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ABSTRACT

Cobalt complexes of porphyrins are effective catalysts for intramolecular C

—H amination with arylsulfonyl azides. The cobalt-catalyzed process

can proceed efficiently under mild and neutral conditions in low catalyst loading without the need of other reagents or additives, generating

nitrogen gas as the only byproduct. The catalytic system can be applied to primary, secondary, and tertiary C

—H bonds and is suitable for a

broad range of arylsulfonyl azides, leading to high-yielding syntheses of various benzosultams.

Metal-mediated nitrene transfer reactions are important associated with the use of the hypervalent iodine reagents,
chemical processes that allow the selective conversion ofwhich include their instability and the generation of Arl as
hydrocarbons to valuable nitrogen-containing compounds viaa byproduct. While the approach of in situ iminoiodane

direct C—N bond formatiof? Using PhI=NTs and related

generation in the presence of a terminal oxidant has met with

iminoiodane derivatives as the primary nitrene sources, enormous successes recefithalternative nitrene sources
significant progress has been made in both catalytic aziri- such as chloramine-¥;” bromamine-T and tosyloxycar-

dination of alkenes and amination of-& bonds?— Great

bamate% have been actively pursued to improve catalytic

efforts have been made to overcome several limitations nitrene transfer reactions.
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Azides represent a broad class of compounds that havjjj R N

the potential to be considered as ideal nitrene sources for  gcheme 1. Catalytic Intramolecular C—H Amination of
metal-mediated nitrene transfer reactiéh.In addition to Arylsulfonyl Azides

their wide availability and ease of synthesis, azide-based
nitrene transfers generate chemically stable and environ-
mentally benign nitrogen gas as the only byproduct. Despite
these attributes, only a few catalytic systems have been
developed that can effectively catalyze the decomposition
of azides for aziridination and aminatiéhiNotable examples

include Co(Por)-based amination with aryl azitteand sponding benzosultam derivatives (2) (Scheme 1), which
Ru(Salen)-based aziridination with arylsulfonyl azides' have been found in various important applicatiétishe Co-

In connection with our studies on the development of catalyzed process proceeded efficiently under mild and
Co(Por)-catalyzed carbene transfer reactions with diazo neutral conditions in low catalyst loading without the need
reagent3>*°we recently reported a Co-based catalytic system of other reagents or additives, while generating dinitrogen
that can catalyze olefin aziridination with the commercially as the only byproduct.
available diphenylphosphoryl azide (DPPA) as a convenient  Using the commercially available 2,4,6-triisopropylben-
new nitrene source, leading to the formatioN\aphospho-  zenesulfonyl azide (la) as a model substrate, we first
rylated aziridines with dinitrogen as the byprodticAs part  surveyed potential catalytic activity of various metallopor-
of our ongoing efforts to exploit the potential of azides for phyrins (Figure 1) toward intramolecular C—H amination
nitrene transfer reactions, herein we describe our results on(Table 1). The reactions were carried out with 2 mol % of
Co-catalyzed intramolecular G+amination with azides.  metalloporphyrin at 89C overnight in chlorobenzene, which
Commercially available Co(TPP) (Figure 1) was shown to was identified previously as the solvent of choice for
aziridination with DPPAL It was evident that Co(ll) was
by far the most active metal ion for the intramoleculari€
amination with TPP as the supporting ligand, forming the

Rs Co(TMeOPP): desired benzosultarBa in 96% yield (Table 1, entry 5).
Re~ e R o While the V(1V), Cr(Ill), Mn(lI1), Ni(ll), Cu(ll), and Zn(ll)
Ry Ry Co(TMP): complexes produced no or only trace amount2a(Table
o Pi=We Re=H, 1, entries +3 and 6-8), Fe(TPP)Cl and Ru(TPP)(CO) could
s = Me.
Rs _
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R =Rz=H. Lett. 2003, 354. (b) Omura, K.; Uchida, T.; Irie, R.; Katsuki, CThem.
Co(TPFPP): Commun2004, 2060.
R.=R,=R.=F (14) While this manuscript was in the process of submission, Driver and
1 2 3 .

co-workers reported a formal arene-8 insertion reaction of vinyl azides

V(TPP)O: Fe(TPP)CI:  Cu(TPP): catalyzed by dimeric rhodium perfluorobutyrate, see: Stokes, B. J.; Dong,
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S0c.2004,126, 14718. (d) Chen, Y.; Zhang, X. P.0rg. Chem2007,72,

Figure 1. Structures of metalloporphyrin catalysts. 5931. (e) Chen, Y.; Ruppel, J. V.; Zhang, X.P.Am. Chem. So@007,

129, 12074.
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Table 1. Intramolecular Nitrene C—H Bond Insertion of Table 2. [Co(TPP)]-Catalyzed Intramolecular C—H Aminatfon
2,4,6-Triisopropylbenzenesulfonyl Azide Catalyzed by
Metalloporphyrin3d

a Performed for 18 h under Nn the presence of 5 A molecular sieves
with [1la] = 0.20 M.PSee Figure 1 for structure3Catalyst loading.
d1solated yields® Estimated yieldf Carried out for 42 h.

also catalyze the reaction to produ2ain 11% and 67%

yield, respectively (Table 1, entries 4 and 9). Control

experiments showed that no reaction was observed in the

absence of a catalyst (Table 1, entry 21). After the superiority

of Co ion was established, several common porphyrins with

different electronic and steric properties were applied t0  aperformed in GHsCI for 18 h under N with 2 mol % [Co(TPP)] in

probe the ligand effect (Figure 1). While both Co(OEP) and the presence of 5 A MS; [azide} 0.20 M." Isolated yields.

