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An efficient one-pot method for the regioselective bromin-
ation of allylic alcohol derivatives (two-step reaction se-
quence) followed by Sonogashira, Negishi, or Suzuki–
Miyaura coupling reactions in the same reaction vessel

Introduction

Carbon–carbon bond-forming reactions of organo-
metallic reagents are widely used synthetic methods.[1] In
particular, palladium-catalyzed cross-coupling reactions
such as the Sonogashira,[2] Negishi,[3] and Suzuki–Miyaura
couplings[4] are essential for syntheses of complex molecules
because they are easy to conduct, they proceed under mild
reaction conditions, and they tolerate a wide range of po-
tentially labile functional groups. If such coupling reactions
are to be incorporated into one-pot methodologies,[5] how-
ever, it is important that the key coupling reactions with
the alkenyl halides formed in situ proceed smoothly without
damaging the catalyst. Indeed, several one-pot syntheses of
1-bromo-1-alkenes have been reported.[6] However, very
little is yet known about the systematic synthesis of 2-
bromo-1-alkenes,[7] although a few sporadic examples of
such syntheses do exist.[8] In this paper, we disclose the full
details of a concise one-pot method for the highly regiose-
lective bromination of allylic alcohol derivatives followed by
Sonogashira, Negishi, or Suzuki–Miyaura couplings (i.e., a
three-step reaction sequence in one pot).

Results and Discussion

One-Pot Bromination

We recently developed a one-pot reaction for the C-2-
selective bromination of allylic alcohol derivatives 1 using
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(three-step reaction sequence) has been developed. The key
reaction in these one-pot systems is the regioselective DBU-
promoted trans HBr elimination of vicinal dibromides bear-
ing an adjacent O-functional group.

optimized Methods A and/or B to give 2-bromo allylic
alcohol derivatives 2 in excellent yields (Table 1).[7e] The dif-
ference between Methods A and B is the approach used for
trapping the pyridinium hydrobromide generated after the
addition of bromine from pyridinium tribromide
(1.1 equiv.). In Method A, an excess amount of 1,8-diazabi-
cyclo[5.4.0]undec-7-ene (DBU; 3.1 equiv.) serves as an HBr
scavenger, whereas in Method B, the addition of potassium
carbonate (1.1 equiv.) together with the initial addition of
the brominating reagent reduces the amount of DBU re-
quired. 1,2-Dichloroethane and acetonitrile were found to
be suitable solvents for this two-step reaction sequence, re-
gardless of the method. In general, Method B required a
longer reaction time than Method A for the elimination re-
action. First, several allylic alcohols (2-propen-1-ol deriva-
tives) protected by substituted phenyl, benzyl, benzoyl, or
silyl groups were examined (Table 1, entries 1–20). As ex-
plained by Nishiyama et al.[7a–7d,7i,7j] and us,[7e–7h] the yield
and regioselectivity of the DBU-promoted elimination ap-
pear to be controlled by the inductive electron-withdrawing
effects of the neighboring O-functional group. However,
compounds 2h and 2m, bearing relatively electron-donating
PMB (para-methoxybenzyl) and TIPS (triisopropylsilyl)
groups, were obtained in good yields and with satisfactory
selectivities (Table 1, entries 10 and 19–20). In the case of
2n, which has an electron-donating alkyl chain at the adja-
cent position, the yield and selectivity were somewhat de-
creased compared with those of 2h (Table 1, entries 10 and
21). Rewardingly, the reaction of secondary allylic alcohol
derivatives 1n, 1o, 1q, 1r, 1y, and 1z, also proceeded with
excellent results (Table 1, entries 21–23, 25–26, and 38–41),
although tertiary alcohol derivative 2p was produced in
only 34% yield (Table 1, entry 24). Interestingly, the reac-
tions of 1s–1x, bearing internal double bonds, proceeded
with high cis–trans selectivity as a consequence of the trans
HBr elimination, as well as high regioselectivity (Table 1,
entries 27–37). Other significant results can be seen in
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Table 1, entries 36–37, where the positional relationship
with the O-functional group is important for the regioselec-
tivity. These results suggest that the O-functional group at
the homoallylic position does not affect the regioselectivity,
in contrast to the situation with an O-functional group at
the allylic position. Furthermore, the reactions of dihydro-
benzofuran derivative 1y and γ-lactone derivative 1z pro-
ceeded highly regioselectively (Table 1, entries 38–41). Thus,

Table 1. One-pot bromination of allylic alcohol derivatives.

[a] The ratio of 2-bromoalkene and 1-bromoalkene was determined by 1H NMR spectroscopy. [b] The dibromoalkane was obtained (9%).
[c] The dibromoalkane was obtained (27%). [d] The dibromoalkane was obtained (34%). [e] Acetonitrile was used as solvent.
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we have developed an efficient and concise one-pot method
for the regioselective bromination of allylic alcohol deriva-
tives. Our method requires neither drastic conditions, nor
extra-dry conditions, nor expensive reagents, nor complex
manipulations. This two-step reaction sequence proceeds
smoothly even in the presence of sensitive functional
groups, and should have broad utility in the synthesis of
complex molecules.
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Table 2. One-pot Sonogashira coupling of allylic alcohol deriva-
tives.

[a] 4.0 equiv. of Et3N was used. [b] Determined by 1H NMR spec-
troscopy using 1,4-bis(trimethylsilyl)benzene as internal standard.
[c] Intermediate 2s was obtained (46%). [d] Acetonitrile was used
as solvent. Sonogashira coupling was performed at 60 °C.
[e] 3.0 equiv. of 3,3-dimethyl-1-butyne was used.
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One-Pot Sonogashira Coupling

Next, we focused on developing a one-pot sequential
method based on the one-pot bromination as described
above, and including a Sonogashira coupling reaction. A
key factor for the success of this three-step eaction sequence
is the activity of the transition metal catalyst under the one-
pot reaction conditions. After trial and error, we found that
Sonogashira coupling under standard conditions proceeded
without any difficulty in one pot following a
bromination by Method B (Table 2).[7e,9] This result implies,
as we anticipated, that the reaction conditions used for the
one-pot bromination do not affect the subsequent palla-
dium-catalyzed C–C bond-forming reaction. As shown in
Table 2, entries 1–15, structurally simplified allylic alcohol
derivatives 1 were readily converted into the corresponding
enynes (i.e., 3), except for those bearing a 4-nitrophenyl
group (Table 2, entries 1, 2, and 12). Remarkably, trisubsti-
tuted enynes 3l–3o, which are difficult to synthesize, were
obtained with high stereoselectivities (Table 2, entries 12–
15). The dihydrobenzofuran derivative 3p was also synthe-
sized in 77% yield, although 3.0 equiv. of the alkyne unit,
3,3-dimethyl-1-butyne, was required (Table 2, entry 16). In
addition, during the course of our investigation, we noticed
that the efficiency of the palladium-catalyzed C–C bond-
forming reaction, the third step in the one-pot sequence,
was largely dependent on the coupling reaction conditions.
That is to say, an increase in the amount of palladium cata-
lyst and an elevated temperature tended to cause undesired
side-reactions resulting from an allylic ionization process of
the O-functional group by the transition metal.[10] Note
that allylic alcohol derivatives 1 containing an acyl group
(= R1) could not be used in this one-pot methodology when
the Sonogashira coupling reaction was conducted with
PdCl2(PPh3)2 (5 mol-%) at room temperature.

