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Natural products (secondary
metabolites) have always been among
the most fascinating objects of the
practicing chemist

In fact, in many definitions of chemistry
the isolation, purification and structural
elucidation of natural products play a
central role.

For centuries, drugs were entirely of
natural origin and composed of herbs,
animal products and inorganic materials.

The chemistry of natural products has
always excited the interest of the
scientists and it provided the early
stimulus for foundation of organic
chemistry as a separate discipline.

The serious study of natural products,
lasting for a long time, has been greatly
facilitated by the advent of modern

spectroscopic  techniques,  namely
nuclear magnetic resonance
spectroscopy (NMR) and  mass
spectrometry (MS), as well as

separation techniques, such as gas and
liquid chromatography (GC and LC).

Nowadays more rapid strategies for
chemical characterizations of
phytoconstituents of natural products as
well as assessing the bioactivities of the
natural products are available.

The coupling of spectrometers to
chromatographs  resulted in  very
powerful so-called hyphenated
(coupled) techniques enabling on-line
direct analysis of complex mixtures of
natural products without prior isolation.

HartypanbHble TPOIYKTHI (BTOPUYHBIC
MeTa0OoIUThI) Bcerja ObLIM OJHUMHU W3
CaMBIX UHTEPECHBIX TIPEAMETHI
MPaKTUKYIOIIEr0 XUMHUKa

dakTUYECKHU, BO MHOTUX OINpPEIEICHUsIX
XUMUU  BBIJICJICHHE,  OYHMCTKAa U
BBISICHEHUE  CTPYKTYpPbl  MPUPOIHBIX
MPOYKTOB UTPAIOT LIEHTPAIBHYIO POJIb.
Ha npoTskeHun BEKOB JieKapcTBa ObuIH
MOJIHOCTBIO HATypaJgbHOI'O
MPOUCXOXKJIEHUS M COCTOSUIA W3 TpPaB,
MPOJYKTOB KMBOTHOT'O MPOUCXOKICHUS
Y HEOPTaHUYECKUX MATEPHUAIIOB.

Xumusl MPUPOIHBIX NPOAYKTOB BCETNA
BbI3bIBAJla MHTEPEC YUYEHBIX M JaBajia
IIEPBBIE  CTUMYJIBI I CO3JaHUs
OPTraHWYECKOM XUMHUU KaK OTHEIbHOMN
JVCLUIUIMHBI.

Cepbe3HOMY HM3YYEHHIO ITPUPOJHBIX
MPOAYKTOB, MPOIOJKAIOIIEMYCS TOJITOE
BpeMs, B 3HAYUTEIBHOW  CTEINCHU
CIIOCOOCTBOBAJIO NOSIBJIEHUE
COBPEMEHHBIX CHEKTPOCKOTTUIECKUX
METO/IOB, a HMMEHHO CIEKTPOCKOIUHU
AIEPHOTO ~ MAarHUTHOTO  pPE30HaHCa
(AAMP) u macc-cnexkrpomerpun (MC), a
TaK)K€ METOJIOB pa3/ieJIeHus, TAKHX Kak
ra3 u kujkoctHast xpomarorpadus (I'X
n KX).

B Hacrosiimee Bpemsi JAOCTymHBI Ooiee
OBICTpBIC CTpATErWH HJisi XUMUYECKOUN
XapaKTEPUCTUKU  (UTOCOCTABIISIOIINX
HATypaJbHBIX MPOJIYKTOB, a TaKXKe IJis
OIICHKM OMOAaKTUBHOCTH HATYpaJIbHBIX
MPOTYKTOB.

CoennHenue CIIEKTPOMETPOB c
xpomarorpadaMyd TMpPHUBEIO K OYEHb
MOILHBIM, TaK Ha3bIBAEMBIM,

pa3/ielieHHbIM (CBA3aHHBIM) METOJIaM,
MO3BOJISIIOLIMM ~ MPOBOJIUTH  MPSIMOU
aHaJIN3 CIIOKHBIX CMECel HaTypalbHBIX
MPOJIYKTOB B pEXKUME OHIAH 0e3



The GC/MS, developed during the
1950s, after being originated by James
and Martin in 1952 (James and Martin
1952) was practically the only heavily
used hyphenated method for half a
century.

But its application is rather limited to
thermally stable non-polar volatiles, e.g.
essential oils, fatty acid methyl esters
and similar samples.

The breakthrough, responsible for
introducing the combination LC/MS
applicable to the variety of polar non-
volatiles has occurred in the second half
of the twentieth century by development
of MS ionic sources compatible with
LC: APCI (atmospheric pressure
chemical ionization) by J. Henion and
ESI (electrospray ionization) by J. Fenn,
the latter was awarded a share of the
Nobel Prize in chemistry in 2002 for
this achievement.

Today, the various hyphenated methods
involving coupling LC and MS are

becoming  routine, e.g. LC/UV-
photodiode array detection/MS
(LC/UVIMS), LC-tandem MS

(LC/MS/MS) and LC-multiple stage MS
(LC/MSn).

The combination LC/UV/MS affords
on-line UV and mass spectra of the
eluted components, as well the liquid
chromatograms  measured as the
variation in time of the absorbance
(mAU, miliabsorbance units) at the
selected wavelength (PDA) andor total

NpeaABApPUTCIbHOTO BEIACIICHUA.

I'X / MC, pa3paborannsii B 1950-x
rojiax mocje Toro, Kak ObLI M300peTeH
[xenimcom m Maptunom B 1952 rony
([bxeiimc u Maptua  1952), Obln
IPAKTUYECKU EIMHCTBEHHBIM IIMPOKO
UCIIOJIb3YEMBIM METOIOM pa3/eiCHUs B
TE€YEHHE MOJTyBEKA.

Ho ero OTPAHUYEHO
TEPMUYECKHU CTaOMIIbHBIMA
HETOJISIPHBIMU JIETYYUMMU BELIECTBAMU,
Harpumep, d3PUpHbIC Maciia, METUIIOBBIE
3(UPBI )KUPHBIX KUCIOT U aHAJIOTUYHbIE
00pasIs

IIPUMEHEHUE

[IpopbIB, OTBETCTBEHHBIN 32 BHEIPEHUE
koMmOuHaruu KX / MC, npuMmeHUMON K
MHOXECTBY  TOJIIPHBIX  HEJETy4HX
BEILECTB, IPOM3O0LIET BO  BTOPOU
MOJIOBUHE JIBA/IIATOrO BeKa Oyiaromaps
pa3paboTke HMCTOYHMKOB HOHOB MC,
COBMECTUMBIX c KX: XA
(XumMHueckas MOHU3AIUA npu
atMocepHoM nasienun) Jx. XeHHoH
u NOP (MoHM3aLMs
anekTpopacnbeuieHuem) Jx. DeHHa,
MOCJIETHUAN ObLIT YA0CTOEH
HobeneBckoit npemun no xumuu B 2002
I. 32 3TO JOCTHUKEHUE.

Ceronns pazIu4HbIC METO/IbI
paszieneHus, BKIIOYAOIINE COYETaHHE
KX m MC, craHOBSATCS OOBIYHBIMH,
Harpumep KX / Y®-nerektupoBanue
Ha ¢oTonunoanor marpune / MC (OKX /
Yo / MC), KXX-tanaemnas MC (KX /
MC / MC) u XKXX-mHorocrynenuaras
MC (KX / MCn).

Kombunamua XX / VYO / MC
no3sosser nonydare Y®- u  macc-
CIIEKTPBI 3IIOUPOBAHHBIX KOMIIOHEHTOB
B PEXKUME PEANBHOTO BPEMEHH, a TaKKe

KUJKOCTHBIC XpOMaTOrpaMMBbl,
U3MEpPEHHbIE  KaK  HW3MEHEHHE  BO
BpPEMEHU MOTJIOLIEHUS (mAU,



ion current,
detector.

TIC (%X1) with MS

LC coupled to a NMR spectrometer
(LC/NMR) has first appeared in the late
1970 through demonstration of both
stop-flow and continuous-flow
LC/NMR, and until recently, been little
used mainly because of its lack of
sensitivity.

However, development of suitable flow
cells and techniques to optimize NMR
acquisition conditions, introduction of
pulse field gradients (PFG) and solvent
signal suppression sequences, together
with improvements in probe technology
(development of cryoprobe) and the
construction of high field magnets have
alleviated many of the initial problems
of this technique.

LC/NMR has important potential for on-
line structure identification of natural
products.

Indeed, NMR spectroscopy is by far the
most powerful spectroscopic technique
for obtaining detailed structural
information about organic compounds
in solution.

