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(E)-5a: 3P NMR
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(E)-5a: 13C DEPT-135
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(E)-5a: COSY
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(E)-5a: 3C-HSQC
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(2)-5a: 'H NMR
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(2)-5a: 3'P NMR
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(2)-5a: 13C DEPT135
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(2)-5a: 13C-HSQC
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(E)-5b: H NMR
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(E)-5b: 31P NMR
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(E)-5b: 13C NMR
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(E)-5b: 13C-DEPT135
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(E)-5b: 13C HSQC
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(E)-5¢c: 'H NMR

TZe”
gee’
95¢€”
ISL”
PoL”
ogL”
£8L”
LT8"
028"
g£8”
6e8”
080"
860"
00T~
SOT”
OTT"”
GTT"
8TT"
€CT”
ST
8¢ZT"
TET”
9¢T”
T#T®
EPT”
9FT”
6FT"
€ST”
TeT”
L9T"
LT
FLT®
8LT"
P81
681"
ZeT”
(A
0TZ"
0cer
Fre:
£9C”’
182"
z0ge”
TZe”
6ee’
05G"
299”
685"
c08”
TSP
TLE®
L9G”
BLG"

[l S S S OB e o2 *AN A ppte pute Rute R T S U B SRR RN RS HES I U U B S AR AR S LR RS S S B o B GV BE G VR GV RN GVENGN BEQVRE oo B B |

fi

CF3

\\\%%m\

(E)-5¢

1.0 ppm

20 1.5

25

4.5 4.0 3.5 3.0

5.0

5.5

6.5 6.0

7.0

7.5

8.0

o
o
©

s0'¢

LEY

Lo"L

00'}

o‘ﬂ
=<2
oilei




(E)-5¢: 3'P NMR
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(E)-5¢: 1F NMR
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(E)-5¢: 13C NMR
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(E)-5¢: 3C-HSQC
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(E)-5d: H NMR
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(E)-5d: 3'P NMR
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(E)-5d: 1°F NMR
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LS'GLE
eLGL1
04811
cl8ll
L18'8L1
7881
¥8'/2l
98'/2l
c6' gl
¥6'/2l
glLeel
areel
ogeet
sseel
oLeel

TN e

€2'191 ~_
8969}
69694

I

10 ppm

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

170
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(E)-5d: 3C-HSQC
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(E)-5¢: 'H NMR
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(E)-5e: 31P NMR
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(E)-5e: 13C-HSQC
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(E)-5f: 'H NMR
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(E)-5f: 3P NMR
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(E)-5f: 13C NMR
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(E)-5g: 3P NMR
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(E)-5h: 31P NMR
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(E)-5i: 'H NMR
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(E)-5i: 3P NMR
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(E)-5k: 1P NMR
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(E)-5I: 'H NMR
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(E)-5I: 3P NMR
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(E)-5n: 1P NMR
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(E)-50: 3P NMR
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(E)-5p: H NMR
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(E)-5p: 3'P NMR
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(E)-5p: 13C HSQC
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(E)-5q: H NMR
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I
EtO—-P
EtO

26.06

39

38 37 36 35 34 33 32 A 30 29 28

27

26

25

24

23

22

ppm



(E)-5g: 13C NMR

barol
Lol —

L5706 —_
LB —"

¥E£'29
Lr'29 v.

16'92
mm.RV

S5°LL e

6€° 12k
15121
9e2zh
L2Z2l W
G122k
EQ'ECL —2
a9 el \
gevzl
1582} \
z.821

66'86k ~__
zlovl

rLovE
66°L¥L
go'erl

(E)-59

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150



(E)-5q: 13C DEPT135

991
049} v

LG°0E€ —_
LB e —"

