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A practical and simple nBu4NI-catalyzed C-O bond formation for 

the synthesis of alkyloxyamines was achieved under metal-free 

conditions. The reaction is applicable to the coupling of a range of 

benzylic and allylic hydrocarbons with N-hydroxyphthalimide and 

is tolerant of various functional groups. The reaction mechanism 

was primarily investigated and a radical process was proposed. 

Selective direct C-H bond functionalization is emerging as a valuable 

tool for the synthesis of natural products and medicinal 

compounds.
1 

The formation of C-O bonds is of fundamental 

importance in organic synthesis,
2
 and alkyloxyamines are widely 

employed in the synthesis of pharmaceuticals and functional 

materials.
3 

N-Hydroxyphthalimide (NHPI) is not only a cheap, 

nontoxic catalyst for C-H bond functionalization by using an in situ 

generated phthalimide N-oxyl (PINO) radical, but also a precursor of 

oxime ethers.
4 

In recent years, NHPI has been also utilized as a 

stoichiometric reactant for the construction of the C-O bond in 

organic synthesis.
5 

In 2008, Chang and co-workers reported a highly 

efficient protocol for the benzyl or allylic C-H functionalization of 

simple hydrocarbons using stoichiometric amounts of N-

hydroxyphthalimide and PhI(OAc)2 in the presence of CuCl catalyst 

(Scheme 1, equation a).
5b 

Although the above-mentioned elegant 

methods appear to be general and efficient, new synthetic methods 

are still required.  

In our previous communication, nBu4NI-catalyzed C-N cross 

coupling imidation reaction of C(sp
3
)-H bond of simple ketones and 

N-H bond in imides with TBHP as an environmentally benign oxidant 

was described.
6 

Taking the possible radical amination mechanism 

for C-H functionalization into account, we envisaged that benzylic 

and allylic C-H bond could be selectively oxygenated by using 

appropriate oxygen-centered radicals. Herein, we report a 

straightforward and versatile method to obtain alkyloxyamines by 

nBu4NI -catalyzed intermolecular highly selective benzylic and allylic 

C-O bond formation from readily available benzylic and allylic 

hydrocarbons with NHPI (Scheme 1, equation b). To the best of our 

knowledge, an example of a direct transformation from readily 

available hydrocarbons and NHPI to alkyloxyamines via a formal 

C(sp
3
)-H functionalization under metal-free conditions has not been 

reported until this work.  

 

Previous work:  

 
This work: 

 

Scheme 1 Different pathways for the synthesis of alkyloxyamines. 

 

Initially, o-xylene 1a and NHPI 2 were selected as the model 

substrates to optimize the reaction conditions (Table 1). To our 

delight, the combination of nBu4NI (0.2 equiv) and tert-butyl 

hydroperoxide (TBHP, 2 equiv) exhibited excellent catalytic activity 

and gave the desired product 3a in 85% yield (entry 1). Ethyl 

acetate and dichloromethane (DCM) were effective to provide 3a in 

73% and 55% yield, respectively (Table 1, entries 2 and 3). Other 

catalysts such as KI, NH4I, I2 and NIS gave unsatisfactory results 

(Table 1, entries 4 - 7). TBHP was found to play an important role in 

the process. As shown in Table 1, TBHP was the most effective 

peroxide in the process. Other peroxides such as Na2S2O8, di-tert-

butylperoxide (TBP) and 30% H2O2 did not perform well (Table 1, 

entries 8 - 10). In addition, the reaction in the absence of nBu4NI or 

TBHP did not work (Table 1, entries 11 and 12). The best yield of 3a 

(92%; entry 13) was obtained at 100 °C, whereas at higher 

temperatures no appreciable increase in yield was obtained. Upon 

decreasing the temperature to 90 
o
C or 70 

o
C, 3a was obtained in 81% 

or 52% yield (Table 1, entries 14 and 15). It should be noted that 

this coupling reaction was performed under environmentally benign 

condition (with tert-butyl alcohol and water as by-products) 

without utilizing metal or stoichiometric amount of hypervalent 

iodine(III) species.
5b-f
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Table 1 Optimization of the Reaction Conditions
a
 

 

