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A series of 2-(3'-indolyl)tetrahydrofurans have been prepared by a DDQ-mediated oxidative
cycloetherification process. Performing the reaction under biphasic conditions prevents

reductive cleavage of the products by the spent oxidant (DDQH,).
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The Yonemitsu oxidation is the DDQ-mediated functionalization of alkyl groups at the C3
position of the indole nucleus (Scheme 1)." Subjecting a 3-alkylindole 1 to DDQ generates
ao,B-unsaturated iminium ion 2, which under aqueous conditions undergoes attack at the f-
position by water to give an intermediate alcohol that upon oxidation by a second equivalent
of DDQ, affords ketone 3.% A variant'® of this process involves exposing acylated tryptamines
(4; R = H) and tryptophans (4; R = CO,P) to DDQ under anhydrous conditions, with the
resulting iminium ion undergoing intramolecular cyclization followed by aromatization to

give 5-(3'-indolyl)oxazoles 5,” a structural motif present in several natural products.”
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Scheme 1. Yonemitsu oxidation

In the course of our quest to discover small molecules that selectively inhibit the pyruvate
kinase (PK) of MRSA,’ we sought a synthetic route to cyclic ether analogues of the natural
products 8-10, selective inhibitors of this enzyme.® It was planned that a series of indole-3-
butanols 6 would undergo a DDQ-mediated oxidative cycloetherification”® to form 2-(3'-
indolyl)tetrahydrofurans 7,° a study that would provide the desired analogues but also

represent a novel application of the Yonemitsu oxidation (Scheme 2).
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26 Scheme 2. Proposed route to 2-(3'-indolyl)tetrahydrofurans 7 as cyclic ether analogues of

alkaloids 8-10.

33 Initially, the synthesis of 2-(3'-indolyl)tetrahydrofuran (£)-7a by the oxidative
35 cycloetherification of indole-3-butanol (6a)'° was attempted. Encouraging early results
showed that DDQ promoted the conversion of 6a to (+)-7a under a variety of conditions,
40 albeit in low yield. Although a detailed overview is not provided herein, an extensive
42 optimisation study never uncovered conditions that gave (+)-7a in yields above 20% (Scheme
44 3). However, a recurring result throughout these studies was the consistently good recovery
46 of the starting material 6a.
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58 Scheme 3. Unsatisfactory conversion of 6a to (+)-7a
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A possible explanation for the results outlined in Scheme 3 was that the C2—-O bond in (¥)-7a
was being reductively cleaved by the spent oxidant (DDQH;; Scheme 4A). Subjecting pure
(*#)-7a to DDQH; in THF gave 6a in good yield at 60 °C (Scheme 4B), proving that the
desired product does indeed undergo reductive cleavage. We are not aware of any reports
detailing the use of hydroquinones to effect reductive cleavage of Cgy3-O bonds, a process
that is more commonly performed using hydrogenolytic11 or dissolving metal'? conditions,

with lithium tri-fer-butoxyaluminium hydride-Et;B" and trialkylsilanes'* also effective.
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Scheme 4. (a) Interconversion of 6a and (+)-7a in the presence of DDQ and DDQH,; (b)

Reductive cleavage of (x)-7a with DDQH,.

With this knowledge at hand, an obvious strategy would be to remove the DDQH, as it is

formed during the reaction. By conducting the reaction under biphasic conditions using a

basic aqueous component, the DDQH, would enter the aqueous phase as it is formed and thus
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the reductive cleavage of the product would be prevented. Table 1 outlines our efforts in this
regard. Subjecting 6a to DDQ in a biphasic solvent mixture of dichloromethane and saturated
aqueous sodium Dbicarbonate in the presence of the phase transfer catalyst
tetrabutylammonium iodide (TBAI) gave a 28% yield of the product (+)-7a (entry 1), which
could be increased by raising the temperature to reflux (entry 2). A noticeable improvement
in yield occurred upon changing the organic solvent to 1,2-dichloroethane (1,2-DCE) and
heating at 60 °C (entry 3), which increased to 73% yield when heated to reflux (entry 4).
Changing the solvent to toluene had a detrimental effect on the yield (entry 5), which was

only marginally improved upon heating to reflux (entry 6).

Table 1. Oxidative cycloetherification of 6a under biphasic conditions®

OH DDQ (2 eq.)
solvent-

ag. NaHCO3 C’
@2:1) o
A\ TBAI (3 eq.) A
N Table 1
H N
6a ()-7a

Entry | Organic | Temp | Time | Yield

solvent (h) (%)

1 CHCl, rt 24 28

2 CH,Cl, reflux 24 41

3 1,2-DCE | 60 °C 24 63
4 1,2-DCE | reflux 3 73
5 Toluene | 80 °C 24 20
6 Toluene | reflux 2.5 34

* one equivalent of DDQ gave poor yields

Next, the scope of the optimised oxidative etherification reaction was examined. The

cyclisation precursors 6b-f were readily prepared in racemic form by the addition of various
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Grignard reagents to the Weinreb amide 11'° followed by reduction of the resulting ketones
12b-f (Table 2). This methodology can be used to access 2-(3'-indolyl)tetrahydrofurans with
a variety of substituents at the 5-position of the THF ring, including alkyl (entry 2), aryl
(entry 3), alkenyl (entry 4), alkynyl (entry 5) and heteroaryl (entry 6). The products (+)-7b-f
were all formed as an inseparable mixture of cis and trans-diastereomers.'® In all of the
examples shown in Table 2, substrate 6 was completely consumed and competing alcohol
oxidation was not observed. The non-stereoselective nature of the cyclisation is likely
contributing to the diastereomeric ratios observed in the THF products, which may also

equilibrate under the reaction conditions.

