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PHOTOCHEMICAL TRANSFORMATIONS—IV*
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Abstract —— It is shown that hydroxylation of saturated
fRiydrocarbons by hydrogen peroxide occurs under the inflyence

of light. This reaction has been investigated on acyclic,
monocyclic and bicyeclic hydrocarbons. These reactions were

also studied using performic acid@ as the source of hydroxyl .
radicals and results compared with those obtained with peracetic
acid. BAs expected, the preferred attack was on tertiary centres,
followed by secondary and then primary.

Functionalization of a non-activated We now wish to report oxyfunctionali-
carbon in organic compounds is a reaction zation of certain representative
of considerable practical and theoretical saturated hydrocarbons by hydroxyl
interest, and has been extensively inve- radicals generated by photolysis of
stigated.l Usually, the methods employed hydrogen peroxide or per acids.

exploit radical pathways and have
At the time this work was under-

embraced thermal, photochemical and 3.4.5

taken two reports”’"/~ on photohydroxy-
metal-catalyzed reactions. Olah and
2 lation of a few saturated hydrocarbons
co-workers® have studied in detail,

{cyclohexane, cis-decalin, and admantane)
oxygenation of alkanes with ozone and

using essentially anhydrous peracetic
hydrogen peroxide in super acid media

acid in ethyl acetate were available.
under typical electrophilic conditions.

Explicit in the mechanism proposed

& part III: Tetrahedron 39, 2999 (1983) for this reaction by Heywood et al.3,
Communication No. 3678, National is homolytic decomposition of peracetic

Chemical Laboratory, Pune, India
acid, generating hydroxyl radicals.

€ nbstracted from Ph.D. thesis of
S.N. Sharma, Poona University (1976) Hydrogen peroxide (UV absorption:
d Present address: Dept of Rockets and 195-400 nm)6 on photolysis is known

Missiles, Sena Bhavan, New Delhi 7
to generate hydroxyl radicals’ and
Present address: Malti-Chem Research

Centre, Nandesari, Vadodara, India. this system has been exploited for

hydroxylation of aromatic compoundss.
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In view of this, oxyfunctionalization
of saturated hydrocarbons with this
system appeared worth investigating.
Reaction was first studied with
cyclohexane to essentially optimize
reaction conditions. Ethyl acetate

was found to be the most appropriate
solvent, while using 0.1 mole equivalent
of ~80% Hy0, aq, for every one mole
equivalent of cyclohexane. Reactions

of other substrates were then investiga-
ted under these conditions without

any further attempts at optimization.
Comparative studies were also carried
out with 358 HCOOOH ag and 40% CH3COO0H
aq as source of hydroxyl radicals. 1In
each case it was ascertained that there
was no dark reaction. Also, irradiation
of substrates in moist ethyl acetate
failed to give any functionalization,
thus indicating that water present in

hydrogen peroxide or per acids does not

contribute to any product development.

RESULTS

Cyclohexane, cyclododecane, n-octane

Reaction of cyclohexane with H,0,
under the above conditions resulted in
v45% yield (based on Hy0,) of a product
consisting of cyclohexanol (56%),
cyclohexanone (2%), cyclohexyl acetate
(9%), besides unidentified products

(338). The unidentified products

evidently arise from further known®
photochemistry of cyclohexanone, and
their formation could be substantially
reduced by using a 9700 Corex filter

(cut-off wavelength 254 nm) (Table 1).

S. N. SHARMA er al.

Cyclohexyl acetate clearly arises from
participation of ethyl acetate solvent
at some stage; this is borne out by the
fact that when ethyl formate replaced
ethyl acetate as solvent, cyclohexyl
formate was produced. These results,
together with other relevant data and
results of comparative studies with
HCOOOH and CH3COOOH are summarized in
Table 1.

Reaction products from reactions
of cyclododecane and n-octane were
analyzed after hydrolysis. Results
(Table 1) are similar to those described
above for cyclohexane. In the case of
cyclododecane, cis-bicyclo (8.2.0)dode-
can-1-ol (1), arising from knownl0
photochemistry of cyclododecanone,
constituted some 208 of the product, both

with hydrogen peroxide and peracetic

acid.

