"f
,,.-PRCIIESS OF PREPARI NG ETOPOSI DE PHOSPHATE AND ETOPOSI DE
“Field of the Invention The present invention relates ‘i?)Désr:ﬁﬁ/eH
process for the preparation of antitunor conpounds, and to the novel
intermedi ates for preparing the antitugor conpounds. More par’f uf'% y, the
invention is directed to a process for preparing
4' - denet hyl epi podophyl | ot oxi n gl upescéépéionphosphates and the internediate
conmpounds f?{? rféggri ng the phosphates. The invention is particularly
directed to '%P oL PYBTAVEPdr LHgIes opysineeny het pradtatiwh figrtgrepar i ng
et oposi de_from et oposi.-de phosphate. = Background of the Invention :
Et oposi deTaAHAELPP TRRRSLL ¥R lavepadmpagtiissdar foyl [lesexi angravisgde
derivatives which are w ddley ingsedtish cleilateal tbheragyhddoFokr eagtagiancer .

n particular. etfopasldey haRRrgxefadihdibh Yhbbed ALAleShoLoALfANI

smal | cell Iung cancer and testicular _can r, etoposrde exhibits
limted sol ubi?ity2Y®F waterPattiichiankEr i 1agRy fenanaving. f arperditng it o
sui t abl e phar nacethé oateaa®IBOSE t Celign 1. To increase the water solubility

of etoposide and its abildty t inistered. etoppside phosphate is
prepared as a prodrug. Etfgtﬁosie%gggﬁ%g%haéfé rré'ttl%t%%?’l zego"ﬁ/vi t‘?flpaﬁ“ ffe l?%dy to
et oposi de whi ch cBASSRRIY bEheEPITaRNG ., bysignathaep. eamy¥aapl epafternmt er

so: UE: e progr ug i s?akesgﬂééfmﬁi lrgééuSiayaﬁgfylingt 9@&5%%,,V\/rgrgj1 tg{esq,géeels wat er
sol ubl e prodrugs 4' - de epipodop ot.axi cosi de derivatives
bearing a 4' % os%’ﬁa. R o%lt:f:)..ll‘/"1 1%&:29(%,@}% %"’}rstﬁcélggg Eﬁe'i"%"i‘rfﬁ i%fr YEsi de

4' - phosphat e. Et optdiatdon. - ghgephatradiat iprerrensd thyer dayer nip eabpesivde Wit h
phosphor ous oxychhgéd deof gl |1§Y_\$é| it &ydr Abysd Sy Ofn Dihd eft&tdd&i%%%i de
wi t h di phenyl chl%g%g%syphat al l.owed b h%dr ogenation to renove fhe
phenyl groups. e Ypr&Y: ata‘ingnPSPe’é%1 pOHOPRGP | SPEXEFAWAT TGS are

al so disclosed incards, Pdas MNrrds,097agBl. palgmedt- cards, personal

-2- demet hyd epi paslarRiy | Lotaxi NaglveRs| dese s PLaRA! ongepsi ng

4' -protected 4' - dﬁarret hy%gi godo(fhyl I olcr(%sd n _svi tfs, aapr otp:a%tsgérgtgjga%g}ﬁe
resul ting conmpountP?SF t FBHYAHERY v & e3P0 PREGLLREIME cohresirtaftiity

4' - phosphat e. cardihe opr evheuspggesc essespassp@reparthag ednposiale band

et oposi de phosphaj gsd3ipegaldne rﬁ%‘&'i[‘l@ﬂt becpr at %%Qn tq;aft e ahnghe
coupling with a protected sugar and then the rernoval o .tlhe protecting
groups. In additib¥ neSETof SNYFRENImet ABHs PR e @i f fEkRntth#tot d6ti ng
groups for thao hyerotyizadd phospaitd gaddipsiveEhe skt f herceat ipgotieglerng
groups require muiidpl QSSt%ittQVEe%VetflgsFl:iag%i:a\r{;.gonpr\%e%.ctIQQ{:}\?\L%@)ES' The

deprotection steps often require acid_or a condi ti‘ons; i can
degrade the final *gibductiat e8Bl tIRYGCRh 1380/ el kpptic  chamggpoin déhe
phosphat e i s usualayemprepar bd fomdueedpdyi derhyditftengddinel opaliattieps of
phosphoryl ati on agdh dgRLAt §GLLAN. whilHESE k! |5R ecog%?gaa&%/pi craejtl% result in
| oner overall_yields of the desired conpounds "as we as e ‘exp AS€ and
difficulty of2broRi@nh§lerkerniimhdinbie iR kyingdEskt abl e phosphoryl ation of
the gl ucosidic hydroxyl sianoetieposbdengra&ingfr Ymage | hendtveat tensay  The
present inventiongd j & e epaLl

4' - denet hyl epi podfoélﬁ ﬁj!lao g)%i % 5’?5?’6@%3 Aﬁti f)_%%ﬁgéphgpeg%ganocf i"RaASEVEEcul ar
et oposi de phospha?‘g“%ﬂﬁuféﬁb‘l"i‘n@ra el§oep Pebiafcticd thegdayew« the devek

pr ot ect Fd I4 -deﬂeimylseém&r:ﬂ pmdomybbmwﬁynpéin@hm&eﬁ-ilthv{bre? 1aserd
particul arly, inventi on_ | s. disect a_di (aryl met -protected sugar
and a tetra- a3ro§/l ?r'é‘étﬂnl ?Eﬁé)ofég%%&oj" -%gen@hy?g4- u&y’%b pﬁ{}‘?’l"g?’or}g n°"

gl ucosi de 4' - phd@at €oandedngr otelss i8f $dpari ngart ¢hesi de slesiphdt e

t herefrom 'tI)'he ﬁrkyllanmehyhggrQ?ecbbﬂgirgidgupsnpn dxtc&rhyltibog)élnggladephggphalte
groups may be t iffer . L refera enzyl. or benzyl -
-3-  substitut eg)a\?\%{lﬁl_lg%@ 041_ ‘gggéleﬂgclpeagfg%)% t‘ﬁ'eot%ﬁ§5ﬁﬁh%or1‘é’it§ti fig of
Cerr] alkyl, hydrasképtiphessinsitianzylayeral obfen isal kesgssamyt richandthe

car bogyl ihcI i’icsisds_r&miaesﬁﬂrénéfw er kbR d'géa&é(hnﬁé hydy ééh'ai%ﬁﬁfalﬂlléhyfl' )

epi podophyl | ot oxi n-4' -phosphate is_prepare reacting the phenol With a
di (aryl net hyl) ph%géhfgé,fgy tet ranal %%t%aeﬁe?gﬁef%r‘ﬁ'b%f aﬁf%e'?edomd an

acyl ation catalyst in a 5eFt&pi® sbl vishtnecessaryhdhgtotcbet ddssugased
according to one HvieoGbBEBh1Pf at RegH BRI, ORni Particular pulse power,

2, 3-di - O benzyl - 4, 6- Q,et hyl.i - - D g whi | ed
W Lh i bengyl 4 HE Ry FigG BBt hy TIAOHCH - pRBRAEE FREGSsBhoENL 1

produce t t l=prQt ect eqd et oposi de phosphate. The protected

et oposi degg§$§5 s.tal&gzed or nfmﬁhal lized to recover the
C-1"-[err] anonktr. T of*€ct i ng Kgr oups .arée Bd sinul taneously from
t he gl ycosidic and phosphate groups by hydrogenating or other suitable
means to yield etoposide phosphate. The overall process is efficient

o, o . S r N o . L



" wher ei n Rierr] is an arylmethyl hydroxy protecting grougya@deBkesdd rdBiced

arylmethyl or the two R err] groups together are (Cerr] ) h a
conmpound of Forrmula Il in a reaction nmediumin the prese? ﬂ ﬂ rlwut acid
“lerr] where Rlerr] is aryhnmethyl and where | and
Rlerr] are the same or different, to formthe conpound of Forpula Vb

[err] the lasexe|lkeanvelRtergity| | P¥i nghehePrlge. [ BRLPhinoksr of

Conmpound | Vhegisk SAb seskie N £ Md & the, hydroxy and phosphate protecting
group, and in cases where Rlerr] is ap aryl nethyl hydrox rotecting group,
reacting Cormpound | VBPHFY$Ea CHESEnyIIBRYiTTH “i%ytﬁ v‘@xégrlﬁfﬁ Ek"Sms or an

acetal equi vbasst takiecod. correshdrdier laspectimdctimtidvesthadons a

process qQf pr ring a conpound hayi e FE a Co .

