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Iron-Catalyzed Borrowing Hydrogen C-Alkylation of Oxindoles 
Using Alcohols 
Mubarak B. Dambatta,[a] Kurt Polidano,[a] Alexander D. Northey,[a] Jonathan M. J. Williams,[b] and Louis 
C. Morrill*[a]

Abstract: A general and efficient iron-catalyzed C-alkylation of 
oxindoles has been developed. This borrowing hydrogen approach 
employs a (cyclopentadienone)iron carbonyl complex (2 mol %) and 
exhibits a broad reaction scope, allowing benzylic and simple 
primary and secondary aliphatic alcohols to be employed as 
alkylating agents. A variety of oxindoles undergo selective mono-
C(3)-alkylation in good to excellent isolated yields (28 examples, 50-
92% yield, 79% average yield). 

The oxindole framework is present in a diverse array of naturally 
occurring compounds.[1] Furthermore, oxindoles that are mono- 
or disubstituted at the C(3) position are commonly employed in 
drug discovery programmes,[2] with examples including the 
development of HIV-1 non-nucleoside reverse transcriptase 
inhibitors, spircocyclic compounds with anti-cancer and anti-
inflammatory properties, and antagonists of progesterone and 5-
hydroxytryptamine7 (5-HT7) receptors (Scheme 1A). The 
traditional method for alkylation of unprotected oxindoles 
employs toxic alkyl halides and exhibits poor selectivity (mono- 
vs. dialkylation, C- vs. N-alkylation) alongside the generation of 
stoichiometric quantities of undesired byproducts.[3] An 
alternative approach employs the borrowing hydrogen (BH) 
principle, also known as hydrogen autotransfer, which allows 
bench stable and inexpensive alcohols to be used as alkylating 
agents, generating water as the sole byproduct.[4] Recent 
progress in this area has provided alternatives to commonly 
employed precious metal catalysts through the development of 
catalysts based on earth-abundant first row transition metals.[5] 
 The BH alkylation of oxindoles using alcohols, which 
selectively produces mono-C(3)-alkylation products, has been 
reported using heterogeneous catalysis,[6] and by employing 
homogeneous precious metal catalyst systems based on 
ruthenium and iridium.[7] However, with respect to earth-
abundant first row transition metal catalysis, only sporadic 
examples appear in the literature, in each case forming only a 
minor component of a broader study.[8] As such, the 
development of a general catalytic BH C-alkylation of oxindoles 
using well-defined complexes based on earth-abundant first row  

 
Scheme 1. Oxindole importance and project overview work. 

transition metals is required and would represent a valuable 
addition to the synthetic toolbox. To this end, herein we report 
the use of a bench stable (cyclopentadieneone)iron(0) carbonyl 
complex (2 mol %) for the selective mono-C(3)-alkylation of 
various oxindoles using both benzylic and simple primary and 
secondary aliphatic alcohols as alkylating agents (Scheme 
1B).[9]   

To commence our studies, we selected the C(3)-benzylation 
of oxindole 2 with benzyl alcohol 1 (1.2 equiv.) as a model 
system (Table 1). After extensive optimization,[10] it was found 
that a BH system composed of bench stable 
(cyclopentadieneone)iron(0) carbonyl complex 3 (2 mol %),[11] 
triphenylphosphine (4 mol %) to form the active catalyst, K2CO3 
(0.5 equiv.) as base in xylenes ([2] = 0.5 M) at 150 °C for 24 h, 
enabled the efficient C-benzylation of 2, giving 4 in 97% NMR 
yield and 90% isolated yield (entry 1).[12] Importantly, only 1.2 
equivalents of the alkylating agent and substoichiometric 
quantities of base were required for complete conversion, giving 
a high atom economy process.[13] No alkylation occurs in the 
absence of iron precatalyst 3 (entry 2), with only 26% conversion 
observed in the absence of K2CO3 (entry 3). The PPh3-bound 
[Fe] precatalyst 5 could be employed, accessing 4 in 95% NMR 
yield (entry 4), verifying it as a plausible catalytic intermediate 
(c.f. Scheme 3). Interestingly, from the iron complexes employed  
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Table 1: Optimization of the Fe-catalyzed oxindole C-benzylation.[a] 

