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New 3-O-glycosyl-3-demethylthiocolchicines containing natural and unnatural sugar moieties were prepared
and tested ory-aminobutyric acid (GABA) and strychnine-sensitive glycine receptors present in rat brain
and spinal cord. Two different synthetic approaches were used with the readily avail@kdeBethylth-
iocolchicine (b) and thiocolchicoside 28). Glycosyl compound®2a—g were obtained fromlb and
1-fluorosugars4. 6'-Heterosubstituted glycosyl compounéis12 and the 6desoxy derivative2h were
prepared fronRa.

Introduction

ThiocolchicosideZa, Scheme 1) is a semisynthetic compound
obtained from natural colchicine, the main alkaloiddafichicum
autumnale In contrast to the parent thiocolchicinkg}, which
is characterized by antimitotic activily2ais a muscle relaxing
agent and an anti-inflammatory drugihose action is due, at
least in part, to the activation gfaminobutyric acid (GABA) 1b: X = OH
receptors and to the inhibition of the tonic seizures induced 1e: X =NH, 3:R =0H,Me,H SMe
by picrotoxin. Recently, it_has be_en pr(_)posed tha_1t the act_i\_/ity Figure 1. Thiocolchicine derivatives.
of 2a may also be due to interaction with strychnine-sensitive
glycine receptord.2a generates a variety of metaboliteand
two of them, the glucoronideand1b, are reported to contribute
to the pharmacological activity dfa, albeit the drug is much
more potent in vitro. Furthermore, it is not clear if the
glucuronide is generated by glucuronizationlbfor oxidation
of 2aitself. However, the rate of formation of the metabolites
seems to be crucial for the half-life of the drug and its overall ~ Methods for the glycosylation of phenol derivatives with
activity. Till now, few examples of thiocolchicoside analogues activated sugars were studigd} but some of them cannot be
have been reported® For this reason, we recentlgtarted a applied to complex compounds where other functional groups
program for the structural modification @& aimed at modulat- may be degraded. In particular, the reactiorilbfand aceto-
ing the cleavability of the glycosidic bond and the susceptibility bromoglucose givega in poor yield (22%):? Our efforts on
of the glycosidic residue to oxidation. Our aim was to modulate the glycosidation reaction dfb led to a significant improvement
the glycoside residue diversity preserving the potency of the of the glycosidation cited above with control of the stereochem-
parent drug. A first approach had been oriented to obtain istry. According to our knowledggwe performed the reaction
analogues oRa, compounds3, by coupling amino compound  of 1,2,3,4,60-pentaacety3-p-glucopyranose with th®-stannyl
1c and the corresponding glycosy! derivatives (Figure 1). The derivative of1b but the reaction failed. We then switched to
displacement assay ofH]strychnine and3H]muscimol in rat the coupling oflb with glycosyl fluorides4, known to be easy
spinal cord (sc) and cerebral cortex (cx) showed mild but to handle and usually used to promote high diastereoselec-
correlated changes to the activity of the parent compound. We tion.1314The reaction of glucopyranosyl fluoridia with 1b in
here report the findings obtained by coupliig and a few MeCN in the presence of BFEL,O and of 1,1,3,3-tetrameth-

6, 83, 9, 10, and12 were tested for their interaction witBH]-
strychnine and3H]muscimol binding sites in rat spinal cord
and cerebral cortex.

Chemistry

natural or unnatural sugars. ylguanidine (TMG}2 gave5a (97%) as a singlg-diastereomer
Two synthetic strategies were used with the readily available (Scheme 1). The deprotection of the hydroxy groups was done

1b and2a The reaction ofLlb with sugarsda—g gave the 39- with NaOH in EtOH, affording pure thiocolchicosidg-2a)

glycosyl derivativea—g (Scheme 1). A series of Betero- (Scheme 1). Under "one-pot“ condition8;2a was obtained

substituted compound®-12 and the 6-desoxy derivative?h from 1b in 97% yield. This synthetic protocol allowed us to

were prepared by taking advantage of the selective reactivity prepare a series of thiocolchicine derivati&gScheme 1) by

of the 8 hydroxy group of2a (Scheme 2). Compounda—h, reactinglb with glycosyl fluorides4: two hexosesg-mannose

