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Scheme 1 Synthetic routes for 6-Oxodendrolasinolide

a. DHP, p-TsOH, CH,Cl,, 0 °C , 3 h, yield 100% ; b. SeO,, pyridine, EtOH, reflux 12 h, yield 37% ; c. PPh,, NCS,
THF, r.t., 5 h, yield 85% ; d. PCC, silica gel, CH,Cl,, 3 h, yield 73% ; e. 1,3-propanedithiol, Et,0 + BF;, CHCl,, 12 h,
yield 97% ; f. n-BuLi, —40 °C, 3 h, then compound 3, —78 °C, 2 h, yield 89% ; g. HgCl,, CaCO;, yield 95% , MeOH-
H,0, reflux, 0.5 h, yield 94% ; h. NaBH,, MeOH, r.t., 3 h yield 92% ; i. NaH, p-methoxylbenzylbromide, DMF, r. t. ,
16 h, yield 87% ; j. PPTs, EtOH, 55 °C, 3 h, yield 91% ; k. MnO, , n-hexane, r.t., 20 h, yield 84% ; 1. (i) TMSCN, cat.
KCN, 18-crown6, CH,Cl,, 0 C, 1 h; (ii) PDC, DMF, r.t., 12 h, yield 47% ; m. DDQ, CH,Cl,-H,0(volume ratio 20:
1),0°C, 1h, yield 85% ; n. Dess-Martin periodinane, CH,Cl,, r.t., 2 h, yield 87% .
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1 #R5TE

I EE 2 LU IR G, 78 Se0,/Py 41T, L 37% M= RAGFGNEE(3) 7, 2 NCS/
PPh, G0 VALY da, 72F 8T% . IR H LAY 5 35 (PPh,/Imidazole/1, ) 152 LALY) 4b. %
Sl (5) ] PCC EALTE2I/E(6) , 77 73% . HR¥E Seebach Fl Corey * FRIE I TT 1, Lh 92% MR
B 1,3-THEGE(T7). L, ML) (4b) 5 HEGE (7)) #EATRE SRR RN, DL 92% 1y e AR R Y 8,
Hr=4)25 "H NMRIEZT, n(8a):n(8b) [n(a):n(y) | BYEEEMEZ AN A 2: 1. AR SCHk[ 10 4 F0
“HRBERRTR R I (HSAB JRER) M 13- TELE Y o REES T H y DEAOREBE K, BT ARG B L
A X AEREIHEIN (T <Br™ <Cl7), n(a):n(y) JREREMEZ LB, BRI, MmN IEE LY 4a 57
BB T R A bE AR N, DL 89% AYF= M n(8a):n(8b) [n(a):n(y) ] >98: 2 ik FEMES 2] b 5t
fer=9) 8. HARAHN Y S RER IS 2] o BeSEfb =4, (HE HaE T R sk R, e = 2 Kor
IROEBHASR IR R b, T B TR BRI, P — M. BffS ] HeCl, 1 CaCO, 7EAA
TN RN 95% (1 H B R oK SR — e 1, LA 949% BYP= RSS9, p), BAKERIEAE D R 44
T2, (RS2 R RE i T OB A IR, JCiEAS B 1 7= 9. ks HAA 5T ( NaBH,/MeOH ) 4 i
10, =R 92% . B B A2 AR R Xt B AL/ (11) (PMBBr/NaH/TBAL/DMF) |, 723 87% . {E PPTS/
EtOH £ FBEER THP {89736 ) | L 919% 7= RAG2IEE 12, X5 H MnO, EA LG 2 NEE 13, 7%
84% . M Corey’s AALWERAL LT, 1 J0KHEE 13 55 TMSCN 7E KCN/18-Crown-6 Hf#E{L 15 2 5 kE
fit, BiJ5 A PDC 7E DMF H48 4k, UL 47% B97= 245 58] T R N g 14. H DDQ 78 CH,CL-H,0 (&
20: 1) P fBiZ: PMB {4 5L -2 15 3 15, 723 85% . fie), JH Dess-Martin i)' 481k, DL 87% M=%
152 H b5 =% 6-Oxodendrolasinolide (1) .

