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AT} HHANAS BHoE Sk A%
4% 2HZolEI} FiE A, A8 5YY
A7) %88 7PsHol Atk 2H =S 7] B
A FEE) 4%, B 9F Al B AR, A%
S SR % oA, 9, sl 2s) 2 2y
52 dod 4 gon] 59 RAgow 74 52
o] ol WD thEA o2, Wl N A
@3t THLE 4 754 o4l ATFIRO R Y
oFe W 74 FHFL BT duetel thae] 2
HZol =7t A7FEI ol 2 s} BAAA S ol
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Fig. 1.

A} 91 propoxyphenyl thiohydroxyhomosildenafil©]
7] PDE-5 Xﬂ '5H11]i‘:]' 10 ¥i~200 v =2 1A
5, 85, 3529, @75 59
} Hago ung /\]ﬂ 27:30
A TS Hi e IdEdmAe A )
biguanide A &, ii) sulfonylureal] €, iii) thiazolidinedione
AE, v) meglitinideAl € 4 7R 2 F+E= ] o}, 7t
zke] A9 Fig. 1B)% 22 71 E+2E 7HKAH, iv)
+ WX meglitinideAl € <] mitiglitinide®] +3°]t}.
Biguanide /| €& TR EAZ 7P Wo] 2xo]a
metformin, phenformin®] t3% 2 <& o]t} Biguanide
AgL ZArre9dol = 53] phenformin©] ©]
23 AFAHL= 18] 1977 Hl= B FHAI
A BE3A A Sl e AldE L AR vk
BAAS dAolAE dA8] AHES Algkstar Al
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AEIL E53 NEEHRE HQT dxdesw
chlorpropamide, tolbutamide, glibenclamide, glipizide,
gliclazide, gliquidone, glimepiride 52| ¢F&°] 3]
Ao 2 Adete] dukd o7 UEhdtt o] &
% glibenclamide”} 71 A @ ate] BHH7F=EA A
F 477154 EFNAM 1ES A Thiazolidinedione
ALE 7 ad4or FIINLE BFH 27
T3t A Wol 2230t} ool dFshe FERE

Chemical structures of (A) approved PDE-5 inhibitors, and (B) anti-diabetics.

pioglitazone3} rosiglitazone®] %} rosiglitazone-<
2007 FDACIA AEdA A s =dvts &
Bo2 @Al 44 % AT HER AU,
Meglitinide | 82 21§ @3S G55 JduAZA
benzoic acid f+=# <] repaglinide, d-phenylalanine -
EA2 nateglinide, mitiglinide7} o]oll &j &gk} 336
Meglitinide A& t-2 A 7Fa}A|ol Hl 3 A

Hl@s Ao WO ThE eplo] Hls) 4143 A7
B2 A7I7ke 290&W 5L § am oot 48
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§ Aol A, B AAERE 42 Bl

TR e dxFQl 9 Z+&, calcium-channel
blocker, loopAl 4, thiazide Al g, K'-sparing A€ E Y&
F Utk EF FEZE loop AlE FE9] furosemide,
torsemide, ethacrynic acid, bumetamide, thiazide 7] <

&9 hydrochlorothiazide, chlothalidone, chlorothiazide
trichlormethiazide, bendroflumethiazide, K'-sparing 7
A oFE9] triamterene, spironolactone$} ESC (Eplthehal
sodium channel) blocker 2}-82 3}= amiloride”} A

t}. o] 9o %, calcium-channel blocker Al ¥ <& 9
amlodipin, nifedipine, diltiazem §©°] ATt ]l

“ tl
# ol ol T2 AW)5AE THHE W
A2, Fig. 24y ol%A|e] BEZ FEES

Analytical Science & Technology



Analytical trends on screening of illegal adulterants in supplementary diets 393

(A)

o)
H A\
e P ﬁ O OH
HoN_ OH HzN\ / /”
/Rm A Y /k B HN
o’'o oo ‘o

o

o

/

Furosemide Hydrochlorothiazide Triamterene Chlorthalidone
OH
o
Testosterone Bolasterone Nandrolone
OH
Boldenone Dexamethasone Prednisolone

Fig. 2. Typical chemical structures of (A) diuretics, and (B) steroids.

