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Abstract

Hydrolysis of gem-dibromomethylarenes bearing carboxylate or boronate group to corresponding aldehydes without affecting the ester group
was successfully accomplished in high yields by subjecting them to refluxing pyridine. Both aromatic and heteroaromatic substrates gave the
corresponding aldehydes in good yields. This method was efficiently adapted for the large scale synthesis of 2d and 2f.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

In an ongoing project we desired the large scale synthesis
of various heteroaromatic carboxylates bearing a reactive alde-
hyde group. The simple and ready availability of starting ma-
terials prompted us to explore the synthesis of these aldehydes
via a two-step protocol wherein the commercial methyl
analogues are first converted to their gem-dibromomethyl in-
termediates and further hydrolysis of these intermediates to
aldehydes. Functional group transformation of gem-dihalo
compounds to aldehydes is a widely used method for the syn-
thesis of aldehydes.1 This transformation requiring hydrolysis
of a gem-dibromomethyl group to an aldehyde often employs
harsh reaction conditions such as use of H2SO4,2 aqueous so-
dium hydroxide3 and metal carbonates4 at high temperatures.
When we attempted the hydrolysis of these gem-dibromo-
methyl intermediates under the above mentioned methods,
the simultaneous hydrolysis of ester functionality took place.
The use of mild reagent such as aqueous dimethylamine5

afforded mixtures of products due to the amidation of the ester
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group with the amine, while aqueous AgNO3
6 and sodium

acetate in acetic acid7 in our hands failed to afford good yield
of these aldehydes except 2d. Aqueous sodium formate,8

aqueous potassium oxalate9 and water10 were found to be in-
effective in hydrolyzing the gem-dibromides even at high tem-
peratures. All the above mentioned methods were invariably
associated with certain limitations in terms of acid/base condi-
tions, high temperatures, poor yields or substrate scope. An
extensive search in the literature revealed the lack of rigorous
methodology in this area, particularly for substrates containing
acid-sensitive functional groups. However, there are isolated
examples wherein, aqueous silver nitrate6 is reported to effect
this transformation. This emphasizes the need of a general
pathway for hydrolyzing gem-dibromomethylarenes bearing
ester functionality without affecting the ester group.

2. Synthetic plan

As our attempts to hydrolyze selectively the gem-dibromide
were futile, we looked for alternative protocols. Our attention
then turned to a report by Kröhnke11 on the transformation of
benzal bromide to a reasonably stable bis-pyridinium cation.
Kröhnke has shown that the bis-pyridinium cation of benzal
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bromide is slowly hydrolyzed in water to benzaldehyde and
pyridine (Scheme 1). Interestingly, this method has not been
exploited for the transformation of gem-dihalomethyl com-
pounds to aldehydes and its broad scope in synthetic chemistry
for the specific hydrolysis of gem-dibromomethylarenes to
aldehydes has not been studied. However, Olofson and Zim-
merman reported the use of bis-pyridinium cation in the syn-
thesis of 1-deuterio aldehydes.12 Thus we decided to explore
the synthesis of these aldehydes via their bis-pyridinium
intermediate.

3. Results and discussion

Initially, we examined the synthesis of 2a by treating its pre-
cursor 1a with pyridine. Use of 2 equiv of anhydrous pyridine
did not afford complete conversion of 1a to its bis-pyridinium
cation even after 20 h at 100 �C as indicated by TLC. The reac-
tion was then screened with varying equivalents of pyridine at
100 �C. When 7 g of 1a was exposed to excess of pyridine at re-
flux (10 equiv), the starting material was completely consumed
in 80 min as confirmed by TLC.13 Further increases in the quan-
tity of pyridine or increase in the reaction temperature did not
lower the reaction time. This intermediate was found to be
highly sensitive to moisture and all our attempts of isolating it
in pure form were not successful, rather we ended with 2a.
Once the reaction was complete as indicated by TLC, the brown
reaction mass was exposed to cold water to liberate the alde-
hyde. The product was extracted with ether to afford 2a in
73% isolated yield (Entry 1, Table 1).

Encouraged by this success, the other heteroaromatic gem-
dibromomethyl compounds bearing ester functionality (Entries
2e7, Table 1) such as pyridine, thiophene, furan and isoxazole
were subjected to refluxing anhydrous pyridine as shown in
Scheme 1. The results were excellent as depicted in Table 1.
With this optimized reaction conditions we were able to trans-
form 78 g of 1a into 2a with an isolated 70% yield. Similarly,
190 g of 1d afforded 2d in 76% yield (Entry 4, Table 1) and
367 g of 1f afforded 2f in 87% isolated yield (Entry 6, Table
1). This illustrates the potential use of this method in scale-
up operations.

In order to generalize this methodology, we then applied
the optimized reaction conditions on various aromatic gem-
dibromides substituted with a carboxylate group. To our delight,
all the gem-dibromides provided high yields of corresponding
aldehydes and the reaction time was short as illustrated in
Table 2. In addition, the hydrolysis of gem-dibromides bearing
a boronate group (Entries 1e3, Table 3) was also investigated.

