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The first total synthesis of magterpenoid C has been realized via a silica gel accelerated
biomimetic Diels-Alder reaction between B-myrcene and randaiol derived quinone. However,
application of similar strategy towards magterpenoid B via a protective Diels-Alder reaction
failed to deliver the natural product.

2009 Elsevier Ltd. All rights reserved.

The barks of Magnolia officinalis var. biloba also known as
“Houpo” in Chinese, holds high significance in traditional
Chinese medicine (TCM) for treating a wide range of ailments
such as abdominal distention, nausea, vomiting, dyspepsia,
cough, and asthma.! Also, the bark extracts of M. officinalis var.
biloba have been found to exhibit antibacterial, antioxidant, anti-
inflammatory, anti-anxiety, anti-gastric ulcer, antitumor,
neuroprotective, and cardiovascular protection activities.>? While
seconday metabolites such as neolignans, lignans, sesquiterpenes,
alkaloids, and phenylethanoid glycosides have found to be the
chemical constituents of the bark extract.> Further, the recent
approval of the Magnolia extract as food additive has further
amplified their application beyond TCM.* Intrigued by the huge
plethora of bioactive natural products isolated from Magnolia
officinalis var. biloba, very recently Zhang et al. through a
bioassay-guided study isolated three polycyclic meroterpenoids
with protein tyrosine phosphatase 1B (PTP1B) inhibitory activity
which they named as magterpenoids A-C (Figure 1).
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Figure 1. Bioactive meroterpenoids isolated from Magnolia officinalis.
Magterpenoid A isolated in enantiomerically pure form

exhibits a wunique 4,6,11-trioxatricyclo-[5.3.1.0"3Jundecane
framework. On the other hand, magterpenoid B isolated in
racemic form possess an unprecedented 6/6/6/6 polycyclic ring
system while magterpenoid C was identified as a novel terpenoid
quinone with a C6-C3 unit which was also perhaps found to be
the most potent member among all the three for its PTP1B
inhibitory activity.

In view of the prospective of magterpenoids to serve as
potential leads for type 2 diabetes mellitus agents as well as our
ongoing interest in the synthesis of quinoid natural products and
cyclolignans® we were motivated to embark on the synthesis of
magterpenoids with initial focus on magterpenoid B and C. In
this context we decided to explore the Zhang et.al. proposed
Diels-Alder (DA) cycloaddition based biosynthetic pathway
captured in Scheme 1.5 As per the proposed biogenesis,’ the
[4+2] cycloadditon of randaiol derived quinone (1) with f-
myrcene on the non-substituted double bond followed by
oxidative aromatization in the resultant cycloadduct 2 is
supposed to offer magterpenoid C. While, the same cycloadditon
on the phenylsubstituted double bond of 1 followed by the
hemiketal formation at the C-1 position of the resultant
cycloadduct 3 via
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Scheme 1. Proposed biogenesis for magterpenoid B and C.
the nucleophilic attack of phenolic OH group is assumed to offer

magterpenoid B.

Towards the realization of the proposed biosynthetic route for
magterpenoid B & C, we commenced our synthetic journey as
highlighted in Scheme 2, with the synthesis of trimethyl ether
derivative of randaiol (10) from readily available starting
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debromination protocol on the commercially available 4-allyl
anisole (4) easily furnished 2-bromo-4-allyl anisole (5). Then,
subjection of 5 to nBuLi in presence of triisopropylborate
followed by acidic work-up offered the desired boronic acid 6.
With 6 in hand we executed its Suzuki coupling with 2-bromo-
1,4-dimethoxybenzene (9)® to access 10 in reasonably good
yield.?
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Scheme 2. Reagents and condmons. (i) (a) Br,, CCly, 0 °C, 12
h; (b) Zn dust, acetic acid, diethyl ether, 12 h, 96% over 2 steps;
(i1) n-BuLi, dry THF, triisopropyl borate 16 h, 86% (iii) K,CO;,
dimethyl sulphate, acetone, rt, 12 h, 70% (iv) Br,, glacial acetic
acid, 0 °C - r.t., 1 h, 92% (v) Pd(PPh;),, Na,CO;, 1,2 dimethoxy
ethane, H,O, reflux, 6 h, 60%.

