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A Concise, Enantioselective Total Synthesis of (—)-Virosaine A

Jonathan M. E. Hughes and James L. Gleason*

Abstract: The total synthesis of (—)-virosaine A (1) was achieved in 10
steps starting from furan and 2-bromoacrolein. A one-pot Diels-Alder
cycloaddition/organolithium addition initiated an efficient sequence to
access a key oxime/epoxide intermediate. Heating this intermediate in
acetic acid resulted in an intramolecular epoxide opening/nitrone
[3+2] cycloaddition cascade to construct the caged core of 1 in a
single step. Several methods of C-H functionalization were assessed on
the cascade product and, ultimately, a directed lithiation/bromination
effected selective C14 functionalization to enable the synthesis of 1.

The Securinega alkaloids are a broad class of natural products that are
distributed among plants of the Euphorbiaceae family and, owing to their
fascinating structural features and biological activities, have been the
target of many successful and elegant total synthesis efforts.! Recently,
some of the most structurally complex Securinega alkaloids were
isolated from Flueggea virosa, a large shrub widely distributed in
southern China and known for its use in the treatment of eczema, allergic
dermatitis and scald.”” Among these new alkaloids, virosaine A (1) and
B (2) were noted for containing the most highly caged structures of the
Securinega class (Figure 1A)."°1 The proposed biosynthesis o
polycyclic virosaine core is particularly noteworthy, as it is belig,

are 1n
of 1 and

involve a [3+2] nitrone cycloaddition, a transformation that i
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alkaloid biosynthesis.
2 have made them attractive yet challenging targets for tot;
To date, there has been only one reported synthesis of 1 ai

10 steps respectively.”™ In both cases, the strategi
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Figure 1. (a) Virosaine A (1) and B (2) and (b) retrosynthetic analysis of 1.

Oxabicycle 7 was readily generated by oxazaborolidinone-catalyze
cycloaddition of 2-bromoacrolein (9) with furan (8).[9‘16] In our hand
and those of others,"'"! 7 proved insufficiently stable to isolate. Howeve
we found that 7 could be trapped in situ by a variety of organolithiw
and Grignard reagents to give stable bromohydrin products. In particula
addition of organolithium 11 afforded 12 in 62% yield, 2.7:1 d.r. an
83% ee.l' Screening of alternative conditions (nucleophile, additive,
solvent, etc.) did not improve diastereoselectivity further. Although the
diasteromers of 12 could not be separated chromatographically,
recrystallization gratifyingly provided alcohol 12 in >20:1 d.r. and >99%
ee."™ This one-pot process served to install all but two carbons of the
final natural product. Subsequent acid-promoted dioxolane cleavage to
give lactol 13 was followed by condensation with TBSONH to provide
O-silyl oxime 14 in 92% yield over two steps. Epoxide formation then
proceeded smoothly upon treatment with NaH to afford 15 in near
quantitative yield.
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Scheme 1. Enantioselective synthesis of cascade precursor 15.

With epoxide 15 in hand, we turned our attention to the key epoxide
opening/nitrone cycloaddition cascade reaction sequence (Table 1).
There is limited literature precedent for this type of cascade and, to the
best of our knowledge, application to access a bridged polycyclic ring
system is unprecedented.”” Initially, we observed that oxime addition
to the epoxide in 15 required prolonged heating at high temperatures
under neutral conditions. Advantageously, the use of mild protic acids,
such as pyridinium p-toluenesulfonate (PPTS), promoted rapid epoxide
opening to form nitrone 5. Furthermore, when the reaction was
conducted in xylenes at 140 °C, nitrone 5 underwent the desired [3+2]
cycloaddition directly to give 4 in 26% overall yield (entry
Encouraged by these results, we screened a variety of solvents fj
transformation and found that THF and MeCN improved the yield

significantly in combination with microwave heating (entries, ds).

an efficient promoter when employed in acetonitrile
reaction conducted in acetic acid as solvent afforded 4 j
92% yield in one pot from 15 (entry 7). Overall, thj
process allowed us to access the complex core of
only 5 steps from commercially available materials.

Table 1. Cascade reaction sequence optimization.

o
Table 1
TBSO, Q
I
15
Entry Solvent Acid (equiv.) T (°C) Time Yield (%)™
1 xylenes  PPTS (08 140 V 26
2 THF PPTS (1) 70 12'h 40
3l THF 1h 45
4l MeOH 1h 28
5l 1h 50
6! 1h <10
7'l 30 min 92
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gl AcOH - 120 40 min 82

[ solated yields of 4. ™ Oxime 6 used g& starting material. ) Microwave

heating. [

5 mmol scale.
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C(O)CF;), providing the product in the highest isolated yield.
tely, structural analysis revealed that the carbene insertion

he C9 methylene instead of the desired C14 methine,
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Scheme 2. Carbene C-H insertion reaction of diazoacetate 17.

