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ABSTRACT

A study concerning the synthesis of new phosphine gold(l) complexes using the bis(trifluoromethanesulfonyl)imidate moiety as a weakly
coordinating counteranion is described. These new air-stable complexes are more convenient to prepare, store, and handle and are exceedingly
active for the catalysis of a wide range of enynes cycloisomerizations.

Phosphine gold(l) complexes have recently emerged assilver salts are all very hygroscopic, causing difficulties in
valuable catalysts for the conversion of various types of properly weighing the reagent and in keeping the reaction
enynes into a range of useful structural motitdowever, medium nonacidic. Moreover, the active gold(l) species is
despite its efficiency, the catalytic system generally employed quite unstable, especially when a fluorine-based counteranion
in these transformatiorfayhich corresponds to the combined is used® and may therefore not be isolaldle.
use of a phosphine gold(l) chloride complex and a silver As part of our work on gold(l) catalyskswe were
salt as a cocatalyst (Scheme 1), suffers some limitations. Theparticularly interested in developing efficient catalysts that
(1) (2) Nisto-Oberhuber, C.. Lopez, 5. Echavairen. AJMAm. Chem would not require the use of a cocatalyst and would therefore
Soc.2005,127, 6178—6179. (b) Mufioz, M.. Adrio, J.; Carretero, J. C.; D€ more convenient to use. We herein report the results of
Echavarren, A. MOrganometalic005,24, 1293—1300. (c) Nevado, C.;  our endeavors, which led to the discovery of a new class of
Echavarren, A. M.Chem. Eur. J.2005, 11, 3155—3164. (d) Nieto- highly active and air-stable phosphine gold(l) complexes.
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Scheme 2. Synthesis of (PPHAUNTT, Scheme 4. Cycloisomerization of Enyne$, 6, and8
AgNTf, conia-ene rearrangement
PhsP—AUCI ———  AgCl + | PhyP—Au—NT, o o
CHQCIz, rt
1a (air stable crystals) CO;Me 1a . CO,Me

% CH2C|2, rt

By analogy with the numerous studies reporting the use 4 5
of the bis(trifluoromethanesulfonyl)imidate@oiety (THEN™) (1a)mol% time yield
for the synthesis of highly electrodeficient cationic com- 1 30min 96%
plexes® we envisaged this weakly coordinating counterahion 01  60min 93%
as a potentially valuable candidate for the synthesis of stable
gO'd(|) Catalystsf‘.To this end, treatment of (%)AUC' with Rautenstrauch rearrangement
1 equiv of AgNTE® was attempted (Scheme 2).

We were pleased to see that this metathesis reaction led OPiv
to the quantitative formation of the desired {PPAUNTY, cat O:@.l
complex (1a), which was isolated as an air-stable crystalline - CH4CN a "(
compound?® This new complex, whose synthesis may be 6 a1 H/ 7 dr=11
performed on a multigram scale, was then tested in a range '
of previously reported gold(l)-catalyzed transformations. 1% (1a), 5 °C, 75 min, 81% -
Simple enyne2 was first chosen as a model substrate 2% (PPh3)AuOTH, 1, 10 h, 63%

(Scheme 3).

Propargyl Claisen rearrangement

Scheme 3. Model Cycloisomerization of Enyn2
Ph

o )—0
)

MeOOC
MeOOC P 1a N n-CaH
MeOOC ™ Me0OC
— CH20|2, rt 1- cat, CH2C|2
2 3 2- NaBH,4, MeOH
(1a) mol% time yield H OH oH
1 5min 97% Ph + Ph
0.1 5min  96% X
001  30min 97% -Caflo M-CaHo
. 1 (] 9 10
(1a)mol% t(°C) time yield (9) yield (10)
We were delighted to observe a rapid and highly exother- 1 20 5min 67% 12%
mic conversion oR into metathesis produ&when 1%1la 0.1 0  5min 90% 6%
was used as the catalyst. Moreover, this new catalyst turned 0.1 -10 10 min 95% <3%

out to be highly efficient since compour®was formed in

(2) Protonation of an alkylgold(l) complex with a strong acid may also the same 97% yield when only 0.012awas used (TON=

be used t te the cationi ies; h . th diti :

