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A bi-functional sugar-based surfactant ALA14 was designed as the ligand and micelle constructor and demonstrated to
promote the copper-catalyzed C-X coupling reaction in water. The nature of this micelle, formed by sugar-based

surfactants, was investigated with CMC, DLS, and TEM, via which encapsulating and aggregation of the substrates in

micelle were verified. Additionally, it was addressed by *H-NMR analysis that the enrichment position of the substrates is

in the lipophilic alkyl chain. Finally, moderate to excellent yields of the aimed products were obtained in this work. This

remarkably simple strategy expanded the scope of C-X coupling reaction in water; most notably, both water and ALA14

can be

Introduction

Carbon-heteroatom bonds are important structural motifs-* of
various chemicals like natural products, clinically used drugs,
pesticides, and so on. Thus, the cross-coupling reactions to
construct C-X bond, in particular the green processes, continue
to be in the spotlight of chemical research, as for example, Cu-
catalyzed Ullmann reaction.® Previous studies on Ullmann C-X
reaction focus mainly on ligand effects and are carried out in
organic solvents (e.g., DMSO, DMF, THF, dioxane).%1¢ Although
many efforts have been made to improve the C-X coupling
process with optimized ligands, the use of potentially toxic
organic solvents and unrecyclable ligands violates the 12
Principles of Green Chemistry.'” In order to make organic
reactions “greener”, water is often employed as reaction
media to reduce or eliminate the use of hazardous organic
solvent, as nature has been doing for billions of years.

As the favourite solvent of nature, water is a cheap, safe, non-
toxic, and clean reaction medium.® Quite a few reactions have
been proven to proceed successfully in water, e.g. Suzuki-
Miyaura reactions'®21, Still reaction??, Mizoroki Heck
reactions?® 24, Olefin Metathesis reactions?>, and arylation
reactions?® 27, Moreover, the industrial process of water
recovering has made a significant breakthrough by using
membrane separation and phase separation technology. In
spite of these efforts, the utilization of water as reaction media

aSchool of Chemical and Material Engineering, Jiangnan University, Wuxi, P.R
China. E-mail: Ixm@jiangnan.edu.cn

b-Zhejiang Provincial Key Laboratory of Advanced Chemical Engineering
Manufacture Technology, College of Chemical and Biological Engineering,
Zhejiang University, Hangzhou, P.R China. E-mail: gianchao@zju.edu.cn

t Footnotes relating to the title and/or authors should appear here.

Electronic Supplementary Information (ESI) available: [details of any

supplementary information available should be included here]. See

DOI: 10.1039/x0xx00000x

This journal is © The Royal Society of Chemistry 20xx

recycled and reused.

for organic processes is still rather limited due to the
insolubility of organic species in water. To solve this problem,
alternative approaches were developed, e.g. micellar
catalysis?®, in-water catalysis of homogeneous system??, and
on-water catalysis of heterogeneous system!8. Micellar
catalysis is an effective strategy to disperse water-insoluble
organic compounds in agueous system, which depends on the
surfactants to form supramolecular aggregates. Similar to
biological enzymes3°, the amphiphilic structure of micelle
formed by self-aggregation of surfactants in water isolates
species from water and improves the solubility of organic
reactants. Up till now, commercially available surfactants like
SDS31 32 CTAB33 34, Brij353>-37, triton X-10038, tween 20/403°,
and newly designed surfactants such as TPGS-750-M*°, NOK*%,
PQS*?, BABTGA*3, have been developed for efficient promotion
of organic reactions. Especially, the TPGS-750-M series
surfactants established by Lipshutz have been well-studied and
have strong universality?® 21 40, 44-46  However, most of the
metal-catalyzed reactions still require the addition of ligands
or promoters even when using surfactants, and the recovery of
surfactants remains challenging. Thus, we envisioned whether
it is possible to combine the functions of surfactants and
ligands. It is always urgent and interesting to explore more
eco-friendly and more simple protocols.

