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Asymmetric Total Synthesis of 3-Furanoeudesmene, A Metabolite
from Antarctic Gorgonian and Determination of Its Absolute
Configuration

Yu, Tianzi Liu, Bo™*
(College of Chemistry, Sichuan University, Chengdu 610064)

Abstract The first total synthesis of 3-furanoeudesmene, an eudesmane-type sesquiterpenoid, is reported herein. Starting
from the commercially available (+)-verbenone, the target molecule was achieved stereoselectively over eight steps, with ring
closing metathesis and three-step synthesis of furan as the keypoints. The absolute configuration of 3-furanoeudesmene was

determined by comparison of the optical rotation value of the synthetic sample with that of the natural product.
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(atractylon, 4)F1 1,2-dihydrotubipofuran (5)f) 4= & il £ 4%
SEH. Pedro /NAPITE 1994 AF4RIE T 0 RIAF=H(+)-1,2-
dihydrotubipofuran [ & B TAE; AT LA R SR = PR A
Santonin NFEIEFERL, A 105 M, PL6.5%H IR
e T HFR 7114 4 k. Honan A1 Baldwin /N4 %153 531
£ 1985 A 2004 4 AU A ZE B ARG IR, ThE TR
W R RBITERL T atractylon FRIYH AR 46 f; Baldwin 7N
A [F) B 58 BT A Joe 4 A5 - il — R A (£ )-biatractylolide
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Figure 1 Structures of target natural product and the related
natural analogs
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Figure 2 Retrosynthetic analysis
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YERBLAKH, (5 OB EY 10 TR R RERE —20
Ak 4 11, SRS, 5 —AX Grubbs #EALF, 7EIK
FE4 0.01 moleL ™" {) A iR A 58 ik T X 6/6 3F
W, EERAERAEY 12, B85, R4
TR Bk T BRI 2 EEARAR, DL 90% i 15 3]
&Y 13(H 3).
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15, VA=00 IO R IIA E TRRI IR 1 g, (KA FH
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FARZEREU N, AR A 16 BEGE =2
fi, = BERREF A FIA A b &9 171, 25
FA12R 7 A HE Kumada™ B EE . Suzukit' 2 E BE
Stille!" 2B BE S5 1 A 1) 22 Fh 7 J2oR ) 222 6 R 3R, B¢
JEtfiE TR PA(PPhs), 1E AL, 481 A4 I
#(MeMgBr) ] Kumada 5 1t N 777%, B 42% 13
BERALHIMLEY) 21

BATE I 2 (A P 1% DL R 21 40 R 1 4
PRARR I, BRI 14505 KIRF2Y) 3-furanoeudesmene
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S HTATE R PIE VIR A R AR [a]p+70.2
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base then 14
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Reagents and conditions: (a) 3-butenyl MgBr, Cul, THF, —78 C, 2.5 h,
91%,; (b) BF3°Et,0, Ac;0, 0 C, 1 h, 73%; (c) p-TsOH+H,O, CH(OMe)3,
ethylene glycol, 0 ‘C~r.t., 15 h, quant.; (d) Grubbs 2nd catalyst, DCM,
reflux, 2 h, quant., (e) p-TsOH+H,O, acetone/H,O (V/V=3/1),0 C, 14
h, 90%; (f) LIHMDS, chloroacetyl chloride, Na,CO3, THF, —78 ‘C~r.t.,
8 h, 39%; (g) EtsN, Tf,O, DCM, —78 C, 2h, 91%; (h) Pd(PPhs)s,
MeMgBr, THF, 0 ‘C~40 C, 42%.

B3 a2 faak

Figure 3 Total synthesis of compound 2
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Rt s b R AR =R R T — i RT3 1) 5 BRI
3 IERST
3.1 R 5EH

"H NMR #1 °C NMR #5/& H1 Bruker 400 M 5% 300 M
FEREFEPRACI % FI(CDCls. CD,Cly. Acetone-dg N7,
TMS JHFFR), IR HAE LIRS E, &7 PR
i (HRMS)H BRUKER-FT-MS | %€ .

