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(57) Abrégée/Abstract:

Cyclosporine derivatives are disclosed which possess enhanced efficacy and reduced toxicity over naturally occurring and other
presently-known cyclosporins and cyclosporine derivatives. The cyclosporine derivatives of the present invention are produced by
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(57) Abrege(suite)/Abstract(continued):
chemical and Isotopic substitution of the cyclosporine A (CsA) molecule by: (1) chemical substitution and optionally deuterium

substitution of amino acid 1, and (2) deuterium substitution at key sites of metabolism of the cyclosporine A molecule such as
amino acids 1, 4, 9. The most active derivatives of the invention were those possessing both chemical and deuterium substitution.
Also disclosed are methods of producing the cyclosporine derivatives and method of producing iImmunosuppression with reduced

toxicity with the disclosed cyclosporine derivatives.
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ABSTRACT OF THE DISCLOSURE

Cyclosporine derivatives are disclosed which possess enhanced efficacy and reduced
toxicity over naturally occufring and other presently-kndwn cyclosporins and cyclosporine
derivatives. The cyclosporine derivatives of the present invention are produced by chemical and
1sotopic substitutioh of the cyclosporine A (CsA) molecule by: (1) chemical substitution and
optionally detii:erium substitution of amino acid 1, and (2) deuterium substitution at key sites of
metabOIiSm of the cyclosporine A molecule such as amino acids 1', 4,9. The most active
derivatives of the invention were those possessing both chemical and deuterium substitution.
Also disclosed are methods of pfoducing t:hé cyclosporine derivatives and method of producing

immunosuppression with reduced toxicity with the disclosed cyclosporine derivatives.
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DEUTERATED CYCLOSPORINE ANALOGS AND THEIR USE AS IMMUNOMODULATING
~ AGENTS

This application is divided from Canadian Patent Application 2, 298,572, filed October 8, 1998.
‘Cyclosporin derivatives of the present invention are disclosed which possess enhanced efficacy and

reduced toxicity over namrally occurring and other presently known cyclosponns and cyclospormc derivatives.
The cycIOSponn derivatives of the present invention are produced by chemlcal and i 1sorop1c substitution of the
cyclosporine A (CsA) molecule by:

I. Chemical substitution and optionally deuterium substitution of amino acid l* and

2. Deuterium substitution at key sites of metabolism of the cyclosporine A molecule such

as amino acids 1, 4, 9.
The most active derivatives of the invention were those possessing both chemical and deuterium
substitution. .
The cyclosporins are a fmmly of, neutral, hydrophobnc cychc tmdecapcpndes, contammg anovel

nine-carbon amino acid (MeBmt) at position I of the ring that exhibit potent nmnmxosuppressrve, antiparasitic,

- fungicidal, and chronic anti-inflammatory properties. The natural Iy occurring members of this family of

structurally related compounds are produced by various fungi unpcrfect: Cyclosporines A and C, are the major
components. Cyclosporine A, whxch is dxscussed ﬁxrthcr below, is a particularly important member of the
cyclosponn fanuly of compounds. Twenty four minor metabolites, also oligopeptides, have been identified:

~ Lawenetal, J. Antibzotxcs 42, 1283 (1989); Traber et al, Helv, Chnn. Acta 70, 13 (1987); Von Wartburg and

'I'raber Prog. Med. Chem., 25, 1 (1988).

Isolatiozi of cyclosporines A ai:d C, as well as the structure of A were reported byA. Ruegger ct al,,
Helv. Chim. Acta 59, 1075(1976); M. Dreyfuss et al., J. Appl. Microbiol. 3, 125 (1976). Crystal and molecular
structures of the iodo derivative of A have been reported by T. J. Petcher et al,, Helv. Chim. Acta 59, 1480

 (1976). The structure of C was reported by R. Traber et al., bid. 60,1247 (1977). Production of A and C has

been reported by E. Harri et al, U.S. Pat. No. 4,117, 118 (1978 to Sandaz). Isolation, chamctmzatlon and
antifungal activity of B, D, E, as well as the structures of A ﬂlroughDhavebeenreportcdbyR.Traberctal.
Helv. Chim. Acta 60, 1568(1977). Isolation and structures of E, F, G, H, I: cidem, ibxd. 65, 1655 (1982).
Preparation of [2-Dcmcm-3-ﬂuoro-D-Ala]‘-CsA is disclosed by Patchett et al in GB 2,206 199A which was
published on Dec. 29, 1988.

Cyclosporin was dxscoveréd to be immunosuppressive when it was observed to suppress antibody
production in mice during the screening of fungal extracts. Specifically, its suppressive effects appear to be
related to the inhibition of T-cell receptor-mediated activation events. It accomplishes this by interrupting
calcium dependent signal transduction during T-cell activation by inactivating calmodulin ﬁnd cyclophilin, a
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~ peptidly propyl isomerase, It also inhibits lymphokine production by T-helper cells in vitro and arrests the
 development of mature CD8 and CD4 ¢ells in the thymus. Other in vitro properties include inhibition of IL-2

producing T-lymphocytes and cytotoxic T-lymphocytes, inhibition of IL-2 released by activated T-cells, |

_inhibition of resting T-lymphocytes i m response to alloantigen and exXogenous lyrnphokme, inhibition of IL-1
~ production, and inhibition of zmtogen activation of IL-2 producing T-lymphocytes, Further evidence indicates

that the above effects involve the T-lymphocytes at the activation and maturation stages.
Stimulation of TCR (T cell receptor) by foreign antigen on a major histocompaﬁbility (MHC)

~ molecule on the surface of the T cell results in the aétivation of a TCR signal tmnsmissio?: pathway (exact

methOd of transmission urﬂcnown) thmﬁgh’ the cytoplasm causing the signal results in the activation of nuclear

transcription factors, i.e. nuclear factors of activated T-cells (NF-AT) which regulate transcnptxon of T—cell

activati on genes. These genes include that of tymphokine interieukin-2 (IL-2). ’n'anslanon of the message is
followed by secretion of IL-2. T-cell activation also involves the appearance of the lymphokme receptor IL-2R

on the cell srface. After f1-2 binds to IL-2R, a tymphokine receptor (LKR) s1gnal transmission pathway is
acnvat ed. The immunosuppressive drug, rapamyecin, inhibits this pathway |

CsA is a potent inhibitor of TCR-mediated signal transduction pathway. It mhxbnts bmdmg of NF-AT

to the [L-2 enhanccr and thus inhibits transcnptxonal activation. CsA binds o cyclophilin, which binds to

calcmeurln, which is a key enzyme in the T-cell mgna! n'ansducnon cascade.
Cyclophilin is found in prokaryotic and eukarotic organisms and is ubiquitous and abundant.
Cyclophilin is a single polypeptide chain with 165 amino acid residues. It has 2 molecular mass of 17.8 kD. A

\ roughly spherical molecule thh aradius of 17 an,stroms cyclophllm has a ex,bt-stmnded annpara]lel beta

barrel Inside the barrel, the tichtly packed core contains mostly hydrophobic side chains. CsA has numerous
hydrophobnc side chains which allow it to fit into the cyclophilin beta barrel. Cyclophillin catalyzes the

interconversion of the cis and trans-rotamers of the peGIdel-prolyl amide bond of pepti&e and protein

substrates. Cyclophilin is identical in structure with peptidyl proly! cis-trans isomerase and bears structural
resemblance to the superfamxly of proteins that u‘anspons ligands such as retmol-bmdmv protem (RBP) These

~ proteins carry the ligand in the barrel core. But cyclophllm actually carries the ligand bmdmg site on the

outside of the barrel. The ten'apcpnde ligand binds in a Ionc deep groove on the protein surface between one
face of the beta barrel and the Thrl 16-Gly130 loop.

Further properties have also been reported i in studies of the biological actmty of CsA: J. F. Borel et

al., Agents Actions 6, 468 (1976). Pharm_aeology: Eidem. Immunology 32, 1017 (1977); R. Y. Calne, Clin.

Exp. Immunol. ‘35 1 (1979). Human studies: R.Y. Calne et al., Lancet 2, 1323(1978); R. :L' Powles et al., ibid.
1327 R. L. Powles etal., ibid 1, 327 (1 980) In vitro activity (porcme T-cells): D. J. Whlte etal.,
Transplantation 27, 55 (1979). Effects on human lymphoid and rnyelmd cells: M. Y. Gordon, J. W. Singer,

Nature 279, 433(1979). Clinical study of CsA in graft-versus-host disease: P. J. Tutschka et al,, Blood 61,
318(1983). |

Mechanism of Cvclosporine A Action
Cyclosporine A-Cyclophilin A complex ' | _.
CsA, as discussed above, binds to the cyclophilin beta barrel. Thirteen CyP A residues define the
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| : .
CsA binding site. These resxdues are Arg 53, Phe 60 Met 61, Gin 63, Gly 72, Ala 101, Asn 102, Ala 103, GIn
111, Phe 113, Trp 121, Leu 122, Hts 126. The largestmde-chammovementsare 1.3Afor Arg55and up to

0.7 A for Phe 60, Gln 63, and Trp 121. There are four direct hydrogen bonds between the CyP Aand CsA. |

Residues 4 5, 6, 7 8 of CsA protrude out into the solvent and are thought to be involved m binding 'the |

~ effector protein, calcineurin (Pflugl, G. Kallen, J.s Schn'mer, T, ansomus, 1N, Zunm M GM., &

Walkinshaw, M.D: (1993) Nature 361, 91-94.)

Functlon of CsA-CyP A complex.

