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Studies Towards the Synthesis of the C29-C51 Fragment of Altohyrtin A
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Abstract: The synthesis of the highly substituted E and F pyrar
fragment23 of altohyrtin A1 from tri-O-benzylD-glucal5 is described.
The synthesis of a model compoufd containing the altohyrtin A
triene side-chain outlines the proposed strategy for the elaboration of t
F pyran.

The spongipyrans are a new family of marine macrolides which exhib
an extraordinary potency as inhibitors of cancer cell gréwiiis,
along with their challenging structure, a 51-carbon chain, 42-membere
lactone ring and 6 pyran rings has promoted considerable synthe
interest? culminating in the elegant total synthesis of altohyrtin A
(spongistatin 1)1 by Kish? and altohyrtin C by Evarfs.We have
embarked on a total synthesis of altohyrtin A, the most potent of th
spongipyrans. In view of recent publicatidfiswe report here our
approach to the synthesis of the highly oxygenated EF pyrans and
strategy for the introduction of the C44-C51 chlorodiene side-chain. ﬂ
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Figure 1
chlorine atoms with the ring substituefitfhe cyclopropan8 was

Scheme 1 outlines the synthesis plan. The highly substituted F pyra?nbtamed from the reductive dehalogenatiorv.oAll attempts to open

was to be constructed from readily availableubenzylo-glucal 5 either the dichlorocyclopropane or the analogous dehalogenated

by the stereoselective introduction of G4fiethyl group followed by cyclopropane — with  carbon ngcleophlles proved uqsgcgessful.
- . . . Cyclopropane could be opened with methanol addodosuccinimide
C-glycosidation and further manipulation to install the methyl ketone. . ) - . .
Stereocontrolled aldol reaction with the C29-C35 aldeh§degould to Iurnlsh, after reduction of the iodide, the anomeric methoside
provide 4 which could readily be converted to the hemi-acetal thu582/° (for 2 steps}.
furnishing both the E and F pyran rings. Selective deprotectionFormation of the anomeric methoxigeprovided an opportunity to
functionalisation of the C44 benzyl groupdofvould allow access to the €xPloit methodology already developed within our gréive have
methyl ketones. In turn3 could be elaborated by stereocontrolled aldol Previously shown that anomeric sulfones can be readily synthesised,
coupling to fumish the chlorodiene side-chain and thus completé’asny handled and are reactive, versatile reagents in glycosidation and
synthesis of the C29-C51 fragment C-glycosidation reactions. Conversion®fo the sulfonel0 by standard

From the outset we were attracted by the idea of installing the C4glan.ipulation Was. followed by Fjisplgcement with a viny! zinc reagent
. . ) to give 11 as an inconsequential mixture of anomers in good yield
methyl groupvia stereoselective cyclopropanation of a glucal followed
by ring-opening to introduce functionality at C%8.This would allow (Scheme 3).
us to utilise a readily available carbohydrate starting material with thredN® C38 alkend1 was then converted to the methyl ketdrieby a
stereocentres already in place. Treatment oDdenzylD-glucal 5 short sequence of manipulations (Scheme 3). Ozonolysis, followed by
under standard Simmons-Smith conditions results in the formation cfllica catalysed epimerisation gave the desired anomeric aldehyde
the cyclopropane from the wrong face. It is thought that the C41 oxygeﬂ'mOSt exclusively. Stereoselective addition of acetylene magnesium
directs the carbene insertion. Using a non-metal induced carbene formBgPmide in toluene furnished a mixture of C38 alcohols, favouring the
from the hydrolysis of chloroform gave the desired desiredR configuration13. The selectivity was due to chelation of the
dichlorocyclopropand in good yield and excellent selectivity (Scheme Crignard reagent with the ring oxygen. The stereochemistry was
2). The selectivity arises due to the steric interaction of the bulkyfonfirmed by comparison of the Mosher's esters. It is possible to recycle
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BnQ BnQ With both fragments6 and 15 in-hand the aldol coupling was
BnO. z i BnO., : | investigated. Initial studies investigated the use of lithium enolates. The
U - reaction was found to proceed with moderate yield but high selectivity
BnO_. O BnO_.» al (6:1). Attempts to determine the stereochemistry at @85Mosher's
5 7 ester's were inconclusive. Instead the configuration was established by
) n.O.e. studies of the correspondent hemi-acetal obtained by deprotection
j f of the two TES groups with HF/pyridine. It was shown that the major
product22 had the wrong configuration.
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Scheme 2. Reagents and conditions:

i. PhH, 50% NaOH(aq), EtzNBnCI, CHCI3, rt 5 h, 91%; ii. BuzSnH,
AIBN, PhH, reflux o/n, 78%; iii. MeOH, NIS, rt 48 h; iv. BuzSnH, AIBN,
82% (2 steps)
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the undesire® diastereoisomeria Mitsunobu inversion. The alkyri3
could be hydrolysed in good yield with mercury oxide and sulfuric acid
to give thea-hydroxy ketonel4. Finally, protection of the C38 alcohol
as the triethyl silyl ether gavis in good yield. The efficiency of the

the methyl keton@5.

