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Experimental and analytical data

1. General

All commercial reagents and solvents were used without purification. TLC analyses were carried out on pre
coated silica gel plates with,dz indicator. Visualization was accomplished by UV light (254 nm),pt
anisaldehyde, nimydrin, and phosphomolybdic acid solution as an indicator. Purification of reaction products
was carried out by flash chromatography using E. Merck silica gel 604280mesh)*H NMR and™C NMR
spectra were recorded on a Jeol 400 MHz NMR (400 MHZHotL.00 MHz for**C). Chemical shift values)
are reported in ppm relative to & (d 0.0 ppm). Optical rotations were measured on a JABTR1000
digital polarimeter with a sodium lamg@he enantiomeric excesses e&ere detenined by HPLC. HPLC
analyses werperformed on Younglin M930 Series and Younglin M9100 Seriashines and wemaeasured at
254 nm using the indicated chiral column.

2. General procedure for the enantioselective addition afiphenyl phosphonate(2) to ketiminesderived
from isatins 1.

To a solution of ketimind (0.3 mmol), diphenyphosphonate( 0.45 mmol), 4A MS (150 mg) in ethyl
acetate (3 mL), the catalydtl(, 7.5 nmol) was added at OC. The reaction mixture was stirred fori43 h.
After completion of the reaction, the resulting solution was concentrated in vacuo and the obtained residue was
purified by flash chromatography (EtORtexane) to afford the corresponding adddctBroducts3 are known

compounds, and their data wédentical to those reported in the literatute?].
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3. Characterization data of products 3.

(R)-tert-Butyl (1-allyl-3-(diphenoxyphosphoryl)}2-oxoindolin-3-yl)carbamate (3a)
Boc, Q o-Ph

NH pZ

s¢ O-pn
;zo

N

!

[U*% =-15.92 (c=1,CHG);'"HNMR (CDCL, 400 MHz) U: 1J=222Hg 4H) 484N, 4. 24
= 15.6 Hz, 1H), 5.18 (d] = 10.4 Hz, 1H), 5.38 (d] = 17.6 Hz, 1H), 5.806.91 (m, 2H), 6.69 (dJ = 8.9 Hz,

2H), 6.867(d,J = 8.0 Hz, 1H), 7.077.26 (m, 7H), 7.317.40 (m, 3H), 7.53 (dd) = 1.4 and 7.4 Hz, 1H)"°C
NMR(CDCk, 100 MHz) {lU: 28.0, 43J9638H8)11200,d)238Hz)312291d1 7. 7,
J=3.8 Hz), 125.2 (d) = 3.9 Hz), 125.6, 125.8, 129.6, 129.8, 130.0J(d,3.1 Hz), 130.8, 143.6 (d,= 7.7

Hz), 150.0 (dd,J = 10.6 and 19.3 Hz), 153.5 (d,= 18.4 Hz), 170.7*» NMR (CDCk, 162 MHz) &: 7.
HPLC (90 : 10n-hexane i-PrOH, 254nm, 1mL/min) Chiralpak IB colummp,* 7.8 (major), & = 11.4 (minor),
93% ee

(R)-tert-Butyl (1-allyl-3-(diphenoxyphosphoryl}-5-fluoro -2-oxoindolin-3-yl)carbamate (3b)
Boc, Q 0-Ph

F by b\O‘Ph
L

N

B

[U*%,=-11.08 (c =1, CHG); 'HNMR (CDCkL, 400 MHz) U: 1J=328HgdH) 48HM, 4. 24
= 15.6 Hz, 1H), 5.19 (d] = 10.8 Hz, 1H), 5.37 (d] = 17.2 Hz, 1H), 5.785.90 (m, 2H), 6.78 (m, 3H), 6.91

7.40 (m, 8H), 7.287.36 (m, 3H);*C NMR (CDC,, 100 MHz) U: 28.JX=68#441131 81. 6,
(d,J=3.8 Hz), 113.3 (dJ = 4.8 Hz), 116.2 (dJ = 2.9 Hz), 1165 (d,J = 2.8 Hz), 117.8, 120.1 (d,= 3.8 Hz),

