
basemi (IIIñVI) ve v˝tÏûcÌch maxim·lnÏ 40 %, jejich struk-
tura byla potvrzena 1H-, 13C-NMR, MS a UV spektry.
NÌzk˝ v˝tÏûek nukleosid˘ je zp˘soben tÌm, ûe β-anomer
diacet·tu pyrazolidinu4 je za Vorbr¸ggenov˝ch podmÌnek
nereaktivnÌ, i kdyû podle obecnÏ p¯ijÌmanÈho mechanismu
by na konfiguraci uhlÌku C-1 nemÏlo z·leûet.

P¯ipravenÈ nukleosidy IIIñVI budou po odstranÏnÌ chr·-
nÌcÌch skupin testov·ny na biologickÈ ˙Ëinky.
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ANION BINDING: FROM SUPRAMOLECULES
TO SENSORS

VLADIMÕR KR¡L, TATJANA SHISHKANOVA,
OLEKSANDR RUSIN, RADKO VOLF,
IVANA KAVENOV¡, and KAREL VOLKA

Institute of Chemical Technology, Department of Analyti-
cal Chemistry, 166 28 Prague 6, Technick· 5, Czech Re-
public

Anions play essential role in biology and medicine.
They take center stage in various areas, such as osmotic
pressure regulation, cell signalling, energy transduction,
and genetic information control. Anions are also believed
to participate in ca. 70 % of all enzymatic binding events,
where they serve as structural, chelating and catalytic ele-
ments. The diversity and function of anions range from
simple species like chloride and bicarbonate to systems as
elegant and complex as hairpin RNA. The molecular com-

plexation properties of anion receptors have been trans-
duced into macroscopic properties in membrane separation
processes and in sensors for selective anion detection.

The high specificity of natural anion binding proteins
to their ligands is due to a recognition site in which anion
is completely desolvated and bound exclusively via hydro-
gen bonds. Furthermore, a so colled macrodipole effect,
caused by orientation of amino terminus of the protein
backbones towards the negative guests, contributes to the
stability of the complex. Oppositely charged functional
groups of the protein and the ligand are paired, and lipo-
philic groups of the ligand display hydrophobic pockets
formed by side chains of the hydrophobic amino acids.

The artifical anion receptors have been categorized,
according to their primary binding principles, into the posi-
tively charged and the electroneutral species. The extensive
family of anion host molecules has been divided into three
big groups. The first one comprises positively charged
anion hosts. The overhelming majority of host compounds
of this group are based on cationic nitrogen compounds
(aza- and oligopyrrole macrocycles, cationic cyclophanes,
guanidinium-based compounds and cyclodextrins).

To the second group belong electroneutral hosts. The
neutral anion binding receptors can be divided into two
classes: receptors that bind anions exclusively by hydrogen
bonding or ion-dipole interactions, and receptors that coor-
dinate anions as Lewis acidic centers of a neutral organo-
metallic ligand.

Anion hosts operating by ion-dipole binding is the third
group of artifical receptors family. Ion-dipole interaction
has the same dependence on the dielectric environment as
the interaction partners bearing full charges, but is appre-
ciably weaker on the absolute scale and falls off with the
distance more steeply. Prominent representatives of dipolar
elements are hydrogen bonds (guanidinium-based recep-
tors, tentacle polyamines, calixpyrroles).

Supramolecular  chemistry  has a  great potentual for
possible applications. Anion receptors are now applied as
selector element in separation science, fluorescent probes
and in anion-selective electrodes.

Financial support from the Czech grant agency (grant No.
203/96/0740 and No. 203/97/1099) and Ministry of Educa-
tion (grant No. VS 97 135) is gratefully acknowledged.
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P01
SYNTHESIS OF POTENTIAL NONPEPTIDE
ANGIOTENSIN II RECEPTOR ANTAGONISTS
INCORPORATION OF 3-(2-HETEROARYL)-
PYRAZOLES TO LOSARTAN STRUCTURES

ANGELIKA L¡SIKOV¡ a DANIEL V…GH

Department of Organic Chemistry, Faculty of Chemical
Technology, 892 37 Bratislava, Slovak Republic, e-mail:
alasik@chelin.chtf.stuba.sk

Over the last few years, angiotensin II receptor antago-
nists have been considered a reliable alternative to inhibit
of  angiotensin-coverting enzyme  and renin  in  order to
influence the renin-angiotensin system, which plays a pi-
votal role in the regulation of blood pressure and fluid
balance1. Especially the DuPont group discovery of a series
of (biphenylmethyl)imidazoles as nonpeptide, potent and
orally active angiotensin II receptor antagonists has pro-
vided an important advance in the area and stimulated
a profusion of research. The discovery of LOSARTAN
(DUP-753) has led to a large effort in the pharmaceutical
industry to find other angiotensin II antagonists.

Our research efforts have been focused on modification
of the biphenylyltetrazole moiety which has been replaced
by 3-(2-heteroaryl)pyrazolo-4-tetrazoles. We utilized the
procedure2 of Kira et. al. for the preparation of 3-substituted-
-4-formyl pyrazoles. The reaction of methyl ketones with
semicarbazide in water gave the corresponding semicarba-
zones, which, after having been isolated in 75ñ95 % yield,
were submitted to cyclization by phosphoryl chloride in
dimethylformamide at 70 ∞C to give the substituted-4-for-
mylpyrazoles. There will be discussed transformations of
3-substituted-4-formylpyrazoles to 3-substituted-4-cyano-
-pyrazoles  and  3-substituted-4-tetrazolopyrazoles as the
key intermediates in the synthesis of Losartan like angio-
tensin II receptor antagonists.

This work was supported by grant from the Ministry of Edu-
cation of the Slovak Republic No. 1/2519/98.
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P02
STEREOCHEMIE AZIRIDINOV›CH DERIV¡TŸ
1,6-ANHYDRO-β-D-HEXOPYRANOS

IVANA CÕSAÿOV¡a a JINDÿICH KARBANb

aKatedra anorganickÈ chemie a bKatedra organickÈ che-
mie, P¯ÌrodovÏdeck· fakulta, Univerzita Karlova, Albertov
2030, 128 00 Praha 2, e-mail: mila@mail.natur.cuni.cz

Metodou rentgenostrukturnÌ anal˝zy byla stanovena
krystalov· struktura a molekulov· geometrie aziridinov˝ch
deriv·t˘ 1,6-anhydro-β-D-hexopyranos zahrnujÌcÌch vöech
osm konfiguracÌ. Pro konfigurace β-D-gulo, β-D-altro a β-
-D-galakto byly pouûity k X-ray anal˝ze aziridinovÈ deri-
v·ty s volnou hydroxyskupinou, pro ostatnÌ konfigurace
byly pouûity O-benzylovanÈ aziridinovÈ deriv·ty. SpoleË-
n˝m rysem vöech deriv·t˘ je poloûidliËkov· konformace
pyranosovÈho cyklu a mÌrnÏ deformovan· ob·lkov· kon-

Losartan
active nonpeptide angiotensin II receptor antagonist

X = O, S, -CH=CH-
potential nonpeptide angiotensin II receptor antagonist
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formace dioxolanovÈho kruhu. RozdÌly zjiötÏnÈ mezi jed-
notliv˝mi deriv·ty souvisÌ s polohou, vz·jemnou orientacÌ
a sterick˝mi n·roky aziridinovÈho kruhu, hydroxylovÈ sku-
piny a 1,6-anhydro-uskupenÌ a s pol·rnÌmi efekty vazeb
uhlÌk-kyslÌk a uhlÌk-dusÌk.

P03
THE STUDY OF ADDITION OF ORGANOMETAL-
LICS  REAGENTS IN THE SYNTHESIS OF KEY
PRECURSORS FOR Pd(II)-CATALYZED
CYCLISATIONS

LUBOS REMENa, IVAN SPANIKb,
TIBOR GRACZAa, and VOLKER JƒGERc

aDepartment of Organic Chemistry, bDepartment of Ana-
lytical Chemistry, Faculty of Chemical Technology, 812 37
Bratislava, Slovak Republic, cInstitut f¸r Organische Che-
mie der Universit‰t, Pfaffenwaldring 55, D-70569 Stutt-
gart, Germany, e-mail: remen@chelin.chtf.stuba.sk

As a part of our long-term programme on palladium(II)-
-promoted oxycarbonylation of unsaturated polyols1-3 we
are interested in the synthesis of some naturally occurring
compounds which have been isolated from several Thai
plants belonging to the Goniothalamus genus. Some of
these compounds showed significant cytotoxic activity to-
wards human tumor cells4. The retrosynthetic analysis of
the most active component ñ (+)-goniopypyrone [(+)-I]

(cit.5-8) ñ from D-glucose shows the utility of two key steps
ñ Pd(II)-promoted oxycarbonylation and organometallics
addition, respectivelly; as depicted on the scheme 1.

We present here the study of diastereoselectivity by the
additions of organometailic reagents to the aldehyde IV
(Table I). lt was found that diastereoselectivity could be
changed from  > 95:5  to  10:90  (entry  8  and 9).  Some
experimental and mechanistic details will be discussed.

