Supporting Information

One-pot Approach to Organo Phosphorus-Chalcogen Macrocycles Incorporating Double
OP(S)SC, or OP(Se)SeCy Scaffolds: A Synthetic and Structural Study

Guoxiong Hua, Junyi Du, Alexandra M. Z. Slawin and J. Derek Woollins*

1. H, BC, 3P and "’Se NMR data for compounds 1-17, 19, 20-33 and 40

3,8-Diferrocenyl-1,5,6,10-tetrahydrobenzo[e][1,10]dioxa[3,8]dithia[2,9]diphosphacyclododecine 3,8-
disulfide (1). *H NMR (CD:Cly, ¢), 7.28-7.23 (m, 4Hx2, Ar-H), 4,86-4.57 (m, 8Hx2, ferrocenyl-H), 4.41 (s,
10H, ferrocenyl-H), 4.42 (s, 10H, ferrocenyl-H), 4.39-4.25 (m, 4Hx2, OCH>), 4.09-3.96 (m, 4Hx2, SCH>)
ppm. ¥C NMR (CD.Cly, 6), 134.8, 134.7, 134.5, 134.4, 131.2, 131.1, 128.7, 128.6, 76.9 (d, J(P,C) = 132.6
Hz), 76.8 (d, J(P,C) = 134.9 Hz), 72.2 (d, J(P,C) = 14.1 Hz), 71.9 (d, J(P,C) = 13.3 Hz), 71.2 (d, J(P,C) = 19.3
Hz), 71.0 (d, J(P,C) = 18.6 Hz), 70.6, 70.5, 65.0 (d, J(P,C) = 14.5 Hz), 64.9 (d, J(P,C) = 14.5 Hz), 33.9, 33.8
ppm. 3P NMR (CD.Cls, 5), 95.2 and 95.1 ppm.

4,9-Diferrocenyl-5,8-dioxa-3,10-dithia-4,9-diphospha-1(1,3)-benzenacycloundecaphane 4,9-disulfide (2).
'H NMR (CD2Cly, 6), 7.62 (s, 1H, Ar-H), 7.51 (s, 1H, Ar-H), 7.33-7.24 (m, 3Hx2, Ar-H), 4.86-4.81 (m, 8H,
ferrocenyl-H), 4.69-4.58 (m, 8H, ferrocenyl-H), 4.42 (s, 10H, ferrocenyl-H), 4.41 (s, 10H, ferrocenyl-H),
4.17-3.87 (m, 4Hx2, OCHy), 3.68-3.36 (m, 4Hx2, SCH>) ppm. C NMR (CD.Cly, ), 139.4, 139.3, 129.7,
129.6, 128.6, 128.4, 128.3, 128.1, 77.0 (d, J(P,C) = 141.8 Hz), 76.5 (d, J(P,C) = 138.2 Hz), 72.2 (d, J(P,C) =
12.5 Hz), 72.0 (d, J(P,C) = 12.1 Hz), 71.3 (d, J(P,C) = 14.1 Hz), 71.2 (d, J(P,C) = 14.0 Hz), 70.6, 70.5, 63.4,
63.0, 33.7, 33.6 ppm. 3P NMR (CD,Cly, ¢), 99.9 and 99.7 ppm.

4,9-Diferrocenyl-5,8-dioxa-3,10-dithia-4,9-diphospha-1(1,4)-benzenacycloundecaphane 4,9-disulfide (3).
'H NMR (CD2Cly, 6), 7.52-7.46 (m, 4H, Ar-H), 7.31-7.20 (m, 4H, Ar-H), 4.59-4.48 (m, 8Hx2, ferrocenyl-H),
4.31 (s, 10H, ferrocenyl-H), 4.30 (s, 10H, ferrocenyl-H), 4.15-3.87 (m, 4Hx2, OCH>), 3.82-3.65 (m, 4Hx2,
SCH,) ppm. 3C NMR (CDCl,, §), 138.7, 138.0, 129.6, 129.4, 129.3, 76.4 (d, J(P,C) = 105.4 Hz), 76.3 (d,
J(P,C) = 105.6 Hz), 72.3 (d, J(P,C) = 14.5 Hz), 72.2 (d, J(P,C) = 14.3 Hz), 71.2 (d, J(P,C) = 16.1 Hz), 71.1 (d,
J(P,C) = 16.6 Hz), 70.6, 70.5, 64.4 (d, J(P,C) = 10.5 Hz), 64.2(d, J(P,C) = 10.9 Hz), 37.7 (d, J(P,C) = 7.5 Hz),
37.6 (d, J(P,C) = 6.1 Hz)ppm. 3P NMR (CDCl, ), 99.7 and 97.8 ppm.



4,10-Diferrocenyl-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,3)-benzenacyclododecaphane 4,10-disulfide
(4). 'H NMR (CD:Cly, ¢), 7.40-7.26 (m, 4Hx2, Ar-H), 4.80-4.53 (m, 8Hx2, ferrocenyl-H), 4.35 (s, 10H,
ferrocenyl-H), 4.34 (s, 10H, ferrocenyl-H), 4.32-4.30 (m, 4Hx2, SCHy), 4.22-3.78 (m, 4Hx2, OCH), 1.59-
1.52 (m, 2Hx2, CH) ppm. *C NMR (CD.Cly, ¢), 139.7, 129.7, 129.5, 129.1, 128.5, 128.4, 128.1, 77.9 (d,
J(P,C) = 102.8 Hz), 77.8 (d, J(P,C) = 103.0 Hz), 72.1 (d, J(P,C) = 10.4 Hz), 72.0 (d, J(P,C) = 10.4 Hz), 71.3
(d, J(P,C) = 12.8 Hz), 71.2 (d, J(P,C) = 14.0 Hz), 70.6, 70.5, 62.1 (d, J(P,C) = 7.3 Hz), 61.2 (d, J(P,C) = 7.3
Hz), 37.5 (d, J(P,C) = 8.3 Hz), 37.4 (d, J(P,C) = 8.3 Hz), 30.6 (d, J(P,C) = 6.3 Hz), 30.2 (d, J(P,C) = 6.3 Hz)
ppm. 3P NMR (CD.Cls, 5), 99.0 and 98.9 ppm.

3,9-Diferrocenyl-1,6,7,11-tetrahydro-5H-benzo[e][1,10]dioxa[3,8]dithia[2,9]diphosphacyclotridecine
3,9-disulfide (5). *H NMR (CDCly, 6), 7.24-7.03 (m, 4Hx2, Ar-H), 4.70-4.53 (m, 12Hx2, OCHy+ferrocenyl-
H), 4.38 (s, 10H, ferrocenyl-H), 4.32 (s, 10H, ferrocenyl-H), 4.16-4.10 (m, 4H, SCH>), 3.96-3.82 (m, 4H,
SCHy), 1.53-1.26 (m, 2Hx2, CH,) ppm. C NMR (CDCl, ¢), 134.5, 134.3, 131.3, 131.1, 128.8, 128.7,
128.5, 128.3, 76.9 (d, J(P,C) = 58.1 Hz), 74.9 (d, J(P,C) = 51.9 Hz), 71.9 (d, J(P,C) = 11.4 Hz), 71.7 (d, J(P,C)
=119 Hz), 71.4 (d, J(P,C) = 15.5 Hz), 71.3 (d, J(P,C) = 15.6 Hz), 70.8, 70.5, 62.4 (d, J(P,C) = 8.3 Hz), 60.3
(d, J(P,C) = 5.2 Hz), 34.8, 33.6, 31.0, 30.9 ppm. 3P NMR (CDCl,, 6), 94.2 and 92.4 ppm.

2,9-Diferrocenyl-1,10-dioxa-3,8-dithia-2,9-diphosphacyclotetradecane  2,9-disulfide (6). H NMR
(CD2Cly, 0), 4.58 (d, J(P,H) = 10.7 Hz, 4H, ferrocenyl-H), 4.57 (d, J(P,H) = 10.7 Hz, 4H, ferrocenyl-H), 4.44
(d, J(P,H) = 3.8 Hz, 4H, ferrocenyl-H), 4.43 (d, J(P,H) = 3.8 Hz, 4H, ferrocenyl-H), 4.33 (s, 10H, ferrocenyl-
H), 4.32 (s, 10H, ferrocenyl-H), 4.26-4.12 (m, 4Hx2, OCH>), 3.32-2.65 (m, 4Hx2, SCHy), 2.02-1.70 (m,
8Hx2, CH,) ppm. ¥C NMR (CD-Cl, ¢), 78.6 (d, J(P,C) = 33.2 Hz), 76.5 (d, J(P,C) = 30.1 Hz), 72.0 (d,
J(P,C) =8.3 Hz), 71.8 (d, J(P,C) = 6.2 Hz), 71.5 (d, J(P,C) = 12.5 Hz), 71.1 (d, J(P,C) = 3.1 Hz), 70.6, 70.5,
63.9 (d, J(P,C) = 7.3 Hz), 63.6 (d, J(P,C) = 7.3 Hz), 33.5 (d, J(P,C) = 3.1 Hz), 32.9 (d, J(P,C) = 3.1 Hz), 28.9
(d, J(P,C) = 3.1 Hz), 28.5 (d, J(P,C) = 3.1 Hz) ppm. 3P NMR (CD:Cly, 6), 99.6, and 97.4 ppm.

3,10-Diferrocenyl-1,5,6,7,8,12-hexahydrobenzo[e][1,10]dioxa[3,8]dithia[2,9]diphosphacyclotetradecine
3,10-disulfide (7). *H NMR (CD2Cl,, 6), 7.39-7.19 (m, 4Hx2, Ar-H), 4.68-4.44 (m, 8Hx2, ferrocenyl-H), 4.40
(s, 10H, ferrocenyl-H), 4.38 (s, 10H, ferrocenyl-H), 4.27-4.10 (m, 4Hx2, OCH>), 4.01-3.90 (m, 4Hx2, SCH>),
1.90-1.86 (m, 4Hx2, CH.) ppm. *C NMR (CD:Cl,, §), 130.9, 130.8, 128.6, 128.5, 128.1, 128.0, 72.0, 71.8,
71.6, 71.4,70.5, 70.4, 64.6, 64.5, 35.4, 35.2, 26.7, 26.3 ppm. 3'P NMR (CD-Cly, 5), 97.9 and 95.4 ppm.

4,11-Diferrocenyl-5,10-dioxa-3,12-dithia-4,11-diphospha-1(1,3)-benzenacyclotridecaphane 4,11-
disulfide (8). 'H NMR (CD2Cly, 6), 7.36-7.24 (m, 4Hx2, Ar-H), 4.74-4.46 (m, 8Hx2, ferrocenyl-H), 4.34 (s,
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10H, ferrocenyl-H), 4.32 (s, 10H, ferrocenyl-H), 4.23-3.70 (m, 8Hx2, SCH>+OCH), 1.86-1.41 (m, 4Hx2,
CH>) ppm. $3C NMR (CD:Cl,, 6), 139.8, 139.5, 129.9, 129.8, 129.0, 128.7, 128.2, 127.9, 77.7 (d, J(P,C) =
61.4 Hz), 75.7 (d, J(P,C) = 73.2 Hz), 72.2 (d, J(P,C) = 9.5 Hz), 72.0(d, J(P,C) = 10.3 Hz), 71.6 (d, J(P,C) =
13.6 Hz), 71.4 (d, J(P,C) = 14.1 Hz), 70.6, 70.5, 64.1 (d, J(P,C) = 6.2 Hz), 63.7 (d, J(P,C) = 6.2 Hz), 38.0,
37.9, 26.6 (t, J(P,C) = 3.1 Hz), 25.6 (t, J(P,C) = 3.1 Hz) ppm. P NMR (CD,Cl>, §), 98.9, and 98.2 ppm.

4,11-Diferrocenyl-5,10-dioxa-3,12-dithia-4,11-diphospha-1(1,4)-benzenacyclotridecaphane 4,11-
disulfide (9). *H NMR (CD,Cly, 6), 7.36 (d, J(H,H) = 8.0 Hz, 4H, Ar-H), 7.24 (d, J(H,H) = 8.0 Hz, 4H, Ar-
H), 4.57-4.50 (m, 8Hx2, ferrocenyl-H), 4.32 (s, 10H, ferrocenyl-H), 4.31 (s, 10H, ferrocenyl-H), 4.16-3.77 (m,
4Hx2, OCH), 3.34 (d, J(H,H) = 8.0 Hz, 4H, SCH>), 3.12 (d, J(H,H) = 8.0 Hz, 4H, SCH>), 1.79-1.40 (m,
4Hx2, CH,) ppm. *C NMR (CD.Cly, §), 138.9, 138.4, 129.4, 129.1, 77.0 (d, J(P,C) = 143.2 Hz), 76.8 (d,
J(P,C) = 143.0 Hz), 72.2 (d, J(P,C) = 14.2 Hz), 72.0 (d, J(P,C) = 13.9 Hz), 71.5 (d, J(P,C) = 14.1 Hz), 71.2
(d, J(P,C) = 14.0 Hz), 70.5, 70.4, 64.1 (d, J(P,C) = 7.3 Hz), 63.6 (d, J(P,C) = 6.2 Hz), 37.6, 37.5, 25.9, 25.4
ppm. 3P NMR (CD.Cls, 5), 98.3 and 98.2 ppm.

3,8-Dimethyl-5,6-diphenyl-1,5,6,10-tetrahydrobenzo[e][1,10]dioxa[3,8]dithia[2,9]-
diphosphacyclododecine 3,8-disulfide (10). *H NMR (CD2Cly, §), 7.35-7.13 (m, 14Hx2, Ar-H), 5.82-5.76
(m, 2Hx2, OCH), 4.53-4.29 (m, 8Hx2, ferrocenyl-H), 4.12 (s, 10H, ferrocenyl-H), 4.11 (s, 10H, ferrocenyl-H),
3.53-3.47 (m, 4Hx2, SCH) ppm. ¥C NMR (CD.Cl, 6), 139.2, 136.4, 135.2, 130.9, 130.7, 130.6, 128.4,
128.3,128.1, 128.0, 127.8, 127.4, 127.3, 127.1, 81.6 (d, J(P,C) = 77.9 Hz), 81.5 (d, J(P,C) = 76.8 Hz), 77.4 (d,
J(P,C) = 6.2 Hz), 77.1 (d, J(P,C) = 6.2 Hz), 71.9 (d, J(P,C) = 12.0 Hz), 71.8 (d, J(P,C) = 11.0 Hz), 71.6 (d,
J(P,C) = 12.5 Hz), 71.2 (d, J(P,C) = 11.4 Hz), 70.6, 70.4, 35.0 (d, J(P,C) = 23.9 Hz), 31.8 (d, J(P,C) = 22.8 Hz)
ppm. 3P NMR (CD,Cly, ¢), 100.1 and 100.0 ppm. Mass spectrum (CI*, m/z), 877 [M+H]".