The development of solid phase
extraction (SPE) and the recent addition
of an automated SPE unit to an
LC/NMR system for peak trapping
results in an improved NMR signal-
tonoise ratio (S/N) and also has other
practical advantages.

MUJIMA0COPOIIMOHHBIE  €IMHMIIBI)  Ha
BbIOpanHO# juHe BoJIHBI (PDA) 1 niun
oOmrero koamdyectsa WoHOB Toka, [IUT
(% XI) ¢ nerekropom MC.

KX, COE€TUHEHHBIN C SIMP-
crnektpomerpoM (KX / SIMP), BnepBbie
nosiBwiics B koHile 1970 rona 6iarogaps
nemoHctpanun KX /  AMP ¢
OCTAaHOBJICHHBIM U HENPEPBIBHBIM
MIOTOKOM, W JIO HEJIaBHEro BpEMEHU
MaJjio MCIIOJIb30BaJICSI B OCHOBHOM M3-3a
HEJIOCTATOYHON YyBCTBUTEIHLHOCTH.

Onmnako  pa3paboTka  MOAXOISAIINX

IIPOTOYHBIX A4YCCK MW MCTOAOB OJIA
OIITUMMN3alIuHN YCJ]OBI/If/'I c6opa JaHHBIX

SMP, BBECHUE rPaIUECHTOB
HUMITYJIbCHOTO TOJIS (PFG) U
MOCJIEI0BATEIILHOCTEHN MOJIaBJICHUS
CUTHAJIOB PaCTBOPUTENSA, BMECTE C

YCOBEPILIEHCTBOBAHUSIMU B TEXHOJOTUU
JaTYUKOB (pa3paboTKa KPUO30HIOB) U
CO3JaHUE CHUJIbHONOJBHBIX MAarHUTOB
oOnerunnm MHOTHE POOJIEMBI.
UCXOAHBIX MPOOJIEM 3TOM TEXHUKH.

KX / SIMP umeer BaXHBINM MOTEHIIMAT
JUIS ONpPEACICHUS CTPYKTYPBI
HATYpaJIbHBIX MPOAYKTOB B PEKHUME
OHJIAMH.

HevicteurensHo, SMP-cniekrpockonus
Ha  CErOJHSIIHUI  JI€Hb  SBJISIETCS
HauOoJiee MOIITHBIM

CIIEKTPOCKOIIMYECKHUM ~ METOIAOM IS
MOJIyYeHHUs] TMOAPOOHOW CTPYKTYypHOU
uH(popmaun 00 OpraHUYECKUX
COEJIMHEHHUSAX B PaCTBOpAX.

PazButne TBepaodazHoil IKCTpaKiUU
(T®3) wu HemaBHee  AoOaBiICHUE
aBTOMaTh3upoBaHHOro Oyioka TDD k
cucteme KX / AMP nna ynaBnuBaHus
MUKOB TPUBOAUT K  YIYUYIICHHOMY
COOTHOIIEHUIO curHaI-mym SAMP (S /
N), a Takke wuMeeT  Jpyrue
PaKTUYECKHE TPEUMYIIECTBA.



This indirect hyphenation technique
involving multiple collections of the
separated compounds on SPE cartridges,
followed by drying with nitrogen and
their subsequent transfer to the NMR
flow cells using deuterated solvents is
nowadays the most efficient technique
in comparison with the previous ones
(on-flow and stopflow) leading to
foundation for today’s commercial
HPLC-NMR instruments.

The advantages of LC/SPE NMR are
the following:

LC separation
deuterated solvents

Additives non-compatible with NMR
are possible.

The complete peak can be trapped:
concentration effect.

This leads to a higher sensitivity.

with  cheap, non-

Multiple trapping feasible

Desorption with 100
solvents is possible.

Choices! No or less solvent suppression
IS necessary

Choice of peaks that should be analysed

% deuterated

Easy comparison with literature spectra

Measurements at another NMR

spectrometer are possible.
Easy 2D NMR mesurements

At the same time, due to the high
sensitivity of the mass spectrometry, a
small portion of the effluent after LC
can be transferred in the same run via
splitter to the mass spectrometer thus

OTOT METOJl HENpsIMOM PacCTaHOBKHU

nepeHocoB (KX / TdD SIMP),
BKJIFOYAIOIINNA  HECKOJBKO  COOpOB
pasieeHHbIX COCIMHECHU Ha

Kaptpukax TDD, ¢ mnocnexyronien
CYIIKOM a30TOM M HMX HOCJIEIYIOINM
IIEPEHOCOM B IPOTOYHBIE stueiiku SAMP
C MCHOJIb30BAaHUEM JIEUTEPUPOBAHHBIX
pacTBOpUTENIEH, B HACTOAILLEE BpEMs
aBiseTcss  Hambonee  A(PPEKTUBHBIM
METOJIOM B CPaBHEHHUE C MPEIbIIYIIUMU
(MpOTOYHBIN U CTOMN-NOTOK) MPHUBENO K
CO3/IaHUIO COBPEMEHHBIX
KOMMepYecKux npudopoB st BOXKX-
SAMP.

[Ipeumymectea SAMP KX / TdD
CIeAYIOIIHE:

Pa3nenenue KX C JIEIIEBEIMU
HEJIEUTEpUPOBAHHBIMU PACTBOPUTEIIIMHU

Bo3moxxHbBI 100aBKH, HECOBMECTUMBIE €
SAMP.

MO>XHO YJIOBUTH MOJHBIA MUK: 3(DPeKT
KOHLIEHTpAI1H.

DOT0 nmnpuBOAUT K 0o0Jiee BBICOKOM

YyBCTBUTEJILHOCTH.
Bo3MokeH MHOKECTBEHHBIN 3aXBaT

Bo3morxHa necopOrus 100%
JIEUTEPUPOBAHHBIMU PACTBOPUTEISIMH.
Bri6op! [lonaBienue pacTBopuTeneM He
TpeOyeTCs WU B MEHBIIIEH CTENIEHU

Beibop  mnukoB,
MIPOAHATIN3UPOBATH

KOTOpbIE  CIIEIyEeT

Jlerkoe cpaBHEHUE C JIMTEPATYPHBIMU
CHEeKTpaMu

Bo3MmoxHBI  M3MepeHus
AMP-cniektpomeTtpe.

Ha JpyromM

[TpocTeie uzmepenus 2D AMP

B 10 xe Bpems, Omarojapsi BBICOKOU
YyBCTBUTEJIBHOCTHU macc-
CIIEKTPOMETpUM, HEOOJbINasi  4acTh
smoeHTa 1ocine KX  MokeT OBITh
MIEPEHECEHa B OJWMH W TOT K€ LMK



affording online UV, MS and NMR
spectra in the same experiment.

Combining spectral data from MS,
NMR and UV can considerably
decrease the time for structural
elucidation of secondary metabolites.

Identification of a compound often is
very difficult based on NMR spectral
data only; hence, MS data also are
essential.

Therefore, LC based hyphenation of
NMR and MS detectors to combine sets
of spectral information of secondary
metabolites has already been used for
several years.

In addition, other LC-combinations
using different  spectrometers as
chromatographic detectors have also
developed: LC-infrared spectroscopy
(LC/IR), and LC-circular dichroism
(LC/CD).

The application of LC/CD enables
chiroptical online stereoanalysis of
natural  products  directly  from
stereoisomeric mixtures, thus giving the
full absolute stereostructures of novel
compounds without the necessity of
isolation and purification.

The combination of the high separation
efficiency of LC with these different
detectors has made possible the
acquisition of on-line complementary
spectroscopic data, e.g. LC-MS/MS-
NMR-CD “triad”, on an LC peak of
interest within a complex mixture

yepes pa3BETBUTEND B Mmacc-
CIIEKTPOMETP, YTO MO3BOJSET MOJIy4YaTh
oHnaH-cnekTpel YO, MC u SMP B
OJIHOM 3KCIIEpUMEHTE.

OObeauHEHNE CHEKTPAJIbHBIX JaHHBIX
MC, SIMP u Y® MOXeT 3HA4YUTEILHO
COKpPATUTh BpeMs CTPYKTYPHOI'O
BBISICHCHHUSI BTOPUYHBIX META0O0JIUTOB.

Nnentudukamumss COCOUHEHUS YacTo
OBIBacT OYEHb CJIOKHOM HAa OCHOBAaHUH
TOJIBKO  JIaHHBIX  cnekTpoB  SIMP;
cliegoBaTelibHO, JaHHele MC Takke
BayKHBI.

[loaTOMy paccTaHOBKa NEPEHOCOB Ha
nerexkropax AMP nu MC Ha ocHoBe KX
IS 00beTMHEHUSA HaboOpoB
CHEKTPAIBHOU uH(popmanuu
BTOPUYHBIX META0OJIUTOB UCIOIb3YETCS
y>K€ HECKOJIBKO JIET.

