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ASPECTS OF THE BIOSYNTHESIS OF POLYPRENOIDS 
Eliahu Gaspi*

+ Worcester Foundation for Experimental Biology 
Shrewsbury, Massachusetts, U. S. A.

nesuicb o£ our recent studies on the biosynthesis of polyprenoids 
different biological systems will be presented.



APPLICATION OF 13C NMR SPECTROSCOPY

G. Lukacs+

^Institut de Chiir.ie des Substances Naturelles,
Centre National de la Recnerche Scientifique,
91130 Gif-3ur-Yvette, Prance

13C KMR spectroscopy has been extensively used in 
the field of isoprenoids during the recent years. This 
technique is particularly suitable for the structure 
elucidation of naturally occurring isoprenoid substances.

The analysis of the carbon shifts of selected examples
of structurally complex terpenic and steroidic compounds it
to dc- d is c u s  Levi. The relationship of the chemical shifts to
the structure and conformation of the natural products in
solution will be portrayed. Some biosynthetic applications 

13will oe shown using С labeled precursors. The advantages 
of the double labeling technique will be demonstrated.



For technical геазэ ns the organizing 
committee had to reduce th? number of 
coBmunicatioiii3 and th e r e fo r e  p ip e rs  el o -  

aely related have been put together for 
a Review lecture.

The Seview lecture on isoletion and 
structure elucidation of terpenoids is 
based on the fallowing 11 contributions 
vfor abstracts see pagss 5 - 15).
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A SR08HKIKIH KPIM'SR ?ROK CTtEPlS ‘/’KSCS

cift,”nivrtrsita degli Studi,Perugia,Italy 
'*’+Istitv!to Suefiriore di Sarit&,Viale Regina Elena,2^9,Rome,Italy 

+++La ?*iiTechifiiice Italians,Via N .S'Apulia 8 ,ttilano,Italy

Aouoous extracts of cried flowers of Crepia Virens,af~»r 
extraction with chloroform and silica gel chromatography -»?ave

tibacterial and amoebicidal properties.

Investigations on the more stable compound B,chiefly by 
means of proton T;KR spectroscopy of the free alcohol and of its 
acetate in different advents,led us to adopt stereofonculr la 
as a wcrkinf hypothesis; a demonstration of the correctness of 
this proposal was achieved by transforming both la and its na* 
turally occurring 8-epiraer irosheimin (lb),through the rather 
ijnsr»abl* ketone II,into the sace diketone III.

0

V
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STRUCTURE OF DEOXYLACTARORUFIN A, A NEW SESQUITERPENE 
FROM LACTARIUS MECATOR 

W.M.Danlewgkl, U.Kocor, J.Kr61

Institute of Organic Chemistry.Polish Academy of Sciences, 
Warszawa,Poland

Deozylaetarorufin A / a .p.116-122°, M i ? „  . * TO.»*, 
a /e  250, / vaa Isolated from ethanolic extract of
Laetarius necator. Its structure was established on the 
basis of full spectral and chemical analysis. It was also 
synthesised by the rearrangement of the known compound 
lactarorufln N as It is shown below:

Lactarorufln N Deozylaetarorufin A
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i m  SESQUITERPENE LACTONES HANDELIN,
TANACIN AMD TANAPSIN 

Sh.Z.Kasimov, V.A.Tarasov, A.I.Yunusov, G.P.Sidyakin.
Institute of the Chemistry of Plant Substances Academy of 

Sciences UzSSft, Tashkent, USSR

Handelin is a diguaianolide, C ^ H ^ qOq , m.p. 212° (decomp.) 
/’cK/p0 +47,8° (c 1,3; pyridine) has been isolated alongside with 
other sesquiterpene lactones from Handelia trichophylla Heiaerl. 
(Compositae).

The structure of lactone was determined on the basis of 
chemical transformations and spectral data. Uolecule of handelin 
(I) consists of two guaianolides, what is confirmed by the 
production of cumambrin A, while cleavaging.

Germacranolide tanacin (II), m.p. 128-129°,
21/■o</D -74° (c 1,0; methanol) and eudesmanolide tanapsin (III), 

C20H28°6’ m*p* 191-132°, /j^ -139° (с 1,38; methanol) have 
been isolated from Tanacetum pseudoachillea G.Winkl. The trans
formation of these lactones to chrysanin was performed.



A NEW SESQUIT3RPEN3 PROM STUM LATIFOLIU'.' 

Q.Motl+ . C.G.Casinovi1"1' and G.Fardella1"1

+ Institute of Organic Chemistry and Biochemistry,
Czechoslovak Academy of Sciences, Prague, Czechoslovak?-•

++ lefcituto 'di Chimica delle Sostanze Я a turn I: , ?»!';•••> br‘
<U ?nrraacia, Universita iegli Studi, Perugia, Italy

From the light- petroleum extract of the fruits of 3*igis
lat1.fol.ium (Umbelliferae) a new scaquiterpenic substance
af the composition. CjjHggC. (М3) л.p. 129-1303 ind foCj г
- 23,6° was .isolated by silica gel chromatography, СагеГ'Л
analysis of its proton ruar spectra in CXI- and С.-к,- аг,- 

13its С шаг spectrum in CDC1, clearly showed the presence 
of an ^-propyl, a quaternary and an allylic methyls, an 
allylic secondary acetoxyl, a tertiary hydroxyl, a trisub
stituted double bond and n keto group in a five membered 
ring.

'Hie formula reported below is proposed for the new ocm-

i/nemical transformations are in progress in the aim tc de
monstrate such a structure firmly.
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N'BVV KJoULTS IN' TI13 C iL im srR y OF ькЗМОРНГЬл;; H 

5£3QUIT2K?3N0IDSS 

L. Novotny. Z. Запек, J. Jizba

Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Sciences, Prague, Czechoslovakia

Chiroptical properties of sone substances isolated from 
Pfetasit.es hybridus were investigated. Simultaneously the iso
lation and the structure determination of the first nitro- 
^en-containin/r ererr,ophila:»e derivative, eremophilenelactam, 
was also performed successfully.

Among the plant species of the Senecioneae tribe the 
srecies L'enecio nemorensis var. bulgaricus was also analysed. 
In addition to some minor components the following components 
were isolated from it so far: Furanoligularenone and the as 
yet undescribed lactones fc-nydroxyeremophilenolid-l-en-3-one 
and its fo-ethoxy derivative.
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CLERODANIC DITERPENES FROM TEUCRI'JM FRUTICANS
• • « S.Passannanti , M.P.Paternostro , F.Piozzi

* ** **G.Savona , J.R.Hanson and M.Sivems

Institute of Organic Chemistry, University of Palermo, 
Palermo (Italy)

• »School of Molecular Sciences, University of Sussex, 
Brighton (United Kingdoa)

From Teucrium fruticans (family Labiatae) collected in
Sicily three new diterpenes were extracted, namely frutico-
ne, isofruticone and 8g-hydroxy-fruticone. Their structures

13were determined by conventional methods and by C-NMR spec
troscopy. The products have a clerodane skeleton and a fu- 
rane ring, and they are rather different from diterpenes 
occurring in other Teucrium species, like pykropoliti( teuc- 
vin and the teucrines.
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DITERPENES PROM MEDITERRANEAN LABIATAE
*  *  .*S.Passannanti, M.P.Paternostro , F.Piozzi ,

G.Savona , J.R.Hanson and M.Siverns

* Institute of Organic Chemistry, University of Palermo, 
Palermo (Italy)

** School of Molecular Sciences, University of Sussex, 
Brighton (United Kingdom)

Salria splendens collected in Sicily contains some new 
diterpenes vith clerodane skeleton. Structural vork is dis
cussed and tentative formulae are suggested, in connection 
vith the presence of several oxygenated functions; typical 
features are the occurrence of у-lactone and furan rings. 
Preliminary reports are given also on work in progress on 
other genera and species.



DITBRPENOIDS OP THE OLEORESINS OP THE GENOS PICSA

E.N.Shmidt,V. A.Pentegova 
Institute of Organic Chemistry of the Siberian Division of 

the Academy of Sciences of the USSR,Novosibirsk,USSR.

Diterpenoids of the Oleoresins of different species of the 
Picea(fam.Pinaceae) have been investigated.The high contents 
of the bicyclic compounds of the labdane type (1) and tri
cyclic compounds of the abietane type (11) were found in the 
oleoresins of the genus Picea( species Picea sioirica,P.korai- 
ensis,F.excelsa,P.glehni-section Korinda).Some transformations 
of diterpenic alcohols were investigeted.
Tetracyclic compounds of the ftyilocladane type(H1) wei-e iso

lated from the oleoresin of Picea ajanensis(section Casicta).
The structures were elucidated by IR-,UV-spectroscopy and nuc
lear aanetic resonance.

11
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NOVi L DITERPENES FROM THE GENUS BALLOTA

G.Savcna , F.Piozzi*, J.R.Hanson** and M.Siverns**

* Institute of Organic Chemistry, University of Palermo, 
Palermo (Italy)

#*School of Molecular Sciences, University of Sussex, 
Brighton (Jnited Kingdom)

Although nany genera of the family Labiatae have been in
vestigated, :he genus Ballota. rather similar to the genus 
Marrubium, w.*s practically unexplored. Examination of B.ni
gra subsp. ftetida and B.rupestris. both groving in Sicily, 
led to the i: olation of several new furanoid diterpenes si
milar to manubiin and related products. The structures of 
many of these substances (baliotinone, ballonigrin, ballo-
nigrinone, ballotenol, rupestralic acid, etc.) vere eluci-

13dated by conventional methods and by a vide use of C-NMR 
spectroscopy; comparison of the spectra vith those of knovn 
products (mar-rubiin, peregrinone, leonotin) is discussed.
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G3HMAZ0N3 - A TRICYCLIC S3SQUIT3RP3NE 
КЗГОНЕ «VITH A NOVSL 3K3LST0N

3. -.Гзадкоуа. I. Ognyanov

Institute of Organic Chemistry, Bulgarian 
Academy of Sciences, 1113 Sofia, Bulgaria

Germazone (1) was isolated as a minor component in 
Utie liquid part of Bulgarian essential, oil of Geranium 
macrorrhisum L. Its structure was elucidated by means 
of spectral and chemical methods.

