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Thiol-reactive Functional Poly(meth)acrylates: 

Multicomponent Monomer Synthesis, RAFT 

(Co)polymerization and Highly Efficient Thiol–para-

Fluoro Postpolymerization Modification
†
  

Janina-Miriam Noy,
a‡

 Miriam Koldevitz,
a‡

 and Peter J. Roth
a
*  

A novel class of thiol-reactive (meth)acrylate monomers and the quantitative 

postpolymerization modification of their RAFT-made (co)polymers with aromatic, glycosidic, 

and aliphatic thiols are presented. A set of 6 different N-functional 2-(meth)acryloyloxy-2-

(pentafluorophenyl)acetamide monomers bearing pentafluorophenyl groups was prepared by a 

Passerini three-component reaction of (meth)acrylic acid, 2,3,4,5,6-pentafluorobenzaldehyde, 

and various isocyanides in water in up to near-quantitative isolated yields. RAFT 

polymerization was used to produce well-defined homopolymers and copolymers with methyl 

methacrylate, tert-butyl methacrylate, poly(ethylene glycol methyl ether) (meth)acrylate, and 

pentafluorophenyl acrylate, with low polydispersity indices of generally ÐM ≤ 1.23. In the 

presence of base, (co)polymers underwent selective para-fluoro substitution reactions with 

thiols in the absence of any side reactions observable by 1H and 19F NMR spectroscopy and 

size exclusion chromatography. The selection of employed thiols included various 

alkanethiols, a thiolated glucose derivative, mercaptopropionic acid, L-cysteine and the drug 

captopril. 19F NMR kinetic measurements indicated quantitative thiol–para-fluoro substitutions 

after <3–80 min at 25–45 °C using 1–1.1 equiv of thiol, depending on the reactivity of the 

employed thiol (aromatic, glycosidic > primary aliphatic > secondary aliphatic > tertiary 

aliphatic) and the choice of a suitable base (triethylamine or 1,8-diazabicyclo[5.4.0]undec-7-

ene (DBU)). The versatility of thiol-reactive (meth)acrylate species is demonstrated by the 

examples of a thermoresponsive copolymer showing a thiol-sensitive lower critical solution 

temperature (LCST) and the selective sequential modification with thiols and amines of a 

doubly reactive copolymer containing activated pentafluorophenyl esters.  

 

Introduction  

Thiols represent an extremely versatile class of synthetic 

reagents, undoubtedly due to the high commercial and synthetic 

availability of functional thiols and the extensive range of 

highly efficient thiol–X reactions.1-8 Arguably the most 

prominent examples of thiol–X reactions are the thiol–ene and 

thiol–yne addition reactions. Their success in the synthesis of 

dendrimers, branched macromolecules, crosslinked materials, 

in polymer end group (bio-)modification, surface 

functionalization, the preparation of functional films, and many 

other aspects of synthetic materials science can be followed in 

recent reviews and scholarly books.1-4, 9-15  

There has been long-standing interest in the chemical 

modification of repeat units of pre-made (co)polymers as a 

means to produce new types of macromolecules. The scope of 

postpolymerization modification advanced significantly with 

the development of controlled radical polymerization 

techniques suitable for preparing polymers with predetermined 

molecular weights and low molecular weight distributions from 

a wide variety of functional and reactive vinyl monomers.16-19 

The combination of reversible addition–fragmentation chain 

transfer (RAFT) polymerization20 with the amine-reactive 

monomers pentafluorophenyl acrylate (PFPA)19 or 

vinyldimethylazlactone, for example, has been used to generate 

a suite of well-defined homo- and copolymers with tailored 

properties and behavior, including bio-compatibility21 and 

responsiveness to (multiple)22-24 external stimuli25 including 

temperature,26-28 pH,29 CO2,
30 light,22, 23 or agitation.31 There 

are, however, some limitations to the side-group modification 

of pre-made vinyl polymers with thiols, as many thiol-reactive 

groups inherently have low compatibility with radical 

polymerization processes resulting in side reactions and higher 

polydispersities.32-37 In particular, while side reactions of 

alkene-functional vinyl monomers in a radical polymerization 

may be suppressed to some degree for specially designed 

monomers38, 39 or under carefully controlled (co)polymerization 

conditions,34, 40, 41 incorporation of alkene side groups through 

an additional postpolymerization step can be preferable.42 

Radical (co)polymer synthesis from triple-bond functional 
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monomers suitable for thiol–yne reactions, on the other hand, 

typically requires the use of protecting groups to avoid side 

reactions.37 In this context, thiol–halo substitution reactions are 

attractive,43, 44 especially on the pentafluorophenyl (PFP) 

functionality. This aromatic is stable during (radical) 

polymerization processes and, under mild conditions, 

undergoes selective nucleophilic aromatic substitution reactions 

with thiols in the para position (which experiences the largest 

activation from its two ortho and two meta fluorine 

neighbours).45, 46 Of note, this reactivity applies to aliphatically 

connected PFP groups, in most instances pentafluorobenzyl 

derivatives and homologs, and should be distinguished from the 

carbonyl reactivity of PFP esters.19 In the polymer chemistry 

arena the para-fluoro substitution reaction has been exploited 

exclusively in the modification of 2,3,4,5,6-pentafluorostyrene 

(PFSty)-based homo- and copolymers with nucleophiles 

including primary thiols47-51 and, at elevated temperatures, 

amines.52-54 Bearing perfluorinated side groups, however, the 

PFSty homopolymer, pPFSty, has limited solubility in more 

polar solvents, including ethers and especially alcohols.55 In 

addition, as a styrene derivative, PFSty is not readily available 

for copolymerization with the larger (meth)acrylic family of 

monomers, likewise limiting versatility.  

Recently,56, 57 the Passerini multicomponent reaction58, 59 has 

been exploited for the synthesis of novel multifunctional 

(meth)acrylic monomers.60, 61 In one study, we demonstrated 

successful RAFT (co)polymer synthesis of several reactive 

Passerini-made monomers, including a PFP-functional species, 

but did not address thiol–para-fluoro substitution 

modifications.56 Herein, we firstly expand the portfolio of 

Passerini-made PFP-functional monomers to a total of six 

(meth)acrylate monomers prepared from (meth)acrylic acid, 

2,3,4,5,6-pentafluorobenzaldehyde, and different isocyanides in 

a single step. After RAFT-synthesis of well-defined homo- and 

copolymers, we highlight extremely efficient thiol–para-fluoro 

substitution reactions (reaching completion in >3–80 min) with 

a range of aromatic, glycosidic, and primary, secondary, and 

tertiary aliphatic thiols producing, in the absence of any 

observable side reactions, well-defined functional products. We 

demonstrate the versatility of this synthetic strategy toward 

tailored materials through the preparation of copolymers of a 

PFP-functional acrylate (i) with a poly(ethylene glycol) acrylate 

yielding thermoresponsive copolymers with a thiol-tunable 

aqueous lower critical solution temperature (LCST) and (ii) 

with the amine-reactive PFP acrylate yielding a dual-functional 

polymer with orthogonally reactive PFP groups. 