[err] 5 Prefdtiy c%xg%%JrY%ésml’@gcﬁﬁﬁgrggg#rpg%{%g (l)F For o 5)1\7 in a

buf fer sol utéemly where very large quantities ofg-types of identity [err]

wth a phospEg{ eng,e%y s he phosphate, and recovering said
or%éul a .E@ o IiSA\not Eed

conmpound of . / er aspect of the invention is to provide
a process for preparTalging coapdung af dEppKrtipgevpoint, the invention [err]

conpri si ng phgsplaeyl ath ngna Qﬂi"fﬁﬂ'doﬁf gRvidild a method of the

-7- , fer , ) Lth a ph hor,yl ati ng agent

to proddfe aEPHtBeREHORED ?:I'[e\r'r’é)(r'1 yF‘FE?@SPSBBSBh\%‘PSPo??‘ﬁgig-spPr 8t e of

Formula Il to be engraved witdirhigh quality and precision into a
radiation-sensitive layer without a highly stable
radiation source being necessary for this.

This object is achieved by means of the method

15 according to Claim 1. Advantageous refinements of the
invention are described in the subclaims.

Thus, the invention provides for the blackening

. obtained in each dot to be determined and, during the

subsequent irradiation of dots, for the radiation

20 energy to be set as a function of sought and obtained
blackening.

Thus, while the image is being engraved point
by point, the blackening obtained at the respective
dots is compared with the blackening sought, for which

25 the radiation energy was set, in order to form a
correction value from the blackening sought and the
blackening obtained, which correction wvalue 1is then
taken into account in subsequent irradiation processes.
What is achieved in this way is that even when the beam

30 intensity of the laser or the pulse height thereof is
subject to fluctuations, it 1is possible to engrave
images with high accuracy and precision into the
radiation-sensitive layer.

An advantageous refinement of the invention is

35 distinguished by the fact that in a first irradiation
pass o©of each dot, irradiation is effected with a
radiation energy that is reduced in a defined manner,
with the result that the blackening sought in each dot
corresponds to a predeterminable fraction of the
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where Rlerr] is arylmethyl, reacting said conpound Tfs Skt HadBaenRepiic N 2

* protected sugar of Fornula Il [err] to prod of
Formula 1V -8- "E,”!ﬂm
[err] where R err] is an _ar3yl_rret hyl pr t ;

isolating the G 1"-Terr] formof Formula®V, renoving the hydroxy and
phosphat e protRxQdetiergHagss thlarkeuiong a fonpothdsof datrnul thit  the

[err] - blacker@hMy IOHRALNAY I3 %a%‘?i”ﬁ%‘&“qso“de'f%@ﬂiln ay \an}t?h that
phosphat ase enzyne to renove the phosphate group and producde the compound
of Formula Vi i1 at least one further irradiation grass pef aehel Betor i ption

of the Inventiiyradiatibhe ¥ e6epbct8ICRLLAN d Srali{LEiSd LR8BGy NRiQYed
process fo% pr.e ar|€g 4' -derretcpayl e |§o‘g}(P)ph |1 (a)é,o n gl ucosi dé” 4' - phosphat es
and in parTi cudi®ar 58t op8sifeEEd < rtﬂfgp h&te E05h ’rﬁ‘lcee’iﬁrfci?al potueerptas e
salts, and solbiacakentimgr exfreakhe obvebhédnans fuhd hBladkesrthed soRghlte
preparation of; pryl;eethyl. protected sugars and aryl methyl protected
precursors to etoposi de and etoposide 4'-phosphate. The invention is
further directed to aIprdddss wiy probackeming opaslde phospbatablisi ng
hydr oxy and pRasiaics canot erldiithtf SHPS obhi Clinall ol 833¥3RRASE | QO

s e

anoners bi/ crystallization. A further advantadeous feature edase by
whi ch t hetfyd TaRPWsToSPhdihe plasektberm giBEpRSthyl Banr broweduced
si mul t aneous| yomMdutdutardegeestal | eia©f thée hir@ahoPneddel percepti®iRr, o0ceSS
of the invent iEﬁr’érP'ii% cle} ar%(‘lﬂit h\gl a)ﬂd I n, particyl ar, béenzyl protected
et oposi de 4' - phoSohat e 1 2hnhes Rhecke bE2REE| IF SOPRPILEAVESYt he
anonerical ly pdogd C-durireg r]edchm Hyradistdbhi zaidsy) frehet heengagiizon
medi um or by I i zatj f itable.sol yent. The overal| process
is rapid and %? |%%é%%lb p?%){\}?gi nggg]na% e Yr o glsasckre&;nﬁ’re i hﬁ
et oposi del ' - pRE3pRade i @rbsphat aogetheless e gusid yverpneedly a
phosphat ase ensy BRARHRG1GNG fBNEff | ﬁif‘gollrt péc@&féﬁ%{z%% f 9&?9&55&%%# gRosi de,
S :

phar maceuti cal | accc(ei tabl e salts "an ol vates t overal |
process is ef fif%\aé‘ﬁf— f &P PRBdURFRgIEFJBIRE HRN PAsHhat e or et oposi de as

di scussed in greater wgaeal | fied&hartder. dohdegy ef & ed carbodLpBAENL

di benzyl 4 -dﬁg\a,tep%li- 141-epi odo%h%ll I OEE%? n-.4' - phosPhat e.is cqupled in the
presence of a Cew's S8 d WIH 3. di bEFF§EC¥ee. 0-1n  detecting  the

et hyl i den&0 [ ebkdpckenihgDoptadopyr dwasagt ¢her eshepevamaansewt £t Thet gee of

di benzyl 4-(2;3rd-nS:PE8AZY{ % 650- [ e- - .

-D-gl ucopyranglgr%lr_)ig:giggematE riﬁdb 4Fep?%géf§ph |1 g?%)?lsnéﬁf- rpaﬁi&s‘-’lf):ﬁgpé. THe
C-1"-[err] an 3da%yr BYi sMegF b flager radiation, for the

- 10 - to eanBliyiquyst AdtisZeahd OBcERaEngN it FYPR! antd abl ¥cREEELOr M
The C1"-[err aogper .may he dirgectly crysftallized fromthe reaction nmedi um
or recrystal |l FZed E?ol’ffla & 'etrabld(ée‘”%’ﬁf/g&/etr%? FRSeguent ol FradinkEeni eft hen
I‘ﬁCOVﬁI‘ edZanddhydr ogenat edkeo a't:m::hhaneoﬂsIhyhé_errpstevibﬁshydrﬁlﬁt’a@ﬂéd el
P oeptabl e sapfackaifiguhBuLe who STl aB T pd e Bl FRELIT oR = Y
earth netal s&FFSTIRRCHwitkhr bliechbagkepring, to Heefdphhtinedpownthi shan

ethanol ate sokust®er Sehyet eshar eqbgs ped le&éNéﬁ?ﬁ%i 23L80MBhce  the
recrystalli z_?%l on from.orggm %H%gl,vent s such as ethanol using st anlaard
de i

procedures. ThHe t&Fth alk§ AEYUdESTst (Rg grclvkedinckiteh al Ryghchai ns

i ncl udi n@0 f oprexaspbe, evehywhdenaelatdpeliyderienpard 14O nytd 0g8&4 . I n
one aspect of i i on,_the gr s | eads tq phqgsphoryl ation, of 4

- derret hyl epi pggggﬂ%/ﬁ%?oki n 1 Fofaﬁholﬁgé‘l tY pr (Fép;epr of‘%ﬁ?éﬂatlon

di (aryl met hyl §dditigrakiny|kps potbphysfivanikage 4' tiaosphaser of syetamsa || .
The phosphor yhati P OOESSahSi j.e reactin

4' - demet hyl epi podg%hyl | ot ox?ﬂ#lé}/\ﬂﬁ} g{?glyyl&rrgc%dytl g’%ﬁ%g‘%a ZD% Ralse .

tetrahal onet hane, a t®#tidar PRaRiFElaghY advwaniageans caeflipsmentheof

t et r ahal aset hahe hasvdmeidor milca €[ epfdbvivied € hds ahakegensgel ggied from
t he group conﬂusé&{l of F Clé Br_and I._1In ﬁref rred enbodi ments, the

t et r ahal onet hane" | séé%f(fr[’ep?f.s FhEXTEPGg R ol hdaskr bdhemaBtaE HeN same or
di fferent. Then®¥gYi aty amfthe im puether redwagbodhaent shes bl dekknsepr opy! -
et hyl am ne (&M ¢4 g r . uitabl rid. 1.nes may be used. The
acyl ation catal s%lﬁﬁaéi%le %ogélgﬁdé?d ttg:%t eﬁee yséjtee aslq{gnoj\‘/a\r;g? nlaftﬁeglrérl?a.lsﬁ n
preferred enb® ’Fﬁﬁf‘%‘yd?t h&Cac§hst i sATeatraetion QEIN- Gheetdifference
am nopyri dine (DVAP). The reaction can be summari zed_as_foll ows:

i THIS:SHEET ;HAS :BEEN..
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[err] - Wwhere Rlerr] is arylmethyl. In preferred enbodi ments,
Rl err] is benzyl whereby the resulting phosphate has the structure of
Compound |1 a. [err] Al ternatively,
"Rlerr] is a benzyl group substituted w yh _one or nore selected fromthe

group consisting of Clerr] alkyl droxy, phenyl, benzyl, hal ogen,_ al koxy,
nitro and caPS&¥grPc B¢ d?rﬁﬁ&nésttéf%c¥?é+%£f ang i the| PTEIRGSTHOSE benzyl

grOUpls i ncl U@Qack@hlﬁ)gam&e,thé lretsb;ébtbeezysbx: 3am@t hhhtbﬁ.lihz)dhe Blarmi hyl
enzyl, 1 or 4- met hoxycar bonyl

benayl | 3, 6. AFERRIPOIER PRESs FRfoF BRREYPraRt e EN 4F1 B olth AEh 2

- 12 - wa¥hi sthhvsphihe/ | apredegesoesed s hlgckernngnt ﬁm:d eaﬂya process
whi ch produc t ed_.d nmet hyl )

