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Bl OTRANSFORMATI ON OF COLCHI CI NO D COMPOUNDS The
present invention relates to a biotransfornmation
w@rasasss9s ef f ect ed by neans of sel ected m cr obPel/EP2004/005074
strains, for the preparation of 3-0O glycosyl
derivatives of colchicinoid conpounds. In particular,
t he pr ocess of the present invention or0V|des
BIOT ORMATIONQOF, HIGENO | 3
of the aronatlc rlng A, startlng fron1co|ch|C|ne
t hi ocol chicine or the derivatives thereof. The
process resul ti in high productivity and purity
t he bl Areseat m‘@@g@p relafes fa adiptan Oéa}altvnazrpr:%% .egﬁected by
of the glycosylatin nzyme, detern ned
mgans O PElecte dnthpgmiesﬁrwpéf a.ﬁt%m@%@%% 31Qrglycosyl
process o the I nvention sists of a multiple
d?ré‘éad“ﬁ?ét HG %li“r?é‘?ﬁl th@FP% ess, conprising the

f t di it b C
s gﬁr }())azr%l&e Hel eﬁ% Igg?qe% é)?'ttge @égg?ﬁdiggﬁﬁgﬁ premlglres Plchicinoid

CGRRSIRD NG SPORE DA GERL SR Bl s ., s
SRR R e, T AR TRGRD R Eprocess
S P TR SOHSH O el i,  we on
o, PRGBS AT STAT abhESaBURRRAE, ollmernytacd

cc{[ﬁﬁ&llﬁe %t%h?ﬁeﬁlaté yﬂe%?alb?g%h %E§ P IhEBhELA AT cBH§1sts of a

aration of no ) mTunosuppr essi

oA T S DR s i

oieé)lnftgé) %ﬂ]% 3! %ggﬁy g(rﬁ{ljcg%'h Mhe shBFﬂ?h&htocl%]g'ﬁﬁﬁo?Hled

I Ng rom co I Cl nOlI

COWPH@Q:% &Hﬁﬁgﬁgoﬁﬁ%&rﬁis Elycbg%'@&t@hceﬂ' ELP& M benzene ring

derivatives t initral concentration up

are® of qjefnarﬁgﬁlepr giacbhgiésed r@atfl*eellhmﬁéﬁvy of their high

regl osel ective denethyl atihon step of the C 3 met hoxy
efFEQWeness and as intermediates for the preparation of new medicaments.

In particular, thiocolchicoside (3-O-glucosylthiocolchicine) is an
attractive and interesting active ingredient in the pharmaceutical 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.

CONFIRMATION COPY
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bound to the aromatic ring of the colchicinoid, and a
subsequent glycosylation of the denethyl derivative at
wo b@saesses nol ecul ar site. The process of the prESERP2004/005074
i nvention, while nalntalnlné t he same hi gh conversion
yi el d of t he former, allows the transformation of
consi derably hi gher anmount of total substrate, thus
i mpr Be pgoesssrof e pessant presmtion, while maiptaiging thessame high
the total  anount of product obtained per litre
comtessionanield net dhe cformerpabloyes: ithe ttg/ansg Wé@%dofg@pﬁlélerably
anount of pr duc tained per litre per tine u )
higheg amjipt) 0 mtaLgugﬂéatsp SRR AP YAE) %Whpmﬁ:&tgl progductivity,
process of theﬁgnventlo IS chargcte sed b

e@gﬁﬁiﬁé‘t T%Z#ngﬁztonﬁg?qﬂtn& tH’F@CF}ftIyS ey A 1g¥eeﬁer Batchy and the
e M o
R 5 B U EE RO B Bg amadicn protes!ce ©Y

s 0 BEfePrYAEhI BEoflh m(VDNF%w%:) chaggelgifeg fy ofhe activation
m%gB%nlyéam)g%ﬁ élpz{gggjpf) 1pg %@, Eg%fdh%\gthge L¥bn of the specific |
ergqi.yg{l% ?rnn%py,ngi{ o%@%f]%‘é?}zﬁmpg lfrtff {}}%gltﬂg ﬁﬂzgﬂ% involved in the
B e N L e
ad f%f 6‘38@ F%l%@%&gﬁg@@ﬂ@() BE f?)z—\ﬂgﬁletﬁﬁ?m%%olchlcme (DMTC)
Agllr%(g(gg%h (Sjleglln%ﬁ ;{H{S% i Obh ) #’x?é/s)agﬁgl?%ﬁérﬁgth‘ﬁ'aerwatwe in