120.8 (d,J = 3.9 Hz), 125.7, 126.0, 129.7, 129.9, 130.6, 149.8 9.6 Hz), 153.5 (dJ = 19.3 Hz), 170.6°'P

NMR (CDCl, 162 MH;ZHPLCU70 : B n-Hexane i-PrOH, 254nm, 1mL/min) ChiralpalkC column,

tr = 5.6 (minor), £ = 7.1 (major), 9% ee

(R)-tert-Butyl (1-allyl-5-chloro-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3c)
Boc, O o-Ph

NH b2

cl < O-pn
;zo
N
9

[U*5,=5.64 (c=1,CHG);'"HNMR(CDC,, 400 MHz) U: 1.32 (s, 9H), 4.26
5.19 (d, J = 10.8 Hz, 1H), 5.37 (d, J = 17.2 Hz, 1H), 570 (m, 2H), 6.80 (t, J = 8.6 Hz, 2H), 7iT23 (m,

6H), 7.297.43 (m, 3H), 7.50 (s, IH}*C NMR (CDCk, 100 MHz )2, 81.7,119.8,117.9, 1203 (#,

= 4.8 Hz), 120.7 (dJ = 3.8 Hz), 125.4 (dJ = 3.8 Hz), 125.7, 125.9, 128.3 (#i= 3.8 Hz), 129.7, 129.9, 130.5,

142.2 (d,J = 6.7 Hz), 149.9 (dd] = 10.1, 13.0 Hz), 153.4 (d,= 18.3 Hz), 170.4*'P NMR (CDC}, 162MH?z)

a: ;&HPIX§70 : 30n-hexane i-PrOH, 254nm, 1mL/min) Chiralpak IC columg,% 6.5 (minor), £ = 8.6
(major), 946 ee

(R)-tert-Butyl (1-allyl-5-bromo-3-(diphenoxyphosphoryl}2-oxoindolin-3-yl)carbamate (3d)
Boc, Q o-Ph

[U*,=16.36 (c=1, CHG);'"HNMR (CDCk, 400 MHz) U: 1J=32R2HzslH), 4581, 4. 24
= 14.8 Hz, 1H), 5.19 (dl = 11.2 Hz, 1H), 5.37 (d] = 16.8 Hz, 1H), 5.7i75.90 (m, 2H), 6.74 (d] = 8.4 Hz, 1H),
6.82 (d,J = 6.8 Hz, 2H), 7.107.24 (m, 6H), 7.327.51 (m, 3H), 7.63 (t) = 2.4 Hz, 1H);*C NMR (CDCk, 100
MHz) U: 28.1, 43. 253.8H2),1%7,9, 120114d,=8.8 HZ), 1.7 &) =(3.8 Hz), 125.6,
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126.0, 128.1 (dJ = 3.8 Hz), 129.7, 129.9, 130.4, 132.8 Jd; 2.8 Hz), 142.7 (d) = 6.8 Hz), 149.9 (dd] = 9.6,
13.5 Hz), 153.4 (d, J = 17.3 Hz), 170 NMR (CDCL, 1 6 2 MH;HPLC70 : 36n-hdx@ne i-PrOH,
254nm, 1mL/min) Chiralpak IC columry £ 6.1 (minor), £ = 7.8 (major), 9% ee

(R)-tert-Buty! (5-chloro-3-(diphenoxyphosphoryl)-1-(2-methylallyl) -2-oxoindolin-3-yl)carbamate (3e)
Boc, Q o-Ph

NH pC

cl s O-ph
o)
N\\\(

[U%%,=9.84(c=1,CHG);'"HNMR (CDCk,, 400 MHz) U: 1.32 (s, O9HYs 1.77(s
13.2 Hz, 1H), 4.92 (s, 1H), 5.04 (s, 1H), 5.89(c; 2.9 Hz, 1H), 6.706.82 (m, 3H), 7.147.14 (m, 1H), 7.10

7.23 (m, 5H), 7.287.36 (m, 3H), 7.50 () = 2.4 Hz, IH)®*CNMR (CDC,, 100 MHz) &: 19.9, 28
110.4, 113.2, 120.2 (d,= 4.8Hz), 120.8 (dJ = 3.8 Hz), 125.3 (d) = 4.8 Hz), 125.8, 126.0, 128.2 (@l= 3.8

