Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

Supplementary Material

Expedient synthesis of [5,5]- and [6,5]-benzannulated spiroketals
from 1,1-diacyl-2-vinyl cyclopropanes

Sinan Gai, Holly D. Guilder, and Bill C. Hawkins

Department of Chemistry, University of Otago, PO Box 56, Dunedin, New Zealand

Email: bhawkins@chemistry.otago.ac.nz

Table of Contents

Copies of *H NMR and '3C NMR spectra for 1a-d, 3a-d, 5a-f, 6a-6f, 7,8, 9 ........c..coevvverennn. S2

Page S1 ©AUTHOR(S)


mailto:bhawkins@chemistry.otago.ac.nz

ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

£65°T 1
bbS'T
5557
9957 |
6,97 |
069'T |
869'T |
604'T |
€297 1
29T |
¥9' |
599 1
989 1
TTLE
0£0'% |
610'h |
€64
160t |
T05'%
905+ |
015
bISH |
T0T°S
201°s 1
SOT'S 1
L0715 1
921°s 1
821°S
TET'S
Z€T's |
8£7'S 1
e's
Sb2's |
T9Z°S |
$92'S
8975 |
2Ts o
¥82°S
8825
9€€°'s
0bE'S
PHE'S
6L
$8E'S
88€°S 7
76£°S 7
[
pSb'S
85t°5
SLb's
64b'S
16v°S
0SS
725°s |
1966 |
56°S
£86'S
009 1
810'9
0£0°9
128'9 |
78'9
168'9
689
6069
716'9 ]
wNm.i
1€6'9

60° |
160°
A%
orT'Z
1072
907,
zeee
9zzL

—r—

—

=

——m

T

WL
SvTL-

400 MHz, CDC}, 298K

la

T
60T

60

=00'C

=611
91T
00T
Fs60

=611
60T
=60
F90'T

f1 (ppm)

1TeT—
Sb'EE —

T~
00'vb ="

bTes —

09'89 —

THTTT~
TTLIT

69°8TT V
29°02T ~-

Op'€2T ~
05'82T \

T9TET /

S0°EET ~-
szeer

8€°9ST —

0T°69T —

$9°'10C —

i

1a

100 MHz, CDCg, 298K

T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
230

©AUTHOR(S)

Page S2



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

1200

1100

1000

900

800

700

600

500

400

300

200
100
0

r-100

400 MHz, CDC}, 298K

3a

Free

Ao
BT

M\o.ﬂ.ﬂ

=107
o1

Fot

€80
B0
60

F=16'0

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 0.5 0.0

8.5

9.0

9.5

f1 (ppm)

30

28

26

24

22

20

18

16

F14

12

10

08'E—

BZ'gE—

2035~
855"

Po'8—

bb'60T —

POITI~_
89T~
59'02T—
LZPTT~
EER=TA S
sz

TE'8ET—

O LST—

LO'69T—

100 MHz CDCl. 298K

3a

20

30

40

60

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

T
220

f1 (ppm)

©AUTHOR(S)

Page S3



280

260

240
220
200
180
160
140
120
100
80
40
20
o

r-20

ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

TTS°T A
1257
2651
€PS'T
vZ6'T
g6 #
261
€567
vs0'E 4’.
s20°€
v60°€ |
STrE
08b'€ |
o5 |
ﬁﬂﬁ.mg
€2 |
8€b'b 1
TSP'v
196'% 1
996°) 1
86w 1
066’
ssts b
scrs f
002'S 1
VNN.mg
ov7's |
vizs |
T0£°S 1 ﬁ
+0E's |
z1e's
LTE'S
8YE'S |
v16's

926'S
0v6'S
€56'S
046°S
£€86'G
966°'S
192'9
849
1289
€89
€91,
SLTL
S8T°L
S6T°L
L0T°L

8vb'L
89b°L
L8V,
995°L

S8SL ~
€09/
8L~
688,

rTT——

m

I

400 MHz, CDC}, 298K
1b

Fort

4660
00T

Fes0

2660
7

F€0'T
660

Foct

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
©AUTHOR(S)

