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Scheme 1.General Trend of RE and OA of the S-C Bond
from/to Pd and Pt Complexes
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Scheme 2.Schematic Strategy for Carbothiolation of Alkyne
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conversion intaC—Pt—C by the insertion (IS) of alkyne into the

The organic sulfides, which once had been considered to be S—Pt bond3" and (3) subsequent -&C bond-forming RE

catalyst poison,have been proved to be versatile reagents for a
variety of transition-metal-catalyzed reaction®.These trans-
formations offered unique methodologies to build up desired

(Scheme 2).
It became evident that the reaction of PhSC(O)P8 (1.0
mmol) with 1-octyne §a) (1.2 mmol) carried out in the presence

organic compounds and clearly revealed the high reactivities of of Pt(PPR), (0.05 mmol) under toluene (0.5 mL) reflux for 10 h

thiolate ligands on transition metals. The Pd-catalyzed decarbo-

nylation of thioester RKSC(O)R (1) (R* = aryl or alkyl; R =
aryl or vinyl)® and cross-coupling reactions of&M (2) (M:
typical metal) with RX (3) (X: halogen or OTf), both furnishing
RISR? (4), are among the typical examples. It was also reported
that the Pd-catalyzed addition of diaryl disulfide (Ar$p) to
terminal alkyne RCCH (6) gave vinyl sulfide £)-R3(ArS)C=
CH(SA) (7).« These reactions indicated that facile- S bond-
forming reductive elimination (RE) from Pd(ll) occurred to
complete the catalytic cyclésin marked contrast, we have
recently found that the stoichiometric-€ bond-cleaving oxida-
tive addition (OA) of vinyl sulfide7 (R® = aryl, SiMe;, CH,-
OMe) to PfL, affordedcis-Pt[(Z)-CH=C(SAr)(R®)](SAr)L, (8),”

indeed produced the anticipated)-2-(phenylthio)-1-phenyl-1-
octene 9a) in 77% yield (eq 1, run 1 of Table 1}.Neither
isomers of9a nor PhSPh4a) was detecteéd? When the reaction
of 1a with 6a was performed with Pd(PRh as a catalyst,4a
was formed in 40% vyield; however, no formation 8 was
confirmed (run 2):2 The functional groups such @sMe (1b),
p-Br (1c¢), and p-NO, (1d) on aromatic rings of Rdid not
adversely interfere with the reactions (runs3. The reactions
of BUSC(O)Ph L€ or PhCHSC(O)Ph {f) with 6a were very
sluggish to give 33% and 46% of adduc®e Or 9f) under xylenes
reflux for 46 h, respectively (runs-). The platinum-catalyzed
arylthiolation of alkynes was not so sensitive to the electronic
effect on the aromatic rings in?Ri.e., 74% of9g (p-Me) and

sugesting that the -SC bond-forming RE could be suppressed 79% of9h (p-CN) were isolated (runs 10 and 11). The group R
by simply switching metals from Pd to Pt in the above catalyses can be replaced by a vinyl group to afford the vinylthiolation
(Scheme 1§ Disclosed herein is a novel method for regio- and product9i in 63% yield with the stereochemistry of vinyl moiety

stereoselective additions of carbon and sulfur functionalities to
alkynes based on the following working hypothesis: $tPt-C

retained (run 12). On the other hand, PhSC(O)¥¢ {as inert
(run 13), while the reaction with PhSC(Q}dy~n (1k) produced

unit formation patterned after the Pd-catalyzed reactions, (2) hydrothiolation product® 2-phenylthio-1-octene in 73% yield
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(run 14). Terminal alkynes such as 6-hydroxy-1-hexyéb),(
5-cyano-1-pentyne6g), phenyl acetylene6d), and (trimethyl-
silyl)acetylene §e) all underwent the carbothiolation bic to

furnish the corresponding adduct@l{90) in moderate yields
(runs 15-18). The carbothiolation proceeded at both of the
triple bonds smoothly when 1,7-octadiyri#)(was employed (run
19).

