
SUMMARY 
Many variables are present in these dissolution studies, rendering 

analysis a complicated matter, and typical results should not be inferred 
as general from one substance to another. As with any system of this 
nature, animal testing is imperative before reconciliation of the zn uitro 
data can be completed. This testing was done by Chiou and Riegelman 
(9) with griseofulvin and polyethylene glycols. 

When various medicinal agents are prepared in 5% solid-state dis- 
persions in urethan, a large augmentation of the amount in solution at 
time periods up to 15 min is observed relative to the pure drug. This result 
is likely a partial consequence of diminution of particle sizes to the col- 
loidal level in the freely water-soluble urethan. 

The probability of some change in the crystalline state of the medi- 
cament in the solid-state dispersion cannot be discounted. This change 
could lead to supersaturated solutions along with the concomitant de- 
crease in particle size. 

Simple admixture of the drug with urethan and other diluents leads 
to an increase in the drug in solution. For this reason, care must be taken 
in ascribing observed effects entirely to a particle-size decrease rather 
than partially to simple dilution. 
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Figure 5-Comparison of dissolution results of hydrocortisone filtered 
through serological pipets with cotton filters to samples filtered sero- 
logically followed by ultrafiltration with 0.22-pm filters. Key: - - -, 
serologically filtered;--, ultrafiltered; A ,  5 Y  solid-state dispersion in 
urethan, ,500 mg, 25 mg of steroid; ., 5 %  solid-state dispersion in  ure- 
than, 1 g, 50 mg of steroid; .,5% solid-state dispersion in  urethan, 2 
g, 100 mg of steroid; and 0 ,  micronized hydrocortisone, 50 mg. Studies 
were carried out in pH 6.65 phosphate buffer (500 ml) at 3 7 O  and 60 
rpm. 

urethan and polyethylene glycol 4000. A 5% physical mixture in urethan 
was also utilized. None of these systems gave an appreciable elevation 
in the dissolution rate over the pure drug. The amount solubilized was 
extremely low in all cases, indicating almost the absence of an appreciable 
effect. 
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Abstract 0 A series of N-deacetyl-N-glycosylalkylthiocolchicines 
(glucosyl, galactosyl, mannosyl, ribosyl, and arabinosyl) was prepared 
by heating N-deacetylalkylthiocolchicines with the appropriate mono- 
saccharides in methanol. Some compounds (glucosyl-, mannosyl-, and 
ribosylalkylthiocolchicines) were per-0-acetylated in dry pyridine with 
acetic anhydride. The compounds were tested against leukemia L-1210 
and P-388 systems. Preliminary results showed that the antileukemic 
activity of the glycosyl compounds ~n uitro is similar to that of the N- 
deacetylalkylthiocolchicines used for their preparation. However, the 
presence of a glycosyl moiety in the molecule gives the advantage of 

greater solubility in water. Of the results obtained to date in lymphoid 
leukemia screening in uiuo, five glycosyl compounds showed promising 
activity levels and have now reached confirmed active status. 

Keyphrases a Thiocalchicines, various substituted-synthesized, an- 
tileukemic and cytotoxic activity evaluated 0 Antileukemic activity- 
various substituted thiocolchicines evaluated Cytotoxic activity- 
various substituted thiocolchicines evaluated 0 Structure-activity re- 
lationships-various substituted thiocolchicines evaluated for antileu- 
kemic and cytotoxic activity 

Thiocolchicoside (/3-D-glucopyranosylmethylthiocol- 
chicine) (Ic), prepared from acetyldemethylcolchicine by 
the action of methyl mercaptan followed by ether cleavage 

and condensation with acetobromoglucose (I), has shown 
muscle relaxant activity (2) and found clinical application 
(3). In a program to prepare new derivatives of colchicine 
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Table I-Physical Constants of N-Deacetyl-N-glycosylalkylthiocolchicines and  Their Per- 0-acetyl Derivatives 

Compound 96 Solvent Present Reported" Presentb Reported" Formula C H N S  
Yield, Recrystallization Melting Point Specific Rotation Analysis, % 

IIa 87 Ethanol-water 161-162' 190' -220' -505' C26H33N09S- 57.81 6.75 2.41 5.51' 
(0.5% HzO) CzHsOH 58.08 6.86 2.34 5.5gd 

