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We present a base free method for amide bond construction via oxidative coupling of alcohols
with amines catalyzed by Silver(l) N-heterocyclic carbenes (Ag(l)-NHCs) and mediated by tert-
butyl hydroperoxide(TBHP) in ethanol. The results of controlled experiments suggest that the
oxidative coupling proceeds through the formation of aldehyde, then subsequent attack by amine
to give hemiaminal, which can then be oxidized to amide.

2009 Elsevier Ltd. All rights reserved.

Amide bonds are essential disconnections in organic
retrosynthesis." Early methods to.form the amide bond using
carboxylic acids or it’s derivatives are super-stoichiometric and
create considerable amount of waste.” Thus, a variety of catalytic
amide bond formations have been investigated using a range of
organic functionalities as starting materials including alcohols,’
carbonyls,” oximes,® primary amides,® terminal alkynes,’ alkyl
arenes,®esters,’ aryl boronic acids,' and aryl halides."*(Figure 1)
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Figure 1. Catalytic amide bond syntheses.

Since alcohols are relatively abundant and stable starting
materials, catalytic coupling of alcohols with amines via either
dehydrogenative®'2 or oxidative path®"** has been recognized
as environmentally benign and atom-economic process.

Because the catalytic dehydrogenative amidation of alcohol
occurs in the absence of oxidant, it is critical to direct the
transformation of hemiaminal intermediate that formed from
alcohol-amine coupling to the amide or imine.***?* Conversely,
catalytic oxidative amidation is generally a tandem process, in
which an oxidant converts selectively the alcohol to aldehyde and
then hemiaminal intermediate selectively to the amide.®*™*
Although the platinum group metal catalyzed amide bond
processes have been established deeper insights of mechanistic
path, %% however their high cost and toxicity provides
opportunity to explore relatively cheaper and non-toxic transition
metal catalysts. In this context, there are few reports disclosed the
utilization of homogeneous/heterogeneous iron,** copper,”
silver," and zinc’ catalysts in oxidative amidation of alcohol,
which however requires a base or an additive in stoichiometric
amounts or relatively higher catalyst loadings. The report by
Beller'” is the exception to disclose a base free oxidative
amidation via alcohol-amine coupling catalyzed by Zinc/TBHP
system. However, there was no information about the possible
reaction mechanism for the optimized catalytic conditions and
the reported amide yields obtained from aryl and aralkyl amines
are not appreciable.
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Silver (1) N-heterocyclic carbenes (Ag(l)-NHCs) are one of the
highly resourceful organometallics since they are (i) carbene
transfer agents to synthesize many other powerful metal-NHC
catalysts, (ii) good antibacterial agents, (iii) precursors for
nanoparticles and liquid crystals and (iv) able to catalyze a
variety of C-C and C-heteroatom bond forming reactions as
emphasized by us™ and others.® A report by Jiang and
colleagues described the use of Ag(l)-NHCs (NHC = N,N'-
Disubstituted imidazol-2-ylidene based carbenes) in a one-pot
aerobic oxidative coupling of alcohols with amines in toluene to
produce imines in the presence of a base.'® Imines are also an
important class of nitrogen compounds in chemistry.

Herein for the first-time we describe the results of a base-
free and additive free, Ag(l)-NHC catalyzed alcohol-amine
oxidative coupling using tert-butyl hydroperoxide (TBHP) as an
oxidant to produce selectively the amide-bond in high yields in a
green solvent ethanol. We also made efforts to derive appropriate
mechanism with the support of controlled experiments.

Our investigation began with the oxidative amidation of
benzyl alcohol 1a with aniline 2a in ethanol as a model reaction
to optimize the catalytic condition for the selective synthesis of
amide 3a. The results are present in Table 1. Firstly, a control
experiment was conducted using TBHP as the oxidant in the
absence of any catalyst and base at 60 °C i.e. below the b.p. value
of ethanol. The reaction was almost none even after prolonged
reaction periods as observed initially by TLC. Next, the addition
of 5 mol% of Ag-salts (AgOAc, AgOTf, AgSbFs and AgBF,)as
catalysts to the reaction mixture in the presence of TBHP has
resulted in the formation of desired amide 3a, but the yield was
observed in the range of 18-29% vyield after 24 hrs (Table 1,
entries 2-5). Nevertheless, the results indicate Ag(l) metal centre
is capable of promoting base free oxidative amidation of alcohol
with amine selectively to amide using TBHP.

