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SHORT SYNTHESES OF (-)-PICROTOXININ AND RELATED
COMPOUNDS

STATEMERT OF GOVERNMENT SUPPORT

{0001] This invention was made with goveruaent support under grant No. R35
GM122606 awarded by the National Institutes of Health., The 1.5, government

has certain rights in the invention.

BACKGROUND

{0002] Picrotoxinin (1, PXN) is the flagship member of the picrotoxance family
of natural products and continues to attract considerable attention from the
synthesis community’ ~® due to its stereochemically-dense polyoxygenated
structure and its use as a tool compound in neurcscience.” " Picrotoxin (PTX),
which consisis of an equimolar mixture of PXN and 1ts less-active C12 hydrate,
pierotin (PTN}, can exhibit useful therapeutic properties: chronic dosing of
Down’s syndrome model mice (Ts63Dn) normalizes memory performance by
reducing overactivity of GA-BAergic neurons.’? However, the therapeutic
window of PTX is narrow: lethal convulsion through hyvperexeitatory GABAA
receptor antagonism occurs at low dose (LDso = 2 mg/kg, rat, LP).° In contrast,
GABAAR antagonists like bilobalide!* can share the therapeutic properties,
target, and binding site of PXN and vet avoid acute toxicity !> Further,
‘neurotrophic’ sesquiterpenes jiadifenolide'® and O-debenzyltashironin!” share
the hyperexcitatory effects of convulsant GABAAR antagonists anisatin'” and
PXN, vet jiadifenolide displays no convulsive signature in nice.”>'® A short
synthetic route might allow mierro-gation of analogs of PXN that similarly

reduce its toxicity yet still antagonize GABAA receptors.

10063] The seminal work of Corey,’” Yamada,® Yoshikoshi,* and Trost™”
iHustrated the difficulty of the contiguous stereotetrad of 1. Intermolecuiar
formation of this sterec-dense motif is challenged by the cis-fused onentation of
the C7, C9, and C15 carbous, which anses biosynthetically by an anti-
Markovnikov cationic cyclization of a cadiny! cation and oxidative cleavage ***!
Corey' and Yamada® employed intramolecular cyclization/C-C oxidative
cleavage steps to overcome this problem, while Trost®” leveraged torsional

strain with a small nucleophile to set the C7/C135 stereodiad and a classic
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palladium-catalvzed cycloisomerization to make the C7/CY junction. Yet all
syntheses concede some C-C disconnections within and about the {4.3.0]-
bicyclononane, rather than directly accessing the core by disconnections solely

berween the [4.3.0] ring junctions.

5 SUMMARY
[8004] The present disclosure addresses these needs and others by providing, in
one embodiment, a process for making the compound (-3-picrotoxinin (1)
{8605} The process comprises the steps of
10 {al) subjecting compound (8) to ethernification:
Qun, —H
o )
Me~, Me
&
""'Me
Br
whereby compound (9} is formed:
0=u,, H
O k)
Me: Me
&9
"IMe
Br
{aZ) oxidizing compound (%) whereby compound (19 1s formed:
(1)
15

)
P
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{a3) subjecting compound (18} to fragmentation whereby compound
(11) 15 formed:

(ad)

(o

subjecting compound (11) to de-todination and de-formylation
whereby compound (12) is formed:

{a%) sabjecting compound (12} to sequential lactonization and

reductive de-bromination whereby (-}-picrotoxinin (1} 1s formed.

[8606] The present disclosure provides in another embodiment a process for
16

making the compound S-methyipicrotoxinin (SMePXN) (26):

q"., [o]

{8607} The process comprises the steps of

{b1) subjecting compound (8) to oxadation:

whereby compound (18} is formed:
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cand

{b2) subjecting compound (18} to reductive de-bromination whercby

compound (20} is formed.

[8608] The present disclosure provides i an embodiment the compound

SMcPXN (26):

or a pharmaceutically acceptable salt thereof.

[8609] In anocther embodiment, the present disclosure provides a method for
antagonizing GABAA receptor. The method comprises contacting the receptor
with an effective amount of the compound (20) or a pharmaceutically acceptable

salt thereof as described herein.
BRIEF DESCRIPTION OF THE DRAWINGS
{8618} FIG. 1 Synthetic scheme for making (-)-picrotoxinin (20},

DETAILED DESCRIPTION

{0011 The present disclosure provides a concise synthesis of (—}-picrotoxinin
(1) via mcorporation of a symmetrizing gem-dimethyl moiety that allows
cfficient annulation to form the [4 .3 0]-bicyclononane core. One advantage of
the synthetic methodology disclosed herein resides in the key stercotetrad being
accessed in only 4 to 5 steps from (R)-carvone; hence, this advantage correlates
to an overall short synthesis. For instance, the facile and stereoselective
annulation to form compound {2} benefits from symmetrizing dimethylation,
allowing stercochemical relay from the €4 P-isopropene of carvone and

obviating the need for stereocontrol at C5 (FIG. 1), Further, high oxidation
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states m the starting matenials were encoded by unsaturation and leveraged to
access compound (1) in the shortest sequence to date. The present disclosure
provides the first synthetic route, to the inventors™ knowledge, of an oxidative

C-C demethylation sequence applicd in total synthesis.

5 {0812} The present disclosure addresses these needs and others by providing, in
one embodiment, a process for making the compound (-)-picrotoxinin (1)
10613} The process comprises the steps of

{al) subjecting compound (8} to ethenification:
Ou,,—H
O k)
Me~ Me
(8)
"'Me
10 Br
whereby compound (9) 1s formed:
Oy, —H
o k)
Me Me
&)
""Me
Br
{al) oxidizing compound {9) wherchy compound (18} is formed:
(16
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(a3) subjecting compound (19) to fragmentation whereby compound
(11) 15 formed:

{ad) subjecting compound (11) to de-iodination and de-formylation

(o

whereby compound (12) is formed:

{a%) sabjecting compound (12} to sequential lactonization and

reductive de-bromination whereby (-}-picrotoxinin (1} 1s formed.

[8614] In an embodiment optionally in combination with any other embodiment
10 herein described, the process further comprises the step of (a6} subjecting
compound (1) to hydration whereby {-}-picrotin (19) 1s formed:

Oll,, 0

[8815] In another embodiment optionally in combination with any other
embodiment herein described, the process further comprises steps (1) to (7) for
15 making compound (8}, Thus, in step (1), {R)-carvone (SI-1}:
o
Me (51-1)

Me

‘o,

T
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(o

10

is contacted with a methvlating reagent whereby compound (3} is formed:

[8616] Methodology for the mstallation of alkyl groups in this context 1s well-
konown in the organic syathesis arts. Per one embodiment, a convenient method
is sequential deprotonation with lithium ditsopropyiamide (1LDA) followed by a

methvlatimg reagent, such as a methyl halide like methyl 1odide.

16617} In step (2), compound (3} 15 subjected to aldol addition with methvl-2-

oxobutanoate whereby compound (4) is formed:

MeO

[B018] In step (3), compound {4) 1s subjected to dehvdration whereby compound

(%) 1s formed:

{0019] In some embodiments, the dehydration 1s achieved by contacting
compound (4} with thionyt chlonide (SGCl2).
10620] In step (4), compound {5} is subjected to intramolecular aldo! addition

wherchy compound (2) is formed:

Me0,C

W

Me

7
/
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[6621] In an embodiment, the mtramolecular aldol addition comprises
contacting compound (2) with a non-nucleophilic base. For example, the non-

nucleophilic base is a sterically bulky non-nucleophilic basg, such as LDA.

[8622] In step (5}, according to an embodiment, compound (2} is subjected to

bromination and ethenfication whereby compound (6} is formed:

(v

[8623] In onc embodiment, the bromination and ethenfication compnise
contacting compound (2) with Bro. For example, a useful source of formal B is
N-bromosuccinimide (NBS).

10 [8624] In step (6), per an additional embodiment, compound (6} 18 subjected to

epoxidation conditions whereby compound (7} is formed:

[8623] In step (7}, compound (7} is subjected to hvdroxylation conditions

whereby compound (8) is formed by dihvdroxylation.

15 [0626] In various embodiments, optionally in combmation with any other
embodiment herein described, the etherification in step {(al) comprises
contacting compound (8) with iodine monoacetate. Iodine monoacetate (10Ac)
is provided by various reagents known in the art.”” Thus, for example, iodine (I2)
1s combined with silver acetate (AgOAc) or lead (FV) acetate (PB(OAchk)ma

20 solvent at temperatures ranging from about 0 °C to about 25 °C. Mlustrative
solvents mnclude hydrocarbons such as benzene and cvelohexane, and chiorinated
solvents such as methylene chloride (CHxCl) and CCla. Useful sources of 10Ac

for this step and others described herein, per some embodiments, and illustrated
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m the examples below, reside n a combination of AgOAc/h m CHCl or

Pb(0AC)s 1n benzene under ambient light

[8627] In step (aZ), in accordance with an embodiment optionally combined
with any other embodiment here described, the oxadizing comprises contacting

compound (9) with methvEtnflusromethvljdioxirane.

[B028] In step (a3), in accordance with an embodiment optionally combined
with any other embodiment here described, the fragmentation comprises
contacting compound (18) with ioding moncacetate. Exemplary sources of

iodine monoacetate are described herein.

{8629} In step (a4}, in accordance with an embodiment opticnally combined
with any other embodiment here described, the de-iodination and de-formvlation
coraprise contacting compound (11) with tributyltin hydride followed by basic
workup. De-iodination can be achieved, in various embodiments, by use of a
radical mitiator and hvdrogen-atom donor. A convenient radical initiator is
exemplified by azobisisobutyronitrile (AIBN). Various stannanes known in the
art can be used to achieve chemoselective replacement of 1odine with hydrogen,

such as triphenyitin hvdride and tributvitin hydnde.

[8830] In step (a%), in accordance with an embodiment optionally combine

with any other embodiment here described, the lactonization comprises
contacting compound (12} with iodine monoacetate, such as obtained by the
reagents and conditions described herein. Methodology for subsequent reductive
de-brommation 1s well-known 1n the art. An illustrative route is achieved by use
of zinc{0) and NHaCL

[88631] The present disclosure provides m another embodiment a process for
making the compound 5MePXN (28}, a formal (-)-picrotoximin analog that bears

a methyl group at the S-position:

{0032] The process comprises the steps of:
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(b1} subjecting compound (8) to oxidation:

cand

5 {b2) subjecting compound (18) to reductive de-bromination whereby

compound (28) 15 formed.

10633] In various embodiments, opticnally 1 combination with any other
embodiment, m step (b1}, the oxidation comprises contacting compound {8} with
iodine monoacetate. Reagents and conditions for generating ioding monoacetate

10 are described herein.

[8634] In various embodiments, optionally in combination with any other
embodiment, in step (b2). the reductive de-bronunation comprises contacting

compound (18} with zinc{0)/NHCI).

