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Dimethyl isosorbide via organocatalyst N-methyl
pyrrolidine: scaling up, purification and concurrent
reaction pathways
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GC-MS method used for the analysis of isosorbide conversion into DMI
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Scheme S1. Synthesis of dimethyl isosorbide (DMI) and its reaction intermediates.

Table S1. GC System 6890N parameters.

Temperature ramp rate :
Rate (°C*min‘?) Temperature Hold (min)

110°C 2.00
5 130 °C 5
20 250 °C 5
Pressure 8.8 psi
Flow 13.7 mL*mint
Column model Agilent 190915-433

D:\20210226 mix reaz.D Injection 1 EI (+) MS centroid TIC
1.2x10'4
MCi1-2
1.0x107 S
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8.0x10°+ o
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Figure S1. GC System 6890N analysis.

pKa Table of nitrogen organocatalyst!
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Table S2. Pka Table of nitrogen organocatalyst

# Base pKa value
1 TBD 26.02

2 DBU 2431

3  EtN 18.83

4 NMPy 18.42

5 DABCO 18.29

6 DMAP 17.96

7 Pyridine 5.2

1J. R. Ochoa-Gémez, L. Lorenzo-lbarreta, C. Difieiro-Garcia and O. Gomez-Jiménez-Aberasturi, RSC Adv., 2020, 10,
18728-18739.
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Dimethyl isomannide and dimethyl isoidide via DMC chemistry

Table S3. Methylation of isomannide and isoidide?

HO o HiCO o
e} Ee)
+ NMP, + +
eq. 1 - 2H3CO)kOCH3 AL o) 2 CH40H +2 CO,
H OH H OCH,
DMIm
Isomannide
"3 1CQ o
eq2 /O, NPy S, .
(OI) 2H3CO)kOCH3 NMPy_ <OI> 2 CH40H +2 CO,
i %H H OCH,
DMIi
Isoidide
#  Substrate Amount P Conv Selectivity %
(8) bar % MMmP DM< Other compounds
1 Isoidide 1 14 100 DMIi 100 0
2 Isoidide 5 20 100 DMIi 100 0
3 Isomannide 1 14 100 6 DMIm 94 0
4 |somannide 5 16 100 5 DMIm 95 0

@ Reaction conditions: NMPy: 0.5 eg.mol, Temperature: 200°C, time: 12 h, PMonomethyl derivatives, “Dimethyl derivatives
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Methylation of isosorbide over time

Table S4. Methylation of isosorbide over time?

T Time P Conv Selectivity %

°C h bar % MMI1 DMI MMI2 MCI1-2 MCMI1-2 DCI
140 -0.5 0 70 20 1 3 38 20 16
160 -0.33 5 97 22 3 42 7 15 11
180 -0.16 10 97 26 6 51 0 17 0
200 0 16 100 33 15 35 0 17 0
200 0.33 16 100 28 28 17 0 27 0
200 0.66 16 100 24 39 8 0 29 0
200 1 16 100 25 38 13 0 24 0
200 2 16 100 22 46 10 0 22 0
200 4 16 100 14 68 5 0 13 0
200 6 16 100 11 75 2 0 12 0
200 8 16 100 6 94 0 0 0 0
200 10 16 100 6 94 0 0 0 0
200 12 15 100 2 98 0 0 0 0

aReaction conditions: Isosorbide (1 g), DMC (50 eq. mol), NMPy (0.5 eq. mol)
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DCI decarboxylation reaction over time

Table S5. DCI decarboxylation over time?

T time P Conv Selectivity %
°C h bar % MMI1 DMI MMI2 MCI1-2 MCMI1-2
140 -0.5 0 24 0 0 0 81 19
160 -0.33 5 30 0 0 0 85 15
180 -0.16 8 35 3 1 2 64 30
200 0 10 50 6 2 2 58 32
200 0.33 15 65 8 6 2 38 46
200 0.66 15 65 7 10 5 18 60
200 1 12 85 10 15 7 11 57
200 2 15 100 16 24 7 3 50
200 4 15 100 17 27 7 2 a7
200 6 15 100 10 36 4 2 48
200 8 15 100 9 52 3 2 34
200 10 15 100 8 71 2 0 19
200 12 15 100 6 84 2 0 8

aReaction conditions: DCI (0.5 g), DMC (50 eq. mol), NMPy (0.5 eqg. mol)
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Thermogravimetric analysis of DMPyC

