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The tropolone alkaloids - colchicine and its natural  analogs and their  p r e c u r s o r s  - have been widely 
studied in the last  two decades.  The in te res t  of workers  in them is due to the peculiar  s t ructure  of these com-  
pounds, their  s t rong influence on cell division, their  value in polyploidy and cytology, and their  use in the che-  
mo the rapyofma l ignan t tumors  and some other  fields of biology and medicine. The present  review gives infor-  
mation on the distribution of colchicine-containing plants, the tropolone alkaloids isolated f rom them, and the 
chemical  t ransformat ions  of these compounds. 

Plants of the family Lil iaceae containing colchicine and its associates  grow mainly in Europe, Africa, 
and Western  and Central  Asia. Many of  them have been investigated for the presence of alkaloids. At the p r e s -  
ent t ime. compounds of this c lass  have been detected in 15 plant genera:  

Genus Growth Site ReferenCes 
Androcymblum Northern and Southern Africa 1--5 
Angultlarla Australia 5 
Baeometra Southern Africa 5 
Bulbocod lure Central Europe 6.7 
Camptorrh iza Southern Africa 8 
Colchlcum Western, central, and southern 1--3,6,8--32, 

Europe, Asia Minor, central Asia, 34--36 
northern India, Iran, north Africa 

DIp ldax Southern Africa 5, 6 
Olorlosa Tropical and southern Africa, India, 1--4,23,37--39 

China. Indochina 
Iphlgen ia Tropical Africa, India 6,8,40 
Kreyslgla Australia 25,41,42.42a 
L it ton t a Africa 1 --4, 23,43 
Merendera Central and southern Europe, 1--3.8,10 

northern and Central Africa, Iran,  21,25,33,34, 
Hindustan 44--51 

Ornlthoglossum Southern and equatorial Africa 4--6 
Sanderson la Southern Africa 1--4 
Wu rmbaea Southern Africa 5 

A review of the l i tera ture  on the isolation of the tropolone alkaloids up to 1958 was included in a mono-  
graph by Prof .  F. ~antav~ [1] and there is also some additional information on this question in other  reviews 
[52, 531. 

The plant genera  mentioned above are  combined in Western  European sys temat ics  into the subfamily 
Wurmbaeoideae [54, 55]; the presence of tropolone alkaloids is a taxonomic charac te r i s t i c  of  the plants of this 
subfamily.  According to the plant sys temat ics  adopted for the USSR, it corresponds to the subfamily Melan-  
thioides [56]. 

It must  be pointed out that in colchicine-containing plants, in addition to the tropolone alkaloids, their  
photochemical  i somers  are present .  Charac te r i s t i cs  of some plants is also the presence  of te t rahydroisoquino-  
line and homomorphine bases [34, 55, 58-60], 

According to the available information [61-64], the colchicine-containing plants in the USSR are r e p r e -  
sented by 11 genera:  Colchieum L., Merendera  Ramond. Bulbocodium L., Anthericum L., Hemeroeal l i s  L., 
Ornithogalum L., Puschkinia Adams, Bellevalia Laoeyrouse.  Lil inm L., Tulipa L.,  E remurus  Bieb. However,  
according to F. Santavy [2] there  are no colohieine alkaloids in plants of  the genera  Ornithogalum L., Anther i -  
cum L., Tulipa L., and Hemerocal i s  L. Tropolone compounds have been detected only by qualitative react ions  
in ~he genera  Puschkinia Adams, Bellevalia LaPeyrouse , Lil inm L., and Eremurus  Bieb. 

Thus, the presence  of colchieine alkaloids has been rel iably established in only three of the plant genera  
mentioned that grow in the USSR -- Colchicum L., Merendera  Ramond, and Bulbocodium L. Colchicum L. (au- 
tumn crocus) and Merendera  Ramond (merendera) belong to the most  highly alkaloid-bearing genera  of the fam-  
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Alkaloid and its symbol 

Colchicine, A 

N -Formyld eacet ylcochicine, B 
2 -D em ethy lcolchicine, E 
3 -D emethylcolchicine, C 

Compo- [ 
sitio~l 

C.~H:aO~N 
C2~H=~O~N 

C~H~O~N 
C~oH..30~N 
G~HaaOuN 

Colchamine. F 
2 -D emethylcocharnine, S 
Colchicoside 
Colchiceine 
3 -D emeth~l-N- deacetylcolchicine, U 
Colchameme, Ta 
Speciosine 

Cot nigerine 

N-Methylcolchamine, CC-5 

6-Hydroxycolehicine, CC-12 
3 -D em etlay lcolchamine, CC-7 
3-Demethyl-N-formyldeacetyl- 

colchicine, S$ 
N -Formylcolctiamineo CC-19 

3 -D emethylcolchlcenine, L-5 

Deacetylcolchicine, M-1 

Deacetylcolchiceine, M-2 
2 -D em ethy 1 -N -form yld eacet yl - 

colchicine 
203 -Did em ethy ld eacetylc olchi - 

cine 
10,11-Epoxycolchicine . 

Colchicfline 
Alkaloid CL-1 
2 -D em ethylcolchiciline 

T A B L E  1 

ItalD inlYear I$ource of isolation 
CHCI,, of iso mp ' 'C  deg [lation~ndrefere'eaace 

-1221 L819 Colchieumautum- 
hale Il l  

!65--267 -167 1950 I Ill 
78--180 -133 1950 . [1] 
.~76--278 -263 1950 |I  ,2'21 
t84--186 -127 [950 [I] 
36--138 --120 t952 [I I 
116--218 -350 1952 [11 
[75-- 177 --256 1953 . |I] 

- -  1053 Ill 
t33~135 -211 1954 Ill 
).09-211 - 21 I 1956 Cotchleun~ speelo-. 

sum [91 
.)68--270 --150 1962 Colchlcum corr, t- 

gerum 1151 
208--212 --104 1962 Colchtcum corat- 

gerum [151 
197--199 -- 45 1963 . . 1151 
220--222 - 128 1963 . [161 
230--231 --210 1967 ,Olorlosa superba 

i3al 
187-188 -202 196 c Colchicum coral. 

gerum 126] 
179--183 -- 197( Colchlcum luteum 
(amorph. I [3o1 

1972 l~erendera robusta Amorph. - 14~ 
1331 

155--157 --185 19721 [33] 
Amorph, -- 1975 ]Glorlosa ~uperba 

1391 
Amorph. 197~ , [39J 

251--253 1976 Colchlcum lat.lfo- 
llum [371 

170--171 197( . 137| 
197( . I371 

Am~rph. 197( . [371 

! C~zH~30~N 
C,gH~,OsN 
C2oH~.~O~N 
C~sH310~N 

C~,H..IO~N 

I C:,oH °,OsN 

£:oH~,OJ~ 

C.-oH:30~N 

C,~H:IOsI~ 
C2oH~,Oel~ 

C,~H,~OsI~ 

C~H2r, Od~ 

C=~H~OTb 
C..=H~bOTb 
C=,H=~O~t' 

--237 

--121 ]- 

i l y  L i l i a c e a e .  In  t he  I)SSR they  grow m a i n l y  in the  C a u c a s u s  and in C e n t r a l  A s i a .  The  f i r s t  genus  i s  r e t 3 r e -  
s e n t e d  by  12 s p e c i e s  and the  s e c o n d  by  e igh t .  The  genus  B u l b o c o d i u m  L .  (meadow sa f f ron )  i s  r e p r e s e n t e d  by 
on ly  one s p e c i e s  [56]. 

