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Poly(3,4-dimethyl-5-vinylthiazolium)/DBU-Catalyzed
Thioesterification of Aldehydes with Thiols**

Junyong Chung, Ue Ryung Seo, Supill Chun, and Young Keun Chung*®

Poly(3,4-dimethyl-5-vinylthiazolium) was synthesized from 3,4-
dimethyl-5-vinylthiazole through free radical polymerization
and was examined as polymer precatalysts in the presence of
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) for the thioesterifica-
tion of aldehydes with thiols. The poly(5-vinylthiazolium)/DBU
had excellent catalytic activity and could be reused 10 times
without a considerable loss of activity.

Recently, organocatalysts related to green chemistry have at-
tracted much attention.!” One of the advantages of organoca-
talysts is that the catalytic reaction does not require a metal
catalyst. However, most organic syntheses need a large
amount of an organic catalyst and are performed in a homoge-
neous medium; hence, recovery and reuse of the catalyst is
often not feasible. To overcome these obstacles, the heteroge-
nization of organocatalysts over organic polymers and meso-
porous materials was recently reported.” However, most of
these heterogeneous catalysts suffer from relatively low yields
and poor recyclability, presumably as a result of the poor sta-
bility or degradation of the catalysts under the reaction condi-
tions. We recently developed a highly efficient, recyclable poly-
mer-based organocatalytic system, that is, poly(4-vinylimidazo-
lium),® that shows high catalytic activity for benzoin conden-
sation and cycloaddition of CO, to epoxides. These polymeric
catalysts were successfully recovered and reused over several
cycles without any loss of performance. Our interest in poly(vi-
nylimidazolium)s led us to study poly(vinylthiazolium)s. Thia-
zoles have been widely studied in materials science; however,
to the best of our knowledge, there is no report on the synthe-
sis and chemistry of poly(vinylthiazolium)s. Therefore, we de-
cided to study the polymerization of 4-methyl-5-vinylthiazole,
because it is commercially available and its polymerization to
poly(4-methyl-5-vinylthiazole) has not yet been reported. We
also studied the use of poly(vinylthiazolium) as a precatalyst
for the thioesterification of aldehydes with thiols, because
direct thioesterification of aldehydes has received little atten-
tion relative to direct aldehyde-to-ester conversions.” Thioest-
ers are widespread in biochemistry® and are versatile building
blocks for the construction of various natural products.”” Many
useful synthetic routes have been developed.”f? However, only
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a few studies on N-heterocyclic carbene (NHC)-catalyzed thio-
esterification have been reported.” Herein, we communicate
the synthesis of poly(vinylthiazolium) from 3,4-dimethyl-5-vi-
nylthiazolium and its use as a precatalyst for thioesterification
of aldehyde and alkyl thiols. In 1989, Tsuda et al. reported thia-
zolium salt polymers."” According to their report, N-methyl-4-
vinylphenylthiazolium iodide could not be not polymerized by
radical initiators. Therefore, 4-vinylphenylthiazole was polymer-
ized, and the resultant polythiazole was quaternized by using
methyl iodide. The degree of quaternization was calculated by
elemental analysis of iodine.

We synthesized poly(vinylthiazolium) from 3,4-dimethyl-5-vi-
nylthiazol-3-ium by using a radical initiator, that is, 2,2"-azobisi-
sobutyronitrile (AIBN) (Scheme 1). 3,4-Dimethyl-5-vinylthiazol-3-
ium (1) was prepared by reaction of 4-methyl-5-vinylthiazole,

S

\:(: Mel (6.5 equiv.) ,»_f AIBN

1=
NS MeoH,70°C, 24h  —N S MeOH, 80°C, 24n N
1 2

Scheme 1. Synthesis of poly(vinylthiazolium).

which is commercially available, with methyl iodide. The reac-
tion of 4-methyl-5-vinylthiazole with methyl iodide afforded
3,4-dimethyl-5-vinylthiazol-3-ium in 87 % yield. Polymerization
of 1 in the presence of AIBN afforded poly(3,4-dimethyl-5-vinyl-
thiazol-3-ium) (2), which is the organocatalyst precursor, in var-
ious yields depending on the reaction conditions (see the Sup-
porting Information). Broad 'H NMR signals are observed for
this compound, as expected for a high molecular weight poly-
mer. The polymer was slightly soluble in DMSO, DMF, and
water at room temperature but insoluble in other polar sol-
vents, including chloroform, dichloromethane, and acetone.
The weight-average molecular weight (Mw) of 2 is approxi-
mately 42700, as determined by light-scattering experi-
ments.!'"

