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Abstract—Under an atmosphere of nitrogen, the photoinduced reaction of tetraphenyldiphosphine (1) with alkynes (2) generates
vicinal bisphosphinated alkenes (3) as air-sensitive compounds, which can be isolated by treatment with elemental sulfur. A novel
E to Z isomerization of 3 is revealed to take place upon continuous photoirradiation.
� 2006 Elsevier Ltd. All rights reserved.
Radical addition of heteroatom compounds to carbon–
carbon unsaturated bonds based on the photoinduced
homolytic cleavage of heteroatom–heteroatom single
bonds is one of the most useful and highly atom-eco-
nomical methods for selective introduction of hetero-
atom functions into organic molecules.1 Recently, we
have disclosed novel photoinduced bisselenation2 and
bistelluration3 of alkynes with organic diselenides and
ditellurides, which provide a useful tool to vicinal bis-
seleno- and bistelluroalkenes, respectively (Eqs. 1 and 2).
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However, similar transformations concerning group 15
heteroatom compounds have been largely unexplored.4,5

In this letter, we wish to report detailed experiments,
which have been done to develop the photoinduced bis-
phosphination of alkynes by using tetraphenyldiphos-
phine as the representative heteroatom compounds
bearing a group 15 heteroatom–heteroatom linkage.6

Tetraphenyldiphosphine (Ph2P–PPh2, 1)5 is a commer-
cially available white solid (mp 120–122 �C) and is stable
in the solid state. However, in solvent, 1 is extremely air-
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sensitive, generating immediately several oxidation
products, which can be assigned unambiguously by
measurement of their 31P NMR spectra.7 The use of
degassed solvent is effective for depressing the undesir-
able air-oxidation of diphosphine 1 (ca. 70% of 1 is
survived by this treatment, see Chart 17,8), and makes
it possible to study the reactions of 1.

Tetraphenyldiphosphine (1) exhibits its absorption maxi-
mum in 260 nm (e = 41.3), and its absorption reaches to
330 nm.9 Therefore, the irradiation with the light of the
wavelength in these regions (e.g., near-UV light irradia-
tion) induces the homolytic cleavage of the P–P single
Chart 1. 31P NMR spectrum of (Ph2P)2 in degassed CDCl3.
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bond of 1 to generate the corresponding phosphorus-
centered radical as a label species.10,11 However, both
the extremely high air-sensitivity of 1 and its lower
solubility in organic solvents may contribute to the
difficulty in realizing the radical addition of 1 to car-
bon–carbon unsaturated compounds.

To accomplish the desired radical addition of diphos-
phine 1 to terminal alkynes, the reaction was conducted
in an NMR tube sealed carefully under nitrogen atmo-
sphere by using degassed solvent. In an NMR tube
(/ = 4 mm, Pyrex) filled with nitrogen, were placed
tetraphenyldiphosphine (0.132 mmol, stored in Schlenck
tube under nitrogen), 5-methyl-1-hexyne (2a, 0.044
mmol), and CD2Cl2 (0.6 mL, degassed), and then the
tube was sealed. Irradiation with a xenon lamp
(500 W) was conducted at room temperature, and the
reaction was monitored by 1H and 31P NMR using tri-
phenylmethane as an internal standard for 1H NMR.
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2 h 21% [E/Z = 81/19] 13% [E/Z = 38/62]

4 h
20 h

27 h

39 h

37% [E/Z = 73/27] 23% [E/Z = 39/61]

51% [E/Z = 29/71] 24% [E/Z = 37/63]

63% [E/Z = 24/76] 28% [E/Z = 43/57]

62% [E/Z = 18/82] 31% [E/Z = 55/45]

ð3Þ

As can be seen from Eq. 3, the photoinduced reaction of
diphosphine 1 with 5-methyl-1-hexyne (2a) provided the
corresponding bisphosphination product (3a) as the
major product, along with small amounts of hydrophos-
Table 1. Photoinduced bisphosphination of alkynes
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Entry Alkyne Solv.

1
2a

CD2Cl2

2
nHex

2b
C6D6

3
Cl(CH2)3

2c
CD2Cl2

4
Ph

2d
CD2Cl2

a One unidentified product (R–CH2@CH–P(O)Ph2, 4) was also obtained as by
2); 18% [E/Z = 67/33] (4c, entry 3); 8% [E/Z = 25/75] (4d, entry 4).
phinylation product (4a). The yield of 3a increased with
the reaction times. On the other hand, the hydrophos-
phinylation product (4a) was formed within 4 h, most
probably by the reaction of 2a with initially formed
diphenylphosphine oxide (Ph2P(O)H).12

Noteworthy is that isomerization from (E)-3a to (Z)-3a
was observed to take place gradually: After the irradia-
tion for 39 h, (Z)-3a was obtained mainly (E/Z = 18/
82). These results clearly indicate that the present photo-
induced bisphosphination is promising as a useful tool
to (Z)-isomers of vic-bis(diphenylphosphino)alkenes.
The stereochemistry of 3a can be easily determined by
measurement of 31P NMR: The coupling constant for
(E)-3a (JP–P = 340 Hz) is larger than that of (Z)-isomer
(JP–P = 161 Hz).

Similar conditions can be employed with 1-octyne (2b)
and 5-chloro-1-pentyne (2c) (Table 1, entries 2–3). In
these cases, the Z selectivity in the bisphosphination also
increased with the prolonged photoirradiation. On the
other hand, the bisphosphination of phenylacetylene
proceeded very smoothly and provided only (Z)-isomer
selectively (entry 4).13

Isolation of the bisphosphination product 3 was
attempted by using preparative HPLC. However, the
desired isolation of 3 failed, owing to the instability of
3 toward air. Thus, this letter deals with only spectral
analyses of the bisphosphination products.14 Since the
direct isolation of the bisphosphination product 3 is very
difficult, the isolation was examined by the treatment of
the bisphosphination product 3 with elemental sulfur.
Purification by preparative TLC provided 5 in good
yields, as shown in Table 115.

A possible reaction pathway for the formation of bis-
phosphination product 3 is as follows (Scheme 1). Upon
irradiation with near-UV light, tetraphenyldiphosphine
3
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Time (h) Yield (%) [E/Z]a

3 5

39 62 [18/82] 54 [23/77]

26 68 [35/65] 53 [34/66]

18 55 [42/58] 53 [53/47]

1 45 [0/100] 46 [50/50]

product: 31% [E/Z = 55/45] (4a, entry 1); 24% [E/Z = 50/50] (4b, entry
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Scheme 1. A possible pathway for bisphosphination.
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1 undergoes homolytic dissociation to generate Ph2P�,
which attacks the terminal carbon of terminal alkynes
to give the corresponding b-diphenylphosphino-substi-
tuted vinylic radical (6). The subsequent SH2 reaction
between the vinylic radical and the diphosphine 1 pro-
vides the bisphosphination product 3.

On the other hand, the formation of 4 can be explained
by the addition to terminal alkynes, of diphenylphos-
phine oxide, which is formed at the initial stage from
(Ph2P)2 and water (contaminated). This was strongly
supported by the fact that the reaction of (Ph2P)2 with
D2O led to the formation of Ph2PD and Ph2P(O)D
upon photoirradiation.16 Furthermore, the formation
of diphenylphosphine oxide was clearly accel-
erated in the presence of terminal alkynes, and this
fact suggests that acetylenic proton can also be
employed as a proton source for diphenylphosphine
oxide.

In summary, we have disclosed the reactivity of tetra-
phenyldiphosphine upon photoirradiation conditions.
Detailed mechanism of hydrophosphination and its syn-
thetic utility are now under investigation.
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