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Cellular slime molds are thought to be excellent model organisms for the study of cell and developmental biology
because of their simple pattern of development. However, there have been few reports on secondary metabolites of
them. We have focused on the utility of cellular slime molds as novel resources for natural product chemistry, and have
studied the diversity of secondary metabolites produced by them as well as their physiological and pharmacological ac-
tivities. We have recently isolated many novel compounds from the fruiting bodies of various species of Dictyostelium
cellular slime molds. Total syntheses and biological evaluation of these compounds have been carried out. It was shown
that dictyopyrones and dictyomedins may regulate Dictyostelium development. Amino sugar derivatives such as
furanodictines and dictyoglucosamines induced neuronal differentiation of rat PC-12 cells. In addition, brefelamide in-
hibited the cellular proliferation of 1321N1 human astrocytoma cells. These results show that cellular slime molds are

promising sources in natural product chemistry.
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Fig. 1. Life Cycle of Cellular Slime Mold, Dictyostelium discoideum
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Fig. 2. Known Compounds Isolated from Cellular Slime Molds

—75, MRV EA T K0 TAEELaY &
LT, EXEEROHIEICHW SN TWALEY
WHOTMZHENTNSITEE 20 (Fig. 2). #ilx
IX, discadenine (1) 1%, T HH THRTFOFHIFZE
MHT2HE E LU THIREMERE O 1§ Dictyosteli-
um discoideum X VD H.E X 17z .4 Glorin (2) &
Polysphondylium violaceum S §LERIREEITKa> 7= &
ZITHMAORE Y A —NZES I8 EMEDE

Th5.9 £7=, D. discoideum DBENMKIZHBNTZ
NETH-OEMTH > =N bd 2RI

cAMP OFAE T TP EMMBBAN DLz HET 2
K& U TDIF-1 (3) MEREINTVS. 0D 35
2, D. purpureum " 5133 M 2 BILL THERK S
NEEEZH5NS ABO022A (4) MHEMEEL T
HEEXN TS, 9 —J, dictyosterol (5) VXHHfaME
MEOMEE AR T A2 Z270-)LTHO, B -
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2. Dictyopyrone ¥8

D. discoideum %5 & U 7= ¥R O i MR B O
FEKED S i a-pyrone B{L &) dictyopyrone A-
D (6-9) !'"19 } 7N dihydrodictyopyrone A (10), C
AN zEZENETNHEEL, HEREZT->% (Fig.
3). 2B, INsOLLEYOMHMEEIL, (25,45)-
2,4-pentanediol ZF Z )LJHE L THSNS -7 b
IATIITHLT, BIEKRTVERILEZITD 2 LT,
6-9ZZNTNERTHIELICEVIREL
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c@®) :
D(9) :
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0" o C (11):
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DEHILPHHET A TIVOTIVFINEOES - IR
BRI RMAYEENTNEGR L. 50
FHEIRIZDWT D. discoideum \ZXTS B iE 1 2 it
U7z, opyrone BRICKEG L7727 DIV E DR FE
B, MRSEREIGIOE A OB 812 f#, JBEE
FEACEVE R OFEIRITIT 8 U LW ETH S Z &N
BHohERo. £z, 6 MDA FIVED TR E
WAEYIEIEICE R B A TN, TREIR A 1E
DFEIITIX o-pyrone Iz & ZNITHEE T 5 A F IV
DEMNREESN TS ZEMBETH 7. T
HRIHICT I ) HEEEAL ZLEW 12 (Fig. 4) 13
CRETE AR IR 2 M L TW e 2 & s, RMEhH
Wa#Hd D2 WEEFF > T RIMUENEFET S
Z 12X, dictyopyrone ¥ D A Wik M F RS D
SORDMANEDRIT TNELNEEZEZ TS,
—7, MEMERESETIVEME L THWSNT
WBHZEMNSBGMND LD, HIEMKEE &AL E
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Fig. 3. Structures of Dictyopyrone A-D (6-9), Dihydrodictyopyrone A (10) and C (11)
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1. Meldrum's acid, DMAP, N

