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The number of reports on the utility of gold(l) complexes as Scheme 1. Dinuclear Gold(l)—Phosphine Complexes
homogeneous catalysts for organic synthesis has recently dramati- . P-AuX A P-Aux] Y L P-Au] 2T XTYT
cally increased. Despite the popularity of this area of research, CP,AU,Y - CP,AU - CP,AU
only a few asymmetric reactions have been repottédthin this
handful of reactions, the most well-developed enantioselective gold- _ o
(I)-catalyzed reaction, the HayasHio aldol3 proceeds via a Table 1. Gold(l)-Catalyzed Asymmetric Hydroamination
mechanism orthogonal to the prolific area of nucleophilic addition Tf

N

to C—C multiple bonds. Furthermore, despite a number of reports NHTS_‘:O catalyst _ [/—\23
on gold-catalyzed addition of heteroatom nucleophiles to alk§nes, U 03MDCE, 23°C
allenes; and alkene$,asymmetric variants of this class of gold- 1 2
catalyzed reactions have yet to be reportdtiis challenge is not
unique to gold; the asymmetric hydroamination of unactivated time  yields  ee®
allenes and alkenes is a continuing goal in transition metal catélysis. entry catalyst M ) )
Phosphinegold(l) complexes are attractive catalysts for these 1 3 mol % R)-xylyl-BINAP(AUCI); 05 82 1
transformations due to their inherent chemoselectivity for activation 6 mol % AgBR°
of C—C multiple bonds. However, the preferred linear geometry 3 m°|%;F)'Xylyl'?'NAP(A“CI)Z; 05 8 51
of gold(l)_complexes placeg the chirgl phosphine |iganq| distant frqm 3 3 rﬁorln&) é))QgE/EBINAP(AuCI)Z; 24 27 o8
the reactive center, rendering enantioselective catalysis challenging. 6 mol % AgOBZ

On the basis of our previous observatidhsye hypothesized 4 3 mol % R)-xylyl-BINAP(AUCI); 24 76 98
that chiral dinuclear gold(fyphosphine complexes could act as 6 mol % AgOPNB-<
efficient catalysts for the asymmetric hydroamination of allenes. 3 ”;OI‘%;g)KygE?\:gAP(AUCI)Z 7 8 9%
To this end, tosylamin& was treated with mixtures of precatalyst 6 3 mOT&) Ro)-xg/IyI-BIN AP(AUOPNB), (4) 17 88 98
(R)-3,5-xylyl-BINAP(AuUCI), (3) and AgBFR. A species believed 7 3 mol % R)-BINAP(AUOPNBY), (5) 15 82 93
to be of typeC (X = Y = BF4; Scheme 1), generated by the g ngIEf’@E'géEﬁgjgiNg)é% . ;51 gg gg
treatment of precatalyst with 2 equiv of AgBFR, catalyzed the 10 3?;2' (y‘; %—SYNPH OS(( ASOPNB‘;((S)) ” e 9
formation of 2 with no stereoselectivity (Table 1, entry 1). In 11 3mol % R)-CIMeOBIPHEP(AUOPNB)(9) 15 85 97

