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The abundance of nitrogen-containing heterocycles in biologi-
cally active molecules has occasioned many efforts for their
synthesis and functionalization.> As a result, direct approaches
toward their construction have become competitive with more
traditional protocols based on substrate preactivation. Indeed,
methods involving C—H bond cleavage and subsequent C—N bond
formation are emerging as attractive alternatives (Scheme 1).2
However, such strategies generally require an external oxidant to
account for the change in oxidation state of the C—H bond and to
enable catalyst turnover. In a recent elegant report,® Hartwig
addressed this issue using a N—O bond contained in the substrate
as a built-in oxidant.* This indole formation was the first example
of a non-nitrene-based® redox neutral intramolecular amination
achieved from C—H and N—X coupling partners. In this com-
munication, we wish to disclose an intermolecular and mechanisti-
cally distinct process that affords the isoquinolone motif via Rh(I11)-
catalyzed annulation of benzhydroxamic acids with alkynes. This
external-oxidant-free process strategically utilizesa N—O bond as
an instrument for C—N bond formation and catalyst release.

Scheme 1. Heterocycles via C—H Cleavage/C—N Formation
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Pursuing our interest in heterocycle formation, we sought to use
an oxidative coupling approach analogous to those employed by
Satoh and Miura?*P aswell as our group®> to gain entry to different
nitrogen-containing heterocycles. We postulated that the isoqui-
nolone motif could be accessed using a benzamide-derived starting
material.® Inspired by Yu swork in direct amination,?" we reasoned
that benzhydroxamic acids could serve as adirecting group for C—H
functionalization as well as predisposing the substrate toward C—N
reductive elimination. However, initia attempts toward the forma-
tion of isoquinolone 3a resulted in product mixtures (Table 1, entry
1). Interestingly, the major product (4a) of the reaction had
undergone N—O bond cleavage. Considering that an additional
synthetic step is usually required to achieve this reduction,®” we
decided to further explore this direct reaction pathway to obtain
4a in one step. To our delight, replacing Cu(OAc),+H,O by a
catalytic amount of base and using methanol as solvent revealed
that 4a could be obtained in high yield (Table 1, entry 2—4).
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Table 1. Selected Observations during Reaction Development?

0
o] . N
N-OMe =z Ph mﬁaﬁ?ﬁﬂiiﬂﬂﬂ?ﬂ{") N 3a:iR-OMe
H Ph Solvent (0.2 M), 60 °C 16h App, 43 R=H
1a 2a
Ph
"H NMR yield 'H NMR ratio
Entry Solvent additive (equiv) 3a +4a 3a:da
1 DMF Cu(OAC),-H,0 (2) 89 111
2 DMF CsOAc (2) 38 1:20
3 MeOH CsOAc (2) 97 (92)° 1:20
4 MeOH  CsOAc (0.3) 97 (90)° 1:20

#1a (1 equiv), 2a (1.1 equiv), [Cp*RhCl,], (2.5 mol %), additive (x
equiv), solvent (0.2 M), 60 °C, 16 h. P Isolated yield.

With this set of conditions in hand, the scope of isoquinolone
formation was demonstrated with a variety of substituted benzhydrox-
amic acids. As shown in Table 2, the reaction provides the desired
isoquinolones regardiess of the electron-donating or -withdrawing
character of the benzhydroxamic acid substituents. Additionally, when
meta-substituted benzohydroxamic acids are used, the arene rhodation
occurs a the less hindered ste, providing exclusively the C-7
substituted regioisomer (4e, 4f). Also, both symmetrical and unsym-
metrical alkynes are tolerated as coupling partners.” Moreover, the
insertion of an aryl—alkyl disubstituted alkyne occurs regiosdectively
with the sp? center being ingtalled at the 3-position. Of note, these
mild and copper-free conditions alow an akyne bearing a pyridyl
group to undergo the isoquinolone formation (4i).

