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● 1H NMR and 13C NMR spectra for all compounds: pages S2-S67. 

 

● X-ray crystallographic data for compounds 16a, 16b and 21: pages S68-S94. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S2 

 
 
 

 
 
 
 
 
 
 

N
O

C
6 H

5

O

B
n

O
2 C

1
C

D
C

l3 ,
30

0
M

H
z



S3 

 
 
 
 

 
 
 
 
 
 
 

N
O

C
6 H

5

O

B
n

O
2 C

2
C

D
C

l3 ,40
0

M
H

z



S4 

 
 
 
 

 
 
 
 
 
 
 
 

N
O

C
6 H

5

O

B
n

O
2 C

2
C

D
C

l3 ,
100

.6
M

H
z



S5 

 
 
 
 

 
 
 
 
 
 
 

N
C

6 H
5 O

2 S

N
O

O

C
O

2 E
t

B
n

O
2 C

C
6 H

5

4
C

D
C

l3 ,40
0

M
H

z



S6 

 
 

 
 
 
 
 
 
 
 
 

N
C

6 H
5 O

2 S

N
O

O

C
O

2 E
t

B
n

O
2 C

C
6 H

5

4
C

D
C

l3 ,1
00

.6
M

H
z



S7 

 
 
 
 

 
 
 
 
 
 
 

N

C
6 H

5 O
2 S

N
O

B
nO

2 C

C
O

2 E
t

O

C
6 H

5

HH

5
C

D
C

l3 ,4
00

M
H

z

6

12

9

8

1
15



S8 

 
 
 

 
 
 
 
 
 
 
 
 

N

C
6
H
5 O
2 S

N

O

B
n
O
2 C

C
O
2
E
t

O

C
6 H
5

HH

5
C

D
C

l3 ,
100

.6
M

H
z

6

12

9

8

1
15



S9 

 
 
 

 
 
 
 
 
 
 
 
 

N

B
r

C
6 H

5 O
2 S

O

H

6
C

D
C

l3 ,30
0

M
H

z



S10 

 
 
 
 
 

 
 
 
 
 
 

N

B
r

C
6 H
5 O
2 S

O

H

6
C

D
C

l3 ,7
5.4

M
H

z



S11 

 
 
 
 
 

 
 
 
 
 
 

N

N
O

O

C
6 H

5
O

B
nO

2 C

C
6 H

5 O
2 S

7
C

D
C

l3 ,40
0

M
H

z



S12 

 
 

 
 
 
 
 
 
 
 
 

N

N
O

O

C
6 H

5
O

B
nO

2 C

C
6 H

5 O
2 S

7
C

D
C

l3 ,1
00

.6
M

H
z



S13 

 
 
 
 
 
 
 
 

 
 
 
 

N

N
O

C
6 H

5
O

B
nO

2 C

C
6 H

5 O
2 S

8
C

D
C

l3 ,40
0

M
H

z



S14 

 
 
 
 
 
 

 
 
 
 
 
 

N

N
O

C
6 H

5
O

B
nO

2 C

C
6 H

5 O
2 S

8
C

D
C

l3 ,
100

.6
M

H
z



S15 

 
 
 
 
 
 

 
 
 
 
 
 

N
C

6 H
5 O

2 S

N
O

B
nO

2 C

O

C
6 H

5

HH

9
C

D
C

l3 ,40
0

M
H

z

6

12

9

8

1
15



S16 

 
 
 
 
 

 
 
 
 
 
 

N

C
6 H

5 O
2 S

N
O

B
nO

2 C

O

C
6 H

5

HH

9
C

D
C

l3 ,1
00

.6
M

H
z

6

12

9

8

1
15



S17 

 
 

 
 
 
 
 
 
 
 

N
O

O C
6
H
51

0a
C

D
C

l3 ,3
00

M
H

z



S18 

 
 
 

 
 
 
 
 
 
 
 

N
O

O C
6
H
5

S
elen

id
e

H
ig

he
r

R
f e

pim
e

r
C

D
C

l3 ,4
00

M
H

z

t-B
uO

2 C

C
6 H
5 S
e



S19 

 
 
 
 
 
 
 
 
 
 

N
O

O C
6 H
5

S
elen

id
e

H
ig

he
r

R
f e

pim
e

r
C

D
C

l3 ,
100

.6
M

H
z

t-B
uO

2 C

C
6 H
5 S
e



S20 

 
 

 
 
 
 
 
 
 
 
 

N
O

O C
6 H
5

S
elen

id
e

L
ow

er
R

f ep
im

er
C

D
C

l3 ,4
00

M
H

z

t-B
uO

2 C

C
6
H
5 S
e



S21 

 
 

 
 
 
 
 
 
 
 
 

N
O

O C
6 H
5

S
elen

id
e

L
ow

er
R

f ep
im

er
C

D
C

l3 ,
100

.6
M

H
z

t-B
uO

2 C

C
6 H
5 S
e



S22 

 

 
 
 
 
 
 
 
 
 
 

N
O

C
6 H

5

O

t-B
u

O
2 C

1
1a

C
D

C
l3 ,40

0
M

H
z



S23 

 
 

 
 
 
 
 
 
 
 
 

N
O

C
6 H

5

O

t-B
u

O
2 C

1
2a

C
D

C
l3 ,40

0
M

H
z



S24 

 
 
 
 

 
 
 
 
 
 
 
 

N
O

C
6 H

5

O

t-B
u

O
2 C

1
2a

C
D

C
l3 ,

100
.6

M
H

z



S25 

 
 
 
 
 

 
 
 
 
 
 

N

N
O

O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

1
3a

C
D

C
l3 ,40

0
M

H
z



S26 

 
 
 
 
 
 

 
 
 
 
 

N

N
O

O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

1
3a

C
D

C
l3 ,40

0
M

H
z



S27 

 
 
 
 
 
 

 
 
 
 
 

N

N
O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

1
4a

C
D

C
l3 ,40

0
M

H
z



S28 

 
 
 
 

 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

1
4a

C
D

C
l3 ,1

00
.6

M
H

z



S29 

 
 
 
 
 
 
 

 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

1
5a

C
D

C
l3 ,40

0
M

H
z



S30 

 
 
 
 
 
 

 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

1
5a

C
D

C
l3 ,

100
.6

M
H

z



S31 

 
 
 
 
 
 
 

 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H

1
6a

C
D

C
l3 ,40

0
M

H
z



S32 

 
 
 
 
 
 

 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H

1
6a

C
D

C
l3 ,1

00
.6

M
H

z



S33 

 
 
 
 
 

 
 
 
 
 
 

N
O

O C
6 H

510
b

C
D

C
l3 ,3

00
M

H
z



S34 

 
 
 
 
 

 
 
 
 
 
 

N
O

O C
6
H
5

S
elen

id
e

H
ig

he
r

R
f e

pim
e

r
C

D
C

l3 ,4
00

M
H

z

t-B
uO

2 C

C
6 H
5 S
e



S35 

 
 
 
 

 
 
 
 
 
 
 

N
O

O C
6 H
5

S
elen

id
e

H
ig

he
r

R
f e

pim
e

r
C

D
C

l3 ,
100

.6
M

H
z

t-B
uO

2 C

C
6 H
5 S
e



S36 

 
 
 

 
 
 
 
 
 
 
 

N
O

O C
6 H
5

S
elen

id
e

L
ow

er
R

f ep
im

er
C

D
C

l3 ,4
00

M
H

z

t-B
uO

2 C

C
6
H
5 S
e



S37 

 
 
 
 
 
 

 
 
 
 
 

N
O

O C
6 H
5

S
elen

id
e

L
ow

er
R

f ep
im

er
C

D
C

l3 ,
100

.6
M

H
z

t-B
uO

2 C

C
6 H
5 S
e



S38 

 
 
 

 
 
 
 
 
 
 
 

N
O

C
6 H

5

O

t-B
u

O
2 C

11
b

C
D

C
l3 ,40

0
M

H
z



S39 

 
 
 
 

 
 
 
 
 
 
 

N
O

C
6 H

5

O

t-B
u

O
2 C

11
b

C
D

C
l3 ,1

00
.6

M
H

z



S40 

 
 

 
 
 
 
 
 
 

N
O

C
6 H

5

O

t-B
u

O
2 C12

b
C

D
C

l3 ,40
0

M
H

z



S41 

 
 
 
 
 
 
