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Synthetic Study toward Total Synthesis of Marine Diterpenoid Cristaxenicin A:
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Cristaxenicin A (1), isolated from the deep sea gorgonian Acanthoprimnoa cristata in 2012 by Nakao et al, is a
new xenicane diterpenoid comprised of a 9-membered cyclononene ring and 2-acetoxy-3,4-dihydro-2H-pyran. Toward
the total synthesis of 1, we have achieved the synthesis of the af-unsaturated o-lactone as a model compound
bearing a bulky cyclopentanol substituent at a-position. The synthetic approach involves the following key steps:
(i) Aldol coupling of cyclopentanone with a-p-methoxybenzyloxy ester, (ii) Swern oxidation of the a-hydroxy ester
to afford the a-ketoester, (i) Julia-Kocienski olefination of the a-ketoester followed by lactonization step.
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Fig. 1. Structure of cristaxenicin A (1) and xenicane
skeleton (diterpenoid).
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Scheme 1. Synthetic plan of 1.
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Scheme 2. Synthetic plan of model compounds 8 via olefination and lactonization using a-ketoester 9.
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Scheme 3. Synthesis of the a-ketoester 9.
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OABIRNZ 7 N VI BRI T A 2k & LT,

2. a7 I ZXFTIVIDERK
FFUOIC, RO A7V 107 (2xf L)
FuLYA4YTRELT I F (LDA) 2EH S
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Scheme 4. Synthesis of a, f-unsaturated lactone 8 bearing cyclopentane ring.
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WP L 7-L2n, 2 AT 7 b 8% 90%
DOIERTHEL Z LRI L7,

4. ¥

BRI — v a2 TR AT D EERK
W) cristaxenicin A D&HKkEr Hiy&E LT, TNV
L&Y 8 ODERME #1172, T bbb, CHEE
HMEATIV10 205 4 TRTENW: -7 P T ATV
9 Zxf L, Julia-Cocienski #+ L 7 1 »{bLES % Fl| H
LCH v 7)) v 7%, DDQ I &% PMB iR
L I TR = | ol NV RV DAV /4 IV - L 14
BB &Y 5 BREMEMO s ABWAT 7 8D
BRI L7z, Redkix, BEfFE O Morita-
Baylis-Hillman G55 TI3MEEEATTBE 2 o-ANBfl 7
7 b OalillRFE - REREEEHET LA %
FHiEThHY, 4114 cristaxenicin A (1) DEHHL
I CAFEZ L0 Bkl & 7z Oxy-Cope Hif
MR 3 OARICIEH L7z EZ TWna,

X B 0o %

H ¥R 2~ 27 sy (NMR) &, JEOL
AL-400 (400 MHz) ZfEHL, B oask)L A
(726 ppm) ZWNEE#EE L CHE L. &7
VDG EFRAIL, RO X9 IZ8ET . Singlet=s,

doublet=d, triplet=t, quartet=q, multiplet=
m, broad=br. BC &5 ILE A7 ML (NMR)
i3 JEOL AL-400 (100 MHz) %fEH L, 7 ook
Vo (77.05 ppm) ZWNERIE# L L CHlE L 7.
BC-NMR A7 MVIZBIT 5 iR EF OFEHH L
DEPT & %\ X H-C ZKIJC NMR A X7 F V2
Ik, s EMMHKFE), d CBEMKHE), t
(BEMFE), q GE—MxFE) LWL Rt
WL A 27~y (IR) & JASCO FT/IR-4100 IZ &
DIRET L7, BEESOH A7 L (MS) 13 JEOL
JMS-DX 303/JMA-DA 5000 SYSTEM high
resoluteion mass spectrometer (2 & O lllE L7z, #
g7~ 2777 4— (TLC) & Merck Kiesegel
60F 554 plate & W72, ALEWOTBEERRIZ BT 5
2 ) AT VIEBIEAESE S ) J 7V 60N (spherical,
neutral, 40-50 uM), BIHALZ > 1) 4 7V 60N
(irregular, neutral, 63-200 M) ZfHEH L7z, 5 b
JerFu77»y (THF), Y7uuxy >y, X%
=B LT b= P IVIEHDGREEE XD A
L7 THF (&@RBik, ZEFAE), Yrunxy
vo(EEK), 25— BiK), BLXUOTEE
=bhUv (BEAK) 2ZzoFFHHLE HT A4
7ux b7 T7 4= IZBI AR TV, ANFH
v, zuufRivh, BXUOX Y ) — VIZBHALS
BLOHMIEALFZLI VA LZZbDZHH L. £
D ORIEL L OEEIIHEA L 72 o % Kol
2D F FMHAH L.