One o f  the  s p e c i e s  of  au tumn c r o c u s  - C. s p e c i o s u m  Stev .  - g r o w s  abundan t ly  in the  n o r t h e r n  C a u c a s u s  
and d i f f e r s  f r o m  the  o t h e r  by con t a in ing  m a i n l y  two i m p o r t a n t  t r o p o l o n e  a l k a l o i d s  - c 0 1 c h i c i n e  and c o l c h a m i n e  
[241. Th i s  p l a n t  i s  a l so  c h a r a c t e r i z e d  by i t s  v e r y  l a r g e  s i z e .  I t s  c o r m s  f o r m  the  r a w  m a t e r i a l  for  the  p r o d u c -  
t i on  of  c o l c h a m i n e ,  which  i s  u s e d  in the  c h e m o t h e r a p y  of  c e r t a i n  d i s e a s e s  [65-68] .  

F r o m  c o l c h i c i n e - e o n t a i n i n g  s p e c i e s  of  p l a n t s  m o r e  t han  90 a l k a l o i d s  have  been  i s o l a t e d ,  26 of  t h e m  with  
the  t r o p o l o n e  r i n g  (Tab le  1). The  s t r u c t u r e s  of  24 compounds  have  been  d e t e r m i n e d  (Table  2). 

The  m o s t  w i d e s p r e a d  a l k a l o i d s  and t h o s e  f o r m i n g  the  m a i n  c o m p o n e n t s  in m i x h l r e s  of  t r o p o l o n e  a l k a l o i d s  
a r e  c o l c h i c t n e  and c o l c h a m i n e .  

The s o l u b i l i t y ,  c r y s t a l l i z a t i o n  ( c r y s t a l  s o l v a t e s ) ,  and c h a r a c t e r i s t i c  c o l o r  r e a c t i o n s  o f  c o l e h i e i n e  have  
b e e n  g iven  in the  l i t e r a t u r e  [74, 75l.  The  s t r u c t u r e  of  t h i s  compound  was  e s t a b l i s h e d  b y  the  e f f o r t s  o f  a whole  
s e r i e s  of  w o r k e r s .  I n v e s t i g a t i o n s  in t h i s  d i r e c t i o n ,  which  w e r e  begun  in 1883 by  Z e i s e l ,  w e r e  d e f i n i t e l y  c o m -  
p l e t e d  on ly  a f t e r  1950 b y  x - r a y  s t r u c t u r a l  a n a l y s i s  [76] and the  c o m p l e t e  s y n t h e s i s  of  the  a l k a l o i d  [77, 78]. R e -  
v i e w s  on t h e  e s t a b l i s h m e n t  of  the  s t r u c t u r e  of  c o l c h i c i n e  have  been  g iven  in a n u m b e r  of  p u b l i c a t i o n s  [1, 74, 75, 
79]. The  Other  a l k a l o i d s  w e r e  d i s c o v e r e d  and i s o l a t e d  a f t e r  t he  c o m p l e t e  s t r u c t u r e  of  e o l c h i c i n e  h a d  been  e s -  
t a b l i s h e d ,  and t h e r e f o r e  t h e i r  s t udy  a m o u n t e d  m a i n l y  to  d e t e r m i n i n g  the  n a t u r e  and p o s i t i o n s  o f  the  func t iona l  
g r o u p s  in  t h e i r  t r i c y c l i c  s y s t e m .  

Co l ch i c ine  (I) and i t s  n a t u r a l  a n a l o g s  ( see  T a b l e  2) c o n s i s t  of  t h r e e  c o n d e n s e d  n u c l e i  wi th  v a r i o u s  f u n c -  
t i o n a l  g r o u p s :  an a r o m a t i c  s i x - m e m b e r e d  r i n g  wi th  f r e e  o r  a l k y l a t e d  h y d r o x y  g r o u p s  ( r ing  A),  a c y c l o h e p t a d i e n  
r i n g  wi th  an a c e t a m i d o ,  a m i n o ,  o r  a l k y l a m i n o  g roup  ( r ing  B), and an a r o m a t i c  s e v e n - m e m b e r e d  r i n g  wi th  c a r -  
b o n y l  and m e t h o x y  ( r a r e l y  h y d r o x y )  g r o u p s  (the t r o p o l o n e  r i n g  C). 

In the  known t r o p o l o n e  a l k a l o i d s  ( apa r t  f r o m  c o r n i g e r i n e )  the  C 1 p o s i t i o n  of  r i n g  A is s u b s t i t u t e d  by  a 
m e t h o x y  g r o u p .  At  the  s a m e  t i m e ,  on ly  r e c e n t l y  h a s  a compound  been  i s o l a t e d  with  two h y d r o x y  g r o u p s  in r i n g  
A ( 2 , 3 - d i d e m e t h y l d e a c e t y l c o l c h i c i n e )  and an epoxy  g r o u p  in r i n g  C ( 1 0 , 1 1 - e p o x y c o l c h i c i n e ) .  



T A B L E  2 

Alkaloid 

Colchicine (I) 
N-Formyldeacetylcolchi- 

cine 
3 -Demethylcolchicine 
Colchamme 

2-Demethylcolchicine 
2-Dernethylcolchamine 
C olchicosid e 
Colchlceine 

R= 

CHs 

~H 3 

CH3 
CH3 

C~H.O~ 
CH~ 

R' 
R 2 0 ~  H Ra 

RaO ~0 -, 

OR 4 

Rz R3 [ R~ 

CHa CH3 

CH3 CH3 
CH:~ CHa 
CH~ CH3 

H CH3 

C H:~ 
CH3 

CHs 

CHa 
CH3 
CH3 

CH3 
CH3 
CH3 
H 

R~ 

COCH3 

CHO 
COCHa 
CH 3 " 

COCH3 
CH3 
COCH3 
COCH3 

3-Demethyl-N-deacetyl- 
colchicine 

Colchameine 
SPoeCiosme 

rnigerine 
N -Methylcolchamine 
3 -Demethylcolchamine 
3-Dernethyt-N-formyld e- 

acetylcolchicine- 
N -Formylcolc hamine 
3-Demethylcolchleeine 
Deaeetylcolchicine 
Deacetylcolchiceine 
2-Demeth~l-N-formylde- 

acetylcolchicine 
2,3-Didemethyldeacetyl- 

eolehicine 

H 
CH3 
CH~ 
CH3 
CH:~ 

H 

CH3 
CH~ 

CHa 

CH3 CH:~ 
CH3 CHa 
CH3 CH~ 

CHo-- 
CH~ CHa 
CH:~ CH:~ 

CH~ CH3 
CH~ CHa 
CHa CHa 
CH.~ CH.~ 
CH~ CH; 
1t CHa 

H CH3 

CHa 
H 
H 
CHu 
CH~ 
CHs 

CHa 
CHa 
H 
CH3 
H 

CHa 

C H3 

H 
H 

CI- a 
H 

C1- 3 
H 

H 
CI-3 
H 
H 
H 

H 
C1-13 

C H..,C6H,OH 
COCH~ 
CHa 
CHa 

CHO 
CHO 
COC H3 
H 
H 

CHO 

H 

"'°" ¢0 
U' OGH, 

6-Hyorox~colchi- 10,11-Epox~vcol - Colchiciline 
cine (2143 chicine "(3Ta) ~6~ -,hydroxyeolchicine) 

