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CARBOHYDRATE DERIVATIVES
The invowtion relates to a carbohydrate derivative having antithcombotic activity, a
phannaceutical composition containing the same, as well as the use of said carbohydrate
derivative for the manufacture of a medicament,

Carbohydrate derivatives having amtithrombotie activity are known, for w:am;)le‘the sulfated
glycosaminoplycan derivatives disclosed in EP 84,999, Other sulfated glycasaminoglycan-related
carbohydmte derivatives are disclosed in EP 529,715, having improved pharmacological
propesties. These catbohydrate derivatives are devoid of the characteristic functional groups of
glycosaminoglycans, being free hydroxyl groups, N-sulfate and N-acetyl groups.

It has now been found that the carbohydrate derivatives of this invention having the formula I,

or®
coo
0 0
i OR? SOy
“03S(CHCHRYOCH),0 Ly I

wherein R* is I or CH,080y7; R? and R? are independently H, (1-6C)alkyl or SO57; R* is 0SOy
or NHSO:"; nnis 0 or 1; pis 1 or 2; or a pharmaceutically acceptable salt thereof, have an anti-Xa
activity which is substantially higher than that of saccharides not having the glycerol-like or
glycol-like group at the 4-position of the non-reducing end.

Factor Xa plays am important role in the blood coagulation cascade. It catalyzes the formation of
thrombin which regulates the last step in the coagulation cascade. The prime function of
thrombin is the cleavage of fibrinogen to generate fibrin monomaers, which form an insoluble gel,
a fibrin clot, by cross-linking.

The compounds of the present invention are useful for tréating and preventing thrombin-
mediated and thrombin-associated diseases. This includes 2 number of thrombotic and
prothrombotic states in which the coaguiation cascade is activated which include, but are not
limited to, deep vein thrombosis, pulmonary embolism, thrombophlebitis, arterial occlusion from
thrombosis or embolism, arterial réocelusion Junng or after angioplasty or thrombolysis,
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Car bohydraat e derivatives having antithronbotic activity are known, for
exanpl e the sul fated gl ycosam nogl ycan derivatives dlsclosed in EP
84,.999. ,& her sul fated gl ycosam nogl ycan-rel at ed car bohydr at e.
derivatives are disclosed in EP 529, 715, having inproved pharmacol ogi cal
properties. These carbohydrate derivatives are devoid of the characteristic
functional .groups of gl ycosam nogl ycans, being free hydroxyl groups,
N-sul fate and N-acetyl groups. It has now been found that the

car bohydrate derivatives of this invention having the fornmula L

[err]

restenosis tollowing arterial injury or invasive cardiological procedures, postoperative venous -
thrombosis ui _embolism, acute or chronic atherosclerosis, stroke, myocardial infarction, cancer
and metastasis, and neurodegenerative diseases. The carbohydrate derivatives of the invention
may also be used as inhibitors of smooth muscle cell proliferation and for the treatment of
angiogenesis, cancer and retrovirus infections, Iike HIV.

Further, the compounds of the invention may be used as anticoagulanf$ and anticoagulant
coatings b extracorporeal blood circuits, as necessary in dialysis and surgery.

The compounds of the invention may also be used as in vitro or ex vivo aaticoagulants.

Preferred cathohydrate derivatives according to the invention have the formula I, wherein R? is
(1-6C)alkyl, R* is SOy, R' is OSOy, and R', n and p are as previously defined; or 2 phanm
ceutically acceptable sait thereof,

More preferred _ca:bohydmte derivatives have formula I wherein R} is methyl Particularly
prefusred carhohydrate derivatives have formula I, wherein nis ] and p is 1. Most preferred are
carbiohydrate detivatives of formuta I, wherein R is CH,080,"

The term (1-6C)alkyl means a branclied or unbranched alkyl group having 1 to 6 carbon atoms,
such as methyl, ethy), isopropyl, t-butyl, isopentyl, hexyl, and the like. Preferred alkyl groups are
(1-4C)alkyl groups, such as methyl, ethyl, (iso)propﬁl, n-buty! and t-butyl. The most preferred
alkyl group is methyl.

The counter-ions which compensate the charged moieties are pharmaceutically acceptable
counter-icug, like hydrogen, or more preferably alkali or earth-alkali metal ions, like sodium,

calcium, or magnesium,

The carbohydrate derivatives according to this invention may be prépared by coupling of 2
protected glycerol-like or glycol-like moiety to the 4-hydroxy group of the non-reducing end of -
a further protected tetrasaccharide, which may be produced according to the method described
by Westerdunin P., Bioorg. and Med. Chem., 2, 1267-1280, 1994, Hereafter, the protecting
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wherein"Rerr] is Hor CH20SOerr]; Rlerr] and Rlerr] are independently H,
(1-6QCal kyl or SOerr]; Rerr] is CsJerr] or 'NHSO err]; nis 0 or 1,
-pis 1 or 2; or a pharnmaceutically acceptable salt thereof, have an anti-Xa
activity which is substantially higher than that of saccharldes not havi ng

the glycerol-like or glycol -1i ke group at the 4-position of the
non-reduci ng end. Factor Xa plays an inportant role in the bl ood
coagul ati on cascade. It catalyzes the formation of t hranbi n whi ch

regul ates the last step in the coagul ati on cascade. The prime function of
thronbin is the cl eavage of fibrinogen to generate fibrin nononers, which

form an insol ubl e gel, a fibrin,clot, by cross-linking. The
conpounds of the present invention are useful for treating and preventing
t hr onbi n- nmedi at ed and t hronbi n-associ ated di seases. This includes a
nunber of thronbotic and praot hronbotic states_ in which the

coagul at i orfegd éffd’é‘"’!“é""aﬁ’f’?%t"écl’"m?”c?f the, compgund, prsyiting ig aepgbohydrate | i { o
to, deep velivititve@tdadas, pul nonary embolism thronbophlebitis, arterial
occl usion from
For the trenttent of venous thrombosis or for the iphibition of smooth muscle cell proliferation
the compouuds of (he invention may be administered enterally or parenterally, and for humans
preferably in a daily dosage of 0,001-10 mg per kg body weight, Mixed with plarmaceutically
_ suitable awxiliwiies, e.g. as described in the standard reference, Gennaro et al, Remington's
Pharmaceutical Sciences, (18th ed., Mack Publishing Company, 1990, see especially Part 8:
Pharmaceutical Preparations and Their Manufactuce), the compounds, when orally, buccally or
sublingually active, may be compressed into solid dosage units, such as pills, tablets, or be
processed into capsules or suppdsimﬁea By means of pharmaceutically suitable liquids the
compounds can also be applied as an injection preparation in the form of'a solution, suspénsion,
emulsion, or as a spray, e.g. a nasal spray.
For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants,
~ polymeric binders and the like is contemplated. In general any pharmaceutically acceptable
additive which docs not interfere with the function of the active compounds can be used,
Suitable carriers with which the compositions can be administered include Iactose, starch,
cellulose derivatives and the like, or mixtures thereof, used in suitable amounts.

