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e General information

All reactions were carried out under argon atmosphere with dry solvents under anhydrous
conditions, unless otherwise noted. Yields refer to chromatographically and spectroscopically
(‘H and C NMR) homogeneous materials, unless otherwise stated. Commercial reagents
were used without further purification, unless otherwise stated. '"H NMR and *C NMR were
recorded on a Britker AC-300 FT and ('H: 300 MHz, "°C: 75.46 MHz) and a Briiker ARX-
400 FT ("H: 400 MHz, *C: 100.6 MHz) using CDCl; as internal reference unless otherwise
indicated. The chemical shifts (6) and coupling constants (J) are expressed in ppm and Hz
respectively. The following abbreviations were used to explain the multiplicities: s = singlet,
d = doublet, t = triplet, q = quartet, qt = quintet, m = multiplet, br = broad. IR spectra were
recorded on a Perkin-Elmer 1710 spectrophotometer, on a Perkin-Elmer Paragon 500 FT-IR
spectrophotometer or on a Perkin-Elmer Mattson Unicam 500 16PC FT-IR using a ZnSe
crystal ATR accessory. High resolution mass spectra (HRMS) were recorded with a Q-TOF 2
spectrometer in the electrospray ionisation (ESI) mode. Melting points were not corrected and
determined by using a Biichi Totolli apparatus. Merk silica gel 60 (70-230 mesh) was used for
flash chromatography. Size exclusion chromatography (SEC) analyses were performed at
room temperature in DMF at 80°C with a setup consisting of a PL-GPC 50 plus Integrated
GPC from Polymer laboratories-Varian and a series of three columns PLgel Spum MIXED-D.
The elution of the filtered samples was monitored using simultaneous UV and refractive index
detections. The elution times were converted to molar mass using a calibration curve based on
low dispersity (My/M,) polystyrene (PS) standards.
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e General procedure for the synthesis of guanidine derivatives 2a-c

CN)N\\,? 2 g-NCO C%j

Et,0 (1 M) R—N %0
0 °C, 5min
R
1a, R =Me R, R' = Me, CycCH, : 2b, 81 %
1b, R =Bn R, R'=Me, Bn: 2a, 89 %

R, R'=Bn, Bn:2c, 67 %

Benzylisocyanate (2 mmol) was added dropwise to a solution of guanidine (1 mmol) in Et,O
(1 mL) at 0 °C. The homogeneous reaction mixture was stirred 5 min at 0°C. After
recrystallization of the crude mixture at —40 °C, the crystals were filtered and washed with a
small amount of ether affording the expected heterocycle as a colorless solid.

» MTBD-2 BnNCO adduct 2a

()
an“\ FO

O Bn

Chemical Formula: Co4HogN50,
Molecular Weight: 419,52

Following the general procedure above, a mixture of MTBD 1a (150 pL, 1.04 mmol) and
benzylisocyanate (256 puL, 2.09 mmol) provided after crystallization the expected guanidine
adduct 2a as a colorless solid (389 mg, 89 %).

Monocrystals were grown by slow evaporation of a THF solution of 2a at room temperature
for XRD structure determination.

Mp = 96-97 °C (THF/ pentane); IR (neat): v = 2925, 1683, 1645, 1470, 1377, 751, 700 cm™;
'H NMR (CgD¢, 300 MHz): & = 7.79 — 7.73 (m, 2H), 7.56 — 7.50 (m, 2H), 7.25 — 7.01 (m,
6H), 5.31 (dd, J=11.7 Hz, J = 13.7 Hz, 2H), 5.06 (d, J = 14.1 Hz, 1H), 4.63 — 4.52 (m, 1H),
435 (d, J = 14.1 Hz, 1H), 2.55 — 2.42 (m, 2H), 2.30 — 2.08 (m, 4H), 1.79 (s, 3H), 1.72 — 1.47
(m, 2H), 1.25 — 1.08 ppm (m, 3H), >C NMR (C¢Ds, 75 MHz): & = 153.7, 151.4, 140.5, 139.1,
130.0, 129.4, 128.5, 127.5, 126.9, 97.3, 47.8, 46.8, 45.7, 45.1, 42.2, 36.4, 35.7, 23.3, 20.5
ppm; HRMS (ESI): m/z calcd for C,4H30N5O; [M+H]": 420.23995, found: 420.2396.
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» MTBD-2 CycCH,NCO adduct 2b

pan ~

Chemical Formula: Cy4H41N50,
Molecular Weight: 431,61

Following the general procedure above, a mixture of MTBD 1a (150 pL, 1.04 mmol) and
cyclohexanemethyl isocyanate (284 pL, 1.98 mmol) provided after crystallization the
expected guanidine adduct 2b as a colorless solid (347 mg, 81 %).