As a model reaction for thioesterification, we initially exam-
ined the reaction of benzaldehyde with 1-pentanthiol in the
presence of 2 (10 mol%), an oxidant (1.2 equiv.), and DBU
(10 mol%) in DMSO at room temperature for 24 h (Table 1).
The use of oxidants such as phenazine, MnO,, and O, afforded
the corresponding thioester in yields of 90, 38, and 7%, re-
spectively (Table 1, entries 1-3). However, tert-butyl hydroper-
oxide, 2-iodobenzoic acid, potassium persulfate, diethyl azodi-
carboxylate, 4-phenyl-1,2,4-triazole-3,5-dione, and (diacetoxyio-
do)benzene as oxidants gave only a trace amount of the corre-
sponding thioester (not shown in Table 1). The use of azoben-
zene as an oxidant resulted in a considerable amount of
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Table 1. Optimization of the reaction conditions.”
2 Cat. 2, Base, Oxidant
©)‘\H + o~~~ ————— s
Solvent, 27 °C, Time
Entry Cat. 2 Base Oxidant Solvent t Yield
[mol%]  [mol %] [h]  [%]
1 10 DBU (10) phenazine DMSO 24 90
2 10 DBU (10) azobenzene DMSO 24 91
3 10 DBU (10) MnO, DMSO 24 38
4 10 DBU (10) 0, DMSO 24 7
5 10 Et;N (10) phenazine DMSO 24 69
6 10 DBU (10) phenazine DMF 24 92
7 7 DBU (7) phenazine DMF 24 93
8 5 DBU (5) phenazine DMF 24 97
9 3 DBU (3) phenazine DMF 24 86
10 5 DBU (5) phenazine DMF 12 95
1" 5 DBU (5) phenazine DMF 9 92
12 4 DBU (4) phenazine DMF 12 97
130 4 DBU (4) phenazine DMF 12 N
144 4 DBU (4) phenazine DMF 12 50
[a] Conditions: benzaldehyde (1 mmol), 1-pentanethiol (1.1 equiv.), oxi-
dant (1.2 equiv.), solvent (1 mL). [b] Azobenzene was used. [c] 1 was used.

product; however, purification of the product was difficult, be-
cause its polarity is similar to that of azobenzene. Replacement
of DBU with triethylamine in the presence of poly(4-methyl-5-
vinylthiazolium) and phenazine led to a lower yield (69%;
Table 1, entry 5), whereas changing the reaction solvent from
DMSO to DMF gave a better yield (92%; Table 1, entry 6). The
amount of catalyst used also influenced the yield of the reac-
tion (Table 1, entries 6-9). The yield of the product was slightly
dependent on the reaction time (Table 1, entries 9-11). The op-
timum reaction conditions were determined as follows: 2
(4 mol%), DBU (4 mol%), phenazine (1.2 equiv.), DMF (1 mL),
room temperature, 12 h. Moreover, the catalytic activity of 2
was higher than that of 1 (50%; Table 1, entry 14). Several
years ago, Murata and Kageyama reported the use of 3-butyl-
4-methylthiazolium bromide as a catalyst for the reaction of
benzaldehydes with azobenzene in dichloromethane contain-
ing octanethiol and Et;N.”” They isolated the corresponding S-
octyl thiobenzoates with concomitant formation of hydrazide
derivatives

