Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2024

Electronic Supplementary Information

Cellulose carbamates via transcarbamoylation/transurethanization of methyl
carbamates in superbase-acid conjugate ionic liquids

Aleksandar R. Todorov,*? Magdalena Dry$>®, Eva Gazagnaire?, Manisha Podder® and llkka Kilpeldinen?

a Materials Chemistry Division, Department of Chemistry, University of Helsinki, 00560 Helsinki, Finland

b Natural Resources Institute Finland, Latokartanonkaari 9, 00790, Helsinki, Finland

Corresponding author: aleksandar.todorov@helsinki.fi

S1


mailto:aleksandar.todorov@helsinki.fi

Contents

GeNeral INFOrMAtION ..ottt st sttt et e b e b e s beesaeesaneeteen 4
Determination of the degree of substitution —isolated samples............c..cccociiiiiiiiiii i, 4
By SOIUtION State TH NIVIR .........ocuiiiiiiiiiciceceeee ettt ettt ettt et et et et et et e e eseeseeteebeebestessesensensensenas 4
By nitrogen content from elemental analysis...............ccoooiiiiiiiii 5
Determination of the degree of substitution — reaction optimization samples..............c...ccccovvriieinnnns 5
OPLIMIZALION STUAIES.........oooiiiie e et e e et e e e ettt e e e e ata e e e e naaeee e seaeeeessaeeesnnsaneenn 6
[1U=F= T=2=T o | PP PP PP POPPPPPPPPPPPPPPPRE 7
REAZENT @MOUNT ...ttt ettt ettt et eee et e ee et e et e e et et et ettt e et e e eeeseeeneeeneneneneneeenenanen 7
REACTION HIME ...t e e e st e e s et e e s e b e e e s s nne e e s e nreeesenrees 8
Reaction temperature and 1onic liquid ................oooiiiiii e e 8
lonic liquid COMPOSITION ........oooeiiiiiiee e ee e e et e e e e te e e s e abe e e e e eabeeeeeares 10
Time elapsed NIVIR @XPEIIMENTS ............ccuiiiiiiiiii ettt e et e e e stte e e s sbtee e e sbteeeesbeaeessntaeeesans 11
Synthesis of cellulose N-phenyl carbamate..............ccoccviiiiiiiii e 11
Decomposition of cellulose N-phenyl carbamate................coooiiiiiii e 11
Comparison of reaction mixtures and isolated materials for cellulose N-phenyl carbamate ................. 12
Miscellaneous EXPEITMENTS............ooociiiiiiiiiie et e e e e errr e e e e ete e e e esabaeeesassaseeeassaeeesansseeesansseeesanseneens 14
Synthesis of per-O-acetylated cellulose N-phenyl carbamate..............ccccoeeiiiiiiiiiii e, 14
Dissolution tests for the prepared cellulose materials through isocyanate pathway ............................. 16
OPLICal MICTOSCOPY IMAZES ......ooociiiieeeiiee et eceee et e e et te e e e st e e e e e tb e e e eeabeeeeasteeeeanssaeeeeasseseeennsenaeennsens 16
Cellulose materials — schematic representation.................ccccoeeeiiii e e 18
Synthesis of CellUloSe MAtEIIAlS ..............uvvviiiiiiie e e e e e e e e e starrrreeeeeeseeanns 19
General procedure - transcarbamoylation / transurethanization .................ccccoovviviieiicccee e 19
Cellulose €arbamate .............cooiiiiiii e e e e e 19
Cellulose N-methyl carbamate ..............c.oooiiiiii et e et e e et ae e e s aaeee s 19
Cellulose N-ethyl carbBamate ...t e e et e e e e tbe e e e naeee s 20
Cellulose N-Propyl Carbamate ... e e e rre e e e e e eeeeabraaeeeeeeeesannes 20
Cellulose N-BUtyl Carbamate ............ooouiiiiiiiii e e e e e e e e e e e e e e e aabraaeeeeeeeennnnns 20
Cellulose N-(N,N,N-)trimethylpropan-1-aminium acetate carbamate. .................c.cccceceireiiciireecnnen.. 20
Cellulose N-iso-propyl carbamate ........... ..o e e e e rae e e e e e e eenannes 21
Cellulose N-tert-butyl carbamate...............oooo o e e e rre e e e e e e ennnes 21
Cellulose N-phenyl carbamate ... e e e e et ae e e e aaeee s 21
Cellulose N-4-methoxyphenyl carbamate................ccooooiiiiiiiiii e 21
Cellulose N-4-nitrophenyl carbamate ... e e 22
Cellulose N-styryl carbamate.................uuiiiiiiii i e e e e e e e e e e e e e e s anrraeeeeeeesenannes 22
General procedure —isocyanate Pathway ............cccco oo e 22



Cellulose N-phenyl carbamate ... e e e eatae e e s aaeee s 23

Cellulose N-butyl carbamate .............cooviiiiiii e e e areee s 24
Synthesis of methyl N-substituted carbamates............c.cccoooiiiiiiii 24
LT 1Y = e T o Yot =T [T o RSP 24

Methyl-N-ethyl Carbamate ... e et e e e e e e ebe e e e e 25

Methyl-N-propyl carbamate.............ccoeiiiiiiii e e e 25

Methyl-N-butyl carbamate..............oouiiiiii e s e e e e ares 25

Methyl-N-iso-propyl carbamate..............ccciiiiiiiii i 25

Methyl-N-tert-butyl carbamate................ccoii e e 26

Methyl-N-4-methoxyphenyl carbamate ...............coooiiiiiii e 26

Methyl-N-4-nitrophenyl carbamate ..o 26

Methyl-N-styryl carbamate ..............cccooiiiiiiiiic e e e e e e sbee e e e arees 27

Iso-propyl-N-phenyl carbamate ............ccooi i e e s 27
REFEIEINCES......ceeiiie ettt et e h e s h e s at e st et e bt e bt e sae e sat e et e e beesbeesaeesatesabeebeenbeenneas 28
(000 o )V oY o T=Totd -1 e - - TSP 29

S3



General information

All experimental procedures, the spectroscopic information for the prepared substrates and materials, and
the utilized equipment are collected and presented below. All commercial chemicals were used as received.
Microcrystalline cellulose (MCC) Avicel® PH-101 was purchased from Sigma Aldrich. Methyl N-methyl
carbamate was purchased from FluoroChem, methyl N-phenyl carbamate from TCl Europe, and methyl
carbamate from Sigma Aldrich. The used phenyl and butyl isocyanates were purchased from Sigma Aldrich.
The rest of the utilised chemicals were obtained from Sigma Aldrich, TCl Europe, or BLDpharm. The used
ionic liquids were prepared in our research group. Liquid state 'H, diffusion-edited *H, and *C{*H} NMR
spectra were recorded at 25 or 65 °C using Bruker Avance Neo 400 [400.15 MHz], Bruker Avance Neo 500
[499.83 MHz], and Bruker Avance Neo 600 [599.69 MHz] spectrometers equipped with 5 mm triple
resonance (*H/*F, 13C, 3IP) inverse-detection probe with triple axis gradients; temperature range -20 - 80
°C. *H and 3C{*H} spectra were referenced to the residual solvent signals of DMSO-ds 2.50 and 39.5 ppm,
respectively, with no special notation for the equivalent carbons. Elemental analysis was performed with
HANAU ElementarAnalysensysteme GmbH, Germany, vario MICRO cube with serial number 15082023,
equipped with TCD-detector.

Determination of the degree of substitution — isolated samples

By solution state *H NMR

The degree of substitution (DS) of the prepared and isolated cellulose carbamate materials was determined
from the liquid state quantitative *H NMR spectra at 65 °C in DMSO-de/LiCl. Samples were prepared utilising
the following procedure: 0.0175 g of the analysed carbamate material was measured into an 8 mL vial. The
vial was equipped with a cylindrical stirrer bar (10 x 6 mm) and was charged with 1.25 mL DMSO-ds. Then
the suspension was stirred for 2 hours at 130 °C, after which the temperature was decreased to 90 °C. After
the addition of 0.0875 g of dry LiCl at 90 °C the heating was ceased, and the mixture was stirred for 18
furthermore, during which the sample fully dissolved. After the full dissolution of the cellulose carbamate
sample, 1 mL of the mixture was transferred into NMR tube and was analysed by NMR.

The crude NMR data was analysed following scheme S1. Firstly, the crude NMR data was processed, and
phase corrected in MestReNova. Secondly, the phase corrected data was exported as .txt format for further
analysis in Fityk.>?