4' - demet h§| e%%ﬁ%%gﬁﬁ%&l ?t%%x?ﬁ Egé%ﬁ{ésphate in high yield. The process is
essentially a one poBYproctstue haetfi s thgi d iberatilyel y gethedi ve the t he

phenolic hydy@ryegide ofbe%gaaun@hle @Jﬂe@e&a&h tﬂiec&eeqegs Ishaparddecul arly
advant ageous for_ the phosphoryl ati on of_ 4'-denethyl - egiﬁgd&%yl | ot oxi n,
I

the process P§e€€ﬁ@|r§lln§ﬁd hlapkening efiqy e the pﬁ%ﬁBﬁg thg, S br
exanpl e, p- fvbb_rgrr Ripaaly; b% ﬁradlem%bh@ﬁtép.lleft(ﬂa,t the hanzaneding) fmnd -

hyd h l.cohal h hyl al.cohol
o oduebador FPEERES g SR JREE: O AR o FRAFy DACEORD 20 Sl

Phosphoryl at ithratofitetispasi dengavepehneegesbiled pr oduct W t h I ess glycosidic
phosphoryl ati on thanp t; r at, The
¥ tify ﬁﬁ‘%t&c%&%&fiﬁ a@\}?ﬁ’& h%@ 59 g%g{ée o & in

preferred solvent is acetonitrile
non- hal ogenate sbagkntirradisd iosedPasst héthﬁmoeéﬁetweelorblamgenmg

tetrahal onet @%’ﬁ%r@”%dr‘}e‘?a@fo&ﬁ%u't%r aC AR IBIth A fHr e d¥ HellAblphd S used

only in reagent amount,s rather than as a solvént as in sone conventi onal
processes® TRETSFRIO1 fltﬁ’hélf“éFrShaFBﬁePHQﬁE §¥8d in the phosphoryl ation
reaction is one or nmume aﬁqudw&h'ﬁlag%omr reffiinenletitt oFf dHee ixivaddt ivgh phenol .
The reaction. s al so carrtﬁ out ugderi mld ond| %ﬂon gt or. beI room
tenperature ad t¥pi cBFPYBEF ow BB5ut -nlO[er §ﬁ SHAGHYI at|
reaction is hlratdk@tnlcrg r regpectivebyt aqbtakh9d| nfohe edsle n oo of am;hed

di benzyl chl o te (ORR R 8 By is
avoi ds the ngg%rﬁt e‘%are 53%5_)% %@%tgqugrrgt%agt%erag f{ffl)trfs(trHeer(;us(’zélelsdﬂltdho-@I

i mpur i ty2@ont1§ntd€t’§ferﬂﬂ4életdesul ting phosphoryl ated product. Typically, the
reaction proceeds to ePnphedi eAskN abpum%,arﬁtaeheerl?ormwawta ediss
recovered by ndard methods such as ﬁa g %Ist | 1i.zin |sopr€é_{) . fal cohol .
- 13 - FIH S Thetf CBBPFed® €a iy >?3'f 15t

gl ucopyr anosehen hleeckereien csbtHirsed eim seachddot| risprcﬁteimadaeehtmcbmrent S,

the L f t
T i e R S BRI
CFlerr] SEPer POMPT ZIQEEaSivedq m]ngartdlerlvseﬁ[@aqnsq @f]a dathe

coupling reagty %ﬂ@&élelycaierﬂle%ﬁltted td RhPIREgYR Ut BEfeist filg Sd eves.
The coupling reaction is carrie tb§>]1ut in a hal oglenate or ngon- hal olgenat ed

sol vent, nostMSHFRNE abPy acERoni Gkerdneh, CRARES nc?hﬁ‘ée f or®xanpl e,

pr opi onitril a rrachizanan netaty lienmeddawame, faohlorsgpearifi d, 21 aktlodwh ixigpet hane
and m xtures .ither A d r ot e | u yr se has

the Formul a l:ﬁ" ;?Péferably EEEE%EES @é?fu@%ﬁe@ k%&/n 9 9R[ e%%f] Laﬁ]g

aryl net hjP. Maddradrian apwarbodi nents, Rlerr] is benzyl such t hat the

gl ucopyranose has thestrugturgddd@ularly preferred deLhdia axy
In further enbodi nents, err] is a substituted benzyl that is substituted

with one or RFROGEESRY ftrftﬁnﬂt%ergtﬂarp cvoqqs}%tw@oreﬁquley rPreyiged
hydroxy, phemHat bﬁmzdfdehatogganeﬂsheaehtel Uelser GRid=®idH, oM Basker 0do,

al koxy, nitra aq_'d carboxyli.c acids and r $er eof . Sui tablﬁ bstituted
benzyl groupSH T UdEPETREMATI YenA| PUSS t‘ﬁ? ShetyyMSeL nB8Pfy| CBenzyl, 1
or 2-napBbhylblagkehiogrg delptesimngdd mezqaq:h4dmat hHex detaroimed tfsrmylt;he 6-

- 14 - dic rbengy fleuo en nd af zy al ly,
Rlerr] is th?@a%e as Jﬁhtz Olf £ae Eégge uch gg?%nogggﬁggg urlf[ ﬁh\g/e t he
structure of ReSRSSS 1995 - [err] V\here Rlerr] is
?S ahﬁve and Rierr] ll&xtﬂﬁ?@@é@d @éfﬁhéﬁ\éllgt ?ff tt?fi‘et\ﬂ/%aﬁghgﬁbh griqupsst aken
ogether are a Cerr i de roup ref erably, e twg Rerr roups

t oget her ar e B\ ‘{edie lf")f/aﬁ al ‘tq‘é‘f 99 vet "e"?rbo; s, SHEVHBOR] er\l'lj‘ggr oups
t oget her may be propylldene or isopropylidene. Compounds |11, Illa and
I11b are prepared by known procedures such as that described in U. S. Patent
No.



4 997,931. The aryl protected glucopyranose is forned as an anoneric
mxture of GIl-[err],[err]. Unlike nost anoneric mxtures, the G1-[err]
anoner of the arylmethyl glucopyranose can be separated fromthe [err]
anomer by crystallization. Specifically, sthe anonmeric mxture of the

gl ucopyranose Conpound Illa_can be crystallized from hexane to afford
subst anti al | yradéatirBapepsphii e C-HaYey r £Of obfh drlagrgithd 11 | Amaged

Furt hernore, bh€09|aUWcﬁ@&%@.v@Q‘”m érdealtham Ngréér i bt atebaing: a
conposi tion of # drfres over % Fﬁ 8t|o of 83@% %err] {lerr]

The coupl i ng SRS rurlﬁeoprarae e@t gF B opPrarosrabr “ehfpot®l FRF with

t he protect edlﬁmideﬁéthylvaﬂuefspl beﬂopé‘rylalmdt oxftert’ aphasptestisatdforCoipound 1 |
pref erably, |s ar ied Ut in GRtoniLr ip.t S o] aglephs acid.
- 15 - 5 th T v%] cynel:g s Qa%q;%cﬁ wh Lg%upl 'RG of the
hydr oxy pr ot edetergliiniogy throdd agkeddmgourrdiel Videe t digrmlsli genwhich

4' - derret hyl pogloRiyd | Xi hogph (JatB)orPr QHLESE a

C1"-[err], [err?egnorrerrcél m%%:%urfele%f t% b%ﬁzy A} a2 3-di - C}benzyl1n %-0-

et hyl i dene- D- §PBESPYr aRB3YAFUE" - denet hyl - 4-  epi podophyl | ot oxi n-4' phosphate
havi :’19 t he Fornul a |Vﬁxerg plary C“embodlments of [@hé] 1nvent:1onf are The
coupling reactio roceeds rapi i esence 0 ron
trifluorit® eFPfBrnlégé‘ sh e ?hél\éé'r (rj'lde:[e:]r ?5{?15 e@SﬁpotLﬁﬁdgﬁ

