Russian Journal of Organic Chemistryol. 38, No. 2, 2002, pp. 23@12. Translated from Zhurnal Organicheskoi KhimNol. 38, No. 2, 2002,

pp. 229-232.
Original English Text Copyright©® 2002 by Tatabaian, Mamaghani, Navai-Dyva.

Synthesis of a Newa-Methylene-y-butyrolactone Skeleton
with the Use of Cobaloxime as Catalyst

K. Tabatabaian, M.Mamagkhani, and T.Navai-Dyva

Chemistry Department, Faculty dbcience,Guilan University
P.O.Box 1914,Rasht, Iran; e-mail: Taba@cd.gu.ac.ir

Received July 11, 2001

Abstract—A mixture of regioisomeric 2-bromo-1-indanyl and 1-bromo-2-indanyl 2-propynyl ethers was
obtained in10.5:1 ratio andseparated by chromatography. Radical cyclization of the prevailing isomer in
the presence of [chlorobis(dimethylglyoximato)(pyridine)]cobalt(lll) (cobaloxime) afforded 3-methylene-
tetrahydrofuran fragment; thexidation of thelatter with excess chromium(VI) oxide complex with pyridine

in dichloromethane furnished a new-methyleney-butyrolactone in 59%yield.

The outstanding stability of vitamin ;B and its the last decade many publications has appeared on
derivatives was attributed to the presence of auch synthese$7].
porphyrin-like cycle. A great number of sigma-
bonded cobalt complexes with analogous tetradentag?1
organic ligands was synthesizdd].

In this study that we undertook iarder toextend

e application range of cobaloxime complexes in

catalysis of organic cyclization reactions we aimed to
In 1964 Schrauzer [2] discovered that the reactionsynthesize a new compound with camethyleney-

of cobalt atom in vitamin B, could be reproduced by butyrolactone fragment.

a lot simpler complexes, compounds of bis(dimethyl-

glyoximato)cobalt(lll) that were commonly called readily occurring radical cyclizatiorcatalyzed by

cobaloximes. This discovery was followed by o .
numerous publications confirming that cobaloximesCOIDaIt compounds prompted us to utilize the catalytic

tential of cobaloxime, [chlorobis(dimethylgly-
were correctly regarded as model compounds foy B P2 - :

[3]. As alterngtivg models were also d(fveIoped%thePX'mato)(pY”d'ne)]CObalt(l”j’ for the synthesis of a
chelates that well reproduced the reactions of vitamiﬁepresfqtat'veb of al new clas]:':, OdeUCh <I:ompounds,
B, both in qualitative and quantitativespect.Since a-met fy_egey- utyrosacgone‘()l used to cyclopentane
they are easy t@repare, and the@ecessary reagents fing of indene () (Scheme 1).

are present in any chemiciaboratory these reagents
get popular in organic synthesig].

One recent study of cobaloximes concerned their —
application as catalysts to organic cyclization reac-
© @)
\Y

The availability of the initial compounds and

Scheme 1.

tions, namely, todevelopment of a new approach to
the synthesis of compounds possessiagethylene- I
y-butyrolactone fragmen{5].

Reaction of indene with N-bromosuccinimide and
-propynol in dichloromethane aB5°C afforded oily
ixture of regioisomeric bromoindanyl 2-propynyl
thersll, 11l in overall yield95.6% andsomer ratio

S5:1.Isomer Il is the main reaction product
: T (Scheme 2) due tdiigher reactivity of the benzyl
also growth-controliing and antimitotidf]. Because position in the intermediate bromonium cation. The

of biological activity of these compounds and isola-!
tion fror% the natur)gl sources of OElly small amounts >0MErs Were separated by colum chromatography on

thereof efficient preparation procedures for these . . .
substances attractmech attentFi)on of chemists, and inch'oropis(dimethylglyoximato)(pyridine)jcobalt(ll) =
’ (Co")CL.