2 SLIGERSy

2.1 UFE5IEH

Nicolet NEXUS 670 & Nicolet AVATAR 360 {8 HL A5 6 2T S8 Y635 {3 ; HP-5988 J2 ZAB-HS 7 i i
% ; Bruker Daltonics APEX I 47e 4 #F1%51L; Mercury Plus-300 MHz EY % i 4R (LA CDCL, N
I, TMS HNFR).

FEEMT i AR G (SRR T ) 5 BT HICKE 5 15 ™4 4 BRAR o i ab B8, fiff TG 25 0.
T mE SO EE | 1,3-P9 BB Aldrich 2 RIGSE. el i & ot al, Aasifh Bt .
2.2 LEYMERK
2.2.1 1-4-(2E,6E)-2,6-— H X 8-WW A w7 A H-2,6-F i (da) & SHESCER[8 ] ik, 15
AR 4a (753 85% ). IR(film) , #/em ™" 2902, 1658, 1443, 1274, 1107, 860, 813; "H NMR (300
MHz, CDCL,), 8: 1.67(s, 3H, CH,), 1.72(s, 3H, CH,), 1.49 ~1.87(m, 6H, 3CH,), 2.04 ~2.21
(m, 4H, 2CH,CH =), 3.47 ~3.54(m, 1H, CH,0), 3.85 ~3.92(m, 1H, CH,0), 3.98 (s, 2H,
CH,C1), 3.98 ~4.04(m, 1H, OCH,CH=), 4.20 ~4.26(m, 1H, OCH,CH=), 4.60 ~4.61(m, 1H,
OCHO), 5.35(t, 1H, J=6.6 Hz, CH,CH =), 5.50(t, 1H, J=6.6 Hz, CH,CH =) ; EI-MS, m/z:
237 [M=35]"(1),206(1), 85(100), 67(39), 41(54).

2.2.2 2-(2-F HE1-WHHE)-1,3-Z K (T) AR SHEXEK[9] ik, MIREOMRY 7(77%
97% ). 'H NMR(300 MHz, CDCl,), &: 1.73(s, 3H, CH,), 1.78 ~2.12(m, 2H, CH,), 2.75 ~2.98
(m, 4H, 2CH,S) , 4.86(d, 1H, J=9.9 Hz, SCHS), 5.13(d, 1H, J=9.9 Hz, CHCH—); “C NMR
(75 MHz, CDCL,), &: 18.3, 24.9, 25.6, 30.5(2C), 44.4, 121.1, 137.7; EI-MS, m/z; 174 (M ",
74),99(100), 85(92), 67(13).

2.2.3 (2E,6E)-3-F &-7-1[2-(2-F E-1-W & 3)-1,3- 2 e -2- 2 [ ok W 26| -2,6-2F Z 25 10 2 b v
BH(8) By Ak SECER[2] ik, FHREEHIRY 8 (/7% 89% ). IR(film), »/em™"; 3363, 2937,
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1652, 1440, 1381, 1117, 1024, 906, 869, 813, 681; 'H NMR(300 MHz, CDCL,), &6: 1.24 ~2.02(m,
8H, 4CH,), 1.65(s, 3H, CH,), 1.67(s, 3H, CH,), 1.74(s, 3H, CH,), 1.91(s, 3H, CH,), 2.04 ~
2.16(m, 4H, 2CH,C =), 2.72(s, 2H, S,CCH,) , 2.74 ~2.92(m, 4H, 2CH,S) , 3.45 ~3.50(m, 1H,
CH,0), 3.83 ~3.91(m, 1H, CH,0), 3.96 ~4.03(m, 1H, OCH,CH =), 4.18 ~4.24 (m, 1H,
OCH,CH =), 4.60(m, 1H, OCHO), 5.25(t, 1H, J=6.3 Hz, CH,CH=), 5.34(t, 1H, J=6.3 Hz,
CH,CH=), 5.48(s, 1H, S,CCH=); “C NMR(75 MHz, CDCl,), &: 16.3, 17.7,19.2,19.5, 25. 4,
26.3,27.5,27.7,30.6,39.2, 50.5, 52.9, 62.2, 63.6, 97.7, 120.6, 128.1, 130.2, 130.7, 138.0,
140.0; FAB-MS, m/z; 409.3(M™*).

