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(I)

{57) Abstract

Described are peptides of formula (I), in which R!, R2, R3, R4, R3, X! and X2 are as defined in the description, as well
| as their preparation. The new peptides are suitable for use in the treatment of ilinesses.

L (57) Zusammenf{assung

Es werden Peptide der Formel (I), worin R, R2, R3, R4, R>, X! und X2 die in der Beschreibung angegebene Bedeutung
besitzen, sowie deren Herstellung beschrieben. Die neuen Peptide eignen sich zur Bekdmpfung von Krankheiten.
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Novei peptides, their preparation and use

The present invention relates to novel peptides,
to their preparation and to their use in controlling

diseases. |
Various compounds have been 1isolated from

tunicates of the species Trididemnum solidum and

Trididemnum cyanophorum, and their structure has been
elucidated (US 4 493 796, US 4 548 814, US 4 782 135,
EP 48 149, EP 393 883) and they have been found to have

antiviral and antineoplastic effects.
It has now been found that peptides of the for-

mula 1: R2 OH O

where
X! is oxygen or NH,

X? is oxygen or NH,
R® is an amino-protective group, a linear, branched or

alicyclic saturated or unsaturated aliphatic,

aliphatic-aromatic or aromatic acyl radical which
has 1-30 carbons and can be substituted by fluorine,
nitro, oxo, hydroxyl, C,-C,~alkoxy or unprotected or

protected amino,
R’ is hydrogen, methyl or ethyl,
R* is hydrogen or methyl,
R* is hydrogen or methyl,
R’ is hydrogen or C,-C,~alkyl and
R®* is hydrogen or methyl,
except the compounds in which X! and X° are both oxygen,
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R3 and R% are both methyl, R° is isopropyl and Ry is
protected or free N-Me-D-Leu, and the salts thereof with

physioclogically tolerated acids, are easier to prepare and

have an 1lmproved effect.
The invention as claimed hereinafter 1S however

restricted to the peptides of formula I wherein X+ is NH,
X2 is NH and R® is methyl, and to their uses.

The N,O~-dimethyltyrosyl radical can have the R

or S confiquration i1n the molecule.
Preferred compounds of the formula I are those

where
X1 is NH,

X? is NH,

R! jis aliphatic C;-Cj,-acyl, a wurethane amino-
protective group, a benzoyl radical which 1s
unsubstituted or substituted by Cl or OH, a
D~-aminoacyl group which is free or N-terminally

protected, or a sarcosyl radical,

R? is CH, or C,H,,
R* is hydrogen or methyl,
R* is CH, and
RS is CH,-CH(CH,), and CH(CH,),.
Particularly suitable physiologically tolerated

acids are: hydrochloric acid, citric acid, tartaric acid,

lactic acid, phosphoric acid, methanesulfonic acid,

acetic acid,
malic acid, succinic acid, malonic acid,

L-glutamic acid, L-aspartic acid, pyruvic acid, mucic
acid, benzoic acid, glucuronic acid, oxalic acid,

ascorbic acid and acetylglycine.
The novel compounds can be prepared Dby

formic acid, maleic acid, fumaric acid,
sulfuric acid,

conventional methods.
Thus, the compounds can be assembled

sequentially from amino acid derivatives or by linkage of
suitable small fragments. In the sequential assemblage,

- ¥ .
SN . H Py > - e == . =
L] ST H MR L ] | R LI SNV NS S TR PP PN . . WY - ezl e ""u"iimhwmrﬂlw 1S3 b ] e s S ME E eI euanne o e w .
- -~ - - -



CA 02111083 2002-08-22

2a

the peptide chain or peptolide chain is extended stepwise
by one amino acid derivative each time. With fragment

coupling it is possible to link together fragments of
different length, it being possible in turn to obtain the
fragments by sequential assemblage from amino acid
derivatives or by fragment coupling. The cyclic compounds
are obtained by a cyclization reaction after synthesis of

the open-chain peptides or peptolides.
Both in sequential assemblage and in fragment
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coupling it is necessary to link the building blocks by

forming an amide linkage or an ester linkage. Enzymatic
and chemical methods are suitable for this.

Chemical methods for forming amide linkages are

5 dealt with in detail by Miiller, Methoden der Organischen

Chemie Vol. XV/2, pp. 1 - 364, Thieme Verlag, Stuttgart,

1974: Stewart, Young, Solid Phase Peptide Synthesis, pp.

31 - 34, 71 - 82, Pierce Chemical Company, Rockford,

1984: Bodanszky, Klausner, Ondetti, Peptide Synthesis,

10 pp. 85 - 128, John Wiley & Sons, New York, 1976, and

other standard works of peptide chemistry. The azide
method, the symmetric and mixed anhydride method, active
esters generated  in situ ox preformed (eg.
‘cyanothiopyridylesters) and the formation of amide
15 linkages using coupling reagents (activators), especially
~ dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide
- (DIC), 1-ethoxycarbonyl -2-ethoxy~1,2-dihydroquinoline
. (EEDQ) ’ l]-ethyl=-3- (3-d1methylam1nopropyl)carbod::.:n.mlde
. hydrochlom_de -~ (EDCI), n-propanephosphonic anhydride
20 (PPA) ,  bis(2-o'xo-'3-oxazolidinyl)phosphinic chloride
- (BOP=Cl), d:.phenylphosphoryl azide (DPPA), Castro’s
-reagent (BOP),. O-benzotrirazolyl-
.~ N,N,N7, N’ﬂtetramethyluronlum salts (HBTU), 2,5-diphenyl-
2, 3-d1hydro~3-ox0m4-hydroxythlophene dioxide (Steglichs ,
' 25 Reagenz; HOTDO) and 1, 1'-carbonyld11mdazole (CDI) are
partm.cularly preﬁerred. The coupl:s.ng reagents can be used
alone or in. comblnatz.on with additives such as
_4-d.1methylam1n<>pyrid1ne (DMAP), Nnhydroxybenzotrlazole
_ -(HOBt), N~hydroxybenzotr1azlne (HOOBtL) ,
30 N-»hydroxysucc:.nma.de (HOSu) or 2-hydroxypyridine.
R T | Chemcal methods for the formation of ester
linkages are dealt wz,th in detail by Miller, Methoden der
. Organlschen Chemie Vol. E5, pp. 656-773,; Thieme Verlag
 Stuttgart, 1985. The reaction of carboxylic acid and
35 alcochol  with dlcyclohexylcarbodllmde (DCC)  and
4-d1.methylam3.nopyr1d1ne (DMAP) 1is particularly preferred.
Whereas it is normally possible to dispense with
protectlve groups in enzymatlc peptide synthesis,
reversible protectlon of the reactive functional groups
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not involved in the formation of the amide or ester
linkage on both reactants is necessary for chemical
synthesis. Three protective group techniques known for

