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Alkoxylation of para-Quinone Methides via Bismuth Complex
Catalyzed 1,6-Addition Reactions of Alcohols
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(School of Environmental and Chemical Engineering, Jiangsu University of Science and Techonology, Zhenjiang 212100)

Abstract An effective 1,6-addition route for para-quinone methides (p-QMs) to synthesize bismuth-catalyzed substituted
diarylmethanes was developed. The key feature of this transformation in our methodology is that the metallic bismuth
complexes are inexpensive, untapped, overlooked, and reusable, making the reaction more sustainable. Moreover, this protocol
provides facile access to a class of deviratives of diaryl and triarylmenthanes with good to excellent yields and good tolerance
of the functional groups. A feasible and appealing solution is delivered by convenient work-up and mild reaction conditions.
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1 Introduction

Because of the omnipresence structural characteristics,
para-quinone methides (p-QMs) have been widely studied
as an essential and readily accessible class of synthetic
intermediates!!! present in a wide variety of biologically
active natural products.?! In the past decades, p-QMs have
been proved to be an excellent 1,6-Michael acceptor for
the construction of a broad range of 2,4,6-trisubstituted
phenols (or) substituted triarylmethane derivatives.’1 On
the one hand, 1,6-Michael addition is one of the most suc-
cessful and atom-economic methods to produce a variety
of structurally complex diarylmethane compounds with
great practical value, beginning from raw materials, as a
routine protocol. The asymmetric 1,6-conjugate addition/
aromatization of p-QMs for enantioselective construction
of functionalized diarylmethane derivatives was recently
stated by Fan and coworkers.[¥ The asymmetric synthesis
of diarylmethane derivatives was then independently de-

veloped by Jergensen, Liao,'® Cheng,[” Tortosa,®! Lu,’
Deng, % Li,'!1 Xul'?) and Enders!'¥! through the addition of
1,6-Michael p-QMs, which act as the flexible synthetic
scaffold. However, all these approaches and catalysts used,
have limited substrates scope and are difficult to recycle.
On the other hand, the production of green and straight-
forward synthetic strategy to obtain multi-substituted dia-
rylmethane derivatives in synthetic chemistry is of growing
fundamental interest. As consequence, it is still highly de-
sirable to develop novel synthetic methodology for the
preparation of diarylmethane derivatives using p-QMs.
Therefore, considerable attention has been given to the
synthesis of highly effective strategies for the synthesis of
diaryl and triarylmethane derivatives in a green way via
1,6-conjugate addition of p-QMs.['Y1 Most recently, the
Mei group!!®! established a practical protocol for the syn-
thesis of various diarylmethane derivatives from p-QMs
and alcohol/thiol through 1,6-Machael addition reaction. In
terms of good functional-group compatibility and wide
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substrate scope, the reaction shows superior performance.

Furthermore, bismuth is recognized as a low-cost, envi-
ronmentally benign, easy-to-handle metal, and its bismuth
(IIT) salts have been commonly used as Lewis acid cata-
lysts. Recently, in order to synthesize diphenylmethane
derivatives, the Li group reported Bi(OTf); catalyzed
1,6-conjugate addition of p-QMs with 3-propenyl-2-silylo-
xyindoles and allylboronic acid pinacol ester.['® Bi(OTf);
catalyzed intermolecular 1,6-hydroolefination of p-QMs
with styrenes was reported by the Anand group.['®® How-
ever, isolation and recycle of Bi(OTf); catalyst from the
reaction mixture are challenge tasks. Our group have de-
veloped a new heterogeneous bismuth complex formed by
BiCl; and piperazine, which was further characterized and
used as an effective and recyclable catalyst for three-
component Mannich,['’! and ring opening of epoxides re-
actions.['¥ It is worth to note that this bismuth complex is
easy to prepare and bench stable. Related bismuth complex
{(C5H6N4O)(C5H4N4O)3(C5H4N4O)(BizCl]1)C12} has also
been designed and successfully applied in the one pot
three-component Biginelli reaction.!'”]