The invention is fiurther iustrated by the following examples.

{In the examples reference is made to flow sheets 1 and 2. The intermediates and end-products

are indicated by reference to the corresponding number on the flow sheets)

EXAMPLE
Preparation of zompound 7 and 8

Preparation of 2
To a cooled (0°C) solution of 2-benzyloxyethanol 1 (2.84 ml) and chloromethyl methyl sulfide
(1.59 m) in ethylene glycol dimethyl ether (25 mi) was added sodium hydride, 60% dispersion in
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thronbosis or enbolism arterial reocclusion during or after angioplasty or
t hf onmbol ysi s, 2 restenosis
f.ollop ng arterial injury or invasive cardiol ogi cal procedures,

post operative venous thronbosis or enbolism acute or chronic

at heroscl erosi s, stroke, nyocardial infarction, cancer and netastasis, and
neur odegener ati ve di seases. The carbohydrate derivatives of the invention
may al so be used as inhibitors of snoboth nmuscle cell proliferation and for
the treatnent of angi ogenesis, cancer and retrovirus infections, |ike H V.
Furt her, the compounds of the invention may be used as anticoagul-ants and
antlcoagulant coatings in extracorporegl blood circuits, as necessary in

di al ysis and _surgery.

mineral vil (1.2 ) under nitrogen atmosphere and-lhe mixture was stirred for 20 h at room
temperuture. Methanol waa added to the reaction mixture and stirring was continued for 15 min,
The mixture was dihited with ethyl acetate (100 mi), subsequently washed with aqueous sodium
hiydrogen cacbonate and water and the organic layer was dried over magnesium sulfate and
concentrated i vacuo, The crude product was purified by silica gel columa chromatography to
give 2.5 g of 2. :

FPreparation of 3
The synthesis of' 3 has been described in Bioarganic and Medicinal Chemtistry, vol 2, no. 11, pp
1267-1280, 1994 (P. Westerduin et al.).

Preparation of 4

A mixture of 3 (125 mg), 2 (64 mg) and powdered molecular sieves (44) in dichloromethane
(1.5 ml) was stirred under a nitrogen atmosphere for 15 min. The solution was cooled (5°C) and
a freshly prepared solution containing N-iodosuccinimide (68 mg) and tﬁﬂuoromethanﬁulphonic
acid (2.7ul) in 1.5 mi of 1,2-dichlorocthane - dioxane (171, v/v) was introduced. After 10 min the
red reaction mixtue was filtered, diluted with dichloromethane, washed successively with
‘aqueous sodium thivsulfate and aqueouns sodium hydrogen carbonate. The organic layer was
dried over magnesinm sulfate and concentrated in vacuo. The residue was purified by size
exclusion chromatography on a Sephadex LH-20 suspended in dichloromethane-methanol (2/1,
viv) to fisrnish 108 g of 4. . .

Praparntion of §

To 2 cooled (-5°C) solution of 4 (105 mg) in tetrahydrofuran (7.3 mi) a 30% aqueous solution of
hydrogen peroxide (3.8 ml) was added and after 10 min stirring a lithium hydroxide solution
(1.25 M, 1.7 ml) was added. The mixture was stirred for 2 h at -5°C, after which the
temperature was raised to 0°C. Afier 20 h stirring the temperature was raised to 20°C and
stirring was continued for 24 h. The reaction mixture was cooled (0°C), subsequently methanol
(7.0 ml) and aqueous sodium hydroxide (4 M, 2.0 ml) wese added, After stirfing for 1 h the
temperature was raised again 10 20°C and stirring was continued for another 20 h. The mixture
was cooled (0°C), acidified to pH 3 with hydrochioric acid (2 N) and extracted with
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. The conpounds of the invention may also be used as in vitro or ex vivo
anti coagul ants. Preferred carbohydrate derivatives according to the

. invention have the fornmula I, wherein R2 is (1-6Calkyl, R3is SOerr], R4
is OSJerr], and RL, n and p are as previously defied; or a
pharmaceutically acceptable salt thereof. More preferred carbohydrate
derivatives have fornmula | wherein R2 is nethyl. Particularly preferred
car bohydrate derivatives have fornmula I, wherein nis 1 and p is 1. Mst
preferred are carbohydrate derivatives of fornula I, wherein RL is :
CH20s(J err] . The term (1-6C)al kyl neans a branched or unbranched al kyl
group having 1 to 6 carbon atons, sugh as nethyl, ethyl, isopropyl,
t-butyl, isopentyl, hexyl, and the like. Preferred al kyl groups are
(1-4C) al kyl groups, such as nethyl, ethyl (iso)propyl, n-butyl and t-butyl.

The nost preferred alkyl qrou ‘Js t.hyl . " Jhe 8" dd whi ch
conpensat ed"'?\lf’é"'ﬁ‘ﬁwcg{é'd 0%8% @ i 'Jgs "2 %Eef)l r%‘k‘ Agueous sodig fu;iﬁ? %@g@p({dgﬁ Pier

count er - i omsgnesiurk ity arlomesetrated iaecuo. Jie tradeaprbductavidurified by sies el a| kal i
metal i onscolulnlnlgﬁm@%{g i’“{“%“‘f"ﬂ%‘?‘" {Iﬁgbfspr magnesi um The carbohydrate

derivativeS accor ention may be prepared by coupling of a
protected glycerol-like or glycol-like noiety to the 4-hydroxy group of the

Preparation of 6

To a solution of 6 (80 mg) in a mixture of water (7 mt) and 2-methyl-2-propanol (7 ml) 80 mg of
palladium on charcosl (10 %) was added. The reaction mixture was placed under a hydrogen
atmosphere for 16 h, The catalyst was removed by filtration and rinsed with 2-methyl-2-
propancl/water mizttures, The filtrate and washings were concentrated in wicuo and lyophilized
to give 38 mg of 6. '