Then to get the convincing information on the mechanism of
Pt-catalyzed carbothiolation of alkynes by thioester, some sto-
ichiometric reactions were monitored 5P NMR spectra as
follows. The OA oflc (0.02 mmol) to Pt(PPJy (0.01 mmol) in
CeDs (0.6 mL) proceeded at 2%5C to give a mixture oftrans
Pt(SR)[C(O)Ph](PPh). (Rt = CsH4Br-p) (trans-100) (76%) and
anti-(PPh)[PhC(O)]Ptf-SR),Pt[C(O)Ph](PP¥) (anti-10¢) (7%)
after 1 h (eq 2)** The decarbonylation required more stringent
conditions; a solution of isolatettans-10c (0.01 mmol) in
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Table 1. The Pt-Catalyzed Carbothiolation 6fwith 12 Scheme 3.Proposed Fates &M-C units in the Presence of
o cat. Pi(PPhg), R Alkyne
R3 — - =\
R1SJ\R2 ' rg me M=Pd, 14 M=PL11 R R
1 6 9 R'S-R?  «——— R'S-M-R® ———> n‘s>—\— oy n‘sh_ -
- 4 - Pd(0) R—== /0 -PHO)
un 1 R' R? 6 Isolated Yield of 9 (%) s R2
1 1a Ph Ph n-CeHja—== 16
6a 9a; 77 5 R SAr
2 1a 6a 9a; 0° R’ M=Pd, 15 R)___\ M=PL8 Ars>=\ R A~A R
3 b pHol Ph 6a 9b; 70 a€ ear W aS M —  AS — gy A
4 1¢ CegHBrp  Ph 6a 9c; 81 , Arg 6 =/ 13
5 1d CeHNOrp  Ph 6a 9d; 85 R® 7
6 1 B Ph ;11
W 1e ! Z: z % and Pt(PP}), (0.05 mmol) under toluene (0.5 mL) reflux for 17
8 1  CHpPh Ph 6a of, 13 h also generated the desir@din 83% yield (eq 5)® Moreover,
o0 1f 6a of; 46 unlike the case of Pd-catalyzed reaction formifi® the reaction
10 19 Ph prol 6a 9g; 74 of (PhS}) (58) (1.0 mmol) with6a (2.4 mmol) performed in the
oth o Pho GeHCNp ea oh:79 presence of Pt(PRJ (0.05 mmol) under toluene (0.5 mL) reflux
R for 20 h furnishedZ,Z-R3(PhS)G=CHCH=CR}(SPh) (R =
I T e Y W CeHi1zN) (133) in 86% yield (eq 6).
9; 83 FPh s
13 1) Ph Me 6a 9; © . PY(PPhg), R
141k Ph Cehiz 6a 9% 0° PRSNa x PR+ RT= toiuene, reflux PhS o Ph ©
15 ¢  CeHprp  Ph HOCH)—= 91, 64 2a 3a 6a 7 9
6b R¥=CgHign  83%
16 1c  CeHBrp  Ph NCCHI)—= 9m;78 SPh
6c . Pt{PPhg), s
17 1 CgHsBr-p Ph Ph—= on; 71 PrS) + A= — > RMRS ®)
6d 58 toluene, reflux PhS
f HLB MeySi—== %:75 24equv 20N 13a
18 1c  CgH Brp Ph P, H 8 H3=CSH,3~n 86%
199 1 CeHrp  Ph =—(CHj—= e NP en The different outcomes between Pd- and Pt-catalyzed reactions
6f ArS - SAr described above can be explained as follows (Scheme 3). Both
9p: 82 of the Pd- and Pt-catalyzed reactions would generate similar M(l1)