- 16- | drawingt n'ehesseamg]teo ifdglate ohe {:leer]dnfammg)f sﬁowpouad 1]
and particul ar} I pri th in The, final ti a and
IVa [err] doescﬁgk“ ggce dg%ﬂé he cgjr'r%%%c gjorrpoétr (r)i%sg gng% %[ﬂﬁ
Conmpound 11 | alwhénlﬂhelpea(ﬁqrorﬁalsrmg i edt otihe; m&t‘é‘l%e@%‘@tﬂ@m véﬁt s. In
acetonitrile, chRejgQuptipg . of Conpounds Ila and Illa (85:15 [err]:[err]) in
t he presence of boron trifluoride et herate at -20[err] C gives Conpounds |Va
[err] andl?Va a in a P8tidlduserasgd |dn s 41 i edE3WiRa t HRS andfERFzati on

of the sugar %@;h_resmgryo&«apllﬁlsyﬁmptmahogeﬁated1aehrosﬁnt RasWhal elaser
anoneri zation i s nmuch slower_ in acetponitril

urt odi nent s,
a suitabl e salSYSEHEP b adde PG ERe $9ETS oﬁl maféfiurae }l’%a'f‘ng gé?ggf-ﬁg i oni ¢
strength of tldeviakeven2. Sui flalsee shéams ikl gdaeathltatir land tdlekallesereart h

net al perchlor I S ]-4is din
acetonitrile i c%eg'énsegi ?e1e ra th}?’%tﬂ/ gg:err err eéer J9ij %Hﬂ’:ﬁ
resul ti ng2@nomayi c bei xtaar e a(ﬂoug’y'@p@@ﬁécﬁ a Fe’#ﬁ}'—‘hftegr] deaaheegm for

recrystal | i zed xbppeet RaNOkHeO fhbal Ngeyhstanbhal kevibe pupe Cuhicherr]
formin high yjel tzlg | e crystal Irzatrggsr n net hanol . or methanol in
I

conbi nat i on vmdtelfrlgle"'rér BREY DFPR: 4P| FReSPBURt REY ¥sSipEFEAOPVAT err]
anoner al nost sm@mmlaemejyy t\hatth asuhﬁttangr deby 00‘cerbagi aat imagef plheael Va a
anoner . § c%u% eac 18? elrJeraI ly carried out at or bel ow
room t enper at ur é Pafid pre erXbP BOUT 210 to -40C. Wile the coupl i ng
reacti on dPoceeds sl ower cantroll\eranmmm uids, coherobaertheenpbnateres
favor the for il 9f Lha Y3 Behm herfﬁkceneﬁeeewcsl 94l 8g aNRARALZAli on

of Illa in the reactron m xture, For exanple, the coupling reactron of

di benzyl 4' - d&¥Ethyihat EBdeif&drﬁHHO@t BAFELY - pRBIPHANE Qhy each dot
2, 3-di - O benzy; 14cff é}ﬁ&dryétﬂmese{ﬁ:‘rt]m{eerrdya- ol schpygenessu§gRS £

SRS g0 d | v dIVa ai
o o)) g e peabegicle Doyl and 190a oo s

- 17 - sane coupl i ngrnissaedi off ranspu(bpeo‘ndtawnbe afl tkafens] Gepegates in a
| Va [err] 10 I8 ehal N SOatin WH! €1l 1aLlbeHehln IE Tahw Be76: 24
The preferred solvent for the cou ing reaction iS acetonitrile since the
reaction procéd§s *agaul §Y§’éﬁ’ﬁa|18d My t3eSet BAdAEES of ensStEBRICcHBSI i ng
reactions. Acefe@mi t pbwerhasitpe wrexrwcted peRaeply, ofa er&@bﬂtllhgxoe@qpl ing
reaction to reach orrlgqlﬁe%r{on I n_abou wo hours, V\hrle‘hﬁe ;eactron in

di chl or oet han®¥Y'RE 182 h&GT: 10‘1* 8% c QupP TG TEYRY ASqketdfitrile
i s faster3fshamgedopiromtdert eto Fgehdeat®r epprbpriatpl lagereaalsen ifor
acetonitrile al r.eat e or Va [ er onek._ _Several

ol vent s wer e SEOMETTE | FiCcota gzt Riet iy o Ry Ehen ™ tHle

4' - demet hyl - 4£§prrpadepﬁy1pﬁot@<ﬁ n- tzrhe pﬁt&sphat‘«em can be wvaried

2, 3- O benzyl - fin@:&lehmlwdef&[eaeh [ﬁrd;]wfauam USPP¥ARROSEn PHoIcedd,y, the

[err] [err] ratio creased vvrt ctr con nt of the solvent.
The substit uerdts GiFShetQubsli £ 3? 1rﬂ‘i'ﬁ‘te% |ﬁ8cé gﬁﬁgroﬁ? & -

gl ucopyranose al so influence the ratro of formation of IVa [err] to IVa
[err]. For exanple, bulky groups in the ortho position favor the C1"-[err]

form of Conpound IV by creating steric hindrance in Conpound IV[err] while
little hindrance is caused by neta and para substituents. Electron
vvrthdr avvr ng groups aI SO favor ed the C1 [err] anormer . The hi ghest

I Y - o o o N I I Y 1 o



]

‘- 18 - In preferred enbodi nents, the crystallization to obtain the

C-1"-[err] formof Conpound IVa is carried out directly with the coupling
reaction. After the coupling reaction is conpleted and w thout further

~extraction or standard work-up, nethanol.is added to the solution and the

solution is allowed to warmto O[err]C. = The solution is then allowed to
stand at O[ edd] ¢Him @Beor atheotransmhetareel f n§heokrd thas nsesh 9a88und to
be substant | ald yepuice, l¥auzabelheifidr each pHi®ealtiddr vl edlizsride
crystallize the C1"-[err] anonmgr of Conpqund |Va even froma 5 :5(},
anomeri c m xt.GVE1Ss O% BPERi FARake RRAUAESpect ed advantage of the process.
As reported in J. Magh,oribdmineed dt@gamiiheCheng Sbilyckéhtingd.obtkahedN | ey
and Sons,SNe\g York, 1992 .. 121 %ﬁerx.few di astesreomars fLE ahbl.e }{to be
separ at ed” by ¥ sPndiRTSF Al | F2ERPORTION PLQTeFS ¢ eCovBIVSBf S
C1"-[err] amsemsoroflTobpoprdvidedt herhliydr cvecedines he phasphpaetpradt ecting

groups are r v i %&H%S“S by, k ngd, s rapl y.
hydr ogenat i o%mTﬁgu%lg?o enati ojﬁxaepar o'?’g% S%E?g%eﬁr gnclgreriree ?i cé}ﬁt ly to
produce et opadiig pﬁ‘é@@hg%% R Py elsdgnailt FeoX resnandidyr abiat itde
Conpounds | Vpuia andighe aigt veiati abidse:anguaensi tiye die ?ﬁi&h@g&d and
ase. i sting processés of using_acids or bases to reppve the hydroxy an
o e OB R Bl el o o 2l '

e desired pm shiipa e i ahoi piegmndilreaven t he
et hyl i dene gr.oup fﬁotmstehe P%J{J&eop%rggose Congtaraeddtghexilsts[ng é)rs%ﬁesses for
renovi ng the S‘r otpec?l%g Ib%o psS, A ﬁﬂ?%?’oé‘gﬁ ioh process s dohva 6?“}algeous
in that onlyused.ddrict estliadrisisdip saredd rdat,emuinesh\by mesals off &
required, angutit%%bqreoceggliigr%gqﬁﬂct ed, yndeg g | d's”euf%?\ﬁi:?é)&‘di tiqns to
give a high yield. ~_Chronmatography is _not requi r.e]d to obtaln etoposide
phosphat £5i n qemtafldrmdadhien 1pdiai dyadcdggagiation processes.

-19- The hydr ogeRathiedn SBYide Bbrd dedahi@indNeWe MREEESENg

Typical ly, the hydécgf%}atl on is in the presence of a noble nmetal catal yst
in a suitabl &g v LA SRPSHGE etrradiatipn, Gangishe &ishdient s,

t he hydr ogenafbiserviihigCcahie dehaidl plaineg BI1% il laadiidaorcandzorisn aisol uti on
of Conpound IVa G 1'-[err].in 50/ nal { t et r.ahydr of ur (THR) ., .The
m xture is hfdrscle %‘féeﬂ Frgé:ve]?é;1 nﬁ%grﬁgygﬁy%c’c% |€h%- gm;%&r :sli,té%ﬁhtm- 50
psi g hyd2ogerserkery ckl abydt they widee beamermved’ bprei lildustgatadd imhe
ctoposi de phagRhalealeesys! shiyzeshd r IR clb@nobwo NEpiEPLOLEELi QR0 |V
C-1"-[err] to etqposide phosphate of Fornula V_is_as follows: [err]
The 4' - denet BAYSFForSHMAS LSk Ceterudss dbesblagkss8dRdte of Fornula V may
be converted to its EhidtReeudf cahky AcKHa Al saktakyetont aclfi nghét with
a source of the, appropriate. cation. Far exanpl e, odi um sal t be nmade
by treating tHEShEIRRZ W 'th IF Sif 13472 %‘g‘g‘f%ﬁ%{%ﬁ%% eas{ﬁrf%%qu ©the

