C. R. Chimie 14 (2011) 1095-1102

www.sciencedirect.com

Contents lists available at SciVerse ScienceDirect

Comptes Rendus Chimie

Full paper/Mémoire

Highly efficient tetrahydropyranylation of alcohols and phenols catalyzed
by a new and reusable high-valent vanadium(IV) porphyrin

S. Abdolmanaf Taghavi, Majid Moghadam *, Iraj Mohammadpoor-Baltork *,
Shahram Tangestaninejad, Valiollah Mirkhani, Ahmad Reza Khosropour

Department of Chemistry, Catalysis Division, University of Isfahan, Isfahan 81746-73441, Iran

ARTICLE INFO ABSTRACT

Article history:

Received 23 April 2011

Accepted after revision 19 September 2011
Available online 4 November 2011

In the present work, the catalytic activity of high-valent tetraphenylporphyrinato-
vanadium(IV) trifluoromethanesulfonate, [V'V(TPP)(OTf)], in the tetrahydropyranylation
of alcohols and phenols with 3,4-dihydro-2H-pyran (DHP) is reported. This new electron-

deficient V(IV) compound was used as a highly efficient catalyst for pyranylation of

Keywords:
Vanadium porphyrin
Electron-deficient

primary (aliphatic and benzylic), sterically-hindered secondary and tertiary alcohols with
DHP. Tetrahydropyranylation of phenols with DHP was also performed to afford the
desired THP-ethers. The chemoselectivity of this method was also investigated. The results
indicated that primary alcohols are more reactive in the presence of secondary and tertiary

Alcohol
phceonoliss alcohols and phenols. This catalyst was reused several times without loss of its activity.
THP ether © 2011 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

Despite several reports on the application of metallo-
porphyrins in the oxidation of organic compounds [1-8],
there are few reports on their applications as Lewis acid
catalysts. High-valent metalloporphyrins, in which the
metal is in its highest oxidation state, can be used as mild
Lewis acids. In this respect, electron-deficient porphyrins
of Cr(III), Fe(Ill), Sn(IV) and V(IV) have been used in organic
transformations [9-26].

Proctection of hydroxy compounds is of great impor-
tance in organic synthesism especially in the multi step
transformations [27-29]. Tetrahydropyranylation with
DHP, methoxymethylation with FDMA (formaldehyde
dimethyl acetal), trimethylsilylation with HMDS (hexam-
ethyldisilazane) and acetylation with Ac,0O are the most
frequently used methods for protection of hydroxy
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compounds [30,31]. Due to the remarkable stability of
tetrahydropyranyl ethers under a variety of conditions
such as alkaline media, Grignard reagents, alkyl lithiums,
metal hydrides, oxidative reagents, and alkylating and
acylating reagents, tetrahydropyranylation has attracted
much attention in comparison with the others [30]. A
variety of catalysts including protonic and Lewis acid
catalysts such as p-toluene sulfonic acid (PTSA) [32],
bis[trimethylsilyl]sulfate [33], (CH5)5Sil [34], CuCl, [35],
DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) [36],
Ru(CHj3)5(triphosphine)](OTf), [37], I, [38], AlCl5.6H,0
[39], In(OTf); [40], ZrCly [41], KsCoW12040.3H,0 [42],
ionic liquids [43], BuyN*Brs~ [44], and LiOTf [45], K-10 clay
[46], alumina impregnated with ZnCl; [47], silica chloride
[48], AlCls@polystyrene [49], silica-based sulfonic acid
[50,51 ], HgP>2W4 8062 [52], Pdclz(CH3CN)2 [53], Vanadyl( [V)
acetate [54], BFs-etherate [55] and homogeneous and
heterogeneous [Sn'(TPP)(OTf),] [56,57] have been devel-
oped for tetrahydropyranylation of alcohols and phenols.

Vanadium is required for normal health, and could act in
vivo either as a metal cation or as a phosphate analogue,
depending on the oxidation state, V(1V) or V(V), respectively.
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Scheme 1. Tetrahydropyranylation of alcohols and phenols with DHP
catalyzed by [VV(TPP)(OTf),].