Usla) 

Reference 

1,74,75 

57 
197 
100, 
107, 
1650 
175 
197 
69 

70,19~ 
1,74,75 

212 
69,165 
71,73 

72 
16,165 

16 

38 
26 
3O 

1,33 
1,33 

3) 

39 

In view of  the  fac t  t ha t  c o l c h i c i n e  i s  the  m o s t  a c c e s s i b l e  a l k a l o i d  of  au tumn c r o c u s e s  and b o t a n i c a l l y  r e -  
l a t ed  p l a n t s ,  the  p r o p e r t i e s  of  the  t r o p o l o n e  a l k a l o i d  a r e  c o n s i d e r e d  m a i n l y  in r e l a t i o n  to t h i s  compound .  C o l -  
ch i c ine ,  i t s  t r o p o l o n e  a s s o c i a t e s ,  and t h e i r  p h o t o c h e m i c a l  i s o m e r s  be long  to the  s e r i e s  o f a c y c l i c  a l k a l o i d s .  
The p r e s e n c e  in m a n y  of  t h e m  of  a N - a c e t y l  o r  N - f o r m y l  g roup  i m p a r t s  a v e r y  f eeb le  b a s i c  n a t u r e  to t h e m .  At  
the  s a m e  t i m e ,  compounds  con ta in ing  a p r i m a r y  o r  s e c o n d a r y  amino  g roup  p o s s e s s  s t r o n g e r  b a s i c  p r o p e r t i e s .  

N u m e r o u s  t r a n s f o r m a t i o n s  of  c o l c h i c i n e  and s o m e  o f  i t s  t r o p o l o n e  a s s o c i a t e s  have  been  p e r f o r m e d .  B e -  
low we c o n s i d e r  the  r e a c t i o n s  of  t h e m  tha t  involve  the  a r o m a t i c ,  c y c l o p e n t a d i e n e ,  and trol~olone r i n g s  o r  the  
whole  t r i c y c l i c  s y s t e m .  

The  A r o m a t i c  Ring (A). In add i t i on  to r e a c t i o n s  invo lv ing  the  a c y l a t i o n  and a l k y l a t i o n  of  the  h y d r o x y  
g roup  in the  pheno l i c  compounds ,  the  t r o p o l o n e  a l k a l o i d s  m a y  a l so  r e a c t  as  a r e s u l t  o f  the  m o b i l i t y  of  the  h y -  
d r o g e n  in the  C 4 pos i t i on .  The s a t u r a t i o n  of  the  a r o m a t i c  r i n g  of  t h e s e  compounds  by o x y g e n - c o n t a i n i n g  func -  
t i o n a l  g r o u p s  i n c r e a s e s  the  m o b i l i t y  o f  t h i s  h y d r o g e n  a t o m  and c r e a t e s  f a v o r a b l e  cond i t ions  fo r  e l e c t r o p h i l i c  
a t t ack .  H o w e v e r ,  the  i n s t a b i l i t y  of  t h e t r o p o l o n e  r i n g  with r e s p e c t  to v a r i o u s  r e a g e n t s  does  not  p e r m i t  C 4 
d e r i v a t i v e s  to  be ob t a ined  by  t h e i r  d i r e c t  ac t i on .  C4-Subs t i tu ted  compounds  a r e  ob ta ined  by the p r e v i o u s  f o r m y l -  
a t ion o f  the  a l k a l o i d s  with d i ( c h l o r o m e t h y l )  e t h e r  in the  p r e s e n c e  o f  s t a n n i c  c h l o r i d e  o r  a l u m i n u m  c h l o r i d e  [80- 
84]. The  i n t roduc t i on  of  the  r e a c t i v e  a l d e h y d e  g roup  into the  m o l e c u l e ,  wi thout  a f fec t ing  the t r o p o l o n e  r i n g ,  
e n a b l e s  the  fo l lowing  C 4 d e r i v a t i v e s  o f  e o l e h i c i n e  (t) to be ob ta ined .  S t a r t i n g  f r o m  4 - f o r m y l c o l c h i c i n e  (II, 
S c h e m e  1), the  s y n t h e s i s  has  been  e f f e c t e d  of  4 - h y d r o x y m e t h y l c o l c h i c i n e  (III) [81, 85], 4 - d i c h l o r o m e t h y l c o l c h i -  
c ine  (IV) [81, 84], 4 - c a r b o x y c o l c h i c i n e  W) [81, 86], 4 - m e t h o x y c a r b o n y l c o l c h i c i n e  (VI) [86], 4 - c y a n o c o l c h i c i n e  
WII) [81, 87], and 4 - f o r m a m i d o c o l c h i c i n e  (VIII) [88]. 



li~CO ~ (  "~OC~.~ H~CO~V ~" H~CO",~y/"I 
Xl|l W H 

H~CO 
iv, R=CMt%P 2 ,,', R= CHeCe 
v. R=COOH x.R=NH~ 
w. R=COOCt% xI.R=OH 
wl. R=CN x,. E= OCH~ 
w v..E= NHI]HO 

0 & =hr... , .yr. B.= OCH s _ 
"S{] ~/I  xv..R= SCH 3 K 

/ 

m asc~ 0 
1%00 \ CH2OCONHR 

HsCO-~/~ 
HsO0 

xw-R=O,2Hs, n-O3H 7, 
CH~CH =13 H2, n-[~4H B, 
c~clo- C~H,, 0 B H s 

m-CsH~.C8, p- CeHaC£ 
P- C m H 7 (a-naphtyt) 

CH2 

3~O.-~p..z..  ~ ¢o "" \ 
H3r~O [ \~L OH3 R'N"" 

0.~,,@ ~] OI]H3 lt3[]O " ~ 0  

SCH3 $0H3 xvm. R = COCH s SO"3 
xv xJx. R=H 

Scheme 1 

4-Chloromethylcolchicine (IX) [89] and the 4-amino, 4-hydroxy, and 4-methoxy derivatives {X-XII) [91-93] have 
been isolated in a somewhat different manner. 

Starting from 4-hydroxymethylcolchieine, some of its es ters  have been synthesized - 4-formyloxymethyl- 
colchicine (XIII) [93] and alkyl and aryl isocyanates (XIV) [94]. 

C4-Substituted compounds have also been obtained from amino and thio derivatives of colchicine - amino- 
colchicine [81, 90], methylaminocolchicine [81, 92, 95], dimethylaminoeolchicine [81], thiocolchicine (XV) [81, 
83, 84, 86-90, 96-99], di(colchicin-4-yl)methane (XVI) [89, 96], colchicin-4-ylthiocolchicin-4'-ylmethane (XVII) 
[96], di(thiocolchicin-4-yl)methane (XVIII) [89, 96], and bis(N-deacetylthioeolchicin-4-yl)methane (XIX) [ 96]. 

