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Scheme 2 Synthsis routes of Herbarumin IIl
Reagents and conditions: a. llpcz BAIl, THF, -78 °C, then NaOH, H,0,, reflux, yield 70% ; b. Imidazole, TBSCI, DMF, r.t. ,

yield 92% ; c¢. AD-mix8, H,0-t-BuOH(volume ratio 1:1) , 0 °C, yield 60% ; d. BzCl, pyridine, CH,Cl,, 0 °C, yield 90% ;

e. MOMCI, DIPEA, THF, reflux, yield 93% ; f. EtMgBr, Et,0, r.t. , yield 95% ; g. (COCl),, DMSO, CH,Cl,, —78 C, then

Et3N, yield 72% ; h. PivCl, pyridine, CH,Cl,, yield 58% ; i. 1-phenyl-1H-tetrazole-5-thiol, DIAD, PPh,, THF, 0 C to . t. ,

1 h; j. m-CPBA, NaHCO;, CH,Cl,, r.t. , yield 83% for two steps; k. KN(TMS),, DME, —-60 °C, then compound 11, 60

C—r. 1., yield 62% ; 1. DIBAL-H, Et,0, -78 °C, yield 94% ; m. 1) (COCl),, DMSO, CH,Cl,, -78 °C, then Ei;N, yield

85% ; 2) AgNO;, NaOH, EtOH, r.t., yield 95% ; n. TBAF, THF, reflux, yield 78% ; o. 2,4 ,6-trichlorobenzoyl chloride,

Et;N, then DMAP, toluene, reflux, yield 62% ; p. PPTS, t-BuOH, reflux, yield 93% .
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2.1 UFE5IEH

FT-170SX £LAMGIEAL (45555 ) 5 varian BB 300 MHz G4 (TMS KN4, CDCL, HiEH]) 3 VG
HP-5988 Jiii%{X (70 eV). Bruker Daltonics APEX Il B4 #¥ 5 i%{Y ; Jasco 20C JEGIX.

FEZRERE (200 ~300 H) )2 ZHRER (GF254, 10 ~40 pwm) 203 B vEAL T 726 752
AR T S AL B R AN . AU RN B 3R K Ve U, JOKBRRREE T8 | i DB RN B R )5 A
JEMTIR SRR A A1 i 2R 2l (TR )

2.2 RIEEE
2.2.1 AW T AR TEEET¥7.000 g AD-mix-8 T AZF] 25 mL -BuOH F125 mL H,0 KRS
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b, FRE R0 C, IMASBY 6(1.140 g, 5 mmol) , XN 48 h. AILAT.5 g Na,S,0,, T
FIRN 1 h. AR OBEAEH (100 mL x3). &5 hBAE RN [ VOATME) / V(LR OER) =4:1],
15%5]0.786 g L IMIRILEY 7, WK 60%. "H NMR (300 MHz, CDCL,), 8: 0.03(s, 3H), 0.06(s,
3H), 0.85~0.90(m, 12H), 1.25 ~1.34,(m, 2H), 1.34 ~1.70(m, 4H), 2.76(b, 1H) , 3. 38 ~3.47
(m, 1H), 3.57(d, 1H, J=12.3 Hz), 3.83 ~4.01(m, 2H). "C NMR(75 MHz, CDCl,), 6: -4.8,
4.7, -4.4,14.2,17.9, 18.9, 25.8, 37.2, 38.4, 39.0, 40.0, 66.8, 67.1, 68.9, 71.1, 71.2,
72.5,76.6,77.0, 77.4. EIMS, m/z: 171(1), 194(12), 169(1), 151(15), 143(22), 125(95), 113
(27), 97(50), 70(51), 55(93), 41(100).