5.0 4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
Page S4

9.5




ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

Fose
Feov

400 MHz, CDC} 298K
3b

Eiv'y
Fooz

£1 (ppm)

ov'se
z5°s€e

€6'9€ -7
bSLE 7

6L'€5 ~,
p0'bs <

08'6Z ~
6’18 —

8€'60T
9¥'60T

€8'9€T
ZT6ET
v0° 251
87451 7

SE'86T
6£'86T

100 MHz, CDCY, 298K

3b

I

-10

(ppm)

1

©AUTHOR(S)

Page S5



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

z€eTy
ﬁmm.Ng
SSE'T
$9E'T |
bLET
€8€'7
98€°C
90+°C
8542
€46
8LY'T
68°C
P6v°T \
5052 1
o5z
95T

Nmo.m/

$60°€ ~&
LEVET
oﬁ.m\

AT

or8'e —
€95t
€8S’y
€09t

99L'v
v8L'Y
008t
908"t
mmw.w\
06T'S
91T'S AN
02E'Ss —
€9€°S /

€L6°S
166'S
866'S

9109 —%=

€09
09
090'9

864°9
£18'9

1289
£e89
S€8'9

1v8'9 7 m
€88'9
888'9 ]
888'9 |
006°9 ]
5069

+20°2
b0

=hir

£60'
L
L
$96°Z |
2L6°L ]
126t
686 ]
66°2
100°8 1

400 MHz, CDC}, 298K
3¢

Fort
Esrtr

Fsee

=o't
60

01T
ot

Foor

»90°T
90T
2060

5

9.0 8.5 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 0.5 0.0

9.5

f1 (ppm)

8p'SE ~
bS'LE—

£5°€S ~
6+°'G5 —

€8'6L —

2b'60T ~_
90'vIT
65°L11
segrT\
¥6°02T ~
T9PTT ~L
£8'STT “
6L°LTT
voec1
OT'IET
z6'9e1 7

€ELST —

06°€9T —

69°96T —

100 MHz, CDC}, 298K
3¢

T
220 210

T
230

f1 (ppm)

©AUTHOR(S)

Page S6



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

6251
0vS'T
zssT
€951
b1
589'7 1
€697
$0L'T o
€92'T
£9°C
299'T
YILE
166°€
S0
e

90 W
9y

oLy
bty
8Lty ﬁ
T0T'S

zor's

SoT's ﬁ
901'S

per's
9TT'S
821'S
0ET'S
2389
281's
L1es
12Ts
vTT's
0vT's |
(24
wvm.m;.

L

LvT'S
18T°S
€87°S
S87°S
£8C°S
687°S
£2€°S
£TE°G N
L9€°S
TLES

N

96'S
8v6'S
196'S 7
296'S 7
L6
166°S
009 4
810'9 %

~n

1€0°9
2€0'9
19
veL9 ]
zeL9 A
bbL9
8069
$169
066°9 1
¥66°9
9669
0002 ]
102
102
1202 %
€20,

400 MHz, CDC}, 298K

1d

=0T
=00'T

EEET

Fot

=0e'T
=160
EVCT

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

f1 (ppm)

0T —
LTET—

6E°€E —

°6'ey —

TS —

4089 —

LTT8 —

PrTIT—
S6'9TT
£9'8TT ~
ET'€2T
A

L2621 %
SETET
9z'eET —
96'9T —

TEPST —

TT69T —

¥4 102 —

100 MHz, CDC;, 298K

1d

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
230

©AUTHOR(S)

Page S7



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

€52
0Lb'Z
1842
505°Z
115 1
565
529 1
829
Pp9'T 1
859 1
199°C
$99° 1
089°Z
¥89°C
£66'C
000°€ |
€20°€
920°€
£€0°€
9£0°€
090°€
€90°€
€ET'E
8€T°€E
$ST'E
£97°€
6LT°€
Y8T'E
9ULLE
656'€ |
b6
£40°
950G |
690°S
2L0°S
THT'S
SPT'S
LbT'S
£9T°S
£9T°S
LTS
bLT'S %
907°S

