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This application clainms the benefit of U S. Provisional Patent Application
Serial Nuwben126biB92, 449, filed on COctober 12, 2010, theceniseeia/osi7ec! osure
of which is incorporated herein t hi L Ei eference. 10

Di scl osed herein are novel anah§2?5§g€9§ﬁ§§b&h ,Spharnaceuticm
conpositions containing them and nethods for their use in the treatnent of
dry eye and other conditions. 15 Background Cycl osporins are a cl ass
of poly-Nnethylated cyclic undecapeptides. There are naturally occurring
cycl osporins such as cyclosporin A and non-natural cyclosporin ("Cs")
derivatives. Cyclosporin A for exanple, has the follow ng structure: The
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conditions.

15 Background
Cyclosporins are a class of poly-N-methylated cyclic undecapeptides. There are
naturally occurring cyclosporins such as cyclosporin A, and non-natural cyclosporin (“Cs”)
derivatives.

Cyclosporin A, for example, has the following structure:
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The following structure shows the 11 amino acid residues of cyclosporin A:



CH=CHR, or -CH2CHZR wherein R represents (a) -CH3, (b) -CH2SH, (c)

-CH2S-Cn wherein n=1-6, (d) -CH2 carboxyl, i.e., (e) carboxyl, i.e., (f)
al koxycarworrgi2/osi19e. , wherein R10 = Cl-C6 al kyl, or (g) PCT/US2011/055791
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Detailed Description:
The claimed invention relates to novel compounds of the following formula (1) and

pharmaceutically acceptable salts thereof:
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The claimed novel compounds of formula (1) result from modifications at the a-
10 carbon of the 3-position amino acid (sarcosine) of “Cs scaffolds,” which as used herein
refers to different cyclosporins (e.g., Cs A, Cs C, Cs D, etc.) that vary from each other in
the identities of one or more of substituents A, B, C, and D. In other words, a “Cs
scaffold” refers to a novel compound of formula (1) less the moiety at the a-carbon of the

3-position amino acid.

15 A, B, C, and D are defined as follows. A represents -CH=CHR, —CH=CH-
CH=CHR, or —CH,CH;R, wherein R represents
(@) —CHs,
(b) —CH2SH,

(¢) —CH,S—C,, wherein n=1-6,



OH isopropyl, i.e., 1., or n-propyl, i.e., C represents isobutyl,
. e., 2- hydr oxyi sobutyl, i.e., 1- met hyl propyl, i.e.,
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(d) —CHj_carboxyl, i.e.,
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wherein R10 = C—Cg alkyl, or

(g) —CHy—alkoxycarbonyl, i.e.,
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10 OR11
wherein R11 = C4-Cg alkyl.

B represents
—CH,CHg, or

15 1-hydroxyethyl, i.e.,

OH



D represents -CH3 or -CH20OH. WD 2012/ 051194PCT/ US2011/ 055791 In one
enbodi nent of the present invention, Ais -CHCHCH3, Bis -CH2CH3, Cis

i sobutyl ,wandi2Dsi®4- CH3, as illustrated bel ow i n fornul activapo110s#p1 ( ( vy
H4./\ \R12 R3 14,i | 3'a carbon 111111lin 211 00 0=0 In

anot her enbodi nePON{€-- CH=CHCH3, B is 1-hydroxyethyl, Cis isobutyl, and
Dis -CH3, as illustrated belowin formula (IB): (I1B) WO
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D represents —CH; or —-CH,OH.



0= 1-TTN1 1 10 2 11 €000 I n anot her enbodi nent, A is -CH=CHCHS,
Bis isopropyl, Cis isobutyl, and Dis - CH3, as illustrated below in
formul a (WG)2012((150)94 0= Nr"-N9 8 In anot her enbedirnsne1/085706

-CH=CHCH3, B but | t ed
bel ow i n forrr:JISa{rr‘] %Q'"ﬁ”b?fth%%r%eﬂm\’?ﬁq' ngA 'Sl %%CH IS EE|S4:'r'1|gﬁe'sco

isobutyl, and D is —CHjs, as illustrated below in formula (l1A):
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In another embodiment, A is -CH=CHCHj; B is 1-hydroxyethyl, C is isobutyl, and

D is —CHgs, as illustrated below in formula (IB):

(1B)



[N WO 2012/ 051194PCT/ US2011/ 055791 I n anot her enbodinent, Ais
-CH=CHCH3, Bis -CH2CH3, Cis 1-nethylpropyl, and Dis -CH3, as illustrated
bel ow i n Worzoles1192E) : (1E) r( ) yi OHO (' \j2 N R \/ P€T/UR2014/0657%1 1| 3
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as illustrated belowin formula (IF): (( RpiRv/ . .3 2?X)) 1Y HOD
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In another embodiment, A is —-CH=CHCHj; B is isopropyl, C is isobutyl, and D is —

CHjs, as illustrated below in formula (IC):
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8A == N N7/ 05 HHO WO 2012/051194PCT/ US2011/ 055791 I n one
enbodi nent, Ais -CH=CHCH3, B is -CH2CH3, Cis 2-hydroxy isobutyl, and Dis
-CH3, as wblostosatved below in formula (1Q: (1G Fi CKARCTRA2R3/0957p11
j 33a-carbon 1-70riN 2 =0 I n anot her enbodi nent, the variables are as
summari zed bel ow Scaffold

In another embodiment, A is —-CH=CHCHj; B is n-propyl, C is isobutyl, and D is —
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R4 RS R R 8 CCAHHHHHGCCHOIHHHGCGDHM HHHGCGHH
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In another embodiment, A is -CH=CHCHj; B is —CH,CHs, C is 1-methylpropyl, and

D is —CHgs, as illustrated below in formula (IE):
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2012/ 051194PCT/ US2011/ 055791 In formula (I), the am no acids of
various twpesixisiwycl osporine scaffold are |abeled nurTEiPCTﬂ]SIZg/ll}fOSSTm 1 to

11. In one enbodi nent, the i th ent.i pn _occur
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X represents sulfur or -S(0)n, wherein nis 1 or 2; R3
represents hydrogen; straight or branched Cl1-C6 al kyl; straight or branched
C2- 10C6 wbkerpyisiiogt rai ght or branched C2-C6 al kynyl ; CBcTUSeyialoszbky! ;

a4- C7 heterocyclyl havin het el ecte fron1 i trogen, oxygen,
and sl fur - ar yild ORSEEPBIE A R ERP FEN-bEs { Byt e
(CHR)mNHR) is I0H,( &l tared\bélo®® Srmulh(Egein mis 1 2, 3, 4, 5, or 6;
each R is independently H, straight or branched Cl-C6 al kyl, straigh
branched C2-C6 al kenyl; straight or branched C2-C6 al kynyl ; C3 C7
cycl oal kyl ; C4-C7 heterocyclyl having 1-3 hetergatons sel ected from
ni trogen, oxygen, and sulfur; aryl; heteroaryl{ or is 20absent (permtting,
in such case, -(CHR )mto represent an unsaturgted noiety such as - CH CH).
R' is -(CHR )pN(CH3) 2, -(CHR )pNHCCC, -(CHR )pNHCOOH, wherein pis 0, 1, 2,
3, 4, 5 or 6; and wherein R3 may be optionaldly substituted with one or
nore groups, identical or|25different, of Cr|C6 al kyl; hal ogen; hydroxyl;
al koxycar bonyl ; carboxyl; |cycloal kyl; satyrafed,or partially unsaturated
5-6 nmenber heterocyclyl ing 1-3 eroat, H\>\glectea1fr ni Rg ogen,

o

oxygen, and sul fur, whiCh heterodyclfl is o tionglly sub q%éd by one or
nore groups of Cl-C6al kyl; Jdryl; |het roaryl noa$‘ky| am no;

di al kyl am no; am di no—qﬁa'rrﬁ, T O e; DAVPLES

Enbodi ments of fornmul a_(Il) inc|ude, bu en imited [to, the fol |l owi ng
conpounds of fornula ?TT (onl yOt he noi@ty' at ®he afcarb H=6I the position-3

am no acid is shown; Y |ines represent the rest of the Cs conpounds of
formula (1)): 35 \f---Fs/------ | ----0--1 r 3 N—
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In another embodiment, the variables are as summarized below:
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In formula (1), the amino acids of various types of cyclosporine scaffold are labeled
numerically from 1 to 11. In one embodiment, the modifications of the invention occur at
the a-carbon of the position-3 amino acid (sarcosine at the 3-position) of the Cs scaffold.
The modification generally comprises replacement of a hydrogen atom at the a-carbon of
the position-3 amino acid with a moiety in formula (l) wherein:

R1 and Ry, which are identical or different, each represents hydrogen or C4-C4
alkyl, or together represent Cs-Cy cycloalkyl;

X represents sulfur or —S(O),, wherein nis 1 or 2;

R represents hydrogen; straight or branched C4-Cs alkyl; straight or branched C,-
Cs alkenyl; straight or branched C,-Cg alkynyl; Cs-C; cycloalkyl; C4-C7 heterocyclyl having
1-3 heteroatoms selected from nitrogen, oxygen, and sulfur; aryl; heteroaryl;

—(CHR")—NH-CNH,NH;

—(CHR"),—COOH;

—(CHR")—NHR";

—(CHR"),~NHCOR";

whereinmis 1, 2, 3, 4, 5, or 6;

each R'is independently H, straight or branched C;-Cg alkyl, straight or branched
C,-Ce alkenyl; straight or branched C,-Cq alkynyl; C5-C7 cycloalkyl; C4-C+ heterocyclyl
having 1-3 heteroatoms selected from nitrogen, oxygen, and sulfur; aryl; heteroaryl; or is
absent (permitting, in such case, —(CHR'),, to represent an unsaturated moiety such as —
CH-CH).

R"is -(CHR"),N(CH3),, -(CHR"),NHCOC, —(CHR"),NHCOOQH, whereinp is 0, 1, 2,
3,4, 5, or6; and

wherein Rz may be optionally substituted with one or more groups, identical or
different, of C4- C¢ alkyl; halogen; hydroxyl; alkoxycarbonyl; carboxyl; cycloalkyl;
saturated or partially unsaturated 5-6 member heterocyclyl having 1-3 heteroatoms
selected from nitrogen, oxygen, and sulfur, which heterocyclyl is optionally substituted by
one or more groups of C4-Cgalkyl; aryl; heteroaryl; amino; monoalkylamino; dialkylamino;

amidino; guanidine; or urea.

COMPOUND EXAMPLES
Embodiments of formula (1) include, but are not limited to, the following
compounds of formula (l) (only the moiety at the a-carbon of the position-3 amino acid is

shown; wavy lines represent the rest of the Cs compounds of formula (l)):
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NH NH 3 JuU'..fV, WD 2012/051194PCT/US2011/055791 The present
invention also relates to novel internediates useful for the preparation of
conpoundswof2of2arsmea (1). The novel internediates are cecpasaas/osf7ot he
following formula (II1): (Ill) wherein A B,OC, and ,D are as defined
above. WD 2012/051194 The following is a nona\imting enbodi nent of
formula (I1l): Formula (I1l) Conpound Exanpl e I\/bbhyl ene- Sal 3 cycl osporin
A r PCT/ US2011/ 055791
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00 7 H1 161154 11AN110 5ESM5S MH+1214.8, MNa+1236.8 All NMWR data
show sel ect ed di agnostic protons. 1H NVR (CDClI 3, ppm 6 4.98 (d, 1H, olefin
CH2), 5. 280(d12/06H940l efin CH2), 7.17 (d, 1H am de NH), PCTABR2¢ud/0537k4 am de
NH), 7.59 (d, 1H, amde NH), 7.85 (d, 1H, am de NH). 13C NWR (CDCl 3, ppm) 6
143.96 (olefin C), 108.09 (olefin CH2). 2012/ 051194PCT/ US2011/ 055791
The present invention also relates to a for the preparation of a
conpound of forrmula (I11), conprising: a c8fpound of the formul a
(I'') Awherein A, B, C, and D are as pr y defined, with a strong base
(for exanple, lithiumdii soprgpyl anitesor otRer strong base), at a

tenperature in the range of -S78¢ to -70C, fo\lowed by treatnent with a
fl ow of carbon di oxi de gas be V\é(i- 70C and N6G, foll owed by treat nent

wi th excess chl oronet hyl chl or of ofmate 10bet ween -50C and room t enper at ur e,
fol |l owed by quenching of the reagtion mxture with acetic acid at 0Cto
roomtenperature to generate a C(|>rrpound of forrmula (111).
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AA HO/INNiTir NN/.1 O =001 00= O N- N -H 00 40-50%1 H -1cyi 15 Conpound
of forrmula (11) Conpound of fornmula (111) WD 2012/ 051194PCT/ US2011/ 055791
Def i ni ti owe 2012/051194" Al kyl " refers to a nonoval ent | i nearCorushoiansitet

hydr ocar bon radi_cal haV|n rbon at ons but . are
ot i ted 1o, ThRRgent BlRgion s B e e aabr SeuliEr B yiseeriity
(e.g., 1-bwfybmpb&wsydrmusel): ieyoveltigtetmédidtgs hre geandaund$ ef Ge follbwpent yl ,
5neopenty|) and Efxyl (e.qg., 3-hexyl). "Al kenyl" refers to a

nonval ent f?HE& (I branched hydrocarbon radical having 2 to 6 carbon atons
and one or nore doubl e bonds. Exanples include, but are (ot limted to,

et henyl , propenyl, and butenyl. " Al kyny refers to a nonoval ent

| i near or branched hydrocarbon radical havin 10to 6 carbon atons and one
or nore triple bonds. Exanples include, but|are not limted to, ethynyl,
propynyl and butynyl.

partially unsaturated
atons. Exanpl es i ncl ude,
cycl opentyl, and cycl ohekyl .

saturated or partia++y+g 1+
ring atons, at |east or whi ch |[s” a| Het df oaf'om?sBl ect ed fron1nf%?%gen

oxygen and sul fur. oEeeqradiical maylbe a het gegatom Exanpl es
i ncl ude, but ldﬂted to, nDrphoIiny , piperidinyl, [pyrrolidinyl,
zolin

| ent,

aving 3 to 6 carbon
rs to| non

ycl opy opyl , cycl obutyl,
terocyglyl" ref [

Nreh—¢f havi to 6

pyranyl, and p 20" Aryl " refer nofjoval ent 5- {-nenber aromatic
hydr ocar bon radi|cal . | es |nclude ﬂEt are f[fot Ilnlted t o, phenyl.
"Heteroaryl" reflers to %ggl car bon radica
havi ng one or nore h roat ons sl and oxygen.

ridingl, furyl,

Exanpl es include, b ar%5”0t | | kenyl | kynyl
al kenyl, al kynyl,

pyri mdinyl and pyrazinyl> 25 Th
cycl oal kyl, heterocycly, aryl,
substituted with one or nore substituents described herein.

5

wherein A, B, C, and D are as defined above.
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"Monoal kyl am no"

"Am no" refers to the -NH2 or am dogen group.
30al kenyl , al kynyl

refers to the -NHR group, where R represents an al kyI,

and cycl osbkyi2/@as19def i ned herein. "Di al kyam no" pefrarsgotiosihe - NRR
group where_ R and i ndepen entl nts an, al kyl, al kenyl, alkynyl
and cycloaﬁ_ ﬁggywﬂ%ﬁfﬁgﬁ‘ﬁ@ %?ﬁm §°”W%ﬁﬂv to brono, chioro,

fluoro, or iodo. "Hydroxyl" rEdm@isa (IKD) (de}apodad Exanifle 135" Car boxy" refers to

the group: WD 2012/ 051194PCT/ Al koxycar bonyl " refers
to the group: o0 5 where R rebﬁ&glé(l%ﬁgséfﬁlgava% Adefined herein.
"Am di no" refers to the groups: HIR 10R and ??1H"NH2
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5 ESMS MH'1214.8, MNa'1236.8
All NMR data show selected diagnostic protons.
'"H NMR (CDCls, ppm) 8 4.98 (d, 1H, ofefin CH,), 5.25 (d, 1H, olefin CH,), 7.17 (d, 1H,
amide NH), 7.52 (d, 1H, amide NH), 7.59 (d, 1H, amide NH), 7.85 (d, 1H, amide NH).
3C NMR (CDCls, ppm) 8 143.96 (olefin C), 108.09 (olefin CH,).
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" @uani di no"
group: NH2 1 NGO H

refers to the group: NH2 1 NCNH H 15"Urea"
"Pharmaceutically acceptable salt”

refers to the
refers to

any salt wD20wmmsosmds clainmed in this application that pPOTASGR®H5ITHE

i veness,to the

hefREpSeay,

bi ol ogi cal effe
ot herwi se har nf ul

SYNTHESI S EXAMPLES . The inventi o
non-1imting syffARLES QRpeHrde
foll owi ng chem cal
di met hyl f or mam de
di i sopropyl et hyl am ne (Me: et hy

VAR RIS
or gani ¢ andonipeugdsi forre@a iligicomprsinghi ch are wel |

t he ou
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nds a e

nfdrtlﬁ%grnot 20t(§xi c or
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FRARY9R h&ri ved from
known in the art.

rated by the follow ng

ot herwi se i ndicated, the

abbrevi ations are used in the synthegils exanpl es: DVF:
WO 2012/ 051194PCT/ US2011/ 053791 DI PEA
| THF: tetrahydrofuran
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wherein A, B, C, and D are as previously defined, with a strong base (for example,

lithium diisopropylamide or other strong base), at a temperature in the range of -

78°C to -70°C, followed by treatment with a flow of carbon dioxide gas between -

70°C and 15°C, followed by treatment with excess chloromethylchloroformate

10

between -50°C and room temperature, followed by quenching of the reaction

mixture with acetic acid at 0°C to room temperature to generate a compound of

formula (l11).

