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Abstract.1 A series of salicylaldehydes have been pre-
pared through the replacement of the easily leaving chlo-
rine atom in 5-chloromethyl-2-hydroxybenzaldehyde with 
various O-, S- or N-nucleophiles. The involvement of a 
few of these salicylaldehydes in the synthesis of heterocy-
cles such as benzofuran or coumarin, or as substrate in the 
Petasis borono-Mannich reaction has been explored. 
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1. Introduction 

Salicylaldehyde and analogous ortho-
hydroxybenzaldehydes substituted in the aromatic ring 
with various functional groups represent valuable starting 
materials for the synthesis of oxygen-containing heterocy-
cles owing to the favorable arrangement of the adjacent 
hydroxyl and carbonyl groups in their structure. For ex-
ample, salicyladehydes lead to a variety of structures that 
have in common a chromane scaffold upon reaction with 
enolates or their structural equivalents.1 Alkene- or al-
kyne-tethered salicylaldehyde derivatives (such as O-
allylsalicylaldehyde or O-propargylsalicylaldehyde) can 
generate diverse compound libraries with rich stereo-
chemical and scaffold diversity that include benzopyranes, 
chromenoquinolines, various other chromene-fused het-
erocycles, benzoxazepines and macrocycles.2,3 Upon 
cyclocondensation with α-haloketones under the condi-
tions of the Rap–Stoermer reaction, salicylaldehydes pro-
duce 2-acylbenzofurans,4,5 while this particular reaction 
was shown to be amenable to an ultrasound-assisted ap-
proach that improves the yields of the target benzofurans.6 
Also, several synthetic variants for the preparation of 1,2-
benzisoxazoles from oximes of ortho-hydroxybenzal-
dehydes using para-toluenesulfonyl chloride in the pres-
ence of an amine in acetonitrile,7 trifluoromethanesulfonic 
anhydride in dichloromethane,8 or a triphenylphosphine–
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2,3-dichloro-5,6-dicyano-1,4-benzoquinone system9 have 
been reported. In addition, examples of salicyaldehydes as 
starting materials in multicomponent reactions10 or in 
domino reactions11 are available. In this context, it is 
worth mentioning the role of salicylaldehydes as one of 
the preferred substrates in the multicomponent Petasis 
borono-Mannich reaction that leads to a wide structural 
range of functionalized amines.12,13 Last but not least, 
salicylaldehydes and their derivatives (e.g., oximes, im-
ines, semicarbazones, hydrazones, etc.) are well known 
for their ability to form complexes with metal ions.14–16 
Such complexes have been useful as catalysts for the oxi-
dative coupling of phenols,17 optical chemical sensors,18 
fluorescent chemosensors,19,20 or anticancer agents.21  

The majority of the reactions in which salicylalde-
hydes are employed as starting materials have been per-
formed mostly with the narrow, yet significant number of 
commercially available ortho-hydroxybenzaldehydes. 
However, the broadening of the range of usable salicylal-
dehydes in these applications could be accomplished ei-
ther through one of the known synthetic methodologies 
for the formylation of phenols (Gattermann, Reimer–
Tiemann, Vilsmeier–Haack, Rieche or Duff reactions), or 
through the electrophilic substitution of a commercial 
salicylaldehyde. As an example of the latter approach, 
Blanc chloromethylation of ortho-hydroxybenzaldehydes 
and subsequent nucleophilic replacement of the easily 
leaving chlorine anion in the chloromethyl-substituted 
intermediate have been scantily reported as a synthetic 
strategy for the generation of a limited number of novel 
and otherwise difficult to obtain salicylaldehydes with 
interesting structures.22,23 The present study exploits this 
strategy for the preparation of several 5-substituted salicy-
laldehydes, and briefly explores their potential for the 
generation of heterocycles and aminobenzylated phenols. 

2. Experimental 

2.1. Materials and Methods 

All reagents and solvents were purchased from 
commercial suppliers (Sigma–Aldrich, TCI Europe N.V., 
Merck KGaA) and were used without further purification. 
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Melting points were taken on a Mel Temp II apparatus 
and are uncorrected. Analytical thin layer chromatography 
was carried out on glass-backed precoated plates (Merck 
silica gel 60, F254) and visualized with UV light. Flash 
column chromatography was performed on Merck silica 
gel (230–400 mesh). NMR spectra were recorded on a 
Bruker Avance NEO spectrometer operating at 400 MHz, 
with a 5 mm probe for direct detection of 1H, 13C, 19F, and 
29Si. The spectra were recorded at room temperature using 
the standard parameter sets provided by Bruker. The re-
sidual signals of the deuterated solvents were used as 
internal standard (DMSO-d6: δ = 2.51 ppm for 1H and 
δ = 39.5 ppm for 13C; CDCl3: δ = 7.26 ppm for 1H and 
δ = 77.0 ppm for 13C). Elemental analysis was performed 
on a Vario EL III CHNS instrument. 1-Benzylbenzimi-
dazole was obtained through the N-alkylation of benzimi-
dazole with benzyl chloride using one of the procedures 
reported in the literature.24 

