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Rapamycin is a macrocyclic triene antibiotic produced by
Streptomyces hygroscopicus, which was found to have antifungal activity,
particularly against Candida albicans, both in vitro and in vivo [C. Vezina et al., J.
Antibiot. 28, 721 (1975); S.N. Sehgal et al., J. Antibiot. 28, 727 (1975); H. A. Baker
et al., J. Antibiot. 31, 539 (1978); U.S. Patent 3,929,992; and U.S. Patent 3,993,749].

Rapamycin alone (U.S. Patent 4,885,171) or in combination with
picibanil (U.S. Patent 4,401,653) has been shown to have antitumor activity. R.
Martel et al. [Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed that rapamycin is
effective in the experimental allergic encephalomyelitis model, a model for multiple

sclerosis; in the adjuvant arthritis model, a model for rheumatoid arthritis; and
effectively inhibited the formation of IgE-like antibodies.

The immunosuppressive effects of rapamycin have been disclosed in
FASEB 3, 3411 (1989). Cyclosporin A and FK-506, other macrocyclic molecules,
also have been shown to be effective as immunosuppressive agents, therefore useful
in preventing transplant rejection [FASEB 3, 3411 (1989); FASEB 3, 5256 (1989);
R. Y. Calne et al., Lancet 1183 (1978); and U.S. Patent 5,100,899].

Rapamycin has also been shown to be useful in preventing or treating
systemic lupus erythematosus [U.S. Patent 5,078,999], pulmonary inflammation {U.S.
Patent 5,080,899], insulin dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res.
Assoc. 121 (Abstract), (1990)], and smooth muscle cell proliferation and intimal
thickening following vascular injury [Morris, R. J. Heart Lung Transplant 11 (pt. 2):
197 (1992)].

Mono- and diacylated derivatives of rapamycin (esterified at the 28
and 43 positions) have been shown to be useful as antifungal agents (U.S. Patent

- 4,316,885) and used to make water soluble prodrugs of rapamycin (U.S. Patent

4,650,803). Recently, the numbering convention for rapamycin has been changed;
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al so have been shown to be effective as i munosuppressive agents, therefore
fuseful 25 in preventing transplant rejection [FASEB 3, 3411 (1989); FASEB
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10 Description of the Invention

This invention concerns C-22 substituted rapamycin derivatives which
possess immunosuppressive and/or antifungal and/or antiinflammatory activity in
vivo and/or inhibit thymocyte proliferation in vitro. These compounds are, therefore,

15 useful in the treatment of Candida albicans infections, diseases of inflammation and
transplant rejection autoimmune diseases, including lupus, rheumatoid arthritis,
diabetes mellitus, multiple sclerosis, etc.

More particularly, the present invention concerns rapamycin
20  derivatives that are stabilized by substitution at the C-22 position, and all
pharmaceutically acceptable salts thereof. Such derivatives have the structure:

25 . wherein



5 *U S Patent 5,118,677 discloses am de esters of rapanycin. U S

* Patent 5,130, 307 discl oses- am noesters of rapanycin. U S Patent-5,117, 203
di scl oses sul fonates and sul famates of rapamycin. U S. Patent 5,194,447

di scl oses sul fonyl carbamat es of rapanycin., 10

Description of the Invention This i nventrn concerns C 22 substi tuted
rapanycin derivatives which possess i mmunosuppressive and/or antifungal
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arthritis, diabetes | Titus, nultiple scl 3r03| ' etc.. More particularly,
the present i FV3R% concerns rapamycin 20 derivatives that are

stabil i zedsby subsRZtR3,iagd R4tard daeh fadégendesdy:i on, and all pharnaceutically
acceptabl e salts thereof. Such derivatives have the structure: [err] 25

wherein -3 - Rerr] is (err]-Cerr] alkyl, (err]-Cerr] acyl,
Cerr]-Cerr] alkylthioa)@®ydragkn;@rerr] arylal kyl, Cerr]-Cerr]

b.) SiEts; or
10
c.)

{]
| C(CHp,GH(CH)N | COR’
R’ RS

wherein
R3 is hydrogen, alkyl of 1-6 carbon atoms, aminoalkyl of 1-4
15 carbon atoms, aralkyl of 7-10 carbon atoms,
-(CH2)dCO2R8, -(CH2)eNRSCO2R 10, carbamylalky! of
2-3 carbon atoms, hydroxyalkyl of 1-4 carbon atoms,
guanylalky! of 2-4 carbon atoms, mercaptoalkyl of 1-4
carbon atoms, alkylthioalkyl of 2-6 carbon atoms,
20 indolylmethyl, hydroxyphenylmethyl, imidazoylmethyl
or phenyl which is optionally mono-, di- or tri-
substituted with a substituent selected form alkyl of 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
25 o trifluoromethyl, amino, or a carboxylic acid.
RS and RI are each, independently, hydrogen, alkyl of 1-6
carbon atoms, or aralkyl of 7-10 carbon atoms.
R7, R8, and R10 are each, independently, alkyl of 1-6 carbon
atoms, aralkyl of 7-10 carbon atoms, fluorenyimethyl,
30 or phenyl which is optionally mono-, di-, or tri-
substituted with a substituent selected from alkyl of 1-6
carbon atoms, alkoxy of 1-6 carbon atdms, h_ydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid;



arylthio, Cerr]-Cerr] arylalkylthio, cyano, (Jerr]-C[err] fluoroalkyl, or
Clerr]-Clerr] aryl optionally substituted by one or nore of hal ogen,
C[érr]-(err] al koxy, hydroxy, C2-C7 al kanoyl, or cyano; and 5

Rlerr] ,Rlerr], and Rl err] are each independently: a.) hydrogen; or b.)
SiEt3; or 10 c.) [err] wherein R5 is hydrogen, alkyl of 1-6 carbon atons,
am noal kyl of 1-4 15 . carbon atons, aral kyl ' of
7-10 carbon atons, -(CH err]3i@@&errIRerr], '
-(CHerr])eNRlerr]CT err] R efikh.4;carbanyl al kyl of 2-3 carbon atons,

hydr oxyal kyl of 1-4 carbon at,ogs. guanyl al kyl of 2-4 carbon atons,

mer capt oal kyl of 1-4 carbon G ‘r?s al kyl t hi oal kyl of 2-6 carbon atons, 20

i ndol yl met hyl , hydr oxyphenyldwQhgl , i m dazoyl met hyl or phenyl which is
optional |y, nono-, di- or tri-. substituted with a substituent selected form
al kyl of *-6 carbon atons, aﬂ‘ﬁgk‘{; of 1-6 carbon atons, hydroxy, cyano,

hal o, nitro, carbal koxy of 2-7 cawherein at ons,

R5, RS, a, and b are independent in each of the

|é?(CHz)a(‘ZH(CHz)bl\‘I
R® RS
subunits when ¢=2; or
10
d.) -CONH(CR!R12)p-X
wherein
R11 and R12 are each, independently, hydrogen, alkyl of 1-6
carbon atoms, aralkyl of 7-10 carbon atoms, cycloalkyl
15 of 3-8 carbon atoms, halogen, or tifluoromethyl;
X is hydrogen, lower alkyl of 1-6 carbon atoms, cycloalkyl of
3-8 carbon atoms, trifluoromethyl, nitro, alkoxy of 1-6
carbon atoms, carboalkoxy of 2-7 carbon atoms, aralkyl
of 7-10 carbon atoms, halo, dialkylamino of 1-6 carbon
20 atoms per alkyl group, thioalkyl of 1-6 carbon atoms, or
Y; |
Y is a phenyl group which may be optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6
carbon atoms, aralkyl of 7-10 carbon atoms, alkoxy of
25 ] 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of 2-7
) carbon atofns, trifluoromethyl, dialkylamino of 1-6
carbon atoms per alkyl group, alkylthio of 1-6 carbon
atoms, SO3H, PO3H, or CO2H;
f=0-5;
30 with the proviso that R2, R3 and R4 are not all hydrogen and
when f = 0, X is lower alkyl of 1-6 carbon atoms,
- cycloalkyl of 3-8 carbon atoms, aralkyl of 7-10 carbon
atoms, or Y; or
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25¢ ! trifluoronmethyl, am no, or a carboxylic acid.
“Rlerr] and Rlerr] are each, independently, hydrogen, alkyl of "1-6 carbon
atbms, or aral kyl of 7-10 carbon atons. R{err], Rerr], and Rerr] are
each, independently, allyl of 1-6 carbon.atons, aral kyl of 7-10.-.carbon

atons, fluorenylnethyl, 30 or phenyl which is
optionally nono-, di-, or tri- substituted with a substituent selected from
al kyl of 1-6 carbon at&ys, al koxy of 1-6 carban atons, hydroxy, cyano,

hal o, nitro, carbal koxy of 2-7 carbon atons, trifluoronmethyl, amno, or a
car boxylic acid; - 4 -ua,ds 0-4; bis 0-4;, cis 1-2; dis 0-4;, 5

e is 0-4; wherein Rerr];S g[err], a, and b are independent in each of the

wherein
R13 is a mono-, di-, poly-, or per-fluorinated alkyl group of 1-
5 10 carbon atoms, with the proviso that RZ, R3 and R4
are not all hydrogen, alkyl of 1-10 carbon atoms,
arylalkyl of 7-10 carbon atoms, or aryl wherein the aryl
group may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl of 1-6 carbon atoms,
10 arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon
' atoms, cyano, halo, nitro, carbalkoxy of 2-7 carbon
atoms, trifluoromethyl, amino, dialkylamino of 1-6
carbon atoms per alkyl group, alkylthio of 1-6 carbon
.atoms, -SO3H, -PO3H, and CO7H; or
15 '
f.)

Ex-CNRMRYS
wherein
X is -(CHg)g- or -Ar-;
20 R14 and R15 are each, independently, hydrogen, alkyl of 1-12
carbon atoms, -(CH2)u-Ar, -(CH2);-NRI6R17 or
-(CHp)i-N+RI6RI7R18Y;
R16 and R17 are each, independently, hydrogen, alkyl of 1-12
carbon atoms, or -(CHo)p-Ar;
25 . Aris an optionally mono- or di-substituted group selected from
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[err] suUbunits when ¢ = 2; or 10 d.) -CONH(CR[err]Rerr])f-X wherein Rl err]
and Rl err] are each, independently, hydrogen, alkyl of 1-6 carbon atons,
aral kyl of 7-10 carbon atons, cycloal kyl 15 of
3-8 carbon atoms, hal ogen, or trifl uorom;t hyl; X is hydrogen, |ower alkyl
of 1-6 carbon atoms, cycloal kyl of 3-8 carbon atons, trifluoronethyl,
nitro, al koxy of 1-6 carbon atons, carboal koxy of 2-7 carbon atons, aralkyl
of 7-10 carbon atons, hal o, dialkylamno of 1-6 carbon 20

atons per al kyl group, thioalky f 1-6 caggbon ato - Y is a phenyl
group which nay be optionally ghono T [ d wth a group
sel ected fromal kyl of 1-6 caqbon a oms—l—aral ley | 0 carjhon at ons,

al koxy of 25 K F : ano, hal o,
nitro, carbal koxy of 2-7 carbon Htoms, triXTuoronmetfyl, dVal kyl ami no of 1-6
carbon atons per al kyl group, alkylthio qj $-6 carbon atons, SOerr]H,

P err]H or CJerr]H R

Y-

in which the optional substituents are selected from the
group consisting of alkyl of 1-6 carbon atoms, aralkyl
5 - of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, or
perfluoroalkyl of 1-6 carbon atoms;
R18 is alkyl of 1-6 carbon atoms;
Y is a halide, sulfate, phosphate, or p-toluenesulfonate anion;

10 g=1-6;
h=1-6;
i=1-6;0r

g.) -CONHSOz-Ar

15 wherein
Ar is phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl,
quinoxalyl, thienyl, thionaphthyl, furyl, benzofuryl,
benzodioxyl, benxoxazolyl, benzoisoxazolyl, or
benzodioxolyl; wherein the Ar group may be optionally
20 mono-, di-, or tri-substituted with a group selected from
alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
amino, dialkylamino of 1-6 carbon atoms per alkyl
25 group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, or

' COat;
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f=0-5;* 30 with the proviso that when f = 0, X is |ower
al kyl of 1-6 carbon atons, cycloal kyl of 3-8 carbon atons, aral kyl of 7-10
car bort atons, or Y, or -5- e.) 5 [err] wherein Rerr]
is a nono-, di-, poly-, or per-fluorinated al kyl group of 1- 10 carbon
atoms; or 10 [err] wherein Xerr] is -(€Herr])g- or -Ar-; Rerr] -and

Rl err] are each, independently, hydrogen, alkyl of 1-12 20

carpon atoms, (OTer ) Ay WSS bbl IR RRELL by B gyggens o
i ndependent |y, hydrogen, al kyl OJphatmacutically acceptable salt thereof when the Ar
group contains a basic nitrogen or when the Ar group is
substituted by dialkylamino of 1-6 carbon atoms per

S _ alkyl group, -SO3H, -PO3H, or COH.

h) -SO;R19
wherein _

R19 is alkyl, alkenyl, or alkynyl containing 1 to 6
10 carbon atoms; or an aromatic moiety selected from the

group consisting of phenyl and naphthyl or a

heterocyclic moiety selected from the group consisting

of thiophenyl and quinolinyl or NHCQ2R20 wherein

R20 is lower alkyl containing 1 to 6 carbon atoms;

15
i)
0
— C(CH,)NR*'R?
wherein
R2! and R22 are each hydrogen or alkyl of 1-3 carbon
20 atoms or R21 and R22 together with the nitrogen to
which they are attached form a saturated heterocyclic
ring having 4-5 carbon atoms;
and j = 1-3: or R2 and R3 taken together also represent
a biradical of the formula:
25
k)
] 1] 9
— C(CHy) CH(CHy){ CNH(CH,), CH(CHy), ],C —
NHRZ R
wherein
R?4 is hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of 7-10
30 - carbon atoms, (CH2)pNR25R26, aminoalkyl of 1-4

carbon atoms, hydroxyalkyl of 1-4 carbon atoms,
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4
[ — carbon atoms, alkylthioalkyl of 2-6 carbon atoms,
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carbon atons, or -(CH2)h-Ar; Ar is an optionally nono- or di-substituted
group selected from25 [err] -6- [err] in which the optional
substituents are selected fromthe 5 group

consi sting of alkyl of 1-6 carbon atons,garal kyl of 7-10 carbon atons,

al koxy of 1-6 carbon atons, cyano, halo, nitro, carbal koxy of 2-7 carbon
atons, or perfluoroal kyl of 1-6 carbon atons; R err] is alkyl.of 1-6 carbon

atoms; 10 Y] igdelmethyl, hydeokyphenylongthyl: snidpralslsreshd, or
p-toluenesul fonate anion; g = 1-& phenyl Which Is bpBonly jn'é‘ono—,_ di-, or ri- 9-)
-CONHSQ err] - Arl wherei n substituted with a substituent selected from alkyl of 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
5 ' _ cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid;
R25 is hydrogen, alky! of 1-6 carbon atoms, or aralkyl of 7-10
carbon atoms;
R23 and R26 are each independently hydrogen, formyl,
10 alkanoyl of 2-7 carbon atoms, arylalkanoyl of 8-11
carbon atoms, aryloyl, or COR?7;
R27 is alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, allyl, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri- substituted with a
15 substituent selected from alkyl of 1-6 carbon atoms,
alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo,
nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
amino or a carboxylic acid;
kis 0-4;
20 1is 0-4;
mis 0-1;
nis 0-4;
01is 0-4; and
pis0-4
25 or a pharmaceutically acceptable salt thereof or a proline
analogue thereof or a pharmaceutically acceptable salt
of a proline analogue thereof.

