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I. Chiral GC chromatograms:

GC chromatogram of (rac)-endo-15b
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GC chromatogram of (rac)-31
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GC chromatogram of (2S,4aS,8aR)-31 with e.r. =91:9

FID1 A, (SEQUENCEWLDZE0-BZ.00

49591

I
n
&
bS]
&
&
m
o
m
m
3]
m
o
3

Time Area Height Width AreaZ Symmetry
[ 4328 [ 1633 | 207 [ 01035 [ 90838 | 0813 |
| sa5m | 165 [ 2 | noer | 812 | oess |

File Inf ki |
Date [3/26/2014 11:32:14 &M - |
Sample |LD289-B2
sample Info
Barcode
Operator | bz
Method |L1.M




I1. X-ray Crystal Structure Analysis of compound 15b”
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Table 1. Crystal data and structure refinement for 15b”.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

a40415b
C17H21 N O4
303.35

293(2) K
0.71073 A
Triclinic

P-1
a=6.082(3) A
b =11.612(5) A
c=12.591(5) A
802.2(6) A3

2

1.256 Mg/m3
0.089 mm-1
324

0.620 x 0.420 x 0.200 mm3

1.792 to 25.096<

-7<=h<=7, -10<=k<=13, -15<=I<=15
3982

2783 [R(int) = 0.0225]

95.9 %

Semi-empirical from equivalents

0= 66.576(4)<
B=79.752(4)<
v = 88.139(4)°

4

NO,



Max. and min. transmission
Refinement method

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

Final R indices [I>2sigma(l)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

0.746 and 0.652

Full-matrix least-squares on F2
2783/0/203

1.059

R1=0.0478, wR2 = 0.1386
R1 =0.0586, wR2 = 0.1487
0.081(10)

0.194 and -0.175 e.A-3



Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters
(Azx 103) for 15b”. U(eq) is defined as one third of the trace of the orthogonalized ulj
tensor.

X y z U(eq)
N(1) 6977(3) 8662(2) -325(1) 69(1)
0O(1) -570(2) 7242(2) 4323(1) 81(1)
0(2) 2406(2) 7757(1) 4899(1) 54(1)
0(3) 6199(3) 8464(2) -1062(1) 102(1)
O(4) 8900(3) 9025(2) -467(2) 103(1)
C(@) 1239(2) 7312(2) 6112(1) 47(1)
C(2) 1604(3) 5915(2) 6838(2) 58(1)
C(3) 2611(3) 5974(2) 7859(2) 64(1)
C4) 4998(3) 6556(2) 7380(2) 82(1)
C(5) 4681(3) 7924(2) 6601(2) 69(1)
C(6) 2134(3) 8030(2) 6744(1) 51(1)
C(7) 1393(3) 7083(2) 8014(1) 56(1)
C(8) 2935(4) 5216(2) 6149(2) 88(1)
C(9) 2385(5) 4737(2) 8935(2) 112(1)
C(10) 1315(4) 9353(2) 6430(2) 77(1)
C(11) 1350(3) 7603(2) 4121(2) 54(1)
C(12) 2855(3) 7918(2) 2960(1) 50(1)
C(13) 4991(3) 8434(2) 2718(2) 58(1)
C(14) 6337(3) 8701(2) 1639(2) 61(1)
C(15) 5514(3) 8423(2) 815(1) 56(1)
C(16) 3394(3) 7900(2) 1034(2) 69(1)
C(@17) 2070(3) 7655(2) 2109(2) 65(1)




Table 3. Bond lengths [A] and angles [ for 15b”.

N(1)-0(3) 1.213(2)
N(1)-0(4) 1.215(2)
N(1)-C(15) 1.474(2)
0(1)-C(11) 1.202(2)
0(2)-C(11) 1.3321(19)
0(2)-C(1) 1.4533(19)
C(1)-C(6) 1.528(2)
C(1)-C(2) 1.545(2)
C(2)-C(8) 1.528(3)
C(2)-C(3) 1.544(3)
C(3)-C(9) 1.521(3)
C(3)-C(7) 1.527(2)
C(3)-C(4) 1.535(3)
C(4)-C(5) 1.527(3)
C(5)-C(6) 1.534(3)
C(6)-C(10) 1.517(3)
C(6)-C(7) 1.533(2)
C(11)-C(12) 1.493(2)
C(12)-C(13) 1.380(2)
C(12)-C(17) 1.386(2)
C(13)-C(14) 1.378(3)
C(14)-C(15) 1.376(2)
C(15)-C(16) 1.378(3)
C(16)-C(17) 1.373(3)
0(3)-N(1)-0(4) 123.68(18)
0(3)-N(1)-C(15) 118.01(19)
0(4)-N(1)-C(15) 118.30(17)
C(11)-0(2)-C(1) 117.38(12)
0(2)-C(1)-C(6) 110.01(12)
0(2)-C(1)-C(2) 113.12(13)
C(6)-C(1)-C(2) 105.12(13)
C(8)-C(2)-C(3) 116.07(17)
C(8)-C(2)-C(1) 115.55(16)
C(3)-C(2)-C(1) 102.49(13)
C(9)-C(3)-C(7) 117.02(17)



