In the Federal Republic of Germany, nortality due to cancer ranks second,

* foll owi ng cafdiovascul ar diseases, in nortality statistics. Besides surgery -
and-radi at.ion, tanti - neopl asti ¢ chenot herapy has nowadays becone an
establ i shed cancer therapy. I'n spite of _excellent surgical

t echni que, .ir-nproved radiation therapy, and many newl y devel oped

chenot;her apeyyf ithe2@RAktall RebliB1i8SSE V€8 RahY , VRS rthDitPeahbneb 8RRLYS| Sanks

not possible to iypro the cure.rate nmalignant tumours, although very good -
id 1fed :
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obj ect in -devel opi ng of new anti-neopl asti c chenot herapeutic agents is to?*

L nprove the 5eldtdey oy exeBl1bhdSshPgdesi cRaennRdas), | Spsbveacthafhei

Al t hough nmegnwhi |l e man blochen1£al dlfiere ceﬁ betgeen t he .t unour ce?? and
- the normal el 3h¥% any,nerly; dexeloped shempbhergpeutifi pgenke. imnphe

of the agentlastsereaxts ghewasntin fibe diioak anhlysidy noivpossible tai impsevecthe \Curg rate «
~and thereby ; apeut s £y X t real N .
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at the site Hodgkisi)de the target cell, or which are detoxified with

particular efficiency by non-target cells. Follow ng another approach one

tries to direct the drug to the site of or into the target cell or at |east

towefrich i tThers dg," thegeforget 8hil). aMhegdcaocephdeefl pdssdbler fahdageatal

base® on E‘5¥M5¥JJéhéﬂt@dkﬁgchémothergpy, based on steadily increasing
knowledge on the biochemistry of thg tumour cell.

The Main_object in dgvéloping'of new:antiqﬁeoplastic
chemotherapeutic agents is to improve the selectivity, and thus
to,decréase undesired side effects. ”

N Although meanwhile many biochemical differences between the

\l, - . tumour cell and the normal cell are known, these differences are
not too significant. | | ' '

Many of the agents used at présent therefore already have a
4 - certain seléctivity, and thereby a useful therapeutic index, but
there is still a long way to go to obtain absolute selectivity.

One possibility to reach that goal ‘is the use of "pro-drugs"”,
i.e. drugs which are activated in a particular way at the site ‘or
inside the target cell, or which are detoxified with particular
efficiency by non-target cells. Following another approach one
tries to direct the drug to the site of or into the target cell
or at least to enrich it there (“"drug targeting®).’

Many concepts of drug targeting are based on a specific binding



s A,

of a drug to the target cell or on different up'také'rrechanisrrs of -2

.non-target and target cell. Also quantitative differences can be utilized

.in this respect. By using the,hyberizatLQQ.technique (Kohl er and MIstein,
© 1975 Nature 256:495) it is f.i.. possible to produce specific nonocl onal
ant i bodi enonMARrge tantidNtdrddieideilal pliso gRandiitativunaifferendest @dn be

- anti gens '.S)., Ehe.ql.ycqsi de esters to be prepared can be obtai ned by
&gﬁéliéd Jﬁ éﬁﬁﬁzﬁeﬁﬂféﬁf

known .net T parti e further nodified Koenigs-Knorr reaction
or- the imdate nethod. A summary for such-nethods, and of stereo-selective

gl ycosy! atgypRsiing v hbAidiRhEANtechflBRRNEigMIeAnd M 1 SEENgOMsET Stry of

the |inkage desired, there are three basi,c_methods avail able, i.s given in’
| e, ARG 49 B0t : 0

parti cul alVaiEsy i.gpessgdle te prgduce speCAdwSe "t hough, .
t hat not anioclonddagm ttidtsodibes CAMARTEs )P ratida wdd s tthied @S hlkdpl itvelnedognize
satisfacicgﬁh%q%ﬂégg é%%ﬂééEaﬁ{§§éﬁﬂﬂkﬂ¥§%%SSY'atio” met hods avai |l abl e.
Every gl ycosyl™ PansTer presents’ as a unl que problem and there are often
no universal reaction conditions (Schm dt, 1986, Angew. Chem 98: 213). CA

81; 25895 mies (i Rass i db et #l {6 K FRiprd® dar Bed obtAaWeR BV kM’ S Of

e he. prtekRRd, SO A R (e SRR o5 Kofed qekegl (o

gl ycoconj ugedetsiaf merttiee nimbdd e thetthadt i - tunour agents to be used as
anti - _
| A summary for such methods;‘and of stereo-selectivé
giycosflation, foy_which at present, depending*on the
stereochemistry of the linkage desired, there are threg basic
methods'available, is given in particular in Paulsen, ‘1984, Chem.
"Soc. Rev. 13:° 15. .

- It is known, though, that. not every linkage desired can be prepared

stereoselectively in satisfactory yields, despite the many glycosylation '

methods available. Every glycosyl transfer presents as a unique
oo | problem, and there are often no universal reaction conditions
P’ (Schmidt,. 1986, Angew. Chem. 98: 213). S

CA 81:25895f  describes 2,3,4,6-tetra-0¥acetyl-qu-qucopyranosyl esters
of N-aryl—N'-N'-bis(Z-chloroethyl)-diaminophosphpric acid as well as a
© process: for the productidn thereof.

Therefore, the present ipventions felates to glyéoconjugates of
certain, effective anti-tumour agents to be used as anti-
neoplastic agents.largely preserving the activity of those
agents, but strongly deminishing their toxicity. ~ |

- As typical examples, conjugates corresponding to the following
general formula have been prepared as described;




neopl 4stic’agents largely preserving the activity of those agents, but
strongly den1n|sh|ng their toxicity. As typical exanples, conjugates

cor respondi ng to the follow ng germeral formul a have been prepared as
descri bed,; [err] [err] where linkage of the sugar to the phosphorlc
acid gnide#lost re5|due preferably occurs in.the 1-position. Gal actose,
mannose; gl ucose, mannan, gal actan, glucan, and branchef-gbaiR, sugars,
-particularily in %ﬂ,t i o Samm arand cswgahaned fs- \Lr'rRz)rtant
sugars, while, ver,” basl egliy_al | sugars can be enpl oprg, "B.e. nono-,
di- or polysaccharldes in all eX|§t|ng I someric and enantiofteric forms. -
[err] and [err] can be the same or different, and represent as foll ows:
hydr ogen, | ower [err] alkyl, [err] halogenoalkyl preferably [err]- C4

hal ogenoal kyl s, ‘and in partlcular [efr] halogenoalkyl Al pPotective

gr oups custonary wth C}+groups can be enpl oyed as protﬁctlve groups, f.i.
benzyl, acetyl,itrityl groups, and they are split off, too, in a known way,
enzynatlcally, by hydr ogenol ysi s, under acidic or al kal%i ne conditi ons.
CGeneral ly, wherglyndsgqer ol |bhe ismgat pimst;hmmmrespmm dacit anfigle--disde

nust ard, deﬂ?ol fud'y é},ﬁéﬂ;ﬂ%%&@ﬁ% 114 dp.(ﬁﬁgﬂﬁ 1Y ed bt ) Bnnose,

pr: red as e units to be 1 osphor Us conpounds can

be Bf epar edgheeRs @i MANRAR h g AR tRL] qi,mmenazn%rkmmhqd clygm sNgars:

particularily in position 3 and 6, are to be named as most
o important sugars, whlle,:howevgr, basically all sugars can be
s ( ' employed,, ij.e, mono-, di- or polysaccharides in all existing isomeric and
enantiomeric forms. - _ .

R: and Rz can be the same or different, and represent as follows:
hydrogen, lower Ci-Ca alkyl, Ci-Ce halogenoalkyl, preferably Ci-
. Cs -halogenoalkyls, and in particular C: halogenoalkyl.

All protective groups customarf with OH-groups dan be employed as
protective groups, f i. benzyl, acetyl trityl groups, and they
are split off, too, in a Known way, enzymatlcally, by

\*5'-'-- hydrogenoly51s, under acidic or alkallne condltlons.'

Generally, the glycésylically linked phosphamide mustard and
¢ ' ifosfamide mustard, desired and’used according to the present
2_ - invention, can be prepared as follows:

The units to be linked, the phosphorus compounds can be prepared

according to the protocol by Lorenz and WieBler, 1985, Arch.
Pharm. 318: 577. '

Each of these two compounds can be obtained with protected
brominated saccharides according to the protocol illustrated by
the example of compound 28 B,glucose-$ IPM, and the disaccharide

compound 50 and 51, accordlng to the accompanving figures 1 and
2, resp..




{Phar m £ 318:: 577 ‘Each of these two conpounds can be obtained with prot ect ed
{bronlnated sacchari des according to the protocol illustrated by the exanple
‘of conmpound 28 [err], glucose-{err] -IPM and the disaccharide conpound 50
and 51, according to the acconpanying figures 1-and 2, resp.. = -4- A
protected sugar Ais reacted with a phdyghoric acid conmpound B by allomﬁng

both t® t | vent t oni t .
Corr] cor ok pSudetea, EibasPhta 8l 88adeBabta B 2 O0NSHnor 56 288 BOnbRund 8
from1 h tobngalrilo‘amgv\mﬁht ke nearti dn afsahvenki |preferaisky a. bolperr]

The gener al sg1@éREP! £05 tbeeeahheelﬂzan 68, €ePi C&fdc&yuéxt@ f&t'g%@ﬂperacure
schematic fornmu] a reactlon with 1fosfam de occurre

correspondlﬁﬁnﬂbﬁg fﬁ??]zoa ﬁr&?eégpve gfBtipa P3F1°%eﬁ§9W 1yh Eoy4Bchet And
- group, f.i.wbthnthe. adaitiongofr am aheiliQryebaye, pylENOBEARS atml-peawzn

gl act ose. #1g GEIOSE pkBESER s;peggl RftFod daf ﬁetég%%é’eea by &

_ glycopyranosy des ccor
following schematic Iormul a-
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. conveniently purified by recr

"6 -, The benzylation occurs in a known way, f.i. in di oxane with benzyl

chI oride in the presence of KOH for nethyl a-D gl ucopyranosid, and
~ -galactopyranoside, resp., while nmethyl a-D- mannopyranoside is reacted,

f.i., in benzyl chloride/ NaH. The benzyl at ed net.hyl gl ycosi des 10, 11, and
12 are subsequently hydrolysed, f.i. with [eT?} to give 13, and with [err]

t 14 1 d_t 15 th
can by der i dih FageFIRR wipR®y %%?a"n\*%enzég Br sl i8Rt Earoronci Ry -
pyri di-ne toRgi Feadt neos-ecte'seogmm. £ 814, Bengyla- 0- benzyl

1- 0- p- ni t r ogenzowl r@aghngpgf@,ﬁ?seg ]16 BREmife .ot h of which can be
ys alTisation. As'this is not as easily

. possible for the p-nitrobenzoate of 2,3,4,6-tetra- O benzyl gal actose, in

: this case tlsa:aal'e;u.ngafrsat the ]M-d)hn@bwyl pyranysiaes bb GYics8L galdcEbye,

2,3,4,6-tetry act [ ano whi ch
can-be cr ystgﬂ(ﬂolmgg‘gg %?%é%%ﬁ%%%é& %GASchggksﬁ 89%% f:a?'éb'ﬁ Res.
33: 273). THAYSOR¥¥Rnpeyibremides b?%%@ibgehgsﬁsgwl eant hadpmpamda.
formed, f.i., by.treatment with HBr in [err], and after usual processing,

' namely filtering off p-nitrosobenzoic acid, and ani | i ni unbrom de, resp.,

aAd renoval of excess HBr, are suitably used directly and witho ]

further purification in t he subsequent gl ycosyl ation reactio .%M'H'é’rlc

gl ycosyl donors protected by benzyl groups-now do not have/&\) ubstltue' at
n.

C-2 which could exert an influence directing the glycosyl at '3
reaction -of the brom nated sugars piovided with protective! Be psE
Wi t hyphospham de and ifosfam de, resp., occurred in ; .wmwm g
di ct(or onet hane/triethyl am ne. The yiel d of \‘9‘, 3
T \o é'
= "””ﬂ”o *

-



§thereact|on of 16, 17, and 18 to 22, 23, and 24, as wel |l astheratlo of

! the ahomeres-and the eI uent in the coI um chromat ography is given in tabl e ';-"3_“_

' 1. The separation is achieved by colum chronmatography, for exanpl e. -7-
“Table 1 Yield (% [err] ~ -EE: PE 22 68 '
- 56: 44 . 60: 40 23 65 -b- - 50:50 604024'"

a7 - 55: 45 80: 20 In the HPLC anal ysis the strong

depend’ence Bre (ReREY 1 31N nRSCBES c LR R NIRCHRN dtRrYas fndi- db diRxaneiithant

tailing of BéezEDN¢WDGEEde Ndfi thebprosé st dﬁsq&m dorRidtinfl sé+pet ure and
stereochem

done.b rr ectraosco
prepar ati on? ‘fg‘i’%lf’g%’i”%%u%i‘és Jlgggﬁ%té@é °S VEP \/mg‘?/*é’rg b'?/epl’lyl a-D-
st er eosel ecanmopyranhesideoche uranted) sffmnﬁm eizylenthikiridel¥al . Milke ng
it possi bl S ti r 986,
Anggw Cherenbélgﬁgigega ﬁ%*r?izl%{ﬂ #g?gg{i%%l %@ Pfc]oséﬁf?ra?cﬁgeoroacetl mg% %
can be enplBy@xel lés@‘liycgsiir 62& B2 $Q¢ E‘P%‘F é!’e‘fﬁ iAd And HELER ﬁ"H%@O
of the tricdiwsordagndi n6dairespuasTher tonpashdcrdraidktlie f@cbxh@dscdnsﬁmbed

inthe lit r 3
o1 S pot w5 e spd SR bAP Rt G, LAl Rl REARMILHFRIER okl dborinine/
i ngt ical |y pyoidinel tediiveathe cerreapending, 3,4 b+ tetradirbennylz 4+0-prniinobenzoyhe
ther mdynarﬁ-ﬁﬁéo‘by%&eﬁf@'aﬁd@ MdothSof which can be convemently purified by
recrystalllsatmn. As this is not as easxly possmle for the p-nitrobenzoate of
2,3.4,6~ tetra-o-benzylgalactose, in this case the der1vat15at1on
( with phenyl isocyanate in pyridine  to give 2,3, 4 6~-tetra-0-

benzvl 1—0-(N-—pheny1carbamoy1) D-galactopyranose 17, whlch can be_

~crystallized, 'is preferred {Kronzer and Schuerch, 1974 Carboh.
Res. 33: 273).- '

The_behzyl-—protected a~bromohalogenoses 19, 20, and 21, are formed,
f.i., by treatment with HBr in CH2Clz, and after usual
proce351ng, namely filtering off p-nltrosobenzo:Lc acid, and
aniliniumbromide, resp., and removal of excess HBr, are sultably

N used dlrectly and without any further purlflcatlon in the
subsequent - glycosylatlon reactions. '
The glycosyl donors protected by benzyl groups now do not have a
"i substituent at C-2 which could exert an 1nfluence d1rect1ng the

glycosylatlon. The reaction of the bromlnated sugars prov1ded
with protective benzyl groups with phosphamide and i fosfamide,
resp.., 6ccurred.in dichlofomethane/trietﬁylamine. The yield of
the reaction of 16, 17, and 18 to 22, 23, and 24, as well as the
ratio of the anomeres and the eluent in the'éoldmn'chromatography
is given in table 1. The separatiqn is achieved by column'"

chromatography., for example. ' ' /——
] . . . ' ’ ““.“—\"Ia”
) \
. \ (P ¢



4 o :
hqhieveg. I n an anal ogous nmanner, the galactosyl imdate [err] is obtained
from 14, the mannosyl imdate 27a from 15. Conpared to the

brom ne-activated benzyl glucoses : these im dates have the advant age
of greater~stability; the can readily be recovered and stored. Thus the

I mdates were reacted with - [err] 4b under -@fferent reaction conditions.
F.i. dichl oronmethane or acetonitrile were used as solvents, and [err],

di et hyl ether or HCL in dichloronmethane as catal ysts. The reaction occurred
faster. in [err] than in [err]. The mannosyFaPkedhte [err] reacted

sel ectively with 4b to give mannosi de 24a. The protected gl ycosi des can be
deprotected f.i. by catalytic hydrogenation with Pd/activated charcoal at
room tenperature. The course of the hydrogenation can be nonitored with
-thin-1ayer chromat ogrdmld (®e detectizfn can be doneEREPB net hanolic

sul furic acid, however,, detection with 4-(p-nitrobenzyl) pyridine reagent
(NBP) is nore sénsitive. After the reaction was conpleted the;catal yst was
‘renmoved by fi22ratioP8the filtrate w&s4oncentrated68y4Pot at | on

evapor ati-on, and dried under hi gh-vacuum When using the pure. anoneric

gl ycosides 22,23, a 24, the”correigq I ng glycosiggg 8, 29, and 30 were
obtai ped as e ano es, too, (fig. 2%. The_corres Ad ng phosphoric acid
am de conjugates, as well as the conjugates of the derivatives according to

the fornul a: égrr] 47 _ 55:45 80:20

¢

In the HPLC analysis the strong dependence of retention times on

~concentration as well as the significant tailing of. the
conjugates'has.to be noted. Ascertainment of stricture and
.steréochemisfry was done by 1H and :3C NMR spectroscopy.
& For-the pfeparatibn of larger amounts a technique was employed
whereihiby stereoselective synthesié one anomer is formed
~ ' préferentiali&i thus making it possiblé to'disbense §ith HPLC
' ﬁurification; : | |

