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1. X-Ray Diffraction data of comopound 3u

Table 1. Crystal data and structure refinement for 1683.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

1683

C3 Hi3sN Oy P,
655.59

296(2)

0.71073 A
Orthorhombic
P2(1)2(1)2(1)

a=8.8403(5) A o =90°.

b=11.1099(7) A B =90°.
¢ =35.4592) A v =90°.
3482.6(4) A3

4

1.250 Mg/m?3

0.180 mm-!

1392

0.36 x 0.28 x 0.22 mm?3

1.92 to 25.01°.

-10<=h<=10, -11<=k<=13, -42<=I<=42
40524

6107 [R(int) = 0.0337]

6107 /5/397

1.058

RI = 0.0540, wR2 = 0.1483
R1=0.0632, wR2 =0.1578

0.312 and -0.337 e.A-3

S-2
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2. HPLC data for the determination of the ee’s of adducts 3 and 5

3a (Table 3, entry 1)

PO(OEt),
PO(OEt),

Fale Neme: D:\AEFGS BP0 O \SF R 90 20124F04 HISH 20 3347389 ¢

2012/05/14 21:

04:47

759. 00
ov
5599. 00
435.00
279.0 =
l,_
|
119,00 ! i .'P\'.
I I|
| lll [
R / \
—— i L
B S i B e B e e e e L N B ey e s By B s B S BB By B S B B B B
0.000 1500 3. 000 4.500 6. 000 7.3500 5. 000 10. 500 12,000 13. 500 13. 000
Minutes
D Mard {RETRTE I M KA BEAT Hiblitin
1 7.903 252203 3418398. 6 49, 7178 153 L
2 12,520 144737 HIT41L.0 a0. 2822 1.32 T3
r: 396940 6876009. 6 100. 0000
783, O File Name: D-\AEAEESEE REE R A 2594 0 Sl win 5010 = 2002/04/25 22-34:0
-]]‘-' .
61400
445.
i
276. 00 Ill
|
|
1
B
107.00 1
5 |
|
B Y, (S A : / \\.
b5 s s s s O B N B B B B B N B B S S N B S B S D B B B By N s B N B N R B N B B B |
0. 000 1600 3. 200 4. 300 6. 400 3.000 5. 600 i1 12. 80D 14 400 16. 000
Minutes
it} Air# (R E BT[] W5 T R BREET HibiER
1 8. 063 43907 600967, 4 5.5919 .21 6920
2 13. 143 363017 10146083, 7 94, 4081 1.59 4437
408924 10747033, 100. 0000

i1

S-3
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3b (Table 3, entry 2)
PO(OEt),
PO(OEt),
Boc
357,00 Fila Nama: D:\FEHIE SEE\EFFER\5-507] rae Al-H 250nm 0. &xl-win 90-10.¢2 D12/03/13 21:53:19
274, 40
196, 80 =
=
9,20 3
41, 60 J J \A
0. 000 1800 3,600 5. 400 7.200 9. 000 10. 800 12, 600 14, 400 16 200 18, 000
Minutes
I Har 2 GBI R A e RE HEEETF Bl
1 10. 168 176744 3376315. 7 49,7011 1. 28 5647
2 14, 488 1253217 3416931, 4 30,2989 1. 26 3618
T 301961 6793247 2 100, 0000
g5, g —File Neme: D: g S BEE RS 5091 F% AL 258w 0 8ul-nin 90-10. s 12/03/13 21:53:49
750, 20
560, 40
] |
31. 60 n\
182, 80
0. 000 1. 800 3,600 5,400 7. 200 8,000 10. 800 12, 600 14, 400 16, 200 18, 000
Minutes
I Eabi b GRE I 1) 5 W2 R EEE T HibElk
1 10. 182 49191 863803, 3 6. 4736 1.15 f6E8
2 14. 193 300331 12305790.9 03,5244 1. 69 3012
: 439322 13371684, 2 100, 0000
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3c (Table 3, entry 3)

PO(OEt),
PO(OEt),
\
Boc
739, g —File Neme : Do\ EETRVIRE B\ 4292 rae ADH S5 0. 8ulwin G010 5 112/03/13 21:28:54
574, 00
9. 00
25, 00 ﬁ S
W, 00
| e r j \ |j et
0,000 1, 400 2,800 4,200 5 600 7,000 8 400 9,800 11 200 12, 600 14, 000
Minutes
I H5r2 GREF I 1) 5 WA HeEE EEET HibER
1 8. 807 361039 6071429, 8 49,9837 1.43 5466
2 12,113 247801 6075391, 7 50,0163 1.37 4865
: 608840 12146821.5 100, 0000
a7, UU_?HE Nema: D2 ~4302 4 AlH 254w 0. 8nl-nin 90-10. ez 12/03/13 21:30:19
220. 80
3
162, 60 n
104, 40
4. 20
2
LA |
0. 000 L. 500 3,000 4,500 6 000 7. 500 4,000 10, 500 12,000 13, 500 15. 000
Minutes
I 2 {REIRHA] W ETHT £ B WEFT  EibER
1 8. 803 13650 274370. 3 5.7210 1.10 3824
2 12.122 178369 4521471, 4 94, 2790 1. 28 4358
: 192019 4T95841. T 100. 0000
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3d (Table 3, entry 4)

