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STEREOCONTROLLED LACTONIZATION REACTIONS VIA
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Summary: Dienes 1 were transformed into y-lactones via a novel stereocontrolied palladium-catalyzed lactoni-
zation reaction. The oxylactonization can be directed towards either a cis- or trans-addition across the diene.

Lactonization reactions of olefins are useful in organic synthesis and are well-described in the literature.!-6
The jodolactonization? is probably the most commonly used, but lactonizations via oxymetallation have found
increasing use.3® Lactonization reactions of conjugated dienes have also been described and in these cases
metallolactonizations give the best selectivity.*5

We have recently reported procedures for stercocontrolled palladium-catalyzed 1,4-oxidations of
conjugated dienes.”® It occurred to us that application of these reactions to substrates 1 may lead to interesting
lactonization reactions. We now report a stereocontrolled palladium-catalyzed lactonization reaction of cyclic
diene substrates 1, which offers a choice between trans- and cis-1,4-oxylactonizations (Scheme 1).
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The dienes 1 were prepared from the corresponding compounds 2, which are readily available in good
yields from 1,4-functionalization of the corresponding diene (85-88%, n=1; 72%, n=2).%10 Palladium-catalyzed
elimination of acetic acid!®!! and subsequent decarboxylation-hydrolysis afforded 1 (eq. 1). Attempts to cyclize
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a. Pd{dba)z (5 mol %), biphos, BugN, toluene 110°C (74-84 %). b. NaCN, wet DMSO, 70°C (81-82 %)
¢. KOH, MeOH/HZ0, 30°C (95-99 %)
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dienes 1 in acetic acid under the conditions employed for palladium catalyzed 1,4-diacetoxylation,” gave poor
isolated yields of the products partly because of work-up problems.12 However, use of the recently improved
procedure for palladium-catalyzed 1,4-functionalization, developed in our laboratory,”® resulted in a
considerable increase of the yields. Thus, palladium-catalyzed reaction of 1a in acetone in the presence of
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LIOAC, cat. LiCl
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(55 %) 4 (>97%1B,4B, 5p)

acetic acid using benzoquinone as the oxidant afforded 3 in 58% isolated yield. Analysis of the crude product
mixture by TH NMR showed that more than 97% of one isomer (1o,48,58) had been formed. When the reaction
of 1 was performed in the presence of catalytic amounts of lithium chloride and in addition lithium acetate, but
otherwise under the same reaction condition, the other stereoisomer 4 was formed in high selectivity (> 97%
18,48,58). The 'H NMR coupling constants were consistent with the structures assigned, and the assignment was
confirmed by NOE-experiments.'4

Reaction of the corresponding 6-membered ring 1b under the chloride free reaction conditions resulted in
the formation of the Jo,4p,5p-lactone 5 in high stereoselectivity and good yield. For the six-membered ring it was
more difficult to direct the stereoselectivity towards a clean 1,4-cis-addition. The usual reaction conditions

AcO;,
COOH  Pd(OAC), (5 mol%) O, AGO)
=0+ =0 (eq.2)
HOAc, benzoquinone o o

acefone, 20°C
1b 5 .
LiOAc LiCl \sfields
i +

(equiv®)  (equiv’)
o 0 29 : 1 77 %
11 0.45 55 : 45 76 :/u
11 0.68 42 : 58 50 o/o
2 0.15 42 : 58 50 %
2 0.50 24 : 76 57 %

 towards diene

with 0.1-0.3 equivalents of LiCl and 2M LiOAc (11 equivalents) still afforded < 50% of the ﬂ,‘ﬁ,p-isomcr 6.

Une:xpt:ctedly,15 a better selectivity for 1,4-cis-addition was obtained at a lower acetate. concentration. Thus the

use of 2 equivalents of LiOAc (~ 0.4 M) and 0.5 equivalents of LiC) afforded a 2:4:76 ratio between 5 and 6. '
In order to gain some insight into the mechanism, we prepared and isolated the presumed catalytic

as the chloride dimer 7. Reaction of 1a with PdCl,(PhCN), in acetone afforded 7 as a yellow

. iat :
e e _lactone was evident from the IR spectrum (1787 cm™)

crystalline compound in 71% vyield. The presence of a ¥
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1a 7

and the cis-lactone configuration follows from the 'H NMR spectrum.!® The trans relationship between
palladium and oxygen was confirmed by reaction of 7 with acetate under conditions for external trans-attack,!’
which afforded 4.

It is now well documented™!? that the role of the lithium chloride in these stereocontrolled catalytic
reactions is to block the coordination of the carboxylate, and hence favor an external attack by acetate. In the
absence of chloride ions, the ligand on palladium will be acetate and the product may be formed through a
cis-migration, most likely via a o-allyl complex™!"18 The results obtained for la and 1b indicate that the
cis-migration is a very favored process in the lactonic (allyl)palladium intermediates.