 
 
 
 
 

N
O

C
6 H

5

O

t-B
u

O
2 C

12
b

C
D

C
l3 ,1

00
.6

M
H

z



S42 

 
 
 
 
 

 
 
 
 
 

N

N
O

O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

13
b

C
D

C
l3 ,40

0
M

H
z



S43 

 
 
 
 
 

 
 
 
 
 
 

N

N
O

O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

13
b

C
D

C
l3 ,1

00
.6

M
H

z



S44 

 
 
 

 
 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

14
b

C
D

C
l3 ,40

0
M

H
z



S45 

 
 
 
 
 

 
 
 
 
 
 

N

N
O

C
6 H

5
O

t-B
uO

2 C

C
6 H

5 O
2 S

14
b

C
D

C
l3 ,1

00
.6

M
H

z



S46 

 
 
 
 
 

 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

15
b

C
D

C
l3 ,40

0
M

H
z



S47 

 
 
 

 
 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

15
b

C
D

C
l3 ,

100
.6

M
H

z



S48 

 
 
 

 
 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H16
b

C
D

C
l3 ,4

00
M

H
z



S49 

 
 
 
 

 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H16
b

C
D

C
l3 ,

100
.6

M
H

z



S50 

 
 
 
 
 
 

 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H

dih
yd

ro
-16

b
C

D
C

l3 ,40
0

M
H

z



S51 

 
 
 
 
 

 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H

dihydro-16
b

C
D

C
l3 ,1

00
.6

M
H

z



S52 

 
 
 
 
 

 
 
 
 
 
 
 

N

N

C
6 H

5 O
2 S

H

H

C
6 H

5
O

H

17
C

D
C

l3 ,40
0

M
H

z



S53 

 
 
 
 
 
 

 
 
 
 
 
 

N

N

C
6 H

5 O
2 S

H

H

C
6 H

5
O

H

17
C

D
C

l3 ,
100

.6
M

H
z



S54 

 
 
 
 
 

 
 
 
 
 
 

NH

N

H

H

C
6 H

5
O

H

18
C

D
C

l3 ,40
0

M
H

z



S55 

 
 
 
 
 

 
 
 
 
 
 

NH

N

H

H

C
6 H

5
O

H

18
C

D
C

l3 ,1
00

.6
M

H
z



S56 

 
 

 
 
 
 
 
 
 

NH

N

H

H
B

oc

19
C

D
C

l3 ,
400

M
H

z



S57 

 
 
 

 
 
 
 
 
 
 
 

NH

N

H

H
B

oc

1
9

C
D

C
l3 ,10

0.6
M

H
z



S58 

 
 
 
 

 
 
 
 
 
 

NH

N

H

H
B

oc

O20
C

D
C

l3 ,
400

M
H

z



S59 

 
 
 
 
 

 
 
 
 
 
 

NH

N

H

H
B

oc

O20
C

D
C

l3 ,1
00

.6
M

H
z



S60 

 
 
 

 
 
 
 
 
 
 

NH

N

H

H
M

e

O

(-)-16
-E

p
isilicin

e
C

D
C

l3 ,40
0

M
H

z



S61 

 
 
 
 
 
 

 
 
 
 
 

NH

N

H

H
M

e

O

(-)-16-E
p

is
ilicin

e
C

D
C

l3 ,1
00

.6
M

H
z



S62 

 
 
 
 

 
 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

6-ep
i-15

b
C

D
C

l3 ,40
0

M
H

z



S63 

 
 
 
 

 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

6-ep
i-15

b
C

D
C

l3 ,
100

.6
M

H
z



S64 

 
 
 
 
 
 

 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H

1
6-e

pi-1
6b

C
D

C
l3 ,40

0
M

H
z



S65 

 
 
 
 
 

 
 
 
 
 
 
 

N

N
O

C
6 H

5
O

C
6 H

5 O
2 S

H

H

1
6-e

pi-1
6b

C
D

C
l3 ,1

00
.6

M
H

z



S66 

 
 
 
 

 
 
 
 
 
 

N

C
6 H

5 O
2 S

N
O

O
C

6 H
5

H
HH

21
C

D
C

l3 ,40
0

M
H

z

6

12

9

8

1
15



S67 

 
 
 
 
 
 

 
 
 
 
 

N
C

6 H
5 O

2 S

N
O

O
C

6 H
5

H
HH

21
C

D
C

l3 ,
100

.6
M

H
z

6

12

9

8

1
15



S68 

 
X- ray crystal structure of 16a 

 
Table 1.  Crystal data and structure refinement for 16a.   

Identification code  16a 

Empirical formula  C32 H30 N2 O4 S 

Formula weight  538.64 

Temperature  292(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P 21 21 21 

Unit cell dimensions a = 9.822(2) Å α= 90°. 

 b = 15.050(2) Å β= 90°. 

 c = 18.015(3) Å γ = 90°. 

Volume 2663.0(8) Å3 

Z 4 

Density (calculated) 1.343 Mg/m3 

Absorption coefficient 0.163 mm-1 

F(000) 1136 

Crystal size 0.38 x 0.33 x 0.25 mm3 

Theta range for data collection 2.26 to 22.75°. 

Index ranges 0<=h<=10, 0<=k<=16, 0<=l<=19 

Reflections collected 2032 

Independent reflections 2032  

Completeness to theta = 22.75° 98.3 %  

Max. and min. transmission 0.9603 and 0.9405 
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Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2032 / 0 / 353 

Goodness-of-fit on F2 0.864 

Final R indices [I>2sigma(I)] R1 = 0.0489, wR2 = 0.1040 

R indices (all data) R1 = 0.1868, wR2 = 0.1305 

Absolute structure parameter -0.1(3) 

Largest diff. peak and hole 0.236 and -0.236 e.Å-3 

 

 

Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for 16a.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

S(82) 1796(4) 3316(2) 8438(2) 65(1) 

O(1) -2456(6) 8409(4) 9468(3) 53(2) 

O(2) 386(8) 3165(4) 8267(4) 76(2) 

O(3) 2825(8) 2718(4) 8163(4) 90(3) 

O(5) 1361(7) 8585(4) 8119(3) 53(2) 

N(4) -683(8) 8389(5) 8642(3) 42(2) 

N(81) 2218(9) 4323(5) 8105(4) 54(2) 

C(2) -2474(10) 9244(7) 9071(6) 65(3) 

C(3) -1069(10) 9332(5) 8736(5) 46(3) 

C(5) 505(11) 8093(7) 8352(5) 46(3) 

C(6) 562(8) 7074(5) 8323(5) 37(2) 

C(7) -1(8) 6577(5) 9003(4) 36(2) 

C(8) -934(8) 7167(5) 9510(4) 34(2) 

C(8A) -1679(9) 7818(6) 9010(5) 41(2) 

C(31) -77(10) 9847(6) 9217(5) 44(2) 

C(32) -61(10) 9723(6) 9971(6) 48(3) 

C(33) 820(12) 10216(7) 10418(6) 69(3) 

C(34) 1677(15) 10831(9) 10119(9) 96(5) 

C(35) 1673(11) 10942(6) 9362(9) 77(4) 

C(36) 796(10) 10461(6) 8910(6) 54(3) 

C(61) 2031(9) 6806(6) 8150(5) 56(3) 

C(71) -670(10) 5738(6) 8731(5) 50(3) 

C(72) 11(10) 5100(7) 8386(5) 49(3) 

C(73) 1446(10) 5132(6) 8224(5) 45(3) 
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C(74) 2322(10) 5831(6) 8136(4) 40(3) 

C(75) 3635(11) 5484(8) 7932(5) 51(3) 

C(76) 4835(11) 5960(7) 7739(5) 59(3) 

C(77) 5962(12) 5429(10) 7544(5) 80(4) 

C(78) 5907(13) 4516(10) 7552(6) 83(4) 

C(79) 4737(13) 4054(9) 7722(5) 77(4) 

C(80) 3543(13) 4552(8) 7931(5) 57(3) 

C(81) -1876(9) 6665(6) 10034(4) 50(3) 

C(82) -1098(9) 6061(6) 10586(5) 69(3) 

C(83) 1960(11) 3394(6) 9410(5) 49(3) 

C(84) 3155(11) 3157(6) 9746(7) 64(3) 

C(85) 3212(14) 3152(7) 10521(8) 78(4) 

