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A Concise Stereoselective Route to the
Pentacyclic Frameworks of Arisugacin A and
Territrem B**

Luke R. Zehnder, Richard P. Hsung,* Jiashi Wang, and
Geoffrey M. Golding

Arisugacin A (1a, Scheme 1) was first isolated from Pen-
icillium sp. Fo-4259 as a potent and selective inhibitor of
acetylcholinesterase (AChE) with an ICs, value of 1 nm.l
Because of the potential therapeutic value of 1a in the
treatment of Alzheimer’s disease,? and the structural sim-
ilarity of 1a to important natural products such as territrems
(for example, territrem B (2))P and pyripyropenes,™ we have
been exploring a number of different synthetic routes that
may be suitable for an efficient and stereoselective synthesis
of arisugacins or territrems.[ ¢ Our recent work involving a
formal [3+43] cycloaddition reaction using «,(-unsaturated
iminiums and diketo systems’! allowed us to envision a
highly concise entry to these natural products. We report here
our success in using a stereoselective variant of this formal
cycloaddition reaction to construct the pentacyclic frame-
works of arisugacin A (1a) and territrem B (2).

An advanced pentacyclic intermediate such as 3 that is
suitable for the syntheses of arisugacins and territrems can be
obtained readily by a stereoselective formal [3+43] cyclo-
addition reaction using the 4-hydroxy-2-pyrone 41 and a.j3-
unsaturated iminium 5 (Scheme 1). The critical stereoinduc-
tion to be achieved in this key reaction is the stereochemistry

[*] Prof. R. P. Hsung, L. R. Zehnder, J. Wang, G. M. Golding
Department of Chemistry
University of Minnesota
Minneapolis, MN 55455 (USA)
Fax: (+1)612-626-7541
E-mail: hsung@chem.umn.edu
[**] This work was supported by the University of Minnesota.

Supporting information for this article is available on the WWW under
http://www.wiley-vch.de/home/angewandte/ or from the author.

Angew. Chem. Int. Ed. 2000, 39, No. 21



COMMUNICATIONS

stereoinduction

1a: R' = H; R? = OMe: arisugacin A 3
“ formal [3 + 3]

1b: R' = R? = H: arisugacin B
2: R' = RZ = OMe: territrem B

Scheme 1. PG = protecting group.

of the angular methyl group at C6a. The formation of iminium
5 from the epoxy lactone 6 may be envisioned and this should
give the required stereochemistry at C12b and C4a in the AB
ring.

Although this proposed route appears to be feasible on the
basis of the existing understanding of the key formal [3+3]
cycloaddition,[ %] there are two major uncertainties that
could cause this attempt to fail. First, we have demonstrated
that a,f-unsaturated iminium groups containing steric en-
cumbrance comparable to that in § can effectively shut down
the reaction.’ "I Second, and more significantly, there have
been no successful stereoselective examples of this particular
formal cycloaddition using chiral a,f-unsaturated iminium
groups.® % 11 Hence, the ability to control the stereochem-
istry at C6a through this reaction was highly speculative.

Recent work, however, suggested that the 6m-electron
electrocyclic ring closure, the third mechanistic step in these
formal [3+3] cycloaddition reactions, is reversible, and leads
to the thermodynamically more-stable isomer with high
diastereoselectivity.®] Our calculations (PM3 using the Spar-
tan package) suggested that the diastereomer 7, in which the
angular methyl group at C6a is B (Scheme?2), is
4.79 kcalmol~! more stable than the a-epimer. This result
suggests that a favorable diastereoselective control could be
achieved in a thermodynamic manner by using a,S-unsatu-
rated iminium compounds such as 5.