-~ c According to Schmidt, 1986, Angew. Cﬁem. 98: 213, benzyl-

ig protected O-glycosyl trichloroacetimidates can be employed as
' glycosyl donors for stereoselective synthéses. Synthesis of the trichloro-
‘acetimidates was performed according to methods described in the literature,
starting from the tetra-0-benzylglycoses 13, 14, and 15.

et

Using potassium carbonate as base, the B—imidateIZSB is obtained

in a inetically controlled reaction, with NaH a fast
anomerization giving the thermodynamically more stable 25a is
achieved. In an analogous manner, the galactosyl imidate 26a ‘is
obtained. from 14, the mannosyl imidate 27a from 15. Compared to
the bromine—agtivated benzyl glucoses these imidates have the

S
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i can be obtained in a correspondlng manner . ~-9- Purification of the
: products forhing as clear, colourless, highly viscous oils is not =~
- necessary. Should side- products be: for med during hydrogenation, anyway,
t hese can be renoved by short col unm chronat ography on silica .
(acetonitril e/ nmethanol m xtures). HPLC Qhaly5|s permts, to ascertain

DT 5 a8 AL LI b podiled ane

product staited d [err] condltlon 25a [err]. RT, 1d

22 RF, 6 h ’ 56% 1:6 [err] RT, 1d

| RF, 6h 2%

Rg\,N 4h - Thus the imidates wegg%eacted withs I%ert]]kl erqré? %:],]fégzr'&]nt
- 45%-. = 1l:dedctPon codrditions. RIi. 4dichlorometﬁ5hd%6rEﬁbetonltrlle were
48% 2. r %

lerr] é %3 élvlventgd: %ﬂ arﬁa , diethylether or H(fll2 :ﬁr}1 Q}ﬂ}%\ﬁmgzﬁane
RF, 6h - as catalygts. The reqq@@on occyyiyed digqter in CHaCN than in

CH2Clz . The mannosyl imidate 27a reacted select1vely with 4b to
- : glve mannoside 24ca. -

The protected glycosides can be'deprptectéd
f.i. by catalytic hydrogenation with
{ o Pd/actiéated?charcoal at room temperature. The course of the
‘: hydrogenation gan'pe monitored with thin-layer chromatography.
The detection can be done with methanolic sulfuric acid however,

detection w1th 4- (p—nltrobenzyl) pyr1d1ne reagent . (NBP) is more
- sensitive.

After the reaction was completed the catalyst was removed by
filtration, the filtrate was concentrated by rotation _
evaporation, and dried under high-vdcuum. When using the pure.

anomeric giycosides 22, 23, and 24, the-corresponding glycosides
‘28, 29, and 30 were obtained as pure anomeres, too, (fig. 2).
' QO ©  Phe corresponding phosphoric acid amide conjugates, as well as the
{ conjugates of the derivatives according to the formula:




]

RT= roomtertper ature  The identity of the corrpounds coul d be ascertal ned
by FAB- M5 and [err]-NWR spectroscopy. Mreover, the configuration of the
sugar residues was confi rned by enzymatic reactions. As an exanpl e, the FAB
spectrum (negative) of Gc-[err]-IPM[erg] is given in fig. 3. Usi ng
glycerol as a matrix, negative as well as positive FAB spectra gave

signi fii-cant ‘i nformati |_on Fromall 6 conpounds signals of the negative

nol ecul e- peak i ons MH) -, and the positive nolecul e-peak ions (MrH)[err]
could be s@AFILIE Pz;séhFhQFde‘GGﬁr FoFminge 2Rs Clgax .c cLQurdepsti baphly
rati o, a phdzerRREoLIAASEd nby heeebsalryl.n@houha mheewrﬁdﬁa@ttsabas f3rmed

chl orine at | ralky occurs,not as o ot ope
but as [er ungh(?a?g’&%}’ erl{‘%glré't' %n&%tag t t?seulctainn&e i %Y. F‘F?{

i SOt ope. peaicsduam ghromakographPoont: Iselnmas ((almelﬂpnnth'elglpe@eaiolamumutes) .
nme = 383, 385, 387, for (MH)- the correspondl ng values me = 381, 383, "
and 385 are, found charact erl S i cal fragnent ion, namely that of the

al kyl ati ng *?&%éd}?f Pt @RFed] \ﬁntol’f‘elxherﬁtg"ﬁél §'nmt§‘e—°22f of
223, 225 f gluyddahidd 28 raind alanlmnisé.de 309, 221, and 223 for(IPMH)-; here,
too, the typical distribution of the isotope peak is found. In fig 3, the
twotriplets of the ions (MH- and (IPMH)- of dc-[err]-1PM 28B
clearly visible. The signals me = 91 and 183 are derlved fro
matri x used. N '

( . ' - ' - UB“' ."!'

O
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' The atitribution of the configuration at the anoneric centre, as for the

protected starting conpounds, was possible with-[err]-NVR by the typical
~coupl i ngs-of the proton H1 and its chem cal shift;.table 3 sumarizes. .
‘these paraneters. The PM4a, isoneric with IPM reacted with

2,3,4,6-tetra- O benzyl a-D- gl ucopyranosi d-19 and the respective mannosyl :
donor 2% in di chigsoeres hateddtiaihdanine €0 rcack dinfrdflda~dhiengy D
gl ucopyr anosyl N, N-bi s-(2-chl oroethyl) phosphoric-acid diamde 31, and the
2-epi'meric 32, resp., (fig. 4). Table 3 Chemical shifts and coupling of the

anoneric proton of the de- protected nonosacchari de-1PM conj ugat e -13-
28a _ 5. 605 3.4 = _ 7.8 288 _ 5. 004
. 8.0 o ..0 29a 5.0647 . 3. 1 7.8 29B
4. 950 - B i . 8.0 30a 5.564 = 2.0
S.0 30B solvent  reagtion Progugt st i 1¥i%ther, wags: Bf
synthesis are pL\QQJ ble for the preparation of the glycosyl-PM i conj ugat GLS
5 or 31, as is Shown in® fig. 5. -14- In an anal ogous way (éxanples 1
and 2) via the hegéa- O CH,Cl, RT, 1d 2 _
: RF, 6 h o . 56% 1:6
CHCN  RT,1d | : low
_ RF, 6 h ' 2 1:20
20 cH,Q, RF, 4h - 51% 2:3
‘cuen - RE, 6h 453, 1:1.1
U %e  CHQ,  RLih B -
| RE, 8 & : oo 283 2:5
CH,CN RF, 6h . 12% 1:3
1
ro cHO.  RL4k0n -
RF, 4 h , - 18%
cyg,ex . RF,6h : 7% only

RT = room temperature




bR

;benzyhglycoégs 43 and 44 [err] [err] [err] the disaccharide-1PM conjugates

:50 and 51 were obtained. [err] [err] [err] Table 4 shows the[err]-NW data

;of the de:protected disaccharide conjugates. [err] 50a - 5.623 3.6
7.8 4.478 8.0 [err] - 5. 049 8.0 8.0 4. 473
's.c 5la .~ 5.622 3.6 7.8 4.537. _ 7.9 51B 5. 044
8.0 . 8.0 4.532 . 8.0 Herell+too, the identity of all four

it

di astereoneri c conpounds was ascertai ned by 2D NMR-COSY. Fig. 6al/6b show as
representative exanples the 2D spectra of the de-protected cell obi ose-1PM
conj ugat es5la and 51. -15- Also in this case the structure of the sugar
residue; i.e. lactose and cell obi ose, resp., was confirned by enzymatic
reactions. In the construction of dlsaccharlde coupl ed | PM conj ugates the
use of naturally .occurring disaccharides, such as |actose or ceIIoblose as
the starting material, as opposed to. constructlng :

The identity of ¥the compounds could bé ascertained by FAB-MS and
1H—.NMR spectroscopy. Moreover, the conflguratlon of the sugar

s residues was confirmed by enzymatic reactions. As an example, the
FAB ‘spectrum (negative) of Glc-B-IPM 288 is‘given in fig. 3.




£ - . _ o '
Eheféeniugate-fronTnDno-sugar, has the advantage that the glucosidic bond
between the sugars is already there, ‘and thereby one step of

stereosel eetive synthesis can be saved. Thus,. the synthesis protocols
descri bed above are al so used for the prepgéatlon_of di sacchari de- coupl ed

| PM conjugates First, a benzyl-protected~drsacchari de was necessary, the

1-0- postt i onsetnghiTicess] dadea aniévak Ehebdbeve vhi MOYEr oen, by Qi -0
wth trlchlorg gnltrlle In_this A based on t he net

(Koto et al. %ﬁ% W?" I\?r'ﬁ%‘h“?@ R KBFeMiall 6 (9@1‘90'862?

Jpn. ) 10 165119na1.$1e06| mmamemmmmm@—ﬁe&: 61°nsl fM bH)- 2 %rg% |ti/ha% Ve
2', ONEl | cel | obi os

44 mere synt eS|§£ge?@§%¥ gée aﬁ%ﬂgelpgﬁﬁgse % Dg)seen. Ip; eqgh case

i ncubat i én- oFheFR @‘F‘i\%’é%?@ie% PepkéEPES mrcmmtwi@ttml espoisl) Ny phenomenon

gl ycosi dasesc@uééd)llﬁyci:li‘éwﬁﬂ@t Ofnd ek YifrdBd &l £ B roomb f&sert%/fﬂ on-frsfq,e

t L I d Cel-1PM51 roved stable
(r:rg'? L§ﬁ§| ?i s%ﬁ(’: tﬁb%é ?r’e%%e t%tmﬁo%!g&?@fmen%nﬁgmespw -isptqom Gut as
anal ysi s)-. Bb’t%lls@n@aft‘rﬂl rirb0a arat Hd ¢M?lymssmmﬂn?r_tﬁ_s aggamcezle%ﬁn thvﬁ o
h t he $abEo r ed} n r on (f., 1.
:I gg/gggl UCO§I das%gllgéngﬁé &fdéééjl‘rae?v%ﬁg u%‘g% “E}E é?( 1'él'”enz t§pected
rel ease of IWu%ef%zf%%t-r 383 eadBe MW7 & Hiplpuﬂé-la)rmnlehe cworgapmidindg 0

and 51 was nealdes anl/dy= T34, 'ﬁ:ﬁc"ar&?@waéleé Audde £ GaVApG SO0 ‘Cc% il ed

28a, 28B or wer e detected with NBP onj ugat es. ver e tapi
by suitable gf ment don, namely that. of the alﬂy ating aglycone IPM was
=(: definitely shown with the signals m/e = 221, 223, 225 for.

(IPM+H)*, and m/e = 219, 221, and 223 for(IPM-H)-; here, too, the
typical distribution of the isotope peak is found. In fig. 3,
the two triplets of the ions (M-H)- and (IPM-H)- of Glc-B- -IPM ZBB
are clearly v151b1e. The signals m/e = 91 and 183 are derlved

" from the glycerol matrix used. .

The attribution of the configuration at the anomeric centre, as
N for the protected starting compounds was possible with tH-NMR by
“  the typlcal couplings of the proton H-1 and 1ts chem1ca1 shlft'
table 3 summarlzes these parameters.

The PM 4a, isomeric with IPM, reacted with' 2,3,4, 6'tetra~o—benzy1
hgt.' a-D-glucopyranosid 19 and the respective mannosyl donor 21 in
d1chloronethane/trlethylamlne to.give 2,3,4,6-tetra- O—benzyl D-
glucopvranosvl N,N-bis-(2-chloroethyl) phosphorlc acid diamide
31, and the 2-epimeric 32, resp., (fig. 4).

Table 3

- Chemical shifts and coupling of the anomeric proton of the.de-
protected monosaccharide-IPM conjugate

2wl g



£)

:can rel ease f.i. the met abolite of the general forrrula 1, andl a., resp In
the case of’ the di saccari de conjugates 50 and 5la cl eavage of tvvo di fferent
gl ycosi di ¢ bonds was required for:the release of IPM Only 51B, showi ng two
bonds with the sane configuration, could be conpletely cleaved by a single
enzynme, nanely B-glucosidase. This was confirnmed by neasuring the

bi ol agical efficiency, nanmely theasytotoxic activity in vitro by studies
done on a nurine retrothelial sarcoma, and on rat mammary tunour cell

lines, and on-Eb/EJp celT Tines. Th Vivo [studi es wene done w th the P388

l eukemia in the nouse and the fat 1C32 turmur Resullts of the in vitro and
-in vivo.studies arg found in f gbég_p ho 17- ternLnatlon of
toxicity showed th upon appl r? 100 Jabﬁd 10do g dc-[efr]-1PM
i.p. to‘male [err] jrce no acute toxi C|ty coul & be cbserved Aut opby of the
animal s after 28 days gave no findings. so the BDG rats with trapspl anted
1C32 tunour, treated with Gal -] PM (5-122.5 and 5- 245 mg/ kg, resp.)}jdid not
show any toxicity. [The zggult Dbf awogpsy |(anopg othgrs lixgr, ki dhpys,
spl een, brain, bone} marTow) onfday 15 aftger the onsgt of treatnent}gave no
finding. Sumarizing, I an bp st,%sd t hjat g vitrg.studjes on a
r &4 ot hel i al sarconp d straje cyt of oxi ty of} Agl -PM and]-1PM as
wel | as the nonosacghari de- | PM conj ugat especordi ng tlo.the general fornmula 1
and |l a, resp., and pf tH¥xdi sagchaxbide 3.1 ' 7.8

298 4950 8.0 80

30 5.564 - 20 8.0

308 0 5.282 1.1 3.6

Still other ways of synthesis are possible for the preparation of
the glycosyl-PM conjugates 5 or 31, as is shown in fig. 5.
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.conjygates acc. to the general fornula 1 and la, resp.. Ininvitro st udi es

!
1

- Exanpl e.1 General protocol for the prepara&j

B et

certain gradations becone evident with the manmary tunmour cell-lines | C29,
1C32, and 1C39, because Gal-[err]:IPMis always the nost effective agent..
In vivo studies, too, showed a good effectiveness in the P388 nodel and
with the solid 1C32 mammary tunour, and®thout acute toxicity. As. also
bone-ymarrow toxicity, studied in Ac-[err]-1PMas an exanple, is very |ow,
an i nport akf RBAPRLASENS | YAY hee MR SH e RN} 2heVdarthe hRRfAOtical ly
acti.ve chepehbglrgbgvbsesagendmdis fulfilled. The fol |l owi ng exanpl es
illustrate in detail the preparation of various, exenplary conpounds.