{8633} Dlustrative and non-limiting embodiments of the present disclosure

15 reside in the following additional description of the processes disclosed herein.
The inventors encoded the oxidations of compound (1) with alkenes to arrive at
carbocyele (2}, which might derive from (R)-carvone*>*? via annulation of
methyl-2-oxo-butanocate. Most oxidation patierns were embedded 1nto starting
materials, ™ with the exception of the C13 carboxylate. The decision to decrease

20 C15 to the methyl oxidation state was informed by problems encountered in the
fiterature*”"!! with C10/C13 translactonization and intramolecular epoxide
opening at higher oxadation states of C15. However, it was surprisingly
discovered that a single methyl group on carvone led to the incorrect

stereoisomer. Instead, it was discovered that geminal dimethylation enabled

10



WO 2022/031313 PCT/US2020/070376

(v

10

20

N
(4

30

efficient synthesis of compound (2} in only four steps. The challenge then
became discovery of a late-stage, stereoselective, cleavage of a strong C-C
bond-—a counterintuitive®® but, in this case. enabling tactic for a concise

synthesis of compound (1} (FIG. 1)

{0036] Dimethylation of (R)-carvone was achieved in one® or two?® steps,
although the latier procedure was emploved on 30g (200 mumol) scale. The
magnesium enolate of compound (3} was formed by deprotonation with
NaHMDS mn the presence of anhydrous MgClz; subsequent addition of methyl-2-
oxobutanoate at -78 °C gave the aldol addition product compound (4} 1n 67%
vield with excellent diastereoselectivity (>20:1} at C1 and inconsequential 3.3:1
diastereoselectivity at C8. Use of Iithium, sodium, potassium, or zine enolates
gave dimimshed to no vield of compound (4). The reaction was quenched at -78
°C to avoid retro-aldol decomposition that occurs above <20 °C. This unusual
aldol reaction occurs with high regio- and diastercoselectivity to form a

guaternary carbon (1} and a neopentyl alcohol (C9),

16637} Replacing one of the Me groups with Br, Cl, or CN groups vielded poor
stereo-control in formation of the C5 stereocenter and subsequent failure of the
aldol addition through proton-transfer, elimination and aromatization pathways.
Surpnsingly, it was not possible to achieve symmetrical substitution at C5 with
silylhydroxymethylene (R3SiOCH:-).% methyl ester, or nitrile groups in the aldol
addition. Because the inchusion of an extra C5 methyl group enabled installation
of all 15 carbon atoms of the picrotoxinin skeleton with the correct regio- and
stereochemistry in just two stops and without need for €5 stereo-control, the
processes disclosed herein relied upon a risky but successful excision of the

extra C5 methy! group at a late stage.

[B038] Neopentyl alcohol (4} was converied to compound (5} by a SOCh-
induced elimination ”” These conditions surprisingly eliminated both
diastercomers of the stenically congested €9 alcchol 4. A vinvlogous
mtramolecular S-exo-1rig aldol addition reaction viclded compound (2} in 90%

vield upon treatment of compound (8) with LDA at 0 °C and warming to 23 °C.

{8639} Facile and scalable access to compound (2} allowed extensive
interrogation of the remaining alkene oxidations. First, bromoectherification’~

with NBS proved entirely selective for the 1sopropene group and delivered an

i
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1i:1 diastercomeric nuxture of compound (6}. This dual-purpose

2,13

bromoetherification served to protect the A isopropenyl alkene and lock the

conformation of compound (2} to promote lactonization at C10 and directed

oxidation of the C5 methyl groups. Epoxidation of compound (6} initially

(]

suffered poor diastercocontrol under nucleophilic cpoxadation conditions {e.g.
alkah metalperoxides) and low conversion with electrophilic epoxidation
reagents {e.g DMDO, trifluoroperacetic acid). Although mCPBA alone was
msufficient to react with cormpound (6}, it was found that use of KHCO: with
mCPBA mn a biphasic mixture of CH2Ch and HzO at 23 °C afforded compound
10 (7 with lagh diastereoselectivity in 84% vield. It was surmised that
dihydroxylation of compound {7} might be facile by analogy with Yoshikoshi’s
0sQu/pyridine oxidation of a similar substrate,” but no more than 30%
conversion could be obtained under these conditions {(stoichiometric 8Osy,
pyridine}. Thus, it was discovered that addition of citric acid to prevent off-

15 pathway osmium sequestration”® enabled full conversion of compound (7) to
compound (8). Steric congestion about the A> alkene of compound (7},
however, slowed conversion such that one equivalent of OsOq still required 7
days to elicit an 81% vield.”® This drawback was mitigated by excellent
diastercoselectivity (>20:1} at CZ and C3 and spontancous lactonization at C10.

20 For comparnison, the strong oxidant dimethyvldioxirane reacted exclusively with

the electron-deficient A* alkene in compound {6) to provide compound (7),

which did not react further.

18048] Compound (8} provides the opportunity for gem-dimethyl modification,
mehuding C-C bond cleavage. Geminal dimethyl groups predominate in

25  terpenoids as a result of their biosyothesis from polyprenyl- (dunethylalivl}
pvrophosphates.’ Modification of gem-dimethyls, including their excision, can
be effected with iron-oxo enzymes to produce biologically active scaffolds.’!
Similar demethylations have not been emploved in chemical synthesis because
abtotic routes are not often constrained by biosynthetic building blocks, and

30 because retrosynthetic addition of an extra carbon-bound methyl group is seldom
simplifying.*? The presently described process, however. is an exception to the

rule.

iz
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[B041] It was possible to directly access the pomary (¢.g., ether 9), secondary
{acetal}, or tertiary (lactone) oxidation states of the axial methyl group in
compound {8} by generating I0Ac™ with different reagents and temperatures.
Thus, use of AgOAC/lz in methvlene chionde at 23 °C under ambient light
provided compound {9} in 51% vield (FIG. 1}, whereas the primary iodide was
mstead obtained at 0 °C in cyclohexane as the major product. Treatment of
compound (9} with methyl{taflucromethyhdioxirane (TFDG) at 0 °C gencrated
hemtacetal 9 as a 2.5:1 diastereomeric muxture, a distribution which may be
attributed to the oatward-facing C-H bond being both less sterically hindered
and experiencing better hyvperconjugative donation from the £3 cther oxygen
than its inward-facing counterpart. Conditions applied here {AgOAc, I, CHzCl,
23 °C) led to Suarez fragmentation’™ in compound (18} of the adjacent strong C—
€ bound to form compound {11} as a single stercoisomer. The tertiary 1odide of
compound (11) was removed with AIBN/BusSnH to form a single isomer as
compound 12 after cleavage of the formyl group in a basic work-up. Use of
Pb(0OAC)/T: in benzene with CaCCOs at 23 °C under an agrobic atmosphere led
directly to formation of the C15 lactone. Reduction with zinc cleaved the
bromoether linkage of compound (12) to deliver (—)-picrotoxinin (1). Conversion
to {~)-picrotin {19) occurred in one step and 84% vield by a Mukaivama

24,67

hydration,*” which had not been reported previously.

[8042] Gemunal dimethylation of carvone at C3 expedited forward entry to the
carbocyclic core of PXN. The complexity of compound (1) versus compound
(28 was not diminished by methylation because information content was added
and no stereocenter was removed (Cm = 468 vs. 480 mebits).*® Symmetrization
of C5 in mtermediate targets hike compound (8), however, greatly simplified
entry into chemical space very close to compound {13, As further descnibed in
the appended examples, S-methyi-picrotoxinin (28} retained modest antagonism
of the GABAA receptor (ICso = 9 uM; vs. [PH] TBORB @) rat cerebral cortex} and
slightly improved upon the aqueous stability of compound (1) at pH 8, more than

halving the pseudo-first order rate constant.

[8643] The present disclosure also provides 1n an embodiment the compound

SMcPXN (26):

[—
2
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o1 a pharmaceutically acceptable salt thercof

{0644} In this description, a “pharmaceutically acceptable salt” isa
pharmaceutically acceptable, organic or inorganic acid or base salt of a

5 compound described hergin. Representative pharmaceutically acceptable salts
mclude, e.g., alkali metal salts, alkal carth salts, ammonium salts, water-soluble
and water-insoluble salts, such as the acetate, amsonate (4, 4~-diaminostilbene-
2.2-disulfonate). benzenesulfonate, benzonate, bicarbonate, bisulfate, bitartrate,
borate, bromide, butyrate, calcium, calcium edetate, camsylate, carbonate,

10 chlornide, citrate, clavulariate, dihvdrochloride, edetate, edisylate, estolate,
esylate, fiunarate, gluceptate, gluconate, glutamate, glycollylarsanilate,
hexathuorophosphate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, 1odide, isothionate, lactate, lactobionate,
laurate, malate, maleate, mandelate, megylate, methyibromide, methyloitrate,

15 methylsulfate, mucate, napsylate, mitrate, N-methylglucamime ammomum salt,
3-hydroxy-2-naphthoate, oleate, oxalate, palmitate, pamoate (1, l-methene-bis-2-
hydroxy-3-naphthoate, einbonate), pantothenate, phosphate/diphosphate, picrate,
polygalacturonate, propionate, p-toluencsulfonate, salicylate, stearate,
subacetate, succmate, suwlfate, sulfosaliculate, suramate, tannate, tartrate, teoclate,

20 tosylate, triethiodide, and valerate salts. A pharmaceutically acceptable salt can
have more than one charged atom in its stracture. In this instance the
phammaceutically acceptable salt can have muitiple counterions. Thus, a
pharmaceutically acceptable salt can have one or more charged atoms and/or one

Of more counterions.
25 Pharmaceutical Composition

{8643} The present disclosure provides in another embodiment a pharmaceutical
composition comprising a compound or pharmaceutically acceptable salt thereof
as described herein in combination with a pharmaceutically acceptable carrier or

cxeipient.

14
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[8846] Compositions of the present disclosure can be admimstered orally,
topically, parenterally, by inhalation or spray or rectally in dosage unit
formulations. The term parenteral as used herein includes subcutancous
mjections, intravenous, intramuscular, intrasternal injection or infusion

technigues.

{8047 Switable oral compositions as described heremn include without mitation
tablets, troches, lozenges, agueous or oily suspensions, dispersible powders or

gramules, emulsion, hard or soft capsules, syrups or elixirs,

{0048] The compositions of the present disclosure that are suitable for oral use
may be prepared according to any method known to the art for the manufacture
of pharmaceutical compositions. For mnstance, ligmd formulations of the
compoands of the present disclosure contain one or more agents sclected from
the group consisting of sweetening agents, flavoring agents, coloring agents and
preserving agents in order to provide phammaceutically palatable preparations of

the compound or a pharmaceuiically acceptable salt thereof.

[B049] For tablet compositions, the compound or a pharmaceutically acceptable
salt thereof in admixture with non-toxic pharmaceutically acceptable excipients
ts used for the manuvfacture of tablets. Examples of such excipients include
without limitation mert difuents, such as calcium carbonate, sodium carbonate,
lactose, calcium phosphate or sodium phosphate; granulating and disintegrating
agents, for example, corn starch, or alginic acid; binding agents, for example
starch, gelatin or acacia, and hubricating agents, for example magnesium stearate,
stearic acid or talc. The tablets may be uncoated or they may be coated by
known coating technigues to delay disintegration and absorption in the
gastrointestinal tract and thereby to provide a sustained therapeutic action over a
desired time period. For example, a time delay material such as glyceryl

monostearate or glyveervl distearate may be emploved.

{8650 Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example,
calcium carbonate, calcium phosphate or kaclin, or as soft gelatin capsules
wherein the active ingrediont 1s mixed with water or an o medium, for example

peanut oil, liquid paraffin or ohive oil.

[—
(]
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[B8531] For agueous suspensions, the compound or a pharmaceutically acceptable
salt thereof 1s admixed with excipients suitable for maintaiming a stable
suspension. Examples of such excipients include without limitation are sodium
carboxymethviceliulose, methvicellulose, byvdropropvimethvicellulose, sodiom

5 algmate, polyvinylpyrrolidone, gum tragacanth and gum acacia.

[86532] Oral suspensions can also contain dispersing or wetting agents, such as
naturallv-occurring phosphatide, for example, lecithin, or condensation prodacts
of an atkylene oxide with fatty acids, for example polyoxyethylene stearate, or
condensation products of ethvienc oxide with long chain aliphatic alcobols, for
10 example, heptadecacthyvleneoxyeetanol, or condensation products of ethvlene
oxide with partial esters denived from fatty acids and a hexitol such as
polyoxvethyviene sorbitol monoolcate, or condensation products of ethylene
oxide with partial esters derived from fatty acids and hexitol anhvdrides, for
example polyethylene sorbitan monooleate. The agueoas suspensions may also
15 contain one or more prescrvatives, for example ethyl, or n-propvi p-
hydroxybenzoate, one or more coloring agents, one or more flavoring agents,

and one or more sweetening agents, such as sucrose or saccharin,

[B633] Gily suspensions may be formulated by suspending the compound or a

pharmaceutically acceptable salt thereof in a vegetable oil, for example arachis
20 ail, olive oil, sesame oil or coconut oil, or in a mineral oif such as ligud paraffin.

