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Instrumentation. For the in situ TH NMR Kkinetics measurements, all experiments were
recorded with a 5 mm BBFO 'H-BB/1°F/D z-gradient on the 500 MHz spectrometer with
a Bruker Avance III system. For quantitative 'H and ?H NMR Kinetic measurements 1
transients for protons and 32 transients for deuterium were used with a 14.8 ps long 90°
pulse and 10000 Hz (16 ppm) spectral width and a recycling delay of 45 s for 'H. The
deuterium measurement was conducted with a 189 ps 90° pulse and a 1535 Hz (20 ppm)
spectral width together with a recycling delay of 0.2 s. 500 measurements were carried
out in an alternating way over a reaction time of around 8 hours. The pure solution of the
monomers was kKept at a temperature of - 80 °C and defined with a standard 'H methanol
NMR sample. Control of the temperature was achieved with a VTU (variable temperature
unit) and an accuracy of +/- 0.1 K, which was checked with the standard Bruker Topspin

3.1 software. For cooling, cold nitrogen gas was used.

The normal 'H NMR were running with 128 number of scans, a spectral width of 10000

Hz and a relaxation delay of 5 s at 298 K.
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Additionally, a carbon spectrum was obtained with a J-modulated spin-echo for 13C-nuclei
coupled to 'H to determine number of attached protons with decoupling during
acquisition. The spectral widths were 3800 Hz (300 ppm) for with a relaxation delay of
2s.

For the 2D COSY experiments a spectroscopic width of 7500 Hz (15 ppm) in both

dimension (f1 and f2) was used and the relaxation delay 1.5 s.

The 2D 'H,'3C-HSQC (hetero single quant correlation with double inept transfer and
decoupling during acquisition)? experiments was recorded with 4096 points in f2 and 256
points in f1 dimension. The used spectral widths were 7500 Hz in 'H and 20000 Hz in 13C

with a relaxation delay of 2.5 s.

2D 'H-13C-HMBC (heteronuclear multiple bond correlation via heteronuclear zero and
double quantum coherence optimized on long range couplings with low-pass J-filter to
suppress one-bond correlations and no decoupling during acquisition using gradient
pulses for selection).®/cy=3 Hz for optimizing observable intensities of cross peaks from

multiple bond H-13C correlation.

In this work, the gradient strength was varied in 32 steps from 2 % to 100 %. The diffusion
time was optimised at 60 ms and the gradient length to 1.5 ms. The relaxation delay was
set to 3s. The gradient strength was calibrated by analysis of a sample of 2H,0/1H,0 at a
defined temperature and comparison with the theoretical diffusion coefficient of

2H,0/1H,0.

For the diffusion measurements a 2D sequence (DOSY, dstebpgp3s) with a double

stimulated echo was used.3

Diffusion gradient amplitudes were varied linearly from 1 to 53 G/cm (10 to 470 mT/m)

over a total of 32 experiments to achieve a strong diffusion weighting.

Diffusion coefficients were then calculated for the integrated peak areas using an

exponential decay fit function over the 32 spectra

SizSO-exp(—D-bi)



where the diffusion sensitivity factor b was calculated as given in the sequence

description:

bi=(my G-8)* - (a-3)

Sample preparation for in situ 'H/2H NMR Kinetics studies. The monomer/solvent
mixture (20 wt% in THF-dg/THF 1:1) with deuterated styrene (S-dg) and DMVBDO 1:1
molar ratio. were prepared in an argon-filled glovebox (MBraun UNILAB, <0.1 ppm of O,
and <0.1 ppm of H,0) in 40 mL glass vials equipped with screw caps and septa. All
compounds except THF and THF-dg (dried over sodium benzophenone ketyl and vacuum
transferred) were stirred over CaH; overnight, followed by vacuum distillation prior to
use. The monomer/solvent mixtures were filled into conventional NMR tubes and sealed
with rubber septa, followed by wrapping with parafilm. A 'H NMR spectrum followed by
a ?H NMR spectrum of the solution was measured prior to the initiation step at -80 °C.
After initiation with 0.01 mL sec-butyllithium (1.3 M in cyclohexane/hexane 92/8) by
syringe through the septum of the NMR tube, it was vigorously shaken several times to
homogenize the mixture. Subsequently, the NMR tube was placed in the NMR

spectrometer and the measurement was started (see instrumentation part for details).

Polymerization behavior of DMVBDO in nonpolar media. After 8 days polymerization
time a small amount of homopolymer could be isolated. Whereas the polymer material
exhibited a molecular weight (6.1 kg mol1) close to the targeted value (5 kg mol1), high
dispersity (P = 2.1) combined with low yield (5%) (Table S1, sample 3) was obtained.