602'S -7
aes/

T18'S
LT8'S H/
LE8'S ¢
+58'S
048'S
088'S
968'S

9649
L18°9 /
Sv6'9

056'9
996'9
0469
€469
ve0'L
0v0°L

—r  M—ar

400 MHz, CDC}, 298K

3d

i

ot
port
Fert

—00°€
et

0T
Fere

160
=6E'T
660

0.0

0.5

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

8.5

9.0

9.5

f1 (ppm)

9€'0C —

SsT6T—

86'VE —

LTS~
wes =

9T'€E8 —

96'80T —

TL9TT —
§9°02T —
88521 ~_
£0°82T ~_
£€°62T —
S6'TET
82'9ET ~

0£2ST —

TL69T —

100 MHz, CDC§, 298K)

3d

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 90
f1 (ppm)

T
230

©AUTHOR(S)

Page S8



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

OH

Minor

Major

3

400 MHz, CDCJ, 298K

Sa

=+9'C
—€r'0

Rzoz
/850
wreT

=97'C

80T
0T
80

TFoot

Fiee

9.0 8.5 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 0.5 0.0

9.5

f1 (ppm)

98've
68T W
[A:T4

eg0e
ze8e

e
oy —

6645 —

€589
6589 >

S8'66 —

66'60T
9 TTT /
0S'TTT
06'9TT

£0°LTT
£€9°0CT
69°0CT V.
9'LTT
bS'L2T >
96'82T
ST'6CT
96'6CT
9T'0ET

LEEET
0b'EET

9€'9ST —

S0°'T6T —
6L'€6T —

£0'20C ~
64°€0C

OH

100 MHz, CDC}, 298K

M) —

T S T

I

Sa

SN

30

60 50

70

110
f1 (ppm)

210

T
220

T
230

©AUTHOR(S)

Page S9



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

550
500
450

400

400 MHz, CDCL, 298 K
6ai 350

300
250
200

150

r100

F50

1.5 1.0 0.5 0.0

90

79.13
61.21

-85

206.40
152.63
—137.19

—34.19
—31.37
—27.99
—21.63

80

75

F65

100 MHz, CDCE, 298 K 60

6ai
k55

r50

45

Intensity

F40
I35
F30
=25

F20

‘ ! L1s
|
‘ k10
| ‘ 75
T

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Page 510 ©AUTHOR(S)



Issue in honor of Professor Samir Zard

400 MHz, CDCk, 298 K
6aii

ARKIVOC 2024, ii, S1-S36

r1100
r 1000
900
800
700

600

Intensity

500

400

300

200

r100

1129

9.5 9.0

203.59
152.08

100 MHz, CDCE, 298 K
6aii

— 137.65

78.61

60.14

1.5

85

3255
_~30.40
\-29.85
—22.18

80

r75

70

F65

60

55

F50

L45

40

Intensity

35

F30

F25

20

T T T T T T T T
230 220 210 200 190 180 170 160 150

T
140

T
130

T T
110 100 90

f1 (ppm)

T
120

Page S11

©AUTHOR(S)



Issue in honor of Professor Samir Zard

400 MHz, CDCB, 298 K
6aiii

I oy
Al b li 100
-0

ARKIVOC 2024, ii, S1-S36

1800
1700
1600
1500
1400
1300
1200
1100
1000

900

Intensity

800

F700

600

500

400

300

200

r-100

9.5 9.0 8.5

204.22
152.03
—139.26

100 MHz, CDCB, 298 K
6aiii

ﬁ
2
k)
°
2

—105.12

80.12

61.27

90

™-29.52
— 22.06

80

70

r 60

F50

Intensity

40

30

F20

T T T T T T T T T
230 220 210 200 190 180 170 160 150 140

T
130

T T T
110 100 90
f1 (ppm)

T
120

Page S12

T
80

©AUTHOR(S)