f or mat i oASof -ateespdimnesaght & heaeothaBolitat s efiitbbld' for obligue

- 20 - dengy i 0 I 0% Iq%ﬁ'jd 4' - nph t a VvV may
al so be obtaine rﬁ%%&%&m%%ﬁ%déhggg B ee_ :l%'opégi gzngﬁogﬁ%fgt{q{n%%further
be converted % 2RpHRIHeaBySr OhpvPhg thee PHRRPhERBSER 0B 'usaRF anot
phOSphag asehejmyfmh den @*rtlraqw@l uspbuéher axgaomrﬁbaseznes_méftgygwgrt

et oposi de p e conpletely to_etopqside. e reaction is carried out
T h tank wi O a it FBF SESE 1F ofb aBbidasel SRARFYARIET PRI HHG. o at
room t enper atafr ethibyptgpkl y, thé opssl detghosphateer | 96l nchhe £hem dfe a

sol vat e when &Q% it q u f it isl T4 i.c. C rsion
of etoposide dﬁl-p %wph%%%oﬁegggoglgg ?gggd\}gntlas rérgeus S|a{n¥3}e kf%e?%g%ver sion
is carried oRCamdr of | dibet iewnef wkbiodmadiey | drha? poesERbposi de
or etoposi de gbcythosSiat e FPHEXIMRLE, duRE nbARIHL SIMIHtIRAE O OMRe | S
substantially upaffected by the phosphatase énzyne. The enzynme nmay be any
enzyne havi nd”;ﬁ%‘d’s -activity at pH 5-12 and preferably pH 6-9.

Sui t abl e3phosphat ase rextyesnoneg| uide atsd apgeakkaltion®ephnsgdiailaseto The
phosphat ase obt a| f.orom-bovi ne,. bacterial or.other sources such as
bovi ne and cﬁoﬁ%?ést?hgﬁgrar&cog% A R i FENG T3 h{e5 pﬁ”olgghafiasréw?ray be
wheat germ | iParansiansd | Bhaovecebvémyarphogphnantse aactingaly . pidlese

enzymes are anaidi@ahle gffﬁ%ﬂgﬁtm%@rcaéx%n% photodiddeAl] gnbuffers,

for exanple, include MTris pH 7.8, 'MTris p M Borate pH 10.0 and

M Bi car bonat @5i&Yr0. 8% THEEHepHSSpior PRAGISN RSt AMCSOFESSHYEFhat EEV t o

Et oposide VI is as follows: -21- [err]
The following non-limting exanpl es denonstrate preferred enbodi nents of
t he inventi on. Exanmple 1

2,3-Di -0 benzyl -4,6-0-ethylidene-[err],[err]-Dglucopyranose (llla
[err],[err]). This conpound was prepared according to adaptation of

-, o o o o o o o ~ 2 a2



Rf (40% Et OAc/ hexane): 0.40. [err]H NWR (CDCl[err]): 67.39-7.27 (m
10H), 5.14 (d, 0.5H, J=3.7 Hz), 4.91-4.66 (m 5.5H), 4.14 (dd, 0.5H, J=5.0,
10.5 Hz), 4.09 (dd, 0.5H, J=5.0, 10.3 Hz), 3.94-3.88 (m 1H), 3.66 (t,
0.5H, J=9.0 Hz), 3.56-3.25 (m 3.5H), 3.40 (bs, 1H conc. dependent OH),
1.36 (d, 3H J=5.0 Hz). 13C NMR (CDCl[err]): 6128.53, 128.42, 128.31,
128. 09, 127. 9‘5her12?>8899 IEreSFany. 50, We 72, %11359%2539343 8?944,0181.08,

2(23 ig Zg ié WS- Bner/Pichhl /Bedw, dé$186Lida. &la,vl@% 5 68482, t66.12,

2,3-Di - O benA?1%, @é‘&%ﬁﬁ%ﬁ&%%@@&%ﬁ &H‘S?é’r PLAPE Berr]).  The
anoneric m xture IIIa[rE edrilefrertno] e(r?gzga)ve/\IaSnpllmagé that is to say

-22- in_a 2 rou dbottomfla xane 2 t he
suspensi or? oﬂeSfc%Bp?% Fefﬁo&r Eigtaorgroaé)((:}%rréf giﬁ}ll \r%nﬁgqum c\g\lhl ch
sank to the buotldew, The suspgnatonewas falttdeed t wrébohgt o ravcaphigsler at ur e,
then a stir d ol u g I A ght.
VWhite, fluff cryst % q:%gr?r:g% gk% oaéggel \é\@lﬁﬁeeﬁééé(%?l‘?%%o%ﬁ?\%est of
the i npure sol3¥er T‘Héa‘?:ry%t%w%t@@% £ | k9990 eRORREENE i ridh? hBYSRERF nat ant

into a Buchnegediiwel 11 Thes | ngvkiersoldd was |fidni mthaay | ashat Theewhite
solid IIIa [err& was dried at roomte @ur%%}runder VaCéJ m(2 nm Hg). 1H
NVR ( CDCHPer rf3digtlory. ARerqyy, Heppsmift o 14’3‘?%%“91H

J=4.9, 10.4 HipecSfH6 (rradibtdsh. AnHzghe 3db4, (tandll—thﬂsl&e%umz;)s 45 (t,

1H, J=9.3 Hz 7. 3 23 dent
oH), 1.36 (d)t%eh 3 Sgrf%@ag‘%‘&‘ﬁﬂ (‘%0%@%?])&“%6’%8 2518 2@'?’;‘8@ o
128, 11, 127. deeidly. &, alQﬂamnitggadSIafgar Tulsd, 3hatgline:o sRBEhgs, 22,

74.96, 68. 21, , /P21, £1 d with theEXai@l &8 th
D benzyl 4 a%rret)ﬁ | -4-epi podophylllnot g)?lnr?e4 -WIh ha?e (l'ra). _ An ©

oven-dri &§, tm\e@t%c@e\ﬁw ohhd%’ét‘fh‘hhfﬂa%kcmrcﬂ R EHkt HERRDRE ng
flﬁnnel . sti L @@éd M&{]ﬂ}) Qéan tﬁ@| f@fafl%dﬂﬂ%ﬂg i al:@hr4ghﬁ sk \C/ivas
charged wit enet hyl epi podophyl.| ot pxi n g, an
anhydrous acet¥Hation @?g’?rm OB V\/})’ea‘l“hel’%'EJ%%Jr\%Yor? Ehgogr%bg
-10[err] C. Capéan, t ethashl ehedecbaaed;u&hf-e3laf25 tihrisl ) iwas tdoded, tlkeeepl ng
the tenperature a 10[ er i sQp yeth ( 31.15
mrol ) was added™ D l%t]f%rh éé%%%#%é %%u%eégg b él g;hm%ta?fn%%yﬁ CH%E
(0.763 g206. 2@@@&91%@@@@@ all in one port| on, followed by the dropw se

addi tion of dibenzyl phogpRLLe (20-AHeqY . 13 5528881 QY CE oA o1 5r gt e
period. The reacti on was sonewhat exot herm ¢ ‘duri ng the additi on but t he

i nt er nal terrp%‘?%’f%?’ée%so‘f the invention, after the irradiatipn o k%pt at
10[err] C wi t hdagldin, p,na|th%XtBlaakeﬁQﬁd;I r@:td@(]]ﬂ.yf eabtizdfiedastReérer etk at
-10[err]C for 37 mnn§ ri ng thIStE the starti %maerlal dlssolved
and the react?o% WAL 1S ﬁﬁE& ¥. O K (afg % R8s Y¥ded and
t he sol ut2Son ma:ssam@v\ledamopmem taxr rpehse ehpiéght uead Twnpanadireivas

ext ract ed wi i Et PG ablebmIAlah) 42 @napgnfms%gw abe V8Lt (X 490 ).

