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An acetonitrile solution of mercury(ll) chloride has been
found to catalyze efficiently the conversion of a diverse range

Acetonitrile, 80°C, 8 hr

Note

TABLE 1. Effect of Temperature and Catalyst on the
Rearrangement of Benzophenone Oxime

.OH
N Catalyst H
0 oM™
Acetonitrile
(0O 5
entry catalyst (mol %) reaction tempQ) yield (%)

1 HgCh(12) 80 96
2 HgCh(12) 50 74
3 HgCh (10) 80 81
4 ZnCh (12) 80 0
5 CdCh(12) 80 15
6 CoCh.6H0 (12) 80 10
7 NiCl,.6H,0 (12) 80 13
8 FeCk 80 38
9 MnCl.4H,0 (12) 80 35

TABLE 2. Effect of Solvents on the Rearrangement of
Benzophenone Oxime

of ketoximes into their corresponding amides/lactams. NOH HgCl, (12 mol%) Hm/©
N
Solvent, 8 hr ©/ o
The Beckmann rearrangement for the transformation of

ketoximes into amides/lactams constitutes a fundamental tool  gnyy solvent reaction tempQ) yield (%)
in organic synthesisThis rearrangement, however, traditionally 1 acetonitrile 80 96
requires harsh conditions such as a large amount of a strong 5 THE reflux 0
acid and high reaction temperature. The transformation of sensi- 3 DMF 80 0
tive oximes into amides/lactams is usually impeded in the above 4 acetone reflux S
condition, and the formation of a large amount of the byproduct 5 DMA 80 0
ammonium sulfate is a serious drawback in the rearrangement. ? é,&-ggxane 8%0 68
Hence, extensive efforts have been devoted to circumvent the 8 n-hexane reflux 0
harsh conditions; various procedures in liquid phaiseyapor 9 DCE 80 5

10 toluene 80 0

phasé in supercritical watef,and in ionic liquid8 have been
developed. In the liquid phasé,ferric chloride impregnated
silicagel, known as silferc catalyst, and ferric chloride impreg-
nated montmorillonite K10 were used as catalysts for the Beck-
mann rearrangement. Application of the former method to most
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of the acetophenone oximes gave their corresponding amides as
isomeric mixtures. For the latter method, limited numbers of
diarylketoximes were investigated. Recently, an efficient cata-
lytic method using in situ generation of a transition metal
complex (rhodium complex) as catalyst has been repdrted.
Although this elegant method efficiently catalyzes acyclic ketox-
imes into their corresponding amides, this method failed to give
lactams from cyclic ketoximes. Hence, more efficient and milder
catalytic methods for the transformation of ketoximes into
amides/lactams as well as diversification of the rearrangement
are highly desirable. We recently reported the Beckmann rear-
rangement of a diverse range of ketoximes into their corre-
sponding amides/lactams by mesitylenesulfonyl chloride in one
pot? In continuation of the research directed toward an efficient
and mild methodology for the Beckmann rearrangement, we
described herein a mercury-catalyzed Beckmann rearrangement
of ketoximes into amides/lactams in neutral condition.

We initially hypothesized that some of electrophilic transition
metal halides might efficiently catalyze the transformation of
ketoximes into amides/lactams by forming a better leaving group
as a metallic complex with the hydroxyl group of the oxime.
This method also would alleviate the harsh conditions of the

(8) Arisawa, M.; Yamaguchi, MOrg. Lett 2001, 3, 311-312.
(9) Ramalingan, C.; Park, Y.-T. Unpublished results.
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TABLE 3. Mercury-Catalyzed Beckmann Rearrangement of Acyclic and Cyclic Ketoximes

yield yield
entry substrate  HgCl, (mol%) product (%) entry substrate  HgCl, (mol%) product (%)
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Beckmann rearrangement and reduce the byproduct yield. A The catalytic activities of diverse transition metal halides on
preliminary examination showed that acetonitrile solution of the transformation of benzophenone oxime in acetonitrile were
HgCl, among several transition metal halides effectively examined (entries 49). No conversion was observed when
catalyzed the Beckmann rearrangement of benzophenone oxim&nCl, (12 mol %) was used as a catalyst (entry 4). Although
as a model. some of the other transition metal halides exhibited measurable
When an acetonitrile solution of benzophenone oxime and activities for the transformation of benzophenone oxime, their
HgCl, (12 mol %) was stirred at 8¢€C for 8 h under nitrogen  yields were not appreciable compared to that of HdC2 mol
atmosphere, the rearrangement prodNgbthenylbenzamide was ~ %). For example, the use of CdC(12 mol %) afforded
produced in high yield (96%, entry 1 in Table 1). The above N-phenylbenzamide in low yield (15%, entry 5). The other
reaction condition was appropriate for the transformation transition metal halides such as Ce6H,O and NiCk6H,0
because lowering the reaction temperature from 80 t6G0 (12 mol %) producedN-phenylbenzamide in 1013% vyield
and decreasing the amount of catalyst from 12 to 10 mol % (entries 6 and 7). However, FeCind MnCp4H,O (12 mol
lowered the amide yield (entries 2 and 3). %) affordedN-phenylbenzamide in better yield (entries 8 and
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9) albeit lower than that of Hg@l Thus, the procedure using SCHEME 1. Mechanism for the Mercury-Catalyzed
HgCl, (12 mol %) as a catalyst in acetonitrile at 80 proved Rearrangement of Ketoximes

