JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Palladium-Catalyzed Dehydrogenative Cis Double Phosphorylation of
Alkynes with H-Phosphonate Leading to (Z2)-Bisphosphoryl-1-alkenes
Li-Biao Han, Yutaka Ono, and Shigeru Shimada

J. Am. Chem. Soc., 2008, 130 (9), 2752-2753 « DOI: 10.1021/ja7108272
Downloaded from http://pubs.acs.org on February 8, 2009

O\ //() Cat Pd OQO
P-H + =—R ’ 0 P\O
o) 2 o’ﬁ )
1 O

2

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 3 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja7108272

JIAIC[S

COMMUNICATIONS

Published on Web 02/08/2008

Palladium-Catalyzed Dehydrogenative Cis Double Phosphorylation of Alkynes
with H-Phosphonate Leading to ( 2)-Bisphosphoryl-1-alkenes

Li-Biao Han,* Yutaka Ono, and Shigeru Shimada
National Institute of Adanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki, Japan

Received December 26, 2007; E-mail: libiao-han@aist.go.jp

We disclose a palladium-catalyzed dehydrogenative cis double Table 1. Pd-Catalyzed Dehydrogenative Double Phosphorylation
. . . . a
phosphorylation of terminal alkynes wikphosphonaté affording of H-Phosphonate 1 with 1-Octyne

(2)-bisphosphoryl-1-alkenex(eq 1) Metal-mediated additions of % yield®
hydrogen phosphonates (R®JO)H to carbor-carbon unsaturated entry catalyst olefin (equiv) 2a 3 4a
bonds, SO far reported, all are hydrophosphorylatlpn re_actlons (i.e., 1 PdCh none 9 28 13
the addition of the P(G)H bond)? A dehydrogenative cis double 2 Pd(OAc) none 21 55 4
phosphorylation reaction has never been recogrizaithough, 3  PdCH4.0 PRP  none 7 59 0
synthetic and biological applications @)¢bisphosphoryl-1-alkenes 4 PdCKPhCN}  none 53 30 7
2 as precursors for bidentate ligands and antibibtioe readily g Eg%%om r':‘gr?: 153 j-g f
expected, there is no general method for their preparation and only 7 (;73—a||yIPAdCI)2 none 51 30 7
a very limited number of these compounds are knéwn. 8 CH,=CHPh (3) 69 10 2
9 CH,=CHCN (3) 72 14 1
10 CH=CHCOMe (3) 74 12 1
0.0 cat. Pd o 11 CH=CHCOMe (1)  77(75y 13 2
PH+ =R — Q TPy ™ 12 CH=CMeCQMe (3) 67 15 9
d 2 NN
1 o aReaction conditions:1 (0.25 mmol), 1-octyne (0.25 mmol) ;¥
2 allylPdCl), (3 mol % based on Pd), olefin, toluene (1 mL), 1W0) 16-22

. . . . . h. P Determined by?'P NMR. Yields are based ord-phosphonad used.
We accidentally found this reaction during an ongoing study on cTotal yields of thea. and 3 regioisomers? Yield in parentheses is an

the palladium-catalyzed hydrophosphorylation of alkyhess isolated yield.
previously reported, when PdQlvas employed as a catalyst, no
addition took place with a mixture of (Me@B(O)H and 1-octyne

in toluene at 100C for 16 h. Remarkably, however, under similar
reaction conditions an addition did proceed when the more reactive
five memberH-phosphonatel® was employed to give, to our
surprise, not the expected hydrophosphorylation pro@adiut a

cis double phosphorylation product bis(phosphinoyl)alka@as

the main product, stereoselectively (eq Zhe formation of a 1,2- — s

bis(phosphoryl)alkanda was also detected with a ratio @&/ :15 ot P 7?40 0;2}% io °

the formation of4a but also the formation aa was significantly
suppressed by the addition of styrene. While the sterically crowed
methyl methacrylate worked less effectively (entry 12), other
electron-deficient olefins such as acrylonitrile and methyl acrylate
can further improve the yield &ato 72% and 77%, respectively
(entries 9 and 11).

3a(regioisomer ratiav/)/4a= 49:28(14/11):13 (entry 1, Table 1). ":F;F_’H " ot S%Hn +
As shown in Table 1, this double phosphorylation can be ©

catalyzed by divalent palladium(ll) complexes, especially the

chloropalladium(ll) complexes, but is poorly catalyzed by zerovalent By employing a similar reaction condition used for the reaction

palladium(0) complexes which predominantly produces the hydro- of 1 with 1-octyne (entry 11, Table 1), the palladium catalyzed

phosphorylation addu@a rather than the double phosphorylation dehydrogenative double phosphorylationlofith other alkynes

product2a. Thus, Pd(PPj), afforded3ain 48% yield, and produced  was investigated thoroughly (Table 2). Like 1-octyne, other aliphatic

only trace amount o2a. As expected palladium(ll) complexes that terminal alkynes including the bulkybutylacetylene (entries 1 and

are easily reducible to zerovalent palladium species are not good2) could undergo the dehydrogenative double phosphorylation to

