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Abstract: A new synthetic method for the preparation of multisub-
stituted benzopyrans that involves an intramolecular conjugate ad-
dition of allyloxy anions to diphenylphosphinoyl-substituted
benzene rings is described. The intermediate anion is trapped with
electrophiles providing benzopyrans that are readily oxidized with
O2 to intermediates containing a peroxide that is easily converted
into benzopyran-2-ones (i.e. coumarins).

Key words: nucleophilic aromatic additions, cyclizations, ben-
zopyrans, coumarins

During studies aimed at developing new 3,3¢-disubstituted
biphenyl-2,2-diylbis(diphenylphosphine) (BIPHEP) and
2,2¢-bis(diphenylphosphino)-1,1¢-binaphthyl (BINAP)
ligands,1 we discovered a new reaction involving an in-
tramolecular nucleophilic aromatic addition of an allyl-
oxy anion to diphenylphosphinoyl-substituted benzene
rings (Scheme 1). The resultant intermediate, diphen-
ylphosphinoyl-stabilized anion, can react in situ with a va-
riety of electrophiles resulting in the formation of
multisubstituted benzopyran derivatives 2–4 depending
on the substituents present in 1. Further air oxidation of 4
led to peroxide 5 that was easily converted into coumarin

6 thereby providing a new preparation2 of this ubiquitous
class of natural products which often display a wide range
of biological activity.2a,3 The scope and limitations of this
new reaction is described herein.

Although treatment of allyl-protected phenol 1a with
LDA (THF, –78 °C) followed by the addition of I2 gave
the expected iodinated product 7 (Scheme 2), allyl-pro-
tected phenol 1b under identical conditions provided 8.
The structure of compound 8 was initially assigned using
1H and 13C NMR spectra and MS data; however, attempts
to grow crystals of 8 under an atmosphere of air resulted
in the formation of a new compound (by 1H NMR spec-
troscopy). X-ray crystallography (Figure 1) indicated the
newly formed compound contained a peroxide and had
the structure 9. Since something unique was happening
when 1b was treated with LDA followed by I2, we decided
to investigate the mechanism of this reaction.

Since methallyl-protected phenol 1c exhibited similar be-
havior to 1b when treated with LDA and I2 (giving 10), we
decided to study the mechanism of this reaction using 1c
since 10 was less prone to oxidation to its corresponding
peroxide (not shown). Treatment of 1c with LDA/THF at

Scheme 1 Reagents and conditions: (a) LDA, THF, –78 °C; (b) H+ source; (c) RCHO; (d) I2; (e) O2, r.t.; (f) Ac2O, DMAP.
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–78 °C for four hours followed by the addition of H2O (or
D2O) gave a mixture of three compounds (3.2:2:1 ratio) of
which the major isomer 11 crystallized and was analyzed
by X-ray crystallography (Figure 2). Two other compo-
nents of the mixture were identified as cis-11 and a double
bond isomer of 11.4

Figure 1 X-ray crystal structure of 9

Figure 2 X-ray crystal structure of 11

To determine if the initial site of deprotonation with LDA
was on the methallyloxy group or the aromatic ring fol-
lowed by an anionic migration to the methallyl group, 1c
was premixed with TMSCl5 and then treated with LDA in
THF at –78 °C (Scheme 3). A mixture of four compounds
was obtained with the two major isomers being assigned
12 and 13 (1:1). The other two isomers were 12 and 13
with an additional TMS group on one of the aromatic
rings of the diphenylphosphinoyl moiety. This result indi-
cated that LDA initially abstracted a proton from the
methallyl group in 1c. Further evidence to support a direct
hydrogen abstraction from the methallyl group was real-
ized when 14 (containing two deuterium atoms) was treat-
ed with LDA at –78 °C. Again a mixture of three isomers
was obtained with 15 being isolated as the major product.
Compound 15 contained the two deuterium atoms that
were present in 14 confirming that LDA was not initially
abstracting a proton from the aromatic ring in 14 (or 1c).

