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3,6-BIS(TRIPHENYLPHOSPHONIUM)-

CYCLOHEXENE PEROXODISULFATE:

A HIGHLY EFFICIENT OXIDANT

FOR THE SELECTIVE OXIDATION

OF BENZYLIC ALCOHOLS

R. Badri,* H. Shalbaf, and M. A. Heidary

Chemistry Department, Shahid-chamran
University, Ahvaz, Iran

ABSTRACT

The synthesis of 3,6-bis(triphenylphosphonium)cyclohexene
peroxodisulfate and its application for the selective oxidation
of benzylic alcohols is reported.

Peroxodisulfate is a well-known strong oxidizing agent for a variety of
organic compounds. Some reported successful examples of oxidation with
this oxidant are: oxidation decarboxylation of acids,1 aromatic hydroxyla-
tion,2–4 oxidation of carbon-nitrogen double bonds,5,6 oxidation of alkyl
benzenes,7 alkenes,8–10 amines11 and alcohols.12–15 Although the standard
redox potential of peroxodisulfate ion is high (about 2.01V in aqueous
solution), its reaction at ambient temperature is considerably slow and
therefore, as reported, is accelerated in the presence of Ag(I),16,17 Cu(I)17
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and Ni(II)18 under reflux condition. In the case of alcohols, the oxidation
reaction carried out at acidic condition and is accompanied by fragmenta-
tion.13 Therefore, introduction of a new Peroxodisulfate oxidizing agent
which works under neutral and aprotic condition for the selective oxidation
of alcohols is an important process in organic synthesis.

In this paper we wish to report the synthesis of new Peroxodisulfate
reagent and its application in selective oxidation of benzylic alcohols in
neutral solution and in the absence of the metal ions as catalysts. Thus,
3,6-dibromocyclohexene19 I was stirred with triphenylphosphine in refluxing
CHCl3 for 2 h to produce, upon cooling and treatment first with Et2O and
then with acetone, 3,6-bis(triphenylphosphonium)-cyclohexene dibromide 2
as a white solid in 80.5% yield. Stirring a mixture of 2 and K2S2O8 in H2O at
ambient temperature for 3 h, afforded after filtration and washing with H2O
and drying, 3,6-bis(triphenylphosphonium)cyclohexene peroxodisulfate 3 in
78% yield (Scheme 1). Structures of 2 and 3 were confirmed by elemental
analysis, IR and 1HNMR. Compound 3 is a white solid which is stable for
long periods without losing its activity.

As shown in Table 1, primary and secondary benzylic alcohols are
oxidized to their corresponding aldehydes and ketones in high yields (entries
1–12). Further oxidation of aldehydes to their carboxylic acids and also
fragmentation products were not observed in this method. It is noteworthy
that under the same reaction conditions, primary and secondary saturated
and allylic alcohols were resistant toward oxidation and the corresponding
carbonyl compounds were obtained in non or poor yields. It is also import-
ant to note, since the reaction medium was almost neutral, some sensitive
functionalities such as carbon-carbon double bond remained intact (entries
11, 12, Scheme 2).

In order to show the better chemoselectivity of the described method
an equimolar mixture of benzyl, allyl and alkyl alcohols was treated with
this reagent in refluxing MeCN for 2 h. We found that p-methoxybenzyl

Scheme 1.
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alcohol is oxidized selectively in the presence of allyl and alkyl alcohols
(Scheme 2). This selectivity is of vital importance in modern synthetic
methodologies.

The effect of various solvents such as DMSO, DMF, MeCN, CCl4,
CHCl3 and CH2Cl2 were also investigated. The experimental results show
that MeCN is the best choice for this purpose (Table 2).

Table 1. Oxidation of Alcohols with BTPCP in Refluxing MeCN

Entry Substrate
t

(min)
Yield
(%)a Productb

1 PhCH2OH 9 92 PhCHO
2 p-ClPhCH2OH 11 93 p-ClPhCHO

3 O-NO2PhCH2OH 20 57 O-NO2PhCHO
4 P-NO2PhCH2OH 15 86 P-NO2PhCHO
5 P-MeOPhCH2OH 7 95 p-MeOPhCHO
6 PhCHOHMe 8 94 PhCOMe

7 PhCHOHPh 7 95 PhCOPh
8 PhCHOH(CH2)2CO2Me 15 87 PhCO(CH2)2CO2Me
9 p-MePhCH2OH 8 94 p-MePhCHO

10 p-MeOPhCHOH(CH2)2CO2Me 14 96 p-MeOPhCO(CH2)2CO2Me
11 PhCHOHCH¼CHCH2OH 10 89 PhCOCH¼CHCH2OH
12 PhCHOH(CH2)2CO2(CH2)2OH 11 89 PHCO(CH2)2CO2(CH2)2OH

aYields refers to isolated yields.
bProducts were characterized by comparison of their physical and spectra data with
authentic samples.