Monocrystals were grown by slow evaporation of a THF solution of 2b at room temperature
for XRD structure determination.

Mp = 115-118 °C (E,0); IR (neat): v = 2922, 2848, 1692, 1649, 1445, 1274 cm™'; "H NMR
(CsDg, 300 MHz): & = 4.69 (ddd, J = 13.9, 8.7, 1.3 Hz, 1H), 4.10 (qd, J = 13.0, 6.9 Hz, 2H),
3.66 (dd, J = 13.1, 6.6 Hz, 1H), 3.20 (dd, J = 13.1, 6.7 Hz, 1H), 2.75 — 2.59 (m, 3H), 2.42 —
2.27 (m, 3H), 2.12 — 2.01 (m, 2H), 2.07 (s, 3H), 2.00 — 1.06 ppm (m, 26 H), °C NMR
(CD,Cly, 75 MHz): § = 154.1, 151.9, 97.8, 49.6, 48.5, 47.8, 46.1, 43.0, 38.2, 37.9, 36.5, 35.6,
31.9, 31.6, 31.4, 27.0, 26.9, 26.6, 26.5, 26.4, 23.5, 21.8 ppm; HRMS (ESI): m/z caled for
C24H4oNsO, [M+H]': 432.33385, found: 432.3339.

> BnTBD-2 BnNCO adduct 2¢

oo

Bn—N %O
Bn—
N
o Bn

Chemical Formula: C3gH33N50,
Molecular Weight: 495,62

Following the general procedure above, a mixture of BnTBD 1b (351 mg, 2.53 mmol) and
benzylisocyanate (366 uL, 2.98 mmol) provided after crystallization the expected guanidine
adduct 2¢ as a colorless solid (492 mg, 67 %).

Mp = 110-112 °C (E,0); IR (neat): v = 2940, 1693, 1653, 1475, 1455, 749, 702 cm’; 'H
NMR (CD,Cl,, 600 MHz): § = 7.38 (d, J = 7.5 Hz, 2H), 7.32 (d, J = 7.4 Hz, 2H), 7.29 (t, J =
7.4 Hz, 4H), 7.25 — 7.15 (m, 5H), 7.10 (d, J = 7.5 Hz, 2H), 4.98 (q, J = 14.4 Hz, 2H), 4.90 (d,
J=143Hz, 1H), 4.71 (d, J = 14.3 Hz, 1H), 4.53 (dd, J = 14.1, 9.2 Hz, 1H), 3.45 (s, 2H), 3.29
~3.23 (m, 1H), 3.19 — 3.08 (m, 1H), 3.00-2.95 (m, 1H), 2.78 — 2.69 (m, 2H), 2.63 — 2.56 (m,
1H), 2.34 (dd, J = 14.5, 8.2 Hz, 1H), 2.11 — 2.02 (m, 1H), 2.00 — 1.89 (m, 1H), 1.87 — 1.79

-4 -
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(m, 1H), 1.78 — 1.70 ppm (m, 1H), BC NMR (CD,Cly, 151 MHz): 6 = 153.5, 151.5, 140.1,
138.8, 138.5, 128.9, 128.7, 128.6, 128.5, 128.3, 127.4, 127.4, 127.0, 98.2, 52.5, 47.2, 46.4,
45.2, 43.9, 42.6, 36.4, 23.3, 20.7 ppm; HRMS (ESI): m/z calcd for Cs;oH34N50; [M+H]+:
496.27125, found: 496.2711.

e Synthesis of guanidine derivative 2d

N
.Bn _NCO
)NI\ 2 Bp Bn\NXN,Bn
~N ~

N" N Et,O (1 M) )\ /§

I | . O~ °N” SO0
0 °C, 5min !
Bn
3 2d, 92 %

Benzylisocyanate (178 pL, 1.45 mmol) was added dropwise to a solution of
benzyltetramethyl guanidine 3 (153 mg, 745 pmol) in Et,O (1 mL) at 0 °C. The homogeneous
reaction mixture was stirred 5 min at 0 °C. The solvent was then evaporated and the crude
mixture was filtrated through a short plug of silica gel (Et,0O) to afford the expected product
2d as a white foam (315 mg, 92 %).