The organic | ayer was over err O'err] and concentrated jn vacuo
to a vol une ofaysef n?xa@PWop%%l ipSeREHPY IS %d‘a‘éﬁalrSo‘?vE%‘t‘C](%B“?ﬂ) was

;ﬂ e)rmved [ gdvg@uﬁ:a@mbh 1B gl pdse§|5 ggte%:t aeveari :m@ tfiicin t296. gﬁzfrwa@pé (500
was added, and_t hen_anof her olvent was r ved i n_vacuo.
Finally, 2-prdpandl %ﬁ%o n{_‘})? Vvast]&ﬁdeﬁg'éﬁée S%Y&?%refgzslﬁea{%’éﬁv?% ref | ux
until al B0sol accardingled. The ydowewesol uttll‘@n vba:&acicminacgtoobb@med

t enperature 0 0 i co ect ed
washed tw cea‘?\ngf%g%g?%&% %?lgganoc% Eh% B%géél }ﬁ@\e/ggu%oegé [e i% t &

to yield 37.18t3tigbiqad  flpptuaRiens] iR g Peaw C&r rquI I—]é?r])

0.66. 1H NNRléé@Q b@é{‘n] 13, 6in 3$tﬁe28w6mis1(%|fbe l@la?)ékérsmél'&btﬁlﬁt@d(s
1H), 6.30 (s, . dd, 2H, 4.71

(d, 1H, J=3. Sty 0 zrsg ﬁ&ve}ﬁ hegty qf'z)?hez; éﬁaz%‘a%rmﬁa Squght, &bea He) |
3.63 (s, 3&H), tBiR7 {€4d, tdkknJ=0nlo l4cdotiEy, Aurind. 66hé¢m sﬁb&equéﬂtr] C NMR
(cbaferr]): . 151.1 .11, 148.22, 147.32, 137.28, 136. 04,

135 0 150 15714818 oA ae gued o 1D 10 ke, 17 64, 110.13,

109. 32, 107.66, 101.451 69088ex69. 3 69expedégnydy 66.utAliz® 06, ths. 81,

40. 39, 38.47. 1nformatlon, determined durﬁ%@”@k?aélatlonu Rajad the

4- (2, 3-di - O bepzv]| - -O ethylidene-B-D

gl ucopyranosylP?aa e'ab%tﬁwp CEEYSHUPRYI e YD iR- the padiphdval (P95 err])

(coupling in acetonitrile). An oven- dried 25 m two-neck roundbottom fl ask
fitted wwth a stir bar, thernoneter, septa, and N err] inlet was charged

W th - 24- di benzyl

4' - denet hyl - 4- epi podophyl | ot oxi n-4' - phosphate (Ila, 1.00 g, 1.51 nmol), dry
4A nol ecul ar sieves (1/16" pellet) (2.0 9),



‘4.16 (dd, 1H, J=4.9, 10.4 Hz), 3.63 (s, 6H), 3.55 (t, 1H  J=10.2 Hz),
* 3.45-3.34 (m 2H), 3.32-3.21 (m 2H), 2.89- 2.80 (m 1H), 1.38 (d, 3H
J=5.0 Hz). TJerr]C NVR (CDO [err]): 6174.74, 151.20, 148.72, 147.17,
138.48, 137.75, 137.0, 136.3, 136.2, 132.02, 128.62, 128.42, 128. 30,
128.21, 128.07, 127.87, 127.70, 127.67, 110.72, 109.18, 107.73, 102.32,
101. 60 99. 55Pk,81. 66, ig0 mIssiples0 dysing a7fizst poradiatsen goass, g7,

65.97, 43.87, t&lré’éuc§7t14@ bPEc¥Oning soudhre, Gd" 2b€5FdansOMPL L h Vehs emai ned
in the rmther liquor, along with sone of the desired product IV[err]

(IV[err]: IV[e?tFTth.%l‘?a]B6 fé}zctuatlons in th output POWE}‘:&af?ﬁ %

Di benzyl 4-(213séh - Gperey) - 4ré)1&£\tré1ylt<ﬁ|en'eh8- Dpredetermined total

gl ucopyr anosy, denet odaph oxin-4. - o] (1 [err])
(coupl i nggr n %i%é?r%%’é‘ih é“% cg?/ Olp" :g% 2% Vr"r?y ?e% %@E fo%/ﬁ%bottom
flask fitted fludtwatsion Jtmugetchértmel@sertS\MSE@pt BsahO% N eheh onlyt was
charged vmth e hy o] I n- 0S (I'la,
14205 g o1 S¥ ) the) R b1AcRENRAHCTY | BOPORY" n SHPOIBRTE).

2, 3-di - ObenziyrraldEaUOIet nyllssdeﬁret[earaql ety | Bin graeelost@,lw(rblacrerlrps[err]

10.0 g, 25.88:p¥@idedand andvahiqus. 113- direh 0k L84 | haaep@a&3n31con ThRe

solution _was stirred, unti % honogenous and then cool gd t ﬁ?n
trifluoritde eTREPSFRIYT. 1984 5BOYAT MY wBYl88de edlrg‘ﬁﬁw sBCBY8r-1o

m nutes. The aehtéved, wecheneld askenibper aghiéved18imowach Pdotdi héesS. 23
m, 64.7 mml)opas.addsd and bBe Mxtue twraad.lrom rancko el Low. The
cl oudy sol uti'on-was to"warmto roomtéenperat ure and wds dit ot ed
with CH err] cf{mslpeqizwame) abal fa | serendt o nradiad isyl | HassTheitsofigt i on
was washed w Yo ), ( fi rgbed Nadl
(100 m). Theﬁlg?gar#@ﬁlgb}%? \r\%s ac\‘rI}r%e@‘;;%v(lel:?ig rré[iée?rﬂ]g%{ glfé]dwaérﬁq{gjong%ntrat ed
D26 i ASvace®cho dptyeVibly diigh RREFUXRAY. motthahBRt ( ISORGHAt iRy A8ded

while stirringsrdBged &hur&d&?da’ﬂ&éw\ﬁﬂtho t3R0| ad @i f DOMAL ewébﬁbﬂﬁﬁ and
stand over ni ght The

collected and rinsed twice w
met hanol . ThetRBaFi &3 ﬁ&lagr rr]e ng &4-15F v'%b%om?’&b‘[“e?rgﬁ"lﬁﬁl% ) and
yi el ded 8.86gth&9. B%ckenlng ThebtGiliied erfrx]om s@:rmr If¥amad r bimckeding,t he
e i uor o GLANG Wl 88TR0" L6 progughol ¥ai el Ll ZB4s
remai ni ng cou oFUEt Was recovered urt her ¢ 9 af |za on and/ or
chr omat og?Oaphyn tTlI@e ¢®¢ 0086f t[l’@rrifl{‘%trr]lre‘ﬁdtthelenudvqw,om beteade
crystal lizatigp,gf L¥[ @flé]ffl‘QJ?sﬁéd‘l@ma daecoyeridid pd etdhfesplad product
was 81% Di benzyl 4-(2.3-di- 6- Q- et hylidene-[err]-
gl ucopyranosyl ) - 4' deﬁ%‘?ﬂ?‘lﬁlﬂgeprb%dor?rﬂﬂq}?ﬁ%xr ﬁezflneﬁ{%’stphaf’é (Y
[err]): R erihvéh0Yoki O%/ﬂwaae) alD. 3h ithege] hid\IIVBe( @3@139)Vecﬁ7138 7.21

(m 20H), 6.87 2H) 5 (d, 2H J=z 9-5.18 (m
AH), 4. 87 (ddpréﬁrcsrd d§’6t 21%’1 noyRich, e . Hf“’wz?"g %ﬁ(m 4 H),
4.11 (t, 284, Jrdcdiem) of3. gbe(cplaldkenh:rﬂg) 6nHz)1¢eé %I(teaghr dJo:tQ dsHz),
3.63 (s, 6H), (dgl,, 1 3.6, 9. 4¢Hz) 1 7

3. 45-3. 35 (msétﬁé{p’tz ’g"irz I]s(md‘%tH) 1 32t?§rég°£g = d]‘ﬂ).% [err]SC NVR
(chCl [err]): &ntgnded §gihaye 25?1fekemegmormrpezdlmssteet £3918Y,
137.05, 136.2Y7evé36108, 11:13%h1e9 fikdiShed Iddge), fd28esbmplidP. 8AenlZbel4,
128.12, 127.96, 127.89 7.72

69. .110.44. 109.81, 1.07.85, .101.61,
101.08. 99. 59§a§§ Tobe ‘?‘9 6187§n$§ue‘?6é%% 7§h893’Q‘ Tr% g % 53155’ 1]6‘9. e,
69. 41, 6R018, s6Fh04, v8% Mhats6itl5ef£3c82, ol ldxagdellonlP. B0%, 60%,
Exanpl e 6 or 1Hbs 8¥apke,dammash gt %r%sﬁ%a' i 'iAﬁg gx%d fﬁx%{%h%h' ' %%b' On steps
bei ng carri ed out in the sanme reacti on vessel ree- nec
r oundbot t om f E&sK twilsh Bowt ppsumednadasy &firedthei tesalnibliaokanisent a,

and cool ed under Meskded D'thrBé/' aﬂ:hl@@'@ﬁt hyh-4he first irradiation
-27- eprpodogggllotoxrn 1. 002

2, 3- O benzyl l’fﬁﬂrﬁ‘éﬁe@r op ?‘é‘h séo(llt% §8“$§t[e‘r’r]tf‘%r ARrsE 702 g,
1.81 mol35 wedieraddaedionThmssol £fds wer grdysdawad i0oandydthausiacetenitrile
(10.0 m), an n ol ujjon d 4 or trlfluorlde
etherate (0.5 1%?? EQS 8 I)}%asaa d %i&gég V\nﬁs)aeCkelrhergé Iuatrrponq{v%as bt| rred
at -40[err]C anughs| Lowsdeb peiepng, lmmd#@ttllqve et ol oo e ditdgunel

preci pi t at ed. b’.‘i\EE:ﬁén@nQourfn E@é:{lanahoﬁ:?i@smtb Vi agfedndr GRW fsfrentte
suspensi on wa warmto -3 err Cwth stirring, .then allowed to

