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Pericosines are unique highly functionalized cyclohexenoid natural products from the fungus Periconia
byssoides OUPS-N133 originally separated from the sea hare, Aplysia kurodai. They are attractive as synthetic
targets, as since pericosine A showed remarkable inhibitory activities against the protein kinase EGFR,
topoisomerase II, and further in vivo antitumor activity against P388 cells. After our series of synthetic studies on
pericosine in order to determine the absolute configurations, three research groups have reported the pericosine
synthesis, respectively, with similar strategies which start from p-ribose involving three carbon elongation and
ring closing metathesis as key reactions. These synthetic studies have been achieved in a new tide of carbasugar

synthesis using metathesis from p-ribose. This review describes on these three reports published in 2011-2012

with the historical background.
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Fig. 1 Structures of Naturally Occurring Pericosines
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Synthesis of (-)-Gabosines C 15 from D-Ribose via NHK Reaction and RCM
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Scheme 7. Transformation of D-Ribose into Diene 49 via Stereoselective NHK Reaction
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Scheme 9. Synthesis of (+)-Pericosine B (2) from Diene 49 via RCM
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Scheme 10. Transformation of p-Ribose into Diene 55 and 56 via NHK Reaction

(A) Felkin-Anh model where the
nucleophile is organochromium

(B) Cram's chelated model where
the nucleophile is organolithium

Fig. 2. Explanation for Stereoselectivity in the NHK Reaction or in the Addition of Organolithium



Vol. 7 (2013)

137

DIFERMEZRTDDOTH )

A SS 226, (1)-20ZFH1X, % 9 RCM
1T X DBABRIRST & LTtk 6 fLDKIRELE X T
VI —F it LT 58 £ &7z (Scheme 11). i
WT, T MVZVANVKYBEBYY V=D A
(PPTS) #fFH ST F e Forv o=
(THP) ftL TS89 &L, HWT [ERX (FEbXx
v) 3a—F] "v¥y (BAIB) &2, 2, 6, 6-
FhIAFN-ERY PV v-1-F % ¥V (TEMPO)

EBRF VUL, VYBBIKEFNIT L, 2-XF
W2-TTFVvERAWTINRYERE L, W TR
HEMELHT, avikAFvEAVWTXF LT X
TNl NEEE RRITBERGET T2 M
4 RELOMOM ZRifRET 22 E12LD ()2
~NEBWT RS S (+)-2 T8 ILTE,
RINER 7% TH - 7T-.

FEEIC 541, 8 T, HBINEK2% T (+)-3~
LEHE Tz (Scheme 12).

ZRHWT, 7Tk F60~EE N, RIZHIE
HQ  OMOM  Grubbs 2nd THP R
(10 mol%)
W toluene, reflux RO, PPTS, MeOH,rt, 1h ~ MeOu,
—_— :
£t 80 % o 9 .,
THPO °)<0 ’ MOMO® 0 65 % Momo® Y o
2
o} 07L
66 NaH, Mel, THF, 57:R=H  BAIB, TEMPO (cat) [— 59: R = CH,OH
0°Cto rt 3h, 79 % 58:R=Me CH,Clp, 1h, 62% |: 60: R = CHO
1) NaClO,, NaH,PO, COOMe
2-methyl-2-butene, MeQu,,
t-BuOH, 0°C to rt, 2h .
> R1O~° ~."'ORQ
2) K,CO3, Mel, acetone, OR
rt, 3h, 80% (in 2 steps) 2
TFA /MeOH 61: R; = MOM, R, = C(CH3),
it, 3h, 65 % (+)-22:R1=Ry;=H
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> R
2) K,CO3, Mel, acetone, i

rt, 3h, 80% (in 2 steps)
TFA /MeOH

OR,
ss Ry =
rt, 3h, 65 % |:(+)3 Ry=

"OR,

BAIB, TEMPO (cat)

l: 62R=H 64: R = CH,0H
63:R=Me  CH,Cl, 1h,65% I:

65: R=CHO

MOM R, = C(CH3),
R, =

Scheme 12. Synthesis of (+)-Pericosine C (3) from Diene 56 via RCM
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Rao 5D RCM 12 & % HiElE, 1) 56479 % Chen
LOAKEEIZIERICLTH D Z L, 2) (+)-2, 3
DM F %15 5 72 D IR NHK b Z 1T H %
Do 1272 O ITHRINEHME T L 72 (Chen 5 DAk
EIFH2NE S TWVWD) mTE— VARSI
RiF5., 22T, 5%, BTFDX D % RCEYM
RIS ET22BLF3IOH L VSR LT
72. RCEYM 1, 7 VT v =T VX VHDO X X%
YATH Y, RICHEREIZ, RCM O Zn L 2iEM
CCHEDBRHFBTNVE Y TH D20, ITEERY
I Scheme 13 DIUAWITRT D% 1,3-Y = v
L7 5.