The cycloheptadiene ring (B) of the colchicine alkaloids, as already mentioned, contains a free, methyl- 
ated, or aeetylated amino group. Accordingly it can undergo alkylation, acylation, or deacylation reactions or 
the elimination of the amino group as a whole. In dilute acids [101-103] and alkaloids [102] the methoxy group 
of the tropolone ring of colchicine is readily hydroylzed with the formation of colchiceine (XX, Scheme 2). 
Colchiceine is also formed by the acid hydrolysis of isocolchicine (XXI) [103, 104]. Under more severe condi- 
tions or when the reaction is prolonged, colchieeine is converted into deacetylcolchiceine (trimethylcolchicinic 
acid, XXII) [102, 105, 106]. (See Scheme 2 on following page). 

The amide hydrogen in colchicine and other N-acylated alkaloids is completely inert and is not replaced 
by alkyl or acyl groups. Compounds containing amino and methylamino groups are readily alkylated and acyl- 
ated, and therefore N-methylcolchicine can be obtained only by the acetylation o f  colchamine [100, 107]. 
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[: 1 oH, .,CO "ioCH  ¢o 
• ×x ~",~/'"0 \ 

r DOH~ OH \ 

H~ H300 ~ 
XXII T 

H3 C O l / ~ , . ,  NH 
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"G 

Scheme 2 

The reactiOns of the colchicine alkaloids with aklyl iodides take place differently according to the sub- 
stituting groups on the nitrogen atom. Compounds with a N-acetyl  or a N-formyl  group do no t fo rmmeth iod ides ,  
but those with a p r ima ry  amino group form them through the hydriodides of the N-methyl  derivat ives.  

H = c o ~  x- . .  

,SCII 3 xxlv.X=llll xxv 

Scheme 3 

i-%co ~-'%/-,.r~_ ( 
H3OO ~__~- COOR 

~i xvt. R= CH 3 
xxvn.R=lJ 

The Hofmann degradation has been per formed of the methiodide of N-deaeetylthiocolchicine (XXIII, 
Scheme 3) [108] and of the methiodide of the methyl ether of colchinol (XXX, Scheine 4) [109] and some of its 
analogs [110]. In this way, (XXX) yielded the methyl ether  of deaminoeolchinol (XXXI). 

On the Hofmann degradation of (XXIII), its tropolone r ing r ea r r anges  into a benzene r ing and compound 
(XXV) is formed. The hydrogenation of this substance in the presence  of Raney nickel leads to the splitting out 
of the methylthio group and the formation of compound (XXVI), which is hydrolyzed to the carboxylic acid 
(xxvil). 

, , c o ~  ?o - - I , " , , , - = (  
HsCO ~, ~ CH~ , , < / ' = < .  i(OH-] 

x~'.,, -'-" OCH3 ~ x xxl 

XXXIII .~ x x x I I  . / /  XXXI 

XXXIV XXXV 

Scheme 4 

In some colchicine derivat ives  the elimination of an aeetamide o r  amino group takes place through a 
stage of the formation of a methiodide. The action of phosphorus pentoxide on the methyl ether of N-aee ty l -  
colchinol (XXVIII, Scheme 4) splits out its aeetamide group with the formation of the methyl ether  of deamino-  
colchinol (XXXI) [ l l l l .  Hydrolysis  of the N-ace ty l  group of (XXVIII) with acid leads to the methyl ether of 
eolchinol UCXIX) [146], which, after  the diazotization reaction,  is converted into the carbinol 0CXXII) [213]. 
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H, C O y ~ . . .  N/R 
H a C O ~ H  \H 

ll~CO 

~ y / ~ l ]  . 

R 

Compound R R' iReferences COmpound- '~ R' Leferences 

XLIII OCHa LI SCHa 126 

XLIV 

XLV 

XLVI 

XLVII 

XLVIII 

XLIX 

SCHa 

OCHa 

OH 

SCHa 

N(SCHs~: 

OH 

SCHa 

COCH.~CHa 
CO(CHt):CHa 
CO(CHD4CHa 
COCoHs 
COICH~)nCHa 
n=7-10 
COC~H:(OCHa)a 
COC~H,NHCOC Ha 
COCH,.,X 
X=-CI, Br, F, J 

COCH,X 
X=CI, Br, F 
COCHX 
X=CI, Br, F,] 
COCHaX 
X=C1, Br, F, J 
COCHCL. 
COCH~CH2CI 
COCFs 
CONHCoH~ 
CONHCgHI~ 
~2NHCv, H- -naphthyl) 

118--120 
118,119 

120 
121 

121,122 
123 
124,125 

124 

124,125 

124,125 

124 

126 

.I 

LIII 

LI¥ 

LV 

LVI 

SCH: 

SCHa 

SCH: 

SCH:~ 

CSNHC~H~ 
CSNHC~Hn 

CSNHCaH~ 
CSNHCt~H 7 
(a -naphthyl) 
CSNFfC~oH7 
(8 -naphthy 1) 
LSNHCHecH=C H~ 
CONHC~HI~05 
(~ -D -glucopyranosyl) 
CONH1261t~O{ OcOCH'0 
(~ -D -glucopyranosyl) 
CSN H Cr, H ~0 (0 COCHa)a 
(8 -D -arabinopyranosyl) 
CSNHCsHoO(OCOCH~h 
(a -L-arabinopyranosyI) 
CSNCe, H~O(OCOCH3)~ 
(~ -D-glucopyranosyl) 
COCH;7.CH~.COO H - 
COCH~CH,.,CHeCOOH 
COC H =CHCH,COOH 
OI L Oal, Rib, 
Xyl, Ara, Lyx 

126,127 
128 

128 

129 

130 

131.132 

The la t ter ,  on dehydrat ion with phosphorus  pentoxide is conver ted  into the methyl  e the r s  of deaminocolchinol  
and isodeaminooolohinol  [(XXXI) and  (XXXIII), r e spec t ive ly ]  [112,113]. The hydrogenat ion of (XXXI) over  
pa l lad ium leads to the dehydro der iva t ive  (XXXIV) [113]. Dist i l lat ion of the methyl  e ther  of deaminocolchinol  
with zinc dust conver t s  it into 6-methylphenanthrene  (XXXV) [109], the s t ruc tu re  of  which has been conf i rmed 
by synthes is  [114, 115]. 

The s e v e n - m e m b e r e d  nature  of r ing  B in colchtcine has  been definitely conf i rmed by syntheses  of the 
methyl  e the r s  of  N-acety leolchinol  [116] and of  colehinol [117]. 

The N-ace ty l  group of oolchictne can be r ep laced  by other  functional groups.  The convers ion  of deace ty l -  
colchiceine (XXII, Scheme 5) into deace tamtde-7-oxoco lch to ine  (XXXIX) has  been  desc r ibed  [133]; by  the ac t ion  
o fN-ch lo rosucc in imide ,  CKXII) is conver ted  into N-ch lorodeace ty lco lch ice ine  (XXXVI) which, on t r e a t m e n t  with 
alkali ,  f o r m s  the imine 0CXXVII). On acet ic  acid, the l a t t e r  is conver ted  into (XXXVIII), which is methyla ted  by 
d iazomethane  to (XXXIX). 

xxll - '"NHCt --"- NH . . . .  O 

x xxw kx kv11 ~ / / ~ 0  

/ R 
i,../__~ CH ;N H ~\/__~H~ OH 
}l I "~N ~ ~ ~ ~:o ,~v,,.R=DH 

,a,. XLJ ,(c. R=NH~ 

Scheme 5 

Under  the action of sodium methanolate ,  the amide of deaoe tamido-7-oxocolch ic ine  (XL) f o r m s  the 6 -hy-  
d roxymethy l  der iva t ive  CKLI) which, on reac t ion  with hydraz ine  hydra te ,  is conver ted  into CB, CT-pyrazolode-  
acetamidooolchioeine  amtde (XLII) [ 1 34]. 