C(86) 2084(16) 3369(8) 10918(7) 84(4) 

C(87) 882(13) 3611(7) 10586(7) 74(3) 

C(88) 847(12) 3618(6) 9818(6) 61(3) 
 

 
Table 3.   Bond lengths [Å] and angles [°] for 16a. 
______________________________________________ 

S(82)-O(2)  1.437(7) 

S(82)-O(3)  1.441(7) 

S(82)-N(81)  1.682(8) 

S(82)-C(83)  1.763(9) 

O(1)-C(8A)  1.434(9) 

O(1)-C(2)  1.446(10) 

O(5)-C(5)  1.196(9) 

N(4)-C(5)  1.354(10) 

N(4)-C(8A)  1.461(10) 

N(4)-C(3)  1.479(10) 

N(81)-C(80)  1.382(12) 

N(81)-C(73)  1.450(10) 

C(2)-C(3)  1.512(12) 

C(2)-H(2A)    0.9700 

C(2)-H(2B)    0.9700 

C(3)-C(31)  1.516(11) 

C(3)-H(3)                                 0.9800 

C(5)-C(6)  1.535(12) 

C(6)-C(61)  1.530(10) 

C(6)-C(7)  1.539(10) 

C(6)-H(6)    0.9800 
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C(7)-C(71)  1.507(11) 

C(7)-C(8)  1.570(10) 

C(7)-H(7)                                 0.9800 

C(8)-C(8A)  1.518(10) 

C(8)-C(81)  1.522(9) 

C(8)-H(8)                                 0.9800 

C(8A)-H(8A)                           0.9800 

C(31)-C(32)  1.373(11) 

C(31)-C(36)  1.376(11) 

C(32)-C(33)  1.395(12) 

C(32)-H(32)                             0.9300 

C(33)-C(34)  1.362(14) 

C(33)-H(33)                             0.9300 

C(34)-C(35)  1.374(14) 

C(34)-H(34)                             0.9300 

C(35)-C(36)  1.390(12) 

C(35)-H(35)                             0.9300 

C(36)-H(36)     0.9300 

C(61)-C(74)  1.496(12) 

C(61)-H(61A)                          0.9700 

C(61)-H(61B)                          0.9700 

C(71)-C(72)  1.325(11) 

C(71)-H(71)                             0.9300 

C(72)-C(73)  1.440(12) 

C(72)-H(72)                             0.9300 

C(73)-C(74)  1.369(12) 

C(74)-C(75)  1.438(12) 

C(75)-C(80)  1.405(13) 

C(75)-C(76)  1.423(13) 

C(76)-C(77)  1.410(13) 

C(76)-H(76)                             0.9300 

C(77)-C(78)  1.375(14) 

C(77)-H(77)                             0.9300 

C(78)-C(79)  1.378(14) 

C(78)-H(78)                             0.9300 

C(79)-C(80)  1.442(14) 

C(79)-H(79)                             0.9300 

C(81)-C(82)  1.549(11) 
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C(81)-H(81A)                          0.9700 

C(81)-H(81B)                          0.9700 

C(82)-H(82A)                          0.9600 

C(82)-H(82B)                          0.9600 

C(82)-H(82C)     0.9600 

C(83)-C(88)  1.359(12) 

C(83)-C(84)  1.367(11) 

C(84)-C(85)  1.399(13) 

C(84)-H(84)  0.9300 

C(85)-C(86)  1.358(15) 

C(85)-H(85)  0.9300 

C(86)-C(87)  1.372(13) 

C(86)-H(86)  0.9300 

C(87)-C(88)  1.385(13) 

C(87)-H(87)  0.9300 

C(88)-H(88)  0.9300 

O(2)-S(82)-O(3) 120.2(5) 

O(2)-S(82)-N(81) 107.7(5) 

O(3)-S(82)-N(81) 105.5(4) 

O(2)-S(82)-C(83) 108.1(5) 

O(3)-S(82)-C(83) 108.6(5) 

N(81)-S(82)-C(83) 105.8(4) 

C(8A)-O(1)-C(2) 105.1(7) 

C(5)-N(4)-C(8A) 124.0(8) 

C(5)-N(4)-C(3) 125.4(8) 

C(8A)-N(4)-C(3) 110.0(7) 

C(80)-N(81)-C(73) 108.5(8) 

C(80)-N(81)-S(82) 122.5(8) 

C(73)-N(81)-S(82) 125.1(7) 

O(1)-C(2)-C(3) 105.3(7) 

O(1)-C(2)-H(2A) 110.7 

C(3)-C(2)-H(2A) 110.7 

O(1)-C(2)-H(2B) 110.7 

C(3)-C(2)-H(2B) 110.7 

H(2A)-C(2)-H(2B) 108.8 

N(4)-C(3)-C(2) 101.2(8) 

N(4)-C(3)-C(31) 113.0(7) 

C(2)-C(3)-C(31) 113.8(8) 
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N(4)-C(3)-H(3) 109.5 

C(2)-C(3)-H(3) 109.5 

C(31)-C(3)-H(3) 109.5 

O(5)-C(5)-N(4) 122.5(9) 

O(5)-C(5)-C(6) 125.5(9) 

N(4)-C(5)-C(6) 111.9(9) 

C(61)-C(6)-C(5) 107.7(8) 

C(61)-C(6)-C(7) 111.9(7) 

C(5)-C(6)-C(7) 116.5(7) 

C(61)-C(6)-H(6) 106.7 

C(5)-C(6)-H(6) 106.7 

C(7)-C(6)-H(6) 106.7 

C(71)-C(7)-C(6) 107.8(7) 

C(71)-C(7)-C(8) 114.1(7) 

C(6)-C(7)-C(8) 113.5(6) 

C(71)-C(7)-H(7) 107.0 

C(6)-C(7)-H(7) 107.0 

C(8)-C(7)-H(7) 107.0 

C(8A)-C(8)-C(81) 113.3(7) 

C(8A)-C(8)-C(7) 107.5(7) 

C(81)-C(8)-C(7) 115.7(6) 

C(8A)-C(8)-H(8) 106.6 

C(81)-C(8)-H(8) 106.6 

C(7)-C(8)-H(8) 106.6 

O(1)-C(8A)-N(4) 104.6(7) 

O(1)-C(8A)-C(8) 108.3(7) 

N(4)-C(8A)-C(8) 109.0(7) 

O(1)-C(8A)-H(8A) 111.5 

N(4)-C(8A)-H(8A) 111.5 

C(8)-C(8A)-H(8A) 111.5 

C(32)-C(31)-C(36) 118.8(9) 

C(32)-C(31)-C(3) 120.3(10) 

C(36)-C(31)-C(3) 120.9(9) 

C(31)-C(32)-C(33) 120.4(10) 

C(31)-C(32)-H(32) 119.8 

C(33)-C(32)-H(32) 119.8 

C(34)-C(33)-C(32) 121.1(11) 

C(34)-C(33)-H(33) 119.5 
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C(32)-C(33)-H(33) 119.5 

C(33)-C(34)-C(35) 118.3(13) 

C(33)-C(34)-H(34) 120.9 

C(35)-C(34)-H(34) 120.9 

C(34)-C(35)-C(36) 121.4(12) 

C(34)-C(35)-H(35) 119.3 

C(36)-C(35)-H(35) 119.3 

C(31)-C(36)-C(35) 120.0(10) 

C(31)-C(36)-H(36) 120.0 

C(35)-C(36)-H(36) 120.0 

C(74)-C(61)-C(6) 116.3(8) 

C(74)-C(61)-H(61A) 108.2 

C(6)-C(61)-H(61A) 108.2 

C(74)-C(61)-H(61B) 108.2 

C(6)-C(61)-H(61B) 108.2 

H(61A)-C(61)-H(61B) 107.4 

C(72)-C(71)-C(7) 122.7(8) 

C(72)-C(71)-H(71) 118.7 

C(7)-C(71)-H(71) 118.7 

C(71)-C(72)-C(73) 124.4(10) 

C(71)-C(72)-H(72) 117.8 

C(73)-C(72)-H(72) 117.8 

C(74)-C(73)-C(72) 131.6(9) 

C(74)-C(73)-N(81) 107.4(8) 

C(72)-C(73)-N(81) 120.9(10) 

C(73)-C(74)-C(75) 108.3(8) 

C(73)-C(74)-C(61) 129.2(9) 