Experimental Section   

Instrumentation  

Size exclusion chromatography (SEC) was performed on a 

Shimadzu system equipped with four 300 × 7.8 mm2 linear 

phenogel columns (105, 104, 103 and 500 Å) operating at a flow 

rate of 1 mL/min using dimethylacetamide as eluent. Reported 

molar masses are apparent values with regards to a polystyrene 

calibration based on a series of narrow molar mass distribution 

polystyrene standards (0.58–1820 kg/mol).  

Fourier transform infrared (FT-IR) spectroscopy was performed 

on a Bruker IFS 66/S instrument under attenuated total 

reflectance (ATR) and data was analyzed on OPUS software 

version 4.0.  

Turbidity measurements were performed on a Varian Cary 300 

Scan spectrophotometer equipped with a Cary temperature 

controller and a Peltier heating element in quartz cuvettes of 10 

mm path length at a wavelength of 520 nm with heating / 

cooling rates of 1 °C/min. Polymer concentrations were 10 g/L. 

For clear solutions the baseline was corrected to zero 

absorbance, A. Transmittance, T = 10−A, was plotted against 

temperature and cloud points were determined at T = 50 %.   

NMR spectroscopic measurements were performed on a Bruker 

Avance 300 MHz instrument (282 MHz for 19F nuclei). The 

internal solvent signal of CDCl3 (δ = 7.26 ppm) was used as 

reference. Kinetic measurements over a period of 24 h 

(thiophenol without base and 1-octanethiol with triethylamine) 

were performed by withdrawing samples (50 μL) from 

reactions, diluting with CDCl3 (600 μL) and measuring a 19F 

NMR spectrum. Kinetic measurements within a time frame of 

1.5 h (thiophenol with triethylamine and 1-thio-β-D-glucose 

tetraacetate with triethylamine) were performed in an NMR 

tube. A solution of PFP-functional polymer (44.5 μmol of PFP 

groups) in DMF (580 μL) and acetone-d6 (50 μL) (for locking 

and shimming purposes) was added into an NMR tube which 

was heated to 45 °C inside the spectrometer. After locking, 

shimming, and matching the sample was taken from the 

spectrometer and poured into a glass vial. Stock solution 

containing triethylamine in DMF (10 μL, containing 44.5 μmol 

of triethylamine) and thiol (thiophenol or 1-thio-β-d-glucose 

tetraacetate, 44.5 μmol, together with 10 μL of DMF) were 

added quickly, the sample was shaken, filled into the NMR tube 

and transferred back into the spectrometer. After adjusting the 

receiver gain, measurements (delay time D1 = 0.5 s, sweep 

width = 237 ppm centered on −150 ppm, 78 scans) were run 

every 3 minutes for ~ 1.5 h. The temperature stabilized at 45 ± 

1 °C within several minutes. A kinetic measurement of a 

reaction with 1-octanethiol and DBU was performed in analogy 

to the previous procedure at room temperature. Conversions for 

all kinetic measurements were determined by comparison of 

integrals of phase- and baseline-corrected spectra of the signals 

at δ / ppm = −132.3 (bs, 2 F (meta to backbone) of product) and 

−163.1 (bs, 2 F (meta) of starting material).  

Materials   

All reagents were purchased from Sigma-Aldrich and were 

used as received unless stated otherwise. 

Azobis(isobutyronitrile) (AIBN) was recrystallized from 

methanol and stored at −24 °C. Comonomers methyl 

methacrylate (MMA), tert-butyl methacrylate (tBuMA), 

poly(ethylene glycol) methyl ether methacrylate (PEGMA, 

monomer molecular weight 360 g/mol), and poly(ethylene 

glycol) methyl ether acrylate (PEGA, monomer molecular 

weight 480 g/mol) were passed through basic Al2O3 to remove 

inhibitors before polymerization. Comonomer 

pentafluorophenyl acrylate,26 and the RAFT agents 4-cyano-4-

[(phenylcarbonothioyl)thio]pentanoic acid (CPADB)62 and 

benzyl propyl trithiocarbonate (BPTC)30 were prepared as 

described elsewhere. The Passerini monomer N-tert-butyl-2-

methacryloyloxy-2-(pentafluorophenyl)acetamide, tBu-MA-

PFP, was prepared in water according to our previously 

published procedure56 and purified by column chromatography 

using n-hexane–ethyl acetate 4:1 as eluent.  

MULTICOMPONENT MONOMER SYNTHESIS. Pentafluorophenyl 

(PFP) functional monomers were prepared by a Passerini 

reaction according to the following general procedure. 

2,3,4,5,6-Pentafluorobenzaldehyde (1.00 g, 0.63 mL, 5.1 mmol) 

and milliQ water (1.7 mL) were mixed in a 10 mL round 

bottom flask. Methacrylic acid 1a (0.439 g, 0.432 mL, 5.1 

mmol) or acrylic acid 1b (0.367 g, 0.350 mL, 5.1 mmol) was 

added and the mixture was stirred for several minutes at room 
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Table 1.  Summary of Synthetic Details of PFP-functional Monomers  

Entry Name, Abbreviation Structure Acid 

reagent 

Isocyanide 

reagent 

Isolated Yield 

(%) 

1 N-tert-butyl-2-methacryloyloxy-2-(pentafluorophenyl)acetamide  

tBu-MA-PFP 
 

 

1a 2a 96 

2 N-cyclohexyl-2-methacryloyloxy-2-

(pentafluorophenyl)acetamide 

cHex-MA-PFP 

 

1a 2b 98 

3 N-isopropyl-2-methacryloyloxy-2-(pentafluorophenyl)acetamide 

iPr-MA-PFP 

 

1a 2c 98 

4 N-(2-ethoxy-2-oxoethyl)-2-methacryloyloxy-2-

(pentafluorophenyl)acetamide 

EE-MA-PFP 

 

1a 2d 93 

5 N-tosylmethyl-2-methacryloyloxy-2-

(pentafluorophenyl)acetamide 

Tos-MA-PFP 

 

1a 2e 62 

6 N-cyclohexyl-2-acryloyloxy-2-(pentafluorophenyl)acetamide 

cHex-A-PFP 

 

1b 2b 94 

 

temperature. Isocyanide (tert-butyl isocyanide 2a, cyclohexyl 

isocyanide 2b, isopropyl isocyanide 2c, ethyl isocyanoacetate 

2d, or p-toluenesulfonylmethyl isocyanide 2e, 5.1 mmol) was 

added slowly and the mixture was stirred at room temperature 

overnight. Water was decanted and remaining solvent was 

removed under reduced pressure. Products were isolated as 

white solids by column chromatography on silica gel using 

eluents as specified below. Yields are given in Table 1.  

