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ABSTRACT: We report a total synthesis of the Myrioneuron alkaloid myrioneurinol enabled by the recognition of
hidden symmetry within its polycyclic structure. Our approach traces myrioneurinol’s complex framework back to
a symmetrical diketone precursor, a double reductive amination of which forges its central piperidine unit. By
employing an inexpensive chiral amine in this key desymmetrizing event, four stereocenters of the natural product
including the core quaternary stereocenter are set in an absolute sense, providing the first asymmetric entry to this
target. Other noteworthy strategic maneuvers include utilizing a bicyclic alkene as a latent cis-1,3-
bis(hydroxymethyl) synthon and a topologically controlled alkene hydrogenation. Overall, our synthesis proceeds
in 18 steps and ~1% yield from commercial materials.
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hidden symmetry within its complex framework, leveraging this strategy to provide the first asymmetric entry to
this target.

Key challenges in accessing 2 revolve around construction of its tetracyclic array of fused piperidine,
oxazine, and cyclohexane rings with proper stereocontrol at its five stereogenic centers, including one core
quaternary center. We planned to employ a desymmetrization approach to construct much of the complexity of 2
from a symmetrical precursor. Desymmetrization-based strategies can greatly expedite the synthesis of complex
targets by simultaneously setting many stereocenters from prochiral or meso-substrates.'' Such processes can either
exploit local symmetry to allow for the use of simplified synthetic fragments or break symmetry within a fully
symmetrical precursor, and have been utilized in alkaloid total synthesis.'”> These strategies become even more
enabling when the synthetic target does not possess any inherent symmetrical elements and ‘hidden symmetry’ is
unveiled by judicious retrosynthetic disconnection back to a symmetrical precursor.

Our approach to myrioneurinol (2), which does not possess an obvious plane of symmetry, is outlined
retrosynthetically in Figure 1C. The oxazine ring of 2, incorporating one of the two cis-hydroxymethyl units, might
arise from oxidative cleavage and subsequent cyclization of a bicyclic alkene 7. Disconnecting both the Cs—Ci7
bond of the D-ring and the Co—N/C;o—N bonds of the piperidine A-ring of 7 leads back to a relatively simple
symmetrical diketo aldehyde 8. Bicycle 8 presents an opportunity for a key desymmetrizing double reductive
amination onto the C-2 aldehyde and one of the two prochiral ketones to forge the piperidine A ring, leaving the
remaining ketone available for a subsequent carbocyclic ring construction. It was unclear at the outset of our studies,
however, whether such a process would occur with the desired diastereoselectivity in this complex bicyclic setting,"
or how attainable an enantioselective version of the crucial desymmetrization might be.'* Nonetheless, given that
diketone 8 should arise via sequential alkylation of known chlorodiketone 9,"> we reasoned that these questions
could be probed without significant initial investment.

Our synthesis began with the preparation of decagram quantities of 9 from commercial
pentachlorocyclopropane 10 through a known'’ one-pot process involving initial HCI elimination to the
cyclopropene, Diels—Alder reaction with cyclopentadiene and cyclopropane ring-opening to give 11, and
subsequent basic hydrolysis (Scheme 1). Although initial attempts at conversion of 9 to allyldiketone 13, including
dechlorination/monoallylation or Claisen rearrangement-based approaches, were plagued by poor selectivity and
low yields, we ultimately found that a decarboxylative Tsuji—Trost allylation provided a scalable means to access
13.'° Thus, crude 9 was converted to O-Alloc derivative 12 in 80% yield (over 2 steps), followed by decarboxylative
C-allylation with catalytic Pd(PPhs)s to give an intermediate 2-chloro-2-allyldiketone that could be dechlorinated
by addition of Zn and AcOH to the same reaction vessel. With robust access to multigram quantities of 13, a mild
Michael addition to acrolein delivered key tricarbonyl precursor 14 in 75% yield, albeit in moderate dr (1.4:1)
favoring our desired diastereomer (despite significant attempts at improvement, see SI for full details).

o)
Cl o} o—( 3. Pd(PPhj), (cat.),
dloxane 23 °C then 2. NaH, DMF, 0 °C; (o) toluene 23°C o,
— > /I - 7 (75%)
ol o @ a5 °C 2 M NaOH, o AllocCl0t023°C & 7 e H,0,23°C | (dr=1.4:1)
en o
CI cl 85°C o (80%, 2 steps) [e] cl Zn, AcOH, 23 °C [>5 g scale]
9 [>10 g scale] 12 (80%)
re Ve 6. 0s0,, NMO,
(o] Li 7’\ . 0s0y, A
HO 07L me & A O7>Me  tBuOH,THF, 5. BnNH,,
H THF, 78 °C A o H,0, 0 to 23 °C  NaBHCN
J -~ -2 0%
9. HG-II (cat.), 7. (MeO),CMe,, AcoH MeOH,
N-g, CH,Cly, A p-TsOH+H,0, 100 °C
17 (67%, 4 steps) 16 CHoCla, A (62%)
[single diastereomer] [>1 g scale] major diastereomer
10. Hy, Pd/C, Entry Solvent Temp.(°C) Yield (%) :------- S — »
AcOH, MeOH, 11, H,, PdIC, AcOH, i undesired: ! no reaction:
23°C (73%, 10'. SOCI,, pyr,, =10 °C MaOH, 23 °C 1 DCE 23thendS 20-33 | | Fe*orMn®, i HN=NH; H,, Crabtree’s
11. TsCl, NEt;, 2 steps) (59%, 2 MeOH 80 53 | {PhSiHy; PtO,, Hy: | or Wilkinson’s cat.
CH,Cl, (70%) 12 TSCL NEty CHoClo, N o apers) | 2 weon 100 en | o

, 0 o 2 steps)

to 23 °C 0t023°C ),4.
Me T /\ /K‘
(o] |
Ho | %7 e ,\_L_\/]ﬁ\* e ) %Me >
H { { 12. SOCIZ 13. H2 Pd/C = ‘
= NTA pyr., Ty A0°C MeOH 23°C jid
Nts M (92%) Nere (85%) undesired H/Y\'
| | isomer

18 N DPeray] NS ey

Scheme 1. Synthesis of tetracyclic alkene 19 via desymmetrizing double reductive amination and its attempted stereoselective hydrogenation.