In order to improve the catalytic conditions (yield and reaction
times), we next investigated the efficacy of pre-synthesized
Ag(l)-NHCs (Figure 2, a-f) as catalysts in the above oxidative
coupling. At first, the catalytic ability of 5 mol% Ag(l)-NHC (R
= (a) mesityl, Figure 2) was tested in the coupling of la with 2a
and obtained corresponding amide 3a in 81% yield after 16 hours
(Table 1, entry 6). Since Ag(l)-NHCs are organometallic
catalysts, we have also carried out additional experiments using
4, 3 and 2 mol% concentration of Ag(l)-NHCs in the oxidative
coupling 1a with 2a. To our surprise, there was no change in the
yield of 3a (Table 1, entries 6-9). However, there was a sudden
decrease in the yield of amide 3a when 1 mol% of Ag(l)-NHC
(a) was utilized. (Table 1, entry 10). The other 2 mol% Ag(l)-
NHCs depicted in Figure 2 have also performed well as catalysts
in the oxidative coupling of 1a with 2a in providing high yields
of amide 3a (Table 1,entries 11-15) and indicates that the Ag(l)-
NHCs used in our work are more efficient than normal Ag(l)-salt
catalysts in ethanol. On the other hand, oxidative coupling
between la and 2a at room temperature was unsuccessful. Only
the TBHP-promoted benzyl alcohol oxidation to benzaldehyde
was noticed (Table 1, entry 18).

The catalytic efficiency of Ag(l)-NHC (a) was also studied in the
presence of H,0, and O, promoted coupling between la and 2a

in ethanol at 60 °C. It was noticed that the oxidative coupling
reaction mediated by O, gave trace amounts of aldehyde and
imine (Table 1, entry 17), whereas the H,O, mediated oxidative
coupling gave exclusively amide 3a (Table 1, entry 16).

R R= (a) mesityl
N (b) tert-butyl

(c) iso-propyl

[ >—Ag=Cl  (d) cyclohexyl

I\{ (e) adamentyl

R (f) 2,6-diisopropylphenyl
Figure 2. Ag(l)-NHCs used in the present study

Solvent effect studies were conducted by replacing ethanol with
various non-polar, polar aprotic and polar protic and found that

ethanol solvent is a good choice for the establishment of present
oxidative amidation protocol (see, ESI).

Table 1. Optimization of catalytic conditions.

©A0H+ @N ©)L @

Ag(I)-Catalyst

TBHP EtOH
1a 2a

Entry  Catalyst(mol%) Oxidant Time  Temp  Yield

(r) Q) (%)’
1 TBHP 24 60
2 AgOAC (5) TBHP 24 60 18
3 AgOTf (5) TBHP 24 60 24
4 AgSbF(5) TBHP 24 60 29
5 AgBF4(5) TBHP 24 60 27
6 Ag(1)-NHC (a) (5) TBHP 16 60 81
7 Ag()-NHC (a) (4) TBHP 16 60 81
8 Ag(l)-NHC (a) (3) TBHP 16 60 81
9 Ag(l)-NHC (a) (2) TBHP 16 60 81
10 Ag(1)-NHC (a) (1) TBHP 18 60 65
11 | Ag(1)-NHC (b) (2) TBHP 16 60 83
12 Ag(1)-NHC (c) (2) TBHP 16 60 78
13 Ag()-NHC (d) (2) TBHP 16 60 82
14 | Ag(1)-NHC (e) (2) TBHP 16 60 81
15 Ag(l)-NHC (f) (2) TBHP 16 60 84
16 Ag(1)-NHC (a) (2) H,0, 16 60 64
17 Ag(1)-NHC (a) (2) air 16 60
18 | Ag(l)-NHC (a) (2) TBHP 24 RT

# Reaction conditions: Reaction was carried out using 1a (1 mmol), 2a (1.2
mmol) and TBHP (3 mmol) in ethanol (3 mL). ° Isolated yields after column
chromatography.

