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The direct synthesis of organonitrogen compounds from hydro-

carbons (nitrogenation) is a practically attractive but chemically

challenging goal. Besides the rapidly expanding range of N-func-

tionalization options involving addition to -©C unsaturation,

allylic nitrogenation of unsaturated hydrocarbons offers a de-

sirable route to polyfunctional aminéswe and others have
described allylic aminations catalyzed by Mo(Ve(ll,l11),4>and

Cu(l,11)%7 salts and complexes, using aryl hydroxylamines as ami-

nating agents (eq 1). More recently, nitroarérasd aminoarerfe
based, metal-catalyzed allylic aminations have also been develope

AR AN AN AR (1)
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Mechanistic studies of the hydroxylamine/olefin reactions cata-

lyzed by LMo(VI)O,,30 (phthalocyanine)Fe(lB, and hydrated
CuCl’ revealed the intervention of free PhNO, a proven enophile,

d.

Figure 1. X-ray structure of the cation d. Selected bond lengths (A)
and bond angles (deg): CufilN(4) 1.8983(15), Cu(ZyN(6) 1.9296(19),

as the active aminating agent. However, the aminations catalyzedCu(1)-N(2) 1.9701(18), O(1yN(2) 1.2646(16), N(4)-Cu(1)-N(6) 133.81-

by Fe(Il,lll) salts involve a novel irornazodioxide comple¥©as

(6), N(4)—Cu(1)-N(2) 120.96(6), N(6)-Cu(1)~N(2) 104.96(4).

the active PhN transfer agent. Our preliminary study on the

Cu(l)-catalyzed allylic aminatidrexcluded the intermediacy of free

nitrosoarene and aryl nitrene from trapping experiments, suggesting
that a coordinated organonitrogen species could be the active
aminating agent. Relatedly, group 10 metal complexes of ni-

obtained from the reaction of [Cu(GBN)4PFs with excesdN,N'-
diethyl-4-nitrosoaniline (1:4.3, Ci&l,, rt). The resulting greenish
red solid2 (70% yield) was identified with the aid of IR, NMR,
MS (FAB), and X-ray crystallography. As shown in Figure 1, the

trosoarenes have been proposed as intermediates in enantioselectigtion of 2 consists of a distorted trigonal planar, 16-electron

hetero-Diels-Alder!! and O-nitroso aldol reaction¥ To explore

further the nature of the reactive intermediates in these reactions,

Cu(ArNO)* moiety. The copper atom is coordinated to the nitro-
soarene ligands through the N-atom with the NO units directed

we report herein (1) the isolation and structure determination of ©Ut of the CuN plane. The CeN bond lengths (av. 1.933 A) are

the first homoleptic nitrosoarenenetal complexes, and (2) evi-

dence that such complexes are intermediates and likely N-transfer

agents in Cu(l)-catalyzed allylic aminations.

Seeking to produce copper complexes that could be potential found in

intermediates in Cu(l)-catalyzed allylic aminations, [CugCN)J-

PR was treated with 4.2 equiv of PhNO (CHCIt) to produce a
dark red, labile complex which is formulated as [Cu(PhNgh

PFs based on its Cu content, the amount of recovered PhNO, an
its TH NMR spectrum, which shows a 2:1:2 set of aromatic reso-
nances downfield from PhNO (Scheme 1). Unfortunately, the

Scheme 1
PhNO
PhNHOH )
Cu[(CH3CN u]PFs Cu[(PhNO)3]PFg (1)
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sensitivity and lability ofl has thus far thwarted its detailed struc-
ture determinatiod® A more tractable Ca#ArNO derivative was
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markedly varied, ranging from 1.898 to 1.970 A, as are the

N—Cu—N bond angles, which range from 105 to 23%hese dis-

tortions from ideal trigonal planarity are among the most severe

d° ML 3 complexe&* and are presumed to be sterically
derived?®® The N—O bond lengths, however, are relatively uniform
(av. 1.258 A) and are comparable to those in the free ligand (1.252
A),16 suggesting the absence of significant back-bonding from

gCu(l) to the nitrosoarene ligand. Compouds the first crystal-
lographically characterized, homoleptic nitrosoarenetal com-
plex and the first copper complex bearing a simple C-nitroso
ligand”

