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Part 1. The substitution of P-Cl bond with alkynyl metallic reagents.
Typical procedure for the reaction of 2 with 5a:
The powder of 2 (0.046 g, 0.147 mmol) was added portionwise within 1 minute to the solution of
3a that was prepared in situ from addition of nBuLi (1.6 M solution in hexane, 0.092 ml, 0.147
mmol) to the solution of phenylethyne (0.016 ml, 0.147 mmol) in ether (1 ml) at 0<C. Then the
mixture was stirred for about 3 h while the temperature elevated to room temperature gradually.
Saturated ammonium chloride solution was added, and the mixture was extracted with
dichloromethane for three times. The combined organic layer was dried over sodium sulfate,
concentrated in vacuo. The residue was used for analysis with NMR. The vyields and
diastereomeric ratio were estimated by *P{"H}-NMR spectroscopy based on 2.

Table S1. Reaction of 2 with 5a under various conditions

[} [}
R%:;;H\CI + Ph—=—1Li —> Ph%—l{ggR + Ph—= ﬁ(&zh
2 5a 6a 6a’
R = (-)-Menthyl

Entry Temperature/Time Yield % (6a/6a’) (2/2°)°
1 0Ctort/3h >99 (89:11) °
2 0T tort/4h 80 (99: 1)
3 0<T/Lh 96 (68:32) °©
4 r/4 h 95 (53:47)
5 —80C/1 h; to rt/16 h 96 (45:55) °°
6 —20<C/5 min; to rt/5 h >99 (70:30) © ¢
7 —20C/1 h; to rt/16 h 91 (40:60) °
8 —20<T/9 h; /L h 99 (42: 58)
9 —20C/9 h; rt/16 h 99 (40: 60)
10 —20<T/9h 97 (51:49) ©
11 —45<T/8 h 99 (>99:1)
12 ~15C/2.5 h; rt/5 min 99 (51:49) f
13 0<C/20 min; rt /2.5 h 37 (69:31) (68:32) ©°
14 —~15<C /3 h; rt/5 min 63 (80:20) (81:19) ¢
15 ~15<T /3 h; /16 h 64 (83:17) (50:50) 9
16 —20<C /3 h; rt/5 min 61 (62:38) (91:9) ¢

% In a typical procedure, the powder of 2 was added portionwise within 1 minute to the solution of
5a. The yields and dr were estimated by the peaks’ integrations on 'p and proton NMR
spectroscopy. The data in second parentheses was the ratio of unconsumed 2/2” (if applicable). °
5a was added to the solution of 2 (0.147 M in ether).  Solid of 2 added in one portion. ¢ The
mixture was warmed from an ice-water bath to rt. ® The mixture was quenched with acetic acid at
—20<C. "Both two reactants were used in 0.0735 M solution of ether.  The ratio of 5a/2 was 1:2.

A diastereomeric mixture of (Sp)-2/ (Rp)-2’ reacted with phenylethynyl lithium 5a, affording two
stereoisomers of O-menthyl phenyl (phenylethynyl) phosphinate 6a and 6a’ whose **P-NMR
signals were observed at 7.78 (s) and 9.37 ppm (s), respectively. The yield and dr (ratio of 6a/6a’)
for the reaction of optically pure (Sp)-2 with 5a under various conditions were examined (Table
S-1). When 2 was slowly added to 5a at 0 <C, 6a was formed with greater than 99:1 dr. The
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reverse addition resulted in poor dr (entries 1-3), which indicated the dr was sensitive to the
stoichiometry of the two starting materials. In entries 1 to 11, a temperature dependence of the dr
was observed. When the reaction was carried out at either rt or —20 °C (entries 4 to 10), poor dr
was obtained. When 2 and 5a were mixed at —80 °C, then gradually warmed to rt, 6a/6a’ were still
formed with poor dr (entry 5), in contrast to the normal thinking that better selectivity is obtained
at low temperature, as seen in Imamoto’s reaction at —78 °C. However, when 2 and 5a were stirred
at —45 °C for enough time (8 h), 6a was formed in near quantitative conversion and >99 : 1 dr
(entry 11).

After 2 and 5a were mixed at —80 <T in ether, the solution was monitored with *'P-NMR spectral.
At beginning stage at rt, only the peak of 6a was observed. The peaks of unconsumed 2, its epimer
2’, 6a’ and other P-containing species were not detected. The peak of 6a’ started to emerge after
five minutes, and gradually increased with prolonged time, until 59:41 dr after an hour (Figure
S-1).

16h

2h \ ;"\

15h A

11 min \

L — S W
T

19 17 15 1‘3 1]535‘47651:3210
Figure S1. Relationship between the formation of 6a/6a’ and the reaction time (in ether).

In dilute solution, 6a’ was not dominantly formed (entry 12). The results indicated a dilute
solution, which was developed after formation of 6a, was not favour for the formation of 6a’. 6a’
was not produced from the reported chloride-exchange or epimerization of 1, as proved by no
epimerization of 1 was observed in the LiCl-containing solution.

