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The configurations of C-20 in derivativesof novel X -adynerin type, co-existing glycoside in pair, were identified

with the calculated chamical shiftsof carbon at the B3LYP/6-311 + G(2d, p) level
cardic aglyconeswithout the cammon olefin bond in ring E

These glycosides are unusual
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Introduction

Configuration determinationsof novel complex nat-
ural products are one of the mportant challenges in
stereochemistry ~ X-ray crystallogrqahy[”, circular
dichmisn'' , NMR analysis of Mosher esters**' | and
magnetic optical mtation etc 'Y, are widely used
methods for configuration identifications However,
these methods have their ovn drawvbacks For example,
X-ray requires crystal preparation Mogher ester synthe-
sis needs a definite quantity of natural campound
Traditional 2D NMR gectra sametimes cannot give
clear enough correlation relationship s betveen H—H or
H—C atoms because of serious reonance overlgp of
ome'H signals Recently, computational methods for
atomic chemical <ift calculations have been devel-
oped, including GAO" ™', CSGT and LORG™

[10—12]

using HF, DFT orM P2 method

The computations of ** C NMR gectra have been
widely studied anong the * H'*! | *H™ , *® N,
WEBL a2 gl 9 Ry and other nucleus
iotopes Up to now, many valuable computational re-
alts have been achieved in ®C 9ectrosoopy stud-
ies®* ! These achievements have greatly encouraged
the usesof NMR gectrosopy calculations in the iden-
tification of complex natural canpounds Herein lies
the determination of configurations of C-20 for %t -ady-
erine derivatives, la, 1b t 5a, 5b ( Schame 1)
through ** C NMR  pectra computed by means of the
GO method at the B3LYP/6-311 + G (2d, p) level
and goplication of these computed carbon chemical
shifts and experimental carbon chemical shifts

H
AcO b

Schanel Structuresof five pairsof co-existng isomers
la, 1b: R =H; 2a, 2b: R =0 1 -cymaropyranosyl; 3a, 3b: R =3 D-glucopyranosyl (1 - >4) & 1 -cymaropyranosyl;
4a, 4b: R =3 D-glucopyranosyl (1 - >6) B -D-glucopyranosyl (1 - >4) & 1 -cymaropyranosyl;
5a, 5b: R =B D-glucopyranosyl (1 - >6) D -glucopyranosyl (1 - >6)  -D-glucopyranosyl (1 - >4) & 4 -cymaropyranosyl

Molecules of compounds 1la and 1b have more
than one sterengenic centers but differ in configuration
because of only one center at C-20 in ring E Thus a
different carbon near C-20 in campound 1a could have

a different chamical shift fran that of the corregponding
carbon in compound 1hb  Therefore, chamical ift
differences betveen the carbons near C-20 of com-
pounds 1la and 1b would be gecific values If the
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chamical shift valuesfor canpoundsla and 1b and the
chanical shift differences betveen those carbons could
be accurately computed, the configuration at C-20
could be established by comparing the magnitude of the
computed chemical shifts and their differenceswith the
expermental values

The mixtures of canpoundsa and b, and of com-
pounds3, 4 and 5 fran Parepigynum funingense were
reported ™. To exclude that the mixtures of a and b
were atropisomers in lution in this study, the partial
PES computations were done first at the HF/6—31G
(d) level of theory when the single bond C17-C20 ro-
tated every 10 degree fram O to 360 degree The com-
putation results confimed that the ismersa and b are
not atropisomers However, the abslute configurations
at C-20 in compounds a and b were not identified for
campounds 3, 4 and 5 in that study Recently, the
mixtures of compounds 1a, and 1b, and compounds
2a, and 2b were, regectively, obtained again The a
and b mixtures of compound 3 were sparated fram
each other succesfully Cardenolides can be used as
antitumor reagents® > and for treament of congestive
heart failurd®*'. The derivatives of BX -adynerin, a
major type in cardenolides, have only been found in
Nerium odorum'®' and no bioactivity studies reported
Correlationsof H—H, H—C in 2D NMR gectra can-
not provide clear evidence o assign the configuration at
C-20 because of the remnance overlap of sme 'H
NMR peaks Moreover, no crystals have been ob-
tained Thus the detemination of the configuration at
the C-20 stereogenic center in these pairsof canpounds
becames a challenge
Camputational M ethod