Methylcyclohexane, p-menthane

With methylcyclohexane as the
substrate, photoreaction with H,0,
gave a product in 22% yield (based
on H20,) containing some 25% acetates
(IR, PMR). Hydrolysis of the product
gave a material essentially free from
ketones. Similar results were obtained
when peracetic acid was used in
place of Hj;0,. 1In each case, the
hydrolyzed product consisted of tert.

alcohol 2 and gec. alcohols 3-8. These

results are shown in Table 2. Compound
2 was isolated by preparative GLC and
characterized by comparison (GLC, IR,
PMR) with an authentic sample. The

secondary alcohols were identified



2485

Photochemical transformations—IV

pasn HOOY Wox3J pajzoadxa TOYoOTR UO pased
293TTF X2I0D B BUTSn UOTIRTPRIAI (D

*patiTIUAPTIUN = IN (D
aseyd Axeuorje3s se ajeutoounsiiod T0oA1H IuSdTAYIDTP %02 (3
(@ {HOOY 3FO @ouexeaddesTp 103 uaxyei swrl (p

!stghtoaphy z933e suor3zTsSOdWOD 3Fonpoad (q

oy03d TW 0GE pue 3Juabeax aTow go°'( ‘23IVIISQNS 3TOW (g°0 FO PIISTSUOD JAINIXTW UOTIOLY (v

6 01 91 ve 0z 91 S 0z ] Zolu q@I=I0-U
(€T’21) In T-Touwn20 (01-8)1n Z-Touelo0 £-TOUR320 y-Touel0 (T In
9 29 91 A 1 € zy z1 HOOODEHD
6 8s zz 144 £ 4 LT Lt ototn
8z sy 0z v z 1 sz S Zoly
l
€-1n % Oh._._uu z-1n T1-In
HO H
9 06 - ¥ - 0s ZT H0002¢ RO
- oy 9 (4 (A SP 0T HOOQODH
L 8L 8 L - 0z sz »otn
€€ 9 4 6 - Sy T Zoly
(ean3xXTW) 1IN O O w O
HO 0] 9 HOJ0
Tll.ﬁoﬁﬂv uoT3U33adX IATIRTIX IID m:ﬂmnouo:@ll (s) (xy)
3 3 aPI3TIX oUWty Jusabeay a3jexysqng
uot3Tsoduod 3onpoxd uotrjoeay
@2URIO0-U puR 3UEI3pPOPOToAD ‘duexayoldio jo uoTiIerAxoapAyoloyd T aTqel




S. N. SHARMA et al.

2486

‘utw/CH TW 09 ‘ (UTW/ob‘00ET-08) OTO poummezboad ‘ g ummyod (6
pesn HOOY wox3z pajoadxa Toyooye uo pased (@
uot3epixo £01n Aq pamoTToF sTsAToapiy 1933e uorjTsodwoo jonpoad (o

30 2an3ixTw ® sem sueyjzusw-d {OY(3IF TW QGE pue Jusbesx aow go'Q ‘33RIISANS

-Lxo3o0e3sTIESUN UOTINTOSAX ITID (Y

cuta/ZH TW 09 ‘00T ‘dwel ‘D uumTod (3
HOOY 30 @adueaeaddesIp I03 uaye3l awly (P
sTs8AT0apAy 1933e uoyr3zrsodwoo 3onpoad (q
(§°1/1) saswost SURI3/STo
STOW (8°0 3JO PIISTHUOD DINIXTW UOTIORAY (e

L 12 02 1€ 8T —— v 6€ ¥ H0000€H)
g2 1z 12 £z —— 6 ——— £ 2z z1 202y
gl 1 4| €l FA| " o]} [
o
ﬁ H m xom om 0
RO* Y o H HO”: :
08°1 L9°1 LS°1 €6°T 4€2°1 00°1 et
— ze . €1 9 6t €€ 01 Ho00O¢HD
' 8 " 0z 9 92 zz 01 Zolh
8 P 9 S 4 € 2
HQ HO
H HO.,
0 L0 D n
« , HO HO
q08°T O T 89°T 0s°T 00°T  jIuy
-~ ﬁwﬁﬂu UOT3U838X SATIRTIX ITO mcﬂmmwuocHMIllllllll (xy)
3 (%) QW3 Juabeay 93eI3sqNS
uot3Tsodwos 3onpoad oPISTX | uotzoesy

wo:usu:wslm PUB SURXAdYOTOADTAYISW JO UOT3BPTX0OjoYd °*Z 9IQRL




Photochemical transformations—IV 2487

by their identical behaviour on three
different GLC columns (columns A,B,
and C) with authentic samples. The
exact percentages of 5-8 could not be
computed as their resolution was not
satisfactory enough. When subjected to
Cr03 oxidation, sec. alcohols in the
reaction mixture were transformed into
the corresponding ketones, which were
also identified by their mixed GLC with

authentic samples of ketones on two

different columns (columns A,C).