(4b) andp-galactose4c)), the 6-deoxyhexoserhamnose4d),
* To whom correspondence should be addressed. Pho880250314481. and three pentoses-kylose @e), p-arabinose 4f), b-lyxose
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Scheme 1.Synthesis of 39-Glycosyl-3-demethylthiocolchicine?
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o-4a: D-glucopyranosyl, R = CH,OH B-5a, B-2a: D-glucopyranosyl, R = CH,OH
0-4b: D-mannopyranosyl, R = CH,0OH B-5b, B-2b: D-mannopyranosyl, R= CH,OH
o-4c: D-galactopyranosyl, R = CH,OH B-5¢, B-2¢: D-galactopyranosyl, R = CH,OH
o-4d: L-thamnopyranosyl, R =Me B-5d, p-2d: L-rhamnopyranosyl, R = Me
o-4e: D-xylopyranosyl, R =H p-Se, p-2e: Dxylopyranosyl, R =H
B-4f: D-arabinopyranosyl, R =H p-5f p-2f: D-arabinopyranosyl,LR = H
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Scheme 2.Synthesis of 39-Glycosyl-3-demethylthiocolchicine&—12, 5h, 2h
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respectively. The oxygen atoms were directly deprotected, andobtained from7a by using Nal in 2-butanone at 8€ (16 h).
5b—e were transformed into the corresponding piglycosyl The reaction of7a with NaN; in DMF (80 °C, 16 h) gave the
derivatives2b (70%), 2c (70%), 2d (70%), and2e (70%) and azido derivatived (75%). Its reduction with triphenylphosphine
into the mixture off3,a-anomer2f (77%) and2g (77%). The in dioxane/MeOH afforded the'-@mino derivativelO (22%)
stereochemical outcome of the reactioribfand4 is dependent as the hydrochloride.
on the relative stereochemistry of 1,2-substituents of the fluoro  The more stable peracetyl tosylatb (65%) was obtained
sugar. According to the mechanism proposed by Yamaddchi, by a "one-pot* procedure frorila, via tosylate7a, which was
the 1,2-trans derivatives were formed as single isomers in thethen protected with A®, TEA, and DMAP (catalytic amount).
case of sugarda,c,e, having an axial fluorine and an equatorial The 6-thioacetyl derivativell (70%) was prepared frorib
2-acetoxy group. In the case d&f and 4g, where the above  with potassium thioacetate in MeCN. The deprotection of both
groups are in the equatorial and axial positions, a small amountthe oxygen and sulfur atoms Wil N NaOH in EtOH at 23C
of the 1,2-cis epimer was also detected, via oxonium intermedi- (1 h) gave disulfidel2 (45%). The thiol derivative was not
atel3 The 1,2-cis isomers were formed using sugdysaind4d detected. Starting from the iodo derivatigk, obtained in 65%
in which the above groups are in the trans position. In this case,yield by reacting7b with Nal in 2-butanone, the'&leoxy
acetonitrile can form complexes with the oxonium cation, thus derivative5h was prepared by reduction with tributyltin hydride
affecting the orientation of the incoming O-nucleophtfte. and 2,2-azobisisobutyrylnitrile (AIBN) in C¥l, at reflux. Its
The second part of this research was devoted to the directhydrolysis wih 1 N NaOH in EtOH gave?h (65% overall
functionalization of the C-6position of 2a with heteroatoms  yield).
to give 6—12 and to prepare the'#&lesoxy derivative2h Effect of 3-O-Glycosyl-3-demethylthiocolchicines 2ah, 6,
(Scheme 2). The reaction dfa with bis(2-methoxyethyl)- 8a, 9, 10, and 12 on the Binding offH]Strychnine and [3H]-
aminosulfur trifluoride (DAST) in CHCI, at —40 °C gave the Muscimol. The ability of the novel 39-glycosyl-3-demeth-

6'-fluoro derivative 6 (40%). The reaction of2a with p- ylthiocolchicines to interact with strychnine-sensitive glycine
toluenesulfonyl chloride in CECl, and triethylamine (TEA) in and GABA receptors, localized in rat sc and cx, was evaluated
the presence of a catalytic amountpeflimethylaminopyridine in competition studies using synaptic membranes and the

(DMAP) afforded7a(75%). The iodo derivativ8a (77%) was selective radioligands®]strychnine and JH]muscimol. Dis-
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Table 1. Relative Potency (16 («M)) of
3-O-Glycosyl-3-demethylthiocolchicineza—h, 6, 8a, 9, 10, and12

