J. Am. Chem. S0d.996,118,1571-1572 1571
Palladium-Catalyzed Hydrophosphorylation of Table 1. Palladium-Catalyzed Addition of (EteB(O)H to
Alkynes via Oxidative Addition of HP(O)(OR), Acetylenes
run catalyst time (h) % adduct yiel@/@)?

Li-Biao Han and Masato Tanaka* ¢  cis-PdMe(PPhMe), 5 93 (90/10)

) ) ) ) 20 cisPdMe(PPhMe), 13 92 (89/11)

National Institute of Materials and Chemical Research 3¢ cis-PdMe(PPhy), 17 73 (85/15)
Tsukuba, Ibaraki 305, Japan 4bd Pd(CH=CH,)(PPh), 6 93 (91/9)

) 50 Pd(PPh), 18 89 (86/14)

Receied Naember 2, 1995 6 Pd(PPh)s 22 69 (88/16)

o _ 7 Pt(PPh), 72 8 (64/36)

Application of metal complex catalysis to heteroatom chem- ge Pt(CH=CH,)(PPh), 72 9 (68/32)

istry is a research field that will vitally grow in the future.
Addition reactions of HE and E-E' bonds (E, E = a : .

P . (EtO)LP(O)H in THF (0.2 M), 67°C. ¢ Concentration of the reactants
hete_roatom or gr_oup) across unsaturate_d carbon Ilnkages_ln(: 1 I\}Z/I (d garried out(under)l atm of ethylerfes5 mol % Pt catalyst,
particular are an important class of reactions from a synthetic gquimolar phenylacetylene and (E#JO)H in toluene (1 M), 116C.
viewpoint! An exceptional example in this category that has
already been experiencing great industrial success is hydrosi-

a Determined by GCP? 3 mol % Pd catalyst, equimolar 1-octyne and

lylation? Addition reactions of other group 14 element

Pd(0) complexes or readily reducible Pd(ll) complexes that have

compounds and elemental processes behind the catalysis artess basic ligands are able to efficiently catalyze the reaction.

also under intense study.To the best of our knowledge,

Accordingly, as shown in Table IlgisPdMe(PPh), Pd-

however, the metal-complex-catalyzed addition reaction of the (CH2=CHy)(PPh),, and Pd(PP4), also catalyzed the reaction.

H—P bond appears to have never been expléreterein are

On the other hand, Pd(ll) complexes such as PgqPIEt), (cis/

reported (1) the first entry into this category, namely, palladium- trans=7/1), PdC}, Pd(OAc}, PdCL(PPh), and PAG(PhCN}
catalyzed hydrophosphorylation of acetylenes, and (2) the first were totally inactive because of either the ligand being too basic

example of oxidative addition of HP(O)(OR)to the Pt(0)
complex generating HPt—P(O)(OR} species. In the new

or the complex not being readily reduced to Pd(0) speties.
Worth noting from a mechanistic viewpointide infra) is that

catalysis the HP bond adds across triple bonds under gentle some platinum complexes were also able to promote the
conditions to afford various alkenylphosphonates in excellent reaction, albeit sluggishly.

yields. Alkenylphosphonates are both synthetically vergatile

and biologically activé.

Heating a THF solution (1 mL) of 1-octyne (1 mmol) and
HP(O)(OR) (1 mmol) in the presence ais-PdMe(PPhMe),
(1, 3 mol %) at 67°C for 5 h under argon resulted in a complete

Pd-catalyzed hydrophosphorylation can be easily applied to
other alkynes, thus proving to be a new general methodology
for the synthesis of alkenylphosphonates, which are not readily
accessible by conventional methdds.As demonstrated in
Table 2, both aliphatic and aromatic terminal alkynes reacted

disappearance of the starting materials. Simple Kugelrohr €fficiently with HP(O)(OMej), affording in high yields the
distillation afforded the corresponding alkenylphosphonates in corresponding adducts by regioselective attack of the phosphorus

high yields (eq 1).

(0]
- l 3 mol% 1
nCeHis —= + (RO),PH Sy
J\o n-CeHiz
I —
n-CsH13 P(OR)Q < P(OR)2> (1)
"
2 3 O

R =Me 91% (2/3 = 96/4)
R=Et 93% (2/3=90/10)

In the absence of the catalyst, neitizmor 3 could be

at the internal carbon of the triple bond. An exceptional case
was the reaction of (trimethylsilyl)acetylene in which only the

terminal carbon was phosphorylated, probably owing to steric
hindrance at the internal carbon. As exemplified by runs 5 and
6, two phosphoryl groups could be easily introduced to both
triple bonds of the diynes. Under similar conditions, the olefinic

double bond is totally unreactive to the hydrophosphorylation.
Accordingly, 1-ethynylcyclohexene (run 7) underwent the

addition reaction selectively at the triple bond.

