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By means the in situ halogenation of the vinyl C-H bond in o-hydroxyphenyl enaminones, the step effi-
cient synthesis of 3-diphenylphosphinyl chromones has been realized through the challenging construc-
tion of C-P(IIl) bond by using diphenyl phosphine as reaction partner. In addition, the tunable synthesis
of 2-phosphoryl chromanones has been achieved via hydrophosphorylation by simply modifying reaction
conditions without using metal reagent.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Organophosphine compounds, especially tertiary organophos-
phines, are indispensable chemicals in modern organic synthesis
by acting as ligands in numerous catalytic reactions owing to their
extraordinary excellent ability of coordination with different metal
species and other electron deficient structures [1-5]. In addition,
the organic molecules containing phosphorus also have found at-
tractive application in pharmaceuticals, materials and food indus-
try, etc. [6-11]. However, comparing with the plenty of methods for
the synthesis of P(V) containing molecules such as phosphorylated
compounds and phosphates, the synthesis of organophosphines re-
mains as challenge because of the sensitivity of P(IIl) toward oxi-
dation. Therefore, many reactions starting from the P(IIl) reagents
result in P(V) centered products [12-15]. Currently, the synthesis
of organophosphines relies mainly on the reduction of P(V) pre-
cursors such as phosphine oxides [16-18]. The nucleophilic substi-
tution [19-21], the cross coupling of the P-H phosphines [22-26],
and reactions with heteroatom functionalized phosphines [27-31]
could also be employed for the synthesis of tertiary phosphines,
but require usually either pre-functionalized & sensitive substrates,
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multi-step operation or harsh reaction conditions. In this context,
developing more facile synthetic methods such as direct phosphi-
nation of C-H bonds with easily accessible starting materials is ur-
gent for organophosphines.

On the other hand, since chromone is a typical heterocyclic
moiety in many natural products and pharmaceuticals [32-35],
the synthesis of chromones by employing the cascade vinyl C-H
functionalization and chromone annulation of o-hydroxyaryl enam-
inones has received splendid advances [36,37]. By using proper
reaction partners, numerous chromones with functional structure
in the C3-site have been practically accessed via the formation of
C-C [38-43], C-halogen [44,45], C-N [46,47], C-S/Se [48-52], C-O
[53] and C-P [54] bonds as a typical transformation (Scheme 1a).
Extensive efforts have also been made to realize the synthesis of
chromones with other functionalization modes by such chromone
annulation [55,56]. However, like the challenge in most known
methods for tertiary phosphine synthesis, the synthesis of 3-
phosphinylated chromones via such cascade reactions involving
C-H bond functionalization and annulation remains inapplicable.
During our longstanding efforts in devising step-economical cou-
pling reactions [57-60], we have proven that the in situ halo-
genation of a raw C-H bond could be practical for a series of
challenging coupling reaction via much simpler operation with-
out relying on the application of prior prepared C-halogen sub-
strates [61,62]. Under the inspiration of the previous works as
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Scheme 1. Known and the current works for chromone and chromanone synthesis.

well as the notable application of enaminone C-H activation or
functionalization [63-67], we envision that the in situ halogena-
tion tactic may also be applicable for the C-P(Ill) bond forma-
tion via cross coupling process based on the in situ generated C-
halogen bonds. Herein, we report the first method on the synthe-
sis of 3-phosphinyl chromones via the reactions of o-hydroxyaryl
enaminones and diaryl phosphine wherein the in situ C-H iodi-
nation plays the key role in mediating the subsequent C-P cou-
pling. In addition, by modifying reaction conditions, the reaction
pathway could be completely switched for the synthesis of novel
2-phosphoryl chromanones without using any metal reagent, en-
riching the enaminone-based synthetic diversity of chromones and
their derivatives (Scheme 1b).

To start the work, the reaction of o-hydroxyphenyl enaminone
1a and diphenyl phosphine 2a was selected to probe applica-
ble conditions. After systematic optimization on reaction param-
eters, including reaction medium, palladium catalyst species, base
species, the loading of reagents, the reaction temperature, as well
as reaction time, it was observed that running the reaction in
MeCN in the presence of PdCl,(PPhs),, molecular iodine, K,CO3 at
100°C gave the target product 3-diphenylphosphinyl chromone 3a
with optimal yield of 71% (Table S1 in the Supporting Information).

After optimization, the application scope of this method in
the synthesis of 3-phosphinyl chromones was investigated by em-
ploying different o-hydroxyaryl enaminones to react with diphenyl
phosphine under the optimal conditions. As outlined in Scheme 2,
the current method displayed good tolerance to the synthesis of
products 3 by tolerating a series of different functional groups
in the enaminone component. For example, the alkyl (3b, 3c, 3i
and 3j), alkoxy (3d and 3e), halo atoms (3f-3h) substituted enam-
inones reacted with 2 to give diphenyl phosphinylated products
with moderate to good yields. In addition, the reactions employing
enaminone bearing two different groups in the phenyl ring as well
as the naphthyl derived enaminone were also practical substrates
in the titled synthesis (3k and 3l). Some strong electron with-
drawing group functionalized phenyl enaminones, such as nitro-
and Cl-, Br-disubstituted phenyl enaminones were found inapplica-
ble. Subsequently, the reactions using diadamantanyl phospine and
phenyl phosphine were also performed, respectively. However, no
target chromone products was observed (Scheme 2). Primary at-
tempt by subjecting the reaction residue under oxygen (1 atm) af-
ter the completion of 3a formation did not provide 3-phosphoryl
chromone. Moreover, no visible new product was observed by run-
ning the reaction of diphenyl phosphine oxide with enaminone 1a
under the current conditions.

