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Recent progress in spectral analyses, especially two or more dimensional NMR techniques, have made structure

determinations of complex natural products possible. However in some cases the structures of small-sized natural

products, which have some kinds of torsion strains within molecules, cannot be determined by such modern analytical

methods. In such cases, only total syntheses can provide the answers. Total syntheses of trichodenones A-C and

pericosines for the determination of their stereostructures are herein described to demonstrate the power of synthetic

organic chemistry. Both trichodenones and pericosines are small-sized, highly-functionalized cycloalkenoids and

metabolites of microorganisms derived from marine sources. In natural product chemistry especially, the fact that the

structure of the antitumor natural product pericosine A was revised as (+)-22 by its first total synthesis from the 18

originally proposed is important.
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EEBKMZEE L, TND5Z2IT, kL, K
FRIAT & > TG Z S NS T 5 T N TE
Tz. RRIC, in vivo ABRIC BV THIGEANRE N
7z pericosine A DANHER I NG 18 DFRD
ZiaHE L, EO pericosine A(+)-22 ZL2HKT B T
CICE->TINZRTIET A N TET L,
R 2 b, JERICEFRIRV.

DX S EWRIE, AREBILFEDORI] &
ZRETEHELEDTELERWITHS EEZ DN
%.

2. Trichodenone A-C 0)26’524' !

Trichoderma J& O B R D EY) & U TR
M 7% C,-cyclopentenone (L S¥IEEMNH D, FTh 5
&, BEEREADNNTWAAEICK> TREL
2 DDRMITHT N TS, Trichodenone A—C 1-
30%, KL E THRINE N ya 1Y
F1 4 A > (Halichondria okadai) X 0 77 B U 7= BEL I
Trichoderma haruzianum OUPS-N115 O il Bd 255 1% 1%

O\ \\\OH O\
m \g.n\ol"‘l

Cl
trichodenone A

trichodenone B

BEMTH S Fig 1). ChBIE, VENBEECH
BERY b X N7z C,-cyclopentenone #5i&#F L T D,
1 L3 EAFRER 1 DU H>TOWARVEDA
N7 FUENT TS ZIRET 22 L IETE
TV, E, 2BV TEARFHLO 1 DA
WAFEL, MIEHO A HEHERD 7 HICHIEE T 5
RETBHBLETE ok £, ThBIE,
WINE P388 < A VS f Al A I R L
THERMEHEEZRL, f1TE, 1 PREE
1EME (EDs: 0.21 ug/mL) 2R L7z,

2-1. Trichodenone A 1 &R

JEETE T R 4 1S L, Et,O HH, 0°CC vinyl
Grignard I SAIZER SV T A, hEEHW4
MO EHET S U RO IS vinyl OB A T h
e )va—)u s 4L LTlEoN. X
IZ, BuNF Z{EHE Y, BiffELTIA—L 6k
L7z, PDC T 2 fukigiiz i b L T 1 21597,
(Chart 1)

Cl OH

trichodenone C

1 2 3
Fig. 1. Structures of Trichodenones A—C
TBSO,,. go CH,=CHMgBr,97% RO, ®OH PDC, 9% O« OH
I = |
4 5:R=TBS 1

Bu,NF, 79%

H
C.
0~\: : ,‘\\OH O\\)O\H 0
1

6:R=H

H+

\%o\H o pﬁm

Chart 1. Synthesis of Trichodenone A and Plausible Mechanism for Interconversion Between Enantiomers
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5Nz 1 OEER, + 1416°THO, W
HENTRAYOLLHEEE (+ 56.3°) DR 3 5
Oz R L. FROZF Y FA<—7% W
CRIGZITY, FRRDZE# 217> TR O NI H I
PIOXHERD LB X, D +1454°TH -
To. FTT, WS T L& VS HPLC 8T
T, ARG L2522 O Tl AN
HES 25 T LTz, WIS T Nz KR
DY TNEGDENTEEN>T2DT, [
e SCRRRCH DS T, 2 ERGE L, 1 2 B
L7z, Bilzic —EAEONZ 1 O ER, Zh
ZN+410°, +85°THH, INHZMhIFER
N R THPLC oATicft Liz & T 5, et
HICHE> TR VFAY—NREE-S T
WA EWgholz. TORKICDOWTIE, Chart
1 FRIGRULTEXK S GICB T 5, I—KAF
F oA MIS VF A —HOEBNEZ SN
%, COXIICITF VFAIT—MIMEEDLLRTE

