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Highly efficient protocols for the alkynylation of H-
phosphi(na)tes and secondary phosphine oxides with silyl,
aryl and alkyl ethynyl-benziodoxolone (EBX) reagents are
reported. Alkynyl phosphorus compounds were obtained in
69-93% vyield without the need for a transition metal catalyst
at room temperature under open flask conditions.

Phosphorus-based functional groups are important in biology,
medicine and synthetic chemistry.! Synthetic phosphorus
derivatives display a broad range of bioactivities, including
drugs like the blood-pressure lowering fosinopril 1%* and the
antiviral cidofovir 2*° and the nerve poison sarin 3 (Fig. 1, A).
Furthermore, ligands such as BINAP 4 based on phosphorus
play a privileged role in modern organic and organometallic
chemistry. Phosphonium salts and phosphonic esters are also
important building blocks to access alkenes via Wittig or
Horner-Wadsworth-Emmons (HWE) reactions. The
development of general methods for the synthesis of
organophosphorus compounds is consequently an important
goal in organic chemistry.

In this context, alkynyl phosphorus derivatives constitute an
important class of building blocks because of the versatile
reactivity of the triple bond (Fig 1, B).? Hydration of the alkyne
leads to P-ketophosphonates, which are used in the HWE
reaction.* The addition of other nucleophiles has been also
intensively investigated.® The use of alkynyl phosphorus in
[3+2], [4+2] and [2+2+2] cycloadditions® gives access to
important phosphorus cyclic compounds, including versatile
chiral ligands for metal catalysis®™>™ or amino acids analogues
for studies in chemical biology.*®

To date, four different approaches have been developed for the
synthesis of alkynyl phosphorus compounds, including: (1)
reaction of electrophilic alkynes or their precursors with
nucleophilic phosphorus (III) reagents involving Michaelis-
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Arbuzov and Michaelis-Becker reactions,*® (2) reaction of

nucleophilic alkynes with electrophilic phosphorus,” (3) B-
elimination of heteroatom-substituted Vinylphosphonates,8 and
(4) metal-mediated reaction of H-phosphites with 1,1-dibromo
alkenes, terminal acetylenes, propiolic acid derivatives, copper
acetylides or bromo alkynes.’
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Fig. 1 Important phosphorus-containing bioactive molecules (A) and alkynyl
phosphorus derivatives as important building blocks (B).
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In addition, metal-catalyzed method to access alkynyl
phosphines have also been reported.'® Despite these different
alternatives, there are currently no general access to alkynyl
phosphorus compounds under mild conditions in absence of
transition metals. Most works focus on only one class of
phosphorus compounds, especially phosphonates.

In this context, alkynyl iodonium salts have been long known
as electrophilic alkynylation reagents,'' but their use for the
synthesis of alkynyl phosphorus compounds has been limited to
phosphites® and phosphonates salts.'> Our group has
discovered and exploited the properties of cyclic alkynyl
benziodoxolone reagents, such as TIPS-ethynyl-
benziodoxolone (TIPS-EBX, 6a) for the alkynylation of
nucleophiles.”> This class of reagents, first synthesized by
Ochiai and Zhdankin,' has then later also been exploited by
others."”” Herein, we would like to report the successful
alkynylation of H-phosphites, H-phosphinates and secondary
phosphine oxides at room temperature in open flask and a short
reaction time (< 5 minutes) using EBX reagents (Scheme 1).

O—I——R
o © o ¢ broad scope
I I on R'and R?
1-P—H 1-P—=
R o mild base, 3 min, it~ R 5 « metal-free

« mild conditions

Scheme 1 Our approach towards phosphorus alkynylation.

