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1. General Considerations

All chemicals were purchased from commercial sources with purities 295% and used
without further purification. Deuterated solvents were ordered from Deutero GmbH
and stored over molecular sieves. NMR spectra were received using Bruker 300
Fourier, Bruker AV 300 and Bruker AV 400 spectrometers. Chemical shifts are
reported in ppm relative to the deuterated solvent. Coupling constants are expressed
in Hertz (Hz). The following abbreviations are used: s= singlet, d= doublet, t= triplet
and m= multiplet. NMR vyields very determined by using mesitylene as internal
standard. Gas chromatography was performed on Agilent 7890A GC System, mass
spectra were measured on downstream 5975C inert XL MSD mass detector also
from Agilent. The reported GC yields are based on a calibrated area of n-hexadecane
as internal standard. Elementary analysis was performed on a TruSpec CHMS Micro
from Leco. High resolution mass spectra (HRMS) were obtained either from a MAT
95 XP from Thermo (EI) or from an HPLC system 1200 and downstream ESI-TOF-
MS 6210 from Agilent (ESI). IR spectra were recorded on a Nicolet iS10 MIR FT-IR-
spectrometer from Thermo Fisher Scientific. Thin layer chromatography was
performed on Merck TLC-plates with fluorescence indication (silica type 60, F2ss),
spots were visualized using UV-light or vaniline. Flash chromatography was
performed using silica with a grain size of 40—-63 um from Macherey-Nagel. It has to
be considered that in some cases by addition of the epoxide to the catalyst a highly
exothermic reaction was observed. This should be considered especially for

upscaling experiments.

2. General Procedures (GP)

Coupling reaction of CO; and terminal epoxides under ambient conditions
(GP1):

A 25 cm® flask was charged with 5 mol% Cal,, 5 mol% 18-crown-6 ether and 1 equiv
epoxide 1, 4 or 6 (2.00g). The flask was constantly purged with CO, under
atmospheric pressure. The reaction mixture was stirred for 24 h at 23 °C. The
reaction mixture was filtered over silica gel (SiO2) with cyclohexane:ethyl acetate=
1:1. After removal of all volatiles in vaccuo the product 2, 5 or 7 was obtained. It has

to be considered that in some cases by addition of the epoxide to the catalyst a
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highly exothermic reaction was observed. This should be considered especially by

upscaling experiments.
Coupling reaction of CO; and internal epoxides (GP2):

A 45 cm?® stainless-steel autoclave was charged with 5.0 mol% Cal,, 5.0 mol% 18-
crown-6 ether, 1.0 equiv epoxide 8 or 10 (0.50-2.00 g), and in the case of a solid
epoxide additionally 1.5mL solvent were added. The autoclave was sealed,
constantly purged with 10 bar CO;, and the reaction mixture was stirred for 48 h at
45 °C. Subsequently the reactor was cooled to <20 °C with an ice bath and CO; was
released slowly. The reaction mixture was filtered over silica gel (SiOz) with
cyclohexane:ethyl acetate= 2:1 or purified by flash chromatography. After removal of
all volatiles in vaccuo the product 9 or 11 was obtained. It has to be considered that
in some cases by addition of the epoxide to the catalyst a very exothermic reaction
was observed. This should be considered especially for upscaling experiments.

Catalyst and parameter screening for the conversion of CO, with terminal

epoxides using an autoclave (GP3):

A 45cm® stainless-steel autoclave was charged with 2.5 mol% of the catalyst,
2.5 mol% 18-crown-6 ether and 1.0 equiv tert-butyl glycidyl ether la (2.00g;
27.7 mmol). The autoclave was sealed, charged with 1-10 bar CO, and the reaction
mixture was stirred for 4-24 h at 25 °C. Subsequently, the reactor was cooled to
<20 °C with an ice bath and CO, was released slowly. The conversion of the epoxide
la and yield of the desired carbonate 2a were determined by *H NMR spectroscopy

using mesitylene as internal standard.

Catalyst and parameter screening for the conversion of CO, with terminal

epoxides using a schlenk flask (GP4):

A 25 mL schlenk flask was charged with 2.5-5.0 mol% of the catalyst, 2.5-5.0 mol%
18-crown-6 ether and 1.0 equiv tert-butyl glycidyl ether la (2.00 g; 27.7 mmol). The
flask was constantly purged with CO, under atmospheric pressure and the reaction
mixture was stirred for 24 h at 23 °C. Subsequently the conversion of the epoxide la

and vield of the desired carbonate 2a were determined by *H NMR spectroscopy

using mesitylene as internal standard.



Parameter optimization for the conversion of CO;, with internal epoxides (GP5):

A 45cm® stainless-steel autoclave was charged with 5.0-10 mol% Cal, 5.0—
10 mol% 18-crown-6 ether and 1.0 equiv cyclohexene oxide 5e (2.00 g; 20.4 mmol).
The autoclave was sealed, charged with 10 bar CO,, and the reaction mixture was
stirred for 24-48 h at 23-45 °C. Subsequently the reactor was cooled to <20 °C with
an ice bath and CO, was released slowly. The conversion of the epoxide 5e and the
yield of cyclohexene carbonate 6e were determined by 'H NMR spectroscopy using

mesitylene as internal standard.

Solvent screening for the conversion of CO, with internal epoxides (GP6):

A 45cm® stainless-steel autoclave was charged with 5.0 mol% Cab, 5.0 mol% 18-
crown-6 ether, 1.0 equiv trans-stilben oxide 5| (0.50 g; 2.55 mmol), and 3 mL solvent.
The autoclave was sealed, charged with 10 bar CO,, and the reaction mixture was

stirred for 24 h at 23—-45 °C. Subsequently the reactor was cooled to <20 °C with an
ice bath and CO, was released slowly. The conversion of the epoxide 5| and the yield

of the desired carbonate 61 were determined by H NMR spectroscopy using

mesitylene as internal standard.



3. Screening Reactions
Catalyst screening

2.5 mol% CaX, o)

O 2.5 mol% 18-crown-6 _/§
tBLIO + CcO g O
v<l 2 25 oc’ 4 h’ tBuO\/K/

P(CO2) = 10 bar

la 2a
Entry Catalyst Ligand Yield 2a®/ %

1 CaCl, 18-crown-6 0

2 CaBr> 18-crown-6 16

3 Calp 18-crown-6 64

4 Cal; - 7

5 Ca(OAc)2 18-crown-6 0

6 Ca(COy) 18-crown-6 0

7 Ca(D-Glu), 18-crown-6 0

8 Ca(O0Tf), 18-crown-6 0

9 Ca(acac); 18-crown-6 0
10 Ca(ox) 18-crown-6 0
11 CaSiO3 18-crown-6 0
12 CaTiOs 18-crown-6 0
13 Ca(OMe), 18-crown-6 0

Reaction conditions: 45 cm® stainless-steel autoclave, 1.0 equiv 1la (15.4 mmol), 0.025 equiv catalyst
and ligand (1:1), solvent-free. Yield determined by 'H NMR with mesitylene as internal standard
(GP1).



Parameter optimization for the conversion of CO;, with internal epoxides

O
O 5.0-10 mol% Cal, 0
+ 5.0-10 mol% 18-crown-6
C02
T,t,p(COy2)
8c 9c
Entry Cal/18-crown-6 T/°C p/ bar t/h Yield 4e®/ %
1b
5 23 1 atm. 24 5
2 5 23 10 24 22
3 10 23 10 24 24
4 5 23 10 48 33
5 10 23 10 48 46
6 5 45 10 48 90
7 10 45 10 48 91

®Reaction conditions: 45 cm® stainless-steel autoclave, 1.0 equiv 5e (20.4 mmol), 0.05-0.10 equiv
catalyst and ligand (1:1), solvent-free. Yield determined by 'H NMR with mesitylene as internal
standard (GP4). PReaction conditions: 25 mL schlenk flask, 1.0 equiv 5e (20.4 mmol), 0.05 equiv
catalyst and ligand (1:1), solvent-free under atmospheric pressure of COs.