Entry Oxidant
b 

Catalyst Solvent T (
o
C) Yield(%)

c
 

1 TBHP nBu4NI CH3CN 130 85 

2 TBHP nBu4NI EtOAc 130 73 

3 TBHP nBu4NI DCM 130 55 

4 TBHP KI CH3CN 130 25 

5 TBHP NH4I CH3CN 130 28 

6 TBHP I2 CH3CN 130 0 

7 TBHP NIS CH3CN 130 trace 

8 Na2S2O8 nBu4NI CH3CN 130 0 

9 TBP nBu4NI CH3CN 130 trace 

10 H2O2
d
 nBu4NI CH3CN 130 0 

11 -
 

nBu4NI CH3CN 130 trace 

12 TBHP - CH3CN 130 trace 

13 TBHP nBu4NI CH3CN 100 92 

14 TBHP nBu4NI CH3CN 90 81 

15 TBHP
 

nBu4NI CH3CN 70 52 

a
 Reaction conditions: 1a (1.5 mmol), 2 (0.3 mmol), oxidant (0.6 mmol), 

catalysts (0.06 mmol), solvent (3.0 mL), 2 h. 
b 
TBHP (70% in water).    

c
 Yield of the isolated product. 

d 
H2O2 30% in water. 

 

The generality of the C-H functionalization reaction was next 

examined. As described in Table 2, a broad range of toluene 

derivatives were investigated. Both toluene and xylenes could be 

successfully converted to the corresponding products in good to 

excellent yields (3a-d). Remarkably, the benzylic oxidation was also 

highly selective, affording only mono-oxidation products, and no 

multi-oxidation or aromatic C-H oxidation products were detected. 

Toluene substrates with various functional groups were effective. In 

general, Toluene substrates bearing electron-donating substituents 

provided higher yields than those containing electron-withdrawing 

substituents on the aromatic ring (3d-i). Halo-substituted toluene 

substrates (1h, 1j-m) were tolerated in the oxidation reaction, and 

could be very useful for further transformations. In addition, 

starting from ethylbenzene (1n), Indane (1o) and 1,2,3,4-

tetrahydronaphthalene (1p), 3n, 3o and 3p could be obtained in 70-

90% yields. Moreover, 2-methylfuran (1q) and 1-

methylnaphthalene (1r) were also tolerated in this protocol, 

furnishing the desired products in good yields (3q-r). Next, the 

regioselectivity of the reaction was studied. 2-(1-(p-

tolyl)ethoxy)isoindoline-1,3-dione (3s) and 2-((4-

ethylbenzyl)oxy)isoindoline-1,3-dione (3s’) were obtained after 2 

hours in 86% total yield in a ratio of 3:1 from 1-ethyl-4-

methylbenzene (1s). 

To further explore the potential of this efficient C-H 

functionalization reaction, several alkenes were examined as 

substrates to react with NHPI (2) under the optimized reaction  

conditions(Table 3). Alkenes 4a-d led to linear (E)-allyl-PINO  

Table 2 Oxygenation of benzyl C-H substrates with NHPI 2
a,b

 

 

 
a
 Standard reaction conditions: 1 (1.5 mmol), 2 (0.3 mmol), TBHP 

(0.6 mmol, 70% in water), nBu4NI (0.06 mmol), CH3CN (3.0 mL), 100 
o
C, 2 h. 

b
 Yield of the isolated products. 

c
 0.9 mmol 1 was used. 

derivatives 5a-d in good yields and with high regioselectivity. In 
addition, cyclic alkenes such as cyclohexene 4e and cyclopentene 4f 
gave the corresponding compounds in 88% and 70% yields. Notably, 
under these conditions, the dioxygenation of alkenes products were 
not obtained in the works of Woerpel, Punniyamurthy and Liang et 
al.

5c-e 

 

Table 3 Oxygenation of allyl C-H substrates with NHPI 2
a,b

 

 
a
 Standard reaction conditions: 4 (0.9 mmol), 2 (0.3 mmol), TBHP 

(0.6 mmol, 70% in water), nBu4NI (0.06 mmol), CH3CN (3.0 mL), 100 
o
C, 2 h. 

b
 Yield of the isolated products. 

c
 1.5 mmol 4 was used. 
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The protocol was further explored for the gram scale oxidation 

of ethylbenzene 1n as a representative example (equation 1). As 

above, the reaction smoothly occurred with 72% yield. In addition, 

The obtained PINO adducts could be readily converted to the 

corresponding alcohols or hydroxylamine species (equation 2).
 7

 For 

example, product 3b can be transformed into phenylmethanol 6a in 

70% yield by cleavage of the N−O bond with Mo(CO)6, while 3n 

underwent reaction to afford 1-phenylethanol 6b in 78% yield. The 

reaction of 3b with hydrazine produced O-benzylhydroxylamine 7a 

in 71% yield. Similar results were observed with 3n, furnishing O-(1-

phenylethyl)hydroxylamine 7b in 70% yield. 