R N

NR
Br

Br
R CHO

1 2

pyridine

reflux
0.5-1 h

water

R = aryl or heteroaryl molecules substituted with
       a carboxylate or boronate group

2Br-+

+

Scheme 1.
The boronate group survived during the course of reaction and
provided the corresponding aldehydes in high yields.

Effect of solvents on the rate of hydrolysis of 1a was stud-
ied and the results are shown in Table 4. While the reaction of
1a with pyridine (10 equiv) in dioxane afforded 31% of 2a,
which in toluene afforded 28% yield after 12 h at 100 �C and
DMF gave 44% of the product. Similarly the reaction was
found to be very slow in ethylene dichloride and a combination
of water and pyridine (Entry 6, Table 4) did not show any
reaction even after 15 h at reflux. It is noteworthy that the re-
action of 1a with pyridine in methanol (Entry 7, Table 4) gave
only the dimethyl acetal of 2a in 56% yield. Neat anhydrous
pyridine (Entry 1, Table 4) was found to be the most suitable
reaction medium to afford the product in 73% yield in short
time.

Herein, we report a general approach to transform gem-di-
bromomethylarenes bearing ester functionality to correspond-
ing aldehydes without affecting the ester group in high yields

Table 1

Hydrolysis of heteroaromatic gem-dibromomethyl intermediates bearing carb-

oxylate group into aldehydes via Scheme 1

Entry Substratea Time

(min)

Product Yieldb

(%)
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O
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S COOMe
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CHO
2g
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a Substrates were synthesized from the corresponding methyl analogues by

radical bromination.18

b Isolated yields.



690 J.K. Augustine et al. / Tetrahedron 64 (2008) 688e695
by exposing them to pyridine at reflux for 0.5e1 h. This trans-
formation is believed to proceed via the bis-pyridinium
cation14 as cited by Kröhnke and considerably exceeds previ-
ous methods with respect to its generality and simplicity when
a carboxylate or boronate group is present on the substrate.
Pyridine being a mild base and better solvent, unlike other
hydrolytic conditions, the carboxylate and boronate groups
survived during the course of reaction and afforded high yields
in short time. It is noteworthy that heteroaromatic gem-dibro-
mides bearing an ester functionality, for example, pyridine
(Entries 1e3, Table 1), thiophene (Entries 4 and 7, Table 1),
isoxazole (Entry 5, Table 1) and furan (Entry 6, Table 1)
reacted smoothly with pyridine to afford the corresponding
aldehydes in excellent yields.

4. Conclusion

In summary, a convenient and versatile method has been
demonstrated for the specific hydrolytic conversion of gem-di-
bromomethylarenes substituted with carboxylate or boronate
functionality into the corresponding aldehydes without affect-
ing the ester group in respectable isolated yields. The method
developed is mild and gave good yields of aldehydes for both

Table 2

Hydrolysis of aromatic gem-dibromomethyl intermediates bearing carboxylate

group into aldehydes via Scheme 1

Entry Substrate Time (min) Producta Yieldb (%)
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Br
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5
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6
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Br
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CHO

2m
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a Products were characterized by NMR spectral analysis.
b Isolated yields.
aromatic and heteroaromatic substrates and can be conve-
niently adapted for large scale synthesis of such aldehydes.

5. Experimental section

5.1. General

1H and 13C NMR spectra were recorded on 400-MHz and
100-MHz Bruker spectrometer, respectively, and elemental

Table 3

Hydrolysis of gem-dibromomethylarenes bearing boronate group into alde-

hydes via Scheme 1

Entry Substratea Time (min) Product Yieldb (%)

1

B
OO

Br Br
1n

90

B
OO

CHO
2n
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2

Br Br
1o

S

B
OO

100

S

B
OO

OHC
2o

89

3

B O
O

F
Br

Br

1p

90

B O
O
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2p
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a Substrates were prepared from commercially available methyl analogues

by radical bromination.18

b Isolated yields.

Table 4

Hydrolysis of 1a using pyridine (10 equiv) in the presence of various solvents

at 100 �C

Entry Solvent Time (h) Yieldb (%)

1 Pyridinea 1.3 73

2 1,4-Dioxane 12 31

3 Toluene 12 28

4 Ethylene dichloride 15 9c

5 DMF 12 44

6 Water 15 NRd

7 Methanol 20 56c,e

a Neat pyridine (10 equiv) was used.
b Isolated yields.
c Reaction was carried out at 80 �C.
d No reaction.
e Isolated as dimethyl acetal of 2a.
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analysis was performed on a Thermo Finnigan FLASH EA
1112 CHN analyzer. Infrared spectra were recorded on
a Thermo Scientific Nicolet 6700 FT-IR spectrometer. Melting
points were recorded (uncorrected) on Buchi Melting Point
B-545 instrument. Coupling constants were reported wherever
it was necessary in Hertz (Hz). Reactions were carried out in
an oven dried three-necked round-bottomed flask. Yields in ta-
ble refer to isolated yields of compounds with purity >95% as
determined by 1H NMR and HPLC analysis. Compounds pre-
viously described in the literature were characterized only by
1H and 13C NMR.

