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Abstract

The solid-phase synthesis of tertiary methylamines via the nucleophilic displacement of benzotriazole
Mannich adducts with Grignard reagents using a hydroxylamine linker is described. The chemistry is
exemplified by the synthesis of the MAO inhibitor a-methylpargyline. Also described is the synthesis of the
analgesic Tramadol by an alternative one-pot solid-phase Mannich reaction. © 2000 Elsevier Science Ltd.
All rights reserved.
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In the preceding communication,! we described the use of a traceless hydroxylamine linker for
the solid-phase synthesis of tertiary methylamines. Inherent to this protocol is the quaternisation
of a resin-bound tertiary hydroxylamine 1, followed by base-induced cleavage giving resin-bound
aldehyde 2 and tertiary amine 3 (Scheme 1).

i. MeOTf/ CH,Cl,
ii. Et;N / CH,CI,

Scheme 1.
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This letter describes the synthesis of tertiary methylamines using Grignard reagents, which
demonstrates the linker’s ability to withstand such strong organometallic nucleophiles. A
convenient way to demonstrate this (Scheme 2) involves formation of benzotriazole Mannich
adducts and subsequent Grignard displacement, a process well documented by Katritzky.? The
resin-bound secondary hydroxylamine! 4 was reacted with an aliphatic or aromatic aldehyde (10
mol equiv. R?CHO/CH,CI,/RT/18 h) in the presence of benzotriazole (10 mol equiv.) to form the
resin-bound benzotriazole Mannich adduct 5. Reaction of 5 with Grignard reagents (10 mol
equiv./THF/RT/16 h) occurs via the oxyiminium ion to give the tertiary hydroxylamine resin 6.
Quaternisation of 6 (5 mol equiv. MeOTf/CH,Cl,/RT/16 h) followed by base-induced cleavage (5 mol
equiv. Et3N/CH,Cl,/RT/16 h) gives high purity tertiary amines 7 (Table 1) and the resin-bound
aldehyde 2.
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Scheme 2.
Table 1
A selection of aldehydes and Grignard reagents used for the synthesis of tertiary amines
4R'=CH;Ph 4R' = CH,CH,Ph
R’CHO R3MgX 7 (%) R’CHO R3MgX 7 (%)°
Acetaldehyde Methyl 72 Acetaldehyde Methyl 72
Acetaldehyde Ethyl 70 Acetaldehyde Ethyl 62
Acetaldehyde 'Propyl 25 Acetaldehyde 'Propyl 18
Acetaldehyde Phenyl 55 Acetaldehyde Phenyl 35°
Acetaldehyde | p-F-Phenyl 28 Acetaldehyde p-F-Phenyl 69
Hexanal Methyl 65 Hexanal Methyl 68
Hexanal Ethyl 47° Hexanal Ethyl 47°
Hexanal Phenyl 41° Hexanal Phenyl 51°
Hexanal p-F-Phenyl 41° Hexanal p-F-Phenyl 51
Benzaldehyde Methyl 54° Benzaldehyde Methyl 56°
Benzaldehyde Ethyl 56 p-F-Benzaldehyde Ethyl 48°

*All compounds give satisfactory '"H NMR and mass spectra. Isolated overall yields for 7 steps based on the
hydroxylamine resin loading® determined by Fmoc quantitation method.*

®Tertiary amine purity of >99% was determined for randomly selected examples by HPLC and LC-MS.
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The benzotriazole Mannich base/Grignard reaction protocol allows easy access to tertiary
methylamines with branched chain substituents. This is illustrated by the solid-phase synthesis of
the racemic MAO inhibitor a-methylpargyline® 11 (Scheme 3).

O—NHZ 7 steps
N

Scheme 3.

Thus, alkylation of Boc-protected 10 with propargyl bromide' and subsequent deprotection
gave 4 (R'=propargyl). The benzotriazole Mannich adduct was formed with acetaldehyde
(10 mol equiv. MeCHO/10 mol equiv. benzotriazole/CH,Cl,/RT/18 h) to give 5 (R*>=Me).
Reaction of 5 with phenyl magnesium bromide (10 mol equiv./THF/RT/16 h) gave 6 (R?*=Ph),
which was quaternised with methyl triflate (5 mol equiv. MeOTf/CH,Cl,/RT/16 h) and cleaved (5
mol equiv. Et;N/CH,Cl,/RT/16 h) to furnish 11 in a 75% overall yield from 10. The purity of 11
was determined to be >99% by HPLC.

To further demonstrate the linker’s versatility, the analgesic ()-Tramadol® 15 was synthesised
as shown in Scheme 4.
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i. MeOTf/ CH,Cl,
ii. E,N / CH,Cl,

Scheme 4.

Resin 12 was made by methylation with methyl iodide.! Attempts to form 13 using Katritzky’s
benzotriazole Mannich intermediate via displacement with lithium enolates’ failed. Schroth® has
reported the synthesis of iminium ions by reaction of N-trimethysilyl-tertiary amines with
chloromethyl ethers. As far as the authors are aware, this methodology has not been used to form
oxyiminium ions. The N-TMS protection of 12, oxyiminium ion generation and subsequent
Mannich reaction with the silyl enol ether of cyclohexanone® was performed in one pot.'® This
approach was adopted due to the reported instability of N-TMS-protected hydroxylamines!' and
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also the potential instability of the resin-bound oxyiminium ion. The resin-bound ketone 13 was
reacted with 3-methoxyphenyl magnesium bromide!? (10 mol equiv. Grignard/THF/RT/16 h) to
give tertiary alcohol 14. The resin-bound alcohol 14 was quaternised (5 mol equiv. MeOTf/
CH,CI,/RT/16 h) and cleaved (5 mol equiv. Et3N/CH,Cl,/RT/16 h) to give Tramadol 15'3 as a
96:4 mixture (HPLC) of cis:trans isomers in an overall yield of 57%.

This represents, as far as the authors are aware, the first solid-phase Mannich reactions
involving hydroxylamine substrates. It also successfully demonstrates the viability of resin-bound
oxyiminium ions, the versatility of the resin and its ability to support the synthesis of more
complex materials of medicinal value.
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