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ABSTRACT. The structure and reactivity of n- and metallacycle form in the bis(trimethylphosphine)
palladium(O) complexes with acrylic acid, methacrylic acid, crotonic acid(A group) and 3-butenoic acid,
4-pentenoic acid(B group) have been investigated by Molecular Mechanics and Extended Hiickel Molecu-
lar Orbital method. The calculation shows that A groups with large value of frontier electron density
of HOMO and LUMO produce n-complexes instead of metallacycle. But B groups with small value of
frontier electron density of LUMO, especially 3-butenoic acid, form stable metallacycle. Moreover the
methyl-substituted five-membered compared with the six-membered metallacycle is energetically stable
conformation.
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5838 35HE4l (CHX:)M(X=P, As, Sh; M=Fe,
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Fig 1. Horizontal and vertical coordination for cha-
nge of dihedral angle in the Pd(PMe;),-olefins comp-
lexes (olefin is methacrylic acid (a), crotonic acid (b),
and 3-butenoic acid (c)).
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Table 1. Eigen vector and frontier electron density for the free ligands and palladium(O)-complexes

Eigen vector Eigen vector

G Free ligands of HOMO of LUMO oMo FLMo
roups
P Pd-complexes Ce Cs C. Cs Ce. G C=C C, CG C=C
A Acrylic acid 061 058 —036 069 074 067 141 025 095 120
Methacrylic acid 057 061 —036 066 063 074 137 025 087 112
[(Pd(PMes),CH.C(CH;)COOH] 024 012 —0.34 053 011 003 014 023 057 0.80
Crotonic acid 064 052 —030 069 081 053 134 018 096 1.14
[(Pd(PMe;),CH(CH:)CHCOOH] 0.14 030 —0.25 055 0.04 018 022 012 061 0.73
B 3-Butenoic acid 053 065 —034 028 055 083 138 023 016 039
[(Pd(PMe;).CH.CHCH,COOH] 037 0.2 —0.17 007 027 003 030 006 001 007
4-Pentenoic acid 051 063 —024 027 052 079 131 011 014 025
(Remark) R, _Rs
/Ca = Cn\ Ri=H, CH;; R,=H; R;=H, CH;j;
R. R, R.=COOH, CH.COOH, CH,CH,COOH

Table 2. Total energy and net charge of each atom for free ligands and palladium(O)-complexes

Free ligands Total energy Net charge
Groups V)
Pd-complexes (e Ce Cs 0. O, Pd
(eV) V) eV) V) eV)
A Acrylic acid —536.55 —-0.05 —0.04 —-1.18 -0.73
Methacrylic acid —-642.32 0.05 —0.03 —1.18 —-0.73
[Pd(PMe;),CH,C(CH;)COOH] —1682.35 —0.10 —0.23 —1.18 —0.77 0.12
Crotonic acid —642.43 —0.12 0.17 -1.19 —0.73
[Pd(PMe3).CH(CH;)CHCOOH] —1682.99 —-0.27 —0.14 —1.18 —-0.77 0.17
B 3-Butenoic acid —642.11 004 —-019 -116 -—071
[Pd(PMe;),CH,CHCH,COOH] —1682.49 -019 -034 —-114 —073 0.08
4-Pentenoic acid ~74790 0.03 019 -117 -071
(Remark) R, - _Rs
/Cg = Cu\ P H
R: g— 0,
2E(acrylic acid, methacrylic acid 2 crotonic acid) a FZo olFH Aojat B ¢ 3gly, o)y
e B iel LUMO AAYE o] o wae]  @4ke B who] n-WAE 2& 4+ e 0| 2

A gEo Z2A depgey B agdAE i
q4e HoFQch =3 o9} p &9 LUMO A
AldE+s COOH7)7b &+ A3 2y A 2
FolMe 92 B &h2v) 087~096 AEZ o
ghA9] 0.18~025 FERCt of 4v) HE ] A
vebdth &, B ®49] LUMOS] AL =7} 24
vehd #32 vidr]e) JdFNE o gl FH
259 COOH7|9 B3E o} ¥ -7}

