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Since its discovery in 1926the Neber rearrangement of oxime ~ Scheme 2

sulfonates has been recognized as one of the promising methods *L w"‘ Fre LT
for the preparation of a variety @f-amino ketones of both mixed H"\"FJ\/R — %\/F@ — e
alkyl—aryl and cyclic typed2 primary structures often encountered R R!
in biologically active compoundsThe reaction is usually carried
out in ethanolic sodium ethoxide and the plausible mechanistic - fOTs X /,h‘ .
pathways have been classified into: (i) initial removal of an F.Now H*j,__ ‘ Q})\, Hk)l?\/ﬂz . R‘ﬁj\/Rz
o-proton followed by loss of the tosylate moiety produces unsatur- ' NHp
ated nitrene, which is converted to an azirine (nitrene pathway), asymmetric induction
and (i) displacement at nitrogen and leaving of the tosyloxy
function take place in a concerted manner after caproton a model substrate. Taking the well-known instability of oxime
abstraction (anion pathway) as illustrated in Scherfi$Previous sulfonates into consideration, we envisioned tBatould be
Scheme 1 derivatized in situ from the parent ketoxinie under the reaction
Nl conditions of the rearrangement. After screening inorganic bases
A _re and solvents under liquieliquid as well as solig-liquid phase-
Ha Hb Lot transfer conditions using tetrabutylammonium bromide (TBAB) as
Eto@" lNaOEt \/K( \)\( a representative catalyst, we found that treatmen#Zpflé with
'zf: p-toluenesulfonyl chloride (1.2 equiv), TBAB (5 mol %) and MeOH
R‘\)NL(RZ mtrenepathway R1\T>\(R2 (_10 .equiv) ion toluene 50% KOH aqueous solution_ (volume ratio
s T p ‘) IR = .3..1) at 0°C for 2 h, and subsequent be_nzoylatlon fc_)llowed by
A o Tso e acidic hydrolysis afforded the protectegamino ketonetain 80%
H\( ot o o isolated yield as shown in Scheme 3. The presence of methanol
HN .S . L . T .
i Syn_ n'\lj\(az 5O a R turned out to be crucial to obtain high yield by the in situ deriva-

Hb NH, Hb tization of the initially formed azirine to the more stable methoxy
. ) aziridine3. It should be noted that attempted reaction without TBAB
studies generally support the former mechanism, where the productynder otherwise identical conditions gave only the corresponding

distribution is governed by the relative acidity@fprotons H and tosylate2 and none of the rearranged product was detected.
Hp, and initial stereochemistry of the oxime sulfonate is irreleg&nt.

On the other hand, the stereochemistry would seem to be importantg., ... 3

anion pathway

in the latter mechanism, because thai-displacement would be e py Phase atI;IaSTssfer oo NHg
. . . e

strongly favored over theyndisplacement. If this process is id —>P“/T [ prr T | 2222 P"/bf h)\’(

operative, employment of chiral base could result in the discrimina- 12 OH , OTs

tion of two enantiotopi@.-protons, giving optically active-amino

ketones. However, deprotonation by commonly used chiral lithium P
amides is believed to proceed through cyclic structireia the "&H toluene 567 KOH aq. CHClp U
coordination of lithium to nitrogen, eventually producing an 91 ' 80%
unsaturated nitrene with loss of the asymmetry (Schenié R).

this context, we have been interested in the utilization of tetraalkyl-  With this information in hand, we set out to study the asymmetric
ammonium hydroxide for the generation of a carbanion at the Neber rearrangement using chiral quaternary ammonium bromides
a-position under phase-transfer conditiérBhis could further be as catalysts. If the expected carbanion was generated at the
achieved in an enantioselective manner by the use of chiral o-position under the optimized phase-transfer conditions, then
quaternary ammonium salts, enabling the first experimental dem- pairing it with a chiral ammonium cation of an appropriate structure
onstration of the substantial involvement of anion pathway in the should lead to asymmetric induction, providing unequivocal
Neber rearrangement of simple ketoxime sulfonates. In this experimental evidence for the participation of the anion pathway.