very our s “of

tHeS" rr!})lt%tté%ér% #Qﬁ@vﬁfotfﬁg n‘la?tlcﬁp OQE!:,J ' %?nhreferably in the

accu |nterne I at e, méans

pfémhﬁiatr}'%@e&’ utlt}ﬂl‘f'%ﬂ nﬁstetﬁ%ﬂ Al e§ﬁ a‘@tfvﬁtl%doﬁtl&h%%/cosylating

conversion rate ranstormation i s conpl et

A T g%%ﬁ‘olﬁ'éﬁil%% | fhd h@érﬁéﬂ%@at‘éﬁnﬁhﬁ@fr@%é’tef asgtplby-step

an t nownpr ocess 28 hours

rél@ﬁk\é%r 'B‘y GReYdGhéth gg%;ﬂag;%nzyﬁﬂéhwaﬁhbe femme%@ EnVRR4 into the
Q

usual about 90- a consi derable increase

: ﬁﬂfal t%qyé’d)syquﬁfa@wéechrﬁi“@ﬁé rAbgaAsfdrmasione aae irotee®@fvery fast,

final” praoduct
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

3-0-glycosylcolchicinoid compounds of formula (I),
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The invention therefore provides a process for the
preparation of 3-0O gl ycosyl col chicinoid conpounds of
wo oo0s110s59% 1 ) , wherein R is aEBO gl ycosyde r esi POUBEPIB4/005074
i s hydrogen or CpC 7 acyl, is Cl1-C6 al koxy or CpC 6
t hi oal kyl, conmprising the biotransformati on of
conpounds in which_R is OH or nethoxy by neans of
Baci | | us negateri uﬁﬂ [
denet hyl at ed col chi ci np NHR, nduce the
gl ycosyl ati ng enz%ma st e s preferably an
O gl ucosi de resi d¥€! nbodi ment of the
process of the inventiong igtg in a multiple,

4 5 8 in conbi nati on
with a nitrogen and a carbon soyfce, ™l i ke peptone and
gl ucose. This condition, by ass ‘41 ng a stable growth
rate of the mcrobial culture, ows a rel evant

| rRER R Bt - Bt 1 R e bl onir Cr s, R
is5 CBoEe SRR ot o ysapan by Ly rtiisingy ¢ HgonapsiiEmation of
i nst f 1-.1 /1 i t hqut | f [ .
cAEDREn Y i 3 e P B bR A SRS B G,
[t d i bl J ti f,the.
clitpbEESPd: Hod ek LTy IS Ao cRIREEMPIIS AR pStd | O dndgee the
dvant ageous in Vi efw of the reduced tine of the
g@’?BE-‘Z‘?@, EEMS W' R a high viability of the culture

B AN S o
omﬁ;%%gn rB4 oe?ﬁﬁ'édi@gerﬁﬂﬁ f\l}%epf(?c%gy%rfyth%yirltkfﬁgtigégqugists in a

Thi s age can r1mnproved
i Qn: ' L | R .oHP 2
SR SRR ool S7 0 L0 8Pu T DotAs kR Aivogen

and'g &EHJOBHiﬁu?@%,ﬂléﬁ???ﬁ%ﬂ?fésalﬁp%lgérbst%‘;ff'k‘f% %Bhﬁﬁf&ﬂ“&l assuring a

recovery from ntatio 0 urther

ST, FOLCT U HIEGMEL NG IOk P i icrase of the
tdthAPSEbRaté Gt aAY thef fdrRRntdt i bh&NTENUAE Othstead 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/1), 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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broth, containing the product, adding new fernentation

mediumto the remaining part of the broth in the
whrasaessbor, and starting vviztlh a new batch. ThPGTI/EP2004/005074