Most importantly, complexl is an intermediate, and possibly
the active N-transfer agent, in the Cu-catalyzed amination reactions
with PhNHOH based on the following observations. Fifistyas
isolable (47%) in the reaction of PANHOH witlxmethylstyrene
(AMS) in the presence of [Cu(GJEN)4]PFs (90 °C, dioxane, 3 h;
Scheme 1). Second, the reaction of nitrosobenzene corplét
excess AMS (9CC, dioxane, 20 h) produced the corresponding
allylamine3 cleanly (40%, Scheme 2jwhereas the more electron-
rich nitrosoaniline comple®, like its free ligand, was unreactive
toward olefins. Third, slow addition of PhANHOH to a mixture of
either1 or 2 (8 mol %) and AMS at 9695 °C (24 h) produces
allylamine 3 (36% from1 and 15% fron2), indicating thatl and

10.1021/ja044093m CCC: $30.25 © 2005 American Chemical Society
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2 are (pre)catalysts for the amination of AMS by PhNHOH.
Significantly, the stoichiometric amination by compléxioes not
involve the intermediacy of free PhNO since heatingith a 1:1
mixture of 2-methyl-2-pentene and 2,3-dimethylbutadiene (a trap-
ping agent for free PhN®) gave allylic amination productand

5 exclusively (8 and 18%, respectively, based nrather than
the Diels-Alder trapping product6, the same result found
previously in the Cu(l)-catalyzed aminations with ArNHGH.

The above observations, together with the distinctive regiose-
lectivity of the Cu-catalyzed reactions, lead us to suggest as a
plausible reaction pathway the one shown in Scheme 3. Initially,
some Cu(ll) is likely generated by Cu(l) reduction of ArNHOH
(PhNH;, detected¥° The resulting Cu(ll) then oxidizes PANHOH
to PhNO with formation of the C-nitroso compléx This likely
electrophilic species could then transfer the activated C-nitroso unit
to a free or coordinated olefin by a metal-mediateetype
reaction?! Support for the latter pathway is provided by the
formation of an adduct betwedrand styrene at room temperatdfe.
PM3(TM) MO calculation® on 1 find a set of three nearly
degenerate LUMOs (Figure Sl4) that are primarily centered on the
N—O unit (z*) with much of the positive charge on N (negative
on O). Reduction of the resulting allyl hydroxylamine by Cu(l)
would produce allylamine and regenerate Cufll).

We have thus established here the first structurally verified
Cu(l) complex of a C-nitroso compound, demonstrated its inter-
mediacy in the Cu(l)-catalyzed allylic amination of olefins, and

suggested its role as the active group transfer agent. Further

investigations of the synthetic and mechanistic aspects of
Cu-catalyzed allylic amination are underway.

Acknowledgment. Financial support provided by the National
Science Foundation and helpful discussions with Prof. G. Richter-
Addo are appreciated.

Supporting Information Available: Preparative and characteriza-
tional data forl and2, including the X-ray crystallographic data far
and the PM3(TM) computational output fbr This material is available
free of charge via the Internet at http://pubs.acs.org.

References

(1) For reviews, see: (a) Hong, S.; Marks, TAtc. Chem. Re004 37,
673. (b) Pohlki, F.; Doye, SChem. Soc. Re2003 32, 104. (c) Kolb, H.
C.; Sharpless, K. Blransition Met. Org. Syntt1.998 2, 243. (d) Mueller,
P.; Fruit, C.Chem. Re. 2003 103 2905. (e) Katsuki, TComput. Coord.
Chem. 112004 9, 207.

(2) Jorgensen, K. A. IModern Amination Method<Ricci, A., Ed.; Wiley-
VCH: Weinheim, Germany, 2000; Chapter 1, pp35.

(3) (a) Srivastava, A.; Ma, Y.; Pankayatselvan, R.; Dinges, W.; Nicholas, K.
M. Chem. Commurl992 853. (b) Srivastava, R. S.; Nicholas, K. M.
Org. Chem 1994 59, 5365.

(4) (a) Srivastava, R. S.; Nicholas, K. Metrahedon Lett1994 35, 8739.
(b) Srivastava, R. S.; Khan, M. A.; Nicholas, K. M. Am. Chem. Soc
1996 118 3311. (c) Srivastava, R. S.; Nicholas, K. Nl. Am. Chem.
Soc 1997 119 3302. (d) Singh, S.; Nicholas, K. Msynth. Commun
2001, 31, 3087.

(5) Johannsen, M.; Jorgenson, K. A.Org. Chem1994 59, 214.

(6) Hogan, G. A.; Gallo, A. A.; Nicholas, K. M.; Srivastava, R.T@trahedron
Lett. 2002 43, 9505.

(7) Ho, C.-M.; Lau, T.-CNew J. Chem200Q 24, 859.

