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The application strategies of non-uniform sampling in the structure
elucidation of small molecule compounds—an instantiation using fuziline
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Abstract: Two-dimensional nuclear magnetic resonance (2D NMR) is a widely used technique for structural
analysis of small molecular compounds. It can obtain information about the hydrogen-hydrogen correlation,
hydrogen-carbon single bond correlation, hydrogen-carbon remote correlation, and hydrogen-hydrogen spatial
arrangement of compounds. Thus, 2D NMR has an irreplaceable role in the structure elucidation of small
molecular products. However, the sample amount of trace components in phytochemical research is very low, and
the traditional sampling method (uniform sampling) has problems of poor spectral quality and too long measure
time. Increasing the number of scans results in several hours of the acquisition time for a single two-dimensional
spectrum, which in turn causes strain on the NMR machine. The non-uniform sampling (NUS) technique can
shorten the acquisition time to a large extent and not affect the quality of 2D NMR data, which greatly improves

the efficiency of 2D NMR acquisition. In this paper, fuziline, a small molecular compound in the lateral roots of
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Aconitum carmichaelii was selected as the research object. Its 'H-"C HSQC, 'H-'H COSY, HMBC, and NOESY
spectra were acquired by US and NUS methods, respectively. By comparing the integral values of NMR signals of

three chemical groups in fuziline, it is confirmed that the NUS technique has the advantages of improving the

quality of 2D NMR spectra and shortening the acquisition time in structure elucidation of small molecule

compounds. In HMBC spectrum, it was further confirmed that NUS technology can improve the quality of the 2D

spectra and the signal resolution. This indicates that NUS technology can improve the efficiency and reliability of

the structure elucidation of small molecule compounds.

Key words: nuclear magnetic resonance; 2D NMR spectra; non-uniform sampling; small molecular

compound; fuziline
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Figure 1 Full 'H-"C HSQC spectrum of fuziline. 1-3 enlarged 'H-""C HSQC spectra of 21-CH,, 20-CH,, and 15-CH of fuziline, respec-
tively. In the structure of fuziline (black structure), the selected 21-CH,, 20-CH,, and 15-CH signals are circled in the red
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Table 1

Comparison of uniform sampling (US) method and non-uniform sampling (NUS) method for 2D NMR. The absolute integral

value of the US method is set to the integral value of 1.000 0, and the integral value of the NUS is the ratio of the absolute integral value rel-

ative to the US method. “~” indicates that the signal cannot be measured

Sampling 21-CH, 20-CH, (a) 20-CH, (b) 15-CH .
Test spectrum Test time
method Integral value S/N Integral value S/N Integral value S/N Integral value S/N
'H-""C HSQC Us 1.000 0 186 1.000 0 8 1.000 0 6 1.000 0 236 2 h38'35"
10% NUS 0.9570 241 0.026 8 52 0.717 2 16 0.8957 351 16'42"
25% NUS 09198 232 0.858 5 31 0.806 0 36 1.029 6 415 40'8"
50% NUS 0.924 6 204 09333 9 0.922 1 7 0.970 1 309 1 h19'37"
75% NUS 0.9820 276 0.984 6 11 0.968 0 8 1.016 8 361 1 h59'6"
HMBC UsS 1.000 0 441 1.000 0 52 1.000 0 59 1.000 0 96 2 h41'36"
10% NUS 1.097 5 396 0.8357 62 0.788 0 51 1.0577 118 17'1"
25% NUS 1.086 0 570 1.196 0 73 1.1920 78 1.2831 170 40'54"
50% NUS 1.103 8 575 1.2718 74 1.294 7 84 1.2357 165 1 h21'8"
75% NUS 1.086 9 602 1.205 3 81 1.276 8 100 1.2520 168 2h121"
'H-'H COSY Us 1.000 0 1809 1.000 0 1294 1.000 0 1236 1.000 0 1369 1h14'31"
10% NUS 0.4770 1512 0.454 8 847 0.689 9 949 0.386 3 382 8'8"
25% NUS 1.0570 1547 0.969 9 802 1.010 4 938 0.907 1 952 19'5"
50% NUS 1.072 4 1839 1.003 0 1174 1.0170 1283 1.013 0 1297 37'33"
75% NUS 1.0729 1672 1.016 0 1057 1.020 2 1117 0.9819 1113 56'1"
NOESY uUs 1.000 0 4279 - - - - - - 1 h42'51"
10% NUS 1.002 7 9288 - - - - - - 119"
25% NUS 0.988 0 10 934 - - - - - - 26'18"
50% NUS 0.9917 5649 - - - - - - 51'49"
75% NUS 0.995 5 6768 - - - - - - 1h17'19"