The oily suspensions may contain a thickening agent, for example becswax, hard

paraffin or cetyl alcohol.

[B0534] Sweetening agents such as those set forth above, and flavoning agents
may be added to provide palatable oral preparations. These compositions may

25 be preserved by the addition of an anti-oxidant such as ascorbic acid.

8655] Dispersible powders and granules soitable for preparation of an aqueous
suspension by the addition of water provide the compound or a pharmaceutically
acceptable salt thereof in admixture with a dispersing or wetting agent,
suspending agent and one or more preservatives. Suitable dispersing or wetting
30 agenis and suspending agents arc exemplified by those already mentioned above.
Additional excipicnts, for example sweetening, flavoring and coloring agents,

may also be present.

6
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[B836] Pharmaceutical compositions of the present disclosure mav also be in the
form of oil-in-water emulsions. The oily phase may be a vegetable oil, for
example olive oil or arachis oil, or a mineral oil, for example liguid paraffin or
mixtures of these. Suitable enwulsifving agents may be naturally-occurring
gums, for example gum acacia or gum tragacanth, naturally-occurnng
phosphatides, for example sov bean, lecithin, and esters or partial esters derived
from fatty acids and hexitol, anhydrides, for example sorbitan monoleate, and
condensation reaction products of the said partial esters with ethyvlene oxide, for
gxample polyoxyethylene sorbitan monoleate. The emulsions may also contain

sweetening and flavoring agents.

{8057] Svrups and elixirs may be formulated with sweetening agents, for
example glycerol, propylene glycol, sorbitol or sucrose. Such formulations may
also contamn a demulcent, a preservative, and flavoring and coloring agents. The
pharmaceutical compositions may be in the form of a sterile injectable, an
aqueous suspension or an oleaginous suspension. This suspension may be
formulated according to the known art using those suitable dispersing or wetting
agents and suspending agents which have been mentioned above. The stenile
mjectable preparation may also be sterile injectable sohution or suspension in a
non-~toxic parentally acceptable diluent or solvent, for example as a solution in
1, 3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer’s solution and isotonic sodium chionde solution. In
addition, sterile, fixed oils are conventionally employved as a solvent or
suspending medium. For this purpose any bland fixed o1l may be employed
mehuding synthetic mono-or diglveerides. [n addition, fatty acids such as oleic

acid find use in the preparation of injectables.

[8838] The compound the compound or a pharmaceutically acceptable salt
thereof may also be administered in the form of suppositories for rectal
adounistration. These compositions can be prepared by mixing the compound
with a suitable non-urritating excipient which s solid at ordinary temperatures
but hquid at the rectal temperature and will therefore melt in the rectum to
release the compound. Exemplary excipients include cocoa butter and

polyethylene glvcols.

17
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[0039] Compositions for parenteral administrations are admimstered in a sterile
medium. Depending on the vehicle used and concentration the concentration of
the compound or a pharmaceutically acceptable salt thereof in the formuldation,
the parenteral formulation can cither be a suspension or a solition containing
dissolved compound. Adjovants such as local anesthetics, preservatives and

buffering agents can also be added to parenteral composttions.
Method of Use

{8664} In additional embodiments, the present disclosure provides a method for
antagonizing GABAA receptor. The method comprises contacting the receptor
with an effective amount of the compound (28) or a pharmaceutically acceptable
salt thereof, as described herein. In one embodiment, the contacting occurs in

vitro, such as by contact of the compound to a newron.

[0661] In another embodiment, the contacting occurs in vivo, such as achieved
by admimstering the compound to a patient in need of GABAA antagomsm. The
administration can be achieved by any of the routes of administration deseribed

herein.

10062 A “paticnt” or subject” includes an arumal, such as a human, cow, horse,
sheep, lamb, pig, chicken, turkey, quail, cat, dog, mouse, rat, rabbit or guinca
pig. In accordance with some embodiments, the animal 15 2 mammal such asa
non-primate and a primate {e.g., monkey and human}. In one embodiment, a
patient is a human, such as a human infant, child, adolescent or adult. Inthe

present disclosure, the terms “patient” and “subject” arc used interchangeablv.

[0663] The term “effective amount” refers to an amount of a compound as
described herein or other active mgredient sufficient to provide a therapeutic or
prophyviactic benefit in the treatment or prevention of a disease or to delay or
minimize symptoms associated with a discase. Further, a therapeutically
cffective amount with respect to a compound as described hercin means that
amoumt of therapeutic agent alone, or in combination with other therapies, that
provides a therapetic benefit in the treatment or prevention of a disease. Used
m connection with a compound as described herein, the term can encompass an

amount that improves overall therapy, reduces or avoids symptoms or causes of

18
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disease, or enhances the therapeutic etficacy of or 18 synergistic with another
therapeutic agent. A therapeutically effective amount also is the minimum

amount necessary to antagonize the GABAA recoptor.

{00664} Generally, the mitial therapeutically effective amount of a compound

(o

described herein or a pharmaceutically acceptable salt thereof that 1s
administered 1s 1n the range of about 0.01 to about 200 mg/kg or about 0.1 to
about 20 mg/kg of patient body weight per day, with the typical initial range
being about 0.3 to about 15 mg/ke/day. Oral umit dosage forms, such as tablets
and capsules, may contain from about 0.1 mg to about 1000 mg of the compound
10 orapharmaceutically acceptable salt thereof. In ancther embodiment, such
dosage forms contain from about 50 myg to about 500 mg of the compound ora
pharmaceutically acceptable salt thereof. v vet another embodiment, such
dosage forms contain from about 25 mg to about 200 mg of the compound or a
pharmaceutically aceeptable salt thereof. In still another embodiment, such
15 dosage forms contain from about 10 mg to about 100 mg of the compound or a
phammaceutically acceptable salt thereof. In a further embodiment, such dosage
forms contain from about S mg to about 30 mg of the compound ora
pharmaceutically acceptable salt thereof. In any of the foregoing embodiments

the dosage form can be administered once a day or twice per day.

20 [8065] The following non-limiting examples describe additional embodiments

of the present disclosure.

EXAMPLES

[60366] Materials and Methods. Pentane, hexanes, dichloromethane {(DCM]},
tohuene, ethyl acetate (EtOAL), diethyl ether, benzene, dimethylsulfoxide

25 (DMSQO), methanol (MeOH), MV-dimethyiformamide (DMF), dichloroethane
(DCE), o, o, o —trifluorotoluene and trniethyviamine were purchased from Sigma
Aldrich, EMD Chemicals, Fisher Chemicals or Acros Organics and used without
further punification. All anhydrous solvents were purchased from Fisher
Chemicals, Sigma Aldnch or Acros Organics and used without further

30 purification, unless otherwise stated. Reactions were monitored by thin laver
chromatography {TLL) with precoated silica gel plates from EMD Chemicals

(TLC Silica gel 60 F254, 250 pm thickness) using UV light as the visualizing

19
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agent and an acidic mixture of amisaldehyde, phosphomolybdic acid (PMA),
chromic acid, 1odine vapor, Seebach’s stain, or basic aqueous potassium
permanganate {KMn0,), and heat as developing agents. Preparatory thin laver

chromatography (PTLC) was performed using the aforementioned silica gel

(o

plates. Flash column chromatography was performed over silica gel 60 (particle

gize 0.035- 0.07 mm) from Acros Orgamics.

18067] NMR spectra were recorded on Bruker BRX-600 {equipped with a Smim
DCH Crvoprobe}, AV-600, DRX-500 or DPX-400 and calibrated using residual
non-deuterated solvent as an internal reference (CHCL @) 7.26 ppm 'H NMR,
10 77.16 ppm PCNMR: (CD:RCO @ 2.05 ppm 'H NMR, 206.26 ppm PC NMR).
The following abbreviations {or combinations thereof) were used to explain the
multiplicities: 5 = singlet, d = doublet, t = triplet, g = quartet, p = pentet, sex =
sextet, sep = septet m = multipict, br = broad. LC/MS analysis was performed on

an Agilent 1200 series HPLC/MS equipped with an Agilent SB-C18 2.1 mm x

[
(v

50 mm column, with mass spectra recorded on a 6120 Quadrupole mass
spectrometer (API-ES), using ACN and H,0 as the mobile phase (0.1% formic
acid). LC/MS runs used the following method unless otherwise specified: flow
rate of 0.5 mL / mm is used, initial equilibration of 3% ACN / Ha0O with a linear
gradient to 95% ACN / HzO over 5§ minutes, then a hold at 95% ACN / HaO for
20 an additional 3 minutes. GC/MS analvsis was performed on Agilent 7820A/5975
GC/MSD svstem with helinm as a carrier gas. Unless otherwise specified,
GC/MS runs were performed with the following method: GC/MSD; HP-SMS
(30m x 0.25mm 1D, part # 190918-433); 139 KPa; flow rate 2 mL/min; inlet
temperature 250 °C; column temperature 50 °C for § min, then 20 °C/min to 280
25 °C, then held for 2 min. GC/FID analysis was conducted on an Agilent 7820A
GC/FID system with nitrogen as a carrier gas and with air and hydrogen as
combustion gasses. Unless otherwise specified, GC/FID runs were prepared with
the following method: GC/FID; HP-53MS UL (20m x 0.180mum 1D, part #
190915-577U1); inlet teroperature 230 °C; column temperature 50 °C for 0 min,
30 then 20 °Clmin to 280 °C, then held for 2 min. Chiral HPLC analysis was
performed on Agilent 1100 series equipped with a DAD detector. Chiraleel O7-
3, 3 ym particle size, 250 mum x 6 nun column; flow rate | mL/min with solvent

mixture of 98% hexancs and 2% isopropanol; detection wavelength 210 nm.
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Optical rotations of arviated menthol denvatives were measured digitally on an
Autopol I polanmeter from Rudolph Rescarch Analytic, using a flow cell with
a 0.5 decimeter pathlength and the sodium lamp B-line wavelength (3=5893
nm). High resolution mass spectrometric data were obtained on a Waters Xevo
G2-XS TOF mstrument

(http /’www waters.com/webassets/cms/library/docs/720005089%en pdf).
Calculated HRMS data were obtained by input of the (M+H) chemical formulac
mto the Hxact Mass Caleulator, Single Isotope Version at

(hitps:/www sisweb.com/referenc/iools/exactmass htm Yformala).

[0668] Unless otherwise noted, all experiments were run in flame-dried

glassware under an atmosphere of argon gas.

[0069] Example 1: Dimethyl-carvone (3} formation

o)
1. LDA, THF, -78 °C;
Me Mel, 0 °C (90%) Me
v, ~Me 2 DA THF,-78 °C;
"/ Mel, 0 °C (97%)
(R)-carvone
(si-1)

[867%] A 10.33 M solution of LDA in THF was formed by addition of nBuli in
hexanegs [2.67 M| (1.2 equiv, 240.0 mumol, 90 mL) to a solution of
disopropylanune (distilled off CaHy) (1.5 equiv, 300.0 mmol, 42.0 ml) in THF
(600 mL, [0.5 M} wrt HN'Pr2) at -78 °C. After addition, the solution was stirred

at 0 °C for 30 minutes betore cooling back to -78 °C.

