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Figure B7. The l3C-NMR spectrum of Compound 2



Figure B8. The GC- MS spectrum of Compound 2.
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Figure Bll. The l3C-NMR spectrum ofCompcnind 3



Figure B12. T h e  G C -  M S  s p e c t r u m  o f  C o m p o u n d  3.
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Figure B17. The IR spectrum of Metabolite la.
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Figure 1321. The gNOESY spectrum of Metabolite la.
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Figure B22. The gHMBC spectrum of Metabolite la.
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Figure B23. The gHSQC spectrum of Metabolite la.
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Figure B24. The LC-MS spectrum of Metabolite l_a



Figure B25. The IR spectrum of Metabolite lb.



Figure B27. The ,3C-NMR spectrum of Metabolite l_b



Figure B28. The DEPT spectrum of Metabolite lb.
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Figure B29. The gCOSY spectrum of Metabolite ljb.
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Figure B30. The gNOESY spectrum of Metabolite I_b.
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Figure B31. The gHMBC spectrum of Metabolite lb.
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Figure B32. The gHSQC spectrum of Metabolite lb.





Figure B34. The IR spectrum of Metabolite lc.
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Figure B35. The 'H-NMR spectrum of Metabolite l_c.



Figure B36. The l3C-NMR spectrum of Metabolite lc.



Figure B37. The DEPT spectrum of Metabolite J_c.
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Figure B38. The gCOSY spectrum of Metabolite lc.
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Figure B39. The gNOESY spectrum of Metabolite lc
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Figure B40. The gHMBC spectrum of Metabolite lc.
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Figure B41. The gHSQC spectrum of Metabolite lç.





Figure B43. The IR spectrum of Metabolite Id
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Figure B44. The 'H-NMR spectrum of Metabolite Id.
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Figure B45. The 3C-NMR spectrum of Metabolite Id.
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Figure B46. The gCOSY spectrum of Metabolite Id.
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Figure B47. The gHMBC spectrum of Metabolite IdL
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Figure B48. The gHSQC spectrum of Metabolite Id.
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Figure B49. The LC-MS spectrum of Metabolite Id
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Figure B51. The 'H-NMR spectrum of Metabolite le.
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Figure B52. The l 3C-NMR spectrum of Metabolite le,
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Figure D53. The gCOSY spectrum of Metabolite le.
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Figure B54. The HMBC spectrum of Metabolite le.
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Figure B55. The gHSQC spectrum of Metabolite le.
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Figure B56. The LC-MS spectrum of Metabolite le.
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Figure B57. The IR spectrum of Metabolite if.
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Figure B58. The 'H-NMR spectrum of Metabolite If.
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Figure B59. The l3C-NMR spectrum of Metabolite If.



Figure B60. The DEPT spectrum of Metabolite If.
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Figure B66. The IR spectrum of Metabolite 2a.
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Figure B67. The 'H-NMR spectrum of Metabolite 2a.
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Figure B68. The l3C-NMR spectrum of Metabolite 2a
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Figure B69. The DEPT spectrum of Metabolite 2a



Figure B70. The gNOESY spectrum of Metabolite 2a



Figure B71. The gHMBC spectrum of Metabolite 2a.



Figure B72. The gHSQC spectrum of Metabolite 2a.
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Figure B75. The 'H-NMR spectrum of Metabolite 2b.
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F/ - Aĉ 'S* *
D r . « , ,ท.F*3K ระ3USK PBOIO ? r »12 ะ►ร*'3fc£!5
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Figure B77. The DEPT spectrum of Metabolite 2b.
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Figure B80. The gHMBC spectrum of Metabolite 2b.
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Figure B81. The gHSQC spectrum of Metabolite 2b.
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Figure B82. The GC-MS spectrum of Metabolite 2b.