approach can be extended to'repeated fernentation

steps, with a proportional increase of the total

productivity. Mreover the constant reqi oselectivity

of thefeher ashvantagey cegcerng ﬂwinq%wlﬂé\/t%a semi-continuous

remar kabl e production yields, a hi/gh gual ity of the .
Prosgss tyh e gsveaing: theampbwitagtigndip e 050 bobdhg fimak fermentation

si hpl e downstream process!aﬁr}? and a reduced j nci dence
broth; (rondaiapngf theumredeess | at1agd neeC JeEmgnttiqmanedium  to  the

product. This aspect jnplies further advantages in
rHAN G PAEOPT B DFOW IS logﬁactﬁrgﬁn3mrmﬂnwr%ﬁ new batch.

onpatibility of the process. The Baci.llus negaterium .
Thiscporeaeh <98 (Saiended (8’ prRcatAd FHTRMLAGIN P EPPnavith a

sane .descri bed i 98/ 15642, . herein incorporated for
propogtignalincigasg Oz%éﬁ%)ﬁ%ta%&r%@f“éh‘”gh di fferenltO agar

e P . o

B i, Fphdtab f Sradie SipgSea ek et SORE e pesulting
0. 450C, f 8- .

PRSI0 I A i
reiibitife Riat SR8 siel 6 BRliLARbE A aRSBEY4RLEP the proguct. This
4§ 25 U 0 RO, ALy 9,
ey gl ol b LS EHBEREC (Theceal ccred -

M CrppE IMNCTITEs Ce ?erﬁ]ﬁ'ﬁa%f%rt)%%ahﬁ]ﬁnga%@%lle' ti}‘l %he present

growi ng in subnerged culture, I'nthe presence o
invRheiBhCAROL SAMROYEISibed in WO 98/15642, herein incorporated for

reference.

They can be selected on different agar media containing an organic
nitrogen source (peptones, yeast extracts, meat extracts, asparagine, etc.), a
carbon source (glycerin, starch, maltose, glucose, etc.), with pH 5 to &,
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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added as described in the present invention, and of
transformng the latter intothe correspondi ng
we2@bsas33y| derivati ves. Saig assays were carr PETER2D4/005074
in 100 mM flasks containing 20 m of liquid nmedium
with different medium fornul ati ons, conprising one or
nmore organic nitrogen sources (yeast extracts,
theegoroesponding ptalneosyd alsaivativgsr ol ysates, nmeat extract,
corn-step |liquor, etgkL, one or npre carbon sources ..
(gl LStIgeassays werecarriechpahin 400 snhilasks centaining 20 ml of liquid
i norgani ¢ phasphorous and nitrogen sources, and )
miedgrgamiith differgnbmegdaumolosmuda{40ns( COMPLISINgPNE OIPFe Organic
Fe++, Mh++, etc.). The culture sanples can opti n?l
nigogen R et (YeRshekHaels eepwﬁﬁngﬁpgqn%faﬁ@adycgp Sqkes, meat

conventi onal tagenei’lcs t echni ques E)i rradi atj (in W th
eXAGa GOI-EID. HOWGP, iieihoen Gt RIS FADPRGORTERELsIRsQse, Blycerol,

bi qconversi on activi.ty which can be eval yated with the
statghe %@émee e16-) a hBOkZAnTH PHOSBRBTQYS: 9n§fn fpgen sources, and

Saffeiny edetonl 0 oM i ke
w t h1 B0 CAPUERS aFemRISS: (545G ChPLOtbE, Bhagupiseiéd °1d mutagenic
trf%trr]lgér{-btgggmbrxg%nr?ﬁagf tlg% ﬁ?)lg}g%?t%neag isllpflgqées 2 9%3&05%1{(1'@? k(f’l‘radiation
oA YL BE ) VETRALEL B BOS BSaPSy ERRD oy EAER v
WK S B SR L hme EPRESRRER BN °C7 0 o

sacclggé?%gg%lglh %2 of | iR gs%?&%cge(ﬁ’ hBSARAROWT %s%iﬂ%ﬁﬁ?to the

sour gani ¢ sa of “various i ons

régﬁéggvg%+glr¥§f)gﬂ:g?mgﬁve%thicqflff';iedzjs l?ﬁﬁ{t%,i z?cideg:@\’\fﬂ?: culture

