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Materials and Methods

All air and moisture-sensitive manipulations were carried out using standard high
vacuum line, Schlenk or cannula techniques or in an MBraun glovebox containing a
nitrogen atmosphere. All polymerizations were carried out in a nitrogen-filled glovebox
(MBraun) unless otherwise specified. All glassware was oven-dried overnight at 130
°C before use.

Solvents and reagents were purchased from MilliporeSigma, STREM, Oakwood
Chemicals, Matheson, and Airgas and were used without further purification unless
otherwise noted. Deuterated chloroform (CDCIs) was purchased from Cambridge
Isotope Laboratories and dried over anhydrous CaH2 and distilled under a nitrogen
atmosphere before use.

Ureas were synthesized according to a procedure developed by Waymouth and
group.” EVP and EtVP were synthesized according to procedure developed by Tonks
and group.?

Size exclusion chromatography (SEC) was performed in tetrahydrofuran (THF) using
a Thermo Separation Products AS1000 system equipped with a Waters 515 Pump
connected in series with two Agilent PLgel MIXED-C columns and fitted with a Waters
2410 refractive index detector at 25 °C and a flow rate of 1 mL/min. Determination of
molar masses and dispersities was made by calibration against polystyrene standards.

TH NMR, 3C NMR, and "F NMR were recorded on Bruker Avance Ill HD 400 MHz
spectrometer. '"H NMR spectra of all polymeric reaction mixtures were run with a
relaxation delay of 10 seconds unless otherwise noted. Chemical shifts are reported
with respect to tetramethylsilane (TMS).

Matrix-assisted laser desorption/ionization spectra were obtained using an Applied
Biosysytems Sciex 5800 MALDI TOF/TOF system equipped with an Nd:YAG laser.
MALDI data was processed using Sierra Analytics’ Polymerix software.

A Sciex X500R quadrupole time-of-flight (qtof) mass spectrometer was used for
accurate mass measurement of EHA.



Synthesis and purification of DEtP — Modified procedure for obtaining high
purity DEtP

DEtP was synthesized using a modified literature procedure. EVP (60 g, 394 mmol),
THF (60 mL) and 10 wt% Pd/C were added into a 300 mL Parr reactor with a magnetic
stirring bar. The reactor was then pressurized with hydrogen gas to 500 psi and heated
at 60 °C for 2 h until all the EVP is consumed. The reactor was placed in an ice bath
and cooled to 20 °C, and then depressurized. The resulting solution was filtered
through approximately 10 g silica gel. After removal of the solvent, the obtained
mixture was purified by and vacuum distillation. The obtained DEtP was a colorless
liquid with an isolated yield of approximately 80% in high purity according to '"H NMR
spectroscopy. To obtain “polymerization purity” DEtP, the isolated DEtP was stirred
over CaH2 overnight and then vacuum distilled. This process was repeated for a total
of three times, after which it was stored under 3 A molecular sieves for 3 days in a
nitrogen glovebox before use.

Safety note: Avoid fully drying the Pd/C on the silica because of the fire risk.

1H NMR (400 MHz, CDCls, 5, ppm): 4.20-4.13 (m, 1H), 2.39-2.27 (m, 1H), 2.08-1.37
(m, 8H), 0.98-0.91 (m, 6H); 13C NMR (101 MHz, CDCl3, 8, ppm) 175.79, 173.93, 82.60,
79.34,42.14,39.73,29.18, 28.32, 26.28, 24.90, 23.89, 22.92, 11.63, 11.09, 9.61, 9.27.



Synthesis of KBHT:

OH 0K
__.M-L-'H"*-n i, -“"{:‘H RHWLG (1 aquiv.) - .\.-\.':}H-\"\-\. o, .-"{::
I_H _:::] THF. RT,. & h . ,-p'J
KBHT

KBHT was synthesized using a modified literature procedure.? Inside a glovebox, 1
equiv BHT (1 g, 4.5 mmol) was added to a round bottom flask along with 1 equiv.
KHMDS (0.89 g, 4.5 mmol). 10 mL THF was then added to the flask and stirred at
room temperature for 6 h, resulting in the formation of a white precipitate. The white
precipitate (KBHT) was isolated via vacuum filtration and washed with 20 mL pentane
three times before residual solvent was removed under vacuum.

H NMR (400 MHz, de-DMSO, &, ppm): 6.17 (s, 2H), 1.73 (s, 3H),1.02 (s, 18H); 13C
NMR (101 MHz, de-DMSO, &, ppm) 168.27, 135.90, 124.05, 110.42, 35.05, 30.83,

21.99.
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Figure S1. '"H NMR spectrum of KBHT in ds-DMSO
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Figure S2. '3C NMR spectrum of KBHT in de-DMSO



Synthesis of KO(CF3)tBu:

Inside a glovebox, 1 equiv of (1 g, 7.8 mmol) of 2-Trifluoromethyl-2-propanol was
added to a round bottom flask.1 equiv (1.55 g, 7.8 mmol) of KHMDS was then added.
20 mL THF was then added to the reaction mixture and stirred overnight. The solvent
was then evaporated under vacuum and white solid was washed with 0 mL pentane
three times before residual solvent was removed under vacuum.