Shviaye Compatibis with the substatee oo e ihese condiions &' N%700) These results contrast with those reported by Echa-
(3) Weakly coordinating anions such asBFPF~, or Sbfs™ are Lewis varren and co-workers who described the formatioB of

acid/base conjugates of a superior nucleophile (e.g.,+MF— MF, + 91% yieId after 25 min of reaction and the use of 2% (:E?-Ph

F~). Their ability to act as inert counterions is always limited by a 1d
competition reaction for that nucleophile (e.g-)Fand the free Lewis acid ~ AuSbRs.d Then, 1/100-fold less catalyst was needed to
MFn can act as an oxidizing agent and thus cause unwanted side reactionsgccomplish the same transformation.
See: Raabe, |.; Krossing,Angew. Chem., Int. EQ004,43, 2066—2090. P . i )
Raabe, |.; Krossing, IChem. Eur. J2004,10, 5017—5030. Complexla also efficiently catalyses the Conia-efié,

(4) Preliminary?P NMR studies of preformed solutions of (RUBF,, the Rautenstraucli,and the propargyl Claisééhrearrange-

(PPh)AuPFs, and (PPE)AuSbFs complexes in CHCl, from (PPh)AuUCI
and the corresponding silver salt showed their instability. All attempts to MenNts recently reported by Toste and co-workers (Scheme

isolate these complexes failed. 4). Itis interesting to note that a simple change in the nature

(5) Gagosz, FOrg. Lett.2005,7, 4129—4132. : -
(6) Numerous metal trifimides are known as strong Lewis acid of the counteranion (TfOfor Tf2N") led to a much faster

catalysts: Fotanthanides, see: (a) Ishihara, K., Kubota, M.; Yamamoto, conversion of enyné into cyclopentenon&, which was
H. Synlett1996, 265—266 and 83®B41. Forsilicium, see: (b) Mathieu, isolated in an improved 81% vield when catal was
B.; Ghosez, L.Tetrahedron2002,58, 8219—8226. Fotin, see: (c) Vij, . P 0y st

A Wilson, W. W.: Vij, V.; Corley, C. R.; Tham, F. S.; Gerken, M.: Haiges, US€d instead of (PRBJAUOTf. A remarkable temperature

Ei;g%m,:neidir’ S, Scfllroer, T, Elc\j/)agsngr, ’\RAanrg- PChem_ZOOéle 43.h31d82% effect was also observed for the transformation of er§ne

. Forother metals, see: ibi, M. P.; Petrovic, trahedron: : . .

Asymmetry2003, 14, 2879 2882. into allene 9. Product10 derived from competing [1,3]
(7) NTf,~ is a weaker coordinating anion than OTdnd CIQ~.6° rearrangement, which was isolated in 12% vyield when the
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Scheme 5. Cycloisomerization of Enyne$l and13 Table 1. Au(l)-Catalyzed Methoxycyclization of Enyr@

0Ac OAG oM
e
X Ph  0.1% (1), CH,Cl, H MeO,C. _ cat, MeOH MeQ,C.
& 7y MeO,C—{ T MeO,C
H PN t, 15 min —
. Ph 2 19
11 syn:anti=5 1 88% (dr > 9:1) 12
OBn OBn entry cat mol % time yield (19)
X Ph 0.1% (1a), CH,Cl, )\ 2
o & - . = o 1 la 1 2h 94%
- -20°C, 15 min o 2 la 0.1 24h 7%
5
13 syn :anti= 6 :1 78% 14 3 (PPh3)AuSbFg 2 3h 84% b
R= n-CgHq 4 1b 1 2h 94%
5 1c 1 75 min 97%
6 1d 1 75 min 96%
reaction was performed at room temperature, was nearly 7 le ! 20 min 7%
8 1f 2 15 min 89% ®

absent when the temperature was lowered-i® °C and

the ca_talyst |oading reduced to 0.1%. 218% of unreacte@ were also isolatec? See ref. 1a.
Complexla was also effective in catalyzing the cyclo-

isomerization of 1,5-enynésas depicted in Scheme 5. Using

only 0.1%1a, bicyclo[3.1.0]hexen&2 and cyclopentadiene

145 were isolated in 88 and 78% yield, respectively. 1b: L= ﬂ\/ﬂiPh 1o L= ‘ Meo
Less favored intramolecular hydroarylation of alkynes o |P o % Q

were also testetf. Even if these transformations required a Ph “Ph

longer reaction time2H-chromenel6 and dihydroquinoline 1d: L= Ph/[J\Ph le: L= @\ /@

18 were obtained in excellent yield starting from alkynes Bh P

15 and17 (Scheme 6).