C(75)-C(74)-C(61) 122.2(9) 

C(80)-C(75)-C(76) 123.8(11) 

C(80)-C(75)-C(74) 107.8(10) 

C(76)-C(75)-C(74) 128.4(10) 

C(77)-C(76)-C(75) 115.2(9) 

C(77)-C(76)-H(76) 122.4 

C(75)-C(76)-H(76) 122.4 

C(78)-C(77)-C(76) 122.2(13) 

C(78)-C(77)-H(77) 118.9 

C(76)-C(77)-H(77) 118.9 

C(77)-C(78)-C(79) 122.6(13) 
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C(77)-C(78)-H(78) 118.7 

C(79)-C(78)-H(78) 118.7 

C(78)-C(79)-C(80) 118.3(12) 

C(78)-C(79)-H(79) 120.8 

C(80)-C(79)-H(79) 120.8 

N(81)-C(80)-C(75) 108.0(10) 

N(81)-C(80)-C(79) 134.1(12) 

C(75)-C(80)-C(79) 117.8(12) 

C(8)-C(81)-C(82) 112.9(7) 

C(8)-C(81)-H(81A) 109.0 

C(82)-C(81)-H(81A) 109.0 

C(8)-C(81)-H(81B) 109.0 

C(82)-C(81)-H(81B) 109.0 

H(81A)-C(81)-H(81B) 107.8 

C(81)-C(82)-H(82A) 109.5 

C(81)-C(82)-H(82B) 109.5 

H(82A)-C(82)-H(82B) 109.5 

C(81)-C(82)-H(82C) 109.5 

H(82A)-C(82)-H(82C) 109.5 

H(82B)-C(82)-H(82C) 109.5 

C(88)-C(83)-C(84) 121.0(9) 

C(88)-C(83)-S(82) 118.7(8) 

C(84)-C(83)-S(82) 120.0(9) 

C(83)-C(84)-C(85) 118.5(11) 

C(83)-C(84)-H(84) 120.7 

C(85)-C(84)-H(84) 120.7 

C(86)-C(85)-C(84) 119.4(12) 

C(86)-C(85)-H(85) 120.3 

C(84)-C(85)-H(85) 120.3 

C(85)-C(86)-C(87) 122.5(12) 

C(85)-C(86)-H(86) 118.8 

C(87)-C(86)-H(86) 118.8 

C(86)-C(87)-C(88) 117.3(12) 

C(86)-C(87)-H(87) 121.4 

C(88)-C(87)-H(87) 121.4 

C(83)-C(88)-C(87) 121.2(10) 

C(83)-C(88)-H(88) 119.4 

C(87)-C(88)-H(88) 119.4 
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Table 4.   Anisotropic displacement parameters (Å2x 103) for 16a.  The anisotropic 

displacement factor exponent takes the form: -2π2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

S(82) 98(3)  48(2) 49(2)  -11(2) -7(2)  13(2) 

O(1) 50(4)  46(4) 64(4)  7(4) 22(4)  4(4) 

O(2) 97(6)  62(4) 68(6)  -14(4) -36(5)  -3(5) 

O(3) 147(8)  57(4) 66(6)  -19(4) 12(5)  46(5) 

O(5) 51(4)  49(4) 58(5)  5(3) 10(4)  -15(4) 

N(4) 45(5)  35(5) 45(5)  2(4) 10(4)  -3(5) 

N(81) 62(7)  53(6) 48(6)  5(5) 11(5)  6(5) 

C(2) 56(7)  65(8) 74(8)  11(7) 19(7)  8(7) 

C(3) 66(7)  31(6) 40(6)  12(5) 2(6)  16(6) 

C(5) 48(7)  55(8) 34(6)  0(6) 0(5)  -1(6) 

C(6) 43(6)  46(6) 24(6)  5(5) -1(5)  -5(5) 

C(7) 26(5)  41(5) 40(6)  4(5) -2(5)  -5(5) 

C(8) 32(6)  36(5) 33(5)  9(4) 12(5)  -12(5) 

C(8A) 36(6)  43(5) 43(6)  -1(5) 3(6)  9(6) 

C(31) 62(7)  32(6) 39(7)  -14(5) -13(6)  6(6) 

C(32) 54(7)  42(6) 48(7)  -8(5) -7(6)  -5(6) 

C(33) 67(8)  73(8) 68(8)  -8(8) 7(8)  1(7) 

C(34) 96(11)  99(12) 91(11)  -55(10) -13(11)  24(11) 

C(35) 41(7)  30(6) 162(14)  -18(8) 2(10)  -1(6) 

C(36) 51(7)  40(6) 72(7)  4(6) 8(7)  0(6) 

C(61) 46(7)  66(7) 55(7)  -15(6) 15(5)  10(7) 

C(71) 39(6)  43(6) 67(7)  -2(6) 18(6)  -9(6) 

C(72) 45(7)  58(7) 43(6)  0(6) 2(6)  -6(6) 

C(73) 53(7)  40(6) 42(7)  -1(5) 8(6)  19(6) 

C(74) 40(7)  44(6) 35(6)  -3(5) 7(5)  -5(6) 

C(75) 60(9)  71(9) 22(6)  -2(6) 11(5)  2(8) 

C(76) 55(8)  70(8) 51(8)  15(6) -4(6)  -1(8) 

C(77) 46(9)  140(12) 53(7)  -1(9) 16(7)  31(10) 

C(78) 56(10)  133(13) 58(8)  -12(9) 9(8)  46(11) 

C(79) 56(9)  122(11) 53(9)  -4(8) -6(7)  43(9) 

C(80) 70(10)  65(9) 34(7)  -3(6) -1(6)  8(8) 

C(81) 49(6)  57(6) 45(5)  2(6) 20(5)  -12(6) 
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C(82) 78(8)  64(7) 64(7)  31(6) 4(7)  3(7) 

C(83) 47(6)  47(6) 51(6)  -15(6) -4(6)  20(6) 

C(84) 58(8)  43(6) 90(10)  -11(6) 2(7)  13(6) 

C(85) 87(11)  52(7) 95(11)  2(7) -63(9)  -20(8) 

C(86) 108(12)  70(9) 74(10)  1(8) -26(10)  -27(10) 

C(87) 71(9)  87(9) 64(9)  3(7) 23(9)  -8(8) 

C(88) 70(9)  51(7) 61(9)  -6(6) -10(8)  5(6) 

______________________________________________________________________________ 
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X- ray crystal structure of 16b 

 

 
 

Table 1.  Crystal data and structure refinement for 16b. 

Identification code  16b 

Empirical formula  C32 H30 N2 O4 S 

Formula weight  538.64 

Temperature  565(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21 21 21 

Unit cell dimensions a = 9.004(5) Å α= 90°. 

 b = 14.264(3) Å β= 90°. 

 c = 20.840(6) Å γ = 90°. 

Volume 2676.5(18) Å3 

Z 4 

Density (calculated) 1.337 Mg/m3 

Absorption coefficient 0.163 mm-1 

F(000) 1136 

Crystal size 0.47 x 0.23 x 0.21 mm3 

Theta range for data collection 1.73 to 24.94°. 

Index ranges 0<=h<=10, 0<=k<=16, 0<=l<=14 

Reflections collected 2022 

Independent reflections 2022  

Max. and min. transmission 0.9667 and 0.9275 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2022 / 0 / 353 
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Goodness-of-fit on F2 1.027 

Final R indices [I>2sigma(I)] R1 = 0.0411, wR2 = 0.0739 

R indices (all data) R1 = 0.0740, wR2 = 0.0832 

Absolute structure parameter -0.22(15) 

Largest diff. peak and hole 0.147 and -0.164 e.Å-3 

 

 

Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for 16b.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

S(1) 2864(2) 947(1) 8883(1) 52(1) 

O(1) 5027(4) 6802(2) 8553(2) 61(1) 

O(2) 3006(4) -43(2) 8857(2) 70(1) 

O(3) 1497(4) 1380(2) 8708(2) 65(1) 

O(5) 8297(4) 4910(2) 7880(2) 68(1) 

N(4) 6937(4) 5781(2) 8568(2) 43(1) 

N(69) 4164(4) 1384(3) 8394(2) 43(1) 

C(2) 6317(5) 7367(3) 8469(3) 58(2) 

C(3) 7612(5) 6664(3) 8346(3) 49(2) 

C(5) 7211(6) 4974(3) 8228(3) 44(1) 