Table 2. Synthesis of 2-(3'-indolyl)tetrahydrofurans (+)-7a-f

0] 0]
N,Me R
|
OMe RMGB
N\ _ RMgbr \
N 36-100% N
H H
1 12b-f
81-97% | HAHa
THF
OH
R DDQ
<:ﬁ 1,2-DCE R
0] aq. NaHCO,
TBAI, 80°C N\
A\ -
N
N
N H
(+)-7a-f (+)-6a-f
Product Product

Entry | (yield; cis:trans)" | Entry | (yield; cis:trans)®
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\y (#)-7a (#)-7b
1 N 73% 2 AN 55%:
H N 1:.0.4
H

(#)-7d
3 (#)-7c 4 Ny 56%;
N 85%; N 11
N 081 H
H

Iz _

? Diastereomeric ratio calculated by 'H NMR.

To conclude, a DDQ-mediated oxidative cycloetherification of indole-3-butanols to 2-(3'-
indolyl)tetrahydrofurans has been developed. Reductive cleavage of the products by DDQH;
can be avoided by performing the reaction under biphasic conditions. These results constitute
a novel application of the Yonemitsu oxidation and the biphasic oxidation conditions reported
herein should find utility in any DDQ-mediated synthetic transformation that is hindered by

the spent oxidant.

Experimental section

General. All reactions were carried out in oven-dried glassware under a nitrogen atmosphere
unless otherwise stated. Analytical thin layer chromatography was performed using 0.2 mm
silica plates and compounds were visualized under 365 nm ultraviolet irradiation followed by

staining with either alkaline permanganate or ethanolic vanillin solution. Infrared spectra
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were obtained as thin films between sodium chloride plates. Absorption maxima are
expressed in wavenumbers (cm ). Melting points were recorded on a melting point apparatus
and are uncorrected. NMR spectra were recorded as indicated on an NMR spectrometer
operating at 500, 400 and 300 MHz for 'H nuclei and 125, 100 and 75 MHz for "*C nuclei.
Chemical shifts are reported in parts per million (ppm) relative to the tetramethylsilane peak
recorded as & 0.00 ppm in CDCl3/ TMS solvent, or the residual acetone (& 2.05 ppm),
chloroform (& 7.24 ppm), DMSO (8 2.50 ppm) or methanol (6 3.31 ppm) peaks. The Bc
NMR values were referenced to the residual acetone (6 29.9 ppm) chloroform (& 77.1 ppm),
DMSO (8 39.5 ppm) or methanol (& 49.0 ppm) peaks. °C NMR values are reported as
chemical shift & and assignment. '"H NMR shift values are reported as chemical shift §,
relative integral, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet),
coupling constant (J in Hz) and assignment. Assignments are made with the aid of DEPT 90,
DEPT 135, COSY, NOESY and HSQC experiments. High resolution mass spectra were
obtained by electrospray ionization in positive ion mode at a nominal accelerating voltage of
70 eV on a microTOF mass spectrometer.

Synthesis of 2-(3'-indolyl)tetrahydrofurans 7a-f: General Procedures

ACS Paragon Plus Environment
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OH
R DDQ
Cﬁ DCE R
) aq. NaHCO,
TBAI, 80°C A
A\ -—
General N
” Procedure C H
()-7a-f (+)-6a-f

General Procedure A — Grignard addition

To a solution of Weinreb amide 8 in THF at 0 °C was added the appropriate Grignard reagent
and the resulting solution was stirred at the quoted temperature for the time stated. The
reaction mixture was quenched with water (20 mL), extracted with ethyl acetate (3 x 25 mL)
and the combined organic extracts dried (Na,SOy), filtered and concentrated in vacuo. The
crude residue was purified via column chromatography eluting with the solvent(s) stated to
give the ketone product.

General Procedure B — LiAlH,4 reduction

To a solution of ketone in THF at 0 °C was added LiAlH4 (1 M in THF) and the reaction was
stirred at this temperature for the time stated. Ethyl acetate (1 mL) was slowly added
followed by water (1 mL) and the reaction mixture was poured onto a saturated aqueous
solution of Rochelle’s salt (10 mL). The whole was extracted with ethyl acetate (3 x 10 mL)
and the combined organic layers dried (Na,SOy), filtered and concentrated in vacuo. The
crude residue was purified via column chromatography eluting with the solvent(s) stated to

give the reduced product.
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General Procedure C — Oxidative cycloetherification
To a mixture of cyclisation precursor, dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) and
tetrabutylammonium iodide (TBAI) in a 2:1 mixture of 1,2-dichloroethane (1,2-DCE) and
saturated aqueous sodium hydrogen carbonate solution was heated to 80 °C and stirred
vigorously at this temperature for the time stated. The reaction mixture was poured onto a
solution of saturated aqueous sodium hydrogen carbonate (20 mL) and ethyl acetate (30 mL)
was added. The mixture was then washed with saturated aqueous sodium hydrogen carbonate
(6 x 40 mL) and the organic layer dried (Na,SQO,), filtered and concentrated in vacuo. The
crude mixture was purified via column chromatography eluting with the solvent(s) stated to
give the desired 2-(3'-indolyl)tetrahydrofuran as an inseparable mixture of cis- and trans-
diastereomers in the case of 7b-f.
5-(Indol-3-yl)pentan-2-one (12b)