Issue in honor of Professor Samir Zard

400 MHz, CDC}, 298K

ARKIVOC 2024, ii, S1-S36

5b
I
§
|
|
!
It
|
i
|
|
NI S S ~N N N AN o
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 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 0.5 0.0
f1 (ppm)
~ - ° momn Tom
5 o) R NoRE ITaeQ o ¥ - = <
g g8 REEY 887 3 BB : &
] ] ] negN SoOd 8 3 ¢ ¢ 3 M
SNIZ 20N (. I
o
@\AMO/\
o
=
100 MHz, CDCi, 298K
Sb
Mermnae | | | l II
At |
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -
f1 (ppm)
Page S13 ©AUTHOR(S)



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

Ansuayur
3 8 2 8 3 8 2 8 3 8 3 8 ° ° in ° n ° in ° in o in
o o n 2] <+ <+ ™ [ o [ — — wn o n (2] <+ <+ ™ ™ o~ o~ —
L L L L L L L L L L L L L L L L L L L L L L L
=
o
1
o
1THT —
o 0z'ze
Il € A
01T 6242\
=60'C 8567 ~_
[ T€0€ -
= mm.Nm\
PTHE
<
TN.N e
6.0 SLTS ~
. wn R
Bt 12 TS
1809
Fort oo.Gv.
L2
TO.N ©
=090
[ v L£8L —
o €028 —
<
<
Feo 09'50T
0z 20T
0 vE'STL
Feg  tesu
& 8911
Fse0 &  eourn
P90 | o 99027
=10 Fin o 12021
Ezo1 LL1en
Bov'o £6°T2T X
n 3%
[ oz'zer >
86871 \
. s0'6zT
Foor 1S) b6 LET ~
[© 9661 —
1
[e LETST —
2360
Reo1 L2
8oz [N
9£'69T —
n 89'TLT —
r~
X
X ©
(=] -
© L3 Q
{2 *® N .W
7 N 0
<~ O Os
n
Q Lo ac
o o © * O
K\ o e K\ N'§
N @© . I o
o T o Fo =
= Q9 o
o S
o © —
< ]
[To

f1 (ppm)

©AUTHOR(S)

Page S14



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

-850
800
750
o \ 700
650

0\\ 600

400 MHz, CDCL,, 298 K L ss0
6bii
500

450

Intensity

400
350
300
250

200

150

100

F50
PN I

2.5 2.0 1.5 1.0 0.5 0.0

0.9
1.0
1.0¢

1.954

0 9?%
0.94]
it

51

. 1.00-T
41
2,10

7 2189
1129
3.08

-
v
-
=)
w ]
v
w ]
o

T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

_,,
2
k)
°
2

r7.5

168.88

152.35
—139.48
— 105.06

80.14
—60.87
—53.92
—32.84
—29.25
—22.13
—14.17

7.0

6.5

D\\ r5.5

100 MHz, CDC}, 298 K Ls.0

6bii
4.5
4.0

r3.5

Intensity

3.0

2.5

2.0

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Page S15 ©AUTHOR(S)



Issue in honor of Professor Samir Zard

0\\

400 MHz, CDCb, 298 K
6biii

3
1.207

1.02
0.9

2124
945

ARKIVOC 2024, ii, S1-S36

2100

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

Intensity

900

800

700

600

500

400

300

200

r100

~-100

6.5

171.89

152.54
—137.35
— 106.95

79.36
—61.08

D\\

100 MHz, CDCh, 298 K
6biii

— 54.40

\-34.65
~-30.92
~27.28
2198

—14.22

28

F26

F24

F22

r20

Intensity

T T T
210 110 100
f1 (ppm)

T T T T T T T T T T T
230 220 200 190 180 170 160 150 140 130 120

Page S16

©AUTHOR(S)



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

Minor

Major

400 MHz, CDC}, 298K

Sc

=0T
=0€0
=0C'C

1o

=020
0T

11°0
6'0

H»ﬂwﬁ.o
0T

0'T
0'T

=00C
=810

9.0 8.5 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 0.5 0.0

9.5

f1 (ppm)

