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2 2} Bruceantin A ATAIY F83F F7HA|Q) ethyl (+)-8-oxo-10-oxa-1"H-spiro[ 1,3]dioxo-
lane-4,4'-tricyclo[9.2.1.0 1,6]dodec-6-ene-9-carhoxylate (7)) $A4AZE /N utsigdct. Al=HEAEA ethyl
2-cyclohexanonecarboxylate?} methy! vinyl ketone8- A}-8-3l+], Robinson annulation, allylic oxidation $&
£8-3}9) 21, regiospecific acylation, epoxy methano bridge 34 W 5] 7=t} Octalone (3)9]
ketalization ¥Fg-oll4] A 2% decarboethoxylation WF3-2 W73}l e, o] WhgE o]83le 3z <32 &>
A& 7HA 3. 9 4,4a,5,6,7,8-hexahydro-4a-hydroxy-2(3H)naphthalenone (14)% 43 aheic}.

ABSTRACT. The synthetic pathway of ethyl (+)-8-oxo-10-oxa-1"H-spiro[ 1,3]dioxolane-4,4'-tricyclo
[9.2.1.0 1,6]dodec-6-ene-9-carboxylate (7), an important intermediate for the total synthesis of bruceantin
analogue, was developed. Ethyl 2-cyclohexanonecarboxylate and methyl vinyl ketone were employed as
starting materials. Robinson annulation, allylic oxidation, regiospecific acylation and the formation of epoxy
methano bridge ring were studied. 4,4a,5,6,7,8-Hyxahydro-4a-hydroxy-2(3H)naphthalenone (14) was syn-
thesized utilizing the unusual decarboethoxylation reaction discovered during ketalization of octalone

3).
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Reagents and Conditions; (a) i, 0.03 eq. NaOEt/EtOH, ii, 1.30 eq.
NaOEt/EtOH, (b) Ethylene glycol, cat. p-TsOH, Benzene, reflux,
(c) LAH, Ether, rt, (d) i, NaH, THF, ii, Mel, THF, (e) CrO5-DMP,
CH,Cly, —23°C, (§) i, LDA, HMPA, THF, —78—23°C, ii, Ethyl
chloroformate, THF, —78°C, (g) i, HMDS, TMSI, Hexane, —-23°C,
ii, NBS, THF, —23°C, (h) DMF, 120°C, (i) p-TsOH, Acetone, CaCl,.

Scheme 1. Synthesis of Bruceantin analogue.
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Fig. 1. Bruceantin and Bruceantin analogue.
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FAAEAY gL 9% Ho4d 43 A Ni-
colet 5-MXE Apgsloleow, H =7l 39 A9
EyH2 JNM-PMX 602 143}ty 'H-NMR<]
W F2EAZE TMSE AH&diqdr). w38
ulg A/ IHTLC)L Silica Gel 60F-254(Merck)E
01431911, column chromatogaphy#- silica gel-&
MerckA}t2} Silica Gel 60(0.063~0.200 mm mesh)&
A}-4-3}93 ). Tetrahydrofuran®} diethyl ether+= so-
dium benzophenone ketylZ AA|3lo] Apg-3lgle
=, chromium trioxidex %}}3loll 4] diphosphorus
pentaoxide & 7z 3l Apg-3lgic). o} A<k} &
5 uhg A el upgel aet AA st A
43kt

o

Ethyl (S)-7-ox0-2,3,4,5,6,7-hexahydro- 1H-na-
phthalene-4a-carboxylate (3)¢] 34. Ethanol
5.00 m/l] 20.0 mg(0.870 mmol)2] NaZ =4l gl
ethyl 2-cyclohexanonecarboxylate 5.00 g(29.4
mmol)2 Y&} A-LddA 1587 wutsla 0°CR
P 7+ste] methyl vinyl ketone 2.48 g(35.4 mmol)-S
Lol F3AH FAIR 3 94 @3 0°CellA
3057k autzich 71| ethanol 25.0 mio 899 mg
(39.1 mmol)¢] Nag 9 sodium ethoxide 84§
FAZIE g g da HgolA 5A7 5 =
Highe}, ®Bhg-o] A= jce batholl Al acetic acid
6.00 g(0.100 mol)& #7}3ted ub-g-& FXA)7)x, &
o) S hgtell ) AAZ F E3} diethyl ether® 7}

