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Cage compound

Cubism

Paul von Rague
Schleyer

M

Early synthetic studies:

'Looking back along the winding road of organic chemistry, (1)
can be recognized as a decisive signpost molecule marking the
way not only to hydrocarbon chemistry as a separate field of
study but also to an area of organic chemistry for which we still
do not have an adequate term—non-natural product chemistry.'
Henning Hopf, 'Classics in hydrocarbon chemistry'

CH0, CO,Me
o o piperidine HO 2
> MeO,C CH5Br»,
MeOJJ\/\/U\OMe 2 MeO,C H CO,Me ‘ Na(2)H2
(via Wolff- Meerwein 1922
Kishner, CO,Me CO,Me
Hundsdiecker, [o) 2 2
Raney-Ni)
- -
@ < E\COZMe < MeO,C CO,Me
adamantane o MeO,C o
Prelog and Seiwerth (1941) Bottger (1937)

Ber. dtsch. Chem. Ges. A/B 1941, 74, 1644-1648, Ber. dtsch. Chem. Ges. A/B, 1941, 74, 1769-1772

Synthesis by C4oH16 isomerization: First encounter by Paul von Rague Schleyer

M AlCI,
—_—

(from cyclopentadiene)

Idemitsu-Kosan process:

optimized to 60% yield,

gas-phase reaction using
HCl  (g), chlorinated

adamantane Al-Rh-Pt, 165°C

'The apparatus was set up next to my desk in my

Frick Laboratory office, the best place to keep an eye on the distillation. After

a week |[.] all at once white crystals formed in the take-off
head capillary.' Paul von Rague Schleyer

J. Am. Chem. Soc. 1957, 79, 12, 3292

'A polycyclic compound having the shape of a cage.' [lUPAC Compendium of Chemical Terminology

'‘Cage hydrocarbons" can be defined as having three or more rings arranged topologically so as to enclose space in the center
of the molecular structure. Besides adamantane, other familiar cage hydrocarbons with a more or less spherical topology
include cubane dodecahedrane and [...] "buckminsterfullerane" [...]. Elongated topologies, [...] also are possible. Further
variations are numerous.' George Olah, 'Cage Hydrocarbons'

What is covered: Above definitions leave a lot of space for interpretation. This collection is focused on cubes and cages in
hydrocarbon and natural products chemistry. Simple bicyclic compunds were generally excluded.

What is not covered: Buckminster fullerenes, macrocyclic cage compounds and porous organic cages, zeolite catalysis.
Further excluded: Everything previously discussed in the seminars on platonic hydrocarbons and propellanes

Outlook on some molecule classes covered:

twistane

o & B

pagodane

prismanes

bullvalene peristylanes

Mechanism of the adamantane synthesis of hydrocarbon isomerization

A reminder about superacids:
FSO,H

SbF
CHy === [CHs]' —> CHj" + H,

> 80°C
. |CH4
CoHg <T [CHoH7]

) J. Am. Chem. Soc. 1968,
90, 10, 2726-2727

(then further propagation)

he adamantane cation
C

o 13 ©)
@ @
ﬂ protoadamantane
® ®
@ ‘—_‘@ _— I [ ; i+ This seminar is organized by |
1 systematic increase of complexity '

.

®

George Olah
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The adamantane land

1.

-32.6

AHP for
CioH1e
enroute

'[...] Adamantane may be conceived as a bottomless pit, into which
rearranging molecules may irreversibly fall." - Whitlock and Siefken

In the ensuing years, my students and various research groups have
prepared virtually all the other C;oH¢ isomers in "adamantaneland".
- Paul von Rague Schleyer

J. Am. Chem. Soc. 1968, 90, 18, 4929-4939 and
Paul von Schleyer: 'My Thirty Years in Hydrocarbon Cages: From
Adamantane to Dodecahedrane' in 'Caged Hydrocarbons.'

Termination and exchange

Imgllcatlon s for substituted adamantane: g

Substituent migration does generally not take place by
direct 1,2-shift, but via protoadamantane rearrangement.

