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Synthesis of Spiroannulated Dihydrofuran Compounds
Utilizing Cerium(IV) Ammonium Nitrate
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<Abstract>
An efficient synthesis of spiroannulated dihydrofurans is achieved from

1,3-dicarbony!

compounds and exocyclic alkenes in the presence of

cerium ammonium nitrate(IV) in moderate yields. In the case of entries

3-9 as a single proudct was seen.

Especially, reaction of 15 with

methylenecyclohexane afforded the two regioisomeric cyclo adducts 21
and 22. The structures of these adducts were confirmed by IR and

NMR-Spectra.
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Certum(IV) Ammonium Nitrated ©] 8%k Spiroannulated t©}e]a}e] =

AAsiohar A zpsin] 2 dqto] A LE) Wz}
stk AE(V)E4 &9 Afetod wkg
2 Heibaol 9l&] Lo w9 Huxn
H Kurzol ¢l&] 7l2xd 3lgEo A g4 2
tjzhel Aol MFo|l fF&sicka Hi €l
olth.” =3, Baciocchi®t Ruzziconiol )& 7]
2R3 eEy S o3 Akspisp ukg
o] FTHor A HAow” HEo] Nairel
olg) 1,3-thol7t2 g BgE 9 g Udas
o] 83t rTjoldleol=RF e BFES  JHAIE
= dhylo] ®Ba glwp glc}”

melA H o dAFoA e AEIV)Ed FES
o]-&3t 13-tjolzl2rRYd 3} E3} exodd
H-Z H’r%ﬂlﬂ spiroetheril2] & 7}#] & t}o] &}
JlERFE SFES s e AN
o ’é}ﬂ} Griseofulvin®] # 2| (skeleton)Q] grisan
o] Ayl Ao A &3tz

2. A

2.1. A¢F R 7]7]

Ay Al AFEFE Al Sigma, Aldrich
Al AA glo] AlE-dton, HAEA 39l
of ALEF 7|7l Y #A HZeH FHL2
Fischer-JohnsonAl A|3#% & Al&sg o 2%
 BRASA ¢4k 'H NMR 2HEL
Bruker Model ARX(300MHz), IR A E ¢ &
JASCO FT IR 53008< Algglon, wg 3
AL Merck AFe] A7} 2 60F 2547} 5% 5
o}t WFuF WS AL oF2 9 A=
n}E 18 9 (Thin Layer Chromatography)
%2 83l

TLC®e] ®aAjelo 2 = vanillin, iodineg A}
&ttt Ay AZvlE v Merck silica
gel 60(7734)& AF-&3te e]d9]ct.

2. Aduy

Clolslo] =2 3¢ s§Eo AL 9
WEA Q1 MY 2 50mml 2-neck %t oA
of 13-ve|7l2xd 33 (Immol)S  F 3l A
acetonitrile®l] 5ol A o 7)o exod#|H
(3mmol)& 7}d ¢ CANUV)E 0TolA 7}
ok WA 2917) slol A 247 Hek ubg A

A

Sl

&

e

~R e Bgleel A

T Hk§o] AHUSE TLCE §¢lsln HE
sto] el CANS AAst oNfe 719) =
ZAA AY AzRvlE ey ((eluent; hexane

/ethylacetate vv/v 2 a8 8%
Spiro(2,3,4,5,6 -pentahydro-1-benzofuran-4
-one-2,1"-cyclohexane) 2] 34 (3)

A Aa5-97] 8ol A41,3-cyclopentanedione (98
mg, Immol)¥ methylenecyclohexane (289mg,
3mmol)& W A7l ¥ Ayl A RvlE 7]
2 ¢ (eluent; hexane/ethylacetate=5/1)3}¢]

102mg(5=& 53%)2] NA3§E 38 Ao}
'HNMR (300MHz, CDCly) 82.73(2H, s), 2.52
-2.45(4H, m), 1.95-1.86(2H, m), 1.68-1.62(4H,
m), 150-141(4H, m); IR(neat) 2932, 1687
1630, 1444, 1400, 1300, 1280, 1244, 1141, 1059,
1010, 896, 848cm .

