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Supporting Data
1. General procedure for synthesis of dispiro-pyrrolidine-oxindole/indeno hybrid 4a-1
and 7a-d.
2. The spectroscopic data revealed the formation of the final products.
3. Spectra ('HNMR, PCNMR, Mass (S1-S34). (In 'THNMR spectra the peaks at around
83.31 and 8 2.46 ppm and around multiple signal at around & 40 ppm in 3CNMR is
comes due to solvent DMSO-d.

4. Crystal data and structure refinement for 4d.

Experimental Section

Analytical grade solvents and commercially available reagents were used without further
purification. The melting points of all compounds were determined on a Digital melting point
apparatus. The purity of compounds was checked on thin layers of silica Gel-G coated glass
plates and benzene: ethyl acetate (8:2) as eluent. 'H and '*C NMR spectra were recorded in
dimethyl sulfoxide (DMSO-ds) and chloroform (CDCl;) as a solvent on a Jeol Resonance at
400 MHz and 100MHg, respectively. Chemical shifts are expressed in parts per million (ppm)
using tetramethylsilane (TMS) as an internal standard. The following abbreviations were used
to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet.
The Mass spectra of representative compounds were obtained using Xevo G2-SQTof (water,
USA). Elemental analysis was carried out on a Euro-E 3000 CHN Elemental analyzer. Single
crystal X-ray structural studies were performed on Make/Model: Bruker Kappa Apex II
diffractometer at SAIF Cochin/Eranakulam, Kerala.

General procedure for the synthesis of dispiro-pyrrolidines 4 / 7.

An equimolar mixture of appropriate 4-oxo-3-aryl-2-(arylimino)thiazolidin-5-ylidenes
1 (1 mmol), isatin 2/ ninhydrine 6 and sarcosine 3 (1 mmol) in DES (10 ml) were taken in a

round bottom flask and stirred the reaction mixture at 80 °C for 2-2.5 hrs. At the end of
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reaction confirmed by TLC, the reaction mixture was cooled at room temperature. Then, it
was extracted using ethyl acetate. The ethyl acetate phase containing product was separated
from undissolved DES and extra ethyl acetate was evaporated under reduced pressure to
obtained crude solid residue that was then crystallized from ethanol to obtain pure cyclo
adducts. All compounds 4a-1 and 7a-d was prepared by this manner (Table 2 and 3).
Synthesized compounds were well characterized by 'H NMR, 3C NMR, Mass and single
crystal X-ray analysis of representative compound. For crystallography the crystals of
compound was grown by slow evaporation technique using ethanol as solvent.

To recover the used deep eutectic solvent, it was washed with ethyl acetate to remove all

material traces, deep eutectic solvent showed comparable yield in three subsequent reactions.

Characterization data
Methyl-1',5-dimethyl-2,4''-dioxo-3"'-phenyl-2''-(phenylimino)dispiro[indoline-3,2'-
pyrrolidine-3',5'"-thiazolidine]-4'-carboxylate (4a):

'"H NMR (CDCls, 400 MHz): & 2.18 (s, 3H, N-CH3), 2.25 (s, 3H, CH3), 3.54 (t, 1H, CH, J =
8.8 Hz), 3.76 (s, 3H, OCHs), 4.03 (t, 1H, CH, J=9.2 Hz), -

4.25 (t, 1H, CH, J = 8.8 Hz), 6.65-7.41 (m, 13H, Ar-H),
7.91 (s, 1H, NH) ppm; 3C NMR (CDCl;, 100 MHz):
21.1,35.7,49.9, 52.4, 54.0, 65.8 (spiro carbon), 79.8 (spiro
carbon) 110.0, 120.8, 122.0, 124.7, 128.0, 128.4, 128.9,
129.1, 131.5, 134.1, 136.1, 140.0, 147.65, 152.1 (aromatic
carbons), 169.8, 173.2, 175.6 (three C=0) ppm; MS (m/z):
527.17 [M+H]"; Anal. calcd. for C,oHysN4O4S : C 66.14; H

4.98; N 10.64 %. Found: C 66.29, H 4.95, N 10.60 %.

Methyl-1'-methyl-2,4'"-dioxo-3""-phenyl-2''-(phenylimino)dispiro[indoline-3,2'-
pyrrolidine-3',5'""-thiazolidine]-4'-carboxylate (4b):

'H NMR (DMSO-d;, 400 MHz): § 2.01 (s, 3H, N-CHj3), 3.33-
3.54 (m, 1H, CH), 3.69 (s, 3H, OCH3;), 4.33 (t, 1H, CH, J= 6.8
Hz),4.91 (t, IH, CH, J=6.8, 7.6 Hz), 6.74 - 7.42 (m, 14H, Ar-
H), 10.55 (s, 1H, NH) ppm; 3C NMR (DMSO-ds, 100 MHz):
o 35.6, 51.1, 52.9, 56.5, 70.2 (spiro carbon), 78.5 (spiro
carbon), 110.3, 120.7, 122.6, 123.5, 126.1, 128.2, 129.5,

129.8, 130.0, 131.4, 134.1, 143.9, 148.3, 152.8 (aromatic



carbons), 170.0, 170.1, 175.3 (three C=0) ppm; MS (m/z): 513.19 [M+H]" ; Anal. calcd. for
Co8H24N404S : C 65.61; H4.72; N 10.93 %. Found: C 65.76, H 4.75, N 10.90 %.
Methyl-5-chloro-1'-methyl-2,4""-dioxo-3''-phenyl-2''-(phenylimino)dispiro[indoline-3,2'-
pyrrolidine-3',5"'-thiazolidine]-4'-carboxylate (4¢): 4 7
'H NMR (CDCls, 400 MHz): 8 2.18 (s, 3H, N-CHy), 3.52 e COOSHs

(t, IH, CH, J = 8.8 Hz), 3.77 (s, 3H, OCHj3), 4.01 (t, IH, | R
CH, J=9.2, 8.8 Hz), 4.22 (t, 1H, CH, J = 8.4 Hz), 6.66 - \Oi
7.45 (m, 13H, Ar-H), 8.15 (s, 1H, NH) ppm; *C NMR i N

(CDCl3, 100 MHz): ¢ 35.7, 50.3, 52.5, 53.9, 65.8 (spiro \©
carbon), 79.7 (spiro carbon), 111.3, 120.7, 124.8, 128.0, { J
128.1, 129.2, 129.4, 129.8, 132.5, 134.7, 141.3, 147.5, 151.7 (aromatic carbons), 169.6,
173.1, 175.4 (three C=0) ppm; MS (m/z): 547.11 [M+H]"; Anal. calcd. for CygH»3;CIN4O,S :

C 61.48; H 4.24; N 10.24 %. Found: C 61.28, H 4.27, N 10.21 %.

