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Systematic synthesis of mono- and bis-THF ring cores, synthetic intermediates of antitumor annonaceous acetoge-
nins, has been achieved by asymmetric alkynylation and subsequent stereodivergent THF ring formation as key steps.
The asymmetric alkynylation of o-oxyaldehyde and o-tetrahydrofuranic aldehyde with (S)-3-butyne-1,2-diol derivatives
gave good yield with very high diastereoselectivity. These adducts were converted into mono- and bis-THF cores via two
kinds of one-pot THF ring formation, respectively. In addition, the total synthesis of murisolin, which shows cytotoxic
activity against human tumor cell lines with potency from 10° to 10° times that of adriamycin, was also achieved.
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2,85 REDO KRB E A Dl & U T mono-
THF 7t b4 =2 murisolin D& &2 EK L 7ZD
T, D #NT 5.
2. AR
INETIZT Y MNP Z 2V EHOAF G RRIEIS R
THREAICHEINTERZD, FEOENLEMZER)
RESAKTAHZEITEL TWTH, ZER7HhE
EHT L7 N UEERENICERT 2 ik
WSEETHH .Y T T, EHFEIEL BRI
ZH9 % THF BO G E RHEAIITD T & Z5HE
U, ROXD K %EEZR L7 (Scheme 1). 7,
- FFTT7IFER (2, m=0) ZHLT, F5)
U2 REET, AFT7INFZIMERIRITXD
Csunit 3) ZHEAT D, KIT, ARk L KB Z
KEAKRE L THWSERIL (pathway a) &, [iffH
ELTHWAERL (pathway b) 12X D, SEAR I
BICTHF BRI =y FEMETESEEA L. £
7z, B LAEZTHFEI=v s (1, m=1) O7 )L
d—)ViEkfr 2 7 V5 & RIZEIL L, U Cy—unit
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ZIVERIE RSO T £ F L > & |, R A

o—X
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*
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Stereodivergent
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TRELT, ENL—bF (1) Z2HNKRTHEL. i
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FIZXOBELT, YIVTER (9 Z2HKLZ.
7IVF > (11a, 11b) 3 ZAffi7zD- ¥ > = h—J)b
NS BEHI O F 1L TH K T & % 3-butyne-1,2-diol
(10)2 % CSAFIEF, X ZXTIFE R AF)
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Scheme 2. Preparation of Aldehyde 9

a: PvCl, pyridine, CH,Cl,, 0°C to rt, 85%, b: TBSCI, imidazole, DMF,
0°C to rt, quant., ¢: DIBAL-H, CH,Cl,, —78°C, quant., d: Dess—Martin
periodinane, CH,Cl,, rt, 96%.

Representatwe structure of annonaceous
acetogenins (n=1-3, R, R'=hydrocarbon
chain having oxygenated moieties and/or
double bonds)

Scheme 1. Strategy for Systematic Synthesis of Annonaceous Acetogenins
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11107 AT LAY —RAGY (11a,11b) &L T
BB EHT S Z EMMTE/ (Scheme 3).

4. AE7ILFZI)UERIEDRE

B L7ET7IVE> (11a, 11b) WS AF T IV
FoMMERIGZERE Lz (Table 1), £9, N>
WAL DSERAEE D IR RIE T HEEZFARD -0
2, PTATLAIY—ZSEEL T, ThZEthz,
(IR,28)-NME ZA/EF, 7Tk R (9) &ERHS
V&l r, EE50RMEEKEHNEGES syn
itk (12a) EINERMDEMAERVICHE SN
(entries 1,2). F7/z, 2O T AT LAY —%%
B TICHWESAD, FRICEREFRERIESN
7= (entry 3). X 52, (1S,2R)-NME #E FDK
ST anti fEAR (12b) % &) D & LARER
WSS Z ST L7z (entry 4).

o . Ph Ph
o on— ol . o
P : :

7 Y
10 11a 11b

Scheme 3. Preparation of Alkyne 11a and 11b
a: PhCH (OMe),, CSA, THF, reflux, 88%.

