Journal of the Korean Chemical Society
Vol. 37, No. 10, 1993
Printed in the Republic of Korea

EAERIL viflE EBElE &S0 9t EX3Fi=E4419
FIEEds n2|ekS (H 3 ).
EHEHE(O, ID-EAHA| A20] ot BX3j5|254419|
Fl2Eds) 2 A 19| 0|EX AR

BHE - 2N - TIH - REX - ANGE
ddeiet o)sjoiet setw)
tAANSE Apgoiet shetag)
(1993. 7. 5 A)

Carbonylative Cyclization of Unsaturated Carboxylic Acids by
Palladium Complexes with Phosphines [IIT]
Palladium(O, II)-Phosphine Complexes Catalyzed Cabonylation
of Unsaturated Carboxylic Acids and It’s Theoretical Studies

Myung-Ki Doh*, Bong-Gon Kim', Maeng-Jun Jung,
Young-Dae Song, and Byung-Kak Park
Department of Chemistry, Yeungnam University, Gyongsan 712-749, Korea
tDepartment of Chemical Education, Gyeongsang National University,
Chinju 660-300, Korea
(Received July 5, 1993)

2 o HeHE(0, ID-ZATA AEE o) 2 319 crotonic acid, methacrylic acid ¥ 3-butenoic acid 2H&-
FESLERALS 7t2u s Deltgd AYTFrE BUS) T2E BT, T BeslThyEE MM2
s} EHMO Al4tell A FA3ldc). o] vhg-& n-2E& AH 34 37 n2sghEe 7E g 454
H7HEE A A A ARSo] dolu) A hc) n-2F2-E A F A7)+ crotonic acid, methacrylic acid 52
7t2xd3} wejyhgo] Y= x| ¢k, 3-butenoic acide F-F7LEEAL FEA 24 glutaric anhydride2}
3-methylsuccinic anhydride ¥ ¢|FZ23%to] Ale]& 7% crotonic acid7} Qo] &c}

ABSTRACT. Reaction mechanism of palladium(O, II)-phosphines complexes catalyzed cyclocarbonyla-
tion for unsaturated carboxylic acid such as crotonic acid, methacrylic acid and 3-butenoic acide has
been investigated by product analysis, molecular mechanics and extended Huckel molecular orbital me-
thod. Reaction of 3-butenocic acid with palladium(O, II)-phosphines catalyst gives palladium containing
cycloester through intermediate palladium-olefin n-complex in the catalytic carbonylation. Palladium(O,
ID)-phosphines complexes catalyze the cyclocarbonylation of 3-butenoic acid to give 3-methylsuccinic anhy-
dride and glutaric anhydride. But n-complexes with palladium(O, II)-phosphines and unsaturated cafboxy-
lic acids such as crotonic acid and methacrylic acid are not effective the catalytic cyclocarbonylation.
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(m)
M=M(PMe;);; M=Ni, Pd, Ru etc

Fig. 1. Coordination mode of M (O, II)-PR; with 3-bu-
tenoic acid.
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Fig. 2. Change of dihedral angle (8, ¢) in the Pd
(PMe;),-3-butenoic acid complex.
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Table 1. Carbonylation of 3-butenoic acid catalyzed / feep rssod
by Pd(O)-phosphines ,ﬁ, c,/c
i e
. VAN AAS
Catalyste Yield of products (%) C c, -
Glutaric Methylsuccinic  Crotonic 1 c/c “ a ,,,f
anhydride  anhydride acid o Nom x - compk
x - complex
Pd(COXPPhs)  38(19) 13(7) 18(10) (-1682.495) \ / Lor
Pd(PPh;), 37(19) 11(6) 25(13) c B ~c,
PdEt;(PMePhy),  23(11) 6(3) 32(16) Spe—c  —— Srd E
’ c "N %
Pd(PMes).Et: 13(7) 2(1) 21(1D Yo
Pd(PMes)Et,’ 11(6) 21 14(7) & s
free -y mataliacycie(five)
sCatalyst 0.08~0.18 mmol, Catalyst/Substrate=1/50, CO (-1684.004)
20 atm, 100°C, 8 hour in THF, *Toluene, "Molar ratio Pd = Pd(Piey),
of a product to catayst is shown in parenthesis. Scheme 1.
Table 2. Eigen vector and frontier electron density for Pd-complexes
Eigen vector
Pd-complexes, HOMO LUMO FHoMo FLoMo
(r-complex) Cs C, Cs C, Cs C, T Cs C, T
Pd-But 0.35 0.48 047 0.56 024 0.46 0.70 0.44 0.63 1.08
Pd-Cro 0.34 0.31 0.73 0.33 0.23 0.18 042 1.07 0.22 1.29
“Pd=Pd(PMes),, But=23-butenoic acid, Cro={rans-crotonic acid, T=C5+C:.
R R
GG o
R, C.H:- E -0