contrast, reaction df with an in situ generated monocationic cata-
lyst® of type B (X = Cl, Y = BF,) produced in good yield with . 2Isolated yield after column chromatograpfyDetermined by HPLC.
moderate enantioselecy (entry 2). Thisremarkable increase i CayeL prépeled i st by g fr 8 min n DCE before saor
enantioselectivitlf led us to conclude that the remaining coordi- g
nated counterion was crucial for stereoinduction. We hypothesized
that replacing chloride with a larger coordinated counterion could using 3P NMR. Although we expected thaR)-xylyl-BINAP-
further increase the transmission of chiral information. Employing (AuOPNBY), (4) would be formed quantitatively, instead a mixture
coordinating anions, however, necessitates a complex ofAytoe of (R)-xylyl-BINAP(Au,CIOPNB)#4/3 was observed* We theo-
be in equilibrium with catalytically active speci€& To ensure rized the reaction would be improved by using purifiéés the
that appreciable amounts of active catalyst are present in solution,precatalyst. Gratifyingly, employing, an isolable, bench-stable
an ideal counterion must be electronically as well as sterically complex, increased the yield @fto 88% with a reduced reaction
modifiable. Therefore, we envisioned that a tyfpecarboxylate time, while maintaining enantioselectivity (entry 6). Importantly,
complex (X=Y = RCQ,) could satisfy these requirements. a variety of BINAP and biaryl-based gold complexBs-0)° were
We were pleased to find a dramatic amplification of enantiomeric found to catalyze this transformation with good enantioselectivity
excess when benzoate counteri@ngiere employed. Treating  (entries 7-11)16
tosylaminel with precatalyst3 and 2 equiv of silver benzodfe The substrate scope was examined utilizing the optimized
provided 2 with excellent (98%) ee, but was low yielding even reaction conditions (Table 2J.The allene terminus was found to
after extended reaction times (entry 3). We theorized that the poor be particularly amenable to substitution. Both cyclic and linear
conversion was due to low equilibrium concentrations of the alkanes were well tolerated (entries ), yielding the correspond-
catalytically active cationic specié%.Therefore, an electron-  ing pyrrolidines in good yield and excellent enantiomeric excess.
withdrawing group was added to the benzoate in the hopes of Substrates with subtle electronic perturbations (entries 10 and 11)
improving conversion. The use of silvpmitrobenzoate increased  required extended reaction times and slightly elevated temperatures.
the yield of2 to 76% with no loss of enantioselectivity (entry 4). The reaction could also be extended to substrates containing
Silver 3,5-dinitrobenzoate further enhanced the yield of the reaction substitution in the tether (entries-8); however, in order to achieve
to 82%, but eroded stereoinduction to 95% ee (entry 5). complete conversion, these substrates required that the reaction be
In order to investigate the nature of the in situ generated catalyst, carried out in nitromethane at 3C. For example, gold(l)-catalyzed
we examined the mixture generated fr8rand 2 equiv of AQOPNB cyclization of tosylaminel8 in nitromethane at 50°C gave
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Table 2. Scope of Gold(l)-Catalyzed Hydroamination of Allenes References

entry substrate conditions? time (h) product % vyield® % ee®
Ts (1) Selected recent reviews: (a) Jimez-Nunez, E.; Echavarren, A. i@hem.
Commun.2007, 333. (b) Hashmi, A. S. K.; Hutchings, G. Angew.

NHTs R N
== ' R, 5 Chem., Int. Ed2006 45, 7896. (c) Zhang, L.; Sun, J.; Kozmin, S. A.
Ry R, R; \ R, Adv. Synth. Catal2006 348 2271. For a recent review of gold-catalyzed