AE = —4.79 keal mol™

Scheme 2. Ar=3,4-dimethoxyphenyl.
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Encouraged by this calculation we pursued the synthesis of
a,f-unsaturated aldehydes that would serve as precursors to 5.
The racemic ester 9 (Scheme 3) could be obtained readily in
five steps from a-ionone (8) in 46% overall yield by a
sequence previously used in the synthesis of forskolin.'] A
subsequent intramolecular Diels— Alder reaction of 91
followed by epoxidation led to the a-epoxy lactone 60"l in

5 steps

.

overall 46%

o
X

8: a-ionone r(t)-9

n-decane
reflux, 23 h‘ 61%

O

m-CPBA, CH.Cl,
0°C,24h
pH buffer 7
59%

o

10

LAH, diethyl ether
-78°C —RT,2h

62%

OH

OH 1) AczO, pyridine  TESQ H

2) TESOTf, 2,6-lutidine

| 3) K,CO3, MeOH
£ 4) DMP [O] 4
’ 1 overall 50% : 12
Scheme 3. m-CPBA = meta-chloroperbenzoic acid; LAH = lithium alumi-
num  hydride; TESOTf=triethylsilyl trifluoromethanesulfonate;
DMP[O] = Dess—Martin oxidation.

59% yield. The corresponding [-epoxy isomer was also
isolated in 10-20% vyield. The stereochemistry of 6 was
assigned using global NOE experiments, and it was thereby
established that the relative stereochemistry required at C4a
and C12b for arisugacins and territrems was present. Com-
pound 6 was reduced to the diol 11 in 62 % yield using LAH,
with the epoxide remaining unopened. Appropriate func-
tional group manipulations provided the aldehyde 12 in 50 %
overall yield from 11 (see Supporting Information).

Under our standard conditions,®® as well as a under a
variety of other conditions known to generate iminium
groups, formal [3+43] cycloaddition reactions of 12 with the
pyrone 4 failed to provide the desired pentacycle 13
(Scheme 4). This failure prompted us to speculate that the

1) iminium formation

12 2) OMe

0 Ol OMe
™
on 4
EtOAc, 80 — 150 °C

Scheme 4.
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aldehyde 12 may be too sterically hindered, thereby effec-
tively shutting down the cycloaddition reaction pathway.!
Inspection of molecular models revealed that this steric
congestion could be alleviated if the C1 carbon atom was sp?
hybridized.

Acetylation of the diol 11, followed by Dess—Martin
oxidation, afforded the ketone 14 in 90% overall yield
(Scheme 5). Deacetylation of 14 led to the formation of the
lactol 15, and only oxidation with PCC was successful in giving

OH

1) AcoO, pyridine

RT,24h
2) DMP [O]
3 CH.Cl>, RT,2h 2
11 overall 90% 14
KoCO3, MeOH o
RT,24 h 95%
H._.O
PCC, CH,Cl,
: CH.Clp, RT,40 h
10" 71% :
16 15

Scheme 5. PCC = pyridinium chlorochromate.

the ketoaldehyde 16 (71% yield, 75% conversion). The
ketoaldehyde 16 proved to be suitable for the construction of
pentacycles. The iminium intermediate 17 was generated from
16 using 0.5-1.0 equivalents of piperidinium acetate in the
presence of Na,SO, at 80°C for 1h (Scheme 6).51 A
subsequent formal [3+3] cycloaddition reaction with pyrone
4 in EtOACc at 80°C for 20 h enabled the pentacycle 18 to be
isolated in 68 % yield with a diastereomeric ratio of 94:6.
The angular methyl group at Cba was established as j for
the major isomer of 18 and a for the minor isomer by using
NOE experiments. The pentacycle 18 should prove to be

piperidinium acetate
[0.5-1.0 equiv], Na,;SO4

EtOAc, 80°C, 1 h

OMe
OMe
72%| | 0_0 oMe pyrone 4 68%
EtOAc, 80 °C, 20 h
N~ 19

Scheme 6.
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useful for the synthesis of arisugacin A (1a). By using 6-(3,4,5-
trimethoxyphenyl)-4-hydroxy-2-pyrone (19) under the same
reaction conditions the pentacycle 20 was obtained in 72 %
yield with a diastereomeric ratio of 88:12, with the S-epimer
again being the major product. Compound 20 contains the
desired E-ring necessary for the synthesis of territremB (2).
The high diastereoselectivity obtained in these reactions
here can be explained as a result of the reversible 6m-electron
electrocyclic ring closurel” 1! via the 6 intermediate (21 in
Scheme 7), which leads to the thermodynamically more stable
isomer 18. Our PM3 calculations again support that com-
pound 18 is more stable than 22 by about 2.40 kcal mol~".