Using the optimized reaction conditions, the catalytic activi-
ty of 2 was investigated for the reaction of benzaldehyde with
a variety of thiols (Table 2). Various alkyl thiols containing hy-
droxy, alkene, and aryl groups afforded high to excellent yields
of the corresponding thioesters (see compounds 3ab, 3ac,
3ag, 3ah, and 3ak). In the case of allyl thiol, the yield was
highly sensitive to the amount of 2; 4 mol% 2 generated
a yield of 32%, whereas 7 mol% 2 generated a yield of 83%.
For 6-mercaptohexan-1-ol (3ac), two reaction products could
be produced because of the presence of two potential reac-
tion sites."? However, excellent thia selectivity over oxa selec-
tivity (98:2) was observed. Secondary alkyl thiols (see com-
pounds 3ai and 3aj) also gave excellent yields of the thioester
products. For aryl thiols and tert-butyl thiol (see compounds
3al-3ao0), poor yields (15-28 %) were obtained in the presence
of 4 mol% 2. However, the yields dramatically increased to 51-
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Table 2. Thioesterification of benzaldehyde with thiols.”’
o (e}

Cat. 2, DBU, Phenazine R
©)kH -+ RSH ©)\S’
3
0 o ?
©)ks/\/\/ ©)LSCH2(CH2)CH3 ©)Ls/\/\/\/o}"

3ab, 96% 3acll, 80%

e

3ae, 89%

Shas

3ah, 90%

Shasy

3ak, 90%

@i’s@

3anl®l, 51% (28%)!

DMF, 27 °C, 12h

3aa, 97%!

o
©/U\S/\/

3ad, 83%
R A~
©)L s
3ag, 88%

sage

3aj, 98%

3am'®), 56% (25%)!1

Shoae

3af, 76%

©iSQ

3ai, 87%

3 O
©)LS
3all®l, 79% (15%)(1
o J<
©)ks

3a0l®), 74% (23%)!f

[a] Conditions: benzaldehyde (1 mmol), thiol (1.1 equiv.), 2 (4 mol %), DBU
(4 mol %), phenazine (1.2 equiv.), DMF (1 mL). [b] Yield of isolated product.
[c] Selectivity of thioesterification and esterification (98:2) [d] Conditions:
2 (7 mol%), DBU (7 mol%). [e] Conditions: 2 (10 mol%), DBU (10 mol %),
40°C, 24 h. [f] 2 (4 mol %) was used.
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79% in the presence of 10 mol% 2 at 40°C. Therefore, the cat-
alytic system is quite effective for the reaction of benzaldehyde
with alkyl and aryl thiols

We next investigated the reaction of various aldehydes with
1-pentanthiol (Table 3). Most aryl aldehydes were good sub-
strates at room temperature; however, aryl aldehydes with
halo or nitro substituents did not provide high yields at room
temperature. Therefore, for these substrates, we altered the re-
action temperature and determined that the optimal tempera-
ture was 90°C (see the Supporting Information). Aromatic as
well as aliphatic aldehydes reacted with 1-pentathiol with the
use of this procedure. A wide range of aromatic aldehydes
bearing both electron-donating and electron-withdrawing
groups were used, regardless of the position of their substitu-
ents, and they gave the corresponding thioesters in high yields
(see compounds 3ba, 3 fa, 3ha-3ma, and 3 pa) except nitro-
benzaldehydes 3ga and 3 na. In particular, 2-chloro-5-nitroben-
zaldehyde (3 na), which has two electron-withdrawing substitu-
ents on the aromatic ring, gave a poor yield (30%). Cyclohex-
ane carbaldehyde (3 0a), which is an example of an unactivat-
ed aldehyde, gave a good yield of thioester (85%). Heteroaro-
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Table 3. Thioesterification of aldehydes with 1-pentanethiol.”’
Cat. 2, DBU, Phenazine )01\
R' S/\/\/

R'CHO SH
+ DMF, 90 °C, 12h

3ba, 98%! (93%) 3ca, 75% 3da, 89%

9 o

o]
P /@)ks/\/\/ OAS/W
S
Cl o ON

2l

3ea, 86% 3fa, 84% 3ga, 48%

[e} (o]

[¢]
/@%s/\/\/ d\sw dsw
F3C cl

Br

3ha, 88% 3ia, 82% 3ja, 78%

9 o o
| X S/\/\/ \Cdks/\/\/
7 Br

3la, 86% (89%)°! 3ma, 89% (71%)

3ka, 85%

o;s\/\/\

3pa, 89% (70%)