15

1) LDA/

3) AcOH

Compound of formula (II)

19

2) CICO,CH,CI

40-50%

CO;

Compound of formula (I1I)



i-Pr: isopropyl 5n-Bu: n-butyl The starting materials for the

cl ai med conpounds of fornmula (1), including the Cs scaffolds, can be

pr epar ed wei2orp/syrehesi s schenes and reagents avai |l abl epPCcm/ush@ 1453791 and may
be obt ai neg?thr.ou h comercial suppliers. Reagents used for the synthesis
of the nov tr'r‘lf?ﬁmds of the present invention can al so be obtained

t hr ough commer ci“alkyil GsfeRpb iaeﬁ@novEléammeer dr braddiddetyasdcanenadita hayiahasper i n
A 15 Toasolqtlon of diisopr | am ne

11.2 ni 0 | ind THF
(240 1) | atcErPR@ RImEoFRemPEE OLSROS 267 Pl G5 3 Mo eBlcP AP YRS - buty1
l'ithi u(rjn (2. pﬁ%yé n?d’!ﬁwyesutylﬁ’('é g 1- bl&@l Fﬁmt)ll, @ét?bllgt‘/letelﬂetﬂwl 1}, ip@@tyfﬂe)@’&u’{-gewz o
stirred_at ol ution of dry cyclosporine rie
azeot r opi n@eﬁp?’ﬁylgﬂ?gqﬁf( r2‘8I9 §Héex‘%/ﬁen 20 kept i% dgssi cgtor o/nin Y
presence of P205)\Ikégyl”6remrs&) 9 momohipnt Ilﬂmegl_ftyr_ BFHFch]geéGhygﬂo)ﬁam?\E riaﬂda&ﬁaa’ﬁgi 2tthe
reaction red under the sa onditiqns for .2 h. ow of carbon
i oxi de wad SUBE] EAMSAMBAGR o RS SRS BAPdR sioare Redhcidie. it eeds it B
t enper at ur esthengl, @aspengl, biod b&O&Yl. The resulting mixture was allowed to warm
to 15C over a pe urs t

h ck 0C bef th
Lo tion of o ChlsSayern Ros BRgbrea 1381 B e g RydsPsarBam e heyitsh
m xt ur ¢ 0waso 8ldaebwrchtdras wad ohé or mMomriperjoatat Bxamplee maivgb! bitkesnstdialited té,0 O

C and aceti Wg}gd P@%}XBW&‘PH?’EW”V' | ) was added. The m xture was al | owed

to warmto he sol vent evaporated and the resultant
m Xt ure was par t‘Ciclosled” Mrm&emo&@\}w@ntaatetaéceo:amumdmyiumeatu?awj cyogani c phase

20121 051 104ntReCkss a9e 87910 316 6 RS B Baliney R Yire Fo iy WL
chr omat ogg apbippropiiNgyatobrioll, \@Gbp@ﬁt@ldhmtydﬁhei{ﬁ]()% di et hyl ether 4 96% di et hyl
M- 11334, 6. VNAReiesS gk FFRIRD ey A6 ol A SR Ty ViR g D)
5.25 (d, 1Hydaicaftion rédi2dl having3 6@, nnij;l-é,tor_asmaﬂ&aakﬂ-bne at.viddch id a Hetéroatshde NH) ,
143, 96 (ol BIEIFICsom nlipogd oisiantiudB) MeileaLmar b Phe GRPR A T ol 1 owi n
corrpounds Weteg oo e ah@chpldsDh dlydky, udeBmiot lirhit¢dMet hpkshotaybadiperidlirsh, plyosixmyl,n A
pyranyl, and pyrazolinyl.
20 “Aryl” refers to monovalent 5-7 member aromatic hydrocarbon radical. Examples
include, but are not limited to, phenyl.
“Heteroaryl” refers to monovalent 5-7 member aromatic hydrocarbon radical
having one or more heteroatoms selected from nitrogen, sulfur and oxygen. Examples
include, but are not limited to, imidazolyl, pyridinyl, furyl, pyrimidinyl and pyrazinyl.
25 The aforementioned alkyl, alkenyl, alkynyl, cycloalkyl, heterocycly, aryl, and
heteroaryl radicals may be independently substituted with one or more substituents
described herein.
“Amino” refers to the —NH, or amidogen group.
“Monoalkylamino” refers to the -NHR’ group, where R’ represents an alkyl,
30 alkenyl, alkynyl and cycloalkyl as defined herein.
“Dialkyamino” refers to the —~NRR’ group where R and R’ independently represents
an alkyl, alkenyl, alkynyl and cycloalkyl as defined herein.
“Halogen” refers to bromo, chloro, fluoro, or iodo.
“Hydroxyl” refers to the —OH group.
35 “Carboxy” refers to the group:
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15 ESM5 M+1216.8, MNa+1238.8 1H NWR (CDCl 3, ppm 57.18 (d, 1H, am de NH),
7.52 (d, 1H, amide NH), 7.57 (d, 1H, amide NH), 7.75 (d, 1H, am de NH)

[ Met hyl erwoSar)@1ycl osporin D WO 2012/ 051194PCT/ US201PCOABIAL/0ESNE
MH+1228. 8, MNa+1250.8 1H NMR (CDCI 3, ppn), 7.17 (d, 1H amde NH), 7.59 (d,
1H, amde NH), 7.63 (d, 1H, amde NH), 7|89 (d, 1H, am de NH) 5 Exanple 2 :
1(S)-2-Di et hyl am noet hyl t hi onet hyl - Sgarr gyclosporin A 0= 0000=0 N IT HGQ,
[1114,4N 11 1YIHT, Il NH41-111'"" 1§TK2 Pdr cs20m8 HSNEt 2 . HO
0=00000NEt 2 ON- Ce-N irl1701-F I)HI I N N H 10To a sol ution of

[ met hyl ene- Sal 3 cycl osporin A (0.232 g, 0.19 mol) in acetonitrile (15 m)
was added pot assi 3 .8 mmol ) and the white suspension
was bubbl ed throhgﬁk%%gtﬁ)%gﬁ(%gge}%%o%ogﬁe hour before addi ng

di et hyl am noet hyl t hi ol hydrochl oride salt (0.322g, 1.9 nmol). The reaction
m xture was bubbl ed through with nitrogeg overnight during which tinme the
sol vent evaporated. Acetonitrile (15ml) s 15 added, the white suspension
filtered through a pad of sodi um sul ghar_ _then concentrated to give 315ny
of a cokourless oil. Trituration witRB hexane under ultrasound conditions,
foll owed b n I f i ovi ded 240ng of a white solid.
Purificati %h%gié/ﬁnﬁ%s‘g@?%H&ﬁ@@?i@%&gﬂgfgh@&a sol vent gradi ent of 100%

di et hyl ether 4 95%di et hyl ether! 5% nethanol then 100% di et hyl et her

fol lowed by a segand SoLuen, L elpnt 100%

H H
|
é—N=C—N/R é
\
10 R and NH,

“Guanidino” refers to the group:

NH2
E—N—C=NH

15 “Urea” refers to the group:

“Pharmaceutically acceptable salt” refers to any salt of compounds claimed in this
application that possesses the biological effectiveness to the the compounds and are not
20  toxic or otherwise harmful for pharmaceutical use; these salts may be derived from

organic and inorganic counter ions which are well known in the art.

SYNTHESIS EXAMPLES
The invention is illustrated by the following non-limiting synthesis examples.
25 Unless otherwise indicated, the following chemical abbreviations are used in the
synthesis examples:
DMF: dimethylformamide
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20di et hyl ether 4 90% di ethyl ether / 10% nmet hanol contai ni ng 10% aqueous
ammoni a (0. 88) gave [(S)-2-diethylam noethylthionmethyl-Sar]3 cyclosporin A
ESMS MH+1M8o202/05HMVR (CDCl 3, ppnm) 50.69 (3H, d), 0.77-pcomseeudiossze) 1. 09
(3H, d), 1.18-1.41 (10H, 25n? 1.41-1.82 (10H, m, 1.93-2.18 (5H m,
2.33-2.46 (2H, Dﬂrﬁ’EAzd"§Qpr(>a1dre hypmine 60-2. 72 (6H, M, 2.99 (2H, br d), 3.10
(3H, s), 3.18 Wme$9| 3.27 (6H, s), 3.50 (3H, s, Nwe), 3.58 (1H, br d),
3.67 (1H, q), 4.52 , 4.60 (1H t), 4.82 (1H, m, 4.93-5.08 (4H, m,
5.10 (1H, d), 3Het raﬁgdre (BN ), 5.51 (1H, dd), 5.69 (1H dd), 7.16 (1H, d,
am de NH), 7.36p{i& %ﬂamde N , 7.68 (1H, d, amde NH), 8.13 (1H, d,

am de NH). 30 MD 25& /'051194PCT/ US2011/ 055791 In a sinmlar way the

fol | owwng conpdtBiS-BY e prepared: [Di hydro-MeStna 1

[ (S)-2-diethyl arﬁb@%eﬁrtyﬁnbtféhgla%mféc@ﬁﬁéd @dfﬁdcﬁ:%@@bfﬂarrﬁula él ICGhellidifhe(©F
2WB) 0= Nr-N-O CH3CNNII™ 0 ii-1811- ¥ 1H NVR (CDCl 3,
ppm) 67. 1#cqMlYs, gan Baperpargd)using syp ftefﬁ SCBemﬁﬁﬁﬁl%reﬁﬂ?”tS?V?'iabdel'H thejartani de
NH) , 8. 10 a6d haythe BHiAEI NBughldhinRroidr Sipplidry! Rebpars D¥dd fak ereedyiiesigat I

cyclosporin D ~ 11
the novel compounds of the present invention can also be obtained through commercial

10  suppliers.

Example 1: [Methylene-SarF cyclosporin A

1. n-Buli, i-Pr,NH
))TIF |; 2o )jTIr 1; f
N 3. CICO,CH,CI N
| F |

| 4. AcOH |
N— o o N—= > o o N—=
THF J—-—
"THfFr l H}S_S\ TerEFN H”o_ﬁ\

15
To a solution of diisopropylamine (11.2 ml, 80 mmol) in dry THF (240 ml) at -
78°C under an atmosphere of nitrogen was added dropwise n-butyl lithium (2.5M in
hexanes, 32 ml, 80 mmol) and the resulting mixture was stirred at -78°C for 60 minutes.
A solution of dry cyclosporine A (dried by azeotroping with 2x40 ml toluene then
20  kept in dessicator o/n in presence of P,0s) (9.6 g, 8.0 mmol) in dry THF (40 ml) was
added and the reaction was stirred under the same conditions for 2 h. A flow of carbon
dioxide was bubbled through the reaction mixture for 30 minutes with temperature
increasing to —50°C. The resulting mixture was allowed to warm to 15°C over a period of 2
hours then cool back down to —50°C before the addition of chloromethylchloroformate
25  (7.1ml, 80mmol). The reaction mixture was allowed to warm to room temperature
overnight then cooled to 0 °C and acetic acid (5 ml, 88 mmol) was added.
The mixture was allowed to warm to room temperature, the solvent evaporated
and the resultant mixture was partitioned between ethyl acetate and brine. The organic

phase was separated, dried (Na,SO,) and concentrated to give a yellow oil.
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OON- O O NNN ESMS M#1361.9 SI ITHO | NNOO Il O NF O J-N7.71-N Il 06 |

1H NVR (CDCI 3, ppm) 67.16 (1H, d, amide NH), 7.49 (1H, d, anide

NH), 7. 72w0bbi2/d11945am de NH), 8.16 (1H d, am de NH) WOI/US2011/055791
2012/ 051194PCT/ US2011/ 055

7
1(S)-2-(4-pyridy q’i & ngﬁét"\fﬂ?l pugh(]aq bwﬁLgs%?"Pﬂtoﬁraph}’ UsiRfrg sQivent grpdieny
HN- (11- N-- of 100% dlethyl ether > 96% diethyl ether / 4% methanol to give [methylene-Sar]®
cyclosporinA.

5 ESMS MH"1214.8, MNa*1236.8

'H NMR (CDCls, ppm) & 4.98 (d, 1H, olefin CH,), 5.25 (d, 1H, olefin CH,), 7.17 (d, 1H,
amide NH), 7.52 (d, 1H, amide NH), 7.59 (d, 1H, amide NH), 7.85 (d, 1H, amide NH).
3C NMR (CDCls, ppm) 8 143.96 ( olefin C), 108.09 ( olefin CH,).

10 In a similar way the following compounds were prepared:

[Dihydro-MeBmt] ! [Methylene-SarF cyclosporin A

o, 1. n-BuLi, i-Pr,NH
N XL 2. 00, JLL ot
—N-L NN NN 3. CICO,CH,CI N
ol OH O —|=O 4. AcOH ' {
o N= > Y:,L_ 0 N-
O)—-g—u-g—r”f?'N ”—5—5\ THF O)—'g—u-g—l—Nf?'N N—||—5\

H ! HO
15
ESMS MH'1216.8, MNa*1238.8
'"H NMR (CDCls, ppm) d 7.18 (d, 1H, amide NH), 7.52 (d, 1H, amide NH), 7.57 (d, 1H,
amide NH), 7.75 (d, 1H, amide NH) [Methylene-Sar]’ cyclosporin D
20

1. n-BuLi, i-Pr,NH
HO, HO,
N X - 2 o, N Y -
—N-=N-5-N-N-—rN 3. CICO,CH,CI ~N-—rN-5r-N-9N-—N

o4 O O!' OH O _|=o 4 AcOH o4 O O!' OH O 0

o N= > - o

; N-AL-N-L—N THF N NLN-L—N

OTERETH JT _LHE ) OTERETH JT _LHE
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0= 0 000=0 Y--0 O Oj-TH FNN N FFI H 11 ESM5S M+1354.0 51H NVR (CDCl 3, ppm
57.14 (d, 2H, pyridine), 7.18 (d, 1H, amde NH), 7.31 (d, 1H, am de NH),
7.70 (d, wl20emsadw4NH) , 8.17 (d, 1H, am de NH), 8.54 (dPCZHS2qynsxtbne) .
Example 4 : [(S)-Methvlthionmethyl-Sarr cyclosporin A ESMS M+1262. 8,
MNa+ 1284. 8 1H NVR (CDCI 3, ppm) 6 2.20 (s, 3H, SMe).7.18 (d, 1H,

am de NH), ESM$ MHI124848, MNatiesd3NH), 7. 70 (d, 1H, amide NH), 8.15 (d, 1H,

am de NH). I : -Pent yl t hi onet - r cycl ospor|

2012/ 05[')1941:?&&@3%%'#0&%1@5%1Wf%%{)’ Kc}%é#d’léﬁo%’?%hglﬂfé’ '?%I .
ppm 57. 15 dmlde NH), B89 de 1INHpmide. BH) (d, 1H, amide NH), 7.67 (d, 1H, amde
NH), 8.15 (d, 1H, amde NH). Exanple 6 : 1(S)-2-Am noethylthionethvl-Sarr
cvcl osporin A 10ESMS MH+1291.7 1H NWMR (CDCI 3, ppm) 6 7.18 (d, 1H, am de
NH), 7.35 (d, 1H, @&ExageNH) [(SjF2-BlethdambbethammiceMi)SarB.clbioshorikk ami de NH) .

10  To a solution of [methylene-Sar]® cyclosporin A (0.232 g, 0.19 mmol) in acetonitrile (15 ml)
was added potassium carbonate (0.523g, 3.8 mmol) and the white suspension was
bubbled through with nitrogen for one hour before adding diethylaminoethylthiol
hydrochloride salt (0.322g, 1.9 mmol). The reaction mixture was bubbled through with
nitrogen overnight during which time the solvent evaporated. Acetonitrile (15ml) was

15 added, the white suspension filtered through a pad of sodium sulphate then concentrated
to give 315mg of a colourless oil. Trituration with hexane under ultrasound conditions,
followed by decantation of the solution provided 240mg of a white solid. Purification by
MPLC chromatography using a solvent gradient of 100% diethyl ether > 95% diethyl
ether / 5% methanol then 100% diethyl ether followed by a second solvent gradient 100%

20  diethyl ether > 90% diethyl ether / 10% methanol containing 10% aqueous ammonia
(0.88) gave [(S)-2-diethylaminoethylthiomethyl-Sar]® cyclosporin A.

ESMS MH'1347.9
'H NMR (CDCls, ppm) 8 0.69 (3H, d), 0.77-1.07 (43H, m) 1.09 (3H, d), 1.18-1.41 (10H,

25 m), 1.41-1.82 (10H, m), 1.93-2.18 (5H, m), 2.33-2.46 (2H, m), 2.53 (4H, q), 2.60-2.72 (6H,
m), 2.99 (2H, br d), 3.10 (3H, s), 3.18 (3H, s), 3.27 (6H, s), 3.50 (3H, s, NMe), 3.58 (1H, br
d), 3.67 (1H, q), 4.52 (1H, m), 4.60 (1H, t), 4.82 (1H, m), 4.93-5.08 (4H, m), 5.10 (1H, d),
5.26-5.39 (3H, m), 5.51 (1H, dd), 5.69 (1H, dd), 7.16 (1H, d, amide NH), 7.36 (1H, d,
amide NH), 7.68 (1H, d, amide NH), 8.13 (1H, d, amide NH).