The reaction of 4-methylbenzenethiol with 6a under alkali condition to afford menthyl (Z)-2-
(p-tolylthio)-2-phenylvinyl (phenyl)phosphinate, whose Sp configuration was confirmed by X-ray
diffraction (Scheme S-1). Because the addition didn’t involve in phosphorus atom, the phosphorus
atom of 6a has the same Rp configuration. On the basis of the above observations, two routes to
form 6a and 6a’ were proposed as P-inversed normal Sy2 substitution (route A, to form 6a) and
P-retained Berry pseudorotation (BPR, route B, to form 6a’), respectively.
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Q K2CO3 ) =9
PhTP"’”OR + SH — S Py
\ DMF L OR
Ph Ph
6a
R = (-)-Menthyl

Scheme S1. The conversion of 6a and the confirmation of its structure.
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Part 2. The comparison of **P NMR spectroscopy for 12 and 12’

Table S2. The comparison of p_.NMR spectrum for the Rp/Sp-12/12°.

entry  R/major product (Sp)-12 (Rp)-12°
$IP_NMR spectrum (ppm): $IP_NMR spectrum (ppm):

1 Me (12a) 40.74 (s, 90 %) 40.05 (s, 10 %).

2 Et (12b) 45.19 (s, 98 %) 44.20 (s, 2 %).

3 n-Bu (12c¢) 43.97 (s, 98 %) 43.05 (s, 2%).

4 i-Pr (12d) 47.70.

5 cyclo-Hex (12¢) 44.96.

6 s-Bu (12f) 47.17 and 46.79 45.86 and 45.62
(two single peaks, 88.5%) (two single peaks, 11.5%)

7 t-Bu (129) 48.98.

8 Bn (12h) 38.41.

9 allyl (12i) 39.02 (s, 98 %) 38.47 (s, 2 %)

10 p-BrCsH, (12)) (Rp) 28.96.

11 p-CIC¢H, (12k) (Rp) 28.84

12 12k/12k>(from 2/2?) (Rp) 29.000 (Sp) 28.955

13 0-MeCgH, (121) (Rp) 25.67

14 12m (Rp) 28.84

15 Me (12a’%) 40.41

16 Et (12b°) 44.20.

17 n-Bu(12¢) 42.99.

18 i-Pr (12d°) 47.61 (s, 3%) 546.41 (s, 97%),

19 s-Bu (12f°) 4732 and 46.94 (two single 4598 and 45.75 (two
peaks, 11%) single peaks, 89%).

20 t-Bu (129°) 48.99 (s, 13%) 48.19 (s, 87%),

21 Bn (12h?) 37.63

22 allyl (12i°) 39.08 (s, 4%) 38.53 (s, 96%).

23 p-BrCesH, (12j°) (Rp) 29.075 (s, 12%) (Sp) 29.036 (s, 88%).

34 0-MeCgH, (121°) (Sp) 29.02.

25  p-MeCgH, (12n°) (Sp) 29.30.
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Part 3. Crystallography information.

Table S3. Crystallography data of (Sp)-O-Menthyl benzylphenylphosphinate (12h) (ORTEP

drawing of 12h with thermal ellipsoids at the 30% probability)

i
O

c23
-~

Empirical formula

CxuH; NO,P

Crystal system
Space group
Formula weight
a, A

b, A

c, A

o, deg

B, deg

Y, deg

Vv, A3

VA

T, K

A A

p, g cm—3

Rint

R1[IN 25 ()]
R1 (all data)
WR2 [I'N 26 ()]

wR2 (all data)
Flack

CCDC Number

Orthorhombic
P2 (1)2 (1)2 (1)
370.45
5.7278 (6)
17.5633 (19)
21.791 (2)

90

90

90

2192.2 (4)

4

298 (2)
0.71073
1.122

0.1094
0.0522
0.1436
0.1184

0.1655
0.0 (2)
1526361
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Table S4. Crystallography data of (Rp)-O-Menthyl benzylphenylphosphinate (12h’) (ORTEP

drawing of 12h’ with thermal ellipsoids at the 30% probability)

O/

O

U=

.\\\\ \
N Ph

Ph

Empirical formula

CxuH; NO,P

Crystal system
Space group
Formula weight
a, A

b, A

c, A

o, deg

B, deg

v, deg

Vv, A3

VA

T, K

A A

p, g cm—3

Rint

R1[IN 25 ()]
R1 (all data)
WR2 [IN 26 (I)]

wR2 (all data)
Flack

CCDC Number

Monoclinic
P2 (1)
370.45
12.4777 (11)
5.7970 (7)
15.4190 (19)
90

100.7270 (10)
90

1095.8 (2)

2

298 (2)
0.71073
1.123
0.0846
0.0658
0.0877
0.1567

0.1697
-0.17 (16)

1526362
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Part 4. Selected *H, 3P and **C NMR spectroscopy
(Sp)-O-Menthyl phenylphosphonochloridate 2
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(Sp)-O-Menthyl phenylphosphonochloridate 2

PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

Archive directory: /export/home/cjc/vamrsys/data
Sample directory:

Pulse Sequence: s2pul
File: 31P-ZhaoCQ-100125

180 160 140 120 100 80 60 40
—0.0s R
(Sp)-O-Menthyl phenylphosphonochloridate 2
13C 0BSERVE ™. Cf "'f,‘ ,"__5
Archive directory: /exuarl/llon':{:jc/vm:srwdﬂtﬂ
Sample directory:
Fulse Sequence: 32pul
Filg;_13C-ZhapCo-LLJ 1-100205 P oo
Egmaay nEREN %3
; 24 ::ﬂ: =3
|
La ‘
- I!
1
|
i
i
| N
!q‘v Ill*llﬁ:"“'\ Lt I'.a:...w i e I;%“.'J Mt
1-'.1IJ 130 120 110 10 a0 an 70 60 50
Customer: LEUAND  Cons SH: 12106 Feb 5 2010
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|
|
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21.0684
—15.B38