[o] (e}

OzN\Cfl\s/\/\/ O)\S/\/\/
Cl

3na, 30% 30a, 85% (24%)"!
o )
o
o N s TN
S/\/\/
< _N

3sa, 86%

3qa, 77% 3ra, 69%

o
NN S NN
o ~o

3ta, 88% 3uald, 43% 3vald, 47%

[a] Conditions: aldehyde (1 mmol), 1-pentanethiol (1.1 equiv.), 2 (4 mol %),
DBU (4 mol%), phenazine (1.2 equiv.), DMF (1 mL). [b] Yield of isolated
product. [c] At room temperature. [d] Conditions: 2 (10 mol%), DBU
(10 mol %), 24 h.

matic aldehydes such as furan-2-carbaldehyde (3 qa) and pico-
linaldehyde (3ra) also gave high yields (77 and 69%, respec-
tively). Alkyl aldehydes with phenyl groups (see compounds
3sa and 3ta) were good substrates (86 and 88 % yield, respec-
tively). However, for 2-phenylacetaldehyde (3ua) and 3-(4-me-
thoxyphenyl)acrylaldehyde (3va), a longer reaction time (24 h)
was needed to give moderate yields (43 and 47 %, respective-
ly).

Finally, it is worth noting that the reaction may be scaled up
[Eg. (1)]. In the reaction of 1.06 g of benzaldehyde (10 mmol)
with pentane thiol (11 mmol), 1.94 g (93% vyield) of 3aa was
isolated.
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Cat. 2 (10 mol%) o
DBU (4 mol%)
Phenazine (12 mmol) ©)Ls/\/\/ (1)
Bkt bt
DMF (10 ml) 3aa

27°C,12h 1.94 g (93 % isolated yield)

o
©)LH + ASH

1.06 g (10 mmol) 1.36 ml (11 mmol)

The reusability of 2 was also examined (Figure 1). For the re-
cycling test, 10 mol% 2 was used. As the reaction progressed,
2 started to decompose through loss of a hydrogen atom of
the C—H bond. However, this problem could be easily over-
come by adding hydriodic acid to the reaction mixture. The

=
o
o

S [*2] 23
o o o

Isolated yield(%)

o

Figure 1. Recycling of poly(vinylthiazolium) in the thioesterification of ben-
zaldehyde with pentane thiol.

addition of hydriodic acid led to precipitation of 2 and the
phenazine salt. Given that 2 and the phenazine salt have differ-
ent solubilities in ethyl acetate, 2 was easily recovered from
the reaction mixture. Recovered 2 was successfully reused
without loss of performance over 10 cycles (each time, 83-
95% vyield) and 73% of 2 was recovered after recycling
10 times.

In conclusion, we developed a polymer-based organocatalyt-
ic system (see compound 2) by polymerization of 3,4-dimethyl-
5-vinylthiazolium; this system showed high catalytic activity for
the thioesterification of aldehydes with thiols. Precatalyst 2
showed higher catalytic activity than its monomeric analogue
(see compound 1) and could be reused 10 times without a con-
siderable loss of activity. Thus, precatalyst 2 has great poten-
tial, and further investigation of the applicability of polymer-
based thiazolium system 2 for other reactions are ongoing in
our laboratory.

Experimental Section
Synthesis of monomer 1

A Schlenk flask was charged with 4-methyl-5-vinythiazole (0.12 g,
1 mmol), Mel (0.2 mL, 6.5 mmol), and MeOH (8 mL). The mixture
was stirred at 70°C for 24 h, and the solvent was then evaporated.
The mixture was purified by flash chromatography (silica gel,
CH,Cl,/MeOH =10:1).

Synthesis of polymer precatalyst 2
In a typical experiment, a 10 mL Schlenk flask was flame-dried and

charged with 1 (3 mmol), AIBN (0.012 mmol), and MeOH (3 mL).

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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The Schlenk tube was subjected to three freeze-pump-thaw
cycles and was placed in a thermostatted oil bath previously main-
tained at 80°C. The polymerization reaction was quenched after
24 h by sudden cooling with liquid nitrogen. Resulting poly(3,4-di-
methyl-5-vinylthiazolium) salt 2 was isolated by precipitation in
acetone solution. After the precipitate was dried, 2 was obtained
as a light-green powder.