Kpome Ttoro, Obumm pa3paboTaHbl u

Ipyrue KOMOMHaIUN AKX c
WCIIOJIb30BaHUEM Pa3IMYHBIX
CIIEKTPOMETPOB B KAa4ecTBe
XxpomaTorpaduyeckux JNETEKTOPOB:
KK-undpakpacHas CIIEKTPOCKOIIUS

(KX / UK) u XK-kpyropoii auxpousm
OKX / K]T)

[Mpumenenne XX / KJI mo3Bomser
MIPOBOAUTh XHUPONTUYECKUN  OHJIAWH-
CTepeOoaHaanu3 MNPUPOJHBIX MPOIYKTOB
HEIOCPEJICTBEHHO U3 CTEPEOU30MEPHBIX
CMECei, UTO JaeT MOJIHYI0 a0COJIIOTHYIO
CTEPEOCTPYKTYPY HOBBIX COCIUHECHUHN
0e3 HeoOXOAUMOCTH BBIACIEHUS U
OUYHUCTKH.

Couertanne BbICOKON 3(PEeKTUBHOCTH
pasgenenust KX ¢ 3TUMH pa3IuyHBIMU

ACTCKTOpaMHu caciiaio BO3MOXXHBIM
MMOJIYUYCHUC JOITIOJIHUTCIBbHBIX
CIICKTPOCKOIINYCCKHUX JaHHBIX B

pexxume OHJIaliH, Hanpumep «Tpuama»
KX-MC / MC-AMP-K/] Ha
uHTepecyromeMm nuke JKX B CloXHOU



In further text two general approaches to
the analysis of the plant extracts are
discussed:  the  “traditional”  one
involving isolation of the components
and identification of the components in
the crude extracts without prior
isolation.

The rather simplified presentation of the
“traditional” procedure being used in the
identification of constituents of the plant
Is presented in Fig. 4.2.

Unfortunately, extraction, which is
usually the first step in the analysis of
the plant constituents, rarely results in
the form of pure compounds.

More often rather complex mixtures
containing quite a few components are
obtained.

The complete characterization of
constituents has to rely on spectral
analyses of their purified form.

Therefore, rational and efficient
isolation  procedures have to be
developed.

Historically, separation and isolation of
components from complex mixtures has
occupied (and still does) a central role in
the activity of researchers in the field of
natural products research.

Consequently, most of the working time
is devoted to the separation/ purification

steps and not to the structural
determination.
The following drawbacks of this

(traditional) methods are encountered:
Large amounts of the rare biological

cMecH
B nanbHeiiiem TekcTe 00CYKIArOTCS

nBa OOMMX TOAXO0Ma K  aHaM3y
JKCTPAKTOB pacTeHMI:
«TPAIUIIMOHHBIN, BKJIIOY QIO
BBIJICIICHHE KOMITOHEHTOB u
UJIEHTU(PUKALTIIO KOMITIOHCHTOB B
CBIPBIX AKCTpaKTax oe3

MpCABApPUTCIIBHOT'O BBIACIICHUA.

JIOBOJIEHO YTIPOIIIEHHOE TPEICTABIICHNE
«TPATUITIOHHOM» IPOLICTYPHI,
UCIIOJIB3YEeMOM I MJICHTH(DUKAIIUN
KOMIIOHEHTOB YCTaHOBKH,
MIpEJICTaBICHO Ha puc. 4.2.

K coxanenuro, SKCTpakuus, KOTOpas
OOBIYHO SIBJISIETCSl TEPBBIM IIArOM B
aHaJIM3€ KOMIIOHEHTOB PAaCTEHUM, PEKO
OPUBOJUT K O0Opa30BaHUIO YMCTHIX
COCIMHEHUM.

Yamie MMOJYy4aroTCAa JOBOJBHO CJIOKHBIC
CMECH, coacpkamlnuc AOBOJIbBHO MHOI'O
KOMIIOHCHTOB.

[Tonnas XapaKTEepHUCTUKA
COCTABJISIOIINX JIODKHA OCHOBBIBATHCS
Ha  CIEKTpAJbHOM  aHajdW3e WX
OUYMIIEHHON (POPMBI.

CnenoBarteibHO, HEOOXOINMO
pa3paboTaTh paloHaIbHbIC u

s heKTUBHBIE TPOLIECTYPHI H3OJISIIHH.

Hctopuyecku pasziesieHue U BbIJEICHUE
KOMIIOHEHTOB M3 CJIOXKHBIX CMecen
3aHUMaJIo0 (M [0 CHUX TIOp WIPaer)
HEHTPAIBHYIO POJIb B JCATEIHHOCTU
ucclieIoBaresnen B obnactu
MCCJIEIOBAHMS TIPUPOIHBIX MPOAYKTOB.

CnenoBarteibHO, OoubIIas 4acThb
pabodero BpeMEHHU IOCBSAIICHA dTanaMm
pasieneHuss /  OYMCTKM, a  He
OTIPEICIICHUIO CTPYKTYPHI.
Bcerpewarores cremyronue HEIOCTaTKA
ATOTO (TPaAUIIMOHHOTO) METOA:

Wnorga TpeOyercs 0osbIIoe



material are sometimes needed.
Expensive tools and supplies, like
adsorbents and eluents

Long lasting process (several days....)

Unstable compounds may decompose
already  during the  preparative
separation and thus may escape the
analysis.

Recently, a development of the very
efficient automated LC semi-prep
chromatographic methods, which could
be performed on the analytical LC-
devices made the preparative step much
more efficient, enabling collecting mg
quantities of the pure compounds ready
for structure determination in one run.

The versatile semi-prep systems perform
sample injection, fraction collection and
re-injection of the collected fractions.

The difference between the analytical
and preparative HPLC is the amount of
sample applied to the column.

Semi-preparative chromatography is the
link between analytical HPLC and
preparative LC.

Even though the chromatographic
systems used for semi-preparative LC
do not reach the size of preparative LC
systems, the objectives remain the same:

Purification and isolation of maximum

KOJIHUYCCTBO PpPEAKOro OMOJIOTUYECKOTO
Martcpuaiia.

Jloporue MHCTPYMEHTBI W PACXOJHBIC
MaTepuaibl, Takue KakK aJcopOeHTHl U
DIIFOCHTBI.

JlnmuTenpHbIN nporiece (HECKOIBKO JHEH

)

HecTabunnHbie COCIMHCHUA MOI'yT
pa3jiaraTtbCsa YXKC BO BpCM:A
IMpCrmapaTuBHOTO Pa3aCiICHUA H,

CJICAOBATCIIbBHO, MOI'YT HC IIOIIAAdTh B
aHaJIn3.

B nocnennee Bpemsi pa3paboTka OoueHb
3G ()EKTUBHBIX ~ aBTOMATHU3UPOBAHHBIX
METOJ0B MOJIyIpenapaTuBHON
xpomarorpaduu KX, KOTOpble MOTYT
ObITh BBITIOJIHEHBI HAa AHATUTUYECKUX

YCTPOMCTBAX KX, caenana
MOATOTOBUTENIHBIA ~ 3Tall  HAMHOTO
oosee 3 PEKTUBHBIM, MO3BOJIUB
cobuparb KOJIMYECTBA YUCTBIX

COEIMHEHNH B MIJIJIMTPAMMAaXx, TOTOBBIX
JUISL ONIPEAENIEHUSI CTPYKTYpPBI, 32 OOWH
IIPOTOH.

YHUBepCcaIbHBIE CHUCTEMBI
noiny(pabpuKaToB  BBITOJHSIOT  BBOJ
npoObl, cOop ¢pakiuii U MOBTOPHBIN
BBO/I COOpaHHBIX (hpaKIIMii.

PazHuna Mexay aHaJuTUYECKOW U
npenapatuBHoit BOXXX 3akmtouaercs B
KOJIMYECTBE TPOObI, HAHECEHHOW Ha

KOJIOHKY.

[TonynpemaparuBHas  xpomaTtorpadus
SBIIIETCSL CBSI3YIOIIMM 3BEHOM MEXIY
AHATUTHYECKON BOXX 151
npenapatuBHom XKX.

HecmoTtpst Ha TO, 4TO
XpoMaTorpaduuecKue CHCTEMBI,
HCIOJIb3YEMBIE ISt
MOJIyIIPENapaTUBHON KX, HE

JIOCTUTAKOT Pa3MEPOB IPEMAPATUBHBIX
cucreM JKX, nenm ocraroTcest IpeXHUMU

Ouucrka n BBIACIICHUEC MAKCHUMAJIbHOI'O



sample quantity.
Savings in time and costs.