Selectivity can still be established

! D D
Al-Rh-Pt : HFSO,,
165 C : SbFs,
: -78C

HCI (g)
chlorinated
oM equilibration 2% 98 %
-ve kinetic control 99% 1%

exclusively

E/H/D

around 1.5 D /molecule

Me

®
g g stepW|se

termination can be
faster than rearr. 1,2-sh|ft
stereoelectronically not feasible

J. Am. Chem. Soc. 1968,
90, 18, 4929-4939

SbFs/ <)
nBuLi SO,CIF
—_— > —
F F F ® ~—

2+
5('3C) = 6.6 ppm at bridgehead
(more shielded than expected)

exactly 2
3C-NMR signals,
stable at 0°C

'Butyllithium gave 54. The latter explodes if warmed to room
temperature, but Bremer learned how to isolate and to manipulate the material.’
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Substltutlon with n ucleoghlles radical acceptors Higher congeners of adamantane

5% Rh/C 25%
A — AR 2
'Katz dimer' Hy,
é/:b CoBr, PO, C1aHzo AlXs

2 PPH, E v ] e
BF3"Et,0 90%  diamantane

) Binor S
required: J. Org. Chem. 1974, 39, 20, 2979-2987

- a strained C44H5q precursor
a ———————
butadiene,

- easy to prepare
160°C

silica gel,
% — % then H
5% on 2
70%

_ Y
strong acids (1-H) ®
/soIvonS|s (1-X) @ Y-
—_—
radical [ Te 1-substitution
initiator @ preferred,

radical trap ~ Put mixtures
common

1- or 2- cation/radical
Selective access to 2-adamantyl derivatives

o

OH
H2804, OH
@ - g N g
— E= —

further derivatization 4—,

: 1 ratio

Synthesis via cyclization

4
Binors 100g U(D

Y.

X OH Y= Hal, H
H* or LA or [X"], Nu_ Review:
= or Molecules
Nu Nu 2023, 28(22),
7636
X=CH,, O forX=0 for X = CH, .
o . - 00% + ¢
Recent application example of adamantane motives: Org. Process Res. Dev. 2023, 27, 3, 477-487
TFA, i
H,SO0y, ONO; COOH COOH triamantane
HNO3 HCOOﬂ HNO3 H,O C1gH24
@\Me > J. Org. Chem. 1980, 45, 24, 4954-4958
Me O,NO Me
100 g
H 1) RNH,, o h ; )
N <HCl HATU E)IPEA COOH TIOH, COOH Cong rt.assane. The X{X‘ International Congress of Pure and Applied
Me . b Chemistry, held in Londonon July10-17 1963, featured
2L HCl, dioxane lQenzene ) ) )
o) - representations of the polycyclic hydrocarbon I as a decoration on
NH; the covers of abstracts [...] The synthesis of the Congress Emblem,is
ECso = 14 nM suggested as achallenging objective for the participants in the
EBOV infectivity inhibitor chiral resolution by christallization with pBr-PEA Congress.'

—> there are currently 7 FDA approved drugs including adamantane
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Twistane Platonic bodys:

e

adamantane
all chair conformation

Q

twistane
all twist-boat conformation

2) LiAIH,
3) SOCl,
4) Hg(OAc),

5) NaBH,
—»
(o}
6) Ac20
7) AgOAc,
Ac20

OAc

1) 200°C
-

8) MsCl
9) KOtBu
10) H,, Pd/C
-

twistane

Helv. Chim. Acta 1976, 59, 97-100

The asterane series

S ——

adamantane triasterane tetraasterane pentasterane
all chair conformation (synthesized) (synthesized) (‘experiments towards')
all-boat conformations
o o / 3) Pb(OAC),,
. HO,C / CO,H NCS
L» o o) —H> HO,C TI 4)Na
10% CO,H
(o] o o

tetrahedrane
synthesized* synthesized

The platonic hydrocarbons

1) platonic polyhedral (faces are congruent regular polygons (of one type), all vertices are congruent)
2) prism (base and top are translated n-sided polyhedron, connected by n-side faces which are parallelograms)
3) antiprism (same as prims, but base/top are rotated and sides are triangels.