R, of the benzyl -protected

gl ycosyl - phosphoric acid di am des Prot - tivation with _

hydr ogenbr omi de 4. 35 of p-nitrobe#g PErl Hose, protected in a known
manner, (f.i. 3.0 g of 16),.and of the P carbanoyl derivative 17,
resp., after drying over [err] were dissolved in 10 m absol. i T
[err](three-necked flask). At [err] 30 ml of a [err] solution saturated
with HBr were slowy injected under dry nitrogen. After a few seconds
p-nitrobenzoic acid precipitates. After heating to r.t. (roomtenperature)
(wi_t hin 30thﬁndﬁs§gcﬁﬁrﬁgembgﬂcanjuﬂﬁ%B$0591ahda51rwere olpthimed eafter the
react.ion mxture was filtered with suction .through a i'nverting frit into a
second three-necked flask. Follow ng e 3P pation of [err] (stirring with. a
magnetic stirrer, water jet vacuum : r.t.), . .twce 5 nl diethyl

<

Table 4 shows the :H-NMR data of the de-protected disaccharide

- conjugates.
N _ S(H-1) | I, Jip s(H-17) Jv
. 50¢ 5633 | 36 78 | 4478 - 8.0
C 508 5.049 8. 8. 4.473 8.
Sl 5.622 3.6 78 . 4.537 7.9
518 |- ses | 80 80 4.532 8¢

Here, too, the'identitf of all four diastereomeric compounds was
ascertained by 2D-NMR-COSY. Fig. 6a/6b show as representative
examples the 2D spectra of the de-protected cellobiose~IPM .
: R ' : /Q’{ot"sst}%\
conjugates 51a and 518. , G w’@ﬁ>\
S T e 6

. .. r?/ .
Nvgyy ®



.et het, wer'e .added and each ti me evaporated. as ‘described above to renmove -
remai ning HBr. The resul ting yellow to orange-col oured oil was now -
di ssolved in 20 m [err], and 1.0 g 4a or 4b or 54 (4.6 mmles), and O. 85
m triethylanine (6 nnnles) were added. ,After stirring for 3 d at r.t. the
reaction.m xture was filtered, washed twice with little water, and the

orlga“m T ﬁhnxeomﬁ ﬂhh.edc@.%ﬁr ther trslkraad}lretatlh Ehe CXGPOF ai@Qld&FbSQQHen“y
~colum cnr nos e oW, | Cous oIS
perf or med, 9%%%83 Qgés &§o§30530n§?¥ mas"?ﬁuﬁgnt%¥m% Y AngXPAFicand | ate

fracti ons, reaspionsn aII cases, perfect purity of anonmers could be
achireved by preparative HPLC, sonetinmes also by’CrystaIIisation Al
working steps were perfornmed under dry nitrogen, using dried solvents, and
in the darkn FPStﬁ@BFtBucRé&@tP@ndéﬁaﬁﬁbaﬁhégpﬁ@ﬁpheéclBMdcenDugstaﬁthhe use

gl ycosl i m dsft egak@ealily ocE%rrin@ EHBE@CEEfEQéM"Qﬁ@ﬁtﬁs(iabtogé)o
di ssol ved in acet oni I e Ds horic

“acid dlan1881§ﬁgF85ﬁasa§tF %FEFlgghmﬁgag?afef?ﬁ ??ﬂsfﬁe BaF?PStr“Ctlng
Fol | owi ng- thet¢annu§a&#dfm@mampmnrsuapvnahaentheradnangagphyham thki ca was

per f-or med bﬂuée§QEW@ Eﬁﬁ%ﬁ“ﬁetﬁ%@thﬂh gggg¥§a¥§g§ Ogﬁ@%bveaganiyéreag

groups 0.1 benzyl - pr ot ect nnnosacc ar erivatives
24, or 55, °HﬁdsFﬁ8 HFSé&ﬁ%ﬁqqﬁge€G&Vﬁg§¥B§h3816rCﬁ@ be;gaved. Thus, the

synthesis protocols described above are also used for the
preparation of disaccharide-coupled IPM conjugates. First, a

d[ benzyl-protected disaccharide was necessary, the 1-O-position of
which could be'acpivated_either with hydrogen bromide or with
trichloroacetonitrile. In this way, based on the method of S.
Koto (Koto et al., 1982, Nihon-Kagakkai: Nihon-Kagaku-Kaishi (J.
Cheme.Soc. Jpn.) 10: 1651), the disaccharide components 2,3,6,-
2',3',4',6°-hepta-O-benzyl lactose and the isomeric cellobiose.
derivative 44 were synthesized from lactose and cellobiose (fig. 7).




.di ssplved in 15 n MeOH Foll owi ng addition of appr. 5 ng Pd/activated

charcoal (oxidized form: contalnlng 10 % Pd) per 0.1 nmequ benzyl groups to
be-cl eaved off (that is f. 20 ng catalyst per 0.1 mmole 22, 35 ng per 0.1
mol e 48) hydrogenati on mas perforneqsat r.t. until the-.cl eavage of all .
protective groups could be denonstrated by TLC analysis (after 1 - 4 h). If

hydr 4genaignoR neawaltdoli bat efel gUPdbsiaby, ihhaEdespoet %tt%d' mmﬂuct was
obt ai.ned pure after flltﬁat on.and rotati og aporatl e SO|HtI

W t h unne COEFESRRPAIE ILXSOBREASEF B FABLCS gF@W@@Fé 80? g&os
deconposedonshadadud de bbseestedln this case, the desi red product coul d be
recovered after TLC chronatography (silica, CHaCN. MeCH = 70:30). TLC

-Silica, [err] 30:70, [err] %28a = Rf (4 0.18; Silica, [err] =
75:20:5 [ &h9 Q%t\s@@esom-(l ¥a o, aed4§e@rérl’&1 )5)10 provedsstables at] spem)

0.43 (30a)ten&>e4.~3at(dxerpr1h) matxanbﬁcaadlai;)mnq J;&s(c4la)ﬁ e d@xmfabenfa&b.abes
were spray r eagent ce eat rr
nin., andC Oé*:')cl'\%#a cool% ng 1%(:9 @T@% agn é’?éé" h?%‘? tnl'k@ Fbﬁl ?,5_ Jt
conj ugat egm:@mmw@@p_ meeen\nhu Bbomm ttde fsam (|51@Ht ol ge. -
20 - Phoslﬁﬂf&éﬁ! EonFidaraeson’ 4299 ishoedf,amidnd sl SR

\/

. glucosxdases enzyme mixtures were, ‘used to check. the enzymatic

-release of IPM. The enzymatic cleavage of the pure anomeric

- ' conjugates 50 and 51 was monitored by TLC; intact conjugates or

i‘t the cleavage products 28a, 288 or IPM were detected with NBP.*

- All conjugates were rapidly cleaved by suitable glycosidases and
can release f.i. the metabollte of the general formula 1, and la,
-'resp.. : ' :

In the case of the disaccaride conjugates 50 and 5la cleavage of
two different glycosidic bonds ‘was requlred for the release of
- IPM. Only 518, ‘'showing two bonds w1th the same configuration,
o could be completely cleaved by @ single enzyme, namely B—glucosmase..:‘

This was confirmed by measuring the biological efficiency, namely

L ¥

Vo

the cytotoxic activity in vitro by studies doné on a murine

-

. retrothelial sarcoma, and on rat mammary tumour cell 1ines, and
on Eb/ESb cell lines. Y

In vivo studies were done.with the P388 leukemia in the mouse and
the rat 1C32 tumour. Results of the in vitro and in vivo studies
are found in fig. 8 to 13. '




: prebafed aboofding to protocols known fromthe- literature.

* Monosacchari de- PM | PM conj ugat es (anal ogous to 6) Batch: "0.55 g 4a
(2.5 mmotes) (N-di-(2-chloroethyl) phosphoric acid dianide) 1.03 g ABG
(2.5 mml es) Yield: - 30 nmy 5 as yellow, clear oil (2.2 % of -

expected), mxture of di astereoneres (A+B, -$&2 NMWR spectra) Analysis: C
H 3 pYtkemihaltaion dferddxildny] sheweh k8aE] upb8hr ]ap[:ﬁ&&]at[ﬁfnr loM190~ ana

NN <0 - ( 2200 BAeh i B drB: 501 BRIPLRPaE: oniss HOMARHER, toieiy,

4b (5 rrrr_DI e:o):lﬂndbeZ seyvarkt dhrtepayl v€othe( andmalesafterS@8ridayrsy gavet D
0.5 g tri egﬁ;& (AfatéH"Hrf‘é)nﬂ’ése&%t%d%i(lndEQBWséianIQS head QhdiXture

was stirre
t*eated with Gal-IPM (5-122.5 and 5-245 mg/kg, resp.) did not
show any toxicity. The result of autopsy (among others llven.,
kidneys, spleen, bra;n. bone marrow) on day 15 after the onset of

treatment gave no finding.

Summarizing, it can be stated that in vitro studies on a
retrotheiial sarcoma demonstrate the cytotoxicity of Aglyca-PM
and -IPM, as:well as the monosaccharide-IPM conjugatesaccording-
( - to the general formula:l and la, resp., and of the disaccharide
conjugates acc. to_the general formula 1 and la, resp.. In in
vitro studies oertain.gradations become evident with the mammary
tumour cell-lines 1c29, 1€32, and 1C39, because Gal-B-IPM .is
always the most effective agent. In vivo studies, too, showed a
good effectiveness in the P388 model and with the solid 1C32
. mammary tumour,'and without acute toxicity. As also bone-marrow
toxicity, studied in Glc-B-IPM as an example, is very low, an
1mportant requirement in the development of new anti-
neoplastlcally active chemotherapeutlc agents 1s fulfllled.

The follow1ng examples 111ustrate in detail the preparatlon of
_ various, exemplary compounds.

h]

N

2
—




Lerr]. in- the dark. After filtration and rotation- evaporation the - residue
was dispersed in[err], washed with little 0.1 M HC1, saturated [err]
sol-ution, and water, dried over [err], and chromatographed on silica.
(acetone: n-hexane = 40:60). 80 ng 6 (of i’ eory) were obtained as a clear,
colourless oil whicn crystallized after nonths at 4 C Mp.: 91 C TLC

silicar ac%&g £18 hexane = 1:1, [err] 0.13 Analysis: C H N
C1 [err] [errP %enta o- pi val oyl [err]-D—qucose 7 (abc. to Kunz and
Harreus, 1982, Liebig's Ann. Chem 41) Batch: - 29 g D-glucose

(0.16 nol epepdtal pryebesl £6f0thdeptéplraniieh 380the BEhaypipratededan
pyri di ne Yi o of theory) Mp.: 154 C (Lit.: 156 -~
158 C) AnaP@XF?SYEePP?sPE?FTC[%?%% %ePP?de -22-"2,3,4,6-Tetra- O pi val oyl
a- D- gl ucopyranosyl brom de 8 o ‘ o

Protocol A: Actlvatlop with hydrogenbromide

4.35 ~ of p-nitrobenzylglycose, protected in a known manner,
(£.1. 3;0 g of 16), and of the N-phenyl carbamoyl derivative 17,

resp., after drying over P20s wefe dissolved in 10 ml absol.

CH:Cl: (three-necked flask). At —-20 °C 30 ml of a CHzCl: solution

saturated with HBr were siowly-injected under dry nitrogen. After

(: ' a few seconds p—nitrobenzoic acid precipitates. After heating to

"r.t. (room temperature) (within 30 min.) stirring was continued
for 1 h at r.t., and thereafter the reaction mixture was filtered
with suction through a inverting frit into a second thfee—neckéd
flask. FoIlowing.evaporafién,of CH2C12 (etirring with a magnetic -
Stirrer, water jet vacuum, waterbath, r.t. ) twice-s ml diethyi
ether were added and each time evaporated as descrlbed above to
remove remaining HBr. The resultlng vellow to orange—coloured oil
was now dissolved in 20 ml CH2Cl:, and 1.0 g 4a or 4b or.54 (4.6
mmoles), and 0.85 ml ;riethylamine (6 mmoles) were added. After
stirring for 3 d at r.t. the reaction mixture was filtered,

. washed twice with little water, and the organic phase was dried

" over Na:zSO: and rotation—evaporated. Subsequently, column

(; chromatography of the mostly vellow, highly viscous oils was

' performed, and the respective anomer: was found enriched in

early, and late fractions, resp.. In all cases, perfect purity of

anomers could be achieved by preparatlve HPLC, sometlmes also by
crystallisation.

All working steps were performed under dry nitrogen, using dried
solvents, and in the dark. .

Protocol B: Reaction of the phosphoric acid diamides with

glycosylimidates - lfggpg”?”m%yl

/$ ) - @g{
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g7 (20 mol'es) 20 mM HBr. in glacia) acetic acid (33 %9 20 ni

(acc..to kKunz and Fbrreus 1982, Liebig' s Ann. Chen1'41) Bat ch:

(dichl oronethane) Yield: 64 g 8 (55.5 %of theory) Mp.: 142.C

"~ Anal ysi s: ' C Hlerr] [err] [err] [err]

2,3,4,6-Tetra- C)plvaloyl [err]- D-qucop%PanosyI N, N -di-(2- (chloroethyl)

phosphorlc acid diamde [err] To a mxture of 0.38 g 4b (1.725 mvl es) and
1.0 g Terr] (1.725 mmles) in 50 M acetone 0.5 g AgzC03 (1.8 mmol es) were
added-at r 1.0 mifotler giyiqusyidgirfistat24 (f .di-n 26hewdar Alsaolved in 129 mdact i on

m xture wasancf éﬁrﬂgg?g}sﬁ% gﬁxﬁd GATITN gFRLOgr ﬂaﬁ@ﬁ@ %‘fﬁsp’ﬂ&z‘fé‘ @acid

(acet one: n-hexane = err] (12.9 % of gy wer e talned
]d& .

as a clear, Mﬂﬂ%ﬂﬂl%ﬁﬁ?QnWa%MﬁQﬂf fox 1§ ?eHnQPFeFeﬁéﬁﬁh the rqar :
94-C TLC Fofidﬂiﬁy ﬁilﬁﬁﬁﬁidhf&ﬁﬁﬂﬁbtathohrebﬁbbkaf1@n4%h%ﬁﬁdﬁ6§%aﬂﬁy on

H silica wai JfJ & in a known manner. .

{~/ Protocol C: Cleavage of protective benzyl groups

0.1 mmole.of.the benzyl—protectéd monosaccharide derivatives 22,
23, 24, or 55, and the dfséccharide conjugates 48 or 49 were
.t: dissolved in 15 ml MeOH. Following addition of appr. 5 mg
Pd/activated charcoal (oxidized form, containing 10 % Pd) per 0.1
mequ benzyl groups to be cleaved off (that is f£.i. 20 mg catalyst
per 0.1 mmole 22, 35 mg per 0.1 mmole 48) hydrogenatién was
-performeQ at r.t. until the cleavage of all protective groups'
could be demonstrated by TLC analysis (after 1 - 4 h). If
hydrogenation was terminated immediately, the de-protected
product was obtained pure after filtration and rotation-
evaporatlon of the solutiorn. With unnecessarlly long reaction

time the de-protected glycoside decomposed, and IPM 4b formed. In
this case, the desired product could be recovered after TLC
chromatography (silica, CH:CN:MeOH = 70:30).

‘{ TLC: Silica, CHsCN:MeOH = 30:70, Rr (28a) = 0.58,R¢ (4b)

= 0.18; _
Silica, CH:CN:MeOH:H20 = 75:20:5

Rf~Values: 0.44 (28a), 0.48 (288)
0.43 (29a), 0.45 (29p)
0.43 (30a), 0.41 (308)
0.29 (50 and 51), 0.13 (4b)

For detectioh plétes wWwere spraved with NBP reagent (2.5 %,
in acetone), heated to 120 °C for 10 min., and, after
cooling to r.t., sprayed with 0.5 M NaOH. The IPM
conjugates were coloured deep—blue,.while IPM itself was

light blue. g "'qu,,'
- 6
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H

=-23 Met hyl .2, 3,4, 6-tetra- O benzyl a-D- gl ucopyranosi de 10 (acc. to Met hods -

din Car bohydrate Chem stry, 1972) Batch: 50 g net hyl

a- D- gl ucopyranosi de (257 nmol es) 250 g KOH (powdered) 150 m di oxane 318 m

benzyl chl oride (2.76 noles) Yield: 116 g 10 (81.3 % of theory) as
hi ghl y-vi scous, yellow, clear oil Analyg0s: [err] (554.68) - Qbs.
76.19 6-93 Methyl 2,3,4,6-tetra-O benzyl a-D-gal actopyranoside 11

(anal ogous to 10) Batch: 40 g net hyl a-D-gal actopyranosi de (206
ol es) 200 gh&EbhéPLBILELE) amite Hudh ngngagf fgﬁ?5¥| chl or I‘g Yi el d:

102 g 11 (89 Latheory). as yellow clear MR8 s:
Herr] ' p% é%? ed a 1?[3;79“9 garq‘s%qolem)known fromsthe lﬂﬁeﬁtur& 67
- Methyl 2, 3,4, 6 tetra- O benzyl a- Drrannopyran05| de 12 .

Monosaccharide-PM/IPM conjugates

(anaiogous to 6)

A/ '
Batch: 0.55 g 4a (2.5 mm&les) (N,N-di {.2 c -
. N, N-di-(2-chl -
phosphoric acid diamide) o orothyl)
1.03 g ABG (2.5 mmoles)
: Yield: 30 m%S as yellow, clear oil (2.2 % of expected),
( mixtare of dlastereomeres (A+B, see NMR spectra)
Analysis:
| —- , C H N -
h .CtstedzNzOuP eip- 39.24 >30. >
(5513) . cbs. 933 338 4
i\j
i3 g mthDo ~NH,), 3.35-3.70 (m, 8H, 2x -CHCHCI) 3.82 (m,
{ | 1H, H-5) 4.148 (dd, H-6a(A), ], =50 Hz, ], =125 Hz), 4.2

(dd, H—6a(B), ], =+9 Hz, I, =125 Hz), 4244 (dd, H~- 6b(A)
Js@=21 Hz, ], =125 Hz), 4288 (dd, H-6b(B), J,,=2.1 Hz,
Jaw=123 Hz). 5.02-5.12 (m, 2H), 5.21and 5.23°(2r, together -
1H, (B+A), J=9.5 Hz), 5298 and 5316 (2, together- 1{H,
H-1(a) and H-1(B), J,,=],,=7.8 Hz). |

4
t
(1]

m/e = 331 (M-PM)




{acc: to Kqto et al., 1976) Batch: 18 g net hyl a-D mannopyranosi de
(92.7 mol es) 81 g NaH suspension (20 % 450 m benzyl chl ori de Raw yi el d:

Af ter the washing process 2 phases form- After renoving the upper,

col ourl ess phase (white oil), 52 g yellow, slightly turbid oil were

obt ai ned which could be reacted to 15 without further purification., Part of

the oi V\aﬁsg[: Jo e el @M&@I@ﬁﬁ&% a4,(g,s§,Q)N¥ﬁlJ(ﬁw £l ear oil

[err]- rr er Q.benzyl a- D-glucopyranose 13 (acc.
to Mt hodscf*erfc%{Jr%Wm% % fdemide,éon 115 g 10 (207

mol es) i el d: 54 g 13 (48 3 % of theory) MP.: [err]
é)r(gcrystaélu Z??qn]gz% 5:%%6%%) [tﬁf r(]5 mlljnol?e%) %%6?' G%fcetoﬂc{n%d’ﬂucose '
: (5 mmoles) in 50 ml dry acetone 0.5 g triethylamine (5 mmoles)
were added dropwise. The reaction mixture was stirred for 48 h at
r%t. in the dark. After filtration and ré;ation-evaporation the
feSidue was dispérsed_in CHz€l2, washed with little 0.1 M HC1,
. saturated NaHCOa solution, and water, dried over NazSO«, and
chromatographed on silica. (acetone n-hexane = 40:60). 80 mg 6
(of theory) were obtained as a clear, colourless oil \ whicn crystallized
after months at 4 °C.

