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Effect of ether versus ester tethering on Heck cyclizations
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Abstract—Ether tethers allow Heck cyclizations to proceed in high yields. Ester tethers lead to low yields. Styrene trapping experi-
ments indicate that ester reactions form viable organopalladium intermediates that cannot cyclize efficiently.
� 2005 Elsevier Ltd. All rights reserved.
Heck cyclizations1 to form a six-membered ring
were investigated for the synthesis of the phenanthri-
done alkaloid (+)-pancratistatin and analogs.2 Model
ether-tethered and ester-tethered cyclizations were
studied (Scheme 1). Allyl 2-iodobenzyl ether (1),3 allyl
2-iodobenzoate (3),4 cyclohexenyl 2-iodobenzyl ether
(5),5 and cyclohexenyl 2-iodobenzoate (7)6 were sub-
jected to previously-studied Heck conditions [Pd(OAc)2
(10 mol %), PPh3 (20 mol %), Et3N (2 equiv), AgNO3
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Scheme 1. Reagents and conditions: (a) Pd(OAc)2 (10 mol %), PPh3 (20 mo
(10 mol %), KOAc (2 equiv), Bu4NBr (1 equiv), 4 Å MS, DMF, 80 �C. (c) PC
(20 mol %), Et3N (2 equiv), AgNO3 (1 equiv), MeCN, 80 �C.
(1 equiv), MeCN, 80 �C],2 and the products were isolated
by flash chromatography. For ether-tethered aryl iodides
1 and 5, cyclization gave high yields of products 2a+2b7

and 6a+6b8 (Table 1). Ester-tethered aryl iodides 3 and 7
gave only unreacted starting material and deiodinated,
uncyclized products 9 and 10. Ester-tethered cyclization
products 49 and 8a+8b8 were produced in trace amounts.
Oxidation10 of cyclic ethers 6a+6b with PCC provided
cyclic esters 8a+8b in good yield (59%).
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l %), Et3N (2 equiv), AgNO3 (1 equiv), MeCN, 80 �C. (b) Pd(OAc)2
C, Celite, CH2Cl2, rt. (d) Styrene (3 equiv), Pd(OAc)2 (10 mol %), PPh3
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Figure 1. Proposed unproductive intermediate, with favored conformer 14 and unfavored conformers 15 and 16.

Table 1. Reaction of tethered substrates in Scheme 1

Substrate Conditionsa/time Product yieldb (%) Isomer ratioc

1 a/8 h 2a+2b (81)c 2a/2b: 82/18
3 a/8 h 4 (3)c 3 (22)d 9 (2)d

3 b/24 h 4 (0) 3 (0)d

5 a/8 h 6a+6b (93)c 6a/6b: 77/23
7 a/8 h 8a+8b (0) 7 (64)d 10 (13)d

7 a/24 h 8a+8b (13)c 7 (50)d 10 (14)d 8a/8b: 59/41
7 b/24 h 8a+8b (34)c 7 (0) 8a/8b: 78/22
6a+6b c/5 d 8a+8b (59)
1 d/24 h 11 (0) 2a+2b (56)
3 d/24 h 12 (45)
7 d/24 h 13 (82)

a See Scheme 1 for reagents and conditions.
b Isolated yields after column chromatography.
c Note, double-bond rearrangements in cyclized products; isomer ratio determined by 1H NMR.
d Starting material isolated; yield of deiodinated material determined by 1H NMR.
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Jeffery conditions [Pd(OAc)2 (10 mol %), KOAc (2 equiv),
Bu4NBr (1 equiv), 4 Å MS, DMF, 80 �C] improve inter-
molecular and intramolecular Heck reactions.11 The
Jeffery modification differs from standard Heck-type
conditions in the use of tetraalkylammonium salts, and
in some cases the absence of a phosphine ligand. Jeffery
conditions promoted the cyclization of ester 7 to esters
8a+8b in modest yield (34%). For ester 3 under Jeffery
conditions no significant formation of ester 4 was
observed but starting material was consumed and a
mixture of incompletely-characterized materials was
isolated indicating several side reactions including either
ester hydrolysis and/or palladative ester deallylation.12

Previously suggested reasons for the success of the
Jeffery conditions include assisted regeneration of zero-
valent palladium catalyst,11 smaller coordination sphere
about the palladium13 and accelerated reactivity of an
anionic palladyl intermediate.14

One plausible explanation of the ester versus ether
results is that oxidative addition of palladium to the aryl
iodide bond occurs in all cases but only ether-tethered
compounds cyclize efficiently. Styrene trapping experi-
ments were performed to test for the formation of cycli-
zation-impaired ester intermediates such as 14, 15, and
16 shown in Figure 1.15 Compounds 1, 3, and 7 were
treated to standard (non-Jeffery) Heck conditions with
an excess of styrene16 (Scheme 1). Allyl ether 1 cyclized
to 2 with no incorporation of styrene. Esters 3 and 7
again gave no cyclization products. Instead, high yields
of styrene-inserted ester products 12 and 1317 were
formed. This indicates that competent palladium inter-
mediates are formed in all cases, but only ether-tethered
compounds cyclize efficiently. Ester-tethered com-
pounds in the absence of the styrene trap get stuck at
the palladium–aryl intermediate which presumably
decomposes, either slowly or on workup, to produce
deiodinated uncyclized 9 or 10.

Ester conformational effects provide a plausible expla-
nation for the inefficient cyclizations of ester-tethered
compounds. An ether tether has a rotation barrier com-
parable to an aliphatic chain, only 3–5 kcal/mol. Thus,
it is easy for the palladium–aryl intermediate in an
ether-tethered compound to find the alkene and com-
plete a cyclization reaction. In contrast, ester C–O single
bonds are rotationally restricted, with possible Z confor-
mations (such as 14) and E conformations (such as
15).18 The Z conformation is preferred—for example,
the Z conformation for phenyl benzoate is favored over
the E by 5–6 kcal/mol, with a rotation barrier of
10–13 kcal/mol.19 Thus, the conformational equilibrium
of intermediates such as 14 and 15 (Fig. 1) strongly
favors 14, which cannot cyclize. In addition, conformer
15 may be further disfavored due to the steric effect of
bulky ligands on the palladium. Finally, the alkene com-
plex 16 may be strained, further disfavoring cyclization.
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