Having the optimized conditions in hand (alcohol/amine = 1/1.2
ratio, 3 equivalents of TBHP, 2 mol% Ag(l)-NHC, 60 °C,
ethanol) we have further extended this protocol to synthesize
different primary and secondary amides and the results were



shown in table 2. The substituted benzyl alcohols containing
electron-withdrawing groups transformed easily to corresponding
primary amides (Table 2, entries 3e and 3i-3l) than those
containing electron-donating groups (Table 2, entries 3f-3h).
With respect to the reactivity of amines, it found that all the
linear aryl primary amines have coupled efficiently with the
alcohol partners in providing respective primary amides (Table 2,
3i-3q). In the case of anilines, those anilines bearing electron-
releasing groups have given slightly higher yields of primary
amides (Table 2, entries 3c-3d) than the other anilines (Table 2,
entries 3g-3h).

Besides, we have also utilized secondary amines as partners to
alcohols in oxidative coupling. It was noticed that the oxidative
coupling reactions using both the acyclic and aryl alkyl
secondary amines (Table 2, entries 3r-3v) are less efficient than
cyclic secondary amines (Table 2, entries 3w-3y). All the
synthesized products were characterized by 'H NMR, *C NMR
and mass spectrometry.

Table 2. Substrate scope.

o
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#Reaction conditions: 1(a-j) (1 mmol), 2(a-m) (1.2mmol), Ag(1)-NHC (a) (2

mol%) and TBHP (3 mmol) in ethanol (3 mL) at 60 °C temperature for 12-18
hours. ? Isolated yields after column chromatography.

In order to understand the reaction mechanism, we have done few
supporting studies (Scheme 1).

(i) When the benzyl alcohol 1a was treated only with TBHP
in the presence of Ag(l)-NHC, exclusively benzaldehyde laa was
formed in 91 % yield (CC) in ethanol at 60 °C.

(if) When benzaldehyde 1aa was coupled with aniline 2a in
the absence of TBHP, formation of schiff base 1ab was noticed.

3
(iii) When benzaldehyde 1aa was coupled with aniline 2a
in the presence of TBHP, formation amide 3a was noticed.

From the equation i, ii, and iii it is confirmed that our
approach proceeds through the in situ formation of aldehydes
rather than ester and TBHP oxidant is responsible for the
formation of desired amides through the oxidation of in situ
generated hemiaminal that obtained by the . coupling

benzaldehyde with aniline in ethanol.
OH H
(»@r >
(1aa, 91% yield)

NH; 2 mol% 2 mol% Ag(h-NHC(@) \N/©
(i) EtOH, 60°C, 10 h, ©/\

(1ab, 89% yield)

e
NHy 5 mol% 2 mol% Ag(I)}-NHC(a) N
(iii) H
"3 cq TBHP, EIOH. ¢q.TBHP, EtOH,

60 °C, 12h

[0}
2 mol% Ag(I)-NHC(a)
- = .

3 eq. TBHP, EtOH
60 °C, 13h

(3a, 76% yield)

Scheme 1. Controlled expenments.

