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ABSTRACT

Treatment of 1-alkynylphosphine with thiol in the presence of a catalytic amount of palladium acetate results in regio- and stereoselective

anti-hydrothiolation, yielding the corresponding (

2)-1-phosphino-2-thio-1-alkene.

Metal-catalyzed addition of thiols to alkynes (hydrothiolation)
is an important reaction for synthesizing 1-alkenyl sulfides
under mild conditiond:? In the course of our studies on the
use of 1l-alkynylphosphines as key starting material for the
synthesis of new phosphine ligantisye now report that
hydrothiolation of 1-alkynylphosphines proceeds smoothly
under palladium catalysis. In general, transition-metal-
catalyzed hydrothiolation proceeds irsgnfashion?# In

Treatment of 1-octynyldiphenylphosphints{ with dode-
canethiol (2a) in the presence of a catalytic amount of
palladium acetate in ethanolrfd@ h at 25°C provided Z)-
1-diphenylphosphino-2-dodecylthio-1-octergad) in 87%
isolated yield and in 90% NMR yield (Table 1, entry®®).
Other palladium complexes such as Pd&ld Pd(dba) also
showed catalytic activity (entries 2 and 3). Nickel chloride
and platinum chloride were inferior to palladium chloride

contrast, the present reaction represents a rare example O(entries 4 and 5). Copper(1l) chloride was ineffective (entry

highly selectiveanti-hydrothiolation??9°The products,Z)-

6). The effect of solvent on the reaction was not significant

1-phosphino-2-thio-1-alkenes, are a new class of heteroatom-gntries 7-11). The reactions proceeded in nonpolar solvents

containing compounds and can potentially serve as useful

ligands of transition-metal complexés.
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such as toluene and dichloromethane (entries 8 and 9) as
well as in polar DMF (entry 10). It is worth noting that the
reaction in water resulted in the highest yield3afa (entry

11), although the reaction was heterogené8ii®. guarantee
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691, 5024—5029.

(7) (a) Nishide, K.; Node, MJ. Synth. Org. Chem., JpR004 62, 895—

910. (b) Node, M.; Kumar, K.; Nishide, K.; Ohsugi, S.; Miyamoto, T.
Tetrahedron Lett2001,42, 9207—9210.

(8) Experimental procedure: Palladium acetate (6 mg, 0.025 mmol)
was placed in a 20 mL reaction flask under argon. A solutiofha0.15
g, 0.50 mmol) in ethanol (3.0 mL) was added to the flask. Dodecanethiol
(2a, 0.12 g, 0.60 mmol) was added, and the resulting solution was stirred
for 1 h at 25°C. The solvent was evaporated under reduced pressure, and
the crude product obtained was chromatographed on silica gel to afford
3aa(0.22 g, 0.44 mmol, 87%).

(9) The perfecZ stereoselectivity was observed at the initial stage of
the reaction.



Table 1. Hydrothiolation of 1-Octynyldiphenylphosphine (1a)
with Dodecanethiol (2a)

Table 2. Palladium-Catalyzed Hydrothiolation of
1-Alkynylphosphinesl with Thiols 2

CeHi3—C=C~-PPh, R-C=C-PR?,

1a (0.50 mmol) catalyst (0.025 mmol) CeHiz H 1 {0.50 mmol)

. Pd(OAC), (0.025 mmol) Rl H
— +

CiaHpsSH solvent(3mL), 25°C, 1h = CigHpsS  PPh, ROSH ethanol (3mL),25°C,1h R3S  PRZ%
2a (0.60 mmol) 3aa 2 (0.60 mmol) 3

entry catalyst solvent yield (%)* entry 1 R! R2 2 R3 yield (%)*

1 Pd(OAc), ethanol 90 (87) 1 1b #-Bu Ph 2a CioHas 93 (3ba)

2 PdCl ethanol 86 2 1lc i-Pr Ph 2a CigHos 83 (3ca)

3 Pdg(dba)s”  ethanol 85 3 1d Ph Ph 2a CioHas 81 (3da)

4 PtCly ethanol 78 4 1le H Ph 2a CizHos 78 (3ea)

5 NiCly ethanol 58 5 1f EtOOC(CHy)s Ph 2a CioHas 77 (3fa)

6 CuCly ethanol 17 6 1g p-Ac-CéH;  Ph 2a CioHos 75 (3ga)

7 Pd(OAc) THF 86 7 1h PhCH(OH) Ph 2a CpoHos 72 (3ha)

8 Pd(OAc) 1,2-dichloroethane 89 8 1i 3-pyridyl Ph 2a CyoHas 78 (3ia)

9 Pd(OAc) toluene 89 9¢ 1j PhoP Ph 2a CyoHas 55 (3ja)

10 Pd(OAc), DMF 79 10¢ 1k Ph ¢-CHy 2a CigHas 82 (3ka)
11 Pd(OAc), water 92 11 1la CeHis Ph 2b #-Bu 62 (3ab)

a Based or?’P NMR analysis. An isolated yield is in parentheses. 12 1a CgHis Ph 2¢ Ph 82 (3ac)
0.0125 mmol of Pgldba} was used. 13 la CgHis Ph 2d 2-furfuryl 75 (3ad)
14 la CgHis Ph 2e cinnamyl 60 (3ae)