Solvent screening for the conversion of CO, with internal epoxides

5 mol% Cal, @)

o . 5 mol% 18-crown-6 0
Ph CO, >
23-45 °C, 24 h,
h Ph

P(CO2)= 10 bar,

solvent h
10c 1llc
Entry Solvent T/°C Yield 4i®/ %
1 DCM 45 96
2 Chloroform 45 91
3 EE 45
4 THF 45
5 MTBE 45
6 1,4-dioxane 45 <1
Di-PG-di-methylether 45 0
CHsCN 45 97
Toluol 45 <1
CF3(CF2)s0OMe 45 93
MEK 45 62
7 DCM 23 86
8 CHsCN 23 94
9 CF3(CF2)3s0OMe 23 <1

®Reaction conditions: 45 cm’ stainless-steel autoclave, 1.0 equiv 3j (2.55 mmol), 0.05 equiv catalyst
and ligand (1:1), 3 mL solvent. Yield determined by 'H NMR with mesitylene as internal standard
(GP4).



4.  HNMR and *C NMR spectra

4-(tert-Butoxymethyl)-1,3-dioxolan-2-one (2a)!!

'H NMR

I— et T SR O e e S WD M W S W TR W e e Currant Data Paramotars

e R e e L s o Eurr UL eeie e A ME 1513110.£322

I~ P o G W T A TG A WA BN T A W AR O = FNO 10

WW * PROCNG 1

N ¢ o e

F2 - Acguisition Faramsters
Data_ 20151110
Tims 19.38
INSTRUM FOURIER30Q
PROBHD 5 mm DUL 13C-1
PULPROC =g 30
™ 65536
SOLVENT cocl3
NS 16
oS 2
aNE €103.516 H=z
FIDRES 0.093132 H=x
AQ 5.36B7091 =sac
RC 21 .€338
=] 81.920 usac
D &6.50 usac
™= 298.0 x
D1 1.00000000 s=ac
™D 1
=== CHEANNEL f1 =——=———
sFo1 300.2018539 MEx
N1 1H
21 10.00 usac
PLW1 Z20.00000000 w
F2 - Processing paramotars
s5I E5536
s 300.2000003 ME=
wWDwW =M
ss8 a
& -1 0.30 Bz
= o
BC 1.00

I A L

W g

15 14 13 = 11 10 9 8 7

—F"_
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4-(Hydroxymethyl)-1,3-dioxolan-2-one (2b)
'H-NMR

Curraent Data Parametors

NAME 15313113_.£303
EXPNO 10
PROCNO 1

F2 - Acquisition Paramestars
Data 20151113
Tima 10.08
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPROG zg30

™ €553¢6
SOLVENT coclli

NS 16

oS =

SNE €103.516 H=z
FIDRES 0.093132 Bz
AQ 5.3687091 =ac
RC 32.6809

oW 81.920 usac
De 6.50 usac
= 298.0 x
D1 1.00000000 =ac
™0 1
======== CHAMMEL f1 —==—=
sFro1 300.2018539 mMA=z
NOC1 1H

Pl 10.00 usac
PLW1 20.00000000 w
Fr2 - Processin ramastars
s1 = NGSSBE

sr 300.2000202 MH=z
WDW =™

sSsB

% - D.30 Bz
= 0

BPC 1.00



4-(Methoxymethyl)-1,3-dioxolan-2-one (2c)?

'H-NMR
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Current Data Faramotars

MR ME 151208 .f334
EXPND 10
FROCNO 1
F2 - Acguisition Paramastars
Data_ 20151209
Time 1.13
INSTRUM FOURIER30DO
FROBHD 5 mm DUL 13C-1
PULPROC zg30
™ 65536
SOLVENT cocl3
16
2
€103.516 H=z
0.093132 uH=
5.36B7091 s=ac
17.7316
1.920 usec
6.50 usac
300.0 x
=oc

CHANNEL fl —=———=
300.2018539 MH=
1H
10.00 usec
20.00000000 w
F2 - Processing paramaters
81 65536
SF 300. 2000013 MEx
WDwW
558
b % - 0.30 B=
(=1
PCc 1.00
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4-((Prop-2-yn-1-yloxy)methyl)-1,3-dioxolan-2-one (2d)>!

'H NMR
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Carrent Data FParamaters

NAME 151102 _§f324
EXPNO 10
PROCNOC 1

F2 - Acquisition Paramctors
Data_ 20151102

Tima 18.46
INETRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPRCC zg30

pos] 65536
SOLVENT cocll

NS 1é

DS 2

SWE €103.516 Bz
FIDRES 0.093132 H=z
AQ 5.36B7091 sec
RC 13.6685

oW 81.920 usaec
DE €.50 usac
= 298.0 x

D1 1.00000000 sac
™m0 1
======= CHAMNNEL f T=======
srol 300.2018539 MHz
NUC1 iH

P1 10.00 usec
PLW1 20.00000000 w

r2 - Proocassing paramatars
51 536

s 300.2000003 mME=z
wWDwW =M

538 o

a 0.30 Bz
(=-] o

PC 1.00
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4-((Allyloxy)methyl)-1,3-dioxolan-2-one (2e)!

'H NMR

6 5 B 3
ol o e

Current Data Paramaotars

NAME 151110.£316
EXPNO 10
PROCNO 1

FZ2 - Acqguisition Paramatars
Data_ 20151110
Tima 16.51
INSTRUM FOURTIER30O
FROBHD 5 mm DUL 13C-1
PULPROG zg30

™ €5536
SOLVENT cocl3

NS 16

oS 2

SWHE €103.516 H=z
FIDRES 0.093132 Bz
AQ 5.36B7091 =ac
RC 14.8946

oW 81.920 usec
DE €.50 usec
TE 298.0 x
D1 1.00000000 sac
D0 1
==—==—== CHANNEL f1 —————=
srFol 300.2018539 MH=z
NUC1 i

Pl 10.00 usec
PLWl 20.00000000 w
FZ - Procaessing paramotars
s8I €5536

SF 300.2000003 MH=z
WDwW EM

ssB o

LB D.30 Bz
ca o

PC 1.00
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(2-Oxo0-1,3-dioxolan-4-yl)methyl methacrylate (2f)!%

'H NMR

16 15 14 13 12 11 10 9 8

N R

Current Data Parameters

NAME 151110.£319
EXPND 10
FPROCNO i

F2 — Acquisition Parametaers
Data_ 20151110

Tima 17.57
INSTRUM FOURIER30O
PROBHD 5 mm DUL 13C-1
PULPROC zg30

™ E5536
SOLVENT cocl3

N3 16

DS 2

SWE €103.516 Bz
FIDRES 0.093132 Bz
AQ 5.36E7091 =ec
RG 18.5339

oW 81.920 usec
DE €.50 usec
= 298.1 x

D1 1.00000000 sec
o0 1
======= CHANMNEL fl1 ======—==
sroi 300.201B539 mHE=z
NUC1 18

Pl 10.00 usac
PLW1 20.00000000 w
Fl - Processing paramotars
SI 65536

sr 300. 2000003 MHz
WDwW =M

558 v]

5 -3 0.30 Bz
(~-) o

PC 1.00
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4-((Furan-2-ylmethoxy)methyl)-1,3-dioxolan-2-one (29)

'H NMR

Carraent Data Faramatars

—~——— B
et il it it iiitiid iy s 150601.33¢
“\&\WW _— :
FZ - Acguisition Parametaers
Data_ 20150602
Tima 3.22
INSTRIM AV300
PROBHD 5 mm PABBO BB-
PULPROC zg30
™ 32768
SOLVENT <ocl3i