S BT R R3S AT GRRR A J BRI 3K, A i 4
¥ Purification of Laboratory Chemicals 6th 2lifk.. ¥ 5PY
PRI 2 A/ — R R G K AL 3, SR e AT & &
A, E 2 AL B R0 2 JE T AR(TLO) I T & T 2 5%
HSREIR) T, MEEMTREIL(200~400 H)IWT-E Bl
T B EAN256 nm). . HAEEE . BEHRE KX
o R PR 4
32 ZWHE
3.2.1 (7R,88)-7-(T-3"-Mh-1'-#)-7-F H -8-(7-1"-H -
2" H)-1,4- = A J R [4.5]) 52 (11) 89 & A%

¥4k &4 10 (200 mg, 0.805 mmol)¥& T 2 —E¥(250
mg, 4.03 mmol, 0.23 mL)F1Ji FHEZ — H l5(427 mg, 4.026
mmol, 0.45 mL)FVRAERH, AEZE 0 C, FREL—K
& 0 2R R (76.6 mg, 0.403 mmol)— M In N B & B
RSP, BRATHRZEEIRRPL 15 h, VKKB T 20 mL 7l
FBR RN K IR KIS, KA 2R .15 (20 mL X 3)
U, AIFENHE, TCKBREREA T, HIE, B
JE R4 2 15 3 Al &, AR ZTVCHMER @ (&
B2 2 lE)=40 @ 1118 0203 g wEAMRY 11, 7%
100%. [a]3s +14.2 (¢ 0.162, CHCL); 'H NMR (400
MHz, CDCLy) d: 5.79 (ddt, J=17.2, 10.4, 6.8 Hz, 1H),
4.98 (d, J=17.2 Hz, 1H), 491 (d, J=10.0 Hz, 1H), 4.85
(s, 1H), 4.67 (s, 1H), 3.98~3.95 (m, 2H), 3.90~3.87 (m,
2H), 2.09~1.96 (m, 2H), 1.93~1.90 (m, 1H), 1.87~1.79
(m, 2H), 1.73 (d, J=4.0 Hz, 3H), 1.61 (dd, J=13.2, 2.4
Hz, 1H), 1.54~1.38 (m, 4H), 1.27~1.22 (m, 1H), 0.99 (s,
3H); *C NMR (100 MHz, CDCl;) 8: 147.0, 139.7, 114.1,
113.5, 109.4, 64.7, 63.7, 52.7, 45.7, 43.4, 37.7, 35.6, 28.0,
26.0, 23.7, 20.6; IR (film) v: 2955, 1638, 1384, 1259,
1096, 898, 801 cm '; HR-ESI-MS calcd for C;sH»,0,
(M+H)" 251.2006, found 251.2013.

322 34478 8%-(1'H)-7~ Z3%[(1,3)- = A &R 3R
¥-2,2'-(4aR, 8'aR)-5',8'a- = F H-3](12) 89 5 5k

LS 11 (2.00 g, 7.99 mmol)iE T 1 L Hr# &
FsE R, SR N 2218 00 55 —AX Grubbs fE{L57(67.9 mg,
0.08 mmol)(#) — & FFEIE, FHRERR, KM 2 h, 1%
1B n#eA M E =R, g, JEURH & vk,
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o B Tl s | 1 A W B VNG 7 B O =Y =
V(A ) @ (LR LTR)=40 1115 1771 mg 3R i
W 12, 725 100%. [alis —1.8 (¢ 0.712, CHCL); 'H
NMR (400 MHz, CDCl;) d: 5.31~5.30 (m, 1H), 4.02~
3.94 (m, 2H), 3.90~3.83 (m, 2H), 2.15~2.03 (m, 1H),
1.99~1.95 (m, 1H), 1.91 (q, J=2.8 Hz, 1H), 1.87 (q, J=
2.8 Hz, 1H), 1.82~1.76 (m, 1H), 1.63 (d, J=2.4 Hz, 3H),
1.60 (t, J=2.4 Hz, 1H), 1.54 (td, J=17.6, 4.4 Hz, 1H),
1.42 (td, J=16.4, 3.2 Hz, 1H), 1.39 (d, J=4.0 Hz, 1H),
1.36 (d, J=4.0 Hz, 1H), 1.34 (d, J=4.0 Hz, 1H), 0.94 (s,
3H); *C NMR (100 MHz, CDCl3) §: 134.5, 121.2, 109.4,
64.7, 63.5, 48.1, 46.8, 38.4, 36.6, 33.7, 22.9, 22.1, 21.5,
16.0; IR (film) v: 2916, 1622, 1444, 1381, 1256, 1120,
1089, 1043, 937, 827 cm '; HR-ESI-MS caled for
Ci4H230, (M+H)" 223.1693, found 223.1698.