Table I
The study of diastereoselectivity by the addition of or-
ganometallic reagents to the aldehyde IV

Entry PhM Reaction L-ido/D-glucob

conditionsa

1 PhMgBr reflux 73 : 27
2 PhMgBr rt 70 : 30
3 PhMgBr ñ30 ∞C 70 : 30
4 PhMgBr ñ30 ∞C, TiCl4 28 : 72
5 PhLi rt 51 : 49
6 PhLi ñ30 ∞C 63 : 37
7 PhLi ñ30 ∞C, TMEDA 55 : 45
8 Ph2CuLi rt > 95 : < 5
9 PhTi(OiPr)3 ñ35∞C 10 : 90

aThe reactions were carried out in THF for 3h, bthe ratio of
diastereomers II and III was determined on the basis of gas
chromatography
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P04
VLIV SUBSTITUENTŸ NA CHEMICK… POSUNY
U 4-SUBSTITUOVAN›CH 4¥-NITROBEN-
ZYLIDENANILIDŸ

VLADIMÕR PROKS a MIROSLAV HOLÕK

Katedra teoretickÈ a fyzik·lnÌ chemie, P¯ÌrodovÏdeck· fa-
kulta, Masarykova univerzita, Kotl·¯sk· 2, 611 37 Brno,
e-mail: vladimir@chemi.muni.cz, holik@chemi.muni.cz

Pro p¯ipravenou sÈrii 4-X-substituovan˝ch 4¥-nitroben-
zylidenanilid˘, kde X= NH2, OCH3, OH, NHCOCH3, F,
CH3, Cl, Br, I, H, CONH2, N=N-Ph, SO2N(CH3)2, COCH3,
COOCH2CH3, CN a NO2 byla provedena korelace chemic-
k˝ch posun˘ vodÌk˘ anilinovÈho kruhu s inkrementy che-
mick˝ch posun˘ pro monosubstituovanÈ benzeny1. Kore-
lace  sign·l˘  Ho poskytla line·rnÌ z·vislost  se smÏrnicÌ
blÌzkou k 1.

δHo = 7,447 + 0,919ao r = 0,9857

U chemick˝ch posun˘ Hm lze pozorovat regresi se
smÏrnicÌ v˝raznÏ niûöÌ neû 1 zp˘sobenou zmÏnou dihedr·l-
nÌho ˙hlu mezi anilinov˝m kruhem a -N=CH-C6H4NO2
substituentem a tedy ke zmÏnÏ v˝öe p¯ÌspÏvku diamag-
netickÈ anizotropie -N=CH- vazby2,3.

Y a0 a1 r cit.

1 2-furyl 7,241 0,529 0,890 3
2 C6H5 7,257 0,424 0,826 3
3 Cl-C6H4 7,275 0,467 0,845 3
4 Me2N-C6H4 7,177 0,503 0,970 3
5 Et-C6H4 7,075 0,053 0,305 2
6 O2N-C6H4 7,367 0,510 0,880

V p¯ÌpadÏ, ûe se ovlivnÏnÌ konstantnÌho substituentu Y
promÏnn˝m substituentem X vyj·d¯Ì pomocÌ Hammettovy
σp (X) konstanty, pak p¯i provedenÌ vÌceparametrovÈ re-
grese dos·hneme line·rnÌ z·vislosti s podstatnÏ lepöÌm ko-
relaËnÌm koeficientem.

δHm = 7,383 + 0,832am ñ 0,146σp r = 0,9364
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STUDIUMROTACEKOLEMC(sp2)-C(ARYL)VAZBY
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P¯ipravili jsme 3-(1¥-adamantylkarbonyl)- (I) a 3-piva-
loyl-N,N,2,4,6-pentamethylbenzamid (II), kterÈ majÌ nepla-
n·rnÌ strukturu se dvÏmi karbonylov˝mi skupinami vytoËe-
n˝mi z roviny benzenovÈho kruhu, a proto mohou existovat
ve formÏ dvou sterick˝ch  rotamer˘. Jejich  rovnov·ûn·
smÏs se projevuje v 1H NMR spektru v podobÏ Ëty¯ singlet˘
CH3N skupin v pomÏru asi 1:2:1:2. Se zvyöujÌcÌ se teplotou
se sniûuje rozdÌl chemick˝ch posun˘ mezi p¯Ìsluön˝mi sig-
n·ly a jejich öÌ¯ka se zvÏtöuje v d˘sledku vz·jemnÈ p¯emÏny
isomer˘. K v˝poËt˘m rychlostnÌ konstanty byly pouûity t¯i
programy napsanÈ v naöÌ laborato¯i (vöechny v Matlabu),
vyuûÌvajÌcÌ algoritmus super-modifikovanÈho simplexu a li-
öÌcÌ se poËtem optimalizovan˝ch spektr·lnÌch parametr˘:
Simtex (4 chemickÈ posuny, 4 vlastnÌ öÌ¯ky, rychlostnÌ kon-
stanta a pomÏr isomer˘), Simbex (podobnÏ jako Simtex, ale
s vlastnÌmi öÌ¯kami poËÌtan˝mi ze t¯Ì parametr˘ a indukova-
n˝ch posun˘) a Simseb (2 chemickÈ posuny, 2 vlastnÌ öÌ¯ky,
rychlostnÌ konstanta a pomÏr isomer˘, p¯iËemû se posuny
a öÌ¯ky konstantnÌ v jednom cyklu vymÏnÌ za optimalizova-
nÈ vcyklun·sledujÌcÌm).Naz·kladÏsrovn·nÌ v˝sledk˘ pomo-
cÌ Ëty¯ testovacÌch kritÈriÌ1 byl vybr·n program (Simseb),
kter˝ poskytuje nejspolehlivÏjöÌ hodnoty rychlostnÌ konstanty
a n·slednÏ vypoËtenÈ termodynamickÈ parametry Ea, ∆H≠

a ∆S≠ rotace leûÌcÌ v pomÏrnÏ ˙zkÈm intervalu spolehlivosti.
Hodnoty Gibbsovy aktivaËnÌ energie p¯ÌmÈho a zpÏt-

nÈho p¯echodu pro deriv·t I byly nalezeny o 9,0 a 8,6
kJ.mol-1 vyööÌ neû pro deriv·t II p¯i teplotÏ 402,3 K. Tento
v˝sledek je v souladu s p¯edpokladem, ûe objemnÏjöÌ sub-
stituent zvyöuje bariÈru rotace.
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P06
ÑREDUKTIVNÕ HECKOVA REAKCEì SUBSTI-
TUOVAN›CH 6-HALOGENPURINŸ

MARTIN STUDENOVSK› a DALIMIL DVOÿ¡K*

⁄stav organickÈ chemie, Vysok· ökola chemicko-technolo-
gick·, Technick· 5, 166 28 Praha 6

Heckova reakce je velmi uûÌvanou metodou pro p¯Ì-
pravu substituovan˝ch alken˘1. Je zn·mo mnoho p¯Ìpad˘
vyuûitÌ tÈto metodiky k modifikaci pyrimidinov˝ch bazÌ
sloûek nukleov˝ch kyselin. Naproti tomu, pokud je n·m
zn·mo, neexistuje v literatu¯e zmÌnka o vyuûitÌ Heckovy
reakce k modifikaci purinovÈho j·dra.

Vöechny pokusy o uskuteËnÏnÌ Heckovy reakce 6-ha-
logenpurin˘ v naöÌ laborato¯i byly ne˙spÏönÈ. Pokud se
vöak reakce katalyzuje ÑHerrmannov˝m2 katalyz·toremì
(I) za p¯Ìdavku TlOAc nebo AgOAc v p¯Ìtomnosti triethyl-
aminu jako redukËnÌho Ëinidla, doch·zÌ ve vysokÈm v˝tÏû-
ku ke vzniku nasycen˝ch produkt˘ II. Tato reakce je ome-
zena na β-nesubstituovanÈ alkeny aktivovanÈ elektronovÏ
deficitnÌmi substituenty (1).

Bude diskutov·n mechanismus reakce a jejÌ pr˘bÏh
v z·vislosti na struktu¯e substr·tu, alkenu a reakËnÌch pod-
mÌnk·ch.

Tento projekt byl financov·n GA »R (grant Ë. 203/96/
0005).
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Za klasick˝ch podmÌnek Suzukiho reakce1 doch·zÌ
snadno vlivem p¯Ìtomnosti vodnÈ b·ze (nap¯. Na2CO3,
NaOH) k hydrol˝ze halogenu 6-halogenpurin˘. Pokud se
vöak tato reakce provede za bezvod˝ch podmÌnek v ne-
pol·rnÌm prost¯edÌ v p¯Ìtomnosti alkalickÈho uhliËitanu
jako b·ze, doch·zÌ ke kaplingu (1).

Bude diskutov·n pr˘bÏh reakce v z·vislosti na pouûitÈ
b·zi, katalytickÈm systÈmu, reakËnÌch podmÌnk·ch a na
struktu¯e boronovÈ kyseliny. I kdyû chlorovanÈ arom·ty
obvykle tÈto reakci nepodlÈhajÌ, reagujÌ za uveden˝ch pod-
mÌnek i 6-chlorpuriny. Reakce je v tomto p¯ÌpadÏ pomalej-
öÌ, poskytuje vöak ËistöÌ produkt.