15 1a CeHis Ph 2f p-Br-C¢H, 80 (3af)

a wide scope of substrates, ethanol was selected as the best® 12 CeHis Ph 2g HO(CHys 74 (3ag)
solventi! 17 la CgHis Ph 2h N-acetylCys® 66 (3ah)
18¢ 1k Ph c-CeHn  2i p-MeO-CeHs 70 (3ki)

A variety of 1-alkynylphosphines underwent the hydrothi-

olation reactions (Table 2). Sterically demanding 1-alky- reaction was performed with Pd(OAc}0.050 mmol) in ethanol/dichlo-

nylphosphines includindgb and1c underwent the hydrothi-  romethane (2 mL:1 mL) for 16 K.The reaction was performed for 4 th.
olation smoothly (entries 1 and 2). Phenylethynylphosphine N-Acetyl+-cysteine was used.

1d as well as terminal ethynylphosphirde afforded the
correspondingnti-adducts in good yields (entries 3 and 4).
A variety of functional groups such as keto and hydroxy
groups were compatible under the reaction conditions (entries
5—7). Pyridine-containingia (entry 8) can be useful for
constructing supramolecular architectures. The addition o
2ato bis(diphenylphosphino)ethyngj) took place to yield
the correspondingnti-adduct3ja in 55% yield (entry 9).
Alkynyldicyclohexylphosphinelk also underwent the hy-
drothiolation, although a longer reaction time was require
to complete the reaction (entry 10).

The scope of thioP was satisfactory (entries £11.8). Not
only bulky thiol 2b but also thiols having an additional
functionality such age—iadded tola under the palladium
catalysis. The successful hydrothiolation with protected
cysteine2h implies that the reaction would be applicable to
modification of proteins and peptides (entry 17). The X-ray
crystallographic analysis @&ki verified theZ stereochemistry
of the productg?

The reaction was efficient enough to allow for multiple
hydrothiolations (Scheme 1). Treatment of biphenyl-base

a |solated yields? 1,2-Dichloroethane was used as a solvérithe

di(alkynylphosphine}l with 2ain the presence of a catalytic

amount of Pd(OAg) in 1,2-dichloroethane provided the

corresponding bifunctional diphosphidta in good yield.

N Di(phenylethynyl)phenylphosphinérf) underwent hydrothi-
olation twice to yield3ma. However, attempted 3-fold
hydrothiolation of tri(phenylethynyl)phosphine resulted in the
formation of mixtures of the corresponding mono-, di-, and

d triadducts. 1,3-Propanedithiol (2)) reacted withto afford

an 81% yield of3aj. Such products having multicoordination

sites can be useful building blocks for supramolecular

architecture.

Judging from the regio- and stereoselectivity of the
reaction, we are tempted to assume the reaction mechanism
as follows (Scheme 2). A palladium salt initially reacts with
1 to generate a palladium(1-alkynylphosphine) complex
Thiol 2 attacks the carboncarbon triple bond that is
activated by the coordination to form intermediafe
Protonolysis of6 affords 3 and regenerates the initial
dpalladium species. The stereochemistry of the products

suggests that the reaction should not proceed via oxidative

(10) Some intermolecular addition reactions proceed more efficiently in aqd't'on of Fhe thiol to a pallad!um complex followe_d by
water even though the substrates are virtually insoluble in water: (a) thiopalladation or hydropalladatibfbut via the coordina-
Kinoshita, H.; Nakamura, T.; Kakiya, H.; Shinokubo, H.; Matsubara, S.; tjon-assisted activation of the triple bond. The regioselectivity

Oshima, K.Org. Lett.2001,3, 2521—2524. (b) Kurahashi, T.; Shinokubo, . . . .
H.: Osuka, AAngew. Chem., Int. EQ006,45, 6336—6338 and refs cited N the reactioriLg strongly supports our plausible mechanism

therﬂn.N _  blace in the ab o Vet in ethanol that involves the transition stafe Without the coordination
n \Svat)erlo reactions took place in the absence of the catalyst in ethanol or of the phOSphOfUS center citg to the palladium, the

(12) See Supporting Information. regioselectivity of the reaction oilg could be opposite
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Scheme 2
1
R H R'-G=C-PR2,
VR
[Pd]_ [PdI
R38+ -y R'-C=C- PR2
“H 4
6
[Pd] R3SH
ron 2
R'-C=C-PR2,
R3S—H 5

because of the strong electron-withdrawing nature of the
acetyl group. It is also worth noting that the corresponding
phosphine oxide ola completely resisted the reaction.
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In summary, we have found a concise method for the
synthesis of an array ofZJ-1-phosphino-2-thio-1-alkenes
through the hydrothiolation of 1-alkynylphosphines. The
method will create a new type of heteroatom-containing
molecules which find applications in various fields of
chemical science.
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