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ABSTRACT: Protecting group chemistry has invariably captured
the fascination of chemists because of its extensive viability in
chemical synthesis. The present report describes our pioneer work
of applying ytterbium triflate as a catalyst, for the reaction of
alcohols with di-tert-butyl dicarbonate (Boc2O) leading to the
formation of tert-butyl ethers. There exists no recorded evidence
for the use of Yb(OTf)3 as a catalyst for the protection of alcohols
to tert-butyl ethers, despite its excellent utility in various reactions.
Yb(OTf)3 has been used predominantly in the catalytic
deprotection studies such as selective deprotection of tert-butyl
esters to carboxylic acids as well as prenyl ethers to alcohols. This
study involved the critical evaluation of solvent, time, and
temperature that finally led to an efficient protocol for the
formation of tert-butyl ethers. Yb(OTf)3 catalyzed the formation of tert-butyl ethers, notably reducing the reaction time, which is
exemplified by the achievement of up to 92% conversion of alcohols to tert-butyl ethers within an hour. Additionally, the report
demonstrates the utility of this synthetic protocol for the protection of carboxylic acids.

1. INTRODUCTION
Various protecting groups like esters, silyl ethers, alkoxy alkyl
ethers, and so forth have been reported for the protection of
alcohols (Figure 1).1 However, tert-butyl ether is one of the

most versatile protecting group because of its extreme stability
in basic conditions.2 It can be successfully employed to
aliphatic alcohols as well as phenols and is compatible with
other protecting groups and functionalities such as carbonyls,
nitriles, hydroxyl moieties, and esters. Bartoli’s mild and
chemoselective deprotection strategy using anhydrous CeCl3

and NaI in acetonitrile contributed to the popularity of the tert-
butyl ether as a desirable protecting group for alcohols.3

Protection of alcohols to tert-butyl ethers using isobutene in
the presence of strong acids came into the limelight during the
1980s.4 However, this conventional route did not work well in
the case of aromatic alcohols as it preferentially resulted in
Friedel−Craft ring alkylation. Bartoli et al. evaluated various
Lewis acid catalysts for the protection of alcohols using tert-
butyl dicarbonate (Boc2O) as the reagent to replace harsh
conditions for the formation of tert-butyl ethers.5 During their
investigation, it was observed that the catalytic amount (10
mol %) of perchlorates [Ce(ClO4)3, Zn(ClO4)2, Mg(ClO4)2,
Ca(ClO4)2, and HClO4] and triflates [In(OTf)3, Sc(OTf)3,
Al(OTf)3, Ce(OTf)3, Zn(OTf)2, and Mg(OTf)2] resulted in
tert-butyl ethers with more than 94% yield in each case.
Mg(ClO4)2 stood out to be the best in terms of cost and
efficiency of the reaction, while in the case of aromatic
alcohols, Sc(OTf)3 was found to be the best choice as tert-
butyl ethers are not much stable in the case of perchlorates.
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Figure 1. Protecting groups for hydroxy functionality.
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117.5 (C3, ArCH), 118.8 (C5, ArCH), 130.1 (C6, ArCH),
135.1 (C4, ArCH), 161.8 (C2, ArC−), 169.8 (CO). The 1H
NMR and 13C NMR were consistent with that reported in the
literature.28

5.1.1.15. tert-Butyl Dodecanoate (16).29 It was obtained as
colorless oil; yield (47%, 0.061 g); Rf (5% ethylacetate/
hexane): 0.70.

1H NMR (400 MHz, CDCl3): δ 0.88 (t, J = 6.9 Hz, 3H,
C12H, CH3), 1.26 (br s, 16H, C4H, C5H, C6H, C7H, C8H,
C9H, C10H, C11H, CH2), 1.50 (s, 9H, C2′H, CH3), 1.52−
1.63 (m, 2H, C3H, CH2), 2.20 (t, J = 7.5 Hz, 2H, C2H, CH2).
13C NMR (100 MHz, CDCl3): δ 14.1 (C12, CH3), 22.7 (C3,
CH2), 25.1 (C10, CH2), 28.1 (C2′, −C(CH3)3), 29.1, 29.3,
29.3, 29.5, 29.6, 31.9 (C4, C5, C6, C7, C8, C10, C11, CH2),
35.6 (C2, CH2), 79.8 (C1′, −C(CH3)3), 173.3 (CO).
5.1.1.16. tert-Butyl Oleate (17). It was obtained as colorless

oil; yield (35%, 0.042 g); Rf (2% ethylacetate/hexane): 0.50.
1H NMR (400 MHz, CDCl3): δ 0.88 (t, J = 6.8 Hz, 3H,