6P ~
5897

PE'6E —
sTey —

0ps —

§5'89 —

1296 —

SP'TTT
8H'TTT
S69TT
T0LTT
§9'0¢T
£9'02T >
b6'9CT ~\_
Sy'LeT
6b'LCT \
+S9'8¢T
59'8¢T
[44:149
ST6CT
20°0€T
LT'OET
YT'ZET

Ob'EET
29'eET
66'PET

8€'9ST

20°€8T —

€5°96T —

90'¥0C —

100 MHz, CDC}, 298K

Sc

30

90 80

110
f1 (ppm)

T
220 210

T
230

©AUTHOR(S)

Page S17



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

320
300
280

260

+240
400 MHz, CDCL, 298 K

6c¢i 220
+200

180

r160

Intensity

140

120

r100

80

60

+40

r20

1.0

N 0.99=

F-20

T T T T T T
0 5.5 5.0 4.5 4.0 3.5 3.0

f1 (ppm)

1.95
1031
1.041
1.00
1.06-1
1.07-J
N 2147
1.101
1.07-T
1.481

9.5 9.0 8.5 8.0 7.5 .5 2.0 15 1.0 0.5 0.0

r140

— 197.80
152.81

— 106.90
79.34
56.00

—35.17
—28.31
— 21.69

130

120

110

+ 100
100 MHz, CDCk, 298 K
6ci t90

80

70

Intensity

60

50

40

F-10

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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Page 518 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

900

800

700

400 MHz, CDClj, 298 K
6c¢ii 600

500

Intensity

400

300

200

r100

T
9.5 9.0 8.5

36

— 198.63
— 152.56
—107.51

81.71

54.53
— 34.66
—28.14
—21.93

34

32

r30

28

26

24
100 MHz, CDCl, 298 K
6cii 22

F20

Intensity

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Page 519 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

350

300

250

400 MHz, CDCB, 298 K
6ciii

200

Intensity

150

100

F50

1.947
1.0

N
571 1951

0.97
0.8
1.07-2
1.00x
0.93-1
1.00x
2134
1.04-1
1.091

4 2,093

1.5 1.0 0.5 0.0

o
«»
o
o
«n
«»
wn
o
EN
«n
»
o
w
«n
w
o
N
«n
N
o

9.5 9.0 8.5 8.0 7.5

|34

195.98
—152.19
—105.20

78.88

54.40
—33.28
—30.77
—22.20

32

30

28

26

k24

100 MHz, CDC, 298 K [

6ciii
20

T

—

(=]
Intensity

T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Page S20 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

450

400

350

400 MHz, CDC, 298 K 300
6¢civ

250

200

Intensity

150

r100

50

1947
0.99-1
2,001

g
187
0.93{

0.9¢
0.9

T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 1.0 0.5 0.0

85

195.32
—152.18

80.16

55.59
—33.12
—30.30
—22.21

80

75

70

F65

60

100 MHz, CDC, 298 K

h F55
6civ

50
l4s

F40

Intensity

F35
F30

F25

L1 I

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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Page S21 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

400 MHz, CDCi, 298K

5d

y py i 4 by 7 4 g
a o o & =8 S = - S
o =3 S o NN N < o o
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 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 0.5 0.0
f1 (ppm)
9 5 3 SHNRBS 2 o © N e nx
o N % WS ANY N n N No© b Mo
] 2 2 ujujupapagappa) R e ¢ @ & 83
N/ | [ Y
o o
N

o

-

100 MHz, CDC;, 298K

5d

—T— T T T —T— —T— T —T— — 77— T T T " "—T T T T

T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)

Page 522 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

1800
1700
1600
1500
o \ 1400
1300

D\\ 1200

400 MHz, CDCI3, 298 K t1100
6di
1000

900

800

Intensity

700

600

500

400

300

200

r100

~-100

1.034
1.00-1
109y
1.013
0.91A4
1.929
0.92x
1.15J
1.05
4 1034
110
298\
199
3.01=

9.5 9.0 8.5 8.0 7.5

171.68
150.39
139.83
—107.28
81.91
—60.97
—54.10
—34.27
—27.27
—22.43
1599
~14.21

