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Abstract: An efficient and selective method is described for the catalytic conversion 

of allylic, and tertiary benzylic alcohols into their corresponding ethers in the 

presence of Ce(IV) under solvolytic and non-solvolytic conditions. 

INTRODUCTION 

The hydroxyl group and its alkylated derivatives are very valuable 

and tremendously versatile and important functional groups in organic 

synthesis. The common methods for conversion of alcohols to ethers are 

based on the reaction of metal salts of alcohols with different alkylating 

agents l-5 with or without phase transfer catalysts. Condensation of 

alcohols or their salts with aldehydes 837 
8 , olefines , alkyl oxides 9 and 

dialkyl phosphites 
10 

under basic or acidic conditions, are also reported 

to be usefill methods for this transformation. However, in most cases 

these methodologies are described only for reactions with primary 

substrates and suffer from highly basic or acidic conditions. 

Recently we have reported the use of Ce(IV) as an efficient 

catalyst for ring opening of epoxides and thiiranes in alcohols, acetic 

acid and water 
11-13 . In this study, the use of Ce(IV) is reported as a 

mild and efficient catalyst for C - 0 cleavage in allylic and tertiary 

benzylic alcohols under solvolytic and non-solvolytic conditions. Selective 

alcoholysis of these alcohols is achieved in the presence of 1°,2'and 3' 
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alcohols and some other hyroxy compounds in high yields using Ce(IV) as 

ceric ammonium nitrate (CAN). 

RESULTS AND DISCUSSION 

Alcoholyses of different types of allylic and tertiary benzylic 

alcohols were performed in lo, 2O and 3' alcohols as solvent and in the 

presence of catalytic amounts of Ce(IV) as CAN in good to excellent 

yields. The method described here is simple, mild,efficient and 

selective. Allylic alcohols are smoothly converted, not only to their 

corresponding lo and 2O ethers, but also to their 3O ethers in high to 

excellent yields. The results are shown in Table 1. 

Table 1. CAN (0.2 Molar equivalent) Promoted Alcoholyses of Allylic 

Alcohols 

Entry Subestrate Solvent 
Yield/ Time(h) Yield/'lXme(min) Prod,lct 

Room Temp. Refluxing Temp. 

la 

1 CH30H 

lc 
2 CH30H 

H OH 

3 11 EtOH 

4 n-PrOH 

5 7, n-BuOH 

6 11 i-PrOH 

7 t-BuOH 

85(h) 82(10) 

90(L) 

94(L) 

90(4) 93(10) 

92(1%i4) 

85(S) 90(30) 

80(24) 92(30) \ w , 

le 

-n.Pr 

-III. BII \ w : 
I-I 0-i.Pr 

H’ O-t.Bu 



Ce(IV), as a catalyst for alcoholyses 

Table 1. Continued 
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8 

9 

10 

11 

12 

13 

ti H3 

Cyclohexanol 90(k) 

n-BuOH 95(%) 

i-PrOH 

t-BuOH 

EtOHl 70(1?1) 

i.PrOHl 60(&I 

14 (CH3j2C=CHfHCH3 EtOH 

OH 

15 II i-PrOH 

CH 
I3 

16 CH2=CH-y-C2H5 EtOH 

OH 

17 II t-BuOH 

95(24) 

75(24) 

95(6%) 

97(30) 

95(15) 

95(15) 

H OCgHll 

(CH3)2C<H;HCH3 
li 

OET 

95(8) 91(15) (CH312C=CHFHCH3 

0-i.Pr 

CH 
I3 

f39(60) C2H5C = CHCH20Et 

fH3 
70(150) C2H5C = CHCH20-t.Bu 

OH 

18 MeOH 93&l 
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Table 1 Continued 

19 ” 

20 II 

HO 

21 

# 0 
HO 

22 " 

23 

24 

i-PrOH 

n-BuOH 

MeOH 

PrOH 

i-PrOH 

t-BuOH 

96&1) 

95(4) 

98(2) 

96(3) 

95C2.5) 

93C3.5) 

0-n.Bu 

98(15) 

1. 

b I 
HO 

I. Three portions of 0.2 molar equivalents of CAN were used. 

II. Two portions of 0.2 molarequivalentsof CAN were used. 

Formation of the isomerized product (exe-isomer)from the endo- 

SlJbSt??ate (entry 1) and also formation of thermodynamically more stable 

products from the substrate with less substituted double bond (entries 

16,171 are diagnostic of the formation of carbonium ion intermediates in 

these reactions. Selective alcoholyses of allylic hydroxyl groups in the 

presence of tertiary groups are shown in the reaction of the steroidal 

alcohol with lo, 2O and 3O alcohols (entries 21-24). 