Table 1. Asymmetric Alkynylation of Aldehyde 9 with
Alkynes 11a and 11b

Ph
o)
(1R,2S)-NME OTBS H —{O
OTBS #
/'\ n-CqsHog
n—C1 2Has CHO OH
g 12a
+ __|Zn(OTH)

Ets3N, toluene

Ph
0 < Q_{Ph

: =
///\/ OTBS&
1" - »n-CypHps™ 7%
(15.2R)-NME &
12b

Entry Alkyne NME Yield [%] syn: anti®

1 11a 1R, 28§ 74 >97:3
2 11b 1R, 28 86 95:5
3 11a+11b? 1R, 28 96 >97:3
4 11la+11b» 1S, 2R quant. 6:94

a) Determined by 'H NMR spectroscopic data (500 MHz, CDCl;).
b) A ratio of 11a and 11b was ca 1 : 1.

5. A7k E THF IREE

AETIF RIS L 0 AR U 72K E % R
BiRE L THWSERILZ#KE L7~ (Scheme 4) .
Syn fIhR (12a) ZEEEE T )W, HEAlRTT 5
ZETZHEADBILEN DU F U ROBIREZ
FIEIZITW N A =)L A3) &L7z0b, MUY
TOENNE RNV RCE7a ) K (TrisCh) %
TER S BT, 1§k 2 @RI B~ & A
L, 2> —b (14) 28K LE. 142RX5 ) —
JLH, REEHY) LTS S E, TRFT RAS)
M T % THF B OB A one-pot THETT L,
trans/threo %! THF BR'&# (16a) NE—DLEW
E U TRIFBRINETHES N

RIZ, AETIVFZIUERIRIT KD AR U 72 KR
HENBEE L THWASR{EZRE L/ (Scheme
5). Syn ffifk (12a) z bV ZF)LT I > % il
FHELUTHMEBTTSZEICLD, B Z&HEEGD
HaEmlL T, 7Ia—)L A7) &LzDb, 2#k
KEHEZ R IMEL TR I—F (18) ZIITEE
IR THZ., 18OR VY F U ZEHREL
T A=)V (19) &L, =& THF #1, NaH T
92 ETHP RISAENKT 2 Z &7a< THF EDJE
% D AN EIRAICHETT L, 29 trans/erythro % THF
BEK (16b) Zi57-.

AR anti fFH04KF (12b) 123K 4y 5% O THF
SR Z AT 5 2 &K, cis/erythro &k (16¢),
cis/threo fk (16d) ZZNZTNRIHISNETH D Z
EMTE, mono-THF I REKDIT X TOITY X7
LA —2ED 5T % Z &Ik U 7z (Scheme 6).

& 5% U 7= mono-THF &% (16a—d) /5 KR

{pathway a)

OTBS QH c
12a —-a - OR
n-Cq2Hzs
OH
13:(R=H)
@ (R Tris)

OTBS 0
N ”'012H25\/C\
e 8BS0 ° o)
OH H
15 16a

Scheme 4. Synthesis of THF-ring Moiety 16a
a: Hy, 10% Pd-C, EtOAc, rt, 94%, b: TrisCl, pyridine, CH,Cl,, 0°C to
rt, 87%, c: K,CO;, MeOH, 0°C to rt, 70%.
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(pathway b) on @ mono-THF 7t N =V ¥HIC% < F(ET %5 THF
. OTBS Q——{ RO a, MAITKEEREZH T 5 8k D22 5 H
12 — n-CaHas P 7. £9, 7)a—) (16a—d) 7% Dess—Martin
OR 04252 ETYILTE R (20a—d) % BIF/S
b (e RoTh WHETES 2 &I L7 (Table 2).