(E)-5q

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150



(E)-5q: COSY

TR W I I h
i iy @
i b

W6

il

80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0

ppmM

ppm

I
EtO—/F’
EtO
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(E)-5r: 3'P NMR
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(E)-5s: 'H NMR
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(E)-5s: P NMR
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(E)-5s: 13C NMR
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(E)-5t: TH NMR
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(E)-5t: 31P NMR
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(E)-5u: H NMR
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(E)-5u: 3'P NMR
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(E)-5u: 13C NMR
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(E)-5u: 13C HSQC
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(E)-17: 'H NMR
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(E)-17: 3C NMR
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(E)-19: 3P NMR
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(2)-19: 3P NMR
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(2)-19: 3C NMR
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(E)-21: 'H NMR
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(E)-21: 3P NMR
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(E)-22: 'H NMR
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(E)-22: 3P NMR
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(E)-22: 3C NMR
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(E)-22: 13C HSQC
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(E)-23: 3P NMR
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(E)-23: 13C HSQC

M . Y I | R T A ppm
) e -
= 20
— === ®
40
- 5 . 60 9
L EtO—/P
_ EtO
80
100
120
i 140

80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm



(E)-31: 'H NMR
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(E)-24: 3P NMR
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Ligand B1: 3P NMR
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9a: 1P NMR
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9a: 13C HSQC
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11: 3P NMR

32.20

I
EtO—/P Ph
EtO
A

1"

39

38

23

22

ppm
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11: BC HSQC
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12: TH NMR
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12: 3P NMR
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12: BC HSQC
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13: 3P NMR
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13: BC NMR
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13: 13C DEPT135

61.65
61.61
16.60

128.590
128.71
127.87
126.50
—114.10
16.64

ad
<

I
EtO-P Ph

T | T T T | T T | \ T T | \ T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



13: COSY

S— ¢

Al

— 010

¥ ]

80 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15 1.0

ppm

ppm

I
EtO—/P Ph
EtO
13



13: BC HSQC
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14: TH NMR
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14: 3P NMR
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14: 3C NMR
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15: TH NMR
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15: 3P NMR
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15: 3C NMR
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15: 3C HSQC
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16: 'H NMR

86¢C"
S1E”
gee”
959"
¥99-”
0L9"
089"
069°
FoL”
LTL”®
LZL®
9gL”
eEvL”
TsLe
£9¢”
oLe”
6LE"
68E"
SeE”
SOF "
AN
XA
TER”
9FF "
29F% "
PLE "
4378
€6l
00s”
788"
STO”
(A4
€eQ”’
0%0-”
0s0”
6S0°
830"
LLO”
ggo”
F60”
90T~
cetT”
S69°
ETL”
TeL”
TLe”®
£86°
900"
445
re”
69¢”
€0¥%”
44
1A
906~
Fes”
peL”
LSL”

—=

T
T
T
T
T
T
T
T
T
T
T
T
T
T
4
14
[4
4
<
4
4
2
4
7 A
<
4
74
4
[4
€
4
I
i
& J
i
I
4
i
5 ]
7
7
b
7
4
7
S
9
L
L
L
L
L
L
L
L
L
L
L

=\l

Ph

/s

16

OMe

15

1.0 ppm

3.0 2.5 2.0

3.5

4.0

5.0 4.5

5.5

6.0

7.0 6.5

g

8.0

L60

b=y
(=]
-

42

[}
o
(3}

|



16: 3P NMR
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9b: 3P NMR
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9b: 13C HSQC
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9c: 3P NMR
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9c: 13C HSQC
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9d: 3P NMR
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9d: 13C HSQC
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Oe: 3P NMR
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9e: 13C HSQC
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of: 'H NMR
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of: 3IP NMR
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of: 3C NMR
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9f: 13C HSQC
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9g: 3P NMR