"The CsA-CyP A complex inhibits the phosphatase acthty of the heterodimeric § protem sennel
threonine phosphatase or calcineurin (Lm, J., Farmer, 1.D., Lane, W.S., Friedman, J. , Weissman, 1., &

~ Schreiber, S.L. (1991) Cell 66, 807-15 Swanson, S.K., Bom, T. Zydowsky, C.D,, Cho, H., Chang, H.Y, &
‘Waish, C.T. (1992) Proc. Natl Acad. Scx.USA 89, 3686-90) CyP A binds CsA with an affinity of ca. 10 nM.

N - The complex is then presented to calcineurin (L, J., Farmer, 1.D,, Lane, W.S, Fnedman, ' Wenssman, L, &
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: Schrezber, S.L. (1991) Cell 66, 807-15.).

Calcineurin dephosphorylates the transcription factor NPAT found in the cywplasm of T-cells.
Dephosphorylation allows NFATto translocate to the :mcleus, combine with jun/ fos genes and activate the
transcription of the [L-2 gene reSponmble for cell cycle progression, leadmg to immune response. CsA-CyP A
complex mlubits the phosphatase actmty of calcineurin and ultimately immunosuppression (Etzkom, F. A,
Chang, Z., Stolz, L.A., &Walsh, C.T. (l 094) onchemxstxy 33, 2380-2388.). Nexther CsA or CyP A alone are
important unmunolooxcally Only their complex is important (Lm, )., Farmer, J.D., Lane, W.S. Fnedman, J.,
Weissman, L., & Schreiber, S.L. (1991) Cell 66, 807-15).

- Metabolism of Cyclosporine:

- Cyclosporine is metabolized ini liver, small intestine and kidney to more than 30 metabolites. The
structure of 13 metabolites and 2 phase 1l metabolites have been identified and at ledst 23 further metabolites
have been isolated by HPLC and their structures charactenzed by mass spectrometry. The reactions involved in

‘phase 1 metab olism of cyclosporine are hydmxylamn, demethylation as well as oxxdanon and cyclisauon at
‘amino acid 1. Several clinical studies and reports showed an association between blood coricentrations of

cyclosporme metabo lites and neuro- or nephrotoxmty In vitro experments indxcate that metabohtes are
consnderably lessi nnmunosupresmve and more toxic than CsA.

As ex&nphﬁed by the ever expanding list of indications for which CsA has been found useﬁxl, the
cyciosporin family of compounds find utility in the prevention of rejecnon or organ and bone marrow
transplants; and in the treatment of psariasis, and a number of xantoimmune disorders such as type 1 diabetes
me_:llit;is, multiple sclerosis, autoimmune uveitis, and theumatoid arthritis. Additional indications are discussed

As is generally accepted by-those of skill in the art, inhibition of secretion of int’éﬂeuldnd (IL-2) and
other Jymphokines from lymphocytes, is a useful indicator of intrinsic immzmomppmﬁivé activity of a

cyclosporin anatog, For a recent review of cyclosponn uses and mechamsms of action see Wenger et al

Cyclosporine: Chemxsu-y Stmcmre-Actxvxty Relanonshxps and Mode of Acnon, Progress in Clinical
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Biochemistry and Medicine, vol. 2, 176 (1986).

Cyclosporin A isa cychc peptxde which contains several N-methyl amino acids and, at posmon-s
contains a D—alamne The structure of Cyclosporin A" is given below; -

3
. . | . Hac\ ',H
o C '
Mal.oUl 9 MelLeu10 - MeVaitt - '} MeBmt1
| | | VAR H,
Hs\/ Ha H;\/CH, | T CHy
. | | cu"c’u HO-..CS ' \CH:"CHz
[0 1 R e N ] .
" | S 1 - -
CH3""‘I;! | (l:H, - CH, CH,  H cio
~ - - CHy—N
H—N ' CHy CHy CH: MeGiy 3
: D-Ala B l | | | ! |
5 co——cu——-N~—co—~cn—-n-co-cln—-rlq—co—-cu--n—-co -
| | l |
.c;:a-xa H CH, | /Cf{ M ‘i”z
| SR me oo R
HC  CHy HC CHy
Ala7? Mol au 6 V_al S Melou 4
20 | |

*Unless otherwise specxfied, each of tbe amino acxds of the disclosed cyclosponn is of the L-conﬁguranon.
As is the practice in the field, a parucular cyclosporin analog may be named using a shorthand
notation identifying how the analog dnff'ers from cyclosporin A. Thus, cyclosporm C which differs from
cyclosporin A by the threonine at position-2 may be identified as  IThrP-cyclosporin or [Thrj?-CsA. Similarly,
25  cyclosporin B is [Ala]-CsA; cyclosporin D is [Val]*-CsA; cyclosporin E is [Val]''-CsA; cyclosporin F is [3-
DesoxyMeBmt]‘-CsA cyclosporin G is [NVa]?-CsA; and cyclosporin H is [D-MeVal]"'-CsA.
D-Serme and D-Threonine have been introduced into the 8-position of cyclosporm A by biosynthesis
resulting in active compounds. See R. Traher etal J Antibiotics 42, 591 (1989). D-Chloroalanme has also
been introduced into posmon-a of Cyclosporin A by bzosynthems. See A, Lawen et al J. Antibiotics 52, 1283
30 (1939). '

Indications for Cyelosporine Therapy
Immunoregulatory abnormalities have been shown to exist in a wide variety of antoimmune and
chronic inﬂamniatoxy diseases, including systemic Iupus erythematosis, chronic rheumatoid arthritis, type 1
35  diabetes meliitus, inflammatory bowel disease, biliary cirrhosis, uveitis, 'mulﬁple scierosis and other disorders
such as Crohn's disease, ulcerative colxns, bullous pemphigoid, sarcoidosis, psoriasis, lcht.hyOSIS, and Graves
Ophﬂlalmopaﬂxy Although the tmderlymg pathogenesis of each of these condmons may be qmte dxiferent, they
have in common the appearance of a variety of autoantibodies and self-reactive lymphocytes. Such self-

reactivity may be due, in part, tp a loss of the homeostatic controls under which the normal immune system
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operates.
- Similarly, following a bone marrow or an organ transplantatlon, the host lymphocytes recognize the

foreign tissue antigens and begin to produce antibodies which lead to graft rejection. |

- One end result of an autoimmune or a rejection process is tissue destruction caused by mﬂaxmnatory |
cells and the mediators they release. Ann-mﬂamatoxy agents, such as NSAID's (1~Ion-Stex'oxdal Anti-
inflammatory Drugs), and corticosteroids act principally by blocking the effect of, or secretion of, these
mediators, but do nothing to modify the immumologic basis of the disease. On the other band, cytotaxic agents,
such as cyclophosphamide, act in such 2 nonSpeciﬁc fashion that both the normal and autoimmune fesponscs |
are shut off. Indeed, pﬁtients treated with such nonspeciﬁc immunosuppressive agents are gs likely to succumb
to infection as they are to their autoimmune disease. |

| Genemliy, a cyclosporm, such:as cyclosporme A, isnot cytotoxlc nor myeloto)nc 1t does not inhibit
magrauon of monocytes nor does it inhibit grannlocytes and macrophage action. Its action is specific and

Jeaves most established immune responses mtact, However, it is nephrotoxic and is known to cause the

following undesirable side effects:
(1) abnormal liver function;

(2) hirsutism;
(3) gum hypertrophy;
(4) tremor; .
~ {5) neurotoxicity;
- (6) hyperaesthesia; and

(7} gastl‘ointest_iha! discomfort.

A nmﬁber of cyclosporines and anangs have been described in the patent Iiter&n&e: .

U.S: Pat. No. 4,108,985 issued to Ruegger, et al. on Aug. 22, 1978 entitled, Dihydrocyclosporm v,
discloses dihydrocyclosporm C, whxch can be produced by hydrogenation of cyclosporn C.

U.S. Pat. No. 4,117,118 1ssued to Harri, et al. on Sep. 26, 1978 ezmtled, *Organic Componnds”
discloses cyclosporins A and B, and the production thereof by fermentation. |

U.S. Pat. No. 4,210,581 issued to Ruegger, et al. on Jul. 1, 1980 entitled, “Organic Compounds”,

~ discloses cyclosporin C and dihydrocyclosporkic which can be produced by hjidmgenatién of cyciosporin C.

U.S, Pat. No. 4,220,641, issued toTraBer, et al. on Sep. 2, 1980 entxtled, “Organic Compounds®,

| d:scloses cyclesporin D, dihydrocyclosporin D, and isocyclosporin D,

U.S, Pat. No. 4,288,431 issued to Traber, et al. on Sep. 8, 1981 entitled, “Cyclosponn Denvatwes,
Their Production and Pharmaceutical Compositions Containing Them”, discloses cyclosporin G,
dihydrocylosporin G, and isocyclosporin G. | o ' -

U.S. Pat. No. 4,289,851, issued to Traber, et al. on Sep. 15, 1981 entitled, “?mcéss for Producing

Cyclosporin Derivatives”, discloses qyé{osporin D, dihydrocyclosporin D, and isoeyclosporin D, and a process

for producing same.

U.S. Pat. No. 4,384,996, issued to Bolhnger, et al. on May 24, 1983 enntled “Novel Cyclosporins”,
discloses cyclosporins having a b-vmylene-a-ammo acid residne at the 2-position and/or a B-hydroxy-
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| 6 | |
&-amino atnd resxdue at the 8-posmon The cyclospomzs disclosed included either MeBmt or dihiydro-MeBmt

at the I-posmon.