off
ofr
L)
tlo
o2
0%
>,
)
N
_‘_0‘
=
Ho
of
PE

BN

1>

|
2
<
-0

o|oE RZE ¢F Fo dEs) Z1“3ﬂi°]‘:(anabohc
androgenic steroid, qo 7 A7}sEo] Tuj
HE Al Awe BT AT oy d
AAS EX H7} AEEL dX %a}oL /\J—IEO]L]- b
EUz 29 52 59 a4
A7) Wz o) E
e o]l Fa% olxrt HIL Utk AASE
o 2 7] 588
YA L v
’do] molAA st 3t

s 2 4 glg
Qo % 9o} Fol7}t Basith AR AEH L
E [e)

Q.
>
>
Zz
N
AN
il
e
Y

AE AASE I FF7IUl$ 2o o F gEFe
testosterone Al &, boldenone, nandrolone %©°] At}

Anabolic steroid OlﬂC’ﬂJ_ corticosteroid= EHF o2
A7 Eo] 23 Atk Corticosteroide FHHE| &77}
Aok Fastal = SekAAe] EHAoE E9H
a 9,111]— Fokx ] doll &% H71= 3 = corticosteroid
Z = dexamethasone} prednisolone©]
O‘U‘r Dexamethasone—"— = a5 &L HAM w2
2o i3] "W A B5E 2= GERE AMEEHIL
M‘:]'. AWHE BoHA ¥aL FEESHA HAHAT A9,

Vol. 30, No. 6, 2017

WA o2 STAE vdth 194 &4

X AT 77t e EY AEE AF, 28
= MNE AAY 3 EHNE LS PeledEr
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HAEY 2 HER F2A3) sle BE 25holH,

3@AlE= GC (Gas chromatography), HPLC (High
performance liquid chromatography), SFC (Supercritical
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TFZ% IR (Infrared spectroscopy), NMR (Nuclear
magnetic resonance spectroscopy), X-ray crystallography
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Mass Spectrometry), LC-MS (Liquid chromatography-
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Fig. 3. Sample pretreatment of illegal adulterants in
supplementary diets.
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Instrumental analysis of adulterants in dietary supplements

Fig. 4. Analytical protocol of illegal adulterants in dietary
supplements.
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4.1. Thin Layer Chromatography (TLC, H&3
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e AN E UV AEA] S21E PDE-5 AsiAl 7
ZEA el W&k w2 gele] 7}E 3tk 53] PDE 5
inhibitor= A4S X382 2 Dragendorff A] 2F3}
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FH ol AsstE gu7E e FFE dEEA
A, Aol grE Ado] 7hsahAl HAThS

71 % TLC-SER (surface-enhnaced Raman spectroscopy)
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Table 1. Analytical methods of pharmaceutical adulterants in supplement diets by TLC technique
Class Analytes Technique Chromatographic conditions ref.
sildenafil, hop gdenafil, homosildenafil, mobile phase : chloroform-ethyl acetate-MeOH-
hydroxyhomosildenafil, vardenafil, pseudo- water (40:40:15:11, VAA/Y) 43
vardenafil, tadalafil, aminotadalafil T
avanafil TLC mobile phase : toluene-MeOH (9:1 v/v) 44
mobile phase chloroform-ammonia solu-
. . tion(28)-MeOH (70:5:3, lower layer) and chlo-
ppE-5 Phentolamine, sildenafil roform-dicthylamide-MeOH  (15:3:2,y/v), 0
inhibitors Dragendorft’s reagent
cotinine, trans-3"-hydroxycotinine ir}s;)lle phase : methane—dichloromethane (8:1, 47
phenformin  hydrochloride, metformin  TLC-SERS mobile phase : .n-butan010acetlc acid-water
. - . (11:2:2, v/v), dichloromethane-MeOH-water
hydrochloride, rosiglitazone maleate, piogl- . 48
itazone hydrochloride (8:2:0.2),dichloromethane-cyclohexane-
4 MeOH-acetic acid (8:8:0.5:125)
Anti- pioglitazone hydrochloride, rosiglitazone TLC-SERS  mobile phase : dichloromethane-MeOH-water 49
diabetics maleate with 2DCOS  (8:2:0.2, v/v)
TLC . . .
(electrospun mobile phase : acetone/ N,N-dimethylacetamide
Steroid dexamethasone, prednisolone P (2:1, v/v), 0.2% tetrazolium blue and 2% sodium 50
cellulose acetate hydroxide in MeOH vapors (visualizing agent)
nanofiber) 4 P & a8
A 7\Ho] thorst Bgal A|Ago] AMLE T Y= HIEZ AJ7F (retention time, RT)3} ~FEHS 7[x| 2
o A771s4E 52 FduAE S5 fsiA g FE Akt UV-’““ET“jg H]3L8ke] library S
SER 71W< Abgate] zhzhe] AF (spotyS AAE] & s olgldt AL B A7 5AE W B3
s TLCS R ABE AL AT WAE 2 feAELE Aol llbrary9‘r SO
D-TLCel #-8A17|H A3 o] W ete 3% derstete] shetEe] +24 ARE 45 5 Utk o