General procedure for the thioesterification of benzalde-
hyde with thiols

Reactions were performed in a tube-type Schlenk flask equipped
with a stirring bar and capped with a rubber cap. The flask was
charged sequentially with catalyst 2 (10 mg, 0.04 mmol, 4 mol %),
DBU (6 mg, 0.04 mmol, 4 mol%), benzaldehyde (0.11 g, 1 mmol),
phenazine (0.22 g, 1.2 mmol), thiol (1.1 mmol), and DMF (1 mL).
The mixture was stirred at room temperature for 12 h. The mixture
was added to acetone (30 mL), the catalyst was filtered off, and
the filtrate was concentrated under reduced pressure. Purification
by flash chromatography (silica gel, hexane/EtOAc) afforded the
thioester.

General procedure for the thioesterification of aldehydes
with 1-pentanethiol

Reactions were performed in a tube-type Schlenk flask equipped
with a stirring bar and capped with a rubber cap. The flask was
charged sequentially with catalyst 2 (10 mg, 0.04 mmol, 4 mol %),
DBU (6 mg,0.04 mmol, 4 mol%), 1-pentanethiol (0.11 g, 1.1 mmol),
phenazine (0.22 g, 1.2 mmol), aldehyde (1 mmol), and DMF (1 mL).
The mixture was stirred at 90°C for 12 h. The mixture was added
to acetone, the catalyst was filtered off, and the filtrate was con-
centrated under reduced pressure. Purification by flash chromatog-
raphy (silica gel, hexane/EtOAc) afforded the thioester.

Recycling test

A Schlenk tube was charged with benzaldehyde (106 mg, T mmol),
pentanethiol (116 mg, 1.1 mmol), phenazine (220 mg, 1.2 mmol),
catalyst (26 mg, 0.1 mmol, 10 mol%), DBU (15mg, 0.1 mmol,
10 mol%), and DMF (1 mL). After stirring for 12 h at room tempera-
ture, hydriodic acid (1.5 mmol) was added to the mixture, and the
resulting solution was stirred for 1 h. After evaporation of DMF
under reduced pressure, MeOH (180 mL) was added to the residue.
The solution was filtered and EtOAc (20 mL) was added to precipi-
tate 2. Recovered 2 was reused in the next experiment. The filtrate
containing the phenazine salt and the product was concentrated
under reduced pressure, and the residue was redissolved in EtOAc.
The resulting solution was filtered over a pad of Celite, and the re-
sulting filtrate was concentrated and purified by flash column chro-
matography to give the product. The catalytic performance of pol-
y(NHC) was well maintained over the 10 recycling steps with yields
of 83-95%, and 73% of 2 was recovered after recycling 10 times
(starting from 26 mg of 2, 19mg of 2 was recovered after
10cycles).

Acknowledgements

This work was supported by a National Research Foundation of
Korea (NRF) grant funded by the Korean Government

ChemCatChem 2016, 8, 318 -321

www.chemcatchem.org 321

CHEMCATCHEM
Communications

(2014R1A5A1011165 and 2007-0093864). J.C., U.R.S., and S.C. are
recipients of BK21 plus Fellowships.

Keywords: polymer precatalysts - polymerization - radicals -

sustainable chemistry - thioesterification

[1] For recent reviews, see: a) Special issue on organocatalysis (Ed.: Benja-

min List), Chem. Rev. 2007, 107, 12; b) A. Dondoni, A. Massi, Angew.

Chem. Int. Ed. 2008, 47, 4638; Angew. Chem. 2008, 120, 4716; c)C.F.

Barbas, Angew. Chem. Int. Ed. 2008, 47, 42; Angew. Chem. 2008, 120, 44;

d) D. W. C. MacMillan, Nature 2008, 455, 304; e)S. Bertelsen, K. A. Jor-

gensen, Chem. Soc. Rev. 2009, 38, 2178.

a) Heterogenized Homogeneous Catalysts for Fine Chemical Production

(Eds.: P. Barbaro, F. Liguori), Springer, Amsterdam, 2010; b) I. R. Shaik, J.

Catalysts 2014, 402860; c) J. D. Storey, C. Williamson, Tetrahedron Lett.