Var ious  compounds have been synthes ized f rom N-deaoe ty la ted  colchicine der iva t ives :  N-acy l  0CLIII, 
XLIV, Table  3), N-ha loace ty l  (XLV-XLIX), N-a lky loa rbamoy l  (L), N-a lky l th iooarbamoyl  (LI), g lycopyranosy l -  



carbamoyl  (LID, pe r -O-ace ty lg lycopyranosy lca rbamoyl  (LIII), pe r -O-aee ty lg lycopyranosy l th iocarbamoyl  (LIV), 
and N-carboxya lky l  (LV) der ivat ives ,  N-osides  (LVD, and a number of other substances.  

The cycloheptadiene ring of the colchicine alkaloids contains an a symmet r i c  arbon atom - C 7 - which ex-  
plains their  optical activity. Natural  colehieine is a levorota tory  compound. Corrodi  and Hardegger  [135] 
have racemized  it in alcoholic alkali in the form of benzyl idene-N-deacetylcolchiceine and have separa ted  the 
react ion product with the aid of ot-camphersulfonie  acid into optical antipodes. By subsequent acetyla t ion and 
methylation o f  the lat ter  they isolated the levo- and dext roro ta tory  optical i somers  of colchieine. 

Corrodi  and Hardegger  [136] have also established the configuration of the substituent at the C? atom of 
eolchicine. The vigorous oxidative cleavage of the alkaloid with ozone followed by the oxidation of the ozoniza-  
tion product with pe r fo rmic  acid gave them N-aee ty l -L-g lu tamic  acid (LVID. 

/OH£-CH 2 
HO00 " ",t,. O'"NHOOCH3 

LV~ 

This amino acid contains the same a symmet r i c  carbon atom as is present  in the alkaloid molecule.  N- 
Ace ty l -L-g lu tamie  acid is cenfigurationally re la ted to ~ -g lyce ra ldehyde ,  and on this basis for colehicine and 
re la ted compounds the absolute configuration (I) has been suggested (see Table 2). 

Santa~'y et al. [137] have c o n f r m e d  these authors '  resul ts  by a study of the optical ro ta to ry  d ispers ion of 
eolchicine and its derivat ives.  

The confirmation of the amino group of the colehicine alkaloids has been studied by V. V. Kiselev and 
M. E. Pe re l ' son  [138]. On the basis of the presence  of a t rans-d iaxia l  coupling constant in the PMR spect rum,  
these authors concluded that the proton at C 7 was axial and, consequently, the amino group was equatorial .  

The Tropolone Ring C. The react ions taking place with a change in the substituents in this s e v e n - m e m -  
bered ring or  t ransformat ions  of  the r ing itself mainly determine the specific proper t ies  of the colchicine 
alkaloids. Like other  tropolone compounds, these alkaloids are capable of forming salts in view of the basic  
proper t ies  of the tropolone sys t em [139-141]. Consequently, the colchicine alkaloids with basic proper t ies  
form dihydroehlorides and other analogous salts. 

The carbonyl group of the tropolone alkaloids does not form functional derivat ives,  while the methoxy 
group is very  mobile and is readi ly  saponified or  replaced by other functional groups.  These proper t ies  and 
the ease of hydrolysis  under the action of acid and alkalis are due to an enhancement of the acidic proper t ies  
of the trepolone hydroxyl under the influence of the neighboring carbonyl group. The tropolone hydrexy group 
posses ses  the proper t ies  that are charac te r i s t i c  of phenols and enols. 

Charac te r i s t ic  of the free,  nonesterif ied,  tropolone sys tem are two tautomeric  forms - (LVIIIa) and 
{LVIIIb) (Scheme 6) [139-141]. The methylation of unsymmet r ica l ly  substituted tropolones such as eolchiceine 
with diazomethane correspondingly forms a mixture of two i somer ic  methyl ethers.  One of them belongs to 
the n se r ies  - to the colehicine (I) ser ies  - and the other to the iso ser ies  - the isocolchieine (XXI) se r i e s  
[103, 104, 142]. Similarly,  on methylation, deacetylcolehiceine forms deacetylcolchicine and deace ty l i socol -  
chicine [143], and eolchameine gives colchamine and isocolchamine [1071. 

IErl 3 O-- H O-...H 0 
L, Vi l l  XX|  

Scheme 6 

The action of other diazoalkanes on eolchiceine gives its ethyl, propyl, allyl, and butyl ethers  [57, 118, 
120]. The alkylation of colchiceine with diethyl sulfate in an alkaline medium leads to the ethyl e thers  of co[-  
ehiceine and of isocolehic3ine [104]. 



The tropolone hydroxyl  of colchiceine is also alkylated by alcohols in the p resence  of hydrogen chloride,  
but with a low yield of the e the rs  [106, 109, 144]. In ethanolic solution in the p resence  of p-toluenesulfonic 
acid, colchicine undergoes  a t r anses te r i f i ca t i0n  reac t ion  giving as the main product  the ethyl  e ther  of col-  
chteeine with a smal l  amount of the ethyl  e ther  of isocolchiceine as impur i ty  [104]. In spite of its acidic 
na ture ,  colchiceine also undergoes acetylat ion and benzoylation [120, 145, 146]. 

In aqueous and ethanolic solutions,  t ropolone alkaloids with a f ree  hydroxy group (colchiceine and anal- 
ogs) give an emera ld  green  colorat ion with f e r r i c  chloride.  The color  of the solution does not change on acid-  
ification. Where  the hydroxy group is methylated,  it is previous ly  hydrolyzed under  the action of mine ra l  acids.  
This color  reac t ion ,  known as the O b e r l i n - Z e i s e l  reac t ion  [1, 101, 102], is one of the most  important  reac t ions  
for  detecting the p re sence  of colchieine alkaloids. 

Of the specif ic  t r anso rma t ions  of colchieine alkaloids due to the p resence  of the tropolone ring,  most  
in te res t  is p resen ted  by substitution and r e a r r a n g e m e n t  reac t ions .  

Substitution reac t ions  in t ropolone compounds may be both e lect ropht l ie  and nucleophilic.  Elect rophi l ic  
substitution reac t ions  have been fa i r ly  well  studied in re la t ion to simple t ropolone der ivat ives  but have sca rce ly  
been investigated at all for the colchicine alkaloids, with the exception of the ni t rat ion of colchiceine {XX, 
Scheme 7) in acet ic  acid [147]. The ni t ra t ion of (XX) gives a mononitro der ivat ive which can be reduced ca ta ly-  
t ica l ly  to an amphoter ie  amino der ivat ive .  Diazotization of the la t ter  leads to a r e a r r a n g e m e n t  of the tropolone 
r ing and to the format ion  of a hydroxy carboxyl ic  acid. Because of t au tomer i sm in the t ropolone r ing of the 
alkaloid these  t rans format ions  can be i l lus t ra ted  by two schemes  and the der iva t ives ,  respec t ive ly ,  by s t r uc -  
t u re s  (LX)- (LXII). 

j 0 
OH 0 

-.., H2 i Q O~ / 2N 

COOH l.x= LX= 

"OH HOOC" 'OH 
LXII  I-,Xll 

Scheme 7 

Nucleophilic substitution reac t ions  of t ropolone alkaloids have been studied in fa i r ly  grea t  detail .  The 
action o f v a r i o u s  antonoid reagents  on colchicine has given a large  number  of amino, alkylamino, acylamino 
(LXIII, Scheme 8), dialkylamino (LXIV), and alkylthio der ivat ives  (LXV). (See Scheme 8 following page). 