1b-1e: L—AUNTf, cy, 1f
Cy~lp it sbFy

r|1-Bu

AUNTTf, catalysts compared to the corresponding AuSbF

Scheme 6. Hydroarylation of Alkynesl5 and17 complexes. It is interesting to note that the reaction time
o) 0 1% (1a), CH,Cl, 0 o) decreases with bulkier and more basic phosphine gold(l)
< ]@/ W —_— < m complexes. Moreover, the transformation can even be
° | rt’ 3°h © performed using only 0.1% of the simplest (BAuNTf,
s 86% s catalyst (entry 2).
MeO N 2% (1a), CH,Cl, MeO N Finally, to further highlight the potential of these new
Me0:©/ ﬂl W MeO _ catalysts, compleda was testeq in the cycloisomerization
' of enyne20and22'2As shown in Scheme Z,a possesses
OMe 90% OMe
17 18

Scheme 7. Cycloisomerization of Enyne80 and 22

Moreover, by analogy with the recently reported work of MoO.C =—Ph el Meo,C
Echavarren and co-worket&we prepared several other new 2 = MeO,C

) ; MeC,C T CHCrt
phosphine AuUNTS complexeslb—€'! and evaluated their z 20 2t
catalytic activity in the kinetically disfavored methoxycy-
clization o_f enyne2. Ou_r results, presented in Table 1, catalyst time yield (21) Cy,
contrast with those previously reported. 1a 1h 98% Cy~P-Au, SbFs
Thus, compoundl9 was isolated in nearly quantitative (PPh3)AuUSbFy 12 h 83%
yield regardless of the catalysttd—e) used, and the 1g 1h 86%
transformations only differ in the time necessary to reach
completion. Such results may reflect a higher stability of — o 29% cat H  pp
MeOC—L < P . MeOC,
(8) By analogy with the stability of AgNBfcompared to the hygroscopic MeO,C CH,Cly, rt MeO,C
salts AgOTf, AgBR, AgPFs, or AgSbk. H
(9) AgNTH. is readily available from the commercially available HNTf 22 E:Z=6:1 23
and AgCQ:s.
(10) 1ais soluble in most commonly used solvents (DCM,{CN, THF, catalyst time yield (23)
MeOH, ether, toluene...). The crystal structurelafwas established by 1 12h 949
X-ray diffraction (CCDC 273834); see Supporting Information. a °
LAUSbFg 12h 77%

(11) 1b—e, which are all air-stable compounds, were synthesized as
described forla.
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a better activity than the corresponding (BRuSbFR may allow transformations that were hitherto difficult to
catalyst? and is at least as efficient as the more complex achieve.
and expensive (2-(dicyclohexylphosphino)bipheny)AuSbF  acknowledgment. The author wishes to thank Prof. S.

catalystlga ~ Z. Zard, Dr. B. Quiclet-Sire, and Dr. . Hanna for helpful
In summary, we have developed a new class of phosphinegiscyssions.

[d(l [ h f the bis(trifl hane-
gold(l) catalysts based on the use of the bis(trifluoromethane Supporting Information Available: Experimental pro-

sulfonyl)imidate moiety as a weakly coordinating counter-
anion. These air-stable complexes are more convenient tocedures and speciral data for new compounds and X-ray data

prepare, store, and handle and are exceedingly active for thé;(;r Tat(Cle. ?;:tst T/z;\tetr)lal is available free of charge via
catalysis of a wide range of enyne cycloisomerizations. They € Internet at http-/ipubs.acs.org.
open new possibilities in homogeneous gold(l) catalysis and 0L0515917
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