slo] o 20 Halsl 7 diethyl ether® $&gch
22" 4713 23 FEAEF £939 brine
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fdos Au F5 3 oladlgog AzxA7
S F5A1Z0ek 10089 silica gel(A7H-&+) he-
xane-diethyl ether, 1:1)% column chromatogra-
phy&te] 5.34 g(81.9%)¢] ethyl (S)-7-o0x0-2,34,5,6,
7-hexahydro-1H-naphthalene-4a-carboxylate(3)-%-
2%k (bp. 130~133°C/2.00 mmHg) : R,=0.47
(hexane-diethyl ether, 1:1); 1R(neat, cm ) 3010
~2900(CH vinyl, CH aliphatic), 1724(C=0 ester),
1680(C=C enone); 'H-NMR(CDCly) & 5.80(s, 1H,
enone O=C-CH=), 4.31(q, 2H, J=5.5 Hz, ester
OCH,CH,), 2.72~1.01(m, 17H).
(1'R-trans)-4'a-Methoxymethyl-3',4' 4'a,5',6',
7'-hexahydro-1'H-spire[[1,3]dioxolane-2,2'-na-
phthalene] (4)2] 4. A2 (3) 5.34 g(24.1 mmol)
9} ethylene glycol 13.1 g(220 mmol)3#} p-toluene-
sulfonic acid monohydrate 180 mg(0.960 mmol)-2-
benzenedl] *50]3 Dean-Stark trap2 o]-43}e] 24
A7E ot #FAI w875 Ao Y
7l ¥ Feii JEF 3498 AYrlsle] b3S
FAA| Ak F4H43L Fe)sla diethyl etherZ
F%3}o brine §4o2 A T4 34 vlvlg
o8 AN F F5c) IFFEE 70.0 g4 silica
gel(A708-v hexane-ethyl acetate, 6 : 1)2 A3}
o] 6.21 g(97.0%)°] ketal 4)E 2%t} R=057(he-
xane-diethyl ether, 1:1); IR(neat, cm ) 3010~
2930(CH vinyl, CH aliphatic), 1720.6(C= 0O ketone);
AAH ketal (4)F ©bg Sl A}4-3tck; Lithium
aluminum hydride 1.89 g(49.7 mmol)& T4 die-
thyl ether 100 miol] go] wyh3lxw F4= diethyl
etherel] %3 6.21g(23.3mmoD2 A"Y 4)E F4A}
715 ©o]-&3ted MAlE Hrigic)h Aellx 24]7F vt
ot T ¥ 177 mE F71EHE 0°ColA 15%
FAREF $4d 177 mlE 71 ¥ 5529 mlE
A7l 304 FF wukgich 74 4t wladlg
5 B8 AE § 5%k 500g9 silica gel
(4704 hexane-diethyl ether, 3: 10)2 A3}
AgAa $EFE 4TS Itk R=0.20(he-
xané-diethyl ether, 1:1); IR(in ether solution,
cm™ ) 3700~3100(0H alcohol), 3070(CH vinyl),
2930(CH aliphatic); 0°C ice bath3}ell4] 76.0 m/2]
tetrahydrofuranel] 2.23 g(55.9 mmol, 60% oil dispe-