amines from the literature are preferred for the chemical

peptide syntheses: the benzyloxycarbonyl (%), the
t-butyloxycarbonyl (BOC) and the

9-fluoroenylmethyloxycarbonyl (Fmoc) protective group

techniques. Particularly suitable protective groups for

OH groups are t-butyl, benzyl, 2-chloroacetyl and
t-butyldimethylsilyl.

The side-chain protective groups on the
trifunctional amino acid derivatives or peptide or
peptolide bulldlng blocks are chosen so that they are not
necessarily eliminated together. A detailed review of
amino acid protective groups is given by Miiller, Methoden
der Organischen Chema.e, vol. XV/1, pp. 20-906, Thieme

Verlag, Stuttgart, 1974.

The novel compounds have very good antiviral and
antineoplast:n.c effects and can therefore be used to treat
neoplastic disorders and autoiﬁmune diseases as well as
for the control and prophylaxis of infections and

. transplant rejectlons. -

The effect of the novel compounds is very

selectlveo ,
The compounds according to the invention can be

conventional way.

The dosage depends on the age, condition and

'wez.,ght of the pat:.ent and on the mode of administration.

The daily dose of active substance is normally about
10-1000 mg/kg of body weight on oral admlm.stratlon and
about 0.1-35 mg/m?* of body surface area on parenteral
adminiStration; ”

. ‘ The novel compounds can be used in the
conventional solid or liquid pharmaceutical forms, eg. as
uncoated or (film~)coated tablets, capsules, powders,
granules, suppositories or sclutions. These are prepared
in a conventional way. The active substances can for this
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purpose be processed with the conventional pharmaceutical
aids such as tablet binders, fillers, preservatives,
tablet disintegrants, flow regulators, plasticizers,
wetting agents, dispersants, emulsifiers, solvents,
retardants, antioxidants and/or propellant gases (cf. H.
Sucker et al.: Pharmazeutische Technologie, Thieme
Verlag, Stuttgart, 1978). The administration forms
obtained in this way normally contain from 1 to 90% by
weight of the active substance.

The following examples illustrate the invention:
Example 1
Preparation of the compound I (R! = benzyloxycarbonyl,
R? = C,H,, R® = CH,, R' = CH,, R’ = CH,-CH(CH,),, X' = 0,
X2 = 0, S configuration)
L-2-Monochloroacetoxyisovaleryl chloride (1)

11.8 g (0.1 mol) of L-2~hydroxyisovaleric acid
in 50 ml of CH,Cl, were cooled to 0°C, then 11.3 g

(0.1 mol) of chloroacetyl chloride in 50 ml of CH,Cl, and

then 8 ml (‘7 9 g, 0.1 mol) of pyridine were added. The
mixture was left to stand at RT for at least 20 h. After
dx.lut::.on with EA, it was washed with 1N KHSO, and water,

 dried (MgSO4) and concentrated under reduced pressure.

19.8 g (0.1 mol) of yellowish 0il were obtained and were

'sufflclently pure for further reactions.

The chloroacetyl protected 2-hydroxyisovaleric

acid (1 eq) obtained in this way was mixed with 2 eg of
' th:.cmyl chloride and heated at 50°C for 3 h until gas

evolutlon aeased. Excess reagent was removed under
reduced pressure. ‘The acid chloride (1) was distilled.
vield 79%, boiling point 103°C/10 Torr, ([a]?® = -9.4°
(c = 2.7, CH)XCL,).
(2RS,4$)~2-Monochloroacetoxylsovalerylproplonlc acid (2)
56 mmol (11.9 g) of (1) were disslved in 80 ml

‘of PE and added dropw:.se to a methylmalonate enolate

solutlon at -60°C, which was prepared from 49.3 ml of

bis(trimethylsilyl) methylmalonate in 220 ml of THF and
120 ml of 1.6N BuLi (with the indicator
benzylidenebenzylamine) at -60°C beforehand. The mixture

was allowed to reach RT overnight, was hydrolyzed with

q
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100 ml of 2N KHSO‘4 until the mixture was acidic, and was
extracted 4 times with ether, and all the organic phases
were dried (MgSO,) and concentrated under reduced
pressure. The remaining syrup was taken up in 100 ml of
toluene, stirred for 2 h and filtered to remove insoluble
methylmalonic acid, which was washed with 50 ml of
toluene. The toluene extract was thoroughly extracted
with saturated NaHCO, solution 3 times (100, 50, 50 ml);
the combined aqueous phases were washed once with 50 ml
of toluene, 80 ml of CHCl, were added, and the mixture
was cautiously (foaming) acidified with solid KHSO,. The
aqueous phase was extracted twice more with 80 ml of
CHCl, each time, and the organic phase was dried (MgSO,)
and concentrated under reduced pressure to yield an
odorless colorless oil.
Yield: 11.2 g (44.8 mmol, 80%).

