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Abstract

Several halo-substituted alkoxypyridines were prepared and subjected to directed metalation and metal-
halogen exchange reactions. The studies resulted in useful methods for synthesis of numerous substituted
pyridines via regioselective lithiation, magnesation and halogen dance reactions.
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Introduction

Various alkoxypyridines are found in pharmaceutical agents,’3 electronic materials,* liquid crystals,”
organometallic complexes,®® and oligomers.® They also have been used as synthetic building blocks for natural
products and medicinal agents.’® Over the years, for use in our alkaloid total synthesis projects,!! several
derivatives of alkoxypyridines have been prepared using directed metalation and metal-halogen exchange
reactions. Reported herein are many examples that resulted from these efforts.

Results and Discussion

Much of our work in this area started with 4-methoxypyridine which is commercially available or can be easily
made from 4-chloropyridine hydrochloride by nucleophilic substitution with sodium methoxide. Directed
lithiation at the C-3 position can be carried out using mesityllithium (MesLi)*?'2 or PhLi'* in THF to give good
yields of products 1 on addition of electrophiles (Scheme 1).
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Scheme 1. C-3 lithiation and substitution of 4-methoxypyridine.

Since bromo-substituted 4-methoxypyridines would likely be useful as precursors to other substituted
pyridines, the directed lithiation of 2-bromo-4-methoxypyridine and 2,5-dibromopyridine was investigated as
potential routes to these compounds. Conversion of 4-methoxypyridine to 2-bromo-4-methoxypyridine (2)
was carried out using Fort’s BuLi-LIDMAE base®® to lithiate the C-2 position followed by bromination with 1,2-
dibromotetrachloroethane (Scheme 2).
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Scheme 2. C-2 lithiation and bromination of 4-methoxypyridine.

Treatment of the 2-bromo-4-methoxypyridine (2) with lithium tetramethylpiperidide (LTMP) followed by
DMF yielded the aldehyde 3, which could subsequently be converted to alcohol 4 via sodium borohydride
reduction with an overall yield of 70%. The alcohol 4 was converted into dioxino[5,4-c]pyridine 5 in 72% yield

using sodium iodide, paraformaldehyde and trimethylsilyl chloride in refluxing anhydrous acetonitrile ®
(Scheme 3).
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Scheme 3. C-3 lithiation and substitution of 2-bromo-4-methoxypyridine.

Next, conditions were developed for the regioselective C-4 lithiation/substitution of 2,5-dibromopyridine
(6). Although C-4 lithiation seemed likely to occur,'’ complications from subsequent pyridyne formation?® or
halogen dance®® of the bromine atoms could be problematic. Fortunately, deprotonation with LDA at -78 °C
for 10 min gave 7 which on electrophile addition gave excellent yields of 4-substituted 2,5-dibromopyridines 8.
The assigned structure of the 4-iodo derivative 8a was confirmed by X-ray crystallography. The 4-hydroxy
derivative 8e was obtained in 94% yield by adding trimethylborate to 7 followed by peracetic acid (Scheme 4).
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Scheme 4. Synthesis of 2,5-dibromopyridines 8 by C-4 lithiation and substitution of 6 .
Since a synthesis of 2,5-dibromo-4-methoxypyridine 9 was a goal, the conversion of iodide 8a to 9 was

investigated. When 8a was treated with sodium methoxide and Cul (10%) in refluxing methanol, the desired
product 9 was obtained in 85% yield (Scheme 5).
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Scheme 5. Synthesis of 2,5-dibromo-4-methoxypyridine (9) from 8a.
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With compound 9 in hand, our next goal was the synthesis of alcohol 10. We anticipated it could be
accomplished from the methoxy-directed lithiation of 9, followed by trapping the lithiated pyridine with DMF,
and then sodium borohydride reduction of the resulting aldehyde. Initial treatment of 9 with LTMP for 60
minutes prior to trapping with DMF generated the regioisomer 11 via a halogen dance mechanism. Reduction
of 11 with sodium borohydride gave the corresponding alcohol 12. Fortunately, metalation of 9 with LDA for 5
minutes prior to addition of DMF provided the desired alcohol 10 on in situ reduction (Scheme 6). A
mechanism study on the lithiation of 2-methoxypyridine with LDA vs LTMP has been reported by Fort and
coworkers.?? The conversion of 10 to the [1,3]-dioxinopyridine 13 was carried out via a one-pot reaction® in
good yield (Scheme 6).
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Scheme 6. Synthesis of dibromopyridines 10-13 from 2,5-dibromo-4-methoxypyridine (9).

The regioselective lithiation and magnesation of 13 was examined. The [1,3]-dioxinopyridine 13 was
treated with 1.0 equivalent of n-butyllithium at -78 °C for 10 min, and the resulting lithiopyridine was
quenched with water. The 'H NMR spectrum of the product was consistent with C-5 lithiation to give
compound 5. This regioselective lithiation is the same as that observed for 2,5-dibromopyridine;?! however,
when 13 was treated with 1.2 equivalents of isopropylmagnesium chloride, the *H NMR spectra of the
resulting product obtained from quenching with water indicated that 14 was the product. This regioselective
C-2 magnesation is in sharp contrast with the observed C-5 magnesation of 2,5-dibromopyridine.?? Lithium-
halogen exchange at C-5 of 13 with n-butyllithium followed by addition of 2-chloroquinoline-3-carbaldehyde
provided alcohol 15. Conversion of 15 to the bromide 16 was carried out using triphenylphosphine, 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) and tetra-n-pentylammonium bromide in dichloromethane.?3
Zinc modified cyanoborohydride reduction?* of compound 16 using zinc chloride and sodium
cyanoborohydride in refluxing ether/THF provided compound 17 (Scheme 7). The assigned structure of
compound 17 was confirmed by X-ray crystallography.

Page 60 ©AUTHOR(S)



Arkivoc 2021, v, 57-72
N N
A~ , 0o O o O
o9 1) FPrMgCl it 1) n-BuLi, 10 min
Bra_ THF S -78 °C X
| ® B
N/ 2) H,0 N Br 2) H,0 N Br
OH 070
1) n-BuLi, THF 1) PPhs, DDQ
-78 °C X X DCM, rt
13 | |
~ ~
2) N Cl N Br 2) (n-pentyl)4;NBr

N CHO .
_ 15 53% °
N Cl
Br 070 o ™o
ZnCl,, NaCNBH,4
| X | X | X | X
N/ cl N/ Br Et,O/THF, reflux N/ Cl N/ Br

63%
16 17

Scheme 7. Regioselective metalation of [1,3]-dioxinopyridine 13.

