-H?),
5.06 (ddt, Jirans = 17.1 Hz, Jgem = 1.6 Hz, *Js.1b3 = 1.6 Hz, 1H, 5-HP), 5.80
(ddt, Jtrans = 16.9 Hz, Jcis = 10.4 Hz, Ja3 = 6.6 Hz, 1H, 4-H) ppm.

13C NMR (100.61 MHz, CDCls): & = 14.84 (C-2’), 23.36 (C-1), 29.52 (C-
3), 43.25 (C-2), 115.82 (C-5), 136.35 (C-4), 198.89 (C-1) ppm.
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IR (film): v =2930, 2855, 2640, 2490, 2330, 2120, 1735, 1450, 1360,
1240, 1085, 1045, 915, 790, 650, 515 cm™.

2-Bromo-3,4,5-trimethoxybenzaldehyde (46)

MeO
MeO. 4 2 Br

@ C10H11BrO4
MeO s Ny 275.10 g/mol

(e]

3,4,5-Trimethoxybenzaldehyde (5.91 g, 30.1 mmol) was suspended in
CHCIs (61 mL) and stirred at room temp. . N-Bromosuccinimide (6.45 g,
36.2 mmol, 1.2 equiv.) was added in portions. After heating the mixture to
reflux for 3 h, it was washed with a saturated aqueous NaHCO3 solution
(50 mL), a saturated aqueous Na2SOs solution (30 mL), and H20 (30 mL).
The aqueous phases were extracted with Et2O (3 x 30 mL) and the
combined organic phases were dried over Na:SO4. The solvents were
removed in vacuo and the residue was purified via flash-chromatography
on silica gel?! [d=6.5cm, h=13 cm, F =100 mL; c-CeH12/EtOAc 19:1
(F1-13); c-CeHi2/EtOAC 9:1 (F14-25)] to obtain the product [F13-21,
Rt 41 =0.30, 5.24 g, 64% (ref.*¥ in H3CCN: 84%)] as a pale yellow solid
[mp. 60-62°C (ref.[33: 58.5-59.5°C).

'H NMR (300.13 MHz, CDCls): 6 =3.90 (s, 3H, 5-OCHzs*), 3.91 (s, 3H, 3-
OCHs*), 3.98 (s, 3H, 4-OCHs*), 7.30 (s, 1H, 6-H), 10.29 (s, 1H, 1-
CHO) ppm; *assignment interchangeable.

2-Bromo-3,4,5-trimethoxystyrene (47)

MeO
MeO.s_~2Br

@ Cy1H13BrOg
MeO™ s f ‘ 273.12 g/mol

n-BuLi (1.6 M in hexane, 13.0 mL, 20.8 mmol, 1.07 equiv.) was added to a
stirred suspension of methyltriphenylphosphonium bromide (7.29 g,
20.4 mmol, 1.05 equiv.) in THF (56 mL) at 0°C. After stirring for 30 min at
the same temperature, a solution of 2-bromo-3,4,5-
trimethoxybenzaldehyde (46) (5.00 g, 19.4 mmol) in THF (18 mL) was
added via transfer cannula at 0°C. The ice bath was removed and the
mixture was stirred vigorously at room temp. for 70 min. To the reaction
mixture were slowly added EtOAc (60 mL) and water (60 mL) at 0°C. The
layers were separated and the aqueous phase was extracted with EtOAc
(3 x 35 mL). The combined organic phases were dried over Na.SO4 and
the solvents removed in vacuo. Flash-chromatography on silica gell?4
(d=5.5cm, h=12cm, F=50mL; c-CeH12/EtOAc 9:1) gave the target
compound (F4-16, Ry, 2.1 = 0.47, 4.52 g, 86%) as a white amorphous solid
(mp. 33-34°C).

'H NMR (500.22 MHz, CDCls): & = 3.889 (s, 3H, 4-OCHs), 3.891 (s, 6H, 5-
OCHz and 3-OCHzg), 5.32 (dd, Jeis = 11.0 Hz, Jgem = 0.9 Hz, 1H, 2'-HE),
5.61 (dd, Jwrans = 17.3 Hz, Jgem = 1.0 Hz, 1H, 2'-H?), 6.89 (s, 1H, 6-H), 7.05
(dd, Jtrans = 17.4 Hz, Jcis = 10.9 Hz, 1H, 1'-H) ppm.

13C NMR (125.78 MHz, CDClz): 8 =56.22 (4-OCHz)*, 61.01 (3-OCHa)*,
61.25 (5-OCHg), 105.39 (C-6), 110.63 (C-4), 115.95 (C-2'), 133.26 (C-1),
136.00 (C-1Y), 143.12 (C-5)**, 150.93 (C-3)**, 152.85 (C-4)** ppm; ***
assignments interchangeable.

IR (film): v =2300, 2965, 2935, 2845, 2830, 1585, 1555, 1480, 1430,
1415, 1390, 1330, 1240, 1200, 1165, 1110, 1010, 920, 840, 805 cm™L.
HRMS (pos. APCI): calcd. for C11H14"°BrO3z” (M+H") = 273.01208; found
273.01202 (A = -0.2ppm) and caled. for CuH148'BrOs”
(M+H®) = 275.01004; found 275.00981 (A = -0.8 ppm).

1-(2',3,4’-Trimethoxy-6'-vinylphenyl)pent-4-en-1-0 | (48)

Ca6H2204
4 278.35 g/mol

4-Bromo-but-1-ene-magnesium bromide was prepared by adding a few
drops of 4-bromobut-1-ene to a stirring suspension of Mg turnings (0.414
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g, 17.3 mmol) in dry THF (10 mL) under Ar and at 35 °C. Upon reaction
initiation the rest of the 4-bromo-but-1-ene (2.33 g, 17.3 mmol), in dry THF
(25 mL), was added drop-wise at the same temperature. The reaction
mixture was then heated at reflux for 1 h, after which it was allowed to cool
to room temp. A solution of aldehyde 49 (1.92 g, 8.62 mmol) in THF (80
mL) was then added drop-wise over 3 min. The reaction mixture was then
stirred at 70 °C for 3 h, cooled to rt and quenched into a solution of NH4Cl
(sat., 50 ml), after which the mixture was diluted with EtOAc (150 mL). The
bi-phasic mixture was separated, and the aqueous phase extracted with
EtOAc (2 x 50 mL). The combined organic extracts were then washed with
brine (25 mL), dried (Na2SO4) and concentrated under reduced pressure
to give the crude product. This material was purified by column
chromatography on silica gel (20% EtOAc/hexane) to afford alcohol 48
(1.97 g, 7.07 mmol, 82%) as a colorless liquid.

1H NMR (300 MHz, CDCls): 8 = 1.79-1.74 (m, 1H, 2-H), 2.01-1.94 (m, 1H,
2-H), 2.12-2.04 (m, 1H, 3-H), 2.28-2.22 (m, 1H, 3-H), 3.41 (bs, 1H, 1-OH),
3.84 (s, 3H, OMe), 3.87 (s, 3H, OMe), 3.97 (s, 3H, OMe), 5.02-4.94 (m,
2H, 5-H and 1-H), 5.07-5.06 (m, 1H, 5-H), 5.27 (dd, Jeis H-2"-H-1" = 10.9, Jh-
2nH2"= 1.2 Hz, 1H, cis 2"-H), 5.48 (dd, Jtrans H-2"-H-1" = 17.3, JH-2nH-2n = 1.2
Hz, 1H, trans 2"-H), 5.84 (ddt, Jvans H-4-H-5 = 16.9, Jcis H-4-H-5= 10.2, JH-4-H-3=
6.4 Hz, 1H, 4-H), ), 6.73 (s, 1H, 5'-H), 7.03 (dd, Jwrans H-1"-H-2" = 17.3, Jcis H-1"
n-2v= 10.9 Hz, 1H, 1"-H) ppm.