PO(OEt),
PO(OEt),
\
Boc
424,00 Fila Namwa: Do \FEHIE SE2\EFFVER\S 5072 rac AN 254m LOnl-win 90-10. ¢z D13/03/13 21:54:15
332,00
240,00
148, 00 2
9 =
®.00 i jﬂ
S A o e e e e e e 5L S B S S S B B S B B B B B S B S B B B B
0. 000 1. 700 3. 400 5100 6. 800 8 500 10. 200 11 900 13. 600 15, 300 17,000
Minutes
I 4 % GBI i T WeRE HEEET ERER
1 8. 823 123733 2513396. 6 49,6702 1. 36 3762
2 12. 927 89924 2546774, 4 0. 3298 1.22 4152
T: 213677 30601710 100, 0000
1176, o —File Neme: D:\JEAIE SERRE\RH1\5 -5090 45 AL 255w 1. Onl-min 90-10. o 212/03/13 21:38:44
933, 60
691, 20
] 3
448, BO {\
208, 40
' A
-35.00---------------------I--------I-----------
0. 000 1. 600 3.200 4, 800 6. 400 8 000 4, 600 11. 200 12, 800 14, 400 16, 000
Minutes
I €2 GE I 5] W 7 R EEFT HEigkEiR
1 8. 838 64438 1236953, 0 3, 5222 1.25 4247
2 12. 612 603004 21162611.8 04,4778 1.78 2574
: BET462 223995364.9 100, 0000
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3e (Table 3, entry 5)

q

PO(OEt),
Br PO(OEt),
(0]
N
Boc
1079, g —File Neme: D) i S WS\ 55472 ree AD-H 25400 0. &l-win 90-10.se 212/03/13 22:17:50
856, 00
633, 00
0. 00
187, 00 Z
| /:\‘
0. 000 1. 600 3,200 4, BOO B, 400 8 000 g, 600 11, 200 12, BOO 14, 400 16, 000
Minutes
1 45 Z B I A HERE R EEE T BiER
1 10. 107 2370195, 9 50.0218 1.09 4190
2 12. 792 2567957, 8 49,9782 1.11 4667
r: 213748 5138133, 7 100. 0000
1075. 00 Fila Newe: [:\FHIf BERVEFF\RE\5-5171 F4 A0 254w 0.8elnin $0-10. e 212/03/13 22:17:03
856, 00
533, 00 3
] 1l
410,00 [\
187, 00
1
4 P W S /\. - L
0. 000 1. 700 3,400 5.100 6. B0O 8. 500 10. 200 11, 900 13. 600 15. 300 17. 000
Minutes
I i 2 GERIRE] W W HEEETF Bt iR
1 10. 133 1610979, 9 8. 4781 1.15 4687
2 12. 683 17390689.9 91.5219 1.38 3377
I: 19001669, 8 100, 0000
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3f (Table 3, entry 6)

PO(OEY),
PO(OEY),

m (. 8mlmin 90-10. sg

il

2/03/13 21: 48:39

220, 80

104, 40

=1
s
=
L
—

\.

0.000 2,500 5,000 7.500 10. 000 12, 500 15, 000 17. 500 20. 000 22, 500 25, 000
Minutes
1D 452 B I (4] i IR REE HERT  EHibEH
1 11.592 82651 2123044. 9 49,9369 1. 58 40539
2 19. 798 48097 2128411.8 30. 0831 1. 33 3089
I 130748 4251456, 7 100, 0000
51 F# AH 254m 0. Snl-nin 90-10. &2 A12/03/13 21:59:49
428, B0
312, 60
:
196, 40
h \ ) \
0,000 2,500 5 000 7,500 10, 000 12,500 15,000 17, 500 20,000 22,500 25,000
Minutes
1D “ir2 REE i T HREE HEFRT  EHigER
1 12. 083 52656 1266062, 0 10.0128 1. 34 5034
2 20.115 206345 11378314.4 80,0872 2.08 2652
I: 259001 12644376.4  100. 0000
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3g (Table 3, entry 7)

PO(OEt),
PO(OEt),

BT\ 55861 ree AD~H 2540 0. Snl-win 90-10.sg 212/03/13 22:15:33
642, 40
72, 80
403, 20
' :
133. 60 A
] R --—-\AA
S e e e B e A e s s S S B S B S B B B B S S S B B S B B B B
0. 000 L. 700 3. 400 5 100 6 800 8500 10. 200 11. 900 13. 600 15, 300 17. 000
Minutes
1 Hir & GE I A 35 [ g R HERT  EiEER
1 9. 288 215060 4378868, 7 49, 8672 1. 24 3793
2 12. B30 156178 4603260, 8 50,1328 1.27 3660
I 371238 9182129, 5 100, 0000
g33. 00 File Neme: D:\FEHI% 82 BFHE BW\5-5182 F4 A0H 254m 0.80lnin 90-10.5¢ 212/03/13 22:16:08
739,20
545, 40
351, 80 %
157. 80
3
_/\_,\______;\/\ _r/\\_.
0. 000 1. 600 3200 4,800 6. 400 8 000 9,600 1L 200 12. 800 14, 400 16, 000
Minutes
I & fRE N ] ) T RE EREET  ERER
1 9. 443 45490 B75963. 2 8. 1962 1.19 4793
2 12. 578 318420 9811440.0 91.8038 1.49 3321
I: 363010 10687403, 2 100, 0000
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3h (Table 3, entry 8)

