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Polymerisation set-up
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Figure S1: (a) Reaction tube; (b) Reactions set up for 4 reactions in 1.4
gram scale.

Polymerisation procedure. In a reaction tube (Figure Sla) equipped with a magnetic stirrer,
were introduced MAF and additive. The tube was purged under N, before being sealed and
immersed into an oil bath heated at the requested temperature. The polymerisation was
stopped after 24 hrs by cooling the tube to room temperature. Immersion of the tube enabled
to prevent the sublimation of MAF. Compared to round bottom flasks, the tubes allow to
easily proceed simultaenous several (4 in the case of our experiments) reactions in 1.4 gram
scale (Figure S1b). For reactions with amines, a filtration over Amberlyst 15 was nessecary to
remove the produced ammonium (Scheme S1 & Figure S2). A subsequent sublimation at 60 -
70 °C under reduced pressure was achieved to remove the unreacted MAF and afford
oligoMAF as a yellowish and translucient gel.



Polymerisation work-up

With amines : ammonium removal with Amberlyst 15

Amberlyst 15 is a crosslinked ion exchange resin bearing -SO3H functions'? which are able to trap the ammonium cations and protonate then the carboxylate to regenerate
the desired acidic oligomers (Scheme S1). According to our attempts, for example in the case of tertiary amine as N,N-diisopropylethylamine (DIPEA), 3 equivalents of
Amberlyst were necessary (therefore, double quantity for secondary amines). There were traces of ammonium left which were not removed with higher Amberlyst-15
loading. Amberlyst 15 was added in the diluted reaction mixture in dichloromethane. After 15 min stirring at 18 °C, it was filtered off and the homogeneous solution was
concentrated under reduced pressure. The removal was confirmed by 'H NMR spectroscopy with the vanishing of DIPEA ammonium signal (Figure S2).
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Scheme S1 : lons exchange between formed carboxylate ammonium and Amberlyst-15.
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Figure S2: 1H NMR spectra (in CDCls) of the crude of the reaction with DIPEA (5 mol%) (Entry 9 - Table 1) (a) before and (b) after filtration on Amberlyst 15.



Sublimation

Optimisation
The evolution of the MAF elimination was monitored by 'H NMR. As the oligomers were not sublimated in our conditions and their quantities did not change, the
integration of the vinylic CH of the oligomers was set to 1 to facilitate the interpretation. The unreacted MAF removal efficiency was determined with the formula :
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MAF removal efficiency (%) = 6.7 x 100

The crude of the reaction with KOH was engaged (Entry 5 - Table 1 and Figure S3, Crude). The sublimation was attempted firstly with the round bottom apparatus 1 at 100
°C for 30 min (Figure S3, Sublimation 1). The MAF was removed quite efficiently, the integration of the vinylic CH of MAF dropped from 1.16 to 0.26, corresponding to 78%
removal efficiency. The flat bottom sublimation apparatus 2 was then used. Slighly higher removal efficiency was observed at 60 °C (Figure S3, Sublimation 2) . Higher
temperature (100°C) did not improve the MAF removal (Figure S3, Sublimation 3). The optimal condition consists in the use of the apparatus 2 at 60°C. We believe that the
flat bottom allows to have thinner and more regular layer of crude material on the glassware, comparing to the round bottom one, making the MAF elimination more
efficient. Longer sublimation time (1-2 h) allowed to remove all traces of MAF.



Sublimation 2: apparatus 2, 60 °C
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Figure S3 : 1H NMR spectra (in CDCl;) of different sublimation attempts ; (**) : unchanged integral of CHetnylenic-oligomers

Procedure

After being cooled down to room temperature, the reaction mixture was diluted in dichloromethane and transfered into the bottom of the sublimation apparatus. The
solution was stirred and heated at 40 °C under air flow to remove the solvent in a mild and rapid way. Then, the apparatus was closed and put under reduced pressure to

remove all traces of solvent and water. The temperature of the oil bath (60 °C) and the condenser (15 °C) were set up. The experience proceeded then for 1 h to 2 h and
monitored by NMR spectroscopy.



