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Abstract—The paper describes a new method of synthesizing biaryls and triaryls through an intramolecular ipso-substitution
reaction initiated by the addition of an aryl radical to a benzyl ether. A tandem variant of the reaction has also been
demonstrated. A short synthesis of isoaucuparin 27, a natural product found in the sapwood tissue of Sorbus aucuparia, is also
described. © 2001 Elsevier Science Ltd. All rights reserved.

Intramolecular radical additions to arenes often pro-
ceed at a useful rate yet generally give rise to complex
product mixtures.1 Buoyed by our successful addition
of an aryl radical to a pyridine during a synthesis of the
alkaloid toddaquinoline, we decided to investigate fur-
ther processes involving radical additions to arenes.2

One such study, in which intramolecular additions of
aryl radicals to benzyl ethers were examined, has
uncovered some intriguing substitution reactions lead-
ing to biaryls.3 In this Letter we present a number of
key observations.

The first substrate examined was benzyl ether 1 which,
on treatment with tributyltin hydride under standard

radical forming conditions, unexpectedly gave phenol 2
as the major product in 46% yield (Scheme 1). Two
minor components, methyl ether 3 and 8-cyanoben-
zo[c ]chromene 4,4 were also furnished in 6% and 27%
yield, respectively. We presume that the reaction pro-
ceeds via a 5-exo-trig cyclisation of 5. The resulting
spirocycle 6 next fragments to 7 to re-establish the
aromatic ring. At this juncture many processes com-
pete. A hydrogen atom abstraction from tributyltin
hydride gives methyl ether 3. The radical intermediate 7
may also add to the arene: a 5-exo-trig cyclisation
leading back to spirocycle 6 while the slower 6-endo/
exo-trig course to 8 ultimately gives benzo[c ]chromene
4.4 The fragmentation process leading to phenol 2 is

Scheme 1.
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Scheme 2.

Scheme 3.

Scheme 4.

less easily rationalized and its formation is the subject
of further investigation.5 Presumably a redox reaction
between 7 and a stannane, or an intermolecular quench
giving rise to a carbon to heteroatom bond, is involved.

Several examples of the reaction have been realized.
For electron deficient arenes the phenol generally pre-
dominates while for the biaryl benzyl ether 9 the major
product formed was benzo[c ]chromene 10 (50%). In
this case phenol 11 accounted for 22% of the mass
balance (Scheme 2). Blocking the 6-endo-trig cyclisation
pathway with two ortho-methyl substituents also
changed the course of the reaction. Thus, exposure of
2,4,6-trimethylbenzyl ether 12 to tributyltin hydride
under standard radical forming conditions gave methyl
ether 13 in good yield. In this case we believe that the
intermediate methylene radical 15 first abstracts a
hydrogen atom from a proximal methyl group to give
16 which is then quenched by tributyltin hydride
(Scheme 3).

Intramolecular hydrogen atom abstraction [akin to
15�16] is presumed to operate when one ortho-methyl
substituent is present on the benzyl ether. Thus, while
benzyl ether 17 gave rise to a complex mixture of

products including phenol 18, methyl ether 19 and
benzo[c ]chromene 20 (Scheme 4), the o-tolyl ether 21
provided biaryl methyl ether 22 as the major product in
47% yield (Scheme 5).

A remarkable tandem variant of this cascade sequence
has also been uncovered. Thus, when applied to diio-
dide 23 the terphenyl 24 was given in 67% yield
(Scheme 6).

Likewise, the reaction has been applied to the synthesis
of isoaucuparin 27, a natural product found in the
sapwood tissue of Sorbus aucuparia (Scheme 7).6 Simply
exposing dimethoxybenzyl ether 25 to tributyltin
hydride under standard radical forming conditions gave
benzo[c ]chromene 26 as the major product together

Scheme 5.
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Scheme 6.

Scheme 7.

with isoaucuparin 27.4 That this was the only phenol
observed in the product mixture is notable from a
mechanistic standpoint.

In conclusion, we have uncovered a new method of
synthesizing biaryls and triaryls through an intramolec-
ular ipso-substitution reaction initiated by the addition
of an aryl radical to a benzyl ether. A tandem variant
of the reaction has also been demonstrated, as has the
method’s utility in target synthesis. We are presently
investigating further extensions of the reaction and are
seeking to apply it in some more demanding total
synthesis programs.

