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In the presence of catalytic quantites of Cu(OTf), the novel hydroxamic acid anhydride salt functions competently in the trifluoroacetamidation
of sulfides to afford N-(trifluoroacetyl)sulfilimines. The salient features of this salt include its ease of synthesis from the inexpensive, commercially
available starting materials trifluoroacetic anhydride and hydroxylamine hydrochloride.

The development of reagents and methods that effectlimits the selection of methods available to effect nitrogen-
oxidative functionalization of simple raw materials constitutes atom transfer, despite the enormous potential of such
an active area of research in chemistifo date, among the  methodology* Although recently there have been notable
most versatile of such processes are oxidations that generatadvances in this ar¢a® there continues to be a need for
epoxides, or diold.In this regard, the vast selection of new readily available, easily prepared reagents that serve as
chalcogen (peracids, dioxirane, oxone), pnictide (oxaziri- sources of electrophilic nitrogen. We have been interested
dines), and transition metal based oxygen-atom transferin the discovery and study of reaction methods and reagents
reagents has led to the development of a myriad of methodsfor nitrogen-atom transferHerein, we wish to report the
that provide access to powerful building blocks for synthésis. discovery of the hydroxamic acid anhydride salthat in

In contrast, the paucity of electrophilic-nitrogen equivalents the presence of catalytic Cu(ll) functions competently in the
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2a, p 103. (c) For a review of the Sharpless dihydroxylation reaction, see:  (6) (a) Evans, D. A.; Faul, M. M.; Bilodeau, M. T. Am. Chem. Soc
Kolb, H. C.; Van Nieuwenhze, M. S.; Sharpless, K.Ghem. Rev1994, 1994 116 2742. (b) Evans, D. A.; Faul, M. M.; Bilodeau, M. T.; Anderson,
94, 2483. (d) The continuous discovery and development of novel oxygen B. A.; Barnes, D. MJ. Am. Chem. S0&993,115, 5328. (c) Li, Z.; Conser,
atom transfer process (epoxidation) is an intensively active area of K. R.; Jacobsen, E. NJ. Am. Chem. Soc1993, 115, 5326. (d) For a

investigation; see: Yudin, A. K.; Sharpless, K.BAm. Chem. S04997, mechanistic discussion of the aziridination reaction, see: Li, Z.; Quan, R.
119, 11536 and references therein. W.; Jacobsen, E. Nl. Am. Chem. S0d 995,117, 5889.
(3) Methods of Organic Chemistry (Houben-WeyBelmchen, G., (7) (a) Du Bois, J.; Hong, J.; Carreira, E. M.; Day, M. W.Am. Chem.

Hoffmann, R. W., Mulzer, J., Schaumann, E., Eds.; Thieme: Stuttgart, Soc.1996,118, 915. (b) Du Bois, J.; Tomooka, C. S.; Hong, J.; Carreira,
Germany, 1996; Stereoselective Synthesis, Workbench Edition E21, Vol. E. M. J. Am. Chem. S04997,119, 3179. (c) Du Bois, J.; Tomooka, C. S.;
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trifluroacetamidation of sulfides to affoid-(trifluoroacetyl)- N,O-Bis(trifluoroacetyl)hydroxylamined) is conveniently

sulfilimines: prepared in large quantity (0.8 mol) as a crystalline solid by
treatment of neat trifluoroacetic anhydride with hydroxyl-
o j\ amine hydrochloride (Scheme #)Although this hydroxamic
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2 Scheme 1. Reagent Synthesis
The salient features of this novel salinclude its ease of j\ JOJ\ HeNOHeHCI j)\ o, CF
synthesis from the inexpensive, commercially available FsC™ "O” "CFg neat FsC” "N 8
starting materials trifluoroacetic anhydride and hydroxyl- ? o
amine hydrochloride. O tertBuLi
Only a handful of reagents are available that directly ,:SC)J\N'O\H/CFS Et,0
aminate organic molecules to furnish the corresponding i o then
nitrogenous compound. Among the more popular sources 1 pentane

of active electrophilic nitrogen reagents are azitldd,
haloamides;® and the relatedN-arylsulfonyliminoiodoben-

zenes:'% Acyl and carbamoyl azides have been utilized in  g¢jq anhydride ) proved sluggish in the reaction with
alkene aziridination, although the process is of limited gyfiges under a variety of conditions, we observed that the
preparative use. Of particular importance, Sharpless hascorresponding lithium saltl serves as an electrophilic
recently documented the usehaloamides and carbamates nitrogen equivalent in the presence of transition-metal