H

Methyl-1',5,7-trimethyl-2,4''-dioxo-3"'-phenyl-2''-(phenylimino)dispiro[indoline-3,2'-
pyrrolidine-3',5'""-thiazolidine]-4'-carboxylate (4d):

'"H NMR (DMSO-dg, 400 MHz): 6 1.97 (s, 3H, N-CHz),
2.14 (s, 3H, CHs), 2.17 (s, 3H, CH3), 3.33 (t, 1H, CH, J =
6.4 Hz), 3.64 (s, 3H, OCHj3), 3.75 (t, 1H, CH, J=8.8,9.2 [HsC
Hz), 4.10 (t, 1H, CH, J = 8.8, 8.4 Hz), 6.58-7.46 (m, 12H,
Ar-H), 10.67 (s, 1H, NH) ppm; 3C NMR (DMSO-ds, 100
MHz): & 21.1, 24.9, 35.1, 47.0, 52.8, 53.0, 65.3 (spiro
carbon), 74.3 (spiro carbon), 111.0, 111.1, 117.5, 117.8,
122.5, 126.5, 126.6, 129.6, 130.0, 133.4, 134.2, 139.2, 146.8, 152.7, 156.6, 159.0 (aromatic
carbons), 168.8, 169.5, 176.5 (three C=0) ppm; MS (m/z): 541.10 [M+H]" ; Anal. calcd. for
C30H2sN4O4S : C 66.65; H 5.22; N 10.36 %. Found: C 66.50, H 5.25, N 10.33 %.

Methyl-5-fluoro-1'-methyl-2,4'"-dioxo-3'"-phenyl-2''-(phenylimino)dispiro[indoline-3,2'-
pyrrolidine-3',5'""-thiazolidine]-4'-carboxylate (4e):

'H NMR (DMSO-d,, 400 MHz): & 2.25 (s, 3H, N-CHs),
3.62 (t, 1H, CH, J = 8.8, 9.2 Hz), 3.97 (s, 3H, OCH,;),
4.29 (t, 1H, CH, J = 8.8 Hz), 4.42 (t, IH, CH, J = 8.4 Hz),
6.86-7.85 (m, 13H, Ar-H) , 8.24 (s, 1H, NH) ppm; 3C
NMR (DMSO-d4, 100 MHz): 6 31.2,47.0, 52.4, 52.8, 65.3
(spiro carbon), 74.3 (spiro carbon), 119.1, 120.8, 126.1,




128.2, 129.4, 129.8, 129.9, 130.2, 132.6, 135.0, 138.9, 148.3, 152.4 (aromatic carbons),
169.3, 169.7, 177.2 (three C=0) ppm; MS (m/z): 531.57 [M+H]" ; Anal. calcd. for
CogH23FN4O4S : C 63.39; H 4.37; N 10.56 %. Found: C 63.54, H 4.42, N 10.53 %.
Methyl-5-bromo-1'-methyl-2,4'"'-dioxo-3""-phenyl-2''-(phenylimino)dispiro[indoline-3,2'-
pyrrolidine-3',5"'-thiazolidine]-4'-carboxylate (4f):

'"H NMR (DMSO-ds, 400 MHz): & 2.00 (s, 3H, N- h
CH;), 3.34 (t, 1H, CH, J = 8.8, 8 Hz), 3.66 (s, 3H,
OCH;), 3.72 (t, 1H, CH, J=9.2 Hz), 4.14 (t, 1H, CH, J
=8.4,9.2 Hz), 6.64-7.55 (m, 13H, Ar-H) ,10.92 (s, 1H,
NH) ppm; B3C NMR (DMSO-ds, 100 MHz): § 354,
50.6, 52.6, 53.4, 66.4 (spiro carbon), 79.4 (spiro
carbon), 112.6, 114.4, 120.8, 125.1, 128.5, 129.8,
129.9, 130.0, 134.1, 134.9, 143.8, 1479, 152.6
(aromatic carbons), 169.7, 173.3, 175.8 (three C=0) ppm; MS (m/z): 591.48 [M+H]*; Anal.
calcd. for Cy3H»3BrN4O4S : C 56.86; H 3.92; N 9.47 %. Found: C 56.71, H 3.95, N 9.43 %.

Methyl-1',5,7-trimethyl-2,4''-dioxo-3""-(p-tolyl)-2"'-(p-tolylimino)dispiro[indoline-3,2'-
pyrrolidine-3',5'"-thiazolidine]|-4'-carboxylate (4g):

'"H NMR (DMSO-d;, 400 MHz): 6 1.97 (s, 3H,N-
CH;), 2.14 (s, 3H, CH3), 2.16 (s, 3H, CH3), 2.18 (s,
3H,CHj3;), 2.20 (s, 3H, CHj), 3.63 (s, 3H, OCH,),
3.75 (t, 1H, CH, J = 8.8, 9.2 Hz), 4.08 (t, 1H, CH, J
= 8.8, 8.4 Hz), 4.89 (t, 1H, CH, J = 7.2 Hz) , 6.46-
7.23 (m, 10H, Ar-H), 10.64 (s, 1H, NH) ppm; '3C
NMR (DMSO-d;, 100 MHz): 616.6, 16.7, 20.9, 21.2, J
35.5, 49.8, 52.4, 53.5, 66.2 (spiro carbon), 79.8 (spiro carbon), 119.5, 120.7, 123.1, 128.2,
130.0, 132.4, 132.9, 134.2, 138.9, 140.6, 145.7, 152.8, 152.9 (aromatic carbons), 170.1,
173.4, 176.8 (three C=0) ppm; MS (m/z): 569.21 [M+H]" ; Anal. calcd. for C5,H3,N404S : C
67.59; H 5.67; N 9.85 %. Found: C 67.39, H 5.62, N 9.89 %.

H;C




Methyl-3""-(4-bromophenyl)-2''-(4-bromophenyl)imino)-1',5-dimethyl-2,4""-
dioxodispiro[indoline-3,2'-pyrrolidine-3',5'-thiazolidine]-4'-carboxylate (4h):

'H NMR (DMSO-dj, 400 MHz): § 2.16 (s, 3H, N-CH3), 2.26
(s, 3H,CH3), 3.44 (t, IH, CH, J= 7.2, 9.2 Hz), 3.68 (s, 3H,
OCH;), 4.36 (t, 1H, CH, J= 6.4, 6 Hz), 4.92 (t, 1H, CH, J =
7.2, 7.6 Hz), 6.55-7.76 (m, 11H, Ar-H) ,10.47 (s, 1H, NH)
ppm; 3C NMR (DMSO-ds, 100 MHz): & 21.3, 36.0, 48.5,
51.1, 52.9, 64.9 (spiro carbon), 79.6 (spiro carbon), 110.0,
110.7, 117.5, 123.2, 126.5, 130.3, 130.5, 131.7, 132.7, 132.9, 141.9, 147.0, 147.4, 153.1,
153.4 (aromatic carbons), 169.9, 171.3, 176.7 (three C=0) ppm; MS (m/z): 682.99 [M+H]" ;
Anal. calcd. for Cy9H,4BroN4O4S : C 50.89; H 3.53; N 8.19 %. Found: C 50.69, H 3.58, N
8.16 %
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Methyl-3""-(4-fluorophenyl)-2''-(4-fluorophenyl)imino)-1',5-dimethyl-2,4"'-
dioxodispiro[indoline-3,2'-pyrrolidine-3',5'-thiazolidine]-4'-carboxylate (4i):

