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Abstract—1-Adamantanol can be converted into adamantane-1,3,5-triol in the presence of N-hydroxyl-
phthtalimide, cobalt(II) acetylacetonate, and manganese dioxide under oxygen atmosphere in glacial acetic acid. 
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Selective functionalization of C–H bonds in the 
cage hydrocarbons is a topical task of modern organic 
chemistry [1–6]. In particular, functionalization of 
adamantane is an important challenge, since its deri-
vatives are widely used as building blocks in the 
synthesis of drugs [7–10], supramolecular polymer 
materials [11], ligands in metal complexes [12], and 
synthetic bases of working fluids for avionics [13]. 
The prospects of adamantane derivatives application 
for advanced material development are due to their set 
of unique properties: high lipophilicity, conformational 
rigidity, and excellent thermal and oxidative stability. 
Polyol derivatives of adamantane, in particular 
adamantane-1,3-diol and adamantane-1,3,5-triol are of 
special interest in view of functional materials design. 

The known methods of adamantane-1,3,5-triol syn-
thesis include oxidation of adamantane or adamantane-
1,3-diol in the presence of transition metal salts [14–
16]. In particular, oxidation of adamantane with 
chromic anhydride [17] and methyl(trifluoromethyl)
dioxirane [18] has been described. Adamantane-1,3,5-
triol can be prepared via hydrolysis of 1,3,5-tribromo-
adamantane as well [19]. 

In this work we investigated the features of 1-ada-
mantanol I oxidation in the presence of N-hydroxyl-
phthalimide (NHPI) and transition metal salts in glacial 
acetic acid under oxygen atmosphere. The choice of N-
hydroxyphthalimide as a catalyst was due to its 
recognized high activity in the reactions of C–H bonds 
of various organic compounds [20, 21]. It is well 
known that the addition of salts of transition metal 
such as Cu(II), Mn(II), Fe(II), Co(II), Ni(II), etc. 
catalyze the oxidative transformations [22, 23]. 

According to gas chromatography–mass spectro-
metry analysis, the performed reaction afforded ada-
mantane-1,3-diol II, adamantane-1,3,5-triol III, hydroxy-
ketones, and diketones of adamantane series. The 
outcome of 1-adamantanol I oxidation under different 
conditions is shown in Table 1. 

The reaction proceeded via a radical mechanism to 
form highly reactive phthalimide-N-oxyl radical (PINO) 
[24]. The PINO radical was generated in situ from N-
hydroxyphthalimide and peroxide radical A, the latter 
formed via a single-electron reduction of molecular 
oxygen with the transition metal salt (Scheme 2). 
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The reaction mechanism involved the intermediate 
formation of hydroperoxide B via rupture of the C–H 
bond in 1-adamantanol I and generation of peroxide 
radical. The hydroperoxide is formed via rupture of the 
O–H bond in N-hydroxyphthalimide. The intermediate 
hydroperoxide B was further converted into the 
corresponding alcohol via formation of the alkoxide 
radical C (Scheme 3). 

We first investigated the effect of transition metals 
salts on 1-adamantanol I oxidation under oxygen 
atmosphere (p = 1 atm) in the presence of NHPI                 
(10 mol %) (Table 1, exp. 1–9). The best result was 
achieved with Co(acac)2 (Table 1, exp. 1). When using 
other salts, the oxidation of 1-adamantanol I proceeded 
with poorer selectivity (Table 1, exp. 2–4) or lower 
substrate conversion (Table 1, exp. 5, 6, and 8); the 

Exp. no. Metal salt Salt amount, 
mol % T, °С Time, 

h 
Yield, %a 

II III 
  1 
  2 
  3 
  4 
  5 
  6 
  7 
  8 
  9 
10 
11 
12 
13 
14 

Co(acac)2  
Fe(acac)3  
Co(OAc)2  
FeSO4  
Mn(OAc)2  
Cu(OAc)2 

K2Cr2O7 

NiCl2 

Ti(O-iPr)4 
Co(acac)2 

Co(acac)2 

Co(acac)2  
Co(acac)2 

Co(acac)2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
0.25 
0.5 
2 
1 
1 

105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
  80 
  60 

10 
15 
15 
15 
15 
15 
15 
15 
15 
10 
10 
10 
10 
10 

97 
86 
94 
90 
15 
  7 

No reaction  
15 

No reaction  
65 
87 
98 
98 
95 

46 
40 
41 
42 
  9 
  3 
– 

  4 
– 

25 
37 
52 
54 
67 

28 
14 
17 
16 
  2 
<1 
– 

<1 
– 

12 
21 
29 
31 
27 

1-Adamantanol  
conversion, %a 

Me(II) + O2 Me(III)OO

N

O

O

OH + Me(III)OO N

O

O

O

А

Table 1. Oxidation of 1-adamantanol I with oxygen catalyzed by N-hydroxyphthalimide in the presence of transition metal 
salts  

a According to GC–MS data.  

 O2

C H

В

PINO NHPI

C COO
PINONHPI

COOH

В

Me(II)

C

CO
PINONHPI

C OH

Scheme 3. 

Scheme 2. 

IMPROVED APPROACH TOWARDS SYNTHESIS OF ADAMANTANE-1,3,5-TRIOL 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  8   2015 

1831 



reaction did not occur in the presence of potassium 
dichromate or titanium(IV) isopropoxide (Table 1,                
exp. 7 and 9). 