 

Several control experiments were performed to probe the 

reaction mechanism. The competitive oxidation involving toluene 

1b and its deuterated derivative 1b-d8 were performed (equation 3). 

Obvious kinetic isotope effects (kH/kD=13/1) was observed, 

indicating that the cleavage of benzyl C-H bond is involved in the 

rate-determining step. When the radical scavenger 2,2,6,6-

tetramethylpiperidine N-oxide (TEMPO, 2.0 equiv) was added to the 

reaction of ethylbenzene (1n) under the optimal condition, after 2 h, 

a TEMPO-captured product 8 was isolated (24%) and only a trace 

amount of 3n was detected.The results indicates that the benzyl 

radical was involved under the catalytic system.
8
 

 

 

Although the mechanistic details of this transformation are not 

very clear at the moment, based on the experimental results and 

literature precedent,
 

a possible mechanism was proposed in 

Scheme 2. Initially, the tert-butoxyl and tert-butylperoxyl radicals 

form catalytically (Scheme 3a).
9 

tert-Butoxyl or tert-butylperoxyl 

radicals then reacts with NHPI to generate NIPO radical, a fairly 

stable but highly reactive free radical, which has been proposed as a 

key intermediate in NHPI mediated oxidations (Scheme 3b).
4a,10 

Subsequently tert-butoxyl, tert-butylperoxyl or NIPO radical induces 

the homolysis of a benzyl C-H bond to give the benzyl radical 

(Scheme 3c).
11

 Finally, the recombination of the benzyl radical and 

PINO radical will lead to the PINO adducts 3b (Scheme 3d). 

 

Scheme 2 Proposed mechanism 

 

In summary, we have reported a novel nBu4NI catalyzed 

operationally simple method for the C-H functionalization of 

hydrocarbons. Various alkyloxyamines products were obtained in 

good to excellent yields using TBHP (70% in water) as an 

inexpensive and environmentally friendly oxidant. Importantly, This 

metal-free catalyzed C-O bond formation makes use of simple, 

inexpensive starting materials and demonstrates excellent 

regioselectivity in all cases. Further investigations to gain a detailed 

mechanistic understanding of this reaction and apply this strategy 

in other oxidative coupling reactions are currently in progress. 

We gratefully acknowledge the Foundation of Henan 

Educational Committee (15A150029) for financial support.  

Notes and references 

1. For selected reviews, see: (a) J. A. Labinger and J. E. Bercaw, 
Nature, 2002, 417, 507; (b) K. Godula and D. Sames, Science, 
2006, 312, 67; (c) E. M. Simmons and J. F. Hartwig, Nature, 
2012, 483, 70; (d) K. M. Engle and J.-Q. Yu, J. Org. Chem., 
2013, 78, 8927; (e) K. Collins and F. Glorius, Nat. Chem., 2013, 
5, 597; (f) J. Yamaguchi, A. D. Yamaguchi and K. Itami, Angew. 
Chem. Int. Ed., 2012, 51, 8960; (g) P. B. Arockiam, C. Bruneau 
and P. H. Dixneuf, Chem. Rev., 2012, 112, 5879; (h) L. 
Ackermann, Chem. Rev., 2011, 111, 1315; (i) T.W. Lyons and 
M. S. Sanford, Chem. Rev., 2010, 110, 1147; (j) C. S. Yeung 
and V. M. Dong, Chem. Rev., 2011, 111, 1215; (k) C.-J. Li, Acc. 