13C NMR (75 MHz, CDCls): & = 30.5 (C-3), 37.7 (C-2), 55.9 (OMe), 60.6
(OMe), 61.2 (OMe), 69.7 (C-1), 105.7 (C-5"), 114.7 (C-2"), 116.2 (C-5),
127.1 (C-1"), 132.2 (C-1"), 134.9 (C-4), 138.2 (C-6'), 141.8 (C-2')*, 151.8
(C-3"*, 152.5 (C-4")* ppm; *assignments interchangeable.

IR (neat): v = 3440, 2936, 1563, 1 487, 1406, 1316, 1237, 1195 cm™.
HRMS: calcd for C16H2204Na (M*+Na) = 301.1410, found: 301.1408 (A =
-0.66 ppm).

2,3,4-Trimethoxy-6-vinylbenzaldehyde (49)

5 1
MeO. X 2

4 Ci12H1404

Me0 3 Y5 “CHO 222.24 g/mol

OMe
This reaction was performed in a very similar manner to that described for
compound 75 utilizing 50 (2.55 g, 9.58 mmol), (undried) methanol (50 mL),
pTSA (monohydrate, 0.37 g, 20 mol%) at room temp. for 30 min. After a
similar work-up, the crude product was purified by column chromatography
on silica gel (20% EtOAc/hexane) to afford aldehyde 49 (1.92 g, 8.62
mmol, 90%) as a light reddish liquid.
1H NMR (300 MHz, CDCls): 8 = 3.89 (s, 3H, OMe), 3.96 (s, 3H, OMe), 3.99
(s, 3H, OMe), 5.37 (dd, Jcis H-2-H-1' = 10.9, Jcis H-2-H-1'= 1.4 Hz, 1H, cis H-2"),
5.59 (dd, Jwrans H-2-H-1' = 17.4, Jn2-n-2 = 1.4 Hz, 1H, trans H-2'), 6.82 (s, 1H,
H-5), 7.52 (dd, Jtrans H-1-H-2' = 17.4, Jcis H-10H-2'= 10.9 Hz, 1H, H-1"), 10.4 (s,
1H, CHO) ppm.
13C NMR (75 MHz, CDCls): 8 =56.0 (OMe), 61.0 (OMe), 62.3 (OMe), 105.9
(C-5), 116.9 (C-2'), 120.4 (C-6), 135.7 (C-1), 137.1 (C-1"), 141.2 (C-2)*,
157.7 (C-3)*, 157.9 (C-4)*, 190.9 (CHO) ppm; *assignments
interchangeable.
IR (neat): v=2938, 1677, 1587, 1555, 1493, 1450, 1384, 1300, 1241, 1195
cm.
HRMS: calcd for Ci2H1504 (M*+H) = 223.0964, found: 223.0965 (A =
+0.44 ppm).

2-(2',3",4'-Trimethoxy-6 '-vinylphenyl)-1,3-dioxolane (50)

5 1

MeO. 6 .
2 B N7 CyHi0s
MeO s N5 F 34 266.29 g/mol
OMe O

This reaction was performed in a very similar manner to that described for
compound 72 utilizing n-butyllithium (11.1 mL, 17.8 mmol, 1.6 M solution
in hexane), methyltriphenylphosphonium iodide (7.2 g, 18 mmol), dry THF
(50 mL). Then 51 (3.18 g, 11.8 mmol) in dry THF (20 mL) was added drop-
wise. After a similar work-up, the residue obtained was purified by column
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chromatography on silica gel (20% EtOAc/hexane) to afford the alkene 50
(2.55 g, 9.58 mmol, 81%) as a colorless viscous liquid.

'H NMR (300 MHz; MeOD-ds4): & = 3.83 (s, 6H, 2 x OMe), 3.88 (s, 3H,
OMe), 4.05-3.94 (m, 2H, 4-Hcis and 5-Hcis)*, 4.20-4.15 (m, 2H, 4-Hirans and
5-Htrans)*, 5.08 (dd, Jcis H-2"H-1"= 11.0, Jn-2"H-2"= 1.4 Hz, 1H, cis 2"-H), 5.42
(dd, Jrans H-2H-17= 17.5, In2mm-2v= 1.4 Hz, 1H, trans 2"-H), 6.0 (s, 1H, 2-H),
6.83 (s, 1H, 5'-H), 7.11 (dd, Jtrans H-1"H-2" = 17.5, Jcis H-1mH-2"= 11.0 Hz, 1H,
1"-H) ppm; *assignments interchangeable.

13C NMR (75 MHz; MeOD-ds): 3 = 56.4 (OMe), 61.3 OMe), 62.5 (OMe),
66.1 (CH2CH2), 100.9 (C-2), 107.4 (C-5'), 115.0 (C-2"), 120.4 (C-1"), 136.3
(C-6"), 136.5 (C-1"), 142.9 (C-2)) ¥, 154.7 (C-3) X, 155.5 (C-4) ¥ ppm;
¥ assignments interchangeable.

IR (neat): v = 2936, 1565, 1491, 1454, 1375, 1321, 1240, 1194 cm™*.
HRMS: calcd for Ci4H100s (M*+H) = 267.1227, found: 267.1228 (A =
+0.37 ppm).

2-(1',3'-Dioxolan-2'-yl)-3,4,5-trimethoxybenzaldehyde (51)

6
MeO.s 1 o
4 2.,
MeO” 3 23 B

OMe O

Ci3H1606

268.26 g/mol

A suspension of sodium acetate (1.82 g, 14.8 mmol) and pyridinium
chlorochromate (4.7 g, 22 mmol) in dry CH2Cl2 (40 mL) was cooled in an
ice bath under an Ar atmosphere and treated with solution of alcohol 52
(4.00 g, 14.8 mmol) in CH2Cl2 (10 mL), over a 30 min. period. The reaction
was then stirred for 5 h at 0-5 °C, diluted with Et2O (200 mL) and further
stirred at room temp. for 30 min. The solid was collected by filtration (cotton
wool plug) and washed with EtzO (50 mL). The combined filtrate was
washed with Na2COs solution (5%, 50 mL) and brine (sat., 50 mL), after
which it was dried (Na2SO4) and evaporated under reduced pressure to
give the crude aldehyde. This material was subjected to column
chromatography on silica gel (30% EtOAc/hexane) to give compound 51
(3.18 g, 11.8 mmol, 80%) as a white solid, mp. 60-62 °C.

'H NMR (300 MHz; MeOD-d4): & = 3.86 (s, 3H, OMe), 3.91 (s, 6H, 2 x
OMe), 4.06-3.98 (m, 2H, 4'-Hcis and 5'-Hcis)*, 4.25-4.21 (m, 2H, 4'-Hrrans and
5'-Htrans)*, 6.18 (s, 1H, 2'-H), 7.36 (s, 1H, 6-H), 10.43 (s, 1H, CHO) ppm;
*assignments interchangeable.

13C NMR (75 MHz; MeOD-da4): 3 = 56.5 (OMe), 61.2 (OMe), 62.8 (OMe),
66.0 (CH2CH2), 100.0 (C-2'), 108.0 (C-6), 125.9 (C-2), 133.4 (C-1), 147.9
(C-3)%, 154.5 (C-4) ¥, 155.6 (C-5) ¥, 192.4 (CHO) ppm; ¥ assignments
interchangeable.