Figure B83. The IR spectrum of Metabolite 2c.

ooCm



! s  B  r ?  «  ®  r ?  5  “  8> * r\ «v> ‘•ท# «~t» <T« *,f «"นุ y  » «J,#, *«"» (fO «ทนิ trt »4* *»"• *ar o* *4»• r» แ*"» <*» c* r-* (N» "r» **•■» «—» «r» X** พฺร่ •ะ*' «ะ» V» (ๆ »ๆ «ทรุเ 'นะ# «£ï «SK <*•> r» r'งฺ »' • เ ท ่พ ุ r i  w  «N» «NI «••* «£* O  «y». *st* «al «นิ,* I »'•« ♦ 'นิ «
'•* r .  *** «r* «“■ะ- «*• t“* *«» นุ<> ฬฺ» ฬ ฺ %gy ay %xy «Tl y»  พ'"» •ท *A «พ1ร ^ ร ^ ^

♦ "•* et» <o m  ะนุ«- r<4 #*» «» «4» «ara *4* «ur* •*1พ่» <-■ •« ï-1 t~ e~% trt O  «•ฯ»» ๙» •น, Nr I*-; O'* ( f . « *•••■4 «K ■ รุ»*, f*> **>« or* «■ •ะ* er< น»\£> ๆ ท#- «*. rs»*, นุK> <~* นิ» ท-* —7" li*» «-7- t ■ I <■•■"» 0 1  ร*«ะะ'* •1'** «rr เพ *1'»* • « ô» <■*** •«“รุ ■ *#• «■ •# rr* f -  t  .'•ร'» t«  «*•-» f-* *r»r - ïr» r-- K.i r  นุ #ri »i» ท.- *i» เนิ. «■ นุ •£> <o NT <*4 O  •รุ» <26 *• « y* M> * « 03 **> r** r~ «รุ« M3 รุ่-* «'รุ» sa» '๙* รุ!รุ» r -  t-จุ«N. «y» NC» viî «SK «ri r>* iNi ๙» <o *• ♦ งฺรุ to o  r*;» f~ ♦ รุ* o  นุ? ร ุ*y» พุ» รุ๙' ๙» «รุรุ รุ่รุ* รรุรุ ÿ» rรุ นุ» รุ่̂  r» *"** «2» นุ» •รุ*o  *yi «*»• «••นุ» «N» i-i «~4 ♦ 'นิ o  -o o  «00 พ้ «รํทิ ■ นุ# •นิ',, «•ะ,นุ «รุ». o» «ท *๙» ».« นุ*» 1.ท พ-» «ท พ » «'นุ «■•■•* *•-* «นุ .ท''» ท~« •*-๙ พ  <*๙

^ ะ ^ !

J J ____ At
j M

ô ■
' i

o o  
. ■•<

N  m \ \  1çนุ่ j._♦ *30 น * th\ ùn< 1*0KO J «T» •..«นุ Un- «T» I «•นุ’''. I !*“»
va l ir

Oi?.:<sM ผเiâ  p & ê i & z t n&ฒร d i v i n s
Lt-ÜQ- K2
t to s x m i
ท  แ*เท ่ m  ? *M M %  w;.ê
24t«.
H i æ 1-38
: t m m m พ ^
ป ี& & î  œ  X i û t i r n
&3UHMÙ t ç î û
•ะ3 i i n^ccrurr
ร^ H
m $-
m i 2 m ,  m m
r s m s s s n m n u lis
พ l A n r n f m e
m i m
m m  . m m z c
พ 2 2 i . n u r n e
V i m # %
SI i..CM»OÎ» s e t
?i tüSéC
รm i 2 5 : . u u : ^ m s
m r : u m m
f t  ■ PUMAS* ISC
SI « 2  พ
ft? J  âèodôd m*ฬร?ฬ EH
?ริIl 0
น? o.>0 îfîGÊ
K l.OÎ»
10 UXK Püs* f  aï.arวรุะ๕ะ £
ex. 20. oa sa
n r ะÔ.0S3 Pï*s
ท m u  ท Ht
m :.m * ù
ท 2 ฬ < ท H,t
n r m 9  m m y}f}><ZT'
I2CH w  m m

ฯ , ' • 51'r ‘

Figure B84. The 'H-NMR spectrum of Metabolite 2c.
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Figure B85. The l3C-NMR spectrum of Metabolite 2c.
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Figure B86. The DEPT spectrum of Metabolite 2c.
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Figure B87. The gNOESY spectrum of Metabolite 2c,
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Figure B88. The gHMBC spectrum of Metabolite 2c.