Of the substituents listed above as R1, the more preferred are the Cy-

30  Cglower alkyl groups. Of these, the most preferred are methyl and ethyl substituents.
It .will be understood by those skilled in the art that the R! substituents listed above

may be linear or branched and may include those having additional substitution.
Substituents on these R groups may include, but are not limited to, hydroxy, keto,
cyano , and halo groups. In the case of the aminoesters described in section c),

35  above, the preferred compounds are those in whicha=0,b=0,andc=1;2=0,b=
'0,and ¢ =2 b =0, and RS is -(CHp)¢COR7; a = 0, b = 0, and RS is



Arrerr]'is phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl,
“thignyl,- thionaphthyl, furyl, benzofuryl, benzodi oxyl, benxoxazol yl,
benzoi soxazol yl, or 20 benzodi oxol yl ; wherein the
Ar group may be optionally nono-, di-, or tri-substituted with a group

sel ected fromal kyl of 1-6 carbon atons,-%ryl al kyl of 7-10 carbon’ atons,

al koxy of 1-6 carbon atons, cyano, halo, nitro, carbal koxy of 2-7 carbon

, i fl . ] _ I N i al kyl am no of
16 carbon at BN GRRE:GP8 s O =) 14 ispydeogene £Fbh CarGrBRor
- PGBH, or COempdunds refefred wor as RIhahermessutprefadred aps aiep triflozomaihlyl bher eof

when the Ar . | asic nitrogen or when the Ar group is
substituted %{,‘ﬁﬂﬁrgﬁﬁ‘ﬁ@%@ﬁ%@‘g? 1-6 carbon atonms per al kyl group, -S(err]H,

-PgJerr]H, or CJ err] HFa® the purp@es of {1y diselpsure, "lower alkyl", when used alone or
5  in combination, refers to moieties having 1-6 carbon atoms in the carbon chain. The
. : 7
term “acyl" refers to substituents of the general structure —C—R , wherein R refers
to a hydrocarbon of 1 to 6 carbon atoms; e.g. acetyl or propionyl.

By the term "aryl" as used herein as a group or part of a group, such as
arylalkyl or aryloxy, is meant (i) any monovalent carbocyclic radical possessing

10 aromatic character and includes groups having 6 to 10 carbon atoms, such as phenyl
and naphthyl and (ii) heterocyclic groups having aromatic character with 5 to 10 ring
atoms and one or more (e.g. 2 or 3) heteroatoms selcted from oxygen, nitrogen and
sulfur. Examples of the latter are furyl, thienyl, pyrrolyl, pyridinyl, pyrimidinyl,
quinolyl, benzimidazolyl, thiazolyl and imidazolyl. These groups may be optionally

15  substituted, by which is meant optional substitutioin by one or more substituents.
These substituents may be those commonly used in pharmaceutical chemistry, such as
halogen (e.g. Cl, Br, F), C;-Cs alkyl, C;-Cg alkoxy, halo(Cj-Cg)alky! (e.g. CF3,
CF3CHz-), or halo(Cy-Cg)alkoxy (e.g. CHF20, CF3CH,0-), NO3, NHj, CN, C;-Cs
alkylamino, di-(C1-Cg) alkyl)amino, carboxy, (C1-Cg alkoxy)carbonyl, acyl (e.g. (Ci-

20  Ce alkyl)carbonyl, arylcarbonyl), acylamino, e.g. (C1-Cg alkyl)CONH, aryl (e.g.
phenyl) or amino (C3-Cg)alkyl.

The term “arylalkyl" refers to aromatic substituents having between
about 7 and about 16 carbon atoms, with the single valence being located in a side
chain. Examples of such arylalkyl substituents include the benzyl, tolyl, benzethyl,

25  phenethyl, and styryl groups. The terms “alkylthio", "arylthio", and "arylalkylthio"
refer to substituents having the structure -SR, wherein R refers, respectively, to the
"lower alkyl", "aryl", and “arylalkyl" groups just mentioned. The term "halo" refers
to fluoro, chloro, bromo, or iodo.

The pharmaceutically acceptable salts of these compounds which

30  contain a basic function, such as an amino group, may be formed from inorganic
cations such as sodium, potassium, and the like and organic acids such as acetic,
lactic, citric, tartaric, succinic, maleic, malonic, gluconic, and the like.

' Such aminoesters can be prepared by acylating a compound of formula
- 1a or 1b, above, wherein one or more of R24 is hydrogen' with an acylating agent
35 having the general structure:



wherein Rlerr] is alkyl, alkenyl, or alkynyl containing 1 to 6 carbon
atoms; or an aromatic noiety selected fromthe 10

group consi sting of phenyl and naphthyl ‘or a heterocyclic noiety sel ected
fromthe group consisting of thiophenyl.and quinolinyl or NHCOerr] Rl err]
wherein R20 is |ower alkyl containing 1'to 6 carbon atons; 15

1) [err] wherein Rlerr] and Rlerr] are each hydrogen or al kyl of 1-3 carbon
atons or Rlerr] and R err] together with the+nitrogen to 20

which they are attached form ajjpaturated heteyocyclic ring having 4-5

carbon atons; and j = 1-3: orx @Hﬂ)afﬂ@*ﬁbw %ﬁken t oget her al so
represent a biradical of the fprmlails25 eﬂg ““wWierein Rlerr] is hydrogen,

al kyl of 1-6 carbon atons, ary aIkyIRof 7- 1B°Xar bon at ons,

(CS:LgLr] ) pNF\"LEér%] ngerisr] 0 n}nnotﬁlck Ires%fncé_ gf cgr gc?u'})lﬁfgonr%hgg tc,ir (S)I)J(éﬁal :«.ll(yl of 14
dicyclohexylcarbodiimide. The aminoesters also can be prepared using a mixed
anhydride of the above described carboxylic acid as the acylating species.

5  Alternatively, the acylating species can be an acid halide, where X can be Cl, Bror I.
The acylating groups used to prepare the compounds of this invention are
commercially available or can be prepared by methods that are disclosed in the
literature. .

Of the carbamylated compounds disclosed in section d) above, the

10  preferred members are those in which R3 is hydrogen; those in which R2 is hydrogen;
those in which R? is hydrogen; those in which f is 0 and X is Y; those in which R3 is
hydrogen, f is 0, and X is Y; and those in which f is 0, X is Y, and Y is phenyl, 4-
fluorophenyl, 2,4-difluorophenyl, 4-nitrophenyl or 4-methylphenyl.

As one example of these compounds, the 31-carbamylated compounds

15  of this invention can be prepared by protecting the 42-alcohol of rapamycin with a
protecting group, such as with a tert-butyl dimethylsilyl group, followed by
carbamylation of the 31-position with an isocyanate with the general structure:

OCN-CRIIR12),X
Removal of the protective group provides the 31-carbamylated compounds. In the

20 case of the tert-butyl dimethylsilyl protecting group, deprotection can be
accomplished under mildly acidic conditions.

Having the 31-position carbamylated and the 42-position deprotected,
the 42-position can be reacted with a different isocyanate than was reacted with the
31-alcohol, to give compounds having different carbamates at the 31- and 42-

25 positions. Altern'aiively, the 42-carbamylated compounds, prepared as described
above, can be reacted with a different isocyanate to provide compounds having
different carbamates at the 31- and 42-positions. '

. The isocyanates used to prepare these carbamylated compounds are
commercially available or can be prepared by published methods.

30 The pharmaceutically acceptable salts of these carbamylated
rapamycin compounds are those derived form such organic and inorganic acids as:
acetic, lactic, citric, tartaric, succinic, maleic, malonic, gluconic, hydrochloric,
'hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and similarly known
acceptable acids.
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t hi oal kyl of 2-6 carbon atons, -8 - indol net hyl,
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quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl, benzofuryl,
benzodioxyl, benzoxozolyl, benzoisoxazolyl, or benzodioxolyl group that may be
optionally mono-, di-, or tri- substituted with a group selected from alkyl of 1-6
carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms, cyano,
halo, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, dialkylamino of
1-6 carbon atoms per alkyl group, alkylthio of 1-6 carbon atoms, -SO3H, -POsH, and
-CO4H. It is more preferred that the aryl moiety is a phenyl group that is optionally
mono-, di-, or tri- substituted with a group selected from alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon
atoms per alkyl group, alkylthio of 1-6 carbon atoms, -SO3H, -POsH, and -COsH.

The acylated compounds of this invention can be prepared by
acylating rapamycin with an acylating agent having the general structure

XCR'

where X is OH, in the presence of a coupling reagent, such as CMC (1-cyclohexyl-3-
(2-morpholinoethyl) carbodiimide metho-para-toluenesulphonate). The compounds
of this invention also can be prepared by using an anhydride of the above described
carboxylic acid as the acylating species. In addition, the acylating species can be an
acid halide, where X can be Cl, Br, or I. Alternatively, reagents such as Ishikawa's
Reagent (N, N-diethyl-1,1-2,3,3,3-hexafluoropropylamine) can be used as an
acylating reagent to give compounds of this invention.

The compounds of this invention acylated at each of the 27-, 31- and
42-positions can be prepared by the methods described above by increasing variables
such as reaction time, temperature, and quantity of acylating agent.

As an example, the 31-acylated compounds of this invention can be
prepared by protecting the 27- and 42-alcohol of rapamycin with protecting groups,
such as with a tert-butyl dimethylsilyl group in the presence of a base, such as

_ imidazole, followed by acylation of the 31-position with an acylating agent having the

35

general structure shown above. Removal of the protecting groups provides the 31-
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trifluoronmethyl, amno or a carboxylic acid; k is 0-4; 20

« carpon atons,
1is 0-4;, mi

or a pharmaceuti cal | y acceptable salt th
or a pharmaceutically acceptable salt of “a proline anal ogue thereof.

substituents
Cerr] | ower
et hyl substit

the Rerr] su

s 0-1; nis 0-4;, ois 0-4; and pis 0-4 25

| isted above as R err], the nore preferred are the C[err]
agytated gvmpqnmds Ofin tieesse of e renshutylr difne thytsilyh peoteoting \grow)

2-7

30

st ot S0 A SR o

i ncl ude thosemHﬁWr?éa@tf@PﬁlCGWaam@%mut ion. Substituents on these R[ err]
groups may i nclude, butHAkg Mt 1ljoRbe%c d}lgzedlb%ﬁ' ém!z-glsﬁﬁ&; a6k ?ﬂ&gg @ed

gr oups. Sr nyccase of the am nogsters

the prefe

escr ectlon

BOSHRMERR berreactedowich p desiferd @sylating agenptogive compowds b aying =

eof or a proline anal ogue thereof
O the

hal o

above,
0,

b =0, and c diffétenbacyl fhoictibrhtiie3 1" hnd £2-péSHmr SIS fieDRcH! édmpoings, 0. b

0, and Rl err]

10

15

20

25

30

prc;?ared as described above, can be reacted with an acylating agent having a different
structure to place a different acyl group on the 31- position. The acylating groups
used to prepare the compounds of the invention are commercially available or can be
prepared by methods that are disclosed in the literature.

The preferred amide esters of rapamycin of those disclosed in section
), above, are those in which X is -(CHp)g-; those in which X is -(CHp)g and R4 and
R15 are alkyl of 1-6 carbon atoms; and those in which X is -(CHg)g-, R14 is hydrogen
and R15 is Aris -(CHy)-Ar.

Pharmaceutically acceptable salts of these compounds may be formed
when R14 or RIS is -(CHy);-NRI6R17 or when Ar is an optionally mono- or di-
substituted pyridal or quinolyl group. The pharmaceutically acceptable salts are
derived form such organic and inorganic acids as acetic, lactic, citric, tartaric,
succinic, maleic, malonic, gluconic, hydrochloric, hydrobromic, phosphoric, nitric,
sulfuric, methanesulfonic, and the like.

Production of amide esters of rapamycin is tanght in U. S. Patent No.
5,118,677, which is incorporated herein by reference.

The pharmaceutically acceptable salts of the sulfonylcarbamate
rapamycin compounds described in section g), above, are those derived from such
inorganic cations such as sodium, potassium, and the like; organic bases such as:
mono-, di-, and trialkyl amines of 1-6 carbon atoms per alkyl group, and mono-, di-,
and trihydroxyalkyl amines of 1-6 carbon atoms per alkyl group, and the like; and
organic and inorganic acids such as: acetic, lactic, citric, tartaric, succinic, maleic,
malonic, gluconic, hydrochloric, hydrobromic, phosphoric, nitric, sulfuric,
methanesulonic, and similarly known acceptable acids.