U.S. Pat. No. 4,396,542, issued to Wenger on Au,,,. 2, 1983 enntled, “Method for the Total Syntheszs
of Cyclosponns, Novel Cyclosporins and Novel Intermediates and Methods for their Productmn discloses the

syntheszs of cyclosparins, wherein the residue at the l-posmon is either MeBmt, dihydro-MeBmt, and
protected mtermedlates. | |
| UL.S. Pat. No. 4,639,434, 1ssuedto Wenger, et al on Jan, 27, 1987 enntled “Novel Cyclosporms”

discloses cyclosporins with substituted residues at posmons 1,2,5and 8 .

 U.S. Pat. No. 4,681,754, issued to Siegel on Jul. 21, 1987 entitled, “Counteracﬁng' Cyclosporin Organ
Toxicity”, discloses methods of use of cyclosponn comprising co-dergocrine, o

B ¢ & S. Pat. No 4,703,033 issued to Seebach on Oct. 27, 1987 entitled, “Novel Cyclosporms discloses
cyclosponns with substituted residues at posmons 1, 2 and 3. The substitutions at pos ition-3 include halogen. |

H. Kobel and R. Traber, Directed Bi osynth esis of Cyclosporins, EurOpean J. Ap pln. Mlcrobiol

I Blotechnol 14, 237B240 (1982), dlsc!oses the biosynthesis of cyclosponns A,B,C,D & G by fennentanon
15.

| Additional cyclosponn analogs are disclosed in U.S. Pat. No. 4,798,823, issued to Witzel, entitled,
New Cyclos;:onn Analogs with Modified *C-9 amino ac1ds” ‘which discloses cyclosporin analogs with sulfur-

containing amino acids at posmon-l.

SUMMARY OF THE INVENTION
- The present invention concems chermcaliy substmned and deuterated analogs of cyclosponne Aand

related cycl osporines.

An object of the: present invention is to pro\nde new cyclosporine analogs whtch have enhanced
efficacy and altered pharmacokinetic and pharmacodynamxc parameters. Another object of the present

. invention is to provide a cyclos;:orme analog for the care of immunoregulatory disorders and diseases,

mcludmg the prevention, control and treatment thereof. An additional object of the present mventwn is to
provide pharmaceuneal composmons for admmxstenng to a patient in need of the treatment one or more of the
active immunosuppressive agents of the present mvention, Still a further object of this invention is to provide
a method of controlling graft rejection, autoimmune and chronic inflammatory diseases by admi'nistermg a
sufficient amount of one or more of the novel immunosuppressive agents in a mammalian species in need of
such treatment. Finally, it is the object of thls invention to provide processes for the preparanon of the active
compounds of the present invention. '

Substitution and deuteration of the cyclosporine molecule results in aitered physlcochenncal and
pharinacokinetic propernes which enhance its useﬁxlness in the treatment of transplantation rejection, host vs.
graft disease, graft vs. host disease, aplasuc anemia, focal and segmental glomemlesclerosxs, myasthema
gravis, psoriatic arthritis, relapsmg polychondritis and ulcerative colitis. |

Embodiments of the invention include CsA derivatives wherein one or more hydrogexi atoms in the 1,
3 and 9 amino acid positions are substituted with a deutennm atom and wherein the cyclosporine A derivatives
are optionally chemically substituted at the amino acid 9 position. A further specific embpdiment of the
invention is the CsA derivative represented by formula I: ' '
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 CHR
| CH
X - H3C CHj CHZ
| H3C+CH3 \C'H H3C CH3 R'_ H—CH3 CH3 | |
| CHz CH2 CH CH CHZ | )
(lIH—CO“N*—'CH—CO NWCH”CO—N-—"CH"CO*I;I—?H
H3C""l:«l CH3 CH;; CH3 H (l:o (D
?0 | H3C"“|\'J Y
H3C"CH ot
H—N CH3 . | £
CO-CH"N'-Co—CH“N“_CO"CH*-N“CO—(‘)HMN"'"CO
CH3 H (';Hz (‘:H H o cH, CHs
HyC CHy CH
H3C C%H3 | H3C C|H3

where R is (i) a deuterium or (ii) a saturated or unsaturated straight or branched aliphatic chain of
from 1 to 16 carbon atoms and 'containing one or more deuterium atoms or an ester, ketone or
alcohol of the carbon chain and optionally containing one or more substituents selected from
halogen, nitro, amino, arrjindo, aromatic, and heterocyclic, or (iii)' R 1s an aromatic or
heterocyclic group optionally containing a deuterium atom or (iv) R is a methyl groﬁp; and X, Y,
\and 7 are hydrogen or deuterium prévided_ that at least one of X, Y, or Z is deuterium; and R’ is
an OH or an ester or is an O and together with a carbon adjacent to a double bond on amino acid
1 form a heterocyclic ring such as 5-membered rings whefe the heteroatom is oxygeh;
Preferably, R is an unsaturated stréigh_t or branched aliphatic carbon chain of from 2 to 3
carbons, X, Y and Z are hydrogen or deuterium, and R’ is an =OH or acetoxy. Other specific *
embodiments of the present invention include the CsA derivative of formula I where R is a

saturated or unsaturated carbon chain of from 2 to 3 carbons containing one or more deuterium

atoms.
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represented by the structures A and B:

wherein R is selected from the group consisting of : (i)—CH=CH-CH3, (11)-CH=CH,, and
(111)-CD=CD:. '
Further specific embodiments include those of formulas Sg and Se below:
o,
|

(59)

MelLeu—MeVal—N

Meleu —D-Ala —Ala—Mel.eu—Val -—Mel.feu

MeLeu—MeV-al'—*N

MelLeu “D-Ala —Ala—Mel.eu—Val—Mel.eu

(A)

Meleu—MeVal—N" Abu—Sar

Meleu—D-Ala—Alg—Meleu—Val—Mel eu

(B)

(5e)

Meleu—MeVal—N "

Meleu—D-Ala—Ala—MeLeu ——Val—

Mel eu
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DESCRIPTION OF THE FIGURES
- Fignre I is the structure of cycIosponne A showing a site of deuteration at the amino acid 3 position.

Figure 2 is the structure of cyclosporine A showing a site of deuteration at the ammo acid 9 position.
Figure 3is scheme I of the synthesas of the cycloeponne derivatives.

Figure 4 is scheme 11 of the synthesis of the cyclosporine derivatives,

Figure 5 is agraph of the results of the calcineurin assayofoample 9.

Figure 6 is a graph of the results of a mixed lymphocyte reactmn assay ofExam;aIe 10.

DETAILED m«:scm-mon OF THE INVENTION
Substitution of deuterium for ordinary hydrogan and deuterated substrates for pI‘Oth metabolites can

| produce profound changes in blosystams Isotopically altered drugs have shown widely divergent

phaxmacolog:cal effects Pettersen et al., found mcreased anti-cancer effect with deuterated 5 ,6-benzylidene-dl- .
L-ascorblc acid (leascorb) [Antlcancer Res 12,33 (1 992)]

Substitution of deuterium in methyl groups of cyclosporine will result in a slower rate-of oxidation of

the C-D bond relative to the rate of oxidation of a non-deuterium substituted C-H bond, The isotopic effect

acts to reduce formation of demethylatcd metabolites and thereby alters the pharmaeokinetic parameters 'of the
drug. Lower rates of oxidation, metabolism and clearance result in greater and more sustained biological

‘activity. Deuteration is targeted at various sites of the cyclosporin molecule to mcrease the potency of drug,
- reduce toxicity of the drug, reduce the clearance of the pharmacologically active mmety and improve thc |

stability of the molecule.

Isotopic Substitntlon. |

Stable isotopes (e.g., deuterium, °C, N, it Q) are nonradioactwe xsotopes whxch contain one.
add‘iﬁonal neutron than the normally abundant isotope of the respective atom. Deuterated compounds have'
been used in pharmaceutical research to mvesngata the in vivo metabolic fate of the compounds by evaluauon

of the mechanism of action and metabohc pathway of the non deuterated parent compound. (Blake et al. J.

| Pharm. Sci. 64, 3, 367-391,1975). Such metabolic studies are important in the design of safe, effective

therapeut;c drugs, either because the in vivo active compound administered to the patient or because the
metabolites produced from the parent compound prove to be toxic or carcinogenic (Foster et al., Advances in

- Drug Research Vol. 14, pp. 2-36, Academic press, London, 1985).

Incorporation of 2 heavy atom patucularly substitution of deuterium for hydrogen, can give rise to an

~ isctope effect that could alter the pharmacokinetics of the dmg. This effect is usually insignificant if the label is

placed at a metabolically inert position of the molecule, |

Stable isotope labeling of a drug can alter its physico-chemical properties such as pKa and lipid
solubility. These changes may influence the fate of fhe dmg at dlfferent steps along its passage through the
body. Absorption, distribution, metsholism or excretion can be changed. Absorption and distribution are
processes that depend primarily on the molecular size and the lipophilicity of the substance. These effects and

alterations can affect the pharmacodynamic response of the drug molecule if the isotopic substitution affects a



10

15

CA 02372639 2002-03-07

10
region involved in a ligand-receptor interaction. ‘
Drug metabolism can give rise to large isotopic effect if the breaking of a chemical bond to a

~ deuterium atom is the rate limiting step in the 'process. While some of the physical pronerties of a stable |
isotope-labeled molecnle are different from thosé of the unlabeled one, the chemical and biological properties
are the same, with one important cxcepnon. because of the increased mass of the heavy isotope, any-bond

mvolvxng the heavy isotope and another atom will be stronger than the same bond between the light isotope
and that atom. In any reaction in Wthh the breaking of this bond is the rate llmiﬁng step, the reaction will
proceed slower for the xnolecule with the heavy isotope due to “kinetic isotope effect” A reaction involving
breakino a C-D bond can be up to 760 per cent‘ slower than a similar reaction involving breaking a C-H bond.