0

Me

A\

N
General procedure A was performed using Weinreb amide 11 (50 mg, 0.20 mmol) in THF (6
mL) and methylmagnesium bromide (3 M in ether, 0.34 mL) at 0 °C for 1 h. Workup and
column chromatography eluting with hexanes-ethyl acetate (2:1) gave the title compound (41
mg, 0.203 mmol, 100%) as a colourless solid; mp 89-91
°C; vmax (neat)/em' 3323, 2972, 2869, 1703, 1620, 1457, 1433, 1404, 1353, 1255, 1243,
1221, 1164, 1104, 950, 777, 720; HRMS [ESI, (M + Na)'] found 224.1046, [Ci3H;sNO +
Na]" requires 224.1046; 8y (400 MHz, CDCl3) 7.96 (1 H, br's, NH), 7.61 (1 H, d, J 8.0, ArH),
7.36 (1 H, d, J 8.0, ArH), 7.19 (1 H, m, ArH), 7.12 (1 H, m, ArH), 6.98 (1 H, s, ArH), 2.79 (2

H,t, J 7.4, CHy), 2.50 2 H, t, J 7.4, CH,), 2.11 (3 H, s, Me), 2.01 (2 H, m, CH»); 8¢ (100
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MHz, CDCls) 209.2 (C), 136.4 (C), 127.5 (C), 122.0 (CH), 121.4 (CH), 119.3 (CH), 118.9
(CH), 115.9 (C), 111.1 (CH), 43.3 (CHy), 30.0 (Me), 24.4 (CH,), 24.2 (CHy).
4-(Indol-3-yl)-1-phenylbutan-1-one (12¢)

O

o U

General procedure A was performed using Weinreb amide 11 (181 mg, 0.74 mmol) in THF

Iz _

(2.6 mL) and phenylmagnesium bromide solution [prepared from bromobenzene (1.01 mL,
1.51 mmol), magnesium powder (73 mg, 3.3 mmol) and iodine (25 mg, 0.2 mmol) in ether (6
mL)] at rt for 2 h. Workup and column chromatography eluting with hexanes-ethyl acetate
(2:1) gave the title compound (89 mg, 0.034 mmol, 46%) as a colourless solid, mp 88-90 °C;
Vmax (neat)/em ' 3324, 3060, 2874, 2839, 2159, 2030, 1676, 1619, 1596, 1578, 1455, 1447,
1323, 1261, 1198, 1099, 1060, 768, 746, 690, 654; HRMS [ESI, (M + H)'] found 264.1390,
[C1sH17NO + H]" requires 264.1383; &y (400 MHz, CDCls) 7.96 (1 H, br s, NH), 7.92 (2 H,
dd, J 8.4, 1.4, ArH), 7.63 (1 H, d, J 8.0, ArH), 7.54 (1 H, m, ArH), 7.43 (2 H, m, ArH), 7.36
(1H,d,J8.0, ArH), 7.20 (1 H, td, J 7.6, 1.2, ArH), 7.12 (1 H, m, ArH), 7.01 (1 H, s, ArH),
3.05(2H,t, J74, CHy), 2.89 (2 H, t,J 7.4, CH»), 2.19 (2 H, m, CHy); ¢ (100 MHz, CDCl5)
200.5 (C=0), 137.1 (C), 136.4 (C), 132.9 (CH), 128.6 (2 x CH), 128.1 (2 x CH), 127.5 (C),
122.0 (CH), 121.5 (CH), 191.3 (CH), 119.0 (CH), 116.0 (C), 111.1 (CH), 38.1 (CH»), 24.6 (2
x CHy).

6-(Indol-3-yl)hex-1-en-3-one (12d)