With substantial access to intermediate 10 we next explored
its oxidative demethylation to access quinone 11. After scouting
different reagents for the desired task, phenyliodine
bis(trifluoroacetate) (PIFA) in aq. acetonitrile proved to be the
ideal reagent for arriving at the quinone 11 in satisfactory yield.
With quinone 11 in hand we next thought of exploring its key
[4+2] cycloaddition reaction with f-myrcene in various solvents
as well as on silica-gel (100-200 mesh size) surface in view of its
green quotient as well in light of its success history in efficiently
catalyzing many DA reaction because of its slight acidic nature.!?
The detail list of conditions explored for the DA reaction of
quinone 11 with B-myrcene as well as the subsequent
aromatization of DA adduct 12 to access the methyl ether of
magterpenoid C (13) in a regioselective manner are as captured
in Table 1. To our delight, among the various investigated
condition, the cycloaddition reaction in refluxing toluene/on
Si0,.gel at rt (entry 3 & 6, Table 1) and subsequent oxidative-
aromatization of the resultant cycloadduct using MnO, in dry
DCM proved to be the best conditions, by offering 13 in almost
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Scheme 3. Reagents and conditions: (i) PIFA, CH;CN:H,O
(2:1), 0 °C-rt, 2 h, 62%.

Table 1: Optimization of the DA reaction and subsequent
oxidative-aromatization.*

Entry Cycloaddition Oxidative- Yield of
condition aromatization 13% (%)
condition
1¢ Toluene, reflux, DCM, DDQ, rt -

2¢ Toluene, reflux, DCM, DDQ, --
12 h reflux
3 Toluene, reflux, DCM, MnO,, 72
12h reflux, 5 h
4 1,4 Dioxane, reflux, DCM, MnO,, 34
2h reflux, 5h
5 1,2 DCE, reflux, 4 h DCM, MnO,, 65
reflux, 5 h
64 SiO,-gel, rt,3 h DCM, MnO,, 73
reflux, 5 h
7 MeCN, reflux, 4 h DCM, MnO,, 61
reflux, 5h
8 MeOH, reflux, 3 h DCM, MnO,, 70
reflux, S h
9 DCM, reflux, 4 h DCM, MnO,, 59
reflux, 5 h
10 THEF, reflux NA NR
11 HFIP, reflux, 3 h DCM, MnO,, 50
reflux, 5 h
12 Neat, 80 °C, 2 h DCM, MnO,, 56
reflux, Sh

“A solution of 11 (0.26 mmol) and B-myrcene (0.52 mmol) were
refluxed under N, atm. in appropriate solvent for time indicated
in the table. “Isolated yield. “No oxidation was observed on the
DA adduct. ‘Reaction between 11 and B-myrcene was executed
on SiO,-gel surface at rt.

similar maximum yield of 73%. Also, the reaction was found to
be dramatically accelerated on silica-gel surface without affecting
the regioselectivity of the DA reaction, which was in consonance
with our earlier observation in context of acremine G synthesis!%f
and by others.!%¢ The notable regioselectivity observed in the
DA reaction could be accounted from frontier molecular orbital
(FMO) perspective through the interaction of the low-energy
LUMO of the unsubstituted Cs=C4 double bond of quinone 11
having its largest LUMO coefficient at Cs position (in view of the
4-allylanisole substitution at the C, position), with the HOMO of
B-myrcene having its largest HOMO coefficient at C, position (in
view of the homoprenyl substitution at the C, position). A
detailed density functional theory analysis (which is beyond the
scope of the present paper) would perhaps better confirm the
presumption. In context of magterpenoid C, after access to 13 the
only task left was to deprotect the methyl ether. However, the
seemingly straightforward task on 13 turned out to be a tricky
proposition as all our investigated condition failed to accomplish
the desired methyl deprotection, thereby upsetting our plan to
access magterpenoid C.