M.p.: 91 °C

TLC: silica, acetone:n-hexane = 1:1, Re = 0.13

Analysis: o

T ' ' Cc H N Cl
C,H,,Cl, \TO P - eXp. 39.24 5.30 5.C8 T 1287
S 13) | ~obs. 3942 540 4.80 12.58

Penta-o-pivaloyl B-D-glucose 7

..\

; )
ﬁ“\".

~{atc. to Kunz and Harreus. 1982, Liebig's ‘Ann. Chem. 41)

Batch: 29 g D-glucose (0.16 mole) -
121.2 pivaloyl chloride (1.0 mole)
200 ml chloroform, 120 ml pyridine
Yield: 66 g 7 {69 % of theory)
M.p.: 154 °C (Lit.: 156 - 158 °C)
Analy31s' .
: C
C'SIHs:Ou A

P exp. 6198  g72
(6c2. obs. 6216 g9




avmrrarenwa &,

«2,3,4, 6-Tet.ra- O benzyl a-D-gal act opyranose 14 (acc. to Kronzer and ST
Schuerch, 1974, Carboh. Res. 33:.273) Batch: . 30 g 11 (54 mol es)
500 nm acetic acid (80 % 150 nl-"1 N HC1 Yield: 28.6 g 14 (98 %.of
theory), yellow, clear oil [err]-NWR %2 ferr],[err] [err]= 3.47 (d, 1H,
exchangeable with [err])3.5-43 (m 6H, "Sugar protons) 4.35-5.05 (m 8H,
[err¥=[errd. Ph) & dd-pifaldyl J—indl&cgaﬁzénos@ll‘b}oﬁlﬁ@ g20H, 4x-Ph).
2,3,4, 6- Tetra: Obenzyl D- mannopyr.anose "15 50 g of the m xture™12 (appr. 90
mml es, still contains sone white oil) were dissolved in 800 m gl aci al
acetic aci claaad teahar? aadBMarheiud, 1R ML diGl amer.e cadaed 4dnyopwi se
-within 60 mn.; after further 90 mn 200 n1 wat er were added, the reaction

m xture wa &Qledtor t 12 &" ﬂ%ﬁ_ extracted vv|th3200rr1 -

t ol uene. 851 gani ¢ phas V\a % E &kl gghuu‘_ﬁn,‘fnd wat er,

. dried over[err], and concgat chyorr evapora Iron esul ting
brown syrup was chromatograp d (silica, EE EP = 30,70) and 32.2 g 15 (68.3
% of theoryiemfe obt ai ngd46§33a(sgl 5OW @fl theoryd6- [err] 90 WHz, CDCI 3

ferr] 3.5-4.3 (m 7H, 1H exthangeable with [err] -OH and 6 sugar

) 'protons), M.B5:514% an 8H, [err]-[err]-Ph), 5.22 (d, 1H H1, [err] Hz),
NO5-7.4 (m 20H, {err]-Ph).

Analysis: L - C H
C 25;Br0; cexp. 5389 748
(579.5) obs. - 5424 7.94

123_93 Hz), 521 and 5.64 (2, 2H, J=95 Hz, H-+4and H—J)
6.62 (d, 1H, H-1, J,,=42 Hz). . .

2,3, 4i, 6+-Tetra-0—pivaloy'1 [5—D-glucopyranosy1 N,N'-di-({2-
(chloroethyl) pho_sphoric acid diamide 9 '

To a mixture of 0.38 g 4b (1.725 mmoles) and 1.0 g 8 {1.725
. mmoles) in 50 ml acetone 0.5 g AgzCOs (1.8 mmoles) were. added at
r.t.. After stirring for 24 h (in the dark) at r.t., the reaction

~

. mixture was filtered, concentrated, and chromatographed over

{ silica (acetone: n—he:"cane = 25:75). 160 mg 9 (12.9 % of theorY)
Wwere obtained as a clear, colourless oil wh1ch crystall:r.zed after
months at +4 °C.

M.p.: 94 °C

TLC: silica, acetone:n-hexane = 1:1, Rf'f:= 0.43
Analysis: ' :

@)
>
Z

(719 3") obs.
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.2, 3,4, 6-Tetira- O benzyl 1-0O p-nitrobenzoyl D glucopyranoside 16 (acc. to

Met hods i n Carbohydrate Chemi stry, 1972) Batch: i 15.5 g 13 (28.7
nmol es).- 6 g p-nitrobenzoyl chloride (32.3 nmoles) 3.75 m pyridine Yield:
15.6 g 16 (78.8 % of theory) as white powder Mp.: 93 - 98C (from et hanol)
Recrystallization fromdiisopropyl ethér'"gave [err] as needles. Mp:[err]
Anal ysi s: C H N [err] exp. 71. 39
5.70.-° 2.03 (689.76) obs. 71.37 5.67 2.04 From the nother
liquor [err] crystallized, mp. 98 C 2, 3, 4, 6-Tet,ra- O benzyl

1- 0- (N- phenyl car banoyl ) D-gal act opyranose 17 (acc. to Kronzer and Schuerch,

1974, Carboh. Res. 33: 273) Batch: , 18.7 14 (34.6 mmoles)- 50 m
pyridine 5.4 m phenylisocyanate Yield: 8 0 g 17 (35 % of theory)
(a:[err] = 35:65) Mp.: 120 - 122 C (fromethanol) ~ -27- Analysis: C

H N C -H NO ' : . 74.64  6.26 2.12 (659.79)

obs. 74.21. 3.97

2. 36 ;
Metﬁyl 2,3,4,6-tetra-0-benzyl o-D-glucopyranoside 10

(acc. to Methods in Carbohydrate Chemistry; 1972)

. Batch: . : .50 g methyl @-D~glucopyranoside (257 mmoles)
250 g KOH (powdered)
. 150 ml dioxane
318 ml benzylchloride (2.76 moles)

Yield: . 116 g 10 (81.3 % of theory) as hlghly—vzscous,
- yéllow, clear oil _

Ana}ysig:'

. - S . C H

- G0, eXp. 7579 691
| | (554.68) cbs. 76.19 693
N

Methyl 2,3,4,6-tetra~0O-benzyl a—Dtgalactopyranoside 11
gai - {analogous to 10)

Batch: - ‘40 g methyl a- —galactopvran051de (206 mmoles)
200 g KOH (powdered) :
. 200 ml dioxane _
280 nl benzvlchlorlde

Yield: _ 102 g 11 (89.3 % of theory) as yellow,.clear'oil

b
‘e‘\&g\g 8(33(‘,\ |
. a .




s e 3P

. Fromthe mather [iquor 17a crystallizes, mp. 143 0C

2,3,4,6-Tetra-0-benzyl 1-0 p- n|trobenzoyl a- D- mannopyr anosi de 18 (acc to .
Koto et al.,t 19,76, Bull. Chem "Soc. Jpn. 49: 2639) Batch: 9.8 ¢
15 (18.1 mml esS) 4.9 g p-nitrobenzoyl ,ghl oride 50 m pyridine Yield:

, after .flash chromatography (silica 58 EE: PE'= 25:75) 7.7 g 18 (61.7 %

of theory) |1ized fromdiisopropyl ether Mp.: 105 C Analysis: --.
Ao

exp. 71.39 . 5.70 2. 03 (689.76)
obs ' 71.46 5.53 1.90 2, 3, 4, 6-Tet&C a- 0- bdiizyl
N, N -di - (2- chl orGgHh,) phosphorexp acid gisggidegdd 1. acc. to protocol A
Bat ch: _ $30.68) 16(4. 35. s) 10g-64-l9 (4. -mml es) Yield:
after -columm chromatography (sillca, EE: P 8 40) 2.2 g 22 (68 % of

theory), mxture of anonmers:, x:D = 5:4 (11H—NNR) TLC: -Silica,

EE: PE = 60:40, Rf = 0.28, R (a)>Rf (0) .4O HPLC (anal .): Silica,

EE: hexane = 75:25, flow 1.0 m/mn. R ta) = 12.53", Rt(j ) 14. 04" ;
Methyl 2,3,4,6-tetra-0O-benzyl a-D-mannopyran051de 12

{acc. to Koto et al., 1976)

Batch: ' 18 g methyl afD—ﬁénnopyranoside.(92.7 mmoles)
81 g NaH suspension (20 %)
450 ml benzylchlorlde

{: Raw yield:’ After the washing process 2 phases form. After
' _ " removing the upper, colourless phase. (white oil),
52 g yellow, slightly turbid oil were obtained
which could be reacted to 15 without further
purification.
Part of the oil was. chromatographed (5111ca, EE:PE
- = 40:60): yvellow, clear oil

-'TH-NMR: 90 MHz, CDCl, |
8 = 331 (5, 3H, -OMe), 3.65-4.15 (m, 6H, sugar protons), -
\/ - - -443-5.10 (m, 9H, H~-1 und 4x-CH,- Ph) 7.1-7:45 (m, 2CH,
- ~ 4x—Ph). -

2,3,4,6-Tetra-O-benzyl a—D—glucopﬁranose 13

(acc. to Methods in Carbohvdrate Chemistry, 1982)
Batch: _ © 115 g 10 (207 mmoles)
Yield: 54 g 13 (48.3 % of theory)

M.p.: 152 °C (recrystallized from methanol)

8009 Miinchen 80 /

@*‘o
Yp = - “",*//



E HPLC-(prep.):  Silica, EE: hexane*:MeOH = 58:42:0.5, flow 10.0 ni/ min ‘

" Rt(ci) =45, R(t) =55; Analysis: CC H N .d RO
. GBSHA5CL2NN297P  exp. 61.38 6.10 3.77 9.54 (743.60) ~ obs. "
61.15 6.22 3.78 9.61  22a obs. 0.82 6.29 3.61 - 9.37 226. .

-2. acc. to protocol B Batch: .4.5 g 25 ‘(6.-57 mol es) 1.45 g 4b (6.57 :
nmot es)- i ebﬂél sig: - after colum chromatography (see abovd): 2.06 g 22
(42. 2 .% of - eo?y}, “anoneric ratio a.:D appr. 1:20 (acc. to 1H NWR and

HPLCO) - Bat ch: : 50 ng 25B (0.0¢3 mmQgs) 16.1 ng 4b (0.073 mioles)
TLC shows praodugt i th Rf = Oe':&i?’ and lLttle tesrabenzyl glucose 13, as -well
as sone stargld;%giﬁéc%l[ erial 25B, zi'no[nerié’”%aticf’%t 3 =-1:1.1 (HPLO
2,3, 4, 6-Tetra*O"benhzyl D-gal&@#bpyranggﬁ) NJ@Qkﬂ-(Z-chloroethyl) *
phosphoric acid diamde 23-1. acc. to protocol. A Batch: : 2.6 g 17
(3.94 moles) 0.9.g 4b (4.07 nmmol es)_ Yiel d: . after colum
chromat ography (silica, EE:PE - 60:40): 1.9 g 23 (65 % of..theory), mxture
of anoners a : =1: 1 (IHNWR) TLC .. ' Silica, EEPE = 60:40, Rf =
0.27, R (ap3zBRE,6Hre¥EhsOtbentyl O¥-D-galactopyranose 14
.rf'... ’ - :
~ (acc. to Kronzer and Schuerch, 1974, carboh. Res. 33: 273)
Batch: E 30 g 11 (54 mmoles)
_ - . 500 ml acetic acid (80 %)
( - : ~ 150 ml 1 N HC1
Yield: o 28.6 g 14 (98 % of theory), yellow, clear oil
TH-NMR: 90 MHz, CDCl, _ : L : : |
S = 3.47 (d, 1H, extengeble with D,0, —OH), 3.5-43 (m, 6H, -
sugar protonsy 4 . 2 ? ?
)» 4.35-5.05 (m, 8H, 4=—CH,-Ph), 5.28 (dd, 1H,
H— 1, J,,=32 Hz), 7.1-7.5 (m, 20H, 4x—-Ph).
v

2,3,4,6—Tetra—0—benzy1 D-mannopyranose 15

(éi‘ - .50'9 of the mixture 12 {appr. 90 mmoles, still. contains some

white o0il) were dissolved in 800 ml glacial acetic acid and

- heated to 80 - 85 °C. 120 ml 2 N HCl were added dropwisé within
60 min.; after further 90.min. 200 ml watér were addéd, the
reaction mixture was cooled to r.t., and subsequently extracted
with 3 200 ml toluene. The organic phase was washed with sat.
NaHCOs solution and water, dried over Na:2S04, and coﬁcentrated by
-Totgtion—evaporatidn. The resulting brown syrup was .
'chromatographed (silica, EE:EP = 30:70) and 32;2 g 15 (68;3'% of
theory) were obtained as a vellow oil. |




4f W *'.  -29- HPLC (anal.): Silica, EE: hexane = 75:25, flow 1.0

m/mn: R (a) = 14.26', R (0i) 18.03"; IPLC (prep.): Silica,

EE:-hexare: MeGH = 58: 42: 0. 5 Rt (a)— 51 3 Rt(NI) =62'; Analysis: C H
N ~ ad C.HAINOP . exp Jé’ .10 3.77 9.54 (743.60)

obs. 61.26 6.19 3.76 9.76 % cbs 6116 6.26 3.76 9:66. -
238 2 "acc. to pPHotNMR: B9BayEie, CDClLy 685 nmg 26ca (1.0 rmole) 221 ng 4b
(1.0 nmol e) Yield: S =L.r153-h-e3f(td 78l edH eshagisble witdx t Dy@, +HHr anios of
aﬂoﬁer;o‘ a: 0 Wﬁs 55! 35 (zéﬁhfl)ProﬁmfﬁHJi—Co £5 ¢, ApDV-B)- CHO- P), 25|3’.‘((iﬂ %{sd)H 1,
t heory) were -obtaine I z DPH)OPYyr anosy N, N -

- (2- chloroethyl) phosphori lam gﬁ\SEH@E'X%{DSCC to protocol A Batch:
2.3 918 (3.33 mmoles) 0.75:¢g 4b (3 39 nmmol es) Yield: ' after colum
chronatography (silica, EE'PE 80:20) 1.16 g 24 (47 % of theory) .anomeric
n1xture a:o 55:45 (1H NWR) TLC. . ' Silica, EE PE 60:40, Rf t)

= 0. 23, Rf 0
( )4 G—Ié%ra-o-benzyl 1-0-p-nitrobenzoyl D—glucopyran031de 16

(acc. to Methods in Carbohydrate Chemistry, 1972)

Batch: - 15.5 g 13 (28.7 mmoles)
.6 g p-n1trobenzoy1 chloride (32.3 mmoles)
' 3.75 ml pyridine
"(:_ Yield: ' 15. 6 g 16 (78.8 % of theory) as’ whlte powder
M. p.:'93 - 98 °C {(from ethanol)
Recrystalllzatlon from diisopropylether gave 16d. as needles.
‘M.p.: 122°C ' - "
| Analysis: : - C H N
C“I-I‘,,‘,NO9 exp. 71.39 5.70 203
(689.76) * . obs. 7137 567 = 2.04
From the mother liquor 16B crystallized; m.p. 98 °C
¢ )
}(_ 2,3,4,6-Tetra-0O-benzyl 1-0-(N-phenylcarbamoyl) D-galactopyranose

17

{acc. to Kronzer and Schuerch, 1974, Carboh. Res. 33: 273)

Batch: 18.7 g 14 (34.6 mmoles) .
50 ml pyridine
5.4 ml phenylisocyanatg ‘
Yield: 8.0 g 17 (35 % of theory), (a:B = 35:65) -

M.p.: 120 - 122 °C (from ethanol)




: HPLC (ana

O Silica, EE hexane = 75:25, flow 1.0 mM/mn. R (a) =
13. 05", . (1) = 21.61"; HPLC (prep.): Silica, EE: hexane: MeCH =
64: 36: 0~5 ffow 10.0 mi/min.., Rt(a) = 45, R(0) = 70'; Analysis:
A." - n e Wwia~i ~- -30- C _37. H N C32H5CNp exp.
61.38 6.10 3.77 (743.60) obs. 60.93 6.32 3.32 - 24a obs.