2005, 46, 7337; d) S. Shylesh, Z. Zhou, Q. Meng, A. Wagener, A. Seifert,

S. Ernst, W. R. Thiel, J. Mol. Catal. A 2010, 332, 65; e) Z. Zhou, Q. Meng,

A. Seifert, A. Wagner, Y. Sun, S. Emst, W. R. Thiel, Microporous Mesopo-

rous Mater. 2009, 121, 145.

[3] a) U.R. Seo, Y.K. Chung, RSC Adv. 2014, 4, 32371; b)U.R. Seo, Y.K.

Chung, Adv. Synth. Catal. 2014, 356, 1955.

a) D. Bevk, L. Marin, L. Lutsen, D. Vanderzande, W. Maes, RSC Adv. 2013,

3, 11418; b) W. Zhu, Y. Wu, Z.S. Wang, W. Li, X. Li, J. Chen, Z. Wang, H.

Tian, Adv. Funct. Mater. 2011, 21, 756; c) J. He, W. Wu, J. Hua, Y. Jiang, S.

Qu, J. Li, Y. Long, H. Tian, J. Mater. Chem. 2011, 21, 6054; d)J. He, F.

Guo, X. Li, W. Wu, J. Yang, J. Hua, Chem. Eur. J. 2012, 18, 7903.

[5] K. A. Ogawa, A. J. Boydston, Org. Lett. 2014, 16, 1928.

[6] a)N. Li, F. Hunag, Biochemistry 2005, 44, 4582; b) J. Kalia, R. T. Raines,
ChemBioChem 2006, 7, 1375; c) B. ter Horst, B. L. Feringa, A. J. Minnaard,
Chem. Commun. 2007, 489; d)J. Chen, M. Zhao, F. Feng, A. Sizovs, J.
Wang, J. Am. Chem. Soc. 2013, 135, 10938.

[7]1 a)Z. Geng, B. Chen, P. Chiu, Angew. Chem. Int. Ed. 2006, 45, 6197;

Angew. Chem. 2006, 118, 6343; b) K. S. A. Kumar, S. N. Bavikar, L. Spasser,

T. Moyal, S. Ohayon, A. Brik, Angew. Chem. Int. Ed. 2011, 50, 6137;

Angew. Chem. 2011, 123, 6261; c) B. L. Wilkinson, R.S. Stone, C. J. Capic-

ciotti, M. T. Andersen, J. M. Matthews, N. H. Packer, R. N. Ben, R. J. Payne,

Angew. Chem. Int. Ed. 2012, 51, 3606; Angew. Chem. 2012, 124, 3666;

d) H. Fuwa, M. Nakajima, J. Shi, Y. Takeda, T. Saito, M. Sasaki, Org. Lett.

2011, 13, 1106; e) B. Wang, P. H. Huang, C.S. Chen, C. J. Forsyth, J. Org.

Chem. 2011, 76, 1140.

a) S. Ahmad, J. Igbal, Tetrahedron Lett. 1986, 27, 3791; b) H. M. Meshram,

G.S. Reddy, K. H. Bindu, J.S. Yadav, Synlett 1998, 877; c)S. limura, K.

Manabe, S. Kobayashi, Chem. Commun. 2002, 94; d) H. Nambu, K. Hata,

M. Matsugi, Y. Kita, Chem. Commun. 2002, 1082; e) A. R. Katritzky, A. A.

Shestopalov, K. Suzuki, Synthesis 2004, 1806; f) H. Nambu, K. Hata, M.

Matsugi, Y. Kita, Chem. Eur. J. 2005, 11, 719; g) S. B. Bandgar, B. P. Bandg-

ar, B. L. Korbad, S. S. Sawant, Tetrahedron Lett. 2007, 48, 1287; h) H. Cao,
L. McNamee, H. Alper, J. Org. Chem. 2008, 73, 3530; i) S. Magens, B.
Plietker, Chem. Eur. J. 2011, 17, 8807 - 8809.
a) Y. Kageyama, S. Murata, J. Org. Chem. 2005, 70, 3140; b) S.S. Sohn,
J. W. Bode, Angew. Chem. Int. Ed. 2006, 45, 6021; Angew. Chem. 2006,
118, 6167; ¢) T. Uno, T. Inokuma, Y. Takemoto, Chem. Commun. 2012, 48,
1901.
[10] K. Yamashita, H. Tokuda, K. Tsuda, J. Polym. Sci. Part A 1989, 27, 1333.
[11] We assigned the molecular weight (ca. 15000) of the polymer. An accu-
rate molecular weight measurement was not possible because of ag-
gregations and interactions among charged polymers. The 42700 value
was obtained from a Zimm plot of diluted DMF solutions of the poly-
mer. For molecular weight determination of charged polymers, see:
a) M. D. Green, T.E. Long, J. Macromol. Sci. Part C 2009, 49, 291; b) E. B.
Anderson, T. E. Long, Polymer 2010, 51, 2447; c) J. Pinaud, J. Vignolle, Y.
Gnanou, D. Taton, Macromolecules 2011, 44, 1900.