N-cyclohexyl-2-methacryloyloxy-2-

(pentafluorophenyl)acetamide, cHex-MA-PFP (hexane–ethyl 

acetate 3:2). 1H NMR (CDCl3, 300 MHz) δ/ppm = 6.45 (s, 1 H, 

–COOCHPFP–), 6.29 (1 H, –NH–), 6.20 (s, 1 H, 

HHC=C(CH3)–), 5.74 (t, 1 H, HHC=C(CH3)–), 3.85 (m, 1 H, –

NHCH<), 1.99 (s, 3 H, H2C=C(CH3)–), 1.94–1.16 (m, 10 H, 

cyclohexyl); 13C NMR (CDCl3, 75 MHz) δ/ppm = 164.85, 

164.71 (–COO–, –CONH–), 135.00 (H2C=C(CH3)–), 127.90 

(H2C=C–), 65.36 (–COOCHPFP–), 48.37 (–NHCH<), 32.72, 

32.65 25.41, 24.59, 24.51 (cyclohexyl), 18.20 (H2C=C(CH3)–); 
19F NMR (CDCl3, 282 MHz) δ/ppm = −141.36 (m, 2 F, ortho), 

−151.92 (t, 1 F, para), −161.39 (m, 2 F, meta). FT-IR ν/cm−1 = 

3363 (w, N−H, stretch), 2939, 2860 (w, C−H stretch), 1736 (m–

s, ester C=O stretch), 1655 (s, amide C=O stretch), 1505 (s, 

PFP C=C bend), 1129 (s, C–N stretch), 997 (s, C–F stretch); 

MS (ESI) m/z (%) = 414.11 (100) [M+Na]+.   

N-isopropyl-2-methacryloyloxy-2-

(pentafluorophenyl)acetamide, iPr-MA-PFP (hexane–ethyl 

acetate 3:2). 1H NMR (CDCl3, 300 MHz) δ/ppm = 6.44 (s, 1 H, 

–COOCHPFP–), 6.25 (bs, 1 H, –NH–), 6.21 (q, 1 H, 

HHC=C(CH3)–), 5.76 (q, 1 H, HHC=C(CH3)–), 4.14 (m, 1 H, –

NHCH(CH3)2), 1.98 (s, 3 H, H2C=C(CH3)–), 1.22 (m, 6 H, –

C(CH3)2); 
13C NMR (CDCl3, 75 MHz) δ/ppm = 165.05, 164.79 

(–COO–, –CONH–), 134.85 (H2C=C(CH3)–), 128.26 (H2C=C–

), 65.15 (–COOCHPFP–), 41.95 (–C(CH3)2), 22.56 (–C(CH3)2), 

18.35 (H2C=C(CH3)–); 19F NMR (CDCl3, 282 MHz) δ/ppm = 

−140.86 (m, 2 F, ortho), −151.94 (t, 1 F, para), −161.13 (m, 2 

F, meta). FT-IR ν/cm−1 = 3318 (w, N–H stretch), 2971 (w, C−H 

stretch), 1730 (m–s, ester C=O stretch), 1657 (s, amide C=O 

stretch), 1509 (s, PFP C=C bend), 1131 (s, C–N stretch), 1000 

(s, C–F stretch); MS (ESI) m/z (%) = 352.10 (89) [M+H]+, 

374.08 (100) [M+Na]+  
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Table 2.  Summary of PFP-functional (Meth)acrylate Homo- and Copolymers Prepared by the RAFT Process. 

Entry Polymer Codea Comonomer 

(mol% in feed) 

solvent (reaction 

time /h) 

Conversion 

(%)b 

Mn
theor.,c 

(kg/mol) 

Mn
SEC,d 

(kg/mol) 

ÐM
SEC,d 

1 p(tBu-MA-PFP) — PhOMe (15) 65 24.0 46.8 1.19 

2 p(tBu-MA-PFP0.51-co-MMA0.49) MMA (60) PhOMe (15) 90/76 19.4 14.1 1.10 

3 p(tBu-MA-PFP0.40-co-tBuMA0.60) tBuMA (60) PhOMe (15) 74/74 15.5 36.0 1.18 
4 p(tBu-MA-PFP0.18-co-PEGMA0.82) PEGMA (83) PhOMe (15) 100/95 34.9 32.3 1.48 

5 p(tBu-MA-PFP0.11-co-PEGMA0.89) PEGMA (89) PhOMe (8) 81/77 28.1 23.3 1.20 

6 p(cHex-MA-PFP) — PhOMe (15) 93 35.2 27.6 1.19 
7 p(cHex-MA-PFP0.73-co-MMA0.27) MMA (25) PhOMe (15) 96/97 30.3 10.1 1.12 

8 p(iPr-MA-PFP) — PhOMe (15) 98 34.7 17.0 1.12 

9 p(iPr-MA-PFP0.43-co-MMA0.57) MMA (55) PhOMe (15) 95/91 19.6 16.9 1.12 
10 p(EE-MA-PFP) — PhOMe (15) 92 36.6 16.4 1.16 

11 p(EE-MA-PFP0.56-co-MMA0.44) MMA (40) PhOMe (15) 92/90 24.4 12.8 1.16 

12 p(Tos-MA-PFP) — PhOMe (15) 87 41.8 32.0 1.18 
13 p(cHex-A-PFP) — MeCN (16) 99 37.6 9.7 1.37 

14 p(cHex-A-PFP) — MeCN (9) 67 25.6 12.2 1.23 

15 p(cHex-A-PFP0.31-co-PEGA0.69) PEGA (69) MeCN (6) 82/77 35.4 31.0 1.36 
16 p(cHex-A-PFP0.45-co-PFPA0.55) PFPA (55) MeCN (7) 47/43 13.4 60.7 1.22 

a molar composition as measured by 1H NMR spectroscopy on purified product;  b conversion of monomers (PFP-functional monomer/comonomer) 

determined by 1H NMR spectroscopy before purification by quantification of residual monomers;  c calculated from conversion and composition;  d determined 

by size exclusion chromatography (PS calibration) in DMAc  

 

