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Abstract : The Baeyer-Villiger oxidation of substituted spirocyclic lactones and 1,3-diketones led to spirocyclic
bislactones with a good regioselectivity. © 1998 Elsevicr Science Ltd. All rights reserved.
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The Baeyer-Viiliger oxidation of ketones is an important reaction that has been used in
synthesis [1}-[3]. In many instances and when there are no specific steric effect [4]-[9], the
regioselectivity of the oxygen atom insertion can be predicted by considering the differential
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effects on the regioselectivity of the Baeyer-Villiger oxidation has been studied intensively in the
case of 7-oxabicyclo[2.2.1]heptan-2-ones [10]. Ether or alcohol o or B to the carbonyl aids
migration during peracid reaction. In the case of 1,3-diketone [11]-[12] the treatment of these
compounds by a peracid led to complex reaction mixtures where o-hydroxylation [13], cleavage
of both acyl groups {14] and molecuiar rearrangement [15] can occur.

Here, we report that spirocyclic 1,3-diketones of type A [16] and spirocyclic ketolactones
of type B can be oxidized regioselectively and with high diastereoselectivity with

m-chloronerhenzoic acid (n-cpba) to nroduce the corresponding spirocvelic bislactone C as the
LK 1 tl\rlu\./lllaul\{ Ui \l'l \IFU“/ o FIUUUVV LAV WwASR UU‘J\JAI\AIII& Utlll\_l J lllll A W e vaAAw
major compound . The results are summarized in the Table
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Starting material’ Solvent | Conditions | Time Product (isolated vield %)
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Spirocyclic monoketones 1 and 2
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All compounds are racemic.
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spirocyclic lactone 1 in good yieid (70%). The difference of reactivity between 1, 2 and 3 is
probably due to steric hindrance. In the case of compounds 1 and 2, the benzyloxy or the
methoxy group impedes the approach of the peracid on one face of the carbonyl group and

methyl group on the ot ace of t
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carbonyl group is st an attack on the

4 by m-cpba gave a 3.6:1 mixture of lactones 11 (22%) and

—- .

o
<
:»
G
&
s
x!
(v
o
<

other face. The treatment of the aldo
12 (6%). This regioselectivity of the Baeyer-Villiger reaction demonstrates that the o-hydroxy

substituted alkvl eroup has a lower m1 ratory aptitude than the secondary alkyl group. The fact
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that aldol 4 reacts with m-cpba and the corresponding ethers 1 and 2 do not, can be attributed to

a differential steric effects or to a stabilizing effect of the peracid/ketone adduct intermediate by
the free alcoholic moiety.

When spirocyclic lactone § was treated with m-cpba, no Baeyer-Villiger product was
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spirocyclic bislactone 13 in good yield (90%). The reaction is highly regloselectlve as 13° was
(

the only spirocyclic bislactone formed other isomer was detected by 'H NMR and °C NMR

the crude reaction
regioselectivity of the reaction 6—13

in
S, provided the splrocychc bislactone 13 in 81%
as ore electron rich than an alkyl group
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ates faster. The absence of ction with § can be attributed to the electron-
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adduct intermediate and therefore, retards the Baeyer-Villiger rearrangement. The Baeyer-

Villiger

05‘

xidation of compound 7 led to 13 in 90% yield, showing that the carbonyl groups in 7,

tive than the oxidation of

under the same conditions. In the case of 8, the spirocyclic bislactone 14 (70%) and the
the

[¢’]
e}
>4
e
jo
o
=
<
=
Q
)—I
Cu
S
¢
Lo
C
=
a
> <]
E
S
1
(e}
g
o
oo
&
a
o
w
o]
%
Nt
[72]
<3
o
~J

monolactone 15 (14%) were isolated. The comparison of the react1v1ty of 7 and 8 shows that

presence of a better donating group (ethyl versus methyl) induced a poorer regioselectivity
(100/0 versus 83/17). We have to pomt out that, as in the case of §, the bislactone resulting from
the oxidation of 15 was not detected. The oxidation of the spirocyclic diketone 9 led to two
bislactones 16 (38%) and 17 (23%) in a 1.6:1 ratio. As cyclohexanones are more reactive

towards the oxidation than cyclopentanones [26], the first intermediate which is formed is