20

10

—1.040
—1.021

ppm
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(Sp)-O-Methyl O-menthyl phenylphsophinate 3

1H-ZhaoCQ-LL]-419-100713 FUERGRBIGEA NRRY =
STANDARD 11l OBSERVE e e e e et Vded o
iy Nt
o
1]
,P\""Ph
O" Yome

28 BESSHRALIBIYRIS
Nel Sesssssdddddadad

VOSSN NV Nl

Bl(@) F || @ Lj@
373 1.88 || L.28 o152
A (dd) E (@ G (v | iGN
4.25 233 1.65 04 81
1 +

(Sp)-O-Methyl O-menthyl phenylphsophinate 3

1P~ ZBB0LYLL) - 419~ 1001 13
HOSPHORUS OBSERVE
TANDARD PARAMETERS

2001

-1.0

HOSPHATE REGION
(o]
PoiPh
-~
0" “ome
190 170 150 130 110 90 80 70 60 SO 40 30 20 10 0 -10 30

fl (ppm)
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(Sp)-O-Methyl O-menthyl phenylphsophinate 3

13C-ZhaoCQ-LL]-419-100713
i

13C OBSERVE g ; S 43
=y Y N7 TS

-—15.73

OMe

o=
o
[
=]
RN
w e
ke

"I
—T T - V¥ 7] 7777 7 7T 7 7T 7T 7T

230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 0
fl (ppm)

(Sp)-O-Menthyl methylphenylphosphinate (12a)

1H-ZhaoCQ-LLJ-469-101108
STANDARD 1H OBSERVE

-
o

E () |1 ( 7 (=)
2.37 | | 1. 0.87
— H — -
G (m
191

12.5 11.5 10.5 9.5 8.5 7.5 6.5 5.5 45 3.5




(Sp)-O-Menthyl methylphenylphosphinate (12a)

0CQ-LLT-469-101 108
{i} ERVE

S12

190 170 150 130 110 90 80 70 60 S0 40 30 20 10 0 -10 30
f1 (ppm)
(Sp)-O-Menthyl methylphenylphosphinate (12a)
13C-ZhaoCQ-LLT-469- 101108 5
13C OBSERVE
o]
||
_Py1Ph
o]
|
| | h T
| L
L A " |
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 0
fl (ppm)



(Sp)-O-Menthyl ethylphenylphosphinate (12b)

1-ZThao(Q-WWM-295- 100330
STANDARD 1H OBSERVE

1.

A
iy

i
_Po11Ph
0" N—
|
|
fE
_ | }
1L 4
A T I
11.5 10.5 9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5

1 (ppm)

(Sp)-O-Menthyl ethylphenylphosphinate (12b)

31P-ZhaoCQ-WWM-294-100309 =5
HOSPHORUS OBSERVE $3
STANDARD PARAMETERS \/
HOSPHATE REGION

T
P.1Ph
o N—
A
190 170 150 130 110 90 80 70 60 S0 40 30 20 10 0 -10 30
f1 (ppm)
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(Sp)-O-Menthyl ethylphenylphosphinate (12b)

13C-ZhaoCQ-WWM-299-100331
13C OBSERVE

6
20

—3.35

6.3
<r 3

S

20

(o)

B e

210 190 170

110 90 80 70 60 S50 40 30 20 10 0
fl (ppm)

230 150 130

(Sp)-O-Menthyl n-butylphenylphosphinate (12c)

1H-ZhaoCQ-LLJ-459-2-101022 . B

= =838 8 88 ;
STANDARD 1H OBSERVE 5 o o o3 5 MR il 5
i i > i~ et A8

A (da)
4.29

—————

3.0 12.0 11.0 10.0 9.0
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(Sp)-O-Menthyl n-butylphenylphosphinate (12c)

31P-ZhaoCQ-LLT-459-2-101022 58
HOSPHORUS OBSERVE 99
STANDARD PARAMETERS v/
HOSPHATE REGION
]
o}
g,' wPh
Lo i \/\/
{
10
190 170 150 130 110 90 80 70 60 S50 40 30 20 10 0 -0 30
f1 (ppm)
(Sp)-O-Menthyl n-butylphenylphosphinate (12c)
13C-ZhaoCQ-LLT-459-101022
|3C OBSERVE
o}
||
_P.Ph
(e} i
1
B @ | |
13195 1
A (d) D (d) A
133 41 49. 27} ! |
—

T T T T T 1T 1 v 1. 1 T T 1T 77T

9 8 70 60 50 40 30 20 10

T T T

110
f1 (ppm)
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(Sp)-O-Menthyl i-propylmethylphenylphosphinate (12d)

1H-ZHAGCQ-LLJ-453-101019 zg&=
STANDARD 1H OBSERVE e

iy

o5

0

5.wPh

-
=3

Jo p

T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

f1 (ppm)

(Sp)-O-Menthyl i-propylmethylphenylphosphinate (12d)

31P-ZhaoCQ-LLJ-453-100930

&
PHOSPHORUS OBSERVE <
STANDARD PARAMETERS |
PHOSPHATE REGION

o

'F',,.\Ph

T+ T T —T

T —r r T T T+ 1 T 1+ T T 1 1T

90 8 70 60 50 40 30 20 10 0 -10
fl (ppm)

190 170 150 130 110 -30
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(Sp)-O-Menthyl i-propylmethylphenylphosphinate (12d)