(1)

X = I; Cl R = CH2Ph; THP R¥ = aryl; heteroaryl; subst. alkenyl

Tento projekt byl financov·n GA »R (grant Ë. 203/96/
0005).
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R = H; CH3; NHCOCH3 X = CO2C4H9; COCH3; CN 20ñ97 %

II

I
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INTERAKCE SUBSTITUOVAN›CH PYRIDINIO-
V›CH METHOJODIDŸ S ACETYLCHOLINESTE-
R¡ZOU

KATEÿINA äEV»ÕKOV¡a, JIÿÕ CABALb
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a⁄stav organickÈ chemie, Vysok· ökola chemicko-tech-
nologick·, 166 28 Praha 6, e-mail: sevcikok@vscht.cz,
bKatedra toxikologie, Vojensk· lÈka¯sk· akademie J. E.
PurkynÏ, 500 01 Hradec Kr·lovÈ, e-mail: cabal@pmfhk.cz,
patocka@pmfhk.cz

Somanem fosfonylovan· acetylcholinester·za (AChE)
podlÈh· velmi rychle hydrolytickÈ reakci vedoucÌ ke vzni-
ku nereaktivovatelnÈho enzymu1. NÏkterÈ biskvartÈrnÌ py-
ridiniovÈ soli (nap¯. HI-6) vöak uveden˝ proces Ñst·rnutÌì
somanem inhibovanÈ AChE v˝raznÏ zpomalujÌ2. JednÌm
z moûn˝ch vysvÏtlenÌ ˙Ëinku tÏchto solÌ je jejich allo-
sterick· interakce s AChE, zprost¯edkovan· pyridiniov˝m
j·drem nesoucÌm karbamidovou skupinu.

2 ñ CONH2, COCH3, CN, CH3, CHO
3 ñ CONH2, COCH3, CN, CH3, CHO,

CONHCH3, CONHCH2CH3, CONHNH2
4 ñ CONH2, COCH3, CN, CH3, CHO,

CONHCH3, CONHCH2CH3, CONHNH2,
C(CH3)3, N(CH3)2

Pro ovÏ¯enÌ tÈto hypotÈzy byly syntetizov·ny r˘znÏ
substituovanÈ pyridiniovÈ soli I a v in vitro experimentech
byla studov·na jejich interakce s AChE mozku potkana.
Vöechny testovanÈ slouËeniny se chovaly jako slabÈ aû
st¯ednÏ silnÈ reverzibilnÌ inhibitory AChE. ZjiötÏnÈ hod-
noty Hillov˝ch koeficient˘, kterÈ jsou mÌrou allosterickÈ
interakce l·tky s enzymem, se pohybovaly v rozsahu od 0,5
do 2. Hodnota blÌzk· 2, umoûÚujÌcÌ uvaûovat o pozitivnÏ
kooperativnÌ allosterickÈ interakci, vöak byla  namÏ¯ena
pouze u deriv·tu s karbamidovou skupinou v poloze Ëty¯i.
OstatnÌ l·tky ze zkoumanÈ skupiny vykazovaly Hill˘v koe-
ficient mezi 0,5 aû 1,2.

Pr·ce byla vykon·na s podporou grantu GA »R 203/96/1585.
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Hydrazinkarboxyl·ty (karbaz·ty) jsou deriv·ty kyse-
liny karbazovÈ, obecnÈho vzorce I a lze na nÏ pohlÌûet
takÈ jako na deriv·ty karbam·t˘. MnohÈ N-alkyl- a N,N-
-dialkyl-karbam·ty se chovajÌ jako inhibitory cholineste-
r·z1, coû z nich ËinÌ prakticky vyuûitelnÈ l·tky. PravdÏ-
podobnÏ nejöiröÌ uplatnÏnÌ nalezly jako insekticidy2, ale
jsou vyuûÌv·ny rovnÏû jako lÈËiva v hum·nnÌ medicÌnÏ.
Nap¯. p¯i lÈËenÌ myastenia gravis, glaukomu, p¯i postope-
raËnÌ atonii st¯ev apod. Ëi pro zmÌrnÏnÌ syndrom˘ Alzhei-
merovy choroby.

I II

Smyslem naöÌ pr·ce bylo zjistit, zda fenylkarbaz·ty,
podobnÏ jako fenyl-karbam·ty, inhibujÌ aktivitu cholin-
ester·z. Bylo p¯ipraveno 18 l·tek ze skupiny substituova-
n˝ch fenyl-karbaz·t˘ (II), kde X = H, 3-Cl, 4-Cl, 3-NO2,
4-NO2, 4-CH3 a 4-OCH3, R1 = H nebo CH3, R2 a R3 = H,
CH3 nebo 4-NO2C6H5 (cit.3), a u vöech byla testov·na
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jejich schopnost inhibovat in vitro aktivitu acetylcholin-
ester·zy. Hodnocenou veliËinou byla konstanta inhibice
I50, tedy koncentrace inhibitoru vyvol·vajÌcÌ 50% inhibici,
a bimolekul·rnÌ rychlostnÌ konstanta k2, ud·vajÌcÌ rychlost,
s jakou je enzym inaktivov·n.

Vöech 18 testovan˝ch l·tek inhibovalo in vitro akti-
vitu krysÌ mozkovÈ acetylcholinester·zy kinetikou druhÈ-
ho ¯·du, ale jen u jeden·cti l·tek byly nalezeny hodnoty pI50
vyööÌ neû 2, u sedmi vyööÌ neû 3 a pouze u dvou vyööÌ
neû 4. NejlepöÌm inhibitorem  (pI50 =  4,48) byl 3-chlor-
fenyl-karbaz·t, kde R1 = CH3 a R2 = R3 = H. Interakce
acetylcholinester·zy s touto l·tkou byla charakterizov·na
velikostÌ bimolekul·rnÌ rychlostnÌ konstanty k2 = 2093
l.mol-1min-1.

TestovanÈ kazbaz·ty lze oznaËit jako slabÈ aû st¯ednÏ
silnÈ inhibitory acetylcholinester·zy. Lze vöak p¯edpokl·-
dat,  ûe vhodnou  substitucÌ  fenylovÈho j·dra nebo jeho
n·hradou za jin˝ aryl bude moûno podstatn˝m zp˘sobem
zv˝öit afinitu l·tky k acetylcholinester·ze podobnÏ, jako je
tomu u karbam·t˘4 . TakovÈto l·tky by mohly b˝t zajÌmavÈ
s ohledem na jejich biologickou aktivitu, kter· by mohla
nalÈzt i praktickÈ uplatnÏnÌ.

Pr·ce byla vykon·na s podporou grant˘ GA »R Ë. 203/96/
1585 a 203/97/0545.
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ó n ó   1 Vigna unguiculata
óuó  2 Medicago sativa
ó s ó 3 Pisum sativum
ó¨ó  4 Lens esculenta
ó p ó 5 Vigna radiata
ó ∆ ó  6 Fagopyrum esculentum
ó l ó  7 Raphanus sativus

P10
RADIOIMMUNOASSAY FOR BIOCHANIN A

OLDÿICH LAP»ÕKa, MARTIN HILLa, NAWAF
AL-MAHARIKb, KRISTIINA WƒHƒLƒb,
IVAN »ERN›c, HERMAN ADLERCREUTZd,
and RICHARD HAMPLa
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partment of Chemistry, University of Helsinki, Helsinki,
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try, University of Helsinki, Helsinki, Finland

Biochanin A (7,5-dihydroxy-4¥-methoxy-isoflavone) is
a phytoalexin, typical for certain leguminous plants, taking
part in chemical interactions between plants and their mi-
crobial symbionts and/or pathogens. Biochanin A was also
shown, together with other related isoflavones, to influence
steroid metabolizing enzymes and estrogen receptors in
plant consuming animals.

Here we present a RIA system for estimation of bio-
chanin A, based on polyclonal rabbit antibodies against
7-carboxymethyl biochanin A ñ bovine serum albumin
conjugate, and 7-carboxymethyl biochanin A ñ [125I] tyro-
sine methyl ester conjugate as a tracer.

Parameters of the assay: sensitivity 1.8 pg/tube; work-
ing range of the calibration curve 3ñ200 pg/tube.

Cross-reactions:  genistein  0.16  %, genistin  0.03 %,
prunetin 4.5 %, daidzein 0.22 %, daidzin 0.02 %, for-

Biochanin A immunoreactivity
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mononetin 0.60 %, dihydrodaidzein < 0.01 %, luteolin
< 0.01 %, quercetin < 0.01 %, apigenin < 0.01 %, equol
< 0.01 %.

In a pilot study, the assay was used for estimation of the
biochanin A immunoreactivity  in germinating seeds of
Pisum sativum, Vigna radiata, Vigna angularis, Lens escu-
lenta, Medicago sativa, Raphanus sativus, and Fagopyrum
esculentum.

This study was supported by Grant No. 311/97/468 from
the Grant Agency of the Czech Republic.

P11
IMMUNOANALYSIS OF ISOFLAVONOIDS IN PEA
PISUM SATIVUM AND MUNG BEAN VIGNA
RADIATA: EVIDENCE OF 7-METHOXY-ISOFLA-
VONOIDS IN PISUM SATIVUM

OLDÿICH LAP»ÕKa, MARTIN HILLa,
IVAN »ERN›b, JAROMÕR LACHMANc,
NAWAF AL-MAHARIKd, KRISTIINA WƒHƒLƒd,
HERMAN ADLERCREUTZe, and RICHARD HAMPLa

aInstitute of Endocrinology, Prague, Czech Republic, bIn-
stitute of Organic Chemistry and Biochemistry, Prague,
Czech republic, cCzech University of Agriculture, Prague,
Czech Republic, dDepartment of Chemistry, University of
Helsinki, Helsinki, Finland, eDepartment of Clinical Che-
mistry, University of Helsinki, Helsinki, Finland

Radioimmunoassays (RIAs) specific for several isofla-
vonoids important in human and veterinary medicine were
previously described. Combination of RIA with high per-
formance liquid chromatography (HPLC) was also used for
measurement of daidzein, formononetin, genistein and bio-
chanin A in beer.