Photoreaction of p-menthane (cis/
trans: 1/1.5) with either H,0, or
peroxyacetic acid in EtOAc furnished a
product, which after saponification
gave a materijal consisting of at least
12 components. This was then subjected

to Cr0, oxidation and the GLC of the

product, thus obtained, revealed it to

be a mixture of seven compounds, as
summarized in Table 2. The mixture

was chromatographed on A1203 and the
components corresponding to RRT 1.00,
1.23, 1.23, 1.53 and 1.67 were isolated
and characterized as 9, 10, 11, 12 and
14 respectively by comparison of their
spectral data with those of authentic
samples. The other components with
RRT 1.57 and 1.80 were identified as
13 and 15 respectively by mixed GLC

with authentic samples on two different

columns (columns A, B).
cis-Pinane
Y e

Photoirradiation of cis-pinane in
EtOAc was carried out following closely
the methodology described above. The
hydrolyzed reaction product on GLC

analysis was found to be a mixture of

Table 3. Photohydroxylation of cis-pinane®
% (GLC)
Product RRT
Hy02 reac.P CH3COOOH reac®
on
18 1.00 12 6
OH
@ 7 1.20 37 8
18 1.72 20 a6
OH
Unidentified 31 40

a)gee footnotes to Table 1; product composition after hydrolysis

b) Reaction time 18 hr, yield ~26%
c) Reaction time 22 hr, yield ~30%
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at least 13 components. Fractionation
followed by chromatography over Alp03
afforded the three major components
in pure state. These were identified
as trans-pinan-2-ol (16), cig-pinan-
2-ol (17) and o-terpineol (18) by
comparison (IR, PMR, GLC) with
authentic samples. The remaining
compounds could not be isolated in a
pure enough state for identification.

These results have been collected in

Table 3.

DISCUSSION

The above results show that photo-
oxidation of saturated hydrocarbons by
H;0, can be carried out effectively,
but invariably a complex product is
obtained. From the results it is also
clear that a tert.C-H bond reacts
faster than a sec. C-H bond, which, in
turn, is more susceptible than the
primary C-H linkage. Thus, for
example, in the hydroxylation of
methylcyclohexane with H0,5, the
ratio of secondary to tertiary hydroxy-
lated products is 1.0 : 3.5 per
relevant C-H bond; the ratio is still
lower (1.0 : 9.5) with peracetic acid.
This is as expected in terms of the
well-known relative stabilities of
different carbon radicals.ll However,
the higher discrimination in the
reaction with peracetic acid must then
be attributed to the free energy
difference of the transition state

for attack of alkyl radical on CH3COOOH

as compared to that on H202.12 From

pattern of hydroxylation of n-octane,
it is evident that the reaction proceeds

with little regioselectivity. However,

in the case of p-menthane regioselectivity

seen in the formation of 13 and 14 is
noteworthy , and clearly a steric

factor is indicated.

EXPERIMENTAL

All m.ps and b.ps are uncorrected.
All solvent extracts were finally washed

with brine before drying over Na;S04.

IR spectra were recorded as smears
(liquids) or Nujol mulls (solids), on
a Perkin-Elmer Infracord model 137E.
PMR spectra were taken in 10-15% soln
in CC1l4 on a Varian T-60 spectrometer,
with TMS as internal standard. Mass
spectra were recorded on a CEC mass

spectrometer, model 21-110B,using an

ionization potential of 70 eV.

Alumina for chromatography was
made neutral (HNOj method) 13, activated
at 400° (8-10 hr) and then graded
according to Brockmann.l4 GLC analysis
were carried out on "Aerograph" model
A-350-B using Ai columns (300 cm x 0.6
cm) packed with 20% diethyleneglycol
polysuccinate (col. A), or 20% Hyprose
(col.B), or 20% FFAP (free fatty acid
phase; col. C) on Chromosorb W (60-80
mesh). For preparative GLC 300 cm x
1.0 cm Al column packed with 30%
Carbowax~-20M or 30% Hyprose on 30-60 mesh
Chromosorb W was used. Hydrogen was
A spinning-band

used as carrier gas.

column (46 cm x 6 mm; 23 plates) supplied
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by Balthen International, Philadelphia,
U.S.A., was employed for fractional

distillation.

Materials and authentic samples

Ethyl acetate used in photoirradia-
tion was washed with water and rapidly
dried over fused-CaCl,; it was then
distilled through a Vigreux column and
the fraction b.p. 75-77° collected.
Cyclohexane (Sarabhai M. Chemicals,
India), methylcyclohexane (B.D.H., UK),
and n-octane (B.D.H., UK) were GLC pure
samples and were freshly distilled befo-
re use. Cyclododecane was obtained by
hydrogenating cyclododecatriene over
5% pd-C.

and (+)-cis-pinane16

were prepared by
hydrogenation of dipentene, and a-pinene

(ap + 21.0°) respectively over Raney Ni.