13C-ZhaoCQ-LLT-453-101022
|3C OBSERVE

Q
o-PRPh

Regroities - - - h/ |
230 210 190 170 150 130 110 90 80 70 60 50 40 30 2 0
f1 (ppm)
(Sp)-O-MenthyI cyclo-hexylphenylphosphinate (12e)
IH-ZhaoCQ-LLJ-448-101013 2E 5
STANDARD 1H OBSERVE e 3
Sl
(o]
O/’lz,.\\F'h
™
A,
|
I
30
| 4
: J o
120 1.0 100 90 80 70 60 50 40 30 0.0  -1.0
f1 (ppm)
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(Sp)-O-MenthyI cyclo-hexylphenylphosphinate (12e)

31P-ZhaoCQ-LL]-448-101013 P
"HOSPHORUS OBSERVE ¢
STANDARD PARAMETERS

*HOSPHATE REGION

0
_PyPh
O
-~

T T T T T T T T T T T T

190 170 150 130 110 9 8 70 60 S50 40 30 20 10 0 -10

f1 (ppm)
(Sp)-O-MenthyI cyclo-hexylphenylphosphinate (12e)
13C-ZhaoCO-LLT-448-101013 &
13C OBSERVE
i
/P..\F'h
RO
49. 34
H
oy
I I ‘ I
1
/ ’ H l ) L
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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(Sp)-O-Menthyl s-butylphenylphosphinate (12f)

1H-ZhaoCQ-LLJ-452-101010 o
STANDARD IH OBSERVE 3

L fdd)
0] 29

(=)

. Pz
B L e ———

13 12 11 10 9 8 7 6 5 3 2 1 0
fl (ppm)
(Sp)-O-Menthyl s-butylphenylphosphinate (12f)
31P-ZhaoCQ-LLT-452-101010
HOSPHORUS OBSERVE
STANDARD PARAMETERS
YHOSPHATE REGION
i
/P,\\ph
O Y\
D B T s O A AP PPy
23
190 170 150 130 110 9 8 70 60 50 40 30 20 10 0 -10



(Sp)-O-Menthyl s-butylphenylphosphinate (12f)

13C-ZhaoCQ-LLT-452-101010
L3C OBSERVE

B
gs

=

YA SN e

49,41

110 90 80 70 60 S0 40 30 20 10 0
f1 (ppm)

230 210 190 170 150 130

(Sp)-O-Menthyl t-butylphenylphosphinate (129g)

1H-ZhaoCQ-LLT-445300933
STANDARD 1H onsnp@i__l-{h
v

Jll ‘ ok LU |

T

L0 e

g

T R T
s ERmmeEm 0w

0 L

9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 2 5 L0 05 00 -05 -1.5

f1 (ppm)
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(Sp)-O-Menthyl t-butylphenylphosphinate (12g)

31P-ZhaoCQ-LLT-446-100923
"HOSPHORUS OBSERVE @
STANDARD PARAMETERS |
PHOSPHATE REGION

@«

9 8 70 60 50 40 30 20 10 0 -10
fl (ppm)

190 170 150 130 110

(Sp)-O-Menthyl t-butylphenylphosphinate (129g)

13C-ZhaoCQ-LLT-446-100926
13C OBSERVE

o

E (@)
49. 62
=]

T T T T T T T S i T R T}

110 90 80 70 60 50 40 30 2
fl (ppm)

230 210 190 170 150 130
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(Sp)-O-Menthyl benzylphenylphosphinate (12h)

1H-ZhaoCQ-WH-302-100405 B3YSSBEEIN 2SYERBERIR2T22RTIEES
STANDARD 1 OBSERVE TP FOTS i
Y Y %'\Vé‘v

F = Wia
7.18 82
D (= I (= J (:) N|@
7.49 1.90 0136
C @ G (ddd) | [H (d) A (@ ||B (@ Lgd
4.01 31 2.1 l 59

7.64
r— = H
K (

lla

S e i
BEIE i
10.5 9.5 8.5 75 6.5 5.5 4.5 35 25 1.5 0.5 -0.5 -15
f1 (ppm)

(Sp)-O-Menthyl benzylphenylphosphinate (12h)

31P-ZhaoCQ-WWM-302- 100405
?HOSPHORUS OBSERVE
STANDARD PARAMETERS
HOSPHATE REGION

38, 41

wWPh

;0=0

-10 -30

-7 7T T T 717

190 170 150 130 110 9 8 70 60 S50 40 30 20 10 0
fl (ppm)
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(Sp)-O-Menthyl benzylphenylphosphinate (12h)

13C-ZhaoCQ-WWM-302-100407

13C OBSERVE i
[
o
1] 1
_PiPh
0 \/O
|
1
(@ 1 |
|12'.95
l ) |
1PpI95
Bl
134146
s & i (u)]
131190 48. 64
q
EiY
d)
|1EB 05 ]
@ |
UPb. 43
LJLL - LA :
230 210 190 170 150 130 110 9 8 70 60 50 40 30 20 10 0
fl (ppm)
(Sp)-O-Menthyl allylphenylphosphinate (12i)
2R CO- TN 353 —oo SoenocmEe e o omem oo
www:mwm;:s;:: 52235333555055508
~ i L il plslaiete
o]
1]
PanPh

(d)

H (=} I (m
5.04 3.99
— L

T T T T T T e e T
=z 5 = z *:Ef’:iiifi'i‘-‘:i

925 90 85 BO 75 70 65 60 5‘5 50 45 40 35 30 25 20 1.5 1.0 05 00 -05
1 (ppm)
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(Sp)-O-Menthyl allylphenylphosphinate (12i)