Alcoholyses of cinnamylic and tertiary benzylic alcohols were also 

performed efficiently at both room temperature and under refluxing 

conditions. The corresponding ethers were also separated and identified 

by comparison: with authentic samples or by their mass and spectral data. 

The results are summerized in Table 2. 
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Table 2. CAN(0.2 Mole%) Pxxmted Alcoholyses of Cinnamylic and Tertiary Eknzylic 

Alcohols 

Entry Substrate solvent 
Yield/Tim(h) Yield/Tim(min) F?xdlK?t 
RccmTemp. Refluxing Temp. 

1 C6H5CH=CHyCH3 MeOH 

OH 

2 11 P&H 

3 ,1 i-l%OH 

4 FCH3CC6Hp=CHfHX3 

OH 

MeOH 95(2) 

PrOH 97(3) 95(30) 

I, i-P&H 

I, t-WlOH 

a P.C1C6H4CH=CHF 

OH 

9 71 EtOH - 

65(2'+) 

97(60) 

96(60) 

96(5) 92(30) 

96(74) 93(60) 

97(45) 

96(90) 

2a 
C6H5CH=CHFH3 

OMe 

'Lb 
C6H5CH=CHFCH3 

0-i.Pr 

P.cI-130C6Hp=CH~CH3 

OMe 

P.CH30C6H,+CH=CX~HCH3 

Opr 

CH30CsHpI=CH~CH3 

0-i.Pr 

CH30C6H,iCH=CH~H3 

o-t.&1 

2c 
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Table 2. Continued 

10 I, i-ProH 92(120) 

i.Pr 

11 C6H5F'CH3'C2H5 

OH 

2e 
I&OH 75(48) 65(75) C6H5F'CH3'C2H5 

OMe 

12 C,H,~tCH,)C,H, EtOH 730+8) 75(75) C6H5y(CH3)C2H5 

OH OEt 

13 11 PKOH 36(48) 90(75) C6H5F'CH3'C2H5 

OPF 

14 1, 

15 ,I t-BuOH O(48) O(240) 

16 Ph3COH 
2f 

MeOH 97(4W 9805) R13coMe 

17 ,I 
% 

EtOH 97(6%) 96(30) Ph3COEt 

18 ,t BuOH - 98(30) Ph3COWJ 

i-PrOH 14(48) 21(75) C6H5F(CH3X2H5 

O-i.* 

19 i.prOH O(24) O(60) Ph3CO-i.Pr 
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Table 2. Continued 

20 ph3COH 

I 
21 

Ph2fCH3 
OH 

22 ” 

23 7, PI?SH 

24 ” 

25 ” 

ally1 alcohol 62(30) Ph3cOG-i2cH=cH2 2h 

MeOH 
II 

97(24) 93(30) %2:“3 
Ot-ie 

EtOH 

i-PrOH 

t-BuOH 

II 
94(24) 95(30) PhcCH3 

21 
OEt 

II 
97(30) 94(90) 

%2yH3 
OF?? 

45(48) - 

48(48) - 

ph2fm3 
0-i.Fr 

ph2c=cH2 

I. The reaction was performed with two portions of CAN at mm temperature. 

II. The reaction was performed at 70-75OC. The elimination pduct is the major 

prodilct Imder refluxing condition. 

The applicability of this method under non-solvolytic conditions 

was also demonstrated by performing the reactions in acetone using 

hydroxy compounds as nucleophile. The results are shown in Table 3. 
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Table 3. CAN(0.2 Molar equivalent) Promoted Alcoholyses of Alcohols 

Using Other Hydroxy Compounds as Nuclkophile in Acetone. 

fim Substrate Nwleophile Yi&ld/Time(h) Product 

(3 eqllimolar) 

4 

C6H5CH20H 

P.CH3CC6H4CH20H 

P.N02C6H4CH20H 

11 QClOheXZUKl1 

Q C6H5CH20H 

I-i.' OH 

OH 

II 

'SHSCH20H 

I 
-2cH20H 

II 
ph3COH G-12=CH-CH20H 

90(2) 

92(1%) 

38(4) 

94(l) 

93(2) 

35(2) 

98(l) 

95(2) 

67(2) 

3a 

OCH2C6H5 

0CH2C6H,+N02.P 
3b 

b 
I 

0CH2C6H6 3c 

Q 
I 

3d 

2h 
Ph3ccCH2CH=CH2 

I. The reaction was performed under solvolytic condition and at rwan tempera*)=. 

II. The reaction was perfo?Xked lmder refluxing condition. 
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The precise mechanism of the reaction is not clear but, on the 

basis of the results obtained from this study (entries 16,17,21-24) which 

show the formation of a carbonium ion as an intermediate, the use of 

acrylamide as a radical traping agent 14 and also our previous observations 

with epoxides 
11,13 

and thiiranes 12 , the assumption of the formation of a 

radical cation(+b*H) followed by C - 0 cleavage may account for the 

above features of the reaction. The catalytic nature of the reaction 

could be due to the regeneration of Ce(IV) 

Ce(II1) (K = 7.2 X lo7 M-l Secv1)15. 