In the analytical LC the applied sample
amount is very small compared to the
amount of stationary phase in the
column (less than 1:10,000).

Therefore, very good separations can be
achieved.

To purify higher amounts of sample in a
single run the loadability of a column
has to be increased.

This can be done either by concentration
or volume overloading, depending on
the application.

Consequently, the scaleup from
analytical LC (microgram quantity) to
semi-prep one (milligram quantities)
requires the increase column dimensions
from ca. 4-8 to 10-20 mm ID, as well
as the flow rate from ca. 0.4-2 to 2-10
mL/min, respectively.

In addition, in last two decades some of
the inherent insensitivity of the NMR
spectroscopy which is the major tool for
structure  elucidation, has  been
overcome by improvements in
spectrometer hardware and development
of new  multipulse  sequences,
considerably reducing the required
quantity of the sample to be analysed
down to the sub-microgram range.

Example #1

Isolation of jatrophanes, bioactive
diterpenoids from Euphorbia dendroides

KOJINYECTBA HpO6I>I
DKOHOMUS BPCMCHH U CPCACTB.

B apamutnmueckor KX KOJIMYECTBO
HAHECEHHOW NpOoObI OYEHb MaJo IO
CPaBHEHHUIO C KOJWYECTBOM
HEMOJIBIKHOU (ha3bl B KOJOHKE (MEHee

1:10 000).

CJ'ICI[OB&TCJ'ILHO, MOKHO
OYCHBb XOpOIICTo pasacJICHUA.

TOOUTHCH

YT10o0BI OYHUCTUTEL OOJIbIIIEE KOJIHUECTBO
oOpa3nia 3a OJMH ITMKJ, HEOOXOIUMO
YBEIUYUTD 3arPyKaeMOCTh KOJIOHKH.

OT0 MOXET OBITh CAENAHO JINOO MyTEM
KOHIICHTpAIIH, 160 myTeM
NEPErpy3KH 1Mo 00bEMY, B 3aBUCUMOCTHU
OT 00JIaCTU TPUMEHEHUS.

CrnenoBaTenbHO, nepexo oT
ananutuyecko KX (koamyecTtBO B
MUKpoOrpaMmax) K  mnoiydadpukary
(KOIMYECTBO B MUJUIMTpaMMax) TpeOyeT
YBEJIMYEHUSI Pa3MEpPOB  KOJOHKH C
npuOJI. BHYyTPEHHUN TUaMeTp OT 4—8 10
10-20 MM, a Takke pacxoa OT OK. OT
042 mo 2-10 wMa / wmuH
COOTBETCTBEHHO.

Kpome Toro, 3a mocrmenHue naBa
JECATWICTUS] HEKOTOpas BHYTPCHHSS
HEYYBCTBUTEIBLHOCTD SAMP-
CIIEKTPOCKOMNH, KOTOpas  SIBJISIETCS
OCHOBHBIM WHCTPYMEHTOM TUTSt
BBISICHEHUS CTPYKTYpBHlI, ObLna
MpEeoI0JICHA 3a CYeT
YCOBEPIIEHCTBOBAHUS arrapaTHoro
oOecrieueHus CIIEKTPOMETpA U
pa3pabOTKH HOBBIX MHOTOMMITYJIBCHBIX
MOCJIEA0BATEIIbHOCTEH, 4TO
3HAYUTEIHFHO YMEHBIINIIO HE0OX0IMMOe

KOJIMYECTBO oOpasna s aHalu3a,
aHaAIIM3UPYyETCA 70 Jrana3ona
CyOMHUKpPOTpaMM.

[Tpumep # 1

Boinenenue stpodaHoB, OMOAKTHUBHBIX
JUTEPIICHON OB u3 Euphorbia
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(Tree Spurge) using optimized semi-
prep LC in combination with classical
column chromatography (CC)

The application of this improved
purification step involving semi-prep
LC in combination with the classical
chromatographic methods used for
preliminary purification and enrichment
of the interesting fractions in the
analysis of the bioactive constituents of
the Montenegrin spurge Euphorbia
dendroides as a part of the
comprehensive study of this species has
been carried out recently in our
laboratory.

In course of these investigations, two
types of samples were prepared: 60 %
aqueous ethanolic extract of the aerial
parts and n-hexane fraction of the
lyophilized latex.

Before the preparative isolation both
samples were subjected to LC/UV/ESI
TOF MS as well as the 1H NMR
analysis (not shown), revealing rather
complex mixtures with diterpenoids as
the major constituents

Before the semi-prep LC, the isolation
of the extract constituents involved a
combination of the classical prep
chromatographic techniques on Si-gel,
i.e. DCFC/ prep TLC, or DCFC/CC

The isolation scheme used for the
purification of latex components
involving in the first step DCFC on Si-
gel (n-hexane/EtOAcC in three different
proportions, 60 %, 80 %, and 100 %

dendroides (Momouait JlpeBecHbIi) ¢
WCIIOJIb30BaHUEM  ONTUMU3UPOBAHHOMU
nonynpenapatuBHoil KX B codeTaHun
Cc KJIACCUYECKOM KOJIOHYATOU
xpomarorpadueit (KX)

[IpuMeHeHne 3TON yJIyUYIIEHHOW CTaaun
OYHCTKHU c HCIIOJIb30BaHUEM
nonynpenaparuBHoil KX B codetaHuun
c KJIACCUYECKUMHU
XpoMaTorpaduyecKuMu METOJAMHU,
MCIIOJB3YEMbIMH JJIsI TIPEABAPUTEIbHON
OUYHUCTKA W OOOTalllEHUs] WHTEPECHBIX
bpakuuii mpu aHaTU3e OWOAKTUBHBIX
KOMIIOHEHTOB YEPHOTOPCKOr0 MOJIOYan
Euphorbia  dendroides B  pamkax
KOMIUIEKCHOTO HCCJIEIOBAHUS 3TOT BU/I
ObT HEJAaBHO TIPOBEACH B HaIlei
nabopaTopuu.

B xome »atux wuccinenoBaHuil ObuUIH
IPUTOTOBJIEHBI 00pa3Ubl JBYX THUIIOB:
60%  BOOHO-CIMPTOBOM  DKCTPAKT
HAJ3€MHBIX YacTe€ll M H-TEKCaHOBas
bpakuus JIO(PUIU3UPOBAHHOTO
JaTeKca.

[lepen mnpemapaTUBHBIM BBIJICICHUEM
oba oOpasna Obuti moABeprHyThl KX /
Y& / UDP BMA MC, a takxke 1H
SAMP-ananu3y (He TOKa3aH), BBISIBUB
JTOBOJIBHO CJIOKHBIE cMecH C
JTUTEPIICHOUIaMU B Ka4€CTBE OCHOBHBIX
KOMIIOHEHTOB

Ilepen MTOJTYTIPETIAPATUBHOMN AKX
BBIJICTICHUE KOMITIOHEHTOB OJKCTpPaKTa
BKJIFOUAIO0 KOMOWHAIMIO KJIACCUYECKHX
METO0B MpenapaTUuBHOM
xpomarorpadun Ha Si-rene, TO ecTh
DCFC / mnpenapatuBaoit TCX wnm
DCFC/ CC.

CxeMa BBIJIEJICHHS, HCIOJIb30BaHHAS
JUIE OYMCTKHU JIATEKCHBIX KOMIIOHEHTOB
C HCIOJIb30BAaHHEM Ha IEPBOM ITare
DCFC na Si-rene (a-rexcan / EtOAC B

TpeX pas3nuyHbiX nponopuusax: 60%,
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EtOAc) afforded fractions A - C,
respectively, containing, according to
the 1H NMR and LC/UV/ESI TOF MS
spectra, jatrophane diterpenoids as the
main constituents.

In the second step these fractions were
divided by CC on silica gel eluting with
EtOAc/n-hexane, into subfractions Al-
3, B1-2 and C1-2 and subjected to the
semi-prep LC.

The example of semi-prep LC
chromatogram of fraction A2 containing
four diterpenes (1, 2, 6 and 9) is
presented in Figs. 4.5 and 4.6.

From both extracts (aerial parts and
latex) nineteen jatrophane diterpenoids
(1- 19) and two epimeric tiglianes (20,
21) have been isolated.

With exception of tigliane 21, named
Euphorbia factor Pr2 by Wu et al.
(1994), all isolated compounds were
new and their structures were elucidated
by spectroscopic methods, including
HRESIMS, 1D and various 2D NMR
techniques.

Compounds 1, 2 and 16 were found in
both extracts.