ERLET7IVTFER (20a—d) ITxL, BU X
. gTBS oM onl @ FNZUNTEF L2 ZHOEARET IVF DK
n-C13Hzs - JnZREt U7z (Table 3). ZDFER, Wihoiit
o RIZH LT HAF T L% LRI ORI
FIINUHRIZKDEECHBEINTNS Z &N

n-CqzHas BHonhErok, £, Kiid TMS HEITERMIC
T80 OH PR TE2 2 M5, ZhSOMNIE (21a—h)
16b & mono-THF V& h Z VOB KICH T 56 H

Scheme 5. Synthesis

of THF-ring Moiety 16b

a: H,, 10% Pd—C, Et;N, EtOAc, rt, quant., b: p-TsCl, pyridine, 0°C to
rt, 96%, c: H,, 10% Pd—C, EtOAc, rt, d: NaH, THF, 0 to 40°C, 78% in 2

steps.

Table 2. Oxidation of Alcohols 16a—d to Aldehydes 20a—d
A

B
. Dess—Martin periodinane \\‘/[I_)\
pathway a 16a—d = nCizHas 241 cho
i =

n-CyaHas -, O“‘. pyridine, CH,Cly, rt
(67% in 3 steps) TBSO OH TBSO
16 20a: (A = trans, B = threog)
12b— c 20b: (A = trans, B = erythro}
20c: (A = cis, B = erythro)
pathway b n-C12Has 20d: (A = cis, B = threo)
. : 0
(57% in 4 steps) TBSO OH Entry Alcohol Product Yield [%]
16d 1 16a 20a 86
Scheme 6. Synthesis of cis/erythro- and cis/threo-Type 2 16b 20b 8
mono-THF Ring Moiety 3 16¢ 20c 93
4 16d 20d 76

Table 3. Asymmetric Alkynylation of Aldehydes 20a—d with Trimethylsilylacetylene

g A =TNmS
\ (2.0 equiv.) TMS
n-CyHzs =0 FCHO Zn(OTf), (2.2 equiv.) n-CqzHz5 ] /?
EtaN (2.4 equiv.) F
T8sd - TBSO OH
20a-d (1.0 equiv.) NME (2.4 equiv.) 21a-h
Aldehyde . Selectivity?
Entry A B NME Product Yield [% ] B-OH : -OH
1 trans threo 1R, 28 21a 70 >97:3
2 trans threo 18, 2R 21b 72 3:>97
3 trans erythro IR, 28 21c 75 >97:3
4 trans erythro 1S, 2R 21d 69 3:>97
5 cis erythro 1R, 28 21e 61 >97:3
6 cis erythro 1S, 2R 21f 71 3:>97
7 cis threo IR, 28 21g 79 >97:3
8 cis threo 1S, 2R 21h 66 6 : 949

a) Determined by '"H NMR spectroscopic data (500 MHz, CDCl;). b) Calculated from isolated yields.
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6. o-THF 7 )LTE RICX$ D Cyunit DEA

RIZ, bis-THF BEE % D R RIE D BT 1T
FL& 9, THFRED o O 7 ILTE RITHT
HBAFTINF UMb EmE L, ROJOFEEEL T
RKRICE B ELGFEET B trans/threo BLD 7 )5 &
R (20a) ##EIR L/ (Tabled). ZDXD77I
F b RICRT2REHRECL D7 AT LA RIRW
T8 SRIEAT MBS B 3 dd 2 7Y, 72 B B E
REFLAL & N7 SRZA TIRA R R IRE IR E D 5 -
TV 380 22T, UN Y REEIC XS 7 IVF >
) OMIMKIEZITo /&5, EIERMNDEL
BRI (22a, 22b) 2525 2 EHHEHS
MER->E, ZhiE, THEFBO afid7I)V5FE R
VRS B NS 2 A SRR L 7= W) OB T 5.