Preparation of 7 ami 8 |
A solution of 6 (38 mg) in water (0.8 ml) was eluted with water over a Dowex SOWXSH"_
column and the pooled factions were evaporated to dryness. After evaporation with N,N-
dimethylformamide the residue was dissolved in N,N-dimethyiformamide (2.5 ml), placed under
an nitrogen atmosphere and triethylumine sulfurtrioxide complex (287 mg) was added. The
mixture was stirred overnight at 50°C, cooled to 0°C and an aqueous solution of sodium
tiydrogen catbonate (533 mg) was added. The mixture was stirred for 1 h at 20°C, concentrated
to a small volume an desalted on a Sephadex G-25 column suspended in water:acetonitrile 9:1
- {w/v). The crude product was eluted on a Dowex SOWXSNa' column and purified by anion
exchange column chromatography (FIPLC, Mono-Q 5/5, sodium chloride gradient) to give 12
mg of 7.{[ea}®o =+ 31.1 (c=1; water)} and 18 mg of 8 {[o}p = 34.8 (¢=0.93; water)).

EXAMPLE 2
Preparation of componnd 16

Preparation of 10 _
A solution of benzoy! chloride (26,3 ml) in dry dioxane (26 ml) was added dropwise during 1 h

to x cooled (-20°C) mixture of glycerol (10 g) and pyridine (109 ml). The resulting mixture was
stirred for 16 h at 0°C, after which water was added. After 15 min stirring the mixture was
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ndn-reducing'end of a furthef protected t ' '
‘ . | ( etrasacchari de, wh
produced according to the nethod descri bed by Westerduin P. I'Cgi gg?/gbeand

g/bd. 'Chem, 2, 1267-1280, 1994. Hereafter, the protecting

concentrated to one fith of its volume, diluted with dichloromethane and washed with water,
aqueous sodim hydrogen carbunate and water, The organic layer was dried over magnesium
sulphate and concentrated in vacuo. The resulting oil was purified by silica gel column

chromatography to give 21 g of 10.

Preparation of {1

Methyl sulfide (1.45 ml) was added to a solution of 10 (600 mg) in acetonitrile;dichloromethane
Q1:1, v/v; 8 ml). The reaction mixture was cooled to 0°C and a mixture of dry benzoylperoxide
(3.63 g)in mtonitrile:_dicﬁloromctlmne (1:1, viv; 10 ml) was added dropwiﬁe. After stirring for
16 h at 20 °C the mixture was diluted with dichloromethane and washed with aqueous sodium
hydrogen cathounate and water. The organic layer was dried over magnesiumn sulfate and
concentrated i vacuo, After purification by silica gel column chromatogtaphy 400 mg of 11 was

isolated.

Preparation of 12 _ .
Compound 12 was prepared analogously to the procedures described by P. Westerduin ef al,

Bioorganic and Medicinal Chemistry 1994, vol 2, no. 11, pp. 1267-1280.
During the reaction steps to afford 12 the uronic acids were protected by benzyl groups instead
of methyl groups.

Preparation of 13
Compound 13 was prepared in a manner similar as described for compound 4 by coupling

componnd 41 (o compound 12.

Preparation of 14

A suspension of sodivm hydrogencacbonate (142 mg) in water (2 ml) and Pd/C (400 mg) were
added to a solution of 13 (480 mp) in 2-methyl-2-propanol (60 ml). The mixture was placed in
an atmosphere of hydrogen for 16 h. The catalyst was removed by filtration and washed with 2-
mcthfl-'l-pmpanuVwater mixtures. The combined filtrate and washings were concentrated i

vacuo to give 315 mg of 14, which was used without further purification.
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gréups are renoved, followed by sulfation of the conpound, resulting in a
carbohydrate derivative of fornula |I.. =~ For the treatnent of venous

t hronbosis or for the inhibition of snoboth nuscle cell proliferation the
conmpounds of the invention may be adm nistered enterally or parenterally,
and for humans preferably in a daily dosage of 0,001-10 ng per kg body

wei ght. M xed wth phamaceutically suitable auxiliaries, e.g. as described
in the standard reference, Gennaro et al, Remington's Phar maceut i cal

Sci ences, (18th ed., Mack Publi shing Cbnpany, 1990, see especially Part 8:
Phar maceuti cal Preparations and Their Manufacture), the conpounds, when
orally, buccally or sublingually active, may be conpressed into solid
dosage units, such as pills, tablets, or be processed into capsul es or
suppositories. By nmeans of pharmaceutically suitable |iquids the conpounds
can al so be a%@;IEd as an injection preparation in the formof a solution,
suspensi on, Mg oldS a5 a spray,” e.g. a nasal spray. For meking dosage
units, e.g. tdomphmd 18 EISURE vk dmnv.emto;asnalaqadﬁiswsmsymb (Bsmi)i THeer s, '

col orants, po'%vmg n%élg? n‘gz}?srémglnovcrm aﬁer wglu hgoﬂt rrglﬁ?stte%d Ap“%ﬁrieﬁal any

pharnaceutlcaf
hydrochloride acid. The mixture was desalted on a Sephadex G-25 column suspended in a

mixture of water:acetonitril:tricthylamine 90:10:0.1 (v/v/v). The appropciate fractions were

pooled and concentrated in vacuo. The product was again subjected to Mydrogenolysis in a

similar manner a3 described for compound 14. After wark up and concentration of the filtrate

and washings, the mixture was desalted on Sephadex G-25 column suspended in a mixture of

watersacetopinil:tricthylamine  90:10:0.1 (vw/v). The appropriate fractions were pooled,

concentrated i vacuo, eluted on 2 Dowex SOWX8Na“ column with water and finally lyophilised
_ to give 165 my of 15. '