H NMR (400 MHz ds-DMSO, &, ppm): 1.06 (s, 3H) 13C NMR (101 MHz, de-DMSO, 3,
ppm): 130.67, 70.25, 25.39 19F NMR (376 MHz, ds-DMSO, &, ppm): 81.68.
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Figure S3. "H NMR spectrum of KO(CF3)'Bu in de-DMSO
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Figure S4. 3C NMR spectrum of KO(CF3)Bu in ds-DMSO



—~B81.68

10 0 -10 20 -30 -40 -50 -B0 -70 -BO -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -180 -200 -210
Chemical Shift (ppm)

Figure S5. 'F NMR spectrum of KO(F3)Bu in ds-DMSO



General polymerization condition:
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rt ML

R2
0 H H (1 mol%:)
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,e"%»/’lL“D Base (1 mol%) !:a’“\(\“\f’sml:l'{rn
.

\uwaf BOM (1 mol%),
Meat, 25 °C
0.016 mmol urea (0.01 equiv.) and 0.016 mmol base (0.01 equiv.) were added to a 4
mL vial equipped with a teflon-coated rare earth extra power stir bar. In another vial, a
0.016 mmol,1,4-benzenedimethanol (BDM, 0.01 equiv.) and 1.6 mmol DEtP (1 equiv.)
were mixed until all the initiator is dissolved. The DEtP/BDM solution was then added
to the reaction vial. Aliquots of the reactions were taken and immediately quenched by
excess benzoic acid in CDCIs and were then removed from the glovebox for analysis
by "H NMR spectroscopy.

Data analysis for measuring rates:

For the kinetics of polymerization of DEtP, aliquots were taken and quenched with
benzoic acid in CDCIs at varying time intervals (time intervals vary significantly, as
there is a huge variation in the rate depending upon the pKa of Urea and pKa-1 of base).
It was important to collect sufficient data points until at least 30 % conversion to
analyze the rate of reaction. Conversion at a specific time was calculated from the
relative integrals in the '"H NMR spectrum of the resonances assigned to DEtP (4.22
ppm, 1H) and poly(DEtP) (4.79 ppm,1H). Monomer concentration was plotted vs. time
and the slope of the linear regime in the plot of In{([DEtP]o -[DEtP]eq) /([DEtP]: -
[DEtP]eq)} vs time is reported as the kobs for each urea and base combination.
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Figure S6. Example 'H NMR spectrum of reaction mixture containing DEtP and
poly(DEtP) in CDCl3



Table S1. Data table for polymerization of DEtP with U2 and KHMDS.

] -,
O =
U2 (1 mol%)
™ ’JL" q ; E\ .
T\/? KHMDS (1 mol%) ""”\s/\“"f o,
ik BOM (1 mol%), E‘"M
DEtP Meat, 25 *C
poly(DELP)
Time Conv. Mh Theo Mh sec
(s) (%) (kDa) (kDa)
20 5 0.7 -
30 11 1.7 1.5 1.2
40 18 2.8 3.5 1.1
50 22 3.4 4.4 1.1
60 29 4.5 52 1.1
90 44 6.8 10.1 1.1
120 58 9.1 11.5 1.1
180 62 9.7 11.9 1.1
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Figure S7. Conversion vs time plot for the polymerization of DEtP
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Figure S8. Full MALDI-TOF spectrum poly(DEtP)



Table S2. Conversion vs time for the polymerization of DEtP by U1 and KHMDS
o

U1 {1 mol%)
— 0 KHMDS (1 mol%) mul%] /\/E ~o
n
_~ BOM (1 mol%),

Meat, 25 °C

DEWP poly(DEP)
Time (s) Conversion
30 3
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50 15
60 21
90 43
120 69
180 72
300 77
0.9 T 1 T T T .
0.8 R?=0.994 i
| k. =5.5x10" h"
0.7

H H

0.6-: O’NIN\O

Ml.—[M 0.5-
jn[ lo~[Mle U1, pKa pmso = 26.9
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Figure S9. Kinetic plot for the polymerization of DEtP by U1 and KHMDS



Table S3. Conversion vs time for the polymerization of DEtP by U2 and KHMDS

o
. U2 {1 mol%) /.\_/E
O KHMDS [1 mul%] D’})n
- BDM {1 mul%}
Meat, 25 °C
DEWP poly(DEtP)
Time (s) Conversion (%)
15 5
30 10
45 18
60 26
90 38
150 54
180 63
240 67
270 71
300 72
600 74

0.71 R2=0.992 -
k,.=3.0x10"h" ]
0.6 obs ]
NN
“ OO |
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0.3 | ﬁ‘ _ 1
Me;Si© SiMe;
0.2 KHMDS, 1
PKa.H,pMsO = 25.8
0.1- 4
||
0.0 +—1+—"7—"—"—""T—"—"T—"—T—"—T—

