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First Total Synthesis of 5-Methyl-2-(2E,6E-3,7,11-trimethyl-
2,6-dodecadien-9-onyl)benzo-1,4-quinone and
the Corresponding Hydroquinone
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Abstract First total synthesis of triprenylquinones and hydroquinones isolated from endemic nudibranch
Leminda millecra, two naturally occurring compounds 5-methyl-2-(2E,6E-3,7,11-trimethyl-2,6-dodecadien-9-
onyl)benzo-1,4-quinone (1) and 5-methyl-2-(2E,6E-3,7,11-trimethyl-2,6-dodecadien-9-onyl)-1,4-hydroquinone
(2) has been achieved from cheap and available 2-methylhydroquinone (4) and geranyl bromide, involving
protection of phenol, bromination, coupling reaction of arylbromide with Grignard reagent catalyzed by
LioCuCly, Julia coupling, etc. Reduction of 1 with NaBH,4, gave one of this kind of natural products,
5-methyl-2-(2E,6E-9-hydroxy-3,7,11-trimethyl-2,6-dodecadienyl)-1,4-hydroquinone ( *)-3.

Keywords endemic nudibranch Leminda millecra; total synthesis, catalytic coupling of Li,CuCly; Julia
coupling
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Reagents and conditions: (a) (CH30)S0O,, K,COs, acetone, 92%; (b) Br,, CHCls3, Et,0, 88%; (c) Mg, Li,CuCls, Geranyl bromide, THF, —78~0 C, 1.5
h, 73%; (d) SeO,, t-BuOOH, 40%; (e) PhsP, Im, I; (f) PhSO,Na, DMF, r.t., 40 h, 92%, two steps; (g) n-BuLi, THF, —78 °C, isovaleraldehyde, 85%; (h)
DMSO, (COCI),, EtzN, —78 C, 78%; (i) Na (Hg) (6%), Na,HPO,4, MeOH, 80%; (j) CAN, CH3CN, 52%; (k) NaHSOg3, THF, 71%; (I) NaBH4, MeOH, 68%.
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NMR H Varian Mercury-AM300 F! Bruker-AM400
RO ARG & (TMS FE A AR), CDCls ¥l MS %
Pt VG ZAB-HS 5%, VG-7070 A 28145, BRvE I 4RI
9 El (70 eV); ZL4Mdl i JASCO J20C ZU ARl
HRM S%{ 4 H1 Autostec-3090 YA #5755 rii bl HE AR
SR RACINE, W TERERIE; HE 1% (200~300
mesh), ¥ 2 {4 11% (GF254) it FH ek Jise 4 B0 £ 135 24 ) 2R
P2, VBN AT - LR LG, WA SYiEEHIR 4
BV WRDEFR A A ik (60~90 “C)FI LR LT
12 ZHRTE

14-— RS E-2-FE-5[(3E)-3,7-ZH#E-26-F =
WK ¥ 2-5-5-E-14-— FAIEHE(6) 924 mg (4
mmol)#/E 5 mL THF, A ZMEEJEFr, £ =10+
N 40 mg Mg ¥3H1 5 mL THF, &SR R 2emAZy
V3JEH, MJLIE CHal 51, ORFFIIE, KT 6 %
W5E, ERFEIR RN 1 h 5, EKKBAHTR, #nd

