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Hexacyclinol (Grife)

Schlegel, B.; Hartl, A.; Dahse, H-M; Gollmick, F. A.; Grife, U.; J. Antibiot. 2002, 55, 8§14

Isolated in 2002 as a metabolite from fungal strain Ranus rudis HKI 0254

(Antiproliferative activity against L-929 cells and inhibition of respiratory burst
activity in PMNL)

Structure determined by mass spectrometry, 1D and 2D NMR spectroscopy ('H, '°C,
DEPT, COSY, HMQC, HMBC, NOESY), and IR.



La Clair- Initial Hexacyclinol Observations

La Clair, J. J. Angew. Chem. Int. Ed. 2006, 45, 2769-2773
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J. J. La Clair- previously unpublished results



La Clair’s Synthesis
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La Clair’s Synthesis
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La Clair’s Synthesis
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La Clair’s Synthesis
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La Clair’s Synthesis

O, rose bengal, hv,
89%

in vacuo, neat, 95%

desoxohexacyclinol 5-epi-hexacyclinol hexacyclinol

Overall a 0.8% yielding 39 step synthesis



...but several unusual features...

-Authorship:

Total Syntheses of Hexacyclinol,
5-epi-Hexacyclinol, and Desoxohexacyclinol
Unveil an Antimalarial Prodrug Motif**

James J. La Clair

[**] A considerable portion of this work was conducted during 1999-
2002 at Bionic Bros GmbH, CGermany. ).).L.C. acknowledges the
assistance of five technicians.

Google search for Bionic Bros. GmbH, Germany yields:
- Recently released a new Role Playing

Game based on the basic elements of life

- Address shares that of a yoga studio in Berlin

[~ James J. La Clair*
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In memory of Udo Grife

Hexacyclinol (1) was isolated by Grife and co-workers from
the basidiospores collected from Panus rudis growing on dead
betula woods in Siberia.") In 1999, our exploration into
German fungal cultures provided a strain of P. rudis 9-329
that was not only capable of the biosynthesis of 1 but also
provided trace amounts of epi-5-hexacyclinol (2) and desoxo-
3 Further study indicated that the retrocy-
cloaddition of 1 and 2 released oxygen to afford a mixture of
trienes 3 (Scheme 1). Subsequent [242+2] cycloaddition of 3
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Scheme 1. Hexacyclinol interconversions: a) in vacuo, neat, 95%;
b) O, rose bengal, MeOH, hv, 0°C, 89%.

with singlet oxygen returned a mixture of 1 and 2. As this
process could be cycled, it offered a key handle in expediting
the synthesis of this family of terpenes.

The synthesis of 1 and 2 through 3 simplifies the complex-
ity of the hexacyclinol ring system by removal of the D/E rings
(Scheme 1). On the basis of this argument, a campaign to 3
was launched using the synthetic plan outlined in Scheme 2.
The plan began with an intact A ring as shown in interme-
diate A. The first stage of this project sought a rapid
appendage of C7 and C17 onto A followed by the installation
of the lower half of the B ring as given by the conversion of D
From E, a series of three sequences (E

Scheme 2) were used to stitch the molecule together,
beginning with the insertion of C15-C16, followed by creation

[¥] Dr. ). . La Clair
Xenobe Research Institute
P.0. Box 4073, San Diego, CA 92164-4073 (USA)
Fax: (+1) 858-401-3083
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2002 at Bionic Bros GmbH, Germany. JJ.L.C. acknowledges the %
assistance of five technicians .

under http:/ /wwwangewandte.org or from the author.
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Scheme 2. Synthetic plan depicting the strategic intermediates A-}.
Completed bonds are shown in black, and the skeleton is depicted in
gray.

of the C17-C18 bond, and ending with installation of the C14
C15 epoxide.

Intermediate A was developed from bis(acetate) 4.1
Protection with TBS, deacetylation, and nosylation of the
primary alcohol afforded 5 (Scheme 3). Under these condi-
tions nosylate 5 was obtained along with a bis(nosylate)
derivative (3-5% yield), which was removed after treatment
of the mixture with sodium cyanide in DMSO to convert §
into 6. This sequence was conducted on a multigram scale to
provide 6 after a single chromatographic purification step.
‘The synthesis of 6 completed the installation of C7 as
indicated by the conversion of A into B (Scheme 2).