In proteins, vanadium is a cofactor in an algal bromoper-
oxidase and in certain prokaryotic nitrogenases. However,
its oxidation state within organisms seems to be highly
variable. The biochemistry of vanadium potentially involves
four oxidation states that are relatively stable in aqueous
solution. These are V2*, V3*, VO?* and VO," (the oxidation
states 2, 3, 4, and 5, respectively) [58].

In the present work, highly efficient tetrahydropyr-
anylation of alcohols and phenols with 3,4-dihydro-2H-
pyran catalyzed by reusable electron-deficient tetraphe-
nylporphyrinatovanadium(IV) trifluoromethanesulfonate,
[VIV(TPP)(OTf),], is reported (Scheme 1).

2. Experimental

Chemicals were purchased from Fluka and Merck
chemical companies. THNMR spectra were recorded in
CDCl;5 solvent on a Bruker-Avance 400 MHz spectrometer.
Infrared spectra were run on a Philips PU9716 or Shimadzu
IR-435 spectrophotometer. Elemental analysis was carried
out with a LECO, CHNS-932 instrument. UV-Vis spectra
were recoreded on a Shimadzu-160 spectrophotometer.
All analyses were performed on a Shimadzu GC-16A
instrument with a flame ionization detector using silicon
DC-200 or Carbowax 20M columns. Tetraphenylpor-
phyrin, [VO(TPP)] and [V(TPP)Cl,] were prepared accord-
ing to the literature [59-61].

2.1. Preparation of tetraphenyporphyrinatovanadium(1V)
trifluoromethanesulfonate, [V'V(TPP)(OTf),]

To a solution of V(TPP)Cl, (0.97g, 1 mmol) in THF
(50 mL), at 55 °C, AgCF3SO5 (0.54 g, 2 mmol) was added.
The solution was stirred at 55°C for 30 min. The AgCl
precipitate was filtered through a 0.45 M filter. The
resulting solution was evaporated at room temperature.
Then, the [V'V(TPP)(OTf),] was extracted with CH,Cl, and
the crystals were obtained after evaporation of solvent at
room temperature.

Visible spectrum: 456 (Soret), 585, 628 nm; v(KBr):
1030, 1168, 1224, 1298 cm™! (belong to SO5 groups and
porphyrin ring); CHNS analyses: Calcd. C,57.44; H, 2.93; N,
5.83; S, 6.67 found: C, 57.35; H, 2.88; N, 5.91, S, 6.65.

2.2. General procedure for tetrahydropyranylation of alcohol
and phenols with DHP catalyzed by [V"Y(TPP)(OTf),]

A solution of alcohol or phenol (1 mmol) and DHP
(2 mmol per OH group) in THF (0.5 mL) was prepared. The
[VIV(TPP)(OTf),] (1 mol%) was added to this solution and
stirred at room temperature. The progress of the reaction
was monitored by GC. After completion of the reaction, the
solvent was evaporated, Et,O (10 mL) was added and the

catalyst was filtered. The filtrates were washed with brine,
dried over Na,SO; and concentrated under reduced
pressure to afford the crude product.

2.3. Catalyst recovery and reuse

The reusability of the catalyst was checked in the
sequential pyranylation of benzyl alcohol. At the end of
each reaction, the solvent was evaporated, Et,0 (10 mL)
was added and the catalyst was filtered. The catalyst was
used with fresh benzyl alcohol, DHP and THF.

3. Results and discussion

3.1. Investigation of catalytic activity of high-valent
[VIV(TPP)(OTf)] in the tetrahydropyranylation of alcohol and
phenols with DHP