"H NMR (DMSO-d;, 400 MHz): 8 1.98 (s, 3H, N-CH3), 2.18 N
(s, 3H,CH3), 3.32 (t, IH, CH, J = 7.6, 9.2 Hz), 3.65 (s, 3H,
OCH;), 3.75 (t, IH, CH, J = 9.2 Hz), 4.13 (t, 1H, CH, J=8.8 H3C\N
Hz), 6.61-7.45 (m, 11H, Ar-H), 10.63 (s, 1H, NH) ppm; 13C H3C\©i\w
NMR (DMSO-ds, 100 MHz): 6 21.2, 35.8, 50.2, 52.5, 53.50, i
66.4 (spiro carbon), 79.6 (spiro carbon), 110.2, 120.9, 124.0,
127.9, 128.5, 129.6, 129.8, 131.5, 142.0, 148.0, 152.9 U J
(aromatic carbons), 169.9, 173.4, 176.2 (three C=0) ppm; MS (m/z): 563.15 [M+H]* ; Anal.
calcd. for CyoH,4F>2N4O4S : C 61.91; H 4.30; N 9.96 %. Found: C 61.76, H 4.35, N 9.93%.

Methyl-3"'-(4-chlorophenyl)-2''-(4-chlorophenyl)imino)-5-fluoro-1'-methyl-2,4''-
dioxodispiro[indoline-3,2'-pyrrolidine-3',5''-thiazolidine]-4'-carboxylate (4j):

'"H NMR (DMSO-ds, 400 MHz): 4 2.02 (s, 3H, N-CH3), , ~
3.45(t, 1H, CH, J=7.2,9.2 Hz), 3.69 (s, 3H, OCH3), 4.38
(t, 1H, CH, J= 6.4 Hz), 4.93 (t, I1H, CH, J="7.2, 7.6 Hz),
6.62 - 7.62 (m, 11H, Ar-H), 10.64 (s, 1H, NH) ppm; 3C
NMR (DMSO-dg, 100 MHz): 6 36.0, 48.9, 52.7, 53.0, 64.9
(spiro carbon), 78.9 (spiro carbon), 112.1, 113.3, 118.1,
118.4, 122.7, 129.8, 130.0, 133.6, 134.3, 140.5, 146.5,
152.9, 153.1 (aromatic carbons), 169.8, 171.3, 176.8 (three C=0) ppm; MS (m/z): 599.06




[M+H]*; Anal. calcd. for C,3H,1C1LFN4O4S : C 56.10; H 3.53; N 9.35 %. Found: C 56.25, H
3.58, N 9.38 %.
Methyl-3"'-(4-chlorophenyl)-2''-(4-chlorophenyl)imino)-5-bromo-1'-methyl-2,4"'-
dioxodispiro[indoline-3,2'-pyrrolidine-3',5'"-thiazolidine]-4'-carboxylate (4k):

'"H NMR (DMSO-dj, 400 MHz): 6 1.97 (s, 3H, N-CH3),
3.56 (t, 1H, CH, J = 8.8 Hz), 3.78 (s, 3H, OCH3;), 4.22
(t, 1H, CH, J = 8.4 Hz), 4.72 (t, 1H, CH, J = 7.2, 84 |Br
Hz), 7.08-7.76 (m, 11H, Ar-H), 10.47 (s, 1H, NH) ppm;
13C NMR (DMSO-ds, 100 MHz): 8 36.8, 50.5, 52.7,
53.2, 66.2 (spiro carbon), 74.2 (spiro carbon), 110.8,
120.5, 125.1, 127.8, 129.5, 134.5, 137.2, 143.8, 157.2, <
159.6, (aromatic carbon), 169.0, 173.4, 177.8 (three C=0) ppm; MS (m/z): 659.98 [M+H]";
Anal. caled. for C,gH,1BrClLN4O4S : C 50.93; H 3.21; N 8.48 %. Found: C 50.77, H 3.26, N
8.45 %.

Methyl-3""-(4-chlorophenyl)-2''-(4-chlorophenyl)imino)-1',5,7-trimethyl-2,4"'-
dioxodispiro[indoline-3,2'-pyrrolidine-3',5''-thiazolidine]-4'-carboxylate (41):

'H NMR (DMSO-d,, 400 MHz): 3 1.98 (s, 3H, N-CHs), [ )
2.12 (s, 3H,CH3), 2.17 (s, 3H, CHj;), 3.68 (s, 3H,
OCHs;), 3.74 (t, 1H, CH, J= 8.8 Hz), 4.11 (t, 1H, CH,
J= 8.4 Hz), 493 (t, 1H, CH, J = 7.2 Hz),6.61-7.30 (m,
10H, Ar-H), 10.69 (s, 1H, NH) ppm; 3C NMR
(DMSO-ds, 100 MHz): & 16.7, 21.1, 35.5, 49.5, 52.5, \
53.7, 66.3 (spiro carbon), 79.8 (spiro carbon), 116.4, 116.6, 119.6, 122.5, 122.6, 124.9, 126.0,
130.7, 133.0, 140.6, 144.4, 153.8, 158.4, 160.9 (aromatic carbons), 170.0, 173.2, 176.8 (three
C=0) ppm; MS (m/z): 609.11 [M+H]* ; Anal. calcd. for C50HcCI1,N40,4S : C 59.12; H 4.30;
N 9.19 %. Found: C 59.27, H 4.35, N 9.16 %.

H,C

/

Methyl-1'-methyl-1,3,4''-trioxo-3""-phenyl-2''-(phenylimino)-1,3-dihydrodispiro[indene-
2,2'-pyrrolidine-3',5"'-thiazolidine]-4'-carboxylate (7a): - N

'"H NMR (CDCls, 400 MHz): 6 2.31 (s, 3H, N-CH3), 3.53
(t, IH, CH, J= 9.2 Hz), 3.74 (t, 1H, CH, J = 7.2, 8.4 Hz),
3.76 (s, 3H, OCH3;), 4.69 (t, 1H, CH, J= 7.6, 8 Hz), 6.84
—8.02 (m, 14H, Ar-H) ppm; 3C NMR (CDCls;, 100 MHz):
0 35.5, 51.8, 52.6, 52.8, 69.0 (spiro carbon), 79.92 (spiro




carbon), 120.9, 123.4, 123.6, 124.9, 127.4, 129.08, 129.3, 129.3, 136.0, 137.3, 147.5
(aromatic carbons), 168.8, 170.1, 194.4, 198.1 (four C=0) ppm; MS (m/z): 526.14 [M+H]" ;
Anal. calcd. for Cy0H23N305S : C 66.27; H, 4.41; N, 8.00%. Found: C 66.42, H 4.46, N 8.03
%.

