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Abetraot - mi. review gives a survey of the most important 

papers on the isolation and chemiatry of alkaloids (i.e. the 

tropolone alkaloids, their precursors, and the minor alkaloids) 

from plants of the subfamily Vurmbaeoideae, and of those of 

the bioayntheais of these oompounds. 

INTRODUCTION 

The tropolone alkaloids from plants of the subfamily ~urmbaeoideae'-'~ form 

an independent group of compounds. They arise from the phenethyltetrahydro- 

isopuinoline precursor - autumnaline (XVa). For a long time, the only known 

representative of this group was colohioine (Ia) which was iaolated from the 

plant Colchicum autumnale L. Thia group of alkaloids also includes intermediary 

produfts (XV-XIX), leading to the formation of colchicine alkaloida with 

tropolone ring, and the side-products (XX-XXIX) (minor alkaloids) of this 

bioaynthesis. The Colchicum alkaloida occur only in the plants of the sub-family 

W f  (~amily ~iliaceae)'~~'~    able A) and in 
VVWW_ 

~eichb.'~'~~ whose definite classification to this sub-family has not been 

oarried out as yet. 

The colchicine alkaloida are highly toxic, in animal cell they inhibit cellular 

division in the metaphase (stathmokinetic or mitotic effect), and in plants 

they bring about polyploidy. 
2.10 

Ihe alkaloida of the Wurmbaeoideae plants are usually classified as follows: 

I. dlkaloida with tropolone ring and their important derivatives 

(I) Neutral and phenolic compounds (I, 111, IV, V) I lbble B 
(2) Bade fompowrds (11) 



(3) Compounds without amino group or with keto group at C -position 7 

(4) Compounds obtained by conversion of alkaloids with tropolone ring 

(a) Lumiderivatives (VI and VII) of the compounds given sub (1) and (2) 

and lumicolchicone (VIII) 

(b) 10,11-O~y-10,12a-oyclo-l0,11-~ecoc01chicine (IX) 

( 0 )  10,12a-Oxycolchicine (X) 

d Colchicide (XI) 

( B )  Colchinole and its methylether (XII) 

(f) Colchicinio acid (Allocolchiceine) (XIII~) and its methyl ester 

(Allocolchicine) (XIII~) 

(g) Colchinale (XIV) 

11. Alkaloids without tropolone ring (~ables C - H) 
(1) Phenethyltetrahydroiaoqvinoline base. (XV) 

(2) Androoymbine alkaloids (XM) 

(3) Dihydro- and tetrahydroandrocymbine I Homopromorphinans 

alkaloids (XVII - XIX) group 

(4) Homoproaporpbine alkaloids (XX - XXVIII) 
(5 ) Homoaporphine alkaloid8 (XXIX) 

(6) Alkaloid. without tropolone ring whose constitution is still unknovn 

(7) Benayltetrahydroisoquinoline - Isocorydine (XXX) 

THE ISOLATION AND niE STRUCTURES OF ALKALOIDS WITH TROPOLONE RING 

AND OF SOHE OF THEIR DERIVATIVES 

Pelletier and Caventou (1820) were the first research workers in this field. 

The)/ investigated the corms of plants contrary to Geiger (1833), 

Oberlin (1857), Zeisel (1883)~ Houd6 (1884), and Merck (1916) who studied the 

Colchicum seeds (Summarizingly 1-7916). In the latter, the major alkaloid was 

colchicine. Therefore, for more than 60 years, it was assumed 15*16 that it was 

the only toxic compound contained therein. During the following years, by 

application of new separation methods, ca. 100 alkaloids (Tables B - H) were 
detected in the seeds, corms, flowers, and leaves of the 

two new alkaloids were isolated from Colchicum latifolium, namely colchiciliae 

(Ij) with a hydroxyl group at C6-position in trans-configuration to the amidic 
MIW 

group at C,, and 10.11-oxy-10,12a-cyclo-l0,ll-secocolchicine (IX). 17'18 
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Table A. Genera of the sub-family ~mbaeoideae" and their groups of alkaloids 
.CUIWClrSIWC 

with tropolone ring without 
Family: L- (Table B) tropolone ring 

and basic 
(Tables C - H) 

neutral 

Genus: Gloriosa 

Littonia 

Sandersonia 

Iphigenieae - 
Iphisenia ++ - 
Camptorrhisa + - 
Ornithoglossum ++ - 

Baeometreae 
.wvwIMN 

Baeome tra + - 
c- 

Colchicum +++ ++ or - + or - 
Merendera ++ ++ or - + or - 
Androcymbirrm + + +++ 

K ++ + +++ 

Neodregeae 
NWWVW 

Dipidax +++ + + 
Neo&esea ? 7 1 

Vurmbaeae - 
Yurmbaea + + 7 
dnguillaria + + 7 

C. autumnale gave the new alkaloids colchifoline (IV~) and 2-demethylcolchi- 
P 

foline (15%) which have a radical of glycolic acid instead of an acetyl group 

on the nitrogen. 19-21 The leaves of this plant yielded cornieerine (Ib) which 

up till now has been isolated only from C. cornigerum growing on the Sinai 

peninsula.22'23 It is of interest that, in fresh leaves and flowers of C- 

autumnale and C. speciosum, 2- and 3-demetbylderivatives of colchicine cannot 
VIMMM P 

be detected. 19 

l h e  alkaloids with tropolone ring (Table 8 )  differ only by their substituenta on 



Table 6. Constitution of tropolone alkaloids of the subfamily Wurmbaeoideae 
P 

Alkaloids 

Subetituents 

R1 R2 R3 R R5 R6 

Colchicine (In) 

Cornigerine (Ib) 
3-Demethylcolohicine (Ic) (Alkaloid C) 

2-Dernethylcolchicine (Id) (~lkaloid El) 

Colchicoside (Ie) 
Colchiceine (If) 

Cornigereine (Ig) 

3-Demethyleolchiceine (Ih) 

2-Demethylcolchiceine (Ii) 

Colchioiline (Alkaloid CC-12 7 )  (I j)a 
N-Deacetyl-N-formylcolchicfne (1k) 

3-Demethyl-N-deacetyl-N-formylcolchicine 
(1 1) 

CH3 CH3 CH3 H 

-CH2- CH3 H 

CH3 CH3 H R 

CH3 H CH3 H 

CH3 CH Glucose H 
3 

CH3 CH3 CH H 
3 

-CH - 2 CH3 H 

CH3 CH3 A H 

CH3 H CH3 H 

CH3 CH3 CH3 H 

CH3 CH3 C$ H 

- 
2-Demethyl-N-deacetyl-N-formylc~lchicine 

(Id CH3 H CH3 H 
N-Deacetyl-N-formylcolchieeine (In) CH3 CH3 CH3 H 

N-Deacetylcolchicine (11a) CH3 CH3 CH3 H 

N-Deacetylcolohiceine (11b) CH, CH3 CR3 H 

N-Deacetyl-3-demethylcolchicine (IIC) CH3 CH3 A H 

N-Deacetyl-2-demethylcolchioine (11d) CH, H CH3 H 

N-Deaoetyl-2,3-demethylcolchicine (119) CH3 H H H 

N-Deacetyl-N-methylmlchicine (Deme- 
colcine, Colcemide, Colchamine). (11f) CH3 CH3 CH3 H 