C(9)-C(3)-C(4) 114.91(18)

C(7)-C(3)-C(4) 99.94(16)
C(9)-C(3)-C(2) 113.87(19)
C(7)-C(3)-C(2) 100.38(13)
C(4)-C(3)-C(2) 108.98(15)
C(5)-C(4)-C(3) 104.30(15)
C(4)-C(5)-C(6) 104.00(14)
C(10)-C(6)-C(1) 114.30(15)
C(10)-C(6)-C(7) 117.14(14)
C(1)-C(6)-C(7) 98.70(13)
C(10)-C(6)-C(5) 115.28(16)
C(1)-C(6)-C(5) 108.44(14)
C(7)-C(6)-C(5) 101.01(14)
C(3)-C(7)-C(6) 96.23(13)
0(1)-C(11)-0(2) 124.66(16)
0(1)-C(11)-C(12) 123.65(15)
0(2)-C(11)-C(12) 111.69(14)
C(13)-C(12)-C(17) 119.41(16)
C(13)-C(12)-C(11) 122.47(15)
C(17)-C(12)-C(11) 118.11(15)
C(14)-C(13)-C(12) 120.75(16)
C(15)-C(14)-C(13) 118.44(17)
C(14)-C(15)-C(16) 122.10(17)
C(14)-C(15)-N(1) 118.70(17)
C(16)-C(15)-N(1) 119.18(16)
C(17)-C(16)-C(15) 118.55(16)
C(16)-C(17)-C(12) 120.74(18)

Symmetry transformations used to generate equivalent atoms:



Table 4. Anisotropic displacement parameters (A2x 103) for 15b”. The anisotropic
displacement factor exponent takes the form: -2x2[ h2 a*2U1l + . + 2 hka* b* U12]

yll u22 u33 u23 ul3 ul2
N(1) 89(1) 68(1) 53(1) -28(1) -9(2) 18(1)
0(1) 52(1) 127(1) 81(1) -60(1) -8(2) -16(1)
0(2) 47(1) 73(2) 46(1) -28(1) -5(2) -9(2)
0O(3) 115(1) 148(2) 61(1) -60(1) -17(1) 18(1)
O(4) 97(2) 136(2) 82(1) -59(1) 17(1) -21(1)
C(1) 37(2) 58(1) 48(1) -24(1) 1(2) -5(2)
C(2) 50(1) 52(1) 68(1) -25(1) 8(1) -5(2)
C(3) 59(1) 67(1) 53(1) -15(1) -1(2) 15(1)
C(4) 48(1) 125(2) 79(2) -46(1) -15(1) 16(1)
C(5) 54(1) 102(2) 53(1) -32(1) -3(2) -22(1)
C(6) 53(1) 56(1) 44(1) -21(1) -2(2) -7(2)
C(7) 56(1) 65(1) 46(1) -22(1) -1(2) 1(2)
C(8) 105(2) 70(2) 97(2) -48(1) 1(2) 11(1)
C(9) 136(2) 82(2) 78(2) -2(2) -2(2) 41(2)
C(10) 108(2) 55(1) 66(1) -25(1) -9(2) -7(2)
C(11) 50(2) 63(1) 57(2) -31(1) -13(1) -1(2)
C(12) 53(1) 53(1) 51(1) -24(1) -15(1) 5(1)
C(13) 63(1) 70(2) 50(1) -31(1) -11(1) -8(1)
C(14) 64(1) 66(1) 57(2) -28(1) -8(1) -6(2)
C(15) 70(2) 52(1) 46(1) -22(1) -12(1) 15(1)
C(16) 73(1) 92(1) 61(1) -45(1) -25(1) 11(1)
C(17) 56(1) 91(2) 64(1) -42(1) -17(1) 0(1)




Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)
for 15b”.