We also used a bismuth catalyst and a carbon nucleo-
phile in our previous work.? In methylene chloride, the
sulfur nucleophile reacted with p-quinone methides com-
pounds to synthesize a sequence of derivatives of diaryl
and triaryl methane. However, under the same conditions,
oxygen nucleophiles show no reactivity in the reaction
(Scheme 1a). In 2020, Mei's research group!' used UO,-
(NO3)2*6H,0 as a catalyst for the first time to perform a
1,6-addition reaction between oxygen nucleophiles and
p-quinone methides (p-QMs), and obtained a series of dia-
rylmethane derivatives. One of the main drawbacks of this
method is that metallic uranium is a poisonous, radioactive
material. In this work, we use metal bismuth complexes to
catalyze this 1,6-addition reaction (Scheme 1b). To our
surprise, we reveal that in the 1,6-conjugate addition of
p-QMs under moderate reaction conditions, the air-stable
and recoverable bismuth complex {(CsHi2N2):[BiCl]Cle
H>O} demonstrated high catalytic activities. This method-
ology was compatible with several functional nucleophiles
and provided good to excellent yields for the correspond-
ing products. Particularly, this new bismuth complex can
be recycled six times through simple isolation processes
and without decreasing catalytic activity. Herein, we pre-
sent the report on a bismuth-catalyzed 1,6-addition of
p-QMs to synthesize diaryl and triarylmethane derivatives.

2 Results and discussion

In our study, the reaction between p-QMs and methanol
was used as a template reaction to optimize the conditions.
As shown in Table 1, no reaction occurred in the template
reaction in the absence of catalyst. The addition of 10
mol% (C4H12N»),[BiCls]Cl*H,O (Figures 1 and 2) can ef-
fectively promote the reaction, and the reaction completed
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b) This work
(0]
R'OH
[Bi], MeCN
X 1,6-addition
R——
Pz
Scheme 1 1,6-Addition of p-QMs catalyzed by [Bi]
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Figure 1 Chemical formula of (C4H12N2)2[BiCle]CIleH20
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Figure 2 Crystal molecular structure of (C4H12N2)2[BiClg]Cle
H20

within 12 h, furnishing the desired product in 98% yield.
Some other bismuth salts, such as BiCls and Bi(OTf); were
screened, giving 3aa in 75% and 85% yields under the
same conditions, respectively. In addition, AlCl;, FeCls,
Zn(OTf),, Ni- (OTf),, Sc(OTf); were also screened, and
the yield was not very satisfactory. The solvent effect on
the reaction was examined. Methanol, 1,4-dioxane, tolu-
ene, and dichloromethane were screened, and the desired
substituted methane 3aa can be observed in trace amount
in 1,4-dioxane, toluene, or dichloromethane. On compari-
son, the yield of 3aa in methanol is 79%. Furthermore, the
catalyst was reduced loading to 1 and 5 mol%, and the
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yields dropped to 34% and 72%, respectively. Finally, the
reaction was performed in acetonitrile under room temper-
ature in the presence of 10 mol% (CsH2N2),[BiCls]Cle
H»0.

Table 1 Optimization of reaction conditions

Cat (10mol%)

MeOH +
Sol,rt, 12h
1a
Entry Catalyst (mol%) Solvent Yield®/%

1 — MeCN 0
2¢ [Bi] (10) MeCN 98

3 BiCls (10) MeCN 75
4 Bi(OTf)s (10) MeCN 84

5 FeCls (10) MeCN 53
6 AICI; (10) MeCN 58
7 Zn(OTf)2 (10) MeCN 63

8 Ni(OTf)2 (10) MeCN 65

9 Sc(OT1)s (10) MeCN 50
10 [Bi] (10) MeOH 79
11 [Bi] (10) 1,4-Dioxane Trace
12 [Bi] (10) Toluene Trace
13 [Bi] (10) DCM Trace
14 [Bi] (1) MeOH 34
15 [Bi] (5) MeOH 72

4 Reaction conditions: p-QM (2a) (0.25 mmol), methanol (1a) (1.25 mmol),
solvent (2 mL); ® The separation yield based on p-QMs as a limiting reagent;
¢ Bismuth complex [Bi] refers to (C4H;2N»),[BiClg]C1H,0.

