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Diaryl ethers are important structures found in both nature
and biologically active compounds. Some diaryl ethers exert {7 32

considerable pharmacological activity, such as perrottetines, -~
onsigeranle p gica activity el Q v e Qo Qe
riccardin B, and marchantin quinone, all of which influence A u Nsy

N N R

blood coagulatiort;the antiviral cyclic peptide K-13;and B
the glycopeptide antibiotics Vancomycin, Teicoplanin, and Br /@/F

Complestatirf.® Until recently, the synthesis of diaryl ethers ON

having sensitive groups remained a challetigel herefore, Me Br
diaryl ethers are a promising class of potentially useful 35 3{6y R=H 3(8)
pharmacologically active compounds, and their synthesis in 373 R=CF;

liquid phase, particularly by nucleophilic aromatic substitu-

. - . Scheme 2.Ullmann-Type Reactions on a Solid Support
tion and Ullmann-type reactions, has found widespread yp ' 'a-=>upp

application in organic chemist&The solid-phase synthesis O/\EAP*‘ Qe
of diaryl ethers mainly focuses on nucleophilic displacement N CuBrsSMe;, K,CO;4 Non
of fluoronitroarenes in an intermolecular or intramolecular @fB’,, "o e gnine @,o N
sense, furnishing 2913-1%14-11"1315-, 16-1%1214and 17- F \Q ) T by \Q ,
membered ring$t as demonstrated in the total synthesis of R R esN : :
OF 4949 Analogously, cyclic alkylaryl ethetsand thio- 304 HB e Chc, S48
etherd® were synthesized using this strategy. Mem“‘%ﬂs% Method B “';Z’AZTCF'?
Results and Discussion N Nz" CF3COy
%Oz 07
We were intrigued by the possibility of generating diaryl |/ = \ \| o = \l ,
ethers on solid supports using the Ullmann reaction variant R' R* R R
6{1-4,1-8) 7{1,6} and 7{2,6}

reported by Nicolaou et al.since this reaction is particularly
suitable for the synthesis of triazenyl-substituted diaryl ether . . . .
and has been used in the total synthesis of the glycopeptide®® Synthetic step in large quantities (Schem&)Five
antibiotic Vancomycir:7 The reaction temperature required  different anilines' were immobilized on benzylamine-

is in contrast to classical Ullmann conditions compatible with substituted Merrifield resin under standard conditions using

: " . :
solid-phase chemistry. Triazenes are masked diazonium iondMiS route?? The loadings were determined by elemental

and are convertible to a broad range of heterocytflds. ~ analysis. _ _

this manuscript, we disclose the first solid-phase Ullmann The Nicolaou variant of the Ullmann reaction was per-

Nicolaou reaction. formed on the resin8{1—4} (500-mg scale) at 7585 °C
The requiredortho-halo triazene resind{1-6} were in acetonitrile/pyridine or dimethylformamide/pyridine for

synthesized via optimized procedures from anilines and 36—48 2 with 1.1-5.0 equiv of eight different phenols
arylmethylaminomethyl polystyrenes, which are available 4{1—8}*" in the presence of the soluble copper complex

from chloromethylated polystyrene{2% cross-linked) in ~ CuBr-SMe; (1 equiv) (Scheme 2). During the reaction, a
color change of the resin from a slightly reddish color into

* Corresponding author. Fax:+49-721-608 8581. E-mail: Braese@ a deep red color was observed. Heteroatoms such as nitrogen

loc.uka.de. . . or oxygen atoms and simple functional groups (double bonds,
T KekuleInstitut fur Organische Chemie, Bonn. id . h h l . | d:
*New address: Cynora GmbH, Herzogenrath. Germany. amiaes, a}m'nes) at _t e phenolic moiety were tolerated,;
§ Institut fir Organische Chemie, Universitarlsruhe (TH). however, it was puzzling to note that extension to mono and
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Table 1. Functionalized Azido Diaryl Ether Prepared
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a|solated yield of purified material over three steps based on the loading of the Merrifield resin used (see Supporting Information). 5%
TFA, 5% MgSiN;, CH,Cl,, 5 min.