q

PO(OEt),
PO(OEt),
(0]
cl N
Boc
230, 00 File Name: D \FEHIE SEE\WEFRFEH\5-5441 rae Al-H 2340 0. ul-win 90-10. 52 D12/03/13 22:14:20
Bl 60
L33, 20
8. 80 2
.40 J j/\\
S L o e e e e e LN N L S S B B B B B B B B s B B S S S B B S B B B B
0.000 1. 600 3200 4,800 6. 400 8000 4. 600 11. 200 12, B0O 14, 400 L6, 000
Minutes
I Hir 2 G i 18] I ETT 7 W HEET  EieER
1 8. 790 81047 1547046, 8 49,9153 1.135 4226
2 12. 328 57712 1552299. 9 50, 0847 1. 16 4187
T 138759 3009346, 7 100. 0000
78R, 00 File Neme: D:\FEH& SEEVEHAFVEE -39 F4E A 254m 0.80lwin 90-10. s¢ L12/03/13 22:14:39
623. 20
458, 40
i
293, 60 ﬂ
128, BO \
0.000 1. 600 3200 4,800 6. 400 8000 9, 600 11 200 12. 800 14, 400 16, 000
Minutes
D “4h# {RE IR 1) A HREE HERT  EiER
1 8. 827 54783 1120130, 3 9. 3020 1.02 3714
2 12.112 357731 10921832.0 90, 6980 1.59 3137
T 412514 12041971.2 100, 0000
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3i (Table 3, entry 9)

PO(OEY),

~4M] rae AIHH 254m 1. 0ml-min 90-10. sg A12/03/13 21:24:35
623, 20
458, 40
243, 80 -
28,80 o
0,000 2,200 4,400 g 600 B 800 11,000 13, 200 15, 400 17, 600 19, BOO 22,000
Minutes
1D “4r2 RENE i T 1 RE HEFT  EHiER
1 7. 670 317287 5029339.0 40,9280 1. 41 4667
2 18. 068 130009 5043852, 8 50,0720 1.38 4323
I: 447296 10073191.8 100 0000
290, 00 File Nare: 0 ~4301 £ A 254m 1 Onl-min 90-10. sz D12/03/13 21:27:59
Bl. 60
133, 20
Bt B0 5
8. 40
ST /\ j -
0,000 2,100 4,200 g 300 8400 10,500 12,600 14,700 16, 80O 18, 900 21000
Minutes
1D “ir2 REE i BT REE HEFT  EHiEER
1 7.720 14739 237994, 7 6. 7682 1.13 4556
2 18. 167 83190 3278360, 2 03,2318 1. 26 4235
I: 07929 3316354, 8 100. 0000
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3j (Table 3, entry 10)

PO(OEt),
PO(OEt),
\
Boc
sy, g —Eile Neme: D: VAR SRS EH\5514 ras A0H 3540e 0. Golwin 90-10.5 D12/03/13 21:56:29
259, 20
gl. 40 f
123, 60
‘ A
W, B0 ] \
0. 000 2,500 5. 000 7. 500 10. 000 12. 500 15. 000 17. 500 20. 000 22, 500 25, 000
Minutes
I 452 CRE] I 1) HEE HE WREE EEFET  EiR#ER
1 9. 280 183227 3350383, 1 49,7227 1.27 5133
2 20. 993 T4160 3387749, 6 50,2773 1. 26 4209
I 257387 GT38132. 7 100. 0000
\EA\S <5151 FH AT 255w 0. Snl-nin 90-10. e 12/03/13 21:5:59
317, 60
235, 20
&
=
152, 80
0. 40
1 IS S P - /\A . L
0.000 2,900 5. 80O 8. 700 11. 600 14, 500 17. 400 20. 300 23, 200 26, 100 29, 000
Minutes
I 52 CRET I ) HEE W WREE HEFRT  BERER
1 9. 727 39211 T79343. 5 T.4384 1. 40 4773
2 21. 895 174474 0607807, 2 92,5616 1. 62 3003
I 213683 10477240.7  100. 0000
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3k (Table 3, entry 11)
PO(OEt),
PO(OEt),
\
Boc
812, o —File Nene: D:\FEHIS SEE GRS \EH\4 4362 rac 401 Z4m 0.8ulnin 90-10.se 112/03/13 21:44:18
642, 40
72,80
a0, 20
] 3
133, 80
B s i
T e s e L AL S B B s B S B B s S B S L B B R B S S B B R
0. 000 2,100 4,200 8. 300 8. 400 10. 500 12, 600 14, 700 16, BOO 18,400 21, 000
Minutes
) air & ERE I I R RE HEFT  EiER
1 5. 528 382305 T065198. 6 49, T36T 1. 37 45353
2 17. 600 181940 7140011, 4 30,2633 1. 32 4009
r: J64445 14205210.0 100, 0000
\4 4472 F# A-H 25%m 0. Snl-min 90-10. sz 21203713 21:44:33
433, 60
691, 20 |
448, B0 =
208. 40
1 T =7 T .
B e e B I s B S B S B S S B S S S S S S S B S B B B B R B S
0.000 2,100 4,200 g 300 B 400 10. 500 12, 600 14. 700 16. BOO 18,900 21, 000
Minutes
b “r 2 GRE I HEE T R HEET  EibER
1 8. 932 102515 1782052, 7 8. 1772 1. 35 5280
2 17. 462 4533007 20021030. 6 01.8228 1. 69 3111
I 5535522 21804003, 3 100. 0000
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3l (Table 3, entry 12)