/ﬁi CH,Cl, rt o fTEZH\H
"R 2 OH OH . /(
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1. PCC, CH,Clp 1t(80%) A I\
2. EtONa, EtOH, 0 °C (48%)
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Scheme 1. Synthesis of Dictyopyrone C (8)
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Fig. 4. Structures of Dictyopyrone Derivatives 12-14

M E OMICIIk 4 IR CTHRBEENA NS, 2D
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MEtL7z. TOR, 757 LiExzH L 13
(ICso 25 um) 27 J 2B %A L7z 14 (ICs 3 um)
72 EREG DILEWINEEZ R U2 D)

& T 5 T dictyopyrone $ii3, Mg L H K T
DIF-1 3) tHEMEMT LI LW MERD
F. W b B M TR (0.2 nM) @ DIF-1 (3)
TF1E FIZ dictyopyrone A (6) 5Sum ZHRML T, D.
discoideum Ofifl Z & T 2 &, TEWMMBEA &
LU TR OEIGIX 6 ZIR L 7sh - 256 L
L THERICHEML ThA, 20 Z &1 dictyopy-
rone A (6) 7% DIF-1 (3) DAL LiAEE %
BT AIEMZAL TSI EEZEKRLTNS.

Z DX DIZ, dictyopyrone JEITHNEMEREEE IZ K L
TRIILEREELZGADIENHSNER S T,
SBIL, NS OEYIEERDIERANTZ AL EHS
MIZT B Z & T, dictyopyrone ZEANHH AR O 4=
IFIRZHETIT 5 L TAENICHERS T THEINE
IMERGEL TWS BENH D EBbNS.
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MEEE NS — I EEEzE LY 2/
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U'B (16) Z Hiff - fEREL .19 s ofbs

MmIznNZTNAI TS —IUEEEITER T % 2 fiE
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anhydro &2 H LY 2 /BB ERNKAKL D15
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Furanodictine A (15) DO &IZHBNWTIE, N-acetyl-
D-glucosamine /n 5 4 TIETHESNS 6-0- k2 T —
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el EMS, 15 OffixtfliEld D KA OFE &R —T
B EPE L 7-. Furanodictine B (16) iZ2DWTH
N-acetyl-D-mannosamine 7» 5 Scheme 2 & [k D #%
BTERKRL, G ERAYMOIIECE Z i d %
ZETHMEEZIRE L2, 728, 16 I3ENHD 2
DDTIN—TNRIELEHIC I D BEREREL T
[/)%). 17,18)

D. purpureum J O\ D. discoideum O T FEAKN 5
HHEEY dictyoglucosamine A (17) %' B (18)
EENTNHE - BERELRE. Y INSE, N-
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Fig. 5. Amino Sugar Analogs Isolated from Dictyostelium Cellular Slime Molds
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0 2. Ac,0, pyridine, rt Q NaOMe, MeOH, A
HO! - OH > HO! - «1OMe >
/ 3. NaOMe, MeOH, rt (38%, 3 steps) / then Dowex 50w (H*)
HG  NHAc 4 pTsCl, pyridine, 0 °C (38 %) HE  NHAc (79%)

N-Acetyl-D-glucosamine

HQ H 1. allyl alcohol, H,SO,, A
210) - 2. Ac,0, pyridine, rt
i e o
0~ 3. NaOMe, MeOH, rt

5 (54%, 3 steps)

1. (Ph3P)3RhCl, DABCO, EtOH-H,0, A

H
210) Oy iS0valeric acid, WSC, DMAP
o 3 CH.Cly 1t (67%)

H NHAC

H NHAc
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0 -
~1OAllyl 2. 0OsO,4, NMO, H,0-CH3CN-Me,CO, rt
O~ (56%, 2 steps)

