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Enantioselective syntheses of the potent antifungal agent (-)-jesterone, its hydroxy epimer, and a dimeric quinone epoxide derivative are
reported. The synthesis involves diastereoselective epoxidation of a chiral quinone monoketal derivative and regio- and stereoselective reduction
of a quinone epoxide intermediate.

Endophytic fungi from the world’s rainforests have provided OoH

numerous pharmacologically active compounds with a broad CHs couH HO } "o

range of biological activities. Recently, a number of novel ° HyG N Ny CO2H
compounds have been isolated frétastalotiopsispp., a CHy o CH,

fungal genus that is well-known for the production of

important secondary metabolites, including takdkor OH
example, the quinone epoxide dimer torreyanic ady ( HO™ "o
isolated from the fungal specié&s microsporacauses cell Me™ S Ny O
death by apoptosis in human cancer cél\dle recently CHy 0 CHs
(1) torreyanic acid i

T Boston University. () Jesterone

¥ Montana State University. . . . .

O Cornell University. reported the total synthesis offf)-torreyanic acid using a

iﬁggﬂggs'ghigzciuﬁCssev;:‘scj_Kramer R Sidhu R. S.- Hess, w. Diomimetic dimerization of a quinone epoxide precursor
M. Microbiology 1996 142 435. Y o " related to the highly functionalized cyclohexenone ambuic

(2) (@) Lee, J. C.; Strobel, G. A.; Lobkovsky, E.; ClardyJJOrg. Chem acid @), also produced bf?. microspora* The structurally

1996 61, 3232. (b) Jarvis, B. BChemtracts1997, 10, 10. . ; .
@) Li, C.. Lot(Jk)ovsky, E. Porco, J. A.. Jd. Am. Chem. So@00Q related monomeric epoxyquinol jesteror® {vas recently

122, 10484. isolated fromP. jesteri>® Noteably, jesterone displays
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selective biological activity (minimum inhibitory concentra- ether5. Reduction of5 with NaBH, afforded an alcohol,
tion (MIC) values 6-25 ug/mL) against the oomycetous which was silylated (TBDPSCI) and treated with TBAF (0
fungi, which are some of the most pathogenic of all disease- °C) to effect selective desilylation of the phenolic TBS ether.
causing fungi. On the basis of examples of other anti- Using this procedure, the overall yield of pherofor six
oomycete agents that have antitumor activity (e.g., taxol), steps was 53%, and multigram—%0 g) amounts may be
it was anticipated that jesterone, as an anti-oomycete agentprepared with minimal purification. After considerable
may also have cytotoxic activity. Taking a lead from the experimentation, we found that the prenyl side chain could
biological diversity of fungal metabolites, we have initiated optimally be installed using direct C-prenylation. After
a program to explorehemical diersitythrough the chemical  careful consideration of reaction conditioisye adopted a
synthesis of jesterone and related molecules. In this Letter,qwo-step protocol involving prenylation o6 (0.7 M in
we report the synthesis, stereochemical assignment, andoluene) with NaH and prenyl bromide-80 °C), which
biological evaluation of {)-jesterone and related epoxy- afforded the desiredrtho-prenyl phenol7 (49%) and prenyl
quinoid compounds, including a novel “jesterone dimer” ether 8 (35%). Rearrangement 8 to produce further
produced by a tandem oxidatione6electrocyclization- amounts of7 was accomplished using Montmorillonite KSF
dimerization cascade sequerice. ~in benzen# to afford 7 in an overall yield of 60%.

Fo_r the syr_1the5|s of Jester(_)ne and related epoxyquinoids, In analogy to our route todf)-torreyanic acid, advance-
we first _dewsed a synthe3|s_ of aorth(}pr_enyl phenol ment of 7 to jesterone and related structures required
intermediate (Scheme 1), which would ultimately be con- preparation and regio- and stereoselective epoxidation of a

qguinone monoketal intermediate (Scheme 2). Hypervalent
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aReagents and conditions: (a).BCHCL, rt, 2.5 h, 94%; (b) fl de E :; E‘L%?Opﬁobenzoy'

