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Abstract: New methodology for the oxidation of alcohols to ketones in good yield utilizing catalytic 
amounts of FeR1 salts and TRHP as the oxidant is highlighted_ Competition between alcohol and 
hydrocarbon oxidation has been clearly demonstrated. The “normal” Gif-type solvent system (@dine / 
aceticacid)canllereplacedbydleslcohol itself. 

SysamscomposedofanFc(m)saltsuspendcdinamixturcofWridint/aoeticacidinthc~~ 

of an extra ligand (generally picolinic acid) and utilizing TBHP as an oxidant have recently been added to 

the arsenal of Gif-type oxidative reactions.*f These systems oxidis saturated hydrocarbons to produce 

ketones as the major component. The amount of oxidised preducts and the ratio of ketone / alcohol was 

found to be superior than in earlier Gii-type oxidative reactions.1 Although the regio- and chemoselectivily 

was typical of earlier Gif-type oxidations,* the adamantane selectivity (C!+C3 = 0.7)l3 and kinetic isotope 

effect (8.0 f 0.3)45 of this system was found tc be distinctly different from systems employing Hz02 ss 

the oxidant (C2E3 - 1.1, KE = 2.2 f 0.1).3-5 
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During the course of investigating the reaction pathway for the fimctionalixation of saturated 

hydrocarbons by the Fe(lR) / TBHP systems, we obse~ed that besides tke normal oxidation of satummd 

hydmcarbons, alcohols could alsO be transformedintothecom5qondingkemnesingoodyield.Tttisisin 

contrast to the Fe0 / Zno / 02 (Gii). Fe0 / H202 (GoAggn) and Fe(lR) / picolinic acid / H202 

(GoAggm) Gif-type oxidative systems. This paper de& with the synthetic utility of the Fe(lR) / TM-P 

system for oxidation of alcohols to ketones. 
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Control experiments revealed that in the absence of an Fe”’ catalyst or an oxidant, only l-396 of 

lretoaewas&~Thcrateoftheoxidationreactioawa9formdtobedepeadentontheFtmcatalyst.For 

instancx, the use of FeC13.6Hz0, Fe(NO&9H20, Fe(acach, FeBq and Fe(ClO& as catalysts revealed 

large differences in the half&es for the coNfaion ofcycloucta& into c@oocmnone. These half-life 

values were found to vary from 0.5 to 2,4,4 and 5 days, respeodvely. Acceluation of the reaction could 

be achieved upon the addition of picolinic acid to the system. Thus, the addition of 3 equivalents of 

picolinic acid to the system contaiaing Pe(NO&~9Hz0 as a cagtyst m theltaWfcaharplyfrotn2 

daysto8mingivingthesame~~yieldofketcwe_Somsekct#l~oftheoxidationofalcobols 

under these conditions a~ shown in Table 1. 

Table 1. The oxidation of selected alcohols by the Fe(lII) / TBHP system.a 

Enuy Alcohol (-1) ProdWt (%)b 

1 1 (2.0) 2 (91.7) 1 (5.6)C 

2 3 (2.0) 4 (78.8) 3 (21.8)C 

3d 5 (2.0) 6 (85.W - 

4d 7 (2.0) 8 (78.W - 

a Employios Fc(N0$3.9H~ (0.5 mmol), picalid acid (1.5 mmol) aad TRW. (5 INIK@. See typical cvqaimWb Based 
oasu~;CRecovaedsybstrsre;dU~gTBHP(10mmd);”IsoLtedyield 

The results of competition studies between cyclooctane 9 and cyclohexanol 1 towad the Fe(m) / 

TBHP oxidation reaction are shown in Table 2. It was clearly observed that the activation of the process 

remained constant. Increasing the alcohol 1/ hydrocarbon 9 ratio in the oxidation system rcsultcd in a 

comsponding~intheMlountofoxidizedproductsfrwncyclooc~9(Entnies1and2). 

