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ABSTRACT: The firstRh-catalyzed C-H amidation of pyridines is report€de incorporation of a substituent at the C2 position
is both crucial to the success of this transformation, and provides conkdssape for further elaboration of the resultingdsro
ucts. Amongst these compounds, 2-chloropyridines allow access to a seleatii@nmédiates including a versatile azaquinazoline
scaffold.

Anthranilic acid derivatives are an important class df-su aminoquinoline or oxazoline tethered secondary amides
strate, particularly for the synthesis of nitrogen-containing (scheme 1Bj.Based on our observations that oxazolinas
heterocycles such as quinazolines, indoles and quindlines.function as effective promoters of benzene based C-H am
Despite the broad synthetic utility of anthranilic acids, accessdation, we decided to explore their compatibility in thecfun
to highly-functionalized examples of these 1,2-disubstituted tionalization of pyridines and report herein the successfid rea
aromatic systems remains a significant challenge. Mani stra ization of this strategy.
egies rely upon multi-step and often linear sequencesr4o ci Scheme 1. C-H amidation of (hetero)aromatic compounds.
cumvent the low reactivity of azines towards functionalization C-H activati G

. . . L . . C-H activation towards anthranilic acid derivatives:
via electrophilic aromatic substitution. In this regardHC- T 1

activation has emerged as an effective alternative, offering L ;‘N

simpler and more effective approaches to functionalized an HzNR

logs of this important scaffoldContributions by Yu, Acke oxidant

mann, Glorius, and others, have allowed for significalt a _ PN Competing '
[M] = Rh, Ru, Pd, Co, Cu, Ir 3 \

YV coordination !

vancement in this area (scheme £&ur grouphas reported a
mild Rh-catalyzed oxazoline directed amidation that provides 4
access to highly-functionalized quinazolifesMoreover, B. Current application to pyridines:

Ackermann recently demonstrated the applicability of cobalt-

catalysis to this particular methdd. DG [Cul b6 = ;

In spite of the successes irf §pH activation, compatibility Oy NH HoNR =
with heterocycles remains a significant challenge. Whitst i % % \%
pressive advances have been achieved with heterocycles based | Yuand Daugulis N

on indoled’, pyrroles® furang and thiophene%examples of
pyridine functionalization are somewhat rare in comparison.
The propensity of pyridine itself to function as a directing
group in C-H activation chemistry is the likely cause of the
relatively slow progress made in the functionalization of thi
highly important scaffold. Nonetheless, key contributions by

Yu and Daugulis have allowed significant advances in this . ) - )
respectwith elegant stoichiometric and catalytic copper imed the desired amidopyridine productsBased on the hypothesis

ated C-H amidations having been achieved upon pyridirfe sca that the lack of reactivity arises from catalyst deactivation by

folds by utilizing bidentate directing groups such as the 8- € Lewis basic pyridine, we considered how this process
could be circumvented. In this regard, we were intrigued by a

Our initial studies began by exploring the reactivitysob-
stratesla-c where the directing group was positioned around
the parent pyridine ring. As shown in Scheme 2, thebke su
strates were inert to Rh-catalyzed amidation and increasing
both reaction temperature and time failed to result in any of



report from Cossy which demonstrated that incorporation of afluoromethyl substituted pyridine affordeti7 in excellent
2-Cl group on a pyridine could result in efficient Ru-catalyzed yield and selectivity. Surprisingly, however, both 2-methyl-
cross-metathesis, while the parent pyridine was unreactive inand 2-aryl-substituted pyridines were also well tolerated in this
this process: This approach seemed well suited to ouHC- case, producing8 and 19 in good yield. These results are

amidation conditions, not only to atterjuate the Lewis bgsmty notable in light of the observations described earlier (Scheme
of the heterocycle, but by also offering the opportunity for 3, compoundsl1-14) and highlight that the position of the
further derivatization. To probe our hypothesis, we prepared™ ~ P gnlig P

substrateld and were delighted to find that amidatioropr ~ dirécting group can have a profound effect on substrate rea

ceeded in a promising vield of 61% under mild conditions. tivity.
Moreover, the reaction demonstrated respectable regioselecti ) ) o o
ity, with 2a being the major isomer observed (scheme 2). Scheme 3. 3-Oxazoline directed C-H amidation of pyridines.