 

entry variation from “standard” conditions yield[b] (%) 

1 none 97 (90) 

2 no [Fe] precatalyst 3 < 2 

3 no K2CO3 26 

4[c] 5 (2 mol %) instead of 3 95 

5 6 (2 mol %) instead of 3 18 

6 7 (2 mol %) instead of 3 5 

7 8 (2 mol %) instead of 3 5 

8 9 (2 mol %) instead of 3 5 

9 10 (2 mol %) instead of 3 5 

10 no PPh3 activator 90 

11 Me3NO (4 mol %) instead of PPh3 92 

12 Cs2CO3 (0.5 equiv) instead of K2CO3 85 

13 K2CO3 (0.1 equiv) 88 

14 toluene instead of xylenes 91 

15 [2] = 1 M 93 

16 130 °C 86 

17 reaction time = 6 h 92 

18[d] [Fe] precatalyst 3 (1 mol %) 73 

[a] Reactions performed using 1 mmol of oxindole 2 and bench-grade 
xylenes. [2] = 0.5 M. [b] Yield after 24 h as determined by 1H NMR 
analysis of the crude reaction mixture with 1,3,5-trimethylbenzene as the 
internal standard. Isolated yield given in parentheses. [c] no PPh3. [d] 2 
mol % of PPh3. 

in this study, it was found that (cyclopentadienone)iron carbonyl 
precatalysts 3 and 5, which contain a more electron-rich 
cyclopentadienone framework, were uniquely effective for the 
desired transformation, with the use of alternative iron 
precatalysts 6-10 resulting in low to negligible formation of 
alkylated oxindole 4 (entries 5-9).[14] The reaction can be 
performed in the absence of PPh3, albeit in a slightly diminished 
yield, indicating thermal activation of the precatalyst occurs at 
150 °C (entry 10).[11] Substituting triphenylphopshine for 
trimethylamine N-oxide (4 mol %),[15] also had a slightly negative 
impact on the reaction (entry 11). Employing Cs2CO3 as base 
resulted in lower conversion to 4 (entry 12). Lowering the 

quantity of K2CO3 (entry 13), highlighted that catalytic quantities 
of base (10 mol %) can be employed, accessing 4 in 88% NMR 
yield. Employing toluene as solvent (entry 14), increasing the 
reaction concentration (entry 15), lowering reaction temperature 
(entry 16), reducing reaction time (entry 17), or reducing the 
catalyst loading (entry 18), all lowered the efficiency of the iron-
catalyzed mono-C(3)-benzylation of 2. 

The full scope of the Fe-catalyzed BH C(3)-alkylation of 
oxindoles was explored, starting with the C-alkylation of oxindole 
2 (Scheme 2A/B).[16] Using the optimized reaction conditions 
(Table 1, entry 1) a variety of substituted benzylic alcohols can 
be employed as alkylating agents, giving the corresponding 
mono-C(3)-alkylated oxindoles in excellent isolated yields 
(products 4 and 11−24, 52-91% yield). Within the alcohol, 
sterically encumbered aryl units such as o-tolyl and 1-naphthyl 
were tolerated in addition to electron-donating (4-OMe, 4-OBn) 
and electron-withdrawing (4-CF3, 4-CN) substituents. The 
catalytic system exhibits chemoselectivity, tolerating the 
reducible nitrile and alkene moieties present within products 19 
and 20. 4-Iodobenzyl alcohol was employed as the alkylating 
agent, incorporating an additional functional handle into oxindole 
21 for subsequent elaboration via established cross-coupling 
methods.[17] Furan-2-ylmethanol and thiophene-2-ylmethanol 
were both compatible with this methodology, incorporating an 
additional heterocycle into products 23 and 24, which were 
formed in 77% and 84% isolated yield, respectively. We were 
pleased to discover that less activated simple aliphatic alcohols 
can also be employed as alkylating agents in this process 
(products 25−31, 53-84% yield). In each case, the alcohol was 
used as solvent in order to obtain high isolated yields of the 
mono-C(3)-alkylated oxindoles. Under otherwise identical 
reaction conditions, decan-1-ol, butan-1-ol, ethanol and 
methanol were all successfully utilized as alkylating agents. 1,4-
Butanediol was also employed as the alkylating agent, 
accessing mono-C(3)-alkylated oxindole 29 in 53% isolated yield, 
with no dialkylation products observed. Remarkably, it was 
found that unactivated secondary alcohols propan-2-ol and 
butan-2-ol, were also tolerated, giving alkylated oxindoles 30 
and 31 in excellent isolated yields. This is a rare example of 
secondary alcohol compatibility as alkylating agents in BH 
catalysis employing earth-abundant first row transition metal 
catalysts.[18] Unfortunately, despite examining a range of 
alternative reaction conditions, benzylic alcohols containing nitro 
or ketone functional groups, allylic alcohols, propargylic alcohols 
and bulkier secondary alcohols (e.g. 1-phenylethan-1-ol) were 
found to be incompatible with this C-alkylation procedure. 