Hz), 129.7, 129.9, 138.6, 142.5 (t= 6.8 Hz), 149.9 (t) = 10.6 Hz), 153.4 (d) = 17.4 Hz), 170.6*'P NMR

(CDClg, 162 MHAHPLCE70 : 36n-hBxéne i-PrOH, B4nm, 1mL/min) Chiralpak IC columry £ 7.0

(major), & = 10.0 (minor), >9% ee

(R)-tert-Butyl (1-(trans-but-2-en-1-yl)-5-chloro-3-(diphenoxyphosphoryl}2-oxoindolin-3-yl)carbamate (3f)
Boc, Q 0-Ph

cl 5 b\o‘Ph
Tr
N
\\\\\

[U%% = 12.24 (c = 1, CHGJ; *H NMR (CDCl, 400 MHz)ti 1.32 (s, 9H), 1.61(s, 3H), 4.4033 (m, 1H), 4.50
4.63 (m, 1H), 5.3%.46 (m, 1H), 5.6%.88 (m, 1H), 6.7%.83 (m, 3H), 7.1&.13 (m, 1H), 7.197.23 (m, 5H),
7.287.44 (m, 3H), 7.4&.50 (m, 1H);**C NMR (CDC}, 100 MHZ28.1, 42, 42.6/534,81.7, 110.1,
110.3, 120.1 (dJ = 4.8 Hz), 120.7 (dJ = 3.8 Hz), 123.5, 123.6, 125.4 (d= 3.8 Hz), 125.7, 125.9, 128.1,
129.0, 129.5, 129.7, 129.9, 141.5, 142.3)(d,6.7 Hz), 149.9 (tJ = 11.6 Hz), 153.5 (d] = 17.2 Hz), 0.3;*P
NMR (CDCl, 162 MHz) u: 6 n-t&&ne i-ArBH, @54r{m7 mL/min) Eldiralpak IA column,
tr = 16.6, 19.4 (minor) gt= 22.7, 35.15 (major), 88, 8bee

(R)-tert-Butyl (1-benzyl3-(diphenoxyphosphoryl)}-2-oxoindolin-3-yl)carbamate (3g)
Boc, Q o-Ph

NH pZ

¢ O-ph
o
O

[U®,=-332(c=1,CHG);'"HNMR (CDCk,, 400 MHz) U: 11=38B6HzslH), 586, 4. 76
=15.6 Hz, 1H), 5.93 (dl = 11.6 Hz, 1H), 6.61 (d] = 7.6 Hz, 1H), 6.72 (d] = 7.6 Hz, 1H), 7.087.24 (m, 10H),

7.3007.40 (m, 5H), 7.54 () = 7.2 Hz, IH)’® C NMR(CDC,, 100 MHz) U: 28.0, J44.6, 8
= 3.8 Hz), 120.9 (dJ = 4.7 Hz), 122.9, 125.2 (d,= 3.8 Hz), 125.5, 125.8, 127.2, 127.5, 129.6, 129.8,01.30.

135.4, 143.6 (d, J = 4.7 Hz), 149.9 (d& 10.6, 21.6 Hz), 153.8 (d,= 18.3 Hz), 171.1%'P NMR (CDC}, 162

MHz ) G HPLC (7@:8B0n-hexane i-PrOH, 254nm, 1mL/min) Chiralpak IC columg,% 8.0 (minor), £ =

10.6 (major), >9% ee

(R)-tert-Butyl (1-benzyl3-(diphenoxyphosphoryl)}5-fluoro -2-oxoindolin-3-yl)carbamate (3h)
Boc, Q o-Ph
N

H pC
F W O~ph
o)
e

[U*%,=-540(c=1, CHG); '"HNMR (CDCL, 400 MHz) U: 1J=380HzslH), 55, 4. 79
=15.2 Hz, 1H), 5.94 (d] = 11.6 Hz, 1H), 6.62 (dd} = 4.0 and 8.8 Hz, 1H), 6.71 (d= 8.4 Hz, 2H), 6.916.95
(m, 1H), 7.087.24 (m, 8H), 7.2i77.39 (m, 6H);*C NMR (CDCk, 100 MHz) u: 28.J=, 44. 8,