10 20 30 40 50 60 70 80 90 100
Time (s)

Figure S$10. Kinetic plot for the polymerization of DEtP by U2 and KHMDS



Table S4. Conversion vs time for the polymerization of DEtP by U3 and KHMDS

O
% U3 (1 mol%) /.\_/E
- O KHMDS [1 mul%] ~o 7
- BDM {1 mul%}
Meat, 25 °C
DEP poly(DEtP)
Time (s) Conversion (%)
30 1
60 2
120 8
180 13
300 21
360 27
420 31
540 37
600 41
900 60
1200 60
0-5 1 1 1 ] ] L] L)
| R=0.995
04 Ky, = 4.5x10°h™ -
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K J
N...
Me,Si SiMe;
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Figure S11. Kinetic plot for the polymerization of DEtP by U3 and KHMDS



Table S5. Conversion vs time for the polymerization of DEtP by U4 and KHMDS

P Ud (1 mol%) O ™
KHMDS (1 mol¥%) D,}fn
BDM {1 mol%),
Neat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
2 11
4 16
6 22
8 27
21.5 60
1.6 1 R2=0.989 1
= 2 -1 2 1
1.4 Kops =72 x102h ]
H H
1.2 - O/N\H/NQ/C& |
0
1.0 - .

CF
[M]o—[M]eq 3

In m 0.84 U4, pK,puso = 16.1 .
eq ]
0.6 - MESSi,N\SiMGS -
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0.2 - s
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Figure S12. Kinetic plot for the polymerization of DEtP by U4 and KHMDS



Table S6. Conversion vs time for the polymerization of DEtP by U5 and KHMDS

'::I S,
8] H
US (1 mol%) 2
0 KHMDS (1 mol%) If”\f’\w‘gm ¥
—_— n
- BDM (1 mol%),

Meat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
8 7
20 11
27 13
43 23
71.5 31
95 43
0-9 1 1 L] I 1 1 1 I L]
1 R*=0.976 -
087 ke =8.7 x103h" -
H H
0.7 1FsC N\H,N CF, .
0.6 - 0 i
] [M]o—[M]eq 0.5_- CF3 CFs; i
[M]¢—[M]eq . U5, pKapmso = 13.8 ]
0.4 ﬁ 4
: Me,Si” SiMe; -
0.3 - 4
- KHMDS, :
0.2 - pKa-H,DMSO =258 -
0.1 - i

10 20 30 40 50 60 70 80 90 100
Time (h)

Figure S13. Kinetic plot for the polymerization of DEtP by U5 and KHMDS



Table S7. Data table for polymerization of DEtP by KHMDS and Ureas

e

UA-US (1 mol%) O h
»I\ KHMDS (1 mol%) [ IA“D ¥
’Lm,f BOM (1 mol%), §\
DEtP Meat, 25 °C )
poly(DEtP)
Entry Catalyst Conv. Time Kobs Mn, Theo Mn,sec D
% h kDa kDa
1 U1 77 5 min 5.5 x 101 12.0 95 1.31
2 u2 74 10 min 3.0x 10° 1.5 125 1.24
3 us3 60 20 min 4.5 x10° 9.4 9.1  1.21
4 u4 60 22 h 7.2x1072 9.4 94 1.25
5 us 43 95 h 8.7 x 107 6.7 87 143
100 E T T T T T T T T T T T T T T T E
= U1(55x10"h")m ]
. o
' U2 (3.0 x 10" h)
10 4 i
] ] 0w
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S 14 :
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0.01 5 m U5(8.7x10° h™)
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12 14 16 18 20 22 24 26 28
PK, pmso Of urea

Figure S14. Plot of kobs Vs pKa of urea catalysts for DEtP polymerizations with

KHMDS as the base



Table S8: Conversion vs time for the polymerization of DEtP by U1 and KOBu
o

U1 {1 mol%)
-~ 0 KO'Bu (1 rnu:l-l"'.-‘u} W D'}rn

- BDM {1 mul".‘-‘u}
Meat, 25 °C

oEP poly{DELP)
Time (s) Conversion (%)
20 5
30 6
40 10
50 18
60 29
90 50
120 66
360 73
1.2 R?=0.994 |
k,, =7.3x10" h"
1.0 - H |
0.8 - O/ \g/ |
]H [MJO_[M]eq
[M]t_[M]eq 0.6 - U1, pKapmso = 26.9 ]
0.4 - KO'Bu, .
PKa-H, pmso = 32.2
0.2 4 |
"]
P

40 50 60 70 80 90
Time (s)

Figure S15. Kinetic plot for the polymerization of DEtP by U1 and KO'Bu



Table S9. Conversion vs time for the polymerization of DEtP by U2 and KO'Bu

':' T,
(] ~
U2 {1 mol%) :
<0 KO'Bu (1 mol%) I,f”\fvﬁmn,}fn
< BDM (1 mol%),

Meat, 25 °C
DEP poly(DELP)
Time (s) Conversion (%)
10 1
20 5
30 1
40 17
50 24
60 34
90 48
120 56
360 64
0.40 ; : , . .
2 -
035 RE=0974 . ]
k. =3.2x10"h
0.30 - H ;
0.25 - ©/ \([)]/ ;
[M]o_[M]eq
In V1 0.20 - _ ]
[M]¢—[M] eq U2, pKa pmso = 22.8 -
0.15 + .
0.10 - KO'Bu. J
Ka. =32.2 1
0.05 - PRa-H, bMso ]
n ]
0.00 -+ ;
10 20 30 40 50