31P-ZhaoCQ-WWM-353-100611

PHOSPHORUS OBSERVE 3’;‘:
STANDARD PARAMETERS Y
PHOSPHATE REGION
e
PP
o~ \L——‘\
190 170 150 130 110 9 80 70 60 S0 40 30 20 10
fl (ppm)
(Sp)-O-Menthyl allylphenylphosphinate (12i)
13C-ZhaoCQ-WWM-353-100619 -
13C OBSERVE i 5 _f
SRSV V1§27 SN/
(o]
PiPh
&
\/\
E (@
127.77
B (d)
131.84
A |F (@ C (d)
132. 19 120.32 48.99
D (d) b
(128, 43
]
1]
UL - -
230 210 190 170 150 130 110 9 80 70 60 S50 4
fl (ppm)
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(Rp)-O-Menthyl p-bromophenylphenylphosphinate (12])

1H-ZhaoCQ-WH-334n180642¢ 15 5
STANDARD 1H OBSERVE: =+

Wi

SRI[N=SR

D i 12015

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

(Rp)-O-Menthyl p-bromophenylphenylphosphinate (12j)

31P-ZhaoCQ-WWM-354-100612

PHOSPHORUS OBSERVE ;
STANDARD PARAMETERS
PHOSPHATE REGION
O
g‘.\Ph
O / N
——
Br
190 170 150 130 110 9 8 70 60 S0 40 30 20 10 O -10 -30

fl (ppm)
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(Rp)-O-Menthyl p-bromophenylphenylphosphinate (12])

13C-ZhaoCQ-WWM-354- 100618 2 =3
13C OBSERVE g
o]
£ .Ph
Br =
n|@
13}.85
B |d)
133 05
Alfa G (@ |
13p] 3b 49,11 |
=]
ql4 |
13142
E |(d
2861
JLJ
230 210 190 170 150 130 110 90 8 70 60 S0 40 30 2 10 0
fl (ppm)

(Rp)-O-Menthyl p-chlorophenylphenylphosphinate (12k)

1H-ZhaoCQ-FWM-338-100521
STANDARD 1H OBSERVE

|
|
—
F_
—

3 HAI
8. 8]
Lo




(Rp)-O-Menthyl p-chlorophenylphenylphosphinate (12k)

31P-Thao0Q-WWH-338-100521
THOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

28, 94

o
| \Ph

90 80 70 60 30 40 30 20 10 0 -0 30
(ppm)

190 170 150 130 110

(Rp)-O-Menthyl p-chlorophenylphenylphosphinate (12k)

13C-ZhaoCQ-WWM-338-100524
13C OBSERVE

o '
g.(\Ph
o
1
1
cl |
5 ()
. 42
)
H
E‘,dl]
3 44. 62
H
)
N £
)
7
()
.13
A Y
230 210 190 170 150 130 110 9 80 70 60 50 40 30 2 10 0
f1 (ppm)
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(Rp)-O-Menthyl o-methylphenylphenylphosphinate (121)

1H-ZhaoCQ-WWM-358- 100
STANDARD 1H OBSERVE

sEe

4nm-g
1 4_I
Lo

95 9.0 8.

5

S5 20 15 10 05 00 -05

80 75 70 65 60 55 50 45 40 35 30 2
1 (ppm)

(Rp)-O-Menthyl o-methylphenylphenylphosphinate (121)

31P-ZhaoCQ-WWM-355-100617

PHOSPHORUS OBSERVE
STANDARD PARAMETERS

PHOSPHATE REGION

o]
g\\Ph

Ppe

190

170

T T O T T ] T T T T

90 8 70 60 50 40 30 20 10 O -20
fl (ppm)

150 130 110 -40
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(Rp)-O-Menthyl o-methylphenylphenylphosphinate (121)

13C-ZhaoCQ-WWM-358-100621 = Y =

13C OBSERVE it S
Vo SEsEE
(o]
g.\\Ph
-
H (@
49. 46
=
1
1 \ I Il
1 ! !
1
‘ | ‘
1l B —
230 210 190 170 150 130 110 9 80 70 60 S50 40 30 20 10 0
fl (ppm)
Bis-phenylphosphinate 12m
1H-ZhaoCQ-LL]-384-1-100711 RTDID MDD e S oiS
STANDARD 11 OBSERVE NEZRE A2WIBIBIR
|

[o]
Il .0
P

‘Ph

Pt

B (@) 1| |L @R @
3.85 1.96 L1l 0.39
A (m||C (@ H(||K = P(s)
418 || 3.52 2.10 1.36 0} 56
= ] = H
T () || ¥ fm)
1.58 || 0.H9
a4l
7

o0 A% ﬁﬂ
%
f

12 11 10 9



Bis-phenylphosphinate 12m

31P-ZhaoCQ-LL]-384-1-100710 3
PHOSPHORUS OBSERVE =
STANDARD PARAMETERS

PHOSPHATE REGION

(o]
L..O-
\Ph
)‘N
— ~Ph
N/ ™o
190 170 150 130 110 9 8 70 60 S0 40 30 20 10 O -10 -30

fl (ppm)