3.2.3 (4aR,8aR)-5,8a- — ¥ # -3,4,4a,7,8,8a- 5~ A &
2(1H)-BEA(13) 49 & A%,

B EY12 (434 mg, 1.97 mmol)¥% T 20 mL PR A1
6.6 mL /K, AHIZE 0 C, IIA—/KE X H 2R (170
mg, 0.99 mmol), HAFEBIZIRXN 14 h, KB T
BN 10 mL Y RIBRFR BN ZKIE WA KRS R iR 4 ok 2
I, KA M 48820 mLX 4R, &HAFHAHE,
ToKBR BN T )5, 8, IR R R4 2T, 20
[VCAHEE) @ M(ZFR 2.88)=35 : 1173 314 mg JLEIR
A3, 725 90%. [alis —4.1 (c 0.334, CHCL); 'H
NMR (400 MHz, CDCL3) : 5.40 (d, J=1.2 Hz, 1H), 2.46
(ddt, J=152, 5.2, 2.4 Hz, 1H), 2.38~2.27 (m, 2H),
2.23~2.12 (m, 3H), 2.10~1.97 (m, 2H), 1.67 (d, J=1.2
Hz, 3H), 1.55 (td, J=13.2, 5.2 Hz, 2H), 1.40 (dd, J=12.4,
5.6 Hz, 1H), 0.77 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
212.0, 136.5, 122.2, 55.7, 45.7, 41.9, 37.5, 36.7, 24.8, 22.9,
21.4,17.1; IR (film) v: 2919, 1713, 1626, 1383, 1065, 799
cm'; HR-ESI-MS caled for C;,H;sONa (M + Na) "
201.1250, found 201.1258.

3.2.4 (4aR,8aR)-5,8a- — 7 % -4,4a,7,8,8a,9- 5~ A & H
[2,3-b]"% "H-3(2H)-ER(16) & A 5%,

B E113 (300 mg, 1.68 mmol)i% T 15 mL JE/K M
AMmgrh, EAMRP FAEI R —78 C, 1 LiIHMDS
(1.0 molsL™" in THF, 5.00 mL, 5.00 mmol) ] Y £ W& v
W, —78 CTRM 1 h, REHINEARLBEF(760 mg,
6.73 mmol, 0.54 mL)4ti %, +78 ‘CF4kZE& M 3 h, jin
N 20 mL YERITBR R BN AV H0A K, T 2 2 iR Ak 2L

h, J8CE MR 4 R 25 DU SR IR, K AR 2R 4B (20
mL X4)ZEH, & IFA VA, KM T 5, T8, IE
TR TR 4 2 T 15 R 4 L IR, E AT [VCR
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k) @ (R ZHE)=6 : 1145 143 mg A E &1L &9 16,
PP E 39%. mp. 85~87 C; [aly —65.9 (c 0.454,
CHCl;); 'H NMR (400 MHz, CDCLy) 6: 5.43 (s, 1H), 4.53
(d, A of AB, J=17.6 Hz, 1H), 4.46 (d, B of AB, J=16.0
Hz, 1H), 2.56 (dd, J=16.0, 4.4 Hz, 1H), 2.31 (d, A of AB,

J=18.4 Hz, 1H), 2.23 (d, B of AB, J=18.0 Hz, 1H),

2.11~1.98 (m, 3H), 1.82~1.75 (m, 1H), 1.67 (s, 3H),
1.60 (dd, J=12.8, 6.4 Hz, 1H), 1.52 (dd, J=12.0, 6.0 Hz,
1H), 0.84 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 201.3,
189.8, 133.6, 122.2, 113.5, 75.2, 43.0, 41.1, 36.8, 33.0,
22.7,21.2,19.0, 17.1; IR (KBr) v: 3380, 3026, 2972, 2914,
2848, 1701, 1631, 1431, 1102, 983, 624 cm ™ '; HR-ESI-MS
caled for CyH;sO,Na (M + Na) " 241.1199, found
241.1208.