» 1,3,5-tribenzyl-6,6-bis(dimethylamino)-1,3,5-triazinane-2,4-dione (2d)

()

Bn. )4 .Bn

N N

Chemical Formula: C,gH33N50,
Molecular Weight: 471,59

IR (neat): v = 2939, 1691, 1655, 1497, 1393, 701 cm™; '"H NMR (CDCls, 300 MHz): § = 7.59
—7.53 (m, 2 H), 7.40 — 7.15 (m, 13 H), 5.18 (s, 2 H), 4.77 (s, 4 H), 2.25 ppm (s, 12 H), °C
NMR (CDCls, 75 MHz): & = 153.4, 138.0, 137.8, 128.9, 128.3, 128.2, 127.3, 127.0, 126.5,
104.0, 47.3, 45.4, 38.4 ppm; HRMS (ESI): m/z caled for CosH34NsO, [M+H]": 472.27125,
found: 472.2708.
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e General procedure for the synthesis of amidine derivatives 4a-b
(1o
" 2BnNCO (29 N v@
() mmem L)
N Et,O (1 M) N o
0°C, 5 min @J

n=1, DBN n=1,4a:89 %
n =3, DBU n=3,4b: 85 %

Benzylisocyanate (1.9 mmol) was added dropwise to a solution of amidine (1 mmol) in Et,O
(1 mL) at 0 °C. The homogeneous reaction mixture was then stirred 5 min at 0 °C. After
recrystallization of the crude mixture at —40 °C, the crystals were filtered and washed with a
small amount of ether affording the expected compound as a colorless solid.

» DBN-2 BnNCO adduct 4a

(D
L)
N
O:< /&
o
Chemical Formula: Cy3Ho6N405
Molecular Weight: 390,48

Following the general procedure above, a mixture of DBN (122 pL, 0.987 mmol) and
benzylisocyanate (230 pL, 1.88 mmol) provided after crystallization the expected amidine
adduct 4a as a colorless solid (634 mg, 89%).

Monocrystals were grown by slow evaporation of a THF solution of 4a at room temperature
for XRD structure determination.

Mp = 158-159 °C (toluene); IR (neat): v = 2949, 1697, 1655, 1470, 1453, 701 cm™'; '"H NMR
(CD,Cl,, 300 MHz): & = 7.42 — 7.15 (m, 10H), 4.99 (AB, J = 11.6 Hz, 2H), 4.63 (AB, J =
35.4 Hz, 2H), 4.25 (ddd, J= 1.3 Hz, J=10.0 Hz, J = 14.1 Hz, 1H), 3.18 — 3.01 (m, 2H), 2.83
—2.53 (m, 3H), 2.22 — 2.12 (m, 2H), 2.06 — 1.89 (m, 1H), 1.84 — 1.69 (m, 2H), 1.69 — 1.52
ppm (m, 1H), °C NMR (CD-ClL,, 75 MHz): & = 154.2, 152.4, 140.2, 139.5, 128.6, 128.5,
128.3, 128.0, 127.2, 127.1, 92.1, 51.0, 45.9, 45.0, 38.5, 38.1, 33.9, 22.7, 19.6 ppm; HRMS
(ESI): m/z caled for Co3Hz6N4O;Na [M+Na]': 413.19535; found: 441.1951.
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» DBU-2 BnNCO adduct 4b

N
O)/\ Bn

Chemical Formula: Cy5H3gN405
Molecular Weight: 418,53

Following the general procedure above, a mixture of DBU (148 puL, 0.987 mmol) and
benzylisocyanate (230 pL, 1.88 mmol) provided after crystallization the expected amidine
adduct 4b as a colorless solid (335 mg, 85%).