as versatile and practical amination reagents in the Catalyticcatalysts. This salt was generated upon treatmeBtvaith
aziridination of olefins and enantioselective, catalytic amido gL in Et,O at —78 °C with warming to 23°C. This
hydroxylation?® The use of hydroxamic acid derivatives as previously unknown salt can be isolated as an analytically
electrophilic nitrogen equivalents with metal catalysts, nyre white soli@ following trituration with pentane. It is
however, lacks precedence, despite the fact that they would,yq i, noting that in our handscan be stored for extended
enjoy some unique features as potential electrophilic ami- heriods of time at ambient temperature without decomposi-
nating reagentS™** In this regard,N-hydroxyamides and  {jo As part of a comprehensive study, we outline below
their derivatives are trivially prepared and as a class theseing yse of this electrophilic nitrogen source for the prepara-
enjoy greater shelf life than thel-haloamide counterparts.  ion of N-(trifluoroacetyl)sulfilimines from sulfides. The
Moreover, the successful development of such compoundsyeparation of sulfilimines has been accomplished by treat-
as electrophilic aminating reagents would afford trifluoro- ent of sulfides with the traditional known sources of
acetamides, which may be easily converted to the corre-gjecirophilic nitrogen, namelyN-halosulfonamides, the
sponding free amine under neutral (NaBror mildly relatedN-arylsulfonyliminoiodobenzenes, and acyl or car-
alkaline (K,COy/H,O0/MeOH, 25°C) conditions'® bamoyl azide&° This class of sulfur compounds enjoys rich

(8) Bach, T.; Kérber, CTetrahedron Lett1998,39, 5015. synthetic chemist@ and, for example, can be utilized to
39(926|2<7eddy, K. L.; Dress, K. R.; Sharpless, K. Betrahedron Lett1998 prepare aziridinésand oxazolinone® Moreover, optically

(10) (a) Yamada, Y.; Yamamoto, T.; Okawara, @hem. Lett1975 active sulfilimines can be stereospecifically converted to the

361. (b) Breslow has utilized this reagent in the tosylamidation of corresponding optically active sulfoxidé&=
cyclohexane with Mn(lll) or Fe(lll) porphyrins; see: Breslow, R.; Gellman,
S. H.J. Chem. Soc., Chem. Comm@@82 1400. More recently this reagent
has been utilized in Cu-catalyzed olefin aziridination reactfons. (16) Greene, T. W.; Wultts, P. G. MRrotecting Groups in Organic
(11) For the asymmetric synthesis @famino acid derivatives via an Synthesis, 2nd ed.; Wiley: New York, 1991; p 353.
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fluoromethyl)sulfonyl)oxy]carbamate in the thermal reaction of sulfides to 1655 cnt. Anal. Calcd for GNOsLiFs: C, 20.80; N, 6.06. Found: C,
give sulfilimines. The preferred mode for reagent preparation prescribes 20.67; N, 6.02.
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1998,54, 8217. Zhou, P.; Chen, B.-CChem. Soc. Re 1998,27, 13.
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NHCO,Et) has been utilized in Michael addition reactions to activated 1977,7, 287.
unsaturated acceptors to give enolates that subsequently undergo ring closure (22) Abou-Gharbia, M.; Ketcha, D. M.; Zacharias, D. E.; SwernJD.
to the corresponding aziridine; see: Fioravanti, S.; Pellacani, L.; Stabile, Org. Chem 1985,50, 2224.

S.; Tardella, P. ATetrahedron1998,54, 6169. (23) Day, J.; Cram, D. JJ. Am. Chem. S0d.965,87, 4398.