) 2 2 NMIR 5040 5 17 224 s 6 B2 IS T 20% I, T NUS
KA (1 If ) % 0 B @ SR AR T R, X R R
FARE SCHI TP AR T AR 4 IR, LR AN T
Bt 7 R 21-CH,+20-CH, 1 15-CH 15 5 /) US 55 NUS X
BEMIEE R, BRI AR B N 25% I 3545 5 1A [ 1 &
AR o 35 55 4% G0 R 7 i o B, FLE SR 4R
B (AN R % G R e 7 DY 40 2 — o Bk, NUS 7%
R 15 B (] 5 s S5 471, 348 TT 2K Target NUS 117 &, Bl
TER i #% ta_acqu H SRR T, SRR T SCRETESRAR I
T o SE A PR A, 4 R R 0k ) S R I 4 ROR A,
DA 5 KAk R B R0 R R P i P AR S B ] E A
JE R 25% NUS BEAT 5 82055 ELaF 72, LA % EL AN ]
KEESHNUS I E I ZES .
3 FFHNUS RAERBEXTLL

NUS K #f 4238 FH T 2 4k A% R B 5o RS 1 &
7 2, 1E LR S I 3 B2 50 S 1 P SR, SREEE — 2R
R FERCE, B BRLKE TDF1 2 3 35U A 0%, 1
Bruker #% il F£ PR A FF A4 Topspin #4F B 2D NMR [
KAE S B RAE )T 3 Traditional /225 NUS, B
B 8] £ B8 55 77 002 1 sk /I8 170 48 62, G 5 5 25%
I, U SR RE I 8] 4515 48 75%; M RIS 5 0 o
2, AT TE AN ISR AR I (A) R 1 , dE AR E RAEL
H8 K RH DG U (0 4 ) 9 5, B 23 K TDF1 4R =i {5 5
TEF1 450 4 28, ITIE T 5 48 i b 5 5 11X 4% .
N NUS P i K A 5208 72 /) 70 T 5 40 2D NMR
Bl R AE P 22 5, DA RONBIE O R, I =2

B A5 5 AR A, UK LG P SRR SR 1 22 7 o
PL'H-"C HSQC 1 Ry 91, 3 9% US J7 2R 4R
$ed, LLFRF R 21-CH,20-CH, Al 15-CH {5 5 AR 431
NEEVEAE 1.000 0, LLH P FlR AT SE B NUS (11 R =
FHR: HR S 5 IR FRAME, 456 RFERS A, 256 1T
P SRR SRS 1 2D NMR B4l i & FRFE AR . R
FEgh F LR 2, 5 US RFEFALL (TDF1 = 256, NS = 16),
1K R FE 7 RAB N 25% NUS J& (25% NUS-1), K FE
i I 4656 T 75%, 7 R 21-CH,.20-CH, f1 15-CH {5 5
FIRR S E 46 /N2 10%~25%. 2413 IR EL (NS) 3K
1 %5 (25% NUS-2), fft+ & 21-CH,.20-CH, fil 15-CH
5T R B IE K 2 US KAEI 1.65~1.83 £, HRAE
W46 5T 1 50%. 4 F1 4ERAf 5% (TDF1) 36K 1 4%
J& (25% NUS-3), fff 7 # 21-CH,-20-CH, f1 15-CH 5 5
(AR 2B 46 /N N US KA1 79%~97%, & EE 25%
NUS-1 R 78 B K, AT AS J US SR 7 3, 1 7%
FERS E]_E 00 Lk US SRFESE 6 50%. 741, 24 TDF1 AINS
BIHR 15, REER AR, T R &5 5 MFUME
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Table 2 Comparison the different NUS strategies for 2D NMR. The absolute integral value of the US method is set to the integral value of