Monocrystals were grown by slow evaporation of a THF solution of 4b at room temperature
for XRD structure determination.

Mp = 146-148 °C (toluene); IR (neat): v = 2930, 1695, 1654, 1465, 1453, 699 cm™'; '"H NMR
(CD,Cl,, 300 MHz): 6 = 7.42 — 7.15 (m, 10H), 4.99 (AB, J=17.4 Hz, 2H), 497 (d, J = 14.7
Hz, 1H), 4.71 (d, J=17.4 Hz, 1H), 4.34 (ddd, /= 1.3 Hz, J=9.8 Hz, /= 13.9 Hz, 1H), 3.20 -
2.97 (m, 2H), 2.96 — 2.83 (m, 1H), 2.69 — 2.54 (m, 1H), 2.45 — 2.34 (m, 1H), 2.21 — 1.96 (m,
2H), 1.93 — 1.53 (m, 7H), 1.48 — 1.31 ppm (m, 1H), °C NMR (CD,Cl,, 75 MHz): § = 154.2,
151.6, 140.1, 139.5, 128.6, 128.5, 128.3, 128.2, 127.3, 127.1, 91.4, 52.5, 47.2, 45.9, 45.1,
36.2, 35.2, 31.8, 29.8, 23.1, 21.7 ppm; HRMS (ESI): m/z calcd for CysH30N4O,Na [M+Na]':
441.22665; found: 441.2269.

e Reaction of adduct 2a with 3,4-dimethoxyphenethyl alcohol

MeOm
J‘\/j MeO OH MeO
o~ 5 H
MeO j]/ Bn

Bn— O
}\\NF THF
O Bn

40 h, reflux o

2a 6,87 %

To a solution of adduct 2a (210 mg, 0.5 mmol) in THF (5 mL) was added 3,4-
dimethoxyphenethyl alcohol 5 (182 mg, 1 mmol). The mixture was stirred 40 h under reflux.
The reaction was then quenched with water (10 mL) and extracted with CH,Cl, (3 x 20 mL).
The organic layers were dried over Na,SO4 and the solvents were evaporated under vacuum.

Purification on silica gel (petroleum ether/ethyl acetate: 7/3) afforded the desired carbamate 6
as a white solid (274 mg, 87 %).
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» 3,4-dimethoxyphenethyl benzylcarbamate 6
MeO
MeO \H/ “Bn
O

R¢: 0.41 (petroleum ether/ethyl acetate: 7/3); IR (neat): = 3332, 2917, 1693, 1519, 1261, 1139
cm’; '"H-NMR (CDCls, 400 MHz): & = 7.37 — 7.23 (m, 5H), 6.83 — 6.71 (m, 3H), 5.02 (br s,
1H), 4.36 (d, J = 5.6 Hz, 2H), 4.30 (t, J = 7.1 Hz, 2H), 3.85 (s, 3H), 3.85 (s, 3H), 2.89 ppm (t,
J=1.1 Hz, 2H); "C-NMR (CDCl;, 75 MHz): & = 156.3, 148.7, 147.5, 138.6, 130.3, 128.5,
127.3, 127.2, 120.7, 112.0, 111.2, 65.4, 55.7, 55.6, 44.8, 35.0 ppm; HRMS (ESI): m/z calcd
for C;sH, NO4Na [M+Na]": 338.1368; found: 338.1367.

e Synthesis of carbamate 6 catalyzed by guanidine derivative 2a

N/j
—N%N
Bn— %O

)

O Bn
MeOm 2a (1 mol%) MeO

OH BnNCO D/\OCONHBn
MeO THF, reflux MeO
5 6,84 %

To a solution of 3,4-dimethoxyphenethyl alcohol § (149 mg, 0.8 mmol) in THF (3 mL) was
added benzylisocyanate (100 uL, 0.8 mmol) followed by the addition of a solution of catalyst
2a (3.4 mg, 8 pmol) in THF (1 mL). The mixture was stirred 24 h under reflux. The reaction
was then quenched with water (10 mL) and extracted with CH,Cl, (3 x 20 mL). The organic
layers were dried over Na,SO4 and the solvents were evaporated under vacuum. Purification
on silica gel (petroleum ether/ethyl acetate: 7/3) afforded the desired carbamate 6 as a white
solid (212 mg, 84 %).
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e Crystallographic data