IIh 84 Ethanol-water 152-153' 184" -204' -445O C Z ~ H ~ ~ N O ~ S .  57.81 6.75 2.41 5.51 
(0.2% Hz0) CzH50H 57.70 6.54 2.30 5.32 

I I C  85 Methanol 153-155' - -244' - C Z ~ H ~ ~ N O ~ S -  56.41 6.37 2.53 5.79 
56.67 6.28 2.58 5.51 

IId 77 Methanol 151-153' 175' -233" -345O C ~ S H ~ ~ N O ~ S .  58.09 6.56 2.61 5.97 
(0.2% H20) CH30H 58.61 6.53 2.36 6.44 

lle 87 Ethanol 123-125' 159" -207" -220O C Z ~ H ~ ~ N O ~ S .  58.79 6.76 2.54 5.81 
(0.2% CH30H) CzH60H 58.59 6.67 2.68 5.77 

Hz0 

- - _ -  - - - ~ -_ 70 - c  
90 Methanol 230-231' -- -183' - C34H41N013S 58.03 5.87 1.99 

85 Methanol-water 140-142' -- - 

I I f  
llIa 

l I Ih  
IIIc 70 Water 135' 

58.16 5.98 1.95 
- - _ _  - - 
- - _ _  - - __ - 

IIId 82 Ethanol 161-163" - -189O - C35H43N013S 58.57 6.04 1.95 
58.72 6.14 1.90 

Reference 4 )' Sample of 0.10 g in 100 ml of 95% ethanol solutlon. Calculated Found An amorphous powder. 

as potential anticancer agents, a series of compounds of 
this type was prepared for evaluation of intracranial an- 
tileukemic activity. 

RESULTS AND DISCUSSION 

The preparation of N-deacetyl-N-glycosylalkylthiocolrhicines by 
heating N-deacetylalkylthiocolchicine with monosaccharide in methanol 
was reported (4). The same procedure was followed, for example, for the 
preparation of' N-deacetyl-N-(n-glucosy1)methylthiocolchicine ( H a ) .  
The product crystallized from met,hanol. Although it had the same 
melting point, -190°, as reported (4), it turned out to be a mixture of the 
starting material and the product expected as based on TLC, IR, and 
NMR evidence. However, the required Compound IIa, mp 161-162', was 
separated from the filtrate and recrystallized from aqueous 85% etha- 
nol. 

Other glycosyl analogs were prepared in good yield (Table I). Some 
compounds were per-0-acetylated with excess acetic anhydride in dry 
pyridine at  0' (5). The products were recrystallized from either methanol 
or ethanol. Yields were in excess of 80% (Table I). 

All compounds were examined by TLC (Table 11) and characterized 
by IR, NMR, and mass spectrometry, specific rotation, melting point, 
and elemental analysis (Table I). Compounds IIa-IIe in water had 
identical IJV spectra to the spectrum of In in water, i .e.,  A,,, 380 (c  

18,200), h,in 315, A,,, 285 ( t  11,000), and A,,, 260 ( t  21,700) nm. 
N-Deiicetyl-N-glycosylalkylthiocolchicines were not sufficiently 

Table II-& Value of N-Deacetyl-N- 
elvcosvlmethvlthiocolchicines 

volatile for mass spectrometry; but, as expected (6), the trimethylsilyl 
derivatives had much greater volatility. Peaks corresponding to the 
molecular ions of trimethylsilyl derivatives were weak, but their per- 
0-acetylated analogs (IIIa-IIld) gave very intense peaks of molecular 
ions. This result strongly indicates that the coupling of compounds (Ia 
and Ib)  with monosaccharide has taken place. Compounds IIa-IIf had 
very strong and wide IR absorptions a t  1750 cm-I due to OH and NH 
stretching, respectively. On the other hand, the per-0-acetylated analogs, 
IIIa-IIId, gave weak absorptions a t  3350 cm-I and very strong absorp- 
tions a t  1750 cm-', as expected, due to NH stretching and acetyl C-0 
stretching, respectively. 

In the IR spectra of IIa-IIf and IIIa-IIId, there was no absorption a t  
the 1620-1700-~m-~ region due to the Schiff base C=N stretching (7). 
Therefore, the suspected structure of a Schiff base was eliminated. The 
100-MHz spectrum of IIIa showed that the coupling constants were J1.2 
= 52.3 = 9 Hz, suggesting that H-1, H-2, and H-3 of the glucosyl moiety 
were ax, indicating the 8-configuration. The specific rotation data also 
supported this configuration. 