Acknowledgements

The authors thank Pfizer Global Research and Devel-
opment and the EPSRC for their financial support
through an Industrial CASE award (to MITN) and a
Quota studentship (to NAN).

References

1. For recent examples of intramolecular radical ipso-substi-
tution reactions, see (a) Senboku, H.; Hasegawa, H.;
Orito, K.; Tokuda, M. Tetrahedron Lett. 2000, 41, 5699;
(b) Amrein, S.; Bossart, M.; Vasella, T.; Studer, A. J. Org.
Chem. 2000, 65, 4281; (c) Tanaka, T.; Wakayama, R.;
Maeda, S.; Mikamiyama, H.; Maezaki, N.; Ohno, H.
Chem. Commun. 2000, 1287; (d) Wakabayashi, K.; Yorim-

itsu, H.; Shinokubo, H.; Oshima, K. Org. Lett. 2000, 2,
1899; (e) Bonfand, E.; Forslund, L.; Motherwell, W. B.;
Vazquez, S. Synlett 2000, 475; (f) Studer, A.; Bossart, M.;
Vasella, T. Org. Lett. 2000, 2, 985; (g) Clive, D. L. J.;
Kang, S. Z. Tetrahedron Lett. 2000, 41, 1315; (h) Clark, A.
J.; De Campo, F.; Deeth, R. J.; Filik, R. P.; Gatard, S.;
Hunt, N. A.; Lastecoueres, D.; Thomas, G. H.; Verlhac, J.
B.; Wongtap, H. J. Chem. Soc., Perkin Trans. 1 2000, 671;
(i) Amii, H.; Kondo, S.; Uneyama, K. Chem. Commun.
1998, 1845; (j) Crich, D.; Hwang, J.-T. J. Org. Chem. 1998,
63, 2765; (k) de Mata, M. L. E. N.; Motherwell, W. B.;
Ujjainwalla, F. Tetrahedron Lett. 1997, 38, 141; (l) de
Mata, M. L. E. N.; Motherwell, W. B.; Ujjainwalla, F.
Tetrahedron Lett. 1997, 38, 137; (m) Rosa, A. M.; Lobo,
A. M.; Branco, P. S.; Prabhakar, S. Tetrahedron 1997, 53,
285.

2. (a) Harrowven, D. C.; Nunn, M. I. T.; Blumire, N. J.;
Fenwick, D. R. Tetrahedron Lett. 2000, 41, 6681; (b)
Harrowven, D. C.; Nunn, M. I. T. Tetrahedron Lett. 1998,
39, 5875.

3. For related radical ipso-substitution reactions developed
within our group, see (a) Harrowven, D. C.; Browne, R.
Tetrahedron Lett. 1995, 36, 2861; (b) Harrowven, D. C.;
Browne, R. Tetrahedron Lett. 1993, 34, 5653.

4. The synthesis of benzo[c ]chromenones from benzyl bro-
moaryl ethers (28�31) has recently been described: Bow-
man, W. R.; Mann, E.; Parr, J. J. Chem. Soc., Perkin
Trans. 1 2000, 2991. The mechanism proposed to account
for this observation involved 5-exo cyclisation (28�29)
followed by a neophyl rearrangement (29�30).
As aryl iodide 1 and 9, respectively provide benzo-
[c ]chromenones 4 and 10 rather than benzo-
[c ]chromenones 32 and 33 [NOE studies showing enhance-



Ph

O

10
O

X

32  X = CN
33  X = Ph

O

4

CN

n.O.e O

26

OMe

OMe

O

34

MeO OMe

weak

observed
n.O.es

n.O.e

D. C. Harrow6en et al. / Tetrahedron Letters 42 (2001) 961–964964

ment of an aromatic singlet on irradiation of the OCH2

signal] the course outlined in Scheme 1 is implicated. The
identity of 26 has likewise been confirmed by NOE
(GOSEY) experiments, providing further evidence in
favour of the sequential 5-exo cyclisation–fragmentation–
6-endo/exo cyclisation mechanism (a neophyl rearrange-

ment would give 34).
5. Andrulis, Jr., P. J.; Dewar, M. J. S.; Dietz, R.; Hunt, R. L.

J. Am. Chem. Soc. 1966, 88, 5473.
6. (a) Kokubun, T.; Harborn, J. B.; Eagles, J.; Waterman, P.

G. Phytochemistry 1995, 40, 57; (b) Kokubun, T.; Har-
borne, J. B. Phytochemistry 1995, 40, 1649.

.
.