[®H]strychnine [®H]muscimol [®H]muscimol
(sc) (sc) (cx)

strychnine 0.014t 0.001
glycine 158+ 0.5
GABA 0.015+ 0.002 0.024+ 0.003
p-2a 1.5+0.1 1.9+ 0.5 3.4+ 0.1
p-2b 2.3+ 0.6 4.3+ 0.8 3.8+1.2
p-2c 2.6+ 0.4 5.9+ 0.9 8.3+ 2.8
p-2d 3.0+1.0 42+1.1 2.2+ 0.3
p-2e 2.6+ 0.6 5.0+ 0.3 3.99+ 1.2
2fa 0.5+0.1 2.5+ 0.6 3.1+ 1.3
2¢? 0.6+ 0.04 4.0+ 1.2 5.6+ 1.3
p-2h 1.9+0.1 35+1.1 6.2+ 0.8
-6 1.3+0.1 2.0+ 0.5 3.8+ 0.6
p-8a >100 8.0+ 1.0 17.3+0.8
£-9 4.3+0.9 8.2+ 2.3 7.8+ 2.0
p-10 47+ 1.4 14.2+ 0.5 10.7£ 1.9
p-12 4.7+0.3 7.8+£0.5 >100

aMixture of anomers.

placement curves were constructed for each product and
compared with the potency of strychnine, glycine, GABA, and
2a. Representative competition studies illustrating the ability
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in anhydrous MeCN (100 mL). TMG (0.83 mL, 6.6 mmol) was
added and then BFE,O (2.2 mL, 17.6 mmol) (TLC, CkCly/
MeOH, 10:2). After 2.5 h, aqueous NaHE(B0 mL) was added
and the solution was extracted with AcCOEt £ 20 mL). The
organic layer was washed with aqueous KH$&D mL) and brine
(50 mL) and dried over MgS£As an exampleba (830 mg, 97%)
was isolated as yellow solid after chromatography ¢SCH,Cl,/
MeOH, 1:0 to 0:1).

General Procedure for the Deacetylation Reaction. Synthesis
of Compounds 2a-g. Compounds (0.5 mmol) was dissolved in
EtOH (4 mL), amd 1 N NaOH (2 mL) was added. The solution
was stirred at 25C (3 h). Compoun® was obtained as yellow
solid after chromatography (S}OCH,Cl,/MeOH, 1:0 to 0:1) and
crystallization (MeOHPr,O). Yields are given on the starting
compoundlb.

PB-2a: yield 97%; mp 259C (mp 220°C, lit.18); [a]?p —253
(c 1.0, MeOH).

P-2b: yield 47%; mp 216-212°C; [0]*>5 —182 (c 0.4, MeOH).

P-2c:yield 44%; mp 214-216°C; [0]?% —168° (c 0.4, MeOH).

o-2d: yield 49%; mp 165-168°C; [a]?5 —22C° (c 0.4, MeOH).

B-2e: yield 43%; mp 193°C; [a]®p —201° (c 1.0, MeOH).

2f: mixture of anomersf/a, 1:6; 55%).

2g: mixture of anomersf/a, 1:3; 53%).

6'-Fluorothiocolchicoside 6.At —40 °C under N and stirring,
DAST (0.14 mL, 1.03 mmol) was added in 30 min to a suspension

of increasing concentrations of selected compounds to displaceyf 25 (100 mg, 0.17 mmol) in dry C¥Cl, (2.0 mL). The mixture

[®H]strychnine and 3H]muscimol from their specific binding
sites in the two regions of the central nervous system (CNS)
are in Figure FS1 of Supporting Information. The quantitative
evaluation of the displacement curves obtained by the calculation
of the specific |G is reported in Table 1. The data demonstrate
that all the compounds were able to compete with both receptors.
On PH]strychnine binding, all compounds excejat showed a
good potency, which lik&a is in the low micromolar range.
Exceptions to this pattern we and2g, which appear to be
the most potent compounds ggs 3-fold lower than for2a).

was stirred (30 min;-40 °C) and then at 25C (3 h) (TLC, CH-
Cl,/MeOH, 10:2). After the mixture was cooled-a20°C, MeOH
(0.5 mL) and NaHC® (100 mg) were added. The solvent was
evaporated, and the mixture was chromatographed,(SI8.Cl,/
MeOH, 1:0 to 0:1) to afford pur®& (39 mg, 40%) as a yellow
solid: mp 178-180 °C (MeOH/Pr,0); [0]?% —197 (c 0.5,
MeOH).