Scheme 2. Oxazoline directed C-H amidation of pyridines. HaNGOCFs (1.0 equiv)

[Cp*RhCly], (2.5 mol %) 0’>
3 AgSbFg (10 mol %) @&N
[j/ N~ T . R

H2NCOCF; (1.0 equiv) ! = jnert : ohi(OAS) (15 0qu) -
N O [Cp*RNCly]; (2.5 mol %) N O! /[ 1\ I\ [\ CHCly, 40 °C, 18-20 h
AgSbFg (10 mol %) N O N, O N Oi

———— TFAHN

R_ PhI(OAc), (1.5 equiv) R—] } | SN | X | N (\o N(H)TFA (\o N(H)TFA
CH,Cl,, 40 °C Pl _N N NT NP NTNF
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o 3;59% 4;64% 5 71% (5.3:1) 2; 80% (5.9:1)(57%)!
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N~ Cl TFAH)N
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6; 80% (6.7:1) 7;78% (8.3:1) 8;72% (6.0:1) 9; 31% (3.6:1)

Pleased by the effectiveness of a 3-oxazoline to direct the C-
H amidation of 6-chloropyridine, we decided to explore the )r\/L )rj\ )rj\
scope of this procesm a range of substrates, subjecting them TFAH NMe, TFAHN ey TAH garyt
to the reaction conditions. Notably, we chose to confine our 10; trace 1 R = Me: trace 13 R = Ph: 15% (+06:2)
studies to trifluoroacetamide as the corresponding amidation 12; R = Bu': 12% (1.4:1)°9  14; R = 2,6-Me,CeHs: 13% (6.5:1)19
productscanbe readily hydrolyzed. As depicted in Scheme 3,
we observed a variety of functionalities were compatible with  [a] Reaction performed on 4.56 mmol scale. [b] Reaction pe
these C-H amidation conditions. Both 2- and 6-halopyridines formed using [RhCp*Gl, (1 mol %) and AgSb§(4 mol %) for
underwent smooth amidation affording the desired products24 h. [c] Reaction performed at 80 °C. [d] Regioisomers separable
2a-6 in good to excellent yields. Moreover, 3-oxazoline-6- by column chromatography.

halopyridines underwent regioselective and consistett C- g ame 4. 4-Oxazoline directed C-H amidation of pyridines.
amidation at the 2-position. Additionally, we were able to

lower the Rh-catalyst loading to 1 mol % to deli&with HoNCOCF3 (1.0 equiv)

only a modest drop in yield. We could extend this chemistry to 0/> [CP*RhCl,, (2.5 mol %) 03
trifluoromethyl- and sulfone-substituted analogsand 8, S AgSbFg (10 mol %) R@ﬁ\m
which afforded the products in good yiekdth excellent e- R- PhI(OAG), (1.5 equiv) N(H)TFA
giocontrol. Notably, the regioselectivity of C-H amidation in CH,Cl, 40 °C, 18-20 h

these cases complimextthat of the Cu-promoted systems

developed by Yu and Daugufi&® However, switching the 6- N/\jo N/\_\O
substituent to an electron-donating group had a marked effect

on reaction efficiency. 2-Methoxy-substituted pyridine affor TRA( H)Nﬁ /&N(H)TFA AN NETFA
ed9in a low yield while the 2-dimethylamino compound only | FiC” SN |
provided a trace amount of compouf@. Similarly, when 15; 57% (13.2:1)1 16; 58% (>98:2) 17; 96% (>98:2)

alkyl and aryl examples were examined only trace or low-rea
tivity was observed. Overall, although the efficiency of amin

tion strategy was found to be modest in some cases, especially N
. . pZ (H)TFA N(H)TFA
as compared to the analogous reaction of arihespresents

an effective alternative to traditional methods of pyridinecfun
tionalization processes. 18; 64% (>98:2) 19; 70% (>98:2)
Having thoroughly explored the scope of 3-oxazolink-su
stituted pyridines, we turned our attention to the scope of 4-
oxazoline substituted pyridines and our results are summarized We turned our attention to the 6-oxazoline substituted pyr
in Scheme 4. Interestingly, we found that 2-F and 2-Ci pyr dines in order to complete the scope of our studies.pPisa
dines underwent dichotomous regiochemical insertioo- pr pointingly however, subjection of 2-halo-6-oxazoline-
cesses to afford isomeric major produdts and 16. The ti- substituted pyridines to the standard reaction conditions failed

[a] Regioisomers separable by column chromatography.



to deliver the corresponding products, regardless of the rea
tion temper ture/time (scheme 5). We suspect the lack of rea

to access heterocyclic scaffolds that bear versatile functional
ty for further derivatizatior®

tivity arises from the ability of these substrates to act as strong

ligands, thereby deactivating the Rh-catalyst.