NMR . NMR Peak fiiting of the
proccesing in Exporting | i proccesing in corresponding
MestReNova |——>| NMR spectra  ——> Nl\;Ian(')r 'F”? ‘ — Fityk regions with | ——> DS
only phase as .txt format In ity only baseline gaussian determination

correction

correction functions in Fityk

Scheme S1. Analysis of the NMR data
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Figure S1 Example of spline baseline correction (left) and Gaussian peak fitting (right) in Fityk for cellulose N-phenyl carbamate with
DS 0.14
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After the NMR data is imported into Fityk, it is further processed (spline baseline corrected, figure S1 left).
Then the corresponding cellulose and substituent regions were peak fitted with Gaussian functions (figure
S1 right).

The DS of the samples were determined following equation 1:

I(substituent)

DS = —*—— Eq. 1

I(cellulose)
10
where lisupsitent) is the peak area of the combined substituent signal, lcemuose) is the peak area of the
combined cellulose backbone signals, X (dependable from the substituent, e.g., 6 for N-phenyl carbamate)
and 10 (7 from cellulose backbone signals and 3 from cellulose OH signals) are the total number of protons
for the above-mentioned fragments. N.B! In DMSO-ds/LiCl the cellulose OH signals were present in the H
NMR, so they were considered during the calculation of the DS.

By nitrogen content from elemental analysis

Cellulose carbamate samples were measured in 4x4x11mm tin boats on a Mettler Toledo MX5 balance.
Then, the samples were subjected to elemental analysis determination. Devise’s 1% combustion tube was
filled with quartz wool, tungsten(VI) oxide-granulate, corundum balls, and an ash crucible with a bottom of
Al,03 —wool. The 2™ reduction tube was filled with quartz wool, copper, corundum balls, and silver wool.
The calibration of the device was performed with sulphanilamide (Elementar, Germany). The
measurements were triplicated, and the DS was determined as an average from them.

The DS of the samples were determined following equation 2:

Mw(AGU)*N (%)

DS = (Mw(N)*100)—(Mw(Carb)*N (%))

Eqg. 2

where Mw (AGU) is the molecular mass of cellulose 162.14 g/mol, N is the determined nitrogen content
from the elemental analysis in percentage, Mw (N) is the molecular mass of nitrogen 14.01 g/mol, Mw
(Carb) is the molecular mass of the carbamate group (dependable from each substituent, e.g., 120.13
g/mol for N-phenyl carbamate).®*

Determination of the degree of substitution — reaction optimization samples

A standard calibration curve method was used to determine the DS of the reaction optimization samples.?
The standard calibration curve was prepared from duplicated series of cellulose N-phenyl and N-butyl
carbamates with known DS (determined from *H NMR in DMSO-ds/LiCl at 65 °C) plotted against the
corresponding integral ratios obtained from the diffusion-edited *H NMR in [mTBNH][OAc] at 65 °C. The
standard calibration curve samples were measured in as similar as possible conditions (e.g., concentration,
solvents, dilutions, NMR tubes, NMR instrumentation etc.,) as the analysed samples, to avoid substantial
errors. The integral regions were set as follows: for cellulose between 4.00 and 5.50 ppm, for the phenyl
group (in cellulose N-phenyl carbamate) between 6.50 and 8.00 ppm, and for the butyl group (in cellulose
N-butyl carbamate) between 0.50 and 1.50 ppm. The used tabulated data as well as the constructed
calibration curves for cellulose N-phenyl and N-butyl carbamates are shown in table S1 and in figure S2.
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Table S1 Cellulose N-phenyl and N-butyl carbamate samples with known DS for preparation of the standart calibration curves

Cellulose N-phenyl Average integral ratio DS Cellulose N-butyl Average integral ratio DS
carbamate (Carbamate/Cellulose) carbamate (Carbamate/Cellulose)
1 0.484884166 0.08 1 0.241231534 0.04
2 1.184108213 0.14 2 1.026278740 0.11
3 2.224139237 0.29 3 1.750046298 0.14
4 3.604595679 0.51 4 1.730085306 0.14
5 3.720140011 0.65 5 2.013209539 0.17
6 2.609225036 0.23
7 9.730256562 2.53
DS vs Integral ratio cellulose N-phenyl carbamate DSvs Integral ratio cellulose N-butyl carbamate
0.70 v = 0.065660-605x o 35 y = 0.063e03957x
5§ 0.60 R? =0.9755 s 3 R? =0.9987 :
2 050 e 225 o
£ 040 2 2 ’
5 0.30 °. <15
8 020 g 1
g 010 —— ¥os
0.00 0 .__._,’.......,
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Integral ratio Integral ratio

Figure S2 Standard calibration curve with exponential fit for cellulose N-phenyl (left) and N-butyl (right) carbamates

The standard calibration curves were exponentially fitted, and equations 3 and 4 were obtained. They were
used further to determine the DS from the crude reaction optimization samples in both the aromatic and
aliphatic series.

DS(phenyl) = 0.0656e°-605* Eq.3
DS(butyl) = 0.063¢%3957% Eq.4

In equation 3, X is the integral ratio between the N-phenyl carbamate group signals (6.50 - 8.00 ppm) and
the cellulose group signal (4.00 - 5.50 ppm) from the diffusion-edited H spectra. In equation 4, the X is the
integral ratio of the N-butyl carbamate signals (0.50 - 1.50 ppm) and the cellulose group signal (4.00 - 5.50
ppm) from the diffusion-edited 'H spectra. The reported DS values in tables 1, 2, and 3 are the average of
two independent reactions performed in the same conditions. The shown method for determination of the
DS works well for cellulose N-phenyl and N-butyl carbamate samples in the calibrated region. The lower
detection limit of the described standard calibration curve method was found to be DS of 0.066 (for phenyl)
and 0.063 (for butyl) or an integral ratio of 0.01 (for both).

Optimization studies

Microcrystalline cellulose (0.0500 g, 0.3084 mmol) was placed into an 8 mL vial. Then, a cylindrical stirrer
bar (10 x 6 mm) was added, followed by 1 mL [mnTBNH][OAc] (or [mTBDH][OAc] when applicable), and the
vial was sealed. The viscous reaction mixture was suspended with vortex genie 2 (scientific industries), and
then it was immersed into a preheated to the desired reaction temperature (typically 80 °C or 120 °C)
silicon bath. The suspended MCC was stirred at this temperature until complete dissolution occurs
(typically 30 minutes). After that, the vial was taken out from the silicon bath, and the desired amount of
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the used reagent was added to the dissolved MCC. For reactions with methyl N-phenyl carbamate after the
reagent, 0.5 mL of gamma-valerolactone (y-VL) was added to reduce the viscosity of the reaction mixture.
Then the vial was resealed, and the reaction mixture was immersed again into the silicon bath and was
stirred for the corresponding time (typically 20 h). After that, the reaction mixture was diluted with 1 mL of
DMSO-ds and was analysed by diffusion-edited 'H NMR. Then the DS was determined from the crude
reaction mixtures using the standard calibration curves, and the results can be found in tables 1, 2, and 3.

Reagent
The titled parameter was varied following the optimization studies procedure. Results are the average of

two independent reactions performed in the same conditions. This parameter optimization was performed
only for the cellulose N-phenyl carbamate series (table 1 entries 1-4)

Methyl N-phenyl carbamate: Starting from MCC (0.0500 g, 0.3084 mmol) and MeOCONHPh (0.4196 g,
2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C. Obtained DS: 0.18

Ethyl N-phenyl carbamate: Starting from MCC (0.0500 g, 0.3084 mmol) and EtOCONHPh (0.4585 g, 2.7756
mmol). Reaction time was 20 h and the temperature was set at 80 °C. Obtained DS: 0.11

i-Propyl N-phenyl carbamate: Starting from MCC (0.0500 g, 0.3084 mmol) and i-PrOCONHPh (0.4974 g,
2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C. Obtained DS: 0.10

t-Butyl N-phenyl carbamate: Starting from MCC (0.0500 g, 0.3084 mmol) and t-BUOCONHPh (0.5364 g,
2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C. Obtained DS: 0.11

Reagent amount

The titled parameter was varied following the optimization studies procedure. Results are the average of
two independent reactions performed in the same conditions. This parameter optimization was performed
for both cellulose N-phenyl and N-butyl carbamate series (table 1 entries 5-9 and table 2 entries 1-5).