2.2. Synthesis 

Blanc chloromethylation of salicylaldehyde 1 
A mixture of salicylaldehyde 1 (2.44 g, 20 mmol), 

paraformaldehyde (600 mg, 20 mmol), and aqueous 
36.5% HCl (20 mL) was vigorously stirred at room tem-
perature for 24 h. The solid that formed was filtered, 
washed thoroughly with water, and then dissolved freely 
in chloroform (10–15 mL). The mixture was dried over 
anhydrous Na2SO4, the drying agent was filtered, and the 
solvent in the filtrate was removed under reduced pres-
sure. The pinkish material was then dissolved in hot hex-
anes (approximately 50 mL), and the solution was filtered 
while hot. A colorless solid formed upon cooling, and 
after being refrigerated overnight, the crystals were fil-
tered, washed with fresh hexanes (2 × 10 mL), and air-
dried. Yields ranged from 48% to 38% for different 
batches. The obtained 5-(chloromethyl)-2-hydroxyben-
zaldehyde 2 had m.p. 84–85 °C, which is close to the 
literature one (Kadwa et al. reported25 a melting point of 
84–86 °C). 1H NMR (CDCl3, 400 MHz), δ (ppm): 4.59 (s, 
2H), 7.00 (d, J = 8.8 Hz, 1H), 7.56 (dd, J = 2.4 and 
8.4 Hz, 1H), 7.59 (d, J = 2.0 Hz, 1H), 9.90 (s, 1H), 11.07 
(s, 1H); 13C NMR (CDCl3, 100 MHz), δ (ppm): 45.4, 
118.5, 120.5, 129.4, 133.8, 137.4, 151.7, 196.3. Anal. 
calcd. for C8H7ClO2, %: C, 56.32; H, 4.14; Cl, 20.78. 
Found, %: C, 56.59; H, 3.97; Cl, 20.42. 
 
Reaction of 5-(chloromethyl)-2-hydroxybenzaldehyde 2 
with methanol 

Finely ground NaHCO3 (336 mg, 4 mmol) was 
added to a solution of 5-(chloromethyl)-2-hydroxyben-
zaldehyde 2 (341 mg, 2 mmol) in methanol (10 mL), and 
the resulting suspension was stirred at room temperature 
for 4 h, then the flask was placed in an oil bath heated at 

50°C, and was further stirred for 4 h. The solvent was 
removed under reduced pressure, and the residue was 
partitioned between diethyl ether (10 mL) and water 
(10 mL). The organic phase was further washed with 
water (2 × 10 mL), and then was dried over anhydrous 
Na2SO4. Gravity filtration afforded a yellowish solution, 
from which the solvent was removed under reduced pres-
sure to give a dense oil consisting of a mixture of 2-
hydroxy-5-(methoxymethyl)benzaldehyde 3 and its di-
methyl acetal. The oily material was dissolved in acetone 
(10 mL), 3 drops of water and Amberjet 1200(H) (50 mg) 
were added, and the mixture was stirred at room tempera-
ture for 5 h. Filtration of the catalyst and removal of ace-
tone under reduced pressure afforded aldehyde 3 as a 
yellow oil (163 mg, 49%) which was pure according to 
NMR. 1H NMR (CDCl3, 400 MHz), δ (ppm): 3.40 (s, 
3H), 4.42 (s, 2H), 6.98 (d, J = 8.4 Hz, 1H), 7.49 (dd, 
J = 2.0 and 8.4 Hz, 1H), 7.54 (d, J = 2.0 Hz, 1H), 9.89 (s, 
1H), 10.99 (s, 1H); 13C NMR (CDCl3, 100 MHz), δ 
(ppm): 58.3, 73.7, 117.9, 120.5, 130.0, 133.0, 136.8, 
161.3, 196.7. Anal. calcd. for C9H10O3, %: C, 65.05; H, 
6.07. Found, %: C, 64.70; H, 5.72. 
 
Preparation of 2-hydroxy-5-
(isopropoxymethyl)benzaldehyde 4 

A mixture of 5-(chloromethyl)-2-hydroxyben-
zaldehyde 2 (682 mg, 4 mmol) and finely ground Na-
HCO3 (672 mg, 8 mmol) in 2-propanol (10 mL) was 
stirred at room temperature overnight (18 h), and then the 
mixture was heated (oil bath temperature 50°C) for 4 h. 
The suspension was allowed to reach room temperature, 
and then the inorganics were filtered and washed with 
fresh 2-propanol (10 mL) to give a filtrate from which the 
solvent was removed under reduced pressure. The result-
ing yellow oil (745 mg, 96%) consisted of the desired 
product 4 with 95% purity according to NMR. The ana-
lytical sample (Rf 0.27, dichloromethane) was obtained 
after column chromatography using dichloromethane as 
mobile phase. 1H NMR (CDCl3, 400 MHz), δ (ppm): 1.23 
(d, J = 6.0 Hz, 6H), 3.70 (sept., 1H), 4.47 (s, 2H), 6.96 (d, 
J = 8.4 Hz, 1H), 7.50 (dd, J = 2.0 and 8.4 Hz, 1H), 7.55 
(d, J = 2.0 Hz, 1H), 9.89 (s, 1H), 10.98 (s, 1H); 13C NMR 
(CDCl3, 100 MHz), δ (ppm): 22.1, 69.0, 71.3, 117.7, 
120.3, 130.7, 132.6, 136.6, 161.0, 196.6. Anal. calcd. for 
C11H14O3, %: C, 68.02; H, 7.27. Found, %: C, 67.66; H, 
6.94. 
 
Synthesis of 2-hydroxy-5-
(morpholinomethyl)benzaldehyde 5 

To a solution of 5-(chloromethyl)-2-hydroxyben-
zaldehyde 2 (1023 mg, 6 mmol) in acetone (10 mL), an-
hydrous K2CO3 (2.48 g, 12 mmol) was first added, fol-
lowed by a solution of morpholine (522 mg, 6 mmol) in 
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acetone (5 mL). The yellow suspension was vigorously 
stirred at room temperature overnight (18 h), then the 
inorganics were filtered and washed with acetone 
(2×10 mL). The solvent in the filtrate was removed under 
reduced pressure, and then the residue was partitioned 
between diethyl ether (20 mL) and water (30 mL). The 
organic phase was washed with water (2×15 mL), dried 
over anhydrous Na2SO4, and evaporated under reduced 
pressure to afford an oil which crystallized slowly upon 
cooling to a reddish mass of crystals (756 mg, 57%) con-
sisting of aldehyde 5 with m.p. 90–91°C (lit.26 m.p. 92–
93°C). 1H NMR (DMSO-d6, 400 MHz), δ (ppm): 2.32 (t, 
J = 4.4 Hz, 4H), 3.39 (s, 2H), 3.55 (t, J = 4.4 Hz, 4H), 
6.96 (d, J = 8.4 Hz, 1H), 7.45 (dd, J = 2.0 and 8.4 Hz, 
1H), 7.55 (d, J = 2.0 Hz, 1H), 10.25 (s, 1H), 10.65 (br s, 
1H); 13C NMR (DMSO-d6, 100 MHz), δ (ppm): 53.0, 
61.4, 66.2, 117.2, 121.9, 128.8, 129.2, 137.2, 159.9, 191.6. 
Anal. calcd. for C12H15NO3, %: C, 65.14; H, 6.83; N, 6.33. 
Found, %: C, 65.28; H, 6.51; N, 6.04. 