‘The next stage in this synthesis involved the installation of
C17, as given by the conversion of B into C (Scheme 2). This
operation was accomplished through the conversion of 6 into
bromoacetal 7 by reaction with 1,2-dibromoethylmethyl ether
(Scheme 3). Treatment of crude 7 with NaHMDS at —78°C
followed by warming to room temperature resulted in 3:2
mixture of 84/8b. Fortunately, protonation of the enolate of
8w/8b with triphenylacetic acid afforded a mixture favoring
the desired nitrile 8a by 11:1. To increase the material
throughput to 8a, the cyclization and isomerization steps were
conducted in a one-pot operation.

With intermediate € in hand, the next step required
correction of the stereochemistry at C13. As provided by 4,
this center required inversion as illustrated by the conversion
into D (Scheme 2). The process began by convertion of the
nitrile of to dithiane 13 (Scheme 3). Slow addition of
DIBAL-H at —=20°C to 8a at —78°C in toluene afforded 9 in
high yield. The resulting aldehyde 9 was subsequently
protected as dithiane 10. The acetal ring of 10 was opened
by treatment with dilute aqueous acid to provide 11, which
was in turn oxidized to the corresponding acid 12 through a
buffered Tollens oxidation followed by hydrolysis of the
incipient lactone. As noted by Smith et al..”! the oxidation of

ey
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.but several unusual features...

Quantities synthesized.:

1 mol of 4.

epoxide. Mild deprotection with fluorosilicic
pleted the synthesis to provide 3a in an overall yield of 0.8~
1.3% from 4. Confirmation of this yield was established by
the most-recent campaign that provided 3.6 g of 3a from

so to make 3.6 g of final product (9.3 mmol) from 1 mol of diacetate
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compound, which is synthesized in 1% yield from norbornadiene, RN e e

which corresponds to 100 moles or 10,700 grams ($0.31/g, so

$3,320 for s.m.)
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Scheme 6. Synthesis of descrohexacycinol (3).2) KOS (1 equi),
THF; ~78 to ~50°C; then (BIS),, ~78°C;
) oxone, wet 14-dioxane, 87% from 27; c) TBAF, wet S, e RT;
d) Dess-Martin periodinane, CH,Cl, 0°C—RT; ¢) slow addition of
DBU (1.2 equiv), DMAP (cat), THF, ~40°C—RT, 10 h, 72% from 28;
1) Ph,COOH, 1-(+) diisopropytartrate, toluene, CH,Cly (3:1 v/v), 92%;
§) KOTMS, THF, ~10°C35°C, 5 h, 69%; h) MnO,, CH,Cl, room
temperature; ) 34, KHMDS, ~78°C; ~78°C—~30°C, 2 h; add 33 at
78°C; ~78°CRT, 3 h; then room temperature, 12, 76% from 32
) cat. aq. H;Sif,, CH,CN/tBUOH (9:1 v/v), room temperature, 78%
for 3a; 81% for 36; 72% for 37; 84% for 38; k) O, rose bengal,
MeOH, hv, 0°C, 82%. Bt = 1-benzothiazole, TBAF =tetra-nbutyl
ammonium fluoride, DBU = 1,8diazabicyclo[5.4 Ojundec-7-ene.

‘The synthesis of desoxohexacyelinol (3) was accomplished
by unveiling the 7-oxabicyclol
completing the synthesis of the Cring (1 to J
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afford 26 (Scheme 5). Thermolysis of 26¥qduced a regiose-
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eliminative ring opening to provide 32 (Scheme 6). Hydrolysis
of the C14-C15 epoxide was avoided by slow addition of
TMSOK or nBu,SnOH. At this point, the final carbon atoms
C1-C3 were installed through a second Julia-Kocienski
reaction (Scheme 6). Allylic oxidation with MnO, was
effective at converting 32 into aldehyde 33, which was in
turn filtered through dry silica d immediately treated
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...but several unusual features...