F 7=, trans/erythro 1O 7 )5 K (20b) 1%t
FTEAFETINFIUMERIG B L 7z (Table 5).
ZOLEDHEDONKRILEOEE TR,
(1R,28) -NME 7% F W 7= 3 & 13 erythro £ ik
(22¢), (1S,2R)-NME % W= &3, threo N
K Q2d) NENZENEIERN DS ER IS
5N,

7. Bis-THF IREBDORFHE K

&5 NIk (22a, 22b) 12, Fiik L 7= mono-
THF BRFE4E THESL U 72 IR I8 D A pkik  (path-

Table 4. Asymmetric Alkynylation of trans/threo-Aldehyde
202

way a, b) ZiEH L T bis-THF BEK AT S Z
ExERA., 222 ZEMBICRGICHNT LK
0D, FUFA—)L (23) ~N&EE KR DEIR
W7z iEE A~ D2, THRFT R (25) #2RHET 2
one-pot BRAL S C & O, trans/threo/trans/ threo-
260 Z HL—DORBEARELTHZZEITKRL =
(Scheme 7).

X2, T DT R0 AU B KR L R
&9 % pathway b TOIR{L HikA 7/ (Scheme 8).
TIVF 2 ORERW MR G, 2 BUKEEED k2L
ftzfty, FI—1 (28) =5/, I % THF
FEMEITICHT I EICXORIDPUF Ty —
IWORiRE, HWT, TZIWINaH 2Mx5Z&T
BAL2#ETT L, one-pot T bis-THF 32 & # (26b)
BT D EITHRIIL .

X510z, fiofHnk (22b—d) ITHFENEFNAT
K435 O THF BREEKIEZBEA T 5 2 &IT&
0, TNEFENARLFE D F 75 % bis-THF 5 & #
(26c—h) NEFFETHIENTE, G 8MHED
bis-THF BRE# %2 ZHAITIED 01T 5 Z &2k L
7= (Scheme 9). 101D

8. Murisolin DARF LA

THF BREHEORENAT O RIEZMELT S5 &
INTERLDT, RARWEKRANDIEH & LT, mono-

Table 5. Asymmetric Alkynylation of trans/erythro-Alde-
hyde 20b?

Ph

Ph o
o~ e
~P° Rﬂ 1R,2S)}NME R._~ Z
R\/[\\\ (IR2S)NME R \/4_\\/\/ ) cHo (1R2S)-NME 0
Y Yo" CHO "= . Y 0 TBSO TBSO OH
TBSO TBSO OH 20b 22¢: (R = n-C12Hzs)
20a 22a: (R = n-Cq3Has) .\ Zn(OTfy, EtgN,
. Zn(OTf)p, Et3N, | toluene
| toluene Ph Ph
Ph Ph o o
Q’{ 9’<D /-”\/o T D
T 0 . = L
Z 18,2R)-NME RM
z (1S2RNME R A Z 1 (1S.2R) o
" TBS(:‘) éDH TBSO OH
22d: (R = n-Cy5H
22b: (R = n-C12Has) ( 12H26)
Entry NME Yield [%] 22a : 22b? Entry NME Yield [%] 22¢ 1 22d?
1 IR, 28 97 >97:3 1 IR, 28 91 >97:3
2 1S, 2R 87 3:>97 2 18, 2R 94 3:>97

a) The reactions were carried out under the following conditions ; 20a
(1.0 equiv.), 11 (2.0 equiv.), Zn(OTf), (2.2 equiv.), NME (2.4 equiv.),
Et;N (2.4 equiv.). A ratio 11a and 11b was ca 1 : 1.

b) Determined by '"H NMR spectroscopic data (500 MHz, CDCl;) .

a) The reactions were carried out under the following conditions ; 20b
(1.0 equiv.), 11 (2.0 equiv.), Zn(OTf), (2.2 equiv.), NME (2.4 equiv.),
Et;N (2.4 equiv.). A ratio 11a and 11b was ca 1 : 1.

b) Determined by '"H NMR spectroscopic data (500 MHz, CDCl,) .
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(pathway a)
OH
222 —o» MCiaHs o ~_-OR
TBSO OH
23: (R = H)
b CZA: (R = Tris)
~0
L n-C12Hzs o
TBSO OH
25
.. M-Cq2Hzs ; o o
TBSO OH
26a

