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Intramolecular Palladium-catalysed Cross Coupling; a Route to y-Oxo-¢,f-unsaturated

Macrocycles

Jack E. Baldwin, Robert M. Adlington and Steve H. Ramcharitar
The Dyson Perrins Laboratory, University of Oxford, South Parks Road, Oxford OX1 3QY, UK

A new and relatively simple method involving Pd0-catalysed cross coupling of acid chiorides and 3-stannyl
alkenoates provides an efficient route to y-oxo-«,-unsaturated macrolides.

v-Oxo-w,f-unsaturated esters are common to many naturally
occurring macrocyclic antibiotics.! Most of the numerous
methods for incorporating this functionality demand relatively
delicate macrocyclisation techniques and extensive use of
protecting groups.2 A relatively mild and facile intermolecular
Stille cross coupling followed by traditional macrolactonisa-
tion to such compounds has been reported3 but the potential
for direct macrocyclisation by the Stille reaction was not
described. We now report that by employing high temperature
(100 °C) in toluene and high dilution (4 mmol dm-—3)
macrocyclisation via intramolecular Stille cross coupling leads
to highly functionalised macrocycles of ring sizes 11 to 20.

Suitable precursors 5 were readily obtained as follows.
Mitsunobu esterification* of propiolic acid and w-hydroxy
methyl esters 11 (82-94%), followed by Et;B-induced hydro-
stannylation> with Bu”;SnH in benzene afforded quantita-
tively the -stannyl alkenoates 3 as a roughly 1 : 1 mixture of Z-
and E-isomers which were cleanly separated by column

1 w-Hydroxy methyl esters were synthesised from their corresponding
commercially available pB-hydroxy acids except for 1f and 1g which
were formed by Baeyer—Villiger oxidation of cyclooctanone and
cycloheptanone to their lactones followed by BF;-mediated ester
cleavage in methanol.
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Scheme 1. Reagents and conditions: i, propiolic acid (2 equiv.) diethyl
azodicarboxylate (DEAD) (2 equiv.), PPh; (2 equiv.), tetrahydro-
furan (THF), room temp.; ii, Bu"3SnH (1.2 equiv.), BEt; (0.1 equiv.),
benzene, 0.5 h, room temp.; iii, LIOH (1 equiv.), THF-H,O (9: 1), 14
h then acidified to pH 4; iv, (COCl),, catalytic DMF, toluene, ~5 —
10 °C with degassing; v, PhCH,Pd(PPh;),Cl (5 mol%), toluene, 3
atmospheres CO, 100 °C, 4 mmol dm~3 dilution, 7-14 h

chromatography. Regioselective saponification of the methyl
esters 3 with 1 equiv. of LIOH (THF-H;O) and acidification
to pH 4 gave the free acid 4 in excellent yields (>90%) from 3.
These were smoothly converted to the corresponding acid
chlorides 5 in almost quantitative yield with little or no
destannylation by treatment of a 10 mmol dm—3 solution in
toluene at —5°C with (COCl),—cat. dimethylformamide
(DMF) followed by degassing the reaction mixture at 10 °C
with argon prior to solvent evaporation.

Intramolecular Stille couplings were performed in a glass
Fisher-Porter pressure bottle. The vessel was charged with the
palladium catalyst benzylchlorobis(triphenylphosphine)pal-
ladium(m) (5 mol %) in toluene and flushed several times with
carbon monoxide. The substrate (0.2 mmol) was then added
dissolved in toluene to a 4 mmol dm~3 dilution. The bottle was
pressurised to 3 atmospheres of carbon monoxide, transferred
quickly to a preheated oil bath at 100 °C and heated for 7-14 h.
Precipitation of a metallic deposit signalled the reaction to be
complete; the mixture was then cooled, vented, diluted with
diethyl ether and filtered through Celite. The filtrate was
concentrated and the residue purified by column chromato-
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Table 1 Preparation of y-oxo-«,B-unsaturated macrolides 6 and 7

{3-Stannyl-

alkenoate R n Ring size Product Yield (%)
E-5a H 13 20 E-6a 48

E-5b H 9 16 E-6b 53

E-5¢ Me 9 16 E-6¢ 70

Z-5d CeHyp 9 16 E-6d 58

E-5e H 7 14 E-6e 55

E-5f H 5 12 Z-6f 41

E-5g H 4 11 Z-6h, E-7a 32,30
E-5h H 3 20(dimer) E-Tb 58

graphy [SiO, diethyl ether-hexanes (1:5 gradient)] to afford
the macrocyclic products 6 (32~70% ) (Table 1).

Amongst the plethora of naturally occurring y-oxo-o,3-
unsaturated macrolides many are 12-, 14- or 16-membered
and hence this direct method of preparation is attractive. This
is exemplified by E-6¢6f (70%), whose transformation into
macrolide antibiotic (%)-A 26771B 8 has already been
described,” and by the direct synthesis of the patulolide B8
framework, e.g. Z-6f (41%). Substituents larger than methyl
can also be accommodated to provide macrocyclic products in
comparable yields to products obtained from the unsubsti-
tuted precursors, e.g. E-6d (58% ). The amount of monomeric
species was found to decrease considerably when the reaction
was applied to smaller ring sizes (n = 4 and 3, Table 1), and
resulted in the formation of dimers 7a and 7b. This offers a
potential route to macrolide dilactone antibiotics, e.g. pyreno-
phorins.® Another interesting feature was that only
E-geometry products were obtained for products of ring sizes
14 to 20 (Table 1) despite the fact that either E- or
Z-precursors could be used for macrocyclisation, e.g. E- 5¢ —
E-6¢c; Z-5d — E-6d. This can be attributed to the fact that
although the vinyl group transfers with retention of stereo-
chemistry at the double bond from tin to palladium,3t
isomerisation of the «,f-unsaturated ketone product takes
place rapidly under the reaction conditions and ultimately the
thermodynamic transoid configuration is observed in the
coupled product. Further evidence supporting the formation
of the thermodynamic product was seen with ring sizes 11 and
12 where Z-double bond geometry was obtained in the
product (5f and 5g) from their corresponding E-precursors.