One-Pot Negishi Coupling (Methylation)

After our success with the one-pot Sonogashira coupling,
we next developed a one-pot reaction sequence including a
Negishi coupling reaction, in particular for the introduction
of methyl groups (Table 3). In this case, a two-step bromina-
tion by Method A followed by Negishi coupling using di-
methylzinc (4.0 equiv.) and precatalyst PEPPSITM-IPr[11]

(5 mol-%) with the addition of THF at 60 °C gave the best
results.[12] The addition of THF was necessary to allow the
mixing of the acetonitrile with the dimethylzinc hexane
solution. In this reaction, allylic alcohol derivatives 1 that
were protected by substituted benzyl, silyl, or alkyl groups
were efficiently transformed into the desired compounds
(i.e., 4), whereas intermediates derived from substrates 1
bearing electron-withdrawing acyl and aryl groups (= R1)
immediately decomposed in the Pd-mediated third step.
Nevertheless, 4a, containing a 4-methoxyphenyl group, was
produced in moderate yield when 6.0 equiv. of dimethylzinc
was used (Table 3, entry 1). Notably, though, in addition to
structurally simple terminal allylic alcohol derivatives, di-
substituted allylic alcohols were also converted smoothly
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into β-methallyl alcohol derivatives 4h–4l (Table 3, en-
tries 8–12). In addition, γ-lactone product 4m (Table 3, en-
try 13) was recently utilized in our total synthetic study of

Table 3. One-pot Negishi coupling (methylation) of allylic alcohol
derivatives (TBDPS = tert-butyldiphenylsilyl).

[a] 6.0 equiv. of Me2Zn was used.
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(+)-heteroplexisolide E.[13] Therefore, this three-step meth-
ylation sequence can become an efficient method for trans-
forming allylic alcohols 1 into β-methallyl alcohol deriva-
tives 4.

One-Pot Suzuki–Miyaura Coupling

Next, a one-pot reaction sequence including a Suzuki–
Miyaura coupling reaction was developed (Table 4). In this
case, a two-step bromination by Method B followed by a
Suzuki–Miyaura coupling using an organoboronic acid
(3.0 equiv.) and Pd(PPh3)4 (10 mol-%) with the addition of
a 4:1 mixture of dimethylformamide and water at 100 °C
gave the best results.[14] In this coupling reaction, it was also
observed that allylic alcohol derivatives 1 bearing substi-
tuted benzyl or silyl groups (= R1) were efficiently trans-
formed into the expected compounds (i.e., 5), whereas inter-
mediates derived from substrates 1 with acyl and aryl
groups (= R1) immediately decomposed in the third step.
With respect to the organoboronic acids, not only substi-
tuted phenylboronic acids, but also heteroarylboronic acids,
styrylboronic acid, and naphthylboronic acid could be used
in this one-pot methodology (Table 4, entries 16–20, 25, and
27). In addition, the yields of organotrifluoroborate-based
Suzuki–Miyaura coupling reactions[15] either equaled or
surpassed those of the reactions with similar organoboronic
acids (Table 4, entries 2, 8, and 14).

Conclusions

In summary, we have developed one-pot methods for the
regioselective bromination of allylic alcohol derivatives
(two-step reaction sequence) followed by Pd-catalyzed
carbon–carbon bond-formation in the same pot (three-step
reaction sequence). These synthetic approaches should be
applicable to the total synthesis of natural products and for
use in modern drug-discovery research. The most note-
worthy point of this study is that the coupling reactions
in the third step, which are catalyzed by transition metals,
proceed in the same reaction vessel. We believe that this
one-pot methodology based on the C-2-selective bromin-
ation of allylic alcohol derivatives could be applied to other
C–C coupling reactions, and hence, it could become an ef-
fective reaction for the transformation of disubstituted
“straight” alkenes into trisubstituted alkenes such as those
with a “Y-shaped” junction.

Experimental Section
General Methods: Melting points were determined with a Yanaco
MP melting point apparatus. Infrared spectra were recorded with
a Horiba FT-710 spectrophotometer. 1H and 13C NMR spectro-
scopic data were obtained with Bruker Avance 600, JEOL JNM-
LA 500, or JEOL JNM-AL 300 instruments. Chemical shifts are
quoted in ppm using tetramethylsilane (δ = 0 ppm) as the reference
for 1H NMR spectroscopy, and CDCl3 (δ = 77.0 ppm) for 13C
NMR spectroscopy. Mass spectra were measured with a Bruker
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Table 4. One-pot Suzuki–Miyaura coupling of allylic alcohol derivatives.

[a] Potassium trifluoroborate salts (R2-BF3K; 3.0 equiv.) were used in place of the organoboronic acids, PEPPSITM-IPr (3 mol-%), and
potassium carbonate (5.0 equiv.) with the addition of MeOH at 75 °C.

Daltonics microTOF-NR focus spectrometer. Column chromatog-
raphy was carried out on silica gel (Kanto Chemical Co. or Merck
Co. Ltd). All reactions were performed under an argon atmosphere.
2-Bromo allylic alcohol derivatives 2a–2m, 2o–2p, 2r–2t, 2v, and
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2y–2z are known compounds, and their analytical data have been
reported.[16] Enynes 3a–3i, 3l, and 3p–3q are known compounds,
and their analytical data have been reported.[17] β-Methallyl alcohol
derivatives 4a–4c, 4e, and 4m are known compounds, and their ana-
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lytical data have been reported.[18] Arenes 5a and 5f are known
compounds, and their analytical data have been reported.[19]

General Procedures for the Synthesis of 2-Bromo Allylic Alcohol De-
rivatives 2

Method A: A mixture of allylic alcohol derivative 1 (1.0 equiv.) and
pyridinium tribromide (1.1 equiv.) in (CH2Cl)2 or CH3CN was
stirred at room temperature for 12–14 h. DBU (3.1 equiv.) was
added to the reaction mixture at 0 °C, and the system was then
heated to 60 °C. The reaction was quenched with NH4Cl (saturated
aq.) or HCl (1 m aq.), and the mixture was extracted with CHCl3
or ethyl acetate. The organic phase was concentrated in vacuo, and
the residue was purified by silica gel column chromatography to
give 2-bromo allylic alcohol derivative 2.

Method B: A mixture of allylic alcohol derivative 1 (1.0 equiv.),
pyridinium tribromide (1.1 equiv.), and potassium carbonate
(1.1 equiv.) in (CH2Cl)2 or CH3CN was stirred at room temperature
for 12–14 h. DBU (1.1 equiv.) was added to the reaction mixture at
0 °C, and the system was then heated to 60 °C. The reaction was
quenched with NH4Cl (saturated aq.) or HCl (1 m aq.), and the
reaction mixture was extracted with CHCl3 or ethyl acetate. The
organic phase was concentrated in vacuo, and the residue was puri-
fied by silica gel column chromatography to give 2-bromo allylic
alcohol derivative 2.

General Procedure for the Synthesis of Enynes 3. One-Pot Sonoga-
shira Coupling: After reaction following Method B, copper iodide
(10 mol-%), PdCl2(PPh3)2 (5 mol-%), triethylamine (2.0 equiv.),
and alkyne (1.5 equiv.) were added to the reaction mixture at 0 °C
without evaporation, and the mixture was stirred at room tempera-
ture for 12–14 h. The reaction was quenched with NH4Cl (satu-
rated aq.) or HCl (1 m aq.) at 0 °C, and the reaction mixture was
extracted with CHCl3 or ethyl acetate. The organic phase was con-
centrated in vacuo, and the residue was purified by silica gel col-
umn chromatography to give enyne 3.

Enyne 3a. Typical Procedure: A mixture of 1a (117.0 mg,
0.653 mmol), pyridinium tribromide (229.6 mg, 0.718 mmol), and
potassium carbonate (99.3 mg, 0.718 mmol) in (CH2Cl)2 (2 mL)
was stirred at room temperature for 12 h. DBU (0.105 mL,
0.705 mmol) was added to the reaction mixture at 0 °C, and the
mixture was then stirred at 60 °C for 1 h. After confirming the
consumption of the dibromide by TLC, copper iodide (12.4 mg,
0.0653 mmol), PdCl2(PPh3)2 (23.0 mg, 0.0327 mmol), triethylamine
(0.182 mL, 1.31 mmol), and 1-heptyne (0.129 mL, 0.980 mmol)
were added to the reaction mixture at 0 °C without evaporation,
and the mixture was stirred at room temperature for 12 h. The reac-
tion was quenched with NH4Cl (saturated aq.; 10 mL) at 0 °C, and
the mixture was extracted with CHCl3 (3� 10 mL). The combined
organic extracts were dried with Na2SO4 and concentrated in
vacuo, and the residue was purified by silica gel column chromatog-
raphy (hexane/ethyl acetate = 8:1) to give 3a (55.6 mg, 31%) as a
pale yellow oil.