The B-keto acid is about 85-90% pure and was
immediately processed further. Even in the cold, storage
is not possible indefinitely.

g NMR (80 MHz, CDCl,): & = 9.3 (s, 1H), 5.35 (d, J = 4Hz,

0.6H), 5.25 (d, J = 4Hz, 0.4H), 4.2 (s, 2H), 3.5-4.0 (m,
1H), 2.0-2.5 (m, 1H), 1.4 (d, J = 6Hz, 3H), 1.35 (d,
= 7Hz, 3H), 1.0 (m, 6H).

(2RS,48)-2-Monochloroacetoxyisovalerylpropionyl-L-leucine ,
.trlchloroethyl ester (3)

- 12.8 g (51 1 mmol) of (2) and 12.7 g {(51.1 mmol)
of L«-ieucine ‘tm.chloroethyl ester were dissolved 1n
100 ml of CHZCL‘,, cooled to 0°C, and 10.5 g (51.1 mmol) of
sol;r.d DCC were a.dded. After 2 h at 0°C, the urea was
filtered off, the filtrate was evaporated, and the

residue was chromatographed with PE/EA 7/3. 14.0 g
(28.3 mmol, 56%) of pure product, which solidified after

2 days, were obtained. It was possible to recrystallize
a sample from diethyl ether/PE very slowly. Melting point
71-95°C (mixture of dxastexeomers)
(2RSS, 48)~Hydroxylsovalerylproplonyl L-leucine
trichloroethyl ester (4)

7.00 g (14.1 mmol) of (3) were dissolved 1n
70 ml of dioxane and, successively, 2.14 ml (15 mmol) of
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triethylamine and 2.22 g (15 mmol) of
pentamethylenethiourea were added, and the mixture was
heated at 70°C for 3 h. It was then concentrated under
reduced pressure, taken up in EA and worked up as usual.
The remaining pale yellow oil was filtered through a
short silica gel column with PE/EA 7/3, and the resulting
mass of crystals was dissolved in 65 ml of ether, 190 ml
of PE were added, and the mixture was left to stand in an
open flask. Very slow fractional crystallization resulted
in colorless needles of melting point 101-103°C. Yield:
4.6 g (11 mmol, 78%).,
BOC-(3S,4R,58)~Isostatine (TBDMS)-OH (5)
a) 7.0 g (25.3 mmol) of BOC~-(3S,4R,58)~isostatine~OH
(Synthesis (1989), No. 11, 832-835) were dissolved
in 80 ml of DMF. The solution was cooled and 1l.1 g
(163 mmol) of imidazole and 10.6 g (70.3 mmol) of
 TBDMS-~Cl were added. The mixture was left at RT for
30 min. After addition of 1.2 1 of EA, the reaction
' mixture' was quic:kly washed with 1N KHSO, (200 ml)
and four times with water (4 x 150 ml), dried over
MgSO, and ev&pdrated to dryness.
Yield: 12.2 g (25.3 mmol) of oil

[a]2® = +7.7° (c = 3.7, CHCl).

v

4

dissolved in 200 ml of dioxane, and 1N NaOH (26 ml)
was added dropwise until the pH of the solution
remain'ed‘- -'a-lkaline”. Dioxane was evaporated off,
200 ml of,uEA;-wére added to -the.residue , and 30 ml of
1N HC1 we'r.é :._added to the vigorously stirred mixture
at 0°C...'T.he§ | aqueous phase was extracted with EA

. (2 x 100 ml), and the combined organic phases were

dried over MgSO, and evaporated to dryness.

Yieldz 9.9 g (25.3 mmol) of oil

[@)2° = +1.74° (c = 2.64, CHCL,)
N—-tert-Butyloxycarbonyl-O-tert-butyldimethylsilylw
(3S, 4R,5S) -isostatyl-(2RS,4S) -hydroxyisovalerylpropionyl-
L-leucine trichloroethyl ester (6) '

580 mg (1.49 mmol) of (5), 630 mg (1.50 mmol) of

(4) and 20 mg of DMAP were dissolved in 3 ml of CH;CI2
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and, at -30°C, 310 mg (1.49 mmol) of DCC in 2 ml of CH,C],
were added. The mixture was allowed to warm slowly to RT
overnight and was diluted with diethyl ether and filtered
to remove urea. The organic solution was washed quickly
as usual and the remaining oil was filtered through a
short silica gel column with PE/EA 8/2.

Yield: 1.11 g (1.40 mmol, 94%) of colorless oil, R,
(PE/EA 8/2) = 0.6 (two spots).

C,sH¢,N,0,C1,51 (790.33)

Calc. C 53.19 H 8.03 N 3.54 Cl1 13.46

Found C 53.31 H 8.11 N 3.54 Cl1 13.23
(38,4R,58)~Isostatyl~(2RS,4S)-hydroxyisovalerylpropionyl-
L-leucine tricthroethyl ester hydrochloride (7)

2.0 g (2.53 mmol) of (6) were dissolved in 10 ml
of acetonitrile, and 2 ml of aqueous hydrofluoric acid
(about 50% strength) were added. The mixture was stirred
at RT for 4 h, neutralized with solid potassium
bicarbonate and extracted 3 times with chloroform, and

the organic extracts were dried (MgSO,) and rapidly

cOnce'ntrated unde’r reduced pressure. The residue was
immediately taken up in 20 ml of HCl/dioxane at 0°C and

.,s-tirz:ed at RT for 1 h. The mixture was concentrated,
~ evaporated 3 times with methylene chloride and dried
- under ‘high vacuum. Yield: 1.55 g (2.53 mmol,

'quantltative)
NwBenzyloxycarbonylmethreonlne phenacyl ester (8)
N 25 3 g (0. mol) of Z-Lwthreonlne were suspended

in 200 ‘ml of EA, and 14 ml (0 1 mol) of triethylamine

""--were added. Wh.l.le stlrrlng, 19.0 g (0.1 mol) of solid

mubromoacetophenone were added in one portion to result

; -.-,J.m..t;u.ally :x.n a clear solutz.on, which soon became cloudy.
- The mlxture was left to stand for 2 d, diluted with

35

500 ml of EA and worked up as usual. The crystalline

residue was dissolved in 420 ml of hot isopropanocl,

300 ml of hot wa.ter were added, and the mixture was left
to stand in the dark for 2 d. The long white needles

