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present invention relates to a blotransfornatlon
process, effected by neans of sele m crob
strains, for the preparation of 3- O glycosyl
derivatives of colchicinoid conpounds. In particular,
the process of the present invention provides
colchicinoid 5 conpounds gl ycosyl ated exclusively at

 RSFUBREA TioN 8% Corc AlE NG D DORDE e
process, resultlng in hlgh product|V|ty and purity of
t he obtai ned product, is based on an early activation

of thergl %ﬁfege?ﬁ/l 1ﬂbéﬂ%r\efﬁﬁg§to Qﬁhgmsﬁ% 3) %ﬁss effehcted by

denet hyl at e Iclne Inter Iate Pre

PIREAS SofokelebRdi MMERIbIANsELIAS] $6:5 thd ;ﬂeg&aﬂuhtwlz.eo glycosyl
feed-batch fernmentati on process, conprising the

f demvatoveatodd ol decinngl coofipaimilist r ogen source, a carbon
source and the substrate to be transfornmed. The o
col chila mtldul@anqbemm@esg|0,fc§b%ycmewrmen®@ podvidegecolchicinoid

F%Sggﬁ&gﬁyﬁogﬁgw%g# ?ﬁ'«{tgﬂ B 3F Rht erFBpdGSingnd siarting
llgrtoﬁ]ngo%kﬁtcgﬁzrg 10{%&8§gﬁ3p§f c &gl gsnvatrl]\%/g r{Eedr SATRRES process,
(R PRI BloRBEl e GhPurtc? oBine %F pR0ds based on

|ntere I ng active 1 ngredi arma eutlca

f helegrly mBtiNAYON bNtHeNEytBSIARE eHzydHeS s G@ﬁe‘?ﬁm&fd Bh® demethylated
nmuscl e- skel etal system and as starting materials for

t belchreepaimtimediate. Rosfetabdntthe process iafrthe osuppioassingsts of a
anti psoriasis and antiinflammatory nedi canents. 20 WO
93w1t55142feed§>@kdls@smnwmoeggcmr cempripingdhetfrashiopsted feeding

h d | -d t i,n hi gh .conver.si on
bR BUTPERY SRt oo St apd ﬁ%ss@arremgte. g tomed

dor | va 16 sSbeiBiaC FORER T ety RVBRRI° W SRR ospesns rine
{grel 6 rerrEPERUIE OGS hdcBIBAGAY  ABoRan ¥ Sl THERT K¢ their high
RErRy ofyndy Shi gL be i

regi osel ective de atron ste the G
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col chicinoid, and a subsequent gl ycosyl ation

In particular, thiocolchicoside (3-O-glucosylthiocolchicine) is an

prosent 1 nvent on relates (o a brotranstormt 1 on [[HIAN
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attractive and interesting active ingredient in the pha'rmaceutical field, mainly
in the therapy of diseases of the muscle-skeletal system, and as starting
materials for the preparation of novel antitumor, immunosuppressive,
antipsoriasis and antiinflammatory medicaments.

WO 98/15642 discloses a process for the production of colchicinoid
glycosyl-derivatives in high conversion yields (up to 90%), starting from
colchicinoid compounds such as colchicine, thiocolchicine and derivatives
thereof, with an initial concentration up to 1 g/l. The process is based on a
preliminary, regioselective demethylation step of the C-3 methoxy group
bound to the aromatic ring of the colchicinoid, and a subsequent glycosylation

of the demethyl derivative at the same molecular site.
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of the denmethyl derivative at the sane nol ecul ar site.
~l 1 ~~~~ 1010 rrerr virr vitl 110100 ~I'1~ *cooooz* 2
The process of the present invention, while
mai ntai ni ng the sanme high conversion yield of the
former, allows the transformati on of considerably
hi gher anmount of total substrate, thus inproving both
the total productivity, exp%essed as the total anount
of product obtained per litre per batch, and the 5

i f] roduct i.vi t expressed as,the amounf of

speci fj.c
o oduct N BIOEERS AT 1B PresERbinyaption; whilg Eintginine s et

¢ RATEERTY AE o R AR, RUoS o RanskBfnBlOR G cBhsiderably

MRESIRE 'a?rf&ﬂuft &f'}%taql %‘BQﬁWeamJ}glrﬁ r%’?'ln#)?§ﬁ{j tl'ﬁﬁtc;talegroductlvnty,

i ndUction of the specific’ enzy act

begpressedrdd fendtal dndoiid dffiRbdidtorRBmEIDer NHAS ysxdbateh and the
the 10 glycosylation step is efficiently induced by

depati hy lpaddict tividy ¢ bx e sseidcs theiamouas of product obtained per litre per
3- O-denet hyl col chicine (DMC) or )
3tignegermii {ing; | o bdwiing thei hetramyirapatiomprasges-t i on of