EXPERIMENTAL 

from the reaction of bH and 

Products were characterized by comparison with authentic samples or 

with their mass and spectral data. Reactions were monitored by thin layer 

or gas chromatography. All yields refer to the isolated products. 

General Procedure for the Alcoholystis of Alcohols. A solution of 

the substrate (3 mmole) and the approperiate alcohol (40 cm31 was treated 

with (0.2-0.6) molar equivalents of ceric ammonium nitrate (CAN) at room 

temperature or under refluxing condition. (Table 1,2). The progress of 

the reaction was monitored by t.1.c. using n-hexaneiether (5:l) as eluent 

or with gas chromatography. The solvent was evaporated and water (10 cm3> 

was added. Extraction with ether, followed by chromatography on a short 

column of silica gel gave the pure product. Physical, mass and spectral 

data of some of the starting materials and products are shown below. (la) 

M.P. 108-lll(Lit16. 109-1120); Found C, 79;; H, 9.6% . Calc. for C10H140: 

C, 80.0; H, 9.4%. (lb) B.b. 46O/O.O5 mm. nD = 1.4930; Found C, 80.3; H, 

9.5% Calc. For C, 80.4; H, 9.8%. vmax(CC14)=3040(m), 294O(v.s.) 2910(m), 

2865(s), 2810(m), 1445(m), 1365(s), 1312(m), 1180(m), 1110(s), 1088(v.s.), 

960(s), 920(m) and 882(m) Cm-'. N.m.r. (CDC13) 6(ppm) 5.8(2H,complex) 

4.17(1H, unresolved singlet), 3.16(3H,s) 2.3(3H,complex), 1.2-1.5(7H, 

complex). (1~) M.P. 49-50' (Lit17 m.p. Ca. 30'). Found: C, 79.7; H, 9.2%. - 
Calc. for C10H140: C, 80.0; H, 9.4%. (Id) nE5= 1.4990(b.p 210°)18, Found= 

C, 80.7; H, 10.0%. C12H180 requires C, 80.9; H, 10.1%.vmax(CC14)3050(m), 

2960(s), 2930(m), 2865(s), 2780(m), 1370(m), 1360(m), 1315(m), 1110(s), 

1080(s), 1040(m), 930(m) and 890(m) Cm-'. N.m.r. (Ccl41 G(ppm) 5.8(2H, 

b.s), 4.25(1H, unresolved, s) 3.38(2H.q, J=7Hz), 2.3(3H, unresolved), 

1.2-1.6 (7H, complex). (le) ni5= 1.5011 (b.p. 610/0.1 mm), Found: C,81.5; 

H, 10.3%. C13H200 requires C, 81.25; H, 10.42%: vmax (Ccl,)= 3040(m), 

2960(s), 2925(s), 2880(s), 1450(m) 1365(m), 1320(m), 1300(m), 1110(s), 

1085(vs) 1050(s) and 1025(m). N.m.r. (CDCl,) G(ppm): 5.78(2H,broad 
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singlet), 4.22(1H, broad s) 3.25(2H, t, J=7Hz), 2.3(3H, unresolved), 

l.l-1.5(9H, complex), 0.9(3H, t, J='IHz), (If) ni5= 1.5195, M+(204),vmax 

(neat) 3060(m), 2960(s), 2930(s), 2870(s), 1465(m), 1455(m), 1365(s), 

1340(s), 1125(m), 1110(m), 1085(s) and 910(m) Cm-'. N.m.r. 6 5.8(2H,b.s), 

4.16(1H, b.s), 3.25(2H, t, J=7Hz), 2.2-2.5(3H, unresolved), 1.2-1.6(11H, 

complex), 0.6(3H, t, J=7Hz). (lg) ni5= 1.5191, M+(190), N.m.r. (Ccl,) 