9.6 Hz), 113.1, 116.3, 116.5, 120.1 (d= 3.8 Hz), 120.8 (dJ = 4.7 Hz), 125.7, 126.0, 127.2, 127.6, 128.8,
128.9, 129.7, 130.0, 135.1, 149.9 (dd; 9.6, 13.0 Hz), 153.5 (dl = 17.4 Hz), 171.0*'P NMR (CDC}, 162
MHz ) & HPLE (7®:30n-hexane i-PrOH, 254nm, 1mL/min) Chiralpak IC columg,% 6.5 (minor), k¢ =
8.2 (major), >9% ee

(R)-tert-Butyl (1-benzyl5-chloro-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3i)
Boc, QO o-Ph

NH b

cl ¢ O-ph
¢

Ry

[J0%,=17.48 (c=1,CHG);'"HNMR (CDCk,, 400 MHz) 0: 1J=B8Hz(1H) 5XBH)=, 4. 79 |
15.2 Hz, 1H), 5.93 (d] = 11.2 Hz, 1H), 6.62 (d] = 8.8 Hz, 1H), 6.74 (dJ = 8.4 Hz, 2H), 7.177.25 (m, 10H),

7.3117.38 (m, 4H), 7.50 () = 2.2 Hz, IH)®*CNMR (CDCk, 100 MHz) u: 28.1, J44.7, 8
= 48 Hz), 120.8 (dJ = 4.8 Hz), 125.4 (dJ = 3.9 Hz), 125.7, 126.0, 127.2, 127.7, 128.4)(d,3.9 Hz), 128.8,

129.7, 130.0, 134.9, 142.1 (@= 6.8 Hz), 149.8 (dd) = 9.7, 13.5 Hz), 153.5 (dl = 17.4 Hz), 170.87'P

NMR (CDCl,, 162 MH;ZHPLCU70 : 3®n-hexane i-PrOH, 254nm, 1mL/min) Chiralpak IC column,

tr = 5.8 (minor), £ = 7.2 (major), 980 ee

(R)-tert-Butyl (1-benzyt5-bromo-3-(diphenoxyphosphoryl)}2-oxoindolin-3-yl)carbamate (3j)
Boc Q JO-Ph

“NH b2

Br ¢ O-pn
o
R

[U%%, =34.28 (c=1, CHG); 'HNMR (CDC,, 400 MHz) U: 1.34 (s=15%BH3, 4.80
1H), 5.94 (dJ = 11.2 Hz, 1H), 6.57 (d] = 8.0 Hz, 1H), 6.74 (d] = 8.4 Hz, 2H), 7.09.24 (m, 10H), 7.207.38

(m, 6H), 7.63 (tJ= 2.0 Hz, IH)®*CNMR (CDC,, 100 MHz) U: 28.1,J=88Hzy, 81. 8,
120.1 (d,J = 3.8 Hz), 120.8 (dJ) = 3.8 Hz), 125.7, 126.0, 127.2, 127.7, 128.1Xd; 4.8 Hz), 128.8, 129.7,

129.9, 132.8, 134.9, 142.6 (#ix 7.8 Hz), 149.9 (dd] = 10.6, 13.5 Hy, 153.5 (dJ = 18.3 Hz), 170.7%'P NMR

(CDCls, 162 MH2z)U 6.42; HPLC (70 : 30n-hexane i-PrOH, 254nm, 1mL/min) Chiralpak IC colump,# 6.5

(minor), & = 8.1 (major), >9% ee

(R)-tert-Butyl (1-benzyl3-(diphenoxyphosphoryl}5-methoxy-2-oxoindolin-3-yl)carbamate (3k)
Boc, QO o-Ph

NH |pZ

MeO ¢ O-pn
o)

O

[U*%, =35.28(c=1,CHG);'"HNMR (CDCk, 400 MHz) U: 1.32 (s, 9H), 3.609

= 15.6 Hz, 1H), 5.93 (d] = 12.0 Hz, 1H), 6.5%.80 (m, 4H), 7.067.40 (m, 15H)*C NMR (CDCk, 100 MHz)