1.000 0, and the integral value of the NUS is the ratio of the absolute integral value relative to the US method

. 21-CH, 20-CH, (a) 20-CH, (b) 15-CH
Test Sampling Key parameter Integral Integral Integral Integral Test time
spectrum method S/N S/N S/N S/N
value value value value

'H-"CHSQC US TDF1=256,NS=16  1.000 0 201 1.000 0 7 1.000 0 5 1.000 0 286  2h38'35"
25% NUS-1 TDF1=256,NS=16 0.8147 253 0.750 6 11 0.8559 7 09013 315 408"
25%NUS-2 TDF1=256,NS=32 1.7696 429 1.738 4 26 1.650 6 29 1.8330 660  1h19'37"
25%NUS-3 TDF1=512,NS=16 09194 423 09171 25 0.794 1 13 0.970 1 580  1h19'41”
25% NUS-4 TDF1=512,NS=32 1.7966 582 1.792 8 28 1.5416 16 1.8787 873 2h38'43"

HMBC us TDF1 =256,NS=16 1.0000 607 1.000 0 83 1.000 0 86 1.000 0 170  2h41'36"
25%NUS-1 TDF1=256,NS=16 09744 570 0.967 1 79 09403 83 0.992 4 157 40'54"
25%NUS-2  TDF1=256,NS=32 2.0217 1081 1.946 3 155 1.9559 158  2.0652 278  1h21'8"
25%NUS-3 TDF1=512,NS=16 09130 797  0.7930 92 0.8540 106 1.044 2 232 1h21'16"
25%NUS-4 TDF1=512,NS=32 20505 1071 1.760 0 135 1.897 4 147 23486 346 3h2'1”

'H-'H COSY Us TDFI =256, NS =8 1.000 0 1 446 1.000 0 997 1.000 0 1109 1.000 0 1401 1h14'31"
25%NUS-1 TDF1 =256, NS =38 0.948 5 1646  0.8649 1063 0.954 3 992 0.8415 1019 195"
25%NUS-2  TDF1=256,NS=16 19294 2527 1.762 0 1496 1.9197 1588 1.767 3 1660 3733
25%NUS-3  TDF1=512,NS =8 0.594 2 1014  0.7673 982  0.8159 1035 1.457 3 3433 37'51"
25% NUS-4 TDF1=512,NS=16 1.1870 1286 1.5297 1305 1.661 1 1284 29140 4380 1hl15'4”
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Table 3 Comparative study of US and 25%NUS of different concentrations of fuziline. The absolute integral value of the US method is set

to the integral value of 1.000 0, and the integral value of the NUS is the ratio of the absolute integral value relative to the US method

