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Highly reactive aryl radicals can selectively be reacted with a broad variety of activated and nonactivated olefinic substrates in the presence
of nitroxy! radicals. Direct recombination of the aryl radical and the nitroxide as well as telomerization of the olefin is successfully suppressed
by the reaction conditions.

Aryl and vinyl radicals represent the most unstable and ions?® In contrast to the classical Meerwein reaction, where
highest reactive species in the group of carbon-centeredaryl radicals add to activated electron-deficient olefins,
radicals. Due to this reactivity, conversions of aryl radicals similar conversions with nonactivated alkenes were believed
are often complicated by numerous side reactions, and theirto be troublesome due to significantly lower addition r&tes.
application in organic synthesis has remained limited to a Low velocity can be counterbalanced by shifting to an
number of processes. Sandméyamnd Meerweif reactions intramolecular reaction type. The synthetically usefeh®-
as well as iodine-transfébased conversions are efficient cyclization of 2-(allyloxy)phenyl radicalsfor example, has
methods since the rate constants for the reaction of the arylbeen used as a radical clock reaction.
radical with the desired target molecule are sufficiently high  In this Letter, we would like to present a new reaction
so that side processes such as hydrogen abstraction or biarythat relies on the efficiency ahtermoleculararyl radical
coupling are suppressed. addition to a wide range of olefinic substrates. Our interest
More recently, aryl radicals have been successfully in this field was driven by previous results from carbodia-
employed by Porta for selective hydrogen transfer from zenylation reactiorfsas well as by competition experiments.
tetrahydrofurarfsas well as for addition reactions to iminium
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In these experiments we compared the addition rates of aryleffect (PRE)'° the process described herein depends on the
radicals toward different types of olefins and found that in reduced reactivity of nitroxyl radicals. To determine the scope
aqueous DMSO aryl radicals add to allyl acetate only ten and limitations of the reaction, we conducted the following

times slower than to the activated alkene ethyl acrylate diversity-oriented study including different types of aryldia-
(Scheme 1, see also the Supporting Information). The zonium saltsl, TEMPO @), and various olefin8 (Table

Scheme 1. Competitive Addition of Aryl Radicals to Ethyl
Acrylate and Allyl Acetate
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persistent tetramethylpiperidine-oxyl radical TEMPO was
used to trap the intermediates arising from the addition

10

stepl®13From these results one can estimate rate constants

of k= 3 x 10/ M1 s7! (23 °C) for the addition of aryl
radicals to nonactivated, monosubstituted oleth3his
finding correlates well with the values found by Ingold and
Lusztyk (k= 2 x 10" M~1 s71),15 but the rate is far higher
than reported elsewhere (values starting floe 10° M1
s1).8% Ingold and Luszty® moreover pointed out that
agueous solvents are a critical element for controlled
reactions of aryl radicafs.All observations from our recent
studies fully support this statement.

Surprisingly good overall yields (5670% based on the

1).

Table 1. Scope and Limitations of Carboaminohydroxylafién

olefins 3
diazonium 3a: 3b: 3c:
salts 1 R2=COzEt RZ?=CH0Ac R2Z=O0Ac
la: R! = p-OMe 4a (68%) 4b (48%) 4c (60%)
1b: R'=p-F 4d (62%) 4e (64%) 4f (62%)
1c: R =0-COsMe 4g (63%) 4h (47%) 4i (48%)

a8 Reactions conducted according to the standard procedure (see ref 20).
bYields after purification by column chromatography.

The yields obtained from the nine experiments show that
all combinations led to synthetically useful results. Addition
of ascorbic acid to the reaction mixture prior to workup

diazonium salt used as the source of the aryl radical) andsignificantly facilitated product isolatioh.

only small amounts (<15%) of aryl-TEMPO adducts were
formed in the competition reactions.

At this point, we felt that the significantly reduced
reactivity of nitroxyl radicals in polar hydrogen-bonding
solventst® which allows olefins to act as competing sub-

Interestingly, the reactions including ethyl acrylaga)
(Table 1, column 2) do not generally give the best yields,
although they are favored in two ways: first by the fast
addition of the aryl radical to the olefin and second by the
fact that carbodiazenylation (radical trapping by an aryl

strates, could advantageously be used for the developmentliazonium salt) is not a competing procéd3 The carbo-

of a new synthetic method. The type of functionalization

diazenylation accounts for the slightly decreased yields of

that results from the competition reactions can be described4h and 4i, as it is favored by both the reactive diazonium

as carboaminohydroxylation. While previous methodology
developed by Stud&r*®is based on the persistent radical
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saltlc and the nucleophilicity of the intermediate alkyl and
alkoxy radicals arising from aryl radical addition to allyl
acetate (3b) and vinyl acetate (3¢3.

We then applied the carboaminohydroxylation conditions

Carbohydroxylatiof? products can be obtained from the
hydroxylamines4 by reduction with zinc in acetic acfd.

We exemplified this by convertingb and4g to bisacetate

6 and oxoisochromang, respectively. Lactones of typé

to additional substrates, which further proved the general are known as core structures of a number of bioactive natural

applicability. The productdj—n obtained from the reactions
of the aryldiazonium saltsa and1b with acrylonitrile, N,N-
dimethylacrylamide, and styrene are shown in Figure 1.

Figure 1. Products from the carboaminohydroxylation of acry-
lonitrile, N,N-dimethylacrylamide, styrene, vinylcarbonate, methyl
1-cyclohexene-1-carboxylate, and phenylacetylene (FME2,6,6-
tetramethylpiperidine).

Carboaminohydroxylation of vinylcarbonate proceeded with
moderate diastereoselectivity (4m, dr 722:28), but with

methyl 1-cyclohexene-1-carboxylate only one product isomer

was dectected in th#H NMR spectrum before purification

products (Scheme 2.

Scheme 2. Conversion of Alkoxyamines to
Carbohydroxylation Products
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In summary, we have shown that aryl radicals can be used
as carbon equivalents in carboaminohydroxylation reactions
due to the decreased reactivity of nitroxide radicals in polar
solvents. The described process significantly enlarges the
product pattern of radical olefin functionalizations. The broad
variety of olefinic substrates which are tolerated and the mild
reaction conditions show that this newly developed meth-
odology is of general value for synthetic organic chemistry.
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