110

r100

0\\ 80

100 MHz, CDC%, 298 K 70
6di

60

Intensity

F50

140

30

F-10

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Page 523 ©AUTHOR(S)



Issue in honor of Professor Samir Zard

0\\

400 MHz, CDClj, 298 K
6dii

ARKIVOC 2024, ii, S1-S36

2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200

1100

Intensity

1000

900

800

700

600

500

400

300

200

100

r-100

1173
X
244
3.10%

9.5 9.0 8.5 8.0

169.42
150.21
— 137.90
78.38

0\\

100 MHz, CDCI3, 298 K
6dii

240

— 32,57
—29.45
—22.28
_~15.59
~14.15

230
220
210
200
r 190
180
170
160
150
r 140
130
120
110

Intensity

100
90
80
70
60
50

30
r20
0

-
=
T
-

r-10
F-20

T
230

T T
110 100

f1 (ppm)

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120

Page S24

©AUTHOR(S)



Issue in honor of Professor Samir Zard

0\\

400 MHz, CDCl, 298 K
6diii

g

ARKIVOC 2024, ii, S1-S36

850
800
750
700
650
600
550
500

450

Intensity

400

350

300

r250

200

150

r100

F50

3.02x

r-50

168.89
150.13

0\\

100 MHz, CDCB, 298 K
6diii

139.56

79.93

—60.83

— 54.03

1
e

T
2.

0

1.5

—32.99

1.0 0.5 0.0

—29.06
—22.17
——15.72
~14.11

F26

k24

22

F20

T T T T T T T T
230 220 210 200 190 180 170 160 150

T
140

T
130

T
110
f1 (ppm)

T
120

Page S25

T
100

©AUTHOR(S)



Issue in honor of Professor Samir Zard

«

400 MHz, CDC&, 298K

ARKIVOC 2024, ii, S1-S36

Se
I
|
1
|
|
|
1 1
1
m
i
) e " “—
44 T &4 17 P Y 4
& & 8§ & a S 5 3 g a3 S
s & 4 S S - N ~ N &
r 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 T T T T T T T T T T T
9.5 9.0 8.5 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 0.5 0.0
f1 (ppm)
in - in NoTa® Nm
[N 3 = SHBHTT =38 « a N~ o @ ~
= ~ < R R N o “ N @ ® S
] 2 B4 fuu R e X e} ¢ @ 3 M
YA I
o o
o
o
L
100 MHz, CDC}, 298K
Se
1
| ! |
|
" ' l l ' [ | n
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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Page S26 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

1100
1000
o 900
800

700

400 MHz, CDCI3, 298 K

6ei
+600

Intensity

500

400

300

200

r100

1.01=
4 113=
1.07-x
1.00-T
111
1223
0.98-1
2,021
3.18q
1.167
4 1197

T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

f1 (ppm)

106.
78.71

8.0

169.04

148.97
— 137.65
—61.07
—52.77
—32.33
—29.26
—22.47
—14.18

F7.5

7.0

100 MHz, CDC, 298 K k5.0
6ei
4.5

4.0

Intensity

3.5

3.0

2.5

2.0

F1.5

r1.0

r0.5

0.0

r-0.5

r-1.0

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Page 527 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

550
500
o \ 450

O\\ 400

400 MHz, CDC}, 298 K 350
6eii

300

Intensity

250

200

150

r100

F50

1.001
N 1167
1149
1.00]
116
1.00-x
0,991
2,081
0.98-T
1.28
1149
111g
1194
2127
3.24=

T T T
9.5 9.0 8.5 8.0 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 0.5 0.0

w»

140

171.43
— 148.92
— 139.56
— 116.
111
107
82.75
— 61.06
—54.15
—34.03
—27.02
—22.59
—14.21

38
36
L34

32

0\\ 28

26
100 MHz, CDCl, 298 K
6eii 24

22

F20

Intensity

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Page 528 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