Page 3 of 5 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION RSC Advances  

4 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

Chem. Res., 2009, 42, 335; (l) B.-J. Li, Z.-J. Shi, Chem. Soc. Rev., 
2012, 41, 5588; (m) A. E. Shilov and G. B.Shul’pin, Chem. ReV., 
1997, 97, 2879; (n) F. Kakiuchi and N. Chatani, AdV. Synth. 
Catal., 2003, 345, 1077; (o) A. R. Dick and Sanford, M. S. 
Tetrahedron, 2006, 62, 2439; (p) J.-Q. Yu, R. Giri and X. Chen, 
Org. Biomol. Chem., 2006, 4, 4041. For selected examples of 
C-H bond functionalization, see: (q) M. Wan, H.-X. Lou and L. 
Liu, Chem. Commun., 2015, DOI: 10.1039/C5CC04791A.; (r) 
Z.-Y. Xie, L. Liu, W.-F. Chen, H.-B. Zheng, Q.-Q. Xu, H.-Q. Yuan 
and H.-X. Lou, Angew. Chem. Int. Ed., 2014, 53, 3904; (s) Z.-L. 
Meng, S.-T. Sun, H.-Q. Yuan, H.-X. Lou and L. Liu, Angew. 
Chem. Int. Ed., 2014, 53, 543; (t) M. Wan, Z.-L. Meng, H.-X. 
Lou and L. Liu, Angew. Chem. Int. Ed., 2014, 53, 13845. 

2. (a) S. Enthaler and A. Company, Chem. Soc. Rev., 2011, 40, 
4912; (b) L.-B. Zhang, X.-Q. Hao, S.-K. Zhang, Z.-J. Liu, X.-X. 
Zheng, J.-F. Gong, J.-L. Niu and M.-P. Song, Angew. Chem., Int. 
Ed., 2015, 54, 272; (c) Y. Li, Z. -S. Li, T. Xiong, Q. Zhang and X.-
Y. Zhang, Org. Lett., 2012, 14, 3522; (d) G. Pandey, S. Pal and 
R. Laha, Angew. Chem., Int. Ed., 2013, 52, 5146; (e) S. Ueda 
and H. Nagasawa, Angew. Chem., Int. Ed., 2008, 47, 6411; (f) 
S. Bhadra, C. Matheis, D. Katayev and L. J. Goossen, Angew. 
Chem., Int. Ed., 2013, 52, 9279.  

3. (a) MDL Drug Data Report, MDL Information Systems, Inc., San 
Leandro, CA. (b) K. Rose, J. Am. Chem. Soc., 1994, 116, 30; (c) 
J. Shao and J. P. Tam, J. Am. Chem. Soc., 1995, 117, 3893; (d) 
L. E. Canne, A. R. Ferre-D’Amare, S. K. Burley and S. B. H. 
Kent, J. Am. Chem. Soc., 1995, 117, 2998; (e) V. W. Cornish, K. 
M. Hahn and P. G. Schultz, J. Am. Chem. Soc., 1996, 118, 
8150; (f) E. C. Rodriguez, L. A. Marcaurelle and C. R. Bertozzi, 
J. Org. Chem., 1998, 63, 7134; (g) I. C. Choong and J. A. 
Ellman, J. Org. Chem., 1999, 64, 6528. 

4. (a) F. Recupero and C. Punta, Chem. ReV., 2007, 107, 3800; (b) 
C. Annunziatini, M. F. Gerini, O. Lanzalunga and M. Lucarini, J. 
Org. Chem., 2004, 69, 3431; (c) K.-X. Chen, P.-F. Zhang, Y. 
Wang and H.-R. Li, Green Chem., 2014, 16, 2344; (d) H. M. 
Petrassi, K. B. Sharpless and J. W. Kelly, Org. Lett., 2001, 3, 
139; (e) R. Ghosh and B. Olofsson, Org. Lett., 2014, 16, 1830; 
(f) A. Chung, M. R. Miner, K. J. Richert, C. J. Rieder and K. A. 
Woerpel, J. Org. Chem., 2015, 80, 266; (g) M. Nechab, C. 
Einhorn and J. Einhorn, Chem. Commun., 2004, 13, 1500; (h) 
T. Hara, T. Iwahama, S. Sakaguchi and Y. Ishii, J. Org. Chem., 
2001, 66, 6425. 