The compounds were tested' in an in vitro assay against L-1210 (mouse 
leukemia) and were also examined by the National Cancer Institute's 
screening service against L-1210 and P-388 leukemia cell cultures (Tables 
111-V). 

These preliminary results show that the antileukemia activity of 
IIa-IIf, in uitro, is similar to that of compounds used for their prepara- 
tion. However, the presence of a glycosyl moiety in the molecule gives the 
advantage of greater solubility in water (Table VI). 

pg/ml (4.8 X M). Thus, its activity was confirmed in cell culture. In 
the lymphoid leukemia screen in uiuo. all compounds tested, except IIb, 

Compound IIa was active against KB cells with an ED50 of 2.6 X 

Compound 
Solvent Ia IIa IIh IIc IId IIe 

Ethanol-ethyl acetate, 1:4 0.41 0.32 0.31 0.37 0.50 0.45 

Acetone 0.73 0.22 0.19 0.28 0.49 0.25 

Table 111-Antileukemic Activities of N-Deacetyl-N- 
glycosylalkylthiocolchicines and The i r  Per- 0-acetyl Analogs 

(V/V)  

L-1210 Tube Dilution 
I n  Vitro Assay, pg/ml 

Comrmind 1D=m IDsn 

la 
Ih  

Ila 
IIh 
I Ic 
Ild 
I I P  

I If 
IIIn 

0.0070 
0.069 
0.016 
0.017 
0.017 
0.0092 
0.017 
0.069 
0.1 
0.1 
0.1 
0.1 

0.01 10 
0.098" 
0.023 
0.023 
0.023 
0.013 
0.024 
0.098 
0.1 
0.1 
0.1 
0.1 

SR, 
Ia: R ,  = R, = CH, ,  R, = H 
Ib: R,  = C,H,,  R ,  = CH,, R, = H 
Ic: R ,  = CH,, R, = D-glUCOSyl, R, = COCH, 

IIa: R ,  = R, = CH,, R, = D-glUCOSyl 
IIb: R, = R, = CH,, R, = D-galactosyl 
IIc: R,  = R ,  = CH,, R, = D-mannosyl 
IId: R,  = R, = CH,, R, = D-ribosyl 
IIe: R,  = R, = CH,, R, = L-arabinosyl 
IIf: R, = C,H,, R, = CH,, R, = D-gluCoSyl 

IIIa: R ,  = R, = CH,, R, = per-0-acetyl-D-ghcosyl 
IIIb: R,  = R, = CH,, R, = per-0-acetyl-D-mannosyl 
IIIc: R,  = R, = CH,, R, = per-0-acetyl-D-ribosy! 
IIId: R ,  = C,H,, R, = CH,, R, = per-0-acetyl-D-glucosyl 

Reference 8. At The Upjohn Co., Kalamazoo, Mich 
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Table IV-Evaluation of N-Deacetylalkylthiocolchicines and N-Deacetyl-N-glycosylalkylthiocolchicines against Lymphoid 
Leukemia L-1210 In Vivoa 

