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A concise and enantioselective total synthesis of ( +)-aigialospirol is described here, featuring the first complex natural product synthesis that
employs a cyclic ketal-tethered ring-closing metathesis strategy and an unexpected stereoselective epimerization of a benzylic hydroxyl group.
The 15-step synthetic sequence illustrates the proof-of-concept that such an approach can be competitive with the classical spiroketal formation

in the natural product synthesis.

Recently, Isakareported the isolation of#f)-aigialospirol (Scheme 1). Transformations in a reverse direction fiom
(1), which was obtained after an extended fermentation of to 3 are not known.

the marine fungugigialus pawusBCC 5311 that was found
in the mangrove Ascomycete. Although useful biological
activities of 1 remain unknown, natural products of marine Scheme 1. Aigialospirol and Hypothemycin
fungi origins in general represent medicinally significant

structural scaffolds.More significantly,1 is thought to be e 170 w

biosynthetically related to the known resorcylic macrolactone Meoﬁ,u\;i e J :>
hypothemycin 8),3-¢ which was also found from the same s onrd “x °H

fungus, and possesses potent antimalatiahd anticancér 1: (s)algiloapirol 4

properties. Specifically,)-aigialospirol1 is postulated to | ’,‘i’;,‘;'_i‘,',":n?n';";‘,‘fﬁ Ukeraﬂﬂifmd
be from hypothemycin3) through macrolactong via (a) il crHinversion Rem

translactonization and (b) spiroketal formation. The macro- 4Pt OMB s

lactone 2 was derived from a hydrative opening of the oo 72'. wl 3

epoxide in 3 with inversion of stereochemistry at C1 170 HO Gy
3: (+)-hypothemycin
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that it can challenge the classical approach using keto diolsnoteworthy that the overall sequence leading to the key RCM

(seed) in the spiroketal synthesis. We report here the first
total synthesis of-{)-aigialospirol featuring a cyclic ketal-

precursorll is short.
With cyclic ketal11 in hand, the ring-closing metathesis

tethered RCM in constructing the spiroketal core and a facile proceeded smoothly to give spiroketd? in 86% vyield

epimerization of the benzylic hydroxyl group.

Our synthesis commenced witB){glycidol as the chiron
source for the C2stereocenter and prepared the known
dihydro-o-pyrone6'34in 62% yield over four steps (Scheme
2). Dihydroxylatiort® of 6 followed by acetonide formation

Scheme 2. Synthesis of Key Cyclic Ketal

PO 1) 6.0 mol % 0sO, PO H
H
0._0
2
=

4 steps

_ >

0 62% overall

2.50 equiv NMO

acetone/H,0 [4:1], rt
2) p-TsOH MeQ_OMe
acetone, rt

(S)-glycidol 6: P =TBDPS 68% over 2 steps
Ak
(o) (]
N
H A ~38:1 —
= h f\ H o OH 0.8
10 ~ PO ~
. - = o]
(0] 1.0 equiv TfH,NH (O]
O7Q 4 AMS, CH,Cl, O7Q OH °7Q
78°C, 1h

8:88% 9: P=TBDPS

gaveo-lactone?, and addition of vinyl Grignard t@ gave

an equilibrating mixture of lacto8 and vinyl ketone9 in
88% vyield overall. After being exposed to 1.00 equiv of
Tf.NH at —78 °C for 1 h}®7the key formation of cyclic
ketal 11 was accomplished in 76% vyield from the lactol
ketone mixture and the chiral homoallylic alcod@l™® While

the C6 stereochemistry was confirmed at a later stage, cyclic
ketal 11 was isolated as a single diastereomer. It is

(6) For a total synthesis of hypothemycin, see: (a) Selke; Lett, R.
Tetrahedron Lett2002 43, 4621 and 4627. For syntheses of other related
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B.; She, X.; Pan, XTetrahedron: Asymmeti3006 17, 1066. (e) Grosche,
P.; Akyel, K.; Marzinzik, A.Synthesi®2005 2015. (f) Garbaccio, R. M.;
Stachel, S. J.; Baeschlin, D. K.; Danishefsky, Sl. Am. Chem. So2001,
123 10903. (g) Lampilas, M.; Lett, RTetrahedron Lett1992 33, 773
and 777.
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Santi, D. V.Proc. Natl. Acad. Sci. U.S.2006 103 4234.
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Rev. 2005 105 4406. (b) Mead, K. T.; Brewer, B. NCurr. Org. Chem.
2003 7, 227. (c) Brimble, M. A.; Fares, F. Aletrahedronl999 55, 7661.

(d) Fletcher, M. T.; Kitching, WChem. Re. 1995 95, 789. (e) Perron, F.;
Albizati, K. F. Chem. Re. 1989 89, 1617.