30
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Example 7: [(S)-{(R) -2-Am no-2-car bonet hoxy- et hyl }t hi onet hyl - Sarr
cyclosporin A° H-; Eks,NrCO2Me )N)IT11'NH2 .Ha UNI| NN

Il HCs2C3wBi012031199 0 CH3CN O N-O ON- NN - FFNI TFFNI H 01 PCTAIS2011H5ESMVS
MH+1349.6 1H NWR (CDCI 3, ppm 6 3.78 (s, 3H, COOWe), 7.15 (d, 1H, am de
NH), 7.33 (d, 1H, anmide NH), 7.69 (d, 1H, amide NH), 8.15 (d, 1H, am de
NH) . 20Exanpbs&idilar wialy e iloWviag ticbmpaomdsoedb\prégaredret hvl - Sarr cvcl osporin A

V0 20121 051194PCH h02 Ol B | 1 -2 ey ibihinoen ibmbtnD-S 4 bloSsonn'A 2 -

NEt,

5
ESMS MH" 1350.0
'H NMR (CDCl3, ppm) 87.17 (1H, d, amide NH), 7.37 (1H, d, amide NH), 7.71 (1H, d,
amide NH), 8.10 (1H, d, amide NH).
10 [(S)-2-Diethylaminoethyithiomethyl-Sarl’ cyclosporin D

| | j i
S
. NEt, HCI /H HO,
AN S o SR SR ) S o

| N N N
A | [ TN T
NN T o Ol H
T T TH T o K,CO, (or Cs,CO, l o) 0] O
- i I
T o)

o o " ] P |
NN S S CHON AN TN
Oéﬁ"lﬁ\(ﬁ“)\ﬁ")\ EHG HY'I)\HO
O O
ESMS MH"1361.9

"H NMR (CDCls, ppm) 57.16 (1H, d, amide NH), 7.49 (1H, d, amide NH), 7.72 (1H, d,
15  amide NH), 8.16 (1H, d, amide NH)
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") NNNOIl I"so i O HCs2C3000-FO N_88 1 )/.00 0 0 0 -;-Nmy rNIINIIN

.HoH ... .. KH ESMB MH+1319.56 1H NVR (CDCI 3, ppn) 52.25 (s, 6H, NMVe2), 7.17
(d 1H, awDde12d)1947. 35 (d, 1H, am de NH) 7.68 (d, 1H, pamiuseoidys798. 15 (d,
1H, amide NH). Exanp e. _1 § et | J |Somlatyl Sarr

cycl osporin A ESH , 3H, Nwe),
7.17 (d, 1H, am de NH), 7. 33 (d 1H am de NH) 7 69 (d 1H am de NH),
8.17 (d, 1H, am de NH). Exanple 10 :

1(S)-2- (Morphol i no)ethvlthionethvl-Sarr cvclosporin A (O N Hf( N

L
| HCl l
N $
Ho,
HO, HS F |\r ( | “\\J
_ hIl N N | hIl N N=—N— NN
H KLO, (or Cs L0, ) 0] 0] l O H 0] 0]
fe! 0 0 _
- N N

I o CHON

ESMS MH*1354.0
5 'H NMR (CDCls, ppm) & 7.14 (d, 2H, pyridine), 7.18 (d, 1H, amide NH), 7.31 (d, 1H,
amide NH), 7.70 (d, 1H, amide NH), 8.17 (d, 1H, amide NH), 8.54 (d, 2H, pyridine).

Example 4 : [(S)-Methyithiomethyl-Sar]’ cyclosporin A

SMe
HO, \'/ Ho, J
|\'/ MeSNa A I BN N C f
[ | D Iy "
T K.CO o 6 ol oH & 0
| O H O 0} 2 3 o

N— N— o) o}
N— o] o] | CH,CN J |

T—
SN VR AT T T
o T NTTN N N=T EHLIH | )\H 3
N H\(’ I IHE

O

10

ESMS MH*1262.8, MNa® 1284.8
'H NMR (CDCls, ppm) 8 2.20 (s, 3H, SMe).7.18 (d, 1H, amide NH), 7.36 (d, 1H, amide
15 NH), 7.70 (d, 1H, amide NH), 8.15 (d, 1H, amide NH).

Example 5 : [(S)-Pentylthiomethyl-SarF cyclosporin A

)ﬁ Y (¢ CH(OH,)H _/5 TP
N ' '

N " N N N

N N | N TN T
TN TN o ol oH
T IR I Cs 0, . oH o
- N—
— N— (o] (0]
N— o 9 ht NN SR
N N |
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HS\IN) Cs2CCB0= 000 - 8 NN O,IcH Il 0 CH3CN  15SMB MH+1361.8 1H NMVR
(CDCI3, ppm) 7.17 (d, 1H, amide NH), 7.35 (d, 1H, anide NH), 7.69 (d, 1H,

am de NHwoO20ds5{d4 1H, amide NH) WO 2012/ 051194PCT/ USPOTAISR&®INST9EXanpl e

11: [(S)-Carbonet hoxynet hyl t hi onet hyl - Sarr cycl osporin A )) I T N4J.

,» NI

NI

10

15

20

YI- 0000 =0 ONNCs2C3 O i H rTHO Nri 2LH'I OOCH3CN , NN [
ESMS MH"1318.6, MNa" 1340.6

'H NMR (CDCls, ppm) & 7.15 (d, 1H, amide NH), 7.37 (d, 1H, amide NH), 7.67 (d, 1H,

amide NH), 8.15 (d, 1H, amide NH).

Example 6 : [(S)-2-Aminoethylthiomethyl-Sar] cyclosporin A

mm{w o ﬁw@ﬂwﬁr{%

ﬂ*—wﬁ?%ﬂ ST

ESMS MH*1291.7
'H NMR (CDCls, ppm) 8 7.18 (d, 1H, amide NH), 7.35 (d, 1H, amide NH), 7.67 (d, 1H,

amide NH), 8.15(d, 1H, amide NH).
Example 7 : [(S)-{(R)-2-Amino-2-carbomethoxy-ethyl}thiomethyl-Sar’ cyclosporin A

|

Ho S

NH .

l HO, , HCl l\r '/ | “J Y,

N N N Nl N o

R ER A N—t"—rl D AR o
TR T Cs[00, fj o ol oH &

= N_

N— 0 o] N |

e N"|
o EHOIH\HIXHO)\

ESMS MH"1349.6
'H NMR (CDCls, ppm) 8 3.78 (s, 3H, COOMe), 7.15 (d, 1H, amide NH), 7.33 (d, 1H,

amide NH), 7.69 (d, 1H, amide NH), 8.15 (d, 1H, amide NH).

Example 8 : [(S)-2-Dimethylaminoethylthiomethyl-Sar[’ cyclosporin A

27
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|  ESMS MH+1320.4 51H NMR (CDCI3, ppm) 6 3.78 (s, 3H, COOWe), 7.17 (d, 1H,
amde NH), 7.32 (d, 1H, anmde NH), 7.69 (d, 1H, amide NH), 8.15 (d, 1H,
am de NHwoOBxemsh®412 : 1(S)- Car bonet hoxvet hvl t hi onet hvip€csarseoiawsi7ospori n A
ESMS MH+1335. 05 1H NMR (CDCI 3, ppm) 6 3.71 (s, 3H COOwWe), 7.17 (d, %VE

amde NH), 7.34 (d, 1H de NH), 7.69 (d, 1H, amde NH)|815(dJ/
am de NH). 15 Exarrple 13§ . .

1(S)-{(S) - 2- Ani no- onet hoxv- 1 1- dm@hd:’nvl
cycl osporin A” 0 | 12/ 05119

(CDAl 3, ppn) , %@5 (d 1k
am de NH), . 1H am de am de NH).

1(S)-2-(N-i oI ynetbhylothlo hyI %aw cycl s orj.n H]OOHSN/ =)
| T H NNN HH olFi-;ZHule) /|\HIIan[ sh %{5'& I’

ESMS MH*1319.56
'H NMR (CDCls, ppm) & 2.25 (s, 6H, NMe2), 7.17 (d, 1H, amide NH), 7.35 (d, 1H, amide
NH), 7.68 (d, 1H, amide NH), 8.15 (d, 1H, amide NH).

Example 9 : [(S)-2-(4-Methylpiperidinyl)thiomethyl-Sar]’ cyclosporin A

Lo, O A l(lTL
T i

ojgﬁngw)*)\Hu)\ o HngW) I)\Hll)\

ESMS MH"1345.6
10  'HNMR (CDCls, ppm) & 2.29 (s, 3H, NMe), 7.17 (d, 1H, amide NH), 7.33 (d, 1H, amide
NH), 7.69 (d, 1H, amide NH), 8.17 (d, 1H, amide NH).
Example 10 : [(S)-2-(Morpholino)ethylthiomethyl-Sar]> cyclosporin A

f
Q?TIFKIW{QF g NJ Yj A e ({ 3 %

3

OJiH"IH\(‘ /kﬁll)\ OEHHIHW) )\H")\

15 SMS MH'1361.8
"H NMR (CDCls, ppm) 7.17 (d, 1H, amide NH), 7.35 (d, 1H, amide NH), 7.69 (d, 1H,
amide NH), 8.19 (d, 1H, amide NH)

Im
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KGO (or cco )H N NNNN 23s23HH 11111 111 H'I NO=0000 0= 0 00 0=0 NY-N-O O

N.--- NNOOCH3CN.j., ; NN Il N Nj, 7ZNNII NNNOEHONRM I )1-1 11 0 E
Hi cr, THy WOZOFZ].OSSB@ ESVMS MH+1342. 7 10IH NVR (CDCl 3, ppnPCEAISE@1(0S72H,
i m dazol e), 7.00 ( i & - I de 5 g 21.4 (d, 1H,

amde NH), 7. 48 ( ~ . , 1H,
amde NH 1(S)-2-(N Pyrazol ynet hyI t h| orret hyI Sarr cycl ospo A )1\ 1)
ONIl NI1121 HNr,0 O O OO1j-THNirTo "Hy? I NW,,N1 O ESI\/IS M—I+1342.9

ESMS MH*1320.4
5 'H NMR (CDCls, ppm) & 3.78 (s, 3H, COOMe), 7.17 (d, 1H, amide NH), 7.32 (d, 1H,
amide NH), 7.69 (d, 1H, amide NH), 8.15 (d, 1H, amide NH).

Example 12 : [(S)-Carbomethoxyethyithiomethyl-Sar]’ cyclosporin A

|
S
5 o, | L~ ACOMe )\' I\r HO, | J
A N_Q_N TR IH !
Cs,CO,
ﬁooloHoﬁ ‘Yojo
I A
N— o o CHCN
AN AT
EHLLH [ H &

/\/COZMe

10
ESMS MH*1335.05
'H NMR (CDCls, ppm) & 3.71 (s, 3H, COOMe), 7.17 (d, 1H, amide NH), 7.34 (d, 1H,
amide NH), 7.69 (d, 1H, amide NH), 8.15 (d, 1H, amide NH).

15

Example 13 : [(S)-{(S)-2-Amino-2-carbomethoxy-1, 1-dimethyl-ethyl}thiomethyl-Sar]°
cyclosporin A

Im

20 SMS MH™377.4
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INN 001 OH 0=0 NO11" 0O>LH8
pyrazole), 7.17 (d, 1H, am de NH),
pyrazol eywo2oBls(d4 1H, pyrazole),

1H NMR (CDCI 3, ppm 66.26 (dd,

1H,
7.31 (d, 1H, anide NH), 7.46 (d, 1H,
7.70 (d, 1H amide NH)::r/tmm:uozﬂ@ﬁ 1H,

am de NH)

"1 ot by 11 (o] St (o Oéééﬁﬂea”% o™k

MH+1375. 9 SbiddNNR ) (7088 3 1 HP pYdleONH ). 8. 081, 114, arsiee thed)NH) |

%M -%ﬁ BoHesMvs

7.39 (1H, d, am de

NH)y, 7.68 (1H, d, amide NH), 8.11 (1H, d, amide NH). [(S)-2- l\/brphollno -1,1
-di net hyl - et hvlth| onet hyl - Sarr cycl osporin A 10 SM5 MH+1389. 6 1H NWR
(CDCI 3, ppm 7.18 (d, H8)-2ami-ideadrdly))ethy@BorhethyAshrayidspddd)A 7. 69 (d, 1H,
am de NI§|), 8.14 (d, 1H, am de NH).
=N
2
| j
|
S
I S AP A G XD
—N N N N N—"
—N g.\' g.‘r' gH gmﬁ KZCOS(orCSZCOSLﬁ L gh’:o
" 7 91 8 CHLCN SIS S 'l\l_
TR TTHITRIT T
ESMS MH"1342.7
10 'H NMR (CDCls;, ppm) 86.89 (s,1H, imidazole), 7.00 (s,1H, imidazole), 7.10 (d, 1H,
amide NH), 7.24 (d, 1H, amide NH), 7.48 (s,1H, imidazole),7.60 (d, 1H, amide NH), 8.11
(d, 1H, amide NH)
[(S)-2-(N-pyrazolyl)ethylthiomethyl-Sar]’ cyclosporin A
15
N==
1
| j
/ S
A )\l T
Ir Qrw K00, (Or 50, ) %.j SRR LI
g N— o) o) N
\ﬁ“— CHON I I I |
ojanngYs *H")\ Oé”"'”\("/'\”gl
ESMS MH™1342.9
'"H NMR (CDCls, ppm) 86.26 (dd, 1H, pyrazole), 7.17 (d, 1H, amide NH), 7.31 (d, 1H,
amide NH), 7.46 (d, 1H, pyrazole), 7.51 (d, 1H, pyrazole), 7.70 (d, 1H, amide NH), 8.11
20  (d, 1H, amide NH).
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15[ (S) - 3- Di et hvl am nopropvl t hi omet hvl - Sarr cvcl osporin A 0
-T-NrmNN'NO IH,,,Hy 01 2(H ESM5 M+H#1362.0 HS '.7.NEt2 1SI N
ONNN- CFN-WO 20122051194 K2003 (or ¢s2c03 ) 0=000 - 0=0 N- O OPET/UShenAB§7P1 N 11 N
OEHS8I H I8 W :

(1H, d, am de NH), F A e i N
(1H, d, am de NH). 1(S) 3- (I\/brphol | no) propylth| orret hyI Sarr cycl osporin A

NY NIIIT1 \EL,
|
|
s
HO, [ l J
\ A 5 T

ESMS MH*1375.9
5 'HNMR (CDCls, ppm) 87.16 (1H, d, amide NH), 7.39 (1H, d, amide NH), 7.68 (1H, d,

amide NH), 8.11 (1H, d, amide NH).

[(S)-2-Morpholino -1,1-dimethyi-ethylthiomethyl-Sar]° cyclosporin A

| ' /C
9 .
Nyl oY e )
T ﬁ = AT T
N— P 2 "~ CHON OT_; RN UL [
O H"lH |*H(|-I) O O
SAPAED Y .

10  SMS MH"1389.6
"H NMR (CDCls, ppm) 7.18 (d, 1H, amide NH), 7.38 (d, 1H, amide NH), 7.69 (d, 1H,

amide NH), 8.14 (d, 1H, amide NH).

15 [(S)-3-Diethylaminopropyithiomethyl-Sar] cyclosporin A

2
| /H
HO 7
Hs N e, N J.\r |/ | J
] T TR T
H K00, (or Cs0, ) \roj 0 0 o] 0
N— o o
N— O CH.ON l N N | O
oJ="||| ' : s O ITHITH J )\i_] T
EHD HW) )\H )\

ESMS MH"1362.0
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0= 0 0=0 Y--1\1-00N O ,1 EldulFly11,1-1011 0 J.--N-rm N1111 NN HS. NVN LO
K2CG3 (or 2c03) 7?0 S,, - NII NII NNO=0018HH ....1.7j-I-NErim. i
HNsi Wi Nvel20205)1440 NI | ESMS M++1375.7 1H NI\/RPCCEXSIZCBI,I/OQSUH) 67 18

Eiﬂ g: gmM(CDﬁssypé]@ ggg@:ﬂede Nk@a}}%ggﬁégpggigﬁ?\fﬂ)d%yWH £ 10

amide NH), 8.13 (1H, d, amide NH).