With an inseparable epimeric mixture of diketo aldehyde 14 in hand, we were poised to investigate the key
desymmetrizing double reductive amination. Initially, we elected to pursue the transformation racemically using
benzylamine, and preliminary screens identified NaBH3CN and AcOH as the optimal reductant and acid promoter,
respectively. Through multiple screens (see selected results in the inset table in Scheme 1), we identified high
temperature (100 °C) as the most impactful parameter for the success of this transformation; reaction monitoring
by '"H NMR showed the first reductive amination of the aldehyde to occur essentially instantaneously at room
temperature, with the second reductive cyclization onto the hindered ketone requiring high temperature to proceed
efficiently. Ultimately, we could access tricyclic amine 15 in 62% yield as a single diastereomer on gram-scale.
This transformation constructs the piperidine A-ring with the correct relative configuration (initially confirmed by
NOE studies) for myrioneurinol (2) and provides an opportunity to remove the minor aldehyde diastereomer, which
likewise delivers a separable piperidine product as a single diastereomer (not shown).

Next, chemoselective dihydroxylation of the strained bicyclic alkene followed by acetonide protection
produced a masked diol 16 as a single diastereomer, setting the stage for a later oxidative cleavage. Attempted
allylation of ketone 16 proved surprisingly difficult with many common allylation protocols, including Grignard,
organoboron, and organolanthanide nucleophiles, failing to engage this hindered carbonyl. Ultimately, this step was
only successfully achieved through the use of excess (10 equiv) allyllithium, cleanly providing a single diastereomer
of the allyl adduct (not shown). This crude diene was subjected to ring-closing metathesis (RCM) with Hoveyda—
Grubbs Second Generation (HG-II) catalyst,'” delivering pentacyclic alkene 17 in 67% yield over the 4 steps from
15 with only a single chromatographic purification being required. At this stage, the superfluous alkene could be
hydrogenated (H», Pd/C, AcOH, MeOH) with concomitant hydrogenolysis of the N-Bn group. Reprotection of the
crude secondary amine as a more tractable N-tosylamide gave a compound (18) whose relative configuration could
be confirmed through X-ray crystallographic analysis.

At this stage, the final C-10 stereocenter of 2 could be addressed. Overall, this required a deoxygenation of
the tertiary alcohol 18 with retention of configuration. While Barton—-McCombie conditions failed due to our
inability to derivatize this hindered hydroxyl, a simple workaround involved elimination to the alkene 19 with
SOCl,/pyridine (92%) followed by alkene hydrogenation (85%) to give a single diastereomer of saturated product
20, at this stage of unknown configuration. Noting the prior hydrogenation in the sequence, we were able to execute
a shorter sequence involving earlier elimination of 17 to its corresponding diene (not shown, 70%), which could
similarly undergo hydrogenation/debenzylation and N-tosyl protection (59%, 2 steps) to deliver the same reduction
product (20). Unfortunately, X-ray crystallography at this stage confirmed that the obtained diastereomer bore a C-
10 configuration opposite to that of myrioneurinol. Further attempts to invert the stereoselectivity through a variety
of hydrogen atom-transfer (HAT), homogeneous, and heterogeneous catalytic hydrogenations of 19 yielded solely
this undesired diastereomer (20). We attribute this outcome to steric hindrance from the nearby bridged system (see
inset A, Scheme 1).
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Scheme 2. Completion of (+)-myrioneurinol (2) via a topologically controlled HAT hydrogenation.
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diastereomers under standard hydrogenation conditions (Hz, Pd/C; entry 1, inset). Pleasingly, it was found that HAT
reduction of 23 was able to favor the desired isomer, with optimized conditions using Baran’s Fe-catalyzed system
providing the desired saturated 24 as the major product (dr = 12:1) in 64% yield.** This major diastereomer (24) is
a known intermediate in the prior Weinreb synthesis.® Subjection of 24 to a slightly modified version of their two-
step sequence, involving tosyl deprotection with Li/NH3 followed by local desymmetrization of the two primary
MOM-ethers by acid-mediated oxazine formation and deprotection, respectively, gave racemic myrioneurinol [(%)-
2] in 35% yield over the two steps. Overall, our total synthesis proceeds in 18 steps and ~1% yield from commercial
materials.

A key advantage of our desymmetrization-based
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trivial.

In summary, we have developed an 18-step total synthesis of myrioneurinol (2), including the first
asymmetric approach via a formal synthesis of (—)-2. Our synthesis exploits hidden symmetry to construct its
polycyclic framework, centering on a key desymmetrizing double reductive amination of a bicyclic diketo aldehyde
to assemble its core tricyclic ring system in a stereocontrolled manner. Utilization of an inexpensive, enantiopure
chiral amine in this process provides a convenient asymmetric entry to the myrioneurinol scaffold. Other noteworthy
features of our synthesis include masking the cis-bis(hydroxymethyl) unit of 2 as a bicyclic olefin, and a
diastereoselective alkene hydrogenation that relied on careful control of substrate topology. Future studies from our
group will look to expand this symmetry-driven approach to other alkaloid targets both within the Myrioneuron
class and beyond.
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