rotr i'on afe suppor y one ’or no

bRItHaR I%p@%{erdoﬁggtiéﬂ rt%gétheﬁ WithALhoiEAld 8%1il@gkn source, has
pep ryptone, cas€in st

r
tone; ydrol ysates, corn- ep

ok LSy AR TGOSkl TR 9300 sl
cgﬁt}é‘fl‘ﬁhgl diff&eht €X¢didft formulations, comprising one or more organic
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++, Cat+, 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 nedi um cont ai ns noreover inorgani c phosphorous
weowsaaessoand salts of K+, Nat, Mg++, M++, NHARCT/EP2004/005074

etc..The carbon source usefdl for in process feeding

are preferably gl ucose and fructose. The nitrogen

source for in process feeding is preferably an qrganic

sour £B¢ garen ﬁebmnase eﬁ @ Mf‘éﬁf@ﬁ@i@g @weyaﬁecfﬁr@blb.glucose

norgani ¢ one, |ike amonj um sul phate

al&%nﬁlsvﬁt@@%ﬁf NYEPHEN FSOHF§ i rharé\rlp E%Lfé’ﬁ? erdinen iy @referably an

shown t hat e introductio ore the
ORgaB¢ aﬂg%ﬁﬂg@ iRSRtQRG Fasein r}aycfre %éﬂy}étéé& eL,pR jprganic one,

ontainin diumfornulation simlar to that of the
li P&HUEPP ‘?re%ﬁp’i”?"i“ﬁ‘% 9@?9 }hormgeneous and
gh t bi al t he b
the %?ea»?rﬁgi%?o%?ﬁf[rf’ra%n% ' Bomn " aéébp Tafoduffion” before the

erfornmed. usin d|f erent fer

blé)gF I‘é];l%tlorll StePoa b sy meﬁ%ecgﬁaeﬂg fqrf:y coptaining a medium
f Al Paene 1oy that"Rh S, poodision ahedpny %ﬁﬁﬁhw a very
ETCAT NI A PR ! i o
d cult der abl
RSB0 TR "er 11l ency and the total productivity

of tﬁ% ﬁ{ugrgaqsugx {nlgﬁ | RGLEASEe o ﬁ?f&%cﬁvqgupé’ different

f eedi o be conver n nor e

férfxﬁﬁlgét‘?@ﬁ q{“ﬁrhgt%ﬁ r]ﬂ%éo{ll‘ﬂ%ﬁﬁ? tin8 a‘fi‘ar%'x@?ﬁl{[}pﬂf %‘ﬁﬁﬁreﬁe addition,

n so TCG and ’a rogen’ source

fRIIPS g&tﬁ& . in€@ e%ase%hgoeé]ﬁmétﬁs tdescribed above,

can erefore n oW ng schedul e: a

oL B, G orl Sy AT FELSThE Mer. i e
bEYINhIE of the biotransformation step or, better, during the preliminary seed
culture, can considerably increase the cohversion 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/I,

preferably 300-500 mg/1) in the seed culture;

- addition of aliquots (300-800 mg/1, 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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- addition of aliquots (300-800 ng/1, preferably

500- 600 ng/1) of the colchicinoid substrate to be
w@eonsaedsesl, at the begi nning, and every 1-3 hoUPGI/EP2004/005074

preferably 1,5-2,5 hours, dlri ng the first 14-18

hours, preferably 15-16 hours of biotransformation;