2.2.4 (6E,10E)-2,6,10-= ¥ F-12-19 & ot g £ H£-2,6,10-+ Z 8 = W4-B(9) W& K =% Uik
(13158, TERAA T, BIET 45 mL K38 95% MeOH 454 8 (1.50 g, 3.66 mmol) fill A
HgCl, (1.99 g, 7.32 mmol) Fl CaCO, (3.66 g, 36.6 mmol) i) 70 mL {RFH /340K 95% 1 MeOH it ik

'S mol/L AcNH, & . /K IRAIEER/KYER, oK Na,SO, THE. 3§, WEZRRENG, Hr=mha
FERAE ZHT [ V(AIMEE) /V( ZBROHE) =20/1 ] 4ifk, R EAMARY 9(1.10 g, 7#3% 94% ). IR
(film), »/em™": 3367, 2939, 1687, 1620, 1443, 1382, 1118, 1024, 906, 703; 'H NMR (300 MHz,
CDCl,), 8: 1.49 ~1.84(m, 6H, 3CH,), 1.61(s, 3H, CH;), 1.67(s, 3H, CH,), 1.87(s, 3H, CH,),
2.13(s, 3H, CH,), 2.07 ~2.21 (m, 4H, 2CH,C =), 3.02(s, 2H, COCH,), 3.47 ~3.54(m, 1H,
CH,0), 3.85 ~3.91(m, 1H, CH,0), 4.00 ~4.04 (m, 1H, OCH,CH =), 4.20 ~4.26 (m, 1H,
OCH,CH =), 4.60 ~4.61(m, 1H, OCHO), 5.24(t, 1H, J=6.6 Hz, CH,CH =), 5.36(t, 1H, J=
6.6 Hz, CH,CH=), 6.10(s, 1H, COCH =); “C NMR (75 MHz, CDCL,), &: 16.4, 19.6, 20.7,
25.4,26.4,27.7,30.7,39.3,55.4,62.3,63.6,97.8, 120.7, 122. 8, 128.8, 129.8, 139.9, 155.7,
199.4; FAB-MS, m/z: 321.8 [M+H]"*.

2.2.5 (6E,10E)-2,6,10-= ¥ ¥-12-19 A abwf £ 2£-2,6,10-T Z 5% = W4-5 (10) B9 & & KET 9
(0.92 g, 2.89 mmol)¥ET 10 mL 45%F HEEH , F 0 CHrt A NaBH, (0. 17 g, 4.33 mmol) , T iR
3 h. MIA 10 mL KK R, 8 (30 mL x3) 2880, A IEA VLA, FAmAEih ks, JK
Na,SO, T4 U8, ZBRENG, M= MR R V(A HE) / V(LR OER) =16/1] 4k, 151%
TR 10(0. 86 g, 72F 92% ). IR(film), #/cm™'; 3448, 2932, 1670, 1444, 1381, 1201, 1117,
1024, 905, 869, 813; 'H NMR (300 MHz, CDCl,), &: 1.45 ~1.84(m, 6H, 3CH,), 1.63 (s, 3H,
CH,), 1.66(s, 6H, 2CH,), 1.70(s, 3H, CH,), 2.03 ~2.16(m, 6H, 3CH,C =), 3.46 ~3.51 (m,
1H, CH,0), 3.85~3.90(m, 1H, CH,0), 3.95 ~4.01(m, 1H, OCH,CH =), 4.19 ~4.26(m, 1H,
OCH,CH =), 4.39(dt, 1H, J=15.0 Hz, J=6.6 Hz, CHOH) , 4.59 ~4.60(m, 1H, OCHO) , 5. 13(d,
1H, J =9.0 Hz, HOCHCH =), 5.20(t, 1H, J =6.3 Hz, CH,CH =), 5.35(t, 1H, J =6.3 Hz,
CH,CH=); "C NMR(75 MHz, CDCl,), 6: 16.1, 16.3, 18.1, 19.5, 25.4,25.7, 26.2, 30.6, 39.3,
48.1, 62.2, 63.6, 65.7, 97.8, 120.9, 127.5, 128.1, 131.9, 134.7, 139.9; FAB-MS, m/z: 323.4
[M+H]".