PO(OEt),
PO(OEt),
\
Boc
4a7, g —Elle Nene: D:\FEFI SWERVGIE ES L 4331 rac AV 254 1.O0nlwin 85155 212/03/13 21:40:27
390, 40
283, BO
g
1720 n
\ ﬂ
i o
.80
A | . } \ . j k L
B O s e e e e B N s s S B B S S B S B B B S B S B B S B B B B
0. 000 1. 600 3,200 4, 800 6. 400 8000 4. 600 1L 200 12. 800 14, 400 16, 000
Minutes
I €92 GBI EEE I R iERAT EitEiR
1 T.083 208375 3845465, 6 50,0842 1. 25 2936
2 12. 648 118610 3832530, 7 49,9158 1.13 3054
r: 326985 T677996. 3 100. 0000
a0, g —File Neme: D: b A BEE A\ ~2452 F A 258w | Oul-nin 85-15. s 12/03/13 21:41:18
720,00
531, 00
342,00
53. 00
1 Y
0.000 1. 600 3. 200 4. 800 6. 400 8000 9. 600 11, 200 12, 800 14,400 16, 000
Minutes
I 52 GREIN 1] Iy W HeEE EEET Bk
1 7.017 36829 B16699. & 5. BEAE 1.12 3300
2 12. 717 322185 10260621. 5 94,3304 1.25 3178
: 3539014 10877321, 1 100, 0000
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3m (Table 3, entry 13)

Me
O PO(OEt),
PO(OEt),
(0]
N
Boc
400, 0o —Dile Neme: D:\FEHE SEE\MFH\ESN 55191 reo A1H 234 0. Sxlmin $0-10.se D13/03/13 21:51 28
317, 60
235, 20
1 &
152, 80
| \ 2
4 |
. 40
| A _LL .
0. 000 2,300 4,600 6,900 g, 200 11. 500 13, 800 16. 100 18, 400 20, 700 23,000
Minutes
I b E GREI ) 5 W7 W EEET HigElR
1 8. 037 207642 3469171, 6 49, 6435 1.74 4633
2 18. 202 88033 JAI8TIL T 30,3545 1.32 4133
r: 205675 AOSTRRS, 2 100. 0000
4 AE\E4S 5192 FH A 255m 0 8nl-nin 90-10. s 212/03/13 21:57:54
336, 80
1 2
249, §0 1
182, 40
= 201 :
B PR | . i
0. 000 2,400 . 800 7.200 9. 600 12, 000 14, 400 16, 800 19, 200 21, 600 24, 000
Minutes
I & RE A HEE T R HEHT  EHipER
1 8. 048 67737 1040493, 7 8. 4443 1. 54 5472
2 17. 598 251044 11281338, 1 91,5337 1. 81 3057
I 318781 12321833, 9 100. 0000
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3n (Table 3, entry 14)

PO(OEt),
PO(OEt),

4q7, po—Flle Neme: Dt I SEREREERS\L ~4313 rae 40H 54 1.0nlmin Ol-10 6 T12/03/13 21:37:38
390, 40
283. 80
77,20
] 2
. 80 /\
0.000 2200 4, 400 6. 600 B BOO 11000 13, 200 15, 400 17. 600 19, 80O 22,000
Minutes
10 Eal e CRE A I T W HEAF  HigER
1 7.180 226183 3354800, 7 49.8173 1.33 4671
2 18. 663 72037 3379374, 6 50. 18235 1. 30 3234
. 299122 6734173, 3 100, 0000
4433 F4 A 2540 L Onl-nin 90-10. sz A12/03/13 21:33:21
390, 40
283,80
720 ] [\
. 80 =
1 }\/\_MJ\A . N
0.000 2,400 4,800 7200 9,600 12,000 14, 400 16, 80O 19, 200 21, 600 24,000
Minutes
10 EERi GRE A i L REE HREET  EER
1 7,240 4644 743523.9 5.3151 1.18 4112
2 17. 940 237380 13245343.0 94, 6849 1.90 2060
L: 254024 13988866.9 100, 0000
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30 (Table 3, entry 15)

PO(OEt),
PO(OEt),
\
Boc
32,00 Fila Newe: e \FiHif S8\ BFEZE\S 4311 rae ANH 354 0.8elnin 90-10. ¢ D12/03/13 21:32:27
279, 20
206, 40
2
133, 60
8. 80 S
0. 000 2,000 4,000 6. 000 8,000 10. 000 12,000 14, 000 16. 000 18,000 20, 000
Minutes
I 42 GBI HEE T HeEE HEEET Hib R
1 8. 453 169740 2189967, 2 49,7348 1.40 8356
2 16. 723 Bl411 2213342.9 30,2654 1.18 4202
I 231151 4403310. 1 100. 0000
i, 0 —File Nema: Do\GEFIE B VEFE\RENL 3] F4 AL 2540 0 Sal-nin 0-10. ¢ T12/03/13 21:33:16
296, 60
HAT. 20_
B17. 80 i
278, 40
] /m‘-"-—--_.__IM\.__AAAr . J
B e e e e L B e e o L B e e e e LA A e e s e
0. 000 2,000 4000 6,000 8, 000 10. 000 12, 000 14,000 16, 000 18,000 20, 000
Minutes
I 4152 GRET I 1) 5 WA e EEET HiblEl
1 8. 445 100278 2050716. 3 B. 4495 1. 61 3399
2 16. 328 601369 29745862. 5 93,5503 2.13 2172
: 101647 31796579.0 100, 0000
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3p (Table 3, entry 16)
PO(OE),
PO(OEt),
\
Boc
730, gp—Eile Neme: D: SR RFEE RS 55221 ree AD-H 25400 | bol-win 85-13. 68 212/03/13 21:59:42
588, 80
438, 60
288, 40 m
] \ :
138, 20 {\‘
) P
0. 000 1. 800 3,800 5. 400 7.200 9. 000 10. 300 12, 600 14. 400 18. 200 18, 000
Minutes
1 Hir & B IR A ) IR R EEAT BiEiR
1 6. 813 371039 5196007, 5 49,7613 1.28 4718
2 13. 092 170582 5245856, 7 50. 2387 1. 18 3612
r: 341641 10441864, 1 100, 0000
0 B \EH\5-231 FH A 254m 1. Onl-nin 85-15. e 213/03/13 22:00:23
608, 80
53. 60 —
d
298, 40
43. 20
E
- 1 MALJLL__/L ,
0. 000 1. 600 3,200 4, 8OO B, 400 8, 000 g, 600 200 12. 800 14, 400 16, 000
Minutes
I “ir 2 B IR IA] I R B iR T Bt Bk
1 6. 253 57969 8009489, 3 3. 1747 1.13 4083
2 12. 370 401043 14677233.7 04,8253 1.29 2351
I 458012 15478183.2 100, 0000
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3q (Table 3, entry 17)