Sesquiterpene lactones containingmethyleney-
butyrolactone fragment bonded to various moietie
belong to a fast growing group of natural compounds,
It was shown that some of them possess considerab
biological activity (allergic, cytotoxicantitumor, and
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Scheme 2.

silica gel (eluent petroleum ethathyl ether, 6:1). oxidation of indanotetrahydrofurafly with excess

The structure of compounds was determined byCrO;-Py in dichloromethane. The target compound
spectral methodéR, H NMR, mass spectra). was obtained in 59% vyield as oily substance
d(Scheme 4). It was characterized by IR{ NMR,

Nand massspectra.Since the reaction described does
. : : not require stringent conditions it may present a
NaOH, ‘and sodium borohydride. The desired convenient synthetic route to compounds containing

3-methylenetetrahydrofuranlV  was obtained in : i ] )
56.7%yield as an oily substance. The spectral Char_cyclopentanerlng fused with a-methyleney-butyro

acteristics (IR, H NMR, and mass spectra) of the lactone.
reaction product were consistent with the assumed
structure. Similarly to [8] webelieve that the reaction
proceeds along the stages represented in Scheme 3: Cro
cobaloxime (CY arises in situ by reduction of » PY
chlorocobaloxime (C8) by sodium borohydride; thus CH,CI,

formed cobaloxime (Cd is oxidized by bromidell 0 O 0
into cobaloxime (CO0). Since sodiumborohydride v \%

readily reduces cobaloxime (&p into (Cd), the
latter is recovered in the reaction system. EXPERIMENTAL

The cyclization of bromoindanyl ether was carrie
out in ethanol in the presence of cobaloxime, 10

Scheme 4.

In cyclization was used a small amount of cobalt- |R spectra were recorded on spectrophotometer
oxime, and nantermediate organocobalt compoundsshimadzu 470. 'H spectra were registered on

were isolated. The last stage of the synthesis Ofpectrometer Bruker 80-FT (80 MHz) in deutero-
a-methyleney-butyrolactone V.- was performed by chioroform, internalreferenceTMS. GLC analyses

were performed on chromatografBuck Scientific

Scheme 3. 910 equipped with a capillary columMXT-5, 15 m
long. Mass spectra were measured on Shimadzu
CoCl(dmgH),py/NaBH, Mass-QP1100EX instrument. Thewlumn chromato-
1/3r EtOH, NaOH graphy was performed on silica gel Merck 60GF254
o7 0 (art. nos. 7730, 7733). Thsolvents were dried by
11 v standard procedures.
Cobaloxime was synthesized by method in [9] and
@B g @B B was identified by spectradiata. Indene was distilled
r Zay T i
o// (Co) (Co™ O// prior to use.
I‘\EBHL(COIH)CI 2-Bromoindanyl 2-propynyl ethers II, 1ll. To a
4

solution of N-bromosuccinimidg4.3 g, 24mmol) in
20 ml of 2-propynol cooled to-35°C was added

Br_ @\f EtOH @\/{ within 2 h a solution of freshly distilled inden@.3 g,
- 20 mmol) in 10 ml of dichloromethane. The reaction
) ) mixture was stirred at25°C for 2 h more and then
overnight at room temperature. To the solution
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obtained was added 25 ml of 1 N solution of sodiumd (1H, J 7.7 Hz), 7.2 m (4H).Mass spectrumin/z
hydrogen carbonate, the reaction products werél,,%): 172 (1), 132 (11), 115 (24).

extracted into dichloromethane ¥20 ml). The :
. . 3-Methylene-3,3a,4,8b-tetrahydro-H-indeno-
extract was washed with 10 ml of 1 NaOH, dried S[l,2-b]furan-2-one (V). To 12 ml of pyridine dis-

with anhydrous sodium sulfate, the solvent wa solved in 120 ml of dichloromethane was added
evaporated omotary evaporator. Webtained a mix- chromium(V1) oxide (12 g, 126nmol), and themix-
ture of compoundsl, 1l in 10.5:1ratio in amount : e '
4.8 g (19.12 mmol)yield 96%. Themixture was ture was stlrred_ for 20nm. Compoungllv (1.03 g,
s.eparated. by colum’n chromatbgraphy We isolateg mmol) was dissolved in 5 ml of dichloromethane
' nd added into the reactionixture. Then the mixture
was boiled for 3 h andiltered. The precipitate was
washed with dichloromethane, the filtrate was washed
with a saturated water solution of sodium hydrogen
carbonate, 2 N hydrochloric acid, and the solution
was passed through short column charged with
silica gel to remove the chromium compounds. The
solvent was evaporated in a vacuum, and the residue
was separated by column chromatography (eluent
CCl,-ethyl ether, 5:1). Weobtained the target
a-methyleney-butyrolactone V. as oily substance
’(0.65 g, 3.5 mmol)yield 59%. IR spectrum (CG)),
cmt: 3000-3050 w, 28502900 s, 1750 s, 1640 m,
' 1120 s.'H NMR spectrum (CDQ)), 6, ppm: 3.3 m
(2H), 3.8 m (1H), 5.8 d (1H,J 2.6 Hz), 6.4 d (1H,
J 2.6 Hz), 6 d (1H, 5.9 Hz), 7.4 m (4H)Mass
spectrum,m/z (I,¢,%): 186 (55), 158 (8), 142 (77).