smal | unts (200-600 ng/ 1), of  the 3-denethyl

deri vafﬁ%epﬁoﬁesstﬁéf dhe | V"@f‘é@%s’sofc racterised "by the activation

oA 9T T AL REPERRE s & BeRq oy (e’ ifdlgtipf e the specific.
a‘éh%yrﬂé ' l‘ﬂnfag it Hfs @éeﬁncﬁ‘ﬁ?eﬁj ghélﬁ/t o%ﬁdgﬂftttﬁg]enkgréqﬁbolved in the

condi tion, e demet ernedi ate
ﬁ)%%?ﬁtlbﬁ st 1ﬁ€ﬂﬁ15‘flﬂlﬁ‘ihd\&e6%¥ﬂ€meﬂ%ﬂat‘@ﬁ colchicinoids such
efficiently converted into the final

glay &y derdethiylat ¢hieineaflavid)eob 3eDr damsdthy ivhiocolthégine (DMTC).
proceed very fast during the first 15-18 hours of

f drmedditioh o smadt @mentStGﬂgﬂéQ%mgd)ﬂf dh¢ Brdemethyl derivative in
accunul ati on of tge Eterrre iate, that means no

i WM B Yorstages t f Eansiarmating a&qqmtwaﬂ@fwaew in the
The. bi f

- Pra gt s ¢ o hErRR ARl Bt Biar e Berelifaptating

t h t

L SR0chleln Ohynt NenBRHNEURE SRR TR RYTES ygpy-sir

usetdhded BY K d@QreQ{E%mbg”enWﬁiE‘ é‘ar?%@séfﬂ@fe%bﬂyecdrﬁféﬁ%asﬁto the

of total transforred substrate and, consequently, of

fiffmal giyeubytiderivative, and the biotransformation can proceed very fast,
during the first 15-18 hours of fermentation. Moreover there is no significant
accumulation of the intermediate, that means no inhibition of the
demethylating activity and high conversion rate. The biotransformation is
completed after 18-21 hours and is therefore considerably faster than that of
the knownprocess (26-28 hours). The conversion yield remains very high,
from 80% to 100%, usually about 90-95%, but with a considerable increase of
total transformed substrate and, consequently, of final product.

The invention therefore provides a process for the preparation of

3-O-glycosylcolchicinoid compounds of formula (I),
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preparation of 3-0-glycosyl col chicinoid conpounds of
formula (1), 3 RL Al HRZ MO O R3wherein R, is an
0- gl ycosyde residue, R2 is hydrogen or Cl-C7 acyl, R3
is C1-C6 al koxy or Cl1-C6 thioalkyl, conprising the

bi ot ransformati on of conpounds in which RL is CH or
met hoxy by means of Bacill us3 megaterium
characterised in that denethyl ated col chicinoids are
used to induce the gl ycosylating enzyne system R
is preferably an O-

ina multiple, t e
i n conbi nation vv|t a ni tjoge
| i ke peptone and gl ucose. OMsi
a 10 stable growth rate of the bi al culture,

allows a relevant increase of thg total substrate

added to the fernentation batch R2-4 g/l, instead of 1
g/1) and consequently of the productivity of the

pr oceswh¢ngin Ro i2 a8 glycghidefesidyiey Rasy hadegepravdlic€, acyl, R;
per single batch, instead of 1-1,2 g/1), wthout any

| 5s€10€s dkorderasi bn-(of thigpkkyby camarisingi thy higtramsformation of

effects on. culture, due to

C SREPORP S VRSt Ra s Db A BRetie b freahs (o Bisallus megaterium,
S The e t dv L age
SURSAEANSed THE PLCIERLlYIMER" LA LRALS WBTA 30°RidTce the
I By [ the culture andallmted cel |
gs)féggylghn% erﬁg%r{r}gtg%stgél | debris formation and

consi dR[ Blpreferaianine@afuésyidd fegidudownst r eam pr ocessi ng

and the recovery of the product. This advantage can be

20 f urAhmefdarngl embddimyertthef ths epro€esabsfothet ingantiesi amsists in a
i ke XAD 1180 (Rohm & Haas) or HP 21 (M. tsubi shi

di tion, by assuring

_ugwriuplef fracionzrd deqdiag aﬁs&laﬁr phstrate fin cREbirg P opidrogen

ounds and an ficient ro uct recgovery . fro
ar%) a carbon source, ﬂ(e peptone and glucose. This conmonn\)y assuring a

stable growth rate of the microbial culture, allows a relevant increase of the
total substrate added to the fermentation batch (2-4 g/l, instead of 1 g/l) and
consequently of the productivity of the process (up to 2,5-5,2 g/l of
glycosylated product per single batch, instead of 1-1,2 g/l), without any loss of
conversion efficiency and risk of toxic effects on the bacterial culture, due to a
considerable accumulation of the untransformed substrate.