2.2.6 (2E,6E)9-(4-FEL¥EAH)3,7,11-Z FH2 6,10-F 5 = W& 5 10 A b Bk (11) B9 4 &
TE0 °CF, ¥ NaH(0.29 g, 7.25 mmol, FiE4M41 60% ) /3L AT 20 mL JG7K DMF A9 10 (0. 78
g, 2.42 mmol) W, HHE 1 h WA T 2. 5 mL Jo/K DMF B9%F IR (0. 97 g, 4. 83 mmol ) FfEAL &
B TBAI BB INA B S NAR R F, 0 C F4REahidk 1 h 5 FHr 2SI, WP 12 h. FHmAEEhK (10
mL) /NP, FH k(30 mL x3) 28, A IFEA B, JEK Na,SO, T, 3%, ZBRENE, ™~
i AL AT [ VOAIhEE) /V( ZBR CTR) =30/1] 464k, SR IR 11(0. 86 g, 7% 87% ). IR
(film) , #/em™": 2934, 1670, 1513, 1445, 1247, 1115, 1030, 905, 817; 'H NMR (300 MHz, CDCl,),
8:1.49 ~1.86(m, 6H, 3CH,), 1.56(s, 3H, CH,), 1.60(s, 3H, CH,), 1.68(s, 3H, CH,), 1.75(s,
3H, CH,), 2.02 ~2.37(m, 6H, 3CH,C =), 3.47 ~3.54(m, 1H, CH,0), 3.79(s, 3H, ArOCH,),
3.86 ~3.92(m, 1H, CH,0), 3.98 ~4.05(m, 1H, OCH,CH=), 4.12(dt, 1H, J=15.6 Hz, J=6.9
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Hz, CHOAr) , 4.21 ~4.27(m, 2H, OCH,CH =, ArCH,), 4.48(d, 1H, J=11.7 Hz, ArCH,) , 4.61 ~
4.62(m, 1H, OCHO), 5.07 (d, 1H, J =9.0 Hz, ArOCHCH =), 5.15 (t, 1H, J = 6.0 Hz,
CH,CH=), 5.35(t, 1H, J=6.6 Hz, CH,CH=), 6.85(d, 2H, J=8.4 Hz, ArH), 7.23(d, 2H, J =
8.4 Hz, ArH); “C NMR (75 MHz, CDCL,), 8: 16.4, 16.6, 18.3, 19.6, 25.4, 25.8, 26.4, 30.7,
39.5, 45.8, 55.2, 62.2, 63.6, 69.1, 73.7, 97.8, 113.5, 120.4, 126.4, 129.1, 131.2, 131.9,
135.3, 140.3, 158.8; FAB-MS, m/z: 441.8(M").

2.2.7 (RE,6E)9-(4-FEHX¥EHE)3,7,11-Z ¥ 2 6,10-+ 8 = F-1-B(12) W&k BE X
MR 14] A, BIRE ARy 12 (77 % 91%). IR(film), #/em™": 3396, 2928, 1612, 1513,
1445, 1247, 1174, 1037, 822, 754; "H NMR(300 MHz, CDCl,), 8: 1.56(s, 3H, CH,), 1.60(s, 3H,
CH,), 1.67 (s, 3H, CH,), 1.75(s, 3H, CH,), 2.03 ~2.37(m, 6H, 3CH,C =), 3.80 (s, 3H,
ArOCH,), 4.09 ~4.17(m, 3H, CH,0H, CHOAr), 4.25(d, 1H, J=8.7 Hz, ArCH,), 4.48(d, 1H,
J=8.7 Hz, ArCH,), 5.08(d, 1H, J=9.3 Hz, AfOCHCH =), 5.14(t, 1H, J=6.3 Hz, CH,CH =) ,
5.40(t, 1H, J=6.3 Hz, CH,CH =), 6.86(d, 2H, J =8.7 Hz, ArH), 7.23(d, 2H, J =8.7 Hz,
ArH) ; ®C NMR(75 MHz, CDCL,), 6: 16.2, 16.5, 18.3, 25.8, 26.3, 39.3, 45.8, 55.2, 59.3, 69.0,
73.5, 113.5, 123.3, 126.3, 129.2, 131.1, 132.0, 135.4, 139.6, 158.8; FAB-MS, m/z: 359.5 [ M +
H]*.