N-(2-ethoxy-2-oxoethyl)-2-methacryloyloxy-2-

(pentafluorophenyl)acetamide, EE-MA-PFP (hexane–ethyl 

acetate 2:1). 1H NMR (CDCl3, 300 MHz) δ/ppm = 7.06 (m, 1 

H, –NH–), 6.52 (s, 1 H, –COOCHPFP–), 6.27 (s, 1 H, 

HHC=C(CH3)–), 5.76 (t, 1 H, HHC=C(CH3)–), 4.26 (q, 2 H, –

COOCH2CH3), 4.12 (q, 2 H, –NHCH2CO–), 2.01 (s, 3 H, 

H2C=C(CH3)–), 1.30 (t, 3 H, –CH2CH3); 
13C NMR (CDCl3, 75 

MHz) δ/ppm = 169.16, 166.11, 164.76 (2 × –COO–, –CONH–), 

134.80 (H2C=C(CH3)–), 128.27 (H2C=C–), 65.25 (–

COOCHPFP–), 61.96 (–COOCH2CH3), 41.45 (–NHCH2COO–

), 18.16 (H2C=C(CH3)–), 14.08 (–COOCH2CH3); 
19F NMR 

(CDCl3, 282 MHz) δ/ppm = −140.61 (m, 2 F, ortho), −151.85 

(t, 1 F, para), −161.20 (m, 2 F, meta). FT-IR ν/cm−1 = 3343 (w, 

N–H stretch), 2956 (w, C–H stretch), 1760, 1731 (m–s, esters 

C=O stretch), 1660 (s, amide C=O stretch), 1510 (s, PFP C=C 

bend), 1190 (s, C–O–C, stretch), 1125 (s, C–N, stretch), 1000 

(s, C–F, stretch); MS (ESI) m/z (%) = 396.09 (27) [M+H]+ 

418.07 (100) [M+Na]+.  

N-tosylmethyl-2-methacryloyloxy-2-

(pentafluorophenyl)acetamide, Tos-MA-PFP (hexane–ethyl 

acetate 1:1). 1H NMR (CDCl3, 300 MHz) δ/ppm = 7.76 (d, 2 H, 

ortho –SO2(C6H4)CH3), 7.46 (t, 1 H, –NH–), 7.34 (d, 2 H, meta 

–SO2(C6H4)CH3), 6.37 (s, 1 H, –COOCHPFP–), 6.22 (s, 1 H, 

HHC=C(CH3)–), 5.71 (t, 1 H, HHC=C(CH3)–), 4.79 (m, 2 H, –

NHCH2SO2–), 2.43 (s, 3 H, –SO2(C6H4)CH3), 1.95 (s, 3 H, 

H2C=C(CH3)–); 13C NMR (CDCl3, 75 MHz) δ/ppm = 165.88, 

164.84 (–COO–, –CONH–), 145.84 (Ar-C–CH3), 134.56 (Ar-

C–SO2), 133.42 (Ar-C meta), 129.99 (H2C=C(CH3)–), 128.75 

(H2C=C–), 128.64 (Ar-C ortho), 65.06 (–COOCHPFP–), 60.11 

(–NHCH2SO2–), 21.65 (–ArCH3), 18.09 (H2C=C(CH3)–); 19F 

NMR (CDCl3, 282 MHz) δ/ppm = −140.29 (m, 2 F, ortho), 

−151.48 (t, 1 F, para), −161.10 (m, 2 F, meta). FT-IR ν/cm−1 = 

3338 (w, N–H, stretch), 2926 (w, C–H stretch), 1732 (m–s, 

ester C=O stretch), 1705 (s, amide C=O stretch), 1508 (s, PFP 

C=C bend), 1322 (s, SO2), 1129 (s, C–N stretch), 1005 (s, C–F 

stretch); MS (ESI) m/z (%) = 500.05 (100) [M+Na]+.  

N-cyclohexyl-2-acryloyloxy-2-(pentafluorophenyl)acetamide, 

cHex-A-PFP (hexane–ethyl acetate 3:2). 1H NMR (CDCl3, 300 

MHz) δ/ppm = 6.51 (dd, 1 H, HHC=CH–), 6.45 (s, 1 H, –

COOCHPFP–), 6.34 (d, 1 H, –NH–), 6.20 (dd, 1 H, H2C=CH–), 

5.99 (dd, 1 H, HHC=CH–), 3.82 (m, 1 H, –NHCH<), 1.97–

1.88, 1.73–1.60, 1.43–1.12 (3 m, 10 H, cyclohexyl); 13C NMR 

(CDCl3, 75 MHz) δ/ppm = 164.70, 163.63 (–COO–, –CONH–), 

133.74 (H2C=CH–), 126.58 (H2C=CH–), 65.12 (–

COOCHPFP–), 48.58 (–NHCH<), 32.72, 32.68, 25.37, 24.72, 

24.65 (cyclohexyl); 19F NMR (CDCl3, 282 MHz) δ/ppm = 

−140.65 (m, 2 F, ortho), −151.98 (t, 1 F, para), −161.52 (m, 2 

F, meta). FT-IR ν/cm−1 = 3307 (w, N–H, stretch), 2930, 2860 

(w, C–H stretch), 1737 (m–s, ester C=O stretch), 1654 (s, 

amide C=O stretch), 1506 (s, C=C bend), 1128 (s, C–N stretch), 

1000 (s, C–F stretch); MS (ESI) m/z (%) = 378.11 (34) [M+H]+, 

400.09 (100) [M+Na]+.  

 

GENERAL PROCEDURE FOR RAFT (CO)POLYMERIZATION.  

PFP-functional monomer (100 equiv) or a mixture of PFP 

functional monomer and a comonomer (100 equiv in total), 

RAFT agent BPTC (for acrylate monomers) or CPADB (for 

methacrylate monomers) (1 equiv), AIBN (0.1 equiv) and 

solvent (acetonitrile or anisole, approx. 0.8 mL/mmol of 

monomers) were mixed in a glass flask which was sealed with a 

rubber septum, purged with nitrogen for 25 min and placed into 

a preheated oil bath at 70 °C for 6–15 h. After cooling, 

polymers were isolated by precipitation into diethyl ether–

hexane (4:1) or by dialysis against methanol (regenerated 

cellulose membranes, 3500 g/mol molecular weight cut-off). 

Details on comonomers, solvents, polymerization times, and 

polymer characterization by SEC are summarized in Table 2.  

 

POSTPOLYMERIZATION THIOL–PARA-FLUORO SUBSTITUTION 

REACTIONS. Procedure for more S–H acidic thiols (thiophenol 

or 1-thio-β-D-glucose tetraacetate): PFP-functional (co)polymer 

(1 equiv of PFP groups) was dissolved in DMF (0.8–1.5 mL per 

100 mg of PFP-functional polymer), triethylamine (1.05 equiv) 

and thiol (1.1 equiv) were added. The mixture was stirred for 

1.5 h at 45 °C. Full conversion was confirmed by a 19F NMR 

measurement of a reaction sample (50 μL) diluted with CDCl3 

(600 μL) (product signals (using thiophenol) at δ/ppm = −131.8 

(2 F) and −140.1 (2 F), signal of Et3N∙HF around −167 ppm 

(varied between reactions)). Polymers were isolated by 

precipitation into diethyl ether–hexane or by dialysis in 

methanol (regenerated cellulose membranes, 3500 g/mol 

molecular weight cut-off).  
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Procedure for alkanethiols (1°, 2°, and 3°): PFP-functional 

(co)polymer (1 equiv of PFP groups) was dissolved in DMF 

(0.8–1.5 mL per 100 mg of PFP-functional polymer), 1,8-

diazabicycloundec-7-ene (DBU, 1.05 equiv) and thiol (1.1 

equiv) were added. The mixture was stirred for 30–45 min at 

room temperature. Full conversion was confirmed by a 19F 

NMR measurement of a sample (50 μL) diluted with CDCl3 

(600 μL) (product signals (using 1-octanethiol) at δ/ppm = 

−135.3 ppm (2 F) and −141.2 (2 F), signal of DBU∙HF around 

−148 ppm (varied between reactions)). Polymers were isolated 

by precipitation into diethyl ether–hexane or by dialysis in 

methanol (regenerated cellulose membranes, 3500 g/mol 

molecular weight cut-off). For thiols containing acidic groups 

(mercaptopropionic acid, cysteine), a total of 2.1 equiv of DBU 

was used with otherwise unchanged conditions.  