As green and biodegradable natural compounds, sugars are
frequently used as ligands in metal-catalyzed coupling
reactions. In 2008, D-glucosamine was reported to efficiently
promote copper-catalyzed Ullmann coupling reaction in
DMSO0.%” Moreover, it was found that replacing DMSO with the
mixed water solvent improves this reaction.*® However, toxic
organic solvent is still required, and the contradiction of water-
soluble catalyst and water-insoluble reactant
unsolved. Thus, following the interests in the fine-tuning and
design of carbohydrate structures?*®-56, we attempted to design
a bi-functional sugar-based surfactant, ALA14, which acts as a

remains
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ligand and meanwhile, provides a micellar environment for the

Scheme 1. Synthesis of N-alkyl-glucosamine (AGA12, AGA14,
AGA16)
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Scheme 2. Synthesis of N-alkyl-lactosamine (ALA12,
ALA14, ALA16)
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aggregation of substrates. Herein, we report a green, simple,
and sustainable micellar protocol for the construction of C-S
and C-N bond via Ullmann reactions.

Results and discussion

In general, the condensation of glucose or lactose with long-
chain alkylamine resulted in the formation of nonionic
surfactant. Pure N-alkyl-glucosamine (AGA12, AGA14, AGA16)
and N-alkyl-lactosamine (ALA12, ALA14, ALA16) were obtained
in good vyields with recrystallization®”. The anomeric
configurations of these carbohydrate-derived alkylamines
were confirmed as B-configuration by the 1J[*3CH(1)] coupling
constants®®, Notably, the configuration of D-glucose and D-
lactose is in dynamic equilibrium between open chain and ring
structures. After condensation with a long-chain alkylamine,
the open-chain form, in equilibrium with the ring form, is the
structure of a Schiff base, which can effectively anchor the
metal catalyst.

With these sugar-based nonionic surfactants in hand, the
evaluation of their performances began with the Ullmann C-S
coupling of iodobenzene with sodium benzenesulfinate in
various aqueous micellar solution (AGA12, AGA1l4, AGA1S6,
ALA12, ALA14, ALA16); copper salt was employed as the
catalyst (Table 1, entries 1-6). Since the water-solubility of the
glucosamine part is unsatisfactory, the performance in AGA
aqueous micellar solutions is inferior to that in ALA aqueous
micellar solutions. Moreover, the disaccharide part of ALA can
effectively enhance its hydrophilicity, resulting in higher
reactivity. Most notably, ALA14 showed the highest efficiency
with a 65% yield, indicating that ALA14 aqueous solution
provides the most suitable size of micelles and the best
hydrophilic-lipophilic balance. Glucose, lactose and D-
glucosamine were also tested (Table 1, entries 8-10). It turns
out that no coupling products were obtained in the presence
of glucose and lactose. When D-glucosamine was used as
ligand, the yield of final product is only 20%. In addition, the
control experiment exhibited the importance of sugar-based

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

nonionic surfactants for this reaction (Table \1,, enttynd)
Increasing the amount of surfactant pFSMéeRES38BvIeGSINP the
yield of desired product (Table 1, entries 11-13,5). When only a
little surfactant is added, no aggregates occurred in the system
and the surfactant molecules serves only as ligand. Further,

Table 1. Optimization of Ullmann C-S coupling in water

o
©/| N 8 \@ _ SufactanvH,0 QH @
Copper salt, temp, 7h I
1a 3a
Entry Promoter Copper salt Temp/°C Yield/% ¢
1 AGA12° Cul 80 25
2 AGA14° Cul 80 50
3 AGA16? Cul 80 30
4 ALA12? Cul 80 45
5 ALA14° Cul 80 65
6 ALA162 Cul 80 58
7 - Cul 80 0
8 Glucose Cul 80 0
9 Lactose Cul 80 0
10 D-Glucosamine Cul 80 20
11 ALA14 b Cul 80 0
12 ALA14 © Cul 80 trace
13 ALA14 ¢ Cul 80 15
14 ALA14? CuBr 80 40
15 ALA14° CuCl 80 40
16 ALA14 2 Cu(CH5C00), 80 40
17 ALA14 2 CuSO, 80 40
18 ALA14 2 Cul 90 75
19 ALA14 2 Cul 100 90
Reaction conditions: iodobenzene (1.0 mmol), sodium