. . . QTES
route has been demonstrated by the synthesis of multigram quantities of OTES vi
2 E—
MeO H H (CHg),OTHP
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Scheme 3. Reagents and conditions:

i. PhSSiMez, TMSOTf, DCM, 0°C-rt o/n, 95%; ii. mCPBA, DCM, 0°C-rt 4
h, 84%,; iii. CH2CHMgBr, ZnCly, THF, DCM, rt o/n, 80%; iv. O3, DCM,
PPhg, -78°C 10 min; v. SiOg, DCM, rt o/n, 65% (2 steps); vi. CHCMgBr,
THF, toluene, -78°C-rt 6 h, 71% (5:1); vii. HgO, Ho0, H2SOy4, acetone, 1t
1 h, 90%; viii. TESOTf, Hunig's base, DCM, -78°C-rt 30 min, 89%
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Scheme 4. Reagents and conditions:

i. DHP, Dowex 50W X2, 30°C 3 h, 89%; ii. TPAP, NMO, DCM, rt 1h,
75%,; iii. 19, BugBOTH, iProNH, -20°C 3h, 75%; iv. MeO(Me)NH.HCI,
DCM, MegAl, 0°C-rt 3h, 77%; v. 2,6-lutidine, TESOTf, DCM, -20°C 3 h,
64%,; vi. DIBAL-H, THF, -78°C 2 h, 69%

Use of chiral boron enolates was then investigated. Treatment of the
methyl ketonel 5 with (-)-DIPCI and triethylamine followed by addition

of the aldehyde gave the desired diastereoisomer exclusizly
(Scheme 53 Deprotection and concomitant cyclisation gave the hemi-
acetal23in excellent yield. Further manipulation 28 will allow us the
introduction of the labile conjugated diene side chain (C45-C51) and
complete the synthesis @ The primary C44 benzyl group can be
selectively removed utilising either ferric chloride or acetic anhydride
with iodine. These strategies are currently under investigation.

As outlined before (Scheme 1), we envisioned that this labile side chain
(C45-C51) could be introduced through a aldol coupling between a
methyl ketone at C45 and aldehy2® In order to test the feasibility of
this approach it was decided to undertake preliminary studies on a
model ketone28 that could be synthesised from the readily available
glucose derivative714 that mimics the F-pyran moiety in Altohyrtin A.

Aldehyde26 was synthesiseda a one-pot Swern-Horner-Wadsworth-
Emmons olefinatiol® from the commercially available alcoh@#.
Thus, oxidation of24 and treatment of the resulting aldehyidesitu
with triethyl phosphonoacetateBUO gave25 (100% E) in 33-36%
combined yield from24.16 Reduction of25 with DIBAL and Swern
oxidation of the resulting alcohol led 2617 in 51% combined yield as a

The C29-C35 aldehyd@was readily formed from pentanedid in six very unstable oil that could be stored under Ar at -60 °C for several days
steps (Scheme 4). Monoprotection as the tetrahydropyranyl ethewithout loss of purity.

followed by oxidation with tetra-propylammonium perruthenate \jethyl ketone 28 was obtained from27 following a three steps
(TPAP)! gave aldehydel8. Stereoselective aldol coupling with the sequence. Treatment @7 with Tf,0%8 led to the corresponding very
Evans auxiliary® 19 gave the desiredsiyn alcohol 20 which was  gtaple triflate in 94% yield. Reaction with 2-lithio-2-methyl-1,3-dithiane
converted to the protected C29-C35 aldehgideia transamination, (gg.94 94)18.19 and deprotection of the resulting dithiane with Mel-
protection as the triethyl silyl ether and reductive cleavage of the amid@:ac, (87-91%) gave the desired ket The use of a sealed tube in
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Scheme 5. Reagents and conditions:
i. (-)-DIP-CI, Et;0O, EtgN, 6, -78°C 3 h -20°C 14 h, 30% (30% wrt SM); ii.
HF/Pyr, THF, rt 36 h, 85%
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Scheme 6. Reagents and Conditions:

i. CICOCOCI, DMSO, Et;0, EtzgN, -78 °C to n, then
(Et0)2POCH,CO,EL, K'BUO,Et,O- DMSO, -78 °C to 1, 33-36% (100%
E); ii. DIBAL, DCM, -78 °C to -30 °C; iii. CICOCOCI, DMSO, DCM, Et3N,
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Scheme 7. Reagents and Conditions:

i. Tf,0, 2,6-di-tert-butyl-4-methylpyridine, DCM, -40 °C to rt, 94%; ii.
2-methyl-1,3-dithiane (240 mol%), nBuLi (200 mol%),THF, -78 °C to -20
°C, then HMPA and triflate, -78 ‘C, 2 h, 88-94%, iii. Mel (1000 mol%),
CaCOg, CH3CN-H,0, sealed tube, 55-60 "C, 8 h, 87-91%,; iv. (+)-DIP-CI
(175 mol%), EtaN (200 mol%), Et,0, 0 °C, 30 min, then 26 (200 mol%),
-78 °C to -20 °C, 14 h; v. HoOs, MeOH, pH = 7 buffer, 3 h, 63% (dr 2.3:1);
vi. SEMCI, iProEtN, DCM, 1, 76%; vii. TiCls-CHoBra-Zn (350 mol%),
DCM-THF, t, 2 h, 63%

51% from 25

the deprotection step avoided the sequential additions of Mel as reportéuds side chain to the C29-C44 fragment already synthe&iSeate
before?° currently being carried out in our laboratory.

Once?26 and28 were in hand, the boron mediated aldol reaction [(+)-
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