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Oxidation of zirconium-isoprene or a-myrcene complex with aq. HZOZ

gave 2-methyl-3-buten-2-0l or linalool, respectively, in good

yield. A series of allylic zirconium complexes afforded allylic

alcohols, and oxazirconacyclic complexes gave diols by oxidation

with H,O0 t-BuOOH, MCPBA or oxygen.

272’

plexes was also examined.

Iodination of these com-

In the preceding paper we have reported the preparation of a series of

Zr(CSHS)Z(diene)l) which reacts regioselectively with alkenes and alkynes to give

2)

allylic zirconium complexes,

3)

metallacycles.

The reaction with carbonyl compounds gave oxa-

We wish to report herein the regioselective oxidation of these complexes with

various oxidizing agents. The conversion of Zr-C bonds to Zr-0-C bonds by con-

trolled oxidation is valuable for organic synthesis.

However, such a reaction has

rarely been reported for early transition metal complexeéa)except for the communi-
Cp Zr’/j (0)/ H* h h
250~ —_— + +
. oH (1)
! 1a 1b 1c

Table 1. Distribution of the product obtained by oxidation of CpZZr(isoprene) 1

Oxidizing agents la 1b 1c Total yield/$%
H,0,(30% aq. soln.) 62 29 9 97
t-BuOOH 38 52 10 95
MCPBA 7 84 9 99
0,/0" ' 0 100 0 99
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cation by Schwartz on the oxidation of CpZZrCI(R) to give alkyl a1c0h01.4b) This
paper deals with the oxidation of organometallic zirconium complexes involving n -
diene, n3- or nl—allyl or nl-pentadienyl ligand and of oxametallacycles to lead to
a variety of unsaturated alcohols. Oxidizing agents used in this work are aqueous
hydrogen peroxide(30% HZOZ), t-butyl hydroperoxide(t-BuOOH), m-chloroperoxibenzoic
acid (MCPBA) and 0,.

The result of the oxidation of CpZZr(n4-isoprene) 1 in ether at 0°C is listed
in Table 1. The use of Hy0, is found best to obtain the allylic alcohol,la.
Oxygen or dry air must be avoided for this purpose because it immediately releases
isoprene (1b) quantitatively at 0-30°C. Characteristics of the reaction with HZOZ
lie in 1) predominance of oxidation over hydrolysis in aqueous solution and 2)
regioselective oxidation at the C2 atom of the coordinated isoprene. The oxida-
tion of Zr(CSHS)z(n4-myrcene)5) also gave the similar result (eq. 2); i.e., (%)-
linalool 2a was obtained in 66 % yield together with myrcene(26 %) when aq. HZOZ
was added to the complex at -20°C and the solution was allowed to warm to room
temperature. The Cs-atom of myrcene (which corresponds to the C, atom of isoprene)

was oxidized regioselectively (99 %). Raising the reaction temperature resulted

-",Z’CP2 H

Yield: 66°%(-20C)  (2)
H
aq. Hz0, 58°,(30°C)

2 2a

in the modest change in the yield(58 %). It is noteworthy that the oxidation of
myrcenylborane occurred at the terminal C1 atom6)while that of Zr-myrcene complex
occurred at the C3 atom. The proposed mechanism (eq. 3) for this oxidation
involves a protonation sequence giving an allylic zirconium complex which was then
isomerized to allyloxymetal species by oxidation. The regioselection is due to the

inductive effect of alkyl group which increases the negative charge on the C1 atom.

. R Hs0 /gH R /O R
Cp,zrl | M9 (CpZZr\/jr )__;szz.r j (3)
OH
R= CH3, -(CH,), CH=C(CH3),
Above results prompted us to examine the oxidation of nl-allylic zirconium
complexes to allyl alcohols. CpZZr(Z-butenyl)2 3 prepared from CpZZrCI2 and C4H7

MgCl gave 1l-buten-3-ol in 42 % yield by reaction with HZOZ at 0°C in ether,

accompanied by a hydrolysis product, 1-butene(58 %). One of the butenyl groups
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may be cleaved preferentially by protonation to give Cp,Zr(OOH) (2-butenyl) and

then the oxidation occurs at the remaining butenyl zirconium part; i.e., oxidation

becomes feasible when the charge density on metal decreases. Bis(pentadienyl)-

zirconium complexes also showed the similar behavior; i.e., oxidation of Cp,Zr-

(2,4-dimethy1-2,4—pentadieny1)27) with MCPBA gave 2,4-dimethyl-1,4-pentadien-3-o0l

(48 %), 2,4-diemthy1—1,3jpentadiene(38 %) and 2,4-dimethyl-1,4-pentadiene(12 %).

LOX X R,
Cp,Zr ) H2 or ¢ Zr Ri __ _ cpzr
3 R]:H,R2=CH3 Ri
4 Ry=CH3, Rp=-C(CH3)=CHy X=Cl-CgH,CO2 or OH

A metallacyclic complex (§)8) prepared from Cp,Zr(isoprene) and l-olefin, is
expected to give an unsaturated alcohol. Actually, oxidation at the ¢ bonded alkyl

metal site and protonation at the other end (allylic metal moiety) occurred

selectively (eq. 5). Similar trend was observed in the oxidation of Cp,M(buta-
P2

diene dimer) complex (M; Zr, Hf) which has a metallanona-3,7-diene structure in

solution. A 25/53 mixture of 1,7-octadien-3-0l and 1,6-octadien-3-0l was

obtained in ca. 80 % combined yield for the Zr complex (6a) and a 45/12 mixture for

the Hf complex(6b). )

]

Similarly, CpZZr(isoprene dimer) complex (6c) gave a 21/55
mixture of 2,7-dimethyl-1,7-octadiene-3-0l and 2,7-dimethyl-1,6-octadiene-3-0l1 in
76 % combined yield.

Yield (%)
oy/nt 95(H,07)
—_— HON 91 (+-BuooH) (5
85(MCPBA)
6a, M=Zr,R=H
6b, M=Hf,R=H
@ M=Zr,R=Me

When an oxametallacycle 7 was used, a diol was obtained in good yield even by

air oxidation followed by hydrolysis(eq. 7).

o Yield(%)
/ ) H* W 95 (H,0,)
CPsz\j — HO on 85(t-8u00H) (7)
7

70(05/H")

Above results tell us that when X in CpZZrX(R) is electron-withdrawing such as
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alkoxy, OH, OOH,or Cl, oxidation takes place prior to protonation. The present
sequence of reactions provides a useful tool for organic synthesis especially for
conversion of terpenes to terpene alcohols}o)

Iodination of organozirconium complexes was also examined to compare the mode

o

of oxidation. Zr-isoprene and Zr-myrcene complexes liberated the diene in 72-75
yield while CpZZr(Z-butenyl)2 gave l-iodo-2-butene in 84 % yield and the complex 5

gave 1,6-diiodo-2,5,5-trimethyl-2-hexene in 86 % yield when two equimolar amounts

11)

of I, were added. Thus, the mode of halogenation of allylic zirconium complexes

differs strikingly from that of oxidation with peroxides.
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