The preparation route for [VIY(TPP)(OTf),] is shown in
Scheme 2. The [VVO(TPP)], which can be obtained
commercially or prepared in laboratory, was converted
to [VIV(TPP)Cl,] with SOCl,, which in turn was converted to
[VV(TPP)(OTf),] with AgOTf. The catalytic activity of these
three catalysts was checked in the tetrahydropyranylation
of benzyl alcohol with DHP. The results showed that the
catalytic activity has the following order: [V!V(TP-
P)(OTf),](100%) > [VIV(TPP)Cl,] (52%) > [VIVO(TPP)] (17%).
These data showed that introducing of OTf groups has a
crucial effect on the catalytic activity of [VIV(TPP)(OTf),].
This may be due to the electron withdrawing nature of
these non-coordinated ligands which in turn increases the
electron-deficiency of metal center and therefore, the
catalytic activity increases. Despite of high oxophilicity of
VIV species, [V!Y(TPP)(OTf),] is a stable catalyst and can be
used under air. Therefore, [VIV(TPP)(OTf),] was chosen as
catalyst for tetrahydropyranylation of alcohols and phe-
nols. In this manner, the reaction parameters were
optimized in the reaction of benzyl alcohol with DHP. As
can be seen in Table 1, the best conditions are alcohol
(1 mmol), DHP (2 mmol), catalyst (1 mol%) and THF as
solvent. Under the optimized conditions a wide range of
alcohols including primary, secondary and tertiary alco-
hols were converted to their corresponding THP-ethers in
good to excellent yields and short reaction times. The
results, which are summarized in Table 2, showed that

Table 1

Optimization of reaction parameters in the tetrahydropyranylation of
benzyl alcohol (1 mmol) with DHP catalyzed by [V!V(TPP)(Otf),] at room
temperature.

Entry Catalyst DHP Solvent Time Yield

(mol%) (mmol) (min) (%)?
1 0.5 2 THF 3 74
2 1 2 THF 3 100
3 2 2 THF 3 100
4 1 1 THF 3 46
5 1 2 CH3CN 3 69
6 1 2 CH(Cl, 3 58
7 1 2 CHCl3 3 35
8 1 2 n-Hexane 3 19
¢ GC yield.
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THF, 55 °C
AgOTf, 0.5h
AgCl +
Scheme 2. The preparation route for the catalyst.
Table 2
Tetrahydropyranylation of alcohols catalyzed by [V'V(TPP)(Otf),] at room temperature?®.
Entry Hydroxy compound THP ether Time (min) Yield (%)°
1 3 100
CH,OH CHZOTHP
2 2 95
QCHZCHZCHZOTHP QCHZCHZOTHP
3 2 94
QCHZCH2CHZOH QCHZCHZCHZOTHP
4 3 95
Br@CHZOH Br@CHZOTHP
93

€O CH,OH CH,OTHP

=
=
|
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Table 2 (Continued )

Entry Hydroxy compound THP ether

Time (min) Yield (%)°

6
CH,OH

C

OMe

5 97

CH,OTHP

7 4 97
t-Bu @CHZOH t-Bu @CHZOTHP

8 4 94
CH,OH CH,OTHP
Me
9 NG NN NG N 8 100
OH OTHP
10 /\/\/\/\OH /\/\/\/\OTHP 8 94
11 /\/\/\’/ 8 85
OH OTHP
Me Me
1 ©)VOH ©)VOTHP 4 94
OH OTHP
13 AN 4 92
‘ =
O/OH O/OTHP
14 5 100
15 QOH QOTHP 8 91
16 §H3 : 6 85
H3C*§*CH3 H,C—C—CH,
OH
OH
17 J; l 8 85
OH OTHP
18 @ @ 5 )
19 Me 5 95

OTHP

¢ Reaction conditions: alcohol (1 mmol), DHP (2 mmol), catalyst (1 mol%), THF (0.5 mL).

b GC yield.

all primary, secondary and tertiary alcohols including
aromatic, aliphatic and cyclic ones were converted
efficiently to their corresponding tetrahydropyranyl ethers
in 3 to 8 min. In the case of aromatic alcohols, the nature
of substituents has no significant effect on the product
yield.

The ability of this catalyst in the tetrahydropyranyla-
tion of phenols was also investigated. The results showed
that this catalyst efficiently converted different phenols to
their corresponding THP-ethers in 3 to 5 min (Table 3).

Since the catalyst was active in the tetrahydropyrany-
lation of primary, secondary and tertiary alcohols as well as



S. Abdolmanaf Taghavi et al./C. R. Chimie 14 (2011) 1095-1102 1099

Table 3
Tetrahydropyranylation of phenols with DHP catalyzed by [V"V(TPP)(Otf),] at room temperature?.