Next, we explored the scope of the reaction with respect to 
variation within the oxindole component (Scheme 2C). 
Employing the optimized reaction conditions (Table 1, entry 1) a 
variety of substituted oxindoles undergo efficient and selective 
mono-C(3)-alkylation with benzyl alcohol (products 32−37, 50-
92% yield). Oxindoles containing halogen substitution at the 5-
position (5-Br, 5-Cl and 5-F) in addition to N-methyl, N-benzyl 
and N-phenyl substitution were all well tolerated. Barbituric acids 
are a class of activated amide that have been shown to 
participate as competent nucleophiles in homogeneous BH 
alkylation processes employing precious metal catalysts.[19] 
Using [Fe] precatalyst 3 (4 mol %), it was found that a selection  
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Scheme 2. Scope of the Fe-catalyzed C-alkylation of oxindoles. Reactions performed using 1 mmol of oxindole starting material and bench-grade xylenes. All 
yields are isolated yields after chromatographic purification. Reagents and conditions: [a] alcohol used as solvent; [b] [Fe] precatalyst 3 (4 mol %), PPh3 (8 
mol %); [c] K2CO3 (0.5 equiv.). 

of N-alkyl barbituric acid derivatives undergo efficient C(5)-
monoalkylation, giving products 38−42 in 50-75% isolated yield 
(Scheme 2D). This iron-catalyzed process is the first example of 
a BH alkylation of barbituric acid derivatives employing an earth-
abundant transition metal catalyst. Unfortunately, piperdin-2-one 
and 1-tosylpiperdin-2-one were found to be incompatible with 
this protocol, with complex reaction mixtures obtained across a 
range of reaction conditions explored.   

To obtain insight into the reaction mechanism, α,β-
unsaturated amide 43 was synthesized and subjected to the 
“standard” C-alkylation reaction conditions, which produced 4 in 
71% NMR yield, indicating that 43 is a plausible reaction 
intermediate (Scheme 3A). In line with this observation, and 
previous related investigations,[11] a plausible reaction 
mechanism initiates with CO decoordination of [Fe] precatalyst 3 
by PPh3 to form the active iron complex, which abstracts 
hydrogen from benzyl alcohol in the presence of base to form 
the required transient reactive benzaldehyde intermediate 
(Scheme 3B). Subsequent nucleophilic attack of oxindole 2 
generates β-hydroxy amide 44 that undergoes rapid base-
catalyzed E1cB dehydration to form α,β-unsaturated amide 43. 

Finally, reduction of 43 by the iron-hydrogen complex gives 
C(3)-alkylated product 4 with regeneration of the active iron 
complex.  

In conclusion, we have developed a general and efficient Fe- 
catalyzed C-alkylation of oxindoles using benzylic and simple 
primary and secondary aliphatic alcohols as alkylating agents 
via the borrowing hydrogen approach. A variety of oxindoles 
undergo selective mono-C(3)-alkylation in excellent isolated 
yields (28 examples, 50-92% yield, 79% average yield). Ongoing 
studies are focused on further applications of earth-abundant 
first row transition metals in catalysis and these results will be 
reported in due course. 
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Scheme 3. Mechanistic considerations. [a] Yield after 24 h as determined by 
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the internal standard. 