H

-0
T von
07:
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Scheme 2. Synthesis of Furanodictine A (15)
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e T XTIk, 6 fLD/KBEENTOEF V#d 2
WA Y B ER T AT IS 17 HRd i A s A a2
EMORIEEMTHIICHHREOLT, TNETIK
ZOEDBRAMEEMIFZEAERESN TR
W, 2B, IN5OEEWITDONTDH N-acetyl-D-
glucosamine 70 & LS TR TER TS 2 &M T
&=/~ (Scheme 3).
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Wik 2T o/2& A, WInolkamd, ks
toETIIMBEL TL<AVRSNTWS Ty b
PC-12 i i2 & U TobaA 8 E - 2R 9 2 &S
N &7 o7z, KRIT dictyoglucosamine A (17) KON
B (18) 13& HIT 1 uM LL ETREKFNIZ, PC-12
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R R TIEM L 2ER 2R RN H D,
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MR R N S 2 O F AL SN HEEEI N T
W% (Fig. 6). D. medium O T EEN S HHE
#) dictyomedin A (19) &' B (20) % Bk - i
WELRE. O DR 7T VRIZIEONE VR
NG LIzagae a3 5 RAMeamIBL<amsn
TS, 2020 WT N d p-terphenyl B DL A
SEGIRI N EHHSIN, DXV TIT VRO 3
LN EVRMEGL TS, 2Tl T 19
K203 OXR T VED AN E RN
EEHL T Ens@Enc3ANEWEEEZE L
AEEYTHO, TOEGHRITHEKNR N5,
N5 DILEYNIT K DHMNATERSEE D. discoideum O
AIERICH T 2B Mt L& 25, SR OM
fIMEGERZ KT 28 BEEEE) 1T L
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Scheme 3. Synthesis of Dictyoglucosamine A (17)
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Fig. 6. Aromatic Compounds Isolated from Dictyostelium Cellular Slime Molds

T3-30uM CHEMHZRL 2. 728, &l dic-
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T, D. brefeldianum %1\ D. giganteum DT
FRD S HHALE Y brefelamide (21) 7% Higf - #%
WEREL, TO2GKZIT> 7= (Scheme 4) .29 %
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none #EIX N T T 7y CORBMYHKTHS &
ZZ 515, Brefelamide (21) LI OHE 24
U 7e KRG W E#R R O erebusinone?® PAAL i
HoENTHET, ERICBLVWYASTOLEYTH
HENZD.

D. mucoroides ® F E KN 5 4-methyl-5-pentyl-
benzene-1,3-diol (22) ZHijf - #EhEL-.2 2
DEEWE e N A% K562 il i K UF HL60 il iz
KU CTHFEMBER 2R & & HIT, MM
D. discoideum DRI U T 55 WARHIIE (L 7%E
TERZRLUTZ. 2B, bhbhoARbamoFRR &
IFIE R, Kay 5 D7) — 712 &> T D. dis-
coiudeum DT FEIKI D 22 DHEE - [FE KOG
WEINTNWDE. D

5. fERRMEREREOMES(LFER T DIF-1 RU'E
DFEEDEK

AR D X 512 DIF-1 (3) 1% Kay 5 D7 )L — 71T
Ko THIMMEREEE D. discoideum 7> 5 Bl S 7= #
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2 0
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HO OH
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2. TFA, CH,Cly, 0 °C (67 %) - O
0 O NH,
Brefelamide (21)

M4, CsCOs, DMSO, 80 °C (77 %)_ /@/
2. SnCly, NaBH,, 60 °C

EtOH-EtOAc (3:1) (87 %)

Scheme 4. Synthesis of Brefelamide (21)

OH O

OH O

OH
; Cl
/@\ hexanoyl chloride /@ﬁ‘\/\/\ S0,Cl, .
MeO OH AICl3, CH.Cly, 1t MeO OH CHCl3, EtOH, 1t MeO OH

(58%)

(93%)
DIF-1 (3)