'whn.ch separated out were f;x.ltered off, washed and dried

in air in the dark.
Yield: 27.8 g (0.075 mol, 75%), meltlng‘polnt 129-130°C,
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(€]2% = 32.2° (c = 2.04, EA)
N-BOC-N,O~Dimethyl-L-tyrosine (9)

6.0 g of NaH suspension were washed Dby
decantation 3 times with PE, 50 ml of THF were poured on,
and the mixture was cooled to 0°C. Then 32 mmol of BOC-L-
tyrosine dissolved in 110 ml of THF were slowly added
dropwise, and subsequently 16 ml of methyl iodide were
added. The suspension was stirred at RT with exclusion of
light for 25 h, 50 ml of EA were added, and the mixture

10 was cautiously hydrolyzed with water. It was concentrated

under reduced pressure to a small volume, EA was added,
and the mixture was acidified with 2N KHSO,. After
extraction with EA, the organic phases were washed with
10% strength sodium thiosulfate solution, dried (MgSO,)
and evaporated’unqer reduced pressure. Yield: 95%. |
1§ NMR (80 MHz, CDCl,): & = 8.5 (s, 1lH), 7.2 (d, 2H), 6.3
(d, 2H), 4.7 (m, 1H),.3 8 (s, 3H), 3.2 (m, 2H), 2.75 (s,
3H), 1.4 (s, 9H)
O~ (tert Butyloxycarbonyl-N,O- dimethyl=-L-tyrosyl) -
waenzyloxycarbonyl~L-threonlne phenacyl ester (10)
2.00 g (5.38 mmol) of (8), 1.67 g (5.4 mmol) of
(9) and 70 mg (0.54 mmol) of DMAP were dissolved in 20 ml

- of cazc1 and cooled to =30°C, and 1.13 g (5.5 mmol) of

DCC were a.dded. ‘I'he mixture was allowed to reach RT,
overnlght, the urea ‘was filered off, the filtrate was
concentrated, the rem.due was taken up in ether and left
to stand for 1 h and the urea was again filtered off.
Suffic:t.ently pure peptollde (10) was obtained by
fl.ltrat:l.on through s:n..l.:.ca gel with PE/EA 7/3.

vield: 3.5 g.(s_za.mmol 98%) ,

[&]2 = 28.7° (c = 0.96, CHCI,) .
O-(N,0- Dlmethyl L tyrosyl) N- benzyloxycarbonylm

L~threon1ne phenacyl egster (1l1)
3.5 g (5.28 mmol) of (10) were dissolved 1in

20 ml of 5N HCl/dioxane at 0°C and, after 10 min, left to
stand at RT for a further 2 h. The dioxane was removed
under reduced pressure, the residue was dissolved in a
little EA, the solution was slowly added dropwise to
200 ml of vigorcusly stirred diethyl ether and the
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mixture was stirred for a further 2 h. The precipitate

was filtered off with suction and dried undexr reduced

pressure.
Yield: 2.80 g (4.67 mmol, 88%).
C,,H,sN,0,C1 (599.08)
Calc. C 62.15 H 5.89 N 4.67
Found C 61.56 H 5.99 N 4.59

The resulting product was dissolved in 30 ml of
chloroform and shaken with 20 ml of 1N KHCO,. The aqueous
phase was extracted twice more with chloroform, and the
combined organic phases were dried (MgSO,) and evaporated
under reduced pressure.
Yield: 2.45 g (4.35 mmol, 93%) of colorless foam, R;
(PE/EA 1/1) = 0.2. |
0~(terthutyloxycarbonylmL~prolyl~N,Owdimethyl-
L-tyrosyl)-N-benzyloxycarbonyl-L-threonine phenacyl ester
(12) '

2.35 g (4.18 mmol) of (11) and 0.94 g
(4. 38 mmol) of BOC?-L-proline were dissolved in 6 ml of
m@thylene chloride and, at =20°C, 1.19 g (1.6 ml,

9.2 mmol) of ethyldiisopropylamine and 1.17 g (4.6 mmol)

of BOP-Cl were added, and the mixture was slowly warmed
to RT overnight. After dilution with methylene chloride,
the mixture was worked up as usual and filtered through,

a short silica .'ge{l co'lum with PE/EA 4/6.
.Yield" 3.02 g (3 9'7' m?mfol, 95%), R, (PE/EA 1/1) = 0.4

CuH“N,On (757 85)

cale. C 64.81 H 6.50 N 5.53
. _Found . C 64.71 H 6. 53 N 5.46
30

0~(tert~Butyloxycarbonyl -L=prolyl-N,0-dimethyl-

-Lwtyrosyl)-N-benzyloxycarbonyl«L-threonlne (13)

2.80 g (3.68 mmol) of (12) were stirred with

1.8 ¢ of zn.nc powder in 20 ml of 90% strength agueous
acetlc acid at RT for 4 h; undlssolved zinc was filtered
'off, "and the filtrate was concentrated under reduced

pressure. The residue was partitioned between EA and 1N

KHSO,. The combined organic phases were dried (MgSO,) and
concentrated under reduced pressure. The remaining resin
was evaporated with toluene 3 times under reduced
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pressure. It was then taken up in 10 ml of 1N KHCO,, the
solution was extracted twice with ether, and the ether
phases were back-extracted twice with H,0. EA was added
to the combined aqueous phases, which were acidified with
1IN KHSO, while coocling. The mixture was extracted twice
more with EA, and the combined organic solutions were
dried (MgSO,) and evapbrated under reduced pressure.
Yield: 2.25 g (3.5 mmol, 95%).
0-(terthutyloxycarbqnyl~Luprolyl-N,Owdimethyl-
L-tyrosyl)-N-benzyloxycarbonyl-L-threonyl-(38,4R,SS)~
isostatyl=-(2RS,4S)-hydroxyisovalerylpropionyl~L~leucine
trichlorocethyl ester (1l4)