Preparation of 16

A solution of 15 (165 mg) was evaporated with N N-dimethylformamide and dissofved in N,N-
dimethylformamide (11.0 mi). Triethylamine sulfirrtrioxide complex (1.31 g) was added to the
reaction mixiure, After stirring for 16 h at 50°C, the mixture was cooled {0°C) agueous sodium
hydrogen cmbonate (2.43 g) was added and stiming was continued for 1 h at 20°C after which
the solution was concentrated in vacuo. The resfdue was desalted on a Sephadex G-25 column
suspended in water-acetonitrile 9:1 (vv) and the appropriate fractions were pooled and
concentrated i vacuo. After elution on 2 Dowex SOWX8Na™ column the product was purified
on a Q-Sepharose High Load column using & sodium chloride gradient, to give 160 mg of 16.
([ = +24.0 (¢=0.77, H;0)}.
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addi ti ve Which does not interfere with .,t'he function of the active conpounds
can be used. Suitable carriers with which the conpositions can be -
adm ni stered i nclude | actose, starch, cellul ose derivatives and the |ike,

or mxtures thereof, used in-suitable anounts. The_invention is further

Il lustrated by the foll ow ng exanples. (I'n the exanpl es reference s nade
to flow sheets 1 and 2. The internedi ates and -end- prjmmrmlﬂ m ed by
reference to the correspondi ng nunber on the flow shddl m &mf
Preparation of conpound 7 and 8 CF Lo

CLAIMS

1. ‘A carbohydrate derivative having the formufa I

“0380(CH)CHITOCH),O

wherein

R'is H or {11,05057

R? and R? are independently H, (1-6C)atkyt or SO57;
R*is OS50y or NHSOy o
nisOori; '
pistor2; i

or a pharmaceutically acceptable salt thersof.

2. The carbohydrate derivative of claim 1 wherein is R? is (1-6C)alkyl, R® is SOy, R* is OSOy,
and R, n and p are as previously defined.

3. The carbohyirate defivative of claim 2, wherein R? is methyl.
4, The carbohydrate derivative of claim 2 or 3, wherein nis 1 and p is 1.
5. The carbohydeate derivative of any one of claims 2 - 4, wherein R' is CH,0505".

6. A pharpmcentical composition comprising the carbohydrate derivative of any one of claims
1-5 and phmmaceutically suitable auxiliaries, '

7. The carbohydrate derivative of any one of claims 1 - § for use in therapy.

-
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Preparation of 2 To a cooled (O[err]C) solution of 2-benzyl oxyethanol 1

(2.84 m) and chl oronet hyl nethyl sulfide (1.59 m)+n—ethytene glycol-

, dimethyl ether (25 m) was | added sqdi um hydri de, - GHﬁ‘ﬂc‘mﬁLﬁm\‘m!mm

8. Use of the cuthohydrate derivative of any one of claims 1 - S for the manufacture of a
medicament for treating or preventing thrombaosis or inhibiting smooth muscle cell

proliferation,
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m neral oil (1.2 g) under nitrogen atnosphere and the m xture was stirred
for 20 h at roomtenperature. Methanol was added to the reaction m xture -
and.stirring was continued for 15 min. The m xture was diluted with ethyl
acetate (100 m ), subsequently washed w th aqueous sodi um hydrogen
carbonate and water and the organic |ayer was dried over magnesi um sul fate
and concentrated in vacuo. The crude product was purified by silica gel
col um chromat ography to give 2.5 g of 2 Preparation of 3 The synthesis
of 3 has been described in Bioorganic and Medicinal Chem stry, vol 2, no.
11, pp 1267-1280, 1994 (P. Westerduin et al.). Preparation of 4

10

CARBOHYDRATE DERTVATES
ABSTRACT

The invention relates to carbohydrate derivatives having the formula I,

"03S0{CH,),CHRHOCH;),0

wherein R is H or CHz0805". R2 and R3 are independently H, (1-6C)alkyl or SO5~; R*
is O80O5- or NHSO5~, u is 0 or 1; p is 1 or 2; or a pharmaceutically acceptable salt
thereof. The compounds of the invention have anrithrombotic acrivity and may be used

for inhibiting smooth muscle cell proliferation.
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A mxture of 3 (125 ng) 2 (64 ng) and powdered nol ecul ar sieves (4A) in
~ di chl or ohret hane (1.5 mM) was stirred under a nitrogen atnosphere for 15
m d. The solution was cooled (5[err]C) and a freshly prepared sol ution
cont ai ni ng N-i odosuccini mde, (68 ng) and trifl uoronmet hanesul phoni c aci d
- (2.7pl') in 1.5 mM of 1,2-dichloroethane - dioxane (1/1, v/v) was
“introduced. After 10 mn the red reaction mxture was filtered, diluted
~with dichl oronethane, washed successively with agueous sodi umthiosul fate
and aqueous sodi um hydrogen carbonate. The organic |ayer was dried over
magnesi um sul fate and concentrated ¥2 vacuo. The residue was purified by
si ze excl usion chromat ography on a Sephadex LH 20 suspended in
di chl or onet hane- net hanol (2/1, v/v) to furnish 108 ng of 4. Preparation
of 5 To a cooled (-5[err]C) solution of 4 (105 ny) in tetrahydrofuran (7.3
m ) a 30% aqueous sol ution of. hydrogen peroxide (3.8 nml) was added and
after 10 m ir 'ng/zi litdyi um hydroxide solution (1.25 M 1.7 m) was
added. The re WAS StiTred for 2 h at -5[err]C, after which the
tenperature was raijsed to O[err]C. After 20 h stirring the tenperature was
raised to 20[err]Cland stirring was continued for 24 h. The reaction
m xture was cool ed¥(O[err]C), subsequently nethanol

Q/\A/\/"\(scm | A

C o+
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(7.9 m)t and aqueous sodi um hydr oxi de (4 M 2.0mnm) were added. After
stirging for I h the tenperature was raised again to 20[err]C and stirring
was continued for another 20 h.. The mi xture was cooled (O[err]C), acidified
to pH 3 with hydrochloric acid (2 N) and extracted with .

5

2/2

—
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. di chl ororret hane. The organic!| :a‘y@,abm@ﬁp
(5., . dri.ed over - nesi um fu,k/f-'a;t

prtR;EpIIt C\@ﬁrm{)r‘;jﬁﬂ 3d by silicgggl ] phy to give 80 ng of

5. _ﬁAbpa. atTomrgf 6 To a $o;‘{{u%}:,$ﬁ%é):§ig§ mr;i é m ture of water (7

my) hnd 2- ﬁh@é:] r opanol E’) “8 pal m"'c')'n charcoal (10 %

wap hddedd ty on m xgfure was _placed und a hydrogen at m)sphere for
: remu&fami&%&g_ﬁ%mmjm 2-met hy! -

pr opanol / wat er mxtutes. The f Iﬁg g re concentrated |n

vaiu-e—a-ﬁd—r-yﬂ-p-l-rrﬂ'—r'zed to give ds?sﬁn%m’ Gk Prepara on of 7 and 8 A

16jh]l_The (‘F—\f;-\l\l t
solution of 6 (38 ng) in water (0.8 m) was eluted with water over a Dowex

i 470r43-§ MWo*
geﬂusi sodiumsulfite

.....

trtgt el vacuo. The crude

-l\

| SOWKBH[ € I'lrpe invention relates to a carbohydrate derivative having antithrombotic activity, ‘a
pharmaceutical composition containing the same, as well as the use of said carbohydrate

derivative for the manufacture of a medicament.