The present invention is also advantageous in view of the reduced time
of the process, resulting in a high viability of the culture and a limited cell
lysis, with reduced cell debris formation and considerable advantages for the
downstream processing and the recovery of the product. This advantage can be
further improved by the use of absorption resins, like XAD 1180 (Rohm &
Haas) or HP 21 (Mitsubishi), useful for a selective absorption of the
colchicinoid compounds and an efficient product recovery from the

fermentation broth.
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fermentation broth. 4 A further advantage concerns
the possibility of a sem -continuous process, by
recovering the main fraction (75% 90% of the final
fermentation broth, containing the product, adding
new fernentation nmediumto the remaining part of the
broth in the bioreactor, and starting with a new
batch. 5 This approach can bt extended to repeated
fermentation steps, with a proportional increase of

the total productivity. Mreover the constant
r egl os@l Butheyi agvastage, copggras ygllespag%hl‘r“&é off @ semi- ConthOUS

A e O BB fnion
r %H?n S'tﬁ.@orﬁ'ogﬁc\!wsgcfo‘?ﬁ%}&é&c?e?meﬂ f%rﬁd dj]an to the

UCG | nCI nce e step pur |ca I on an

rﬁq@aﬁﬂmg phrt tdTehB e in th@bﬁre@@&e%hdlmhingsww& Hew batch.
advantages in terms of solvent limtation and hig

eiltisr appeouchl cawnpatéxteddedy tof rdphetedr deresentatibe steps with a
Baci |  us negateri um m croorgani sns usable in the

ppepentiondlivensaseonf thedotaheratuetivitgscri bed in WO
98/ 15642, herein incorporated for 15 reference. They )
can beVoBFQEr etheogopstante regipselgetivite difa tl&grqaaalmlﬁgasgnres in

LBV ol R PR, B gBALASEB rsutiog
gt SO S, Al BBt o
I pdHEREd fiﬁ@ﬂ%r?& Gtothéﬁgp ofzﬂlﬂ?ﬁ&ftﬁfnazm&’ re28v f t-ﬁg roduct. This

culture nedia used for the conservati on of ture

aaspecy fimpdies furthiepbidvhnaigeslinsicemt r e GSLveﬁontrﬂitmd‘rg and high
organi ¢ nitrogen sources (peptones, yeast extracts,

t eyyirenmentakbeampatibritityt of thetproygssa car bon source

(glucose, _mmltose, glycerin, etc.), at pH5 to 8,

pr ef er B yBaciflus TREgaIfE AL MRroozsanismp e taekiee ip atgespresent

S FBGrgate She elfe tERel BaW oW hSSAL BRI tapopporated for
reference.

They can be selected on different agar media containing an organic
nitrogen source (peptones, yeast extracts, meat extracts, asparagine, €tc.), a
carbon source (glycerin, starch, maltose, glucose, etc.), with pH 5 to 8,
preferably 6-7. The incubation temperature ranges from 20° to 45°C,
preferably 28°-40°C.

The culture media used for the conservation of the culture are typical
microbiological substrates, containing organic nitrogen sources (peptones,
yeast extracts, tryptone, meat extracts, etc.), a carbon source (glucose,
maltose, glycerin, etc.), at pH 5 to 8, preferably 6-7. The incubation
temperature ranges from 20° to 45°C, preferably 28°-40°C.

The selected microorganisms can be assayed for the capability of
growing in submerged culture, in the presence of colchicinoid compounds,

added as described in the present invention, and of transforming the latter into
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grow ng in submerged culture, in the presence of

col chi ci noid conpounds, added as described in the
present invention, and of transforming the latter into
5 the correspondi ng 3-glycosyl derivatives. Said
assays were carried out in 100 m flasks containing 20
m of liquid nmedium wth different nmedi um
fornul ati ons, conprising one or nore organic nitrogen
sources (yeast extracts, peptones, tryptone, casein
hydrol ysates, neat 5 extract, corn-step |iquor, etc.),
oHe rrespprding Bpglycenildeeiyatiyesucose, gl ycerol ,

o TSR By AT R ORI Wi
+ .. Na+. ..M+ ++ . Fe+d o+ .. | t )
oS D e e S Bt f e G0f b B8 organic

t t Y ' | i
RS, ARl B 0 990 men

| BRER, DdbinadiEs liqavt, e 8 SRESH inoge ba®OANNGAF&s QBlucose, glycerol,
activity which can be evaluated with the sane

pstace usaecharosdyoete.), Thergaaaphbsphprads fhd mielogen exburces, and
bacteria of transformng into the respective

3infirgewmis ppltgef varaeys/iess 2Kr+ch1ia¢i Mgt LSt Fgttds Mg eedc.)-

to the_culture broth in repeated fractiops, . together .
W th a8 BATEndRPlEs: (o PROBaRLE. SRasuBRCHl g0 Mitagenic