SEQUENTIAL POSTPOLYMERIZATION MODIFICATION OF A 

COPOLYMER CONTAINING PFP GROUPS AND ACTIVATED PFP 

ESTERS. Double-reactive copolymer p(cHex-A-PFP0.45-co-

PFPA0.55) was prepared according to the above general 

procedure using PFPA as comonomer. 19F NMR (CDCl3, 282 

MHz) δ/ppm = −141.08 (cHex-A-PFP ortho), −152.07 (cHex-

A-PFP para), −153.49 PFPA ortho), −156.29 (PFPA para), 

−161.76 (cHex-A-PFP meta, PFPA meta). p(cHex-A-PFP0.45-

co-PFPA0.55) (60 mg, containing approx. 0.11 mmol of amine-

reactive PFP esters and 0.09 mmol of thiol-reactive aliphatic 

PFP groups) was dissolved in acetonitrile (0.4 mL). Butyl 

acrylate (6 μL, to scavenge thiols released by aminolysis of 

RAFT end groups)4 and isopropylamine (13.9 mg, 20 μL, 0.24 

mmol, 2.2 equiv with regards to PFP esters) were added 

followed by stirring at room temperature overnight. A sample 

(50 μL) was withdrawn, diluted with CDCl3 (600 μL) and 

analyzed by 19F NMR spectroscopy showing remaining broad 

signals of unmodified cHex-A-PFP repeat units at δ/ppm = 

−140.74 (2 F, ortho), −152.40 (1 F, para), −161.49 (2 F, meta) 

and sharp signals of released pentafluorophenol at δ/ppm = 

−167.28, 168.01 (4 F, ortho, meta), −180.96 (1 F, para). The 

solution was subsequently dialyzed against methanol to yield 

p(cHex-A-PFP0.45-co-NIPAM0.55), Mn
SEC = 34.2 kg/mol, ÐM = 

1.26. 19F NMR (CDCl3, 282 MHz) δ/ppm = −140.73 (2 F, 

ortho), −151.85 (1 F, para), −161.17 (2 F, meta). The product 

was subsequently modified with thiophenol according to the 

above procedure yielding p(cHex-A-PhS0.45-co-NIPAM0.55) 

with Mn
SEC = 26.0 kg/mol, ÐM = 1.30. 19F NMR (CDCl3, 282 

MHz) δ/ppm = −132.53 (2 F, cHex-A-PhS, meta to acrylate 

side), −140.16 (2 F, cHex-A-PhS, ortho to acrylate side).  

Results and Discussion  

Monomer Synthesis  

The Passerini multicomponent reaction produces an α-

acyloxycarboxamide as the single product from the reaction of 

a carboxylic acid, an aldehyde or ketone, and an isocyanide.58 

In order to prepare PFP-functional (meth)acrylate monomers, 

we chose as reagents (meth)acrylic acid and 2,3,4,5,6-

pentafluorobenzaldehyde in combination with a selection of 

isocyanides, including the alkyl-functional isocyanides 2a–2c, 

the ester-containing species 2d and tosylmethyl isocyanide 2e, 

see Scheme 1. The resulting N-functional 2-(meth)acryloyloxy-

2-(pentafluorophenyl)acetamides featured, in addition to a 

polymerizable (meth)acrylate handle, a pentafluorophenyl 

group and an N-functional amide moiety carrying the residue of 

the employed isocyanide component (labelled R2 in Scheme 1). 

In total, one acrylate and five methacrylate monomers were 

prepared; Table 1 gives a summary of all monomers with their 

names, abbreviations (which reflect the respective synthetic 

reagents in the order isocyanide–carboxylic acid–aldehyde), 

structures and yields. Reactions were carried out in water at 

room temperature. In all instances, products separated as a 

white solid allowing for isolation of crude product by decanting 

and drying. PFP-functional monomers were then purified by 

column chromatography with isolated yields of 93–98% in all 

cases except for the tosylmethyl-functional monomer Tos-MA-

PFP, whose synthesis suffered from lower conversion resulting 

in an isolated yield of 62%. 1H, 13C, and 19F NMR spectra of all 

monomers conforming to the expected structures and 

confirming high purity are shown in the supporting 

information. Apart from tBu-MA-PFP, the preparation of 

which we recently reported,56 these monomers have, to the best 

of our knowledge, not been previously described.  

 
Scheme 1. Multicomponent monomer synthesis with structures of employed 

isocyanide reagents 

Polymer Synthesis  

With a series of novel PFP-functional (meth)acrylate monomers 

in hand, we next subjected them to RAFT (co)polymerization in 

anisole or acetonitrile mediated by dithioester (for methacrylate 

systems), or trithiocarbonate (for acrylate systems) chain 

transfer agents (CTAs), at a feed concentration ratio 

[monomers]:[CTA]:[AIBN] of 100:1:0.1. As comonomers 

methyl methacrylate (MMA), tert-butyl methacrylate (tBuMA), 

poly(ethylene glycol methyl ether) methacrylate (PEGMA), 

poly(ethylene glycol methyl ether) acrylate (PEGA), and 

pentafluorophenyl acrylate (PFPA) were used, see Scheme 2. 

Polymer products were isolated by several precipitations into 

diethyl ether–hexane. Reaction solvents and times, monomer 

conversions, comonomer feed ratio, measured molar copolymer 

compositions, and measured and calculated molecular weight 

characteristics of all (co)polymers are compiled in Table 2. In 

most cases, copolymerizations proceeded with similar 

conversions of PFP-functional monomers and comonomers 

(determined by a combination of 1H and 19F NMR spectroscopy 

on polymerization mixtures before purification), resulting in 

copolymers with molar compositions predetermined through 

the comonomer feed ratio. Somewhat high molecular weight 

dispersities were measured for copolymers containing 

PEG(M)A comonomers (entries 4 and 15 in Table 2, ÐM = 1.48 
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and 1.36, respectively), presumably due to crosslinker 

impurities in the comonomers, and for the homopolymerization 

of cHex-A-PFP when allowed to proceed to full monomer 

conversion (entry 13, 16 h, ÐM = 1.37). Stopping this 

polymerization after 9 h, however, resulted in a lower dispersity 

sample (entry 14, ÐM = 1.23). In all other cases, dispersities 

were low with ÐM ≤ 1.22 and SEC-measured molecular weight 

distributions were monomodal and nearly symmetrical. 