(15) Genét has utilizetbrt-butyl N-(tosyloxy)carbamate as an aminating (24) For catalytic methods for the preparation of sulfoxides from sulfides,
reagent with organolithiumsn¢BuLi, MeLi), organocopper (PhCu), and see: (@) Brunel, J. M.; Diter, P.; Duetsch. M.; Kagan, HJBOrg. Chem.
ester enolates (Liand Zrf"); see: Genét, J. P.; Mallart, S.; Greck, C.;  1995,60, 8086. (b) Brunel, J.-M.; Kagan, H. Bull. Soc. Chem. Fr1996,
Piveteau, ETetrahedron Lett1991 32, 2359. In addition, Genét has utilized 113, 1109. (c) Brunel, J. M.; Kagan, H. Bynlett1996, 404. Also see:
lithium allyl [(arylsulfonyl)oxy]carbamates as aminating reagents; see: Palucki, M.; Hanson, P.; Jacobsen, E Tétrahedron Lett1992 33, 7111.
Greck, C.; Bischoff, L.; Ferreira, F.; Génd. P.J. Org. Chem1995,60, For a related process, see: Cogan, D. A.; Liu, G. C.; Kim, K. J.; Backes,
7010. B. J.; Ellman, J. AJ. Am. Chem. S0d.998,120, 8011.
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Treatment of sulfides with and 1—7 mol % Cu(OT§)in at a faster rate than their electron-deficient counterparts.
dimethoxyethane (DME) at 45—83C cleanly furnishes  Several observations that we have made in the course of our
N-(trifluoroacetyl)sulfilimines in up to 95% yield (Table 2. preliminary investigations deserve noting. Following a study

of the reaction in a number of solvents (MeCN, THR&t
_ CH.Cl;), DME proved to be optimal. In the other solvents
_ T _ _ either1 was only sparingly soluble or, soon after the initiation
Table 1. Catalytic Amidation of Sulfides with 2 of the reaction, precipitates were observed with concomitant
detrimental effects on the reaction rate. Although the structure

5-7 mol% of the active aminating reagent in solution is presently
S c)(i O CF SUOTh2 I "CFs K late that the adduct of Cu(ll) viit
RV R2 4+ F4 N & unknown, we speculate that the adduct o u(In ay
0 DME RY TR? correspond to the observed precipitate that subsequently
1 45-85°C 2 removes the catalyst from solution in solvents other than
DME.?® The amination reaction of sulfides 3yor 1 is not
Entry Sulfide % Cu(ll)  Yield catalyzed by Brgnsted acid. Thus, when sulfigley 1, and
s p-toluenesulfonic acid were stirred at 8Q for 15 h, no
1 Me \©\ 7% 78% sulfilimine adduct was isolated. However, although we have
Me observed that other metal salts such as Mg(@Eid
) 1% 65% Sn(OTf) function as catalysts, the best yields and rates were
obtained with either Cu(l) or Cu(ll) triflates; the use
Me_ S Cu(OTf), offers advantages, since it is readily handled on
3 5% 7% the benchtop.
We have demonstrated the ability of the novel salt of
4 Me’s\(Me 2o, 160 hydroxamic acid anhydridel to serve as a source of
Me ° ° electrophilic nitrogen. In the presence of this reagent and
1-7 mol % Cu(OTf} a range of sulfides were converted to
Me/S the corresponding N-trifluoroacetylated sulfilimines in good
5 \O 7% 80% yields. The salient features df as an aminating reagent

include its facile, convenient synthesis from inexpensive,
readily available starting materials and, importantly, the ease
with which it can be handled and stored. Ready access to
this novel reagent allows further potential applications in
inorganic coordination chemistry for the preparation of novel

O
S
7 ©/—] 7% 65% transition metal nitrides and imines. Moreover, in addition
OMe
Cl

7% 68%

to the process reported herefnmay also find use in other
processes for catalytic nitrogen-transfer reactions in organic
synthesis. Such investigations are ongoing and will be
reported as results become available.
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aReaction conditions: sulfide,-57 mol % Cu(OTf), 4 (2 equiv),
dimethoxyethane (0.10 M) for-615 h at 45-85 °C. Upon completion, the
reaction mixture is concentrated in vacuo and purified by chromatography
on silica gel.? All of the sulfides utilized are either commercially available
or have been prepared according to known procedures.

Supporting Information Available: Full characterization
data and proton spectra férand the sulfilimine products.
As shown in Table 1, the processes are applicable to a rangelhis material is available free of charge via the Internet at
of sulfides including cyclic as well as acyclic dialkyl and http:/pubs.acs.org.

alkyl/aryl sulfides. Electron-rich aryl sulfides afford adducts OL9900515

(25) The amidation reaction may be conducted with only 1% Cu(Tf) (26) Itis interesting to note that of the solvents examined DME is unique
(Table 1, entry 1), albeit with longer reaction times. We have found that in its ability to potentially form chelates; thus, it will be interesting to
5—7 mol % catalyst affords the products in an expeditious mannet @6 examine chiral bidentate ligands for the corresponding asymmetric amidation
h). of sulfides.
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