2800
2600
2400
o \ 2200

"\\ 2000

r 1800

400 MHz, CDCIj, 298 K
6eiii 1600

1400

Intensity

1200

1000

800

600

400

200

F-200

0.92=
4 093=
1.00x

oo

103

o 1.05%
0997
212
2,027
2,081

N
S EECES

2.0 15 1.0 0.5 0.0

32

168.62
— 148.83
139.35
139.34
80.68
—61.03
—53.91
— 32.69
— 28.75
—22.37
—14.15

30
28

F26

0\\ 22

r20

100 MHz, CDCB, 298 K 18

6eiii
| |
F6
H4
|
F2
. | | | | L
) ] ; h
T

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

A
=
Intensity

Page S29 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

o

[

400 MHz, CDC,}, 298K

5f

S 3 34 id & F 4 g

T T
9.5 9.0 8.5 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 0.5 0.0

1 (ppm)
& o @ wovos om
] S g 83893 89 in ~ © © o oy w
i N 3 BHNos S~ b o « N QY 2
g g a LELLLEEL g g g g T8 =
SN AN I L
o o
o

100 MHz, CDCi, 298K

5f

T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Page S30 ©AUTHOR(S)



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

Aysuajur Aysuajur
o (=3 o (=1 o (=] o (=] o (=] o o o
n o n o n o n o wn o wn o n o n o n o n o
© © n n < <+ ™ ] ~ N — — o v <+ ™ @ N [N} — -
L L L L L L L L L L L L L L L L L L L L L
<
o
0
[ e 8T'+T
0z'bT
0z°0z
Le €207
9'zT
=92'C 85°7C 7
=g 8027
1 w6t
Lo A
eeee
20'vE
<
Feee [
14
0'€ 9TS ~
Fesz L2 L0hS5
o~
10°19 -
Fosr 2019 >
<
Feee [@
FLO0 | 1n 19'8L —
©
9978 —
<
. v 0€°90T
Fese 0201
0 SLOTL
Feg oo
g ooorr
120 8 ovorr
00T | oo 90°€CT
=201 s T e
1 S5°821
B0 69°821
n 88°0€T
[ 86°0€T
9T'TET
) LTTET
9T | o 69°LET ~
o S9°6€T —
POObT~
in 69961
"o
Fuet
N
[~
FesT 80697 —
" 8y TLT —
[~
X X
© ©
z = LS 7 =
NiE NiE
o 5 g's
° b=}
[aRR] L M [anr]
Or Onw
> N & ° N &
=) ° o
= F o =
o =]
o S
< —
n
"o

f1 (ppm)

©AUTHOR(S)

Page S31



Issue in honor of Professor Samir Zard

400 MHz, CDCI3, 298 K
6fii

0.99-=
1.04=

1,05
2113
322

ARKIVOC 2024, ii, S1-S36

1500
1400
1300
1200
1100
1000
900

800

700

Intensity

600

500

400

300

200

r100

~-100

168.69

100 MHz, CDCL, 298 K
6fii

sS4 1.03~
o] 2.17jI

— 146.59
— 139.46
13112
- 130.75
128.58
80.63

\

~123.22
\ 11622
— 110.96
10573
—61.02
—53.94
—32.72
—28.83

r85

~-22.38

2022
_14.17

80

75

70

F65

60

55

50

Fas

40

Intensity

r35

30

F25

F20

T T T T T T T T
230 220 210 200 190 180 170 160

©AUTHOR(S)



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

052z 4
1522
219'7
££9'T
6v9' 1
vL9°T
€527
bSLT
59272
94177
€847
8.7
v64'T 1
16071
6647 1
520°€
z€0'€
£90°€
690°€
0£9°€ |
bL9'E |
0b8'€ |
1S8°€
£58°€
598°€
698°€ |
088°€
288°€
468°€
£86°€
000
800°%
£10%
020"y

620
L£0h

640"