Here we describe the use of RIA combined with liquid
chromatography for study of isoflavonoids in seeds of pea
Pisum sativum and mung bean Vigna radiata.

Radioimmunoassays with these specifities were used:
1. daidzein and its 4¥-derivatives (e.g. formononetin),
2. daidzein and its 7-derivatives (e.g. daidzin, isoformo-

nonetin)
3. genistein and its 4¥-derivatives (e.g. biochanin A)
4. genistein and its 7-derivatives (e. g. genistin, prunetin)

Dormant or germinating seeds were extracted with 80%

ethanol. Immunoreactivities were measured either in crude
extracts, or after chromatographic fractionation by HPLC
(reversed phase, octadecylsilica). Chromatographic mo-
bilities of immunoreactive fractions were compared to
those of daidzein, daidzin, formononetin, genistein, geni-
stin and biochanin A standards.

Extracts from Vigna radiata contained daidzein, geni-
stein and their 7-O-glucosides, daidzin and genistin, respecti-
vely. No immunoreactivity was recorded in HPLC fractions
corresponding to glycosides in extracts from Pisum sativum.
Unexpectedly, immunoreactive peaks were found by the
methods sensitive to 7-derivatives of daidzein and genistein
with chromatographic mobilities close to those of the 4¥-me-
thoxyderivatives, formononetin and biochanin A, respectively.

Standards of 7-O-methoxydaidzein (isoformononetin)
and 7-O-methoxygenistein (prunetin) were prepared from
daidzein and genistein, respectively, using diazomethane as
the methylation agent. Chromatographic properties of stan-
dards were compared to the corresponding fractions of pea
extracts. In additional experiments, the pea extracts were
fractionated either by thin layer chromatography (TLC) on
silica or by ion-exchange TLC on aminosilica. Identity of
the daidzein-7 and genistein-7 immunoreactive entities
with isoformononetin and prunetin, respectively, was con-
firmed by the identical chromatographic behavior in all
these different chromatographic systems. To our best
knowledge, this is the first report of isoformononetin and
prunetin in Pisum sativum.

This study was supported by Grant No. 311/97/468 from
the Grant Agency of the Czech Republic.

P12
PÿÕPRAVA 2-FLUOROVAN›CH DERIV¡TŸ
ALLOBETULINU

V¡CLAV RICHTRa, JIÿÕ KLINOTb a MILAN
KRAITRa

aKatedra chemie, Pedagogick· fakulta, Z·padoËesk· uni-
verzita, VeleslavÌnova 42, 306 19 PlzeÚ, bKatedra organic-
kÈ chemie, P¯ÌrodovÏdeck· fakulta, Univerzita Karlova,
Albertov 2030, 128 40 Praha

Pr·ce navazuje na sÈrii reakcÌ prov·dÏn˝ch jiû d¯Ìve za
˙Ëelem zÌsk·nÌ 2-substituovan˝ch deriv·t˘ allobetulinu pro
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studium konformace kruhu A tÏchto slouËenin. P˘sobe-
nÌm kyseliny bromovodÌkovÈ, chlorovodÌkovÈ, methylal-
koholu nebo ethylalkoholu na chloroformovÈ roztoky epo-
xid˘ I a II byly zÌsk·ny 2-substituovanÈ 3-hydroxyderiv·ty
IIIñX, kterÈ oxidacÌ poskytly odpovÌdajÌcÌ ketony XIñXVIII
(cit.1,2).

Naöe snaha o otev¯enÌ epoxid˘ I a II koncentrovanou
kyselinou fluorovodÌkovou na fluorhydriny XIX a XX ne-
byla ˙spÏön· ani po prodlouûenÌ reakËnÌ doby. Wilkinson3

uv·dÌ ¯adu moûnostÌ p¯Ìpravy fluohydrin˘ otevÌr·nÌm jed-
noduch˝ch epoxid˘. JednÌm z popisovan˝ch Ëinidel je tri-
ethylamintrihydrofluorid, kter˝ se uk·zal jako vhodn˝ i pro
otevÌr·nÌ epoxid˘ I a II. Tyto epoxidy jsou vöak v triethyl-
amintrihydrofluoridu nerozpustnÈ i p¯i teplotÏ varu. P¯Ìda-
vek benzenu nebo chloroformu nevedl k cÌli, p¯ÌznivÏ se
projevila p¯ÌmÏs pyridinu. Jako optim·lnÌ se uk·zal 24
hodinov˝ reflux epoxid˘ I a II se smÏsÌ triethylamintrihy-
drofluoridu a pyridinu v pomÏru 2:1. Z epoxid˘ I a II tak
byly zÌsk·ny fluorhydriny XIX a XX, kterÈ oxidacÌ dichro-
manem sodn˝m poskytly fluorketony XXI a XXII. Struktura
vöech Ëty¯ fluoroderiv·t˘ XIXñXXII byla potvrzena I» i 1H-
-NMR spektry.

Pr·ce byla financov·na z grantu PF Z»U Ë. 11074381.
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P13
PÿÕPRAVA NOV›CH VYSOCE ODBOURAN›CH
DERIV¡TŸ LUPANU

JAN äAREK, IVA TIäLEROV¡, JIÿÕ KLINOT
a JAN SEJBAL

Katedra organickÈ chemie, P¯ÌrodovÏdeck· fakulta, Uni-
verzita Karlova, Albertov 2030, 128 40 Praha 2, e-mail:
sarek@prfdec.natur.cuni.cz

V souvislosti s vysokou cytotoxickou aktivitou, nale-
zenou u nÏkter˝ch tetracyklick˝ch sesterterpen˘ izolova-
n˝ch z p¯ÌrodnÌch zdroj˘ (nap¯. lit.1,2), byly v tÈto pr·ci
syntetizov·ny strukturnÏ blÌzkÈ slouËeniny odbour·nÌm
dob¯e dostupn˝ch pentacyklick˝ch triterpen˘ lupanovÈ ¯a-
dy. V n·vaznosti na naöi minulou pr·ci3 byla z 21-oxolup-

-18-en-3β,28-diyldiacetatu, kter˝ byl zÌsk·n t¯ÌstupÚov˝m
postupem4 z betulinu, p¯ipravena sÈrie lupanov˝ch deriv·-
t˘ typu I s modifikovan˝m kruhem E a s r˘zn˝mi kyslÌka-
t˝mi funkËnÌmi skupinami R1, R2 a X. DalöÌ oxidaËnÌ
degradacÌ tÏchto slouËenin s pouûitÌm peroxykyselin, oxi-
du seleniËitÈho a rutheniËelÈho byly p¯ipraveny novÈ E-
-sekolupanovÈ a des-E-lupanovÈ slouËeniny obecnÈho
vzorce II.

Pr·ce  byla financov·na z grant˘ GA  UK Ë.  210/1996
a 190/1997.
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P14
ENZYMATIC HYDRATION AND HYDROLYSIS
OF CYANOHYDRINS

LUDMILA MARTÕNKOV¡a, ELLEN RAABEb,
JOSEPH BARDAKJIb, IRENA PÿEPECHALOV¡a,
and HERFRIED GRIENGLb

aInstitute of Microbiology, Laboratory of Biotransforma-
tion, Academy of Sciences of the Czech Republic, VÌdeÚsk·
1083, 14220 Prague 4, e-mail: martinko@biomed.cas.cz,
bInstitute of Organic Chemistry, Technical University
Graz, Stremayrgasse 16, A-8010 Graz, Austria

Cyanohydrins are precursors of α-hydroxy acids, useful
starting materials for bioactive compounds. However, the
hydrolysis of cyanohydrins requires strongly acidic condi-
tions which may cause a formation of by-products and

a partial racemization when optically active forms of cya-
nohydrins are used1. Therefore, mild enzymatic hydrolysis
is the method of choice for this purpose.

A whole cell biocatalyst, Rhodococcus equi A4 produc-
ing a nitrile hydratase (RCN → RCONH2) and an amidase
(RCONH2 → RCOOH) (Ref.2), was used for the transfor-
mations of cyanohydrins IañVa (5 mM) at mild conditions
(phosphate buffer pH 7.0ñ7.5, 31 ∞C). Substrates Ia and Va
were smoothly hydrolyzed into the corresponding acids Ic
and Vc by the resting cells whereas their amides Ib and Vb
were obtained after shorter reaction periods. From sub-
strates IIa and IIIa, the respective amides IIb and IIIb were
obtained as the major products. This indicated that these
amides were poor substrates of the amidase. The aliphatic
cyanohydrin IVa was hardly accepted by the nitrile hy-
dratase.

Suitability of further microbes for the hydrolysis of
cyanohydrins is under investigation.

Supported by the grant AKTION 17p12 from the Austrian
and Czech Ministries of Education and by the grant
A4020802/1998 from the Grant Agency of the Academy of
Sciences of the Czech Republic.
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⁄stav lÈka¯skÈ biofyziky, LÈka¯sk· fakulta, Univerzita Pa-
lackÈho, HnÏvotÌnsk· 3, 775 15 Olomouc, e-mail: kol@
tunw.upol.cz

Principem fotodynamickÈ terapie je pouûitÌ fotosensibi-
liz·tor˘ v kombinaci se svÏtlem urËitÈ vlnovÈ dÈlky za p¯Ì-
tomnosti kyslÌku. V organismu doch·zÌ k akumulaci fotosen-
sibiliz·tor˘ v neoplastick˝ch tk·nÌch. PotÈ je oblast p¯ed-
pokl·d·nÈ lokalizace tumoru oz·¯ena (u vnit¯nÌch n·dor˘
pomocÌ svÏtlovod˘) intenzivnÌm excitujÌcÌm svÏtlem z dlou-
hovlnnÈ oblasti viditelnÈho spektra, kterÈ dob¯e pronik·
tk·nÌ. Touto reakcÌ vznik· mimo jinÈ i cytotoxick˝ single-
tov˝ kyslÌk, kter˝ prakticky okamûitÏ napad· bunÏËnÈ mem-
br·ny ve svÈm okolÌ a zp˘sobuje jejich oxidaËnÌ destrukci1.