e}

2 ALt pioglitazones}

Ao
rosiglitazone?] ®2| & 7Fs3tA Aok o, ¥ 2~

HZol= A2 TLCE #4]0] 7F53lth. Corticosteroid
Age] e Zo]=2] dexamethasone} prednisoloneE
TLCE A A& & vtk #8 %] $2
L—_/gOE. X—I_Q_§_ TL C%‘%H w\}yq,_-‘__ E%x—]oi <
HZol= J2e AEdNE Aol 7FeshA =AY
TLCE °o]&3te] &4 € AA47154F W BE9EH
ojekFe] AEAlEE Table 19 253t

o|okE B 7bg Wo] ol BAAH|ZA
HPLC-UVE ©]&3 dEWHe] 7 Bo] ARt 2
AN ERAE T AR B ookEe] A&d AE
S 95t W 7hAsA S 23 d el ook
3 LC WhH o] F &0t PDE-5 AsiAle] 2
FAHA B 7]E0 &% PDE-S AsAl AEE9
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acetildenafilZ} UV spectrum< 724 Tk RTZEo] T
27] W2, 2 AR EAIE ER1E F ARG
%] 2ol == UHPLC (ultra-high performance liquid chroma-
tography)= A8 A} =7] 24, ARG 318}
2 gde] e 58 EMAIZHE AA Fo]aL o]

g

:L
C‘
T
=0
oy
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<
i

PDE-5 X1 oHXﬂS’Jr 652 v*PXﬂ
Jo] 7FsstA = SAth* ey UHPLC 7H4 o]
HPLCOl W&l Histhe A S 2 217] wol
A= HPLC 7|HO2 N2 ¢ FAH R TE ALst
Tz B9 WA Aol F830 ALga 3
dE Eo] FF=A AL merformin, glibenclamide,
glimepiride, glipizide, gliclazide
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Table 2. Analytical methods of pharmaceutical adulterants in supplement diets by HPLC technique