Figure B89. The gHSQC spectrum of Metabolite 2c.



Figure B90. The GC-MS spectrum of Metabolite 2c,



A P P E N D IX  c

Table C1. Crystal data and structure refinement for metabolite 1c.

Empirical formula C"20 3̂0 O4

Formula weight 334.44
Temperature 293(2)K
Wavelength 0.71073 À
Crystal system, space group orthorhombic, P2(1) 2(1) 2(1)
Unit cell dimensions a =  7.8825(10) À alpha = 90 deg. 

b = 11.1507(15) À beta = 90 deg. 
c = 21.621(3) À gamma = 90 deg

Volume 1900.4(4) À3
z, Calculated density 4, 1.169 Mg/m3
Absorption coefficient 0.080 mm"1
F(000) 728
Theta range for data collection 2.05 to 26.37 deg.
Index ranges -9 <  h <9, -13 <  k <13, -27 <  I <26
Reflections collected / unique 15283/3877 [R(int) = 0.0202]
Completeness to theta 26.37 100.0%
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3877/ 0 / 330
Goodness-of-fit on F2 1.056
Final R indices [I > 2sigma(l)] R1 = 0.0431, wR2 = 0.1129
R indices (all data) R1 = 0.0452, wR2 = 0.1148
Absolute structure parameter 0.00
Extinction coefficient 0.0033(15)
Largest diff. peak and hole 0.285 and -0.244 e. À'3



T a b le  C 2 . B o n d  l e n g th s  (Â) fo r m e ta b o l i t e  I s .

Bond lengths (À)

C (1 )-C (2 ) 1.536 (2)
C (1 )-C (3 ) 1.5611 (19)
C (1)-C (9 ) 1.566 (2)
C(1) - C(13) 1.575 (2)
C(2) - H(21) 1.00 (2)
C(2) - H(22) 0.92 (2)
C(2) - H(23) 0.99 (2)
C (3 ) -0 (1 ) 1.4355 (19)
C(3) - C(4) 1.519 (2)
C(3) - H(3) 0 .985 (1 7 )
C(4) - C(5) 1.506 (3)
C(4) - H(41) 0.93 (2)
C(4) - H(42) 0.92 (2)
C(5) - C(6) 1.530 (2)
C (5 )- H(51) 0.99 (2)
C(5) - H(52) 0.96 (2)
C(6) - C(8) 1.526 (2)
C(6) - C(7) 1.544 (2)
C(6) - C(9) 1.558 (2)
C (7)-H (71) 1.02 (2)
C(7) - H(72) 0.98 (2)
0 (7 ) - H(73) 0.93 (2)
C(8) - 0 (3) 1.214 (2)
0(8) - 0 (2 ) 1.297 (2)



T a b le  C 2 . B o n d  le n g th s  (Â) fo r m e ta b o l i te  l e .  ( c o n t in u e d )

Bond lengths (Â)

C (9 )-C (1 0) 1.533 (2)
C(9) - H(9) 0.97 (2)
C(10) - C(11) 1.511 (2)
C (10)-H (101) 1.01 (2)
C(10) - H(102) 0.94 (2)
C (11) - 0 (4 ) 1.417 (2)
C (11) - C(12) 1 .519(2)
C (11) - H(11) 0.94 (2)
C(12) - C(17) 1.547 (3)
C(12) - C(18) 1.545 (3)
C(12) - C(13) 1.559 (2)
C(13) - C(14) 1.550 (2)
C (13)-H (13) 0.96 (2)
C(14) - C(15) 1.533 (4)
C(14) - H(141) 0.94 (3)
C(14) - H(142) 0.96 (3)
C(15) - C(16) 1 .524(4)
C(15) - H(151 ) 1.06 (3)
C(15) - H(152) 0.95 (3)
C(16) - C(19) 1.511 (5)
0 (16 ) - C(17) 1.517 (4)
C (16)-H (16) 1.04 (3)
C(17) - H(171) 0.92 (2)
C(17) - H(172) 0.92 (2)