V˝hodou tÏchto fotosensibiliz·tor˘ je, ûe pro organis-
mus jsou v podstatÏ netoxickÈ, nedojde-li k jejich oz·¯enÌ.
Absence svÏtla ve vnit¯nÌch org·nech lidskÈho tÏla vöak
znemoûÚuje aplikaci fotosensibiliz·tor˘ pro fotodynamic-
kou terapii jakoû i dalöÌ vyuûitÌ jejich antivir·lnÌch a anti-
bakteri·lnÌch ˙Ëink˘. ChemiluminiscenËnÌ oxidace luci-
ferinu luciferasou (Photinus pyralis) se uk·zala b˝t do-
stateËnou pro aktivaci antivir·lnÌch ˙Ëink˘ hypericinu
(p¯ÌrodnÌ fotosensibiliz·tor)2.

Studium p¯enosu energie a elektron˘ v chemiluminis-
cenËnÌm systÈmu ftalhydrazid-xanthenovÈ barvivo v mice-
l·rnÌch roztocÌch (cetyltrimethylammoniumbromid) pro-
k·zalo  moûnost excitace fotosensibiliz·tor˘ ftalhydrazi-
dem3. Tato chemiexcitace byla ovÏ¯ov·na na splenocytech
z fragment˘ kr·liËÌch slezinek4 a p¯i  testov·nÌ antibak-
teri·lnÌ aktivity fotosensibiliz·tor˘5. D·le jsme studovali
jejich cytotoxick˝ ˙Ëinek v bunÏËn˝ch kultur·ch pomocÌ
ÑLIVE/DEAD cytotoxicity assayì (Molecular Probes) a n·-
slednou detekcÌ na fluoroskanu Ascent (LABSYSTEM).
Prok·zali jsme, ûe chemiexcitovanÈ fotosensibiliz·tory vy-
kazujÌ velmi slibnÈ cytotoxickÈ ˙Ëinky v ¯adÏ bunÏËn˝ch
kultur.

Tato pr·ce vznikla v r·mci projektu CMBM UP VS 96 154
za podpory grantu UP 1998 (3190 3005) a grantu GA »R
03/98/P257.
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JIÿÕ KULH¡NEKb a OLDÿICH PYTELAb

aKatedra anorganickÈ a fyzik·lnÌ chemie, P¯ÌrodovÏdeck·
fakulta, Univerzita PalackÈho, t¯. Svobody 8, 771 46 Olo-
mouc, e-mail: jiraskov@risc.upol.cz, nevecna@risc.upol.cz;
bKatedra organickÈ. chemie, Fakulta chemicko-technolo-
gick·, Univerzita Pardubice, N·m. »s. LegiÌ 565, 532 10
Pardubice, e-mail: jiri.kulhanek@upce.cz, oldrich.pytela@
upce.cz

Studium substituËnÌch efekt˘ p¯edstavuje ve fyzik·lnÏ-
-organickÈ chemii st·le aktu·lnÌ ot·zku. CÌlem bylo sta-
novit pK substituovan˝ch deriv·t˘ anilin˘ a z hlediska
r˘zn˝ch substituent˘ je porovnat. V r·mci studia bylo p¯i-
praveno 25 substituovan˝ch deriv·t˘ anilin˘ se  substi-
tuenty -CH3, -CH3O, -Cl, -NO2 p¯ev·ûnÏ v poloh·ch 2, 4,
6 a na atomu dusÌku. PrvotnÌm ˙kolem po zÌsk·nÌ substi-
tuovan˝ch deriv·t˘ anilin˘ bylo stanovenÌ pK pomocÌ UV-
-VIS spektrofotometru. MÏ¯enÌ absorbancÌ se prov·dÏlo
s roztoky indik·tor˘ v r˘znÏ koncentrovan˝ch roztocÌch
kyselin nebo v Britton-Robinsonov˝ch pufrech o r˘znÈm
pH. Vzhledem k tomu, ûe bylo nutnÈ stanovit pK i v silnÏ
koncentrovan˝ch kyselin·ch, bylo nutnÈ nejd¯Ìve zkon-
struovat pro pouûitou kyselinu ñ H2SO4, HClO4, CH3SO3H
ñ aciditnÌ funkci1 pro cel˝ koncentraËnÌ rozsah. PomocÌ
rovnice (1)

H0 = pKBH+ ñ log (cBH+/cB) (1)

byly vypoËÌt·ny hodnoty H0 funkce a pKBH+ ¯ady substi-
tuovan˝ch anilin˘. Zvolen· modelov· l·tka byla vybr·na
ze dvou d˘vod˘. PrvnÌm je p¯Ìm· konjugace reakËnÌho
centra se substituentem, druh˝m d˘vodem byla moûnost
vhodnou substitucÌ v ortho-poloze a na atomu dusÌku vy-
tvo¯it slouËeniny s velkou mÌrou sterickÈ z·brany rezo-
nance, coû se projevilo na bazicitÏ modelov˝ch l·tek.

Vöechny studovanÈ deriv·ty anilin˘, kterÈ nejsou sub-
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stituovanÈ na atomu dusÌku, majÌ vÏtöinou niûöÌ pK neû
anilin. Ortho-substituenty br·nÌ proton˘m (H+) v p¯Ìstupu
k aminoskupinÏ a tak sniûujÌ sÌlu z·sady, coû je vlastnÏ
prim·rnÌ sterick˝ efekt. Sekund·rnÌ sterick˝ efekt, kter˝ se
projevÌ naopak zv˝öenÌm z·saditosti, se objevuje jen u N-
-substituovan˝ch deriv·t˘, protoûe vzhledem k mal˝m roz-
mÏr˘m aminoskupiny u ostatnÌch deriv·t˘ nedoch·zÌ k je-
jÌmu vych˝lenÌ (nebo jen velmi malÈmu). Hodnoty pK se
sniûujÌ v ¯adÏ deriv·t˘ -CH3O, -CH3, -Cl, -NO2. 2,6-Disub-
stituovanÈ aniliny majÌ oproti monosubstituovan˝m niûöÌ
hodnoty pK, a to z d˘vod˘ prim·rnÌho sterickÈho efektu,
kter˝ z·saditost sniûuje. NejvyööÌ hodnotu pK m· N-CH3-
-2,6-diCH3-A dÌky +I efektu CH3- skupiny. Tento vliv je
vÏtöÌ neû u 2-CH3-A dÌky p¯ÌmÈ vazbÏ na dusÌk (dusÌk tÌm
p·dem snadnÏji pout· proton). Hodnoty pK < ñ1 majÌ sub-
stituovanÈ aniliny obsahujÌcÌ na benzenovÈm j·d¯e skupiny
s ñI efektem (-Cl, -NO2). NejniûöÌ hodnotu pK m· 2,6-
-diNO2-A, a to nejen dÌky ñI a ñM efektu, kter˝mi p˘sobÌ
NO2-skupina, ale takÈ dÌky prim·rnÌmu sterickÈmu efektu,
kter˝ br·nÌ proton˘m v p¯Ìstupu k NH2-skupinÏ a sniûuje
tak sÌlu z·sady.
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CHR¡NÃN› 7-[(ALLYL)KYANOMETHYL]ADE-
NIN JAKO V›CHOZÕ L¡TKA PRO PÿÕPRAVU
NOV…HO TYPU α-ROZVÃTVEN›CH ACY-
KLICK›CH ANALOGŸ ADENOSINU

DANA HOCKOV¡ a ANTONÕN HOL›

⁄stav organickÈ chemie a biochemie, Akademie vÏd »eskÈ
republiky, Flemingovo n·m. 2, Praha 6, 16610; e-mail:
lasice@uochb.cas.cz

P¯estoûe jsou acyklickÈ analogy nukleosid˘ intenzivnÏ
studov·ny zejmÈna v souvislosti s terapiÌ virov˝ch a n·do-

rov˝ch onemocnÏnÌ, l·tek s postrannÌm ¯etÏzcem rozvÏt-
ven˝m v α-poloze bylo p¯ipraveno pomÏrnÏ m·lo. Vzhle-
dem k jejich obtÌûnÈ syntÈze p¯Ìmou alkylacÌ heterocy-
klickÈ baze1 b˝v· Ëasto pouûÌv·na Mitsunobova reakce2

nebo metoda v˝stavby heterocyklickÈ baze na vhodnÈm
aminoderiv·tu. Novou metodou syntÈzy α-rozvÏtven˝ch
acyklick˝ch analog˘ adenosinu, kter· je p¯edmÏtem naöeho
studia, je alkylace aktivnÌ methylenovÈ skupiny. Jako mo-
delovÈ l·tky byly studov·ny 7-substituovanÈ deriv·ty ade-
ninu. TÌmto zp˘sobem byl z kyanomethylderiv·tu I p¯ipra-
ven i chr·nÏn˝ 7-[(allyl)kyanomethyl]adenin (II), kter˝ je
velmi vhodnou v˝chozÌ l·tkou pro sÈrii analog˘ nukleo-
sid˘. Studium biologickÈ aktivity tÏchto l·tek doplnÌ dalöÌ
informace o vztahu mezi strukturou a aktivitou.