{8671} To a flame-~dned 300 mL round bottom flask containing a [0.33 Mj
sohution of LDA in THF (1.2 equiv, 240.0 mmol, see above for preparation
details} cooled to -738 °C in a dry ice/acctone bath under an argon atmosphere
was added via cannula a [ 1M (ignoring carvone volume}] solution of (R)-
carvone {51-1) (1 equiv, 200.0 mmol, 30 g, 313 mbL} in THF (200 mL). The
addition took ~ 10 minutes and the solution turmed from clear and pale vellow to
vellow over the course of the addition. The reaction was allowed to stir for 105
minutes, at which pomt methyl odide (2.0 equiv, 200.0 mmol, 12.4 mL) was

added neat in a stow but steady stream to the carvone enclate solotion. The
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reaction was then stivred at ¢ °C 1n an ice water bath and monitored by TLC (5%
EtOAc/hex). Full consumption of carvone was observed after 60 mimites.
{8672} Afier completion, the reaction was quenched by pouring the reaction onto

a 1.1 mixture of saturated NHaCl {ag .} H20 (500 mL). The aqueous laver was

(v

extracted with EtOAc (3x ~250 mL}. The organic layer was washed Ix cach
with Naz5:0s (saturated, aq.. ~250 mL} and bune {saturated, aq. ~250 mL), and
then dned over MgSQq, filtered, and concentrated. A white precipitate crashed
out of the solution during concentration on the rotovap (presumably a
ditsopropyvlamine Hi salt). The schid was filtered off over a plug of celite, rinsing
10 with hexanes. The vellow solution became increasingly yvellow/orange upon
concentration. Theretore, the solution was dituted i 300 mL of hexanes, washed
Ix with Nan$2(s (saturated, ag., ~100 mL} which removed most of the vellow
color, dried over MgSQs, filtcred and concentrated. The crude residue was
purified by fractional distillation on high vacuum. The desired mixture of o-
15 methvl-carvone isomers was distilled over as a coloriess to slightly pale-vellow
otl at ~123-130 °C (external temperature}, ~90-91 °C (intemal temperatare at
distillation head) at a pressure of < 5 torr. a-methyi-carvone (1:1 cis:frans) was

obtamed 90% vield (29.4 g, 180.0 mmol).

{8673} A second [0.34 M] solution of LDA in THF was formed by addition of
20 »Buliin hexanes (1.25 equiv, 225.0 mmol, 84 mL of {2 .67 M) to a solotion of
diisopropylamine (distilled off CaH») (1.5 equiv, 270.0 mmol, 37.7 ml) in THF
(540 mL, [0.5 M} with respect to HN'Pr2) at -78 °C. After addition, the solution
was stirred at 0 °C for 30 minutes before cooling back 1o -78 °C.
[6674] To a flame-dried 500 mL round bottom flask containing the [0.34 M]
25 solution of LDA in THF (1.2 equiv, 108.0 mmol, sce above for preparation
details} cooled to <78 °C in a drv ice/acetone bath under an argon atmosphere
was added via cannula a [ M (ignoring u-methyl-carvone volume)} solution of
a~methvl-carvone (1 cquiv, 180.0 mmol, 29.4 g) in THF (180 mL). The
substrate solution was rinsed with a few mL of anhydrous THF after transfer.
30 The solution was allowed to stir for 90 minutes, at which point methy! 1odide
(2.0 equiv, 180.0 mmol, 11.2 mL) was added neat m slow but steady stream to
the a-methyl-carvone enclate solution. The reaction was then stirred at 0 °C in

an ice water bath and monitored by TLL (10% EtOAc/hex). After 1 hour, some
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starting material still remamed by TLC (10% EtDAc/hex). After two hours, there

appeared to be no further conversion, so the solution was quenched.

[8673] The reaction was poured onto a 1:1 muixture of saturated NHa(l (aq.):

H20 (500 mL). The aqueous layer was extracted with EtOAc (1x ~250 mL) and

(v

hexanes {2x ~250 mL}. The organic layer was washed 1x each with Naz5203
{saturated, aq., ~250mL) and brine (saturated, aq., ~250 mL) and then dried over
MgS50y, filtered, and concentrated. The residue tumed mcreasingly vellow
(NOTE 1} and cloudy during concentration, so the residue was dissolved in ~
150 mL of hexanes and washed a second times with Na:S:0s {saturated, aq., ~
10 100 mL). After separation, the organic layer was dried over MgSQO4, filtered, and
concentrated i vacuo. The reaction was punfied by a fractional distillation on
high vacuum. Dhimethyl-carvone was distilled over as a colorless to shightly pale-
vellow oil at ~120-130 °C (external temperature), ~80 °C (internal temperature at
distillation head} at a pressure of < 5 torr. a-methyl-carvone was obtained in
15 97%wield (31.1 g, 174.0 mimol). NMR analysis indicated a 1.00:0.03:0.03
mixture of dimethyl-carvone to w-methyl-carvone isomers. This compound was
used withowut further purification in the subscquent step and stored over sohid

copper in a tinted glass bottle {old CDCl; bottle) away from light at -20 °C.

#8876} Characterization of dimethvi-carvone (3} Re0.44 in 3% EitOAc/hex. 0.56

20 m 10% EtOAc/hex. Stains purple in anisaldehvde. Opt. Rot. gobs = -10.7°,
c=1.00 in CH2Cl, T=229 °C. "H NMR (600 MHz, Chloroform~#) & 6.61 (ddt, ./
=62,28 14Hz IH),486(p, J=16Hz 1H}, 477 -465(m, 1H), 253 (dd, J
=77, 54Hz, 1H), 249242 (m, 1H), 244 - 235 (m, 1H}, 1.77 (g, /= 1.8 Hz,
3H), 1.72 — 1.66 (m, 3H), 1.14 (s, 3H). 1.03 (s, 3H). PC NMR (151 MHz,

25 Chloroform-~d) 32047, 1461, 1424, 1337, 1139, 522, 448,292, 246,23 5,
20.5, 16.6. HRMS Calculated C,H,,0 [M+H]: 179.1436, Found: 179.1432,

18077} Example 2: Aldol addition of methyl-2-oxobutancate to 3 to form 4

o NaHMDS
Me MGGy, THF
T _Me 78 °C 16 0 °C;

Me MeQ,C Et

T T

3 78 °C (87%)
=20:1 dr., *3.3:1 dur.

]
2
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[B678] To a flame-dried round bottom flask charged with anhydrous MgCh (1.9
g, 20.0 mmol, 2 equiv, NOTE 1) was added a solution of freshly distilled
dimethyvi-carvone 3 (1.78 g, 10.0 mmol, | equiv) in anhydrous THF (100 mb} at
23 °C for 20 minutes. NaHMDS (1 Mn THF, {53 mL, 15.0 mmol, 1.3 equiv)

5 was added to the above mixture at -78 °C. The reaction was vigorously stirred
for an additional 30 minutes at -78 °C. The solution was placed in 2 0 °C
ice/water bath and stirred for 60 minutes at 0 °C. Once the enolate was fully
formed (NOTE 2}, the solution was cooled back to ~78 °C and methyl-2-
oxobutanoate (3.35 mL, 30.0 mmeol, 3.0 equav} was added neat to the enolate

16 solution in a steady stream within a period of 5 minutes. After 75 nunutes, the
mixture was quenched by addition of saturated NHaCVH:O (1:1, viv, 20 mL) at -
78 °C (NOTE 3. The reaction was then warmed to room temperature and
extracted with EtOAc (3 x 150 mL}. The organic layer was washed with brine,
dried over NaxSQ4, filtered. and concentrated in vacuo. The crude residuc was

15 purfied by flash column chromatography over silica gel (8% EtOQAc/hex to 10%
EtOAc/hex). The desired aldol addition products 4 were collected together (1.91
g, 6.7 mmol, 67%, dr ~ 3.3:1 at C-9, NOTE 4} as a pale-yellow il

[8679] NOTE 1. Mg(Ch powder {(weighed out assuming it 15 anhvdrous) is
further dried by heating with a heat gun under high vacoum until no more

20 ‘bubbling’ of the powder occurs. The vessel 1s then placed vonder an argon
atmosphere and other reagents are added to this reaction vessel.
10080] NOTE 2: After 60 minutes, it 1s useful to TLL the enolate solution to
confirm that the cnolate has fully formed. Protonation at C-1 occurs upon TLC

analvsis to give the deconjugated isomer of dimethvl-carvone, which is less

N
(4

polar than dimethyl-carvone and not UV-active. Disappearance of the dimethyl-
carvone spot is observed when the enolate has fully formed.

[80681] NOTE 3: The reaction must be guenched at -78 °C because the retro-
aldol reaction of the product occurs at warmer temperatures {ca >~ -20 °C).
[8682] NOTE 4: The vield of this reaction between different runs ranged from
30 60-70% and the diastereoselectivity between 2-3 3:1 at the C-9 aleohol. The
opposite diastereomer at {-1 was never observed. The C-9 diastercomers can be

collected separately after chromatographic separation. A 2.2:1 diastercomeric
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mixture at C-9 were separated and used for charactenization of the two C-9

diastercomers.

#8683} Characterization data of aldol addition adduct (4, major diastercomer):
R 0.23 1 15% EtQAc/hex. Weakly UV active. Stain purple i
anisaldehyde. Opt. Rot. ctobs = +58.9°, ¢=1.00 in CH2Ch, T=256 °C. '"HNMR

(600 MHz, Chloroform-4} 8591 (dd, /= 103,24 Hz 1H}, 580{dd. /=
103,31 He, 1H), 5.05(dg, /=20, 13 Hz, 1H), 477 (dt, J=17 08 Hz, 1H),
387 (s, 3H)L 376 (s, I, 315 (. J=28Hz, 1H), 1.98{dg, /=137, 73 Hz,
1H), 1.81(dd, /=15, 08 Hz, 3H), 1.67 (dg, /= 13.6, 74 Hz, 1H), 1.34 (5, 3H},
111 (s, 3H), 1.02 (5. 3H), 0.76 (1, /= 7.3 Hz, 3H). “C NMR {151 MHz,
Chioroform-) 5218.4, 1761, 1447, 1329, 1306, 1159, 83.3,55.0, 53.0, 302,
48.4,26.6,24.7,23.1,23.0,22.0, 7.6. HRMS Calculated C-H,.0, [M+H]}:
2951909 E Found: 295.1906.

6884} Characterization data of aldol addition adduct (4, minor diastercomer):
RrG.3 mm 15% EtOAc/hex. Weakly UV active. Stain purple in amusaldehyde. Opt.
Rot. auobs = -45.9°, ¢=1.00 in CHRCl, T=24.2 °C. 'H NMR (600 MHz,
Chloroform-dy 8 3.86 (dd, J=10.3, 23 Hz, 1H). 552 (dd, J= 104,32 Hz, IH).
ST -498(m, 1H), 475(dgq, /=17, 08 Hz, 1H), 409(d, J=16Hz, 1H},
376{s, 3H), 3.18{t,./= 2.8 Hz, 1H), 2.11 (dq, J= 146, 7.3 Hz, 1H}, 1 90 (dg, J
=147, 74 Hz, 1TH), 1.84 - 1.78 {(m, 3H), 1.32 (s, 3H), 1.13 (s, 3H)}, 0.99 (s, 3H},
0.79 (t, /=73 Hz, 3H). "*CNMR (151 MHz, Chloroform-d} § 2185, 175.2,
1447 1331, 1304, 116.6,84.3, 527, 524,502, 485,260,245, 232,226,
22.4,8.1. HRMS(M+H} Calculated C,,H,,0, [M+H]: 295.1909 I Found:
2951905,

{0085] Example 3: Dehydration of 4 to form 5

MeO :  Me SOCly, pyr.