» MTBD-2 BnNCO adduct 2a

c22

Compound reference

MTBD - 2 BnNCO

Chemical formula C24H29N502
Formula Mass 419.52
Crystal system Orthorhombic
a/A 12.5135(7)
b/A 8.2914(4)
c/A 41.841(2)
o/° 90.00

pr° 90.00

y/° 90.00

Unit cell volume/A® 4341.2(4)
Temperature/K 200

Space group Pbca

No. of formula units per unit cell, Z 8
Radiation type CuKa
Absorption coefficient, z/mm™ 0.673

No. of reflections measured 27580

No. of independent reflections 1803

Rin 0.0506
Final R, values (I > 20(])) 0.0573
Final wR(F") values (I > 20(I)) 0.1516
Final R; values (all data) 0.0751
Final wR(F?) values (all data) 0.1697
Goodness of fit on F* 1.266
CCDC number 905749
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» MTBD-2 CycCH,NCO adduct 2b

c9

Compound reference

MTBD - 2 CyMeNCO

Chemical formula C24H41N502
Formula Mass 431.62
Crystal system Triclinic
a/A 9.0279(8)
b/A 11.0405(12)
c/A 12.5422(11)
al® 71.337(6)
plr° 88.704(6)
y/° 79.678(7)
Unit cell volume/A® 1164.40(19)
Temperature/K 293(2)
Space group Pl,

No. of formula units per unit cell, Z 2

Radiation type CuKa
Absorption coefficient, z/mm™ 0.628

No. of reflections measured 16534

No. of independent reflections 4183

Rin 0.0277
Final R, values (I > 2a()) 0.0614
Final wR(F?) values (I > 2a(1)) 0.1444
Final R; values (all data) 0.0652
Final wR(F?) values (all data) 0.1487
Goodness of fit on F~ 1.183
CCDC number 905750

-10 -
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» DBN-2 BnNCO adduct 4a

Compound reference
Chemical formula
Formula Mass

Crystal system

alA

b/A

c/A

a/°

pI°

y°

Unit cell volume/A®
Temperature/K

Space group

No. of formula units per unit cell, Z
Radiation type

Absorption coefficient, z/mm™
No. of reflections measured
No. of independent reflections
Rint

Final R; values (I > 2a(1))
Final wR(F?) values (I > 20(I))
Final R; values (all data)

Final wR(F?) values (all data)
Goodness of fit on F*

Flack parameter

CCDC number

-11 -

DBN-2 BnNCO
Ci3sH156N24012
2342.87
Monoclinic
17.848(4)
16.102(3)
22.302(5)
90.00
110.45(3)
90.00
6005(2)
150(2)

Pc

2

CuKa
0.676
81357
18413
0.0267
0.0601
0.1610
0.1003
0.2263
0.793
0.2(2)
905747
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» DBU-2 BnNCO adduct 4b

Compound reference DBU-2 BnNCO
Chemical formula C25H30N402
Formula Mass 418.53
Crystal system Triclinic
alA 10.154(2)
b/A 10.801(2)
c/A 11.233(2)
o/° 69.90(3)
pr° 85.34(3)
y/° 70.13(3)
Unit cell volume/A® 1087.2(4)
Temperature/K 150(2)
Space group Pl1,

No. of formula units per unit cell, Z 2
Radiation type CuKa
Absorption coefficient, z/mm™ 0.656
No. of reflections measured 5116

No. of independent reflections 2106

Rin 0.0323
Final R, values (I > 20(])) 0.0545
Final wR(F") values (I > 20(I)) 0.1288
Final R; values (all data) 0.0619
Final wR(F?) values (all data) 0.1572
Goodness of fit on F* 1.231
CCDC number 905748

-12 -
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e Preliminary experiments of catalyzed PU synthesis from IPDI (Ia) and

PTMO-650 (I1a)
N/j
—N/)\N
Bn— FO
)N
0 Bn

0
OCN
NCO o 2a (1 mol%) < H:N H
O~ on N(Oho

60 °C, 18 h
neat

IPDI (la) PTMO-650 (lla)

IPDI Ia (0.8 mL, 3.78 mmol) was added to a stoichiometric amount of PTMO-650 IIa (2.45
g, 3.78 mmol) at room temperature (water bath at 20 °C). A solution of catalyst (75.5 pmol)
in THF (0.5 mL) was added and the flask was placed in an oil bath at 60 °C. The mixture was
stirred 18 h at this temperature. Aliquots were taken and IR spectra were recorded to monitor
the time course of the reaction.

