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Abstract A convergent approach for the synthesis of (+)-myricanol, a strained
diarylheptanoid isolated from Myricacae, was undertaken using a Suzuki-
Miyaura coupling followed by a RCM. Herein, we report the unintentional
formation of a 26-membered macrocycle as RCM product resulting from a
head-to-tail dimerization of the seco-precursor, even in RRCM conditions.

Key words myricanol, target-oriented synthesis, diarylheptanoid, natural
product, macrocycle, Suzuki-Miyaura cross-coupling, RCM, Alzheimer’s
disease biological activities

Myricanol 1 was extracted from the stem bark of Myricacae
species, trees that produce bayberries, and more particularly
from Myrica Nagi in 1970 by Whiting and co-workers.! There is
a vivid interest in the community for this strained meta,meta-
bridged phenolic diarylheptanoid 1 which displays a very
intriguing structure with its biaryl system linked by an
oxygenated aliphatic heptyl chain.z3 Besides, it exhibits many
different biological activities such as anti-oxidant and anti-
androgenic.* Very recently, it was discovered that 1 displays as
well anti-inflammatory along with anti-obesity and anti-muscle
atrophy properties.> This [7,0]-metacyclophane 1 also features
anti-cancer virtues. It was shown to undoubtedly strive against
human lung adenocarcinoma A549 cells.¢ Furthermore, Dickey
et al found that 1 potently reduces the levels of the microtubule-
associated protein tau in both cultured cells and ex vivo mouse
brain slices, which results in an anti-Alzheimer’s disease effect,
notably owing to the (-)-aS,11R-myricanol enantiomer which
has been separated by chiral HPLC.”
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Scheme 1 State-of-the-art on macrocylizations leading to (+)-myricanol

Three total syntheses have been previously described in a
racemic way. The first one was reported by Whiting et al in
1983.8 They achieved the challenging macrocyclization in

7% yield by a nickel-mediated intramolecular oxidative
coupling from a linear diiodide diarylheptanoid. Dickey and co-
workers reported in 2015 the second total synthesis of racemic
myricanol 1.7 They performed an intramolecular Suzuki-
Miyaura cross coupling between an aryl boronic acid pinacol
ester and an aryl iodide delivering the macrocycle in 22% yield.
Colobert et al carried out a Suzuki-Miyaura domino reaction to
obtain the expected 13-membered cycle in 12% yield (Scheme
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Scheme 2 Retrosynthetic analysis of 1

Based on our deep-rooted enthusiasm for the chemistry of
bioactive natural products,!? we were eager to perform the total
synthesis of this uncommonly strained compound. Meta-meta
cyclic diarylheptanoids are considered as congested
cyclophanes because of their high ring strain due to the short
heptyl bridge. 223 As for all cyclic compounds, macrocyclization
is the most critical step, which determines the overall efficiency
of a synthetic route.? To the best of our knowledge, endeavor of
macrocyclization to prepare meta,meta-bridged
diarylheptanoids in the literature other than by biaryl coupling
have failed so far (Heck coupling and Thorpe-Ziegler reaction).!!
However, none of those routes have envisioned a convergent
approach of this 13-membered strained compound 1 via a
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sequence of two key reactions: a Suzuki-Miyaura coupling
followed by a ring closing metathesis (RCM). RCM is often
efficiently applied for the construction of strained natural
compounds and with a large variety of substrates.!? For
instance, Kundig et al prepared a strained 12-membered
macrolactone bearing an orthometa diarylheptanoid
performing a RCM in presence of HGII in an optimized yield of
37%.13

Alarge variety of catalysts are available for RCM as GII, HGI],
but also more exotic catalysts like Mauduit’s (Umicore M71),
Nolan’s (Umicore M2) and Grela’s (nG-I2) which could achieve
this challenging macrocylization (Scheme 5).14 Herein, we
describe a new convergent retrosynthetic pathway of 1 that
could be arisen from 2 by RCM, itself stemming from the Suzuki-
Miyaura coupling from key building blocks 3 and 4, envisaged
respectively from commercially available compounds 5 and 6
(Scheme 2).

BnO

0] OR

BnO

|
8 10R=Bn 4R =THP

Scheme 3 Preparation of the first building-block 10 Reagents and conditions:
(a) CHsNHOCH3:-HCl, AlMes, PhMe, r.t., 24 h, 99%; (b) |2, Ag2S04, CHaCly, r.t.,
3 days, 83%; (c) vinylmagnesium bromide, THF, 0 °C, 1 h, 99%; (d) NaBHa,
CeCl3-7H20, MeOH, -78 °C, 0.5 h, 88%; (e) NaH, BnBr, Nal, DMF, 0 °C to r.t.,
1.5 h, 91%; (f) DHP, PPTS, CHCly, r.t., 24 h, 79%.