[(S)-3-(Morpholino)-propyithiomethyl-Sar® cyclosporin A

5
|/\o
N
|
Hs/\/\N/\ S/H
A j:vr 5 L NI oD
{ K,0, (orCsCO)\H & ol TR Q ’=o
- _ N—
H_ N_ CH,CN I —N Nﬁ) Nﬁ) N |
OgH"lHﬁ) /k;")\ O;HgIHW/H*Hc"))\
ESMS MH*1375.7
'"H NMR (CDCls, ppm) 87.18 (1H, d, amide NH), 7.33 (1H, d, amide NH), 7.70 (1H, d,
amide NH), 8.16 (1H, d, amide NH).
10

[(S)- Mercaptomethyl-Sar’ cyclosporin A

s COMe
HO, J HO,
N h|I N N ( n|| ““\\\ NH2 | “\‘\ SH

T = Ty Ty T || N || I} || N—
0 o ol oH § ’:o I ol I o) ’=o
N— o o N—= N— o o T_

NN N | MeOH I VISR VN RV
ogHng\(“/l\Hg)\ OéHngw)l/ng)\
A solution of [(S)-{(S)-2-amino-2-carbomethoxy-1,1-dimethyl-ethyl}thiomethyl-Sar]®
15  cyclosporinA (0.028 g, 0.02 mmol) in methanol (3 ml) was heated to 50°C for nineteen

days. The reaction mixture was purified with SCX column/methanol to give [(S)-

mercaptomethyl-Sar]® cyclosporinA.
ESMS MH"1247.9

20 'H NMR (CDCls, ppm) & 7.20 (d, 1H, amide NH), 7.26 (d, 1H, amide NH), 7.70 (d, 1H,
amide NH), 8.24 (d, 1H, amide NH).
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1 TH NNII Nii ;Hiill 0=0000 N,-Ni -0 0 ; .,--NNIIIl NN EHriny 1
oLid 11 00 YI-0 O IINN O-THir[Hy NH 01 )Id 011 N Asol utionof

[ (S)-{(S)we-ardesor2- car boret hoxy- 1, 1- di met hyl - et hyl } t hi ec@tusgd118583731 15

cycl osporinA (0.028 g, 0.02 n hanal rri). was heated to 50C for
ni net een days. The reaction #% , SCX col um/ nmet hanol
to give [(S) nercaptonethyl - Sail 3 cycl OSpOI’I nA. ESMS M+1247.9 201H NWR
(coCl'3, ppm 6 7.20 (d, 1H, amide NH), 7.26 (d, 1H amde NH), 7.70 (d, 1H
amide NH), 8.24 (d, 1H, anide NH). WD 2012/051194PCT/ U82011/I 55791 f

SH
N oy e g e

NN S
oj s or tw W ’=o K,CO, - ﬁ 6 ol gH &
N 0 N— DMF = o6
OJ N N /kN N N N

: —

~
5

-

To a solution of [(S)- mercaptomethyl-Sar]* cyclosporinA (0.074 g, 0.06 mmol) in
dimethylformamide (1.5 ml) was added potassium carbonate (0.021 g, 0.15 mmol) and
allyl bromide (0.036 g, 0.3 mmol).The suspension was stirred at room temperature
overnight then an addional amount of potassium carbonate (0.021 g, 0.15 mmol) and allyl

10 bromide (0.036 g, 0.3 mmol) were added and the reaction mixture stirred over 2 days.
The reaction mixture was concentrated, the residue ultrasonicated in the presence of
dichloromethane then filtrated. The dichloromethane was evaporated and the residue
purified by MPLC chromatography using a solvent gradient of 100% dichloromethane >
95% dichloromethane / 5% methanol to give [(S)-Allylthiomethyl-Sar]® cyclosporinA.

15
ESMS MH"1288.6
'"H NMR (CDCls, ppm) 8 7.18 (d, 1H, amide NH), 7.35 (d, 1H, amide NH), 7.70 (d, 1H,
amide NH), 8.13 (d, 1H, amide NH).

20 Example 14 : [(S)-{(R)-2-Amino-2-carbohydroxy-ethyl}thiomethyl-Sar]® cyclosporin A

ﬁ%ﬁr{ S ﬁ M Gatd J“Kf
B,

To a solution of [(S)-{(R)-2-amino-2-carbomethoxy-ethylithiomethyl-Sar]® cyclosporinA
25  (0.033 g, 0.024 mmol) in tetrahydrofuran (2 ml) was added a solution of lithium hydroxide

monohydrate (0.0043 g, 0.098 mmol) in water (0.3 ml). The solution was stirred at room
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1(S)-Allylthionethyl-Sar13 cyclosporin A SHI1IIIl,,, ,, uJ 0= 00l 00 -FO
HN77- O Hy?" 0" NN 8 ), 00 J-'-NNII NNO EHrrHy HI1 020 5 To a
sol ut i on Wb 2p(28)s119ner capt onet hyl - Sar] 3 cycl ospori nA (0. ®Z4/us$2010/0869Mol ) in

ooy andaprgr e s Mobr dy B R TN ShS Rl e B Pt
r 80812t1 errpe(r)rﬁmldgreaweygsbmﬂeghtateﬂhemnf%att;?gﬁ]y sax c(%m@gnéun@b gradiest . @mamamggign@t e
v eher ednimaEra o oD 8 dmughayr Metiabl pitied; 20ns ST Bnfise

concent r at edrbdhpéroxpethyiimiomhdtnasanl eptleghotinAt he presence of dichlor orret hane
then fi I5t rated. The di chl oronet hane was evaporated and the residue purified
by MPLC-chromat ography using a solvent gradi ent of 100% di chl or onet hane 4

95% di chl ormmesﬁs 5% nmet hanol to give [(S)-Alylthionethyl-Sar]3

Ny, 735 iR ERTSgns 77548, (B rige SR deSRa, 6 apeq AH)1isodh dd
NH) I ZO&QWIZ@ NH) 8.2 (&)1H GRIdE2NA no- 2- car bohydr oxy- et hyl } t hi onmet hyl - Sart
cycl osporin

10
In a similar way the following compounds were prepared:

Example 15 : [(S)-Carbohydroxymethylthiomethyl-SarF cyclosporin A

THF HO

15

ESMS MH"1306.6
'"H NMR (CDCls, ppm) & 7.18 (d, 1H, amide NH), 7.35 (d, 1H, amide NH), 7.70 (d, 1H,
amide NH), 8.17 (d, 1H, amide NH).
20
Example 16 : [(S)-{(S)-2-Amino-2-carbohydroxy-1. 1-dimethyl-ethyl}thiomethyl-Sar]’

cyclosporin A

%TLWL{%W %TI;OL{%
sLuvioc Wil mwri

ESMS MH"1363.5

Ko

25
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To a solution of [(S)-{(R) -2-am no-2-carbonet hoxy-ethyl }thi onet hyl - Sal 3
cycl osporinA 25(0.033 g, 0.024 mmol ) in tetrahydrofuran (2 ml) was added a
sol ution szbizvdsilum hydr oxi de m)nohydrate (0.0043 g, O. ®9$/U$nmllw557m wat er

{emper at ur eSSy ST A7 oo P e N S0 Gt S ol el ne

reaction matihitis all—mmgﬂqelntamajeerdH) Purification by SCX colum using a

gradi ent 0.035M ammni a in nethanol to 0.175M anmoni a i n et hanol provided
20mg of [(S)-{(R)-2-Am no-2- carbohydroxy-ethyl}thionethyl-SarP

cycl ospori nA. ESM5 MH1335. 7 1H NWR (CDCI3 ppm 6 7.19 (d, 1H, am de NH),
732(d5 1H, am de de . A 1,-| amlgeNH) In a
simlar-way the fo 0 ARET € o SBQIn.

1(S) - Car bohydr oxvnet hvlth| orret th Sar 13 cch osporl n A ,HO 04 ONUNII N 000
HO011 Nr-INI-N IIN'NO iH81Hyl )H 8 ESMS M#1306.6 1H NMR (CDClI 3, ppn) 6
7.18 (d, 1H, amide NH), 7.35 (d, 1H, amide NH), 7.70 (d, 1H, am de NH),
8.17 (d, 1H, am de NH). Exanple 16 :

1(S)-{(S)-2- Am no- 2- car bohydr oxy- 1 1 di et hyl - et hyl }t hi onet hyl - Sarr
cvclosporin A I1T1-1 -

—\ Z
. —
I
N
—

THF HO i

10
ESMS MH*1320.6
'H NMR (CDCls, ppm) & 7.20 (d, 1H, amide NH), 7.36 (d, 1H, amide NH), 7.70 (d, 1H,
amide NH), 8.18 (d, 1H, amide NH).

15

Example 18: [(S)-2-Isopropylaminoethyithiomethyl-Sar]’ cyclosporin A

st o et |

o §H"|H\H|)\H" )\ il )——N-"TH%I:FJT‘“_S\

To a solution of [(S)-2-aminoethylthiomethyl-Sar]® cyclosporinA (0.129 g, 0.1mmol) in

20  chloroform (2 ml) and acetone ( 0.1 ml) was added tetramethylammonium triacetoxy
borohydride (0.066 mg, 0.25 mmol) and the reaction mixture was stirred at room
temperature for 17 hours. The reaction mixture was partitioned between dichloromethane
and water. The organic phase was washed with brine, dried (Na,SO,) and concentrated to
give a white solid.

25  Purification by MPLC chromatography using a solvent gradient of 100% diethyl ether >
95% diethyl ether / 5% methanol then 100% diethyl ether followed by a second solvent
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NETTT 2L NI HOOOOO J-T-NNrmNII NNNOgH81Hy | /LHa ESM
MH+1363.5 WO 2012/ 051194PCT/ US2011/ 055791 1H NWR (CDCI 3, ppm) 6 7.17 (d,
1H, am deWNH)uz/oBlB@ (d, 1H, amide NH), 7.68 (d, 1H, am cneTMS)mn&SSIJSl(d 1H,
am de NH). 5Exa o ydr.o th hi opret Sarr | osporin A
P Tro - sredoiilie e har T By Lol ey p8ane contating T asad00 s 11
NIVR (CDCI 3anmﬁmua5(788)oga(vé [(SHe-iseprogigariinpethyltiiémétdyl-Sam’ cpabsigoriNg) , 7. 70 (d,
1H, am de NH), 8.18 (d, 1H, am de NH). Exanple 18:
1(S)-2-1 sopropyl am noet hyl t hi onet hyl - Sarr cycl osporin A )N)iro

ESMS MH"1333.0

5 'H NMR (CDCls, ppm) & 1.05 (d, 6H, 2XCH3), 2.84 (m, 1H, CH), 7.18 (d, 1H, amide NH),
7.38 (d, 1H, amide NH), 7.72 (d, 1H, amide NH), 8.19(d, 1H, amide NH).

Example 19 : [(S)-2-Guanidinoethyl-1-sulfanylmethyl-Sar[ cyclosporin A hydrochloride

10

NHz

J/ T Hal

To a solution of [(S)-2-aminoethylthiomethyl-Sar]® cyclosporinA (0.055 g, 0.042mmol) in

dimethylformamide (0.6 ml) containing diisopropylethylamine (0.0072 ml) was added 1H-
15  pyrazole-1-carboxamidine hydrochloride (0.0055 mg, 0.042 mmol) and the reaction
mixture was stirred at room temperature for 22 hours. The reaction mixture was
concentrated, the residue was triturated with diethyl ether to give after decantation of the
supernatant, a white solid. Partition between dichloromethane and water followed by
separation of the organic phase and concentration provided [(S)-2-guanidinoethyl-1-

20  sulfanylmethyl-Sar]® cyclosporinA hydrochloride.

ESMS MH*1334.5
"H NMR (CDCls, ppm) & 7.12 (d, 1H, amide NH), 7.43 (d, 1H, amide NH), 7.67
(d, 1H, amide NH), 8.31(d, 1H, amide NH).

25
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NHOOO 0 0 OHEcr) O)HI'I O J.-;-NNN To a
sol ution of [(S)-2-am noethylthiomethyl-Sal 3 cycl osporinA (0.129 g,
0. 1nmol ) Wozﬁﬁz/uslni%roform (2 nl) and acetone ( 0.1 nl) wrag/tsdaedss791
t et ramet hyl ammoni um t 0.,066 0 25 mpl) and the
reaction m xture was et is OQUEL  The reaction
m xture was partitioned betvveen di chI or onet hane and water. The organic
phase was washed with brine, dr| ed (Na2SO4) and concentrated to gi vemg

di ent

white solid. 25Purificati Nehr omat ogr aphy using af'sol vent [

of 100% di et hyl ether 4 9%5% d| et h ether / 5% thanol t ren 100%di et hyl
ether foll oweddﬁ%/ Gond soI ve V\D 2012/ 051 0 57 1

gradi ent 100% thﬂseet her 4I96 et her L al ning 10%
aqueous ammoni Q88f Tgdve J (S 2 Pia@ %‘WI am etOnyIQ i offetthyl FSal 3

cycl ospori nA;

IVB MH+1333. o 514 1.05 ( B6H, -2 XCH3) ,

2.84 (m 1H, 7. 180(d de Nd) |, 7.38 ,d:lT_N:I.,H,_ 7.72 (d,
1H, ami de NH), 08I ‘m%th) Exanpl e 1é 2 H
[ (S)-2- Guani di noet hyI su fan thyl - Sarr cycl osporin hydr ochlori de

[(S)-2-Diethylaminoethylthiomethyl-Sar]* cyclosporinA (0.147g, 0.11mmol) was dissolved
5 in dichloromethane (1ml) containing ftrifluoroacetic acid (0.0089ml). After 5 min the
solution was concentrated and the resulting white solid redissolved in acetonitrile (6ml). A
solution of sodium periodate (0.058g) in water (2ml) was added and the suspension
stirred at room temperature overnight. The reaction mixture was filtrated, the solid washed
with methanol and the filtrate concentrated. The resulting residue was dissolved in
10 dichloromethane (10ml) containing triethylamine (0.255ml) then ultrasonicated for 1 hour.
The mixture was filtrated through a phase separation cartridge. The organic phase was
concentrated to give 188mg of a white solid. Purification by MPLC chromatography using
a solvent gradient of 100% dichloromethane > 96% dichloromethane / 4% methanol
containing 10% aqueous ammonia (0.88) gave [(S)-2-diethylaminoethyl-1-sulfinylmethyl-

15  Sar]’® cyclosporinA .

ESMS MH*1363.8
'H NMR (CDCl,, ppm) 8 7.19 (1H, d, amide NH), 7.38 (1H, d, amide NH), 7.69 (1H, d,
amide NH), 8.28 (1H, d, amide NH)

20
In a similar way the following compound was prepared:
[Dihydro-MeBmt] " [(S)-2-diethylaminoethyl-1-sulfinylmethyl-Sar]’ cyclosporin A
NEL NEL,
I oS
S )\’ HO, T
N oy T e N T
ﬁ‘ O"' %) (|)|H ||- ’=o NalO, - H,0- CH,CN ‘w/oj L ’=o
- ~ L
T_ N h.ﬁ) h.ﬁ) N T NEt, ']l.N" N? N? N |
o;ﬁgmw)'r/kﬁg)\ 05”0'”\)')\”03\
25

ESMS MH" 1366.8
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To a solution of [(S)-2-am noethylthionmethyl-Sar]3 cyclosporinA (0.055 g,
0.042mmol ) in dinethylformam de (0.6 nml) containing diisopropylethylam ne
(0.0072 mvp 20m5added 1H 15 pyrazol e- 1- car boxam di ne hydrmlsh(blomssj’el(o.OOSS

For 22 nour b ML RGE phmardd  d Seighbl P TTH APl WA it (11

triturated m%dglmqﬁgl3@gh¢rd ton@b\WgHpf ter decantation of the supernatant,
a white soli'd. Partition bet'ween di chl'oronethane and water followed by

separation of the organic phase and concentration provided

[ (S)-2-guani di noet I \ nA h ndr ochl ori de.
ESMS M+1334.5 1H ¥ > i : N 43 (d, 1H,
am de Nkl), 7.67 (d, 1H, am de NH) 8. 31(d 1H am de NH) 25 WD

2012/ 051194PCT/ US2011/ 055791 [ (S) - 2- D| et hyl am noet hyl- 1-sul fi nyl net hyl - Sarr

cyclosporin A [(S)-2-D ethyl am noe th| onet hyl - Sar] 3 cyclospori y NEL,
(0.147g, 0.11nmmol) was dissol ved d| chl or onet hane (1 contol/n ng
ter

con ent r at ed

trifluoroaceti¢ acid |g00 0089ml) 5 mn thelso
and the resul tiyg of’i d rddl sseh-v@&d in ac %
of sodi um per[ "e ih_wat eACRml) was=ladded hdo'ﬂ" en5| on

solutlon

eri
stirred at kﬁdterrperature oV rnlthhe—Peﬁgl on m xture vvas |Itrated
the solid wagh wi t horretdhanol Nand thg filtratle “boncent?at gd. The resulting

resi due was d&%s-@hrvp Hciyv—\ﬁ\lr or onet hane (10%1) Hgdi a ml/rLgH tr et hyl ani ne
(0.255ml) then ultYaseniceavred far 1 hour. The mixture was filtra t hr ough

a phase separation cartridge. The organi c phase was concentrated to give
188nmg of a white solid. Purification by MPLC chromatography using a sol vent
gradi ent of J( | % di chi th 4% nel

cont ai ni ng [@%nggﬂm %'FASR& m@léﬂ%ﬂfeéﬁgg%% SYBo8DHIA H'634g, 4760551380 was

[ (S)-2-di etdissobvet iodichipicrietsand (2myl) nwtthiging tifiSadR ety atid<POHOL TA!).. AfEEBNISMIN

15135990 4 LGPt ol Bl BT, Wl , o2 il 1,
f oI | owi ng clichiwomethaas (PmippeetedutyMnimpomionivedne (0.109g) was added and the solutlon
1(S) - 2- di ety 3t AR ¥ibefatird Uy MR Weho R hixt¥S WATRRGI itn triefipl¥Ridd

1366. 8

(0.017ml) then stirred for 90 min before concentrating. The residue was purified by MPLC
chromatography using a solvent gradient of 100% dichloromethane > 95%
15  dichloromethane / 5% methanol containing 10% aqueous ammonia (0.88) to give [(S)-3-

diethylaminopropyl-1-sulfonylmethyl-Sar]® cyclosporinA.
ESMS MH"1393.9
'"H NMR (CDCls, ppm) & 7.15 (1H, d, amide NH), 7.20 (1H, d, amide NH), 7.65 (1H, d,

20 amide NH), 8.29 (1H, d, amide NH).