ALTVB LWL, KEMILEE, Fhadk
6
BN TH B

2-2. Trichodenone B (2) ®&HX

Trichodenone B 2, C 3 1%, A& AKIIC A URiERAA
ZRHLTTETETTVARRIREVIWNEDD
eI, HmoG A 7 Z7E L, Chart2 DX
I IR IR 237 Tz, UL, WFZEREEE 24,
2 OFECE L, S MRS TV >0 T,
CCTTOMIT AT LAR =255 T L b
Thotz. BB, Y b8 DEILTEHELNS MY
TATLARY—D5H, AL 2ZAKL, fil
FDIT AT LAY —7% 3 ICEL T & ZzEHE LTz,
BEIRS, WA 9 ZRHELT, mREMIC3ICE
WT MDA FHLFEENZ D TH S. HIH
& 81%, 7IV7 =F VEAMiA 2V TIHED
K4 X0FEEINZI3TTHS.

0 OH O,P OH
A WOH Ho\:ijy o TBSOL 7/
} p— - B = o /'/‘(
Cl (@]
2 ﬁ 8
Cl  OH oJ(/

O™ — \(

3 9 41

Chart 2. Retro Synthetic Strategy for Trichodenone B and C
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()41 LT, THFH, -7T8CTr IV =%
FAZIER TGz T A, 10 &Zoir
REMEA A 10: 89 DILHETH LN (LA
P 111C HgCL (745 F, IkpfREy, 82157
(Chart 3). L&Y 8 OMFELEICDWVWTIE, HA4 &
acetyl FEOMICBIME N7z NOE IC K> TIEE N
7z. RIZ, 81Z NaBH, % MeOH 1, =i CTIEM
T, JHWID VA —)L 12 B 11 OV AREE
KOEEWE L THAENTE. ThzeTt

Li Xz:>

TBSOa GO
4|

Chart 3. Synthesis of Intermediate 8

OH OH

TBSO >‘\OH
s s
v J

10 (10%)

FF A F13a, 13b NEZ2HL, 5TV IVE
LT7I)va— b 7a, Tb & UT-Wek Tl A% 7
#t, NOESY fiirtfric X O ifkiidz e L7z, 1,
TNLIBEORERTIX, 8H5 12 NI AER IR
TCWRAEE L 75 o Je Tz b, R ST LT f
THF #1, -78°Cic¥51J % DIBAL % FH 2 T,
13b ZBRMCEZ 2 20OV 7 AT LAY —RE
Meixsd b o7z (Chart 4).

OH

_ é'}(s

11 (89%)

HgCl,,CaCO5
H,0-MeCN, 75%

OH

TBSOL @/ -
=/

O
8

TsOH

OMe
TBSO TBSO >< OJ( OJ(
: OH OMe TBSO
\@/\o( \@/\( — *gro +TBSO\%»\O

8 12

NaBHj, MeOH, rt
DIBAL, THF, -78°C

Lok

13a 13b

Bu,NF, 63%

TBSOu_~J 0o TBSO » HOL ™I 0 HO
TN TOON® Y TONS

13a 13b
79% in 2 steps, ratio = 44 : 56
93% in 2 steps, ratio=25:75

0

7a 7b
separated diastereomers

Chart 4. Reduction of 8 and Separation of Diastereomers
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1) Cly
O/P oJ( OJ(
HO\:iiy o _ PpC Osijz%\fo 2) EtzN oQTn\J o _Ho oqii:7<?TgH
_\7 = /:fj )=
7b 14 (83%) Cl cl
15 (70%) 2 (59%)

Chart 5. Completion of Synthesis of Trichodenone B

STAREL (AR b 1%, Chart 51ICfiE> T, =/
14, L 7)UR15 2R T, VA —IUfk2 N\
§BHLICHIIL, R E DI ED—H %z
R 7z 72 b KR 2 DR 35 K O et id i 2 K oD K
INCPE LTz,