Of these compounds, preferred members are those in which Ar is
optionally mono-, di-, or tri-substituted phenyl. When Ar is substituted with arylaikyl
of 7-10 carbon atoms, it is preferred that aryl portion of the arylalkyl moiety be a

phenyl group.



-9 - -(CHerr])eNR[err]CJerr]Rerr]; and a =0, b =0, and Rerr] is
hydrogen. O the (err]-Cerr] fluoroal kyl conpounds referred to as Rerr],
the nost preferred are the trifluoronethyl and trifluoroethyl substituents.
For the purposes of this disclosure, Hlﬁ r al kyl", when used alone or 5

I n conbination, refers to noieties havi 3’61 6 carbon atons in the carbon
chain. The [err] term"acyl" refers to substituents of the general

structure =, wherein tﬁlés‘é cfifchnPoRTA QR RBFbalylsled & dheAROZT-28 DTS

e.g. acetyl ro "aryl " as us ereln S a group or
part of a gr8€| ﬁg*oata%rr&r a?lo&l \68%‘0“# §ath PG RICPITE zﬁ'y "’r‘?‘gﬂ?ﬁ/al ent
car bocyclic y3in Wiasgs El@telﬁhvmgah@g&tdral sei@ugct er and i ncl udes groups
having 6 to 1 carbon atons, such as phenyl and naphthyl and (ii)

het er ocycl i c groups having aromatic character with 5 to 10 ring atons and
one or nofe (e.g. 2 or 3) heteroat cdsCsNIS2e4rfrom oxygen, nitrogen and -
sul fur. Exanples of the latter are furyl, thienyl, pyrrolyl, pyridinyl,
pyrim di nyl, quinolyl, benzimdazolyl, th| azol yl and i m dazol yl . These
groups ray bandasmewal conditians or in the piesence of 2 bysewpichias pridigant opt i onal

substitutioin by one OThéTPa{rSarﬁ*!QéH'cfoHﬁﬂhﬁds EW&ﬁ?nﬁa'éHﬁéd EM?B&%réWe@@ythose

commonl y used in phaymaceutica m Sstr Q;I B éc g
F), { err] - CPENeqtng|t PICO@@F?HP!*GX'B‘F‘? ffeeﬂ%d? 3 fﬁ%ﬂ‘ WA & progscy $]g7%HPk
(e.g. CFl@rrkuch as with a tert-butyl dimethylsilyl group, followed by carbamylation of the

unprotected position with an isocyanate having the general structure shown above.
Removal of the protecting group provides the desired carbamylated compounds.. In
the case of the tert-butyl dimethylsilyl protecting group, deprotection can be
accomplished under mildly acidic conditions.

15 Having one or two positions carbamylated and another position
deprotected, the now unprotected position can be reacted with a different isocyanate
than was reacted with the first alcohol, to give compounds having different
carbamates at the positions in question

The isocyanates used to prepare the compounds of the invention are

20 commercially available or can be prepared by methods that are disclosed in the
literature. March [Advanced Organic Chemistry, 3d ed., pp. 391, 452, and 479
(1985)] describes a general method for preparing arylsulfonyl isocyanates that can be
used where the arylsulfonylisocyanate is not commercially available. The following
scheme is illustrative of one method starting from an aryl moiety. Other methods of

25  preparing arylsulfonyl isocyanates are known in the literature.

H,SO,4 or

- CISO,0H

PCls

ArH ArSO,0H

Ars0,C1 ENCO> 4150,NCO
The rapamycin 27-, 31- and 42-sulfonates of this invention, as
séen in section h), above, can be prepared by a standard literature procedure, as
outlined by the general reaction formula below:



Crlerr]CH err]-), or halo(C[err]-Cferr])al koxy (e.g. CHF[err]Q,

'CF[er]CH err]O), NdJerr], NHerr], CN, err]-Cerr] alkylam no,
i-(Cderr]-Cerr]) alkyl)am no, carboxy, (Cferr]-Clerr] alkoxy)carbonyl,
acyl (e.g. ((err]- 20 Clerr] alkyl)carbonyl, arylcarbonyl), acylam no,
e.g. ((err]-Cerr] alkyl)CONH, aryl (e. g phenyl) or am no
(Cerr]-derr])alkyl. The term"aryl al kyi*- refers to aromatic substituents
havi ng between about 7 and about 16 carbon atons, with the single valence
being |l ocated in a side chain. Exarrplﬁs of such yl al kyl substituents

i nclude the benzyl, tolyl, benzethyl, |25 phenetI yl, and styryl groups.
The terns "al kyl t hi 0", "aryItRL@H.I.@ngR"amd_a.l g Iy# refer to
substituents having the structure -SR wherein Rjfefers, respectively, to
the "lower alkyl", "aryl", and "aryl @kyl" groupsOJ ust mantloned The term

"hal o" f to fluor chloro,. brono, or iodo. har ppceut i cal

ac?egt a[)Fee;ZI tg of 'ut h&%s‘g&ﬁ"ﬂﬁfﬂwt\% E‘I‘i"eg’ﬁ)"l""%ﬁf‘gﬁ‘ﬁf%‘y jde hag, '! on,

such as an adtsmibgi Jemy Mueash, BelvinredOugahicoheimistryg Ar eduitﬁ:t, p@bﬂﬁhfdlihhl%s, e
di t ace iC,

citric, ta ag R ) 3?‘3? $ricic B Coldl Rt e 17 wlt Rerlion Wik deFetopd ) 01

ami noest ets P¥R Béld}é‘r %LBQOTQWF&MWQP@CdGWMrﬂaLMO #31m8B4 (eb. 38, 1b,

above, wherei98)ne or nore of Rlerr] is hydrogen with an acyl ating agent 35
havi ng t he general str;llﬁt Lbr,]-

31- and 42-(N-carboalkoxy)sulfamates of the present
invention can also be prepared by reaction of rapamycin with an
alkyl(carboxysulfamoyl)triethylammonium hydroxide inner salt (Burgess S.alts; see

10 G. M. Atkins Jr. and E. M. Burgess, J. A.m. Chem. Soc., 90, 4744, 1968; E. M.
Burgess, H. R. Penton Jr. and E. A. Taylor, J. Org. Chem. 38, 26, 1978).

4240S0,NHCO,R?
\\\\qocﬂ 3

27 ‘\\\

W

benzene, r.t

15  wherein Rl and R2 are as defined above.
The amino alkyl__'.ester compounds of section i), above, can be prepared
by acylating the desired positiqn(s) with a suitable acylating agent as described in
U.S. Patent No. 4,650,803, the disclosure of which is incorporated herein by
reference, while the remainder of the 27-, 31-, or 42-positions are protected, such as
20 by a triethylsilyl group.
' ’ The aminodiester containing compounds of this invention, as seen in
section i), above, can be prepared by acylating rapamycin with an acylating agent
having the general structure:

0 o

X- C(CHz)kCH(CHz)l[CNH(CHy)nCH(CHz)o]mC
NHR23 ey



-10- [err] where X is OH in the presence of a coupling reagent, such as
* di cycl ohexyl carbodiinm de. The ami noesters al so can be prepared usi ng a

m xed anhydride of the above described carboxylic acid as the acylating
species. 5 Al ternatively, the acylating species can be an acid halide,
where X can be C, Br or |I. The acyl atipgsgroups used to prepare the
conpounds of this invention are connercia?ly avai |l abl e or can be prepared
by nethods that are disclosed in the literature. O the carbanyl ated
conpounds di sehersiaRBR¥ek 11 mynYndaboe es défied hBove, m&Xesowlmetmsan@r e

whioh R 15 roab st SRRE s BE R batPod iy o A St SQRblen o
i s hydr ogen Cfafb%ill@n & nbecdmrpovndsipfithishovantion alshicah be pr&paﬂtd Usingsa Mixednd Y
i S phenyl mh&&%@@hﬂf%@at@d ésr@x‘ $t{ tH@ﬁm@%@é’énbe& cﬁ]‘b{;}%ﬁ%%ﬂﬁsga{ as th?sc
met hyl pheny one hese caonpounds
corrpounds 15 Wm@)fp pifgoph ‘?"r‘?igyﬁ‘ﬁ“%ﬁ% URrPTRENAHLioEoRE Bl 268, éttéﬁlﬂlpﬁﬂ’hp
42- al coho! ofhyrd&lil@m{mﬂmﬁud’ IN' mﬁ?ﬁgﬁli@gﬁ% gﬁﬁ%%rﬁf%gH%n%&litzflgf % Eh‘eﬁugﬁl
"sooyanate witHeRREsery, HEEaRle: e A a Pryich sanmp el A BRUHE A Kot he
protective grasapepChBrawsF (¢xeepiwben Banpt R@’éek tBopannctide oman limxdﬁﬁohdec ase
of the tert- yabvhawdidraiigbai |yl protecting group, deprotection can be
10 The acylating groups used to prepare the compounds of this invention
are commercially available or can be prepared by methods that are disclosed in the
literature. The amino acids used to prepare the compounds of this invention can have
either the R or S configuration, and the optically active carbon will retain its relative
configuration when transformed into a compound of this invention. Where m is 1 the
15  acylating species can typically be prepared by condensing two amino acids to form a
dipeptide which is transformed into the acylating species illustrated above by standard
chemical methodology.
Of these aminodiester compounds, the preferred members are those in
which m is 0; and those in. which m is 0, and 1is 1-2. One of the more preferred
20  aminodiesters of the present invention is C-22-methyl-42-dimethylglycine rapamycin.
Synthesis data for this compound is provided below as Example 7.
It will be understood by one skilled in the art that the C-22 substituted
rapamycin derivatives of this invention may include those in which each of R2, R3
and R* are hydrogen or in which one or two of R2 , R3 and R4 are hydrogen and the
25  other(s) is/are a group listed above in sections b) - j). The present invention also
includes those compounds of C-22 substituted rapamycin in which each of R2, R3,
and R4 are a group chosen from sections a) - j), above, including derivatives in which
R2, R3, R4 are not chosen from the same sections presented as b) - j), above. It will
also be understood that the present invention includes all pharmaceutically acceptable
30  salts, analogs, racemates and individual enantiomers of such compounds.
The C-22 substituted compounds of this invention can be prepared by
first protecting the 31- and 42-hydroxyl sites and then completing substitution at the
C-22 position. An example of such substitution is demonstrated by the C-22
methylation of Scheme 1, below:
35



acconpli shed under mldly acidic conditions. Having the 31-position

*car banyl ated and the 42-position deprotected, the 42-position can be
reacted with a different isocyanate than was reacted with the 31-al cohol,
to give conpounds having different carbamates at the 31- and 42- 25
positions. Alternatively, the 42- carbanyh?ted conpounds, prepared as

descri bed above, can be reacted with a different isocyanate to provide
conpounds having different carbamates at the 31- and 42-positions. The

i socyanat es $skeme b prepare these carbanyl ated conpounds are comercial ly
avai l abl e or can be prepared by published nmethods. 30 The
pharmaceutically acceptabl e salts of these carbanyl ated rapanycrn conpounds
are those derived form organi ¢ and inorganic acids a£Mecetic, lactic,
citric, tartaric, sucgf mal ei ¢, nalonic, gluconic, hydra® E§r|c

hydr obrom c, phosphold nitric, sulfuric nethanesulfon' } and srnrlarly
known accept abl e_aci, -11- The preferred quorrnat d esLers of the
group descri bed{in S ), above, are those |n '

hydr ogen; those™ |sHaTEB4m'f,,2@lbndmepoly cperofl orghat ed
al kyl group of“%-6 and QH!@&e i n whi h n
0] (@)
HOQ HO,
(0)

Rapamycin




and R13 is a nono-, di-, poly-, or per-fluorinated al kyl group of 1-6
*carbon atons. 5 When the ot her acyl ated conpounds of sections
c)-j) contain an aryl or arylalkyl nmoiety, it is preferred that the aryl
portion is a phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl,
t hi enyl, thionaphthyl, furyl, benzofuryl benzodloxyl benzoxozolyl

benzoi soxazol yl, or benzodi oxol yl group {hat may be optlonally nono-, di -,
or tri- substituted with a group selected fromal kyl of 1-6 10 car bon
atons, aryl al kyl of 7- [ &ﬁﬁﬁ' ano,
hal o, nitro, carbal kox&gggﬁh{egpeg{rlﬁ{?\mg@%gnﬁ%ﬁ% Johfg}r:%%erﬁﬁﬂylaé nd
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havi ng t he gener al struc f eserice coupllng
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pr epared by SI n I’inhydrl de of the above described carboxylic acid as
the acylatin ag “t'h addition, the acyl ating species can be an

Other alkylations can be prepared in an analogous manner. Scheme 2,
below, illustrates the C-22 ethylation of rapamycin.

