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Gold-catalyzed reactions have received increased attention in theTable 1. Effects of Metal Complexes and Reaction Conditions?

past few years. A variety of organic transformations have been 2% Catalvst
shown to be mediated by gold(l) or gold(Ill) complexes in solution. \©/+ PhI=NNs o + Phl (1)

In addition to its superb ability to activate alkyne and related NHNs

substrated gold(lll) is also capable of electrophilically metallating 1a 1b

aromatic C-H groups to afford arylgold(lll) species; this activity N _

has been utilized to induce- bond formation8.We report here enty catalyst solvent temp (°C) yield (%)

a process to form €N bonds from direct functionalization of % ﬁﬂg:?’ '(IEHIP’:CN :: ggg 28 ggdd:

aromatic or benzylic €H groups catalyzed by Auglat room 3 AuCIi cCla ' tracé

temperature. 4 AuCl CCly 50 >75%
Direct functionalization of inert €H bonds is highly valued in 5 AuClz CH,Cl, rt. 9096

chemical synthesis® However, there are few methods that can 6 PdCh CH.CI; r.t.and 50 ”dbz

achieve direct nitrene insertion into aromatie-& bonds. Che et ; ﬁggf g:zg:z ;{ 228 28 Eﬁgb

al. have utilized neighboring groups to direct a palladium-catalyzed ¢ Cu(OTfy CHzcé rt and 50 trace

C—N bond formation using persulfate as the oxidant, while Yu et

al. reported a coppercatalyzed transformation with similar sub- 2 All reactions were carried out using 50 mg P#NNs in 4 mL solvent

strates In addition, Peez et al. have reported a case of benzene at a ratio of mesitylene/P#INNs = 8:1. Lower conversion under solventless
L L ’ . conditions; r.t.= room temperature’ Determined by*H NMR. ¢ Isolated

amination mediated by a coppépased catalyst with the use of yield.

PhE=NTs? In the latter case, if benzene is replaced by toluene, _ o _

the reaction occurs solely on the benzylic position. We and others é‘?gf i-a AuCls—Catalyzed Nitrene Insertion into Aromatic C—H

have recently developed nitrene transfer catalysts for olefin aziri- P

. . . . . . . . Enty?  Subs Prodk Yield(%)? Entry?  Sub Product Yield(%)?
dination as well as intra and intermolecular amination of aliphatic M Substate  Prodit  Vied(tH  Eny?  Subewae  Produ i

C—H bonds>® However, none of these systems are successful in . o . :(5\ :@C\‘HNS e
the intermolecular activation of aromatic-&l bonds. NHNs

Since simple aromatic groups readily react with Agitol form NHNs NHNs
arylgold(lll) species and 1 equiv of HCI at room temperature, we 2 D: 67 5 \Ii:( 73
hypothesized that the in situ generated arylgold(lll) might react - NHRN
with an electrophilic nitrogen source to induce-8 bond forma- Et Et Et Et
tion. Thus, we tested reactions of mesitylene with various nitrogen 3 I;( j¢( 61 6 \Q \© 7o

Et Et

sources with AuGl(2%) as the catalyst. To our delight, with Pl

NNs (Ns= p-nltrosu!fc?nyl Whmh, can be readily dgprotected from. a All reactions were carried out by using 50 mg #hNs in 4 mL solvent

the product), an efficient reaction occurred to give the aromatic at a ratio of hydrocarbons/PANNs = 8:1." Isolated yield Al three

C—N formation product in 90% yield at room temperature (entry products with a ratio of 1:1:1 based ky NMR. ¢ With <5% of benzylic

5, Table 1). The high efficiency of the reaction (based on=Phl  Nitrene insertion based dfi NMR.