The metal-halogen exchange reactions of 2,5-dibromo-4-methoxypyridine (9) were also i

Bori, I. D. et al.

nvestigated.

Treatment of 9 with n-Buli followed by quenching of the lithiopyridine with water afforded 2. It was observed
that when the reaction between 9 and n-Buli was allowed to proceed for 30 minutes prior trapping the
lithiopyridine with DMF or ethyl formate, the aldehyde 3 was the observed product. In contrast, when a

mixture consisting of 9 and ethyl formate was treated with n-Buli, aldehyde 18 was generated.

In addition,

trapping the lithiopyridine with DMF within 5 minutes of reaction also resulted in 18. The formation of 3 from
9 must occur via a C-5 to C-3 lithium migration. A similar observation has been reported for other

dibromopyridines.?> When 9 was treated with isopropylmagnesium chloride at room temperature
2-chloroquinoline-3-carbaldehyde gave a good yield of alcohol 19 (Scheme 8).
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Scheme 8. Regioselective metalation/substitution of 2,5-dibromo-4-methoxypyridine (9).
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Since iodopyridines can be precursors to alkoxypyridines, the metalation/substitution of 2,5-dibromo-4-
iodopyridine (8a) with LDA was investigated. Treatment of 8a with LDA (or LTMP) and DMF (or EtOCHO),
followed by in situ reduction generated either alcohol 21 or 22 depending on how long lithiation was allowed
to proceed prior to trapping with the formylating agent. If LDA is used and ethyl formate is added after only 5
minutes, the C-6 position is formylated leading to alcohol 21 after NaBHa reduction. Using LTMP as base and
increasing the lithiation time to 30 minutes provided the alcohol 22 as the product in good yield (Scheme 9).
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Scheme 9. Lithiation and halogen dance reactions of trihalopyridine 8a.

Trihalopyridine 22 was protected as the MOM ether 23 and subjected to n-Buli followed by addition of
trimethylborate and oxidative workup to give pyridinol 24 in good yield. The assigned structure of 24 was
confirmed by NMR and X-ray crystallography. As depicted in Scheme 9, the position of the iodine and bromine
substituents at C-2 and C-3 of compounds 22 and 23 could not be determined conclusively. Either isomer of 23
could be a precursor to product 24. Isomer 23a could undergo lithium-iodine exchange at C-2 followed by a
halogen-dance to give the C-3 pyridyllithium that leads to 24.2¢ Direct lithium-iodine exchange at C-3 of 23b
would give the same required intermediate. On treatment with BFs etherate, 24 was converted to the
dioxinopyridine 25. Regioselective lithium-halogen exchange occurs at C-2 of 25 with n-butyllithium in THF at
low temperature to give 26 on quenching with water (Scheme 9).

Conclusions

The directed metalation and metal-halogen exchange reactions of various halo-substituted alkoxypyridines
were found to be very regioselective. These and the halogen-dance transformations observed should be useful
for the preparation of other numerous pyridine derivatives. During the course of these studies, several novel
dioxinopyridines were prepared. These compounds have the potential to act as precursors to highly
functionalized pyridines, pyridones, and pyridinols.
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Experimental Section

General. All reactions were performed in oven or flame-dried glassware under argon or nitrogen atmosphere
and stirred magnetically. Tetrahydrofuran (THF), ether, and toluene were distilled from
sodium/benzophenone ketyl prior to use. Triethylamine, diisopropylamine, diisopropylethylamine, N,N’-
dimethylethanolamine, 2,2,6,6- tetramethylpiperidine, ethyl formate, dimethylformamide, and benzene were
distilled from calcium hydride and stored under argon over 4A molecular sieves. Other reagents and solvents
from commercial sources were stored under argon and used directly. Melting points were obtained from a
Thomas-Hoover capillary melting point apparatus and are uncorrected. Radial preparative layer
chromatography (radial PLC) was performed using glass plates coated with 1, 2, or 4 mm layers of Kieselgel 60
PF254 containing gypsum. High-resolution mass spectral analysis (HRMS) was performed at North Carolina
State University. X-ray spectral analysis was performed at North Carolina State University using Apex2
diffractometer. Elemental analyses were performed by Atlantic Microlab Inc. NMR spectra were obtained
using a Varian Gemini GN-300 (300 MHz), Varian Mercury 300 (300 MHz), or Varian Mercury 400 (400 MHz)
spectrometer. Chemical shifts are in § units (ppm) with TMS (0.00 ppm) used as an internal standard for *H
NMR and CDCls absorption (77.23 ppm), CD30D absorption (49.15 ppm), or DMSOds absorption (39.51 ppm)
for 13C NMR spectra. IR spectra were recorded on a Perkin-Elmer 1430 spectrometer.

4-Methoxy-2-bromopyridine (2). A solution of N,N-dimethylethanolamine (1.40 mL, 13.93 mmol) in hexanes
(10 mL) at -20 °C was treated with n-Buli (11.91 mL, 27.86 mmol, 2.34M in hexanes). The reaction mixture was
stirred under nitrogen for 30 minutes. Neat 4-methoxypyridine (0.70 mL, 6.90 mmol) was added dropwise. The
orange solution was stirred for one hour and then cooled to -78 °C. A solution of 1,2-dibromo-1,1,2,2-
tetrachloroethane (5.40 g, 16.57 mmol) in THF (5 mL) was added dropwise, and the mixture was allowed to
slowly warm to room temperature overnight. The reaction was quenched with water at 0 °C and extracted
with diethyl ether. The combined extracts were dried over anhydrous magnesium sulfate and concentrated.
The desired product was distilled (70 °C, 3 mmHg) to yield 0.81 g (62%) of 2 as yellow oil. *H NMR (300 MHz,
CDCl3) & 3.86 (s, 3H), 6.78-6.80 (dd, J 2.1, 2.4, 5.9 Hz, 1H), 7.00-7.01 (d, J 2.4 Hz, 1H), 8.16-8.18 (d, J 6.0 Hz, 1H);
13C NMR (75 MHz, CDCl3) & 55.6, 110.2, 113.2, 143.0, 150.6, 166.8; FTIR (film) 2321, 2350, 2371, 2851, 2925,
2956 cm™; HRMS (FAB) calcd for CeHsBrNO (M+1) 187.9711; found 187.9708.
4-Methoxy-2-bromopyridine-3-carboxaldehyde (3). Method A. A solution of 2,2,6,6-tetramethylpiperidine
(0.60 mL, 3.56 mmol) in 3 mL of THF at -20 °C was treated dropwise with n-BuLi (1.65 mL, 3.58 mmol, 2.17 M
in hexanes). The mixture was stirred for 30 minutes under argon and then cooled to -78 °C. A solution of 2
(0.598 g, 3.18 mmol) in THF (5 mL) was added dropwise. After stirring for 10 minutes, DMF (0.32 mL, 4.13
mmol) was added and stirring was continued for 30 minutes. Saturated sodium bicarbonate was added and
the mixture was extracted with dichloromethane. The combined extracts were washed with brine, dried over
anhydrous magnesium sulfate, and concentrated to give 0.593 g (86%) of crude 3. The crude material was
recrystallized from benzene/hexanes to give 0.517 g (75%) of 3 as white needles, mp 115-116 °C; *H NMR (300
MHz, CDCl3) & 4.00 (s, 3H), 6.93-6.95 (d, J 6.0 Hz, 1H), 8.35-8.37 (d, J 6.0 Hz, 1H), 10.38 (s, 1H); 13C NMR (75
MHz, CDCl3) 6 56.9, 107.7, 120.4, 145.4, 154.2, 167.5, 189.8; FTIR (film) 802, 829, 869, 1019, 1183, 1273, 1304,
1365, 1433, 1474, 1544, 1573, 1700, 2881, 2919, 2992 cm™%; HRMS (FAB) calcd for CzHeBrNO2 (M+1) 215.9660;
found 215.9652.