The mechanism of the cross coupling can be described as
‘template driven’ by the palladium catalyst, but also of prime
importance is the ‘effective molarity’ as lower yields were
obtained both at high concentrations (50-10 mmol dm—3) due
to intermolecular products, and at low concentrations (2
mmol dm~3) where protodestannylation was predominant.

The optimal temperature and solvent found for intra-
molecular macrocyclisation to y-oxo-o,p-unsaturated esters
differs from that reported for intermolecular coupling of acid
chlorides to organotins where polar solvents have been argued
to play an important role in electrophilic cleavages of
carbon-tin bonds.3¢ Indeed attempted intramolecular coup-
ling of E-5b under the optimised intermolecular conditions3?
(65 °C, 30 h, CHCls, 1 atm CQ) resulted in intermolecular
coupling and destannylation reactions with poor yields
(<20%) of macrocyclised product E-6b. This points to an
important feature for successful Stille macrocyclisation reac-
tions where intermolecular processes effectively compete that
entropic factors should be maximised and enthalpic factors
minimised.

In conclusion, we have found a facile and versatile route to
y-oxo-«,3-unsaturated macrolides of ring sizes 11-20 employ-
ing palladium-mediated cross coupling and have exploited it to
the synthesis of natural products.

1 6c, 4-Oxohexadec-2-en-15-olide, 'H NMR (200 MHz): & 1.30 (3H,
d, J 6.5 Hz, 15-Me), 1.18-1.80 (18H, br, m), 2.43-2.70 (m, 5-H,),
5.01-5.16 (m, 15-H), 6.66, 7.20 (AB, J 16 Hz, 2-H, 3-H).



942

We thank Dr J. Sutherland for his excellent advice and the
Committee of Vice Chancellors and Principals for an ORS
Awardto S. H. R.

Received, 14th March 1991; Com. 1/01222C

References

1 S. Nozoe, K. Hirai, K. Tsuda, K. Ishibashi. M. Shiraska and J. F.
Grove, Tetrahedron Lert., 1965, 1476; R. K. Boeckman. J. Fayos
and J. Clardy, J. Am. Chem. Soc., 1974, 96, 5954; M. Nukina, T.
Sassa and M. Tkeda, Terrahedron Lert., 1980, 21, 301: M. Nukina,
M. Ikeda and T. Sassa, Agric. Biol. Chem., 1980, 44, 2761: K. H.
Michel, P. V. Demarco and R. Nagarajan, J. Antibiotics, 1977, 30,
571; J. Sakiguchi, H. Kuroda, Y. Yamada and H. Okada,
Tetrahedron Lett., 1985, 26, 2341.

2 K. C. Nicolaou, Tetrahedron, 1977, 33, 683, and cited references
therein; G. P. Baraldi, A. Barco, S. Benetti, F. Moroder, G. P.
Pollini and D. Simoni, J. Org. Chem., 1983, 48, 1287: F. Derguini
and G. Linstrumelle, Tetrahedron Len., 1984, 25, 5763; T.
Wakamatsu, S. Yamada, Y. Ozaki and Y. Ban, Tetrahedron Lett.,
1985, 26, 1989; M. Petrini, R. Ballini, G. Rosini and E. Marotta,
Tetrahedron, 1986, 42, 151.

J. CHEM. SOC., CHEM. COMMUN., 1991

3 (a)J. W.Labadie andJ. K. Stille. Terrahedron Letr., 1983, 24, 4283;
(b)J. K. Labadie, D. Teuting and J. K. Stille. J. Org. Chem.. 1983.
48, 4634: (¢) D. Milstein and J. K. Stille. J. Org. Chem.. 1979, 44.
1613.

4 O. Mitsunobu, Synthesis, 1981. 1 (the moditied Mitsunobu condi-

tions used in the coupling of both primary and secondary alcohols to

propiolic acid proved to be superior to a method recently reported:
see L. Balas, B. Jousseaume and B. Langwost. Terrahedron Lett.,

1989. 30, 4525).

K. Nozaki., K. Oshima and K. Utimoto. J. Am. Chem. Soc.. 1987.

109. 2549. (Et;B-induced hydrostannylation of propiolate esters

was effected at room temperature in 1 h. representing an attractive

alternative to a method recently reported, see S. P. Bew and J. B.

Sweeney, Synlert., 1991, 2, 109.)

6 H. J. Bestmann and R. Schobert, Angew. Chem., Int. Ed. Engl.,

1985, 24. 791: S. Bienz and M. Hesse. Helv. Chim. Acta. 1987, 70.

1333.

M. Asaoka, N. Yanagida and H. Takei, Terrahedron Letr., 1980,

21.4611: B. M. Trost and S. I. Brickner. J. Am. Chem. Soc., 1983.

105, 568.

D. Rodphaya, J. Sekiguchi and Y. Yamada. J. Anriobiotics. 1986.

39, 629; K. Mori and T. Sakai, Liebigs Ann. Chem.. 1988, 13.

9 T.K.Ngooi. Z. W. Guo, C.J. Sihand A. Scilimati. J. Org. Chem..
1989, 54, 911 and references cited therein.

W

~

o