It also should be noted that the
biological activity of compounds 1-5,
16 and 20 was studied against four
human cancer cell lines.

The most effective jatrophane-type
compound (2) and its structurally
closely related derivative (1) were
evaluated for their interactions with
paclitaxel and doxorubicin using a
multidrug-resistant cancer cell line.

80% u 100% EtOAC), nana ¢ppaxuuun A
- C, COOTBETCTBEHHO, COJEpKAIlUMA,
cormacuo cnekrtpam 1H SIMP u XX /
Yo /| UDP BMA MC, autepreHOUIbI

arpopaHa B KayecTBE  OCHOBHBIX
KOMIIOHEHTOB.
Ha BTtopoM »rame »3tu  (pakmuu

pazaemsuin CC Ha cuiukaresne, dJIIOupys
EtOAC / H-rekcanom, Ha ToAQpPaKIUH
Al-3, B1-2 u Cl-2 u mnoasepraiu
nonynpenaparuBaon KX.

[Tpumep MOJIYIIPENIapaTUBHOM
xpomatorpamMmmbl KX ¢pakuum A2,
coziepskaiient uereipe qurepnena (1, 2, 6
u 9), mpencrasiieH Ha puc. 4.5 u 4.6.

N3 o00oux »SKCTpakTOB (HAA3EMHBIX
yacTed W JlaTeKca)  BBIIEJICHO
JIEBATHA/IIIATh JTUTEPIICHOUIOB

arpodana (1-19) u nABa SMUMEPHBIX
turiauana (20, 21).

3a UCKIIIOUEHHEM pPe3MHU(]EpaTOKCHUHA,
Ha3BaHHOrO (pakTopoM Euphorbia By u
coaBT. (1994), Bce wu30IUPOBAHHBIC
COCMHEHUsS OBbUIM HOBBIMH, M HX
CTpYKTypa ObLTa BBIICHEHA C MOMOIIBIO
CHEKTPOCKOTTMYECKHX METO/IOB,
Bkitouas HRESIMS, 1D u paznuunbie
Mmetonsl 2D SIMP.

Coemuuennst 1, 2 wu 16 Obpum
OOHapyXeHbI B 000UX IKCTPAKTAX.

Takxe  ciaegyeT  OTMETUThb,  YTO
OnoJIornyecKas AKTUBHOCTH
coequnenur 1-5, 16 u 20 uzyyanacer B
OTHOIICHUU YETHIPEX JMHUH PaKOBBIX
KJIETOK YEJI0BEKa.

HaubGonee »sddexTtuBHOE coenuHeHne
arpogaHoBoro tuna (2) u ero Oau3Koe
no crpykrype npousBoaHoe (1)
OLICHUBAITU Ha npeaMer ux
B3aMMOJICHCTBHSI C TMAKJIUTAKCETIOM U
JIOKCOPYOUIIMHOM C HCIIOJIb30BaHUEM
JTVMHAA PaKOBBIX KJIETOK C
MHOKECTBEHHOU JICKApCTBEHHOM
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Both compounds exerted a strong
reversal  potential resulting  from
inhibition of P-glycoprotein transport.

Among the jatrophanes isolated from
latex, the assessment of the P-
glycoprotein (P-gp) inhibiting activities
of the representative set of compounds
1, 2, 6-10 and 15-19 revealed the
activity of jatrophanes 6 and 9 as the
most powerful in inhibition of P-gp,
even higher than R(+)-verapamil and
tariquidar in colorectal multi-drug
resistant (MDR) cells (DLD1-TxR)

There are two general approaches in the
analysis of the crude extracts without
prior isolation: hyphenated (coupled)
techniques involving the combination of
chromatographic and  spectroscopic
techniques and direct spectroscopic
measurement of the extract, as well as
their combination

Example #2

Proanthocynidins from grape (Vitis
vinifera) seed extracts

The hyphenated techniques involving
LC are now extensively used for

investigation ~ of  various  polar
biologically active secondary
metabolites such as, for example,

antioxidant phytochemicals.

Most of them are polyphenols widely
present in the plant kingdom.

Very important representatives of these

YCTOMYUBOCTBIO.

Oba coenuHEHUs MPOSIBISUIM CHIIbHBII
OOpaTHBIl TMOTEHIMAl B pe3yJbTare

MHTUOUPOBAHUS TpaHCIIOPTa P-
TJIMKOTIPOTEUHA.

Cpenn sTpodaHOB, BBIICIECHHBIX W3
JaTekca,  OLEHKa  HMHTCUOUpYHOLEen
akTUBHOCTH P-riukonporenna (P-gp)
pernpe3eHTaTUBHOTO Habopa
coemmHennsi 1, 2, 6-10 m 15-19

BBISIBMJIA aKTUBHOCTH ATpo(aHoB 6 u 9
KaK HaunboJiee CHJIbHYIO B
UHruOMpoBaHuu P-gp, naxe Bhlile, YeMm
R (+) - Bepamamui W TapuBHKap, B
KOJIOPEKTaTbHBIX KJIETKax C
MHOKECTBEHHOM JIEKapCTBEHHOU
ycroitunBocthio (MDR) (DLDI1-TxXR)

CymectByeT aBa 0OmMMX TMOAXOAa K
aHaIM3y  CBIPBIX  JKCTPAaKTOB  0Oe€3
MPEABAPUTEILHOTO BBIJICICHUS: METObI
C paszneneHueM aehucoB (CBSI3aHHBIC),

BKJIFOYAIOIITUE KOMOHWHAIIHIO
XpoMarorpaduuecKkux u
CHEKTPOCKOTIMYECKUX  METOJOB |
psMoe CHEKTPOCKOITNYECKOe
U3MEPECHHE DOKCTPaKTa, a TaKke WX
COUYETaHHeE.

[Tpumep # 2

[IpoaHTOIMHUIUHEI W3  DKCTPAKTOB

koctouek Bunorpaza (Vitis vinifera)

Mertonsl pazaenenus ¢ yuactueM KX B
HACTOSIIEE BpeMsi ITUPOKO
UCIONB3YIOTCSA  JUIsl  HMCCJIe0BaHUs
Pa3JIMUHBIX TOJSPHBIX OHOJOTHMYECKU
AKTUBHBIX BTOPUYHBIX METAOOJIUTOB,

TaKUX KaK, HaTpUMep,
AHTUOKCUJAHTHbIE  (DUTOXUMUYECKUE
BEIIIECTBA.

BoNBbIIMHCTBO W3 HUX MPEACTaBISIOT
co0oit noJIu(heHobI, HIUPOKO
pacmpocTpaHeHHBIE B PacCTUTEIHLHOM
MUpE.

OdYeHb BaXHBIMH  TPEACTABUTEISIMHU
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natural products are proanthocyanidins
(PAs), also known as condensed
tannins,

They are ubiquitous and one of the most
abundant group of natural polyphenols
and can be detectable in a wide variety
of food sources, such as fruits, nuts,
beans, apples, and red wine.

PAs in foods are of interest in human
nutrition and medicine due to their
antioxidant capacities and beneficial
effects on human health in reducing the
risk of chronic diseases, such as
cardiovascular and cancer.

They are oligomers and polymers
composed of flavan-3-ol units linked
mainly through C(4)-C(8) and less
frequent through C(4)-C(6) bond, both
denoted as B-type.

The flavan-3-ol units can also be doubly
linked by an additional ether C(2)-O(7)
which is assigned as A-type

The monomeric units of the oligomeric
and polymeric PAs are afzelechin,
catechin, gallocatechin and their 3p-
epimers.

The size of PAs is described by its
degree of polymerization (DP).

Oligomers are those with DPY2 ~ 7,
whereas polymers exhibit DPY48 ~ 24 or
more.

The most common classes of the
proanthocyanidins are the procyanidins,
which are chains of catechin,
epicatechin, and their gallic acid esters,
and the prodelphinidins, which consist

ITHX HaATypaJIbHBIX POAYKTOB
ABJSAIOTCS  mpoaHTounaHuauHel  (ITA),
TaKKe U3BECTHBIC Kak

KOHIACHCUPOBAHHBIC TAHUHBI.

OHu pacmpocTpaHeHbl MOBCEMECTHO M
SIBIISTFOTCSI OJTHOM u3 CaMBbIX
pacipoCTpaHEHHBIX TPYII MPUPOIHBIX
oM EeHOJIOB U MOTYT OBITH
OOHapy)XeHbl B CaMbIX  Pa3HBIX
UCTOYHHUKAX THIIH, TAKUX KaK (PPYKTHI,
opexu, 6005l IOTOKK U KpacHOE BUHO.