Method B. To a solution of 9 (0.356 g, 1.33 mmol) in 3 mL THF at -78 °C was added n-BulLi (0.63 mL, 1.47
mmol) and the mixture was stirred under nitrogen for 30 minutes. DMF (0.40 mL, 5.17 mmol) was added and
the mixture was stirred for 30 minutes. Saturated sodium bicarbonate was added and the mixture was
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extracted with dichloromethane. The combined extracts were dried over anhydrous magnesium sulfate and
concentrated. Purification by radial PLC (silica gel, EtOAc/hexane, 10:90) gave 0.113 g (39%) of 3 as a white
solid. The 'H NMR spectrum was identical to that obtained for 3 from method A above.
(2-Bromo-4-methoxypyridin-3-yl)methanol (4). To a solution of 2,2,6,6-tetramethylpiperidine (2.30 mL, 13.63
mmol) in 5 mL of THF at -20 'C was added n-Buli (6.40 mL, 13.44 mmol, 2.10 M in hexanes). The mixture was
stirred for 30 minutes under argon and then cooled to -78 'C. A solution of 2 (2.27 g, 12.07 mmol) in THF (10
mL) was added dropwise. After stirring for 10 minutes, DMF (3 mL, 38.7 mmol) was added and the mixture
was stirred for 30 minutes. Saturated sodium bicarbonate was added, and the aqueous mixture was extracted
with dichloromethane. The combined extracts were washed with brine, dried over anhydrous magnesium
sulfate, and concentrated. The residue was dissolved in dichloromethane/ethanol (50 mL/50 mL). Sodium
borohydride (0.457 g, 12.08 mmol) was added and the mixture was stirred for 30 minutes at room
temperature. Water was added, and the mixture was extracted with dichloromethane. The combined extracts
were washed with brine and dried over anhydrous magnesium sulfate. Concentration and purification by
radial PLC (silica gel, EtOAc/hexane, 50:50) yielded 1.85 g (70%) of 4 as a white solid, mp 138-141 °C; *H NMR
(400 MHz, CDCl3) 6 2.39-2.42 (t,J 6.8, 6.4 Hz, 1H), 3.93 (s, 3H), 4.83-4.85 (d, J 6.8 Hz, 2H), 6.81-2.82 (d, / 5.2 Hz,
1H), 8.20-8.21 (d, J 5.2 Hz, 1H); 3C NMR (75 MHz, CDCl3) 6 56.4, 59.4, 106.7, 125.3, 145.1, 150.9, 165.4; FTIR
(film) 822, 840, 1015, 1293, 1580, 2321, 2371, 2848, 2952, 3271 cm™'; HRMS (FAB) calcd for C7HsBrNO2 (M+1)
217.9817; found 217.9809.

5-Bromo-4H-[1,3]dioxino[5,4-c]pyridine (5). Method A. To a mixture containing 4 (0.49 g, 2.25 mmol), sodium
iodide (0.337 g, 2.25 mmol), and paraformaldehyde (2.0 g) in 40 mL of anhydrous acetonitrile was added
trimethylsilyl chloride (1 mL, 7.9 mmol). The mixture was heated at reflux for one hour and then cooled to
room temperature. Saturated sodium bicarbonate (25 mL) was added and the mixture was extracted with
ether. The combined extracts were washed with 10% sodium thiosulfate and brine, and dried over anhydrous
magnesium sulfate. Concentration and purification by radial PLC (silica gel, EtOAc/hexane, 10:90) yielded 0.35
g (72%) of 5 as a white solid, mp 52-54 °C; *H NMR (400 MHz, CDCls3) 6 4.78 (s, 2H), 5.28 (s, 2H), 6.79-6.81 (d, J
6.0 Hz, 1H), 8.11-8.12 (d, J 5.6 Hz, 1H); 3C NMR (100 MHz, CDCls3) § 66.0, 91.8, 112.4, 118.6, 140.1, 149.4,
161.0; FTIR (film) 874, 952, 973, 1279, 1560, 1593, 2321, 2369, 2853, 2896, 2959 cm™!; HRMS (FAB) calcd for
C7HeBrNO2 (M+1) 215.9655; found 215.9662.

Method B. To a solution of 13 (15 mg, 0.05 mmol) in THF (0.50 mL) at -78 °C was added n-Buli (25 uL, 0.05
mmol, 2.05 M in hexanes). The mixture was stirred for 10 minutes under nitrogen. Water was added and the
aqueous mixture was extracted with dichloromethane. The combined extracts were washed with brine, dried
over anhydrous magnesium sulfate, and concentrated to yield 10.66 mg (97%) of 5 as a white solid. The *H
NMR data was consistent with structure 5 obtained from method A above.