Characterisation of MAF
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Figure S4 : 1H (top) and *°F (bottom) NMR spectra (in CDCl3) of MAF.
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Figure S5: 13C{'"H} NMR spectrum (in CDCls) of MAF
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Figure S6 : 1H and 1°F NMR spectra (in D,0) of MAF
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Figure S7 : 13C{*H} NMR spectrum (in D,0) of MAF
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Figure S8 : GC (top)/MS (bottom) spectra of MAF, m/ z = 140 (base peak, MAF), m/z = 45 (CHO,"), 69 (CFs"), 95 (C3H,F3°), 123 (C4H,F30°)
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Figure S9 : ATR-IR spectrum of MAF
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Characterisation of diMAF and triMAF
Characterisation of diMAF from MAF/diMAF mixture (Entry 1 — Table 1)
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Figure S10 : H and °F NMR spectra (in CDCl3) of the mixture of MAF and diMAF, obtained without additive (Entry 1 — Table 1), the starred signals are assigned to unreacted MAF
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MAF (84 %) + diMAF (16 %) mixture

(no additive, 95 °C, 1 day, before MAF removal)
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Figure S11 : 3C{*H}-APT NMR spectrum (in CDCl3) of the mixture of MAF and diMAF, obtained without additive (Entry 1 — Table 1), the starred signals are assigned to unreacted MAF
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Characterisation of triMAF from diMAF/triMAF mixture (Entry 1 — Table 1)
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Figure S12 : 1H (top) and *H{**F} (bottom) NMR spectrum (in CDCl3) of diMAF/triMAF mixture, obtained without additive (Entry 1 — Table 1).
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DIMAF (67 %) + triMAF (33 %)
(no additive, 95 °C, 1 day, after MAF removal)
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Figure S13 : 19F {1H}, 19F {1H} {13C} ( top —same profile) and *°F (bottom) NMR spectra (in CDCls) of diMAF/triMAF mixture, obtained without additive (Entry 1 — Table 1).
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DiMAF (67 %) + triMAF (33 %)
(no additive, 95 °C, 1 day, after MAF removal)
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Figure S14 : 3C{'H}-APT NMR spectrum (in CDCl;) of diMAF/triMAF mixture, obtained without additive (Entry 1 — Table 1), and expansions of the signals.
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DiMAF + triMAF (no additive, 95 °C, 1 d, after MAF removal)
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Figure S15 : GC (top)/MS (middle and bottom) spectra of diMAF and triMAF, obtained without additive (Entry 1 — Table 1).
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Characterisation of oligoMAF
OligoMAF obtained without additive, 105 °C, 63h and after MAF removal (Entry 2 — Table 1)

OligoMAF T ;
(no additive, 105 °C, 63 h) Jata

l : g
A | :
M‘-\_ b2... bn-. F

Helerocosy

//5 :—"‘.
L /// e ;
’_""‘///j '|""|""|""|'---|n-: _ICF3TU\ ; 'wm
- f

L -665  -666  -667  -668  F2 [ppm]
F e fa
/
b al e— —
/ i) 03, i F - CE .
Fe L8
) d_—l J m _I.l. {/
d2..dn I[‘UHF,. poorly intense) il T r—— tah s FEgose o 5 /
L 'I i
o ¥
S " -
@
dr )
e < A AR AL L AR A _._rf_.-_
T T T T T T T T T T T T T T T T | | —
-66.0 -66.2 -86.4 -8668 F2 [ppm] T T T T T T T T T T T
-85.98 -66.00 -86.02 F2 [ppm]

Figure S16 : HeteroCOSY H-1°F spectrum (in CDCls) of oligoMAF and its expansions. The one-dimensional spectra are plotted at the top (*°F) and left (*H) of the 2D plots.
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Further characterisation of the structure of synthesised oligoMAF (Entry 2-Table 1) was performed via MALDI-TOF spectroscopy. The positive reflectron spectrum (Figure
S18) exhibits one signal series with unsymmetric Gaussian shape distribution. This series is assigned to sodium adducts [oligoMAF + Na]*, ranging between m/z = 443 (DP5)
and m/z = 1703 (DPy,), seperated by repeated 140 units of MAF (CH,CHCF;COO) and centered on pentaMAF m/z = 723. The expansion between 550 m/z and 890 m/z,
corresponding to DP,, is supplied in inset. M, and M,, values are 711 and 770, respectively, leading to a dispersity of 1.1. In addition, the experimental masses of oligoMAF
(y =3, 4, 5 and 6) are consistent with the theoretical ones (Table S1). MS-MS analysis of 723 m/z fragment (y = 5, Figure $S19) shows sodium adducts (masses in red) and the