4,9-Diferrocenyl-6,7-diphenyl-5,8-dioxa-3,10-dithia-4,9-diphospha-1(1,3)-benzenacycloundecaphane
4,9-disulfide (11). *H NMR (CD:Cly, ), 8.11 (s, 1H, Ar-H), 8.07 (s, 1H, Ar-H), 7.49-7.02 (m, 12Hx2, Ar-H),
6.46-6.34 (m, 2Hx2, OCH), 4.84-4.30 (m, 8Hx2, ferrocenyl-H), 4.23 (s, 10H, ferrocenyl-H), 4.13 (s, 10H,
ferrocenyl-H), 3.59-3.30 (m, 4Hx2, SCH,) ppm. *C NMR (CD:Cly, 6), 139.3, 139.2, 136.6, 136.4, 129.7,
129.5,129.3,129.1, 128.9, 128.7, 128.5, 128.1, 127.0, 127.4, 127.3, 127.3, 81.5 (d, J(P,C) = 61.4 Hz), 81.4 (d,
J(P,C) = 61.0 Hz), 77.3 (d, J(P,C) = 22.6 Hz), 77.2 (d, J(P,C) = 22.0 Hz), 72.1 (d, J(P,C) = 14.5 Hz), 71.9 (d,
J(P,C) = 15.5 Hz), 71.5 (d, J(P,C) = 13.5 Hz), 71.0 (d, J(P,C) = 13.0 Hz), 70.5, 70.4, 37.4, 33.2 ppm. 3'P
NMR (CDCly, 6), 100.1 and 99.7 ppm.



6,6-Dibutyl-3,9-diferrocenyl-1,6,7,11-tetrahydro-5H-benzo[e][1,10]dioxa[3,8]dithia[2,9]-
diphosphacyclotridecine 3,9-disulfide (12). *H NMR (CD2Cly, §), 7.04 (d, J(H,H) = 7.9 Hz, 2H, Ar-H), 7.03
(d, J(H,H) = 7.9 Hz, 2H, Ar-H), 6.90 (d, J(H,H) = 7.9 Hz, 2H, Ar-H), 6.89 (d, J(H,H) = 7.9 Hz, 2H, Ar-H),
4.60-4.56 (m, 8H, ferrocenyl-H), 4.52-4.43 (m, 8H, ferrocenyl-H), 4.32 (s, 10H, ferrocenyl-H), 4.28 (s, 10H,
ferrocenyl-H), 4.17-4.11 (m, 4H, OCHy), 4.05-3.96 (m, 4H, OCH), 3.90-3.82 (m, 4H, SCHy), 3.79-3.75 (m,
4H, SCHy), 1.45-1.18 (m, 12Hx2, CH,), 0.92-0.75 (m, 6Hx2, CH3) ppm. *C NMR (CD:Cl,, ¢), 134.6 (d,
J(P,C) =9.1 Hz), 134.1 (d, J(P,C) = 9.1 Hz), 131.0, 130.9, 128.6, 128.5, 77.2 (d, J(P,C) = 124.2 Hz), 75.8 (d,
J(P,C) = 118.0 Hz), 72.4 (d, J(P,C) = 14.6 Hz), 72.0 (d, J(P,C) = 10.5 Hz), 71.5 (d, J(P,C) = 11.7 Hz), 70.8 (d,
J(P,C) = 6.5 Hz), 70.6, 70.3, 67.6 (d, J(P,C) = 8.4 Hz), 65.8 (d, J(P,C) = 6.6 HZz), 41.0 (d, J(P,C) = 10.0 H2),
40.8 (d, J(P,C) = 9.0 Hz), 34.9 (d, J(P,C) = 3.6 Hz), 34.1 (d, J(P,C) = 3.0 Hz), 30.1, 30.0, 24.7, 24.6, 23.7,
23.3, 14.0, 13.9 ppm. 3P NMR (CD.Cly, ), 94.1 and 93.7 ppm.

7,7-Dibutyl-4,10-diferrocenyl-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,3)-benzenacyclododecaphane

4,10-disulfide (13). *H NMR (CD.Cly, 6), 7.31-7.15 (m, 4Hx2, Ar-H), 4.67-4.61 (m, 8H, ferrocenyl-H), 4.52-
4.45 (m, 8H, ferrocenyl-H), 4.29 (s, 10H, ferrocenyl-H), 4.27 (s, 10H, ferrocenyl-H), 4.10-3.99 (m, 4H,
OCHy), 3.86-3.71 (m, 4H, OCHy>), 3.65-3.58 (m, 4H, SCH>), 3.40-3.35 (m, 4H, SCHy), 1.45-1.10 (m, 12Hx2,
CHy), 0.89-0.80 (m, 6Hx2, CHs) ppm. 2*C NMR (CD:Cly, 5), 139.8, 139.7, 129.9, 129.6, 129.4, 128.4, 128.3,
128.2, 77.8 (d, J(P,C) = 63.9 Hz), 76.4 (d, J(P,C) = 66.8 Hz), 72.3 (d, J(P,C) = 14.0 Hz), 71.9 (d, J(P,C) =
13.4 Hz), 71.4 (d, J(P,C) = 12.4 Hz), 70.9 (d, J(P,C) = 9.0 Hz), 70.4, 70.3, 68.1 (d, J(P,C) = 7.5 Hz), 67.6 (d,
J(P,C) = 6.9 Hz), 40.0 (d, J(P,C) = 9.9 Hz), 39.8 (d, J(P,C) = 9.6 Hz), 37.6 (d, J(P,C) = 4.5 Hz), 37.5 (d,
J(P,C) =3.9 Hz), 31.8, 30.6, 30.2, 25.2, 24.7, 23.5, 14.0, 13.9 ppm. 3P NMR (CD-Cl, ¢), 98.7 and 98.6 ppm.

7,7-Dibutyl-4,10-diferrocenyl-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,4)-benzenacyclododecaphane
4,10-disulfide (14). 'H NMR (CD-Cly, 9), 7.39 (d, J(P,H) = 2.0 Hz, 4H, Ar-H), 7.14 (d, J(P,H) = 2.0 Hz, 4H,
Ar-H), 4.54-4.52 (m, 8H, ferrocenyl-H), 4.48-4.46 (m, 8H, ferrocenyl-H), 4.45-4.43 (m, 4H, OCHy), 4.42-4.40
(m, 4H, OCHy>), 4.28 (s, 10H, ferrocenyl-H), 4.26 (s, 10H, ferrocenyl-H), 4.18-4.10 (m, 4H, SCH>), 3.84-3.74
(m, 4H, SCHy), 1.46-1.17 (m, 12Hx2, CH>), 0.89-0.76 (m, 6Hx2, CH3) ppm. *C NMR (CD:Cl,, §), 138.7,
138.3, 129.9, 129.8, 129.4, 129.3, 76.8 (d, J(P,C) = 139.5 Hz), 76.7 (d, J(P,C) = 139.5 Hz), 72.1 (d, J(P,C) =
13.6 Hz), 72.0 (d, J(P,C) = 13.1 Hz), 71.1 (d, J(P,C) = 12.0 Hz), 70.9 (d, J(P,C) = 11.7 Hz), 70.4, 70.3, 68.2
(d, J(P,C) = 7.3 Hz), 67.7 (d, J(P,C) = 7.1 Hz), 38.9 (d, J(P,C) = 3.8 Hz), 37.5 (d, J(P,C) = 3.7 Hz), 33.8, 33.5,
25.4,25.3, 25.1, 23.9, 23.8, 23.6, 14.0, 13.9 ppm. 3P NMR (CD.Cl, ), 98.6 and 97.4 ppm.

4,11-Diferrocenyl-5,10-dioxa-3,12-dithia-4,11-diphospha-1(1,4)-benzenacyclotridecaphan-7-yne ~ 4,11-
disulfide (15). *H NMR (CD.Cly, 6), 7.39-7.24 (m, 4Hx2, Ar-H), 4.68-4.61 (m, 8Hx2, ferrocenyl-H), 4.57-
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4.52 (m, 4Hx2, OCHy>), 4.39 (s, 10H, ferrocenyl-H), 4.38 (s, 10H, ferrocenyl-H), 4.14-4.08 (m, 4Hx2, SCH>)
ppm. C NMR (CD.Cly, ), 137.7, 137.5, 129.1, 128.3, 81.5 (d, J(P,C) = 11.8 Hz), 81.0 (d, J(P,C) = 12.3 Hz),
76.4 (d, J(P,C) = 138.2 Hz), 76.3 (d, J(P,C) = 140.4 Hz), 72.4 (d, J(P,C) = 14.1 Hz), 72.2 (d, J(P,C) = 14.0
Hz), 72.0 (d, J(P,C) = 12.2 Hz), 71.9 (d, J(P,C) = 12.8 Hz), 70.6, 70.5, 52.9 (d, J(P,C) = 4.1 Hz), 52.7 (d,
J(P,C) = 4.1 Hz), 37.5 (d, J(P,C) = 4.2 Hz), 37.1 (d, J(P,C) = 4.3 Hz) ppm. 3P NMR (CD:Cls, 6), 100.5 and
100.4 ppm.

3,8-Diferrocenyl-5,5,6,6-tetraphenyl-1,5,6,10-tetrahydro-benzo[e][1,10]dioxa[3,8]dithia[2,9]-
diphosphacyclododecine 3,8-disulfide (16). *H NMR (CD2Cly, 9), 7.79-7.33 (m, 24Hx2, Ar-H), 4.70-4.40 (m,
8Hx2, ferrocenyl-H), 4.24 (s, 10Hx2, ferrocenyl-H), 3.69-3.54 (m, 4Hx2, SCH,) ppm. 1*C NMR (CD-Cly, 9),
1415, 141.4, 141.1, 141.0, 137.7, 136.5, 135.6, 135.4, 132.4, 130.9, 130.8, 130.6, 128.8, 128.7, 128.5, 128.3,
128.1, 128.0, 127.8, 127.5, 127.2, 127.1, 79.5, 78.8 (d, J(P,C) = 5.6 Hz), 78.7 (d, J(P,C) = 5.7 Hz), 77.4, 72.0
(d, J(P,C) = 14.0 Hz), 71.9 (d, J(P,C) = 14.2 Hz), 71.4 (d, J(P,C) = 14.0 Hz), 71.3 (d, J(P,C) = 14.1 Hz), 70.4,
70.3, 35.2 (d, J(P,C) = 3.5 Hz), 34.7 (d, J(P,C) = 3.4 Hz) ppm. 3P NMR (CD,Cly, §), 98.7 and 98.5 ppm.

3-Ferrocenyl-1,5-dihydrobenzo[e][1,3,2]dithiaphosphepine 3-sulfide (17). *H NMR (CDCl,, §), 7.25-7.19
(m, 4H, Ar-H), 4.76 (d, J(P,H) = 14.7 Hz, 1H, SCH>), 4.72 (d, J(P,H) = 14.7 Hz, 1H, SCH,), 4.50-4.43 (m, 4H,
ferrocenyl-H), 4.30 (s, 5H, ferrocenyl-H), 3.91 (d, J(P,H) = 14.7 Hz, 1H, SCHy), 3.85 (d, J(P,H) = 14.7 Hz,
1H, SCH>) ppm. *3C NMR (CD-Cly, ¢), 138.6, 130.0, 128.4, 73.7 (d, J(P,C) = 127 Hz), 72.2 (d, J(P,C) = 12.5
Hz), 70.9 (d, J(P,C) = 15.7 Hz), 70.5, 31.6 (d, J(P,C) = 2.6 Hz) ppm. *'P NMR (CD,Cly, ), 50.2 ppm.

8,8-Dibutyl-2,5-diferrocenyl-1,6,3,4,2,5-dioxadithiadiphosphonane 2,5-disulfide (19). 'H NMR (CDCl,
0), 4.71-4.42 (m, 8H, ferrocenyl-H), 4.24 (s, 10H, ferrocenyl-H), 3.84 (d, J(P,H) = 10.4 Hz, 4H, OCH), 1.53-
1.17 (m, 12H, CHy), 0.88 (t, J(H,H) = 7.0 Hz, 6H, CHs) ppm. **C NMR (CD:Cly, §), 72.5, 72.3 (d, J(P,C) =
9.2 Hz), 72.2 (d, J(P,C) = 9.5 Hz), 70.4, 66.4, 56.0, 29.7, 24.7, 23.6, 14.0 ppm. 3P NMR (CDCly, 9), 92.6 (s)
ppm.

2,7-Bis(4-methoxyphenyl)-1,8,3,6,2,7-dioxadithiadiphosphecane 2,7-disulfide (20). *H NMR (CD:Cly, o),
7.90-7.78 (m, 4Hx2, Ar-H), 6.98-6.96 (m, 4Hx2, Ar-H), 4.80-4.16 (m, 4Hx2, OCH>), 3.83 (s, 6H, OCH3),
3.82 (s, 6H, OCHs), 3.49-2.59 (m, 4Hx2, SCH,) ppm. *C NMR (CD.Cly, ¢), 163.0, 162.9, 133.4, 133.2,
132.6,132.4, 132.2, 1145, 114.3, 114.2, 114.1, 114.0, 113.9, 65.2, 64.5, 55.7, 55.6, 37.7, 33.6 ppm. *'P NMR
(CD2Cly, ), 95.3 and 91.6 ppm.



2,8-Bis(4-methoxyphenyl)-1,9-dioxa-3,7-dithia-2,8-diphosphacycloundecane 2,8-disulfide (21). *H NMR
(CD2Cly, 0), 7.84-7.81 (m, 4Hx3, Ar-H), 6.94-6.92 (m, 4Hx3, Ar-H), 4.70-4.10 (m, 4Hx3, OCH>), 3.79 (s,
6Hx3, OCHs), 3.53-2.85 (m, 4Hx3, SCHy), 2.10-1.92 (m, 2Hx3, CH,) ppm. *C NMR (CD.Cl,, ), 163.1,
133.4, 133.4, 133.1, 132.9, 132.7, 114.3, 114.2, 114.1, 114.0, 65.4, 64.9, 64.2, 55.6, 37.7, 32.7, 31.8, 31.3,
31.0, 30.0 ppm. 3P NMR (CD2Cl,, 6), 97.7, 97.5 and 97.0 ppm.