Based on the above supporting studies and from the literature
support!4?14e19%20 \ve nroposed the plausible mechanism as shown
in..scheme 2. Initially Alkoxide-silver ~NHC-complex
intermediate A was formed by the coordination of NHC-Ag-Cl to
the alcohol. This intermediate A is activated by TBHP to afford
the intermediate B in which Ag-metal centre having (+2)
oxidation state. Later, intermolecular -hydrogen abstraction of
intermediate B takes place to provide the aldehyde and tert-
butanol. Finally, the catalytic cycle is completed by the attack of
labile CI ion on free radical NHC-Ag-O' to regenerate NHC-Ag-
Cl along with the release of molecular oxygen. The regenerated
NHC-Ag-Cl will start the next phase of catalytic cycle by
coordinating to in situ formed aldehyde which subsequently
reacts with amine to form hemiaminal intermediate C. The
hemiaminal C reacts with TBHP to give the intermediate D.
Then the same process was observed as that of intermediate B to
give desired amides and tBuOH (intermediate D to amide).
Finally, the NHC-Ag-Cl is renewed by the reaction of labile CI
ion on NHC-Ag-O radical by releasing molecular oxygen.

TBHP H (BuOH

RI7NOH 10 Ag-NHC /)\\Rl/lfO—Ag-NHC /—<
5-0
A © “tBu
B

+ NHC-Ag-O i

-C
NHC-Ag-Cl >

NHC-Ag-Cl + 1/,0,

o R!-CHO
J e }\

) 0-Ag—NHC
R Il

CHN\ R-C
_NHC Ag l—‘l
?& \O R?
tBuOH 0 '0-0—tBu ‘)\ \

Scheme 2. Proposed mechanism.

In conclusion, we have developed a base free direct
amidation from alcohols and primary/secondary amines through
a tandem oxidation process that catalyzed by Ag(l)-NHC
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organometallics and mediated by TBHP in ethanol. The

catalytic conditions developed in the present work for the amide
bond construction are comparable or relatively better than the
previous works in terms of yield and selectivity.

Acknowledgements

The authors are thankful to the DST-SERB, New Delhi, India
File No. SR/S1/IC-31/2011, DST-India (DST/INT/SA/P-15/2011
Indo-South Africa project) for financial support.

Supplementary data

Experimental details, characterization data of 3(a-y) products can
be found, in the online version, at http://dx.doi.org/

References and Notes

(a) Corey, E. J. Chem. Soc. Rev. 1988, 17, 111-133; (b) Corey, E.
J. Angew. Chem. Int. Ed. 1991, 30, 455-465; Angew. Chem. 1991,
103, 469-479; (c) Corey, E. J.; Cheng, X. M. The Logic of
ChemicalReactions, Wiley-Inter science, New York, 1995; (d)
Warren, S.; Wyatt, P. Organic Synthesis: The Disconnection
Approach, Wiley, New York, 2008; (e) de Souza, R. O. M. A;;
Miranda, L. S. M.; Bornscheuer, U. T. Chem. Eur. J. 2017, 23,
12040-12063; (f) Ghosh, Ngiam, S. C. J. S. Y.; Chai, C. L. L.
Seayad, A. M.; Dang, T. T.; Chen, A. Adv. Synth. Catal. 2012,
354, 1407-1412; (g) Pattabiraman, V. R.; Bode, J. W. Nature
2011, 480, 471-479; (h) Sudipta, R.; Sujata, R.; Gordon, G. W.
Tetrahedron 2012, 68, 9867-9923; (i) Allen, C. L.; Williams, J. M.
J. Chem. Soc. Rev. 2011, 40, 3405-3415; (j) Zhang, L.; Wang, W.;
Wang, A.; Cui, Y.; Yang, X.; Huang, Y.; Liu, X.; Liu, W.; Son, J.
-Y.; Oji, H.; Zhang, T. Green Chem. 2013, 15,:2680-2684; (k)
Azizi, K.; Karimi, M.; Nikbakht, F.; Heydari, A. Appl. Catal., A
2014, 482, 336-343.

