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Abstract: Trimethylorthoformate has been found to be an effective dehydrating solvent for the
formation of imines, both in the solid phase as well as solution phase.

A venerable and useful transformation in organic synthesis is the condensation of an amine with a ketone
or aldehyde to form an imine.! The resultant product may be used as a versatile component in both nucleophilic?
and cycloaddition reactions.3 As a part of our work in the area of combinatorial organic synthesis, we required
a general method for imine formation that was suitable for solid phase work. While the classical methods of
azeotropic removal of water? and reaction in the presence of molecular sieves> were of some utility, we desired a
technique that did not require elevated temperatures or an additional solid component that would have to be
subsequently removed from the resin. We describe herein the use of trimethylorthoformate as a solvent with the
dehydrating power to drive imine formation. This solvent is suitable for solid-supported as well as solution
phase organic synthesis.

In a survey of reagents and solvents used for imine formation, tetramethylorthosilicate was the most similar
to the orthoformate for in situ dehydration.” However, this reagent requires acid catalysis and elevated
temperature.  Additionally, removal of the silicon containing byproducts can be problematic.
Trimethylorthoformate has been used as an inexpensive, yet effective dehydrating agent for acetal formation.8
Furthermore, the methanol and methylformate byproducts are easily removed after the reaction is complete.
With this information, we sought to examine trimethylorthoformate for imine formation.

Table 1 and Figure 1 list a series of imines which were formed under solution phase conditions using
trimethylorthoformate as the reaction solvent. For these studies, only amino acids were examined as the amine
component although other amines have been used.® Electron poor as well as electron rich aldehydes have been
successfully used for imine formation. However, electron rich aldehydes react somewhat more sluggishly than
do other aldehydes. The imines are isolated after rinsing an ether solution of the crude reaction mixture with
excess water followed by concentration of the organic solutions in vacuo. Although, aliphatic aldehydes and
ketones usually gave nonisolable imines due to imine-enamine tautomerization, these imines are viable
intermediates for in situ reduction and cycloaddition reactions.!0,11
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Table 1. Selected Characterization Data for Solution Phase Imines.

IHNMR  DCNMR IR
Compound Yield chemical chemical ~ absorption of
(%) shift of imine shift of C=N  imine C=N

C-H(ppm)2  (ppm)? stretch
(cmh
1 92 8.29 165.3 1648
2 96 8.27 165.0 1649
3 88 8.32 162.8 1643
4 98 8.30 162.2 1644
5 100 8.25 163.2 1642
6 89 8.24 162.6 1643
7 94 8.27 165.1 1652

8 >98 8.36 162.7 1701 (br)
9 >98 8.21 164.4 1644

4NMR spectra were obtained in CDCI3.
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Figure 1. Solution and solid-supported imines formed by trimethylorthoformate-mediated
condensation.

In comparison with the solution phase studies, imines 10-13 were prepared from the Sasrin-bound amino
acids using 13C labeled benzaldehyde and imines 14 and 15 from TentaGel AC-bound 2-!3C labeled amino acids
(Table 2). Condensations of the aldehydes and amines are performed in trimethylorthoformate at room
temperature using as little as two equivalents of aldehyde. In cases where the solubility of the amine component
in neat TMOF is poor, co-solvents such as THF and CH3CN have been used.!0 Although the reactions are
typically run for one to two hours, most unhindered imines are formed in less than 10 minutes as evidenced by
fast 13C NMR monitoring of the reactions.!2 The formation of imine was indicated by resonances in the 160
ppm range for compounds derived from a labeled aldehyde and in the 65-68 ppm range for compounds labeled at
the o-carbon of the amino acid. These spectal data correlated well with those of the solution phase imines

formed previously.
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Table 2. Diagnostic 13C NMR chemical shifts for resin bound imines with enriched carbons.

Compound C=N Chemical shift C-N Chemical shift
{ppm)2 (ppm)?
10 165.5 -
11 163.0 -
12 163.9 -
13 163.5 -
14 - 68.8
15 - 62.7
16 164.5 -
17 163.7 -

4NMR data obtained in benzene-dg.

We have found that the imine-forming reaction in the cases when the aldehyde component is bound to the
solid support and the amine is presented in solution (Table 2, compounds 16 and 17) is slower than for the
reaction with the opposite orientation (amine immobilized / aldehyde in solution). In most cases, a second
treatment of the partially converted support-bound aldehyde with amine drives the imine formation to
completion.

There have been a wealth of studies concerning the use of trialkylorthoformates as a synthetic reagent in the
presence of amines and ketones.!3 The products of these reactions, in the presence of acid catalysis or with
heating, are enamines which incorporate the methine of the orthoformate. This useful reaction has been used for
the synthesis of heterocyclic compounds.!3 Trialkylorthoformates also have been used for N-formylation of
amines.!4 Under our reaction conditions we detected no reaction products resulting from either of these
pathways.

Imines are the pivotal intermediates in the N-alkylation of amines with ketones or aldehydes by reductive
amination. Under protic conditions, in situ reductive aminations can lead to over alkylation of the aldehyde
component to the amine.!5 Based on the putative mechanism for reductive amination we felt that using
trimethylorthoformate would circumvent this problem.!! Indeed, when alkyl amines or esters of amino acids
were treated with an excess of aldehyde and sodium cyanoborohydride in trimethylorthoformate, only the
monoalkylated products were observed by HPLC.

In summary, trimethylorthoformate has been found to be a particularly useful solvent for imine formation.
The use of this powerful dehydrating solvent allows one to form imines under mild and non-acidic conditions for

both solution phase and resin-bound synthesis.16.17
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General Procedure for Imine Formation in Solution Phase. The amino acid alkyl ester (4
mmol) was added to a stirred solution of trimethylorthoformate (8-10 mL). After 5 min, benzaldehyde (4
mmol) was added and the mixture stirred for 8 hours. The mixture was taken up in ethyl ether (25 mL)
and extracted with water (4 X 50 mL), dried over anhydrous magnesium sulfate, concentrated and
analyzed without further purification.

General Procedure for Imine Formation on Solid Support. To a suspension of a support-
bound amine (50 mg, 650 mmol/g, 0.03 mmol) in trimethylorthoformate (0.5 mL) was added
benzaldehyde (0.06 mmol). The bead suspension was mixed by vortexing for 2 hours, the resin was
filtered, rinsed with anhydrous ethanol, and dried under high vacuum. The dried bead mass was then
suspended in benzene-dg and analyzed by fast 13C NMR spectroscopy.
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