2.2.2 o8 Ak BbE 7(0.524 g, 2 mmol) ¥ T 2 mL CH,CL, #7, T 0 C FRKMA 0.5
mL AHEBEFIZE RS0, 25 mL, 2.4 mmol) , S 0.5 h. JAIAMLFT NaHCO, IER KN, FH ZFR ZTg
FEU(50 mL x3), ZJaAbHREE 2 VOAEE) V(2R OTER) =16:17, 155 0. 657 g LR A
8, ¥ 90%. 'H NMR (300 MHz, CDCl,), 8: 0.08 ~0.11(m, 6H), 0.90 ~1.27 (m, 12H), 1.27 ~
1.34(m, 2H), 1.48 ~1.78(m, 4H) , 3.77(b, 1H), 3.96 ~4.35(m, 4H), 7.41(t, 2H, J=7.8 Hz),
7.55(t, 1H, J=8.4 Hz), 8.06(t, 2H, J=8.1 Hz). “C NMR(75 MHz, CDCL,), 8: -4.8, —-4.7,
4.6, -4.1,14.2,17.9, 18.0, 18.9, 25.8, 37.8, 38.4, 39.4, 40, 66.8, 68.8, 69.0, 71.0, 72.3,
128.3, 129.6, 130.0, 133.0, 166.6. EIMS, m/z: 217(3), 187(10), 179(8), 115(8), 105(100), 95
(10), 77(28), 75(39), 73(19).

2.2.3 AW WA K KA 8(0.366 mg, 1 mmol) AT 2 mL THF H1, A RN EZ M (0. 51
mL, 3 mmol ) A5 H 3£ H 3£k (0. 23 mL, 3 mmol) , [ 10 h. BHIEZEIR, A NaHCO, IR K L
N, R ERAH(50 mL x3). e AR 2T V(A ) / V(LR OHE) =16:1], 135 0. 381
g TTEOMIRIER 9, WF 93% . 'H NMR (300 MHz, CDCl,), 8: 0.06(s, 6H), 0.82 ~0.93(m, 12H),
1.26 ~1.40(m, 2H), 1.42 ~1.50(m, 1H), 1.67 ~1.87(m, 1H), 3.66(s, 6H), 3.83 ~3.88 (m,
1H), 4.00 ~4.07(m, 1H), 4.28 ~4.49(m, 2H), 4.67 ~4.78(m, 2H), 7.43(t, 2H, J=7.8 Hz),
7.56(t, 1 H, J=8.4 Hz), 8.05(t, 2 H, J=8.1 Hz). “C NMR(75 MHz, CDCl,), §: -4.6, —4.4,
-4.1,14.2, 14.3, 25.7, 25.8, 39.2, 39.3, 39.9, 40.1, 55.5, 66.8, 67.3, 68.9, 69.0, 72.5,
73.7,95.7, 96.4, 128.3, 129.5, 130.0, 132.9, 166.3. EIMS, m/z: 379(1), 353(1), 323(1), 305
(2),291(3), 217(3), 201(3), 187(24), 179(23), 105(88), 77(29), 45(100).

2.2.4 A 10 tha R HALE 9(0.410 mg, 1 mmol) T 5 mL Jo/K ZBEH, TEVKAKIB FMA 3
mmol EtMgBr i 10 mL ZERAR. M5EE TN 0.5 h. T AMEA NH, Cl B KN, F 2Bk
BU(50 mL x3). S5 RbBRFEEZHT (V(AMEE) /V(ZTRZES) =4:1], 1851 0.290 g Jo ki 10,
% 95%. 'H NMR (300 MHz, CDCL,), &: 0.01 (s, 3H), 0.03 (s, 3H), 0.79 ~0.09 (m, 12H),
1.23~1.31(m, 2H), 1.32 ~1.46(m, 3H), 1.54 ~1.63(m, 2H), 3.41(s, 3H), 3.43 ~3.59 (m,
2H), 3.62~3.70(m, 1H), 3.79 ~3.84(m, 1H), 4.68(s, 2H). " C NMR(75 MHz, CDCL,), &:
4.6, -4.1,14.3,17.8,18.0, 25.8, 38.9, 40.2, 55.5, 66.6, 68.6, 80.4, 97.2. EIMS, m/z: 306
(1), 275(1), 217(3), 187(17), 75(34), 45(100).