2,9-Bis(4-methoxyphenyl)-1,10-dioxa-3,8-dithia-2,9-diphosphacyclododecane 2,9-disulfide (22). *H NMR
(CD2Cly, 9), 7.88-7.84 (m, 4Hx3, Ar-H), 7.01-6.94 (m, 4Hx3, Ar-H), 4.76-4.25 (m, 4Hx3, OCH>), 3.83 (s,
6Hx3, OCHj3), 3.63-2.66 (m, 4Hx3, SCH>), 1.97-0.81 (m, 4Hx3, CH,) ppm. ¥C NMR (CD.Cl,, ¢), 163.1,
133.2, 133.1, 133.0, 132.8, 132.7, 114.4, 114.1, 114.0, 113.8, 64.9, 64.8, 64.6, 55.6, 37.7, 33.2, 32.6, 28.7,
28.3, 28.1 ppm. 3P NMR (CD:Cly, ), 98.1, 97.6 and 96.3 ppm.

3,8-Bis(4-methoxyphenyl)-1,5,6,10-tetrahydrobenzo[e][1,10]dioxa[3,8]dithia[2,9]-
diphosphacyclododecine 3,8-disulfide (23). *H NMR (CD.Cly, 9), 7.97-7.89 (m, 4Hx2, Ar-H), 7.18-7.03 (m,
8Hx2, Ar-H), 4.82-4.76 (m, 4Hx2, OCHy), 4.41-4.30 (m, 4Hx2, SCH,), 3.87 (s, 6H, OCH3), 3.86 (s, 6H,
OCHs) ppm. C NMR (CD.Cly, ¢), 163.4, 134.6, 134.5, 134.3, 134.2, 133.0, 132.8, 132.7, 132.6, 131.3,
131.1, 129.8, 128.9, 128.7, 127.8, 126.5, 126.5, 126.3, 124.6, 124.4, 114.1, 114.2, 65.2, 64.8, 55.6, 34.5, 34.3
ppm. 3P NMR (CD:Cly, 6), 94.0 (big peak) and 93.1 (small peak) ppm.

2,7-Bis(4-methoxyphenyl)-1,8-dioxa-3,6-dithia-2,7-diphosphacycloundecane 2,7-disulfide (24). *H NMR
(CD2Cly, 0), 7.87-7.81 (m, 4Hx2, Ar-H), 7.00-6.97 (m, 4Hx2, Ar-H), 4.47-4.29 (m, 4Hx2, OCH), 3.85 (s, 6H,
OCHs), 3.84 (s, 6H, OCH3), 3.04-2.93 (m, 4Hx2, SCH2), 2.24-1.25 (m, 2Hx2, CH) ppm. *C NMR (CD:Cls,
0), 163.1 133.2, 133.1, 132.8, 132.6, 132.4, 132.2, 114.3, 114.1, 64.8 (d, J(P,C) = 8.3 Hz), 61.1 (d, J(P,C) =
6.2 Hz), 64.7, 55.6, 34.0, 33.2, 29.8, 29.7 ppm. 3P NMR (CD:Cl;, §), 93.8 and 92.0 ppm.

4,10-Bis(4-methoxyphenyl)-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,3)-benzenacyclododecaphane 4,10-
disulfide (25). *H NMR (CD,Cly, §), 7.96-7.84 (m, 4Hx2, Ar-H), 7.34-7.20 (m, 4Hx2, Ar-H), 7.08-7.00 (m,
4Hx2, Ar-H), 4.21-4.01 (m, 4Hx2, OCH>), 3.88 (s, 6H, OCHz), 3.86 (s, 6H, OCHa), 3.70-3.43 (m, 4Hx2,
SCHy), 1.44-1.25 (m, 2Hx2, CH,) ppm. C NMR (CD.Cl,, ¢), 163.2, 139.2, 133.0 (d, J(P,C) = 13.5 Hz),
132.9 (d, J(P,C) = 13.5 Hz), 129.9, 129.6, 129.1, 128.6, 128.4, 128.3, 127.4, 126.5, 126.2, 124.6, 124.3, 114.4,
114.2, 63.0 (d, J(P,C) = 6.2 Hz), 61.3 (d, J(P,C) = 6.2 Hz), 55.6, 37.9 (d, J(P,C) = 4.2 Hz), 37.9 (d, J(P,C) =
4.2 Hz), 30.2, 30.1 ppm. 3P NMR (CD2Cly, 6), 95.5 and 95.4 ppm.



6,6-Dibutyl-3,9-bis(4-methoxyphenyl)-1,6,7,11-tetrahydro-5H-benzo[e][1,10]dioxa[3,8]dithia[2,9]-
diphosphacyclotridecine 3,9-disulfide (26). *H NMR (CD2Cly, ), 7.87-7.71 (m, 4Hx2, Ar-H), 7.09-6.86 (m,
8Hx2, Ar-H), 4.18 (d, J(P,H) = 9.9 Hz, 4H, OCHy>), 4.06 (d, J(P,H) = 9.9 Hz, 4H, OCH), 3.81 (s, 6H, OCH3),
3.77 (s, 6H, OCHza), 3.24 (d, J(P,H) = 11.1 Hz, 4H, SCH>), 3.23 (d, J(P,H) = 11.1 Hz, 4H, SCH>), 1.45-1.11
(m, 12Hx2, CH,), 0.85-0.76 (m, 6Hx2, CHs) ppm. *C NMR (CD.Cly, §), 163.8, 163.7, 135.0 (d, J(P,C) =
56.4 Hz), 134.8 (d, J(P,C) = 56.4 Hz), 133.3 (d, J(P,C) = 13.5 Hz), 133.2 (d, J(P,C) = 13.5 Hz), 131.8, 133.1,
129.6, 129.4, 127.2 (d, J(P,C) = 3.1 Hz), 125.5 (d, J(P,C) = 3.1 Hz), 115.3, 115.1, 115.0, 114.8, 70.1 (d,
J(P,C) = 8.5 Hz), 66.7 (d, J(P,C) = 8.5 Hz), 55.4, 55.3, 35.8, 35.1, 31.6, 30.8, 24.8, 24.2, 14.6, 14.5 ppm. 3P
NMR (CDCl», 6), 90.6 and 88.2 ppm.

7,7-Dibutyl-4,10-bis(4-methoxyphenyl)-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,3)-
benzenacyclododecaphane 4,10-disulfide (27). *H NMR (CD:Cly, 6), 7.88-7.77 (m, 4Hx2, Ar-H), 7.27-6.93
(m, 8Hx2, Ar-H), 4.12-4.01 (m, 4Hx2, OCH>), 3.80 (s, 6H, OCHpg), 3.78 (s, 6H, OCH3), 3.74-3.43 (m, 4Hx2,
SCHy), 1.19-0.77 (m, 12Hx2, CHy), 0.72 (t, J(H,H) = 7.3 Hz, 6H, CHz), 0.65 (t, J(H,H) = 7.1 Hz, 6H, CH3)
ppm. C NMR (CD.Cly, §), 163.2, 163.1, 139.5, 139.4, 133.0 (d, J(P,C) = 13.2 Hz), 132.9 (d, J(P,C) = 13.3
Hz), 129.8, 129.5, 128.7, 128.3, 126.7, 126.3, 125.8, 124.5, 114.3 (d, J(P,C) = 3.1 Hz), 114.1 (d, J(P,C) = 3.1
Hz), 70.1 (d, J(P,C) = 8.5 Hz), 66.7 (d, J(P,C) = 8.5 Hz), 55.4, 55.3, 41.6, 40.8, 35.8, 35.1, 29.8, 29.7, 24.8,
24.7,23.5,23.4, 14.6, 14.5 ppm. 3P NMR (CD2Cl, 6), 94.9 and 94.8 ppm.

7,7-Dibutyl-4,10-bis(4-methoxyphenyl)-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,4)-
benzenacyclododecaphane 4,10-disulfide (28). *H NMR (CD:Cly, ), 7.72 (dd, J(P,H) = 13.2 Hz, J(H,H) =
8.5 Hz, 4H, Ar-H), 7.71 (dd, J(P,H) = 13.2 Hz, J(H,H) = 8.5 Hz, 4H, Ar-H), 7.41 (dd, J(P,H) = 3.1 Hz, J(H,H)
= 8.2 Hz, 4H, Ar-H), 7.11 (dd, J(P,H) = 3.1 Hz, J(H,H) = 8.2 Hz, 4H, Ar-H), 6.99-6.92 (m, 4Hx2, Ar-H),
4.21-4.13 (m, 4H, OCHz), 4.02-3.93 (m, 4H, OCH), 3.80 (s, 6H, OCHs3), 3.79 (s, 6H, OCHa), 3.76-3.45 (m,
4Hx2, SCHy), 1.47-0.65 (m, 18Hx2, CH2+CHs) ppm. 3C NMR (CD:Cl, ¢), 163.1, 163.0, 138.6, 138.0, 132.7
(d, J(P,C) = 13.1 Hz), 132.6 (d, J(P,C) = 13.0 Hz), 129.8, 129.9, 129.4, 129.3, 126.2, 126.1, 124.9, 124.8,
114.3, 114.0, 68.5 (d, J(P,C) = 7.3 Hz), 68.0 (d, J(P,C) = 7.2 Hz), 55.6, 55.5, 40.4 (d, J(P,C) = 9.5 Hz), 40.2
(d, J(P,C) = 9.5 Hz), 38.3, 38.2, 33.4, 32.4, 25.0, 24.9, 23.6, 23.5, 13.9, 13.8 ppm. *'P NMR (CD:Cl,, ¢), 94.0
and 93.6 ppm.

4,11-Bis(4-methoxyphenyl)-5,10-dioxa-3,12-dithia-4,11-diphospha-1(1,4)-benzenacyclotridecaphan-7-

yne 4,11-disulfide (29). *H NMR (CD:Cly, 6), 7.96-7.87 (m, 4Hx2, Ar-H), 7.32-7.30 (m, 4Hx2, Ar-H), 7.11-

7.07 (m, 4Hx2, Ar-H), 4.72-4.40 (m, 4H, OCH>), 4.19-4.02 (m, 4H, OCH), 3.91 (s, 6H, OCH3), 3.90 (s, 6H,

OCHjs), 3.71-3.54 (m, 4Hx2, SCH2) ppm. 33C NMR (CD-Cls, 5), 164.1, 164.0, 138.1, 138.0, 133.6 (d, J(P,C) =
7



13.5 Hz), 133.5 (d, J(P,C) = 13.5 Hz), 129.9, 129.8, 115.2, 115.0, 82.0, 81.8, 58.4, 58.3, 53.8, 53.7, 38.6, 38.5
ppm. 3P NMR (CD:Cly, ), 96.6 and 96.5 ppm.

6,6-Dibutyl-3,9-diphenyl-1,6,7,11-tetrahydro-5H-
benzo[e][1,10]dioxa[3,8]diselena[2,9]diphosphacyclotridecine 3,9-diselenide (30). tH NMR (CD.Cly, 6),
8.08-7.02 (m, 14Hx2, Ar-H), 4.02 (d, J(P,H) = 11.5 Hz, 4H, OCH>), 3.98 (d, J(P,H) = 11.5 Hz, 4H, OCH,),
3.48 (d, J(P,H) = 9.9 Hz, 4H, SeCH>), 3.47 (d, J(P,H) = 9.9 Hz, 4H, SeCH>), 1.55-1.26 (m, 12Hx2, CH>),
1.02-0.89 (m, 6Hx2, CHs) ppm. *C NMR (CD:Cl,, §), 140.4, 140.3, 136.0 (d, J(P,C) = 95.0 Hz), 135.8 (d,
J(P,C) = 99.1 Hz), 133.0 (d, J(P,C) = 3.1 Hz), 129.9 (d, J(P,C) = 3.1 Hz), 129.4, 129.1, 126.4, 126.1, 124.9,
124.0, 114.9, 114.8, 68.5, 38.2, 37.9, 30.8, 30.5, 28.8, 27.9, 23.5, 23.2, 14.7, 14.6 ppm. *'P NMR (CD:Cly, ¢),
73.8 (s, J(P-Se) = 460 Hz, J(P=Se) = 821 Hz), 67.3 (s, J(P-Se) = 460 Hz, J(P=Se) = 821 Hz) ppm. "Se NMR
(CD2Cly, 6), 439.5 (d, 1J(P-Se) = 460 Hz), 439.0 (d, 1J(P-Se) = 460 Hz), -57.4 (d, J(P,Se) = 821 Hz), -87.8 (d,
J(P,Se) = 821 Hz) ppm.

7,7-Dibutyl-4,10-diphenyl-5,9-dioxa-3,11-diselena-4,10-diphospha-1(1,3)-benzenacyclododecaphane
4,10-diselenide (31). 'H NMR (CD:Cly, 6), 8.04-7.90 (m, 4Hx2, Ar-H), 7.56-6.99 (m, 10Hx2, Ar-H), 4.19-
3.75 (m, 4Hx2, OCHy), 3.59-2.88 (m, 4Hx2, SeCH>), 1.41-1.09 (m, 12Hx2, CH2), 0.96-0.74 (m, 6Hx2, CHz)
ppm. 3C NMR (CD-Cl,, 6), 140.8, 140.7, 136.6 (d, J(P,C) = 98.8 Hz), 136.4 (d, J(P,C) = 100.9 Hz), 133.4 (d,
J(P,C) = 3.1 Hz), 133.3 (d, J(P,C) = 3.1 Hz), 133.2 4, 131.4, 131.3, 131.2, 131.1, 131.0, 130.4, 130.1, 129.6,
129.4, 70.5, 70.4, 69.7, 69.6, 41.2, 41.0, 36.8, 36.6, 25.3, 25.2, 24.1, 24.0, 14.6, 14.5 ppm. *'P NMR (CDCls,
d), 79.9 (s, J(P-Se) = 450 Hz, J(P=Se) = 830 Hz), 79.6 (s, J(P-Se) = 450 Hz, J(P=Se) = 826 Hz) ppm. "'Se
NMR (CD:Cly, ), 478.3 (d, 1J(P-Se) = 450 Hz), 464.4 (d, 1J(P-Se) = 450 Hz), -100.4 (d, J(P,Se) = 830 Hz), -
104.8 (d, J(P,Se) = 830 Hz) ppm.