(11) For related work, see: (a) Keller, V. A.; Martinellie, J. R.; Strieter,
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M. A.; Appeldoorn, C. C. M.; van Hooft, P. A. V.; Overkleeft, H. A.; van
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M.; Grubbs, R. HTetrahedron Lett1999 40, 1425. (e) Bassindale, M. J.;
Hamley, P.; Leitner, A.; Harrity, J. P. Aletrahedron Lett1999 40, 3247.
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employing 12.5 mol % of Grubb’s first generation catalyst
(Scheme 3}? However, at this stage, NOE experiments using

Scheme 3. Cyclic Ketal-Tethered RCM and C6

Epimerization
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12 confirmed our earlier fear when examining NOE<&f'3
which only hinted that the stereochemistry at the' C6
spiroketal center could be wrong. The assignmentL®f
implies that the alcohal0 had added to the oxocarbenium
ion A (see Scheme 2) in an equatorial manasti to the
C5 oxygen. Fortuitously, when we removed the acetonide
group under acidic conditions, we found that the spiroketal
center had completely epimerized to the desiretlst&reo-
center as evident by both NOE and X-ray structure of diol
13

B3LYP/6-31G calculations revealed that the acetonide-
protected spiroketal2 is actually 0.68 kcal mol more
stable than its corresponding ‘Gfpimer, whereaAE is 2.13
kcal mol?! in favor of 13 over its C6 epimer. Such an
enhanced stability is likely a result of hydrogen bonding
between C40OH and spiroketal oxygen, which was seen in
the X-ray structure and the minimized molecular model of
13

(12) (a) Trnka, T. M.; Grubbs, R. FAcc. Chem. Re®001, 34, 18. (b)
Hoveyda, A. H.; Schrock, R. RChem—Eur. J.2001, 7, 945. (c) Schrock,
R. R.; Hoveyda, A. HAngew. Chem., Int. EQ003 42, 4592. (d) Walters,
M. A. In Progress in Heterocyclic Chemistrgribble, G. W., Joule, J.,
Eds. Pergamon: New York, 2003; Vol. 15, p 1. (e) Nakamura, I.;
Yamamoto, Y.Chem. Re. 2004 104, 2127. (f) Deiters, A.; Martin, S. F.
Chem. Re. 2004 104, 2199. (g) McReynolds, M. D.; Dougherty, J. M;
Hanson, P. RChem. Re. 2004 104, 2239. (h) Wallace, D. JAngew.
Chem., Int. Ed2005 44, 1912.
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Kozmin, S. A.J. Am. Chem. SoQ005 127, 13512. For the acidity of
HNTf,, see: (c) Thomazeau, C.; Olivier-Bourbigou, H.; Magna, L.; Luts,
S.; Gilbert, B.J. Am. Chem. So2003 125 5264 and references cited
therein.

(17) (a) Ko, C.; Hsung, R. POrg. Biomol. Chem2007, 7, 431. (b)
Ghosh, S. K.; Ko, C.; Liu, J.; Wang, J.; Hsung, R.TRtrahedron2006
62, 10485.
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To complete our total synthesis, we elected to utilize
spiroketall2 instead ofl3 and pursue the epimerization of

to 16in CgDs at rt when being frozen in s at —10 °C or
under a prolonged exposure to silica gel. Given that there is

C6 spiroketal center at the very end. As shown in Scheme no apparent energetic difference betwddhand 17 from

4, desilylation and oxidation ofl2 gave aldehydel4.

Scheme 4. Total Synthesis of-{)-Aigialospirol (1)
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Subsequent addition of the aryl lithium intermediate, gener-
ated via a Snieckus’ directed ortho-metalatfoof amide
15,52 afforded a readily separable mixture of alcoht#sand

17 with an isomeric ratio 1:1.4. Given that we were uncertain
which was the desired CEpimer, we pursued the lactone
formation employing both alcoholss and17. Intriguingly,

we found that bothl6 and 17 led to the same lacton&8
(with loss of the TBS group). Lactori8 was taken to-{)-
aigialospirol after removal of the acetonide group con-
comitant with C6 epimerization. Our synthetic sample
completely matches the reported spectroscopic datatfpr (
aigialospirol*

While this concludes the total synthesis effort, we were
intrigued by the lactonization/epimerization. A careful
examination revealed that alcoHd gave lactond 8, while
alcohol17 readily epimerized td6 under the same lacton-
ization conditions, which is basic. In fact, puté epimerizes

(18) (a) Snieckus, Heterocycled98Q 14, 1649. (b) Beak, P.; Snieckus,
V. Acc. Chem. Red.982 15, 306. (c) Snieckus, VChem. Re. 1990 90,
879. (d) Anctil, E. J.-G.; Snieckus, \d. Organomet. Chen2002 653
150.
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our preliminary calculations, one possible pathway is shown
in Scheme 5.

Scheme 5. A Possible Mode for the CIEpimerization

OMe

19: hemi-orthoaminal

16: P =TBS

This pathway features a Ckcrambling that is intra-
molecular in nature and involves the hemi-orthoaminal
intermediate19 that would allow for “swapping (or a
turnstile-like mechanism)” of the original C7 amido carbonyl
oxygen atom with the Clhydroxy oxygen atom (red). It is
likely that the formation ofLl9is more readily fronil7 with
a -C1-OH. This model is consistent with the observation
that C1 epimerization occurs under basic, acidic, or neutral
conditions. It is noteworthy that this epimerization involves
the same Clstereocenter that is critical in the biosynthetic
relation between hypothemycin and aigialospirol. We are
currently probing the origin of this intriguing epimerization.

We have described here an enantioselective total synthesis
of (+)-aigialospirol featuring a cyclic ketal-tethered ring-
closing metathesis strategy and an unexpected stereoselective
epimerization of a benzylic hydroxy group. This 15-step
synthetic sequence fror®)¢glycidol firmly demonstrates that
cyclic ketal-tethered RCM can be competitive with the
classical spiroketal synthesis.
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