benzenesulfinate (1.2mmol), Cul (0.1 mmol), ¢ 0.1mmol surfactant in
10 mL water, 7 h. ? 0.003mmol surfactant in 10 mL water, 7 h. ¢
0.005mmol surfactant in 10 mL water, 7 h. ¢ 0.01mmol surfactant in
10 mL water, 7 h. ¢ Isolated yield.

abundant phenol can be produced by hydrolysis of
iodobenzene; however, when sufficient surfactant was present
in the system to exhibit a micellar environment, the target
product yield was significantly improved. The essential role of
the micellar environment in such a C-S coupling process is thus
clarified.

Next, various copper sources, ie. Cul, CuBr, CuCl,
Cu(CH3C0OO0),, and CuSO,, were examined regarding this
process (Table 1, entries 5, 14-17). Although all copper salts
can initiate the C-S coupling, obviously Cul outperformed the
others. Finally, different temperatures were examined (Table
1, entries 5, 18-19). As the reaction temperature increases, the
yield is significantly improved. In summary, the optimal
conditions for the C-S coupling can be concluded as: using Cul
as the catalyst, the aqueous solution of surfactant ALA14 as
the solvent, and controlling the temperature at 100 °C ;
additional ligand or base is not needed.

This journal is © The Royal Society of Chemistry 20xx
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To investigate the nature of micelle upon the dissolution of
sugar-based surfactants in water, the critical micelle
concentration (CMC) values of employed surfactants must be
clear. As shown in Figure S1, CMC values of three surfactants,
AGA12, ALA12, and ALA14 were found graphically from
dependence of the surface tension (y) of their aqueous

Figure 1. TEM images of 0.1 wt% ALA14 aqueous solution

solutions from their bulk molalities at 40 °C. CMC values of
these surfactants were summarized in Table S1. It was
exhibited that CMC values of ALA series surfactants are
significantly smaller than those of AGA. Moreover, ALA14 has
the minimum CMC with only 5 X 10 ~* mol-L%, which leads to
the highest catalytic activity in Ullmann C-S reaction.
Furthermore, under TEM analysis, the nature of the micelles
formed by ALA14 was found to be spherical in shape and has a
tendency to aggregate (Figure 1). TEM also revealed that
micelle size distribution of ALA14 aqueous solution is in range
of 5-15 nm. The FTIR spectra of ALA14 and ALA14@Cul are
shown in Figure S2. For ALA14, the characteristic absorption
peaks appeared at 3371 cm (O-H stretching vibration), 2917
cm™ and 2849 cm ! (C-H stretching vibration), 1464 cm™ (C-H
bending vibration of -CH,-), 1375 cm™ (C-H bending vibration
of -CH3), 1170 cm™ (C-N stretching vibration), 1064 cm (C-O-C
stretching vibration), 1025 cm™ (C-O stretching vibration).
Compared with the FTIR spectra of ALA14, a wide and high
absorption peak (1567 cm™? and 1645 cm™) emerged for
ALA14@Cul, which might be due to the C=N stretching
vibration. The new peak implied the stability of Schiff base
structure after ALA14 anchored the metal. The TG curves of
ALA14 was shown in Figure S4. It was obvious that the mass
loss occurred from 150 °C to 500 °C, which implied the
decomposition of ALA14. Importantly, the surfactant was
stable below 150 °C.