If the C-D bond is not involved in any of the steps leading to the metabolite , there may not be any effect to

alter the behavior of the drug. If a deuterium is placed at a site involved in the metabolxsm ofa drug an
rsotope effect will be observed only if breakmo of the C-D bond is the rate lnnxtmg step There is evidence to
suggest that Whenever cleavage of an aliphatic C-H bond occurs, usually by exidation catalyzed by 2 mixed-
function oxidase, replacement of the hydrogen by deuterium will Jead to observable i ISOtOpe effect. It is also

- important to understand that the mcorporanon of deutenum at the site of metabolism slows its rate to the point

where another metabolite produced by attack at a carbon atom not substituted by deutennm becomes ;he major

o pathway a process called "metabolic switching". It is also observed that one of the moat _l’rnportant metabolic

20

- 35

pathways of compounds containing aromatic systems is hydroxylation leading to a phenolic gronp inthe3 or4
position to carbon substituents. Althou ah this pathway involves cleavage of the C-H bond, it is often not
accompanied by-an isotope effect, because the cleavage of this bond mostly not involved in the rate limiting
step. The substitution of hydrogen by deuterium at the stereo center will induce a greater effect on the activity

of the drug,

§mthesxs of chosporine Derivatives: ' . ' ~
The stzmng material for the preparanon of the compounds of this invention is cyclosporme A. The

- process for preparing the compotmds of the prescnt invention are illustrated as shown in scheme I i in figure 3.
It will be readily apparent to one of ordmaty skill in the art reviewing the synthetic route depncted below that
 other compounds with formula I can be synthes ized by subsntutlon of appropnate reactants and agents in the

synthesis shown below.

- The first step in the process for makmg deuterated cyclosporm analogs is the preparanon of the key
intermediate 3 and 6 . This can be achieved by the oxidation of the double bond in the amino acid 1.
Treatment of cyclosporin with acetic anhydride and excess of dimethylaminopyridine provxded the hydroxyl

, protected acetyl cyclosp orin. 2 .Althongh cleavage of the double bond could then be accomplished by

treatment of 2 with ozone, or KMnOJ NaIO.;, , it was found out that OsO/NalQ, was the reagent of choice
for the transformation to the aldehyde product 3. The reacnon was genera.lly found to be cleaner, producing

-~ the required material and to proceed mhlgber yield. The drawback to this reaction is that 0504_ is expensive

and highl}P toxic, so that its use is lirnited . But the results can be accomplisbed more cconomically by the use
of HgO with OsO; present in catalync arnounts, t-butyl hydroxide in alkaline solution and N--
methylmorpholine-N-oxide can be substrmted for H;0; in this process. The aldehyde compound 3 was further
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treated with various deuterated alkyl or aryl triphenyl phos;:hommn denvatxves(wxmg reagents) and hydrolysis

by alkaline solution provided the ﬁna.l denvatwes (S a-h). We also developed a general procednre to obtam
various compounds as shown mSc.hemeII in figure 4. '
- Inthis approach, the aIdehyde denvanve 3 was treated with the Wittig reagent prepared by using .

») standard procedure. The resultant product on mild acid hydrolyms provided the key imtermediate aldehyde
product 6 This was further treated with second deuterated alky! or aryl mphmylphosphonmm halide reagents
and on mild acid hydrolysis ylelded the required products. This method prov:des control over the extenszon of

~ the diene system. By using this approch, olefinic double bonds can be introduced step by step.
A third approach to prepare the deuterated compounds Sa-h— is by heating non deuterated cyclosponn

.10 emalo gs described earler, 1 in a deverated solvent such as deuterated water, deuterated acetnc acidin the

' presence of acid or base catalyst. |

o Preferred cyclosporins of the present mvennon are those which both contam a demenum and a chemical
substxtuuon on amino acxd 1 such as those of formula II:

15

20

x_-Abu__Sér__MeLeu.._.va;.__;MeLeu-Ata--(D)Ala-MéLeu-—% MelLeu —MeVal—
anpi 4+ 2 3 3 5 8 7 8 9 10 11 _i
Where X is
- . ~ ?Hz
' - ' CH
- - o “ch CHs
30 —N-CH—CO—

And R= ~-CHO, -CDO, -CH-CD~CD3 ~CD=CD-CD: -CH=CH-CH=CD-CD; -CD-“CH-CD'-‘CD CD3 ’
35 -CH=CH—CH"CD7 ~CD=CH-CD=CD, ,~-CH=CD» -CH-CH; and -CD==CD;

EXAMPLES

Example 1.

To a stirred solution of cyclosporine 1(1.01g, 0.84mmol) in acetic anhydride (20mL) at room temperamre' was
40  added DMAP (150mg, 1.23mmol, 1.5eq). After stimring ovemnight, the reaction mixture was partitioned
 between EtOAc (50ml) and water (25ml). The separated EtOAc layer was then washed with water (S0mL) and
brine (50mL), dried (MéSO;) and the solvent removed iz vacuo to give the crude product as a glassy solid. |
Pmi_ﬁcaﬁon by flash chromatography through a short column of silica (2% MeOH/DEM) and lyophilisation

‘from benzene yielded 3 (1.044g, 0.84mmol, quant.) as a fluffy, colourless solid; [] -305.7 (.03, CHCL);
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- Vmax (CHCL, cast)fcm' 3328m, 2963m, 1746m, 1627s, 1528m, 1472m, 1233m; &y (GOOMHz, CeDs) 8.73 (1H,

d, J=9.5Hz, NHD, 8.30 (1H, d, J = 7.0Hz, NH), 7.92 (1H, 4,/ = 7.5H2, NH), 7.49 (1H, /= 7.5Hz, NH,

.605(11-l,d,J=ll.5Hz),588(1H dd, J= 3.5 ll.SHz),SBZ(lH,d,J*lI.SHz),SﬁS (1H,dd,.f='40

12.0Hz), 5.60 (1H, dd, J=3.5, 12.5Hz), 5 63-5.57 (1H, m), 5.51-5.45 (1H, m), 5.37 (1H, dd, J= 5.5, 8.5Hz),
5.05-5.01 (23, complex), 4.99 (1H, d, J = 11.0H2), 4.76 (1H, p,J = 7.0Hz), 4.58 (1H, p, J= 7.0H2), 402 (1,

4= 13.5Hz), 3.47 (3H, 5), 3.30 (3H, 5), 3.17 3H, 5), 3.11 (3H, 5), 2.98 (3H, 5), 2.68-2.62 (1H, m), 2.63 (38,

) 2.51-2.39 (2H, complex), 2.34-2.25 (8H, complex), 2.03 (3H, 9), 1.97-1.85 (2H," complex), 1.83 (3H, dd, J

= 1.0, 6.5Hz), 1.82-1.77 (2H, complex), 1.68-1.61 (38, complex), 1.55 (3H, d, J = 7.0Hz), 1.55-1.51 (1H, m),
' 1.44-1.38 (1H, m), 1.32-1.20 (5H, complex), 129 (3H, 4,J= 7.0Hz), 121 (3H, d, J= 6.5H2), 117 (3H, 4, J =
 6.5Hz), 114 (3H, 4, J = 6.5Hz), 1.08 (3H, d,J= 6.5Hz), 1.04 3H, d, J=6.0Hz), 1.03 (31, d, J=:1.0Hz),
1.00(3H, d,J=7 OHz),0.93 (3H, &, J= 6.0Hz), 0.92 (3H, d,J= 6.5Hz), 0.88-0.84 (9H, complex), 0.76 (3H,
d,J=65Hz), 0.57 (3H, d,J = 6.51-12), B¢ (7SMHz, CeDe) 1736, 1732, 172.8, 1726, 171.3, 171.1, 170,71,

170.67, 1704, 170.2 169.8, 1679@=0), 129.0, 126:2 (C=C), 73.1 (_OAc), 53.1,57.1, 56.0, 33.0, 54.6,
54.2,50.3,49.9, 43.6, 48,1, 47.8, 44.5, 40.8, 39.1,35.7, 33.6, 32.9, 32.1, 315, 31.2, 30.0, 29.7, 29.5, 29.3,

24.9,24.6,24.4,24.0,23.6, 234,233, 21.7, 21.1, 21.0, 20.6, 0.3,\19.5, 18.5, 13.0, 17.7, 17.5, 174, 149,

9 7 m/z (Electrospray)

Example 2

Toa solution of compound 2 (289mg, 0.23mmol) ina 1:1 mixture of dioxane and water (SmL) was added

firstly sodium metaperiodate (IOOmg,'O 471’111:101, 2eq) and secondly a solution of osmium tetraoxide (SmL;
0.5g Os0, in 250mL. of solvent). 'I\vo-phase work-up, purification by flash column chromatography (40%

acetone in petroleum ether) and lyOphlhsatxon from benzenc gave compound 3. (226:11«*F 0.18mmol, 80%) as a

ﬂuﬂ’y colourless solid: {a']:,s -260.0 (c. 0. l CHCl,); v,m (CHC); castyem™ 3325m, 2962m, I748w 1724w,