[12] B.V. Subba Reddy, A. Venkateswarlu, P. Borkar, J. S. Yadav, R. Grée, J.
Org. Chem. 2014, 79, 2716.

[2

=

€

S

Received: October 19, 2015
Published online on November 20, 2015

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://dx.doi.org/10.1002/anie.200704684
http://dx.doi.org/10.1002/anie.200704684
http://dx.doi.org/10.1002/ange.200704684
http://dx.doi.org/10.1002/anie.200702210
http://dx.doi.org/10.1002/ange.200702210
http://dx.doi.org/10.1038/nature07367
http://dx.doi.org/10.1039/b903816g
http://dx.doi.org/10.1016/j.tetlet.2005.08.141
http://dx.doi.org/10.1016/j.tetlet.2005.08.141
http://dx.doi.org/10.1016/j.molcata.2010.08.022
http://dx.doi.org/10.1016/j.micromeso.2009.01.022
http://dx.doi.org/10.1016/j.micromeso.2009.01.022
http://dx.doi.org/10.1039/C4RA05073H
http://dx.doi.org/10.1002/adsc.201400047
http://dx.doi.org/10.1039/c3ra40851e
http://dx.doi.org/10.1039/c3ra40851e
http://dx.doi.org/10.1002/adfm.201001801
http://dx.doi.org/10.1039/c0jm03811c
http://dx.doi.org/10.1002/chem.201103702
http://dx.doi.org/10.1021/ol500459x
http://dx.doi.org/10.1021/bi047576b
http://dx.doi.org/10.1002/cbic.200600150
http://dx.doi.org/10.1039/B612593J
http://dx.doi.org/10.1021/ja405261u
http://dx.doi.org/10.1002/anie.200602056
http://dx.doi.org/10.1002/ange.200602056
http://dx.doi.org/10.1002/anie.201101920
http://dx.doi.org/10.1002/ange.201101920
http://dx.doi.org/10.1002/anie.201108682
http://dx.doi.org/10.1002/ange.201108682
http://dx.doi.org/10.1021/ol1031409
http://dx.doi.org/10.1021/ol1031409
http://dx.doi.org/10.1021/jo102478x
http://dx.doi.org/10.1021/jo102478x
http://dx.doi.org/10.1016/S0040-4039(00)83882-4
http://dx.doi.org/10.1055/s-1998-1797
http://dx.doi.org/10.1039/b109834a
http://dx.doi.org/10.1039/b202129c
http://dx.doi.org/10.1055/s-2004-829126
http://dx.doi.org/10.1002/chem.200400754
http://dx.doi.org/10.1016/j.tetlet.2006.12.024
http://dx.doi.org/10.1021/jo800287s
http://dx.doi.org/10.1002/chem.201101073
http://dx.doi.org/10.1002/chem.201101073
http://dx.doi.org/10.1002/chem.201101073
http://dx.doi.org/10.1021/jo047737h
http://dx.doi.org/10.1002/anie.200601919
http://dx.doi.org/10.1002/ange.200601919
http://dx.doi.org/10.1002/ange.200601919
http://dx.doi.org/10.1039/c2cc17183j
http://dx.doi.org/10.1039/c2cc17183j
http://dx.doi.org/10.1002/pola.1989.080270417
http://dx.doi.org/10.1016/j.polymer.2010.02.006
http://dx.doi.org/10.1021/ma1024285
http://dx.doi.org/10.1021/jo402832t
http://dx.doi.org/10.1021/jo402832t
http://www.chemcatchem.org