IR (neat): v =2903, 1677, 1585, 1494, 1421, 1376, 1318, 1248, 1998 cm™L.
HRMS: calcd for Ci3Hi170s (M*+H) = 269.1019, found: 269.1019 (A =
+0.0 ppm).

[2'-(1",3"-Dioxolan-2 '"-yl)-3"',4',5'-trimethoxyphenyl]methanol (52)

o
MeO.5 Y S
5 OH ' Cy3H1506
4) o
MeO” 5 4”270.28 g/mol

OMe O
5

This reaction was performed in a very similar manner to that described for
compound 70 utilizing lithium aluminium hydride (1.3 g, 35 mmol), 53 (5.28
g, 17.7 mmol) and dry THF (150 mL), 0 °C for 2 h and quenched by
successive slowly addition of H20 (8 mL), NaOH solution (10%, 8 mL) and
EtOAc (200 mL). After a similar work-up, concentration under reduced
pressure gave the crude alcohol 52 (4.02 g, 14.9 mmol, 84%) as a
colorless thick liquid, which was used as such in next step without further
purification.

H NMR (300 MHz; MeOD-d4): & = 3.82 (s, 3H, OMe), 3.83 (s, 3H, OMe),
3.89 (s, 3H, OMe), 4.01-3.96 (m, 2H, 4”-Hcis and 5”-Hcis)*, 4.19-4.15 (m,
2H, 4”-Htrans and 5”-Hrrans)*, 4.76 (s, 2H, 1-H), 6.09 (s, 1H, 2"-H), 7.06 (s,
1H, 6'-H) ppm; *assignments interchangeable.

3C NMR (75 MHz; MeOD-da4): & = 56.4 (OMe), 61.2 (OMe), 61.8 (OMe),
62.5 (C-1), 65.9 (CH2CH), 101.0 (C-2"), 108.6 (C-6"), 119.7 (C-2'), 139.7
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(C-1"), 142.0 (C-3") §, 154.8 (C-4") %, 155.4 (C-5') ¥ ppm; ¥ assignments
interchangeable.

IR (neat): v = 3440, 2937, 1599, 1471, 1416, 1340, 1229, 1242, 1194 cm™*.
HRMS: calcd for CizHi1s0eNa (M*+Na) 293.0995 found: 293.0994 (A =
—0.34 ppm).

Methyl 2-(1',3'-Dioxolan-2'-yl)-3,4,5-trimethoxybenzoate (53)

Meoisic:zMe CaaizOr
b {20 208.20 g/imol
e 3OMe OJ;

This reaction was performed in a very similar manner to that described for
compound 68 utilizing 1,2-ethanediol (4.9 g, 79 mmol), triethyl
orthoformate (2.9 g, 20 mmol) and p-toluenesulfonic acid monohydrate
(0.037 g, 0.20 mmol), 56 (5.0 g, 20 mmol) in THF (75 mL), 40 °C for 5 h.
The same work-up and purification by column chromatography on silica
gel (30% EtOAc/hexane) afforded compound 53 (5.28 g, 17.7 mmol, 89%)
as a white solid, mp. 48-50 °C.

1H NMR (300 MHz, CDCls): 8 = 3.87 (s, 6H, 2 x OMe) 3.88 (s, 3H, OMe),
3.92 (s, 3H, OMe), 4.01-3.98 (m, 2H, 4’-Hcis and 5™-Hcis)*, 4.01-3.98 (m, 2H,
4'-Hyans and 5'-Huans)*, 6.19 (s, 1H, 2'-H), 6.80 (s, 1H, 6-H) ppm;
*assignments interchangeable.

13C NMR (75 MHz, CDCls): & = 52.3 (CO2Me), 56.1 (OMe), 60.8 (OMe),
61.6 (OMe), 65.5 (CH2CH2), 99.5 (C-2'), 107.4 (C-6), 122.2 (C-1), 128.1
(C-2), 153.3(C-3) §, 153.8 (C-4) §, 155.0 (C-5) ¥, 169.0 (CO2Me) ppm;
¥ assignments interchangeable.

IR (neat): v = 2883, 1736, 1575, 1456, 1415, 1375, 1336, 1224 cm™.
HRMS: calcd for Ci14H1007 (M*+H) = 299.1125, found: 299.1123 (A =
-0.66 ppm).

Methyl 2-Formyl-3,4,5-trimethoxybenzoate (56) via M
Trimethoxybenzoate (55))

MeO_5_~_LCO,Me
) C12H1406
Meo@ 254.24 g/mol
OMeO
A solution of 3,4,5-trimethoxybenzoic acid (54, 5.0 g, 24 mmol) in MeOH
(50 mL) and concentrated HCI (35%, 0.5 mL) was stirred at room temp. for
20 h. The solvent was evaporated off under reduced pressure. The residue
was then diluted with EtOAc (150 mL), washed with NaHCOz solution
(10%, 50 mL) and brine (25 mL), before being dried over Na>SO4 and
concentrated under reduced pressure to furnish the crude methyl ester 55
as an off-white solid. This crude methyl ester (5.2 g) was dissolved in dry
CH2Cl2 (50 mL) and a,a-dichloromethyl methyl ether (5.3 g, 46 mmol) was
added under Ar at room temp. This mixture was cooled to —70 °C, and neat
SnCls (9.0 g, 34 mmol) was added drop-wise. The resulting yellow reaction
mixture was warmed slowly to 0 °C, and stirred for 2 h at 0-5 °C. The
reaction mixture was quenched in H20 (100 mL), neutralized with aqueous
saturated NaHCOs solution and solid NaHCOs and diluted with CH2Cl2
(200 mL). The phases were separated and the aqueous layer was
extracted with CH2Cl2 (2 x 100 mL). The combined organic extracts were
washed with brine (100 mL), dried over Na2SOa, and concentrated under
reduced pressure to give crude product which was purified by column
chromatography on silica gel (30% EtOAc/hexane) to give aldehyde 56 as
a white solid (5.28 g, 20.8 mmol, 87% over the 2 steps, ref.34), mp. 48-50
°C.
1H NMR (300 MHz, CDClz): & = 3.91 (s, 6H, 2 x OMe), 3.95 (s, 3H, OMe),
3.98 (s, 3H, OMe), 6.95 (s, 1H, 6-H), 10.29 (s, 1H, CHO) ppm.
13C NMR (75 MHz, CDCls): & = 52.8 (CO2Me), 56.3 (OMe), 61.1 (OMe),
62.4 (OMe), 107.8 (C-5), 123.5 (C-1), 128.6 (C-6), 143.9 (C-2)*, 155.2 (C-
3)*, 157.0 (C-4)*, 168.2 (COz2Me), 189.1 (CHO) ppm. *assignment
interchangeable
IR (neat): v =2947, 1730, 1694, 1584, 1491, 1480, 1333, 1232, 1194 cm™™.
HRMS: calcd for Ci2H1506 (M*+H) = 255.0863, found: 255.0864 (A =
+0.39 ppm).

ethyl 3,4,5-
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5,6,7-Trimethoxynaphthalene-1-carboxylic Acid (57)
1,2,3-trimethoxy-5 H-benzo[7]annulen-5-one (5¢)

and 6-Hydroxy-

C14H140s5
262.26 g/mol

C14H1405
262.26 g/mol

MeO

5c
(characterization data: vide supra)

How this compound was obtained is described in the context of making
benzotropolone 5c.