Scheme 5. 2-Oxazoline Substituted Pyridines.

H,NCOCF; (1.0 equiv)

N [Cp*RNCly], (2.5 mol %) N(H)TFA

\ AgSbFs (10 mol %) ‘

- R ——————————
XN 0 XTI
PhI(OAc), (1.5 equiv) N\J
B CH,Cly, 40 °C
X=F,Cl,Br 18 h <2% conversion

20a-c

Having confirmed the importance of the 2-substituent faa-cat
lyst reactivity, we wanted to highlight the potential of these

Scheme 7. Azaquinazolinone Synthesis.

" Sy Ar
B cross-coupling
ox 1. NaOH, MeOH, rt, 18 h, 80% o
a N2 HC(NH)NH, HOAc, EtOH, _ CI. b~ e
100 °C, 24 h, 81% ® alkylation
ZSN(H)TFA N A

3.6 M HCI (aq), reflux, 2 h, 51%

16 28

In summary, we have reported on the first example of rh
dium-catalyzed C-H amidation of pyridines that allows galu
ble scaffolds to be generated with high regioselectivities. The
mild and efficient reaction conditions allow for the intraeu

groups as valuable functional handles (scheme 6). Hydrolysistion of a readily deprotectable amino source on a range of

of the trifluoroacetamide to the corresponding aniline was
achieved successfully on both 2-Cl and 2-Br subst@tésn
excellent yield. Most pleasinglyy&r reactions were found to

pyridine scaffolds. Furthermore, the synthetic value of 2-halo
substituted pyridines is demonstrated by their successful late
stage derivatization into a variety of highly functionalized

be successful with both alcohol and amine based nucleophilesscaffolds.

affording 23 and24 in good to excellent yield$. Despite the
potential of these compounds to form strong complexes with

ASSOCIATED CONTENT

transition metal catalysts, we were delighted that both Suzukisypporting Information

and Fe-catalyzed cross-coupling pathways Were viabledaffor
ing aryl and alkyl substituted pyridin@s and26.'* Moreover
removal of the 2-Cl substituent could be readily achieved a
fording the parent unsubstituted pyridi@@ in 69% vyield®
Overall and importantly, the transformation of 2-haloipyr
dines21-22 to product23-27 allows us to circumvent some of
the limitations associated with 3-oxazoline directed C-Ht am
dations shown in Scheme 3.

Scheme 6. Post C-H Amidation Functionalization.

{0 NaOH (0
N | MeOH ~ ‘
TFAHIN™ N7 X 18h HNT SN X
2(X=Cl) 21; 89% (X = Cl)
6 (X =Br) 22; 89% (X = Br)
3 3 3
NP NaOH, MeOH = HCO,NH, NP
| reflux, 24 h « I 10mol% Pac <
HoN" N7 NoMe sz:l . -NCI) X EioH refiux, 2 HNT NTH
. 0, - . 0/
23; 98% 22261 27; 69%
( o Morpholine EtMgBr
N/)\/(\JL K,CO3, DMF 15 mol % Fe(acac); )rl
NS N 120°C.48h THF:NMP (9:1)
K/O t,2h
24; 63% 26; 57%
{3
10 mol % PdCl,(dppf).CH,Cl, N/)j\/l
PhB(OH),, 2 M aq Na,CO, NSNS
EtOH:Dioxane (10:1), 80 °C, 18 h
25; 58% (X = Br)
47% (X = Cl)

Finally, we were able to prepare functionalized quinazolinone
28 in good yield, utilizing our previously reported conditions
on substratd6 (scheme 7§.This highlights the ability toe
ploit this chemistry to successfully prepare otherwise difficult

Experimental procedures and characterization data. The $uppor
ing Information is available free of charge on the ACS Pablic
tions website.
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