To start our studies, we selected 1,1,3,3-tetramethyl guanidine
(TMG) for the preparation of alkyne 7a from diethyl
phosphinate 5a with TIPS-EBX 6a, as it has been the base of
choice in the case of thiol nucleophiles."*" To our delight, 53%
isolated yield of 7a was obtained (Table 1, entry 1). Other
amine bases such as 4-dimethylaminopyridine (4-DMAP), 1,4-
diazabicyclo[2,2,2]octane (DABCO) and triazabicyclodecene
(TBD) led to lower yields (entries 2-4). In contrast, the use of
1,8-diazabicycloundec-7-ene (DBU) gave product 7a in 82 %
isolated yield (entry 5). A fast examination of base and reagent
loading showed that 1.5 equivalents of DBU and 1.1
equivalents of TIPS-EBX 6a were optimal (entries 6-8). Other
solvents gave lower yields when compared to THF (entries 9-
13). Alkynyl phosphite 7a was already formed within 3 min in
90% isolated yield (entry 14). The formation of 7a was not
observed in the absence of DBU (entry 15).

With optimum conditions in hand the scope of H-phosphites
and H-phosphinates was examined (Scheme 2).'® Dimethyl and
dibenzyl phosphites 6b and 6¢ gave the desired product 7b and
7¢ in 85% and 89% yield respectively. H-(R)-BINOL phosphite
derivative 7d was obtained in 86% yield. In addition, alkynes
7e and 7f were obtained from the corresponding phosphinates
in 76% and 87% yield respectively. More complex (R)-phenyl
menthyl and phenyl AZT H-phosphinates were also suitable
substrates to deliver the products 7g (71%) and 7h (70%) as a
mixture of diasterecoisomers. However, phenylphosphinic acid
6i could not be converted into alkyne 7i. Substituted ethynyl-
benziodoxolones (R-EBXs), such as Ph-EBX 6b,"*’ tBu-EBX
6c,"*" and nHex-EBX 6d"2 could also be used in this direct
alkynylation successfully to give products 7j-l. Notably, an 1,5-
C-H insertion product resulting from a carbene intermediate
was not observed in the alkynylation of 5a with nHex-EBX 6d,
in contrast to what had been observed when ketoesters were
used as nucleophiles with alkynyliodonium salts.'”

We then turned our attention to the alkynylation of secondary
phosphine oxides (SPO) (Scheme 3).!° The alkynylation of this
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class of substrates has been much less studied in the past.
Indeed, to the best of our knowledge, only the alkynylation of
diphenyl phosphine oxide 8a has been reported.®****! Initially,
the conditions used in alkynylation of H-phosphites and H-
phosphinates using DBU as a base (Table 1, entry 14) were
tested for the alkynylation of diphenyl phosphine oxide 8a, but
only 60% isolated yield of 9a was obtained. TMG, which had
been the second best base in the case of phosphites, gave better
results and the alkynylation product 9a was isolated in 91%
yield. This protocol could also be used in the synthesis of di-(4-
tolyl) phosphinite 9b (89%), di-(4-fluorophenyl) phosphinite 9¢
(93%), di-(n-butyl) phosphinite 9d (86%), and phenyl-t-butyl
phosphinite 9e (87%). Significantly, cyclic phosphinite 9f can
be made in 89% yield. However, bulky substituted phosphinite,
such as 99 and 9h could not be synthesized. We further
investigated the synthesis of ethynyl phosphinite bearing aryl or
alkyl groups on the alkyne. Phenylethynyl phosphine 9i and t-
butylethynyl phosphine 9j were obtained in 72% and 87% yield
respectively. n-Hexyl ethynyl phosphine 9k could also be
obtained in 85% yield.

Table 1 Optimization of the alkynylation of phosphite 8a.