Dico lch ie idy l -L- lys ine  [161 ], colchicidylglycylglycine,  and colchic idylglycyl-D-val ine  [156 [ have also 
been obtained. 

Reactions forming amino der iva t ives  are  pe r fo rmed  in ethanolic and aqueous solutions by the action of 
:ammonia or  var ious amines and the i r  der iva t ives .  Thioalkyl  der iva t ives  are obtained by the action on col-  
chic[he of alkyl mercap tans  in the p resence  of p- toluenesulfontc  acid or  zinc choride.  

Amino der iva t ives  of colchiceine (colchicine) a re  known, such as colcichine(alkyl)amides [151, 162], col-  
chiceine(alkyl)amides [102, 150, 158, 163, 164], (alkyl)aminocolchiceines [149], (N-alkyl)colchicamides [119, 16 
t ropaminones  [167-169], and (alkyl)colchaminones [170]. 

The hydrolys is  of thiocolchicine with dilute acid leads to a mixture  of deacetyl thiocolchieine and deacetyl  
isothiocolchieine (4%). Aeetylation of the la t te r  with acet ic  anhydride gives isothiocolchicine (LXVI) [ 171]. 

The action of methyl  mercap tan  on isocolcMcine in the p re sence  of p- toluenesulfonic  acid also forms thic 
colchicine [159]. The reac t ion  of [socolchicine with methyl  mercap tan  leads to a mixture  of pseudothiocol-  
chicine and isothincolchicine [171]. The N- and S-alkyl  groups of these  compounds, unlike methoxyl  in a 
t ropolone ring, a re  stable to acid hydro lys i s .  By the action of dilute acids on amino and thio der iva t ives  of the 
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R=H I102, 104, 148--150], CH3 [148--1521, C~Hs, CsH, [148, 
150--152], CH,CH=CH~, CH(CHs)2, CH2CH2NH~ [151, 1521,. 
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[152[, C6OC;H~ [1491, CH._,CH_,OH [149, 1501, CH2COOH, 
CH.,CH.,COOH'[I~Sa], CH(COOH)CH,_,CH,,COOH [1541, (CH3)2- 

(~H (N'H2) COOH, (CH._,)4CH (NH:)COOH, HC (COOH)(CH.~)a- 
NHC(=NH)NH., [155, 1561, (CH2)~N(C.,H;,)~, (CH~)sN(CH3h, 

(CH=).~N (C,H:,}.., 1t~71, C:,GN..,-C._~H, (h ,$t~ne)  [1521. 
R z= R'=CHa [150--152, 158], CeH~, [149, 150, 152], CH2CH.~OH 
11501. R'=CH:,; RU=CsH: 1152], Rt,-q-Ru=CaH,o ( ): 
11521. 
Rm=CH:,, C.~H:,, CH:Cc.H5 [159, 1601. 

tropotone alkaloids it is possible to obtain deacetylated reaction products preserving the substituents in ring 
C without change [106, 154, 156, 159, 160, 172-1741. However, in alkaline solutions oolchiceine amides hy- 
drolyze to colchicoine [102, 104, 120]. An alkylthio group, like a methoxy group, is capable of being replaced 
by an amino group [173]. 

Thiocolchieine is oxidized by monoperphthalie acid to two isomeric S-oxides (LXVII, Scheme 8), in which 
the isomerism is due to the presence of an asymmetric S atom. These oxides are reduced by sodium bisulfite 
to the initial thiocolchicine [1721. The reduction of thiocolchicine {XV) in the presence of Raney nickel gives 
colchicide (demethoxycolchieine, LXVIII) [173]. On the basis of this compound, it has become customary to 
call amino and thio derivatives of the tropolone alkaloids aminocolchicides and thiocolchicides, respectively 
[173-1751. 

With hydrazine hydrate, colchieine forms compound (LXIX) (Scheme 9), which, on condensation with ace- 
tone and with methyl ethyl ketone, gives the crystalline products (LXX) and (LXXI) [176]. (See Scheme 9, follow- 
hag page). 

The reaction of colchieine with guanidine leads to two imidazole derivatives - aminocolchimadazole 
(LXXII, 1R =NH 2) and colehimidazolylcolchaminone (LXXIII) or colchamidazolylcolchicamide (LXXIV) [176, 
1771 - and the reaction with thiourea leads to thiocolchimidazole (LXXII, 1R =SH) [176]. 

Reactions involving the rearrangement of the tropolone ring of the eolchicine alkaloids take place under 
the action of various reagents - aqueous solution of alkalis [178], alcoholates [149, 178, 179], hydrogen peroxide 
[180], hypoiodite [146, 181, 1821, hypobromite [146, 183], sodium methyl sulfide [176], and some other com- 
pounds. As a rule, the reaction is performed in an alkaline medium and leads to hydroxy and carboxy deriva- 
tives of benzene. 

On brief heating in methanol solution with a catalytic amount of sodium methanolate, colchicine is con- 
verted into methyl colchicinate (allocolehicine, LXXVI) [104, 149, 178, 179, 184, 185]. The use of aleoholates 
of other alcohols in this reaction gives the corresponding esters of colchicinic acid (allocolchieiene, LXXVII) 
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Scheme 9 

[149, 179]. However ,  in the m a j o r i t y  of eases ,  instead of the expected e s t e r ,  the earboxyl ic  acid (al locolchi-  
ceine,  LXXV) is isolated,  the e s t e r  fo rmed  being hydro lyzed  in an alkaline aqueous medium.  

H 
3 , t~ \ -  .NH 

!H~'EEl~x.~-x/ CD H ~ CO 3C0 ~ , ,, 

" "~%---~COOff 0 

L~v. ~=cea; ~--H ~CO~...NH 
Lxxv,. R=P,~ CH~ H 3 C O ~  1 ,~H 
Lxxv,,. R=~H~; P~=C;2H 5 HsCO ~ Ct) L××L× 

P.-- [~3H7 
,Lxxvm.R=H; P~--CH 3 "--"S CH3 

LXXX 

As a r e su l t  of a r e a r r a n g e m e n t  of r ing  C under  the action of an alcoholate,  isocolchicine [104, 170], th io-  
colchicine [159, 171], and isothioeolchieine and pseudothiocolchicine [171] a re  also conver ted  into a l loeolchi-  
ceine.  On methyla t ion with d iazomethane,  a l locolchiceine fo rms  allocolchicine [!78-180]. 

Analogs of aUocolehieine and al locolchiceine a re  also obtained f rom var ious  t ropolone a s soc ia t e s  of col-  
chicine.  Two compounds of this s e r i e s  - al locolehicine (LXXVI) and 3-demethyla l locolchic ine  (LXXVIII) - h a v e  
been isolated f r o m  a plant [186]. 