1
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3-OXA-ARTABSINE, A NEW FURAN0-LACT0N2 FROM 
Artemisia absinthium L.

К. Уокёб and 2. Затек

Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Sciences, Prague, Czechoslovakia

From ethanolic extract of Artemisia absinthi’im L., 
crystalline lactone (I) of the composition his
been isolated. The structure of thi3 oampound was deduced 
from physico-chemical measurements, r.ainly fro~ detailed 
analysis of and ^C-NMR spectra.

I



All ADDITION ORDER OP SOUS ЗГ.гХЗТЙОРЙХЫС RBAORSSS TC 
CITRAL DIETHYLACETAL full) ЗОЫИ ISOPHEKOID ESTERS 

L.A. Уапоузкауа. G.V. Kryshtai, .-..Kh, Khusid 
5.Э.Zelinsky Institute of Organic Chemistry of 
Academy of Sciences of USSR, Moscow, USSR

An addition order of tCClg to c:t tral diethyl aoeral i 
nnrt an order of epoxidation of some isoprenoiri eaters by 
monope rphtalio acid are investigated. {CCl^ is added at 
the end double bond of I when the reagent, ratio is equimo- 
lar ала wixn an excess of jCClg a product of the addition a' 
both double bonde of I is formed:

Me
IM iCCl,. Me0C-CJKCH.-,CH0C»CHCH (, C5t) „ ? \ / ?

CCI-

11 HeI
4M :СС 1.. Me2Cw CHCK2GH2C4-/CЖ К (CEt > ? ̂ V» -r

III, X=C1; IV, X«!I

Acetais II and III are easily hydrolyzed by d:lute nlneraj 
acids to corresponding aldehyaes. Acetal III is recuced o;' 
sodiuis in liquid aranonia to dicyeJocropancarboxe.idehyde 
acetal IV.

Epoxidation of ез+ers of for.nula V proceeds diffe.r-'-rtlv 
depending on structure and rearre-.t ratio to give ar.> or 
dioxiranes iMe ,С»СНСН2СН«0«СК-1<.

"
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PHEROMONE CONSTITUENTS OF THE PINE SAWFLY, Becriirr ion strnier. Geoffr. 
(Hymenoptera: Diprionidae)

Gunnar Bergstrom,* Jan Lofqvist,++ and TorbjSrn Norin***

^Department of Ecological Chemistry, Goteborg University, S-400 33 Goteborg 
Sweden

Department of Animal Ecology, University of Lund, Ecology Building,
S-223 62 Lund, Sweden

+++Department of Organic Chemistry, Royal Institute of Technology,
S-100 44 Stockholm 70, Sweden

There is a remarkable antennal dimorphism between the sexes of pine
sawflies of the genera Diprion and Neodiprion. The males have extremely
enlarged, bushy antennae which indicates that sex attractants are released
by the females. The presence of potent pherooones has also been demonstrat<
by Coppel et al.* Recently 3,7-dimethylpentadecan-2-acetate was shown to I
a sex attractanr. of Neodiprion lecontei and N. sertifer, whereas the

2corresponding propionate was isolated from Dipnon similis.

By GC-MS we have investigated the volatile constituents from various 
body-parts and glands of females of N. sertifer in ord<r to obtain informati 
about sex attractants and other possible pheromones present in nanogram 
quantities. A very significant constituent was detected in the lateral 
parts of the integument of the abdominal segments II and III. This 
constituent has been identified as trans-perillenal, previously not known 
to occur in Nature, although described as an intermediate in a synthesis 
of some related furanoterpenes. The identification and synthesis of 
trans-perillenal will be described.

t
1. J.E. Casida, H.C. Coppel and T. Watanabe, J. Econ. Entoaol. J6, 18 (1963
2. D.M. Jewell, F. Matsuoura, H.C. Coppel, Science 192, 51 (1976).

trans-Perillenal
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DREGEANIN AND RELATED TETRANORTRITERPENOIDS: FURTHER 
EXAMPLES OF CONFORMATIONAL COMPLEXITY.

J.D. Connolly,
Department of Chemistry, University of Glasgow,

complicated by the fact that it exists at room temperature 
as a mixture of conformational isomers. Analogous 
conformational problems arise with the related dregeanin 
C^H^gO^ from Trichilia dregeana (Meliaceae). The 
structure and the products of alkaline hydrolysis of 
dregeanin and several related compounds will be discussed.
Reference
1. Connolly et al, J.C.S. Chem. Comm. , 1975 , 345 .

Glasgow, G12 8QQ, Scotland.

The structural elucidation^ of prieurianin 1 was

I— OH

cooI

2
1
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STRUCTURAL REQUIREMENTS IN WESTPHALEN REARRANGEMENT 

P. Kocovsky and V. бегпу

Institute of Organic Chemistry and Biochemistry 
Czechoslovak Academy of Sciences, Prague, Czechoslovakia

The relative importance of steric and electronic 
influence in Westphalen rearrangement was investigated 
on compounds 1) with or without an electron-withdrawing 
substituent at incapable of steric interaction with
10/5-methyl group (keto group or ot-benzoyloxy group),
2) with or without an axial 2/3-substituent (steric com
pression by 1,3-diaxial interaction with 100 -methyl). The 
presence of an electron-withdrawing group at °r c (g)
is essential but its configuration is not important pro
vided the 10/3-methyl is in steric compression with a 
2(3-substituent. Some other aspects of the reaction will 
be discussed.

Г

and/or other 
products

X « AcO, Y * <-QBz

X - H ,  Y - < S Bz

X - AcO, Y « 0 
X « H, Y - 0 
X ■ AcO, Y • H?
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aiCHASL HSACTIOK V/ITIi STHiJOIDAL 3-KarO-l-3W.i» 

M. Kocor and Krcsscs-r.-ki

Institute of Organic Chemistry,
Polish Acade~y of Sciences, V/arsaw, Poland

The reactivity of steroidal 3-keto-l-enes, j-keto-1,4- 
-dienes and j-keto-l,4,6-trienes as acceptors in Michael 
reaction is presented. Correlation between tne electrophi- 
licity of the above systems and tneir il'x?. spectra is dis
cussed.

Зхаир1еа of preparation of 1-aubstitated steroids 
are given.
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:> Ob' ?■

.. J. л. * i'.j 02: С С V. X

Institute of Organic Cheaistry of the Polish. Acad.-oy

Reductive removal of 3-oxygen function, in ent ;rs 
of diols 2 ail<* i'sydroxyketones 2 was investigated. 
Participation of ^9-nydroxyl group in and 5̂ 8 aeries 
was ob.-c-rved, loading to cyclic ethers i/.echanism and 
stereocueiaistry of reaction are discussed.

of Sciences, v.arszawa, Poland

RO
H H

21

н
1 Solh and 5рн
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ON THE riSAC'x'IVITY OP THE 3(14)-DOUBLE BOND OP aTSHCIDS

g . Larigtem, H. J. Siemann, S. "епгег, I. Gruner und 
K. 3. Seeger
723 Jer.apharm, Bereich Forschung und Entwicklung

Starting with compounds of the type 3-methoxy-estra-l,3,5(1C)- 
6,l4-pentaene-17'£-ol, which are convenient available by total 
synthesis, it is easy to prepare compounds with an isolated 
3(14)-double bond. Thus, we nave studied their reactivity to 
get an impression how to introduce the 14-hydroxy function.

Firstly, we tried the sequence epoxidatxon followed by reduc
tion and were able to prepare 14a£.-hydroxy derivatives in 
satisfying yields. This was surprising because A. bardon and 
I. Heichstein {Helv. 1963 392) had treated methyl 3B-acetoxy- 
8«*>lW-epoxy-53-etifinate with ЫА1Н& and they have not found 
the corresponding l4«6-hydroxy derivative they aad expected.

Secondly, -.ve studied the sequence hydroboration followed by 
oxidation. In 1954 **.. "ussim, Y. Kazur and P. Sondheimer 
reported that Cholest-3(14)-ene-3-B-ol (I) is inert in this 
sequence. In 1973 this was confirmed by E. «Undone and 
?. Feli^iani. But after having enhanced the reaction tempera
ture to 40 - 60 0 they were able to hydroborate (I), however, 
thsy obtained after -oxidation the corresponding 15«fr- and 
IpB-hydroxy derivatives.

‘Jnexpectadly we have found that it i3 розз!Ъ1з to get the 
original 3,1,4-ad.dition products also at room temperature when 
we started with our 3(14 i-olefin:с steroids.

The results will be discussed in detail.
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OXIDATIVE CLEAVAGE OP 8, 14-SECO-STjSROIDS 

S. Schwarz'*'. H. Schick++, C. Carl+ and U. Eberharat+

+VEB Jenapharm, Bereich Forechung una Entwicklung,
DDR-6900 Jena, Otto-Schott-Str. 13

++Akademie der Wissenschaften der DDR, Zentrelinstitut 
fiir Organische Chernie, DDR-1199 Berlin-Adlershof, 
Rudower Chaussee 5

Studying a novel approach to the synthesis of modified 
prostaglandins, the oxidative cleavage of seco-steroids 
_1 ana 2 has been investigated, in order to obtain the 
corresponding acids J. anci A respectively. Compound 4 
subsequently can be converted into Keto lactone 5, 
which proved to be an appropriate synthone for preparing 
6-methyl-prostanoias in a few steps.