Scheme 2

Rapamycin

LDAEOTY, -78°C |

C-22—ethyl-bis-TES-rapam}_'cin ' C-22-ethyl-rapamycin

15



25 acid halide, where X can be d, Br, or |I. Alternatively, reagents such
+ a$ Ishikawa's Reagent (N, N-diethyl-1,1-2,3, 3, 3-hexafl uoropropyl am ne) can
be used as an acyl ating reagent to give conpounds of this invention. The
conpounds of this invention acylated at each of the 27-, 31- and
42-positions can be prepared by the nmethods descri bed above by increasing
vari ables 30 such as reaction tine, fd jerature, and quantity of acylating
agent. As an exanple, the 31-acylated conpounds of this invention can be

prepar ed byhlor ot eCE Ih nonf E‘a%‘é"f,‘" thedrt 4Boudd Gﬁd’é@sltarﬂﬁhit@iéﬁ%ﬁ'ef‘ﬂﬂ\thbfpr&émt ect } ng
groups, such as w a ter u 8 e_presence of a
base, such SUTPIHRGS B Be e‘fséllylp&%]ae‘gyﬁ'g ¥‘§P1 €o "%g( l?ql“]?eméq F‘?Pfﬁ‘?% th an
acyl ating a@eflri’t-adydalcm@eﬁ%aev&’s suchgmr@#&lglyshe&ﬁ-ﬂﬁmthsﬂmmqbweﬁd@fﬁ?val of

t he protect e n the
case of theélpg %H@?&% yﬁl F"yf}unrcg?nﬂ{llgd %Xh&h@ﬂ' pr te@?&on can be
acconpl |%he@aé.¢&!léro mnamyymaé km\en,e@ﬁapssmh@ prmma@omapnn ngralky

aqueous aceg ﬂoﬁn@ﬁﬂdﬂo%'&edas'ﬁhﬁsu'ak‘é’&\&h Rehdmite3, BdloResi tion acyl ated and the
42-position deprotec the 5 42-position can be reacted with a desired

acyl ating a,?% g| ve conpounds having different acyl noieties at the 31-
TEHE.° Sinilarl y, the 42-acyl conpounds,

and 42- posi

wherein the substituted methyl group illustrates the desired alkyl group. The C-42
10  and C-31 functionalized derivatives of the C-22 alkylated proline analogue can also
be prepared. Similarly, as in the process depicted in Scheme 1, the C-27 reduced
proline analogue can be prepared. This position can also be functionalized as
described.
One skilled in the art will readily understand that alkylations at the
15 C-22 position can be carried out via processes well documented in the literature.
Such alkylations would include processes utilizing aldehydes of the type:
R/YO

H



prepared as descri bed above, can be reacted with an acyl ating agent having
. a'different structure to place a different acyl group on the 31- position.
The acyl ating groups used to prepare the conpounds of the invention are
comercially avail able or can be 10 prepared by nethods that are
disclosed in the literature. The preferjgd am de esters of rapanycin of

t hose disclosed in section f), above, are those in which Xis -(CH2)g-;
those in which Xis -(CH)g and R14 and R err] are al kyl of 1-6 carbon
atons; and tdéresal ¢hiorides ofthityps: - (CH err])g-, R err] is hydrogen and Rl err]
is Ar is -(CHerr])h-Ar. 15 Phar maceutical ly acceptable salts
of these conmpounds may be forned wherg: Q] or Rlerr] is
-(CHerr])i-NR[err]Rlerr] or when Ar is gg optionally nono- or di-
substituted pyridal or quinolyl group. pharmaceutical ly acceptabl e
salts are derived form such organic and inorganic acids as acetic, l|actic,
citric, tart@raleyl halidesohihe typsal ei c, nal onic, gl uconic, hydrochloric,

hydr obr om ¢, phosphoric, nitric, 20 sul furic, nethanesul fonic, and the

| i ke. Production of am de esters of rdﬁo}a'h/ci nis taught in U S. Patent No.
5,118,677, which is incorporated herein bX reference. The pharnmaceutically
acceptabl e salts of the sul fonyl carbamate rapamyci n conpounds described in

section @), wherdia, Xahicitd sloflfe, broghide, @Micdind) Bbeadhnef BRNilel3Ak] fig such
o, S0 um PSSRl U R Al bk WS AR SRuRNE ] ool BB b a0
tri hydr oxyal dapstitated RS substineatindieatedaboveons per al kyl group, and the |ike;
and It will also be understood that alkylations at the C-22 position can also
be carried out utilizing sulfonyl chloride, RSCI, such as where R=lower alkyl or
10 Phényl, or tosyl cyanide (TsCN). It will be further understood that the thioalkylations
contemplated can be accomplished by similar methods. An example would be the
protection of hydroxyl groups with TES, treatment with LDA and thioalkylation with
dimethyldisulfide or phenyl-s-bromide.
The immunosuppressive activities for representative compounds of
15  this invention were evaluated in an in vitro standard pharmacological test procedure

to measure lymphocyte proliferation (LAF) and in an in vivo standard

pharmacological test procedure which evaluated the survival time of pinch skin grafts.

The comitogen-induced thymoacyte proliferation procedure (LAF) was used as an in
_ vitro measure of the immunosuppressive effects of representative compounds.
20  Briefly, cells from the thymus of normal BALB/c mice are cultured for 72 hours with

PHA and IL-1 and pulsed with tritiated thymidine during the last six hours. Cells are

cultured with and without various concentrations of rapamycin, cyclosporin A, or test

compound. Cells are harvested and incorporated radioactivity is determined.

Inhibition of lymphoproliferation is assessed as percent change in counts per minute
25  from non-drug treated controls. The results are expressed as an ICsp.

Representative compounds of this invention were also evaluated in an
in_vivo. test procedure designed to determine the survival time of pinch skin graft
from male DBA/2 donors transplanted to male BALB/c recipients. The method is
adapted from Billingham R. E. and Medawar P. B., J. Exp. Biol. 28:385-402, (1951).

30  Briefly, a pinch skin graft from the donor is grafted on the dorsum of the recipient as
a homograft, and an autograft is used as control in the same region. The recipients are

treated with either varying concentrations of cyclosporin A as test control or the test
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The results of each of these LAF, Skin Graft and Stability tests are
provided in the following table:

10
Compound LAF (nM) Skin Graft (days) | Stability (hours)
I1Cso (4 mg/kg) pH 7.4 buffer
rapamycin 0.4-9.4 12.014/-0.26 12-13
22-methyl-rapamycin 235. 9.33+/-0.52 38
| 9.00+/-0.63
10.17+/-0.55*
22-methyl-27- 9.9 nt 21.8
hydroxyrapamycin
22-ethyl-rapamycin 140.0 nt nt
C-22-methyl-42- 19.95 nt 13.5
dimethylglycine-
rapamycin
* tested at 16 mg/kg

nt = not tested

15

The results of these standard pharmacological test procedures illustrate

both in vivo and in vitro immunosuppressive activity for the compounds of the

present invention. The results of the LAF test procedure indicate the stabilized

rapamycin derivatives induce suppression of T-cell proliferation. As transplanted

pinch skin grafts are typically rejected within 6-7 days without the use of an

immunosuppressive agent, the increased survival time demonstrated by the use of 22-

20

immunosuppression.

methyl rapamycin further demonstrates the present invention's utility of

Because the compounds of this invention are structurally similar to

rapamycin and have a similar activity profile to rapamycin, they also are considered



the case of the tert-butyl dinmethylsilyl protecting group, deprotection can
be acconplished under mldly acidic conditions. 15 Havi ng one
or two positions carbanyl ated and another position deprotected, the now
unprotected position can be reacted with a different isocyanate than was
reacted with the first alcohol, to give conpounds having different
carbarnates at the positions in questi©®oh The isocyanates used to prepare

t he conpounds of the invention are 20 comercially avail abl e or can be
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anl c e r.y, ed. .. : ,. eal . J escri pes, a
geger al net é?&glsf%Yengf’% ﬁffrqs?‘fgp 3 rt€ﬁ CHPIROf “'F%s@a')ﬁlﬁé? éeée%%?ﬁt sugg A B@rﬁs ed

wher e the akisthey, livvem bbresoaryem artdeskirstransplantsyaetomamide/disoasds| sath & lufiise
follow n LS LSt :at. . QN | I

noi et\y gl f\;@?&ﬁ&%%&%ﬁéch@ete\éﬁgggﬁug,nglxg%@gg F?‘é’g{/{id‘?g’g&g}g%nas?lgrs&g%e known
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therefore, also provides a method of inducing immunosuppression in a mammal in
such need comprising administering to said mammal an immunosuppressive amount
10  of one or more of the compounds discussed herein.
The results of the 0.1 M phosphate buffer stability test indicate that the
compounds of the present invention have an increased stability relative to rapamycin.
As shown above, 22-methyl-rapamycin and 22-methyl-27-hydroxy-rapamycin,
respectively, were found to have half lives of 38 and 21.8 hours. These results can be
15 compared to the 12-13 hour half-life determined for rapamycin under the same

conditions.

The compounds of this invention can be formulated and provided neat
or with a pharmaceutical carrier to a mammal in need thereof. The pharmaceutical
carrier may be solid or liquid.

20 A solid carrier can include one or more substances which may also act
as flavoring agents, lubricants, solubilizers, suspending agents, fillers, glidants,
compression aids, binders or tablet-disintegrating agents; it can also be an
encapsulating material. In powders, the carrier is a finely divided solid which is in
admixture with the finely divided active ingredient. In tablets, the active ingredient is

25 mixed with a carrier having the necessary compression properties in suitable
proportions and compacted in the shape and size desired. The powders and tablets
preferably contain up to 99% of the active ingredient. Suitable solid carriers include,
for example, calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin,
starch, gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose,

30 polyvinylpyrrolidine, low melting waxes and jon exchange resins.

Liquid carriers are used in preparing solutions, suspensions, emulsions,
syrups, elixirs and pressurized compositions. The active ingredient can be dissolved
orsuspended in a pharmaceutically acceptable liquid carrier such as water, an organic
solvent, a mixture of both or pharmaceutically acceptable oils or fats. The liquid

35 carrier can contain other suitable pharmaceutical additives such as solubilizers,
emulsifiers, buffers, preservatives, sweeteners, flavoring agents, suspending agents,



[err] The sulfonate formation between al cohol and sul fonyl halide has been
descri'bed [Jerry March, Advanced Organic Chem stry, 3rd edition, published
in 1985, page 444]. The specific reaction condition enployed in this

i nvention was devel oped 5 by S. Rakhit of Ayerst Laboratories and
reported in U S. Pat. No. 4, 316, 885 (Fe;_» 23, 1982). The 27-, 31- and

42- (N- car boal koxy) sul famates of the present I nvention can al so be prepared
by reaction of rapanycin with an al kyl (carboxysul fanoyl )tri et hyl amoni um
hydr oxi de i nhigkesiag tageBus; gpodars.Suistesitys egulbifor§. sibilidedsi ors ogmo-regulaters. M
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carrier for pressurized compositions can be halogenated hydrocarbon or other

10  pharmaceutically acceptable propellant.

Liquid pharmaceutical compositions which are sterile solutions or
suspensions can be utilized by, for example, intramuscular, intraperitoneal or
subcutaneous injection.- Sterile solutions can also be administered intravenously. The
compounds of this invention can also be administered orally either in liquid or solid

15 composition form. '

The compounds of this invention may be administered rectally, such as
in the form of a conventional suppository or ointment.

For administration by intranasal or intrabronchial inhalation or
insufflation, the compounds of this invention may be formulated into an aqueous or

20  partially aqueous solution, which can then be utilized in the form of an aerosol. The
compounds of this invention may also be administered transdermally through the use
of a transdermal patch containing the active compound and a carrier that is inert to the
active compound, is non-toxic to the skin, and allows delivery of the agent for
systemic absorption into the blood stream via the skin. The carrier may take any

25 number of forms, such as creams and ointments, pastes, gels, and occlusive devices.
The creams and ointments may be viscous liquid or semisolid emulisions of either the
oil-in-water or water-in-oil type. Pastes comprised of absorptive powders dispersed
in petroleum or h.ydrophilic petroleum containing the active ingredient may also be
suitable. A variety of occlusive devices may be used to release the active ingredient

30 into the blood stream such as a semipermiable membrane covering a reservoir
containing the active ingredient with or without a carrier, or & matrix containing the
active ingredient. Other occlusive devices are known in the literature.

In addition, the compounds of this invention may be employed as a
solution, cream, or lotion by formulation with pharmaceutically acceptable vehicles

35 containing 0.1 - 5 percent, preferably 2%, of active compound which may be

administered to a fungally affected area. )



[err] - 15- wherein Rerr], Rerr], k, 1, m n, and o are as defined
above, ‘and X is OH in the presence of a coupling agent, such as

di cycl ohexyl carbodiim de, or a water soluble carbodiimide. The conpounds
of thi's invention also can be prepared using a nixed anhydride, or an
activated ester of the above described-@arboxylic acid (such as those 5

Wi th p-nitrophenol, pentachloro or pentafl goroﬂlﬁngl , Chali i d
2,4,5-trichlorophenol ,..N hydroxysucci ni m de, N hydroxypthalim de, or

1- hydr oxy- 1H bonzot r i A Q?X f%@”&‘@wat‘i% v§pe dice Bartifplag (GRMAOSRIONS t he
acyl ati ng speopleged; sre roate af admindstiadbn, dies sewdtity of e SpfipB@s resered and the (except

cai d aci d. | drichE! Slojged seilg e B Tra R B B8 3R i B Endad
conpounds ofPhafmacqlegicH: tegrpragesusesnion otien ripamyviai doaigoends, peajected dailgpar ed
by methogds tiigivenbes 8bsasésastaR Eompdiadl bt ﬁfseﬂltgnﬁon %ﬁlrc]ia&‘ d'g]ma%tﬁﬁxgg&%d to
prepare the co nds o Lnvention can have either the R or _
configurati &H‘?’%??EY g‘ﬁ@”ﬂb@-ﬂ@ér P pedes, iapd mors preferably betvean.01 1 05 mgke i ve
confi gurat i drojebred daflposi dosages ofithe c&nﬁ@ii?f’bﬂ%éﬁﬁw;énﬁbﬁ Wolldese 0.005 - ’g?ﬁget o
i no- aci do TEEboRe{eRYT By 0T e snl radre Brdirebiu coriess 031 101 ng
speci es il | uegkat ed above by standard
10 Treatment will generally be initiated with small dosages less than the
optimum dose of the compound. Thereafter the dosage is increased until the optimum
effect under the circumstances is reached; precise dosages for oral, parenteral,
intranasal, intrabronchial, transdermal, or rectal administration will be determined by
the administering physician based on experience with the individual subject treated.
15 In general, the compounds of this invention, are most desirably administered at a
concentration that will generally afford effective results without causing any harmful
or deleterious side effects.
It is contemplated that when the compounds of this invention are used
as an immunosuppressive or antiinflammatory a;gcnt, they can be administered in
20  conjunction with one or more other immunoregulatory agents. Such other
antirejection chemotherapeutic égents include, but are not limited to azathioprine,
corticosteroids, such as prednisone and methylprednisolone, cyclophosphamide,
rapamycin, cyclosporin A, FK-506, OKT-3, and ATG. By combining one or more of
the drugs of the present invention with such other drugs or agents for inducing
25 immunosuppression or treating inflammatory conditions, lesser amounts of each of
the agents are required to achieve the desired effect. The basis for such combination
therapy was established by Stepkowski whose results showed that the use of a
combination of raﬁamycin and cyclosporin A at subtherapeutic doses significantly
prolonged heart allograft survival time. [Transplantation Proc. 23:507 (1991)].