Methyl N-phenyl carbamate — 3 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.1399 g, 0.9252 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.10

Methyl N-phenyl carbamate — 6 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.2797 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.14

Methyl N-phenyl carbamate — 9 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.18

Methyl N-phenyl carbamate — 12 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.5594 g, 3.7008 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.20

Methyl N-phenyl carbamate — 15 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.6993 g, 4.6260 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.26

Methyl N-butyl carbamate — 3 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.1214 g, 0.9252 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.10
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Methyl N-butyl carbamate — 6 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.16

Methyl N-butyl carbamate — 9 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.3641 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.23

Methyl N-butyl carbamate — 12 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.4855 g, 3.7008 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.32

Methyl N-butyl carbamate — 15 equivalents to AGU: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.6068 g, 4.6260 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.36

Reaction time

The titled parameter was varied following the optimization studies procedure. Results are the average of
two independent reactions performed in the same conditions. This parameter optimization was performed
for both cellulose N-phenyl and N-butyl carbamate series (table 1 entries 10-12 and table 2 entries 6-8).

Methyl N-phenyl carbamate — 24 h: Starting from MCC (0.0500 g, 0.3084 mmol) and MeOCONHPh (0.4196
g, 2.7756 mmol). Reaction time was 24 h and the temperature was set at 80 °C. Obtained DS: 0.20

Methyl N-phenyl carbamate — 48 h: Starting from MCC (0.0500 g, 0.3084 mmol) and MeOCONHPh (0.4196
g, 2.7756 mmol). Reaction time was 48 h and the temperature was set at 80 °C. Obtained DS: 0.19

Methyl N-phenyl carbamate — 72 h: Starting from MCC (0.0500 g, 0.3084 mmol) and MeOCONHPh (0.4196
g, 2.7756 mmol). Reaction time was 72 h and the temperature was set at 80 °C. Obtained DS: 0.21

Methyl N-butyl carbamate — 24 h: Starting from MCC (0.0500 g, 0.3084 mmol) and MeOCONHBu (0.2427 g,
1.8504 mmol). Reaction time was 24 h and the temperature was set at 120 °C. Obtained DS: 0.16

Methyl N-butyl carbamate — 48 h: Starting from MCC (0.0500 g, 0.3084 mmol) and MeOCONHBu (0.2427 g,
1.8504 mmol). Reaction time was 48 h and the temperature was set at 120 °C. Obtained DS: 0.09

Methyl N-butyl carbamate — 72 h: Starting from MCC (0.0500 g, 0.3084 mmol) and MeOCONHBu (0.2427 g,
1.8504 mmol). Reaction time was 72 h and the temperature was set at 120 °C. Obtained DS: 0.08

Reaction temperature and lonic liquid

The titled parameters were varied following the optimization studies procedure. The reaction performed in
[mMTBDH][OAc] required the addition of gamma-valerolactone before the dissolution. Results are the
average of two independent reactions performed in the same conditions. These parameter optimizations
were performed for both cellulose N-phenyl and N-butyl carbamate series (table 1 entries 13-20 and table 2
entries 9-20).

Methyl N-phenyl carbamate — [mTBNH][OAc] + y-VL and 60 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
60 °C. Obtained DS: 0.07
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Methyl N-phenyl carbamate — [mMTBDH][OAc] + y-VL and 60 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
60 °C. Obtained DS: 0.07

Methyl N-phenyl carbamate — [mMTBNH][OAc] + y-VL and 80 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
80 °C. Obtained DS: 0.18

Methyl N-phenyl carbamate — [mMTBDH][OAc] + y-VL and 80 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
80 °C. Obtained DS: 0.14

Methyl N-phenyl carbamate — [MTBNH][OAc] + y-VL and 100 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
100 °C. Obtained DS: 0.14

Methyl N-phenyl carbamate — [MTBDH][OAc] + y-VL and 100 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
100 °C. Obtained DS: 0.14

Methyl N-phenyl carbamate — [nTBNH][OAc] + y-VL and 120 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
100 °C. Obtained DS: 0.07

Methyl N-phenyl carbamate — [MTBDH][OAc] + y-VL and 120 °C: Starting from MCC (0.0500 g, 0.3084
mmol) and MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at
100 °C. Obtained DS: 0.07

Methyl N-butyl carbamate — [m\TBNH][OAc] and 60 °C: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 60 °C.
Obtained DS: 0.06

Methyl N-butyl carbamate — [MTBNH][OAc] + y-VL and 60 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 60 °C.
Obtained DS: 0.06

Methyl N-butyl carbamate — [mTBDH][OAc] + y-VL and 60 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBuU (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 60 °C.
Obtained DS: 0.06

Methyl N-butyl carbamate — [MTBNH][OAc] and 80 °C: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.09

Methyl N-butyl carbamate — [MTBNH][OAc] + y-VL and 80 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.08

Methyl N-butyl carbamate — [mTBDH][OACc] + y-VL and 80 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.08
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Methyl N-butyl carbamate — [mMTBNH][OAc] and 100 °C: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 100 °C.
Obtained DS: 0.17

Methyl N-butyl carbamate — [mMTBNH][OAc] + y-VL and 100 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 100 °C.
Obtained DS: 0.13

Methyl N-butyl carbamate — [mTBDH][OAc] + y-VL and 100 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 100 °C.
Obtained DS: 0.13

Methyl N-butyl carbamate — [nTBNH][OAc] and 120 °C: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.15

Methyl N-butyl carbamate — [mMTBNH][OAc] + y-VL and 120 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.14

Methyl N-butyl carbamate — [mTBDH][OAc] + y-VL and 120 °C: Starting from MCC (0.0500 g, 0.3084 mmol)
and MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.10

lonic liquid composition

The titled parameter was varied following the optimization studies procedure. Results are the average of
two independent reactions performed in the same conditions. This parameter optimization was performed
for both cellulose N-phenyl and N-butyl carbamate series (table 2 entries 1-12).

Methyl N-phenyl carbamate — [mMTBNH][OAc] [1:1.5]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.15

Methyl N-phenyl carbamate — [mMTBNH][OAc] [1:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.21

Methyl N-phenyl carbamate — [mMTBNH][OAc] [1.5:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.19

Methyl N-phenyl carbamate — [MTBNH][OAc] [2:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.19

Methyl N-phenyl carbamate — [MTBNH][OAc] [5:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.20

Methyl N-phenyl carbamate — [mMTBNH][OAc] [10:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHPh (0.4196 g, 2.7756 mmol). Reaction time was 20 h and the temperature was set at 80 °C.
Obtained DS: 0.21
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Methyl N-butyl carbamate — [MTBNH][OAc] [1:1.5]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.11

Methyl N-butyl carbamate — [mMTBNH][OAc] [1:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.12

Methyl N-butyl carbamate — [mTBNH][OAc] [1.5:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.10

Methyl N-butyl carbamate — [mMTBNH][OAc] [2:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.09

Methyl N-butyl carbamate — [mMTBNH][OAc] [5:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.08

Methyl N-butyl carbamate — [mTBNH][OAc] [10:1]: Starting from MCC (0.0500 g, 0.3084 mmol) and
MeOCONHBu (0.2427 g, 1.8504 mmol). Reaction time was 20 h and the temperature was set at 120 °C.
Obtained DS: 0.08

Time elapsed NMR experiments

Synthesis of cellulose N-phenyl carbamate

Microcrystalline cellulose (0.0500 g, 0.3084 mmol) was placed into an 8 mL vial. Then a cylindrical stirrer
bar (10 x 6 mm) was added, followed by 1 mL [mTBNH][OAc], and the vial was sealed. The viscous reaction
mixture was suspended with vortex genie 2 (scientific industries) and then it was immersed into a
preheated to 80 °C silicon bath. After 30 minutes of stirring, the MCC was completely dissolved, and the vial
was removed from the silicon bath. After cooling the reaction mixture, MeOCONHPh (0.4196 g, 2.7756
mmol) was added, followed by 1 mL of DMSO-ds. After that, 1 mL from the well-stirred reaction mixture
was transferred to an NMR tube. Then, the NMR tube was placed into the preheated to 80 °C NMR
spectrometer and was subjected to NMR analysis. The diffusion-edited H data was collected every 30
minutes for 24 hours resulting in 48 individual points. The DS was determined using the standard
calibration curve. N.B! Due to operational procedures, the first obtained data point is 30 minutes after the
insertion of the sample. Observed DS: 0.07 —0.11

Decomposition of cellulose N-phenyl carbamate

Cellulose N-phenyl carbamate (0.0500 g, 0.2620 mmol) was placed into an 8 mL vial. Then a cylindrical
stirrer bar (10 x 6 mm) was added followed, by 1 mL [mTBNH][OAc], and the vial was sealed. The viscous
reaction mixture was suspended with vortex genie 2 (scientific industries) and then it was immersed into a
preheated to 80 °C silicon bath. After 18 hours of stirring, the cellulose N-phenyl carbamate was completely
dissolved, and the vial was removed from the silicon bath. To the solution was added 1 mL DMSO-ds and
the reaction mixture was split into two equal parts (1 mL each).