2.2.5 a1 ek BEEBES (52 pl, 0.6 mmol)JET 5 mL CH,CL, 1, AHIE -78 C, A
DMSO (94 mg, 1.2 mmol) ) 2 mL CH,CL, [J&F#. 5 min J5HIAEE 10 (122 mg, 0.4 mmol) (1) 5 mL
CH,CL, &7, 7£ -78 C T4E¥F0.5 h J&, A =20 (0. 41 mL, 3 mmol ) WK . FFEZEIG, MA
60 mL L. ZfE A EAAENT[ V(AIhEE) / V(LR OTE) =16: 1], 1551 0. 88 g TR 11, 1
#72% . "H NMR(300 MHz, CDCL,), 6: 0.01 ~0.05(m, 6H), 0.85 ~0.90(m, 12H), 1.26 ~1.32
(m, 2H), 1.41 ~1.45(m, 2H), 1.66 ~1.70(m, 1H), 1.80 ~1.84(m, 1H), 3.37(s, 3H), 3.85 ~
3.89(m, 1H), 4.00 ~4.03(m, 1H), 4.67(s, 2H), 9.60(s, 1H). "C NMR(75 MHz, CDCl,), &:
4.7, -4.5, -4.1, 14.1, 14.2, 17.8, 17.9, 18.0, 18.2, 25.7, 25.8, 37.0, 37.6, 39.0, 40.0,
55.9,56.0, 68.0, 68.1, 79.4, 80.9, 96.5, 97.2, 202.3, 202. 6.
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2.2.6 tAEWI15 AR BALAEY 13(0.188 g, 10 mmol) | PPh, (3. 144 g, 12 mmol ) Al 1-2K3E-5-5
FEPUME (2. 136 g, 12 mmol) ¥ A 25 mL Jo/K THF H, T 0 CHHEFE N INA DIAD (AF434094% |, 2.6
mL, 12 mmol) , $iFE 2 h. JMAMEA NaCl KN, R ZFR#HL(100 mL x3) . 28 )5 AbBRAIAE:
EATLVCAThES): V(ZFRZHER) =8: 1], M EI AR A 14. BB 14 %A 50 mL CH,CL, 1, ¥
%0 °C, A NaHCO, (3.4 g, 44 mmol ) Fl m-CPBA (JE# /340 75% , 6.9 g, 30 mmol ) 5 T+ EE R, HiiHk
12 h. JITAMEAN Na,S,0, IWRAEK I N, R LFRAB(100 mL x 3). Z8J5 A BRAGAE 2 AT [ V(A il
fit)/V(LFRCTR) =8: 1], 135 3. 154 ¢ JTLAMARI AR 15, WA IFMIE K 83%. "H NMR (300
MHz, CDCL,), 6: 1.17(s, 9H), 1.53 ~1.61(m, 2H), 1.64 ~1.73(m, 2H), 1.94 ~2.04(m, 2H),
3.74(t,2H, J=7.8 Hz), 4.04(t, 2H, J=6.0 Hz), 7.55 ~7.60(m, 3H), 7.61 ~7.69(m, 2H).
C NMR(75 MHz, CDCl,), 8: 21.7, 24.7, 27.1, 27.9, 38.6, 55.7, 63.5, 124.9, 129.7, 131. 4,
132.9, 153.3, 178.4. EIMS, m/z: 380(M*, 1), 295(1), 279(1), 173(10), 118(38), 69(51), 57
(100).