0

—

Iz
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General procedure A was performed using Weinreb amide 11 (100 mg, 0.41 mmol) in THF
(10 mL) and vinylmagnesium bromide (1 M in ether, 2.0 mL) at 0 °C for 1 h. Workup and
column chromatography eluting with hexanes-ethyl acetate (4:1) gave the title compound (65
mg, 0.31 mmol, 75%) as a yellow oil; dy (400 MHz, CDCl3) 7.96 (1 H, br s, NH), 7.61 (1 H,
d,J 7.4, ArH), 7.36 (1 H, d, J 8.2, ArH) 7.19 (1 H, td, J 7.6, 1.5, ArH), 7.12 (1 H, td, J 7.5,
1.2, ArH), 6.99 (1 H, s, ArH), 6.34 (1 H, m, CH=CH,), 6.18 (1 H, dd, J 14.1, 1.0,
CH=CHCH), 5.79 (1 H, dd, J 14.1, 1.0, CH=CHCH), 2.82 (2 H, t, J 7.2, CH,), 2.66 2 H, t, J
7.2, CHy), 2.07 (2 H, m, CH;); Spectroscopic data is consistent with the literature.
6-(Indol-3-yl)hex-1-yn-3-one (12e)
0O
N\
A\
N
General procedure A was performed using Weinreb amide 11 (60 mg, 0.24 mmol) in THF (2
mL) and ethynylmagnesium bromide (0.5 M in ether, 2.5 mL) at 40 °C for 1 h. Workup and
column chromatography eluting with hexanes-ethyl acetate (2:1) gave the title compound (50
mg, 0.24 mmol, 97%) as a yellow oil; &y (400 MHz, CDCl3) 7.95 (1 H, br s, NH), 7.61 (1 H,
d, J6.9, ArH), 7.36 (1 H, d, J 7.3, ArH), 7.20 (1 H, td, J 7.6, 1.1, ArH), 7.12 (1 H, td, J 7.6,
1.1, ArH), 7.00 (1 H, s, ArH), 3.17 (1 H, s, CH), 2.82 (2 H, t,J 7.5, CH»), 2.67 2 H, t, J 7.5,
CH,), 2.11 (2 H, p, J 7.4, CH,). Spectroscopic data is consistent with the literature."

4-(Indol-3-yl)-1-(pyridin-2-yl)butan-1-one (12f)
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General procedure A was performed using Weinreb amide 11 (123 mg, 0.5 mmol) in THF (1
mL) and 2-pyridylmagnesium bromide solution [prepared from 2-bromopyridine (237 mg,
1.5 mmol), magnesium powder (73 mg, 3.30 mmol) and iodine (25 mg, 0.2 mmol) in THF (6
mL)] at rt for 2 h. Workup and column chromatography eluting with hexanes-ethyl acetate
(2:1) gave the title compound (47 mg, 0.18 mmol, 36%) as a yellow 0il; Vyax (neat)/cm’’
3335, 1687, 1580, 1567, 1447, 1367, 1326, 1275, 1203, 110, 1090, 992, 912, 778, 738, 726,
674; HRMS [ESI, (M + Na)+] found 287.1165, [C7HN,O + Na]+ requires 287.1155; oy
(400 MHz, CDCls) 8.66 (1 H, m, ArH), 8.04 (1 H, m, ArH), 8.01 (1 H, br's, NH), 7.81 (1 H,
td, J 1.8, 7.7, ArH), 7.64 (1 H, d, J 7.9, ArH), 7.44 (1 H, m, ArH), 7.34 (1 H, dt, J 8.0, 0.9,
ArH), 7.18 (1 H, td, J 6.8, 1.1, ArH), 7.11 (1 H, td, J 7.5, 1.2, ArH), 7.02 (1 H, s, ArH), 3.33
(2H,t,J7.6,CHy), 2.89 2 H, t,J 7.6, CHy), 2.19 (2 H, pen, J 7.6, CH,); 6c (100 MHz,
CDCl3) 202.1 (C), 153.6 (C), 148.9 (CH), 136.9 (CH), 136.4 (C), 127.6 (C), 127.0 (CH),
121.9 (CH), 121.8 (CH), 121.4 (CH), 119.14 (CH), 119.05 (CH), 116.2 (C), 111.0 (CH), 37.6
(CHy), 24.8 (CHy), 24.4 (CH,).

(£)-5-(Indol-3-yl)pentan-2-ol (6b)

OH

Me

A\

H
General Procedure B was performed using 12b (45 mg, 0.22 mmol) and LiAlHs (1 M in
THF, 0.45 mL) in THF (1.2 mL) at 0 °C for 1 h. Workup and column chromatography eluting
with ethyl acetate/hexanes (1:2) gave the fitle compound (44 mg, 0.22 mmol, 97%) as a
colourless 0il; Vmay (neat)cm ' 3525, 3211, 2966, 2924, 2871, 2838, 1456, 1441, 1367, 1335,
1241, 1216, 1128, 1099, 1078, 1006, 980, 931, 832, 792, 772; HRMS [ESI, (M + Na)'] found
226.1196, [C13H7NO + Na]" requires 226.1202; 8 (400 MHz, CDCl3) 7.92 (1 H, br s, NH),

7.61 (1 H, d, J 8.0, ArH), 7.36 (1 H, d, J 8.4, ArH), 7.19 (1 H, m, ArH), 7.11 (1 H, m, ArH),
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6.98 (1 H, s, ArH), 3.82 (1 H, m, CH), 2.77 (2 H, t, J 7.6, CH), 1.89-1.73 (2 H, m, CH,),
1.60-1.53 (2 H, m, CH,), 1.20 (3 H, d, J 6.1, Me); OH not observed; 6¢c (100 MHz, CDCl5)
136.4 (C=0), 127.6 (C), 121.9 (CH), 121.1 (CH), 119.2 (CH), 119.0 (CH), 116.7 (C), 111.1
(CH), 68.2 (CH), 39.2 (CH,), 26.3 (CH), 25.1 (CH), 23.6 (Me).
(£)-4-(Indol-3-yl)-1-phenylbutan-1-ol (6¢)

