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Receved October 16, 2000 Table 1. Palladium-Catalyzed Synthesis of Cyclic Aryl Ethers

Several years ago we reported on the intramolecular cyclization =™ Substiate mote pa” _Temp (©) Product Yield”
of tertiary alcohols to form five- and six-membered oxygen ' ©:\/OH X= & 2 50 E:@ 85 (82)
heterocycles (Scheme 13.The optimal cyclization conditions 2 X X=Cl 2 50 7
involved the use of either DPPF or Tol-BINAP as the bidentate CHy
ligand, K,CO; or NaQ-Bu as the base, and toluene as the solvent ° C@/H ® 80 ©;§~CH3 7S
at 80—-100°C. Application of this method for the cyclization of
primary and secondary alcohol substrates was largely unsuccessful * (I\/\O” Xz 2 50 Ej\/oj 8 72)
due to the formation of the debrominated ketone or aldelB/de 5 X x=a 2 85 85

For example, efforts to cyclize 2-bromophenethyl alcohol under

these conditions resulted in the formation of phenylacetaldehyde
as the major product. To overcome this problem it was necessary
to discover a new ligand that would interchange the relative rates

of reductive elimination ang-hydride elimination of the key
intermediateA.

We recently showed that bulky, electron-rickbiphenyl
phosphines were effective in a variety of Pd-catalyzed cross-
coupling reactions. Attempts were made to apply these and
related ligands to cyclize 2-bromophenethyl alcohol and it was
found that the ligands containing a ®@irt-butylphosphino moiety

tended to be much more effective than others. The most general

catalyst system found was the binaphthyl ligandn addition,
both a novel phenanthrene-based ligéndnd dimethylamino-
phosphine3 were found to be useful in many cases. Our
previously reported ligand, commercially available 2tati-
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8 ©i\/kOH X=8Br 3 85 C(j\: 79 (83)
9 X X =0l 3 80 0" ™CHy 7582
10 @[\/\/OH X = Br 2 70 m 73
1 X X=Cl 2 70 74
12 H X=8Br 3 80 71
13 Hy X=0 3 80 65
Hs

@ Reaction conditions: 23 mol % Pd(OAc), 1.5 equiv of CsCOs,
2.5-3.5 mol % ligandL in toluene. Yields in parentheses were obtained
by using4 and were carried out at 8tC. ° Yields refer to average
isolated yields of 2 runs.

butylphosphinobiphenyl4), could be successfully employed in
several instances, but catalysts based on it were less generally
effective than the others.
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As shown in Table 1, five-, six- and seven-membered oxygen
heterocycles were formed in good yield. Both aryl bromides and
aryl chlorides were effectively transformed, although reactions
of aryl bromides were more rapid and proceeded more cleanly
than those of the corresponding aryl chlorides. Primary alcohols
cyclized more easily than secondary alcohols which required
higher temperatures and higher quantities of catalyst to go to
completion.

The most general catalyst system was that derived from the
novel binaphthyl ligandl. Reactions usind also proceeded at
consistently lower temperatures than when other ligands were
employed. While4 was efficient for the cyclization of primary
and secondary alcohols to five- and six-membered heterocycles,
its use for the cyclization to seven-membered oxocycles was
ineffective.
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Table 2. Palladium-Catalyzed Synthesis of Heterocycles Scheme 2

a > - 9]
Entry Sugstrate Ligand®  Temp. (G Produrg Yield H 1 mol% Pd, (dba)s
, ©i ~"~0H 3 70 @[ j 81 o] Me__ 25mol%3 @on -
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70°C
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C( ~~"N0H 1 50 @[Nj 84 95% yield
4 Z ~Br H

EHa o Scheme 3
s Cr ~0H 2 70 @[Nj 74
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@ Reaction conditions: 2 mol % Pd(OA¢)L.5 equiv of CgCO;s, ©\/\Q In /
0
Pd

2.5 mol % ligand in tolueng. Yields refer to average isolated yields
of 2 runs. i
L

A major incentive for this work was the preparation of  Animportant issue in this work was the development of ligands
heterocycles that contain multiple heteroatoms in the ring that is tgr which ke.> ks_n (Scheme 3). It is interesting to note that
undergoing construction. The importance of such compounds is yjith L = 4 for n = 1, 2 this requirement is met, but not when
apparent from their numerous applicatidisAs such, we = 3 |n the latter case the intermediate is an eight-membered
undertook a study to ascertain whether our newly developed pajladacycle. These results are in accord with previous work in
process could be applied to the synthesis of this type of which g-hydride elimination shows a strong dependence on the
heterocycle. As is evident from the results presented in Table 2, ring size of the metallacycleln the case of larger metallacycles,
the method is effective in a number of instances. the energy price paid to achieve the necessary conformation for

In addition, as shown in Scheme 2, we were able to cyclize -hydride elimination is considerably reduced.
optically active alcohols to optically active cyclic ethers with In conclusion, we have developed a palladium-catalyzed
complete conservation of enantiomeric purity. In the case of synthesis of aryl ethers involving primary and secondary alcohols.
reaction 2, the use of higher temperatures or less catalyst led tojn addition, cyclization of enantiopure alcohols results in cycliza-
formation of product with a decreased ee. Presumably this occurstion without racemization under these reaction conditions. Further
by a pathway analogous to the situation in the related\®ond- studies are underway to extend the scope of these and related
forming process. metal-catalyzed processes and to ascertain the reasons for the
special efficacy of catalyst systems employihg
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