2-3. Trichodenone B (3) D&Rk
287 )V a—)L b 7% Chart 6 ICE> T, 3\&
AL, Wt EELRTDARY MVTF—~&

=L T 72O RIRY) 3 OHERFECE 2 R- Bl & ik
E LT

LHIRIE T, ZCBDIC, —/FDOIVIREME(K Ta
% T Chart 6 FIRRODZHAZ A T2 M, T DA
REMARTIE, BRI ET Lah o 7.
RN, RE R SCZHSRO I E 2.

i, trichodenone C 3 &, &I EHRETTRKFD
BABIC > T RHORARMRE SN,

O’P o‘ OJ
HO\(::%\fo Pd-C/ H, HO\:/:[;;ET PDC O§<A>Lj§;
7b 9b (83%) 16 (89%)
o o
2) NEt3
17 (70%) 3 (41%)

Chart 6. Completion of Synthesis of Trichodenone C
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3. Pericosine *xﬁo)éﬁﬁi&ls

Pericosine A 35 X U B 1%, KB 5% rd ASUFHT C
BELE NTz7 A 75 (Aplysia kurodai) X D 57 B
U 7z B & Periconia byssoides OUPS-N133 @ il Jid
HIERBEMTH D, 1997 FITHE SN 5E
KBV THRES N MG 18, 19 ZKIRL ik
(Fig.2). Chb b7, HEICHEERLLE N
7z cyclohexene i ZH L CTH D, cnblx, A
N7 BIVENT Tl M E 2 R E S 5 T L3 HIK
o e, F 7z, pericosine A 1, P388 FIME~
T AICHT B in vivo ;BRI BV THERIL AR 2
~L, Foft, ToroarFF—YHEEE b
RA YA —BHEEEDZRD SN

Pericosine B I DWW T, 1998 FFic A+ XD
Donohoe 5D 7 )L—TIc & > TEERPME TN,
Z O (19) PBHE BT UL, &
D A BVEME O U pericosine A O of R 12D WD
Tld, ZO% 10 FERRHOE L TH - T,

COOMe COOMe

HO X HO
OH OH
initially assigned (+)-pericosine B
pericosine A
18 19
COOEt
HO

H o™X

°)
J .+ HPO, \\<' )
o\ /NH R O\

2 S
NHCOCH, HO

oseltamivir phosphate

Cly,. @ MeOy,, @ MeO
S >N"N0oH S N 0H ’

COOH

zanamivir hydrate
(TamiﬂuTM) (Relenza

F 7z, FAEHCEEZ X, COMOILAEYH b
(pseudo-sugar or carba-sugar) fi&iZH L T\ 5 C
CICHROVELLE R o 7o, UL, AWTZERRMA Y R
D 1997 FHi%, BIfEaE & 75> TV AR
VTV A )L A3 Tamiflu® O EREHIZE 1
WEMEGE ERRD L TED, £z, ZOMOH
AV TIWVI P TAI)AITH %P F CILDORIFE
20 DR EREFRFENE D TH - HTH
%. Tamiflu® BX P FE)LIE, A>TV
VA INVADKRENAFAET DM/ A T I =4 —8
ZRETZ T LICKD, UAINVADHEEZIZ 5.
COMFEOARKDOIEEX, N-TEFNV /AT
LS 7 /HETHD, TNHEOHYAILAK
1F, BEERSE RS TV A TOICIEN 2RI 5.
Tamiflu® (%, Z D% D 2000 4 12 H, HARICH
WTERADFD TV 5.

A # T &, 18, pericosine B D T ¥ < — 20,
pericosine A DY 7 A7 LA — 21, B pericosine
A 22 DERITDONTIENS.