2,5-Dibromo-4-iodopyridine (8a). To LDA (7.85 mmol) in THF (5 mL) at -78 °C was added 6 (1.59 g, 6.33 mmol)
in THF (5 mL) dropwise, and the reaction mixture was stirred for 10 minutes. lodine (4.82 g, 18.99 mmol) in
THF (10 mL) was added dropwise, and the mixture was stirred for 30 minutes. Saturated sodium bicarbonate
was added and the mixture was extracted with ether. The combined extracts were washed with 10% sodium
thiosulfate and brine, and dried over anhydrous magnesium sulfate. Concentration and purification by radial
PLC (silica gel, EtOAc/hexane, 2:98) yielded 2.25 g (98%) of 8a as a white solid, mp 136-138 °C; *H NMR (400
MHz, CDCl3) & 8.01 (s, 1H), 8.46 (s, 1H); 13C NMR (100 MHz, CDCls) & 114.4, 128.4, 138.6, 140.1, 150.6; FTIR
(film) 659, 765, 867, 1012, 1101, 1268, 1293, 1412, 1430, 1528, 2341, 2361, 3061, 3083 cm™; HRMS (FAB)
calcd for CsH2Br2IN (M+1) 361.7677; found 361.7697. Structure confirmed by X-ray crystallography.
2,5-Dibromo-4-picoline (8b). The procedure for 8a was applied to 8b using methyl iodide (0.40 mL, 6.48
mmol) as the electrophile. Purification by radial PLC (silica gel, Hexanes, EtOAc/Hexanes, 5:95) yielded 0.559 g
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(86%) of 8b as a yellow oil; *H NMR (300 MHz, CDCls) § 2.38 (s, 3H), .37 (s, 1H), 8.40 (s, 1H); 3C NMR (75 MHz,
CDCl3) & 22.3, 123.0, 129.9, 140.7, 150.0, 151.4; HRMS (FAB) calcd for CeHsBraN (M+H) 249.8863; found
249.8861.

2,5-Dibromo-4-trimethylsilanylpyridine (8c). The procedure for 8a was applied to 8c using
chlorotrimethylsilane (1 mL, 7.88 mmol) as the electrophile. Purification by radial PLC (silica gel, Hexanes,
EtOAc/hexanes, 5:95) gave 0.713 g (89%) of 8c as a yellow solid, mp 59-62 °C; *H NMR (400 MHz, CDCls) 6 0.42
(s, 9H), 7.45 (s, 1H), 8.39 (s, 1H); 3C NMR (100 MHz, CDCl3) 6 -1.3, 127.4, 134.5, 141.0, 151.6, 154.8; FTIR (film)
844, 1013, 1093, 1249, 1422, 1489, 1548, 2898, 2960 cm*; HRMS (FAB) calcd for CsH11Br2NSi (M+H) 307.9098;
found 307.9100.

2,5-Dibromopyridine-4-carboxaldehyde (8d). To LDA (3.14 mmol) in THF (3 mL) at -78 °C was added 6 (0.614
g, 2.59 mmol) in THF (2 mL) dropwise, and the mixture stirred for 10 minutes. Ethyl formate (0.45 mL, 5.57
mmol) was added dropwise and stirring was continued for 30 minutes. Saturated sodium bicarbonate was
added and the mixture was extracted with dichloromethane. The combined extracts were washed with brine
and dried over anhydrous magnesium sulfate. Concentration and purification by radial PLC (silica gel,
EtOAc/hexane, 5:95) yielded 0.632 g (92%) of 8d as a yellow solid, mp 62-65 °C; 'H NMR (400 MHz, CDCl3) &
7.86 (s, 1H), 8.66 (s, 1H), 10.29 (s, 1H); 3C NMR (100 MHz, CDCl3) § 121.7, 127.2, 140.5, 141.8, 154.0, 189.2;
FTIR (film) 1094, 1171, 1316, 1426, 1692, 2295, 2360, 2921, 3067 cm™*; HRMS (FAB) calcd for CsH3Br2NO
(M+MeOH) 295.8916; found 295.8916.

2,5-Dibromo-4-hydroxypyridine (8e). To LDA (3.56 mmol) in THF (3 mL) at -78 °C was added 6 (0.703 g, 2.97
mmol) in THF (2 mL) dropwise, and the mixture was stirred for 10 minutes. Trimethylborate (0.70 mL, 6.28
mmol) was added dropwise and the stirring continued for two hours. Peracetic acid (1.55 mL, 6.52 mmol, 32%
in acetic acid) was added dropwise, and the mixture was allowed to slowly warm up to room temperature
overnight. After cooling to -20 °C, 10% sodium thiosulfate was added. The mixture was allowed to warm to
room temperature and then extracted with dichloromethane. The combined extracts were filtered through a
pad of anhydrous magnesium sulfate and concentrated. Purification by column chromatography (silica, EtOAc)
yielded 0.705 g (94%) of 8e as a pale yellow solid, mp 201-203 °C; *H NMR (400 MHz, DMSOds) 6 7.05 (s, 1H),
8.33 (s, 1H), 12.28 (s, 1H); 3C NMR (100 MHz, DMSOds) & 109.2, 115.2, 140.3, 151.6, 162.5; FTIR (KBr) 547,
571, 711, 846, 906, 1028, 1043, 1084, 1232, 1286, 1366, 1414, 1506, 1568, 1609, 1853, 2542, 2843, 3084,
3428 cm™*; HRMS (FAB) calcd for CsH3BraNO (M+H) 251.8660; found 251.8666.
2,5-Dibromo-4-methoxypyridine (9). A mixture containing 8a (3.31 g, 9.12 mmol), copper iodide (0.17 g, 0.91
mmol), and sodium methoxide (0.23 g sodium, 10.04 mmol in 50 mL anhydrous methanol) was heated at
reflux overnight. Saturated sodium bicarbonate was added and the mixture was filtered through a pad of
Celite. The pad was washed with dichloromethane and then the aqueous filtrate was extracted with
dichloromethane. The combined extracts were washed with brine and dried over anhydrous magnesium
sulfate. Concentration and purification by radial PLC (silica gel, EtOAc/hexanes, 2:98) yielded 2.07 g (85%) of 9
as a white solid, mp 124-125 °C; *H NMR (300 MHz, CDCls3) 6 3.96 (s, 3H), 6.99 (s, 1H), 8.33 (s, 1H); 13C NMR (75
MHz, CDCls) 6 56.8, 110.4, 111.8, 1419, 151.8, 163.1; FTIR (film) 847, 921, 1014, 1100, 1153, 1269, 1295, 1337,
1477, 1540, 1564, 1698, 1775, 2340, 2361, 2850, 2923, 2990, 3080 cm™; HRMS (FAB) calcd for CeHsBr2NO
(M+1) 265.8816; found 265.8835.