We hypothesized that simultaneous use of two salts 
could increase the oxidation selectivity due to 
synergetic effect; however, that was not confirmed 
experimentally (Table 2, exp. 1–7). In certain cases 
(Table 2, exp. 3–5) addition of the second salt nearly 
stopped the reaction in the presence of Co(acac)2. The 
attempt to perform the oxidation upon portionwise 
addition of NHPI failed as well (Table 1, entry 1).  

Concentration of Co(acac)2 affected the reaction 
outcome. At relatively low concentration of the salt 
(Table 1, exp. 10 and 11), the substrate I conversion 
and the product III yield were moderate. The best 
result was achieved at 1 mol % of Co(acac)2 (Table 1, 
exp. 1), further increase of the salt concentration to              
2 mol % gave no significant improvement of the reaction 
selectivity (Table 1, exp. 12). Importantly, decrease of 
the reaction temperature significantly suppressed the 
side products formation (Table 1, exp. 13 and 14). 

The above-discussed data revealed that typically 
the reaction gave adamantane-1,3-diol II and ada-

mantane-1,3,5-triol III in the ratio of about 2.5 : 1. We 
attempted to aid further in situ oxidation of ada-
mantane-1,3-diol II into adamantane-1,3,5-triol III; to 
do so, catalytic amount of an oxidizer was added to the 
reaction mixture: sodium nitrite, chloranil, molecular 
iodine, 2,2'-azoisobutyronitrile (AIBN), or manganese 
dioxide. 

Using chloranil, sodium nitrite, and AIBN (Table 3, 
exp. 1–3) did not noticeably improve the results, 
whereas iodine inhibited the oxidation of 1-ada-
mantanol I (Table 3, exp. 4). The best result was 
achieved in the presence of manganese dioxide (Table 3, 
exp. 5). 

In summary, the optimized catalytic system NHPI–
Co(acac)2–MnO2 in glacial acetic acid allowed 
selective oxidation of 1-adamantanol with oxygen to 
yield adamantane-1,3-diol and adamantane-1,3,5-triol, 
key building blocks for new functional materials 
design [25]. 

EXPERIMENTAL 

Mass spectra were obtained using a Thermo-
Finnigan DSQ gas chromatography–mass spectrometry 

Metal salts 
(1 mol % + 0.5 mol %)  Time, h 1-Adamantanol  

conversion, %a  
Yield, %а  

II III 
1 
2 
3 
4 
5 
6 
7 

Co(OAc)2 + FeSO4 
Co(acac)2 + Fe(acac)3 
Co(acac)2 + FeSO4 
Co(acac)2 + Mn(OAc)2  
Co(acac)2 + Cu(OAc)2 

Co(OAc)2 + Mn(OAc)2 

Co(OAc)2 + Cu(OAc)2 

15 
15 
15 
10 
10 
15 
15 

94 
95 

No reaction 
  6 
  7 
95 
90 

40 
38 
– 

<1 
<1 
42 
42 

17 
22 
– 

  1 
<1 
17 
13 

Exp. no. 

Table 2. Oxidation of 1-adamantanol I with oxygen catalyzed by N-hydroxyphthalimide in the presence of pairs of salts 

a According to GC–MS data. 

Additive Time, h 1-Adamantanol  
conversion, %a 

Yield, %а 

II III 

1 
2 
3 
4 
5 

Chloranil 
NaNO2 

AIBN 
I2 
MnO2 

20 
20 
20 
30 
30 

  92 
  88 
  91 

No reaction 
100 

44 
50 
55 
– 

42 

24 
21 
20 
– 

56 

Exp. no. 

Table 3. Oxidation of 1-adamantanol I with oxygen catalyzed by NHPI–Co(acac)2 system in the presence of various 
oxidizers 

a According to GC–MS data.  
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device equipped with a ZB5MS silica capillary column 
(70 eV, stationary phase thickness 0.25 mm, 1.5 mL min–1 
of helium as carrier gas, heating from 150°C to 340°C 
at 20 K min–1, evaporator temperature 300°C). 

Oxidation of 1-adamantanol (optimized proce-
dure). A mixture of 25 g (0.164 mol) of 1-adamantanol 
I, 2.68 g (0.0164 mol) of NHPI, 0.482 g (1.64 mmol) 
of Co(acac)2, 0.715 g (0.0082 mol) of MnO2, and             
250 mL of glacial acetic acid was heated under 
vigorous stirring to 60°C and then stirred at that 
temperature upon stirring and bubbling with oxygen 
during 30 h. After cooling, acetic acid was removed. 
The residue was dissolved in 250 mL of chloroform 
and heated at reflux during 2 h. Solid adamantane-
1,3,5-triol III was filtered off and recrystallized from 
ethyl acetate. Yield 15.7 g (52%), mp 202–204°C (mp 
203–205°C [17]). Adamantane-1,3-diol II precipitated 
from chloroform was filtered off and dried. Yield 10.7 g 
(39%), mp 296–297°C (mp 298–300°C [26]). Mass 
spectrum, m/z (Irel, %): 1, 152 (35) [M]+, 109 (10), 95 
(100); II, 168 (28) [M]+, 150 (4), 111 (100), 95 (14); 
III, 184 (10) [M]+, 166 (6), 150 (50), 127 (100), 111 
(46), 92 (28). 
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