Entry Phenol THP ether Time (min) Yield (%)°

1 4 90
4 92
CIOOH c1@omp
3 4 85
OZNOOH OZN@OTHP
H;@m H,C @OTHP 5 90

OTHP

OH
5 “ | ’

2 Reaction conditions: phenol (1 mmol), DHP (2 mmol), catalyst (1 mol%), THF (0.5 mL).

b GC yield.
phenols, a set of competitive reactions was performed to and 2-methyl-3-phenyl-2-propanol (tertiary alcohol), and
investigate the chemoselectivity of this method. In this phenol was subjected to tetrahydropyranylation with DHP
manner, an equimolar mixture of benzyl alcohol (2mmol) in the presence of [VIV(TPP)(OTf),]. The results
(primary alcohol) with benzhydrol (secondary alcohol) indicated that primary alcohol was more reactive in the
Table 4
Selective pyranylation of alcohols and phenols catalyzed by [V!V(TPP)(Otf),] in THF%.
Row ROH THP ether Time (min) Yield (%)°<
90 (100)
@m{zm{ @CHZOTHP
1 3
OH OTHP 30 (37)
0 (100)
®CH20H @CHZOTHP
2 3
24 (34)
Me, Me Me \\Me
~on OTHP
2 (100)
®CH20H ®CHZOTHP
3 3
NN T P NN 47 (51
OH OTHP (51)
0 (100)
@—CHpH @CHZOTHP
4 3
14 (25)
O o

¢ Reaction conditions for a binary mixture: 1 mmole of each alcohol or phenol, DHP (2 mmol), catalyst (1 mol%), THF (0.5 mL).
b GC yield.
€ Yields in the parentheses refer to the yields in the presence of 4 mmole of DHP.
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Table 5
Comparison of the results obtained for the tetrahydropyranylation of benzyl alcohol catalyzed by [VV(TPP)(Otf),] with those obtained for the recently
reported catalysts.

OH Catalyst OTHP
_—
Entry Catalyst Catalyst (mol%) Temperature Time (min) Yield (%) Ref.
1 [VV(TPP)(Otf),] 1 RT. 3 100 -
2 bis[trimethylsilyl|sulfate 2 0 12 97 [22]
3 CuCl, 15 RT. 20 83 [24]
4 AlCl;.6H,0 1 RT. 30 94 [28]
5 In(Otf); 0.5 0 30 85 [29]
6 ZrCly 5 Reflux 180 92 [30]
7 KsCoW;5040-3H20 1 RT. 5 97 [31]
8 Ionic liquid/PPhs.HBr 10 RT. 240 96 [32]
9 n-BusN*Br;~ (TBATB) 2.5 RT. 60 85 [33]
10 LiOTf 60 Reflux 150 96 [34]
11 K-10 clay 25mg RT. 5 92 [35]
12 Al,05/ZnCl, - 5 10 89 [36]
13 Silica chloride 10mg R.T. 10 93 [37]
14 AICl;@PS 15 RT. 40 97 [38]
15 Si0,-SOsH 2 RT. 15 92 [39]
16 HeP2W15062 1 20 120 98 [41]
17 PdCl,(CH3CN), 10 RT. 60 72 [42]
18 Vanadyl (IV) acetate 27 RT. 60 95 [43]
19 [Sn"V(TPP)(Otf),] 1 RT. 4 96 [44]
20 [Sn"(TPP)(Otf),]J@CMP 1 RT. 4 97 [45]
21 CuCl, 1 RT. 3 26 -
22 AlCl3.6H,0 1 RT. 3 17 -
24 ZrCly 1 RT. 3 11 -
25 K5CoW12040-3H,0 1 RT. 3 78 -
26 LiOTf 1 RT. 3 8 -
27 HeP2W15062 1 RT. 3 12 -
28 Vanadyl (IV) acetate 1 RT. 3 10 -
-
@
:/\
: ROH

-

Scheme 3. The proposed mechanism for tetrahydropyranylation of alcohols and phenols with DHP catalyzed by [VV(TPP)(OTf),].

N.

_O+

:W\
[
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Fig. 1. UV-vis spectrum of: A: [V!Y(TPP)(OTf),] in tetrahydrofuran (1.0 x 10~*M, path length=1.0 cm) at 25 °C and B: recovered [V'V(TPP)(OTf),].

presence of secondary and tertiary ones, and phenol (Table
4). When the same reactions were carried out in the
presence of 4 mmole of DHP, the same results were
obtained.