PO(OEt),
PO(OEt),
(0]
g7, [ —Flle Nema: D:\RAIE SRR\ E\EH)\ 502 rae ADH 2580w 1. ol min 85-13.se 13/03/13 22:01:33
531, 20
35, 40 =
250, 60 T
23,80 /\
0. 000 1. 500 3,000 4,500 6. 000 7. 500 8,000 10. 500 12,000 13, 500 15. 000
Minutes
I H4r 2 GBI i R WeRE HERET Bl
1 6. 073 401809 SHE3ATS. 4 40,6726 1.32 3700
2 11. 120 221282 AT38348. 4 30,3274 1. 19 3663
T 623091 11402026.8 100, 0000
000, B\ S-3230 FH A0 254w L Dul-min 85-15. e D12/03/13 22:02:21
1587, 80
78, 60
T3, 40 :
31, 20
1 — . o
T o e L e e A o e T B e e e e e e e LA B e e e e B
0. 000 1. 500 3,000 4,500 6. 000 7,500 9,000 10, 500 12,000 13, 500 15, 000
Minutes
I i % CRETIN ) 35 A WREE EEET Bt R
1 6. 162 178027 2424318.0 8. 5499 1.23 4081
2 11. 140 723804 253930745.2 91,4501 1. 36 1927

: 901831 28355063, 1 100. 0000
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3r (Table 3, entry 18)

4

Me

PO(OEt),

Q

F PO(OEt),
o)
N

A5 AT\ 5001 rac ADH 254m 0.8mlwin 90-10. sz A12/03/13 21:47:5]
676, 60
492, 20 |
307, 80 ﬁ T
123, 40
0. 000 1. 200 2,400 3,600 4,800 6. 000 7.200 8. 400 9, 600 10. BOO 12,000
Minutes
I H 42 CREF IR 1] I BT REE WEAT Bl
1 7.047 367151 55395058, 3 40,7408 1.40 4260
2 9. 838 271509 5654281, 6 50,2592 1.32 4448
I 538660 11250239, 8 100, 0000
a1, Do —File Neme: D:\FEA SERVEFS\ENS 5021 F4 A0 25¢m 0 Brl-nin 30-10. s T12/03/13 21:48:35
o4, 60
400, 20
;i‘
254, B0 {\
109, 40
: } \
] AR . N
0. 000 L300 2, 600 3.900 5, 200 6. 500 7.800 9. 100 10. 400 1L 700 13, 000
Minutes
10 il fRE IR [l T W HERT  HEER
1 7.222 26392 387621, 4 4. 8390 1. 23 4819
2 9.978 333511 7389783 6 93. 1410 1. 41 4354
I: 381903 79774050 100. 0000
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3s (Table 3, entry 19)

Me

'
{  PO(OE),
o
N

\

PO(OEY),

Boc
a1, oo —Eile e By e SR VREE S 55291 ree AD-H 25400 0. 8 -win 90-10.s¢ 12/03/13 22:03:17
80, 60
870, 20
59, 80 '1
249, 40 \ ﬁ
B B e e e e L e e NS S o s s s s sy s s s
0. 000 1. 300 2, 600 3,900 5. 200 B. 500 7. 800 9. 100 10. 400 11. 700 13. 000
Minutes
1 Hir & R I 1A] i W R R EERT Bk
1 5. 952 573891 BOGE362. 6 49,7381 1.45 3374
2 8. 330 441867 B151303. 0 50. 2619 1.27 4261
: 1015758 16217665, 6 100, 0000
9. 00 File Neme: D:\FEHIE SEEERZ M\ 5312 F4 A 2540 0 Sul-nin 90-10. s D12/013 220410
700, 80
518, 80
332, 40 A\
48, 20
i
RNy
0. 000 1. 200 2. 400 3,600 4,800 6. 000 7.200 8. 400 9. 600 10. 0O 12, 000
Minutes
D “4h# {RE IR 1) T HREE HEFT  EHER
1 5. 052 30718 3456754 4. 0539 1. 20 55374
2 8.412 4304486 B181318.7 95,9461 1.27 4275
T 481162 8326994, 1 100, 0000
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3t (Table 3, entry 20)

