M) Checs tor updates View Article Online

Green
Chemistry '

Accepted Manuscript
This article can be cited before page numbers have been issued, to do this please use: X. Zhou, X. Yao, X.
Weng, K. Wang and H. Xiang, Green Chem:., 2018, DOI: 10.1039/C8GC00191J.

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Green
Chemistry

sustainable future

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
author guidelines.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the ethical guidelines, outlined
in our author and reviewer resource centre, still apply. In no
event shall the Royal Society of Chemistry be held responsible

for any errors or omissions in this Accepted Manuscript or any
consequences arising from the use of any information it contains.

ROYAL SOCIETY
&cnwsmv ‘55‘ iy

ROYAL SOCIETY .
OF CHEMISTRY rsc.li/green-chem


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c8gc00191j
http://pubs.rsc.org/en/journals/journal/GC
http://crossmark.crossref.org/dialog/?doi=10.1039/C8GC00191J&domain=pdf&date_stamp=2018-04-13

Page 1 of 5

Published on 13 April 2018. Downloaded by Boston University on 13/04/2018 04:20:30.

Green Chemistry

Journal Name

View Article Online
DOI: 10.1039/C8GC00191J

RY

Transition Metal Free Oxygenation of 8-Aminoquinoline Amides in

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

www.rsc.org/

Abstract: The oxygenation of 8-aminoquinoline amides by benzoyl
peroxide at the C5 position in water is developed in the absence of
transition metal catalyst, affording the desired products in
moderate to good yields up to 88%. Mechanism studies reveal that
the reaction would involve a radical process.

8-Aminoquinoline is an important scaffold in many
natural products and pharmaceuticals. For example,
primaquine, pamaquine and tafenoquine, which contain 8-
aminoquinoline fragment, have been reported as antimalarial
drugs (Figure 1).1 Accordingly, the derivatization of 8-
aminoquinolines has attracted an increasing number of
attentions, and different functional groups have been
introduced into the scaffold by many methods such as metal
catalysis or multiple steps.2 Recently, with considerable
progress in the C-H funct'ionalizat'ion,3 substitutions at the C2,4
ca>® positions of quinoline has been reported. Meanwhile,
some approaches for direct construction of bonds between
carbons and heteroatoms at the C5 position of quinolines have
also been developed. For example, as shown in Figure 2, Stahl,
Zhang and co-workers reported copper-catalyzed chlorination
in acetic acid.”® Copper-catalyzed C5-sulfonylation in toluene,
DCE or dioxane as solvent was also developed by Wei,9 Wu,10
Zeng,11 Liu*?* and Chan and co-workers, respectively.13 Kanai
group reported trifluoromethylation of quinolones in DCE.* Xu
and co-workers reported metal-free amidation reactions with
DME as solvent.”® Wu group realized phosphonation of 8-
aminoquinoline amides in dioxane.’® Although great progress
has been achieved in this field, most of these transformations
were performed in the presence of transition metal catalyst
and in organic solvents, the method of metal free C-5
functionalization of 8-aminoquinoline in water is rare.

On the other hand, benzoyl peroxides are usually
regarded as a low toxic and widely used arylation or
benzoyloxylation reagent in many organic reactions.”” ! The
methodology of benzoyl peroxide as source of benzoyloxyl
group for C(spz)—H bond activation and C-O bond construction
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without catalyst is less reported.
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Figure 1. Representative 8-aminoquinolines as antimalarial drugs
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Figure 2. Some examples of C-H functionalization at C5-position of
8-aminoquinoline

Furthermore, compared with organic solvents, water is a
green and friendly solvent for chemical reactions. And many
successful examples of C-H bond functionalization in water
have been reported.22 In continuation of our work on aqueous
t:atalysis,23 herein is reported the oxygenation of 8-
aminoquinoline amides in water. This work has the following
advantages: water was used as solvent instead of normally
used harmful organic solvents; the reactions were performed
in the absence of transition metal catalyst, which would be
beneficial to the workup procedure and potential applications;
reaction condition is mild without inert atmosphere.