General Procedure for the Synthesis of β-Methallyl Alcohol Deriva-
tives 4. One-Pot Negishi Coupling: After reaction following Method
A, THF, PEPPSITM-IPr (5 mol-%), and dimethylzinc (1.0 m in hex-
ane; 4.0 equiv.) were added to the reaction mixture at 0 °C without
evaporation, and the mixture was then stirred at 60 °C for 1–2 h.
The reaction was quenched with H2O at 0 °C, and the mixture was
extracted with ethyl acetate. The organic phase was concentrated
in vacuo, and the residue was purified by silica gel column
chromatography to give β-methallyl alcohol derivative 4.

β-Methallyl Alcohol Derivative 4a. Typical Procedure: A mixture
of 1a (59.1 mg, 0.360 mmol) and pyridinium tribromide (126.6 mg,
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0.396 mmol) in CH3CN (2.3 mL) was stirred at room temperature
for 12 h. DBU (0.167 mL, 1.12 mmol) was added to the reaction
mixture at 0 °C, and the mixture was then stirred at 60 °C for 4 h.
After confirming the consumption of the dibromide by TLC, THF
(1.2 mL), PEPPSITM-IPr (12.2 mg, 0.018 mmol), and dimethylzinc
(1.0 m in hexane; 1.98 mL, 2.16 mmol) were added to the reaction
mixture at 0 °C without evaporation, and the mixture was then
stirred at 60 °C for 2 h. The reaction was quenched with H2O
(10 mL) at 0 °C, and the mixture was extracted with ethyl acetate
(3� 10 mL). The combined organic extracts were dried with
Na2SO4 and concentrated in vacuo, and the residue was purified
by silica gel column chromatography (hexane/ethyl acetate = 15:1)
to give 4a (30.7 mg, 48%) as a pale yellow oil.

General Procedure for the Synthesis of Arenes 5. One-Pot Suzuki–
Miyaura Coupling: After reaction following Method B, DMF/H2O
(4:1), Pd(PPh3)4 (10 mol-%), potassium carbonate (7.0 equiv.), and
organoboronic acid (3.0 equiv.) were added to the reaction mixture
at 0 °C without evaporation, and the mixture was then stirred at
100 °C for 1–4 h. The reaction was quenched with NH4Cl (satu-
rated aq.) or HCl (1 m aq.) at 0 °C, and the mixture was extracted
with ethyl acetate. The organic phase was concentrated in vacuo,
and the residue was purified by silica gel column chromatography
to give the corresponding arene compound 5.

Arene Compound 5a. Typical Procedure: A mixture of 1a (13.3 mg,
0.0897 mmol), pyridinium tribromide (31.6 mg, 0.0988 mmol), and
potassium carbonate (14.4 mg, 0.104 mmol) in CH3CN (0.43 mL)
was stirred at room temperature for 12 h. DBU (0.015 mL,
0.100 mmol) was added to the reaction mixture at 0 °C, and the
mixture was then stirred at 60 °C for 1.5 h. After confirming the
consumption of the dibromide by TLC, DMF/H2O (4:1, 0.9 mL),
Pd(PPh3)4 (8.6 mg, 0.0086 mmol), potassium carbonate (85.8 mg,
0.622 mmol), and phenylboronic acid (33.1 mg, 0.273 mmol) were
added to the reaction mixture at 0 °C without evaporation, and the
mixture was then stirred at 100 °C for 1 h. The reaction was
quenched with NH4Cl (saturated aq.; 10 mL) at 0 °C, and the mix-
ture was extracted with ethyl acetate (3� 10 mL). The combined
organic extracts were dried with Na2SO4 and concentrated in
vacuo, and the residue was purified by silica gel column chromatog-
raphy (hexane/ethyl acetate = 40:1) to give 5a (11.6 mg, 58%) as a
colorless oil.

General Procedure for the Synthesis of Arenes 5. One-Pot Organo-
trifluoroborate-Based Suzuki–Miyaura Coupling: After reaction fol-
lowing Method B, MeOH, PEPPSITM-IPr (3 mol-%), potassium
carbonate (5.0 equiv.), and potassium trifluoroborate salt
(3.0 equiv.) were added to the reaction mixture at 0 °C without
evaporation, and the mixture was then stirred at 75 °C for 6–10 h.
The reaction was quenched with NH4Cl (saturated aq.) or HCl (1 m

aq.) at 0 °C, and the mixture was extracted with ethyl acetate. The
organic phase was concentrated in vacuo, and the residue was puri-
fied by silica gel column chromatography to give the corresponding
arene 5.

Arene 5f. Typical Procedure: A mixture of 1f (38.0 mg,
0.213 mmol), pyridinium tribromide (73.4 mg, 0.230 mmol), and
potassium carbonate (32.2 mg, 0.230 mmol) in CH3CN (0.43 mL)
was stirred at room temperature for 12 h. DBU (0.035 mL,
0.234 mmol) was added to the reaction mixture at 0 °C, and the
mixture was then stirred at 60 °C for 1.5 h. After confirming the
consumption of the dibromide by TLC, MeOH (1.7 mL),
PEPPSITM-IPr (4.3 mg, 0.0063 mmol), potassium carbonate
(146.5 mg, 1.06 mmol), and potassium phenyltrifluoroborate salt
(119.3 mg, 0.648 mmol) were added to the reaction mixture at 0 °C
without evaporation, and the mixture was then stirred at 75 °C for



One-Pot Bromination and Carbon–Carbon Bond-Formation

6 h. The reaction was quenched with NH4Cl (saturated aq.; 10 mL)
at 0 °C, and the reaction mixture was extracted with ethyl acetate
(3� 10 mL). The combined organic extracts were dried with
Na2SO4 and concentrated in vacuo, and the residue was purified
by silica gel column chromatography (hexane/ethyl acetate = 15:1)
to give 5f (40.4 mg, 75%) as a colorless oil.

2-Bromo Allylic Alcohol 2n: IR (neat): ν̃ = 2924, 2854, 1620, 1512,
1458, 1250 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.88 (t, J =
7.2 Hz, 3 H), 1.08–1.81 (m, 16 H), 3.72 (t, J = 6.7 Hz, 1 H), 3.80
(s, 3 H), 4.22 (d, J = 11.1 Hz, 1 H), 4.56 (d, J = 11.1 Hz, 1 H),
5.68 (s, 1 H), 5.85 (s, 1 H), 6.87 (d, J = 8.6 Hz, 2 H), 7.26 (d, J =
8.6 Hz, 2 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 14.1, 22.7,
25.2, 29.27, 29.30, 29.48, 29.51, 31.9, 34.0, 55.2, 69.9, 82.1, 113.8
(�2), 118.7, 129.3, 129.6 (�2), 135.7, 159.3 ppm. HRMS (ESI):
calcd. for C20H31BrO2Na [M + Na]+ 405.1400; found 405.1401.

2-Bromo Allylic Alcohol 2q: IR (neat): ν̃ = 3032, 2954, 2870, 1743,
1628, 1373, 1234 cm–1. 1H NMR (500 MHz, CDCl3): δ = 2.04 (s,
3 H), 4.11 (dd, J = 6.1, 5.2 Hz, 1 H), 4.20 (dd, J = 11.3, 5.2 Hz, 1
H), 4.24 (dd, J = 11.3, 6.1 Hz, 1 H), 4.38 (d, J = 11.9 Hz, 1 H),
4.69 (d, J = 11.9 Hz, 1 H), 5.80 (m, 1 H), 6.02 (m, 1 H), 7.27–7.38
(m, 5 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 20.7, 64.8, 70.7,
80.0, 120.8, 127.87, 127.89 (�2), 128.4 (�2), 130.3, 137.2,
170.5 ppm. HRMS (ESI): [M + Na]+ calcd. for C13H15BrO3Na [M
+ Na]+ 231.0097; found 231.0096.