F
PO(OE),
PO(OEY),
\
Boc

533, 90_.:1'12 Nemwe: D:\FEFEE SEE B \EW\5-5200 rae AD-H 2540w 0. Snl-win 90-10.s¢ A12/03/13 22:10:53
739,20
54g, 40
351,60 "

| |
157. 80
-SE.UU-------------------I---------------------

0,000 LT 3,400 o, 10 6. 800 5 500 10, 200 1L 800 13, 600 15, 300 17,000
Minutes

10 0% ERE I [ HE EEHTH WA HERAT  EHiER

1 8, 432 298321 4237487, 2 49,5413 0.91 7023

2 12. 668 166669 4264443, 7 50. 1583 1.39 4886

I: 464990 8301930, 9 100, 0000
861,00 Fils Neme: D:\FUHE RS \ERF\ER\-503 F4 A0 254w 0.80lnin 0-10. sg 1203413 22:11:37
681, 60
a2, 20
i
322,80 f\
143, 40
2
L 1\
S T o s e e L S e B S S s B B B N B B B D B B B B S A B H B
0. 000 L 700 3400 3. 100 8 800 B 500 10. 200 L1 9040 13, 600 15, 300 17. 000
Minutes

1D il GRE I 1 i T 7 HREE HEFT  EiRER

1 8. 497 86730 500396. 1 7.3603 1.33 16886

2 12. 962 344308 10076321 1 92. 6395 1. 56 3914

I: 431238 10876917.2  100. 0000
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3u (Table 3, entry 21)

PO(OEY),
PO(OEY),
\
Boc
2000 Fila Name: D:\FEHIE SEE\EEFVER\5-5002 rae 40-H 25340 0. &xl-win 90-10.c2 A12/03/13 22:13:02
336, BO
249, 60 |
62,40 i
7. 20 A
-'.E.EIU-----------------I-----------I------------
0. 000 2,000 4,000 6. 000 8 000 10. 000 12,000 14, 000 16. 000 18, 000 20. 000
Minutes
1D g REIE EE TR R HEFT  EiRER
1 8, 987 154447 3130586, 7 49, 7637 2.08 3918
2 14. 757 55383 3160315. 9 30. 2363 1. 89 3393
I: 242830 6290902 6 100. 0000
FUEH\5-540 F# AN 254m 0.8nlmin 90-10. ¢z 12703413 22:13:47
BI6. BO
603, 80
390, 40
]
——I EU i (\
-35.33--------------------------:-------------
0.000 2,000 4,000 g 000 8. 000 10. 000 12,000 14, 000 16. 000 18, 000 20. 000
Minutes
1D & GRE A i ETHT 7 R HEFT  EiEH
1 9. 133 47914 927132. 4 6. 1203 1.70 4440
2 14. 313 315463 14220834.0 93. 8793 2.35 2010
r: 363377 15147966.5 100, 0000
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After Recrystallization of 3u:

764, 00 —File Newe: D:\JEHI® SR\ GRE\RH\S-5U0 SRICFRMIL rac 40-4 250 0. Sol-nin 0-10.sg T13/03/14 16:27:05
604, 00
444, 00
284, 00
:
124,00 ﬂ g
B O 1 o o s s s ey s s LI B B S S S B B B LA R S S B S S S S S S S B B B B
0.000 2,200 B BOD 11000 13, 200 10, 400 17, 600 149, 800 22,000
Hinutes
Iy HE BT R EEET Hig iR
1 199394 4866218, 3 30. 0683 1.43 3193
2 115988 4852043, 1 49,9317 1. 51 3062
3153582 9719161, 7 100. 0000
448, 0 —File Name: D:\RHIE SR\ BRSNS 5500448 SR 414 254nn 0. 8nlnin 0010 s 13/03/14 16:21:50
306, 00
. i
%64, 00 fr
172. 00
2. 00
3
| = .
T N —— ——t—— -
0. 000 2,000 B.000 10. 000 12,000 14 000 16. 000 18. 000 20. 000
Minutes
1 30 BT HREE BEET g iy
1 412 11442, 7 0, 0936 1.17 2554
2 272441 12213029.9 99,9064 2.47 2515

272853

12224472.6  100. 0000
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3w (Table 3, entry 23)

PO(OEY),
S PO(OEY),
0
N
Boc

ST\ 5-5292 rae AD-H 234nm 0. & l-win 90-10. 2 D12/03/13 22:04:56
448, 80
327, 60
206, 40
el
g S
{\ s
.20
o S A Ij |} \:
ST o o e B L e B B B S R B B R B B L S B B B S B B B S R B
0. 000 1500 3.000 4,500 6. 000 7.500 9. 000 10. 504 12,0040 13,500 15, 0040
Minutes
10 a2 SR E I 1] I L R HREFT  EiER
1 10. 023 164308 2942900. 4 49.8011 1.48 6257
2 10. 8§90 141638 2966404, 0 50,1989 1. 61 5390
r: 306166 5909304 4 100. 0000
5—3'_33 File Nawe: D:\FEHIES SEEVEESEH\S 5313 F48 A 254w 0. Snl-min 50-10. sz A12/03/13 22:05:23
148, BO
327, 60
206. 40
] s ﬁ
| =
0. 20 jn' ]
0,000 L a00 3,000 4500 6,000 7,500 9,000 10, 500 12,000 13, 500 15, 000
Minutes
10 “4h 4 GE I EE T WREE HEET  EHRER
1 10. 023 111994 1901193, 0 38, 2060 1.39 6948
2 10. 843 146693 3083279. 0 61. 7040 1. 65 5374
I: 258687 4964472, 0 100. 0000
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3x (Table 3, entry 24)