(a) Valeur, E.; Bradley, M. Chem. Soc: Rev. 2009, 38, 606-631;
(b) Sabatini, M. T.; Boulton, L. T.; Sheppard, T. D. Sci. Adv.
2017, 3: €1701028; (c) Montalbetti, C. A. G. N.; Falque, V. M.
Synthetic Chemistry: Formation of the Amide Bond, Wiley
Encyclopedia of Chemical Biology, Wiley, Weinheim, 2008, pp. 1-
17; (d) Larock, R. C. Comprehensive Organic Transformations: A
Guide to Functional Group Preparations, 2nd ed., Wiley-VCH,
New York, 1999; (e) Dunetz, J. R.; Magano, J.; Weisenburger, G.
A. Org. Process Res. Dev. 2016, 20, 140-177; (f) Montalbetti, C.
A. G. N.; Falque, V. Tetrahedron 2005, 61, 10827-10852; (g)
Porras, A. O.; Sanchez, D. G. J. Org. Chem. 2016, 81, 11548-
11555; (h) Wang, L.; Fu, H.; Jiang, Y.; Zhao, Y.; Chem. Eur. J.
2008, 14, 10722-10726; (i) Han, S. Y.; Kim, Y. A.; Tetrahedron
2004, 60, 2447-2467.

(@) Ghosh, S. C.; Hong, S. H.; Eur. J. Org. Chem. 2010, 4266-
4270; (b) Sindhuja, E.; Ramesh, R.; Balaji, S.; Liu, Y.
Organometallics 2014, 33, 4269-4278; (c) Muthaiah, S.; Ghosh, S.
C.; Jee, J.-E.; Chen, C.; Zhang, J.; Hong, S. H. J. Org. Chem.
2010, 75, 3002-3006; (d) Nordstrem, L. U.; Vogt, H. ; Madsen, R.
J. Am. Chem. Soc. 2008, 130, 17672-17673; (e) Ghosh, S. C;
Muthaiah, S.; Zhang, Y.; Xu, X. ; Hong, S. H. Adv. Synth. Catal .
2009, 351, 2643-2649; (f) Chng, L. L.; Yang, J.; Ying, J. Y.
ChemSusChem 2015, 8, 1916-1925; (g) Figueiredo, R. M. de;
Suppo, J. -S.; Campagne, J. -M. Chem. Rev. 2016, 116, 12029-
12122; (h) Dobereiner, G. E.; Crabtree, R. H. Chem. Rev. 2010,
110, 681-703; (i) Tang, L.; Sun, H.; Li, Y. ; Zha, Z.; Wang, Z.
Green Chem. 2012, 14, 3423-3428; (j) Gunanathan, C.; Ben-
David, Y. ; Milstein, D. Science 2007, 317, 790-792; (k) Chen, C.
; Hong, S. H. Org. Biomol. Chem. 2011, 9, 20-26; (I) Wu, Z.; Hull,
K. L. Chem. Sci. 2016, 7, 969-975; (m) Kegnas, S.; Mielby, J.;

10.

11.

12.

13.

14.

Mentzel, U. V.; Jensen, T.; Fristrup, P.; Riisager, A. Chem.
Commun. 2012, 48, 2427-2429.

(a) Porras, A. O.; Sanchez, D. G. J. Org. Chem. 2016, 81,11548-
11555; (b) Chen, C.; Kim, M. H. Hong, S. H. Org. Chem. Front.
2015, 2, 241-247; (c) Zhao, B. ; Xiao, Y. ; Yuan, D.; Lu, C. R;;
Yao, Y. M. Dalton Trans. 2016, 45, 3880-3887; (d) Alanthadka,
A.; Maheswari, C. U. Adv. Synth. Catal. 2015, 357, 1199-1203;
(e) Igbal, N.; Cho, E. J. J. Org. Chem. 2016, 81, 1905-1911; (f)
Zhu, M.; Fujita, K.; Yamaguchi, R. J. Org. Chem. 2012, 77, 9102-
9109; (g) Fu, R.; Yang, Y.; Zhang, J.; Shao, J.; Xia, X.; Ma, Y.;
Yuan, R. Org. Biomol. Chem. 2016, 14, 1784-1793; (h) Ding, Y.;
Zhang, X.; Zhang, D.; Chen, Y.; Wu, Z.; Wang, P.; Xue, W.,;
Song, B.; Yang, S. Tetrahedron Lett. 2015, 56, 831-833; (i) Lin,
B.; Shi, S.; Cui, Y.; Liu, Y.; Tang, G.; Zhao, Y. Org. Chem. Front.
2018, 5, 2860-2863; (j) Karimian, E.; Akhlaghinia, B.; Ghodsinia,
S. S. E. J. Chem. Sci. 2016, 128, 429-439; (k) Li, J.; Lear, M. J. ;
Hayashi, Y.; Angew. Chem. Int. Ed. 2016, 55, 9060-9064; (I)
Shen, B.; Makley, D. M:; Johnston, J. N. Nature 2010, 465, 1027-
1032; (m) Aspin, S. J,; Taillemaud,; Cyr, P.; Charette, A. B.
Angew. Chem. Int: Ed. 2016, 55, 13833-13837.