In our previous sudy®', the HF/3-21G’
(Gaussian 03) level of theory was used o search for
the lowest energy conformations of chiral ligands de-
rived fram natural alkaloid abrine, L ancifodilactone G,
the precurrsof transition states in ©dium borohydride
reductions, and ® C NMR computations® . Here-
in, thismethodwas al® used o obtain the lonvest ener-
gy confomations of each isimer of campounds 1a and
1b Partial PES analysiswas conducted o see whether
campounds a and b were atropisomers or not at the
HF/6-31G (d) level when the single bonds of C-17
and C-20 rotated every 10° from 0° 1 350°*"". These
lovest energy conformationswere then further optmized
at the HF/6-31G (d), B3LYP/6-31G (d) and
B3LYP/6-31 +G(d, p) levelsof theory, repectively.
Four methods, methodsA to D, were used t compute
theNMR chamical shiftsof °C Method A: the NMR

data were obtained via the B3LYP/6-311 + G(2d, p)
level of theory on the basisof theB3L YP/6-31 + G(d,
p) -optimized geometries [B3LYP/6-311 + G(2d, p) //
B3LYP/6-31 +G(d, p) ]. MethodB: the NMR values
were calculated via B3LYP/6-311 + G (2d, p) //
B3LYP/6-31G(d). Method C: the NMR magnitudes
were computed via B3LYP/6-311 + G (2d, p) //HF/
6-31G(d). Method D: the NMR cheamical shiftswere
calculated via HF/6-31G (d) //HF/6-31G (d). The
differences in chemical shiftswere obtained by subtrac-
ting the * C chamical sift of campound 1b from the
correponding chemical shift in compound la After
these calculations, the slope and intercept of the least-
guares correlation line were used o scale GAO -
topic abolute shieldings o obtain the nev predicted
cheamical shifts These computed chemical shift differ-
ences were then compared, regpectively, with those
from experimental > C NMR data to detemine the C-20
configuration in compounds 1—3
Reaultsand D iscussion

The dried root fraction of Parepigynum funingense
was extracted with 75% aqueous ethanol three times
under reflux The mixtures of compounds 1a and 1b,
and canpounds2a and 2b were obtained fran the etha-
nol extraction by flash column chramatogrgphy on silica
gel Pure compounds 3a and 3b were obtained from
the extraction The'H and *C NMR data are smmar
rized in Tables1 and 2, regpectively Detemining the
abolute configuration at C-20 in compounds a and b
has not been achieved because the key evidence fram
the correlations of H-21 (protonson C-21) , H-22 with
H-12, H-16 and H-18 and others in ROESY gectra
are not clear Al®, the chamical shifts of H, -12 ©
0.86 ina) orH -120@ 0.91 ina) and H-18©® 0.90
ina) have very smilar magnitudes in 2D NMR gec-
tra All of these problans prevented the identification
of which ismer, a or b, had the R configuration at C-
20 and which had the S configuration Thus, the com-
putations of > C NMR ectra were carried out with
campounds 1a and 1b as the representatives to exanine
the pertinent chemical <hift differences The B3LYP/
6-31+G(d, p), B3LYP/6-31G(d) and HF/6-31G
(d) -optimized structureswere selected for the compu-
tations of * C NMR through GAO method at the
B3LYP/6-311 + G (2d, p) level, repectively* ™.
HF/6-31G(d) theory (method D) was al® used
compute the *C NMR sectra In the light of the con-
venience of reading for experimental researchers, all of
the magnetic shielding values for compounds 1a and 1b
were converted into chemical sifts in which T™M Swas