Carbohydrate derivatives having aﬁtithrombotic activity are known, for example the sulfated
glycosaminoglycan derivatives disclosed in EP 84,999. Other sulfated glycosaminoglycan-related
carbohydrate . denvatwes are dxsclosed in EP 529,715, having unproved pharmacological
properties. These carbohydrate denvatnves are devond of the characteristic ﬁ.mcuonal groups of
glycosaminoglycans, bemg free hydroxyl groups, N—sult‘ate and N-acetyl groups.

' It has now been found that the carbohydrate derivatives of this invention having the formula I,

oR?
coo™
o 0
i OR? 0805
“03S0(CH,),CHR'(OCH,),0 OR? LY

wherein R! is H or CH;0S05"; R? and R? are independently H, (1-6C)alky! or SO3 - R*is 0SO;”
or NHSO;7; nis O or 1; pis 1 or 2; or a pharmaceutically acceptable salt thereof, have an anti-Xa
activity which is substantially higher than that of saccharides not having the glycerol-like or
glycol-like group at the 4-position of tﬁe non-reducing end.

Factor Xa plays an important role in the blood coagulation cascade. It catalyzes the formation of
thrombm which regulates the last step in the coagulation cascade. The pnme function of
thrombm is the cleavage of fibrinogen to generate fibrin monomers, which form an insoluble gel,

* afibrin clot, by cross-linking.

The compounds of ‘the present invention are useful for treating and preventing thrombin-
mediated and thrombin-associated diseases. This includes a number of thrombotic and
prothrombotic states in which the coagulation cascade is activated which inclide, but are not
limited to, deep vein thrombosis, pulmonary embolism, thrombophlebitis, arterial occlusion from

thrombosis or embolism, arteria! reocclusion during or after angioplasty or thrombolysis,



_ | colum and the pool ed fractions were evaporated to dryness. After
evaporation with NN- dinethylformam de the residue was di ssolved in

NN-di net hyl formami de (2.5 ml), placed under an nitrogen jamosphere and
triethylan %@L,gl“'q« e conpl ex (287 ng) was added. f“ﬁ{% éﬂtﬁdﬁ"g}’ RQEN
stirred o m@ﬁﬁ N (S%)é IC, cooled to O[err]C and an jaqueoBEPIIEDt i on ¢f
sodi um hyqgrdgen carbonate (333 ng) was added. The m xture was stirred for 1
h at 20[erlrJiC, 1cppgenpgatgd {to a small volunme and desalted on a Sephadex

G 25 colu suspended i n yatjer: acetonitrile 9:1 (v/v). The crude product
was el ute T DoWeX 50VWK8Na col utm and purified by ani on exchange col um
chromat ogriaphy (HPLC, Mdno-® 5/5, sodiumchloride gradient) to give 12 ny
of 7. ([[err]][err] =+ 31 1 (c=l; water)) and 18 ng of 8 {[a][err]D 34.8

(c=0.93; \Ala;[es?tr rws:s followmg anena']:' 1r12)ur§)/r<§'qg\5agi5el ganxgl]:)glc?npoceduresl?)ostoperatwe venous

thrombosis or embolism, acute or chronic atherosclerosis, stroke, myocardial infarction, cancer
and metastasis, and neurodegenerative diseases. The carbohydrate derivatives of the invention
may also be used ‘as inhibitors of smooth muscle cell proliferation and for the treatment of
angiogenesis, cancer and retrovirus infections, like HIV. '
Further, the compounds of the invention may be used as antxcoagulants and antxcoagulant
coatings in extmcorporeal blood circuits, as necessary in d:alysus and. surgety

The compounds of the invention may also be used as in vitro or ex vivo anttcoagulants

Preferred corbohydrate derivativos according to the invention have .the-formula I, wherein R? is
(1-6C)alkyl, R® is SOy, R* is OSOs’, and R, n and p are as previously defined; or a pharmé—
ceutically acceptable salt thereof. .

More preferred carbohydrate derivatives have formula I wherein R! is methyl. Particularly
preferred carbohydrate derivatives have formula I, wherein n is 1 and p is 1. Most preferred are

carbohydrate derivatives of formula I, wherein R! is CH,O0SO;"

The term (1-6C)alkyl means a branched or unbranched alkyl group having 1 to 6 carbon atoms,
such as methyl ethyl, isopropyl, t-butyl 1sopentyl hexyl, and the like. Preferred alkyl groups are
(1-4C)alkyl groups, such as methyl ethyl, Gso)propyl n-butyl and t-butyl. The most preferred
alkyl group is methyl.

The counter-ions which compensate the charged moieties are pharmaceutically acceptable
counter-ions, like hydrogen, or more preferably dlkali or earth-alkali metal ions, like sodium,

calcium, or magnesium.

The carbohydrate derivatives according to this invention may be prepared by coupling of a
protected glycerol-like or glycol-like moiety to the 4-hydroxy group of the non-reducing end of
a further protected tetrasaccharide, which may be produced according to the method described
by Westerduin P., Bioorg. and Med. Chem., 2, 1267-1280, 1994. Hereafter, the protecting
/
heet Has Been R laccd

T



IrDrepa‘ration of 10 A solution of benzoyl chloride (26,3 m) in dry dioxane
(26 M) was added dropwi se during 1 h to a cool ed (- 20[err]C) m xt ure of

gl ycerol (10 g) and pyridine (109 m). The re 1 ...Mu.b v“aas stirred
for 16 h at O[err]C, after which water was ad mA&ﬁ-iME flistirring the

m xt ure was

12 JuL 1997

groups are removed, followed by sulfation of the compound, resulting in a carbohydrate

derivative of formula 1.