catalysts for this double phosphorylation either. Thus, Pd(®@Ac) give the corresponding bis(phosphinoyl)alkenes. In addition, func-

only gave2a in 21% vyield (entry 2). The addition of BB also tionalized alkynes with cyano, chloro, carboxyl, and silyl groups

dramatically suppressed the formatior2af(entry 3). On the other all could be used as the substrates in the reaction to generate the

hand, other divalent phosphine-free chloropalladium complexes suchcorresponding products. Terminal aromatic alkynes also gave good

as PdCJ(PhCN), PdCL(COD), and §3-allylPdCl), could catalyze yields of the corresponding dehydrogenative double phosphorylation

the dehydrogenative double phosphorylation as efficiently as,PdCI products (entries-811). Both arylacetylenes having an electron-

giving 2ain good yields. donating (entries 9 and 10) and an electron-withdrawing (entry 11)
Since the formation ofla may be due to the reduction @a group gave similar results to phenylacetylene, which may indicate

with an hydrogen in situ generat&aye assumed that its formation  that an electronic effect of a substituent is small in this reaction.

should be suppressed by the addition of an olefin serving as anFerrocenylacetylene also produced the corresponding double phos-

hydrogen scavenger to favor the formation2af This did work phorylation adduct in a moderate yield.

well. Thus, the yield oRaincreased to 69% when the same reaction Compoundl readily reacted withs-allylPdCl), (1:Pd = 2:1,

of 1 with 1-octyne catalyzed by,g-allylPdCl), was carried out in THF, 25°C, 0.5 h) to give5 in 95% isolated yield (Scheme 1).

the presence of 3 equiv of styrene (entry 8). Interestingly, not only Furthermore, a stoichiometric reaction ®fwith 1-octyne 6:1-
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Table 2. Palladium-Catalyzed Dehydrogenative Cis Double
Phosphorylation of Alkynes with H-Phosphonate 12

entry alkyne product? % isolated yield
\)[E/O
1 2 () P 5
[P]
2 =—tBu [P]\/\/t'BU %8
[P]
3 =N PR ~_CN 75
[P] 1
4 =—"—c Pl A~ Cl !
[P 46
5 =— ~CO,t-Bu [P]\/\/\COZt-Bu
[P] 62
6 =——SiMes [P]\/\SiMe3
[P
7 :—@—x [Pl\/\©\
X
8 X=H 71
9 X =Me 68
10 X = OMe 67
11 X=F 69
[P]
[Pl
12 :—@
Fe Fe %
L — =

aReaction conditions1 (1 mmol), alkyne (1 mmol), Cl+=CHCO,Me
(1 mmol), ¢;3-allylPdCl), (3 mol % as Pd), toluene (4 mL), 10C, 16 h.
Yields based ori used.’[P] = P(O)(OCMe—Me,CO).

Scheme 1. A Simplified Sketch for the Dehydrogenative Double
Phosphorylation of Alkynes with 1 ([P] = P(O)(OCMe;—Me,CO),
for Clarity, Ligands on Palladium were Omitted).
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O\? CeH13 CeHs [P [P] @
gH e CF. [PI-Rd—0Q CeHia
: H >_ CF3 2a
10 1 © [P] = P(O)(OCMey-Me,CO)

octyne= 1:2, toluene, 50C, 16 h) gave 76% yield ¢fa. Moreover,

5 catalyzed the dehydrogenative double phosphorylatidhvaith

1-octyne, as efficiently ag;g-allylPdCl), to give2ain 75% yield.
Although a detailed reaction mechanism remains to be clarified,

we feel that a Pd(ll)/Pd(IV) catalytic cycle, rather than a conven-

tional Pd(0)/Pd(ll) catalytic cycléas shown in Scheme 1 should

be suitable for explaining the reaction. Thus filstieacted with

an alkyne to giveb via a selective cis addition of the P(©lpd
bond to the carboncarbon triple bond. Intramolecularly and/or
intermolecularly via a reaction witth, complex6 gave a hydri-
dopalladium complex, which reacts withl to release hydrogen,
produce2, and regenerate the palladium(ll) species. Although,
currently a firm evidence for the generation of the hydrogen is not
available, the formation 06 from 5 as well as2 from 6 were
strongly evidenced by related reactions found accidently during the
course of other studies (eq 8Jhus, complex8 (an analogue of
5) reacted with 1-octyne(1-octyne= 1:2.5) in CQ}Cl, in a sealed
tube at 5¢°C to give quantitatively a new compléx(an analogue
of 6) via a cis insertion of the PeP(O) bond o8 to 1-octyne with
P(O) bonding to the terminal carbon and Pd bonding to the internal
carbon. Furthermore heatir@yat 80 °C resulted in the formation
of 2ain 75% yield, which may be rationalized to take place via
intermediatesl0 and 11.10

In summary, we have successfully revealed the first dehydro-
genative cis double phosphorylationkfphosphonate with alkynes
forming (2)-bisphosphoryl-1-alkenes. Further studies on the reaction
mechanism and applications to otlitiphosphorus compounds are
now in progress.
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