All gem-dibromomethyl compounds were synthesized and
purified in-house from the corresponding commercially avail-
able methyl analogues following reported literature.15

Substrates 1j and 1k were synthesized from 2,2,6-trimethyl-
benzo[1,3]dioxin-4-one16 and 2,2,7-trimethyl-benzo[1,3]-
dioxin-4-one.17 The methyl analogues of 1o and 1p were
obtained from the commercial boronic acids by treating with pi-
nacol (1.1 equiv) in toluene. All the new substrates were easily
prepared and characterized from the corresponding methyl an-
alogues using radical bromination at reflux. Use of 2 equiv of
N-bromosuccinimide was found to be optimal for the complete
dibromination.18 Aldehydes 2a, 2f, 2j, 2k, 2o and 2p are new
and characterized by IR, elemental and NMR spectral analyses.

5.2. Representative procedure for the preparation of
gem-dibromomethyl compounds

To a solution of methyl-2-chloro-6-methylpyridine-4-car-
boxylate (27.9 g, 0.151 mol) in CCl4 (300 mL) was added
NBS (53.8 g, 0.302 mol) followed by benzoylperoxide
(2.5 g, 0.018 mol). The mixture was gradually heated to reflux
for 8 h and cooled to room temperature. The succinimide was
filtered off and the filtrate was concentrated under reduced
pressure. The residue was purified by flash chromatography
(10% EtOAc/hexane) to afford 41.8 g (81%) of 1a as a colour-
less liquid.

5.2.1. Methyl-2-chloro-6-dibromomethylpyridine-4-
carboxylate 1a

Colourless liquid; Rf (10% EtOAc/hexane) 0.70; nmax

(liquid film) 1736, 1554, 1304, 1227, 744, 684 cm�1. [Found:
C, 27.91; H, 1.72; N, 4.01. C8H6Br2ClNO2 requires C, 27.98;
H, 1.76; N, 4.08%.] dH (400 MHz, DMSO-d6) 8.07 (1H, s, Ph),
7.88 (1H, s, Ph), 7.46 (1H, s, CHBr2), 3.91 (3H, s, COOMe);
dC (100.6 MHz, DMSO-d6) 163.6, 159.8, 151.4, 142.2, 125.0,
118.8, 53.7, 41.1.

5.2.2. Methyl-6-dibromomethylpyridine-3-carboxylate 1b15

Following the representative protocol for bromination,
12.7 g of 1b was isolated by column chromatography as col-
ourless liquid affording 75% yield; nmax (liquid film) 1733,
1436, 1114, 650 cm�1; dH (400 MHz, CDCl3) 9.12 (1H, s,
Ph), 8.40e8.37 (1H, dd, J 8.2, 2.0 Hz, Ph), 7.89e7.87 (1H,
d, J 8.2 Hz, Ph), 6.68 (1H, s, CHBr2), 3.97 (3H, s, COOMe);
dC (100.6 MHz, CDCl3) 164.7, 162.3, 149.7, 138.8, 126.2,
121.5, 52.6, 40.4.
5.2.3. Ethyl-6-dibromomethylpyridine-2-carboxylate 1c
Following the general protocol for bromination, 150 g of 1c

was isolated by column chromatography as colourless liquid af-
fording 71% yield; Rf (10% EtOAc/hexane) 0.70; nmax (liquid
film) 1737, 1310, 1227, 1139, 662 cm�1. [Found: C, 33.65; H,
2.96; N, 4.23. C9H9Br2NO2 requires C, 33.47; H, 2.81; N,
4.34%.] dH (400 MHz, CDCl3) 8.14e8.12 (1H, dd, J 7.8,
1.0 Hz, Ph), 8.07e8.05 (1H, dd, J 7.7, 1.0 Hz, Ph), 7.98e7.95
(1H, m, Ph), 6.77 (1H, s, CHBr2), 4.50e4.45 (2H, q, OCH2Me),
1.45e1.41 (3H, t, CH2Me); dC (100.6 MHz, CDCl3) 164.3,
159.8, 146.1, 138.9, 126.2, 125.4, 62.2, 40.6, 14.2.

5.2.4. Methyl-5-dibromomethylthiophene-2-
carboxylate 1d15

Following the general protocol for bromination, 194 g of 1d
was isolated by crystallization from acetonitrile as brown
needles affording 82% yield; mp 68e69.5 �C; nmax (KBr) 1713,
1531, 1265, 1094, 650 cm�1; dH (400 MHz, CDCl3) 7.64e7.63
(1H, d, J 4.0 Hz, Ph), 7.24e7.23 (1H, dd, J 4.0, 0.4 Hz, Ph),
6.86 (1H, s, CHBr2), 3.89 (3H, s, COOMe); dC (100.6 MHz,
CDCl3) 162.1, 151.9, 134.8, 132.6, 127.1, 52.4, 31.1.

