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Summary : Variou:; ---- saturated aliphatic and alicyclic hydr<>carbons have 

been regioselectively uxidised with surprising efficiency by a system 

containing iron powder and a carboxylic acid i-n aqueous pyridine under 

an atmosphere of oxygen. & trace of hydrogen s’llphj.de initiates the 

reactlon. 

In a recent Communication1 we described our initial studies of a system 

for the oxidation of saturated hydrocarbons. In particular the reaction of 

adamantane with iron powder and moL?cular oxygen in a r,olvent system contain- 

j.ng pyridine, acetic acid and a little water was studied. Hydrogen su lphidc 

was used as an i.nitiat.or. 

We have made a systematic study of variour, oryanic acids. The results 

(Table) dis2ldy several features of interest. Within a given series of mono- 

carboxylic acids increasing acid strength appears to favour a higher relative 

ratio of attack at the secondary methylene positions oE adamantane (C2/C3 

ratio). The Eormation of a heteroatom l.inked chelate, probably achieved by use 

of lactic acid, picolinic acid and thiosalicylic acid, does not appear to 

confer enhanced reactivity on the system. Among the simpler dicarboxylic 

acids, malonic acid gives the best yield. ‘,f the various dicarboxylic acids 

possessing additional hydroxyl groups inexpensive tartaric acid 1:: particular- 

ly notew.3rthy for its high overall yield (27.8%) and selectivity. 

It is perhaps appropriate at this stage to make some comment on the C2/ 

C3 ratio. This parameter is a function no: only of the chosen reagents and 

solvent but also of the !aanner in which the experiment is performed. Thus, as 

exemplified in the reactions of tartaric acid, introduction of oxygen by 

passing a current of gas over a well stirred mixture leads to a higher overall 

yield but a poorer relative ratio of attack at the secondary position. In con- 

trast reaction, under a static positive pressure of oxygen gives the converse 
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result. It may well be that two different 

formation of the tertiary a lcohol (radica 1 

radical oxygenation). 

We have also succeeded in isolating 

mechanisms are operating for the 

oxygenation) and the ketone (non- 

a yellow complex from the reaction 

of tartaric acid with iron powder in aqueous pyridine under an argon atmos- 

phere. Subsequent reaction of this complex with adamantane (and iron powder) 

in acetic acid under oxygen gave adamantan-l-01 (0.6%), adamantan-2-01 (6%) 

and adamantanone (5%), thus demonstrating exceptionally hi711 selectivity 

(C2/C3 = 19). 

ACID TIIIR (h) 
PRODUC'?sb) (% Yield) T01'AL c~/c~c) 

;\ci;rmantan (% yield) 
l-01 '-01 one -___--- ~- __;-- ~~ 

Acetic 

Trichloroacetic 

Trifluoroacetic 

(+)-Lactic 

Picolinic 

Thiosalicylic 

Oxalic 

Malonic 

Succinic 

(+)-Malic 

Diglycolic 

Mucic 

Citric 

meso-Tartaric 

(t)-Tartaric 

(+)-Tartaric 

15.5 

16.5 

17.5 

16 

17 

15 

21.5 

19.5 

16 

19 

17 

27.5 

15 

17.5 

15 

2 

3e) 

49f) 

3.5 

2.5 

1.5 

3 ( 0 

3 5 

2-G (‘ . 2 

i a 5 

4 . i.1 

3 . 5 

l.D 

3.5 

8 . )J 

6.U 

ti.5 

9.0 

7.11 

1.5 

1.5 

9.5 13.n 2.7 

6.0 9.5 2.4 

9.0 10.5 6.0 

5.0 R,O 1.7 

7.0 1n.5 2.0 

1.0 3.2 0.6 

4.5 6 . !I 3.0 

15.5 14.5 3.9 

4.5 8.0 1.3 

3.0 4.0 3.0 

12.0 15.5 3.4 

12.5 20.5 1.6 

15.5 21.5 2.6 

16.5 25.0 1.9 

17.5d) 26.5 1.9 

14.5 21.5 2.0 

14.5 16.U 9.6 

13.5 15.0 9.0 

a) In a typical experiment iron powder (10 atom equiv) and the organic acid 
(10 m equiv.) were added to a solution of adamantane (1 mmol) in pyridine 
containing 6.6% water (10 ml). Hydrogen sulphide (0.05 nmol) in pyridine 
was added and a slow stream of oxygen was passed over the vigorously 
stirred reaction mixture which was maintained in a bath at 30°C. 