 
Reaction of 5-(chloromethyl)-2-hydroxybenzaldehyde 2 
with 4-chlorothiophenol 

A solution of 5-(chloromethyl)-2-
hydroxybenzaldehyde 2 (682 g, 4 mmol) and 4-
chlorothiophenol (578 mg, 4 mmol) in chloroform 
(15 mL) was treated with NaHCO3 (672 mg, 8 mmol), 
then the suspension was efficiently stirred at room tem-
perature overnight (18 h). The solid material was removed 
by filtration and washed with fresh chloroform 
(2×10 mL), and then the solvent was removed from the 
filtrate under reduced pressure to give a colorless oil 
which crystalized upon cooling. The solid is recrystallized 
from isopropanol (10 mL) to afford colorless crystals of 5-
{[(4-chlorophenyl)thio]methyl}-2-hydroxybenzaldehyde 
6 (645 mg, 58%), m.p. 76–77°C (lit.27 m.p. 82°C). 1H 
NMR (CDCl3, 400 MHz), δ (ppm): 4.05 (s, 2H), 6.93 (d, 
J = 8.4 Hz, 1H), 7.18–7.26 (m, 4H), 7.38–7.42 (m, 1H), 
7.43 (d, J = 2.4 Hz, 1H), 9.82 (s, 1H), 10.96 (s, 1H); 13C 
NMR (CDCl3, 100 MHz), δ (ppm): 38.6, 118.0, 120.3, 
128.8, 129.1, 132.0, 133.1, 133.5, 133.8, 137.5, 160.9, 
196.3. Anal. calcd. for C14H11ClO2S, %: C, 60.32; H, 3.98; 
Cl, 12.72; S, 11.50. Found, %: C, 60.60; H, 4.12; Cl, 
12.98; S, 11.18. 
 
Preparation of 2-hydroxy-5-
(thiocyanatomethyl)benzaldehyde 7 

A solution of KSCN (300 mg, 3 mmol) in acetone 
(5 mL) was added to a solution of 5-(chloromethyl)-2-
hydroxybenzaldehyde 2 (511.5 g, 3 mmol) in acetone 
(5 mL), and then the mixture was stirred at room tempera-
ture overnight (18 h). Gradual dilution of the reaction 
mixture with water up to 50 mL afforded an emulsion 
which turned into a solid material over the weekend. The 

solid was filtered, air-dried and extracted with a hot mix-
ture of isopropanol and hexanes (50 mL, 1:4 v/v). After a 
small amount of insoluble material was removed by filtra-
tion of the hot solution, the filtrate was refrigerated over-
night to afford a solid material from which a second re-
crystallization from a mixture of 2-propanol–hexanes (1:4 
v/v) provided aldehyde 7 as colorless plates (250 mg, 
43%), m.p. 59–60°C. 1H NMR (CDCl3, 400 MHz), δ 
(ppm): 4.16 (s, 2H), 7.04 (d, J = 8.8 Hz, 1H), 7.54 (dd, 
J = 2.4 and 8.8 Hz, 1H), 7.58 (d, J = 2.0 Hz, 1H), 9.91 (s, 
1H), 11.11 (s, 1H); 13C NMR (CDCl3, 100 MHz), δ (ppm): 
37.5, 111.5, 118.9, 120.5, 126.0, 134.0, 137.4, 162.0, 196.0. 
Anal. calcd. for C9H7NO2S, %: C, 55.94; H, 3.65; N, 7.25; 
S, 16.59. Found, %: C, 56.13; H, 3.81; N, 7.03; S, 16.26. 
 
N-Alkylation of 1-benzyl-1H-imidazole with 5-
(chloromethyl)-2-hydroxybenzaldehyde 2 

A mixture of 5-(chloromethyl)-2-
hydroxybenzaldehyde 2 (511.5 mg, 3 mmol)) and 1-
benzyl-1H-imidazole (474 mg, 3 mmol) in toluene 
(15 mL) was stirred under heating (oil bath temperature 
70°C) for 24 h. The solid was filtered, washed with di-
ethyl ether (2×10 mL), air-dried and recrystallized from 
absolute ethanol (10 mL) to afford 1-benzyl-3-(3-formyl-
4-hydroxybenzyl)-1H-imidazol-3-ium chloride 8 as color-
less crystals (595 mg, 60%), m.p. 212–214°C. 1H NMR 
(DMSO-d6, 400 MHz), δ (ppm): 5.37 (s, 2H), 5.43 (s, 
2H), 7.12 (d, J = 8.8 Hz, 1H), 7.37–7.48 (m, 5H), 7.62 
(dd, J = 2.4 and 8.8 Hz, 1H), 7.63 (d, J = 2.4 Hz, 1H), 
7.80–7.86 (m, 2H), 9.42 (s, 1H), 10.31 (s, 1H), 11.12 (s, 
1H); 13C NMR (DMSO-d6, 100 MHz), δ (ppm): 51.3, 
52.0, 118.2, 122.5, 122.7, 122.9, 125.4, 128.3, 128.6, 
128.8, 129.0, 134.8, 136.2, 136.5, 161.4, 190.1. Anal. 
calcd. for C18H17ClN2O2, %: C, 65.75; H, 5.21; Cl, 10.78; 
N, 8.52. Found, %: C, 65.54; H, 5.13; Cl, 10.65; N, 8.77. 
 