TBSCI, imidazole, CHCIy, rt, 20 min, 94%; (c) Mel, NaH, THF,

65 °C, 6 h, 72%; (d) NaBk EtOH, 0°C, 0.5 h, 100%; (e)

TBDPSCI, imidazole, DMF, rt, 2 h, 93%; (f) TBAF, THF, TC, HeC wCHy
10 min, 93%; (g) NaH, toluene, 5, then prenyl bromide;-30

°C, 4 h; (h) Montmorillonite KSF, benzene, rt, 48 h, 31%. /\A/Q/\r /\j¢\/\r
Me H,C” X
HaC XX

verted to a quinone monoepoxide. Bromination of com- 13 R_TBDPS

) : P .
mercially avall_able 25 d|hydroxybenza(l)de?yﬁeafforded aReagents and conditions: (a) PhI(OAQYIeOH, 20 min, rt,
2-bromo-3,5-dihydroxybenzaldehydg94%)? Regioselec- 83%; (b) (5,49-(+)-pentanediol, PPTS, benzene, B0 20 min,
tive silylation of the most nucleophilic phedbf 4 followed 80%; (c) KHMDS, TrOOH, THF—35 °C, 15 h, 80%; (d) TBAF/
by methylation of the 5-hydroxyl group provided methyl AcOH, THF, rt, 10 h, 91%; (e) 4-bromobenzoyl chloride, DMAP,
pyridine, CHCI,, rt, 30 min, 78%,; (f) E)-tributyl-1-propenyl-

(4) Li, J. Y.; Harper, J. K.; Grant, D. M.; Tombe, B. O.; Bashyal, B.; stannane, Pd(PB), toluene, 110°C, 6 h, 88%; (9) HF, CECN,
Hess, W. M.; Strobel, G. APhytochemistry2001, 56 , 463. rt, 4.5 h, 82%.

(5) Li, J. Y.; Strobel, G. APhytochemistry2001, 57, in press

(6) For representative structurally related epoxy-cyclohexenone natural

roducts, see (a) oligosporons: Anderson, M. G.; Jarman, T. B.; Rickards, : ~ 4: : :
pR. W. J. Antibi(ot) 1985 AFlJB, 391. (b) panepoxydon: Erkel, G.; Anke, T.; iodine oxidation® of 7 (PhI(OAC)Z’ room temperature, 30

Sterner, OBiochem. Biophys. Res. Commui996 226, 214. (c) cyclo- min) afforded dimethoxyketa®. In line with established

epoxydon: Gehrt, A.; Erkel, Gerhard; Anke, Timm; Sterner, Oldv. i i i i _
Antibiot 1998 51, 455. (d) yanuthones: Bugni, T. S.; Abbanat, D.; Bernan literature precedent for use of chiral acetals in diastereo

V. S.; Maiese, W. M.; Greenstein, M.; Van Wagoner, R. M.; Ireland, C. Selective epoxidations of quinone monoketaks;* 9 was

M. (37) %%”g:eﬁzfo?_'g?h 7ailr?n5'|<s Hett1993 755 transketalized with (84S)-(+)-pentanediol to afford chiral
, H.-J.; Har , KSy . . ;
(8) For the synthesis of epoxydons using related starting materials, see:acetallo- Ep0X|dat'On ofl0with PhsCOOH (KHMDS,_35

égg Icnihara, A.; Oda, K.; Sakamura, Behtrahedron Lett1972 23, 5105. °C) afforded monoepoxidd.l as a single diastereomer.
Chou, D. T-W.; Ganem, Bl. Am. Chem. S0d98Q 102, 7987. : : :

(9) Narayanan, V. L.; Sausville, E. A.; Kaur, G.. Varma, R. K. PCT Int. Stereochemical aSS|gnm§nt1jffollowed literature analogy
Appl. W0O9943636, 1999. and was based on examination of molecular models of the
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two possible conformer&0a and 10b, which indicate that using metal chelation-based protocols. Gratifyingly, treatment
the former should be preferred as a result of the presence ofof 14 using Kiyooka’s conditior’8 (2 equiv of Dibal-H, THF,
a severe steric interaction between the indicated axial methyl—78 °C) afforded (-)-jesterone3 (84%). The structure @3
group in10b and the allylic silyl ether moiety (Figure 1a). was confirmed to be identical to naturat)-jesterone by
IH and®C NMR, IR, mass spectrumg]p (—202.6 (c =
s 0.43, CHC})) and TLCR values in three different solvent
systems. The regio- and stereoselectivity of the reduction
TBDPSO. Q e step may be explained by ini_tial formation of aluminum
chelate15, followed by chelation-controlled reduction to
"'30 vl produce 3. Alternatively, reduction ofl4 using NaBH/
o MeOBE®? afforded hydroxyepijesteronel6 and3in a 9:1
10b ratio (72%) (Scheme 3). In this case, the reduction selectivity