7,7-Dibutyl-4,10-diphenyl-5,9-dioxa-3,11-diselena-4,10-diphospha-1(1,4)-benzenacyclododecaphane
4,10-diselenide (32). 'H NMR (CD:Cl, 8), 7.83 (d, J(P,H) = 7.9 Hz, 4H, Ar-H), 7.79 (d, J(P,H) = 7.9 Hz, 4H,
Ar-H), 7.51-7.42 (m, 8Hx2, Ar-H), 6.90-6.85 (m, 2Hx2, Ar-H), 4.12-3.60 (m, 4Hx2, OCH>), 2.91-2.79 (m,
4Hx2, SeCHy), 1.33-1.01 (m, 12Hx2, CH>), 0.88-0.69 (m, 6Hx2, CHs) ppm. *C NMR (CD:Cl, ), 139.7,
139.1, 136.0 (d, J(P,C) = 100.1 Hz), 135.9 (d, J(P,C) = 100.7 Hz), 133.8, 133.4, 133.3 (d, J(P,C) = 3.1 Hz),
133.1 (d, J(P,C) = 3.1 Hz), 130.8, 130.3, 129.7, 129.6, 129.5, 129.4, 70.3, 70.2, 69.1, 69.0, 41.1, 41.0, 37.0,
36.9, 33.9, 33.4, 25.9, 24.3, 14.6, 14.5 ppm. *'P NMR (CD.Cly, 9), 78.7 (s, J(P-Se) = 440 Hz, J(P=Se) = 812
Hz), 77.5 (s, J(P-Se) = 440 Hz, J(P=Se) = 812 Hz) ppm. ”’Se NMR (CD.Cly, ), 480.8 (d, 2J(P-Se) = 440 Hz),
448.5 (d, LI(P-Se) = 440 Hz), -71.4 (d, J(P,Se) = 812 Hz), -94.9 (d, J(P,Se) = 812 Hz) ppm.



11,11-Dibutyl-2,8-diphenyl-1,9-dioxa-3,7-diselena-2,8-diphosphacyclododecane 2,8-diselenide (33). H
NMR (CD:Cly, 6), 7.94-7.77 (m, 4Hx2, Ar-H), 7.50-7.43 (m, 6Hx2, Ar-H), 4.13-3.89 (m, 4Hx2, OCH>), 3.79-
3.74 (m, 4Hx2, SeCHy), 3.50-3.45 (m, 2H, CH>), 3.23-3.19 (m, 2H, CH>), 1.34-1.18 (m, 12Hx2, CH,), 0.89-
0.75 (m, 6Hx2, CHs) ppm. 3C NMR (CD:Cly, ), 136.6 (d, J(P,C) = 95.8 Hz), 136.2 (d, J(P,C) = 97.0 Hz),
133.3 (d, J(P,C) = 3.1 Hz), 133.2 (d, J(P,C) = 3.1 Hz), 131.1 (d, J(P,C) = 12.5 Hz), 131.0 (d, J(P,C) = 12.5
Hz), 129.6, 129.4, 71.6, 71.5, 68.0, 67.9, 41.7, 41.6, 33.8, 33.6, 30.5, 29.9, 25.2, 25.0, 24.1, 24.0, 14.7, 14.5
ppm. 3P NMR (CD:Cly, 8), 78.7 (s, J(P-Se) = 465 Hz, J(P=Se) = 825 Hz), 76.8 (s, J(P-Se) = 440 Hz, J(P=Se)
= 825 Hz) ppm. 7’Se NMR (CD:Cly, 6), 356.7 (d, LJ(P-Se) = 465 Hz), 338.0 (d, LJ(P-Se) = 465 Hz), -79.3 (d,
J(P,Se) = 825 Hz), -93.2 (d, J(P,Se) = 825 Hz) ppm.

4-Phenyl-3.5-diselena-4-phosphabicyclo[5.4.0Jundeca-1(7),8,10-triene-4-selone (37). 'H NMR (CD.Cly,
9), 8.18-7.24 (m, 9H, ArH), 4.67 (d, J(P,H) = 13.5 Hz, 4H, SeCH>) ppm. *C NMR (CD:Cl,, ¢), 139.0, 133.3
(d, J(P,C) = 3.1 Hz), 131.7 (d, J(P,C = 11.4 Hz), 130.4, 129.2 (d, J(P,C) = 14.5 Hz), 128.4, 32.4 ppm. 3'P
NMR (CD.Cly, 6), 14.0 (s, J(P,Se) = 369 Hz, J(P,Se) = 770 Hz) ppm. ""Se NMR (CD.Cly, 6), 302.0 (d,
J(P,Se) = 369 Hz), -393.1 (d, J(P,Se) = 770 Hz) ppm.

2,4,5-Triphenyl-1,3,2-dioxaphospholane 2-selenide (38). *H NMR (CDCly, §), 7.92-7.08 (m, 15H, ArH),
5.75 (d, 2H, CH) ppm. 3C NMR (CD.Cly, §), 134.1, 132.8, 130.7, 130.2, 130.0, 128.6, 128.3, 128.0, 127.2,
85.0 ppm. 3P NMR (CD:Cly, 3), 107.9 (s, J(P,Se) = 925 Hz) ppm. ’Se NMR (CD,Cly, 5), -186.0 (d, J(P,Se)
=925 Hz) ppm.

8,8-Dibutyl-2,5-diphenyl-1,6,3,4,2,5-dioxadiselenadiphosphonane 2,5-diselenide (40). 'H NMR (CDCl,
9), 8.00-7.92 (m, 2H, Ar-H), 7.54-7.50 (m, 3H, Ar-H), 7.37-7.24 (m, 3H, Ar-H), 7.20-7.10 (m, 2H, Ar-H),
3.98 (d, J(P,H) = 9.9 Hz, 4H, OCHy), 1.53-1.25 (m, 12H, CH>), 0.87 (t, J(H,H) = 7.0 Hz, 6H, CH3) ppm. 3C
NMR (CD2Cly, 6), 135.3 (d, J(P,C) = 102.8 Hz), 130.6 (d, J(P,C) = 12.5 Hz), 128.7 (d, J(P,C) = 3.1 Hz),
126.5, 68.5, 56.1, 30.0, 24.7, 23.4, 13.9 ppm. 3P NMR (CD-Cly, 5), 67.3 (s, J(P-Se) = 465 Hz, J(P=Se) = 812
Hz) ppm. 7’Se NMR (CD:Cly, ), 439.5 (d, 1J(P-Se) = 465 Hz, 2J(P-Se) = 21.5 Hz), -57.5 (d, J(P,Se) = 812
Hz) ppm.



2. Details of the X-ray data collections and refinements for 3, 4, 5, 10, 11, 26, 29, 30 and 40

Table S1. Details of the X-ray data collections and refinements for 3, 4, 5 and 10

Compound 3 4 5 10
Formula CaoHz0Fe202P2S,4 CasH3sFe203P2S4 Ca1H32Fe;02P,S, Ca2H3sFe202P2S4
M 724.45 796.55 738.47 876.64
Crystal system Triclinic Monoclinic Monoclinic Orthorhombic
Space group P-1 P2i/c P2./c Pbca
alA 10.079(2) 14.260(3) 28.792(9) 12.4114(17)
b/A 10.892(3) 10.367(2) 7.574(2) 22.626(3)
c/A 14.675(3) 24.945(6) 14.883(5) 28.013(3)
A 79.83(2) 90 90 90
B 72.080(18) 105.930(6) 94.755(8) 90
r 86.68(3) 90 90 90
U/A3 1508.8(7) 3545.9(14) 3234.5(17) 7866.7(18)
z 2 4 4 8
wmm 13.717 11.768 12.813 10.669
Reflections collected 9694 26065 16283 57019
Independent reflections 5134 6212 5544 6894
Rint 0.0975 0.1341 0.1390 0.0836
R1 0.0728 0.0757 0.0730 0.0736
WR2 /1> 20(1)] 0.2318 0.1457 0.1717 0.1714
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Table S2. Details of the X-ray data collections and refinements for 11, 26, 29, 30 and 40

Compound 11 26 29 30 40
Formula CaoHagFeoOoP2  CasHasOaP2Ss CogH2604P2S4 Ca1H1002P,Ses  Ca3H302P2Ses
M 3;6.64 694.90 592.68 822.44 718.29
Crystal system Triclinic Monoclinic ~ Orthorhombic Monoclinic Triclinic
Space group P-1 C2/c Pna2; C2/c P-1
alA 10.0572(13) 25.103(11) 15.528(5) 29.933(9) 9.357(4)
b/A 12.698(2) 13.921(6) 25.426(8) 9.062(3) 12.332(4)
c/A 16.365(2) 10.351(5) 7.073(3) 24.805(7) 13.609(4)
A 83.638(16) 90 90 90 116.52(2)
B 74.068(16) 95.719(9) 90 98.190(8) 95.79(4)
r 73.326(14) 90 90 90 93.31(3)
U/A3 1924.0(5) 3599(3) 2792.4(15) 6660(3) 1389.4(9)
z 2 4 4 8 2
wmm 10.906 3.871 4.858 45.301 54.147
Reflections collected 14862 13723 20858 25008 10673
Independent reflections 6713 3156 4811 5845 4848
Rint 0.0763 0.1035 0.1244 0.1048 0.0759
R1 0.0604 0.0699 0.0897 0.0840 0.0943
WR2 /1> 20(1)] 0.1269 0.1994 0.1489 0.2190 0.2675

11



'H and C NMR spectra of compounds 1-17, 19, 20-29, and 'H, 3C NMR and "’Se spectra for

compounds 30 and 40

3.

= = = = = = =
(=] = = (=] = = = = = = = = = = = =
(=] [ =3 = (=] = = = (=] = = = (=] = = = =
= =+ [52] [ — =] =] = = =] = = = = = —
— — - - - — =3 =] M~ =] 3] =+ m ™~ — = ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
|
= T
———
_ = bt
y Hlu-.nJ
. )
. = e
. /= GTHT
—
1
\ T
{ — - L
- —— - art
ey -
— L EDEL
. R
,.._ = — 50
|
|
|
_
——
5
_
|
A\ - |
e
S
% i
- /.
A
— .\/.. V
el #F 2
5
a2 2
j=H
E
Q
o
“—
[#]
E
=l
=
5]
w
o
]
=
=z
T
—
= i
b
= .
—
o, 0598
Mumn_u 9EE'S |
%@u £95E°S . S [ e
B0 866E'S = |
= B R
B & s |
W SBETY |
H [ |
1m momm.&
= .
S8 wmmmmh
=] Wmmm.h“
oM T SF08CY

5.0 4.5 4.0

5.5

f1 (ppm)
12

6.0

6.5

70

7.5



40000

mmvm.mm
vvmm. mva
£ 426 EE

E10200 5406 25
Z0200 0081 €5~
212200 58k ES 2
20200 61 £ E5-)

£2200 5686 ES

9928 +9
vmmm..vmwr

B406"#9

b 04,
PS2S 0L—F
SE0L 0f m
8606 04}
9560° 4]
ceev e
960E T4
BBk T4
TETY 14
9928 14
8456 T4
b 4T 24
0z0z 24
1562 24
TEE T

13C NMR spectrum of compound 1

£69T°821
6219821
mamm.mﬁy.
SEHEOET
LBBTTET~,
mae.:uv

SI9ERET
EEWFET v

13C Observe with 1H decoupling - UDEFT

03122015-15-jdw-gh15-M.11.fid

35000
30000
25000
20000
15000
10000
5000
30

60 55 50 45 40 35

65

135 130 125 120 115 110 105 100 95 a0 85 80 75
f1 (ppm})

140

145



o o =] o
= = (=] = = (=] = = = = = = =
= = (=] (=] (=] (=] = = = = = = =
(3} ~—~ (=] (=] = [=] [=3 [=3 [ =3 = = = —
- - — = =] r~ =] ['s] =+ m ™~ — = ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1
_..
S = T 501
]
- 5 18z
~. —== — &8
T \ e
. — — s
\ —
I
quan
- —
\ ¥
/
-4
i — —EL£TT
C———

1H NMR spectrum of compound 2

E0202 9PSE'S
£[0203 D458 S
€220 BBSE'S
FIET L
BOFE L
FEGT' L
LEGTE
E9T L
EBLT L
FEBT L

03122015-16-jdw-gh15-M.10.fid

1H Observe - Quantitative

| |

I

=TT

HI S9°E

3.6 34 3.2

38

6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0
f1 (ppm)

6.4

7.6 74 7.2 70 6.8 6.6

78

14



o o o o o o o o o o o o .
=] =] o o o o =] =] o o o o [ [ =T =] o =
=] =] o o o o o =1 o o o o =] =] o o o =
— = =] == [ = 53] =+ [52] =] — =} =} =] = =] = = = = = —
] o~ — — — — — — — — — — =3 o [y =] 3] =+ [} ] — =] '
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I 1 1 1 1 I

S0Z9° GE

09ES LE .

TOB5'LE

TEED /£ ——

BOTLLE

0T9s4E

€120 BEER £5
E[2E00 ZE0Z'ES
E10200 524 ES
E12Z03 TER L ES|
E[2EAD BETO #5
S0ZE'E9
0985 9
L0Z0°ED
£580°E9
EZZEED
BE8E'E9

218,49
94b5 0L
EBEL TS

0ELT T4
fvmﬁkm
95EF 1)
SB9 14
8109 14
648 T4
6000 24
#9024
6581 24
Eb1E 24
2052 244
STSE 24
068E £4

P BE G 0T

13C NMR spectrum of compound 2

GRBE'EET

FEBSBET
EBODGET
FOLEBET
1959621

SETEGET
9LLERET v

fid

13C Observe with 1H decoupling - UDEFT

HW243

03122015-16-jdw-gh15-M.11

Mg
A

145 140 135 130 125 120 115 110 105 100 95 fQU[ 8)5 a0 73 70 63 60 55 50 45 40 35 30 25
1 (ppm

150

15



S#301128
2300000

1H NMR spectrum of compound 3

2200000
2100000
2000000

1900000

—5.3456 METHYLEME-CHLORI

-—5.3007
— 4 5866

_—~4.3325

SR 211
40178
——3.9374
T-3.8906

_~7.5206
—7.4911
74532
—7.3081
—7.243
—=7.1950

1800000

e A f f = ; 1700000

Vi J / e 1600000
1500000
1400000
. . 1300000

@f}f_;“f" “"’:\‘—@ 1200000
= = 1100000
1000000
900000
800000
700000
600000

| 500000

| 400000
300000

A 200000

R, . J| Lot P

L T IR T T [-100000
4

F-200000

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
5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.
f1 (ppm)

16



3 5] 5] 5] 5] 3 5] 5] ) =]
(=] = = (=] = (=] = = (=] =
(=] = [=3 (=] [=3 (=] [=3 = (=] =
[Te] o ] [=] Il =] 5] =] =] =
=+ =+ ™M m o~ o~ — — [7s) = 1
1 1 1 1 1 1 1 1 1 1 1
LERELE _
BOTOLE~

THOTHI-INFTAH L3N 9ETL 25
THOTHD-FITAH AN PETTES

PILTES
THOMHI=TITAH LT ZETSEG
09£5°E5
THOTHD=FNATAH LE 55T m.mm%
LEBRES
THOHI-TNITAH LT ThTE PS5
809579

BIEZ0TL
L9018
BERETL
S99ETL
FROET S
06THTL
CE65TL
SHETL
AN
S90EEL
FOSETL
TETFEL

SEZEBET
hmwv.mwﬁv
S6856ET

FTOGLET
ESBIBET-

13C NMR spectrum of compound 3

S#303877

145 140 135 130 125 120 115 110 105 100 95 fg?’_ ?5 80 75 70 65 60 55 50 45 40 35 30 25
1 (ppm

150

17



850000

800000

750000

700000
650000
600000
:SSUUUU
500000

450000

400000

350000

300000

250000

200000

150000

F-50000

MI S9E

h 08z
T oot

— &6 &1

-
=, !