In a similar way the following compound was prepared:

38



WD 2012/ 051194PCT/ US2011/ 055791 1H NMR (CDCI 3, ppnm) 67.20 (1H, d, am de
NH), 7.40 (1H, d, amide NH), 7.71 (1H, d, am de NH), 8.30 (1H, d, am de
NH) . [(S)wW6e zl'l)lm“slnwham noproDy1-1-sul fonyl met hyl - Sar 13 cPcCiraspanioss7a 5

----- NEt2 IT, 040 , j1 0 0 N 113A-OX
...... rN- 0 ,,, ¢ ‘ X ? P LHeIaSOrB & | ¢ hi orret hyl - Sal 3
cycl osporinA (0. 035g 0. 026mm|) was di ssol ved i n di chl oronet hane (2ml)
containing trifluoroacetic acid (0.0021m ). After 5 mn 10 the sol uti on was

concentrated and the resyting olid redi ssol ved i dlchlgro ne
(2ml). Tetrabutyl ammoni oxoneﬁry‘\ 09y) was added and e soloelg onlsgerred
at room t enper dt ur i he |on m - xX{ur Jvmth
triethyl am ne rre r 90 m “ratlng The

resi due was puogifo edolbyolVPkC c omat ogr aphy u8| ng’ a Sol \9ent grf@di ent of
100% di chl or t hane 4 95% 15djchl or onet hane no %0 rretban@l corTral ning 10%

aqueous ammo Wﬁf?hﬂﬂ%d)\(S) g A NTT H\(‘ *H | )\

5 ESMS MH*1407.5
"H NMR (CDCls, ppm) & 7.22 (1H, d, amide NH), 7.27 (1H, d, amide NH), 7.75 (1H, d,
amide NH), 8.41 (1H, d, amide NH).

[(S)-(4-Methylpiperidinyl)-sulfonylmethyl-Sar]’ cyclosporin A

/ | N/
o]
o b
HO, [ ’ o
l TFA-DCM - ! l N N | o
TBA-OX Wﬁ o) ol oH & N—%O
ﬁ_ | — o o0

) N NN "|
OiH"lH\HI‘*ﬁg)\ T HITH I/kHO)\

10
ESMS MH*1377.43
'H NMR (CDCl,, ppm) & 7.22 (1H, d, amide NH), 7.29 (1H, d, amide NH), 7.74 (1H, d,
amide NH), 8.40 (1H, d, amide NH).

15

[(S)-(2-Diethylamino-1,1-dimethyl)-ethyl-1-sulfonylmethyl-Sar]® cyclosporin A

NEt,

| Q

J; o=t

T”° oK
| " " ( | “‘\\\\\ TFA - DCN| N JI\'/ N N ( n|| m\\\\\

) M ’=o TBA-OX o & &1 W]
N— o 0 T_ - - o o
N N N i

NEt, 1

N—
J —N: I N Il N N NI NI NI N |
© iHolH\(“)\Ho)\ 0 EH%IHﬁ)I*Hg)\

20 ESMS MH™1407.8
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di et hyl am nopropy1- 1-sul fonyl net hyl - Sal 3 cycl ospori nA. ESM5 M+1393. 9
1H NWVR (CDCI 3, ppm) 6 7.15 (1H, d, amde NH), 7.20 (1H, d, amide NH), 7.65
(1H, d, 2earmtesNEde, 8.29 (1H, d, amide NH). In a siml acTwesgotttles7dol | ow ng

TS5  wor BHBRAE R By 47 SRl PRI Sar by B LB 72 (Hedh s

MH+1407. 5 Jrhitd/RH),E6D BiH, ppanide NHR2 (1H, d, amde NH), 7.27 (1H, d, amde
NH), 7.75 (1H d, amide NH), 8.41 (1H, d, ami de NH) .

[(S)-(4-Methyl pi peridinyl)-sul fonyl nethyl-Sarr cyclosporin A- N Tiillii
0000 0 O NNN O gS)-(oMyéroholins- NiNdiméh@)-einlI- DN yImethyl-Sar] cyclosporin A

5
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| Q
/H o SJ; o=\E<;
, HO,
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FTUTFT L oa Yoj""lgﬂ"
N— o o N~
NEL,
ESMS MH"1421.6
'H NMR (CDCls, ppm) 57.21(1H, d, amide NH), 7.31 (1H, d, amide NH), 7.75 (1H, d,
amide NH), 8.42 (1H, d, amide NH).
10

[(S)-3-(4-0oxy-morpholin-4-yl)-propy!-1-sulfonylmethyl-Sar]> cyclosporin A

5oy T omen AT
—N— l NN r" _— TBAOKX DN R
D S S - R \ﬁ o ol oH ¢ ‘%o
ﬂ_ g .7 T_ " il NEND SR Y T_
OH(")le")|"/kH("))\ OéHngw)l/ng)\

15 ESMS MH"1423.7

'H NMR (CDCls, ppm) 87.21 (1H, d, amide NH), 7.25 (1H, d, amide NH), 7.73 (1H, d,
amide NH), 8.35 (1H, d, amide NH)
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N NO O O iH6elFyi>LH8 J-n-N,,-N |1 NN ESMS M#1377.43 1H NVMR ( CDCl 3,
ppm 6 7.22 (1H, d, amde NH), 7.29 (1H, d, amde NH), 7.74 (1H, d, am de
NH), 8. 40wO2bi2/ad119ami de NH). [(S)- (2 D et hyI ani no- 1 PCT/US2011/055791

, 1-di met hyl ) - et -syl f -S .

S

2012/ 051194PCT/ US2eiirrads ; YIBEL SOOI He NH) ,
7.37 (1H, d, amide NH), 772(1H d m de’ NH) 8.30 (1H, d amde NH) .
1(S)-(2- l\/brphol ino-1 ,1 -dinet hyI) et hy1 1 -sul fonyl net hyl -Sarr, cycl osporin
A N-OO [IIT i I13Ihrry i’ &ﬁ ESMB MH+1421.6 1 NI\/R( oppm
67.21(1H, d, anide NH), anmide NH), 7.75 (1H, d mlde NH)

.31 (lﬂ/
Q Iprdpvl 1 sul fonvﬁ\w\‘g'r EI VG\| osporin AO ro

8.42 (1H d, amde NH).
1(S) - (4 oxv rvéﬁ_r

9% ﬁmw WMW&

To a stirred solution of [(S)-2-aminoethylthiomethyl-Sar]® cyclosporinA (0.30g, 0.23mmol)

ol oMl o

5 in dichloromethane (256 ml) was added triethylamine (0.05 ml, 0.23mmol) followed by
succinyl chloride (0.05 ml, 0.23mmol) and the reaction mixture was stirred at room
temperature for 16 hours. The reaction mixture was diluted with water (20 ml) and the
organic layer was separated, dried (MgSQ,), filtered and concentrated under vacuum.
The resulting yellow solid was purified by passing through a 5g SCX cartridge using

10 methanol as the eluant, followed by MPLC chromatography using a polar gradient of
100% dichloromethane — 95% dichloromethane / 5% methanol containing 10% aqueous
ammonia (0.88) to give [(S)-2-(3-carboxypropionylamino)ethyl-1-sulfanylmethyl-Sar]®

cyclosporinA.

15 ESMS MH* 1391.8
'H NMR (CDCls, ppm) 57.19 (1H, d, amide NH), 7.35 (1H, d, amide NH), 7.71 (1H, d,
amide NH), 8.21 (1H, d, amide NH).

In a similar way the following compound was prepared:

20 [(S)-2-(4-Carboxybutyrylamino)ethyl-1-sulfanylmethyl-Sar]® cyclosporin A

I S
s O

ESMS MH" 1405.8
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N_, 15 WeNBi2vsim423. 7 1H NI\/R(CDCIS ppm) 67.21 (1H, @CTaiseele/obddy; 7. 25
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1(S) - 2- ( 3- CanibeXYyr 121 oy ldaaimne) ety 1- 1- sul f anyl met hyl - Sarr cycl osporin A

5 [(S)-2- (Acetylamino-acetylamino)ethyl-1-sulfanylmethyl-Sar cyclosporin A

To a stirred solution of [(S)-2-aminoethylthiomethyl-Sar]® cyclosporinA (0.10g, 0.078mmol)
in dichloromethane (25 ml) was added N-acetylglycine (0.01 g, 0.084mmol) and
10 triethylamine (0.01 ml, 0.084mmol) followed by WSC.HCI (0.022 g, 0.084mmol) and the
reaction mixture was stirred at room temperature for 16 hours. The reaction mixture was
diluted with water (20 ml) and the organic layer was separated, dried (MgSQ,), filtered
and concentrated under vacuum. The resulting yellow solid was purified by passing
through a 2g SCX cartridge using methanol as the eluant, followed by MPLC
15  chromatography using a gradient of 100% dichloromethane — 95% dichloromethane / 5%
methanol containing 10% aqueous ammonia (0.88) to give [(S)-2-(acetylamino-

acetylamino)ethyl-1-sulfanylmethyl-Sar]® cyclosporinA.

ESMS MH* 1390.82
20 'H NMR (CDCls, ppm) 7.20 (1H, d, amide NH), 7.35 (1H, d, amide NH), 7.71 (1H, d,
amide NH), 8.21 (1H, d, amide NH).

25 In a similar way the following compound was prepared:
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To a stirred solution of [(S)-2-am noethylthionmethyl-Sar]3 cyclosporinA
(0.30g, 0.23mmol) 5 in dichloronethane (25 nml) was added triethyl am ne
(0.05 m ,wo.228msoi%k f ol | ovved by succi nyl chI oride (O. OSPEW/USGOIZLM&WBU and
the reaction m |rred ?t .
reaction m xt ure4ues =4 e 9 ‘ HHEHK IA¥er was
separated, dried (|vg ), filtered and concentrat ed under vacuum The
resulting yellow solid was purified by passing through a 5g SCX |g:artrl dge
using 10 nethanol as the eluant, \ollowed by MPLC chronat ograph g a
pol ar gradi ent of 100% dli chl or offet hane -> 95% di chl oro thanesl 5% net hanol

cont ai ni ng 10% aqueous anmoni as 0.88) to give

[(S)-2-(3-car - ' .&%ycl ospori nA.
15ESMS MH 13 ppm 67. 19% od, oa'rri@l'é H) 7.35 (1H, d,

am de NH), 1(1H d, amd 1 NH 82T (T am de . a simlar way

the follow ng onpou d prepar edisCHG
201(S) - 2- (4 o) et hyl - 1- sulfanyl ’@ 1 cycl osporin A
ESMS IVH 1405. 8 WO 2 12 CT/ US2011/ 055791 1H (CDCl ppnm) 67.18

(1H, d, amde NH), 7.35 (lH d, amde NH), 7.69 (1H, d, amde NH), 8.21
(1H, d, amde NH). 5I(9)-2-

(Acetyl m )ethyl-1-sul fanyl nethyl-Sarr cyclosporin A To a
sti rredgsolr‘h§‘l—0%-¥41§ g 2- am noet hyl t hi onet hyl - Sal 3 cycl ospori nA (0. 10g,
0. 078mvl ) 'HNMRAdBPEI:0nenh e 9((@51 i gmivia dHLAH 36 (-4 etrydegNiE 7o (01181 g,
0. 084mml ) 201 Ne 01 m, 0.084mmol) followed by WC. HC
(0.022 g, 0597%4&@' I%WEJMhhe rearg:'? on mxture was stirred at room
tenperature for 16 hours. The reaction mxture was diluted with water (20
m ) and t heDeatagzhowing @yreA Inkibitae pativity ddimnauriasdpgregs@ iy oteniidl oé Ceapawttis of
concentpat ed under vacuum The resul tlFBgmygl b]ow solid was purified by

passing through a 2g SCX cartridge using net | as the el uant. foll ovv?/d
by MPLC 15 raphy |ugi adi ) 00%digh! @ haﬂ@ B> 5%
di chl or omsqifn6 g&?‘&g% met han&jlbgcor'}'?ai ni(%"(;'{I oéq Je&C’EA rm¥1[§1) 0.88) n[\/g
give[(S)-23- (%?é%q yl am no- |goetlyl am nonhtd hy1- 1- sul f! yl met hyl - >ad3
cycl ospori|lnA. ESMS WH 1390P8% 201H NWVR (CDCI 3, ppm) 7.20 (1H| d, anmide NH),
7.35 (1H, |d, am de NH), 7. d| amide NH), |8.21 (1H, d, |am de NH).
25In a sifilar way the folf S(,eorrpound was prepared: WD
2012/ 051194PCT/ US2011/ 0557@3133[}’( S) - 2-
(Di met hyl gmino- acetytam nO{ erhyI-I-sut fanytrmethyt -=Sarr_cyciosporin A

Cs A 5 >10,000 210 (n=3)

(n=2)

Example 1 12 >10,000 1,000 (n=1) 540

[methylene-Sar]® (n=1)

CsA

Example 2 2.4 3,600 (n=2) 2,500 (n=2) 3,500

[(S)-2

dlethylamlnothylth

iomethyl-Sar]® Cs

A

Example 3 4.3 11,800 (n=2) | 6,000 (n=2) 2,000
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ethyl-Sar]® Cs A

Example 4 6.9 2,200 (n=2) 175 (n=2)

[(S)-

methylthiomethyl-
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Example 6

[(S)-2-
amlnoethylthlomet
hyl-Sar]® Cs A
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1,400 (n=2)

10,400

Example 7
[(S)-{(R)-2-amino-
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ethyl} thiomethyl-
Sar’ Cs A
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1,600 (n=2)
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4,600

Example 9

[(S)-(4-
methylpiperidinyl)

thiomethyl-Sar]’
CsA

4.8

3,300 (n=2)

11,000 (n=2)

3,800

Example 10

[(S)-2-
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hiomethyl-Sar]’

Cs A

3.9

4,200 (n=2)

4,800 (n=2)

Example 11
[(S)-

carbomethoxymet
hylthiomethyl-
Sar’ Cs A

2.1
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19,500

Example 12
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(n=1) GCs A Exanple 2 2.4 3,600 (n=2) 2,500 (n=2) 3,500 [(S)-2

di ethyl am nothylth ionmethyl-Sar]3 Cs A Exanple 3 4.3 11,800 (n=2)
WO 2012/051194 PCT/US2011/055791
CsA
Example 13 9.3 4,100 (n=2) 4,900 (n=2)

[(S)-{(S)-2-amino-
2-carbomethoxy-
1,1-
dimethylethgl}thio
methyl-Sar]” Cs A

Example 14 29 7,400 (n=2) 1,200 (n=2)
[(S)-{(R)-2-amino-
2-carbohydroxy-
ethylithiomethyl-
Sar’ Cs A

Example 15 1.9 6,800 (n=2) 5,300 (n=2) 18,300
[(S)-
carbohydroxymet
hylthiomethyl-
Sar]’ Cs A

Example 16 5.8 2,700 (n=2) 2,200 (n=2)
[(S)-{(S)-2-amino-
2-carbohydroxy-
1,1-
dimethylethgl}thio
methyl-Sar]” Cs A

Example 17 2.8 17,000 (n=2) | 3,100 (n=2)
[(S)-
carbohydroxyethyl
thiomethyl-Sar]’
CsA

Example 18 5.2 4,600 (n=2) 6,100 (n=2) 3,300
[(S)-2-
isopropylaminoeth
ylthiomethyl-Sar]®
CsA

Example 19 6.8 3,200 (n=2) 1,900 (n=2)

[(S)-2-
guanidinoethylthio
methyl-Sar]® Cs A

General Procedures Followed to Obtain Data
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6,000 (n=2) 2,000 [(S)-2-(4- pyridyl)ethylthiomethyl-Sarr Cs A Exanpl e
4 6.9 2,200 (n=2) 175 (n=2) [(S)- nethylthionethyl- WO

2012/ 0511WoRER/0383@11/ 055791 Sarf Cs A Exanpl e 5 [ ( 8r4/US2011/055791

pentyl t hi onmet hyl Sari Cs A

*Protease-free PPlase Assay

The protease-free PPlase assay measures the rate of cis to trans conversion of a
peptide substrate catalyzed by the enzyme cyclophilin A. Addition of an inhibitor slows

5 the catalyzed rate and a K; value is obtained.

Materials

Assay Buffer: 36 mM HEPES pH 7.8, filtered through a 0.2 ym filter. 50 M DTT
was added prior to use each day and then the buffer was stored on ice.
Enzyme: human recombinant Cyp A (Sigma C3805) enzyme was dilutedto 1 M
10 with enzyme dilution buffer (20 mM HEPES pH 7.8, 40% glycerol, 50 M DTT and 1 uM
BSA) and stored at —20 °C.
Substrate: SUC-AAPF-pNA (from Bachem AG, L-1400), 20mg/ml prepared 0.5 M

LiCl in trifluoroethanol.

Method

15 All readings were taken with an Agilent 8453 Spectrophotometer which consists of
a cuvette holder, stirrer and chiller to maintain a stirred cuvette temperature of 10.0 £0.1
°C. The temperature is monitored by the use of temperature probe. To prevent UV
degradation of test compounds, the light below 290 nm was blocked using a glass slide in
the light path. 1.5 ml of assay buffer was put into a 3ml quartz cuvette and cooled to 10.0

20  20.1°C while stirring (vigorous but not so fast as to produce cavitation). The inhibitor was
diluted in 100% DMSO, and then added to the assay to a maximum final concentration of
0.5% DMSO in the assay. A blank spectrum was obtained, then 3 uL of enzyme was
added (2 nM final concentration) and then 3 yL substrate (60 uM final concentration)
added. The absorbance was measured at 330 nm for 300s or 500s for blank runs

25  (NOTE: the substrate must be added in one quick injection and the measurements started
immediately to minimize mixing errors).

