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Metal-free tetrahydrofuranylation of alcohols in the presence of tertbutyl nitrite is described,
providing a facile and green route for the protection of hydroxy groups. Mechanistic studies
demonstrate that this transformation proceeds in a radical way, and involves alkyl nitrite of
corresponding alcohol as the key intermediate.
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Alcohols have always been a class of important synthetic
precursors in organic synthesis on account of their availability,
variety and abundance on earth. Considering their instability
under harsh reaction conditions, hydroxy groups usually need to
be protected in advance. Among currently existed approaches to
protecting hydroxy groups, tetrahydrofuranylation of alcohols is
getting more attention from organic chemists, since hydrolysis of
THF-ether can proceed under milder conditions in shorter time
compared with well researched THP-group.™! In 1976, Professor
Gen and coworkers disclosed the first tetrahydrofuranylation of
alcohols in the presence of SOCI,.[2 Then, lots of reaction
conditions applied in tetrahydrofuranylation of alcohols such as
CrCl,,B! alkylperoxy-A3-iodane,[ Mn(0) powder,"! and VCI5® in
the presence of CCl, were established successively by Falck,
Sueda, Mioskowski and Laxminarayana. In 2013, Deng’s group
developed a CuBr,-promoted alcohol tetrahydrofuranylation,”
but it suffered from relatively low yields. Recently, a light-
promoted metal-free cross dehydrogenative coupling between
ethers and alcohols was described by Vincent’ group.® The use
of other reagents including ceric ammonium nitrate,’® p-TsCI*
and (BusN),S,04*H also successfully enabled
tetrahydrofuranylation of alcohols. Despite these advances, the
development of a facile and green procedure for the preparation
of tetrahydrofuranether is still desired. Herein, we report a metal-
free method for tetrahydrofuranylation of alcohols with tertbutyl
nitrite.

To commence our investigation, the reaction of 2-
phenylethanol in THF at 80°C was chosen as a model reaction
system in the presence of tBuONO. Gratifyingly, we found that
the reaction afforded the desired product (2a) in 74% yield in the
presence of two equivalents of tBUuONO (Table 1, entry 1).
Prolonging the reaction time led to an increased yield (Table 1,
entry 2). Notably, when the atmosphere was replaced by air or

nitrogen, the reaction delivered lower yields of 72% and 52%
(Table 1, entry 4 and 5). Raising temperature to 90°C was
beneficial to the yield of 2a (Table 1, entry 6), whereas a further
lift of temperature to 100°C showed no improvement (Table 1,
entry 7). Furthermore, a lower temperature of 60°C resulted in a
sharp decrease in the yield of the desired product (Table 1, entry
8), indicating that the temperature is crucial to the efficiency of
this transformation. Remarkably, the use of 2.5 equivlents of
tBUONO led to an excellent yield of 2a (Table 1, entry 12).
Further screening of oxidants (Table 1, entries 14-17) showed
that tBUONO was identified as the most efficient oxidant.
Therefore, the optimal conditions entailed the use of tBuONO
(2.5 equiv) as an oxidant in THF at 90 °C.

With the optimal reaction conditions in hand, we further
explored the possibility to extend the methodology to a variety of
alkyl alcohols (Table 2). 1-Phenyl-2-propanol (1b) was subjected
to the optimal reaction conditions, and delivered the
diastereoisomers 2b with a low yield compared to that of 2a,
indicating that steric effect showed negative influence on the
efficiency of this transformation. Changing the phenyl moiety to
fluorenyl or naphthyl moiety afforded the desired products in
75% (1c) and 91% (1d) yields respectively. A series of alicyclic
alcohols with different sizes were successfully reacted to afford
corresponding products in moderate to good yields (50-86%,2e-
2K). In the case of macrocyclic alcohol (1h), an obvious decrease
in yield was observed. Liner alcohols (1l and 1m) also worked
efficiently with excellent yields. The halogen substituents such as
Br and CI (1m-10) were well tolerated under standard conditions.
Alcohols containing a heterocyclic ring (1p-1r) or an alkyne
moiety proved to be a suitable substrate and provided the desired
products (2p-2r) in 25-89% vyields. Due to the formation of
aldehydes as major byproducts, allyl and propargyl alcohols
afforded inferior yields (1p vs 1q, 1s vs 1t). It is worthy to note
that this method was successfully applied to the hydroxy group
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Entry Oxidant Temperature (°C) t (h) Yield (%)°
1 t-BUONO 80 12 74
2 t-BUONO 80 20 81
3 t-BUONO 80 24 82
4° t-BUONO 80 20 72
5¢ t-BUONO 80 20 52
6 t-BUONO 90 20 87
7 t-BUONO 100 20 73
8 t-BUONO 60 20 39
9 t-BUONO 70 20 79
10° t-BUONO 90 20 58
11f t-BUONO 90 20 79
129 t-BUONO 90 20 93
13" t-BUONO 90 20 89
149 n-BuONO 90 20 79
159 i-BUONO 90 20 82
169 t-BuOOH 90 20 12
179 (t-BuO), 90 20 17