H NMR (500.10 MHz, CeDs): & = 3.56 (s, 3H, 7-OCHa), 3.77 (s, 3H, 6-
OCHs), 3.78 (s, 3H, 5-OCHBa), 7.08 (dd, J34 = 8.3 Hz, J32= 7.4 Hz, 1H, 3-
H), 8.36 (ddd, Ja3 = 8.3 Hz, Ja2 = 1.4 Hz, Jag = 0.7 Hz, 1H, 4-H), 8.44 (dd,
J23=7.4Hz, J24=1.4Hz, 1H, 2-H), 8.65 (s, 1H, 8-H), 11.8 (br. s, 1H,
CO2H) ppm.

NOESY (500.10 MHz/500.10 MHz, CeDe): [3(*H) < 3(*H)]: 8=3.56 (7-
OCHs) & 0=8.65 (8-H); 7.08 (3-H)«< 6=8.36 (4-H); 8.36 (4-
H) & 6 =7.08 (3-H).

13C NMR (125.75 MHz, CsDs): & = 55.33 (7-OCHz), 60.73 (6-OCHz), 61.25
(5-OCHzs), 101.83 (C-8), 122.54 (C-3), 123.81 (C-1)*, 126.17 (C-4a)*,
128.72 (C-4), 130.34 (C-8a), 132.26 (C-2), 141.60 (C-6), 148.56 (C-5),
155.64 (C-7), 173.26 (CO2H) ppm; *assignment interchangeable.
edHSQC (“short-range H,C-COSY”, 500.10 MHz/125.75 MHz, CeDs):
[8(*H) <> 3(*3C)]: 8 = = 3.56 «» 8 =55.33; 3.77 <> 8 = 60.73; 3.78 < & =
61.25; 7.08 <> 6 =122.54; 8.36 «» 6 = 128.72; 8.44 > 5= 132.26; 8.65 <«
5=101.83.

HMBC (“long-range H,C-COSY”, 500.10 MHz/125.75 MHz, C¢Ds): [5(*H)
< 3(*3C)]: 8 =3.56 (7-OCHs) < & = 155.64 (C-7); &= 3.77 (6-OCHz3) < &
=141.60 (C-6); 5= 3.78 (5-OCHs) <> & = 148.56 (C-5); 5= 7.08 (3-H) < &
=123.81 (C-1 or C-4a), 126.17 (C-4a or C-1); 5=8.36 (4-H) « 6=130,34
(C-8a), 132.26 (C-2), 148.56 (C-5); 0 = 8.44 (2-H) « & = 128.72 (C-4),
130.34 (C-8a), 173.26 (CO2H); d = 8.65 (8-H) <« 6 =123.81 (C-1 or C-4a),
126.17 (C-4a or C-1), 141.60 (C-6), 155.64 (C-7).

IR (CDCls): v = 3140, 3070, 3000, 2945, 2840, 2645, 1685, 1590, 1580,
1500, 1480, 1405, 1380, 1335, 1275, 1195, 1140, 1120, 1040, 1015, 960,
915, 850, 820, 750 cm.

HRMS: (pos. APCI, 70 eV): calcd. for C14H130s [M-H] = 261.0768; found
261.0767 (-0.48 ppm).

2-(4-Bromophenyl)-2-oxoethyl alene-1-car-

boxylate (58)

5,6,7-Trimethoxynaphth

CyoH19BrOg
459.29 g/mol

The naphthalenecarboxylic acid 57 (10 mg, 38 umol) was added to a
stirred solution of p-bromophenacyl bromide (20 mg, 72 umol, 1.9 equiv.)
and NEts (14 pL, 10 mg, 0.10 mmol, 2.6 equiv.) in CH2Cl2 (250 pL) at room
temp. . The reaction mixture was stirred at room temp. for 20 min. After
addition of H20 (5 mL) the mixture was extracted with CH2Cl2 (3 x 5 mL).
The combined organic layers were dried over anhydrous Na>SOa. After
evaporation of the solvent the crude product was purified by flash-
chromatography on silica gel? (d=0.5cm, h=5cm, F=15mL; c-
CeH12/EtOAC 5:1). The title compound 58 (F2-7, 8.3 mg, 47%) was
obtained as yellow solid (mp. 96-99°C).

'H NMR (500.10 MHz, C¢Ds): &= 3.67 (s, 3H, 7-OCHz), 3.79 (s, 3H, 6-
OCHpg), 3.81 (s, 3H, 5-OCHBg), 5.00 (s, 2H, 1'-Hz), 7.09 (mc, 2H, 3"-H, 5"-
H), 7.17 (dd, Js,4 = 8.3 Hz, J32 = 7.4 Hz, 1H, 3-H), 7.25 (mc, 2H, 2"-H, 6"-
H), 8.38 (mc, 1H, 4-H), 8.53 (dd, J23 = 7.3 Hz, “J24 = 1.3 Hz, 1H, 2-H),
8.73 (s, 1H, 8-H) ppm.

21

10.1002/ejoc.202000256

WILEY-VCH

NOESY (500.10 MHz/500.10 MHz, CeDe): [3(*H) < d(*H)]: 8=3.67 (7-
OCHs) < 0=8.73 (8-H); 6=5.00 (1-CHz) & 6=7.25 (2"-H, 6"-H);
8 =7.17 ppm (3-H) & &= 8.38 ppm (4-H).

13C NMR (125.75 MHz, CsDs): & = 55.51 (7-OCHs3), 60.75 (6-OCHz), 61.26
(5-OCHs), 66.22 (C-1'), 101.96 (C-8), 122.58 (C-3), 124.87 (C-1)*, 126.10
(C-4a)*, 128.63 (C-4"), 129.39 (C-2", C-6"), 130.18 (C-8a), 131.21 (C-2),
132.06 (C-3", C-5"), 133.35 (C-1"), 141.69 (C-6), 148.53 (C-5), 155.55 (C-
7), 167.28 [1-C(=0)Q], 191.04 (C-2) ppm; *assignment interchangeable.
edHSQC (“short-range H,C-COSY”, 500.10 MHz/125.75 MHz, CeDs):
[6(*H) < 3(*3C)]: 6=3.67 <> 8=55.51; 8=3.79 < 5 =60.75; 5 = 3.81 «
5=161.26; 5=5.00 & 0=166.22; 3=7.09 < 5= 132.06; 0=7.17 &> 5=
122.58; 6 =7.25 < 6=129.39; 6 ==8.38 <> 0 = 127.96; 6 = 8.53 < 0 =
131.21; 5=8.73 ppm < &= 101.96 ppm.

HMBC (“long-range H,C-COSY”, 500.10 MHz/125.75 MHz, Ce¢Ds): [5(*H)
<> 3(*3C)]: 5 =3.67 (7-OCHz) «> d = 155.55 (C-7); d = 3.79 (6-OCH3) «> &
=141.69 (C-6); 5=3.81 (5-OCHz) « & =148.69 (C-6); 6=5.00 (1-H) < &
=133.35 (C-1"), 167.28 [1-C(=0)0], 191.04 (C-2'); & = 7.09 (3"-H, 5"-H))
« 0 =129.39 (C-2"), 133.35 (C-1"); 6 = 7.17 (3-H) <« & = 124.87 (C-1 or
C-4a), 126.10 (C-4a or C-1); & = 7.25 (2"-H, 6"-H) «— & = 128.63 (C-4"),
132.06 (C-3"), 191.04 (C-2'); 4 = 8.38 (4-H) «— & = 130.18 (C-8a), 131.21
(C-2), 148.53 (C-5); 6 = 8.53 (2-H) < & = 127.96 (C-4), 130.18 (C-8a),
167.28 [1-C(=0)0]; 3= 8.73 ppm (8-H) « 6= 124.87 (C-1 or C4a), 126.10
(C-4aor C-1), 141.69 (C-6), 155.55 ppm (C-7).