The micelle size is an important factor that provides
information about the hydrodynamic radius of the self-
aggregated nanoparticle. ALA14 dissolves in water to form 0.1
wt% ALA14 aqueous solution, which provides micelles with an
average diameter sized of 9nm, as determined by dynamic
light scattering (DLS) measurement in Figure 2. In addition, the
average micelle size, after iodobenzene was dissolved into
ALA14 aqueous solution, was studied by DLS. As shown in

This journal is © The Royal Society of Chemistry 20xx
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Figure 2, it was found that the average micelle sjze, increased
from 9 nm to 15 nm, indicating that theQRicElIESpla§EeePEHin
role in the encapsulating and aggregation of the substrate.
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Figure 2. DLS results for micelle size distribution of 0.1 wt%
ALA14 aqueous solution

In general, micelles are formed to ensure their solubility and
keep the palisade area at the junction between the headgroup
and the alkyl chain by a hydrophobic core and a hydrophilic
surface; around the latter, the hydrophilic groups remain
exposed to water. To elucidate the reaction mechanisms, we
used 'H NMR spectra at 40 °C to explore the enrichment
position of substrate in surfactant micellar solutions. When
solute molecule interacts with surfactant, the chemical shift of
surfactant protons in the 'H NMR spectra reveals its location.
Figure 3 represents the change of chemical shifts of ALA14 due
to the addition of iodobenzene. The chemical shifts in the
hydrophilic lactose part of ALA14 are strictly identical. But in
the lipophilic part, the upfield shifts of methylene and methyl
groups on the long carbon chain were changed from 1.36ppm
and 0.96ppm to 1.26ppm and 0.88ppm, respectively. It proved
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Figure 3. Condensed formula of L14 and iodobenzene, 'H NMR
spectra and peak assignments for the ALA14/D,0 (red line) and
ALA14+iodobenzene/D,0 (black line)
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that the substrate iodobenzene is mostly wrapped in the
micellar hydrophobic core.

Further, a plausible mechanism of micellar catalysis for C-S
coupling reaction in water is proposed based on the change of
the particle size of the micelle after iodobenzene is dissolved
into ALA14 aqueous solution. As shown in Figure 4, initially
ALA14 in water self-assembles to form micelle. In the
hydrophilic lactose part, the Schiff base acts as a ligand to
chelate the copper salts. Moreover, iodobenzene was
concentrated in the lipophilic part, which is the center of the
micelle. Then, the reaction occurred in the palisade area at the
junction between the headgroup and the alkyl chain. B is
formed via nucleophilic reaction of A with benzenesulfonate.
The oxidation addition of complex B with iodobenzene
generates complex D. Finally, the target product was obtained
by reductive elimination and the micellar catalyst was
regenerated.

Reductive

Figure 4. Proposed reaction mechanism.

Further study focused on expanding the substrate scope to
reveal the generality of this protocol. More attention was paid
on different functional groups, steric and electronic effects.
Associated details are summarized in Table 2. Electron

