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In troduction
Configuration determ inations of novel comp lex nat2

ural p roducts are one of the important challenges in

stereochem istry. X2ray crystallography
[ 1 ]

, circular
dichroism [ 1 ] , NMR analysis of Mosher esters[ 2, 3 ] , and

magnetic op tical rotation etc.
[ 4 ]

, are widely used

methods for configuration identifications. However,
these methods have their own drawbacks. For examp le,

X2ray requires crystal p reparation. Mosher ester synthe2
sis needs a definite quantity of natural compound.

Traditional 2D NMR spectra sometimes cannot give
clear enough correlation relationship s between H—H or

H—C atom s because of serious resonance overlap of

some
1
H signals. Recently, computational methods for

atom ic chem ical shift calculations have been devel2
oped, including GIAO [ 5—9 ] , CSGT and LORG[ 5—9 ]

using HF, DFT orMP2 method
[ 10—12 ]

.

The computations of
13

C NMR spectra have been
widely studied among the 1 H [ 13 ] , 3 He[ 14 ] , 15 N [ 13 ] ,
19

F
[ 15 ]

,
27

A l
[ 15 ]

,
29

Si
[ 16 ]

,
99

Ru
[ 17 ]

and other nucleus

isotopes. Up to now, many valuable computational re2
sults have been achieved in 13 C spectroscopy stud2
ies[ 18—29 ] . These achievements have greatly encouraged

the uses of NMR spectroscopy calculations in the iden2
tification of comp lex natural compounds. Herein lies
the determ ination of configurations of C220 for 5α2ady2
erine derivatives, 1a, 1b to 5a, 5b ( Scheme 1 )

through
13

C NMR spectra computed by means of the

GIAO method at the B3LYP /62311 + G ( 2d, p) level
and app lication of these computed carbon chem ical

shifts and experimental carbon chem ical shifts.

Schem e 1　Structures of f ive pa irs of co2ex isting isom ers
　　　　1a, 1b: R = H; 2a, 2b: R =α2L 2cymaropyranosyl; 3a, 3b: R =β2D 2glucopyranosyl(1 - > 4) 2α2L 2cymaropyranosyl;

4a, 4b: R =β2D 2glucopyranosyl(1 - > 6) 2β2D 2glucopyranosyl(1 - > 4) 2α2L 2cymaropyranosyl;

5a, 5b: R =β2D 2glucopyranosyl(1 - > 6) 2β2D 2glucopyranosyl(1 - > 6) 2β2D 2glucopyranosyl(1 - > 4) 2α2L 2cymaropyranosyl.

　　Molecules of compounds 1a and 1b have more

than one stereogenic centers but differ in configuration
because of only one center at C220 in ring E. Thus, a

different carbon near C220 in compound 1a could have

a different chem ical shift from that of the corresponding

carbon in compound 1b. Therefore, chem ical shift
differences between the carbons near C220 of com2
pounds 1a and 1b would be specific values. If the



chem ical shift values for compounds 1a and 1b and the

chem ical shift differences between those carbons could
be accurately computed, the configuration at C220

could be established by comparing the magnitude of the
computed chem ical shifts and their differences with the

experimental values.
The m ixtures of compounds a and b, and of com2

pounds 3 , 4 and 5 from Parepigynum fun ingense were
reported

[ 30 ]
. To exclude that the m ixtures of a and b

were atrop isomers in solution in this study, the partial
PES computations were done first at the HF /6—31G
( d) level of theory when the single bond C172C20 ro2
tated every 10 degree from 0 to 360 degree. The com2
putation results confirmed that the isomers a and b are
not atrop isomers. However, the absolute configurations
at C220 in compounds a and b were not identified for

compounds 3, 4 and 5 in that study. Recently, the

m ixtures of compounds 1a, and 1b, and compounds
2a, and 2b were, respectively, obtained again. The a
and b m ixtures of compound 3 were separated from

each other successfully. Cardenolides can be used as
antitumor reagents[ 31—33 ] and for treatment of congestive
heart failure[ 34, 35 ] . The derivatives of 5α2adynerin, a

major type in cardenolides, have only been found in
N erium odorum

[ 36 ]
and no bioactivity studies reported.

Correlations of H—H, H—C in 2D NMR spectra can2
not p rovide clear evidence to assign the configuration at

C220 because of the resonance overlap of some
1
H

NMR peaks. Moreover, no crystals have been ob2
tained. Thus, the determ ination of the configuration at

the C220 stereogenic center in these pairs of compounds

becomes a challenge.