J, 2* r1 = 0; R^ * Ac 
2, 4: R 1 - *  -OAc, fl-H; R2 * Ac
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STEREOBPECIFIC О IS-OPENING OF 16,17W_- 
KPIHINOPHEGNSTOLCNES AND SYNTHESIS OF 
1б^7«1 -DISDBSTITUTED 20-KET0PREGNIJiIS 

WITH NITROGEN FUNCTION AT C-16

A.V.Kamernitzky. A.M.Turuta, D.Calcines

N.D.Zelinsky Institute of Organic Chemistry, Moscow, USSR

Two new methods are proposed for preparation of 16J..17a(.- 
disubstituted 20-ketopregnenes w^th nitrogen function at 
C-16. One of them includes hydrolysis of 16,17oL -epimino- 
20-ketosteroids in the presence of carbethoxyhydrazine 
followed by elimination of hydrazone group. The substitu
tion at C-20 directs the stereochemistry of aziridine ring 
opening. Another one involves the acid cleavage of the oxa- 
zoline cycle of 2*-methyl -olj-oxazolines 20-keto-
steroids. ru г и

VH1 ?Hi CH,
CCWj OV-MK C*V-MR С.Ц-/МЯ

____

сосн» ЯгиС2а  ccchj /

M * J »  j  j

CCCM, COCHj COCWj CCCH,

j 5 v  -



-  25  -

SPECIFIC MONOFLUORATION OF STEROIDS

A. AMBLES AND R. JACQUESY

Laboratoire de Chimie XII-Facult6 des Sciences
86022 POITIERS - FRANCE.

Regio and stereospecific raonofluorination of ste
roids can be achieved through nucleophilic substitution of tertiary hy
droxyl groups by the mean of anhydrous HF or HF-Pyridine complex. The 
main features of this reaction are discussed on model compounds, namely 
cholestanediols.

The reaction involves an intimate ion-pair leading, 
in the usual case, to highly specific retention of configuration. In 
anhydrous HF, specific solvatation of a secondary hydroxyl group in the 
vicinity of the tertiary center involved in the reaction induces "syn- 
•arientation" which may lead to specific inversion of configuration.

14-hydroxylatcd steroids show a more complex 
behaviour : olefins formation can occur, depending on the reagent and 
the substitution at the 17 position.

Examples on biologically active steroid*, i.e 
androstane derivatives, cortexolone, cardenolides, vitamin D3, are gi
ven.
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A HOVEL METHOD OP THE ADDITION OP 3ROMI3S-PLUORIKE 
OK DOUBLE ВOH23 OP STEROIDS

R.MISkova. J.bloural and V.Schwarz

Research Institute for Pharmacy and Biochemistry 
Prague, Czechoslovakia

This novel method consists of the reaction of 
diethyl-(2-chloro-l,1,2-trifluoroethy1)-amine and 
N-bromoacetamide with unsaturatea steroid compounds. 
The reaction products are described and the probable 
reaction mechanise is discussed.



CATALYTIC HYDRCSENATIOK OF A 5-7-KETO,iT£5lOII)S

T.Kolek, I.Malunowicz, A.MircnOKicz

Institute of Fundamental Chemistry
A cadency of Agriculture, Wroclaw, Poland

Taking into account existing interpretation of 
catalytic reduction of steroid д^-3-ketones in different 
conditions, we have carried out analogous reactions of 
catalytic reduction of Д ^-7-ketones with various 
substituents at C-3 and C-17.

In contrast to &*-5-ketones д ^-7-ketones 
give stereospecifically A/B-trans isomers in all 
investigated cases.
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CATALYTIC HYDROGENATION OP UNSATURATED 
STEROIDS IH STRONG ACID MEDIA

G.G.Vasijrarov, S. N. Ananchenko
Shemyakin Institute of Bioorganic Chemistry,
USSR Academy of Sciences, Moscow, USSR

Hydrogenation of unsaturated steroids in trifluoracetic 
acid in the presence of transition metal complexes has been 
studied. Hydrogenation of Д  »^^(I^^_estrapentaenic sys
tem proceeds under these conditions to form estratrienic de
rivatives, the yield and character of the formed products 
being depended on the nature of the catalyst, dimension of 
D-ring and type of functional groups at C^ (CH^O-,HO-) and 
CI7 (=0,-GK).

Hydrogenation of A  ^-3-ketosystem in testosterone, 19- 
-nortestosterone, 19-nor-D-homotestosterone, Д  ^-androstene- 
dione-3,17, progesterone under the same conditions results 
mainly in products of -series.
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CYCLIZATION OF 6f7-3SC0-3a, 5-CYCLO-5а-АНЮЯЭЗГАМ^-б,7-DIOL

Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Sciences, Prague, Chechoslovakia

Intramolecular cyclization of 5,7-seco-3a, v-cyelo-5ix- 
-androstane-6,7-diol I with tosyl chloride in pyridine yiel
ded two cyclic ethers II and III. Their structure has been 
established by means of physical methods (mass spectromet
ry, infrared spectroscopy, ^H-NMR and ^ C - K H  spectrosco
pies). The reaction of the ethers II and III with boron 
trifluoride etherate in acetic anhydride yielded another 
cyclic ether IV as a by-product, partial structure of. which 
has been established by physical methods. The possible me
chanism of these rearrangements is discussed.

H. Velg-оуй and V. Cerny

I II

III IV



созтгашггош. analysis да sTSRCiie with а
HKEEROCYCLE (0, S, H) AEJACEST TO CARBONYL GHCUV

A.V.Eamernitzky, A.li.Turuta, Т.К.TJs-rrnv.iV:.T.Ы.Fadeeva 

W.D.Zelinsky Institute of Organic Chemistry, Moscow, 7>C3R

A comparative conformationa] study of optically active
20-ketosteroids of type T with a three-m^mbered heterocycle 

(1=0, S or N) adjacent to the carbonyl group is carried 
out on the basis of their CD-spectra,

X - O,», Sy.cni

The results of the study are analysed in terms of the 
"ordinary" and "reversed" octant rules. The correlations 
thus established between the nature of the hetero atom and 
the sign of the Cotton effect for n,X* and JT%*" - tran
sitions of the C(20)-carbonyl can be used in each particu
lar case to predict both the conformation of the molecule 
and the extent of conjugation between the heterocycle and 
*he keto-group. These correlations should find application 
in conformational and stereochemical studies.
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CD AND UV OF SUBSTITUTED STEROID DIENES

Michat Kieiczewski and Andrzej Galat 

Institute of Chemistry, University of Poznari , Poland

Some novel A. and A steroid dienea of normal and 
19-nor series were obtained from the tosylhydrazone — me- 
thyllithium reaction sequence. Introduction of methyl groups 
in different positions of the diene chromophore was possible 
in this reaction and thus compounds of different methyl sub
stitution pattern were obtained and characterized spectrally.

2The methyl groups are located at sp carbons. Their effect 
upon UV and CD spectra is discussed in detail.
All spectra were computer fitted to the sum of gaussian com
ponents. Specific methyl substitution patterns are respon
sible for gaining or loosing the vibronic structure of spec
tral bands. Spectral parameters were calculated for all 
dienes.
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For technical reasons the organizing 
committee «had to reduce the number of 
communications and therefore papers clo
sely related have been put together for 
a Heview lecture.

The Review lecture on partial syn
theses of steroids is based on the 
following 11 contributions.
(for abstracts see pages 33 - 43).
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SYNTHESIS OP 21-HYDROXYCHOLESTEROL DERIVATIVES 
g. Sal, J. Wicha

Institute of Organic Chemistry, Polish Academy of Sciences, 
Warszawa, Poland

21-Hydroxycholesterol 4 /R^=H/ and 21,25-dihydro- 
xycholestercl 4 /R^=OH/ were synthetised from 3^-ace- 
toxyandrost-5-en-17-one Л. using pregnane-21-oic acid 
derivatives 2 and as key intermediates. Methods of 
efficient synthesis of 2 and from Л. 311(1 the stereo
chemistry of the alkylation at C-20 were investigated.



A CONTRIBUTION ТО THE SYNTHESIS OF CHENODEOXYCHOLIC ACID

J.Hal£skov6 and V.Schwarz

Research Institute for Pharmacy and Biochemistry 
Prague, Czechoslovakia

A six step modified synthesis of chenodeoxycholic acid from 
cholic acid, based on the preparation of 12-toluene-p-sulpho- 
nylhydrazone and its reduction to 12-deoxo derivative, is pre
sented. The yield of sufficiently pure product is over 1035.
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PREPARATION AND STEREOCHEMISTRY 0? 2-ME0HYL TRITERPENOIDS 
J. Klinot. J. Sv§tly and A. Vystr&Ll

Department; of Organic Chemistry,
Charles University, Prague, Czechoslovakia

The series of 2-methyl derivatives of 19Pi26-epoxy- 
-18a-oleanane and lupune-26-nitrile containing hydroxyl 
or carbonyl group in position 3 or 1 was prepared as the 
model compounds for the study of the conformation of 
ring A in triterpenoids. The synthesis of 2-methyl-}-oxo 
end 2-methyl-j-hydroxy derivatives is based on Claisen 
or Mannich condensation of 3-oxo derivatives followed 
by hydride reduction aad catalytic hydrogenation. Three 
isomeric 2-methyl-3-hydroxy derivatives were prepared 
in this wayj 2p-methyl-3o-ol was obtained by hydroboration 
of 2-met;hyl-2-ene. Oxidation of hydroxyderivatives gave 
both isomeric 2-methyl-3—0x0 derivatives.