T a b le  C 2 . B o n d  l e n g th s  (A) fo r m e ta b o l i t e  l e .  ( c o n t in u e d )

Bond lengths (A)

C(18) -C (19) 1.516 (4)
C(18) - H(181) 0.93 (3)
C(18) - H(182) 0 .9 7 (3 )
C(19)- C(20) 1.318 (4)
C(20) - H(20A) 0.93 (2)
C(20) - H(20B) 0.93 (2)
0 ( 1 ) -H (1) 0.72 (2)
0 (2 ) - H(2) 0.87 (3)
0 (4 ) - H(4) 0.76 (2)



T a b le  C 3 . B o n d  a n g l e s  ( d e g . )  fo r m e ta b o l i t e  l c .

Angles (deg.) Angles (deg.)
C (2 )-C (1 )-C (3 ) 108.48 (12) C(4) - C(5) - C(6) 114.01 (14)
C (2 )-C (1 )-C (9 ) 112.79 (12) C (4 )-C (5 )-H (5 1 ) 109.50 (12)
C (3 )-C (1 )-C (9 ) 105.90 (12) C(6) - C(5) - H(51) 112.90 (11)

C(2) - C(1) - C(13) 114.35 (13) C(4) - C(5) - H(52) 109.10 (12)
C (3 )-C (1 )-C (1 3 ) 108.72 (12) C(6) - C(5) - H(52) 103.90 (13)
C(9) - C(1 ) - C(13) 106.21 (11) H (5 1 )-C (5 )-H (5 2 ) 107.00 (16)
C(1 ) - C(2) - H(21 ) 112.10 (14) C(8) - C(6) - C(5) 113.22 (13)
C (1 )-C (2 )-H (2 2 ) 111.80 (14) C(8) - C(6) - C(7) 105.00 (15)

H(21) - C(2) - H(22) 107.50 (19) C(5) - C(6) - C(7) 107.43 (15)
C (1 )-C (2 )-H (2 3 ) 110.90 (11) C(8) - C(6) - C(9) 113.17 (13)

H(21) - C(2) - H(23) 111.30 (17) C(5) - C(6) - C(9) 107.81 (13)
H(22) - C(2) - H(23) 102.90 (19) C(7) - C(6) - C(9) 110.04 (14)

0 (1 ) - C(3) - C(4) 108.42 (12) C (6 )-C (7 )-H (7 1 ) 110.10 (17)
0 (1 ) - C(3) - C(1) 112.57 (13) C(6) - C(7) - H(72) 109.20 (15)
0(4) - C(3) - C(1 ) 113.99 (12) H(71) - C(7) - H(72) 113.00 (2)
0 (1 ) - C(3) - H(3) 103.80 (10) C(6) - C(7) - H(73) 113.90 (16)
0(4) - C(3) - H(3) 108.30 (9) H (7 1 )-C (7 )-H (7 3 ) 101.00 (2)
C (1 )-C (3 )-H (3 ) 109.20 (10) H(72) - C(7) - H(73) 109.00 (2)
0(5) - C(4) - C(3) 113.21 (13) 0 (3 ) - C(8) - 0 (2 ) 123.13 (17)

C (5 )-C (4 )-H (4 1 ) 109.30 (13) 0 (3 ) - C(8) - C(6) 120.87 (16)
C(3) - C(4) - H(41) 106.90 (13) 0 (2 ) - C(8) - 0 (6 ) 115.97 (15)
0(5) - 0 (4) - H(42) 110.60 (11) C(10) - C(9) - C(6) 114.23 (13)
C(3) - C(4) - H(42) 109.90 (12) C(10) - C(9) - 0(1 ) 111.13 (13)

H(41) - C(4) - H(42) 106.70 (17) C(6) - C(9) - C(1) 116.56 (12)
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T a b le  C 3 . B o n d  a n g l e s  ( d e g . )  fo r  m e ta b o l i t e  1 c . ( c o n t in u e d )

Angles (deg.) Angles (deg.)
0(10) - C(9) - H(9) 105.40 (12) C(14) - 0(13) - H(13) 107.30 (12)
C(6) - C(9) - H(9) 103.30 (11) C(12) - 0(13) - H(13) 103.00 (12)
C(1) - C(9) - H(9) 104.70 (11) C(1) - C(13) - H(13) 104.10 (12)