a Reaction conditions: 1a (0.5 mmol), tBUONO (1 mmol), solvent (2 mL),
under an oxygen atmosphere.

b Isolated yields.

¢ Under air atmosphere.

d Under N, atmosphere.

e t-BuONO (1.0 equiv).

ft-BuONO (1.5 equiv).

g Oxidant (2.5 equiv).

h t-BuONO (3.0 equiv).

protection of natural compounds including Testosterone (1u) and
Epiandrosterone (1v). Interestingly, it was found that tBuONO
also enabled the reaction of tetrahydropyran and 2-phenylethanol
to provide desired product (2w). The low yields of products 2t-
2w were mainly attributed to the poor conversions.

In order to investigate the practicality of this reaction, we
carried out a gram-scale reaction using 1l as a substrate (Scheme
1a). After 30 h, the reaction successfully delivered the desired
product 21 in 74% yield with 20% of 1l to be recovered.

Some control experiments were conducted to shed light on the
mechanism of this procedure. The presence of 5 equivalents of
TEMPO led to only trace of product, supporting a radical way
(Scheme 1b). The reaction between 2-phenylethanol and
tBUONO under O, or N, atmosphere gave 20% and 37% yields
of intermediate laa respectively (Scheme 1c). In the absence of
tBUONO, the resulting intermediate 1aa could react with THF to
give the desired product 2a (Scheme 1d). The employment of O,
atmosphere delivered a better yield of 2a because oxygen could
abstract a hydrogen atom from THF to afford a radical
intermediate..’7.”’'We also detected the formation of 2-
nitrosotetrahydrofuran (B) during the reaction (Scheme 1e). The
presence of O, brought a negative impact on the reaction
efficiency probably due to the instability of B under O,
atmosphere. The intermediate B could react well with la to
produce the desired product 2a (Scheme 1f). These results
indicated that both laa and B served as the reaction
intermediates.
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Scheme 1. Gram-Scale synthesis and some control experiments.
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Scheme 2. Proposed reaction mechanism.

Based on the results of control experiments and previous
references,!*? a plausible mechanism was described in Scheme 2.
First, a tBuO radical and a NO radical are generated from
homolytic cleavage of tBuONO. The tBuO radical or oxygen
abstracts a hydrogen atom from tetrahydrofuran to form a
carbon-centred radical A. Moreover, radical A could be accessed
via hydrogen atom transform between THF and oxygen radicals
generated from substrates. 31 On the other hand, alcohol reacts
with tBUONO to give corresponding alkyl nitrite which
fragments into an alkoxyl radical and a NO radical.
Subsequently, alkoxyl radical is coupled with radical A to afford
tetrahydrofuranylation product. Alternatively, NO radical is
trapped by A to generate intermediate B which undergoes a
nucleophilic substitution reaction with alcohol to form target
product.

In summary, we have disclosed a new method to synthesize
tetrahydrofuran ether via the oxidative coupling between THF
and alcohols in the presence of tBUONO. Mechanism exploration
shows that this reaction proceeds in a radical way. The
advantages of this protocol include no need for metal, easy
operation, simple conditions and excellent functional group
tolerance, enabling it to be an attracting alternative method for
the protection of alcohols.
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2. Synthesizing asymmetric ethers via
tBuONO-promoted oxidative coupling
between tetrahydrofuran and alcohols.

3. Exploring the potential applications of
tertbutyl nitrite in the organic synthesis.