C(6) 6112(4) 4179(3) 8309(3) 39(1) 

C(7) 4540(5) 4610(3) 8325(3) 41(1) 

C(8) 4416(5) 5232(3) 8927(3) 43(1) 

C(8A) 5561(5) 6007(3) 8901(3) 46(1) 

C(31) 8997(6) 6953(4) 8682(3) 54(2) 

C(32) 9361(7) 6611(4) 9281(4) 84(2) 

C(33) 10616(8) 6920(6) 9610(4) 116(3) 

C(34) 11503(10) 7568(8) 9318(6) 141(6) 

C(35) 11167(9) 7932(7) 8743(5) 125(4) 

C(36) 9908(6) 7618(4) 8417(3) 81(2) 

C(61) 6324(5) 3429(3) 7806(2) 44(1) 

C(62) 5719(5) 2502(3) 8022(2) 40(1) 

C(63) 6514(5) 1625(3) 8045(2) 40(1) 

C(64) 7979(6) 1372(3) 7879(3) 52(2) 

C(65) 8431(6) 478(4) 7983(3) 58(2) 

C(66) 7489(6) -178(3) 8256(3) 57(2) 
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C(67) 6048(6) 47(3) 8417(3) 53(2) 

C(68) 5572(5) 946(3) 8302(3) 45(1) 

C(71) 3237(5) 3965(3) 8283(2) 46(1) 

C(72) 3130(5) 3026(3) 8265(2) 47(1) 

C(73) 4324(5) 2354(3) 8236(3) 43(1) 

C(74) 3382(6) 1328(4) 9642(3) 50(2) 

C(75) 4327(6) 789(4) 10011(4) 72(2) 

C(76) 4686(7) 1079(6) 10621(4) 87(2) 

C(77) 4149(8) 1904(6) 10848(4) 83(2) 

C(78) 3216(8) 2440(4) 10486(4) 80(2) 

C(79) 2808(7) 2152(4) 9874(4) 65(2) 

C(81) 4540(6) 4686(4) 9560(3) 61(2) 

C(82) 3881(7) 5183(4) 10130(3) 90(2) 
 

 

Table 3.   Bond lengths [Å] and angles [°] for 16b. 
_____________________________________________________ 

S(1)-O(2)  1.420(3) 

S(1)-O(3)  1.424(3) 

S(1)-N(69)  1.673(4) 

S(1)-C(74)  1.736(5) 

O(1)-C(2)  1.425(5) 

O(1)-C(8A)  1.428(5) 

O(5)-C(5)  1.220(5) 

N(4)-C(5)  1.375(6) 

N(4)-C(8A)  1.457(6) 

N(4)-C(3)  1.473(5) 

N(69)-C(68)  1.426(5) 

N(69)-C(73)  1.429(5) 

C(2)-C(3)  1.558(6) 

C(3)-C(31)  1.489(7) 

C(5)-C(6)  1.514(6) 

C(6)-C(61)  1.509(6) 

C(6)-C(7)  1.543(6) 

C(7)-C(71)  1.494(6) 

C(7)-C(8)  1.541(6) 

C(8)-C(8A)  1.512(6) 

C(8)-C(81)  1.534(6) 

C(31)-C(36)  1.370(7) 
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C(31)-C(32)  1.380(8) 

C(32)-C(33)  1.392(8) 

C(33)-C(34)  1.364(11) 

C(34)-C(35)  1.340(12) 

C(35)-C(36)  1.396(10) 

C(61)-C(62)  1.499(6) 

C(62)-C(73)  1.349(6) 

C(62)-C(63)  1.441(6) 

C(63)-C(68)  1.394(6) 

C(63)-C(64)  1.410(6) 

C(64)-C(65)  1.357(6) 

C(65)-C(66)  1.386(6) 

C(66)-C(67)  1.378(7) 

C(67)-C(68)  1.374(6) 

C(71)-C(72)  1.344(6) 

C(72)-C(73)  1.442(6) 

C(74)-C(79)  1.372(7) 

C(74)-C(75)  1.381(7) 

C(75)-C(76)  1.374(8) 

C(76)-C(77)  1.356(9) 

C(77)-C(78)  1.363(8) 

C(78)-C(79)  1.389(8) 

C(81)-C(82)  1.506(7) 

O(2)-S(1)-O(3) 120.0(2) 

O(2)-S(1)-N(69) 106.5(2) 

O(3)-S(1)-N(69) 106.7(2) 

O(2)-S(1)-C(74) 108.8(3) 

O(3)-S(1)-C(74) 109.3(3) 

N(69)-S(1)-C(74) 104.5(2) 

C(2)-O(1)-C(8A) 103.8(3) 

C(5)-N(4)-C(8A) 125.7(4) 

C(5)-N(4)-C(3) 118.7(4) 

C(8A)-N(4)-C(3) 108.1(4) 

C(68)-N(69)-C(73) 107.6(4) 

C(68)-N(69)-S(1) 122.7(3) 

C(73)-N(69)-S(1) 124.9(3) 

O(1)-C(2)-C(3) 105.4(4) 

N(4)-C(3)-C(31) 115.7(4) 
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N(4)-C(3)-C(2) 101.0(3) 

C(31)-C(3)-C(2) 111.9(4) 

O(5)-C(5)-N(4) 120.8(4) 

O(5)-C(5)-C(6) 122.3(5) 

N(4)-C(5)-C(6) 116.9(4) 

C(61)-C(6)-C(5) 111.8(4) 

C(61)-C(6)-C(7) 114.4(4) 

C(5)-C(6)-C(7) 107.7(4) 

C(71)-C(7)-C(8) 110.3(4) 

C(71)-C(7)-C(6) 118.3(4) 

C(8)-C(7)-C(6) 108.3(4) 

C(8A)-C(8)-C(81) 110.6(4) 

C(8A)-C(8)-C(7) 110.0(4) 

C(81)-C(8)-C(7) 113.7(4) 

O(1)-C(8A)-N(4) 102.8(4) 

O(1)-C(8A)-C(8) 111.7(4) 

N(4)-C(8A)-C(8) 115.8(4) 

C(36)-C(31)-C(32) 117.8(6) 

C(36)-C(31)-C(3) 120.2(6) 

C(32)-C(31)-C(3) 121.8(5) 

C(31)-C(32)-C(33) 121.7(7) 

C(34)-C(33)-C(32) 118.1(9) 

C(35)-C(34)-C(33) 121.9(10) 

C(34)-C(35)-C(36) 119.6(10) 

C(31)-C(36)-C(35) 120.8(8) 

C(62)-C(61)-C(6) 111.8(4) 

C(73)-C(62)-C(63) 108.4(4) 

C(73)-C(62)-C(61) 125.1(4) 

C(63)-C(62)-C(61) 126.5(4) 

C(68)-C(63)-C(64) 119.1(4) 

C(68)-C(63)-C(62) 108.3(4) 

C(64)-C(63)-C(62) 132.6(5) 

C(65)-C(64)-C(63) 118.8(5) 

C(64)-C(65)-C(66) 121.1(5) 

C(67)-C(66)-C(65) 121.3(5) 

C(68)-C(67)-C(66) 118.0(5) 

C(67)-C(68)-C(63) 121.7(5) 

C(67)-C(68)-N(69) 131.5(5) 
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C(63)-C(68)-N(69) 106.8(4) 

C(72)-C(71)-C(7) 132.2(4) 

C(71)-C(72)-C(73) 127.7(4) 

C(62)-C(73)-N(69) 108.8(4) 

C(62)-C(73)-C(72) 127.1(4) 

N(69)-C(73)-C(72) 124.0(4) 

C(79)-C(74)-C(75) 120.8(6) 

C(79)-C(74)-S(1) 119.2(5) 

C(75)-C(74)-S(1) 120.0(5) 

C(76)-C(75)-C(74) 119.5(7) 

C(77)-C(76)-C(75) 120.0(7) 

C(76)-C(77)-C(78) 120.9(7) 

C(77)-C(78)-C(79) 120.3(7) 

C(74)-C(79)-C(78) 118.5(6) 

C(82)-C(81)-C(8) 114.3(4) 

_____________________________________________________________ 

 

Table 4.   Anisotropic displacement parameters (Å2x 103)for 16b.  The anisotropic 

displacement factor exponent takes the form: -2π2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