COOMe COOMe COOMe

- "OH y > 0H  Ho' Y "OH

HO

HO : =
OH OH

epimer of pericosine B initially assigned (+)-pericosine A

pericosine D
21 22

Ho, SOOoH

“/NH” “NH, —o" “/OH

NHCOCHs; HO

NHCOCH;
N-acetylneuraminic acid
TM) (sialic acid)

Fig. 2. Structures of Pericosines and Anti-Influenza Drugs
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3-1. Pericosine BOTEY—DER
Pericosine 1 D & ik 2 # & U 5 & 72 X4 ¥,
pericosine B 19 O &z HiE L7ehY, LHDVIAK
L% E9 % 6 (LD MeO FEDE AN KN TH -
FTEED 19ZDEDTEAL, KRR
TH 220 DERICDWTHE LTz, wikd XS
IZ, Y4HKF, Donohoe HIC &> TC, WEAMEER (+)-
TOES7UNFH VLI =)L zFRE LT
MV 19 DRARAREE N FEDE,

K& U C LRy 22 Al T i A AT REZR 7 1% 23 2 H
VY, Chart 7 IR UEREEE T, HINOD 20 ZHRKT
% T LTI LTz, ColeaYofidE i, %
THNRZ XS ICHERNICEDORY T VA LA
CTHholtcdR) av v ADKEEHEET 3 -
T, REBEZBRNIIL LIz o7, IR, ciscis,cis-
tetraol FAE(K 26 N5 DKIRYITH % 19 NDiEE
DWW TBMELTED, BRNE/ XF)VT—TF
Ik, 30 BIFsiERz 5 25> Tz,

HO, COOMe R,Q, ,COOMe
Ha, ,COOH COOMe o O RO
: known @\ catalytic OsO,, MeN-O O"@\ . + 24
1 OTBS o Y otss
S NNOTBS 9 1 3 recovery
HO™ Y~ ToH Q o) o (33%)
e
(-)-quinic acid 23 24 25:R=H(30%)  26:R4=Ry=H(10%) NaH, Mel
NaH, Mel [ 7 R=Me (66%) 28 R, =Me, Ro= H (20%)—
,COOMe COoOMe HO,_.COOMe
Me < BuyNF Me ) Dess-Martin periodinane Me%@o (CF3C0),0
gy orss o Yy ToH J
27 29 (quant.) 30 (quant.)
COOMe COOMe COOMe
MeC\CLL NaBH, Melxdj TFA, MeCH Meﬁ\é
o 7 © g Y “oH Ho' Y~ "OH
o) o) i
31 (78%) 32 (71%) 20 (68%)

Chart 7. Synthesis of Epimer of Pericosine B from (—)-Quinic Acid
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10, 11)

3-2. Pericosine A DIERIEHAR

C DOWFFEI3, pericosine A%‘S KU DZLZZ)O) K
ELTHHSNT, TN, 6w, 18 BT 21 B,
ZTNEDFUDICRHENTEETH 727D T
%D,:h%MEmESﬁEEH%IEV~?%
2728, 23 hoiFgEI N EdflkTHhL T/
VA4l DEBRKT B ENTED EEZLNTD
5TH5.

OH 5TBDMS
1) TMSOT, EtsN [ 3 x=H
(-)-quinic acid 23  2) NCS, DMF

Dess-Martin periodinane

NaBH,, MeOH

34: X = Cl (45% in 2 steps)

AEHRIE, BEREEICIT S SR L ARERW
Bt 72 BRfe LU C Chart 8 128> CTiisb BN, HIY
D4 NEZ BHIMSIELTHELNZ42 &
Me,NBH(OAc), 7= i T, 4 (i /KEE L [F U Jy
D SIETTHIDRET Z T LIickD, ELADIVIK
bz 69 %18 2135 LT,

£/, Chart9IC/R L7 KD, 41X LT
NaBH, Z W TETL, Em OTMS Zick LT

HQ, Me
Clu,, \ TFA reflux
(Ve &

OTBDOMS

> 36 R= H (38%
35 (68%) <0Me L. )

0
catalytic TSOH I7.R= 1sopropyhdene (65%)

RO I
OR,
38R =R, = |sopropy|ldene (78%)
TFA, MeOH 1_. 39 R, = Ry = H (10%)
TMSCL, EtsN | _ g0 R; =R, = TMS (71%)

CcooM
Y CCOMe BUNBH(OACK, [
Martin's sulfrane dehydrating agent Ch., ACOH-ACCN N
Y OH

RO 3 HO

5R, OH
41:R; = R, = TMS (65%)