(2,5-Dibromo-4-methoxypyridin-3-yl)methanol (10). To a solution of diisopropylamine (0.24 mL, 1.71 mmol)
in THF (5 mL) at -20 °C was added n-Buli (0.73 mL, 1.72 mmol, 2.36M in hexanes). The mixture was stirred for
one hour under nitrogen and then cooled to -78 °C. A solution of 9 (0.376 g, 1.40 mmol) in THF (5 mL) was
added dropwise and the mixture was stirred for 5 minutes. DMF (0.35 mL, 4.52 mmol) was added and stirring
was continued for 30 minutes. Methanol (5 mL) and NaBH4 (0.2 g, 5.29 mmol) were added. The cooling bath
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was removed, stirring was continued at room temperature for 15 minutes, and the mixture was extracted with
dichloromethane. The combined extracts were washed with saturated sodium bicarbonate and dried over
anhydrous magnesium sulfate. Concentration and purification by radial PLC (silica gel, EtOAc/hexanes, 5:95,
10:90) yielded 0.293 g (70%) of 10 as a yellow solid, mp 94-96 °C; 'H NMR (400 MHz, CDCl3) 6 2.24-2.27 (t, 1H,
1 6.8, 6.4 Hz), 4.04 (s, 3H), 4.83-4.85 (d, 2H, J 6.4 Hz), 8.43 (s, 1H); 13C NMR (100 MHz, CDCl3) & 59.7, 62.9,
115.6, 132.6, 144.1, 152.5, 164.3; FTIR (film) 833, 1007, 1149, 1262, 1362, 1409, 1458, 1550, 1691, 1819, 2296,
2390, 2850, 2944, 3385 cm™’; HRMS (FAB) calcd for C7H7Bra2NO2 (M+1) 296.8922; found 296.8906. Structure
was confirmed by X-ray crystallography.

2,6-Dibromo-4-methoxypyridine-3-carboxaldehyde (11). To a solution of 2,2,6,6-tetramethylpiperidine (0.35
mL, 2.07 mmol) in THF (1 mL) at -20 °C was added n-BuLi (1.04 mL, 2.08 mmol, 2.0 M in hexanes). The mixture
was stirred for 30 minutes under argon and then cooled to -78 °C. A solution of 9 (0.46 g, 1.72 mmol) in THF (2
mL) was added dropwise and stirring was continued for one hour. DMF (0.35 mL, 4.52 mmol) was added
dropwise and the mixture was stirred for 30 minutes. Saturated sodium bicarbonate was added, and the
mixture was extracted with ethyl acetate. The combined extracts were washed with brine and dried over
anhydrous magnesium sulfate. Concentration and purification by radial PLC (silica gel, EtOAc/hexanes, 10:90)
yielded 0.36 g (70%) of 11 as a yellow solid, mp 118-120 °C; *H NMR (300 MHz, CDClz) & 3.99 (s, 3H), 7.12 (s,
1H), 10.27 (s, 1H); 3C NMR (75 MHz, CDCl3) § 57.3, 111.8, 119.6, 143.8, 145.6, 167.7, 188.7; FTIR (film) 896,
1096, 1422, 1560, 1702, 2306, 2685, 2987, 3054 cm™; HRMS (FAB) calcd for C7HsBraNO2 (M+1) 294.8765;
found 294.8737.

(2,6-Dibromo-4-methoxypyridin-3-yl)methanol (12). To a solution of 11 (0.40 g, 1.36 mmol) in
dichloromethane/ethanol (1:1, 10 mL) at room temperature was added sodium borohydride (0.102 g, 2.70
mmol). The mixture was stirred for 10 minutes. Water (20 mL) was added and the aqueous mixture was
extracted with ethyl acetate. The combined extracts were washed with brine, dried over anhydrous
magnesium sulfate, and concentrated to yield 0.35 g (87%) of 12 as a yellow solid, mp 97-99 °C; 'H NMR (400
MHz, CDCl3) § 2.12-2.15 (t, 1H, J 6.8, 6.4 Hz), 3.95 (s, 3H), 4.78-4.80 (d, 2H, J 6.0 Hz), 7.00 (s, 1H); 3C NMR (100
MHz, CDCls) 6 56.9, 59.1, 110.8, 125.0, 141.1, 143.2, 166.0; FTIR (film) 876, 1038, 1099, 1287, 1347, 1420,
1462, 1570, 2851, 2890, 2946, 3311 cm™*; HRMS (FAB) calcd for C7H7BraNO2 (M+1) 296.8922; found 296.8906.
Structure was confirmed by X-ray crystallography.