Table S1. Polymerization results of DMVBDO in apolar media (M,"g¢ted = 5 kg mol1).

Sample Solvent treaction/ M2/ kg moll PP
1 benzene 3 - -
2 cyclohexane 3 - -
3 cyclohexane 192 6.1 2.1

abDetermined by SEC in THF (UV signal)



The 'H NMR analysis of sample 1 and 2 (Table S1) confirmed the nucleophilic addition of
the initiator s-BuLi to the vinyl group of DMVBDO and the subsequent formation of small
oligomers. However, the combined analytical results indicate that no polymerization in
terms of living anionic (fast initiation followed by slow polymer chain growth) took place.
We tentatively suggest that strong aggregation of the monomer DMVBDO with lithium as
the counterion is likely present in non-polar media, impeding propagation. Thus, a more
polar solvent like tetrahydrofuran (THF) that spatially removes the lithium counterion
from the carbanion at the polymer chain end should enable the polymerization of

DMVBDO.
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Figure S1. 'H NMR spectrum of 1-chloro-3-(4-vinylphenyl)propan-2-ol (1) (400 MHz,

CDCLy).
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Figure S2. 13C NMR spectrum of 1-chloro-3-(4-vinylphenyl)propan-2-ol (1) (100 MHz,
CDCl3).
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Figure S3. 'H,'3C-Ed. HSQC spectrum of 1-chloro-3-(4-vinylphenyl)propan-2-ol (1)
(400 MHz, 100 MHz, CDCl5),
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Figure S4. 'H,'3C-HMBC spectrum of 1-chloro-3-(4-vinylphenyl)propan-2-ol (1)
(400 MHz, 100 MHz, CDCl3).
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Figure S5. 'H NMR spectrum of 2-(4-vinylbenzyl)oxirane (2) (400 MHz, CDCl5).
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Figure S6. 13C NMR spectrum of 2-(4-vinylbenzyl)oxirane (2) (100 MHz, CDCl3).
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Figure S7. 'H,'3C-Ed. HSQC spectrum of 2-(4-vinylbenzyl)oxirane (2) (400 MHz,

|

100 MHz, CDCls).
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Figure S8. 'H,'3C-HMBC spectrum of 2-(4-vinylbenzyl)oxirane (2) (400 MHz, 100 MHz,

CDCly).
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Figure S9. 'H NMR spectrum of 2,2-dimethyl-4-(4-vinylbenzyl)-1,3-dioxolane (3)
(400 MHz, CDCl3).
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Figure S10. 13C NMR spectrum of 2,2-dimethyl-4-(4-vinylbenzyl)-1,3-dioxolane (3)
(100 MHz, CDCly).
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Figure S11. 'H,13C-Ed. HSQC spectrum of 2,2-dimethyl-4-(4-vinylbenzyl)-1,3-
dioxolane (3) (400 MHz, 100 MHz, CDCls).
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Figure S12. 'H,13C-HMBC spectrum of 2,2-dimethyl-4-(4-vinylbenzyl)-1,3-dioxolane (3)
(400 MHz, 100 MHz, CDCl3),
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Figure S13. 'H,'H-COSY spectrum of 2,2-dimethyl-4-(4-vinylbenzyl)-1,3-dioxolane (3)
(400 MHz, CDCly).
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Figure S14. 'H NMR spectrum of P(DMVBDOQ) M, trgeted = 5 000 g mol! (400 MHz,
CDCly).
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Figure S15. 13C NMR spectrum of P(DMVBDO) M, tgeted = 5000 g mol! (100 MHz,

CDClLy).
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Figure S16. 'H,'3C-Ed. HSQC spectrum of P(DMVBDO) M,trseted = 5,000 g mol!
(400 MHz, 100 MHz, CDCl3).
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Figure S19. FT-IR spectrum of P(DMVBDO) M, ®@rseted = 5 000 g mol-1.
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Figure S20. 'H NMR spectrum of P(VPPDO) M, %@reeted = 5,000 g mol* (400 MHz,

Pyridine-ds).
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Figure S21. 13C NMR spectrum of P(VPPDO) M, treeted = 5 000 g mol! (100 MHz,
Pyridine-ds).
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Figure S22. 'H,'3C-Ed. HSQC spectrum of P(VPPDO) M,trseted = 5,000 g mol ! (400 MHz,
100 MHz, Pyridine-ds).
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Figure $23. 'H NMR spectra (stacked) of P(DMVBDO) (bottom) and P(VPPDO) (top)
M, targeted = 5,000 g mol! (400 MHz, Pyridine-ds).
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Figure S24. FT-IR spectrum of P(VPPDO) M, trgeted = 5 000 g mol-L.
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Figure S25. MALDI ToF-MS of P(VPPDO) M, targeted = 5 000 g mol.
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Figure S26. '"H NMR spectrum of P(S39-co-DMVBDO3() M,@rseted = 10,000 g mol?
(400 MHz, CDCly).



