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Total Synthesis of Resveratrone and iso-Resveratrone
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Dedicated to the memory of Prof. Dr. Carsten Schmuck.

The first total synthesis of resveratrone and iso-resveratrone
based on an epoxide olefination approach is described. The
pivotal reaction proceeds by insertion of the lithiated epoxide
into a boronic ester and subsequent syn-elimination. Resvera-

Introduction

Resveratrol (1) is a naturally occurring phenol produced by a
variety of plants in response to external pathogens." It has
gained some notoriety as a potentially “healthy” ingredient in
red wine,” although resveratrol’s lifespan-enhancing effects are
strongly debated.”! In 2012, Kim and co-workers have reported
that resveratrol (1) reacts to resveratrone (2) under UV
irradiation as shown in Scheme 1A.™ Resveratrone (2) is a highly
fluorescent compound that can undergo two-photon absorp-
tion, making it interesting for bio-labelling applications.*
More recently, the photo-switchability between 1 and 2 has
been utilized by Voskuhl, Giese and co-workers for the
preparation of light-responsive liquid crystals.” In his 2012
publication, Kim stated: “It will be interesting to see if this
relatively simple molecule can be synthesized without resorting to
a photochemical reaction”. “* Beyond this challenge, a total
synthesis of resveratrone (2) appeared desirable as it provides
opportunities for structural modification and might avoid the
extensive late stage purification by advanced chromatography
techniques, which is necessary when 2 is prepared directly from
1.

For reasons of stability, we assumed that a protected
resveratrone derivative, in which the acidic character is
suppressed, would be a desirable precursor (Scheme 1B). For
the pivotal formation of the aryl-vinyl bond, we envisioned
the use of an epoxide olefination, which would require
boronate 3a and the literature-known epoxide 4a"® as
suitable precursors. The epoxide olefination method em-
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trone has been described to have remarkable photophysical
properties, including two-photon absorption. Therefore, an
azide derivative has been prepared to allow for use as a
biological label.

(A) Photochemical Generation of Resveratrone (Kim 2012)
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Scheme 1. Resveratrone (2) from resveratrol (1) and key disconnection
(PG = protecting group, TBS = tert-butyldimethylsilyl).

ployed was reported by us in 2019, utilizing epoxides such
as 4, or even their more highly substituted congeners.
Epoxides of type 4 can be lithiated in the presence of boronic
esters, ! thus forming ate-complexes (5), which can undergo
1,2-metallate rearrangements to [-alkoxy boronates (6;
Scheme 2).”' Stereospecific syn-elimination delivers alkenes

Lio B(pin)
R2-B(pin) X S ’ ) A
3 Li” o ROR B0
2 equiv. i / +/-3
LiTMP 1%\ 5 i eﬂ | RI_» .
N R \ B(pin) \I‘3(pin) Li :
LY R? O B(pin) -3
R 5 \+3, — J
4 R R? 6(ii)
0 Uo LiT(l\:/IP (n equiv.) H
] 0°Ctort, o.n. Ph
o " PBON) _2.00°C. 7 oyex
(n equiv.) My Vield from 4b_yield from 3b H
4b 3b 2 85% 43% 7b
Fef] i 1.5 90% 60%
Optimized Conditions for
Aromatic Boronates 1.3 96% 73%
1.1 67% 61%
1 46% 46%

Scheme 2. Epoxide olefination and optimization of reaction conditions for
aromatic boronates (LITMP =lithium tetramethylpiperidide, pin = pinacol).
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of type 7 as well as their tri- and tetrasubstituted congeners
upon iterative application. The synthesis of resveratrone sets
up an interesting challenge for this method, as it usually
requires the use of two equivalents of the boronic ester 3. As,
in this case, the boronic ester would be the valuable 1,3,7-
substituted dinaphthol 3a, this was not attractive. We thus
first set out to optimize the epoxide olefination for aromatic
boronates of type 3 on the simple test system 7 b.