The key step in the synthesis of 2-aethyl-l-oxo 
derivatives was the allylic substitution of 30-chloro- 
-2-methyl-l-ene whicn led to la-hydroxy-a-methyl-2-ene. 
Hydrogenation of this derivative followed by oxidation 
and isomerisation gave both isomeric 2-aethyl-l-oxo 
derivatives. Allylic oxidation of 2-methyl-2-ene was 
also studied. The stability of isomeric 2-methylketones 
and the stereochemistry of ring A is discussed.
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зипжхзнипотга: of 1,3-dipolar cicioadditiot or
Z- AMD B-HITRONIC ZSTESS TO A l6-20-0Z0SZEH0U)S

1.3-Levin*, 1 -V. Кале ini t&ky, B.I.Mortikova, V-M.Shitkin

H .9.Zelinsky Institute of Organio Chemistry,
АйШйлцг of Soienoes, Moscow, USSR

lew type of ateroido/i6e(, 1?o<.-d/tetrahydro-l", 2#-oxazoles 
5,4 is prepared by regiospeoifie 1,5-dipolar oyoloaddition 
of Z- and B-nitronio esters 2 to steroids J. at high pressure* 
Both aodes ("ezo-endo") of dipolarophile approach to dipole 
is realized for the aost of steroids examined. All four 
possible stereoisomers of H-sethozyisoxaxolidines are isola
ted and their preferred conformations are established. Con
version of unstable stereomers to stable ones (£'— ;
4' — — 4) is nitrogen inversion and isexaiolidine oyole oon- 
formational ohange (gB — ►E^) process*

and B.S.Elyanov

2-1 R'-H;
B.-X R!=COtM€; R*±HЕ-г Я'

j  Ц',Ц^

± R.'- COtMe j Иг=Н
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SYNTHESIS OF TRANSFORMED STEROIDS STRUCTURALLY 
RELATED TO NATURAL SHIOGRALACTONE

I.G.Reshetova, A.V.Kamemitzky, V.A.Krivoruchko, 
K.J.Chemjuk

N.D.Zelinsky Institute of Organic Chemistry, Moscow, UBSR

Steroid 23— »  16-lactones (I) and their 21-norviiii- 
logs (II) were obtained from 16of ,Л7Ы -epoxypregnenolone 
(III) according to the scheme:

S :HaCoaEt U q

:P —  j S *

These compounds are structurally related to the shio- 
gralactone (IT) from natural sources. The structures of 
these compounds were proved and some of their reactions 
were studied.
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A SEW PREPARATION OP l6-b3THYLEHE-17-KST0 STEROIDS.

ay. Schneider. I.'.Veisz-Vincze and A.Polak

Institute of Organic Chemistry, Jozaef Attila University,
Szeged, Hungary.

The l6-h,ydroxymethylene-17-keto steroids (I) give 
16-spirodioxane (II) at roora temperature with excess 
of formaldehyde. These spirodioxanes (II) ere relatively 
unstable compounds. .Potassium carbonate in acetone or in 
pyridine readily converts them to 16-hydroxymethy1-17- 
-Keto steroids (III). After a few hours they decompose to 
the lb-methylene-17-keto steroids (IV):

(I) (II) (III) (IV)

The mechanism of the reaction will be discussed.
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SIHTH3SIS AND STEREOCHEMISTRY OP 16-MONO-, 16,17-DI- AND
15,16,17-TRISUBSTITUTED ESTRA-1,3,5(10)-TRIBNBS

B. Schonecker. G. Schubert and K. Ponsold

Academy of Sciences of the GDR, Research Centre of Molecular- 
biology and Medicine, Central Institute of Microbiology and 
Experimental Therapy, Jena, GDR

A suitable starting material for the synthesis of 16-substituted
15.17-diols (1_) is the 15B, 16B-epoxide of 3-methoxy-estra-
1,3»5(10)-trien-17B-ol. Analogous compounds without the 
15-hydroxyl group (2) can be obtained by cleavage of 16,17- 
epoxides or by nucleophilic substitution. For chemical, stereo
chemical and spectroscopical comparisons the synthesis of 16- 
monos uba tit uted compounds Q )  was undertaken starting from the
16.17-olefin. The key step is the regio- and stereospecific 
introduction of a 16B-hydroxyl group. Transformations of this 
hydroxyl group gave the desired 16C(- and 16B-substituted 
compounds. The NUR spectroscopy is a-useful method for confi
gurational assignment.

OH OH

X * CE, halogen, ff3, HHR, NOS, SB, StGN
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t8ХЯЕНКЗВ ОТ N,H -DIACBTIL-20-ASTIfln)®lZIH0-
р в к а ш ш я к я в  in) такп? т н а н з у о к м а т и н в

A.V.Bkorova. A.V.Kaiaernitsky, Я.8.Pavlova-GrishdLna

H.D.Zelinsky Institute of Organic Chemistry, Moscow, USSR

Acstylation cf pregnane 20—aryIhydrasones (I) In the 
presence of strong acid proceeds via mono-H-acetylhydrazo-
nes (П) and results in both д 17(20)_ and д 22(21)_
H,I -diacetylarylhydrazines (III) and (17). Compounds (IV) 
predominate In the mixture. Under basic conditions these 
isoserixe easily to 1 7 Ы -derivatives.

I П f f i

II f»f*U-N-Ar

Reactivity of д^0(21^_.bond in the compounds was inves
tigated.
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NEW SYNTHESIS OP B-NORCORTISOL

V.Sanda.J.Fa.ikols and J.Protiva
Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Sciences,16610 Prague 6 
Research Institute for Pharmacy and Biochemistry 
Prague 9

Microbial hydroxylation of 17a ,21-dihydroxy- 
B-norpregn-4-en,20-dione and 3Pi17<*,21-trihydroxy- 
B-norpregn-5-en,20-one with the fungus Beauveria 
bassiana was investigated.A series of products of 
this biotransformation was isolated and their struc
ture determined.

On the basis of this studies a new synthesis 
of B-norcortisol was elaborated.
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PREPARATION OP 3-0-Hn)ROXr-CHOLE3TA-5,7-DIENS 
DERIVATIVES FRCM CHOLESTA-4,6-DI3NE-3-ONE

J. Wicha. S. Piekut 
Institute of Organic Chemistry of the 

Polish Academy of Sciences, Warszawa, Poland

Reduction of equilibrium mixture of 4,6-diene-3- 
-one 1 enolates 2 was investigated. The method of syn
thesis of 2 in cca 40% yield will be presented and 
details of reaction discussed.

R1

0
1 2

| reduction, protonation

S
B1 and R2 = H and OH
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CLEAVAGE OF ISOMERIC 5,6-EPOXYCHCLESTAN-3/3 ,k(i -DIOLS 
WITH PROTONIC ACIDS

K.Jaworski, I.Malunowlcz

Institute of Fundamental Chemistry 
Academy of Agriculture, Wroclaw, Poland

For investigating the influence of vicinal diols on 
the cleavage of 5«6-epoxycholestan-3^-diols the reaction 
was carried out by means of hydrobromlc acid and perchloric 
acid In acetone.

In the case of hydrobromic acid mainly bromohydrins 
resulted while by means of perchloric a d d  the reaction 
followed different pathways to a few products.

The structure of the reaction products has been 
resolved.
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TOTAL SOTPHESIS OP STEROIDS

Andrze.1 Robert Daniewski'*' and Zdenek Valenta44-

+ Institute of Organic Chemistry, Polish Academy of Sciences 
Warsaw, Poland 

** University of Jew Brunswick, Fredericton, Canada

A new total synthesis of an androstane derivatives is 
described* The starting diketone I in the racemic form as 
well as optical; «stive one was transformed into compound II 
in seven steps. The transformation of II to useful steroids 
is discussed.

CH3

I II
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TOTAL SYNTHESIS OF STEROIDS BASED ON 2-ACETYLCYCLOALKENE-2-OLS-1

A. A. Akhrem, F. A. Lakhvich. V. A. Khripach, I. B. Klebanovich
and A. N. Pyrko

Institute of Bioorganic Chemistry, Byelorussian SSR 
Academy of Sciences, Minsk, USSR

Methods for preparation of hitherto unknown acetylcyclo- 
alkene derivatives 1_ and 2 have been developed and their pro
perties have been studied. 1_ and 2 are proposed as perspective 
synthons for the total synthesis of steroids and other polycyc- 
lic systems.

0 OR OR 0

^ 0  'X >

R = H, Ac, THP 
X в " у CHg9 CM© 2

2

j Q O

+ 1

2

Application of these compounds to steroid total synthesis 
following AB—»-D—*-C scheme is illustrated by the construction of 
the tetracyclic intermediates £ resulting from Michael reaction 
of the acetylcyclenes with the methoxytetralone 2l followed by 
intramolecular crotonic condensation of ABD-fragments.
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extension: of the s te ro i da l side chain

11. Косбг and W.Wojciechowska
Institute of Organic Chemistry,Pol. Acad. Sci.
Warsaw,Poland

Diels—Alder condensation of 1 with ethyl and butyl glyoxalates 
gave adducts of type 2.The adducts and their derivatives were 
used for the transformations of the steroidal side chain.
The new formed pyrane ring was cleaved and the corresponding 
triacetate v.’as thus obtained.Further transformations of the 
carboxyl group led to new modifications of the steroidal side
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PHOTOCHEMICAL REACTIONS OF SATURATED 
GIBBERELLIN KETONES

G. Adam and T. v. Sung
Institute for Plant Biochemistry Halle (Saale) 

of the Academy of Sciences of GDR

The solution n-*nf photochemistry of diterpenoid saturated 
gibberellin ketones of the 2-dehydro gibberellin A^ (I) 
as well as that of the gibberellin С series (II) has been 
investigated. In the GA^-2-ketone series NQERISH I cleavage 
has been found to be the main process leading to Д 1СЮа)_ 
unsaturated 1.2-seco gibbane-2-aldehydes in high prepar
ative yields. Such compounds are useful starting materials 
for recyclization reaction sequences yielding gibberellin 
A^ and its 2-epimers affording a proof for the retroaldol 
mechanism of the alkalicatalyzed GA^-epimerization postul
ated by CORNFORTH. In the gibberellin С series also a 
NORBISH type I process to the corresponding ring D opened 
seco aldehyde takes place followed by an intramolecular 
PATERNO-BUCHI reaction giving highly strained 8(7 11)- 
-abeo-7.8-epoxy-gibbanes. Structural and mechanistic 
aspects of these reactions as well as further acid catalyz
ed rearrangements of the last mentioned abeo-gibberellins 
are discussed.
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SYNTHESIS OP ABSCISIC ACID ANALOGUES 
N.S. Wulfson. V.B. Berzin, L.G. Isaeva