Representative curves for (meth)acrylate homo- and 

copolymers are shown in Figure 1 (black curves). 

 

 
Scheme 2.  Synthesis of (meth)acrylic homo- and copolymers by the RAFT 

process with structures of chain transfer agents and comonomers 

While the hydrophobic PFP group may suggest limited polymer 

solubility, PFP monomer-derived homopolymers p(tBu-MA-

PFP), p(cHex-MA-PFP), p(iPr-MA-PFP), and the ethyl ester 

side chain-functional species p(EE-MA-PFP) were, in fact, 

soluble in many common organic solvents of medium polarity 

including chloroform, anisole, tetrahydrofuran, 

dimethylformamide, dimethylacetamide, and acetonitrile, but 

were insoluble in water. Homopolymers p(tBu-MA-PFP), 

p(iPr-MA-PFP), and p(EE-MA-PFP), but not p(cHex-MA-

PFP), were additionally soluble in ethanol, suggesting larger 

versatility compared to pPFSty, and highlighting the influence 

of the isocyanide-originating amide residue in tuning the 

behaviour of the derived materials. 
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Figure 1. (A–E) Representative SEC traces of PFP-functional (co)polymer 

precursors (solid black lines) and after modification with different 1°, 2°, and 3° 

thiols (coloured and dashed lines) and (F) SEC traces of PFP–PFP ester double 

functional copolymer p(cHex-A-PFP0.45-co-PFPA0.55) (black curve) and after 

modification with isopropylamine (pink curve) and thiophenol (dashed black 

curve)  

Thiol–para-Fluoro Postpolymerization Modification  

In order to determine the amenability of the PFP-functional 

(co)polymers to thiol–para-fluoro substitution reactions, we 

exposed p(tBu-MA-PFP) as a model homopolymer dissolved 

in DMF (at a concentration of 25 g/L, resulting in [PFP groups] 

= 68 mM) to model aromatic, glycosidic and aliphatic thiols 

(thiophenol, 1-thio-β-D-glucose tetraacetate, or 1-octanethiol; 1 

equiv.) in the presence of different bases (Et3N, 1,8-

diazabicycloundec-7-ene (DBU), or no base; 1 equiv.) at 45 °C. 

Conversions after predetermined reaction times between 1–24.5 

h were determined by 19F NMR measurements on withdrawn 

reaction samples. For reactions which had proceeded to (near) 

completion within 1 h, kinetic measurements were repeated in 

NMR tubes with 19F NMR spectroscopic measurements run 

every 5 minutes. Results are plotted in Figure 2. The reaction of 

p(tBu-MA-PFP) with thiophenol in the absence of base 

reached a conversion of 35% after 22 h. In the presence of 1 

equiv of triethylamine however, the reaction proceeded to 99% 

conversion after 69 min. The thio-sugar derivative 1-thio-β-D-

glucose tetraacetate exhibited similar reactivity in the presence 

of triethylamine modifying 99% of PFP groups in 72 min. In 

contrast, the reaction with 1-octanethiol with triethylamine at 

45 °C was the slowest reaction we observed reaching a 

conversion of only 28% after 24.5 h. Assuming that the reactive 

species in the thiol–para-fluoro substitution reaction is the 

thiolate, and that the slow reaction of 1-octanethiol was due to a 

higher pKa of the aliphatic RS–H dissociation, we repeated a 
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reaction with the stronger base DBU instead of triethylamine. 

This reaction was complete (> 99% conversion) within 3 

minutes at room temperature. In analogy to the (better 

documented) pKa values of the homologous alcohol series, we 

expected secondary and tertiary thiols to be even less acidic and 

initially performed test reactions. We found homopolymer 

p(tBu-MA-PFP) to be quantitatively modified after exposure 

to 1 equiv of the secondary thiol isopropanethiol in DMF at 

room temperature when analysed after 35 min. The tertiary 

reagent tert-butanethiol was indeed somewhat less reactive; a 

similar reaction with 1 equiv reached ~95% conversion after 35 

min. However, employing 1.1 equiv. of tert-butanethiol, we 

found p(tBu-MA-PFP) to be quantitatively converted to p(tBu-

MA-tBuS) after 45 min at room temperature. Reactions 

reaching completion with 1 (or for tertiary reagents 1.1) equiv 

of thiols in as little time as 3 min are, especially in 

consideration of the fairly bulky nature of the ester-amide side 

groups extremely fast and occur, to reiterate, on groups that are 

very robust during radical polymerization processes. While 

thiol–para-fluoro postpolymerization modifications of pPFSty 

are typically done with primary thiols, we here further 

expanded this efficient reaction to secondary and tertiary thiol 

reagents, signifying its versatility. 
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Figure 2. Kinetics of thiol–para-fluoro substitution reactions for different 

combinations of thiols (aromatic, glycosidic, aliphatic) and bases (none, 

triethylamine, DBU) at equimolar concentrations of PFP groups, thiols and base 

in DMF measured by 19F NMR spectroscopy. Fitted curves are added to guide the 

eye 

Subsequently, all PFP-functional homo- and copolymers were 

reacted with a range of functional thiols, see Scheme 3. The 

selection of thiols included the above-mentioned thiophenol, 1-

thio-β-D-glucose tetraacetate, 1-octanethiol, isopropanethiol, 

and tert-butanethiol, and additionally 1-butanethiol and 2-

butanethiol as further primary and secondary alkanethiols, as 

well as mercaptopropionic acid as a functional thiol and the 

amino acid L-cysteine and the enzyme inhibiting drug captopril 

as biologically relevant thiols. In order to assure complete 

conversion all reactions were done with 1.1 equiv of thiols in 

DMF—for 1.5 h at 45 °C for the aromatic and glycosidic thiols 

with triethylamine as base; for 30–45 min at room temperature 

for all other, aliphatic thiols. For these reaction parameters no 

differences in reactivity between homo- and copolymers or 

between (co)polymers with different amide residues were 

observed; complete modification was confirmed for all 

reactions by 19F NMR spectroscopy prior to workup. Modified 

polymers were isolated either by precipitation into diethyl 

ether–hexane or by dialysis against methanol. Table 3 provides 

a summary of all reactions with employed thiols and base, 

product abbreviations, and SEC-measured molecular weight 

characteristics before and after thiol modification. 