0
stand at O[er éwﬁnef‘hoﬁi’ st PEESRGL oPLEFKERINg. A sdisd e ed i n
a Buchner funnel and rinsed twice with roomterrperature met hanol . Thi s
produced 0.9668 g (62.0% of IVa [err] with H of 100%
Exanple 7 Et oposi de- 4' - phosphate (V): 4% Pal | adi um on car bon, 50% wet
(314 ngy) was added to a solution of dibenzyl 4-
(2 3 d| Obenzyl 4 6 0 et hyI | dene [err] Dgl ucopyranosyl) 4 -



Vi [err] conpri si ng phosphorylating a
conpound of Fornul a | [err] with a phosphoryl ation
agent to produce a protected 4'- denethyl -4-epi podophyl | ot oxi n-4' - phosphat e
of Formula I [err] 9 - 30
- where R3 is an aryl net hyl phosphate protecting group, reacti ng sai d
conpound of Fepnght Hn wiheh fingrsdtesttisehaargain otheopnuerical pravpée

presence. of arEEU%éeﬁEbg this corresponds @] an EQd@EQQHEE a
compound of Formula |V, where Rerr] is an aryl nethyl ét} protectlng

group; blackening [ge¥yesponding to gEgy at31eﬁ’§lth [é‘rPr]af orm of

Formula IV, rﬁm&keﬁlhbeolﬁy@rxfé)yy 1@%1;)@3%@@ oirectotgl gaﬁu@s theproduce
a conpound_of For

-31- and t?eatgieﬁﬁméallﬁrégﬂrﬁ&&ﬁa BfSRor hil 5 9 &}‘i‘ﬁd i5R3epRRLGRePRRS ye t o
produce the cafpedidd tdionadr mllaxkéning in &cordireerwicdssgoéy clavel 1
wherein

nol of
Formula 1/in a S(ﬁ ven? Fﬁl b(ljlaf:g‘ra?ﬁngt ﬁ%‘ir%%‘g’g’g’%l{‘g % t 9% rahafgﬁgt hane,
a tertiary andfe ansl aheacﬁoalgh@n nlar yan tesldidieneie lpkaﬂl@%méw phBsphat e

of Formula Il gocordande willhe J¥RFessvOf €l abBYZ tneRensd Nefdébed in
dl(arylnethyl) hosphite is _di benzyl phosphjte.

or claimB)" ‘thejfourtheapfolast BFrRALR 9N \BRF%i n sai d tetrahal omet hane
is COlerr], said ter tEar Yaggemethe NEist diirsediapibeat hyiew) ndtandssai d
acyl ation cata iS_N di_met.hyl am n/o%yrl di any

I .
one of to 42 s%erta%nea FHELsr JEEE aﬁ%nﬁ}%}é?%wg REer PPUgRE Rierr]
are the sane onlgi ftflexr ebllaghdnang 555uhs$| foeead dbaimzgred ubst itthe edoti t h one

or more of th% g, gﬂeﬁoeﬁi SLiag 9bveh epl] LKL, saxgﬁexxﬁeeﬁsnggcohanzy'1

hal ogen, al kox tro xyl1rc aci ds and est&rs f
any one o5 tlé‘rsdlatlo% pas¥he PRoctBs oPLBPAHI nBandenpiksi A§ r@4ePing the

conpound of Fojaulia;kl fwrt tancqmamgthbh bBrﬁeBﬁbﬁQ?ﬁ?t ed Qbs of the
non- hal ogenat éd sol vent ]Pr ocess of aime6, wherein said

non- hal ogenatédtesrpss; Desween; (’}ﬁiec rl?:'iaé’ ening achieved, that Lhyt8ne of
to 7, 8. sa T@r@yoqes-alofyszl aafm kHes abllaskepi ng lssmt;atl Nigh t bRe

C1"-[err] anquer, Formul a | ri sing dissolvi npoun
Formul a 1V int gﬁgghoﬁmagr Her ‘-’f P z%ﬁ o 7 tohp g%ﬁ’ 0%dr i g\EV to
forma 20 sought. This corresponds to 3n- addltlonal blackening

the precipi Lals, preggna%g%t Sldy/ Pt e G La%{arlafewapf bﬁgemhangv gnd

recovering sa E one of
The process oFPérrgiSﬁé’nﬂanaF& grey seVedoPat PR§SSRFdaELer- [:E-P—r FE&ﬁaﬁer of
Conpound |V campiaidsatdohepakisng conmpound |1 with Conpound Il in a reaction

di ddi I |~ dj tly t ti d | owi
Caid G 1" [er1] anomsihap CHAUNYS v E6"§ETaR| RE5Romnd alhy KPR

crystals 2% silystaayi abfy esvampiie, cabhyypur® Col" - Less] afordre oto€adpound
| V. 1041 AKRNIGES hd LT £ &' 5RALIAG eFeGOTRO UL hRYLPY sthg s5TULa V

err
[ ] pass. If the blackening can be obtained in each case

with only a relative error of 10%, for example, and if

the maximum error of 10% occurs during the last

30 irradiation pass, then the relative blackening error
referring to the total blackening is only 1%.

Consequently, the method according to the

invention enables a laser system whose beam intensity

is subjected to relatively large fluctuations to be

35 wused for the laser engraving of images, since the

blackening +wvalues sought can be correspondingly

corrected by wvirtue of the iterative irradiation of the

radiation-sensitive layer in a plurality of irradiation

passes and the determination of the respectively



“whi ch conprises reacting a conpound of Formula IIllb _
[err] wherein R err] is an aryl nethyl hydroxy protecting group and
Rlerr] is arylnmethyl or the two R2 groups together are Clerr] al kylidene
with a conmpound of Formula Il in a reac{éon medi um and in the present
of a Lewis acid B Ny -33-
[err] obtained hifmrkerdigy r ini swrodedsnigy| i anagdivheien Rpasses, R err]
and Rlerr] arg the ;saljp or ,¢i f t f q cqggg?a%j Far. | Vb
[err] 5§ 14 . éﬁdogryéﬁg?ﬁifﬁﬁb ?Eg%éggg-[err d?%?q%r%g#gound
| Vb, and sub¥edesring rehothag tdtelhybilagkening pifedhhae e Jeettd Aty gr oups
and in casesywhgregRlerr] is arylnmethyl, reacting Conpound Vb with a
carbonyl having one to fjve carhon ons or an, acetal gguiﬁalent t.her eof .
11. The ptocess of cPRPREB, OREPE T PRGNSR ERF] PAREREBARY & a
benzyl subst thet @dhatiet AnoBepdfurality of irradiation passes consist34 -
nore selected_ fr th rou onsi_sti-ng aqf rr} alkyl, dr oxv,. phenyl ,
benzyl, hal oégn,t?lg}tKog}'gwaYpﬁrcft F&?"?&Fbo%?fs% a(‘:‘}h S té%:(?leg%i Cg(e%“ﬂ of .
or claiml1l, in the. Theiphedessmefgec| aisn 16bugher eiim satbdehydrastr and
phosphat e pr 0g;dro ar gk j L a I :
or clain111,9E§8h&%g}géhggéﬁécggé§§?§ggaﬁﬁl bgl%ﬁgggi%ﬂfﬁﬁfﬁﬂ%ﬂ5§$ and
phosphat¥? pr §Pe&ei &f igr £he neeeaR@ olisT§diabboRdPBFShPdfoddeM i ng at
anbi ent t enpendlun@s it ehePrERQNCHPickeY haBt 8b gat Affected in 14
erein said noble netal catalyst is palladium

The process gL cha|n113, gh
10 to 14, wh&PEi AaSt 1rfgdiagpan,pgg8ss of any one of claims /the two
Rlerr] groups are et iyl bdehe paodediires,t howereyi, nd tsdisd garratieniliaxd ygr oups,

said crystal izl t conprises fecqvering,said _conpound,of .Fornul a | Vb,
di ssol vi ng 539 agg 8§§8 6?pﬁ Fn&ﬂglﬁeﬁnfﬂ §1§8?$8&P? gﬁﬁp# an ective
anount of5 anlaktohiolradd aprieni piatsat eig heo Gidl] ethdtf dtmadfre@dypduress | Vb,

and recoveri g s$akdaGile- F8RLL  anoner. 16. The process of claim 15,
wherein said aIcohoP ﬁsenetﬁgnol. 10
to 14, wherein 17. The process of any one of clainms /the two R err]

groups are ethylidene and where said crystallizing step conprises adding an
al cohol directly to said reaction nediumto crystallize said G 1"-[err]
anoner of Conpound |Vb and separating crystals of substantially
anonerically pure C1"-[err] anoner of Conpound | Vb.