Supporting information:

INDEX:

1) NMR data table including couplings as given by 'H-'"H COSY
2) NMR spectrum of natural hexacyclinol (1)

3) NMR spectrum of synthetic hexacyclinol (1)

4) NMR spectrum of natural 5-epi-hexacyclinol (2) < not included

5) NMR spectrum of synthetic 5-epi-hexacyclinol (2)
6) NMR spectrum of natural desoxohexacyclinol (3)
7) NMR spectrum of synthetic desoxohexacyclinol (3)

[22] Note added in proof: The '"H NMR spectra for this Communi-
cation were determined by contract services. The spectra
provided in the Supporting Information were collected by N.
Voss (Berlin, Germany). The operator added the peak for CDCl,
to the spectrum of synthetic hexacyclinol (1), however, this was
done incorrectly at 0~ 7.5 ppm and against the request of the
author. Additionally, one spectrum was duplicated and a copy of
the spectra for natural 5-e¢pi-hexacyclinol was not provided.

3.6 grams synthesized and no 3C NMR spectrum? Intermediate characterization?



'H NMR Spectra
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Revision of Hexacyclinol

Scott D. Rychnovsky*
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The structure of the matural product hexacyclinol wss reassigned from endoperoxide 1 1o the diepoxide 7 on the basis of cakulated ¥C
chemical shift data using HFA-21G geometries and mPW1PW$1/6-31G(d,p) GIAO NMR predictions. These predictions correlate very well with
experimentsl data for three other highly oxygensted natural products, elissplerosin B, maoecrystal V, and elisabethin A. Hexacyclinol is
proposed to ariss from acid-catalyzed rearrangement of panepophenanthrin in the presence of methanol.

Rychnovsky, S. D. Org. Lett. 2006, 8, 2895-2898



Rychnovsky’s Investigation

Validation of the structure of Hexacyclinol:

Using 3C NMR data:

-chemical shifts are spread over a wide range
-relatively insensitive to solvent changes
-sensitive to steric and electronic influences in the
structure

Precedence:

David Forsyth applied MM3 geometry and evaluated NMR shifts
using GIAO with the B3LYP method and a specialized basis set
to achieve an average 2.3 ppm deviation from experimental
values. Bifulco found that the HF/6-31G(d) method was superior
for nonpolar compounds, however highly oxygenated compounds
(like hexacyclinol) had not been investigated.



I3C NMR calculation data

A 0= 1.9 ppm (3.8 ppm max)
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I3C NMR calculation data
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Structure proposal

Isolation artifact:

panepophenanthrin
(x-ray structure)

MeOH

Proposed strcture for
Hexacyclinol



Proposed structure validation
A 0= 2.8 ppm (9.5 ppm max)
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Porco’s Initial Investigation

panepophenanthrin
(x-ray structure)

MeOH

Proposed strcture for
Hexacyclinol

Porco, J. A. Jr.; Su, X.; Lei, X.; Bardhan, S.; Rychnovsky, S. D.; Angew. Chem. Int. Ed. 2006, 45, 5790-5792



Porco’s Panepophenanthrin
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8 step synthesis, 16.2% yield
Key [4+2] dimerization

0" 40% 20% L
Lei, X.; Johnson, R. P,; Porco, J. A. Jr. Angew. Chem. Int. Ed., 2003, 42, 3913-3917



Porco’s Hexacyclinol

&

Br 0.0 1. K10 clay, 98%
\E)O 2. Et3SiCl, 2,6-lutidine,
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1. Ets3N-HF, CH3CN
2. neat, rt, 87% (2 steps)

|

99%

-I3C NMR data matches that of authentic material
-10 steps, 38% overall yield



Conclusion

- Structure of Hexacyclinol was confirmed by computational methods
combined with synthesis- matches (13C NMR) data of authentic material
-Following Porco publication, La Clair re-named ‘deoxohexacyclinol’ as
desoxoudol- claiming the 2 structures gave rise to similar 'H NMR spectra
due to similar functionality and connectivity

-La Clair has said a future publication is forthcoming to address voiced
concerns of original synthesis (1 year).

"Occasionally, blatantly wrong science is
published, and to the credit of synthetic
chemistry, the corrections usually come quickly
and cleanly," comments Harvard University
chemistry professor E. J. Corey

. D dol ( iously d de hexacyclinol)
Lessons we can take home from this? — |[EEEEESSwer-Sy e um
Location: Berlin, DE
Diate: August 1, 1998
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