Results and Discussion

Our earlier attempts to reduce the amount of alkylboronic
ester necessary for epoxide insertion below two equivalents
were unsuccessful.”’ This was attributed to the formation of
ate complexes such as 6(ii), which could arise either directly
from 5 - excess boronate facilitates epoxide opening - or by
simple complexation of the alkoxide 6(i). For R*=alkyl, this
leads to the consumption of two equivalents of boronic ester
per lithiated epoxide. However, for aromatic boronates, the
subsequent elimination occurs comparatively swiftly, so that
excess boronate 3 might be re-liberated before the lithiated
epoxide decomposes. Thus, by slowly raising the temperature
overnight, the required excess of phenyl boronic ester 3b
was reduced substantially and the best results for the
synthesis of alkene 7b from cyclohexyl oxirane 4b were
obtained when 1.3 equivalents of 3b were employed. Based
on these encouraging results, we set out to synthesize
resveratrone 2 as shown in Scheme 3.

For this, the required 1,3,7-dinaphthol derivative 3a was
prepared as shown in Scheme 3A. TBS protection of 1,3-
dinaphthol™ yielded 8 and subsequent Hartwig-Miyaura bor-
ylation delivered 3a.'"? Both reactions proceeded in excellent
yield, but, as expected, borylation of 8 furnished a 1:1 mixture
of 3a and its isomer 3 a-iso. Separation of the regioisomers was
readily achieved by MPLC (RP'®, MeOH/H,0 9:1) and their
structures were assigned by NOESY NMR experiments (see
Supporting Information). Interestingly, 3 a started to decompose
under MPLC conditions,™ while its regioisomer 3a-iso re-
mained intact. While this reduced the yield of 3a to 19%,
isolating 3a-iso with a purity of more than >90% became
reasonably easy this way.

In order to complete the synthesis of resveratrone, the
required epoxide 4a was prepared as described by Blonski and
co-workers (Scheme 3B)."” As shown in Scheme 3C, epoxide
olefination to 9 and 9-iso as well as subsequent deprotection to
resveratrone (2) and iso-resveratrone (2-iso) proceeded in
moderate yields.

Given the instability of 3a under MPLC conditions and the
resulting ease with which 3a-iso can be obtained, we decided
to briefly investigate the photophysical properties of iso-
resveratrone (2-iso) in comparison to resveratrone (2).

It was found that both compounds 2 and 2-iso showed
quite similar emission profiles, which were in good agreement
with those reported in literature. Both compounds revealed the
same emission maximum at 571 nm irrespective of their slight
deviations in excitation spectra (Figure 1).

ChemistryOpen 2022, 11, e202200098 (2 of 4)

(A) Preparation of Boronate Precursor OTBS
B(pin)

TBS TBSO

from 8

(b) 3a
——
87% 81% OTBS
HO TBSO (”“X‘“re) /“\I 41%

separation

by MPLC from 8
TBSO B(pin)
3a-iso
(B) Preparation of Epoxide Precursor (Blonski 1999)
o_ 0
Clj)k (c) C[\L)< ﬁ (Q
80% 85% 64% 4a
(volatile)
(C) Completion of Synthesis
OTBS
3a  (f) i l i l C\)l\
+ —_—
32% OO 50%
42 "1pso
9 Resveratrone 2
OTBS OH
3a-lso (f)
w 00w 20
TBSO /5( /\n/
9-iso iso-Resveratrone 2-iso ©

Scheme 3. (a) TBSCI (3.0 equiv.), imidazole (3.5 equiv.), DCM, rt, 16 h; (b)
B,Pin, (2.0 equiv.), [I(COD)(OMe)], (0.04 equiv.), dtbpy (0.06 equiv.), n-
hexane, reflux,16 h; (c) pTsOH (0.02 equiv.), (HOCH,),, Ph—H, 80°C, 16 h; (d)
KOH, (HOCH,),, 130°C, 3 h; (e) Oxone (5 equiv.), NaHCO; (10 equiv.) acetone,
3.d; (f) 9 (1.3 equiv.), LITMP (2.0 equiv.), THF 0°C to rt, overnight, 60°C, 2 h;
(9) 1. TBAF, THF, 0°C, 3 h, 2. HCI (2 m in H,0), THF, overnight, rt