Shemyakin Institute of Bioorganic Chemistry, USSR 
Academy of Sciences, Moscow, USSR

Some tert.-butylsubstituted analogues of abscisic acid 
with the saturated cyclohexane ring, fixed orientation and 
geometrical isomerism of the side chain (1-10) were synthe
sized:

1 R >  cis-OC-C(Me)=CH-COOH (e)
2 R « trans-C=G-C(Me)=CH-C00H (e)
2 R = cis-C=C-C(Me)=CH-C00H (a)
4 R - trans-C=C-C(Me)=CH-CООН (a)
j> R - cis-trans-CH=CH-C(Me)=CH-C00H (e)
6 R = cis-cis-CH=CH-C(me)=CH-C00H (a)
7 R = trans-cis-CH=CH-C(me)=CH-C00H (a)
0 R * trans-CH2-CH2-C(Me)=CH-C00H (a)
1  R ' trans-CH2-CH=C(Me)-CH2-C00H (a)
10 R - cis-C0-CH2-C(Me)=CH-C00H (e)
11 R = cis-cis-CH=CH-C(Me)=CH-C00H (e)

It was found that the hydrolysis of methyl esters of 
unsaturated acids with equatorial side chain (ME 1,11) pro
ceeds abnormally. In order to elucidate the effects of un- 
aaturation and of the presence of tert.butyl group, some 
analogues were synthesized.
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PREPARATION OF SOME MODEL LACTONES FOR STEREOCHEMICAL STUDY
OF LACTONE RING BY MEANS OF 1H-NMR SPECTROSCOPY

J. Harmatha and Z. Samek

Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Sciences, Prague, Czechoslovakia

In connection with the checking of the validity of the 
rule |JBD|, | JBD' | (trans-lactone) ^  3 ̂  | JBX>I * I JBD' I (cie~ 
-lactone), used for the determination of the relative confi
guration of the lactone ring (type A) in sesquiterpenic lac
tones, some model compounds have been prepared.

It was found that the validity of this rule depends on 
a number of conformational factors limiting the range of di
hedral angles on the fragment Сд-Cg (determining the relati
ve configuration) and of the "allylic" angle ф  = Hg - Cg -
- Cc - Cjj (determining the value of the allylic long-range 
coupling constants JBD and JgD ').Good conditions for the va
lidity of this rule exist for small annelated cycles (n=5,6,7 ) 
for which the range of the dihedral angle Сд ' - Сд - Cg
- Cg' is limited a priori to 0°^ rfr ̂  120°, for optimum con
formations of the annelated cycle, both for the trane and 
cis lactones. In the case of larger cycles (for example
n = 1 0), trans lactones may have optimum conformations both 
in the 0ог=л9^ 120° and the 120°^ л?1 ̂  180° ranges. In the 
extreme case of an open chain lactone (n » oo ) the trans lac
tones should prefer, a priori, the conformation in the 
120°5j rfr ̂  180° range. Within this interval the relation 
|JBD|, |jbd'|^= 3 should dominate and the rule becomes in
valid.

Our initial interest was focussed on the preparation, of 
lactones with a saturated annelated ring (n = 10) and with an. 
open ring (n = oo) related to eupatoriopicrin (I).
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SYNTHESIS OF SOME SESQUITERPENE LACTONES OF 
THE EUDESMANO TYPE

A Gonzalez Gons&lez, J Bermejo Barrera, J L Bret6n Funes, 
G Martinez Massanet and A Galindo Brito

Institute de Productos Naturales Organicоя del CSIC 
La Laguna Tenerife Spain

As part of a synthetic study of chemical transformations in 
eudesmanolides, a hydroxyl group was introduced into the ac
me thy 1-Y-butyrolac tone ring. The synthetic route will be 
described together with a series of related reactions.



-  51 -

A NEW ROUTE TO STEREOSPECIFIC SYNTHESIS OP TERPENOID 
1 ,5-POLYENES v ia  ISOPRENE CYCLOOLIGOMSRS

A.M .M oiseenkov and A .V . Semenovsky,
N .D .Zelinsky In s t itu te  o f Organio C hem istry,

Academy o f Solenceet Moscow, U3SB,
H .A .T o ls tik o v , O .M .D jem ilev  and V .H .O dinokov,

In s t itu te  o f C hem istry, Academy o f Soienees, U fa , USSR

The use o f isoprene fo r  design ing  o f te rp en o id s  is  on* o f  

the most ch a lle n g in g  problem s o f a yn th e tio  o h eo ia tzy  • We have 

developed a  new approaoh in  u t i l iz a t io n  o f isoprene fo r  s te re o - 

s p e e ifio  syn thesis o f te rp e n o id  1 ,5 -po lyenes by means o f  th e  

s e le c tiv e  tran s fo rm a tio n  o f isoprene o ye lo o llg o n ers  w ith  re g u -

£  X - o  У  g
$- ' ? X =  MvO'OMc . —

la r  s tru c tu re . The approaoh is  e x e m p lifie d  by conversion o f  

d io e r i  and t r in e r  5  in to  the corresponding ksto  aldehydes 2 ,6  

end th e ir  a o e ta ls  j j ,2  • the  fo m e r can be sm oothly prepared  by 

p a r t ia l osonolysis o f oyo loo ligom ers• The s e le c tiv e  o le f in a -  

tio n  o f aldehydes 2 end 6 g ives  Z -g e ra n y l- (5) and B ,B -fa r -  

nezylaoetone (8 )  w ith  a  s a tis fa c to ry  y ie ld . Thus, th e  tra n s fo r

m ations under c o n s id era tio n  re p res en t th e  s iq p le  and s te re o -  

s p e c ific  way to  u s e fu l aynthons s ta r tin g  from  is o p ren e .

3



BOMS Я М  TRANSFORMATIONS Щ  THE SERIES 
OF GIBBERELLIN 

E.P.Serebryakov. L.M.Suslova, T.F.Kucherov 
Zelinsky Institute of Organic Chemistry, 
the USSR Academy of Sciences, Moscow.

Three groups of U7-induced transformations in the series 
of gibberellin. Aj are considered!

(a)The cycloaddition of acetylene to J-dehydrogibberellin 
Aj and its methyl ester |

(b)The synthesis of 7-homo-gibberellin Aj by means of 
Volf rearrangement!

(c)The obtention of GAj derivatives modified in the ring 
A and/or at C-I3 by use of photosensitive carboxyl-protecting 
groups(such as p-methoxyphenacyl or 9-anthrylmethyl esters).
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MECHANISMS OF THE DEHYDHOBROMINATION OF 16-OIO-15*t-BROMO-TAHAIANK 

Jan St. Pyrek and Ewa Czyiewska
Institute of Organic Chemistry, Polish Academy of Sciences, 
Warszawa, Polska.

Our previous studies have shown, that the title compound ,1 under
goes the dehydrobromlnatlon reactions with the rearrangement of the 
methyl group 27, or 13-14 bond migration, to give ^|-unsturated keto 
nes 2 and 3 resp., or with the formation of <(-cyclopropyl ketone 4 
and stable ketene 5, depending on the reaction conditions:

о

I

The mechanistic explanation of the different reaction course, 
studied by the specific deuteration and kinetic measurements, in
cluding Isotope effects, will be presented.
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THE SYNTHESIS OF CYCLOTRICHOSANTOL FROM CYCLOEUCALENOL 
Jan St.Pyrek, Anna Sehmid t-S za towska 

Institute of Organic Chenistry,Polish Academy of Sciences, 
Warszawa,Poland

The synthesis of the eide chain of cyclotrichosantol i 
based on the cycloencalenol 2 degradation product 3 is 
presented.

HO
« r - V

C H O
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A NEW ROUTE TO POLYCYCLIC KETONES

J.P. GESSON, J.C. JACQOESY 
Laboratoire de Chimie XII, E.R.A. №  556 
40, Avenue du Recteur PINEAU 
86022 POITIERS (FRANCE).

Phenols (or phenol ethers) in superacid systems 
(HF-SbFg or HSOjF-SbFj) can be diprotonated, first on oxygen, secondly 
on one of the meta carbon atoms.

The reactive resulting species II may be trapped 
intramolecularly by a phenyl group to afford a tricyclic ketone IV, 
according to the following scheme :

Yields of the ketones IV are good but with long 
reaction times, isomerisation and/or rearrangement of the primary pro
ducts IV are observed.

This type of reaction can be obviously used to pre
pare complex polycyclic ketones.
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COMPONENTS OF LIVERWORTS (Hepatioao)

V. BeneSovA and V. Herout 

Institute of Organic Chemistry and Biochemistry, 

Czechoslovak Academy of Sciences, Prague, Czechoslovakia.

Liverworts (Hepeticae), which form an independant 

class of mosses (Bryophytae), differ f rom other green 

plants not only b y  their multiplication through spores and 

also vegetatively, but also b y  the fact that they contain 

the аб-uaxLttu "essential oil bodies" which are located in 

the cell. The essential oil bodies of the liverworts were 

investigated f rom various viewpoints. In view of our tra

ditional orientation extractive substances from liverworts, 

m ainly of terpenio origin, became the subject of our in

vestigations. In our communication the isolation and the 

struoture of these substances from fifteen plants are dis

cussed.
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SYNTHESIS OF ЬАВКГ.Т.ИП 3|Ъ -D_GIXJC0SIDB8 OF VARIOUS 
STEBOLS WITH USE OF PLAUT KHZTMBS

Z.A .W ojclechow ekl and J.Zim ow ski 

Department o f B io c h e a is tr j, Warsaw U n iv e rs ity ,

02-089 Warsaw, Poland

P a r t ia l ly  p u r if ie d  p re p a ra tio n s  o f enxjmes • 

c a ta ly s in g  the syn thesis  o f 5-m onogluooaidee o f s e v e ra l 

n a tu ra l s te ro ls  have been ob ta ined  from  C alendula o f f i 

c in a lis  /a  h ig h e r p la n t / and Phyearua polycephalum  /  a 

a lia s  m o ld /. Both ensymes are a p e o ifio  fo r  u rid in e  d i-  

phoephoglucose as th e  sugar donor, show o p tim al a c t iv i

ty  a t pH 7 .2  and are a c tiv a te d  by some su lp h yd ry l re a 

gents end p h o sp h o lip id s . O nly g lucosides w lth  Р»c o n fig u 

ra tio n  o f g lucoaide bond are  form ed. Both p re p a ra tio n s  

can be used fo r  m ioroscale syn thesis  o f o r la 

b e lle d  g lucoaide o f c h o le s te ro l /la b e lle d  both in  g lu 

cose o r s te ro l m o ie ty / w ith  a good y ie ld  reach in g  80 % . 