60. 98" 6. Phal¥sis: 246 2. acc. to protocol B Batéh
(4.67 mmoles) 1.04 g 4b. (4.70 nnnlest Yleld
“quantitative g@o{tpn to 24a

3.2 g 27a
N TLC showed al nost

> t he J tered reaction
m xture only hfaﬁkénoner' &$%und ( i: %rge
0

- ‘g-24a (45 %O

chromat ography 1.6
ry), were @t-ai ned/*8l (2 3%, 6- Te’u’(a O benzyl

m D- gl ucopyranosyl .) trichloroacetimdate 25a (acc. to Schmi dt and Stunpp,

1983, Liebig's Ann. Chem, 1249) Batch: ° 9.2 g 13 (17 nml es) -
m trichl cxm:caﬂmmthle@ G.&Quﬂiﬂ' gk crystalllzes, m.p. 143 °c,

kx)

-

7.7

I3

2;3,4,6-Tetra-0—benzy1 1eo—p—nitnbben;oyl'a-D—mannopyranoside 18

(acc. to Koto et al., 1976, Bul}._Chem. Soc. Jpn. 49: 2639)

Batch: 9. 8 g 15 (18.1 mmoles)

4.9 g p—n1trobenzoyl chloride
50 ml pyridine

Yield: : after flash chromatography (silica 60, EE:PE =

25:75) 7.7 g 18 (61.7 % of theory) crystallized
- from diisopropyl ether-

M.p.: 105 °C

Aﬁalfsis: 3 L
ST | -C. H N
C,H;;NO, - exp. 7139 .- 570 203

(689.76) . obs. 7146 538 1.90

2,3,4,6-Tetra-0- benzyl N, N'—dl (2—chloroethy1) phosphorlc ac1d
dlamlde 22

1. acc. to protocol A

Batch: 3 0 g 16(4 35 mmoles)

. Yi_eld: &u 4.6 mmoles)

mn chromatography (silica, EE: PE =
60 40) 2.2 g 22 (68 % of theory), mlhture of
anomers:. a:f = 5:4 (*H-NMR).

TLC: Silica, EE:PE = 60:40, Rf = 0 28, Re (a)>Re (B)




JYield: o 10..9 g 25a (93.6 S of theory), colourless, clear oil. TLC
Silica, PEE= 111, R =0.44 "HNMR 90 MHz, CDClI.- - S= 3.6-5.1 (m B
14H), 6.51 (d, I'H H 1, J .=33. Hz), 6.93-7.,5 (m, 2CH, 4x -Ph), 3.55 (s,
1H, -NH). :. U sutaSbZ -oDbegsktraeli?zj. ' .4soo MInchen 80 t 8a% g/ ~~

0-(2, 3,4,6-Tetra-0-benzyl O D glucopyranosyl) trichloroacetimdate 2513

(acc, "to Sghe daddy 3 s . cdy HH:HexafRN= 788 Bat gh
1.3 913 (2.4 ?n‘tml es)a’ 1. 2%&%2@11 @3%3?% % 3% ?’r{ﬂ §§§EI o?ogcetonl frile

Yi el d: . after gel filtration on S|I|ca siightly yellow sh oil (1.6
g, 97 % ofHRLEOiprep. Y = Bid)icaHS BH: hEkGnesMeoga= B8PE2:0253) e 1355 was
obt ai ned as a_ colourl ess ad/m{iad ny, 30 % of theory) TLC

Silica;, PEE = 1:1, Rt = Rs Q1) I=H49'VRR: (80 WMHBE5'¢DC3 8= 3.55-3.990 (m
6H), 4.40-5.05 (n, 8) 5.82 (d, IH H1), -7.1-7.5 (m "20H, 4x -Ph), 8.70

(s, 1H,: §1Y$)l-°(‘2 ,4,6-Tetra-0- benzyl D- gal act opyranosyl) _
trochl oroacetl m dat e 26 C H N Cl ‘o
C,H,;CLN, o,pP ' exp. 6138 610 377 954 -
| (743.60) _ obs. 61.15 622 378 9.61 L
U obs. 60.82 6.29 3.61 937 23
. .2. acc. to protocol B . 5

Batch: 4.5 g 250 (6.57 mmoles)
' ~1.45 g 4b (6.57 mmoles)

Yield: . .after ‘column chromatography (see above): 2.06 g 22
) o (42.2 % of theory), anomeric ratioc a: B appr. 1:20
{acc. to 'H-NMR -and HPLC) -

Batch: 50 mg 258 (0.073 mmgles)
: 16.1 mg 4b (0.073 mmoles)
N : B - A K
: ‘TLC shows product with R¢ = 0.28 and lit'tle tetrabenzyl glucose '
13 as well as some starting material g anomeric ratio a:p =
. - 1:1.1 (HPLC) '

2,3,4, 6—Tetra—0-benzyl D-galactopyranosyl N N'—dl—(z chloroethyl)
'phosphorlc acid diamide 23 '

1. acc. to protbcol A

A

Batch: : 2.6 g 17 (3.94 mmoles) -
0.9 g 4b (4.07 mmoles)

Yield: _ " after column chromatography (silica, EE:PE =
60:40): 1.9 g 23 (65 % of theory), mixture of
anomers a:f = 1:1 (*H-NMR)

TLC: : Silica, EE:PE = 60:40, Rs = 0.27, Re (a) >Re (B) e

//455“”MW¢ e
g 2 -
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i (acc. to Schridt et al., 1984, Liebig' s Ann.- Chem, 1343) Batch:

:1.59 14 (2.77 moles) 1.4 m trichloroacetonitrile.80 ng NaH Yield:.
~after gel- filtration on silica an -anoneric ratio-of a:A of 4:1 '
was-determned - (IHNMR 90 MHz, CDCI329 Nr. H14208, 8 = 5.72 (d, O2H, H
1(3), J1.=8.0 Hz), 6.52(d,0.8 H, Hi(a),JX=3-7 Hz), 8.51 (s, 0.8H, -NH
(a" e@f_axe W t DO) 8.60 (s, 0.2H, -NH (fi),édrivb~ewith DO). After

col umm;chr gy Y, y(si | P 2 _f pachkon [ t Fl :
1130 'ny 26a (59g(r5 B theg%?'(‘ ?gs E’g g%?f%‘% (@.‘,’g,}é §§¥?£1N°“”:"“%€‘§9“
CDC13, Nr. H14112 F2: 320 ng 26 (16 8 95 of t heory) as yellomnsh ggb tS "

\ HPIG | (@pl )= 2: $i 196 REkHexane:MeOH = 58:42:0.5,
B it ittt Rty ~=-51~*7~ReA$)~=62*3~—~~~~~~~~
- 32- *H—NNR 500 MHz, CDC1l3, Nr. H14113 TLC - _ Silica, PEEE = 1:1,
Rf (a) = 0.4%naRfgig: = 0. 34 0- (2,3,4,6-Tetra-0-benzyl m D mannopyranosyl )
trlchloroacet|n1date 27a; (acc.:to Schmgt et aky, 1984, qug]g 4S
Ann. - Chem , 1343) §3t&R§JCLP : eng g %?,Q 8. % nnn%g;) 9.54

o ' (743 6u) obs. 61.26 = 6.19:%° 376 9.76 M

o | . obS- 6L16. 626 376 9:66 23

q: a 2, acc. to protocol B

Batch:-L 685‘m§ 26a (1.0 mmole)

221 mg 4b (1.0 mmole)
. Yield: _ . in the filtered reaction mixture the ratio of

anomer:s  c:p was 55:45 (HPLC). After TLC (see
above) 260 mg 23 (38 % of theory) were obtained.

_g\j.' 2,.3,4, 6-Tetra-0-benzy1 D—mannopyranosyl N,N*-di- (Z-chloroethyl)
" phosphoric acid diamide 24

1. acc. to protocol A

{ii ) Batch: - 2.3 g'18 (3.33 mmoles)
- : -~ 0.75.g 4b. (3.39 mmoles)
Yield: - after column chromatography (silica, EE:PE =
{ - "80:20) 1.16 g 24 (47 % of theory), anomeric
mixture: a:B = 55:45 (I1H-NMR)
TLC:  Silica, EE:PE = 60:40, Rela) = 0.23, Re (B} = 0.19

HPLC (anal.): Silica, EE:hexane = 75:25, flow: 1.0 ml/min.
Co Rt (a¢) = 13.05', Rt (B) = 21.61';

HPLC (prep.):% Silica, EE:hexane:MeOH = 64:36:0.5, flow: 10;6
- ml/min., Re{a) = 45°', Re (B} = 70';

Analysis:




4 m »tricHleroacetonitrile * - 45 mg NaH Yield: - after -
col um chromat ography: 4.45 g 27 a (65 % of theory) as colourless oil TLC:
Siltca, EPE 3:2, R =0.51* "HNW 90 Mz, CDCI 3 3.65-5.0 (m
141-), 6.33 (d, IH HI, J1,-1.5 Hz), 7-Ge-75(|, 20H, 4x -Ph), 8.52 (s,

1H, -NH-) . a- D- d ucopyranosyl- , NN-di -( 2- chloroethyl) phosphoric acid

di anmidé 28a- FNdrogenatlon of 22a acc Ep protﬁfol . - w
e e ,2S U supaS %pgwlchefB gj | HN.WNR 500 MHz, D.O, Nr
13943 b- 3. 25-3. \[a _CHEX®. 3. ﬁB@(t 6104 B.ZD.5 Hz), 3.61-3.67
(m 5Hmt 2xCH 19(t 1H ©839.5 6293 3.4523. M51m 3, 5.605 (dd,
1H, H1, J1.2=}.4 Hz, =7. 8 Hz)phs FAB- §6%3 Nr61%N31$§308 m%tlve me
3 383, 385, 387 (|N+H)+ 221, 223, 225 . (I'PM. +H) +—~

_P—D—G"ucopyranosyl NN - di --(2-chl oroethyl) phosphoric acid dlanlde 280
Hydr ogenat i-on of 22J) acc.. to protocol C* Analysis: C H N

2. acc. to proyocol B

Batch: 3.2 g 27¢ (4.67 mmoles)

yield: . PLC showed almost quantitative reaction to 24a

- with Rt = 0.23. In the filtered reaction mixture
only the g-anomer is found (HPLC). After column
' C chromatography 1.6 g 24a (45 % of theory) were
( ' ~ obtained.

0-(2,3,4,6- Tetra—o—benzyl a—D-glucopyranosyl)
' trlchloroacetlmldate 25a

{acc. to Schmidt and Stumpp, 1983, Liebig’'s Ann. Chem., 1249)

Batch: 9.2 g 13 (17 mmoles) :
L _ 7.7 ml trichloroacetonitrile’
' 680 mg NaH
Yield: 10.9 g 25¢ (93.6 % of theory)}, colourless, clear
- - oil. _
> TLC: Silica, PE:E =.1:1, Re = 0.44

JH-NMR: 90 MHz, CDCL. o
S = JGJl(m,HH)6ﬂ(d1H H—!]1=3
(m, 2CH, 4x —Ph), 8.55 (5, 1H, —NH-). '

Ul
&
e
()
[¥]
1
~
|9
(¥}




e

&M 1.. 2 7R ' 31.35; .5 7.31 (383.10) cbs. 31.03
.Cl4 .6.82 e-D Gal actopyranosyl N, NP -dl- (Z-cftloroethyi) phosphoric
acid di am de 29a. Hydrogenation of 23macc.. to protocol C I H MIDR 500
MHz, D20, Nr. 13945 = 3.26-3.32 (m 4&1-2X - CHi ,-), 3.635-3.665 (m 4H, 2
-CH2-), 3.74-4.05 (m 5H), 4.098 (m 1H), 5.642 (dd, 1H H1, J1.2=3.1 Hz,

Jl, —7"8 Hz)o - ﬁngQﬁE—&'eﬁ}tﬂ-d\%erﬁﬂl ﬂ—@-gluc‘o);fkrranlol)sy FAB-MS, Nr. MSBN

13612 posi t 221, 223, 225
(1 PNIH) + néﬁa‘?‘i‘ﬁémac%ﬁlé"ld?&tf 2583 385 (M H- 219, 221, 223
(IPMH)- P-D Gal act opyranosyl N N -di-(2-chl oroethyl) phosphc c¢ acid

di am de 29 dr el C | H N 500SMHz,
D20, 'Nr . T FaGkL8 Bt Uy z?ﬁaqz t“%ﬁ%;"gg %‘"6’05%8"“ ’\H/E"oé 63- 3. 67
(-n, 4H, 2x -d2-), 3.692 (dd, 1HJ35undJ—100Hz)370395(m
4)1, 4. 95oBe‘éch1H K1, J123)9pid §2Fd) mmoles)
1:25 g K2C03 (dried) .
- ’ 1.25 ml trlchloroacetonltrlle

Yie]_.-él: _ after gel filtration on 3111ca' slightly yvellowish

rv ‘ oil (1.6 g, 97 % of theory, a:p = 1:5); after TLC
_ (silica, E:PE = 2:3) pure _258 was obtained as a
_ colourless oil (50 mg, 30 % of theory)
TLC: silica, PE:E = 1:1, Re = 0.37
{ "H~NMR: 90 MHz, CDCl, | | |
B h 8-= 3.55-3.90 (m, 6H), 440-305 (m, 8H), 5.82 (d, iH, H-1),
7.1-7.5 (m, 20H, 4x -Ph), 8.70 (s, 1H, ~NH-~).
0-(2,3,4,6-Tetra-0-benzyl D-galactopyranosyl) |
trochloroacetimidate 26
N (acc. to Schmidt et al., 1984, Liebig's Ann. Chem., 1343)
 Batch: - 1.5 g 14 (2.77 mmoles)
- 1.4 ml trlchloroacetonltrlle
- _ 80 mg NaH :
C - Yield:. ‘after gel filtration on silica an anomeric ratio

of a:p of 4:1 was-determined

(fH-NMR: 90 MHz, CDCl,, Nr. H14208, § = 5.72
(d, 02H, H=1 (B), J;5=8.0 Hz), 652 (d, 08H H-1 (), J,,=37
Hz), 8.51 (s, 0.8H, —-NH-~ (o) exchangesble with DO) 8.60 (s,
0.2H, -NH- (ﬁ)eﬁfmeablemﬁl D,0).

After column chromatography {(silica, E:PE = 1:1) 2

fractions were obtained: '

Fl: 11130 mg 26a (59.5 % of theory) as colourless
oi
1 H-NMR: 500 MHz, CDClz, Nr. H14112

F2: 320 mg 26 (16.8 % of theory) as vellowish
oil (a:p = 2:1)




! *FAB-M5: 'Nr, MSN 13613 negative me =331, 383, 385 - (MH 219-
221, 223 (rPMH - ~( a- D- Mannopyr anosyl N, N -di - (2-chl oroet hyl)
phosphor.ic acid di am de 30. Hydrogenation of 24t acc..to protocol C |H NWR
500 MHz, D O,Nr. 13947 *8 = 3.26-3.32 (m.3%H, 2x -CF-L-), 3.5-4.0 (m 9H
mt 4H beir 3.63-3.67, 2. -GL-), 4.018 (dd, 1H), 5.564 (dd,. 1H H1,

Jt=2.0-Hz, J -p=8.0 Hz). ;_. ursui% hs o0~ RiS n‘HﬂCIOQBq\h:”flls Miurt *

-35- FAB- M5 negat| ve 38 , 385
“H 219 29ic:223 . (5PMiER; SEBEMMODYraNQeYI= 0.43, Re(B) = 0.34
N, N' - di - (2-chl or oet hyl ) phosphorl c acid diam de 3013 Hydrogenatlon of 2413

acc. to protocol C (H-NMR 500 MHz, D20, Nr. 13948 8 326-3.33 (m 4H, 2x

-CH -), 3.45 (i, 1H H5), 3.604 (t, 1H , H4, J34=J45=9.8 Hz), 3.63-3.67

(m 4-, 2x -CH,-), 3.703 (dd, 1FI, H3, JZ 3=3.2-Hz, J34=9.8 Hz), 3,734

(dd, |H- H6a, J5.6=6.2 Hz, J6,.12.5 Hz), 3.931 (dd, 1H, H—6b J5 ,-21Hz
. 0-(2,3,4,6- Tetra-o—benzyl a.-D—mannopyranosyl)

trlchloroacetlmldate 27a.