HIER 870 mg (4 mmol) Li,CuCly/THF 0.5 mL (1
mol/L) WG, InHE BRTH 2 %0, Hidk 6 h 5, £ 0
“C N Li,CuCly/THF 0.25 mL (11 mol/L), HRTTI%=
H, SV 48 h JE FZK (2 10 mL)VE K, CHLCl, #HY, #
A MU 2] 10% HCL 5 mL $Ev, Mo NaCl 10 mL
ek, Jo7K NapSO, T, YR ZE bR, M=k T 4T
JANTIV(A i) @ V(TR A1) =16 @ 1], 153 841 mg ¥
P T, PR 73%. 'H NMR 6: 1.61 (s, 3H), 1.66 (s,
3H), 1.73 (s, 3H), 2.06~2.14 (m, 4H), 2.20 (s, 3H), 3.30
(d, J=6.9 Hz, 2H), 3.76 (s, 6H), 5.12 (t, J=1.5 Hz, 1H),
5.31 (t, J=1.2 Hz, 1H), 6.66 (s, 2H). *C NMR (100 MHz,
CDCl3) 6: 151.6, 151.0, 136.0, 131.3, 127.9, 124.3, 122.7,
117.0, 113.9, 112.3, 56.1, 39.8, 28.1, 26.8, 25.6, 17.6, 16.3.
IR (KBr) vma: 1507, 1463, 1398, 1211, 1048, 857 cm ™.
EI-MS mz (%): 288 (M™, 25), 219 (27), 205 (21), 189
(17.5), 165 (100), 151 (35), 135 (37), 91 (50), 69 (73), 41
(90). HRMS calcd for CigHpg05(CroHos05H) 288.2084,
found 288.2079.

8-25- —HEHE-4 FEFHE)(2E6E)-26- — H
F-26-FJ%-1-8(8) 7F 100 mL [FEESH T, K5 SeO,
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240 mg (2.22 mmol) % T 40 mL CH,Cl, 11, #E& /S RP
TG AURCT B 1.1 mL (70%, 8 mmol), ‘IR HFE 20
min &, 7EUKZK#HE RN 7 1.05 g (3.65 mmol)ff] CH,Cl,
W 10mL, MVIRGYIAE O CHiFEL) 35h, SRJEHIA
50 mL VKK, SBEAREHL, S IFAHUAH, HIKH 10%1H)
KOH 7K¥, M1 NH,Cl ¥ 10 mL, H,O (3X 10 mL),
PRI Eh/K VLIS, 07K NagSO, T4, ek 28 B, i
PEPREATREE AT VOO ) D V(ZIR L ER) =4 1], 13
F 444 mg (174 8, 72K 40%. 'H NMR §: 1.66 (s,
3H), 1.74 (s, 3H), 2.04~2.08 (m, 4H), 2.12~2.17 (m,
2H), 2.20 (s, 3H), 3.30 (d, J=6.9 Hz, 2H), 3.76 (s, 6H),
3.95 (s, 2H), 5.31 (t, J=1.5 Hz, 1H); 5.36 (t, J=1.2 Hz,
1H), 6.65 (s, 1H), 6.67 (s, 1H). *C NMR (100 MHz,
CDCl,) §: 151.5, 151.0, 135.4, 134.7, 127.9, 125.8, 123.0,
114.0, 1125, 688, 56.1, 39.3, 28.2, 26.1, 16.0, 13.6.
EI-MS m/z (%): 304 (M™, 56), 219 (25), 205 (59), 165
(74), 135 (23), 91 (38), 69 (30), 43 (100). IR (KBr) vimax:
3384, 2929, 1507, 1463, 1397, 1211, 1046, 858 cm .
HRMS calcd for CgH,503 304.2033, found 304.2029.

1-[(2E,6E)-3,7-— H &-8-E W E-2,6 F_IH]-25-=
R4 PREEQ) 7510 mL EEEm T AL &Y 8
365 mg (1.2 mmol), —ZJEfi 472 mg (1.8 mmol), Bk
123 mg (1.8 mmol )i TR & 1 £ J1F 2.4 mL H1 L 15K 3.6
mL, £0 CF, -k 457 mg (1.8 mmol), #3245
RV, AR 2h 5, OVIES YA 100 mL (1) 4
Tk RE, A HUAAK O H AN AR A B R B M (3X 10 mL),
K(BX10mL), A1 NaCl ¥e¥k 5, o7k MgSO, T4, ¥
FR 2RV, T A B R = B T T 1 20 O