complementary fragments (masses in black), resulted from the cleavage of (CF3;)C-COQ, (0)CO-CH, and C(0)-O bonds.
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Figure S18 : MALDI-TOF mass positive reflectron spectrum with expansion from 550 and 890 m/z with Nal as cationizing agent and trans-2-[3-(4-tertbutylphenyl)-2-methylprop-2-

enylidene]malononitrile (DCTB) as the matrix (Entry 2-Table 1).
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n =5 was determined with MALDI-TOF.
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Table S1 : Mass attribution of MALDI-TOF signals of oligoMAF

Experimental mass (m/z)

Theoretical mass

Formula (M,)

(M, +Na)* (m/z) (M, +Na)*
443.08 443.02 CH,=C(CF3)COO-[CH,CH(CF;)CO0]-CH,CH(CF;)COOH
583.09 583.02 CH,=C(CF3)COO0-[CH,CH(CF;)CO0],-CH,CH(CF;)COOH
723.12 523.03 CH,=C(CF3)COO-[CH,CH(CF3)COOQ]5-CH,CH(CF;)COOH
863.14 863.04 CH,=C(CF5)COO-[CH,CH(CF5)CO0],-CH,CH(CF5)COOH

1| OligoMAF

1| (no additive, 105 °C, 63 h)
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Figure S19 : MS-MS fragmentation analysis of 723 m/z (pentaMAF)
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OligoMAF obtained from DIPEA (5 mol%) (Entry 9-Table 1)
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Figure S20 : IR spectra of MAF (grey) and oligoMAF (red - obtained with DIPEA 5 mol%) (Entry 9-Table 1).
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OligoMAF (from DiPEA 5 %)

E’ﬁcj = CH,CCF3CO0CH,CHCF 3CO0CH(CHCF ;CO0CH,)aCHCF2CO0H Chermical |_M'_N-g J z I_1___ i
8 i M + Na* Buiding block: <nane> ' -]
) m/ z=863 {y =6 ) Aed § 4 m/z  Abundance |sotopomer
154 1004 1 863.040305 100,000 “12C24™1H1
2 864043657 26.622 ™2C23™3C
a0 3 865.04E025 5868 ™2C22"13
4 B66.048701 093 ™2C23™3
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Figure S21: Isotopic distribution corresponding to signal m/z = 863 (hexaMAF) of MALDI-TOF (Entry 9-Table 1)
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Figure S22 : MS-MS fragmentation analysis of 723 m/z
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Figure S23 : MIS-MS fragmentation analysis (left) and isotopic distribution (right) corresponding to signal 935 m/z = 863 (heptaMAF) of MALDI-TOF.
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Figure S24 : 1H (top) and *°F (bottom) NMR spectra (in CDCl3) of oligoMAF obtained by using DIPEA (5 %) (Entry 9 — Table 1). DP,, = 4.4. and 4.6 were dertermined with 'H and 1°F NMR,

respectively.
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Organic ammonium salt generated from MAF and 2,2,6,6-tetramethylpiperidine
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Figure S25 : 'H NMR spectrum (in CDCl3) of the organic ammonium salt generated from MAF and 2,2,6,6-tetramethylpiperidine
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OligoMAF obtained with PPhs (5 mol% at 60 °C) (Entry 15 — Table 1)
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Figure S26 : 1H (top), 1°F (middle) and 3'P{*H} (bottom) NMR spectra (in CDCl3) of oligoMAF and its phosphonium obtained from PPh; (5 mol% at 60 °C) (Entry 15 — Table 1)



The phosphines were not released at the end of the oligomerisation and replace the CH,= end chains. It is necessary to take into account their protons in the formulas for
calculating MAF conversions and DP, from 'H NMR spectra. The reaction using PPh; (5 mol% at 60 °C) (Entry 15 — Table 1) was taken as an example. PPh; bearing 15

protons, the formulas were modified as follows :

7.
f PPh,

6 3
7'615 + fCH(oligomers) + fCH(oligomers)
6.7 3.6

x 100

7,

PPh,

6, 3, 6,

7.6

s + fCH(oligomers) + fCH(oligomers) + fCH(unreacted MAF)