O

rsion)®] sodium hydride& Y32 HelZr) 620g
(27.5 mmol) 9] A7 ¢S 27.0 ml9 tetrahyd-
rofurandl] F3| 2 F4}7]5 o] 4-alo] A 43] Y},
40% &2k FFA12] oh& 0°Cell A 15.7 g(111 mmol)
2] methyl iodideE #H7}sl3 447k Wb EoF mut
gef Aol FUj 4¥0) @ w7}x] methanol &
7hate] whg-& FA A7) A3tell A FEc) 2§
E& £ diethyl ether2 §7]28 &35l ge
i JEF ¥3-803 brine $02 My B
ik sl o2 2713 53 110 g9 si-
lica gel(hexane-ethyl acetate, 6 : 1) 2 % A) 5} 5.82
g(87.3%)°] (1'R-trans)-4'a-methoxymethyl-3'4',
4'a5' 6',7' -hexahydro-1'H-spiro[ [ 1,3]dioxolane-2,
2'-naphthalene] (4% <9<%ith: R,=0.80(hexane-
diethyl ether, 1:1); IR(neat, cm™") 3070(CH vi-
nyl); '"H-NMR(CDCly) § 5.65(s, 1H, C=CH), 4.00(s,
4H, ketal-OCH,CH,0-), 3.37(s, 5H, -CH;OCHs),
2.8~0.85(m, 12H).

(1'R-trans)-4'a-Methoxymethyl-3' .4’ ,4'a,5',6'-
hexahydro-1"H-spiro[ [ 1,3]dioxolane-2,2'-naph-
thalene]-7"-one (5)2] $14. —23°Col|4] 186 m/<]
methylene chlorideel] chromium trioxide 29.1g
(290 mmol)%- ¥ 46.1 g(580 mmol)2] pyridine&
& el Arhaich 1587 muwbsla 582 (244
mmol)9] £-#38 (4)-F methylene chloride 29.1 m/e]]
3 A7) w4718 —10°CE #2134 24
A1Zb F-qb wHkziel 40.2 g(0.291 mol) @) sodium bi-
sulfate monohydrates ¥ 3 diethyl ether® ¥3| 1
T 34 alavlg3 silica gel2 © #He Es)o]
diethyl ether2 WoHA 72} 898 A7)
50.0 g9] silica gel(37-&7) hexane-ethyl acetate,
2: D)2 HA3}e] 3.84 g2 (1'R-trans)-4'a-methox-
ymethyl-1',3",4’ 4'a,5',6'-hexahydro-spirol [ 1,3]dio-
xolane-2,2"-naphthalene]-7"-one (5)& 62.3%2] 4
£ 2 4381k R=0.64(hexane-diethyl eter, 1:
1); IR(neat, cm™") 3100~2800(CH vinyl, CH ali-
phatic), 16454(C=C enone); UV(Ay ) 258 nm;
'H-NMR(CDCl,) & 5.55(s, 1H, enone 0=C-CH=),
3.63(s, 4H, ketal-OCH,CH,0-), 3.16¢2, 2H, -CH,0-),
3.02(s, 3H, -OCHj), 2.6~0.8(m, 10H).

Ethyl (1'R-trans)-4'a-methoxymethyl-3’,4',4'a,
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5',6',7' -hexahydro- 1'H-spiro[ [ 1,3] dioxolane-2,2'-
naphthalene]-6'-carboxylate (6)2] /A, —78°Coll
A] disopropylamine 600 mg(5.94 mmol)3} tetrahyd-
rofuran 3.00 m/¢ll 2.84 mi9] #-butyl lithium(5.94
mmol, 210M in pentane)g #H7}sled 102 Eq)
RE3EAL O°Cell 4] 308 F-<t aabgict —78°Cell A
hexamethylphosphoramide 1.06 g(5.94 mmol)=} 500
mg(1.98 mmol)¢] <& (5)F tetrahydrofuranesi
Fo] Hrlstn —23°Cell A 2417t b augic
—78°Cell 4} 238 mg(2.18 mmol)2] ethyl chlorofor-
mated ¥ F 15§ 5 AAF T A-2ellA] 447
T mukgi) 43 iRy 2ILAE Holsin
%%t} Diethyl ether® #7122 F&35lx €
34 GEF EIEACF A T 34t vpy
FoZ2 Axde FEHIct IAFES 3509 silica
gelthexane-ethyl acetate, 1: 4)2 A 3}ed 419 mg
(64.0%)2] ethyl(1'R-trans)-4'a-methoxymethyl-7'~
ox0-3' 4’ 4'a,5',6',7 -hexahydro-1"H-spiro[[1,3]-
dioxolane-2,2'-naphthalene]-6'-carboxylate (6)2-
Aglch: R=090(hexane-ethyl acetate, 1:3); IR
(neat, cm™ ") 2924(CH aliphatic), 1602(C=0); 'H-
NMR(CDCI3) 8 5.78(s, 1H), 3.98(s, 4H), 3.66(q, 2H),
3.48(s, 2H), 3.42(s, 3H), 2.72(s, 2H), 2.60~1.52(m,
6H), 1.22(t, 3H).