The results obtained by this catalytic system were
compared with some of those reported in the literature
(Table 5). As can be seen, this catalytic system is more
efficient than the others. In order to show the advantage
of this method, the tetrahydropyranylation of benzyl
alcohol was carried out in the presence of some of
available catalysts listed in Table 5 under the same
conditions described for [VV(TPP)(OTf),]. It was ob-
served that the [V!V(TPP)(OTf),]/DHP catalytic system is
much more efficient than the others.

The actual mechanism is not clear at present. However,
based on a plausible mechanism, DHP is first activated by
V(IV) porphyrin to afford 1. Nucleophilic attack of alcohol
to 1 gives 2, which upon a proton transfer step produces
the final product 3 and releases the catalyst for the next
run (Scheme 3). Comparison of catalytic activity of
[VIV(TPP)(OTf),] with Vanadyl(IV) acetate shows that
the presence of OTf groups increases the interaction of
DHP with catalyst. This can be attributed to the high
electron-deficiency of V(IV) center in the presence of
OTf groups.

3.2. Catalyst reusability

The reusability of this catalyst was also investigated
in the multiple pyranylation of benzyl alcohol with DHP
under the same reaction conditions described in the
general procedure. At the end of each reaction, the
solvent was evaporated, Et,0 was added and the catalyst
was filtered. The recovered catalyst was used with fresh
benzyl alcohol and DHP. The results showed that after
using the catalyst for several consecutive times (five
times were checked), no decrease was observed in its
catalytic activity. The nature of the recovered catalyst
was monitored by its UV-Vis spectrum (Fig. 1B), in
which no change was observed in its spectrum and since
the catalyst retained its activity in the protection
reaction, it seems that the recovered -catalyst is
porphyrin triflates.

4. Conclusion

In conclusion, electron-deficient [VIY(TPP)(OTf),] can be
used as an efficient and reusable catalyst for tetrahydro-
pyranylation of alcohols and phenols with DHP. This
catalyst efficiently catalyzed the conversion of primary,
secondary and tertiary alcohols as well as phenols to their
corresponding THP-ethers. Short reaction times, good to
excellent yields and reusability of the catalyst are
noteworthy advantages of this catalytic system.

Acknowledgement

We are thankful to the Center of Excellence of
Chemistry of University of Isfahan (CECUI)) for financial
support of this work.

References

[1] R. Ortiz de Montellano, Cytochrome P-450, Structure, Mechanism and
Biochemistry, 2nd ed., Plenum Press, New York, 1995.

[2] R. A. Sheldon, In B. Meunier (Ed), Biomimetic Oxidations Catalyzed by
Transition Metal Complexes, Imperial College Press, London, 2000.

[3] D. Mansuy, Coord. Chem. Rev. 125 (1993) 129.

[4] J.T. Groves, Y. Watanabe, T.J. McMurry, ]J. Am. Chem. Soc. 105 (1983)
4489.

[5] J.P. Collman, J.I. Brauman, B. Meunier, S.A. Raybuck, Proc. Natl. Acad. Sci.
USA 81 (1984) 3245.

[6] M.W. Grinstaff, M.G. Hill, E.R. Birnbaum, W.P. Schaefer, ].A. Labinger,
H.B. Gray, Inorg. Chem. 34 (1995) 4896.

[7] M. Moghadam, I. Mohammadpoor-Baltork, S. Tangestaninejad, V. Mir-
khani, H. Kargar, N. Zeini-Isfahani, Polyhedron 28 (2009) 3816.

[8] S. Tangestaninejad, M. Moghadam, V. Mirkhani, I. Mohammadpoor-
Baltork, N. Hosseini, ]. Iran. Chem. Soc. 7 (2010) 663.

[9] K. Suda, M. Sashima, M. Izutsu, F. Hino, J. Chem. Soc., Chem. Commun.

(1994) 949.

[10] T. Takanami, R. Hirabe, M. Ueno, F. Hino, K. Suda, Chem. Lett. (1996)
1031.

