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Phosphine gold(l) complexes catalyzed isomerization of terminal alkenes and hydroamination of unactivated alkenes under thermal and microwave-
assisted conditions. This is the first example of the use of microwave radiation as a heat source for gold(l)-catalyzed organic reactions.

Gold complexes have increasingly been used as catalysts ilyzed by Au(l) are spars&? The catalytic addition of an

a variety of organic transformatioAd.While the majority

organic N—H bond to alkenes or alkynes (hydroamination)

of such transformations draw on the propensity of Au(l) to to give nitrogen-containing molecules is of great interest to

activate alkynes toward nucleophilic additibmeactions

both the academic and industrial commufity. the litera-

involving nucleophilic addition to unactivated alkenes cata- ture, most amines are made in multistep syntheses, and as
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such, hydroamination offers an attractive alternative means|jjj | N HIINSQNE

to give organic nitrogen compounds. Addition of-N bond

to unactivated alkenes provides a pathway fer@ bond
formatiorf and can be catalyzed under acidic conditfamrs
using Lewis acid metal catalysts that are likely to coordinate
and activate the alkene toward nucleophilic addition.
However, most of the reported catalysts for hydroamina-
tion show limited scope of substrates, modest selectivity,
and sluggish rates for reactions involving unactivated
substrates, and in the case of palladium catalyst for
hydroamination reactionj-hydride elimination to afford

unsaturated products is usually encountered as a side

reaction.

Owing to the ability of Au(l) to activate alkené&%we
conceived that Au(l) complexes could be potentially useful
catalysts for intramolecular hydroamination of unactivated
alkenes. During the preparation of this paper*end
Widenhoefet independently reported the utility of cationic
Au'—phosphine complexes as catalysts for hydroamination
of unactivated alkenes, though the reported alkene substrate
are different from those described in this work. However,
the reported gold(l)-catalyzed hydroamination reactions
require long reaction times that would be disadvantageous
for its future application in high-throughput synthesis. We
conceived that rapid and reliable microwave applicaflons
could be advantageous for gold(l)-catalyzed intra- and
intermolecular hydroamination of unactivated alkenes. Herein,
we report gold(l)-catalyzed isomerization of terminal alkenes
and highly efficient intra- and intermolecular hydroamination
of unactivated alkenes under conventional thermal conditions
as well as under microwave irradiation.

A study was performed to investigate the activity of
different gold and AgOTf (OT£= trifluoromethane sulfonate)
catalysts in the intramolecular hydroamination of tosylamide
la (Table 1, entry 1; see also Table S1 in Supporting
Information). AgOTf, (PP§AUCI, and AuCHAgOTT all
failed to give the desired produ2a in good yields. While
using a combination of 5 mol % of (PRAuUCI and AgOTf
as a catalyst in toluene, the hydroamination pro@acivas
formed in nearly quantitative yield. [((PB)AuU);O]OTf and
other (PR)AuUOT( catalysts can replace (PPAUOTTf as the
catalyst with no significant decrease in product yield. Using
1 mol % of (PCy)AuOTf or Auy(dcpm)(OTfy (dcpm =
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an toluene, 5 mol % of (PPHAUCI/AgOTT. P After column chroma-
tography.c Yield was determined byH NMR.

14542,
(8) (a) Kawatsura, M.; Hartwig, J. B. Am. Chem. So200Q 122 9546.
(b) Utsunomiya, M.; Hartwig, J. K. Am. Chem. So2003,125, 14286.

bis(dicyclohexylphosphino)methane2a was exclusively
formed after 36 h at 85C. However, [(PP¥),Au] " or [Au,-
(dppm})?* (dppm= bis(diphenylphosphino)methane) did not
show any catalytic activity under the same reaction condi-

(c) Stahl, S. SAngew. Chem., Int. EQ004,43, 3400. (d) Qian, H.; Han,
X.; Widenhoefer, R. AJ. Am. Chem. SoQ004,126, 9536. (e) Oe, Y.;
Ohta, T.; Ito, Y.Chem. Commur2004, 1620.