Class Analytes Technique Chromatographic conditions ref.
. . Agilent Eclipse XDB C18 (250 x 4.6 mm, 5 pm)
acetildenafil, hydroxyacetildenfil A) MeOH, B) 0.1M Ammonium formate 51
sildenafil, vardenafil, tadalafil, homosildenafil, CI18 (250 x 4.6 mm, 5 um), A) 0.1 % sodium-1- 52
hydroxyl-homosildenafil, and pseudo-vardenafil HPLC hexane-sulfonate, B) 0.1 % H3P04:95 % ACN
PDE-5  propoxyphenyl linked sildenafil and thiosilde- Hypersil BDS C18 (200 x 4.6 mm, 5 pm), 53
inhibitors nafil analogues A) 25 mM NaH,PO,-H,O (pH 3.2) and B) ACN
new sildenafil analoeue Zorbax SB-C18 (250 x 9.4 mm, 5 pm), A) water, 55
v B) ACN both containing 0.1 % formic acid
sildenafil , tadalafil, vardenafil and 5 analogues UHPLC BEH Shield RP18 (100 x 2.1 mm, 1.7 um) A)
and impurities 10 mM ammonium formate buffer (pH 3.5), B) ACN 56
L e .. Kromasil 100 C18 (300 x 4 mm, 10 um), A) ACN,
. mfttformm,.ploghtazofle, s.1taghp tin, repaglinide, HPLC B) 0.05M Potassium dihydrogen phosphate and 58
Anti-  glibenclamide and gliclazide .
diabetics 0.01M sodium octane sulphonate (pH 3.55)
. . . . fused-silica column (600 x 5.0 mm, 375 pum),
ephedrine, norephedrine, caffeine, furosemide CE sodium tetraborate buffer 20 mM, pH 9.2 59
. . Phenomenex Prodigy ODS 3 column
metandienone, narandrostenedione, stanozol (150 x 4.6 mm, 5 um) A) water, B) MeOH 62
9 steroids (triamcinolone, prednisolone, hydro-
. i hylprednisolone, betamethasone Hypersil BDS C18 column (300 x 4.6 mm. 5 pm)
Steroid cortisone, methylp A yp
eroias dexamethasone, beclomethasone, fludrocort- HPLC A) water, B) ACN 3
sone acetate, cortisone acetate)
betamethasone, prednisolone, cortisone acetate ODS-Zorbax (250 x 4.6 mm,
»P : A) ACN, B) MeOH and C) 1 % H;PO, in water
EOR AZIALTO 2AAT A WS 4, 20 ole] BAlzte] AFE wA RO
Z5 &= 494 = glibenclamideZ Y EFSETE S 2 2, oln] I EY H7HAe] Ao & B ~HE
HZo|= Xl te stosterone, androsterone, stanazol<- o] el S FAsto 2N, nR] FAAY] dFol2E
HPLC 4 3WOE 5 e A7l RusQkoe o zohg Aee shajstel 724 54 29] #4192
HPLCE olgalel B48 7525 W HHEH Aokl T 7% o] #4SH oF Fo] 2
o|ekEe] AEAHE Table 291 33T 35 A AR TOF= o9 Jest dadk 54
o] 7¥ssh, ] FEol FobA shiEe] BAT
4.3. Mass spectrometry (MS, EZHEMY) Z, 3}oH4] 24 3 B4 S T 5 A =
MS= B4 mheFRe AZE, k= AT, 34 . dlE E9] 3718 PDE-5 AN sildenafilz} 1
T, AN, BHHEL AF 9 AALER £2 A} hydroxyacetildenafil, piperidinoacetildenafil®] ©]-&
o & 77 5 O A7 Ropl 9 AgHn  HUNE AL o uRs SIS BEOR
Ae S F A F shdolth 53] FAFEE & FFEAe] 7Fee HATEY H2ddle #4EE
4 prE A BAF 29 L G9AFAEY  so|uSaie] FULole v Yol g F
o UL Fol VIAAY FRFYS] fEHA A dte] BlolElol =g FEdle] Bk T FAF T F
SHth o5 BAF AEd oA ARgshe 24 FiA o] 7hs sl AT 71Ed &7 electron

© 2 single quadrupole, triple quadrupole, linear trap,
time of flight (TOF), orbitrap Fourier transform mass

spectrometry (FTMS) 5] Jth¢7 o] & &F3] &

Hsﬂ—t‘ﬂ—z—I 276] 51}761 ] MSHto 2w B tn 7'<47}-X1] I}
AEERESEEUERE —t—%@ | ATk
S MS9| o] 23} 7lee] B, AFEA sl

spray ionization (ESI) ®2] ©]<]]| probeZFE A &
ATtz mEqAA F7I8tE A EF o] 23 AR
FYsl= WHS  atmospheric solids analysis probe
(ASAP)9}, desorption corona beam ionisation (DCBI)$1
71z NA =AS AFEHS o] 83ty AR
ANBEE

oA el ola) olesh A7l s A
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Table 3. Analytical methods of pharmaceutical adulterants in supplement diets by GC-MS technique

Class Analytes Technique Chromatographic conditions ref.
sildenafil, tadalafil. vardenafil GC-MS ZB-5HT (15 m x 0.25 mm, 0.25 pm) 76
PDE-5 sildenafil and its analogues GC-MS/MS  BPX5 (10 m x 0.25 mm, 0.1 um) 78
inhibitors > synthetic PDE 5 inhibitors (sildenafil, tada-
lafil, vardenafil, mirodenafil, and udenafil) and ~ GC-MS HP-5MS (15 m x 0.25 mm, 0.25 pum) 79
13 analogues
Testosteror'le, Metandienone, Boldenone, Noran- GC-MS HP-SMS (16.5 m x 0.25 mm, 025 ym) 6
drostenedione, Estrone, Stanozol
nandrolone, boldenone, methyltestosterone,
. . GC-MS/MS  CP-SIL 8CB-MS (30 m x 0.25 mm, 0.25 pum) 81
fluoxymesterolone, cocaine, Benzoyecgonine
14 AAS (prasterone, testosterone, methandro-
stenolone, oxandrolone, drostanolone propionate,
Steroids testosterone propionate, stanozolol, testosterone
(AAS) isocaproate, testosterone enanthate, testoster- ~ GC-MS HP5-MS (25 m x 0.2 mm, 0.33 pum) 82
one cypionate, nandrolone decannoate, nan-
drolone phenylpropionate, testosterone phenyl-
propionate, boldenone undecylenate)
methylstenbolone GC-MS/MS  Ultra-1 (17 m x 0.2 mm, 0.11 m) 85
. GCxGC- DB5-MS (30 m x 0.25 mm, 0.25 um)
25 Steroids TOF-MS ~ BPX-50 (2 m x 0.1 mm, 0.1 um)“ 86