IR (KBr): v =3430, 3130, 2990, 2935, 2850, 1910, 1705, 1590, 1500, 1475,
1465, 1425, 1400, 1380, 1330, 1275, 1255, 1235, 1135, 1115, 1070, 1030,
975, 860, 825, 810, 755 cm'™.

HRMS (pos. APCI): calcd. for C22H2006"°Br [M+H]* = 459.0438; found
459.0436 (-0.4357 ppm); calcd. for C22H2006%'Br [M+H]* = 461.0417;
found 461.0419 (+0.4338 ppm).

6,7,8-Trimethoxynaphthalene-1-carboxylic Acid (59)
2,3,4-trimethoxy-5 H-benzo[7]annulen-5-one (5d)

and 6-Hydroxy-

MeO Q

OH

C14H1405
262.26 g/mol

C14H1405

MeO™ 262.26 g/mol

5d “ 59

(characterization data: vide supra)
How this compound was obtained is described in the context of making
benzotropolone 5d.
1H NMR (500.10 MHz, CeDs): & =3.34 (s, 3H, 6-OCHz), 3.71 (s, 3H, 7-
OCHs), 4.11 (s, 3H, 8-OCHs), 6.61 (s, 1H, 5-H), 7.08 (dd,
J34=8.2 Hz, J32=7.1 Hz, 1H, 3-H), 7.38 (dd, J23=7.1 Hz, *J24=1.1 Hz,
1H, 2-H), 7.44 (dd, Ja,3= 8.3 Hz, “J42=1.1 Hz, 1H, 4-H) ppm; a resonance
of COOH was not observed.
NOESY (500.10 MHz/500.10 MHz, CeDe): [3(*H) < d3(*H)]: 8=3.34 (6-
OCHg) < 3 =6.61 (5-H); 6=6.61 (5-H) & 6= 3.34 (6-OCHa), 7.44 (4-H);
5=17.08 (3-H) & 5=7.38 (2-H), 7.44 (4-H); =7.38 (3-H) & 5=7.08 (3-
H); 8= 7.44 ppm (4-H) & 5 =6.61 ppm (5-H).
13C NMR (125.75 MHz, CsDs): & = 55.25 (6-OCHs), 60.53 (7-OCHz), 61.18
(8-OCHg), 103.14 (C-5), 121.21 (C-8a), 123.22 (C-2), 124.86 (C-3), 128.29
(C-4), 129.75 (C-4a)*, 131.52 (C-1)*, 142.62 (C-7), 148.33 (C-8), 154.17
(C-6), 177.93 (1-CO2H) ppm; *assignment interchangeable.
edHSQC (“short-range H,C-COSY”, 500.10 MHz/125.75 MHz, CeDs):
[8(*H) «> 3(*3C)]: =3.34 <> d==55.25; = 3.71 > 5=60.53; 6 = =4.11
> 0=61.18;6=6.61 - 0=103.14;6==7.08 < 6=124.86; 6= 7.38 <
0=123.22; =7.44 ppm < 0= 128.29 ppm.
HMBC (“long-range H,C-COSY”, 500.10 MHz/125.75 MHz, Ce¢Ds): [3(*H)
<> 3(*3C)]: 5 =3.34 (6-OCHz3) «> 3 = 154.17 (C-6); d = 3.71 (7-OCH3) «> &
=142.62 (C-7); = 4.11 (8-OCHs) <> 5= 148.33 (C-8); 5=6.61 (5-H) < &
=121.21 (C-8a), 128.29 (C-4), 124.62 (C-7), 154.17 (C-6); & = 7.08 (3-H)
« 6=129.75 (C-1) or (C-4a), 131.52 (C-1) or (C-4a); 6= 7.38 (2-H) < &
=121.21 (C-8a), 128.29 (C-4), 177.93 (1-CO2H), 6 = 7.44 ppm (4-H) < &
=103.14 (C-5), 121.21 (C-8a), 123.22 ppm (C-2).
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IR (KBr): v = 2950, 2925, 2850, 1695, 1620, 1595, 1585, 1500, 1480, 1465,
1425, 1360, 1350, 1290, 1240, 1210, 1200, 1180, 1140, 1115, 1075, 1045,
1010, 835, 800, 775 cm™.
HRMS (pos. APCI): calcd. for Ci4H1s0s [M+H] =263.0914; found
263.0916 (+0.6963 ppm).

2-(4-Bromophenyl)-2-oxoethyl alene-1-car-

boxylate (60)

6,7,8-Trimethoxynaphth

C22H19BrOg
459.29 g/mol

MeO. 2
MeO™ & Ai/ ¢
The naphthalenecarboxylic acid(59 (10 mg, 38 umol) was added to a
stirred solution of p-bromophenacyl bromide (20 mg, 72 umol, 1.9 equiv.)
and NEts (14 pL, 10 mg, 0.10 mmol, 2.6 equiv.) in CH2Cl2 (250 pL) at room
temp. . The reaction mixture was stirred at room temp. for 55 min. After
addition of H20 (5 mL) the mixture was extracted with CH2Cl2 (3 x 5 mL).
The combined organic layers were dried over anhydrous Na>SOa. After
evaporation of the solvent the crude product was purified by flash-
chromatography on silica gel? [d=0.5cm, h=5cm, F=15mL; c-
CeH12/EtOAC 5:1(F1-4) — 4:1 (F5-12)]. The title compound 60 (F3-9,
12.7 mg, 73%) was obtained as yellow solid (mp. 129-128°C).

H NMR (500.10 MHz, CsDs): 8 = 3.34 (mc, 3H, 7-OCHzs), 3.74 (s, 3H, 7-
OCHs), 3.93 (s, 3H, 8-OCHg), 5.11 (mc, 2H, 1'-H2), 6.62 (s, 1H, 5-H), 7.09
(mc, 2H, 3"-H, 5"-H), 7.12 (mc, 1H, 3-H), 7.32 (mc, 2H, 2"-H, 6"-H), 7.45
(dd, Ja3=8.3 Hz, 4J42 = 1.1 Hz, 1H, 4-H), 7.84 (mc, 2-H) ppm.

NOESY (500.10 MHz/500.10 MHz, CeDe): [3(*H) « 3(*H)]: 8=3.34 (6-
OCHz3) < 0 =6.62 (5-H); 6 = 3.93 (8-OCHs) < & = 3.74 (7-OCHs), 5.11 (1-
Hz); 6=5.11 (1'-H2) & 8 =3.93 (8-OCHs), 7.32 (2"-H, 6"-H); d=6.62 (5-
H) & 6 =3.34 (6-OCHs), 7.45 (4-H); 5= 7.12 (3-H) & 6 =7.45 (4-H), 7.84
(2-H); =7.32 (2"-H, 6"-H) & & =7.09 (3"-H, 5"-H), 5.11 (1'-Hz); 6=7.45
(4-H) & 6=7.12 (3-H), 6.62 ppm (5-H).

13C NMR (125.75 MHz, CsDs): d = 55.25 (6-OCHs), 60.61 (7-OCHs), 61.33
(8-OCHg), 66.53 (C-1'), 103.38 (C-5), 121.35 (C-8a), 124.34 (C-2), 125.13
(C-3), 128.30 (C-4), 128.44 (C-4")*, 129.52 (C-1)**, 129.58 (C-2", C-6"),
131.47 (C-4a)*, 131.98 (C-3", C-5"), 133.62 (C-1")*, 142.66 (C-7), 148.26
(C-8), 154.02 (C-6), 170.35 ([1-C(=0)Q], 191.39 (C-2') ppm; *assignment
interchangeable; **assignment interchangeable.

edHSQC (“short-range H,C-COSY”, 500.10 MHz/125.75 MHz, CeDs):
[3(*H) «> d(*3C)]: 8= 3.34 «» 8 =55.25; 5=3.74 <> 5= 60.61; 3= 3.93 «
5=61.33;6=5.11 < 06=66.53; 6= 6.62 <~ 6 =103.38; 6= 7.09 < b6 =
131.98;6=7.12 < 0=12513;86=7.32 < 6 =12958,6=745 - 0=
128.30; 6 = 7.84 ppm < & = 124.34 ppm.