CORLSIRE, B PR e AR E AR e i
f QrRIUSE L 38 5etcGABRRE S S ubes RiviHR SR BRNbocoM drs @ ttivity

sources (yeast ‘extracts, peptones, tryptone, casein

hwdiiet ysaabesvaluBet wik tHeatime ﬁsmed@rban@ abogielor, etc. ),
one or nore carbon sources (glucose, glycerol,

st ar chThs acaphhiliage of ethe. sglectedr danteciapods plaos foumimgdinto  the

ni trogen sources, and 20 inorganic salts of various

i BEPPEClve 3%05%414:;1\'@3\435, cofehuginoigh substrates, added go yhe culture
rowm.h and bi ot ransformation ar orted

DR gepRsrS HagRgani terber BUB s CBCead prLraRgree, has

TSk SHUARFG T RATS: SRR SRREL T, U A0 cae

s
nitrogen sources (yeast extracts, peptones, tryptone, casein hydrolysates, meat
extract, corn-step liquor, etc.), one or more carbon sources (glucose, glycerol,
starch, saccharose, etc.), inorganic phosphorous and nitrogen sources, and
inorganic salts of various ions (K+, Na+, Mg++, Ca++, Fe++, Mn++, NH4+,
etc.).

Bacterial growth and biotransformation are supported by one or more
organic nitrogen sources, preferably meat extract, peptone, tryptone, casein
hydrolysates, corn-steep liquor, etc. Carbon sources useful for growth and
biotransformation are glucose, fructose, saccharose, glycerol, malt extract,
etc., preferably glucose, fructose and glycerol. The culture medium contains

moreover inorganic phosphorous sources and salts of K+, Na+, Mg++, Mn++,

NH4+, etc..
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etc., preferably glucose, fructose and glycerol. The
cul ture nmedium contains noreover inorganic
phosphorous sources and salts of K+, Na+, M++, M++,
NH4+, etc.. 6 The carbon source useful for in process
feeding are preferably glucose and fructose. The
nitrogen source for in proce?s feeding is preferably
an organic source, |like peptone, casein hydrolysate,
tryptone, or an inorganic one, |ike amobnium

| ph nb f both. 5 Prel
oxpor § Tokaradh, ECEREMRC R drT I BRGcHES Ereding BfF PREHaPlY elucose
t %d ﬁJuQHSQn%QrW&gQH gx%)e f81¥ i r{%ﬁ@%@{) gmrs%el?sg Iprff'fcrably an

ture, contalning~a ne

t hﬁgarﬁt sbﬂ&ephﬁgg%ﬂoﬁ@ é’&%ginurf?drf)@'?%ﬂelt g?'bfbn% fhe{iﬁ/mor anic one,

hombgeneous and highly active m popllati on

t Nikebargmon|ung selphate or Ricotbangiow abbdtRn. 10 Additi onal
experiments have been perfornmed using different

f er menPagliroimappreapetimests haveestavounhat thienmt@ddction, before the
rmdallty of substrate addition, feeding ratio,
i iotaRsTemnatione stepnsdd sibmarged, seadc cultuye, sgntajning a medium

f th hi d a ducer t the
dgrhiAgRor i %?taﬁifﬁﬁhﬁéq%ﬁhtleeiw'e fum pegsulis in @ very
d d. | t
Ok e“'gﬁv*’Bféb%mi%pﬁéerwga%%p $h8Fon 5 . pesingine of
trbegottrggszﬂ,rmmcquuctlwty of the process. Further
i ncrease can be achi eved by feeding the substrate to

be comdditi®thli NexpeEigndntACtha08S BHehi NBerfbigndy OwSHE  Udlfferent
conmbi nation with a carbon source and a nitrogen

sdarmenta2@n pataypiteal lipe eamedut, ¢ime andimddagity b&substrate addition,
parameters descriped above, can therefore be based on
t rf@edfleg refig-igcukatioatinae, moaulyrrtaraltm gty addition of a

o5 S50 B B B8 BEFROST o1 AR, o

?lrl])igg}h%r?g S §8?ragp{olrma85r? teeE) ! %eégro dgpl%g e p}'ellmmary seed
culture, can considerably increase the conversion efficiency and the total
productivity of the process.

Further increase can be achieved by feeding the substrate to be
converted in more fractions during the process, in combination with a carbon
source and a nitrogen source.

