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Abstract: A carbene intermediate is proposed as a reactive species in the base-induced

reaction of benzoyt chloride adducts of pyridine and quinoline N-oxides with carbonitriles to

give 2-pyridyl- and 2-quinolyl diacylamine as main products.

in the course of our investigation of electrophilic reactions of aromatic N-oxides through base-induced

deprotonation, we found that successive treatment of quinoline 1-oxide 1 (10 mmol) with benzoyl chloride (10 mmotl or
12 mmol) and 2,2,6,6-tetramethylpiperidine (TMP, 10 mmol or 12 mmol) in acetonitrile (MeCN) afforded N-2-quinolyl- N
benzoyl-acetamide? (2, 30%) and N, N-bis(2-quinolyl)-acetamide3 (3, 22%) as main products along with 2-
benzoyloxyquinoline (4, 10%), 2-chloroquinoline {8, 12%) and benzoic anhydride (6, 47%){Scheme 1).
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Apparently, 2 and 3 evolved from the participation of MeCN in the reaction. The reaction using benzonitrile
(PhCN) instead of MeCN proceeded similarly to give N, N-dibenzoyl-2-aminoquinoline? (7, 12%) corresponding to 2.
However, participation of the solvent was not apparent in the reaction when THF, benzene, dichloromethane or
acetone was used as the solvent instead of MeCN, only smallamounts of 4 and5 being formed. The presence of TMP
as a base is essential for the reaction and no reaction occurred without TMP. Triethylamine was shown to be equally
effective as TMP giving2,3,4,5 and 6 in 21, 18, 9, 11 and 51% yields, respectively, but no satisfactory resuits were
obtained with pyridine, #-BuOK, NaOEt, DBU and piperidine. it was further found that pyridine 1-oxide also reacts with
benzoyl chloride and TMP in MeCN or PhCN; N-2-pyridyl-N-benzoylacetamide® (8) , 2-benzoylaminopyridine (9), or N,N-
dibenzoyi-2-aminopyridine® (10) and N,N-bis(2-pyridyl)-benzamide’ (11) were obtained together with other
products(Tablel).
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Table 1 ‘ﬁ 1) PhCOCI, nitrile ‘n
A N 2) TMP R SN SN
Y Sr,

Entry Nitrile R, R, R3 R4 Compd. No  Yield(%)

12 acetonitrile -(CH)4- acetyl benzoyl 2 30
acetyl 2-quinolyl 3 22

2% acetonitrile H H acetyl  benzoyl 8 4
H H H benzoyl 9 35

3°  benzonitrile -(CH)4- benzoyl benzoy! 7 12
4®  benzonitile H H  benzoyi benzoyl 10 22
H H H benzoyl °] 10

H H  2-pyridyl benzoyl 11 4

a: In Entry 1, compounds 4(10%), 5(12%) and 6(47%) are obtained as the other products.
b : In Entry 2 and 4, compound 6(50%) is obtained as the other product.-
¢ ! In Entry 3, compounds 5(26%) and 6(49%) are obtained as the other products.
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The formation of 2 and 3 may be most likely explained by the following pathway. The initial step is the formation of
N-benzoyioxyquinolinium chloride A, quinoline 1-oxide-benzoy! chloride adduct. Deprotonation of A at the 2-position
by TMP leads to an intermediate B, better represented by the carbene form. The carbene B is electrophilic and reacts
with MeCN to give a nitrilium ylide C. An intramolecular shift of benzoyloxy anion in C can be expected to give a
benzoyloxyimine derivative E. An intramolecular transfer of the benzoyl group from O to N in E leads to 2. The
formation of 3 can be rationalized by the reaction of an intermediate B with E. This process accounts for a faily good
yield of benzoic anhydride 6 (Scheme 2).

As an altemative path from A to E, while a process involving nucleophilic attack of the nitrogen of MeCN at the 2-
position of A followed by elimination of benzoic acid from the thus-formed 1,2-dihydroquinoline intermediate F may be
conceivable, this i8 nonetheless unreasonable for the following reasons: 1) the nucleophilicity of MeCN or PhCN is
extremely low and there is no known precedent of such reaction of aromatic A-oxide with carbonitrile, 2) the NMR
spectral examination of A prepared in MeCN-dggave no evidence of the formation of F (Scheme 3).
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In regard to the mechanism of the transformation of C to E, we studied the reaction using 80-labelled benzoyl
chioride (enriched with 97 atom% of 780), and found that product 2 contains an aimost equal concentration of 780 in
both the acstyi and the benzoyl oxygens. This finding indicates that this transformation proceeds via ion pair D in a
similar manner with the reaction of 2-picoline 1-oxide with acetic anhydride,8 and rules out the path via a cyclic transition
state D',

Although the detailed mechanism of the formation of 4 and 5, which are commonly observed products in the
reaction of 1 with benzoy! chloride, is not clear, it is likely that these products would be obtained from the reaction of
benzoyloxy anion or chioride anion with an intermediate B. While the nucleophilic reactions through a carbene
intermediate have been known with A-fluoropyridinium salts,® very few reports'0 are available so far as regards
examples with aromatic N-oxides like the above-mentioned reactions. These results are of major theoretical
significance, leading to a diversity of synthetic procedures of aromatic N-oxide. Further work is in progress to examine
the reaction conditions in detail and to extend the scope of the reaction by using various weak nucleophiles.
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