Tato pr·ce byla podporov·na grantem GA »R Ë. 203/98/
P026.
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P18
15N NMR STUDIUM ISOCHINOLINOV›CH
ALKALOIDŸ1

RADEK MAREKa, JIÿÕ SLAVÕKb

a VLADIMÕR SKLEN¡ÿa

aLaborato¯ struktury a dynamiky biomolekul, P¯ÌrodovÏ-
deck· fakulta, Masarykova univerzita, Kotl·¯sk· 2, 611 37,
Brno, e-mail: rmarek@chemi.muni.cz, sklenar@chemi.
muni.cz, bBiochemick˝ ˙stav, LÈka¯sk· fakulta, Masaryko-
va univerzita, KomenskÈho n·m. 2, 662 43, Brno

ChemickÈ posuny j·dra dusÌku 15N jsou citliv˝m in-
dik·torem strukturnÌho uspo¯·d·nÌ v organick˝ch a bioor-
ganick˝ch slouËenin·ch2. P¯ÌmÈ mÏ¯enÌ parametr˘ j·dra
15N je u p¯ÌrodnÌch l·tek limitov·no dostupn˝m mnoûstvÌm
vzorku a pomÏrnÏ nÌzkou NMR citlivostÌ. Tato omezenÌ
mohou b˝t Ë·steËnÏ p¯ekon·na aplikacÌ inverznÌch NMR
experiment˘3. ZavedenÌ kr·tk˝ch pulznÌch gradient˘ mag-
netickÈho pole p¯ineslo v˝raznÈ zlepöenÌ kvality inverznÌch
experiment˘4.

Ke studiu bylo vybr·no 40 kvartÈrnÌch a terci·rnÌch
isochinolinov˝ch alkaloid˘ öesti konstituËnÌch typ˘. Vöechny
slouËeniny byly izolov·ny z rostlin Ëeledi Papaveraceae
a Fumariaceae. StudovanÈ alkaloidy  lze za¯adit k ben-
zo[c]fenanthridinovÈmu, protoberberinovÈmu, benzyliso-
chinolinovÈmu, aporfinovÈmu, pavinanovÈmu a β-karbo-
lino-proaporfinovÈmu typu. Protoûe dusÌkov˝ atom isochi-
nolinov˝ch alkaloid˘ nenese p¯Ìmo v·zan˝ atom vodÌku,
mÏ¯enÌ parametr˘ 15N je zaloûeno na 1H-15N interak-
cÌch dalekÈho dosahu (2JH,N a 3JH,N). Pro mÏ¯enÌ parame-
tr˘ j·dra dusÌku 15N byly pouûity GSQMBC5 (Gradient-
-Enhanced Single-Quantum Multiple Bond Correlation)
a GHMBC6 (Gradient-Enhanced Heteronuclear Multiple
Bond Correlation) experimenty. Pro p¯esnÈ stanovenÌ in-
terakËnÌch konstant7 byla pouûita data obsaûen· v anti-
f·zov˝ch dubletech GSQMBC spekter8 a analyzov·na po-
stupem popsan˝m v literatu¯e9.

V analogii k jin˝m typ˘m organick˝ch molekul m˘ûe-
me vyvodit nÏkterÈ z·vÏry a pro demonstraci uv·dÌme t¯i
p¯Ìklady alkaloid˘ benzylisochinolinovÈho typu. DusÌkov˝
atom studovan˝ch isochinolinov˝ch alkaloid˘ je silnÏ od-
stÌnÏn, pokud jeho voln˝ elektronov˝ p·r m˘ûe b˝t deloka-
lizov·n v p¯ilehlÈm π systÈmu nebo je p¯Ìmo souË·stÌ to-
hoto nenasycenÈho systÈmu. U dusÌk˘ pyridinovÈho typu
je odstÌnÏnÌ spojeno s p¯ÌtomnostÌ nÌzk˝ch n → π* elek-
tronov˝ch stav˘ (papaverin (I) δ ~ 300 ppm). Methylace

isochinolinovÈho dusÌku vytv·¯Ì na tomto atomu kladn˝
n·boj, avöak vznikajÌcÌ pozitivnÌ n·boj pouze Ë·steËnÏ
kompenzuje odstranÏnÌ odstiÚujÌcÌho p¯ÌspÏvku volnÈho
elektronovÈho p·ru. DusÌkov˝ atom vznikajÌcÌho methyl-
isochinoliniovÈho iontu m· potom chemick˝ posun δ ~ 190
ppm (escholamin jodid (II)). Dihydroisochinolinov˝ a te-
trahydroisochinolinov˝ terci·rnÌ dusÌkov˝ atom je pod-
statnÏ zastÌnÏn vzhledem k p¯edch·zejÌcÌm p¯Ìpad˘m a jeho
chemick˝ posun se pohybuje v rozmezÌ 21ñ63 ppm pro
studovanÈ slouËeniny (armepavin (III) δ ~ 33 ppm).

Tento projekt  byl  finanËnÏ  podporov·n  granty  GA  »R
(203/96/1513) a MäMT (VS 96 095).
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P19
ANTIMYKOBAKTERI¡LNÕ AKTIVITA DERIV¡TŸ
3-FENYL-2H-1,3-BENZOXAZIN-2,4(3H)-DIONU
a 3-FENYLCHINAZOLIN-2,4(1H,3H)-DIONU

KAREL WAISSERa, HYNEK DOST¡La,
JIÿÕ GREGORa, JANA HLADŸVKOV¡a,
LENKA KUBICOV¡a a JARMILA KAUSTOV¡b

aKatedra anorganickÈ a organickÈ chemie, Farmaceutick·
fakulta, Univerzita Karlova, HeyrovskÈho 1203, 500 05
Hradec Kr·lovÈ; bKrajsk· hygienick· stanice, Partyz·nskÈ
n·m. 7, 728 92 Ostrava

V naöich d¯ÌvÏjöÌch pracech byly pops·ny öiroce an-
timykobakteri·lnÏ aktivnÌ deriv·ty 3-fenyl-2H-1,3-benzo-
xazin-2,4(3H)-dionu substituovanÈ na fenylovÈ Ë·sti mole-
kuly1. ObÏ tyto skupiny l·tek byly ˙ËinnÈ in vitro proti
Mycobacterium tuberculosis, M. kansasii a M. avium. Ak-
tivita tÏchto l·tek se zvyöovala s elektronakceptorov˝mi
vlastnostmi substituentu na fenylovÈ Ë·sti molekuly2. Na-
öÌm z·mÏrem bylo p¯ipravit l·tky odvozenÈ od 3-aryl-2H-
-1,3-benzoxazin-2,4(3H)-dion˘ n·hradou atomu kyslÌku za
dusÌk, 3-arylchinazolin-2,4(1H, 3H)-diony a sledovat vliv
tÈto z·mÏny na aktivitu.

Pokles aû ztr·ta aktivity po tÈto z·mÏnÏ n·s vede k teo-
rii, ûe 3-aryl-2H-1,3-benzoxazin-2,4(3H)-diony jsou pro-
drugs pro salicylanilidy, kterÈ nesou vlastnÌ aktivitu, kdeûto
3-arylchinazolin-2,4(1H,3H)-diony tÌmto prodrugs nejsou,
aktivita se tudÌû vytr·cÌ. Korelace antimykobakteri·lnÌ ak-
tivity salicylanilid˘ se strukturnÌmi parametry  jsou po-
dobnÈ jako u studovan˝ch deriv·t˘ benzoxazinu.

Pr·ce vznikla za podpory grantu FRVä 1371/98.
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INHIBICE HILLOVY REAKCE ANTIMYKOBAK-
TERI¡LNÕMI 5-NITROSALICYLANILIDY
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˙stav,  PrÌrodovedeck· fakulta,  Univerzita KomenskÈho,
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Salicylanilidy vykazujÌ v z·vislosti na substituci öirokÈ
spektrum biologick˝ch aktivit1. 5-Nitrosalicylanilidy I,
r˘znÏ substituovanÈ v anilidovÈ Ë·sti molekuly (R = H,
4¥-CH3, 4¥-Br, 4¥-OCH3, 4¥-Cl, 3¥,4¥-Cl2, 3¥-Cl, 3¥-NO2,
4¥-N(CH3)2, 3¥-F, 4¥-F), byly p¯ipraveny jako potenci·lnÌ
antituberkulotika zah¯Ìv·nÌm kyseliny 5-nitrosalicylovÈ
s p¯Ìsluön˝mi aniliny a PCl3 v chlorbenzenu.