" 1677m, 16265, 12281n, 7551h; 8 (300Ml-lz, C{,Dﬁ) 8.63 (1H, d, J=9.5Hz, NH), 8.16 (1H, 4, J=7 OHz, NH),
7.95(1H, d,Jn75Hz,N}_{),74s(md,J=9on,Nﬂ). 5.93 (IH, d, J= 7.5Hz), 5.84 (1H, dd, J=4.0,

11.5Hz), 5.70 (1H, d, J= 11.5Hz), 5.56-5.54 (1H, m), 532 (1H, dd, J= 5.5, 8.0Hz), 5.07-4.88 (3H, complex),
472 (IH, p, J=7.0Hz), 4.49 (1H, p, J= 7.0Hz), 3.98 (1H, 4, J= 14.0H2), 3.42 (3H, 5, CH:N), 3.27 GH, s,
‘CH:N), 3.12(3H, 5, CE:N), 3.07 (3H, s, CHN), 2.91 (3H, s, CH:N), 2.79 (BH, s, C&LN),Z 59 (3H, s, CHaN),
2.42-2.08 (10H, complex), 1.94 (34, 5, CH;COy), 147 (3H, , J = 7.0Hz), 1.24 (3H, 7.0Hz), 1.14-1.09 OH,

- complex), 1.04 (3H, d, J=6.5Hz), 1.0 (3H,d,J= 7.0Hz), 0.96 (3H, d, J = 6,5Hz), 0.92 (3H d, J=6.5Hz),

0.91 (3H, 4, J=6.5Hz), 0.89 (3H, d, J= 6.0Hz), 0.83 (6H, d, /= 6.5Hz), 0.74 (3H, d, J=6.5Hz), 0.59 (3H, 4,
J= 6.5Hz); 8¢ (75SMHz, CeDg) 202.5 (CHO), 174.4, 174.0, 173.7, 1728, 1716, 171.5, 1712, 1711, 170.6,
1702, 1702, 168.1, 73.0, 58.7, 57.6, 567, 55.5, 55.0, 54.5, 4.4, 48.9, 43.5, 48.1, 45.0, 44.6, 41.3, 3.3, 38.8,
377,362, 325, 32.0, 316, 309, 30.3,30.0, 29.8, 29.6, 25.6, 25.3,25.0, 24 8, 24.5,24.0,23.8, 23.4, 220,
213, 212,205, 20. 0,19.3, 18.5, 18.5, 18.2, 174, 1522, 10.0; m/z (Electrospray) 1232.8 (MH', 100%).
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- Example 3

Method A:Toa solution of compmmd 3( 3 ISmg, 0.26mmol) in THF (5mL) at 0°C was added a solution of the
deutero-phosphorus ylid (2. 67mmol, ~1 Oeq) prepared from d,-ethyltnphcnylphmphomum iodide. After work-
up, purification. by flash column chromatography (30% to 60% acetone in PE) and I-IPLC (60% to 65% MeCN
in water) then lyophihsanon from benzene yxelded compound 4 (1 53mg, 0.12mmol, 4‘7%) as a fluffy,
colourless solid.

Method B: Toa stirred solunon of compound 3 (287mg, 0.23mmol) in THF (SmL) under Ar at -7 8°C was
carefully added a solution of phosphoms ylid (formed by the addition of sodium hexmnetl'ny}dnsily!annde
(1.0M; 2.25mL, 2.25mmoL ~10eq) to a. suspensxon of d,-ethylm;)henylphosphommn iodide (480mg,

- 1.13mmol; ~5eq) in THF (10mL) underAr at room temperature) After stirring for 2hr with gradual warming

to room temperatute, the reaction mixture was cooled to 0°C and was quenched by the addmon of 10%
AcOH/THF (] OmL) The reaction mlxmre was concentmted in vacuo and partitioned between water (20mL)

. and EtOAc¢ (20mL) The aqueous layer was further extracted with EtOAc (20mL) and the combined organic

extracts were then washed with IN HCl (20mL) and water (20mL), dried (MgSO,) and the solvent removed in
vacuo to give the crude product. Purification by flash column chromatography (40% acetone in petroleum

- ether) and lyophilisatién from benzene yielded compound 4d (84mg, 67 pmol, 29%) as a ﬂuﬁ’y colourless
- solid; [a]"‘ -283.0 (c. 0.1, CHC; Vies (CHCl; casty/cm " 3320m, 3010m, 29595, 2924s, 2871m, 2853m,
. l743m, 1626s, 756s; 5y (600MHz, CeDy) 8.78 (1H, d, J=9.5Hz), 8.33 (1H, d,J= 7.0Hz), 7.99 (1H, d, J=

~ 7.5H2),759 (1H, d,J= 9.0H2), 6.09 (1H, d, J= 11.5H2), 5.92 (14, dd, J=4.0, 11,0H2), 5.86 (1H, d, J=

20

25

30

35

11.5Hz), 5.72-5.64 (2H, complex), 5.62 (1H, dd, J= 3.5, 12.5Hz), 5.40 (1H, dd, J= 5.5, 8.5Hz), 5.10-5.02 -
(3H, complex), 4.80 (1H, q, J = 7.0Hz), 4.60 (1H, g, J= 7.0H2), 4.05 (1H,d,J= 14.0Hz), 3.51 3H,5),331
(3H, 5), 320 (3H, 5), 3.13 (3H, 5), 3.01 B, $),2.87 BH, 5), 2.64 (3H, 8), 245 (1H, dt, J= 4.0, 12.5Hz), 2.36- -

2.20 (10H, complex), 2.06 (3H, s), ] 93-1 79 (3H, complex), &p (34MHz, CGHG)

8c(125MHz, QDQ 1745 173.7, 173.6, 173.1, 171.7 171.4, 170.9; 170.7, 170.6, 170.3, 170.0, 168.4, 130.2
(C‘—‘C), 123. 8(C=C),73 8(MeBth-3), 587 581 576 57.1, SSS 33.0, 54.5, 494, 490 486,48.2,450
41.4, 39.9,39.0, 37.3, 34.2,339 32.6, 32.3 32.0, 314 309, 30.8, 30.2, 30.1, 300 29.9,29.8, 29.6, 28.5,

.25.6,25.3,25.0,24.9, 24.8,241 23.9 238,236 23.1,22.1, 2}7’ 214, 207 20.0, 199 19.8, 18.9, 13.7,

18.6, 18.3, 17.4, 153, 14.3, 10.2; m/z (Electrospray) 1270 ((M+Na]", 100%), 1286 (IM+K]", 20).

'Example 4

Toa snrred solution of 4d (34mg, 67pmol) m MeOH (SmL) and water (2.5mL) at room temperature was
added potassium carbonate (99mg, 0.72mmol, -IOeq) After stirring overnight, the MeOH was removed in
vacyo and the aqueous residue was partm joned between EtOAc (1 OmL) and 5% citric acid solution (10mL).

- The EtOAc layer was then washed with water (lOmL) and brine (10mL), dried (MgSO,) and the solvent

removed in vacuo to give the crude product. HPLC purification (60% to 65% MeCN in water) and
lyophilisation from benzene yielded compound 5d (59mg, 49umol, 70%) as a fluffy, colourless solid; [a]f
262.0 (c. 0.05, CHCi,); Vanx (CHCl;3 casty/em™ 3318m, 3008m, 2960s, 2872m, 1627, 15 19m, 1470m, 1411m,
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1295m, 1095m, 754m; 3 (600MHz, CHe) 827 (1H, d, J=9.5Hz), 7.96 (1H, d, J=7.5Hz), 7.63 (1H, d, J=
8.0Hz), 7.45 (1H, d, J= 9.0Hz), 5.87 (1H, dd, J=3.5, 11.0Hz), 5.74 (1H, d, J=7.5Hz); 5.73-5.69 (1H, m),

5.66-5.64 (1K, br d, J= 11.0Hz), 5.79 (1H, dd, J= 4.0, 11.5Hz), 339 (1H, dd, J= 5.5, 10.5Hz), 5.33 (1H, dd,
J=55,8.5Hz), 5.24 (1H, d, J= 11.0Hz), 5.12 (1H, &, J=".5, 10.0Hz), 4.88-4.79 (3H, complex), 4.22 (1H,

'dd,J=5.5, 7.5Hz), 4.00 (1H, d, 13.5Hz), 3.72 (3H, 5), 322 (3H, 5}, 3.06 (3H, 5), 2.97 (3H, 5), 2.92 3H, 5),
2.85 (3H; 5), 2.67-2.60 (1H, m), 2.58 (3H, 5), 2.56-2.50 (1H, br m), 2.33-2.23 (4H, complex), 2.20-2.07 (41,
complex), 1.80-1.74 (3H, compiex), 1.67 (3H, d,J= 7 .OHz), 1.56-1.50 (2H, complex), 1.46-1.23 (9H, .

complex), 1.17-1.13 (16H, complex), 1.06 (3H, d, J= 6. 5Hz), 1.02 3H, 4, J = =7.0Hz),0.98 3H, d,J=
6.5Hz), 0.96 (3H, d, J=7.0Hz), 0.92-0.89 (9H complex), 0.86 (3H, t, J= 7.5Hz), 0.83 (3H, d, J = 6.0Hz),

0.64 (3H, d, J = 6.5Hz); 5p (84MHz, CeHe) 1.64 (CDs); 3¢ (T5MHz, €4Hq) 174.2, 174.1, 1740, 173.7, 171.8,