Ethyl (% )-8-oxo-10-oxa-1"H-spiro[1,3]dioxo-
lane-4,4'-tricyclo[9.2.1.0 1,6]-dodec-6-ene-9-ca-
rhboxylate (7)2| $Hd. —23°Cell* hexane £vuldl
250 mg(0.771 mmol)2] #AE 33HE (6)& EL he-
xamethyldisilazane 187 mg, 1.16 mmol)& Y+
k8- E3HEE 105 59t oI5 trimethylsily! io-
dide(154 mg, 0.771 mmol)Z hexane 5o g upgH
A7}, A2oA 6417 Foll brine £94-& o}
1188 FA /‘] 71t} Hexaneo & $golzg

6}_1_ RolAl §-715-% €l JEF x3H4
°—‘1‘-Jr brine-Y o5 Mo F A wlavlgo R
Azste] 23 BHAEZS silica gel 200g
short column chromatographysted o8 uh-gol| A}
£3hc}; —23°Collq tetrahydrofurane £viell £lei
A} &2 crude product 283 mg 2 N-bromosucci-
nimide(137 mg, 0.771 mmol)-& 73t} 40% Fof
ice cooled® Fu4 JEF E3LAg Ariste
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I E%3)9] diethyl ether2 %3}
A #71%E brine &4 An T4 A
vladlge g H23sle crude bromine X FAE
o2 Whg e g2 Yoizltk; flellA 2L crude pro-
duct® N,N'-dimethylformamide 1.00 m/o] o]
120°Cll A 308 & Aot e EFES A
28 Y7t dgo folRn IAME AR,
B oL F23l9] silica gel 15.0 g2 column chro-
matographysted 3-8 product®} Ak el A
A1 S A3 ethyl (£) 8-oxo-10-oxa-1'H-spiro[1,
3]dioxolane-4,4'-tricyclo[9.2.1.0 1,6]ldodec-6-ene-
9-carboxylate (7)-2 96.6 mg(27.0%) 2% + U4
t}.; R=047(diethyl ether-hexcane, 1:1).

Epoxide (13)2| $4. 313HE (11) (200 mg, 1.03
methylene chloridedl] =-o]3 —23°Cof| A}
m-chloroperoxybenzoic acid(213 mg, 1.24 mmol)}E
$¥3 147t F<F #AejZt). Diethyl etherE Y2
FRA UEF 23489 Y1 §715& 53T
5 34 oladlges ARt FE3to] silica
gel2. AA3lH 196 mgd] epoxide (13)-& 90.0% +
+2 99r}: R=048(hexane-diethyl ether, 1:1);
IR(neat, cm™!) 12210, 947.1, 846.8; 'H-NMR(CDCly)
& 3.86(s, 4H), 1.00~2.30(m, 14H).