HMBC (“long-range H,C-COSY”, 500.10 MHz/125.75 MHz, CsDs): [3(*H)
<> 3(*3C)]: 5 =3.34 (6-OCHz) <> & = 154.02 (C-6); d = 3.74 (7-OCHz3) «> &
=142.66 (C-7); 5= 3.93 (8-OCHs) <> 0 = 148.26 (C-8); 6=5.11 (1'-H2) «
4 =170.35 [1-C(C=0)0], 191.39 (C-2'); d = 6.62 (5-H) <> d = 121.35 (C-
8a), 128.30 (C-4), 142.66 (C-7), 154.02 (C-6); d=7.09 (3"-H, 5"-H) < d =
133.62 (C-1" or C-4"), 128.44 (C-4" or C-1"); =7.12 (3-H) <> = 129.52
(C-1 or C-4a), 131.47 (C-4a or C-1); 6 = 7.32 (2"-H, 6"-H) « 6 = 128.44
(C-4" or C-1"), 131.98 (C-3", C-5"), 191.39;(C-2"); d = 7.45 (4-H) & d =
103.38 (C-5), 121.35 (C-8a), 124.34 (C-2); 6 = 7.84 ppm (2-H) « & =
121.35 (C-8a), 128.30 (C-4), 170.35 ppm [1-C(=0)0].

IR (KBr): v =2930, 1745, 1700, 1585, 1500, 1480, 1470, 1425, 1415, 1360,
1355, 1290, 1275, 1235, 1225, 1200, 1185, 1135, 1115, 1070, 1035, 1010,
1000, 975, 945, 840, 805 cm'™.

HRMS (ESI): calcd. for Cz2His06’°BrNa [M+Na]* = 481.0257; found
481.0259 (+0.3260 ppm); calcd. for C22H190062'BrNa [M+Na]* = 483.0237;
found 483.0238 (+0.3287 ppm).
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Methyl (2 '-Formyl-3',4'5'-trimethoxyphenyl)acetate (68) via Methyl
3,4,5-Trimethoxybenzoate (67)

OMe

MeO s 2~
20 Cy3H160
Co,Me 1871676

MeQ’s Pt 268.27 g/mol

A solution of (3,4,5-trimethoxyphenyl)acetic acid 66 (5.0 g, 22 mmol) in
MeOH (50 mL) and concentrated HCI (35%, 0.5 mL) was stirred at room
temp. for 24 h. The solvent was evaporated off under reduced pressure.
The residue was then diluted with EtOAc (150 mL), washed with NaHCOz3
solution (10%, 50 mL) and brine (25 mL), before being dried over Na2SO4
and concentrated under reduced pressure to furnish the crude methyl ester
67 as a white solid. The crude methyl ester (5.2 g) was dissolved in dry
CH2Cl2 (50 mL) and a,a-dichloromethyl methyl ether (5.0 g, 43 mmol) was
added under Ar at room temp. This mixture was cooled to —70 °C, and neat
SnCls (8.4 g, 32 mmol) was added drop-wise. The resulting yellow reaction
mixture was warmed slowly to 0 °C, and stirred for 2 h at 0-5 °C. The
reaction mixture was quenched in H20 (100 mL), neutralized with aqueous
saturated NaHCO3 solution and solid NaHCOz and diluted with CH2Cl>
(200 mL). The phases were separated and the aqueous layer was
extracted with CH2Clz (2 x 100 mL). The combined organic extracts were
washed with brine (100 mL), dried over Na2SOa, and concentrated under
reduced pressure to give crude product which was purified by column
chromatography on silica gel (30% EtOAc/hexane) to give aldehyde 68
(5.63 g, 21.0 mmol, 95% over two steps) as a white solid, mp. 115-117 °C.
1H NMR (300 MHz, CDCls): & = 3.72 (s, 3H, OMe), 3.88 (s, 2H, 2-CHy),
3.93 (s, 6H, 2xOMe), 4.01 (s, 3H, OMe), 6.53 (s, 1H, 6'-H), 10.34 (s, 1H,
CHO) ppm.

13C NMR (75 MHz, CDCls): & = 39.9 (2-CH2), 51.9 (CO2Me) 56.0 (OMe),
60.8 (OMe), 62.3 (OMe), 111.2 (C-6"), 121.2 (C-2"), 132.6 (C-1"), 140.8 (C-
3')*, 157.9 (C-4')* 158.5 (C-5'* 171.6 (CO2Me), 190.6 (CHO) ppm;
*assignments interchangeable.

IR (neat): v = 3650, 1736, 1677, 1589, 1498, 1435, 1380, 1317, 1256 cm™.
HRMS: calcd for Ci3Hi170s (M*+H) = 269.1025, found: 269.1035 (A =
+3.72 ppm).

Methyl
(69)

[2 '-(1",3"-Dioxolan-2 ''-yl)-3',4',5-trimethoxyphenyl]acetate

&

Meoj%%} s

\ co,Me CisH2007

MeO™ 5= 157 312.32 g/mol

1,2-Ethanediol (5.21 g, 84.0 mmol), triethylorthoformate (3.28 g, 22.0
mmol) and p-toluenesulfonic acid monohydrate (0.040 g, 0.21 mmol) was
added to a solution of 68 (5.63 g, 21.0 mmol) in THF (75 mL). The reaction
mixture was heated at 40 °C for 2 h and was then quenched by pouring
into a solution of NaHCO3 (50 mL, 0.25%). The mixture was subsequently
extracted with EtOAc (2 x 50 mL) and the combined organic layers were
then washed with brine (25 mL) and dried over Na2SOa4. Concentration
under reduced pressure gave a residue which was purified by column
chromatography on silica gel (30% EtOAc/hexane) to afford the desired
compound 69 (5.90 g, 18.9 mmol, 90%) as a white solid, mp. 42-45 °C.
H NMR (300 MHz, CDCls): & = 3.67 (s, 3H, OMe), 3.73 (s, 2H, 2-CHy),
3.83 (s, 3H, OMe), 3.85 (m mc, 3H, OMe) 3.86 (s, 3H,OMe), 4.02-3.92 (m,
2H, 4"-H¢is and 5”-Hcis)*, 4.17-4.08 (m, 2H, 4"-Hirans and 5”-Htrans)*, 6.07
(s, 1H, 2"-H), 6.56 (s, 1H, 6'-H) ppm; * assignments interchangeable.

13C NMR (75 MHz, CDCls): & = 38.6 (CH2-2), 51.7 (CO2Me), 55.9 (OMe),
60.7 (OMe), 61.9 (OMe), 64.7 (CH2CHz), 99.5 (CH-2"), 112.0 (C-6"), 119.7
(C-1"), 130.3 (C-2'), 140.9 (C-3")*, 153.6 (C-4")*, 153.7 (C-5)*, 172.4
(CO2Me) ppm; *assignments interchangeable.

IR (neat): v =3628, 2968, 1719, 1599, 1578, 1483, 1458, 1376, 1333, 1240
cml.