L ab e lled  monoglucosides o f s ev era l o th e r C2y -  s te 

ro ls  can be prepared by th e  same method however th e  ra te  

o f g lu c o a y la tio n  depends on th e  s te ro l s tru c tu re . S te 

ro ls  possssing an a lk y l group a t  C-24- a re  g lu co sy la ted
22more ra p id ly  than s te ro ls , lb s  presence o f Д 

double bond decreaaes the  ra te  o f g lu c o s y la tio n  by about 

5 0 *. S te ro ls  w ith  double bond are g lu o o cy la ted  a t 

much h ig h er r a ta  than  д? s te ro ls »  F u lly  sa tu ra ted  s ta ro la  

/s ta n d s / and s te ro ls  w ith  conjugated double bonds in  th e  

r in g  В are  g lu co sy la ted  very  slow .



8XNTHESIS О? 3-GLDCOSHffi OP OLEAUOLIC ACID 

¥ . Janiazowaka, B. TTiikomirski *nd Z. Kasprzyk 
In s titu te  « f  B iochem istry , U n iv e rs ity , Warszawa, Poland

Thi purpose o f our work was to  prepare 3-glucoside 
e f ra d io a c tiv e  o le a n o lic  ac id  for in v e s tig a tio n  on th e  

b io syn th esis  o f o le a n o lic  ac id  g lycosides in  C alendula  

o ff ic in a lis .A  m o d ified  method o f U eystre and U iescher 

/  H o lv . C h i*. A cta 2£, 251, 1 94 4 / fo r  syn thesis  o f

3 -e lu eo s id e  o f c h o le s te ro l y ie ld e d  4  products in  re a c tio n  

m ixture t unreacted o le a n o lic  a c id  I  /3 7  % / as w e ll as 

acy lated  d e riv a tiv e s  o f 3 -g lu c o s id e  I I  /  18 % /, 2 8 -g lu co - 

side I I I  /  18 % J and 3 ,2 8 -d i-g lu c o s id e  IT  /2 4  % / The 

h yd ro lys is  o f th e  «ho le re a c tio n  m ix tu re  w ith  15 % HaOH 

y ie ld e d  as th e  o n ly  products I  /5 5  % / and I I  /  42 %/ 

re s u ltin g  from  d e a c e ty la tio n  o f glucoso m o ie ties  and 

• p l it t in g  o f th *  g ly c o s id ic  bond in  th e  p o s itio n  2 8 .

в * в'= e

В = G lc , B '=  H 

a  = H, R '=  G lc  

В S H '=  G lc
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CARDIAC 3,5-BISGLrCOSIDES.
M.Sh- fal 'yants. M.B. Gorovits, Ж.Х. Abubakirov.

Institute of Chemistry of Plant Substances,
Academy of Sciences of the Uzbek SSH, Tashkent, USSH.

The Koealgs-Knorr condensation of strophanthidin (I), 3-acet- 
oxy-strophanthidin (II), perlplogenin (III) with corresponding 
acetobromo sugars along with acetates of usual 3-glycosides II 
and IIII gave acetylated 5-rhaninoside II and 3,5-bisglycosidea
I, III, IX. The structure of II was established by the conversi
on into Ila, lib, He. Saponification of 1, Zl, Till, IX gave Та, 
Ila.YIIIa, IXa. The bisglycosides inhibit transport MauK-ATPase.

В *1 «2

I CHO H H
I I CHO Ac H
I I I CHj H H
I I CHO Ac oC-L-Bha (OAc ) ̂
I l a CHO Ac .t-L -B ha
l ib CHO Ac /-Ir-B h a(O B * )5
H e CHO H • /-L-Bha
I CHO BI =B2 ^-L-Bha(O Ac) 5
la CHO * 1**2 iL-L-Hha
11 CHO Me-^-D-GalUA(QAc) 3 H
I l a CHO Ue-fi-D-G&1UA H
I I I CHO SI =H2 M e-/ -  D -G al UA ( OAc ) ̂
H I I CH5 U e - f i -D-GlcUA(OAc ) ? В
IIIIA CH3 H e-/-D -G lcU A H
IX CH3 81=83 Me-^-D-GlcUA(OAc) 3
IXa CHj *1**2 M e-0-D-GlcUA
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MICROBIOLOGICAL HTDfiOXYLATION 
OF 16,17-EParr-I-eTER0IE6

H.B.Voishvillo. A.V.Kamernitzky, I.G.Leontiev

H.D.Zelin&ky Institute of Organic Chemistry,
Moscow, USSR

Тиш microbiological hydroxylation of 6 P-hydroxy- 
and 6 £ -methoxy-16o<. ,17<^-epoxy-i-pregnane~20-ones by the 
fungi of classes Phycomyces and Fungi Imperfecti was stu
died.

The method of isomerization of i-steroids into 3-ace
tates of steroids with preserving the epoxide ring was 
elaborated. The structure of the formed products was es
tablished and some chemical transformations of the pro
ducts were realised.
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MASS SPECTRA OF 12-OXQLUPANE DERIVATIVES 
THURBERINE - THE REVISION OF THE STRUCTURE

J.Protiva, V.Pouzar, A.VystrCil

Department of Organic Chemistry, Charles University, Prague
Czechoslovakia

In the paper, an evidence is given that thurberi- 
ne considered to be 20(29)-lupene-^J,l^|-diol is in fact 20,(29)- 
lupene-^,16^-diol ( I ).

The mass spectra of a series of substituted 12-oxo- 
lupane derivatives were studied. The basis type of molecular 
ion fragmentation is a retro-Diels-Aldar cleavage of the enol 
form occurring in ring C, under formation of fragments of type 
£. To a lesser extent iona of type b are also formed. 3,12- 
Lupanedione ( II ) was prepared by an unambiguous route and 
shown not to be identical with a derivative of naturally oceu- 
ring thurberine. On the basis of a comparison of physical data 
of the 3,16 substituted lupane derivatives with those of analogous 
derivatives of thurberine and by means of mass spectra of II, 
3,16-lupanedione and dihydrothurberodione , thurberine has been 
now proposed the corrected structure I*

N /
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JUVENILE HQBXONE AHALOGS. SYNTHESIS OF METHYL 
3,7.11-THIMETHYL-8-OIA-2-DODECENATE (A) AND ETHYL 

3,7,11-TRIEETHYL-lO-GXADECA-2,6-DIENOATE (Б)

W. Biernacki and W. Sobdtka

Institute of Organic Chemistry, Polish Academy of Sciences,
Warsaw, Poland

The synthesis of the title compounds, prepared for 
biological investigation of their activity as Insect 
growth regulators, is described. The compounds A and В 
were obtained according to the following reaction schemes:

■ LAH -  Сн,<*(oh)< Br

I. Hg(OAe)t
OH 1. H* *

в)
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THE S Y N T H E S IS  OF JH A N A L O G U E

W ITH  C YC LO H E X A N E  RING

L .B o ro w ie ck l  and A .K a z u b s k i

Institu te  of C hem is try  , N .Copern icus  U n iv e rs i ty

A n  attempt of the t o t a l  syn thes is  of the ju v e n i l e  

hormone an a logu e  w ith  the si x-member ed r in g  at 

the te rm in a l  p os i t ion  b y  com bin ing  synthons 1 and 2 

w i l l  be reported.Compounds 1 and 2 w e re  p rep a red  

in m ultistep  t r a n s fo rm a t io n s  f r o m  cyc loh ex an e  

ca rboxy l  I с a c id  or benzyl c h lo r id e  and  g e r a n io l  

r e s p e c t iv e ly .

8 7 -1 0 0  T O R U N  -  PO LAND

R -  - O A c  , -O T H P

1. 2.
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ALKALOIDS FROM BUIUS HABLAHDI HANCE

2 . T o tie k y . A . Vaseovd and J. C ern ik+

Institute of Chemistry 
Slovak Academy of Sciences, Bratislava, Czechoslovakia

'''The County Institute of lational Health, 
TfebfS, Czechoslovakia

The leaves of Buzus Harlandi have been investigated 
for the content of steroid alkaloids. The structures of 
the separated alkaloids were determined by physical methods 
and verified by comparison with the authentic specimens.
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UMBROSIH - A NEW ALKALOID FROM 
ACONITUM UMBROSUM

M.S.Yunusov, V.A.Telnov, N.M.Golubev, S.Tu.Xunusov.
Institute of the Chemistry of Plant Substance*,
Academy of Sciences of the Uzbek SSR.Taschkent,

USSR.

Prom the roots of noninvestigated before species Aсоniturn 
umbrosum the alkaloids lycaconitine, antranoil—lycoctonine, 
ajacin and a new alkaloid named шпЬгоа1п with the composition 
C24H39n06 81114 m *p* 150-151°(hexane), M 437» 2738 hnve been 
isolated and the latter*a structure was established(I).

This alkaloid possesses CgH^, 3 OH, 3 OCH^ groups* Its 
composition and spectral data allowed to Regard it as a  d i-  
terpene alkaloid of a lycoctonine skeleton. Further chemical 
transformations confirm this proposal. Masa— and - HHR - spe
ctra of I and of its monoacetate are characteristic of the 
alkaloids of lycoctonine-type with the ad-hydroxy group and 
oC-acetoxygroup at C-I.