4,4a,5,6,7,8- Hexahydro-4a-hydroxy-2(3H)naph-
thalenone (14)2] gHd. 180 mg(0.856 mmol) epo-
xide (13)Z acetoned] o] CaCly(694 mg, 6.26
mmol)#} p-toluenesulfonic acid(270 mg, 1.42 mmol)
93 AN 147 Ft ki, ZAE AE
3 oof & E&3le] diethyl ether® 353 &
T4 Ak vpadlge s Axsle] E&%c) Silica
gel 35.0 go 2 A A sle] 88.1 mg(53.0%)<] 4,4a,5,6,7,
8-hexahydro-4a-hydroxy-2(3H)naphthalenone
(14)% <d9rh: R/=0.18(hexane-diethyl ether, 1:
1); IR(neat, cm™?!) 3493, 2930, 1662, 1085 cm™'; 'H-
NMR(CDCl;) & 5.54(s, 1H), 2.92~1.11(m, 12H).

mmol)-&

d= 9 aF@

EAQ BA2AE A7) 15k ethyl 2-
cyclohexanonecarboxylate (1)$} methyl vinyl ke-
tone (2)¢] Robinson 3.2]3} w83 2l3 313%
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Scheme 2. Decarboethoxylation and synthesis of y-
hydroxy enone.

)& 81.9%2 &2 A3t ). Robinson 2&8]3}
ul-2-o % cbA|(Michael 714§} aldol #4H8)
ukg2 A3 o] Foixn], A A= 0.03 equiva-
lent Zujjgke} od7]¢} methyl vinyl ketone-& A 3]
F]lgoe g o]FoiXn] F WA dAdME 1.30
equivalent®] FFA Q) G718 H7I8te o]FojAlch
33E (3)9) A9 7lERdr|s AYE BEEY
dARNZ olsle] Bae]e] o]FAge] Cuele
EbA 9-112 o] E3l Cx2le v 12 $io) 4
4228718 E4% F A B} o] FAHA
ArabA] 2 33HE (1D)e] 202%9] T&2 JoiA
t} 3EE (1)L YA $F AHEH A o=
H27]9 st2ydd7] F5ust AR g2p7] 3
7 g egd Ao nvdr|e $awr) glel At o
3}418-2 bromine testoll ] 44 vehle] £z}
Well o)FAge] EAshe AL 4 F YL, &
#letsl uh-g-ale] Bhx 8 91Xl ol 28] 27]7} gloi A
& (12)2 &2 24] decarboethoxylation ¥Hg-¢]
Aot AL g F= ok HIE ADY +2F
#913}7] ¢13)led m-chloroperoxybenzoic acidZ A}
438le] o) FAE oA FA13} 433t epoxide (13)
£ g 4 9ot Epoxide (13)= €43t =2
(TsOH, calcium chloride, acetone) 2.2 ] d}e] v-
FE2Ald-E (14)& AUrKScheme 2)°.
Octalone2} bt 8 $|X|ofl o 2e|27]7} webit
35 42 dvial Ao] =89 53] octalone2)

Algg kg Foll dojdhe AL WA #
S0t wEEFRI S dATels =] =eEE
oA} ¥
9 91x]ol| 2+A 3} carbocatione] FAH 5L, o] o &k
8 =9 s Adl 277} 8 A 2] FHE& wolA]
olatzlet g wbE3lHA w4 83} 9 ale]d] o]F
Aol ¥4ty Yt 33E (10)o4 =H
3HE (DS 97 st oA=7A] 2AES
43ty o} of7] grE g A oA ¢z gich
TH gl dejal 33 gFLo] B IFE
(14)& AAEAE Jehe F33ES ddsked
#A SN2 A f8-stelgtr 7)Aok

Epoxy methano bridge7]9 ATAZE FAd3lx
UFE7)5 BEE] $3te] ' 8 1ol oll2H]
27]% lithium aluminum hydride2 #38} 3
gHql $SEE AR LS P tetrahydrofurane &
o el) 4] sodium hydride$} methyl iodideS #] 2] &}od
87.3%2] 4% & methoxy methyl7]|(334E )2 H
faleie}. Caalel Fh2ndr)e] 98 allylic oxi-
dation ¥Hg-2 ©]&3}gich o] o pyridines AME
3l Collins ¥ .t} Salmondel} 2)&}ed ubzl
3,5-dimethyl pyrazold AH8-31¢]& o Bk3-2]7ke]
3245 hrs)E| 2 ¥2 $8(40.0-75.3%)2 4-&
T qle.d, work-upe] Sold|x= AHe] Usdch