5.2.5. Methyl-5-dibromomethylisoxazole-3-carboxylate 1e
Following the general protocol for bromination, 57 g of 1e

was isolated by column chromatography as white solid afford-
ing 73% yield; mp 59e60 �C; Rf (10% EtOAc/hexane) 0.55;
nmax (KBr) 1741, 1471, 1413, 1234, 1014, 718, 624 cm�1.
[Found: C, 24.20; H, 1.72; N, 4.60. C6H5Br2NO3 requires C,
24.11; H, 1.69; N, 4.69%.] dH (400 MHz, DMSO-d6) 7.55
(1H, s, Ph), 7.05 (1H, s, CHBr2), 3.89 (3H, s, COOMe); dC

(100.6 MHz, DMSO-d6) 170.6, 159.5, 156.7, 103.3, 53.5, 25.0.

5.2.6. Methyl-5-bromo-2-dibromomethylfuran-3-
carboxylate 1f15

Following the general protocol for bromination, 368 g of 1f
was isolated by column chromatography as white solid affording
72% yield; mp 147e149 �C; nmax (KBr) 1712, 1498, 1435, 1290,
1064, 699 cm�1; dH (400 MHz, DMSO-d6) 7.43 (1H, s, Ph), 6.99
(1H, s, CHBr2), 3.81 (3H, s, COOMe); dC (100.6 MHz, DMSO-
d6) 160.9, 155.7, 125.4, 114.5, 112.8, 52.5, 25.2.

5.2.7. Methyl-3-dibromomethylthiophene-2-carboxylate 1g
Following the representative protocol for bromination, 61 g

of 1g was isolated by crystallization from acetonitrile as light
brown solid affording 76% yield; mp 44.5e47.5 �C; Rf (10%
EtOAc/hexane) 0.65; nmax (KBr) 1705, 1437, 1277, 1080,
693 cm�1. [Found: C, 26.82; H, 1.97. C7H6Br2O2S requires
C, 26.78; H, 1.93%.] dH (400 MHz, DMSO-d6) 7.98e7.96
(1H, d, J 5.2 Hz, Ph), 7.68 (1H, s, CHBr2), 7.63e7.62 (1H,
d, J 5.2 Hz, Ph), 3.85 (3H, s, COOMe); dC (100.6 MHz,
DMSO-d6) 161.3, 147.1, 133.4, 130.5, 124.6, 52.7, 32.3.

5.2.8. Ethyl-4-dibromomethylbenzoate 1h15

Following the representative protocol for bromination, 12 g
of 1h was isolated by column chromatography as white solid
affording 82% yield; mp 97e99 �C; nmax (KBr) 1704, 1287,
1133, 704, 641 cm�1; dH (400 MHz, DMSO-d6) 8.07e8.04
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(2H, d, J 8.4 Hz, Ph), 7.65e7.63 (2H, d, J 8.4 Hz, Ph), 6.66
(1H, s, CHBr2), 4.42e4.37 (2H, q, OCH2Me), 1.42e1.39
(3H, t, CH2Me); dC (100.6 MHz, DMSO-d6) 165.5, 145.9,
131.6, 129.9, 126.5, 61.2, 39.7, 14.3.

5.2.9. Methyl-4-dibromomethyl-1-naphthoate 1i
Following the representative protocol for bromination, 18 g

of 1i was isolated by column chromatography as white solid
affording 86% yield; mp 90e91 �C; Rf (10% EtOAc/hexane)
0.60; nmax (KBr) 1718, 1515, 1257, 1130, 772, 670 cm�1.
[Found: C, 43.68; H, 2.90. C13H10Br2O2 requires C, 43.61; H,
2.82%.] dH (400 MHz, DMSO-d6) 8.73e8.71 (1H, d, J 8.2 Hz,
Ph), 8.50 (1H, br s, Ph), 8.29e8.10 (3H, m, Ph), 7.80e7.71
(2H, m, Ph, CHBr2), 3.95 (3H, s, COOMe); dC (100.6 MHz,
DMSO-d6) 167.3, 128.9, 128.5, 127.1, 126.4, 53.0, 40.9.

5.2.10. 6-(Dibromomethyl)-2,2-dimethyl-4H-1,3-
benzodioxin-4-one 1j

Following the representative protocol for bromination, 11 g
of 1j was isolated by crystallization from Et2O as white solid
affording 78% yield; mp 109e110 �C; Rf (10% EtOAc/hex-
ane) 0.75; nmax (KBr) 1726, 1432, 1303, 1153, 1047,
695 cm�1. [Found: C, 37.82; H, 2.97. C11H10Br2O3 requires
C, 37.75; H, 2.88%.] dH (400 MHz, DMSO-d6) 8.08e8.07
(1H, d, J 2.3 Hz, Ph), 7.97e7.95 (1H, dd, J 8.6, 2.4 Hz, Ph),
7.48 (1H, s, CHBr2), 7.22e7.20 (1H, d, J 8.6 Hz, Ph), 1.69
(6H, s, Me2C); dC (100.6 MHz, DMSO-d6) 159.9, 156.4,
137.4, 136.1, 127.0, 118.8, 112.7, 107.4, 41.2, 25.7.