Methyl 2-(1-hydroxycyclopentyl)-2-(4-
methoxybenzyloxy)acetate (11)
VAV TIRELT Iy (113 mL, 799 mmol) @
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THF (150 mL) &2 7V I 2 HBHA T —78C I
Tn-7F NI F 72 (155 M, 47 mL, 73.26 mmol)
15T T Lz, S5 15 0%,
A7)V 10 (14 g 66.6 mmol) % 10 4 A TH
L7 #wcyrua~xryy /v (5) (5.6 g 66.6
mmol) Iz 72® B I T30 5L 7.
FOG#T 2, fafiE b7 >~ &= 2 KE#H (300
mL) ZHWwTREEL, Z7ookivs (300
mL x3) i, B X ORMAEK (300 mLx1) T
P L, HERBEER S N v o (THRY) TEIMEE
To7z. BRAZWEREL, HohEEL Y
HIEN TN NT T T4 — (NFH 2
BrrF)L=7:3) THEL, 7ra—i11 (170
g, W 8T%) = MEMRYE & L T/

11: 'H NMR (400 MHz, CDCl;) 6:7.26 (2H, d, J=
83 Hz), 688 (2H,d, J=83Hz),469 (1H,d, J=117
Hz), 436 (1H, d, J=11.7 Hz), 3.86 (1H, s), 3.80
(3H,s),377 (3H,s), 307 (1H, brs), 1.52-1.85 (8H,
m) ppm. “C NMR (100 MHz, CDCly) §: 235 (1),
238 (1), 36.1 (1), 376 (t), 517 (q), 55.1 (q), 724
(t), 828 (d), 829 (s), 1137 (d), 129.1 (s), 129.8
(d), 159.4 (s), 171.6 (s) ppm. IR (neat) 3504,
2954, 1745, 1612, 1586, 1514, 1437, 1303, 1250, 1211,
1173, 1102, 1032, 821, 772, 627 cm'. HR-MS (EI):
m/z: caled for CigH205: 294.1467, found 294.1467
[M*].

Methyl 2-[1-(tertbutyldimethylsilyloxy) cyclopentyl]-
2-(4-methoxybenzyloxy) acetate (12)
7Nha—11 (15¢g 54 mmol) ®Y 7 aa X%
~ (200 mL) I T VT U ERAT, 4V 70
LVIF L7 3y (14 g 109 mmol) # Wz 72,
TBSOTf (288 g, 109 mmol) Z#ZEimTwW-> < VA
TL7 3040tk TRV —F — 2K 2R EAT
W, BonREE)ASVA T Az AR NS
S74— (NFHY BT FL=19:1) TR
L, YU 12 (200 g IUE91%) % EAIHIKY
HE L TR,
12: 'H NMR (400 MHz, CDCly) 6:7.20 (2H,d, J=
88 Hz), 681 (2H,d, J=88 Hz),451 (1H,d, J=112
Hz), 426 (1H, d, J=11.2 Hz), 3.80 (1H, s), 3.74
(3H, s), 364 (3H, s), 1.50-1.94 (8H, m), 0.76 (9H,
s), 000 (6H, s) ppm. C NMR (100 MHz, CDCls)
6:—27 (q), 182 (s), 240 (t), 242 (t), 258 (q),
362 (t), 380 (t), 51.3 (q), 552 (q), 721 (1), 837

(d), 859 (s), 1136 (d), 1296 (d), 1593 (s), 1717
(s) ppm. IR (neat) 2952, 2856, 2359, 1750, 1613,
1514, 1462, 1389, 1301, 1250, 1216, 1173, 1107, 1037,
835, 773,690, 613 cm L. HR-MS (EI): m/z: calcd for
CasHs05S1: 408.2332, found 408.2347 [M+*].