OH

OO

H

General Procedure B was performed using 12¢ (80 mg, 0.30 mmol) and LiAlH4 (1 M in THF,
0.61 mL) in THF (1.2 mL) at 0 °C for 1 h. Workup and column chromatography eluting with
ethyl acetate/hexanes (1:4) gave the title compound (70 mg, 0.26 mmol, 87%) as a yellow oil;
Vmax (neat)/em ' 3546, 3281, 3039, 2928, 2855, 1495, 1455, 1386, 1336, 1202, 1099, 1074,
1054, 1010, 933, 786, 763, 746; HRMS [ESI, (M + Na)'] found 288.1360, [C;3H;oNO + Na]"
requires 288.1359; oy (400 MHz, CDCls3) 7.90 (1 H, br s, NH), 7.58 (1 H, d, J 7.3, ArH),
7.35-7.32 (5 H, m, ArH), 7.23 (1 H, t, J 4.3, ArH), 7.18 (1 H, td, J 7.4, 1.1, ArH), 7.10 (1 H,
td, J 7.4, 1.1, ArH), 6.94 (1 H, s, ArH), 4.71 (1 H, t, J 6.3, CH), 2.79 (2 H, t, J 6.9, CH,),
1.94-1.81 (3 H, m, CH,), 1.76-1.69 (1 H, m, CH;); OH not observed; ¢ (100 MHz, CDCl5)
144.9 (C), 136.4 (C), 128.5 (2 x CH), 127.6 (CH), 126.0 (2 x CH), 121.9 (CH), 121.2 (CH),
119.1 (CH), 119.0 (CH), 116.5 (C), 111.0 (CH), 74.6 (CH), 38.9 (CH»), 26.3 (CH»), 25.0
(CHy), 1 x (C) not observed.

(¥)-6-(Indol-3-yl)hex-1-en-3-ol (6d)

OH

—

Iz
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General Procedure B was performed using 12d (50 mg, 0.23 mmol) and LiAlH4 (1 M in
THF, 0.47 mL) in THF (1.5 mL) at 0 °C for 1 h. Workup and column chromatography eluting
with ethyl acetate/hexanes (1:3) gave the title compound (46 mg, 0.21 mmol, 91%) as a
brown oil; Vg (neat)em ' 3411, 3058, 2932, 2857, 1696, 1618, 1456, 1338, 1229, 1090,
989, 922, 667, HRMS [ESI, (M + Na)+] found 238.1202, [C4H{sNO + Na]+ requires
238.1200; 81 (400 MHz, CDCls) 7.92 (1 H, br s, NH), 7.61 (1 H, d, J 8.6, ArH), 7.35 (1 H, d,
J 8.2, ArH), 7.19 (1 H, td, J 7.6, 1.1, ArH), 7.11 (1 H, td, J 7.6, 1.1, ArH), 6.98 (1 H, s, ArH),

5.87 (1 H, m, CH=CH>), 5.22 (1 H, dt, J 13.8, 1.2, CH=CHCH), 5.10 (1 H, dt, J 13.8, 1.2,

CH=CHCH), 4.14 (1 H, m, CH), 2.80 (2 H, td, J 7.5, 0.9, CH,), 1.86-1.74 (2 H, m, CH,),
1.68-1.62 (2 H, m, CH,); OH not observed; 8¢ (100 MHz, CDCls) 141.3 (CH), 136.4 (C),
127.6 (C), 121.9 (CH), 121.2 (CH), 119.1 (CH), 119.0 (CH), 116.6 (C), 114.7 (CH,), 111.1
(CH), 73.2 (CH), 36.9 (CH,), 25.9 (CH,), 25.0 (CH,).

(2)-6-(Indol-3-yl)hex-1-yn-3-ol (6e)

OH
N
A\
N
H

General Procedure B was performed using 12e (50 mg, 0.24 mmol) and LiAlH4 (1 M in THF,
0.47 mL) in THF (1.5 mL) at 0 °C for 1 h. Workup and column chromatography eluting with
ethyl acetate/hexanes (1:4) gave the title compound (41 mg, 0.19 mmol, 81%) as a brown oil;
Vmax (neat)/cm ' 3409, 3284, 3056, 2921, 2853, 2116, 2000, 1618, 1456, 1420, 1336, 1230,
1082, 1010, 892, 808; HRMS [ESI, (M + Na)'] found 236.1040, [C14H;sNO + Na]" requires
236.1046; 81 (400 MHz, CDCls) 7.98 (1 H, br s, NH), 7.60 (1 H, d, J 7.9, ArH), 7.35 (1 H, d,
J 8.0, ArH), 7.18 (1 H, t, J 7.4, ArH), 7.12 (1 H, t, J 7.4, ArH), 6.99 (1 H, s, ArH), 4.41 (1 H,

s, CH), 2.82 (2 H, t, J 7.3, CH,), 2.45 (1 H, d, J 2.2, CH), 1.93 — 1.80 (4 H, m, 2 x CH,), OH
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not observed; 8¢ (100 MHz, CDCls) 136.4 (C), 127.5 (C), 121.9 (CH), 121.2 (CH), 119.2
(CH), 118.9 (CH), 116.3 (C), 111.1 (CH), 85.0 (C), 72.9 (CH), 62.3 (CH), 37.5 (CH,), 25.5
(CH,), 24.7 (CHy).