Spiro(2,3,4,5,6,7-hexahydro-1-benzofuran-
4-one-2,1"'—cyclopentane) 2] ¥4 (4)
24897 el A 1,3-cyclohexanedione(112
mg, Immol)¥ methylenecyclopentane (246mg,
Jmmol) Wk A7l F AY A ZnE1dy

%2 ¢ (eluent; hexane/ethylacetate=5/1)3} o]

16Img(+& 84%)°] QA3 E 48 A}
'HNMR(300MHz, CDCly)6 2.76(2H, s), 2.38-
229(4H, m), 2.04-198(4H, m), 1.79-1.63(611,
m), IR(neat) 2951, 1630, 1452, 14 23, 1404,
1371, 1259, 1180, 1138, 1005, 952, 896,
756cm .

Spiro(2,3,4,5,6,7-hexahydro-1-benzofuran -
4-one-2,1'-cyclohexane) 2] §1 4 (5)
HAAaW97] dtelAl 1,3-cyclohexanedione(112

mg, Immol)¥ methylenecyclohexane(289 mg,

3mmol)2 WHEAIZl F A¥ A ZnlkE 1)y
= w9 (eluent; hexane/ethylacetate=2/1)3} o]
163mg (& 79%)2 YA 3}5E 55 A},

'HNMR(300MHz, CDCI3) §2.58(2H, s), 2.41
(2H, m), 2.34(2H, t, J=6.3Hz), 2.03(2H, m),
1.78-1.63(6H, m), 1.50-1.45(4H, m); IR(neat)
2034, 2860, 1632, 1449, 1402, 1372, 1271, 1238,
1184, 1061, 910cm .
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Spiro(6,6-dimethyl-2,3,4,5,6,7-hexahydro-1
~benzofuran-4-one-2,1’'-cyclopentane) 2| %
A (6)

5,5-dimethyl-1,3-cyclohexanedione (140mg,
Immol)¥} methylenecyclopentane (246mg, 3
mmol) & ¥rEA|Zl F AY AZnEIY Y
7 " (eluent; hexane/ethyl acetate=3/1)3}¢]
195mg (& 88%)¢] A 3§E 6& AU
mp 84-85°C; 'HNMR(300MHz, CDCls) 82.72
(2H, s), 217(2H, s), 2.15(2H, s), 1.97-1.94
(2H , m), 1.76-159(6H, m), 1.03(6H, s); IR
(KBr) 2959, 1631, 1404, 1358, 1267, 1244, 1167,
1143, 1039, 956, 914, 752cm .

Spiro(6,6-dimethyl-2,3,4,5,6,7-hexahydro-1
~-benzofuran-4-one-2,1'-cyclohexane) 2] $
A(7)

5,5-dimethyl-1,3-cyclohexanedione(140mg,
Immol)3¥ methylenecyclohexane (289mg, 3
mmol)S WEAZl F Ay ARZvlE 1Y
2 B (eluent; hexane/ethylacetate=5/1)3}
192mg (& 82%)e HQAsIgE 7& AU
'HNMR(300MHz, CDCl3)d 2.56(2H, s), 2.24
(2H, s), 2.20(2H, s), 1.73-1.60(6H, m), 1.50-
1.43(4H, m), 1.07(6H, s); IR(neat) 2934, 1635,
1448, 1404, 1367, 1302, 1280, 1230, 1167, 1141,
016, 916, 823, 746cm .

Ethyl-2-methyl-1-oxaspirol4,4lnon-2-ene
-3-carboxylate? §4(8)

2 5 97] dloll A ethylacetoacetate(112mg,
Immol)¥ methylenecyclopentane (246mg, 3
mmol)& ®EAIZl F HEY AzvtE1Y Y
2 %7 (eluent; hexane/ethylacetate=10/1)3} <
149mg (& 71%)9 A2 3}3}& 8& AUt
'HNMR(300MHz, CDCly) 84.09 (2H, q, J=
7.0Hz), 277 (2H, s), 209 (3H, s), 1.94-1.89
(2H, m), 1.70-153 (6H, m), 1.20 (3H, t,
J=7.1Hz); IR(neat) 2957, 1669, 1645, 1446,
1383, 1332, 1253, 1116, 1080, 1020, 966, 869,
835, 761cm .