(9) (a) Larhed, M.; Moberg, C.; Hallberg, Acc. Chem. Re2002,35,
717. (b) Roberts, B. A.; Strauss, C. Rcc. Chem. Reg005,38, 653.
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tions. Different solvents were screened, and toluene was|jj

found to be the best one. Scheme 1

Due to the therapeutic application of sulfonamide antibiot- - .
ics 1011 we prepared a series of ortho-substituted benzene- @\A/ (PPha)AUOT (5 mol %) m
NHPG

100 °C, toluene

sulfonamide¥ as precursors for the preparation of cyclic PG
sulfonamides (Table 1). WheN-ethylbenzenesulfonamide 4 PG = Ac: 4a 5

1b was used as the substrate, the corresponding cyclic EE_C‘?C:‘“’

product2b was obtained in essentially quantitative yield at H: 4d

100°C for 24 h (entry 2). WheiN-tert-butylbenzenesulfona-
mide 1c was heated in toluene at 8C in the presence of 5

mol % of (PPR)AUOTT, the tert-butyl group was cleaved To elucidate the effect of electronic properties of the
(entry 3). Increasing the reaction temperature to °85 nitrogen and activating group on this reaction, we prepared
resulted in the formation of a 3:5 mixture B€ and3c with benzamide$a—eas depicted in Table 2. Hashmi reported

a total 99% yield. Hydroamination produ8t was formed
exclusively when the reaction temperature was increased t_
100 °C and the reaction time was extended to 48 h (entry o _

4). When substratdd was subjected to the same reaction Table 2. Intramolecular Hydroamination of Benzamides

conditions, thetert-butyl group was readily cleaved (entry X (PPhy)AUCIAGOTS X_(o

5). According to a previous repoit,cleavage of theert- Ry N-R

butyl group in similar substrates was performed in the © folvene

presence of anisole, and neat trifluoroacetic acid was used s 7

as the solvent. Here, the gold(l)-catalyzed cleavage of the T time  yield

tert-butyl group could be conducted under mild conditions. entry  substrate R X (°C) ) (%)
We then examined the intramolecular hydroamination of Ga Ph C 100 30 50

N-unsubstituted sulfonamides. In the presence of 5 mol % o, 6a Ph c 100 30 39

of (PPh)AuUOTT, a series of unsaturated sulfonami@esind 3 6b p-CI-Ph  C 100 30 90

le—j were found to readily undergo intramolecular hydro- 44 6c PhCO C 100 30 60

amination to give the corresponding produBtsand2e—j 5¢ 6d Ts C 60 24 40

in excellent yields (Table 1). In a number of cases, product 6 Ge Ts 0 60 24 0

yields were nearly quantitative (entries 80). Interestingly, a|n toluene, 20 mol % of (PRMUCI/AgOTT. bisolated yield. In

substrate¢gand1h bearing a bulky 2-methylpropenyl group  toluene, 100 mol % of (PRJAUCI/AgOT. 9In toluene, 50 mol % of
were the most reactive and gave the corresponding productdPPPAUCVAGOTE. € p-Toluenesulfonamide was isolated.

in 99% vyield within 12 h (entries 9 and 10). When
2-vinylbenzenesulfonamidad was used as the substrate, no
reaction was observed. The substraitewhich could form

an unstable seven-membered ring intermediate or a six-
membered ring through a stabilized cyclohexyl intermediate,
gave a six-membered ring produ@ along with the
isomerized produc2i (see Chart S1 in Supporting Informa-
tion) in excellent yield within 24 h. Prolonged heating was
necessary for the reaction to gi8eas the only product (entry
11). Whenlj was used as the substrate, the six-membered
ring product was formed exclusively in good yield (entry
12). The substraték failed to provide the hydroamination
product, and the isomerized prod2&twas obtained instead.

conversion of propargylcarboxamides to 2,5-disubstituted
oxazoles under mild reaction conditions via homogeneous
catalysis by AuG.*® We found that substrata underwent
conversion to cyclic produdtain 50% yield in the presence

of 20 mol % of (PPRAuUOTf. When the reactions were
conducted in the presence of a stoichiometric amount of
(PPR)AUOTT, y-lactams 7a and 7b were obtained in
excellent yields (entries 2 and 3). Whénand6d were used

as the substrates, the cyclic products were obtained in 60
and 40% vyield, respectively, along with benzamide and
p-toluenesulfonamide as byproducts (entries 4 and 5).