Rel. mass change (%)
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Equation y=a+bx
Weight No Weighting
Residual Sum = 718787,6918
of Squares
Pearson's r 0,20539
Adj. R-Square 0,04185
Value Standard Error
Heat flow Intercept -8,94772 0,56499
Heat flow Slope 0,02327 0,00206
Equation y=a+bx
Weight No Weighting
Residual Sum of 6215,54319
Squares
Pearson's r -0,98178
Adj. R-Square 0,9638
Value Standard Error
Intercept 130,50438 1,51666
Slope -0,83299 0,0078

Heat flow
Heat flow

50

T
100

T
150

T
200

T
250

T
300

Temperature (°C)

S7

T
350

T
400

I L
450 500

| —
o

T T T
» A LN
& & © & o

~- 20

10

T

1
-
o

Heat flow (mW)

-70



'H-NMR, 13C-NMR & Mass — Spectra
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Dimethyl Isosorbide (DMI)
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Intens, DMib.d: +MS, 0. Lrnin 04
x1
1771000
0.8
N 187.1445
1754067 182 0214 :
164.4310 193.0740
0.4
i 200.1676
S— 19::1.1n;'4‘ l
ool . |, . l.‘ P S T Ll Ill.JIJ ..ll.l...l'.*.l.‘r.l.'..’
160 165 170 175 180 185 180 185 2ho 205 m:
Irtens. | DMib.d: +MS, 0_1rmin i
x108]
1.0 177.1000
0.8
U.E: 164.4310 17540967 1E2.0&14 187.1445 1930740
0.4
0.2 | ‘ 200.1676
0. 1 1Eg'|13lﬁ L |. Ll L A | L. 1 L
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£ 1+
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a
2_
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Meas. miz # lonFormula miZz arr[ppm] mSigma #mSigma Score rdb e Conf N-Rule
175.0867 1 CEBH1504 17504965 -1.4 6208 1 10000 20 even ok
2  C4aH11MNE02 175.0038 -167T 6237 2 TBB 3.0 even ok
3 CBH11M4 175.0978 6.3 6245 3 2871 TO even ok
Analysis Info Acquisition Date  12/28/2020 1:18:26 PM
Analysis Name  DoData\Jack\Aricoi28122000MIb.d
Mathod Diractiniusion - MS - positive.m Oparator Damo Usar
Sample Name Db Instrument compact 825575420209
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Siet Nebulizer 0.4 Bar
Focus Not actie Set Capillary 4500 V Set Dry Heater 180 *C
Scan Begin 100 m'z Set End Plate Offest  -500V Set Dry Gas 4.0 Fmin
Scan End &00 miz Set Collision Cell AF 650.0 Vipp Set Divert Vakhe Source
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Dimethy! Isoidide (DMIi)
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Dimethyl Isomannide (DMIm)
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Dicarboxymethyl Isosorbide — DCI
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Intens. DC.d: +MS|
x106
5
155.1182
44
3,
2630766
175.0969
2_
14
493.1658
452.1398 |
111.0446 215.1282
gle Lo L L b i e s L {
x10 DC.d:CiaH1s0g, 263.0761
1+
25 263.0761
2.0
1.5
1.0
0.5
00l : T T r : T : : T T
100 150 200 250 300 350 400 450 500 550 m'z
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e~ Conf N-Rule
263.0766 1 C10H1508 263.0761 =T 0.1 1 100.00 4.0 even ok
2 CVHVN1002 263.0748 -6.9 7.0 2 39.86 10.0 even ok
3 CBH11NB06 263.0735 -11.9 13.4 3 11.20 5.0 even ok
4 GC11H11N4O4 2B63.0775 3.4 14.0 4 6277 9.0 even ok
5 C12H7N8 263.0788 8.4 27.8 5 1886 140 even ok

Analysis Info

Analysis Name
Method

D:\Data\Jack\Arico\281220\DC.d
Directinfusion - MS - positive.m

Acquisition Date

12/28/2020 1:23:28 PM

Operator ~ Demo User

Sample Name DC Instrument compact 8255754.20209
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar

Focus Mot active Set Capillary 4500V Set Dry Heater 180 °C

Scan Begin 100 m'z Set End Plate Offset  -500 V Set Dry Gas 4.0 Vmin

Scan End 600 m/z Set Collision Cell RF 650.0 Vpp Set Divert Valve Source
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Monocarboxymethyl Isosorbide - MCI1
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Inbans. RC-1.d: +A%]
Pl
1.0
2AFTAS523
0.8+
0.6
0.4+
] 2050706
0.2
1“3-i:'525 | A 295039
0 |
IU."I:::IE‘- MIC-1 d:Cgy Oy, 205 0707
] e
205 0707
3.0
2.5
2.0
1.5
1404
0.5+
D n-- T T T T - T T T T T T T T T T
180 200 220 240 260 280 300 me
Mezas. mz # lonFormula mz errjppm] mSigma #mSigma Score rdb e Conf M-Rule
2050706 1 CBH1308 206.0707 o4 o1 i 10000 30 evan ok
2 CBHEM1O 205.0893 6.2 6.8 2 4809 80 even ok
3 C4HOMEDS 205.0880 127 134 3 1656 40 even ok
4 CHHEM4OR2 205.0720 65 138 4 3B76 B0 even ok
2270823 1 CBHIZNEOE  227.0526 12 16 1 10000 30 even ok
2 CBH4NMIONE  287.0513 A7 7.8 2 8024 80 even ok
3 C4HBMBMEO4 227.0495 -10.6 12.1 3 2148 40 even ok
4 CHHEN4MNE0Z 227.0535 7.1 166 4 3EE51 B0 even ok
Analysis Info Acquisifion Date  12/28/2020 12:50:04 PM
Analysis Mame  DX\Diats\Jack\ Anco'2812200WC-1.d
Method Directinfusion - M5 - positie_m Operator Demo User
Sampls Mame MC-1 Instrument compact B2557 54 20200
Comment
Acquisition Parameter
‘Sourca Type =] lon Polariy Posiive Sal Nabullzar 0.4 Bar
Focus Mot actve Sal Capillary 4500V Sat Dy Heater 180 “C
‘5Can Bagin 100 mi Sal End Plake Ofisal -500 W Sat Oy Gas 4.0 ¥min
‘5can End G00 mz Sat Coilllslon Cell RF - 6500 ¥po Sat Dwar Vake Soura
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Monocarboxymethyl Isosorbide - MCI2
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Intens. - MC-2.d: +MS, 0.0min K2
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] 205.0717
44
1 2220982 2630774
3_
1 20,1038
2_
Ly agpgy [GLOELE
143, 2430279
4 1190852 301.0337
i 187.0609 |
0L i ! - | " L |.l i Ll |-I Adii i Al I JI. i
120 140 160 180 200 b 240 260 280 abo mz
Intens. - MC-2.d: +MS, 0.0min K2
2105
5' 2058717
47
6 2220982 263.0774
3]
23 280.1038
1 1430707  161.0B16 2430270 1010337
oo i 1870609 L | L
X ,9%5 CakaN40y, 205.0720)
E 14
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4
kE
2
13
n: T T T T T - T T T T T T
120 140 160 180 200 220 240 260 28D 300 miz
Maas. mz # lon Formula miz amrppm] mSigma #mSigma Scom rdb e Conf M-Rule
206.0MT7 1 CEH1306 205.0707 -5.2 0.4 1 8450 3.0 even ok
2 (CEHs5M10 205.06593 -11.8 FR | 2 2802 90 even ok
3 CAHSMN402 205.0720 1.3 136 3 10000 BO ewven ok
4 C4HINEO4  205.0680 -18.3 13.B 4 EB1 40 even ok
Analysis Info Acquisition Date  12/28/2020 120727 PM
Analysis Name  DAData\Jack\Aricoh281220'MC-2 .d
Mathod Diractinfusion - MS - positive.m Oparator Damo User
Sample Name MC-2 Instrument compact 825575420209
Commeant
Acquisition Parameter
Source Type ESl lom Polarity Positive Siet Mebulizer 0.4 Bar
Focus Mot actie Set Capillary 4500V Set Dry Heater 180 =C
Scan Begin 100 m'z Set End Plate Offest  -500 V Set Dry Gas 4.0 Fmin
Scan End &00 m'z Set Collision Cell RF 650.0 Vipp Set Divert Vahe Source
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Monomethyl Isosorbide - MMI1
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Meas. m'z # lonFormula miz arrppm] mSigma #mSigma Scom rdb e Coni MN-Fule
161.0812 1 GCTH1304 161.0808 2.4 8.3 1 10000 20 even ok
2 GC3HSMNBO2 161.0781 -19.1 118 2 1378 30 even ok
3 CEBHSMN4 161.0822 58 M5 3 EF73 TO even ok