N-Alkylation of 1-benzyl-1H-benzimidazole with 2-
hydroxy-5-(chloromethyl)benzaldehyde 2 

Reaction of 5-(chloromethyl)-2-hydroxyben-
zaldehyde 2 (256 mg, 1.5 mmol) with 1-benzyl-1H-
benzimidazole (312 mg, 1.5 mmol) in toluene (15 mL) 
was performed according to the procedure described for 
the preparation of compound 8 to afford after work-up a 
solid that was recrystallized twice from 96% ethanol to 
give 1-benzyl-3-(3-formyl-4-hydroxybenzyl)-1H-benzi-
midazol-3-ium chloride 9 as a colorless solid (122 mg, 
16%), m.p. 236–238°C. 1H NMR (DMSO-d6, 400 MHz), 
δ (ppm): 5.75 (s, 2H), 5.81 (s, 2H), 7.19 (d, J = 8.4 Hz, 
1H), 7.33–7.47 (m, 3H), 7.53 (d, J = 7.2 Hz, 2H), 7.58–
7.70 (m, 2H), 7.74 (dd, J = 2.4 and 8.4 Hz, 1H), 7.88 (d, 
J = 2.0 Hz, 1H), 7.92–8.00 (m, 1H), 8.00–8.09 (m, 1H), 
10.17 (s, 1H), 10.31 (s, 1H), 11.24 (s, 1H); 13C NMR 
(DMSO-d6, 100 MHz), δ (ppm): 49.3, 49.9, 114.0, 114.1, 
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118.2, 122.5, 124.5, 126.7, 126.8, 128.2, 128.6, 128.7, 
129.0, 131.0, 131.1, 134.0, 136.5, 142.7, 161.3, 190.1. 
Anal. calcd. for C22H19ClN2O2, %: C, 69.75; H, 5.05;Cl, 
9.36; N, 7.39. Found, %: C, 69.62; H, 4.97; Cl, 9.58; N, 
7.69. 
 
Petasis reaction of 2-hydroxy-5-
(isopropoxymethyl)benzaldehyde 4 with phenylboronic 
acid and morpholine 

A solution of 2-hydroxy-5-(isopropoxy-
methyl)benzaldehyde 4 (388 mg, 2 mmol), phenylboronic 
acid (244 mg, 2 mmol), and morpholine (174 mg, 
2 mmol) in dioxane (10 mL) was heated (oil bath tem-
perature of 100°C) overnight. The solvent was removed 
under reduced pressure, and then the residue was parti-
tioned between water (30 mL) and dichloromethane 
(20 mL). The organic layer was collected, and the aqueous 
layer was further extracted with fresh dichloromethane 
(20 mL). The combined organic fractions were washed 
with saturated aqueous NaHCO3 (10 mL), dried over 
anhydrous Na2SO4, and concentrated to give a residue 
from which, using flash chromatography (hexanes–ethyl 
acetate 9:1 v/v), 4-(isopropoxymethyl)-2-[morpholino-
(phenyl)methyl]phenol 10 was isolated as a colorless 
glassy material (423 mg, 62%), Rf 0.23 (hexanes–ethyl 
acetate 9:1 v/v). 1H NMR (CDCl3, 400 MHz), δ (ppm): 
1.16 (d, J = 2.4 Hz, 3H), 1.17 (d, J = 2.4 Hz, 3H), 2.38–
2.50 (m, 2H), 2.60 (br s, 2H), 3.62 (sept, 1H), 3.67–3.83 
(m, 4H), 4.30 (s, 2H), 4.39 (s, 1H), 6.83 (d, J = 8.4 Hz, 
1H), 6.93 (d, J = 2.0 Hz, 1H), 7.11 (dd, J = 2.0 and 
8.0 Hz, 1H), 7.22–7.36 (m, 3H), 7.36–7.51 (m, 2H), 11.73 
(s, 1H); 13C NMR (CDCl3, 100 MHz), δ (ppm): 22.1 (2 C 
atoms), 52.3, 66.9, 69.8, 70.9, 76.9, 117.0, 124.5, 128.1, 
128.4, 128.5, 128.9, 129.1, 130.0, 139.4, 155.4. Anal. 
calcd. for C21H27NO3, %: C, 73.87; H, 7.97; N, 4.10. 
Found, %: C, 74.06; H, 8.14; N, 3.89. 
 
Rap–Stoermer reaction of 5-{[(4-chlorophenyl)thio]-
methyl}-2-hydroxybenzaldehyde 6 with chloroacetone 

A mixture of 5-{[(4-chlorophenyl)thio]methyl}-2-
hydroxybenzaldehyde 6 (279 mg, 1 mmol), chloroacetone 
(111 mg, 1.2 mmol), and anhydrous K2CO3 (276 mg, 
2 mmol) in butan-2-one (15 mL) was heated at reflux 
temperature overnight (17 h). The solvent was removed 
under reduced pressure, and the residue was partitioned 
between ethyl acetate (15 mL) and water (15 mL). The 
organic phase was washed sequentially with water 
(15 mL) and brine (10 mL), and then it was dried on an-
hydrous Na2SO4. Removal of the solvent under reduced 
pressure afforded a material that was recrystallized from 
2-propanol to give 1-{5-{[(4-chlorophenyl)thio]methyl}-
benzofuran-2-yl}ethanone 11 as a yellow solid (190 mg, 
60%), m.p. 111–112°C. 1H NMR (CDCl3, 400 MHz), δ 