M % am.m
w

1H NMR spectrum of compound 4

A

5 ™
_25b

E5 b —‘ — L

e5p-i
5 I
5 ) ™
554
a5+
5
5]
85t} —
65" _-
651}
65"
09
£9'
69
69
044
[N
08
08t
18

THOTHD=IATAH L 08 54
TUOIHI=FATAHLAN DE" G

THOTHD=IATAH L 08 5

5#368521

—asar

= eza

—_— Foare

"y

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

5.5

6.0

6.5

7.0

75

18



o o o o o o o o o o o o =
o o o o o o o o o o o o o o o o =
o o o o o o o o o o o o o o o o =
o o o o o o o o o o o o o o o o =
o =1 == =] =+ ™~ (=] =] =] =+ ~ =] =] =] =1 =1 o~
o] ] o~ 3] 3] ] o~ — — — — — == =} =+ [} = '
1 I ) T 1 1 I M T I 1 I I I

SZ'0E

65 n_mvi

E40E

FIIE

O 8
I LE
i £E
95'£E

0£2s
S.mm/
THOTHI-FNATAH LI 05 €5
THOTHI-FNATAHLEW 25 E5-F
THOTHO- A TAH LTI 05 £
THOTHI-FNATAHLA O b5
Zr1g
Z'19
8029
oL
5502
502

8E'TE
e+ ./

BB T4 A
1w NMN
LT EE

E08i—

FTEET
mm.mwﬁw
aF'air

SO6ZI=F
mv.mﬁu\
{9621

13C NMR spectrum of compound 4

ELBET=—

S#389877

135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25
f1 (ppm)

140

19



= = = = (=] = = (=] = = [=1
2 2 2 2 2 2 2 2 2 2 2 2 2 2 =2
= = = = (=] = = (=] = = (=] = = = =
[=] =] [=] [=] == [=] =] == [=] [=] o [=] [=] [=] o
o o =+ =] = o = =+ =] =] = =] = = =
o~ o~ ] o~ o~ — — — - — ==] =] =+ ™~ = '
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L 14
msaz 1~ F
9ETHT
18251
. = = st
E
OCH 52902~
OH 62012~
sZlEE— N ot
D
o 2
a_
s
zs0 L

1H NMR: spectrum of compound 5

S#603826

F s

BELEF
THEb =
EDES'h~—
15650
ZkTaH .%
2459 .\

2869k

950E'5—

01669~
BEED'L—
PEITE
6opT 2
TeEze ="

‘Tmm.hﬁ

006
[

a9t

| _JW W 'b@u it

Eoaot
F oese

3.0 2.5 2.0 1.5

3.5

7.0 65 6.0 5.5 5.0 4.0
f1 (ppm)

73

20



260000
240000
220000

200000

180000
160000

140000

120000

100000

80000

60000

40000

20000

F-20000

B0TsZE—
6kBE'GZ
PEZE OE
£RE0TEY
LE95EE
s geE-

S294PE \
EEZEHE

THOTHI-INATAHLI 60T 25
THOIHD-TNATAHL 9ET T ES)
THOMHD-FITAHLEW 81T m.mm;..w
S8PSES
THOMHD=FFTAHLEW 95T o.mm\\\
THOTHD=FITAH LT 9ET £k 5
TeRE 09
998E'09
ShREZI
ammv.wmu_‘
056+ 04
mmmm.ah.-f

96940

ESET TP
b £
PAEPT L]
82k 9'T £
92641 £
Zres T
50957
16667 ]
091 1'24
5461'24
0S0E'ZL
TERE'Z
T8ZGH L
BPETSL
8299
TOEE'E ¢~

SOFELET
QEELBET
m_“:m.mmﬁy.
ETkLBET
OSZTTET
mahw.ﬁmﬁv.

BTZEEET
I6SE'ERT
098k FET

CTEIPET

13C NMR spectrum of compound 5

S#525191

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

21



1100000

1000000

900000

800000
700000

600000

500000

400000

300000

200000
100000

-0

F-100000

| 1200000

141
bzl
521
ST

0aH 851

OaH 591

0aH £91
041+
748

OaH E£ T+
54T

-
[
|

841
081
1T
287
pET
5874
£
067~
[ar4
BT
P
947
TEEq
TE'EH
ZE'EA
PEES
6YE
0£EA
0£E
T£EH P
2L EA

BTy
8Z'b
6Z'b
62
0E'b
0E'b
0E'bA
TEbA
TEb
ZE'b
EEp
PEb
bE

ey F e

WAV

Eb—
]
Thb
b
Zb'b)
[
Eb'b-
bbb
kb
b
5%
05'b
15
5%
Z5'b
95'p
15
£5'0
£5'
85
5P
9Z'5
9z'54
(75

1H NMR spectrum of compound 6

S5#445900

|

|
[
| e I T

ZB'T

BET

Z0E

i e L A

m
™
o

o7

™

r
|

EZ'9T

3.0 25 2.0 1.5 1.0 0.5

f1 (ppm)

5.5 5.0 4.5 4.0 3.5

6.0

22



2000000
;1900000
1800000
1700000

1600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000
100000

F-100000

95'E9
SIED
9FED
LE'ED
2Eh?
ETTE
BTTE
OETE
FETE
SFTE
BT

i ]

I

E5T4
vh.:)ﬂ
LETE
ST
9oEL

£E98
A HOA OHOTHD E.ah./r
A HOD OHOTHD 54794~
=l H 040U OTHD mﬁ.th\\n

S94E

ZE'BS
am.mh.\‘

13C NMR spectrum of compound 6

S5#562944

70 65 60 55 50 45 40 s 30 25
f1 (ppm)

75

80

23



3600
3400

3200

3000

2800

2600

2400

2200

2000

1800

F1600

1400

F1200

F1000
800
600
400
200

14581
FEIET
LEERT
LBLET
58881
STEE'E
SFBE ET
000"+
ZETOF
BT F
TE5T '+
£95T°F
LRET
£08T "+
LEBT F
a0t
FETZ T
FrEE T
GFEZ t
THE T
[P
LEST T
EEITH
LT

ey
TE9E"]
659E b
969E )

9055t
BESS

£455 1
2195 b}
595 t-]
5209 ]
£409']
£929'F
STETH
09E9 b+
90p' b
-
059 b
1859 f
Z199'f
[ATENS
7809 f
TZéah
2549 b
EBT P
1189 H
YRS
£889'F
210200 BSES
20200 D455
FPEaD 66SE’S
= 96HT £
52024
GTTZ ¢
1124
SEZE L
PEEZ L
THBZ £
28HZ' 4|

1H NMR spectrum of compound 7

9E0E L~
80TES
SEIES
EZEL

@mmm.h
Mmmm.h

03132015-22-jdw-gh15-M.10.fi
1H Observe - Quantitative

E0E
FUE
O

BE'EZT

875

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

75

fl (ppm)

24



Z00E" S8

=] = = =] o o o =
2 o o =] o o =] o o o o o o o o o =
] o o =] o o =] o o o o o o o o o =

%3] =+ 32} =] — =] =] =] = =] = = = = = =
Bl — — — — — — =] o [ =} 3] =+ m [N — = '
L 1 1 1 1 1 1 1 1 1 I 1 I 1 1 1 I 1

BbkT 92

BBZL 9T

£585 98

229992 -

SEZIT'5E ——

98FT mmw

TOMF SE

27aD BZ68 25y
202200 9E9T" 5
210200 SEEK E5—
Z|DECD BP0 L ES)

219200 gree esd

BEGF F9
mamm.vmw.
0859 +9
FIEF 0L
GERY ahk

SkiE 14
POPE T4
ZEIF T

£z 144
TOES T¢
985 14
9859 14
var £1¢4
£508 141
6Ob6 T4
680 2

13C NMR spectrum of compound 7

- UDEFT

Tw o ooo

BT DET #
Bb: DET
TPEDET v
988 DET

_mam.mmﬁ \“

£F9 BET

fid
ing

PR IEeN

03132015-22-jdw-gh15-M.11
13C Observe with 1H decoupl

HW240

145 140 135 130 125 120 115 110 105 100 95 90 fa.'(s ?0 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm

150

25



3200000
3000000
2800000

2600000

2400000

2200000

2000000

1800000
1600000

1400000

1200000
1000000
800000
600000
F-200000

400000
200000

1€+ —
1€+
26 b
ZE b
26+
ZE ]
£E b
£E 4
EE"
£E b
£E b
EE"+
PE
PE
E
PE
FE
PE ]
PE b
SE' b
. 5E b
v
9
8]
B b
B

MMM P

o

A_xV an't

I
W

E0°ET

R

ﬁ_m.v)ﬂ
05 b~
05" -
05"+
15t
15 b4
15+
25+
75 b
75 b
5]
55 b
55"+
55 b1
29+
29+
£9'+]
9]
9+
£9'+]
9+
9+
59+
59
59+
99"
99' 1]
99'
£ b
[2es
L e

vw.h\
8¢

&.EmOuOM_OA_IU BE' L

0E' £

0E" £

EE'S

bES

1H NMR spectrum of compound 8

5#43351

| MU i

a'vuk
-

0.5

1.0

1.5

3.0 25 2.0

3.5

4.5 4.0
f1 (ppm)

5.0

3.5

6.0

6.5

7.0

75

26



900000
850000
800000
750000

700000

650000

600000
550000
500000

450000

400000

350000

300000

250000

200000

150000
100000
50000

F-50000

it
09 mNW-
0452
13 mwﬂ\|
8592

LI TE—

6E'LE
mm.hmv
£ e

89°E9

a8 mm%-
509

P FD

90 89

£5 _“_huf
£G 05 =y

85 02~
5214
EE'TS
LETE
B TS
PG T
09144
€914
9144
1814
1]
£6 14/
56 1]
6614
80 24
51 2¢
62 2
Z€ 541
[
CHAHDH OO THD 99 97
CHA OO HOTHD ET' 41
A HOHO HOTHD T ¢4
CHA HOHO HOTHD 094
£ 87

ZEEET
08T
TE8ET—
E8'BET
ZE'6ET

BEBET~_
PEBET-T

13C NMR spectrum of compound 8

5#433713

140 135 130 125 120 115 110 105 100 95 90 ?5( 8? ) 70 65 60 55 50 45 40 35 30 25 20
1 (ppm

145

27



FL4uuuuy

1300000

1200000

1100000
1000000
900000
800000
700000

600000

500000

400000
300000
200000
100000
F-100000

EPEE T~
21
OTES'T
25097

O0H 9EGL T

1H NMR spectrum of compound 9

S# 637967

GRG0 E—2
Z5ET ml\-

EZTEE

9659 &
BE0LE
GEELE
BA6L m#
FEORE
hmmm.mv

9pG E~

96 45" m%
EERD
T80 __“n

\\

[i_

I":s

e qun

M .—lvh.a

84T
60

£5 mﬁ.v%\
ELTE
aTIE b
SEEE b
94LE b
FIOS b
£595' b
8079

0208 5

fGELE
ETbE e~
86—
atwe”

=
”.l“u. Tvﬁ.m
— _vhqm

75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0
f1 (ppm)

8.0

28



2 3 2 3 2 2 2 2 2 2 2 2 3 2 o 2
= = = = = = = = = = = = = = = =1
= = = = = = = = = = = = = = = =1
L] = ["x] =] ["2] =] "] = 2] = 2] =1 %3] =} = ]
M M~ =] =] Te] 's] =+ =+ m m ™~ ™~ — — u = 1
1 1 Il | 1 1 1 i | 1 1 | Nl 1 [l 1 1

FIRESE

mmmv.mmk

== "

EbLL mm\.
SATE'SE

SE9F AL

CLESEE
E509°F _mw

THOTHO-INEAHL I (EE£ 25
THOTHI-SNATAH 1T SSETE S
BE ] ﬁ
THOTHI-FUTVAHIT ShES 5~
zan9'es
THOTHO-ENTAHLA ELE6'ES)
THOTHI-FUAUHITN ESEE S

BibS'ED
b TED
£NBE'ED

20609
BT E 9
£98F _“_h./

1)
BObE T

Tidb T4
ETRS T4

:R.:.\ﬁ

mmmh.ﬁh.__
E0FE'TL
BELOEL
.Nh._
il

880T"6ZT
hmmm.mwﬁw
LEBEBET

8
0£06'861~"

13C NMR spectrum of compound 9

S# 641085

024574
[EIEREE |@
149744

S

[~

el

a0 85 a0 73 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

135 130 125 120 115 110 105 100 95

155 150 145 140

29



1400000

1300000

1200000

1100000
1000000

900000

800000

700000

600000

500000

400000
300000

200000

100000

100000

=1
=)
=1
5]

n
e
o
M U1 0
™
—

ETGE b
98HE b
SEbE b
fzeep
996k b
BEZS b
BbaS b
£8BS b

BObD G-
185005
£0ls
Gu.n\
PTG

it 0L m\|

GESL|S
ST §—
298875

60899
18149
T9k£9
9ELL[9
9LER 9,
2656 9—
SBE0 L
mv:.hM
EROT 4

SETE L
LEET L
FOET £
LT E

TOZE]S

R0

S#208348

1H NMR spectrum of compound 10

E
F

HI

e e

mr

BO°T

0&' 0

BEET

0T

3.6 34 3.2 3.0

3.8

48 46 44 42 4.0

5.8 56 54 52 5.0
f1 (ppm)

6.8 66 64 6.2 6.0

84 82 80 78 76 74 72 70

8.6

30



450000
400000
350000

300000
250000
200000
150000
100000
50000

F-50000

EZLOPT—~
BLET'ST
199808
PSEFE /.
PETSE
EPOF'SE
THOTHD-3MATAH LA TEZLS 25
THOTH2-FNATAHLEW BIETES
THOTHD=FATAHLEW GRESES
THOTHD=FATAHLEW SEER'ES
THOTHD=FATAHLEW 992+ S
EOTEDD
ZI5E04
E9BE0L
BOSEDS
LBLEDS
05ES'04
L1504
are8'0s
ZBTETL
TRIETL
LT W
LPESTE
BEETTL
BESYTS
SBELTE
E9TETL
BFETE
oPEETS
BIEZ0EL
LELDEL
OBEEEL
BL0G'9S
BETLL
FOBELL
FEITTE
25078
£EEETE
SBEOER