32.81

|1 >
EtO-P o
EtO
OH

9

39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 ppm



9g: *C NMR

cl'l9
9,19
819
28’9
LV'EL
mw.m\l/
™~

L6°9L

€8 LL
mw.h\nww
SG' /L

90°0F —

67901 ——
eL'8ol —

LEB6LE—

6886 —

€6'9F L —_
S8 LYE—

10 ppm

60 50 40 30 20

70

T T T
140 130 120 110 100 20 80

150

160




9g: 13C DEPT135

cl'l9
9/'19
64°19
€8°19

L¥EL
goes

2010 —

67901 —
eL'80L—

ekl —

10 ppm

150 140 130 120 110 100 920 80 70 60 50 40 30 20

160



9g: COSY

1 P ) . )A\ o Y o %" R L ppm
| - 1
_— — — 3 tt E},‘
|
=, 1] ﬂ dl 2
3 o O>
11
| ) EtO
—= T i 4 OH
- il 9g
5
: ¢ -7
8

80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm



9g: 13C HSQC

ppm

20

40

60

80

80 75 70 65 6.0 55 5.0 45 40 35 3.0 25 20 15 1.0

100

120

140

ppm

Q >
EK)jP
Et0
OH

9g



9h: ITH NMR
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9h: 3P NMR
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9i: 3P NMR
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9j: 13C HSQC
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9k: 'H NMR
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9k: 3P NMR
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9k: BC NMR
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9l: TH NMR
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90: IH NMR
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90: 3P NMR
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9p: 3P NMR
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9p: 13C HSQC
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9g: 'H NMR
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9g: 3P NMR
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9s: IH NMR
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9s: 31P NMR
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9s: 13C HSQC
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9u: 3P NMR
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34: 'H NMR
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34: 3C NMR
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34: BC HSQC
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35: 3P NMR
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35: 3C NMR
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35: BC HSQC
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'H NMR
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36: 3P NMR
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36: 3C NMR
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36: 13C DEPT135
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36: 13C HSQC
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'H NMR
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37: 3P NMR
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'H NMR
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38: 3P NMR
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38: 3C NMR

cg'9l
8591
6€'¢<
v¥ec
c6've —__

298 —~
mh.wm\
0692

1.8 —

66'GEF ~_
Sb Lz —
shezl—"

syl —

OH

20

70 60 50 40 30 20 ppm

80

140 130 120 110 100

150



38: 13C DEPT135
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38: 13C HSQC
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10a: 'H NMR
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10a: 3P NMR

31.01

I
EtO—P Ph
EtO \/\(

10a

39 38 37 36 35 34 33 32 H 30 29 28 27 26 25 24 23 22 ppm



10a: *C NMR
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10a: 13C DEPT135
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10a: 3C HSQC
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Mixture of 9a and 2-d-9a obtained via CAHB/Oxidation of (E)-5a with pinBD: *H NMR
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Mixture of 9a and 2-d-9a obtained via CAHB/Oxidation of (E)-5a with pinBD: 2H NMR
Note: Experiment carried out in CHCIs. Peak at 7.28 is of trace CDCla.
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Mixture of 9a and 2-d-9a obtained via CAHB/Oxidation of (E)-5a with pinBD: 3P NMR
Note: Peak at 32.83 ppm is for 9a and that of 32.85 ppm is for 2-d-9a.
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Mixture of 9a and 2-d-9a obtained via CAHB/Oxidation of (E)-5a with pinBD: *C NMR
Note: Peaks in boxes are for B-carbon. 3-carbon of 2-d-9a connected to deuterium appears as a triplet of doublets.
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Mixture of 9a, diastereomeric 2-d-9a and 2,2-d»-9a obtained via CAHB/Oxidation of (Z)-5a with pinBD: *H NMR
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Mixture of 9a, diastereomeric 2-d-9a and 2,2-d»-9a obtained via CAHB/Oxidation of (Z)-5a with pinBD: ?H NMR
Note: Experiment carried out in CHCIs. Peak at 7.28 is of trace CDCla.
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Mixture of 9a, diastereomeric 2-d-9a and 2,2-d»-9a obtained via CAHB/Oxidation of (Z)-5a with pinBD: 3P NMR
Note: Peak at 32.83 ppm is for 9a, and that of 32.86 ppm is for 2-d-9a diastereomers and 32.88 ppm is for 2,2-d>-9a.
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Mixture of 9a, diastereomeric 2-d-9a and 2,2-d»-9a obtained via CAHB/Oxidation of (Z)-5a with pinBD: 13C NMR
Note: Peaks in boxes are for B-carbon. p-carbons of diastereomeric 2-d-9a’s connected to deuterium appear as triplet of triplets
(overlapping pair of triplet of doublets). 2,2-d>-9a is identified via HRMS only.
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