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R~dyMulraiyaanr,ezal.have~anew~~fortbeoxidatianoforganicsubstratesbapedan 
mtooato complexes of nickel(Xl)t ar b(m)2 in the presence of aldehydcs (as rcductants) and molecular 
oxygen (as the oxidant). Mukaiyama’s oxidation mwtion has been applied. by using various catalytic metal 
ccntrcs and e xpuimental conditions. to the synthesis of epoxides from alken&“. carboxylic acids from 
aldehydcs4$. a-hydroxycarbonyl compounds from silyl end ethers and silyl ketcne acetals6 and esters from 
ketone&. 

In order to realize a hetcmgencous analogous of Mukaiyamab system we have synthesized some 
~~hcta~lcptic @-ketoes~ wmplcxcs of Cu(n). Ni(II), co(n) and Fc(III) with the AAEAU 

= dcptaaacuaa fam of z(rcaorratoxy)ahYl mdracrylatt)s~. 

In table 1 the rc$ts obtained by exposing to oxidizing conditions several different classes of organic 
campamds~s- 
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The epoxidation of alkcnes has been recently shown to occur, at 40% under Mukaiyama’s conditions also 
in the absence of metal catalyst19 However, experiments carried out in our laboratory demonstrate that when a 
metal catalyst is mt in the macdon medium. the autoxidadon of the aldchydc (mspxkble. via the fotmation 
oCfieeperacidic~~oftheepoxidationofthealcfinicsubstrate)docsnocEalreplacetoasignificantextentll. 
Ethylidenecyclohexu (a pmchiml substrate) was smoothly oxidized to its corrcqo+ng ,cpoxidG with 

Y? 
lete ColMrsion and CXccktlt yield (entry 1). styreX& mactui 

Y 
ctclyaftcr6ohaas 

* oxi e and 40 46 bcnxaldchyde (entry 2). Both the aliphatic aMe yde and the ammatic 
55% styIenc 

ehydc tested 
(isobutyraldchydc and bcnza&hyde) 
3,4). 

wcm readily converted into their corresponding carboxylic acids (cntrics 

Fig. 1 

Two ketones were tested in the present oxidation (cyclohcxanonc and bcnzophcnone). Cyckkxaaone was 
sektivcly oxidkcd to e-caprolacmnc with conversion as high 85 75% (entry 5) while bcnzophenone did nat react 
at all. A similar beha- was abscrvcd in tbc Bayer-Villigcr oxidation performed by a PtCJI) complex/Hfi 
systan~mKlintbchctempolyoxomeWlW aldehyde& sysk&, where only cyclic ketones WQC nactive. 

The oxidations of adamantane, dimethyl sulfii and cyclohexanol were chosen as representative examples 
of oxidations of tdkancs, suMidcs and alcohols tq~~~tively. 

Among the oxidizing systems effective in the hydroxylation of the alkanesl4, only “dry” ozonization 
mthodsls. HOF/McCN oxidizing system16 and dioximnes17 proved to be useful for synthetic p-s. 

Several catalytic systems based on transition metal complexes have also been studied m the present 
xeactionts, but none of these is satisfactory from the activity and/or selectivity points of view. Two recent papenr 
report on the aerobic oxidation of alkancs in the presence of a metal antrc and an aldehyd~~~~9, but the 
convQsion of ada+mtane does not exc+~I 38%. The system Fc@AEMA )3/kWk+ebyde. her+ dealt_ with. 
~~zed&hccs&cttve tmmohydroxylaaon of adamantane to afford 1-adamantanol with a convcrs~oo as lugh as 

. 
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Table 1. oxid&on xactions with Fe(AAEMAh under Mukaiyama’s -. 

2 

3 

4 

5 

6 

B3 Y-- 
7 cH3-s-cH3 

OH 
8 

b 

” 

mume 

nale 

40 

6 92 83 

6 98 

36 

100 

75 100 
0 

0 b 
OH 

60 60 99 b9 
20 15 100 cH3hS4 

0 
48 19 7od 

a Radon conditions: 2.5 rumoh substrate, 0.020 mmoles Fc@AEMA )3.7.5 mmolcs is~butyrakkhydc or 15 
mtWlcs iso-valesaldchyde (when employed), 10 ml l&iichlorocthanc in the pxsalcc of IrNBlccular oxygen @=l 
atm) at room temperature. The products were identified by comparison of their retention times in gas 
chroma~phic analysis and spcctroscc@c fcaturcs with those of authentic samples. Ijobutyric acid or is& 
valcric pcld WQ~: the side products dcrivmg from the concurrent oxidation of the sacrikial aldchyde (when 
qloyed). 
bAnalyzcdasmahylcstezra&er aeatmentofthe~nmixtumwith~e. 
c 37.5 mmoles i,wvalualdehydc WQt added as described in the text. 
~3096yic~ine-capmlactoncwasf~inthercactionIllixturt. 

As already mticed by Mukaiyama’b, the oxidation of the target subsuatc stops when the sllcrificia aldchy& 
is consumed. In o&r to n~h sign&ant conversions even though the oxidatirm reaction of the substrate is much 
slower axqarcd to the oxidation of the sacrificial aldchydc. it is neccssaq to use a akany-fold excess of * 
lattcr.Anotbcrpossibilityis~oaddfreshaldehydewhenitisconsumd,inorder~o~tbeoxidation~ 
of the substrate. The oxidation of adamantane was carried out by adding, evcq 12 hours, 7.5 mmolcs of &sh 
kn&rakkhyde and rollawing by GLC the pmduction ofthe alcohol. 



4196 

The oxidations of diawl 1 
v-yde. In tlmwtlq of 

sulfide aed cyclollexmol wem clmied out with a six-fold excas of fso- 
dimethyl sumkh however. the $mallmh (1596, amy 7) should mt be 

tE&t$tEE/Ed- 
‘tionbdhveenttlesu~aIKlthcMcrifieialaldehyilesina,*d~mo6tdr&Iso- 

cycbaexapplwwslowlyo%idizdinto~(cnay8).~vcfrntha-iatolmooe 
offhCCyC~plUd~sccoUnarfarlCSSthlUl10096SCl~Vity. 
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