X y z U(eq)
H(1) -365 7441 6126 57
H(2) 126 5488 7174 70
H(4A) 5747 6500 8017 99
H(4B) 5868 6136 6926 99
H(5A) 5346 8114 5787 83
H(5B) 5345 8490 6862 83
H(7A) 1935 7325 8579 68
H(7B) -217 6932 8225 68
H(8A) 4279 5698 5687 133
H(8B) 2048 5096 5639 133
H(8C) 3315 4413 6689 133
H(9A) 2848 4868 9570 168
H(9B) 3311 4134 8749 168
H(9C) 854 4431 9164 168
H(10A) 1901 9858 5619 115
H(10B) 1815 9710 6919 115
H(10C) -290 9327 6553 115
H(13) 5528 8603 3290 70
H(14) 7768 9062 1471 74
H(16) 2872 7717 465 83
H(17) 630 7309 2269 78

10



I11. X-ray Crystal Structure Analysis of compound 28a
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Table 1. Crystal data and structure refinement for 28a.
Identification code f71018b
Empirical formula C11 H16 O3
Formula weight 196.24
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system, space group ~ Monoclinic, P2(1)/c
Unit cell dimensions a=6.282(15) A alpha =90 deg.

b =25.09(6) A Dbeta =94.09(3) deg.
€ =6.268(15) A gamma = 90 deg.

Volume 985(4) A3

Z, Calculated density 4, 1.323 Mg/m”3

Absorption coefficient 0.095 mm~-1

F(000) 424

Crystal size 0.35x0.15 x 0.08 mm

Theta range for data collection 3.25 to 25.00 deg.

Limiting indices -7<=h<=7, -23<=k<=29, -7<=I<=6

Reflections collected / unique 3813/ 1689 [R(int) = 0.0299]
Completeness to theta = 25.00 97.1 %
Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.9924 and 0.9675
11



Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 1689 /0 / 127

Goodness-of-fit on F/2 1.102
Final R indices [I>2sigma(l)] R1=0.0529, wR2 =0.1495
R indices (all data) R1=0.0689, wR2 = 0.1654

Largest diff. peak and hole  0.179 and -0.206 e.A"-3
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Table 2. Atomic coordinates ( x 10"4) and equivalent isotropic
displacement parameters (A”2 x 10"3) for 28a.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

X y z U(eq)

O(l)  2387(3) 5005(1) 11372(4)  86(1)
0(@)  1123(3) 5783(1) 10415(2)  55(1)
O@B)  5700(2) 6835(1) 8096(2)  49(1)
C(l)  2038(4) 5324(1) 10007(4)  58(1)
C(2)  2490(4) 5287(1) 7740(4)  61(1)
C(3)  1807(3) 5807(1) 6733(3)  45(1)
C(4)  3549(3) 6190(1) 6140(3)  41(1)
C(5)  2424(4) 6659(1) 5044(3)  56(1)
C(6)  1324(4) 6940(1) 6816(4)  55(1)
C(7)  1977(3) 6610(1) 8759(3)  42(1)
C(8) 764(3)  6099(1)  8542(3)  43(1)
C(9)  4205(3) 6428(1) 8292(3)  38(1)
C(10)  6454(4)  7049(1) 10045(4)  62(1)
C(11)  5319(4) 5955(1)  4929(3)  59(1)

13



Table 3. Bond lengths [A] and angles [deg] for 28a.

0(1)-C(1) 1.180(3)
0(2)-C(1) 1.320(4)
0(2)-C(8) 1.422(3)
0(3)-C(10) 1.386(4)
0(3)-C(9) 1.398(3)
C(1)-C(2) 1.472(5)
C(2)-C(3) 1.499(4)
C(2)-H(2A) 0.9700
C(2)-H(2B) 0.9700
C(3)-C(4) 1.522(4)
C(3)-C(8) 1.536(4)
C(3)-H(3A) 0.9800
C(4)-C(9) 1.506(4)
C(4)-C(11) 1.509(4)
C(4)-C(5) 1.512(4)
C(5)-C(6) 1.522(4)
C(5)-H(5A) 0.9700
C(5)-H(5B) 0.9700
C(6)-C(7) 1.505(4)
C(6)-H(6A) 0.9700
C(6)-H(6B) 0.9700
C(7)-C(8) 1.491(4)
C(7)-C(9) 1.520(4)
C(7)-H(7A) 0.9800
C(8)-H(8A) 0.9800
C(9)-H(9A) 0.9800
C(10)-H(10A) 0.9600
C(10)-H(10B) 0.9600
C(10)-H(10C) 0.9600
C(11)-H(11A) 0.9600
C(11)-H(11B) 0.9600
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C(11)-H(11C)