Bis-phenylphosphinate 12m

13C-ZhaoCQ-LLT-384-100611
13C OBSERVE

(e}
.0
“eh
%»N
— «Ph
\ / Il‘o 7
E|(d)
2B.67
dl 1]
1n.F8
A @ B|jd
146.93 13 99
[
(d)
2%.01
(d)
25.81 |
I
]
] 1
| |
bmw"a L[ OR—
20 210 19 170 150 130 110 9 80 70 60 SO 40 30 20 10 0
f1 (ppm)
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(Rp)-O-Menthyl methylphenylphosphinate (12a°)

H-ZhaoC(-TWM-145-090706
STANDARD 1H OBSERVE

¥ T NV 77 VeS|

/Pillll
0" “pp

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00
1 (ppm)

10.5

(Rp)-O-Menthyl methylphenylphosphinate (12a”)

SLETLRAoLY WA 140~ UNU (UD
PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

9 8 70 60 S50 40 30 20 10 0 -10 -30
fl (ppm)
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(Rp)-O-Menthyl methylphenylphosphinate (12a’)

49.30

<2

3C-ZhaoCQ-WWM-145-090706
3C OBSERVE

P
5o
‘Ph

210 190 170 150 130 110 9 80 70 60 S50 40 30 20
f1 (ppm)

230

(Rp)-O-Menthyl ethylphenylphosphlnate (12b’)

1H-ZhaoCQ-WW¥-86-090507
STANDARD 1H OBSERVE

{
1] / |
_Pgn |
0™ “pp (]
[ /
i
& &
4,28
=
1
- L k
o T 1 B
.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 30 20 1.0 0.0 -1.0
f1 (ppm)



(Rp)-O-Menthyl ethylphenylphosphinate (12b?)

31P-ZhaoCQ-WWM-86-090507 =3
PHOSPHORUS OBSERVE b4
STANDARD PARAMETERS |
PHOSPHATE REGION
2
’P'lll/
0" “pn
0 240 200 160 120 80 60 40 20 0 -20 -60 -100 -140 -180
fl (ppm)
(Rp)-O-Menthyl ethylphenylphosphinate (12b°)
13U~ ZhaoCd- WM -86-0490507 2 o v
13C OBSERVE @3¢ o
Yol
|
/g-nu/ 1
0" pp
I
1
|
I
1
I b|@ |
2B.71
B |(d
133. 2|
A | E @] ! F (@
133 % 49. 32, 6.34
H Gil G
g
133, ﬁl
: UL
230 210 190 170 150 130 110 9 8 70 60 50 40 30 20 10 0
f1 (ppm)
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(Rp)-O-Menthyl n-butylphenylphosphinate (12¢”)

|H-ZhaoCQ-WWM-91-090508 i o
STANDARD 1H OBSERVE +

. -f'|: L JT

TT T

2.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0
1 (ppm)

(Rp)-O-Menthyl n-butylphenylphosphinate (12¢”)

0 240 200 160 120 80 60 40 20 0 -20 -60 -100
f1 (ppm)
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(Rp)-O-Menthyl n-butylphenylphosphinate (12¢”)

13C-ZhaoCQ-WWM-91-09051 1
I3C OBSERVE

T T L T | FELE EEL S T A T T e

110 9 80 70 60 50 40 3 20 10
f1 (ppm)

230 210 190 170 150 130

(Rp)-O-Menthyl i-propylmethylphenylphosphinate (12d°)

' su;mano 1H OBSERVE () m?’y‘l ¥ 8/§L\( R g/ ",Py i&);
:;'ﬁ:::ean‘t::::;?;y /export/home /cjc/vnmrsys /data \D/‘m /‘_I7DY/\gBV —_ f}'\ P‘-O/\A'r\ K’J 2

Pulse Sequence: s2pul
File: 1

[
/ f
/I a
_/ _J
| q,‘l ‘
. ‘ i '

AL ! At e
e LU > [SLRa A IS
e e e - - . e

8 7 6 S 4 3 2 1 ppm

_ S e e el

200 3.07 10 1.11 e 5.99 5‘02,5514]2,49
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(Rp)-O-Menthyl i-propylmethylphenylphosphinate (12d”)

PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

Archive directory: /export/home/cic/vnmrsys/data
sample directory:

Pulse Sequence: s2pul
File: 31P-zhaoCQ-WWM-267-100118

.. 47.607
45116
___42.685

36 ppm

(Rp)-O-Menthyl i-propylmethylphenylphosphinate (12d”)

13C OBSERVE

Archive directory: sexport/home/cjc/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

File: 13C-ZhaoCQ-WWM-267-100114
R 22083 el S
nhane Zenen 22 e
EEEEE 43 £33 g2 g
T | Ly 2 U
I
|
|
! ]
|
| e
. i ‘ ) ol b ambdrgmmond
e e
140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Customer: LCU100 Cons SN: 12106 Jan 14 2010

Probe:ASW PFG Ser num: 6004 cic
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(Rp)-O-Menthyl s-butylphenylphosphinate (12f°)

5]

RAY Chick s et O

ik, B

72

KN \ 5 e rfc
o ~—— =

- I :
3 3

o |
=0 2!