2.2.7 AW 16 thb kKBS 15(380 mg, 1.0 mmol) ¥ T 3 mL DME 1, F -60 C FhIA
KN(TMS), (0. 89 mol/L in DME, 1.2 mL, 1.1 mmol), #i£#¥ 30 min J5, MAFLEY) 11 (304 mg, 1.0
mmol ) i 2 mL, DME i, ¥ NVIREGY AT EE MG, dkEehift 2 b AR NaCl 3% % K e
N R ERAEI(30 mL x3) . S5 AbBFAEZNT [ VA ThEE) : V(ZRROER) =16:1], 135284 mg
TCAIIRIBAR 16, W% 62% . 'H NMR (300 MHz, CDCL,), 8: 0.03(m, 6H), 0.87 ~0.93(m, 12H),
1.18(m, 9H), 1.21 ~1.43(m, 6H), 1.55 ~1.78 (m, 4H), 2.06 ~2.08 (m, 2H), 3.34(m, 3H),
3.72~3.78(m, 1H), 4.01 ~4.06(m, 3H), 4.45 ~4.51(m, 1H), 4.64 ~4.69(m, 1H), 5.21 ~5.29
(m, 1H), 5.54 ~5.61(m, 1H). “C NMR(75 MHz, CDCl,), &: —-4.5, —-4.2,14.3,18.1, 18.2,
25.5,25.9,27.2,28.0,31.7,38.7,39.4,43.4,43.7,55.5,56.0, 64.1, 69.0, 73.8, 74.5, 92.9,
93.5, 130.4, 130.8, 133.5, 134.3, 178.5. EIMS, m/z: 413(1), 369(1), 329(1), 299(1), 257(1),
203(7), 187(22), 161(78), 119(61), 89(84), 73(47), 57(100), 45(93).

2.2.8 fueim17 b AW 16(226 mg, 0.5 mmol) ¥ T 20 mL CH,CL, 1, 7E —78 °C Fi%m
DIBAL-H(2 mol/L in tolune, 0.3 mL, 0.6 mmol). $ii#¥ 30 min 5, A EEEK . HRER#
(30 mL x3). ZJAbBAEE 2 VA MEE : V(ZRZEE) =2:1], 183 176 mg O MPRIE A 17,
% 94% . '"H NMR(300 MHz, CDCl,), §: 0.03(s, 6H), 0.94(s, 9H), 1.24 ~1.61(m, 9H), 1. 68 ~
1.83(m, 1H), 2.07(q, 2H, J=6.9 Hz), 3.33(s, 3H), 3.62(t, 2H, J=6.0 Hz), 3.72 ~3.76(m,
1H), 3.99 ~4.10(m, 1H), 4.41 ~4.50(m, 1H), 4.69(m, 1H), 5.18 ~5.31(m, 1H), 5.54 ~5.67
(m, 1H). "C NMR(75 MHz, CDCL,), §: -4.4, -4.2,14.3,18.1, 18.2,25.2,25.9,31.9,32.2,
39.3,43.4,43.7,55.3,62.6, 69.0, 73.9, 74.6, 92.8, 93.6, 130.5, 130.9, 133.8, 134.7. EIMS,
m/z: 329(1), 285(1), 269(1), 255(2), 213(2), 187(11), 161(42), 119(38), 89(62), 73(32),
45(100).

2.2.9 &4 18 A BHEEEES (30 pL, 0.35mmol ) % T2 mL CH,CL, ', BHIZE -78 C, A
DMSO (55 mg, 0.7 mmol) ) 1 mL CH,ClL, %¥&. 5 min J5 /I AEE 17 (86 mg, 0.23 mmol) 1Y) 2 mL CH,CI,
VWL, 76 -78 C R4 0.5 h J5, A =2 (0.24 mL, 1.7 mmol) WA . F+EZEESFMA 30 mL
CHk, AL G A B ZT [ VA ) /V( TR CHER) =16:1], 155] 73 mg TLEGMHPIREA, IR
85% . ¥+ FRF 9 (30 mg, 0. 081 mmol) % T 0.6 mL ZEEH | fIA AgNO, (76 mg, 0.45 mmol) 1 0. 15
mlL H,0 ¥, TEAKKIERETT A NaOH(76 mg, 1.9 mmol ) 9 1. 4 mL H,0 ¥, TaMBEHE2 h, il
U, VBT CH,CL, BRI 1 WUT, MBS $h 10% MBS TR 2 pH =6. HIZMR ZMEAEH(30 mL x3).
LA PR E AT [ VA MEE) V(LR CTR) =2: 1], 15%5) 30 mg JC @R IA 18, K 95%.
"H NMR (300 MHz, CDCL,), &: 0.04 ~0.08(m, 6H), 0.81 ~0.94(m, 12H), 1.08 ~1.61 (m, 5H),
1.65 ~1.83(m, 3H), 2.04 ~2.11(m, 2H), 2. 34(t, 2H, J=7.2 Hz) , 3.35(m, 3H) , 3.73 ~3.80(m,
1H), 4.03 ~4.08(m, 1H), 4.43 ~4.52(m, 1H), 4.62 ~4.70 (m, 1H), 5.22 ~5.35(m, 1H),
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5.48 ~5.63(m, 1H). "C NMR(75 MHz, CDCL,), 8. -4.4, -4.2,14.3, 18.1, 18.2, 25.2, 25.9,
31.9,32.2,39.3,43.4,43.7, 55.3, 69.0, 73.9, 74.6, 92.8, 93.6, 131.0, 130.4, 133.8, 134.7,
179.8. EIMS, m/z: 343 (1), 283(1), 269(1), 239(1), 227(1), 197(6), 187(9), 161(19),
119(18), 89(28), 73(24), 45(100).