to be optimal for the rearrangement. R. R! Hg?* R__R' . R__R' .
Solvent effects on the transformation were studied (Table 2). |~ ——— Té"":'Hg‘-.-Nzc-Me QT HgN=C-Me
In place of acetonitrile, other solvents such as aprotic polar — OH Me-C=N N - NCE’
solvents and nonpolar solvents did not accomplish the rear- A) (B)lii # (B)
rangement effectively (less than 10% vyield, Table 2). Probably “
acetontrile helps the reaction by forming an acetonitrile complex et i R
with mercury ion since this complexation is knowh- e \[]/R...HO,, + ; . * Ho, +
To illustrate the general applicability of Beckmann rearrange- RfNK/ HgN=C-Me \o_coN gN © "HgN=C-Me
ment catalyzed by an acetonitrile solution of HgGl diverse (E) © (D)
range of ketoximég were examined; the results are shown in
Table 3. A striking feature is that regardless of the electronic R1\n/0"' R1\(0
properties of the substituents, all of the oximes, benzophenone Ng HN.
oximes (entries 45), propiophenone oximes (entries®), and (F) (@)

acetophenone oximes (entries—1B) were efficiently trans-
formed into their corresponding N-substituted amides in neutral
condition. The oximes witlortho substituents afforded their
corresponding amides with yields comparatively lower (entries
11, 12, 14, 15, and 19) than those of the oximes vpidna
substituents or without substituents. Probably, the substituent
group at theortho position partially hinders complexation
between the mercuric ion and the oxime moiety and/or impedes
a migration of the aryl group due to steric effect.

The unsymmetrical benzophenone oxime (4-fluorophenyl)-
phenylmethanone oxime gave a mixture of isomeric amides
N-(4-fluorophenyl)benzamide and 4-fluohtphenylbenzamide
in the ratio of 0.8/1.0 (entry 2). Similarly, (4-methoxyphenyl)-
phenylmethanone oxime producéd(4-methoxyphenyl)ben-
zamide and 4-methoxi-phenylbenzamide as an isomeric
mixture in the ratio of 1.0/0.7 (entry 3). In the reactions of the
unsymmetric propiophenone oximes and acetophenone oximes
aryl groups migrated exclusively in preference to the alkyl
group. These results imply that electron-rich aryl groups have
better migrating aptitude than the alkyl group toward the
oximino nitrogen terminus and, thus, cationic species of the
oximino nitrogen terminus is involved (vide infra).

An investigation with cyclic ketoximes possessing several
ring size such as five-, six-, and seven-membered rings showed
that higher loading of the catalyst was required to transform the
cyclic ketoximes into their corresponding lactams with good to  The procedure for the catalytic conversion of benzophenone
better yield. The higher loading (30 mol %) of HgQin the oxime into N-phenylbenzamide using mercury(ll) chloride is
reaction effected the conversion of cyclopentanone oxime, cyclo- representative. To a solution of benzophenone oxime (197 mg, 1
hexanone Oxime’ and@rt.buty|cyc|0hexanone oxime into p|p_ mmol in 5 mL of acetonitrile)_ in a two-necked flask equipped with
eridin-2-one, azepan-2-one, andeftbutylazepan-2-one, re- a reflux qondenser under a nitrogen atmosphere'was added mercury-
spectively, with excellent yields (84929%), whereas its application (1) chloride (33 mg, 0.12 mmol). After being stirred at 80 for

. . 8 h, the reaction mixture was allowed to cool, and then acetonitrile
to the transformatlon of cyclloheptanone oxime produced azocan-(s mL) was added to dissolve the solid formed. The solvent was
2-one in relatively lower yield (48%). In the case of unsym-

) ; . s : stripped off, and the organic material was dissolved in dichlo-
metrical o-substituted cyclohexanone oxime, exclusive migra- omethane (4< 10 mL). The combined organic layers were washed

tion of an electron-ricku-carbon carrying an alkyl substituent  with brine, dried over magnesium sulfate, and filtered. The filtrate

toward the imino nitrogen of the oxime occurred (entry 22).  was evaporated under reduced pressure, and the residue obtained
The following mercury-catalyzed rearrangement mechanism was purified by flash column chromatography over silica gel {230

for the transformation of the oxime into amide is proposed on the 400 mesh) with a dichloromethanenethanol (100:4) eluent system

basis of the above preparative reactions and solvent and catalysto afford N-phenylbenzamide as a colorless solid (189 mg, 96%),

effects (Scheme 1). Electrophilic mercury ion is stabilized by MP 162-163°C.

forming a mercury complex with acetonitrité!1 The mercury

ion is coordinated to the oximino moiety of the oxinfe) @nd to

the lone pair electrons of acetonitrile to give compkin the
presence of acetonitrile, which is in resonance with the oxo
mercury complex. The hydroxide group of compExwhich has

a strong leaving propensity, moves to the mercury ion to give
oxo mercury comple®. Concomitantly thenti periplanar alkyl

or aryl group transto the oxime oxygen, migrates to the cationic
species of the oximino nitrogen terminus to give the carbocation
of imine C. The carbocatior€ is solvated with acetonitrile to
give intermediateE or reacts with a hydroxide ion from oxo
mercury complexD to directly give imidolF. The acetonitrile
group of the intermediat& is substituted with the hydroxyl
ligand of mercury comple to provide imidol form of amide

F. Amide G is produced from imidol fornk by tautomerization.

In the presence of small amount of methanol in acetonitrile
the rearranged product was not obtained. A plausible reason is
that methanol inhibits the formation of the compBby coor-
dination with the mercury ion, thus suppressing further reaction.

In summary, an acetonitrilomercury(ll) complex efficiently
catalyzes the rearrangement of a variety of acyclic and cyclic
ketoximes with good to excellent yields under essentially neutral
condition.
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