(ppm): 2.60 (s, 3H), 4.17 (s, 2H), 7.21 (s, 4H), 7.40 (dd, 
J = 1.6 and 8.8 Hz, 1H), 7.42 (d, J = 0.4 Hz, 1H), 7.50 (d, 
J = 8.4 Hz, 1H), 7.54 (d, J = 1.2 Hz, 1H); 13C NMR 
(CDCl3, 100 MHz), δ (ppm): 26.5, 39.4, 112.6, 112.8, 
123.1, 127.2, 129.0, 129.3, 131.8, 132.8, 133.1, 134.1, 
153.2, 154.9, 188.6. Anal. calcd. for C17H13ClO2S, %: C, 
64.45; H, 4.14; Cl, 11.19; S, 10.12. Found, %: C, 64.61; 
H, 4.02; Cl, 11.27; S, 9.93. 

 
Synthesis of 3-acetyl-6-(morpholinomethyl)-2H-

chromen-2-one 12 
A mixture of 2-hydroxy-5-(morpho-

linomethyl)benzaldehyde 5 (663 mg, 3 mmol), ethyl ace-
toacetate (585 mg, 4.5 mmol), and piperidine (10 drops) in 
96% ethanol (5 mL) was stirred at room temperature for 
3 h, and then the solution was refrigerated overnight. The 
solid was filtered, washed with a mixture of hexanes−2-
propanol (10 mL, 4:1 v/v), and air-dried. Recrystallization 
from a small volume of 96% ethanol gave yellow crystals 
(138 mg, 16%), mp 130–131 °C. 1H NMR (DMSO-d6, 
400 MHz), δ (ppm): 2.41 (br s, 4H), 2.59 (s, 3H), 3.60 (br 
s, 6H), 7.44 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 
7.88 (s, 1H), 8.64 (s, 1H); 13C NMR (DMSO-d6, 
100 MHz), δ (ppm): 30.0, 52.9, 61.1, 66.0, 116.0, 117.9, 
124.5, 130.6, 134.7, 135.2, 147.0, 153.8, 158.4, 195.1. 
Anal. calcd. for C16H17NO4, %: C, 66.89; H, 5.96; N, 4.88. 
Found, %: C, 66.78; H, 6.06; N, 5.03. 

3. Results and Discussion 

Chloromethylation of salicylaldehyde has been first 
reported more than 120 years ago,28 but a practical synthe-
sis for 5-(chloromethyl)salicylaldehyde has been de-
scribed only approximately fifty years later.29 Despite 
being widely used, the Blanc reaction of salicylaldehyde 
is known to have a series of shortcomings such as poor 
reproducibility or broad range of reported yields, which 
could stem from the co-existence in the final reaction 
mixture of the target product, of the intermediate carbinol 
and various side products which could potentially convert 
into one another under the employed reaction condition,25 
and even from the presence of 3-chloromethylsalicyl-
aldehyde as a by-product of chloromethylation.30 From an 
experimental point of view, chloromethylation of salicy-
laldehyde has been usually performed with formalin, in 
concentrated aqueous HCl as reaction medium, at room 
temperature, with reaction times extending up to 48 h. 
Occasionally, the use of zinc chloride31 or sulfuric acid32 
as catalysts has been reported. The synthetic procedure 
employed in this study for the preparation of the starting 
material was adapted from a published procedure,33 in 
which formalin was substituted by paraformaldehyde, 
owing to the latter’s ability to depolymerize under acidic 
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conditions (Scheme 1). At a 20 mmol scale, the reaction 
proceeds smoothly to afford variable amounts of crude 
material for distinct batches. Because it proved to be cru-
cial for the outcome of the reactions in which in the was 
involved, the purity of intermediate 2 has been verified by 
recording its proton NMR spectrum, and recrystallization 
from hexanes was repeated until the sample contained 
only the desired compound. The 1H NMR spectrum of 5-
(chloromethyl)salicylaldehyde features a singlet integrat-
ing for two protons at 4.59 ppm corresponding to the hy-

drogen atoms for the chloromethyl group, another singlet 
in the offset (δ = 9.90 ppm) that is assigned to the proton 
of the phenolic hydroxyl involved in a hydrogen bond 
with the oxygen atom from the neighboring carbonyl 
function, and only three aromatic protons associated the 
hydrogen atoms in the phenyl moiety. In the carbon NMR, 
the only peak in the aliphatic region (δ = 45.4 ppm) is 
indicative for the presence of the carbon atom in the 
chloromethyl function attached through the Blanc reaction 
to the aromatic ring in salicylaldehyde. 

 

 
 

Scheme 1. Synthesis of 5-(chloromethyl)salicylaldehyde and its conversion into other ortho-hydroxybenzaldehydes through nucleo-
philic substitution of chlorine by nucleophiles: a) paraformaldehyde, aq. 36.5% HCl, r.t., 24 h, 38–48%; b)  

1. methanol, NaHCO3, r.t., 4 h, then 50°C, 4 h; 2. Amberjet 1200(H), acetone, water, r.t., 5 h, 49%; c) 2-propanol, NaHCO3,  
r.t., 18 h, then 50°C, 4 h, 96%; d) morpholine, K2CO3, acetone, r.t., 18 h, 57%; e) 4-chlorothiophenol, chloroform, NaHCO3, r.t.,  

18 h, 58%; f) KSCN, acetone, r.t., 18 h, 43%; g) 1-benzyl-1H-imidazole, toluene, 70°C, 24 h, 60%; h) 1-benzyl-1H-benzimidazole, 
toluene, 70°C, 24 h, 16% 