addition, at each tinme of the substrate feeding, of a

sol ut i ceagininsthegialleving taswmagerialy: naterial s: a)
pept one, or tryptone, or caseine hydrol ysate, at a
final dOndEPLPRG:i S HEYRNIOBS, 206nQaseIRg 1 hygrelyssigp gt a final
2,5-3,5 g/1 I N nmbi nat i i th [ .
Ul phat o ECBCEREAIGN SEGNaEh 3 andhd &/ R EFE0B) L bcb also in
/1. pref Eomhypalons it EERGRUGH] AgRlae: 413 g preterably
fermentatio tim? of 20 hours, an initial substrate
concent r atl-or2-61&/890 g/ 1, an in-process feeding
i nt |, of 2 h d at I nb f 7 feedi
Lot oSk o AR Sl 5 ana 15 01,
hour), a total t t of 4 g/1 (instead of 1
o/ 1. as adBErreRy Th2 W 08/ 1 5642) w1 be added to
25 deensifeipe il deragiabRl Gurlof B0, RRuR"FholiRE Shostrat
f bl z ' t d f k
e EHEBRER G AP A HEPRS U ERERafe g, 352 BIRERd o o
{ fati I ' t .
o858 of 1 S SRR AP Btk SPGB g houn. o
di . i ti . .
Rl RGNS UEP BRYUBIARESEL I HTRSCRORY o g 98115642

Wi Be! S1dRh sttht uigr@er ation are inportant, in
parti CL(IjI

ar aeration levels of 1-2 litres of air per

DO e (ot lep 050l preeratty
281.85885at pH between 4 and 8, preferably 5-7, in stirred flasks on a 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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Is very fast and after 20-21 hours the
bi otransformation is conpleted. The product is
wezxdosaaessbs ul ar and can be exgracted from the cedT/BP®04/005074
broth after separation of the biomass fromthe liquid
fraction by centrifugation and recovery of the
_supernatant, or, mcrof ltration and recovery of the
ligeidriiauid, extracdont with @lgohsds tanshdinephiviie argaie| solvepnts and
vi ew of an optinmum recqovery of the product. The
crysializatian. & desaribed parWer ﬁ@d 5892& hr onat ogr aphi ¢
techni ques, ljquid-liguid extraction with alcqhols apd
| pomﬁ/fqléo‘w%wengﬁﬂs Aelgse e HrYEatIeNn] linzénrﬁts:ﬁ,d%%ﬂ
described in WD 98/154621 . The foll ow ng exanpl es
EXAME he invention in further detail. EXAVMPLE 1 An

a1 1R B etk rgo7Fbu R Of Beauus dRegHenup ig tilized for the
indeaiiin of ket cHIPges (isprEsouliqydnai ppo i Brithfiyer flask,
CQTREERE r act b, &b Obi ¢ drediia e HAbalLabRer negigd  with
5 ey Bobifing, &0R Ehi oAt PohBRARRAAFT Said pultures are
ingbfrts ey dh R ARG T ey GRERE, % e R e dffbation.
s piiefdprsshidft sEORARRIER 8 urE il § { E§ dtetdPalet, containing
9.3 &f oS AREALESER Tobe TP R R Miuh BfflqcpRiftirhora 0.5 g1

ﬁgggﬁg%‘é&?’%qgﬁ?f Eéé?&n{&téﬁg{l 15 fclaﬂ%c{ %98%%3 ot il%:éh%:ngs suitable

noni Um sul phat e and e

lelefd g/f cl)sgm?fé%%eé‘éi%ﬁ%nt ﬁs.tfrglgllggyétw @oodl(r]iSJ;h?%e"r ofh 'ef :stb 1% vvm,

hour ntatio each a ion (1.

SENGOE PSR O e AL 5 01
cofdeBlratidh) OReptdtie ARNEY/DY drithon¥imbQfIgHite (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



10

15

20

25

- Sterility and purity analysis of the strain on LB
Agar; M croscope norphol ogy (Gram stain); Analysis of
w0 bestibssecol chi cosi de conten{), by TLC and HPLQCTTEL2004/005074
anal ysis is perforned on sitfica gel, with an
acetone: ethyl acetate:water 5 : 4 : 1 eluent system
For the HPLC analysis, 1 m fractions of culture
camsrsionapt thinredchicing dnid thiocelaliepmide astarts everyi eagidand is
at 13,000 rpmfor 2 mnutes. The content in
altrmsé@@nmiﬁte@lsm@r 30 howes. shgetal arapunt %f 4redl 9E dogglchicine are
reverse phase HPLC, wi.ith isocratic e § by neans
tramsfopmeddnty 5 e sl tmpv@cbwosgtﬁ SVitR Rt é{ps@@merw yield and
HPLC anal ysis proves_that t onverS|
a speEisIRTRABstEity ©f 9, 2‘%\.&%@ Né@éegﬁafqmcm&lg‘r early