1.55 g (2.53 mmol) of (7) and 1.79 g (2.78 mmol)
of (13) were dissolved in 10 ml of CH,Cl,, cooled to 0°C,
708 mg (2.78 mmol) of BOP-Cl and 1.15 g (1.55 ml,
8.9 mmol) of ethyldiisopropylamine were added, and the
mixture was slowly warmed to RT overnight. It was diluted
with methylene chloride and then worked up as usual.

| Filtr.ation through silica gel with PE/EA 1/1 resulted in
2.43 g (2.02 mmol, 80%) of hexapeptolide (14).
MS (FD, 50°C): 1198 (M+1)

CsyHg,Ns0;5 (1199.66)
Calc.. - € 57. 06H6 89N5 84 Cl 8.86

Found CS? 30!—16 82N5 65 Cl1 8.72

O~ (tert Butyloxycarbonyl L-prolyl-N,O~ dlmethyl-
 L tyrosyl)mn benzyloxycarbonylmL threonyl-
{3S,4R, SS)-lsostatylmﬂRb 48)-hydroxylsovalerylproplony1-

L~leucxne 15y
690 ‘mg (0.57 mmol) of trlchloroethyl ester (14)
were dlssolved in 20 ml of 90% strength aqueous acetic

~acid and st:.rred with 2 g of zinc powder overnight. The
_:ml.xture was f.l.ltered, and the filtrate was concentrated

under reduced pressure. The residue was taken up in EA
and washed with 1N KHSO4 and water. The organic phases

were dried (MgsSo, ) and evaporated under reduced pressure.

The reaz.due was evaporated with toluene 3 times under
reduced pressure. Yleld. 610 mg (0.57 mmol) of resin.

C y'c:];ca- [ZN -~ b en z v3ioxycarbonyl-
O-[[N-[(25,3S,45)~- 4 [(3S,4R,58)-4~amino-3~ (hydroxy) -
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5-methylheptanoyl]oxy=~3~(hydroxy)-2,5~-dimethylhexanoyl]-
L-leucyl])-L-prolyl-N,O-dimethyl-L-tyrosyl]}~L-threonyl]
(17)

a) Preparation of the pentafluorophenyl ester (16)

5 22.6 mg (0.11 mmol) of DCC in 0.1 ml of CH,CI,
were added to 106 mg (0.1 mmol) of hexapeptolide acid
(15) and 22.1 mg (0.12 mmol) of pentafluorophenol in
0.5 ml of CH,Cl, at =20°C. The mixture was allowed to
reach RT overnight. This solution was used without

10 further treatment for the eliminatiocn of the BOC
protective group.
b} Ring closure
0.1 mmol of pentafluorophenyl ester (16) were
diluted to 1 ml with methylene chloride. Then, at 0°C,
15 0.5 ml of trifluorocacetic acid was injected, and the
mixture was kept at 0°C for 3 h. Solvent and excess acid
were stripped off under reduced pressure, and the residue
was dissolved inh 200 ml of chloroform.
This solution was vigorously shaken with 50 ml
20 of saturated sodium bicarbonate solution in a separating
funnel for 5 min. The mixture was then left to stand for
1 h, the chloroform layer was separated off, and the
agqueous phase wa;a, washed 3 times more with 30 ml of
_chloroform each 'time'. The organic solutions were dried
25 (MgS0,) and concentrated ‘under reduced pressure.
Cﬁ_hromatography with PE/EA 35/65 separated the epimeric
rings. . -
,Yield: 48 mg (0.051 mtnol, 51%) of (28)~Hip epimer; 23 mg
(0.024 mmol, 24%) of (2R)-Hip epimer.
30 (28)-Hip epiméfer" [a]2® = =147.5° (c 0.72, EA)
MS: 950 (M+1l, 24%)
C. H,.N.O,;, (950.14) .
Calc. C 63.21 H 7.53 N 7.37
 Found C 63.13 H 7.55 N 7.32
35 Example 2
CyclOw{N-hexanoyl~O-[[N-[(ZS,BS,4S)~4-[(38,4R,SS)~
4wamino-3~(hydroxy)uS-methylheptanoyl]oxy~3~(hydroxy)“
2,5-dimethyl-~hexanoyl]-L-leucyl}-L-prolyl-N, O-dimethyl-
L~tyrosyl]-L-threonyl] (18)



- 13 - 0.Z. 0050/42488

550 mg (0.158 mmol) of (17) were dissolved in

40 ml of 90% strength aqueous acetic acid, 1.1 ml of 1N

HC1l were added, and the mixture was hydrogenated with

150 mg of Pd/C under atmospheric pressure for 6 h. It was

5 then worked up as usual, and the residue was evaporated

with 5 ml of toluene twice under reduced pressure. The

hydrochloride was 1left as a white powder. The

hydrogenation resulted in each case in the more stable
(2S)~Hip epimer.

10 0.09 ml of hexanoyl chloride (0.65 mmol) and
0.33 ml of collidine (2.5 mmol) were added to a solution
of 500 mg of the resulting‘ hydrochloride {(0.58 mmol) 1in
10 ml of absolute CH,Cl, at -10°C. The mixture was stirred

"at =~10°C for 2 h and at RT for 1 h. The CH,Cl, was

15 stripped off under reduced pressure, the residue was

~ dissolved in EA, and the solution was washed with 1N H,80,
and N KHCO, solution. The organic phase was dried with
MgS0, and concentrated. Recrystallization of the residue
from EA/PE 1l:1 yi‘elded 400 mg of pure (18) . The filtrate

20 was concentrated and 'purified by MPLC , (EA/PE 7/3).
Overall yield: 480 mg = 950%.