The authors are grateful to the Research Council of
Guilan University for the partial support of thisudy.

indanyl etherll in amount 4.2 g(16. 73 mmol). IR
spectrum (CG)), cmt: 3300 s, 3020 m, 2100 w,
1600 w, 1060 s, 640 mH NMR spectrum (CDG)),

8, ppm: 2.65t, (1HJ 1.9, 5Hz), 3.3 d.d (1HJ 17.7,

5 Hz), 3.8 d.d (1HJ 17.7, 6.6Hz), 4.4 d (2H,J
1.9 Hz), 4.6 m (1H), 5.4 d (1H] 3.5 Hz), 7.4 m (4H).
Mass spectrumm/z (I, %): 252 (15), 250 (15), 213
(97), 211 (97), 197 (75), 195 (75), 171 (97.5), 115
(100), 77 (98), 39 (98.5)Also was isolated indanyl
etherlll (0.4 g, 1.59 mmol); IRspectrum (CG)),
cmt: 3300 s, 3020 m, 2100 w, 1600 w, 1060 s
640 m.H NMR spectrum (CDG)), 8, ppm: 2.7 t
(1H, J 1.9 Hz), 3.6 m (2H), 4.6 m (3H), 5.2 d (1H
J 5.9 Hz), 7.5 m (4H)Mass spectrumm/z(l,., %):
252 (2), 250 (2), 213 (29), 211 (29), 197 (12), 195
(12), 171 (32), 115 (100), 77 (37), 39 (98).

3-Methylene-3,3a,4,8b-tetrahydro-H-indeno-
[1,2-b]furan (IV). To a stirred solution ofndanyl
etherll (2.5 g, 10mmol) in 50 ml of ethanol was
added 1 ml of 10 N solution of sodium hydroxide and REFERENCES
380 mg (10 mmol) of sodiunborohydride. Themix-
ture washeated to 58C in the nitrogen atmosphere, 1. Bhandal, H.,Patel, V.F., Pattenden, G., andRus-
and thereto was added [chlorobis(dimethylgly- sel,J.J.,J.ChemSoc.,Perkin Trans.1,1990, p. 2691.
oximato)(pyridine)]cobalt(lll) (cobaloxime) (240 mg, 2. Schrauzer,G.N., Angew. Chem., Int. Ed., 1976,
0.6 mmol) within 1.5 h while maintaining the vol. 15, p. 417.
temperature within the range 880°C. The reaction 3. Tada, M. and Kaneko, K.J. Org. Chem., 1995,
mixture was stirred at this temperature for another vol. 60, p. 6635.
3 h, and after that ethanol was evaporated in &. Gupta,B.D. andRoy, S.,Inorg. Chim. Acta,1988,
vacuum.To the residue waslded 50 ml of saturated  vol. 146, p. 209.
water solution ofNaCl, and thereaction products 5. Hoffman,H.M.R. andRabe, J.,Angew.Chem., Int.

were extracted with a mixture petroleum ethethyl Ed., 1985, vol. 24, p. 94.

ether (4:1). The combined extracts were washed witlf. Barrero, A.F.,Oltra,J.E.,Barragan A., A'lvarez, M.,

a saturated water solution oNaCl, dried with J. Chem.Soc., Perkin Trans. |,1988, p. 4107.
anhydrous sodium sulfate, and evaporated in &. Ando, M., Wada, T., Kusaka, H., Takase, K.,
vacuum. The residue wasubjected to column Hirata, N., andYanagi, Y., J. Org. Chem.,1987,
chromatography. We isolatetl 13 g (6.5mmol) of vol. 52, p. 4792.

oily compoundl!V, yield 57%. IR spectrum (CCJ)), 8. Tada, M., Abe, M., and Okabe, MJ, Org. Chem.,
cm™: 3000-3050 w, 2858 2900 s, 1650 w, 1600 w, 1982, vol. 47, p. 1775.

1060 s.'H NMR spectrum (CDG), 5, ppm: 2.6 9. SchrauzerG.N. andKohnle, J.,Chem.Ber., 1964,
3.7 m (3H), 4.1 m (1H), 4.4 m (1H), 4.9 m (2H), 5.6  vol. 97, p. 3056.
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