Time (s)

Figure S16. Kinetic plot for the polymerization of DEtP by U2 and KO'Bu



Table S10. Conversion vs time for the polymerization of DEtP by U3 and KO'Bu

':' T,
(] ~
U3 {1 mol%) 2
e KO'Bu (1 mol%) I,f”\fvﬁmn,}fn
< BDM (1 mol%),

Meat, 25 °C
DEP poly(DEP)
Time (s) Conversion (%)
30 1
60 4
90 5
120 9
150 11
180 15
300 27
420 37
600 43
0.71 R2=0.989 . 1
0.6 | Kobs = 6.0 x10° h'! |
0.5 - hig .
(@]
0.4 - .
)/ [M]o—[M]eq U3, pKapmso = 20.8
[M]t_[M]eq 0.3 - M N
)<eMe
0.2 - KO~ ~Me i
KO'Bu,
0.1 - pKa—H, DMSO — 32.2 .
0.0 - u -
0 100 200 300 400 500
Time (s)

Figure S17. Kinetic plot for the polymerization of DEtP by U3 and KO'Bu



Table S11. Conversion vs time for the polymerization of DEtP by U4 and KOBu

O
% U4 {1 mol%) /.\_/E
-~ a
O KO'Bu (1 rnu:rl.fu} D,}rn
f BDM {1 mul%}
Meat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
0.25 7
1 12
2 19
3 26
S 34
6 38

0.6 4 R?=0.994 i
| kops = 1.0 x10"

0.5 - H .
N
T
0.4 - -
]II [M]o_[M]eg ]
[M]¢t—[M]eq 03- U4, pKapmso = 16.1 |
0.2 KO'Bu, J
PKa-H, pmso = 32.2
0.1 - -
0 1 2 3 4 5
Time (h)

Figure S$18. Kinetic plot for the polymerization of DEtP by U4 and KO'Bu



Table S12. Conversion vs time for the polymerization of DEtP by U5 and KO'Bu

o
Us {1 mol%)

O ™~
e KO'Bu (1 mol%) WHG%

~~ BDM (1 mal%),

Meat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
6 12
22 25
27.5 27
54 40
100 56
0-8 1 1 ) L] ]
{R?=0.995
0.7 4 kops = 1.2 x102 h™ -
1 FsC H H CF
3 3
oo] LT ]
CF4 CF,

M1 —(Ml.. 0.5
[M]o—[M]eq ] U5, pKapmso = 13.8

M|;,—[M
[ ]t [ ]Bq 0.4- )< e ]
_ KO™ “Me _
0.3 - KO'Bu, i
] PKaH, bmso = 32.2
0.2 - .
] |
0-1 T T T T v T T T v T T
0 10 20 30 40 50 60

Time (h)

Figure S$19. Kinetic plot for the polymerization of DEtP by U5 and KO'Bu



Table S$13. Data table for polymerization of DEtP by KO'Bu and Ureas

o

e ? ,fJJ‘H 0

|G

UA-US (1 mol%) O
KO'Bu (1 mol3:)
e

~ BOM (1 mol%),

e

o

P

Jlr-" .-"'ﬂ“*-nq_,.-f"l"'HD-]I"'

n

Meat, 25 °C
DEtP poly(DEtP)
Entry Catalyst Conv. Time Kobs Mn, Theo Mn,sec D
% h+ kDa kDa
1 U1 73 3 min 7.3 x 101 12.0 105 1.21
2 U2 64 10 min 3.2x 10" 9.9 98 1.28
3 us 43 10 min 6.0 x 10° 6.7 6.1 1.23
4 U4 38 6 h 1.0 x 10" 6.1 54 1.28
5 us 58 100 h 1.2 x 102 9.0 72 125
1°°'; U1(7.3x10"h")m
[ | |
: U2 (3.2x 10" h) ;
10 - -
1 |
_ U3 (6.0 x 10° h')
S !
2
xO
0.1 U4 (1.0 x 10" h) E
0014 ®ys(1.2x102h") ;
12 14 16 18 20 22 24 26 28

K

apmso Of urea

Figure S20. Plot of kobs vs pKa of urea catalysts for DEtP polymerizations with

KO'Bu as the base



Table S14. Conversion vs time for the polymerization of DEtP by U1 and KO(°F3)Bu

P U1 (1 mal®) O ™~
ﬁDiﬂFaJ‘Bu (1 mol%) ot
BDM 1mul".‘-‘u}
MNeat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
2 8
4.5 12
6 14
22 33
0.6 1 R2=0.999 .
| ks =2.3x102%h"
0.5 .