For the treatment of venous thrombosis or for the inhibition of smooth muscle cell proliferation
the compounds of the invention may be administered enterally or parenterally, and for humans
preferably ina dally dosage of 0, 001-10 mg per kg body weight. Mixed with pharmaceutically
_ suitable auxihanes, e.g. as deecn’bed ln ‘the standard reference, Gennaro et al., Remmgtons
Pharmaceut:cal Sctences, (18th ed Mack Pubhshmg Company, 1990, see especially Part 8:
_ Phannaceut:cal Preparatlons and Theu' Manufacture), the compounds, when orally, buccally or
subhngually actwe, may’ be compressed into solid dosage units, such as pills, tablets, or be
processed into capsules or -suppos:toncs. By means of pharmaceutically suitable liquids the
compounds can also be'ao'plied as an injection preparation in the form of a solution, suspension,
emulsion, or as a spray, e.g. a nasal spray.
For uflaking dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants,
polymeric binders and the like is contemplated. In general any pharmaceutically acceptable
additive which does not interfere with the function of the active compounds can be used.
Suitable carriers with which the compositions can be administ.ered include lactose, starch,

cellulose derivatives and the like, or mixtures thereof, used in suitable amounts.

The invention is further illustrated by the following examples.

(In the examples reference is made to flow sheets 1 and 2. The intermediates and end-products

are indicated by reference to the corresponding number on the flow sheets)

.. EXAMPLE 1

Preparation of compound 7 and 8

Preparation of 2
To a cooled (0°C) solution of 2-benzyloxyethanol 1 (2.84 ml) and chloromethyl methyl sulfide
(1.59 ml) in ethylene glycol dimethyl ether (25 ml) was added sodium hydride, 60% dispersion in



& «concentrated to one fifth of its volume, diluted wth dichloronethane
and Washed_vm.th mtﬂawﬂ' fedus sodi um hydrogen carbonate and water. The

N ) _:;g;ﬂgﬂa nmagnesi um sul phate and concentrated in vacuo.
21 g of 10%

it ifed by silica gel columm chromatography to give
; Prep f{ 11 Methyl sulfide (1.45 m) was added to a

solution o 0 goﬁi‘mﬁﬁ

The reacti qnim xtur

I nlatetonitrile:dichloronethane (1:1, v/v, 8 nl).
olled to O[err]C and a m xture of dry

benzoyl per axi : i niacetonitrile:dichloronethane (1:1, v/v 10 m)

was added | er stirring for 16 h at 20[err]C the mxture was

~diluted with-dichl ororret hane-and washed wi th aqueous sodi um

mineral oil (1.2 g) under nitrogen atmosphere and the mixture was stirred for 20 h at room
temperature. Methanol was added to the reaction mixture and stirring was continued for 15 min.
The mixture was diluted with ethyl acetate (100 r_nl)., subsequently washed with aqueous sodium
hydrogen carbonate and water and the organic layer was dried over magnesium sulfate and
concentrated in vacuo. The crude product was purified by silica gel column chromatography to
give 2.5 g of 2. |

Preparation of 3
The synthesis of 3 has been descn’bed in Bloorgamc and Medicinal Chermstry, vol 2, no. 11, pp
1267-1280, 1994 (P. Westerdum et al).

Preparation of 4

A mixture of 3 (125 mg), 2 (64 mg)- and powdered molecular sieves (4A) in dichloromethane
(il.S ml) was stirred under a nitrogen atmosphere for 15 min. The solution was cooled (5°C) and
a freshly prepared solution containing N-iodosuccinimide (68 mg) and triﬂuoromethanésulphonic
acid (2.7ul) in 1.5 ml of 1,2-dichloroethane - dioxane (1/1, v/v) was introduced. After 10 min the
red reaction mixture was filtered, diluted with dichloromethane, washed successively with
aqueous sodium thiosulfate and aqueous sodium hydrogen carbonate. The organic layer was
dried over magnesium sulfate and concentrated in vacwo. The residue was purified by size
exclusion chromatography on a Sephadex LH-20 suspended in dichloromethane-methanol (2/1,
v/v) to furnish 108 mg of 4. - a

Preparation of § _
To-a cooled (-5°C) solution of 4 (105 mg) in tetrahydrofuran (7.3 ml) a 30% aqueous solution of
hydrogen peroxide (3.8' ml) was added and afier 10 min-stirring a lithium hydroxide solution
- (125 M, 1.7 ml) was. added. The mixture was stirred for 2 h at -5°C, after which the
temperature was raised to 0°C. After 20 h stiming the temperature was raised to 20°C and
stirring was continued for 24 h. The reaction mixture was cooled (0°C), subsequently methanol
(7.0 ml) and aqueous sodium hydroxide (4 M, 2.0 ml) were added. After stirring for 1 h the
temperature was raised again to 20°C and stimming was continued for another 20 h. The mixture

was cooled (0°C), acidified to pH 3 with kvdrochlonic acid (2 N) and extracted with



'ﬁydrogen carbonate and water. The organic |ayer was dried over,

sul fate and concentrated in vacuo. After purification

chromat ography 400 ng of 11 was i sol ated. Preparatlo;iﬁ‘
was prepared anal ogously to the procedures described by
al . Bioorganic and Medicinal Chem stry 1994, vol 2, no

During the reaction steps to afford 12 the uronic acid
benzyl groups instead of nethyl groups. Preparati.on

prepared in a manner simlar as described gor conpound

nagne5|um

D, Wésterdw n

11,1 BRSULL 2997- 1

13 Conmpound 1

hy rnupling

. conpound 11 to conpound 12.

dichloromethane.The organic layer was washed with aqueous sodium sulfite (5%), dried over

magnesium sulfate and concentrated in vacuo. The crude product was purified by silica gel

column chromatography to give 80 mg of 5.

Preparation of 6

To a solution of 6 (80 mg) i in a mixture of water (7. ml) and 2-methyl-2-propanol (7 ml) 80 mg of
palladium on charcoal (10 %) ‘was added. The reaction mixture was p!aeed under a hydrogen
atmosphere for 16 h “The catelyst was removed by ﬁltratron and nnsed vnth 2-methyl 2-
propanol/water mlxtures The ﬂltrate and washmgs were. concentrated in vacuo and Iyophlllzed

to give 38 mg of 6.