32

4
6€172.839 H=z
0.1BB380 Bz

2.6542079 sec

81.000 usec
6.00 usec

295.8
1.00000000 sec
1

CHAMNMNEL fl ————
1H
11.00 usec
0 dam
12.28312492 w
300.131B534 MH=z

F2 - Processing paramotars
-5 4 32768

sF 300.1300122 MH=z
WDW

SsP 0

s 0.10 nH=z
==} 0

PC 1.00

I I 1 1 I I T 1 I I I I
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13C NMR

53 8 33 =3y yza
= - - == ~r-
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Currant Data Paramatars

NN 150601.336
EXPNO 10
PROCNO 1
F2 - Acguisition Paramatars
Data_ 20150602
Tina 3.11
INSTRUM AvV3ioo
PROSHD 5 mm PABEO BS-
PULPROGC zgpg30
i) 32768
SOLVENT coc13
NS 256
oS <
= 21097.047 Bz
FIDRES 0.643831 Hz
AG 0.7766016 sac
RC 32768
o 23.700 usec
De €.00 usac
= 296.1 K
D1 2.00000000 sac
D11 0.02000000 sac
D0 -
—m CHANNEL £1 -
NUC1 13C
Pl 9.60 usec
PL1 -1.10 aB
PLIW 37.33686323 W
sFol 75.4771825 MEz
CHANNEL £2
CPDPRC[2 waltzlé
Ngcz 1H
PCPD2 100.00 usec
PL2 0 as
PL12 19.00 4B
PL13 21.00 aB
PLZW 12.28312492 W
PL12W 0.134€63538 W
PLI13W 0.09756€833 W
sFo2 300.1312005 MHEz
¥2 - Processing parassters
51 32768
s T5.4677572 MEz
WOW EM
ss8 o
La 1.00 Bz
ca o
BC 1.40
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4-(((tert-Butyldimethylsilyl)oxy)methyl)-1,3-dioxolan-2-one (2h)

'H NMR

Current Data Parameters
NAME 151]10.{328
1

EXPNO
N oY FroCNC 1

FZ2 - Acguisition Parametars
20151110

eh
(A
(a1
0.4
.4

—,31

Data_

Tima 1g.31
INSTRUM FOURIER300
PROBHD 5 mm DUL 13cC-1
PULPROC =g 30

™ 65235
SOLVENT opcll

NS 16

DS 2

SWE €103.516 H=z
FIDRES 0.093132 Hz
AQ 5.36B7091 soc
RC 57.6901

=] 81.920 usac
DE €.50 usac
= 298.1 x
D1 1.00000000 =oc
D0 1
===——=—=== CHANNEL fl1l =——=————
SFol 300.2018539 MHz
NUC1 in

Pl 10.00 usec
PLW1 20.00000000 w
F2 - Processing parameters
s1 E5536

sF 300.2000005 mMEz
WDwW EM

s3B )

rLa D.30 B=
[=-} o

PC 1.00

15 14 13 12 1 10 9 8 r 4 6

1f='1 L
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13C NMR

S Y8888 g 3 23

@ E\:gjﬂ.sa q @ @@

¥ | | %

I 2 I ' 1 1 i I I d 1 I I I 1 i
240 220 200 180 160 140 120 100 80 60 20 ppm

Caorrant Data Paramatars

MNAME 151110.£320
EXPNO 11
PROCNOD 1

F2 - Acquisition Paramotars
Date_ 20151110

Tina 18.33
INSTRUM FOURIER300
PROSHD 5 mm DUL 13C-1
PULPROGC rgpg30

™ 65536
SOLVENT coci3

NS 256

DS 4

SWH 24414.063 Hz
FIDRES 0.372529 Bz
nQ 1.3421773 sec
RC 501.187

oW 20.480 usac
DE €.50 usac
= 25B.0 K
D 2.00000000 sac
D1 0.03000000 sac
D31 0.00001200 sac
D40 0.0289%8005 sac
L4 40

LS 57

P3z 90.00 usac
DO 1
s CHANNEL £]  mc——
SFO01 75.4928982 MHz
NUC1 13C

Pl 12.00 usac
PLN1 43. 00000000 W

— CHANNEL £2 =

sFo2 300.2012008 MEz
NOC2 18
CPDPRC[2 waltzlé
PCPD2 90.00 usac
PLNZ 20.00000000 W
PILN1Z 0.24651001 W
PIN13 0.20000000 W
F2 - Processing parametars
51 32768

sr T5.4853510 MEz
WUW EM
858 0

a 1.00 Bz
[=-] o

PC 1.40
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25 NMR

a7

Currant Data FParamatars
MNAME 151112.401
EXFNO 10
PROCNO 1

Acquisition FParameters
20151112

o
t
(5
i

PULPROC

D

SOLVENT

NE

DS

EWH 19%60.0890 8=
FIDREE 0.609133 H=z
AQ 0.BZ08384 =ac
RC 1E390.4

DW 25.050 usac
DE 35.79 usac
IE 297.0 x

D1 20.00000000 =ac
D11 0.030000Q0 sec
™0 1

CHANNEL f1

£2
waltzlé
1B
100.00 usac
-2.00 dB
17.00 ds
5.44655800 w
0.19446065 w
400. 1316005 mmiz
FZ - Processing parametars
SI 32768
EF T9. 4945710 mmiz
WOW EM
EEBR a
LB 1.00 Bz
=B a
PC 2.00
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4-((2,2,3,3-tetrafluoropropoxy)methyl)-1,3-dioxolan-2-one (2i)!*

'H-NMR

L

T e I B P B AT P e ——————

L bbb

T

10

el

W

T

Curraent Data Paramatars

NAME Lbl)g
EXFNO 1
PROCNO

F2 - Acquisition Parametaers
Data_ 20161118
Time B.01
INSETRUM AV300
PROBHD 5 mm PABBO BB-
PULPROGC zg39

™ 32768
SOLVENT <pcli

N3 32

D3 4

SWE 6172.839 Bz
FIDRES 0.1BE380 Bz
AQ 2.6542079 s=ac
"G 80.

oW 81.000 usac
DE 6.00 usac
TE 294.6 x
D1 1.00000000 sec
™0 1

======== CHAMREL [l =—==———=
NUC1 1H

Pl 11.00 usec
PL1 0 da

PL1W 12.28312492 w
srol 300.1318534 MHz
FZ2 - Processing paramotars
51 276

sF 300.1300132 MEz
WDW EM
558 o

a 0.10 Bz
(=) ]

BPC 1.00
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4-((2,2,3,3,3-pentafluoropropoxy)methyl)-1,3-dioxolan-2-one (2j)!*

'H-NMR

10

Current Data Paramaters

NAME LL‘QS
EXPNO 1
PROCNO 1

F2 - Acquisition Paramataers
Data_ 20161118
Tima B.44
INSTRUM Av300
PROBHD 5 mm PABBO BB
PULPROGC =g30

™ 32768
SOLVENT opcl3

N3 32

D& 4

SWE 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542079 sec
ARG 50.5

oW 81.000 usec
DE £.00 usac
= 294.6 K
D1 1.00000000 =sac

PL1W 12.28312492 w
sFo1 300.13168534 MEx
F2 - Processing paramaters
851 T

sF 300.1300113 MEz
WDOW =M
ss8 o

L8 0.10 Bz
=-] o

PC 1.00
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4-(((2,2,3,3,4,4,5,5-Octafluoropentyl)oxy)methyl)-1,3-dioxolan-2-one (2k)

'H NMR

15

14
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12

11

10

etk

N 4

Caorraent Data FParamatars

NAME 151112.313
EXPNO 10
PROCNO 1

F2Z - Acguisition Parameters
Data_ 20151112
Tima 14.30
INSTRUM Av300
PROBHD S5 mm PABBO BE-
PULPROC zg30

™ 32?5‘9
SOLVENT copcl3i

N3 32

Ds 4

SWE €172.839 Bz
FIDRES 0.1B88380 Bz
AQ 2.6542079 =mec
RC 322.5

oW 81.000 usac
DE €.00 usac
= 295.3 x

D1 1.00000000 =sec
00 1
==———== cHANMEL fil ——=——=—
NOC1 1H

Pl 11.00 usaec
PL1 0 dB

PL1W 12.28312492 w
sro1 300.1318534 MH=z
F2 - Processing paranctars
sI 32768

sFr 300.1300124 MH=z
WDwW =M

ssB o

a 0.10 Bz
(=-} o

PC 1.00
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13C NMR

154,68
11804

é
.