2.2.8 (2E,6E)9-(4-F A EF¥ A HE)3,7,11-Z F 42 6,10-+ Z 8 = 8 (13) B9 & & KrBE 12
(0.30 g, 0.82 mmol )iFT 8 mL IECKEH, A MnO, (0.93 g, 10.7 mmol) , FZEEHFEN 20 h. i
UG, DRI ERAR , R SRR Z T [ V(AT ) /V( Sl ) =8/1 14k, Rk 13(0. 25
g, PP 84% ). IR(film), »/em™": 2930, 1673, 1612, 1513, 1445, 1247, 1177, 1072, 1037, 822,
754; "H NMR(300 MHz, CDCl,), &: 1.57(s, 3H, CH,), 1.61(s, 3H, CH,), 1.75(s, 3H, CH,),
2.16(s, 3H, CH,), 2.03 ~2.37(m, 6H, 3CH,C =), 3.79(s, 3H, ArOCH,), 4.12(dt, 1H, J=6.9
Hz, J=2.7 Hz, CHOAr), 4.25(d, 1H, J=8.7 Hz, ArCH,), 4.48(d, 1H, J =8.7 Hz, ArCH,),
5.05 ~5.12(m, 2H, ArOCHCH =, CH,CH =), 5.88(d, 1H, J=8.1 Hz, CH=CHO), 6.85(d, 2H,
J=8.4 Hz, AtH), 7.22(d, 2H, J=8.7 Hz, ArH), 9.98(d, 1H, J=8.1 Hz, CHO); “C NMR(75
MHz, CDCL,), §: 16.6, 17.6, 18.3, 25.7, 25.8, 40.4, 45.8, 55.2, 69.1, 73.4, 113.5, 124.9,
126.3, 127.3,129.1, 131.1, 133.3, 135.5, 158.9, 163.9, 191.3; FAB-MS, m/z: 357.4 [M+H] *.
2.2.9 4-[(E)-6-(4-WEAFEL)4 8-ZWH3 7-% JF ] SH-"k w1 -2-F(14) & . S 30k
(6] AR, MBIRE AR 14 (7% 47% ). IR(film), »/ecm™": 3396, 2929, 1779, 1749, 1638,
1513, 1444, 1380, 1247, 1173, 1036, 887, 823, 754; 'H NMR (300 MHz, CDCl,), &: 1.58(s, 3H,
CH,), 1.61 (s, 3H, CH,), 1.76 (s, 3H, CH,), 2.00 ~2.45(m, 6H, 3CH,C =), 3.80 (s, 3H,
CH,OAr), 4.14(dt, 1H, J=9.6 Hz, J=7.2 Hz, CHOAr ), 4.24(d, 1H, J=8.7 Hz, ArCH, ), 4. 48
(d, 1H, J =8.7 Hz, ArCH,), 4.70 (s, 2H, OCH,C =), 5.06 ~5.11 (m, 2H, ArOCHCH =,
CH,CH=), 5.83(s, 1H, COCH =), 6.85(d, 2H, J =8.7 Hz, ArH), 7.22(d, 2H, J =8.7 Hz,
ArH) ; ®C NMR(75 MHz, CDCL,), 6: 16.6, 18.3,25.7,25.8,28.5, 30.3, 45.8,55.2, 69.1, 73.1,
113.6, 115.5, 124.3,126.1, 129.2, 131.0, 134.3, 135.7, 158.9, 170.3; FAB-MS, m/z: 371.2 [ M +
H]*.