[11] T. Takanami, M. Hayashi, K. Iso, H. Nakamoto, K. Suda, Tetrahedron 62
(2006) 9467.

[12] T. Takanami, M. Hayashi, K. Suda, Tetrahedron Lett. 46 (2005) 2893.

[13] K.Suda, K. Baba, S. Nakajima, T. Takanami, Chem. Commun. (2002) 257.

[14] K. Suda, K. Baba, S. Nakajima, T. Takanami, Tetrahedron Lett. 40 (1999)
7243.

[15] K. Suda, T. Kikkawa, S. Nakajima, T. Takanami, J. Am. Chem. Soc. 126
(2004) 9554.

[16] S. Tangestaninejad, M.H. Habibi, V. Mirkhani, M. Moghadam, Synth.
Commun. 32 (2002) 1337.

[17] S. Tangestaninejad, M.H. Habibi, V. Mirkhani, M. Moghadam, ]. Chem.
Res. (S) (2001) 365.



1102 S. Abdolmanaf Taghavi et al./C. R. Chimie 14 (2011) 1095-1102

[18] M. Moghadam, S. Tangestaninejad, V. Mirkhani, . Mohammadpoor-
Baltork, R. Shaibani, J. Mol. Catal. A: Chem. 219 (2004) 73.

[19] M. Moghadam, S. Tangestaninejad, V. Mirkhani, R. Shaibani, Tetrahe-
dron 60 (2004) 6105.

[20] S. Gharaati, M. Moghadam, S. Tangestaninejad, V. Mirkhani, I. Moham-
madpoor-Baltork, F. Kosari, Inorg. Chim. Acta. 363 (2010) 1995.

[21] M. Moghadam, S. Tangestaninejad, V. Mirkhani, . Mohammadpoor-
Baltork, S. Gharaati, Appl. Organomet. Chem. 23 (2009) 446.

[22] S.A. Taghavi, M. Moghadam, I. Mohammadpoor-Baltork, S. Tangesta-
ninejad, V. Mirkhani, A.R. Khosropour, V. Ahmadi, Polyhedron 30
(2011) 2244.

[23] M. Moghadam, S. Tangestaninejad, V. Mirkhani, I. Mohammadpoor-
Baltork, S.A. Taghavi, J. Mol. Catal. A: Chem. 274 (2007) 217.

[24] M. Moghadam, S. Tangestaninejad, V. Mirkhani, . Mohammadpoor-
Baltork, S.A. Taghavi, Catal. Commun. 8 (2007) 2087.

[25] M. Moghadam, S. Tangestaninejad, V. Mirkhani, . Mohammadpoor-
Baltork, S. Gharaati, Polyhedron 29 (2010) 212.

[26] M. Moghadam, S. Tangestaninejad, V. Mirkhani, I. Mohammadpoor-
Baltork, M. Khajehzadeh, F. Kosari, M. Araghi, Polyhedron 29 (2010)
238.

[27] M. Schelhaas, H. Waldmann, Angew. Chem. Int. Ed. Engl. 35 (1996)
2056.

[28] Y. Fukase, K. Fukase, S. Kusumoto, Tetrahedron Lett. 40 (1999) 1169.

[29] G. Sartori, R. Ballini, F. Bigi, G. Bosica, R. Maggi, P. Righi, Chem. Rev. 104
(2004) 199.

[30] T.W. Greene, P.G.M. Wuts, Protective Groups in Organic Synthesis, 2nd
ed., Wiley, New York, 1991.

[31] P.J.Kocienski, Protective Groups; Enders, R., Noyori, R., Trost, B.M., Eds.;
Thieme: Stuttgart (1994).

[32] M. Miyashita, A. Yoshikoshi, P.A. Grieco, J. Org. Chem. 42 (1977) 3772.

[33] Y. Morizawa, 1. Mori, T. Hiyama, H. Nozaki, Synthesis (1981) 899.

[34] G. A. Olah, A. Husain, B.P. Singh, Synthesis (1985) 703.

[35] U.T.Bhalerao, K. Joj Davis, B. Vittal Rao, Synth. Commun. 26 (1996) 3081.