As depicted in Scheme 3, the first building block 10 has been
synthetized in 5 steps on a multigram scale without any
required purification from the readily available benzyl-
protected phenol 6.15 The ester moiety was derivatized into the
corresponding Weinreb amide in toluene in remarkable yield
using AlMes and the corresponding hydroxylamine
hydrochloride. The latter underwent a regioselective iodination
in ortho position of the benzyl ether using I2as well as Ag2SO4+to
give 7 in 83% yield.? Subsequent vinylation of the amide with a
Grignard reagent allowed us to isolate the a,f-unsaturated
ketone 8 in a quantitative yield upon quick hydrolysis with a
strong acid to avoid the formation of a side-product coming from
the Michael addition of the released hydroxylamine onto 8.16
Luche reduction furnished 9 in 88% yield with complete
chemoselectivity. Consecutive protection of the formed allylic
carbinol as its corresponding benzyl ether afforded the first
building block 10 with an overall yield of 58%. A variant
protecting group (4, bearing a THP group) was envisaged to
perform the remainder of the synthesis.
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Scheme 4 Preparation of the second coupling partner 3 Reagents and
conditions: (a) AlCl3, CH2Cly, r.t., 3 h, 81%; (b) I2, Ag2S04, CHaCly, r.t., 3 days,
51%; (c) allylmagnesium bromide, THF, 0 °C, 0.5 h, 87%; (d) i. TES, TFAA,
CH2Cly, 0 °C, 1.5 h; ii. TBAF, THF, 70%; (e) BnBr, NaH, Nal, DMF, 1.5 h, 0 °C to
r.t., 95%; (f) i. t-Buli, hexane, -78 °C; ii. i-PrOBpin, -78 °Ctor.t., 2.5 h; (g) KHF2,
H20, MeOH, r.t., 1.5 h, 89% (over 2 steps).

As outlined in Scheme 4, the synthesis of the second key
coupling partner 3 started with commercially available
trimethoxybenzaldehyde 5 which was regioselectively
demethylated in ortho position of the aldehyde using a Lewis
acid. The reaction has to be performed under 20 °C to avoid a
second competitive demethylation. Then, regioselective
iodination of the aromatic cycle was accomplished and provided
11 exclusively in 51% yield. It should be noted that a complete
conversion was observed; however, aryl iodide was trapped in
the silver salts and remained unextractable; many experimental
conditions were screened to improve yield, without any success.
Upon allylation on the aldehyde with a Grignard reagent,
homoallylic alcohol was afforded in excellent yield. Thereupon,
the formed carbinol was cleaved using triethylsilane in acidic
medium,!” followed by the addition of a solution of TBAF due to
the resulting partial triethylsilylation of the phenol group, thus
affording 12. Subsequently, the latter was subjected to a
protection to give its corresponding benzyl ether 13 in 95%
yield. Aryl iodide 13 was treated with t-BuLi and isopropoxy-
pinacolborane at -78 °C in dry hexane to provide 14 as a boronic
acid pinacol ester. Finally, 3 was prepared on exposure to an
aqueous solution of KHF2 in MeOH in 89% yield over two steps.
3 was reached in 7 steps with an overall yield of 25%.18
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Scheme 5 First RCM attempts. Reagents and conditions: (a) Pd(PPhs)s, K2COs,
TBAB, H»0, 100 °C, 16 h, 83%.

Template for SYNLETT © Thieme Stuttgart - New York

2020-12-16

page 2 of 5



Synlett

Cluster

With both partners 3 and 10 in hand, we were able to
synthetize the biaryl 15 by Suzuki-Miyaura coupling in the
presence of palladium(0) (Scheme 5). We have to point out that
with the pinacol boronic ester 14, no reaction occurred; also, we
were never able to synthetize the corresponding boronic acid,
justifying the selection of the more reactive trifluoroborate
salt.l® Moreover, the yield was low when the reaction was
performed in dioxane (28%). By modifying the ratio
dioxane/H20 up to H:0 only, yield was increased to 83%. With
Buchwald conditions (palladium(II) acetate and SPhos ligand),
we ended up with the isomerization of the terminal double
bond.