.. _Me DMAP, MeCN,
*,

"/ 50 °C (67%)

[3886] Two separate solutions were made: First, a solution of diastereomeric

{3.3:1 d.v) substrate 4 (1.47 g, 5.0 mmol, 1.0 cquiv), DMAP (3.05 g, 25.0 mumol,

5.0 equiv), and non-anhvdrous MeCN (30 mL, [0.1 M] with respect to substrate)

]
(]
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was made 1 a 250 mL round bottom flask. Second, a solution of SOChz (725 ul.,
10.0 munol, 2 equiv) in anhydrouos pyrdine {10 mL, {1 M} with respect to SOCh)
under an argon atmosphere was made. The substrate/DMAP/MeCN solution was
slowly added SOCh/pyr solution with vigorous stitring at 30 °C {oil bath}. The
reaction was monitored by TLC. After 45 minutes, the resulting orange solution
was cooled tc room temperature, then poured onto a 111 mixture of HaO: EtOAc
{50 mL cach). The aqueous layer was extracted with EtOAc (3 x 50 mL). The
combined organic laver was washed with 1 M HCI (20 mL), saturated NaHCG:
(20 mL), and brine. The combined organic layer was dnied over NaxSQOy, filtered
and congentrated /m vacuo. The crude residue was punfied by flash column
chromatography over silica gel {5% EtOAc/hex to 109 EtQAc/hex) to obtain

climination prodact 8 (926 mg, 3.35 nunol, 67%} as a clear yellow oil.

[B087] NOTE: Toluene may be substituted for MeCUN, but the reaction takes ~12

hours for a similar result.

10088] Characterization data of dehydration product (8): 80.52 10 10%
EtOAc/hex. UV active. Stains purple in anisaldehvde. Opt. Rot. aobs = -289.5%,
c=1.00 in CH2Cl, T=22.3 °C. 'H NMR {600 MHz, Chloroform~} 3 5.84 (g, /=
71 Hz 1H), 569(dd, /=101, 3.8 Hz, 1H}, 5.66 (dd, .J= 103, 0.7 Hz, 1H),
488 -484(m, 1H), 476472 (m, 1H),372 (s, 3H), 3.08¢(dd, /=37 0.7 Hz,
1H), 1.72¢d,J=71Hz 3H), 1.57 - 1535 (m, 3H), 1.37 (5, 3H), 1.22 (s, 3H},
1.00 (s, 3H). "C NMR (151 MHz, Chloroform-d} § 214.5, 168.7, 144.5, 137 3,
131,53, 1294, 1290, 1154, 577, 516, 50.5,475,276,264,22 8,212, 155,
HRMS Caleulated C,.H,0, [M+H] 277.1804 i Found: 277.1810.

[80689] Example 4: Intrameolecular aldol addition of 5 to form 2

LDA, THF MeO,C
—
0 °C to 23 °C
(90%)

180940] A [0.5M] sohution of LBA in THF was made by addition of nBuli
{I2.67M in hex], 12.0 mmol, 4.5 mL} to a solation of HN'Pr: (freshly distilied off

PCT/US2020/070376
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Calh, 15.0 mmol, 2.10 mbL) in anhydrous THF (17 4 mL} while cooled to -78 °C
vnder an argon atmosphere. After addition of »Buli, the solution was stirred at 0

°C tor 20 nunutes, then cooled back to -78 °C.

18691} A solution of substrate (>99% purity, 2.49 mmol, 687 mg) in anhvdrous

(v

THF under an argon atmosphere in a flame-dried 100 mL round bottom flask
was cooled to 0°C. The LDA solution ([0.5M], 1.1 equiv,, 5.5 mL} was added i
a slow but steady stream via synnge to this solution at 0 °C, which caused the
solution to turn from clear and pale yellow to clear and orange/red. The solution
stirred at 0 °C for 30 mimutes, then warmed to 23 °C and monitored by TLC

10 (20% EtOAc/hex, Anis). Starting material still remained after 3 hours, so 100
pk. more [0.5 M} LDA was added dropwise at 23 °C to this solution. TLC
analysis mdicated full consamption of starting material 1 hour after this (4 hours

after the initial LDA addition).

[6692] The reaction was quenched by addition of NHa(1 {aq., saturated, ~20

15 mL} and dibdion with EtOAc (~ 20 mL). The reaction was extracted with EtOAc
{3x ~ 20 mL). The organic laver was dried over MgSQy, filtered, and
concentrated in vacuo. The crude mass (860 mg) was purified on silica gel (~250
mb} with 2L of 10% EtOAc/hex. The desired compound was 1solated as a

vellow-white solid. {620 mg, 90% vicld; sce NOTE 1).

20 [8093] NOTE 1: The vicld drops significantly if the substrate 1s impure. The
excess LIPA solution is maintained at -78 °C for the duration of the
mtramolecular aldol reaction. Use of a larger excess of LDA can lead to
transposition of the o, B-unsaturated ester alkene and incorporation of molecular
oxygen, so reaction monitoring by TLC and subsequent addition of small

25 portions of LDA to drive the reaction to completion is preferable to use of more

than 1.1 equivalents of LDA at the start of the reaction.

[80694] Characterization data of intramolecular aldo! product (23 R-0.52 1n 10%
EtOAc/hex. UV active and stains purple in anisaldehvde. Opt. Rot. dlgps = -
27.6°, ¢=1.00 in CH-Ch, T=21.0°C. 'H NMR (600 MHz. Chioroform-d) § 6.67

300 (brdd,/=32,201H),598¢brd, J=103Hz, 1H), 532 (rd, /=103 Hz,
1H), 5.02 - 4.99 (brm, 1H), 473 (brs, 1H), 372 (5, 3H), 2.93 {brs, 1H), 2.92
(brd, /=185 Hz, 1H), 231 {(dd, /= 18.9,3.2 Hz, 1H), 1.79 (5, 3H}, 1.71 {brs,
1H), 1.42 (s, 3H), 1.06 (s, 3H), 1.00 (s, 3H). "C NMR (151 MHz,
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N
(4

Chioroform-) & 165.1, 1458, 141.0, 140.6, 133.6, 126.7, 116.0, 85.4, 53.3,
52.1,51.4,42.6,40.3,24.0, 23.3, 18.8, 18.5. HRMS Calculated C,-H,,0,
[MAH]: 277.1804 | Found: 277 1810,

10095] Example 5: Bromoetherification of 2 to form 6

MeO,C
NBS Me Me
THF, 0 °C
(98%) 11:1 d.r. ''Me
2 5 Br

[8896] A flame-dried 50 mL round botiom flask was charged with solid triene
substrate 2 (1.0 equiv, 610 mg, 2 21 mmol} and a stir bar and placed ander an
argon atmosphere at 0 °C in an ice-water bath. A separate flame-dried 50 mL
round bottom flask was charged with NBS (recrystallized, 2.0 equiv, 4.42 mmol,
787 mg) and anhydrous THF ([0.2 M], wrt NBS) at 0 °C in an ice-water bath and
kept out of light {wrapped in foil and hood hight turned off). Withowt stirring
{Sce NOTE 1), the NBS/THF solution was then transferred by cannula {sec
NOTE 2) with differential pressure under an Argon atmosphere at 0 °C. The
solution after transfer was clear and pale yellow. The reaction was stirred at 0 °C
i the dark (fume hood lights off and the reaction flask was wrapped in foil) and
monitored by TLC (15% EtOAc/hex, Anis.}). No starting material remained atier
2 hours.

{0097] The reaction was worked-up by addition to a mixture of NHaCl
{saturated, aq., ~50 mL} and EtOAc {(~50 mL). The agueous laver was extracted
with EtOAc (3x ~ 100 mL) and then washed with NaHCOs (saturated, Ix ~ 50
mbL}. The oreanic layer was dried over MgSQy, filtered, and concentrated in
vacno. The crude mass (~1.2 g was dry-loaded with celite onto a silica column
{~100 mL of silica) and purified by tlash column chromatography with 15%
EtQAc/hex. The desired compound was isolated as a vellow-tinged white solid.
{776 mg, 98% vield, 11:1 diastercoselectivity in favor of the endo diastercomer
shown above.). [solated yvields for this reaction ranged between 92 — 98% for

different runs.

[6698] NOTE 1. Dissolution of the substrate in THF prior to addition of the

NBS/THF solution dimunishes the diastercoselectivity of the reaction. Although
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the diastercoselectivity of this step is techmically mconsequential because the
stereocenter 1s erased by the final zine reduction step, low diastercoselectivity at
this step complicates analysis and characterization of the products of subsequent

steps.

{8699} NOTE 2. The cannula was cooled during transfer by contact with solid

dry ice.

60100} Characterization data of bromocthenfication product (major
diastercomer) {6): Rr0.37 in 10% EtOQAc/hx. UV active and staing purple in
anisaldehyde. Ogpt. Rot. dobs = ~14.7°, ¢=1.00 in CH2Cly, T=215°C {on 11:1
diastereomeric mixture). 'HNMR (600 MHz, Chloroform-d) 8§ 6.53 (dd, J =
35,22 Hz 1H),625(d, /=96Hz 1H), 597(dd, /=96,69Hz 1H), 3.72 (s,
3H)L366(dd, J=92, 1.1 He, 1H),340(d,.J=92 Hz, 1H), 259 (ddd. 7= 18.1,
22,07Hz 1H), 246 (ddd, /=182,356 08 Hz 1H), 221 {d, /=65 Hz, 1H),
1.65{d, J= 1.0 Hz, 3H), 1.29 (s, 3H), 1.23 (s, 3H), 0.98 (5, 3H). PC NMR (151
MHz, Chloroform-) & 1643, 1427 1391 1327, 128.0,959,852, 529 528,
514,462,42.9,32.1,272,270,262, 206, HRMS Caleulated C-H,,Br0;
IM+H] 355.0909 ; Found: 355 0907,

{66101} Example 6: Epoxidation of 6 to form 7
MeO,C
m-CPBA Me

_—

KHCO3, CH,Cly,
H,0, 0°C to 23 °C
(84%) > 20:1 d.r.

[06192] To a suspension of substrate 6 (2.5 g, 7.0 mmol, 1 equiv} in
CHCL/HRO (511, viv, 120 mL) was added KHCOs (5.6 g, 56.0 mmol, 8 equiv)
and stirred vigorcusly for 15 min. The biphasic reaction mixture was then cooled
to 0°C and mCPBA (50% purity, 9.66 g, 28.0 mmol, 4 equiv) was slowly added
portion-wise. The solution was stirred vigorously for 2 hours at room
temperature, during which time a white precipitate formed. TLC indicated
starting material consumption. The reaction was guenched by slowly adding a
saturated Naz8:0s solution {aq., 20 mL) at 0°C, then diluted by HoO (100 mL)
and CH:zCl: (200 mL). The aqueous layver was extracted with CHaClz (3 x 100
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mlL}. The combined organics were dried over NaxSO4, filtered, and concentrated
in vacuo. The crude product was purified by column chromatography over sihica
gel (5% EtOAc/Hexane} to afford epoxide 7 (2.18 g, 588 mmuol, 84%) as a

single diastereomer.

(v

[06103] Characterization data of epoxidation product {73 028 1n 10%
EtOAc/hex. Stains purple in anisaldehvde. Opt. Rot. aobs = -36.0°, ¢=1.00 in
CHuCh, T=22.0°C. H NMR{600 MHz, Chioroform-~) 8 6.20 (dd, J=9.6, 0.7
Hz, 1H), 6.02(dd, /=96,69Hz 1H)}, 3.75(dd, /=41, L. 0 Hz, [H), 3.71 {5,
3H), 3.60¢dd, J=92, 1.1 Hz, 1H), 331 {(d. /=92 Hz 1H}, 2.23(d, /=69 Hz,
10 1H), 2.12(ddd. J= 146,42, 09 Hz, 1H), 1.84 (dt, /= 14.6, 1L.OHz, 1H), I 61
{(d.J=1.1Hz, 3H), 1.29 (s, 4H}, 1.16 (s, 3H), 1.14 (5, 3H). "C NMR (151 MHz,
Chioroform~d} 5 168.1, 1331, 127.6, 994, 85,9, 66.0, 61.5, 32.5, 52.0 (cbserved
by HSQC), 482 46.6,42.6, 293, 281,262,242 171 HRMS Calculated
C,;H,BrQ, [M-+H} 371.0858 E Found: 371.0836,

15 |66104] Example 7: Bihydroxylation of 7 to form 8

Q e, x]

050, (1 equiv)
Me ciiric acid, NMO
—
+BuCH, H,O
‘trpde 23°C, 7 days
(81%) 20:1 dur.