6'-Tosylthiocolchicoside 7aUnder N and stirring at O°C, 2a
(1 g, 1.72 mmol), TEA (0.5 mL, 3.61 mmol), DMAP (315 mg,
3.15 mmol), and TsCl (380 mg, 1.99 mmol) were added to dry
pyridine (15 mL). After 20 h at 28C, the solvent was evaporated

Therefore, the absence of a substituent on C-5 gave a notablexnd the residue was dissolved in AcOEYBUOH (3:1, 15 mL),

improvement to the activity. In3H]muscimol binding, the
compounds maintain the activity @a with the exception of

8a, 10, and 12, which are at least 1 order of magnitude less
active tharka. Compound, in which 6-OH has been replaced
for a fluorine, was equipotent t8a on all the receptors. Such

a result is of great interest because the activity has been
maintained while abolishing the susceptibility to direct oxidation
to the glucuronyl derivative, makin§ a good candidate for
further development.

Conclusions

Two series of new 3-glycosyl-8-demethylthiocolchicines
containing natural and unnnatural sugar moieties were prepare
from 1b and2a The condensation dfb with 1-fluorosugarst
afforded 30O-glycosylthiocolchicineRa—g in good yield and
with high diastereocontrol. By functionalization of the C-6
position of 2a, 6'-heterosubstituted compoun@s-12 and the
6'-desoxy derivativh were prepared. Their biological activities
were evaluated on GABA and strychnine-sensitive glycine
receptors present in rat brain and spinal cord. Arabinosyl, lixosyl,
and 6-fluoro derivative2f, 2g, and6 display a higher activity
on the binding of $H]strychnine and a similar potency on the
binding of PH]muscimol compared witBa, suggesting that the
new compounds may be considered good candidates for furthe
studies aimed at elucidating their involvement in myorelaxation.

Experimental Section

General Procedure for the Condensation of 39-Demethyl-
thiocolchicine 1b with Fluorosugars 4a-g. At 25 °C, under N
and stirring,1b (2.2 mmol) and sugat (3.3 mmol) were suspended

washed with HO (3 x 10 mL), aqueous NaHC{(3 x 10 mL),
and brine (3x 10 mL), and then dried over MgSOYield 924
mg, 75%; mp 155C (MeOH/Pr0); [o]p —84.3 (c 0.3, MeOH).
6'-Tosylthiocolchicoside Triacetate 7bTo a solution of7a(see
above) were added TEA (2.2 mL, 15.78 mmol), DMAP (200 mg,
1.64 mmol), and AgO (2.5 mL, 24.49 mmol) under Nat 25°C.
After 1 h, CHCI, (30 mL) was added and the organic layer washed
with H,O (3 x 15 mL), aqueous NaHC{3 x 15 mL), and brine
(20 mL) and then dried over MgSQAfter chromatography (Si§&)
CH,Cl,/MeOH, 1:0 to 0:1),7b (890 mg, 65%) was obtained: mp
142-144°C (Pr,0); [0]%% —94.2 (c 0.58, MeOH).
6'-lodothiocolchicoside 8a.Nal (32 mg, 0.214 mmol) anda
(110 mg, 0.142 mmol) in 2-butanone (1 mL) was heated &t@0

d16 h). The solvent was evaporated and the mixture chromato-

graphed (SiQ CH,Cl,/MeOH, 1:0 to 0:1), givina (70 mg, 77%)
as a yellow solid: mp 118112 °C (MeOH/Pr,O); [o]p —61.5
(c 0.52, MeCOH).

6'-lodothiocolchicoside Triacetate 8bPure8b (341 mg, 65%)
was prepared as described &a from 7b (533 mg, 0.67 mmol)
and Nal (120 mg, 0.80 mmol) in 2-butanone (3 mL) (6 h) after
chromatography (Si© CH,Cl,/MeOH, 5:1): mp 216218 °C
(Pr,0); [a]p —95.8 (c 0.5, CHC}).

6'-Azidothiocolchicoside 9. 784500 mg, 0.69 mmoli) and NaN
(90 mg, 1.39 mmol) in DMF (5 mL) were heated at 8D (16 h).