Under optimized reaction conditions, the substrate range
of p-QMs and the universality of the scheme were further
explored. As shown in Table 2, a large number of p-QMs
can be tolerated and the corresponding diarylmethane
products are given with moderate to excellent yields. The
electron-rich (4-Me, 3-Me, 4-OMe, 3-OMe) aryl substitu-
ents are suitable substrates, and the corresponding diaryl-
methane products 3ab~3ad are obtained in yields of
64%~78%. The reaction process is also suitable for halo-
gen functional groups, and the products 3ae~3ah can be
obtained with high yields (65%~96%). When the para-
position is an electron withdrawing group such as (CN,
NO,), the corresponding target molecules 3ai~3ak can be
obtained in modrate to excellent yields (75%~98%). The
naphthalene-substituted product 3al can be obtained in
85% yield. Besides aryl-substituted p-QMs, hetero-aryl-
substituted p-QM 2m is also a reactive substrate for this
transformation with a dcreasing yield (58%).

For further investigation, a series of alcohols were in-
troduced that reacted with p-QMs through 1,6-Michael
addition to afford different functionalities. As shown in
Table 3, under the standard conditions, all desired products
can be obtained in moderate yields. The results imply that
the effects of both steric hindrance and electronic proper-

Chin. J. Org. Chem. 2021, 41, 3279~3284

Table 2 Substrate scope of p-QMs

o OH

[Bi] (10 mol%)

HOCH; +
CHCN , rt, 12h
R RIS TOCH,
% P>
1a 2a 3aa
Compd. R Yield?/%
3aa 4-H 98
3ab 4-Me 75
3ac 3-Me 78
3ad 3,5-Me 74
3ae 4-F 65
3af 4-Cl 80
3ag 4-Br 76
3ah 2-Cl 96
3ai 4-CN 98
3aj 4-NO2 98
3ak 4-CF; 75

3am 58

3al 85
;N |

/
Boc
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4 Reaction conditions: methanol (1a) (1.25 mmol), p-QMs (2) (0.25 mmol),
solvent (2 mL). ® The separation yield based on p-QMs as a limiting reagent.
¢Bismuth complex [Bi] refers to (C4H/2N»),[BiCls]Cl+H,0.

ties have little influence on the reactivity.

In the aim of surveying more utilities of this synthetic
methodology, the synthesis of gram-scale 2,6-di-tert-butyl-
benzoquinone was also conducted. Under standard condi-
tions, the reaction can provide the target molecule 3a in
maintained yield (1g, 90%) in Scheme 2. The substance as
a pharmacologically active molecule is ubiquitous in natu-
ral products and in biology and biology.”?!! Therefore, the
established method is effective for the synthesis of di-me-
thane derivatives with potential biological activity.

In order to verify the high efficiency and reusability of
the catalyst, we tried to separate the catalyst from the reac-
tion system and reused it. Under the optimal reaction con-
ditions described in Table 1, the 1,6-conjugated addition
reaction of p-QM (2a) and methanol (1a) was studied us-
ing [Bi] complex as a catalyst. The [Bi] catalyst can be
recovered only through a simple filtration step, and then
washed with acetonitrile and dried after the reaction is
completed. As shown in Figure 1, the recovered catalyst
can be reused without further treatment, and in the
six-cycle test (with a yield of up to 90%), there is no
change in catalytic activity (Figure 3).

http://sioc-journal.cn/ 3281
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Table 3 Substrate scope of alcohols

[Bi] (10 mol%) O
CHACN, 12 h, rt.
o

3a
Compd. R Yield/"%
3aa OMe 98
3ba OEt 96
3ca OCH(CH)3 60
3da OCH2CH2CH2CH3 73

3ea /O 62
f{o

3fa ’f\o/\( 73

3ga f‘io“© 74

4Reaction conditions: p-QM (2a) (0.25 mmol), alcohol (1) (1.25 mmol), sol-
vent (2 mL). » The separation yield based on p-QMs as a limiting reagent.
¢ Bismuth complex [Bi] refers to (C4H2N»),[BiClg]ClH,0.