Conv.(MAF) (%) = 6.7 3.6 6.8 (1)
7,
PPhy 6, 3, 3,
7.6
I + fCH(oligomers) + fCH(oligomers) fCH(oligomers)

7 3.6 3.6
7, 7,
f PPhy f PPhy
7'615 + fCH(oligomers) 7'615 + fCH(oligomers)

DP, = 6.7 =1+ 6.7 (3)
® [CF; CF3 CF3
©  sublimation ® [CFs CFs )
Ph3P\/@\WO\>)ﬁ(O PhP o L . /‘\WOH
n
n-1
@] o] o o O

Scheme S2 : Retro-oxa-Michael addition observed when sublimating the phosphonium of oligoMAF

Water Contact Angle
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Table S2 : Detailed measurements of contact angles and volume of the water drop on the oligoMAF surface, obtained with P(C¢H11)3 (Entry 11 — Table 1)

t(s) CA(L] CA(R)°] VolluL] CA(A)[°]

0 106.6 107.3 3.1 107.0
4 101.3 101.8 4.1 101.5
8 98.8 98.1 4.1 98.4
12 93.1 93.7 4.5 93.4

CA, L, R and M stand for contact angle, left, right and average, respectively
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Preparation of CICH,-CH(CF3)(COOH) (MAF-CI)

Optimisation

Chlorination of MAF was attempted with the use of concentrated aqueous HCl 35 % solution. In the presence of 1.1 equivalents of HCl and afer 1 h30 of heating at 80 °C,
the desired product was formed with the ratio MAF : MAF-Cl = 7: 3 (Entry 1 - Table S1). The oxa-Michael addition oligomers were afforded in trace quantity. Longer
reaction times led to better MAF conversion to MAF-CI (MAF : MAF-Cl = 1: 9) but also enhanced the oxa-Michael polymerisation. As the reaction mixture is a liquid,
distillation was attempted to separate the desired product. However, trace of MAF made the purification difficult. In the goal of complete the reaction, higher HCl loading
and temperature were tried without any success. The optimal conditions were then using HCI 35 % (2.2 equiv.) at 80 °C for 1.5 h to get MAF conversion of 90%.

CF3 HCI (aqg. 35 %) CF3

oligoMAF
(trace)

COOH 80°C, 1 h30 cl”  COOH
Scheme S3 : Preparation of MAF-Cl from MAF and HCl 35 % aqueous solution

Table S3 : Optimisation conditions for the preparation of MAF-Cl from addition of HCl onto MAF

Entry Conditions Time MAF
conversion (%)
1 HCI 35 % (1.1 equiv.), 60 °C 1.5h 30
2 3h 40
3 3 days 80
4 HCI 35 % (2.2 equiv.), 80 °C 15h 90
5 18 h 90
6 HCI 35 % (3.3 equiv.), 80 °C 15h 90