In the r eac t ion  of colehicine with a sodium methyl  sulfide no r e a r r a n g e m e n t  of the t ropolone r ing is ob-  
s e rved  and thiocolehiceine (LXXIX) is fo rmed  which, under  the action of d iazomethane,  is conver ted  into th io-  
oolchicine (methylthiocolchicide) [176]. The action of sodium methyl  sulfide on thiocolchicine leads to the 
fo rmat ion  of a mix tu re  of aUocolchiceine and a neu t ra l  compound with a T - l a e t a m  grouping (LXXX) [18~]. 

The reac t ion  of colchiceine (XX) with hal ides in an alkaline m e d i u m  fo rms  reac t ion  products  with the 
l o s s  of one carbon a tom f rom the t ropolone r ing,  phenol de r iva t ives  being formed.  Hypoiodite conver ts  (XX) 
into N-ace ty l iodoco lch ino l  (Scheme I0 ,  LXXXI),  which, on reduct ion with zinc in acet ic  acid, is conver ted into 
N-acety lcolchinol  (LXXXI I)  [ 146]. The same  substance  is fo rmed  f rom col ehieeine d i rec t ly  by the action of 
hydrogen peroxide  [180J. (See Scheme 10 following page). 

The definit ive s t ruc tu re  of  N-acety lcolchinol  was put forward  by Cook et  al. [112]. 

N-Acetyleolchinol  has  also been obtained f rom al loeolchiceine (LXXV): by the Schmidt reac t ion ,  (LXXV) 
is conver ted  into the amide (LXXXIV) which, a f ter  diazotizat ion,  is conver ted  into (LXXXII) [179]. Under the 
action of d iazomethane  or  dimethyl  sulfate,  (LXXXI) and ( L X X ~ I )  f o r m  the methyl  e the r s  (LXXXIII) [180]. 
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The action on colchiceine of bromine in acetic acid leads to t r ibromocolchiceinic  acid (LXXXV, Scheme 
117 [146, 183]. On being heated in solutions of carbonates ,  this acid is decarboxylated and is converted into N- 
aeetyl t r ibromocolchinol  (LXXXVI) [183]. The lat ter  is reduced by zinc in acetic acid to N-aee ty lb romocol -  
chinol (LXXXVID. and fur ther  by zinc in alkalis to N-acetylcolchinol  (LXXXIIT. The action cf  bromine on col-  
chiceine and on N-acetylcolchinol  in an alkaline medium converts  them into N-a_cetyldibromoeolehinol 
(LXXXVIIIT. This compound is reduced by zinc in acetic acid to N-acetylbromocolchinol  (LXXXXgII) and fur ther  
by zinc in alkaline solution to N-acetylcolchinol  (LXXXII). 

co Hi co 

/ Br 014 
[J ×x 0 / / Lxxxv , , , - -  

II , f /  

HCOC 
= 0 ~r OH OH 
LXXXV LXX~W LXXXV. LXX×. 

Scheme 11 

Under the prolonged action of sunlight or  on irradiation with UV light, the tropolone alkaloids undergo 
photochemical  isomerizat ion.  Three types of photochemical i somers  of the tropolone alkaloids a re  known, 
being assigned to the ~, d, and y ser ies ,  A photochemical  i somer  of the a se r ies  is obtained only from col-  
chicine and has the d imer ic  s t ructure  (LXXXIX) [188]. 

h 3 ~o. OCH 3 H~C~__. OOH 3 

H3 ~ 3  HNCOCH3= 

LX×XI× 

Photochemical  i somers  of the B and y ser ies  (XC and XCI, respectively)  have been isolated both f rom 
plants and by the irradiation of many of the tropolone alkaloids and some of their  derivatives [34, 57, 58, 189, 
190]. These compounds have been widely discussed by Kuhn et al. [190]. (See Scheme on following page). 

Reduction Reactions. The hydrogenation of colchicine in the presence  of Adams catalyst  leads to a hexa-  
hydro derivative (XCII, Scheme 12) [191, 192]o When platinum oxide is used for the reaction, together with 
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(XCII) the isomeric demethoxyhexahydrocolchicines (XCIVa and XCIVb) are formed [147, 191, 192]. The latter 
are also obtained by the hydrogenation of thioeolehicine (X-V) in the presence of palladized R aney nickel [172]. 

 iaf 1 c, OCH~ R I]H OH 
XCII z, R=(]CH3(aJ c xcv xcw 

x'J,R.= SCH 3 (b} 1 
xx, E=OH (c) 

Xgglll OfiH 3 ×c,va. R=H; R'=OH OH xcvu 
XClll ×c=vb. R'=H; i~.= (]H XClX 

Scheme 12 

The hydrogenation of colchiceine (XX) over Raney nickel converts it into hexahydrocolchiceine (XCV), 
which is a diel. Periodate oxidation of the latter forms the dialdehyde (XCVII) which undergoes the aldol con- 
densation and cyclizes to the monoaldehyde (XCVIII). This reaction was one of the most important confirma- 
tions of the seven-membered nature of ring C in colehicine [145]. In the presence of a palladium catalyst, col- 
ehiceine hydrogenates to a tetrahydro derivative (XCIX) [145]. 

Thus, in the hydrogenation of the tropolone alkaloids complete saturation of the tropolone ring cannot be 
achieved, and the hexahydro derivatives obtained retain an ethylenic double bond. Its presence in hexahydro- 
colchicine and hexahydrocolchiceine has been established by their oxidation with perphthallc and perbenzoic 
acids to the corresponding epoxy compounds (XCIII, XCVI) [145]. 

The successive splitting out of the individual functional groups in dimethylaminocolchicide (C, Scheme 13) 
on hydrogenation by methods excluding rearrangement  leads to octahydrodemethoxydeoxydeacetamidocolchicine 
{CV) [158, 164]. On hydrogenation in the presence of platinum oxide and palladium, dimethylaminocolchicide is 
converted into tetrahydrodemethoxycolchicine (CI}. The reduction of its dithioacetal (CIII) with Paney nickel 
le~ids to hexahydrodemethyoxycolchicine (XCIV} and hexahydrodemethoxydeoxycolchicine (CIV}. Deamination of 
the latter with phosphorus pentoxide followed by hydrogenation over platinum oxide and palladium gives (CV). 
(See Scheme 13 following page}. 

Tetrahydro-  and hexahydrodemethoxycolchicines (CI, XCIV) are also obtained by the hydrogenation of col- 
chicine (LVIII) and methylthiocolchicine (XV), respectively [173]. The elimination of the acetamide group from 
tetrahydrodemethyxycolehieine and from hexahydrodemethoxydeoxycolchicines has also been brought about by 
some other methods [194]. 

