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2 2k Pd(CF;CO,)-phosphine @ Pd(CF;CO,)-sulfide Al S S| & A}-4-3}o] styrene] o} 3uk-g-& 43}
Ak F A EQ] rrans-stilbene®] 482 phosphine X84 2] 17| =7} Z71p5 o3 I A AN 7 F75
srobx o}, arylphosphineel| Al styrene &2 aryl 717} ©]§3h= A2 Y3t arylphosphinedl] 13} Pd(CF;CO,),
9] A7t vl T2 471 =E 713 PA(CH;CO,),2] A-F-Eu} o] @] e enz o] uh-g-2 Pd o] o] %14
aryl 7)ol EAL 3l= AR WA Zo] 23] 285 B} 39 Pd(CF:CO,)-sulfide T} Pd(CF3CO»)-
phosphine 7| 7} & &34l Fvll = 2H-g-31%l ot

FHlof: g9, o} 3R, PA(CFCO,).-phosphines, PA(CF;CO,),-sulfides, ©F217] ©]%

ABSTRACT. Arylation reactions of styrene catalyzed by Pd(CF;CO,),-sulfides and Pd(CF;CO,),-phosphines were
investigated. The yield of #rans-stilbene, the main product, increased as the basicity of the substituents on the aryl groups
of the phosphines increased and the steric hindrance of the substituents decreased. The mechanism of the aryl migration
of arylphosphines to styrene is proposed to involve the electrophilic attack of Pd to the phenyl group on the phosphines.
The phosphine systems were found to be more effective than the sulfide ones.

Keywords: Olefin, Arylation, Pd(CF;CO,),-phosphines, Pd(CF;CQ,),-sulfides, Aryl migration

M E o2 AR 9} ukSA|u Tl wjlE L7
2 AALES wglel] oJsle] FHow o F
Aelad Aede< iuﬂi AHgte] ’hA-ge4 °ﬂ we} A7 ohe w5 glek. 53] Pdoll v

AZFS A3 7= uhee $7)A L B o) ) f1=e] A 3t=l A o] arene®| HIAH] T4
G T8 ubgelth! 1 FolME g Fle] ofsl o} o} shub-go] deojih= A2 wlAl ]| &
WSS HAE BHES] A6 F83 ke R o ASA A FAIATIEA AT, o1
4] I} Heck2 28| 99] o} k-0l A Pdsd o] 2L o7 /A AQENA DA AR =
Rhe|v} Ru Z3}gtER e} o a3pHq] Sufjelal B wf3}she o] 83k ub-goA wi¢- 83 A& 3}
23} \f °“:}2 i

2992 e AR TR SR_MEEA Yub oA 7HA] W E S 2] ofH 3M-goll A UnkH

—369—



370 A8 -
catalyst
PhCH=CH, + CgHg ——
PhCH=CHPh + (PhCH=CH),
1 (trans) 3
2 (cis)
Scheme 1.

22 YA = IEEL styrene?] 7T Scheme 1
3} e
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Pd(CF;C0:),0.10 g (0.30 mmol)Z} styrene 0.35 mL
(3.0 mmol)2] E38HE-<l| Pd(CF;CO.),2} P(CeHs):o] &
w7} 2:1, 322, 1:1, 122, 1:30] %5 P(CH;):& 7}
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Pd(CF;C0,),0.10 g (0.30 mmol), PR; (R = C¢Hs, p-
CH3;0C¢Hi, p-CH3CeHy, CsHi, CoFs, OC4Ho,) B
SR'»(R'=C¢Hs, CH,CH,CH;) 0.30 mmol3} styrene 0.35 mL
(3.0 mmol)E WA 70 mLell o] Parr TgHEH-3-7]o
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S F AR v b S E T &
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Table 1. Effect of Molar Ratio of Pd(CF5CO»)to P(C¢Hs); on
the Yields of frans-Stilbene.?