The first part (containing only cellulose N-phenyl carbamate - 0.0250 g, 0.1310 mmol) was subjected to
NMR analysis utilising the diffusion-edited 'H and the standard calibration curve. Observed DS: 0.27
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To the second portion (containing cellulose N-phenyl carbamate - 0.0250 g, 0.1310 mmol) was added EtOH
(0.0382 mL, 0.6550 mmol). After that, the well-stirred reaction mixture was transferred to an NMR tube.
Then, the NMR tube was placed into the preheated to 80 °C NMR spectrometer and was subjected to NMR
analysis. The diffusion-edited H data was collected every 30 minutes for 24 hours resulting in 48 individual
points. The DS was determined using the standard calibration curve. N.B! Due to operational procedures,
the first obtained data point is 30 minutes after the insertion of the sample. Observed DS: 0.22 - 0.15

Comparison of reaction mixtures and isolated materials for cellulose N-phenyl carbamate
The following diffusion-edited stacked H NMR spectra were used to visually compare the existing
differences before and after the isolation of the corresponding cellulose N-phenyl carbamates obtained
through the isocyanate pathway (figure S3). The reaction conditions and the calculated DS can be found in
table 5 entries 3, 8, 11-13.
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Figure S3 Comparison of diffusion-edited 1H NMR spectra of five different reactions before isolation (pale) and after isolation of
the cellulose N-phenyl carbamate (solid). DS of isolated sample (solid) from bottom to top: 0.08; 0.14; 0.29; 0.51; 0.65.
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Miscellaneous experiments

Synthesis of per-O-acetylated cellulose N-phenyl carbamate
The following synthetic procedure was adapted from Tezuka and Tsuchiya.®
Sample A: Starting from cellulose N-phenyl carbamate from TC/TU reaction with DS 0.16.

Sample B: Starting from cellulose N-phenyl carbamate from isocyanate reaction with DS 0.12.

Sample A or B cellulose N-phenyl carbamate (0.0500 g, 0.3084 mmol) was placed into an 8 mL vial. Then a
cylindrical stirrer bar (10 x 6 mm) was added, followed by 4-dimethylaminopyridine (0.0377 g, 0.3084
mmol), pyridine (0.4968 mL, 6.1680 mmol) and acetic anhydride (0.8754 mL, 9.2520 mmol), and the vial
was sealed. The reaction mixture was suspended with vortex genie 2 (scientific industries) and then it was
immersed into a preheated to 100 °C silicon bath. Then the reaction mixture was stirred for 60 minutes at
this temperature. The reaction mixture was quenched with 5 mL ethanol while it was still hot, and then the
reaction mixture was transferred into 95 mL acetone to suspend. After stirring for a few hours, the formed
cellulosic solids were filtrated off and were washed with ethanol (3 times). The solids were transferred back
into 100 mL ethanol, and the suspension was allowed to stir overnight at room temperature. This step was
repeated one more time, but instead of stirring overnight, it was stirred for few hours. After the final
filtration, the obtained cellulose carbamate material was dried in a vacuum.

N.B! Work up at elevated temperatures helps the dispersion of the regenerated cellulose material and
minimizes its capability of retention of reagent and or SB-IL.

Cellulose

C3
C6

Cc2

T T T T T T T T T T T T T T T T T
'6.0 175.5 175.0 174.5 174.0 173.5 173.0 172.5 172.0 171.5 171.0 170.5 170.0 169.5 169.0 168.5 16t
1 (ppm)

Figure S4 Comparison of the carbonyl region from quantitative 13C NMR spectra of Sample A (solid) and Sample B
(pale) in DMSO-ds.
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Cellulose

C3+C2

Cé6

T
21.9 21.8 21.7 21.6 21.5 21.4 21.3 21.2 21.1 21.0 20.9 20.8 20.7 20.6 20.5 20.4 20.3 20.2 20.1 2C
f1 (ppm)

Figure S5 Comparison of the acetyl region from quantitative 13C NMR spectra of Sample A (solid) and Sample B
(pale) in DMSO-ds.
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Dissolution tests for the prepared cellulose materials through isocyanate pathway

Table S2 Dissolution test of the prepared cellulosic materials through isocyanate reaction®b

| Entry Cellulose derivate DS

DMSO DMA

y-VL

Cyrene™

H20

1M AcOH*

0.1M NaOH¢

1M NaOH¢

2M NaOH¢

0.02
0.03
0.07
0.08
0.08
0.10
1 N-phenyl carbamate 0.11
0.12
0.14
0.27
0.29
0.51
0.65

d

d

*d

*

*

0.04
0.11
0.14
2 N-butyl carbamate 0.14
0.17
0.23
2.53

+

+

+

+

210 mg of each cellulosic material was suspended in 1 mL of the corresponding solvent. After the suspensions were stirred at 100 °C for 20 h, the dissolution
was confirmed. A chart depicting the structures of the prepared cellulosic materials could be found in the next section of the ESI. ¢ Dissolutions in these
solvents were performed at room temperature utilizing the same quantities. - not dissolved, + dissolved, * opalescent (no visible particles were observed by

eye) 9 Optical microscope images can be found in the next section of ESI.

Optical microscopy images

Selected samples were studied with the help of an optical microscope (Olympus BX51TF microscope,
equipped with DP70 colour camera and adjustable polarized lenses). The Cross-polarizer angle was
optimized for better image contrast, producing differences in colours.

|

| B4
W

Figure S6 Cellulose N-phenyl carbamates (DS 0.03) in different solvents. From left to right H,0,
0.1M NaOH, 1M NaOH and 2M NaOH.
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Figure S8 Microscopy images of cellulose N-phenyl carbamate with DS 0.03 in: 1M NaOH (left) and 2M NaOH (right)
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Cellulose materials — schematic representation

H
OQ(N\
(0]

OQ(NHQ
O

R: H or -CONH, R: H or -CONHCHj4 R: H or -CONHCH,CHj; R: H or -CONHCH,CH,CH3
Cellulose carbamate Cellulose N-methyl Cellulose N-ethyl Cellulose N-propyl
carbamate carbamate carbamate

N
o
o
6
4
5 2 0 (@]
3 1
n n
R: H or -CONHCHj(CH,),CH3 R:Hor -CONHCH20H20H2N+(CH3)3 OAc R: H or -CONHCH(CH3), R: H or -CONHC(CH3)3
Cellulose N-butyl ~ Cellulose N-(N,N,N-) Cellulose N-iso- Cellulose N-tert-
carbamate trimethylpropan-1-aminium propyl carbamate Butyl carbamate
acetate carbamate
/
o] ON

R: H or -CONHPh R: H or -CONH(4-MeO)-Ph R: H or -CONH(4-NO,)-Ph R: H or -CONHCH=CH-Ph
Cellulose N-phenyl Cellulose N-4-methoxyphenyl Cellulose N-4-nitrophenyl Cellulose N-styryl
carbamate carbamate carbamate carbamate

Chart S1. Schematic representation of the prepared cellulose carbamate materials
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Synthesis of cellulose materials

General procedure - transcarbamoylation / transurethanization

Condition 1: Microcrystalline cellulose (0.5000 g, 3.0837 mmol) was charged in a 100 mL round bottom
flask followed by an oval stirrer bar (30 x 16 mm) and 10 mL [mTBNH][OAc]. The viscous reaction mixture
was suspended with vortex genie 2 (scientific industries), and then it was immersed into a preheated to 80,
90, or 100 °C silicon bath. MCC was stirred for 30 minutes until it was completely dissolved. After the
dissolution, 6 equivalents of the desired reagent were added to the reaction mixture. Then, the reaction

mixture was stirred for 20 h at the desired temperature (80, 90, or 100 °C). After that, the reaction mixture
was quenched with 80 mL EtOH while it was still hot, and then the heating was ceased. After cooling, the
diluted reaction mixture was transferred into 500 mL EtOH to suspend. After stirring for a few hours, the
formed cellulosic solids were filtrated off and were washed with EtOH (3 times). The solids were
transferred back into 500 mL EtOH, and the suspension was allowed to stir overnight at room temperature.
This step was repeated one more time, but instead of stirring overnight, it was stirred for few hours. After
the final filtration, the obtained cellulose carbamate material was dried in a vacuum.

Condition 2: Following the same reaction conditions as in Condition 1 with an exception in the used
amount of the desired reagent. Here, 9 equivalents of the desired reagent were used.

Condition 3: Following the same reaction conditions as in Conditions 1 with an exception in the used
amount of the desired reagent. Here, 12 equivalents of the desired reagent were used.