Methyl-1'-methyl-1,3,4''-trioxo-3""-(4-(trifluoromethyl)phenyl)-2''-(4-

(trifluoromethyl)phenyl)imino)-1,3-dihydrodispiro[indene-2,2'-pyrrolidine-3',5"'-
thiazolidine]-4'-carboxylate (7b):

'HNMR (CDCls, 400 MHz): § 2.26 (s, 3H, N-CHs), 3.11 (t, 1H, CH, J = 7.2, 9.2 Hz), 3.30

(t, IH, CH, J = 6.4 Hz), 3.43 (s, 3H, OCH3;), 4.27 (t, 1H,
CH, J = 7.6 Hz), 6.82 — 8.18 (m, 12H, Ar-H) ppm; 3C
NMR (CDCl;, 100 MHz): & 35.6, 51.1, 52.3, 52.5, 69.2
(spiro carbon), 79.9 (spiro carbon), 120.9, 121.9, 124.7,
127.7, 128.8, 129.0, 129.2, 129.9, 129.9, 130.5, 130.8,
144.4, 152.4, 153.9, 161.0 (aromatic carbons), 172.1,

174.2, 192.6, 196.5 (four C=0) ppm; MS (m/z): 662.11

[M+H]* ; Anal. calcd. for C5H,1F¢N3;O5S : C 56.28; H, 3.20; N, 6.35%. Found: C 56.43, H
3.25,N 6.32 %.
Methyl-3''-(4-chlorophenyl)-2''-(4-chlorophenyl)imino)-1'-methyl-1,3,4''-trioxo-1,3-
dihydrodispiro[indene-2,2'-pyrrolidine-3',5''-thiazolidine]-4'-carboxylate (7¢):

'H NMR (DMSO-d;, 400 MHz): 6 2.17 (s, 3H, N-CHj3), 3.64 (s, 3H, OCH3), 3.75 (t, 1H,
CH, J=8 Hz), 4.10 (t, 1H, CH, J= 7.4 Hz), 4.72 (t, 1H, )
CH, J= 8.6, 9.2 Hz), 6.54 — 8.32 (m, 12H, Ar-H) ppm;
13C NMR (DMSO-ds, 100 MHz): & 35.8, 50.8, 54.5,
55.2, 67.2 (spiro carbon), 75.2 (spiro carbon), 121.9,
124.1, 127.1, 128.2, 129.5, 129.6, 130.5, 133.3, 136.7,
140.3, 156.8 (aromatic carbons), 172.1, 174.2, 192.6,
196.8 (four C=0) ppm; MS (m/z): 595.46 [M+H]* ; Anal. calcd. for C,9H,;CI,N;05S : C
58.59; H, 3.56; N, 7.07%. Found: C 58.34, H 3.51, N 7.05 %.

Methyl-3'"-(4-fluorophenyl)-2''-(4-fluorophenyl)imino)-
1'-methyl-1,3,4"'-trioxo-1,3-dihydrodispiro[indene-2,2'-
pyrrolidine-3',5'""-thiazolidine]-4'-carboxylate (7d):




'H NMR (CDCls, 400 MHz): 6 1.61 (s, 3H, N-CH3), 3.79 (s, 3H, OCH3), 4.03 (t, 1H, CH, J
=74 Hz), 423 (t, 1H, CH, J=7.4 Hz), 5.11 (t, 1H, CH, J = 7.6 Hz), 6.76 — 7.67 (m, 12H,
Ar-H) ppm; 3C NMR (DMSO-d;, 100 MHz): 8 34.5, 51.1, 52.2, 58.5, 66.8 (spiro carbon),
71.8 (spiro carbon), 110.0, 111.1, 117.5, 117.8, 122.5, 126.5, 126.6, 129.6, 130.0, 133.4,
134.2, 139.2, 146.8, 152.7 (aromatic carbons), 170.9, 172.0, 192.4, 197.6 (four C=0O) ppm;
MS (m/z): 562.12 [M+H]* ; Anal. calcd. for CyoH, F2N3OsS : C 62.03; H, 3.77; N, 7.48%.
Found: C 62.27, H 3.72, N 7.45 %.

=
] 3
] i
] £ O[R] : BO[R] : L0O[%]
&
] (5 I3
w7 “1 (R i
adl =]
- ]
3 =
] | e
=1
= 26-MAY-2017 12:48:18
oy sirgle pulse
] -+ 10 COMPLEX
] i 13107
o ] = Pretan
] [ppem]
Je0d - EC8400
DELTAZ MR
Fiald Strangth = 0.389TE6[T] (400[MEz])
= X _Aoq Puration & 2 18365952 [a]
=_] = ws - X _Domain -
o] [3: ['i‘e-l | a X _Freg - :9 TE215836 [Hi=]
1 i [~ ) - % of fmat - E:Hm;
] [= | 1 %_points = 14384
1 " X_FPreascans =1
1 | | X Basalutise = 0_45TREEES [He]
] X Swaap = 7.5030013 [kie ]
= X Sessp Clipped = 800240056 (kN
=] || ] S Ctiseed
' Irr Freg
B | o Irx offsm
E J A= 1) Trs Bemal = pratan
B ] Tei Py = 399 TEZ19E3E [MEs]
Fud -J Tei_offa 1
5 ] 14! FALSE
= = -"IL e 15
£ Tota 18
L_. 1 ar
i e RREEE s | T T T T T T R vy ;é’]
i = air
9.0 30 6.0 50 40 3.0 20 1.0 0 Tusgp Gat 21.1[de]
%90 Midth 9_5[us]
F LL--.* I ] ¥ Acq_Time 2 18365952 []
= S _—— (| $_angle 45 [dmg]
e —a . - q e e s X A 0.5 [dE
1 & f::*"wﬁ_ ERRgReEver LES Zam p-Elam]
T oo 00 HAIN S Do N o = IFr Moda = off
- o M - e e I o1 el e iy = BEF
3 : parts per Million : Proton