A2 Aol BAjo] 7bsabl HATHPT T} of
3 %

g 732 AAdde A o

S
it
i

E-91 sildenafil, vardenafil, tadalafil®] 73
$+ GC-MSE AMg-3te] £40] 7h53lets” f=A) 3t
HA ot s}k WHg F GC-MSE 53X +2E
a7z gt BP 1o e 248 9= GC-
MSE ©@5 2o 4 FYPnth= LC-MSS 4
sRAAc R RBA[AERDY] FAAIY T2 Rl
AFERIE I8 B8] g 2ol AlFe] otEES B
2% A, GC-MSE Bo] o] &3t ol dnty

o2 2ERo|EE HFA ] F2E AT Y] LO/

Vol. 30, No. 6, 2017

=

g

MSel| A F2 ARE-F]= ESI o] 23 e 2e vt

TE Hol7] Yot} ol s 71z

Zol=of tha|A trimethylsilylation (TMS) -f-%=A|
o]

= 5 B == A=dye] =] 62
Q% F RS WHES =9shy e,

ooz [y ©
o I

o

o= DART-MS (direct analysis in real time ionization
coupled with a time-of-flight mass spectrometry)2h=
oz dAe flo] vkz FYste] E40] 7hs st
A HARAEYE GC-MS7IH el 2gt A7 e A F W
B3l elekEel HEAE Table 31 25T
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o] tbz AZF A ETA (Information Dependent
Acquisition, IDA)E 2] &3] T 2= o] 7t
oA FAT? A = IDASH MRMY S 2 &3}
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m/z 377, 311, 283, tadalafil A= m/z 269, 262,
250, vardenafil A& m/z 461, 377, 299 S
et a8y 25 7129 F/H(He, Ar, N,
Sl wEt ol 5ol wpA 9] o]k et
A 4 Sl

FdmA AL A LC-MSMS MRM71H & o] &
1 AeAge] A77] F AdAM H7HIE HE
3, B T AR olA = glibenclamide®} rosiglitazone
o] 3% Al B8 23 HridE AlEE HiE
o} 3595 T AZFR FA U kA oA LC-MS/MSE
7 HE o] g3te] o] ALY IFuAE HE U
7]1]_‘__ ﬂq“)é-‘)?ﬂ

oA o] At JE S $ HO=E LC-
MSMS 7|9 o] & A5 ™, LC-ESI-MS/MS9] 9]
=AE 23R LC-ESI-MS/MSE  anti-
hypertension X| &% A}-8-%|:= tradition chinese medicine
(TCM)Qtol] ol=A] &S 238 st A&
7153 AASHEES HPLC-MS/MSE F3lo] B4
A9 w2 A7 10104
A& ZF
2 9] esterification® I}TES

= °l
=

RN
o

18e

T AL corticosteroids

o] A A 2] betamethasone} dexamethasone,
Al HPLC-MS/MS

x10e B) HR-mass spectrum of peaks 142-145
25
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Fig. 5. A) BPC of 156 illegal adulterants by UPLC-Q/TOF-MS in the positive mode. B) HR-mass spectrum of overlapped

peaks and C) MS/MS spectrum of megesterol acetate.