594 CHEM. RES CHNESEU. Vol 23
used as the inner standard These calculated chamical <hift values are sammarized in Table 3
Tablel ®C chemical shifts®) for all carbons h campounds1—3
C la/lb 2a/2b 3a 3b C la/1b 2a/2b 3a 3b
c-1 37.3 37.0 37.1 37.1 c-21 72.4172.8  T2.4172.7 72.5 72.8
c2 27.0 25.0 25.1 25.1 Cc-22 34.2/34.1 34.1 34.2 34.1
c3 70.8 75.2 75.3 75.3 c-23 176.7/177.3 176.7/177.2  176.9 177.2
C-4 76.3 72.4 72.4 72.4 CH,CO— 171.0 170.6 170.8 170.7
c5 47.8 47.3 47.1 47.1 CH;00— 21.1 21.0 21.1 21.0
c6 24.1 23.9 23.9 24.0 Cymansy!
c-7 32.3 32.3 32.3 32.3 c-1 94.9 94.9 94.9
c-8 64.2 64.2 64.2 64.2 c2' 318 31.7 31.8
c9 51.2 51.2 51.1 51.2 c3' 73.3 73.2 73.3
C-10 37.5 37.5 37.5 37.6 c-4' 76.3 78.4 78.4
c-11 16.2 16.2 16.2 16. 2 cs' 66. 1 64.9 65. 0
c-12 37.3/37.7 37.3/37.7 37.3 37.7 c-6' 18.6 18.5 18. 4
C-13 40.9/41.1  40.9/41.1 40.9 41.2 OMe3' 56.3 56. 4 56. 3
C-14 70.8/70.7  70.8/70.7 70.8 70.8 Glucogy!
c-15 27.6 27.5 27.6 27.6 c-1" 101.9 102.1
C-16 26.9/25.9  26.9/25.8 27.0 25.9 c2" 75.5 75.5
c-17 54.7 54.7 54.7 54.8 c3" 78.6 78.6
c-18 15.8/15.9  15.7/15.8 15.8 15.9 c-4" 71.8 71.9
C-19 15.3 15.1 15.2 15. 2 c5" 78.7 78.8
C-20 38.0/37.6 _ 38.0/37.6 38.1 37.6 Cc6" 63.0 63. 1
Table2 'H NV R data(500M Hz) of campounds1—3
la/1b? 2a/2b® 3a" 3b°
H(C-3) 3.89(m) 3.78(m) 3.77(m) 3.77(m)
H(C-4) 5.60(br, 9 5.47(br, 9 5.44(br, 9 5.44(br, 9
H(C5) 1. 45° 1.27° 1. 26° 1. 26°
H (C-12)  0.86°/0.91° 0.86°/0.92° 0. 86° 0.92°
H (C12)  1.29°/1. 40° 1.31°/1. 42° 1.31° 1.41°
H (C-16) 1.83° 1.82° 1.83° 1.83°
H (C-16)  1.42°/1.36° 1. 41°/1. 36° 1.42° 1. 36°
H(C-17) 1.36(m) 1.34(m) 1.34(m) 1. 34(m)
Me(18) 0.90(9 0.89(9 0.89(9 0.89(9
Me(19) 1.27(9 1.23(9 1.22(9 1.22(9
H (C-20) 2.43/2.41(m) 2.43/2.41(m) 2.43(m) 2.41(m)
H, (C21) 3.89/3.84(t J=8.9) 3.88/3.81(t, J=9.0) 3.88(t, J=9.2) 3.81(t, J=9.2)
H (C21)  4.44/4.33(t, J=8.1) 4.43/4.33(t, J=8.3) 4.43(t, J=8.0) 4.33(t, J=8.0)
H, (C22) 2.53/2.65(dd, J=16.2, 7.7) 2.53/2.64(dd, J=16.2, 7.5) 2.53(dd, J=16.2, 7.7)  2.65(dd, J=16.3, 7.5)
H (C22)  2.29° 2.28° 2.29° 2.29°
CH;CO—  2.03(9 2.10(9 2.07(9 2.07(9
H(C1") 5.17(br, 9 5.16(br, 9 5.17(br, 9
H(C6') 1.52(d, J=6.3) 1.45(d, J=6.4) 1.45(d, J =6.5)
oMe(3') 3.37(9 3.40(9 3.43(9
H(C-1" 5.01(d, J=7.5) 4.98(d, J=7.6)
H, (C6") 4.36(dd, J=12.0, 5.0)  4.38(dd, J=11.5, 5.2)
H (C6") 4.55(dd, J=12.0, 2.0) _ 4.56(dd, J=11.5, 2.2)
a InC@DCl;; h inCsDsN; ¢ overlgppingwith other signals
Table 3 Calculated carbon chem ical shift values usng four methodsand the exper mental magn itudes
c Calculatedd values for 1a and 1b @y, 1 B car, 1) Experimental
Method A® M ethod B* M ethod C* M ethod D? O op, 12 P op. 10
c-1 41.8/41.2 41.8/41.2 39.7/39.7 30.5/30.5 37.3/37.3
c-2 31.4/31. 4 31.5/31.6 29.1/28.9 23.4/23. 4 27.0/27.0
c-3 76.4/76. 4 75.6/75.6 72.0/71.9" 59.6/59. 6 70.8/70.8
C-4 81.4/81.5 80.8/80.9 75.9/76.1 65. 3/65. 3 76.3/76.3

Continued t next page
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Calculatedd values for 1a and 1b® o 12 B e, 1) Experimental