Ethyl-2-methyl-1-oxaspirol4,5ldec-2-
ene-3-carboxylate? 4 (9)

2 A527] &lell A ethylacetoacetate(112mg,
Immol)2} methylenecyclohexane (289mg, 3
mmol)& ¥WrEAIZl F Y AZviEYY
2 %2l (eluent; hexane/ethylacetate=10/1)3} ¢
17lmg(5& 76%)¢ JA)|31gE 98 AU
'HNMR(300MHz, CDCls) 84.13 (2H, q, J=
6.9Hz), 2.59 (2H, s), 2.15 (3H, s), 164- 1.49
(6H, m), 1.47-1.40 (4H, m), 125 (G3H, t,
J=7.1Hz); IR(neat) 2934, 1697, 1645, 1448,
1383, 1302, 1232, 1128, 1082, 1032, 978, 960,
761cm .

Spiro(2,3-dihydro—naphthol1,2blfuran-4,5-
dione-2,1'-cyclohexane) (21) 3}
Spiro(2,3-dihydro-naphthol2,3b]furan-4,9-
dione-2,1'-cyclohexane) 2] §4 (22)
2-hydroxy-1,4-naphthoquinone(174mg,lmmol)
7} methylenecyclohexane(289mg, 3mmol)S- Rt
SAZl ¥ 4y ARvlEYYE ¢ (eluent;
hexane/ethylacetate=5/1)3}¢] 91mg(+& 34%)
o] 1A s}gHE 213 139mg(F& 52%)° LA
3l 5tE 228 T§ER A, 21 mp 180-
181°C; 'THNMR (300MHz, CDCls) & 8.06(1H, d,
J]=7.8Hz), 764(2H, m), 7.55(1H, m), 2.88(2H,
s), 1.95-168(6H, m), 157-1.53(4H, m); IR
(KBr) 2934, 2859, 1692, 1645, 1615, 1586, 1572,
1489, 1443, 1408, 1360, 1285, 1252, 1240, 1213,
1124, 1086, 1024, 885, 768, 720 cm .

22:mp 192-194°C; 'HNMR (300MHz, CDCls)
5 8.07-8.03(2H, m), 7.69-7.61(2H, m), 2.93(2H,
s), 198-1.71(6H, m), 1.55-1.41 (4H, m); IR
(KBr) 3067, 2934, 2867, 1682, 1640, 1622, 1593,
1441, 1393, 1308, 1235, 1206, 1019, 955, 847,
787, 720 cm’".

3.43% 9% 13

1,3-t}o] 7121 d 3§ E 1 3 exoddW 2
g 9 7}A A3lA & o] 83l wrg s, W
ZHID # A )/Aelo]l EE o] &3 ol A&
table 1914 Holx ZAFE F& F&=(18%,
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Cerium(IV) Ammonium Nitrate<s

23%) tholslol=2 et 3 }§HEo] dojA =
Ao w&A  cerium(IV) ammonium nitrate
(CAN)E  AbghA = Mr%' b 7ol 53%2

FEZ ANES AS F AU

Table 1. Effect of oxidants
1,3—cyclopentanedioneandmethylenecyclohexane

o ()=
®
2 -
CAN(IV) o

5 O acetonitrile

0°C "
Oxidant Solvent Temp Time(h) Yield
Mn(OAc); AcOH 80°C 3 18
Ag,CO4/Celite acetonitrile reflux 3 23
Ce(NH;),(NO3)s acetonitile  0°C 1.5 53

Ho7lz] @] W= v
3} 353 exo2 @ 1} o]
Fig. 1ol YEe A,

2:@0600

n=1
n=2 ? n=

12} 1,3-tfo]|7t=H

HE-g-of]

]
(g%

EtO |
@) (n)

8 n=1
9 n=2

Fig. 1 Results of oxidative cycloaddition of
1,3-dicarbonyl compounds with exoolefins

1,3-cyclopentanedione 2] wWrg-& A 2|35}
= o] AHS 0% ol & TE&E W
210] spiroether ilg|& 7}X| = t}o| o)
EERY 3gEe €3 FA o=
88 4 glon olF YEL P d
o® &Rl 3.
d& W 3FE T2 IR(HLYAH) 2HEG
A 1635cm ol A UERG Qo] JhERd7|e
AERNE Fa], 282 'H NMR A¥EJ o
X 82560 A tholdto]l =2 Fg At o] wiE
719 FAdA vlo] A7} &3 (singlet) S 2 Y E}
+ o g Q3 rt.(Fig. 2) Ay 3}t

L|.