11853
11822
11863
11623
11482
11426
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11082
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zauzﬁg¢4¥3$8*
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v
-
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&%
65 57

e a

T
240

220

T
20
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Curraent Data Paramatars

MNAME 151119.2306
X PNO 10
PROCNO 1
FZ - Acguisition FParamotars
Data_ 20151119
Tima 11.01
INSTRUOM FOURIER30Q
PROSHD S mm DUL 13C-1
PULPROC z 30

5536
SOLVENT cDC13
NS 512
DS 4
SwH 24414.063 Hz
FIDRES 0.372529 H:z
RO 1.3421773 sac
RC 501.187
oW 20.480 usac
o 6.50 usac
T 298.2 K
D1 2.00000000 sac
D11 0.03000000 sac
D31 0.00001200 sac
o490 0.0289B005 sac
L4 €0
LS 57
P32 90.00 usac
pasia] 1

—e CHANNEL f£] seea—

5FOol 5.4928582 MHz
NoC1 13C

| 4 | 12.00 usac
PIN1 43.00000000 W

—mme CHANNEL £2 se—

sFO2 300.2012008 MEz
NUC2 1H
CPDPRC([2 waltzlé
PCPD2 50.00 usac
PLWZ 20.00000000 W
PIN12 0.24691001 W
FIN13 0.Z20000000 W
¥2 - Processing parametars
-3 4 32768

sF T5.4853527 MHEz
Wow EM
5SB o

a8 1.00 Bz
ca o

PC 1.40

22



F NMR

Currant Data Paramatars

NAME 151112.313
EXFNO 11
PROCNO -

F2 - Acguisition Parametars
Data_ 20151112

Tima 14.37
INSTRUM Av300
PROBHD 5 mm PABBO BB~
PULPROC xzfl

™ 5536
SOLVENT cncl3

NS 128

DS 4

SWNE 100000.000 Bz
FIDRES 1.525879 Bz
AQ 0.3276800 sec
RC 1625.5

oW 5.000 usec
DE 10.00 usec
= 295.3 x

D1 2.00000000 =ac
™0 1

== = CHANMNEL fl —=——=—
NOUC1 197

Pl 11.00 usec
PL1 -3.00 48
PL1W 19.39554650 w
srol Z2B2.3830019 MHZ
F2 - Processing paramctors
s1 €5536

sr ZB2.4042500 MEz
WDW

588

a 1.00 Bz
(=]

BC 1.00
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4-Methyl-1,3-dioxolan-2-one (5a)!"

'H NMR

Currant Data Paramatars

= sc : MAME 151110.£325
/ I EXFPND 10

PROCNC 1
FZ - Acguisition Parameters
Data_ 20151110
Tima 20.56
INSTRUM FOURIER30Q
PROBHD 5 mm DUL 13C-1
PULPROC zg30
pe) €5536
SOLVENT oocl3
NS 16
2
SNH €103.516 Bz
FIDRES 0.093132 Bz
AQ 5.36B7091 sec
R 19.5048
oW 81.920 usac
DE 6€.50 usac
= 298.1 x
D1 1.00000000 sac
™0 1
======= CHANNEL fl —=————=
srol 300.201B539 MH=z
NUC1 1H
Pl 10.00 usac
PLW1 20.00000000 w
F2 - Procassim ranotars
sI1 = p‘,55536
srF 300.2000001 MHz
WDW =M
888 (5]
51 D.30 n=z
=
PC 1.400

[ RARARALAS! RALBAREARS | AR REAR ol M Y YTy Y AR | MAARARS LARL M | ARARAAS LARL T AR AAE LAB AR M RAAAARRARS LARARRALE] RALRLA |

15 14 13 12 1 10 9 8 7 6



4-Ethyl-1,3-dioxolan-2-one (5b)!!

'H NMR

1.1

15 14 13 12 11 10 9

el A

Currant Data Paramataers

BRAME 151020.£304
EXFNO 10
PROCNO - |
F2 - Acguisition Paramatars
Data__ 20151020
Tima 95.01
INSTRUM FOURIER300

PROBHD 5 mm DUL 13C-1

PULPROC zg30

D €5536
SOLVENT cocl3

NS 16

DS 2

SNE 6€103.516 Hz
FIDRES 0.093132 H=z
AQ 5.36B7091 seac
RC 15.1891

oW 81.920 usac
DE &6.50 usec
TE 300.0 x

D1 1.00000000 =ac
™0 1
——————= CHAMMEL fi ——=——=
sFo1 300.201B539 maz
NUOC1 1H

Pl 10.00 usac
PLW1 20.00000000 w

F2 - Processing parameters
81 €E5536

sF 300.1999999 MH=z
WDW M

338 ]

s D.30 Bz
B 0

PC 1.00
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4-Butyl-1,3-dioxolan-2-one (5¢)

'H-NMR

Current Data Paramaters

HAME 151208.£336
EXPNO 10
PROCNO 1

2 - Acquisition Paramatars

Data_ 20151209
Time 9.41
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
FULPROG 1530

™ E553¢
SOLVENT cocl3

NS 16

DS 2

SWE 6€103.516 Bz
FIDRES 0.093132 Bz
AQ 5.3687091 s=mac
RC 21.9037

oW 81.920 usac
DE £.50 usac
TE 300.0 x
D1 1.00000000 =mac
D0 1
o CHANNEL £l ===
sSrol 300.201B8539 MAxz
NUC1 1

Pl 10.00 usec
PLW1 20.00000000 w
F2 - Procaessin ramatars
sI T

sr 300.2000012 mHz
WDW =™

85B o

La D.30 Bz
(=] 0

PC 1.00

R R R R AL A S LR AL RALRRARAES | R R L Il L M LE A LR LA L aand |

6 14 13 12 11 10 9 8 7 € 5 4 3 2 1 ppm
i el &



4-Hexyl-1,3-dioxolan-2-one (5d)!

'H NMR

—-—------.-.--..--.

I “"‘“‘W

15 14 13 12

.flfél4

Carrant Data Paramatars

NAME 151208 .£335
EXPND 10
PROCNO 1

F2 — Acguisition Paramatars
Data_ 20151209

Tima 1.46
INSTRUM FOURIER3OO
PROBHD 5 mm DUL 13C-1
PULPRCC =g 30

™ 65536
SOLVENT cocl3

NS 16

DS 2

SWH €103.516 Hz
FIDRES 0.093132 Bz
AQ 5.3687091 sac
RC 20.6175

oW 81.920 usac
DE &€.50 usac
T= 300.0 x

D1 1.00000000 =sac
™0 1
======== CHAMNEL fl =—==—===
SFol 300.20185 39 MHz
NOUC1 18

Pl 10.00 usac
FLW1 20.00000000 w
F2 - Processing paramatars
s1 65536

sr 300.2000013 MH=z
WDwW EM

ssB 0

LB 0.30 A=z
= 0

PC 1.00
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4-(Chloromethyl)-1,3-dioxolan-2-one (5e)!