Keywords: iron catalysis • borrowing hydrogen • alkylation • 
oxindoles • alcohols 

[1] a) T. Kagata, S. Saito, H. Shigemori, A. Ohsaki, H. Ishiyama, T. Kubota, 
J. Kobayashi, J. Nat. Prod. 2006, 69, 1517-1521; b) C. V. Galliford, K. A. 
Scheidt, Angew. Chem. Int. Ed. 2007, 46, 8748-8758; c) Y. Yamada, M. 
Kitajima, N. Kogure, H. Takayama, Tetrahedron 2008, 64, 7690-7694.  

[2] a) A. Fensome, R. Bender, J. Cohen, M. A. Collins, V. A. Machner, L. L. 
Miller, J. W. Ullrich, R. Winneker, J. Wrobel, P. Zhang, Z. Zhang, Y. 
Zhu, Bioorg. Med. Chem. Lett. 2002, 12, 3487-3490; b) T. Jiang, K. L. 
Kuhen, K. Wolff, H. Yin, K. Bieza, J. Caldwell, B. Bursulaya, T. Yao-
Hsing Wu, Y. He, Bioorg. Med. Chem. Lett. 2006, 16, 2105-2108; c) S. 
R. Yong, A. T. Ung, S. G. Pyne, B. W. Skelton, A. H. White, 
Tetrahedron 2007, 63, 5579-5586; d) B. Volk, J. Barkóczy, E. Hegedus, 
S. Udvari, I. Gacsályi, T. Mezei, K. Pallagi, H. Kompagne, G. Lévay, A. 
Egyed, L. G. Hársing, M. Spedding, G. Simig, J. Med. Chem. 2008, 51, 
2522-2532; e) A. P. Antonchick, C. Gerding-Reimers, M. Catarinella, M. 
Schürmann, H. Preut, S. Ziegler, D. Rauh, H. Waldmann, Nat. Chem. 
2010, 2, 735-740; f) Y. Sun, J. Liu, X. Jiang, T. Sun, L. Liu, X. Zhang, S. 
Ding, J. Li, Y. Zhuang, Y. Wang, R. Wang, Sci. Rep. 2015, 5, 13699; g) 
M. Kaur, M. Singh, N. Chadha, O. Silakari, Eur. J. Med. Chem. 2016, 

123, 858-894; h) T. Rodrigues, D. Reker, P. Schneider, G. Schneider, 
Nat. Chem. 2016, 8, 531-541. 

[3] a) I. Gruda, Can. J. Chem. 1972, 50, 18-23; b) A. S. Kende, J. C. 
Hodges, Synth. Commun. 1982, 12, 1-10. 

[4] For selected reviews, see: a) M. H. S. A. Hamid, P. A. Slatford, J. M. J. 
Williams, Adv. Synth. Catal. 2007, 349, 1555-1575; b) G. Guillena, D. J. 
Ramón, M. Yus, Chem. Rev. 2010, 110, 1611-1641; c) F. Huang, Z. Liu, 
Z. Yu, Angew. Chem. Int. Ed. 2016, 55, 862-875; d) A. Corma, J. Navas, 
M. J. Sabater, Chem. Rev. 2018, 118, 1410-1459. 

[5] For selected reviews, see: a) A. Quintard, J. Rodriguez, 
ChemSusChem 2016, 9, 28-30; b) M. Roudier, T. Constantieux, J. 
Rodriguez, A. Quintard, Chimia 2016, 70, 97-101; c) J.-L. Renaud, S. 
Gaillard, Synthesis 2016, 48, 3659-3683; d) T. Zell, R. Langer, 
ChemCatChem 2018, 10, 1930-1940; e) G. A. Filonenko, R. van Putten, 
E. J. M. Hensen, E. A. Pidko, Chem. Soc. Rev. 2018, 47, 1459-1483; f) 
F. Kallmeier, R. Kempe, Angew. Chem. Int. Ed. 2018, 57, 46-60; g) Y. 
Cai, F. Li, Y.-Q. Li, W.-B. Zhang, F.-H. Liu, S.-L. Shi, Tetrahedron Lett. 
2018, 59, 1073-1079; h) T. Irrgang, R. Kempe, Chem. Rev. 2019, 119, 
2524-2549; i) B. G. Reed-Berendt, K. Polidano, L. C. Morrill, Org. 
Biomol. Chem. 2019, 17, 1595-1607. For a recent example from our 
laboratory, see j) B. G. Reed-Berendt, L. C. Morrill, J. Org. Chem. 2019, 
DOI: 10.1021/acs.joc.9b00203. 