RCEYM % & & 3 25 (+)-3 D & ik 13,
Schemel4 12 F & &7z, FAE 5412 TMS-7 & F

-

Y REERSY, 7rva— el Lt 68%Fnsd
N 17%, 68% DPNETHEIz. T OILAEERNIE,
Fig.2 (B) T/RL7zCram DX LV —¥ 3 YET )V
WEoTHET 220 TE 5., FHEBY 6812
MNUT, REDY Y LEHWTHTMS 217572
#%, KEWF PV YL, FTRAFLVTRAF NV
T —F V70 & L7 XIZ, 71 % RCEYM 121
L, BRLEYZ v TIANEEHL, KigD7 v
r=VEENBRLE A IV ATY =, #il
WA VERF NV T AITEDE CCREADHHIZ
LoTT7 VT R65s~EE Nz, LEY65 06
X (+)-3~NOEHIZ L DA S4 25 ()3 F
T IR, RINET% &M LT,

A

R
\\

-

[Ru]

=/

Scheme 13. Catalytic Cycle of Enyne Metathesis

OMOM  TMS-acetylene,

OHC. .
\<_/——= n-BuLi ,THF, -78°C, 3 h

4 =

0£>£ TMS'

54

OMOM HQ OMOM

?\
><""’\

(a7 %) 68 (68 %)

RO  OMOM Grubbs 2nd (10 mol%) = 1) 0sO4, NMO
K,CO3, MeOH, /‘_<f toluene, ethylene gas, MeO, acetone/H,0, rt, 3h
rt, 2h 80°C, 12h 2) NalOy4, 1h, 1t
68 —>° // § & —_— & "O _—
85% 0. MOMO™ 3 50 % in 2 steps
NaH,Mel,0°C to rt 69:R=H
3h, 70 % 70: R =Me 71
CHO 1) NaClO,, NaH,PO, OOMe
MeO, 2-methyl-2-butene, MeQ,
t-BuOH, 0°C to rt, 2h
& Yy ——— R O’ *"OR
MOMO % 2) K,CO3, Mel, acetone, ! iORz z
rt, 3h, 80% (in 2 steps)
TFA /MeOH L: 66: Ry = MOM, R, = C(CH3),
65 i, 3h, 65 % (+)—3I R1 = Rz =H

Scheme 14. Synthesis of (+)-Pericosine C (3) via RCEYM
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4. 3. Vankar 5 I & % Baylis-Hillman
RIGETICRCMZ# R & T 3
(+)-Pericosine B, CE&U'#0DT
FUOFAT—DERE

Vankar 5 1%, p-) R —X ZHFEJER & L T
Baylis-Hillman G 3l OF 12 RCM % 88 K5 & 5 %
[A]—r & 2> 5 pericosine B (2), C (3) O
VI AR —DEREHRE L.

BHOEW 23 Icv= v Ay v A T7Tax
4 REERSE 2L, MEERVIZAN) A=
B%522%. ZOMNEEREIX, Cram DXV —
FETFTNVERAWCHHATE S, 7Y =y — VR
GO, <7 Av T LBRIGHETH % 23 DR
BR2ONVR=VOBRESL X, 50LDKERE
Loz v—+EED. v=v7=31%, 7
X b F A ROSAREEZERITTH VR = VRE
ZHREOFHIMU 2L LHEST 22 LItk oT (1)
TINTvaAa—VeHEET 5. P Eo0n T3 %

Wa v RERFAREL, ARLTT VT R, BED
127 U VIKEREEIZ X o TREREEZZ T TAIT
LR — VT4 NEEBEND. ALEY 14 T IKEN
ARVEFFYVYLTETL Cent27 & LTz, i
W, ent2] ¥ NT A V70 T4 KTk
HEAHEELIE A PXFVAF V0T FT
OKBRFZEDOREZITV, TRV VAR MXY %
FAwThie o A v 3 2 & THuKRED A4
L TALAY) ent-30 N EE T2 15507z ent-30
DRIKBREZRILZ o L EHVWT T VT e R
NEZHL, WHELELTL4YTFEY 70 [2
2.2] #27 %>~ (DABCO) #HWVWEXFNT 7
' — b & @ Baylis-Hillman JZJ&I12 & D C; 2= v
MNMER L TALEH IS 2V 7 AT v 4 < —RAY
ELTHT.. Y7 AT vA<—IREW TS5 12 RCM
FITHDZET, h7r7ux T T 7 4 —ThHlk
ABE L o DEALRIR 76 & 77 % 56 : 44 DE| LT
1572 (Scheme 15).

