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1,4-Dihydroxylation of 1,3-Conjugated Dienes Promoted by the Pt(III) Dinuclear Complex
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The pivalamidate bridged platinum(IIl) dinuclear complex
reacted with various linear 1,3-conjugated dienes in water to give
the 4-hydroxy-(E)-2-alkenyl-Pt(IlI) dinuclear complexes. The -
carbon atom of the axial alkenyl ligand bound to the Pt(III) atom is
electrophilic and is easily attacked by solvent water to release (E)-
2-alkene-1,4-diol exclusively.

The complexes of the general formula [Pt (NH3)4-
L,L’L’’]"*, where L is a deprotonated amidate bridging ligand,
and L’ and L™ are axial ligands, exhibit reversible 2-electron
redox behavior between Pt(II[) and Pt(II), and give
[Pt",(NH;3)4L,]** on reduction.'”> The axial ligands L’ and L
reversibly coordinate to the Pt atom in the redox reaction, whereas
the rest of the structure is retained. These features make the

compounds unique catalysts for selective oxidation of various Figure 1. Structure of complex cation 4.
alkenes.*® In our previous study on the reaction of
[Pty (NH3)4LoL°L>’ " with olefins in water, the B-hydroxy- Table 1. Selected structural parameters of 2—5

alkyl-Pt(IlI), complexes were isolated, which then released

ketones, aldehydes, epoxides, and 1,2-diols by water attack.> 2 3 . 4 o S
For 1,2-dihydroxylation of monoolefins, Sharpless asymmetric Bond distances (A)
dihydroxylation reaction using osmium compounds is well- Ptl-P2 2.7337(8) 2.7351(7) 2.7403(8) 2.7318(8)
known.”® For 1,3-conjugated dienes, 1,2-diols are usually Pt1-Cl 2.122(13) 2.056(13) 2.138(10) 2.114(12)
formed,”!% and 1,4-dihydroxylation is rarely observed. In the Cl-C2 1.37(3)  1.443(17) 1.389(17) 1.42(2)
present reaction of [PtIHz(NH’;)4((CH’;)3CCONH)2(NO3)2]2+ C2-C3 114(3) 1176(16) 130(2) 127(2)
(1)’ with 1,3-conjugated dienes, novel selective 1,4-diol forma- C3-C4 1.47(4) 1.60(2) 1.49(3) 1.38(6)
tion was found. C4-01 1.53(2) 1.58(2) 1.31(4) 1.41(5)
Addition of linear 1,3-conjugated dienes a-d CH, = CR!- Bond angles (deg)
CR?=CH-R® (a, R"! =R?*=H, R*=Me; b, Rl =R?=H, C1-C2-C3 146(4) 135(3) 123.8(16) 130(2)
R’=Et ¢, R'! =R*=Me, R =H; and d, R' =H, R* = C2-C3-C4 1414)  1143)  126(3)  133(5)
R? = Me) to an aqueous solution of the Pt(III) dinuclear complex C3-C4-C5 110(2) 100(3) 100(3) 115(4)
1, smoothly gave the corresponding 4-hydroxy-(E)-2-alkenyl- C3-C4-01 105(3) 82(3) 110(3) 123(4)
Pt(IlI) complexes [Pt™,(NH;3)4((CH3)3;CCONH),(CH,CR! = C1-C2-C6 112.3(18)
CR’*CH(OH)R?)] (NOj); as represented in eq 1. All of the C6-C2-C3 123.1(19)
complexes obtained were identified by elemental analyses, 'H C2-C3-C6 121(3)
NMR spectra, and X-ray diffraction analyses.''~!® The X-ray C6-C3-C4 106(5)
structure of 4 is shown in Figure 1. The structural parameters of 2— Torsion angles (deg)
5 are shown in Table 1. C1-C2-C3-C4 —173(3) —165(3) 176.5(18) —175(4)
R, OH 13+ C4-C3-C2-C6 3(3)
C1-C2-C3-C6 13(4)
ONO2—|2+ R, NN
N, 3
/\/\ R3 R, The C2-C3 bond distances for all of the complexes are
H N | H3N"'..P . o assigned to C=C double bonds. As for the complexes 2 and 3, the
3 'Pt " HZO HNO3 H, N7 @ distances are a little too short, but the bond angles of C1-C2-C3
| 5°C 2-3days H3N/, 1N and C2-C3-C4, and the torsion angles of C1-C2-C3-C4 suggest
ON N PN that the C2-C3 bonds are double bonds. The 'H NMR spectra of
1 2 i{ —R. =H. Ra = Me these complexes also show the olefinic protons.'!!?
‘_O>_tBu 3: RI _ R2 —H’ R3 — Bt In the "H NMR spectrum of the reaction solution of 1 with
) = " 1 : 2 : P8 T - 1,3-pentadiene in D, O, formation of 2 was observed after 5 min.
H 4:R;=R;=Me,R,=H The signals of the axial alkenyl ligand gradually decreased and
5:R;=H,Ry=R3=Me the signals of the released (E)-2-pentene-1,4-diol'® appeared after
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1.5h. The axial ligand was completely converted to (E)-2-
pentene-1,4-diol after 24h. In the last step of the 1,4-
dihydroxylation reaction, the Pt(Ill) dinuclear complex was
reduced to the corresponding Pt(Il) dinuclear complex
[Pt",(NH3)4((CH3)3CCONH),I** (6)° (eq 2).

OD 13+ H3N/,, K 12+
S oD - pyll”
oo TN
2 N 3 @
PH(IIT) rt + HNu N
2 oD N T
2 6

No signal other than 2, 6, and (E)-2-pentene-1,4-diol was
observed during the conversion reaction. The same results were
obtained in the reactions with b,%° ¢, and d.?!

Several dihydroxylation or epoxidation of 1,3-conjugated
dienes are known,”?? in which 1,2-diols (eq 3) or ene-epoxides
are obtained as the major products. Ene-1,4-diols are obtained
only as minor products in the reaction of internal dienes via ene-
epoxides (eq 4). In contrast, (E)-2-alkene-1,4-diols are exclu-
sively obtained from terminal 1,3-dienes in the present reactions.

OH oH

)\IA\ + AAOH

OH
0 .
)\/Y H2—02> >=/u< H NOH ) 22
cat. MTO HO

If the Pt dinuclear complex 6 can be re-oxidized to 1,
catalytic production of the 1,4-diols is possible.”
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The present paper is dedicated to Prof. Teruaki Mukaiyama in
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