C(1)-0(2)-C(8)
C(10)-0(3)-C(9)
O(1)-C(1)-0(2)
O(1)-C(1)-C(2)
0(2)-C(1)-C(2)
C(1)-C(2)-CB3)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)

H(2A)-C(2)-H(2B)

C(2)-C(3)-C(4)
C(2)-C(3)-C(8)
C(4)-C(3)-C(8)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3A)
C(8)-C(3)-H(3A)
C(9)-C(4)-C(11)
C(9)-C(4)-C(O)
C(11)-C(4)-C(5)
C(9)-C(4)-C3)
C(11)-C(4)-C(3)
C(5)-C(4)-CB3)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5A)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5B)
C(6)-C(5)-H(5B)

H(5A)-C(5)-H(5B)

C(7)-C(6)-C(5)
C(7)-C(6)-H(6A)

0.9600

111.9(2)
113.25(18)
120.7(3)
128.3(3)
111.0(2)
106.4(2)
110.4
110.4
110.4
110.4
108.6
117.6(2)
103.2(2)
103.4(2)
110.7
110.7
110.7
116.2(2)
100.8(2)
114.3(2)
100.79(19)
116.5(2)
106.3(2)
104.5(2)
110.8
110.8
110.8
110.8
108.9
103.02)
111.2
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C(5)-C(6)-H(6A)
C(7)-C(6)-H(6B)
C(5)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(8)-C(7)-C(6)
C(8)-C(7)-C(9)
C(6)-C(7)-C(9)
C(8)-C(7)-H(7A)
C(6)-C(7)-H(7A)
C(9)-C(7)-H(7A)
0(2)-C(8)-C(7)
0(2)-C(8)-C(3)
C(7)-C(8)-C(3)
0(2)-C(8)-H(8A)
C(7)-C(8)-H(8A)
C(3)-C(8)-H(8A)
0(3)-C(9)-C(4)
0(3)-C(9)-C(7)
C(4)-C(9)-C(7)
0(3)-C(9)-H(9A)
C(4)-C(9)-H(9A)
C(7)-C(9)-H(9A)
0(3)-C(10)-H(10A)
0(3)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
0(3)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
C(4)-C(11)-H(11A)
C(4)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(4)-C(11)-H(11C)
H(11A)-C(11)-H(11C)

111.2
111.2
111.2

109.1

106.9(2)

101.4(2)

102.14(18)
114.9
114.9
114.9

110.8(2)

107.0(2)

103.6(2)
111.7
111.7
111.7

110.74(17)

115.6(2)

95.43(18)
111.4
111.4
111.4

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(11B)-C(11)-H(11C)  109.5

Symmetry transformations used to generate equivalent atoms:
Table 4. Anisotropic displacement parameters (A2 x 10"3) for 28a.
The anisotropic displacement factor exponent takes the form:
2pif2[h"2a*2Ull+...+2hka*b*Ul12]

Uil u22 U33 u23 uU13 Uiz

O(1) 64(1) 76(1) 115(2) 50(1) -21(1) -19(1)
0(@) 57(1) 57(1) 52(1) 10(1) 3(1) -14(1)
0B) 55(1) 48(1) 44(1) -2(1) 6(1) -17(1)
C() 38(1) 53(1) 792 17(1) -13(1) -17(1)
C(2) 48(1) 40(1) 95(2) -2(1) 3(1) -3(1)
C(3) 42(1) 44(1) 47(1) -9(1) -9(1) 0(1)
C(4) 45(1) 45(1) 34(1) -41) 1) 1(1)
C(5) 67(2) 60(1) 40(1) 8(1) -41) 4(1)
C(6) 59(2) 46(1) 60(1) 6(1) 3(1) 11(1)
C(7) 46(1) 41(1) 40(1) -4(1) 5(1)  2(1)
C(8) 37(1) 47(1) 45(1) 0(1) -2(1) 0(1)
C(O) 41(1) 37(1) 34(1) 1(1) 0@) -5(1)
C(10) 60(2) 63(2) 62(1) -21(1) 6(1) -18(1)
C(11) 61(2) 67(2) 49(1) -14(1) 13(1)  4(1)

17



Table 5. Hydrogen coordinates ( x 10"4) and isotropic
displacement parameters (A”2 x 10"3) for 28a.