(+)-4-(Indol-3-yl)-1-(pyridin-2-yl)butan-1-ol (6f)

OH

General Procedure B was performed using 12f (45 mg, 0.17 mmol) and LiAlH4 (1 M in THF,
0.34 mL) in THF (1.5 mL) at 0 °C for 20 min. Workup and column chromatography eluting
with ethyl acetate/hexanes (1:2) gave the title compound (41 mg, 0.15 mmol, 91%) as a
yellow o0il; Vimay (neat)em ' 3055, 2925, 2856, 1595, 1571, 1475, 1456, 1435, 1340, 1214,
1149, 1079, 1008, 908, 737; HRMS [ESI, (M + Na)'] found 289.1314, [C;7HsN,O + Na]"
requires 289.1311; 61 (400 MHz, CDCls) 8.53 (1 H, d, J 4.8, ArH), 7.97 (1 H, br s, NH), 7.64
(1H,td,J7.7, 1.7, ArH), 7.57 (1 H, d, J 8.0, ArH), 7.32 (1 H, dd, J 8.0, 0.8, ArH), 7.22-7.15,
(3 H, m, ArH), 7.09 (1 H, td, J 7.5, 1.2, ArH), 6.96 (1 H, s, ArH), 4.79 (1 H, q, J 3.8, CH),
2.80 (2H,td, J 7.5, 1.7, CH,), 1.96-1.79 (4 H, m, 2 x CH;); OH not observed; ¢ (100 MHz,
CDCl3) 162.2 (C), 148.2 (CH), 136.7 (CH), 136.4 (C), 127.6 (C), 122.3 (CH), 121.8 (CH)
121.2 (CH), 120.4 (CH), 119.1 (CH), 119.0 (CH), 116.6 (C), 111.0 (CH), 72.7 (CH), 38.4
(CHy), 25.7 (CHy), 25.0 (CH»).

(£)-2-(3’-Indolyl)tetrahydrofuran (7a)

o
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General procedure C was performed using indole-3-butanol'’ (65 mg, 0.34 mmol), TBAI
(381 mg, 1.03 mmol) and DDQ (140 mg, 0.62 mmol) in 1,2-DCE (4 mL) and saturated
aqueous sodium hydrogen carbonate (2 mL) for 3 h. Workup and column chromatography
eluting with hexanes/ethyl acetate (2:1) gave the title compound (47 mg, 0.25 mmol, 73%) as
a colourless oil; Vg (neat)/cm™' 3340, 2966, 2861, 1663, 1619, 1553, 1461, 1424, 1376,
1351, 1338, 1249, 1221, 1085, 1033, 944, 921, 831; HRMS [ESI, (M + Na)'] found
210.0894, [C1,H;3NO + Na]” requires 210.0889; 8y (400 MHz, CDCls) 8.07 (1 H, br s, NH),
7.69 (1 H, d, J 8.0, ArH), 7.34 (1 H, d, J 8.0, ArH), 7.20 (1 H, td, J 7.6, 0.9, ArH), 7.13 (2 H,
m, ArH), 5.21 (1 H, m, CH), 4.14-4.08 (1 H, m, CH,), 3.97-3.92 (1 H, m, CH,), 2.37-2.31 (1
H, m, CHy), 2.04-2.14 (3 H, m, CH,); d¢ (100 MHz, CDCl;) 136.9 (C), 126.1 (C), 122.2
(CH), 121.6 (CH), 119.64 (CH), 119.61 (CH), 117.6 (C), 111.4 (CH), 75.4 (CH), 68.1 (CH»),
32.3 (CH»), 26.3 (CHo).

(£)-2-Methyl-5-(3'-indolyl)tetrahydrofuran (7b)

Me

3

o

H

General procedure C was performed using 6b (50 mg, 0.25 mmol), TBAI (273 mg, 0.74
mmol) and DDQ (140 mg, 0.62 mmol) in 1,2-DCE (4 mL) and saturated aqueous sodium
hydrogen carbonate (2 mL) for 6 h. Workup and column chromatography eluting with
hexanes/ethyl acetate (2:1) gave the title compound (27 mg, 0.14 mmol, 55%, cis:trans =
1:0.4) as a pink solid, mp 130 — 133 °C; vy (neat)/em ' 3252, 2968, 2924, 2869, 1666, 1618,
1552, 1490, 1458, 1458, 1431, 1373, 1333, 1249, 1226, 1143, 1099, 1064, 1009, 1000, 978,
920, 880, 868, 818, 776; HRMS [ESI, (M + Na)'] found 224.1052, [C;3H;sNO + Na]"
requires 224.1046; oy (400 MHz, CDCl;) 8.07 (2 H, brs, 2 x NH), 770 2 H, t, J 7.2, 2 x

ArH), 7.33 2 H,d, J 7.2, 2 x ArH), 7.19 2 H, td, J 7.6, 1.2, 2 x ArH), 7.14-7.10 (4 H, m, 4 x
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ArH), 5.36 (1 H, t,J 7.2, CH, cis), 5.17 (1 H, t, J 7.2, CH-trans), 4.33 (1 H, m, CH-cis), 4.14
(1 H, m, CH-trans), 2.41-2.15 (6 H, m, 3 x CHy), 1.73-1.66 (2 H, m, CH,), 1.38 3 H, d, J
6.0, Me-trans), 1.34 (3 H, d, J 6.0, Me-trans); d¢c (100 MHz, CDCls) 136.8 (2 x C), 125.9 (2x
C), 122.1 (2 x CH), 121.6 (CH), 121.3 (CH), 119.7 (CH), 119.6 (CH) 119.5 (2 x CH), 118.5
2xC), 111.2 (2 x CH), 75.51 (CH-trans), 75.49 (CH- trans), 75.0 (CH-cis), 74.7 (CH-cis),
34.4 (CHy-cis), 33.4 (CHy-trans), 33.3 (CHy-cis), 32.6 (CHy-trans), 21.6 (Me-cis), 21.5 (CH-
trans).