: 28.1, 44.7, 55.8, 81=88Hz) 120.9 @),=3.8HA, 155, 125B5127®, 120 . .
127.4, 128.7, 129.5, 129.8, 135.4, 137.0)¢, 6.8 Hz), 18.0 (dd,J = 9.7, 18.3 Hz), 153.6 (d} = 18.3 Hz),

156.1 (d, J = 3.9 Hz), 170.8'P NMR (CDC}, 162 MHz) u: 7 n-HeXane i-ArPH, @54fm7 0 30
1mL/min) Chiralpak ABH column, k= 17.0 (minor), & = 24.9 (major), >9% ee

(R)-tert-Butyl (5-chloro-3-(diphenoxyphosphoryl)-2-oxoindolin-3-yl)carbamate (3I)
Boc, QO o-ph

kY b/\o‘Ph

Cl
o}
N

H
0% =-192(c=1,CHQ); '"HNMR (CDCk,, 400 MHz) uU: 1.39 (sI=108BH}, 5. 85
1H), 6.74 (t,J = 9.4 Hz, 1H), 6.83 (d) = 7.6 Hz, 2H), 7.107.23 (m, 6H), 7.327.57 (m, 3H), 8.008.26 (m,
1H);®*CNMR(CDCE, 100 MHz) U: 28 125Hz)820.2%d)=318H1),120.7(dds 4.7
Hz), 125.6 (dJ = 3.8 Hz), 125.8, 126.0, 126.4, 128.2 J& 3.8 Hz), 129.7129.9, 140.1 (dJ = 7.8 Hz), 149.9
(dd, J = 6.8, 9.6 Hz), 154.0, 1713P NMR (CDCk, 16 2 MHzHPLC70 : 3 n-BeRane i-PrOH,



sb

254nm, 1mL/min) Chiralpak AEH column, = 11.7 (major),# = 29.0 (minor), 7% ee

(R)-tert-Butyl 3-((tert-butoxycarbonyl)amino)-3-(diphenoxyphosphoryl)-2-oxoindoline-1-carboxylate (3m)
Boc, Q 0-Ph

"NH P2

< O-pPn
L
N

Boc
[U%=-174(c=1,CHG);'"HNMR (CDCk,, 400 MHz) U: 1.40 (3588%HHIH), 1.51 (
6.967.12 (m, 4H), 7.1&.24 (m, 2H), 7.207.44 (m, 7H), 7.88 (d] = 7.6 Hz, 1H);*C NMR (CDCk, 100 MHz)
U :7.528.0 80.2, 83.8119.7 (d, J = 4.8 Hz), 1201 (d, J= 4.8 Hz), 122.3 123.3, 125.2, 125.3, 128.3, 129.4,
129.5, 129.8149.7 (d, J = 76 Hz), 150.1(d, J = 7.6 Hz), 166.6(d, J=5.7Hz); P NMR (CDCk, 162 MHz) U:
-12.5Q HPLC (97 : 3n-hexane i-PrOH, 254nm, 0.2mL/min) Chiralpak IC colump 83.4 (minor), & = 96.3
(major), % ee

4. References
1. George, J.; Sridhar, B.; Reddy, B. V.(&g. Biomol. Chem2014,12,1595 1602.
doi:10.1039/C30B42026D
2. Kumar, A.; Sharma, V.; Kaur, J.; Kumar, V.; Mahajan, S.; Kumar, N.; Chimni, Bt&hedror2014,