N.B! Work up at elevated temperatures helps the dispersion of the regenerated cellulose material and
minimizes its capability of retention of reagent and or SB-IL.

Cellulose carbamate

DS 0.07: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl carbamate (1.3890 g, 18.5025 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 100 °C.

DS 0.11: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl carbamate (2.0835 g, 27.7537 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 100 °C.

DS 0.19: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl carbamate (2.7780 g, 37.0049 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 100 °C.

Cellulose N-methyl carbamate

DS 0.09: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-methyl carbamate (1.6484 g, 18.5025 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.17: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-methyl carbamate (2.4726 g, 27.7537 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.
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DS 0.18: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-methyl carbamate (3.2968 g, 37.0049 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

Cellulose N-ethyl carbamate

DS 0.13: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-ethyl carbamate (1.9080 g, 18.5025 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.17: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-ethyl carbamate (2.8620 g, 27.7537 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.22: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-ethyl carbamate (3.8159 g, 37.0049 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

Cellulose N-propyl carbamate

DS 0.10: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-propyl carbamate (2.1676 g, 18.5025 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.14: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-propyl carbamate (3.2513 g, 27.7537 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.22: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-propyl carbamate (4.3351 g, 37.0049 mmol) and 10 mL [mTBNH][OACc].
Reaction time was 20 h and the temperature was set at 100 °C.

Cellulose N-butyl carbamate

DS 0.13: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-butyl carbamate (2.4272 g, 18.5025 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.17: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-butyl carbamate (3.6407 g, 27.7537 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.18: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-butyl carbamate (4.8543 g, 37.0049 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

Cellulose N-(N,N,N-)trimethylpropan-1-aminium acetate carbamate

DS 0.10: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-butyl carbamate (4.3351 g, 18.5025 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.10: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-butyl carbamate (6.5027 g, 27.7537 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.
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DS 0.14: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-butyl carbamate (8.6702 g, 37.0049 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 100 °C.

Cellulose N-iso-propyl carbamate

DS 0.04: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-iso-propyl carbamate (2.1676 g, 18.5025 mmol) and 10 mL
[MTBNH][OAC]. Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.05: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-iso-propyl carbamate (3.2513 g, 27.7537 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.08: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-iso-propyl carbamate (4.3351 g, 37.0049 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 100 °C.

Cellulose N-tert-butyl carbamate

DS 0.04: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-tert-butyl carbamate (2.4272 g, 18.5025 mmol) and 10 mL
[MTBNH][OAC]. Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.05: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-tert-butyl carbamate (3.6407 g, 27.7537 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 100 °C.

DS 0.06: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-tert-butyl carbamate (4.8543 g, 37.0049 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 100 °C.

Cellulose N-phenyl carbamate

DS 0.14: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-phenyl carbamate (2.7970 g, 18.5025 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 80 °C.

DS 0.14: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-phenyl carbamate (4.1955 g, 27.7537 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 80 °C.

DS 0.16: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-phenyl carbamate (5.5940 g, 37.0049 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 80 °C.

Cellulose N-4-methoxyphenyl carbamate

DS 0.09: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-4-methoxyphenyl carbamate (3.3525 g, 18,5025 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 80 °C.

DS 0.09: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-4-methoxyphenyl carbamate (5.0287 g, 27.7537 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 80 °C.
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DS 0.09: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-4-methoxyphenyl carbamate (6.7049 g, 37.0049 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 80 °C.

Cellulose N-4-nitrophenyl carbamate

DS 0.05: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-4-nitrophenyl carbamate (3.6294 g, 18,5025 mmol) and 10 mL
[MTBNH][OAC]. Reaction time was 20 h and the temperature was set at 80 °C.

DS 0.06: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-4-nitrophenyl carbamate (5.4441 g, 27.7537 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 80 °C.

DS 0.08: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-4-nitrophenyl carbamate (7.2589 g, 37.0049 mmol) and 10 mL
[MTBNH][OACc]. Reaction time was 20 h and the temperature was set at 80 °C.

Cellulose N-styryl carbamate

DS 0.10: The material was obtained by following the general procedure — condition 1. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-styryl carbamate (3.2786 g, 18,5025 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 90 °C.

DS 0.21: The material was obtained by following the general procedure — condition 2. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-styryl carbamate (4.9180 g, 27.7537 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 90 °C.

DS 0.32: The material was obtained by following the general procedure — condition 3. Starting from MCC
(0.5000 g, 3.0837 mmol), methyl N-styryl carbamate (6.5573 g, 37.0049 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 90 °C.

General procedure —isocyanate pathway
Condition A: Microcrystalline cellulose (0.5000 g, 3.0837 mmol) was charged in a 100 mL round bottom

flask followed by an oval stirrer bar (30 x 16 mm) and 10 mL [mTBNH][OAc]. The viscous reaction mixture
was suspended with vortex genie 2 (scientific industries) and then it was immersed into a preheated to 80
°C silicon bath. MCC was stirred for 30 minutes until it was completely dissolved. After the dissolution, the
desired amount of reagent was added to the reaction mixture. Then, the reaction mixture was stirred
further for 20 h at 80 °C. After that, the reaction mixture was quenched with 80 mL EtOH while it was still
hot, and then the heating was ceased. After cooling, the diluted reaction mixture was transferred into 500
mL EtOH to suspend. After stirring for a few hours, the formed cellulosic solids were filtrated off and were
washed with EtOH (x 3 times). The solids were transferred back into 500 mL EtOH, and the suspension was
allowed to stir overnight at room temperature. This step was repeated one more time, but instead of
stirring overnight, it was stirred for few hours. After the final filtration, the obtained cellulose carbamate
material was dried in a vacuum.

Condition B: Microcrystalline cellulose (0.2500 g, 1.5419 mmol) was charged in a 50 mL round bottom flask
followed by an oval stirrer bar (20 x 10 mm) and 5 mL [mTBNH][OAc]. The viscous reaction mixture was
suspended with vortex genie 2 (scientific industries) and then it was immersed into a preheated to 80 °C
silicon bath. MCC was stirred for 30 minutes until it was completely dissolved. After the dissolution, the
desired amount of reagent was added to the reaction mixture. Then, the reaction mixture was stirred
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further for 20 h at 80 °C. After that, the reaction mixture was quenched with 40 mL EtOH while it was still
hot, and then the heating was ceased. After cooling the diluted reaction mixture was transferred into 250
mL EtOH to suspend. After stirring for a few hours, the formed cellulosic solids were filtrated off and were
washed with EtOH (x 3 times). The solids were transferred back into 250 mL EtOH, and the suspension was
allowed to stir overnight at room temperature. This step was repeated one more time, but instead of
stirring overnight, it was stirred for few hours. After the final filtration, the obtained cellulose carbamate
material was dried in a vacuum.

Cellulose N-phenyl carbamate

DS 0.02: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), phenyl isocyanate (0.1685 mL, 1.5419 mmol) and 10 mL [mnTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.03: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), phenyl isocyanate (0.3370 mL, 3.0837 mmol) and 10 mL [nTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.08: The material was obtained by following the general procedure — condition B. Starting from MCC
(0.2500 g, 1.5419 mmol), phenyl isocyanate (0.1685 mL, 1.5419 mmol) and 5 mL [MmTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.07: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), phenyl isocyanate (0.5056 mL, 4.6256 mmol) and 10 mL [mnTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.08: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), phenyl isocyanate (0.6741 mL, 6.1674 mmol) and 10 mL [nTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.10: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), phenyl isocyanate (0.8426 mL, 7.7093 mmol) and 10 mL [mnTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.11: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), phenyl isocyanate (1.0111 mL, 9.2511 mmol) and 10 mL [nTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.14: The material was obtained by following the general procedure — condition B. Starting from MCC
(0.2500 g, 1.5419 mmol), phenyl isocyanate (0.5056 mL, 4.6257 mmol) and 5 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.12: The material was obtained by following the general procedure — condition A with exception of the
used reaction temperature. Starting from MCC (0.5000 g, 3.0837 mmol), phenyl isocyanate (1.0111 mlL,
9.2511 mmol) and 10 mL [mTBNH][OAc]. Reaction time was 20 h and the temperature was set at 65 °C.

DS 0.27: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), phenyl isocyanate (2.0223 mlL, 18.5022 mmol) and 10 mL [mTBNH][OAc].
Reaction time was 20 h and the temperature was set at 80 °C.

