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Insertion (IS) of unsaturated molecules into the M bonds is
among the most basic topics in organometallic chemisg. to
the mechanism, cis IS has been widely established, although a
limited number of trans ISs, mostly exploiting activated alkynes
such as DMAD, have been reporteédlin connection with the
mechanisms of some Pt-catalyzed reactions including thiols and
alkynes as substratesnd our study on the reactions of unsaturated
molecule with thiolato palladium and platinum comple&ésye
were initially interested in the reactivity of alkynes toward the
complexes having HPt—SAr fragment. Herein we wish to report
on our findings that trans IS of phenylacetyledgifto the H-Pt
bonds took place with the assistance of unexpected factors. Figure 1. ORTEP diagram otis-Z-4 (Ph on PPk omitted).

First, the reaction of (0.05 mmol) withtrans-Pt(H)(SAr)(PP§).
(2, Ar = CgH4Cl-p) (0.01 mmol), which was prepared in situ by When the reaction of (0.05 mmol) with2 (0.01 mmol) in the
the reaction of Pt(PRJy(CzH,) (0.01 mmol) with ArSH 8, Ar = presence 08 (0.05 mmol) was performed under the irradiation of
CsH4Cl-p) (0.06 mmol)! was carried out in §Dg (0.5 mL) using 500-W tungsten lamp at 1, the reaction finished within 10 min
O=P(tolp); as an internal standard undej &tmosphere at 25C to afford Z-4 in 77% (isltrans = 73/27) and 85%dis/trans =
under room light (just without covering the NMR tube). THE 85/15) yields in GDs and acetonels, respectively (runs 3 and 4).
NMR spectra indicated the formation of a platinum comples The complexZ-4 was isolated from a preparative-scale reaction
in 36% (cis'trans = 64/36F and 81% (is'trans = 64/36) yields (0.1 mmol of2) in 65% (ig/trans = 78/22) yield (run 5), and the
after 2 and 5 h, respectively (eq 1, run 1 of Table 1). In stark X-ray single-crystal structure analysis of dis-isomer proved the
structure to becis-Pt[(Z)-C(H)=C(H)(Ph)](SAr)(PPk), (cis-Z-4)

Ph—= =+ HfPTihSSAr PH”T/‘F;(PPhS ) (Figure 1), implying thatl inserted into the HPt bond of2 with
PPhy Ars' PPhg Pt bound at terminal position in @ans-fashiont® Because the

1 2 z4 isolatedz-4 isomerized to the “cis IS” product PH(-C(H)=CH(Ph)]-

Ar = CgHyCl-p (SAr)(PPh), (E-4) under photoirradiation for 30 mife(Z = 32/68),

the possibility of kinetic formation oE-4 and subsequent isomer-

Table 1. Reaction of 1 with 22 ization toZ-4 can be ruled outt

ASH@E) T z4, In the case of lapping the tube in aluminum foil, the reaction
run condition (mmo) (°C) fme  yield%® (cisfrans)’ was significantly retarded even in the presenc&;obnly 8% of
1 room light 009 25 2h 36  (64/36) Z-4 was formed even after 20 h (run 6). No reaction took place
X o X fhh 81 (64/36) without the addition o even when the tube was irradiated with
3 rs%%TWI%u:]gsten lamp 00.05 510 810 min 077 (73127) 500-W tungsten Iamp (run _7). The reaction1of0.05 mmol) with
4° 500-Wtungstenlamp 0.05 10 10min 85  (85/15) 2 (0.01 mmol) carried out in the presence of AIBN (0.01 mmol)
5 500-W tungsten lamp 0.5 10 1h B5 (78/22) and3 (0.05 mmol) at 60C also furnished-4 in 76% (only trans)
6 under dark 005 25 20h 8  (42/58) yield (run 8), while the reaction in the presence of AIBN without
;h Sggé\:vdgjrrl‘(gﬁe” lamp 0005 61(? 110hm'“ 76? (ontyang 3 produced only 3% 0Z-4 even afte 3 h (run 9), showing that the
9" under dark 0 60 3h 3 (onlyans role of photoir_radiation was replacgable by AIBN, but the presence
of 3 was crucial to obtairZ-4 effectively.
aUnless otherwise noted, 0.05 mmolHf0.01 mmol of2 in CsDs (0.5 Prompted by these intriguing results, the generality of the