'H NMR

15

14

13

12

1

10

e

3
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"

Currant Data Paramatars

NAME 151119.f304
EXPNO 10
PROCNO 1

F2 - Acguisition Parameters
Data_ 20151119
Tima 10.2&
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPROG zg30

pan 65536
SOLVENT oocl3

NS 16

DS 2

SWH €103.51€ Bz
FIDRES 0.093132 Bz
AQ 5.36B7091 s=mac
RC 15.2457

= 81.920 usec
DE €.50 usec
T= 298.0 x
D1 1.00000000 s=ec
DD 1
======== CHAMNEL fl ====——=——
sFO1 300.2018539 MHE=z
NUC1 1H

Pl 10.00 uvusac
PLW1 20.00000000 w
FZ2 - Procaessing parametars
5 4 65536

sr 300.2000001 MH=
WDW EM

558 o

-] 0.30 Bz
(=-] o

BPC 1.00
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4-(7-Oxabicyclo[4.1.0]heptan-3-yl)-1,3-dioxolan-2-one (5f)®

'H NMR

15 14 13 12 11 10 9 8 T

3 2 1 ppm

CHE H e

Current Data Parameters

NAME 151211.§321
EXPND 14
PROCNO 1

F2Z — Acquisition Parametars
Data 20151211
Tima 14.43
INSTRUM FOURIER3IOD
FROBHD 5 mm DUL 13C-1
PULPROG zg3Q

T €5536
SOLVENT oocl3

N3 1€

D3 2

SWE €103.516 Bz
FIDRES 0.093132 m=z
AQ 5.3687091 =ec
R 27.6135

oW 81.920 usec
DE €.50 usec
TE 299.9 x
D1 1.00000000 =ec
™0 1
=—==———= CHANNEL f1l =———=—=—=
sSro1 300.201B8539 MH=z
NUCT 1H

Pl 10.00 usac
PLWl1 20.00000000 w
F2 - Processing parameters
SI 65536

ar 300.2000013 MHz
WDwW =M

558

5 -1 0.30 Bz
o

PC 1.00

29



4-(Morpholinomethyl)-1,3-dioxolan-2-one (5g)™!

'H NMR

Caurrent Data Faramaters

NAME 1531207.409
EXPNO 1
PROCNO 1

F2 - Acguisition Parammters
Data_ 20151207

Tima 22_53
INSTRUM Av400
PROBHD 5 mn PABBO BB~
PULPROG :g]ﬂ

pasl 32768
SOLVENT opcl3

NS 3z

oS 4

= 8012.820 u=z
FIDRES 0.244532 H=z
AQ 2.0447233 sac
RC 128

o £2.400 usec
DE €.00 usac
= 297.0 x

D1 1.50000000 s=ec
™0 1
==——=—== CHANNEL fl ——=————
NOC1 1=

Pl 12.20 usac
PL1 -2.00 d8
PL1W 15.44655800 w
sSFo1 400.1324000 Ma=x
F2 — FProcassing paramaters
sS1 T6&

sF 400.1300172 MHA=
WDwW =M

588 o

LB 0.10 H=z
(=] o

| - = 1.400

15 14 13 12 11 10 9 8

TR
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4-Phenyl-1,3-dioxolan-2-one (5h)

'H NMR

15

14

13

12

11

10

Currant Data Paramaetaers

NAME 151026.£309
EXPNO 10
PROCNO 1

F2Z2 - Acguisition Parametars
Datea_ 20151027

Tima 5.35
INSTRUM FOURIER300
PROBHD S mm DUL 13C-1
PULPROG =g30

D E553¢€
SOLVENT cocl3

NS 16

DS 2

SWE €103.516 E=z
FIDRES 0.093132 B=x
AQ 5.36B7091 =ac
RC 18.4505

oW 81.920 usec
DE €.50 usac
= 300.0 x
D1 1.00000000 sec
™0 1
==——=—== CHANNEL fl ——=—r—
sSFol 300.201B539 MEz
NUC1 18

rl 10.00 usec
PLW1 20.00000000 w
F2 - Processin ramotars
s1 - P‘:SSSJG

sF 300.2000002 mEx
WDwW EM

s38B o

s D.30 Bz
=

BC 1.00
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4.,4-Dimethyl-1,3-dioxolan-2-one (7a)

'H NMR

(R

1.5

15 14 13 12 1

Caurrent Data Parameters

MAME 151207.418
EXPNO 1
PROCHO 1

F2 - Acguisition Parametars
Data_ 20151208
Tima 4.20
INSTRUM AV400
PROBHD S mm PABBO BB
PULPROC zg30

™ 32?68
SOLVENT cocl3

®S 32

DS 4

SWE 8012.820 Bz
FIDRES 0.244532 Bz
AQ 2.0447233 sec
RC 161.3

=) €2.400 usec
D= €.00 usac
= 297.0 x

D1 1.50000000 sac
™m0 1
=== CHAMNMMEL fl =——=——=——
NUC1 10

Pl 12.20 usec
PL1 -2.00 dB
PL1W 15.44655800 w
SFo1 400.1324000 mMa=z
F2 - Processing parameters
sI ZTE8

sr 400.1300172 Mz
wWDwW M

ssB o

La 0.10 Bz
ca

PC 1.00
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4-(Chloromethyl)-4-methyl-1,3-dioxolan-2-one (7b)"!

'H NMR

.1

i

(N1}
4.8
Lmn
1.41
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e
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Currant Data Parametaers

KA ME 160210.£332
EXPNO 10
PROCNO 1

F2 — Acqguisition Parametars
Data_ 20160210

Tima 16.24
INSTRUM FOURIER30O
PROBHED 5 mm DUL 13C-1
PULPROG =g30

™ E553¢€
SOLVENT cocl3

N3 16

DS 2

SWE €103.516 E=z
FIDRES 0.093132 B=x
AQ 5.36B7091 sec
RC 12.19405

oW 81.920 usec
DE €.50 usac
= 298.0 x

D1 1.00000000 sec
™0 1
==—==== CHANMNEL fl —=———=
sSFol 300.201B539 MEz
NUC1 18

rl 10.00 usec
PLW1 20.00000000 w

F2 - Processin ramotaers
s1 - PGSSSJG

sF 300.2000012 MEx
WDwW EM

s38B o

s D.30 Bz
=

BC 1.00
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4-(Chloromethyl)-4-ethyl-1,3-dioxolan-2-one (7c)

'H NMR

N

15 14 13 12 11 10 9 8

Current Data Paramaetars

NAME 160212.312
EXPND 10
PROCNC 1

F2 - Acquisition Parametars
Data_ 20160212

Tima 22.31
INETRUM AV300
PROBHD 5 mm PABBO BB
PULPROC x»qg30

™ 32768
SOLVENT cocl3

NS 32

DS 4

SHE 6€172.839 Bz
FIDRES 0.1B8380 Bz
AQ 2.6542079 s=sec
RC 128

oW 81.000 usec
DE 6.00 usec
= 294.1 x
D1 1.00000000 sac
™0 1
==———== CHAMNNEL fl ——=———
NUC1 1H

P11 11.00 usec
PL1 0 ds

PL1W 12.28312492 w
sSFO1 300.1318534 MH=z
F2 - Processing parameters
SI 32768

sr 300.1300124 MHz
wWow

ss5B o

s 0.10 Bz
(=-] v}

PC 1.00
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13C NMR

16393

s¥g88 g E
BEERE = 8
VN |
- | i J

L1]

Current Data Paramatars
NAME 160212_312

EXFNO 11
FPROCNO 1
¥F2 - Acquisition Paramatars
Data_ 20160212
Tima 22 .46
INSTRUM AV300
FROSHD 5 mm PABBO BB
PULFROG zgpg30
™ 32768
SOLVENT coC13
NS 256
DS <
=ws 21097.04T7 Hz
FIDRES 0.643831 Hxz
AQ 0.7766016 sac
RS 22768
ow 23.700 usac
DE €.00 usac
TE 294.5 K
D1 Z.00000000 sac
D11 0. 03000000 sac
™o 1