A first order rate equation was fitted to the absorbance data, for each
concentration of inhibitor, to obtain the rate constant (the first 10 to 15 seconds were
excluded as mixing causes errors in this portion of curve). The catalytic rate was

30 calculated from the enzymatic rate constant minus the background rate constant. An
exponential curve was generated using the catalytic rate constants versus the inhibitor

concentration to obtain the K; value for the inhibitor.

**Calcineurin Phosphatase (CaN) Assay

35 Calcineurin is a serine-threonine protein phosphatase that on activation

dephosphorylates members of the nuclear factor of activated T cells (NFAT), which are
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2.3 >10,000 (n=2) 705 (n=2) 2,700 Exanple 6 [(S)-2- am noet hylthi omet
hyl-Sar]3 Cs A 4.7 3,100 (n=2) 1,400 (n=2) 10,400 Exanple 7
[(S) -{(R)WQ 281030192 - car borret hoxy- et hyl } thi omet hyl Sarr @€TAIS2019/0857800 (n= 2)

L 500 (g S S8 B NSRS O AT St
t hi omet hyl -ca®ink3rifsachvity, hus resultlng in |mmunosuppreSS|ve effects. Although Cs A only
inhibits calcineurin when bound to Cyp A, some Cs A analogues will also bind calcineurin
in the absence of Cyp A. To investigate the immunosuppressive potential of exemplary
5 compounds of Formula (I), which are cyclosporin analogues, their ability to inhibit
calcineurin activity was measured in the presence and absence of Cyp A.
The CaN assay kit used is based on a colorimetric assay for measuring
calcineurin phosphatase activity, and it is commercially available (Enzo Life Sciences and
Calbiochem). Calmodulin is also required for calcineurin activity and RIl phosphopeptide
10  is used as an efficient peptide substrate for calcineurin. We have modified the method to
enable measurement of Cyp A-dependent and Cyp A-independent inhibition of calcineurin
through the addition of Cyp A in a 1:1 complex with the inhibitor. The detection of free

phosphate released is based on the classic Malachite green assay.
15  Materials Used

Enzo Life Sciences CaN Assay Kit: BML-AK804
2X assay buffer: 100mM Tris, pH7.5, 200mM NaCl, 12mM MgCl,, 1mM DTT,
0.05% NP-40, 1mM CacCl,)
20 Malachite Green: BIOMOL Green™ reagent
Calmodulin (Human, recombinant): was thawed on ice, diluted 1:50 with 2X assay
buffer, and then stored on ice.
Calcineurin: was thawed quickly, stored on ice immediately, diluted 1:12.5 with 1X
assay buffer, and then stored on ice.
25 R-II Substrate: 915 uL ultrapure water (UPW) was added to the 1.5 mg vial
substrate to give a final concentration of 0.75mM.
Inhibitors: 2.5 mM inhibitor in 100% DMSO.
Cyp A: recombinant human CypA (Sigma C3805), 1mg/ml

30 Method
Inhibitor dilutions: inhibitor compounds were diluted in UPW in polypropylene low-
binding 96 well plates at 5x the final assay concentration. For samples ‘without Cyp A’, a
4-point dilution series of the inhibitor was prepared in duplicate to obtain a final assay
concentration of 10, 1, 0.1 and 0.01 yM. For samples ‘with Cyp A’, a 7-point dilution
35  series was prepared to obtain a 1:1 complex of the inhibitor with CypA; the inhibitor and
Cyp A final assay concentrations of 10, 3.33, 1.11, 0.37, 0.12, 0.04, 0.014 uyM were
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3,300 (n=2) 11,000 (n=2) 3,800 Exanple 10 [(S)-2- (norpholino)ethylt
hi onet hyl -Sarr Cs A 3.9 4,200 (n=2) 4,800 (n=2) Exanple 11 [(9S)-
car bonet wenetoshyht hi onet hyl - Sarr Cs A 2.1 3,900 (n=2pCceaB2¢no237919, 500

(E;(]ig? e &é%ﬁ%&%g%@ﬁl %Xg%g]&rgysd/g%gé%%ecégér&? ?or(ltﬁai% 'a7fin%I (}o%%egtpeﬁ@n o} ’18 00
MM Cs A with and without 10 uM Cyp A.
Assay Setup: using the half area 96 well plates supplied with the kit, 10 pyl UPW

was added to duplicate wells to provide the non-inhibited control. 10 ul of the inhibitor or

5  the inhibitor/Cyp A complex was added to the appropriate sample wells. 25 pl of the 2x
assay buffer with CaM was added to all wells, then 5 pl of CaN was added to all wells (40
U per well final concentration) except duplicate ‘no calcineurin blank’ wells to which 5 pL
1x assay buffer was added. The assay plate was placed in an oven at 30°C for 15
minutes to equilibrate to the reaction temperature. The reaction was started by the

10 addition of 10 ul Rll-peptide (0.15 mM final concentration). The reaction was allowed to
proceed at 30°C for a time period in which the reaction is linear for about 60 minutes. The
reaction was then terminated by adding 100 ul of the Malachite Green reagent. The color
was allowed to develop for 15-30 minutes at room temperature before the absorbance at
620 nm was measured using a plate reader (Molecular Devices - SpectraMax M5). The

15 data were analyzed by subtracting ‘no Calcineurin blank’ from all the absorbance readings
and plotting the background corrected absorbances against Logy, inhibitor concentration.

A sigmoidal-dose response curve was fitted to the data using GraphPad Prism Software.

***Mixed Lymphocyte Reaction (“MLR”") Assay

20 The MLR assay is another means of estimating the immunosuppressive potential
of test compounds. Female C57BL/6 and BALB/c mice, 6-8 weeks of age, were obtained
from the Frederick Cancer Research and Development Center of the National Cancer
Institute (Frederick, MD). Spleens were harvested aseptically from all mice and single cell
suspensions were prepared by disaggregating the cells with frosted glass slides, allowing

25  the debris to settle, and washing the cells twice with complete medium. Complete medium
consisted of RPMI 1640 medium containing 25 mM HEPES buffer (HyClone, Logan, UT)
supplemented with 10% heat-inactivated fetal bovine serum (FBS; Atlanta Biologicals,
Lawrenceville, GA), 100 pg/mL streptomycin, 100 U/mL penicillin G, 0.25 ug/mL
amphotericin B (HyClone), 2 mM L-glutamine dipeptide (HyClone), and 2 x 10° M 2-

30  mercaptoethanol (Sigma). Cells were washed twice and resuspended in complete
medium. Cell counts were performed using a Beckman Coulter Z-1 particle counter
(Fullerton, CA). Cell viability was determined by propidium iodide (PI) staining using an
Accuri C6 flow cytometer (Ann Arbor, MI).

Spleen cells from C57BL/6 (H-2°) and BALB/c (H-2%) were used as responder (R)

35 and stimulator (S) cells, respectively. Cells were plated in triplicate in 96-well flat microtiter
plates (Costar, Cambridge, MA) such that each well contained 2 x 10° R and 8 x 10° S

cells. Cultures were incubated in the absence or presence of various concentrations of Cs
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Exanmple 13 [(S)-{(S)-2-am no-2-carbonet hoxy-1, 1- dinethylethyl}thio
nmethyl-Sari Cs A 9.3 4,100 (n=2) 4,900 (n=2) Exanple 14
[(S)-{(R)Wazalﬁ/usa)wz car bohydroxy et hyI }thi onmet hyl - Sarr @e?TAI82019/0§5741)0 (n=2)

é 588 (2 g)A ge 65%@9@ ém)gélﬁ %p%f Etg}qm‘?lled '},X) E:P) %rreﬂtv ydlays Isred with L 9
[ (S)-{(S) - 2n@nidine-(ZH-TaRbAyd fingy 16 hdurs of incubation, and harvested using a Brandel 96-

well cell harvester (Gaithersburg, MD). Proliferation was measured by counting the

radioactivity on filter mats in a Wallac 1450 Microbeta TriLux scintillation counter (Turku,

5 Finland). Controls to demonstrate effective inactivation by the x-irradiation were
performed by incubating the S cells with 5 pg/mL of PHA at 2 x 10° cells/well. These
control cultures were incubated for 3 days under the same conditions as those described
for the MLR; lymphoproliferation was determined in the same manner as described
above.

10

Methods of treatment

Compositions of the invention may be used to treat patients suffering from dry eye,
to treat blepharitis and meibomian gland disease, to restore corneal sensitivity that has
been impaired due to surgery on the cornea or other surface of the eye, to treat allergic

15  conjunctivitis and atopic and vernal keratoconjunctivitis, and to treat ptyregia, ocular
symptoms of graft versus host disease, ocular allergy, atopic keratoconjunctivitis, vernal
keratoconjunctivitis, uveitis, anterior uveitis, Behcet's disease, Steven Johnson syndrome,
ocular cicatricial pemphigoid, chronic ocular surface inflammation caused by viral
infection, herpes simplex keratitis, ocular rosacea, and pinguecula, and to prevent corneal

20  transplant rejection.

The International Dry Eye Workshop (DEWS) defines dry eye as “a multifactorial
disease of the tears and ocular surface that results in symptoms of discomfort, visual
disturbance, and tear film instability with potential damage to the ocular surface,
accompanied by increased osmolarity of the tear film and inflammation of the ocular

25 surface.” Itincludes those conditions, such as keratoconjunctivitis sicca, that are caused
by tear deficiency or excessive evaporation of tears.

Blepharitis is a chronic disorder producing inflammation of the anterior and
posterior lid margin, with involvement of skin and its related structures (hairs and
sebaceous glands), the mucocutaneous junction, and the meibomian glands. It can also

30 affect the conjunctiva, tear film, and the corneal surface in advanced stages and may be
associated with dry eye. Blepharitis is commonly classified into anterior or posterior
blepharitis, with anterior affecting the lash bearing region of the lids, and posterior
primarily affecting the meibomian gland orifices.

Meibomian gland disease most often occurs as one of three forms: primary

35  meibomitis, secondary meibomitis, and meibomian seborrhea. Meibomian seborrhea is
characterized by excessive meibomian secretion in the absence of inflammation

(hypersecretory meibomian gland disease). Primary meibomitis, by contrast, is
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di met hyl ethyl}thio nethyl-Sari Cs A 5.8 2,700 (n=2) 2,200 (n=2) Exanple 17
[ (S)- carbohydroxyethyl thionmethyl-Sar]3 Cs A 2.8 17,000 (n=2) 3,100 (n=2)
Exanpl e MO[20R)y052t94i sopr opyl am noet h yl t hi onmet hyl - Sar 13 PC3/tA2&.12539600

(=2) 5, 100, 0E 3 90 EATele A8, L) 2 uandl npetiu g ety - ar
Dat a hypersecretory meibomian gland disease). Secondary meibomitis represents a localized
inflammatory response in which the meibomian glands are secondarily inflamed in a
spotty fashion from an anterior lid margin blepharitis.

5 Impaired corneal sensitivity often occurs after refractive surgery, such as
photorefractive keratectomy, laser assisted sub-epithelium keratomileusis (LASEK), EPI-
LASEK, customized transepithelial non-contact ablation, or other procedures in which the
corneal nerves are severed. Impaired corneal sensitivity may also occur after viral
infection, such as by HSV-1, HSV-2, and VZV viruses. Patients with impaired corneal

10 sensitivity often complain that their eyes feel dry, even though tear production and
evaporation may be normal, suggesting that “dryness” in such patients may actually be a
form of corneal neuropathy that results when corneal nerves are severed by surgery or
inflamed after viral infection.

Allergic conjunctivitis is an inflammation of the conjunctiva resulting from

15  hypersensitivity to one or more allergens. It may be acute, intermittent, or chronic. It
occurs seasonally, that is, at only certain time of the year, or it occurs perennially, that is,
chronically throughout the year. Symptoms of seasonal and perennial allergic
conjunctivitis include, in addition to inflammation of the conjunctiva, lacrimation, tearing,
conjunctival vascular dilation, itching, papillary hyperlasia, chemosis, eyelid edema, and

20  discharge from the eye. The discharge may form a crust over the eyes after a night's
sleep.

Atopic keratoconjunctivitis is a chronic, severe form of allergic conjunctivitis that
often leads to visual impairment. Symptoms include itching, burning, pain, redness,
foreign body sensation, light sensitivity and blurry vision. There is often a discharge,

25  especially on awakening from a night's sleep; the discharge may be stringy, ropy, and
mucoid. The lower conjunctiva is often more prominently affected than the upper
conjunctiva. The conjunctiva may range from pale, edematous, and featureless to having
the characteristics of advanced disease, including papillary hypertrophy, subepithelial
fibrosis, formix foreshortening, trichiasis, entropion, and madurosis. In some patients the

30 disease progresses to punctate epithelial erosions, corneal neovascularization, and other
features of keratopathy which may impair vision. There is typically goblet cell proliferation
in the conjunctiva, epithelial pseudotubular formation, and an increased number of
degranulating eosinophils and mast cells in the epithelium. CD25+T lymphocytes,
macrophages, and dendritic cells (HLA-DR.sup.+, HLA-CD1+) are significantly elevated in

35  the substantia propria.

Like atopic keratoconjunctivitis, vernal keratoconjunctivitis is a severe form of

allergic conjunctivitis, but it tends to affect the upper conjunctiva more prominently than
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antigen. The lens proteins are normally secluded by the lens capsule since before birth.
When these proteins are released into the eye by injury or by surgery or occasionally
during cataract development, they can become intensely antigenic and incite an
autoimmune response. If the response is moderate it is seen as chronic uveitis. Ifitis

25  very fastin progression the eye becomes seriously inflamed in all segments. This latter
response is named phacoanaphylaxis.

Uveitis is a prominent feature of Behcet's disease, a multi-system inflammatory
disorder also characterized by oral and genital ulcers, cutaneous, vascular, joint, and
neurological manifestations

30 Rosacea is a chronic and common skin disorder with no identified cause or cure.
The pathogenesis of rosacea is thought to have multiple factors. Possible factors include
exposure to the demodex folliculorum mite, gastrointestinal disease or a vasodilation
disorder, and other triggers such as diet or sunlight. Patients may present with a variety of
symptoms, including inflammatory papules, edema, telangiectasia, rhinophyma and

35  ocular symptoms. The ocular signs of rosacea include blepharitis, including anterior
blepharitis, conjunctivitis, iritis, iridocyclitis, keratitis, meibomian gland dysfunction,

telangiectasia, erythema, chalazion, hordeolum, interpalpebral hyperemia, conjuctival
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25 Pharmaceutical compositions

The present invention also relates to pharmaceutical compositions comprising at
least one compound of general formula (1), the compound being present alone or in
combination with one or more pharmaceutically acceptable excipients. A
“‘pharmaceutically acceptable excipient” is one that is compatible with the active ingredient

30  of the composition and not harmful to the person being administered the pharmaceutical
composition. Mixtures of two or more of such suitable excipients may be used.

For topical ocular applications, pharmaceutical compositions may be prepared by
combining a therapeutically effective amount of a compound of the invention, or a
pharmaceutically acceptable salt thereof, as an active ingredient, with conventional

35  ophthalmically acceptable pharmaceutical excipients, and by preparation of unit dosage
forms suitable for topical ocular use. The therapeutically efficient amount typically is
between about 0.0001 and about 5% (w/v), preferably about 0.001 to about 1.0% (w/v) in
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5the inhibitor/Cyp A conplex was added to the appropriate sanple wells. 25
pl of the 2x assay buffer with CaM was added to all wells, then 5 pl of CaN
was addeawocoeddsiwel | s (40 U per well final concentrati eo)/uSzaefss7dupl i cate
"no cal ci neurin blank’ | s to which 5 | x assay, buffer was.added. The
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pl at e r eademhe(gdidr aiscdsedrieivenislie-ussSp et RestiBix®Mb)closptitn ABDEEY% mM&idacralyzed
by subtracting ~no Calcineurin blank' fromall the absorbance readi ngs and
plotting t Y A58 BSnd corrected absorbances against Logi inhibitor
ConCﬁnt EI ation. A ?iegarmhﬂlﬁlly @&éﬁivg%ﬁmﬁﬁiﬁ tieal tldignatqshakinbt@dicalaohipesidan & ausihng
G aphPad Prism Software. ***M xed L cyte Reaction ("MR') Assay 20The
VLR aseay. (COMERURHAR TAHHE OBPorE i RIPPH G CIATEct ORGP ESar e oot et al | of
t est caopowdeapositiemntlag exbelidrGhandsdddk Bf @ compeundefdomaek d),d otgaviserer e

obt ai ned fn§n11qq Erederick Canﬁeﬁ Research and Devel opnent Center of the
Nat i onal CATRWICal R &g e PRamceyical ERTPRBION- spl eens were har vest ed
aseptically fromall mce and single cell suspensions were prepared by

di saggregating the cells with frosted glass slides, allowing 25 the debris
to settle, and washing the cells twice with conplete nmedium Conplete

medi um consi sted of RPM 1640 nedi um contai ni ng 25 mM HEPES buf f er

(Hyd one, Logan, UT) supplenented with 10% heat-i nactivated fetal bovine
serum (FBS; Atlanta Biologicals, Lawenceville, GA), 100 pg/nL
streptomycin, 100 UnL penicillin G 0.25 |1.tg/nL anmphotericin B (Hyd one),
2 mM L-glutam ne di peptide (HyClone), and 2 x 10-5 M 2- 30 ner capt oet hanol
(Sigma). Cells were washed tw ce and resuspended in conplete nmedium Cel
counts were perfornmed using a Beckman Coulter Z-1 particle counter
(Fullerton, CA). Cell viability was determ ned by propidiumiodide (Pl)
staining using an Accuri C6 flow cytonmeter (Ann Arbor, M). Spleen cells
fromC57BL/6 (H 2b) and BALB/c (H 2d) were used as responder (R) 35 and
stinmulator (S) cells, respectively. Cells were plated in triplicate in
96-wel |l flat mcrotiter plates (Costar, Canbridge, MA) such that each well
contained 2 x 105 R and 8 x 105 S cells. Cultures were incubated in the
absence or presence of various concentrations of Cs WD