Table 2. Substrate scope of Ullman C-S couplings in ALA14
aqueous solution @

o Surfactant/H,0 (0.01M) Q @
\ORZ Cul,100 °C, air,12 h

\\ 0 [eN¥e} Q.0

oo o0 OO0

3a, X=1, 90% . 3¢, Ry=4-Me, X=I, 95%

3a, X=Br, 85% 3b, Ry=4-OMe, X=I, 85 A’e 3¢, Ry=4-Me, X=I, 85%

3a X=Cl. 0% 3b, Ry=4-OMe, X=Br, 80% 3¢ Ry=4-Me, X=Br, 70%
Q0 o

J0
cl
3d, Ry=4-Cl, X=1, 78%

3d, Ry=4-Cl, X=I, 60%
3d, Ry=4-Cl, X=Br, 75%

Q0
o - % -
Ac : : ON

3e, Ry=4-Ac, X=I, 40% 3f, R1=4-NOp, X=I, 30%

AP

Me Q0 ON

eqe

39, Ry=2-Me, X=1, 55%

Peae

3h, Ry=3-NOy, X=I, 45% 3i, Ry=4-CF3, X=1, 20%

2 Reaction conditions: 1 (1.0mmol), 2 (1.2 mmol), Cul (0.1 mmol) and
surfactant ALA14 (0.1 mmol) in water (10 ml) under air at 100 °C for
12 h.
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withdrawing and donating effects of the group syhstituted. on
aryl ring have much influence on the €25 10 @phlg redetivr:
When electron-withdrawing groups, e.g. 4-Ac (3e), 4-Cl (3d), 4-
NO; (3f), 3-NO,(3h), and 4-CF; (3i) were located in the aryl ring,
the corresponding yields were much lower as compared to
those with electron donating substituents, e.g., 4-OMe (3b)
and 4-Me (3c). In addition, influences of different aryl halides
were examined. As a result, the activities of different aryl
halides with sodium benzenesulfinate was determined as: Phl
> PhBr > PhCl. Further, the low yield of 3g revealed that the
steric hindrance from the ortho-substituents significantly
hindered the progress of the reaction.

The ALA14 micellar-catalyzed protocol was further expanded
to the Ullmann C-N coupling reaction of aryl halides with
nucleophiles, and the results are shown in Table 3. To our
delight, nucleophiles coupled smoothly with aryl halides. It was
shown that the electron withdrawing and donating effect of
the groups substituted at the aryl halide, exerted no obvious
influence on the C-N coupling with imidazole. The aryl halides
with electron-donating groups, e.g., 4-OMe (5b), 4-Me (5c¢), 4-
OEt (5d) gave the corresponding products in good yields.
When electron-withdrawing groups, e.g., 4-Cl (5e), 4-F (5f), 4-
Ac (5h), were located in the aryl ring, the corresponding yields
did not drop significantly (64%-86%). Because of the steric
hindrance, the ortho-substituents such as 2-OMe (5j), 2-Me
(5k), led to poor yields. Moreover, the coupling with various
nucleophiles including several heterocycles, e.g. pyrrolidine
(51), n-butylamine (5m), 2-pyrrolidinone (5n), 4-methyl-1H-
imidazole (50), and 1H-benzoimidazole (5p) proceeded
successfully, with moderate to good yields. Finally, to test the

Table 3. Substrate scope of Ullman C-N couplings in ALA14
aqueous solution @
Ry Surfactant/H,0(0.01M) Ri
A-X 4+ HN_ ———————— AN
R, Cul, Cs,CO; R,
Air,100 °C,12h
1 4 5
=N =N _N =N =N
MeO Me/©/ EtO cl
5a, X=1, 90% =1, 809 -1, 889 -1, 659 =1, 85%
5:’ SV ::: i;gf%é% 5c, X=1, 88% 5d, X=1, 65% Se, X=I, 85%
5a, X=ClI, 0%
r OMe —
o o o o G
F4CO
5f, X=1, 86% 5g, X=1, 40% 5h, X=1, 64% 5i, X=1, 15% 5§, X=1, 10%
e 9 g ) -
D e A o
MeO’ MeO Me0/©/ MeO'
5K, X=I, trace 5, X=1, 74% 5m, X=I, 31% 5n, X=I, 48% 50, X=I, 80%
5p, X=I, 85% 5q, X=I, 75% 5r, X=1, 64% 5s, X=1, 40%
&S = ~ =
oS o G O
Q. - 0 T
5t, X=I, 70% 5u, X=1, 35% 5v, X=1,31% 5w, X=I, 30%
2 Reaction conditions: 1 (1.0 mmol), 4 (1.2 mmol), Cul (0.1 mmol),
Cs,CO3 (2.0 mmol), surfactant ALA14 (0.1 mmol), water (10 ml), 100
°C, 12 h.

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



http://dx.doi.org/10.1039/c9gc00964g

Published on 18 April 2019. Downloaded on 4/19/2019 3:49:19 AM.

- Green Chemistry: = <1

Journal Name

scope of this procedure, this in-water catalytic system was
applied to various indole derivatives. Interestingly, the C-N
reaction of 4-methoxyiodobenzene with unsubstituted indole
only gave 35% yield. Notably, when indoles possess electron-
withdrawing groups including NO; (5q), CN (5r), Cl (5s) and Br
(5t), the yields were obviously higher than the unsubstituted
indoles. In contrast, indoles with electron-donating
substituents 3-methylindole (5v) and 4-methylindole (5w)
afforded the coupling products in low yields.