S(1) 43(1)  49(1) 65(1)  2(1) 0(1)  -17(1) 

O(1) 51(2)  40(2) 93(3)  9(2) -7(2)  -2(2) 

O(2) 69(2)  40(2) 100(3)  0(2) 0(2)  -26(2) 

O(3) 36(2)  74(2) 84(3)  14(2) -5(2)  -11(2) 

O(5) 56(2)  56(2) 93(3)  -11(2) 28(2)  -14(2) 

N(4) 40(2)  35(2) 52(3)  -2(2) 4(2)  -3(2) 

N(69) 36(2)  43(2) 49(3)  3(2) 0(2)  -8(2) 

C(2) 53(3)  42(3) 79(5)  14(3) -5(4)  -5(3) 

C(3) 52(3)  34(3) 61(4)  8(3) 1(3)  -7(2) 

C(5) 40(3)  45(3) 47(4)  2(3) -2(3)  -4(3) 

C(6) 35(3)  39(3) 42(4)  6(3) 1(2)  -2(2) 

C(7) 36(3)  40(3) 47(4)  6(3) 1(3)  0(2) 

C(8) 33(3)  48(3) 48(4)  -1(3) 4(3)  3(2) 

C(8A) 47(3)  43(3) 47(4)  4(3) -1(3)  1(3) 

C(31) 48(4)  43(3) 71(6)  -7(3) 4(3)  -4(3) 

C(32) 63(4)  71(4) 117(7)  -10(5) -28(4)  -14(4) 
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C(33) 70(5)  128(7) 149(8)  -37(6) -48(6)  -3(5) 

C(34) 43(5)  161(11) 217(15)  -107(11) -16(8)  -1(6) 

C(35) 63(6)  115(7) 199(13)  -88(8) 49(7)  -41(5) 

C(36) 64(4)  74(4) 105(6)  -30(4) 32(4)  -15(4) 

C(61) 42(3)  41(3) 50(4)  0(3) 3(3)  -9(2) 

C(62) 39(3)  45(3) 37(4)  -2(3) -1(3)  -6(3) 

C(63) 40(3)  42(3) 40(4)  -12(3) 1(3)  -4(3) 

C(64) 54(4)  48(3) 55(4)  -13(3) 10(3)  -6(3) 

C(65) 47(3)  55(3) 72(5)  -18(3) 6(3)  5(3) 

C(66) 65(4)  42(3) 65(5)  -6(3) -11(3)  1(3) 

C(67) 59(4)  40(3) 59(5)  -6(3) -3(3)  -6(3) 

C(68) 45(3)  38(3) 51(4)  -3(3) -3(3)  -3(3) 

C(71) 37(3)  53(3) 49(4)  -3(3) -2(3)  0(3) 

C(72) 30(3)  53(3) 58(4)  5(3) 6(3)  -5(2) 

C(73) 43(3)  37(3) 50(4)  -1(3) -2(3)  -3(3) 

C(74) 44(3)  54(3) 51(5)  5(3) 3(3)  -19(3) 

C(75) 58(4)  86(5) 72(6)  13(4) 0(4)  5(4) 

C(76) 61(4)  135(7) 67(7)  10(5) -6(4)  -3(5) 

C(77) 71(5)  114(6) 64(6)  -14(5) 14(4)  -41(5) 

C(78) 95(6)  72(4) 74(8)  -1(5) 21(5)  -9(4) 

C(79) 71(4)  69(4) 55(6)  4(4) 7(4)  -1(4) 

C(81) 69(4)  58(4) 56(5)  0(4) 11(4)  -13(3) 

C(82) 95(5)  113(5) 61(5)  -8(4) 21(4)  -6(5) 
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X- ray crystal structure of 21 

 

 
Table 1.  Crystal data and structure refinement for 21. 

Identification code  21 

Empirical formula  C35 H38 N2 O5 S 

Formula weight  598.73 

Temperature  294(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21 

Unit cell dimensions a = 9.2040(18) Å α= 90°. 

 b = 14.1890(18) Å β= 94.66(2)°. 

 c = 11.795(3) Å γ = 90°. 

Volume 1535.3(5) Å3 

Z 2 

Density (calculated) 1.295 Mg/m3 

Absorption coefficient 0.151 mm-1 

F(000) 636 

Crystal size 0.46 x 0.21 x 0.03 mm3 

Theta range for data collection 1.73 to 24.97°. 

Index ranges -10<=h<=10, 0<=k<=16, 0<=l<=14 

Reflections collected 2793 

Independent reflections 2793  

Completeness to theta = 24.97° 99.9 %  

Max. and min. transmission 0.9955 and 0.9337 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2793 / 3 / 390 
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Goodness-of-fit on F2 0.939 

Final R indices [I>2sigma(I)] R1 = 0.0587, wR2 = 0.1245 

R indices (all data) R1 = 0.1251, wR2 = 0.1446 

Absolute structure parameter 0.0(2) 

Largest diff. peak and hole 0.231 and -0.217 e.Å-3 

 

 

Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for 21.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

S(1) 2374(2) 8481(2) 10440(2) 65(1) 

O(1) -2844(5) 12425(4) 5294(5) 69(2) 

O(2) 3829(6) 8765(4) 10813(5) 89(2) 

O(3) 1507(6) 8023(4) 11234(5) 80(2) 

O(5) 1093(5) 10758(4) 5433(4) 67(2) 

N(4) -741(6) 11705(4) 5898(5) 53(2) 

N(18) 1515(6) 9447(4) 10026(5) 57(2) 

C(2) -1709(8) 13074(7) 5084(7) 75(3) 

C(3) -307(8) 12484(6) 5171(7) 66(2) 

C(5) -61(8) 10858(6) 5881(6) 54(2) 

C(6) -765(7) 10024(5) 6424(6) 51(2) 

C(7) -2174(7) 10246(5) 7005(6) 48(2) 

C(8) -3086(7) 10958(5) 6286(6) 50(2) 

C(9) -2240(7) 11866(6) 6212(6) 53(2) 

C(10) 198(7) 9535(5) 7386(6) 51(2) 

C(11) -85(7) 10064(5) 8501(6) 49(2) 

C(12) 1182(7) 10717(5) 8822(6) 47(2) 

C(13) 1533(7) 11588(5) 8397(6) 55(2) 

C(14) 2849(8) 11992(6) 8769(7) 60(2) 

C(15) 3795(9) 11555(6) 9558(7) 67(2) 

C(16) 3461(8) 10696(6) 10004(7) 63(2) 

C(17) 2135(7) 10290(5) 9628(6) 54(2) 

C(19) 27(8) 9416(5) 9510(6) 57(2) 

C(20) -1041(8) 8940(6) 9876(7) 68(2) 

C(21) -2594(8) 9120(6) 9325(8) 75(3) 

C(22) -2733(7) 10171(6) 9090(7) 64(2) 
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C(23) -1635(6) 10508(5) 8234(5) 43(2) 

C(24) 2386(11) 7779(6) 9237(7) 72(2) 

C(25) 1268(12) 7124(8) 9026(10) 94(3) 

C(26) 1304(19) 6564(9) 8068(13) 133(5) 

C(27) 2370(20) 6659(11) 7357(13) 144(6) 

C(28) 3507(16) 7301(12) 7577(11) 126(5) 

C(29) 3480(11) 7878(8) 8504(9) 96(3) 

C(31) 1015(9) 13013(6) 5663(8) 69(2) 

C(32) 987(9) 13594(7) 6606(9) 83(3) 

C(33) 2239(16) 14092(8) 7021(10) 113(4) 

C(34) 3467(15) 14019(10) 6470(16) 133(6) 

C(35) 3540(12) 13470(10) 5548(14) 117(5) 

C(36) 2303(10) 12953(7) 5128(9) 92(3) 

C(81) -4588(7) 11172(6) 6710(7) 65(2) 

C(82) -5588(8) 10297(7) 6693(8) 84(3) 

O(1M) 1786(18) 10533(18) 3204(8) 335(11) 

C(1M) 3289(16) 10711(17) 3466(19) 271(13) 

 

 

Table 3.   Bond lengths [Å] and angles [°] for 21. 