- 35 - 18. The process of claim 17, wherein said alcohol is

met hanol . any one of to 18, 19. The process

of /claims 10/wherein said Lewis acid is boron trifluoride etherate.

any one of to 19, 20. The process of/clains 10/ conprising reacting
Compound Il with Conpound I1Ib in a hal ogenated or non- hal ogenated

sol vent . 21. The process of claim 20, wherein said solvent is
acetonitrile. - claim 20 or 22. The process

of /claim 21, wherein said solvent contains a netal perchlorate in an
effective anobunt to increase the ionic strength of the solvent.

any one of to 22, 23. The process of/clains 10 /further conprising
preparing said conpound of Forrmula Il by reacting a phenol of Formula I



[‘err] with a di (aryl nethyl)phosphite, tetrahalonethane, a _ -
tertiaryamne e.g. trialkylam ne and an acyl ation catalyst to formthe
prot ected phosphate of Formula I1. This Sheey HaBeenWHeplacely
23, 24. The process of/clains 10/ \Mﬁrel n said rea lvﬁm !“L

- 36 - any one of wher ein

process of/clains 10 to 24,/ the two R err] groups are et yll

where, prior to reacting Conpound |plPeyttdn Soppound 11, further conprising
crystallizing said Conpound Illb froma solvent at roomtenperature,
recovering substantially pure CG1-[err] formof Conpound IIlb, and

subsequent|ly reacti ng gatkbd 1fbgrr]erfg1rafviqlfg Coimé’gd | bib \nietahlsCmmpund

. f cl 25, tal| Co d
1ib from foxaRearaiss 3o 1 & 1 52asaPn Bt 80U cFavefe T Rl or 1]

groups are ethyardiécelandfohelaseprengraving@acin nghRonpone dradi st wnh
Co dlIl, fficient ti
ooner ve | EREERIETLENEL £02, SRR "i iR Spiatlif

to anonerize to -1-[ert] anone _ _
Formula |11b manner in such a way thiterthe predebgmnined Rpbagkening

aryl methyl andg&er ghchs a&x' matpgyl') Qls t ey erddy 9ronps 19gether are
Cerr] alkylidene. e conpound of claim 28, wherein t he' two

Rlerr] grddps FB@E?‘%E?“&%de’ththlF%Fene wher eby said conpound has the

Formula 111 - the blackening difdilned in each dot (Pg,1) is
- 37 - &h rein er%%] is a benzyl or substituted benzyl. 30.
The conpound o CEPRMHTS %rei n Rerr] is benzyl substituted with one or

nore sel ected from @heiggotpecondissquentof itfadijtabkybf atr=oxyPx,phenyl,
benzyl, hal ogeg,.a itr rboxy i ds e f

31, A compound %v%&fé(%{‘bii_ Qne)‘[:iy %%‘ LLC 2C1 dseande £54 €56 éé‘&?ﬁé’ and
wher ei n R[Jérr]ObEaan%@nlz%C@nlﬁﬂ)stltut ed benzyl hydroxy prot ecting group
and R3 is a bepzyl or mebsddt ubedrBengyltPhesaiAt &, PreA6d vt iFedPin

32. The conpound of claim31, wherein R err] and Rferr] are a benzyl
substituted wi ER®bne or nore selected fromthe group consisting of Cferr]

al kyl , hydroxy, phepyl a bepzyt, ﬂiaia@gem,loaﬂ kpxy's nidtfr ceaciar lal@t)" (B, acj ds and
esters thereof obt al né the C1"- hzlt anomer of

Formul a | Va 1rrad1at1<:>3r:i)) is ePEec(::t'?esé w1t Lion energ

[err] 20 reducedsand aprct&feassad:amme;rngwmhnthg esollyt igmof thea
fgfff“ C M Xt UL, 0kefi 7§ MRBUBEALOT i f0LGUh A do¥ | Pp,@, SOLYEREsponds to a
predeterminable fraction of the predetermined

blackening for this dot,

- the blackening obtained in each dot (Pg3) is
25 determined, and

- in at least one further irradiation pass of each

dot (Px,1), irradiation is effected with a radiation

energy which is set in accordance with the difference

between the Dblackening already obtained and the
30 Dblackening sought in this pass.

3. Method according to Claim 2, characterized in

that

- in all of the irradiation passes except for the

last, the radiation energy is set in such a way that
35 the blackening additionally sought in the respective

irradiation pass corresponds to the same fraction of

the difference between the present blackening and the

predetermined blackening for the respective dot (Px,).

L oy

and




V\,here Rlerr] and R[err] are arylmethyl and are the Sa”""y ”'H!me M

crystallizing said CG1"-[err] anoner i n sai d sol ution #an
crystals of the substantially pure C1"-[err] anoner of Formula |Va.
34. The process of claim33 wherein said.,solvent is acetonitrile.
35. The process of claim 33, “wherein said solvent is an al cohol
and sai d process Cohprheckadteatiraflicei IPmIRADI the radAioR atHeBavner i c

m xture, and 1@%é@glﬁagdc§05uww A rrd ghtd I Sahthda b1 hekLhiagoner of
For mul a 1 Va. The process of ¢laim 33, conprising adding an

aI cohol di r ecdtq% the §%ﬁ§?e§i§ﬁ}’ﬁ SR fPanakufCugBter yst al 1i ze said

vvh [err] Smo.lmer of Meathrod ﬁaddéa:dlng to Gaim 'Iih&npr})pefﬁaﬁiceéﬁiﬂéﬁﬁ
erein said.alcohol is rocess .for arin

conpound gf For rr‘g#a f R s lrrfgf'?flon ass,. %’e&eﬁ’ﬂag{[ err]

i s aryl met hylblasdiehigraocesougnpr i stanyrasgamidang agpherm| olukimosmiayl

[err] diff b th al Y
phosphite, a tlet rea ea coemat a%we a 8?{?§P§/lgﬁ¥%gpag ﬂ%(r-i é%lylr@ﬁ]oﬂﬁ&ca?al yst
to formthe [f¥ft-ected phosphate of Formula I1I. 39. The process of

claim 38, wheyein SalMétﬂﬁﬁP“é&bdﬁifn‘g“@Q Odheat orfOOFEHeB é‘éé’éfnéo about

-40[ err] g . JThe rocess of cI al m 38, ere| ns‘i dj ( n%ll net hyl)
phosphi t 87 s %%é‘f‘?z’ylc Tiged thaf in ‘Eﬁr‘EJr%‘F
wher ei n sai d Helokeming aeepeﬁtivelﬁ obta1ned42fofhaeap:l‘mca&$; ofpchpj m 38,
wher ei n di be rqduced. in_s d sal rocess is
carried out rsB%stchl alﬁ%c sc%lngtg‘o adaléab‘&]t#bee %‘ r®phdsphat e.
43. The proce®s dfs ci%ﬁenns&edmerm n said tetrahal onet hane is present in a
reagent anmoury . Metdba Th& fqi:J of LGl ai py 3B cWherein said ¢
t et rahal onet hane is C& err] sal gﬁl ary am ne ??SN Nl- &

di i sopr opyl etARAZARHRE 1% ’sfél ghakyLasiegn %aé%laﬁtylé-’tn iks used for the

N, N‘d|”EthYW€ﬂﬁﬂ§H$HﬂiB e and in that the blackening obtained4lin

with a di(aryl é% |te etrahal o t ane, tertiary am ne and

an acyl ati on 3"0’( m t‘f?e DrECHEF t R FERRRESEIYe

43. The proaesﬁacﬁlcad epcmedcz wherein said reactl on is carried out at room

tenperature tp about

44. The pr ocess of év}edt%r%(aﬂac %Ir.de}rll?sgf)d cdla( ry?fretcﬁla]racp egs:L 55t et |s

di benzyl 2Bhodyiiitt ein order 4g g¥nerprecébs dfaS@Iralrmdziztm,ora Masezarrl ed

out in a sol ggbenpr@lf@)r abbdrACRIPNA k| ulsed mod is used haf éﬂ one of
or ophos

to 45, rocess of/c¢lainms 42/ wherein benz phat e
i s produced iH3GKERA SRFAIRFBceds PackarfPld Qﬁl;tl)su5§t a@ﬂ%t@@@ t he
absence of addeth dibenpylsehheiapfosihatliee laser pulse radiated f&RY One

of to 46, the %Spe&eivpr%%%ss( of clains 42/ wherein said

t et rahal onet hane i's presen In aPt“e‘zigent anount . an
one of 2bo 47, MeghodThecpprudéng oftdcleners of2/ Olladmai nlsatd 4,
tetrahalonet@ma%ae%éggiéarﬂn S ¢, t&ﬁ}kﬁéytEQIQ%éé§l%ﬂ%rav1ng, the

di i sopropyl et hyl am ne, said acyl ation cat al

NN—dI met hyl &‘ﬁWIﬂ‘ﬁ%‘tSltlve layer to be ¥)1ackened is imaged
onto a photoreceiver arrangement in order to determine
the blackening obtained at the individual dots (Px.1)

30 from the luminosity values before and after an
irradiation.
9. Method according to Claim 8, characterized in
that a video camera (15) is used for determining the
blackening, the video signals of which video camera are
35 fed to an evaluation circuit in a control apparatus
(14).
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