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seco-Prezizaane sesquiterpenoids have emerged as a growing
and diverse family of sesquiterpenoids, embodying complex poly-
cyclic architecture with varied oxygen functionalities.! Interest-
ingly, the seco-prezizaane natural products have been
encountered only among the exotic and widely distributed Illicium
species and this resource has been extensively explored in recent
years by the group of Fukuyama among others.!

In Figure 1 are displayed several representative types among
the seco-prezizaane natural products. Among them, those belong-
ing to the jiadifenin core 1-2 and their biogenetic siblings of maju-
cin-prototype 3-7 hold instant appeal in view of their compact,
highly oxy-functionalized, cage-like molecular architecture and
the very special kind of bioactivity profile displayed by them.

Indeed, jiadifenin 1,'®jiadifenolide A 2'", and majucin derivatives
3'" and 5'¢ have been shown to exhibit neurotrophic activity by
promoting neurite outgrowth in primary cultures of rat cortical
neurons at 0.1-10 pM concentration. It has also been observed that
natural product jiadifenin 1 up-regulates the neurite outgrowth
activity of nerve growth factor (NGF), a natural neurotrophin.?®
These impressive bioactivity attributes, which have implications in
maintaining neuronal health and in addressing neurodegeneration
related disorders like Alzheimer’s, make seco-prezizaanes natural
products unique for exploring the chemical diversity space around
their scaffold and for mapping their therapeutic potential.2-¢
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First total synthesis of jiadifenin 1 was accomplished by the
group of Danishefsky?*® and more recently Theodorakis et al.2%®
have reported a synthesis of jiadifenin 1 as well as of related jiadif-
enolide 2. A model study toward the tricyclic core of 1 has also ap-
peared recently.2® Our group has been interested in the synthesis
of neurotrophically active natural products in general® and of
seco-prezizaanes natural products in particular and we have re-
cently accomplished the total synthesis of merrilactone A3*" and
of o-minwanenone 8.3¢ As part of our continuing synthetic efforts
in the area, we have been drawn to jiadifenin and majucin type
natural products. Herein, we report a stereo- and enantioselective
approach toward the core bicyclic fragments present in them, rep-
resenting functionalized AB and BC rings. A very recent observa-
tion' that even a simpler, truncated derivative like 7 of
jiadifenin-majucin type seco-prezizaane promoted impressive neu-
rite outgrowth at low pM concentrations, lends relevance to our
endeavors disclosed in this Letter.

A retrosynthetic perspective on an approach to jiadifenin-maju-
cin frameworks (1 and 9) and leading to the functionalized frag-
ments 10 (AB rings) and 11 (BC rings) is displayed in Scheme 1.
A basic premise of this fragment based model conception was that
once the core strategies leading to the two segments 10 and 11
were successfully executed, they could be unified to target the nat-
ural products of this family. Our approach to both the fragments 10
and 11 emanated from a common chiral synthon (+)-12, readily
accessible from commercially available cyclopentadiene and p-
benzoquinone as per the protocols described earlier.* A key feature
of our approach was the elaboration of the six-membered ring of
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Figure 1. Representative types among seco-prezizaane sesquiterpenoids.

synthon (+)-12 into a stereochemically embellished ring ‘B’ of the
target natural products by harnessing the exo-face (convex face)
selectivity inherent to its tricyclic framework. In particular, the in-
tent was to secure the stereochemistry at the quaternary centers at
C4, C5, and C9 and concurrently install the requisite functionality.

1,4-Addition of vinyl group to the enone moiety of (+)-12 oc-
curred exclusively from its convex face to furnish 13 as a single
diastereomer.® The vinyl group was introduced to serve as a latent
carboxylic acid equivalent at an appropriate stage. Kinetically con-
trolled methylation in 13 was regiospecific and furnished 14 with
good diastereoselectivity (B:a=9:1), Scheme 2. A single-pot, dou-
ble hydroxyl-methylation on 14 was expectedly exo-face stereose-
lective and furnished a single diol (—)-15 in which the key C5
quaternary center and relative stereochemistry at C5 and C6 of
the natural product was correctly installed. The two hydroxyl
groups in (—)-15 were protected as MOM derivatives (—)-16 and
a retro Diels-Alder reaction released the functionalized cyclohexe-
none (—)-17, Scheme 2. Selective TBS deprotection in (—)-17 to
(—)-18 sets the stage for the installation of the key C9 quaternary
center with the required relative stereochemistry through a
[3.3]-sigmatropic rearrangement. In the event, an Ireland-Claisen