_____________________________________________________ 

S(1)-O(2)  1.433(6) 

S(1)-O(3)  1.435(5) 

S(1)-N(18)  1.637(6) 

S(1)-C(24)  1.735(9) 

O(1)-C(9)  1.419(8) 

O(1)-C(2)  1.430(9) 

O(5)-C(5)  1.232(7) 

N(4)-C(5)  1.356(9) 

N(4)-C(9)  1.474(8) 

N(4)-C(3)  1.475(9) 

N(18)-C(17)  1.422(9) 

N(18)-C(19)  1.453(9) 

C(2)-C(3)  1.534(10) 

C(2)-H(2A)     0.9700 

C(2)-H(2B)                               0.9700 

C(3)-C(31)  1.505(11) 

C(3)-H(3)                                 0.9800 



S88 

C(5)-C(6)  1.515(10) 

C(6)-C(10)  1.546(9) 

C(6)-C(7)  1.548(9) 

C(6)-H(6)                                 0.9800 

C(7)-C(8)  1.526(9) 

C(7)-C(23)  1.540(9) 

C(7)-H(7)                                 0.9800 

C(8)-C(9)  1.511(10) 

C(8)-C(81)  1.537(8) 

C(8)-H(8)                                 0.9800 

C(9)-H(9)                                 0.9800 

C(10)-C(11)  1.554(9) 

C(10)-H(10A)                          0.9700 

C(10)-H(10B)                          0.9700 

C(11)-C(19)  1.501(9) 

C(11)-C(12)  1.514(9) 

C(11)-C(23)  1.569(9) 

C(12)-C(17)  1.380(9) 

C(12)-C(13)  1.382(10) 

C(13)-C(14)  1.379(9) 

C(13)-H(13)                             0.9300 

C(14)-C(15)  1.371(10) 

C(14)-H(14)                             0.9300 

C(15)-C(16)  1.372(11) 

C(15)-H(15)     0.9300 

C(16)-C(17)  1.389(10) 

C(16)-H(16)     0.9300 

C(19)-C(20)  1.295(9) 

C(20)-C(21)  1.542(9) 

C(20)-H(20)     0.9300 

C(21)-C(22)  1.520(12) 

C(21)-H(21A)     0.9700 

C(21)-H(21B)     0.9700 

C(22)-C(23)  1.561(9) 

C(22)-H(22A)    0.9700 

C(22)-H(22B)    0.9700 

C(23)-H(23)    0.9800 

C(24)-C(29)  1.386(12) 
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C(24)-C(25)  1.394(13) 

C(25)-C(26)  1.384(15) 

C(25)-H(25)    0.9300 

C(26)-C(27)  1.348(18) 

C(26)-H(26)     0.9300 

C(27)-C(28)  1.396(18) 

C(27)-H(27)    0.9300 

C(28)-C(29)  1.368(15) 

C(28)-H(28)     0.9300 

C(29)-H(29)     0.9300 

C(31)-C(32)  1.386(12) 

C(31)-C(36)  1.390(11) 

C(32)-C(33)  1.406(13) 

C(32)-H(32)    0.9300 

C(33)-C(34)  1.353(16) 

C(33)-H(33)    0.9300 

C(34)-C(35)  1.343(17) 

C(34)-H(34)     0.9300 

C(35)-C(36)  1.411(15) 

C(35)-H(35)    0.9300 

C(36)-H(36)    0.9300 

C(81)-C(82)    1.545(11) 

C(81)-H(81A)  0.9700 

C(81)-H(81B)  0.9700 

C(82)-H(82A)  0.9600 

C(82)-H(82B)  0.9600 

C(82)-H(82C)  0.9600 

O(1M)-C(1M)  1.416(5) 

O(1M)-H(1M)  0.8200 

C(1M)-H(1M1)  0.9600 

C(1M)-H(1M2)  0.9600 

C(1M)-H(1M3)  0.9600 

 

O(2)-S(1)-O(3) 118.8(4) 

O(2)-S(1)-N(18) 105.8(3) 

O(3)-S(1)-N(18) 107.0(3) 

O(2)-S(1)-C(24) 110.2(4) 

O(3)-S(1)-C(24) 108.4(4) 
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N(18)-S(1)-C(24) 105.8(4) 

C(9)-O(1)-C(2) 104.2(5) 

C(5)-N(4)-C(9) 125.7(6) 

C(5)-N(4)-C(3) 120.6(6) 

C(9)-N(4)-C(3) 109.4(6) 

C(17)-N(18)-C(19) 106.1(6) 

C(17)-N(18)-S(1) 127.3(5) 

C(19)-N(18)-S(1) 121.0(5) 

O(1)-C(2)-C(3) 105.0(7) 

O(1)-C(2)-H(2A) 110.7 

C(3)-C(2)-H(2A) 110.7 

O(1)-C(2)-H(2B) 110.7 

C(3)-C(2)-H(2B) 110.7 

H(2A)-C(2)-H(2B) 108.8 

N(4)-C(3)-C(31) 113.4(6) 

N(4)-C(3)-C(2) 100.5(6) 

C(31)-C(3)-C(2) 113.8(7) 

N(4)-C(3)-H(3) 109.6 

C(31)-C(3)-H(3) 109.6 

C(2)-C(3)-H(3) 109.6 

O(5)-C(5)-N(4) 121.5(7) 

O(5)-C(5)-C(6) 120.3(7) 

N(4)-C(5)-C(6) 118.1(6) 

C(5)-C(6)-C(10) 114.9(6) 

C(5)-C(6)-C(7) 115.5(6) 

C(10)-C(6)-C(7) 102.6(5) 

C(5)-C(6)-H(6) 107.8 

C(10)-C(6)-H(6) 107.8 

C(7)-C(6)-H(6) 107.8 

C(8)-C(7)-C(23) 118.9(6) 

C(8)-C(7)-C(6) 109.4(6) 

C(23)-C(7)-C(6) 104.4(5) 

C(8)-C(7)-H(7) 107.9 

C(23)-C(7)-H(7) 107.9 

C(6)-C(7)-H(7) 107.9 

C(9)-C(8)-C(7) 109.5(5) 

C(9)-C(8)-C(81) 109.4(6) 

C(7)-C(8)-C(81) 114.7(6) 
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C(9)-C(8)-H(8) 107.7 

C(7)-C(8)-H(8) 107.7 

C(81)-C(8)-H(8) 107.7 

O(1)-C(9)-N(4) 102.2(5) 

O(1)-C(9)-C(8) 110.4(6) 

N(4)-C(9)-C(8) 112.3(6) 

O(1)-C(9)-H(9) 110.5 

N(4)-C(9)-H(9) 110.5 

C(8)-C(9)-H(9) 110.5 

C(6)-C(10)-C(11) 106.2(5) 

C(6)-C(10)-H(10A) 110.5 

C(11)-C(10)-H(10A) 110.5 

C(6)-C(10)-H(10B) 110.5 

C(11)-C(10)-H(10B) 110.5 

H(10A)-C(10)-H(10B) 108.7 

C(19)-C(11)-C(12) 100.1(5) 

C(19)-C(11)-C(10) 111.7(6) 

C(12)-C(11)-C(10) 109.2(5) 

C(19)-C(11)-C(23) 114.1(5) 

C(12)-C(11)-C(23) 118.3(6) 

C(10)-C(11)-C(23) 103.7(5) 

C(17)-C(12)-C(13) 119.2(7) 

C(17)-C(12)-C(11) 109.7(6) 

C(13)-C(12)-C(11) 130.9(7) 

C(14)-C(13)-C(12) 118.8(7) 

C(14)-C(13)-H(13) 120.6 

C(12)-C(13)-H(13) 120.6 

C(15)-C(14)-C(13) 121.4(8) 

C(15)-C(14)-H(14) 119.3 

C(13)-C(14)-H(14) 119.3 

C(14)-C(15)-C(16) 120.8(8) 

C(14)-C(15)-H(15) 119.6 

C(16)-C(15)-H(15) 119.6 

C(15)-C(16)-C(17) 117.6(8) 

C(15)-C(16)-H(16) 121.2 

C(17)-C(16)-H(16) 121.2 

C(12)-C(17)-C(16) 122.1(7) 

C(12)-C(17)-N(18) 110.3(6) 
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C(16)-C(17)-N(18) 127.5(7) 

C(20)-C(19)-N(18) 126.3(7) 

C(20)-C(19)-C(11) 125.3(7) 

N(18)-C(19)-C(11) 108.4(6) 

C(19)-C(20)-C(21) 118.4(7) 