 
The preparation of a series of intermediates through 

the replacement of the chlorine in the compound 2 with 
various nucleophiles was then investigated with a view to 
subsequently examine the suitability of these novel salicy-
laldehydes as substrates in a few organic reactions. First, 
the reaction of 5-(chloromethyl)salicylaldehyde 2 with 
selected alcohols was examined, a type of chemical proc-
ess that has been reported scarcely in literature, for exam-
ple for the reaction with hexaethylene glycol,33 2-
[(adamantan-1-yl)oxy]ethanol,34 or low molecular weight 
alcohols.35 In particular, key intermediate 2 was reacted in 

a straightforward manner with either methanol or 2-
propanol to give alkoxymethyl-salicylaldehydes 3 and 4, 
respectively (Scheme 1). A large excess of alcohol was 
employed with the view to fully convert the starting mate-
rial 2 into the target compounds 3 and 4, while a mild base 
such as NaHCO3 rather than a strong base such an alkali 
hydroxide was used in order to avoid secondary transfor-
mations, i.e., the self O-alkylation of 5-(chloro-
methyl)salicylaldehyde.36 The synthesis of these two 
compounds was reported previously under more elaborate 
reaction conditions,35 but the resulting compounds 3 and 4 
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have not been structurally characterized. While O-
alkylation of 2-propanol with 5-(chloromethyl)salicyl-
aldehyde 2 gave after work-up only the expected com-
pound 4 that was deemed by NMR to be sufficiently pure 
for most practical purposes, the similar reaction of inter-
mediate 2 with methanol afforded initially a 1:5 mixture 
of the desired aldehyde 3 (minor component) and its cor-
responding dimethyl acetal (major component). Deprotec-
tion of the acetal in this mixture was performed directly 
using the method reported by Coppola,37 which gave in 
the end the practically pure compound 3. Although the 
crude mixture comprising aldehyde 3 and its acetal was 
isolated with a good 71% yield (equivalent to the theoreti-
cal amount of compound 3), the additional step of acetal 
hydrolysis reduced the yield further. NMR analysis of 
these two 5-(alkoxymethyl)salicylaldehydes showed that 
replacement of the chlorine with alkoxy moieties was 
accompanied by a slight change of the chemical shift 
value of the singlet corresponding to the protons in the 
methylene group adjacent to the aromatic ring from 
4.59 ppm to 4.42 ppm in the case of compound 3, and to 
4.47 ppm for compound 4, while the conversion of 2 into 
either 3 or 4 led to more pronounced modification of the 
chemical shift value of the peak corresponding to the 
carbon atom of the same methylene group.  The correct 
signals for the newly introduced alkoxy moieties could be 
attributed in the aliphatic region of the proton and carbon 
NMR spectra, namely a singlet integrating for three pro-
tons at δ = 3.40 ppm and a peak at 73.7 ppm for com-
pound 3, and a doublet integrating for six protons at 
δ = 1.23 ppm, a septet integrating for one proton at 
δ = 3.70 ppm, and the peaks at 22.1 ppm and 71.3 ppm for 
compound 4. 

Despite the fact that 5-(N,N-disubstituted ami-
nomethyl)salicyladehydes have been reported as reagents 
in various chemical transformation, their preparation 
through N-alkylation of secondary aliphatic amines with 
5-(chloromethyl)salicylaldehyde 2 has been scarcely de-
scribed in the literature.38–40 In order to explore the syn-
thesis of a member of this particular group of salicylalde-
hydes, 2-hydroxy-5-(morpholinomethyl)benzaldehyde 5 
has been chosen as the target compound, and an approach 
distinct in terms of reaction conditions (solvent, base, 
reaction temperature, and reaction time) from the ones 
frequently mentioned in the literature has been examined 
(Scheme 1). Specifically, morpholine and the alkylating 
agent 2 were stirred in acetone, in the presence of K2CO3, 
at room temperature overnight, and work-up of the reac-
tion mixture afforded the desired compound sufficiently 
pure for use in subsequent chemical transformations, al-
beit in moderate yield compared to those already reported. 
Therefore, the synthetic approach reported in this study 

for the preparation of compound 5 is inferior in terms of 
yield to those employing triethylamine in refluxing tolu-
ene (91% yield)26 or K2CO3 in refluxing acetonitrile (also 
91% yield).39 The presence of the morpholine moiety in 
the structure of aldehyde 5 was confirmed by the identifi-
cation in its proton NMR spectrum of a triplet at 2.32 ppm 
that was assigned to the hydrogen atoms of the methylene 
groups adjacent to nitrogen, and also of a second triplet at 
3.55 pm that was associated with the hydrogen atoms of 
the methylene groups adjacent to oxygen, while the peaks 
at 53.0 ppm and 66.2 ppm in the carbon NMR spectrum 
were attributed to the carbon atoms in the same methylene 
groups of the morpholine moiety in compound 5. 