(a) Crochet, P.; Cadierno, V. Chem. Commun. 2015, 51, 2495-
2505; (b) Allen, C. L.; Davulcu, S.; Williams, J. M. J. Org. Lett.
2010, 12, 5096-5099; (c) Arico, F.; Quartarone, G.; Rancan, E.;
Ronchin, L.; Tundo, P.; Vavasori, A. Catal. Commun. 2014, 49,
47-51; (d) Rancan, E.; Arico, F.; Quartarone, G. L.; Tundo, R. P.;
Vavasori, A. Catal. Commun. 2014, 54, 11-16; (e) Ramalingan,
C.; Park, Y.-T. J. Org. Chem. 2007, 72, 4536-4538; (f) Jones, B.
Chem. Rev. 1944, 35, 335-350.

(a) Guo, W.; Huang, J.; Wu, H.; Liu, T.; Luo, Z.; Jian, J.; Zeng, Z.
Org. Chem. Front. 2018, 5, 2950-2954; (b) Xu, P.; Han, F.-S;
Wang, Y. -H. Adv. Synth. Catal. 2015, 357, 3441-3446.

Zhang, C.; Jiao, N. J. Am. Chem. Soc., 2010, 132, 28-29.

Liu, Z.; Zhang, X.; Li, J.; Li, F; Li, C.; Jia, X.; Li, J. Org. Lett.
2016, 18, 4032-4035.

(a) Gnanaprakasam, B.; Milstein, D. J. Am. Chem. Soc. 2011, 133,
1682-1685; (b) Guo, H.; Wang, Y.; Du, G.-F.; Dai, B.; He, L.
Tetrahedron 2015, 71, 3472-3477; (c) Vrijdag, J. L.; Delgado, F.;
Alonso, N.; De Borggraeve, W. M.; Macias, N. P.; Alcazar, J.
Chem. Commun. 2014, 50, 15094-15097.

(a) El Dine, T. M.; Rouden, J.; Blanchet, J. Chem. Commun. 2015,
51, 16084-16087; (b) Tam, E. K. W.; Rita, Liu, L.Y.; Chen, A.
Eur. J. Org. Chem. 2015, 2015, 1100-1107.

(a) Mane, R. S.; Bhanage, B. M. Adv. Synth. Catal. 2017, 359,
2621-2629; (b) Dang, T. T.; Chen, A. Q.; Seayad, A. M. RSC Adv.
2014, 4, 30019-30027; (c) Martinelli, J. R.; Watson, D. A;
Freckmann, D. M. M.; Barder, T. E.; Buchwald, S. L. J. Org.
Chem. 2008, 73, 7102-7107.

(a) Higuchi, T.; Tagawa, R.; limuro, A.; Akiyama, S.; Nagae, H.;
Mashima, K. Chem. Eur. J. 2017, 23, 12795-12804; (b) Gusev, D.
G. ACS Catal. 2017, 7, 6656-6662; (c) Vicent, C.; Gusev, D. G.
ACS Catal. 2016, 6, 3301-3309; (d) Kumar, A.; Jalapa, N. A. E;
Leitus, G.; Posner, Y. D.; Avram, L.; Milstein, D. Angew. Chem.
Int. Ed. 2017, 56, 14992-14996.