0,
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Table 3. Total energy, Bond order and Net charge values for free ligands and Pd-complexes (Scheme 1)

Pd ) Total energy Bond order Net charge
~complexes V) PdC, PdC, CyC, G C, 0. 0 Pd
Free ligands .
But —-642.11 1.30 004 -019 -—-116 —-0.71
Cro —642.43 —-0.12 017 —-119 -0.73
n-complex
Pd-But —1682.50 0.16 0.17 0.98 —015 -036 -114 -073 —001
Pd-Cro —1682.99 0.18 0.13 0.93 —-014 -027 -118 -076 —0.16
Intermediate
Free-y —1681.52 —-132 -115 191
Free-B —1681.70 -134 -115 1.99
Pd-C; PdC, Pd-O Cs C, 0. 0O, Pd
Metallacycle
Six-member —1683.74 0.01 0.22 —-043 -—-122 -115 0763
Five-member —1684.00 0.04 011 —0.31 —-122 —-114 0.58
Zo] n-2EE o b 4Tl G B Cpol
A A b A7, 3% 49 F A 54

200
150

Fig. 3. Energy curve for change of dihedral angle (8,
@) in the Pd(PMey),-3-butenoic acid complex.
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o]
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#el9

A slEle] o] o)A wkg-o] Alsfo] ofzE
Azt COE 7Fel39 crotonic acid?}
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2] WA Aole 9 719F-27} 715 crotonic
acid®] LUMO #A=3 o]zt ol n-AgS
A7 Aoz P}

3-Butenoic acid7} #& At3}E 71HAl "epE(0)-
E2PA A wifsted AR Scheme 19} 13

Vol. 37, No. 10, 1993

2% 4 9ok Table 3¢ vhehd Cy R C,9] o
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oS olRZHe, @) WEHFig. 2A17]HA Aol
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Fig. 3¢ Jehiaich.

2 ZelA C b fRE SR HgEe] A
UAE 7t w29 sld=gkel M3k 5 keal/mol
W2 kAT e R 2n dhix FuE 1
eV mlgke] e 7 Ao Mol F whge A
Moz RYd HAolA C,7l fade o] ga
AR wgow YR o)A YA T 24
T n)sghEe] JArstebd g Table 30 v}
ehigen, 2 243 oAt Agarret
G gho ZHE WM 2k T 2S5
$H4 TSR] A ol Soldt ApAe
C,7t $2l5le) Y49 591e] 254 U, 62
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gmAst gro] Be Lo Fe AL zEE
Cpd F27h o) EHo) 2B YHY 5 glod,
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3 ZAx} 7k2 3 35} kgl A crotonic acid 7} doi A
T sde.ejzt Ak Scheme 1).

