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Introduction

Between the different sources of formaldehyde as a C,
synthon in organic synthesis, the use of a commercial
aqueous solution is the most convenient. It avoids the te-
dious and harmful procedures to generate the formalde-
hyde monomer from formaldehyde oligomers such as
paraformaldehyde and trioxane. Besides being an inex-
pensive and commercially available reagent, aqueous
formaldehyde is a good electrophile and has been used in
various organic transformations, such as N-methylation
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and a-methylation of carbonyl compounds, aminomethy-
lation, hydroxymethylation, Prins reaction and Wittig-
type methylenation. A recently published Spotlight on
formaldehyde' has mentioned only one case of use of the
aqueous solution, the synthesis of propargylamines.’ In
this review a more complete extension of the use of aque-
ous formaldehyde is presented. The usual process for pro-
ducing formaldehyde is by oxidative dehydrogenation of
methanol using iron metal or its mixtures with molybde-
num.?

(A) Aminomethylation of Organic Halides:

Estevam et al. developed a one-pot, three-component reaction of sec-
ondary amines, aqueous formaldehyde and organic halides promoted
by zinc in aqueous medium to obtain tertiary amines. The Mannich
reaction Barbier-type alkylation and allylation of iminium ions gen-
erated in situ is conducted in the presence of copper(l) iodide in high
yield.*

Zn/ Cul / AcOH
+ HCHO + RX _—
N HZO, r.t. N
H I\R 40-95%

R = Alk, allyl, Bn, Ar

(B) Reductive Methylation of Amines:

Me

Selective mono- or dimethylation of primary amines and amino ac- NaHzPO4/Zn (granules) R—N 49-96%
ids with aqueous formaldehyde is promoted by non-activated zinc in Hz0, rt. Y
aqueous medium. Secondary amines are also easily methylated by R—NH, + HCHO —
Fhis methOfiology. The .me.thod .is based on th.e reduction of iminiurp AcOH/Zn (dust) Me
ions and high to quantitative yields are obtained under mild condi- R—N 73-98%
tions.’ Ho0, r.t. \

: R = Alk, allyl, Bn, Ar Me
(C) Asymmetric Hydroxymethylation: N 1)
Ishikawa et al. reported the hydroxymethylation of silylenol ethers OSiMes SC(?T(?S gglcr;;;)l K %
with aqueous formaldehyde to obtain a-hydroxymethylated ketones ~ R{_~ RS+ HCHO HO R R R®
with high enantioselectivity using a novel chiral scandium complex. , (5.0 equiv) HO-DME (1:9), -20 °C .
The a-hydroxymethylation was conducted in H,O-DME (1:9) and R gg:gg:f gf'd

the products were obtained in moderate to excellent yields.5
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R' = H, Me, Ph, Bn, TBSO
R2, R = H, -(CHy)s -

OH HO
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(D) a-Hydroxymethylation of Cycloalkanones: 0 o
Mase et al. recently reported the synthesis the (S)-a-hydroxymethyl-
cycloalkanones using aqueous formaldehyde in the presence of + HCHO cat. (?.10 mol%) o Son
L-threonine. These compounds, obtained in moderate to good yields, 1,4-dioxane
(CHy), 25°C, 48 h (CHa),

are important intermediates in the synthesis of chiral lactones.’

cat. = (S)-threonine 31-63% yield

82-97% ee
(E) Synthesis of 1,3-Dioxanes: ~
The class of 1,3-dioxane compounds has received much attention be- o) (0]
cause of their useful pharmacological properties. Direct use of aque- TfOH (10% mol)
ous formaldehyde in the Prins cyclization is highly desirable from g [0 YT+ HeHo T ho . R S
the viewpoint of both economy and safety. 1,3-Dioxane derivatives Lz z P 45-94%

were prepared from styrenes in moderate to high yields using tri-
fluoromethanesulfonic acid as catalyst.?

R =H, 4-Me, 4-OMe, 4-Cl, Ph

(F) Synthesis of Diarylmethanes:

Hua et al. demonstrated that ReCl(CO); catalyzes the condensation
of aromatic compounds with aqueous formaldehyde to afford diaryl-
methane derivatives. This dehydrate-type reaction was conducted in
solvent-free conditions to give products in good yields.’

| HoHO ReCI(CO)s
—_—
/ = 120 °C

R'= R?=H, Me, OMe, OEt, Cl

(G) a-Methylenation of Aldehydes:

Erkkila et al. described a rapid and convenient method for the meth-
ylenation of aldehydes to 2-substituted acroleins using aqueous
formaldehyde and pyridine/propanoic acid as catalyst. In this
Mannich-type reaction the products were obtained in good to excel-
lent yields.'”

0 (0]
t. 10 mol%
Mmoo temtomon A
H PrOH, 25 h
45°C

cat. = { ) -EtCOOH 64-99%

N
H

R = Me, n-Hex, t-But, Bn, -OEt, /'\/\)\

(H) Aza-Diels—-Alder Reaction:

Cérdova and co-workers reported a one-pot three-component direct
catalytic enantioselective aza-Diels—Alder reaction. (S)-Proline cat-
alyzed the reaction between «,-unsaturated cyclic ketones, aqueous
formaldehyde, and aryl amines. Azabicyclic ketones were prepared
in moderate to high yield and very good enantioselectivity.!!

(0]
cat.
+ HCHO + HZNOR _— N

DMSO, 50 °C

R =H, OMe 10-90% yield

cat. = (S)-proline
96-99% ee
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