Preparation of 7and 8
A solution of 6 (38 mg) in water (0.8 ml) was eluted w:th water over a Dowex SOWXSH'

column and the pooled fractions were evaporated to dryness After evaporation with N,N-
dimethylformamide the residue was dlssolved in N,N-dimethylformamide (2.5 ml), placed under
an nitrogen atmosphere and triethylamine sulfurtrioxide complex (287 mg) was added. The
mixture was stirred overnight at 50°C, cooled to 0°C and an aqueous solution of sodium
hydrogen carbonate (533 rng) was added. The mixture was stirred for 1 h at 20°C, concentrated
to a small volume and desalted on a Sephadex G-25 column suspended in water:acetonitrile 9:1
(v/v). The crude product was eluted on a Dowex 50WX8Na® column and purified by anion
exchange column chromatography (HPLC, Mono-Q 5/5, sodium chloride gradient) to give 12
mg of 7.{[a]®p =+ 31.1 (&:=1; water)} and 18 mg of 8 {[a]”’p = 34.8 (c=0.93; water)}.

 EXAMPLE 2
Preparation of compound 16

Preparation of 10
A solution of benzoyl chloride (26,3 ml) in dry dioxane (26 ml) was added dropwise during 1 h
to a cooled (-20°C) mixture of glycerol (10 g) and pyridine (109 ml). The resulting mixture was

stirred for 16 h at 0°C, after which water was added. After 15 min stirring the mixture was



‘|5repar ation of 14 A suspension of sodi um hydrogencarbonate (142 ng) in

water (2 ml) and Pd/C (400 ng) were added to a solution of 13 (480 ng) in
2-met hyl - 2-propanol (60 m). The m xture was pl acggr—as-at.onsphere of
hydrogen for 16 h. The catal yst was renoved by fi [f#¥s @ grmsfied wit h
2- nmet hyl - 2- propanol /water m xtures. The conbi ned]f; | Nngs
were concentrated in vacuo to give 315 ng of 14, ] tthout

further purification.

concentrated to one fifth of its volume, diluted with dichloromethane and washed with water,
aqueous sodium hydrogen carbonate and water. The organic layer was dried over magnesium
sulphate and concentrated in vacuo. The resulting oil was purified by silica gel column

chromatography to give 21 g of 10.

l’reparatlon of ll '

Methyl sulﬁde (l 45 ml) was added toa solution of 10 (600 mg) in acetonitrile: dtchloromethane -
(l 1, V/V' 8 ml) ThereacttonnuxturewascooledtomCandamu(mre ofdrybenzoylpero:nde
(3.63 g) in acetonitril'e 'dichlorometbane (l 1, viv; 10 mi) was added dropwise. After stirring for
16 h at 20 °C the mixture was diluted with dichloromethane and washed with aqueous sodium
hydrogen carbonate and water. The organic layer was dried over magnesium sulfate and
-concentrated in vacuo. After purification by silica gel column chromatography 400 mg of 11 was
isolated.

Preparation of 12

Compound 12 was prepared analogously to the procédures described by P. Westerduin et al.
Bioorganic and Medicinal Chemistry 1994, vol 2, no. 11, pp. 1267-1280.

During the reaction steps to afford 12 the uronic acids were protected by benzyl groups instead

of methyl groups.

Preparation of 13

Compound 13 was prepared in a manner similar as described for compound 4 by coupling

compound 11 to compound 12.

" Preparation of 14

A suspension of sodium hydrogencarbonate (142 mg) in water (2 ml) and Pd/C (400 mg) were
added to a solution of 13 (480 mg) in 2-methyl-2-propanol (60 ml). The mixture was placed in
an atmosphere of hydro'gen for 16 h. The catalyst was removed by filtration and washed with 2-
methyl-2-propanol/water mixtures. The combined filtrate and washings were concentrated in

vacuo to give 315 mg of 14, which was used without further purification.



7

*7 *Preparation of 15 Conpound 14 (315 ng) was dissolved in 0.35 N aqueous
sodi um hydroxide (10 ml). The reaction m xture was stirred overni ght after
whi ch the pH was adjusted to 8.5 with 1 N hydrochl oride acid. The mi xture
was desalted on a Sephadex G 25 colum suspended in a m xture of

wat er:acetonitril:triethylamne 90:10:0.1 (v/v/v). -The appropriate

facti ons were pool ed and concentrated in vacuo. The product was again

subj ected to hydrogenolysis in a simlar manner as described for conpound
14. After work up and concentration of the filtrate and washings, the

m xture was desalted on Sephadex G 25 col urfn suspended in a m xture of

wat er: acetonitril:triethylamnie 90:10:0.1 (vlv/v). The appropriate
fracti ons were pool ed, concentrated in vacuo, eluted on a Dowex 50wx8Na

colum wi th Wﬁ%ﬁ&mﬁggo}igally | yophilised to give 165 ng of 15.
Compound 14 (315 mg) was dissolved in 0.35 N aqueous sodium hydroxide (10 ml). The
reaction mixture was stirred overnight after which the pH was adjusted to 8.5 with 1 N
hydrochloride acid. The mixture was desalted on a Sephadex G-25 column suspended in a
mixture of water:acetonitril:triethylamine 90:10:0.1 (v/v/). The appropriate fractions were
pooled and concentrated in vacuo. The product was again subjected to hydrogenolysis in a
similar manner as. described for compound 14. After work up and ooncentmuon of the filtrate
and washmgs, the mlxture was dwalted on Sephadex G-25 column-suspended in a mixture of
wateracetomtlﬂ,methyianun___ 90:10:0.1 (viviv). The appropriate fractions were pooled,
concentrated.in vacuo, eluted on a Dowex SOWX8Na" column with water and finally lyophxhsed

to give 165 mg of 15.

Preparation of 16

iA solution of 15 (165 mg) was evaporated with N,N-dimethylformamidz and dissolved in N,N-
dimethylformamide (.l 1.0 mi). Triethylamine sulfurtrioxide complex (1.31 g) was added to the
reaction mixture. After stirring for 16 h at 50°C, the mixture was cooled (0°C) aqueous sodium
hydrogen carbonate (2.43 g) was added and stirring was continued for 1 h at 20°C after which
the solution was concentrated in vacuo. The residue was desalted on a Sephadex G-25 column
suspended in water-acetonitrile 9:1 (v/v) and the hppropﬁate fractions were pooled and
concentrated in vacuo. After elution on a Dowex SOWX8Na" column the product was purified
on a Q-Sepharose High Load column using a sodium chloride gradlent to give 160 mg of 16.
{[«}p = +24.0 (c=0.77, HZO)}.

e+ P o
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I5r'epa:ation of 16 A solution of 15 (165 ng) was evapor at ed with
NN- di met hyl f or mam de and di ssol ved in NN- di met hyl for mam de (11.0 nl).