Co(TMeOPP) could effectively catalyze the reaction (Table

1, entries 10 and 11), an increase in ligand steric hindranceC—H bonds inlaand1b (Table 2, entries £2), secondary

and/or electron deficiency resulted in poor catalytic activity (Table 2, entries 34), and even primary (Table 2, entries

(Table 1, entries 12—14). The Co(TPP)-catalyzed reaction 5—7) C—H bonds having various aromatic substitution

could also proceed well at lower and even room temperaturespatterns can be effectively aminated as well, resulting in

(Table 1, entries 15 and 16) and in different solvents (Table selective formation of the corresponding five-membered

1, entries 17 and 18). A decrease in catalyst loading to 0.5 heterocycles. Although they all could be intramolecularly

mol % had no dramatic effect on the catalytic process (Table inserted in excellent yields at 8@, the reactivity seemed

1, entries 19 and 20). to follow in the order of 8 > 2° > 1° C—H bonds. The
The Co(TPP)-based catalytic system was found to be difference in their reactivities became more noticeable when

suitable for a broad range of arylsulfonyl azides (Table 2), the reactions were conducted at lower temperatures (Table

which were readily prepared from the corresponding aryl 2, entries £5). It is interesting to note that an increase in

compounds (Supporting Information). For each arylsulfonyl substitution on the aromatic ring led to higher-yielding

azide substrate, the catalytic reactions were evaluated at threéormation of the amination products (Table 2, entriesr3,

different temperatures: 8, 40°C, and room temperature.  suggesting a positive buttressing effect of meta and para

In addition to intramolecular nitrene insertion into tertiary groups on the nitrene insertion of ortho—& bonds.
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Arylsulfonyl azides containing functional groups such as || NG

bromo and nitro at different positions could also be success-t,pe 3 Five- and Six-Membered Ring Formations via

fully catalyzed (Table 2, entries 8—9). Intramolecular C—H Amination Catalyzed by Cobalt
The aforementioned reactivity order 6f 8 2° > 1° C—H Porphyring

bonds, perhaps in combination with the higher reactivity of

benzylic C-H bonds, resulted in exclusive formation of five-

membered ring structures in all the above cases where 1

and 3°or 1° and 2°C—H bonds coexist in the substrates

(Table 2, entries 1—4 and 8—9). Azid¢ represents a case

that contains both2and 3 C—H bonds (Table 2, entry 10).

As in the other cases (Table 2, entries4land 8—9), the

exclusive high-yielding formation of five-membered spiro-

heterocyclic product was observed as a result of the reactivity

order of 3°> 2° > 1° C—H bonds.

When an azide substrate containing differefit@—H
bonds such as benzylic and non-benzylic types was em-
ployed, however, both five- and six-membered ring forma-
tions were observed. For example, Co(TPP)-catalyzed intra-
molecular C-H amination of azidd k with ann-butyl group
led to the production of six-member&# as well as the five-
memberedk (Table 3, entries 43). The ratio of2k to 3k
was determined to be 72:28, 68:32, and 67:33 at®040
°C, and room temperature, respectively. The increase in the
ratio of 2k to 3k at elevated temperature suggests the higher
thermodynamic stability of the five-membered ring structure.
When 11 with an n-propyl group was used, both the five-
membered?| and six-membere@| were similarly formed aPerformed in GHsCl for 18 h under N with 2 mol % [Co(Por)] in the
(Table 3, entries 4—6). The ratio of five- to six-membered presence of 5 A MS; [azide} 0.20 M. > See Figure 1 for structure$Ratio
fing products, which was 56:44, 56:44, and 54:46 af@) (5 1 Semhered g poducts deterined by MR, see & fr deiie.
40 °C, and room temperature, respectively, however, was details.
significantly lower than the those of azid& reactions. Our
preliminary results indicated that the ratio of five- to six-
membered ring formations could be influenced with the use five- or six-membered ring formation. Further studies are
of different porphyrin ligands. While a similar ratio af to required to render the Co-based catalytic system stereo-
3l was obtained for Co(TMP)- or Co(TMeOPP)-catalyzed selective by employing chiral porphyrin ligands with desired
reactions (Table 3, entries 7 and 8), the ratio was significantly electronic, steric, and chiral environme#ts.
increased to 73:27 when Co(OEP) was used as the catalyst
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