Com puta tiona lM ethod
In our p revious study

[ 37 ]
, the HF /3221G

3

( Gaussian 03) level of theory was used to search for
the lowest energy conformations of chiral ligands de2
rived from natural alkaloid abrine, Lancifodilactone G,
the p recursors of transition states in sodium borohydride

reductions, and
13

C NMR computations
[ 38—42 ]

. Here2
in, thismethod was also used to obtain the lowest ener2
gy conformations of each isomer of compounds 1a and

1b. Partial PES analysis was conducted to see whether

compounds a and b were atrop isomers or not at the
HF /6231G ( d ) level when the single bonds of C217
and C220 rotated every 10°from 0°to 350°[ 30 ]

. These

lowest energy conformationswere then further op tim ized
at the HF /6231G ( d ) , B3LYP /6231G ( d ) and
B3LYP /6231 + G ( d, p) levels of theory, respectively.

Four methods, methods A to D, were used to compute

the NMR chem ical shifts of
13

C. Method A: the NMR

data were obtained via the B3LYP /62311 + G ( 2d, p)

level of theory on the basis of the B3LYP /6231 + G ( d,

p) 2op tim ized geometries [B3LYP /62311 + G (2d, p) / /

B3LYP /6231 + G( d, p) ]. Method B: the NMR values
were calculated via B3LYP /62311 + G ( 2d, p ) / /

B3LYP /6231G ( d ). Method C: the NMR magnitudes
were computed via B3LYP /62311 + G ( 2d, p ) / /HF /

6231G( d). Method D: the NMR chem ical shifts were
calculated via HF /6231G ( d ) / /HF /6231G ( d ). The

differences in chem ical shifts were obtained by subtrac2
ting the 13 C chem ical shift of compound 1b from the
corresponding chem ical shift in compound 1a. After

these calculations, the slope and intercep t of the least2
squares correlation line were used to scale GIAO iso2
top ic absolute shieldings to obtain the new p redicted
chem ical shifts. These computed chem ical shift differ2
ences were then compared, respectively, with those

from experimental
13

C NMR data to determ ine the C220
configuration in compounds 1—3.

Results and D iscussion
The dried root fraction of Parepigynum fun ingense

was extracted with 75% aqueous ethanol three times

under reflux. The m ixtures of compounds 1a and 1b,
and compounds 2a and 2b were obtained from the etha2
nol extraction by flash column chromatography on silica

gel. Pure compounds 3a and 3b were obtained from

the extraction. The
1
H and

13
C NMR data are summa2

rized in Tables 1 and 2, respectively. Determ ining the

absolute configuration at C220 in compounds a and b
has not been achieved because the key evidence from
the correlations of H221 (p rotons on C221) , H222 with
H212, H216 and H218 and others in ROESY spectra

are not clear. A lso, the chem ical shifts of Hα212 (δ
0186 in a ) or Hβ212 (δ0191 in a ) and H218 (δ0190

in a ) have very sim ilar magnitudes in 2D NMR spec2
tra. A ll of these p roblem s p revented the identification
of which isomer, a or b, had the R configuration at C2
20 and which had the S configuration. Thus, the com2
putations of

13
C NMR spectra were carried out with

compounds 1a and 1b as the rep resentatives to exam ine

the pertinent chem ical shift differences. The B3LYP /

6231 + G ( d, p) , B3LYP /6231G ( d ) and HF /6231G
( d) 2op tim ized structures were selected for the compu2
tations of 13 C NMR through GIAO method at the
B3LYP /62311 + G ( 2d, p ) level, respectively

[ 5—9 ]
.

HF /6231G( d ) theory (method D ) was also used to

compute the
13

C NMR spectra. In the light of the con2
venience of reading for experimental researchers, all of

the magnetic shielding values for compounds 1a and 1b
were converted into chem ical shifts in which TMS was
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used as the inner standard. These calculated chem ical shift values are summarized in Table 3.
Table 1　13 C chem ica l sh ifts(δ) for a ll carbon s in com pounds 1—3

