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ABSTRACT
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A new method for the synthesis of N-tosylketimines via the palladium-catalyzed isomerization of N-tosylaziridines is described. The mild
reaction conditions tolerate the presence of a variety of functional groups including ketones, esters, and acetals. The reactions are believed
to proceed via the oxidative addition of the aziridine to Pd(0) and represent the first examples of transformations involving Pd(0)-mediated
oxidative additions of aziridines that do not proceed through allylpalladium intermediates.

Sulfonyl imines are versatile intermediates in organic to prepare via condensation reactiéfig/pically the conden-
synthesis.For example, they are used as substrates in heterosation of primary sulfonamides with aldehydes and ketones

Diels—Alder reactionsand trimethylenemethane cycload-

requires harsh reaction conditions and is usually limited to

ditions? which provide a useful route to nitrogen hetero- the preparation of nonenolizable sulfonyl aldimiAés.
cycles. They are also employed as electrophiles in a wide Many other strategies have been developed for the con-

variety of additiori and reductiohreactions.

As a result of the broad synthetic utility of sulfonylimines,

version of aldehydes tdN-sulfonyl imines$~1° including
methods for the in situ generation of sulfonyl imirfé4sf

a large number of methods have been developed for theirHowever, these protocols are usually limited to the synthesis

preparatiort. Although the formation of sulfonyhldimines

of nonenolizable sulfonylimines derived from aldehydes; the

can be achieved through several methods, synthesis of sulfouse of these methods for sulfonyl ketimine synthesis is rare

nyl ketiminesremains a serious challeng&or example, in
contrast toN-alkyl imines, N-sulfonyl imines are difficult
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and is limited to preparation of diaryl ketimine derivatives.
The most general methods for the synthesis of sulfonyl-

ketimines involve the condensation of oximes with sulfinyl

chlorided! or sulfonyl cyanide$? However, sulfinyl chlo-
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rides are often unstable and highly reactive. The analogousjii R NG

sulfonyl_ cyanides are easigr to manipulate but are quite tgp1e 1. Ligand Effects
expensive and generate toxic byproducts.

; Ts
Because of the limitations of the above transformations, B /QNTS metai complex, ligand j‘f\
the development of a new method for the synthesis of CeDe, 70 °C Bu
sulfonyl ketimines under mild conditions would be desirable.
An ideal method would be general, atom economical, entry  metal complex ligand reaction time®
catalytic, and tolerant of a wide range of functional groups 3 Pda(dba)s P(o-tol)s no reaction
and would not require toxic or otherwise hazardous reagents. 2 Pda(dba)s Cy,P(0-biphenyl) no reaction
During the course of our studies on the reactivity of 3 Pd(dba)s PCys L
transition metal complexes toward aziridiffese found that ‘5‘ EZ(SACE): PCys no reaction
treatment of 2-butyN-tosylaziridine () with a stoichiometric v b d%Pg’) ‘;)3]2 ;‘OhreaCt'on
. . ° 3]2
m|xtur_e of Pd(dbayP(?yb: in CgDg at 70°C led to the clgan - PA[P(t-BU)Me]» 25 min
formation ofN-tosylketimine2 (eq 1)1**>The transformation 8  PA[P(t-Bu):Cyl no reaction
9 PA[P(t-Bu)Cy2]> >72 ht
NTs  Pds(dba),/PCy, N"'TS aConditions: 1.0 equiv of substrate, 1.0 equiv of metal compleksC
Bu C.D. 70 °C )[\ 2 Mm (0.015 M). All reactions provided a single product as judgedtyyNMR
1 6-6 Bu analysis.” Time required for the complete conversion of substrate to product.

¢ The reaction was stopped after 72 h and was found to have proceeded to
66% completion.

of 1 to 2 was found to proceed effectively with only a
catalytic amount (5 mol %) of palladium. Given the mild
nature of these reaction conditions and the essentially Pd[P(t-Bu}Me], (4) were sufficiently reactive to promote
quantitative conversion of aziridine to imine, we reasoned the isomerization at room temperature, whereas RE&)].
that the palladium-catalyzed isomerization of aziridines could did not catalyze the reaction even at 8D Although4 was
potentially be employed as a very mild synthesiNetosyl more reactive tha3, most reactions were conducted with
ketimines that would tolerate a wide variety of functional commercially available.
groups. Our preliminary studies on the efficacy of this  As shown in Table 2, a number df-tosylaziridines are
transformation are described herein. isomerized td\-tosylketimines in good yield in the presence
In contrast to 2-vinyl-N-tosylaziridines, which readily of 2—4 mol % 3. The reaction conditions are sufficiently
undergo oxidative addition to Pd(®the oxidative addition mild to tolerate a variety of functional groups including esters
of 2-alkyl or -aryl aziridines to Pd(0) has not been previously (entry 3), olefins (entry 3), acetals (entry 4), and ketones
described? Thus, to maximize the kinetic efficiency of this  (entry 5). The isomerization of these functionalized substrates

process, we examined the stoichiometric reactiofh with is particularly noteworthy, as highly functionalized-
a number of palladium/phosphine complexes. Mixtures of tosylketimines would be difficult to prepare using existing
Pd(dba} and triarylphosphines such as RBPR(-tol)s, methods and have not been previously described. In contrast