5.2.11. 7-(Dibromomethyl)-2,2-dimethyl-4H-1,3-
benzodioxin-4-one 1k

Following the general representative protocol for bromina-
tion, 9 g of 1k was isolated by column chromatography as white
solid affording 76% yield; mp 84.5e86.6 �C; Rf (10% EtOAc/
hexane) 0.75; nmax (KBr) 1729, 1615, 1435, 1305, 1151, 1047,
703 cm�1. [Found: C, 37.72; H, 2.92. C11H10Br2O3 requires
C, 37.75; H, 2.88%.] dH (400 MHz, DMSO-d6) 7.95e7.93
(1H, d, J 8.1 Hz, Ph), 7.46e7.44 (1H, dd, J 8.1, 1.7 Hz, Ph),
7.39 (1H, s, CHBr2), 7.29e7.28 (1H, d, J 1.8 Hz, Ph), 1.68
(6H, s, Me2C); dC (100.6 MHz, DMSO-d6) 159.7, 155.5,
150.5, 130.6, 121.8, 115.3, 114.1, 107.3, 40.9, 25.7.

5.2.12. Methyl-3-dibromomethyl-4-nitrobenzoate 1l15

Following the representative protocol for bromination, 32 g
of 1l was isolated by column chromatography as yellow solid
affording 75% yield; mp 121e123 �C; nmax (KBr) 1727, 1528,
1303, 1109, 863, 645 cm�1; dH (400 MHz, DMSO-d6) 8.63
(1H, s, Ph), 8.14e8.07 (2H, m, Ph), 7.48 (1H, s, CHBr2),
3.94 (3H, s, COOMe); dC (100.6 MHz, DMSO-d6) 164.4,
147.5, 135.8, 134.8, 132.6, 125.6, 53.5, 35.8.

5.2.13. Methyl-3-bromo-4-dibromomethylbenzoate 1m
Following the general protocol for bromination, 16 g of 1m

was isolated as colourless liquid affording 70% yield; Rf (10%
EtOAc/hexane) 0.65; nmax (liquid film) 1727, 1556, 1436, 1387,
1114, 723, 625 cm�1. [Found: C, 27.98; H, 1.89. C9H7Br3O2

requires C, 27.94; H, 1.82%.] dH (400 MHz, DMSO-d6) 8.09e
8.06 (2H, m, Ph), 8.03e8.00 (1H, m, Ph), 7.32 (1H, s,
CHBr2), 3.86 (3H, s, COOMe); dC (100.6 MHz, DMSO-d6)
164.5, 144.4, 133.7, 132.6, 131.5, 129.7, 120.1, 53.1, 40.6.

5.2.14. 4-Dibromomethyl benzeneboronicacid neopentyl
ester 1n

Following the representative protocol for bromination, 13 g
of 1n was isolated as white solid affording 87% yield; mp
135e137 �C; Rf (10% EtOAc/hexane) 0.75; nmax (KBr)
1475, 1442, 1318, 1135, 651 cm�1. [Found: C, 39.95; H,
4.25. C12H15BBr2O2 requires C, 39.83; H, 4.18%.] dH

(400 MHz, DMSO-d6) 7.73e7.71 (2H, d, J 8.2 Hz, Ph),
7.59e7.57 (2H, d, J 8.2 Hz, Ph), 7.39 (1H, s, CHBr2), 3.75
(4H, s, OCH2), 0.94 (6H, s, Me2C); dC (100.6 MHz, DMSO-
d6) 144.7, 140.8, 134.3, 128.9, 126.1, 71.8, 43.4, 31.9, 21.7.

5.2.15. 5-Dibromomethylbenzo[b]thiophene-2-boronicacid
pinacol ester 1o

Following the representative protocol for bromination,
7.2 g of 1o was isolated as white solid affording 81% yield;
mp 178e179.9 �C; Rf (10% EtOAc/hexane) 0.70; nmax (KBr)
1521, 1431, 1318, 1137, 663 cm�1. [Found: C, 41.76; H,
3.93. C15H17BBr2O2S requires C, 41.71; H, 3.97%.] dH

(400 MHz, DMSO-d6) 8.15 (1H, s, Ph), 8.10e8.07 (1H, d, J
8.4 Hz, Ph), 7.96 (1H, s, Ph), 7.70e7.68 (1H, dd, J 8.4,
1.5 Hz, Ph), 7.54 (1H, s, CHBr2), 1.31 (12H, s,
CMe2eCMe2); dC (100.6 MHz, DMSO-d6) 144.1, 139.9,
139.2, 135.2, 125.0, 123.7, 122.2, 85.0, 43.5, 25.0.

5.2.16. 3-Dibromomethyl-4-fluorobenzeneboronicacid
pinacol ester 1p

Following the representative protocol for bromination,
6.7 g of 1p was isolated as semisolid affording 82% yield;
Rf (10% EtOAc/hexane) 0.65; nmax (KBr) 1607, 1360, 1144,
1102, 852, 629 cm�1. [Found: C, 39.69; H, 4.13.
C13H16BBr2FO2 requires C, 39.64; H, 4.09%.] dH (400 MHz,
DMSO-d6) 8.00e7.98 (1H, dd, J 8.2, 1.5 Hz, Ph), 7.72 (1H,
m, Ph), 7.48 (1H, s, CHBr2), 7.31e7.26 (1H, m, Ph), 1.28
(12H, s, CMe2eCMe2); dC (100 MHz, DMSO-d6) 161.9,
159.4, 138.8, 135.4, 129.1, 116.6, 116.4, 84.5, 34.8, 25.1.

