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ABSTRACT
o R
"o o ) Men 0
T Me O
Me CHO 0
OH O (-)-mitorubrin 1a R=CH;
(-)-mitorubrinol 1b R = CH,OH
HO OH (-)-mitorubrinal 1¢c R=CHO
)

-)-mitorubrinic acid 1d R =CO,H

Asymmetric syntheses of ( —)-mitorubrin and related azaphilone natural products are reported. Key steps involve copper-mediated, enantioselective
oxidative dearomatization to prepare the azaphilone core and olefin cross-metathesis for side-chain installation.

The azaphilones are a structurally diverse family of natural mitorubrinic acid, and their derivatives have also been
products containing a highly oxygenated, bicyclic core and isolated from a variety of sourcé$—)- and ()- Mitorubrin

a chiral quaternary center (dfa—d, 2, Figure 1). Mitorubrin and related molecules havR){ and §)-configurations at
C-7, respectively. The relative and absolute stereochemistry
of diazaphilonic acid has not been determinee)-[Lunatoic

acid A, an azaphilone related tal bearing an aliphatic ester

HO OH side chain, has also been reporte@-)-Mitorubrin and
o AR related molecules display diverse biological activities. For
Me 0 example, {)-mitorubrin and {)-lunatoic acid A show
Me O ) moderate inhibition of geranylgeranyltransferase | (GGTase
/@KO ° ).4¢ (=)-Mitorubrinic acid (Ld) has been shown to induce
"o on formation of chlamydospore-like cells in fungi and also to
pmionibtin  1a R=Chy 67 3454, (b) Locei, Ko Neri, L Nasii, G Locon 3. Falom,
(-)-mitorubrinol 1b R =CH,OH Microbiol. 1967, 15, 93. (c) Suzuki, S.; Hosoe, T.; Nozawa, K.; Yaguchi,
(-)-mitorubrinal 1c R=CHO T.; Udagawa, S.; Kawai, KJ. Nat. Prod.1999 62, 1328.
(-)-mitorubrinic acid 1d R = CO,H (-)-diazaphilonic acid (2) (a) Natsume, M.; Takahashi, Y.; Marumo /gyric. Biol. Chem1985

49, 2517. (b) Lesova, K.; Sturdikova, M.; Rosenberg,MBasic Microbiol.
Figure 1. (—)-Mitorubrin and related azaphilone natural products. 20(()??)?% §ri5b'ata Y.: Ikegami, S.; Yaguchi, T.; Sasaki, T.; Hoshiko, S.;
Sakuma, S.; Shin-Ya, K.; Seto, H. Antibiot.1999 52, 412. (b) Oikawa,
H.; Tokiwano, T.Nat. Prod. Rep2004 21, 321.

and related natural products are a subclass of azaphilones, (‘411) ((ab)) Sr\}gggsvhaWK g';fg g" 5gggg\cvel"%hytﬁ322%5;%974@\3& "

including (—)-mitorubrin 1a! (—)-mitorubrinol 1b,! (—)- Phytochemistry1995 39, 719. (¢) Singh, S. B.; Kelly, R.; Guan, Z.:
mitorubrinal 1c,¢ (—)-mitorubrinic acid 1d,1be2 gnd the Polishook, J. D.; Dombrowski, A. W.; Collado, J.; Gonzalez, A Pelaez,
[4+2] dimer (—)-diazaphilonic acid z).3 In addition, 6‘)' E-éSRZeg(I)SEte{éE%SIg?”y’ T. M.; Bonfiglio, C.; Williamson, J. M\at. Prod.
mitorubrin, (+)-mitorubrinol, (+)-mitorubrinol acetate «)- (5) Nukina, M.; Marumo, STetrahedron Lett1977, 18, 2603.
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inhibit trypsin (IGo = 41 uM).?* The dimeric azaphilone