Based on the evidence above, we propose the following
mechanism for this new cyclization (Scheme 4). Abstrac-
tion of a methallyl proton in 1c (or allyl proton in 1b) by
LDA leads to an anion that undergoes a nucleophilic at-
tack on the aromatic ring para to the POPh2 group, result-
ing in stabilized anion 16. This anion can either pick up a
proton (or deuteron) upon workup with water to form 11
(as a mixture of configurational and double bond isomers)
or react with I2 to form intermediate 17 that eliminates HI
upon workup to regenerate the aromatic ring giving 10.
While there have been sporadic reports involving aryl an-
ions and t-BuLi adding to aromatic rings containing a
diphenylphosphinoyl moiety, these have been reported as
unwanted side reactions during various lithiation attempts
of BINAP(O),6a triphenylphosphine oxide,6b and 2-
(diphenylphosphinoyl)naphthalene.7 The steric influence
of the dimethyl acetal group must result in the diphen-
ylphosphinoyl rotating in such a way as to block abstrac-
tion of the aromatic proton at C2 in 1b and 1c resulting in
abstraction of the allylic or methallylic proton. With the
absence of the acetal group in 1a, the diphenylphosphi-
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noyl group acts as an ortho-lithiation director7 resulting in
the expected abstraction of the C2 proton leading to 7
when the anion is treated with iodine.

We then investigated whether anion 16 could be used in
situ to perform Horner–Wittig reaction8 with a variety of
aldehydes. Treatment of anion 16 (formed by treating 1c
with LDA at –78 °C in THF) with benzaldehyde at –78 °C
followed by warming the mixture to room temperature re-
sulted in the formation of 19a9 (R = Ph) in 62% yield after
workup with water (Scheme 5). Interestingly, compound

18 (R = Ph) could not be isolated as it immediately
isomerized to 19a (R = Ph) during workup. The in situ
Horner–Wittig reaction was found to be a general reac-
tion. Three other aldehydes reacted with 16 to provide
benzopyrans 19b–d in reasonable yields (58–64%) after
purification (Scheme 5).10

With the above results in hand, we turned to expanding
the scope of this reaction by investigating what type of
groups could be tolerated on the allyl moiety. Initially, we
investigated the effect of groups at the C2 position of the

Scheme 3
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allyl group (Scheme 6). Compounds 20–23 provided 24–
27,11 respectively, with yields ranging from 59–67%. Un-
fortunately, substitution of the allyl group at C1 and C3 or
just at C3 shut down the cyclization reaction in favor of
the LDA abstracting a proton from one of the phenyl rings
attached to the diphenylphosphinoyl group.

The presence of the dimethylacetal group in compounds
1b, 1c and 20–23 is necessary since in its absence, LDA
just abstracts the aromatic proton ortho to both the allyl-
oxy and the Ph2P=O groups (see 1a → 7, Scheme 2). We
reasoned that the presence of a functional group between
the allyloxy and Ph2P=O groups might lead to a cycliza-
tion in the absence of the dimethylacetal group. This was
realized when compound 28 was treated with LDA at
–78 °C and the resulting anion was subsequently treated
with I2 (Scheme 7) providing the expected product 29 in
77% yield. Finally, the reaction was not restricted to sub-
stituted benzene rings as naphthalene 30 cyclized as ex-
pected to give 31 (Scheme 7) thus expanding the scope of
the cyclization reaction.

As noted above, benzopyran 8 was unstable in air and ox-
idized readily to peroxide 9 (Scheme 2). We took advan-
tage of this reaction to prepare some benzopyran-2-ones

(Scheme 7). Stirring an acetone solution of 24 and 25 un-
der an atmosphere of O2 for 48 hours gave intermediate
peroxides (not shown) that without purification12 were
treated with acetic anhydride–DMAP in CH2Cl2 to give
benzopyran-2-ones 32 and 33 in good yield.

In summary, we have reported a new route towards the
synthesis of multisubstituted benzopyrans that involves
an intramolecular conjugate addition of allyloxy anions to
diphenylphosphinoyl-substituted benzene rings. The in-
termediate anion can be trapped with electrophiles provid-
ing benzopyrans that are easily oxidized by oxygen to
peroxide intermediates that can be subsequently convert-
ed into benzopyran-2-ones (i.e. coumarins). Extensions of
this work to determine if the dimethylacetal group is nec-
essary for the cyclization, if other functional groups can
be tolerated and applications to the synthesis of natural
products are currently underway.
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