Scheme 3
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Figure 1. (a) Conformations of 1,3-dioxan&0. (b) Chem 3D ™Mo H\\AI/I—UIBu Fag B HH
representation of the X-ray structure 12. ' i 0 o W
o .,
Selective formation ofL1 thus may be explained by steric 0 Me Me™ ™ I e
blocking of thej-face of the dienone by the axial methyl 5 i

group in conforme.ﬂOa Unambiguogs ste.reochemical as- 2 Reagents and conditions: (&) 2 equiv Dibal-H, THEE°C
signment was achieved by conversionldfinto p-bromo- min,984%; (b) MeOBE NaBH. TgF/MeOH' e 3 b
benzoatel2 and single X-ray crystal structure analysis 75,

(Figure 1b). Interestingly, in this structure the conformation
of the chiral 1,3-dioxane is boatlike, presumably to avoid
steric interactions between the emerged epoxide methine andnay be explained by formation of boron cheldté and

the axial methyl group in a chair conformation. Stille preferential activation of the complexed ketone toward
coupling of 10 with (E)-tributyl-1-propenyl-stannane in the  reduction with borohydridé! The coupling constants ob-
presence of Pd(PBRf provided propenyl enon&3, which served for3 and epimerl6 (J;—, = 1.6 and 2.8 Hz,
was treated with HF in CECN to afford the target quinone  respectively) are also consistent with values reported for
monoepoxide intermediati4. related epoxyquinol compounés.?

Completion of the synthesis of jesterone required a |n an effort to further explore chemical diversity in the
hydroxyl-directed reduction to aanti-epoxy alcohol. A jesterone series, we prepared a novel “jesterone dimer”
number of stereoselective reduction methods have beenemploying the tandem oxidationzéelectrocyclization proc-
reported to preparanti-epoxy alcohols from epoxy ketones, ess previously used to produce torreyanic acid and related
including Zn(BH,)2,*> NaBH,/CeCk,*® and NaBH/CaCh.*’ core structures (Scheme #)Dess-Martin oxidation of
Because of established precedent for chelation-controlledquinone epoxidel4 provided a crude product mixture
reduction of quinone monoepoxides using Dibal-H to afford consisting largely of BI-pyran diastereomers3 (*H NMR).
anti-epoxy quinol&*!8we first evaluated reduction df4 Further treatment with silica gel in GBI, followed by silica
gel chromatography, led to the productionX¥ (84%) as

(10) For selective silylation of 2,5-dihydroxybenzaldehyde, see: Liu, A.;
Dillon, K.; Campbell, R. M.; Cox, D. C.; Huryn, D. MTetrahedron Lett