Table 1. Optimization of the reaction conditions™

0
1a 2a 3a
Entry Solvent Additive Temp. Yield
o 0/.7(b]
rcy  [%]
1 Toluene 25 5
2 DMF 25 0
3 DMSO 25 0
4 THF 25 0
5 DCE 25 Trace
6 H,O0 25 7
7 H,O Pd(OAc), 25 0
8 H,O Cu(OAc), 25 8
9 H,O FeCls 25 Trace
10 H,O Ni(OAc), 25 0
11 H,O 40 9
12 H,O 60 15
13 H,O 80 20
14 H,O 100 20
15 H,O K,CO; 80 8
16 H,O NH4OAc 80 20
17 H,O Cs,CO;3 80 trace
18 H,O CH;COOH 80 5
19 H,O CF;COOH 80 trace
20 H,O NaOH 80 0
21 H,0O Sodium benzoate 80 18
22 H,O Na,CO; 80 20
23 H,O t-BuOK 80 22
24 H,0O CH;COONa 80 20
25 H,O TBAI 80 trace
26 H,O TBAB 80 trace
27 H,O TBAHS 80 47
28 H,0O TBAHS/NaHCO; 80 82
291 H,0 TBAHS/NaHCO; 80 80

2| J. Name., 2012, 00, 1-3

[a] All reactions were carried out with 1a (0.1 mmol), 2a (0.2
mmol), additive (0.1 mmol) and solvent (1.0 mL) for 18hr. [b]
Isolated vyields. [d] DCE = 1,2-dichloroethane, TBAI =
tetrabutylammonium iodide, TBAB = tetrabutylammonium
bromide, TBAHS = tetrabutylammonium hydrogen sulfate. [e]
0.02 mmol additive for 24hr.

We commenced our investigations with 8-aminoquinoline
amide 1a and benzoyl peroxide 2a as model substrates in
toluene (1.0 mL) at room temperature without metal catalyst
and additives, which gave only 5% desired product 3a (Table 1,
entry 1). After the examination of various solvents, water was
found to give similar result of 7% yield, while DMF, DMSO, THF
and DCE retarded the reactions (entries 2—6). Meanwhile,
addition of transition metal salts such as Pd(OAc),, Cu(OAc),,
FeCl; and Ni(OAc), seemed to be unnecessary, which caused
similar or less vyields (entries 7-10). Further experiments
indicated higher temperature would be beneficial to the
reaction, and 20% yield was obtained at 80°C (entries 11-14).
Acidic or basic additives seemed to have few or bad effects on
the results (entries 15-24). At last, different phase transfer
reagents were examined, exhibiting significant effects on the
results. However, when TBAI or TBAB was used, the
corresponding halogenated product was obtained as main
product with only trace of desired product (entries 25-26).
Therefore, TBAHS was selected for this reaction, affording 47%
Yield. Furthermore, after addition of NaHCOs;, the yield was
improved to be 82% (entries 27-28), and the amount of
additive could be reduced to be 20 mmol% with similar yield
80% albeit longer reaction time 24hr. Therefore, the optimized
reaction conditions were TBAHS and NaHCO; was used as
additive in H,O at 80°C.

Under the optimized reaction conditions, different amides
were then tested, and the results were listed in Scheme 1. In
general, both alkyl amides (3a-3e) and aryl amides (3f-3k) gave
the desired products in moderate to good yields. And Aryl
amides bearing electron-donating groups seemed to be more
beneficial to this reaction. Methoxyl group substituted
substrate gave 3g in the highest yield 88% in Scheme 1. The
molecular structure of 3j was confirmed by single crystal X-ray
diffraction study (Figure 3). Furthermore, 2-methyl or 6-chloro-
8-aminoquinoline amides substrates could also give the
desired products in 73% or 47% vyield.