Scheme 2.
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The noteworthy advantages of this reagent lies in its reusability. Thus
Table 3 demonstrates the reusability of the oxidant after 3 replicate oxida-
tions of p-methoxy benzyl alcohol to p-methoxy benzaldehyde. The oxidant
was recovered by stirring of the white solid, which obtained after oxidation
of alcohols, with K2S2O8 in H2O for 3 h.

In conclusion, 3,6-bis(triphenylphosphonium)cyclohexene peroxodi-
sulfate is a stable, mild, efficient, easily prepared and reusable reagent for
the selective oxidation of benzylic alcohol.

EXPERIMENTAL

General: 1HNMR was recorded on a Bruker advance DPX-250MHz
NMR spectrometer in CDCl3. The IR spectra were recorded on a Shimadzu
470 Spectrophotometer (4000–400 cm�1 region). GLC analysis was per-
formed with a Gas Chromatography 6A Shimadzu with a flame ionization
detector and Carbowax 20M/Chromosorb-W60–80-mesh column. The C,

3476 BADRI, SHALBAF, AND HEIDARY

Table 2. Data for the p-MeOPhCH2OH Oxidation with BTPCP
in Various Solvents

Entry Solvent t. (min) Yield (%)*

1 DMSO 9 88
2 DMF 13 80
3 MeCN 7 95

4 CCl4 20 40
5 CHCl3 15 70
6 CH2Cl2 20 50

*GLC yields

Table 3. Reusability of Oxidant*

Experimental Yield (%)

1st 95
2nd 92
3rd 89

*All reactions are carried out under similar
conditions.
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H, S, analysis were performed by the microanalytical service of research
institute of petroleum industry (N.I.O.C). Melting points were measured
on a mettler FP5 apparatus. TLC accomplished the purity of the substrates
and reactions monitored on silica gel plates. All yields refer to isolated
products.

Preparation of 3,6-bis(Triphenylphosphonium)-

cyclohexene Dibromide (2)

To a solution of 3,6-dibromocyclohexene I (2.4 g, 10mmol) in CHCl3
(10ml) in a 50ml round-bottomed flask equipped with a magnetic stirrer
and a reflux condenser was added triphenylphosphine (5.24 g, 20mmol). The
reaction mixture was refluxed for 2 h. The solution was cooled to room
temperature and then Et2O was added drop wise with stirring until an
oily product was separated. The ether was removed by decantation and
acetone (40ml) was added. Stirring the acetone solution for 40min afforded
a white precipitate that was filtered, washed with acetone and then dried.
Yield (80.5%), m.p.¼ 276–7�C.

IR (KBr): 3053, 2755, 1613, 1575, 1475, 1446, 1108, 750, 723, 692, 537
(cm�1). 1HNMR (250MHz), dH (CDCl3): 2.37–2.85 (m, 4H), 5.78 (d, 2H),
6.47 (m, 2H), 7.12–7.96 (m, 30H).

Anal. (Calc. C% 65.98; H% 5.01; found C% 66.02; H% 4.95).

Preparation of 3,6-bis(Triphenylphosphonium)-

cyclohexene Peroxodisulfate (3)

In a 25ml round-bottomed flask with a magnetic stirrer a solution of
K2S2O8 (0.135 g, 2mmol) in H2O (5ml) was prepared. Compound 2 (3.82 g,
2mmol) was added to this solution and the reaction mixture was stirred at
ambient temperature for 3 h. The resulting white precipitate was filtered,
washed with distilled water (10ml) and dried in vacuo; yield (78%)
m.p.¼ 177–8�C.

IR (KBr): 3050, 1625, 1576, 1478, 1437, 1258, 1108, 1059, 754, 724,
693, 556, 525 (cm�1).

1HNMR (250MHz), d (d6-DMSO): 2.46 (m, 4H), 5.12 (d, 2H), 6.10
(m, 2H), 7.91 (m, 30H). 13CNMR (250MHz), d (d6-DMSO): 22.51(t),
31.05(dd), 117.58, 130.80(d), 131.00, 134.95, 135.52.