Next, our focus shifted towards the use of sulfur 
nucleophiles for the replacement of the halogen atom in 5-
(chloromethyl)salicylaldehyde 2. While this study was 
underway, a report that described the synthesis of several 
5-[(arylthio)methyl]salicylaldehydes using KOH in etha-
nol at reflux temperature became publicly available.27 A 
few attempts at replicating the published procedure using 
4-chlorothiophenol as the sulfur nucleophile showed that 
it was not entirely reliable, as it sometimes (but not al-
ways) produced mixtures of reaction products from which 
the desired compound could no longer be isolated in pure 
form even after repeated recrystallization. Analysis of the 
mixture of reaction products by NMR indicated that at 
least two impurities were also phenolic aldehydes, which 
were presumably generated through the concurrent self-
condensation via O-alkylation of the starting aldehyde 2 
under the reaction conditions,36 possibly followed by 
replacement of the terminal chlorine atom in the resulting 
dimer of 5-(chloromethyl)salicylaldehyde by one of pre-
sent nucleophiles (4-chlorothiophenol, or ethanol, or wa-
ter). Building on our previous successful alkylation of 
oxygen and nitrogen nucleophiles with using 5-
(chloromethyl)salicylaldehyde in the presence of a base 
weaker than KOH, a milder alternative for the preparation 
of  compound 6 that avoided the use of strong alkali as 
base and that of ethanol as the solvent, was developed. 
Thus, the S-alkylation of 4-chlorothiophenol with key 
intermediate 2 in the presence of NaHCO3 in chloroform 
at room temperature overnight afforded in a trouble-free 
manner the pure aldehyde 6 in fairly good yield 
(Scheme 1). It should be mentioned that the yields re-
corded for this approach were only marginally lower than 
those obtained in our only two successful attempts that 
used the published procedure; these yields were in the 
range of 75 to 80% for the crude isolated product and 
approximately 65% for the pure compound 6 (Sanad and 
Mekky reported a yield of 88% for the same compound,27 
supposedly after one recrystallization from ethanol). In-
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spection of the information gathered from the NMR spec-
tra of aldehyde 6 that was recorded in CDCl3 (the data 
provided in the literature27 were obtained from a sample 
dissolved in DMSO-d6) was in perfect agreement with its 
structure. In addition to 4-chlorothiophenol, the use of 
thiocyanate anion for the replacement of chlorine in 5-
(chloromethyl)salicylaldehyde with a sulfur nucleophile 
was also examined. Taking advantage of the excellent 
solubility of KSCN in acetone, its reaction with key in-
termediate 2 was performed in this solvent at room tem-
perature overnight. In the crude reaction product (which 
was isolated in a fairly good yield of 84% relative to the 
theoretical amount), the desired aldehyde 7 was accompa-
nied by another salicyladehyde as the major by-product 
(approximately 10% by NMR, it was not further isolated 
and characterized). The pure compound was obtained 
after extraction and repeated recrystallization, a series of 
operations that lowered the yield. As it was also the case 
for the sulfur-containing salicylaldehyde 6, the singlet 
corresponding to the two protons of the methylene group 
in the proton spectrum of compound 7 was downfield 
compared to the similar singlet in the proton spectrum of 
the starting material 2. The presence of the thiocyano 
function in the structure of was further substantiated by 
the association of the peak at 111.5 ppm in the 13C NMR 
spectrum of aldehyde 7 with the quaternary carbon atom 
in this group. 

Quaternization of 1-substituted imidazoles leads to 
salts with ionic liquid behavior that exhibit significant 
antimicrobial properties.41 The presence of the reactive 
hydroxy and formyl functions in the substituent of such 
quaternized heterocycles would further allow their chemi-
cal modification for other important applications.42–44 So 
far, to the best of our knowledge, mostly 1-
alkylimidazoles have been N-alkylated with 5-
(chloromethyl)salicylaldehyde; the present study broadens 
this particular family of imidazolium salts through the 
inclusion of the product 8 resulted from the N-alkylation 
of 1-benzyl-1H-imidazole with key intermediate 2 
(Scheme 1). The use of a reported synthetic procedure45 
gave a quantitative yield of the desired compound, but the 
purification of the crude product through recrystallization 
occurred with substantial loss of material. 1H NMR spec-
trum of salicylaldehyde 8 presented two singlets integrat-
ing for two protons close to 5.4 ppm, which correspond to 
the aliphatic hydrogens in the magnetically non-equivalent 
benzylic groups, while the easily discernible singlet at 
9.42 ppm can be unmistakably associated with the de-
shielded proton at C-2 in the imidazolium ring. Because a 
literature search revealed the scarcity of benzimidazolium 
salts bearing as a substituent at one of its nitrogen atoms a 

moiety derived from salicylaldehyde, the benzofused 
analog 9 was also synthesized (Scheme 1). Under identi-
cal reaction conditions as those employed for the prepara-
tion of imidazolium salt 8, N-alkylation of 1-benzyl-1H-
benzimidazole with 5-(chloromethyl)salicylaldehyde was 
less straightforward than that of 1-benzyl-1H-imidazole, 
as it produced a lower yield of a crude material (53% 
equated to pure compound 9). This outcome could be 
indicative of a diminished reactivity of 1-benzyl-1H-
benzimidazole in this reaction compared to that of imida-
zole analog. Moreover, the material isolated from this 
reaction contained a small amount of an impurity that was 
not soluble in ethanol and had to be removed by filtration. 
In addition, repeated recrystallization of the remaining 
substance was required in order to afford the target com-
pound 9 in pure form, which resulted in a poor yield of 
only 16%. NMR structural investigation of this compound 
also revealed two singlets integrating for two hydrogen 
atoms in the aliphatic region of the proton spectrum, but 
these singlets were more deshielded than the similar sig-
nals recorded for analogous 8, as they were identified at 
chemical shift values close to 5.8 ppm. Again, the distinct 
singlet for the proton at C-2 in the benzimidazolium ring 
system was plainly noticeable in the vicinity of 10 ppm of 
the proton spectrum of salicylaldehyde 9.   

The reactivity of a few of the salicyaldehydes 
whose synthesis has been presented in this study was also 
investigated. The recent reports on the biological activity 
of aminobenzylated phenols46,47 and our longtime interest 
in the chemistry and applications of Mannich bases 
prompted the examination of the potential use of aldehyde 
4 as reagent in a Petasis borono-Mannich reaction with 
phenylboronic acid and morpholine (Scheme 2). A proce-
dure for the Petasis reaction adapted from a literature 
method48 afforded the aminobenzylated phenol 10 in good 
yield after column chromatography. Structural NMR 
characterization of Mannich base 10 made use of two-
dimensional NMR spectroscopy to facilitate the identifica-
tion in the spectrum of the protons in the isopropoxy moi-
ety (two doublets at 1.6–1.7 ppm and a septet centered at 
3.62 ppm), in the morpholine ring (four protons in me-
thylene groups adjacent to nitrogen in the range 2.38–
2.67 ppm and four protons in methylene groups adjacent 
to oxygen in the range 3.67–3.83 ppm), and at the tertiary 
carbon atom (4.39 ppm) originating from the formyl func-
tion in starting material 4. Only the proton of the phenolic 
hydroxyl was noticeable in the off-set of the spectrum, 
while the correct number of aromatic protons in the struc-
ture of compound 10 was found in the aromatic region of 
the spectrum. 
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Scheme 2. Salicylaldehydes 4–6 as starting materials in the Petasis reaction and in heterocyclic synthesis 
 