‘e e B @

cubane

-> see seminar 'Platonic Hydrocarbons'
* unstable for C4H,, due to strain but persubstituted versions have been synthesized
** synthesized as dodecaborate or carborane cluster

‘Molecules can be
pleasing to chemists
for many reasons:

structural intricacy as
provided by nature;
pivotal role in world
culture; economic
importance; or some
complex function they
perform. Aesthetic
response is perhaps at
its zenith when
exquisite  shape or
structure is involved.’ -
Leo Paquette

tetraasterane

Chem. Ber. 1976, 109, 3781-3792

octahedrane dodecahedrane
unstable

icosahedrane

synthesized hypervalent**

Cubane as a benzene bioisoster

12?— R\GO" 1% R\71°
R—< />—R R— g—R
N \_/

180° 180°
cubane as potential bioisoster of benzene

72 patents
Proof of concept

o o SAHA
(suberanilohydroxamic acid)
-OH histone deacetylase inhibitor
N N
H 6 H FDA approval for cutaneous T-cell

lymphoma
(o) (o) Angew. Chem.
M OH Int. Ed. 2016,128,
N L N~ Subacube 11, 3644-3649
H H

Both show similar cytotoxicity around IC5q = 7-10
nM for MM96L and MCF7 cell lines.




cuneane rearrangement complicates use
of ‘carbophilic' TM (Pd, Rh...).

R
\N_-CO,Phth NaOAc \n_R?
QR - @&

1.2-Functionalization
R? = Alk (prim., sec.), Aryl

3) NHPI, EDC
1) CO,Cly, hv, CO,H then 1.4-CHD,
@/COZMe then tBUOH {1, hv
—_— —_—
Me0,C 2) NaOH MeO,C 70% MeO,C Citations roadmap: Angew. Chem. Int. Ed., 2000, 39, 401-404, J. Am.
tBuO,C Chem. Soc. 2016, 138, 35, 11132-11135, Chem. Sci., 2020, 11, 7672-

30% o058 tBuO.,C
2 7675, Chem. Rev. 2015, 115, 14, 6719-6745

1,2-substitution

. . . Baran Group Meetin
Fabian Schneider The Chemistry of Cubes and Cages 0604123
The roadmap to cubane functinalization interatively Recent developments: new appraoches to 1,3-substitution

to give pentasubstituted E 1 h
cubanes . fo) v,
or -NO, R? : g, then TMSOTF, lut, O B
%( ONHiPr J@/CONHiPr Rzﬁ(CONHiPr ; Crlqsoc N then quinone added
i 1 2_ ' x_NBoc -
l/th/atlon E* R directed R R#=E"orAr, [B] ... h Br Br™ o ]
ortho-metallation R . . .
T T (DoM) 2 via TM coupling : o)
f R = Hal :
orR=ha R? ; . . Nature 2023, 618, 513-518 lhv
1 , ' i '
COzMe decarbox. COZMe R. \; R : : via '
Jeearbox. R b ' 1) KOH, 100°C o P
R MeO,C R’ . : : ’ \
2 , ! N—N ' 2) Mel, Cs,CO3  Br Br
R=H, Hal kg-scale radical functionalization: often tedious ' ! RO,C CO,R !
optimization for regioselectivity, but possible ! . ! {
el | ! 1 novel cyclobutadiene !
' O;N Nﬂb ' ' H surrogate i MeO,C
: 02% 2z CO,X Ar S N ; @/COZ'M
: OzN NO, : J@/ 2 J@/ : J. Am. Chem. Soc. 2023,
: OaN NO2 R Fe(acac) R : 145, 10, 5631-5636
i strongest non-nuclear X = TCNHPI R2M T 1,3-substitution
1 explosive by density and AH | (Zn, MgX) .
"""""""""""""" . Coupling of [N]-nucleophiles
Cubane rearrangements Fi
, R =\"
R ' R Mes(OAc),, [Ir], hv, ’>
R\ ) S ' X C°2 —> Cu(acac),, base N, 7
/—> —L - @ Rh. Ag, Pd, Ni__ @ ; > X
A Cunean E
' Coupling of akyl- and aryl bromides
+ M_ @ :
! [Ir] or [Ru], hv,
: Cu(acac),,
Cunean Semibullvalene Implications for TM catalized couplings: The E tBuMeNSi(TMS);, R
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Cunean as benzene bioisoster:

CO,Me
R\@\ _conditions @ o MeO,C \@/EWG
C(0)X (see below
X = OMe, NHR 1,3-cunean 1,4-cunean
Back-to-back publiction Conditons:

J. Am. Chem. Soc. 2023, 145, 30, 16355-16364 Lam:
J. Am. Chem. Soc. 2023, 145, 30, 16365-16373 AgNO;, tAMOH for 1,4-subst.
Archive: 10.26434/chemrxiv-2023-fgxxm-v2 AgNTf,, CH,CI, for 1,3-subst

Ess/Paton/Stephenson:
AgTFA, toluene

H
N * ¥
M
N/Y e
o (0]
sonidegib-analogue
(hedgehog signaling pathway inhibitor) pe

\ P o
F;CO 137° - logP comparable to sonidegib
- higher intrinsic clearance rates
- shorter half-lives in human

and mouse liver microsomes

Cation stabilization controls regioselectivity of the cunean rearrangement

DG)@\ disfavored
COZMe

favored COMe
EDG EDG_+ M
T
c02Me COZMe
1,3-cunean EDG

1,4-cunean

disfavored

002Me

'EDG": CH,OH, Ph, B(pin), CH,Pht
HO H‘O + While CH,OH may not classify as a EDG,

\\+'/ — Q\/ charge stabilization by neighbouring group

effect leads to the same result.

06/04/23
Pagodane
cl_ ¢l o, 0
cl cl Cl S Cl
ty + \ /) —
cl Cl Cl Cl

pagodane
- > synthesis in detail in the seminar on platonic hydrocarbons

s | | Y
Pt/Al,O3, !
315°C , > 5
,’ \ 1
>«
pagodane dodecahedrane

'After Leo really did succeed, and my research grant had run out, | was ready to
give up. But then Horst Prinzbach visited Erlangen and offered us a sample of
pagodane...' - Paul von Rague Schleyer

o-bis-homoaromaticity in the pagodane system
positions 6,7 and 16,17

[_\ shielded by ring current
16 ot

>

stable dication
D,yh symmetry from NMR
(as parent compound)

- 2e_
EChem. ox.

- 2e-
_—

SbF5/SO,CIF
or EChem. ox.

3:L5:LgCrg Ly
‘15 “1e* 20

‘4 Cehratis

280 I'ﬂ] 0 pm

Gyl
Cisprbitrg 6Crhiet

2n-aromaticity speculated c-bis-
g cyclobutadiene dication homoaromaticity
by Olah

Baran Group Meeting
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The prismane series

m & & A

[3]-prismane  [4]-prismane  [5]-prismane [7]-prismane [1.1.1]-propellane
142 kcal/mol 158 kcal/mol  synthesized ‘approach towards' 105 kcal/mol
synthesized  synthesized (for reference)

Reminder: the photochemistry of benzene

QLm+@+

Unsubstituted prismane and an improved synthesis of benzvalene

L@ 1) Meli, Ph Ph\
! CH,Cl,,

"~* g
-45°C o
@ 2o A wewon | o< o]
© % A
'Large quantities of benzvalene can
safely be prepared in solution'
3) KOH

CUC|2,
N

E‘ colorless liquid" ! ; N=N
""""""" * strain energy Ph

NaOH

1 'Prismane was !
./so/ated in1. 8%.
- yield [...] is an
i explosive

5) hv
-

benzvalene
ti/o=10d atr.t.

Dewar
benzene

o [3]-prismane with unsubstituted benzene, but...:

5]-Prismane and

142 keal/mol J. Am. Chem. Soc. 1971, 93, 15, 3782-3783
J. Am. Chem. Soc. 1973, 95, 8, 2738-2739
d trishomocubane

- - OAc OH
rac. resolution OAc AcOH,
deoxygenatlon ‘ H,SO4

— reflux
h —
| 2 2 Y - o 20
OAc Kile)
OAc AcO
\ / (-)-trishomocubane **
(Me groups omitted here for clarity) 120°C Tetrahedron 1986, MeO OMe MeO_' OMe

Reasons for reactivity switch?