C 1a /1b 2a /2b 3a 3b C 1a /1b 2a /2b 3a 3b

C21 3713 3710 3711 3711 C221 7214 /7218 7214 /7217 7215 7218

C22 2710 2510 2511 2511 C222 3412 /3411 3411 3412 3411

C23 7018 7512 7513 7513 C223 17617 /17713 17617 /17712 17619 17712

C24 7613 7214 7214 7214 CH3 CO— 17110 17016 17018 17017

C25 4718 4713 4711 4711 CH3 CO— 2111 2110 2111 2110

C26 2411 2319 2319 2410 Cymarosyl

C27 3213 3213 3213 3213 C21′ 9419 9419 9419

C28 6412 6412 6412 6412 C22′ 3118 3117 3118

C29 5112 5112 5111 5112 C23′ 7313 7312 7313

C210 3715 3715 3715 3716 C24′ 7613 7814 7814

C211 1612 1612 1612 1612 C25′ 6611 6419 6510

C212 3713 /3717 3713 /3717 3713 3717 C26′ 1816 1815 1814

C213 4019 /4111 4019 /4111 4019 4112 OMe23′ 5613 5614 5613

C214 7018 /7017 7018 /7017 7018 7018 Glucosyl

C215 2716 2715 2716 2716 C21″ 10119 10211

C216 2619 /2519 2619 /2518 2710 2519 C22″ 7515 7515

C217 5417 5417 5417 5418 C23″ 7816 7816

C218 1518 /1519 1517 /1518 1518 1519 C24″ 7118 7119

C219 1513 1511 1512 1512 C25″ 7817 7818

C220 3810 /3716 3810 /3716 3811 3716 C26″ 6310 6311

Table 2　1 H NM R da ta( 500 M Hz) of com pounds 1—3

1a /1ba 2a /2bb 3ab 3bb

H (C23) 3189 (m) 3178 (m) 3177 (m) 3177 (m)

H (C24) 5160 ( br, s) 5147 ( br, s) 5144 ( br, s) 5144 ( br, s)

H (C25) 1145c 1127c 1126c 1126c

Hα (C212) 0186c /0191c 0186c /0192c 0186c 0192c

Hβ (C212) 1129c /1140c 1131c /1142c 1131c 1141c

Hα (C216) 1183c 1182c 1183c 1183c

Hβ (C216) 1142c /1136c 1141c /1136c 1142c 1136c

H (C217) 1136 (m) 1134 (m) 1134 (m) 1134 (m)

Me (18) 0190 ( s) 0189 ( s) 0189 ( s) 0189 ( s)

Me (19) 1127 ( s) 1123 ( s) 1122 ( s) 1122 ( s)

H (C220) 2143 /2141 (m) 2143 /2141 (m) 2143 (m) 2141 (m)

Hα (C221) 3189 /3184 ( t, J = 819) 3188 /3181 ( t, J = 910) 3188 ( t, J = 912) 3181 ( t, J = 912)

Hβ (C221) 4144 /4133 ( t, J = 811) 4143 /4133 ( t, J = 813) 4143 ( t, J = 810) 4133 ( t, J = 810)

Hα (C222) 2153 /2165 ( dd, J = 1612, 717) 2153 /2164 ( dd, J = 1612, 715) 2153 ( dd, J = 1612, 717) 2165 ( dd, J = 1613, 715)

Hβ (C222) 2129c 2128c 2129c 2129c

CH3 CO— 2103 ( s) 2110 ( s) 2107 ( s) 2107 ( s)

H (C21′) 5117 ( br, s) 5116 ( br, s) 5117 ( br, s)

H (C26′) 1152 ( d, J = 613) 1145 ( d, J = 614) 1145 ( d, J = 615)

OMe (3′) 3137 ( s) 3140 ( s) 3143 ( s)

H (C21″) 5101 ( d, J = 715) 4198 ( d, J = 716)

Hα (C26″) 4136 ( dd, J = 1210, 510) 4138 ( dd, J = 1115, 512)

Hβ (C26″) 4155 ( dd, J = 1210, 210) 4156 ( dd, J = 1115, 212)

　　a. In CDCl3 ; b. in C5D5N; c. overlapp ing with other signals.