2-Bromo Allylic Alcohol 2u: IR (neat): ν̃ = 2954, 2862, 1612, 1512,
1458, 1250 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.89 (t, J =
7.5 Hz, 3 H), 1.41 (qt, J = 7.5, 7.4 Hz, 2 H), 2.03 (dt, J = 7.7,
7.4 Hz, 2 H), 3.80 (s, 3 H), 4.21 (s, 2 H), 4.46 (s, 2 H), 6.13 (t, J =
7.7 Hz, 1 H), 6.88 (d, J = 8.3 Hz, 2 H), 7.29 (d, J = 8.3 Hz, 2 H)
ppm. 13C NMR (126 MHz, CDCl3): δ = 13.5, 22.4, 31.7, 55.2, 68.7,
71.1, 113.7 (� 2), 121.2, 129.5 (�2), 129.9, 137.2, 159.3 ppm.
HRMS (ESI): [M + Na]+ calcd. for C14H19BrO2Na [M + Na]+

321.0461; found 321.0461.

2-Bromo Allylic Alcohol 2w: IR (neat): ν̃ = 3026, 2933, 2856, 1612,
1514, 1248 cm–1. 1H NMR (500 MHz, CDCl3): δ = 2.37 (dt, J =
7.7, 7.7 Hz, 2 H), 2.68 (t, J = 7.7 Hz, 2 H), 3.80 (s, 3 H), 4.09 (s, 2
H), 4.36 (s, 2 H), 6.16 (t, J = 7.7 Hz, 1 H), 6.87 (d, J = 7.5 Hz, 2
H), 7.11 (d, J = 7.5 Hz, 2 H), 7.19 (t, J = 7.1 Hz, 1 H), 7.23–7.30
(m, 4 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 31.6, 35.3, 55.3,
68.7, 71.0, 113.8 (�2), 122.0, 126.2, 128.4 (�2), 128.45 (�2),
128.50 (�2), 129.8, 135.9, 140.6, 159.3 ppm. HRMS (ESI): [M +
Na]+ calcd. for C19H21BrO2Na [M + Na]+ 383.0623; found
383.0617.

2-Bromo Allylic Alcohol 2x: IR (neat): ν̃ = 2999, 2856, 1612, 1514,
1464, 1302, 1248 cm–1. 1H NMR (500 MHz, CDCl3): δ = 2.36 (dt,
J = 7.8, 6.6 Hz, 2 H), 3.44 (t, J = 6.6 Hz, 2 H), 3.80 (s, 3 H), 3.80
(s, 3 H), 4.21 (s, 2 H), 4.41 (s, 2 H), 4.43 (s, 2 H), 6.18 (t, J =
7.8 Hz, 1 H), 6.84–6.89 (m, 4 H), 7.23 (d, J = 8.4 Hz, 2 H), 7.27
(d, J = 9.5 Hz, 2 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 30.4,
55.3 (�2), 68.4, 68.9 (�2), 71.1, 72.7, 113.8 (�4), 122.8, 129.2
(�2), 129.5 (�2), 133.5 (�2), 159.2, 159.3 ppm. HRMS (ESI): [M
+ Na]+ calcd. for C21H25BrO4Na [M + Na]+ 443.0834; found
443.0828.

Enyne 3j: IR (neat): ν̃ = 2970, 2862, 2214, 1612, 1512, 1458, 1358,
1296, 1250 cm–1. 1H NMR (300 MHz, CDCl3): δ = 1.25 (s, 9 H),
3.80 (s, 3 H), 3.97 (s, 2 H), 4.49 (s, 2 H), 5.41 (m, 1 H), 5.46 (m, 1
H), 6.88 (d, J = 8.6 Hz, 2 H), 7.29 (d, J = 8.6 Hz, 2 H) ppm. 13C
NMR (75 MHz, CDCl3): δ = 27.8, 30.9 (� 3), 55.3, 71.7, 72.1, 81.5,
99.4, 113.7 (�2), 120.0, 128.9, 129.3 (�2), 130.4, 159.2 ppm.
HRMS (ESI): [M + Na]+ calcd. for C17H22O2Na [M + Na]+

281.1512; found 281.1517.
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Enyne 3k: IR (neat): ν̃ = 3402, 3001, 2939, 2908, 2862, 2222, 1612,
1512, 1466, 1250 cm–1. 1H NMR (300 MHz, CDCl3): δ = 2.41 (br.
s, 1 H), 2.57 (t, J = 6.3 Hz, 2 H), 3.70 (m, 2 H), 3.80 (s, 3 H), 3.98
(s, 2 H), 4.47 (s, 2 H), 5.44–5.51 (m, 1 H), 5.44–5.51 (m, 1 H), 6.88
(d, J = 8.7 Hz, 2 H), 7.27 (d, J = 8.7 Hz, 2 H) ppm. 13C NMR
(75 MHz, CDCl3): δ = 23.6, 55.2, 60.8, 71.6, 71.9, 80.6, 87.7, 113.7
(�2), 121.5, 128.4, 129.4 (�2), 129.9, 159.2 ppm. HRMS (ESI):
[M + Na]+ calcd. for C15H18O3Na [M + Na]+ 269.1148; found
269.1149.

Enyne 3m: IR (neat): ν̃ = 3001, 2954, 2931, 2862, 1612, 1512, 1458,
1250 cm–1. 1H NMR (300 MHz, CDCl3): δ = 0.89 (t, J = 7.4 Hz,
3 H), 0.90 (t, J = 7.1 Hz, 3 H), 1.35 (m, 6 H), 1.55 (m, 2 H), 2.08
(dt, J = 7.4, 7.4 Hz, 2 H), 2.31 (t, J = 7.1 Hz, 2 H), 3.81 (s, 3 H),
4.03 (s, 2 H), 4.47 (s, 2 H), 6.00 (t, J = 7.4 Hz, 1 H), 6.87 (d, J =
8.4 Hz, 2 H), 7.29 (d, J = 8.4 Hz, 2 H) ppm. 13C NMR (126 MHz,
CDCl3): δ = 13.8, 14.0, 19.4, 22.2, 22.5, 28.6, 30.3, 31.1, 55.3, 66.9,
71.4, 81.4, 88.1, 113.7 (�2), 120.6, 129.4 (�2), 130.6, 140.8,
159.1 ppm. HRMS (ESI): [M + Na]+ calcd. for C21H30O2Na [M +
Na]+ 337.2138; found 337.2133.

Enyne 3n: IR (neat): ν̃ = 2962, 2870, 2360, 1612, 1512, 1458,
1250 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.90 (t, J = 7.4 Hz,
3 H), 1.26 (s, 9 H), 1.39 (tq, J = 7.4, 7.4 Hz, 2 H), 2.09 (dt, J =
7.8, 7.4 Hz, 2 H), 3.81 (s, 3 H), 4.03 (s, 2 H), 4.48 (s, 2 H), 5.99 (t,
J = 7.8 Hz, 1 H), 6.87 (d, J = 8.7 Hz, 2 H), 7.30 (d, J = 8.7 Hz, 2
H) ppm. 13C NMR (75 MHz, CDCl3): δ = 13.8, 22.5, 27.8, 30.4,
31.1 (�3), 55.3, 67.1, 71.3, 79.9, 96.2, 113.6 (�2), 120.5, 129.4
(�2), 130.6, 140.7, 159.1 ppm. HRMS (ESI): [M + Na]+ calcd. for
C20H28O2Na [M + Na]+ 323.1982; found 323.1987.