(film): 2950, 1750, 1570 cm™ . '"H NMR (300 MHz, CDCl3) & 1.27 (d, 3H, J = 7.0 Hz), 1.50-1.65 (m, 1H), 1.75-1.92 (m, 2 D,
1.94-2.10 (m, 1H), 21 L 2.22-2.41 (m, 2H), 2.43-2.60 (m, 1H), 2.68-2.81 (m, 1H), 2.94 (b.sex, 1H, J = 7.0 Hz). *C
NMR (75.5 Miz, CDcma 147 ©, 16.7 (@), 23.0 (1), 28.7 (. 31.2 (1), 32.4 (l), 32.9 (d), 105.9 (s), 168.9 (s), 173.2 (s). SM
(10 V) miz 170 (M-CO, 2), 154 (M-COO, 12), 126 (44), 112 (73), 98 (22), 84 (100), 83 (90), 70 (17), 69 (15), 56 (38), 55 (46).

” When compound 7 was treated with 0.5 equiv. of m-cpba, the spirocyclic bislactone 13 was the only product formed.
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substituted alkyl group it is probably due to the fact that
induces a steric hindrance as does the methyl group. However electronic effects seem
preponderant as 16 is the major product.
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We have shown that spirocyclic 1,3-diketones can be transformed to spirocyclic
bislactones with good yields through Baeyer-Villiger reactions. The regioselectivity is sensitive

to electronic as well as to steric factors. Spirocyclic bisiactones were obtained with excellent
regioselectivity and diastereoselectivity when one of the ketone of spirocyclic 1,3-diketones is
o-substituted by an alkyl group.

Acknowledgments : One of us B.G. thanks the Ministére de la Recherche et de I'Enseignement

{1] Krow GR. Tetrahedron 1981;37:2697-2724.

[2] Hamley P, Holmes AB, Marshall DR, MacKinnon JWM. J. Chem. Soc., Perkin Trans. I 1991;1793-1802 and references therein.

[3] Krow GR. Organic Reactions. New York: John Wiley & Sons, 1993;43:251-798.

[4] Sauers RR, Beisler JA. J. Org. Chem. 1964;29:210-212.

[51 Hawthorne F, Emmons WD, MacCallum KS. J. Am. Chem. Soc. 1958;80:6393-6398.

[6] Hawthorne F, Emmons WD. J. Am. Chem. Soc. 1958;80:6398-6404.

[7] Jacobi PA, Walker DG. J. Am. Chem. Soc. 1981;103:4611-4613.

8] Dave V, Stothers JB, Warnhoff EW. Can. J. Chem. 1984;62:1965-197
71

01 Demarchi B. Vosgel P. Pinkerton AA als H .
¥ U@Imarcii b, vOge:l r, rinkernon AA. nciv, Lnim. AC 17066]

——

[10] Arvai G, Fattori D, Vogel P. Tetrahedron 1992;48:10621-10636 and references therein,
[11] March J. Advanced Organic Chemistry, 4th ed. New York: John Wiley & Sons, 1992:1098.
[12] Middleton S, Stock LE. Aust. J. Chem. 1980;33:2467-2476.

[13] House HO, Gannon WF. J. Org. Chem. 1958;23:879-884.

{14] Payne GB. J. Am. Chem. Soc. 1961;26:4793-4797.

[15] Mannich C. Ber. 1941;74:1007-1014.

[16] Cossy 1, Gille B, Bellasta V. J. Org. Chem. 1998:0000.

{17] Brougham P, Cooper MS, Cummerson DA, Heaney H, Thompson N. Synthesis 1987:1015-1017.
[18] Hirano M, Yakabe S, Satoh A, Clark JH, Morimoto T. Synth. Commun. 1996,26:4591-4596

[19] Heaney H. Aldrichimica Acta 1993;26:35-45.

[20} Cooper MS, Heaney H, Newbold AJ, Sandcrson WR. Synleut 1990:533-535.
{21] Le Drian C, Vogel P. Helv, Chim. Acta 1987;70:1703-1720.

[22] Le Drian C, Vogel P. Tetrahedron Lett. 1987;28:1523-1526.

[23] Vogel P. Chim. Oggi 1997;15:37-43.

[24] Noyori R, Sato T, Kobayashi H. Bull. Chem. Soc. Jpn. 1983;56:2661-2679.

P .nn/ -~ -A‘ -~

[25] Haddad N, Abramovich Z, Ruhman I. Tetrahcdron Lett. 6;37:3521-3524.

99
[26] Mateos JL. Menchaca H. J. Org. Chem. 1964;29:2026-2028.