After failing in our attempts to deprotect the methyl ether in
13, we next planned to synthesize randaiol from its already
synthesized trimethylether derivative 10. However, the
exhaustive demethylation on 10 under several investigated
condition failed to cleanly deliver randaiol thereby forcing us to
explore other intermediate. To our delight, the quinone 11 proved
be the right intermediate since a 2-step process as depicted in
Scheme 4 involving borohydride mediated reduction of quinone
11 followed by AICl; mediated demethylation on the resultant
quinol 14 smoothly furnished randaiol in decent yield. Finally,
exposure of randaiol to NalO, affected the desired oxidation to
offer quinone 1 in excellent yield.



o Y\/\(/ o OH
S
SR e (0
iv
° 1
HO )

magterpenoid C |

Scheme 4. Reagents and conditions: (i) NaBH,, ethanol, 0 °C,
10 min., 99 % (ii) AICl;, Me,S, 0 °C-rt, 2 h, 50% (iii) NalQO,,
MeOH:H,0 (2:1), 0 °C, 10 min, 95 %. (iv) a) SiO,-gel, 2.5 h (b)
MnQ,, dry DCM, reflux, 4 h, 67% over 2 steps.

Finally with quinone 1 we executed its DA reaction with B-
myrcene as well as subsequent aromatization of the resultant
cycloadduct in a single pot under the best condition mentioned in
Table 1 to finally accomplish the synthesis of magterpenoid C in
a regioselective manner. The NMR spectral data of the synthetic
sample was found to be in good agreement with those reported
for the natural product (refer Supporting Information).3

Next, attention was turned towards magterpenoid B and for
accomplishing its synthesis via the biosynthetic route the first
synthetic demand was to subdue the reactivity of unsubstituted
quinone double bond in order to reverse the regioselectivity in
the DA reaction of B-myrcene with quinone 11/1. Therefore, in
this context we decided to use a protective DA reaction using
cyclopentadiene (CP) as the protective diene to block the more
reactive unsubstituted quinone double bond which can be
disposed off at later stage after executing the desired DA reaction
on the phenyl substituted double bond of quinone 11/1. To test
the viability of the synthetic tactic as captured in Scheme 5,
initially we chose quinone 11 for the DA reaction with CP to
arrive at the cycloadduct 15 in a highly regio- as well as
stereoselective manner. However, all our efforts to execute the
next DA reaction on 15 with B-myrcene at phenyl substituted
double bond were unfruitful, as the investigated thermal
condition only resulted in swapping of the CP protection with -
myrcene through a retro DA reaction resulting in expulsion of CP
followed by addition of B-myrcene on the unsubstituted quinone
double bond to offer the cyloadduct 12 which on oxidative
aromatization offered the undesired 13. Also, our efforts to
execute the DA reaction on 15 with B-myrcene under typical
Lewis acid catalyzed condition involving AICl; as well as
BF;.0Et, meet similar fate. Disappointed with the expulsion of
CP under drastic thermal DA reaction conditions as well as under
Lewis acid conditions which were explored for addition of -
myrcene on the phenyl substituted double bond of quinone 11,
we next thought of replacing CP with anthracene. Indeed, the
reaction of 11 with anthracene was executed in refluxing xylene,
however to arrive at 18 instead of the desired cycloadduct 17.
Also, the structure of 18 was confirmed through its single crystal
X-ray diffraction studies.!' Although 18 was not serviceable in
context of further elaboration of the natural product, we tried the
DA reaction of B-myrcene with 18 but we again failed to arrive at
any cycloadduct. Henceforth, we look forward to explore an
alternative synthetic route to access magterpenoid B.

In summary, we have successfully demonstrated the
implementation of the biomimetic DA approach for the first total
synthesis of magterpenoid C from cheap and readily accessible
starting material. As extension of similar approach for synthesis

Scheme 5. Reagents and conditions: (i) MeOH, 0 °C, 1 h, 85%
(ii) (a) toluene, reflux, 12 h (b) dry DCM, MnO,, 5 h, 40% over 2
steps (iii) xylene, reflux, 12 h, 55%.

of magterpenoid B via a protective DA reaction couldn’t
materialize, we look forward for the development of an alternate
approach. Efforts in this direction are currently underway in our
laboratory.
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e First total synthesis of Magterpenoid C.

o A silica-gel accelerated [4+2]
cycloaddition-based biomimetic approach.

e Randaiol has been accessed with 18%
overall yield in 4 steps starting from easily
accessible starting materials.

e Magterpenoid C has been accessed with
12% overall yield in 6 linear steps.