(acc'_. :. to Schmidt et al., 1984, Liebig's Ann.. Chem., 1343)
Batch: 4.5 g 15 (8.27 mmoles) -
' 4 ml trichlorocacetonitrile
( 45 mg NaH
Yield: S after column chromatography: 4.45 g 270 (65 % of
theory) as colourless oil '
TLC: _ Silica, E:PE = 3:2, Rt = 0.51
'H-NMR: 90 MHz, CDCI
d = 3.65-5.0 (m 14H), 633 (d, '
2 > 1H, H-1, J, 1.5 H2), 7.0~7.5
" (m, 20H 4x —Ph), 8.52 (s, 1H —NH -). s b
o
( a—D-Glucopyranosyl N. N'-d1—(2—chloreethyl) phosphorlc ac1d

. d1am1de 28a

Hydrogenation of 22a acc. to protocol C




; J6L6b-"12. 5°Hz), 4.052 (dd, 1H H2, J,2-1.1"Hz, J,3.2 Hz), 5.232 (dd, 1H, -

cH1, JIf-1.1 Hz, J1p=8,6 Hz). FAB-MS: Nr. 13615 negative me = 381,
. 383,- 385 - | (-EH) 719, 221, 223 (I1P2-H) Di-(2-chloroethyl)

. phosphoric acid diam de dichloride 33 (a}_%g._ to Friedman and Sel i gman, 1954,
J. Am Chem -Soc. 76: 655) Batch: . © 130 mM PCC13 (1.4 noles) 50 g-
Bi s- (2ychl oroet hyl ) am ne hydrochl oride Yiel dw _ 53 g 33 as white
crystats . o~y " .. 54 1C (from acet one/ PE) -

17 1 > BOOMUncl1 8; % © = 3#=3.3 (m,-4, 2 —CH,x), 3488 (1, 1HG J€a3EIRMOP
exp. 1.j6 3.11 5.4B.61-%67 {m, SF-mif 2s3CHL), 3.719 (r, 1605]9.5 HH, 675-3.D
5.35 54,90 *l~~~~~~~ (75 3ED; 53605 (dd,THL Hi=1, 1y Ex8nis, R Dysegsiiar i de- 1 PM
conjugates COcta-O acetyl-1actose 35 A m xture %f “100 g fact ose’ (147 _

- ol es), 400 aget anhydrj - 25 g water-free sodium acetate was :
stirred at 12%1@"%@% I %fomggbl ...After-cooling it was poured on :

i ce-water and pOSitiVe: m/e = 383, 385, 387 : (IV['I'H)-P
- 221, 223, 225 _ . (IPM+H)*
' ( B-D-Glucopyranosyl N-,N:' -qi - (2—chloroethy!.) phosphoric acid -

diamide 28 :

Hydrogenation of 22p ace. to protocol C

Analysis:
. C H N
C,H..CLN,O,P ep. 3135 553 731
"y, - (385.10) ds. - 3103 - 50+ 682 .

.u.—D—Galact_::opyranosyL 'N,N'—dl—(z—cm._oroetn_yu phos_bhoric acid -
diamide 29a . ' |

Platy

 Hydrogenation of 23a acc. to protaqcol -C__

'H-NMR: 500 MHz, D,O, Nr. 13945 B ' _
8 =326-332 (m, 4H, 2x —CH,-), 3.635-3.665 (m, 4H, 2

~CH,-), 3.74~-4.05 (m, 5H), 4.098 (m, 1H), 5.642 (dd, 1H, H-1,

P g@bﬂ&b




gext ract ed with CH2d 2. The organié phase was washed neutral with sat .
: NaHCO3 sol ution and H20, dried over Na SO, and concentrated by : o
Yrotation- evaporat | on. Crystallization from ethanol yielded 153 g 35 (80 %

‘fof theory). M.p.: 79 - 92 C TLC Silica, Toluene:2-butanone = .10:4, Rf
0.43 Anal ysis: * ~ C H CzsH. O 934- exp. 49.56 5.64 . -
(678 6,) - BAB~M%9. 3Nr. MBMQA36rsul aSez D af!legnSe 17 3 8300

MRi | Chen 8 -37- Allyl-4- 4, 6- tYl -P-D- gal act syl)
i | chen y . Podieive, ingl r.a-fyace gal ac (%%gﬁ nosy )'_

2,3,6- trl-OacetyI D- gl ucopyranosi de 37 (a o et al.
Chem -Soc. Jpn. 10: 1651) 34£P%50 ol Czé% %&égél ssol ved |(H’M6-H)+

CHC13. At 0 0C 20.6 m acet¥ fi de (B B-mﬁ§|leé§3 M8 4.56 m HBO-KHre
added. After . stirring for 2.5 h at r.t. t418, 324,12a8;, cl ear sqipNf-GFy-was
‘concentrated by rotation-evaporation, and a yellow foam (hepta-O acetyl
ca-D-l actosyl brom'de) was obtained wwth: '"H NM.R 90 MHz, CDCIL ( '
5 1.95-2.2- (n,21H, 7- -OAc), 3.7-3.63 (m 13H. sugar protons ),6.51 (d
IH, Hi. J1,=4 Hz). The foam vvas di ssolved in 400 m aI I yI aI cohol at 35
0C. After : ) : -

Y B-D- Galactopyranosyl N,N'-di-(2- chloroethyl) phOSphC .t acid
diamige __B ' '

H'ydro,'genation of 23B acc. to protocol C

TH-NMR: 3(30 MHZ, D,0, Nr. 13946 ' ' :
S = 3.26- 3.32 (m, 4H, 2x —Cf'L ), 3.605 (d, 1H), 3.63 —-3.67: (m, o
4H, 2% ~CH,-), 3.692 (dd, 1H, J=3.5 und J=100 Hz), 370-3.95 _
(m, 4H), 4.930 (t, 1H, H-1, Jm—]”,—BO Hz)

PAB—MS: Nr. MSN 13613

@ negative m/e = 381, 383, 385  (M-H)~
o ' 219; 221, 223 . (IPM-H)™
U e . o
{ - u.—D-Mannopyranosyl N,N*-di- (2-chloroethy1) phosphorlc acid.

diamide 30a
Hydrogenation of 24a acc.. to protocol C

'H-NMR 500 MHz, D,0 Nr. 13947

Cow

5 = 3.26—332 (m, 4H, 2x —~CH,-), 3.5-4.0 (m, 9H mit 4H bei
3.63- 367 2x —CH,-), 4018 (dd, 1H), 5564 (dd, 1H, H-y,
J,2=2.0 Hz, J,,=8.0 Hz).

Ursuta Scherz -
- Dembergstrae 1, 2
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~addition of 30 g silver carbonate the m Xture was stirred for 1 d at r.t.
~(in the dark), followed by filtration and concentration by

“rotationz-evaporation. The residue was dispersed in ether and, after another
filtration and concentration step.chromatographed on silica 60

(tolue:e:2-butanone = 10:1 -> 10:3). 18.2 g (53.8 % of theory) were

obtatned as a clear oil. TLC . Silica, toluene:2-butanone = 10:4

(10:1), Rf - 7058 08 AR sis: C H %t4H . exn. 51.48

5.96 (676. 62)€A‘ﬁ' M o?é‘." ; g¥.44 5: 92 Jsybp-gghoez DO nipprggaBel? aQ A
: o neganve m/é = 3 17 > 3 -ﬁi

800 M nchea a o _ _

T 219,221,223 .(IBM::m ~~~~~~~~~

"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘""“""f‘""“"‘"‘""“"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘"‘~~~~"‘~~~~~~~~~~~~~:“~~~~ - 38‘

Allyl-4-0(2,3;4,6-tetra-O acetyl O D-glucopyranosyl) 2,3,6-tri- o-acetyl

D gl ucopyranosi de 38 (anal ogous to 37) Batch: ' 29 g a-D-cell obi ose

oct aacetate (42.6 mvl es) (Ega-Chenie) 17.6 m acetylbronide 3.9 m H20
I nternedi ate product: hepta-O acetyl m D-cellobiosylbromde | HNVLR: _905

NP?’ CDC13 g-D-Mannopyranosyl N,N’'-di-{2-chloroethyl) phosphoric acid
N diamide 308 ' o "

' Hydrogenation of 24B acc. to protocol C

( ~ 'H-NMR: - 500 MHz, D,O, Nr. 13948 . R
: 8 = 3.26-333 (m, 4H, 2« ~CH,~), 345 (m, 1H, H~-3), 3.604 (,
- 1H, H~4, J; =], =9.8 Hz), 3.63~3.67 (m, 4H, 2x -CH,~), 3.703
- (4, 1H, H-3, J,,=32 Hgz, J,,=9.8 Hz), 3754 (dd; 1H, H—6a, -
Jsa=62 Hz, (125 Hz), 3931 (dd, 1H, H-6b, J, =21 Hz, -
Jag125 Hz), 4.052 (dd, 1H, H-2, ], 71.1 He, J,,=3.2 Hz), 5282
(dd, 1H, H-1,J,71.1 Hz, J,,=8,6 Ha). . |

FAB-MS: Nr. 13615 ~
negauve ' m/e = 381,383,385 - - (M-H)"
T 219,221, 223 (IPM-~H)~

'Di—(z—chloroethYI) phosphoric acid diamide dichloride ;;
{acc. to Friedman and Seligman, 1954, J. Am. Chem. Soc. 76: 655)

Batch: 130 ml POCls (1.4 moleS)
- 50 g Bis-(2-chloroethyl) amine hydrochloride

Yield: 53 g 33 as white crystals
M.p.: 54 °C (from acetone/PE)

Analvsis:



i(* . . 3 6.51;(d,,1H, H1, J1, 4HZ) Yi el d: - After

icol um chronatography (silica, EE: PE) and crystalllsatlon from dii sopropyl
‘ether .16..5-g 38 (57 % of theory) were o@éal ned. Mp.: 179 C TLC

'Silica, t ol uene: 2- but anone = 10: 4, *Rt 0.49, Analysis: C - H(

- GC,9H401 . exp © 51.48 5.96 (%79 62)N N -obs.Ci 51.45 6.07 "
Al yt-4--0- (2, 8HdE;xe a- 0- berezg. A- Dk Sgiﬂ actnpyr amsy! ) 2:376- tri-O benzyl
D gl ucopyranospgge))SQ (acc. to o etigdz . 19B2, JS.Che $®h Jpn. 10:
1651). Bat ch: 19.5 ("28. 8 mml es) 800 > benz’;f | oride 105 ¢
KOH, powdered / Urui aSch6 z - Dorergstaet? 1 8 6000 M nchen80 &z - 39-

Yi el d: ~after columm chromat ography (silica,. toluene:2- butanone =

100:1 -> 10:1, and crystallization from BE/hexane 21.3 g 39 (73 %of -

i
S

t heory) were obtained as needl es. TLC:t S| lica,
t ol uene: 2-butanone = 10: 1' R = 0.50"

2% S

Example 2 . ;

, Disaccharide-IPM conjugates
\_J :

' Octa-'b—acetyl -lactose 35

A mixture of 100 g lactose {147 mmoles), 400 ml acetanhydrlde,
B _ and 25 g water-free sodlum acetate was stirred-at 120 - 135 °C
" for 60 min..After- coollng it was poured on 1ce-—water and

éxtracted with CH2 Clz'. The organic phase was washed neutral with
sat. NaHCOs solution and H20 dried over Na,soa, and concentrated by

)

' rotatlon-evaporatlon. Crystalllzatlon from ethanol ylelded 153 g
35 {80 % of theory).

M.p.: 79 - 92 °C

TLC: Siliéa, Tolli_ene*i é—butanone = 10':4, Re = 0.43"'
Analysis:
.. x : "‘ . ) ..' ' . C Py H '
SO - CGH O exp. 49.56 - 5.6+

(678.6) - - obs. 4937 . 5.80

kg
Ursula. Sch°lz

DesrbergstraBe 17
8300 Minchen 80




2 Mp.: ‘73 I € Analysis: C HG té6tl . exP- 7387 6.76 (1013. 24)

i obs. 75.66 6.6 Allyl 4-0-(2,3,4,6-tetra-0-benzyl O D glucopyranosyl) -
©2,3,6-tri.- 0-benzyl D-glucopyranoside 40 (anal ogous 'to 39) Batch: D
+2.65 g 38 (3.92 mml es)' 100 m benzylchloride 14.3 g KOH, powdered Yield:.
after colum chromat ography and crystat¥4-sation from diisopropyl

etli e hex . 8 0 (71 %.of theor r bt ained. TLC. - : o
Silica, t omé"fzﬁéméfé‘l 'é_lt(ﬁrfa—&_a?e(}\.ﬁo%l\#ﬁg? fﬁ%oeyﬂﬁﬁofg’ilg: %z3.6-
CAH68011 tri-O-amqryl DFylSwopyrahosit@l 3R4) - . Qos. 76.17 6.57
4-0-(2,3,4,6-Tetra-0-benzyl O D gal actopyranosyl) 2,3,4-tri-0O benzyl

D- gl ucopyranose 43 A) |sonerization with t-BuOK to give |-propenyl ether 41
A mixture ofaer g ¥ ot oy kol dd8%nd -1 Chep -t SReeK PR -33 0 was
stirred for 2 h at 110 C under nitrogen. DMSO was X suGanSch8 r - {fl3
rStr aBs _M314? g'(‘<50_mn?tg)lesl_v)l 'ggwéree %Oissolved in 60 ml CHClz. At 0 °C 20.6

ml acetylbromide (276 mmoies) and 4.56 ml H20 were added. After g

stirring for '.-2.5 h at r.t. the yellow, clear soclution was '

\/ co_nc.entrated': by rotation-evaporation, and a yellow foam {hepta-0-
. acetyl a-D-lactosylbromide) was;ot;ta_ine,d_wit_h: o ' '

'H-NMR: 90 MHz, CDCl,

( | § = 1.95-23¢ (m, 21H, 7x —OAQ), 3.7-5.65 (m, isH. sugar
| protons ), 6,51 (d, 1H, H-1, J,,=4 Hz). '

The foam was dissolved in 400 ml allyl alcohol at 35.°C. After
“addition of 30 g silver carbonate the mixture was stirred for 1 d
at r.t. (in the dark), followed by filtration and concentration by
_ rotat_iqn—evaporation. The residue wqé dispersed in ether and,
\/ after another filt:af:ion and concentration step; chromatpgrgphed
on silica 60 (toluene:2-butanone = 10:1 -> 10:3). 18.2 g 37(53.8 %
of tl;eory) .wer'e obtained as a clear oi-i.

PN TLC: Silica, toluene:2-butanone = 10:4 (13:1) , Re =
"\.Jr" .' 0047 (0008) . :
' Analys_is : |
_ C H |

(676.62) obs. 51.44 592

[N



- 40- v enoved by rotation'-evaporation, the residue was dissolved in a :
m xture of ether/water. The ether phase was isolated, the water phase was.-: -
reextracted twice with ether. The: conbi ned et her phases were dried over .
NazS04 and concentrated by rotation- concentration. 4.02 g 41 (4.13 nmnol es) -
wer e obtaj-ned as a br ovvn 0| I (raw y| el-§3-85 % .. TLC Silica,

t ol uepe: 2- but none. = dr~o|y s of the pen et her.
43 with PR A2 B ety s i A coPysaRosy 1 e, $55 8
(O, 1903)04’&@3&11 D-ylmadpyrdhidsidél 384. 13 mi nol es) and 1130 ng HgO in 10
m acetone/water (10:1) 1150 ng HGA in 10 nl acetone/water (10:1) were
added dropwi se over 5 mn.. After stirring for 1 h at r.t. the reaction-

m xture wasaﬁaqunuﬁjudwﬁikﬁlCblite, concentrated by rotation-evaporation
and di spersed in ether. The ether phase was washed with 10 nl of a

hal - sat urgggeh KJ sol utiong gnd-pitbl18btbserbcrhaderhts Qe 6N\ako$E4) and
rotation-evaporation it mqsbghcggniggraphed over silica (toluene: 2-butanone
=100:1 -> 10:5). 43 was oht7aiened asetglpeomid@eci | which crystallized from
ether/PE:, 2..6 ¢ (55 % of3 madryhObased on 39, anoneric mxture a: D appr.
2:1 after 13C—NM% Mp.: 103 'C TLC Silica,

t olwene: 2- but anone = 10:1, Rf 0.22. Analysis: C H C61H601 exp.
75.29' 6. mt@gw@i:g_aﬂ;e prq;bgct‘ hepta 'm—azgetﬂ %—D—celloblosylbromlde

| IH-NMR: 90 MHz, CDCl, =
g " | : 8 = 651 (d, 1H, H-1, J,,=+ Hz) -

Yielad: After column Chrdmatographv (silica, EE:PE) and
: ' crystallisation from diisopropyl ether 16.5 g 38
(57 % of theory) were obtained.