Fig. 1o X9} zro] = o2 F43% w3yt
(II-1)9] 3¥A2 n-FEo] oA oh2 Cpol 743 n-
Ao 2 Qs C-H7l 84 3l5]e] 4351852
PAshe Azt HrPbgo) AYss HSE B 5
slt}. o]23t teAE aedsle] AAksigT) o] R
AAE 117 2 F5%F a23igiEe] 34 ¢
YA ghe S5 2elshgEdl-2)9] 7391 80
keal/mol A= o|LiR]7} o FA dozl o2 Hol
A4 £4E 71 3-butenoic acide A7) & 713
FtEEAA e g S5 el 33E(-2)0)
ahEo]d Aoz AztHc}

ol¥A AAE FE5TH 2EsgEe] AL
72X d8hk-g-o] ol deiw Scheme 20 A9} 7o)
COZ} i$)d 5u 9} 2HFo] FUAR dojA 7oz
Aztele] FEE AAste gALEbetke A4k
c}.
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Pd = Pa(PMe,),
Scheme 2.

51322 #§-56)7 692 3gHE(5)ell A 7zt
CO ARlub-ge) Aot Aozl 5ul 9 F71Al(Scheme
2)9] @53t H(Table 4y vlws] B Ale =
2(COYY A=A} Zh2 69 2] 3H§HEl 4] +0.70,
S5H3e|stgEellA +0.650190 2 X3l E A4
oA wieixl Pd-C &tix+e 6 walala —032 59
Tejell 4]l —0.380] At 22| v YAte} F
AEse AgArE vlas] 2w, Table 4042}
7o) CO7F A71=l 5uR9) F7h4 229 Pd-C(0.02,
0.07)s} Pd-0(0.08, 0.10)¢] Ag=le+= Pd-C7t 42
e e olgA A 5ulg] F7A)
(Scheme 2)ell 4] A7}l COl| 3t H-F4e Pd-
C ¥ Pd-O7t frel=e] AFHo] 758 7lo]
Auk 7| AgaerE 4L Pd-CrF A #3
A A Ak ¥ o AzEd =y
29 HA YA E v)ms) B 692 31§89
5el 9] F7Aol A —1880.43 eVolgl o, 5 v2) 3}
§HE-2] 509 F3HA|e| v&) 9.22 keal/mol AE o
A gho] Adejzc) o] AL 5 3gHEe) A
5 CO Ajdukse] 6% vlalA tia =2l 2
g2 £ qleefz} 7=, o] 44L& 3-butenoic
acid®] 72183} vk-g A3 B A 3-methylsucci-
nic anhydride7} AA AAEE A3 & gxgc)
(Table 1). 2 ZAz} CO7} Absise] A &5
5uf 9} F7hAlO] s oz H oz M FAIHY
30 kcal/mol) 3}3}EE o]F1 =3} Pd-Col CO7}
A= ZEo] Pd-0ol A= 9g wirc} 51 keal/
molZtF o} <t o|FA dolx] FgrlER

Table 4. Total energy, Bond order and Net charge values for Pd-complexes in CO insertion reaction (Scheme

2)
Pd , Total energy Bond order Net charge
“complexes V) Pd-C, PdC, PdO G, c, CO O Pd
Square pyramidal
Six-member —1880.43 0.07 0.08 —0.32 0.70 —1.08 0.83
Five-member —1880.03 0.02 0.10 -0.38 0.65 —111 0.78
CO insertion Pd-C Pd-O Pd-C(O) G C, CO) 0 Pd
Six Pd-CO-C —1881.62 0.35 0.16 0.66 —1.06 0.58
Pd-CO-O —1879.40 0.34 0.30 —042 0.92 0.34
Five Pd-CO-C —1881.33 0.36 0.16 0.63 —-1.07 0.60
Pd-CO-O —1879.66 0.35 031 —0.34 1.02 024
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4 &
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n-FEE dAFA 7R FlEnds) meuks A
AEe 78] 3& Hoz Y7sich

(2) 3-Butenoic acid®] 72843} we|db-golA
LEHH0)-F A7 A) FEL o2 & 7¢ 2 uks-
7l & 54, 6de]e] F5¢R-3itEe] AA
Hoz AYHe o4 F ok

(3) AA) vr-LAZE Scheme 1, 25 AX 28449
Aoz A7t

2 Q7e 9RHHADO1~0)T ZEY 7|2
Hekg4 APH09el SJste] AT up olo) 2}
A=t
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