[6] a) E. Wenkert, N. V. Bringi, J. Am. Chem. Soc. 1958, 80, 5575-5576; b) 
E. Wenkert, N. V. Bringi, H. E. Choulett, Acta Chem. Scand. 1982, 36b, 
348-350; c) B. Volk, T. Mezei, G. Simig, Synthesis 2002, 595-597; d) G. 
Liu, T. Huang, Y. Zhang, X. Liang, Y. Li, H. Li, Catal. Commun. 2011, 
12, 655-659; e) C. Chaudari, S. M. A. Hakim Siddiki, K. Kon, A. Tomita, 
Y. Tai, K-.i. Shimizu, Catal. Sci. Technol. 2014, 4, 1064-1069; f) A. E. 
Putra, Y. Oe, T. Ohta, Eur. J. Org. Chem. 2015, 7799-7805. 

[7] a) R. Grigg, S. Whitney, V. Sridharan, A. Keep, A. Derrick, Tetrahedron 
2009, 65, 4375-4383; b) T. Jensen, R. Madsen, J. Org. Chem. 2009, 74, 
3990-3992; c) M. B. Chaudhari, G. S. Bisht, P. Kumari, B. 
Gnanaprakasam, Org. Biomol. Chem. 2016, 14, 9215-9220; d) G. S. 
Bisht, M. B. Chaudhari, V. S. Kupte, B. Gnanaprakasam, ACS Omega 
2017, 2, 8234-8252; e) G. Di Gregorio, M. Mari, S. Bartolucci, F. 
Bartoccini, G. Piersanti, Org. Chem. Front. 2018, 5, 1622-1627; f) Q. 
Wu, L. Pan, G. Du, C. Zhang, D. Wang, Org. Chem. Front. 2018, 5, 
2668-2675. 

[8] a) M. Peña-López, P. Piehl, S. Elangovan, H. Neumann, M. Beller, 
Angew. Chem. Int. Ed. 2016, 55, 14967-14971; b) K. Polidano, B. D. W. 
Allen, J. M. J. Williams, L. C. Morrill, ACS Catal. 2018, 8, 6440-6445; c) 
E. Balaraman, S. P. Midya, J. Rana, J. Pitchaimani, A. Nandakumar, V. 
Madhu, ChemSusChem 2018, 11, 3911-3916. 

[9] For selected examples of iron-catalyzed borrowing hydrogen processes 
for C-N bond formation, see: a) X. Cui, F. Shi, Y. Zhang, Y. Deng, 
Tetrahedron Lett. 2010, 51, 2048-2051; b) Y. Zhao, S. W. Goo, S. Saito, 
Angew. Chem. Int. Ed. 2011, 50, 3006-3009; c) M. Bala, P. K. Verma, 
U. Sharma, N. Kumar, B. Singh, Green Chem. 2013, 15, 1687-1693; d) 
T. Yan, B. L. Feringa, K. Barta, Nat. Commun. 2014, 5, 5602; e) H-J. 
Pan, T. Wei Ng, Y. Zhao, Chem. Commun. 2015, 51, 11907-11910; f) A. 
J. Rawlings, L. J. Diorazio, M. Wills, Org. Lett. 2015, 17, 1086-1089; g) 
M. Peña-Lopez, H. Newmann, M. Beller, ChemCatChem 2015, 7, 865-
871; h) T. Yan, B. L. Feringa, K. Barta, ACS Catal. 2016, 6, 381-388; i) 
B. Emayavaramban, M. Sen, B. Sundararaju, Org. Lett. 2016, 19, 6-9; j) 
T. Yan, K. Barta, ChemSusChem 2016, 9, 2321-2325; k) B. 
Emayavaramban, M. Roy, B. Sundararaju, Chem. Eur. J. 2016, 22, 
3952-3955; l) M. Mastalir, M. Glatz, N. Gorgas, B. Stöger, E. Pittenauer, 
G. Allmaier, L. F. Veiros, K. Kirchner, Chem. Eur. J. 2016, 22, 12316-
12320; m) T. J. Brown, M. Cumbes, L. J. Diorazio, G. J. Clarkson, M. 
Wills, J. Org. Chem. 2017, 82, 10489-10503; n) T. Yan, B. L. Feringa, K. 
Barta, Sci. Adv. 2017, 3, eaao6494; o) M. Vayer, S. P. Morcillo, J. 
Dupont, V. Gandon, C. Bour, Angew. Chem. Int. Ed. 2018, 57, 3228-
3232. For C-C bond formation, see: p) A. Quintard, T. Constantieux, J. 
Rodriguez, Angew. Chem. Int. Ed., 2013, 52, 12883-12887; q) M. 
Roudier, T. Constantieux, A. Quintard, J. Rodriguez, Org. Lett. 2014, 16, 
2802-2805; r) S. Elangovan, J. B. Sortais, M. Beller, C. Darcel, Angew. 