2.2.10 4-[(E)-6-%H)4 8-—FH3 7-% _F & | SH-kvg-2-F (15) W& & SH K[ 15] ik
A, ABRE IR Y 15 (72 # 85% ). IR (film), #/em ™' 3413, 2926, 1780, 1746, 1638, 1443,
1381, 1172, 1039, 891, 710; "H NMR (300 MHz, CDCl,), &: 1.31(s, 3H, CH,), 1.62(s, 3H, CH,),
1.70(s, 3H, CH,), 2.15 ~2.51(m, 6H, 3CH,C =) , 4.46(dt, 1H, J=13.5 Hz, J=8.1 Hz, CHOH) ,
4.74(s, 2H, OCH,C =), 5.12 ~5.23(m, 2H, HOCHCH =, CH,CH =), 5.86(s, 1H, COCH =),
6.85(d, 2H, J=8.7 Hz, ArH), 7.22(d, 2H, J =8.7 Hz, ArH) ; *C NMR(75 MHz, CDCl,), 8: 16.3,
18.1,28.5,29.8, 47.8, 66.1, 73.1, 115.6, 125.4, 127.4, 134.2, 135.2, 139.7, 170.0; FAB-MS,
m/z: 249.8(M*).
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2.2.11 6-Oxodendrolasinolide(1) By A R B 15(44 mg, 0.18 mmol)f»’rgﬂ: 2 mlL JC/K CH, Cl, EF‘, Jill|
A Dess-Martin J{f (112 mg, 0.26 mmol) , Z i FHiFE2 h. H 1 mL HIF1 NaHCO, ¥R K0, H &
fif (10 mL x3) 25, S IFANUH, RKIK | WA ERKPER, oK Na,SO, T, 8, ZERRiEHE,
MU= S A REIREE 2 [ VOAEE) /V( R OER) =6/1 404k, 15IR #E A HPIRY 1(39 mg, 5K 87% ).
IR(film), #/cm™'; 1778, 1747, 1684, 1618, 1442, 1127, 1034, 886; 'H NMR(300 MHz, CDCL,), &
1.65(s, 3H, CH,), 1.88(s, 3H, CH,), 2. 14(s, 3H, CH,), 2.37(m, 2H, CH,CH—), 2.49(t, 2H,
J=6.6 Hz, CH,C =), 3.06(s, 2H, COCH,C =), 4.74(s, 2H, OCH,C =), 5.20(t, 1H, J=6.6 Hz,
CH,CH=), 5.85(s, 1H, COCH=), 6.06(s, 1H, COCH=); “"C NMR(75 MHz, CDCl,), &: 16.7
(C4),20.7(C10, C11), 25.7(C9), 27.7(C2), 28.4(Cl), 54.9(C5), 73.1(C4"), 115.7(C2"),
117.4(C3), 122.8(C4), 126.4(C7), 132.2(C8), 156.5(C3"), 169.8(C1'), 198.5(C-6) ; FAB-MS,
m/z: 249.7[M+H]*; HRMS(ESI), 31514 266.1751[M + NH, | *, SZE0A{H . 266. 175 8.
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Total Synthesis of 6-Oxodendrolasinolide

LIYi' , ZHANG Tao’ , LI Yu-Lin'~
(1. State Key Laboratory of Applied Organic Chemistry, Institute of Organic Chemistry, Lanzhou University ,
Lanzhou 730000, China; 2. Minsheng Group Shaoxing Pharmaceutical Co. Ltd. , Shaoxing 312071, China)

Abstract An efficient total synthesis of 6-oxodendrolasinolide (1), a new farnesane-type sesquiterpene lac-
tone, was described. The synthetic route was completed from geraniol 2 and 3-methylbut-2-en-1-ol ( 5)
through twelve steps in 5. 6% overall yield. The key steps were regioselective alkylation of the anion of vi-
nyldithian 7 with allylic chloride 4a to generate compound 8, followed by hydrolyzation of the dithiane to afford
compound 9. The reduction of enone 9 gave alcohol 10, which was protected as a p-methoxylbenzylether 11.
Subsequently, tetrahydropyranyl protective group was removed and oxidized to give the key intermediate alde-
hyde 13. Then after Corey’s oxidative lactionization reaction followed by deprotection of the PMB group com-
pound 15 was formed, which underwent Dess-Martin oxidation to afford the title compound 1.

Keywords Total synthesis; Butenolide; Sesquiterpene; Regioselectivity alkylation
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