Vliv I na inhibici rychlosti v˝voje kyslÌku v chloro-
plastech öpen·tu byl studov·n spektrofotometricky v p¯Ì-
tomnosti akceptoru elektron˘ 2,6-dichlorfenol-indofenolu
(DPIP) (cit.2). StudovanÈ l·tky inhibovaly fotosyntetick˝
transport elektron˘ v chloroplastech öpen·tu, hodnoty po-
loviËnÌ inhibiËnÌ koncentrace (IC50) byly v rozmezÌ od 2,0
(R = 4-F) do 376 µmol dm-3 (R = 4-N(CH3)2). InhibiËnÌ
aktivita studovan˝ch slouËenin v˝znamnÏ z·visela na hy-
drofobnÌm parametru π- a HammettovÏ konstantÏ σ substi-
tuentu R. Vztah struktura-aktivita lze vyj·d¯it regresnÌ rov-
nicÌ:

log(1/IC50) = 4,630 (± 0,161) + 1,120 (± 0,486)(π-) ñ

ñ 0,309 (± 0,212)(π-)2 ñ 0,699(± 0,528)σ

r = 0,936; s = 0,374; F = 16,6; n = 11

V p¯Ìtomnosti I byl zaznamen·n pokles intenzity fluo-
rescenËnÌho emisnÌho p·su p¯i 686 nm, n·leûejÌcÌho p¯e-
v·ûnÏ komplex˘m chlorofylu a s proteiny fotosystÈmu 2
(PS 2). Z toho vypl˝v·, ûe mÌstem inhibiËnÌho ˙Ëinku I je
PS 2. U strukturnÏ podobn˝ch substituovan˝ch benzanilid˘
bylo potvrzeno pomocÌ EPR spektroskopie, ûe interagujÌ
s intermedi·tem D+, tj. radik·lem tyrosinu situovan˝m na
161. pozici v proteinu D2, kter˝ se nach·zÌ na donorovÈ
stranÏ PS 2 (cit.3). Po p¯id·nÌ umÏlÈho donoru elektron˘
1,5-difenylkarbazidu (DPC) se zn·m˝m mÌstem ˙Ëinku
(intermedi·ty Z+/D+) k chloroplast˘m inhibovan˝m ani-
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lidy I doch·zelo ke kompletnÌ obnovÏ redukce DPIP. Z toho
vypl˝v·, ûe j·dro PS 2 (P 680) a Ë·st elektronovÈho trans-
portnÌho ¯etÏzce ñ p¯inejmenöÌm aû po plastochinon ñ z˘-
stala nepoökozen·.

Pr·ce byla podporov·na granty VEGA Mä SR Ë. 1/4013/97
a FRVä Ë. 1371/98.
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P21
3-ARYL-1,2,3-BENZOTRIAZIN-4(3H)-ONY JAKO
MODIFIKACE STRUKTURY ANTIMYKOTICKY
⁄»INN›CH DERIV¡TŸ BENZOXAZINU
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728 92 Ostrava

3-Aryl-1,2,3-benzotriazin-4(3H)-ony (I) byly studov·-
ny jako izosternÌ analoga potenci·lnÌch antituberkulotik
a antimykotik ze skupiny 3-aryl-2H-1,3-benzoxazin-2,4(3H)-
-dion˘1-4 (II). 3-Aryl-1,2,3-benzotriazin-4(3H)-ony vzni-
kajÌ spont·nnÌ cyklizacÌ p¯i diazotaci anthranilanilid˘5. V˝-
chozÌ anthranilanilidy byly p¯ipraveny kondenzacÌ odpo-
vÌdajÌcÌho 2H-3,1-benzoxazin-2,4(1H)-dionu s p¯ÌsluönÏ
substituovan˝m anilinem.

Antimykotick˝ ˙Ëinek I v˘Ëi Candida albicans ATCC
44859, C. tropicalis 156, C. krusei E28, C. glabrata 20/I,
Trichosporon beigelii 1188, Trichophyton mentagrophytes
445, Aspergillus fumigatus 231 a Absidia corymbifera 272
byl testov·n in vitro mikrodiluËnÌ bujonovou metodou.
Antimykobakteri·lnÌ aktivita byla sledov·na in vitro proti
M. tuberculosis CNCTC My 331/88, M. kansasii CNCTC

My 235/80 a M. avium CNCTC My 330/88. 3-Aryl-1,2,3-
-benzotriazin-4(3H)-ony vykazujÌ u obou typ˘ ˙Ëinku po-
kles aû ztr·tu aktivity v porovn·nÌ s odpovÌdajÌcÌmi 3-aryl-
-2H-1,3-benzoxazin-2,4(3H)-diony.

(I) (II)
R1 = H; Cl R2 = H; 3-Cl; 4-Cl; 3,4-Cl2; 4-Br; 4-F; 4-CH3;

3,4-(CH3)2; 4-C4H9; 4-OCH3

Pr·ce byla podporov·na granty 203/96/0262 GA »R
a 1371/98 FRVä.
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P22
CHEMOPROTEKTIVNÕ AKTIVITA HOMOISO-
FLAVONOIDŸ
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lÈka¯stvÌ, Hudcova 6, 621 32 Brno

Flavonoidy vykazujÌ in vitro schopnost inhibovat nebo
zh·öet volnÈ radik·ly a toxickÈ formy kyslÌku, kterÈ hrajÌ
d˘leûitou roli v patogenezi a progresi celÈ ¯ady onemoc-
nÏnÌ.

O

R
1

OO

N

R
2

O

R
1 N

N

N

R
2

970



V r·mci systematickÈho studia v˝skytu a antioxidaËnÌ
aktivity flavonoid˘ jsme se zamÏ¯ili na nevelkou a v p¯ÌrodÏ
nep¯Ìliö rozöÌ¯enou skupinu homoisoflavonoid˘. ZÌskali
jsme je z prysky¯ice z Dracaena cinnabari Balf. (Agava-
ceae), endemitu rostoucÌho na Sokot¯e. Prysky¯ice byla
zpracov·na kolonovou chromatografiÌ. Bylo zÌsk·no vÌce
neû 20 hrub˝ch frakcÌ. NÏkterÈ z tÏchto frakcÌ byly zpra-
cov·v·ny jiû d¯Ìve a bylo izolov·no nÏkolik Ëist˝ch l·tek,
u nichû byla zjiötÏna struktura. Pro dÏlenÌ dosud nezpraco-
van˝ch frakcÌ byla pouûita vysoko˙Ëinn· kapalinov· chro-
matografie. Jako nejvhodnÏjöÌ se jevilo dÏlenÌ na reverznÌ
f·zi s eluËnÌ smÏsÌ sloûenou z acetonitrilu a vody okyselenÈ
kyselinou mravenËÌ, aby se potlaËila deprotonizace l·tek
kyselÈ povahy.

U vybran˝ch homoisoflavonoid˘ byla testov·na jejich
chemoprotektivnÌ aktivita (inhibice NADPH-dependentnÌ
lipoperoxidace a inhibice EROD aktivity).

NejsilnÏjöÌmi inhibitory lipoperoxidace byly homo-
isoflavonoidy 7-hydroxy-3-(2-metoxy-4-hydroxybenzyl)-
-chroman a 5,7-dihydroxy-6-metoxy-3-(3,4-dihydroxyben-
zyliden)chromon. TestovanÈ l·tky vyk·zaly takÈ slabou
inhibiËnÌ EROD aktivitu.

P23
STEREOSELECTIVITY IN SYNTHESES OF SUB-
STITUTED 2-FLUOROACRYLATES AND 2-FLUO-
RO-2-BUTEN-4-OLIDES FROM α-HYDROXYKE-
TONES

KAREL POMEISL, JAROSLAV KVÕ»ALA,
and OLDÿICH PALETA

Department of Organic Chemistry, Prague Institute of
Chemical Technology, Technick·  5, 166  28 Prague  6,
Czech Republic

The 2-buten-4-olide ring is a component of several
classes of bioactive natural compounds1. As fluoro substi-
tuents (such as F, CF3 etc.) are known as powerful modifi-
ers of biological properties of organic compounds, it can be
supposed that interesting bioactive properties could be crea-
ted by a combination of a fluorine substituent with a 2-
-buten-4-olide ring. Wittig-Horner reaction was employed
in the syntheses of the titled compounds with potential
bioactivity1 as the main step. Fluorophosphonate2,3 I and

fluoroiodoacetic chloride (II) were used as fluorine-con-
taining building blocks.

Two synthetic strategies have been employed in the
syntheses of the titled butenolides. Intermolecular strategy
starts with the Wittig-Horner reaction of protected α-hy-
droxyketones. In the resulting substituted 2-fluoroacrylates
IV (e.g. VII), the (E)-isomers  were in common highly
prevailing. After deprotection, IV were converted to the
corresponding butenolides V (e.g. VIII). In the intramolecu-
lar strategy, the starting α-hydroxyketones were converted
to fluoroiodoacetates VI on which Arbuzov rearrangement
and subsequent Wittig-Horner reaction were tried.

(EtO)2P-CHF-CO2Et CHFI-C-Cl ← ← CHFCl-CO2Et
| | | |
O O

I II

Grant No. 203/97/0033, Grant Agency of the Czech Republic.
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V›PO»ET CETANOV›CH »ÕSEL KOMER»NÕCH
NAFT Z 1H NMR SPEKTER

ERVÕN KOZUBEKa, PAVEL SIKORAa, V¡CLAV
ROUBÕ»EKb, V¡CLAV SLOV¡Kb

a HANA JIRAVOV¡a

aKatedra analytickÈ chemie a zkouöenÌ materi·l˘, bKate-
dra chemie, Fakulta metalurgie a materi·lovÈho inûen˝r-
stvÌ, Vysok· ökola b·Úsk·, Technick· univerzita, t¯. 17.
listopadu 15, 708 33 Ostrava 4, »esk· republika, e-mail:
ervin.kozubek@vsb.cz

N·sledujÌcÌ vÏtou ÑThe future target is to apply the
scanned data to the description and calculation of the cetane
number of the gas oils for Diesel engines.ì konËila publi-
kace1. Tento cÌl byl p¯edbÏûnÏ studov·n a Ë·steËnÏ splnÏn
v r·mci diplomovÈ pr·ce2.