OH

[Bi] (10 mol%) O
MeCN , r.t., 12 h
O OCHs

1.08 g, 3.3 mmol

+ HOCH3

1g, 3.4 mmol

Scheme 2  Scale synthesis of 2,6-di-tert-butyl-4-(methoxy-
(phenyl)methyl)phenol

1 2 3 4 5 6

Figure 3 Catalyst recycling yield chart
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Based on the experimental results above and literature
reports,?2231 the possible mechanistic pathway of the
1,6-Michael addition reaction of p-QMs and alcohol cata-
lyzed by [Bi] is illustrated in Scheme 3. Firstly, the [Bi]
occupied the coordination site on the oxygen atom of sub-
strate 2a via chelated transition state A. Then, the ketone
oxygen position of species A coordinated with proton and
the interaction enabled the molecular polarization followed

3282 http://sioc-journal.cn/
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by aromatization, and would afford the intermediate B with
more electropositive feature. Next, the resulting species B
underwent intermolecular typical nucleophilic addition
reaction by methanol 1a to give C. Finally, deprotonation
of C occurred, affording the target product 3aa with re-
generating the [Bi] catalyst.

Scheme 3 Possible mechanistic pathway

3 Conclusions

In summary, we have explored a highly effective meth-
od for the synthesis of diaryl and triarylmethane deriva-
tives through bismuth complex catalyzed 1,6-conjugate
addition of commonly utilized nucleophiles to p-QMs.
Broad substrate scope, high product yields and atomic
economy are the major tenets of this protocol. In addition,
the bismuth complex is non-toxic, air-stable and can also
be successfully recycled as a catalyst several times. In our
laboratory, further experiments are ongoing, including the
construction of novel chiral bismuth complexes and an
asymmetric version.

4 Experimental section

4.1 Instruments and reagents

Unless otherwise noted, all reagents were purchased
from commercial sources (Adamas, Energy, Aldrich) and
used as received without further purification. The liquid 'H
spectra were recorded on a Bruker-Avance DPX 400 MHz
spectrometer using the solvent CDCls. Chemical shifts
were reported and the residual solvent peak was used as an
internal reference: proton (chloroform J 7.26), carbon
(chloroform J 77.16). Mass spectral data (MS) was rec-
orded using an Agilent-6110 mass spectrometer. For thin
layer chromatography (TLC), pre-coated Qingdao Haiyang

Chin. J. Org. Chem. 2021, 41, 3279~3284
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TLC plates (GF254) were used, and compounds were vis-
ualized with a UV light at 254 nm. Flash chromatographic
separations were performed on 200~300 mesh silica gel
(from Qingdao Haiyang Chem. Company, Ltd.).

4.2 General procedure for the synthesis of the bis-
muth complexes

In a 50 mL beaker, piperazine (0.005 mol, 0.43 g), BiCls
(0.0034 mol, 1.075 g), 35% HCI (2 mL) and water (20 mL)
were added in sequence, and the reaction mixture was
stirred and heated to 80 “C until all the solids were dis-
solved. Then, the temperature of the solution was slowly
lowered to room temperature, and the solution was allowed
to stand still. After a few days, white crystals of long rice
grains were obtained.

4.3 General procedure for the synthesis of the 3aa

p-QM (1a) (73.6 mg, 0.25 mmol), methanol (2a) (40
mg, 1.25 mmol), [Bi] (16.25 mg, 0.025 mmol) were placed
in a 10 mL reaction vessel. An acetonitrile solution (2 mL)
was added to the vessel, and the reaction was stirred at
room temperature for 12 h. The solvent was removed in
vacuo, and the residue was purified by flash chromatog-
raphy on silica gel using petroleum ether/ethyl acetate
(V2 V=50 : 1) as the eluent to obtain 2,6-di-tert-butyl-4-
(methoxy(phenyl)methyl)phenol (3aa)!'>! (79.99 mg, 98%
yield) as a white solid. m.p. 96~98 C (Lit.'’] 96~
98 °C); '"H NMR (400 MHz, Chloroform-d) J: 7.39~7.30
(m, 4H), 7.24 (d, J=7.2 Hz, 1H), 7.11 (s, 2H), 5.17 (s,
1H), 5.14 (s, 1H), 3.37 (s, 3H), 1.40 (s, 18H); MS (ESI)
m/z:3252  (M—H) .

