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A HIGHLY EFFICIENT AND GENERAL N-MONOMETHYLATION OF FUNCTIONALIZED PRIMARY AMINES
VIA FORMYLATION--BORANE METHYL SULFIDE REDUCTION

S Krishnamurthy
Research Laboratories, Eastman Kodak Company, Rochester, New York 14650, U S A

Abstract Formylation of functionalized primary aromatic and aliphatic amines with acetic formic
anhydride (AFA) followed by borane methyl sulfide reduction in the same pot affords the corre-
sponding N-methylamines 1in excellent 1solated yields, uncontaminated by bis alkylation, the

reaction sequence 1s applicable to even very weakly basic and sterically hindered amines

N-Monomethylation (or N-monoalkylation) of primary amines 1s a key functional group trans-
formation often encountered in organic synthesis Although numerous methodolog1es1 are available
for the N-monomethylation (or N-monoalkylation), none are without limitations 2 Consequently, a
general, convenient and high-yield procedure under mild conditions 1s still a highly desirable
goal  An efficient and general one-pot procedure for the N-monomethylation of primary amines,
compatible with a wide range of functional groups, 1s presented here The strategy involves
formylation of the amino group followed by in situ reduction of the generated formamide to the
corresponding N-methylamine derivative

Primary aromatic and aliphatic amines react with excess acetic formic anhydrlde3 (acetic
anhydride and formic acid, 0 °C, 50-60 °C, 2 h) regioselectively Evaporation of the reaction
mixture (to remove the acetic acid and other volatiles) provides the corresponding N-aryl- and
N-alkylformamides respectively in quantitative yields The reaction 1s clean and rapid and
proceeds under extremely mild conditions Thus, formylation of aniline at -20 °C 1s complete 1n
less than 0 25 h, yielding essentially pure formanilide (mp 46 °C) 1in 99% 1solated yield 455
The reaction 1s applicable even to very weakly basic amines (4-nitroaniline, 0 °C, 0 25 h, 100%)
and highly hindered amines (2,6-di1sopropylaniline, -20 °C, 0 25 h, >99%)

Conversion of the formamide intermediate to the corresponding N-methylamine 1s conveniently
achieved by selective reduction with borane methyl sulfide (BMS) 6,7 Accordingly, the formamide
intermediate was dissolved 1in tetrahydrofuran (THF) and reduced with 2-2 5 mol equ1v8 of BMS
under a gentle reflux The reductions were complete in less than 3 h, providing the corre-
sponding N-methylamines 1n excellent 1solated yields (80-100% based on the starting primary
amine) The products were completely free from bis-alkylated products, frequently encountered
unwanted side products observed with a number of previous methods 1 The reaction sequence 1s
applicable to both aromatic and aliphatic primary amines (Table I) Especially significant 1s
the successful conversion of the sterically hindered amines 2,6-dimethylaniline and 2,6-diiso-
propylaniline to their corresponding N-monomethyl derivatives 1in excellent isolated yields

(eq 1) 3315
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Table I ~ N-Monomethylation of Representative Primary Amines via Formylation--Borane Methyl

Sulfide Reduction?

formylation stepE reduction stepE
temp, time, y1e1d,g y1e1d,g
primary amine °C h % N-methylamine %
aniline -20 0 25 100 Ij-methylanﬂlne£ 828
2,6-dimethylaniline -20 025 100 §,2,6-tr1methylan111ne£ 99,E 838
2,6~di11sopropylaniline =20 0 25 99 ﬁ_-methyl-Z,6-d1150propylan111ne£ 99,—tl 878
o-aminophenol =20 0 25 100 2-methylam1nophenol£ 98,E 768
p-anisidine =20 0 25 929 E-methyl-E-anlsldlne£ 848
p-bromoaniline =20 025 99 E-methyl-p_-bromoanﬂlne£ 808
p-iodoaniline -20 0 25 100 Ij-methyl-g-lodoanlhne£ 858
2,4-dichloroaniline -20 0 25 100 E-methyl-Z,4-d1ch10roan111nel 97h
p-nitroaniline 0 0 25 100 E-methyl-g-nltroanlllnei 911—1
2-chloro-4-nitroaniline 25 30 100 E-methyl-2-ch10ro-4-n1troan111ne£ 97,h 88k
ethyl p-aminobenzoate ~20 0 25 97 ethyl p_-g-methylamlnobenzoatel 961-l
4-amino-3-chloro-N,N- 25 20 99  4-methylamino-3-chloro- 858
dimethylbenzenesulfonamide }_I,}_I-d1methy1benzenesulfonam1de£
benzylamine -20 0 25 99 g-methylbenzylamlne£ 98,E 808
n~octylamine -20 05 g-methyloctylamlnel 771
3-aminopyridine -20 0 25 99 3-methylam1nopyr1dmel g7

iReact1ons were carried out in THF on 50-mmol scale (RNH,) l—’Monltored by TLC SReduc-
1ons were carried out using 2-2 5 equiv of borane methyl sulglde in refluxing THF for 3 h