S-1: 1H-NMR of 4a



abundance

04

03

0.1

7 === PROCESSING PAIAMETENS ---=-
b de
] O[%] : BOIW] : CO[W]
4 Filensns = IMU-R-R-17_Carben fe-1-3
i Auther =
Exparizant =
7 Sampla_Id -
R Solvent -
J Cruaticn Time = 26-BA¥-2017 20:07:3F
i Pavisicn Timm = 2T-BA¥-201T 09:52:34
] Curzant_Tims = 2T-MAY-201T 09:52:45
b = single pulse desoupled o
] oh
7 = Jred-ECS400
A = DELTAZ B0
4 F = D_3ESTES[T] (400 [Hz]}
] x = 1_04333312[a]
X - 13¢
b X = 10052530333 [Miz]
A X = 100 [ppem]
- x = 32768
- X Prascana - 4
] % Rmsolution = 0_$58465E5[Hz]
% & = 31.40703518 [kHz]
b X Sweap Clippad = 25 12562514 [kHz]
B Irr Demain [ ——
E Ier Frag = 399, TE21FE3E [HEz]
- ler Cffaat = Slppm]
i Clipped = FALSE
Zoana = 3200
1 J L ||| I L l \ Fotal Soans = 3300
A l | |- I Falaxation Dalay = 2[s]
i Pacve Gain = 5O
E = 21.214C)
L S L o e L e B B e 'E-zfj;;D,]
=1 20s
180.0 170.0 160.0 150.0 140.0 130.0 120.0 1100 1000 900 800 700 600 500 400 300 200 100 0 -
LU2AN | 2N L AL | =
| | \ -
m3 —bihswzax — o =O e @ Wy -y ) = i3
i Y o : o =T -
S% DEESE3S § Bgg83 § 883 & 8 :
-~ =gieedeo o = 3 ; o -
- =+ i a Ol oAl — 2] — :’; SR ?'. n = Dacoupling =
H- Milhon : Carbonl 3

S-2: 13C-NMR of 4a



abundance

- FROCESSING PAIAMETENS -—--
[ de balancs
i saxp ¢ 0.2[He]
-~ Lragaze al8] : O[] : BO[%] : 100[%]
sarafill : 1
fre + 1
machi naphase
FEm
& JHU-R-A-16 Proton ft-1-3
] = -
: vy -
=] = 10-APR-Z01T 10:28:11
=] = = 10-APR-201T 10:3Z:34
ik : = 10-AFR-201T 10:3Z:53
1 =+
B Cosmmoa & single pulse
] Data Format =
1 Dim Gize -
- 2 (g :
] o =
: £ e ——— -
] e Fiald Strength = 0 389T66[T] (400 [MHz]}
] 7 o ®_Acq Duration = 218365952 (a]
E & | % Demain = 18
=] 3 xF = 399.TE219836 [MHz]
1] £ Offaut -5 ]
1 | ® Peinta = 15384
1 X Frescans -1
4 | X_Basalutiosn = O_45TH45B5 [He]
] | i = 7_EO30013 [kiie]
1 r rea % = &_00Z40096[kHz]
1 = 1= = Proton
- | - = = 395 TE215836 [Miz]
] — = Eppn)
N = = Proton
] = 399.TE215838 [HHE]
J Jo) J ek
= FALSE
= 18
l Total Scans = 15
= =,
T T T T T T T T T T | pelasation nalay = 2isl
e Gain -
10.0 9.0 70 6.0 5.0 4.0 30 2.0 10 0 | vesp Bat - 20.114e]
£_90 Midih = 9.9[us]
7 | {J\ X Acq Time & 2_18365952 [#]
1 e % Angle - :sédl.d:;
L= = L A - =] X Arn - .
W &1 dRosgy Z EE X _fulse = 4.95ua]
i T+ = 89 00 o Y Pl I¥c_Mods ' }
= -~ = W0 W0 W0 WD D o4 Fri_bode -
X : parts per Million : Proton

S-3: H-NMR of 4b



abundance

001

0.13

0.1

JEOL
? RESONANCE

ofe] : BO[%] : 100[4]

D mai . o
S5 bw
Spactromatar

Total Scans

!

T T
180.0 170.0

.

797

?,I 70.0

T
0.0

T
1200 1

T
160.0 150.0 1400 13

I 1
L A
= 99 & wied e
SRr NIYSEE
=
o4 90 - Oh DD D
v, = iR s R N

fillion : Carbonl

T T
100 1000 900 800 700 60

g
0

T
~ el
= o "
| i
% o -
-~ = v

200

10.0

T
0

Baleration Delay
Pacve Galn

Tarp Gat

2_90 Width

Dauctupling

JHU-R-h-16_Carben _ft-1-2
e

10-APR-201T7 12:55:44
12-APR-2017 09:24:05
12-APR-201T7 09:24:19

single pulse dessupled g
10 ComIFLER

26214

Cazkanld

[ppem]

x

Jebd-ECS400
DELTAZ MR

9.389TES[T] (400 [MHzZ]}
104333312 (]

132

100, 52530333 [HEz]
100 [ppm]

32768

4

0. 9546665 [He]
31. 40703E1E [kHz]
25, 13562614 [k8z]
Froton

399, TE2LFAIE [HHz]
5 lppem]

FALSE

3200

3200

2(a]
50

S-4: 3C-NMR of 4b




RA-16 8 (0.152) AM (Top.4. Ht.10000.0,0.00,0.70); Cm (2:11-18:26) TOF MS ES+

ol £13.1015 10428
&

§14.1022

201487
15,1202
340.1487 S
3130 17514712 405 1730 288,655 4832304485 1000 1040 S3ETS g w0y popazsy 71438 4, .

O T T T T T T T T e T T T T T R T s
g0 | 100 | 180 | 2 250 | 300 | 350 | 4 fo | S0 | s50 | eon 750 50

S-5: Mass spectrum of 4b



4.0

Jl -

367

ﬁz

fon

=+

2

JEOL
RESONRANCE

saxp : 0.2[H2)

s Of%] : O[8] : B0[%] : 100(%]
1

abundance

12 1=
" P
1%
:f;
fel
] | 'g_‘ -
] =
] / J
3 A J
9.0 80 7.0
| 1]
AR ———
7 OERRFEEEREE
= i el B P
O e

X : paris per Million : Proton

6083
6680
6.662

383

.,
-

2,276
2.260
184

20

>
>

A

Ravision Time

Curzant Time

Rasclutisn

B0 _Width

Swaap
Swuap_Clipped
Demak.