——

@G

JPI—6-24¢~3

Archive directory: /sexport/home/cjc/vnmrsys/data

STANDARD 1H OBSERVE
Sample directory:

/
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(B@-O-Menthyl s-butylphenylphosphinate (12f°)

PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

Archive directory: /export/home/cic/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
File: 31P-ZhaoCQ-WWM-270-100115

47.328
46.943
45.986

as.753

Customer: LCUADD Cons SN: 12106 Jan 15 2010

Probe:ASW PFG  Ser num: 6004 cic

50 45

(Rp)-O-Menthyl s-butylphenylphosphinate (12f°)

13C OBSERVE
Archive directory: /export/home/cic/vamrsys/data
sample directory:

Pulse Sequence: s2pul
File: 13C-ZhaoCQ-WWM-270-100115

g88888R8Y
N
i)
|
i i
i i
‘
-
| ;
| L
o 1 i
i | I
W i ; "
(MW
S S N
150 140 130 120 110 100 90 80 70 60 50 40
Custoners LCUAD Cons SH: 17105 dan 15 2010

Probe:ASW PFG Ser num: 6004 cic

S38

| .
ulhmdsved o o

30

20

i ‘A;W‘J»Jm‘ VLMA.,MW

19

ppm




(Rp)-O-Menthyl t-butylphenylphosphinate (12g°)

0

|)

Archive directory: /export/home/cjc/vnmrsys/data

STANDARD 1H OBSERVE
Sample directory:

el >Ctpratch = £

3

A

Bu

o/\Me,,
]

M Ite f

R

N

2927 ¢
9Tp L
62V ¢
EEV" L
Sby 2
2sp e
26b° L
015° 2
62872
29L° 2L
£8L°L
8.2
508" 2

1H-ZhaoCQ-WWM-150-090707

Pulse Sequence: s2pul

File:

S39

e —

ppm

10

2.44 2.734.784.17

2.25 2.26

1.16

1.4511.28.37 0.44

2.18

.08

1.140.35



(Sp)-O-Menthy! t-butylphenylphosphinate (129°)

PHOSPHORUS OBSERVE
STANDARD PARAMETERS

PHOSPHATE REGION

Archive directory: /export/home/cic/vnmrsys/data
Sample directory:

File: PHOSPHORUS

Pulse Sequence: s2pul

48.986
48,194

7

" Y i

60 58 56 54 52 50 18 45 44 a2 40 ppm
Customer: LOVAOD Cons SN: 12106 Jul 7 200

Probe:ASW PFG  Ser num: 6004 cic

(Sp)-O-Menthyl t-butylphenylphosphinate (129°)

13C 0BSERVE

Archive directory: /export/home/cjc/vnmrsys /data
Sample directory:

Pulse Sequence: s2p
File: Zhaogn:!

u
13G,Zha0C0 NS 275100121 somooow eon wn seNmonnoenodndan
EeYRse ansans EREREEHES 293 %8 22Y2308B55355°83
SASBIRERARERS aNAS8RS 283 2§ SeaaRLasnIasanad
Boe8saanaaNy RRRRRERR 333 22 SE8SRILRIINNISS,
EEEREEEEEEREE RN : : SN

i , PRy L [

NS 22 = IR

,ul_u : i L

™ T T T T R 0 T - S .
140 130 120 110 160 30 80 70 60 50 40 30 20 10 ppm

Customer: LCU400 Cons SN: 12106 Jan 20 2010

Probe:ASW PFG Ser num: 6004 cic
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(Sp)-O-Menthyl benzylphenylphosphinate (12h?)

£00°
12,
6€L"
197
0L’
66¢°
veg”
reg”
£58°
T8
606"
126°
B6EB"
9p6°0
£66°
296"
4L
986"
L66°
010"
810"
LE2°
9vz”
192"
si2°
£82°
162"

sog”
vie”
128"
ove”
£96°
128"
8L8"
128"
985"
v09"
129"
SE9"
£09°
602"
ove”
928"
vEG"
06"
856"
696"
96"
£66°
v00"
110"
891"
502"
812"
9wz"
552"
592°
106"
ovz"
152"
092°
292"
622"
982"
162"
508"
A0
sz€"
601"
9z1°
9sT"
Z21”
38s81°
202"
2922°
1592°
829€"
ey
&3508e
$ses

)

YREELES, H.PB A4 e

-

_chPh

N OMan

)
Ph

AR ANNRNNNNRANAANRNRNANRARNTS STTTTTTTTNMMNNN O NN et

QI -2-/5 2
Archive directory: /export/home/cjc/vnmrsys/data

Sample directory:

j

=o00p°
88sov-
gﬁzlb'
o 106V°
ST60S"

S

1

© Sgpg-
57099°
=7

STANDARD 1H OBSERVE

U

~

4

S41

ppm

4.61 0.05
8.06

1.0B.25
0.94 2.15

2.08

.00

1.81.2484
0.9B.8294

11 10

12



(Sp)-O-Menthyl benzylphenylphosphinate (12h’)

PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

Archive directory: /export/home/cjc/vamrsys/data
Sample directory:

Pulse Sequence: s2pul
File: 31P-ZhaoCQ-WWM-168-090806

1’
J
60 SUV ) o 40 30 o 20 ‘ 71{0 o 0 o v—lU —ZO
001 0.3 0.11
(Rp)-O-Menthyl benzylphenylphosphinate (12h”)
13C OBSERVE
Archive directory: /export/home/cjc/vnmrsys/data
Sample directory:
Pulse Sequence: s2pul
File: LN ~aen o ~ © ®o ) ~© -
35283 23 238 38 SE%8 R
rees 22 ¢ gz 53 g835 %
JJ T | \M; Il RS
]
‘
| ‘ \ 1
; | | |
i
1 .
L A, ‘ ¥ | }
—1”5‘70777711’!!]“ léﬂy ""T;]""* ‘1;[1’ **"1'0’0" ) 9‘0 ‘ 80 }0 ) ‘Eyﬂ "7’5‘:;**' wdﬂ‘ 30 20 10 ppm

Customer: LCUA00 Cons SN: 12106 Aug 11 2009

Probe:ASW PFG Ser num: 6004 cic
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(Rp)-O-Menthyl allylphenylphosphinate (12i°)

——

.