To finalize the preparation of myricanol 1, first RCM assays
were next attempted with the seco-precursor 15 by screening
various solvents (CHzClz, PhMe, DCE, Et20, H20) catalysts (GI,
GII, HGII, M71, M2) and temperatures (from 25 to 110 °C). None
of those experimental conditions gave us rise to the expected
cyclized compound 16 even in the required high dilution
conditions (Scheme 5). The benzyl-protected allylic alcohol
being a type III olefin,20 hence less reactive, we therefore tried
with the free allylic alcohol along with its corresponding o,f-
unsaturated ketone (likely to be more prone to macrocyclize
due to the presence of the sp? carbon center). Notwithstanding,
it was impossible to deprotect regioselectively the benzyl group
on the allylic alcohol versus the benzyl-protected phenols.
Consequently, we tried the Suzuki-Miyaura coupling between
our trifluoroborate salt 3 and ketone 8. Unfortunately, we could
not access 18 directly (Path A, Scheme 6). Ketones are
apparently not compatible with those conditions. Hence, we
then attempted the coupling with 9 bearing the free hydroxy
group instead, which afforded 17 in order to get by its further
oxidation the corresponding ketone 18. In this way, 17 was
obtained in low yield (Path B, Scheme 6). Based on these results,
we further proceeded to a three-step sequence using 4 (THP-
protected 9 derivative) that was coupled with 3 to obtain biaryl
2 in excellent 86% yield. Finally, removal of THP group and
oxidation using MnO: followed smoothly (Path C, Scheme 6).

OBn
MeO.
8 X
Path A
a MeO
@) >
BnO
4 : ®
Path C Path B
a a A
86% 20% 18 Io)
OBn OBn T c
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Scheme 6 Different routes towards 18 Reagents and conditions (a) Pd(PPhs)a,
K2COs, TBAB, H20, 100 °C, 16 h; (b) PPTS, MeOH, CH2Clz, 60 °C, 3 h, 99%; (c)
MnOz, CH2Cl2, 40 °C, 3 h, 66%.

Further RCM attempts on 17 gave us unexpected results: we

obtained two regioisomers 19 and 19’. Allylic alcohol
isomerized into the corresponding ethyl ketone,?! and terminal
double bond isomerized once, but also twice to be conjugated
with the aromatic core (both compounds were obtained ina 1:1
ratio).22 The failure of the RCM of 17 could be explained by the
free rotation of the biaryl axis which increase the difficulty of the
two terminal alkenes to cross path. The presence of a Csp3 leads
also to a more strained chain compared to the presence of a
Csp2.23 As for RCM attempts on 18, we were quite pleased to see
by 'H NMR that we obtained the expected cyclized compound.
Nonetheless, we realized we formed the head-to-tail dimer 20
thus involving a C2 symmetry as evidenced from HR mass
spectrum.24 Changing the solvent, the catalyst, lowering the
concentration or adding the starting material via a syringe pump
over a long period unfortunately did not circumvent our issue.
(Table 1)

Table 1 Unexpected results in the course of RCM attempts on 19 and 20

AT 2N 19
OBn +

MeO. I 19
a MeO

(17) ——

0
OBn
i OMe
OMe

Conditions MeO
2 BnO.

16 h, reflux

Table O

o OBn
20
Entry Catalyst Solvent Concentration Dimer yield
1 Gll CH,Cl, 2mM 20%
2 Gll PhMe 2mM 30%
3 Gll PhMe 0.5mM 39%
4 M71 PhMe 0.5mM 37%
5 Gl PhMe 0.5 mM n.o.
6 nG-l, PhMe 1mM 17%

Reagents and conditions (a) Gll, PhMe (2 mM), 110 °C, 16 h, 35%.

To overcome this synthesis drawback, we next sought to
solicit the concept of Relay RCM (RRCM).2> RRCM involves the
incorporation of a temporary pentenyl tether containing a
terminal olefin to initiate the catalytic process. Once you add the
catalyst, the ruthenium carbene can be formed on the terminal
olefin, a 5-membered ring is extruded which leads to the desired
metal carbene that can undergo further cyclization. Porco et al
reported in 2004 the synthesis by RRCM of oximidine II], a 12-
membered macrocycle.26 They managed to obtain a yield of 71%
for the macrocyclization step whereas with a classical RCM they
could not get any traces of the expected compound. In our case,
we chose to put a malonate group onto the temporary tether to
improve the efficiency of our RRCM by dint of the Thorpe-Ingold
effect.2s

