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Abstract
A practical route to tertiary diarylmethylamides or -carbamates from imines, organozinc reagents and acyl chlorides or chlorofor-

mates is described. This route involves the formation of an imine, which is used without isolation, followed by its activation by the

carbonyl-containing electrophile and the trapping of the acyliminium by an organozinc reagent. Most steps are conducted concomi-

tantly to render the procedure as practical and straightforward as possible. Therefore, the whole experimental protocol takes less

than two hours.
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Introduction
Diarylmethylamines constitute an important class of nitrogen-

containing compounds displaying antihistaminic, anti-

arrhythmic, diuretic, antidepressant, laxative, anesthetic and

anticholinergic properties [1,2]. In this context, diarylmethyl-

amides and -carbamates represent reliable N-protected diaryl-

methylamine derivatives and should thus serve as valuable

precursors in the preparation of compounds of pharmaceutical

interest. Several procedures enabling the construction of the di-

arylmethylamide and -carbamate core have been described.

However, with respect to the substitution pattern of the

expected final compound, available methods differ notably.

Indeed, while the synthesis of secondary N-protected diaryl-

methylamines generally relies on the addition of organometallic

reagents to electron-deficient (activated) imines [3-7], the

preparation of tertiary diarylmethylamides or -carbamates may

be conducted through the addition of aromatic nucleophiles

onto N-acyliminium intermediates, formed in situ by reaction of

imines with carbonyl-containing electrophiles. In this latter

area, several studies have shown that some electron-enriched

arenes can be used as nucleophiles and add efficiently onto the

iminium carbon, either inter- or intramolecularly [8-16].

However, an increased range of aromatic moieties can be intro-
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duced through the use of organometallic compounds. The most

commonly employed reagents are organoindium [17,18],

organolithium [19,20], organomagnesium [21,22], organotin

[23], or organozinc compounds [24,25]. However, although

these are recognized as mild multi-purpose reagents, sole exam-

ples of their use in nucleophilic additions on acylimium salts

consist, to the best of our knowledge, of the phenylation of

quinolinium salts using diphenylzinc [26,27].

Recently, our group has been involved in various projects

pertaining to the development of multicomponent reactions

(MCRs) involving organometallic reagents, in particular

organozinc reagents, due to their ability to react in very mild

conditions and generally preserve most common functional

groups. Moreover, used in stoichiometric amounts, organozinc

reagents are more cost-effective and produce less toxic wastes

than other common nucleophiles, such as, e.g., organoindium or

organotin reagents. Our main contribution to the field was with

regards to the use of arylzinc reagents in Mannich-type reac-

tions with secondary amines and aldehydes to furnish tertiary

diarylmethylamines [28-33]. However, while a large range of

starting compounds could be used successfully in the process,

we noticed that primary amines are ineffective, probably due to

a weaker electrophilicity of the in situ-formed imines compared

to iminium ions. Consequently, we report herein the use of pri-

mary amines in a sequential one-pot process, based on the

preliminary activation of an aldimine with an acyl chloride or a

chloroformate, and the subsequent trapping of the resulting

acyliminium ion with an aromatic organozinc reagent, to

generate a range of diarylmethylamides and -carbamates in

satisfactory to good yields.

Results and Discussion
The limited intrinsic reactivity of imines towards the addition of

nucleophiles has long been recognized as a major issue in

nitrogen chemistry, but one which can be circumvented through

several strategies, mainly intended to withdraw electrons and

render the carbon more electrophilic [3-7]. Depending on the

substitution pattern of the expected final amines, the increase of

the electrophilicity should be implemented through the use of

activated imines (Scheme 1, pathway A) or by quaternarization

of the nitrogen atom with an electrophilic species (Scheme 1,

pathway B). The activating group (AG) should then be released

by a final deprotection to deliver the free amine (Scheme 1).

During the course of preceding works, we noticed that the add-

ition of aromatic organozinc reagents onto N-substituted

aldimines, formed in situ upon reaction of primary amines with

aromatic aldehydes, cannot be undertaken under our estab-

lished conditions. Thus, we intended to activate the C=N double

bond by rendering the carbon more electrophilic and we

Scheme 1: Addition of nucleophiles onto activated imines (A) or
iminiums (B).

initially envisaged the use of Lewis acid catalysis. Indeed, we

assumed that under these conditions, the formation of N–AG

(AG = activating group) bonds would be reversible, thus

cleavage would be effective in situ and only relatively small

amounts of the Lewis acid would be necessary. While several

common Lewis acids (TiCl4, AlCl3, CeCl3 and BF3·Et2O) were

trialled unsuccessfully, a different strategy based on the forma-

tion of solid bonds indicated that carbonyl derivatives such as

acetyl chloride or methyl chloroformate were, in contrast, effi-

cient activators of the C=N double bond, albeit used in stoichio-

metric amounts. This result is consistent with some previous

studies reporting the activation of imines under an acyliminium

form and the subsequent addition of either aromatic

[17-23,26,27] or non-aromatic [34,35] organometallic nucleo-

philes onto carbon.