A) Evidence supporting an α,β-unsaturated amide intermediate

B) Plausible mechanism

[Fe] precatalyst 3 (2 mol %)
PPh3 (4 mol %) 

K2CO3 (0.5 equiv.)

150 ºC, xylenes, 24 h

1 (1.2 equiv.)

OHPh +
N
H

O
N
H

O

PhPh

43 4, 71%a

- L

O
Ph

H

+ base

base
base + H2O

4

43

44 2

FeOC
OC

N
Me

Me
N

O
Ph

Ph

N
Me

Me
N

OH
Ph

Ph
FeOC

OC
H

+ base

Ph OH
1

N
H

O
N
H

O

Ph
HO

N
H

O

Ph

N
H

O

Ph

FeOC
OC

L

N
Me

Me
N

O
Ph

Ph 3, L = CO
5, L = PPh3

10.1002/cssc.201900799

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemSusChem

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

Chem. Int. Ed. 2015, 54, 14483-14486; s) M. Roudier, T. Constantieux, 
A. Quintard, J. Rodriguez, ACS Catal. 2016, 6, 5236-5244; t) M. 
Mastalir, E. Pittenauer, G. Allmaier, K. Kirchner, J. Am. Chem. Soc. 
2017, 139, 8812-8815; u) A. Quintard, M. Roudier, J. Rodriguez, 
Synthesis 2018, 50, 758-792; v) W. Ma, S. Cui, H. Sun, W. Tang, D. 
Xue, C. Li, J. Fan, J. Xiao, C. Wang, Chem. Eur. J. 2018, 24, 13118-
13123; w) D. Lichosyt, Y. Zhang, K. Hurej, P. Dydio, Nat. Catal. 2019, 2, 
114-122. 

[10] See the Supporting Information for full experimental details. 
[11] a) T.-T. Thai, D. S. Mérel, A. Poater, S. Gaillard, J.-L. Renaud, Chem. 

Eur. J. 2015, 21, 7066-7070; b) C. Seck, M. Diagne Mbaye, S. 
Coufourier, A. Lator, J.-F. Lohier, A. Poater, T. R. Ward, S. Gaillard, J.-
L. Renaud, ChemCatChem 2017, 9, 4410-4416; c) A. Lator, S. Gaillard, 
A. Poater, J.-L. Renaud, Org. Lett. 2018, 20, 5985-5990; d) C. Seck, M. 
Diagne Mbaye, S. Gaillard, J.-L. Renaud, Adv. Synth. Catal. 2018, 360, 
4640-4645. 

[12] When 4 was employed as starting material using the optimized reaction 
conditions, 100% of 4 was returned after 24 h.  

[13] a) B. M. Trost, Angew. Chem. Int. Ed. Engl. 1995, 34, 259-281; b) B. M. 
Trost, Acc. Chem. Res. 2002, 35, 695-705. 