N-Deacetyl-3-demethyl-N-methylcolchicine 
(Alkaloid CC-7) (118) CHI CH., B H . < 

N-Deacetyl-2-demethyl-N-rnethylcolchicine 
(Alkaloid s )  (1111) CH, H CH, H , , 

Demecolceine (IIi) CH3 CH3 CH3 H 
N-Deacetyl-N-dimethylcolchicine (113) CH3 CH3 CH, CH3 

Speciosine (II~) 45 CH3 CH3 CH3 b 

c0ch3 
c0ch3 
COCH 

3 c0ch3 
c0ch3 
c0ch3 
c0ch3 
C0CH3 

COCH 
3 c0ch3 

CHO 

CEO 

CHO 

CHO 

H 

H 

H 

H 

H 

CH3 

CH3 

CH3 
CH3 
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111 

N-Methylcolchioine (N-acetyldemecolcine) 
(I11a) CH3 CH3 CH3 CH3 COCH3 

N-Methyl-N-deacetyl-N-fo~y1~010hici~e 
CH3 

(N-formyldemecolcine) (111b) CH3 CH3 CH3 CH3 CHO CH3 

IV 

Colohifoline (IVa) CH CH3 CH3 H COCH20H 3 
2-Demethylcolchifoline (IY~) CH3 H CH3 H COCH20H 

CH3 

CH3 

v 

Thiocolchicine (V) CH CH3 CH3 H COCH3 c 
3 

a) 6-Hydroxycolchicine b, 2-Hydroxybenzyl 

') Methylthiogroup instead of methoxyl group 

the aromatic ring A, on the ring B, and on the amino group of this ring. and on 

the tropolone ring C. 

In 1924, lIindausZ4 assigned a phenanthrene skeleton with 0x0-methoxymethylene 

substituents on ring C to colchicine. Cook et a1.25 and, a short time later, 

~ e w a r ~ ~  assigned to it the correct structure with the seven-membered tropolone 

ring C. In 1955, the position of the substituents on this ring C was corrected 27 

and thia new colchicine structure wan confirmed by X-ray Wargulis 29 

as well as Lesainger and ~ a r g u l i a ~ ~  studied the conformation of colchicine and 

isocolehicine by X-ray crystallography. ~ilverton~' elucidated the structure of 

folchiceine (If). 

3he methoxyl group of the tropolone ring can be easily saponified with dilute 

acids or sodium hydroxide to give colehiceine (1f). Its further saponification 

affords trimethylcolchicinic acid (= correctly deacetylcolchiceine (II~)), 

Colchfceine is a mixture of colchiceine (1f) and isocolchiceine (Iff), Methylation 

with diazomethane yields colchicine (1a) and isomeric isocolchicine (Ian) 32 

(scheme 1). The methoxyl group can be replaced by the amino group to give the 

already known c ~ l c h i o e i n a m i d e s , ~ ~ ' ~ ~  or by the thio groups (sH or SCH3) (V ) ,  34,35 



This methoxyl group of the tropolone ring can be removed by the action of 

hydrogen with acetone-deactivated Raney nickel to give colchioide (XI). 36 

 rew we^^ converted colchicine into the A-,  /3-, and 8-lumiderivatives. The P- 
(VI) and the - (VII) lumiderivatives were found in all the parts of the 

Yurmbaeoideae. 16'38 These two lumiderivatives were prepared from the majority of 

the isolated tropolone a l k a l ~ i d s . ~ ~ - ~ ~  Maas spectrometry has revealed that 

d-lumicolchioine is a dimer which on thermic reaction is converted into p-lumi- 

colchicine and then, through the effect of sunlight into lumicolchicine, lhe 8 - 
laat two derivatives are stereoisomers on the rings C and D . ~ ~  

From the corma of , Canonica st alS4' have isolated /3-lumi- 

oolchicone (MII) with a keto group instead of an acetamido group at the 

C -ponition. 7 
Zeisel and ~riedrloh~' prepared lO,l2a-oxyoolohicine (X). Thi* substance is 

readily obtained from colchicine by treatment with chromium trioxide in acetic 

acid, Preparative experiments and physical methods have shoxn45-47 that on 

boiling with acids, this aubstance is converted into colchiceine (If). 

By treatment with potassium hypoiodide4' or hydrogen peroxide in alkaline 

mediumz7 the seven-membered tropolone ring of colchioeine (1f) can be rearranged 

into colchinole (xII) with a benzene ring C, On treatment with sodium methanolate, 

colchicine (1a) is converted into colchioinic acid (= allocolchiceine) (X111a) 

or its methylester (3 allocolchicine) (XIII~) in ca, 100% ~ield.'~-~l lhis 

reaction is often used to study the constitution and hiosynthesie of alkaloids 

with tropolone ring. Sadykov et al. found sllocolchicine and allocolchiceine 

derivatives in plant mate~ial.~' 
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I$ COOR fJ1 , -cHO -OH 

W i l e  carrying out the racemization of colchicine and thiocolchioine with acetic 

acid anhydride, Blad6-Font prepared a new aeries of colchicine 

(Scheme 2). 

Racemization of colchicine with the Schiff-base afforded racemic N-deacetyl- 

colahiceine, 7-0x0-deacetamidocolchicine, and 7-0x0-deacetamiddiso~olchicine.~~ 

Biotrmsformation of colchicine carried out with microaomd fractions of animd 

liver gave colchinale ( X I V ) . ~ ~ ' ~ ~  

Battersby et a1.58 eluciaated the constitution of the alkaloid speciosine (IIk) 

which was isolated from C. speciosw. by ~ i s e l e v . ~ ~  On heating, this alkaloid war 
UMMMNV 

converted into demecolcise (colchamine) (IIf ).60 Capraro and Brossi described 

a simple conversion of colchicine into demecolcine.61 The French authors62 re- 

ported the isolation of a tropolone alkaloid with glucose on the ring A (1e) and 

an alkaloid containing a sulphur atom on the ring C. There vaa also prepared 



mlchicine with various substituents at  position^^ and, with the help of 
microorganisms, 1-demethylcolchicine which has not been found in nature as yet. 64 

Hufford et alS65 screened a number of microorganisms for their ability to bio- 

transform colchicine, and Streptomyces spectabilis and S. griseus were chosen - 
for preparative scale fermentation. Both organisms produced C2 and C demethyl- 

3 

colchicine. 

Corrodi and Hardegger studied the stereochemistry of the aoetamido group of 

c ~ l c h i c i n e . ~ ~ ' ~ ~  They isolated N-acetyl-L-glutamic acid after exhaustive ozo- 

nization of colohicine. Several authors studied this problem by optical rotatory 

dispersion and circular dichroism. 68'69 Colchicine and its natural derivatives 

have the S-configuration. The 'H-NHR measurements have shorn thst the amido 
/V 

group of the colchicine compounds ia in equatorial position. 70 

During the paet three decades, the newly isolated alkaloids were identified by 

polarography, ultraviolet, infrared, mass spectra, fl- and 1 3 ~ - ~ ~ ~  data, and 

phctophysioal processes. 41,65,71-80,161 

In 1959 and in the following years, colchicine and some of its derivatives were 

synthesized by Eschenmoser et al.'l in Switzerland, Tammelen et a1.82 and 

Woodward et in the USA, by Nakamzra et by Kotani et and by 

Kato et a1.86 in Japan, and by Martel et al.87 in France. Scott et synthe- 

sized colchicine on the basia of the biogenetic theory postulating that the 

rings A and C are coupled by phenolic oxidation. m a n s  st al. synthesized 

colohicine by application of new alternatives to oxidative phenolic coupling.89 

Wallace published the synthetic approachea to morphine and colchioine alkaloid 

analogs, 90 

11. Alkaloids without tropolcne ring 

These substancea form other groups of alkaloids of the plants of the sub-family 

Wurmbaecideae. Androcymbine ( m a ) ,  melanthioidine (XVC) , colchicine (1a) , and 
demecolcine (11f) were isolated from the leaves of the South African plant 