Analysis Info Acquisition Date  12/28/2020 1:01:50 PM
Analysis Name  DiDatavuack\Arico\2812200aMI-1.d
Mathod Directinfusion - MS - positive.m Oparaior  Demo Usar
Sample Name MMI-1 Instrument compact 8255754 20209
Comment
Acquisition Parameter
Saurce Typs ESI lon Paolarity Positive Set Nebulizer 0.4 Bar
Focus Not active Sat Capillary 4500V Sat Dry Heater 180 *C
Scan Begin 100 m'z Set End Plate Ofiset -500 ¥ Set Dry Gas 4.0 Fmin
Scan End &0l miz Set Collision Cell AF 650.0 Vpp Set Divert Vahe Source
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Monomethyl Isosorbide - MMI2
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Imtens. MME2 B d: +MS)
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Moas. m'z # lon Formula méz arrppm] mSigma #mSigma Scom rdb & Conf MN-Rule
161.0807 1 C7H1304 161 0803 0.6 16 1 10000 20 even ok
2 CEBHIN4 161.0822 a0 126 2 4033 TO0 even ok
3 C3HIMNBOZ2 161.0781 -16.0 150 3 16.11 3.0 even o
Analysis Info Acquisition Dale  12/28/2020 12:45:16 PM
Analysis Nama  DoDataWJackAricoi2812200MMI-2B.d
Meathod Diractiniusion - MS - positive.m Oparator Damo Usar
Sample Nama MMI-ZB Instrument compact 8255754 20209
Commeant
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not actie Sat Capillary 4500 V Set Dy Heater 180 *C
Scan Begin 100 mfz Set End Plate Offest  -500V Set Dry Gas 4.0 Vmin
Secan End &00 m'z Set Collision Cell AF  650.0 Vpp Set Divert Vahe Source
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Monomethylcarboxy Methyl Isosorbide - MCMI1
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Intenz] MCE-1.d: +M5, 0.0rmin H2
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n T T II - T n I T . T T T
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Meas. miz # lon Formula mz err[ppm] mSigma #mSigma Score rdb e Conf MN-Rule
2100859 1 CAH1506 2100853 -26 0.2 1 10000 30 ewen ok
2 CBHTH10 210.0850 a7 6.8 2 3888 90 ewen ok
3 CEH11MBO4 2100836 -14.8 13.5 3 1057 40 even ok
4 CGIOH11N402 2990877 as 13.8 4 7082 B0 ewen ok
Analysis Info Acquizition Date  12/28/2020 12:53:26 PM
Analysis Mame  DoDataWack\Aricon2812200MCE-1.d
Mathod Diractiniusion - MS - positive.m Oparatior  Damo User
Samgple Mame MCE-1 Instrument compact 8255754 20209
Comment
Acquisition Parameter
Source Type ESI lom Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot actie Set Capillary 4500V Set Dry Heater 180 *C
Scan Begin 100 m'z Set End Plate Offest  -500 V Set Dry Gas 4.0 Fmin
Scan End &00 m'z Set Collision Cell RF  650.0 Vipp Set Divert Vahe Source
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Monomethylcarboxy Methyl Isosorbide - MCMI2
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2190890 1 CSH1BDE 210.0863 -3 0.2 1 10000 30 awan o
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Analysis Info Acquisiion Dake 12282020 1:10:21 PM
Analysis Mame  [X\DatsbJackAnco' 281 2200WMCE-2.d
Method Dir=ctinfusion - MS - positie_m Orperator Demo User
Sample Mame MGCE-2 Instrument compact B2557 54 20200
Comment
Acquisition Parameter
Sournce Type ESl lon Polarity Posithe Sal Mebullzer 0.4 Bar
Focus Hat acttva Sal Capillary 4500V Sal Dry Healer 180 “C
Scan Bagin 100 mfz Sal End Plae Ofisel -500 W Sal Dry Gas 4.0 'min
Scan End 600 mf Sal Colllslon Call RF E&0.0 Wpp Sal Diva Vake Souros
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Catalyst - DMPyC
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