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Isolation and Properties of Pleurotin

Pleurotin

M First isolated from the fungus Pleurotus griseus in 1947 by Robbins et al., and later obtained from
Hohenbuehelia geogenius.

B Pleurotin began to melt with decomposition at temperatures between 200 °C and 215 °C depending
upon the rate of heating.

B Pleurotin was optically active with [ ]2y =-20° (¢ 0.59, CHCly).

B The solubility of pleurotin at 25 °C: 0.125 mg/mL (water), 6.8 mg/mL (95% ethanol), 0.37 mg/mL
(5% ethanol), 3.5 mg/mL (ether), more than 200 mg/mL (chloroform).

B Pleurotin was not thermostable. Solutions of pleurotin in 0.1 M. phosphate buffer when boiled for 10 min
lost 50% of their biological activity at pH 3, 75% at pH 6.5, and all of their activity at pH 8.5.

B Pleurotin was 75% destroyed in 1 h at pH 8.5 and 25 °C.
W Pleurotin in solution was rendered inactive by exposure to light for a few hours.

Robbins, W. J. et al. Proc. Natl. Acad. Sci. USA, 1947, 33, 171.
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Development of a Process for the Production of the Anticancer Lead
Compound Pleurotin by Fermentation of Hohenbuehelia atrocaerulea

S.M. Shipley,” A.L. Barr,” S.J. Graf,” R.P. Collins,” TG. McCloud,” and D.J. Newman®
*Matural Products Support Group, SAIC Frederick, Inc., Box B, Bldg. 431, Frederick, MD 21702
"Developmental Therapeutics Program, MNational Cancer Institute at Frederick, Frederick, MD 21702

irtroduction
Plisuifutii, (2ac, 46 LS(LAF B 12bR 2L 125 - - 20,3 4. 40.5,6.7, Ba1 20,1 2¢-Dacahy dre- §- maihyl- 2H- 5 12d- o
ulhanolurs 24 il jaithia[3,8-Bejompin-2,01 2o, TA 1404-23-5, NBC 401008, ©, H,,0,

MW 354,40, & raphiSeguinens anlibiotic, was s covand by Robbing & the subklance produced by

it fungus Plaursdus griseus which is texic o gram positive bacteria (1, 2 3. Renewed terest in

pluunetin has bean stirdated by the discovery that i exhibits antic ancer activity trough inhibition of

s Ul aradexin-thioreduclase systes (40 To previde sulfcient pleurolin for anlicesser research, the
Devukepamital Thisapidtics Progiaim [OTF) of the Nalien sl Casear Inaliluts al Frodernck (NCI} reguasted o
an exploration of mathods ithreugh which gram guaniities of phlurotin could be predeced by fermestation

Experimental

A Vit Eludbes wai s o saag 8 Brodinisg organem & v
avaitere fom e el peosiissing oegankan. B griseas. could o

be lacated, 53 faur cubures thzught o hase e palerasl of plurain
bizaynitasis ware sslscisd for axareization: Mohandusheia patsladan
(QEACITEHEL Plasroiey slangufipas (QSEC4ID0), Mewstun rabenbary
CESCATISOL ard Hohartusheila srocescuia—sar. grises [SGISIDREI.
Attar 2+ weskn fanmentalizn on poisic dushoes Srois [PO8), siationary,
and Soy paptana. Gluczas, Salubie sisrch [SGSMI and Glucass, Sucross,
Pruzizas (GEF|, shaking in Erlanmepar faska, an arganic scivent sxtock
WiN rmads feam esch and avsmized by C-18 everss shase HPLC with dode
Ty ARt N B e erven oF plaieatis, Caly 1o (v st act of Tl
PO cliing of Hikvibostods sbooasnbis sas & waie st of phsinn
detecned.

8. Hareing fourd a producing
amnism, e sk bezars
ol
cznitiors weich scrasssd

tha fiter of the desirsd
campound. A secand st of
MR I B 1
s pirohased, ATCE RIRHE
anad Furthver of muddia siudies
i e il This
Peives i a shin g ivade

u
RTINS B, SR ST i) Piagiss (5, 61, 6 13 franl e o s v dved
Pttt of Wi T G09S 0 ek i e, Dt b e i arl
ot preserea of mpod Ther, After Se wumies of statkenary fenrastatisn
axiracts wars mads ard a=slyasd by HPLC. Withaut wzod thar, ne plaurchis
wan detecied. bui whes wosd fibes wan prasers, plsurciin wa faund

weaaka, the Sier of pleurciin rasched 431 mpL whas
M sfrozseryiss, ATCC BIS1S mas tarrsnied om medMad Rabbne’ madis.