O——|———SiiPrs
(0]
<|J| o Il
B0~ base, 0.1 M THF EO-P— 5P
EtO 23°C EtO
5a 7a
entry equiv. 6a  base (equiv.) solvent time (min)  yield (%)?
1 1.2 TMG (2.0) THF 90 55 (53)°
2 1.2 4-DMAP (2.0) THF 90 0
3 1.2 DABCO (2.0) THF 90 30
4 1.2 TBD (2.0) THF 90 0
5 1.2 DBU (2.0) THF 90 85 (82)°
6 1.2 DBU (1.5) THF 90 84
7 1.2 DBU (1.2) THF 90 50
8 1.1 DBU (1.5) THF 90 89 (88)°
9 1.1 DBU (1.1) THF 90 45
10 1.1 DBU (1.5) i-PrOH 90 5
11 1.1 DBU (1.5) TBME 90 22
12 1.1 DBU (1.5) MeCN 90 61
13 1.1 DBU (1.5) CH.Cl, 90 23
14 1.1 DBU (1.5) THF 3 92 (90)°
15 1.1 DBU (0) THF 30r90 0

0.05 mmol 5a was used. The yield is obtained from 'H-NMR with 1,3,5-
trimethoxybenzene as internal reference. ° Isolated yield after purification on
column chromatography.

Several plausible mechanisms could be envisaged for the direct
alkynylation reaction. For the reaction of alkynyliodonium salts
with carbon nucleophiles, conjugate addition onto the 3-carbon
of ethynyl-benziodoxolone, followed by an a-elimination of the
aryliodide and 1,2-shift rearrangement to deliver the alkyne has
been most often proposed.'” The fact that no products resulting
from C-H insertion had been observed in the case of aliphatic
alkynes could be rationalized by a fast 1,2-shift of the
phosphorus atom. Nevertheless, an alternative mechanism
involving nucleophilic attack of phosphi(na)te/phosphine oxide
onto the iodine atom of benziodoxolone, followed by C-P bond
formation to give the alkyne product cannot be excluded at this
stage. A single electron transfer (SET) from
phosphi(na)te/phosphine oxide to the ethynyl-benziodoxolone,
could also be proposed as a first step in the reaction.

This journal is © The Royal Society of Chemistry 2012
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Recombination on the iodine to give an I-P bond followed by
reductive elimination or direct alkynylation of the phosphorus
atom would then lead to the observed product. However, when
TEMPO was added to the reaction mixture under the standard
reaction conditions (Table 1, entry 14), alkyne 7a was still
obtained in 85% yield. This result suggests that long-living
radical intermediates are probably not involved. It is also
important to notice that SET pathways often require further
activation of the hypervalent iodine reagent by a Lewis or
Brensted acid to facilitate electron transfer, and the developed
method proceeded under basic conditions.'®
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Scheme 2 Scope of the alkynylation of phosphites and phosphinates. Reaction
conditions: 0.15—0.29 mmol of H-phosphite or H-phosphinate 5 (1.0 equiv.), 1.5
equiv. of DBU and 1.2 equiv. of R-EBX 6, 0.1 M in THF at 23 °C. Isolated yield after
purification on column chromatography is given. 2.5 equiv. of DBU was used in
the case of 7i.

Conclusions

In conclusion, we have described very simple and general
protocols for the alkynylation of H-phosphites, -phosphinates,
and secondary phosphine oxides using ethynyl-benziodoxolone
reagents in good to excellent yield. The developed alkynylation
method proceeded at room temperature in a few minutes and
did not require the use of transition metals. It could be applied
to the synthesis of silyl, alkyl and aryl substituted alkynes and
was efficient for a broad range of different substituents on
phosphorus. Further extension of the scope, application of the
obtained building blocks in synthesis, and more detailed

This journal is © The Royal Society of Chemistry 2012
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investigation of the reaction mechanism are currently ongoing
in our laboratory and the results will be reported in due course.
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Scheme 3 Scope of the H-phosphine oxides. Reaction conditions: 0.15-0.29
mmol of H-phosphine oxide 8 (1.0 equiv.), 1.5 equiv. of TMG and 1.5 equiv. of R-
EBX 6, 0.1 M in THF at 23 °C. Isolated yield after purification on column
chromatography is given.
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