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Abstract

Thermolysis of isonitriles with carboxylic acids provides, in one step, N-formyl imides (see, for

example 8 + 19 → 21). The resultant N-formyl group can be converted to N-H, NCH2OH or

NCH3. This chemistry allows for a new route for synthesizing β-N (asparagine) linked glycosyl amino

acids.

The dramatic progress achieved in reaching complex targets by chemical synthesis1 has been

largely fueled by major advances in methodology. For instance, huge breakthroughs in

asymmetric catalysis,2 group transfer reactions,3 cross-coupling reactions4 and chemistry

flowing from olefin metathesis,5 have had major impact on the practice of synthesis. The

enabling major discoveries such as those cited above reflect the flowering of contemporary

organometallic chemistry, wherein increasingly powerful mechanistic thinking and

experimentation have paved the way for the emergence of new catalytic agents and newly

designed supporting ligands, capable of providing high margins of stereocontrol (both relative

and absolute).6

The study described in this Communication is of a very different genre, in that it combines two

functional groups, known from virtually the dawn of organic chemistry, i.e. carboxylic acids

(1) and isonitriles (2). Indeed, the new chemistry we describe herein is currently not externally
catalyzed. Though the results related herein are of consequence to central contemporary

problems in synthesis, they might well have been discovered a century ago.

Our thinking began by taking note of the Passerini reaction, shown in a mechanistic format in

Scheme 1a.7 We also took note of the Ugi-4 component coupling reaction, which had surely

benefited from the logic of the Passerini chemistry (Scheme 1b).8 With these applications of

isonitriles in mind, we asked a simple question, i.e. do ordinary carboxylic acids (1) react with

isonitriles 2.9 We began with a hypothesis that 1 and 2 might be combinable, for instance, by

protonation followed by carboxylate nitrilium neutralization (see 1a + 2a →3, Scheme 1c).

Alternatively, 3 could be envisioned as the direct insertion product of carbenoid-like 2 into the
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OH bond of 1. In either case, we anticipated that 3, which is formally an O-acylated imidic

acid,10,11 could well give rise to high “value added” chemistry (vide infra).

Initial experiments were conducted with carboxylic acids and isonitriles wherein the R and R

′ entities did not, in themselves, embody any particularly advanced functionalities. However,

it was anticipated that if the chemistry we had in mind were feasible, the components 1 and

2 being joined, might carry valuable functionality. This Communication reports on the

combining of isonitriles and carboxylic acids and follow up chemistry of the resulting N-formyl

imides (vide infra). Promising potential applications to the synthesis of interesting amide types

are set forth.

In an orienting experiment, 1.2:1 molar equivalents of benzyl isonitrile (4) and benzoic acid

(5) were dissolved in chloroform at room temperature.12 Disappointingly at the time, no

reaction could be detected either by spectroscopic or chromatographic criteria. However, when

the solution was heated to 150 °C for 30 minutes in a microwave oven, an 83% yield of 7 was

obtained (Scheme 2).13 It seemed likely that the two components had reacted to afford a “high-

energy” intermediate (perhaps mixed anhydride 6) which, under thermolytic activation, had

rearranged to the observed N-formyl amide 7 possibly through a 1,3 O→N-acyl transfer (see

for instance 6a).14 For the completeness of the analysis, we note that, in principle, a novel but

not inconceivable cycloaddition between 1a (R= Ph) and 2a (R′= PhCH2) could lead directly

to 6a, the proposed intermediate in the postulated 1,3-acyl transfer.

In anticipation of possible applications of this chemistry to the construction of N-linked

glycoproteins, a similar reaction was conducted with the differentiated aspartate (8)15 and

cyclohexylisonitrile (9), this time with microwave heating ~150 °C (Scheme 2, eq. 1). Indeed,

asparagine derivative 11 was obtained in 82% yield. Additional insight into the aspartylation

reaction was garnered. Compound 8 (1 eq) was treated with 9 (1 eq) in chloroform at room

temperature for 24 hr. No new product was recognized. Then, 1 eq of p-methoxybenzylamine

(12), again in chloroform, was introduced. After the resulting solution was stirred for an

additional period of 24 hr at room temperature, a 10–15% yield of amide 14 was obtained

(Scheme 2, eq. 2). No N-formylimide 11 was detected under the room temperature conditions.

When the three components mixture (aspartate 8, cyclohexylisonitrile (9), and benzylamine

12) in chloroform was subjected to microwave heating at ca 130 °C from the outset, three

products (11, 13, and 14) were obtained in the ratio shown (Scheme 2, eq. 3). These experiments

suggest that acid 8 and isonitrile 9 react at room temperature in a rather slow step, producing

in situ a competent acyl donor capable of aspartylating 12 (see formation of 14). Under

microwave/thermolysis, the acyl donor (conceivably 10)16 undergoes two competing

reactions. It can aspartylate 12, now under more stringent conditions, to provide 14 more

rapidly. Alternatively, the intermediate can undergo a competitive 1,3-acyl rearrangement,

giving rise to 11. The latter can also function as an active formyl donor (with respect to formyl

acceptor 12) leading to 13.