Enyne 3o: IR (neat): ν̃ = 3000, 2954, 2931, 2862, 1612, 1512, 1458,
1250 cm–1. 1H NMR (300 MHz, CDCl3): δ = 0.93 (t, J = 7.4 Hz,
3 H), 1.45 (tq, J = 7.4, 7.4 Hz, 2 H), 2.17 (dt, J = 7.7, 7.4 Hz, 2
H), 3.80 (s, 3 H), 4.14 (s, 2 H), 4.53 (s, 2 H), 6.20 (t, J = 7.7 Hz, 1
H), 6.87 (d, J = 8.8 Hz, 2 H), 7.27–7.34 (m, 5 H), 7.40–7.46 (m, 2
H) ppm. 13C NMR (126 MHz, CDCl3): δ = 13.8, 22.5, 30.6, 55.3,
66.8, 71.5, 87.4, 90.6, 113.7 (�2), 120.4, 123.7, 127.8, 128.2 (�2),
129.5 (�2), 130.4, 131.5 (� 2), 142.7, 159.2 ppm. HRMS (ESI):
[M + Na]+ calcd. for C22H24O2Na [M + Na]+ 343.1669; found
343.1670.

β-Methallyl Alcohol 4d: IR (neat): ν̃ = 3078, 2978, 2924, 2854, 2360,
1658, 1597, 1489, 1450, 1358 cm–1. 1H NMR (300 MHz, CDCl3):
δ = 1.76 (s, 3 H), 3.93 (s, 2 H), 4.46 (s, 2 H), 4.93 (m, 1 H), 4.99
(m, 1 H), 7.27–7.35 (m, 4 H) ppm. 13C NMR (126 MHz, CDCl3):
δ = 19.5, 71.0, 74.2, 112.5, 128.5 (�2), 128.9 (�2), 133.2, 136.9,
142.0 ppm. HRMS (ESI): [M + Na]+ calcd. for C11H13ClONa [M
+ Na]+ 219.0547; found 219.0545.

β-Methallyl Alcohol 4f: IR (neat): ν̃ = 2939, 2854, 2337, 1720, 1612,
1512, 1458, 1250 cm–1. 1H NMR (300 MHz, CDCl3): δ = 1.70 (s,
3 H), 2.84 (t, J = 7.2 Hz, 2 H), 3.58 (t, J = 7.2 Hz, 2 H), 3.79 (s, 3
H), 3.89 (s, 2 H), 4.87 (m, 1 H), 4.93 (m, 1 H), 6.83 (d, J = 8.7 Hz,
2 H), 7.14 (d, J = 8.7 Hz, 2 H) ppm. 13C NMR (126 MHz, CDCl3):
δ = 19.4, 35.4, 55.2, 71.2, 74.8, 111.9, 113.7 (�2), 129.8 (�2),
131.1, 142.4, 158.0 ppm. HRMS (ESI): [M + Na]+ calcd. for
C13H18O2Na [M + Na]+ 229.1199; found 229.1198.

β-Methallyl Alcohol 4g: IR (neat): ν̃ = 2931, 2854, 1612, 1512, 1458,
1373, 1304, 1250 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.86 (t,
J = 6.9 Hz, 3 H), 1.14–1.50 (m, 7 H), 1.62 (m, 1 H), 1.69 (s, 3 H),
3.68 (t, J = 6.9 Hz, 1 H), 3.80 (s, 3 H), 4.17 (d, J = 11.5 Hz, 1 H),
4.43 (d, J = 11.5 Hz, 1 H), 4.89 (m, 1 H), 4.96 (m, 1 H), 6.87 (d, J

= 8.3 Hz, 2 H), 7.25 (d, J = 8.3 Hz, 2 H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 14.0, 16.5, 22.6, 25.5, 31.7, 33.6, 55.3, 69.5,
83.0, 113.5, 113.7 (�2), 129.3 (�2), 131.0, 144.9, 159.0 ppm.
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HRMS (ESI): [M + Na]+ calcd. for C17H26O2Na [M + Na]+

285.1825; found 285.1822.

β-Methallyl Alcohol 4h: IR (neat): ν̃ = 2954, 2862, 1712, 1612, 1512,
1458, 1250 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.91 (t, J =
7.4 Hz, 3 H), 1.39 (qt, J = 7.4, 7.3 Hz, 2 H), 1.67 (s, 3 H), 2.03 (dt,
J = 7.8, 7.3 Hz, 2 H), 3.80 (s, 3 H), 3.88 (s, 2 H), 4.38 (s, 2 H), 5.42
(m, 1 H), 6.87 (d, J = 8.5 Hz, 2 H), 7.26 (d, J = 8.5 Hz, 2 H) ppm.
13C NMR (126 MHz, CDCl3): δ = 13.8, 13.9, 22.7, 29.8, 55.3, 71.0,
76.1, 113.7 (�2), 128.6, 129.3 (�2), 130.8, 132.1, 159.1 ppm.
HRMS (ESI): [M + Na]+ calcd. for C15H22O2Na [M + Na]+

257.1512; found 257.1512.

β-Methallyl Alcohol 4i: IR (neat): ν̃ = 2962, 2931, 2862, 2360, 2337,
1489, 1458, 1358 cm–1. 1H NMR (300 MHz, CDCl3): δ = 0.91 (t,
J = 7.4 Hz, 3 H), 1.39 (tq, J = 7.5, 7.4 Hz, 2 H), 1.67 (s, 3 H), 2.03
(dt, J = 7.9, 7.5 Hz, 3 H), 3.89 (s, 2 H), 4.41 (s, 2 H), 5.37–5.47 (m,
1 H), 7.22–7.34 (m, 4 H) ppm. 13C NMR (126 MHz, CDCl3): δ =
14.1, 14.2, 22.9, 30.0, 70.7, 77.5, 128.7 (�2), 129.2, 129.3 (�2),
132.1, 133.4, 137.4 ppm. HRMS (ESI): [M + Na]+ calcd. for
C14H19ClONa [M + Na]+ 261.1017; found 261.1019.

β-Methallyl Alcohol 4j: IR (neat): ν̃ = 2954, 2862, 1612, 1512, 1458,
1250 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.93 (d, J = 8.2 Hz,
3 H), 0.93 (d, J = 8.2 Hz, 3 H), 1.75 (s, 3 H), 2.48–2.60 (m, 1 H),
3.08 (s, 3 H), 4.00 (s, 2 H), 4.38 (s, 2 H), 5.20 (d, J = 9.5 Hz, 1 H),
6.88 (d, J = 7.7 Hz, 2 H), 7.27 (d, J = 7.7 Hz, 2 H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 21.3, 23.5 (�2), 26.9, 55.3, 68.4, 71.2, 113.7
(� 2), 129.2 (�2), 129.6, 130.8, 137.4, 159.1 ppm. HRMS (ESI):
[M + Na]+ calcd. for C15H22O2Na [M + Na]+ 257.1512; found
257.1509.

β-Methallyl Alcohol 4k: IR (neat): ν̃ = 2947, 2862, 2360, 2337, 1466,
1381, 1257 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.90 (t, J =
7.3 Hz, 3 H), 1.05–1.15 (m, 21 H), 1.37 (tq, J = 7.3, 7.3 Hz, 2 H),
1.60 (s, 3 H), 2.01 (dt, J = 7.9, 7.3 Hz, 2 H), 4.09 (s, 2 H), 5.41–
5.46 (m, 1 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 12.1 (�3),
13.4, 13.8, 18.0 (�6), 22.8, 29.6, 68.6, 124.1, 134.4 ppm. HRMS
(ESI): [M + Na]+ calcd. for C16H34OSiNa [M + Na]+ 293.2271;
found 293.2270.