A typical procedure, combining the parameters described above, can
therefore be based on the following schedule:

- a preliminary addition of a 3-O-demethyl colchicinoid (200-600 mg/l,

preferably 300-500 mg/l) in the seed culture;

- addition of aliquots (300-800 mg/l, preferably 500-600 mg/l) of the

colchicinoid substrate to be converted, at the beginning and every
1-3 hours, preferably 1,5-2,5 hours, during the first 14-18 hours,
preferably 15-16 hours of biotransformation;

- addition, at each time of the substrate feeding, of a solution
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begi nning and every 1-3 hours, preferably 1,5-2,5
hours, during the first 14-18 hours, preferably 15-16
hours of biotransformation; - addition, at each tine
of the substrate feeding, of a solution 7 containing
the following raw materials: a) peptone, or tryptone,
or caseine hydrolysate, at & final concentration
between 2 and 4 g/l, preferably 2,5-3,5 g/l (also in
conbination wth a un1su|phate 3 g/l, preferably
5 1,5-2, sogvapr}mgtsblwg‘?f&\b@é IV MAERESe, at a final

b 15 g/ f b| 8-12
i1 Cond) aBFPREe o Sy APBr et cepein®; Tydrdfsde” o 2 fina
hours, an | Bhidaheabitiek e 250851 hﬁ-tefé?gblﬁ 12,8905 @ aiso i

an in-process ours a

10 nunber otohbieednNGy Sk ERMMdAEM SUPsHdiat ¢- ﬁdglﬁlt ';Q—@ferably
at 14th fernmentation hour) a total substrate anount

of 4 g/l (ing-2adg/f | g/l, as described in WO

98/ 15642) wll be added to the culture. The

bi ot r anstbor ightdose ot fmctese,pt af fanaksdnegntrapion 3Between 5 and 15 g/,
preferably at _ 28-32C,_ at pH between 4 and 8,

preferably greferaply &dR&ked flasks on a rot ary 15

| EEZFZLC U G HE OR JETBR oD 08120 Fls 4D P Substrate

+r§éé'h?rat18§%‘?'5td0 r{perg{‘g%‘%‘é% fedidf [k &) BF 2% 2ai§oJr§”an85a total

ure ne esng

Cﬁﬁﬁ%f‘@ﬂ? fédHiRg 9Rps (Rst AYstrate leﬁﬁoﬂ %P\Mflﬁferﬁ@ﬁ&%%h%our) a
| evel s of stirring-aeration are inportant, in

peotal sublsaateaamaiint@f 4 git€lrsteald dif- Pgllj &y eescon‘bedlm W®r98/15642)
litre of culture per mnute (vvm, preferably of
1W4l-11)681ddv¢nt0 theeculbgei red. I n such condition the

process very fast and after

bi ot r ahag SHoHN Prmatiqn, ¢an ee@erf%%@e r@d§é§ 3't5t’]8, preferably at
exts acel! 4l A1 0GP0 R ©EAHSS £5°M LSS Uk 8n 2 rotary
shaker.

The biotransformation of the invention can be scaled up to fermentation
tank level, keeping the culture conditions unchanged, in particular as far as
culture medium, temperature and processing times are concerned. In order to
obtain good growths, adequate levels of stirring-aeration are important, in
particular aeration levels of 1-2 litres of air per litre of culture per minute
(vvm), preferably of 1,4-1,8 vvm, are required. In such condition the process
is very fast and after 20-21 hours the biotransformation is completed.

The product is extracellular and can be extracted from the culture broth
after separation of the biomass from the liquid fraction by centrifugation and
recovery of the supernatant, or microfiltration and recovery of the permeate.
The culture can be treated with alcohols, in view of an optimum recovery of
the product.

The purification can be performed by chromatographic techniques,
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after separation of the biomass fromthe |iquid

fraction by centrifugation and 25 recovery of the
supernatant, or mcrofiltration and recovery of the
perneate. The culture can be treated with alcohols, in
view of an optinumrecovery of the product. The
purification can be perfornmed by chronmat ographic

techni ques, 8 liquid-liquid extraction with al cohols

and | i pophylic organic solvents and crystallization,

as described in WO 98/ 154621, The fol | oy ng exanpl es
dliauidgiauidnexrassian Mol alrohals ABY liRaptilic Orsenpeivents and

CERleBRlosy o RERHRRAGH I Sy Paadl® e el et
pr ecul ’flgéf ﬂ@a@a%@%&%iﬁ%ﬁ?ﬁéggn“ﬁ% in faRAEAHGLNY

250 m ed wth

SERAStiy! t hi ocol chicine to a 0,4 g/l final
concentratron. Said cultures are incubated overnight

at 30QAnahiqaot of drozes talkare ofiBa2BMhisrmegatdfitey is utilized for the
i ncubation, 10 500 mM of preculture are transferred in
singclumi oft secal tultaresetirenpeacultomit i 1089 md Erlanmdyer flask,
fresh nmedium SF2 (see Table 1), added w th )

t APRJRIIBE; ci2Al t gnh 006 gmedigmpg| SEdncéhtblgdi omddede with

RS e DA e o
SFLADRRR difoh, 8 10%, o ERART B D005 U s gpation,

1506 eRICaMire b it®@)are PRARSRARAGR s&rlld inRMATPAI Y&InSeH & bARtaining

(2 g/1) and glucose (10 g/1) are added to the

ca5t b frestumiedunt SE2f(sesTallé Npaddedokith ehiveolchidindito a 0,5 g/l
Bef ore each addition (i.e.: every 2 hours) sanples