© Method A® M ethod B? M ethod C* M ethod D? O op. 12 Pep, 1
C-5 55.8/56.7 55.8/56. 7 53.2/53.3 39.1/39.1 47.8/47.8
C-6 27.4/27.8 27.4/27.9 24.9/25.1 19.6/19.6 24.1/24.1
C-7 36.8/37.0 36.9/37.1 34.8/34.8 28.0/28.0 32.3/32.3
C-8 69.7/69. 8 69.2/69. 6 63.6/63.7 49.9/49.9 64.2/64.2
C9 57.0/57.0 56.5/56. 8 54.5/54.6 41.6/41.6 51.2/51.2
C-10 44.3/44.9 43.9/44.9 42.1/42.5 29.2/29.2 37.5/37.5
Cc-11 20.2/19.9 20.1/20.0 17.8/17.8 13.9/13.9 16.2/16.2
C-12 41.5/41.6 41.6/41.7 38.8/39.1 31.0/31.2 37.3/37.7
C-13 48.7/48. 8 48.4/48.6 45.9/46. 3 33.3/33.6 40.9/41.1
Cc-14 76.7/76.6 76.3/76.3 70.4/70.2 56.0/55.9 70.8/70.7
C-15 32.6/32.7 32.4/32.8 30.3/30.3 24.0/24.0 27.6/27.6
C-16 32.0/30.3 31.7/30. 4 29.6/28.1 23.8/22.6 26.9/25.9
C-17 61.3/62.0 61.8/61.9 59.0/58.8 45.4/45. 1 54.7154.7
C-18 15.6/15.8 15.9/15.9 13.4/13.3 13.1/13.1 15.8/15.9
C-19 16.1/16.2 16.3/16.4 13.5/13.7 14.0/14.1 15.3/15.3
C-20 45.4/44. 2 44.9/44. 3 43.5/42.4 31.5/30.9 38.0/37.6
Cc-21 75.5/76.4 75.2/75.8 70.6/71.6 60.5/61.2 72.4]72.8
Cc-22 37.9/37.5 37.8/37.5 35.5/34.8 29.6/29.0 34.2/34.1

C-23 181.7/182.3 180.8/181.7 173.0/173.7 162.7/163. 3 176.7/177.3

CH;C= 0O 178.8/178.8 178.2/178. 4 170.1/170.1 160. 7/160. 7 171.0/171.0
CH;C= 0O 21.7/21.7 21.7/21.9 19.6/19.7 20.0/20.0 21.1/21.1

a MethodA: theNMR datawere obtained at theB3L YP/6-311 + G(2d, p) level of theory on the basisof theB3L YP/6-31 + G(d, p) -optimized ge-
ametries] B3LYP/6-311 + G(2d, p) //B3LYP/6-31 + G(d, p) ]; method B: B3LYP/6-311 + G(2d, p) //B3LYP/6-31G(d); method C. B3LYP/
6-311 + G(2d, p) / /HF/6-31G(d) ; method D: HF/6-31G(d) //HF/6-31G(d). b The bold data are located in the window of5e)qj +2.0

The trends of the computed chamical <hifts for
campounds 1a and 1b were similar with those observed
in the experiment via all the four methods However,
the maximum errors by methodsA, B and D were very
high(e g , 0 8.0—8.7 of C-5 in Table 3 using four
methods). Only method C produced the minimum er-
rors anong the four methods Thus, an empirical
method reported by Fosyth et al **! wasused © cor-
rect the chemical shifts The slope and intercept of the
least-guares correlation line were used to scale GRO
ioopic abolute shieldings o obtain the nev predicted

chamical «ifts The nev data are summarized in
Table 4 After the corrections, methodsA and B have
aimost the same prediction accuracy, the numbers of
the chemical shiftswhose magnitudeswere in the win-
dow ofd,, +2.0were 16(67%). Therewere 56% of
the data located in the window of 8., £2.0 using
method C. Method D gave the poorest prediction even
if the datawere corrected, only 40% of the datawere
located in the range ofd., £2.Q The maximum error
decreased fraond 8.7 0 4. 1 by method A.