dichlorphenolsm-nitrophenol, and substituted salicylalde- We were pleased, however, to find that even the dibro-
hydes failed at this point with all resins and under various minated resin3{4} underwent coupling with different
reaction temperatures (6@00 °C) and times (1296 h). phenols to give bisaryloxy resins in moderate to excellent

Only the unreacted bromo derivatives were isolated after theyields. In addition, we examined the influence of the triazene
cleavage (vide infra). This is in sharp contrast to the reaction moiety on the regioselectivity of the UllmaniNicolaou
reported with bromoaryltriazenes in liquid phasé. is variant (Scheme 3). Thus, resiB{8} with two bromo
possible that this is due to the higher acidity and, hence, residues was subjected to the diaryl ether-forming reaction.
lower nucleophilicity of the electron-poor phenols. Subsequently, a Suzuki cross-coupling was performed under
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Scheme 3.Regioselective Ullmann Reaction and Subsequent Suzuki Reaction on a Solid Support Using Dibron®{ &esin
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37% yield
>95% purity

Scheme 4. Nucleophilic Displacement on a Solid Support

will give access to highly functionalized small molecule
Using Fluoronitro Resing{6}, 3{7}

libraries.

0\” O,\SAA’ The first solid-phase synthesis of diaryl ethers using the
;if:;yr °N OMe Ullimann—Nicolaou reaction starting from bromoaryl tria-

j/ \@v\ 85°C, 72h /@/O\Q\/\ zenes is presented. Highly substituted diaryl ethers were

ON = obtained in high purities and moderate to excellent overall

306} Ar= 5(6.61 Ar = Ph yields after cleavage from the resin. A simple workup

37} Ar= pFJCC5H4 5{7,6}: Ar = pF;CCgHy4 procedure to remove the contamination by copper salt, simple
and readily accessible building blocks (2-bromoanilines,
standard conditions. After cleavage (see below), the desiredphenols), mild reaction conditions, and avoidance of carci-
diaryl ether was isolated in excellent purity, showing that nogenic triazenes in liquid phase are key features of this
this Ullmann variant works only orortho-triazenylaryl- process. The presented work substantially extends the
halides. chemical transformations to be carried out on solid supports

After the copper-mediated reactions, copper salts wereto give diaryl ethers in which two building blocks and the
efficiently removed using extensive washing with a solution cleavage method can be varied.

of sodium diethylaminodithiocarbamate (Cupral) in DMF

(5%) 24 Subsequently, the resins were washed with different Acknowledgment. Our work was supported by the

polar and nonpolar solvents (see Supporting Information). peutsche Forschungsgemeinschaft (BR1750-2, Graduierten-
To compare this method of diaryl ether formation with  |o|leg 804) and Fonds der Chemischen Industrie. We also

other strategies, diaryl ethers were also prepared via nucleothank the BASF AG, Bayer AG, and Calbiochem-Novabio-
philic substitution on the Sanger-type nitrofluoroaryl resins chem AG for the donation of chemicals.

3{6} and3{7}.2°> Starting from resir8{ 6} or 3{7}, reaction

of the model phenol{6} yielded the diaryl ether resins
5{6,6} and 5{7,6}, respectively. The use of potassium
carbonate proved to be most efficient for complete conver-
sion (Scheme 4).

The cleavage of resin§ (300—500 mg) yielding the
azides6 was carried out with trifluoroacetic acid (5%) in
the presence of trimethyl silyl azide {5%) (Scheme 2,
cleavage method AF The novel azide$ (~17 to 80 mg)
were obtained in purities 90% and yields between 34 and
95% without further purification, as judged by integration
of the GC or'H NMR signals.

Alternatively, cleavage of the resiBavas performed with
5% trifluoroacetic acid in dichloromethane to yield stable
diazonium salts/ (Scheme 2, cleavage method B), which
could be investigated spectroscopically (see Supporting
Information).

CF5COy

SacIN

7{1,6}

CF4CO, Ny*

7{2,6}

Due to the numerous possibilities achievable with both
azides® and diazonium salts in liquid phase, these methods

Supporting Information Available. Experimental details
and results and compound data are available as supporting
Information. This material is available free of charge via the
Internet at http://pubs.acs.org.
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