BINAP, and dppf did not provide active catalysts for this to the related isomerization of styrene oxide to 2-phenylacetal-
reaction. In contrast, palladium complexes supported by dehydel*® 2-phenyl N-tosylaziridine5 reacts at the less
electron-rich trialkylphosphines promoted the isomerization hindered carbon rather than the activated benzylic position,
(Table 1). In general, preformedRd complexes were more  to afford sulfonyl ketimine6 (entry 2). We also observed
reactive than catalysts generated in situ from(éak) or thatN-acylaziridine8 was converted ttN-acylenamine in
Pd(OAc).1” The steric properties of the ligand had a dramatic 47% vyield (entry 7). At present, this method is limited to
impact on reactivity. For example, both Pd[R{zy(3) and the isomerization of terminal aziridines; 1,2-disubstituted
aziridines did not react under our standard conditions (entry
(12) Boger, D. L.; Corbett, W. LJ. Org. Chem1992,57, 4777—4780. 6). We are currently pursuing the development of other
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described. See: Mitchenko, S. A.: Slinkin, S. M.; Vdovichenko, A. N.; tosylimines was achieved by rapid chromatography on silica
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phosphine in the absence of Pd. (17) Mixtures of Pd(dba)/PCy; did effectively catalyze the isomerization
(16) For recent examples in catalytic reactions, see: (a) Butler, D. C. of 1. However, chromatographic separation of the imine product from dba
D.; Inman, G. A.; Alper, H.J. Org. Chem.2000, 65, 5887—5890. (b) was very difficult.
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Table 2. Palladium-Catalyzed Isomerization of Aziridiftes

entry substrate product rxn time yieldb L, Pd R . LiPd- N Ts
NTs NS . / —N —~Ts \B_kF{
1 BU/Q o )|\ 4h 74%
1 2 LnPd(0
.Ts
2 NTs N 36h  72%
Phﬂ Ph)s\ —
L, Pd
Et0,C._ /~7 Et0,C_/~7 TS
° &o C><:2/NTS Eo,0 A s N TR L~
2 2 N /LR NHTs
TsN OEt TS‘|N ¢ . . . .
4 l>\("fs\( /k("stOEt 4h 86% dines to Ni(0}® we propose the following mechanism for
708! OEt the isomerization reactions (Scheme 1). Oxidative addition
of the N-tosylaziridine to Pd[PCy, presumably occurs in
TSN Ts.\ an Sy2 fashion® to afford either zwitterionA or azametal-
5 l>\(./{3\n/ )\f’f\n/ 12h 70%¢ lacyclobutaneB. IntermediateA or B could then undergo
o) 3 pB-hydride elimination to afford hydrido-palladium amido
© speciesC. Reductive elimination ofC would provide an
6 H11C5,<i”s . 0% N-tosylenamine, which could tautomerize_ _t(_) afford the
Me observed products. The fact that the tosylaziridine substrates,
o including 2-phenylaziridine, react at the less hindered carbon
JOL J is supportive of a nucleophilic () mechanism of oxidative
7 N” Ph HN™ “Ph 7h  47% addition rather than a mechanism involving Lewis acid
Mo 8 Me’l\ 9 mediated activation of the aziridine, which would most likely

aConditions: 1.0 equiv of substrate;-2 mol % Pd[PCy]. (3), toluene
(0.25 M), 70°C. P The yields reported in this table are average isolated
yields obtained from two or more run%This material contained15% of
7,7-diethoxy-heptan-2-one resulting from partial imine hydrolysis during
chromatographic purificatiorf. This material contained-5% of p-toluene-
sulfonamide resulting from partial imine hydrolysis during chromatographic
purification.

isomerization of aziridines is amenable to use in “one-pot”
addition processes. For example, aziridingas treated with

a catalytic amount a8 for 7 h at 70°C until all of the starting
material had been consumed as judgedHbNMR analysis.

Scheme 1. Proposed Catalytic Cycle

result in ring opening at the benzylic positi&hlt is not
clear if azametallacyclobutareis formed under our reaction
conditions; however, it seems likely thathydride elimina-
tion occurs from an acyclic species suchfagExamination
of models suggests thathydride elimination fromB would
be stereoelectronically unfavoratfe.

In conclusion, we have developed a new method for the
synthesis ofN-tosylketimines via a palladium-catalyzed
isomerization oN-tosylaziridines. These reactions represent
the first examples of transformations involving oxidative
addition of aziridines to Pd(0) that do not proceed through

At this point the reaction mixture was cooled to room allylpalladium intermediates. The reactions exhibit excellent

temperature, and methylmagnesium bromide was added. Thdunctional group tolerance and are amenable to use in one-
resulting amine productO was isolated in 66% yield (eq POt sequential reactions. Further studies to expand the scope
2). Substrat@ was converted int@1in an analogous manner  Of this reaction and to ascertain the nature of the intermedi-
(eq 3). These processes provide a three-step (two-pot)@tes in the catalytic cycle are currently underway.
procedure for the conversion of a terminal olefin into a
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