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Abemact-N-Acryloyl- and N-craronyldeacetylcolchicine prepared from deacetylcolchiceine 

by conventional methods showed goad binding to tubulin protein in vitro. N-Dideurero- 

buryryldeacefylcolchicine, prepared from deacetylcolchicine with dideurerabvfyryl chloride 

behaved similarly, suggesting rhar tritiated analogs of N-propionyl- and N-buryryl- 

deacetylcolchicine should be useful probes ra study the colchicine binding site on tubulin 

protein. 

Colchicine (i), a well known anrimiroric agent, biosyntherically derived from androcymbine, binds 

exceptionally well to rubulin protein, and it is believed that this process is responsible for many 

of its biological effe~ts.''~ It is thought rhat marking and characterizing the colchicine binding 

site on tubulin, identical to rhat of p~dophyllaroxine.~ would greatly help in the understanding on 

haw colchicine produces its biological effects and covld possibly be useful in designing navel 

antitumor agents based an colchicine's structure. Although colchinoids containing spin-labels4" 

and UV-sensitive substiruenrs6 have been prepared, none of these labels so far has proven usefvl to 

accomplish the objective. The finding char N-propionyl- and N-butyiyldeacetylcalchiiiii were 

equally potent as colchicine in the rvbulin binding assay in vitro, shoving in addition similar 

profiles as  colchicine in the P388 lymphocytic leukemia assay and in acvre toxicity assays, 7 

svggested that analogs with a tritium label in the N-acyl side chain covld represent another type 

of affinity label Far studying the ealchicine binding site on tubdin. 

N-Crotanyl- (3) and N-acryloyldeacerylcolchicine (5) intended to be used for denteration mimicking 

tritiation, were prepared from a crvde mixture of deacetylcolchicine (L) and the corresponding 



iso-form. obtained by the Raffauf procedure.8 Acylation vith crotonyl chloride and acryloyl 

chloride in dichloromethane in the presence of rriethylamine7 afforded 3 and C respectively, 

together with the corresponding iso-forms. Chromatography an silica gel vith chloroform containing 

5% methanol and 0.5% anmronia afforded. as usually, first the natvral isomers 2 and A, before the 
i8o-isomers were eluted. Model experiments ra prepare a devterared analog of N-butyryldeacefyl- 

colchieine (6) with 2 deuterium atoms in the acyl side chain, treating Lvith deuterium gas in 95% 

EtOH in the presence of PdIC catalyst, failed ro afford after absorption af 1 mol deuterium a 

cleanly deuterated compound. The mass spectrum of the deuterated material showed, besides the 

expected molecular peak at m/z 429  (16.5%) other peaks 1-4 m.u. higher. indicating that reduction 

of the rropalonic ring had occurred. When the absorption of devrerium gas was complete, a cluster 

of peaks appeared between 434-438 mlz in the product obtained, carrespanding to an addition of 3-4 

moles of deu~erium.~ It seemed, therefore, more convenient to first deuferate croronic acid and to 

prepare the dideurerated colchinoid i by tradirional chemistry. Didemrerated craronic acid 

obtained by deuceration of crofonic acid in 95% EtOH over PdIC catalyst was chlorinated vith 

thionylchloride and the chloride used for the amidation of 2, affording 2 from the original mixture 

of isamere after chromatography on silica gel as the faster moving compound (Me0H:CHCl = 9:l). 
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The producr (5) obtained did not crystallize and resulted as an amorphous light-yellow powder (a 

identical material was obtained for 6). That campound i w a s  devterated only in the C-7 side-chain 

was canfirmed by its 'H-NMR spectrum run in parallel vith the specrrvm of 6 as shorn in the Fig. 

I n 3  the methyl protons (I) appeared as a doublet 8 0.88; the methylene group attached to methyl 

(8) as a multipler at 6 1.60, integrating for 1 H; and the methylene group near to carbanyl (a) as 

a doublet, at 6 2 . 2 1 ,  inregraring far 1 H. 
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I n 4  the methyl signal (y)  was a triplet at 6 0.90; the methylene protons attached t o  methyl (8 )  a 

mulriplet at 6 1.61, integrating for 2 H, and the methylene protons bound t o  carbonyl (a) a triplet 

6 2.21, inregrating for 2 H. Multiplicities in 5 ere in complete agreement virh this deuteration 

pattern in the N-acyl side chain. 
I 

3 rn 1 0  r a  5 

1 The upfield region of the H NNR spectra in CDC13 (Bruker AM 400 spectrometer) 

of N-butyryldeacetylcolchicine (6) and ita deurerared analogue ( I ) .  

Colchicinoids virh an unsarurarcd or a deuterared N-ecyl side-chain of three ro four carbon atoms 

were potent in a rubulin binding assay when compared to colchicine, and similarly toxic to mice, as 

shown in the Table. 