ITA B ITUILEBBIX POIYKTax
MPECTABIAIOT HWHTEpeC JIs TUTaHUs

qCJIOBCKa MW MCIMIMHBI HM3-3a HX
AHTHUOKCHJAHTHOM CITOCOOHOCTH u
6JIaFOTBOpHOF (O BO3JCHCTBUS Ha
3A0pPOBBC  UYCIOBCKA, CHHIKAA  PHUCK

XPOHUYECKUX 3a00JICBaHUM, TaKUX Kak
CEPACUYHO-COCYAUCTHIE U PAK.

OHH TPEACTABIAIOT COOOM OIUTOMEPHI
U TOJUMEPHI, COCTOSAIINE U3 3BCHBHCB
¢naBan-3-0j1a, CBSI3aHHBIX B OCHOBHOM
yepe3 cBsa3b C (4) -C (8) u pexe uepes
cBs13b C (4) -C (6), o6a 0003HaUEHBI KaK
B-tw.

Enununpel ¢iaBaH-3-oma Takke MOTYT
OBITH JIBAYKIBI CBSI3aHbI
nomnoaHuTeabHbIM 3¢hupom C (2) -0 (7),
KOTOPBIM 0003HaUCH Kak A-THII

MoHOMepHBIMU 3BEHBSIMU
OJINTOMEPHBIX W mnoJuMepHbix [TA
ABJISIFOTCSA aduenexuH, KaTEXWH,

TaJIJIOKaTeXUH U UX 3-31UMepHI.

Pazmep IIA omnuceiBaeTcs CTENEHbBIO
nomumepusaruu (DP).

Onuromepsl - 310 T€, y KOTOpbIX DPY42
~ 7, B TO BpeMs Kak MOJUMEPHI
nokassiBatoT DP ~8 ~ 24 unu Goee.

HauGomnee pacpocTpaHEHHBIMH
KJIaCCaMH IPOAHTOIMAHUNHOB
SBIIIIOTCS ~ MPOIIMAHUIUHBI, KOTOPBIC
MPEJICTaBIISIIOT COOOW IeNM KaTeXHHa,

SMUKATEXWHA U HMX CJIOXKHBIX 3(UPOB



of gallocatechin, epigallocatechin, and
their galloylated derivatives as the
monomeric units.

The  proanthocyanidins  containing
afzelechin as the subunits are named
propelargonidins

Several methods for the analysis of
polyphenols have been presented in the
literature.

Most of them are based on liquid
chromatography (LC) coupled with
either a photodiode array (PDA)
detector and/or a mass spectrometer
(MS).

This is a very effective and highly
sensitive method for characterizing
procyanidins from complex matrices.

In recent years, electrospray ionization
(ESI) has been shown to be suitable for
the analysis of such polar compounds in
aqueous solutions without any previous
sample derivatisation.

ESI permits the identification of the
molecular weight of procyanidins with
different degrees of polymerisation.

Both normal and reverse phase LC
techniques are applied.

The normal- phase technique effects the
separation of the proanthocyanidin
oligomers according different degrees of
polymerisation (DP) whereas reversed-
phase C18 columns have the ability to
separate different isomeric oligomers
with equivalent molecular mass.

However
higher
(i.e.

reverse-phase analysis of
oligomeric  proanthocyanidins
tetramers) is not feasible due to

14

raJJIOBOH KHCJIOTHI, U
poAeIb(UHUIUHBI, KOTOPHIE COCTOST
W3 TaJIOKaTEXHMHA, SIUTaJUIOKaTeXHHa
U WX TATOMIMPOBAHHBIX MPOU3BOIHBIX
B KQYECTBE MOHOMEPHBIX CAUHHUII.
[IpoanTOIIMAHUIUHBI, coJIeprKaIlue
ad3eexXuH B KauyecTBe CYObEIUHHUII,
Ha3bIBAIOTCS MPOTEIAPTOHUIUHAMH.

B nutepartype npeacTaBieHO HECKOJIBKO
METO/0B aHaJIn3a MOIU(EHOIIOB.

BonbIIMHCTBO W3 HUX OCHOBaHbl Ha
XKUAKOCTHOM xpomarorpadguu (OKX) B
COUETAaHUU C JIETEKTOPOM Ha OCHOBE
dboroanonnont marpuiibl (KIIK) u / wnm
Macc-criekrpomerpom (MC).

Jt10 OYECHb 3¢ HEeKTUBHBIN u
BBICOKOYYBCTBUTCIIBHBIN METO]T
OTpENENCHUS  MPOIMAHUIANHOB W3

CJIOJKHBIX MAaTpPHII.

B nocneanue roapl ObLI0 MOKa3aHO, YTO
MOHU3AIUSA AJIEKTPOpaCIbLUICHUEM
(UDP) moaxomuT JuIs aHAIW3a TaKHUX
MOJISIPHBIX ~ COSAWHEHUH B  BOJHBIX
pacTBopax  0e3  mpeaBapUTEIbHOU
JIepUBaTU3alMKA 00Pa3IIoB.

NoPpP MO3BOJISIET ONPENETATH
MOJIEKYJISIPHYIO MacCy NPOLMAaHUINHOB
C Pa3HOM CTENEHBIO MTOJIUMEPU3ALUU.

[Ipumensrorcs metonsl XX kak ¢
HOpMaJbHOM, Tak U C OOpaleHHOU
dazoii.

HopwmainbHo-(ha30Bbii METOL
00ecreynBaeT pasJeieHue OJUrOMEpPOB
MPOAHTOLMAHUMHA COTJIACHO Pa3HbIM
creneHsM nonumepuzauuu (DP), Torna
Kak oOpareHHo-(a3oBbie kooHkH C18
CIIOCOOHBI ~ pa3lensiTh  pa3IuvHbIC
U30MEpHBIE OJINTOMEPBHI C
DKBUBAJICHTHOW MOJIEKYJIIPHOM MAaCCOM.

Onnako o00paieHHO-(a30BbIM  aHAINU3
BBICIITHX OJINTOMEPHBIX
MPOAHTOIMAHUTUHOB (To €CTh
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the fact that, with increasing degrees of
polymerization, the number of isomers
also increases.

This effect results in a retention time
overlap of isomers containing differing
degrees of polymerization, causing the
large unresolved peak.

Catechins and proanthocyanidins are
usually detected at 280 nm using a UV
detector.

However, peak intensity is rather low,
and many other phenolic compounds
also absorb light at 280 nm.

Much better sensitivity is obtained using
fluorescence  with  excitation and
emission set to 230 and 321 nm,
respectively

The application of the LC/MS method
for the analysis of such compounds,
together with 13C NMR spectroscopy,
is demonstrated in our laboratory by
direct  analysis of  polyphenol
constituents of grape seed MeOH
extracts (GSE).

Grape seeds are known as an abundant
source of procyanidins consisting of
both (+)-catechin and ( )-epicatechin
forming units that, in the particular case
of ( )-epicatechin, can  appear
galloylated or not.

The use of a rapid resolution HPLC
column and the appropriate gradient
program afforded the separation of
seventeen phenolic compounds in less
than 30 min.

The exact mass measurements of the of

TETpaMePOB) HEOCYILIECTBUM U3-3a TOTO,
4TO C yYBEIMYECHUEM CTETICHU
MOJIMMEPHU3AIMN KOJIMYECTBO HM30MEPOB
TaK)Ke YBEITUYHBACTCSI.

OT10T 3¢ dHeKT NPUBOIUT K MEPEKPHITHIO

BpEMCHU YIACPKUBAHUA H30MCPOB,
COACpIKAIINUX Pa3HYIO CTCIICHDb
IMOJIMMCPpU3alli, BbI3bIBAA OOIBIIION

Hepa3pelIeHHbIN MUK,

KarexuHbl ©  mpoaHTOIMAHWIWHBI
00bIYHO OOHapykuBaroTcs mpu 280 HM
¢ nomoupto Y P-nerekropa.

OmHako  TUKOBas  MHTCHCHBHOCTH
JIOBOJIBHO Majla, W MHOTHE JpyTue
(dheHobHbIE COCIMHEHUS TaKxe
ITOTJIOLIAOT CBET IIpH 280 HM.

HamHoro myd4imiass 4yBCTBUTEIBHOCTH
JOCTUIaeTcd  OpU  HKCIHOJb30BaHUU
dbayopeclieHIIuM C BO30YXXJICHUEM U
DMHUCCHUEMN, YCTAHOBICHHBIMA Ha 230 m
321 HM COOTBETCTBEHHO

[Ipumenenue meroma KX / MC nns
aHaIM3a TaKUX COCAUHEHUI BMECTE CO
CIIEKTPOCKOIHUEN SIMP 13C
IIPOAEMOHCTPUPOBAHO B Haren
7abopatopuu  MPSMBIM  aHAJIU30M
oA (PEHOTbHBIX KOMITOHEHTOB
HKCTPAKTOB MeOH (GSE)
BUHOI'PAJIHBIX KOCTOYEK.