30 This invention also provides processes for the preparation of the
compounds of this invention, which processes comprise one of the following:

(i) alkylating or acylating at the C22 position a compound of the
formula:



chem cal nmethodol ogy. O these am nodi ester conpounds, the preferred
“menbers are those in which mis 0; and those in which mis 0, and 1 is 1-2.
ne of:- the nore preferred 20 am nodi esters of the present invention is

C- 22- net hyl - 42-di et hyl gl yci ne rapamycin. Synthesis data for this conpound
is provided below as Exanple 7. It wll,be understood by one skilled in the
art that the C 22 substituted rapanmycin derivatives of this invention may

i nclude those in which each of R2, R3 and R4 are hydrogen or in which one
or two of R2 , R3 and R4 are hydrogen andpjehe 25 ot her(s) is/are a group
| i sted above in sections b) - j). The prgsent |nvent|on al so includes those
conpounds of C-22 substituted rapanyci dﬂﬂcﬁleach of Rlerr], Rerr],

and R[err] are a group chosen from sec s a) - j), above, |ncluding
derivatives in which Rerr], Rerr], # _are not chosen fromthe same
sections presented as b) - j), Zl al so be understood that the
present invention includes all y acceptable 30 salts,

anal ogs, racemates and individu of, gr¢h conpounds. The C 22
substituted conmpounds of this nt fflon can “be Prepared by first protecting
the 31- and 42-hydroxyl sites and thén conngélwo Qubstitution at. the C 22
position. An exanple of suctHOuRE®I tution engnstrated by the C 22

met hyl ati on of Schenme 1, bel

2
z

or a proline analogue thereof, wherein R2" and R3' are each triethylsilyl, with an
acylating agent of the formula R23CHO or RPCOhal or R¢-hal or RiS-hal or tosyl
cyanide or R®S-SR®, wherein R is alkyl of 1-5 carbon atoms, aryl or flucroalyl of 1-5

5 carbon atoms, R? is alkyl of 1-6 carbon atoms, RC is alkyl of 1-6 carbon atoms,
arylalkyl of 7-16 carbon atoms or fluoroalkyl of 1-6 carbon atoms, R4 is alkyl of 1-6
carbon atoms, arylalkyl or aryl, R® is alkyl of 1-6 carbon atoms, aryl, or arylakyl, and
hal is chlorine or bromine; to give a compound of the formula, above, wherein R2-3
are triethylsilyl and, if desired, removing one or more of the protecting groups;

10 (i) reducing a compound of the formula
OMe

or a proline analogue thereof, wherein R? and R3' are as defined hereinabove to give
a compound of formula Ia wherein R2 and R3 are triethylsilyl and R4 is hydrogen and,
. if desired, removing one or more of the protecting groups; or



-16- Schenme 1 [err] -17- In schenme 1, which illustrates synthesis of the
- a-methyl conpounds, the position 31- and 42- hydroxyl groups are first
protected with a suitable protecting group, such as the triethylsilyl (TES)
protecting group. Then the bis-TES rapamycin is treated with lithium

di i sopropyl am de (LDA), followed by ylation with nmethyl 5
trifluoronethanesul fonate (MeOTf). Folfowi ng this schene, al kylation occurs
exclusively at the C 22 position. The TES protecting groups nay then be

removed via treat mentiii idylding RidonGR0Rl 66the FitfaubilabodB WiANRABGRY b Si t es
may then be P#@'t“t ed.(gs ﬂ)gscrl bedrﬁgg%\gg., ernativel E th@co(g‘,l-ﬂ?zz

subst i t ut edelinesabove pEqviding fhat Y least o & 17 Ryiegsd Witk A PmBRY %e to

gi ve the Cfartmilydr oxy-C- 22-nethyl 10 protected derivative. The 31 and 42
positions can be further functionalizH@Aas described earlier. O her

al kyl at ikon e | r... Sche A A

0 0 BERARL el Ao RO IR Mo ELED 2, o G
defined for R2-4 above to give a corresponding compound of the formula Ia or Ib
wherein one or more of R24 has a value c) to j) above, and, if desired, removing any
triethylsilyl protecting group present; or

(iv) carbamylating 2 compound of the formula above wherein R24 are
10  as defined above providing at least one of R24 is hydrogen, with a compound of

formula
OCN-SO2Ar or OCN-(CR1R12),X

to give a corresponding compound of formula Ia or Ib and, if desired, removing any
triethylsilyl group present; or

15 (v) sulfonating a compound of the formula above wherein R2-4 are as
defined above providing at least one of R2-4 is hydrogen, with a compound of formula
R19805hal or (R19502)20 or RZ0QOCONSO2N+(alkyl)3
wherein hal is a halogen such as chlorine or bromine and alky! is an alkyl group e.g.
alkyl of 1-6 carbon atoms and R19 and R20 are as defined above and, if desired,
20 removing any triethylsilyl group present; or

(vi) converting a basic compound of the formula above to a
pharmaceutically acceptable salt thereof or vice versa.
With regard to process i), the alkylation (including thioalkylation) or
acylation may be conveniently carried out in the presence of a strong base, e.g.
25  lithium diisopropyl amide (LDA). When the agent has a formula R23CHOQ the product
of formula Ic has R! represents alkyl or fluoroalkyl of 1-6 carbon atoms substituted
by hydroxy in the 1-position. With regard to process ii) the product has an alkyl
substituent of 1-6 carbon atoms substituted by keto in the 1-position; the product of
process iii) is similarly substituted by alkyl of 1-6 carbon atoms, arylalkyl or
30 fluoroalkyl of 1-6 carbon atoms; the products of process iv) and v) have alkyl
substituents of 1-6 carbon atoms, aryalkyl or aryl with position 1 being "S".
The following synthesis procedures are provided to demonstrate
production methods useful in the preparation of compounds of this invention. These
"examples and merely illustrative in nature and are not limiting to the scope of this
35 invention.



Scheme 2 [err]

15

-18- One skilled in the art shoul d understand that

derivatives of the present conpounds can be easily prepared. For exanple,
one skilled in the art can prepare C 42-acyl ated derivatives, such as
G 42-gl yci ne- G- 22-net hyl -rapanycin. The G 27 and G 31 positions can be

simlarly functionalized. In addition,

ince the proline 5 anal ogue of

S
rapanycin is known, it is possible to'&ﬁepare t he correspondi ng al kyl ated
prol i ne anal ogue,
the substit Bxk@epledt hyl group illustrates the desired al kyl group. The C 42
10 and G 31 functionalized derivatives of the C 22 al kylated proline

anal ogue ca ) IR red. Simlarly, as in the process depicted in
Schene 1, tﬁé%*gfggu%%nﬁglgwlﬂe anal ogue can be prepared. This position

as illustrated in Scheme 3, below Schenme 3 [err] wherein

can al so be functionalized as descri bedgpge skilled in the art wll
readi |y understand that al kyl ations at ghe

10

15

20

Bis-TES Rapamycin (0.50 g, 0.483 mmol) was dissolved in THF (4.4
mL, 0.1 M) and cooled to -78°C. The solution was stirred for 10 min. LDATHF
complex (1.5 M in cyclohexane, 0.73 mL, 1.1 mmol) was added dropwise to the
solution and stirred for 45 min. Methyl wifluoromiethanesulfonate (0.18 g, 1.1 mmol)
was added to the reaction and stirred for 1.5h at -78°C. The reaction was quenched at
-78°C with NaHCO3 (5 mL). The reaction was then allowed to warm to room
temperature. The mixture was extracted with ethyl acetate, washed with brine, dried
over NazS0Qq4, and concentrated in vacuo to give a yellow foam. The residue was
chromatographed using hexane-ethyl acetate (9:1 then 4:1) as eluant to provide 22-
methylated Bil-TES rapamycin (0.138 g, 27% yield) as a white foam. !H NMR (400
MHz, CDCl3) & 0.50 (comp m, 9 H), 0.71 (m, 1 H), 0.82-1.59 (comp m, 38 H), 1.65
(s, 3 H), 1.69 (s, 3 H), 1.78 (m, 2 H), 1.81 (s, 3 H), 1.85-1.95 (comp m, 4 H), 2.05 (m,
2 H), 2.32 (m, 3 H), 2.36 (s, 1 H), 2.39 (s, 1 H), 2.61 (m, 2 H), 2.89 (m, 1 H), 3.14 (s,
superimposed on m, 1 H), 3.14 (m, 1 H), 3.28 (s, 3 H), 3.38 (m, 1 H), 3.40 (s,
superimposed on m, 3 H), 3.40 (m, 2 H), 3.51 (m, 1 H), 3.53 (m, 1H), 3.67 (dd, J =
5.71,9.47 Hz, 1 H), 3.79 (4, J = 5.57 Hz, 1 H), 3.82 (m, 1 H), 4.17 (d,/ =535 Hz, 1
H); 4.84 (m, 1 H), 5.15 (d, J = 10.2 Hz, 1 H), 5.42 (dd, J = 9.01, 14.2 Hz, 1 H), 6.08
(d, J =10.9 Hz, 1 H), 6.20 (m, 1 H), 6.23 (m, 1 H), 6.42 (dd, J = 11.01, 14.01 Hz, 1
H); high resolution mass spectrum (negative ion FAB) m/z 1155.7 [(M-H)); calcd for

CesH 10sNO13Siz: 1155.7]



15 G 22 position can be carried out via processes well docunented in the
literature. Such aicylations would include processes utilizing al dehydes of
the type: [err] -19- or acid chlorides of the type: [err] or alkyl
Hal i des of the type: [err] 5 wherein X indicates chlorine, bromne, or

i odine. In each of the al dehyde, acid chloride, and al kyl halide fornul as,
Ris intended to indicate a portion of " the C 22 substituted R err]
substituent indicated above. It will also be understood that al kyl ations at
the C 22 pogxh%' xan also be carried out utilizing sulfonyl chloride,
RSClI, such as ere R=l ower al kyl or 10 Phenyl, or tosyl cyanide (TsCN).
It will be further understood that the thioal kyl ati ons contenpl ated can be
acconpl i she@C-Wrnwthylirapanipeichods. An exanpl e woul d be the protection of

hydr oxyl groups with TES, treatnent with A and thioal kylation with

di met hyl di sul fi de or phenyl -s-brom de. % mmunosuppr essi ve activities for
representative conpounds of

5 C-22-methyl-bis-TES-rapamycin (0.489 g, 0.42 mmol) was dissolved
in THF (4 ml.) and transferred to a nalgene test tube containing a few 4A molecular
sieves. In a separate nalgene tube HF/pyridine complex (1 mL) was added to dry
pyridine (1 mL) at 0°C. To the substrate at 0°C, 1.8 mL of the aforementioned
solution was added. The reaction was held at 0°C for 15 min. then allowed to warm

10 to room temperature and stir for 2 h. The reaction was then cooled to 0°C and slowly
quenched with NaHCOs3. The mixture was extracted with EtOAc, then washed with
0.1 N HCI, NaHCOs3, and brine. The organic phase was dried over Na2SO4 and
evaporated in vacuo. The mixture was chromatographed using 2.5% then 5%
MeOH/CH2Cl2 as eluant to yield C-22-methyl-rapamycin (0.36 g, 93% yield). IR

15 (KBr) 3440 (s), 2940 (s), 1725 (s), 1650 (m), 1455 (w), 1380 (w), 1240 (w), 1195
(w), 1090 (s), 995 (m), 915 (w), 735 (w); 'H NMR (400 MHz, CDCl3) 6 0.67 (m, 1
H), 0.90 (d, J = 6.38 Hz, 3 H), 0.92 (d, J = 6.32 Hz, 3 H), 1.01 (d, / = 6.56 Hz, 3 H),
1.05d, J =724 Hz, 3 H), 1.07 (d, J = 6.95 Hz, 3 H),, 1.11-1.48 (comp m, 15 H), 1.63
(s, 3 H), 1.65 (s, 3 H), 1.75 (s, 3 H), 1.58-2.06 (comp m, 10 H), 2.63 (s, 1 H), 2.65 (m,

20 3 H),3.00 (m,2H),3.14 (s, 3 H), 3.34 (m, 1 H), 3.36 (s, 3 H), 3.38 (s, 3 H), 3.50 (m,
2 H), 3.63 (m, 1 H), 3.76 (m, 3 H), 4.21 (d, J = 447 Hz, 1 H), 4.52 (s, 1 H), 5.04 (m,
1 H), 5,43 (m, 2 H), 6.05 (d, J = 10.1 Hz, 1 H), 6.13 (m, 1 H), 6.25 (m, 1 H), 6.41 (m,
1 H); high resolution mass spectrum (negative ion FAB) m/z 927 {(M-H); calcd for
CspHgoNO13: 927]. '



15, this invention were evaluated in an in vitro standard pharnacol ogi cal
“test procedure to neasure |ynphocyte proliferation (LAF) and in an in vivo
standard phar macol ogi cal test procedure which evaluated the survival tine
of pinch skin grafts. The com togen-induced thynocyte proliferation
procedure (LAF) was used as an in vitro_neasure of the immunosuppressive
effects of representative conpounds. 2028'Briefly, cells fromthe thynus of
normal BALB/c mice are cultured for 72 hours with PHA and IL-1 and pul sed
with tritiateghrhpl¥ni dine during the |last six hours. Cells are cultured with
and wi thout varirous concentrations of rapamycin, cyclosporin A or test
conpound. Cells are harvested and incorporated radioactivity is determ ned.
| nhi bi ti on of-2ympthelCa7iydraxly N TES-raqssggied as percent change in counts
per mnute 25 fromnon-drug treated ¢cgntrols. The results are expressed
as an |1 C50. Representative conpounds o I's invention were al so eval uated
In an in vivo. test procedure designe o,geESr M ne the survival time of

pi nch skin graft frommnmal e DBA/ 2 dono I'r anspl anted to nale BALB/c

reci pients. The nethod is adapted frL#Bf||lingham R E. and Medawar P. B.