1996 37, 3785. (18) (a) Gautier, E. C. L.; Lewis, N. J.; McKillop, A.; Taylor, R. J. K.
(11) For literature discussing conditions for optimization of alkylation Tetrahedron Lett1994 35, 8759. (b) Alcaraz, L.; Macdonald, G.; Ragot,
of ambident anions, see: (a) Le Noble, WSynthesid97Q 2, 1. (b) Bigi, J. P.; Taylor, R.J. K.; Alcaraz, L.; Kapfer-Eyer, |.; Macdonald, G.; Wei,
F.; Casiraghi, G.; Casnati, G.; Sartori, Getrahedron1983 39, 169. X.; Lewis, N. Synthesidl99§ 15, 775.
(12) (a) Dauben, W. G.; Cogen, J. M.; Behar, étrahedron Lett199Q (19) Kiyooka, S-i.; Kuroda, H.; Shimasaki, YTetrahedron Lett1986
31, 3241. (b) Corey, E. J.; Wu, L. 0. Am. Chem. Sod 993 115 9327 27, 3009.
(13) (a) Pelter, A.; Elgendy, Setrahedron Lett1988 29, 677. (b) Fleck, (20) Chen, K.-M.; Hardtmann, G. E.; Prasad, K.; Repic, O.; Shapiro,
A. E.; Hobart, J. A.; Morrow, G. WSynth. Comm1992 22, 179. M. J. Tetrahedron Lett1987, 28, 155.
(14) Wipf, P.; Kim, Y.; Jahn, HSynthesisl995 12, 1549. (21) For sodium borohydride reductions of related epoxyketone systems,
(15) Nakata, T.; Tanaka, T.; Oishi, Tetrahedron Lett1981 22, 4723. see: (a) Harigaya, Y.; Yamaguchi, H.; Onda, Meterocyclesl981 15,
(16) Li, K.; Hamann, L. G.; Koreeda, Ml'etrahedron Lett1992 33, 183 (b) Wipf, P.; Kim, Y.; Jahn, HSynthesis 995 12, 1549.
6569. (22) For synthetic work on panepoxydon and correlations of coupling
(17) Taniguchi, M.; Fujii, H.; Oshima, K.; Utimoto, Kretrahedron 995 constants, see: Shotwell, J. B.; Hu, S.; Medina, E.; Abe, M.; Cole, R,;
51, 679. Crews, C. M.; Wood, J. [Tetrahedron Lett200Q 41, 9639.
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"Jesterone Dimer"”

the sole dimeric product. Selective formationl® may be
explained by Diels Alder dimerization of two diastereomeric
2H-pyran monomerdA and B, in which case the methyl
groups of the pyran arm@nti to one another and the dienophile
(A) approaches the dien8) anti to the epoxide moiety.

synthetic jesterone mimics the antifungal effect of natural
jesterone. In addition, the synthetic compounds, including
14 and 16, retain potent bioactivity again®. cinnamomi
andP. ultimumand exhibit relatively low MIC values against
these important pathogenic fungi. In preliminary studies,
synthetic3 and dimerl9 have also been tested in several
cell lines derived from human cancers: a human breast
cancer cell line (MDA MB231) and two human leukemia
cell lines (HL60 and U9373 Noteably, the dimerl9
displays lowuM activity against these cell lines and dem-
onstrates the potential for bioactivity of novel epoxyquinoids
(Table 2). Evaluation of this compound against other tumor

Table 2. Preliminary Evaluation of Jesterordeand Jesterone
Dimer 18 against Human Tumor Cell Lines (46 «M)

compound HL60 MDA MB 231 U937
jesterone 3 150 528 109
jesterone dimer 19 19 2.8 15

cell lines and mechanism of action studies are warranted and
are in progress.

In summary, the synthesis and stereochemical assignment
of the potent antifungal compoune-)-jesterone has been
accomplished. Synthesis of a hydroxy epimer, as well as a

In effect, 19 is a torreyanic acid analogue, which may be related quinone epoxide precursor and a novel “jesterone
more cell permeable as a result of the absence of the twodimer” resulting from Diels-Alder dimerization of a Bi-

carboxylate groups.

pyran intermediate, underscores the possibility to prepare

Evaluation of monomeric and dimeric epoxyquinoid chemically diverse, bioactive compounds using a natural
compounds against various plant pathogens is shown in TableProduct lead. Continued studies ef)jesterone and related
1.2 These results indicate that the biological activity of €poxyquinoid compounds are in progress and will be reported

Table 1. Minimum Inhibitory Concentrationgg/mL) of

(—)-Jesterone and Other Related Compounds for a
Representative Group of Plant Pathogenic Fungi

jesterone

test fungus nat synth 14 16 19
Pythium ultimum 25 25 50 50 >100
Phytophthora cinnamomi 6 6 6 6 12
Sclerotinia sclerotiorum 100 100 >100 100 >100
Rhizoctonia solani 25 50 50 50 50
Geotrichum candidum >100 >100 =100 =>100 =>100
Pyricularia oryzae 25 25 50 nd 25
1652

in due course.
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