POEZLETA
0zézet
99ZE°421 ]
9524211
009k°2T
904 £62T
504821
Gb56'42T
986421
£0p0'BZ T
6190°BZ 1+
TZB0'8ZT
0511821~
8561821
T6ET'8Z1

PSEZ'BET
9652'8214
segz sz
BEEAS

#05kB21 |
TsEzT

945 0E T
Emh.ﬁ_mL

6Z48'0ET

bSEE'SET
bZPE'SET

TSTO'9ET

SORETIET

Em_\.ﬁ._ﬂ._

9GEL'GET

13C NMR spectrum of compound 10

S#301801

30 20 10

40

150 140 130 120 110 100 a0 80 70 60
f1 (ppm)

160

31



3000
2800

2600

2400

2200

2000

1800

1600

1400
1200
1000
800
600
400
200

=200

BTbb £
588’ £
£66 £
E0EG £
92b5 £
04T b

01ST b1
0851 1
0T E

BLET Y

8981 b1
0ZVE'b

ZISE'b

ZE9E
Z18E'D

848E' b
596E b
DEOL b
L0 b
BETH by

T5ER b

PR b
L5k b
£09

206k

£ 96k

8405 b4
8915 ¥
8EZS )
#DES b
TEES b
0965 ]
8255
#BIT b
b5 b
2909

£592'5
TER “#
£220D T95E 5+

20200 £65E 5,
22657
1196 51
£596 51
8264 91
bEpLa
26549
2608 91
6980'
BTOT ¢
90T 1
ozete
VIETY
BTFT ¢
BbTE
Ea
0T8T
8T L
08022
8912 1
00ET £
0962 ¢
9EBT 1
0252 ¢
;R.hm
5362 £
9267 £
1462 £
190€ £
BETE L
e
T0EE £
BSEE L
STHE'L
BVE
(25 ¢
209E" ¢

—_—

03132015-21-jdw-gh15-M.10.fid

1H Observe - Quantitative

1
V.,

1H NMR spectrum of compound 11

600

Tva.a

a0n

ﬁ:.a

—FT0

—8a1o
280

—arn

—s0n

36 34 32 3.0

3.8

74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40
f1 (ppm)

7.6

32



=] =] =] =] =] =] =] =] =] =] =] =] =] =] =] =] =] =

= =] = =] = =] = =] = =} = =} = =] = =] = =] =

=] %3] =] 2] =] 3] =] 3] =] '] =] V5] =] %] =] %3] =] =] I

=] =] =) M~ M~ =] =] Te] i =+ =+ [} m ™~ ™~ — — ['s] (=] 1

1 1 1 1 1 1 I 1 1 h h 1 1 1 1 1 1 1 1 |
FIGE LE— ._

212200 9806 25
212200 1081 mm,yn
212200 005k £5—2
ZI0Ea g2 s e
212200 9066 €5

E56T 19—
FSEZ 0L
EENE 0L
FT9E° 04
THGE 0
5505 04
L2987 044
5950° T4
SERT TS
Z8EF T4
1455 T4
FIBSTE
(4110 ¥
EB90 ZL
80T 24
k6 9L
LT LL
BT LE
£0&T°
t

0/

BENZLET
OBEZ'LET
LT9ELETY|
Fatarra s i
BEBSEET

SEZELET
Z568LET
E0LG'EET
P00 LT
LEP0BET
ZETTBET
86T 8ET
9ERT BET o
OEEF BET

FLBEBET
POES BET A
PHET BT W

OEBEBET |

L1

0s

1
9EBFHET
TeZ6ET

PISEIET~,
BI9BS9ET -

13C Observe with 1H decoupling - UDEFT

HW236-2

03132015-21-jdw-gh15-M.11.fid

13C NMR spectrum of compound 11

70 65 60 55 50 45 40 35 30

75

140 135 130 125 120 115 110 105 100 a5 a0 85
f1 (ppm)

145

33



17000

15000

14000
13000
12000

11000

10000
o000
8000

7000
6000
5000
4000
3000
2000
1000
0

r-1000

10.fid

05212013-3

1H NMR spectrum of compound 12

200 GEEE'S

Fieao
@

—~
]
m
T

£982'1
PE6Z T
B9kET

606 1
55TF 1
szzp' 1

5ezp'

25k 1
PESE'EY
5498 £
0695 £
6621
1567
0BST
9ESZ
[T
0292
ZB1E by
LZE b
BOEK
BEER )
99 b

£BER

PER b
05k b~
£k b
005k )
GEGH b
95" -]
£B5k ]
906t ]
B b}
96 b}
S6ib b
8205 b
T905 b
9405 b
£605 b
8075 b
8zI5'b
kIS b
5295 b1
k95 b
7495 b
PO ]
PELS
8945 b
9265 b1
9565 b1
8865 b

£5€2)5
9805 9
GOED ¢4
ZHED -]
0540

——

SES0 ¢
Teered

|

alhh

60T
[t 1
99'Z

4
OE'Z
EDE

H( 86'0
PO
EB'T

7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

75

34



05212013-38-huaM.11fids g 2 3 Hm o DM Mm@ e S nm W @ i
HW283-1 8 8|5 & BREREZEEEEEEREFEE Z 2B L16000
S e et — — ~
14000
13C NMR spectrum of compound 12
12000
10000
@) 5
e o U\I{;’
P.f\ H_r\l_@ 8000
3;".-" 5 Q‘
6000
| 4000
2000
al, " B Lo ) s 1 s e 4ol Al bt 1 KPR | e CRTRT PPy s
iy n..-. e Wk . Y .|.” p e e -0
F-2000
+-4000
-6000
r-8000
10000
T T 1 T 1 1 T 1 T I 1 T 1 T T 1
150 140 130 120 110 100 90 70 60 50 40 30 20 10 0

80
f1 (ppm)

35



= = (=] = = = = = = = = o
= (=] (=] [=3 = [=3 = [=3 = (=] = = =1
= [Te] [ =] ] [ =3 ] = s (=] T3] = [=3 el
(=] [Ts] ['3] =+ =+ ™ m o o~ — — s} = ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1
™ €68
- S0E
BEDT
Y 280
2
S0
., Wi .‘.@ s 01
OQH 2564 T S e === I w0
£585 2 e
0565 2 -
£019 2 2
0565 € T
1865 £
9z19 €
K19 E .
TE2D &
5890k -
ZBSE 8
£552 =

S592°F,

95T b
80421
£98E
0Z6E t
Ottt

ZEsk v
555
285k ]
819 -}
69 ]
699" b
206k b
€k b
29:b'b
PoLr b
026k
BbEL b
BL6Y b
8005+
9€05'+
8905+
6605 +1
6215 b
515
8815+
£a19 4]
5029'+
£E29 v
5259+
£559'b
859"+
6199+
ZADbIET' S
Fieaoisees
0200 b4ET S
T azeed

1H NMR spectrum of compound 13

.10fid

Iy
th -
g e
M gore ¢ |
R

05222013

w 09'E

3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.0
36

7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.5

8.0



25000

20000

15000

10000

5000

5000

F-10000

SAPEET

B296'El

9SEE DS
E8LE0L
9T0E 0L
TL0GEDL
896604
9EROTL
ZEET'TL

STZETE—

ZEETL
95kETL
LEEETE
SSI0°ZL
SEbTEL
BERTEL
9EEETL

kb 8ET
GA0E BET
SETE BET
P SEBET
G609 GET
B 06" BET
=

05222013-49-huaM.12.

HW285-1

\
1

13C NMR spectrum of compound 13

S—

)

Tl

140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm}

150

37



14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
-0
1000

9ETL 0
PSEL Y
0844 0
6TBL 0
298¢ 0
0Z6£ 0
2964 0
E66£ 0
BE0E D
z908 0 — 3

18 0

zarg o

S0Z8 0 e

GHZE 0 T

voes o e -

seve o) L.
zese 04 E
£408 0

=

668 0]
9e57" 14
P01 1]
0987 1]
061" 1
Sb6T T
66T .

9202 1 . r@

GE0Z T

[arat 3 nJ = oo
as

fsz2' 1

T6bE'T

Db 1 L

908 €7 T
b £ )
SENT b “

G9FT ] T ==
B8EE b \ M
80K 1 Lo -

915 b

. =
£25T =
5852 =

)

092 b “ P—

892" b . ) o |

THIE T =
094z’ i —

0642 b ﬁ T

aT1H b

051F b
£ETH b
BOZF
9ETP ¢
LS
ozer’ 1 S
05EF' b
SEER b
BT+
G b
28kt b
115 b
EbSH b
9555 b1
T6S b
029" +1
THob b
F59
L6 b
ETdP b
8 b
S54b° b
ELEb b
984t ¥
i 918 b1
200 b2EE S
20D TSEE'S
2010 6LEE° S
BIET £
IPET" £
PEET £
GEBE £
998€ £
[

H
L e e e e

—

[ U o
b oz

1H NMR spectrum of compound 14

—

05242013-9-hpaM.40.fid

HW286-1

1.0 0.3 0.0

1.5

3.0 2.5 2.0

6.0 5.5 5.0 45 4.0 3.5
f1 (ppm}

6.5

7.0

7.3

8.0



05242013-9-huaM.11fid g 285 moooomon o
gZen grageosa 25
i ERp :EERRAEE 3 26000
S i 4
24000
13C NMR spectrum of compound 14 22000
20000
-18000
< W 16000
</ IS
N | <& 14000
12000
-10000
8000
6000
4000
2000
Sl g St o S A II s pebrsop oo aadyl
F-2000
4000
6000
--8000
-10000
F-12000
L-14000
T T T T T - T T T T T T N T N T T T T T N T N T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

39



23000
22000

21000

20000

19000

18000

17000

16000
15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000
4000
3000
2000
1000
0

1000
F-2000

EEEYE
FEb9E
8969 €
FSILE
G5k E
8E54 €

559 E-=
BENE E—

EEGHE

SEI0E

=

GEk0
Nmma.vM
9EDT b

PIRT b
BEPT -

B6hT b
9EGT b
TG
8852 b
Z00Z'
ETOZ H
802"
T
8502
2497 b}
84T b
8542 b
PIEE b
95BZ b
9THE b
EBEE'H
Z6Ib b
252k b
5470 b
ZOEK" b
(s
B5GH" b
TGk b
P9 b
506" b
9906
LELTS
8606 b
SZéb b
LS80
58¢b" b
PIEF b
ZhBY b
298 b
I6BE" b
2ok
bk b
96k b
9zIS b
8515 b1
£815°F
LTI b
PhEE b
PLEEb
ZOES
DEES b
9ES
GBES b
809"+
ZZITH
Z519°t
(LS
TLETH
PObI b
PERD b
| 599 b
20064225
200 EDEZ' S
951" ¢
154178
TEBT £
£0bE ¢

=

06142013-6-hpaM. 10.fid

-

-

(=11

M 892" £
v pd

= e

1H NMR spectrum of compound 15

wa.me

MM

A

—EOTT
— 88

—ITar

— 8T

80E

TE'+

3.6

3.8

4.2 4.0

4.4

74 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8
f1 (ppm)

6

40



13000
12000

11000

10000
9000

8000

7000

6000

5000

4000
3000
2000
1000

F-1000

G89E 52
E8EG 9T
AEGF BT
ZZ09'TE ™
B0 EES|

FEO0T'LE
kT LE
18k LE
G E5 LE

r1ELes
829,25
858825
STER' E5

E[02ad2 TT96'25
E[0202 STET'ES
EIDZ00 ET0S ES
EDEd2 ATLLES
E[02a2 DEZP0 S

06142013-6-huaM. 11 fid

HW291-1

13C NMR spectrum of compound 15

098E 04
954504
0598 04
QUETL
LEOE'TE
B 14
EE TE
2005 T4
855 14
5949' T4
bbb s T8
Z9ER T4
288 TS
FEIE 1L
0F00° 24
0T0E 24
QIGTLL
TOPE 24
Z8OE T4
109954
BET LGS
1550748
£960° L8
29808
£T66'08
080k 18
LEES T8

ZEHE8ET
DSEE'BET
TZ8ET
SESOBET —
DEBZ'BET
ZREE'RET
950 BET
TZ0L9ET
SEOSEET w

IW0LLET
8981 0FT

=

140 135 130 125 120 115 110 105 100 95 90f1[ 85 ) a0 75 70 65 60 33 30 45 40 35 30 25
ppm

145

41



2000000
1900000

1800000

1700000

1600000

1500000

1400000
1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000
100000

-0

100000

£B15'E
¥8LS mW
8009 E~=
Bbb E—
2589 E *
E1ZLE

9E9'E

0E90F

LELT
hmﬁw.v#

S8EE b
E6bT b=
ey

95ZE
o8 ?.v*
Navv.v\
A0S
20 am.vn\w

BI0L

9EZ0E' S

Sh69 9
PESS T
zno 9~
bpoE 9

LZ6E 9

2091 4—
PEEE L
& mm.h/
BTV L
av*.h#
PlEb
oEzs L~
TESE ¢ .\.
AT
TZ€9°¢

mﬁmh.h\
Thid &

S# 640733

1H NMR spectrum of compound 16

;T

it

L

't

f S6'6

9E'S

e

89T

W bo'1
@t
o
oo

€811

EZ'B
BST

T L' E

75

3.5

4.0

45

5.0

5.5

6.0

6.5

7.0

8.0

8.5

f1 (ppm)

42



650000
600000
550000
500000

BERT'SE
mmmﬁ.mmU«l

THOMHD=FNETAH LA FRES E57
THOMHD-FITAHLEW BETES
THOMHD-FITAHLEWN GFESES
THOMHD=FITAHLE ERER'ES
THOMHD=FITAHLEW £LEEF 5
2BZF 04

BESS 0L

FREE'T L

0BSE'T £

T

aot
GEES'T £
8E95'T £
6857 £
96097 £

225914

ST £
6268 <

430000
400000
350000
300000
250000
200000
150000
100000

50000
r-50000
65 60 55 50 45 40 35

70

8290244
SE0ZLT

TEBT'EL

T99E7 L
Nth.mh./r

S09L°84
EB0E 8L
[k P

E:l

Fas

CESDET
E09T 42T
BERZ ST
LBTETLTT
E05k LT
ETZ8'4ET
5566 FZT
B2F0°8EZT
CL A TAS
QBEEBET
THZE'BET
S825°82T
+R95°8ZT
60T £'BETY
EbGSBET