2012/ 051194PCT/ US2011/ 055791 A, test conpounds, or nmediumat 37C in
hum di fied 5% CO2 for five days, pulsed with3Ht hym dine (3H TdR) for the
final 16 hours of incubation, and harvested using a Brandel 96- well cel
harvester (Gaithersburg, MD). Proliferation was nmeasured by counting the
radi oactivity on filter mats in a Wallac 1450 M crobeta Tri Lux
scintillation counter (Turku, 5 Finland). Controls to denonstrate effective
i nactivation by the x-irradiation were perfornmed by incubating the S cells
with 5 pg/nmL of PHA at 2 x 105 cells/well. These control cultures were

i ncubated for 3 days under the sanme conditions as those described for the
MLR, | ynphoproliferation was determ ned in the sane manner as descri bed
above. 10 Met hods of treatnent Conmpositions of the invention may be
used to treat patients suffering fromdry eye, to treat blepharitis and

nmei bom an gl and di sease, to restore corneal sensitivity that has been

i npai red due to surgery on the cornea or other surface of the eye, to treat
allergic 15conjunctivitis and atopic and vernal keratoconjunctivitis, and
to treat ptyregia, ocular synptons of graft versus host di sease, ocul ar

all ergy, atopic keratoconjunctivitis, vernal keratoconjunctivitis, uveitis,
anterior uveitis, Behcet's disease, Steven Johnson syndrome, ocul ar
cicatricial penphigoid, chronic ocular surface inflammati on caused by viral
i nfection, herpes sinplex keratitis, ocular rosacea, and pinguecula, and to
prevent corneal 20transplant rejection. The International Dry Eye Wrkshop
(DEWS) defines dry eye as "a nultifactorial disease of the tears and ocul ar
surface that results in synptons of disconfort, visual disturbance, and
tear filminstability with potential danfge to the ocul ar surface,
acconpani ed by increased osnolarity of the tear filmand inflammtion of

t he ocul ar



25surface.” It includes those conditions, such as keratoconjunctivitis
sicca, that are caused by tear deficiency or excessive evaporation of
tears. wO 2012BIsepharitis is a chronic disorder produci RgTiUsRé1AREi on Of
the anterior and posterior lid margin, with involvenment of skin and its
related structures (hairs and sebaceous gl ands), the nucocut aneous
junction, and the nei bom an gl ands. It Qlaimsal so 30affect the conjunctiva,
tear film and the corneal surface in advanced stages and nay be associ ated
with dry ey&e B®pharitis is commonly classified into anterior or posterior
bl epharitis, with anterior affecting the |lash bearing region of the lids,
and posteri,or primril ffecting the nmei boman gland orifices. Mibom an
gl and diseéseAﬁﬁgFmB?QéH%HE@ﬁk@ as one of three forms: primary
35nmei bom tis, secondary neibomtis, and nei bom an seborrhea. Meibonm an
seborrhea is characterized by excessive nei bom an secretion in the absence
of inflammtion (hypersecretory nei bom an gl and di sease). Primary

mei bomtis, by contrast, is WO 2012/051194PC/ US2011/ 055791 di sti ngui shed
by stagnant and inspi ssated nei bom an secg€tions (obstructive

hyper secretory nei bgm an gl and di sease). [Secondary nei bomtis_represents a
| ocal i zed inflammatexy respanse #n"Wgj ch t he nmei bom an Bl andy are
secondarily infl d a sp f asht om gn anterior \id margi R,

bl epharitis. 5Inpaired cornéfl sensitigvity Oft occlirs af gbféctive

surgery, such as photpfefradtilve keratlectony, Ilaser assisfed sub-epithelium
kerat omi | eusis (LASE TLO Pl CASE CL1 fj0 zecﬂtrpﬂsep t hel Tak cnaurb@ont act
I

abl ati on, or other ocelflures i n||whilch tlje corne nerveg are severed.

| npai red cor neal igdi®ity mayOal so octur aftefO viral T et i on, such as

by HSV-1, -~ and IVZV viruses. Patigents with inpairedl cornea
10sensitivity [often &omprain that their eyes |feel dry, d&Venm though tear
production and evapor|at§on y b ppor , sugpesH ng that "dryness" in such
patients may actual | e a N N resul ts when
corneal nerves ar evezed by gery of iInflaged affer vi®-al infection.
Allergic conjunctivitisis an | ammatfon of e copj unctiva resulting

from 15hypersensitivity to one or allergéns\ It nay be acute,
intermttent, or chronic. It occurs dqeasonally, that is, at only certain
time of the year, or it occurs perennially, that is, chronically throughout
the year. Synptons of seasonal and perennial allergic conjunctivitis
include, in addition to inflanmation of the conjunctiva, |acrinmation,

teari ng, C%ﬂi?& tival vascular dilation, itching, papillary hyperlasia,
chenosi s, eyelld edema, and 20di scharge fromthe eye. The di scharge may
forma crust oveXistHiH=GHR, aCHeCHa-CHgbHRsosI@dHRt opi ¢

ker at oconj uncti vj,tis is._achroni .S e f er g onjungti vitis
that often IeadﬁNT%éUfiﬁéfﬁgﬁggvgﬁ%ﬁ?¥6§§ﬁ%8@%%8pHg%hd%q*gcﬁfﬁég_ghfhing,
pai n, rednesgioxylocabgxylbody sensation, |ight sensitivity and blurry vision
There is often a discharge, 25especially on awakening froma night's sl eep;
t he di scharge mayibe strpngy, ropy, and nucoid. The | ower conjunctiva is
often nore prom hen af fected than the upper conjunctiva. The conjunctiva
may range from pal e, fedemat ous, and featureless to having the
characteristics of vanced di sease, including papillary hypertrophy,
subepithelial fibrodRs$o form x. foreshortening, trichiasis, entropion, and
madurosis. In sone patient%h?ﬁ@ Hﬁ?ggh§ém%£ogresses to punctate epithelia
er osi ons, cornear neovascul ari zation, and other features of keratopathy
which may inpair vision. There is typically goblet cell proliferation in

t he conjunctiva,qepitheli %seudotubular formati on, and an i ncreased
nunber of degranuating ¢0si nophils and mast cells in the epithelium
CD25+T | ynphocyt es, nmacrpphages, and dendritic cells (HLA-DR sup. +,

HLA- CD1+) are signific by elevated in
wherein R11=C,-Cg alkyl;

B is —CH,CHj;, 1-hydroxyethyl, isopropyl, or n-propyl;

C is isobutyl, 2-hydroxyisobutyl, or 1-methylpropyl;
D is —CH3 or —CH,0OH;
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35t he substantia propria. Li ke at opi ¢ keratoconjunctivitis, vernal
keratoconjunctivitis is a severe formof allergic conjunctivitis, but it

t ends t o wbf2ecx0stive upper conjunctiva nore prom nently PRIUSYE1/055791
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ool pebral form "o Whigh re Reat R Rkt St pxibebly ydRiaR 85 Cic
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entire uveal (va r),.l f the eye. Posterior uveitis generally
refers to chori o‘ZﬁHFﬁ?‘TN@%&H nterior uveitis 10refers to iridocyclitis.
The i nfl ammat or y-(ODHRIYOTOOH; . . cells, fibrins, excess proteins) of these
i nfl anmati ons are(\C %ql_'%”_found inthe fluid spaces if the eye, i.e.
anterior chanber, % ¥erior chanber and vitreous space as well as
infiltrating the(CHRYYeNHOOR Rt el y involved in the inflammatory response.
Weitis may occur foIIo.vvi1ng $u gi caé_ or traumatic injury to the eye; as a
component of an YIFSN Mhitrle d"s{) d8Y® such as rheumatoid 15arthritis,
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ti ssues. Toget t}er these disorders represent the non-infectious uveitities.
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causative anti geRt.is TIEHRENSCHQL-ECHR)NHCOOT H@EHR/), NECIO@H dvHeyeih pas Den 2,
capsul e si g'(r:ﬁ gef %r_e irth. When these proteins are released into the eye
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response is, noder it is seen as, chronic uveitis., If it is 25very fast in
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identified cayse or cure. The pathogenesis of rosacea is thought to have
nul tiple f&NOPS IPBLNDHPEYPAct ors i ncl ude exposure to the denpdex

fol l'i cul orum m tee a ashacsutit@ytacogdtasle selagerenf. a vasodi |l ati on di sorder, and
ot her triggers such as diet or sunlight. Patients may present with a

vari ety of synptons, including inflamatory papul es, edenma, telangiectasia,
r hi nophyma 2and c3bpouhdacyding mdairhesaectbafrosi tograap donsiatirepofi ncl ude

bl epharitis, in i ng,,anteriar bl ephariti.s onjunctivitis, iritis,

i ridocyclitis, ﬁ@%ﬁ?'&@?%‘i%ﬁﬁ' H‘%&ygﬁaﬂd%cf%ﬂé?'? 'gn, t el angi ect asi a,

erythema, chal aZ{S)2-(4hoirid@gtoyithiondtieySatpepi@poliyper emi a, conj uctival WO

2012/ 051194PCT/L[J 01]1@@@15791( ﬂ@peﬁen‘ila ciljary base injection, bul bar

i nj ection, crust'$/ ¥ é(g?eg [ 6%9?§p8f'3IA’punct uat e keratopathy. The

ocul ar synpt ons [(8)@entitsipeettyi-Saghe/cyporimal ude burning, tearing, decreased

tear secretion, ess, and .forei ody or grjtty or dry sensation,

irritation, | tcr{{sﬁ%%mm%?tﬁylﬂgﬂ“%%g?%{? P I8§%O§® itivity, Watery eyes,

bl oodshot eyes, [(S){(R)-2-amino-2-carbomethoxy-ethyl}thiomethyl-Sar]® cyclosporin A;
[(S)-2-dimethylaminoethylthiomethyl-Sar]® cyclosporin A;
[(S)-(4-methylpiperidinyl)thiomethyl-Sar]* cyclosporin A;
[(S)-2-(morpholino)ethylthiomethyl-Sar]® cyclosporin A;
[(S)-carbomethoxymethylthiomethyl-Sar]® cyclosporin A;
[(S)-carbomethoxyethylthiomethyl-Sar]® cyclosporin A;
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5Burning, telangiectasia, irregularity of the lid margins, and nei bom an
gl and dysfuncti on. Pi nguecul a is a benign, yellow sh brown
proliferavovelzpsowth that forns on the conjunctiva. Pi ngcémslzmlmagwnause

con] unct | va- and [ENMEAT- A BB eatbameRoRe e mety e b ETE Ty ad Puslosharn

cause ocul ar irraAtation or becorre unsightly, may require surgical renoval.

he pinguccul s S (BB acs SaeRoN- ey RaeCRPIE o CueReoR b cal

removal . [«Sl)lcagﬁmgzdr@xym@tayltmasm@tmrtsaﬁ%pdzlagﬁoamipon (BMI) is a

wel | - establ i she nt f,or nan n n cal

di seases, and i g(éﬁé@ 'ﬁ[@@ol%cqrgﬁydg‘?xyfﬁﬁa eérfnﬂhﬁ‘?métﬁyl Qaégzcﬁa

Mature donor T qells within the stem cell graft are the 15main msdr ators of
the beneficial i n fect ut t | so.r onsi ble for the

i nducti on of gra{@tﬂ-‘lc\?g?pg‘ﬁgroﬁ eéfﬂy'@iogé%%ﬁ%@av%? SpPH'?—J jor cause of norbidity
and nortality i q(Msp@bpﬁﬁlmBroeﬁylﬂﬂbmémwSar\ﬁ‘(@blotsns@msqql anted donor-derived

T cells recogni ot el S |ent antigen-presenting cells.
Consequent | y, ﬁ@% ”%MF‘ mf@byéggﬂ Sﬁ’ WA activation,
proliferation, qmdtrdldnbésaﬁhy@bsmﬁn A;eading to a cellular and

20i nflarmatory ¢ ssues. Acute or chronic GvVHD
occurs W thin aati%b(?a&zj?er%ﬁﬁ M‘Bt %rfe'%ﬂ#ﬁqyﬁfﬁ’ls s to dermatitis,
enteritis, and hepalyienessarPeydlagposifmpt ons i ncl ude bl urry vision, foreign

body sensati on, r-ni.n ensa e.light sensitivity, chronic

conj unctivitis, [@f@@%yﬁé ihygtﬂlﬁme (E%%ﬁ’hg)&ﬂﬁf?%d}?‘cal conpositions The

Ipr estent i nventi c[duhﬁdlrs@/lémh@t IES) Qﬂrqﬂrwmcﬁuylim@hetbﬂramsIc%d;l@ﬂﬁ)rramr:rpr| tSI n? at
east one conpo gener a und being present alone

or in conbinati 3{5\/& ?'ﬁ ¥l rbc}etw@fngnﬁﬂyﬁ %Qe@‘tc O@B?%Baccept abl e exci pi ents.

A "phar maceut i cd{g)ye- (aqgerﬂyla?élh}&thmnmtrwmﬂ cycospoenidhat is conpatible with

the active ingr ent 0 itian,and not harnful to the person

bei ng admi ni st er Q)ﬁg‘ (?{E@-gﬁrfg@os@gﬂﬁ@g, tion. Mxtures of two or nore

of such suitabl e{(samnmtmntr@trryasar}%cm&sdonn A, For topical ocul ar
appl i cati ons, ceuti os't 30NS e prepared by conbining a
t her apeuti cal | ngﬁ%’{‘tf‘%ﬁ% }Slféad'i (%HB?R%'& 5t the invention, or a

phar maceut i cal | Y(SHY (FE- arlnlrrb zsaérbomhmbepéthyamometra}ms'awécj/ortwpedrh ant, with
conventi onal ceutl exci pients, and by
preparation of 3%{} ?@8@;{3 %9‘%63%@ ‘%B\ﬁéoaf %Sr?oﬂﬁ ocuI ar use. The
t Ber ?pgg/t |( \(,:v/al I)y [€){2-@iraathyippetdihyljtyipmesiyl- $ag%c3h&ism@ﬁﬂ?€v?o;1t 0. \C}\%Ol and
abou 0 % abo 0 V) in
2012/ 051194PCT/ UL %@r%gﬁ'@e%ﬁmrweﬂy Eﬂﬂa‘f% QORfie " act ual dose of the
active corrpoundS{(S)fcatrtimepm@@mthylthvmthWSaQ%@erwsomﬂAi he specific conpound,
o e o KRS 2t L5 i B P e BRSSP Begeee
Patent No. 5,47#4:;979, the entr re contents of V\/m ch are incorporated herein
by 5reference, vj gdes .exampl s, of oph accept abl e
phar maceut i cal 2&3 %&ﬁm& 0%8%5? 8’?\1?81 g%rh OC% SP%@ A\;ehr cle used in
Restasi s(r), cyg{S)spmN- pwaklﬁ)dﬂﬁﬂmromﬁmaet]ﬁcmbsbynml ergan, Inc. A
therapeutical l'y inth euti.c conposition
is a concentratil g’) égﬁhﬁllam[rrbo gﬁsdém%yl éﬂ[{]ﬁk %r%ﬁw@%atﬁ(g%stpogga‘conpar ed to a
pl acebo 10conpog(S)iimotphatino ex‘serptetﬁyd}etrtyhlaombmgnsa]sm‘yclasmmpmund of formula
(1), ©s otherw S[FS)I3d(?etthlyl%?n|ngp?o&yﬁﬁromeﬁry?@aﬁ%%%%%bﬁa}\ conposi tion.
[(S)-3-(morpholino)-propylthiomethyl-Sar]® cyclosporin A;
[(S)- mercaptomethyl-Sar]® cyclosporin A;
[(S)-allylthiomethyl-Sar]® cyclosporin A;
[(S)-{(R)-2-amino-2-carbohydroxy-ethyl}thiomethyl-Sar]® cyclosporin A;
[(S)-carbohydroxymethylthiomethyl-Sar]® cyclosporin A;
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Clains W claim 1. A conpound of fornula (lI) wherein: Ais -CH=CHR

- CH=CH CH=CHR, or -CH2CH2R, wherein Ris -CH3; -CH2SH, -CH2S-Cn
wherei n rWO01/0521943, 4, 5, or 6; -CH2- carboxyl; carbo®gir/us2010Bix¥9nher ei n
R10 is Cl1-C6 al X ( n RL

ok % Al ) o el Gl R ool 25 ey

or 1-nethylpropy;; Dis -CH3 or - CH20OH; V\D 2012/ 051194PCT/ US2011/ 055791

R1 and R2, whic entlc diff each represents hydrogen or
oL 04 alkyl 1 or leriy ot Bl el SaE GGy I T o sul far o S(0) .
wherein n is 1 a(S)2- |sopropy|ammBBthlthubmdlhtygsér] @t:lbap@‘lmtA;or branched C1-C6

AR R Lo LRI R R R R

sel ected from nl[(;S)iﬂg@l@thylawrgﬁﬂlyl-&rsﬂlfmylhfelﬂfyl Safytycldspbed aar yl ;

(CHR') m N CNHD '}'&%ydr&ﬁ%%%t?‘ M;diet#y%ﬁnggmungédIfinyImethyI-Sar]3 cyclosporin A;
[(S)-3-diethylaminopropyl-1-sulfonylmethyl-Sar]® cyclosporin A;
[(S)-3-(morpholino)propyl-1-sulfonylmethyl-Sar]® cyclosporin A;
[(S)-(4-methylpiperidinyl)-sulfonylmethyl-Sar]® cyclosporin A;
[(S)-(2-diethylamino-1,1-dimethyl)-ethyl-1-sulfonylmethyl-Sar]® cyclosporin A;
[(S)-(2-morpholino-1,1-dimethyl)}-ethyl-1-sulfonylmethyl-Sar]* cyclosporin A;
[(S)-3-(4-oxy-morpholin-4-yl)-propyl-1-sulfonylmethyl-Sar]® cyclosporin A;
[(S)-2-(3-carboxypropionylamino)ethyl-1-sulfanylmethyl-Sar]® cyclosporin A;
[(S)-2-(4-carboxybutyrylamino)ethyl-1-sulfanylmethyl-Sar]® cyclosporin A;
[(S)-2- (acetylamino-acetylamino)ethyl-1-sulfanylmethyl-Sar]* cyclosporin A;
[(S)-2- (dimethylamino-acetylamino)ethyl-1-sulfanylmethyl-Sar]® cyclosporin A;

and pharmaceutically acceptable salts of any of the foregoing compounds.