b) Determined by g.1.c. analysis which slir-htly underestimates the adamantan- _I 
one. 

c) ~21~3 represents the relative ratio of attack at the secondary and 
tertiary positions respectively. 

d) The crystalline DNP derivative of adamantanone was isolated in 18.5% yield 
e) Reaction performed under a static oxygen atmosphere. 
f) Reaction performed under a static oxygen atmosphere usilig 20 ml of SolVent 
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Yield and Site Sel,?ctivity in the Functionalisati.on 

of S;lt:lracrd !fydroc2rbons( 2) 

26.7% 

2.7% 

-+\ 

4j;3% 

r 

f- 1.0% 

8 o (cj (ej 

0 
trace 

L( 

0 

&4.3% 

65.8% 

fr 
(h) 3% 

11% 
Cc) Cd) 

13.1% 

c3 
26% 

(aj The indicated yields refer to isolated ~,4--~initrophenyltlydrazone 
‘derivatives of the cof respOlldincJ cdrboil:~.I conpounds. The qenecal 
experimental procedure was as indicated in Table 1. 

(b) Cyclohexanol (0.5%) :Jas detected by f~~1.c. analysis. 
(c) G.1.c. analysis of tile crude reaction sjlixture failed to detect 

appreciable aTio1jnt.s of the tertiary alzohol. 
(dj The relative proportions 3f t.he various 2,4--lini t_Topherlyl!l!ldrazone 

derivatives :gas determined by Ii.P,i,.C. and 4110 Mz n.n.r, col.lp1rison 
iii th auttientic samples. 

(P) 2,4-DinitrophenylhydL,~zone derivativcti .;eparated by seiIii-yreparitive 
I1.D.L.C. 



1982 

The tartaric ticid system was accordingly c;losen to exrlliline the scope of 

the oxidation. The results for 3 variety of hydrocarbons (Scheme) indicate 

1-. h a t a n a I’- c e I > t: a b 1 ,Z - L conversiion ~2n be achieved with acyclic t linear, branched 

;\n:l unbranched rlydrocarbons. It is of interest that the pattern of carbonyl 

site selectivity in 2-r,lethylbutane and Taet~ilylcyclohe43ne is different Cr0r.i 

that observed in vivo for cytochrolne P-.150 oxidat-ion of t’le same SsbStrat_eS2. - --- 

Recenk interest in the possi!Jilities of organoiron carbenoid intermediates3 

pcompted us to study ~cy~~looctnne, sj nce ;I derived carheno i nternediate .TicJht 

reasonably be expected-l to undergo i,> i;l:ieLtion '-.J the hil:yclo :3,3,01 octane 

skeleton. LQ the event, no der ivat Lvleb C)L i.his type were clrr.ecrt:d I 

We !~ave :lso exz.milled the ~OS:;L:ILLIL~ of asymetric LIlhctlon. Callphane 

( 1) :jav:3 a surprisingly 5 rlon;)?ex reac:lun hr~stilre . It was pJ:;si:Jie to isolate 

and c:lar;lcterise essentially racenit: ~~:~~l~~hor 2,4 dinitrcr~,:le”llrihydrazone6 

(2), i[UlD *O = - 2” (c, 0.5, CHC13). (+,-.i,L’~~~amyhor 2,4-din~i.r(~pllcrlyl:?yilrazone 

has [ a] ;’ = + 175” (c, 0.437 CHCl3). 

The results outlined in this L~~I!.IIIIILLU~~~~ suggest tllric ?tle r,lechanisn of 

uur ceactio:l doe:; not involve a transit_ LOLL ILleta oxenoid nor 1s radical 

I,ehaviour predominant.. ,Yhe apparent. :)~2~e~r?nce for a methylen?? group over 

a methine is t.hat to be expected from ie;‘dc:..~ons involving .LIlyertion of a co- 

cirrdlnal; ivel;~ uns(ituratod transition ~.ier.cii ~;ump?ex into the !J -H bond of an 

alkanr7. 
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