C (1 1 )-C (1 0 )-C (9 ) 111.08 (13) C(15) - C(14) - C(13) 116.40 (2)
C( 11 )-C( 1 ๐)-H( 101 ) 109.60 (14) 0(15) -C(14) - H(141 ) 108.40 (15)

C(9) - C(10) - H(101 ) 111.50 (13) C(13) -C(14) - H(141 ) 105.60 (16)
C(11)-C(10)-H(102) 110.30 (12) C(15) -C(14) - H(142) 104.70 (16)

C (9 )-C (1 0 )-H (1 0 2 ) 108.50 (13) C(13) -C(14) - H(142) 114.10 (15)
H( 101 )-C( 1 ๐)-H ( 102) 105.60 (17) H(141)-C(10)-H(142) 107.00 (2)
0 (4 ) - C (11) - C(10) 110.46 (14) C(16) - C(15) - C(14) 112.00 (2)
0 (4 ) - C (11) - C(12) 113.38 (14) 0(16) -C(15) - H(151 ) 111.00 (16)

C (1 0 )-C (1 1 )-C (1 2 ) 111.66 (14) C(14) -C(15) - H(151 ) 109.10 (15)
0 (4 ) - C (11) - H(11) 103.20 (13) C(16) -C(15) - H(152) 110.10 (17)
C(10) - C (11) - H(11) 110.80 (12) C(14) -C(15) - H(152) 104.20 (16)
c(1 2 ) - C (11) - H(11 ) 107.00 (12) H(151)-C(15)-H (152) 110.00 (2)
C (11) - C(12) - C(17) 111.38 (16) C(19) - C(16) - H(17) 101.30 (2)
C (11 ) - C(12) - C(18) 110.44 (15) C(19) - C(16) - 0(15) 110.00 (3)
C(17) - C(12) - 0(18) 100.82 (18) C(17) - C(16) - C(15) 108.00 (2)
C (11) - C(12) - C(13) 111.94 (13) C(19) -C(16) - H(16) 111.60 (18)
C(17) - 0 (12 ) - c (1 3 ) 111.72 (15) C(17) -C(16) - H(16) 115.70 (17)
0 (18 ) - C(12) - 0(13) 110.01 (16) C(15) -C (16)-H (16) 109.90 (19)
C(14) - C(13) - C(12) 108.10 (14) C(16) -C(17) - C(12) 102.40 (2)
C(14) - C(13) - C(1) 116.38 (13) C(16) -C(17) - H(171) 110.10 (14)
C(12) - C(13) - C(1) 116.64 (13) C(12) -C(17) - H(171) 113.90 (14)
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T a b le  C 3 . B o n d  a n g l e s  ( d e g . )  fo r m e ta b o l i t e  1 c .  ( c o n t in u e d )

Angles (deg.) Angles (deg.)
C(16)- C(17) -H(172) 109.40 (14) C (2 0 )-C (1 9 )-C (1 6 ) 126.20 (3)
C (12)-C (17) -H(172) 108.40 (14) C(20) - C(19) - C(18) 125.50 (3)
H(171)-C(17)-H(172) 112.00 (2) C(16) - C(19) - C(18) 108.30 (2)
C (1 9 )-C (1 8 )-C (1 2 ) 104.80 (2) C(19) -C(20)- H(20A) 120.00 (0)
C(19)-C(18)-H(181) 110.30 (16) C(19) -C(20)- H(20B) 120.00 (0)
C( 12)-C( 18)-H( 181) 111.60 (17) H(20A)-C(20)-H(20B) 120.00 (0)
C(19)-C( 18)-H(182) 107.90 (17) C(3) -0(1 ) -H (1) 110.00 (2)
C(12)-C(18)-H(182) 110.70 (17) C(8) -0 (2 ) - H(2) 107.40 (18)

H( 181 )-C( 18)-H( 182) 111.00 (3) C (11) -0 (4 ) - H(4) 112.00 (18)
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