HRMS: calcd for CisH2107 (M*+H) = 313.1287, found: 313.1285 (A =
—-0.64 ppm).
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2'-(1",3"-Dioxolan-2 "-yl)-3',4',5'-trimethoxyphenyl]ethanol (70)
oM \
7270

MeO” 51" 0H
6 2

C14H2006
284.31 g/mol

LiAlH4 (1.43 g, 37.8 mmol) was added portion-wise to a solution of ester
69 (5.9 g, 18 mmol) under Ar in dry THF (150 mL) at O °C. The reaction
mixture was stirred at 0 °C for 2 h and quenched by successive addition of
H20 (8 mL), NaOH solution (10%, 8 mL) and EtOAc (200 mL). The
quenched reaction mass was warmed to rt, filtered through a celite bed
and the resulting granular inorganic precipitate washed with EtOAc (50
mL). The combined organic layers were then washed with brine solution
(80 mL), dried over Na2SO4 and concentrated under reduced pressure to
give the alcohol 70 (4.0 g, 14 mmol, 78%) as a colorless thick liquid which
was used as such in next step without further purification.

'H NMR (300 MHz; MeOD-d4): 3= 2.98 (t, J = 7.4 Hz, 2H, 2-CH2), 3.74 (t,
J=7.4 Hz, 2H, 1-CH), 3.80 (s, 3H, OMe), 3.81 (s, 3H, OMe), 3.86 (s, 3H,
OMe), 4.00-3.95 (m, 2H, 4”-Hcis and 5”-Hcis)*, 4.21-4.15 (M, 2H, 4”-Htrans
and 5"-Hrans)*, 6.11 (s, 1H, 2"-H), 6.70 (s, 1H, 6'-H) ppm; *assignments
interchangeable.

13C NMR (75 MHz; MeOD-d4): 3 = 37.0 (C-2), 56.4 (OMe), 61.2 (OMe),
62.4 (OMe), 64.6 (C-1), 65.9 (CH2CH), 101.1 (C-2"), 112.2 (C-6'), 121.3
(C-2), 136.9 (C-1'), 141.7 (C-3)%, 155.0 (C-4")% 155.2 (C-5"% ppm; *
assignments interchangeable.

IR (neat): v = 3454, 2933, 1588, 1495, 1459, 1416 cm™.

HRMS: calcd for C14H2006Na (M*+Na) = 307.1157, found: 307.1154 (A =
-0.98 ppm).

[2'-(1",3"-Dioxolan-2 "-yl)-3",4",5'-trimethoxyphenyl]acetaldehyde (71)

-
Meoﬁi/\? ¥
MeOQ”s ] 2 1\O
To a solution of (COCFs3)20 (4.4 g, 21 mmol) in dry CHzCl2 (50 mL) at -65
°C under Ar was added DMSO (2.7 g, 35 mmol) in dry CH2Cl2 (5 mL) drop-
wise over 5 min. After being stirred at -65 °C for 15 min, a solution of
alcohol 70 (4.0 g, 14 mmol) in dry CH2Cl2 (15 mL) was added drop-wise
and allowed to stir for 30 min. NEts (7.1 g, 70 mmol) was then added drop-
wise and the reaction allowed to stirred for a further 15 min. The reaction
mixture was then warmed to room temp. , quenched with H20 (25 mL) and
diluted with CH2Cl2 (100 mL). The layers were separated and the aqueous
layer was extracted with CH2Cl. (25 mL). The combined organic layer was
washed sequentially with solutions of HCI (1N, 25 mL), NaHCO3 (10%, 25
mL) and brine (25 mL), after which it was dried over Na2SQOa. The organic
solvent was then concentrated at reduced pressure to give crude product
which was purified by column chromatography on silica gel (30%
EtOAc/hexane) to give aldehyde 71 (3.02 g, 10.7 mmol, 76%) as a white
solid, mp. 50-52 °C.
'H NMR (300 MHz; DMSO-de): & = 3.67 (d, J = 1.5 Hz, 2H, 2-CHy), 3.74
(s, 6H, 2 x OMe), 3.81 (s, 3H, OMe), 3.89-3.85 (m, 2H, 4"-Hcs and 5"-
Hcis)*, 4.00-3.93 (M, 2H, 4"-Htrans and 5”-Hrrans)*, 5.93 (s, 1H, 2"-H), 6.83
(s, 1H, 6-H), 9.43 (bs, 1H, CHO) ppm; *assignments interchangeable.
13C NMR (75 MHz; DMSO-ds): & = 46.6 (C-2), 55.8 (OMe), 60.3 (OMe),
61.9 (OMe), 63.9 (CH2CH), 98.4 (C-2"), 112.5 (C-6"), 120.1 (C-2"), 129.6
(C-1"), 140.3 (C-3')%, 153.1 (C-4")%, 153.5 (C-5")%, 199.9 (CHO) ppm; %
assignments interchangeable.
IR (neat): v =2930, 1601, 1578, 1500, 1461, 1420, 1380, 1333, 1237 cm™™.
HRMS: calcd for CiaHi1906 (M*+H) = 283.1181, found: 283.1194 (A =
+ 4.6 ppm).

C14H1506
282.29 g/mol
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2-(6'-Allyl-2 ',3",4'-trimethoxyphenyl)-1,3-dioxolane (72)

4

OMe O/> s
s 2 2
pes
N

MeO & o 51

C15H200s
280.32 g/mol

n-Butyllithium (9.9 mL, 15 mmol, 1.6 M solution in hexane) was added
drop-wise under Ar at room temp. to a solution of
methyltriphenylphosphonium iodide (6.4 g, 16 mmol) in dry THF (40 mL).
The resulting yellow-orange solution was stirred at room temp. for 30 min
and cooled to 0-5 °C, after which a solution of aldehyde 71 (3.0 g, 10 mmol)
in dry THF (20 mL) was added drop-wise under Ar to the resulting ylide
solution at 0-5 °C. The reaction mixture was warm to room temp. and
stirred for 5 h. The yellow slurry mass was then diluted with Et2O (150 mL),
stirred at room temp. for 10 min. and filtered, after which the filter cake was
washed with Et2O (50 mL). The combined filtrate was concentrated under
reduced pressure to give residue which was purified by column
chromatography on silica gel (30% EtOAc/hexane) to afford alkene 72
(2.38 g, 8.50 mmol, 85%) as a white solid, mp. 56-58 °C.

1H NMR (300 MHz; MeOD-da): 3 = 3.52 (d, J = 6.6 Hz, 2H, 1"-H), 3.80 (s,
3H, OMe), 3.82 (s, 3H, OMe), 3.83 (s, 3H, OMe), 3.99-3.94 (m, 2H, 4"-Hcis
and 5”-Hcis)*, 4.17-4.13 (m, 2H, 4”-Hyans and 5”-Hirans)*, 5.04 (ddd, J =
16.8, 6.6, 1.6 Hz, 1H, trans 3"-H), 5.09 (ddd, J = 10.2, 6.6, 1.6 Hz, 1 H, cis
3"-H), 5.98 (ddt, J = 16.8, 10.2, 6.6 Hz, 1H, 2"-H), 6.10 (s, 1H, 2-H), 6.63
(s, 1H, 5'-H) ppm; *assignments interchangeable.

13C NMR (75 MHz; MeOD-dq): & = 37.8 (C-1"), 56.3 (OMe), 61.2 (OMe),
62.4 (OMe), 65.9 (CH2CHy), 101.2 (C-2), 111.2 (C-5"), 115.7 (C-3"), 120.9
(C-1'), 138.3 (C-6'), 139.4 (C-2"), 141.7(C-2")%, 154.9 (C-3')%, 155.3 (C-4')x
ppm; ¥ assignments interchangeable.