cpcl,

o

h+l i+k j q o} n d-g+m p

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
Chemical Shift [ppm]

Figure S27. 13C NMR spectrum of P(S39-co-DMVBDO3,) M,,2reeted = 10,000 g mol-!
(100 MHz, CDCly).
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Figure S28. 'H,13C-Ed. HSQC spectrum of P(S39-co-DMVBDO3,) M,frgeted = 10,000 g mol!
(400 MHz, 100 MHz, CDCs).
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Figure S29. 'H,13C-HMBC spectrum of P(S39-co-DMVBDO3) M, targeted = 10,000 g mol?
(400 MHz, 100 MHz, CDCl3).
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Figure S30. DOSY spectrum of P(Sgs-co-DMVBDOg) M, treeted = 10,000 g mol! (400 MHz,
CDCly).
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Figure S31. 'H NMR spectra (stacked) of P(Sgs-co-DMVBDOg) (bottom) and P(S-co-

VPPDO) (top) M,treeted = 10,000 g mol! (400 MHz, CDCls).

Table S2. Deprotection results of P(Sgs-co-DMVBDOg) as a function of time.

Sample Polymer greaction M2 M,b PP  Yield

/h / kgmol! /kgmol!
1 P(Sgs-co-DMVBDOg)  0.75 8.8 10.0 1.08 93
2 P(Sgs-co-VPPDOg) 24 8.9 8.7 1.06 quantitative
3 P(Sgs-co-VPPDOyg) 48 8.9 8.7 1.06 Quantitative
4 P(Sgs-co-VPPDOg) 72 8.9 8.7 1.06 quantitative

aDetermined by SEC in THF (UV signal), ® Determined by 'H NMR spectroscopy (CDCls)
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Figure S32. SEC traces (DMF, UV signal) of P(Sgs-co-DMVBDOg) and P(Sgs-co-VPPDOg)

as a function of deprotection time.
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Figure S33. 'H NMR spectra (stacked as a function of deprotection time) P(Sgs-co-
VPPDOg) (top) M,treeted = 10,000 g mol-tof (400 MHz, CDCl3).
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Figure S34. 'H NMR spectrum of PSg5-b-P(DMVBDO), 5 M,,2rgeted = 20,000 g mol-!
(400 MHz, CDCly).
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Figure S35. 13C NMR spectrum of PSy5-b-P(DMVBDO), 5 M, trseted = 20,000 g mol-!
(100 MHz, CDCLs).
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Figure S37 'H,'3C-HMBC spectrum of PSy5-b-P(DMVBDO), 5 M,%rseted = 20,000 g mol!

(400 MHz, 100 MHz, CDCls).
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Figure $38. 'H,'"H-COSY spectrum of PS(5-b-P(DMVBDO), 5 M, 2"geted = 20,000 g mol?
(400 MHz, CDCl5).
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Figure $39. DOSY spectrum of PSy5-b-P(DMVBDO), 5 M,2reeted = 20,000 g mol?
(400 MHz, CDCls).
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Figure S40. 'H NMR spectrum of PS, 5-b-P(VPPDO) 5 M,@reeted = 20,000 g mol!
(400 MHz, Pyridine-ds).
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Figure S41. 13C NMR spectrum of PSy5-b-P(VPPDO), 5 M,@rseted = 20,000 g mol?
(100 MHz, Pyridine-ds).
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Figure S42. 'H,'3C-Ed HSQC spectrum of PSy5-b-P(VPPDO)g 5 M,2geted = 20,000 g mol!
(400 MHz, 100 MHz, Pyridine-ds).