— CHANNEL 1l —
NUC1 13C
2 8 5.60 usec
PL1 -1.10 a8
PLIW 37.53686523 W
SFO1 TS. 4771825 MHz
- — CHANNEL 2
CPDPRCI2 waltzlé
NUC2 1H
PCPD2 100.00 usac
PL2 0D a8
PL1Z2 19.00 aB
PL13 21.00 dB
PLZW 12.28312492 W
PL12W 0.15463538 W
PL13W a.09756833 W
S¥Oo2 300.1312005 ME:z
F2 - Processing paramatars
EI (< ]
SF T5.4677578 MHz
WIW M
588 [+]
LB 1.00 H=z
f=s:3 o
PC 1.40
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Methyl 4-methyl-2-0x0-1,3-dioxolane-4-carboxylate (7d)

'H NMR

Ln
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Currant Data Paramaetaers

KA ME 160219.£306
EXPNO 10
PROCNO 1

F2 — Acqguisition Parametars
Data_ 20160219

Tima 9.32
INSTRUM FOURIER30O
PROBHED 5 mm DUL 13C-1
PULPROC =g30

™ E553€
SOLVENT cocl3

N3 16

DS 2

SWE €103.516 E=z
FIDRES 0.093132 Bz
AQ 5.36B7091 sec
RC 13.533

oW 81.920 usec
DE €.50 usac
= 298.0 x

D1 1.00000000 sec
™0 1

= == CHANNEL f1 ——
sSFol 300.201B539 MEz
NUC1 1H

rl 10.00 usec
PLW1 20.00000000 w
r2 - Processimn ramotars
s1 - PGGSSJG

sF 300.2000011 MExz
WDW EM

s38B o

s D.30 Bz
=

BC 1.040
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13C NMR
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Current Data Paramatars
NAME 160219.7306

EXPNO 11

PROCNO 1

F2 - Acguisition Parametars

Data_ 20160219

Tima 9.35

INSTRUM FOURIER30D

FRCE8HD 5 mm DUL 13C-1

PULPROG zgpg30

™ 65536

SOLVENT oC13

NS 256

oE 4

SwWH 24414.0€3 Hz

FIDRES 0.372529 Hz

p o] 1.3421773 sac

RC 501.187

ow 20.480 usac

DE €.50 usac

TE 258.0 K

D1 2.00000000 sac

D11 0.032000000 sac

D31 0.00001200 sac

D490 9.02898005 sac

L4 40

LS 57

P32 90.00 usac

DO 1
CHANNEL 1 -

E¥O1 T5.45285982 MEz

NUC1 13C

Pl 12.00 usec

PIN1 43. 00000000 W
CHANNEL f2 - -

S¥o2 300.2012008 MExz

NUC2 1H

CPDPRC[2 waltzlé

PCPD2 20.00 usac

FLN2 20.00000000 W

PILN12 0.24691001 W

PIN13 0.20000000 W

¥2 - Processing paramaters

EI 32768

sr T75.4853566 MEz

WIwW M

ss8 o

LB 1.00 H=z

(= :] o

PC 1.40
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4-Methyl-4-phenyl-1,3-dioxolan-2-one (7e)®!

'H-NMR

—_—d
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Current Data Faramaters

NAME 151217.301
EXPNO 10
PROCNO 1

F2 - Acquisition Paramaters
Data_ 20151218
Tima .
INETRUM AvV300
PROBHD 5 mm PABBO BB-
PULPROG zg30

™ 32%68
SOLVENT oocli

NS 32

DS 4

SWE 6172.839 Bz
FIDRES 0.1B8380 Bz
AQ 2.6542079 =ac
RC 114

oW 81.000 usac
DE 6.00 usac
= 254.6 K
D1 1.00000000 sac
D0 1
===——e= CHANNEL fl =——=———-
NUC1 1

Pl 11.00 usac
PL1 0 dn

PL1W 12.28312492 w
SFro1 300.131B8534 MHz
FZ2 - Procassing paramctars
51

sr 300.1300122 MH=z
WDW EM

838 0

s 0.10 Bz
ca o

PC 1.00
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cis Tetrahydro-8H-cyclopenta-1,3-dioxol-2-one (9a)!!

'H NMR

Current Data Parameters

- NAME 160202.£330
EXFND 10
PFROCNO 1
F2 - Acguisition Parameters
Data_ 20160202
Tima 19.20
INSTRUM FOURIER30Q
PROBHD S mm DUL 13C-1
PULPROG z2g30
™ €5536
SOLVENT coCcl3
NS 16
DS 2
SWE €103.516 H=z
FIDRES 0.093132 Bz
AQ 5.368B7091 =mac
RC 12.1183
=] 81.920 usaec
D €.50 usac
= 298.0 x
D1 1.00000000 sec
DD 1

=== CHANNEL fl —=———=
srol 300. 2018539 MHz
NOC1 18
P1 10.00 usec
PLW1 20.00000000 w
r2 - Procassing paramaters
a1 EE536
s 300.2000013 MHz
WDW M
ssB
s 0.30 Bz
(==} 0
PC 1.00




cis Tetrahydrofuro[3,4-d][1,3]dioxol-2-one (4d)!!

'H NMR

Ln

et ol ol
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Currant Data Paramatars

NAME 1€0210.£336
EXFNO 10
PROCNO i

F2 - Acguisition Paramataers
Data_ 20160210

Tima 18.41
INSTRUM FOURIER300
FROBHD S mm DUL 13C-1
PULPROG zg30

p o] €5536
SOLVENT cocl3

NS 16

D3 2

-} 6103.516 H=z
FIDRES 0.093132 Bz
AQ 5.368B7091 =ac
ABC 16.6054

oW 81.920 usec
DE 6.50 usac
= 298.0 x

D1 1.00000000 sac
=0 1
======== CHAMNEL fl1 ===————
sFO1 300.201B539 MA=z
NUOC1 1H

P1 10.00 uvasac
PLW1 20.00000000 w

r2 - Processing parameters
81 3

ar 300.2000012 MEz
WDW =M

ss=8

La 0.30 Bz
cB o

PC 1.00
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cis Cyclohexene carbonate (9c)!

'H NMR

- Carrant Data Faramatars

- T T _—
= b i o Sl o e i i i i B e NAME 160202 .£335
Ty EXPNO 10
PROCNO 1
F2 - Acquisition Parametars
Data_ 20160202
Tima 21.59
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPRCGC zg30
™ E553¢
SOLVENT cocl3
N3 16
DS 2
SWE 6103.516 H=z
FIDRES 0.093132 H=z
AQ 5.36B7091 sac
RG 11.9766
= ) 81.920 usac
DE E.50 usac
= 298.0 x
D1 1.00000000 =ec
D0 1
======== CHAMNEL fl1 ==—=———=
sroi 300.201B539 ME=z
NUC1 1H
5§ 10.00 usec
PLW1 20.00000000 w
F2 - Processin ramctars
s1 g NESSBG
sF 300.2000013 MHE=z
WDW M
588 1]
s 0.30 B=
[==3
PC 1.00

13 12 11 10 9 8 7 6 5 4 3



cis 3a,4,5,7a-tetrahydrobenzo[d][1,3]dioxol-2-one (9d)!