Table4 Corrected chamical shiftsfor canpoundsla and 1b with slope and ntercept of least-squares correlation Ine

Calculatedd values for compounds1a and 1b @ g, 14 B ca, 1) Experimental

c M ethod A2 M ethod B2 M ethod C* M ethod D2 S op. 12 Pop. 1
c1 37.3/36.7" 37.4/36.8" 38.0/38.0° 36.8/36.8 37.3/37.3
c2 27.2/27.2 27.3/27.2 27 3/27.0 29.2/29.2 27.0/27.0
c3 71.1/71.1 70.7/70.7 70.9/70.8 70.0/70.0 70.8/70.8
c4 76.0/76.1 75.8/75.9 75.0/75.2 74.1/74.1 76.3/76.3
c5 51.0/51.9 51.2/51.1 51.8/51.9 46.0/46.0 47.8/47.8
C6 23.3/23.7 23.3/23.8 22.9/23.1 25.1/25.1 24.1/24.1
c7 32.4/32.6 32.6/32.8 33.0/33.0 34.1/34.1 32.3/32.3
c-8 64.6/64.7 64.4/64.7 62.4/62.5 57.6/57.6 64.2/64.2
c9 52.2/52.2 51.9/52. 2 53.0/53.1 48.7/48.7 51.2/51.2
C-10 39.8/40.4 39.5 /40.5 40.5/40. 9 35.4/35.4 37.5/37.5
c-11 16.2/15.1 16.1/16.0 15.7/15.7 19.0/19.0 16.2/16.2
c-12 37.0/37.1 37.3/37.3 37.1/37.4 37.3/37.5 37.3/37.7
c-13 44.1/44.2 43.9/44.1 44.4/44.8 39.8/40.1 40.9/41.1
c-14 71.4/71.3 71.4/71.4 69. 4/69. 2 64.1/64.0 70.8/70.7
c-15 28.4/28.3 28.2/28.6 28.4/28.4 29.8/29.8 27.6/27.6

Continued t next page



596 CHBM. RES CHNESEU. Vol 23

Calculatedd values for compounds 1a and 10 ® . 12 ® ca, 1) Experimental

© Method A® M ethod B? M ethod C* M ethod D? O op. 12 Pep, 1
C-16 27.8/26.1 27.5/26.2 27.7126.2 29.6/28.3 26.9/25.9
Cc-17 56.4/57.1 57.1/57.2 57.7/57.5 52.8/52.4 54.7/54.7
C-18 11.7/11.9 12.0/12.0 11.2/11.1 18.2/18.2 15.8/15.9
C-19 12.2/12.3 12.4/12.5 11.3/11.5 19.1/19.2 15.3/15.3
C-20 40.9/39.7 40.5/39.9 41.9/40.8 37.9/37.2 38.0/37.6
Cc-21 70.3/71.1 70.3/70.9 69.6/70.6 68.9/69.7 72.4172.8
Cc-22 33.5/33.0 33.5/33.2 33.7/33.0 35.2/35.2 34.2/34.1

Cc-23 174.0/174.6 174.0/174.9 174.1/174.8 178.4/179.0 176.7/177.3

CH;C= 0O 171.2/171.2 171.5/171.7 171.2/171.2 176.2/176.2 171.0/171.0
CH;C= 0O 17.7/17.7 17.7/17.9 17.5/17.6 25.5/25.5 21.1/21.1

a MethodA: theNMR datawere obtained at theB3L YP/6-311 + G(2d, p) level of theory on the basisof theB3L YP/6-31 + G(d, p) -optimized ge-
ametries] B3L YP/6-311 + G(2d, p) //B3LYP/6-31 + G(d, p) ]; method B: B3LYP/6-311 + G(2d, p) //B3LYP/6-31G(d); method C. B3LYP/
6-311 + G(2d, p) //HF/6-31G(d) ; method D: HF/6-31G(d) //HF/6-31G(d). b The bold data are located in thewindow ofd ¢, + 2.0,

B ecause compounds 1a and 1b were a pair of i©- Ad ., magnitudes could be compared with those ob-
mers, the chamical <hift difference, Ad ., , was estab- tained fram the measured chamical ift difference
lished by subtracting the ecific chemical shift incom-  Ad,, obtained fram the “CNMR gectra The magni-
pound 1b fram the correpponding value in compound tudes of these chamical hift differences are listed in
la Owing o the fact that the systamatic errorswere Table 5 The experimental chamical shift differences of

renoved on taking thes differences the camputed “C for compounds 1 © 3 are al® listed in Table 5
Table5 Chamical shift differences of the selected carbons n canpounds1 to 3*