3. A compound according to claim 1, wherein A is —-CH=CHCHj; B is -CH,CH3;, C is
isobutyl, and D is —CHa.

4. A compound according to claim 1, wherein A is —-CH=CHCH3; B is 1-hydroxyethyl, C is
isobutyl, and D is —CHa.

5. A compound according to claim 1, wherein A is -CH=CHCHg3; B is isopropyl, C is
isobutyl, and D is —CHa.

6. A compound according to claim 1, wherein A is -CH=CHCHg3; B is n-propyl, C is
isobutyl, and D is —CHa.

7. A compound according to claim 1, wherein A is -CH=CHCH3; B is —CH,CH3;, C is 1-
methylpropyl, and D is —CHs.

8. A compound according to claim 1, wherein A is -CH=CHCH3; B is —-CH,CH3;, C is
isobutyl, and D is —CH,OH.
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(CHR ) m NHCOR'; wherein mis 1, 2, 3, 4, 5, or 6; each R is

i ndependently H, straight or branched Cl-C6 al kyl, straight or branched
C2- C6 al kwoybi2/estai ght or branched C2-C6 al kynyl ; C3- CPCayusk@alokybi C4- C7
het er ocycl yl havi n at ons

B R T s A e

-(CHR )pNH@Q&oxyﬁsﬁHE&y) @Nﬂmg]zlcm,herel npiso 1, 2, 3 4, 5, or 6; and
wherein R3 nay be optionally substituted with one or nore groups, identical
or different, of O C6 al kyl; hal ogen; hydroxyl; al koxycarbonyl; carboxyl;
cycl oal kyl ;10s & ¢unapcemdeiccgraingit@lahy otidisials\B-atvetbréin R3e Bblettel éloaT e ey

havi ng 1-3 heteroatons selected from nitrogen, oxygen, and sul fur, which
het er ocycl YPWEIMGR% onal |y substituted by one or nore groups of Cl- O6

al kyl; aryl; hetgcaRN)yINHaONASNH;nonoal kyl am no; di al kyl am no; ami di no;

guani di ne; or urﬁ T §r (? {3 armaceutically acceptable salt thereof. 2. A
conpound accor di g R ¢t Q 1 selected fromthe group consisting of:

[ (S)-2-di et hyl am(oaB)NIKRT; 0met hyl - Sar] 3 cycl osporin A;

[(S)-2-(4-pyridy t.hyl - Sarr cycl osporin A
[ (S) met hyl thi om::lt?ﬁwi)S 6{@38§§d osporin A, [(S)-pentylthionethyl-Sal3
cl ospor i rwhireib (8- 122a:Bn4)<5€bml t hi onmet hyl - Sal 3 cycl osporin A

S~ 2- ) ot hyl AFERBLBION %%Hwﬁmﬁtré@wf%'%gﬁér@ép%sﬁ#lw‘fys‘%raug P8I biinfied

y
E
g S) - (4- metdyyCqalpeiyi; dtraighb (brmr@rlimlbb}ﬂz -GRadikyngly Ch-@s l@@dﬁlbﬁiky‘k Cs-C; heterocyclyl
(
(
0

52 ool o) DL oI A 0 LSRR By ntarcanyor

S) - car borapsbatxyed hyl t hi onet hyI Sal 3 cycl osporin A; WO

12/ 051194PCT/ US201 y , , L
[(9)- (S - 2- ami MR- 2 AR SAETHidx TRIAMRR Ry AP HRMNHE GREL pereicapds . .
cycl ospori 12, 8; 4[5, 9) 6{ (R) - 2- am no- 2- car bohydr oxy- et hyl }t hi omet hyl - Sarr
cyclosporin A; [(S)-carbohydroxynethylthiomethyl-Sad3 cycl osporin A
[(S)-{(S)-2-am no-2-carbohydroxy-1, 1-di met hyl - et hyl }t hi onet hyl - Sal 3
cycl ospori n1AA {;c(rﬁbomardaommgdmc@td‘nybl\hlnem‘atrhyé 1,%a0t 3; éawblmwadéﬂenéently

Hg g :;132 ro'ipéég‘f‘ﬂqg Jthl(gﬂﬁwg‘%ar ](éyﬁéﬁwﬁéﬁﬁr t—ggﬁgﬁéﬂlﬁpQH

cycl ospori rwhisreih @iidpdr,@rieBnt] 1 [ Met hyl ene- Sal 3 cycl osporin A

[ met hyl ene-Sal 3 cyclosporin D; [(S)-2-diethylam noethylthionethyl-Sar]3
cyclosporin A; [dihydro-MeBnt] 1 [(S)-2-diethylam noethylthionethyl-Sal3
cycl ospori n1AA bt(aﬁbrmaelﬁiice[damhmﬂitlbﬂebﬂmahélh@ Qfﬂeéﬂ)dneﬁamb&lﬁd/@ﬂ Ay ciaimd -

[(S)-2-(4-p ionmeth arr c.

(S et 1 £ BiRABRACLEs B B BUFBLa80e AP BERIRENEY) PP PEREEY I - Sar] 3

cl ospor i rhArmadetlicly aictametdlgksipieotset hyl - Sal 3 cycl osporin A

S) -{(R)-2-am no- 2- car bonet hoxy- et hyl }t hi onet hyl - Sarr cycl osporin A

S) - 2- di net hyl am noet hyl t hi onet hyl - Sad3 cycl osporin A

S) - 2- (4- met by phidrpanetiowl ddnli}:icmh’eh I&ympﬁah§at:|¢a¢t(ma&bhmo@nd of any of claims 1-
S) - 2- (nor Ilnﬁiﬂethkthioneth | clos Q "

S) - carbo t °H9 ﬁ'ir‘Sr%‘?sr‘?{)Ya %&%l%r '8;%[“85‘8 P fyitiyohe or more

S)-{(9)- MWmBeml&rabmﬁngXelﬂleﬂtsdwhabhhythe ebﬂit;eln}rhmbroaifﬁlhélyémﬁarrﬂ in the
cl

) O5PON g iesi '9{5& Mﬁ‘aﬂ%ﬁﬁ%@% DORBERDY i oo o CYCosportn A
2 rin
) - 2-di et hyl ami no- 1, 1- di net hyI et hyl t hi omet hyl - Sad3 cycl osporin A;
i éﬁ%c’lé%%mérf%r Sho Bieen Rl s ST ROM s 55 goRBncs RRibdhiah gland
) - 3- (norqriftuals% mﬂ)arqixrap}jdrtchwmtdwd a@é@b&naﬂy(elram@mh IUnntl\Atjs b(yfégw ocullar
t t - A - t {
o8 O C ety frSt SRR Rbn Bisehet RURS Pl T R op At B PR "

('S) - car bolkgeatoooniveictiyiiid, lniveitie tanydrioBavditss, thebd:el’smhs’eaBe SteVD Johnson syndrome
2012/ 051194PCT/ US2011/ 055791
[(S)-{(S) - 2R 58D RRIMLENNIG CHIBRSATe BIAYMAIAT GIHSEA DY VE]) 3

cycl ospor i nnfAgtion, herpes simplex keratitis, ocular rosacea, pinguecula, to prevent corneal

transplant rejection, and to restore corneal sensitivity that has been impaired due to
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S) - car bohydr oxyet hyl t hi omet hyl - Sar] 3 cycl osporin A
S)-2-isopropyl am noet hyl t hi onet hyl - Sar] 3 cycl osporin A
S) - 2- glmoizdizmsemhyl 1- sul f anyl et hyI Sal 3 cycI ospori nPATh;SdMombdmri de;

[ (

!

[(S)-2-dieth amn et 1lslf|n Sar orin

LG hydr o MRS 41 e a5 et st £ra AN g s o Simidstering t
cycl osporim nﬁamh{a‘ﬁ)marr@b@rﬁdwwmdﬂ@@rm)@ymelorsadniumamhﬁ@bipmrmehﬂca:ycI osporin
A [(S)-3- (m)rph lin %rop% ]’I sul fonyl met hyl - Sarr cycl osporin A

[(S)- (4 metfy] ﬁ%ﬁ’P SN'Ponyl met hyl - Sar P cycl osporin A

[(S) (2-diet hyI am no-1, d| met hyl ) - et hyI 1-sul fonyl methyl -Sal | 3 cycl osporin

A; S 2- hol 1- 1-sul f thyl-Sall 3
cycl (()sgjogl qo T% 0 Itﬂ Qf’%‘i?%&%ﬂ% f h%res}'l hselrjpﬁrﬁ%ll 'rfreash ”P?fh;l met hyl - Sal 3

cycl osporin A [(S) 2 (3-car boxypr opi onyl am no) et hyl1- 1-sul f anyl net hyl - Sal 3
cycl osporin 5A H)g{ % arb x?/{rﬁhtyr yl am no) et hyl- 1- sul f anyl net hyl - Sarr
cycl ospori n' 9a; A CPEJRosING Q] o- acetyl am no) et hy1- 1- sul f anyl net hyl - Sarr
cyclosporin A, [(S)-2- (1)

(di net hyl am no- acetyl am no) et hyl- 1- sul f anyl net hyl - Sarr cycl osporin A, and
phar maceutical |y acceptable salts of any of th& foregoi ng compounds. 3. A
conpound according t¢ claiml, wherein Aisf(-CH=CHCH3, Bis -CH2CH3, Cis

i sobutyl, and Dis - . 4. A conpoupgh accofding to claim1, wherein Ais
-CH=CHCH3, B is 1- oxyet hy\, is igobugAl, and Dis -CH3. 5. A conpound
according to claim1, erei I's - CH=S B iB isopfopyl, Cis
i sobutyl, and Dis -CH3 6. %c npound ccordlng ocla[ml, erein Ais
-CH=CHCH3, B is n-propyl, sobut I_L conmpound

according to claim1, el n Alll '?:H'?g o Tarbon
met hyl propyl, and D i # . ound accor d| n to clajm1, wherein A
is -CH=CHCH3, B i's— , CIS obutyl nd D i sO- CH2OH.

2012/ 05119 5791 9. A corrpound according to clpim1, wherein A
is - CH=CHCHS, is -CN2€H8, Cis 2- hydhoxy isojutyl, and DN+s—CH3 10. A
conpound according tola claln;s 3- 9 erei |s selgtedfromthe
group consi sti 1 H ) m NHR';
(CHR ) m NHCOR'; whepginimis 1, (]2

i ndependently H, faig or br
C2-C6 al kenyl ; straight or brancne cycl oal kyl ; C4-C7
het erocycl yl having 1-3 heteroatons se¥ected f om niMt rogen, oxygen, and

sul fur; aryl; heteroaryl or is absent; |and R' is -(CHR ) pN(CH3) 2,
-(CHR ) pNHCCC, or -(CHR )pNHCOOH, wher¢in p is 0, 1, 2, 3, 4, 5 or 6. 11.
A conpound according to claim 10, wherein mis 1, 2, or 3; each R is

i ndependently H or is absent; and R' is -(CHR )pN(CH3) 2, -(CHR )pNHCOC, or
- (CHR ) pNH@Pdbinwherein p is 0, 1, or 2. 11. A pharmaceutical conposition
conprising at |east one conpound of any of clains 1- 10, the conpound bei ng
present alone or in conbination with one or nore pharnmaceutically

accept abl e exci i\ Rpt&sentsILHATHR F DBESUH IFE HhefMRAS plelsBifts COMI-LGH B8H; at —
| east one conmpound of any of clains 1- 10, the conpound bei r&:c?_'present al one

or in combiGZSE&n Wiareingifa-6 rChigrgarboxyl, carboxyl, aIkoxycarbonyI or
alkoxycarbonyl;

ght or© branched

B represents —CH,CHj; 1-hydroxyethyl, isopropyl, or n-propyl;
C represents isobutyl, 2-hydroxyisobutyl, or 1-methylpropyl;
D represents —CHj3; or —-CH,0OH,;

or a pharmaceutically acceptable salt thereof.

15. A compound according to claim 13, wherein A is -CH=CHCHj; B is -
CH,CHjs, Cis isobutyl, and D is —CHs.

16. A process for the preparation of a compound of formula (l1)

59



pharmaceutically acceptabl e exci pients, wherein the concentration of the
conpound in the conposition is about 0.01 to about 0.05 wei ght percent.
13. A nmetwocadofamsitsneati ng a condition sel ected from dryPeyaS2aiepirariti s,
mei bom an gl and di sease, allergic conjunctivitis, atopi nd ver nal

kerat oconjunctivitis, ptyregia, ocular synptons of graft”@ersus host

di sease, ocular allergy, atopic keratoconjunctiwitis, vernal

kerat oconjunctivitis, uvéitis, anterior uveitds, Behcet's disease, Steven
Johnson syndrone, ocul ar C|catr|C|aI p hi ggi d, chronic ocul ar surface

i nfl ammati on caused by al inf\ecti qngerp S S|nplex keratitis, ocular
rosacea, pinguecula, tvo prgvent cyyheal t% antBrejectlon and to
restore corneal sensitivit that s beenli npai due o WO
2012/ 051194PCT/ US2011/ 055791 sur y on tRe cornea or o her

eye, the method conprr§Tﬁ?l [efin 'ﬁ a oq?
clains 1-10, or adm niste a phar c uti clal |t|on f clainms 11 or
12. 14. The nmethod acteH ngit o cl ai ;JEreln a human.
15. A conmpound |@III) A mhereln A represents -CH=CHR
or -CH2CH2R, where R repr_esents -CH3, -QH2SH; 2S- C, whey-ein n=1-6;
- CH2- car boxyl , carHoxyl, goxycarbo?yl -CHZH al koxycarfponyl; B

I r I 4 c represents

represents -CH2CH3 1- hyd 0
i sobutyl, 2-hydroxyisob Ié 1- hyl pro fi D epre ent /- CH3 or

-CH20H, or a phar naceutf'cal Ey acce t .
according to claim 13, wher8in A i , BJ CH2 , Cis isobutyl,
and Dis -CH3. 16. A process for the arati ofNa conmpound of formula
(rrr)y WO 2012/ 051194PCT/ US2011/ 055791 (11) wherein: A represents
-CH=CHR or -CH2CH2R, wherein R represent$ -CH3, -CH2SH, - CH2S-C, wherein

n=1-6; -CH2-carboxyl, carboxyl, al koxycarbonyl, or -CH2- al koxycarbonyl; B
represent s w@aeH3, 1- hydroxyethyl, isopropyl, or n-propyl; C represents

i sobutyl, 2- hydrAO)gf) LSRR = QiR b7 WEH%{HR{ Wekein R represents —~CH; —CH,SH; —

CH,S—C,, wherein n=1-6; —CH,—carboxyl, carboxyl, alkoxycarbonyl, or —CH,—

urface of the
ohrRay of

alkoxycarbonyl;
B represents —CH,CHj; 1-hydroxyethyl, isopropyl, or n-propyl;
C represents isobutyl, 2-hydroxyisobutyl, or 1-methylpropyl;
D represents —CHj3; or —-CH,0OH,;
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D represents -CH3 or -CH2COH wherein A, B, C, and D are as
previously defined, with a strong base, at a tenperature in the range of
-78C to -wOQoidoshisewed by treatment with a fl ow of carbeaTdiSexiides7gns

bet ween -7QC and 15C, foll owed. by treatmﬁntr vvithtgx gss

chl or onet hyl'@ RIOGFET RIS IJERGARGR CHREUQALT NGdRI ?‘r@ rature, followed by
quenching of the reaction mxture with acetic acid at 0Q@ifo room
tenperature to generate a conpound of formula (I1L,l). 17. The net hod of
claim 16, wherein the strong base is |ithiumditrsopropylam de.

H

0
Z
Z
2
%

2)7
1
<

——(O)

— N_
H 6 5 H 4

wherein A, B, C, and D are as previously defined, with a strong base, at a
temperature in the range of -78°C to -70°C, followed by treatment with a flow of carbon
dioxide gas between -70°C and 15°C, followed by treatment with excess
chloromethylchloroformate between -50°C and room temperature, followed by quenching

of the reaction mixture with acetic acid at 0°C to room temperature to generate a

u N 3 o carbon

[DEe"e)

N\ Bl

compound of formula (lI).

17. The method of claim 16, wherein the strong base is lithium diisopropylamide.
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