N i
Nl

=—1%MTBD (1a)

conversion

0,4 =1 % adduct (2a)
0,2
0
0 15 30 45 60 75 S0
time (min)

Time course of PU synthesis using MTBD 1a (blue) or MTBD-2BnNCO 2a (red) as catalyst

-13 -
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e General procedure for the synthesis of PU from IPDI (Ia) and PTMO-

650 (I1a)
0
OCN catalyst
NCO (1 mol%) HN H
+ HéoMOH _— N\[TQOMO
9 20 °C, 30 min 97 /n
then 60 °C, 18 h 0
IPDI (la) PTMO-650 (lla) neat

IPDI (0.8 mL, 3.78 mmol) was added to a stoichiometric amount of PTMO-650 (2.45 g, 3.78
mmol) at room temperature (water bath at 20 °C). A solution of catalyst (75.5 pmol) in THF
(0.5 mL) was added dropwise and the mixture was stirred 30 min at 20 °C. The flask was then
placed in an oil bath at 60 °C and the mixture was stirred 18 h at this temperature. Aliquots
were taken and IR spectra were recorded to monitor the time course of the reaction. An
aliquot is taken at the end of the reaction and quenched with methanol for SEC analysis.

-14 -
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e Conversion monitoring during PU synthesis from IPDI (Ia) and PTMO-
650 (Ila)

% Transmission

1 1105,81

I e L e e e R T o
4000 3500 3000 2500 2000 1500 1000
Nombre d'onde (cm-1)

FT-IR spectrum of the starting mixture: [PDI Ia + PTMO-650 I1a

100~ Pg /00
951

%0

3325,88
776,51

3
1448,29
1305,24

1534,51

751

2942,58

1365,47

70-

2854,56
1718,79

%Transmission

1238,55

1 1107,08

—
4000 3500 3000 2500 2000 1500 1000
Nombre d'onde (cm-1)

FT-IR spectrum of PU, obtained from IPDI Ia and PTMO-650 Ila
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e Zooms on the monitoring of the first hour conversion (Figure 1)

Conversion

Conversion

0,8

0,6

0,4

5

0,4

3

;2

G5

20°C

60 °C

&

Time (min)

60 °C

s

' _---"::::::55:::: e —

LecsmmE=E=2C s caas =

0 15 30 45 60
Time (min)
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» Synthesis of PU from Ia and Ila using DBTDL (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using DBTDL as catalyst
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FT-IR spectrum of PU obtained using DBTDL as catalyst
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» Synthesis of PU from Ia and Ila without catalyst
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FT-IR spectra for the conversion monitoring (figure 1) without catalyst
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FT-IR spectrum of PU obtained without catalyst
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» Synthesis of PU from Ia and Ila using MTBD 1a (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using MTBD (1a) as catalyst
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FT-IR spectrum of PU obtained using MTBD (1a) as catalyst
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» Synthesis of PU from Ia and I1a using MTBD-2BnNCO 2a (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using MTBD-2BnNCO (2a) as catalyst
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FT-IR spectrum of PU obtained using MTBD-2BnNCO (2a) as catalyst
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» Synthesis of PU from Ia and Ila using MTBD-2BnNCO 2a (0.1 mol%) as
catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using MTBD-2BnNCO (2a) as catalyst
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FT-IR spectrum of PU obtained using MTBD-2BnNCO (2a) as catalyst
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» Synthesis of PU from Ia and Ila using MTBD-2CyMeNCO 2b (1 mol%) as

catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using MTBD-2CycMeNCO (2b) as catalyst
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FT-IR spectrum of PU obtained using MTBD-2CycMeNCO (2b) as catalyst
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» Synthesis of PU from Ia and Ila using BnTBD-2BnNCO 2¢ (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using BnTBD-2BnNCO (2c¢) as catalyst
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FT-IR spectrum of PU obtained using MTBD-2BnNCO (2a) as catalyst
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» Synthesis of PU from Ia and Ila using DBN-2BnNCO 4a (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using DBN-2BnNCO (4a) as catalyst
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FT-IR spectrum of PU obtained using DBN-2BnNCO (4a) as catalyst
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» Synthesis of PU from Ia and Ila using DBU-2BnNCO 4b (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 1) using DBU-2BnNCO (4b) as catalyst
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FT-IR spectrum of PU obtained using DBU-2BnNCO (4b) as catalyst
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e Comparison of PU obtained from Ia and Ila using MTBD-2BnNCO 2a
and DBTDL as catalysts
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FT-IR spectra of PU (IPDI-PEG-600) obtained using MTBD-2BnNCO (2a) as catalyst (red) or using
DBTDL as catalyst (blue)
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e NMR spectra of PU obtained from Ia and IIa using 2a as catalyst
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BC NMR spectrum (CDCl;, 50 MHz, 298 K) of PU obtained from Ia and Ila using 2a as catalyst
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e General procedure for the synthesis of PU from various monomers

OCN NGO
/O/\O\ OCN NCO
OCN NCO /\©/

IPDI (la) HMDI (Ib) TDI (Ic)

H (o/\/\/)gOH H (Ov\/\/u\o%io

H<O\/\/\)J\O;

2
PTMO-650 (lla) PCL-530 (lib)

L

Bn— FO
JN,
o Bn
2a (1 mol%) O O
()k r.M R )/
20 °C, 30 min ﬁ ﬂ o 0/,

la-c lla-b 60 °C, 18 h

n OCN-R-NCO + n HO-R'-OH

Diisocyanate Ia-c (3.78 mmol) was added to a stoichiometric amount of diol Ila-b (3.78
mmol) at room temperature (water bath at 20 °C). A solution of catalyst (75.5 umol) in THF
(0.5 mL) was added dropwise and the mixture was stirred 30 min at 20 °C. The flask was then
placed in an oil bath at 60 °C and the mixture was stirred 18 h at this temperature. Aliquots
were taken and IR spectra were recorded to monitor the time course of the reaction. An
aliquot is taken at the end of the reaction and quenched with methanol for SEC analysis.
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e Zooms on the monitoring of the first hour conversion (Figure 2)
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Delayed action catalysis during PU synthesis from diisocyanates Ia-c and diol I1a-b
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» Synthesis of PU from IPDI Ia and PCL-530 IIb
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FT-IR spectrum of the starting mixture: IPDI Ia + PCL-530 IIb
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FT-IR spectrum of PU, obtained from IPDI Ia and PCL-530 IIb
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» Synthesis of PU from Ia and IIb without catalyst
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FT-IR spectra for the conversion monitoring (figure 2) without catalyst
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FT-IR spectrum of PU obtained without catalyst
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» Synthesis of PU from Ia and IIb using MTBD-2BnNCO 2a (1 mol%) as catalyst
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FT-IR spectrum of PU obtained using MTBD-2BnNCO (2a) as catalyst
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e NMR spectra of PU obtained from Ia and IIb using 2a as catalyst
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'H NMR spectrum (CDCls, 200 MHz, 298 K) of PU obtained from Ia and IIb using 2a as catalyst
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C NMR spectrum (CDCls, 50 MHz, 298 K) of PU obtained from Ia and IIb using 2a as catalyst
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» Synthesis of PU from HMDI (Ib) and PTMO-650 (I1a)
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FT-IR spectrum of the starting mixture: HMDI Ib + PTMO-650 Ila
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FT-IR spectrum of PU, obtained from HMDI Ib and PTMO-650 I1a
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» Synthesis of PU from Ib and Ila without catalyst
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FT-IR spectrum of PU obtained without catalyst
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» Synthesis of PU from Ib and IIa using MTBD-2BnNCO 2a (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 2) using MTBD-2BnNCO (2a) as catalyst
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FT-IR spectrum of PU obtained using MTBD-2BnNCO (2a) as catalyst
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e RMN spectra of PU obtained from Ib and Ila using 2a as catalyst
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'H NMR spectrum (CDCls, 200 MHz, 298 K) of PU obtained from Ib and Ila using 2a as catalyst
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C NMR spectrum (CDCls, 50 MHz, 298 K) of PU obtained from Ib and Ila using 2a as catalyst
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» Synthesis of PU from HMDI (Ib) and PCL-530 (1Ib)
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FT-IR spectrum of PU, obtained from HMDI Ib and PCL-530 I1b
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» Synthesis of PU from Ib and IIb without catalyst
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FT-IR spectra for the conversion monitoring (figure 2) without catalyst
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FT-IR spectrum of PU obtained without catalyst
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» Synthesis of PU from Ib and IIb using MTBD-2BnNCO 2a (1 mol%) as catalyst
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FT-IR spectra for the conversion monitoring (figure 2) using MTBD-2BnNCO (2a) as catalyst
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FT-IR spectrum of PU obtained using MTBD-2BnNCO (2a) as catalyst
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RMN spectra of PU obtained from Ib and IIb using 2a as catalyst