Androcymbium melanthi~ides.~~ The structures of androcymbine and melanthioidine 

were elucidated in the years between 1962 and 1968. The Tables C to C show the 

other isolated alkaloids without tropolone ring. A11 of them can be derived91b 

from phenethyltetrahydroisoquinoline - autumnaline (xv~) - on the basis of the 
phenolic ortho-para or para-para oxidative coupling in the same way a* in the -- 
Papaver alkaloids, 92193 which are derived from benzyltetrahydroisoquinoline. 
VIMM 
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The isolation of this new group of alkaloids has revealed how the whole group 

of folchicine alkaloids with tropolone ring arises. Tbere are, however, not yet 

k n o m  the biological effects of any of the dkaloids of these groups of pre- 

cureors or minor alkaloids since they are present in the plants only in traces. 

(1) Phenethyltetrahydroisoquinoline bases (XV) 

Melanthioidine ( m e )  was the first isolated representative of this group.'l Its 

molecular weight showed it to be a dimer. 94'95 'H-NMR Spectroscopy revealed 

symmetry of the molecule and therefore overlapping of the signals of the protons 

of its two halves, Reduotion with aodium in liquid ammonia gave four deri- 

v a t i v e ~ ~ ~ ' ~ ~  which were identified as phenethyltetrahydroisoquinoline derivatives. 

Table C. (1) Phenethyltetrahydroisoquinoline bases 

Me0 

H O  0 , L5-me 
0 

xva 
Me0 \ OH ne-N / I O H  

ome ' on. 

XVa S-(+)-Autumnaline (opt. antipode XVc ~ - ( - ) - ~ e l a n t h i o i d i n e ~ ~ ' ~ ~ - ~ ~ * ~ ~ ~  
/Y 14,58,102-107 ,..- 

= Alkaloid CC-22) 
XVd ~ o l a n t i n i n e ~ ~ " ~  

XVb Base map. 222O lo5 



Table D. (2) Homopromorphinane basea (XYS) 

R b  

R ~ O  )-qhMe do \= 

M e 0  

1 3  2 s-(-)-Androcymbine 91,103,108-112,115,116,124,129 
XVIa R =R =Me; R =H - 

1 2 3  s-(-)-0-Methylandrocymbine 102,109,110,127b XVIb R =R =R =Me 
,.A 

1 XVIe R =H; R ~ = R ~ = M ~  s-(-)-callutine (= Alkaloid L-7) 
113 

M 

1 2 3- XYSd R & =R -Me R-(+)-Krokiflorine (= Alkaloid K-2) 
8 - 

R-(+)-Alkaloids CC-3a and CC-10 
102,103 

X M e  R'=R~=M~; R3rH 
M 

1 R-(+)-Alkaloid CC-20 102,103 XVIf R =Me; R2+E13=cH2 M 

1 2 3 S-(-)-Alkaloid AM-3 110,111 
XVIg R =Me; R +R =CH2 - 

Table E. (3) Dihydro- and tetrahydrohomopromorphinane bares (XMI-XIX) 

114 XVIIIa 5-(-)-Kreysiginine 117-122 XVII S-(-)-Szovitsidine 
M 

(= Alkaloid 0GG-2?)111 XVIIIb A-(+)-Alkaloid CC-21 102,103,109 

XVIIIc (+)-Floramultinine ? 117 
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Battersby et a1,95 iaed Ullman's double reaction to synthesine melanthioidine 

from the phenolic bromophenethyltetrahydroisoquinoline compound. Consequently, 

the alkaloid is a bisphenethyltetrahydroisoquinoline base. 

Jolantinine is another dimer alkaloid of this 

Kametani et al. 99-101 used Ullman's double reaction to synthesize some other 

derivatives in addition to melanthioidine and they decomposed racemif melan- 

thioidine into its antipodes. Kametanits school also studied the enzymatic 

phenolic oxidation of this series of compounds. 
100 

Battersby 1415' and .?&tad et a1.1°2 isolated the phenethyltetrahydroisoquinoline 

alkaloid autumnaline (= alkaloid CC-22) (Xva). The synthesis and the physica- 

chemical properties of this base and of its homologues were studied by 

~ a t t e r s b y , ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ~ametani ,99 Brossi, lo5'lo6 and by ~ e A n g e l i s , ~ ~ ~  

Types (2) and (3) of the homopromorphinane group 

There have been isolated 13 homopromorphinane alkaloids, They differ in the 

number of double bonds in the ring C, in the presence or absence of the methoxyl 

group of this ring, and in the substituents of the ring A. This group ia sub- 

divided into two subgroups: 

The substance. of the androcymbine group (XVI) 

The constitution of andsooymbine (XVIa) (Table D), which resembles that of the 

promorphinane alkaloid salutaridine, was elucidated 1031108-112 by olassical 

degradation (Scheme 3), spectroscopic and other phyaico-chemical method.. 112 

The substances of the dihydro- and tetrahydroandrocymbine group (XVII-XIX) 

The first representative of this group is kreysiginine (XVIII~) (Tsble E) which 

has an oxygen bridge between the ringa A and C. Its constitution and the absolute 

configuration were elucidated by X-ray and l~-NMR analysi.s.109'L17-121 The di- 

hydro- and the tetrahydrohomopromorphinane alkaloids were canvertedlo3 into 

baaes of the androcymbine type by Jones's oxidation. The abaolute S-configu- 
M 

ration of kr2ysiginine at C is identical with that of androcymbine (XVla), 7 
szovitsidine"(XVII), and colchicine alkaloids with tropolone ring. 

The alkaloids of this group are a twin group of promorphinane and morphinane 

with the difference that the homopromorphinane alkaloids have 

an additional CH -group in the ring B. 
2 

Kametani et al. 1151116'127 studied the biogenetical synthesis of androcymbine 



1 KMn 0' 
N:OH 

and of some of its derivatives. Photolysis of 1-(2-bromo-4-hydroxy-3,5-dimethoxy- 

phenethyl)-1,2,3,~-tetrahydro-7-hydroxy-6-methoxy-2-methylisoquinoline in the 

presence of sodium iodide gave racemio androcymbine (XVIa). Yhen photolysis was 

carried out without sodium iodide, it afforded rac. multifloramine ( X M X C ) . ' ~ ~  

(4) Homoproaporphine alkaloids (XX-XXVIII) 

This group comprises several types of compounds (~abla F). They.differ in the 

number of double bonds in the ring D and consequently in the ultraviolet, 

infrared, and 'H-NMR spectroscopic properties. When there is a keto group at 

the C12 or C atom of the ring D, it may form a cyclic half-acetal bridge with 
13 

a phenolic group at C1. The half-acetal hydroxyl can be free or etherified with 

a methyl group. Moreover, the double bond in the ring D can be in the cis- or 
IW 

the trans-configuration to the hydrogen at C6a. The proaporphine alkaloids have 
VVVI 

similar properties. 9 2 9 9 3  The mass spectra of all the proaporphine and homopro- 

aporphine alkaloids exhibit 1091126 the characteristic peaks M-l+ (i00S) and 

M-43. 
161 
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Table F. ( 1 1 )  1Iomoproaporphine bases (XX-XXVIII) 

XXa R=H Kreysi~inono (Dienone I, m.p. 