Our next goal was the preliminary evaluation of this chemistry for building asparagine-linked

glycopeptides.17 Accordingly, we prepared a β-anomeric glycosylisonitrile in the context of

β-GlcNAc setting (see congener 15, Scheme 3, eq. 1)18. The processing of 15 with aspartate

8 in the usual way provided, surprisingly at the time, ester 16 in a stereospecific fashion. We

reasoned that activation of the isonitrile function, presumably by protonation, had set the stage

for ejection of some form of “cyanide” presumably via participation of the N-acetyl group.

The overall event generates a highly reactive β-GlcNAc donor. Following its reaction with

carboxylic acid 8, the β-configured ester 1619 is produced stereospecifically.

We next asked whether the removal of a strongly participating group at C2 of the glycosyl

isonitrile would allow for realization of the chemistry we were seeking. To study this
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possibility, the isonitriles 19 and 20 were prepared from the corresponding, previously known

glycosyl azides 17 and 18. In the event, the individual anomeric isonitriles reacted with 8 under

the usual circumstances to produce 21 and 22, respectively (Scheme 3, eq. 2 and 3). These

reactions appear to be anomerically specific, i.e. the respective α and β isonitriles produce,

correspondingly, the α and β N-linked glycosyl amino acids.

Armed with these findings, we proceeded to prepare an anomeric isonitrile, containing a 2-α-

azido function. The required substrate 24 was synthesized from the previously known bis azide

2320, taking advantage of the precedented feasibility of selectively reducing an anomeric azide

to the corresponding amine, in the presence of the neighboring 2-α-azido function.21

Compound 24 was subjected to the now usual conditions for combining with aspartate 8.

Happily, this reaction led to the 2-α-azido N-formyl asparagine system 25 (Scheme 3, eq. 4).

Though much work remains before effective usage of this chemistry in the fashioning of real

N-linked glycopeptides can be realized. However, the ability to reach a compound of the type

25 by this novel and straightforward way is already quite encouraging.

From the outset, it was anticipated that it would be possible to achieve selective deformylation

of the N-formyl amides. These structures, which arise from the presumed addition-

rearrangement sequence when starting with 1 and 2, correspond to nucleophile cleavable mixed

imides whose maximum vulnerability is at the formyl group. Indeed, this supposition proved

to be the case (see conversion of 7→26 and 21→27 through the action of sodium methoxide,

Scheme 4, eq. 1 and 2).

We then explored sequences which start with chemospecific reduction of the N-formyl function

of the mixed imide to its “methylol” derivative.22 Thus, for instance, reduction of compound

7 with sodium borohydride provides, after routine work-up and chromatographic purification,

an 80% yield of the dihydro derivative, 28 (Scheme 4, eq. 3). Similarly, 11 provides a high

yield of 29 (Scheme 4, eq. 4). Ordinarily, we do not fully purify the intermediate hydroxymethyl

product. Rather, it can serve, even in crude form, as a valuable intermediate for reaching other

amide-modifying structures. Thus, further reduction of the “methylol” intermediates with

triethylsilane in the presence of trifluoroacetic acid affords the corresponding N-methyl

compounds (see tertiary amides 31, 32 and 33 derived from 28, 29 and 30, respectively).23

Thus, the isonitrile-initiated chemistry described goes beyond the synthesis of secondary

amides. It also provides access to tertiary amides bearing N-methyl groups (see 31–33). The

incremental difficulties in acylating a secondary amine, containing even a supposedly small

N-methyl group relative to that which pertains to primary amines is well-appreciated by

practitioners of peptide chemistry.24 Another promising result in this regard is seen in the two-

step conversion 7→34 via Lewis acid-induced nucleophilic reaction of methylol intermediate

28 with allyl trimethylsilane (Scheme 4, eq. 6).25 Classical acylation of secondary amines

bearing two relatively large groups can be particularly demanding.

Still another avenue of progress provided by the N-formyl mixed imides arising from our

isonitrile chemistry is suggested in the context of a pleasingly simple two-step synthesis of

dihydropyridone 37.26 Combining of isonitrile 9 with the commercially available keto-acid

35 in the usual way, afforded 36. The latter was converted to 37 in 55% yield over the two

steps (Scheme 4, eq. 7).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Scheme 1.
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Scheme 2.
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Scheme 3.
aKey: (a) CHCl3, 150 °C (Microwave), 30–45 min; (b) (1) Pd/C, H2, Et3N, EtOAc; (2) HC(O)

OC(O)CH3; (c) (1) (NH4)2MoS4, MeCN/EtOH; (2) HC(O)OC(O)CH3, EtOAc, 53%; (d)

Triphosgene, Et3N, CH2Cl2, 0 °C to rt, 75–90%
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Scheme 4a.
aKey: (a) NaOMe, MeOH, 0 °C; (b) NaBH4, MeOH, 0 °C; (c) TFA, Et3SiH, CH2Cl2; (d) TFA,

allyltrimethylsilane, CH2Cl2; (e) CHCl3, 150 °C (Microwave), 30 min; (f) LiN(TMS)2, THF;

(g) TFA, CH2Cl2
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