1 9 rr
}.-_|

>

q

53],

in the reaction of

gt Ad3sE

o] 83+ Spiroannulated t}o|sfo] =353 32| §HA

1L -

&= 51 Griseofulvin® 24 (skeleton)Q] grisan
o] AAAQ RHge FHEHR oYU 5 3
& Ao R 7Y X oz

Fig. 2 '""INMR spiro(2.3.4,56-penta
hydro—1-benzofuran-4-one-2,1' —cyclohexane).

spectrum of

7]& grisan®] A WY F Fig. 33 &
dlo] <teixl Uk MOM& Abg-8le] i

o] #4l7|& HIFE 10 3FgES LlEIA=
stol 7] EoAl CulE WHE AlZ] & 1-chloro

methylcyclohexenes WHE-Al A 11 33538 ¢
Adalar AHAd s A MOM R.E7]E5 Al A
ste] 12 33t ES A F tlE=2=2vE &
u) slel Al o] WE4A Amberlist 158 A&
] grisand §A sl Wlel dex o

g o] Am MAFE0 e BAHL

7FA1 a2t 3]t}

- O C
é i, il OMOM OH o
10

11 12 Grisan

IFig. 3 Known synthetic method of Grisan
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0 H
P I
NaBH, p-TsOH

MeOH benzene
reflux
—_—
Ph,O

Grisan

Fig. 4 Synthetic approach of Grisan

CANE o] &3 1,3-t}o] 7} 2 K d 3} 3t & ¥}
exo S#HHe wrgolA e A5 dY A
A E8o] 9ojx 1} Lawsone(15)S EFWEHE
methylenecyclohexane(17)3¢] ®Fgol X = Fig.
73} z+o] Z}Z(angular) &2 413 (linear)®|
o] A A A7} Aol

= 71A el 3}§HEQl 21, 22 7t A=
Ao Fig. 73 o] wkgaHAA Aozl ol
< 182] ¥#} U] oxygen trapping ¥}AdollA] A
71 Adatolct, dojH EFEL AY ARvE
gy E S8 444 & & 5 AU

217 el 218 H B2AES, A% e 22
= ePdAE Bola glow, F ool +
Ne 7zt e Ee] 'H NMR 29E#H3} IR
~HEYS FalA g & 4 UG 21 33
2o A WA e]e YA A7|AH A
Aol Qlall  1:2:19 vl&= ERYH Thols)
ol aw]el vid#r|zl 62.889A @
8 (singlet) 2. 2 e} (Fig. 5)

o
(-

P

AREE = AEE RN !r1!lll1mﬂﬂl1ﬂllllllilli'l!'l'l"'l'rl"l-'l

e

NI

Fig. 5 'HNMR spectrum of spiro(2,3-dihydro -
naphthol1,2blfuran-4,5-dione-2,1’'—cyclohexane).

R0

J |

| ﬁ L

teapazaa il ERak rpr

FFFETETYY
[ i i @

Fig. 6 'HNMR spectrum of smrn(z,?; dihydro -
naphtho[2,3blfuran-4,9-dione-2,1'-cyclohexane).

'.'I

22 3}§HEeo] WA 3o YAAE 1:19
N &2 YelU golslo| =g FdE i e] v
gl 7|7} 62.9300 4 @Y F(singlet) &= HERG
t}.(Fig. 6) 21 3}§&2 F 7121d7]|7} 1645,
1615cm ‘el Al eV, 22 3§HE o] 7 7=
W 7)E 1682, 1640cm ‘ol Al vERdE IR £
HEHo|A AL UEL T3 F f*l*a‘@iﬂﬂ
i@r‘ﬂ% g &3] & 4 qomw,

7zt ol2lo] F FHFESLS T F g 3UE
Al gkolt}.

£3] furoquinone frEAMELS AAoA Bol
AR, O FolA 2Y FPEES  FUAA,
T A, A, ddeAETe g BE
A G4 wola o] oy aFel s FA
o] o]FojA gkr}.”

o] wkgo) g A vFYFS ofF o
gaA e @A oy 73 o] YERE 4 9l

Fig.7 Proposed mechanism of oxidative cycloaddition
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