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Gif reaction' attempts fo imitate the principle of oxida-
tion catalyzed by cvtochrome P450 (P450).*' Hydrocarbons
can be thus oxidized by Ox. KO-, H-O: or -BuOOH with
Fe(IT) or Fe(IT1) being the catalyst. Recently. Gif reagents®
have been represented by Fe(ITI/~BuQOH assisted by the
presence of 2-picolinic acid 1o cnhance rate of catalytic
oxygenation (GoAgg*).** Acctonitrile and pyridine (CH:CN/
CsH:N)™® were cmployed as the solvent for the Gil oxida-
tions. However. the identity of the active oxidant has been in
scrious disputc whether it involves radical nalure or
nonradical pathway.®’" The oxidation of cycloalkanc!™!?
using fert-butvl hydroperoxides under GoAgg* conditions
may involve #~BuQ «/~BuQQ s sysicm for the [ormation of
cvcloalkanol and cycloalkanone, We'd like to herein report
the oxidation of benzylic and allylic C-H bonds which arc
much weaker (han sccondary C-H. Reduction of the bond
strengih may divert different reaction mechanism other than
the radical pathway. Normal GoAgg' cmployed CsHsN/
CH;COOH as solvent. However. present GoAgg' condition
involves CsHsN/CH;CN.

FeCl;6H-O (0.2 mmol) and 2-picolinic acid (0.5 mmol)
wete dissolved in CsHsN (1 mL)/CHACN (3 mL). stirred lor
30 min and the substrate (10 mmol) was slowly added. 30%
aqucous +-BuOOH (30 mmol) was (hen added dropwisc with
svringe pump for 30 min and the reaction went on for (he
appropriaic period. Sodium oxalate (3.73 mmol) was added
10 climinatc Fe(I1T) ion. The filicrate was cvaporalted (0
drvness that was dissolved in small amount CH-Cl~ (1-2
mL) for the Silicagel column chromatography.

The outcome of oxidation of various hydrocarbons arc
shown in Table 1. The kelonization in entrics 14 procecds
smoothly and show cxccllent vicld for relatively shor
duration. Tn a previous study.® vield of 9.10-anthraquinone
marked 50% which is lar below 80% (entry 1), 9-Fluorc-
nonc also show quitc improvement of vicld from 33%° to
82% (enlry 2). The oxidation of xanthene 1o xanthonc® took
20 h to give 82% vicld. The same reaction indicates 3 b in
our hand wilh similar isolated vicld (entry 4). Ethylbenzene!*
was oxidized (o acclophenone by Gif'' with vicld of 9.4%
(comparc 84% of cniry 3). Benzophenone was produced” in
43% wvicld that becomes 92% with entry 6. Cyclohexene is
oxidized 1o 2-cvclohexene-1-one with yicld of 84% (entry
7). Howcever. only 3% of vicld of the same ketone was

oblaincd in the forcgoing study.” The less activated and
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Table 1. Oxidation of Hydrocarbons by GoAgg”
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GoAgg': Fe" ¢/ PA / tBuQOH /substrate/ CsHN / CHi,CN

02 mmol 0.5 mmol Nmmol  (Gmmol L ml 10mL
Entrv Substrate  Time (h) Product® % Yicld®
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“Products are identilied by NMR (Varian Gemini 2000). GC-MS {QI>-
3030A. Shimazu) and GC (Varian 3300). "Yield is measured by
isolation and GC. The figure in parenthesis is of the GC vield emploving
naphthalene as an internal standard.

therefore stronger C-H bonds scem (0 require longer period
to give good viclds (entrics 3-10),

Benzylic (allylic) C-H bonds are 7-10 Kcal/mol'® weaker
than sccondary C-H of ¢ycloalkance, The reaction time varics
from 3h-24h in Table 1. If the radical process involving
t-BuQ+/t-BuO0 -+ were 1o intervene. (he reaction could
occur morc rapidly. Two molecules of 2-picolinic acid are
coordinated' o ferric ion to give a iron-porphyrin like
structured 1. 1 is oxidized with (-BuOOH with formation of
iron-oxo complex 2. Hydrocarbons with rather low C-H bond
strength may add to 2 to give 3. Molecular oxygen from air
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is inserted into 3 for the formation of 4. 4 collapses to vield
ketone and 1 (Scheme 1).
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