19k0 and Dienone I1 m.p. 
202~ 104,119,122-12kc ,176 

XXb R=OMe ~-(+)-l-~ydrox~-12-methox~- 
N 
krcysiginonelo5 

XXI ~ i h ~ d r o k r e ~ s i e i n o n e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
142 

2 XXIII nl=nc; n di n-(+)-'rrieamine 149 
/CC 

XXIIb R1=R2nMe R-(+)-Krokiflorinone 
ICI 

(= Alkaloid K-16) lk6 

(= Uintaline = Strumozine) 111,130 

X X I I c  Jolantine = ~olantaminemsthohydroxide~~~ 

XXlId Alkaloid OGG-3 ?1111148 

1 2 3 XXIVa R d l ;  R =n =$I. R-(+)-~essclriwine 150,151 ,-.. 
1 2  XXIYb R ER =Hi n3=~e S-(-)-Kesselridine (I Alkaloid K-10) 152 

M 

XXIVc n1=R2=%I3=~e 11-(+)-Reeeline (= Alkaloid K-15) 153 
M 

1 3  2 XXIVd R =R =lie; R =H A-(+)-Regelaminc 126,154 

S-(-)-Alkaloid G-2 111'155 
M 

1 2 XXIVe R =R~=H; R =Me R-(+)-Lutehe (= Alkaloid ~ - 1 ) ~ ~ ~  
M 



XXV Reeelinone (=  Alkaloid ~ - 1 4 ) ~ ~ ~  XXVI (+)-~uteicine (r Alkaloid L-3) 158 

XXVII (+)-~olantimine (= ~uteinone)'"~~~ 
XXVIII (-) -Luteidin0 (= Alkaloid 

~-2)*9~359135b 

Table C. (5) Homoaporphine alkaloids (XXIX) 

1 3 4 5  2 XXIXa R dl dl =R =Me; R =H R-(-)-Kreyaigine (= Alkaloid CC-1) 14,102,117 
M 123,124,127~,144 

XXIXb R ~ = R ~ = R ~ = H ~ ;  R'=R~=H R-(-)-Floramultine (optical antipode %(+)-Be- 
M 

ohuanine.(+)-~erenderine) 14,1~2,117,118, 
122,123,130-132,159 

1 3  4 2 5 XXIXc R & =R =Me; R =R =E ~-(-)-mltif loraminei4*105,122-124 ,129 - 
1 2 4 5  XXIXd R dl =R ER =Me; R3=E S-(+)-Szovitsamine 133 

1 4 5  2 3 XXIXe R JI =R =Me; R =R di R-(-)-Alkaloid CC-24 102,103 
M 

2 4 5 XXIXf R1St3=H; R dl =R =Me Szovitsinine 160 
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(5) Homoaporphine alkaloids (XXIX) 

Kreysigia multifl~ra"~ gave three alkaloids ((-)-kreysigine (XXIXa), (-)-flora- 

multine (XXIXb), and 0-methylkreysigine (XX-)), whereas Colchicum fornigerum 102 

the two alkaloids (alkaloids CC-1 (XXIXa) and CC-24 (XXIXe)) which belong to 

thi. group of compounds (Table G).. The alkaloid hechuanine (optical antipode of 

floramultine) was isolated130 from 7 the alkaloid merenderine 

131'132 the alkaloid szovitsamine (XXIX~)'~~ from 

Colchicum szovitsii, and the alkaloid isocorydine (XXX) from 

str~mosa.'~~ Isocorydine was derived from the benzyltetrahydroisoquinoline - 
compound reticuline like the other alkaloids of the family ~apaveraceae,~"~~ - 
These alkaloida can be converted into 0-methylkreysigine (XXIX~) by methylation 

with diazomethane. It was found that on isolation or crystallization the alkaloida 

without tropolone ring are very easily racemized. 

XXX 

14,105,123,124,128,129,138-143,176 For the homoaporphine alkaloids see also papers. 

Table H. Unclassified alkaloids without tropolone ring 

~ l o r a m u l t i n m e ~ ~ ~  Alkaloid X-1 163 
Alkaloid 0 162 Alkaloid CL-1 

Alkaloid AU-4 Alkaloid CL-2 164 

Alkaloid G-1 155 Alkaloid G-4 155 

Crofiflorine (Alkaloid K-2) 

Regelinine (Alkaloid K-6) 

Regelidine (Alkaloid K-7) I 8,134-137 

Crociflorinine (Alkaloid K-9) 

Crocifloridine (Alkaloid K-11) 



111. l h e  biosynthesis of alkaloids with and without tropolono ring 

Dattersby et al.., 1651166 Leete et al. ,lG7 Hill and Unrau,lG8 and also Trozyan 

et a1.3.69 studied the biosynthesis of colohicinc alkaloids and its minor deri- 

vatives by usinc labeled phenylalanine, tyrosine, cinnaluic acid, methionine, and 

aoetic acid. Accordins to ther tho ring A and tho carbon atoms 5, 6, 7 and 12 

of colchicine (1a) originate from phsnylalanine (or tyrosine) and cinnamic acid. 

Radioactive acetic acid participates only in the formation of the acetainido 

Croup. 16yb Dattersby ot al.170-175 found that widening of the benzene ring A of 

phenetl~yltotrahydr0is0q~ino1ine (autumnaline (XVa)) gavo rise to a tropolone 

ring, and phenolic oxidation to a linkace bctwoen the rings A and C of colchicine. 

The intermediate step of the biosynthesis of colchicine was formed by the 

alkaloids of androcynbine type (XVI). Consequently, auturnnaline is the basic 

cornpound for the biosynthesis of hornomorphinane (XVI) and tl-opolone allcaloids 

(I-V) and, tiloreover, for the homoproaporphinos (XX-XXVIII) and honroaporphines 

(xxIx)'O~J~~' (Sci~eme 4). 



HETEROCYCLES, Voi 15, No 2, 198 1 

REFEnENCES 

K. Iluegg, ' ~ ~ i t r i g e  s u r  Geschichte  d e r  o f f i z i e l l e n  Orogen.Crocus, Acorus 

Calamus und Colchicum', I n a u w r a l - D i s e r t a t i o n ,  Basel  1936. 

O.J. E i g s t i  and P. Dust in ,  Jr., 'Colchic ine  i n  Agr icu l tu re ,  Medicine, 

n io logy  and Chemis t ry ' ,  Iowa S t a t e  U n i v e r s i t y  P r e s s ,  USA 1955. 

F. S a n t a v ~ ,  Acta Univ. Palacki .  Olomuc., Fac. Med,, 1979, 2, 15. 

J . W .  Cook and J.D. Loudon, 'Co lch ic ine ' ;  W.C. Wildman, 'Colchic ine  and 

Rela ted  Compounds'; W.C. li'ildman and B.A. Pursey,  'Colchic ine  and Re la t ed  

Compounds'. I n  H.R.F. hlanske, 'The Alkaloids ' ,  Vol. 11, p. 261; Vol. V I ,  

p. 247, and Vol. X I ,  p, 407. Academic P r e s s ,  New York 1952, 1960, and 1968. 

F. z a n t a v ~ ,  Pharm, Z e n t r a l h a l l e ,  1957, 2, 307; P l a n t a  Medic'a, Supplement, 

1968, 46; Khim. Rast .  Veshch. (Tashkent)  1972, 7. 