[14] For an overview of the synthesis and reactivity of 
(cyclopentadienone)iron carbonyl complexes, see: a) A. Quintard, J. 
Rodriguez, Angew. Chem. Int. Ed. 2014, 53, 4044-4055. For early 
applications in catalysis, see: b) C. P. Casey, H. Guan, J. Am. Chem. 
Soc. 2007, 129, 5816-5817; c) C. P. Casey, H. Guan, J. Am. Chem. 
Soc. 2009, 131, 2499-2507; d) C. P. Casey, H. Guan, Organometallics 
2012, 31, 2631-2638. For (cyclopentadienone)iron carbonyl complexes 
5-9, see: e) G. N. Schrauzer, J. Am. Chem. Soc. 1959, 81, 5307-5310; 
f) H.-J. Knölker, J. Heber, C. H. Mahler, Synlett 1992, 1002-1004; g) S. 
Moulin, H. Dentel, A. Pagnoux-Ozherelyeva, S. Gaillard, A. Poater, L. 
Cavallo, J.-F. Lohier, J.-L. Renaud, Chem. Eur. J. 2013, 19, 17881-

17890; h) S. V. Facchini, J.-M. Neudörfl, L. Pignataro, M. Cettolin, C. 
Gennari, A. Berkessel, U. Piarulli, ChemCatChem 2017, 9, 1461-1468. 

[15] a) T.-Y. Luh, Coord. Chem. Rev. 1984, 60, 255−276; b) S. A. Moyer, T. 
W. Funk, Tetrahedron Lett. 2010, 51, 5430−5433; c) T. C. Johnson, G. 
J. Clarkson, M. Wills, Organometallics 2011, 30, 1859−1868; d) T. N. 
Plank, J. L. Drake, D. K. Kim, T. W. Funk, Adv. Synth. Catal. 2012, 354, 
597−601. 

[16] No observable background reaction occurs in the absence of [Fe] 
precatalyst 3 under any of the reaction conditions employed in this 
study. 

[17] a) C. C. C. Johansson Seechurn, M. O. Kitching, T. J. Colacot, V. 
Snieckus, Angew. Chem. Int. Ed. 2012, 51, 5062−5085; b) P. Ruiz-
Castillo, S. L. Buchwald, Chem. Rev. 2016, 116, 12564−12649; c) D. 
Haas, J. M. Hammann, R. Greiner, P. Knochel, ACS Catal. 2016, 6, 
1540−1552. 

[18] For selected examples, see: a) A. J. Rawlings, L. J. Diorazio, M. Wills, 
Org. Lett. 2015, 17, 1086-1089; b) H.-J. Pan, T. W. Ng, Y. Zhao, Chem. 
Commun. 2015, 51, 11907-11910; c) G. Di Gregorio, M. Mari, F. 
Bartoccini, G. Piersanti, J. Org. Chem. 2017, 82, 8769-8775; d) T. J. 
Brown, M.  Cumbes, L. J. Diorazio, G. J. Clarkson, M. Wills, J. Org. 
Chem. 2017, 82, 10489-10503; e) P. Yang, C. Zhang, Y. Ma, C. Zhang, 
A. Li, B. Tang, J. S. Zhou, Angew. Chem. Int. Ed. 2017, 56, 14702-
14706.   

[19] a) C. Löfberg, R. Grigg, A. Keep, A. Derrick, C. Sridharan, C. Kilner, 
Chem. Commun. 2006, 5000-5002; b) A. E. Putra, Y. Oe, T. Ohta, 
Tetrahedron Lett. 2017, 58, 1098-1101. 

 
 
 
 

 

10.1002/cssc.201900799

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemSusChem

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

 
Entry for the Table of Contents 
 
Layout 2: 

COMMUNICATION 

 

 

I’m only borrowing it!: A general and efficient iron-catalyzed C-alkylation of 
oxindoles has been developed. This borrowing hydrogen approach employs a 
(cyclopentadienone)iron carbonyl complex (2 mol %) and exhibits a broad reaction 
scope, allowing benzylic and simple primary and secondary aliphatic alcohols to be 
employed as alkylating agents. A variety of oxindoles undergo selective mono-C(3)-
alkylation in good to excellent isolated yields (28 examples, 50-92% yield, 79% 
average yield). 

 Mubarak B. Dambatta, Kurt Polidano, 
Andrew D. Northey, Jonathan M. J. 
Williams and Louis C. Morrill* 

Page No. – Page No. 

Iron-Catalyzed Borrowing Hydrogen 
C-Alkylation of Oxindoles Using 
Alcohols  

 
 
 
 
 
 

 
 

 

10.1002/cssc.201900799

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemSusChem

This article is protected by copyright. All rights reserved.