diazaphilonic acid ) inhibits Tth DNA polymerase (16 Scheme 1. Synthesis of £)-Mitorubrin 1a
= 2.6 ug/mL) and MTI (human leukemia) telomerase ¢ PA(PHCN),Cly, cat, Cul R
. g cat. , cat. cul,
(complete inhibition at 5QM).32 HO Br cat. P'Bug HBF, /PrNH, HO.
Because of the interesting structural features and biological CHO >
. . . . trimethylsilylacetylene Me' CHO
properties of mitorubrin and related azaphilones, a number OH THE. 50%: o
of synthetic studies have been disclosed. In the early 1970s,
Whalley and co-workers reported a synthesis ef)-( K2CO3, MeOH, 90% 6 R=TMS
mitorubrin (La).6 Recently, a synthesis ofH)-mitorubrinic TR=H
acid was reported by Pettus and co-workefs part of our xMe
_ : _ A Me HO 7 8,/Pr,NEt, DMAP
synthetic studies toward the azaphilones, our laboratory has ~ Br o » ProNEL o
devel_oped a racemic route employing gold(lll)-mediated d(PPhag, cat, Cul,  Me cHO CH,Cly, 78 to -10°C
cycloisomerization of alkynylbenzaldehyd&slore recently, EtsN, THF, 86% OH 4
we reported an asymmetric synthesis of the azaphilone core
involving copper-mediated oxidative dearomatizafiomthis ~_Me
Communication, we describe syntheses-of(nitorubrin and o cat. Cul, cat. 'Pr,NEt, O N X Me
related natural products employing enantioselective oxidative ve CH:Cl, » Vel o
dearomatization methodology to rapidly assemble the aza- HO" Il 9 58%fortwosteps Ho 1 3
philone core and olefin cross-metathesis to install the 97% ee
requisite side chains from a common intermediate. OMe OH
Our retrosynthesis of«)-mitorubrin and related natural o o N Me
products is outlined in Figure 2. Natural products varying Me\‘. 0
BnO ve 10 oMe O
> 0
oxalyl chloride, cat. DMF, (@] 1
then 'Pr,NEt, cat. DMAP,
CH,Cl,, 56% BnO Me
xCH
Me 3 2+ BCls, CH,Cly,
—_— Me -78 t0 -20°C,
HO OH Cu\ /Cu\ NG~ |2PFe
“ Y
()-1a
HO Br HO ek [)-sparteine,Cuz0, 8~ inset
Me CHO —
OH Me CHO o
5 OH 4 desilylation, afforded alkynylbenzaldehy@gScheme 1}!

A second Sonogashira coupling pfandtrans-1-bromo-1-
propene produced the desired alkynylbenzaldeldy@&%).
[(—)-SparteinelCw0; (8; inset, Scheme 1) mediated oxida-
tive dearomatizatictof 4 afforded vinylogous aci@ which,
after workup, was directly submitted to Cu(l)-catalyzed
cycloisomerization to afford mitorubrin core struct@€8%
yield, two steps, 97% eéj. The protected orsellinic acid
fragment10 (Scheme 1) was prepared from commercially
available ethyl 2,4-dihydroxy-6-methylbenzoate via selective
benzylationt®* methylation, and ester hydrolysisTreatment

Figure 2. Retrosynthetic analysis of-)-mitorubrin and related
azaphilone natural products.

in their side-chain oxidation state may be derived from
mitorubrin, in analogy with their proposed biosyntheXes.
Azaphilonesl may be derived from mitorubrin core structure
3 by attachment of an orsellinate fragment. Mitorubrin core
3 may be prepared from alkynylbenzaldehydésing copper-
mediated, enantioselective oxidation followed by cyclo- ! ' X :
isomerizatior?. Enyne benzaldehydemay be derived from of _3 with the corresponding acyl chl_orlde derlved_frdrﬁ
the readily available aryl bromidg? using DMAP as the catalyst _prowded the deswed)_—(
Pd(PhCN)CI,/PBus-mediated Sonogashira couplifigf mitorubrin precursofl1 (56%). Finally, global deprotection
aryl bromide5® with trimethylsilylacetylene, followed by

(10) (a) Hundertmark, T.; Littke, A. F.; Buchwald, S. L.; Fu, G.@rg.
Lett. 200Q 2, 1729. (b) Netherton, M. R.; Fu, G. @rg. Lett. 2001, 3,