Poly(HMDI/PCL-530)
€DCI3 (200 MHz)

5.03

—7.26
0.81

.65
—337
2.37
2.34
2.29
2.25
—1.82

A
X

H 1355

o
w
[
w
=
~
[
Ing
=
-
[
-
=}
<}
n
o
o

5.0
f1 (ppm)

'H NMR spectrum (CDCls, 200 MHz, 298 K) of PU obtained from Ib and IIb using 2a as catalyst

Poly(HMDI/PCL-530) & %
CDCI3 (50 MHz) KR

_~155.91
15551

NNNNNNNN

=T
[w]
io
3

i
(i)
(o

|
I
|
|
JLM It U
" ™) Y 1 i "™ o (ML vl s Il " THTPN T T h W/

200 190 180 170 160 150 140 130 120 110

100
f1 (ppm)
C NMR spectrum (CDCls, 50 MHz, 298 K) of PU obtained from Ib and IIb using 2a as catalyst
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> Synthesis of PU from TDI (I¢) and PTMO-650 (Il1a)
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FT-IR spectrum of the starting mixture: TDI Ie + PTMO-650 Ila
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FT-IR spectrum of PU, obtained from TDI Ie¢ and PTMO-650 Ila
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» Synthesis of PU from Ic and Ila without catalyst

%T

%T

%T

%T

%T

%T

%T

%T

50;=0mm o V\/ﬁ %ﬂr\/ﬁ

100 .t =30 min

50.
50-

-t=32min heating

50-

-t=60 min heating
50-

“t=120 min heating AV W
50+

-t=180 min heating
50-
+t=18 h heating WW

50-
4000 3500 3000 2500 2000 1500 1000

Nombre d'onde (cm-1)
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» Synthesis of PU from Ic and IIa using MTBD-2BnNCO 2a (1 mol%) as catalyst
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e Detailed RMN analysis of PU obtained from Ic and Ila

LW Tl il
f h m
fo 9N o \
| ,J - H o~ ~ 'fC] - ! J
/k’ \.N/ o xN/ \O/J\/ x\v& — \/)\O/
H c H Kk | g n
CHOH
h
I
|
kll
NH Cf'.g NH /kll ‘I 'I ‘
1 | |
JL__,H JL b \_«_,_/’Jl\j L
a5 .0 BI.S a0 ?I 5 20 6‘.5 ED 5‘5 5‘.3 '1I.5 ’-I.E 3‘.5 30 2‘.5 ZI.S '.I.S 10 05 f]l.J

2 {ppry

'H NMR spectrum (CDCls, 200 MHz, 298 K) PU obtained from Ic¢ and Ila using 2a as catalyst

A R : g A
AT I I N e
m
f o A
/ 9 B
L J’J\ P 9]
\ - ) T T \/\// o
vaNb>TdNjOj m™~" ;.0
H c K k | g n
k
h
I s
a, i
]
CH:OH CH/CHOH
1 |
r T T T T T T T T T T T T T T T T 1
2tn 160 N 170 160 150 140 win 120 0 1730 ad B0 0 at &0 A0 an 20 n 1]

f1{nzm}

C NMR spectrum (CDCls, 50 MHz, 298 K) of PU obtained from Ic and IIa using 2a as catalyst

- 45 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