NNs; mesitylene was used in excess) was surprising given the . ) .

mild reaction conditions employed. Other metal salts or HCI @activity, we performed a reaction with 1,3,5-triisopropylbenzene.

failed to mediate the same reaction at room or higher temperatures'Ve obtained a mixture of aromatic and aliphatic nitrene insertion

(Table 1). products with a ratio of 1:1.5 (eq 3, Figure 1). Thus, the current
More substrates were tested and results are listed in Table 2.SyStém can also mediate benzylie-B amination if weak G-H

Reaction yields ranged from good to excellent and chemoselec-Ponds are present. Howeveéhnjs system shows good chemoselec-

tivities were excellent for methyl-substituted benzenes. We found tivity toward aromatic G-H bonds eer primary and secondary

tri- or more substituted benzenes could undergo the reaction at roomPenzylic G-H bonds, a unique and rarely obsed property

temperature with 2% AuCk. However, less substituted benzenes ~ What is the mechanism of the unique-8 nitrene insertion

and benzene itself yielded less than 5% product under the sameobserved in the current system? Simple Lewis acid-based chemistry

conditions. This is a reaction pattern we have yet to fully Wwith gold(lll) activating Ph=NNs could be excluded since other

understand(— metal ions and HCI were not effective and electron rich heterocycles
When 1,3,5-triethylbenzene was used as the substrate wesuch as indoles and furans showed no reactivity under the same

observed a trace amount of benzylic amination (entry 6, Table 2), reaction conditions. To gain insight into the mechanism, a reaction

which prompted us to test substrates with more activated benzylic was carried out with a 1:1 mixture of mesitylene and mesitylene-

C—H bonds. With tetrahydronaphthalene and indan, in addition to d'? with Phi=NNs and AuCj. *H NMR showed a 1:1 product

aromatic C-H insertion, high percentages of benzylic nitrene distribution, suggesting that the-&1 functionlization step might

insertion were observed (eq 2, Figure 1). To further confirm this not be rate determining (eq 4, Figure 1). A second experiment was
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Figure 1. Amination of benzylic C-H groups catalyzed by Augland
isotope labeling experiment3!H NMR ratio and conversion.
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performed with 1,3,5-triisopropylbenzene and a stoichiometeric
amount of AuC} in CCl,. The reaction was quenched withb@®
after several hours and analyzed Hy NMR, which showed
disappearance of proton signal from both the aromatic and benzylic
positions (eq 5, Figure P)These results suggest activation of the
benzylic protons by gold(lll), resulting in HD scrambling.

For weak

benzyllc C-H Phl=NNs

HCI

>

c

o
ol

(ChAY) NsHN

Ph/:,v,v

We propose a mechanism (Scheme 1) to account for the observed

reactivity pattern. First, the arylgold(lll) species is generated from
the reaction of AuG and an aromatic €H bond3 Phi=NNs is
then activated by interaction with the gold(lll) center. This
activiation leads to attack on the carbon of the arylgold(lll) species
resulting in product and the formation of AuCIhis mechanism
helps to explain the unique chemoselectivity of this reaction;
formation of the arylgold(lll) species is key and required for the
selective aromatic €H nitrene insertion. In the presence of very
weak benzylic G-H bonds, our isotope experiment (eq 5) suggests
that gold(lll) displaces a weak benzylic proton to form a carbon
gold(lll) bond, which subsequently undergoes the nitrene insertion
(Scheme 1). Arylgold(Ill) may form first before gold(lll) migrates
to the benzylic position. Formations of benzytigold species are
known and have been reported in the pésAlthough other
mechanistic possibilities cannot be excluded at this time, our
experiments suggest that a nearby aromatitHds required for

the benzylic CG-H amination to occut!

In closing, we report here a gold-catalyzed nitrene insertion into
aromatic and benzylic €H bonds at room temperature. Currently,
this chemistry has a narrow scope limited to simple arenes, but the
unique activity and chemoselectivity present intriguing mechanistic

questions. Further studies of these transformations may lead to new
paths for developing efficient-€H activation methodologies and

a better understanding of both gold chemistry andNCbond
formation processes.
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