After the synthesis of 3-phosphinyl chromones 3, further efforts
in switching the reaction pathways with identical substrates were
continuously executed. Interestingly, after extensive attempts in
probing reaction conditions (Table S2 in Supporting information),
we successfully achieved the selective synthesis of 2-phosphoryl
chromanones by running the reaction at room temperature in the
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1 mmol-scale reaction.

presence hydrochloric acid and TBHP. Under the mild and simple
conditions, the chromonone products resulting from the novel se-
lective transformations were acquired with generally good to ex-
cellent yields (Scheme 3). Besides the reaction with enaminone 1a,
typical functional groups in the form of single (4b-4k, 4q) and
dual substitution (41-4p) in the phenyl ring of enaminone sub-
strates were proven generally applicable for the synthesis. Further,
the naphthyl derived o-hydroxyaryl enaminone reacted with 2 to
provide product 4r with moderated yield (Scheme 3). It should
be noted that the synthesis of such phosphoryl chromanones has
not be previously accessed by the o-hydroxyaryl enaminone an-
nulation reactions. Afterwards, the product 4a was employed with
stoichiometric zinc powder in MeCN at room temperature, but no
2-phosphinyl chromone was observed. Further, the reaction using
enaminone without hydroxyl group in the phenyl ring, the (E)-3-
(dimethylamino)-1-phenylprop-2-en-1-one with 2 was performed
under the standard conditions in Schemes 2 and 3, respectively.
Neither the C-H phosphinylation, nor the phosphorylation of the
enaminone was observed.

For the sake of investigating reaction mechanisms, a plethora
of control experiments were designed and performed. For the re-
action providing 3-phosphinyl chromone, employing the chromone
5 and diphenyl phosphine 2 to the standard reaction conditions
did not provide 3a (Scheme 4a), confirming that the C-H bond in
chromone was inactive for the phosphination. Analyzing the model
reaction mixture at the stage of 2h confirmed the formation of
3-iodochromone (see Supporting information for details). In addi-
tion, the reaction using 3-iodochromone 6 and 2 gave the product
3a with high yield (Scheme 4b), suggesting that 3-iodochromone
was a key intermediate in the formation of 3. Further explore by
subjecting chromone 5 alone to the standard conditions did not
provide 6 (Scheme 4c), indicating that chromone 5 could not be
the intermediate in the formation of 6. In addition, running the
reaction in the presence of free radical scavenger (FRS), including
TEMPO, BHT and DEP led to no evident inhibition to the synthesis
of 3a (Scheme 4d). On the other hand, for the mechanism toward
the selective synthesis of 2-phosphoryl chromanones 4, the reac-
tion of 5 with 2 gave product 4a with excellent yield (Scheme 4e),
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and analogous results was observed by using diphenyl phosphine
oxide 7 as alternative reaction partner (Scheme 4f), implying that
the phosphine 2 might first undergo oxidation to generate phos-
phine oxide 7 to participate the 4a production. Indeed, the reac-
tion of enaminone 1a with 7 could provide 4a with 88% yield in
the absence of TBHP (Scheme 4g), further supporting this hypoth-
esis. Employing diphenyl phosphine alone to the conditions led
to the formation of diphenyl phosphine oxide 7 with 75% yield
(Scheme 4h), and running the model reaction under air allowed
the synthesis of product 4a with 67 % yield (Scheme 4i). The re-
sults suggested that the diphenyl phosphine could be oxidized into
corresponding phosphine oxide both by TBHP and air. Finally, the
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reaction under FRS was also run wherein no inhibition to the for-
mation of 4a was observed, either (Scheme 4j).

Following these information, the mechanisms for the two se-
lective reactions are proposed (Scheme 5). For the formation of
3-phosphinyl chromones, enaminone 1a couples molecular iodine
to provide 3-iodochromone 6 via chromone annulation and elec-
trophilic iodination. In the presence of palladium catalyst, the in
situ generated C(sp?)-I1 bond then undergoes oxidative addition to
afford Pd(Il) inserted intermediated A. The substitution of diphenyl
phosphine to the iodine anion leads to intermediate B. After that,
a typical reductive elimination of B gave target product 3a and re-
leases Pd(II) for continuous catalysis. On the other hand, under the
conditions with only hydrochloric acid and TBHP, the enaminone
1a proceeds to chromone 5 via typical acid promoted chromone
annulation. Meanwhile, the oxidation of diphenyl phosphine 2 by
TBHP or air gives diphenyl phosphine oxide 7. Subsequently, the
typical nucleophilic addition of Ph,P(O)H to the polar enone frag-
ment in chromone affords 2-phosphoryl chromonone 4a.

In conclusion, by making use of the in situ halogenation as the
key tactic, we have designed and successfully achieved the first
synthesis of 3-phosphinyl chromones involving the challenging C-
P(IIT) bond formation. In addition, to expande the diversity of func-
tionalized chromone derivatives, we also have realized the selec-
tive synthesis of 2-phosphoryl chromanones by modifying the re-
action conditions. The step economy of the C-P(Ill) cross coupling
without prior preparation of halogenated intermediate for the syn-
thesis of phosphinyl chromones, as well as the metal-free selec-
tive synthesis of 2-phosphorylated chromanones provide practical
accesses to divergent phosphorus functionalized chromones and
chromanones.
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