These stereocontrolled lactonization reactions should be useful in natural product synthesis. To the best of
our knowledge this is the first reported example of a lactonization reaction with a dual stereoselectivity in the
addition step. It is interesting to note that the corresponding chlorolactonizations were obtained at a higher
chloride concentration {eq. 3). These chlorolactones should be important building blocks since the chloro group

o Pd(QAC)s, (5 mol %) Cly, (CHo),
‘ 2)n COOH 2 eq. LiCl, 2 eq. HOAC m o (eq. 3)
= benzoquinone ~ fo]

aceton, 20°C

75% {n=1) (>98% 1848, 58)
50% (n=2) {>98 % 1B, 4p, SB)

can be substituted by nucleophiles with either inversion or retention.” The lactonizations described here offer
control of the stereochemistry at three centres in cyclic systems.

Acknowledgment. We thank Dr. Adolf Gogoll for advice and helpful discussions concerning the IH NMR
NOE experiments and the Swedish Natural Science Research Council and the Swedish Board of Technical
Development for financial support. A loan of palladium chloride from Johnson Matthey is gratefully
acknowledged.

References and Notes

1.  (a) House, H.O. "Modemn Synthetic Reactions” 2nd ed; W.A. Benjamin: New York 1972 pp 441-442, (b)
Dowle, MD.; Davies, D.I. Chem. Soc. Rev. 1979, 71. (c) Marino, J.P.; Farina, 1.S. J. Org. Chem. 1976, 41,

3213.



140

W oo N oy

11.

12

13.
14,

15.

16.

17.
18.

(a) Bartlett, P.A. in "Asymmetric Synthesis”, Ed. 1.D. Morrison, vol 3, part B, Academic Press, pp
417-424, 1984, (b) Bartlett, P.A.; Myerson, J. J. Am. Chem. Soc. 1978, 100, 3950.

(a) Moura Campos, M.; Petragnani, N. Chem. Ber. 1960, 93, 317. (b) Nicolau, K.C.; Seitz, §.P.; Sipio,
W.J.; Blount, L.E. J. Am. Chem. Soc. 1979, 101, 3884. (¢} Nicolau, K.C.; Tetrahedron 1981, 37, 4097. (d)

Clive, D.L.J; Farina, V.; Singh, A.; Wong, CK.; Kiel, W.A.; Menchen, S.M. J, Org. Chem. 1980, 45,
2120.

Larock, R.C.; Harrison, L.W.; Su, M.H. J, Org. Chem. 1984, 49, 3664.

Pearson, A.J.; Kole, S.L.; Ray, T. J. Am. Chem. Soc. 1984, 106, 6060.

Pearson, A.J.; Khan, MN.L. J. Org. Chem. 1985, 50, 5276.

Bickvall, J.E.; Bystrom, S.E.; Nordberg, R.E. J. Org. Chem. 1984, 49, 4619,

Biickvall, 1.E.; Vigberg, J.; Nordberg, R.E. Tetrahedron Lett. 1984, 25, 2717.

{a) Bickvall, J.E.; Nystrdm, JL.E.; Nordberg, R.E. J. Am. Chem. Soc. 1985, 107, 3676. (b) Bickvall, J.E.;
Vigberg, J.O. Organic Synthesis, submitted for publication.

Bickvall, JL.E.; Vigberg, 1.0O.; Zercher, C.; Genét, 1.P.; Denis, A. J. Org. Chem. 1987, 52, 5430.

(2) Tsuji, J; Yamakawa, T.; Kaito, M.; Mandai, T. Tetrghedron Lett. 1978, 2075. (b) Trost, B.M.
Verhoeven, T.R.; Fortunak, J.M. 1bid. 1979, 2301.

The lactone products are very polar and difficult to efficiently extract from aqueous acetic acid.

Bickvall, J.E.; Hopkins, R.B.; Granberg, K., to be published.

The coupling constants between the bridgehead protons in 3 and 4 were 7.8 and 7.6 Hz respectively. These
values are similar to those observed in analogous cis-lactones. Irradiation of the non-allylic bridgehead
proton in 4 resulted in a nuclear Overhauser enhancement (NOE) for CH-OAc (6%) and CH-O-COCH,-
(9%). The corresponding irradiation in 3 gave a NOE for CH-O-COCHy- (5%) but not for CH-OAc
(< 1%).

It is remarkable that the relative amount of 6 increases on lowering the acetate ion concentration since 6
would be formed via an external trans-attack on a n-allyl intermediate.

Selected parts of the 1H NMR spectrum of 7: 8 5.20 (84d, J=8.0, 6.0, 2.5 Hz, 1D 496 (dd, 155, 33 T
14, CH-0), 495 (1, J=8.0 Hz, 1H), 4.83 (dd, 1=8.0, 3.5 Hz, 1H). The coupling constant of 5.0 Hz between

the bridgehead protons is indicative of a cis-lactone.
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