Hydrogen peroxide (“85%) was
obtained by slow removal of water from
30% Hy07 ag. under reduced éressure
(30 mm) at 45-50°. Performic acid

(v35% aq.) and peracetic acid (v40% aq.)

were freshly prepared by known methods.17

Authentic samples of l-methylcyclo-
hexanol,18 cigs- and trans-2-,3-,

19 and isocarvomen-

4-methylcyclohexanols,
thone?9 were prepared following known
procedures. Octanol-3 and octanol-4
were also synthesized.z1 Menthone,
isomenthone, cis- and trans-pinan-2-ols,
carvomenthone oa-terpineol, octanol-l
and octanol-2 were already available in
the laboratory. For other products
spectral data were compared with those

reported in the literature.

EfMenthanels (cis/trans: 1/1.5),

General procedure for photooxidation

Photoirradiation was carried out
with an Hanovia medium-pressure
mercury vapour lamp (200 W), suspended
in a double-walled, water-cooled,
clear-fuzed quartz well, without filter
{(unless stated to the contrary). It
was fitted into a cylindrical reactor
containing a soln. of substrate (0.8
mole) and ROOH (0.08 mole) in EtOAc
(350 ml). A minute steady flow of
N, was bubbled through the soln through-
out the course of reaction. The course
of the reaction was monitored by the
presence of ROOH, as judged qualitati-
vely by KI-AcOH test. When ROOH had
essentially disappeared, the reaction
mixture was worked up by washing with
NayS,03 ag., followed by water. Solvent
was carefully removed through a
Vigreux column, and the residue fracti-
onated to first remove unreacted
hydrocarbon and then collect the
product under reduced pressure. In
the case of cyclohexane, methylcyclo-
hexane and n-octane, the unreacted

hydrocarbon was removed along with the

solvent fraction.

The above product (1.0 g}, in each
case, was taken in 5% methanolic-KOH
(25 ml), refluxed for 4 hr, and then
worked up in the usual way to get total

hydrolyzed product.

Separation/identification of products

(a) Products from cyclohexane. Cyclo-

hexanol, cyclohexanone, cyclohexyl

formate and cyclohexyl acetate were
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isolated by preparative GLC (Hyprose
column, 140°, 90 ml H,/min) and
identified by comparison of spectral
data (IR, PMR) with those of authentic

samples.

(b) Products from cyclododecane. Hydro-

lyzed product (1.5 g) from peracetic
acid reaction was chromatographed on
Al,03/IT (54 cm x 1.8 cm), while
monitoring with GLC (col.A). Elution
with light petrol and light petrol
containing increasing quantities of
benzene (5%, 10%, 20%, 40%, 60% and
100%) furnished pure 1 (107 mg eluted
with light pet./benzene: 60/40), and
pure cyclododecanol (350 mg eluted with
further quantities of light pet/
benzene: 60/40; m.p. 78-80°, IR, PMR).

cis-Bicyclo{8.2.0}dodecan-1-ol (1)
was crystallized from light pet., m.p.
47-48° (nit.10, m.p. 47-49°) and
identified by comparison of its IR and
PMR with the data reported in the 1it.10
Mass: m/z 182° (M*, 6%), 111 (100%),
58(96%), 71(80%), 41 (65%), 55(59%),
98 (53%), 97(44%), 43(37%).

(c) Products from p-menthane. The total

hydrolysis product, b.p. 80-115°/35 mm
was oxidized with Cr0322, and the
product (20.2 g) systematically chro-
matographed on Al;03/II (64 cm x 5.2

cm) and 105 fractions (of 500 ml each)
with solvents of increasing polarity
(light pet. with increasing amounts of
benzene, then benzene with increasing
amount of ethyl acetate) were collected.
Following fractions yielded compounds

9 to 12 and 14.

A mixture (560 mg) of menthone (9)
and isomenthone (10) was eluted with
light pet./benzene: 95/5 (500 ml x 2)
and the compounds recognized by GLC and

PMR.

Isocarvomenthone (14; 285 mg) was
next obtained with further elution with
light pet./benzene: 95/5 (500 ml x 2)

and was identified by GLC, IR & PMR.

Elution with light pet./benzene:
85/15 (500 ml x 5) furnished cis-p-
menthan-4-ol (ll; 146 mg) (IR, PMR),
while trans-p-menthan-l-ol (12; 380 mg)
was eluted with light pet./benzene:

50/50 (500 ml x 12).

(d) Products from cis-pinane. The total

product from hydrogen peroxide reaction
was hydrolyzed and this material (22.0q,
b.p. 80-110°/18 mm) carefully fractiona-
ted on spinning-band column (reflux
ratio, 1:15), while monitoring with

GIC (col. C). The appropriate fractions
were further purified by chromatography
over silica gel/IIA, and the compounds
16 to 18 identified by comparison of
their IR & PMR with those of authentic

samples.
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