 
Scheme 3. Thiol–para-fluoro postpolymerization substitution reactions on PFP-

functional homo- and copolymers with structures of employed 1°, 2°, and 3° 

thiols (AcGluSH = 1-thio-β-D-glucose tetraacetate; MPrA = mercaptopropionic 

acid, Cys = L-cysteine, Capt = captopril) 

In all cases, well-defined thiol-modified homo- and copolymer 

products were obtained. Representative SEC traces are plotted 

in Figure 1; molecular weights and polydispersities of all 

reactions are compiled in Table 3. The thiol–para-fluoro 

substitution caused the SEC-measured size distributions to shift 

to higher or lower apparent molecular weights, without 

significant changes in width or shape, as to be expected for the 

quantitative modification of the repeat units. We also 

interpreted the well-defined unimodal SEC traces of thiol-

modified products as evidence for the absence of side reactions, 

in particular such of thiols released from RAFT end groups. In 

this context, it is worth mentioning that a thiol modification 

reaction performed accidently with a shortage of thiol and an 

excess of DBU yielded a product with a higher polydispersity 

showing multiple overlapping higher apparent molecular 

weight peaks in an SEC measurement. This result was 

presumably due to base-mediated cleavage of RAFT 
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Table 3. Summary of Thiol–p-Fluoro Postpolymerization Modifications conducted in DMF with 1.1 equiv of Thiol (1.5 h at 45 °C for reactions with Et3N; 

30–45 min at RT for reactions with DBU). Complete Substitution was Confirmed for all Reactions by 19F NMR spectroscopy. 

Entry PFP-functional Precursor Thiol Base Thiol-modified Product 

 Code Mn
SEC,a 

(kg/mol) 
ÐM

SEC,a   Code Mn
theor.,b 

(kg/mol) 

Mn
SEC,a 

(kg/mol) 

ÐM
SEC,a 

1 p(tBu-MA-PFP) 46.8 1.19 PhSH Et3N p(tBu-MA-PhS) 29.9 43.9 1.20 

2    AcGluSH Et3N p(tBu-MA-AcGluS) 60.1 65.1 1.12 

3    1BuSH DBU p(tBu-MA-1BuS) 28.6 56.5 1.20 

4    1OctSH DBU p(tBu-MA-1OctS) 32.3 n.d. n.d. 

5    iPrSH DBU p(tBu-MA-iPrS) 27.7 55.6 1.19 

6    tBuSH DBU p(tBu-MA-tBuS) 28.6 56.4 1.19 

7    Capt  DBU p(tBu-MA-Capt) 37.0 103.3 1.16 

8 p(tBu-MA-PFP0.40-co-
tBuMA0.60) 

36.0 1.18 PhSH Et3N p(tBu-MA-PhS0.40-co-
tBuMA0.60) 

17.9 59.6 1.22 

9   AcGluSH Et3N p(tBu-MA-AcGluS0.40-co-

tBuMA0.60) 

30.2 54.7 1.20 

10 p(cHex-MA-PFP) 27.6 1.19 PhSH Et3N p(cHex-MA-PhS) 43.3 32.6 1.21 

11    AcGluSH Et3N p(cHex-MA-AcGluS) 84.6 50.4 1.16 

12    2BuSH DBU p(cHex-MA-2BuS) 41.5 56.1 1.19 

13    Cys DBU p(cHex-MA-Cys) 44.3 30.2 1.16 

14 p(cHex-MA-PFP0.73-
co-MMA0.27) 

10.1 1.12 AcGluSH Et3N p(cHex-MA-AcGluS0.73-co-
MMA0.27) 

69.2 20.5 1.11 

15 p(iPr-MA-PFP) 17.0 1.12 iPrSH DBU p(iPr-MA-iPrS) 40.2 27.6 1.15 

16    MPrA DBU p(iPr-MA-MPrA) 43.2 110.4 1.18 

17 p(iPr-MA-PFP0.41-co-

MMA0.59) 

16.9 1.12 PhSH Et3N p(iPr-MA-PhS0.41-co-

MMA0.59) 

23.2 20.7 1.11 

18 p(EE-MA-PFP) 16.4 1.16 PhSH Et3N p(EE-MA-PhS) 44.9 20.9 1.13 

19    AcGluSH Et3N p(EE-MA-AcGluS) 87.5 29.1 1.12 

20 p(EE-MA-PFP0.54-co-
MMA0.46) 

12.8 1.16 PhSH Et3N p(EE-MA-PhS0.54-co-
MMA0.46) 

29.0 17.4 1.10 

21    AcGluSH Et3N p(EE-MA-AcGluS0.54-co-

MMA0.46) 

52.3 23.3 1.10 

22 p(cHex-A-PFP) 12.2 1.23 AcGluSH Et3N p(cHex-A-AcGluS) 62.9 26.8 1.18 

23    2BuSH DBU p(cHex-A-2BuS) 30.4 33.0 1.21 

24 p(cHex-A-PFP0.31-co-
PEGA0.69) 

31.0 1.36 PhSH Et3N p(cHex-A-PhS0.31-co-
PEGA0.69) 

37.6 30.3 1.33 

25    AcGluSH Et3N p(cHex-A-AcGluS0.31-co-

PEGA0.69) 

48.9 31.5 1.33 

26 p(cHex-A-PFP0.45-co-
NIPAM0.55) 

34.2 1.26 PhSH Et3N p(cHex-A-PhS0.45-co-
NIPAM0.55) 

12.4 26.0 1.30 

a determined by size exclusion chromatography in DMAc;  b calculated from conversion and composition 

 

thiocarbonylthio end groups producing terminal thiols4 which 

would cause crosslinking by reacting with remaining PFP 

groups of other polymer chains. When modifications were 

performed under the above-described conditions, however, no 

such side reactions were observed. The shift of apparent 

molecular weights measured by SEC with thiol–para-fluoro 

modification depended on the type of (co)polymer used. For 

example, while introduction of the sugar derivative caused all 

(co)polymers to shift to higher apparent molecular weights, 

polymers modified with thiophenol had either higher or lower 

apparent molecular weights compared to their PFP-functional 

precursors, depending on the chemical nature of the N-

functional amide group. This observation highlighted again the 

influence of the isocyanide component on the physical 

behaviour of the derived functional materials.  

