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Abstract: Syntheses of nitriles, imides, and amides by reaction of silver
carboxylates with unsubstituted, N-substituted, and N,N-disubstituted thioamides
in aprotic media are described.

Thioamides have attracted considerable attention in organic synthesis as versatile intermediates! 4 as well
as ligands of remarkable donor character. Thus, some transition-metal-promoted reactions have emerged as an
useful tool in the conversion of thioamides into amides,!a-4:6 amidines,5*.7 nitriles, and heterocycles® among
others. In this paper, we report on a new and efficient synthesis of nitriles, imides, and amides® by reaction of
thioamides with silver carboxylates in organic solvents.

N-Alkyl or aryl thioamides react with silver carboxylates at room temperature to give N-alkyl or aryl
imides. This process involves an O/S interchange and subsequent N-acylation with the acyl group coming from
the carboxylate used. Reactions were monitored by NMR and results are summarised in Table 1.
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Scheme 1 shows a likely pathway for the formation of the imide.
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The ambident nucleophilic character of thioamides’ must favour a rapid coordination which would result
in a silver thioimidate (II). This complex must then undergo an elimination-addition process promoted by a
second molecule of silver acetate. In the last step, the Mumm rearrangement!© of the O-acylisoimide (IV) into the
imide occurs.

Although several methods for both, O/S interchange!! and acylation of N-substituted thioamides!® have
been described, the conversion of thioamides into imides in one-step procedure have no precedents in the
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literature. This protocol can be useful for the preparation of unsymmetrical N-substituted imides that are often
synthesised by N-acylation of amides.!2 Moreover, unlike the strong electrophilic character of the conventional
acylation reagents, carboxylates react as nucleophiles and they can be utilised in a different synthetic strategy.

Remarkably, caprolactame was also obtained when thiocaprolactame was used as starting material (see
Table 1, entries 5 and 6). In this case, the cyclic structure obstructs the elimination reaction leading to the N-
alkylnitrilium ion III, and presumably the alternative pathway outlined in Scheme 2 (with R2=H) should be
involved.

Table 1. Reaction of N-substituted thioamides with silver carboxylates

% Conversion” Isolation®
Entry R R! R? Solvent  Imide  Amide  Yield(%) of Imide
1 CHj Ph CH;, CH,Cl, 100 0 70
2 CH; Ph Ph CH,Cl, 100 0 39
CH;0Ac

(0]
3 CH;j Acgco CH; CHCl 100 0 83

OAc

CH,0Ac

o

4 CH; Acg: 0 CHj CH.Cl, 100 0 84
OAc
5 — (CHp)s — CH; CH,Ch 58 42 c
6 — (CHp)s — CHj ether 86 14 53
*Determined by NMR measur ts. Unr d thi des were not observed. YYields were calculated after
purification by crystallisation or flash chromatography. *Not isolated.
Scheme 2
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The presence of anhydride was confirmed by NMR experiments.
When the reaction was carried out with N,N-dialkyl thioamides in the same conditions mentioned above,
the corresponding amides were the only products detected and isolated (see Table 2).
ISI 1l
R—C—NR!R? + 2AgOCOR? ——= R—C—NR!RZ + (R’CO)0 + Ag,S
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The presence of a second N-alkyl group prevents the formation of complex II, and the tetrahedral
intermediate (V) undergoes the attack of the second molecule of silver acetate as depicted in Scheme 2. This is the
first reaction in which a silver salt has been used to provoke the O/S interchange in non-aqueous solvents.!3

Table 2. Reaction of N, N-disubstituted thioamides with silver carboxylates®

Entry R R! R? R® Yield (%)°
1 CH; CH; PhCH;, CHj 74 [90]
2 H CH; CHj Ph (551
CH,0Ac
3 CHy Aﬂm/ C3Hy CH, 81
OAc

4 CHs — (CHp)y — CH, 80 [82)

sIn dichl h b Calculated yields from NMR measurements are given in brackets.

Finally, unsubstituted thicamides were converted into nitriles® by treatment with silver carboxylates in
dichloromethane (Table 3). This metal-promoted dehydrosulphurisation was previously described? in aqueous
solution using Ag(l), Hg(ID), Cu(l), etc., as reagents.

1l
R—C—NH, + 2 AgOCOR' —= R-C=N + Ag;S + 2R'COOH

Table 3.Reaction of unsubstituted thioamides with silver carboxylates®

Entry R R! Yield (%)
1 Ph CHj n
2 N©/ CH, 39
3 (O\J/ CHj 46
N
4 Ph Ph 49

AIn dichloromethane

In conclusion, new procedures for the synthesis of nitriles, imides, and amides by reaction of silver
carboxylates with unsubstituted, N-substituted, and N,N-disubstituted thioamides, respectively, are now
described. With this methodology, acylating electrophilic reagents are replaced by nucleophilic reagents in organic
media to give the aforementioned compounds with moderate to good yields under mild conditions.
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