IR (neat): vmax (film)/cm: 2936, 1580, 1497, 1458, 1427, 1380, 1323, 1235
cm2.

HRMS: calcd for CisH210s (M*+H) = 281.1389, found: 281.1386 (A =
- 1.1 ppm).

1-(6'-Allyl-2 ',3',4'-trimethoxyphenyl)-3-buten-1-one (73)

OMe O

MeO3 AL
g T1 2” N CigHa04

b 276.33 g/mol

MeO™ 6Ny
Dess-Martin periodinane (6.0 g, 14 mmol) was added portion-wise at 0-5
°C over 5 min. to the solution of alcohol 74 (1.98 g, 7.11 mmol) dissolved
in moist CH2Cl2 (50 mL, saturated with H20). The reaction mixture was
subsequently stirred at room temp. for 12 h, after which it was quenched
into a 1:1 solution of 10% Na2S203 and saturated aqueous NaHCOs (50
mL). The layers were separated and the aqueous layer further extracted
with CH2Cl2 (2 x 50 mL). The combined organic layers were washed with
brine (25 mL), dried over Na;SOs4 and concentrated under reduced
pressure to give crude product. This residue was subjected to flash column
chromatography on silica gel (10% EtOAc/hexane) to give the desired
compound 73 (1.77 g, 6.40 mmol, 90%) as a colorless liquid.
H NMR (300 MHz; MeOD-da): & = 3.13 (d, J = 6.6 Hz, 2H, 1"-H), 3.41 (dt,
J=6.9, 1.2 Hz, 2H, 2-H), 3.71 (s, 3H, OMe), 3.74 (s, 3H, OMe), 3.76 (s,
3H, OMe), 4.91-4.85 (m, 2H, 4-H and 3"-H), 5.05-4.98 (m, 2H, 4-H and 3"-
H), 5.90-5.68 (m, 2H, 3-H and 2"-H), 6.53 (s, 1H, 5'-H) ppm.
13C NMR (75 MHz MeOD-d4): 8= 38.1 (C-1"), 50.6 (C-2), 56.5 (OME), 61.2
(OMe), 62.1 (OMe), 110.3 (C-5'), 116.5 (C-3"), 118.8 (C-4), 129.3 (C-1"),
132.2 (C-6'"), 134.2 (C-3), 138.3 (C-2"), 141.2 (C-2')*, 151.8 (C-3')*, 156.0
(C-4"*, 206.3 (C=0) ppm; *assignments interchangeable.
IR (neat): v =2938, 1693, 1593, 1570, 1492, 1453, 1397, 1328, 1281, 1243
cm.
HRMS: calcd for C16H2104 (M*+H) = 277.1439, found: 277.1426 (A=- 4.7
ppm).
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1-(6'-Allyl-2 ',3",4'-trimethoxyphenyl)but-3-en-1-ol (74)
OMe OH
MeO.2_~Z T 2
a4 2"
MeQ™ 76 - X,
Allylmagnesium bromide (15.6 mL, 15.6 mmol, 1 m solution in Et20) was
added drop-wise at 0-5 °C under Ar to a solution of aldehyde 75 (1.85 g,
7.81 mmol) in dry THF (30 mL). The reaction mixture was then warmed up
to rt and stirred for a further 5 h period, after which it was quenched with a
saturated solution of NH4CI (100 ml) and diluted with EtOAc (150 mL). The
biphasic mixture was separated, and the aqueous phase was extracted
with EtOAc (2 x 50 mL). The combined organic extracts were then washed
with brine (50 mL), dried over Na2SO4 and concentrated under reduced
pressure to give crude product which was purified by flash column
chromatography on silica gel (20% EtOAc/hexane) to afford alcohol 74
(1.98 g, 7.11 mmol, 91%) as a colorless liquid.
H NMR (300 MHz, CDCl3): 8 = 1.25 (s, 1H, 1-OH), 2.49-2.41 (m, 1H, 2-
H), 2.70-2.60 (m, 1H, 2-H), 3.37-3.34 (m, 2H, 1"-H), 3.83 (s, 3H, OMe),
3.84 (s, 3H, OMe), 4.01 (s, 3H. OMe), 4.83 (dd, J = 8.7, 5.4 Hz, 1H, 3-H),
5.14-5.0 (m, 4H, 4-H and 3"-H), 5.97-5.79 (m, 2H, 1-H and 2"-H), 6.46 (s,
1H, 5'-H) ppm.
3C NMR (75 MHz, CDCls): & = 37.7 (C-1"), 43.1 (C-2), 55.8 (OMe), 60.6
(OMe), 61.2 (OMe), 70.4 (C-1), 108.8 (C-5'), 116.1 (C-3"), 116.9 (C-4),
127.1 (C-1'), 132.3 (C-2"), 135.5 (C-3), 136.9 (C-6"), 140.5 (C-2)*, 152.3
(C-39)*, 152.4 (C-4")* ppm; *assignments interchangeable.
IR (neat): v = 3445, 2937, 1597, 1492, 1452, 1405, 1324, 1237 cm™™.
HRMS: calcd for Ci6H2204Na (M* + Na) = 301.1415, found: 301.1399 (A =
- 5.3 ppm).

3
N* CigH2204
278.34 g/mol

6-Allyl-2,3,4-trimethoxybenzaldehyde (75)

OMeO

Meo.s J2
1
4 2 C13H1604
MeQ' 3 N

5 T 3 236.26 g/mol

1 a) R. Brandes, J. Prakt. Chem. 1820, 28, 9-31.— b) R. Brandes, Ann.
Pharm. 1832, 1, 68-87.

2 W. Schneider, Arch. Pharm. 1951, 284, 306-318.
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3206.
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the salt tropylium bromide let him explain!“l the stability of the latter
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2 The methylidenation 1415 by the same ylid, prepared from the
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To a solution of acetal 72 (2.38 g, 8.50 mmol) in (undried) MeOH (50 mL)
was added p-toluenesulfonic acid monohydrate (0.32 g, 20 mol%) at room
temp., and the reaction mixture was stirred at room temp. for 3 h. The
solvent was removed in vacuo and the residue was taken up in EtOAc (100
mL), before being washed sequentially with saturated Na>COs solution (25
mL) and brine (25 mL) The organic phase was then dried over Na2SO4 and
concentrated under reduced pressure to give crude product which was
purified by column chromatography on silica gel (20% EtOAc/hexane) to
afforded aldehyde 75 (1.85 g, 7.82 mmol, 92%) as a colorless liquid.

1H NMR (300 MHz, CDCls): 8= 3.75 (d, J = 6.6 Hz, 2H, 1'-H), 3.87 (s, 3H,
OMe), 3.92 (s, 3H, OMe), 3.98 (s, 3H, OMe), 5.08-5.03 (m, 2H, 3'-H), 6.05-
5.92 (m, 1H, 2'-H), 6.56 (s, 1H, 5-H), 10.39 (s, 1H, CHO) ppm.

13C NMR (75 MHz, CDCls): & = 37.9 (C-1'), 56.0 (OMe), 60.9 (OMe), 62.3
(OMe), 109.3 (C-5), 115.9 (C-3'), 120.8 (C-1), 136.8 (C-6), 139.7 (C-2'),
139.9 (C-2)*, 157.9 (C-3)*, 158.4 (C-4)*, 190.8 (CHO) ppm; *assignments
interchangeable.

IR (neat): v = 2938, 2851, 1678, 1588, 1561, 1496, 1451, 1416, 1382,
1320, 1277, 1251 cm™.

HRMS: calcd for Ci3Hi1704 (M* + H) = 237.1126, found: 237.1116 (A =
- 4.2 ppm).
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