+Isolated yield of the formamide —Isolated yield based on the starglng primary amine

=Isolated as amine hydrochloride Byield after recrystallization —Essentially pure, crude

1eld ~Isolated as the free amine
Yield after distillation

NHo NHCHO NHCH 3
AFA THF BMS, THF
B —6———>
-20°C, 025 h 65C, 3 h
99% 99%

0

1
A reported attempt to use a number of the previously recorded N-monoalkylation procedures™ for

the synthesis of N,2,6-trimethylaniline and related derivatives has resulted in difficult to

separate mixtures of mono~ and dialkylated products in low yields 9

The mildness of borane permits the presence of a large variety of functional groups

including heterocaromatic rings (eq 2 and 3)
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NH, NHCHO NHCH3
AFA, THF BMS,THF )
-20°C,025h 65°C,2h
COOC,Hs COOCsHs COOC,Hs
97% 96%
HCH
& NHo peaqie AWM gusThe | Py WHEHs
YY) o o 3
N 20°C,025h '}y 65°C,3h N (3)
99% 87%

Even very weakly basic and multifunctional amines such as 2-chloro-4-nitroaniline and
4-amino-3-chloro-N,N-dimethylbenzenesulfonamide undergo this conversion smoothly
Finally, the present methodology appears to be readily adaptable for the introduction of a

variety of other N-moncalkyl groups including the alkyl groups of very high steric requirements
10
(eq 4)

NH, NHCOCMe 5 NHCH,CMe-
(Me3CCO) O, THF BMS,THF
40°C,3 h 65°C, 3h
100% 95%

The following procedure for the N-monomethylation of 2-chloro-4-nitroaniline 1s representa-
tive An oven-dried 250-mL flask equipped with a sidearm fitted with a Teflon stopcock, a
magnetic stirring bar, and a reflux condenser connected to a mineral oil bubbler was cooled to
room temperature under a stream of dry nitrogen Acetic formic anhydride was generated in the
flask by dropwise addition of 98% formic acid (7 5 g, 160 mmol) to 13 5 g (130 mmol) of acetic
anhydride maintained at 0 °C followed by gentle heating (50-60 °C, 2 h) The mixture was cooled
to room temperature, and 10 mL of THF was added The reflux condenser was temporarily removed,
and 8 65 g (50 mmol) of 2-chloro-4-nitroaniline dissolved in 20 mL of THF was added The formyl-
ation was complete in 3 h, as shown by thin layer chromatography (TLC) The volatiles were
removed 1n vacuo (ca 10 mm Hg) to provide 10 g (50 mmol, 100%) of essentially pure (TLC)
2-chloro-4-mitroformanilide, mp 174-175 °C The formanilide was dissolved in THF (25 mL), the
solution was cooled to 0 °C, and 12 5 mL (125 mmol) of borane methyl sulfide complex was intro-
duced dropwise After vigorous reaction ceased, the resulting mixture was brought to a gentle

reflux and maintained at that temperature until completion (3 h, TLC) The reaction mixture was
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cooled to 0 °C, 20 mL of methanol was added, and the mixture was stirred well (1 h) Anhydrous
hydrogen chloride was bubbled through the mixture to attain a pH of <2, and the resulting mixture
was gently refluxed for 1 h After the mixture was cooled, methanol (100 mL) was added and the
solvents were removed on a rotary evaporator The solid residue obtained was made basic (water,
NaOH pellets, pH >12) and extracted with three 100-mL portions of ether After the extracts
were dried (MgSO4), removal of the solvent gave 9 g (97%) of essentially pure (TLC) N-methyl-2-
chloro-4-nitroaniline as an orange-yellow solid, mp 113-114 °C [lit 1

zation from ethanol afforded 8 2 g (88%), mp 114 °C

mp 116 °C] Recyrstalli-

In summary, formylation-reduction of primary amines provides a convenient route to the
corresponding N-methylamine derivatives 1in nearly quantitative yields Further, all of the
operations can be carried out in the same reaction vessel The mildness of the reaction sequence

permits the presence of a variety of sensitive functional groups
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