Ratio Yield (%)°
21 163
32 181
1:1 272
12 198
13 156

"Reaction condition: 55 °C, 50 psi O, 20 hr. "Yields are based
on the Pd(CF;CO»), used. Pd(CF3CO,)»: 0.30 mmol, styrene:
0.35 mL (3.0 mmol), benzene: 70 mL.

PhCH=CH, + CgHg  —o(craC02)2
PR3 or SR’
PhCH=CHPh + (PhCH=CH); + PhCH=CHR
1 (trans)
2 (cis) 3 4

R = CgHs OC4Hg", p-CH30CgH,,
p-CH3CgHs, CgH11, CeFs
R'= CgHs, CHyCH,CH3
Scheme 2.
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Table 2. Arylation of Styrene to Form trans-Stilbene Catalyzed by Pd(CF;COs).-phosphine or Pd(CF;CO,)-sulfide.”

Composition of the Products (%)

: b ¢ (o <1 qd
Ligand X 0°(°) Yield® (%) I 2 3 1
P(CsHs)s 43 145 272 94.7 3.5 1.8
P(OCsHon)s 6.5 119 82.0 18.0
P(p-CHs0C6Ha)s 3.4 145 116 81.7 14.1 42
P(p-CH5CsHa)s 35 145 111 60.7 8.7 30.6
P(CsHn)s 0.1 170 66 100
P(CgFs); 11.2 45 213 78.7
S(CH-CH:CHs). 90 50.0 50.0
S(CsHs)a 75 472 52.8

TPd(CF5COx)s: 0.30 mmol, styrene: 0.35 mL (3.0 mmol), benzene: 70 mL. "Tolman’s substituent constant. “Tolman’s cone angle.

%Yields of trans-stilbene (1) are based on Pd catalyst used.

ol wel FAEQ rans-stilbene®] o] &
23] W3tslar ola-S vEhAL glek A3k o] A
A4 ¢l & 3= el = Tolman’s substituent constant
2} 3= ¢l 938k el Tolman’s cone angle 65
Tabledl| E3F51e]° o] & X|3HA| o] Az, JA A =
7l o] ol ol gt W3} b =R E Ko 9]

o33 phosphine®} sulfide%- P(CsHs )= P(p-CH:OCeH,)s,
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2ol trans-stilbene(1)Z} F3HE 49] FAlo] 21.3%
£} 78.7%2A] 47} B glko] o] A pentafluorophenyl
718] o]F HAe] AAFA 2 A& vl o
A FAREY FEE 45%2 w-F et

w3t A7 A =T =2 A3 E 7R P(OCsHo"):2]
79 (=6.5)= 119%ZA] P(p-CH;0CeH.)s, P(-CH:CeHa)s
o] 7359} w3 &S VAT e AE vt

2|2 Eeolgt Aidolnt. o]2lgt A Pol aryl 7] df
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Sulfide®] 7-$-ol|%= phosphine®] 73-¢-Xr} 4=§-o]
ok}, £3) 22 A 3A|1 S 1Al P(C(;Hs)s-ﬁ‘ S(CsHs),
= uay S W 272%9} 75%E Z 2o|r}t wow
styrene®| o] FgAQl 39] AAde] B A& &0
S 9lele] B 4= 9l o] AL Pd(CH;CO,)E Zvi
2 AHES ol 2 Aol
Arylphosphineell A1 aryl 7]¢] o] g1kg-ol] T sl|A] =]
F7HA] F 7] wAYUFe] LA 3= F Scheme

@PK ! ! ®
Phy —Pld - thr—Td — thT—Pd
g\\(l:/o O\\C[i(;o O\ci://o
CX3 L CXs | CX3
X=H, F

Nucleophilic Mechanism

e
/ - — QPd—Pth

PhoP” Pd*
Electrophilic Mechanism
Scheme 3. Mechanism of Phenyl Migration of Arylphos-
phine Proposed by Kikukawa.?
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aryl 710l F4& k= WA wAUF 98 2
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phosphine A7} v &2l Svl 2 2353},

2 AT 20061 % A e L 2pd 73kl T4
ATH|E o] Folgom ofel] A=Y
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