70,7044 7049. doi:10.1016/j.tet.2014.06.013
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5. NMR spectraand HPLC chromatograms of 3.
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<Chromatogram>
C:\LabSolutions\DatalOSL\& 8| 2\No.43.led
mV 1500
I Det ACh1
1 Boc |
ay SopPn
] Br %" ~0Ph
1000 . \QfS:O
J g N
\ g
\\\\ g
: 3d
500+ {
| = ./ & k 4 |
e e e e ] ' T = B S P R B
5.5 6.0 6.5 7.0 75 8.0 85
min
1 DetACh1/254nm
PeakTable
Detector A Chl 254nm
Peak# | Ret Time Area Height Area % Height %
1 6.043 10625675 782521 49329 55.120|
2] 7.731 10914619 637152 50.671 44,880
Total 21540293 | 1419672 100.000 100.000
<Chromatogram>
& C:\LabSolutions\Data\OSL\Z 8/ =\No.44(3).Icd
1500 = DetACh1
1 Boc 0 4
HN  1LOPh @
| Br %" ~0Ph :
1000 \©\/S:o "
- N [
K\ / \
g /‘ \
] 8 j ki
©
0+— —— e — — : — —
55 6.0 6.5 7.0 75 8.0 85
min
1 DetACh1/254nm
PeakTable
Detector A Chl 254nm
Pealc? Ret. Time Area Height Area % Height % |
| I 6.105 339344 24603 1.592 2014,
; 2 7814 20972794 1196913 98.408 97.986
- 21312137 1221516 100.000 100.000]
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15004 DetAChi
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1000- & Cl %" ~OPh
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N - |
g\( 3
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500~ 3e
) | A |
=W & &7 ¥ a1 Is ! T T F Tl :
6 7 8 9 10 12
min
1 DetACh1/254nm
PeakTable
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 6.732 14823700 881646 49.020 60.728
2 10411 15416559 570157 50.980 39.272
T 30240259 1451803 100.000 100.000
mV
1250 @ Det. ACh1
] Boc
1000- HN 2.OPh
] C|\©\//""§:\Oph
] o)
750 N
500 3e \\\<
250~
7 o
] S
i 4 e¢
O Tl T T T v {4 LI T
6 7 8 9 10 12
min
1 DetACh1/254nm
PeakTable
Detector A Chl 254nm
Peald Ret. Time Area Height Area % Height %
1 6.985 26576366 1239137 99.963 99.936
2 10.010 9919 788 0.037 0.064
Te 26586285 1239925 100.000 100.000
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mV
: z DetACh1
1 o
= - Boc o
1 cl % »P~0Ph
| g T :
\: g 8
. g s\
100+
0 2 ) ')
%5 20 25 30 - 40
min
1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 16.923 6618401 150146 14.733 21.219
2 19.641 15729707 302048 35.017 42.686
3 23.100 6510334 108858 14.493 15.384
4 36.177 16062385 146560 35.757 20.712
T 44920827 707612 100.000 100.000
mVv
: Det.ACh1
300_— Boc
_ ay SoPh 5
Cl %P~0Ph 3
- LS
200+ N
. g 3f \\\\\
100_. § N
1 & @
w' s ol
1 @
W&A—ﬂ 4 ; ¥
20 25 30 35 40
min
1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peak# | Ret. Time Area Height | Area% Height %
1 16.612 299402 9121 | 0.868 2.461
2| 19.368 2142934 44614 6.210 12.039
3 22.665 4822768 82563 13.976 22279
4 35.147 27243200 234288 78.947 63.221
T 34508304 370587 100.000 100.000
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<Chromatogram>
o C:\LabSolutions\Data\OSL\& 5| =\No.91 re R(H,bn) IC 30%.lcd
1 © Det ACh1
1 @
1 aN Soph N
! N P opn S
200~ /' @f/;
4 /
100~ 39
04 + T =
T ¥ ! | 1 i
8 9 10 1 12
min
1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peaks# Ret. Time Area Hei Area % Height %
1 3.188 5442520 %zwss 47579 59.071
2 11.082 5996464 196821 52421 40.929
T | 11438985 480889 100.000 100.000
<Chromatogram>
C:\LabSolutions\Data\OSL\Z &| \No.52 C(H,bn) IC 30%.lcd
mv
1250 - Det. ACh1
] o
] Boc 2
1000- LN 1OPh
] % ~OPh
1 N
0. )
1 39
250
] 0
g 2
«©
0 T = T T T - T
8 9 10 1 2 -
min
1 DetACh1/254nm
PeakTable
Detector A Chl 254nm
Peak# | Ret. Time Area Height Area% Height %
1 8.045 30260 1005 0.103 X
2 10.571 29425567 1049787 99.897 99.904
T 29455827 1050792 100.000 100.000
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HE 3
EE RT[E] EETI] o1& [mV+s] EIES Sl
1 6.5300 49.64 7226.5016 25.29 FF
2 8.4433 50.36 7330.8398 32.61 FF
2 14557.3414
Z20IE08
3000.00|
E 2000.00|
&1
Rl
1000.00¢
2
g
o
0. : -
HE 2
EE RT[E] EELIEA! P& [mV#s] B[] el
[ 6.5583 0.23 172.1638 23.93 FF
2 8.2017 99.77 2643.9487 58.09 FF
B 2816.1125
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mvV
- DetACH1
1 Boc
HN Q oPh
] cl % sP~0Ph
. L
' & \ o
w @
|
250
= LN O B LI oy |‘I" 0 'TI ; T,
5.50 5.75 6.00 6.25 6.50 6.75 7.00 7.25 7.50 7.75
min
1 DetACh1/254nm
PeakTable
Detector A Chl 254nm
Peakd | Ret.Time |  Area Height Area% Fleight %
1 5.878 4868166 346176 50.302 55.263
2 7.355. 4809797 280235 49.698 737
Total : 9677964 626411 100.000 100.000
mV
2000 = DetA Ch
<
- Boc e
T O
1 OPh
500 HN [
Lt Cl %" ~0Ph
T =
1 N
1 0
] 3i
500
1 ©
=
x m ¢ + ¢
550 575 600 625 650 675 700 725 750
min
1 Det. ACh1/254nm
PeakTable
Detector A Chl 254nm
| Peald# Ret. Time Area Height Area % Height %
I 5758 261958 18236 0.920 1.095
2 7.145] 28213493 1646431 99.080 98.905
28475450 1664667 100.000 100.000
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1 6.4267 50.26 8794.6422 24.45 FF
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8l 17498.5000
dZ20E]E
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3000.00
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1200.00
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2 8.1183 99.77 58057.2375 34.22 FF
28] 58188.6877