H H
W OO

[M]o_[M]e
IH m— U1, pKa,DMSO =26.9
1 - Me -
)(CFa
KO® Me
0.2 KO(CF3tgy, i
PKa-H, bmso = 21.9
0.1+ e
0 5 10 15 20 25

Time (h)

Figure S21. Kinetic plot for the polymerization of DEtP by U1 and KO(CF3)Bu



Table S15. Conversion vs time for the polymerization of DEtP by U2 and KO(°F3)Bu

P U2 (1 mol%) G ™
(CFap
I{D Bu [1 mol%) Da}’n
~ BDM (1 mul%}
Meat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
4 22
19 38
26 47
445 65
70 65
2.0 ¥ I N 1 v L] ' I
. .
18] R?=0962 ]
k., = 3.8 x102h"
1.6 - H o H -

OO
[M]o—[M] °

In o eq 1.2 -

[M]¢- [M]eq U2, pK; pmso = 22.8
1.0 1 Me i
)<CF3
0.8 - KO~ Me -
0.6 1 KO(CFaBy,
PKaH, bmso = 21.9
0.4 - |
|
0.2 . , . . . : i I .
0 10 20 30 40 50
Time (h)

Figure S22. Kinetic plot for the polymerization of DEtP by U2 and KO(CF3)Bu



Table S16. Conversion vs time for the polymerization of DEtP by U3 and KO(CP)By

O
U3 (1 mol%)

™ 0 I{D{EFJ‘“EU [1 I'I'Iﬂln.l'lln:l W D__}fn

~ EDM {1 mul%}
Neat, 25 °C

DELP poly(DEtP)
Time (h) Conv. (%)
2 5
4 9
6 12
8 15
22.5 31
52 49

1.0{ R2=0.996 i
| ke = 1.9 x102 0"
H H
0.8 - : N v i
0.6 - i
1.” [M]O_[M]eq ] U3, pKapmso = 20.8
[M]t_[M]eq 0.4 - /hld<ec}:3 i

' KO Me
02 KO(CF3)tgy,

] PKa-+, bmso = 21.9

|

0.0 - i

0 10 20 30 40 50 60
Time (h)

Figure S23. Kinetic plot for the polymerization of DEtP by U3 and KO(F3)tBu



Table S17. Conversion vs time for the polymerization of DEtP by U4 and KO(CF3)Buy

O
U4 (1 mol%)

O Ty
o Pl 0 KG{EFJJ[EU (1 mﬂl%] WHDF}B

~~ BDM (1 mol%),

MNeat, 25 °C
DELP poly(DEtP)
Time (h) Conversion (%)
23 13
48 24
72 34
120 46
1-0 1 v I v 1 W I N 1 v I
R%=0.997
097 k. =7.4x10%h" ]
0.8 - H H .
N__N CF3 |
0.7 @’ b Q/ 1
o]
M],—[M - -
[M]=[Mleq 0.5 - U4, pK, pmso = 16.1 - i
3
0.4 KOkMe .
0.3- Ko(CFS)lBu’ |
PKa-H, bmso = 21.9
0.2 - .
0.1 —
20 40 60 80 100 120
Time (h)

Figure S24. Kinetic plot for the polymerization of DEtP by U4 and KOCF3)Bu



Table S18. Conversion vs time for the polymerization of DEtP by U5 and KO(°F3)Bu

US (1 mol) G ™
- KO Bu (1 mol%) o,
" BOM (1 mol%),
Neat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
23 8
48 14
72 20
120 29

0.50 1 R2=0.999 -
0.45 ] Kobs = 3-8 x10*h™ i
H H
0.40- FiC NYN CF, -
0.35 - © i
In [M]o—[M]eq CF4 CF4

[M],— [M]eq 0.30 - US, pKapmso = 13.8 7
4 CF3 |

0.25 o )<Me
0.20 - KOCFNBY _
0.15 - PKa-H, bmso = 21.9 i
0.10 - d

T T T T T T T T T T T
20 40 60 80 100 120
Time (h)

Figure S25. Kinetic plot for the polymerization of DEtP by U5 and KO(CF3)tBu



Table S19. Data table for polymerization of DEtP by KO(CF3)Bu and Ureas
O

A

U1-U5 (1 mol%)

O

.\.

-,
2

- L 0 KOSFBY (1 mol%) [~ f&,f’*aﬂ,}h
,/qu BDM (1 mol%),
Neat, 25 °C
DEP poly(DEtP)
Entry Catalyst Conv. Time Kobs Mn, Theo Mn,sec D
% h+ kDa kDa

1 U1 33 22 h 2.3x102 5.2 108 1.14
2 u2 65 45 h 3.8x 102 10.1 7.7 1.1
3 us3 49 52 h 1.9x 102 7.6 92 1.17
4 U4 46 120 h 74x103 7.2 10.7 1.13
5 us 29 120 h 3.8x103 4.5 86 1.14

0.040 i I I I I I I I i

] |

0.036 - U2 (3.8 x 102 h™) T

0.032 - -

0.028 i

‘E: 0.024—_ ]

3 0.020 - u3 (19 X 10-2 h-1) - U1 (23 X 10-2 h-1)_

[) g g

' 0.016 .