K.R. F e l l  and D. Ramsden, Lloydia ,  1967, 3, 123. - 
H.G. B o i t ,  'Ergebnisse  d e r  Alkaloid-Chemie h i s  1960', Akademie-Verlag, 

B e r l i n ,  1961, pp. 28 - 49; N. ~ z p k e ,  'Ergebnisse  d e r  Alkaloid-Cheinie 

1960-1968', Akademie-Verlag, B e r l i n ,  1976, pp. 68 - 79. 

A.S. Sadykov and E1.K. Yusupov, Acta Univ. Palacki .  Olomuc., Fac. Med., 

1975, 2, 13. 

V.V. K i se lev ,  Rhim. P r i r .  Soedin., 1977, 3. 

G. Deysson, I n t .  Rev. Cytol . ,  1 9 6 8 , 2 4 ,  99. 

B. S t e f a n o f f ,  'Monographie d e r  Gattung Colchioum L.', Akademie d e r  

Wissenschaften,  Bu lga r i a ,  S o f i a ,  1926, Vol. X X I I .  

F. Buxbaum, Botan. Arch., 1937, 38, 213 and 305. 
M 

F, SantavL, E x p e r i e n t i a ,  1967, 2 273. 
M 

A.R. Ba t t e r sby ,  R.B. Bradbury, R.B. Herbe r t ,  M.H.G. Munro, and R.  Ramage, 

Chem. Commun., 1967, 450. 

F. Santavf ,  Chem. L i a t y ,  1948, 42, 177. 
M 

F. BantavL and T, R e i c h s t e i n ,  Helv, Chim. Acta, 1950, 3 1606, 
M 

H. Pot6Silov&, L. Dolej5,  P. Sedmera, and F. Santa*, Co l l ec t .  Czech. 

Chem. Comun., 1977, 42, 1571. 
M 

A. B r o s s i ,  M. ~ z s n e r ,  J.V. S i l v e r t o n ,  M.A. I o r i o ,  and Ch.D. Hufford, 

Helv. Chim. Acta, 1980, 63, 406. 
M 

V. Malichovi,  H. PotX5ilov&, V. P r e i n i n g e r ,  and F. Z a n t a 4 ,  P l a n t a  ~ e d ; ,  

1979, 2, 119. 



P. Sedmera, H. PotXSilovb, V. Nalichovd, V. Preininger, and F. Santavj', 

Heterocycles, 1979, z, 337. 
M.A. Iorio, A, Mazzeo-Farina, G. Cavina, L. Bonforti, and A. Brossi, 

Heterocycles, 1980, 14 625. M' 
M. Saleh, S. El-Gangihi, A. El-Hamidi, and F, Santa*, Collect. Czech, 

Chem. Cownun., 1963, 19, 2225. 
M 

13. Pot6gilovB, J. Santav9, A. El-liamidi, and F. Santa*, Collect. Ceech. 

Chem. Cormnun., 1969, 34, 3540. 
M 

A. Windaus, Liebigs Ann. Chem., 192k, 439, 59. 
rrv\ 

N. Barton, J.W. Cook, and J.D. Loudon, J. Chem. Soc.  o on don), 1945, 176. 

N.J.S. Dswar, Nature, 1945, 155, 141 and 479. 

J. Eech and F. Santav9, Collect, Czech. Chem. Cormimn., 1949, 14, 532, 
M 

M.V. King, J.L. de Vries, and R. Pepinsky, Acta Crystalogr.  ondo don), 

1952.5 437. 

T.N. Margulis, J. Am. Chem. Soc . ,  1 9 7 ,  899. 

L. Lessinger and T.N. Mar~ulis, Acta Cryst., 1978, 6-34, 578 and 1556. 
MN 

J.V. Silverton, Acta Cryst., 1979, w, 2800. 
M. Sorkin, Helv. Chim. Acta, 1946, 29 246. M' 
F, Santav?, Chem. Listy, 1952,2, 280. 

V.V. Kiselev, Zh. obehchai Khim. 1959, 2, 2445; 1960, 2, 3721; 
1961, 31, 334. 

M 

L. Velluz and G, Muller, Bull. Soc. Chim. France, 1954, 755. 

H. Hapoport and J.B. Lavigne, J. Am, Chem. Soc., 1955, 2, 667. 
11. Grewe and W. W u l f ,  Chem. Ber., 1 9 5 1  621. 

F. Santav9, Colleot. Czech. Chem. Conrmun., 1951, 16, 665. 
M 

H. Pot6Silov&, J. Wiedermannov&, and F, Santav9, Collect. Czech. Chem, 

C-., 1969, 2, 3642. 
0.-A. Neum&ler, 1i.J. Kuhn, G.O. Schenk, and F. Santavg, Liebigs Ann. 

CC!, 1964, 674 122. -' 
L. Canonioa, 8. Danieli, P. Manitto, G, Ilussa, A. Bonati, and 

E. Bombardelli, Gaz. Chim. Ital., 1.969, 99, 1059. 
M 

L. Canonica, I3. Danicli, P. Manitto, G. llusso, and E. Bonlbardelli, Chim. - 
Industr. (Milano), 1967,2, 1304! Tet. Lctt., 1969, 607. 

H.J. Kuhn, 0,-A. Neu-ller, and G.0. Schenck, 'Photochemische und ther- 

mische Ulnwandlungen einiger Colchicum-Alkaloide und ihrer Lumiverbindungenv 



HETEROCYCLES, VoI 15, Na 2, 198 1 

Forschungsbericht des  Landes Nordrhein-WestfaLen, No. 1624. Westdeutacher 

Verlag,  ~ ; ; l n  und Oplsden 1966. 

44. s. Z e i s e l  and & F r i e d r i c h ,  M h .  Chem., 1913, 2, 1181. 

45. F. Santavf,  Chem, L i s t f i  1952, 46, 488. 
M 

46. A.D. Cross,  F. Santavy, and B. Tr ived i ,  Col leat .  Czech. Chem. Comm~n.~ 

1963, 28, 3402. 

47. G.L. Buchanan, A. ElcKillop, A.L. P o r t s ,  and J.I<. S u t h e r l m d ,  Tetrahedron, 

1964, 20, 1449, ,... 
48. H. Le t t rB ,  H, Fernholz ,  and E. Hartwig, Liobigs  Ann. Cham., 1952, 

576 147. 
A,...' 

49. F. Bantav+, C.r.Soc. I l iol .  ( P a r i s ) ,  1946, lib0 932; Helv. Chim. Acta -' 
1948, 31,  821. 

M 

50. H. Le t t rB ,  Ancew. Chem., 1947, 218. 

51, H. Fernholz,  L i e b i g s  Ann. Chem., 1950, 568 63. 
&.A1 

52. M.K. Yusupov.and A.S. Sadykov, Zh. obshchei Khim., 1964, 34 1677. M' 
53. A. BladB-Font, Tet. Le t t . ,  1969, 3607; 1977, 2977 and 4097. 

54. A. BladB-Font, Afinidad, 1978, 35,  239. 
M 

55. M.A. I o r i o ,  A. Bross i ,  and J.V. S i l v e r t o n ,  Helv. Chim. Acta, 1978, 

61,  1213. 
M 

56. N. s c h h m r t i n g ,  P. Pfaender,  A, n i e k e r ,  and G .  S i e b e r t ,  Hoppe-Seyler 

Ztschr ,  physiol .  Chen., 1973, 354, 421. ,".- 
57, M. ~ c h & h a r t i n g ,  G, Meode, and G. S i e b e r t ,  Aoppe-Seyler Ztschr.  physiol .  