Cin CalculatedAd ., /CorrectedAd o for (1la—1b) ° Experimental AJ ;>
aandb M ethod A M ethod B M ethod C M ethod D la—1b 2a—2b 3a—3b
C-12 -0.1/-0.1 +0.1/0 -0.3/-0.3 -0.2/-0.2 -0.4 -0.4 -0.4
C-13 -0.1/-0.1 -0.2/-0.2 -0.4/-0.4 -0.3/-0.3 -0.2 -0.2 -0.3
C-14 +0.1/+0.1 0/0 +0.2/ +0.2 +0.1/+0.1 +0.1 +0.1 0.0
C-16 +1.7/+1.7 +1.3/+1.3 +1.5/+1.5 +1.2/+1.3 +1.0 +1.1 +1.1
C-17 -0.7/-0.7 -0.1/+0.6 +0.2/ +0.2 +0.3/+0.4 0.0 0.0 -0.1
C-20 +0.2/ +1.2 +0.6/+1.1 +1.1/+1.1 +0.6/ +0.7 +0.4 +0.4 +0.5
c-21 -0.9/-0.8 -0.6/-0.6 -1.0/-1.0 -0.7/-0.8 -0.4 -0.4 -0.3
C-22 +0.4/ +0.5 +0.3/+0.3 +0.7/ +0.7 +0.6/0 0.0 0.0 +0.1
C-23 -0.6/-0.6 -0.9/-0.9 -0.7/-0.7 -0.7/-0.6 -0.6 - 0.5 -0.3

a The experimental AS ,;, for campounds 4 and 5 are amost the same as the data of 1 o 3 listed here See Ref [16] for details b Here xa—xb
means that differences in chemical shiftswere obtained by subtracting the **C chemical shiftsof xb fram the corresponding chemical hifts in xa, x =1,
2,3

On the basis of the comparion of the computed than the experimental values(Table 3, from C-1
chamical shifts@.,) and their differences@d ., ) with C-17, and C-20, C-23, C-24). In sme cases the
the experimental data together @, Ad.,), itwas  prediction errors increased © aboutd 8 ( Table 3, C5
found that both of the pattems ofd ., values(Tables 3 and C-13). Method B, which used B3LYP/6-311 +
and 4) andAd ., (Table5) are aimost the same as the G(2d, p) //B3LYP/6-31G (d) theory, needed less
expermental ones Therefore, the configuration at computation time than method A did Thismethod al®
C-20 can be edtablished It is S configuration at C-20 gave big over-estmated chemical shifts as method A
in compound a and R configuration in compound b for predicted (Table 3). However, it gave the good pre-

all compounds1 o 3 diction of Ad, values( Table 4). Method C needed
The four methods need different computation tme much less computation time than methods A and B.
and have different computation accuracies M ethod A, Thismethod gave very goodd ., magnitude ( Table 3).
B3LYP/6-311 +G(2d, p) //B3LYP/6-31 + G(d, p), The errors betwveen the calculatedd ., values and exper-
is the most expensive computation Even D, it did not mentald ., are nomally less thand 2.0 in many cases
give the nearest predictionsof the chemical shifts®..) (see the bold numbers in Table 3). It alo provides

and the chamical shift differences¥d.,) t the experi- quite goodAd ., predictions( Table 4). Among all the
mental reults @, ,Ad,,). In contrast, it produced  four methods, method D needed the shortest computa-
the largest prediction errors among the four methods tion time and provided amost the same goodAd ., val-
Inmost cases, it had 4 chemical shifts@..) bigger  ues asmethod B or C predicted Unfortunately, this
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method gave very poor valuesof carbon chemical shift,
0. MethodsB and D are both reanable ways for
camputing the differences of the carbon chemical shifts
Ad . For exanple, the computedAd ., valuesof C-16
in compounds 1a and 1b are +1.3 and + 1.2, re-
gectively, usingmethodsB andD (Table 5, entry5),
the detemined value i®d> +1.Q However, the predic-
tion accuracy fran all the methods could be greatly im-
proved after the slope and intercept of the least-squares
correlation linewere used o scale GIAO itopic abo-
lute shieldings 0 obtain the new predicted chamical
shifts In view of the routine practice use, methodsB
and C were recanmended for the computationsof NMR
magnetic shielding first and then these data could be
corrected by means of slope and intercept of least-
qquares correlation line

In ssmmary, four methodswere used to calculate
the carbon chemical <hifts and then © compute the
differences of the corregponding °C NMR betveen o
immers(e g , compounds a and b). The computed
“C chemical shifts and their differences betveen one
pair of isimers can be compared with the expermental
data for the detemination of the stereogenic center dur-
ing the identifications of pairsof ismers, egecially in
the structure study of complex natural products
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