C-1,2-add/

21: 6x - intermediate

o -

AE = —2.40 kcal mol™
Scheme 7. Ar=3,4-dimethoxyphenyl.

We have described here a concise route to the pentacyclic
frameworks of arisugacin A and territremB using a stereo-
selective formal [3+3] cycloaddition reaction. Efforts to
complete the total syntheses of arisugacins and territrems
using this synthetic approach are still underway.
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Formation of the Unprecedented Trilithio-
Capped Heteroadamantanyl Iminoalane Anion
[ (HAD4NPh){Li(OEt,;)};] : An Open Cage
Derived from a Rhombododecahedron**

Kenneth W. Henderson,* Alan R. Kennedy,
Arlene E. McKeown, and Robert E. Mulvey

There is a great deal of current interest in the preparation of
organometallic compounds containing combinations of
p-block elements due to their uses in the electronics
industry,V in catalysis,”! and in the search for new types of xt
bonding.’! As a result, a wide variety of heterodimetallic
species that adopt polyhedral cage frameworks have been
characterized, and structural patterns within their mixed-
metal cores are now emerging. A notable example exists for
the isovalent series of compounds with general formulas
M,ELi, (where M= AlH, E = AsSiiPr;; M= AlMe or Sn,
E =PC.H,,)" or M,E¢Li; (where M = Sb, E = NCH,CH,Ph,
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NCH,;, NBu, NC,H;(OMe),, or PC;H,;;P) M = GerBu, E =
AsSiiPr;;! M=SiR, E=NR'M where R=H, R’ =Me,Si;
R =Me, tBu or Ph, R"=Me;Si; R=Me or Ph, R"'=1Bu; R=
Me or Bu, R'=Me; M =SiEt, E =PSiiPr;), which all adopt
structures containing very similar 14-membered rhombodo-
decahedral cage cores (Lewis base complexants within the
compounds are ignored for simplicity). In contrast, we now
report the synthesis of the novel, charge-separated complex 1,
which though isovalent with the above compounds adopts a
unique molecular geometry.

[Li(OEL);] [(HAD,(NPh)({Li(OEt);]~ 1

Complex 1 was originally prepared from the equimolar
reaction between the primary amidolithium PhN(H)Li and
the alane adduct H;Al-N(Me)CsHg (where N(Me)CsHg=1-
methyl-1,2,3,6-tetrahydropyridine)® in diethyl ether solution.
However, measurement of H, evolution from the reaction has
established that the ideal stoichiometry for the preparation of
1is that shown in Equation (1). Crystallographic analysis of 1

6PhN(H)L + 4H;Al-N(Me)CsHy — 20,
—4

MeNCsHy

1+ 2LiH + 6H, )

revealed a remarkable structure consisting of a cage anion
(1a; Figure 1) and a solvent-separated countercation, with no
discernible close contacts between the two.!

Solution NMR data (¥ Al and low-temperature "Li) appear
to be consistent with the solid-state structure of 1, indicating
the presence of two distinct signals (apical/equatorial Al, and
cation/anion Li). However, a full understanding of the

Figure 1. Molecular structure of 1a with hydrogen atoms omitted for
clarity. Selected bond lengths [A] and angles [°]: Al1-N1 1.882(6), Al1-N3
1.901(7), All-N4 1.895(6), AI2-N1 1.914(6), Al2-N2 1.873(7), Al2-N5
1.881(7), AlI3-N2 1.860(7), Al3-N3 1.918(6), Al3-N6 1.890(7), Al4-N4
1.924(6), Al4-N5 1.881(7), Al4-N6 1.868(7), Lil-O1 1.929(14), Li2-O2
1.950(14), Li3-O3 1.930(13), Lil-N1 2.205(15), Lil-N4 2.227(15), Lil-N5
2.106(14), Li2-N1 2.218(15), Li2-N2 2.059(14), Li2-N3 2.227(15), Li3-N3
2.225(14), Li3-N4 2.221(14), Li3-N6 2.069(13); N-Li-N 84.97 (mean),
N-Al1-N 104.17 (mean), N-AI2-N 105.40 (mean), N-Al3-N 105.40 (mean),
N-Al4-N 105.73 (mean).

1433-7851/00/3921-3879 $ 17.50+.50/0 3879