steric interaction of tBu facilitates the prismane formation from Dewar

benzene by closer spatial arrangement of the olefins

N

X hv
O
4

)~
. el

major product

in PSS J. Am. Chem. Soc. 1965, 87, 17, 4004—-4006

42,1797-1803

1,3,56-regioisomer formation via prismane degradation

e - R

Ho

via MeO_ OMe MeO_ OMe MeO_ OMe

Favorwskii
hv

-rearr
[5]-prismane
J. Am. Chem. Soc. 1981, 103, 8, 2134-2136
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The [n]-peristylane series Synthesis of [4]peristylane
2 mCPBA
% + [ SO,Ph A SO,Ph 3) Na/Hg
1] 2] 3] 7 soZPh SO,Ph SO,Ph 4) hv
can be accessed by oxidation of o

cyclopentadiene dimer

& & &

pyramidal alkene:[—\
o =32°

172.14 ppm
140.32 ppm {, /

HIO4,
ﬁ SSteps %z [i

[4]-peristylane

hv, benzene
75%

[3]-peristylane

-> a homoaromatic system?
(never synthesized)

..........................

snoutene diademane

1

h

.

.

;

. . 1
cis-tris-c-homobenzene
triquinacene :
H

h

H

Early approaches to dodecahedrane building from [3]peristylanes prepared by red. desulfurization J. Am. Chem. Soc. 1983, 105, 12, 4113-4115
! -> highly oxygen sensitive J. Am. Chem. Soc. 1986, 108, 12, 3453-3460
MeO_ OMe MeO_ OMe »7) MeO_ OMe :
o Cl NaBH4 ci cl : _
7 1) hv CI PTSA cl Basketene and Diadamane
Cl . ; ,
cr ! Tett. Lett. 1966, 10, 1017-1021 Nenitzescu's
Cl o ' hydrocarbon
*3) i I Tett. Lett. 1966, 31, 3743-3750 Ni(CO),(PPhs) 2,|_>
! J. Org. Chem. 1976, 5, 887
00 CCI3(CO)C o o : 9 dlglyme 200°C
io\\ Zn/Cu u 4) ' o 2) hv
~ 6) CHoN, o FVP ' H 3) Na,COg4
Sy A= i e, (|- A 2
- 8) PdCl, : | o
o o 0 : b
' (o) fo) Basketene
J. Am. Chem. Soc. 1985, 107, 7519-7523 !
. : 1) hv, TR CEPLEPTEEEEEE .
Entry to the [3]- tyl . ; ) !
ntry to the [3]-peristylanes : . then Na o via :
o] : 70°C — L @ 5 N % i
210°C o 7 steps ' A _ '
meIt —_— Me E Cl E A B '
11°/ o o :  basketene both reactions produce the same intermediate e ’
: which was used to support the mechanism
, hv ST X
)hv,91% > h
10) Me;Sn- 9) , PPh; ; -10°C A : MA
SnMes, Im., 79% @ 5
Me
: :

Tetrahedron 1989, 45, 3099
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Adventures in triguinacene chemistry

Synth. Comm.
1973,161-164 H

NaNs, i H
H,SO4, TFA
/ 29Uy hv o
HO,C \ o
(o] H

CO,H
sy =

Thieles acid
(cyclopetadiene carboxylic acid dimer)
triquinacene

The triguinacene dimerization problem:
Qe (B0

S T caled. AH = 97 kcal/mol
hN h

Independently proposed by R. B. Woodward and Jacobsen

1) Mg/Hg, TMSCI o
2) CS,, Mel, KH & qs
@ 3) EtsP, A > AARLQ HaPac o BN R
l -]
o B meso-bivalvan K
(both isomers obtained) o o

prefered conformation does not favor

J. Chem. Soc., Perkin Trans. 21979, 296-299 dehydrogenative dimerization

many other approaches towards
tethered triquinacene dimerization

Tett. Lett. 1981, 4895 - 4898

Fluxional molecules: bullvalene

G e T

bullvalene
AG”  12.8 kcal/mol

barbaralon semibullvalene DVCR
9.6 kcal/mol 5.8 kcal/mol 20 kcal/mol

bullvalene

1,209,600 degenerate tautomers

we  em, Chem. Ber. 1989, 925-931

al

€284
¥ 846 Raumtemp.