2 Unless otherwise noted, 1.0 mmolhf1.2 mmol of6, 0.05 mmol complexes wittS—M—C fragments such as’B-M—R? (M =
of Pt(PPh), under toluene (0.5 mL) reﬁux for 2015 h.® Pd(PPh)4 Pd, 14 M = Pt, 11) and M[@)-CH=C(SAr)(R)I(SAr) (M =
(0.05 mmol).c PhSPh 4a) 40%. ¢ Xylenes reflux, 46 he 2-phenylthio- Pd,15 M = Pt,8). When M is Pd, after the formation d# and
1-octene (73%)! 2.4 mmol of6e, 42 h in a sealed tub&.1.2 mmol of 15, 4 and7 would be smoothly eliminated without incorporating
1c, 0.5 mmol of6f. 6 under toluene reflux conditiohln stark contrast, when M is

Pt, due to the thermodynamical disadvantage 6f"& bond-

tolueneds (0.6 mL) at 110°C afforded decarbonylated complexes  forming RE of4 and7, 11 and8 would have enough lifetime to
trans-Pt(SAr)(Ph)(PP¥); (trans-11¢) (16%) and (Ph)(PR)Pt(u- undergo the regio- and stereoselective |8 ofto the S-Pt bonds
SRY)Pt(Ph)(PPF (11c) (syn/anti= 50/50) (81% based on Pt)  to give vinyl platinum16and divinyl platinuml7, leading to the
after 1 h (eq 3). The reaction of isolatécans-11c (0.01 mmol) formation of9 and13 by the more facilé"C—sPC bond-forming
with 6a (0.14 mmol) in toluenedg (0.5 mL) at 110°C formed RE from Pt(l1)20.20
Pt(PPR)(R*CCH) (R = C¢Hizn) (128) in 62% yield after 6 h In conclusion, this study provided a simple concept to achieve
(eq 4). It should be noted thptBrCeH,SPh @c) was not detected  the transition-metal-catalyzed carbothiolation of alkynes by
at all from the reaction mixture, whil@c (65%) was obtained,  exploiting contrastive reactivities of thiolate ligands on palladium
meaning a catalytic cycle of the carbothiolation could be and platinum complexes. Our continuous efforts will be focused

composed of a series of reactions of egs42>1/ on the extension of the present model to other addition systems.
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1ye% 4 81% (16) The reaction ot1c (0.005 mmol) with6a (0.14 mmol) in the presence
. 3 /? of PPh (0.01 mmol) provided 32% af2aand 60% of9c after 6 h. Because
R S\H/PP"S - R—== . Y= @ trans-11cwas regenerated by the reactionldf with PPh in toluene at 110
phap” Ph * T oluene-ds 110G 6',, Pt &'S Ph °C, there may be an equilibrium betweghc and 11¢.
° 5 * """ Phy?” “PPhy (17) Because some unidentified signals together with thosentif10c,
frans1e 14gguiv R™=CeHign 12a 9 trans-11g 11¢, and12awere detected in th&P NMR spectra of the reaction
62% 65% of trans-10c with 6a (14 equiv) at 110C, the possibility of the IS 06 into

the complex10 cannot be precluded at the moment. On the other hand, no

i i i reaction took place on a similar treatmentaotti-10¢ with 6ain the absence
Finally, the generality of the present strategy shown in Scheme of PPh at 110°0.

2 was further teSted: The reac“‘_’” of PhSIa) (1.1 mmol) with (18) The reaction with Pd(PB)a instead of Pt(PPJu produceddain 79%
Phl 3a) (1.0 mmolf% conducted in the presencet (1.3 mmol) yield; however, no formation dda was confirmed.
(19) The failure of carbothiolation in the reactions of runs 13 and 14 in
(15) No intermediate was detected even if the reactiotrasfs-11c with Table 1 may be attributable $C—s"C bond-forming RE in the process from

6a was conducted at 78C (70% ofl2aand 72% of9c after 62 h). 16to 9.



