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Indoles have important biological functions. Traditionally, Scheme 1. Approaches to C7-Arylated Indole Natural Products
substituted indole syntheses fall into two classé$.construction X Aryl M
of the indole ring system from other substrateand (i) direct £ Nis  apim_ F NA A £ N
functionalizations of an existing indolé. The Fischer indole 4 :f catalyst % catalyst ¢ fﬂ
. . . . wan W “.,\l' wvan
synthesis is an example of the former class, while electrophilic M = SnRo, BOR),, etc.

addition is an example of the latter. In this regard, metal-mediated _
C—H functionalizations of indoles are particularly attractive because Table 1. Ir-Catalyzed Synthesis of 7-Borylated Indoles?

elaborations of unprotected indoles are possible. entry  product time, yield _entry  product time, yield
7-Functionalized indoles exist in some intriguing natural prod- BPin BFin

ucts? such as asperazifgchloropeptin B° diazonamide A¢ drag- 1 'j Me 4h,78% 8 'j co,Me 8h,79%

macidin D3¢ and TMC-95A and B¢ Because most of these have

aryl or alkyl substituents at C7, cross-coupling reactions have been BPin :::

linchpins in synthetic approaches, as indicated in Scheme 1. Since , q y q
. . e . . . . 4 0, 0,
C7 of indole is difficult to functionalize selectively, construction of 2 N pMe  20h91% 9 )—CONEt, 251, 90%

the requisite coupling partners can be a nontrivial synthetic bottleneck.

BPin BPin
For N-unprotected, 2-substituted indoles, reactions that selectively R ¥
functionalize C7 are extremely raté.Snieckus and co-workers 3 oo p~Me  4h.88% 10 / 36, 45%
. - (=]
have developed the most general method for functionalizing

2-substituted indoles. Theirs is a directed metalation approach that n N PP

requires N-protection/deprotectiénCertainly, direct functional- 4 ®c0251 1h, 87% 11¢ @C})»sams 1h,76%

ization of unprotected2-substituted indoles at C7 would have

appeal. In this communication, we offer Ir-catalyzed borylation as BPin | BPin

one means toward this end. 5¢ mcoza 6h, 83% 12 @Ph 3 h, 69%
In our studies on borylations of heterocyclege noted that small cl

quantities of a single diborylated product arose when indole Py oy

borylation was carried out with pinacolborane (HBPin) at elevated 6¢ mcoza 3h,82% 13¢ @’\'}Bpm 4h, 90%

MeO

temperatures. This product could be obtained in good yield by

adjusting the HBPiIn stoichiometry. A series of NMR experiments BPin BPin
conclusively identified C7 as the site of the second borylation. 7d @Me 18h,64% 14/ @BPM 10 h, 92%

To assess the reaction scope, various substrates and conditions
were examined. Bipyridine-ligated catalysts disclosed by Ishiyama,

Miyaura, and Hartwig performed besThe conversion of reactants 2 Typically, a solution containing the indole, 1.5 equiv of HBPin, and 3

. 11 mol % of pregenerated Ir catalf8twas heated at 66C until the indole
_to prOdu_CtS was clean, as judged By and “8 NMR, and was consumed. Yields are for isolated products. See Supporting Information
intermediates were not detected. Of note, moderately elevatedfor details.? Reaction at room temperature2.0 equiv of HBPin used.

temperatures shortened reaction tiraadimproved isolated yields. f B2Pin; (1.0 equiv) was the borylating reagef®.2 equiv of HBPin used.
As shown in Table 1, borylation yields and functional group 2> €auiv of HBPin used.

tolerance are good. Because substrates unsubstituted at C2 gaVSen and a pinacolate oxygen directs & insertion. In the third
diborylated products (entries 13 and 14), most of the indoles in

Table 1 are Z'SUbStitUtEd' Entry 11 is noteworthy as selective To test the first mechanism in Scheme 2, catalytic borylation of
removal of the SiMegallows access to the 7-borylated ind®Entry N-d,-5-chloro-2-methylindole using HBPin was examined. At 50%

12 indicates that, for 2-phenylindole, borylation is favored at the conversion, deuterium incorporation in HBPin o3 &buld not be
indole 7-position over the phenyl sites. Significant N-borylation = getected by!H and 2B NMR. Hence, the N-H activation
likely accounts for the low yield in entry 10. mechanism can be excluded.