0.012 - -

0.008 m U4 (7.4x10° h™) .

00047  my5(38x10%h) i

0.000 — T T T . .
12 14 16 18 20 22 24 26 28
PK, pmso Of urea

Figure S26. Plot of kobs Vs pKa of urea catalysts for DEtP polymerizations with
KO(CF3)Bu as the base



Table S20. Conversion vs time for the polymerization of DEtP by U1 and KBHT

O
U1 (1 mol%) G ™
Mg KBHT (1 mal%) o
E— S —— n
BOM {1 mal%),
Neat, 25 °C
DEtP poly(DEtP)
Time (h) Conversion (%)
6 5
23 12
49 17
72 20
100 22

T T T T T T T T T T T T T T
0.30 { R?=0.969 "
Kops =3.4x10% 07
H H
0.25 - NTN 1
ORNe
0.20 - OK .
] [M]O_[M]Et] U1, pKa,DMSO =26.9 tBU tBu
[M]¢—[M]eq ]
0.15 - 1
Me
KBHT
0.10 = pKa-H,DMSO = 168 7
|
0 05+——7——7——F——F——F— T

0 10 20 30 40 50 60 70 80
Time (h)

Figure S27. Kinetic plot for the polymerization of DEtP by U1 and KBHT



Table S21. Conversion vs time for the polymerization of DEtP by U2 and KBHT

O
s U2 (1 mol%) 0 ™~
0 ~ KBHT (1 mol%) o,
BDM (1 mol%),
Neat, 25 °C
DE poly(DEtP)
Time (h) Conversion (%)
24 5
48 14
72 17
96 20
120 59
0.35 —— , . | |
| R#=0.971 -
Kyps = 2.2 x10° h
0304 " ]
N__N
0.25 ©/ \g/ O n
II) [M]o_[M]eﬂ ]
[M]t_[M]eq l U2, pK, pmso = 22.8 By
0.20 - 1
Me
0.15 - KBHT -
PKa-H,omso = 16.8
]
M0
20 40 60 80 100 120

Time (h)

Figure S$28. Kinetic plot for the polymerization of DEtP by U2 and KBHT



Table S22. Conversion vs time for the polymerization of DEtP by U3 and KBHT

O
o, U3 {1 mol%) /\}
-. ° KBHT {1 mln.-'ru D.-}rh
" BOM (1 mol%),
Neat, 25 °C
i poly(DEtP)
Time (h) Conversion (%)
24 :
48 6
o 15
96 15
120 1e
0-35 ] v | M ] v | T | T 1
R? = 0.997
0.30 - Kyns = 2.4 x1 03 h! |
H

N
0.25 - O/

[M]o_[M]eq
In———— 1 us pk =20.8 i
[M]t_[M]Eq 0.20 p a,DMSO tBu
0.15 - e
Me
0.10 - KBHT 4
u PKa-+,omso = 16.8
0.05 T r T . T ’ .

T T T T
20 40 60 80 100 120
Time (h)

Figure S29. Kinetic plot for the polymerization of DEtP by U3 and KBHT



Table S23. Conversion vs time for the polymerization of DEtP by U4 and KBHT

0
T U4 (1 mol%) 0 T
O ~ KBHT (1 mol%) of
BDM {1 mol%:),
Meat, 25 °C
o= poly(DEtP)
Time (h) Conversion (%)
24 1
48 17
re 24
%0 28
120 33
0.6 — . . | | |
R? = 0.999
k. =4.2x1 02 h"
0.5 - ‘o _ |
SR AN
o]
0.4 ]
[M]t_[M]eq U4, pK,pmso = 16.1 By
0.3 4 ]
Me
0.2 - KBHT 4
PKa-H,pmso = 16.8
o4

20 40 60 80 100 120
Time (h)

Figure S30. Kinetic plot for the polymerization of DEtP by U4 and KBHT



Table S24. Conversion vs time for the polymerization of DEtP by U5 and KBHT

»
US (1 mol%) O ™
~ g KBHT (1 mal%) o
—_— S n
BOM {1 mol%),
Neat, 25 °C
DEP poly(DEtP)
Time (h) Conversion (%)
20 11
35 13
67.5 19
144 26
0-45 1 T 1 I | 1 |

{ R2=0.983
0.40 { k., = 2.1 x10° h"!

i F3C N CFa
Y
0.35 \©/ o]

2T
I

CF, CF,
Ml,—-[M

In % 0.30 - U5, pKa pmso = 13.8 .

t eq ] ‘84 tBu
0.25 - .
0.20 - Me .