A R, hydroamination, see: (d) Widenhoefer, R. A.; HanExir. J. Org. Chem.
! 10R=NeR,=H A 1o " % % 2) %e%o?\ﬂt:rr)gzs M. P.; Adrio, J.; Carretero, J. C.; Echavarren, A. M
Ceem o d
2 12R,=EtR,=H A 7 18 0 » Organometallic2005 24, 1293. (b) Gonzez-Arellano, C.; Corma, A.;
3 14 Ry =-CHy(CH,),CH,- R, =H A 15 15 7% 83 Iglesias, M.; Sanchez, Ehem. Commur2005 3451. (c) Johansson, M.
4 1 Ry=-CHy(CH,)sCH,;Ry=H A 17 2 88 98 J.; Gorin, D. J.; Staben, S. T.; Toste, F.DAm. Chem. So005 127,
5 16 R,=-CHy(CH,),CHsRy=H A 15 17 88 98 18002. For recent examples of chirality transfer, see: (d) Shi, X.; Gorin,
6 18 R =Me: R, = Me B 15 19 o - D. J.; Toste F. DJ. Am. Chem. So2005 127,5802. (e) Fehr, C.; Galindo,
! P2 J. Angew. Chem., Int. EQ00§ 45, 2901. (f) Sherry, B. D.; Maus, L.;
7 20 Ry=Me;R, =-CH,(CH,);CH,- B 15 21 9 70 Laforteza, B. N.; Toste, F. DJ. Am. Chem. So200§ 128 8132. (g)
8 22 R,=Me;R,=Ph c 15 23 99 87 Dubg P.; Toste, F. DJ. Am. Chem. So@006 128 12062.
Me_ NHTs (3) Sawamura, M.; Ito, Y. IrCatalytic Asymmetric Synthes®jima, |., Ed.;
9 — D 17 25 76 96 VCH Publishers: New York, 1993; p 367.
Me (4) For examples of gold-catalyzed hydroamination of alkynes, see: (a)
NHTs :Q© Mizushima, E.; Hayashi, T.; Tanaka, Mdrg. Lett. 2003 5, 3349. (b)
— Gorin, D. J.; Davis, N. R.; Toste, F. 0. Am. Chem. So005 127,
10 26 U A 25 27 80 %8 11260. (c) Kadzimirsz, D.; Hildebrandt, D.; Merz, K.; Dyker, Ghem.
NHTs 0 Commun.2006 661. (d) Kang, J.-E.; Kim, H.-B.; Lee, J.-W.; Shin, S.
__:<:>< j . Org. Lett.2006 8, 3537. (e) Hashmi, A. S. K.; Rudolph, M.; Schymura,
1 28 U o A 25 29 79 9% S.; Visus, J.; Frey, WEur. J. Org. Chem2006 4905.
NHTs R NTs (5) For examples of gold-catalyzed hydroamination of allenes, see: (a) Krause,
Rz><:/:_:< 1 RRZ - N.; Morita, N. Org. Lett.2004 6, 4121. (b) Nishina, N.; Yamamoto, Y.
Ry R 2 AN R Angew. Chem., Int. EQR006 45, 3314. (c) Patil, N. T.; Lutet, L. M,;
1 d ! Nishina, N.; Yamamoto, YTetrahedron Lett2006 47, 4749. (d) Zhang,
! Z.; Liu, C,; Kinder, R. E.; Han, X.; Qian, H.; Widenhoefer, R. A.Am.
12 30 R,;=Me;R,=H D 15 3 88 81 Chem. So2006 128 9066. (e) Morita, N.; Krause, NEur. J. Org. Chem.
13 32 R, =Et;R,=H D 24 33 4 74 2006 4634.
14 34 R,=Me;R,=Me D 24 35 70 98 (6) For examples of gold-catalyzed hydroamination of alkenes, see: (a) Zhang,
15 36 R,=Me;R,="Ph D 24 37 70 88 \J/\./;,Janhg, ?GR H:AC]' Am(.: hChem.I Sogg%% 613185 1177%187- ((b)) I-Lian, ;(
—Me: R, = - } idenhoefer, R. AAngew. Chem., Int. , . (c) Liu, X.-
1638 R, = Me; R; = CH,(CH)CHy D v % &9 Y.; Li, C.-H.; Che, C.-M.Org. Lett. 2006 8, 2707. (d) Bender, C. F.;
a ; RS 0 ; or R — Widenhoefer, R. A.Chem. Commun2006 4143. (e) Bender, C. F,
R’Iegictlc;n ngd't'o.ns' A=3 moé) {"Cc_’f(‘:‘vf-3 M 'rll (I)DCEf 2%% B . Widenhoefer, R. AOrg. Lett.2006 8, 5303. For related Bronsted acid-
5 mol % o 04 -3 M in MeNQ, 5 ; C=5mol % 007' o M in catalyzed hydroamination, see: (f) Rosenfeld, D. C.; Shekhar, S.;
MeNO;,, 50 °C; D = 5 mol % of9, 0.3 M in MeNG;, 50 °C. ® Isolated Takeymiya, A.; Utsunomiya, M.; Hartwig, J. Brg. Lett.2006 8, 4043.
yield after column chromatograph§yDetermined by HPLCY 5 mol % of (9) Li, Z.; Zhang, J.; Brouwer, C.; Yang, C. G.; Reich, N. W.; He, C.
catalyst. At 50 °C. Org. Lett.2006 8, 4175.