C-37 CHy

A

-151°C

130 10 30 70 s | 3 10

~——&("C) (ppm) —

'‘Bull'valene: named after William 'Bull' von Eggers Doering.
'In the Doering group at Yale University, the PhD students and
postdocs at the time secretly called the weekly seminars, which
were feared by those who were poorly prepared, “Bull Sessions™
Angew. Chem. Int. Ed. 2011, 50, 2885-2886

Baran Group Meeting
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Barellene o Can the activation barrier eliminated and homoaromaticity obtained?
SOzPh .
| ° o LS Me Me Me
_ SO Ph 96% SO,Ph Me Me Me
2 SO,Ph o o o

—— ~

- cé 2) WClg, nBuLi, 90% o 40 - jLo O jLo

O 7.]% 3) Na/Hg, 90% 0 o o o o o
V] o (o} (0}

barellene J. Org. Chem. 1997, 62, 12, 4162—4163
O O AG”* = 1.2 kcal/mol in condensed phase claimed 'real' ground state homoaromaticity

k/ Speculation by Hine and Zimmermann: cyclic non-

planar arrangement of 67 electrons, one inversion
of the coefficient sign -> Mobius aromaticity?

First synthesis by Zimmerman:

hv (no sens.) J. Am.

594-598

61%

-

semibullvalene *

.@'%i@

sens.: acetone

2330-2338

J. Am. Chem. Soc. 1966, 88, 1, 183—184

m

tudies of the d |-Q—methan rearrangement:

RNDLi D A 1B
RND, 5 o _hv *7le .
4 4 sens. / =/
L]

R = cyclohexyl D D + +

S48 B B

I

J. Am. Chem. Soc. 1967, 89, 15, 39323933 20, 0B, Oy
J. Am. Chem. Soc. 1969, 91, 12, 3316-3323 A~ 1o, OB, 1y
IIB 20, 0B, Oy

Expected vs. observed H distibution IIAB 1.5a, 0B,0.5y
excludes I, lIA, lIB but fits IIAB obs. 1.48a, 0B, 0.52y

Chem. Soc.
1955, 77, 3,

£ E sens. @ sens. © J. Am.
barellene Chem. Soc.

1969, 91, 9,

(possible due to solvent matrix effects)

Chem. Eur. J. 2011, 17, 9193-9199

Bullvalene: first synthesis by Schréder and coworkers:

isolatable

_100°C hv, Et O
© 'CsHs

isolated

in vapour phase (by comparison of IR-
spectrum with calc. spectrue)

Angew. Chem. Int. Ed.
1963 2, 481-482

e

Bullvalene (508)

Eaquilibria of bullvalene, Nenitzescu hydrocarbon and dihydronapthalin

speculated intermediates
by W. E. v. Doering

=

4 VCR
hv, pentane

via

=

Nenitzescu
hydrocarbon

J. Am. Chem. Soc. 1966, 88, 9, 2078-2079

or A ( equwlllb

?
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Substituted bullvalenes i

(-1

in drug discovery

1) CoBr,(dppe)
(10 mol%),

Znl, ( 20mol%),
Zn dust (30 mol%)
DCE, 80% -~._

0TS

2) propargylic

bromide, NaH,
OH  THF, 87%

o0

Nondegenerate bullvalene isomerism

h|gh pressure
Hg-lamp), pyrex (

1 50%
I

oxidative cyclometallation, then alkyne insertion.

Znl2 is proposed to accelerate the reduction to Co(l).

,N=N { i ‘j (Van }NH,

—

NaNHZCN

- . X’NI\)\/O

\/o

Note: tentatively via [n6-(COT)Co(l)L,], then

vancomycin-NH, ,
8-30 %, X
scaleup to 244 mg H
0 o

F  Network Diagram

(ent-F) (ent-B)

R R R
o
(ent-C)
@ high-energy non-populated isomers ) D E F

@ populated isomers @ non-populated isomers

Disubstituted bullvalene isomers are not degenerate anymore:

A:B:C:D:E:F
42:36:8:6:4:4

fluxional molecule incorporation to inhibit antibiotic
resistance formation?