Finally, as a further advantage of ALA14 micellar catalysis,
ALA/water system can be easily reused. Thus, during the
reaction, the mixtures in ALA14/water formed a stable and
slight yellow dispersion (Figure 5a). Once the reaction was
finished and cooled down, the ALA began to precipitate as

100

90

80
70
60
50
40
30
20
10

0

1 2 3 4 5

(c) Run

Yield (%)

Figure 5. Appearance of C-S coupling reaction in ALA14/water
(a) during the reaction and (b) after cooling and extracting with
ethyl acetate, (c) Recycling and reuse of ALA14/water.

white solid. Therefore, the final product was obtained by
extracting with ethyl acetate. The separated ALA/water system
can be reused again directly. In addition, the reusability of
ALA/water was studied in the above Ullmann C-S reaction. The
results about the reuse test of ALA14/water are exhibited in
Figure 5c. It was obvious that the ALA/water still had excellent
performance for C-S coupling reaction after being reused for
five times.

Conclusions

In summary, a newly bi-functional sugar-based surfactant,
ALA14, was designed to act as a ligand and provide a micellar
environment for aggregation of substrates. The alkyl
lactosamine ALA14 is easily synthesized and naturally
degradable, which is made up of the hydrophobic part of the
molecule based on long-chain alkyl and the hydrophilic portion
based on lactose. The nonionic surfactant ALA14 self-

This journal is © The Royal Society of Chemistry 20xx
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assembles to form a micellar nanoreactor with, different
binding sites, i.e., (i) hydrophilic lactose05drtGd +e¥p8asSIIEHEr
chelating the copper catalyst, acting as a ligand, (ii) the
lipophilic part traps the oil-soluble substrate to concentrate it
in the center of the micelle. It can successfully promote the
Ullmann C-X coupling reaction in water. The substrate
applicability of the micellar catalysis in water is expanded and
a moderate to excellent yields of C-X coupling reaction were
obtained. The nature of micelle formed by sugar-based
surfactant was investigated by CMC, DLS, and TEM. The
encapsulating and aggregation of the substrate in micelle were
clarified and the enrichment position of the substrate was
revealed by 'HNMR to be in the lipophilic alkyl chain. The
possible micellar catalytic reaction mechanism was deduced.
Most notably, the water and ALA14 are able to be recycled.
This strategy is proven to be green, simple, and sustainable.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The authors are grateful for the financial support from the
Natural Science Foundation of China (21606104) and the
National Key Research and Development Program of China
(2016YFB0301800).

Notes and references

1. F. Monnier, M. Taillefer, Angew. Chem. Int. Ed., 2009, 48, 6954-
6971.

2. |. P. Beletskaya, V. P. Ananikov, Chem. Rev., 2011, 111, 1596-
1636.