(6) () Chong, R.; Gray, R. W.; King, R. R.; Whalley, W. 8.Chem. 4295.
Soc., Chem. Commuh97Q 101. (b) Whalley, W. B.; Chong, R.; Gray, R. (11) See Supporting Information for complete experimental details.
W.; King, R. R.J. Chem. Soc. @971, 3571. (12) Cycloisomerization of vinylogous aciito azaphilone using our
(7) Marsini, M. A.; Gowin, K. M.; Pettus, T. R. ROrg. Lett.2006 8, previously reported conditions (aqueous #y/K,HPO, buffer, ref 9) was
3481. found to be ineffective. For Cul/El-mediated cycloisomerization, see:
(8) Zhu, J.; Germain, A. R.; Porco, J. A., Jngew. Chem., Int. Ed. (a) Kel'in, A. V.; Sromek, A. W.; Gevorgyan, \d. Am. Chem. So2001,
2004 43, 1239. 123 2074. (b) Kel'in, A. V.; Gevorgyan, VJ. Org. Chem2002 67, 95.
(9) Zhu, J.; Grigoriadis, N. P.; Lee, J. P.; Porco, J. A.JJAm. Chem. (13) (a) Roush, W. R.; Murphy, Ml. Org. Chem1992 57, 6622. (b)
So0c.2005 127, 9342. Hurd, R. N.; Shah, D. HJ. Org. Chem1973 38, 607 (ref 9 therein).
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Scheme 2. Syntheses of-{)-Mitorubrinol 1b, (—)-
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Mitorubrinal 1c, and )-Mitorubrinic Acid 1d

of the methyl and benzyl ethers @fl using BCE® cleanly
produced {)-mitorubrin 1a (70%) which provided spectral
data matching those reported for natutalab42
Unfortunately, direct allylic oxidation of1to alcohol12
using selenium dioxidé was found to be problematic. As
an alternative approach, we envisioned thgtitorubrinol,
(—)-mitorubrinal, and {)-mitorubrinic acid could be ac-
cessed froni1 via side-chain installation employing olefin
cross-metathesi8.In the event, cross-metathesisldfwith
cis-1,4-bisfert-butyldimethylsiloxy)-2-butene13 in the
presence of Grubbs second-generation cataly$t*° or
Hoveyda-Grubbs catalyst 15 (inset, Scheme 2) did not
afford the desired produdi6 (Scheme 2). However, cross-
metathesis o011 with acrolein using catalysit5 successfully
produced aldehydg?. Although BCk-mediated deprotection
of 17 did not cleanly produce-)-mitorubrinallc, treatment
of a mixture of17 and BR-Et,O in CH,Cl, at —78 °C with
DIBAL-H in hexanes resulted in selective reduction of the
aldehyde to afford allylic alcohdl2 (66%):” Preincubation
of 17 with BFsEt;0O was found to be crucial to minimize
conjugate reduction of the azaphilone core. Compol&d
was finally deprotected with Bgto afford (—)-mitorubrinol

(14) Chhabra, B. R.; Hayano, K.; Ohtsuka, T.; Shirahama, H.; Matsumoto,
T. Chem. Lett1981, 1703.

(15) (a) Blackwell, H. E.; O’Leary, D. J.; Chatterjee, A. K.; Washenfelder,
R. A.; Bussmann, D. A.; Grubbs, R. H. Am. Chem. So200Q 122, 58.
(b) Chatterjee, A. K.; Grubbs, R. Angew. Chem., Int. EQ002 41, 3172.
(c) Connon, S. J.; Blechert, 3ngew. Chem., Int. ER2003 42, 1900.

(16) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, AJHAm.
Chem. Soc200Q 122 8168.

(17) For reduction with DIBAL-H/BR-Et,O, see: Moriwake, T.; Ha-
mano, S.; Miki, D.; Saito, S.; Torii, SChem. Lett1986 815.
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1b. MnO, oxidation of 1b affordedlc in moderate yield¢
Cross-metathesis afl with tert-butyl acrylate in the presence
of catalystl4 afforded the desiretbrt-butyl enoatel8, which
was cleanly deprotected (Bfflto afford (—)-mitorubrinic
acid 1d.**

In conclusion, concise syntheses of){mitorubrin and
related natural products have been accomplished. Copper-
mediated, enantioselective oxidative dearomatization of an
o-alkynylbenzaldehyde was used for construction of a
mitorubrin intermediate. Olefin cross-metathesis was suc-
cessfully employed to install the requisite side chains on this
intermediate by variation of the alkene partner. Studies
toward the synthesis of additional azaphilone natural product
targets are currently in progress and will be reported in due
course.
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