: L20
e 30
) e
Jo == _ B
g{é L50
L60
o | 70
<k 80
L90
L 100
L110
L 120

100

Chemical Shift [ppm]

110
120

o = o F130

N 0 ¢ 150

170

105 100 95 9.0 &5 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 10
Chemical Shift [ppm]

Figure S43. 'H,13C-HMBC spectrum of PSg 5-b-P(VPPDO) 5 M,f@rgeted = 20,000 g mol-!
(400 MHz, 100 MHz, Pyridine-ds).
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Figure S44. 'H NMR spectrum of P(DMVBDO) 5-b-PS, 5 M,trgeted = 20,000 g mol-!
(400 MHz, CDCly).
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Figure S45. 13C NMR spectrum of P(DMVBDO) 5-b-PSg 5 M,,t2rgeted = 20,000 g mol?
(100 MHz, CDCly).



g0 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
Chemical Shift [ppm]

Figure S46. 'H,13C-Ed. HSQC spectrum of P(DMVBDO) 5-b-PS, 5 M,@reeted = 20,000 g mol-

1 (400 MHz, 100 MHz, CDCly).
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Figure S47. 'H,'3C-HMBC spectrum of P(DMVBDO)5-b-PS 5 M,,tr8eted = 20,000 g mol!

(400 MHz, 100 MHz, CDCl5).
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Figure S48. 'H,'H-COSY spectrum of P(DMVBDO)5-b-PSg 5 M, 2"geted = 20,000 g mol?
(400 MHz, CDCly).
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Figure S49. DOSY spectrum of P(DMVBDO) 5-b-PS, 5 M, argeted = 20,000 g mol!
(400 MHz, CDCl5).
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Figure S50. 'H NMR spectrum of P(Sgs-co-VPPDOg)-g-P(L-lactide)
M,rreeted = 29 000 g mol! (400 MHz, CDCly).
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Figure S51. 13C NMR spectrum of P(Sgs-co-VPPDOg)-g-P(L-lactide)
M,t@reeted = 29,000 g mol (100 MHz, CDCls).
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Figure S52. 'H,13C-Ed. HSQC spectrum of P(Sgs-co-VPPDOg)-g-P(L-lactide)
M,tarseted = 29 000 g mol ! (400 MHz, 100 MHz, CDCl3).
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Figure S53. 'H,'3C-HMBC spectrum of P(Sgs-co-VPPDOg)-g-P(L-lactide)
M,tarseted = 29,000 g mol ! (400 MHz, 100 MHz, CDCl3).
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Figure S54. 'H,'H-COSY spectrum of P(Sgs-co-VPPDOg)-g-P(L-lactide)
M,tareeted = 29,000 g mol! (400 MHz, CDC).
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Figure S55. DOSY spectrum of P(Sgs-co-VPPDOg)-g-P(L-lactide) M,trseted = 29,000 g mol-
1 (400 MHz, CDCls).
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Figure S56. 'H NMR spectra (stacked) of P(Sgs-co-VPPDOg) (bottom) and P(Sgs-co-
VPPDOg)-g-PLLA M, argeted = 29,000 g mol! (top) (400 MHz, CDCl5).
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Figure S57. 'H NMR spectra (stacked) of P(DMVBDO) M,®@rseted = 5,000 g mol?
(400 MHz, CDCls) in different THF/ cyclohexane mixtures.



Table S3. Polymerization results of DMVBDO in cyclohexane/THF mixtures.

Sample THF THF/Li Conversion My M, b
/mL molar ratio 1% / kg mol! / kg mol!

1 0.05 5 0.22 - - -

2 0.50 50 0.48 3.5 2.7 1.31

3 0.75 75 0.64 4.6 5.2 1.43

4 1 100 0.94 6.0 5.3 1.32

5 2 200 0.99 6.9 6.6 1.15

aDetermined by SEC in THF (UV signal), P Determined by 'H NMR spectroscopy

(CDCl5)
2UN
‘;5;;/ P(DMBVBDO) 25 eq. THF
A — — —P(DMBVBDO) 75 eq. THF
[ SN Wt P(DMBVBDO) 100 eq. THF
1! N T s P(DMBVBDO) 200 eq. THF

18 20 22 24 26 28 30
elution volume [mL]

Figure S58. SEC traces (THF, UV signal) of P(DMVBDO), M, targeted = 5 000 g mol!