and is alnost conpleted after 20 hours. A total anount

_&Mf t hi ocol chicine are transfornmed into 5,2

and 'ghgﬁg@f]%g SB;I. bdfggmghe&pr@gg%{i’tg)%n&ﬁ ajfvolu%e agout 10 1),
SR STl R el .
RS ea“@'%gaa%%%aﬁgz@@fa&oq BhO820 95 BRF Pt carride, 10
R I S ﬁhgﬁsf@%é%ﬁem @ sgjymn flld
wﬁ%ﬁ%@;gﬁ%@f@ 0L 3680 SR S P gt i i

VHEL b L ) 5L e
célr?(ie#t' ?cLl?ﬁ ré/ﬁgﬁo“dé?q'atcﬂuﬂ?ttlﬂ%ﬁ ]Iledflrac‘?éd %tﬁl@ﬁ‘fan%q‘ After

e alco fon is

eﬁ?ﬁ cﬂf rvglttﬁdmfzﬁlﬁq@(ﬂe&l%lgﬂg il‘?éj T’@dﬂo\leﬁabﬁgﬁr‘ls concentrated to

| or1 mxture

d Iﬁgbf'f'l‘c‘iatte'd Wdd i lah! GRaBSI- nﬁ'ﬂl[fsﬁleﬁé’l i1b:Q8e ;1 mlﬁture After

oncentrate U er vacuunm net ene Ch oride is

RSN SN SR onlie, TSGR AL O BACUARet Sacuum,
m‘éWflEﬁUcih"f@ﬁH@'i's Whéd sEbAANBd With ethanol. The resulting suspension
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
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carried out after further redissolution steps of the
solid in ethanol -chloroformm xtures and clarification

woRosithesea gel . A total armh:&t of 49,9 g of prpdIEP2084/605074

obtained after purification; with a purification yield
of 96% and a purity of 99.5% The resulting product,
anal ysed by HPLC, G NVMR, H NVR and_mass, spectrum
migepeopigtanabysie. Ngesigaicans hiptranpfosegtion; Sosfayen by TLC and
st andar d.  COVPARATI VE EXAMPLE 3 The procedure
HBb&cand)sisi n Exanple 1 is repeated, but thiocol chicine

Ci s total IE added in an:i n?I teh;rggtg: g2| ngto? final

pr Gk R PGS ABTS Ak in VD oy & BFPAAEbORe GRithout any
QG GHF B DasemBlDHIRRES SRHRIEF A e SRONRITY TERS g tire (no
ergvg/glgq ﬁm l t?@%gﬁ&%@%ﬂié%pgéégﬁbg ’ s?%gfgre %rﬁ glg&dtué‘sﬁgp Example
Losel s RaPsd AR ROl B ShBgh oMl did of 61%, a towl
PRERY1 Olars | &/ et AR 2B RB LIty g 18, b of

¢ con ehsi on,yield of 61% a total productivity of 3,3
hé?(_ioﬁ ’(foé? pecific productivity of 0,1 18 g/l.h of
cOVELRA PsiHe. ﬂ VEe N:;.’L‘FE,J r i ng

o oo HE Pk R OSSP 6 e 1 B4, P e i
to;gﬁ uag%g?“gg% dgfsn IETHEAIGH,! 80 s ggggg@s&ﬁm@ﬁf&m g/l, at the
SRR GES IR MAGRyd R Tt g & deseived in

WO ASA69N Bbfithfs Rk mAtYh RshRé dower 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/l.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 _ _
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)
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productivity of 1,22 g/1 and a specific productivity
of 0,044 g/1.h of thiocolchicoside. The foll ow ng