Table 3　Ca lcula ted carbon chem ica l sh ift va lues using four m ethods and the exper im en ta l magn itudes

C
Calculatedδvalues for 1a and 1b (δcal, 1a /δcal, 1b )

Method Aa Method Ba Method Ca Method Da

Experimental

δexp, 1a /δexp, 1b

C21 4118 /4112 4118 /4112 3917 /3917 3015 /3015 3713 /3713

C22 3114 /3114 3115 /3116 2911 /2819 2314 /2314 2710 /2710

C23 7614 /7614 7516 /7516 7210 /7119b 5916 /5916 7018 /7018

C24 8114 /8115 8018 /8019 7519 /7611 6513 /6513 7613 /7613

　　Continued to next page.
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C
Calculatedδvalues for 1a and 1b (δcal, 1a /δcal, 1b )

Method Aa Method Ba Method Ca Method Da

Experimental

δexp, 1a /δexp, 1b

C25 5518 /5617 5518 /5617 5312 /5313 3911 /3911 4718 /4718

C26 2714 /2718 2714 /2719 2419 /2511 1916 /1916 2411 /2411

C27 3618 /3710 3619 /3711 3418 /3418 2810 /2810 3213 /3213

C28 6917 /6918 6912 /6916 6316 /6317 4919 /4919 6412 /6412

C29 5710 /5710 5615 /5618 5415 /5416 4116 /4116 5112 /5112

C210 4413 /4419 4319 /4419 4211 /4215 2912 /2912 3715 /3715

C211 2012 /1919 2011 /2010 1718 /1718 1319 /1319 1612 /1612

C212 4115 /4116 4116 /4117 3818 /3911 3110 /3112 3713 /3717

C213 4817 /4818 4814 /4816 4519 /4613 3313 /3316 4019 /4111

C214 7617 /7616 7613 /7613 7014 /7012 5610 /5519 7018 /7017

C215 3216 /3217 3214 /3218 3013 /3013 2410 /2410 2716 /2716

C216 3210 /3013 3117 /3014 2916 /2811 2318 /2216 2619 /2519

C217 6113 /6210 6118 /6119 5910 /5818 4514 /4511 5417 /5417

C218 1516 /1518 1519 /1519 1314 /1313 1311 /1311 1518 /1519

C219 1611 /1612 1613 /1614 1315 /1317 1410 /1411 1513 /1513

C220 4514 /4412 4419 /4413 4315 /4214 3115 /3019 3810 /3716

C221 7515 /7614 7512 /7518 7016 /7116 6015 /6112 7214 /7218

C222 3719 /3715 3718 /3715 3515 /3418 2916 /2910 3412 /3411

C223 18117 /18213 18018 /18117 17310 /17317 16217 /16313 17617 /17713

CH3 C O 17818 /17818 17812 /17814 17011 /17011 16017 /16017 17110 /17110

CH3 C O 2117 /2117 2117 /2119 1916 /1917 2010 /2010 2111 /2111

　　a. Method A: the NMR data were obtained at the B3LYP /62311 + G(2d, p) level of theory on the basis of the B3LYP /6231 + G( d, p) 2op tim ized ge2
ometries[B3LYP /62311 + G ( 2d, p) / /B3LYP /6231 + G ( d, p) ] ; method B: B3LYP /62311 + G ( 2d, p) / /B3LYP /6231G ( d ) ; method C: B3LYP /

62311 + G(2d, p) / /HF /6231G( d) ; method D: HF /6231G( d) / /HF /6231G( d) . b. The bold data are located in the window ofδexp ±210.

　　The trends of the computed chem ical shifts for

compounds 1a and 1b were sim ilar with those observed

in the experiment via all the four methods. However,
the maximum errors by methods A, B and D were very

high ( e. g. , δ810—817 of C25 in Table 3 using four

methods). Only method C p roduced the m inimum er2
rors among the four methods. Thus, an emp irical

method reported by Fosyth et a l.
[ 43, 44 ] was used to cor2

rect the chem ical shifts. The slope and intercep t of the

least2squares correlation line were used to scale GIAO
isotop ic absolute shieldings to obtain the new p redicted

chem ical shifts. The new data are summarized in

Table 4. After the corrections, methods A and B have

almost the same p rediction accuracy, the numbers of
the chem ical shifts whose magnitudes were in the win2
dow ofδexp ±210 were 16 (67% ). There were 56% of

the data located in the window ofδexp ±210 using
method C. Method D gave the poorest p rediction even

if the data were corrected, only 40% of the data were

located in the range ofδexp ±210. The maximum error

decreased fromδ817 to 411 by method A.