β-Methallyl Alcohol 4l: IR (neat): ν̃ = 3070, 2954, 2931, 2862, 1466,
1427, 1389, 1365, 1265, 1111, 1065 cm–1. 1H NMR (500 MHz,
CDCl3): δ = 0.90 (t, J = 7.3 Hz, 3 H), 1.04–1.07 (m, 9 H), 1.37 (tq,
J = 7.3, 7.3 Hz, 2 H), 1.60 (s, 3 H), 2.01 (dt, J = 7.6, 7.3 Hz, 2 H),
4.06 (s, 2 H), 5.41–5.47 (m, 1 H), 7.32–7.44 (m, 6 H), 7.63–7.74 (m,
4 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 13.5, 13.8, 19.3, 22.8,
26.8 (�3), 29.5, 69.1, 124.6, 127.6 (�4), 129.5 (�2), 133.9, 134.0
(�2), 135.6 (�4) ppm. HRMS (ESI): [M + Na]+ calcd. for
C23H32OSiNa [M + Na]+ 375.2115; found 375.2115.

Arene 5b: IR (neat): ν̃ = 3070, 3032, 2924, 2854, 1597, 1520, 1342,
1111, 1080 cm–1. 1H NMR (300 MHz, CDCl3): δ = 4.40–4.43 (m,
2 H), 4.56 (s, 2 H), 5.55 (m, 1 H), 5.71 (m, 1 H), 7.22–7.37 (m, 5
H), 7.62 (d, J = 8.9 Hz, 2 H), 8.18 (d, J = 8.9 Hz, 2 H) ppm. 13C
NMR (126 MHz, CDCl3): δ = 71.7, 72.2, 118.5, 123.6 (�2), 127.0
(�2), 127.9 (�3), 128.5 (�2), 140.8, 142.4, 142.7, 145.2 ppm.
HRMS (ESI): [M + Na]+ calcd. for C16H15NO3Na [M + Na]+

292.0944; found 292.0942.

Arene 5c: IR (neat): ν̃ = 3085, 3062, 3032, 2862, 2229, 1604, 1504,
1119, 1080 cm–1. 1H NMR (300 MHz, CDCl3): δ = 4.40 (s, 2 H),
4.54 (s, 2 H), 5.51 (s, 1 H), 5.66 (s, 1 H), 7.27–7.38 (m, 5 H), 7.56
(d, J = 8.3 Hz, 2 H), 7.62 (d, J = 8.3 Hz, 2 H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 71.6, 72.1, 111.3, 117.8, 118.8, 126.8 (� 2),
127.8 (�3), 128.4 (�2), 132.2 (�2), 137.7, 142.9, 143.2 ppm.
HRMS (ESI): [M + Na]+ calcd. for C17H15NONa [M + Na]+

272.1046; found 272.1045.
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Arene 5d: IR (neat): ν̃ = 2924, 2854, 1628, 1497, 1095 cm–1. 1H
NMR (500 MHz, CDCl3): δ = 4.37 (s, 2 H), 4.54 (s, 2 H), 5.37 (s,
1 H), 5.54 (s, 1 H), 7.22–7.37 (m, 7 H), 7.40 (d, J = 8.3 Hz, 2 H)
ppm. 13C NMR (126 MHz, CDCl3): δ = 71.91, 71.94, 115.2, 127.5
(�2), 127.7, 127.8 (�2), 128.4 (�2), 128.5 (�2), 133.6, 137.1,
138.0, 143.2 ppm. HRMS (ESI): [M + Na]+ calcd. for
C16H15ClONa [M + Na]+ 281.0704; found 281.0706.

Arene 5e: IR (neat): ν̃ = 3032, 2962, 2931, 2862, 1682, 1512, 1119,
1080 cm–1. 1H NMR (300 MHz, CDCl3): δ = 1.24 (t, J = 7.6 Hz,
3 H), 2.65 (q, J = 7.6 Hz, 2 H), 4.40 (m, 2 H), 4.56 (s, 2 H), 5.32
(m, 1 H), 5.53 (m, 1 H), 7.17 (d, J = 8.0 Hz, 2 H), 7.26–7.36 (m, 5
H), 7.40 (d, J = 8.0 Hz, 2 H) ppm. 13C NMR (126 MHz, CDCl3):
δ = 15.5, 28.5, 71.9, 72.1, 113.7, 126.1 (�2), 127.6, 127.8 (�2),
127.9 (�2), 128.4 (�2), 138.3, 143.9, 144.0, 144.6 ppm. HRMS
(ESI): [M + Na]+ calcd. for C18H20ONa [M + Na]+ 275.1406;
found 275.1405.

Arene 5g: IR (neat): ν̃ = 2931, 2846, 1597, 1512, 1458, 1342, 1242,
1111, 1072 cm–1. 1H NMR (300 MHz, CDCl3): δ = 3.81 (s, 3 H),
4.39 (m, 2 H), 4.48 (s, 2 H), 5.53 (m, 1 H), 5.70 (s, 1 H), 6.87 (d, J

= 8.7 Hz, 2 H), 7.25 (d, J = 8.7 Hz, 2 H), 7.58–7.64 (m, 2 H), 8.15–
8.21 (m, 2 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 55.3, 71.3,
71.8, 113.9 (� 2), 118.4, 123.6 (�2), 127.0 (�2), 129.5 (�2), 129.7,
142.8, 145.2, 159.4, 160.6 ppm. HRMS (ESI): [M + Na]+ calcd. for
C17H17NO4Na [M + Na]+ 322.1050; found 322.1047.

Arene 5h: IR (neat): ν̃ = 2931, 2854, 1612, 1527, 1466, 1350, 1250,
1080 cm–1. 1H NMR (300 MHz, CDCl3): δ = 3.81 (s, 3 H), 4.39
(m, 2 H), 4.50 (s, 2 H), 5.50 (s, 1 H), 5.67 (s, 1 H), 6.88 (d, J =
8.0 Hz, 2 H), 7.24 (d, J = 8.0 Hz, 2 H), 7.50 (dd, J = 8.0, 8.0 Hz,
1 H), 7.80 (m, 1 H), 8.13 (m, 1 H), 8.33 (dd, J = 2.0, 2.0 Hz, 1 H)
ppm. 13C NMR (126 MHz, CDCl3): δ = 55.3, 71.4, 71.9, 113.9
(�2), 117.4, 121.2, 122.5, 129.2, 129.5 (�2), 129.8, 132.2, 138.1,
140.5, 142.5, 159.4 ppm. HRMS (ESI): [M + Na]+ calcd. for
C17H17NO4Na [M + Na]+ 322.1050; found 322.1049.

Arene 5i: IR (neat): ν̃ = 2931, 2908, 2854, 2229, 1612, 1512, 1458,
1304, 1250, 1080 1034 cm–1. 1H NMR (300 MHz, CDCl3): δ = 3.81
(s, 3 H), 4.37 (d, J = 1.0 Hz, 2 H), 4.47 (s, 2 H), 5.49 (d, J = 1.0 Hz,
1 H), 5.65 (s, 1 H), 6.87 (d, J = 8.6 Hz, 2 H), 7.21 (d, J = 8.6 Hz,
2 H), 7.55 (d, J = 8.6 Hz, 2 H), 7.62 (d, J = 8.6 Hz, 2 H) ppm. 13C
NMR (126 MHz, CDCl3): δ = 55.3, 71.3, 71.8, 113.5, 113.8 (�2),
115.2, 117.8, 126.8 (�2), 129.5 (�2), 129.8, 132.2 (�2), 143.0,
149.4, 159.4 ppm. HRMS (ESI): [M + Na]+ calcd. for
C18H17NO2Na [M + Na]+ 302.1151; found 302.1146.

Arene 5j: IR (neat): ν̃ = 3016, 2839, 1612, 1512, 1304, 1219, 1088,
764 cm–1. 1H NMR (300 MHz, CDCl3): δ = 3.81 (s, 3 H), 4.34 (m,
2 H), 4.47 (s, 2 H), 5.36 (m, 1 H), 5.53 (m, 1 H), 6.87 (d, J =
8.5 Hz, 2 H), 7.20–7.32 (m, 4 H), 7.40 (d, J = 8.5 Hz, 2 H) ppm.
13C NMR (126 MHz, CDCl3): δ = 55.2, 71.57, 71.58, 113.8 (�2),
115.2, 127.5 (�2), 128.4 (�2), 129.4 (� 2), 130.0, 133.6, 137.1,
143.2, 159.2 ppm. HRMS (ESI): [M + Na]+ calcd. for
C17H17ClO2Na [M + Na]+ 311.0809; found 311.0809.