f fiond comceptrationeThe dermeendateon isadeariedodt 9tBPBCt kekping suitable
t he Iol |.owi ng analysis:, - Gowmh | evel, as optical

devels of (S@B)m&taem@nnzﬁtlrgog-upsﬁ%rﬁm fRmaRgrasipn dyto 1.8 vvm,

ﬁg%’b S'ini%;%}‘;(t hg@@{%};ﬂcﬁvﬁﬂ).ﬁeﬁ?%pguréftmcffg)?&‘i%%% (0,5 g/l final

t B R&AGRLERS beGohONE W), Wnadbdiufl dutfilate (2 g/1) and glucose
(10 g/l) are added to the culture, during the first 14 hours of fermentation.
Before each addition (i.e.: every 2 hours) samples from the culture broths are
taken and subjected to the following analysis:

- Growth level, as optical density (OD) at 600 nm;

- Sterility and purity analysis of the strain on LB Agar;

- Microscope morphology (Gram stain);

- Analysis of the thiocolchicoside content, by TLC and HPLC.

TLC analysis is performed on silica gel, with an acetone:ethyl
acetate:water 5 : 4 : 1 eluent system. For the HPLC analysis, 1 ml fractions of
culture broths are added with 9 ml of methanol and centrifuged at 13,000 rpm
for 2 minutes. The content in thiocolchicoside of the supernatant is analysed
by reverse phase HPLC, with isocratic elution, by means of the

water:acetonitrile 80: 20 eluent system. The HPLC analysis proves that the
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TLC analysis is perfornmed on silica gel, with an
acetone:ethyl acetate:water 5: 4 : 1 eluent system
For the HPLC analysis, 1 m fractions of 25 culture
broths are added with 9 m of nmethanol and centrifuged
at 13,000 rpmfor 2 mnutes. The content in

t hi ocol chi cosi de of the supernatant is analysed by
reverse phase HPLC, with i socratic elution, by neans
of the water:acetonitrile 80: 20 eluent system The

St S D S o
' | d 20 ..
i PG AT 2 FRLRLEP 0, Pgncin o
i Hﬁﬁsférrgecg'{rltocsf%%Zlh%’@ﬁﬂi&@l@lﬂ.é?gﬁc, With %%Gg@nvepi%n yield and

conversion yiel a specific productivity o

04 kpdrift pebdicaisity aifer26 gh.c}hbp%m@nglat%d R¥AtiRord. The

final culture broth fromthe fernentation (tota
vEXAMPIFOAut 10 1), containing about 52 g of

t hi ocol chi cosi de as determ ned by HPLC analysis, is

subj eckhedfing caulimse broth\from shofermengatiam(tetal sounee about 10 1),
ceram ¢ cagtri cells fromthe

, ) h Lo

SR g, Do g o€ hiocaOUHBLLF 4 1SeteTBIna by, HPLeganaysis, is
i t.h D 1180 ~( Roh b ti i.n. ]

WitlsAed AR, aSRpl MisPiaRRR of G082 b8 sFERuE sartridee, to

| .
TRSAENS e 106 TELOAS ot e ORSRELARUE L Gptumn il
AW a XD 8680 QR oMnt Man@eHRNS e 8 e plion ireléin. IAReralvaohial with
fraction is concentrated to dryness and redi ssol ved

i watem, etheapobdunet iy elneedchiithi desthdnol. nThé umethafol eeluate s
15 clarification with silica gel, the solution is
corsentratEdet drdess wadauvpcuures Hdnerslissol oadi e nieghartdn After

substituted wt thanogl . , The resulting suspension is
CEHEHORaP MmAhyIEns chipridsshaiaiFgke! Reckeibry concentrated to

FIBREL MERUShAL I S BB ReEREE PR, 1 WRbure. At

- chl graf i xt i fi.catl .
CHBARSLEN AL S0 QLR L CEALAREAEN, Bl yacuums
omemgn@@b ahlofide AN thér SabstRied W iR ethdddli ThE adduding s@dpension

of 96% and a purity of
is concentrated and left to crystallize. A second crystallization with ethanol is
carried out after further redissolution steps of the solid in ethanol-chloroform
mixtures and clarification on silica gel. A total amount of 49,9 g of product
are obtained after purification, with a purification yield of 96% and a purity of
99.5%.
The resulting product, analysed by HPLC, C-NMR, H-NMR and mass

spectrum, turns out to be the same as the thiocolchicoside standard.