TFA. MeOH [__ o R = R = H (quant) 18 (64%)

Chart 8. Total Synthesis of Initially Assigned Pericosine A from (-)-Quinic Acid

COOMe
NaBH4 C|//,‘ TEFA/MeOH C|/,,_
41 —
TMSO™ Y “OH
OTMS
43

OMe
cooMe  <oue COOMe
catalytic TsOH Cl,,,
HO' Y "oH Ho' Y0
OH o
21 (quant. in 2 steps) 44 (55%)

Chart 9. Synthesis of Another Diastereomer (Initially Assigned Pericosine D)
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ORI SRTTHIDN BT S5 Lick>T /—
a3 LU, BEWTH TMS{ELTHMD kU A —
V21 ANEELZENTER, T/—)L43 D3
NONIREZE, 21 272 b A R 44 N EEL
L THREEN. HNY18 1%, 21 LiES T L
WHERE NT=728 18 D 3 NiDVI{ABCE X, Fig. 2
TRUEEIICRESN, 18 BXU 21 DIk
REERIE, ERE N

LAHL, BENz 2 D0OHMY 18, 21 D AR
27 RV, W N E pericosine A B X T DDED
E—HLah-olz T, chbsomwEThTL
57 A RERMOT 2 A RERT >
Tk b, FUDICRBENTZRKAYIOR
WEHINWTNERD THS T EAHBHL .

COOH COOMe

known =
—_—

HO ¢ TOH \_6

. @)
(-)-shikimic acid (45)

12,13)

3-3. Pericosine A D2&R

iR £ B D, 181X, pericosine A Tldah >
Telc®, BOMEZ IS 5T EAROFEL
Tofee AVIFIVDOREMD AT MLT—
ZICMAT, TNETHRLICEHRILEYON
MR 7 — & Z UK IC LRk aT U 7265251, 20 &
pericosine A @ 'H-NMR I 351} % #5 & @ Eh b ¢
WEZ & B EWNRENT. 22T, £ES
%, B pericosine A DIEER 22 THD LHEEL,
ZOERICDONWTHEIT B2 & & L.

HEAREEBIV— ME, 20 08D LFEIKTH
%. TFEEHERD 7z R E LT shikimic acid 45
ZF\V, Chart 10 ICHE> T, EHEREZITV, HEA
THadT/—)U55 L LT, sHEITIE, SOCL IC&K

HO LOOMe

catalytic OsOy4, MezN-O R1O‘O

o)

TBSCI 46 R=H Acy0 E.48 Ry =H, Ry = TBS (98%)
imidazole 47 ; R = TBDMS (69%) 49:Rq=Ac, Ry =TBS (91%)
BU4NFESO:R1 Ac, Ry = H (77%)
o cooMe COOMe

Dess-Martin periodinane AcO\[:\L

51 (quant.)

COOMe

R4O
\Kj
y S W’O a2

o

o)
TBsCl [ 53:R1=Ac,Ry=H (95%)

E. 54 : Ry = Ac, R, = TBS (53%)
KoCOg 55: Ry = H, R, = TBS (74%)

excess SOCI,

TFAA, pyrldlne

Aco\@ NaBH,
Q ¥ ©
o)

52 (76%)

COOMe COOMe

<5,0 TFA, MeOH @CI
A < £ \\' y "//OH

‘OR; HO

o) )

56 (42%) (-)-22 (50%)

Chart 10. First Total Synthesis of (-)-Pericosine A from (=)-Shikimic Acid
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D, SUKIGZERT2 NEEL FETH W,
RICR LT, BRIERISICBOT ZEMEGOBH)
i TRk 56 252 7. TOH{AS6 D
WG X, &8 2 0T NMR AXT MLT—Z D3
M7z i tric & o THERR S Nz, LUT, 56 Zhikoy
FRIC K> T2 b I A R Z2IREL T, (-)-22
NN e, TDOEDDLELECE 2 FE < B AN
7 MIVT—=21E, REMOE 0L meIic—H Lk
728, T TICRAMOHEEZREE N, X
7o, BENT ()22 DETECEE, KEYMIDZ
NEFFFDHTHD, HIMEMZER L TH -7
e, ThE, RIEVMOWNENRTH 5 LS N,
[l FF 1 R D e 0 W 385 7 methyl (3S5,48,58,6S)-6-
chloro-3,4,5-trihydroxy-1-cyclohexene-1-carboxalate
EPRE LTz,