0£95°0ET
ZhLLOET
THEGDET

ETERZET~,
T

13C NMR spectrum of compound 16

[11:401
BEOD'THT—=

S# 648866

Fe
95 a0 85 80 75
f1 (ppm}

5

v

]
100

O
115 110 105

120

125

135 130

140

145



2000000
1900000

1800000

1700000

1600000
1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000
100000

-0

100000

LBISE
vmhm.mW

8009 £~
BpbI E—
2580 £
E1ZeE
ogam

0890

LELTE
hmﬁ.v..ﬁ
SBEZ b
E6bT b
ek

95ZE'F
08 ?.v*
Navv.v\
FEOS
20 am.v\-

GI0S

9EZ0E'S

569 9
PESLO-T
g9
]

£266 9~

0917 L—
FEEE' L

hvmm.h#
mh:y.h./
[ o
PrIER L2
mmwm.h\

dmhn.h.\.
zZinos
1ZEDY
msh.h%

Thid &

S# 640733

1H NMR spectrum of compound 17

A

8

% S6°6

9E°S

891

s

W [ER
@t
F o
 owen

EBTI

EL' R
6ST

T i

3.6 34 32

3.8

44 4.2 4.0

58 56 54 52 50 48 46
f1 (ppm)

6.0

82 80 78 76 74 72 70 68 6.6 64 6.2

8.4

44



Fasuuu
500000
450000

400000

350000

300000

250000
200000
150000
100000
F50000

F-50000

SPEG'DE—
OFRIFE
BERT'SE
mmmﬁ.mmui

THOTHI-INETAHL A P6EL 257
THOTHI-TNITAHLEN PLETES
THOTHI-TNITAHLEN BFESES
THOTHI-TNITAHLTN EGE6ES
THOTHI-TNITAHLEN £EEEF 5T
ELZF0L
£ E 0L
THEETE]
BLSETE
00GE'T£1
AP
SETSTE
GEES'T/
GEIS'T /)
P85 T i
IOTT
EIS9'T 4|
SHEET
GZBE'T

8290z
S660°ZL~
12azes
199€°¢4

ELBL
09488
EBOEES

B EES
BERE RS

ZESDLET
ED9T 42T
BERTLET
LETELET
EDSkLET
ETEZ8LET
S566°FZT
8EF0 8T
kT BT
9FaZ 8ET
THEE BET
S8EZ5 8L
F895'BET
60T L 'BET
EbBLBET
FODT BET
G889 6ET
8966 BET

THITOET

0£95°0ET
EL0ET
ZFEGTDET

ETER'ZET
nmo_\.nﬂ./
bZ0g SET
£959 SET—
TEL9ET
5249 LET
OELE Db
mmn_n_.?ﬁk_ﬂ
SE00 Th T
EZ0E T T
SEBE THT
T8 TR T

13C NMR spectrum of compound 17

S# 648866

140 135 130 125 120 115 110 105 100 a5 f%[][ ?5 a0 75 70 63 60 33 30 43 40 35 30
ppm

145

45



1000000

900000

800000

700000
600000

500000

400000

300000

200000
100000

=-100000

86080~
E158 10—
asse 0~
POZTT

0822 T~
HPEE T~
S94E° T
9ER T

Nnnm.m
mmmm. mﬁ
m:m.m
886/
PLET b~
2910
Tz
B9 b

9598 b
BEs

Nﬁmv.v&
Fo0s't
019
1
SEEZT 5

GRER S

ez
WiEY
sebe i\
e~
s_mv_hW
Ve

S#626619

1H NMR spectrum of compound 19

pectra h

981
80°5

19z

Tva.:

Foee't

w [

0.5

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

8.0

8.5

46



150000
140000
130000
120000

110000

100000
90000

80000

70000

60000

50000

40000

30000

20000

10000

F-10000

9556'ET—

0B09'EE—
CEELFE—

LLEDBE—

THOTHI=TNATAHLEW EDET' 25,
THOTH2-TTAHLEN TELDES !
THOTHD-FATAHLEW D26 ES “
FOBEES ___|
THOMHI-ITAHLEW TZHES
THOTHI- T TAHLTW T bsd
2600957

LITE99—

BEOE0L
hmmn_.wh./
FESTEL
P LLF
Nmﬁv.whkﬁ

13C NMR spectrum of compound 19

S#629476

75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm}

80

47



700000

650000

600000

550000

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

o

F-50000

E£BS T
THEY N/
orey Ny/v

299: 2t
1808 2
56b8 2
1256 2
0900 E—
L5 E “

ZER0E
Z9ET'E
EZLT'E
0405 Em~—

SZPSE-T
9ZpT E—

PEFE—
LEERE—

Tk
810z b
ELDE b—
G198+~
P05 b
SBES b~
GBI b
b6 bt
PSER bt

0607 G _

8EFT G~
oner’ mu\n

8z 5"

b 96 9
69669

STLL L
P18

S#414769

1H NMR spectrum of compound 20

Foere
oo

Fpest
= e9e

T BEE
o

MY EDE

Foere

Fau

%am.z

et

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
f1 (ppm)

8.5

48



250000
200000

150000

100000

50000

EBGEZE~
0Z:5EE~"

BEDSLE—

THOMHD=INETAHLAW 60T 25
THOTHI-FUATAHLAW SETTES~)
THOMHD=FITAHLEW 01T m.mm.\|w
THOAHD-FITAHLEN T5T m.mml___.__‘
THOMHD=FITAHLEW £ET m.vm\‘
£909°'55

£D5FEI—
BpaT'59"
20009 —

98Tk T L

SESLETT
FLOE'ETT
ZOTT'FIT
TRIZFIT
BEFEFTT
ISk FTT

0SZEZET
ZEIFZET
OE09'ZET—-
mn_f.mmﬁl.\

LGLETEET

13C NMR spectrum of compound 20

S#323098

140 135 130 125 1200 115 110 105 100 95 gof ( 85) 80 75 70 65 60 55 50 45 40 35 30
1 (ppm

5]

49



500000
450000

400000

350000
300000

250000

200000

150000
100000

50000
-0

0861 T~
BT T~

EHEF T

QaH ohom.ﬁ./.
O0H Z5E6'T -5
ala ] mﬁmm.ﬁl__m
OaH 986’ T~

£TR T
B0L£2
vIZEI—
62982

soeez

LPBTE—

B E~
ZETSE~T

BEBLE
nLhn_.n./.l

A

BZL0F
8¥1 ?W
W5z
26T
06E m.v%
9£LEkE
ZInst
5¢6 m.vW

BOETE-C
2999k ¢
i

FEOL Y
S0 h.v\|

94689,
ZEERD—
0869~

NMR spectrum of compound 21

%

ooz
= open

% FLN
ook
F ez
o0kt

ooz

AIT sr'a

oeat

‘T\ 0E

le.:

.va.:

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
f1 (ppm)

8.5

50



300000
280000
260000
240000

220000

200000
180000

160000

140000

120000

100000

80000
60000
40000
20000

F-20000

40000

6L26'0E
Em.;W
229 TE—
EG.NN“
09ELZE

S06TEE—

THOIHD=ARNETAHLN M 04725,
THOTHZ-FATAHLAW mvo.ﬁ.mm)_.m.
THOTHD-FATAHLEW THOSES—=
THOTHD= A TAHLEW mvoo.mmﬁ_«
THOTHD=FATAHLEW omom.vmu\‘
868555

9B0T'+9
GEEF a.l./.:

LB TE—

PR ET

BSGTETT
EESOFTT
ESBTFTT

082°FTT

8TF97ZET
8189°ZET
EPSLEET
BEFETZET
FEmaZET
OESGTZET

THETE9T—

13C NMR spectrum of compound 21

S#651039

%

20

40

50

160 150 140 130 120 110 100 a0 80 70
fl (ppm}

170



800000

750000
700000
650000
600000

550000

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

F-50000

POTE O~

[
ZEGD
SLIT T

ZEET T~ ~

ZBTE T~
FLRET—

STHS T~ ~

BERS T—
69T

OOH #5481

1H NMR spectrum of compound 22

S#604102

7988 T
9946 T~

w1z|E

E06S' m./

PEST T .
989" NW -
95t —

04548 w\| -

66082 \
m98'z

BOSETE

S —
BATE mL\

pess e~
TH9E
PIERE————

G O6 E_ —

B EE

8 hw.v/

0BEE e
03 mm.vu-z/l

28O =
0025 b7 S

5699

BRAT S —

£62670
6086 9— e
szin e

8644
amm.h.ﬁ -
6ESE L~ B
8648 ¢ L\.

15164

vess b/ T
868G b
e

=owe
- pen

sTE
W 82
E oac

F 1se
I oop

ﬁ'mm.mﬂ

¥ ice
o

=orat
I sse

%. 15
w 89

osre

eman

%mﬁ.mﬁ

8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm}

8.5

52



400000
380000
360000

300000

280000

260000

240000

220000

200000

180000

160000

140000

120000

100000

80000

60000

40000

20000

0

-20000

40000

EERDEE
[ T
LBBT BT

99ZE' 8T

8569°8T
2957°1E
TESt'TE
25l E
OESS'ZE
LETYEE
ETRYZE
TENFZE
BEEG'ZE
FRGDEE
LBET'EE
GEGTEE
99ELLE
THOMHD=INITAHLAN Tibs 25
THOHD=FNATAH LT mmvﬁ.mm*.
THOMHD=FNATAHLA m@vm.mm.ﬂr
THOMHD=TNATAHLAW L8P 6ES—Z
THOMHD=FNATAHLA o@vm.vmw\ﬂ
PETES

TZL0F9
ESZF'F9
8525k 9
LT
08699
0T8I -

SBLSETT
9BEG'ETT
OGT0FTT
ZEETHIT
99T kI T
L59ERTT
SEGE'FTT
E0p FETA

BAESTZET
ETE9'ZET
B049°ZET
BEZLEZET
SB6 L ZET
FOER'EET
LERBBTZET
Z860°ZET
9BLTEET
GSHE'EET

13C NMR spectrum of compound 22

BTSEIT
TIOT'E9T =
a7

S#637999

50 40 30 20 10

60

160 150 140 130 120 110 100 90 80
f1 (ppm)

L70

53



2000000

949

S#584238

48570
47147
4.4133

<-4.3794

43411

~-4,2055

T.4.2486

40738

_—4.1307
‘\\—_4.09 a9

——3.9044
—3.8636

79765
7.9430
Z 70182
7.8038
78616
7.2055
7.1820
S-7.0597
\?.nz 99
Seq B2
47872
{-4 7562

X7
Ys

1900000

A

71619
Tw7.1159

L

1H NMR spectrum of compound 23
! 1800000

1700000

| 1600000

/ / . yal f L 1500000
/ AT '

| | \U_Q_“..gl i _G_c'\ / - / 1400000
1300000
1200000
1100000
1000000
Loo0000
800000

700000

600000

‘ 500000

‘ 400000

J 300000

|
N | v | F20000
jfv L AN AV U A .

! e -100000

141
323
0.79

54



=

S S S S S S = S S o e S
= = = = = = = = = = = =
= =] = =] = =] = =] = = = =
=} ) o 5} =} el =] 5] =) =} I =2
75} =+ =+ M ] ] o~ — — 73] =] ' '
1 1 1 1 1 1 1 1 1 1 1 1 1

EPRE'SE

ESTEFE

oLt mv

99ESFE

THOMHI-INITAHLIA S92£725
THOTHD=TNITAH LT mﬁmﬁ.mm)__r
THOTHI-FITAHLAN 98T S'ES—= - —

THOTHD-NITAH LS SEER'E mw‘

THOTHI-FITAHLTN #BZE S
k955

195059 = =
EFIT'59

BZITFIT =
THETFTT
BBEEFTT

BEERFTT
Py
Zi 1
LETLBET

hmmm.mﬁ/
0907 TET

LE9ETTET
TOE9'ZET
DE5& EET
ZTEZ8°ZET
EBSE'ZET
FOSTPET
ETHZFET

13C NMR spectrum of compound 23

S#595434

160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

170

55



= = = = (=] = = = = = = = = (=1 (=1
2 8 8 8 8 E E 8 8 8 8 8 2 8 8 E E 8 8 8 8 8 2 =2
=] =] =] =] [==] =] =] =] =] (=] =] =] =] =] (=] =] =] =] =] =] =] =] o o
= = = = (=] = [=3 [=3 [ =3 = = = = = (=] = = = = = = = = =
X — = =] =T = 53] =+ Mmoo~ — o =] = =] = = (= = — o
o~ [} o~ — — — — — — — — — — =3 ==] M~ =] 's] =+ m ™~ — = I '
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N%SW.ul| - Hrmm_mnﬁ
SSPZT
mmhﬁ.% W [
ZIZET
S98E'T
T80FT
T
OaH 80BT' 2~
OaH £8812— =
OaH Skbz e~
ELTET
BLERE
06562
[T _
Tzrme-E A = -l
v#amﬂ ~ =
Teve e
SE8T'E
TSREE, - | 0E's
cacgE— = T, W ol
LTZHE
1542
GOTED
PERED .
9EIEP—E T~ =, 882
£88E B \ =

ETE R

Z00E'S s/,.m lA.
P
o m\; \:v
5 \\r o
b=l
c
=
8
o]
= s
5]
o
w—
Q
E
= Seb6'9
0 69969 N B
@ 02869 — T E8E
m :mmm.m%m ’
e BI0Z
p=
z
I
= Emh.h/
8118 . |
Nmmm.h.r/r — = we
mmmm.h% >~ ~
o E_;.h.\. '
EBbE'S
o
~—~
m
i

3.5 3.0 2.5 2.0 1.5 1.0

7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm})

75

8.0




450000
400000
350000
300000

250000
200000
150000
100000
50000
o

Z99R'ET—

bo9rzz—
S60TEE
6ZZb6T
11962
1062
mmmqam\
£686TE
EEPTEE
9ZDEEE
SEBGEE
bR OE
THOTPE
THOTHI-INEAHL W £ 1425
THOTHI- NI TAH LW ﬁm:.mmuf
bZavEs

THOTHD-FNITAHLA FTTSES
FI85ES
THOTHD=FITAHLAW DETE'ES

THOTHD=FITAHLAW TETEFRS
126555

254019
969719
289549
FOLEED

8RL0°FTT
06LE'FT ﬁw.