The presence of of-C^-OH and methoxymethylene-group at 
0 4  is confirmed by the mass—spectrum of anhydroxyumbroeln(II). 
The information on the presence of Л0-С »  yQЧ Ш  system and me- 
thoxy-group at C-15 was taken from.the results of oxidation 
of this alkaloid with the EJO^ led to III.

New methods of discovering of the substituents at 0-1,
C—4 and C-6 were considered*
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ISOLATION OP SOME NOVEL ALKALOIDS PROM Fritillaria imperialia L.

I. MaiSterova, V. Suchy, J. Tomko

Department of Pharmacognosy and Botany, Faculty of Pharmacy, 
Comenius university, Bratislava, Czechoslovakia

Two novel alkaloids were isolated from the bulbs of Fri
tillaria imperialis L. var. rubra. Both belong to the C-nor 
D-homo steroid series.

The first alkaloid has the composition C^H^NO^, identi
cal with that of verticine, but it differs in stereochemistry 
at the position C-22.

The second compound (Cg^H^NOg) contains a carbonyl group 
at the position C-6. The absence of Bohlmann bands in its IR 
spectrum suggests the presence of cis-chinolizidine moiety in 
the structure of the alkaloid.
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THE CHEMICAL AND SPECTRAL INTERCORRELATION OF PENTACYCLIC 
TRITERPENE DIOLS OF COMPOSITAE PLANT FLOWERS

Jan St. Pyrek and Ewa Czy&ewska
Institute of Organic Chemistry, Polish Academy of Sciences, 
Warszawa, Polska.

Our previous chemical studies indicated that the triterpene 
diols: faradiol, arnidiol, calenduladiol and coflodiol are hydro- 
xylated at positions 3^, 1<Ц|, as it was known for manilladiol and 
brein. All these compounds are widely distributed in Compositae 
plant flowers.

Despite of the abnormal back-bone rearrangement due to the In
fluence of the 16-oxygen function it was possible to intercorrela- 
te some of above compounds.

The Exciton Chirality Method used for 3̂ 1,16̂ 1 and 3^,16K diben
zoates gave the alternative, unambigous proof of the same substi
tution pattern.

faradiol arnidiol calenduladiol
/thurberin/

manilladiol coflodiol brein
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CHEUOTAXONOMIС STUDIES OF LACTARIUS

W.U.Daniewski and U.Kocor 
Institute of Organic Chemistry,Polish Academy of Sciences, 

Warszawa,Polska

The ■ushrooas of Lactarlus genus fora a large group 
of speclss; about 70 of then are known In Poland. It was 
▼•ry interesting to us to estimate their sesquiterpene 
contents in regards to furans, mono- and di- hydroxylacto
nes.

Especially purified and chromatographed ethanolic 
extracts of Lactarlus necator, L.terminosus, L.helvus,
L,quietus, L.thejogalus, L.subdulcis, L. rufus were subjec
ted to HPLC analysis using Waters yfc-Porasil column. The 
analytical results were confirmed by the subsequent isola
tion and full comparison of the sesquiterpenes with known 
standard compounds.
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HPLC STUDIES OF THE DISTRIBUTION OP PENTACYCLIC 
TRITERPENE DIOLS IN COMPOSITAE FAMILY 

Jan St.Pyrek, W.Danlewski, A.Schmldt-Szaiowska 
Institute of Organic Chemistry,Polish Academy of Sciences, 

Warszawa, Poland 
Using the efficient separation technique - HPLC on 

packed yfc-Partisll and /Х-Porasll - columns the detailed 
study of the distribution of pentacyclic triterpene 
diols: faradiol, arnidiol, calenduladiol, coflodiol, 
brein, aanllladiol and tetracyclic triterpene, daooa- 
rendiol II was done for aore then twenty species.
The cheaotaxonoDlcal implications will be discussed in 
▼lew of the biogenetic sequence: triterpene aonoalcohols
-- ►triterpene Bonoalcohols - 3^ - fatty acid esters
— -► / 16^- hydrozylatlon / ■ ► 3^ - acylated triterpene 
diols.
The failure of "ZiounerBann rule" will be also demons tra«- 
ted.
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THE ABSOLUTE STEREOCHEMISTRY OF LACTARORUFIN A

W.U.Daniewski and Jan St.Pyrek 
Institute of Organic Chemistry.Polish Academy of Sciences, 

Warszawa,Polska

The determination of the absolute stereochemistry of 
lactarorufln A was carried out with the use of the Exciton 
Chirality Method. The CD measurements were performed on 
lactarorufln A benzoate and p-chlorobenzoate. The results 
of the measurements are discussed on the basis of the well 
established relative stereochemistry and conformation of 
lactarorufln A.
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THE STRUCTURE ELUCIDATION OF COMPOSITAE PLANT FLOWERS TRITERPENE 
TRIOLS: HELIANTRIOLS В, В*, С, E, F, в and X.

Jan St. Pyrek

Institute of Organie Chemistry, Polish Academy of Sciences, Warsaw,
Polska

From the lingule flowers of Calendula off. L( and Helianthus 
annuus L. a series of pentacyclic triterpene trlols was isolated.

The elucidation of their structures based on chemical and spec
tral data will be presented.

hellantriol В 1
heliantriol В» 2
hellantriol С 3
heliantriol E 4
heliantriol F 5
heliantriol G 6

о н  с н г о м

& r  &  &

H O ^ I

& OH
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Т т Н З Г О Щ А Т Ю К  OF DBHTDBDEPIANDROSTEBONE WITH THE MUSHROOM 
Pleurotus ostreatue

%. РгплИАяка- Huynh Kim Thoa, M. BudSSinek^
Institute of Organic Chemistry and Biochemistry, 

Czechoslovak Academy of Sciences, Prague, Czechoslovakia

Among numerous Pleurotus species Pleurotus ostreatue was 
the best in hydroxylating dehydroepiandrosterone differently 
from other Pleurotus species, and some other Basidiomycetes 
and common moulds. The pattern of transformation products was 
dependent on the medium used and the temperature of the culti
vation. Large scale transformation was carried out with fruit- 
-body slices in tap water and under aeration. The main pro
duct of the transformation was isolated and its structure de
termined.
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NEW ПГ TERPENES FRCM Eupatorium jhanii 
B.U. Fraga, A.G. Gonzdlez, J.K. Artenaga,

J.L. Breton, M.G. НегпйшЗёг 
Instituto de Productos Naturales del CSIC,
La Laguna, Tenerife, Canary Islands, Spain

RECENT ADVANCES IN SYNTHESIS OF VELLERAL AND RELATED 
COMPOUNDS FROM Lactarius rusaulaceae 

J. Froborg, G. Itfagnuaaon and S. ТЬогёп 
Institute of Organic Chemistry 2,

The Lund Institute bf Technology, Chemical 
Center, Lund 7, Sweden

NEW 17- SUBSTITUTED DERIVATIVES OF 19-NORTESTOSTSRONE
H. Hubner and K. Poneold 

Zentralinstitut fur Hikrobiologie 
und experimentelle Therapie,

DDR-69 Jena
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MECHANISTIC AND PREPARATIVE ASPECTS OF TH3 REDOX REACTIONS 
BETWEEN TETRAZOLIUti SALTS AND CORTICOSTEROIDS 

J. Jasiczak and A. Smockiewicz 
Institute of Goods Science, Academy of Economics,

60 967 Poznan, Poland

STEHEOSPECIFIC PHOTOCHEMICAL SYNTHESIS OF EXO-BREVICOMIN 
J. Eossanyi, P. Chauvin and J.P. Morizur 

Universit6 Pierre et Marie Curie,
Acad&de de Paris, 75005 Paris Cedex 05, France

SYNTHESIS OF MONOTERPENIC HYDROCARBONS 
WITH ALLENE STRUCTURE

A. Matawowski 
N. Copernicus University, Institute of Chemistry, 

87-100 Torun, Poland

CHOLESTEROL AS A STARTING MATERIAL TO THE SYNTHESIS 
OF LIQUID CRYSTALS

B. Matkovicz and I. Varga 
Institute of Organic Chemistry, 6720 Szeged, Hungary
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NEW DERIVATIVES OF CARDIOACTIVE STEROID LACTONES 
R. Meggea and K.R.H. Repke 

Akademie der Wissenschaften der DDR, 
Forschungszentrum fur Molekularbiologie und Medizin, 

1115 Berlin-Buch, DDR

SYNTHESIS OF GIBBERELLIN GLUCOSIDES 
K. Schreiber, G. Schneider 

Institute of Plant Biochemistry, Academy of Sciences, 
401 Halle/Saale, DDR

OXIDATION OF 30MS STEROIDAL EPOXIDES WITH DUIETltfL- 
SULPHOXIDiS IN THE PRESENCE OF AIR OXYGEN.

М. Косor, L. Tomaszewska ,
N. Copernicus University, Institute of Chemistry, 

87-100 Torun, Poland

STEREOSELECTIVE SYNTHESES OF SIDE CHAIN 
HYDBOXYLATED CHOLESTEROLS 

M.R. Uskokovic, J.J. Partridge and T. Narwid 
Chemical Research Department, Hoffmann-La Roche Inc. 

Nutley, New Jersey 07110 
USA
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SYNTHESIS OF JUVENILE HORMONES ANALOGUES 
V. Wodzki, L. Borowiecki, E. Reca 

(J. Copernicus University, Institute of Chemistry, 
87-100 Torun, Poland

SYNTHESIS OF CORTICOSTEROIDAL ANALOGUE OF ECDYSONE 
J. Zjawiony, Z. Grosman-Zjawiona 

and H. Zaj^c
Institute of Organic Chemistry, Technical University 

Lodz, Poland
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CS - 2 
USSR - 6



-  87

l ! ' KASAL A.
W X KASIMOV Sh.Z .

4 l KASPRZYK Z. 
Г  - KAZUB3KI A. 
, 1 KIEECZEWSKI M. 
. • KLINOT J.
^ KOCdR M.