2.2.10 AW 19 B4 K BALEY 18(20 mg, 0.05 mmol) ¥ T 1 mL THF H, Jil A TBAF(40 mg,
0.15 mmol) , % 14 h, WEFR LB, M= HEE 20 [ vOahit) V(R OHEE) =2:1], 155 11
mg T IHPIRE A 19, e 78% . 'H NMR (300 MHz, CDCl,), 6: 0.90(t, 3H, J=7.2 Hz), 1.17 ~
1.56(m, 4H), 1.62 ~1.82(m, 4H), 2.07 ~2.16(m, 2H), 2.31 ~2.39(m, 2H), 3.37(s, 3H),
3.60 ~3.87(m, 1H), 4. 11 ~4.32(m, 1H), 4.46 ~4.50(m, 1H), 4.61 ~4.71(m, 1H), 5.19 ~5.36
(m, 1H), 5.50 ~5.68(m, 1H). “C NMR(75 MHz, CDCl,), &: 14.0, 18.5, 18.8,23.9, 24.4,26.5,
26.7,31.3,314,33.2,39.4,39.5,42.1,42.3,55.6, 68.0, 70.4, 70.7, 74.7,92.5,93.4, 130. 1,
130.4, 132.7, 133.9, 179.6.

2.2.11 fbA420 Fn21 894 & BEFRIERR 19 (48 mg, 0. 175 mmol ) % T 2 mL THF, K¥MMA EiN
(26 wL, 0. 19 mmol ) f1 2,4 ,6- =5 P IS (29. 4 pL, 0. 176 mmol) , THE 2 h. HIA 50 mL Jo/K I,
TERIFURAS T F LR H R DL 5 mL/h B EE12 120 2] 4-DMAP (128 mg, 1. 05 mmol) 9 100 mL JG
ARG, Bkl 12 he AR R REEUERR LR, B 280 [ vk ) /v e o
fig) =16: 17, 2R 20 F121 45 14 mg, AIHFIE 62%.

G20 [a]d = —4°(c 0.5, CHCL, ). "H NMR (300 MHz, CDCl,), §: 0.90(t, J=7.2 Hz,
3H), 1.25~1.61(m, 4H), 1.70 ~1.89(m, 3H), 1.93 ~2.08(m, 3H), 2.28 ~2.34(m, 2H), 3.30
(s,3H), 4.01(dt, 1H, J=9.9 Hz, J=3.9 Hz), 4.65(dd, 2H, J=7.2 Hz, J=6.9 Hz), 5.03 ~5.10
(m, 1H), 5.26 ~6.34(m, 1H), 5.45 ~5.55(m, 1H). "C NMR(75 MHz, CDCL,), &: 13.9, 18.3,
26.2,33.6,34.6,37.8,39.8,71.1,75.7, 92.6, 133.2, 133.3, 175. 5.

&Y 21 [alh = +43°(¢ 0.5, CHCL). "H NMR(300 MHz, CDCL,), &: 0.92(t, 3H, J=7.2
Hz), 1.25~1.53(m, 4H), 1.72 ~1.81(m, 3H), 1.84 ~2.07(m, 3H), 2.27 ~2.36(m, 3H), 3.36
(s,3H), 4.30(b, 1H), 4.65(s, 2H), 5.25 ~5.32(m, 1H), 5.44 ~5.2(m, 2H). “C NMR(75 MHz,
CDCL,), 6: 13.9, 18.3, 26.0, 33.8, 34.8, 37.8, 38.3, 55.4, 68.3, 72.2, 95.0, 124.7, 132.5,
175.9. EIMS, m/z; 343(1), 283(1), 269(1), 239(1), 227(1), 197(6), 187(9), 161(19), 119
(18), 89(28), 73(24), 45(100).