M\

o SN

Feso

Fseo
Fero

600
E110

wav.—
Foot

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -0
f1 (ppm)

105

(Rp)-O-Menthyl allylphenylphosphinate (12i°)

£5°86—

ZCQ-MFJ-338-110702
PHORUS OBSERVE
DARD PARAMETERS

PHATE REGION

T
-20 -30

-10

S43

11 (ppr)

T
170

T
180




(Rp)-O-Menthyl allylphenylphosphinate (12i°)

66'ST—

[T~
07—
stees
1657
N
o1~
08pE—
67'9E—
syied

rer—

So'6b
:.ovv.

06'9L
0LL
1TLL

€SLL

ﬁm.ow_
vm.ou_v.
Yo'LTl
eLLel
£€'8C1
9v'8Z1

69'1€1
6L71¢E1
YITEL

1CQ-MFJ-338-110702

OBSERVE .

1 (ppm)

T
150

Ls
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(Sp)-O-Menthyl p-bromophenylphenylphosphinate (12j°)

5 8B

7

7

A 7162 T

Archive directory: sexport/home/cjc/vnmrsys/data

STANDARD 1H OBSERVE
Sample directory:

S45

ppm

-0.00

5.88



(Sp)-O-Menthyl p-bromophenylphenylphosphinate (12j°)

PHOSPHORUS OBSERVE
STANDARD PARAMETERS

PHOSPHATE REGION

Archive directory: sexport/home/cjc/vnmrsys /data 58> %
Sample directory:

Pulse Sequence: s2pul
File: 31P-ZhaoCQ-WWN-151-090707

29.075
1038

e [ $E ¢

ool

i
|
N
.
i
/
e e e e A A e P s Ny e R r—— o e e e e P e
T T T e e e L e ST M,
31.5 31.0 30.5 30.0 29.5 29.0 28.5 28.0 27.5 27.0 ppm

Customer: LCU400 Cons SN: 12106 Jul 7 2009

Probe:ASW PFG  Ser num. : 5004 cic

(Sp)-O-Menthyl o-methylphenylphenylphosphinate (121°)

STANDARD 1H OBSERVE

Archive directory: /export/home/mfj/vomrsys/data
Sample directory:

s:
J-355-1

o <

i1 K Em iy

UMJ:ZMJ l{o;,

/—I///‘

b

i
T T T T T
9 8 7 6 5 4 0 ppm
—_— — I
0.75 a.7a 1.00 2.14 2.04  3.37 1.48.52
200 288 0.09 1.22 2.59 7.514.604.10
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(Sp)-O-Menthyl o-methylphenylphenylphosphinate (121°)

PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

Archive directory: /export/home/cjc/vnmrsys/data
Sample directory:

se Sequence: s2pu 0
rn- 31P-2CQ~HFJ- 855-110714 2
T T T T T T T T T T T T T r T T T T T
i8¢0 160 140 120 100 80 60 40 20 8 =20 ppm
-
-0.60 0’02
0.01

(Sp)-O-Menthyl p-methylphenylphenylphosphinate (12n°)

STANDARD 1H OBSERVE

Archive Mrcctery /export/home/mfj /vmrsys /data
Sample directory

Pulse Sequence: szpul
ol N

X\\\"‘i':{\\ RS

SER——

bl o=

AN - i /f///// )

%UM UL A ‘JUUJUM ’ Uw__,i_

——

i T T T T T T
8 7 6 5 4 3
) [ [
1.05 4.03 0.38 2.89 0.94 1.0 1.09 7.29
1.86 1.12 1.00 .38 2.08 1.35 1.23° 2.93

S47
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(Sp)-O-Menthyl p-methylphenylphenylphosphinate (12n°)

PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

Archive directory: /sexport/home/cjc/vnmrsys data
Sample directory:

Pulse Sequence: s2pul
File: 31P-ZCO-NFJ-362-110716

29.301

(Sp)-O-Menthyl p-methylphenylphenylphosphinate (12n°)

13C OBSERVE

Archive directory: /export/home/mf]/vnmrsys/data
Sample directory:

NG ID INFORMATION. USE id MACRO

S48




Diethyl phenylphosphine oxide 13b

AL 3T
= u
s THF
<§§5
l
Ve? e

EHhcl,

Qolo2-
Archive directory: /export/home/cjc/vnmrsys/data
2

STANDARD 1H OBSERVE
Sample directory:
1H-ZhaoCQ-ww!

Pulse Sequence: s2p

File:

Ly
#2305 PH=2
A4

SN

S49

.97

27.96
7..8¢

P

1.00

11.28

0

3.41

9.42

6.71

18.64



Diethyl phenylphosphine oxide 13b

PHOSPHORUS OBSERVE
STANDARD PARAMETERS
PHOSPHATE REGION

Archive director:
Sample directory
File: PHOSPHORUS

/export/home/cic/vnmrsys/data

Pulse Sequence: s2pul

44.630

J
T T e

5l
180 160

e — e : . e
100 80 60 40 20 0 -20 ppm
12106 Feb S 2010

T i
140 120

T

Customer: LCU400 Cons SN:

Probe:ASW PFG Ser num: 6004 cic
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