Scheme 7. Synthesis of bis-THF Ring Moiety 26a
a: H,, 10% Pd-C, EtOAc, rt, 76%, b: TrisCl, pyridine, CH,Cl,, 0°C to
rt, 71%, ¢: K,CO;, MeOH, 0°C to rt, 79%.

athway b
(p y b) Ph
o~
22a — == n-CizHzs A g™ P
TBSO OR
27: (R = H)
b (g: (R=Ts)
OH
[+ n-CqoH - OH
12H2s Vo
TBSO OTs
29
n-CqoH i iy
12H2s o o
TBSO OH
26b

Scheme 8. Synthesis of bis-THF Ring Moiety 26b
a: H,, 10% Pd-C, Et;N, EtOAc, rt, b: p-TsCl, pyridine, 0°C to rt, 87%
in 2 steps, c¢: H,, 10% Pd-C, THF, rt then NaH, 0 to 40°C, 77%.

THF 7t h%° = > T& % murisolin (30) O&5&
% 2t L 7=. Murisolin (30) 13 1990 4F 1z Cortes
5 OWFFE 7 )L — 71 & o T annona muricata DFE T
NS BEEX N, threo/trans/threo DKL ¥ % H T
% 2,5- @& THF B2 & CA ik ERFOZ &
MESMZINTNS. D £72, b ~NONE, K
i, BRI R Y <A 2 2 DK 105—106
BEWDBNBREEZE TSI EN N> TV
M, 3 EH S INERMF Z G L 2R R Tl e E K
DIET N> 72,3

EESIIHIRLAZ THE B v FORKIE K

pathway a

—_— ) ty s
54% in 3 steps TBSO & o OH
22b— 26c
pathway b n-CqoHos o o
70% in 3 steps TBSO OH
26d
pathway a -C1oHas -
60% in 3 steps TBSO OH
29¢ — 26e
pathway b n-CqoHzs o "o
71% in 3 steps TBSO OH
26f
pathway a
55% in 3 steps
22d —
pathway b -C1zHas 5
83% in 3 steps r 0 0
TBSO OH
26h

Scheme 9. Synthesis of bis-THF Ring Moiety

FEHWDZROEX D & kg2 5w L 7z
(Scheme 10). Murisolin (30) (& THF Bt 2" A >
F @D Ey-FV b BT ATE (32) OEEAN
vITUTIZRVERTESEEAN. THF L
AN (B 13EESOMLAZ THF R =y
N DRMIEGHIEIC K OMELZY VT E R (33)
92 1,6-NTH A2 34) OAFTIF=
MERIGIC K OBETED EE R, £z, y- T
Jh2RT AR (32) 1%, £F S mosin B D
EEROBICHAMLEZN ) T7I—kK (35) &yp- T
782 (36) EDHy T T RINEHNWT, 3530
ilt, Marshall 5iI2&> THEINT NS, 3D
9, 7T ER (20a) 1Tk %R FEMEHDE
AZMEt U7z (Scheme 11). TN F TITELED
A CDORFDTIVF D HEEIRIIC Carreira
SDOGMTRIBS B2FNIEETH 20, BIRMIC
it ®5 2 ENTEIUL, TIVF > ORE, Bk
EOTRZEMT S I ENAlfELes. 22T, &
RED 1,6- \NTHTA > (34 £T7I)ILTER (20a)
ZFI)NVUHNRELT (1R,2S)-NME % T
RISS®E A, HIMOSHRLEEE T2 T
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52 EITHL, EINERTTHFREZ X~ (37)
EEWRTDHIENTE., OB, BlILERMEL
T, 7IVFOMAMRINL 7z 38 3G 5 317273,
A2 34 DY BZEHEPTIETZORIEZNAS
TEMTEZZEERHLUE.
BRLUEZTHEFBREZ AN 31 &y-F7 b2
T AN (39) EEERINOICEKO YT T
IRT, T>V1> (40) Z2RERINETHE-
(Scheme 12). 40 2 )V E RSP 2HWE DA
2 RBICICK D o,f- AEEFT - 527 b 2 EHEUSN DA
RIS A 2 RINMIE T L T4 & L2, HF T2
D@ TBS £ % i f£# L, murisolin (30) ®2A K
BERLE. ARLZ30 OB/FEAXRYT MLF—4%
WBRAYMOTFT—4,19 ROEES EFREHICEE
ZRERL L7z Curran 5 OGRS > T IV DF—43 &