d (ppm) 5.60(4H, complex), 3.8(1H, multiplet), 2.5-l.O(6H, d, J=GHzt7H, 

complex). (lh) ni5= 1.4850, M+(222),vmax(neat): 2930(s), 2880(s), 1450(m), 

1370(m), 1100(s), 975tm)and 860(m) Cm-l. N.m.r. (Ccl,) 6(ppm) 5.9(1H,d, 

J=lGHz), 5.2(1H, dd, J=16, 8Hz), 3.1-4.0(3H, t, J=7Hz+lH, m), 0.9-2.2 

(21H, complex). (li) nz5= 1.4181, M+(128), N.m.r. (CDC13) 6 (ppm) 4.9(1H, 

d, J=SHz), 3.9(1H, m), 3.25(2H, t, J=7Hz), 1.70(3H,s), 1.60(3H,s),0.8-1.10 

(6H, complex). (lj)ni5= 1.4462, M+(126), vmax(neat) 3045(m), 2980(m), 

2930(s), 2880(m), 2820(m), 1450(m), 1380(m), 1190(s), 1090(s), 925(m), 

785(s) and 710(s) Cm-'. N,m.r. (Ccl416 (ppm)5.4(1H, b,s), 3.5(1H,s), 

1.3-2.1(3H, s+GH,m), (2a) nis= 1.5490, M'(1621, N.m.r. (Ccl,) G(ppm) 

SH(Ph), lH(d, J=lGHz), 6.0(1H,dd, J=16,8Hz), 3.8(1H, quintet, J=BHz), 

3.3(3H, ~1, 1.3(3H, d, J=GHz). (2b) ni5= 1.5145, Mt(190), N.m.r.(CC14) 

6 (ppm) 7.1(5H, Ph), 6.3(1H, d, J=lGHz), 5.8(1H, dd, J=16,7Hz), 3.9(1H, 

quintet J=EHz), 3.5(1H, septet, J=7Hz), 1.3(3H, d, J=8Hz), l.O(6H, d, 

J=7Hz). (2~) M'(270) vmax (neat) 3030(m), 2980(m), 2920(s), 2831(m), 

1493(m), 1092(s), 972(m) and 805(m) Cm-'. N.m.r.(CDC13) t(ppm) 7.2(4H,Ph) 

6.4(lH, d, J=lGHz), 6.0(1H, dd, J=16,7Hz), 5.2(1H, unresolved singlet), 

3.3(1H, m), 3.2(3H, s>, l.O-2.3(10H, complex). (2d) Mt (304), vmax(neat) 

3030(m), 2960(s), 2916(s), 2830(m), 1495(s), 1370(m), 1122(s), 1092(s), 

970(m) and 800(m) Cm-'. N.m.r. (CDC13) 6(ppm) 7.2(4H, Ph), 6.9(1H, d, 

J=16 Hz), 6.0(1H, dd, J=16,7Hz), 5.2(1H, unresolved singlet), 3.3(1H,m), 

3.2-3.7(2H, m), 1.2-2.2(10H, complex), l.O(6H, d, J=7Hz). 

M+(212) v 

(2e) nE5=1.5590, 

max(neat) 3030(m), 3060(m), 2980(s), 2930(s), 2845(m), 1600(m), 

1446(s), 1100(s), 1090(s), 768(m), and 702(s) Cm-l. N.m.r. (CDC13)6 (ppm) 

7.2(10H, 2Ph), 3.1(3H, s>, 1.8(3H, s). (2f) M.P. 83-84' (Litlg. m.p. 83). 

(2g) M.P. 82.4-83'(Lit2'. m.p. 82.5-83O). (2h) m.p. 69-71° (Lit2173-750). 

(3a) nE5 = 1.5620 M+ (238), N.m.r. (CDC13, (ppm) 7.3(5H, s>, 5.8(4H, 

complex), 4.5(2H,s), 3.9(1H, unresolved singlet), 2.5-3.6(4H, complex), 

1.2-1.8 (2H, m). (3b) ni5= 1.5290, M+ (248), N.m.r. (CDC13) 6 (ppm) 

7.2-8.2 (4H, Ph), 5.4(1H, unresolved singlet), 4.5(2H,s), 

3.9(1H, unresolved, m), 1.3-2.0(9H, m). (3~) ni5= 1.5223, M+(202), 

N.m.r. (CDC13) G(ppm) 7.1(5H,s), 5.35(lH, b,s), 4.3(2H, s), 3.65(lH,m), 
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1.2-2.0(9H, complex). (3d) ni5= 1.5185, M+(193), u(OH) neat, 3400(b), 

N.m.r. tCDC1,) 6 (ppm) 5.7(4H AA'BB'), 3.75(1H b,s), 2.4-3.7(9H,complex) 

1.2-1.8(2H,m). 
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