KBHT

i PKa.H,pms0 = 16.8

0.15 - e

T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160
Time (h)

Figure S31. Kinetic plot for the polymerization of DEtP by U5 and KBHT



Table S$25. Data table for polymerization of DEtP by KBHT and Ureas

A L U1-U5 {1 mol%)
- O KBHT (1 mul‘:-“u} yl\fﬂvﬂﬂ
- N

M BOM (1 molt),

Meat, 25 °C
DEw poly({DEtP)
Entry Catalyst Conv. Time Kobs Mn,Theo Mn,sec D
% h* kDa kDa
1 U1 22 100 h 3.4x1073 3.4 88 1.14
2 u2 22 120 h 2.2x103 3.4 42 114
3 us 21 120 h 2.4x103 3.3 44 115
4 U4 33 120 h 4.2x103 5.2 58 1.14
5 us 26 144 h 2.1x103 4.1 73 119
00045 v I ' I ' I ' I ' I ' I ' I
"ua (4.2x 102 h)
0.0040 - ' -
U1(3.4x103h™) '
~ 0.0035 - .
i -
o
£ 0.0030 - -
x
U3 (2.4x 102 h™)
0.0025 - i
|
U5 (2.1 x 103 h) - -
0.0020 - m U2 (2.2x 10 h)|

12 14 16 18 20 22 24 26 28
PK, pmso Of urea

Figure S32. Plot of kobs Vs pKa of urea catalysts for DEtP polymerizations with KBHT
as the base
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Figure $33. Example '"H NMR spectrum of reaction mixture containing EtVP and
poly(EtVP) in CDCls



Impurity Study:

Electrospray ionization mass spectrometry (ESI-MS) performed on unpurified DEtP
samples demonstrated differential ionization behavior: EHA was detected exclusively
in negative ion mode, whereas DEtP was observed only in positive ion mode.

The concentration of EHA in DEtP samples was estimated by generating a calibration
curve. Standard solutions of EHA at known concentrations were prepared in MeOH,
and the intensity of the EHA [M-H] peak (m/z 157.12) was measured for each
standard. A linear regression curve was plotted from these data points, ensuring the
intercept set to zero during the fitting process.

12000 d 1 ' 1 d 1 d 1 d 1 d 1 d 1
1571227
10000 - .
m
% 8000 - .
L
2 6000 - .
7))
o
3
£ 4000- .
2000 - .
0 ; r | [ " ; 1 ; 2 — L}

0 50 100 150 200 250 300 350 400
Mass/Charge (Da)

Figure S34. ESI-MS Spectrum (Negative ion mode) of EHA at 7.2 yM concentration
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Figure S35. ESI-MS Spectrum (Negative ion mode) of EHA at 14.4 uM concentration
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Figure S36. ESI-MS Spectrum (Negative ion mode) of EHA at 21.5 yM concentration



35000 - 157.1227 i
30000 - .

25000 - .

Intensity
- N
< (=]
(=] (=]
(=] (=]
o (=]
1 1
1

10000 .

5000 - -
0 - 1 I — 7
0 50 100 150 200 250 300 350 400
Mass/Charge

Figure S37. ESI-MS Spectrum (Negative ion mode) of EHA at 28.6 uM concentration

Table S26. lonization intensity for different concentrations of EHAin ESI-MS (Negative
ion mode)

Entry Concentration (pM) lonization Intensity (cps)
1 7.2 10134
2 14.4 18234
3 21.5 27057
4 28.6 34255
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Figure S38. Calibration curve: EHA concentration vs [M-H] ion Intensity.

Table S27. Quantification of EHA in DEtP after successive distillations using ESI-MS

Entry Distillation Number lonization Concentration  mol % of
Intensity (MM) EHA
(cps) (%)
1 No distillation 7411 6.0 4.1
2 One distillation 387 0.3 0.2
3 Two distillations 0 0 0
4 Three distillations 0 0 0




DEtP ROP kinetic study after Doping with EHA

U2 (1 mol %)
KHMDS( 1 mol %)
DEtP BDM (1 mol %) poly(DEtP)

o],

0.016 mmol U2 (0.01 equiv.) and 0.016 mmol KHMDS (0.01 equiv.) were added to a
4 mL vial equipped with a teflon-coated rare earth extra power stir bar. In another vial,
0.016 mmol,1,4-benzenedimethanol (0.01 equiv.), 2-ethylheptanoic acid (X mol%) and
1.6 mmol DEtP (1 equiv.) were mixed until all the initiator is dissolved. The
DEtP/BDM/EHA solution was then added to the reaction vial. Aliquots of the reactions
were removed and immediately quenched by excess benzoic acid in CDCls and were
then removed from the glovebox for analysis by "H NMR spectroscopy.