Ph NHBz
p-TsCl (1.2 equiv), TBAB (5 mol%), MeOH (10 equiv) BzCl, Py 6 NHCI

communication, we wish to describe our preliminary results. Indeed, exposure ofZj-1a to the present liquigliquid phase-
We initiated our search for appropriate phase-transfer reaction yansfer conditions with structurally rigiG,-symmetric quaternary
conditions with the oxime tosylate of benzyl phenyl ketoRe&s ammonium bromid&a as a catalyst (5 mol %) followed by the

*To whom correspondence should be addressed. E-mail: maruoka@ benzoylatlo_n and hydrolysis gavg ns_e‘mm 60% yield with 30%
kuchem.kyoto-u.ac.jp. ee (entry 1 in Table 1). Here, switching the catalyst froato 5b
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Table 1. Asymmetric Induction in the Neber Rearrangement by
Chiral Phase-Transfer Catalysis?

2 NHB:
Fﬂ/ﬁ/R p-TsCI (1.2 equiv), 5 (5 mol%), MeOH (10 equiv) BzCl, Py 6N HCI : sz
.l‘o toluene-50% KOH ag. CHClp A
1 OH 40
oxime oxime condition  yield® % ee®
enty R! R? geometry catalyst  (°C, h) (%) (config)?
1 Ph Phia I74) 5a 0,72 60 309
2 5b 0,19 86 35§
3 5¢ 0,48 80 519
4 (E) 5c 0, 48 61 racemic
5 Ph pF-Ph@b) (2 5b 0,19 95 50
6 5¢c 0,43 90 63
7 5c 0, 68 81 70

aUnless otherwise specified, the reaction was carried out with 1.2 equiv
of p-TsCl and 10 equiv of MeOH in the presence of 5 mol %5oin
toluene-50% KOH ag (volume ratie= 3:1) under the given reaction con-
ditions. ? Isolated yield.¢ Enantiopurity was determined by HPLC analysis
using a chiral column (DAICEL Chiralpak AD) with hexang-propanol
as solventd Determined, after reduction with NaBMeOH, by comparison
with the optical rotation oN-benzoyl adduct of commercially available
(1S2R)-(+)-1,2-diphenyl-2-aminoethandl.Use of mesitylene as solvent.

and 5c enhanced the enantioselectivity to 35% ee and 51% ee,

CCC s CO
O, T3

respectively (entries 2 and 8)12A noteworthy observation is the
fact that the reaction wittH)-1a under otherwise similar conditions
afforded racemicta in 61% yield, suggesting the intervention of
the nitrene pathway rather than the unfavoratyadisplacement
(entry 4). More compelling results were obtained in the rearrange-
ment of the oximelb derived from benzyp-fluorophenyl ketone,
where the corresponding protected amino ketdlnevas obtained

in 95% yield, 50% ee wittbb and 90% vyield, 63% ee witbc,
respectively (entries 5 and 6). It is worthy of comment that use of
mesitylene in place of toluene further increased the enantioselec-
tivity to 70% ee (entry 7).

The effectiveness of the chiral quaternary ammonium bromide
5in inducing the stereoselectivity can be rationalized by postulating
the transition-state model, in which the conformation of the
catalyst-substrate ion pair would be fixed so that the possibter
interactions are fully appreciated (Figure 1). This hypothetical
transition state could explain the beneficial effect of electron-
deficient 3,3-aromatic substituents & on the enantioselectivity
as well as the absolute configuration of the rearranged praitict
Interestingly, use of more electron-righmethoxyphenylsulfonyl
chloride in the reaction of4)-1b under the influence obc led to
the production of more enantioenrich&l (80% yield, 73% ee}?

In conclusion, we have successfully utilized ligtigquid phase-
transfer catalysis for the Neber rearrangement of simple ketoxime

]
Br

®
(5,515 [Ar = p-Np] [S-Np-NAS-Br]
5b [Ar = 6-CF-(2-Np)]
5¢ [Ar = 4-CF5-Ph]

sulfonates and unambiguously demonstrated the participation of the

anion pathway by the employment of optically pu@g;symmetric
chiral quaternary ammonium bromides as catalysts. This provides
not only a new mechanistic insight but also an opportunity for ex-
tending the full synthetic utility of this classical yet useful rear-
rangement along with optimization of the enantioselective reaction.
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Figure 1. Transition-state model for the asymmetric Neber rearrangement
of (2)-1b with 5c.

Supporting Information Available: Representative experimental
procedures as well as spectroscopic characterization of cabedysd
all new compounds (PDF). This material is available free of charge
via the Internet at http:/pubs.acs.org.
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