3. J. Bariwal, E. Van der Eycken, Chem. Soc. Rev., 2013, 42, 9283-
9303.

4. C.F. Lee, Y. C. Liu, S. S. Badsara, Chem-Asian. J., 2014, 9, 706-
722.

5. C. Sambiagio, S. P. Marsden, A. J. Blacker, P. C. McGowan,
Chem. Soc. Rev., 2014, 43, 3525-3550.

6. J.F.Hartwig, Angew. Chem. Int. Ed., 1998, 37, 2046-2067.

7. A.Klapars, J. C. Antilla, X. H. Huang, S. L. Buchwald, J. Am. Chem.
Soc., 2001, 123, 7727-7729.

8. G.E.Job, L. Buchwald, Org. Lett., 2002, 4, 3703-3706.

9. A.Klapars, X. H. Huang, S. L. Buchwald, J. Am. Chem. Soc., 2002,
124, 7421-7428.

10. F. Y. Kwong, A. Klapars, S. L. Buchwald, Org. Lett., 2002, 4, 581-
584.

11. F. Y. Kwong, S. L. Buchwald, Org. Lett., 2003, 5, 793-796.

12. J. C. Antilla, J. M. Baskin, T. E. Barder, S. L. Buchwald, J. Org.
Chem., 2004, 69, 5578-5587.

13. B. M. Choudary, C. Sridhar, M. L. Kantam, G. T. Venkanna, B.
Sreedhar, J. Am. Chem. Soc., 2005, 127, 9948-9949.

14. E. R. Strieter, D. G. Blackmond, S. L. Buchwald, J. Am. Chem.
Soc., 2005, 127, 4120-4121.

15. A. Shafir, S. L. Buchwald, J. Am. Chem. Soc., 2006, 128, 8742-
8743.

16. F. Monnier, M. Taillefer, Angew. Chem. Int. Ed., 2008, 47, 3096-
3099.

J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins



http://dx.doi.org/10.1039/c9gc00964g

Published on 18 April 2019. Downloaded on 4/19/2019 3:49:19 AM.

=55 Green Chemistry = f2 0

ARTICLE

17. F. Ferlin, V. Trombettoni, L. Luciani, S. Fusi, O. Piermatti, S.
Santoro, L. Vaccaro, Green. Chem., 2018, 20, 1634-1639.

18. A. Chanda, V. V. Fokin, Chem. Rev., 2009, 109, 725-748.

19. B. H. Lipshutz, T. B. Petersen, A. R. Abela, Org. Lett., 2008, 10,
1333-1336.

20. P. Guo, H. Zhang, J. Zhou, F. Gallou, M. Parmentier, H. Wang, J.
Org. Chem., 2018, 83, 7523-7527.

21. N. A. Isley, Y. Wang, F. Gallou, S. Handa, D. H. Aue, B. H.
Lipshutz, ACS. Catal., 2017, 7, 8331-8337.

22. G. P. Ly, C. Cai, B. H. Lipshutz, Green. Chem., 2013, 15, 105-109.
23. N. Kaur, G. Kaur, A. Bhalla, J. S. Dhaub, G. R. Chaudhary, Green.
Chem., 2018, 20, 1506-1514.

24. S. N. Jadhav., C. V. Rode., Green. Chem., 2017, 19, 5958-5970.
25. B. H. Lipshutz, G. T. Aguinaldo, S. Ghorai, K. Voigtritter, Org.
Lett., 2008, 10, 1325-1328.

26. Z. Xu, T. Yang, X. Lin, J. D. Elliott, F. Ren, Tetrahedron. Lett.,
2015, 56, 475-477.

27. ). Brals, J. D. Smith, F. lbrahim, F. Gallou, S. Handa, ACS. Catal.,
2017, 7, 7245-7250.

28. G. La Sorella, G. Strukul, A. Scarso, Green. Chem., 2015, 17, 644-
683.

29. B. H. Lipshutz, S. Ghorai, M. Cortes-Clerget, Chem., 2018, 24,
6672-6695.

30. X. Y. Zhang, K. N. Houk, Accounts. Chem. Res., 2005, 38, 379-
385.

31. H. Firouzabadi, N. Iranpoor, A. A. Jafari, Adv. Syn. Catal., 2005,
347, 655-661.

32.Y.-Y. Peng, Q.-P. Ding, Z. Li, P. G. Wang, J.-P. Cheng,
Tetrahedron. Lett., 2003, 44, 3871-3875.