Compound Dose b, Toxicity on Weigh; 
Number NSC Number mgk! Day 5c Change 

Ill 

Ib 

IIb 

IIC 

9170 400 
200 
100 

186306 50.0 
25.0 

516 
616 

-2.2 
-2.2 
-2.2 
-0.5 
-0.5 
-0.5 
-1.8 
-1.8 
-1.8 

0.3 
0.3 
0.3 

-1.8 
-1.8 
-1.8 
-1.8 

0.0 
0.0 
0.0 

-1.8 
-1.8 
-1.8 

0.8 
0.7 
0.7 

8.8 
9.7 

9.3 
9.3 
9.3 

94 
104 
102 
98 
95 

107 
112 
100 
100 

136 
131 
120 
129 

616 
313 
313 

9.5 
o:5 
0.0 
1.0 

10.0 
9.7 

10.2 
10.2 
10.2 313 

414 
414 
414 
616 

11.0 
11.5 1.0 10.2 

10.2 -1.5 
1.5 

-0.1 

10.3 
10.3 
6.8 

13.5 
13.0 
12.3 

i0.2 
9.9 

100 

150 
100 

50.0 

50.0 
25.0 

200 

616 
616 
416 
616 
616 
616 
014 
114 
314 
414 
314 
414 

-0.5 
0.1 

-2.0 
0.2 
0 
0 
0 

-3.0 
-5.7 

0.3 
-0.1 

0.1 

9.9 
9.9 

10.2 
10.2 13.2 

13.0 
10.5 

~~ ~ 

10.2 
10.2 

127 
102 

IId 221660 0.0 
6.0 

9.9 
9.9 
9.9 

10.2 
10.2 
10.2 
10.2 
9.0 

ioo 
50.0 6.0 

12.5 
13.3 

122 
130 
107 

25.0 
12.5 
6.25 
3.12 

11.0 
11.3 314 

616 
616 

-1.8 
2.1 
2.1 
2.1 

1.1 
-2.1 
-1.1 

110 
155 IIf 

IIe 

186309 

248896 

14.0 
12.0 

400 
200 
100 
50.0 
96.0 
48.0 
24.0 
12.0 
6.0 

200 
100 
50.0 
75.0 
50.0 

9.0 
9.0 
9.0 

133 
115 
111 

616 
616 
616 
616 
616 
616 
616 
016 
516 
616 
516 
616 

-1.1 
0.2 

-3.6 
-2.4 
-1.9 
-0.9 
-0.1 

0.3 
-5.0 
-2.0 
-4.3 
-2.2 

10.4 
10.0 
11.5 

2.1 
1.4 
1.4 
1.4 

9.0 
9.0 
9.0 
9.0 
9.0 
9.5 
9.5 
9.5 
9.8 
S.8 

127 
135 
125 
120 
102 
- 

12.2 
11.3 
10.8 1.4 

1.4 
-0.3 
-0.3 
-0.3 

1.1 
1.1 

9.2 
0.0 
6.2 

14.0 
9.4 

14.7 

IIa 186308 

147 
95 

150 
1.1 -3.0 13.7 9.8 139 
0.1 -3.0 8.0 8.5 
0.1 -3.3 11.5 8.5 135 
0.1 -1.1 12.0 8.5 141 
1.0 -0.8 12.0 8.5 141 
0.1 -0.7 10.7 8.5 125 
0. 1 -0.6 10.0 8.5 117 

- 

12.5 616 
6.25 616 
R 13 616 

~~ ~ 

0 Mice were implanted intraperitoneally with 1 X 105 L-1210 cells. b Dose per injection; nine doses. Number of survivodtotal number of mice on Day 5 in survival 
systems as a measure of drug toxicity. Average weight of test group minus average 
weight of control animals in grams. f Survlval time in days. g Ratio of survival time of treated animals to control animals expressed as a percentage; a compound is considered 
active if it has a T/C of 2125%. 

Average weight change of control animals in grams (toxicity minus initial day). 

Table V-Evaluation of N-Deacetyl-N-glycosylalkylthiocolchicines against P-388 Lymphocytic Leukemia In Vivo a 

Control 
Toxicity Body Weight Tumor 

Doseb. on Weieht Difference Evaluation! Per- 
cent 

TIC8 
~ ... 

Compound mglk Day 5c Chaiged (T - C)e Test Control 
0.3 -0.3 4.7 11.1 - 

11.1 - 
IIa 200 016 

50.0 616 0.3 -1.0 17.3 11.1 155 
1.2 -2.6 17.1 11.0 155 

11.0 148 
IIe 48.0 516 

1.2 -2.7 16.3 
11.0 152 

36.0 616 
24.0 616 1.2 -0.2 16.8 
12.0 616 1.2 -1.3 16.0 11.0 145 

400 616 2.1 -2.1 14.0 9.0 155 
200 616 2.1 -1.1 12.0 9.0 133 
100 616 2.1 -1.1 10.4 9.0 115 