Helet A7}, 22}t B 2FNHE agt g &
49 7zt LUMO A&+ 023 oldt2 A n-d
A FHo]l A 1F ERt=ol wlE ¥ Ao
2 £ gltk HOMOs} LUMO2] Azl ghe] 3}
O|ZRE A 2FL n-AAFAL} Al AFo] =A
et 2z EAR F25(0, DA WslE A%+
- 2§ 2ol Jeht n-2E2 A hgstE 7o)
2} A7t} wbd el 3-butenoic acid9} 4-pentenoic
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Fig. 2. Eigen vector and frontier electron density for free ligands (a) acrylic acid, (b) methacrylic acid, (¢)
crotonic acid, (d) 3-butenoic acid, (e) 4-pentenocic acid.
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EAATE 4 5 sk webd M3 2 s
T2 A9 =R %& Zo YL o
FA sty AR I3 g o|HAAME T B
Ay & o] 43led Fig. 1049} o] LA 5
B2E F EAUF gehEo)] o] F= Hdd 93}
TAWHes ¥, o|dzie), A¥He|E MIAA
7hHA Aozl o] A2 RE 7 FHAA
ol A3} =L ¥ o AINE Fig. 30| EA]
skt

A AR A 254 Pd(PMe;):ol methacrylic
acid7} wi$1" AL o widd Aot 5

HaC H H CHs H CHa
Pd— [ pd—] [ Pd—
§J=ﬂ 0=('! H H §=0
o /0 0\
“H H H
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Fig. 3. Energy curve for change of dihedral angle
of COOH group in [Pd(PMe;)-olefin complexes (a)
Vertical coordination of olefin for Pd(PMe,),-methacr-
ylic acid, (b) Vertical and horizontal coordination in
Pd(PMes),-crotonic acid, (c) Horizontal coordination
in Pd(PMe;);-3-butenoic acid.
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(c)

Fig. 4. Stereoview of the n-complexes. (a) Pd(PMe;),-
CH.C(CH;)COOH, (b) Pd(PMe;).-CH(CH;)CHCOOH,
(c) Pd(PMe3).-CH,CHCH,COOH.

Poz wisle Afrch o B ez e X
o FoltHFig. 3(a). °l& a Bl X gy wdr|e}
2 BAY] Wi ¢Pdeg ¥d A FAANA
uhibo] ZA] 2Hg-dte] FHBE FHo2 w9d
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acid7} wWi$l€ A FHo= wE Aot 7
Hog wigld Afuct o 3 oA ghe] o
o] A HFig. 3(b)). =& B 252 3-butenoic acid7}
Wl m G4 £HoE wHE oyl o ¥ e
BolFrhFig. 3(c). 22t el o)Al wst
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z9] JAIYE Fig. 4o Jehlsich

o) HEAZ vlto sl n-AEe] A

Vol. 37, No. 4, 1993

qH & F 74 AE AA vz, 24 ARy
dRAsl 3 2HMe] HOMOS LUMO AAY =
7% EHMOY o 2 A4teta, o3l & Table 1,
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A n-2AES T o|AAAelx, delxl n-ZE
AA AR gH(Table 2y vlws) Bd, 2399
vl §] okAtell BAIGlo) crotonic acidzt 7 kA B}
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ol 24 A o, B o] ARt IHTable 2)
< el =(Table 2)9t ¥ladchd n-2-Eo M=
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acid7} BetE(O)el] WigEe] n-AgE ol F F
E3rf e stgER AAdsied 28 4
2Rt sjelEe] £-9] gRAsgle] & B kil
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Fig. 5. Eigen vector and frontier electron density for free ligands in the n-complexes (a) Pd(PMes);-methacrylic
acid, (b) Pd(PMe;),-crotonic acid, (c) Pd(PMe;),-3-butenoic acid.
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Fig. 6. Predicted reaction path of Pd-olefins complexes (a) Pd(PMe;);-methacrylic acid, (b) Pd(PMes),-crotonic

acid.
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Fig 7. Predicted reaction path of Pd(PMes).-3-butenoic acid complexes.
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