2,6-Di-tert-butyl-4-(methoxy(p-tolyl)methyl)phenol
(3ab):[1 63.76 mg, 75% yield. A light yellow gum. 'H
NMR (500 MHz, Chloroform-d) J: 7.25 (d, J=7.3 Hz,
2H), 7.14 (d, J=7.9 Hz, 2H), 7.11 (s, 2H), 5.13 (s, 1H),
5.11 (s, 1H), 3.35 (s, 3H), 2.33 (s, 3H), 1.40 (s, 18H); MS
(ESI) m/z: 339.2 (M—H) .

2,6-Di-tert-butyl-4-(methoxy(m-tolyl)methyl)phenol

(3ac):[ 66.4 mg, 78% yield. A light yellow gum. 'H
NMR (500 MHz, Chloroform-d) o: 7.31~7.26 (m, 2H),
7.23 (dd, J=7.6, 1.6 Hz, 1H), 7.20 (s, 2H), 7.12 (d, J=7.4
Hz, 1H), 5.20 (s, 2H), 3.43 (s, 3H), 2.41 (s, 3H), 1.48 (s,
18H); MS (ESI) m/z: 339.2 (M—H) .

2,6-Di-tert-butyl-4-((3,5-dimethylphenyl)(methoxy)me-
thyl)phenol (3ad):!'> 65.5 mg, 74% yield. A light yellow
gum; 'H NMR (500 MHz, Chloroform-d) 6: 7.13 (s, 2H),
6.99 (s, 2H), 6.87 (s, 1H), 5.12 (s, 1H), 5.08 (s, 1H), 3.35
(s, 3H), 2.30 (s, 6H), 1.40 (s, 18H); MS (ESI) m/z: 353.2
M—H) .

2,6-Di-tert-butyl-4-((4-fluorophenyl)(methoxy)methyl)-
phenol (3ae):'> 55.9 mg, 65% yield. A white solid. m.p.
100~102 °C (Lit.!'S'null); '"H NMR (500 MHz, Chloro-
form-d) 6: 7.32 (dd, J/=38.5, 5.6 Hz, 2H), 7.08 (s, 2H), 7.02
(t, J=8.7 Hz, 2H), 5.16 (s, 1H), 5.15 (s, 1H), 3.35 (s, 3H),
1.40 (s, 18H); MS (ESI) m/z: 343.0 M—H) .