- The following compounds I can be prepared as in

Examples 1 and 2:

A3 X! = 0, X*=0, R!®=C,H;, R®=CH,, R'=CH,,,
25 | R®> = .CHQ‘-CH(CHa)z S configuration
- No.  R? '
3  CH,-CO
4 H-CO
§  CH,-CH,~CO
30 6  CH,~(CH,),~CO
Y Z
8 BOC
9 CH,~CH,~0~-CO
10 . Z-N-Me-D-Ala-
35 11 p-~OH-benzoyl
12 (CH,),C-CO
13 HO-(CH,) ,~CO
14 C¢H~0-CO
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45

O.%.

(CF,),CH-0~-CO
CH,-CH,-0~-CO- (CF,),-CO
p~HO-C.H,~ (CH,),-CO
CH,~CO-CH,-CO
CF,-CH,~0-CO
Ac-sgarcosyl

X! = 0, X* =0,
R> = CH,~-CH(CH,),
Rl

n-hexanoyl
Ac~-N~-Me~D~Leu

X! = 0, ¥%* =0, R!=CH, R = CH,,
R® = CH,~CH(CH,), S configuration

Rl

CH,-CO

CH,(CH,) ,CO

naphthyl-1l-sulfonyl

H-CO

R configuration

CH:;" (CHz ) 14“(:0
BOC .

. .CH;,#CH,"O“CO

Z-N~-Me-D-Ala

o Acésardcsyl -
- p-HO-benzoyl
HO=(CH,);=CO
' CsHséo*C-o- -

CF,~-CO
(CF,),CH~0~CO
CH,~CH,~0~CO= (CF,),~CO
P"“HO"""CGH::"',( CH,),~CO
CH3“C0-’C32¥CO
CF,~CH,-0~CO
X! = 0, X =0,
R® = CH,-CH(CH,),
Rl

CH,-CO

R configuration

R4

0050/42488
R* = CH,,

CH,,
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48: X! = O, X* = 0, R! = Z-N-Me-D-Leu, R* = C,H;, R’ = CH,,
R* = H, R® = CH,-CH(CH,), S configuration

Example 49

Preparation of the compound I (R' = benzyloxycarbonyl,

R® = C,H,, R® = CH;, R' = CH;, R* =

X? = 0, S configuration)

CH,~CH(CH,),, X* = NH,

Methyl N*-benzyloxycarbonyl-N?-[tert-butyloxycarbonyl-
N,O-dimethyl-L-tyrosyl]-(2S,3R)~diaminobutyrate (19)
6 mmol (1.82 g) of Z~Dab-OMe- HCl (Hoppe~-Seyler’s

2. Physiol. Chem. 354, (1973)

689) were partitioned

between EA and NaHCO, solution, and the aqueous phase was
extracted twice more with EA. The combined organic phases
were dried with magnesium sulfate and evaporated, and the
residue was dissolved with 6.3 mmol (1.95 g) of BOC-
N,Owdimethyl-l.wtyr_osine in 15 ml of dichloromethane and,
at -20°C, 6.3 mmol (1.30 g) of DCC were added.

After the mixture had
overnight it was diluted with a 1
ether, filtered and evaporated.
taken up in ether, left to stand

pbeen warmed to RT
arge amount of diethyl
The residue was again
for 1 h, filtered and

' evaporated. Filtration through silica gel and medium

- 25

35 evaporated /

pressure _ chromatOgraphy' (PE/EA =

.(91%) of colorless foam.;

1/1) yielded 3.04 g

_Melt:mg pm.nt. 46= 48°C, [a}?f = 2,3° (¢ = 1.1; CHCL,);

TLC (PE/EA = 1/1): R, = 0.33;

tq =-=36m.1.n,

HPLC (Hex/EA = 1/1):

Methyl N‘wbenzyloxycarbonyle”m {tertwbuttyloxycarbonyl«-
30 prrolyle Ondmethyl-Lﬂtyrosyl] (28,3R)~diaminobutyrate

(20) -
4.8 mmol (2.68 g) of (19)

were dissolved in 5 ml

of d::.chloromethana , 10 ml of HCl/dioxane were added, and

the mz.xture was stlrred at RT

for 1 h. It was then

the residue was taken up in EA, and the

solutlon was vigorously shaken with NaHCO, solution. The
aqueous phase was extracted twice more with EA. The

combined organic phases were
sulfate, filtered and evaporated.

dried with magnesium
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The resulting colorless foam was dissolved with
5 mmol (1.08 g) of BOC~L-proline in 15 ml of
dichloromethane and, at -20°C, first 5 mmol (1.27 g) of
BOP-Cl and then 11 mmol (1.42 g) of ethyldiisopropylamine

5 were added.

The mixture was allowed to warm to RT overnight,
worked up asg usual and filtered through silica gel.
Medium pressure chromatography (PE/EA = 4/6) resulted in
2.77 g (88%) of colorless foam.

10 [«]2® = =55.1° (c = 1l.0; CHCL;); TLC (PE/EA = 4.6): R, =
0.3:; HPLC (Hex/EA = 4/6): t, = 4.8 min;
Ne*~-Benzyloxycarbonyl-NP=-{ tert-butyloxycarbonyl-L-prolyl-
N,O-dimethylentyrosyljw(ZS,BR)-diaminobutyric acid (21)

4 ml of 1N NaOH were slowly added dropwise,

15 monitoring the pH (pH < 10), to 3.5 mmol (2.29 g) of (20)

' in 15 ml of dioxane/water (2:1). After conversion was
gsubstantially complete (checked by TLC), the dioxane was
removed under reduced pressure, and the aqueous phase was
extracted twice with diethyl ether. It was possible where

20 approprlate to recover unreacted ester from the ether
phase, while EA was added to the aqueous phase which was
then acidified to pH 1-2 at 0°C with solid potassium

' ba.sulfate. Repeated extraction with EA, drying of the
'organlc phases'wmth‘magneslum.sulfate and evaporation of

25 the solvent resulted in the corresponda.ng carboxylic
acid. ' |
Yleld.,Z 1 g (93, 7%) of colorless,.amorphous solid;

- N“«-Benzyloxycaxbonylwﬂﬂw (tertwbutyloxycarbonyl-»l.-prolyl«-
N,O dlmethyl L~tyrosyl]~(2$ 3R)~diaminobutyryl-