B UL AR BP9 5 mL T DMF, T30
A PhSO,Na 260 mg (1.56 mmol), =33+ 12 h J&,
KK, CREFEEL, AR NaCl 3%, oK
N&SO, T, W H4E, K= 5 &R Z M V(A k) -
V(LR ZTE)=4 : 1)135] 472 mg [ 9, 7% 92%,
(Pi25). '"H NMR 6: 1.72 (s, 3H), 1.77 (s, 3H), 1.81~1.87
(m, 2H), 2.03~2.06 (m, 2H), 2.20 (s, 3H), 3. 26 (d, J=6.9
Hz, 2H), 3.69 (s, 2H), 3.76 (s, 6H), 5.03 (t, J=4.5 Hz, 1H),
5.20 (t, J=7.2 Hz, 1H), 6.64 (s, 1H), 6.73 (s, 1H), 7.55
(dd, J=7.5, 4.5 Hz, 2H), 7.63 (t, J=1.2 Hz, 1H), 7.84 (d,
J=5.1 Hz, 2H). *C NMR (100 MHz, CDCl3) §: 151.5,
150.9, 138.3, 135.9, 134.8, 1334, 128.8, 1284, 127.7,
1245, 123.3, 113.9, 112.4, 66.1, 56.1, 38.6, 28.3, 26.9,
16.6, 16.1, 15.9. IR (KBI) vma: 2926, 1507, 1464, 1448,
1398, 1311, 1211, 1135, 1086, 1045, 862, 742, 689 cm .
FAB MSm/z: 428.3 (M ™).

12-(2,5- — A4 B-4- F E R &)-(2E 6E)-2,6,10- =

F-5-FEPAE-610-+ B _S-4-B(10) ¥ 9 472 mg
(1.1 mmol)¥#F T 5 mL T4 THF 1, —78 CHE AR
R0 3.0 mol/L n-BuLi 0.4 mL (1.2 mmol), —78 CF
iHE 0.5 h i, 3 i 5w %% 103 mg (0.13 mL, 1.1 mmol)
W 6 mL Jo/K THE M, ik ROV R ARTH 2%
W, BEFE 25 h G, WRMNIESY I 2 mL A
NH,Cl R0 RV, SRFAEEL, H NaCl yEik )5, TG
K NapSO, T, 2R, #1207 40 B V(A il
fiX) : V(LR LTiR)=4 @ 1], 135482 mg =4 10, j=%
>4y 85%. *H NMR ¢: 0.91 (d, J=5.4 Hz, 6H), 1.61 (s, 3H),
1.63 (s, 3H), 1.72~1.77 (m, 3H), 1.95~2.00 (m, 4H), 2.20
(s, 3H), 3.25 (d, J=6.6 Hz, 2H), 3.51 (d, J=9.3 Hz, 1H),
3.78 (s, 6H), 4.23~4.59 (m, 1H), 4.95 (t, J=6.9 Hz, 1H),
5.15 (t, J=6.9 Hz, 1H), 6.60 (s, 1H), 6.68 (s, 1H), 7.49
(dd, J=4.2, 4.8 Hz, 2H), 7.63 (t, J=6.6 Hz, 1H), 7.79 (d,
J=1.2 Hz, 2H). *C NMR (100 MHz, CDCl;) J: 151.6,
151.0, 138.3, 136.0, 134.9, 1335, 128.8, 128.4, 124.6,
123.3, 113.9, 112.5, 66.2, 56.2, 38.7, 31.9, 29.7, 28.3, 26.9,
229, 22.7, 16.0, 14.4, 14.1. IR (KBr) vpac 3518, 2930,
1719, 1507, 1464, 1448, 1397, 1310, 1211, 1154, 1136,
1045, 862, 742, 688 cm . FAB MSm/z 514.2 (M™).