obtained from different THF /cyclohexane solvent mixtures.
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Figure S59. 'H NMR spectrum of P(DMVBDO), oligomer M,geted = 1,000 g mol!
(P, = 5) (400 MHz, CDCI5).
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Figure S60. SEC traces (THF, UV signal) of P(Sx-co-DMVBDO; ) statistical copolymers,
M, targeted = 10,000 g mol ™.
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Figure S61. SEC trace (THF, UV signal) of P(Sy5s-co-DMVBDO, 5) statistical copolymer,
M, targeted = 70,000 g mol- ™.
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Figure S62. 'H NMR spectrum of P(Sgs-co-VPPDOg)-g-PEO M, trseted = 24,000 g mol!
(400 MHz, CDCly).
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Figure S63. 13C NMR spectrum of P(Sgs-co-VPPDOg¢)-g-PEO M, trgeted = 24,000 g mol!
(100 MHz, CDCly).
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Figure S64. 'H,13C-Ed. HSQC spectrum of P(Sgs-co-VPPDOg)-g-PEO
M, tareeted = 24,000 g mol ! (400 MHz, 100 MHz, CDCl3).
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Figure S$65. 'H,'3C-HMBC spectrum of P(Sgs-co-VPPDOg)-g-PEO
M, targeted = 24,000 g mol* (400 MHz, 100 MHz, CDCl3).
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Figure S66. 'H,'H-COSY spectrum of P(Sgs-co-VPPDOg)-g-PEO
M, tareeted = 24,000 g mol! (400 MHz, CDCIs).
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Figure S67. DOSY spectrum of P(Sgs-co-VPPDOg)-g-PEO M, frgeted = 24,000 g mol!
(400 MHz, CDCl5).
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Figure S68. 'H NMR spectra (stacked) of P(Sgs-co-VPPDOg) (bottom) and P(Sgs-co-
VPPDOg)-g-PEO M, argeted = 24,000 g mol! (top) (400 MHz, CDCl3).



With real-time (in situ) NMR kinetics measurement at low temperature (-78 °C) it was
found that the beta protons of the vinyl groups of both copolymers overlap completely in
THF-dg in TH-NMR spectra (Figure S69). As these signals need to be separated for the
kinetics investigation, direct copolymer formation cannot be monitored in pure THF-dg.
Therefore, we copolymerized DMVBDO together with styrene-dg (50/50 molar ratio) in a
1:1 (v/v) THF:THF-dg mixture to guarantee that no signal overlap impedes the analysis.
The monomer solvent mixture was thus filled in a conventional NMR tube under argon
(for details see experimental part), cooled to -78 °C initiated via s-BuLi and subsequently
placed in the precooled NMR spectrometer. Over the course of 5 hours always one 'H NMR
spectrum followed by one 2H NMR spectrum was measured. Even after the completed
experiment the orange color of the solution in the NMR tube (Figure S72) indicated that
the living copolymer was properly initiated and stable during the measurements.
Surprisingly, already the first recorded 'H and 2H NMR spectra (Figure S70, 71) indicated
complete conversion of the two monomers. According to the measurement time intervals
(45 seconds) the polymerization is thus extremely fast. Figure S71 shows that the
deuterium signal from the vinyl group of styrene-dg disappeared, but in the second
spectrum the expected signals of the polymerized monomer are not visible. Obviously the
T2 times (spin-spin relaxation) are shortened because of the decreased molecular
dynamics (molecular mobility) of the polymers due to the low temperature (-80 °C) and
the increased viscosity resulting from polymer formation. The precipitated polymer after
termination with degassed methanol was analyzed via SEC (Figure S74) and 'H NMR
spectroscopy (Figure S73). The molecular weight of the isolated polymer was calculated
to be 5.5 kg mol! based on PS standards. The MWD was found to be monomodal with
increased dispersity (P = 1.53) compared to the other copolymers (Table 2) synthesized.
The high dispersity probably resulted from the increased inhomogeneity (no mixing was
possible in the NMR tube) during the polymerization. However, the 'TH NMR analysis
(Figure S73) confirmed the clean copolymer synthesis with signals in good agreement to

the previously prepared copolymers.
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Figure S69. 'H NMR spectrum of DMVBDO and styrene (500 MHz, THF-djg).
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Figure S70. 'H NMR spectra (stacked) of styrene-dg and DMVBDO 50:50 (bottom)
and P((S-dg)o.5-co-DMVBDO5) (top) M, rgeted = 4,000 g mol! (top) (500 MHz, THF-dg).
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Figure S71. 2H NMR spectra (stacked) of styrene-dg and DMVBDO 50:50 (bottom)
and P((S-dg)o5-co-DMVBDO5) (top) M, tareeted = 4,000 g mol! (top) (500 MHz, THF-dg).

Figure S72. NMR tube with the still “living” copolymer P((S-dg)os-co-DMVBDO,s)
M, targeted = 4 ko mol-! in THF/THF-dg 1:1 (20wt%).
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Figure S73. 'H NMR spectrum of P((S-dg)os5-co-DMVBDO 5) M, 2"geted = 4 000 g mol-!
(400 MHz, CDCly).
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Figure S74. SEC elution trace of the precipitated copolymer P((S-dg)¢5-co-
DMVBDO,s) M, = 5,500 g mol! D = 1.53 (500 MHz, THF-dg).