CH,=CHMgBr Br
OH oH O THF, -78°C to 0°C, 2h Vie
HO HO ’ ’ &
—_— > HO O/ O'/'//\\
L —~—— { ref. 22 | !
$<) o é aH;
X 4 ~CH-CH,
23 72 )6

NalO,, CH,Cl,, H,0, HO =
,0.5h
—_—

)

reference 22 (§><b
74
. Z MOMCI, DIPEA
"OH CHyCly, 0°Ct T VO
—{ _ /
%5) 89 % o
ent-28 ent-29

1) CrO3, pyridine
Ac,0, CH,Cl,, 0°C
2) methyl acrylate

DABCO, DMF,

<

75

HG-II (10 mol%)

MeOOC: z
H “OMOM tojuene, reflux
£ % 86 %

z
NaBH4, MeOH 1y mOH PivCl, pyridine
0°C / CH,Cly, 0°C-rt
97 % s

0><> 92 %

ent-27

NaOMe/MeOH |, Z
~QMOM OOC-I’t -1OQMOM
—_—
95 % éé
ent-30
COOMe COOMe

mki
d Y "omom

A\.—é

76

HO,
.
od “OMOM

A\aé

(56 : 44) 77

Scheme 15. Transformation of D-Ribose into Triol into Alcohol 76 and 77 via Stereoselective Grignard Reaction and RCM as

Key Reactions
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SEEL LAY T6, 1T % 2 2 R sk, =
TR F N, IXFNANT 4 FEHAWR MX
VRTS8, T9NE LR, BifR#EST 22LET, £
nER (D28 (D3NEEEL ZLITHIDL
7z (Scheme 16). FFRABHOEMITOWTHEET
L ERD2T7NV—TDERTIE, Csribose) +C,
(Wittig) +C;(NHK) — C, (metathesis) =C; T & -
72D IZx LU Vankar 7'V — 7 DL Tl Cs(ribose)
+C,(Grignard) — C,(NalO,-glycolysis) + C;(Baylis
-Hillman) — C,(metathesis) =C, £ L > T\ 5,

Vankar 5 1%, & 512 Schemel7 1278 § /& # T
3% 2T ~NEEHL, ok FRBEOBELRE
22L& oT (D2 30AKITHHEI LT
(27 £ TIX Scheme 5 LA U). REFHKEOZEAL
D Bk F 1, Cs(ribose) —C,(NalO,-glycolysis) +C,
(Grignard) + C,(Baylis-Hillman) — C,(metathesis)
=C, DIHTH 2. p-) A—ZAHED 23 5 K&
DEFEEZZIEILL>TC2QIBLTZDOEF
vFFA=—ent2] ZAED FITTWBED, D
MEOREHANE ZHTH 5.

COOMe Ag20, Mel

THF, Me,S MeO,

5. 8D

2011 —2024F e E s n 7w H MU O3> D
pericosine 2H D & AR Z A8 L 1208, @ & &F
MR EREEIS N0 2011 ED 8 B~ 12 A
DLTHh 4 ARICEFLTVWS., ARILEDOF
HEOFAT, BN LHEFLRTENZBHEEBOD
Chen 5 DX DEEEEHEL, A FATHD,
D200 7 Vv=TbnIFhdbA v RIRKTH
5. Chai 5D -V R—ZA»5DEX I 7 VDA
HIEWFE L v v IR — VOFEME O ELFEBIE T
HHrILeEz5LE, ZOMOWEEETT YT
DNRY —% BT LNBENTH 3.

Pericosine #8 % & G IBE R AMLE D FHKIEIT S
RUEBRE S Wl RICERIKZZEEHIR - 8
H 2 BEIHELEEHOBEYERL Y.

COOMe

HO,, i
& >

8 i OMOM

76

OOMe
HO,
«

7 “oMom

77

OOMe
MeO~~
it, 3h TFA/MeOH, 0°C-rt
—_—> —_— >
95 % ¥ N &N,
Ag,0, Mel OOMe
THF, Me;S  MeO,
it, 3h
_—
9M1% N

Q § OmMOM 81 % HO" Y "OH
C OH
78 (+)-2

COOMe
MeO,
TFA/MeOH, 0°C-rt
7 "omom 88 % Ho' Y YoH
OH
(+)-3

79

Scheme 16. Completion of Total Synthesis of (+)-Pericosines B (2) and C (3)

H O/\G"OH

HO OH _OH
NaBH,, MeOH /\(_/ NalO,, H;0, 3h

O, O OH

HOHQEQ,

—_— — —_—
S 0°C,2h 6 E—) 86 % in 2 steps from 23 3 ’b O)<3
23 24 26
COOMe
CH,=CH,MgBr HO. - ¢OOMe MeO
THF, 0°C, 3h OH o MeO e
= OH — or
><0 HO' OH HO OH
OH OH

(-)-pericosine B (2)

(-)-pericosine C (3)

Scheme 17. Synthesis of (-)-Pericosines B (2) and C (3) from p-Ribose via Diol 27
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