FDEMIC K> THELNTZE DD R DXt
KTH o218, BT, KIREOD pericosine A
DEERBIT DN THET L7z, FIfA (-)-46 DXt
K (H)-46 1, 23 XKD BRTZEeNTEZC L
MBI HS ST 5. © DI S H DA%
% T ()46 Z AL, DUF Chart 10 & R4
VEZRFRT, RINEID (+)-pericosine A 22 DFZE
% L7z (Chart 11).

Ho, ,COOH COOMe
@\ reference 23 @
HO™ > YOH HO ™

Q-

(-)-quinic acid 23

(+)-46
(52% from 23)

H %Zi>

B, 22 ORI G ERBHOBHED & U
pmwme®%ﬁﬁi®kb®%é£%OwT@
MHTH%.

M, C CII7r LTz pericosine A 22 1%, KAV D
IRIS Biotech GmbH 35 & U} CFM Oskar Tropitzsch
oA % wa FIc, pericosine BDO T Y~ — 20 13,
75 2 A® Chemstep & W5 2ftDOHh 2T FIcF
NZNKENTH D, SciFinder [ TIEEATTHE
EWNS T LILEHS>TWVS.

4. B8bHbhic

YA ZHVNE VAT, K> THEE ARSI K
WIGEE, VEASEIRIN R GRS K > TZ O
WERPRE LN RS RWHlZZ iR UTkz.
ChUT KD, HREE RO BRIk O — b 2 ik
o TWREINEENTHE. EEOHVDK
JeD%E L E, BRELILVO L EHARGED
DTH5. LhL, TNOEVAERELEEL
T, SIRMTHAGDETEAREITAE, B
BRODHHMAZIEMT H EMNTE, AXT b
JUBRAT CILEIRE TE 7 h - b BV OREE 2 1H 5
MCT BT ENTES. Iim, K XXITEYT %

(|300Me COOMe
~Cl
same as Chart 10
o OH HO OH
o OH
(+)-22

(1.1% from (+)-46)

Chart 11. Total Synthesis of (+)-Pericosine A from (—)-Quinic Acid
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SEIC 303 B HIAOREE 2D TV DI, &
FENMR 2%+ LOREAVEANTIC £ % £ DTH D,
BIROEBILC BT, 20 & S i LT
RO EIEER ENEVOEHETH .

SIIE, FEDHED > T SRR O B
Dl N ERTIVRTIY | DORBR RS 3
FET, BHE, ZORBHIEEGFoTVEETS
BB, T OMOTRIMOIETIEOGRIE, B
fEXTO L T AMHFICHIZ RV, 2006 48,
LIKIE - ) — AHTOT A FRERERIC, B
A T V=T KO Larry Overman (3% H &
M5B A LRTEE, FEPHEE W5 L
Jo & & O BIHAL &Y gliocladin C % 2Bk LT- &
DERAEZI T, WDk S WO EE S
CHEC fi > THIREED TV S, e, Sk,
pericosine DR}FITH B 7 unFt /A4 FOH
WAL TN S,

I UBISRATE L 512, INEVH A XD
Lema, ABEE VS AN D LIINTHS L&
2THD, 5%, CNBEI—F () & LTHA
KRR AR L, TOHNE [{TD ] Luns%
75 BTN LS TS,

BB AWSUTRINBIEIE, KEEERK
o [HAEBESRE 2R OISR THRE(L 24 2%
FILBWTITbNIcEDTH O, WHRICHEb - 72
KEDTNTOHE, FERICHEIEHHNZLET.
NMR, MS, JTREOMOF 2L NT-ARYE « Hili
vz, BRESERERAEA, MR L S EEICED
Y THEZRLUET. IRO—EE, KERYA,
FANT R AR I S HEE H IS KB ARENA T
)Y —Ft > Z—Hfilhd (2001 — 2006) Z (> T
fTonfzc e z2fteCidll, #EZ2ELLET.
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