Scheme 5. Synthesis of DIF-1 (3)
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TIAF IV ESPHEAR T EZREL 2L < OFERK
O, MRS 2 W L RA B E A
KO e b EIE K562 i A 1209 2 S5l 6l 15 12
B9 2T AR 2 it U7z, = OfER, Wil
MEBEBERICIEIN YR EDA NI IVHEEE
FIET 2 {87, MRHEFAEIHEIER AT 1)
HEBERT 1 ENTNTNLEREETMTH S
ZENREINZ. SRBRIIINSOHAEZEMNL T,
A MR R D /=D D 43 77 0 — 7 DB
BPUESEREOY — MeamE L ToRAZRE L T
WS FPETH 5.

LA TR, HFEMEETDHDHERFEDAR
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Z &3 DIF-1 SF 38R0 RRIGHE & U CTHER
LTW ZENAEETH D ZEERBLTHBD, JE
W I HLIRZR N,

6. SBROERE

PLED XD ITARFIAMAEY T b 2 Mk,
MOEYIZIZASNRNILI— Y s EE L=g
BULEMZEEEL THD, KAYELZEIIBT54Y
BFEELTHEBITENTVDZENHENEES
. SRR L IR AEYTEE - EEEEE AN T L
T, EFIWVEMTH D2 MR 2 W 27
N F O Y=, ZNsDEmzE ) — RILAEY
ELRRAEALBEIETNEZNEZZ TS,
£/, INETEMBEEREO KT ZE HD 5
Dictyostelium J& O Ff 2 T RBEH R 217> TE
7=, FNLAD 28 (Acytostelium, Polysphon-
dylium) ZWRFEET S ET, I525H:81E
EMDFRICDRMBDTII WM EEDNS.

ARG B DR RIFZE 21T O BRICHE & 7125 D
i, RENEOREEZTHS., INE TITHMAIER
WISAFAMEN TH-> 720D DT ENERER
THaEMPEI NG, EBRIZ, EFESHERKRIRZ
fro/=Bicd, EE 15cm @2 v — L 1000-3000
BZERWTEEL, T3K100-300g (BREE) %
Blboo, HEEL ZHRLEmInTNns <M
& (0.5-5mg ) Thor. MM EO®REK
FRITHBNTIE, MEAEY ORI EHEERE D
ODE S5 EAMDOFEBEPLEARTRTH S EN
AED.

RIE T, AlEZBD ET 5L RB7HITBN
T, A>EFMUTZNTIARN)—=ENA Z)—
v NAZ V=2 T lAEDEZTET, KED
B2 7)) B RGEITULEE S S T OEYTEEYE DH
KNLELIfTObNTWD, TOKE, RKABMMNS OH
R FTENIN RN EN & WS B THGE S N5 @A
HHrEHICEDLNS. LML, bbb ARMNE A
H U S 72 WiillZsts - AviEtEz A Listkehz
RHETZENTEL0ON, MOFETEIEL I LN
TERBRVWRAMELZORETH D, HMITHH 5.
INhoed, MREEREOXL D ICWEZICHHAIN
TWRWEFERIN TS ERA RAEYERICEHT
HZET, REMLEOM N ZTE—ILT DI LN
TELEOBMFEZL TNEZNEEZTNS,

BE AR, EILRFZREGIE LT TRE
HERCFTBIZTTTRdDTHD, HZRELRE
R, P20 XU KRB SHERIRICHEA TH
FLH L B E9. MRS & A W28 N T
TE0, WBEHEREFEBREBRITE L THENE &M
W a0 £ URIbREEmB AR A Y
BHLELFE, WAEFELICESHELHL B E
T, LB OEYIEEFEGICEI L TERARDB IR
AW 2 EE LB RBZERFEFIT AR
[ e, BERRKFEER RRATEERE, ®
JERFR RS A BRI E 22 10 S )
LU B E9. MR O & E R ER 2 g it
WzZEE L0 AL 200 &9 2 sk
D ZITHELSEH WL ET. F2, HILKEK
Fh SRR R G R L E B OF A H IR E D
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