L. Aodsonal fermamrons were
e T e
v Types o] il ey ifistedd
T =y
el ity wang (e o wsl
s wonnd shasiegs da-nll-a

Tai, Thvassgh S resrtates v e
pmmolam-lmlludh e el

tha highust Ster of plesrotn. i i3 s sl e e e
product now discontinusd by tha - P

Wepsrhaeussr Co., w0 coukd =01 ba
canuidersd far lang-term saa. An aspan/tirch wood bhar, BAT wozd 8115,
e b baakSter amang sthar road iy seailash woad products

Lr. Tha use of wacd fibar in fermamations carried out in stimss
1aiis s i pratematis. Tharor, ames sere niialed W delaning
we et an ewira ol ol wood (i, wiwes oo oeporated o e
TRTITv R TR, weaik] Safube it B0 i ctien of phesrilinn, MAT
EHE wars et by girandatian w it argaric sl s §a . Seie,
ke, mlhanil] asd walar, Ui salaaid remreed, s e
herbedl b1 Babidin daia dirkag hesaniatos, Lims o e
ol arfher B+ ks, Tnrvmesi ation
e prasei bl plauralin was

M
Falipwing B+ wesks fermantatos, uuhluwhgn-m- wera abimnad

Bazn Tamastms boct Whatar

Water Extraxtion Extraction

Frmarn-driod 12l 123 il
Hoi freaze-crisd HEmgl 358 mglL

E, Bl o hiks B,
thes Flessn g wlan dard

I i e
o-lh-u-ldlr-rﬂu
Aagann s v At
Pl ol T Wl bt
Foibsins” fenmesiation

o This.

B, 4 e, plhrlo
izpzulslizn of & sssd culturs ol M afracaersies.

Fohdaitossd meda -
susatitution studes ublong 4
aqEedus extract of WAT @115
wagd dibarin place of waisr
hures been dons 1o iy o
incraass ihs plsuroin lier

Praduction Made

Thay Durvminpavaestial Thoes aproati o 8. Povmprimn rqueastad 10 gro of prlesrota m e proc cei by
farmanizto of H. airccaanulea by tha falliowing protozed:

T, & tz—wuak maad CuBure growes perind for A Strocserias ATCC G151 in S0 mi-sated
Aanks carésining 200 rel prists deatrass bezth ot mom lsreparsturs in dark skakes i
208 rpm

2 Tranwier 83 mis of ssad cuiturs itz L. Eafflad Hasks cosaining 250 =il of moditsd
Rabbisa’ medium, mads with MAT #11E warter aximct is slace of lap waler. Shaks n the
ks o B pen o s tereparature, Aher two meebs Tre (e of pleerote is feusd o
iy inosuasa. tppically reaclvng -~ magiL ot b aess.

3 Wtk e e iirtans beath b gr0cessedl sdih @ Pigh s heae Roosegesdzern, then eatras i
g e i) Do dm B 800 00wl T R BN g acistate, Tag

A TR oear 3ERE adIh ba vty aoetate gheads plainatisaiohid franti
Frare wivis impues yelos ooenals will grow, Ferther perifoaton by revere phase HRLE
grenn @ coiorman, crynaline product st s5E% punty.

HPLE Amalysis

Aeralpnbs was parforsed usieg & W 8008 purep, Watkrs 938 Fhonoed ode divay

Dustadtior, ol Waatare T7pliss satosamiplar st lid s Walers Mileribis 13 saltean:

i &) The cokasan mas an HP Hypeers il GO5, § pon, LB men, PY TI80R000 584 elated
with sceioairieiI0 mM ammoniam sceerts (59:4% pH 4.0 macratcaly Wit 8 Aow rate =f

L4 mbimin. For raak-tima asalyain s whels Brath, 2 1.0 mi alguol mas miced with 1.0 mi <f
sceicnerd ard szncasss bor 10 sec than Shared througs 8 0.2 om syrnpas Aiter into @ visl
aziracts ard czlsrmn fractians was dars by dissciving LI mp of

in 10 ml of MaTH, then Wiseng thraugh a 1.2 um ayrings fiier nio
avial Injsctian volums was ypically 20 o axiract dasabesd b= mathanol or scaicrinl watsr.
= wean bazed an a1 248 mm. Typical ren time wam 10 min,

Conclusions

Aftar a dewslopmant parisd sxtarding ovar st years, 8 method haa bean loredated
b which plaurabin zan ba Brosuced in gram guansty by lermantstion =f Hohentuabei
atrrcaansles ATOD 6030 on modticd RBobiina’ medum. Further mathods deeslspmenal
wor will be Siencted Soward aoapestion = =i matod inis T2-IRer sbred, matumentss,
s i BTt w1 L gt e i darraintation bs ssinl

Acknauledgrments
L P S ———

Befereace:

1 Mok B Herves & Davitecs B, B Buohins WE (1045 Bl Terey Bt Dl 71 145
1 e e | e s

e
‘ot Fyem: Mormstiany Mol Ganoes T, EE1E280
& Barce G 8N Predaiory Fumgl, Weod Deney, snd the Drbon Gyois, Bindversty. Viwrss 4: 13

5 e E2L, s . (1 Cambuurs ot Mebesnins Slioeca, M daten. Z4: 7813
Flum cmscn vl Fumg B Barveas ek s ok
R A0 R B o M 08 iy

Foatmares:

31 ok s e e s BB 3030 1 bl P b T ol Bl i Wi ol UBCLE
TRV Pt . Mk W1 s, gt v sl mn W iy B Pk s

i ok s e s ATEC8 BT boslind by 3. Thas B ke iy Tt

€1 MUSASEL s viemdind shbv vl vy ety prsdeesi 7 Baystemr G 8 vanamnied o by
s fgopn Frmdnin. 11 aralh Woames 31

& Iur-ll:-v-di-n--- e pi g morlﬂﬂ'l-q. .lct--u-wn L Pinacierocd, Wi

= e e o e Eb i e Hmay

e, Gagen ey impdy sackonerseiog
128 Fadorn oy b o brsced Lot
TotELb il b o M, s Camic R, )220 305

Poster Presented at the 2004 International Congress on Natural Products Research, A joint meeting of the ASP, AFERP, GA and the PSE
July 31-August 4, 2004 Phoenix, AZ; Podium Presentation at the July 2004 Society of Microbiology meeting, Anaheim, CA

Shinya limura @ Wipf Group

4

7/10/2005




Structure and the Synthetic Challenges

Pleurotin

0(4)

Fig. 3. Conformation de la géogéni
3. Confo géogeénine dans la structure P2,2,2
(cristallisation dans e méthanol). Plan de projeclti(;ﬂz

C(1)~C(2)—C(6).

B Structure originally assigned on the basis of degrative studies in 1968 and later
confirmed by X-ray crystallography in 1981.

Oddoux, L. et al. Arzneim. Forsch. 1981, 31, 293.
Cohen-Addad, P. C. et al. Acta Crystallogr. 1981, B37, 1309.

B The Challenge to Synthetic Chemists: The unique compact hexacyclic framework
The six contiguous stereogenetic centers

No enantioselective total synthesis
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Biological Activity

Pleurotin

B Antibiotic activity against Gram-positive bacteria.

Robbins, W. J. et al. Proc. Natl. Acad. Sci. USA, 1947, 33, 171.
B Antitumor activity against two rapidly grafted tumors: Ehrlich ascites carcinoma and
L-1210 lymphoid leukemia, as well as a slow growing spontaneous mammary tumor.

Oddoux, L. et al. Arzneim. Forsch. 1981, 31, 293.

B A potent inhibitor of the thioredoxin—thioredoxin reductase system (IC5y 170 nM).

Powis, G. et al. Anti-Cancer Drug Des., 1997, 12, 659.
Powis, G. et al. Mol. Cancer Ther., 2003, 2, 235.
Wipf, P. et al. Org. Biomol. Chem., 2004, 2, 1651.
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Bioreductive Alkylation

“ The concept of bioactivation as a mechanism of drug action is one
that is especially appealing to the medicinal and synthetic organic
chemist. The challenge of designing compounds in a biologically
inactive form which become activated only subsequent to an in vivo
transformation allows the synthesis chemist to take advantage of his
arsenal of methodology and mechanistic probes and to directly apply

them to potentially important problems of drug action. ”
Moore, H. W. Science (Washington, D.C.) 1977, 197, 527.

The concept of bioreductive alkylation which is compounds which
become potent alkylating agents after they undergo a reduction in
Vivo, is a particularly fascinating area within the field of bioactivation.

Lin. A. J. etal., J. Med. Chem. 1972, 15, 1247.
Moore, H. W. Science (Washington, D.C.) 1977, 197, 527.
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Bioreductive Alkylation

H
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0} OH
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- > DNA -
N™ S~ N — OCONH,
OH DNA OH
NH, NH,
OH
H2N ‘\ Second alkylation step
(cross-linking) O,
+ 1 _DNA - .
N
OH
NH,

Tomasz, M., Chem. Biol. 1995, 2, 575.