0£SY

bESy

8ESh

sy

9bsh

1SS°%

9/T'S 7
082S 7
mmN.i
L8T'S

€0€'S

90€°s

01£'S

v1€'s ]
$9€'S |
1255
mmm.i
06€'S

S6€°S
00t's
$0b'S |
80t'S 1
21's
bS]
15t°S
SS's
009°s
0£6's
286'S
£€86'S 1
66'S 1
966'S 1
6009 1
£10'9 1
120'9 4
520'9
6£0'9 1
250'9
§19'9 1
££9'91
S8€°L A

LOVL-

Br

OH
x

Br.

minor

major

400 MHz, CDC31, 298K

7

86T
=8b'0
0T
oo
sz
ﬁoﬁo
H/MNd
H/mo.ﬁ
10
uu\.vm.o
Z1°0
01

Hﬂ%.o
0'T

Be0'T
horz

FS6°0

Foor

9.0 8.5 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 0.5 0.0

9.5

f1 (ppm)

8bT~_
v6z
v6z
roe””

6Ty —
€Ly —
€85\

L6585 ~
ﬁ.oc\

5’89
889
689
€69

9°00T —
L01T
8°0TT
0'91T
0°91T
91T
8LIT 7
€821
8°0€T /
6°0€T
STET L

cver
gbeT

S'EST —

8°06T ~
0Z6T

100 MHz, CDC}, 298K)

T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
230

©AUTHOR(S)

Page S33



ARKIVOC 2024, ii, S1-S36

Issue in honor of Professor Samir Zard

L1€°7
2042
£2L°T
TEL°T
SVL'T
854°C 1
8L4°T1
1827
S8L°T
64T 1
664°C 1
£08°Z
908°Z
€187
1187
128°C
££8°T
8'7
050°€
SS0°€ 7,
£90°€
890°€
vL0°E
880'€
PIT'E
orT'E
opTE—~
602'c
828'€
TH8'E
958'€
0/8'€
€88'€
156°€
956'€
€96'€
16'€
ste'e
€86'€
266'€

LL0°S
mmo.mV

Br.

OH

400 MHz, CDC,}, 298K

8

1T
Fs11

Feo
tee

=90'T

Foot

Fseo

9.0 8.5 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 0.5 0.0

9.5

f1 (ppm)

vS'ST
SS'ST >

b6 —

0£'SE
Tse >
LELY —

8£°09 >

6£°09

1989
1489

9p'€8
ﬁm.mwv.

z0'TTT
orTIL
ObHTT ~_
$0OTT —
6€°LT1 \
8b°LT1
20'221 ~_
PIIET
(24331 W

6T°9€T
T 9T v.
0b'¢ST —

9€'TLT v

rTLT

T9°L6T
0L°L6T v

Br.

OH

100 MHz, CDq, 298K

8

T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
230

©AUTHOR(S)

Page S34



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

1700
r 1600
1500
1400
1300

1200

1100

1000

400 MHz, CDCL3, 298 K 900
9i
800

Intensity

F700

600

500

400

300

200

100
Iy

3 THedes ¥ -100

110
1.024
1219

4 1227

T T T T
9.5 9.0 85 8.0 7.5 70 6.5 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

202.3
149.3
—137.2
132.5
131.7
—1232
— 106.7
79.3
~68.0
656
_-59.9
_-363
201

£

100 MHz, CDCLS, 298 K 10
9i

T
(-}
Intensity

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Page S35 ©AUTHOR(S)



Issue in honor of Professor Samir Zard ARKIVOC 2024, ii, S1-S36

26

202.9
149.3
— 1388
1324
L1316
— 1233
116.6
1155
1153
— 1064
80.6
—68.1
~65.6
_-61.0
357
7327
298
N 2901

VA
<

24

22

r20

100 MHz, CDCH, 298 K
9ii

A
N
Intensity

T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

2100

2000

1900

r 1800

1700

1600

1500

1400
1300

1200
400 MHz, CDCI3, 298 K
9ii 1100

1000

Intensity

900

800

700

600

500

400

300

200

r100

~-100

9.5 9.0 8.5 8.0 7.5 7.0 2.0 1.5 1.0 0.5 0.0

Page S36 ©AUTHOR(S)