'H NMR

Current Data Parameters

NAME 151119.£303
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Data_ 20151119
Tima 9.39
INSTRUM FOURIER3IOO
PROBHD 5 mm DUL 13C-1
PULPROC zg30

o 65536
SOLVENT cocl3

NS 16

DS 2

=NE 6103.516 H=z
FIDRES 0.093132 Hx
AQ 5.3687091 sac
RC 16.673

oW 81.920 usec
DE €.50 usac
TE 298.0 x
D1 1.00000000 sec
TDD 1

===a=——x= CEHANMEL fl =—===—=—=
300.2018539 MHz
1H
10.00 usac
20.00000000 w

FZ - Procesaing paramesters
81 €5536

sr 300.2000002 MH=z
wWDwW ™

s5s8B

LB 0.30 Bz
=] ]

PC 1.00

15 14 13 12 1 10 9 8 F
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5-Methylhexahydrobenzo[d][1,3]dioxol-2-one (9e)®

Current Data Paramatars

NAME 160210.£334
EXFPNO 10
PROCNC 1

F2 - Acquisition Parameters

Data_ 20160210

Time 17.32

INETRUM FOURIER300

FPROBHD 5 mm DUL 13C-1

PULPROG zg3Q

™ €5536

SOLVENT oncl3

NS 16

D8 2

SR 6103.516 Hz

FIDRES 0.093132 Bz

AQ 5.36E7T091 =ac

RC 11.8573

oW 81.920 usec

DE 6.50 usec

TE 298.0 x

D1 1.00000000 sac

D0 1

===———== CHANNEL f]l] =—=———-

srol 300.201B8539 MHz

NUC1 1H

Pl 10.00 usec

PLW1 20.00000000 w

F2 - Processing parametars

81 65536

sr 300.2000012 MHz

WDwW EM

s5sB 0

%3 0.30 Bz

(=] 0

PC 1.00
JL e '

o W el
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cis 5-vinylhexahydrobenzo[d][1,3]dioxol-2-one (9f)®

'H NMR

11 10 9 8 F 4

"M e

Currant Data Faramataers

NAME 160210.£337
EXPNO 10
PROCNC 1

F2 - Acquisition Parameters
Data_ 20160210
Tima 19.15
INETRUM FOURIER30O
PROBHD 5 mm DUL 13C-1
PULPROGC =g30

pae 65536
SOLVENT <ocl3

NS 16

Ds 2

SNE €103.51€6 Hz
FIDRES 0.093132 H=z
AQ S.3EB7091 s=ac
R 11.5272

v 81.920 usac
DE 6€.50 usac
= 298.0 x
D1 1.00000000 sac
™0 1
==————= CHANNEL fl =——=————
srol 300.2018539 MA=z
NUC1 1iH

1 10.00 usec
PLW1 20.00000000 w
FZ2 - Processing paramctaers
51 65536

sr 300.2000012 MH=z
WDW EM

5s5R o

ra 0.30 Bz
o

PC 1.00
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cis 5-(2-Oxo0-1,3-dioxolan-4-yl)hexahydrobenzo[d][1,3]dioxol-2-one (9g)°!

'H NMR

Current Data Parameters

NAME 150814.£312
EXPNOD 140
PROCNO 1

FZ - Acquisition Paramataers
Data_ 20150814
Tima 16.448
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPROC 193‘3

pes €5536
SOLVENT <ocl3

NS 1€

os 2

SWE €103.51€ H=z
FIDRES 0.093132 A=z
AQ 5.3687091 sec
RC 15.876

oW 81.920 usec
DeE €.50 usec
TE 300.3 x

D1 1.00000000 =ac
™0 1
=———=—————= CHAMNMNEL fl =—=——=—=
sFol 300.2018539 MHZ
NOC1 1H

P1 10.00 usec
PLW1 20.00000000 w
F2Z - Processing paramcters
sI €5536

sr 300.2000015 MH=z

wWDwW =M
S5B 0
LB 0.30 Bz
ca 0
PC 1.00

A S B R s A I A B B R R AR R RS AR R LA AR RARA ALY RAALAA RS LA LR

9 8 7 6 5 4 3 2 1 o -1 -2 -3 ppm
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cis hexahydro-4H-cyclohepta[d][1,3]dioxol-2-one (9h)®

'H NMR

11 10 9 8

Current Data Parameters

NAME 160224 .£308
EXPND 10
FPROCNO i

F2 - Acquisition Parameters
Data_ 20160224
Tima 17.23
INSTRUM FOURIER30O
PROBHD 5 mm DUL 13C-1
PULPROC zg30

™ E5536
SOLVENT cocl3

N3 16

DS 2

SWE €103.516 Bz
FIDRES 0.093132 Bz
AQ 5.36E7091 =sac
RG 13.5629

ow 81.920 usac
DE €.50 usac
= 298.0 x
D1 1.00000000 sec
o0 1
======= CHANMNEL fl1 ======—==
sroi 300.201B539 mHE=z
NUC1 1H

Pl 10.00 usac
PFLW1 20.00000000 w
F2 - Processing parameters
SI 65536

sr 300.2000012 MH=
wWDwW

558

5 -} 0.30 Bz
= ]

PC 1.00

46



trans 4,5-Dimethyl-1,3-dioxolan-2-one (11a)!!

'H NMR

w

L
148

(1]
.4
141
1.4
140
1.8
1.8
i1
(W}

13

12

1

10

Currant Data Parametars

NAME 160202.£333
EXPNO 10
PROCHNC 1

F2 - Acquisition Paramesters
Data_ 20160202
Timea 20.51
INSTRUM FOURIER3IOO
PROBHD 5 mm DUL 13C-1
PULPROC =g30

™ 65536
SOLVENT cpcl3

NS 1&

DS 2

EXEH 6103.516 Hz
FIDRES 0.093132 n=z
AQ 5.3687091 sac
RC 12 _5516

oW 81.920 usac
DE 6.50 usac
= 208.0 x

D1 1.00000000 sac
™0 1
==——=== CHANMEL fl1 ——=————=
sFo1 300.201B539 MH=z
NUOC1 1H

21 10.00 usec
PLW1 20.00000000 w

F2 - Procasain ramctars
s1 9 PeEEtIc

sr 300.2000013 MHZ
WDW =M

3sB o

La 0.30 Bz
=

BC 1.00
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cis 4,5-Dimethyl-1,3-dioxolan-2-one (11b)!

'H NMR

LN

13 12 11 10 9

Current Data Paramatarsa

MAME 160202.£332
EXFNO 10
PROCNO 1

F2 - Acquisition Parameters
Data_ 20160202

Tima 20.17
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPROC zg30

™ E5536
SOLVENT cpCcl3

NS 16

DS 2

SHE 6103.516 Hz
FIDRES 0.093132 =z
AQ 5.36ET091 sac
RC 9. 2B097

oW 81.920 usec
DE €.50 usec
TE 298.0 x

D1 1.00000000 =ac
™0 1
======= CHAMNEL fl1 ===———
sFo1 300.201B539 MH=z
NUCL in

Pl 10.00 usac
PLwWl 20.00000000 w

FZ2 - Procassi ramoters
SI T WGSSBG

sr 300.2000012 MHZ
WDwW M

ss8B 0

B 0.30 Bz
(== 0

BPC 1.00
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trans 4,5-Diphenyl-1,3-dioxolan-2-one (11c)!!