Triethylamne sulfirtrioxide conplex (1.31 g) was addeW

m xture. After stirring for 16 h at 50[err]C, the m xtur ooled .
(O[err]C) aqueous sodi um hydrogen carbonate (2.43 g) wagik g“ﬂﬁﬂﬂ””,m
was continued for 1 h at 20[err]C after which the solutii

in vacua. The residue was desalted on a Sephadex G 25 col um suspended*in
wat er-acetonitrile 9:1 (v/v) and the appropriate fractions were pool ed and
concentrated in vacuo. After elution on a Dofwex 50WK8Na+ col utm the product
was purified on a Q Sepharose Hi gh Load col um using a sodium chloride

- gradient, to give 160 ng of 16. ((a]J[err]D +24.0 (c=0.77, H20)}.

CLAIMS

1. A carbohydrate derivative having the formula I

0sSO(CHA,CHRIOCHA,O b oo L

wherein

R'is H or CH,0S05’;

R? and R® are independently H, ( l-GC)alkyl or SOs%
! is 0SO;" or NHSO5’;

nisOorl;

pislor2; i

or a pharmaceutically acceptable salt thereof.

2. The carbohydrate derivative of claim 1 wherein is R? is (1-6C)alkyl, R® is SO;, R* is 0SO5,,

and R!, n and p are as previously defined.

3. The carbohydrate derivative of claim 2, wherein R? is methyl.

»H

. The carbohydrate derivative of claim 2 or 3, wherein nis 1 and p is 1.

h

. '!‘he carbohydrate derivative of any one of claims 2 - 4, wherein R! is CH;OSO;'.

[))

- A pharmaceutical composition comprising the carbohydrate derivative of any one of claims

1-5 and pharmaceutically suitable auxiliaries.

~J

. The carbohydrate derivative of any one of claims 1 - 5 for use in therapy.

REané?l AENT SHEET
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. CLAI M5 ' 1. A carbohydrate derivative having
the formula I ’

\

gy

8. Use of the carbohydrate derivative of any one of claims 1 - 5 for the manufacture of a
medicament for treating or preventing thrombosis or inhibiting smooth muscle cell

proliferation.

RE‘P LACEMENT SH@T
| 1200 w97




R is Hor CH20SO - Jerr] Rlerr]
and Rl err] are independently H (1-6C)alkyl or SJerr];

Rlerr] is OSOJerr] or NHSO err]; nis Oor 1;
pis 1 or 2; or a pharmaceutically acceptable salt thereof
10
CARBOHYDRATE DERIVATES
ABSTRACT

The invention relates to carbohydrate derivatives having the formula I,

"03S0(CH,),CHRY(OCH,),,0

wherein R! is H or CH;0S03", R2 and R3 are independently H, (1-6C)alkyl or SO5, R*
is 0SO5 or NHSO5~, nis 0 or 1; p is 1 or 2; or a pharmaceutically acceptable salt
thereof. The compounds of the invention have antithrombotic activity and may be used

for inhibiting smooth muscle cell proliferation.

Figs. 1 and 2
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2. The car bohydrate derivative of cIa|n11 mhereln Is Rlerr] is (1-60C) al kyl,

Rlerr] is SOerr], Rerr] is GJerr], and Rlerr], nand p
are as previously defined. 3. The car bohydrat e derivative of
claim2, wherein Rerr] is nethyl. 4. The carbohydrate
derivative of claim2 or 3, wherein nis 1 and p is 1. 5. The
carbohydrate derivative of any one of clainms 2 - 4, wh o

CH20s( err] . 6. A pharnmaceuwpi cal conposi

car bohydrate derivative of any one of clains
pharmaceutically suitable auxiliaries.

COO
/\/0\/0
O 1 OCHj3 OBn - OCH,3 s OBn
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7ﬁ Thé carbohydrate derivative of any one of claims | - 5 for use in

- ther apy. 1 2 JUL 1997
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9 8. Use of the carbohydrate derivative of any one of clains | S%fg? ffﬁ

manuf acture of a medi cament for treating or preventing thronbosis or

i nhi bi i ng smooth nuscl e cell prollferaélon
restenosis following arterial injury or invasive cardiological procedures postoperative
venous thrombosis or embolism, acute or chronic atherosclerosis, stroke, myocardial
infarction, cancer and metastasis, and neurodegenerative diseases. The carbohydrate

- ~ derivatives of the invention may also be used as inhibitors of smooth muscle cell

proliferation and for the treatment of angiogenesis, cancer and retrovirus infections, like
HIV. ' _

Further, the compounds of the invention may be used as anticoagulants and
anticoagulant coatings in extracorporeal blood circuits, as necessary in dialysis and
surgery.

The compounds of the invention may also be used as in vitro or ex vivo
fanticoagulan_ts.

Preferred carbohydrate derivatives according to the invention have the formula I,

_ . wherein R2 is (1-6C)alkyl, R3 is SO;™> R4 is OSO37, and R, n and p are as previously
U : defined; or a pharmaceutically acceptable salt thereof.
| More preferred carbohydrate derivatives have formula I wherein R2 is methyl.
Particularly preferred carbohydrate derivatives have formula I, wherein n is 1 and p is 1.
' Most preferred are carbohydrate derivatives of formula I, wherein R is CH,0S05".

The term (1-6C)alkyl means a branched or unbranched alkyl group having 1 to 6
carbon atoms, such as methyl, ethyl, isopropyl, t-butyl, isopentyl, hexyl, and the like.
Preferred alkyl groups are (1-4C)alkyl groups, such as methyl, ethyl (iso)propyl, n-butyl

~ and t-butyl. The most preferred alkyl group is methyl.

The counter-ions which compensate the charged moieties are pharmaceutically

__ acceptable counter-ions, like hydrogen, or more preferably alkali or earth-alkali metal
| ions, like sodium, calcium, or magnesium.
ig The carbohydrate derivatives according to this invention may be prepared by
: coupling of a protected glycerol-like or glycol-like moiety to the 4-hydroxy group of the
— non-reducing end of a further protected tetrasaccharide, which may be produced according
to the method described by Westerduin P., Bioorg. and Med. Chem., 2, 1267-1280,
1994. Hereafter, the protecting
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