Fold-Change in MIC

Proof of concept: serial passage
of Enterococcus faecium in
presence of vancomycin
Note: controls are vancomycin
dimers connected by non-
bullvalene (aryl) liker units.
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Cage bearing alkaloids: an incomplete collection
on 7 ~Me OH
W o) HNGH 120
o \N- o]
| OMe HN
N HO OH
H OH

Me taborbovine B Alstoscholarsine K gelsecorydine B non-corynthane linked
5 congers 5 congeners
S
coo
COzMe
Me OH
Me HN

®

Me

dapholdhamine B Daphcalyine daphnilongeranin D arboridinine
3 congeners
M o
e N 51\
N 0]
o
';l o MeO 2

€0,
(+)-stemofoline (o] S o.M kopinitarine A COMe HO

7 congeners 2hle 6 congeners (-)-fruticosine (-)-kopsine

anhydro-TTX
see group seminar TTX

Me

scholarisine A

c.f. Bioorg. Chem. 2022,
128, 106106




Baran Group Meeting

Fabian Schneider The Chemistry of Cubes and Cages 06/04/23

Cage bearing terpenoids and polyketides: an incomplete collection

(o]
N\ \ lo] Me Me
o Me y
(0]
Me
(0] Me
(0]
(+)-salvileucalin B artesin A
OH OAc
i Me H
AcO AcO Me
Me Me
Me' “OAc Me" “'OAc "'OAc
Me Me,
HO H >
O OH (0] OH 6HOH cyclotaxanes
homodimericin ~
taxpropellane canataxapropellane dipropellane C canataxpropellane (olefin is not a drawing mistake)
6 congeners (3 congeners) M
Me e
HO OH
OHMe " 2
e
o Me
HO OH
OBz o OH
HO
Me Me ryanodol
Me
c.f. Bioorg. Chem. 2022, Me M 3 beetleane A Me epicoane
128, 106106 e
‘Compound 1 is named beetleane A because of its extraordinary beetlelike shape.
adamantane core homoadamantane core via PPAP pathway, An unusual [5.5.5.6]trioxafenestrane is its shell, and fused to the fenestrane is a
polycyclic polyprenylated acylphloroglucinols  polycyclic polyprenylated acylphloroglucinols  multiple congeners cycloheptane that is further folded by a carbon-carbon (C-C) bond to form its body,

(PPAPs) - many congeners (PPAPs) - many congeners with an additional tetrahydrofuran fused with the cycloheptane to form its head.’
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PPAP biosynthesis Me Me Me Me Me
R2 R2 — Me Me
o Me R! Me R' Me
= ) — 2
OH R Type B o L R lo} R
I Le™ O R* o O R o
—_— > adamantane
0 Me_ Me Me
Me @ R’ R2
(from 3 x malonyl-CoA) o 9 _ Me Me »
0~ R2

monocyclic PAPs = prenyl R?

l

(MPAPs) R2 TypeA  HO R1
OH l homoadamantane
R2
OH O OH O 2
R2 R? o
Ph Ph formal
DMAPP [4+2, HO
o OH — > O on 7 Ho O adamantane
¥ N 2 re R2
= prenyl ST s \
Me ||| ; CO,Me ;
: HO— :
Me X Me i MeO,C CH,Br,, :
: Me0,C on CO2Me NaOH i
O.R2 Me™ ™S : :
O R2 0 R2 ! Curiously, MPAP '
< — R : cyclization loosely CO,Me '
o radical g resembles the first '
HO cycl. 1 synthesis of adamantane ;
Ph ! by Pre[og. MeOZC COzMe E
| ; MeO,C % E
Me Me Me Me \ J
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It just works:
OH prenyl Ph O Ox-Ph
bromide. HO OH M
R KOH HO OH NaH ° A
I M
HO OH Me# e € _ Me J. Org. Chem. 2014, 79, 6, 2564-2573
Me OH Me Me Me~ O -
Me X Me Me Me €

MnOAc;,
A CUOAC2
5-exo-trig
Minisci-r.

Me Me (+)-garcibrateatone 14%
(-)-5-epi-garcibraceatone 8%

N chiral PTC, 4A MS,
Me Ph  CSOH, CHyCly, rit.

Me%o)ﬁ‘)(H

71%, 90% ee

v

Me Me

Sc(OTf);

J. Am. Chem. Soc. 2010, 132, 39, 13642—13644
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