QIP_ZQignaFiyggxw'\g\élTarg?:rseéuibné:s’\ilttﬂ?)yyﬁlg'rceigirgr?cc)r}egti(sé;%eow\;vo trans IS has been next tested. It became evident that the present
. 24, :
(0.01 mmol) with3 (0.06 mmol).¢In acetoneds (0.5 mL).f Preparative protocol was also applicable to the Complet(aﬂs-Pt(I-!)(X)(PPlfg)z
scale (0.1 mmol of). 9Isolated yieldh 0.01 mmol of AIBN. (6: X =Cl, 7. X =Br, 8 X =1). When the reaction of with
) . . o 6 was carried out in the presence of 5 equiv dfunder the
contrast, no reaction took place in the reactiorl efith isolated2 irradiation of 500-W tungsten lamp at 1T for 30 min, the
under ot_herw?se identical conditions even after 48 h (run 2). After selective formation of the trans IS product B}C(H=C(H)(Ph)]-
many trlal§, _|t was found that both of the presenceSfofand (CI)(PPh), (Z-9)*2was confirmed in 79%cfs/trans= 79/21) yield
photoirradiation were essential for the successful formatiofr4f after 30 min (eq 2, run 1 of Table 2). Similarly to the case of
*To whom correspondence should be addressed. E-mail: Kkuni@ reaction ofl with 2, photoirradiation can be replaced by AIBN to
ap.chem.eng.osaka-u.ac.jp. furnishZ-9 in 74% (only trans) yield aftel h at 70°C (run 2) and
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3 was again indispensable (runs 3 and 4). The reactidrvath 7

in the presence a8 under photoirradiation afforded the trans IS
product Z-1013 in 83% (igtrans = 16/84) yield after 30 min
(run 5). Although accompanied by t&eto-E isomerization, vinyl-
platinum 11 was also obtained fror in 42% yield after 30 min
(run 6)14

PPh.
kS 3 —\ /PPhg
1 + HPEX  ——————— PH Pt @
PPhg X PPhg
6;,X=Cl 2-9;X=Cl
7;X=Br Z-10; X =Br
8 X=1 ZA1; X =1

Table 2. Reaction of 1 with H—Pt Bonds of Pt(X)(H)(PPhs)2 (X =
Cl, Br, and )2

un - X condition T(°C) time yield %° (cis/trans)

1 Cl 500-Wtungstenlamp 10 30min 79 (79/21)

2 under dark 70 1lh 74 (onlyans)

3d 500-W tungstenlamp 10 30 min 0

4ed under dark 70 1h 0

5 Br 500-Wtungstenlamp 10 30min 83 (16/84)

6 I 500-W tungstenlamp 10 10min 11 (orthans)
30min 42  (onlytrans

aUnless otherwise noted, 0.05 mmol Bf0.01 mmol of Pt complex,
0.05 mmol of3 in CsDs (0.5 mL).?> NMR yield. ©0.01 mmol of AIBN.
dwithout 3. € 12% of E-11 was included.

As to the reaction ofl with 6, the IS of1 into the H-Pt bond
has been already reported to yiéldnsPt{{C(Ph=CH,](CI)(PPh).
(12).%5 Actually, when the reaction of deuterated phenylacetylene
(1-d) with 6 was conducted at 7CC under dark, the cis IS product
12-d was formed in 57% (onlyrans) yield after 20 h (eq 3). That
is, both the stereo- and regiochemistry of ISlointo the H-Pt
bonds could be controlled by simply switching the reaction
conditions; the conventional thermal reaction produced cis IS
product with Pt bound at the internal carbon, while the present
photo-and-thiol-driven reaction produced trans IS product with Pt
bound at the terminal carbon (Scheme 1).
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Scheme 1. Photo-and-Thiol-Driven Trans IS vs Conventional
Thermal Cis IS of 1 into H—Pt Bonds
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Finally, to get the information on the reaction course of trans
IS, deuterium-labeling experiments were conducted as follows. The
reaction ofl-d with 6 in the presence of AIBN ang to produce
trans-Z isomer (Table 2, run 2) was performed at’@under dark
for 1 h, and the resultant complex was analyzed!byNMR
spectrum. Although a small portion of £H exchange was
suggested (91%-to 84%+), D was selectively incorporated into
the a-carbon, denying the involvement of vinylidene intermediate
(eq 4). Unfortunately, the attempt to specify the origin of
pB-hydrogen failed due to the faster M scrambling betweetrans
Pt(H)(X)(PPh), (22 X = SAr, 6: X = Cl) and ArSD @-d, Ar =
CeH4Cl-p) than IS and the reaction mechanism still remains
elusive; however thiyl radical, which could be generated fidm

under photoirradiation or in the presence of AlIBMould play a
pivotal role for the present trans IS methodology.

(84%-d)
AIBN D
3 (0.2 mmol
1d + 6 (—)> = _PPhy @)
(91%-d) CeDs, 70°C,1h  PH Pt
PhgP  ClI
1.0 mmol 0.2 mmol trans-Z-9-d

62%

In summary, this study demonstrated that both modes of cis
and trans IS of alkynes into HVl bonds could be achieved by
employing different reaction conditions. The work to elucidate the
scope and limitations of the present trans IS inteM bonds as
well as the participation of trans IS in Pt-catalyzed reacfiass
now in progress.
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