As compared to terminal alkynes, the hydrophosphorylation
of internal alkynes proceeded a little slower. The addition of
HP(O)(OEt) to 4-octyne produced 23 and 82% yields of the
adduct after heating for 15 and 65 h, respectively. The high
stereoselectivity is noteworthy; only thas isomer could be

detected by GC under the same reaction conditions. In generalgpserved orfH NMR.
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Table 2. Hydrophosphorylation of Terminal Alkyngs

run alkyne adduct % yield
I (0] b

1 n-CeHiz —= I 95

n-CeHys P(OMe),

(0] .

2 _ n C
2 Ph—= PR~ B(OMe), 93

7 0
’ Q 7 POMe) - 90°
Me Me =

4 = 94

5 = (CHs —= POMe), 837
N a o o
6 3 (MeO)P P(OMe), 87
NS
7 0
7 [ ‘ | P(OMe), 89¢
Megsi
8 MesSi — = 41/¢

E(OMG)Q

a Conditions: equimolar (MeQP(O)H and the alkyne in THF (0.2
M), 3 mol % cis-PdMe(PPhMe),, 67 °C, 15-20 h. Yields refer to
isolated yields after Kugelrohr distillation and/or preparative HPLC
isolation.? Regioselectivity> 95/5.¢ Regioselectivity> 92/8.92.2
equiv of (MeO}P(O)H was used: Regioselectivity= 96/4.1 2 equiv
of Me,SIC=CH was used? Transisomer only.

Scheme 1
HP(O)(OR),
& 0) LG
PdMesly ----- >~ PdL, - H-Pd—-P(OR),
L = PMePh, / @ \ L

to take placeia the insertion reaction of an alkyne with a HPd-
[P(O)(ORY}] species 4) (step ii), as illustrated in Scheme 1.

Communications to the Editor

any reactions of Pd(0) or PAM@R3)2 (R's = Phs, PhhMe, Eb)
with HP(O)(OR),1° we did succeed in isolating Pt analogues
(5), the first Pt complexes having a-HPt—P(O)(ORY) struc-
turell Thus, upon addition of 1 equiv of HP(O)(OEtp Pt-
(PEB)s in CgDg at 25°C, the color of the solution turned from
reddish brown to yellow, and monitoring of the reaction by
means of'H and 3P NMR revealed clean conversion of Pt-
(PEg)sinto 5ain 15 min. Evaporation at 28C/~0.5 Torr gave

a yellow oil as nearly a sole product which displayetNMR
signals centered at5.23 ppm (H-Pt, dt,2Jy-po) = 226 Hz,
2JH_p(Et) =18 HZ,l\]H_pt = 737 HZ) and®P NMR signals at
95.1 (t,Jp(oyP(Et): 33 HZ,Jp(oypt: 3288 Hz, P(O)) and 22.3
ppm (d,JpEy-pt = 2630 Hz, P(Et)), indicative dabeingtrans-
HPt[P(O)(OE®](PE®). (eq 2)12 Analogous complexesb (R

= Me)!® and5c (R = Ph) appeared to be generated as well
when Pt(PEj); was treated with 1 equiv of HP(O)(OMeand
HP(O)(OPh), respectively, in gDs, as judged byH and3!P
NMR spectra of the reaction mixturéd., in the presence of
free phosphin®). To substantiate step ii, compoubd was
heated with 2 equiv of phenylacetylene at 100 for 5 h.
Compound and3 were indeed formed in 63% vyiel@/@ >
99/1), indicative of an insertion reaction having taken place.

i 0 Pty
(EtO),PH + P{PEty)s —— + (EtO),P—Pt-H
2 %% CeDe, 25 °C i
5a 9
PhC=CH (2 eq.) JL(‘)‘
—
100 °C, 5 h Ph” “P©OEY, (@

In conclusion, this paper, which discloses the cleavage of
the H—P bond and addition to acetylenes, clearly demonstrates
the power of transition metal catalysis in heteroatom chemistry.
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