DS 0.29: The material was obtained by following the general procedure — condition B. Starting from MCC
(0.2500 g, 1.5419 mmol), phenyl isocyanate (1.0111 mL, 9.2511 mmol) and 5 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.
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DS 0.51: The material was obtained by following the general procedure — condition B. Starting from MCC
(0.2500 g, 1.5419 mmol), phenyl isocyanate (1.5168 mL, 13.8771 mmol) and 5 mL [nTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.65: The material was obtained by following the general procedure — condition B. Starting from MCC
(0.2500 g, 1.5419 mmol), phenyl isocyanate (2.0224 mL, 18.5028 mmol) and 5 mL [nTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

Cellulose N-butyl carbamate

DS 0.04: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), butyl isocyanate (0.1736 mL, 1.5419 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.11: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), butyl isocyanate (0.3472 mL, 3.0837 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.14: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), butyl isocyanate (0.5208 mL, 4.6256 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.14: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), butyl isocyanate (0.6944 mL, 6.1674 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.17: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), butyl isocyanate (0.8681 mL, 7.7093 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 0.23: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), butyl isocyanate (1.0417 mL, 9.2511 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

DS 2.53: The material was obtained by following the general procedure — condition A. Starting from MCC
(0.5000 g, 3.0837 mmol), butyl isocyanate (2.0833 mL, 18.5022 mmol) and 10 mL [mTBNH][OAc]. Reaction
time was 20 h and the temperature was set at 80 °C.

Synthesis of methyl N-substituted carbamates

General procedure

The corresponding amine (200 mmol) was charged in a 250 mL round bottom flask followed by an oval
stirrer bar (30 x 16 mm) and 40 mL of MeOH. To the clear solution, 1000 mmol of dimethyl carbonate
(DMC) was added, followed by 10 mol% of base (mTBN) or Lewis acid (Zn(OAc),*2H,0) catalyst. Then, the
reaction mixture was immersed into a preheated to 80 °C silicon oil bath and was stirred for a specific time
(typically 24 hours). After that, the excess of DMC was removed by distillation (N.B! If the DMC should be
reused a fractional distillation is required). The obtained crude reaction mixtures were purified by one of
the following methods: 1) For the methyl N-aliphatic carbamates, typically the purification includes vacuum
distillation. 2) For the methyl N-aromatic carbamates, the crude products were re-dissolved in acetone and
were precipitated with water. The formed solids were filtrated off and were washed thoroughly with water.
Then the solids were dried in a vacuum.
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Methyl-N-ethyl carbamate

The titled compound was synthesized following the general procedure. Exceptionally, due to the low boiling
point of the starting material, the reaction was performed in a sealed autoclave vessel. Starting from ethyl
amine (15.0300 mL, 100 mmol, used as 30 w.% MeOH solution), DMC (42.0935 mL, 500 mmol), mTBN
(1.3920 g, 10 mmol) and 20 mL MeOH. Reaction time was 24 hours, and the temperature was set at 80 °C.
The crude was purified by vacuum distillation (temperature of vapours: 47 °C at 6 mbar). Yield 65.3 %
(6.7346 g, 65.3084 mmol). The characterization data of the obtained compound agrees with the literature
values.®

Characterization data: Colourless liquid; *H NMR (400 MHz; DMSO-ds) 6, 7.06 (s, 1H), 3.51 (s, 3H), 3.00 (qd,
J=7.2,5.7 Hz, 2H), 1.00 (t, J = 7.2 Hz, 3H); **C NMR (101 MHz, DMSO-ds) 6. 157.0, 51.5, 35.5, 15.5.

Methyl-N-propyl carbamate

The titled compound was synthesized following the general procedure. Starting from propyl amine
(16.4423 mL, 200 mmol), DMC (84.1869 mL, 1000 mmol), mTBN (2.7840 g, 20 mmol) and 40 mL MeOH.
Reaction time was 24 hours, and the temperature was set at 80 °C. The crude was purified by vacuum
distillation (temperature of vapours: 55 °C at 1.5 mbar). Yield 74.4 % (17.4370 g, 148.8434 mmol). The
characterization data of the obtained compound agrees with the literature values.”®

Characterization data: Colourless liquid; *H NMR (400 MHz; DMSO-ds) 6, 7.08 (s, 1H), 3.51 (s, 3H), 2.93 (td,
J=7.1,5.8 Hz, 2H), 1.40 (h, J = 7.4 Hz, 2H), 0.83 (t, J = 7.4 Hz, 3H); 23C NMR (101 MHz, DMSO-ds) 6. 157.2,
51.5,42.5, 23.1, 11.6.

Methyl-N-butyl carbamate

The titled compound was synthesized following the general procedure. Starting from butyl amine (19.7946
mL, 200 mmol), DMC (84.1869 mL, 1000 mmol), mTBN (2.7840 g, 20 mmol) and 40 mL MeOH. Reaction
time was 24 hours, and the temperature was set at 80 °C. The crude was purified by vacuum distillation
(temperature of vapours: 47-48 °C at 0.1 mbar). Yield 77.8 % (20.4130 g, 155.6106 mmol). The
characterization data of the obtained compound agrees with the literature values.”?

Characterization data: Colourless liquid; *H NMR (400 MHz; DMSO-ds) 6, 7.05 (s, 1H), 3.51 (s, 3H), 2.97 (td,
J=16.9, 5.7 Hz, 2H), 1.44 — 1.32 (m, 2H), 1.31 — 1.18 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H); 3C NMR (101 MHz,
DMSO-dg) 6 157.1, 51.5, 40.3, 32.0, 19.8, 14.1.

Methyl-N-iso-propyl carbamate

Synthesis 1: The titled compound was synthesized following the general procedure. Exceptionally, due to
the low boiling point of the starting material, the reaction was performed in a sealed autoclave vessel.
Starting from iso-propyl amine (8.5916 mL, 100 mmol), DMC (42.0935 mL, 500 mmol), mTBN (1.3920 g, 10
mmol) and 20 mL MeOH. Reaction time was 24 hours, and the temperature was set at 80 °C. The crude was
purified by vacuum distillation (temperature of vapours: 42 °C at 0.1 mbar). Yield 32.8 % (3.840 g, 32.8126
mmol).

Synthesis 2: The titled compound was synthesized following the general procedure. Exceptionally, due to
the low boiling point of the starting material, the reaction was performed in a sealed autoclave vessel.
Starting from iso-propyl amine (8.5916 mL, 100 mmol), DMC (42.0935 mL, 500 mmol), Zn(OAc),*2H,0
(2.1950 g, 10 mmol) and 20 mL MeOH. Reaction time was 24 hours, and the temperature was set at 80 °C.
The crude was purified by vacuum distillation (temperature of vapours: 42 °C at 0.1 mbar). Yield 35.0 %
(4.0960 g, 34.9637 mmol).

Synthesis 3: The iso-propyl amine (3.0000 g, 50.7528 mmol) was charged in a 50 mL round bottom flask
followed by an oval stirrer bar (20 x 10 mm), K,CO; (7.0143 g, 50.7528 mmol) and 20 mL of DCM. The
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formed suspension was immersed into an ice bath. To the ice-cold suspension, methyl chloroformate (3.93
mL, 50.7528 mmol) was added dropwise for 1 hour. After the addition, the reaction mixture was refluxed
for 5 hours furthermore before it was allowed to cool to room temperature. Then the crude reaction
mixture was diluted with 30 mL of deionised water and was extracted with DCM (2 x 25 mL). The combined
organic layers were dried over Na,SO4, and then the crude product was concentrated under reduced
pressure.’® The crude was purified by vacuum distillation (temperature of vapours: 42 °C at 0.1 mbar). Yield
60.5 % (3.5958 g, 30.6940 mmol).

The characterization data of the obtained compound agrees with the literature values.”*%!

Characterization data: Colourless liquid; *H NMR (500 MHz; DMSO-ds) 6, 6.97 (s, 1H), 3.59 (dqg, J = 13.0, 6.5
Hz, 1H), 3.50 (s, 3H), 1.04 (d, J = 6.6 Hz, 6H); *C NMR (126 MHz, DMSO-ds) 6. 156.3, 51.4, 42.7, 23.0.

Methyl-N-tert-butyl carbamate

The tert-butyl amine (8.8119 mL, 83.8542 mmol) was charged in a 250 mL round bottom flask followed by
an oval stirrer bar (30 x 15 mm), K,CO; (11.5891 g, 83.8542 mmol) and 80 mL of DCM. The formed
suspension was immersed into an ice bath. To the ice-cold suspension, methyl chloroformate (8.8119 mlL,
83.8542 mmol) was added dropwise for 1/2 hour. After the addition, the reaction mixture was stirred at
room temperature for 72 hours furthermore. Then, the crude reaction mixture was diluted with 50 mL of
deionised water and was extracted with DCM (2 x 25 mL). The combined organic layers were dried over
Na,S0,, and then the crude product was concentrated under reduced pressure. The crude was purified by
vacuum distillation (temperature of vapours: 37 °C at 1.9 mbar). Yield 79.3 % (8.7240 g, 66.5040 mmol). The
characterization data of the obtained compound agrees with the literature values.!%*?