Majucin prototype 9
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Scheme 1. Retrosynthesis leading to model fragments.

protocol was implemented and the desired (+)-19 was realized, al-
beit in very modest yield. Stage was now set for the annulation of
the five membered ring A on (+)-19 and this was sought to be
achieved through an intramolecular Horner-Wadsworth-Emmons
(HWE) reaction.?® Consequently, (+)-19 was homologated to the p-
ketophosphonate (+)-20, Scheme 2. Intramolecular HWE in the
presence of sodium hydride delivered the desired bicyclic AB ring
fragment (+)-10 envisaged in the retrosynthetic theme, Scheme 1.
Termination of the surrogacy of the vinyl group as the carboxylic
acid equivalent and MOM deprotection in (+)-10 should lead to
the installation of y-lactone moiety (ring C) on the bicyclic AB core.

Attention was now directed toward the BC ring fragment 11
with the intent to demonstrate the feasibility of installing the vy-
lactone moiety in a stereochemically secured manner. In this en-
deavor, dithiane was identified as the carboxylic acid surrogate.
Allylation of chiral synthon (+)-12 furnished (+)-21 in a regio-
and stereoselective manner.3¢ Conjugate 1,4-addition of dithiane
to (+)-21 occurred preferentially from the exo-face and the in situ
capture of the resulting enolate with methyl iodide delivered
(—)-22 as a single diastereomer having both the dithiane and the
methyl group cis-disposed on the convex face, Scheme 3. After con-
siderable trials,%’ it was possible to induce dithiane unmasking in
(—)-22 using CAN under controlled conditions to furnish aldehyde
(+)-23. On a-hydroxymethylation, (+)-23 directly delivered (—)-24
through concomitant lactol formation and concurrently secured
the C5 quaternary center, Scheme 3. PCC-oxidation of lactol (—)-
24 proceeded smoothly to deliver the lactone (—)-25. TBS-depro-
tection in (—)-25 to (+)-26 and further PCC oxidation proved quite
eventful and directly delivered (+)-28, bearing the requisite hydro-
xyl-y-lactone moiety, possibly through the intermediate chromate
ester 27, Scheme 3. Retro-Diels-Alder reaction on (+)-28 proceeded
as planned to disengage the cyclopentadiene moiety and delivered
the bicyclic fragment (+)-29. Lastly, stereoselective hydride reduc-
tion on (+)-28 under Luche protocol® led to 11 with required C7 rel-
ative stereochemistry corresponding to the BC ring fragment
identified in the retrosynthetic planning.

In summary, we have outlined a stereo and enantioselective
model study toward complex seco-prezizaane natural products
from a readily available Chiron. This study has led to the acquisi-
tion of key bicyclic AB and BC ring fragments in a concise and ster-
eoselective manner. Our results not only set the stage for executing
a general synthesis of seco-prezizaane family but offer avenues for
exploring the diversity space around these exceptionally bioactive
natural products. Efforts along these lines are currently underway
in our laboratory.
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Scheme 2. Reagents and conditions: (a) Vinylmagnesium bromide, CuBr-SMe,, TMSCI, HMPA, THF, —78 to —60 °C, 3 h, 85%; (b) LHMDS, HMPA, Mel, THF, —78- 0 °C, 2 h, 77%;
(c) DBU, formalin, THF, 25°C, 10 h, 60%; (d) MOMCI, DIPEA, DCM, 25°C, 12 h, 88%; (e) Ph,0, 210°C, 15 min, 90%; (f) TBAF, AcOH, THF, 0-25°C, 2 h, 85%; (g)
triethylorthoacetate, propionic acid (0.2 equiv), 190-200 °C, 40 h, 30%; (h) CH3P(O)(OCHs),, n-BuLi, THF, —78 °C, 1 h, 95%; (i) NaH, THF, reflux, 2 h, 92%.
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Scheme 3. Reagents and conditions: (a) LIHMDS, allyl bromide, HMPA, THF, —20 °C, 2 h, 93%; (b)1,3-dithiane, n-BuLi, HMPA, THF, —78 °C, Mel, 3 h, 60%; (c) CAN, CH5CN, H,0,
30%; (d) DBU, formalin, THF, 25 °C, 14 h, 60%; (e) PCC, NaOAG, silica, 15 h, 70%; (f) TBAF, THF, 0-25 °C, 2 h, 80%; (g) PCC, NaOAG, silica, 0-25 °C, 1 h, 60%; (h) Ph,0, 200 °C,
10 min, 75%; (i) NaBH,, CeClz, —78 °C, 68%.
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