The reaction of tetrahydrodemethoxycolchicine (CI, Scheme 14} with ethylene glycol gives the ethylene 
ketal (CVI}, which, on reduction with lithium tetrahydroaluminate, forms the deacetyl-N-ethyl derivative (CVII). 
The N-acetylation and reduction of this compounds lead to the ethylene ketal of N-diethyltetrahydrodemethoxy- 
deacetylcolchieine (CVIII}, which, on Hofmann degradation and hydrogenation, is converted into the ethylene 
ketal of hexahydrodemethoxydeacetamidocolchicine (CIX). Hydrolysis of the ketal l iberates the ketone (CX}, the 
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reduct ion of  the di thioacetal  of  which in the p resence  of Baney nickel  leads to oc tahydrodemethoxydeoxydeace t -  
aminocolchic ine  (CV). 
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Scheme 14 

The deaminat ion of hexahydrodemethoxydeoxycolchic ine  (CIV, Scheme 14) is effected by a s i m i l a r  method: 
reduct ion of a N-ace ty l  group to a N-ethyl  group, the introduction of a new N-aee ty l  group, followed by r educ -  
tion and the Hofmann degradat ion of a qua t e rna ry  base  der iva t ive .  Hydrogenation of the deaminated compound 
has  given oc tahydrodemethoxydeoxydeacetamidocolchic ine  (CV)- 

In compound (CV) r ing C also re ta ins  an ethylenic double bond, which has been conf i rmed by its oxidation 
to an epoxy der iva t ive .  The s t ruc tu re  (CV) for  oc tahydrodemethoxydeoxydeacetamidocolchic ine  has  been con-  
f i rmed  by total  synthesis  [195]. 

Oxidation Beact ions.  Po t a s s ium permangana te  and fe r r i cyan ide  oxidize colchicine in an alkaline medium 
with complete  des t ruc t ion  of the t ropolone and cycloheptadiene r ings  and giving 3 ,4 ,5- t r imethoxyphthal ic  anhy-  
dr ide [146, 196]. The s a m e  compound is obtained by the po ta s s ium permangana te  oxidation of colchiceine,  and 
N-acetyl iodoeolchic inol  [146]. In phenolic compounds,  to de te rmine  the position of the hydroxy group the i r  
ethyl e the r s  a re  oxidized to 2 -e thoxy- l ,3 -d imethoxyphtha l i c  or  3 -e thoxy- l ,2 -d imethoxyphtha l ic  acid [69, 197]. 
The oxidation of corn iger ine  leads to i socotarn ic  acid [72]° 

On carefu l  oxidation of N-benzoyldeacety lcolchice ine  (CX , Scheme 15) with po tass ium permangana te  in 
the cold, N-benzoylcolchide (CXID and N-benzoylcolchinic  anhydride (CXIII), which has become known as 
"Windaus 's  anhydride,"  a re  obtained. Under s i m i l a r  conditions, colchiceine (XX) yields N-acetylcolchide  
(CXIV) [146, 199, 200l. 
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Scheme 15 

On being heated in the acetic acid, (CXIII) is converted into N-benzoylcolchinic acid (CXVI). Heating 
either (CXIII) or (CXVI) with hydriodic acid lead to the laetone (CXVID [i46, 198]. The deamination of (CXII) 
and (CXIII) with phosphorus pentoxide [199] followed by hydrogenation over palladium in acetic acidic acid 
converts them into compounds (CXIX) and (CXVIII) [199, 200]. The structure of dihydrodeaminocolchinic 
anhydr!de (CXVIII) has been confirmed by synthesis [200, 201]. 

Potassium dichromate oxidizes colchicine to a compound with an oxygen bridge in the tropolone r i n g -  
oxycolchieine (CXX) [202-207]. In the case of chromic acid, far-reaching oxidation takes place with the forma- 
tion of succinic acid [208]. Sodium periodate oxidizes colchiceine to the unsaturated ~-lactone-carboxylic  
acid (CXXI) [142, 209]. 

The far-reaching oxidation of the methyl ether of N-aeetyliodocolchinol (LX-XXIIIa, Scheme 10) with 
nitric acid and potassium permanganate degrades it to 4-iodo-5-methoxyphthalic acid. On reduction with zinc 
in acetic acid, the latter is converted into 5-methoxyphthalic acid [109, 146, 181, 184]. The same acid is ob- 
tained from the oxidation of the methyl ether of N-acetylcolchinol. 

N-Acetyltribromocolchinol (LXX-XVI, Scheme 11) is oxidized by potassium permanganate to 3-bromo- 
4,5,6-trimethoxyphtahlic acid, which confirms the presence of one of the bromine atoms at the C 4 position of the 
benzene ring. The oxidation of N-acetyldibromocolchinol (LXXXVIII) leads to 3,4,5-trimethoylphthalic acid 
[lS3]. 

When colchicine is fused with alkali and is oxidized with potassium permanganate, t r imell i t ic  and t e re -  
phthalic acids are formed [146]. The oxidation of allocolehiceine with nitric acid and potassium permanganate 
also leads to tr imelUtie acid [185, 210]. 

The monocyclie aromatic acids mentioned above are the main foundations for establishing the f irs t  t r i -  
cyclic structure of colchicine, suggested by Windans [ 109]. 

The methyl ether of deaminocolchinol (XXXI, Scheme 16) is oxidized by osmium tetroxide to the glycol 
(CXXII), which, under the action of lead tetraacetate ,  passes into the dialdehyde (CXXIII). This compound is 
converted by the aldol condens ation into 1,2,3,8-tetramethoxyphenanthrene-5-car baldehyde (CXXIV). The 
latter,  on oxidation by potassium permanganate, gives the carboxylic acid (CXXV, 1~ =OCH 3) [112, 182]. (see 
Scheme 16 following page). 

On oxidation under similar  conditions, methyl-9-demethoxydeaminocolchinol (CXXVI) forms 1,2,3-tr i -  
methoxy-8-methylphenanthrene-5-carboxylic acid (CXXV, 1~ =CH3). On being heated in quinoline with copper 
chromite this acid is decarboxylated to 1,2,3-trimethoxy-8-methylphenanthrene (CXXVII) [110]. 
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Potass ium dichromate  oxidizes {XXXI) in acet ic  acid to 1 ,2 ,3 ,8- te t ramethoxyphenanthrene-5,6-quinone 
(CX~XVIII) and the unsaturated ketone (CXXIX) [112]. The fur ther  oxidation of (CXXVIII) with hydrogen peroxide 
conver ts  it into te t ramethoxydiphenic  acid (CXXX) [211], The oxidation of the methyl e ther  of isodeaminocolchinol  
(X=XXIII, Scheme 4) under s imi la r  conditions gives 1 ,2 ,3 ,8- te t ramethoxyphenanthrene-6-carba ldehyde .  

The methyl e ther  of deaminoiodocolehinol (CXXXI) is oxidized by po tass ium permanganate  in acetone to 
the dicarboxyl ic  acid (CXXXII), the dimethyl  e s t e r  of which (CXXXIII) cycl izes  under the action of  sodium 
methanolate to the methoxycarbonylphenanthrol  (CXXXIV). The action of manganese dioxide on (CXX'XI) has 
yielded phenanthrenequinone (CXXXV) [182]. 

The substitution, r ea r r angemen t ,  reduction,  and oxidation react ions of colchicine and its der ivat ive  and" 
natural  analogs that have been considered above have played an important  ro le  in the study of the i r  s t ruc tu res .  
The possibil i ty of varying the different  substituting groups in the t r i cyc l i c  s t ruc tu re  of the tropolone alkaloids, 
the high mobility of the methoxy group of the tropolone ring, and the susceptibi l i ty of this r ing to t r a n s f o r m a -  
tions c rea te  wide possibil i t ies for modifying thei r  molecules .  It does not appear  possible to cover  comple te ly  
all the t ransformat ions  and der iva t ives  of eolchicines and its tropolone associa tes  in this r ev iew.  Many of the 
compounds obtained have been subjected to pharmacological  study [1, 119, 215]. A large number of publications 
has also been devoted to thei r  biogenesis and to spec t ra l  methods of investigation. 
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