[6105] A 1 L round bottom flask was charged with a magnetic stir bar,
the alkene substrate 7 (3.31 g, 892 mmol, 1 equiv}, citricacid {343 g, 17.84
mmad, 2 equivy, NMO (3.13 g, 26.76 mmol, 3 equivy, and ~BuQOH {57 mL).

20 During this time, the fume hood lights were turned off and the reaction was
wrapped with aluminum foil to minimize exposure to ambient light. Gs04 (57
mb., 4 wt% m HzQ, 9237 mmol, 1.05 equiv, NOTE 1} was then added at room
temperature 1n the dark. The reaction was capped with a vellow cap {(a 24/40
polvethylene flask stopper), sealed with duct tape, and stirred vigorously (>1060

25 rpm} for 7 days at room temperature. During the course of the reaction, the
vellow cap was stained black by osmiam tetroxide. The reaction was quenched
by adding a saturated solution of Naz8:0: (20 mL) afier cooling the reaction to 0
*C. After stirring for 15 nun, the dark vellow solution changed to black

suspension, hood lamps were tamed on, the reaction mixture was diluted with
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EtOAc (200 mL), then extracted with EtOQAc (3 x 300 mL). The combined
organic layer was dried over Na:5Q04, filtered, and concentrated in vacuo. The
crude mixture was purified by column chromatography over silica gel (30%
EtQAc/Hexane to 50% EtQAc/Hexane) to afford desired dihvdroxyiation
product 8 (2.7 g, 7.23 mmol, 81%, 89% brsm} as single diastercoisomer. Starting

material 7 (298 mg. 0.8 mmol, 9%} was recovered.

6106} NOTE I: 0304 4 wt% i H2O 15 a commercially available
greenish solution. It may also be made from Os04 solid i deiomzed HzO. O304
1s a highly toxic volatiie solid so use of an efficient fume hood is strongly

recommended for this procedure.

[06167] Characterization data of dihydroxylation product (8): Br0.41 in
50% EtOAc/Hex. Anis. Stains dark blue/purple. Opt. Rot. awebs = 2.4°, ¢c=1.00 1n
CHLCh, T=20.7 °C. "H NMR (600 MHz. Chloroform-~d) 8 4.78 (d. /= 8 8 Hz,
{H), 4.70(ddd, /=8935, 1. 5Hz, IH), 3.89(dd, J=3.9, 1.6 Hz, 1H), 3.35(d,
J=104Hz, 1H), 3.28 (4, /=104 Hz, 1H),2.23(dd, J=146,39Hz),2.24 -
221 {(m, 2H), 196 (ddd, /=146, 1.6, 0.9 Hz, I1H}, 1.65{s, 3H), 1.31 {5, 3H),
1.253 (s, 3H), 1.23 (s, 3H). C NMR (151 MHz, Chloroform-d) & 170.7, 160.6,
824,794,684,677,631,569,443, 441, 409,31.8,298,275,227,18.7.
HRMS(M+H) Calculated C, H,,BrO, [M+H]: 373.0651 I Found: 373.0646.

{60108 Example 8; Oxidation of 8 to 18

O_M,. H

o
Me Me Pb(OAC)4, I, air
—_—
PhH, 23 °C, hv
"'Me (31%)
Br
8
1860109} To a solution of Pb(OAcH (592 mg, 1.34 mmol, 5 equiv, NOTE

1} in benzene (10 mL) was added Iz (340 mg, 1.34 mmol, 5 equiv} in the dark
{covered with aluminum foil and hood light tumed-off) at room temperatore and
stirred for 30 min. To a suspension of 8 (100 mg, 0.27 mmol, 1 equiv) and
CaC0s (270 mg, 2.7 mmol, 10 equiv) in benzene (5 mb) was added the
P{OACc)/ b/benzene sclution at room temperature. The hood lamps were turned

on and the reaction was vigorously stirred at room temperature under ambient

(9]
pommi
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light for 2.5 h. Consumption of 8 was monitored by TLC. The reaction was
guenched by saturated Na28203 (5 mL) at 0 °C then filiered through a short pad
of Celite, washed with EtOAc (3 « 10 mL). The combined organic layer was
dried over NaxSOq, filtered, and concentrated in vacue. The crude product was
purified by column chromatography over silica gel (50% EtQAc/Hexane) to
afford 5-methyl-bromopicrotoxinin 18 (32 mg, 0.084 mumol, 31%) as a white

solid.

66110} NOTE I Commercially available Pb{0OAC)s 15 stabilized with
AcOH, pure PY{OAc)s could be freshly weerystallized from AcOH, then washed

three times with hexane prior to use.

{06111} Characterization data of oxidation product (18): #0571 in 50%
EtOAc/hex. Stains weakly grev/green in anisaldehyde. Opt. Rot. ks = -17.0°,
c=0.50 in CHLCl, T=20.0 °C. 'H NMR (600 MHz, Chloroform-d} 3.22 (1, J =
53Hz 1H), 476(d,J=52Hz 1H),396(dd. /=36, 15Hz, 1H),3.52(dd,.J
= 10.6, 1.2 Hz, 1H), 341 (d, /= 10.7Hz, 1H), 3.16(dd, /=35, 0.9 Hz, 1H),
246(dd, J=144,36Hz, 1H), 1.94(dt, /=144, 13 Hz, 1H), 161 (1, J=10
Hz. 3H}, 1.56 (s, 3H), 1.36 (5. 3H). "C NMR (151 MHz. Chloroform-~d} § 1736,
168.3,973,84.2,783,758,67.7,633,605,539,478,36.8,33.9,265, 197,
17.4. HRMS Calculated C  H,Br3, [M+H]: 385.0287 E Found: 385.0279.

{00112} Example 9: Reductive debromination of 18 {6 form S-methyl-
picrotoxinin (20}

O_M,, 0]

o}
Me Me Zn®, NH,CI
—_—
EtOH, 95 °C
"“Me (95%)
Br
18 20
{66113} Zine powder (55 mg, 0.84 mmol, 10 equiv), NHy{(l (90 mg, 1.68

mmol, 20 equiv} were added into a solution of 5-methyvi-bromopicrotoxinin 18
{32 mg, 0.084 mmol, | equiv) in EtOH/H0 (viv, 10:1, 6.6 mL). Then the
reaction was warmed up to 95 °C and stirred at this temperature for 2 h. The
reaction mixture was didated by EtOAc (5 mb} then filtered through a short pad

of Celite and washed with EtOAc (3 x 3 mL). The reaction mixture was

(%]
N2
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concentrated and purnified by column chromatography over silica gel (10%
EtOAC/CHCh) to give S-methyl-picrotoxinin 28 (24 4 mg, 0.08 mmol, 95%) as

a white solid.

{66114} Characterization data of S-methyl-picrotoxanin (20): Rf0.31 in
40% EtOAc/hex. Stains brown in anisaldehvde. Opt. Rot. go: =-1.2% ¢=0.101n
CH2C12, T=20.0 °C. TH NMR(600 MHz, Chloroform-4) § 5.11 (p,.J = 1.6 Hz,
1H), 5.05(d, /=21 Hz, 1H),502(dd. /=52, 34Hz 1H), 483, J=34Hz
1H), 3.70¢dd, J=36,0THz, 1H),3.14(d, J=51Hz 1H), 297 (dd, .J= 133,
3.6Hz 1H), 1.96(dt, J= 16,09 Hz 3H), 1.88 (s, IH), 1.75(d, /= 153 Hz,
1H), 1.53 (s, 3H), 1.26 {s. 3H). “C NMR (151 MHz, Chioroform-d) & 177.2,
168.9, 1394, 1156, 887, 80.2,76.1,72.6,62.0,539,51.0,474,425, 243,
171, 17.0. HRMS Calculated C, H, O, [M+H]: 307.1182 i Found: 307 1178,

33115 Example 10: Etherification of 8to form 9

O_m. H

AgOAc, Iy, hv

Y

CH,Cly, 0°C

8 9 (51%) 15 (18%)

88116} Two reactions were carried out in paraliel. To a suspension of alcohol 8
(2 x {50 mg, 0.13 mmol, | equivy) and AgQOAc (2 x (109 mg, 0.65 mumol, 5
equiv)) in CHoCl: (2 x 5 ml) was added b (2 x (165 mg, 0.65 mmol, 5 equiv) as
solid at 0°C. The reaction was vigorously stirred under ambient light for 1 hour,
then quenched with saturated Nax520s3 (ag., 0.5 mL each) at 0 °C. The two
reactions were combined, fitered through a short pad of celite and washed with
CHoCla (3 x 10 mL). The crude product was concentrated i vacuo and then
purified by column chromatography over silica gel (5% EtOAe/CHaClato 10%
EtQAC/CHaCl) to give ether 9 (49 mg, 0.13 mmol. 51%) as colorless foam and

the major byproduct, ketone 15 (17 mg, 0.047 mumol, 18%), as pale vellow solid.

[66117] Characterization data of ether 90 By 0.51 in 10% EtQGAc/CHCh.
Stains dark blue in anisaldechyde. Opt. Rot. duobs = 6439, £=2.00 in CHLCly, T=20.0

°c. H NMR (600 MHz, CDCl:) 8475 (dd. /= 5.8 Hz, J= 4.9 Hz, 1H), 463 (d,
J=358 ¥z 1H),4.02 (d,J=11.1 Hz, 1H), 3.93 (dd, /=38, 1.5 Hz, 1F), 3.71

(53
2
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(d.J=11.1Hz, 1FH). 3.42 (d,.J=10.7 Hz, 1H), 3.34 (d, J= 10.7 Hz. 1H). 2.68
(d.J=49Hz 1H), 2.32(dd, J= 14.6, 3.8 Hz, 1H), 1.99(d, J = 14.6 Hz, 1H).
1.59 (s, 3H), 138 (s, 3H), 1.31 (s, 3H). PCNMR (150 MHz, CDCly) 5 169.8,
100.1, 81.8, 81.6, 77.0 (overlaps with CDClz), 71.8, 69.0, 62.4, 60.6, 54.7, 46 1,
38.7,33.5,26.7, 21.6, 18.1. HRMS Calculated CisHooBrOs [M+H]: 371.0494

| Found: 371.0489.

{06118} Characterization data of ketone 15; Br0.57 in 5% EtQAc/CHoCh,
Stains blue 1n anisaldehvde. Opt. Rot. aops = -43.0°, ¢=0.50 in CH2Ch, T=20.0
°C. "HNMR (600 MHz, CDCI) 6451 (s, 1H), 394 (dd, /=38, 1.6 Hz, 1H),
3270, J=11.0Hz 1H). 322 (4, J=11.0Hz, 1H), 284 (s, 1H), 234 (dd, J =
147,38 Hz, 1H), 212 (ddd. J= 147, 1.6, 0.9 Hz, 1H), 1 62 (s, 3H), 141 (s,
3H), 138 (s, 3H), 1.13 (s, 31 YC NMR. (150 MHz, CDCl3) 8 202.3, 169 4,
100.6,82.8,81.6,694,068.1,630,476,452,393,32.1,287,268,21.7, 18.1.
HRMS Calculated CioHzoBrOs [M+H]: 371.0494 E Found: 371.0491.