33. A. Chatterjee, S. K. Hota, M. Banerjee, P. K. Bhattacharya,
Tetrahedron. Lett., 2010, 51, 6700-6703.

34. F. Wang, H. Liu, L. Cun, J. Zhu, J. Deng, Y. lJiang, J. Org. Chem.,
2005, 70, 9424-9429.

35. C. Duplais, A. Krasovskiy, B. H. Lipshutz, Organometallics, 2011,
30, 6090-6097.

36. T. Nishikata, A. R. Abela, B. H. Lipshutz, Angew. Chem. Int. Ed.,
2010, 49, 781-784.

37. C. Varszegi, M. Ernst, F. van Laar, B. F. Sels, E. Schwab, D. E. De
Vos, Angew. Chem. Int. Ed., 2008, 47, 1477-1480.

38. A. Kumar, M. K. Gupta, M. Kumar, Tetrahedron. Lett., 2010, 51,
1582-1584.

39. D. Kumar, K. Seth, D. N. Kommi, S. Bhagat, A. K. Chakraborti,
RSC Adv., 2013, 3, 15157-15168.

40. B. H. Lipshutz, S. Ghorai, A. R. Abela, R. Moser, T. Nishikata, C.
Duplais, A. Krasovskiy, R. D. Gaston, R. C. Gadwood, J. Org. Chem.,
2011, 76, 4379-4391.

41. P. Klumphu, B. H. Lipshutz, J. Org. Chem., 2014, 79, 888-900.

42. R. Moser, S. Ghorai, B. H. Lipshutz, J. Org. Chem., 2012, 77,
3143-3148.

43. N. Drillaud, E. Banaszak-Leonard, I. Pezron, C. Len, J. Org.
Chem., 2012, 77, 9553-9561.

44, B. H. Lipshutz, S. Ghorai, Green. Chem., 2014, 16, 3660-3679.
45. M. Parmentier, C. M. Gabriel, P. Guo, N. A. Isley, J. Zhou, F.
Gallou, Current Opinion in Green and Sustainable Chemistry, 2017,
7,13-17.

46. C. Salomé, P. Wagner, M. Bollenbach, F. Bihel, J.-J. Bourguignon,
M. Schmitt, Tetrahedron, 2014, 70, 3413-3421.

47. D. P. Cheng, F. F. Gan, W. X. Qian, W. L. Bao, Green. Chem.,
2008, 10, 171-173.

48. M. Wen, C. Shen, L. F. Wang, P. F. Zhang, J. Z. Jin, RSC Adv.,
2015, 5, 1522-1528.

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

Journal Name

49. X. Ge, C. Qian, X. Z. Chen, Tetrahedron-asymme\;(e)@ 2014, 25,
1450-1455. DOI: 10.1039/C9GC00964G
50. X. Ge, C. Qian, Y. B. Chen, X. Z. Chen, Tetrahedron-asymmetry,
2014, 25, 596-601.

51. X. Ge, X. Z. Chen, C. Qian, S. D. Zhou, RSC Adv., 2016, 6, 58898-
58906.

52. X. Ge, X. Z. Chen, C. Qian, S. D. Zhou, RSC Adv., 2016, 6, 29638-
29645.

53. X. Ge, F. Sun, X. Liu, X. Chen, C. Qian, S. Zhou, New J. Chem.,
2017, 41, 13175-13180.

54. X. Liu, S. Chang, X. Chen, X. Ge, C. Qian, New J. Chem., 2018, 42,
16013-16020.

55. X. Liu, W. Chen, B. Ni, X. Chen, C. Qian, X. Ge, Chin. J. Org.
Chem., 2018, 38, 1703-1711.

56. G. Q. Zhou, W. Chen, S. H. Zhang, X. M. Liu, Z. H. Yang, X. Ge, H.
J. Fan, Synlett, 2018, 30, 193-198.

57. F. Costes, M. Elghoul, M. Bon, I. Ricolattes, A. Lattes, Langmuir,
1995, 11, 3644-3647.

58. K. Bock, C. Pedersen, J.C.S. Perkin [/, 1974, 293-297.

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



http://dx.doi.org/10.1039/c9gc00964g

Page 7 of 7

Published on 18 April 2019. Downloaded on 4/19/2019 3:49:19 AM.

Green Chemistry

. View Article Online
Graphical Abstract DOI: 10.1039/COGC00964G

surfactant ALA14/H,O
u R
= Cul, 100 °C,ligand free e

f &
N
X=1, Br Nu= | > or ArSOzNa
b
[N
Ho OH OH
0
sarfactant ALAL4 = M%Xk;é,ﬂ
H



http://dx.doi.org/10.1039/c9gc00964g