(a) Astakhov, G. S.; Bilyachenko, A. N.; Korlyukov, A. A,
Levitsky, M. M.; Shulpina, L. S.; Bantreil, X.; Lamaty, F;
Vologzhanina, A. V.; Shubina, E. S.; Dorovatovskii, P. V.
Nesterov, D. S.; Pombeiro, A. J. L.; Shulpin, G. B. Inorg. Chem.
2018, 57, 11524-11529; (b) Drageset, A.; Bjorsvik, H. -R. Eur. J.
Org. Chem. 2018, 2018, 4436-4445; (c) Renuka, M. K.; Gayathri,
V. Catal. Commun. 2018, 104, 71-77; (d) Wang, W.; Cong, Y.;
Zhang, L.; Huang, Y.; Wang, X.; Zhang, T. Tetrahedron Lett.
2014, 55, 124-127; (e) Soule, J.-F.; Miyamura, H.; Kobayashi, S.
J. Am. Chem. Soc. 2011, 133, 18550-18553.

(a) Ghosh, S. C.; Ngiam, J. S. Y.; Seayad, A. M.; Tuan, D. T,;
Johannes, C. W.; Chen, A. Tetrahedron Lett. 2013, 54, 4922-
4925; (b) Gaspa, S.; Porcheddu, A.; Luca, L. D. Org. Biomol.
Chem. 2013, 11, 3803-3807; (c) Bantreil, X.; Kanfar, N.; Gehin,
N.; Golliard, E.; Ohlmann, P.; Martinez, J.; Lamaty, F.
Tetrahedron 2014, 70, 5093-5099.


https://pubs.rsc.org/en/results?searchtext=Author%3AGuo%20Tang
https://pubs.rsc.org/en/results?searchtext=Author%3AYufen%20Zhao
https://pubs.acs.org/author/Gnanaprakasam%2C+Boopathy
https://pubs.acs.org/author/Milstein%2C+David

15.

16.

17.

18.

19.

20.

(a) Krabbe, S. W.; Chan, V. S.; Franczyk, T. S.; Shekhar, S.;
Napolitano, J.; Presto, C. A.; Simanis, J. A. J. Org. Chem. 2016,
81, 10688-10697; (b) Zultanski, S. L.; Zhao, J.; Stahl, S. S. J. Am.
Chem. Soc. 2016, 138, 6416-6419.

Shimizu, K.; Ohshima, K.; Satsuma, A. Chem. Eur. J. 2009, 15,
9977-9980.

Wu, X. -F.; Sharif, M.; Davtyan, A. P.; Langer, P.; Ayub, K;
Beller, M. Eur. J. Org. Chem. 2013, 2783-2787.

(@) Lin, 1. J. B.; Vasam, C. S. Coord. Chem. Rev. 2007, 251, 642-
670; (b) Lin, I. J. B.; Vasam, C. S. Comments Inorg. Chem. 2004,
25, 75-129; (c) Lin, 1. J. B.; Vasam, C. S. Can. J. Chem. 2005, 83,
812-825; (d) Lin, I. J. B.; Vasam, C. S. J. Organomet. Chem.
2005, 690, 3498-3512; (e) Wang, H. M. J.; Vasam, C. S.; Tsai, T.
Y. R.; Chen, S.-H.; Chang, A. H. H.; Lin, I. J. B. Organometallics
2005, 24, 486-493; (f) Kankala, S.; Kankala, R.; Kommidi, D. R.;
Mudithanapelli, C.; Balaboina, R.; Vadde, R.; Jonnalagadda, S.
B.; Vasam, C. S. RSC Adv. 2014, 4, 40305-40311; (g) Kankala, S.;
Jonnalagadda, S. B.; Vasam, C. S. RSC Adv. 2015, 5, 76582-
76587; (h) Kankala, S.; Pagadala, R.; Maddila, S.; Vasam, C. S.;
Jonnalagadda, S. B. RSC Adv. 2015, 5, 105446-105452.