(COD = cyclooctadiene, dtbpy = 4,4'-di-tert-butyl-2,2'-dipyridyl).
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Figure 1. A) Excitation (dashed) and emission (solid) spectra of 2 and 2-iso in
methanol, c=100 um. B) 100 pm 2 in MeOH under UV light excitation
(Aex=405 nm), C) 100 pum 2-iso in MeOH under UV light excitation

(ey =405 nm).

Having established a reliable route to this interesting
fluorophore and its photochemically related regioisomer, we
applied it to the synthesis of the azide-functionalized derivative
15, which we identified as a potentially interesting compound
for molecular labelling (Scheme 4). Starting from acid chloride

© 2022 The Authors. Published by Wiley-VCH GmbH
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Synthesis of iso-Resveratrone Conjugates
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Scheme 4. (a) AlCI; (1.30 equiv.), (TMSC),, DCM, 0°C to rt; (b) 1. (HOCH,),,
pTsOH (0.07 equiv.), 16 h, 85°C, 2. TBAF, THF, 1 h 0°C to rt, 3. Lindlar cat.
(0.05 equiv.), H, (1 atm.), pyridine, 16 h, rt. (c) NaN; (3.00 equiv.), DMF, 16 h,
rt; (d) oxone (5.00 equiv.) NaHCO; (10 equiv.), acetone, 0°C to rt, 4 d; (e)
LiTMP (2.00 equiv.), 3a-iso (1.50 equiv.) 0°C to rt 24 h, 60°C 2 h; (f) CuSO,
(0.10 equiv.), sodium ascorbate (0.20 equiv.), THF, H,O, 2 d, rt; (g) HCI* (1 m),
THF, 16 h, rt. (*) Yield of click product without deprotected side products.

10, an AlCl;-mediated reaction with bis-TMS-acetylene yielded
11 in 83% yield. Acetal cleavage, desilylation and Lindlar
reduction required only minimal workup. Bromide 12 was
isolated in 72% overall yield, before reaction with NaN;
delivered 13 in 91% yield. Epoxidation with oxone delivered
the epoxide required for olefination in 51 % yield.

Given the ease with which 3a-iso can be prepared
combined with the related photochemical properties of iso-
resveratrone (2-iso) and resveratrone (2), olefination was
conducted with 1.5 equivalents of 3a-iso. The suitably
protected, click-ready fluorophore 15 was obtained in 51%
yield. Coupling and deprotection of 15 was tested with
phenylacetylene. However, under aqueous click-coupling
conditions," partial cleavage of the TBS groups took place,
leading to only 21% of the click-product being isolated,
deprotection of which yielded 16.

Conclusions

In summary, we have reported the first total synthesis of
resveratrone using the epoxide olefination as a key trans-
formation. The amount of necessary boronate for the epoxide
olefination can be reduced to 1.3 equiv. for aromatic
boronates (3), which is a vital improvement for sequences
that require the coupling of valuable boronic esters such as
3a. A reoccurring challenge in the preparation of such
substituted naphthalene derivatives lies in the lack of
selectivity upon functionalization of 1,3-dinaphthol
derivatives."™ This was also seen in the preparation of 3a.
However, separation from the regioisomer 3a-iso was
achieved by MPLC. Partial decomposition of 3a made 3 a-iso,
and thus iso-resveratrone (2-iso), more readily accessible.
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First photochemical experiments point towards a comparable
behavior of 2-iso, so we applied our route to the synthesis of
the click-ready iso-resveratrone derivative 15, which will
hopefully serve the community as a useful labelling tool.
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