5.3. Representative procedure for the hydrolysis of gem-
dibromomethylarenes into aldehydes

In a typical procedure, a mixture of methyl-2-chloro-6-di-
bromomethylpyridine-4-carboxylate 1a (7 g, 0.0203 mol) and
anhydrous pyridine (15.6 mL, 0.203 mol) was refluxed at
100 �C for a given period of time (Entry 1, Table 1). Once
the substrate was completely consumed as monitored by
TLC, the brown reaction mixture was cooled and poured
into ice-cold water (100 mL). The product was extracted
with diethyl ether (2�50 mL), the combined organic phase
was washed with water and brine solution and dried over
anhydrous sodium sulfate. The solvent was removed under
vacuum and the brown residue was passed through a small
plug of silica gel using petroleum ether/ethyl acetate (9/1) to
afford 2.92 g (73%) of 2a as a white solid.
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5.3.1. Methyl-2-chloro-6-formylpyridine-4-carboxylate 2a
Following the general protocol for hydrolysis, 78 g of 1a

provided 31.7 g of 2a as white solid affording 70% yield;
mp 68e69.8 �C; Rf (10% EtOAc/hexane) 0.40; nmax (KBr)
1736, 1712, 1310, 1217, 761, 683 cm�1. [Found: C, 48.10;
H, 3.06; N, 6.96. C8H6ClNO3 requires C, 48.14; H, 3.03; N,
7.02%.] dH (CDCl3, 400 MHz) 10.06 (1H, s, CHO), 8.40
(1H, s, Ph), 8.13 (1H, s, Ph), 4.02 (3H, s, COOMe); dC

(100.6 MHz, CDCl3) 190.8, 163.4, 153.6, 152.9, 141.5,
128.3, 119.4, 53.3.

5.3.2. Methyl-6-formylpyridine-3-carboxylate 2b19

Following the general protocol for hydrolysis, 8.5 g of 2b
was isolated as white solid affording 72% yield; mp 115e
116.7 �C; dH (400 MHz, DMSO-d6) 10.16 (1H, s, CHO),
9.38e9.37 (1H, d, J 1.2 Hz, Ph), 8.50e8.47 (1H, dd, J 8.0,
1.2 Hz, Ph), 8.06e8.03 (1H, dd, J 8.0, 0.5 Hz, Ph), 4.01
(3H, s, COOMe); dC (100.6 MHz, DMSO-d6) 192.5, 164.8,
154.9, 151.1, 138.3, 129.2, 121.1, 52.8.

5.3.3. Ethyl-6-formylpyridine-2-carboxylate 2c
Following the general protocol for hydrolysis, 27 g of 2c

was isolated by column chromatography as white solid afford-
ing 77% yield; mp 37.5e39.6 �C; Rf (10% EtOAc/hexane)
0.30; nmax (KBr) 1735, 1709, 1292, 1216, 1165 cm�1. [Found:
C, 60.41; H, 5.11; N, 7.78. C9H9NO3 requires C, 60.33; H,
5.06; N, 7.82%.] dH (400 MHz, DMSO-d6) 10.01 (1H, s,
CHO), 8.32e8.30 (1H, dd, J 7.7, 1.2 Hz, Ph), 8.30e8.21
(1H, m, Ph), 8.14e8.11 (1H, dd, J 7.6, 1.2 Hz), 4.42e4.37
(2H, q, OCH2Me), 1.36e1.33 (3H, t, CH2Me); dC

(100.6 MHz, DMSO-d6) 193.0, 164.0, 152.3, 148.2, 139.4,
128.9, 124.6, 61.6, 14.1.

5.3.4. Methyl-5-formylthiophene-2-carboxylate 2d20

Following the general protocol for hydrolysis, 190 g of 1d
afforded 78 g of 2d as yellow solid in 76% yield; mp
81e82 �C; dH (400 MHz, DMSO-d6) 9.98 (1H, s, CHO),
7.85e7.84 (1H, d, J 3.9 Hz, Ph), 7.75e7.74 (1H, d, J
3.9 Hz, Ph), 3.95 (3H, s, COOMe); dC (100.6 MHz, DMSO-
d6) 183.3, 161.9, 147.7, 140.9, 135.0, 133.3, 52.8.

5.3.5. Methyl-5-formylisoxazole-3-carboxylate 2e21

Following the general protocol for hydrolysis, 19 g of 2e
was isolated as white solid affording 72% yield; mp 72e
73 �C; dH (400 MHz, DMSO-d6) 10.04 (1H, s, CHO), 7.37
(1H, s, Ph), 4.04 (3H, s, COOMe); dC (100.6 MHz, DMSO-
d6) 177.5, 168.9, 159.1, 156.7, 108.8, 53.3.