(£)-2-Phenyl-5-(3'-indolyl)tetrahydrofuran (7¢)

Be

General procedure C was performed using 6¢ (50 mg, 0.19 mmol), TBAI (209 mg, 0.57
mmol) and DDQ (77 mg, 0.34 mmol) in 1,2-DCE (4 mL) and saturated aqueous sodium
hydrogen carbonate (2 mL) for 2 h. Workup and column chromatography eluting with
toluene gave the title compound (42 mg, 0.16 mmol, 85%, cis:trans = 0.8:1) as a colourless
solid, mp 92 — 96 °C; v (neat)/cm™' 3260, 3057, 2928, 2872, 1488, 1455, 1325, 1255,
1232, 1214, 1103, 1019, 933, 869, 835, 761, 698; HRMS [ESI, (M + Na)'] found 286.1213,
[C1gH7NO + Na]" requires 286.1202; 5y (400 MHz, CDCl3) 8.09 (2 H, br's, 2 x NH), 7.75 (2
H,t, J8.1,2 x ArH), 7.46 (4 H, t, J 8.4, 4 x ArH), 7.37-7.33 (6 H, m, 6 x ArH), 7.30-7.27 (2
H, m, 2 x ArH), 7.23-7.17 (4 H, m, 4 x ArH), 7.16-7.12 (2 H, m, 2 x ArH), 5.60 (1 H, t, J
7.2, CH-trans), 5.39 (1 H, t, J 7.2, CH-cis), 5.29 (1 H, t, J 7.2, CH-trans), 5.08 (1 H, t, J 7.2,
CH-cis), 2.61-2.43 (4H, m, 2 x CH), 2.37-2.24 (2 H, m, CH,), 2.12-2.02 (2 H, m, CHa); d¢
(100 MHz, CDCl3) 144.0 (C), 143.2 (C), 136.83 (C), 136.76 (C), 128.4 (2 x CH), 128.3 (2 x

CH), 127.2 (CH), 127.1 (CH), 126.0 (2 x CH), 125.7 (2 x CH), 122.21 (CH), 122.19 (CH),
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121.7 (CH), 121.3 (CH), 119.72 (CH), 119.70 (CH), 119.6 (2 x CH), 118.1 (C), 117.8 (C),
111.3 (2 x CH), 81.0 (CH), 80.5 (CH), 76.0 (2 x CH), 35.7 (CH>), 34.7 (CHy), 33.3 (CHy),
32.4 (CHy), 2 x (C) not observed.

(£)-2-Vinyl-5-(3'-indolyl)tetrahydrofuran (7d)

Iz /Z,\q
@)

General procedure C was performed using 6d (38 mg, 0.18 mmol), TBAI (196 mg, 0.53
mmol) and DDQ (72 mg, 0.32 mmol) in 1,2-DCE (4 mL) and saturated aqueous sodium
hydrogen carbonate (2 mL) for 3 h. Workup and column chromatography eluting with
toluene gave the title compound (21 mg, 0.099 mmol, 56%, cis:trans = 1:1) as a brown solid,
mp 73 — 75 °C; vma (neat)em ' 3261, 2934, 2875, 1547, 1457, 1428, 1336, 1233, 1108,
1020, 993, 931, 894, 866, 837, 662; HRMS [ESI, (M + Na)'] found 236.1050, [C4H;sNO +
Na]" requires 236.1046; 5y (400 MHz, CDCl3) 8.02 (2 H, br's, 2 x NH), 7.71-7.68 (2 H, m, 2
x ArH), 7.36 (2 H, d, J 8.2, 2 x ArH), 7.22-7.16 (4 H, m, 4 x ArH), 7.14-7.10 2 H, m, 2 x
ArH), 6.06-5.93 (2 H, m, 2 x CH=CH), 5.40 (1 H, t, J 6.9, CH-trans), 5.35-5.30 (2 H, m,
CH=CH.,), 5.27 (1 H, t, J 6.9, CH-cis), 5.15-5.12 (2 H, m, CH=CH,), 4.68 (1 H, q, J 6.8, CH-
trans), 4.49 (1 H, q, J 6.8, CH-cis), 2.44-2.13 (6 H, m, 3 x CH>), 1.92-1.84 (2 H, m, CH3); dc
(100 MHz, CDCl3) 139.6 (CH), 139.4 (CH), 125.92 (C), 125.89 (C), 122.18 (CH), 122.16
(CH), 121.5 (CH), 121.2 (CH), 119.7 (CH), 119.64 (CH), 119.60 (CH), 199.56 (CH), 118.3
(©), 118.2 (C), 115.4 (CH=CH,), 114.9 (CH=CH,), 111.2 (2 x CH), 80.3 (CH), 79.8 (CH),
75.7 (CH), 75.2 (CH), 32.9 (CHa), 32.8 (CHa), 32.3 (CHa), 32.1 (CHa). 2 x (C) not observed.