s36

3k

6L'8

10¢

£0°S1

0T

———T—TTT

01

0
aouepunqe

20

3.0

4.0

—91¢'l

—889°¢

X : parts per Million : Proton

3k

¥0

€0

0

duepunqe

FS—<0000

T
10.0

T
20.0

—150°8C

T
30.0

T
40.0

—0L9'YY

T
50.0

—S§T8'SS

T T
70.0 60.0

T
80.0

—SEV'I8

T

100.0 90.0

LO1°0T1
ssrocl
098°0C1
868°0C1
ZJ €18t
— [/, 8T8'ST1
6€T'LTL

L8¥'LTI
\%25
95621
=<egert
_6ersEI
976'9€1§
€669€ 1S
SHE6HIS
LT00S1E
69V ESIZ
0596513
£60°95 15

TLO9SIE
b4

©
[=%

- €8LOLI

1 5
0.0 1500 1400 1300 1200 110.0 10

170.0 160.0




s37

abundance

‘THI* i oA

3k

B e e D TV T A T

TR ¢ T T
60.0 50.0 40.0

X : parts per Million : Phosphorus31

T
30.0

T

20.0

T
10.0

7.191 —

0

-10.0 200 -30.0 -40.0




AZ0IE0Y

250.00,

200.00

150.00;

17 6533

MeO

s38

3 .
ol 8
Rl 40000 8
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0.00
16.00 18.00 20.00 22.00 2400 26.00 28.00
AlIZHE]
HE g
HS RT[&] i X H|[%] HE [mVxs] E[x] SEH
1 17.6533 49.95 6188.3461 68.90 FF
2 26.0667 50.05 6201.3781 105.46 FF
&l 12389.7242
JZ20IE0E
480.00
450.00
420.00
300.00
360.00
.
330.00) §
300.00 g
E 270.00 \\@
51 240.00
Rl 21000 3k
180.00
150.00
120.00
90.00
£0.00) o
30.00 g
~
O 800 20,00 22.00 =
AZHE]
HE Zi
BS RT[&] S H|[%] o1 & [mVxs] =[x] =
1 17.0433 0.22 45.3051 61.73 FF
2 24.8967 99.78 20232.5344 115.18 BB
& 20277.8395
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