(a) Han, L.; Xing, P.; Jiang, B. Org. Lett. 2014, 16, 3428-3431; (b)
Nomiya, K.; Morozumi, S.; Yanagawa, Y.; Hasegawa, M,
Kurose, K.; Taguchi, K.; Sakamoto, R.; Mihara, K.; Kasuga, N. C.
Inorg. Chem. 2018, 57, 11322-11332; (c) Garrison, J. C.; Youngs,
W. J. Chem. Rev. 2005, 105, 3978-4008; (d) Velazquez, H. D.;
Verpoort, F. Chem. Soc. Rev. 2012, 41, 7032-7060; (e) Li, S.; Sun,
J.; Zhang, Z.; Xie, R.; Fang, X.; Zhou, M. Dalton Trans. 2016, 45,
10577-10584; (f) Baquero, E. A.; Silbestri, G. F.; Sal, P. G,;
Flores, J. C.; Jesus, E. Organometallics 2013, 32, 2814-2826; (g)
Cheng, C. H.; Chen, D. F,; Song, H. B.; Tang, L. F. J. Organomet.
Chem. 2013, 726, 1-8; (h) Li, Y.; Chen, X.; Song, Y.; Fang, L.;
Zou, G. Dalton Trans. 2011, 40, 2046-2052; (i) Ramirez, J.;
Corberan, R.; Sanau, M.; Peris, E.; Fernandez, E. Chem. Commun.
2005, 3056-3058; (j) Fu, X. P.; Liu, L.; Wang, D.; Chen; Y. J.; Li,
C. J. Green Chem. 2011, 13, 549-553; (k) Liu, Y. F.; Wang, Z.;
Shi, J. W.; Chen, B. L.; Zhao, Z. G.; Chen, Z. J..Org. Chem. 2015,
80, 12733-12739.

Bantreil, X.; Fleith, C.; Martinez, J.; Lamaty, F.; ChemCatChem
2012, 4, 1922-1925.


http://pubs.rsc.org/en/results?searchtext=Author%3ADevendar%20Reddy%20Kommidi
http://pubs.rsc.org/en/results?searchtext=Author%3ARamesh%20Balaboina
http://pubs.rsc.org/en/results?searchtext=Author%3ARavinder%20Vadde
http://pubs.rsc.org/en/results?searchtext=Author%3ASreekantha%20B.%20Jonnalagadda
http://pubs.rsc.org/en/results?searchtext=Author%3AChandra%20Sekhar%20Vasam
http://pubs.rsc.org/en/results?searchtext=Author%3AShravankumar%20Kankala
http://pubs.rsc.org/en/results?searchtext=Author%3ASuresh%20Maddila
http://pubs.rsc.org/en/results?searchtext=Author%3AChandra%20Sekhar%20Vasam
http://pubs.rsc.org/en/results?searchtext=Author%3ASreekantha%20B.%20Jonnalagadda
https://pubs.acs.org/author/Baquero%2C+Edwin+A
https://pubs.acs.org/author/Silbestri%2C+Gustavo+F
https://pubs.acs.org/author/G%C3%B3mez-Sal%2C+Pilar
https://pubs.acs.org/author/Flores%2C+Juan+C
https://pubs.acs.org/author/de+Jes%C3%BAs%2C+Ernesto
https://pubs.acs.org/author/Liu%2C+Yi-Fei
https://pubs.acs.org/author/Wang%2C+Zhen
https://pubs.acs.org/author/Shi%2C+Jin-Wei
https://pubs.acs.org/author/Chen%2C+Bai-Ling
https://pubs.acs.org/author/Zhao%2C+Zhi-Gang
https://pubs.acs.org/author/Chen%2C+Zili

6 Tetrahedron Letters
Highlights of this manuscript are;

» Ag(1)-NHC catalysed base-free synthesis of
amide-bond from alcohol-amine
coupling.

» TBHP is an effective oxidant than H,O, &
O, to produce selectively amide than
imine.

» One-pot double-oxidation of alcohol to
amide bond proceeds via hemiaminal
intermediate.

» Optimized conditions can also limit the
formation of related byproducts of
alcohols.