2,6-Di-tert-butyl-4-((4-chlorophenyl)(methoxy)methyl)-
phenol (3af):I'>1 72.1 mg, 80% yield. A white solid, m.p.
101~103 °C (Lit.'1100~104 °C); '"H NMR (500 MHz,
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Chloroform-d) ¢: 7.30 (d, J=1.1 Hz, 4H), 7.07 (s, 2H),
5.17 (s, 1H), 5.13 (s, 1H), 3.35 (s, 3H), 1.40 (s, 18H); MS
(ESD) m/z: 359.1 M—H) .
2,6-Di-tert-butyl-4-((4-bromophenyl)(methoxy)methyl)-
phenol (3ag):['*) 76.8 mg, 76% yield. A white solid, m.p.
98~101 C (Lit." 98~101 °C); 'H NMR (500 MHz,
Chloroform-d) d: 7.47~7.43 (m, 2H), 7.24 (d, J=8.4 Hz,
2H), 7.07 (s, 2H), 5.17 (s, 1H), 5.11 (s, 1H), 3.35 (s, 3H),
1.40 (s, 18H); MS (ESI) m/z: 403.2 (M—H) .
2,6-Di-tert-butyl-4-((2-chlorophenyl)(methoxy)methyl)-
phenol (3ah):131 86.4 mg, 96% yield. A white solid, m.p.
95~97 C(Lit.["™ 96~98 C); 'H NMR (500 MHz,
Chloroform-d) d: 7.59 (d, J=28.1 Hz, 2H), 7.49 (d, J=S8.1
Hz, 2H), 7.09 (s, 2H), 5.20 (s, 1H), 5.19 (s, 1H), 3.37 (s,
3H), 1.40 (s, 18H); MS (ESI) m/z: 359.0 M—H) .
4-((3,5-Di-tert-butyl-4-hydroxyphenyl)(methoxy)meth-
yl)benzonitrile (3ai):!'>] 86 mg, 98% yield. A white solid,
m.p. 119~121 C(Lit.["™! 125~128 C); 'H NMR (401
MHz, Chloroform-d) J: 7.66~7.59 (m, 2H), 7.48 (d, J=
8.5 Hz, 2H), 7.05 (s, 2H), 5.21 (s, 1H), 5.18 (s, 1H), 3.37
(s, 3H), 1.40 (s, 18H); MS (ESI) m/z: 350.1 (M—H) .
2,6-Di-tert-butyl-4-(methoxy(4-nitrophenyl)methyl)phe-
nol (3aj):1'*1 90.9 mg, 98% yield. A white solid, m.p. 95~
97 C (Lit.'1 98~100 °C);; 'H NMR (401 MHz, Chlo-
roform- d) J: 8.20 (dd, J=8.8, 1.4 Hz, 2H), 7.55 (dd, J=
8.6, 1.4 Hz, 2H), 7.07 (d, J=1.2 Hz, 2H), 5.24 (s, 1H),
5.22 (d, J=1.3 Hz, 1H), 3.38 (s, 3H), 1.40 (s, 18H); MS
(ESD) m/z:369.9 M—H) .
2,6-Di-tert-butyl-4-(methoxy(4-(trifluoromethyl)phenyl)-
methyl)phenol (3ak):!'> 73.9 mg, 75% yield. A white sol-
id, m.p. 100~103 °C (Lit." 100~103 ‘C);; '"H NMR
(500 MHz, Chloroform-d) ¢: 7.59 (d, J/=38.1 Hz, 2H), 7.49
(d, J=8.1 Hz, 2H), 7.09 (s, 2H), 5.20 (s, 1H), 5.18 (s,
1H), 3.37 (s, 3H), 1.40 (s, 18H); MS (ESI) m/z: 392.9 (M
—H) .
2,6-Di-tert-butyl-4-(methoxy(naphthalen-2-yl)methyl)-
phenol (3al):['*1 79.9 mg, 85% yield. A yellow solid, m.p.
98~100 C (Lit." 98~100 ‘C); 'H NMR (500 MHz,
Chloroform-d) ¢: 7.45~7.38 (m, 6H), 7.17 (s, 2H), 5.32 (s,
1H), 5.18 (s, 1H), 3.51 (s, 3H), 1.48 (d, J=12.6 Hz, 18H);
MS (ESI) m/z: 3752 (M—H) .
tert-Butyl 3-((3,5-di-tert-Butyl-4-hydroxyphenyl)(meth-
oxy)methyl)-1H-indole-1-carboxylate (3am):!'*! 67.5 mg,
58% yield. A yellow solid, m.p. 165~168 ‘C (Lit.I']
167~170 C);; 'H NMR (500 MHz, Chloroform-d) &:
7.67~7.62 (m, 1H), 7.39 (s, 1H), 7.31~7.27 (m, 1H),