(7) After submission of this work, a Au(l)-catalyzed asymmetric hydroalkoxy-
lation of allenes was reported. See: Zhang, Z.; Widenhoefer, Rngew.

dimethyl-substituted pyrrolidin&9in 94% yield and 93% ee (entry Chem., Int. Ed2007, 46, 283.
6). While (R)-xylyl-BINAP(AuOPNB), (4) proved the most general (8) For reviews of enantioselective hydroamination, see: (a) Hultzsch, K. C.
catalyst for the enantioselective synthesis of pyrrolidines, in some 2535552?%[6‘;_“9”005 3,1819. (b) Hultzsch, K. GAd. Synth. Catal.
cases, additional ligand optimization was necessary. For example, (9) Preliminary crystallographic evidence suggests that this catalyst is
the ee obtained for the cyclization B2 to 23 improved from 53 (10) IJEC;;)c;?':se r’cllf rlr?ofgirf;?ﬁgs (taﬁesnli)pnpc%rct;Pd%nlg':ia;mggﬁr?térion were unsuccessful
to 87% by replacingt with (R)-SEGPHOS(AUOPNB)(7) as the For example, 3 mol% ofR)-xylyl-BINAP(AUCI),/3 mol% of AgOTs
catalyst (entry 8). Moreover, chiral piperidines (entries-18) were a F(Jrf)JducedeLn 80% Sanhd 3(?:;%) ee. c S benh |

; : ; i ; i 11) (a) Roembke, P.; Schmidbaur, H.; Cronje, S.; Raubenheimek, Mol.
obtained with good enantioselectivity by simply switching the Catal. A: Chem3004 212 35. (b) Low, P. M. N.; Zhang, Z.-Y : Mak,
catalyst to R)-CIMeOBIPHEP(AUOPNB) (9). For example, reac- T.C. W.; Hor, T. S. AJ. Organomet. Cheni.997 539, 45.
tion of 38 catalyzed by 5 mol % o9 afforded piperidine39 in a2) 56“"2"7‘5"7”" G. M., Mott, R. C.; Henrik, D.; Juve,dl.Org. Chem198],
66% yield and 97% ee. ) (13) Biérylphosphine Ag(l) complexes have been previously employed as Lewis

In summary, we have uncovered a remarkable counterion effect ggigac???lyls‘tlsésséeii (a) Wadamoto, M.;,Yamamolt)ol.hkmd Fhe%n. Soc.

: H H A . However, no conversion was observed for the reaction
on the_ er_wantloselectlwty _of gold-catalyzed mtramolecular hy- of 1 using 5 mol% of R)-xyly-BINAP and 10 mol% of AgOPNE.
droamination of allenes. This discovery resulted in the development (14) 31 NMR showed four signals (22.4, 21.9, 17.7, and 17.1 ppm). The

i i i assignment of these peaks to a 1:0.34:2.75 mixtur&@pkylyl-BINAP-
of pho_sphmegold(I-}bls-p-nltrobe_nzoate cqmplexes as .Ca.'talyStS for (Au,CIOPNB)A/3 was supported by independent preparation and char-
enantioselectiV formation of vinyl-substituted pyrrolidines and acterization of complexe$ (3P NMR, 17.7 ppm) an@ (P NMR, 21.9
piperidines'®2°0Ongoing studies into the mechanism of this reaction, ppm).

s . (15) For a preliminary crystal structure 8f see Supporting Information.
appllgatlon O.f our ngw chiral gold(ﬁpenzoate complexes to (16) The use of R)-xylyl-BINAP(AuOPNB), produced? with similar yields
enantioselective reactions, and counterion effects on gold-catalyzed and enantiomeric excess in DCM (95%, 98% ee), DCE (88%, 98% ee),

i ; i and MeNQ (94%, 98% ee). Other solvents such as MeCN (48%, 98%
reactions will be reported in due course. ee), benzene (27%, 94% ee), and THF (16%, 98% ee) Zavith lower
yields.
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