Shinya limura @ Wipf Group 8 7/10/2005



Suggested Bioactivation of Pleuotin

dihydropleurotin acid

Moore, H. W. Science (Washington, D.C.) 1977, 197, 527.
Hart, D. J. et al. J. Am. Chem. Soc. 1989, 111, 7507.
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Hart: First Total Synthesis of Pleurotin (Racemic)

0.0 M cH,
— Z@‘COZEt

pleurotin dihydropleurotin acid
o o Key feature
CO,Et B Biomimetic conversion of dihydropleurotin acid
— E@H to pleurotin*
CH; m Stereoselective free-radical cyclization

*Arigoni group has demonstrated that dihydropleurotin acid is converted to pleurotin by cultures of Pleurotus
griseus. Vogt, P.M. Ph. D. Thesis, Eidgenossischen Technischen Hochschule, Zurich, Switzerland, 1982.

Hart, D. J. et al. J. Am. Chem. Soc. 1988, 110, 1634.
Hart, D. J. etal. J. Am. Chem. Soc. 1989, 111, 7507.
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Hart: First Total Synthesis of Pleurotin (Racemic)

1. Li, NHg;
Br(CH,),CH(OCH,CH,0)

2. DPPA, Et3N, pyrrolidine, THF
66% (2 steps)

o
a Eae

-«CO,Et 1. LiOEt, MeOH, H,0;
MBu,SnH, AIBN HCI, H,0
Ug=n 2. (COClI),; NaBH,
b A g
enzene 3. TBSCI, imidazole, DMF
80%

85% (3 steps)

~CHOTBS |\ i, :.CH,OTBS

2. CH5N,
3. (COCl),, DMSO, Et3N
59% (3 steps)
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1. 1o, THF/H,0
2. HCO,H, H,0

78% (3 steps)

_.CH,OTBS
1. mCPBA
2. LiNEt,, Et,0

66% (2 steps)

2,5-(MeO)CGH3CH2MgCI
CeC|3

THF
91%

OMe

Hart, D. J. et al. J. Am. Chem. Soc. 1988, 110, 1634.
Hart, D. J. et al. J. Am. Chem. Soc. 1989, 111, 7507.
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Hart:

1: R' = Me, R? = CO,Et
2: R'= CO,Et, R? = Me

|

Stereoselectivity in the Free-Radical Cyclization

Me Me
HH\;;cozEt H

"BusSnH, AIBN

benzene, A

oo PBR 0. 0R! g2 0.0

/ /// / + / '..|R2
. R1

O (OEY) 0 Me COEt

OO Me .CO,Et 0. _OMe . HSNn"Bus o H
/ N
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Hart: First Total Synthesis of Pleurotin (Racemic)

*.CH,OTBS

1. SOCly, pyridine*
2. LiAIH,

3. (COCl),, DMSO, EtzN

Dowex-50 (H*), MeOH

99%
37% (3 steps)

*Inseparable 1:1 mixture
OMe OMe

1. BHg*THF; NaOH, H,0,

BF3'Et20 2. (COCI)Q, DMSO, EtsN
MeO
toluene 3. TosMIC, KOBu, DME
529, 4. DIBAL-H, toluene

5. Ag,0O, NaOH
36% (5 steps)

Hart, D. J. et al. J. Am. Chem. Soc. 1988, 110, 1634.
Hart, D. J. et al. J. Am. Chem. Soc. 1989, 111, 7507.
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Hart: First Total Synthesis of Pleurotin (Racemic)

CAN

89%

26 steps from benzoic acid
0.3% overall yield
an average of 80% yield per step

Hart, D. J. etal. J. Am. Chem. Soc. 1988, 110, 1634.
Hart, D. J. et al. J. Am. Chem. Soc. 1989, 111, 7507.
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Kraus: Retrosynthetic Analysis of Pleurotin

Tandem Photoenolization/Diels—Alder Reaction

Me\ ,’H\ OMe
o 0 CHO
Z G
— @: | — Zc
OMe O
(o)

OMe O

(o)

Kraus, G. A. et al. Synlett 1991, 89.
Kraus, G. A. et al. Synth. Commun. 1993, 23, 2041.
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Kraus: Synthetic Studies toward Pleurotin

OMe
OMe OH 4. Hs(CH,),SH, BF4-OFEt, CHO
nBuLi, THF 2. RCO,H, DCC, DMAP
3. Mel, aq. MeCN
66% 31% (8 steps)
OMe
OMe O
CHO ?l-h

@ 1. hv, Benzene AgO, HNOg

o O 2.165°C, 40 h TH THF
M \\Q ~ z
M 50% OMe 0= 28%
(0)

Comparable activity with pleurotin against SR leukemia cell line
{log49Gls5p = -5.33 (pleurotin: -5.51)} and most colon cancer cell lines
{log1¢Glsg ranging from -4.65 to -4.77 (pleurotin: -5.17)}.

Kraus, G. A. et al. Synlett 1991, 89.
Kraus, G. A. et al. Synth. Commun. 1993, 23, 2041.
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