. . 14 .
This could be due to steric hindrance on the terminal position Acgordlngt t(|) prewousf trrv]aporfs(,j tgesg suc?stra}te? readll¥

of alkene and the instability of the five-membered intermedi- uhderwent cleavage ol the amide bond under similar reaction
ate (entry 13). On the basis of these results, migration of conditions. The allyl alcohol-derived carbamate completely

double bonds catalyzed by gold(l) occurred (entries-11 underwent cleayage of the amide bond to give fe

13). We extended this reaction to other nitrogen-containing toluenesulfonamide (entry E,;)' . ,

molecules, such as acetamide (4a) and benzamide (4b), ang 10 Shorten the reaction times, we subjected the reaction

aniline (4c), as well as free amindd); the reactions gave to microwave irradiation, which is known to accel_erate

none or very low yields of the desired products (Scheme 1; transition metal-catglyze_d homogeneous reactidbsnsid-

see also Table S2 in Supporting Information). _erably shorter reaction times of less tha_n 1 h were found for
intramolecular hydroamination of unactivated alkenes cata-

(10) Bowman, W. C.; Rand, M. Jextbook of Pharmacologgnd ed.;

Blackwell: London, 1979; Chapter 34. (13) Hashmi, A. S. K.; Weyrauch, J. P.; Frey, W.; Bats, J.Qkg. Lett.
(11) Katritzky, A. R.; Rees, C. W.; Scriven, E. F. Comprehensive 2004,6, 4391.

Heterocyclic Chemistry II; Elsevier: Oxford, 1996; Vols. 3 and 4. (14) Nicolaou, K. C.; Zhong, Y.-L.; Baran, P. &ngew. Chem., Int.
(12) Dauban, P.; Dodd, R. HDrg. Lett.2000,2, 2327. Ed. 2000, 39, 622.
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Table 3. Gold(l)-Catalyzed Intra- and Intermolecular
Hydroamination under Microwave-Assisted Conditibns

reactant reactant power time  product yield
en

™ A B (W) (min) (conversion)’ (%)
1 la B 43 20  2a(86) 86
2 1b B 43 40  2b(90) 90
3 1g B 40 10 2g(100) 100
4 1i B 43 40 2iand 3i(95)95(7:10)
57 6a 3 43 30  7a(100) 57
6  6b B 43 30 7b(100) 60
7 6e 3 43 30 7c(85) 60
g e () 43 40 82/(90) 8690
o wwm [ ) 45 60 8H(60) 50
10°  rtem, py’ 30 40 8J(50)  43(51)¢
11" rom, b 48 40  8d/(100) 95(89)F
12 b ;b 45 40 8¢ (100) 93
13n oo ;b 50 40  8F(100) 97

@ Reactions were conducted with 0.1 mmol of substrate and 5 mol % of
(PPR)AUCI/AQOTf in 1 mL of CICH,CHyCI at 140 °C while being
iradiated with microwave®? Conversion (%) was determined By NMR
spectroscopyt Isolated yield 4 Reactions were conducted with 0.1 mmol
of substrate and 20 mol % of (PRAUCI/AgOTf in 1 mL of CICH,CH,CI
at 140 °C while being irradiated with microwav@Reactions were
conducted with 0.1 mmol of TsNk10.4 mmol of alkenes, and 5 mol % of
(PPR)AUOTT in 1 mL of CICH,CH,CI at 140°C while being irradiated
with microwave.f See Chart S1 in Supporting InformatidhiThe yield in
parentheses refers to a reaction performed under thermal conditians.

1:1 ratio of nucleophile and norbornene was used.

lyzed by gold(l) complexes, affording the corresponding
products in good yields in each case (Table 3, entrie4)1
Using this procedure, benzamide derivativéa-{c) were

2710

completely transformed, and the corresponding products were
efficiently formed in moderate yields in the presence of 20
mol % of (PCy)AuOTf within 30 min (Table 3, entries
5-7), while, for the same reactions under conventional
thermal conditions, a stoichiometric amount of catalyst and
a reaction time of 30 h were required (Table 2, entrieg R
This result shows that gold(l)-catalyzed intramolecular
hydroamination is efficient under microwave irradiation.
We also examined the intermolecular hydroamination of
unactivated alkenes under microwave irradiation (Table 3,
entries 8—12). Noticeably, the reaction worked smoothly,
and corresponding products could be isolated in excellent
and moderate yields with reaction times of-<0 min. We
found that carboxylic acid can also be added to alkene to
give ester in excellent yield in a reaction time of 40 min
under similar reaction conditions (Table 3, entry 13).

In conclusion, a variety of phosphine gold(l) complexes
have been demonstrated to be efficient catalyst for inter- and
intramolecular hydroamination reactions of alkenes. The use
of microwave radiation as a heat source allows a convenient
access to the temperature needed to allow completion of the
reaction in a much shorter time than that required under
conventional thermal conditions. The microwave-assisted
phosphine gold(l)-catalyzed organic reactions could provide
an entry for further development of gold(l) organic catalysis
in high-throughput synthesis.
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