5,8-Dibromo-4H-[1,3]dioxino[5,4-c]pyridine (13). To a mixture containing 10 (1.236 g, 4.16 mmol), sodium
iodide (0.624 g, 4.16 mmol), and paraformaldehyde (2.58 g) in anhydrous acetonitrile (150 mL) was added
trimethylsilyl chloride (3.2 mL, 25.2 mmol). The mixture was heated at reflux overnight and then cooled to
room temperature. Aqueous 5% sodium hydroxide was added, and the mixture was extracted with
dichloromethane. The combined extracts were washed with 10% sodium thiosulfate and brine. Concentration
and purification by radial PLC (silica gel, EtOAc/hexanes, 5:95) yielded 0.960 g (75%) of 13 as a white solid, mp
118-120 °C; *H NMR (400 MHz, CDCl3) & 4.83 (s, 2H), 5.39 (s, 2H), 8.31 (s, 1H); 3C NMR (75 MHz, CDCl3) & 64.1,
92.5, 108.3, 117.2, 146.8, 150.0 157.9; FTIR (film) 740, 955, 1086, 1135, 1211, 1270, 1345, 1406, 1455, 1536,
1574, 2851, 2915 cm™; HRMS (FAB) calcd for C7HsBraNO2 (M+1) 293.8759; found 293.8759.
8-Bromo-4H-[1,3]dioxino[5,4-c]pyridine (14). To a solution of 13 (30 mg, 0.10 mmol) in THF (0.50 mL) was
added isopropylmagnesium chloride (70 pL, 0.12 mmol, 1.75 M in THF). The mixture was stirred at room
temperature for 30 minutes under nitrogen. Saturated ammonium chloride was added and the mixture was
extracted with dichloromethane. The combined extracts were dried over anhydrous magnesium sulfate and
concentrated to yield 20 mg (91%) of 14 as a white solid, mp 104- 106 °C; *H NMR (400 MHz, CDCls) & 4.92 (s,
2H), 5.42 (s, 2H), 8.11 (s, 1H), 8.50 (s, 1H); 3C NMR (100 MHz, CDCls) & 64.3, 97.8, 109.0, 118.9, 145.6, 151.5,
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155.9; FTIR (film) 740, 891, 953, 1085, 1126, 1265, 1470, 1557, 1592, 1723, 2855, 2922, 2957 cm™; HRMS
(FAB) calcd for C7HeBrNO2 (M+1) 215.9655; found 215.9654.
(5-Bromo-4H-[1,3]dioxino[5,4-c]pyridine-8-yl)-(2-chloroquinolin-3-yl)-methanol (15). To a solution of 13
(0.366 g, 1.24 mmol) in THF (1.0 mL) at -78 °C was added with n-BuLi (0.75 mL, 1.51 mmol, 2.01 M in hexanes),
and the mixture was stirred for 5 minutes under nitrogen. A solution of 2-chloroquinoline-3-carbaldehyde
(0.285 g, 1.49 mmol) in THF (5 mL) was added dropwise and stirring was continued for one hour. Saturated
ammonium chloride was added and the aqueous mixture was extracted with dichloromethane. The combined
extracts were dried over anhydrous magnesium sulfate and concentrated. Purification by radial PLC (silica gel,
EtOAc/hexanes, 10:90, 30:70) yielded 0.268 g (53%) of 15 as a yellow solid, mp 186-188 °C; 'H NMR (400 MHz,
CDCl3) 6 4.78 (s, 2H), 5.36-5.40 (ABquartet, J 18.4, 7.6 Hz, 2H), 6.19-6.20 (d, J 4.4 Hz, 1H), 6.45-6.47 (d, J 4.4 Hz,
1H), 7.64-7.68 (t, J 7.2, 7.2 Hz, 1H), 7.80-7.84 (t, J 8.0, 7.2 Hz, 1H), 7.94-7.97 (d, J 8.4 Hz, 1H), 8.05 (s, 1H), 8.11-
8.13 (d, J 8.0 Hz, 1H), 8.54 (s, 1H); 3C NMR (100 MHz, CDCl5) 6 64.0, 64.9, 91.6, 117.9, 125.9, 127.0, 127.5,
128.4, 130.8, 134.4, 137.4, 138.5, 146.4, 147.1, 147.7, 148.7, 158.1; FTIR (film) 882, 955, 1036, 1073, 1156,
1244, 1407, 1459, 1584, 1686, 2848, 2891, 3216 cm™%; HRMS (FAB) calcd for C17H12BrCIN203 (M+1) 406.9797;
found 406.9792.

5-Bromo-8-[bromo-(2-chloroquinolin-3-yl)-methyl]-4H-[1,3]dioxino[5,4-c]pyridine (16). Tetra-n-
pentylammonium bromide (56 mg, 0.15 mmol) was added to a mixture containing triphenylphosphine (39 mg,
0.15 mmol) and 2,3-dichloro-5,6-dicyano-1,4- benzoquinone (33 mg, 0.15 mmol) in anhydrous
dichloromethane (5 mL). The mixture was stirred for one hour under nitrogen. A solution of 15 (30 mg, 0.07
mmol) THF (1 mL) was added dropwise and stirring continued at room temperature overnight. Concentration
and purification by radial PLC (silica gel, EtOAc/hexanes, 10:90, 30:70) yielded 30 mg (86%) of 16 as a white
solid. *H NMR (400 MHz, CDCls) 6 4.79 (s, 2H), 5.32-5.38 (ABquartet, J 25.6, 14.4 Hz, 2H), 6..78 (s, 1H), 7.60-
7.64 (t, ) 6.8, 8.0 Hz, 1H), 7.76-7.80 (t, J 8.0, 7.6 Hz, 1H), 7.86-7.88 (d, J 8.4 Hz, 1H), 8.02-8.04 (d, J 8.4Hz, 1H),
8.24 (s, 1H), 8.45 (s, 1H); 3C NMR (100 MHz, CDCI3): & 41.0, 65.8, 92.2, 118.0, 123.6, 127.2, 127.9, 128.0,
128.4, 130.9, 131.5, 139.9, 140.4, 148.4, 149.8, 157.4; FTIR (film) cm™ HRMS (FAB) calcd for
C17H11Br2CIN202 (M+1) 468.8951; found 468.8948.
5-Bromo-8-(2-chloroquinolin-3-yl)-methyl-4H-[1,3]dioxino[5,4-c]pyridine (17).

A mixture containing zinc chloride (0.60 mL, 0.60 mmol, 1.0 M in diethylether), and sodium cyanoborohydride
(0.038 g, 0.60 mmol) was stirred at room temperature for one hour. A solution of 16 (0.122 g, 0.26 mmol) in
THF (3 mL) added dropwise and the mixture was heated at reflux overnight. Saturated ammonium chloride
was added and the aqueous mixture was extracted with dichloromethane. The combined extracts were dried
over anhydrous sodium sulfate and concentrated. Purification by radial PLC (silica gel, EtOAc/hexanes, 10:90)
yielded 0.064 g (63%) of 17 as yellow solid, mp 147-149 °C; *H NMR (400 MHz, CDCls) 6 4.13 (s, 2H), 4.80 (s,
2H), 5.28 (s, 2H), 7.52-7.56 (t, } 7.6, 7.6 Hz, 1H), 7.69-7.74 (m, 2H), 7.78 (s, 1H), 8.00-8.02 (d, J 8.4 Hz, 1H), 8.07
(s, 1H); 3C NMR (100 MHz, CDCls) & 30.3, 66.0, 91.9, 118.1, 121.9, 127.3, 127.4, 127.5, 128.4, 130.4, 130.6,
1378.0, 138.9, 146.8, 150.0, 151.2, 159.2; FTIR (film) 757, 875, 953, 1034, 1084, 1249, 1345, 1408, 1463, 1580,
1666, 1721, 2317, 2367, 2853, 2919 cm™; HRMS (FAB) calcd for C17H12BrCIN202 (M+1) 390.99843; found
390.9843.

2-Bromo-4-methoxypyridine-5-carboxaldehyde (18). Method A. To a mixture containing 9 (0.65 g, 2.44
mmol) and ethyl formate (0.2 mL, 2.5 mmol) in 3 mL of THF at -78 °C was added n-BulLi (1.10 mL, 2.44 mmol,
2.22M in hexanes), and the mixture was stirred under nitrogen for 30 minutes. Saturated sodium bicarbonate
was added and mixture was extracted with dichloromethane. The combined extracts were dried over
anhydrous magnesium sulfate and concentrated. Purification by radial PLC (silica gel, EtOAc/hexanes, 5:95,
10:90) gave 0.249 g (47%) of 18 as a yellow solid, mp 112-114 °C; *H NMR (300 MHz, CDCls) 6 4.01 (s, 3H), 7.14

Page 68 ©AUTHOR(S)



Arkivoc 2021, v, 57-72 Bori, I. D. et al.