BLTEFTT

0T99'5ET
PEDILET
9EIT'ZET
OE9E'ZET
6945°ZET
9TaLEET
O8GTEET
BTOFEET

BEBEZIT
0£E0°E9T

13C NMR spectrum of compound 24

S#313734

-50000
160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

170




2100000
2000000

1900000

1800000

1700000

1600000

1500000
1400000
1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

FOS0T-
BITTT
za91'1
E1et
BESTT -
LZ0E'T
ZETT
P8EK'T
OOH 615571+
OOH 9b45T
00H 80097
00H 2959'7-
9831'2

SakEE

-

e

£N9E°EY
FFOEE
E9ZFEY
TEGHEA
888k €

BETSE
8895E

BEZIE,

9BTE
PZOLET
S6E £ E)
GEB ¢ E
8z18E]
£955E
poage)
Sp10%)
6890'% ]
B
ESkT'b-|
SO1Z'H
PEIED

T

GI0E'S

6E00'E
0Zk0°E~,
mmh_.hM
ST02'E~._
LA
zez6es
Ob1E':

m:wm.h./.

088"~
ZO26'L
awam.h\.

S#574458

1H NMR spectrum of compound 25

-
|~

"4 77 100000

2Tt

WNGS
590
%\E.N

wmm.ﬁ

2.0 1.5 1.0

2.5

3.0

35

8.0 7.5 7.0 6.3 6.0 5.5 5.0 4.5
f1 (ppm)

8.5

58



850000
800000
750000
700000
650000

600000

550000

500000

450000
400000

350000

300000

250000
200000
150000
100000
50000
ro

F-50000

LEAFRE
BbbLBE
PETG'RE
0&R0°0E
B9LT0E
BETENE
bREEOE
EGRITE
TOGGTE
FIEXLE

TEELLE
E£BEYE
PEHLE
9185'ER

THOTHD AN TAHLIW O 2425,
THOTHI- NI TAHLAN 1921 E5—
THOTHD-FNITAHLII THE5 £S5
THOMHI-TFTAHLTIN 82 6°E5
THOMHI- TNATAHLAN 242605
EOE9'SS
ZERZ'TY
FORETT

vhmm.wmk.
ELED'ED

TebT#IT
L9BTFTT
FEEPTT
99Tk FIT
S592FET
ZERSFET
STST'9ET
BTa9ET
00GELET
L0GZ'BET
90k BET
+08S'BZT
0T90°6ET
895k BET
2958621
ZTaLZET
BELRTEZET
8886°ZET
TE90EET
FE0REET
8809°EET
EOFZBET
940k BET

el e T

13C NMR spectrum of compound 25

9087 E9T
ShETEIT—
TEOZET

S#633444

60 50 40 30

70

160 150 140 130 120 110 100 a0
f1 (ppm})

170

59



1000

900

800

700

600

500

400

300

200

100

1H NMR spectrum of compound 26

05540
E9£40
GBS0
640
ak0a 0
L4180
00EE 0
TESE 0

81T
GEET
Q&
8487
HAET
0961

050z

T
ﬁ\
T
1

1y

T

£812 1]
81z 14
6152 14
089z 14
PZ0E'T
BbZE’
ESEE"
£8EE"
812
z62e"
055¢°
959%'€
SEbCE
80S¢ €
5€9¢€
299¢€
ShicE
TLLE
(EBEE
5608'€
0zIg'E
Z080° b
9EbO'H
2550°%
T650°%
5b90°H
59:0°%
$080'b
0£80°%
T00T' b
PEIT
E8T b
£098' 9
£898°9
£148 91
8688 91
8006'9
9b16'9
1926 91
EEE6'D
GbbG 9
#0869
12669
0000°¢
DEDD £
6600 ¢
9610 ¢
Zzan i
TE90° £
G620 ¢
TE80" £

momom o

9EGD" S
9044
ZE0L L
SOEL L
OBEL £
SESL L
255448
ZERL L
[ Fas
[T Fars
ELTE L
BATE L
FoER L
GEZ98 L
F598 L

W

86'0
T6'S
Z6'8
F'E
1258

i

TE9T

0.5

1.0

1.5

2.0

25

5.0 4.5 4.0 3.5 3.0
f1 (ppm)

5.5

=
=]

70

75

8.0

60



11000
10000

o000

8000

7000

6000

5000

4000

3000

2000

1000

0

1000

8L T
BESS T
LB6S T

b BT EE
T810°FE
90T FE
EBLTFE
BEELFE
FEOE SE
91552
EPELS 92—
;mm.mw:\.f
GFSL0E
ﬁmmm.ﬁm\
BEZT SE-F
2988 mm\‘
PEIR T,
TLED Tk
1491 2k

210200 225 ES
2102010 0588 €5
20200 0k b5,
ZIDECD PE09 P57
210201 £596' b5,
TZEE' 95
Z2LE 95

8bk9' 09
FrEL 99 v

Z6E0° 04
;mﬁ.ahv.

BRESRTT
06BG'ETT
9080°STT

fPRESTT

994 SET
BRBTLET
Z08E'BET
G565 GET /

BEQRDET

O EITET =,
699 TET V
ZBG0EET
SOETEET
E9LTEET
SeFEEET
0P FET
LEESRET
TOETSET
FEESET

13C NMR spectrum of compound 26

T8 EIT—

160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

170

61



30000

28000
26000
24000
22000
20000
18000
16000

14000

12000

10000

8000

6000

4000
2000

2000

1H NMR spectrum of compound 27

E629'0
Zéb0
EF99'0
PI0LD
L6120
PLELD —

90LL 0~ -
EPBLO
E8BL0
T96£0
£908'0
GETE 04
£ET8 0]
£bE8 0]
£828 0]
v1es 0
8¢€8 04
80KE'0
B5PE'D
9b58 0]
£858'0
£198'0
5898 0
#5880
STEG'D
PEVE 0]
9156’0
T956'0
2095 01
TZon'T
aran't
9590' 11
9E80 T .
SEIT'T
TSET' T

BE8G" 9
63869
L1609

SEET £ /,,.

DLETE e
obbe' s ~
S152¢ ~,
{552 —_—
G52 E

S042'E

PELLE

S56£¢ \

SL08 ¢ ~

2528 £~ Tm—
96E8 ¢

bibEE

E658¢

[A§::03

FEE
£0B
BE'D
0E's
oos

e
5ot

aoa
98T
856
TED

%\vm.w

143
96T
96T
0E+

0.5

1.0

15

35 3.0 2.5 2.0

4.5 4.0
f1 (ppm)
62

5.0

5.5

6.0

6.5

7.0

75

8.0



7500
F7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000
500

-500

089 E1
8ZBLET
8848 €1
ETITEL
£8bT €2
PBEE'EZ
TIPS EZ
05TH b2
9T9" bZ
74954
kb £ 4T
BEDE BT
702697
PEIE B~
Th£982-
1890 62
BYZL BT
128667
zest e f
AT o
GESEZE-]
09E5 ¢E
Emm.h&
ETPE LE
SPTT O
9zez ok f
ZETE DR
BSBE" O
SaLb Ol
21020 bPTE 25
21020 £bAT S
2102610 BhGh E5]
210210 252 £ 5]
210210 T 966" £51
1415 55
0095 55+
L4569
58699
ZEL0'¢9]
EZik 89
£045' 89"
ZBLBETT
EBO0HTT|
£BB0RTT
TLETRIT
TLEZHRIT
PSES P ZT
b L6 ET
b 0E'5ET |
T5bZ'9zZ1
9949'921
9k 6'£ZT
TSTZ'BZT
reeemzr L
929 BT
ELPT'BET
0Bk BET
06TE'BZT
£559°ZET

LOTEEZET
GEOGZET
Fabe ZET

FREDEET

D9/E'RET
EEBET

13C NMR spectrum of compound 27

ZEGOETT
ZRETETT
00ST'E9T

GERT'ETT

160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

170

63



65000

60000

55000
50000
45000

40000

35000

30000

25000

20000

15000

10000

5000
o
F-5000

08082013-45-huaM.10.fid

HW298

1H NMR spectrum of compound 28

0990
9€99'0
£69°0
6969'0
0ST£0
ETEC0
69E£0
205 0-
PEGED
56970
SE££0
204607
09260
ZE86 0]
ST00' 7]
00 1]
£600° 7]
861014
Tzen't
il T
[
2990'1
15011
PBOT'T
06111
Rans
ZhET'T
DERT'T
$197° 14
00811

£89K T
9969 74
15042
91zee
ZOELT
5695 £
by £
0EZS £
655¢ £
62:0 6]
Beire]
5584 £
6208 €
GET'E
ZEPE'E
0648 €
EZET'b
0891’k
Th{T b
Z01Z b
+0Z6'9
Z526'91
6826'9
E£EG 91
bTbh 9
196 9
11569
6955 9
Z195' 9
1596'9
9ELG I
98469

8ZE
it
T+E
88T
+O0'D
(k]
SEE

u— E-6E0

ot
ot

i

GBO0E
LTE

2486 9

S

EROT ¢ 1
mme.hw.

£607T°E

590k ——
¥ cv.hw.

ZETH &
FI69 L
966 L
18148
BTELE
ZOEL L
SEESL
BREL L
L0888
BESLL
19544

L5
BE'S
EET

H\.;.ﬁ

L i

= Wmm.h

— EERT

8t

Twm.m

8.0 75 7.0 6.3 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.5

64



6500
6000

5500

5000

4500

4000

3500

3000

2500

2000

1500
1000
500

-500

90b9 ET
609LET
G806 ET
THOE|EE

9EGH mw#
DEBS'EZ
2988 FL
0286'FE

040252
97619z
900" ZE
TSSE'ZE
PIEP EE
029 bE
0049 ¢E
;Ehmuﬁ
ZETE mmw‘
6452 8E
STET|r
£5ET b
TOZE b
ZIIEAT GH0E" 25,
27200 5081 £S5~
213200 E05k £S5~
210200 +0Z £ E5f
217200 9066 £S5
9EZS 55
6255 55
£E4669
015089
#10589
144589

FOBE'ETT
BLB0RTT
BIFTRTT

SASEFTT
el HET
SEFEHET
STEOT9ET

ESET'9EZT

9EBEBET
B8R BET V-
S5546ET .\\“
SPEERET
GGk ZET
ZBESZET
09E9ZET
EETLZET
TeLE'EET
ag8ET

13C NMR spectrum of compound 28

B5F0'EIT
STEO0ETT
BEOT'EST N-

HW298

08082013-45-huaM.11.fid

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm}

170

65



650
600
550
500

450

400
350
300
250
200

F150

100

50
0

-50

GEPE'E

8158'E

PLGEE

0b98'E

B498'E

PIEEE |
8B/8E Y
£588E '
8068 E

9968 E~8

0806'E B
ObTEE
665 E)
5266 £
08e65 £
Z6b €]
2655 £
8595 £
9846 £
£586 £
286 L
26665 E
5407 ]
28z b
mewi
B b
BTk b}
5549 ]
1669 v
9489 -}
S169°h ]
0669 -
S0E£ b
Z9EL
B2k b
2192010 TBEE'S
29200 LTRE'S
2192610 #5kE 5
THSE'S
£ D
086’ 91
9856’ 91
89959
02591
997591
£285'9
82865 91
[
56650
5500 ¢
0T ¢
B0
02406
12804
(LS
9501 ¢ 1
STTT ¢
BT ¢
2291 ¢
2T s
PEETE —
08T A
5807 ¢
15128
BHEE ¢
PIET L
PEBT L |
P
THO8 ¢
B6TE ¢
2928 ¢
PEES
THER £ \
L2V ) \
ongE %
[T
LELB L
088 ¢
£588 ¢
G568 ¢
A

-n —a

1H NMR spectrum of compound 29

06182013-19-huaR.10.fid
HW292-2

&N

|

o

—EETE

i

—HE'0T

— 6E'8

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

75

8.0

f1 (ppm})

66



10000

9000

8000

F7000

6000

5000

4000

3000

2000

1000

1000

ZEWD FE

0242 8E—

82915
£22a2 055 mm#

£[2202 D968 ES)
LE0T'FS

20200 2952 ¥ |
QUNQUhh~va%
210200 G465 b

£89E795

SEWE 28

EETLFTT
GEEGFTT v.

TSPOGET
LEBE'BET
LTFOTOET Wv
EBFTOET
ETZHEET
G 09EET
TS06'9ET *
BETOBET

13C NMR spectrum of compound 29

E0ZREIT—

06182013-19-huaR.11.fid

HW292-2

e

vl

bkt

L

L

160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

170

67



500000
450000
400000
350000
300000
250000
200000
150000
100000

50000
F-50000

1H NMR spectrum of compound 30

S# 349057

SEEED
ar98'0
EOGED
OFTE'0
ZLERD
80960 — —
E9BEDE ——

9z82'1
mmmm.ﬁk.
LBPET~E

GTRET-F —
FBOE'T .
TSERT ~
84561 '
26441
THEST
£E4ST
£809'7
L5097
£649T
89041
ZPIb'E
Z05b'E
2596
opELEY
BrOBE
obzse|
nsbaE-
0ZHEE
TOEG'E
FPOG'E \
£500F -
15400k = x/.
SEOTb—
LPET'E .
ELTE ™
0T
[T ¢4
ObbZb
6042
2062+
ETTE R
HERE
ESHEH]
IR ERS
0805+
TEAS !
b096'9
£EAED
GERE'D
ST40°
6280°¢
£060°4
TEOT £
BEZT ¢
9057 £
88814

SREL'S

(T
PELZ'E r T = Mlv [il3
£O00E°E

TEE Ny [

P02V ~ WNS
015kE —

(52

PEBEL

STkE /ff %VS
£515°¢

746G
00954
BEBG'E ]
2809
9468
8998'¢ ]
9E6E L]
2126
B
£996°¢
LIS
0rZ0'8]
g5p0e!

9E'E

/
T

BEE

€80

80

80

LTl

[ 1]

1.0 0.5

1.5

3.0 25 2.0

3.5

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0
f1 (ppm}

9.5

68



11000
10000

8000

7000

6000

5000

4000

3000
2000
1000
F-1000
F-2000

0

-3000

F-4000

F-3000

r-6000

7000

F-8000

9000

10000

F-11000

9IBEZE T
LBEE Th
EIDZ00 BTEE Z5-,

fhzanszoz e

ZDEaD bTep ES .ﬂ_\.ﬂ
210200 52k £ £5-
ZI0EQD SETO b5

S58T°49
005249
8T0F 89—
0899 04
L5k ahv
ZE6Y T
909s 28

O0BET'8ET
EEZE'BET
299 8gr
F£99°8ET
90T ogr
FITIOET
OZSE'TEN
BZEFEET
2559 EET
DEZFFET
FRBFFET
FEIE'SET
9TSE"9ET

13C NMR spectrum of compound 30

05202013-26-huaM.11.fid

HW262-2

40 30 20 10

50

140 130 120 110 100 90 a0 70
f1 (ppm)

150

69



S#667019 [-11000

77Se NMR spectrum of compound 30
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1H NMR spectrum of compound 31
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1H NMR spectrum of compound 32
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1H NMR spectrum of compound 33
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