C18H), 1.22−1.36 (m, 20H, C4H, C5H, C6H, C7H, C12H,
C13H, C14H, C15H, C16H, C17H), 1.44 (s, 9H, C2′H,
CH3), 1.52−1.62 (m, 2H, C3H, CH2), 2.07−1.89 (m, 4H,
C8H, C11H), 2.20 (t, J = 7.5 Hz, 2H, C2H, CH2), 5.28−5.40
(m, 2H, C10H, HCCH). 13C NMR (100 MHz, CDCl3): δ
14.1 (C18, CH3), 22.7 (C17, CH2), 25.1 (C3, CH2), 27.18,
27.22 (C8, C11, CH2), 28.1 (C2′, CH3), 29.1, 29.1, 29.2, 29.3,
29.5, 29.7, 29.7, 31.9 (C4, C5, C6, C7, C12, C13, C14, C15,
C16, CH2), 35.6 (C2, CH2−CO), 79.9, 129.8 (C1′, CH3),
129.9 (C9, C10), 173.3 (CO). The 1H NMR and 13C NMR
were consistent with that reported in the literature.30

5.1.1.17. tert-Butyl Cinnamate (18). It was obtained as
colorless oil; yield (58%, 0.04 g); Rf (5% ethylacetate/hexane):
0.50.

1H NMR (400 MHz, CDCl3): δ 1.54 (s, 9H, C2″H, CH3),
6.37 (d, J = 16.0 Hz, 1H, C2H, CH), 7.33−7.43 (m, 3H,
ArH, C3′H, C4′H, C5′H), 7.51 (dd, J = 6.5, 3.1 Hz, 2H, ArH,
C2′H, C6′H), 7.59 (d, J = 16.0 Hz, 1H, C3H, HC). 13C
NMR (100 MHz, CDCl3): δ 28.2 (C2″, CH3), 80.5 (C1″),
120.2 (C2, CH−CO), 128.0 (C1′, ArC), 128.8 (C2′, C6′,
ArCH), 130.0 (C3′, C5′, ArCH), 134.7 (C4′, ArCH), 143.6
(C3, CH−C), 166.4 (CO). The 1H NMR and 13C NMR
were consistent with that reported in the literature.31

5.1.1.18. tert-Butyl N2-(((9H-Fluoren-9-yl)methoxy)-
carbonyl)-N6-(tert-butoxycarbonyl)-L-lysinate (19). It was
obtained as white solid; yield (89%, 0.1 g); Rf (20%
ethylacetate/hexane): 0.4.
IR (neat, cm−1) ν: 3311 (s), 3042 (s), 2979 (s), 1686 (s),

1534 (m), 1451 (m), 1271.9 (m), 1154 (m), 744 (s).
1H NMR (400 MHz, CDCl3): δ 1.43 (s, 9H, −C(CH3)3,

Boc), 1.47 (s, 9H, −C(CH3)3, COO
tBu), 1.52−1.94 (m, 4H,

CH2), 3.11 (d, J = 5.8 Hz, 2H, CH2), 4.15−4.30 (m, 2H, CH),
4.34−4.45 (m, 2H, CH2O), 4.56 (s, 1H, NH), 5.38 (d, J = 7.6
Hz, 1H, NH), 7.32 (td, J = 7.4, 1.0 Hz, 2H, ArH), 7.40 (t, J =
7.5 Hz, 2H, ArH), 7.61 (d, J = 7.4 Hz, 2H, ArH), 7.76 (d, J =
7.5 Hz, 2H, ArH). 13C NMR (100 MHz, CDCl3): δ 22.3
(CH2), 28.0 (CH3), 28.4 (CH3), 29.6 (CH2), 32.4 (CH2),
40.2 (CH2), 47.2 (CH), 54.2 (CH), 66.9 (CH2), 79.1
(−C(CH3)3), 82.1 (−C(CH3)3), 120.0 (ArCH), 125.1
(ArCH), 127.0 (ArCH), 128.0 (ArCH), 141.3 (ArC),
143.8 (ArC), 144.0 (ArC), 156.0 (CO), 156.0 (C
O), 171.6 (COOtBu). ESI-MS: calcd for C30H41N2O6

+,
525.29; found, 525.30 [M + H]+. The 1H NMR was consistent
with that reported in the literature.32
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