'H NMR

Current Data Parametars

NAME 160202 .£334
EXFNO 140
PROCND 1

F2 - Acquisition Paramatars
Data_ 20160202
Timea 21.25
INSTRUM FOURIER300
PROBHD S mm DUL 13C-1
PULPROC zg30

™ E553¢6
SOLVENT cocl3

NS 16

2

=NH 6103.516 H=z
FIDRES 0.093132 Bz
ADQ 5.3687091 sac
RC 16.4059

oW 81.920 usec
D& 6.50 usaec
= 298.0 x

D1 1.00000000 sac
1m0 1

== = CHANNEL fl —————
SFol 300.2018539 MH=z
NUC1 1M

Pl 10.00 usec
PLW1 20.00000000 w
F2 - Procassin ramotars
sI bl 5536

sF 300.2000012 MH=z
WDW M

ssB

1B 0.30 Bz
[~ -1

PC 1.00
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trans 4-Methyl-5-phenyl-1,3-dioxolan-2-one (11e)”

'H NMR

Currant Data Parametaers

33P3TIrzesaassmassn  Ingsasssas 32 o 160716 £338
Ll ) vy EXPNO 1
s '\&"W/ V PROCNO 1

F2Z2 - Acguisition Parametars
20160210

Data_

Tima 19.49
INSTRUM FOURIER30O
PROBHED 5 mm DUL 13C-1
PULPROG =g30

™ E553¢€
SOLVENT cocl3

N3 16

DS 2

SWE €103.516 E=z
FIDRES 0.093132 B=x
AQ 5.36B7091 =ac
RC 13.5182

oW 81.920 usec
DE €.50 usac
= 298.0 x
D1 1.00000000 sec
™0 1
==—==== CHANNEL fl —=————
sSFol 300.201B539 MEz
NUC1 18

rl 10.00 usec
PLW1 20.00000000 w
F2 - Processin ramotaers
s1 - FM‘SSSJG

sF 300.2000013 MEx
WDwW EM

s38B o

s D.30 Bz
=

BC 1.00

A -

13 12 1 10 9 8 7 6 5 b 3 2 1 ppm




trans Ethyl 2-oxo-5-phenyl-1,3-dioxolane-4-carboxylate (11g)

'H NMR

[11]

“u
L4
(81}

<i

T

15

14

13

T

12

T

11

Currant Data Paramatars

NAME 160304.£316
EXPNO 10
PROCNO 1

F2 - Acquisition Paramatars
Data_ 20160304
Tima 13.50
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPROC zg30

™ E553¢6
SOLVENT cocl3

N3 16

oS 2

SWE 6103.516 Hz
FIDRES 0.093132 Hz
AQ 5.36EB7091 sec
RC 16.254

oW 81.920 usac
DE 6.50 usac
= 298.0 x
D1 1.00000000 s=ec
D0 1

== == CHANNMEL fl —m——
sroi 300.201B539 mEz
NOC1 1H

Pl 10.00 usec
PLW1 20.00000000 w
F2 - Processin ramotors

3 v WSSSJE

sF 300.2000012 MH=z
WOW =™

ss5B

a 0.30 Bz
PC 1.00
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Mixture of trans 4-(Hydroxymethyl)-5-phenyl-1,3-dioxolan-2-one (11h)*? a-(Hydroxy(phenyl)methyl)-1,3-dioxolan-2-one

(11i)23

'H NMR

Current Data Parameters

A MEL 160219.£305
EXPND ia
FROCHNO 1

F2 — Acqguisition Paramatars
Date_ 20160219
Tima B.58
INSTRUM FOURIER300
PROBHD 5 mm DUL 13C-1
PULPROGC =g30

TD E553&
SOLVENT cocl3

NS 16

oS 2

SWNE €103.516 EH=
FIDRES 0.093132 H=z
AQ 5.36E7091 =ac
i 19.3512

oW 81.920 usec
De 6.50 usac
= 297.9 x
o1 1.00000000 sac
DD |
———=————= CHANNEL fl ——=————
srFrol 300.201B8539 mua=x
NUCT 1H

21 10.00 usec
PLW1 Z20.0000D0000 w
FZ2 — Procassing paramctars
s1 €5536

s 300.2000013 mMEH=
wWDwW =™

ssa

5 0.30 B=x
(=] =]

PC 1.00

I T T T T T T T T T T T

6 5 4 3
Jef Il al el el el ]

52



5. Formation of product 13 and proposed mechanism

o
o) 5 mol% Cal, o«(
! 5 mol% 18C6 HO o]
2 oo 45°C, 48 h '
SOH ' ’

P(CO2) = 10 bar
12

13 Major product: 88%

Alternativ mechanism:

o
o olcal !
! +CO, ) v Ho—
: [Ca] — = A —_—
N~ B /&
© oo

6. NMR-Investigations

3.82 Cals/18-crown-6 ether

14 Minor product: 12%

1 equiv trans stilbenoxide

1 equiv 18-crown-6 ether
1 equiv Cal,

1 equiv trans stilbenoxide

5mol% 18-crown-6 ether
5mol% Cal,

1 equiv 18-crown-6 ether

1 equiv Cal,

1 equiv trans stilbenoxide

1 equiv 18-crown-6 ether

trans stilbenoxide

18-crown-6 ether

3.96 trans stilbenoxide complex 3.50 18-crown-6 ether
|
|
|
I
|
H
h& Jﬂl
|
l
I
A
ﬂ
I
\_
|
I\
R e B B AR BRI [ T R A
4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3  ppm

All solutions were prepared in CH3CN and CD3CN was used as NMR-solvent.
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To investigate the in situ complexation of the Cal, by 18C6 we conducted some 'H-
NMR experiments. In the spectrum on the bottom the signal of the 18C6 protons at
3.50 ppm is shown in a pure 18C6 solution. In the spectrum above the signal of the
two epoxide protons at 3.96 ppm of a pure trans stilbenoxide solution is shown. The
third spectrum from below shows a spectrum from a 1:1 mixture of 18C6 and trans
stilbenoxide which indicates that the crown ether and the substrate don't interact. The
spectrum above this shows the signals of a solution with a 1:1 mixture of Cal, and
18C6. In this spectrum the signal of the 18C6 compound at 3.50 ppm disappears
entirely and a new signal at 3.82 ppm appears. This indicates that all the crown ether
coordinates to the Cal, salt and the new signal at 3.82 ppm can be attributed to a
Cal,/18C6 complex. Furthermore we prepared a solution containing the trans
stilbenoxide substrate and 5 mol% of Cal, and 18C6 to simulate the concentration
ratios under reaction conditions. The spectrum of this solution is the second spectrum
from the top. In this spectrum also the signal of the 18C6 is entirely disappeared,
which indicates a highly selective complexation of the Cal, salt by the crown ether
under reaction conditions. Furthermore, even at much higher catalyst concentrations
the complexation is highly selective (spectrum at the top).

7. Crystallographic Data

Data were collected on a Bruker Kappa APEX Il Duo diffractometer. The structures
were solved by direct methods (SHELXS-97: Sheldrick, G. M. Acta Crystallogr. 2008,
A64, 112.) and refined by full-matrix least-squares procedures on F? (SHELXL-2014:
Sheldrick, G. M. Acta Crystallogr. 2015, C71, 3.). Mercury (Macrae, C. F., Edgington,
P. R., McCabe, P., Pidcock, E., Shields, G. P., Taylor, R., Towler, M., van de Streek,
J. J. Appl. Cryst. 2006, 39, 453.) was used for graphical representations.

Crystal data for Cal/18C6-complex 3-2 DMF: CigH3sCalbN2Og, M = 704.38, triclinic,
space group PI1, a = 7.4395(2), b = 10.2984(3), ¢ = 10.4052(3) A, « = 118.1251(6), S
= 94.6199(7), y = 92.7499(7)°, V = 697.42(3) A3 T = 150(2) K, Z = 1, 19016
reflections measured, 3203 independent reflections (Rin: = 0.0198), final R values (I >
20(l)): Ri= 0.0158, wR,=0.0361, final R values (all data): Ri= 0.0173,
WR, =0.0369, 148 parameters.

Crystal data for 11i: C1oH1004, M = 194.18, orthorhombic, space group P2:2:2;, a =
8.6487(2), b = 9.6280(2), ¢ = 10.6343(2) A, V = 885.51(3) A3, T = 150(2) K, Z = 4,
6385 reflections measured, 1657 independent reflections (Rinx = 0.0181), final R
values (I > 20(l)): Ry = 0.0282, wR, =0.0707, final R values (all data): R1 = 0.0283,
WR> =0.0708, 131 parameters, Flack parameter x = 0.02(4).

CCDC 1532107 and 1542896 contain the supplementary crystallographic data for
this paper. These data are provided free of charge by The Cambridge
Crystallographic Data Centre.
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