Arene 5k: IR (neat): ν̃ = 2962, 2854, 1612, 1512, 1458, 1250,
1080 cm–1. 1H NMR (300 MHz, CDCl3): δ = 1.24 (t, J = 7.6 Hz,
3 H), 2.65 (q, J = 7.6 Hz, 2 H), 3.80 (s, 3 H), 4.37 (m, 2 H), 4.49
(s, 2 H), 5.31 (td, J = 1.3, 1.3 Hz, 1 H), 5.52 (m, 1 H), 6.87 (d, J

= 8.7 Hz, 2 H), 7.17 (d, J = 8.2 Hz, 2 H), 7.24 (d, J = 8.7 Hz, 2
H), 7.39 (d, J = 8.2 Hz, 2 H) ppm. 13C NMR (126 MHz, CDCl3):
δ = 15.5, 28.5, 55.3, 71.5, 71.7, 113.6, 113.7 (�2), 126.0 (�2), 127.8
(�2), 129.4 (�2), 130.3, 136.1, 143.9, 144.1, 159.2 ppm. HRMS
(ESI): [M + Na]+ calcd. for C19H22O2Na [M + Na]+ 305.1512;
found 305.1512.

Arene 5l: IR (neat): ν̃ = 2939, 2862, 1635, 1466, 1257, 1134,
1088 cm–1. 1H NMR (300 MHz, CDCl3): δ = 0.97–1.17 (m, 21 H),
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4.55 (dd, J = 1.7, 1.7 Hz, 2 H), 5.38 (dt, J = 1.7, 1.7 Hz, 1 H), 5.43
(dt, J = 1.7, 1.7 Hz, 1 H), 7.22–7.42 (m, 4 H), 7.55 (m, 1 H) ppm.
13C NMR (126 MHz, CDCl3): δ = 12.1 (�3), 18.0 (�6), 64.8,
111.0, 126.0 (�2), 127.6, 128.3 (�2), 139.3, 147.0 ppm. HRMS
(ESI): [M + Na]+ calcd. for C18H30OSiNa [M + Na]+ 313.1958;
found 313.1961.

Arene 5m: IR (neat): ν̃ = 3000, 2931, 2908, 2854, 1612, 1589, 1512,
1458, 1358, 1304, 1250, 1173, 1080 cm–1. 1H NMR (500 MHz,
CDCl3): δ = 3.81 (s, 3 H), 4.27 (s, 2 H), 4.48 (s, 2 H), 5.25 (s, 1 H),
5.69 (s, 1 H), 6.37–6.40 (m, 2 H), 6.88 (d, J = 8.6 Hz, 2 H), 7.27
(d, J = 8.6 Hz, 2 H), 7.37 (d, J = 1.2 Hz, 1 H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 55.3, 70.2, 71.5, 107.0, 111.2, 111.7, 113.8
(�2), 129.5 (�2), 130.2, 134.2, 141.9, 152.7, 159.2 ppm. HRMS
(ESI): [M + Na]+ calcd. for C15H16O3Na [M + Na]+ 267.0992;
found 267.0992.

Arene 5n: IR (neat): ν̃ = 2931, 2862, 1612, 1512, 1458, 1296, 1250,
1173, 1111, 1080 cm–1. 1H NMR (500 MHz, CDCl3): δ = 3.81 (s,
3 H), 4.34 (s, 2 H), 4.51 (s, 2 H), 5.25 (s, 1 H), 5.57 (s, 1 H), 6.88
(d, J = 8.5 Hz, 2 H), 6.98 (dd, J = 4.9, 3.9 Hz, 1 H), 7.14 (d, J =
3.9 Hz, 1 H), 7.19 (d, J = 4.9 Hz, 1 H), 7.27 (d, J = 8.5 Hz, 2 H)
ppm. 13C NMR (126 MHz, CDCl3): δ = 55.3, 71.6, 71.8, 113.1,
113.8 (�2), 124.1, 124.5, 127.3, 129.5 (� 2), 130.2, 138.2, 142.5,
159.3 ppm. HRMS (ESI): [M + Na]+ calcd. for C15H16O2SNa [M
+ Na]+ 283.0763; found 283.0760.

Arene 5o: IR (neat): ν̃ = 3001, 2931, 2854, 1712, 1604, 1512, 1458,
1304, 1250, 1173, 1080 cm–1. 1H NMR (500 MHz, CDCl3): δ =
3.81 (s, 3 H), 4.36 (s, 2 H), 4.49 (s, 2 H), 5.52 (s, 1 H), 5.74 (s, 1
H), 6.88 (d, J = 8.5 Hz, 2 H), 7.23 (d, J = 8.5 Hz, 2 H), 7.35 (d, J

= 5.8 Hz, 2 H), 8.56 (d, J = 5.8 Hz, 2 H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 55.3, 70.9, 71.8, 113.8 (�2), 117.9, 120.7
(�2), 129.5 (�2), 129.8, 142.3, 140.6, 149.9 (�2), 159.4 ppm.
HRMS (ESI): [M + H]+ calcd. for C16H18NO2: 256.1332; found
256.1334.

Arene 5p: m.p. 66.2–66.5 °C. IR (neat): ν̃ = 3024, 2954, 2931, 2854,
1612, 1512, 1450, 1304, 1250, 1126, 1103, 1034 cm–1. 1H NMR
(500 MHz, CDCl3): δ = 3.81 (s, 3 H), 4.28 (s, 2 H), 4.50 (s, 2 H),
5.33 (s, 1 H), 5.34 (s, 1 H), 6.69 (d, J = 16.9 Hz, 1 H), 6.81 (d, J =
16.9 Hz, 1 H), 6.89 (d, J = 8.2 Hz, 2 H), 7.23 (dd, J = 7.0, 7.0 Hz,
1 H), 7.28–7.34 (m, 4 H), 7.41 (d, J = 8.2 Hz, 2 H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 55.3, 70.0, 71.7, 113.8 (�2), 118.0, 126.5
(�2), 127.6, 128.5, 128.6 (�2), 129.2, 129.5 (�2), 130.4, 134.3,
137.2, 142.4 ppm. HRMS (ESI): [M + Na]+ calcd. for C19H20O2Na
[M + Na]+ 303.1356; found 303.1352.

Arene 5q: m.p. 68.3–71.4 °C. IR (neat): ν̃ = 2854, 1612, 1589, 1512,
1450, 1358, 1250, 1180, 1103, 1065, 1026 cm–1. 1H NMR
(500 MHz, CDCl3): δ = 3.80 (s, 3 H), 4.50 (s, 2 H), 4.53 (s, 2 H),
5.46 (s, 1 H), 5.69 (s, 1 H), 6.87 (d, J = 8.4 Hz, 2 H), 7.26 (d, J =
8.4 Hz, 2 H), 7.40–7.49 (m, 2 H), 7.63 (d, J = 8.4 Hz, 1 H), 7.76–
7.83 (m, 3 H), 7.89 (s, 1 H) ppm. 13C NMR (126 MHz, CDCl3): δ
= 55.3, 71.6, 71.8, 113.8 (�2), 115.1, 124.4, 125.0, 125.9, 126.1,
127.5, 127.8, 128.3, 129.4 (�2), 130.3, 133.0, 133.4, 136.0, 144.1,
159.2 ppm. HRMS (ESI): [M + Na]+ calcd. for C21H20O2Na [M +
Na]+ 327.1356; found 327.1352.