o &—<PO(OEt)2
m PO(OEt),
o)
N
Boc

FE\EH\5-293 rae AD-H 254nm 0. Sel-min G0-10.se

D12

03/13 22:06:02

=
o
=
—
. a8

:":;»n

M J

\

-2

0,000 2,800 5 800 8 400 11, 200 14, 000 16, 80O 19, 600 22,400 25,200 28,000
Minutes
I 4h & ERE I I T R HEFT  EHgER
1 9. 880 131868 2697175, 3 49,8201 1. 31 4650
2 22. 802 59196 27166577 50,1799 1.49 4920
xr: 191064 5413833.0 100. 0000
379 2\ERAE\ESS -532] F# AH 254w 0. Snl-nin 90-10. s $12/03,/21 21:37:43
260, 60
192, 20 |
23,80
] :
= i A
NN \
0,000 3,000 8,000 9,000 12,000 15. 000 18,000 21,000 24,000 27,000 0. 000
Minutes
b “r2 GREE ) T RE HEET  EibER
1 10. 330 64379 12044891, 7 25,0387 1.25 6076
2 23,342 72186 3606030. 0 74.9613 1. 55 4351
z: 136565 4810521, 8 100. 0000
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5c (Table 4, entry 4)

O “\\\,<PO(OEt)2
PO(OEt),
(Lo
N

\

Bn
715, 0 —File Nera: D:\FEHIS SR EFE B\ 4552 rac 404 Bt 1. Oulwin 80-20. e T12/03/13 2124211
564, B0
4, 60 f
264, 40
s
114, 20 ] Jf\
B R e e e L S S B s s L S B B B S S S S B B S B B L S
0,000 2,500 5 000 7,500 10, 000 12, 500 15,000 17,500 20, 000 22, 500 25,000
Minutes
10 0% ERE I [ HE EEHTH WA HERAT  EHiER
1 9,722 407403 8696137, § 49, 6669 .22 4134
2 19. 395 177036 8812706, 2 50,3331 1. 68 3026
T: SH4441 17308934 0 100. Dooo
A E S 4471 F8 A 254m 1 Onl-nin 30-20. s¢ A12/03/13 21:42:46
448, 80
327. 60
206, 40 ] :
8. 20 ‘/
T e o e S [ A B B S S S B R S S B B R S S B S R S B S B S B B S S S R B B A
0. 000 2,500 5,000 75800 10, 000 12, 500 15, 000 17,500 20, 000 22, 500 23,000
Minutes
D L CRE I A i) T HREE WERT  HibHR
1 9,735 240257 4015768, 0 33,4920 1.20 4512
2 19. 325 191301 OT6168T. 1 6. 5080 1. 76 2839

I: 431338 14677455. 1 100. 0000
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5d (Table 5, entry 5)

O —<PO(OEt)2

N

N PO(OEt),
(0]
N
COCHjz
s D \FEH A SR BRI R B4\ 66501 rac A0-H 254nm 0. Snl-min 90-10.se 312/03/13 22:24:03
952, 80
705, 60
458, 40
211,20 ] = :‘
-3539"
0.000 2,900 5. 800 B. 700 11, 600 14, 500 17. 400 20, 300 23, 200 %, 100 2,000
Minutes
1 42 CRET I ) HEE BRI R HERT  BEER
1 19. 038 190914 7640394, 9 30,0120 1.22 4310
2 22,045 169868 TH36021. T 49,9880 1.37 4792
I: 360782 13277316.6 100, 0000
\EA\ 5502 F4 ADH 258om 0.9ml-min 30-10. se 12/03/13 22:24:33
587, 80
T3, 60
T8I, 40
1 " EY
351, 20 Fi =
] \‘./\“‘ .j\\"—'
L 0+—————ft+—r+—ft Tt T T
0. 000 2,800 5. 600 8, 400 11. 200 14, 000 16, 800 19, 600 22, 400 25, 200 28, 000
Minutes
1 H4r GRE IR A 5] A R HERETF Hib i
1 18,775 204506 12436805.8 43,5027 1. 46 3927
2 21. 683 317866 16177730.4 56,4073 1.76 3618
I: 612372 28634336.2 100, 0000
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5e (Table 5, entry 6)

PO(OEt),
PO(OEt),
\
CO,Et
73, g —File Nare: D:\FER SEEBHE\E4N 68181 oo ALH 950 | lnin 8571500 12/03/13 22:18:37
376, 00
279,00 |
182,00
i %
0,000 1,800 3 800 4,400 7,200 8,000 10, 80O 12, 600 14,400 16, 200 18, 000
Minutes
1D “4h2 REIE i BT HREE HEFT  EHiEER
1 8577 102538 1831342, 7 40, 8544 1. 20 4596
2 13. 252 63387 1842037. 2 30. 1456 1. 18 4437
I: 168125 3673370, 8 100. 0000
Z\WFF EE\6648 F# AN 54m 1.0nlmin 85-15 s A12/03/13 22:29:17
are, 0o
279,00 £
182, 00
] ]
5. 00 ﬁ‘
q e S r
0.000 L a0 3. 800 5 700 7. 600 4,500 11. 400 13, 300 15, 200 17. 100 19, 000
Minutes
I ik CRE iR ] HEE T R HEET  HERER
1 8. 632 97215 1726201. 8 13. 5369 1.20 4732
2 13.073 286080 93841270 84. 4831 1. 84 ilea
E: 383295 11110328, 7 100, 0000
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5f (Table 5, entry 7)