1714, 1712,1705, 1704, 1703, 169.8, 1302, 124.1, (99.2) 743, (67.1,) 663, 66.1, 61.0, 59.5, 58.3, 57.8,

| 55.7,55.5,55.4,494,49.0,48.4, 453,414, 39.6,39.0, 37.8, 36.5, 36.1, 35.8, 33.7, 31.6, 30.8, 304, 30.1,
29.9,29.5,29.4, 25.5, 25.2, 25.0, 24.9,24.5, 24.2,233 23.7,23.6,22.0,214,20.0, 18.8, 18.5, 17.8, 16.9,

10.1; mie (Elecn'ospray) 1206 (M+HT', 30%), 1228 ([M+Na]", 100), 1244 (M+KT', 25)

Example 5

To a vigorously stirred mixture of compdnnd 3 (49m& 39.891119!) and deuterated d;-

-allyltriphenylphosphonium bromide (31 l'mg,* 812pmol, ~20eq) in benzene (3mL.) at room temperature was
- added IN NaOH (3mL). Stirring was continued at room temperature for 5days, after which time the 2 layers

were separated, the benzene layer was washed with water (SmL), dried (MgSO,) and the solvent removed in

~ vacuo to give the crude product. Purification by HPLC (20% to 60% MeCN in water) and lyophilisation from
 benzene yielded compound 4g (23mg, 1'8.3pmol 47%) as a ﬂuﬂ"y colourless solid; -[a]f -264.2 {c. 0.24, '

CHélg), Vmax (CHCy cast)/em " 3322m, 2959m, 1744m, 16265, 123 1m, 754m; Sa (SOOMHZ, CsDg) complex
due to 1:1 ratio of geometrical isomers 8. 73 (d,.!--9 SHz,NI-_l_) 8.72(d, J=9. SHz,Nﬁ), 8.29 (d,J= 6.SHz,
NH), 8.26 (d,J==6.5Hz,N§) 7.92 (d,J“7.5Hz,NH), 7.86 (d, J = 7.5Hz, NH), 7.53 (d, J=9.0Hz, NH), 749
(d,J=9 GHz,Nﬂ),’l 10-6.70 (complex), 633 (brt,J= 1 0Hz), 6.18 (8, /= 10.5Hz), 6.12(d, J = lO.SHz),
6.05(d, J=11 0Hz),6 03(d, /=11 01-!1),5.90-5.53 (complex), 537 (dd, J=6.0, 8.0Hz), 5.20 (4, J =

12.0H2), 5.14 (d, J = 12.0Hz), 5.07-4.97 (complex), 4.80-4.70 (complex), 4.57 (p, J=7.0Hz), 4.02 (d, J =

14.0Hz), 4.01 (4, J = 14.0H2), 3.47 (), 3.46 (s), 3.28 (s), 3.26 (5), 3.16 (s), 3.15 (s), 3.09 (5), 2.97 (5), 2.96 (s),
2.84 (s), 2.62 (s), 2.48-2.23 (complex), 2.05 (s), 2.03 (s), 1.95-1.59 (complex), 1,54 (4, J=7.0Hz), 1.53-0.80

(complex), 0.7 (d, J = 6.5Hz), 0.58 (d, J = 6.5Hz2), 0.57 (d, J = 6.5Hz); ¢ (15MHz, C,Dy) 174.5, 174.0,
1739, 173.6, 173.5, 173.1, 1717, 1716, 171.4, 170.9, 1708, 170.6, 170.6, 170.3, 169.8, 169.7, 168.4, 137.9,

1339, 133.5, 132.8, 132.3, 131.6, 130.1, 116.9, 115.0, 73.6, 58.6, 57.6, 57.0, 56.8, 55.7, §5.5, 55.0, 54.9,
54.7,54.5,49.4,48.9, 48.5,48.2, 48.1,44.9, 41.5, 39.9, 39.0, 38.9, 37.8, 37.6, 36.6, 36.3, 34.1, 33.7, 32.7,
32.1,32.0, 31.5, 30.9, 30.7, 30.0, 29.8, 29.6, 25.6, 25.5, 25.3, 25.2, 25.0, 24.9, 24.1,23.9, 23.7, 23.6, 22.1,

'21.7,21.6,21.4, 21.3, 20.7, 20.0, 19.9, 18.9, 18.6, 18.3, 17.6, 15.3, 10.2,m/z(mecu-ospray) 12588(MH*'

100%).
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Example 6 |

' To a vigorously stirred mixture of compound 3 (56mg, 45.5pmol) and deuterated d;-

crotylniphény]phosphohium Bromide (3 60mg, 907 pmol, ~20éq) in benzene (SmL) at room temperature was
added IN NaCH (3mL). Sturing was contmued at room temperamre for Sdays, after which time the 2 layers

- were separated, the benzene layer was washed with water (SmL), dried (MgSO4) and the solvent removed in
vacua to give the.crude prodnct. Punﬁcauon by HPLC (20% to 60% MeCN in water) and Iyophxlxsanon from

benzene yielded componnd 4e (23mg, 18.1jmol, 40%) asa ﬂuﬁ‘y, colouri&ss solid; [o:]D -236.0 (c. 0...5

| CHCI;) Vae (CHCls cast)lmn" 3324m, 2959m, 2871m, 1745w, 1626s, 1231m, Sy (300MHz. CDe) complex
* due to presence of 4 isomers 8.76 (d, J = 6.0Hz), 8.73 (d, J = 6.0H2), 8 29(d, J=1.0Hz), 7.93 (d, J= 7.5H2),
7.88(d, J=7.5Hz), 7.53 (d, J= 9.5H2), 7.62-7.31 (1H}, complex), 7.16-6.88 (2H, complex), 6.59-6.39

(complex), 628 (¢, J=1 0H2), 6.15 (4, J=10.5Hz), 6.09 (d, J= 10.5Hz), 6,05 (d, J =11 5H2), 6.03 @&, J=

- 11.5Hz), 5.90-5.82 (complex) S 68-5 35 (complex), 5 08-4 97 {complex), 4.81-4.72 (complex), 4 63453
| (complex), 4.03 (4, J=14.0Hz), 3.47 (s), 3.46 (s), 3.28 (s), 3.26 (s), .17 (s), 3.-1 S (s),3.09 (s),.2.9 8 (s), 2.97
~. (s) 2.83 (s), 2. 6.: (s), 2.62 (s), 2.71-2.56 (complex), 2 4‘7-2.23 (complex), 2.05 (s), 2.04 (s), 2. 03 (s), 2.02 (s),

1 98-0. 82 (complex), 0.77(d, J=6. SHz), 0.58(d,/=6 SHz), 0.58 (d J=6. SHz), m/z (Electrospray) 1273.8
(MH* 100%).

Example 7
To a stired solunon of compound Qg (20mg, 15. 9}1mol) in methanol (SmL) and water (1mL) at room

temperamre was added potassxum carhonate (30mg, 2 17umol). After stirring overmght, the reaction mxxmre

was partitioned between EtOAc (l OmL)and 5% aqueous citric acid (10mL). The aqueous layer was further
cxtracted with EtOAc (Sml), the combined organic layers were then washed with 5% citric acid (10mL) and

‘brine {(10mL), dried (hngO4) and the solvent removed in vacuo 1o give the crude product. Purification by |
HPLC (65% MeCN) and lyophilisation ﬁ'om benzene yielded compound 5g (l Omg, 8.2umol, 52%) as 2 ﬂuﬂ’y

colourless solid; [a]? 2852 {c. 0.29, CI-IC!;), Vo (CHCI; castyem™ 3500-3200br, 33 I9m, 2958m, 2927m,

16265, 1520m, 1468m, 754m; S (300MHz, C¢D¢) complex due to the presence of 2 i tsomers 825(d,J=

10.0Hz, NHD, 8.13 (d, J= 10.0Hz, NH, 7.93 (d, J= 7.0Hz, NH), 7.84 (d, J= 7.0Hz, NH), 7.67 (&, J= 8.0Hz,
NH), 7.61 (d, J = 8.0Hz, NH), 7.55 (d, J = 8.5Hz, NH), 7.54 (4, J=8.5Hz, NH), 6.84 (t, /= 10.5Hz), 6.79 (1,

.J=10.5Hz), 6.58 (t, /= 10.5Hz), 6.52 (t, J= 10.5Hz), 6.30-6.14 (complex), 5.88-5.78 (complex), 5.75-5.66

(complex), 5.44-4.74 (complex), 4.22-4.15 (complex), 3.95 (d, J = 14.0Hz), 3.93 (d, J= 14.0Hz), 3.72 (s),

' 3.68(s), 3.19 (s), 3.17 (s), 3.05 (s), 3.03 (s), 2.94 (s), 2.93 (5), 2.89 (s), 2.86 (s), 2.82 (5), 2.81 (s), 2.72-2.53

(complex), 2.55 (s), 2.54 (s), 2.49-2.36 (complex), 2.32-2.03 (complex), 1.81-0.81 (complex), 0.65 (d, J=
6.5Hz)), m/z (Electrospray) 1216.8 (MH", 100%), 607.9 ({M+2H]", 15). '
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Example 8 , ' . |
Toa stirred solution of compound 4e (18mg, 14.2:;.1mol) in methanol (Sml.) and water (1mL) at room
tempei'om was aoded potassium oa:bonate (35mg, 254pmol). After stin'ing overnight, the reaction mixture
was partrnoned between EtOAc ( lOmL) and $% aqueous citric acid (10mL). The. aqueous layer was firther
extracted with EtOAc (5mL), the combmed orgmnc layers were then washed with 5% citric acid (10mL) and

brine (10mL), dried (MgSO4) and the solvent removed i vacua to give the crude product. Punﬁmon by
HPLC (65% MeCN) and lyoghihsanon from benzene yielded compound Se (lOmg, 8. Ipmol, 57%) as a ﬂuﬁ'y
colourless solid; [a:]: -285.5. (c 0.1 I CHCI;), Oy (3 OOMHZ, CsD¢) complex due to presence of 4 isomers