(8) (a) Srivastava, R. S.; Nicholas, K. Mhem. Commurl998 2705. (b)
Kolel-Veetil, M.; Khan, M. A.; Nicholas, K. M.Organometallics200Q
19, 3754. (c) Srivastava, R. S.; Kolel-Veetil, M. K.; Nicholas, K. M.
Tetrahedron Lett2002 43, 931. (d) Cenini, S.; Ragaini, F.; Tollari, S.;
Paone, DJ. Am. Chem. Sod 996 118 11964. (e) Ragaini, F.; Cenini,
S.; Tollari, S.; Tummolillo, G.; Beltrami, ROrganometallics1999 18,
928.

(9) Srivastava, R. S.; Nicholas, K. MChem. Commurl996 2335.

(10) (a) Adam, W.; Bottke, N.; Krebs, @rg. Lett.200Q 2, 3293. (b) Ensley,
H. E.; Mahadevan, Setrahedron Lett1998 3255. (c) Dang, H.-S.; Keck,
G. E.; Webb, R. R.; Yates, J. Betrahedron1981, 37, 4007. (d) Banks,
R. E.; Hazeldine, R. N.; Miller, P. Jletrahedron Lett197Q 4417. (e)
Motherwell, W.; Roberts, J..8Chem. Commurl972 329.

(11) Yamamoto, Y.; Yamamoto, H.. Am. Chem. So@004 126, 4128.

(12) (a) Momiyama, N.; Yamamoto, Angew. ChemInt. Ed. 2002 41, 2986.
(b) Momiyama, N.; Yamamoto, HOrg. Lett 2002 4, 3579. (c)
Momiyama, N.; Yamamoto, HJ. Am. Chem. So@003 125, 6038.

(13) Preparative and characterizational data for new compounds are provided
in the Supporting Information.

(14) Most Cu(l)Ls complexes display nearly ideal trigonal planar geometries:
(a) Kappenstein, C.; Hugel, R. fPiorg. Chem1978 17, 1945. (b) Eller,
P. G.; Corfield, P. W. RChem. Commun1971, 105. (c) Gruf, E. S
Koch, S. A.J. Am. Chem. S0d99Q 112 1245. A few distorted toward
Y- or T-shapes have been reported: (d) Coucouvanis, D.; Murphy, C
N.; Kanodia, S. KInorg. Chem 198Q 19, 2993. (e) Gruf, E. S.; Koch,
S. A.J. Am. Chem. S0d 989 111, 8762. (f) Lewin, A. H.; Michl, R. J
Chem. Commuril972 661.

(15) Riehl, J. F.; El-Ildrissi, R.; Jean, Y.; Pelissier, Mew. J. Chem1991,
15, 239.

(16) Talberg, H. JActa Chem. Scand. 2977, 31, 743.

(17) (a) Lee, J.; Chen, L.; West, A. H.; Richter-Addo, G.Bem. Re. 2002
102, 1019. (b) Popp, C. J.; Ragsdale, R.I@org. Chem 1968 7, 1845.

(18) Yield based on the stoichiometry 2 Cuft) PhNO+ AMS — 3.

(19) (a) Taylor, E. C.; Tseng, C.-P.; Rampal, J.BB.Org. Chem1982 47,
552. (b) Oikawa, E.; Tsubaki, Bull. Chem. Soc. Jpri973 46, 1819.

(20) Redox disproportionation of hydroxylamines by Cu(l,ll): (a) Wathen, S.
P.; Czarnik, A. WJ. Org. Chem1992 57, 6129. (b) Matsuguma, H. J.;
Audrieth, L. F.J. Inorg. Nucl. Chem1959 12, 186. (c) Srivastava, R. S.
Tetrahedron Lett2003 44, 3271.

(21) The active N-transfer agehtcould also have I= dioxane and/or olefin.
The apparent N-centered, enophilicity bparallels that found in some
nitrosoaldol reactions proposed to involve Ag{ArNO complexes but
contrasts with the O-based reactivity of others (ref 12) and with th©N
centered reactivity in Cu(l)-catalyzed hetero-Diefdder reactions (ref
11).

(22) (a) Cundari, T. R.; Deng, J. Chem. Inform. Comput. Sdi999 39, 376.
(b) Cundari, T. R Deng, J.; Fu, Wnt. J. Quantum Chen00Q 77,
421. (c) BaII D. M Buda, C Glllesple A. M.; White, D. P.; Cundari,
T. R. Inorg. Chem 2002 41, 152.

JA044093M

J. AM. CHEM. SOC. = VOL. 127, NO. 20, 2005 7279