PO(OEY),
PO(OEY),

FI% \E4\6634] rae AD-H 254nn 1. Onl-win 80-20.sg D12/03/13 22:22:57
700, 80
516, 60
332, 40 -
3
] {\ :
148, 20 A
0. 000 1. 900 3,800 5. 700 7. 600 9. 500 11. 400 13. 300 15. 200 17. 100 19, 000
Minutes
1 4% CREI 1) 5 W W {EREHF ER
1 9. 208 270825 [923278.9 49, 94935 1. 52 25386
2 14. 292 172628 B93T2T3. 7 50,0303 1.43 2521
I 443453 13860352, 6 100, 0000
52, (g —File Neme: D2\ LH SR WER S\ 6650 FE A0 54w | 0nlmin 8- ez D12/03/13 22:23:23
914, 40
676. 80
439, 20
o] A
201, 60
i ]
0. 000 1. 800 3,600 5, 400 7,200 8,000 10. 800 12, 600 14, 400 16. 200 18, 000
Minutes
I 4542 GRETIN 1] 5 HERIR e EEET HiblEl
1 9,323 120523 2814083, 4 21.4514 1.28 3178
2 14. 138 238429 10304348, 7 T8.5486 1. 61 2133
: 358052 13118434, 1 100. 0000
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6 (Scheme 2)

=57 00 File Name: D-\FRRRE S8R B EE TS 1505 ar A0 254 (. Sul-win $0-10. o
m
438.00
319. 00
200. 00 E E
4 'I:
_ .
: L
BL.00
I
J | I \
4 | | |II
i I N ,"I \ , \
AR T T T T T T T T T | T T 17T T T T | T T 17T T T T[T T T T T T[T T T
0.000 2300 4.600 &. 900 5. 200 1. 300 13.E00 1€. 100 13400 20. 700 23.000
Minutes
D A5 RE A EE T il BREAET HibEH
1 13,77 179144 4260893. 0 49,9479 1. 19 6688
2 15. 362 171388 4269774 3 30.0521 1L.31 7793
E: 350732 8530667, 4 100. 0000
150 00 File Neme: D-\FEFIS SR MBI \6015 FH A 254 0 Sel-min 9105 2003,108/24
R
336. 40

242, 80

149, 20

—3E. DO L L T T T T T T L T T T T T T T T T T T T T T T T
0.000 2 200 4 400 6. 600 8. 800 11. 000 13.200 15. 400 17. 600 19. 800 22.000
Minutes
i) A5 7 B B T e 7 T TR BRET i IER
1 14. 208 106878 2546704, 5 38.3324 101 7086
2 15. 865 153903 4097027, 8 61. 6676 1.29 7356
b 262781 6643732, 3 100, 0000
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8 (Scheme 2)

ey Dile Name: Do\FHERE SRR MBI £ {0 \5-6141 rac ADH 25&en 1 0 almin 8515 =g

2012,05/15 13:13:32

367, 00

240. 00

113,00 1 I| |I || '|II
- |\ |\
A | -
i s (i—— ’
_.‘1 L] T T T L LI T T T T T T T T T 1 17T 1 17T T T T T T T T T LI T
0. 000 3. 500 11.000 16. 300 22000 27. 300 33.000 38. 500 44. 000 3. 500 33. 000

1D Hird 7 BB T e EE il

Minutes

1 35. 262 282291 21862464. 8 49,9782 141 4131
2 46, 252 200387 21884539, 5 50.0218 1.84 3578
E 482678 43730024.3  100. 0000
234 g il Neme: D\EEE SEIE KITE i {66146 FH AVH 234w 1.0 olmin B5-15 ¢ 2012/05/15 15:14:38
- -m' 4
184 40
134. 80
4 I"f
] M
< | II
85,20 | 's
| | I'
35.60 - —
4 '; | i
4 /"\ | l"
7 i ; 1 /
_'_‘1. :: 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
0000 5500 11. 000 16. 500 22000 2 33000 38500 44_ooo 9. 500 53. 000

ID Hird R A B EE 3

Minutes

1 35. M0 16339
46. 360 115707

(3]

7

1136041. 8 9.1230
11814536. 8 90.8770 1.53
132366 13000578.7 100, 0000
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3. NMR data for the compounds 3 and 5-8.

"H NMR of 3a
O PO{OE),
’—<P0(OE|)Z
O N ©
Boc
i ko |
Be7 ""i;:“ J ] 701 PRl . ;'I‘I
I Aﬁ\ M — " | ‘M . .
5 7 [} H H 3 2 i PPM
BC NMR of 3a

ARERERAY  EREERR OO O C O RRRRRARARRRAREEREE

R g

3P NMR of 3a

23.959
———22.687

T T T T T T T T T T T T T T T T T
[=in] 40 20 1} PP
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'"H NMR of 3b
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3P NMR of 3b

& ' ‘ ' &0 ' ‘ ' 4 ' ' ‘ 0 ' ' ' 0 ' ' ' 20 ' "BpM
F NMR of 3b
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'"H NMR of 3¢

PO(OEt),
PO(OEL),
o]

a7
oo 40

3¢ NMR of 3

kNJ L_W W ;_gg%v%/,J (y fé )

175485
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100 a - : - =
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"H NMR of 3d

g WA W&
gzg
ah N
C NMR of 3d
RERA R R
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3'P NMR of 3d
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"H NMR of 3e
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'"H NMR of 3f
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"H NMR of 3g
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"H NMR of 3h
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31 H
P NMR of 3i
o 0w T T T T T T T ey
19 H
F NMR of 3i
o
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=
T
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