'8.31(d, J=9.5Hz), 828 (d, J = 9.5Hz), 8.16 (d, J=9.5Hz), 8.14 (d, J=9.5Hz), 7.96 (d, J = 1.5Hz), 7.95 (4,

J=1.5Hz), 7.86 (4, J= 7.5Hz), 7.85 (d, J=7.5Hz), 7.63 (4, J="7.5H2), 7.59 (d, J = 7.5Hz), 7.50-7.44
(complex), 6.60-6 49 (complex), 6.32-6.11 (complex), 5.88-5.83 (complex), 5,76-5.71 (complex), 5.64-5.22
(complex), 5.17-5.08 (complex), 4.91-4,77 (complex) 4.26-4 18 (complex), 3.99 (d, /= 14.0Hz), 3.97 (4, J=
14.0Hz), 3.74 (s), 3.73 (s), 3.71 (5), 3.69 (5), 3.22 (s, 3.21 (5), 3.20(s), 3 19 (s), 3.07 (s), 3 06 (s), 3.05 (s),
2.97 (s) 2.96 (s), 2.95 (s), 2.92 (s), 2.91 (s); 2.39 (s), 2.84 (s), 2.83 (s), 2.69-2.07 (complex), 2.58 (s), 2.57 (s),
1 84-0 81 (complex), 0.64 (d, J= 6.5Hz); m/z (E!ecn'ospray) 1269 8 ([M-I-KT 5%), 1253.8 ([M+Na] 30), |
1231.8 (MH') '

' Examp!e 0

- The immunosupressive actmty was tested for deuterated cyclosporin anaiogs as described below.
Compound 5e and compound 5g are more potent than the parcnt cyclosporin. Calcineurin actmty was
assayed using a modification of the method prewously descnbed by Fruman et al. (Proc Natl Acad Sci

USA, 89,3686-3690, 1992). Whole blood lysates were evaluated for their ability to depho_sphorylate a
- *’P-labelled 19 amino acid pépt_ide substrate in the presence of okadaic acid, a phosphatase type 1 and 2

inhibito;'. Background phosphatase 2C activity (CsA and okadaic acid resistant activity) was determined
and subtracted from each sample, with the assay performed in the presence and absence of excess added

CsA. The remaining phosphatase activity was taken as calcineurin activity. The results of the calcineurin

‘assay are presented in figure 5. The results are expressed as means = the standard error of the mean. The |

results are plotted as CsA derivative concentration in ug/L versus percentage of calcineurin inhibitation.

The structrues of the compounds assayed include:

MeLeu—-MeVai ——N

Abu—Sar
.

MeLeu—D—AlaeAla-MoLeuhVa!—MeLeu (Compound 2) '
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Abu—Sar

MeLeo—.-MeVal-'-*N r

- Abu—Sar
| o

M;al_eu_o.ma_ma—MeLew-Val—MeLeu. ~ (Compound 6)

Example 10 | .

A mixed lymphocyto reaction (MLR) assay was performed with cyclosporine and compounds 5e¢ and
5g. The results are presented in figure 6 and are plotred as the means of four experiments showing '
concentration of cyclospmne or derivative versus percent inhibition.

The MLR assay is useful for 1dennfymg CsA derivatives with bxologxcal (ixn:mmosuppresswe) acmnty
and to quantify this acnvny relative to the i nnmunosupprosswe activity of the parent CsA molecule. .

An cxample of a lymphocyte prohforanon assay procedure useful for this purpose is as follows. | '

- 1. Collect blood from two individuals (20mls cach) and isolate lymphocytes using F'co!l-Paque (Pharmoma

- Biotech). |

- Count lymphocytes at 1:10 dihution 'inZ‘% acotic acid (V/v).
Prepare 10mls of each lymphocyte populations (A + B) at 1x10° cells/ml in DMEM /20 % FCS (v/v).
Setupa%wcllstcrilenssueculnneplm.ﬂabom(sm cat#83.1835). To eachwe!l add:

AhqtmtloompawenlymphocytepOpMOnA
Aliquot 100y per well lymphocyte pOpulaﬁon B |
AhquotZOplperwelIofdmg(CSAandCSAdcnvaum)atO 2.5, 5, 10, 25, SOandIOOugfLmtnphcatem
Dhmdmnosupplemcots.
8. Tomeasm'etheeﬁ'octofdmgonprohfaanon,mcubmtheplatofoﬁdaysatwCmS%CO;atmos;ahore.
9. Onday 6, prepare 3.2mls of 1:50 dilution of Methyl-"H-Thymidine (Amersham Life Science, cat # TRK 120)
- in DMEM with no supplements. Add 30p1perwellandincubato for 18 hours at 37° Cin 5 % CO;
a:mosphem |
10. On day 7 cclis are harvested onto glass mxcroﬁbcr filters GFIA (Whatman, cat # 1820024) using a Cell-
Harircstor(Skanon, cat # 11019). Wash cells 3x with 1.0-ml sterile distilled water.
- Note: All procedures are done using sterile techniques: inabnologncal flow hood.
1L PhceﬁkasmSmﬂaomwa!smdaddljmbomeSzfePhBSO%smnﬁlmﬁmd(tha cat # SX-25-
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12, Measure the amount of radioactivity incorparated in the ly;riphocytés using a beta counter (Micromedic

“System Inc., TAURUS Automatic Liquid Scintilation Counter) for 1.0 minute.
13. Calculate averages and standard deviations for each drug and eXpress results as:

% Inhibition = [1- Ave CPM of test drug ] x 100
Ave CPM of zero drug

% Proliferation = 100 - % Inhibition

Tlle MLR assay can be utilized to select antibodies of the invention which bind biologically active
CSA metabolites and the parent CSA molecule Antx'bodles could also be selected for reactivity to biologically
inactive metabolites. -

From the results of the calcmeurm assay and the mixed lymphocyte reaction assay, it was found that

. cyclosponnes that have been chemxcally substituted and deuterated at the amino acid | posztmn can possess

sigmﬁcant umnunosupressant activity. In the case of the derivatives Se and 5, nnmunosupressant actxvny that
is szgmﬁcamly greater than CsA was obtamed.

Exampie 11
Other cyclos;:onne derivatives of tie invention wh ich have been prepared mclude the followmg‘

'STRUCTURE

MeLeu—MeVal —NY Jr
I o

Mek eu—D-Ala—Ala—MeL eu—Val—MeLeu

MeLeu—D—Ala—-Ala—MeLew—Val—MeLeu
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© MeLeu—MeVal -—-h‘l -
| O

 MeLeu—D-Ala—Ala—MeLeu—Val—MeLeu

MeLeu-—Mevat--——-itv Abu—Sar

O

‘Meleu—D-Ala—Ala—Meleu—Val—Meleu
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Meleu—MeVal—N

Abu—~-Sar
| O |

MeLeu—D-Ala—Ala—MelLeu—Val—MelLeu

MeLeﬁ—MeVal——-fil

 Meleu—D-Ala—Ala—MeLeu—Val—Meleu

MelLeu—MeVal ——hll Abu—~—Sar

MeLeu—D-Ala—Ala—MeLeu—Val—MeLeu

- P -—
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HO,,

MeLeu-—MeVal MT

MeLeu-—DaAIa—Ala—MeLeu—;Val-#Meﬁ.eu

e

.: 10y,

Meleu—MeVal —N g

Abu—Sar
I T

MeLeu—DeAla—Alaé-M ele u--V_al—Me Leu

. MeLeu-—MeVaI--.--lil

_ 0 l

~ Meleu—D-Ala—Ala—Mel.eu—Val—Meleu
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MeLeu—D-Ala—Ala—MeLeu—Val—Meleu

~

OMe

Meleu—MeVal ——N

Abu—Sar
8 .

MeLeu—eD-Ala-?Ala-MeLéu-eVaFMeLeu )

MeLeu—MeVal ——N

N—— Abu—Sar
T 0 | ,

 MeLei—D-Ala—Ala—MeLeu—Val—MeLeu

"MeLeu.—Me_Va! ---—-lil '

i

-‘Meleu—D-Ala—Ala-—Mel.eu—Val—Mel eu
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Abu—Sar

Meleu—MeVal ----xil _
_ _ I i

MeLeu—D-Ala—Ala—MeLeu—Val—MeLeu

- MeLeu—MeVal—NY -
- 10

MeLeu—D-Ala—Ala—Mel eu—Val—Meleu

MeLeu—MeVal ---l;l ‘

M eLeu-—D—Ala-y-}Ala—MeLeueVal-—LMeLe_u

Meleu—MeVal ---h'l Abu—Sar

Meleu—D-Ala—Ala—Mel eu—Val—Mel.eu
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MeLeu—MeVal —N?* Abu~—Sar

| 0o

MeLeu—D-Ala—Ala—MeLeu—Val—Meleu

"‘Dru Com ition Formulation and Ehcxtation of Immunbsu ression -

Determmatxon of the physxcochomxcal, pharmacodynaxmc, toxxco}oglcal and pharmocokmenc

' propemes of the cycIOSporme derivatives disclosed can be made using standard chemical and bnologxcal assays
- and throubh the use of mathematical modeling hechniques which are known in the chemical and

phmmacologxca]/toxlcologxeal arts. 'Ihe therapeutxc utility and dosmg regimen can be extrapolated ﬁ'om the

results of such techniques and through the use of appropnate pharmacokmet!c andlor phannacodynamnc
models.