JHU-R-R-18 Peoten fe-1-3
a s

proton. jeg

JHU-R-h-18

CHLOROFORM-D
26-pRY-201T 12:07:17
2E-MAY-201T 12:3
2E-MAY-201T 12:3

single pulse
iB &

13107
Froton

[ppe]

®
Jrod-ECS40D
DELTAZ HMIL

9.389T66[T] (400 [HHE]}
2. 18365952 [a]

18

399, TEXLG83E [HEz]

5 [ppal

15384

1

0.45T94SES 2]

7.5030012 [kiiz]

£.00240096 [kiz]

Froton

399, TEXLGH5E [HHz]
[ppe]

Froton

395, TE219838 [HHz]
S lppeal

Falaox

18

18

2[=]

az

20.7[4e]

9.9 [us]
218365952 [s]
45[dag]
0.5[48]
4.95[ua]

off

ofr

$-6: 'H-NMR of 4¢




=] JEOL
b ? RESONANCE

== FROCESSTHG PARRMETERS

+ O[N] : BO[R] : 100(%]

“_|
7 = JHU-R-A-18 Carken ft-1-2)
E = da
] = sarbon. jep
= MHU-R-R-18
7 = CHLOROFORM-D
J = 2E-MAY-2017 17:20:45
i = ZT-BAY¥-2017 09:51:51
~ = ZT-BAY-Z01T 09:52:04
TT0 Commmiat = aingle pulse decsupled g
4 Data Format = 10 COMPLEX
Dim iite = 26714
E Dim Title = Carbenld
4 Dim Units = [ppm]
i Dimansisns -x
Bite = JHM-ECS400
A Spemctromeler - DELTAD B
Fiald Strength = 9 SESTES[T] (400[Miz])
7 X_Meq Duratien = 1.04333312[s]
- X Domain - ic
% Frag = 10052530333 [His]
X_Offsat = 100 [ppa]
X Points = 33768
- X Pzascana = 4
] %_hasalutien = 0.9584E685[He]
x = 31.40703518[kHz]
b ' = 5. 1ZEEZEL4[kHz]
B = Protan
i = 305 TEI10G3E [Mie]
= 5[pgal
A = FALSE
4 = 3200
] | | L | e
2 L | | I
= . -
I B B B B L L L B o B R B R e R =
190.080.0 170.0 1600 150.0 140.0 1300 120.0 1100 1000 200 800 700 600 3500 400 300 200 100 -
= 4[m]
| |I | 11 | = 291666667 [us]
I} | | = 21 814 [4B]
o oo M= = mTo®e T = 26 oo Irr hin Hoe = 21.814 [dB]
I=3 2R F FoE2RE g = S57H e At |
wiel o =S = goxmwg = wvi meic e ing ol
- o [Tt o ] ] O ] ey i A bmcoupling = TRUE
3 : parts per Milhon : Carbonl 3

S-7: 13C-NMR of 4¢




abundance

1.00

16.20

s
3.07
ol

2

JEOL
RESONANCE

machipaphase
Fpm

——=- PROCESSING PARAMETERS ----
al

O[W] : BO0Q%] : 1000%]

JHU-HR-34 Proten fe-1-2.
davun
protan. jeg
THU-HR-34
EHEC-DE
16-00T-2019 12:20:10
16-007-2019 12:25:14
156-0CT-2019 12:25:54

= single pulse
= 10 COMPLEX
= 26214
= preten
= [ppe]
Dimanslchs =X
Hite = JHM-ECS400
: Spechrcomles = DELTAZ HMRL
Fiald Strength = 0 389766[T] (400 [Mue]}
X = 3.63855872[s]
X -1
X = 399 TE219A38 [Hiz]
x = B[ 1
X = 32768
£ =1
2 ;3 = 02746341 [H2]
=t X = 9.00576360 [kilz]
X = 7.20461095 [kiiz]
= Frotor
= 399 TE2J10A3E [MH:]
= = B[ppe
i = proter
= 395 TE2LGEIE [MHe]
= Slppal
= FaLsz
=18
=15
u A

T &
150 140 130

- parts per Milhon : Proton

T T
9.0 g0

T T T T T
70 60 50 40 30

=2 gf.,//):{ e

4

= o = oo g
ISEEEEEEE S
e 4 S F 00D nn
P ==~ 888888

20 1

L XA Tima
L%"“—-._\_ X_argle
20 X_Arn
e X_fulse

9
:
i

11.5[ua]
3.€3855872 (8]
45 [dag]
0.7[4m]
5.75[ua]

of

S-8: *H-NMR of 4d




ahundance

] JEOL
? RESONANCE

sexp{ 2.0[Hz], 0.0[=] }
trapazaid( O[], O[%], BO[%], 100[a] j
rarefill{ 1 }

£fel 1, TRUE, TRUE )

machinephass

ppm

6

JHU-HRk-34 Proten fe-1-2.

JHU-Hik- 34
Dbiso-DE
16-0CT-2019 11:24:33
16-0CT-2019 11:53:38
16-007-2019 11:53:59

single pulse decsupled gat
10 COMPLEX

26214

Carbonlld

[
®

Jed- ECE400
LTAD MM

Fiald Strangth 9.Z89765(T] (400[HHZ))

% _Meq Duratien = 1 04333312 [s]
% Domain = 13¢
%K = 100, 53530533 [z ]
X offsat = 100 [ppe]
X = 32768
x =4
X = 0_%5846655 [Hz]
X = 31.40703518 [kHz]
= 25.12562814 [kiz)
= Protan
= 39%. TE2L9638 M)
= 5lppal
= FaLaE
] = @3z
] | | t J = a3z
T T T T T T e T T T T T T T A T [ T T T O A O T T :
180.0170.0 160.0 150.0 1400 1300 1200 110.0 1000 900 800 700 600 500 400 300 200 100 o =
AT LASS bl ekl L :
111 I T \ ! \ =
MOV 0D DO AN e LMD DO P ] e b Do WD TR T -+ oo =
[ = %o v o el i Rl B0 e 5 Z gel & =S o Irr boise =
Y o S~ og e T B S B B B R R R B b o S =2 Sen™ o Sy Iee Puidth =
228 RER S ZILEASKACSCZ=C 2 % nes RS AR CuEupling -
— — - b etk B s ok S e S

X - “parfs per Millon - Carbonl3

$-9: 13C-NMR of 4d




CA-112(0.220) AM (Cen,4, 80.00, Ht,10000.0,0.00,0.00); Cm (7:19-45:56)

TOF MS ES+

100+ 5411042 1.10e8
as_
5421064
513.0958
543.1060
338.0472
203.0654. 544 1066
17.1338 207.0412 |}39 9489 500.0636 6031677 7274539 830.2633
PR il I Wt Y] G DG ) W GOSN -2 OB oo 1 1 S S
50 150 200 250 300 3! 400 450 500 550 600 650 700 750 800 850 S00 950 1000

S$-10: Mass spectrum of 4d



6.0

5.0

4.0

2.0

10

abundance

JEOL
? RESONANCE

---- PROCESSING PARMMETERS ----

de_balance

aaxp : 0.2[R=]