M.p.: 179 °C

: \": TLC: Silical, toluene:2-butanone = 10:4, Re¢ = 0.49; .
Analysis: _
;T ' C H
k¢ CyyHi O exp. 5148 596
- (679.62) obs. 5145 607

Allyl-4-0-(2,3,4, 6—'tetra—6—benzy1 p-D-galactopyranosvyl) 2,3,6-
tri~-O-benzyl D-glucopyranoside 39

{acc. to Koto et al., ]',:*9'82, J. Chemn. Soc. Jpn. 10: 1651)

Batch: 19.5 g 37 (28.8 mmoles)
800 ml benzylchloride
105 g KOH, powdered

i

Ursu!aSchelz
DormbesgstraBe 17
;8600 Miinchen 80
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‘d Mwro *.tj nbercsx8el -41- 4-0-(2,3, 4 6 Tetr a- Obenzyl

: R-D-gl ucopyranosyl ) .2,3,4-tri-0- benzyl D-glucopyranose 44 1. anal ogous to

43: {sonerizatiton with t-BuOK to gfve the 1- propenyl et her 42 and

"subsequent hydrolysis with HgC 2 Yiel d: 47.7 % of theory (after
~col um chromat ography) 2. Isomerization3¥ th Tris(t r| phenyl phosphi n)

r hodi ugr chl (Rhd ( PPh an subs uen is.wih HCI

(aclc ;0 Cot & Y (glnddsrggSB %?;ﬁ% | ﬁ kg%& % &5;3;@1}@% ion from

mol e ) were boiled. for & r(iy 5 ofM ( e oghtained
s)f?lf) 0?}@

di azabi cycl o(' 2, 2. 21 octan
mmle). Then 6 mM 1 NHA were a ed and boi | ed for another 2 h . After

cool i ng NaHEE: sol ution wassggres, awstd 3ciRtaticnd &t 1er:1. Fhg o G-

phase was washed with water, dri ed over Na2 SO4 *and

‘rotation-evapprates. °éfter col um chr omat ogr aphy (silica,

t ol uene: 2- but anone = 100:1 -> 100:5) 109 ng 44(91 % of theor'y, based on 40,

“anoneric mAnat¥siatp appr. 3:1 after 13C-NVWR) were obtained as a

-C14897,__ CDC13 (101:7

1T

colourless oil. TLC . Si |l ica, toluene:2-butanone = 10:1, Rf =
t.22 HH NN R ngel\ﬁé CDCI'3 ' 3.05 ard 325 ((2d. IH, -OH, (a und),
exCgéle wit D.O xz(mzsme:cislwss(?m 33% 7x -Ph). 3CNWR Nr.

: 75.66 6.65

5 i Allyl 4-0-(2 3,4, 6-tetra-0~benzy1 B—D-—glucopyranosyl) 2,3,6-tri-
(_ O-benzyl D-glucopyran031de 40

{analogous to 39)

Batch: . = 2.65'g 38 (3.92 mmoles)
100 ml benzylchloride
14.3 g KOH, powdered

Yield: after column’ chromatography and crystallisation
S from diisopropyl ether/hexane 2. 82 g 40 (71 % of
NS - theory) were obtained.

TLC: Silica, toluene:2-butanone = 10:1, R = 0_.50-

Ii Analysis: ) -
o N _ C o H - | _ ‘ -
CeHe0,, ' exp. 7587 676 . ' :

- (1013.24) _ obs. 7617 6.57

4-0-(2,3,4,6-Tetra—-0- benzyl - D—galactopvranosyl) 2,3,4-tri-o-

benzyl D-glucopyranose 43
.k #

A) Isomerization with t-BuOK to give l-propenyl ether 11

A mixture of 4. 9.g 39 (4.84 minoles) and 1.3 g t~BuOK in 30 ml -
DMSO was stirred for 2 h at 110 °C under n1trogen. DMSO was_

Q
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f“%i-5:9138 (s, Cla), 97.42 (s C1,6), 102.63 (s, CI1"'"). ,3. - IA.. 0;" S .
: % 80 4~~~~ i 34' >N o ,--- : t~~~~ ] set~
- . . ‘ ' - - "FAB-Ms:  Nr. 13689
(pos., Gycerin, DWW HC) me = 973 (MtH) + 4-0-(2, 3, 4, 6- Tetra- 0- benzyl
- B-D-gal act opyranosyl 2;3,6-tri-o- benzyl-40-0-p-'nitrobenzoyl D-gl ucopyr anose

45 Te 480 43 (0, 49 ) .in 20 nml. CH2C 2 m.of a solution of 130 ng -
Cp-nitY .obenggﬁ'}?gﬁ ol?¥d’égggh){'ﬂl%'.‘?ﬁpwtflcﬁxhe h%e ‘g"%ve‘f%s n]d?‘ﬂb/@i%ea at
r.t..- Aftemistureiof ¢theRwater. rThe athestphasestwas i igphated, athel 3vdthir =
0. 22) was f S | 4 t NEs+ V=D o) = 103 = hut_.t wo
product s V\P ??QR%?QO{iﬁéxg#}%%. 49‘.E ete‘(r?i %sﬁ}: narwu%ﬁgoé@wr&% létf) %u %}#ﬂ%s
and wat er , WgK@ @F&?ﬂg°ﬁ%%r“§¢§@!¥?%@rﬁ%ﬂﬁ?n§¢5§%@sbbl¥°QQE#QEHayned. From
-et hanol 4350ﬁﬂeﬂ5ré€90ﬁﬁ0§.¢®e@ﬁ%% eNOTB hfiolbX) Wire Zobtaived #4 !£'brown
“1H NVR) crés%aklized. ihp.é g%? Anal ysis: C H N CGHOLIN
- exp. 79337 (rgwo¥iedd5o8% ®F. "(1155708)  o-~bs. 73.05 6.25 1.11
©4-0-(2a, 3,4, 6-Tetra-o-benzyl_ 5-D gl ucopyranosyl 2,3, 6-tri-0-benzyl
:1- 0- p- ni t r FEAzoyl D- gl ucoPlidios Lolgqnard dydtanane 45)10:1, Re = 0.62
N

_B);Hydpqusié_Qi'thg;l—propenyl ether 41 with HgClzfto give_4

{acc.’ to Gigg and Warren,” 1968, J. Chem. Soc. (C), 1903) .

To a mixture of 4.02 g 41 (4.13 mmoles) and 1130 mg HgO in 10 ml
acetone/water (10:1) 1150 mg HgClz in 10 ml acetone/water (10:1)

~ were added dropwise over 5 min.. After stirring for 1 h at r.t.

" the reaction mixture was filtered through Celite, concentrated by
rotation-evaporétioﬁ,.ahd dispersed in_ether. The ether phase was
washed with 10 ml of a half-saturated KJ solution, and with
water. After drying over Naz SOs andirotation—evaporation it was

0. chromatographed over silica (toluené:2~butanone.=.100:1 -> 10:5).

\/ 43 was obtained as.a’ yellow oil which _c;rys't'allized from ether/PE:
- 2.6 g {55 % of theory, based on 39, anomeric mixture, a:B appr.
2:1 after !3C-NMR). ' "
‘i M.p.: 103 °C
TLC: o Silica, toluene:2-butanone = 10:1, Rs = 0.22 .
Analysis: . '
C H
C,,H,,0,, exp. 7529 663

(973.17) ~ obs. - 7479 665




Batch:* ~* . 520 mg 44 (0.534 mmole) 150 nmy p- nltrobenzoyl chloride 0.4
m pyridine . DWtegtnbl7e a n liwhn so.__:,2. : i - 43-
Yield: ° : ﬁﬁter 20 h TLC (5silica, toluene:2-butanone = 10:1) showed
t wo products with Rf = 0.43 and 0.49, and g4little starting material wth
Rt = 0.22.  After colunn chronatography (silica, toluene:2-butanone = 20:1)
320 g 464v0F €208t @i, Bed-e&&aGU—b(e&&ytl %—Df—gubeabﬁ'anlsfagm)dtzl 3q@a~ajml-oet her

46 crystal || 69 C Analysis: C NN exp.
72,77 L %ﬁ ?39?1‘1’5’?5’5 I N T YRk e
0- 14-0- (2 3 4, 6- Tetra- o-benzyl O D-gl ucopyranosyl) 2, 4, 6- tr|- * benzyl

a- D- gl ucogyr QRQ%Uoutsf é@“'ﬁ OMQJ]%ttQOﬁ?w&%BaItQ?%% %o %_151% RafeL -

130 ng 44 (0.133_ “mmol 60 ul_trichloroacetonitri NaH Vi el d:
after col BFAPERYIMASRTa 4R and |subsequept hydrolysig H@tﬁyaﬂﬁim%)of t heory)
were obtained as a

Yield: 47.7 % of theory (after column chromatography)

2. Isomerization with Tris (triphenylphosphin) rhodium chloride
{RnC1{PPhs)s ) and subsequent hydrolysis with 1 N HC1

¢ {acc. to Corey and Suggs, 1973, J. Org. Chem. 38: 3224)

125 mg 40 (0.123 mmole ) were boiled for 3 h in 30 ml EtOH/water (10:1.
with 3 mg diazabicyclo{2.2.2] octane (0.027 mmole:) and 12 mg
RhCl(P?hs)a (0.009 mmole). Then 6 ml 1 N HCl were added_and
boiled for another_z h . After cooling NaHCO: solution was added
and extracted with ether. The organic.phase was washed with
ﬁater, dried over Naz SOs ,, and rotation—-evaporated.

i;) © After column chromatography (31llca, toluene:2-butanone = 100:1

=> 100:5) 109 mg 44 ‘(91 % of theory, based on 40, anomeric

mixture, a:f appr. 3:1 after 13C-NMR) were obtained as a

colourless oil.

ﬁ{ TLC: o Silica, toluene:27butanone = 10:1, Rf = 0.22
.. 'H-NMR: 90 MHz, CDCl, " o
L o S = 3.05 and323 (2d, 1H, ~-OH, (a undf ), exchangeable with -
D.0), 3.3~ ~5.2 (m; 28H), 7.1- 7:(m,.>::H 7x —Ph).

BC-NMR: Nr. C14897, CDCL, '
S = 91.:8 (s, C— la) 97.42 (s C- 18), 102.68 (s,c 1).




clear, colourless oil. TLC.: silica, EPE. = 3:2, Rt = 0.49

"H-NVR |, 90 MHz, CDCl 3.3-5.2 (m.27H), 6.44 (d, |H H1, Jl. =4 Hz),

7.1-7.4 (m LA ~~~ 3 H 7x -Ph) 8.57 (s, I'H "NH -, Gchnxai be vdt

X, " O) C63Hfi CI 3NOX  (1117.56) .,',, ~~~~mj~~~~~~~~~ ' Ocl VP W, o~~~ ..
- .-44- *. 4-0-(2,3,4,6- Tetra 0 benzfi O D gal act opyr anosyl)

2 3, 6’tr|-0 benzyl D-glucopyranosyl N, N -di - (2-chl oroet hyl ) phosphoric -

aci d :di am de FAB-aM6: t NpnBe3x (PosA Bgtéds, DME/HC) 100 ny 45 (0.089 mml e;)
21 ng 4b (0.095 nnnle)nméﬂxbz,94+ H)*+ after CP} %n chr omat ogr aphy (silica,
EE: PE = 40:60 -> 70:30) 2 fractions‘were obtained: Fl: 7 rng 48, 1 >> a
(6.7 %of theory) F2: 40 ng 48, .a >> ( 138.2 % of theory) TLC

silica, EEfPE = 80:20, Rt (ct) = 0.37, Ri(13) = 0.42; C65H73C1, NI01, P

(1176.18) 73. . . IHNWVR Nr. H15189, 90MHz;, CDCI 3, c>>j3- Nr. H15326,
90MHz, CDCl;, ,I1B >>cx HPLC (anal.): Silica, EE:hexahe:NbCH 72:28:0.7,
flow 1.0

4-0-(2,3,4, G-Tetra—o-benzyl B—D-galactopyranosyl 2,3, 6-tr1 -0~
benzyl 1—0~p—n1trobenzoy1 D-glucopyranose - 45 '

.To 480 mg 43 (0.49 mmole) in 20 ml CH:C1l2 2 ml of a solution of
_130 mg p—n1trobenzoy1chlor1de and 0.3 ml pyr1d1ne in CH2Cl: were -
- added dropwise at r. t.. After stlrrlng for 20 hat r.t. almost no startlng
. ( - material 43 (RFf = 0.22) was present after TLC (5111ca, toluene 2~ .
’ butanone = 10:1), - but two products with Re = 0:42 and 0.49. After
washlng with 0.5 N HCl, 1 N NaHCOs, and watér, and drying over
lNa2804 a hlghly v1scous oil was obtained. From ethanol 435 mg 45

{79 % of theory, anomerlc mixture, a:f = 3 7 after :*H-NMR)
crystalllzed. -

M.p.: 112 °C

Analysis:
. - . C " H N
K { | Cg:H,,0,,N exp. 7277 602 1325
: - (1122.28) obs. 7305 625 1M ’

—0—(2 3,4, 6—Tetra—0—benzy1 B-D- glucopyranosyl 2,3,6-tri- 0—benzy1
1—0-p—n1trobenzoyl D- glucopvranose 46

(analogous to ﬁé).

Batch: . 520 mg 44 (0.534 mmole)
_ _ 150 mg p- nltrobenzoyl chloride
0.4 ml pyridine

[ ——



m/min: R a) = 10.32', R(1) = 8.73' . HPLC (prep.): Silica,
EE: hexane: MgOH = 64: 36: 0 5, flom/ 10. 0 ml/main.,; R(a) =35, R (1)
-=27"; 4-0- (2 3,4, 6- Tetra 0- benzyl O D-gl ucopyranosyl) 2,3, 6-tri-0O benzyl

D- gl ucopyranosyl N, N -di-(2-chloroethyl)_phosphoric acid diam de 49 acc. to

protocol B Bat ch: 40 ng 47 (0.03 rrrmle) 9 mg.4b (0.041 mol e;)

Yi el d - Yield: . after colmbzctquatﬂg:ra@} | I [ Ne: EE: PE = 60 40) and

prep.: HPLC 2 fractions wemewads AW iRt >il aro UERS 0' Dé'm; RI0:1)

18 mg 49 3 (42.5 % of thdorq@ld:%tart?m@nﬂa% Ja t@,f 9, and a

?Hh;galst/PE 80: 20, th%ﬁm?;dgggﬁaﬂabﬂﬁghY'( icay %%?%ene° ~but:§one

: Pern = mg 46 were obtained as oil (5

Ui | 628000 ~~~~~~~~~~~ theory)~Frem diisopropyl- Sther 4eq ﬁyffgﬁr;?;f

Ogl"- ow.

e . 45 HPLC (anal.): Sili ca "EE: hexane:
1.0 mM/nmnPR =%7.03", Ri(j) = 5.89; HPLC (prep.): Silica,
EE: hexaneaQd 5 H64:36: 0.5, flow 10 0 mi/min.

- : - C 'H N
Y _ C“I:I_,;,o“.\: . 7277 6;m 25
(1122.28) obs.. 7270 681 107

| | 0—{4—0—(2 3 4, 6-Tetra—0—benzy1 B—D-glucopyranosyl)z 4,6- trl—O—
(? . benzyl a~-D- glucopyranosyl] tr1chloroacet1m1date 47

(analogous_to gﬁo)

.Batch: - _ 130" mg a4 (0 133 mmole)
. 60 nl trlchloroacetonltrlle
5.3 mg NaH
Yreld: after column chromatography (silica, E:PE = 2: 3)

120 mg 47 (80 % of theory) w
ere
clear, colourless ofl. Y obtalned as e

TLC: . -silica. E:PE = 3:2, Rf.= 0.49

'H-NMR: 90 MHz, CDCl

o d= _)_)—37 (m 27 ) 6 (d
. - - A4 1H, H-1, ,=4 H
- ¢ | o 35H, 7= -Ph), 8.57 G, 1H, —NH— Jie N 213701) =74 (m,

Cﬁ-Hb;CISNOu (“17_-56) |

e, e L
e



R(a) - 35, RR(O = 25'";- 4-0-(D D gal actopyranosyl) a-D- gl ucopyranosyl
N, N -di -(2- chloroethyl) phosphoric acid diam de 50a Hydrogenation of. 48a
acc. - to protocol Cr ClH3, CLN2OUP .- (541.31) 1H NMR 500 MHz, D20, Nr.
H15701 8 = 3.27-3.34 (m 4H, 2x -C2-), 3.8563 (dd, 1H, H2', J=-8.0 Hz,
J23'98Hz) 36540(m 15H with. 4H &t™3. 65- 3. 68, 2x-CHz) 4478(d,

1H BT, 623 (dd. .1 J12=3. 6 J1P=p7.8 Hz
FAB- VB! ‘Nr %@ZM etral %gbsé‘i‘?%]e B Drﬁ%ia"tz‘i‘iyraz%s 2521 67‘tl'("r
545, 547 béugyl D- gl(umyrann@syl}ml@mmf Opyclabhmsyd Hh vk )D-pH aspipyr Beosgid

N, N - (&aaﬁiﬁéwggthyl) phosphoric acd di am de 503 Fwdrogenatlon of 480
acc. to protocoI'TTtt U*S'Z 01 Dad . -- hen 80 .- F.
ULt -46- C6H CL,NOP (541 31) "HNVR 500 MHz, D20, 'H -

IHZDCOSé(chrtoJ;ﬁB&éo&rzs 27-3.34 (m 4H, 2x -CHI1-), 3.43 (dd, IH H2,
J,1=8.0

Batch: 100 mg 45 (0.089 mmole:)
21 mg 4b (0.095 mmole )
'\/, Yield: after column chromatography (silica, EE:PE = 40:60
- . => 70:30) 2 fractions were obtained:
Fl1: 7 mg 48, B >> a (6.7 % of theory)
F2:l40 mg 48, a >> B (38.2 % of theory)
TLC:  silica, EE/PE = 80:20, Rr({a) = 0.37, Re (B) =" 0.42;
C.H, CI,N,O P (1176.18)

‘H NMR: Nr. H13189 90MHz, CDCl a>> B
o Nr. H15326, 90MHz, CDCl., B>>a _
"HPLC (anal.): Silica, EE.hgxane.MeOH = 72&28:0.7, flow: 1.0

ml/min.; _
Rt {¢) = 10.32°', Rt (B) = 8.73"'.