Anal. (Calc. C% 63.31; H% 4.81; S% 8.05; found C% 63.29; H%
4.82; S% 8.52).
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General Procedure for Oxidation of Alcohols

To a solution of alcohol (1mmol) in solvent CH3CN (5ml) in a 50ml
round-bottomed flask-equipped with a condenser and a magnetic stirrer was
added 3,6-bis(triphenylphosphonium)cyclohexene peroxodisulfate (1mmol)
in three portions. The reaction mixture was stirred magnetically under reflux
condition for the appropriate time indicated in Table 1. The progress of the
reaction was monitored by TLC or GLC. The reaction mixture was filtered
and the solid was washed with ether (3� 15ml). The filtrates were evapo-
rated and the residue was purified on a silica-gel plate with appropriate
eluent. Pure carbonyl compounds were obtained in 57–96% yields (Table 1).

ACKNOWLEDGMENT

We were thankful to Shahid Chamran University for the partial sup-
port of this work.

REFERENCES

1. Anderson, J.M.; Kochi, J.K. J. Am. Chem. Soc. 1970, 92, 1651.
2. Walling, C.; Camaioni, D.M.; Kim, S.S. J. Am. Chem. Soc. 1978,

100, 4814.
3. Walling, C.; Camaioni, D.M. J. Am. Chem. Soc. 1975, 97, 1603.
4. Walling, C.; Johnson, R.A. J. Am. Chem. Soc. 1975, 97, 363.
5. Mohammadpoor-Baltork, I.; Hajipour, A.R.; Mohammadi, H. Bull.

Chem. Soc. Jpn. 1998, 71, 1649.
6. Mohammadpoor-Baltork, I.; Hajipour, A.R.; Haddadi, R. J. Chem.

Res. 1999, 102.
7. Walling, C.; Zhao, C.; EL-Taliawi, G.M. J. Org. Chem. 1983, 48, 4910.
8. Permal, P.T. Synth. Commun. 1990, 20, 1353.
9. Citterio, A.; Arnoldi, C.; Minisci, F. J. Chem. Soc. Perkin Trans. 2,

1983, 531.
10. Fristad, W.E.; Peterson, J.R. Tetrahedron Lett. 1983, 24, 4547.
11. Thomson, R.H.; Forrester, A.R.; Dewar, P.S. J. Chem. Soc. Perkin

Trans. 1 1972, 2862.
12. Walling, C.; Camaioni, D.M. J. Am. Chem. Soc. 1978, 100, 3266.
13. Smook, M.E.; Hamilton, G.A. J. Am. Chem. Soc. 1974, 96, 860.
14. Clerici, A.; Minisci, F.; Ogawa, K. Tetrahedron Lett. 1987, 1149.
15. Caronna, T.; Citterio, A.; Grossi, L.; Minisci, F.; Ogawa, K.

Tetrahedron 1976, 32, 2741.

3478 BADRI, SHALBAF, AND HEIDARY

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

as
m

an
ia

] 
at

 1
3:

27
 1

3 
O

ct
ob

er
 2

01
4 



ORDER                        REPRINTS

16. Ledwin, A.; Russel, P.J.; Sutcliffe, L.H. J. Chem. Soc. Perkin Trans. 2
1973, 630.

17. Walling, C.; Camaioni, D.M. J. Org. Chem. 1978, 43, 3266.
18. Yamazaki, S.; Yamazaki, Y. Chem. Lett. 1989, 1361.
19. Minsci, F.; Citterio, A. Acc. Chem. Res. 1983, 16, 27–32.

Received in the UK June 19, 2000

PEROXODISULFATE OXIDATION OF BENZYLIC ALCOHOLS 3479

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

as
m

an
ia

] 
at

 1
3:

27
 1

3 
O

ct
ob

er
 2

01
4 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SCC100106207

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

as
m

an
ia

] 
at

 1
3:

27
 1

3 
O

ct
ob

er
 2

01
4 

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SCC&title=3%2C6-BIS%28TRIPHENYLPHOSPHONIUM%29-CYCLOHEXENE+PEROXODISULFATE%3A+A+HIGHLY+EFFICIENT+OXIDANT+FOR+THE+SELECTIVE+OXIDATION+OF+BENZYLIC+ALCOHOLS&offerIDValue=18&volumeNum=31&startPage=3473&isn=0039-7911&chapterNum=&publicationDate=09%2F30%2F2001&endPage=3479&contentID=10.1081%2FSCC-100106207&issueNum=22&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A22%3A52&publisherName=dekker&orderBeanReset=true&author=R.+Badri%2C+H.+Shalbaf%2C+M.+A.+Heidary&mac=u1eiOq3F1VoS2soMabkZ8Q--