-, 1974, 1391. 

58. A.C. Barker,  A.11, Ba t t e r sby ,  E. PlcDonald, E. Ilamage, and J.H. Clements, 

Chem. Commun., 1967, 390. 

59. J. Kiselev,  Zh. obahohei Khim., 1956, z, 3328; C.A., 1957, 3 8119. 

60. 1 V.V. Kise lev,  Y.V. Raahkes, and S. Yunusov, Jr., Khim. P r i r .  Soedin., 

1974, 536. 

61. H.-G. Capraro and A. Bross i ,  Helv. Chim. Acta, 1979, 62, 965. 
M 

62. P. B e l l c t  and G. Muller,  Ann. pharm. f ranc. ,  1955, 2, 84, 

63. G. ) l u l l e r ,  A. Illad(.-Font, and 11. Bardoneschi, 

662, 105. 
&.A 

64. L. Velluz and P. D e l l e t ,  C , r .  Acad, S c i  ( p a r i s ) ,  1959, 248, 3453. 
A#... 

65. c.D. Hufford,  A.M. Clark ,  and C.C. C o l l i n s ,  J. Pharmac. Sc i . ,  1979, 

68 1239, 
m' 



11. Corrodi and E. l lardcg(~er ,  Helv. Chim. Acta, 1955, 2, 2030. 

H. Corrodi and E. Hardcgger, Helv. Chin. Acta, 1957, 2, 193, 

J. Hrbek, Jr., J.P. J e n n i w s ,  If. Klyne, and F. Santavj., C o l l e c t ,  Czecll. 

Chem. Conmlun., 1964, 2, 2822, 

J. Hrbek, Jr., L. Hruban, V. Siminek, C. Snatzke,  and F. San tav l ,  Col lect .  

Czech. Chem. Coolmun. - i n  manuscript ,  

V.V. Kise lov and E1.E. Pe r s l ' son ,  Khim. P r i r .  Soedin., 1.974, 535. 

J.M. Wilson, M. Ohashi, H. Budzikiewioz, F, Santav9, and C. Djerassj . ,  

Tetrahedron, 1963, 19,  2225. 
M 

F, zantavj., Pham. Acta Iielv. ,  1948, 23, 380; Col lect .  Czech. Chem. 
M 

C-. , 1949, 14 145. -' 
A.D. Cross,  J. Hrbek, Jr., J.L. Kaul, and F. Santavj., ' F e s t s c h r i f t  Kurt 

Mothes zum 65. G a b u r t s t w ' ,  VEB Gustav Fisoher  Verlag,  Jena, 1965, p. 97. 

V. Dalaroff and P. Ra th la ,  Bull. Soo. Chim. France,  1965, 1621. 

G. S e v e r i n i  Rica  and B. Danie l i ,  Gaz. Chim. I t a l . ,  1 9 6 9 , 2 ,  133. 

S.P. S i w h ,  S.S. Parmar, V.I .  S tenberg,  and S.A. Farnum, Spectroscopy 

L e t t . ,  1977, 10 1001. M' 
A. Blade-Font, R. H u l l e r ,  J. E l p e r o ,  R. Faure,  and E.-J. Vincent,  

Chem. Le t t . ,  1979, 233. 

Ch.D, Hufford, H . 4 .  Capraro, and A. Bross i ,  Helv. Chim. Acta, 1980, 

63, 50. 
NI 

P. Sedmera and F. Santa* - i n  manuscript. 

H. Roie t  and R.M. I.eblanc, Can. J. Chem., 1973, 3 2821. 

J. Schre ibe r ,  N. Leimgruber, M. Pesaro,  P. Schudel,  T. T h r e l f a l l ,  and 

A. Eschenmoser, Helv. Chim. Acta, 1961, 44 540. M' 
E.E. van Tamelen, T.A. Spenocr, Jr., D.S. Allon,  Jr., and R.L. O r w i s ,  

Tetrahedron, 1961, 14 8. 
ru.' 

R.B. Woodward, The Harvey Lec tu res ,  Acad. P ress ,  New York, 1965, 

Ser. 59, p, 31. 

T. Fakamura, Chem. 8. Pharm. Bul l . ,  1962, 10 299. M' 
E. Kotani ,  F. Eliyaaaki, and 5, Tobinaga, J. Chem. Soc., Chem. Co~imn, ,  

1974, 300. 

M. Kato, F. Kido, M.D. I and A. Yoshikoshi, Bull .  Chem, Soc. Japan, 

1974, 2, 11516. . , . . . 

J. Martel ,  E. Toroaonoff, and Ch. Huynh, J. o r .  Chem., 1965, 30, 1752. 
M 



HETEROCYCLES, Vol 15, No 2, 1981 

88. A.I.  S c o t t ,  F. liccapra, i1.L. Buchanan, L C .  Day, and D.l?. Younc, 

Tet rahedron,  1965, 21, 3605. 
M 

89. D.A. Evans, D, J. I l a r t ,  P.M. Koelsch,  and P.A. Cain,  Pure & App. Choiil., 

1979, 3 1285. 

90. R.A. Wallace,  ~ i s s .  Abstr. I n t .  B . ,  1980, 4 0 ( 7 ) ,  3179; =, 1980, 92, - M 

705. 

91. J. Mrheli, Jr,,  and P. ZantavL, C o l l e c t ,  Czech. Cherz. Comun., 1962, 

27, 255. 
M 

91b. T. Kametani and >I. Koizumi, 'The Alka lo ids ' ,  R.H.F. Manske and H.L. Iiolmes, 

eds., Val. 14 ,  p. 266, Academic P r e s s ,  New York, 1973. 

92, F. Santa-9, 'Papaveraceae Alkaloids ' ,  R.H.F. Xanslce, 'The ALkaloids',  eds. ,  

vol .  1 2 ,  p. 333 (1970);  Vol. 18 ,  p. 385 (1979) ,  Aoademic P r e s s ,  N e w  York, 

93. >I. Shailmaa, 'The I s o q u i n o l i n e  Alka lo ids ' ,  Academic P ress ,  New Yorl;, 

1972; ' I soqu ino l ine  Alkaloids  Research: 1972-1977', Plenum P r e s s ,  

New York and London, 1978. 

94. A.X. Ba t t e r sby ,  H.D. Herbe r t ,  and F. Santav);, Chem. Commun., 1965, 415, 

95. A.H. Ba t t e r sby ,  11.D. Herber t ,  L. No, and F. Zantav$, J. Chem. Soc. (C) ,  

1967, 1739, 

96. T. Kametani and S. Taliano, Tet. L e t t . ,  1968, 121. 

97. A.M. Uenaajlov, h1.K. Yusupov, and Kh,A. Aslanov, Khim. P r i r .  Soodin., 

1977, 422. 

98. A.D. Abdullaeva, L K .  Yusupov, A.K. Kasymov, N. van Dau, and Kh,A. 

Aelanov, Khim, P r i r .  Soedin., 1976, 121. 

99. T. Kametani, S. Takano, and T. Kobari ,  Tet. Le t t . ,  1968, 4565; 

J. Chem. Soc. ( c ) ,  1969, 9. 

100. T. Kametani, S. lkkano,  and T. Kobari ,  J. Chem. Soc. ( c ) ,  1969, 2770. 

101. T. Kametani, S. Takano, and I<. Haga, Chem. & Pharm. Dull., 1968, 2, 
663. 

102. ti. PotliBilovh, J. S a n t a v ~ ,  A. El-Hamidi, and F, Santa+, Co l l ec t .  