Methyl 2-[1-(tertbutyldimethylsilyloxy) cyclopentyl]-
2-hydroxyacetate (13)

U112 (18 g 44 mmol) DA%/ —)b (50
mL) BRI ST VoA (2g) EINZ, Kk
(Hy) FHRT, [RICTHMLHERL . 4 M
%, RIsiixt7 4 MEBELZHE, TNRL—
F—IZTCEM L, BonEETx ) A 7N h
SLarax b NTITT74— (NFH VBRI T
V=30:1) THHEL, 71La—113 (89 g INF
70%) FEEEIRYE L L CE7
13: 'H NMR (400 MHz, CDCls) 6:393 (1H,d, J=
88 Hz), 375 (3H, s), 306 (1H, d, /=88 Hz), 1.49-
202 (8H, m), 0.82 (9H, s), 0.09 (3H, s), 0.06 (3H,
s) ppm. BC NMR (100 MHz, CDCl;) 6:—282 (q),
-262 (q), 181 (s), 234 (1), 240 (t), 25.7 (q),
368 (t),37.1 (v),520 (q),770 (d),870 (s),1733
(s) ppm. IR (neat) 3524, 2953, 2856, 1738, 1438,
1252, 1217, 1080, 957, 835, 773, 674, 684 cm L. HR-
FAB-MS m/z: 289.1822 ([M+H]*, caled for
CH20,Si, 289.1835).

Methyl 2-[1-(tertbutyldimethylsilyloxy) cyclopentyl]-
2-oxoacetate (9)

DMSO (59 mL, 83 mmol) ®»¥ 7 an x4 »
(200 mL) WIS T VT Y EREST, —78CICTH
FHYN ) F (48 mL, 554 mmol) % i F L
7o, FEICT L0 MRS, 13 (8.0 g, 27.7
mmol) iz, 51049 MBEHIE-H%,
JIZFNLV7 I (23mL, 166 mmol) ZHNZ, ik
WCHE L BRI L 2 OSHT %, 7k (300
mlL) Mz, Yrzuua X%y (300 mLx3) HiH,
fafl Ak (300 mL) PR, TR THAME S S
EWMERELE L. o EREE DA TIVE T
LA7UXNTTT4— (NFH T rouxy
>=7:3) THHEL, a7 b A7V 9 (71 g I
2 90%) #IREOMRWE & LT
9:'H NMR (400 MHz, CDCl;) 6:381 (3H,s), 2.19-
226 (2H, m), 1.67-1.88 (6H, m), 0.83 (9H, s), 0.09
(6H,s) ppm.3C NMR (100 MHz, CDCls) §:—3.05
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(q), 180 (s), 247 (1), 255 (q), 388 (t), 521 (q),
884 (s),165.0 (s),1990 (s) ppm.IR (neat) 2955,
2857, 2363, 1744, 1730, 1507, 1473, 1255, 1218, 1068,
1028, 975, 900, 836, 808, 774, 681 cm ™. HR-FAB-MS
m/z: 287.1692 ([M+H]*, calcd for Ci4H20,Si,
287.1679).

(Z)-Methyl 2-(1-tert-butyldimethylsilyloxy
cyclopentyl)-5- (4-methoxybenzyloxy) pent-2-enoate
(14)

a-7 P A7 9 (300 mg, 1 mmol) B LU PT-
2R 169 (388 mg, 1 mmol) @ THF (10 mL)
BT VT Y FEHS T, —60TC 12 TKHMDS
(05 M, MV Ui, 2 mL) &Nz, 154
L7z, BUGHE T 2, fafIE LT v €= AKER
(100 mL) (TS EFIEL, Zzaodkiba (100
mL x3) THit, ffMafEK (100 mL) THE L,
TR 2 AT WIEEZ TR R L2, Bon5k
EEIIVATNVA T AU NI T T 4 — (NF
HroEEBTI SV =19:1) THEL, (2)-4L
74~ 14 (270 mg, I 60%) % WAMIRYE &
LTz,

14: 'H NMR (400 MHz, CDCl3) 6:721 (2H,d, J=
88 Hz), 683 (2H, d, J=88 Hz), 589 (1H, t, J=6.8
Hz), 439 (2H, s), 376 (3H, s), 367 (3H, s), 3.46
(2H, t, J=68 Hz), 241 (2H, q, J=6.8 Hz), 1.56-1.84
(8H, s), 0.80 (9H, s), 0.00 (6H, s) ppm. 3C NMR
(100 MHz, CDCl;) 6:—283 (q), 182 (s), 230 (t),
258 (@), 302 (1), 39.7 (t),510 (q), 55.2 (q), 69.0
(t), 725 (1), 84.6 (s), 1137 (d), 129.2 (d), 1295
(d), 1304 (s), 141.1 (s), 159.2 (s), 169.1 (s) ppm.
IR (neat) 2950, 2854, 1721, 1612, 1511, 1433, 1359,
1247, 1218, 1034, 835, 772 cm~'. HR-MS (EI): m/z:
caled for CosHyO5S1: 448.2645, found 4482640 [M*].