ECICs of m/z 321.1849 for triamcinolone diacetate (D) spiked pill

sample at 200 ng/mL and (E) unspiked pill sample obtained with different mass tolerances of 20, 10, and 5 ppm.
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Table 4. Analytical methods of pharmaceutical adulterants in supplement diets by LC-MS technique
Class Analytes Technique Chromatographic conditions ref.
benzamidenafil Direct injection 74
osthole, propoxyphenyl-thiohydroxyhomosildenafil, BEH C18 (50 x 2.1 mm, 1.7 um) 31
tetrahydropalmatine, thiosildenafil, sildenafil LC-MS/MS A) water, B) ACN both containing 0.1 % TFA
acetildenafil (hongdenafil), hydroxyhomosildenafil, Hypersil BDS C18 (200 x 4.6 mm, 5 um) 68
PDE-5 nor-acetildenafil A) NaH,PO,H,0 (pH 3.2), B) ACN
inhibitors i i i
Gohete Sro 26 anabolt serocs, and 35 s, UHIPLC-Q/ BEH CIE (130 2.1 mm, 1.7 ), @
Y . ? ? TOF-MS  A) water, B) ACN both containing 0.1 % formic acid
histamine drugs)
. XTerra MS C18 (100 x 2.1 mm, 3.5 mm),
aildenafil LE-MS/MS A) MeOH, B) acidified water/MeOH %0
. o UHPLC-MS/ Acquity BEH C18 (50 x 2.1 mm, 1.7 um),
14 synthetic anti-diabetic drugs MS A) ACN, B) 0.1 % formic acid in water 35
Acquity BEH C18 (150 x 2.1 mm, 1.7 um),
Anti 26 anti-diabetic UPLC A) 0.5 mM sodium 1-hexanesulfonate in 0.1 % 95
diabetics phosphoricc acid, B) 95 % (v/v) ACN in water
. . . . . Spherigel C18 (200 x 4.6 mm, 5 mm)
Phenfom1n, rosiglitazone, glibenclamide, glimepir- HPLC-MS  A) ACN, B) 0.05 % (v/v) formic acid and 0.02M 96
ide, sildenafil )
ammonium acetate
Lo HPLC HSS-T3 (100 x 2.1 mm, 1.8 pm)
17 diuretics LC-MS/MS  A) water and B) ACN !
18 diuretics (acetazolamide, hydrochlorothiazide, ami-
loride, diclofenamide, triamterene, chlorthalidone, tri-
Diuretics chloromethiazide, clopamide, furosemide, indapamide, HPLC-MS Nucleosil C18 (100 x 3.0 mm, 5 um), 99
torasemide, bendroflumethiazide, piretanide, spirono- A) 1% acetic acid, B) ACN
lactone, xipamide, bumetanide, ethacrynic acid, canre-
none)
18 anti-hypertension drugs (diuretics, calcium antago- HPLC-MS Xtimate C18 (250 x 4.6 mm, 5 um), 101
nists, angiogenesis-converting enzyme inhibitors) A) MeOH, B) 20 mM ammonium formate buffer
Symmetry C18 (150 x 2.1 mm, 5 pum)
MeOH/water (65:35 v/v) containing 0.3 % for-
49 steroids LC-MS/MS  mic acid (Positive ionization mode) 102
MeOH/water (70/30 v/v) containing 0.3 % for-
mic acid (Negative ionization mode)
. ACQUITY BEH C18 (100 x 2.1 mm, 1.7 pm),
32 steroids A) 0.1 % formic acid in water, B) ACN 17
Steroids BEH Ci5 (50 < 2.1 mm, 1.7 pum)
82 steroids (estrogens, androgens, progestagens, UHPLC-MS (A) methaol/water (10:90, v/v), (B) methanol 104
steroid esters) /MS (0.1 % formic acid for the detection of andro-
gens gestagens and steroid esters)
betamethasone, dexamethasone, dexamethasone 21-
acetate, dexamethasone 21-phosphate, betametha- HPLC-MS/ Luna C8 (150 x 4.6 mm, 3 um), A) 0.05M 105
sone 17-valerate, betamethasone 21-valerate, beta- MS ammonium acetate in water, B) ACN
methasone 17,21-dipropionate
A4 o g HES A7 R AT Table 4 4.4. Nuclear Magnetic Resonance Spectroscopy
T LC-MS 7o & 777154 F W BT oof (NVR, SXp7|3E E2Y)
Fo| AZAMES aokstart, NMRE 7288 24 Wl g estsh A8
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F3 & AT NMR #4|
7l el= 'H-NMR, *C-NMR, 1D (DEPT
(Distortionless Enhancement by Polarizattion Transfer),
NOE (Nuclear Overhauser Effect)), 2D homonuclear
COSY (Colrrelation Spectroscopy), NOESY (Nuclear
Overhauser Effect spectroscopy), HMQC (Heteronuclear
Multiple-Quantum Correlation), HMBC (Heteronuclear
Multiple-Bond Correlation)5-©] o0 o] IHS 5
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