J. Exp. Biol. 28:385-402, (1951). 3p Bri®fly, a pinch skin graft fromthe

donor is grafted on the dorsumr®ONYTF 2o Phent as a honograft, and an
autograft is used as control ilpt THTe ' rngie recipients are treated
w th either varying concentrgLi f cy Fin

t est ' ®)

as test control or the.

-
z
-

5 C-22-methyl-bis-TES-rapamycin (0.27 g, 0.23 mmol) was dissolved
in THF (1.5 mL) and cooled to -78°C. L-Selectride (1.0 M in THF, 0.17 mL) was
added rapidly. The reaction was stirred 30 min. then an additional 0.5 equivalents of
L-Selectride (0.05 mL) was added. The reaction was warmed slowly to room
temperature over 2 h. The mixture was quenched with H20, extracted with EtOAc,

10 washed with brine, dried over NapSQ4, and evaporated in vacuo. The mixture was
chromatographed using 20% then 40% EtOAc/hexane al eluant. The material was
further purified by HPLC, 20% EtOAc, Hex, 21 mm silica column to yield C-22-
methyl-C-27-hydroxy-bis-TES- rapamycin (0.08 g, 30% yield). 1H NMR (400 MHz,
CDCl3) 8 0.0-0.3 (comp m, 18 H), 0.40 (m, 1 H), 0.89-0.94 (comp m, 36 H), 1.55 (s,

15 3 H), 1.62 (s, 3 H), 1.10-2.10 (comp m, 13 H), 1.93-2.02 (comp m, 6 H), 2.65 (m, 3
H), 2.88 (m, 1 H), 3.12 (s, 3 H), 3.24 (m, 1 H), 3.26 (s, superimposed on m, 3 H), 3.26
(m, 1 H), 340 (s, superimposed on m, 3 H), 340 (m, 1 H), 3.51 (m, 1 H), 3.53 (m, 2
H), 3.63 (app. t,/ =7.16 Hz, 1 H),3.77 (d,J =5.19 Hz, 1 H), 4.17 (d, /= 0.62 Hz, 1
H), 4.82 (m, 2 H), 5.37 (m, 1 H), 5.48 9m, 1 H), 5.98 (app.t, J = 0.62 Hz, 1 H), 6.15

20 (m, 2 H), 6.38 (m, 1 H); high resolution mass spectrum (negative ion FAB) m/z 1157
[(M-H); calcd for Cg4H1gNO13Sia: 1157].



- 20 - compounds, intraperitoneally. Untreated recipients serve as
réjection control. The graft is nonitored daily and observations are
recorded until the graft becones dry and forns a bl ackened scab. This is
consi dered as the rejection day. The mean graft survival tine (number of
days S. D.) of the drug treatnent group_is conpared with 5 the control
group. In addition, the stability of re‘p?"iaSent ative conpounds was tested,
via HPLC, in 0.1 M phosphate buffer (pH 7.4, 37[err]C). The results of each
of these LAFgxskbie 4G aft and Stability tests are provided in the follow ng

tabl e: 10 Conpoun LAF (nM Skin Graft (days) Stability
(hours) 1C50 (4 nmgl/ kQ) pH 7.4 buffer rapamycin

0.4-9.4 C-22Zttethy-C-D7-Rfdroxy-rapath@eind 22- met hyl - r apanyci n 23.5
9. 33+/-0.52 38 9.00+/-0.63 10. 17 c0. 55* 22-met hyl - 27-

9.9 nt 21. 8 hydrgxyrapanyci n 22-et hyl -rapanycin
140.0 nt nt C2

: .. pOH | - 42- 719.95
n .

5 Reduced methylated Bis-TES Rapamycin (0.055 g, 0.047 mmol) was
dissolved in THF (0.5 mL) and transferred to a nalgene test tube containing a few 4A
molecular sieves. In a separate nalgene tube HEF/pyridine complex (1 mL) was added
to dry pyridine (1 mL) at 0 °C. To the substrate at 0 °C, 1.0 mL of the
aforementioned solution was added. The reaction was stirred for 15 min. at 0 °C then

10  allowed to stir at room temperature for 2 h. The reaction was then cooled to 0 °C and
slowly quenched with NaHCO3. The mixture was extracted with EtOAc, washed
with 0.1 N HCl, NaHCO3, and brine. The organic phase was dried over Na2S04 and
evaporated in vacuo. The mixture was chromatographed on flash silica gel and was
eluted with 2.5% then 5% MeOH/CH2Cl2 to yield C-22-methyl-C-27-hydroxy-

15 rapamycin (0.016g, 36% yield). IR (KBr) 3440 (s), 2920 (s), 1720 (s), 1645 (m),
1455 (m), 1375 (w), 1235 (w), 1190 (w), 1085 (s), 995 (m), 915 (w0, 735(w); H
NMR (400 MHz, CDCl3) 8 0.77 (m, 1 H), 0.87 (d,/ = 6.64 Hz, 3 H), 0.90 d, J =
6.85Hz, 3 H), 093 (d,J =6.64 Hz, 3 H), 097 (d,/ =6.64 Hz, 3 H), 1.02 (d, J =
6.423 Hz, 3 H), 1.04 (m, 1 H), 1.18-1.42 (comp m, 15 H), 1.61 (s, 3 H), 1.63 (s, 3 H),

20 1.65 (s, 3 H), 1.53-2.06 (comp m, 10 H), 2.28 (m, 2 H), 2.65 (m, 2 H), 2.92 (m, 2 H),
3.10 (m, 1 H), 3.13 (s, 3 H), 3.32 (s, 3 H), 3.36 (m, 2 H), 3.38 (s, 3 H), 3.51 (m, 2 H),
3.61 (app. t,J =7.37 Hz, 1 H), 3.78 (d, / = 5.19 hz, 1 H), 3.87 (m, 1 H), 429 (m, 1
H), 4.30 (s, 1 H), 4.81 (m, 1 H), 5.40 (m, 2 H), 6.00 (d J = 10.2, 1 H), 6.09 9m, 1 H),
6.22 (dd, J = 104, 14.7 Hz, 1 H), 6.37 (dd, J = 11.0, 14.73 Hz, 1 H); high resolution

25 _ mass spectrum (negative ion FAB) m/z 929 [(M-H); calcd for Cs3HgaNOj3: 929].



di met hyl.gl yci ne- rapamycin * tested at 16 ng/kg nt = not tested The results
"of these standard pharnacol ogical test procedures illustrate 15 both in
vivo and in vitro i nmunosuppressive activity for the conpounds of the
présent invention. The results of the LAF test procedure indicate the
stabilized rapanycin derivatives induce %yppression of T-cel

proliferation. As transplanted pinch skiffgrafts are typically rejected
within 6-7 days without the use of an imunosuppressive agent, the

i ncreased survival time denonstrated by the use of 22- 20 met hyl

rapanyci n f urBdaafplglenonstrates the present invention's utility of

i mMmunosuppr essi on. Because the conpounds of this invention are structurally
simlar tor ' simlar activity profile to rapanycin, they
also are congggg%ghﬂbﬁpﬂaﬁﬁﬁﬁwgmﬁave antitunor, antifungal and
antiproliferative activities. As such, the conpounds of this invention are
useful in the treatnent of transplantati @mMeejection, such as heart,

ki dney, liver, bone marrow and skin trandpl ants; autoi mmune di seases such
as | upus,

Bis-TES-rapamycin (2.0g, 1.75 mmol) was dissolved in THF (17.6

5 mL) and cooled to -78 °C. LDA<THF complex (1.5 M in cyclohexane, 2.9 mL, 4.38
mmol) was added dropwise to the solution and stirred for 45 min. Ethyl
trifluoromethanesulfonate (0.78g, 4.38 mmol) was added to the reaction and stirred

for 2 h at -78 °C. The reaction was quenched at -78 °C with a saturated NaHCO3 (5

mL) and allowed to warm to room temperature. The mixture was extracted with ethyl

10  acetate, washed with brine, dried over Na2SO4 and evaporated in vacuo to give a
yellow foam. The mixture was chromatographed using 10% then 20% ethyl
acetate/hexane as eluant. The material was further purified by HPLC, 20%
EtOAc/Hex, on a 41mm Silica column to yield C-22-ethyl-bis-TES-rapamycin (0.25

g, 13% yield). 1H NMR (400 MHz, CDCl3) § 0.0-0.64 (comp m, 18 H), 0.73 (m, 1

15 H), 0.85-1.50 (comp m, 46 H), 1.54-1.78 (comp m, 3 H), 1.67 (s, 3 H), 1.80 (s, 3 H),
1.85-2.05 (comp m, 4 H), 2.32 (m, 3 H), 2.37 (s, 1 H), 2.41 (s, 1 H), 2.56 (m, 2 H),

2.89 (m, 1 H), 3.14 (m, 1 H), 3.15 (s, 3 H), 3.26 (s, 3 H), 3.40 (s, 3 H), 3.42 (m, 1 H),

3.48 (s, 1 H), 3.50 (s, 1 H), 3.74 (m, 1 H), 3,89 (m, 1 H), 4.14 (m, 1 H), 4.88 (m, 2 H),

5.16 (d, /=103 Hz, 1 H), 5.40 (dd, J = 9.28, 14.21 Hz, 1 H), 6.05 (d,/ = 11.1 Hz, 1

20 H), 6.16 (m, 1 H), 6.25 (m, 1 H), 6.43 (@d, J = 11.1, 13.9 Hz, 1 H); 13C NMR (100
MHz, CDCl3) & 3.74, 4.37, 4.50, 4.76, 6.31, 6.42, 6.50, 8.33, 9.98, 12.79, 13.18,

. 13.83, 14.80, 15.25, 15.49, 16.39, 20.71, 21.81, 26.26, 26.71, 29.83, 30.61, 31.31,
31.37, 33.00, 33.94, 34.64, 35.99, 39.23, 39.47, 39.75, 41.34, 41.75, 42.52, 46.06,



rheumatoid arthritis, diabetes nellitus, myasthenia gravis and nmultiple
"sclerosis; 5 di seases of inflammtion such as psoriasis, dermatitis,
eczemn, seborrhea, inflanmmatory bowel disease and eye uveitis; solid
tinors; fungal infections; and hyperproliferative vascul ar di seases, such
as restenosis. The present invention, Eﬂerefore al so provides a nethod of
I nduci ng i mmunosuppression in a nannal I'n such need conpri sing

adm nistering to said mammal an i Mmunosuppr essi ve anmount 10 of one or

ot et stant Tyt ar i ee T o, oRIR, B, TE62 1o 3ok, AERUC Tor

buf f er st abij venti on

have an i ncg%agxe@ 89,8416, 89.6Pe P&T TV I26t5, tl A9ty 128:03, A30.8Mola2.6lhd86.50,
22-met hyl - r gpRIYCL3D, 95'd16’727mem>'56 21772fmdr2@>?>99f Qﬁiﬁ@%c'hfge {éﬁﬂﬁi%' Pﬁgésy vere

found to have half lives of 38 a . 8 hours. ese r ts can be 15
conpar ed t oSREREUHD ‘PSaHYRJFO%EP‘\fB-)ImfZelb@'éI{(MrEH galed forpGesid i nNGhs®ip: t he
same corfdi t1169s7]. The conpounds of this invention can be fornulated and
provi ded neat or with a pharmaceutical carrier to a mammal in heed thereof.
The pharnmaceutical carrier may be solid or liquid. 20 A

sol i d carriExample6i ncl ude one or nore substances which may al so act as
flavoring agents, lubricants, solubilizers, suspending agents, fillers,
glidants, cgnpression aids, bi nders or tabl et-disint egrating agents; it can
al so be an aﬁé@d’rfamqmbg?mraterlal In powders, the carrier is a finely
divided solid which is in adm xture witipybe finely divided active

ingredient. In tablets, the active ingrqdient is
«wOH

o-_N
HO, 0
O OMe

10
C-22-ethyl-bis-TES-rapamycin (0.25g, 0.21 mmol) was dissolved in
THF (2 mL) and wansferred to a nalgene test tube containing a few 4A molecular
sieves. In a separate nalgene tube HF/pyridine complex (1 mlL) was added to dry
pyridine (1 mL) at 0 °C. To the substrate at 0 °C, 1.8 mL of the aforementioned
15  solution was added. The reaction was stirred for 15 min. at 0 °C then allowed to stir
at room temperature for 2 h. The reaction was then cooled to 0 °C and slowly
quenched with NalHCO3. The mixture was extracted with EtOAc, washed with 0.1 N
HCl, NaHCO3, and brine. The organic phase was dried over Na3SO4 and evaporated
in vacuo. The mixture was chromatographed using 2.5% then 5% MeOH/CHCl7 as
20 eluant to yield C-22-ethyl-rapamycin (0.13 g, 64% yield). IR(KBr) 3440(s), 2940
(s), 1725 (s), 1650 (m), 1460 (w), 1380 (w), 1235 (w), 1190 (w), 1090 (s), 995 (m),
915 (w), 735 (w); TH NMR (400 MHz, CDCl3) 5 0.68 (m, 1 H), 0.87-1.06 (comp m,
13 H), 1.06-1.45 (comp m 15 H), 1.57 (m, 3 H), 1.66 (s, 3 H), 1.75 (s, 3 H), 1.90-
2.08 (comp m 10 H), 2.31 (m, 3 H), 2.64 (m, 3 H), 2.89 (s, 1 H), 2.90 (m, 2 H), 3.13 _
25 (s, 3H), 3.33 (m, 1 H), 3.38 (s, 3 H), 3.47 (m, 2 H), 3.66 (app.t, J = 7.24 Hz,  H),
3.82(d, J =5.47 Hz, 1 H), 3.95 (m, 1 H), 4.21 (d, J = 5.54 Hz, 1 H), 4.43 (s, 1 H),