Our preliminary investigations were then conducted on

N-benzylidenepropan-1-amine, taken as a model aldimine,

which was preformed and purified prior to use. This compound

was subjected to consecutive reactions with acetyl chloride and

phenylzinc bromide, furnishing the corresponding diarylmethyl-

amide in good yield (80%). However, as supplementary experi-

ments indicated that the starting imine 1 can be used without

preliminary purification, we chose to simplify the process by

operating from the crude imine, although slightly lower yields

(10–15% decreasing) were hence obtained. Thus, in a typical

experiment, the amine and the aldehyde were heated in toluene

in the presence of 4 Å molecular sieves for a few minutes. After

cooling to room temperature, the toluene solution containing the

imine 1 was transferred into another flask in which a slight

excess of the electrophile (acyl chloride or chloroformate 2)

was added. After a limited period under heating, the arylzinc

reagent 3, prepared in parallel via a cobalt-catalyzed procedure

[36] was added and the resulting solution was stirred for 30

minutes at ambient temperature. The chromatographic purifica-

tion of the crude oil afforded the expected diarylmethylamide

or -carbamate 4. Representative experimental results are

reported in Table 1.
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Table 1: Formation of diarylmethylamides and -carbamates.a

Entry R1 R2 R3 R4 Product Isolated yield (%)

1 n-Pr Ph Me Ph

4a

64

2 n-Pr 3-O2N–C6H4– Me Ph

4b

55

3 n-Pr 3-O2N–C6H4– MeO Ph

4c

59

4 n-Pr 2-F3C–C6H4– MeO Ph

4d

67

5 n-Pr thiophen-3-yl MeO Ph

4e

42

6 n-Pr Ph MeO 3-F3C–C6H4–

4f

68

7 n-Pr Ph MeO 4-EtO2C–C6H4–

4g

57
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Table 1: Formation of diarylmethylamides and -carbamates.a (continued)

8 n-Pr Ph MeO 4-Cl–C6H4–

4h

71

9 n-Pr Ph MeO 4-MeO–C6H4–

4i

63

10 Ph Ph Me Ph

4j

69

11 Bn Ph Me Ph

4k

36

aExperiments were conducted with ~10 mmol of imine, 12 mmol of acyl chloride or chloroformate, 13–16 mmol of the organozinc reagent, prepared
from 20 mmol of aryl bromide.

Under these conditions, coupling products 4 are formed in low

to high yields. The use of acetyl chloride (Table 1, entries 1, 2,

10 and 11) provided similar results to those observed with

methyl chloroformate (Table 1, entries 3–9). It can be seen that

more limited yields were obtained when a thiophene-derived

aldehyde (Table 1, entry 5) or benzylamine was employed as

the starting amine (Table 1, entry 11). However, these last two

results could not be explained.

We next tried to extend the reaction to other electrophilic com-

pounds that are known to easily form N–AG bonds with imines

and furnish analogous iminium salts. The case of methanesul-

fonyl chloride (MsCl) was dealt with first (Scheme 2).

Unfortunately, while the reaction of benzylzinc bromide proved

efficient under MsCl activation, phenylzinc bromide did not

undergo the coupling at all [37]. This was also the case with

trimethylsilyl chloride as an activator, whose reaction with the

model aldimine and phenylzinc bromide did not afford the

expected compound. On the other hand, a preliminary experi-

ment indicated that trifluoracetic anhydride was a very reliable

activator of the imine towards phenylzinc bromide addition.

Scheme 2: Activation of the aldimine with MsCl.

These results, combined with the above reported observations

with common Lewis acids, may indicate that acylating reagents

are particularly reliable for the activation of aldimines toward

arylzinc additions. However, the use of carbonyl-containing

electrophiles obviously constitutes an important drawback of

the procedure. Indeed, although TBAF has been reported to
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constitute a mild deprotection reagent for a range of carbamates

[38,39], the cleavage of the N–C=O bond, which is formed

during the process, might be commonly achieved under rather

harsh conditions. This is not the case with other potential acti-

vating agents such as sulfinic or phosphinic chloride deriva-

tives (ClS(O)R and ClP(O)R2), whose N–AG bond might be

cleaved easily upon acidic work-up. In addition, chiral versions

of such activators would be of further interest for potential

asymmetric couplings (at least with benzylzinc reagents), as the

stereogenic center would be located very close to the impending

asymmetric carbon and may thus serve as a valuable chiral

auxiliary. Consequently, we envisage the implementation a

further study which would be dedicated to the evaluation of

well-recognized chiral inductors such as Ellman- [40,41] or

Davis-type [42,43] sulfinyl derivatives in the process.