Czech. Chem. Cornsun., 1969, 34 3540. M' 
1 0 .  A.R. Ba t t e r sby ,  R. Ramace, A.F. Cameron, C. Hannaway, and F. S a n t a v ~ ,  

J. Chem. Soc. ( c ) ,  1971, 3514. 

104. A.11. Ba t t e r sby ,  P. ~ g h l e r ,  E1.B.G. Eiunro, and R. Ramage, Chem. Commun., 

1969, 1066; J. Chem. Soo., Pe rk in  I, 1974, 1399. 



A. Dross i ,  J. O'Drien, and S. T e i t e l ,  Iielv. Chim. Acta, 1969, 2, 678. 

A. Bross i ,  J. van Durik, and S. T e i t e l ,  Iielv. Chiu. Acta, 1968, 51,  
M 

1965. 

G.G. DcAngelis and W.C. Wildman, Tet rahedron,  1969, 25, 5099. 
M 

A.R. Ba t t e r sby ,  H.B. Herbe r t ,  L. Pijewska,  F, Santavji, and P, Sedmera, 

Chem. Conunun., 1965, 228; J. Chenl. Soc. ( c ) ,  1972, 1736. 

A.11. Dat tersby,  M.H.G. Plunro, R.B. Bradbury, and F. Santavj., Chee. 
C-, 1968, 695. 

L, Pijewska,  J.L. Kaul, R.K. J o s h i ,  and F. Santavji, Co l l ec t .  Czech, 

Chem. Commun., 1967, 32, 158, 
M 

F. Santavji - i n  manuscript .  

S .  Dvoi-Skov6, L. liruban, V1. p r e i n i w e r ,  and F. Santavji, IIeterooycle.3, 

1 9 7 5 , 2 ,  575. 

N.L. El~lchamed'~arova,  ILK. Yusupov, W.A. Aelanov, and A.S. Sadykov, 

Khim, P r i r .  Soedin., 1975, 758; G, 1976, , 150804p. 

M.K. Yusupov, Kh.A. Aslanov, and D.T.D. Nco, Khita. P r i r .  Socdin, ,  

1975, 271. 

T. Kametani, I<. Fukumoto, 1.1. Koieumi, and A. Iiozuka, Chem. Col:mun., 

1968, 1605; J. Chem. Soc. ( C ) ,  1969, 1295. 

T. liametani, Ii. hkumoto ,  F. Satoh,  and H. Y a c i ,  Chew Conu:lun., 1968, 

1001; .I. Chem. Soo, (C) ,  1968, 7084, 

G.M. Darner and R.D. Bradbury, J. Chen. Soc, (London), 1960, 445. 

A.F. Bcecham, K.6, B a r t ,  I .  John, and J.A. Lamberton, Aust. J, Chea., 

1968, 21, 2829. 
M 

1 .  I J. F r i d r i c h s o n s ,  E1.F. llackay, and LhlcI , .  E;athieson, Tet. L o t t , ,  1968, 

2887. 

120. J. F r i d ~ i c l ~ s o n ~ ,  A.lieL, Plathicson, and P1.F. I,!acl'.ay, Tet rahedron,  3~970, 

26 1669. 
#.A' 

121. N.IL I Iar t ,  S.I!, Johns,  J. A, Lambcrton, and J.K. Saunders,  Tet. Le t t . ,  

1968, 2891. 

122. A.11. Da t t e r sby ,  E. IlcDonald, W.H.G. P h m r o ,  and R ,  Ranlace, Chorn. 

C-., 1967, 934. 

1 2  A.R. Da t t a r sby ,  H.D. Uradbury, I!,li. Herbe r t ,  l1.1l.G. 1Mwn-0, and 

R. nanacc, J. Cllem. Soc., Perliin I, 1974, 1394. 



HETEROCYCLES. Vol IS, No 2, 198 1 

1 2  11. H a r a ,  0. Hoshino, D. Umezarra, and Y. I t a l m ,  3, Checl. S o c . ,  Perlcin I, 

1979, 2657. 

124b. T. Kanetani,  F. Satoh, K. Fdnunoto, H. Sugi ,  and K. Kigasa~ra ,  

Pharnr. Bull., 1974, 2, 1835; Heterocycles ,  1 9 7 3 , A  47. 

1 2 4 ~ .  T. Kwnetani, T, Sugahara, B., Sugi ,  S. Shibuya, and I;. FUku*eoto, 

Tetrahedron, 1971, 2, 5993. 

125. A.F. Caneron, A. Forbes,  and Ch. Iiannaway, 3. Chee. Soc., Perkin  11, 

1973, 1002. 

126, E,Ch. Tiinbekov, A.K. Kasimov, D.A. Abdullaeva, $!.I<. Yusupov, and 

Kh,A. Aslanov, Khim. P r i r .  Soedin., 1976, 328. 

127. T. Kametani, $1. Koizumi, I<. Fukumoto, Chen. & Pharm. Bull . ,  1969, 

17,  1809; J. O r e .  Chem. 9 7 1 ,  3729. - 
127b. T. Kwnetani, 11. I<oizumi, and I<. N;umoto, 3. Chcn. Soc. ( c ) ,  1971, 1792, 

1270. T. Kanetani,  Y. Satoh, S. Shibuya, $1. Koizumi, and K. Fdcumato, 

3. O r e .  Chew., 1971, 36, 3733. 
M 

127d. T, Ksmetani, Y. Satoh, and K. Fukunoto, 3. Chem. Soc., Perkin  I, 

1972, 2160. 

128. T. Kametani, 11. Y w i ,  F, Satoh, and I<, Fuliui:>oto, Chem. Colmun,, 1967, 

878; J. Chca, Soc. ( c ) ,  1968, 271, 

129. T. Kanetani,  1.1. lioizuini, 3. Chcm. Soc. ( c ) ,  1971, 3976. 
P 

130. J.L. Kaul, D.K. Eloza, F. Santavj., and P. Vrulll.o%.ak)i, Col lect .  Czech. 

Choa. Cormun., 1964, 29 1689. 
,.A' 

1 A.A. Trozyan, 1,I.K. Yusupov, and %.A. h l a n o v ,  Khim. I'rir. Soedin., 

1975, 52'7. 

132. >:.I<. Yusupov, A.A. h-ozyan, Kh.  A. Aslanov, and A.S. Sadykov, Khim. - 
P r i r .  Socdin, ,  1972, 777. 

133. E1.K. Yusupov, U.T.B. Xeo, Kh.A.  Aslanov, and R S .  Sadykov, lihirn. P r i r .  

-, 1975, 109. 

1 Pi.1;. Yusupov and A.S. Sadykov, Nauch. h-udy Tashkent. zosud. univ. 

V . I .  Lcnin, 1962, No. 2 0 3 , " ~ .  3. 

1 .  N.1;. Yusiqmv and A.S. Sadylcov, lihim. Rast. Veshch., Nauch. Trudx, 

1966, Vol. 11, 170. 286, p. 56. 

135b. N.L. 2lul:har~ed'yarova, ?I.I;. Levl:ovi+, K1l.h. Aslanov, A.S. Sadykov, 

Khim. P r i r .  Soedin., 1976, 354. 