Heterocycle formation through ring closure involv-
ing the spatially proximal hydroxyl and formyl groups in 
the structure of 2-hydroxybenzaldehydes was also explored 
using a couple of salicylaldehydes whose synthesis has 
been presented in this study. First, aldehyde 6 was used as 
substrate for the preparation of sulfur-containing benzofu-
ran 11 via cyclocondensation with chloroacetone 
(Scheme 2). No signals could be found in the off-set of the 
proton NMR spectrum of compound 10, which indicates 
the absence of the phenolic proton and the inclusion of the 
formyl group into the benzofuran ring system as the tertiary 
carbon atom C-3, whose proton has been associated with 
the doublet at 7.42 ppm using correlation spectroscopy. The 
chemical shift values for the protons (appearing as a singlet 
at 2.60 ppm) and for the carbon atoms (26.5 ppm for the 
carbon in the methyl group and 188.6 ppm for the carbon in 
the carbonyl group) of the acetyl function in benzofuran 11 
are comparable with the corresponding values in similar 2-
acetylbenzofurans described in the literature.49 The peaks of 
the quaternary aromatic carbon atoms adjacent to oxygen 
have also been identified in the 13C NMR spectrum of ben-
zofuran 11, and were assigned the signals at 153.2 ppm for 
the carbon in the junction of the benzene and furan rings 
and at 154.9 ppm for acetyl-substituted carbon in the furan 
ring.  

Cyclocondensation of salicylaldehyde 5 with ethyl 
acetoacetate serves as the second example for the involve-
ment of spatially proximal hydroxyl and formyl groups in 
the synthesis of heterocycles through ring closure 
(Scheme 2). A conventional procedure50 was employed to 
prove the feasibility of the ring closure using an amine-
substituted salicylaldehyde as substrate. This approach led 
to the isolation of a small amount of crude 2-
acetylcoumarin 12 (33%), which was further halved owing 
to compound’s good solubility in the recrystallization sol-
vent. No optimization of the process was attempted at this 
stage, but improvement of the reaction conditions (e.g., 
through the use of smaller volumes of solvent in the synthe-
sis, of elevated reaction temperature, or of a longer reaction 

time) along with a more careful selection of the solvent in 
the purification stage should markedly increase the yield. 
The success of the reaction was confirmed by the absence 
in the off-set of the proton spectrum of compound 12 of the 
signal for the phenolic proton and by the incorporation of 
the formyl group from the starting aldehyde 5 into the ben-
zopyran ring system as the tertiary carbon atom C-4, whose 
proton has been assigned the singlet at 8.64 ppm using two-
dimensional NMR spectroscopy. The presence in 1H NMR 
spectrum of compound 12 of the signals corresponding to 
the protons of the acetyl group (a singlet integrating for 
three hydrogens at 2.59 ppm) and to the protons of the 
morpholine moiety (a broad singlet at 2.41 ppm for the four 
hydrogens in the methylene groups adjacent to nitrogen and 
a broad singlet at 3.60 ppm for four hydrogens in the me-
thylene groups adjacent to oxygen, which was superim-
posed with the signal for the hydrogens of the methylene 
group bridging morpholine and benzopyran moieties) was 
also established. The presence of two distinct peaks in the 
13C NMR spectrum of compound 12 for the carbon atoms 
of the carbonyl functions (195.1 ppm for the carbon in 
acetyl and 158.4 ppm for C-2 in the 2-oxochromene scaf-
fold) further provided evidence for the heterocyclic struc-
ture of compound 12 by comparison with the spectra of 
other 3-acetylcoumarins.51 

4. Conclusions 

Several salicylaldehydes were synthesized through 
the nucleophilic substitution of chlorine in 5-
(chloromethyl)salicylaldehyde. Detailed experimental pro-
cedures and optimized reaction conditions have been pre-
sented for a few reported, yet so far little known members 
of this collection of 2-hydroxybenzaldehydes. A number of 
hitherto unknown salicylaldehydes have also been dis-
closed, while the use of selected compounds in this small 
library of 2-hydroxybenzaldehydes in the successful syn-
thesis of a 2-acetylbenzofuran, a 3-acetylcoumarin deriva-
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tive, and an aminobenzylated phenol via the Petasis reac-
tion was demonstrated. NMR analysis was shown to be an 
effective tool for the characterization of the novel com-
pounds and for pinpointing their typical structural features. 
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САЛІЦИЛОВІ АЛЬДЕГІДИ, ОТРИМАНІ  

З 2-ГІДРОКСИ-5-ХЛОРОМЕТИЛБЕНЗАЛЬДЕГІДУ: 
СИНТЕЗ І РЕАКЦІЇ 

 

Анотація. Синтезовано ряд саліцилових альдегідів за-
міщенням хорошої відхідної групи – атома хлору – у 2-гідрокси-
5-хлорометилбензальдегіді різними O-, S- або N-нуклеофілами. 
Досліджено участь деяких із цих саліцилових альдегідів у 
синтезі гетероциклів, таких як бензофуран або кумарин, а 
також застосування їх як субстрату в реакції Петасіса 
бороно-Манніха. 
 

Ключові слова: 2-гідроксибензальдегіди, нуклеофільне 
заміщення, ЯМР аналіз, синтез гетероциклів, реакція Петасіса. 

 
 

 