Bruceantin®] B4 13 $]#¢l] Sl dl2dH 27]le)
2 F2E 7] Sl SE (9)9 o'- Al
e 2718 Y3 apf-2%3 ALY alky-
lation2] A% =sl= 47 9A] AL &
o), electrophile, stoichiometry, ¥h$2% 3 Al%
HE 97550 &) dybd o2 thermody-
namic HH&-Z o)A y-dienolater} HAET o-
2 x]ol] oA 7)7} =45 kinetic YH-Z A A=
o' -dienolate”} A= o -9 AFHA7} YA
B o'-$] 3]0l o} E =dslr] sk —78°C
ol4] lithium diisopropylamide2} diethyl carbo-
nateS AH-3}5& o &) 20.0~30.0%E. ¥ LA
Yot} WG 2% oA lithium amide bases] 34
Fo1xl u} glomz¥ enolated) FA ARE Yo}
H7] 93] N-bromosuccinimideE electrophile 2
Algsle] 90.0%9 T2 HE #AE Aok
w2} diethyl carbonate>} electrophile 241+ &
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YhgAE HolEg ¥rd 2 whEAe] JidEe
ethyl chloroformate® AH:3led 70.0~80.0%2] 4
$2 3PE 6% 9& F AUk o -9HH XA
Tke] odolal ol =2i= y-dienolater} HAIHc}H
Ag7\9} o] F A i) wbE doH EUA
A0 ao'-dienolatz2] YAJol He3r| sl
Aoz AAH) AYE (6)L FANLE 549
A FA(A-LANN 5%) deAld =of A2HERQ
HE (R Folrlt. o] AFe o] FAFHH MY
ol2d 279 Bo)jt UYL BejFe Ao
o2y wix FTATEE vy AAEAAM 247
=4¢ o2 vuhix Qich ¥E A 9-11
A sl olF YR NESl oo oiyE
& EQIR AL ALY A4 Bued A4
71E =3hedl 8% 870] Wk

&4 8-13 $iX|¢] epoxy methano bridge®~]7}
=€ HEE (D€ a7 A3k B333E 6)e
hexamethyldisilazane3} trimethylsilyl iodide& A}
43} silyl enol ether& &3 N-bromosuccini-
mide® AH8-3te] BFo] ¥R AEL Atk
o] ¥.& XAANE NN -dimethylformamide2-v+j
] 120°C&E. 7123l epoxy methano bridge 32&]7}
HAE AFE (DT 200~300%2] +&= ¥
«t}. Epoxy methano bridge 28]~} A=+ kg
w7111 &2 methoxy”] 8] AtA7} SN2 typeo® X
¢ A% w2y + Q4% oxonium jone] BE
o) &¢ 2|8} demethylation® i A2t gict
webr] whgo) %] AYsr] e Ais
Wg-5-9l0] A2l7} shrishol shet) o] FAYe) 2
2]E WA st whg RS AHelst e
A HBg yhge) f&o] dola Aojztn 4
R} M (NS AL A AgE @) %
H$E 9)F T3 N3l Alxd glew &
e 2Ad ¥ o|FAYe] o)FoHe ozl
FAE A Z U} e)F A o) Celd slA =4
7t2 R d7]12} conjugation® L epoxy methano bri-
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2}3+E ethyl (£ )-8-oxo-10-oxa-1"H-spiro[1,3]
dioxolane-4,4'a-tricyclo[9.2.1.0 1,6]dodec-6-ene-
9-carboxylate (7)& 9Aldl ZAM 7.30% AM
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+2 P8

APE 8)F (9 bruceantin HTAel gloiA
Z3% F7kMole bruceantin®] BCE nel+z&
XA, YGAEAE Yehed 988 A7),
o) A" 27, epoxy methano bridge’] & 7}x2
sle] #stAjzAM e HeAE iR sid.
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