Table S28. Conversion vs time for DEtP polymerization with 0 mol% EHA doping

Time (s) Conversion (%)

15 5

30 10

45 18

60 26

90 38

150 54

180 63

240 67
0.71 R?=0.992 1
0. k. = 5.0 x10™ min™* ]

0
0.5 W\fLOH .
I Mo~ [Mleq 04- EHA (0 mol %) 1
M]—[M
[ ]t [ ]eq 0.3 - i
0.2 -
0.1 -
|
0-0 T T T T T v T T T T T T

10 20 30 40 50 6 70 80 90 100
Time (s)

Figure S39. Kinetic Plot for DEtP polymerization with 0 mol% EHA doping



Table S29. Conversion vs time for DEtP polymerization with 0.1 mol% EHA doping
O

() '‘OH
/\ﬁk EHA (0.1 mol %) 0 }
D‘ f 5
- F D
DEtP

U2 (1 mol %)
KHMDS( 1 mol %)
BDM (1 mol %) poly{DEtP)
Time (s) Conversion (%)
30 2
60 3
90 4
120 9
150 12
180 16
210 20
240 28
300 33
360 41
420 45
1.0 . T ] T T T T
| R?=0.992

0.8 Kobs =1.6 x10" min"!

(0]

0.6 - \/\/\fLOH

(Mlo=[Mleq EHA (0.1 mol %)

]II [M]t_[M]eq 0.4 -

0.2 1

0.0 1 .

T T T T T T T T T T T T T T T
50 100 150 200 250 300 350 400 450
Time (s)

Figure S40. Kinetic Plot for DEtP polymerization with 0.1 mol% EHA doping



Table S30. Conversion vs time for DEtP polymerization with 0.5 mol% EHA doping
O

() '‘OH
EHA (0.5 mol %) 0 }
D 5
A ?
b
DEtP

{f
U2 (1 mol %) ?)k{\
KHMDS( 1 mol %)

BDM (1 mol %) poly{DEtP)

Time (min) Conversion (%)
1 3
2 7
3 15
4 19
5 27
10 43
15 55
30 63

1-4 1 ) 4 1 N I v ) v L] M I ! I v 1

1 R?=0.997

129 Kpe = 8.7 X102 min" ]
1.0 - 0 i
0.8 | \/\/\(lLOH ]
InMo=Mleg 1 EHA(0.5mol %) -
[M]¢—[M]eq _
0.4- i
0.2- i
0.0 - i

T T T T T T T T T T T N T T T T T

0 2 4 6 8 10 12 14 16
Time (min)

Figure S41. Kinetic Plot for DEtP polymerization with 0.5 mol% EHA doping



Table S31. Conversion vs time for DEtP polymerization with 0.75 mol% EHA doping
O

() '‘OH
EHA (0.75 mol %) 0 }
D 5
A ?
b
DEtP

{f
U2 (1 mol %) ?)k{\
KHMDS( 1 mol %)

BDM (1 mol %) poly{DEtP)

Time (h) Conversion (%)
8 3
22.5 4
52 10
72 12

0-18 v 1 v I v I N 1 i I ' 1 4 1
R2=0.977

0169 4

bs = 3.6 x10”° min™

0.14 - 0
0.12- W\fLOH

In [M]o_[M]eq
[M]¢—[M]eqg 0.10{  EHA(0.75 mol %)
0.08 -
0.06 -

0.04 [

0-02 T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80

Time (h)

Figure S42. Kinetic Plot for DEtP polymerization with 0.75 mol% EHA doping



Table S32. Polymerization of DEtP with KHMDS and KO™Bu in the absence of urea
KHMDS (1 mol %)

0
or O
/‘»a\g KO'Bu {1 mol%) Y
A | o

BDM (1 mol3%), ?“‘x
DEtP MNeat, 25 °C
poly(DELP)
Entry Base Conv Time Mh, Theo Mh, sec D
% kDa kDa
1 KHMDS 76 2 min 11.8 10.7 1.36
2 KO'Bu 69 1 min 10.7

Table S33. Dispersity vs time for DEtP polymerization with KHMDS (with and without
urea U2)

P i KHMDS (1 mol %) o H"g
w@ U2 (x mol%) FWD I
by BOM (1 mol%), t\«
Neat, 25 °C
DEtP poly{DEtP)
. ) D
Entry Time KHMDS+U2!= KHMDS!!

1 1 min 1.21 1.38
2 10 min 1.24 1.38
3 30 min 1.26 1.43
4 6.5 h 1.33 1.43
5 24 h 1.36 1.47

[a] Urea (1 mol %), [b] Urea (0 mol%)



M, 1heo = 9-1 kDa
M, ¢ec = 11.5 kDa

D=11

I ' 1 i 1 i 1

13 14 15 16 17 18
Time (min)

Figure S43. SEC trace (RI) of poly(DEtP) polymerized using U2/KHMDS(1 mol%)
and BDM (1 mol%) at 120 s



M = 54.7 kDa
eo

n,Th

Mn’SEc =56.3 kDa
b=1.1

17 18 19 20 21 22 23 24 25
Time (min)

Figure S44. SEC tr ace (MALS) of poly(DEtP) polymerized using U2/KHMDS(1
mol% )and BDM (0.2 mol %) at 30 min.



M, 1heo = 61.6 kDa
M, scc = 69.6 kDa
p=1.4

17 18 19 20 21 22 23 24 25
Time (min)

Figure S45. SEC trace (MALS) of poly(EtVP) polymerized using U2/KHMDS(1
mol% )and BDM (0.13 mol %) at 30 min.
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