KOCOVSlrf P.

^ K O H O U T  L. 
f ■- KOSHOEV K.K. 
V' KOSSANYI J.
<' KROSZCYlfeKI w. 
1- LAKHVICH F.A. 
f LANffiEIN G. 

LEVINA I.S.
:5. lukacs  a . 

LYPACEWICZ M.K. 

MAKJNOWICZ 1 . 

maSterovjC I .>L0
, j. MATAWOWSKI A.|l*v

MAOXOVICS B. 
MEGGES R. 

v’5' B4EJER S • 
^  MfCKOVi R. 
,,д MIRONOWICZ A.
A

CS - 4 
USSR - 3 
POL - 2 
POL - 4 
POL - 3 
CS - 1 
POL - 7 
CS - 4 
CS - 4 
USSR - 4 
FR - 4 
POL - 7 
USSR - 2 
GDR - 6 

USSR - 6 

F« - 1 
POL - 9 
POL - 5 
CS - 2 
POL - 4 
HUN - 2 

' GDR - 1 
POL - 5 
CS - 5 
POL - 5
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К  MOISEENKOV A.M. 

MOTL О.

NANHCA-NAMIRSKI P.
Tr 
Г
7/ NORIN T./

NOVOTtrf L.
1 OGNYANOV I. 
;,a,OUBISSQN G.
'// PAL'YANIS N.Sh. 
(-• PASSANNANTI 3.
И  PATERNOSTRO M.P.
tlFENTEGOVA V.A.
I
4nPIOZZI P.I '
M POLONSKI J.

EONSOLD K.
t ' PROCHifZKA Й.

PROTIVA J.f t
PROTIVA M. 

Й PTREK J.S .

RE С A E.

, д REPKE K.

c\ RESHETOVA I.G .

Л^ RIPPERGER H.
MSAVONA G.
uv schick a.

SCHMIDT-SZAZOWSKA A.

USSR - & 
CS - 4 
POL - 7 
SW - 4 

CS - 4 
BULG - 1 
F R - 3  
USSR - 3 
IT - 2 
IT - 2 
USSR - 5 
IT - 2 
FR - 1 
GDR - 2 
CS - 4 

CS - 1 
CS - 5 
POL - 7 
POL - 4 
GDR - 1 
USSR - 6 

GDR - 5 

IT - 2 
GDR - 3 
POL - T
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cj . ’}  SCHNEIDER G. HUN - 2
^SCHONECKjSR b . GDR - 2

tj4 SCHHEIBSR k . GDR -  5
^>-0 SCHUBERT K. GDR - 2
l& l SCHWARZ S. GDR - 6

1 &l SEGAL G.M. USSR - T
\& \ SEREBRIAKOV E.P. USSR - 6

(HSIEWHtSKI A. POL - 5
,, SKOROVA A.V. USSR - 6

SMIT V.A. USSR - 6

If* SMOCKCEWICZ M. POL - d
ty j  SMOLIltSKA J. POL -  9

j d ] SNATZKE G. GFR - 1
'! 0 SUCHf V. CS - 2
!>' SIKH DEV IND - 1
|I2 Sa n d a v . CS - 4
j | l TOMASZEWSKA L. POL - 4
|l>j ТОЫКО J .  ‘ CS - 2

| i {  TORGOV I.V. USSR -  T

С тбтн J . HUN - 1
TSANKOVA E. BULG -  1

V TUBA Z . Н Ш  - 1
ULUBELEN A. TOR -  1
USKOKOVlfi M.R. USA - 1
USTYNYUK Т.К. USSR - 6



j r l USZYCKA-HORAWA T.
, / 4 TASECAHOV G.G.
J C'
, J 1 VBLGOVX H.
У)VSNTUHELLA P.
! I (/VOISHYILLO N.B.

j i TOKiffi к.
, -j VOTICK* z. 
y^WICHA J.
)7м] WIESNEH K.
b, / WlbKOMIBSKE B.
'* WODZKX W. 
yWoJCIEGHOWSKA W. 
fVoJGIECHOWSKI Z.A. 
WUbFSMI N.S.

V  YANOVSKAYA L.A.
\K XUNUSOV M.S. 
v \zJAWIONY J.
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L i s t  o f  I n s t i t u t i o n s  

(alphabetical order of countries, and names o f  institutes)

AUSTRALIA / 1. Research School of Chemistry,
The Australian National University, 
Canberra, A.C.T. 2600

BULGARIA 1. Institute of Organic Chemistry, 
Bulgarian Academy of Sciences, 
1113 Sofia

CANADA 1. Carleton University, 
Department of Chemistry
Ottawa K1S 5B6

2. The University of New Brunswick, 
Fredericton, N.B.

CZECHOSLOVAKIA 1. Department of Organic Chemistry
Charles University 

\, Prague

2. Department of Pharmacognosy , 
and Botany, V?
Faculty of Pharmacy .
Comeniue University 
Bratislava

3. Institute of Chemistry 
Slovak Academy of Sciences 
Bratislava
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FRANCE

/

GEHMA.N DEMOCRATIC 
REPUBLIC

0

f. Institute of Organic Chemistry 
and Biochemistry, Czechoslovak 
Academy of Sciences,
166 10 Prague 6

i. Research Institute for Pharmacy П 
and Biochemistry,
Prague 9

.. Institut de Chimie des Substances 
Naturelles, Centre National de la 
Recherche Scientifique,
91190 Gif-sur-Ivette

\!. Laboratoire de Chimie XII 
Facult6 des Sciences 
86 022 Poitiers

.I. Universit6 L. Pasteur de Strasbourg \
67 008 Strasbourg-Cedex

U  Universit6 Pierre et Marie Curie 
75 005 Paris

. Akademie der Wissenschaften der DDR 
Forschungszentrum fiir Molekular- 
biologie und Medizin, Zentralinsti- 
tut fiir Molekularbiologie,
1115 B-erlin-Buch

. Akademie der Wissenschaften der DDR 
Zentralinstitut fur Mikrobiologie 
und experimentelle Therapie,
69-Jena
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3. Akademie der Wissenschaften der DDR 
Zentralinstitut fur Organische 
Chemie,
1199 Berlin-Adlershof

Л
4. Forschungsinstitut far Korperkultur 

und Sport
701 Leipzig

» « .
5. Institut fur Biochemie der Pflanzen 

401 Halle/Saale !\

6. VEB Jenapharm, Bereich Forschung 
und Entwicklung,
6900 Jena

GEfWAN FEDERAL 
REPUBLIC 'i

1.Ruhr-Univeraitat Bochum, 
Abteilung fur Chemie 
463 Bochum

': £

HUNGARY 1.Chemical Works of Gedeon Richter 
1475 Budapest X

* \
Ltd У'

2.Institute, of Organic Chemistry 
Jozsef Attila University 
6720 Szeged

INDIA 1.Malti-Chem. Research Centre 
Nandesari, Baroda

1 
я—
■JT

ITALT 1. Istituto di chimica delle sostanze 
naturali, Facolta di Farmacia, 4  ► 
University degli Studi,
Perugia
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2. Istituto di chimica organica, 
90123 Palermo

POLAND

3. Istituto Superiore di Sanita,
299 Нота

4. Universita degli Studi di Milano, 
Istituto di chimica organica della 
Facolta di Scienze,
2133 Milano

1. Biological and Pharmaceutical Insti-C. 
tute, Medical Academy,
60-619 Poznan

й1
2. Institute of Biochemistry, University, 

Warsaw

3. Institute of Chemistry, University/ ~r' of Poznan,
60-780 Poznan

5. Institute of Fundamental Chemistry,

4. Institute of Chemistry, 
N. Copernicus University 
87-100 Toruri

Academy of Agriculture 
Wroclaw

6. Institute of Qoods Science 
Academy of Economics, 
60-96? Poznan

7. Institute of Organic Chemistry 
Polish Academy of Sciences, 
Warsaw
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П
8. Institute of Organic Chemistry, / 

Technical University,
bodS

9. Pharmaceutical Institute
01-793 Warsaw 1

SPAIN 1. Instituto de Productoe Naturales !\
Orgdnicos del CSIC,
La Laguna, Tenerife

i)SWEDEN: 1. Chemical Center, A ̂
The Lund Institute of Technology,
220 07 Lund 7

i t'2. Department of Animal Ecology, 
University of Lund,
S—223 62 Lund

V\, 3. Department of Ecological Chemistry, \.
Goteborg University 
S-400 33 Goteborg

V \
4. Department of Organic Chemistry,

Royal Institute of Technology,
S-100 44 Stockholm 70

5. Research Department, 
Swedish Tobacco Comp. 
104 62 Stockholm 17

TURKEY 1. Department of Chemistry, Faculty 
of Pharmacy, University of Istanbul, 
Istanbul
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UNITED KINGDOM 1. Department of Chemistry, 
University of Glasgow, 
Glasgow G12 8QQ, Scotland

UNITED STATES 1. Chemical Research Department, 
Hoffmann-La Roche Inc., 
Natley, New Jersey 07 110

2. The Worcester Foundation for Experi 
mental Biology,
Shrewsbury, Mass. 01545

USSR 1. Botanical Institute, Academy v\ fi 
of Sciences of USSR,
Leningrad

2. Institute of Bioorganic Chemistry, V\/N> 
\  Academy of Sciences,
4 Byelorussian 3SR, Minsk

of the Siberian Division of the 
Academy of Sciences of the USSR, 
Novosibirsk

/ О

3. Institute of Chemistry of Plant 
Substances, Academy of Sciences 
of the Uzbek SSR,
Tashkent

4. Institute of Organic Chemistry,
Academy of Sciences of Kirghiz SSR, 
Frunze-22

5. Institute of Organic Chemistry (

Л
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6. N.D. 3telinsky Institute of Organic 
Chemistry,
Moscow 117913

7. Shemyakin Institute of Bioorganic 
Chemistry,
Moscow 117312