(Z)-Methyl 2-(1-tert-butyldimethylsilyloxy
cyclopentyl)-5-hydroxypent-2-enoate (15)

(Z2)-F L7414 (448 mg 1 mmol) »Y 7o
A% 2K (10 mL : 05 mL) W#IZ, 7IVIT 5%
PHA T =112 T DDQ (568 mg, 25 mmol) %Ml Z,
LRFHE L CHFRL 720 OB T 1R, UG % 2 7
A bPTAHBL, SMRBAKFET MY 7 L KER
(100 mL) Mz 71, YZ7uoux%» (100
mL x3) T, fafAEAK (100 mL) CTHE L,
TR 2 AT W B 2 R 2 L7z, B o N7k

VATV ATAOT T T T 4 — (NFH
oIS V=7:3) THEL, 7Lra—115
(285 mg, = 87%) # AR E & L CTHE72.

15: 'H NMR (400 MHz, CDCl;) 6:587 (1H,t, J=
6.3 Hz),371 (3H,s),366 (2H, t, J=6.3 Hz), around
234 (1H, br s), 2.34 (2H, q, J=6.3 Hz), 1.71-1.84
(8H, m), 0.79 (9H, s), 0.00 (6H, s) ppm. 3C NMR
(100 MHz, CDCly) 6:-283 (q), 182 (s), 230 (t),
258 (q), 329 (1), 398 (1), 514 (q), 615 (t), 846
(s), 1292 (d), 1426 (s),169.7 (s), ppm. IR (neat)
3403, 2952, 1721, 1218, 1051, 835, 773 cm~1. HR-MS
(ED): m/z caled for Ci7H3,04Si: 328.2070, found
3282075 [M*].

3-(1-tert-Butyldimethylsilyloxy cyclopentyl)-5,6-
dihydro-2H-pyran-2-one (8)

KFELF M)A (44 mg 011 mmol) (27 VT
YERST, 0CIcT7Iba—)L 15 (328 mg, 0.1
mmol) ® THF (5 mL) WA A 7z, EiRiZ T
1 EERI R L2, SRR LT v B =2 A KB
(50 mL) %Mz, BeEET=F )L (50 mLx3) T
L, SRk (50 mL) s, T CHka
TWIABEZBERE Lz, BohiigiEx > )7
TNHTLra< NI TT 4 — (NFH U HEE
IFIN=4:1) THEL, 6-77 8 (266 mg,
I 90%) %1572
8: 'H NMR (400 MHz, CDCls) 6: 699 (1H, t, J=
44 Hz),431 (2H,t, J=63 Hz), 245 (2H, td, J=63
44 Hz), 1.71-201 (8H, m), 0.88 (9H, s), 0.05 (6H,
s) ppm. BC NMR (100 MHz, CDCls) §:-27 (q),
183 (s), 237 (t), 243 (1), 258 (q), 398 (1), 65.7
(t), 84.2 (s), 137.7 (s), 1388 (d), 1629 (s) ppm.
IR (neat) 2952, 2359, 1725, 1218, 1060, 835, 772
cm L HR-FAB-MS m/z: 297.1883 ([M+H]*, calcd
for C1Hz0.Si, 297.1886).

HEF AKBEgEIL, SCRFHA Bt e g i
& H:AEWIZE C (Grants-in-Aid for Scientific Research
(C) [KAKENHI ) (FR#EF5 16K08173) 3 X UL
HRRE 27 A A 7K A M O BT 78 2 A I S B 3
(MEXT Supported Program for the Strategic
Research Foundation at Private Universities) f%E
MRS 2058 [T Ay b - AT 14 -
== RIS 2 B BBV ZE O A B L CERRIG
H~OER | ofxt2 725D TH 5.
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