COMPARATIVE EXAMPLE 3

The procedure described in Example 1 is repeated, but thiocolchicine is
totally added in a single fraction, at a final concentration of 4 g/l, at the
beginning of fermentation. The resulting growth is very poor and is practically

blocked after a few hours of incubation. Evident cell lysis is detected by



10

20

99.5% The resulting product, analysed by HPLC, C NWR
H NVR and mass spectrum turns out to be the sane as
t he t hi ocol chi cosi de standard. COVPARATI VE EXAMPLE 3
25 The procedure described in Exanple 1 is repeated,
but thiocolchicine is totally added in a single
fraction, at a final concentration of 4 g/l, at the
begi nni ng of fernentation. the resulting growth is
very poor and is practically blocked after a few
hours of .incubation. Evident cell |ysis, is, d%tected
1@1crﬁ§%qm%@551|yélsa%g §,1gpgﬁcag5 bgqtgqﬁs qrggz,t,lton is shown by TLC and
CE%; nsfornat|on is shown by TLC and HPLC anal ysis.
YHSEXAMPLE 4 The procedure described in

Eﬁ%ﬁAﬁgﬁﬁfﬂgﬁ@L@Ht wi thout any 5 addition of
3=0= e in the prelimnary seed -

cul t urgnd BRocedNEY WsdrisldCid Hxam gijéqt 'i:ﬂﬁ‘éﬁéh"téﬂitb&nwnhout any
results sfower than that as in anmple 1, IS

shddiped &ff BeD-ditheipyltitiocochitire n nid pwlmmﬁrﬁy meylﬁllmre (no
of 61 % a total productivity of 3,3 g/l and a

sprLyinfé (mctuc@i@u&;tmqtltaysfﬁrm;imnmgﬂts $lowkr than that as in Example
t hi ocol chi coside. 10 COVPARATI VE EXAVPLE

( éoam@swﬁap%aftér YPhogrs: svitipy fingd csf%%réwrxélewegééﬂ Yo total

BRI o8 5 PEE e el FRULAL of s g o
%8951%:5%5&18@ of 1 g/l, at the beginning of

fermentatron,” usi ng fermentation nedi um ST as

dwmﬁ@ﬂﬂﬂvﬁ\ﬁ%&ﬂﬁ%ﬁs bPidspOAd MR WA 982E34 62

sfower as I n exanple I, an 'S stoppe

after Pie bﬂw‘edure\/\ddsbnbed inBkample/¢rs repeagidebdt dfio&lthicine is
a total productivity of 1,22 g/l and a specific

ptasdly tadded yinod s(bngl44frg¢tiom asfa firal cwosiceniratoen of. 1 Bik at the
followi ng table shows a conparison in terns of total
pPeginaing, pf yiermeyaupn, eswsg@a@ﬁnww BRI /b3S ggscribed in

beQSH 4%9 gfo%a%lﬂslkoci'lmrtll%on results slower than that as in example 1, and

is stopped after 28 hours, with a final conversion yield of 90%, a total
productivity of 1,22 g/l and a specific productivity of 0,044 g/Lh of
thiocolchicoside.

The following table shows a comparison in terms of total productivity,
specific productivity and conversion yield of thiocolchicine into
thiocolchicoside, between the method of the present invention (A) and that of

WO0098/15642 (B)..

Productivity o
Productivity Conversion yield
(total) _
(specific) g/l %
g/l
AX 5,22 0,261 96
B* 1,22 0,044 - 90

* substrate (thiocolchicine) added; 4 g/l (A); 1 g/1(B)



20 thiocol chi cosi de, between the nmethod of the present
invention (A) and that of W0O098/15642 (B).
Productivity Productivity Conversion yield (total)
(specific) g/l % g/1 A* 5,22 0,261 96 B * 1,22
0,044 90 * substrate (thiocolchicine) added; 4 g/l
(A; I g/l (B) 11 Table 1 Formulation of the culture
nmedia 1) LB-Agar (Sterilizélion: 121C x 20') - pH7 5
Triptone 10 g/l Yeast extract 5 g/l NaC 10 g/1

Agar AP 5 g/l 2) Broth SF2 (Sterilization: 121C x
20') - €210 d ucose 40 g/l Peptone 20 g/l Yeast

ol o s 170

1)  LB-Agar (Sterilization: 121°C x 20°) - pH 7

Triptone 10 g/l
Yeast extract 5 g/l
NaCl 10 g/l
Agar Agar 15 g/l

2) Broth SF2 (Sterilization: 121°C x 20’) - pH 7

Glucose 40 g/l
Peptone 20 g/l
Yeast extract 5 g/l
NaCl 3 g/
(NH4):80,4 | 3 g/l
K,HPO, 8 g/l
KH,PO, g/l
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CLAIMS 1. A process for the preparation of

3-0-gl ycosyl col chi ci noid conmpounds of formula (1), Rl
Al NHRZ MO OWw CO 3 5 wherein R is an