Borylations at positions flanking the indole N hint at its patrtici- Diborylation of N-methyl indole was initially examined to
pation in the reaction. Three possibilities that we envision are de- exclude the second mechanism in Scheme 2. Like indole, initial
picted in Scheme 2. In the first pathway, initiaHW scission affords borylation at C2 predominated, but 58 and 22% of the second
an Ir—N intermediate. Subsequent Ir insertion into thekCbond at borylation occurred at C6 and C5, respectivElyhis outcome
C7 (not shown) would precede product formation. In the second path- could be construed as support for H bonding, & coordination
way, hydrogen bonding between the hydrogen on the indole nitro- pathway could also be sterically sensitive to methylation.

COzEt N

mechanism, coordination of the indole N to Ir directsi€insertiont®
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Scheme 2. Potential N-Directed Mechanisms for Indole Borylation. Positions Affected by N-Deuteration are Indicated in Red
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Chart 1. Regiochemistry for Diborylation of Benzofuran and References
Indole
) ) (1) (a) Sundberg, R. J. l@omprehensie Heterocyclic ChemistnKatritzky,
BPin " BPin A.R., Rees, C. W., Eds.; Pergamon Press: Oxford, 1984; Vol. 4, pp 314
N 0 PinB o} 476. (b) Jones, R. A. I€omprehensie Heterocyclic Chemistratritzky,
,)—BPin ,)—BPin ,)—BPin A.R., Rees, C. W., Eds.; Pergamon Press: Oxford, 1984; Vol. 4, pp 201
312.
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Scheme 3. One-Pot, 7-Arylation of 2-Substituted Indoles
1. Ir-Catalyzed borylation Aryl

2. Remove volatiles in vacuo n
e
R2

3. 1.2 equiv ArylIBr, Pd-catalyzed
Suzuki Miyaura coupling

R'= CO,Et, R2= OMe, Aryl = m-xylyl, 87%

R'=Me, R? = H, Aryl = 3-pyridyl, 82%

g\ ZT
A

(©)

R? One-pot reaction

Because benzofuran is an isosteric analogue of indole absent the
heteroatom-attached proton, its reactivity can address whether
hydrogen bonding is a prerequisite for borylation at C7. As shown
in Chart 1, the 2,7- and 2,6-isomers comprise 65 and 17% of the
diborylated isomers of benzofuran. Even though the respeatigia
andparadirecting effects of OMe and BPin suggest that the second
borylation should be favored at G8&,the 7-borylated isomer
dominates, as was the case for indSl@hus, hydrogen bonding
to an acidic substrate proton is not absolutely required for the
observed regioselectivity. On the basis of these observations, we
presently favor the last mechanism in Scheme 2, where N-chelation
to Ir (or B) directs borylatiori*

A recent study raises concerns that the products in Table 1 might
perform poorly in Suzuki-Miyaura cross-coupling®. Thus, two
one-pot transformations were attempted, where the crude product
from Ir-catalyzed borylation was subjected to Pd-catalyzed cross-
coupling with two aryl bromides (Scheme 3). On the basis of the
starting indoles, the arylated products were isolated in 87 and 82%
yield, bolstering the prospects for synthetic utility.

In conclusion, Ir-catalyzed borylation provides the first general
approach to functionalizing unprotected indoles at C7. Efforts
toward further validating the mechanism, expanding the substrate
scope, and elaborating the resulting boronate esters are ongoing. (12)
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