Conclusion
In conclusion, the results reported in this study indicate that the

formation of acyliminium cations constitutes a very convenient

approach to the activation of imines toward the addition of

aromatic organozinc reagents. Indeed, we could prepare a range

of diarylmethylamides or diarylmethylcarbamates by a sequen-

tial multicomponent process involving the preliminary forma-

tion of an imine, which can be used without isolation, its acti-

vation by an acyl chloride or a chloroformate and the final trap-

ping of the resulting acyliminium salt by an arylzinc reagent.

However, the harsh conditions which would probably be

required for the deprotection of the amide or carbamate func-

tion prompt us to undertake complementary experiments dedi-

cated to the assessment of easier-to-cleave activating groups.

Consequently, the evaluation of sulfinyl- or phosphinyl deriva-

tives in the process has been undertaken recently and will be

reported in due course.

Experimental
Typical procedure for the preparation of di-
arylmethylamides and carbamates
The aldimine (~10 mmol) was prepared from the aromatic alde-

hyde (12 mmol) and the amine (12 mmol) in toluene (10 mL) in

the presence of 4 Å molecular sieves (10 g) and para-toluene-

sulfonic acid (10 mg). After 30 min stirring at 80 °C and

cooling to rt, the solution was taken-up with a syringe and the

sieves washed with 5 mL toluene. The combined toluene frac-

tions were placed in another flask, which was flushed with

argon prior to addition, and acetyl chloride or methyl chlorofor-

mate (12 mmol) was added. The resulting mixture was stirred at

rt (ClCOCH3) or at 50 °C (ClCOOCH3) for 30 min, a period

during which the aromatic organozinc reagent (13–16 mmol,

depending on the starting halide) was prepared concomitantly as

follows: A 100 mL round bottom flask was flushed with argon,

then acetonitrile (20 mL), zinc dust (3 g), TFA (0.2 mL) and

BrCH2CH2Br (0.2 mL) were added consecutively under

vigorous (~500 rpm) stirring. The mixture was heated until gas

was evolved (at 50–70 °C), then allowed to cool to rt under

continuous stirring. The aryl bromide (15 mmol) and anhy-

drous cobalt bromide (330 mg) were then added to the mixture,

which was stirred at rt for additional 20 min. Stirring was then

stopped and the surrounding solution was taken-up with a

syringe. The solution was then added to the flask containing the

imine/carbonyl-containing compound mixture and the resulting

mixture was stirred at rt for 30 min. The solution was poured

into a sat. NH4Cl solution (100 mL), extracted with diethyl

ether (2 × 75 mL) and the combined organic fractions were

dried with magnesium sulfate, filtrated and then concentrated

under reduced pressure. The crude oil was purified by column

chromatography over silica gel with a pentane/diethyl ether

mixture (1:0 to 0:1) as an eluant to afford the diarylmethyl-

amide or carbamate 4.

NMR data for selected compounds
Methyl phenyl(2-(trifluoromethyl)phenyl)methyl(propyl)carba-

mate (4d) 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 7.8 Hz,

1H), 7.51 (t, J = 7.5 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.37–7.25

(m, 4H), 7.12 (d, J = 7.2 Hz, 2H), 6.94 (s, 1H), 3.71 (s, 3H),

3.45–3.31 (m, 1H), 3.23–3.11 (m, 1H), 1.27–1.11 (m, 1H), 0.79

(br s, 1H), 0.56 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz,

CDCl3) δ 156.9, 139.9, 139.5, 131.7, 131.0, 129.5 (q, J = 30.3

Hz), 128.4, 128.0, 127.9, 127.4, 126.4 (q, J = 6.0 Hz), 124.2 (q,

J = 274.4 Hz), 59.4, 52.7, 47.5, 21.9, 11.11.

N-Benzhydryl-N-phenylacetamide (4j) 1H NMR (400 MHz,

CDCl3) δ 7.19–7.10 (m, 15H), 6.74 (s, 1H), 1.86 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 170.8, 140.9, 139.2, 130.2,

129.7, 128.9, 128.1, 128.0, 127.4, 64.1, 23.7.

N-Benzhydryl-N-benzylacetamide (4k) 1H NMR (400 MHz,

CDCl3) δ 7.15–6.96 (m, 14H), 6.67–6.64 (m, 2H), 4.57 (s, 2H),

2.04 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.2, 139.3,

137.4, 129.2, 128.5, 128.2, 127.9, 127.6, 125.8, 66.4, 48.0, 22.8.
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