w0 alps/08ShOWs a conpari son igdterrrs of total PCT/EP2004/005074

productivity, specific proauctivity and conversion
yi el d of thiocolchicine into thiocolchicoside, between
the nethod of the present invention (A) and that of
woooXabledso (B). * substrate (thiocolchicine) added,;
4 g/1 (A; 1g/1 (BTable 1 Fornulation of the culture
medi a n LB- Aear (SFermulationpf thexqultyromedia pH 7
Triptone | Og/l Yeast extract 5 g/1 Nal | Qg/ 1l Agar
Agar 15 g/1 2 Broth SF2 (Sterilization: 121 0C x 20')
- GJH 7 cqse [[1 Pept .20 g/l Yegast extract 5
g/1 N G@gﬁﬁ%iﬁ&#ée@&%ﬂéﬂi ézﬂg@ﬂ)sp /A KH2PO4 3
g/1 MgSHA,.7H20 0,5 g/ 1CLAIMS 1. A process for th
prepar at i GHPHNG. O gl ycosyl col chi ci noi d conpoundﬁ)gﬂ
formul a wherein R1 is an O gl ycosyde residue
ERg oyeosy 5 g/t

i s hydrog A7 acyl, R3
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/l
(NH4),SO4 3 g/l
K,HPO, 8 g/l
KH,PO, 3 g/l



10

15

20

is Cl-C6 al koxy or G -C thioal kyl, conprising the
bi ot ransformati on of conpounds in which Ris OH or
woredosooss9y neans of Bacil | l.ig nmegat eri um charBCt/EP108€a)5074
in that denethyl ated col chi'€inoids are used to induce
the gl ycosyl ati ng enzyne system 2. A process
according to claiml1l, wherein the denethyl ated
i noids are selected from 3- 0O denet hyl col chi ci ne
(DMC) or 3-0O-denethylthiocolchicine (DMIC). 3. A
process according to claiml1 or 2, wherein the

denet hyl ated_col chi cinoids are added in the . .
Lor el ArRto4ESs frdhe QuPpaaBon oL %%@g&%?%ebmw& gqgnpounds
g aim1, wherein the denethylated col chicinoids are
obferaula{Ihnount s ranging from 200 to 600 ng/1. 5. A
process according to any one of clains 1-4,conprising
a multiple, fractiqg§ted feedjng of the substrate, in
conmbi nation with a ni txoger a carbon source. 6. A
process according to cl ‘ eifHRRe nitrogen and
carbon source are,te S ¢l ected from peptone
and glucose. 7. A ?@cess accgrdig to claimb5 or
6, wherein the total substOMeéd added tothe fernmentation
batch is of 2-4 g/1. 8. A progess as¢ording to any one
of clains 1-7, wherein the recovery of the product is
98 resins. 9. A
process according to any one of clains 1-8, carried

out VBRI CPAB SRR D FSPUEHAPOR - s, R,
DI FRBASLO B AR ORI e PRI of

renmual

c%ﬂp@%gggg glég%r rc(}lﬂn%lt ?sgbé}f‘n%r\gﬁétjﬂg yglf))g’lrx%'i”l%rbgf BAcilfs megaterium,
chi¥dBdredYin 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/l.

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 5 or 6,wherein the total substrate added to
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- a prelimnary addition of a 3-0O denethyl
colchicinoid in the seed culture; addition of aliquots
wo@b2002a05600 ny/ 1 of the colq i ci noi d subst r at ePCDEP®04/005074
converted, at the beginning“and every 1-3 hours,
during the first 14-18 hours of biotransformation; -
at, each ti of the substrate feeding, of a

thseo{jl Heg?f'j‘t&‘ah?%\‘ic lﬁé’frié &bl 1 owi ng raw material s: a)
Sf.eﬁé m%é%%?é@tdiﬂgea?%yﬁgéﬁ b, i R isiR (b ecovery of
o ol ATRBA AP RRAS ) bg?r SRSl LoLoze
9zfz$$gh£&@%§gﬁséﬁa§ ) B B A o o
o R DRSS g v e 36 do7Bh teeven Breshs 1 the final
fea{!p'téer 2t 8l bro{h, pc%rntamsr{ge tl%)e]:c p%c%l}clf,r gdﬁ’l%rg Hévr\}ufte?m@ﬂyaﬂon medium
to the remaining part of the broth in the bioreactor, and starting with a new
batch.
10. A process according to any one of claims 1-9, comprising:
- a preliminary addition of a 3-O-demethyl colchicinoid in the seed
culture;
- addition of aliquots of 200-600 mg/l 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/I.
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.