Starting from 9, we performed the cross-metathesis with
dimethyl allylmalonate in the conditions described by Lipshutz
et al, with a surfactant and copper iodide as an additive thus
affording 21.27 Subsequently, both deprotonation of the
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methylene-active malonate motif followed by the trapping with
allyl bromide and protection of the allylic alcohol with a THP
group were quantitative. THP was a protecting group of choice
given that it is easily accessible and easy to orthogonally
deprotect. Afterwards, the Suzuki-coupling between 22 and 3
was implemented in a great yield and RRCM assays were
attempted. RRCM assay on 23 was not conclusive: we extruded
the 5-membered ring but the formed carbene did not react
further, we therefore ended up with 2. We proceeded to the
RRCM on free allylic alcohol 24, but we obtained the same
results as with the RCM: isomerization of allylic alcohol into
ethyl ketone and isomerization of the terminal double bond. 25
bearing the carbonyl function ended up degraded in the RRCM
conditions (Scheme 7).

21 22

23 X =H, OTHP
e
24 X=H, OH
il
25X=0

g 9
29% 32% 9

>

OBn
MeO SN +
MeO PN 19'

MeO O

BnO. MeO

O BnO.
X
2 OTHP

Scheme 7 Synthesis of RRCM precursor and subsequent RRCM attempts
Reagents and conditions (a) dimethyl allylmalonate, Gll, Cul, TPGS-750-M,
H20, 40 °C, 16 h, 55%; (b) DHP, PPTS, DCM, r.t., 16 h, 99%; (c) NaH,
allylbromide, THF, 60 °C, 1.5 h, 99%; (d) 3, Pd(PPhs)s, K2CO3, TBAB, H20,
100 °C, 16 h, 74%; (e) PPTS, MeOH, CH,Cl,, 60 °C, 3 h, 99%; (f) MnO2, CH2Cl,,
40 °C, 3 h, 64%; (g) GlI, PhMe (1 mM), 110 °C, 16 h.

The free rotation of the biaryl axis combined with the high
congestion of the desired compound could undeniably explain
the uncompletion of the reaction. Accordingly, we attempted to
make the less strained 14-membered cycle analogue, more
prompt to undergo cyclization, as a proof of concept. Instead of
using commercially available allyl Grignard reagent to prepare
the RCM precursors, chain was introduced via an in situ
homoallylic Grignard reagent on 11. Successive reduction,
protection of 26, lithium-iodine exchange, trifluoroboration,
Suzuki-Miyaura coupling on 27 and 4, deprotection and
oxidation proceeded smoothly to procure 29. Unfortunately,
RCM attempts on 28 gave us notably a 28-membered

macrocycle 30 among a myriad of isomerized products (adding
benzoquinone to prevent isomerization did not succeed).28 29
with the ketone gave us also a head-to-tail dimer 31 in 37%
yield (Scheme 8).

In conclusion, a 26-membered macrocycle and two 28-
membered macrocycles have been successfully synthetized
using RCM in high dilution conditions. No traces of 13- or 14-
membered cyclized products were spotted even with RRCM. We
can infer that the strain outpaces the reactivity, even in our
attempts to prepare the 14-membered macrocycle.

OH OBn
MeO. = MeO. =
a, b cde
M —> —
MeO MeO
|
26 27
OBn

BF 3K
OBn
MeO. l = MeO. l =
f,g MeO h MeO'
—_— —_—
BnO. BnO.
l X l X

28 X=H,OH X

30 X=H, OH 31X=0

Scheme 8 Synthesis of corresponding 14-membered macrocycle precursor
and subsequent RCM attempts Reagents and conditions (a) butenylbromide,
Mg, THF, 0 °C, 0.5 h, 98%; (b) i. TES, TFAA, CH2Cl2, 0 °C, 1.5 h; ii. TBAF, THF,
80%; (c) BnBr, NaH, Nal, DMF, 1.5 h, 0 °C to r.t.,, 47%; (d) i. t-Buli,
hexane, -78 °C; ii. i-PrOBpin, -78 °C to r.t., 2.5 h; (e) KHF2, H20, MeOH, r.t.,
1.5h, 93% (over 2 steps); (f) 4, Pd(PPhs)s, K2COs, TBAB, H20, 100 °C, 16 h;
(g) PPTS, MeOH, CHzCly, 60 °C, 3 h, 35% (over 2 steps); (h) MnO2, CHxCl,
40 °C, 3 h, 37%. (i) Gll, CHxCl2 (1 mM), 16 h, 11% (j) GlI, PhMe (1 mM), 16 h,
37%.
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