After cooling, the mixture was taken up with AcCOEt/BuOH (3:1,
A0 mL), washed with KD (3 x 10 mL), aqueous NaHC{(3 x

10 mL), and brine (3< 10 mL), and dried over N&QO,. Compound

9 (300 mg, 75%) was obtained as a yellow solid after chromatog-

raphy (SiQ, CH,Cl,/MeOH, 1:0 to 0:1) and crystallization: mp

165-167 °C (MeOH/Pr,0); [a]p —141.3 (c 0.4, MeOH).
6'-Aminothiocolchicoside Hydrochloride 10.To a solution of

PPh (389 mg, 1.48 mmol) anfl (300 mg, 0.49 mmol) in dioxane/

MeOH (4.2 mL/0.8 mL) at 25C, after 1 h, NHOH (1.1 mL, 35%)
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was added. After 12 h, the solvent was evaporatetlaN HCI (5

Brief Articles

of elemental analysis results f& and 6—12. This material is

mL) was added. The aqueous solution was washed with toluene (3available free of charge via the Internet at http://pubs.acs.org.

x 5 mL) and evaporated, and the crude was taken up with benzene
References

(3 x 5 mL) until dryness was obtained. Compoub@d (60 mg,
22%) was isolated as an orange solid: mp-1480°C (MeOH/
iPrZO).

6'-Thioacetylthiocolchicoside Triacetate 11To a solution of
7b (650 mg, 0.82 mmol) in dry MeCN (10 mL) under/dt 0°C,

MeCOSK (298 mg, 2.63 mmol) was added. The suspension was

refluxed for 2 h. After cooling, CkCl, (30 mL) was added and
the solution washed with brine (8 20 mL) and HO (3 x 20 mL)
and dried over MgS® Chromatography on silica gel (G8I,/
MeOH, 1:0 to 0:1) gave pur&l (477 mg, 70%) as a red-orange
solid: mp 146-142°C (Pr,0); [a]p —117.5 (c 0.4, CHCE}).

6'-Disulfurthiocolchicoside 12. Compoundl11 (300 mg, 0.36
mmol) ard 1 N NaOH (1.5 mL) in EtOH (2 mL) was stirred at 25
°C (1 h). The mixture was chromatographed (§iOH,Cl,/MeOH,

1:0 to 0:1) to givel2 (178 mg, 45%): mp 260C (MeOH/Pr,0);
[o]p —262.5 (c 0.16, MeOH).

6'-Desoxythiocolchicoside 2hTo a solution o8b (100 mg, 0.12
mol) and AIBN (62 mg, 0.37 mol) in C§Cl, (4 mL) at reflux,
BusSnH (4 x 0.15 mL) was added (4 times in 2 h), and heating
was continued (15 h). After solvent evaporatisimwas obtained
and then stirred in EtOH (1 mL) @l N NaOH (1 mL) for 1 h.
Compound2h (55 mg, 65%) was obtained as a yellow solid after
chromatography (Si§) CH,Cl,/MeOH, increasing polarity): mp
185-187 °C (MeOH/Pr,0); [a]p —223 (c 0.36, MeOH).

[3H ]Strychnine Binding. The synaptosomal membrane fraction
from rat sé” was stored at-80 °C and used within 2 weeks. The
binding assay was performed in a final volume of 1.2 mL of 50
mM sodium-potassium phosphate buffer (pH 7.1) containing 2
nM [®H]strychnine (New England Nuclear, specific activity of 25.7
Ci/mmol), increasing concentrations of cold strychnine, glycine,

or colchicoside derivatives, and membranes at a final protein

concentration of 0.20.4 mg/1.2 mL. The assay was carried out at
4 °C for 10 min and rapidly filtered through Watman GF-B glass
fiber filters. The filters were rapidly rinsed with NaCl (5 mL, 0.15
M). Nonspecific binding was determined in the presence of 0.1
mM unlabeled strychnine.

[BH]Muscimol Binding. The interaction of2a with GABAA
receptors was tested in #{muscimol binding assal. Membranes

were obtained by sc brainstem and cx of adult Sprague-Dawley

rats® and incubated with 5 nM3H]muscimol and increasing
concentrations of GABA2a, or other colchicosides, in 50 mM
Tris-citrate buffer, pH 7.1, in a final volume of 1 mL. After 30
min of incubation at £C, the samples were rapidly filtered through
Watman GF-B glass fiber filters and washed (three times) with
ice-cold buffer (5 mL). Nonspecific binding was determined in the
presence of 20&M unlabeled GABA. Radioactivity was deter-
mined with a Wallach 1409 liquid scintillator counter with 50%
efficiency.

Protein Determination. Protein content was determined by using
the Bradford dye-binding procedure from Bio-Rad Laboratories.
Data Analysis. Each experimental point was run in triplicate,
and each displacement curve used for the determination £f IC
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