Characterization data: Colourless liquid; *H NMR (400 MHz; DMSO-ds) 65 6.85 (s, 1H), 3.47 (s, 3H), 1.21 (s,
9H); 3C NMR (101 MHz, DMSO-ds) 6. 155.6, 51.0, 49.7, 29.1.

Methyl-N-4-methoxyphenyl carbamate

Synthesis 1: The titled compound was synthesized following the general procedure. Exceptionally, Dean-
Stark apparatus was used to remove excess of MeOH during the reaction. Starting from 4-methoxy aniline
(12.3150 g, 100 mmol), DMC (42.0935 mL, 500 mmol), and mTBN (1.3920 g, 10 mmol). Reaction time was
48 hours, and the temperature was set at 100 °C. The crude product was purified by flash chromatography
(SiO2) using DCM as eluent, followed by further recrystallization from heptane. Yield 51.7 % (9.3620 g,
51.6695 mmol).

Synthesis 2: The titled compound was synthesized following the general procedure. Exceptionally, Dean-
Stark apparatus was used to remove excess of MeOH during the reaction. Starting from 4-methoxy aniline
(12.3150 g, 100 mmol), DMC (42.0935 mL, 500 mmol), and Zn(OAc),*2H,0 (2.1950 g, 10 mmol). Reaction
time was 48 hours, and the temperature was set at 100 °C. The crude product was purified by re-
dissolution in acetone and precipitation from water. The formed solids were filtrated off and were washed
thoroughly with water. After that, the solids were dried in a vacuum. Yield 72.4 % (13.1163 g, 72.3898
mmol).

The characterization data of the obtained compound agrees with the literature values.'>*

Characterization data: Off-white solid; *H NMR (500 MHz; DMSO-ds) 6, 9.42 (s, 1H), 7.35 (d, J = 8.4 Hz, 2H),
6.86 (d, J=9.0 Hz, 2H), 3.71 (s, 3H), 3.64 (s, 3H); *C NMR (126 MHz, DMSO-ds) 6. 155.2, 154.6, 132.6, 120.3,
114.4,55.6,51.9.

Methyl-N-4-nitrophenyl carbamate
The titled compound was synthesized following the general procedure. Exceptionally, Dean-Stark apparatus
was used to remove excess of MeOH during the reaction. Starting from 4-nitro aniline (13.8130 g, 100
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mmol), DMC (42.0935 mL, 500 mmol), and mTBN (1.3920 g, 10 mmol). Reaction time was 48 hours, and the
temperature was set at 100 °C. The crude product was purified by re-dissolution in acetone and
precipitation from water. The formed solids were filtrated off and were washed thoroughly with water.
After that the solids were dried in a vacuum. Yield 84.4 % (16.5500 g, 84.3699 mmol). The characterization
data of the obtained compound agrees with the literature values.*13

Characterization data: Yellow solid; *H NMR (400 MHz; DMSO-ds) 6, 10.39 (s, 1H), 8.20 (d, J = 9.3 Hz, 2H),
7.69 (d, J=9.3 Hz, 2H), 3.73 (s, 3H); *C NMR (101 MHz, DMSO-ds) 6. 154.2, 146.1, 142.1, 125.5, 118.1, 52.6.

Methyl-N-styryl carbamate

Trans-3-phenylacrylamide (7.3585 g, 50.0000 mmol) was charged in a 500 mL round bottom flask followed
by an oval stirrer bar (30 x 15 mm) and 250 mL of MeOH. The formed suspension was immersed into a
preheated to 70 °C silicone oil bath until the suspension becomes clear. After that, the clear solution was
cooled with an ice bath, and to the cold solution was added dropwise NaOCI (29.7760 mL, 40.0000 mmol,
used as 10 w.% in water). After the addition, the reaction mixture was stirred for 18 hours at 70 °C. Then
the reaction mixture was poured over 2.5 L of water, and the formed solids were filtrated off and were
washed with plenty of water. The crude product was dissolved in EtOH and was precipitated with heptane.
Yield 69.7 % (6.1730 g, 34.8363 mmol). The characterization data of the obtained compound agrees with
the literature values.?®

Characterization data: White-yellowish solid; *H NMR (400 MHz; DMSO-ds) &4 9.75 (d, J = 10.1 Hz, 1H), 7.37
—7.22 (m, 4H), 7.21 — 7.06 (m, 2H), 6.04 (d, J = 14.6 Hz, 1H), 3.67 (s, 3H); **C NMR (101 MHz, DMSO-ds) &.
154.8,137.1, 129.1, 126.2, 125.8, 125.3, 110.1, 52.5.

Iso-propyl-N-phenyl carbamate

Phenyl isocyanate (5.4644 mL, 50.0000 mmol) was charged in a 100 mL round bottom flask followed by an
oval stirrer bar (20 x 10 mm) and j-PrOH (38.2290 mL, 500.0000mmol). Then, the reaction mixture was
immersed into a preheated to 90 °C silicone oil bath for 2 hours. After that, the reaction mixture was
evaporated to dryness, and the crude product was used as such without further purification. Yield 99.8 %
(8.9431 g, 49.9000 mmol). The characterization data of the obtained compound agrees with the literature
values.?®’

Characterization data: White solid; *H NMR (400 MHz; DMSO-ds) 6, 9.53 (s, 1H), 7.47 (d, J = 7.3 Hz, 2H),
7.26 (t, J = 7.4 Hz, 2H), 6.97 (t, J = 7.3 Hz, 1H), 4.90 (hept, J = 6.2 Hz, 1H), 1.26 (d, J = 6.3 Hz, 6H); 3C NMR
(101 MHz, DMSO-ds) 6. 153.6, 139.8, 129.1, 122.6, 118.6, 67.8, 22.4.
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Copy of spectral data

'H and diffusion-edited 'H spectra of Cellulose carbamate DS 0.07 in DMSO-ds/LiCl solution. (R: H or -CONH2)
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'H and diffusion-edited 'H spectra of Cellulose carbamate DS 0.11 in DMSO-ds/LiCl solution. (R: H or -CONH>)

CH,
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S30



'H and diffusion-edited 'H spectra of Cellulose carbamate DS 0.19 in DMSO-ds/LiCl solution. (R: H or -CONH3)

CHy
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'H and diffusion-edited 'H spectra of Cellulose N-methyl carbamate DS 0.09 in DMSO-de/LiCl solution. (R: H or -CONHCH3s)

o /NKCH3
CH,
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'H and diffusion-edited 'H spectra of Cellulose N-methyl carbamate DS 0.17 in DMSO-de/LiCl solution. (R: H or -CONHCH3s)
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0§(
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'H and diffusion-edited 'H spectra of Cellulose N-methyl carbamate DS 0.18 in DMSO-de/LiCl solution. (R: H or -CONHCH3s)

oV NH—ch,
CH,
L™ o " .

T T T T T T T T T T T T T T T T T
10 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)

CH,
TTI) A L A b Mt Avboi
T o Ak bl AL b L) J AL
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)

S34



'H and diffusion-edited 'H spectra of Cellulose N-ethyl carbamate DS 0.13 in DMSO-ds/LiCl solution. (R: H or -CONHCH,CH3)
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'H and diffusion-edited 'H spectra of Cellulose N-ethyl carbamate DS 0.17 in DMSO-ds/LiCl solution. (R: H or -CONHCHCH3)
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'H and diffusion-edited 'H spectra of Cellulose N-ethyl carbamate DS 0.22 in DMSO-ds/LiCl solution. (R: H or -CONHCH,CH3)
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'H and diffusion-edited 'H spectra of Cellulose N-propyl carbamate DS 0.10 in DMSO-ds/LiCl solution. (R: H or -CONHCH2CH,CHs)
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'H and diffusion-edited 'H spectra of Cellulose N-propyl carbamate DS 0.14 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH>CH3s)
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0.5 0
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)



'H and diffusion-edited 'H spectra of Cellulose N-propyl carbamate DS 0.22 in DMSO-ds/LiCl solution. (R: H or -CONHCH2CH,CHs)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.13 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.17 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CHy