[06119] Example 11; TFDO oxidation of 9 to form 10

Ou,,

TFDO in MeCOCF3, o
NaHCO3 _ Me Me
CH,Clp, 0°C

(47%, 77% brsm) “Me

2.5:1dr.
Br
9 10
[060120] To a 20 mL vial was charged cther 9 (60 mg, 0.16 mmol, 1 equiv}

and NaHCOs (39 mg, 0.7 mmol, 4.4 equiv) in CHzChL (3.5 mb}. Durning this
time, the fume hood lights were turned off and the reaction was wrapped with
aluminum foil to minimize exposure to ambient light. A TFDO solution (~0.53 M
m 1,1 I-trifluorcacetone, 3 mL, 1.5 mmol, 9.4 equiv, NOTE 1} was added
dropwise at 0 °C. The reaction was vigorously stirred for 6 h in the dark, then
quenched with saturated NaxS205 (6.5 mL) at 0 °C. The mixture was warmed up
slowly to room temperature and filtered through a short pad of Celite and
washed with CH:Cl (2 x 10 mL}. The crude product was concentrated in vacuo
and then purttied by column chromatography over silica gel (10%

EtQAc/CHaClz to 30% EtOAc/CH:Cl:). The desired lactol 16 (29 mg, 0.075

3
5=
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mmol, 47%, 77% bram} was obtamed as a colordess ol diastercomer mixture

(dr~2.5:1}, 9 (23 8 mg, 0.064 mmol, 40%) was recovered (NOTE 2).

66121} NOTE 1: A methyi{tntluoromethyldioxirane {TFDO) solution in

trifluoroacetone was prepared according to Tefrahedron 1996, 32, 2377-2384 or

(v

Baran’s TFDO Synthesis Procedure

{http.//openflask blogspot.con/2014/01 tfdo-synthesis-procedure hitml}, The
TFDO solution should be titrated betore use. A 0.1 mL TFDO solution was
added into the mixture of 0.5 mL HzG, 1.5 mL AcOH and 0.25 mL saturated Ki
at -78°C. This dark red solution was then titrated with 0.05 M Nax5:(0: at room

10 temperature,

1086122} NOTE 2: The endo lactol epimer of 18 was observed to

irreversibly decompose via intramolecular epoxide opening (endo-10 to SE-2}

during storage etther neat or as solution in CH2Clz in a -20 °C freezer. The less

polar S5E-2 could be isolated as a white solid. Bue to decomposition, using lactol
15 18 directly with minimal storage time is strongly recommended.

OIn,
2

HO

o
Me Me o
neat or in CH,Cl,,
“IMe -20°C
Br
endo-10 Sl-2
[66123] Characterization data of lactol 18 (major diastereomer): /037 n

30% EtOAc/CH2Ch. Stains red purple in anisaldehvde. Opt Rot. oons = -42 5%,
¢=1.00 in CHaCl, T=20.0 °C. '"H NMR (600 MHz, CDCh) § 5.33 (s, 1H), 4.83

20 (dd,J=3534Hz J=52Hz 1H),461(d, J=54Hz, 1H).41i{dd,./J=38,15
Hz, 1H), 344(d, J=11 2 Hx, IH)L 335(d J=106Hz 1H}, 2901 (d, /=52
Hz 1H), 247 (dd, J= 146,38 Hz, 1H), 1.96(d, /=146 Hz, 1H), 1.58 {s, 3H},
1.38 (s, 3H), 1.29 (s, 3H). “C NMR (150 MHz, CDCl:) 8 1704, 98.7, 96,7, 827,
81.0,76.6,08.4,62.4 591, 576,46.6,38.6,33.6,265, 194, 178 HRMS

25 Caleulated CisHaoBrOe {M+H]: 387.0443 E Found: 387.0439,

(53
(]
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{60124 Example 12: Fragmentation of 10 to form 11

Qm.

%-m, i:\3

o
Me Me AgOAC s, hy
CHZCly, 23 °C
e (45%)
Br
19 11
[66125] A 25 mL screw cap test tube was charged with a solution of lactol

16 (20 mg, 0.052 mmol, T equiv) in CHCh 3 mL), AgOAc (82 mg, 8.31 mmol,
6 equirv) and Iz (79 mg, 0.31 mmol, 6 equiv) in the dark. {The hood lights were
kept off during this process and the reaction was wrapped with aluminum foil).
After stirring for 10 min in the dark, the hood lamps were tumed on, and the
reaction was vigorously stirred at room temperature under ambient light for |
hour, The reaction was monitored by TLC for consumption of starting matenal.
The reaction was quenched by saturated NaxS205 (0.5 mL) then filtered through
a short pad of Celite, washed with CHxClz (3 x 5 mL) and concentrated i vacuo.
The crude product was purified by colunmm chromatography over silica gel (15%
EtOAc/Hexane) to afford 1odide formate 11 (12 mg, 0.023 mumol, 45%} asa

colorless oil.

[00126] NOTE: Due to the sensitivity of 1odide formate 11 to light,
storage of this compound in a CH2Cl: solution covered with aluminum foil in the

=20 °C freezer 1s reconynended.

{68127} Characterization data of iodide 11; B/0.63 1n 33%
EtOAc/Hexane. Staims brown in anisaldehyde. Opt. Rot. dlebs = +24.0°, ¢=0.40
in CHCE;, T=20.0°C. "TH NMR (600 MHz, CDCE)Y38.09(d. /= 1.1 Hz, 1H),
555(d,J=87Hz 1H),495(d,/J=87Hz, 1H), 401 (dd, /=39, 1.6 Hz, 1H),
344(d,J=106Hz 1H), 336(d, J=10.6 Hz, 1H}, 299 (d, /=14 Hz, 1H),
281 (dd, J=15.1, 4.0 Hz, 1H), 259 (s, 3H), 2.22 - 2.14 (10, 4H), 1.35 (s, 3H).
BCNMR (150 MHz, CDCL) 5 1697, 159.0, 102.8, 838, 76.5, 687, 68.1,
62.8,60.5,58.9,44.1,40.2,39.7,32.6, 289, 20.0. HRMS Calculated
CisHBriOs {M+H]: 512.9410 E Found: 512.9401.

(9]
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[30128] Example 13: Reductive deiodination and deformylation of 11
to 12

AIBN, BuzSnH
PhMe, 85 °C, Ar atm;

[

NaHCO3, MeOH, 0 °C

12 (64%) des-Br-12 (12%)

6129 To a 10 mL microwave tube were added a solution of iodide
5 formate 11 24 mg, 0.047 mmol, 1 equiv) in toluene {5 mL, freshly distilled over
sodium and benzophenone}, AIBN (3.8 mg, 0.023 mmol, 0.5 equiv) and
nBusSnH (16 pl., 0.061 mmol, 1.3 equiv} in the dark. The reaction mixture was
then degassed using 5 freeze-pump-thaw cycles. (Each freeze-pump-thaw cycle
was conducted as descnbed: the reaction mixture was frozen in liquid Nz for 10
10 mn, then evacuated under high vacuum and backfilled with argon gas three
times. The mixture was then warmed up to room ferperature to melt the solid.)
The reaction mixture was heated at 85 °C for 30 min and consumption of starting
material was monitored by TLC. Upon completion, the solvent was removed
under high vacuum to give a pale-vellow residue. The residue was cooled to O
15 °C, then methano! (4 mL) and a saturated NaHCO: (8.2 mL) solution were
added. After stirring at 0°C for 1 h, reaction was concentrated i vacuo. The
crude product was purified by silica gel chromatography {50% EtQAc/Hexane)
to afford 12 (10.8 mg, 0.03 mmol, 64%) as a colorless oil and des-Be-12 (1.5

mg, 0.006 mmol, 12%) as a white solid.

20 {606136] NOTE 1: To minimize decomposition of ambient light-sensitive
iodide formate 11, all mamipulations of this reaction should be conducied with
minimal exposure to light. The hood lights were kept off during this process and
the reaction was wrapped with aluminum foil.

{60131} NOTE 2: Five freeze-pump-thaw cycles were found to be

25 necessary for efficient reduction of the tertiary iodide 11. Less thorough
degassing procedures allow for oxvgen incorporation at C3.

[66132] Charactenization data of 12; Br0.56 in 50% EtOQAc/Hexane.

Stains purple in amisaldchyde. Opt. Rot. ogss = -3.2°, ¢=0.25 10 CHCL;, T=20.0

(9]
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°C. 'H NMR (600 MHz, CDCh) 54.77 (4, /=85 Hz, 1H), 4.64 (d, /= 8.4 Hz.
1H). 3.87 (dd, J= 3.8, 1.5 Hz, 1H), 3.36 (d,J = 10.4 Hz. 1H),3.20 (d, /= 10.4
Hz, 1H), 2.46 - 2.38 (m, 1H), 2.33 (d, J = 3.9 Hz, 1H), 2.16 (d. J = 143 Hz, 1H),
2.06(dd, J=14.3, 3.8 Hz, 11, 1.49 (s, 3HD), 124 (d..J = 8.0 Hz. 3H), 1.13 (5.

5 3H). BC NMR(150 MHz, CDCls) § 1704, 97.2, 83.0, 78.8, 68.2, 66.2, 62.3,
514,423,42.1,37.4,359,27.1, 17.8, 11.9. HRMS Calculated C:sHoBrOs
[M+H]: 3590494 | Found: 359.0497.

{60133 Characterization data of des-Br-12; ¥,0.32 10 50%

EtOAc/Hexane. Stains porple in anisaldehyde. Opt. Rot. aobs = +22.9% ¢=0.14
10 in MeOQH, T=20.0 °C. '"H NMR (600 MHz, CDCls) 64.75(d,J = 8.5 Hz, 1H),

452(d,/=85Hz 1H), 386{(dd, /=34, 14 Hz 1H),236(ddd, J=79,4.0,

14 Hz 1H), 213 (. J=75Hz, 2H), 2.08 - 2.00 (m, 1H), 1.30 (s, 3H), 1.27 (s,

3H), 1.22(d, J=8.0Hz 3H), 1.14 (s, 3H). "C NMR (150 MHz, CDCl3) 6

170.8,96.6,81.7,79.1,68.3,67.3,626,524,42.4,42.1,359,30.9,259, 178,
15 12.0. HRMS Calculated CisH2Os [M-+H]: 281.1389 i Found: 281.1383.

[06134] Example 14; Oxidation of 12 to bromopicrotoxinin (SI-3)

Qe —H G, O

Q) o
Ve " PB{OAG),, Iy, air Mo H

e
GaC0y,, PhH, 23 °C,

e hv {35%) by

By Br

i2 Si-3
{06135] To a solution of PH{OAck {53 mg, 0.12 mmaol, 5 equuv, freshly

recrvstatlized from AcOH, then washed three times with hexane) in benzene (2
20 mL) was added I (30 mg, 0.12 mmol, 5 equiv) m the dark {covered with
ahiminum foil and hood light turned off) at room temperatore and stirred for 30
min. To a suspension of 12 (8.6 mg, 0.024 mmol, 1 equiv), Cal03 (24 mg, $.24
mmal, 10 equiv) in benzene (§ mL) was added the Pb{OAc)/12/PhH solution at

room temperature under ambient atmosphere. The hood lamps were tumed on,

N
(4

and the reaction was vigorously stirred at room temperature under ambient light
for 2.5 hours. Consumption of starting material was monttored by TLC. The
reaction was guenched with saturated NaxS203 (0.5 mL) then filtered through a
short pad of celite, washed with EtQAc (3 x 5 mL), and concentrated in vacuo.

The crude product was purified by prep thin layer chromatography (50%

(9]
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(v

10

EtOAc/Hexane) to afford bromopicrotoxamin $1-3 (3.1 mg, 0.008 mmol, 35%) as

a white solid.