25 m xed with a carrier having the necessary conpression properties in

© suitabl e proportions and conpacted in the shape and size desired. The
powders and tablets preferably contain up to 99% of the active ingredient.
Suitable solid carriers include, for exanple, calcium phosphate, nagnesium
stearate, talc, sugars, |actose, dextrlg starch, gelatin, cellulose,

nmet hyl cel | ul ose, sodi um car boxynet hyl %FIquse, 30

pol yvinyl pyrrolidine, |ow nelting waxes and ion exchange resins. Liquid
carriers ar&.0ss@a, 1 H)ps.apdd..heg %6l Hz| orw),, 53MAENS RIS Hze MH)5 6009d, S¥#r ups,

G ssol ved or'0Saatbrdan o i QBT BT HE, PO S Z WL Y ER T HARCer sucn

as wat er, amiNMRgdAADMEa) G&le.) §3nﬁ3xt10r19 3. 45013198)r15p¢ﬁ1r1ﬁf9ded|§.i96,alﬁ§'3
accept abl e 21153, 91.97286.47, 19603, 14l 58779, 39951 £ha, ?f‘lﬂ‘f%tﬁ Bagbled s Ul tabl e

phar maceut i ers;

preser vafiv § 97s %eﬁ%gg Xq 9451 ?éd’ls&?eﬁggs éﬁg%éﬁig%g%ééeﬁg-g‘i 64. 17 22 -
t hi ckeni ng &gei} $3.97,04@75 74.96 57681, 88.37c8414 2185119, 9&B2I26/842127.03; 128.66,

o 0l <3k, B TSP B b, 1P P 15 05 20 SR A i e
above, e.g. rmﬂﬂmﬂmsmsﬂespame(aggmi\&f éom HAB ¥ anfz u9d L (Ml y;mealog | for

cellul ose s oIs (i ncludi ng nmonohydric al cohols 5 and
pol yhydri c g#@ﬁhgﬂbm glycols) and their derivatives, and oils (e.qg.

fracti oh@t ed
Example 7

Synthesis of C-22-methyl-42-dimethylglycine rapamycin




coconut oil and arachis oil). For parenteral adm nistration, the carrier
‘can also be an oily ester such as ethyl ol eate and isopropyl nyristate.
Sterile liquid carriers are useful in sterile liquid formconpositions for
parenteral adm nistration. The liquid carrier for pressurized conpositions
can be hal ogenated hydrocarbon or other_10 pharmaceutically acceptabl e
propel l ant. Liquid pharmaceuti cal commﬁﬁTions whi ch are sterile solutions
or suspensions can be utilized by, for exanple, intramnuscular,

i ntraperi t oneMorrdeprdtedtiondE QR MRyl i BITESt eri | e sol utions can al so be
adm ni stered intravenously. The conpounds of this invention can al so be
adm nistered orally either in liquid orosolid 15 conposition form The
conmpounds of this invention may be admi M aPéred rectally, such as in the
formof a conventional suppository or ment. For adm nistration by

i ntranasal or intrabronchial inhalati®n™0r zinsufflation, the conpounds of
this invention may be fornul at ed Rt dueous or 20 partially aqueous

solution, which can then be utiliz i@ thhe fform of an aerosol. The
conpounds of this invention ma soybe adm et ed transdermal |y through
the use of a transdermal patch cqapaPfning t i ve conpound and a carrier
that is inert to the active ¢ und, is non-tgxic to the skin, and allows
delivery of the agent for systepm c?atf@®rpti on"ixto the blood streamvia the
skin. The carrier may take any w1 rms, such as creans and

oi ntments, pastes, gels, and occlusiveidevices.%The creans and oi ntnments
may be viscous |liquid or sem solid enul sions of either the

Methylated Bis-TES Rapamycin (0.42 g, 0.36 mmol) was dissolved in a 3:1:1
solution of HOAc:THF:H20. The reaction was complete by TLC in 10 minutes and
5  was quenched with NaHCO3 and stirred for 10 min. The mixture was extracted with
EtOAc, dried over Na2S0y4, filtered and evaporated in vacuo. The residue was
chromatographed on silica gel eluted with 2.5% MeOH/CH2Cl2 to yield mono-TES
methylated rap (0.37g, 99% yield). 1H NMR (300 MHz, CDCl3) 8 0.47 (m, 6 H),
0.68 (m, 1 H), 0.79-1.0 (comp m. 30 H), 1.01-1.83 (comp m, 13 H), 1.60 (s, 3 H),
10 1.63(s,3H), 1.75(s, 3 H), 1.92 (m, 2 H), 2.10 (m,§ H), 2.31 (m, 2 H), 2.65 (m, 2 H),
291 (m, 1 H), 3.16 (s, 3 H), 3.21 (m, 2 H), 3.29 (s, 3 H), 3.36 (s, 3 H), 3.53 (m, 2 H),
3.64 (m, 1 H), 3.78 (m, 1 H), 3.81 (m, 1 H), 4.14 (d, 1 H), 4.75 (s, 1 H), 4.85 (m, 1

H), 5.13 (m, 1 H), 5.4 (m, 1 H), 6.07 (m, 1 H), 6.2 (m, 2 H), 6.4 (m, 1 H).

15 b) Acylation of 22-methylated mono-TES

Methylated mono-TES Rapamycin (0.36 g, 0.35 mmol) was dissolved in
. methylene chioride (8 mL). Dimethylglycine (3 eq., 0.11 g), (3-Dimethylamino-



oil-in-water or water-in-oil type. Pastes conprised of absorptive powders
di spersed in petrol eum or hydrophilic petrol eumcontaining the active

i ngredj ent nmay al so be suitable. A variety of occlusive devices nmay be used
to rel ease the active ingredient 30 into the bl ood stream such as a

sem perm abl e nmenbrane covering a rese_r%o_i r containing the active
ingredient wwth or without a carrier, or a matri x containing the active

i ngredient. O her occlusive devices are known in the literature. In

addi tion, tpepetBatyidabadiinide hydroeklotideo epy0.LE gy nadxpatilasp of PMAR i on,
cream or |oti O%Sb% for rpégaii ‘2‘? W g.h glha macgﬁlt iaggl | vy accept abl hi cl es
35 cont ai Nevipged scadetilly o B réictich iyhiby ashen affowst o o VBB dGini ch
may be adni reastien eds ttienadilwed atithy metifydaieechlenideaand washed3with WaerdoShee
i i ot o SSBEY pithsd el BEERY, Wi ARG Ide) M BRILENE orpdlS it ©, O
subj ect dei waak#&?easaieaé@dwetﬁr thea dried,Aves NaBdGnakieredh A cvaparaiad fa
ghalr rrag ol oGidcab. BRImRILE SN E:Eﬁ)lﬁd??]grﬁﬁﬂéﬁronrﬁﬂ@d@?i AugdnPigt m%tsmem ass'%%lcg eg
aily i nfr Qsage e _conpau 0 S i nt.| e
0°001 © 25 MBI 30 % ol ibinst BRRSNES g B2 a0 BibA], JBE, Sy
bet ween 0. ONMR (4 Milz D T)0d 8cA3eti06 &edmp or, 0 Hpddges 8 bicantiens AdHninds of
this inventj gy wauhfl109 ©-9y 1:82'R, 3 H), 1.87-2.1 (comp m, 4 H), 2.41 (s, 6 H), 2.63
10 (m,2H), 3.16 (m, 2 H), 3.29 (5, 3 H), 3.35 (s, 3 H), 3.36 (s, 2 H), 3.21-3.37 (comp m,
2 H), 3.53 (m, 2 H), 3.68 (app.t, J = 7.41 Hz, 1 H), 3.89 (m, 2 H), 4.18 (d, / = 4.1 Hz,
1H), 474 (m, 1 H), 4.80 (s, 1 H), 4.92 (m, 1 H), 5.20(d, J = 10.4 Hz, 1 H), 5.40 (dd,
J=70,7.1Hz, 1 H), 609 (d,J = 10.7 Hz, 1 H), 6.22 (m, 2 H), 6.42 (dd,J =7.1,7.2
Hz, 1 H); high resolution mass spectrum (negative ion FAB) m/z 1126.5 [(M-+); calcd
15 for CgoHgaNO14Si: 1126.5].

c¢) Deprotection of 42-glycinate mono-TES

42-glycinate mono-TES Rapamycin (0.11 g, 0.1 mmol) was dissolved in THF

20 - (2 mL) and transferred to a nalgene test tube containing a few 4A molecular sieves.
In a separate nalgene tube 1 ml of HF/pyridine complex was added to 1 ml of dry
pyridine at 0 °C. 1 ml of this solution was added to the test tube containing the
substrate at 0 °C. The reaction was stirred for 15 min. then the ice bath was removed

and the reaction allowed to stir at room temperature for 2 h. The reaction was then

25  cooled to 0 °C and slowly quenched with NaHCO3. The mixture was extracted with
.EtOAc, washed with 0.1 N HCl, NaHCQ3, and brine consecutively. The organic
phase was dried over Na2SO4 and evaporated in vacuo. The mixture was



ng/ kg, preferably between 0.01 - 50 ng/ kg, and nore preferably between 0.05
- 10 ng/kg. 10 Treatnent will generally be initiated with
snmal | dosages | ess than the opti num dose of the conpound. Thereafter the
dosage is increased until the optinum effect under the circunstances is
reached; precise dosages for oral, par&% eral, intranasal, intrabronchial,
transdernal, or rectal admnistration Wil be determ ned by the

adm ni stering physician based on experience with the individual subject

g r eat egl 15 chronft@graghed on tilica gen@IQieadsinpD. SVJﬂth%nlsrwwo%H 18 : Id
esirably a

||
effective rwl Stﬁl%ﬂﬁ%cx@%&gﬁgr&tégt@ Wlaftl&%%} 2‘1“\96” (Fbag‘y%qsbé7§9f ects.
:trmr:J ?‘]Ocs:ant rel(rs)l aﬁmi(rhna%GMmm 1378 (Mnmmda mmmsugw?t 1935 BV lllesg ?ﬁ gg
conj unct Pgn%\?\l?t%?ao@ or 473 %Mﬁ (%m%m € Cli‘)r]?é?g?%(b giiin 1£;uﬁileofher
antirejekti &, @,Bﬁlﬁch,t.ﬁmﬁeipd{z,fid-l)agédt(d J a6l3adtz, 3H) 1.80&d,0ot 6/56/HZ, 8CH), 0
cyel QLﬁﬁéLEZ’rﬂsﬁﬁ” Lq%**‘fr?**’“‘c"y’i A i LA S A
combi ni ng oAL8 dﬁmﬁﬁlﬂb 19f h h’él&ﬁ Qgﬁ) 8465t($1§ B 8354 3|H)v%-ﬁ5|(%ﬁﬁm2465§m;h ot her
dr ]lcllgs or . angl{)?ZDQr(s,llfH)JQ'lﬂQs 2351-1), 31 1'5'!H1'Q$HP3)'1'75§§2?1)t3)32 trh SPH), 3034 (s, 3 d
i nfl amma or S e require
to achieve Mieogels Pl 307 8r T Hndot e 2 BofelGentdontr e 1oh. 218 Gy v
est abl i Hheleﬂb £23{dols 1617 HtsdsH) rdedfiNs] b HY,hstedn,tINH), St04e(mydeH) 6.4 (d, J
conbi nat | on-@foy APAMUEIshAAGE, LY 400G, T ), 8bs WITIRILREM B, FPPRR, s

significantly
—104 12.6 Hz, 1 H), 6.26 (dd, J = 12.6, 12.7 Hz, 1 H), 6.38 (dd, J = 7.2, 7.3 Hz, 1

H); 13C NMR (100 MHz, CDCl3) § 10.15, 13.31, 14.02, 15.72, 16.01, 16.08, 17.17,
19.67, 21.81, 22.50, 26.96, 29.77, 30.91, 31.10, 32.88, 32.96, 33.71, 33.77, 35.80,

15 36.28, 38.84, 39.66, 39.98, 40.64, 41.32, 42.44, 45.21, 46.25, 55.93, 57.21, 59.09,
60.85, 67.32, 75.14, 76.33, 76.69, 77.00, 77.21, 77.32, 80.79, 83.68, 85.43, 98.66,
126.85, 128.93, 130.59, 133.03, 135.75, 136.49, 139.94, 167.86, 170.19, 172.36,
194.84, 207.97, 214.39; high resolution mass spectrum (negative ion FAB) m/z
1012.6 [(M-+); caled for CgaH102NO14S8i: 1012.6].



prol pnged heart--att-ograft survival time. [Transplantation Proc. 23:507
"(1991)]. ““)“mu This invention al so provides processes for the
preparatio “““H“l“al s of this invention, which processes conprise

one of the f«ol kowtng* (i) *al kyl ating or acylatlng at the C22 position a
conmpound of the forrrul a: - 24- [errls3gr a proline anal ogue thereof,
wherein R err] and Rlerr]' are each triethylsilyl, with an acyl ating agent
of the for R? (o] CCOhal or RC-hal or RdS-hal or tosyl cyanide or