Table 4　Corrected chem ica l sh ifts for com pounds 1a and 1b w ith slope and in tercept of lea st2squares correla tion line

C
Calculatedδvalues for compounds 1a and 1b (δcal, 1a /δcal, 1b )

Method Aa Method Ba Method Ca Method Da

Experimental

δexp, 1a /δexp, 1b

C21 3713 /3617b 3714 /3618b 3810 /3810b 3618 /3618 3713 /3713

C22 2712 /2712 2713 /2712 27 3 /2710 2912 /2912 2710 /2710

C23 7111 /7111 7017 /7017 7019 /7018 7010 /7010 7018 /7018

C24 7610 /7611 7518 /7519 7510 /7512 7411 /7411 7613 /7613

C25 5110 /5119 5112 /5111 5118 /5119 4610 /4610 4718 /4718

C26 2313 /2317 2313 /2318 2219 /2311 2511 /2511 2411 /2411

C27 3214 /3216 3216 /3218 3310 /3310 3411 /3411 3213 /3213

C28 6416 /6417 6414 /6417 6214 /6215 5716 /5716 6412 /6412

C29 5212 /5212 5119 /5212 5310 /5311 4817 /4817 5112 /5112

C210 3918 /4014 3915 /4015 4015 /4019 3514 /3514 3715 /3715

C211 1612 /1511 1611 /1610 1517 /1517 1910 /1910 1612 /1612

C212 3710 /3711 3713 /3713 3711 /3714 3713 /3715 3713 /3717

C213 4411 /4412 4319 /4411 4414 /4418 3918 /4011 4019 /4111

C214 7114 /7113 7114 /7114 6914 /6912 6411 /6410 7018 /7017

C215 2814 /2813 2812 /2816 2814 /2814 2918 /2918 2716 /2716

　　Continued to next page.
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C
Calculatedδvalues for compounds 1a and 1b (δcal, 1a /δcal, 1b )

Method Aa Method Ba Method Ca Method Da

Experimental

δexp, 1a /δexp, 1b

C216 2718 /2611 2715 /2612 2717 /2612 2916 /2813 2619 /2519

C217 5614 /5711 5711 /5712 5717 /5715 5218 /5214 5417 /5417

C218 1117 /1119 1210 /1210 1112 /1111 1812 /1812 1518 /1519

C219 1212 /1213 1214 /1215 1113 /1115 1911 /1912 1513 /1513

C220 4019 /3917 4015 /3919 4119 /4018 3719 /3712 3810 /3716

C221 7013 /7111 7013 /7019 6916 /7016 6819 /6917 7214 /7218

C222 3315 /3310 3315 /3312 3317 /3310 3512 /3512 3412 /3411

C223 17410 /17416 17410 /17419 17411 /17418 17814 /17910 17617 /17713

CH3 C O 17112 /17112 17115 /17117 17112 /17112 17612 /17612 17110 /17110

CH3 C O 1717 /1717 1717 /1719 1715 /1716 2515 /2515 2111 /2111

　　a. Method A: the NMR data were obtained at the B3LYP /62311 + G(2d, p) level of theory on the basis of the B3LYP /6231 + G( d, p) 2op tim ized ge2
ometries[B3LYP /62311 + G ( 2d, p) / /B3LYP /6231 + G ( d, p) ] ; method B: B3LYP /62311 + G ( 2d, p) / /B3LYP /6231G ( d ) ; method C: B3LYP /

62311 + G(2d, p) / /HF /6231G( d) ; method D: HF /6231G( d) / /HF /6231G( d) . b. The bold data are located in the window ofδexp ±210.

　　Because compounds 1a and 1b were a pair of iso2
mers, the chem ical shift difference, Δδcal , was estab2
lished by subtracting the specific chem ical shift in com2
pound 1b from the corresponding value in compound

1a. Owing to the fact that the systematic errors were

removed on taking these differences, the computed

Δδcal magnitudes could be compared with those ob2
tained from the measured chem ical shift difference
Δδexp obtained from the

13
C NMR spectra. The magni2

tudes of these chem ical shift differences are listed in

Table 5. The experimental chem ical shift differences of
13

C for compounds 1 to 3 are also listed in Table 5.
Table 5　Chem ica l sh ift d ifferences of the selected carbon s in com pounds 1 to 3a