Eragas O[%] : O[%] : B0[%] : 100[%]
1

fmachi paphase

3 : parts per Million : Proton

[
=
[ag?
] = JHU-HR-T Proton f\.—!.—;.‘]
3 = datun
- = peokan. jup
| = N0 -HR-T
] res
3 | =
= o1 Currant_Tima
1 Conmant = single pulss
< Data Format - 10 COMPLEX
E Dim Size - 13107
E Dim Title = Protan
— Dim Units = [ppm]
] Dimansicns -x
= Site = JHM-ECS400
B Spemchsooe e = DELTAZ HMR
& Fimld Strength = 9 389T66[T] (400 [MHz])
B ; = | = % Moy Duraticn = 2.18365952(a]
| o L X Domain - 1M
3 o e = X Frag = 390 TEIISHIE[MEs]
3 = ] X_Offsat = 5[ppal
E =l ¥ Foints - 15384
3 % Pruscans -1
] X _Basalutien = 0_457S4SE5[He]
] g — = 7.5030012 [kEz]
] | X Swasp Clipped = & 00240058[kiz]
i Irr Domaln = Protan
i | | Ire Frag = 395 TEIISHIE[MEs]
E ) J offset = Slppa]
E J 4 Demain = preta
E Frug = 395 TE21SH3E[HEE]
E L offsat - ]
7 Clippad -
- Bcans -
] Total Scans -
e e e e e ] elenation bulay
& —— -
90 8.0 50 40 3.0 20 Pa— =
%90 Midih -
| /)’/’M r {k\\ | T = 318365952 [s]
p— | | K argle - :s;d[:;;
s e - % Atn - a0
g 8 £2a8Baae ~3H & X pulse = 4.95[ua]
™ i AT NN hgan L] T poda = afr
o~ FAFFFT AN o rei Moda = are

S-11: 'H-NMR of 4e




ahundance

0.6

Lo III“HIL g

2

JEOL
RESONANCE

T
180.0 170.0 160.0 150.0

B -

T T
140.0 1300 1200 110.0 100.0 20.0

s

800 700 600 3500 400 30.0

Pl

= | 1 |
~ o -3 ooV we s et - ca FOD EE
P T B RS ==~ = - = & == 3
- AT b B BT B L B = i ot M O oo o
[l - S eSO & o o - ws gigls 88 =
~ ewo T e en o e e 1 - - 4] il = -

X : parts per Million : Carbonl3

20.0

10.0

0

=g 2. )

erapazedid| O] BO[a), L00[W] }

smrafillf 1)

Efe( 1, TRUE, TRUE }

machinaphase

Epm
= JHU- MR-T _Carban-1-3.df
= dat
= EHSC-DE
= 28-AUG-2018 12:14:11
= JE-ADG-2018 12:40:26

Comnant
Data_Format

Rasalutisn

R

Irr_Bomain

-
Ies tuidth
Dacsupling

Swaap
Swmap_01ippad

28-AUG-2018 12:40:42

single pulse decsupled gat

9.289766 (7] (400[HEZ])
1.04333312([s)

e
100.52530333 [Mez]
100 [ppm]
3xTeE
4

0. PES4 6665 [82]
31. 40703518 [kiz]
25 12EE2814 [kiz]

Froton
399 TE219638 [MEz ]

8.25 18]
1.04333312 [s]
30 [dmg]
4.6[a8]

.81d [da]
21.814 [48]
WALTZ
0,115 [ma ]
TeUE

S-12: 13C-NMR of 4e




abundance

(a:v
== 100[%]
| e i
= |f;- mebchi nephass
(o] =
:_
=g
E [
E i
=3
- & JHU-HR-5 Proton :L—L—R.J
= da
= protan. §
- = JH-HEE-5
I'C; ——
prt =  &-AUG-3018 15:39:54
- . 7
- 3
= DELTADZ R
e = Field Strength = 5 383T66[T] (400 [HHz]}
re = = =) = %_hog Duration = 3_B535148[a]
= |;. ] = % Domain - 18
x| = - ¥ Frug = 395 TEZ1HE3E [MEz]
X_Offsat = 5|ppm]
X_peints = 32788
X Prascans = 1
*_Bascluticn = 0.25950372 (=]
® = 8.50340136[kHz]
- 6.B0ZTZLD
- Froton
= 399 TE215A3E [ME=]
= 5ippa)
= proten
= 399 TE215A3E [ME=]
= 5[ppal
I} N i = FaLaE
=15
J_A |\ .
L 1
T T T T T T T T T T | pelasatien Delay & 2lal
& ve Gabn -
110 10,0 20 20 7.0 6.0 50 40 30 20 10 0 | resp e = 20,4182
®_90_Midth = 11.75[us]
I K_Aeg Tina = 3.@535168[a])
\ ,l X_hngle = 45[dag]
- - %_Atn = 4.5[dA]
& E%23 28%H = X fulse = 5_B75[us]
& ko gl o = IEr Modae = Gff
= ToHF e e Tri pode = off
3 : parts per Million : Proton

$-13: 'H-NMR of 4f




2

JEOL
RESONANCE

0.7

mashirephase

£ O[%] : BO[%] : 10O[%]

0.6

1

abundance

U L R LB B e B e
130.0 170.0 160.0 1 140.0 130.0 1200 110.0 100.0 9

)

Q48]

175.809=—
147.988——
143830~
114.464——

130,005

|=F
o

Fiald Strength
Aey Duration

Rasclution

B 56 BB BE B B M

Ifr Demain
Ler_Freg
Iee OFF:
Elippad
;.

Total Scans

Ler_puidth
Ductupling

v
Sweap_Clipped

= DHEC-DE

= 5-AUG-2018 23:52:55
= T-ADG-Z018 10:18:18
= T-AUG-ZO1E 10:18:28
= single pulse decoupled g
= 1D CoMPLEX

= 26214

= Carbanld

= Ippm]

-%

= JHH-ECS400

= DELTAD MMR

= 9.3BITES[T] (400 [MHz]}
= 1.04333312(s]

= 138

= 10052530333 [Hiiz]

= 100 [ppe]

= 32768

=3

= 0.95846665 ]

= 31.40703518 [kHz]

= 25.1Z562614 [kHz]

= Proten

= 399.TE210U3E [Miz]

= Slppm]

= FALSE

= 1024

= 1024

S-14: 3C-NMR of 4f




abundance

0.6

100

JEOL
? RESONRANCE

- FROCESETHG PAIMMETENS ----

o[%] : BO[R] : 10O(%]

-
s
e

3 : parts per Million : Proton

JHU-HR-33_Proten Fe-2-2,

20-AUG-2019 10:38:48
20-A0G-2019 10:39:14

H
TH-EC8400
DELTAZ_HML

9.3A9TES[T] (400 [MHE]}
436731904 [s]

18

399, TE2 1636 [HEs]

5
32768
1

0.22897343 [He]
7.5030012 [kHe]

€. 00240056 [kaiz]
Proton

399 . TE2 15636 [Miz]
Eppa]

Frotan
399, TE2 15636 [HHz]
s lpgal

FALSE

18

18

5_B75 [us]
e

$-15: *H-NMR of 4¢g




abundance

JEOL
? RESONANCE

trapes “orel : o[8] ¢ BOIW]

{

£fe :
machi raphase
Fpm

JHU-HR-33 Carben fe-1-2.