‘\Me
H j \
8
n-CqoHas5.20 15 R o)
HO OCH @]

Murisolin (30)
U Ne
=Ty P N
A S
R\{C@k(\/\+|k/\,i/@0
PO sh OH Jiz o
59 CHO‘“'»»./\./'\/ ¥

PO 33
o+ 35 fo)
= = 36
34 R= rrC1 2H25

Scheme 10. Retrosynthetic Analysis of Murisolin

n-CyoH ﬂ Zn(0Tf),, EtaN
12125 0" TCHO+ /\}\\ —"‘(1 R 25) NME
toluene, rt

H ZBE RS
TBSO
20a 34

BWw—EzmRU7%z.

9. &HVYIC

N LA IERTY & B 2 VORI & RRE
DORFEZHERE L TRE 21T 7245, mono- K&
O bis-THF B2t 7 A > K DONLAK G 7 5 B 12 53
L, RBMEKRNDIRHEL T, mono-THF 7t
K4 = > murisolin D &&= ZEMR L 7=, KiETH
WHFINREBINTNOEGICIS > F AT —
BAFTEHIENTEHIENS, MORMEKDOE
BRICHIEH TE 5 &N, poly-THF BREH#H D
ABEERIZBIDHL WY =)V LD I E%ERT T
ENTE. 5%, AEZICHATSZETTY T
Z A OMIETETEAHBIT RN D RN T E 5.

#EE AMRICE UGS CEEREEZBO L

39 O
OTBS Me
n-CyzHzs . 0\‘.‘ //' 3\\‘\\\ = f‘r [o)
TBSO OH
40 &
Me
b o cmas!r ~0
— - o
12725 1 0" 9
TBSO OH
M

c

—_ 30

Scheme 12. Total Synthesis of Murisolin
a: Pd (PPh;),Cl,, Cul, EN, rt, 72%, b: p-TsNHNH,, NaOAc, 1,2-
dimethoxyethane—H,0, reflux, 71%, c¢: HF (aq.), MeCN-THF, rt, 91%.

>
n-CqzHss o Z
TBSO OH
(84%)

37 (threo.erythro = >97.3)

(12%)
38 (threol/threo:other isomer = >97:3)

Scheme 11. Asymmetric Alkynylation with Unprotected Diyne 34
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R, RBRRZFEREBLERETOR - H A E%
DX DML 9. £, AHEOEEITHZ
DA RIEEE, S EEE L KRBRKERSE
CLEE AW TTRL - BRE A B BER, WABEBLITHE
<EHBLET. I SITAMERICEEL, 2K
NEHSELEtReEt, BxkEEEL, KN
HD V2L, WOKREHE IR BB LT,
K EOFEmICMOD, BHELHESEHEE L,
RIIE R BT 2 158 KPR 732 Fe R B sE 2 11k
22008 (IHEE T LS 280 OFRICEH#EL £,
% 7-, murisolin ® *C NMR 5 —#% Z it 5 L CTJE
FELENL > T RED. Cortes BUZITERHBE L
9. AWK O—EIE H A AR RIS 55
JihE, HACEM IR B R AR 7 Bl B < SR ST —
& (C) (No. 14572006), 3E2EHF7% 352 Jih BF B 72 B)
ilat, RnFER AR IR B IR TR B ples, MO RA
FENY > b U — WA EREF RSB pld D
BRI 0fTbN /b0 THD, ZZITBLHEL
ET.
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