0- gl ycosyde residue, R2 is hydrogen or Cl1-C7 acyl, R3
is C1-C6 al koxy or Cl1-C6 thioalkyl, conprising the

bi ot ransformati on of conpounds in which RLis OH or
nmet hoxy by neans of Bacill uk? negateri um

characterised in that denethyl ated col chicinoids are
used to induce the glycosylating enzyne system 10 2.
A§§¢5ﬁ5§s according to claiml1, wherein the
denet hyl at ed col chicinoids are selected from

3- 0- denet hyl col chi ci ne (DVC) or

21T T bl o SU8Gc S BIBKRRER capounas
cafgd}hmm?gds are added in the prelimnary seed

cul ture. 4. A process according to claim1, wherein
t he denet hyl at ed col chi ci noi ds are added in amounts

rangi ng from 200 to Bba_ug A process according
to any one of clains 1- D vo-RHRUl tiple, _
fracti onated feedi 3}(“) ate, Fn combination

with a nitrogen an carbon 50 e. 20 6. A process
' i trogen and carbon
source are respectively sel egted pept one and

gl ucose. 7. A process according ffo claim5 or

6, wherein the total substrate adggd to 13

wherein R, is an O-glycosyde residue, R; is hydrogen or C,-C; acyl, R;
is C-C¢ alkoxy or C,-C¢ thioalkyl, comprising the biotransformation of
compounds in which R; is OH or methoxy by means of Bacillus megaterium,
characterised in that demethylated colchicinoids are used to induce the
glycosylating enzyme system. |
2. - A process according to claim 1, wherein the demethylated colchicinoids
are selected from 3-O-demethylcolchicine (DMC) or 3-O-demethylthiocolchicine
(DMTC).

3. A process according to claim 1 or 2, wherein the demethylated
colchicinoids are added in the preliminary seed culture.

4. A process according to claim 1, wherein the demethylated colchicinoids
are added in amounts ranging from 200 to 600 mg/!1.

5. A process according to any one of claims 1-4,comprising a multiple,
fractionated feeding of the substrate, in combination with a nitrogen and a
carbon source.

6. A process according to claim 5, wherein the nitrogen and carbon source
are respectively selected from peptone and glucose.

7. A process according to claim S or 6,wherein the total substrate added to
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the fernmentation batch is of 2-4 g/l. 8. A process
according to any one of clains 1-7, wherein the

recovery of the product is carried out by means of
absorption resins. 9. A process according to any one

of clainms 1-8, carried out in a sem- 5 continuous

process, by recovering the ﬁi n fraction (75% 90% of

the final fermentation broth, containing the product,

addi ng new fernmentati on nmedium to the remaining part

of, the broth in the hioreactor, and starting with a

ng'\‘ﬁ PGB%‘FEW?IOTC?MCA’ ‘ﬁrochzé§§ according to any one of

Cloai ms, 1- 0 : - r i 10

283, 0- AP rS SRSl ahed sby pnerdEHEALLA WAL beWcBrery of
agll bicalcofs akdi 06 ShyPinedR0o P otB¥idn Rlsirdshe

col chicinoid substrat'e to be converted, at the :

begi nnANgroessh eu@diYing-13 Mpubae ofudlhings 148 ddrfisd old-id& semi-
hours of biotransformation; 15 - addition, at each

t comtimfoushpros edss thyatesoverent mhy, mafin £rastiont (76P0-90%) of the final
containing the followng raw materials: a) peptone, )
ofermephatiniebrash, eeniainms ﬂwmdyghtaé,dlrm new fiefpagntation medium
concentration of 2-4 g/l, in_copbination with 1-3 g/1

o v crnaiaTin B8R, Toihe rglt i s DRy Lol @ndgtarsing Wi & new
c%g&%ntrati on of 5-15 g/l. 20 11. A process according

to any one of clainms 1-10, wherein the the

bijgtra t i ' ;o PH
bét@ \'Neeﬂssdfrggn ‘*§98’1dé‘.§g ,g@ %éyoggesgpgg%sr g:sgngstFa 3) rgstrlsg?one of

chai mea lprklimindigT edditioRe ofer 3LOMemétRyElcodldicihod in the seed
litres of air per litre of culture per mnute (vvn)
aceltusgd. :

- addition of aliquots of 200-600 mg/] of the colchicinoid substrate to be
converted, at the beginning and every 1-3 hours, during the first 14-18 hours
of biotransformation,;
- addition, at each time of the substrate feeding, of a solution containing
the following raw materials:

a) peptone, or tryptone, or caseine hydrolysate, at a final concentration

of 2-4 g/l, in combination with 1-3 g/l ammonium sulphate;

b) glucose or fructose, at a final concentration of 5-15 g/l.
11. A process according to any one of claims 1-10, wherein the the
biotransformation is carried out at 25°-35°C, at pH between 4 and 8. .
12. A process according to any one of claims 1-11, wherein the aeration

levels of 1-2 litres of air per litre of culture per minute (vvm) are used.