T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

0.5 0
f1 (ppm)
T T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.18 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CHy
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f1 (ppm)
" L M N ™
Lk ) TR L PPN
T T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.l
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H and diffusion-edited 'H spectra of Cellulose N-(N,N,N-)trimethylpropan-1-aminium acetate carbamate DS 0.10 in DMSO-ds/LiCl solution. (R: H
or -CONHCH2CH2CH2N*(CHs)s O-Ac)
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H and diffusion-edited 'H spectra of Cellulose N-(N,N,N-)trimethylpropan-1-aminium acetate carbamate DS 0.10 in DMSO-ds/LiCl solution. (R: H
or -CONHCH2CH2CH2N*(CHs)s O-Ac)
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H and diffusion-edited 'H spectra of Cellulose N-(N,N,N-)trimethylpropan-1-aminium acetate carbamate DS 0.14 in DMSO-ds/LiCl solution. (R: H
or -CONHCH2CH2CH2N*(CHs)s O-Ac)
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'H and diffusion-edited 'H spectra of Cellulose N-iso-propyl carbamate DS 0.04 in DMSO-ds/LiCl solution. (R: H or -CONHCH(CH3)2)
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'H and diffusion-edited 'H spectra of Cellulose N-iso-propyl carbamate DS 0.05 in DMSO-ds/LiCl solution. (R: H or -CONHCH(CH3)2)
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'H and diffusion-edited 'H spectra of Cellulose N-iso-propyl carbamate DS 0.08 in DMSO-ds/LiCl solution. (R: H or -CONHCH(CH3)2)
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'H and diffusion-edited 'H spectra of Cellulose N-tert-butyl carbamate DS 0.04 in DMSO-ds/LiCl solution. (R: H or -CONHC(CH3)s3)
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'H and diffusion-edited 'H spectra of Cellulose N-tert-butyl carbamate DS 0.05 in DMSO-ds/LiCl solution. (R: H or -CONHC(CH3)s3)
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'H and diffusion-edited 'H spectra of Cellulose N-tert-butyl carbamate DS 0.06 in DMSO-ds/LiCl solution. (R: H or -CONHC(CH3)s3)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.14 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.14 in DMSO-de/LiCl solution. (R: H or -CONHPh)

CHy
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.16 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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1 (ppm)

CHy

T T T T T T T T T T T T T T T T T T T T T T
0.5 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 2.0 1.5 1.0 0.5 0.
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'H and diffusion-edited 'H spectra of Cellulose N-4-methoxyphenyl carbamate DS 0.09 in DMSO-ds/LiCl solution. (R: H or -CONH(4-MeO)Ph)
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'H and diffusion-edited 'H spectra of Cellulose N-4-methoxyphenyl carbamate DS 0.09 in DMSO-ds/LiCl solution. (R: H or -CONH(4-MeO)Ph)
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'H and diffusion-edited 'H spectra of Cellulose N-4-methoxyphenyl carbamate DS 0.09 in DMSO-ds/LiCl solution. (R: H or -CONH(4-MeO)Ph)
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'H and diffusion-edited 'H spectra of Cellulose N-4-nitrophenyl carbamate DS 0.05 in DMSO-ds/LiCl solution. (R: H or -CONH(4-NO;)Ph)

(o]

CHy

T T
1.5 11.0 105 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 2.0 1.5

1.0 0.5 0.
f1 (ppm)
o)
o ¢
CH,
/L. M » ™ Wy f\

L e S e B e e e B S B E A R |
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.

f1 (ppm)

S59



'H and diffusion-edited 'H spectra of Cellulose N-4-nitrophenyl carbamate DS 0.06 in DMSO-ds/LiCl solution. (R: H or -CONH(4-NO;)Ph)
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'H and diffusion-edited 'H spectra of Cellulose N-4-nitrophenyl carbamate DS 0.08 in DMSO-ds/LiCl solution. (R: H or -CONH(4-NO;)Ph)
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'H and diffusion-edited 'H spectra of Cellulose N-styryl carbamate DS 0.10 in DMSO-ds/LiCl solution. (R: H or -CONHCH=CHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-styryl carbamate DS 0.21 in DMSO-ds/LiCl solution. (R: H or -CONHCH=CHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-styryl carbamate DS 0.32 in DMSO-ds/LiCl solution. (R: H or -CONHCH=CHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.02 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.03 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.08 in DMSO-de/LiCl solution. (R: H or -CONHPh)

CHy

T T T T T T T T T T T T T
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.

1 (ppm)

CHy

WA

T T T T T T T T T T T T T
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.

f1 (ppm)

S67



'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.07 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.08 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.10 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.11 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.14 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.12 in DMSO-de/LiCl solution. (R: H or -CONHPh)
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f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.27 in DMSO-de/LiCl solution. (R: H or -CONHPh)

CHy

T T
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.
1 (ppm)
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1.5 11.0 105 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 2.0 1.5 1.0 0.5 0.

f1 (ppm)



'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.29 in DMSO-de/LiCl solution. (R: H or -CONHPh)

CHy

T T T T T T T T T T T T T
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.1

1 (ppm)
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T T T T T T T T T T T T T T T T T T T T T T T T
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.l

f1 (ppm)



'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.51 in DMSO-de/LiCl solution. (R: H or -CONHPh)

CHy

T T
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.
1 (ppm)
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T T T T T T T T T T T T T T T T T T T T T T T T
1.5 11.0 10,5 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 2.0 1.5 1.0 0.5 0.

f1 (ppm)



'H and diffusion-edited 'H spectra of Cellulose N-phenyl carbamate DS 0.65 in DMSO-de/LiCl solution. (R: H or -CONHPh)

CHy

T T T T T T T T T T T T T
1.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.

1 (ppm)
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T T T T T T T T T T T T T T
1.5 11.0 105 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 2.0 1.5 1.0 0.5 0.

f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.04 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CHy

;
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
1 (ppm)

T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.11 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CHy

T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
1 (ppm)

T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.l
f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.14 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CHy

T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
1 (ppm)

T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.14 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CHy

T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

0.5 0.
1 (ppm)
- W
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.

f1 (ppm)

S81



'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.17 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

I

T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
1 (ppm)

CHy

T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.(
f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 0.23 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CHy

Y

T T T T T T T T T T T T T T T T 1

3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
f1 (ppm)

PR L

T T T T T T T T T T T T T T T T T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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'H and diffusion-edited 'H spectra of Cellulose N-butyl carbamate DS 2.53 in DMSO-ds/LiCl solution. (R: H or -CONHCH>CH,CH,CHs)

CH,

T T T
3.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)

T T
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 2.0 1.5 1.0 0.5 0.
f1 (ppm)
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H and diffusion-edited 'H spectra of per-O-acetylated Cellulose N-phenyl carbamate (Sample A) in DMSO-dbs. (R: -CONHPh or -COCHs)

CHy

M

T T T T T T T T T T T T
11.0 105 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 2.0 1.5 1.0 0.5 0.

f1 (ppm)

CHy

T T
11.5 11.0 10.5 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 2.0 1.5 1.0 0.5 0.
1 (ppm)

S85



Quantitative *C{1H} spectra of per-O-acetylated Cellulose N-phenyl carbamate (Sample A) in DMSO-ds. (R: -CONHPh or -COCHs)

CHy

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

80 70 60 50 40 30 20 10 C
f1 (ppm)
H spectra of per-O-acetylated Cellulose N-phenyl carbamate (Sample B) in DMSO-ds. (R: -CONHPh or -COCHs)
CH,
115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1o 05 o

f1 (ppm)



Diffusion-edited *H and quantitative **C{1H} spectra of per-O-acetylated Cellulose N-phenyl carbamate (Sample B) in DMSO-ds. (R: -CONHPh or -
COCHs)

CHy

r—r 1+ 1 _‘° T _‘° T’ T _‘* T _ ‘* T _‘° T _ ‘* T _‘* T _ ‘" T ‘" T _ ‘" T ‘T T ‘T T T T T T T T T T T T _ T T T T T 1
115 11.0 105 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 2.0 1.5 1.0 0.5 0.

f1 (ppm)

cHy

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 (
f1 (ppm)



H and 3C{1H} spectra of methyl N-ethyl carbamate in DMSO-ds.
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'H and 3C{1H} spectra of methyl N-propyl carbamate in DMSO-dbs.
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'H and 3C{1H} spectra of methyl N-butyl carbamate in DMSO-ds.
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'H and 3C{1H} spectra of methyl N-iso-propyl carbamate in DMSO-db.
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'H and 3C{1H} spectra of methyl N-tert-butyl carbamate in DMSO-ds.
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H and 3C{1H} spectra of methyl N-4-methoxyphenyl carbamate in DMSO-db.
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'H and 3C{1H} spectra of methyl N-4-nitrophenyl carbamate in DMSO-ds.
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'H and 3C{1H} spectra of methyl N-styryl carbamate in DMSO-dbs.
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H and 3C{1H} spectra of iso-propyl N-phenyl carbamate in DMSO-ds.
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