1-(2E,6E-3,7,11- = H ¥ -8- EWE-o-FEN+ - =
1B)-25-—HERE-4-FEFEAD 74 25 mL (HEIEFH
A (COCI), 0.13 mL (1.4 mmol)¥%& T 5 mL T
CH,Cl, 1, E—78 CHE/LRY" R DMSO 0.2 mL
(2.8 mmol), £ E FHEHE 15 min, AR JE L &9
10 514 mg (1 mmol)f¥) CH,Cl, 1 mL ({38, eI
PEEE 45 min, K5 EtsN 0.6 mL (4.4 mmol )i in 21 5 S,
HARTHR 2 500, B ROV 10 mL /K, H il
W, GIFA MU, HIA NaCl ¥EikJE, J6/K NapSO, T
B, R ZE BRI, KRR S IVCa TR C V(CR &
fig)y=4: 1], 135 398 mg K= 4 11, KN 78%. *H
NMR §: 0.91 (d, J=3.6 Hz, 6H), 1.73 (s, 3H), 1.96 (s, 3H),
1.96~1.99 (m, 1H), 2.09~2.11 (m, 4H), 2.20 (s, 3H), 2.27
(d, J=7.2 Hz, 2H), 3.27 (d, J=7.2 Hz, 2H), 3.73 (s, 1H),
3.76 (s, 6H), 5.24 (t, J=6.9 Hz, 1H), 5.66 (t, J=6.6 Hz,
1H), 6.55 (s, 1H), 6.64 (s, 1H), 7.48 (dd, J=7.5, 7.8 Hz,
2H), 7.61 (t, J=7.2 Hz, 1H), 7.98 (d, J=7.5 Hz, 2H); **C
NMR (100 MHz, CDCls) §: 199.9, 151.5, 150.9, 137.8,
137.5, 134.6, 133.7, 129.7, 128.5, 127.6, 123.2, 113.9,
112.4, 82.0, 56.1, 52.3, 38.4, 28.3, 27.1, 24.0, 22.3, 22.0,
16.0, 15.9. IR (KBr) vima: 2962, 2928, 1721, 1508, 1464,
1398, 1313, 1211, 1149, 1083, 1045, 860, 723, 687 cm .
FAB MSm/z 512.3 (M™).

1-[(2E,6E)-3,7,11- = H -9- AR+ =B —J%]-2,5-



No. 23

L 2. 5-HH-[(2E,6E)-3,7,11- = I K-9-4 01 Bk I 2R BRI S R B IR 45k 2161

“HIER-4-FEFEI2) K 11 257 mg (0.5 mmol)# T
10 mL K HEET, FEIA NapgHPO, 0.5 g (3.75 mmol),
£ 0 “C R4t Na(Hg) 1.93 g (5 mmol, 6%), % %
ZAPEEE 2 hJa, I RNARRPIAL 7 mL HA NHLCI
WAL RN, H TR, AR AP, H%A NaCl
ek JE, Jo7K NapSO, T4, 1k 2SRRI, A1 2T 40 25
[V(AilE) @ V(SRR 4WR)=32 - 1], 193] 148 mg [/~
W12, 2% 80%. *H NMR &: 0.90 (d, J=6.9 Hz, 6H),
1.60 (s, 3H), 1.72 (s, 3H), 2.04~2.09 (m, 3H), 2.13~2.15
(m, 2H), 2.20 (s, 3H), 2.27 (d, J=3.9 Hz, 2H), 3.00 (s,
2H), 3.30 (d, J=7.2 Hz, 2H), 3.77 (s, 6H), 5.26 (t, J=6.9
Hz, 1H), 5.31 (t, J=7.8 Hz, 1H), 6.65 (s, 1H), 6.67 (s, 1H).
3C NMR (100 MHz, CDCl3) 8: 209.5, 151.5, 150.9, 135.5,
129.4, 128.9, 127.8, 124.4, 123.0, 113.9, 112.3, 56.1, 56.0,
54.4, 50.4, 39.4, 28.2, 26.7, 24.3, 22,5, 16.3, 16.0. IR
(KBr) vmac 2955, 1711, 1678, 1613, 1507, 1465, 1399,
1212, 1047, 860 cm *. EI-MS, m/z (%): 372 (M™, 19), 219
(37), 205 (21), 189 (15), 169 (89), 85 (62), 57 (100).
HRMS calcd for CpyHs603 (CaaHaOsH) 372.2659, found
372.2656.