5.3.6. Methyl-2-bromo-5-formylfuran-4-carboxylate 2f
Following the general protocol for hydrolysis, 197.8 g of 2f

was isolated as white solid affording 87% yield; mp 58.3e
58.7 �C; Rf (10% EtOAc/hexane) 0.45; nmax (KBr) 1721,
1676, 1473, 1245, 1066 cm�1. [Found: C, 36.17; H, 2.21.
C7H5BrO4 requires C, 36.08; H, 2.16%.] dH (400 MHz,
DMSO-d6) 9.89 (1H, s, CHO), 7.22 (1H, s, Ph), 3.86 (3H, s,
COOMe); dC (100.6 MHz, DMSO-d6) 177.5, 160.7, 153.3,
130.6, 127.6, 114.6, 52.8.
5.3.7. Methyl-3-formylthiophene-2-carboxylate 2g22

Following the general protocol for hydrolysis, 34 g of 2g
was isolated as light brown solid affording 91% yield; mp
52.5e54.4 �C; dH (400 MHz, DMSO-d6) 10.46 (1H, s,
CHO), 7.94e7.93 (1H, dd, J 5.1, 0.7 Hz, Ph), 7.53e7.51
(1H, dd, J 5.2, 0.5 Hz, Ph), 3.89 (3H, s, COOMe); dC

(100.6 MHz, DMSO-d6) 186.5, 161.1, 143.8, 138.2, 132.7,
127.0, 52.9.

5.3.8. Methyl-4-formylbenzoate 2h23

Following the general protocol for hydrolysis, 7.3 g of 2h
was isolated as colourless liquid affording 81% yield; dH

(400 MHz, DMSO-d6) 10.1 (1H, s, CHO), 8.13e8.11 (2H, d,
J 8.2 Hz, Ph), 8.03e8.00 (2H, dd, J 8.4, 1.2 Hz, Ph), 4.34e
4.32 (2H, q, CH2Me), 1.34e1.31 (3H, t, CH2Me); dC

(100.6 MHz, DMSO-d6) 193.3, 165.4, 139.5, 135.0, 130.2,
130.0, 61.7, 14.5.

5.3.9. Methyl-4-formyl-1-naphthoate 2i24

Following the general protocol for hydrolysis, 10 g of 2i
was isolated as white solid affording 90% yield; mp 95.8e
97.5 �C; dH (400 MHz, DMSO-d6) 10.50 (1H, s, CHO),
9.19e9.17 (1H, d, J 8.4 Hz, Ph), 8.63e8.61 (1H, d, J
8.2 Hz, Ph), 8.25e8.19 (2H, m, Ph), 7.82e7.73 (2H, m, Ph),
3.98 (3H, s, COOMe); dC (100.6 MHz, DMSO-d6) 194.5,
167.4, 134.5, 133.8, 133.8, 130.7, 130.7, 129.5, 128.6,
128.3, 126.1, 124.8, 53.2.

5.3.10. 2,2-Dimethyl-4-oxo-4H-1,3-benzodioxine-6-
carbaldehyde 2j

Following the general protocol for hydrolysis, 7 g of 2j was
isolated as white solid affording 79% yield; mp 113e114 �C;
Rf (10% EtOAc/hexane) 0.55; nmax (KBr) 1740, 1687, 1614,
1268, 1197 cm�1. [Found: C, 64.21; H, 4.95. C11H10O4

requires C, 64.08; H, 4.89%.] dH (400 MHz, DMSO-d6) 9.98
(1H, s, CHO), 8.42 (1H, s, Ph), 8.17e8.15 (1H, dd, J 8.5,
1.8 Hz, Ph), 7.32e7.30 (1H, d, J 8.5 Hz, Ph), 1.73 (6H, s,
CMe2); dC (100.6 MHz, DMSO-d6) 191.2, 159.6, 159.4,
136.5, 132.1, 131.3, 118.5, 113.1, 107.3, 25.3.

5.3.11. 2,2-Dimethyl-4-oxo-4H-1,3-benzodioxine-7-
carbaldehyde 2k

Following the general protocol for hydrolysis, 11 g of 2k
was isolated as white solid affording 87% yield; mp 109e
111 �C; Rf (10% EtOAc/hexane) 0.55; nmax (KBr) 1738, 1701,
1444, 1389, 1298 cm�1. [Found: C, 64.16; H, 4.87. C11H10O4

requires C, 64.08; H, 4.89%.] dH (400 MHz, DMSO-d6) 10.05
(1H, s, CHO), 8.08e8.06 (1H, d, J 7.8 Hz, Ph), 7.70e7.68
(1H, dd, J 7.9, 1.4 Hz, Ph), 7.60 (1H, s, Ph), 1.72 (6H, s,
CMe2); dC (100.6 MHz, DMSO-d6) 192.7, 160.0, 156.2,
142.6, 130.7, 123.1, 118.6, 117.7, 107.4, 25.6.

5.3.12. Methyl-3-formyl-4-nitrobenzoate 2l25

Following the general protocol for hydrolysis, 14 g of 2l
was isolated as white solid affording 90% yield; mp 71.5e
73 �C; dH (400 MHz, DMSO-d6) 10.23 (1H, s, CHO), 8.39e
8.38 (1H, d, J 1.5 Hz, Ph), 8.38e8.35 (1H, dd, J 8.2, 1.9 Hz,
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Ph), 8.25e8.23 (1H, d, J 8.2 Hz, Ph), 3.93 (3H, s, COOMe); dC

(100.6 MHz, DMSO-d6) 189.5, 164.5, 151.7, 135.0, 134.4,
131.0, 130.7, 125.5, 53.4.