The compounds of this mventxon may be admm;ste;ed neat or witha pharmaceutxcal carrier to a warm
blooded animal in need thereof, The phatmaceutlcal carrier may be sohd or hquxd

This i Invention also relates toa method of treatment for panents sufiering from mmnmoregulatory

. 'abnormalities involving the admmtstraﬁon of the disclosed cyclosponnes as the active consnment.

For the treatment of these oondmons and dmses caused by tmmunomgu}arny a deuterated

cyclosporin may be adm:mstered orally, mplcally, parenterally by inhalation spray or rectally in dosage unit
. formulations containing wnvcntxonal non-toxic pharmaeeuncally acceptable carriers, adjuvants and vehicles.

The term parenteral, as used herein, moludes submnaneous inj ectxons, mtravenous, intramuscular, mtrastema!
injection or infusion teohmqnes. '

The pha.rmaceuncal composmons contammg t!:e active mgredzent may be ina fonn suitable for oral

use, for example, as tablets, troches, lozenges, aqueoyus or oﬂy sxspensnons, dzs;m'sible powders or granules,
- emulsions, hard or soft capsules, or symps or elixirs. Compositions intended for oral use may be prepared

according to any method known to the art for the manufacture of pharmaceutical composmons and such
compositions may contain one or more agents selected from the group consisting of 'Sweetening agents,

* flavoring agents, coloring agents and preservmg agents in order to provide phatmzlceuncally elegant and
' palatable preparation. Tablets conta:nmg the active mgredlent in admixture with non-toxic pharmaceutically

acceptable excipients may also be mamzfacnn'ed by known methods. The excipients used may be for example,
(1) inert diluents such as calcium carbonate, lactose, calcium phosphate or sodinm phosphate; (2) granulating

and disintegrating agents such as comn starch, or algtmc acnd, (3) binding agents such as starch, gelatin or |

acacia, and (4) .lnbricating agents such as _ma_gnesi:m stearate, f.stearic acid or talc. The tablets may be uncoated
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or they may be coated by known teehmques to delay dlsmteglauoa and abserpt!on n the gastrointestinal tract

~ and thereby provide a sustained action over a longer penod For exam;:le, atime delay material suchas

glyceryl monostearate or glycexyl distearate may be employed. ’I‘hey may also be coated by the techniques
described in the U.S, Pat Nos, 4,256, 108 4,160,452; and 4,265 874 to form osmotic therapeutic tablets for

contmlled release
In some cases, formulatxons for oral use may be in the t'orm of hard gelatm capsules wherem the

- active ingredient is'mixed with an inert solid dilaent, for examme, calcium carbonate calcium phosphate or

kaolin. They may also be in the form of soft gelatm capsules wherein the active mgred:ent is mixed with water
or an oil medi ium, for exam;:le peanut ofl, hquxd paraffin, or olive oil.
| Aqueous suspensions normally contain the active materials in admixture thh exmpxents smtable for

~ the manufacture of aqueous suspensions. Such excxpxents may be

| (1) suspending agents such as sodium carboxymethylcellulose, methy!eellulese, |
hydroxypropylmethylcellulose, sodmm algmaxe, polyvinylpyrrolidone, gum tragacanth and gum acacia;
(2) dispersing or wetting agents which may be

(a)a natmally-occumng phesphande such as lecithin,

(b)a condensatlon product of an alkylene oxide with a fatty acid, for example,
polyoxyethylene stearate,

(c)a condensauon product of ethylene oxxde with a long eham ahphaue alcohol for
example, heptadecaethyleneoxycetanol,

- - (d) a condensation product of ethylene oxide with a partial ester denved from a fatty acid

and a hexitol such as polyoxyethylene sarbitol monooleate, or | .

(e)a condensatxon product of ethylene oxide with a parnal éster denved from a fatty aczd and
a hexitol anhydride, for example polyoxyethylene sorbztan monooleate |
The aqueous suspensx ons may alse contain one or more preservanves, for example, ethyl or n—propyl |

p—hydroxybenzoate one or more coloring agents one or maore ﬂavonng agents; and one or more sweetening

| - agents such as sucrose, aspartame or saccharin,

- Oily suspension may be formulated by suspendmg the aetxve ingredient in a vegetable oil, for exanmle
arachis oil, olive oil, sesame oil or eoconut oxl, or in a mineral oil such as liquid paraffin. The oily suspensions

* may contain a thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetenmg agents and

flavoring agents may be added to provide a palatable oral preparation. These compositions may be preserved
by the addition of an antioxidant such as ascorbic acid. ]

Dispersible powders and graaules are suitable for the preparation of an aqueous suspension. They

provide the active ingredient in admixture with a dispersing or wetting agent, a suspending agent and one or
-more preservatives, Suitable dispersing or wetting agents and suspending agents are exemplified by those

already mentioned above, _Addil:ioaal excipients, for example, those sweetening, flavoring and coloring agents
described above may also be present. .
The pharmaceutxcal compositions of the invention may also be in the form of oxl-m-water emulsions.

 The oily phase may bea vegetable oil such as olrve oil or arachis oils, or a mmeral oil such as ligunid paraﬁn

or a mixture thereof. Suitable emulsifying agents may be (1) naturally-occurring g oums such as gum acacia and
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gum tragacanth, (2) naturally-occurring phosphatides such as soy bean and lecithin, (3)
esters or partial esters derived from fatty acids and hexitol anhydrides, for example,
sorbitan monooleate, (4) condensation products of said partial esters with ethylene oxide,

for example, polyoxyethylene sorbitan monooleate. The emulsions may also contain

sweetening and flavoring agents.

Syrups and elixirs may be formulated with sweetening agents, for example,

. glycerol, propylene glycol, sorbitol, aspartame or sucrose. Such formulations tnay also

‘contain a demulcent, a preservative and flavoring and coloring agents.

The pharmaceutical compositions may be in the form of a sterile injectable aqueous

or oleagenous suspension. This suspension may be formulated according to known

methods using those suitable dispersing or wetting agents and suspending agents which
have been mentioned above. The sterile injectable preparation may also be a sferile '
injectable solution or suspension Ina noe-toxie parenterally-acceptable diluent or solvent,
for example as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents
that may be employed are water, Ringer’s solution and 1sotonic sodium chloride sol_ution.
In addition, sterile,. fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed including synt}ietic mono-

or diglycerides. In addition, fatty acids such as oleic acid find use in the preparation' of

injectables.

The disclosed cyclosporins may also be administered in the form of suppositories
for rectal edmir'listration of the drug. These compositions can be prepared by mixing the
drug with a suitable non-irritating exeipieht_ which is solid at ordinary temperatures but
liquid at the rectal temperature and will therefore melt in the rectum to release the drug.
Such matenials are cocoa butter and polyethylene glycols.

For t0pical use, creams, oinfments, jellies, solutions or suspensions, etc., eontaining '
the disclosed cyclosporins are employed. .

\ Dosage levels of the order from about 0.*05 mg to about 50 mg per kilogram of body
weight per day are useful in the treatment of the above-indicated conditions(freﬁj' about 2.5

mg to about 2.5 gms. per patient per day). |
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The amount of active ingredient that may be oombmed with the carrier ‘materials to
produce a single dosage form will vary dependmg upon the host treated and the particular
mode of admmlstratxon For example, a fonnulanon lntended for the oral admlmstratlon of
humans may contain from 2.5 mg to 2.5 gm of active agent compounded with an

5 apprOprlate and convenient amount of carrier material which may vary from about 5to
about 95 percent of the total composition. Dosage unit forms will generally contain
between from .about 5 ing to about 500 mg of active ingredient. \

‘It will be understood, howeVer th-at the specific.dose level for any particular patient
will depend upon a variety of faotors including the activity of the specific compound
10  employed, the age, body weight, general health, sex, diet, time of administration, route of
adminmstration, rate of excretion, drug combmatlon and the severity of the partloular disease
undergoing therepy \ . '

In the case of conflict between the references listed herein and this apphcanon the

text of the apphcatlon 1S oontrolhng Modifications and changes of the. dlsclosed
15  compounds and methods will be apparent to one skilled in the art. Such modifications and

changes are intended to be encompassed by this disclosure and the claims appended hereto.
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The embodiments of the invention in which an exclusive property or privilege is claimed -

aré déﬁned as follows:

1. A composition that comprises a mixture of compounds represented by: structures A and

MeLeu-MeVal“-N

Meleu f-fD-Ala —Ala—Mel.eu **Val—MeLeu ' MeLeu —D-Ala—Ala—Meley — Vai—MeLeu

A) ) (B
wherein R is selected from the group consisting.of : (1)-CH=CH-CH3, (11)-CH=CH,, and
(11)-CD=CD.. | |

2. The composition of claim 1, wherein R is —CH=CH§CH3.
N 3. The composition of claim 1, wherein R is ~-CH=CH,.
4. The composition of claim 1, wherein_ R is mCD#CDz.
5. A phannaceﬁtical composition comprising a mixiure of compounds as defined in aﬁy one

of claims 1 to 4, and a pharmac_eutically-acce_ptable excipient.

6. Use of an effective amount of a composition as defined in any one of claims 1 to 4, for

producing immunosuppression.

7. Use of an effective amount of a composition as defined in any one of claims | to 4, in the

manufacture of a medicament for producing immunosuppression.
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