- HPLC (prep.): Silica, EE:hexane:MeOH = 64:36:0.5, flow: 10.0 -
ml/min.; . ' :
Rt (@) = 35°, Ri(B) = 27°;

4-0-(2,3,4,6-Tetra-O-benzyl B- D—glucopyranosyl) 2,3,6-tri-o-

A benzyl D—glucopyranosyl N,N'-di- (2—chloroethyl) phosphoric acid
'g; diamide 49

acc. to protocol B

Batch: 40 mg 47 (0.036 mmole) : '
L ' 9 mg 4b (0.041 mmole:) . -

Yield: +after column chromatography (silica, EE:PE =
60:40) ‘and prep. HPLC 2 fractions were obtalned
. (each a clear, colourless oil):
'F1l: 18 mg 498 (42.5 % of theory)
F2: 7 mg 49a (10.9% of theory)

- TLC:  silica, EE/PE = 80:20, Re (@) = 0.35, Rr (B) = 0.42

v CesHrsClzN2012P.  (1176.18)




kz),* 3.'358. (dd, 1H, H 7', J1.,-=8.0 Hz, J..;

5-3.68 (m 4H,

10.0 Hz), 3. 3
1.0 Hz), 3.939

6
0

2x -CH,-), ;,.68-3.90 (m. SH, 3.93i (dd, IH J= 4af| J-

(dd, 1H, J=1i9and J=12.6 Hz), 4.473 (d, IH H 1' J1.2.=S.C Hz), 5.049
(t, I'H H 1, J=JI p=8-0 Hz). FAB -NIS: Nr. MSN 14076 positive /e
221,223, 25 - (1 UPM+ H) + 545. 34%5- 349 (  -)+
(~~~gr—— M 4-0- (3-D-glucopyranosyl) a-D- glucopyranosy

NN - dl 2 I L, 21 00E1&\ f 49ct
acc. to(p?gggcg?ﬁgi {) %12P ?g%:gar%f;ﬁ&ﬁ?l\lmﬁ %%giT\/Hz %{‘(9

| H 1H-2D- CO8Y, Nr. 15856 @ fpP 277 032, (M (. =25.86H2-), 3. 333 (dd, IH,
H2,. J1,..=7.9 Hz, J2.3.=9.4 Hz), 3.40-3.45 (m 2H), 3.47-3.55 (m 2H),
3. 64- 3. 685fEC 4bredx)+CH 811i3a FRK titexdirt : bOR , =367038:095( i £164D 16, &37
(d, 1H, H 1', J,2=7.9 Hzml/Hi22 (dd, |H Hi, J1.2=3.6 Hz, JX,,=7.8 Hz).
FAB-M5:  Nr. MSN 14077 poRi {ey © 35° piRe (BR24,2828, 225 . (IremMm +
H) 545, 547 (M+ H+ *- | -T; 4, ti '

wW -47- ,i*-  4-0-(D- DG ucopyranosyl) P-D-glucopyranosyl NN -di- (2-
chl or oet hyI) phosphori caci d. di am de 511 Hydr ogenatlon of 495 acc. to
protocol C

1\ -0—(B—D-galactopyranosyl) a-D-glucopyranosyl N,N '—d1 (2-
chloroethyl) phosphorlc acid diamide 50<x

Hfdrogen_ation of 48a acc. to prétdcpl c

o c12No P (541 31)
IH—-NMR. 500 Mz, D,0, Nr. H15701 | o

§ = 327-334 (m, 4H; 2x ~CH,-), 3.563 (dd 1H, H-2,
Jp»=80 Hz, J,,=98 Hz), 3.65-40 (m, 15Hwith 4H at
3.65-3.68, 2« —~CH,-), 4478 (d, 1H, H-1, J,.,=80 Hz), 5.623
(4d, 1H, H-1,J,,=3.6 Hz, J,,=7.3 Ha).

c  FAB-MS: Nr. MSN 4075 . |

g ' -7 positive m/e = 221, 223, 225 - (IPM+H)*

545, 547, 549 (M+H)*
£

4-0-(B-D-Galactopyranosyl) B-D-glucopyranosyl N,N’-di-{(2-
chloroethyl) phosphoric acid diamide 508 = e

Hydfogenation of 488 acc. to protocol C




C, 6H310 2N2012P (541.31) 'H NVR 500 MHz, D20, 'H'H 2D-COSY, Nr. 15857 =
3.27-3.32 (m 4H, 2M-CH a-), '3.33 (dd, 1H H2', JJla 8.0 H, Jr23.10 Hz),
3.428 (dd, 1H, H2, J1,=8.0 Hz, J2,=10.0 Hz), 3.44-3.54 (m.3H), 3.64-3.68
(M 4H, -2x -CHW), 3.69-3.72 (m 3H), 3.745 (dd, 1H H6'a, J5.6,a=5.8
Hz, .J6,.6.b=12t3 Hz), 3.855 (m 1H, H 6b#6-3.928 (dd, 1H, H6'b, *
J3.b=2-1 Hz, J6,&6.b-12.3 Hz), 3.990 (dd, 1H, H6a, J56=2.0 Hz, J6,6b=12.2

He) | 4532(d 1 0 Hz), 5.044 (t, IHL, H1, J1,2=J1 p=8.0
Hz). FAB- NS Ftleﬁsr\?&h%é& ?ﬂlﬂ\lé me 221, 223, 225
(1 PMHH) + 545 547,549 (MrH)+ ... -48- Maltotriose

i s peracetyl ated {HolNMR: acmchH cpt@n d
CHCl 3/ et hyl acetate 1:1, sil |3:g gef’_)_33 P f@gy tl\ﬁ'e 1383 ori de (Rf =
'uél md=Higr ) P-5c (dd, HﬁeH.C‘)aj:I L30

0. 58, sane conditions as a v Lsgk £
at 00C. Fromthis product t Gz{ ‘ét‘?—hd&he@(bﬂﬂz p,, 6!)103

condi ti ons as above) is pr r , ugl-r@Hai-) V.68 X901 (th/ SH|2 J 6$’-’ 68
product alkyl-2,3,6,2",3., q-1.0"Ha), 3.98%"(ddlecr; O— b yI é%
¢ J= 1784 d uli béﬁim(d, lH

0.51, tol uene/et hyl acetateHl.Q 11 sigbey, g
chl qri,de/ KOH at 1200C. After |sojr’r1§r| zat| ?&9 ép{ ﬁ'gT 'e.hLEI.pHﬂeO [Fef)t er is.

rsapo?i/fled usi ng g H et OH corrpound (RS 0.17, toluene/ethyl
AN B

acetate 10:1, silica ’ﬁroduct t he trlchl oroacetimdate is

prepared by reaction positive m/e = 221, 223, 25 (IPM+H)*

- ‘ ) . o . . 545, 347 349 (l\ll+[’l)+

S (

—0-(B—D—glucopyranosyl) a-D-glucopyranosyl N,N'-di-(2-
,chloroethyl) phosphorlc acid diamide 510;

Hydrogenation of 49a acc. to protocol C

\_,/ Cman_:l'zNzotzP (541.31) |
'H-NMR:* 500 MHz, D,0, 'H-'H-2D-COSY, Nr. 15856

8 =327-332 (m, 4H, 2x —-CH,,-), 3333 (dd, 1H, H-2,
Jr2=79 Hz, ], ,=94 Hz), 340- 345 (m, 2H), 3.47-3.55 (m, 2H),
g 3.64~3.68 (m, 4H, 2x —-CH,-), 3.69 (dd, 1H, H-2), 3.70-3.99 (m,

6H), 4.537 (d, 1H, H-1’, J =79 Hz) 5622 (dd,
. 1H, H-
J12=3.6 Hz, J,,=7.8 Hz). i ( ”

FAB-MS: Nr. MSN 14077 - - | :
. positive  m/e = 221,223, 225 (IPM+H)*+
e 545, 547 o (M+H)*

ot e e oo vt



Wit NdH%and trichloroacetonitrile (.RfX = 0.48,

same-conditi ons as above).

From this product the glycoconjugate is prepared in acetonitrile using

i f-osfami de nustard under ref lux (Rf = 0.24, ethyl acetate/hexane 6:4,
0 %Pd/ activated carbon. in CH30H at

silica ge

| ). By hydrogenation with 1

roomtenperature the benzyli c gr oups 0(7Rf 0.22, CHO 3/nethanol 1:1,
gel ), af'e SR- (g -9 uddg ' LDD@li%rc%% Anbby2 #ON0-Nynqhen 80
9 #9 40 Ef e é i

~——m~a 5

|fos‘fam

N, N -di (2
a-D- gl uco

ycoconj ugat es of

%EK%}B'P StWWé‘qr&FnﬁF&dcéélaﬂlﬁlleu &3Py r anosy!

NN -di (2-chl oroet hyl ) phosphoric acid di am de, O D gl ucopyranosyl

N, N - di ( 2z qlec{‘ﬁ hQri c | e~ a- D-gal act opyr anosyl
N, N - di (%pgﬁlogeoe ;ﬁ’% .ﬁﬁ'??p%gﬁ'c%a%tc ()f%(}%a@r%q'de a- D- mannopyr anosyl
N, N -di (2-chl oroethyl) phosphoric acid dianide, ft-D mannopyranosyl -

oric acid diam de 4-0- ( Dgal act opyranosyl )
S eElRCHm, Bt

TH-NMR:

500 MHz, D,0O, ‘H~'H- 2D COSY, Nr. 15857

d =327~ 332 (m, 4H, 2x -CH,,~), 3.33 (dd, 1H H-2,
Jp2=80 Hz, J,.;+10 Hz), 3428 (dd 1H, H-2, J,,=80 Hg,
J;3=10.0 Hz), 344~3.54 (m,.3H), 3.64—3.68 (m, 4H, 2x -CH,-),

13.69-3.72 (m, 3H), 3.745 (dd 1H, H-6%, ], =38 Hz,

Jep=123 Hz), 3.855 (m, 1H, H-~6b), 3.928 . (dd, 1H, H-6D,

Jsgn=21 Hz, J;, 47123 Hz), 3.990 (dd, 1H, H-6a, ], =20 Hz,

g jw_xz.z Hz), 4532 (d, 1H, H-1’, Jl »=8.0 Hz), 5044 (& 1H,

: FAB-MS:

-1, Ju-]”,—s 0 Hz)

Nr. MSN 14078

positive - m/e = 221, 223, 225 . (IPM+H)*
545, 547, 549 (M+H)*

silica




chl oroet hyl) phosphoric acid dianide, 4-0-(0O D gal actopyranosyl) N N -d
(2-chloroethyl) phosphoric acid diam de, 4-0-(P-D-gal actopyranosyl)

5- D- gl utopyranosyl N, N '-di(2- chforoethyl) phosphoric acid diam de,

4- Q (P-gl ucopyranosyl) ci-D glucopyranosyl NN N-di (2- chl oroethyl)
phosphoric acid diani de, 4-0-(O glucopyraré8yl) B-D- gl ucopyranosyl

N, N"d|(2 chl or oet.hyl ) phosphoric acid di am de. 2. Met hod for the
preparation of fgl ycoconjugates of phosphoric acid am de nustard and

ifosfanide mustard with the g ral forpula: s sugar
2 ' 1 Maltotriose is peracety? ted Iggdiquagptage/acetanhydr1deS H@ -4

wn 4t - n- 00! 1gHC ﬂéthylédéthtéli M1lsilica .gel). From the product. thet= bromtde~
2 imere e S ool B 6 S S Bt
wher e Rx andadetjcvaviighat #CbeFromethd arproductdtiie drahky]-midhotrioksyde ogen, | ower
e ot o1 [ PTeLREEnpiols B hEtaP LY nborpgeangt sty
g,C05. From this prodhct alkyl 1.3 6 ,2",3" 4" 6" deca-0-
benzyl-maltotrioside (wa- 0.5%1, toluene/ethyl acetate 10:1, silica
gel) is prepared using benzyl chloride/KOH at 120°C. After isomerization
to the enol ehter the latter is saponified using 1N HCl1 to get the
1-0H compound_(R_f = 0.17, toluene/ethyl acetate 10:1,_silica_gel).
From this product the trichloroacetimidate is prepared by reaction
" with NaH and trichloroacetonitrile (Rpg, = 0.48, same .conditions as
above). From thls product the glycoconjugate is prepared in
acetonltrlle u51ng ifosfamide mustard under reflux (Rf = 0.24, ethyl
acetate/hexane 6:4, silica gel). By hydrogenation with 10 % Pd/
activated carbon in CH30H at room temperature the benzylic groups .

(Rf = 0.22, CHC13/methanol 1:1, silica gel) are split off.

NH2

-

N

e




can* be present nono-, di-, or polysaccharides in all existing isoneric and
enanti oneric fornmns, characterlzed by. gonj ugating in a known way protected
brom nat ed s ars , partic- ularly benzyl-protected broninated sugars, .wth
the respgect$ eﬁ?hvgphorus conmpounds, and freeing the resulting conpound

fron1thé3%r%ﬁ oups 3. The conpound according to claim1 or 2 as
antl-waﬂ@HKI ents. 4. The conpounds according to claim3 for use

agai nst bTEE§T‘carC|nona Mor bus Hodgki n, or tunDurs in the gastro-
intestinal tract. * "4 - -- - D - S I

11111 114]1 @lycoconjugates of ifosfamide
mustard with the formula:

a—-D-glucopyranosyl N,N5¥di(2—chloroethyl) phosphoric acid

diamide,

B-D—glucopyranosyl N, N'—d1(2-chloroethy1) phosphorlc acid
. ~ diamide, -

a-D—galactopyranosyl N, N'-dl(z chloroethyl) phosphorlc acid
diamide, :

a-D-mannopyranosyl N N'—dl(z—chloroethyl) phosphor1c ac1d
d1am1de,

-B-D-mannopyranosyl N N'—dl(z chloroethyl) phosphoric acid
diamide,

. 4-0—-(B- D—galactopyranosyl) a-D- glucopyranosyl N,N'-di(2~
chloroethyl) phosphorlc acid diamide,
4- -0~ {B-D-galactopyranosyl) N N'—d1{2—chloroethy1)
phosphoric acid diamide,
4-0-(B-D-galactopyranosyl)} B-D-glucopyranosyl N,N'-di(2-
chloroethyl) phosphoric acid diamide, ' |
4-0-(B-glucopyranosyl) a-D-glucopyranosyl N,N’'-di(2-
chloroethyl) phosphoric acid diamide,
4-0-(B- glucopyranosyl) B—D-glucopyranosyl V N'-d1(2—
chloroethyl) phosphorlc acid diamide.

2. Method for the preparation of “glycoconjugates of phosphoric
acid amide mustard and 1fosfam1de mustard with the general
formula: '

0 !
il _~NHR;: 1
- P\\ - ‘and sugar -~ O - P
NHR2 g ’

sugar - - 0

* ¢ L M s %




-2 -

PP where the sugaf is linked to the phosphoric acid amide-lost

B residue, and the ifosfamide-lost fesidue, resp., preferably
in the 1l-position, and where R; and Rz, which can be the
same or different, denote hydrogen, lower Ci:—-Cs4 alkyl ,
C1-C¢ halogenoalkyl, preferably Ci-Cs4 halogenoalkyl, and
particularily Cz-halogenoalkyl, and where as sugar there
can be present mono—, di-, or polysaccharides in all
existing isomeric and enantiomeric forms, characterized by

conjugating in a known way protected brominated sugars, partic-

~ ularly benzyl-protected brominated sugars, with the respective phosphorus
compounds, and freeing the resultlng compound from the protective groups.
3. The compound according to ciaim 1 or2 as anti--
tumour agents.
4. The compounds according to claim 3 fbr use against breast .
_carc1noma. Morbus Hodgkln. or tumours in the gastro-
intestinal tract.
\ml“
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