[36] K.Tanemura, T. Horaguchi, T. Suzuki, Bull. Chem. Soc. Jpn. 65 (1992) 304.

[37] S. Ma, L.M. Venanzi, Tetrahedron Lett. 34 (1993) 5269.

[38] N. Deka, J.C. Sarma, J. Org. Chem. 66 (2001) 1947.

[39] V.V. Namboodiri, R.S. Varma, Tetrahedron Lett. 43 (2002) 1143.

[40] T. Mineno, Tetrahedron Lett. 43 (2002) 7975.

[41] N. Rezai, F.A. Meybodi, P. Salehi, Synth. Commun. 30 (2000) 1799.

[42] M.H. Habibi, S. Tangestaninejad, I. Mohammadpoor-Baltork, V. Mir-
khani, B. Yadollahi, Tetrahedron Lett. 42 (2001) 2851.

[43] L.C. Branco, C.A.M. Afonso, Tetrahedron 57 (2001) 4405.

[44] S. Naik, R. Gopinath, B.K. Patel, Tetrahedron Lett. 42 (2001) 7679.

[45] B. Karimi, J. Maleki, Tetrahedron Lett. 43 (2002) 5353.

[46] S. Hoyer, P. Laszlo, Synthesis (1986) 655.

[47] B.C. Ranu, M. Saha, ]. Org. Chem. 59 (1994) 8269.

[48] N. Ravindranath, C. Ramesh, B. Das, Synlett (2001) 1777.

[49] B. Tamami, K.P. Borujeny, Tetrahedron Lett. 45 (2004) 715.

[50] B. Karimi, M. Khalkhali, J. Mol. Catal. A: Chem. 232 (2005) 113.

[51] K. Shimizu, E. Hayashi, T. Hatamachi, T. Kodama, Y. Kitayama, Tetrahe-
dron Lett. 45 (2004) 5135.

[52] G.P. Romanelli, G. Baronetti, H.J. Thomas, ].C. Autino, Tetrahedron Lett.
43 (2002) 7589.

[53] Y.-G. Wang, X.-X. Wu, Z.-Y. Jiang, Tetrahedron Lett. 45 (2004) 2973.

[54] B.M. Choudary, V. Neeraja, M.L. Kantam, J. Mol. Catal. A: Chem. 175
(2001) 169.

[55] H. Alper, L. Dinkes, Synthesis (1972) 81.

[56] M. Moghadam, S. Tangestaninejad, V. Mirkhani, . Mohammadpoor-
Baltork, S. Gharaati, Inorg. Chim. Acta. 363 (2010) 1523.

[57] M. Moghadam, S. Tangestaninejad, V. Mirkhani, . Mohammadpoor-
Baltork, S. Gharaati, J. Mol. Catal. A: Chem. 337 (2011) 95.

[58] 1. Bertini, H.B. Gray, S.J. Lippard, ].S. Valentine, Bioinorganic Chemistry,
University Science Books, Mill Valley, California, 1994.

[59] A.D. Adler, F.R. Longo, ].D. Finarelli, ]. Goldmacher, ]. Assour, L. Korsak-
off, ]. Org. Chem. 32 (1976) 476.

[60] S. Bencosme, M. Labady, C. Romero, Inorg. Chim. Acta. 123 (1986) 15.

[61] P. Richard, J.L. Poncet, J.M. Barbe, R. Guilard, ]J. Goulon, D. Rinaldi, A.
Cartier, Tola F P., Chem. Soc. Dalton Trans (1982) 1451.



	Highly efficient tetrahydropyranylation of alcohols and phenols catalyzed by a new and reusable high-valent vanadium(IV) porphyrin
	Introduction
	Experimental
	Preparation of tetraphenyporphyrinatovanadium(IV) trifluoromethanesulfonate, [VIV(TPP)(OTf)2]
	General procedure for tetrahydropyranylation of alcohol and phenols with DHP catalyzed by [VIV(TPP)(OTf)2]
	Catalyst recovery and reuse

	Results and discussion
	Investigation of catalytic activity of high-valent [VIV(TPP)(OTf)2] in the tetrahydropyranylation of alcohol and phenols with DHP
	Catalyst reusability

	Conclusion
	Acknowledgement
	References