5. (a) B. Tan, N. Toda and C. F. Barbas III, Angew. Chem., Int. Ed., 
2012, 51, 12538; (b) J. M. Lee, E. J. Park, S. H. Cho and S. 
Chang, J. Am. Chem. Soc., 2008, 130, 7824; (c) R. Bag, D. Sar 
and T. Punniyamurthy, Org. Lett., 2015, 17, 2010; (d) A. A. 
Andia, M. R. Miner and K. A. Woerpel, Org. Lett., 2015, 17, 
2704; (e) X.-F. Xia, Z. Gu, W. Liu, H. Wang, Y. Xia, H. Gao, X. 
Liu and Y.-M. Liang, J. Org. Chem., 2015, 80, 290; (f) X.-F. Xia, 
S.-L. Zhu, Z. Gu, H.-J. Wang, W. Li, X. Liu, and Y.-M. Liang, J. 
Org. Chem., 2015, 80, 5572; (g) A. O. Terent’ev, I. B. Krylov, 
M. Y. Sharipov, Z. M. Kazanskaya and G. I. Nikishin, 
Tetrahedron, 2012, 68, 10263. 

6. Y.-H. Lv, Y. Li, T. Xiong, Y. Lu, Q. Liu and Q. Zhang, Chem. 
Commun., 2014, 50, 2367. 

7. J. M. Takacs, S. D. Schroeder, J. Han, M. Gifford, X.-T. Jiang, T. 
Saleh, S. Vayalakkada and A. H. Yap, Org. Lett. 2003, 5, 3595. 

8. (a) H. J. Kirner, F. Schwarzenbach, P. A. van der Schaaf, A. 
Hafner, V. Rast, M. Frey, P. Nesvadba and G. Rist, Adv. Synth. 
Catal., 2004, 346, 554; (b) J. Feng, S. Liang, S.-Y. Chen, J. 
Zhang, S.-S. Fu and X.-Q. Yu, Adv. Synth. Catal., 2012, 354, 

1287; (c) Q.-C. Xue, J. Xie, H.-M. Li, Y.-X. Cheng and C.-J. Zhu, 
Chem. Commun., 2013, 49, 3700. 

9. (a) D. H. R. Barton, V. N. Le Gloahec, H. Patin and F. Launay, 
New J. Chem., 1998, 22, 559; (b) L.-B. Gan, S.-H. Huang, X. 
Zhang, A.-X. Zhang, B.-C. Cheng, H. Cheng, X.-L. Li and G. 
Shang, J. Am. Chem. Soc., 2002, 124, 13384; (c) C. M. Jones 
and M. J. Burkitt, J. Am. Chem. Soc., 2003, 125, 6946; (d) E. C. 
McLaughlin, H. Choi, K. Wang, G. Chiou and M. P. Doyle, J. 
Org. Chem., 2009, 74, 730; (e) Z.-J. Liu, J. Zhang, S.-L. Chen, 
E.-B. Shi, Y. Xu and X.-B. Wan, Angew. Chem., Int. Ed., 2012, 
51, 3231. 

10. (a) C. Einhorn, J. Einhorn, C. Marcadal and J.-L. Pierre, Chem. 
Commun., 1997, 5, 447; (b) Y. Ishii, T. Iwahama, S. Sakaguchi, 
K. Nakayama and Y. Nishiyama, J. Org. Chem., 1996, 61, 4520; 
(c) Y. Ishii, K. Nakayama, M. Takeno, S. Sakaguchi, T. 
Iwahama and Y. Nishiyama, J. Org. Chem. 1995, 60, 3934; (d) 
B. Saha, N. Koshino and J. H. Espenson, J. Phys. Chem. A, 
2004, 108, 425; (e) C. Annunziatini, M. F. Gerini, O. 
Lanzalunga and M. Lucarini, J. Org. Chem. 2004, 69, 3431. 

11. (a) S. Sakaguchi, T. Hirabayashi and Y. Ishii, Chem. Commun., 
2002, 5, 516; (b) ) G.-Y. Yang, Y.-F. Ma and J. Xu, J. Am. Chem. 
Soc., 2004, 126, 10542; (c) J.-W. Yuan, X. Ma, H. Yi, C. Liu and 
A.-W Lei, Chem. Commun., 2014, 50, 14386. 

 
 

 

Page 4 of 5RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



A table of contents entry 

 

 

nBu4NI-catalyzed cross-coupling of benzyl and allylic compounds with N-Hydroxyphthalimide 

for the synthesis of alkyloxyamines were realized for the first time. 

 

Page 5 of 5 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