CÌlem p¯edkl·danÈ pr·ce bylo 1H a 13C FT NMR spek-
troskopickÈ studium strukury a sloûenÌ produkt˘ zpracov·-
nÌ ropy, komerËnÏ dostupn˝ch motorov˝ch naf z ËerpacÌch
stanic BP, SHELL a ARAL, na 80 MHz FT HR NMR
spektrometru Tesla BS 587A.

ZatÌmco d¯Ìve byla pozornost vÏnov·na benzin˘m a z·-
ûehov˝m motor˘m, v souËasnÈ dobÏ se postupnÏ p¯esouv·
tÏûiötÏ z·jmu na motorovÈ nafty a vznÏtovÈ motory. V tom-
to p¯ÌpadÏ jde o n·roËnÏjöÌ problÈm ve srovn·nÌ s benziny,
protoûe motorovÈ nafty p¯edstavujÌ smÏs l·tek, kterÈ nejsou
doposud pozn·ny do pot¯ebnÈ hloubky. V literatu¯e se
objevily Ël·nky, popisujÌcÌ pr·vÏ jejich sloûenÌ, jednÌm
z nich je publikace3, kter· charakterizuje sloûenÌ motorovÈ
nafty pomocÌ plynovÈ chromatografie. Z hodnot chemic-
k˝ch posun˘ a z hodnot integr·lnÌch intenzit absorpËnÌch
maxim spekter jednotliv˝ch vzork˘ studovan˝ch motoro-
v˝ch naft byly vypoËÌt·ny pomocÌ v˝öe uvedenÈho soft-
ware Brownovy-Ladnerovy parametry a cetanov· ËÌsla. P¯i
v˝poËtu cetanovÈho ËÌsla motorov˝ch naft se vych·zelo ze
vzorce pro v˝poËet oktanovÈho ËÌsla RON automobilov˝ch
benzin˘ v˝zkumnou metodou4. CetanovÈ ËÌslo je v % obj.
vyj·d¯en˝ pomÏr cetanu a α-methylnaftalenu. Proto byl do
tvo¯enÈho vzorce zahrnut pomÏr integr·lnÌch intenzit al-
kanick˝ch methylenov˝ch skupin k methylov˝m skupin·m
v·zan˝m v poloze α na aromatickÈ j·dro, Ëemuû v 1H NMR
spektroskopii odpovÌd· pomÏr chemick˝ch posun˘ 1,0ñ1,5
ppm/2,0ñ3,0 ppm. Po dosazenÌ vhodn˝ch koeficient˘ do
software5 byly podle novÏ navrûenÈho vzorce (1) vypo-
Ëtena cetanov· ËÌsla motorov˝ch naft.

CN = 44,5 + 1,15 . E / C ñ 13,4 . wS (1)

kde E je poËet methylenov˝ch proton˘ nasycen˝ch uhlo-
vodÌk˘, resp. C poËet methylov˝ch proton˘ v·zan˝ch na
aromatickÈ j·dro v α-poloze a wS je obsah sÌry v % hm.
V˝sledkem byly hodnoty cetanov˝ch ËÌsel uveden˝ch ko-
merËnÌch naft, jejichû p¯ehled je uveden v tabulce I, kterÈ
budou do budoucna ovÏ¯eny na vÏtöÌm poËtu vzork˘.

Tabulka I
Srovn·nÌ hodnot cetanov˝ch ËÌsel namÏ¯en˝ch a z atest˘

Prodejce MÌsto CetanovÈ ËÌslo
nafty prodeje namÏ¯enÈ z atestu

BP Ostrava-KunËice 51,304 51,5
ARAL Ostrava-Dubina 49,682 50,0
SHELL Ostrava-Hrab˘vka 52,719 51,2
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PÿÕKLADY VYUéITÕ INTERNETU PRO VÃDU
A V›ZKUM

MIRIAM V¡CHOV¡

DEZA a. s., InformaËnÌ st¯edisko, 757 28 ValaöskÈ Mezi¯ÌËÌ

Kaûd˝  v˝zkumnÌk  Ëi vÏdec  pot¯ebuje p¯i svÈ pr·ci
mimo jinÈ
ñ odbornÈ informace,
ñ diskuse s odbornÌky,
ñ publikovat v˝sledky.
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Pro vöechny tyto pot¯eby lze vyuûÌvat internet. CÌlem
tohoto sdÏlenÌ je upozornit na moûnosti, kterÈ internet coby
zdroj informacÌ  nabÌzÌ pro vÏdu a v˝zkum. Internet je
zdrojem informacÌ o
ñ Ëasopisech, ale i Ëasopis˘ samotn˝ch,
ñ ediËnÌch pl·nech vydavatel˘ knih s moûnostÌ knihy

p¯Ìmo objedn·vat,
ñ o konferencÌch a dalöÌch odborn˝ch akcÌch,
ñ z·jmov˝ch sdruûenÌch a profesnÌch organizacÌch a je-

jich Ëinnosti,
ñ komerËnÌch z·leûitostech t˝kajÌcÌch se samotnÈho pro-

vozu pracoviöt, (katalogy laboratornÌch pom˘cek, za-
¯ÌzenÌ, chemik·liÌ),

ñ faktografick˝ch datab·zÌch Ëi datab·zÌ samotn˝ch atd.
Internet umoûÚuje tÈû p¯Ìstup do mnoha knihoven, prohlÌ-

ûenÌ katalog˘, pop¯. p¯Ìmo v˝p˘jËky poûadovan˝ch publikacÌ.

P26
ANALOGUES OF THE INSECT OOSTATIC
HORMONE

JAN MAÿÕKa, JAN HLAV¡»EKa,
RICHARD TYKVAa, BLANKA BENNETTOV¡b,
and TOMISLAV BARTHa

aInstitute of Organic Chemistry and Biochemistry, Aca-
demy of Sciences of the Czech Republic, 166 10 Prague 6,
bInstitute of Entomology, Academy of Sciences of the Czech
Republic, 370 05 »eskÈ BudÏjovice

Introduction

Sequence shortening of the insect peptide oostatic hor-
mone1 H-Tyr-Asp-Pro-Ala-Pro6-OH accelerates and en-
hances oostatic activity in the flesh fly Sarcophaga bul-
lata2. Now, we have synthesized a series of the shortened
analogs containing a cyclic structure and/or methylene-oxy
and methylene-thio surrogates of the peptide bond.

Results and Discussion

The intramolecular modification of the Williamson
reaction which allows to obtain stereochemicaly defined
methylene-oxy pseudodipeptides3 was used in the synthe-
sis of H-Pro-ψ[CH2O]Ala-OH. Coupling of N-Boc-O-me-
syl-L-prolinol with disodium salt of thiolactic acid in
DMSO provided4 methylene-thio pseudodipeptide Boc-
-Pro-ψ[CH2S]Ala-OH.

The Boc-pseudodipeptides Boc-Pro-ψ[CH2S]Ala-OH
and Boc-Pro-ψ[CH2O]Ala-OH have been used in the syn-
thesis of linear and cyclic pseudo tetra- and pentapeptides
IañId, IIb and IIIb (Table I). Synthesis was carried out in
DMF solution using DCC/HOBt as a coupling reagents.
The linear precursors of the cyclic peptides IIa and IIIa
were prepared by SPPS using 2-chlorotrityl linker and
Fmoc/tBu strategy. The cyclization of the peptides was
accomplished by HBTU activation in DMF.

Table I
Linear and cyclic analogues of the insect oostatic hormone

X Y

I H-Tyr-Asp-X-Y
Ia Pro-ψ[CH2O]Ala OH
Ib Pro-ψ[CH2S]Ala OH
Ic Pro-ψ[CH2O]Ala Pro-OH
Id Pro-ψ[CH2S]Ala Pro-OH
II c(Tyr-Asp-X)
IIa Pro-Ala
IIb Pro-ψ[CH2S]Ala
III c(Tyr-Asp-X-Pro)
IIIa Pro-Ala
IIIb Pro-ψ[CH2S]Ala

The peptides affected processes of egg development in
50ñ80 % of ovarioles causing changes in the follicular
epithelium,  proliferation of its  nuclei  and cell  division
toward the inner part of the egg chamber. This process leads
to the occurrence of multilayered follicular epithelium
which later fills up almost the whole egg chamber and then
degenerates. Such ovarioles are never able to produce eggs.

Supported by grants of the Grant Agency of the Czech
Republic No. 03/98/1330, 203/98/0741.
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PÿÕPRAVA N-ACYL-2,3-EPIMINO-DERIV¡TŸ
1,6-ANHYDRO-β-D-GLUKOPYRANOSY POMOCÕ
MITSUNOBUOVY REAKCE

JIÿÕ KROUTIL, TOM¡ä TRNKA
a MILOSLAV »ERN›

Katedra organickÈ chemie, P¯ÌrodovÏdeck· fakulta, Uni-
verzita Karlova, Hlavova 2030, 128 40 Praha 2

PokraËovali jsme v naöem ˙silÌ o vyuûitÌ Mitsunobuovy
reakce1 a p¯ipravili jsme sledem reakcÌ I, II a III N-acetyl
a N-benzoyl-2,3-epimino-deriv·t 1,6-anhydro-β-D-gluko-
pyranosy.

LITERATURA

1. Mitsunobu O.: Synthesis 1982, 1.

i) Ac2O, AcONa, H2O, r.t., 82 %, R = Ac
ii) BzCl, AcONa, H2O, r.t., 75 %, R = Bz
iii) DIAD, TPP, toluen, r.t., 62 %, R = Ac
iv) DIAD, TPP, toluen, r.t., 76 %, R = Bz

I

i) nebo ii)

II

III

iii) nebo iv)
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