(£)-2-Ethynyl-5-(3’-indolyl)tetrahydrofuran (7e)
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N

50N

General procedure C was performed using 6e (38 mg, 0.18 mmol), TBAI (197 mg, 0.53
mmol) and DDQ (73 mg, 0.32 mmol) in 1,2-DCE (4 mL) and saturated aqueous sodium
hydrogen carbonate (2 mL) for 2 h. Workup and column chromatography eluting with
hexanes-ethyl acetate (4:1) gave the fitle compound (16 mg, 0.076 mmol, 43%, cis:trans =
0.75:1) as a brown oil; Vg, (neat)/em™' 3412, 3289, 3059, 2928, 2871, 1619, 1555, 1457,
1425, 1336, 1234, 1022, 945, 907, 824; HRMS [ESI, (M + H)'] found 212.1065, [C14H;3NO
+ H]" requires 212.1070; 8y (400 MHz, CDCl3) 8.09 (2 H, brs, 2 x NH), 7.75 (1 H, d, J 6.9,
ArH), 7.68 (1 H, d, J 6.9, ArH), 7.34 (2 H, m, 2 x ArH), 7.23-7.18 (2 H, m, 2 x ArH), 7.18—
7.10 (4 H, m, 4 x ArH), 5.48 (1 H, t, J 7.0, (CH-trans), 5.28 (1 H, t, J 7.0, CH-cis), 4.91 (1 H,
m, CH-trans), 4.77 (1 H, m, CH-cis), 2.52 (1 H, d, J 2.0, CH), 2.50 (1 H, d, J 2.0, CH), 2.49—
2.33 (6 H, m, 3 x CH,), 2.56-2.14 (2 H, m, 2 x CHy); 6¢ (100 MHz, CDCl3) 136.8 (C), 136.7
(C), 125.8 (C), 125.7 (C), 122.3 (CH), 122.2 (CH), 122.1 (CH), 121.6 (CH), 119.7 (CH),
119.7 (CH), 119.6 (CH), 119.4 (CH), 117.1 (C), 116.8 (C), 111.29 (CH), 111.26 (CH), 84.4
(2xC), 76.5 (CH), 75.2 (CH), 72.8 (CH), 72.6 (CH), 68.0 (CH), 67.8 (CH), 33.8 (CH,), 32.5
(CH), 31.9 (CHy), 29.7 (CHy).

(£)-3'-(5-(Pyridin-2-yl)tetrahydrofuran-2-yl)indole (7f)
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1

2

3 General procedure C was performed using 6f (40 mg, 0.15 mmol), TBAI (166 mg, 0.45
4

2 mmol) and DDQ (61 mg, 0.27 mmol) in 1,2-DCE (4 mL) and saturated aqueous sodium
; hydrogen carbonate (2 mL) for 2 h. Workup and column chromatography eluting with
9

10 hexanes/ethyl acetate (4:1) gave the title compound (26 mg, 0.098 mmol, 65%, cis:trans =
11

12 1:0.6) as a yellow o0il; v (neat)/cm_1 3060, 2932, 1733, 1592, 1570, 1457, 1435, 1337,
13

14 1233, 1097, 1040, 1010, 949, 710 HRMS [ESI, (M + H)'] found 265.1344, [C;7H6N,O +
15

i? H]" requires 265.1335; 6y (400 MHz, CDCl3) 8.78 (2 H, m, 2 x ArH), 8.22 (2 H, br s, 2 x
ig ArH), 7.75 (2 H,d, J 7.1, 2 x ArH), 7.71 (1 H, td, J 6.1, 1.4, ArH), 7.63 (2 H, m, 2 x ArH),
20

21 7.57 (1 H,d,J6.3, ArH), 7.37 (2 H, m, 2 x ArH), 7.24-7.12 (8 H, m, 8 x ArH), 5.58 (1 H, t J
22

23 5.7, CH-cis), 5.43 (1 H, t, J 5.7, CH-trans), 5.38 (1 H, t, J 5.7, CH-cis), 5.21 (1 H, t J 5.7,
24

gg CH-trans), 2.71-2.62 (2 H, m, CH,), 2.47-2.40 (2 H, m, CH,), 2.33-2.20 (4 H, m, 2 x CH,);
% dc (100 MHz, CDCls) 163.4 (C), 163.0 (C), 149.1 (CH), 148.8 (CH), 136.8 (C), 136.79 (C),
29

30 126.1 (C), 125.9 (C), 122.2 (2 x CH), 122.1 (2 x CH), 121.8 (CH), 121.5 (CH), 120.3 (CH),
31

32 120.0 (CH), 119.8 (CH), 119.7 (CH), 119.6 (CH), 117.7 (C), 117.68 (C), 111.3 (2 x CH),
33

34 81.5 (CH), 81.2 (CH), 76.5 (CH), 76.3 (CH), 33.8 (CH,), 33.3 (CH,), 33.0 (CH,), 31.8 (CH»),
35

g? one CH not observed.

38 . .

39 Supporting Information

40

41
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