Table 2. Reaction Scope?

o)
o)
Cp*RhClyl, (2.5 mol%)
e | bl e
NN CsOAG (30 mol%) il NH
Rl J H R2 MeOH (0.2 M), 60 °C, 16h ZNF R
1(1 equiv.) 2 (1.1 equiv.) 4 R?
o) 0 ) o)
NH NH NH NH
Z ph AcHN 7 Ph Meo #~ph Br 7 pn
Ph Ph Ph Fh
4a 90% b 78% 4c 88% 4d 82%
0 0 I o 0
OaN N T NH NH NH
Z>ph Z>pp ZPh 0N Z>ph
Ph Ph Ph Ph
4e 85% 4f 76% 4h 48% 49 85%
o
NH
\ Z > ph
n-Pr n-hex Me
4i57%5 4 55%° 4k 80%° 4161% (75%)7

@ |solated yields. ® Reaction conducted in a sealed tube at 100 °C for
40 h. ©Isolated as a 20:1 mixture of regioisomers. 42 equiv of CSOAc
used.
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The absence of added oxidant and the loss of the N-methoxy
substituent in the isoquinolone product prompted us to probe the
mechanism of this redox neutral process. The role of the N-methoxy
group was initially evaluated by carrying out two experiments in
deuterated methanol, the first with 1la and the second with
benzamide. In both cases, deuterium was incorporated exclusively
ortho to the directing group (egs 1 and 2). In addition, no cleavage
of the N—O bond was observed with 1a. These results suggest that
the first step of the mechanism is a reversible cyclometalation.?
Also, the integrity of the N-methoxy group is inconsistent with a
mechanism involving N—O bond oxidative addition as has previ-
ously been demonstrated in Hartwig's system.® Next, a reaction
starting from benzamide was run in the presence of 2a and 20 mol
% of Rh(lIl) (eq 3). From this experiment, 71% of the starting
material was recovered, aong with 6% of the benzannulation
product 5.° No formation of isoquinolone 4a was observed,
signifying that the N-methoxy group is a prerequisite for C—N bond
formation. Lastly, to determine whether the N—O bond simply acts
as an oxidant for Rh(l) after C—N bond reductive elimination, 1a
and 2b were reacted in the presence of 3a. No formation of 4a
from 3a was observed (eq 4), indicating that N—O bond cleavage
happens intramolecularly with the substrate on which C—N bond
formation occurs.

H(D) O + 95% recovery (isolated)
= -OMe . 902, deuterium incorporation 1
e //R;m/ N at ortho position m
R [Cp'RNCll, 2.5 mol% H(D) * N-O bond remains intact
ﬁ CsOAc 2 equiv.
MeOD-d,, 60 °C 18h H(D) O y
H \ N * 93% recovery (isolated)
R=H Hy * 25% deuterium incorporation 2
H(D) al ortho position
o]
o ph [Cp*RNCIo), 10 mol% NH; . 71% recovery of
NH, + / CsOAc 2 equiv. Ph benzamide (isolated)
Ph MeOH, 60 °C 16h g « No 4a formation (3]
28 Ph Ph
Ph
5 6% isolated
________________________________________________________ a
(o] 2 oL
\-OMe N [Cp* FthIz]z 2.5 mol% j""
+ 1a le Cs0Ac 2 equiv. A Zpn &
LN S
# ~ph 2 MeOH, 60 °C, 16h b
Ph Me” 100 % recovery
3a 2 ("HNMR) (79% by A NMR)

The postulated mechanism is presented in Scheme 2.'° The
mechanistic information revealed above is consistent with the first
step being a reversible arene rhodation providing 6. The akyne
can then undergo an insertion into the Rh—C bond, forming
intermediate 7. At this point, a concerted or stepwise C—N bond
forming/N—O bond cleaving event can occur, affording the desired
isoquinolone and releasing the catalyst. Computational and experi-
mental studies are underway to further establish the nature of this
last catalytic step.

Scheme 2. Postulated Mechanism
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In conclusion, we have developed a conceptually new approach
to C—N bond formation from benzhydroxamic acid precursors. This
redox neutral isoquinolone synthesis operates under mild conditions,
is not sensitive to air or moisture, and does not require an external
oxidant. Thisinteresting reactivity should find a broader use in the
formation and functionalization of other heterocycles.
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