3.2.5 (4aR,8aR)-5,8a- =¥ % -4.4a,7,8,82,9-55 A H
[2,3-b]°k " -3- = & F B2 ER BE (17) 49 & A%

AL EH16 (500 mg, 2.29 mmol)iAE T 20 mL #i 2 —
AH B, KA FAHE—78 C, #Min—=24%
(464 mg, 4.58 mmol, 0.64 mL), —78 C KM 0.5h, 2R
S Vi 0 = % PR R T (1292 mg, 4.58 mmol, 0.77 mL), £
Ff—78 CR4ksL M 1 h, A 10 mL /B ABRER A 87K
TEROEK, K & B BE(5X 10 mL)ZER, &3FA L
A, TCKBRERREA T, 8, JEVREUE RS 2 T15 56
HERAE, A EHCa DS 701 mg TEMRNED
17, 773 91%. [alis —40 (¢ 0.276, CHCl;); 'H NMR
(400 MHz, CDCly) §: 7.42 (s, 1H), 5.45 (d, J=2.4 Hz,
1H), 2.71 (dd, J=15.6, 4.4 Hz, 1H), 2.38 (s, 2H), 2.21 —
1.97 (m, 4H), 1.71 (d, J=1.2 Hz, 3H), 1.61—1.48 (m,
2H), 0.83 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 151.4,
137.9, 133.5, 131.1, 122.5, 118.9 (q, J=319.3 Hz), 111.4,
43.4, 38.8, 37.0, 33.4, 22.8, 21.3, 20.1, 16.7; IR (film) v:
2920, 1635, 1427, 1404, 1237, 1213, 1141, 1025, 864, 802,
755, 612 cm™'; HR-ESI-MS calcd for C;sH;sF504S (M+
H)" 351.0872, found 351.0866.

3.2.6 (4aR,8aR)-3,5,8a- = ¥ # -4,4a,7,8,8a,9-5< A %
F[2,3-b]°k "B (2) 89 & Ak,

W00 = R FE AR (20.7 mg, 0.018 mmol)iE T 1 mL 37
ZAMPYERRIE T, AR FAEIE 0 C, WinEY
17 (30.0 mg, 0.09 mmol)%@;uﬂjaﬂﬁzm@i, 5 min /50
FRIEIRALEE(3 moleL™ in Et,0, 0.15 mL, 0.45 mmol), 1&
ZARHF 0 C T 4kS: M 20 min J5, FHEZE 40 C R RN
3 h, VKK T 5 mL MR GG B K I K SR, 7KAH
M R ZBE(10 mLX3)AEHL, &HAHAH, TR RN
T, e, SRR R AR & T AR R, A2
WA MEES 8.1 mg LEMRMLEY 2, I 42%.
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[a]y —57.1 (¢ 0.154, n-hexane); 'H NMR (300 MHz,
CD,Cl,) 6: 7.05 (s, 1H), 5.43 (m, 1H), 2.61 (dd, J=15.4,
4.2 Hz, 1H), 2.34 (br.s, 2H), 2.20~2.11 (m, 2H), 2.02~
1.93 (m, 2H), 1.94 (d, J/=1.2 Hz, 3H), 1.72 (d, J=1.2 Hz,
3H), 1.54~1.48 (m, 2H), 0.82 (s, 3H); *C NMR (100
MHz, CD,Cl,) d: 150.6, 137.2, 134.9, 122.1, 120.2, 117.7,
44.3,39.0, 37.5, 33.5, 23.2, 21.7, 21.4, 16.7, 8.3; IR (film)
vi 2923, 2853, 1741, 1651, 1260, 1094, 1026, 953, 822,
800 c¢cm ™ '; HR-ESI-MS caled for Cy;sH, O (M+H) ™"
217.1587, found 217.1589.

5 B0 8 (Supporting Information) Fii 5 ¥ {L & 911
MREFEPIRE TS B DL = o R v . X e A4 L mT
DL 7 MAS T 9 335 (http://sioc-journal.cn/)_ | %K.
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