30 (28 4R, 53)~xsostatyl~(2as 43)-oxyzsovalerylproPLQnylm
L-leuCLne trxchloroethyl ester (22)

1.1 mmol (705 mg) of (21) and 1. 1 mmol (674 mg)
- of (7)'were dlssolved.ln 8 ml of dlchloromethane and at
0°C, 1.1 mmol (280 mg) of BOP-Cl and 3.4 mmol (440 mg) of

. 35 ethyldllsopropyla.mlne were added and the mixture was

warmed to RT overnight. The usual working up and medium

pressure chromatography (PE/EA = 3/7) resulted in 570 mg

(43%) of colorless foam.
TILC (PE/EA = 3/7): R, = 0.32; HPLC (Hex/EA = 3/7) 3
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t, = 3.1 min;
N*-Benzyloxycarbonyl-Nf-[tert-butyloxycarbonyl-L-prolyl-
N,O~dimethyl~L-tyrosyl]-(ZS,BR)-diaminobutyryl-
(2S,4R,SS)~isostatyl~(2R8,4S)-oxyisovalerylpropionyl-
L-leucine (23)

0.475 mmol of trichloroethyl ester (22) were
dissolved in 20 ml of 90% strength aqueous acetic acid
and stirred vigorously with 2 g of zinc powder (freshly
etched with hydrochloric acid and washed with water,
ethanol and ether) overnight.

After filtration, the acetic acid was stripped
off under oil pump vacuum, the residue was taken up in
EA, and the solution was washed with 10% strength citric
acid, dried with magnesium sulfate, filtered and
concentrated. For complete removal of the acetic acid,
the residue was evaporated twice more with toluene and

dried under high wvacuum.
Yield: 453 mg (89.3%) of colorless gsolid;

Cyclo- [N'mbenzyloxycarbonyl -NP=[[N-[(25,38,48)-4~-

[(3S,4R,58)~4~amino-3~ (hydroxy)~-5-methylheptanoyl]oxy-

- 3= (hydroxy) -2 5= dlmethylhexanoyl]~Lwleucyl]-merolyl-

O-dn.methyl-L-l:yrosyl] (2S,3R)~diaminobutyryl] (24)
, 0.374 mmol (400 mg) of hexapeptolide acid are
reacted by the general method for the ring closure.
a) Preparation of the pentafluorophenyl ester and

e.l:um.natlon of the BOC protectlve group
0.45 mmol of DCC were added to 400 mg of (23)

(0.374 mmol) and O. 56 mmol of pentafluorophenol in 2 ml
-of dlchloromethane at =-20°C, and the mixture was warmed
to RT overn:l.ghto: It was flltered and concentrated and, at
0°C, 1 ml of trn.fluoroacets.c acid was immediately added

and st:z.z:red for 1-4 h. The trlfluoroacetlc acid was then
removed under hlgh vacuum, and the resultiling resin was
used for the ring closure. Both reaction steps were
checked by TLC for completeness.
b) Ring closure

The' resin (0.37 mmol) obtained from the BOC

elimination was taken up in 400 ml of dry chloroform and
shaken vigorously with 100 ml of saturated sodium

9
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bicarbonate solution for 5 min. The mixture was left to
stand for 1 h, and then the aqueous phase was extracted
twice more with chloroform. The combined organic phases
were dried with magnesium sulfate, filtered and
5 evaporated.

Dicyclohexylurea was removed Dby taking up the
residue in absolute diethyl ether, leaving to stand for
1 h and filtering through a Pasteur pipette packed with
cotton.

10 Pentafluorophenol was removed Dby filtration
through silica gel with dichloromethane. The product
remained on the silica gel and was subsequently eluted
with EA. Final purification then took place by medium
pressure chromatography.

15 Medium pressure chromatography (PE/EA = 35/ 65)

~ yielded 150 mg (42.2%) of colorless solid.

TLC (PE/EA = 35/65): R, = 0.34; melting point: 112°C;
(€] = -165.3° (c = 0.9; CHCl;); MS: 948.4 (M), 949.4

. - (M+H); '

: 20 Cyclo- [N“-[Z -N-Me-D-leucyl]~NP-[[N-[(28,35,48)~

' 4m[(38 4R,5S)=4~-amino-3~- (hydroxy) - -5-methylheptanoyljoxy-
3~ (hydroxy) -2, 5~d1methy1hexanoyl] -L-leucyl]-L-prolyl-

0~d1methyl~L~tyrosyl] (28, BR)wdlaanobutyryl] (25)
. - 0.084 mmol of (24) in 10 ml of 90% strength

25 aqueous acetlc acid w:.th 200 pl of IN HC1 and 30 mg of
Pd/C wa.s hydrogenated at RT under 1 bar for 6 h (TLC

' check) - .

- o The catalyst was flltered off the acetic acid
was strlpped off under reduced pressuxe, and the residue

30 was evaporated twlce with toluene to provide the
cyclopeptollde hydrochlcrlde in quantitative yield.
.' ' 0.12 mmol of Z-N-Me-D-Leu 3-cyano-4,6-dimethyl=-
thhlopyrldyl ester and 0.12 mmol of triethylamine were
added to the cyclopeptollde hydrochlor:.de in 0.5 ml of

35 dlchloromethane at 0°C. The mixture was then stirred at
RT overnlght and worked up as follows.