X y z U(eq)

H(@2A) 1700 4994 7051 73
H(@B) 4001 5228 7608 73
H@3A) 770 5749 5513 54
HGA) 1388 6539 3924 67
HGB) 3439 6894 4425 67
H6A) 1818 7304 6991 66
H6B) -213 6939 6527 66
H(7A) 1887 6793 10130 50
H8A) -761 6161 8189 52
HOA) 4745 6155 9309 45
H(10A) 7466 7325 9811 92
H(10B) 7133 6774 10916 92
H(10C) 5283 7195 10758 92
H(11A) 5932 5656 5704 88
H(11B) 6398 6221 4770 88
H(11C) 4751 5840 3542 88
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I11. Copies of NMR spectra for new compounds

'H NMR spectrum of compound 15a in CDCls
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'H NMR spectrum of compound endo-15b in CDCl;
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3C NMR spectrum of compound endo-15b in CDCl,
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'H NMR spectrum of compound endo-15b in C¢Dg
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HSQC spectrum of compound endo-15b in CgDg
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NOESY spectrum of compound endo-15b in CgDg
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'H NMR spectrum of compound 15b’ in CDCl,
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'H NMR spectrum of compound 15b” in CDCls
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'H NMR spectrum of compound 15¢ in CDCl;
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HSQC spectrum of compound 15c¢ in C¢Dg

131047 Goeke sbz327 gb 0021 IJ ‘\
A gt WV | J‘ |
s A NPV b A VY PN i P S
b= A Y
.
Al
_— M3
L1s
L
) gﬂ'?
v
el 730
-
— e 761
- v
— 232 — 1 Y . .
o e Lso
22.9
0
o, .
)
Fon
- o
=
H
[IrEr— i
[ i
= 5
el —_— 3.2 H hche
58
J [
L
ce— s
1.5 1.0 poa
131047 Goeke sbz327 gb 0021
—— A AV ppm Cuzrent Data Parameters
- HRE a131007
{ . Exeno 17
e PROCNO 1
¥F2 - Aoquisition Parameters
Date_ 20070628
4 | Time’ 13.50
TNSTRUM avs00
»i 3 & mm C2TCI 1H-
FULPROG couwplphlg;:
SOLVENT €6D!
-1.0
SWH 1001.603 Hz
FIDRES 0.978127 Hz
AQ 0.5117300 sec
RG 38,
y | 5 49 zg usec
[ = K
4o sec
o1 sec
d11 sec
D12 sec
da13 sec
D1e sec
20 sec
¢ 8 2 Lo
,0; % CHANNEL 1] ==emae.
P g — ———
¥ 10000. usec
&5 20000.00 vaec
Gab 16.00 uaes
= it 1500 o8
@ 500.1307502 Mz
wmmmen GRADIENT CHANNEL
Genanl STNE. 100
GPNAMZ SINE.100
GPz1 .00
) GP22 20.00 %
15 P16 1000.00 usec
% F1 - Acquisition parameters
NDO
512
sFO1L 500.1308 MHz
’ FIORES 1.956255 Ha
i W= coupling e 6
» £2 - Processing pazameters "
SF 530.1306‘25 NHZ
y “ won stz
s ! 538
B 0.00 Hz
o
Pc 1.00
F1 - Processing parameters

o Y ey 81 1024

e B % D003 R S ucz 281
SF 500.1300625 Miz

]

Wow
558

i 0.00 Hz
= 0




NOESY spectrum of compound 15c¢ in C¢Dg
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'H NMR spectrum of compound 15d in CDCl,
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'H NMR spectrum of compound 15e in CDCl;
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'H NMR spectrum of compound 15f in CDCl,
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'H NMR spectrum of compound 15g in CDCls
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'H NMR spectrum of compound 15h in CDCl;
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'H NMR spectrum of compound 22 in CDCl;
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'H NMR spectrum of compound 28a in CDCls
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'H NMR spectrum of compound 28b in CDCl;
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'H NMR spectrum of compound 31 in CDCl;
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3C NMR spectrum of compound 31 in CDCl,
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