C(19)-C(20)-H(20) 120.8 

C(21)-C(20)-H(20) 120.8 

C(22)-C(21)-C(20) 107.5(6) 

C(22)-C(21)-H(21A) 110.2 

C(20)-C(21)-H(21A) 110.2 

C(22)-C(21)-H(21B) 110.2 

C(20)-C(21)-H(21B) 110.2 

H(21A)-C(21)-H(21B) 108.5 

C(21)-C(22)-C(23) 111.7(6) 

C(21)-C(22)-H(22A) 109.3 

C(23)-C(22)-H(22A) 109.3 

C(21)-C(22)-H(22B) 109.3 

C(23)-C(22)-H(22B) 109.3 

H(22A)-C(22)-H(22B) 107.9 

C(7)-C(23)-C(22) 111.1(6) 

C(7)-C(23)-C(11) 108.1(5) 

C(22)-C(23)-C(11) 111.9(6) 

C(7)-C(23)-H(23) 108.6 

C(22)-C(23)-H(23) 108.6 

C(11)-C(23)-H(23) 108.6 

C(29)-C(24)-C(25) 121.3(10) 

C(29)-C(24)-S(1) 120.4(9) 

C(25)-C(24)-S(1) 118.4(8) 

C(26)-C(25)-C(24) 117.5(11) 

C(26)-C(25)-H(25) 121.3 

C(24)-C(25)-H(25) 121.3 

C(27)-C(26)-C(25) 121.2(16) 

C(27)-C(26)-H(26) 119.4 

C(25)-C(26)-H(26) 119.4 

C(26)-C(27)-C(28) 121.5(16) 

C(26)-C(27)-H(27) 119.2 

C(28)-C(27)-H(27) 119.2 

C(29)-C(28)-C(27) 118.5(14) 
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C(29)-C(28)-H(28) 120.8 

C(27)-C(28)-H(28) 120.8 

C(28)-C(29)-C(24) 119.9(12) 

C(28)-C(29)-H(29) 120.0 

C(24)-C(29)-H(29) 120.0 

C(32)-C(31)-C(36) 118.2(9) 

C(32)-C(31)-C(3) 122.6(8) 

C(36)-C(31)-C(3) 119.1(9) 

C(31)-C(32)-C(33) 120.7(10) 

C(31)-C(32)-H(32) 119.7 

C(33)-C(32)-H(32) 119.7 

C(34)-C(33)-C(32) 119.2(13) 

C(34)-C(33)-H(33) 120.4 

C(32)-C(33)-H(33) 120.4 

C(35)-C(34)-C(33) 122.1(14) 

C(35)-C(34)-H(34) 118.9 

C(33)-C(34)-H(34) 118.9 

C(34)-C(35)-C(36) 119.6(12) 

C(34)-C(35)-H(35) 120.2 

C(36)-C(35)-H(35) 120.2 

C(31)-C(36)-C(35) 120.2(11) 

C(31)-C(36)-H(36) 119.9 

C(35)-C(36)-H(36) 119.9 

C(8)-C(81)-C(82) 112.8(7) 

C(8)-C(81)-H(81A) 109.0 

C(82)-C(81)-H(81A) 109.0 

C(8)-C(81)-H(81B) 109.0 

C(82)-C(81)-H(81B) 109.0 

H(81A)-C(81)-H(81B) 107.8 

C(81)-C(82)-H(82A) 109.5 

C(81)-C(82)-H(82B) 109.5 

H(82A)-C(82)-H(82B) 109.5 

C(81)-C(82)-H(82C) 109.5 

H(82A)-C(82)-H(82C) 109.5 

H(82B)-C(82)-H(82C) 109.5 

C(1M)-O(1M)-H(1M) 109.5 

O(1M)-C(1M)-H(1M1) 109.5 

O(1M)-C(1M)-H(1M2) 109.5 
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H(1M1)-C(1M)-H(1M2) 109.5 

O(1M)-C(1M)-H(1M3) 109.5 

H(1M1)-C(1M)-H(1M3) 109.5 

H(1M2)-C(1M)-H(1M3) 109.5 

_____________________________________________________________ 

 

 

Table 4.   Anisotropic displacement parameters (Å2x 103)for 21.  The anisotropic 

displacement factor exponent takes the form: -2π2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

S(1) 64(1)  65(1) 66(1)  22(1) -7(1)  8(1) 

O(1) 55(3)  74(4) 77(4)  15(3) 1(3)  1(3) 

O(2) 62(3)  91(5) 107(5)  22(4) -28(3)  9(3) 

O(3) 88(4)  81(4) 72(4)  33(4) 12(3)  5(3) 

O(5) 47(3)  82(4) 73(4)  0(3) 15(3)  4(3) 

N(4) 47(3)  55(4) 57(4)  5(3) 7(3)  5(3) 

N(18) 39(3)  60(4) 70(4)  20(4) -5(3)  1(3) 

C(2) 59(5)  87(7) 78(6)  35(5) -5(4)  8(5) 

C(3) 61(5)  69(6) 65(5)  21(5) -4(4)  -11(5) 

C(5) 54(4)  61(5) 45(4)  5(4) -1(4)  4(4) 

C(6) 48(4)  41(4) 62(5)  -11(4) 1(4)  -4(4) 

C(7) 36(4)  48(4) 60(5)  -7(4) 0(3)  -6(3) 

C(8) 41(4)  56(5) 54(4)  0(4) 4(3)  2(4) 

C(9) 55(4)  52(5) 49(4)  0(4) -9(4)  13(4) 

C(10) 39(4)  47(5) 65(5)  -7(4) 1(3)  -2(3) 

C(11) 44(4)  50(5) 51(4)  1(4) -2(3)  -4(4) 

C(12) 48(4)  43(5) 50(4)  -4(4) 5(3)  -2(4) 

C(13) 52(4)  58(6) 53(4)  -1(4) 4(3)  2(4) 

C(14) 57(5)  53(5) 69(5)  5(4) 0(4)  -12(4) 

C(15) 50(4)  75(7) 74(5)  -14(5) -1(4)  -15(5) 

C(16) 47(4)  72(6) 67(5)  -2(5) -7(4)  0(4) 

C(17) 52(4)  51(5) 59(5)  0(4) 0(4)  -3(4) 

C(19) 51(4)  48(5) 71(5)  18(4) -1(4)  -3(4) 

C(20) 51(5)  68(6) 85(6)  31(5) -5(4)  -5(4) 

C(21) 51(5)  79(6) 94(7)  33(5) 5(4)  -9(5) 

C(22) 45(4)  86(6) 62(5)  12(5) 1(4)  5(4) 
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C(23) 37(3)  39(4) 53(4)  -8(3) 1(3)  -3(3) 

C(24) 84(6)  60(6) 70(6)  12(5) -2(5)  11(5) 

C(25) 109(8)  78(8) 92(8)  5(6) -5(6)  15(7) 

C(26) 199(15)  88(10) 106(11)  0(9) -16(10)  30(10) 

C(27) 222(19)  111(12) 90(10)  -9(9) -34(11)  56(13) 

C(28) 148(12)  154(14) 76(8)  2(9) 11(8)  46(10) 

C(29) 101(8)  96(8) 90(8)  17(7) 2(6)  36(6) 

C(31) 64(5)  50(5) 92(7)  31(5) -3(5)  1(5) 

C(32) 74(6)  67(6) 104(7)  20(6) -18(5)  -18(6) 

C(33) 151(11)  70(7) 114(10)  10(7) -20(9)  -23(9) 

C(34) 90(9)  91(11) 211(18)  60(11) -19(11)  -22(9) 

C(35) 69(7)  81(9) 205(15)  55(10) 22(8)  6(8) 

C(36) 71(6)  75(7) 130(9)  43(7) 10(6)  3(6) 

C(81) 53(4)  71(6) 72(5)  21(5) 5(4)  11(4) 

C(82) 49(5)  109(8) 92(6)  14(6) -1(4)  -14(5) 

O(1M) 305(19)  490(30) 207(13)  -23(19) 21(14)  20(20) 

C(1M) 132(13)  300(30) 390(30)  40(30) 132(18)  43(18) 

 

Table 5.  Hydrogen bonds for 21 [Å and °]. 

____________________________________________________________________________ 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

____________________________________________________________________________ 

 O(1M)-H(1M)...O(5) 0.82 2.02 2.773(9) 151.6 

____________________________________________________________________________ 

 