5.3.13. Methyl-3-bromo-4-formylbenzoate 2m26

Following the general protocol for hydrolysis, 5.6 g of 2m
was isolated as white solid affording 89% yield; mp
76.8e77.6 �C; Rf (10% EtOAc/hexane) 0.55; dH (400 MHz,
DMSO-d6) 10.25 (1H, s, CHO), 8.22e8.21 (1H, d, J 1.5 Hz,
Ph), 8.08e8.06 (1H, m, Ph), 7.96e7.94 (1H, d, J 8.0 Hz,
Ph), 3.89 (3H, s, COOMe); dC (100.6 MHz, DMSO-d6) 191.3,
164.3, 136.2, 135.4, 134.2, 130.4, 128.7, 125.3, 52.9.

5.3.14. 4-Formylbenzeneboronicacid neopentyl ester 2n
Following the general protocol for hydrolysis, 8.4 g of 2n

was isolated as white solid affording 93% yield; mp 58e
60 �C; Rf (10% EtOAc/hexane) 0.60; nmax (KBr) 2958, 1702,
1481, 1314, 1129 cm�1. [Found: C, 66.18; H, 6.98.
C12H15BO3 requires C, 66.10; H, 6.93%.] dH (400 MHz,
DMSO-d6) 10.02 (1H, s, CHO), 7.89e7.85 (4H, m, Ph),
3.77 (4H, s, OCH2), 0.93 (6H, s, CMe2); dC (100.6 MHz,
DMSO-d6) 193.9, 138.1, 134.4, 128.9, 71.9, 31.9, 21.7.

5.3.15. 5-Formylbenzo[b]thiophene-2-boronicacid pinacol
ester 2o

Following the general protocol for hydrolysis, 3.6 g of 2o
was isolated as white solid affording 89% yield; mp 102.5e
103.7 �C; Rf (10% EtOAc/hexane) 0.55; nmax (KBr) 2977,
1701, 1552, 1349, 1325, 1141 cm�1. [Found: C, 62.48; H, 5.98.
C15H17BO3S requires C, 62.52; H, 5.95%.] dH (400 MHz,
DMSO-d6) 10.09 (1H, s, CHO), 8.52 (1H, s, Ph), 8.23e8.20
(1H, d, J 11.2 Hz, Ph), 8.09 (1H, s, Ph), 7.90e7.86 (1H, dd, J
11.2, 2.0 Hz), 1.32 (12H, s, CMe2eCMe2); dC (100.6 MHz,
DMSO-d6) 193.7, 149.2, 141.1, 136.4, 134.2, 129.0, 125.2,
124.4, 85.6, 25.5.

5.3.16. 3-Formyl-4-fluorobenzeneboronicacid pinacol
ester 2p

Following the general protocol for hydrolysis, 3.5 g of 2p
was isolated as white solid affording 83% yield; mp
51e53.7 �C; Rf (10% EtOAc/hexane) 0.60; nmax (KBr) 2982,
1692, 1605, 1361, 1144, 1109, 851, 662 cm�1. [Found: C,
62.49; H, 6.48. C13H16BFO3 requires C, 62.44; H, 6.45%.]
dH (400 MHz, DMSO-d6) 10.21 (1H, s, CHO), 8.12e8.11
(1H, d, Ph), 7.98e7.95 (1H, m, Ph), 7.42e7.37 (1H, m, Ph),
1.29 (12H, s, CMe2eCMe2); dC (100.6 MHz, DMSO-d6)
188.5, 188.5, 166.8, 164.2, 142.9, 142.8, 136.6, 136.6, 123.9,
123.8, 117.1, 116.9, 84.7, 25.0.

5.4. Representative procedure for the synthesis of
1-deuterio aldehydes from gem-dibromomethylarenes

In a typical procedure, a mixture of 1m (2 g, 0.005 mol)
and anhydrous pyridine (4 mL, 0.05 mol) was heated to
100 �C for 60 min. The brown reaction mixture was then
poured into D2O (10 mL). The product was extracted with
diethyl ether (2�15 mL). The combined organic phase was
washed with water and brine, and dried. The solvent was
removed under vacuum and the residue was passed through
a small plug of silica eluting with petroleum ether/ethyl ace-
tate (9/1) to afford 1 g (86%) of the corresponding 1-deuterio
aldehyde as a white solid. (However, this compound was con-
taminated with 8% of 2m as seen by 1H NMR analysis.)
Rf (10% EtOAc/hexane) 0.55; dH (400 MHz, DMSO-d6) 8.21
(1H, d, J 1.2 Hz), 8.08e8.05 (1H, dd, J 8.0, 1.4 Hz), 7.96e
7.94 (1H, d, J 8.0 Hz), 3.89 (3H, s, COOMe); dC (100.6 MHz,
DMSO-d6) 191.0, 190.8, 190.5, 164.8, 136.0, 134.9, 134.9,
129.7, 128.7, 126.5, 52.8.
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