C in

a and b

CalculatedΔδcal /CorrectedΔδcal for (1a—1b) b

Method A Method B Method C Method D

ExperimentalΔδexp
a

1a—1b 2a—2b 3a—3b

C212 - 011 / - 011 + 011 /0 - 013 / - 013 - 012 / - 012 - 014 - 014 - 014

C213 - 011 / - 011 - 012 / - 012 - 014 / - 014 - 013 / - 013 - 012 - 012 - 013

C214 + 011 / + 011 0 /0 + 012 / + 012 + 011 / + 011 + 011 + 011 010

C216 + 117 / + 117 + 113 / + 113 + 115 / + 115 + 112 / + 113 + 110 + 111 + 111

C217 - 017 / - 017 - 011 / + 016 + 012 / + 012 + 013 / + 014 010 010 - 011

C220 + 012 / + 112 + 016 / + 111 + 111 / + 111 + 016 / + 017 + 014 + 014 + 015

C221 - 019 / - 018 - 016 / - 016 - 110 / - 110 - 017 / - 018 - 014 - 014 - 013

C222 + 014 / + 015 + 013 / + 013 + 017 / + 017 + 016 /0 010 010 + 011

C223 - 016 / - 016 - 019 / - 019 - 017 / - 017 - 017 / - 016 - 016 - 015 - 013

　　a. The experimentalΔδexp for compounds 4 and 5 are almost the same as the data of 1 to 3 listed here. See Ref. [ 16 ] for details. b. Here xa—xb

means that differences in chem ical shifts were obtained by subtracting the 13 C chem ical shifts of xb from the corresponding chem ical shifts in xa , x = 1,

2, 3.

　　On the basis of the comparison of the computed
chem ical shifts(δcal ) and their differences (Δδcal ) with
the experimental data together (δexp , Δδexp ) , it was
found that both of the patterns ofδcal values ( Tables 3
and 4) andΔδcal ( Table 5) are almost the same as the
experimental ones. Therefore, the configuration at
C220 can be established. It is S configuration at C220
in compound a and R configuration in compound b for
all compounds 1 to 3.

The four methods need different computation time
and have different computation accuracies. Method A,
B3LYP /62311 + G ( 2d, p) / /B3LYP /6231 + G ( d, p) ,
is the most expensive computation. Even so, it did not
give the nearest p redictions of the chem ical shifts(δcal )

and the chem ical shift differences(Δδcal ) to the experi2
mental results (δexp ,Δδexp ). In contrast, it p roduced
the largest p rediction errors among the four methods.
In most cases, it had 4 chem ical shifts (δcal ) bigger

than the experimental values ( Table 3, from C21 to

C217, and C220, C223, C224 ). In some cases, the
p rediction errors increased to aboutδ8 ( Table 3, C25
and C213). Method B, which used B3LYP /62311 +
G (2d, p) / /B3LYP /6231G ( d ) theory, needed less

computation time than method A did. This method also
gave big over2estimated chem ical shifts as method A
p redicted ( Table 3 ). However, it gave the good p re2
diction ofΔδcal values ( Table 4 ). Method C needed
much less computation time than methods A and B.
This method gave very goodδcal magnitude ( Table 3).
The errors between the calculatedδcal values and exper2
imentalδexp are normally less thanδ210 in many cases
( see the bold numbers in Table 3 ). It also p rovides
quite goodΔδcal p redictions ( Table 4). Among all the
four methods, method D needed the shortest computa2
tion time and p rovided almost the same goodΔδcal val2
ues as method B or C p redicted. Unfortunately, this
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method gave very poor values of carbon chem ical shift,
δcal. Methods B and D are both reasonable ways for
computing the differences of the carbon chem ical shifts
Δδcal. For examp le, the computedΔδcal values of C216

in compounds 1a and 1b are + 113 and + 112, re2
spectively, using methodsB and D ( Table 5, entry 5) ,
the determ ined value isδ + 110. However, the p redic2
tion accuracy from all the methods could be greatly im2
p roved after the slope and intercep t of the least2squares

correlation line were used to scale GIAO isotop ic abso2
lute shieldings to obtain the new p redicted chem ical

shifts. In view of the routine p ractice use, methods B

and C were recommended for the computations of NMR
magnetic shielding first and then these data could be

corrected by means of slope and intercep t of least2
squares correlation line.

In summary, four methods were used to calculate
the carbon chem ical shifts and then to compute the

differences of the corresponding
13

C NMR between two

isomers( e. g. , compounds a and b). The computed
13

C chem ical shifts and their differences between one
pair of isomers can be compared with the experimental

data for the determ ination of the stereogenic center dur2
ing the identifications of pairs of isomers, especially in

the structure study of comp lex natural p roducts.
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