5 B 3-2-[(2E,6E)-3711- = E-0-HEMR T+ %=
#)-1,4-FmR(1) # 12 186 mg (0.5 mmol)iE T 5 mL &
G KRR B B K VAR 0.63 g (1.15 mmol) 75 0 C kit
S5miniZi A, £0 CHF:20 minjG, H OB, 1
H1 NaCl ¥eiJh, /K NapSO, T, kBRI,
JERT SV TR © V(CTR L1R)=16 : 1], 733 89
mg 8 1, 7%k 52%. *H NMR d: 0.90 (d, J=6.6 Hz,
6H, 12'-H, 13-H), 1.62 (s, 3H, 14'-H), 1.63 (s, 3H, 15-H),
2.03 (s, 3H, 7-H), 2.10~2.12 (m, 3H, 4-H, 11'-H), 2.10~
2.20 (M, 2H, 5-H), 2.29 (d, J=6.9 Hz, 2H, 10-H), 3.04 (s,
2H, 8-H), 3.12 (d, J=7.2 Hz, 2H, 1-H), 5.17 (t, J=7.2
Hz, 1H, 2-H), 5.23 (t, J=6.4 Hz, 1H, 6-H), 6.50 (s, 1H,
3-H), 6.60 (s, J=1 Hz, 1H, 6-H); *C NMR (100 MHz,
CDCl5) 6: 209.4, 188.3, 187.8, 148.3, 145.5, 139.4, 133.4,
132.3, 129.4, 128.9, 118.2, 54.3, 50.6, 39.2, 27.0, 26.6,
24.4, 225, 16.4, 16.0, 15.4. IR (KBr) vma: 3401, 2957,
1698, 1655, 1609, 1516, 1420, 1367, 1192, 870 cm ..
HRMS calcd for CyHggOs (CxHaOsH) 341.2122, found
341.2121.

5-B#-2-[(2E,6E)-3,7,11- =R -2 6- HR+H =
#)-1,4-2 82 # 142 mg (0.5 mmol)i T 5 mL THF
1, ¥ NaHSO; 0.11 g (1.2 mmol)FRIZK i WiAE 0 “Cortt
IRAEEE 10 min, 7£ 0 CHi4l 10 min, H ZBEREHL, 1
H1 NaCl ¥ei)h, /K NapSO, T, kBRI,
JEAHT Iy BIVCRE MR @ V(TR CBE)=4 : 1], 193129 mg

=4 2, 77 %N 71%. *H NMR 6: 0.89 (d, J=6.9 Hz,
6H, 12'-H, 13-H), 1.62 (s, 3H, 14"-H), 1.67 (s, 3H, 15-H),
2.10~2.12 (m, 3H, 4-H, 11-H), 2.15 (s, 3H, 7-H), 2.18~
2.20 (m, 2H, 5-H), 2.31 (d, J=6.4 Hz, 2H, 10-H), 3.04 (s,
2H, 8-H), 3.25 (d, J=6.8 Hz, 2H, 1-H), 5.18 (t, J=6.6
Hz, 1H, 6-H), 5.27 (t, J=7.2 Hz, 1H, 2"-H), 6. 55 (s, 1H,
3-H), 6.56 (s, 1H, 6-H); *C NMR (100 MHz, CDCl3) ¢:
211.6, 147.8, 147.0, 136.6, 128.9, 1287, 125.3, 122.4,
122.2,117.8, 115.7, 53.6, 51.0, 39.0, 28.2, 25.8, 24.5, 22.4,
16.9, 15.8, 15.5. IR (KBr) vma: 2956, 1711, 1614, 1521,
1365, 1241, 1135, 1039, 911, 861 cm . HRMS calcd for
CoH303 (CroH3,03H) 343.2279, found 343.2278.