Arene 5r: IR (neat): ν̃ = 2954, 2931, 2862, 1612, 1512, 1458, 1250,
1173 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.86 (t, J = 7.3 Hz,
3 H), 1.39 (qt, J = 7.3, 7.3 Hz, 2 H), 2.02 (dt, J = 7.3, 7.3 Hz, 2
H), 3.77 (s, 3 H), 4.18 (s, 2 H), 4.44 (s, 2 H), 5.75 (t, J = 7.3 Hz, 1
H), 6.84 (d, J = 8.7 Hz, 2 H), 7.16–7.35 (m, 7 H) ppm. 13C NMR
(126 MHz, CDCl3): δ = 13.8, 23.0, 30.7, 55.2, 71.3, 74.8, 113.7
(�2), 126.7, 128.0 (�2), 128.6 (� 2), 129.3 (�2), 130.5, 130.8,
137.3, 139.2, 159.1 ppm. HRMS (ESI): [M + Na]+ calcd. for
C20H24O2Na [M + Na]+ 319.1669; found 319.1670.
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Arene 5s: IR (neat): ν̃ = 3054, 2962, 2931, 2862, 2360, 2337, 1597,
1489, 1458, 1350, 1089 cm–1. 1H NMR (300 MHz, CDCl3): δ =
0.86 (t, J = 7.4 Hz, 3 H), 1.39 (qt, J = 7.4, 7.4 Hz, 2 H), 2.03 (dt,
J = 7.7, 7.4 Hz, 2 H), 4.14 (s, 2 H), 4.40 (s, 2 H), 5.74 (m, 1 H),
7.10–7.38 (m, 9 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 13.8,
23.0, 30.7, 70.8, 75.3, 126.8, 128.1 (�2), 128.4 (�2), 128.6 (�2),
129.0 (�2), 131.3, 133.1, 137.0, 137.1, 139.0 ppm. HRMS (ESI):
[M + Na]+ calcd. for C19H21ClONa [M + Na]+ 323.1173; found
323.1175.

Arene 5t: IR (neat): ν̃ = 2954, 2862, 2337, 1466, 1381, 1250,
1119 cm–1. 1H NMR (300 MHz, CDCl3): δ = 0.85 (t, J = 7.4 Hz,
3 H), 0.99–1.16 (m, 21 H), 1.37 (tq, J = 7.5, 7.4 Hz, 2 H), 1.96 (td,
J = 7.5, 7.4 Hz, 2 H), 4.37 (m, 2 H), 5.81 (m, 1 H), 7.08–7.19 (m,
2 H), 7.22–7.36 (m, 3 H) ppm. 13C NMR (126 MHz, CDCl3): δ =
12.1 (�3), 13.8, 18.0 (�6), 23.1, 30.3, 67.3, 126.0, 126.7, 128.0
(�2), 128.7 (�2), 139.4, 139.8 ppm. HRMS (ESI): [M + Na]+

calcd. for C21H36OSiNa [M + Na]+ 355.2428; found 355.2427.

Arene 5u: IR (neat): ν̃ = 3055, 2954, 2854, 2337, 1466, 1365, 1265,
1111 cm–1. 1H NMR (300 MHz, CDCl3): δ = 0.86 (t, J = 7.4 Hz,
3 H), 1.04 (s, 9 H), 1.38 (tq, J = 7.5, 7.4 Hz, 2 H), 1.96 (td, J =
7.5, 7.2 Hz, 2 H), 4.33 (d, J = 1.3 Hz, 2 H), 5.84 (tt, J = 7.2, 1.3 Hz,
1 H), 7.05–7.11 (m, 2 H), 7.18–7.45 (m, 9 H), 7.62–7.68 (m, 4 H)
ppm. 13C NMR (126 MHz, CDCl3): δ = 13.8, 19.3, 23.1, 26.8 (�3),
30.4, 68.0, 126.7, 127.0, 127.6 (�4), 127.9 (� 2), 128.8 (�2), 129.5
(�2), 133.7 (�2), 135.6 (�4), 139.2, 139.5 ppm. HRMS (ESI): [M
+ Na]+ calcd. for C28H34OSiNa [M + Na]+ 433.2271; found
437.2271.

Arene 5v: IR (neat): ν̃ = 2954, 2931, 2862, 1612, 1512, 1458, 1250,
1173, 1095, 1072 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.86 (t,
J = 7.3 Hz, 3 H), 1.41 (qt, J = 7.5, 7.3 Hz, 2 H), 2.07 (dt, J = 7.6,
7.5 Hz, 2 H), 3.78 (s, 3 H), 4.27 (s, 2 H), 4.47 (s, 2 H), 5.83 (t, J =
7.6 Hz, 1 H), 6.82 (d, J = 8.6 Hz, 2 H), 7.19 (d, J = 8.6 Hz, 2 H),
7.36 (m, 1 H), 7.42–7.50 (m, 2 H), 7.67 (s, 1 H), 7.76–7.86 (m, 3
H) ppm. 13C NMR (126 MHz, CDCl3): δ = 13.8, 23.0, 30.8, 55.3,
71.4, 74.9, 113.7 (�2), 125.6, 125.9, 127.1, 127.4, 127.5, 127.6,
127.9, 129.3 (�2), 130.5, 131.5, 132.4, 133.3, 136.8, 137.4,
159.1 ppm. HRMS (ESI): [M + Na]+ calcd. for C24H26O2Na [M +
Na]+ 369.1825; found 369.1826.

Arene 5w: IR (neat): ν̃ = 2954, 2931, 2862, 1612, 1527, 1466, 1350,
1250, 1173, 1080 cm–1. 1H NMR (500 MHz, CDCl3): δ = 0.96 (t,
J = 7.3 Hz, 3 H), 1.50 (qt, J = 7.3, 7.3 Hz, 2 H), 2.24 (dt, J = 7.4,
7.3 Hz, 2 H), 3.81 (s, 3 H), 4.38 (s, 2 H), 4.47 (s, 2 H), 6.10 (t, J =
7.4 Hz, 1 H), 6.87 (d, J = 8.6 Hz, 2 H), 7.23 (d, J = 8.6 Hz, 2 H),
7.45 (dd, J = 8.4, 7.8 Hz, 1 H), 7.74 (d, J = 7.8 Hz, 1 H), 8.08 (dd,
J = 8.4, 2.1 Hz, 1 H), 8.28 (s, 1 H) ppm. 13C NMR (126 MHz,
CDCl3): δ = 13.8, 22.8, 30.6, 55.3, 65.8, 72.0, 113.9 (�2), 121.2,
121.5, 129.0, 129.5 (�2), 129.9, 132.2, 134.6, 136.1, 143.3, 148.3,
159.3 ppm. HRMS (ESI): [M + Na]+ calcd. for C20H23NO4Na [M
+ Na]+ 364.1519; found 364.1515.

Arene 5x: IR (neat): ν̃ = 2962, 2931, 2862, 1612, 1512, 1458, 1365,
1250, 1173, 1080 cm–1. 1H NMR (500 MHz, CDCl3): δ = 1.04 (d,
J = 6.5 Hz, 6 H), 2.71 (m, 1 H), 3.80 (s, 3 H), 4.36 (s, 2 H), 4.47
(s, 2 H), 5.94 (d, J = 9.8 Hz, 1 H), 6.87 (d, J = 8.5 Hz, 2 H), 6.95
(dd, J = 4.6, 3.6 Hz, 1 H), 7.07 (d, J = 3.6 Hz, 1 H), 7.11 (d, J =
4.6 Hz, 1 H), 7.25 (d, J = 8.5 Hz, 2 H) ppm. 13C NMR (126 MHz,
CDCl3): δ = 23.2 (�2), 27.6, 55.3, 66.5, 71.5, 113.7 (�2), 123.2,
123.3, 127.2, 128.0, 129.5 (�2), 130.4, 139.7, 145.4, 159.2 ppm.
HRMS (ESI): [M + Na]+ calcd. for C18H22O2SNa [M + Na]+

325.1233; found 325.1230.

Supporting Information (see footnote on the first page of this arti-
cle): Copies of 1H and 13C NMR spectra of final products.
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