Table : Binding of Unsarvrated Colchicine Analogs to Rat Brain Tubulin Protein and Acute Toxicity 

in Mice. 

COMPOUND zinhib. of 3~-colchicine ~ ~ 5 g b  

bindinga 

3 
a Percentage by which the binding of H-colchicine (2.5 uM) to rubulin is reduced in the presence 

b 
of the colchicine analog (25 pM). Toxicity found after a single intramuscular injection, in 

micromoles per kg. 



EXPERIMENTAL 

N-Craronyldeacetylcolchicine (2). 

To a cooled crude mixture of 2 and the corresponding iso-form prepared from 2 g of 

deacetylcolchiceine.8 dissolved in 50 ml af dry dichloromethane and 1.5 ml af rrierhylamine, vas 

added dropvise 1 ml of crotanayl chlaride dissolved in 5 ml of dichloromethane. After stirring ar 

room temperature far 3 h (TLC monitoring; A1203. 2.5% MeOH-CHC1 1, the solvrion was poured into 
3 

ice-water, adjusted to pH 6 with mania, and the dichloromethane layer isolated and dried over 

Na2S04. After evaporation of solvent, the yellow residue was chromatographed on a column (2.5 x 80 

em) of ~ilica gel-60 (0.04-0.06 m) ~acked with chloroform and eluted with the same solvent 

containing 2.5% MeOH and 0.5% NH'OH. (z), eluted more readily than 
the isa-form; was crystallized from ethyl acetate ro yield 310 mg; mp 219-22LSC, [a]:' -127.0' ( c ,  

1.17, CHC13). EIMS, mlz (rel. abundance): 425 (M+, 69); 397 (Mt - CO, 41); 356 (Mi - COR, 19); 

340 (M+ - NH2COR, 15); 328 (M+ -(Co + Con), 21); 312 (M+ - (CO + NH COR), 100); 69 (COCH=CHCH3, 85) 
2 

41 (CH=CHCH3, 98). Anal. Calcd. for C H NO 112 H20: C, 66.36; H, 6.50; N, 3.22. Found: C, 
24 27 6' 

66.30; H, 6.45, N, 3.25. 

The second eluted component, N-crotonyldeacelylisocoI~hicine was obtained as an amorphous yellow 

powder and nor further characterized. 

N-Ac~yloyldeacetylcDlchicine (4) was obtained in a similar manner and yield from a miarvre of 2 and 

acrylayl chloride; ap 193-196'C from ethyl acetate, [a]: = -122.5' ( c ,  0.65, CHCl ) ;  EIMS, m/z 3 

(rel. abundance): 411 (M+, 52); 383 (fit - CO, 37); 356 (PI+ - COR, 10); 340 (M+ - NH2COR, 11) 328 
(M+ - (CO + COR), 13); 312 (M+ -(CO + NH2COR), 100); 55 (COCH=CH2, 74). Anal. Calcd. C H NO 23 25 6.'" 

H20: C, 64.33; H, 6.34; N, 3.26. Found: C, 64.72; H, 6.23, N, 3.12. 

Dideuferobufyric acid 

Crotonic acid (8 g, 0.1 mole) dissolved in 50 ml of 95% ethanol was deurerared at room temperature, 

under atmospheric pressure aver 5% Pd/C (1 g) until the theoretical amount of deuterium was 

absorbed (ca. 2.2 I). The catalyst was filtered, the solvent evaporated under low vacuum and the 

1 
liquid residue distilled: bp 58-63'CI 10 mm; d9 1.3990, yield 7.2 g (86%). Its H-NMR spectrum 

(Varian T-60 at 60 MHz) did not show alefinic protons bur three se ts  af signals a t  6 1.00 (d, CH ) ,  
3 

Didevterabufyryl chloride 

Didevreroburyric acid (7 g) and 15 ml of rhionyl chloride were heated a t  reflux temperatwe for I h, 

Excess thionyl chlaride was removed under low vacuum ar roam temperature and the liquid residue 

distilled through ar short Vigreux column, bp 95-lOO'C/760 m; yield 5.4 g (55%). 
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Dide~te~oburyryldeacefylcalchicine (5) 

To 200 mg (0.56 mmol) of 1 in 10 ml of dichloromethane and 0.17 ml af  rriethylamine was added 

drapwise under stirring a solvrion of 100 mg (0.8 mml) of dideuterabutyryl chloride in 5 ml o f  

dichloromethane. After standing overnight, the solution was washed with water (4 n 3 ml), dried 

(Ne2SO4). concentrated and the residue chromatographed on a column of silica gel-60, using, as 

eluent, chloroform with 1% methanol (100 ml) followed by chloroform with 1.75% methanol and 0.25% 

ammonia. The main compound was (152 mg), a homogeneous amorphous solid, melting range 126-1359C 

with gas evolution [a]: = -146.1' (c, 1.36, CHC13). 
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