Next, a variety of benzoyl peroxides were examined in the
oxygenation of N-(quinolin-8-yl) butyramide (1a). As shown in
Scheme 2, benzoyl peroxides bearing electron-donating groups
exhibited higher activities than those with electron-
withdrawing groups. For example, para-methyl or ethyl
substituted substrates gave 73% and 75% yields of desired
products (3s and 3t), while para-chloro or trifluoromethyl
substituted ones gave 60% and 46% yields, respectively (3p
and 3q). Steric effect was also found in the case of para and
ortho- chloro substituted substrates, which resulted in 60%
and 34% yields (3p and 3n). Besides, heteroarene peroxides
bearing furan or thiophene ring could also be applied in this
reaction, affording the desired products in 56% or 58% yield
(3w,3x).

This journal is © The Royal Society of Chemistry 20xx
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Scheme 1. Substrate scope of the 8-aminoquinoline amides
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Scheme 2. Substrate scope of benzoyl peroxides.
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Reaction conditions: 1a (0.1 mmol), 2 (0.2 mmol), additive
(0.02 mmol), H,O (1.0 mL), 24hr. The yields shown here are
3m, 47%

Reaction conditions: 1a (0.1 mmol), 2 (2.0 equiv), additive
(0.02 mmol), H,O (1.0 mL), 24hr. The yields shown here are
isolated yields.

Figure 3. Crystal structure of 3j
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Scheme 3. Explore the reaction pathway
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In order to explore the possible reaction pathway, free
radical inhibition experiments were then performed as shown
in Scheme 3a. Addition of 0.4 mmol free radical trapping
reagent 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO) would
suppress the reaction completely, formation of only trace of
product, indicating radical procedure would be involved in this
reaction. Furthermore, the methyl substituted substrate 1z
was synthesized and reacted with 2a, and no desired product
was obtained, which suggested the hydrogen atom of amide
group would be vital to this radical procedure (Scheme 3b).24

Scheme 4. Plausible reaction pathway and optimized geometry
of transition state A

Based on these results and our preliminary computational
studies using DFT methods implemented in Gaussian 09 (see
supporting information), a plausible reaction pathway for the
oxygenation of 8-aminoquinoline amides is outlined in Scheme
4. At first, benzoyloxyl radical E would be formed from BPO
during reaction.'” Then, E would be reacted with 8-
aminoquinoline 1a to form amidyl radical intermediate B
through transition state A, which was found to be endothermic
(AAG,05=17.8 kimol™). The interatomic distances of H*-O% and
H?-0® are 1.782A and 2. 2714 respectively. And intermediate C
would be formed in the presence of proton.15 At last, the
desired product D could be obtained from the reaction
between C and another benzoyloxyl radical.

The scaled-up experiment was also carried out by using
1a and 2a as substrates, and 75% vyield could be obtained,
which indicated its potential applications.

4| J. Name., 2012, 00, 1-3
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Scheme 5. Reaction conditions: 1a (1.07g, 5 mmol), 2a (3.02g,
2.0 equiv.), additive (1 mmol), H,O (5.0 mL), 24hr.

At last, the possibility of application of this protocol was
explored. As shown in Scheme 6, compound 4, which is a
potential molecule for treating endoplasmic reticulum stress-
caused disease,25 could be synthesized by this protocol without
toxic by-products and harsh conditions in a total yield of 71%.

[¢] o [¢]
/\)J\NH /\)J\NH A)J\NH NH,
‘ N\ Standard condition‘ N\ K,CO4 ‘ N\ HCI ‘ N\
= 82% = Dimethylsulfate EtOH F
cgs) 92% _O 95% _O
_©
1a 3a 3a’' 4

Scheme 6. Synthesis of 5-methoxyquinolin-8-amine

Conclusions

In summary, a transition-metal free C-H bond
oxygenation of 8-aminoquinolines on the C5 position with
various benzoyl peroxides was developed. This synthetic
approach provides a simple and direct route to a wide variety
of C5-position oxygenation compounds. Further investigation
is currently underway in this lab.
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