BuHorpagHbeie KOCTOYKH M3BECTHBI KaK
Ooratbli HCTOYHUK MPOLMAHUIUHOB,
COCTOSIIIINX KaK U3 (+) - KaTeXrHa, TaK 1

u3 0 -3MUKATEXUH-00Pa3yIOIIHNX
CAWHMI], KOTOpbIe, B KOHKPETHOM
ciyyae ()  -dOMKAaTeXWHa,  MOTYT

Ka3aThCsl TAJUIOMIIMPOBAHHBIMU WJIN HET.
Hcnonp3oBanue xkoiaoHKH id BOXKX ¢

OBICTPBIM pa3pelieHneM U
COOTBETCTBYIOILIECH [IpOrpaMMBbl
IrpagveHTa  IO3BOJIWIO  Pa3leiauTh

CEMHAIIIaTh (PEHOJIbHBIX COCIUHECHUI
MeHee uyeM 3a 30 MuH.

TounbIe U3MEPEHUS Macchl



molecular and fragment ions of analytes
with a time-of-flight (TOF) mass
spectrometer in positive and in negative
polarity mode revealed the structures of
seventeen polyphenols in our extract
comprising catechin and epicatechin
monomers, i.e. procyanidin oligomers,
and their gallates.

The procyanidin  dimers, trimers,
tetramers and pentamers (B-type) have
molecular masses of 578, 866, 1,154
and 1,442, respectively and their gross
structures were identified in the positive
mode by the abundant [M +H]+ and, in
some cases by [M + Na] + and [2M +
Na]+ sodium adducts (positive mode).

All identified compounds exhibited [M-
H] in the negative mode, as well as
[2M-H] ions for some of them,
confirming molecular mass.

In addition, procyanidin dimers and
epicatechin gallate possessed high
affinity to sodium ions, giving adducts
such as [M + Na-2H] and [2M + 2Na-
3H].

Doubly charged [M-2H]2 species were
observed for procyanidin epicatechin
gallate possessed high affinity to sodium
ions, giving adducts such as [M + Na-
2H] and [2M + 2Na-3H].

Doubly charged [M-2H]2  species
were observed for procyanidin trimers.

It should also be noted that such
identification, based solely on precise
mass measurement of quasimolecular
ions, of the gross structure of
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MOJIEKYJIIPHBIX U (pparMEeHTapHBIX
MOHOB  AQHAJIUTOB  C  TOMOINIBIO
BPEMSIIPOJIETHOIO MAacC-CIEKTPOMETPa
(BMA) B pexuMe TMOJOXKHUTEIBHON |
OTPHUIIATEIILHOW TOSIPHOCTH BBISBUIIU
CTPYKTYPBl CEMHAJIATH MOJU(PEHOIOB
B HAIIEM JKCTPAKTE, BKIIFOYAIOIINX
MOHOMEPHI KaTeXWHA U AMUKATEXUHA, TO
€CTh OJIUTOMEPHI MPOIMAHUINHA, U KX
rajiathl.

Jlumepsl, TpUMEpBI, TETpaMepbl U
MEeHTaMepbl  mponranuauHa  (B-tum)
UMEIOT MOJIEKYJIIpHBbIE Macchl 578, 866,
1154 u 1442 COOTBETCTBEHHO, M HX
oO1ue CTPYKTYPBI ObLITH
UICHTU(DUIIIPOBAHBI B TIOJIOKHUTECIIEHOM
pexume 1no oouwinsHoMy [M + H] +, a B
HEKOTOPBIX Ciy4yau ajaykramu [M +
Na] + u [2M + Na] + Harpus
(TOJIOKUTENLHBIN PEKUM).

Bce UACHTU(PULIUPOBAHHBIE
coeiuHeHus  nokazaiu  [M-H] B
OTPHUIIATEIFHOM PEKHUME, a TAK)KE HOHBI
[2M-H] nns HEKOTOpBIX W3 HHX, 4YTO
MOATBEPKIAET MOJIEKYJISIPHYIO Maccy.

Kpome Toro, mumepsl mpormaHugnHa U
rajiaT SIMKATEXHWHA 0011a/1a10T
BBICOKMM CpOJICTBOM K HMOHaM HATpHs,
naBasi Takue ajuykThl, kak [M + Na-2H]
u [2M + 2Na-3H].

HByx3apsmable  vactunpl  [M-2H] 2
HaOOMamuMch  JUIsl  MPOIMAHU]IUH-
SIIMKATECXWHTAJIIaTa, 00J1a/1a10IIIETO

BBICOKMM CpPOJICTBOM K HMOHaM HaTpus,
naBasi Takue ajuykThl, kak [M + Na-2H]
u [2M + 2Na-3H].

Hnst TPUMEPOB pOoIMaHUIMHA
HaOIIOAMCh  ABYX3apsiaHble  (OpMbI
[M-2H] 2.

Cnenyer TakXe OTMETUTb, UTO Takas
uaeHTUUKAITHS, OCHOBaHHasi
WCKJIIOYUTEILHO Ha TOYHOM U3MEPEHUU
MacChl KBA3UMOJIEKYJIIPHBIX  HOHOB,
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procyanidin oligomers is tentative.

This method allows only elucidation of
chain length, and the chemical
constitution of the individual chains, but
not the stereochemistry at the chiral
centers C-2 and C-3.

In order to get more information
regarding the structure of procyanidin
oligomers detected in the extract, the
13C NMR spectroscopy was applied.

The 13C NMR spectrum of the GSE
was measured by a pulse sequence
allowing the total relaxation of all
carbons, as well as the suppression of
the nuclear Overhauser effect (NOE
effect) which enables quantitative
measurements based on peak intensities.

Assignments of the resonances were
based on comparison with those
reported in the literature.

This spectrum provided structural and
stereochemical details on subunit
composition.

The signals of the 13C-NMR spectrum
indicated the presence of catechin,

epicatechin ~ and  B-type linked
procyanidins, with some traces of
gallate unit.

There were no other major signals
present in GSE, ruling out the presence
of some other types of flavonoid
molecules, or proanthocyanidins based
on other units.

The signals at 6 82 and 79 ppm were
diagnostic for the 2,3-trans and 2,3-cis
stereochemistry of the heterocyclic ring
respectively, indicating that both
stereoisomers (catechin/epicatechin) are

oO1en CTPYKTYPBI OJINTOMEPOB
MPOLIMAHUINHA SBIISCTCS
MpeIBapUTEIHLHOM.

DOTOT MeTOA TO3BOJIET  BBIICHUTH

TOJILKO JUIMHY IIEMH M XUMHYECKOe
CTPOCHHME OTACIbHBIX II€Me, HO He
CTEPEOXUMHUIO XMPaIbHBIX EHTPOB C-2
u C-3.

Y1006l MOTy4YuTh OOJIBIIE UH(pOpPMALIUU

0 CTPYKTYpE OJINTOMEPOB
NPOLIMAHUJIMHOB, OOHAPYXEHHBIX B
HKCTPAKTE, ObL1a MpUMEHEHa

cnektpockonus AMP 13C.

Crnexktp SAMP 13C GSE 6b11 u3MepeH ¢
TTOMOIIIHIO MOCJICTIOBATEILHOCTH
UMITYJIbCOB, OOECIEUNBAIONICH TMOTHYIO
pellakcaluio BCeX aTOMOB yriepoja, a
TaK)Ke MOJaBJICHHUE s/iepHOro 3(dekTa
OBepxayszepa (3dbdextr NOE), uyro
MO3BOJISIET TIPOBOJUTH KOJIMYECTBEHHbBIC
U3MEPEeHHUsT Ha  OCHOBE  IHKOBBIX
WHTEHCHUBHOCTEH.

Ha3znauenus PE30HAHCOB ObLTH
OCHOBaHbl HAa CPaBHEHUM C JaHHBIMU,
OITyOJIMKOBAaHHBIMH B JINTEPATYpE.

JT1oT CIIEKTp MIPEIOCTABUII
CTPYKTYpHBIE U  CTEPEOXUMUYECKUE
MOAPOOHOCTH O COCTaBE CYObEINHUIL.

Curnanbl CIIEKTpa 13C-AMP
YKa3bIBalOT HAa NMPUCYTCTBUE KAaTEXWHA,
SMUKATEXMHA U NIPOLMAHUIUHOB,
CBSI3aHHBIX THUNa B, ¢ HEKOTOpPHIMU
clielaM{ rajyIaTHOTO 3BEHA.