(s, 1H), 8.63 (s, 1H), 10.38 (s, 1H); 3C NMR (75 MHz, CDCl5) 6 56.6, 111.6, 120.3, 149.2, 151.1, 167.2, 188.0;
FTIR (film) 876, 1018, 1079, 1258, 1287, 1362, 1401, 1432, 1474, 1580, 1694, 2855, 2926, 2954, 3103, 3360
cmL; HRMS (FAB) calcd for C7HsBrNO2 (M+1) 215.9660; found 215.9646.

Method B. To a solution of 9 (56 mg, 0.21 mmol) in 1 mL of THF at -78 °C under nitrogen was added n-Buli
(0.1 mL, 0.23 mmol, 2.34M in hexanes), and the mixture was stirred for 5 minutes. DMF (0.07 mL, 0.84 mmol)
was added and stirring was continued for 30 minutes. Saturated sodium bicarbonate was added and the
mixture was extracted with dichloromethane. The combined extracts were dried over anhydrous magnesium
sulfate, and concentrated. Purification by radial PLC (silica gel, EtOAc/hexanes, 10:90) gave 8 mg (18%) of 18
as a yellow solid. The 'H NMR was consistent with compound 18 made previously using method A above.
(6-Bromo-4-methoxypyridin-3-yl)-(2-chloroquinolin-3-yl)methanol (19). To a solution of 9 (0.752 g, 2.82
mmol) in THF (5.0 mL) was added isopropylmagnesium chloride (1.70 mL, 3.40 mmol, 2M in THF). The mixture
was stirred at room temperature for one hour. A solution of 2-chloroquinoline-3-carboxaldehyde (0.557 g,
2.91 mmol) in THF (10 mL) was added dropwise, and stirring was continued at room temperature overnight
under nitrogen. Saturated sodium bicarbonate was added and the mixture was extracted with
dichloromethane. The combined extracts were dried over anhydrous magnesium sulfate and concentrated.
Purification by radial PLC (silica gel, EtOAc/hexanes, 5:95) yielded 0.739 g (69%) of 19 as a yellow solid, mp
182-184 °C; *H NMR (400 MHz, CDCl3) & 3.49-3.50 (d, J 4.0 Hz, 1H), 3.85 (s, 3H), 6.45-6.46 (d, J 4.0 Hz, 1H),
7.56-7.59 (t, J 7.6, 7.2 Hz, 1H), 7.72-7.76 (t, J 8.0, 6.8 Hz, 1H), 7.81-7.83 (d, J 8.0Hz, 1H), 8.00-8.02 (d, J 8.0 Hz,
1H), 8.12 (s, 1H), 8.26 (s, 1H); 3C NMR (100 MHz, CDCls) § 56.3, 66.3, 110.5, 125.8, 127.3, 127.6, 128.0, 128.3,
130.9, 133.4, 137.3, 143.3, 147.3, 149.0, 149.5, 164.1; FTIR (film) 736, 754, 781, 876, 1024, 1083, 1138, 1234,
1267, 1324, 1399, 1434, 1486, 1563, 1584, 1710, 2847, 2939, 3063, 3271 cm'™*; HRMS (FAB) calcd for
Ci6H12BrCIN202 (M+1) 378.9849; found 378.9852.

(3,6-Dibromo-4-iodopyridinyl-2-yl)-methanol (21). A solution of diisopropylamine (1.10 mL, 7.85 mmol) in
THF (30 mL) at -20 °C was treated with n-Buli (3.4 mL, 7.96 mmol, 2.34M in hexanes). The mixture was stirred
for one hour under nitrogen and then cooled to -78 °C. A solution of 8a (2.40 g, 6.62 mmol) in THF (10 mL) was
added dropwise and the mixture was stirred for 5 minutes. Neat ethyl formate (3.0 mL, 37.14 mmol) was
added and the mixture was stirred for 30 minutes. Methanol (10 mL) and NaBH4 (0.75 g, 19.83 mmol) were
added. The cooling bath was removed and stirring was continued at room temperature for 25 minutes. The
mixture was extracted with dichloromethane. The combined extracts were washed with saturated sodium
bicarbonate and dried over anhydrous magnesium sulfate. Concentration and purification by radial PLC (silica
gel, EtOAc/hexanes, 10:90) yielded 1.689 g (65%) of 21 as a white solid, mp 168-172 °C; 'H NMR (300 MHz,
DMSOds) & 4.45-4.47 (d, 2H, J 5.4 Hz), 5.88-5.91 (t, 1H, J 6.0, 5.4 Hz), 7.60 (s, 1H); 3C NMR (75 MHz, DMSOds)
6 63.6, 125.2, 125.4, 127.4, 138.9, 155.6; FTIR (DMSO) 765, 826, 1001, 1025, 1649, 2126, 2253, 2796, 2923,
3410 cm*; HRMS (FAB) calcd for CsHaBr2INO2 (M+1) 391.7783; found. 391.7795. Structure was confirmed by X-
ray crystallography.