Product (co)polymers were further characterized by 1H and 19F 

NMR spectroscopy, representative examples are shown in 

Figures 3 and 4. For the 1H NMR spectra of p(cHex-A-

AcGluS) as an acrylate example (shown in Figure 3A) and 

p(iPr-MA-iPrS) as a methacrylate example (shown in Figure 

3B) integration of relevant signals indicated quantitative 

introduction of the respective sugar and isopropyl groups. The 
19F NMR spectra of p(cHex-A-PFP) and its sugar-modified 

sister polymer p(cHex-A-AcGluS), shown in Figure 4, showed 

the complete disappearance of the para-F resonance at δ = 

−152.5 ppm, a shift of the meta fluorine signals from δ = 
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−161.6 ppm to −131.8 ppm, and a less pronounced shift of the 

ortho fluorine peaks from δ = −140.6 ppm to −140.1 ppm, 

likewise indicating quantitative thiol–para-fluoro modification.  
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Figure 3. Exemplary 1H NMR spectra of PFP-functional precursors (bottom 

spectra) and thiol-modified products (top spectra) for the modification of (A) 

p(cHex-A-PFP) with a thio-glucose derivative and (B) p(iPr-MA-PFP) with 

isopropanethiol with peak assignments showing well-defined, quantitatively 

converted polymers   

Smart / Doubly Reactive Copolymers  

Finally, we highlighted the versatility of thiol-reactive 

(meth)acrylate monomers in the examples of two acrylic 

copolymers. Firstly, p(cHex-A-PFP0.31-co-PEGA0.69) 

containing 69 mol% of the thermoresponsive PEG-based 

comonomer showed lower critical solution temperature (LCST) 

behaviour in water, i.e. insolubility above a critical temperature. 

An aqueous solution of the reactive precursor with a 

concentration of 10 g/L exhibited a phase transition upon 

heating with a sharp decrease of optical transmittance 

(occurring over a range of ~1.2 °C) with a measured cloud 

point (50% transmittance), TCP, of 68.9 °C, see Figure 5. After 

thiol–para-fluoro substitution using thiophenol the cloud point 

shifted to TCP, = 70.1 °C suggesting a slightly higher water 

solubility of the resulting copolymer p(cHex-A-PhS0.31-co-

PEGA0.69). Interestingly, however, the transition for this 

modified species was markedly broader occurring over a range 

of ~9 °C, and starting at ~66°C, below that of its reactive 

precursor suggesting a potentially different mechanism during 

the dehydration of the 2,3,5,6-tetrafluoro-4-(phenylthio)phenyl 

derivative compared to the pentafluorophenyl parent species. A 

sample modified with the sugar derivative AcGluSH, p(cHex-

A-AcGluS0.31-co-PEGA0.69), exhibited a similarly broad phase 

transition with a measured TCP of 64.1 °C, suggesting that this 

copolymer was less water soluble. These two instances of 

tuning an aqueous thermal response by means of thiol–para-

fluoro substitution show the potential for the development of 

novel smart thiol-responsive materials beyond the scope of the 

current work.  
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Figure 4. Representative example of 19F NMR spectra of a PFP-functional 

precursor (bottom) and after thiol–para-fluoro substitution (top) with peak 

assignments showing the complete disappearance of the para resonance 

(marked c) and downfield shift of the meta fluorines (marked b, b’) 
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Figure 5.  Transmittance vs. temperature for a cHex-A-PFP–PEGA copolymer in 

water showing LCST behaviour and transition temperature shifts through thiol–

para-fluoro substitution reactions  

Secondly, we prepared copolymer p(cHex-A-PFP0.45-co-

PFPA0.55) which contained, in addition to the thiol-reactive 

Passerini-made monomer cHex-A-PFP, the active ester 

comonomer pentafluorophenyl acrylate which undergoes acyl-

substitution reactions with amines, see entry 16 in Table 2. The 

copolymer showed the characteristic resonances of the two 

different PFP groups in a 19F NMR spectroscopic measurement 

with overlapping of the meta signals, but clearly distinguishable 

ortho and para peaks, see top spectrum in Figure 6 with 

assignments. In a first step, p(cHex-A-PFP0.45-co-PFPA0.55) 

was reacted with an excess of isopropylamine at room 

temperature converting the PFPA repeat units to N-

isopropylacrylamide (NIPAM) segments. After removal of the 

pentafluorophenol leaving group 19F NMR spectroscopy 

showed a complete disappearance of the PFP ester signals 

suggesting complete conversion, unchanged signals of the thiol-

Page 10 of 12Polymer Chemistry

P
ol

ym
er

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

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

reactive PFP units, and no evidence of modification of the 

Passerini-made repeat units with amines, see middle spectrum 

in Figure 6. Subsequently, the resulting copolymer p(cHex-A-

PFP0.45-co-NIPAM0.55) was modified with thiophenol as 

described above (see also entry 26 in Table 3), which resulted 

in the expected para-F resonance disappearance and 

pronounced meta-F shift in a 19F NMR spectroscopic 

measurement, see bottom spectrum in Figure 6. SEC curves of 

the double-reactive precursor and after each modification with 

isopropylamine and thiophenol are plotted in Figure 1F 

showing a shift of apparent molecular weight with each step 

without strong changes in peak width or shape, as to be 

expected for quantitative postpolymerization modification. 

These experiments demonstrate selective reactivity of the (non-

ester) PFP groups towards thiols under the employed reaction 

conditions with no observable reaction occurring with amines, 

and the resulting orthogonality of the two different PFP-

functional acrylate repeat units. The addition of the set of 

Passerini-made thiol-reactive species to the extensive family of 

(meth)acrylic monomers can thus be expected to widen the 

horizon of robust, efficient, and orthogonal conjugation 

chemistries in the design of multifunctional tailored materials.  
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Figure 6. Double postpolymerization modification of a copolymer bearing thiol-

reactive PFP groups and amine-reactive PFP esters with 19F NMR spectroscopic 

evidence of selective and orthogonal functionalization   

Conclusions 

Novel acrylate and methacrylate monomers containing 

pentafluorophenyl groups amenable to nucleophilic aromatic 

substitution reactions with thiols were prepared by the Passerini 

reaction of 2,3,4,5,6-pentafluorobenzaldehyde, acrylic or 

methacrylic acid, and various isocyanides. These one-step 

reactions of commercially available starting materials gave 

excellent isolated yields in water at room temperature. Superior, 

in this regard, to common unsaturated thiol-reactive groups, the 

PFP functionality is compatible with radical polymerization 

processes, as substantiated here in the synthesis of well-defined 

PFP-functional homo- and copolymers by the RAFT technique. 

Thiol-reactive homopolymers were soluble in many organic 

solvents of medium polarity including, for most species, 

ethanol. Conditions for thiol–para-fluoro substitution reactions 

with a variety of thiols, including secondary and tertiary 

species, were optimized; fast and efficient conversion depended 

on the addition of base capable of forming thiolates, as, for 

example, in the quantitative thiol–para-fluoro reaction of 1 

equiv of primary alkanethiol in less than 3 minutes at room 

temperature in the presence of DBU. This series of 

multicomponent reaction-made monomers combines the 

reactivity, selectivity, and robustness of PFP para-fluoro 

chemistry (as known for pentafluorostyrene (co)polymers) with 

the versatility and diversity of the (meth)acrylic family of 

monomers. In two brief examples of the manifold opportunities 

these monomers offer beyond the scope of this initial study, 

thermoresponsive copolymers and doubly reactive copolymers 

allowing for orthogonal modification were presented.  
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