5-HH-2-[(2E,6E)-9-##-3,7,11- = HE-2,6-+ =8
TIR]-14-EER[(£)-3] K 125 mg (0.08 mmol), #T 1
mL Jo/K g, @RYTR, E 0 CAMIEIIA NaBH,4
9 mg (0.23 mmol), 7RI MHiFE 5 h S, A 0.5 mL
KK, LEWEREHL, Kk, WA NaCl Pe¥kfE, LK
NaSO, T, JEZEBRE, AT JET 2 SV hE)
V(TR IR =4 : 1], 14518 mg =4 3, 7= % 68%.
H NMR ¢: 0.93 (d, J=6.9 Hz, 6H, 12"-H, 13-H), 1.19~
2.28 (m, 1H, 10-H), 1.25 (s, 1H, 9-OH), 1.44~1.54 (m,
1H, 10-H), 1.65 (s, 3H, 14"-H), 1.67 (s, 3H, 15-H), 1.82
(sept, J=6.6 Hz, 1H, 11'-H), 1.96 (dd, J=3.3, 10.2 Hz,
1H, 8-H), 2.16 (s, 3H, 7-H), 2.18~2.20 (m, 3H, 4-H,
5-H), 2.22~2.24 (m, 1H, 8-H), 2.27~2.31 (m, 1H, 5-H),
3.26 (d, J=6.9 Hz, 2H, 1-H), 3.74~3.80 (br, m, 1H,
9-H), 5.23 (br, s, 1-OH), 5.15~5.27 (m, 1H, 6-H), 5.27~
6.08 (m, 1H, 2-H), 6.08 (br, s, 1H, 4-OH), 6.45 (s, 1H,
3-H), 658 (s, 1H, 6-H); *C NMR (100 MHz, CDCl5)
148.1, 146.9, 136.6, 132.3, 128.4, 1253, 123.1, 122.6,
118.2, 115.5, 66.5, 48.2, 45.9, 39.1, 27.9, 25.2, 24.7, 23.2,
22.3, 16.2, 15.5. IR (KBr) vmna: 3369, 2925, 1652, 1460,
1422, 1381, 1192, 871 cm *. HRMS calcd for CyHz05
(CxHa4O3H) 345.2435, found 345.2441.

2 HREUE

K 2- PRI 2R I (4)ws TN, N 10 eq. 1)
K,CO3 FlI(CH30),S0, [Alit J&, L 95%[1) 5 44 21| iy o5&
TRIFEH 5, I 5 H A 4 SCRRAROE R Ak VAN, 13 3
FI{afE A 6, 4 86~87 C(LHRIRIE AN 91 C). b
Yy 6 57 SEAR R AR & AR R I S N A ) 70, A
WM, FRATTEL 2T A 0, o ks PR AT R 5k,
BRI 7 JavUHTEK THF B, #32] 40%5
R 7. it E R, AR T 2R
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FUGEHEAR I SN, S & B4 Li CuCl o] LU
R F) 73%, AT KA A SR, 7 AT AR s T A
¥) Sharpless M4 1k, LA 40%f1);™ %1551 8, 8 | Corey fill
AIERT T AR . R B ™~ P B N 267K DMF
i1, 5 PhSOzNa [ W LA 929017~ %15 £ 9. L5
10 " LAHERE Julia (BRI EB s K, BIK 9 WA TEK
THFE 1, 7£—78 C FI& A n-BuLi, ¥ 1.5 5 7%
BT THF FRi N, LL 85%1) 7 %4581 10. 10 £ Swern
A4 11 11 FEJCK T EET, JE i NaoHPO, 1EHH 5
Na(Hg) (6%) ) B L 809%™ %445 12, fEibid ek
Na(Hg) (6%)ZEmHbinA, RIZIBiFE. K 12 % T LhEh
RN R B AR K, B RIR AR = 10, e
9 52%. Wl 1 A NaHSO; #H TR, MR 2, f=5h
71%; DL NaBHg 1F Rk i e R WA 21 (£)-3, f=2 8
68%.

3 #Hig

AL 2- FRRE TR A - SR s in sk, 22
YRR RS, AR, LiCuCl, ALK 75 HE U 5 Grignard
BRI IABIEE LK dulia fRIBEEE S, 2330 A2 f -
LN TE T AR Bh W AR, 5 H -

[(2E,6E)-3,7,11- = FI JE-9- %A T — i ] KB (D), &
FRQFRIRAL AP (£)-3 M IR A GG MBI L
FRRBMEWIE k.
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