(3,6-Dibromo-2-iodopyridin-4-yl)methanol (22a) or (2,6-Dibromo-3-iodopyridin-4-yl)methanol (22b). To a
solution of 2,2,6,6-tetramethylpiperidine (0.51 mL, 3.02 mmol) in THF (3 mL) at -20 °C was added with n-BulLi
(1.51 mL, 3.02 mmol, 2.0 M in hexanes). The mixture was stirred for 30 minutes under argon and then cooled
to -78 °C. A solution of 8a (1.0 g, 2.76 mmol) in THF (5 mL) was added dropwise and stirring was continued for
30 minutes. DMF (0.65 mL, 8.39 mmol) was added dropwise and the mixture was stirred at -78 °C for 30
minutes. Saturated sodium bicarbonate was added and mixture was extracted with diethyl ether. The
combined extracts were washed with brine, dried over anhydrous magnesium sulfate, and concentrated. The
residue was dissolved in dichloromethane/ethanol (25 mL/25 mL). Sodium borohydride (0.104 g, 3.02 mmol)
was added and the mixture was stirred for 30 minutes at room temperature. Water was added and the
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mixture was extracted with dichloromethane. The combined extracts were washed with brine and dried over
anhydrous magnesium sulfate. Concentration and purification by radial PLC (silica gel, EtOAc/hexanes, 20:80)
yielded 0.65 g (60%) of 22 as a brown solid, mp 177-180 °C; 'H NMR (400 MHz, DMSOds) & 4.46-4.47 (d, J 5.6
Hz, 2H), 5.89-5.92 (t, J 5.6, 5.2 Hz, 1H), 7.61 (s, 1H); 3C NMR (100 MHz, DMSOds) & 63.6, 125.2, 125.4, 127.4,
138.9, 155.6; FTIR (film) 762, 879, 1015, 1071, 1112, 1193, 1316, 1365, 1439, 1512, 1552, 3296 cm™*; HRMS
(FAB) calcd for CsHaBr2INO (M+1) 391.7783; found 391.7795.
3,6-Dibromo-2-iodo-4-methoxymethoxymethylpyridine (23a) or (2,6-Dibromo-3-iodo-4-
methoxymethoxymethylpyridine (23b). A mixture containing 22 (2.447 g, 6.23mmol), N,N-diisopropylamine
(4.40 mL, 25.26 mmol), and potassium iodide (0.052 g, 0.31 mmol) in THF (20 mL) at -20 °C was treated with
methoxymethyl chloride (1.40 mL, 17.33 mmol). The mixture was heated at 50 °C overnight and then cooled
to room temperature. Saturated sodium bicarbonate was added and the mixture was extracted with ethyl
acetate. The combined extracts were washed with brine and dried over anhydrous magnesium sulfate.
Concentration and purification by radial PLC (silica gel, EtOAc/hexane, 5:95) yielded 2.258 g (83%) of 23 as a
yellow oil; 'H NMR (400 MHz, CDCls) & 3.42 (s, 3H), 4.56 (s, 2H), 4.79 (s, 2H), 7.63 (s, 1H); 13C NMR (100 MHz,
CDCl3) 6 56.1, 69.1, 96.6, 123.6, 126.0, 127.8, 139.6, 151.2; FTIR (film) 762, 920, 970, 1054, 1113, 1152, 1198,
1310, 1354, 1441, 1513, 1551, 2776, 2848, 2888, 2948, 3113 cm™; HRMS (FAB) calcd for CsHsBr2INO2 (M+1)
435.8045; found 435.8036.

2,6-Dibromo-4-methoxymethoxymethylpyridin-3-ol (24). A solution of 23 (3.932 g, 9.00 mmol) in THF (20 mL)
at -78 °C was treated with n-Buli (4.70 mL, 9.87 mmol), and the mixture was stirred under nitrogen for 5
minutes. Trimethylborate (2.20 mL, 19.73 mmol) was added dropwise and the mixture was allowed to slowly
warm to room temperature overnight. After cooling to -20 °C, peracetic acid (5.20 mL, 21.9 mmol) was added
and stirring was continued for 2 hours. Aqueous 10% sodium bisulfite (50 mL) was added and the aqueous
mixture was extracted with dichloromethane. The combined extracts were filtered through a pad of
anhydrous magnesium sulfate. Concentration and purification by radial PLC (silica gel, EtOAc/hexane, 20:80)
yielded 2.35 g (80%) of 24 as an orange-yellow solid, mp 113-114 °C; *H NMR (400 MHz, CDCls) 6 3.44 (s, 3H),
4.69 (s, 2H), 4.78 (s, 2H), 6.49 (s, 1H), 7.41 (s, 1H); 3C NMR (100 MHz, CDCls) & 56.1, 64.5, 96.6, 126.4, 129.2,
130.1, 136.7, 147.4; FTIR (film) 698, 899, 921, 1050, 1115, 1151, 1213, 1292, 1351, 1435, 1556, 1579, 1642,
1722, 2849, 2920, 2953, 3303 cm%; Anal. Calcd for CsH9Br2NO3: C, 29.39; H, 2.77; N, 4.28. Found: C, 29.50; H,
2.76; N, 4.15. Structure was confirmed by X-ray crystallographic analysis.
6,8-Dibromo-4H-[1,3]dioxino[4,5-c]pyridine (25). To a solution of 24 (0.454 g, 1.39 mmol) in anhydrous
dichloromethane (10 mL) was added anhydrous boron trifluoride diethyl etherate (0.25 mL, 2.03 mmol). The
mixture was stirred at room temperature under nitrogen overnight. Saturated sodium bicarbonate was added
and the mixture was extracted with dichloromethane. The combined extracts were washed with brine and
dried over anhydrous magnesium sulfate. Concentration and purification by radial PLC (silica gel,
EtOAc/hexane, 5:95) yielded 0.203 g (50%) of 25 as a white solid, mp 129- 131 °C; *H NMR (400 MHz, CDCl3) 6
4.86 (s, 2H), 5.37 (s, 2H), 7.09 (s, 1H); 3C NMR (100 MHz, CDCl3) § 65.1, 92.5, 123.3, 130.0, 130.2, 133.6, 147.0;
FTIR ( film) 656, 820, 954, 1084, 1109, 1140, 1210, 1233, 1269, 1323, 1372, 1396, 1433, 1549, 2853, 2922,
2956 cm%; Anal. Calcd for C7HsBraNOz2: C, 28.51, H, 1.71, N, 4.75. Found: C, 28.57, H, 1.76, N, 4.53.
6-Bromo-4H[1,3]dioxino[4,5-c]pyridine (26). To a solution of 25 (45 mg, 0.15 mmol) in THF (5 mL) at -100 °C
was added n-BulLi (0.08 mL, 0.17 mmol, 2.10 M in hexanes), and the mixture was stirred for 10 minutes.
Saturated sodium bicarbonate (3 mL) was added and the mixture was extracted with ethyl acetate. The
combined extracts were washed with brine, dried over anhydrous magnesium sulfate, and concentrated to
yield 26.2 mg (80%) of 26 as a yellow gum; *H NMR (400 MHz, CDCl3) 6 4.87 (s, 2H), 5.27 (s, 2H), 7.12 (s, 1H),
8.03 (s, 1H); 3C NMR (100 MHz, CDCl3) 6 65.1, 91.8, 123.7, 132.4, 132.8, 139.5, 149.4; FTIR (film) 734, 879,
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952, 978, 1074, 1138, 1209, 1231, 1261, 1326, 1379, 1466, 1716, 2859, 2899, 2929, 2965, 3026, 3050 cm™;
HRMS (FAB) calcd for C7HsBrNO2 (M+1) 215.9660; found 215.9646.
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