B GSE He Obulo napyrux BaXHBIX
CUTHAJIOB, YTO MCKJIFOYAET MPUCYTCTBUE
HEKOTOPBIX JPYTMX THIIOB MOJICKYJ
(b1aBOHOMIOB MJTH TTPOAHTOIIMAHUTUHOB
Ha OCHOBE JIPYTUX CJIMHHUII.

Curnanmel npu 82 m 79 m.a. Obutn
JIMarHOCTUYECKUMU ISl 2,3-TpaHc- H
2,3-1I1C-CTePEOXUMHH

reTEPOLMKINYECKOTO KOJIbIIa
COOTBETCTBEHHO, 4YTO YyKa3blBaeT Ha



present.

Comparison of the areas of these
resonances, gave catechin/epicatechin
ratio of 1:0.74.

The same HPLC UV/ESI MS method
was also applied subsequently in
screening of the GSE from eight grape
cultivars (Vitis vinifera) growing in

Serbia  for  their polyphenolic
composition.

The study revealed 34 phenolic
compounds belonging to the following
groups: flavan-3-ol monomers,
procyanidin  dimers and  trimers,

flavonoids, hydroxycinnamic acid and
hydroxybenzoic acid derivatives.

The quantities of the main constituents
were determined using LC PDA.

Qualitative and quantitative differences
among the cultivars were observed.

In the above examples only oligomeric
proanthocyanidin chains of B-type
formed from the same monomeric
flavanol building blocks, i.e. (+)-
catechin and its ( )-epimer, i.e.
procyanidins, were encountered.

However, there are numerous examples
of  heterogeneous proanthocynidins
containing in addition to (epi)catechin
other ~ monomer units such as
(epi)afzelechin and/or gallocatechin, as
well as A-type linkage.

Such type of mixed chains could be
analysed by combination of LC with
tandem mass  spectrometry, e.g.
(LC/MS/MS) or LC-multiple stage MS
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NPUCYTCTBHE OOOWX CTEPEOM30MEPOB
(KaTexuH / SIMUKATEeXUH).

CpaBHeHue MIoNaJeH 3TUX PE30HAHCOB
JIano COOTHOIIICHHUE KaTexuH  /
snukarexud 1: 0,74.

Tort xe camsrii meton HPLC UV / ESI
MS BrocneAcTBUM OB MPUMEHEH MPH
ckpuanare GSE u3 BOCbMH COPTOB
BUHOTpaa (Vitis vinifera),
npouspacrarommx B CepOum, Ha
IpeaMeT UX NOJU(PEHOIBHOTO COCTaBA.

B xoxe uccnenoBanusi ObUIO BBISBICHO
34 (heHONBHBIX COCJIMHECHUA,
OTHOCSIIIMXCS K CJCAYIOIIUM TPYIIam:
MOHOMEpHI (hilaBaH-3-0J1a, IJUMEPHI U

TPUMEPBI MIPOLIMAHNUINHOB,
(b1aBOHOU/IBI, ITPOU3BO/IHBIE
TUAPOKCUKOPUYHON KHUCJIOTBI U

TUAPOKCUOCH30MHOM KUCTIOTHI.

KosnmyecTBa OCHOBHBIX KOMIIOHEHTOB
onpexaensinu ¢ nomosio KX KIIK.

HaOJII01AJINCH
KOJIMYECTBEHHBIE

Mexny copTamu
Ka4eCTBEHHbIE U
pa3Inyus.

B npuBeneHHBIX BBINIE TpUMEpax
BCTPEYAIUCHh  TOJIBKO  OJIMTOMEPHBIC
MPOAHTOIMAHUUHOBRIE 1lenu B-tuma,
oOpa3oBaHHbIE M3 OJHUX U TeEX XKe
MOHOMEPHBIX CTPOHUTENIBHBIX OJIOKOB
¢dbrnaBaHoma, To ecTh (+) - KaTeXWHa U

ero 0 -3MHUMepa, TO €CTh
MPOIMAHUIUHOB.

Opnnako CyLIECTBYET MHOKECTBO
MIPUMEPOB TeTEPOTreHHBIX
MPOAHTOIMHUINHOB, COJZIepIKalluX,
noMUMO  (3MU) KaTexuHa, Jpyrue
MOHOMEpHBIE E€IUHUIIBI, TaKhe Kak
(omm) adiienexun u / wm

raJlsiIOKaT€XMnH, a TaAaKXKE CBA3b A-tuna.

Takoit THII CMENIAHHBIX IIETIE MOJKET
OBITH MpOAHATIN3UPOBAH IyTEM
couetanusa KX ¢ TaHIEeMHOM Macc-
cnexkrpomeTpueit, Hanpumep (KX / MC
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(LC/MSn).

Tandem mass spectrometry (MS/MS)
can give more information about the
structural details of the different
molecules which is based on their
characteristic fragmentation patterns.

The MS/MS technique used for this
analysis is mostly product ion scan
involving selection of the quasi-
molecular ion, such as [M-H] or [M
+H]+ by the first analyzer, its
fragmentation by the collisional
activation, followed by the analysis of
product ions.

The proanthocynidin mixtures can also

be analysed directly, without
chromatographic  separation  using
matrixassisted laser desorption

ionization in combination with time of
flight mass spectrometry (MALDI/TOF
MS) using the so-called post source
decay (PSD) fragmentation.

Another example of direct analysis,
without chromatographic separation of
the condensed tannins is a direct flow
injection electrospray ionization ion trap
tandem mass spectrometry (ESI-IT-
MS/MS) which was used to investigate
the polyphenolic compounds present in
an infusion from the barks of Hancornia
speciosa Gom. (Apocynaceae), a native
Brazilian plant popularly known as
‘mangabeira’, used as a source of
nutrition and against gastric disorders.

/ MC) wiu mHoroctynendatas KX-MC
(KX /MChn).

Tangemuas macc-criekrpomerpusi (MC /
MC) moxeT nath Oosblie nHOpMALIUU
O CTPYKTYPHBIX JACTANIAX Pa3IuYHBIX

MOJIEKYJI, =~ OCHOBaHHBIX  Ha  HX
XapaKTePHBIX naTTepHax
dbparMeHTanum.

Metox MC / MC, ucnonb3yemblid s
3TOTO aHanm3a, B OCHOBHOM
NpeJCTaBIsIeT Cco0OW  CKaHWPOBAaHHE

HWOHA MPOAYKTa, BKIIIOYAIOIIEE BHIOOD
KBa3MMOJIEKYJIIPHOIO MOHA, TAKOTO Kak
[MH] wm [M + H] +, mnepBeiM
aHaIM3aTopoM, €ro  (parMeHTaIHIO
IyTeM CTOJIKHOBHTEIbHOW aKTHBAIIMH C
MOCIEAYIOMIEH aHaau3 MPOAYKTOBBIX
HOHOB.

CMecn  NPOAHTOIMHUIMHOB  TaK¥kKe
MOKHO aHAJM3MPOBATH HaIpsMylo, 0e3
XpomaTorpauyeckoro pasieiieHus, ¢
UCIIOJIb30BaHUEM MaTPUYHOW Jla3epHOU
JeCOPOITMOHHOM MOHHW3AIUN B
COUYETAHWH C BPEMAMPOJIETHOW Macc-
cnexrpometpueit (MJIIN / KIIK MC) ¢
UCTIONIb30BaHUEM  TaK  Ha3bIBaeMOU
dbparmMeHTanuu mocyue pacmana
ucrounuka (PU/).

Jpyrum mnpuMepoM nOpsIMOro aHajau3a
0e3 xpoMarorpapuueckoro pasaeyeHus
KOHJIEHCUPOBAHHBIX TAaHWUHOB SIBIISETCS
TaHJEMHAas  MacC-CIEKTPOMETPUS  C
MOHW3alMell HOHHOM JIOBYIIKOM U
ANEKTPOPACIBUIEHUEM  C  MPAMBIM
BrpeickoM (ESI-IT-MS / MS), kotopas
UCIIOJIb30BaNach JUIsl  HMCCIIEOBaHUSA
1oJIM()EHOJIBHBIX COEIMHEHHH,
INPUCYTCTBYIOIIUX B HACTOMKE U3 KOPBI
pacrenuit. Hancornia speciosa Gom.
(Apocynaceae), MecTHOEe Opa3uIbCKOE
pacTeHue, I[UPOKO HW3BECTHOE Kak
«MaHrabeiipay, UCIIOJIB3yEMOE B
KaueCTBE MCTOYHMKA NMUTAHUS U TPOTUB
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KEJTYJOUHBIX PACCTPOUCTB.