4

DHEC-DE

22-ADG-2019 16:23:49
26-AUG-2019 14:49:08
2E-ADG-F019 14:49:1F

[IN]

Commant single pulse desoupled g
10 COMPLER

26214

Casbonl3

[ppee]

®
Jed-ECH4 00
DELTAL hdi

008

9.ZEPTES[T] (400 [MHZ]}
1.04333312(a]

138
100.525303535 [miz]

100 [ppm])
32768
4

0,06

Busalutien
S

¥ Swesp CLlipped
Irr Domaln

0. 95&4EEEE [He ]
31.40TO3ELE k]
25, 1FEEZE14 [kHz]

15638 [Wiiz]

s ]
1.04333312(a]

L5 BARED T A {EERER |EEEEA BRGAA BEARS
2200 200.0 180.0 160.0 140.0 120.0 100.0

/ Il I;ll\':%:_u%—,____ 2.75[ua)

| PN Y 21,814 [d8]
= DO DD 4 o 0 O 00 gh oo = 211N )
L ] Wi Qn I~ o8 = W0 - oo oh P 8 Wy i = WALTZ

W@ =+ A R Rl % N ' FHASE Ao =g = 0.115[na]
o [ e B 1 £ A o »

- e =] = E DUEEEE LRESEE Duzrupling = ™

: parts per Million : Carbonl3

$-16: 3C-NMR of 4¢g



abundance

4 1.5 161718 1920212223 242526

2

JEDL
RESONANCE

==== FROCESSING PARMMETENS ----

de balanee
sazp : 0.2]

Eragazold a ‘-] £ a[u]

sazafill
1
chinephese

.

Bl %] in0[R]

kS (%
4
o
s
Lo
b
|
[®
%
|
|
= |J
)" |
L ]
110 100 9.0 80 7.0 6.0 50 40 30 20
11l 1 1 mn
| ;Jf’%l%\ \ “‘*m /7%\ I )!\ "\~ |||L§\\
P SOURSEEH IR F I zggEcd
g .“’!"‘T""'."‘:‘Q‘f' SoamE @ Comm Too=
= FreEe g ggg T+ e e e e el e el

3 : parts per Million : Proton

Tump Gat

JHU-HR-3_Frokan_fe-1-2_j
datun

protan. jup

THU-H- 3

OHSC-DE

§-ADG-2018 15:47:19
§-ADG-2018 15:58:33

x
e~ ECH400
DELTAZ bbdit

9.389766[T] (400 [uz]}
3_BE3E14E (]

18

399, TE215838 [HEz ]

v
w
]
-~
@
o

025850322 [He]
8.503402136 [kRz]
6.80272200 [kRz]
Proton

39%. 76215838 [Hiz]
5 [ppa)

protan
395, TE215838 [His |
5(ppnm]

11.75[:
3.8535168([a)
45 [damg]

9.5 (48]
5875 [ua)
=44

afg

$-17:

'H-NMR of 4h




s EUEIES il 012 mi4 016 LI} ] 02

0,0

nn?

BEME ¢ BELM] 5 SBEN]

Tobl UL B0 00
TR GOLE Bl DR
T T

ahngle pulse dessupied 9

Fisld flrssgik = §.F8E0[TF] (400 [ela] b

E_foq erstlos = 1 04ENENIE(s]
_ Dvmain
ey
T et
-
N _PRTL e e
4 )
rasam
T
15

Ml Dl sy
Wy _Sada

220.0 200.0 1800 1800 140.0 1200 1000 800 600 40.0 20.0 [ =20 5
i 1 1 =
1T RN | 1 M A -
- - — e o o B - = o= B S B =
2223 EESZAS I % Bnfss # aie
sHiesd denesSS g I si=gssz 3 e

$-18: 3C-NMR of 4h



=
]

3.0 4.0

abundance

1.00

ns

5

[I":_;_; [iﬁfz
1) i
L 5

JEOL
? RESONANCE

o[%] : BO[R] : 10O[%]

[ —

13.0 120 110 100

[ai)

0.63

X : parts per Million : Proton

AN

[

/
FRESREER Ex
T e o, =
= o o e Mo

T T T T T T T [ T e T I T A T T T
.

6.0 5.0 4.0 30 20 0

S-ADG-2018 15:34:17
S-ADG-2018 16:1: 4
S-AUG-2018 16:13:02

singla pulse

Data Format

(NN
e
&
]
-
=

bin Sire
Din Title Provan
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Rasalution
Swanp

Swaep C1ipped
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4 = 10 COMPLEX
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] Spectrommtar = DELTAZ hodit
B Fiald Strangth & 9_38976S[T] (400 ([MHE])
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Ralaxation Dalay
Racve Gabn

o Gat
X 90 Width
A_meg Timm
% _Angle
X_Aen

A fulse
Irr boda

Frotan_fe-1-2. 3

CHLOROFOIM-D
10-FEB-2020 15:39:18
10-FEB-2020 15:25:35
10-FEB-2020 15:25:55

®
Jr-ECE4 0D
DELTAZ B

. ZA9TES[T] (400 MHz]}
4 36731904 [a]

im
395 TE215A36 [HHE]
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S-34: 3C-NMR of 7d



Crystal data and structure refinement for 4d.

Identification code Shelxl

Empirical formula Cso Hyg N4O4S
Formula weight 540
Temperature 296(2) K
Wavelength 0.71073 A

Crystal system, space group Triclinic, P-1

Unit cell dimensions a=13.2006(11) A alpha=113.018(3) deg.

b=14.2383(11) A beta = 103.338(4) deg.

c=17.0243(12) A gamma = 97.930(4) deg.

Volume

2771.1(4) A™3

Z, Calculated density

2, 1.297 Mg/m”"3

Absorption coefficient 0.159 mm*-1
F(000) 1138
Crystal size 0.30 x 0.25 x 0.20 mm

Theta range for data collection

1.59 to 28.32 deg.

Limiting indices

-16<=h<=17, -17<=k<=18, -22<=I<=16

Reflections collected / unique

23290/ 12528 [R(int) = 0.0255]

Completeness to theta =

2832 90.7%

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

0.9688 and 0.9538

Refinement method

Full-matrix least-squares on F"2

Data / restraints / parameters

12528 /0/711

Goodness-of-fit on F*2

0.845

Final R indices [I>2sigma(])]

R1=0.0554, wR2=0.1612

R indices (all data)

R1=0.0873, wR2 = 0.2025

Largest diff. peak and hole

0.823 and -0.559 e.A"-3