Table 2. Comuctitivc oxidation of cvclooctane 9 / cvclohexanol1 and cvclododecan e 10 / cyclohexanol 
lunderk~/TBHPconditions.~ - 

5 

6 

7 

8 
‘hnpbyinr 
?xpclimWt; 

substrate 

(mmol) 

9 (10) + l(l0) 

9 (38) + 1 (10) 

1 (10) 
9 (10) 

10 (5.0) 

10 (5.0) + 1 (2.0) 

10 (5.0) + 1 (5.0) 

10 (5.0) + 1 (10) 
““““““““““)3.9&o (0.5 IIM 
Ru!4We&substrate. 

l%xhcts(mmol) 

4 3 lb 2 

1.00 0.12 6.34 4.24 

2.55 0.38 6.93 2.84 

- - 4.26 5.02 
3.84 0.43 - - 

12 11 lb 2 
1.30 0.05 - - 

0.99 0.14 0.78 1.26 

0.77 0.10 2.41 2.62 

0.62 0.12 5.58 3.78 
),picdinicacid(lJrmnol~crd’IgHp.(smmd),rslctimtkae: 

EproducB 
AE?!!L 

5.36 

5.77 

5.02 

4.27 

1.35 

2.39 

3.49 

4.52 
Iohr.seetypil 
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The results ofcxxnpuilion studies between CyclododeWK 10 aad cyclohexanol1 oxidafioIl are 

alsodepictediaTable2Inaeesingtheamountofalcobollpnsentinsolutiononce~~the 

amount of ketone 2 ObseWcd at the expeuse of alkane oxidation with mtely the sslnc relative 

nactivitypah~gen. 
Recently, it was damonstratad that oxidation of saturated hydrocmbons with soluble Ffl chelates 

can be achieved by replacing the traditional solvent system (pyridine / acetic acid) by the hydrocarbon 

itself.*Thesamw~~faundtobeaue~~ooxidationofalcahallbo~~2asdisplayedinTable 

3. Oxidation of alcohol 1 using Fe(acach as the catalyst ( En&s l-3 ) was found to proceed with high 

efficicncits(Entriesland3)w~dretempgaturcwaselevatedto700C. 

Table 3: Oxidation of Cyclohexaool Employing Iron Cataly~ts.~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
mexpa 

catslystb z Temp. 

0 
F4-43 10 70 

F@a=)3 50 25 

Fe(ac&3 50 70 

Fe(pAI3 10 70 

WPAhe 10 25 

F-Ah 50 25 

Fe(fodI3 10 25 

Fe(fod)se 10 25 

Fe(fodh 50 25 

Ft(fodI3 10 
cutsemployed 1(5Ommd)i11air.~'Fc(ar 

24 

72 

72 

15 

15 

72 

24 

24 

72 

cyclohexanol 

(mmol) 

42.07 

28.11 

15.17 

40.61 

40.83 

10.83 

48.36 

39.11 

23.25 

39.3 

cyclohexanone 

(mmol) 

9.35 

20.28 

34.82 

8.07 

9.22 

38.12 

1.39 

9.39 

25.62 

9.42 
-). peo3 = - 

mic.d 

0 
98 

55 

89 

81 

92 

77 

45 

99 

67 

94 __ 

In contrast, Fe(PA)3 ( Entries 4-6 ) yielded superior oxidativc conversions and efficiencies over 

shorterreactiontimcs.Additionofpyridine(2mL)(Entry5)furkr acc&raM the reaction allowing the 

oxidation to proceed smoothly at room temperatu~. Elevated v orthesdditionofpyridineslso 
accelerated the oxidation of 1 when the catalyst Fe(fod)g was employed ( Entries 7-10 ), however the 

overall ox&rive conversion was lower. 
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Theoxidationof~~~totbecamspoadiagcarbonyl~rmdsiswell~~u,beachieved 

by anploying Mgh-valent meEal complexes.’ The nx&anistic pathway of the alcohol oxidation under 

Fe0 /TBHP conditions was the&ore conceived to take place via a high-vaknt iron species (formally 

vFe=O). This high-valent “Fe oxenoid species subsequently ~cects with the alcohol w coliapsing to 

tbe~~nylcotIlpoundswithco~~treductionoftheirm,regsoacltingFem. 

Typical procedure for the &tion of alcohols by the Pe(III) J TBHP system. To a solution of 

pyridine (30 ml) and acetic acid (3 ml) containing Fe(NO&9HzO (202 mg, 0.5 mmol), picolinic acid (78 

mg, 0.6 mmol) and cyclooctanol 3 (256 mg, 2 rnrnol) was added terr-butyl hydropemxide (1.1 ml, 10 

mmol).Thcnactionwasstimdptroomtrmperaturefor1-2handsub~to~uPualwork-up.~~The 

amount of the desired Product was qusntified by GLC or purification by mcrysta&ation. For oxidatbms 

employing no pyridine / acetic acid the reactions were simply stirred in air aaxrding to the ccnditions 

outlined in tabk 3. 
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