Procedure

In a round bottom flask, were introduced MAF (7.00 g, 5 mmol, 1 equiv.) and HCl,, 35% (13 mL, 14.5 mmol, 2.9 equiv.) under N, atmosphere. The mixture was heated to 80
°C for 3 h then cooled down to room temperature, extracted with dichloromethane and H,0, dried over MgSO, and evaporated. A mixture of MAF-CI (85 %) and MAF was
obtained as a colorless liquid (6.3 g of mixture, equivalent to 5.5 g. of MAF-CI, 63 % yield of MAF-CI).
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Chemical Formula: C,H,CIF;0, H NMR (400 MHz, CDCls) 6 3.98 (dd, 2Juy = 11.5 Hz, 3Jy = 9.3 Hz, 1H), 3.88 (dd,
COOH Molecular Weight: 176.52 g/mol 2Jun = 11.5, 3y = 4.2 Hz, 1H), 3.62 (dqd, 3Juy = 9.3 Hz, 3Jyye = 7.9 Hz, 34y = 4.2 Hgz,
Cl CF Colorless liquid 1H).
3 Boiling point : 75 °C (under 8.10° mbar) 19F NMR (377 MHz, CDCl5) 6 -70.07 (d, 3/ = 7.9 Hz)
13C NMR (101 MHz, CDCl3) 6 169.99 (s), 123.00 (q, Ycr = 281.4 Hz), 53.06 (q, 2Jer =
28.1 Hz), 37.53 (q, 3/ = 3.1 Hz).
3.98 (dd, 2J(H,Hg) =11.5Hz, 388 (dd, 2JHgHa) = 11.5HZ,  3.62 (dqd, *JMHH,) =9.3 Hz,
e *J(HaHc) = 9.3 Hz) EJni'Bﬁc} = 4.2 Hz) o rHchfFﬂ_g H:_
1H NMR (CDCfgj 9 H s H J(HHg) = 4.2 Hz)
J‘JIIH =42Hz ° . 2 ;‘ ,
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o o et BNV VI
2= ?" "\I 1 T T T T T T :
11.5 HZ COOH o 4.00 3.95 350 385 3.65 3.60
* Ha HC, L
N o u ted
JUyn = 9.3 Hz n;::cFe \
P g
o it S o o i .
-+ wy [a) n o (=]
3 3 ; 58 8
I I I T | I I ] ] | T | I I 1 T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
i
MAF-CI o]
19 (o]
F NMR (CDClil -70.07 (d, 3Jye = 7.9 Hz) &
Unreacted §
MAF I
BN VN
- 691 05 I wroo 1 ?01.10 E
A
88
I 1 I T I T T ¥ T T T N T e |“ n T T T - T T : T ¥ T . I ' T T ] v ] I I | T T v
40 30 20 10 0 ~-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200 220 -240

32



Figure S27 : 1H and °F NMR spectra (in CDCl3) of CICH,-CH(CF3)COOH
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Figure S28 : 3C{*H}-APT NMR spectrum (in CDCl;) of CICH,-CH(CF3)COOH
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Mid: -59.2°C
Delta Cp*:  0.493 J/(g"K) —
-120 -100 -80 -60 -40 -20 0 20
Temperature /°C
Main 2021-05-11 16:38 User: AdminD5SC MT091bis.ngb-caS
Instrument : NETZSCH DSC 200F3 240-20-0098-L File : CANETZSCH\Proteus70\data\data\Minh Loan\MT 091bis.ngb-s5d5
Project : Operator :  Minh Loan Corr./temp.cal : -1 23-04-2021 14:47 Segments: 9
Identity : MT091kbis Sample: MTO091bis, 11.01 mg Sens file : 23-04-2021 14:51 Crucible : Pan Al, pierced lid
Dateltime :  11/05/2021 11:04:58 Reference : Ref 10.17 mg Sample car/TC : DSC 200F3 t-sensar / E Atmosphere :
Laboratery : |AM Material : Mode/type of meas. : DSC / Sample M. range : 5000 pv
[#] Type Range Acq.Rate STC AC Corr. [#] Type Range Acq.Rate STC AC Corr.
[1.3] Dynamic -120°CM0.0(K/min)f30°C 300.00 1a 0 - [1.9] Dynamic 120°C/10.0 300.00 0
[1.6] Dynamic -120°CHM0.0(K/min}30°C 300.00 1a 0 -

Figure S29 : DSC thermogram of diMAF obtained without additive (DP, = 2.3, Entry 1 — Table 1)
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Project : Operator : Minh Loan Corr./temp.cal : — [ 23-04-2021 14:47 Segments: 9
Identity : MTO51bis Sample : MTO051bus, 1057 mg Sens.file : 23-04-2021 14:51 Crucible : Pan Al, pierced lid
Dateftime :  11/05/2021 13:38:44 Reference : Ref,10.17 mg Sample carJTC : DSC 200F3 t-sensor / E Atmosphere :
Laboratory : 1AM Material : Modeftype of meas. : D3C / Sample M. range : 5000 pv
[#] Type Range Acqg.Rate STC AC Corr. [#] Type Range Acq.Rate STC AC Corr.
[1.3] Dynamic -120°CH0.0(K/min)/30°C 300.00 1a 0 — [1.9] Dynamic 120°CH 0K min ) 30°C 300.00 3 ]
[1.6] Dynamic -120°CHO.0(KImin)/30°C 300.00 1a 0

Creafed with NETZ5CH Profeus sofiware

Figure S30 : DSC thermogram of oligoMAF obtained with DIPEA (DP, = 3.1, Entry 9 — Table 1)
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