 First the vyellow thiopyridone derivative was
filtered off, and the filtrate was concentrated and
loaded onto a short silica gel column. Excess thiopyridyl
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ester was removed by washing with PE/EA = 7/3. The
product was then eluted with PE/EA = 2/8.

product free of thiopyridyl ester was then washed

The c¢rude
in EA
1N NaOH (removal of the
5 remaining thiopyridone) and saturated brine, dried with

with 10% strength citric acid,

magnesium sulfate and evaporated.
(PE/EA = 3/7)
resulted in 62 mg (68.6%) of colorless solid.
Melting point: 102-103°C, TLC (PE/ER = 3/7): R¢ = 0.25;
10 [«]3® = =-113° (c 0.9; CHCL,);

Medium pressure chromatography

prepared in a similar way

The following compounds of the formula I can be

(in some cases using the

appropriate norstatine derivative and/or the appropriate

D-tyrosine derivative and/or (2RS,4S)~fluorenylmethyloxy-

15 carbonylaminoisovaleryl- propionic acid and/orxr
(28)=-2,3~-diaminopropionic acid).
F: X! = NH, X? = 0, R?® = C,H;, R® = CH,, R’ = CH,,
RS = CH,-CH(CH,),, S configuration
' No. R .
51 BOC-N-Me-D-Leu
52 Ac.--sarcoSyl
53 CH,CO .
54 - CH,(CH,) O
55 | CFCO
25 56 PhOCO
57 p-OH-benzoyl
58 z-N-Me-D-Ala
59 ~ CH,CH,0CO-
60 Ac-Gly,. '
30 61  Naphthalene-2-sulfonyl
62 N-Me-D-Val
63 Perfluoropropionyl
64 BoC
65 Ethylokycarbonyl
35 G: X! = NH, X? = NH, R® = CH;, R® = CH,, R’ = CH,,
R® = CH,~-CH(CH,),, S configuration
No. R
66 CH,-CO
67 CH,~- (CH,) ,~CO
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68 Z-N-Me-~D-Leu
69 Z-sarcosyl
H: X! = NH, X? = NH, R? = CH,, R =H, R' = CH,,
R> = CH,-CH(CH,),, S configuration
No. R*
70 CH,CO
71 CH,(CH,) ,CO
72 BOC-N-Me~D-Leu
73 CF,CO
74 p-OH-benzoyl
75 Ac-sarcosyl
76 HC (CF,),0C0
77 PhOCO
I3 X! = NH, X? =0, R!®=CH, R*=H, R'=CH,,
R® = CH,~-CH(CH,),,
No. R*
78 CH,CO
79 HCO
80 CH,(CH,) ,CO
81 (CH,) ,CCO
- 82 CF,CO
83 - p~OH-benzoyl v
- 84 . g . . o
85  BOC .
86 '.Z«N-Mewo-Ala :
ZwN-MeMD-Leu
_j'7 Ac~sarco3y1,
89  PhOCO '
90 HC(CF3)2000
01 cascnzoco-n MemeLeu
92 - CF,CH,0CO
93 ,‘Naphthalenewlwsulfonyl
94 - _ Naphthalene~2~sulfonyl
- 95 iPerfluoroheptanoyl

35

Cytotoxmcxty test

The cytotom.cz.ty was tested in a widely used
standard system for adherent cell lines by the method of

Flick ‘and Gifford (crystal violet assay) [J. Immunol.
' Meth., 1984,.68 (1984) i67-175]. The target cells used
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were the human cell lines CX-I (colon carcinoma), MX-I
(breast carcinoma) and LX-I (lung carcinoma).

The cells were in each case plated out at a
density of 2-3 x 10° cells per well in flat-bottom
96~well microtiter plates and incubated under standard
conditions (RPMI 1640 with 10% fetal calf serum and 1%
nonessential amino acids) at 37°C and 5% CO,/95% air for
24 h. The cells were then incubated under the same
conditions but in the presence of various concentrations
of the test compounds (controls only in medium) for a
further 72 h. The cytotoxic activity was quantified after
removal of the culture medium and thus of the non-
adherent, dead cells. The remaining adherent cells were
incubated with 50 ul of a crystal violet solution for
20 min and subsequently the microtiter plates were
thoroughly washed with water to remove unbound, water-
soluble dye.

The remalnlng water-m.nsoluble dye crystals in

- each well were dissolved in 100 pl of a solution composed
20

of 50% EtOH and 0.1% acetic acid. The absorption of each
well was determined using a microtiter plate photometer
(Titertec , Multiscan, Flow Lab., Meckenheim, FRG), and

the half maxlmum effective concentration of each test

substance was calculated.
- In this test the novel compounds showed a good

. cytotoxic effect on the tested human tumor cell lines.

4
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The meanings of the abbreviations used in the

examples are as follows:

Ac: Acetyl

Eqg: Equivalent(s)

BOC: t-Butyloxycarbonyl

BOP-Cl: Bis(2-oxo-3-oxazolidinyl)phosphinic chloride
Dab: (2S,3R)-Diaminobutyric acid |
TLC: Thin~-layer chromatography

DCC: Dicyclohexylcarbodiimide

DMAP: 4~-Dimethylaminopyridine

EA: Ethyl acetate

Hip: Hydroxyisovalerylpropionic acid

Ist:s Isostatine

MCA: Monochloroacetyl

NMR: Nuclear magnetic resonance

PE: Petroleum ether

Tces Trichloroethyl

RT: Room temperature

TBDMS s tert-Butyldimethylsilyl

THF 3 Tetrahydrofuran

3 Benzyloxycarbonyl
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CLAIMS

1. A peptide of the formula (Ia):

Zg/ol
Rl\?w R3
H HN O |
T (1)
10
0
|
CH3
where
R? is an amino-protective group, a linear, branched or

alicyclic saturated or unsaturated aliphatic,

aliphatic~aromatic or aromatic acyl radical which
has 1-30 carbons and can be substituted by fluorine,

nitro, oxo, hydroxyl, C,-C,~alkoxy or unprotected or

protected amino,
R? is -hydrogen, methyl or ethyl,
20 R* is hydrogen or methyl,
R* is hydrogen or methyl, and
R’ is hydrogen or C,-C,~alkyl,

and the salts thereof with physiologically tolerated acids.

2. Use of a peptide of the formula (Ta) as claimed 1in
claim 1, for treating neoplastic disorders and autolimmune
diseases.

3. Use of a peptide of the formula (Ia) as claimed in
claim 1, for the control and prophylaxis of infections and

transplant rejections.
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