. 21-CH 20-CH, (a) 20-CH, (b) 15-CH
Sample Test Sampling Key parameter Integral Integral Integral Integral Test time
concentration  spectrum method S/N S/N S/N
value value value value
1.84 mmol-L" HMBC  US TDF1=256,NS=16 1.0000 63 1.000 0 6 1.000 0 6 1.000 0 11 2 h27'54"
25%NUS-5 TDF1=256,NS=32 2.0732 88  1.664 4 7 1.8116 12 1.469 2 18 1 h1415"
25% NUS-6 TDF1=256,NS=64 3.6974 112 34551 13 2.889 8 11 2.608 7 25 2h27'52"
0.92 mmol-L"  HMBC  US TDF1=256,NS=16 1.000 0 53 1.0000 3 1.000 0 4 1.000 0 6  2h27'54"
25%NUS-5 TDF1=256,NS=32 2.1923 76 23509 9 2.1735 7 1.696 6 13 1 h1415"”
25%NUS-6 TDF1=256,NS=64 4.0311 114 45705 16 4.6597 16 2.8675 20 2h27'52"
0.46 mmol-L"  HMBC  US TDF1=256,NS=16 1.000 0 23 1.0000 2 1.000 0 1.000 0 2 2h27'54"
25%NUS-5 TDF1=256,NS=32 22455 39 23026 3 2.0229 1.0327 2 1 h14'15"”
25% NUS-6  TDF1 =256, NS=64 3.6125 56 42995 3.683 7 5 23793 9  2h27'52"




SRATFISE: A2 EIRPEAE N7 T4 5 W 45 ) 26 58 v ) S T M — LA 7 R A - 223 -

ELE P P2 PN AH QUK 73 38 o JAESR 0l SR A
75 2, PLAN P2 BN AH G UE (5 5 70 P Lo B4R
(B 2A1.A2), {H LA 1 7T 356 B TDF1 % 2D NMR {5
SO PRI R . PRI 4R B R ORI R AE
SOHER, GINDUA 1 B S rp ) i ) B R M, R
4815 5 4> B (2D signal resolution, R,;) A1 &
FRABAH U (1 73 SRR L, TR A A R, = 2X(30,=0)/
(Wl,h/2+W2,h/2)/1'7’ ;E\:EP’ RzD7EIE:éﬁ %%ﬁ%g; 5C1 ﬂ]
Oey 73 AR AR TG A AH R WEAS 5 B A AL # (Hz); W,
FW, AR AT AN FH VIR 2 U8 T (Hz).

R AFIE 2 Frow, 24K 77 AL H US 22 NUS
J&i, /£ HMBC 1 7, P1 AT P2 5 AN < 6 () R, AR AL AN
K (B2C1.C2). 4 TDF1/NA 128 B, R, F#450.71,
MF14E ] LUA 2N AH G658 R (B 2B1.B2);
¥ NUS ) TDF1 38 K5 512 11 024 1, R, 43 5148 A
T 5.78 F16.17, FH OGS 5 43 HE A B B 1 9 (8 2D1,
D2.E1.E2). AILLRIL, 24 TDF1 v 1 024 i FH 5% H
JE S IR R T A 9 7 AR B T, L A DG U 1) SR 2k
e TT . SR TDF1 JFANREJC BRI K, 34K TDF1
B, Vi P SR R N T [ A5 2 B0 A3% 386 0, 32 B3R A°F B TR) o
Ko R TDF1 ASRETC BRHI3E K, (H @& 5 T 451 52 2%
G5 EETEN/N T TEMIN S, & A X4 iR
AT E 5 OC B 1) H S A OC U, W DR FH T P14 3
B, B REPE 2D NMRPY, I $2 51 2D NMR H {5 5

Table 4 Different number of sampling points (TDF1) effect on
2D signal resolution of P1 and P2 in HMBC spectrum
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Figure 2 The influence of different sampling points (TDF1) on 2D signal resolution of P1 and P2 in HMBC spectrum. A1-A2 for US,
TDF1 = 256; B1-B2 for NUS, TDF1 = 128; C1-C2 for NUS, TDF1 = 256; D1-D2 for NUS, TDF1 = 512; E1-E2 for NUS, TDF1 =1 024;
A1-El: Localized HMBC spectra of the correlation signals of OH-8 to C-7 (P1) and OH-8 to C-9 (P2) in fuziline; A2-E2: Stereo oblique
view of the correlation signals of OH-8 to C-7 (P1) and OH-8 to C-9 (P2) in the HMBC spectrum of fuziline from F1 dimension; R,,: 2D

signal resolution of P1 and P2 in HMBC spectrum
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