Given the undesirable site-selectivity of the carbene insertion, w
explored the potential of a nitrene C-H insertion to functionalize Cl-
Although this would not install the lactone directly, the resulting amin:
might be hydrolyzed to a ketone suitable for subsequent manipulatio:
Furthermore, we were encouraged by several reports of nitrer

insertions into bridgehead C-H bonds in
[l1a,11£21]

complex molecu
settings. To this end, carbamate 19 was prepared by treatin
alcohol 4 with CI3CC(O)NCO followed by NaHCO3;/MeOH (Scheme 3
With 19 in hand, we surveyed several sets of conditions and found th:
He’s conditions (PhI(OAc),, AgOTf, bathophenanthroline, MeCN, 82
°C) provided a single product, which was identified as oxazolidinone
20.1"'%*") In contrast to the selectivity observed in the carbene insertion,
oxidative functionalization of carbamate 19 occurred at C2, a result that
highlights the sensitivity of the system to the nature of the reactive
intermediate (carbenoid vs. nitrenoid). All attempts to deactivate C2 by
protonation or BF; coordination of the isoxazolidine nitrogen did not
alter the selectivity of the insertion process.””! Interestingly, we found
that the same reaction, conducted in CH,Cl, instead of MeCN,
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exclusively generated ketone 21, whose formation is the result of both immediately oxidized to lactone 3. Exposure of 3 to activated neutral

C2 oxidation and C10-C14 bond cleavage. AL O3 delivered (-)-virosaine A (1) in 77% yield (one pot) from 25.
R 0}
PhI(OAC),, AgOTF Y )
OsNH, bathophenanthroline N\ (0]
—3
T mecn,s2ec . " WY
HQ ClCC(O)NCO EgY sealed tube O
P O CHCly, 1t; p (e} 80% 20
S Thennarcon NS T i
en Nal
Ne 3 No PhI(OAC),, AgOT! O oac J Br
0 MeOH, rt o bathophenanthroline \ ﬂ( M HO, s-BuLi,  n-BuHN"_"Q .4
4 99% 19 L 3 ACO% /N0 K %
CHCl,, 50 °C N o] < a
sealed tube (0] N N
20% 21 o o
s . 4 23
Scheme 3. Oxidative transformations of carbamate 19.
AIBN
/\/SnBu:,

The lack of reactivity at C14 in both the carbene and nitrene chemistry
is likely due to a combination of unfavourable sterics and CeHe 85°C

stereoelectronics. In particular, the inability of the lone pair from the 71% + 27% 22
bridging oxygen to donate into the C14-H14 o* orbital presumably

results in only inductive deactivation by the electronegative oxygen.!"'"!

Indeed, assessing the three potential sites of reactivity by both DFT and Og, CHLCly, - Al,05

NMR chemical shift analysis, methods which have been used Me,S, 78 °C tort; EtOAc. t
. : : - p Py then DMP, pyr 7%
previously to predict site-selectivity for radical and oxidative CHa rﬂ’y fone pot]

[1lc,11g,24,25

functionalizations, I provide support for low reactivity of C14.
NMR analysis revealed that both H14 and C14 are the most downfield
signals in 4, suggesting that the position is electron poor. Also me 4. Synthesis of (-)-virosaine A (1).
consistent with this notion, NPA charge analysis indicated that C14 has
a relatively high positive charge and NBO analysis indicated that

C14-H14 bond has the lowest energy HOMO of all the C-H bo
4_[26]

irosaine A (1) in 9% overall yield. The route features a
de opening/nitrone cycloaddition cascade reactic
sequence tof rapidly construct the core of 1.  The successfi
' implementation of this strategy hinged on the ability to selectivel
manipulate the C14-H14 bond. Several methods of C-

13¢ NPA partial

a2/ o Site 5 ::Jm) (5, ppm) 3tomic charge El;:r:‘?(':% » nalization were investigated and highlighted the significant effe:
9 ’ ’ on[carbon ethod choice has on regioselectivity in a complex molecu
- 14 2 3.59 66.8 -0.037 -13.69 . . L . . .
g. Selective functionalization was ultimately achieved via
9 1.73 455 -0.423 -13.71 I L . .
ected lithiation/bromination sequence, which enabled the completic
14 472 85.7 +0.095 -14.48

p » ' f the total synthesis in an efficient manner.
4: “top-down” perspective
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