7.26 (s, 2H), 7.21 (ddd, J=8.1, 7.2, 1.1 Hz, 1H), 5.40 (s,
1H), 5.18 (s, 1H), 3.41 (s, 3H), 1.65 (s, 9H), 1.41 (s, 18H);
MS (ESI) m/z: 464.5 M—H) .
2,6-Di-tert-butyl-4-(ethoxy(phenyl)methyl)phenol
(3ba):" 81.6 mg, 96% yield. A yellow gum. 'H NMR
(500 MHz, Chloroform-d) d: 7.38~7.29 (m, 4H), 7.22 (d,
J=7.2 Hz, 1H), 7.11 (s, 2H), 5.28 (s, 1H), 5.11 (s, 1H),
1.39 (s, 18H), 1.26 (t, J=7.0 Hz, 3H); MS (ESI) m/z:
339.1 M—H) .
2,6-Di-tert-butyl-4-(isopropoxy(phenyl)methyl)phenol
(3ca):"1 53.1 mg, 60% yield. A yellow gum. 'H NMR
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(500 MHz, Chloroform-d) d: 7.38~7.29 (m, 4H), 7.23 (d,
J=9.2 Hz, 1H), 7.11 (s, 2H), 5.41 (s, 1H), 5.11 (s, 1H),
3.69~3.61 (m, 1H), 1.39 (s, 18H), 1.22 (dd, J=10.7,
6.1Hz, 6H); MS (ESI) m/z: 353.2 (M—H) .
4-(Butoxy(phenyl)methyl)-2,6-di-tert-butylphenol
(3da):" 67.2 mg, 73% yield. A yellow gum. 'H NMR
(500 MHz, Chloroform-d) ¢: 7.34 (dq, J=14.2, 6.6 Hz,
5H), 7.11 (s, 2H), 5.26 (s, 1H), 5.11 (s, 1H), 3.44 (s, 2H),
1.67~1.60 (m, 2H), 1.57 (d, J=7.9 Hz, 2H), 1.39 (s,
18H), 0.90 (q, J=6.7, 5.6 Hz, 3H); MS (ESI) m/z: 367.0
M—H) .
2,6-Di-tert-butyl-4-((cyclohexyloxy)(phenyl)methyl)phe-
nol (3ea):!! 61.1 mg, 62% yield. A white solid, m.p.
105~107 °C (Lit.'1108~110 °C); '"H NMR (500 MHz,
Chloroform-d) 6: 7.36~7.29 (m, 4H), 7.26~7.17 (m, 1H),
7.09 (s, 2H), 5.48 (s, 1H), 5.10 (s, 1H), 3.34 (ddd, J=9.3,
5.5,3.9 Hz, 1H), 2.01~1.88 (m, 2H), 1.79~1.71 (m, 2H),
1.63~1.42 (m, 6H), 1.39 (s, 18H); MS (ESI) m/z: 393.0
M—H) .
2,6-Di-tert-butyl-4-(((2-methylallyl)oxy)(phenyl)meth-
yl)-phenol (3fa): 66.8 mg, 73% yield. A yellow gum. 'H
NMR (500 MHz, Chloroform-d) o: 7.39~7.31 (m, 4H),
7.27~7.20 (m, 1H), 7.12 (s, 2H), 5.32 (s, 1H), 5.12 (s,
1H), 5.02~4.98 (m, 1H), 4.93~4.89 (m, 1H), 3.94~3.84
(m, 2H), 1.79 (s, 3H), 1.39 (s, 18H); 1*C NMR (101 MHz,
Chloroform-d) J: 153.24, 142.64 (d, J=15.4 Hz), 135.66,
132.83, 128.41, 127.31, 127.21, 124.19, 112.28, 82.94,
72.66, 34.47, 30.42, 19.94); MS (ESI) m/z: 365.0. HRMS
(ESI) caled for CysH3O, (M—H) 366.5450, found
365.24854.
4-((Benzyloxy)(phenyl)methyl)-2,6-di-fert-butylphenol
(3ga):["1 74.4 mg, 74% yield. A yellow gum. 'H NMR
(500 MHz, Chloroform-d) ¢: 7.44~7.32 (m, 10H), 7.12 (s,
2H), 5.36 (s, 1H), 5.14 (s, 1H), 4.54 (dd, J=7.9, 4.2 Hz,
2H), 1.39 (s, 18H); MS (ESI) m/z: 401.2 (M—H) .

Supporting Information 'H NMR spectra and MS for
compounds 3aa~3am, 3ba~3ga, Crystallographic data
and structure refinement parameters of [Bi]. The Support-
ing Information is available free of charge via the Internet
at http://sioc-journal.cn/.
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