2.1 0.2 10.0 9.0 111 
10.9 150 

50.0 616 

(NSC 251700) 96.0 616 2.0 -3.4 14.0 10.9 128 
48.0 616 2.0 -2.5 14.1 10.9 129 

2.0 -1.3 13.1 10.9 120 
10.9 117 

24.0 616 
12.0 616 2.0 -1.0 12.8 
6.0 616 2.0 -0.2 11.7 10.9 107 

100 316 0.3 -4.3 6.0 

IIf 

IIIU 192 616 2.0 -3.1 16.4 

0 Mice were implanted intraperitoneally with 1 X 106 P-388 cells. b Dose per injection; nine injections. The first injection was given 1 day after tumor was implanted. 
c-g See Table IV. 
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Table V1-Solubility of N-Deacetyl-N- 
glycosylmethylthiocolchicines in Water at 25” 

Compound Solubility, M 
Ia 2.9 x 10-4 

IIa 1.7 X 
IIb >3.0 X lo-’ 
IIC 4.3 x 10-2 
IId 5.2 x 10-3 
IIe 3.2 X 

showed much better activity than the compounds ( Ia  and Ib) used for 
their preparation and have now reached confirmed active status. 

EXPERIMENTALZ 

N-Deacetyl-N-(D-glucosyl)methylthiocolchicine (&)-To a 
solution of 11.2 g of N-deacetylmethylthiocolchicine (8) in 200 ml of 
methanol was added 5.4 g of D-(+)-glucose. The mixture was heated at  
70’ for 2 hr and then concentrated to about 100 ml. On standing overnight 
at room temperature, some solid deposited. The mixture was filtered, and 
the filtrate was further concentrated to about 70 ml and stored a t  10’. 

Over several days, it gave a pale-yellow solid, which was washed with 
cold methanol to yield 14.8 g (87%) of IIa, mp 157-159’. Recrystallization 
from aqueous 85% ethanol gave pale-yellow rectangular prisms, mp 
161-162’. This compound was characterized as containing one molecule 
of ethanol by elemental analyses and NMR spectroscopy. 
N-Deacetyl-N-(D-galactosy1)methylthiocolchicine (I1 b)-A 

mixture of 2.00 g of Ia and 1.00 g of D-(+)-galactose in 60 ml of methanol 
was refluxed for 2 hr. The clear solution was concentrated to 10 ml and 
then stored a t  loo. The crystals were filtered and washed with ethanol, 
yielding 2.48 g (84%). For further purification, 0.70 g of the product was 
dissolved in 50 ml of ethanol by heating. On cooling slowly to room 
temperature, the solution gave 0.56 g of IIb as pale-yellow rectangular 
prisms, mp 152-153”. 

A similar procedure was used to obtain IIc-IIf. 
N-Deacetyl-N-( tetra- 0-acetyl-D-glucosy1)methylthiocolchicine 

(1IIa)-To a stirred ice-cold solution of acetic anhydride (10 ml) in an- 

2 Melting points were measured with a Thomas-Hoover Uni-melt apparatus and 
are uncorrected. IR spectra were obtained on Beckman IR-8 and Perkin-Elmer 457 
spectrophotometers. UV spectra were recorded with a Beckman model 24 spec- 
trophotometer. NMR spectra were measured on Varian A-60 and Varian XL-100 
spectrometers using tetramethylsilane as the internal standard and dimethyl 
sulfoxide-ds or deuterochloroform as the solvent. Mass spectra were recorded at 
70 ev on an LKB 9000 SN mass spectrometer. Elemental analyses were performed 
by Midwest Microlab, Inc., Indianapolis, Ind. Eastman chromagram sheet 6061 
silica gel was used for TLC, and the chromatograms were examined with UV 
light. 

hydrous pyridine (20 ml) was slowly added IIa (5.8 g, 10 mmoles). The 
solution was left overnight a t  room temperature and then slowly poured 
into ice water (200 ml) with stirring. The precipitate was filtered, washed 
with water, and dried by pressing on a porous plate. Recrystallization 
from methanol gave 6.3 g (90%) of yellow fine needles of IIIa, mp 230- 
231’. 

A similar procedure was used to obtain IIIb-IIId. 
Solubility Measurement-To 100 mg of each sample in small test 

tubes was added distilled water (0.5 ml). The test tubes were kept in a 
constant-temperature bath a t  37’ for 3 hr and then a t  25’ overnight so 
that some dissolved material crystallized out. The mixture was then fil- 
tered. The concentrations of the filtrates were measured at  380 nm. An 
average extinction coefficient of 18,200 at 380 nm was used in the calcu- 
lation. The experimental error was within f5%. The results are listed in 
Table VI. 
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