[06136] Characterization data of SI-3: #,0.53 in 50% EtQAc/Hexane.
Staing brown mn anisaldehvde. Opt. Rot. cuops = -123.6°, ¢=0.28 m CHaCly,
T=20.0°C {¢f JACS 1989, /1], 3728 [} = -126° (¢=0.21, CHCh)]. 'H NMR
{600 MHz, CDCl13) 8523 (td, /=52, 1.0 Hz, 1H), 471 (4, /= 5.1 Hz, 1H), 4.06
{(dd. J=3.6, 1.2 Hz 1H), 351 -340{(m, 3H), 3.06(dd, /=53, 0.8 Hz, 1H),
245(dd, J=14.0,3.6 Hz, 1H), 2.27 - 219 (m, {H), 1.56 (s, 3H), 1.33 (s, 3H).
BCNMR (150 MHz, CDCL:) 31703, 168.1, 947 850, 77.63,77.59,67.7,
633,557,542, 472,384, 354,279, 169 HRMS Calculated CisHi1eBrOs
IMA+HG: 371.0130 | Found: 371.0128.

{00137} Example 15: Reductive debromination of bromepicrotoxinin

{51-3} to form picrotoxinin (1)

Zn®, NH,CI
_— >
EtOH, 95 °C
(96%)
SI-3 (=)-picrotoxinin (1}
[00138] Zine powder (10 mg, 0.15 amol, 10 equivy, NH«(l (16 mg, 0.3

mmol, 20 equiv) were added into a solution of bromopicrotoxinin (81-3) (5.3
mg, 0.015 mmol, 1 equiv) in BfOH/HLO (viv, 10:1, 2.2 mL}. Then the reaction
was warmed up to 95 °C and stirred at this temperature for 2 hours. The reaction
mixture was diluted by EtOAc then filtered through a short pad of Celite and
washed with EtOAc (3 x 2 mL). The reaction mixture was concentrated and
purified by prep thin laver chromatography (10% EtOAc/CH:Cla) to give

picrotoxinin (1) (4.2 mg, 0.014 mmol, 96%) as a white solid.

j63139] Characterization data of picrotoxinin (1) £y0.38 in 10%
Et0OAc/CHCl. Stains dark blue i anisaldehvde. Opt. Rot. dobs = -9.5°, =020
in CHCI3, T=20.0°C {of JACS 1984, 106, 4547 [a]*'p = -6.7° (c=1 .03, CHCl3}].
TH NMR (600 MHz, CDCI) 6517 - 5.01 (m, 2H), 4 89 (d. J = 3.6 Hz. 1H).
485(d,J=19Hz 1H),374(d,./=30Hz 1H), 344 (s, IH), 297 {dd, J=
151,36 Hz, 2H), 1.99(d, J= 151 Hz, 1H), 1.96-1.89 (m, 3H), 1.25 (5, 3H).

(9]
&



WO 2022/031313 PCT/US2020/070376

B0 NMR(150 MHz, CDCl3) 8 173.8, 168.7, 139.8, 113.6,86.3, 79.6, 77.2, 72.4,
61.6,50.8, 487, 46.7, 447, 23.3, 16.6. HRMS Calculated: C15H1706 [M-+H]:
2931025 | Found: 293.1029.

{00140} Example 16: Mukaiyama bydration of picrotoxinin (1) to
5 form picrotin (19}

Co(acac), (20 mol%)

—_—
PhSiH3, Oy atm.,
i-PrOH, 23 °C
(84%)
1 19
{00141} To a solution of 1 {18 mg, 0.062 nunol, 1 equiv) in iPrOH (0.4

mlb} was added Cofacacy (1.7 mg, 0.0068 mmol, 0.11 equiv) and PhSiHs (7.4
mg, 0.068 mmol, 1.1 equiv}. The reaction was fitted with a balloon of O: and
10 purged with sonication for 5 nun. The reaction was stured at room temperature
for 2 hours at which time TLC analysis showed consumption of starting
material. The reaction mixture was concentrated and purified by silica cohunn

chromatography to give picrotin (39} (16 mg, 84%) as a white solid.

061421 Charactenization data of picrotin (19} Rr0.16 in 20%
EtOAc/Hexane. Stains dark blue in anisaldehyde. Opt. Rot. ouges = -43.3°, ¢=0.24

[
(v

in BIOH, T=20.0°C (cf JACS 1989, 111.3728: [a]p = -69 9° (c=1 07. EtOH)).
I NMR (600 MHz, Acetone-c) 8 591 (d. 7= 3.5 Hz, 1H), 5.58 (4, J= 13 Hz
1H), 518 (ddd, /= 5.1. 3.4, 0.7 Hz, 1H). 498 (d.J=3.4 Hz, 1H), 3.69 (d,.] =
33 Hz, 1H), 3.06 (ddd..J=52.3.9, 1.1 Hz, 1H). 2.99 — 2.93 (m, 3H). 2.88 (ddd.

20 J=149,3.6,2.0 Hz, 1H), 2.13 (d.J = 14.3 Hz, 3H), 161 (s, 3H), 1.57 (s. 3H),
1.31 (5. 3H). VC NMR(150 MHz, Acetone-d} § 175.2, 170.1. 85.9, 81.3, 78.5,
741,697,623, 532,513,487, 44.0,30.0, 288, 16.4. (cf Phvtochem. Anal.
2001, /2, 69. references the 'H NMR spectrum to 2.15 ppm, PC NMR spectrum
206.15 ppm). HRMS Calculated: CisHioGy [M+H]: 311.1131 E Found:

25 3111134

{66143 Example 17; Hydrolytic stability study of picrotoxinin (1) vs
(26)

40
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{60144 In separate 3 mm NMR tubes, picrotoxinin {1, 1 mg) or S-methyl
picrotoxinin {28, 1 mg) were dissolved in 1 mb of 100 mM phosphate buffer
{pH = 8, prepared with D20). Spectra were acquired at 0, 6, 12, 24, 36,48, 60,
72, 84, 96, and 120 h. and monitored for the amount of hvdrolysis product

5 {Table 1).
[B0145] Table 1; Concentrations of PXN {compound 1) and SMePXN

{compound 20) over Time

‘ SMePXN ‘
Time (h) {PXN] (mb) in|PXN] 5 (::\/I} | in{ShMePXN]
LA
0 342 1229640551 3.27 1184789985
) 325714286 1. 180850387 3 1098612289
12 2.97391304 1.089878609 2.771186441 1.019275546
24 21242236 0.753406372 2.440298507 0.892120371
36 1.87912088 0.63080405 2194630872 0.786013865
48 141322314 0345873011 2031055901 0.708553806
60 1.2808988% 0.247562079 1912280702 0.648296614
72 1.16723549 0.154638128 1.796703297 0.585953484
84 (.9144385 -0.08944506 1.68556701 0.522102012
96 07755102 -(0.254234133 1.64321608 0.496655346
120 032941176 -(.635988767 1.535211268 0.428668005
{(0146] Example 18: Measurement of 1Cse value for S-methyl-
10 picrotoxinin (20}
{68147} A Non-selective Rat GABAA lon Channel {3H] TBOEB Binding
{Antagonist Radioligand) Assay {Catalog #3817} was conducted bv Eurofins
Pharma Discovery Service of Eurofins Cerep, France. The assay 1s based on
these publications: Lewin, A. H. ¢t al. Mol. Pharmacol. 1989, 35, 189, and
15 Schwartz, R D Mindlin, M. €. J. Pharmacol. Exp. Ther. 1987, 244, 963,
{60148} Compound binding was calculated as a percentage inhibition of
the binding of the radicactive ligand [3H] TBOB (t-
I3H]Butvlbicveloorthobenzoate) for RAT GABAA Ion Channels.
0149 A 20.0 mM stock solution was prepared 1in DMSO from pure
20 solid 3-methyl-picrotoxinin {28) to cvaluate radicligand displacement of [3H]

TBOB from rat cercbral cortex GABAA receptors at final concentrations of 200

M. 63 M, 20 M, 6.3 uM, 2.0 uM, and 0.6 uM. An 1C30 value of 9.2 uM

4
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and a Ki value of 8.2 uM were determined tor compound 20. Picrotoxinin (1)
was used as a standard reference in this assay and exhibited an ICso value of 0.2

M and a Ki value of 0.2 uM.

(o
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WE CLAIM:

1. A process for making the compound (-}-picrotoxinin {(1):

wherein the process comprises the steps of
{al) sabjecting compound (8) to ethenfication:

o_lu, H

o
Me~, Me
(&)
""'Me
Br
whereby compound (9} is formed:
(%)
(a2) oxidizing compound {8) whereby compound (18) is formed:
(16}
{a3) subjecting compound (18) to fragmentation whereby compound

{11) 1s formed:
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{ad) subjecting compound (11} to de-iodination and de-formylation

wherchy compound (12) 1s formed:

q'ln H

o
Me H
(12}
""'Me
Br ; and
(a5) subjecting compound (12) to sequential lactonization and

reductive de-bromination whereby {(-}-picrotoxinin (1} is formed.

2. The process according to claim 1, further comprising the step of (a6)

subjecting compound {1} to hydration whereby (-}-picrotin (19} is formed:

3. The process according to claim 1 or 2, tfurther comprising making

compound (8}, the process further comprising the steps of:
{1} contacting (#}~carvone {(8i-1):

(o]
Me (81-1)

] ]/ Me

with a methylating reagent whereby compound (3) is formed:
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{2) subjecting compound (3} to aldol addition with methyl-Z-oxobutancate

wherecby compound (4) is formed:

MeO

{3) subjecting compound (4} to dehvdration whereby compound (8) 18

formed:

{4) subjecting compound (3} to intramolecular aldol addition whereby

compound (2} is formed:

{5} subjecting compound (2} to bromination and etherification whereby

compound {(6) 1s formed:

MeOzC

{6} epoxidizing compound {6} whereby compound (7) is formed:
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;and

{7} subjecting compound (7} to hydroxylation conditions whereby compound

(8) 1s formed.
4, The process according to any one of claims 1 to 3, wherein

in step (al), the ctherification comprises contacting compound (8) with

wdine monoacetate;

i step (a2}, the oxadizing comprises contacting compound (9) with

methvi{nfluoromethviydioxirane;

in step (a3), the fragmentation comprises contacting compound {(19) with

iodine monoacetate;

i step (a4}, the de-iodination and de-formylation comprise contacting

compound (11} with iributyltin hvdnde and basic workup; and/or

in step (a8), the lactonization and reductive de-bromination comprise
sequentially contacting compound (12) with 10dine monoacetate and

zinc{OYNH4Cl, respectively.
5. The process according to claim 3 or 4, wheren
m step (1}, the methylating reagent is a methyl halide;

inx step (3}, the dehvdration comprises contacting compound (4) with

thionyl chlonde;

in siep (4}, the intramolecular aldol addition comprises contacting

compound (2) with a non-nucleophilic base; and/or

11 step (5}, the bromination and ctherification comprise contacting

compound (2} with Br.
6. A process for making the compound SMePXN (20}
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v (20
Me 3

wherein the process comprises the steps of

{bi) subjecting compound (8) to oxadation:

; and

{b2) sabjecting compound (18} to reductive de-brommation wherehy

compound (20) is formed.
7. The process according to claim 6, wherein:

in step (b1}, the oxadation comprises contacting compound (8) with

iodine monoacetate; and/or

in step (b2}, the reductive de-bromination comprises contacting

compound (18} with zinc(0YNH4CL

8. The compound SMePXN (20}
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or a pharmaceutically acceptable salt thereof,

9. A pharmaceutical composition comprising the compound or phammaceutically
acceptable salt thereof according to claim 8 and a pharmaceutically acceptable

carrier.

10. A method for antagonizing GABAA receptor, comprising contacting the recepior
with an effective amount of the compound (28) or a pharmaceutically acceptable

salt thereof according to claim 8.
11. The method according to claim 10, wherein the contacting occurs in vifro.

12. The method according to claim 10, wherein the contacting cocwrs in vive.
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