2.2.12 A2 AR BEEY 20(9 mg, 0.035 mmol)¥% T 1 mL :-BuOH 1, filA 200 mg PPTS
Ml 4 h. WEZEREN, FRWEHEEI [ VOaME) / V(LR OHEE) =16:1], 155 7 mg R A&
22, EK9B%. [al]d = -0.6°(c 0.5, EtOH) ; IR, #/em™"; 3433, 2958, 2923, 1728, 1210, 1028.
"H NMR (CDCl,, 300 MHz) , 6: 0.87(t, J=7.2 Hz, 3H), 1.32 ~1.42(m, 2H), 1.49 ~1.76(m, 2H) ,
1.77 ~1.85(m, 2H), 1.98 ~2.02(m, 3H), 2.02(m, 1H), 2.24 ~2.29(m, 1H), 2.38 ~2.31(m,
2H), 4.10 ~4.05(m, 1H), 5.05 ~4.98(m, 1H), 5.50 ~5.32(m, 1H), 5.57(d, 1H, J=7.2 Hz).
C NMR(CDCl,, 75 MHz), &; 13.8, 18.3, 26.1, 33.4, 34.7, 37.8, 41.6, 71.0, 72.8, 131.2,
135.9, 175. 5.

2.2.13 faW3 ek DAREY 21 RIEkL, BAELBREMEY 22 6 RAER. [aly = +19°(c
0.1, EtOH), (lit. [a]d = +22°(c 0.1, EtOH)). IR, #/cm ' 3449, 2959, 2929, 1726, 1203, 1046;
"H NMR (CDCl,, 300 MHz) , 6: 0.87(t, 3H, J=7.2 Hz), 1.32 ~1.42(m, 2H), 1.49 ~1.76(m, 2H) ,
1.77 ~1.85(m, 2H), 1.98 ~2.02(m, 3H), 2.02(m, 1H), 2.24 ~2.29(m, 1H), 2.37 ~2.42(m,
2H), 4.42 ~4.47(m, 1H), 5.10 ~5.21 (m, 1H), 5.34 ~5.44(m, 1H), 5.59 ~5.64 (m, 1H).
B“C NMR(CDCl,, 75 MHz), &: 13.8, 18.4, 25.9, 33.6, 34.6, 37.3, 40.5, 67.8, 68.0, 124.9,
134.5, 176.9. EIMS, m/z: 212(1, M* ), 194(12), 169(1), 151(15), 143(22), 125(95), 113(27),
97(50), 70 (51), 55(93), 41 (100). HRMS, m/z: 230. 1747 [M +NH; | ( caled. for C,, H,, NO,,
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Convenient Stereoselective Approach to Herbarumin I

CHEN Xue-Song, DA Shi-Jun, XU Bo-Yan, XIE Zhi-Xiang, LI Ying"
(The State Key Laboratory of Applied Organic Chemistry, College of Chemistry and Chemical Engineering,
Lanzhou Univesiriry, Lanzhou 730000, China)

Abstract Herbarumin I, a naturally occurred phytotoxin which has a ten-membered lactone ring, was isola-
ted from Phoma herbarum. The root growth inhibiting activity of Herbarumin III is ten times than 2 ,4-dichloro-
phenoxyacetic acid. The stereoselective total synthesis of Herbarumin Il (3), along with its 8-epimer 22, was
succeeded in 13 steps starting from n-butyraldehyde and 1,5-pentandiol on the bassis of Brown's asymmetric
allylation, with modified Julia olefination and Yamaguchi’s macro-lactonization as the key steps.

Keywords Herbarumin Il ; Asymmetric allylation; Modified Julia olefination; Yamaguchi’s macro-lactoniza-
tion
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