I . ,  Yusupov and A.S. Sadykov, Uab. I<him. Zhur., 1961, No. 5 ,  p. 4 9 ,  

A.S. Sadyliov and 1.1.K. i'usupov, Zh, i l l d .  h i  1965, 38, 222. 
M 

T. liametani, F. sa toh ,  Il. Yagi, and I<. Fulcw~toto, Chen. Coniiaun., 1967, 

1103; J. Che~>, Soc. ( c ) ,  1968, 1003. 

T, I<anctani,  F. Satoh,  11. Yagi, and Ti. Fulcurnoto, J, 0 .  Chem., 1968, 

33, 690. * 
T. Iiamctani, F. Sa toh ,  H, Yagi, H, I i d a ,  and S. Tanaka, Chenl, Co#imlun., 

1968, 224; J .  Che:ii. Soc, ( c ) ,  1968, 22311. 

T, I<amctani, I<. Fukuluoto, T. Ilayasalra, and I<. Kigasawa, J .  Chon,, Soc. ( c ) ,  

1969, 4. 

T, Kamctani and F, Sa toh ,  Chem, e; Phara. nu l l . ,  1969, 2, 8116. 

T. Iiametani, F. Ss toh ,  11. Y a c i ,  and I<. Izulrwnoto, J, Chem. Soc. ( C ) ,  

1970, 382. 

P. $antal+, P. Sedinera, G. Snatzlca, and T. R e i c h s t e i n ,  lielv. Chim. Acta, 

1 7 1  , 1084. 

I.1.K. Yusupov, D.A. AhdulLaeva, Kh.A, Aslanov, and A.S. Sadylcov, Dolrl. 

Akad. nauk SSSR, 1973, 208, 1123. 
r"l" 

Kh. 'Ibrbiliulov, M,lC. Yusupov, 1Ch.A. Aslanov, and A.S. Sadyliov, I(him. 

P r i r .  Soedin., 1974, 810. 

Xh. Turbikulov,  N, van Dau, and N.K. Yusupov, Khim. P r i r .  Saedin. ,  

1976, 555. 

B.K. Moza, H. Pot6Bilov6, and F. h n t a v ) ; ,  P l a n t a  ],led., 1962, 1 0 ,  152. 
M 

M.K. Yusupov, L A .  Trozyan, and Kh.A. Aslanov, IChim. P r i r .  Soedin., 

1975, 808; 1976, 2, 18041rlk. 

M.K. Yusupov, X.L. hhkhamed'yarova, A.S. Sadykov, L. DolcjS,  1'. Sediiiera, 

and F. Santavi., Co l l ec t .  Czech. Chcm. Coni:lun., 1977, z, 1581. 

M . K .  Yusupov and A.S. Sadykov, Khito. ~rir. Soedin., 1976, 350, 

A.IC. Kasimov, ILK. Yunusov, E.Kh. Timbekov, and 1;h.A. Aslanov, Xhim. 
P r i r .  Soedin., 1975, 194. 

D.A. Abdullaeva, hI.IC. Yusupov, and 1Ch.A. h l a n o v ,  Khim, P r i r .  Soedin., 

1976, 783. 

h1.K. Yusupov, A.D. Ahdullaeva, Kh.A. Aslanov, and A.S. Sadykov, I(his. 

P r i r .  Soedin., 1975, 383. 

hl. M a t u r o d ,  H. Lang, T. Re ichs te in ,  and F. Santav);, P l a n t a  Pled., 

1 9 5 9 , z ,  298. 



HETEROCYCLES, Vol 15, No 2, 1981 

156. N.L. E i u k l ~ ~ ~ o d ' y a r o v a ,  X.K. Yusupov, X.L. Lcvkovio, and Kh.A, Aslanov, 

Khim. P r i r .  Soedin., 1976, Sol. 

157. i.1.K. Yusupov, h,El. Usmanov, A.K. Kasimov, and Kh. Turhi!al.ov, I(him. 

P r i r .  Socdin., 1977, 867. 

158. h1.K. Yusupov, K.1.. Ilukhamed'yarova, and 1:h.h. Aslanov, Iihim. P r i r .  

-, 1976, 359. 

159. F. S a n t a v j  and L, Hruban, Co l l ec t .  Czech. Chem. Comiun., 1973, 2, 
1712. 

160. A.K. Kasimov, E,Kh. Timbekov, )!.I<. Yusupov, and 1Ch.A. Aslanor,  i(hin, 

P r i r .  Socdin. ,  1977, 230. 

161. 11.1;. Yusupov, D.T.R. NGO, and 1;h.A. ~ s l a n o v ,  Khim. lrrir. Soedin., 

1975, 526. 

162. F. Santavg9 Co l l ec t .  Czeoh. Chem. Coinnlun., 1970, 35, 2857. 
M 

6 11.S. Thakur, El. Pot&bi lov&,  and F, Santavj., , 1975, 28, 201. 

164. 11. Pot&3ilovii ,  L, Iiruban, and F. Santavj., Co l l ec t .  Czech. Chcm. 

C-, 1976, 2, 3146. 

165. A.R. Ba t t e r shy ,  It. B i n k s ,  J.J. Reynolds, and D.A. Yeowell, J. Cher:~. 

soc. - j ~ o n d o n ) ,  1964, 4257. 

166. A.R. Da t t e r sby ,  Pure Appl. Chem., 1967, l i t  117. M' 
167. E. Loete ,  J. Am. Chen. Soc. 1963, 85, 3666; Tct.  L c t t .  1965, 333. 

1.68. R.D. H i l l  and L E I .  Unrau, Can, J. Chen,, 1965, 43 709. M' 
169. A.A. Troeyan, P1.K. Yusupov, I<h.A. Aslanov, and RS, Sadyl'ov, E. 

P r i r .  Soedin., 1972, 764. 

169b. E.J. l ialaszek,  P.E. I k l s e y ,  and E.hl.Ii. C e i l i w ,  Sc ience ,  1952, 116,  225, 

170. A.R. Ba t t e r sby ,  R.B. Herbe r t ,  E. McDonald, R ,  Rruilage, and J.H. Clernents, 

Chem. Conmun., 1966, 603. 

171. A.1:. Ra t t e r sby ,  T.A. Dobson, D.N.  Foulkes ,  and I1.D. Herbe r t ,  J. Chen. 

S>, Perkin  I, 1972, 1730. 

172. A.R. Ra t t c r sby ,  R.D. Herbe r t ,  E. PlcDonald, R. Ramwe, and J .H.  Clehoents, 

J. Chem. Soc., Pcrliin I, 1972, 17hl. 

1 A.17. Ba t t e r sby ,  I'.li. Sheldrage ,  and J .A.  I l i l n e r ,  Tet. L e t t .  1974, 3315. 

1-74. A.R. Dat torsby,  P. ~ k c r ,  N.H.G. h n r o ,  and R. Ramwe, J. Chen, Soc., 

Pe rk in  I, 1974, 1399. 



175. A.R. Battersby, 'Ideas and Experiments i n  I l iasynthesis ' ,  i n  'Further 

Perspectives i n  Organic Chemistry'. Ciba Foundation Sylliposium 53  (new 

s e r i e s ) ,  p. 25. Published by Elsevier@xcorpta Ilcdica/North-Holland, 

1978. 

176. T. ICametani, El. Ihara,  M.  Takenrura, and Y. Satoh, Ileterocyolos,  1980, 

14, 817. 
M 

Received, 30th September, 1980 