ReS- SRe, wh 29f 1-5 carbon atons, aryl or fluoroalyl of 1-5
5 carbon atonms, Rb is alkyl of 1-6 carbon atons, Rc is al kyl of 1-6

car bon at ons, arylalcy of 7 6 afbon atons or quoroaIkyI of 1-6 carbon
atoms, Rd is al kyl" of Gﬁﬁ§t8ﬁﬁm qarylal kyl or aryl, Re is al kyl of
1-6 carbon atons, aryl, or arylakyl and hal is chlorine or bromne; to
gi ve a conpound of the fappul a, above wherein Rlerr] @gwyg triethylsilyl

and, if desired, renovindfone Qr nore of the protecting groups; 10

(||) reduci ng a conpoung formula [err] or ap '@6R§nalogue

t hereof, wherein R err] Rlerr]' are as defined h nabove to give

. wherein
R1 is C1-Cg alkyl, C2-C7 acyl, C- Ce alkylthio, C7-Cyg arylalkyl, Ce-
Cjo arylthio, C7 -Ci¢ arylalkylthio, cyano, C;-Cg fluoroalkyl, or Cg-Cjg aryl
optionally substituted by one or more of halogen, C;-Cg alkoxy, hydroxy, C2-C7
10  alkanoyl, or cyano; and
R2, R3, and R# are each independently:

a.) hydrogen; or

15 b.) SiEts; or
c.) .
i
| CCHLGHICHY | COR’
R3 RS
wherein _
20 R5 is hydrogen, alkyl of 1-6 carbon atoms, aminoalkyl of 1-4

carbon atoms, aralkyl of 7-10 carbon atoms,
-(CH2)dCO2R8, -(CH2)eNRICO2R 10, carbamylalky! of
e o e e 2-3 carbon atoms, hydroxyalkyl of 1-4 carbon atoms,
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a. corrpounGLof —formula—la wherein Rlerr] and Rlerr] are triethylsilyl and

"Rerr] |f desired, renovi ng one or nore of the protecting

gr oups ﬂm' H)mmlmﬂy i) acylating a conpound of the formula above _
eer|rare as fined above providing that at |east one of R2-3 is

hydrogen w th a conpound of the fornulg HOA 5 or a reactive derivative

t hereof wherein Ais one of the definitions ¢), e), f), i), or j), as

defined for R err] above to give a corresgondl ng conpound of the fornula la

or |b wherein one or nore of R[&pYlakybok -4a:luben(a)ormsan}e}ca@mu@1 ofahd, if
desired, renoving any triethyl dakdn E{o%se%tllty] lngofp on q{mé%’v)

car barryl ating a conpound of the | a ove erein err] are
defi ned above providing at | eagPé‘gﬂ@%ylaty@FQﬁyph@YWHgEﬁdami}’lmpt%ylconpound

of formula OCN-SO err] Ar or OCNr( flkdned r\}/lﬁ[cﬁ(rjirs] c)p’t?@nfaﬂ%gmu@o.at&orireg?glnlch Ing
;?gggug(rgeggnz or(r)nrJI ?SI aor lb ar&ﬂbsdu%te;? lra]ﬁasgh%ﬁt?errﬁg ﬂecg%ﬁfé\éaﬁ@ g p%’ y
formul a above wherein Rl err] arcarbes atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid.
R6 and RY are each, independently, hydrogen, alkyl of 1-6
10 carbon atoms, or aralkyl of 7-10 carbon atoms.
R7, R, and R10 are each, independently, alkyl of 1-6 carbon
atoms, aralkyl of 7-10 carbon atoms, fluorenyimethyl,
or .phenyl which is optionally mono-, di-, or tri-
substituted with a substituent selected from alkyl of 1-6
15 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid;

ais 0-4;

bis 0-4;
20 cis 1-2;

d is 0-4;

¢ is 0-4;

wherein
R3, RS, a, and b are independent in each of the
C(CH,), GHCH )N

’5 _ RS RS

subunits when ¢ =2; or

d.) -CONH(CR1IR12):-X
wherein
30 R11 and R12 are each, independently, hydrogen, alkyl of 1-6
carbon atoms, aralkyl of 7-10 carbon atoms, cycloalkyl
of 3-8 carbon atoms, halogen, or trifluoromethyl;
X is hydrogen, lower alkyl of 1-6 carbon atoms, cycloalkyl of
3-8 carbon atoms, trifluoromethyl, nitro, alkoxy of 1-6
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defi ned above.providing. at--least one of R err] is hydrogen, with a conpound

“of formula or (Rlerr]SJerr])[err]O or .
R[err]CJCC]\IE#ﬁI Il ﬂlﬁﬁﬁllm ﬂlerr] wherein hal is a hal ogen such as chlorine

I'ss ar al kyl group e.g. alkyl of 1-6 carbon atons and
R19 and R20 are as defined above and rﬁSdesi red, 20 renoving any

triethylsilyl group present; or (vi) converting albasic coppound of the
formul a above to a pharnaceutic ep sa or Vi versa
Wth regard to process i), the ETJIPX?gg} E%B#@f (ﬁ&? V‘éﬂrgﬁ

acyl ati on may be conveniently cathchmdmn atwms,ﬂlelopdmﬂqﬂmmgobfa-(marmng base,
e.g. 25 [lithiumdiisopropyl am, (dl-:{f)ﬁ( 65 thildSuc t

RaCHO t he product of fornula Ic asS er?’i&?egrelgen s al ﬁ_y?r%g ‘{Dﬁtbroal kyl
of 1-6 carbon atons substitutedYby hydroxy in the 1l-position. Wth regard

to process nb) L he producr:]t YEB%;ﬁlenﬁglﬁddp ﬁhﬁbﬁmag%trbbugﬁan%ﬁomraorbrai -Oons
substituted by keto in the 1-posjti.on roduct of process, i.ii
simlarly substituted by al kyl ‘fbsi"%é%ﬂlﬁbﬁ goppselegteq £ Q'Ry'ﬁkﬂro%bé

fl uoroal kyl of 1-6 carbon atonsrarbtweapnmsgaiiyl of 7fi0ceissh dtuhsdlkory)ofhave

al kyl subst i tuents of 1-6 carbop ALK, 0S on 1
being "S". The follow ng synt hesﬁ? proce at ¥Z‘J§}§'X¢ bl rgfﬁ/dg\#b%@og%%%?t rate
production methods useful in t hearpeR HEemas.i mﬂl@tomcihmbuha&kyka&nmmqf 1-6
i nventi g0. These exanpl es and ”%B&ﬂ’aﬂolrﬂs%rraﬁé)ﬂl‘g?odp”aﬂ@hmo of211g c@ftfonNO!
limting to the scope of this 35 %nhl
atoms PO3H, or CO5H;
f=0-5;
with the proviso that R2, R3 and R4 are not all hydrogen and
when f = 0, X is lower alkyl of 1-6 carbon atoms,

15 cycloalkyl of 3-8 carbon atoms, aralkyl of 7-10 carbon

atoms, or Y; or

e.)
0

CRB3
20 wherein
R13 is a mono-, di-, poly-, or per-fluorinated alkyl group of 1-
10 carbon atoms, with the proviso that R2, R3 and R4
are not all hydrogen, alkyl of 1-10 carbon atoms,
arylalkyl of 7-10 carbon atoms, or aryl wherein the aryl
25 group may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon
atoms, cyano, halo, nitro, carbalkoxy of 2-7 carbon
atoms, trifluoromethyl, amino, dialkylamino of 1-6
30 ; carbon atoms per alkyl group, alkylthio of 1-6 carbon
atoms, -SO3H, -PO3H, and COgH; or

f)

] i
-C-X-C-NRMR¥V
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-.26 - Exanple | G 22-net hyl - bi s- TES-rapanycin [err] Bi s TES Papamfcn n.
©(0.50 g, 0.483 nml) was dissolved in THF (4.4 5 to
-78[err]C. The solution was stirred for 10 m n. LDA. THF m,lf Lﬁm
cycl ohexane, 0.73 niL, 1.1 mmol) was added dropwi se to the soi uti on am
stirred for 45 mn. Methyl trifluororigphanesulfonate (0.18 g, 1.1 nmol)
was added to the reaction and stirred for 1.5h at -78[err]C. The reaction
was quenched at -78[err]C wiith NaHCO err] (5 nL). The reaction was then
allowed to warmto roomwhereid enperature. The nixture was extracted with
ethyl acetate, washed W t hxhyi(QBy)gdbd fd-;over Na[err]SJerr], and
concentrated in vacuo to glk %r% fsl low foam The residue was

chr omat ogr aphed usi ng hexahe- h‘i are ek H‘d(’@“feﬁf%ﬁymn'a@kﬂl‘lfdnuto
provide 22- nethyl ated Bil - TES dagpmmacdns,( XCEBS, Ar, 240HH)ENRI6R37 aophi t e
foam 1K NVR (400 MHz, CDCI[err e onp m 9H), 0.7 (m 1 H),
0.82-1.59 (conp m 38 H), ﬁ%ﬂb @r*'kagiﬁﬁ"‘l‘;sg (s, 3H. 1.78 (m 2 H.
1.81 (s, 3 H), 1.85-1. 95 (l& drﬂ”zarwqchzu@sw(ndpmw Hydrogegalkyhofd-13 , 2. 36
(s, I H, 2.39 (s, 1H, 2.61 (rEa:b%n'EQ 018? H 3.14 (s, superlrrposed
onm 1 H, 314 (m 1 H), 3. .28 (s, % 1 , 3.40 (
superinposed on m 3 H), BAWG“(‘H?UCZ‘WIHOBOSTd(‘ﬁ?bSP 813’“9361(3%"& from 3. 67

(dd, J =
Z
L] L N ] NAY
X S N
1
H
Y £ I\ \
-—-l— s 1 ) ,0r
P Z K/\
S AR
RIS 1.
I\ AN
K/\
/
10 R18 Y-
in which the optional substituents are selected from the
group consisting of alkyl of 1-6 carbon atoms, aralkyl
of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, or
15 perfluoroalkyl of 1-6 carbon atoms;
R18 is alkyl of 1-6 carbon atoms;
Y is a halide, sulfate, phosphate, or p-toluenesulfonate anion;
g =1-6; |
h =1-6;
20 ‘ i=1-6; or

g.) -CONHSOz-Ar
wherein S
eet Has Been Replaced
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5.71, 947 -Hz,-

*1 H),L6.205(nt 1 H),

- 3-79 (d, J = 5.57 Hz, 1 H), 3.82 (m 1H), 4.17

El)gi gﬁ m,mmu"&wwo 2Hz, 1H), 5. 42(dd, J=9. 01, 14. 2Hz, 1H), 6. 08 (d, J =

6.23 (m 1H), 6.42 (dd, J = 11.01, 14.

(d, J =

01 Hz,

1 H) h| gh resolution mass spectrum (negative ion FAB) mz 1155.7 [(MH));
calcd for err]Herr]NJerr]Si[err]: 1155.7] - 27 - Exanple 2
C- 22-net hyl -rapanycin [err] 5
(0.489 g, 0.42 mml) was dAssisl peenyiln miphyl pydidendyuinelybf soguinoly, a
nal gene test tube containing a §§ I te
nal gene tube HF/ pyridi ne conpl é %ﬁﬁ{mﬁﬁﬁﬂ @Emﬁdﬁ\’t’?y‘? fdr?l oeREoRiEy,

O[err]C. To the substrate at g

warm 10 . to room tenperature and stlr for .
to O[errﬁ C and slowy quenched W?(ﬁ

G 22- et hyl - bi s- TES-r apanycin

ry pyridine (1 nL) at
éﬁ" é‘°xi'1'8 h?ﬂx?ﬁazPWé aqeGFBﬁBﬁﬁ%Wed"‘sol ution

was added. The reaction was hel stnabdiGkatyk Mieifcﬁnhé&r@dup thiiebe Gptlonxigd

to

RS R R P IeHEe B9 i o0

with Et OAc, then washed wi th 0.dkj 6fCL- 6 Narbii O toms] ,a.r)daiﬂybof Ad0 dErkomor gani c

phase was dri ed over

10

15

20

25

30

35

Na[ err] SO

carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
amino, dialkylamino of 1-6 carbon atoms per alkyl
group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, or
CO,H;

with the proviso that R2, R3 and R4 are not all hydrogen; or a

h) -SOzR1?

pharmaceutically acceptable salt thereof when the Ar
group contains a basic nitrogen or when the Ar group is
substituted by dialkylamino of 1-6 carbon atoms per
alkyl group, -SO3H, -PO3H, or COxH.

wherein

R19 is alkyl, alkenyl, or alkynyl containing 1 to 6
carbon atoms; or an aromatic moiety selected from the
group consisting of phenyl and naphthyl or a
heterocyclic moiety selected from the group consisting
of thiophenyl and quinolinyl or NHCO;R20 wherein
R20 is Jower alkyl containing 1 to 6 carbon atoms; or

I
— C(CH,);NR?'R*

wherein

R2! and R22 are each hydrogen or alkyl of 1-3 carbon
atoms or R2! and R22 together with the nitrogen to
which they are attached form a saturated heterocyclic
ring having 4-5 carbon atoms;

and j = 1-3: or R2 and R3 taken together also represent
a biradical of the formula:

bk, Sk UPRETCAGH alofnsy B4R, ndBEm Xt Ur &

was chromat ogr aphed using 2.5%t

cet Has Been Replaced

\\ll\l\\ \Ill\\ L



MeOH CH err]Cl [err] as eluant to yield G 22-net hy.l-;raparryci-.n... (0.-36.g, 93%
“yiel'd). IR 15 (KBr) 3440 (s), 2940 (s), 1725 (s), w), 1380
(w), 1240 (w), 1195 (w), 1090 (s), 995 (m, 915 ( HH (400

J )

MHz, CDCl[err]) [err] 0.67 (m 1 H), 0.90 (d,J= 6. (d, J =
6.32 Hz, 3 H), 1.01 (d, J = 6.56 Hz, 3.4). 1.05d, J = 7.24 Hz, 3 H, 1.07
(d, J =6.95 Hz, 3 H),, 1.11-1.48 (conp m 15 H), 163 s, 3 H, 1.65 (s, 3
H, 1.75 (s, 3 H, 1.58-2.06 (conpm 10 H), 2.63 (s, 1 H, 2.65 (m 20 3
H, 3.00(m 2 H, 314 (s, 3 H, 334 (m 1H, 3.36 (s, 3 H, 3.38(¢(s, 3
H, 3.50 (m 2 H), S.Sﬁ(m 1 H, 376 (m 3 H, 4.21 (d, J = 4.47 Hz, 1

H, 4.52 (s, 1 H, 5. 4?[“ 1H, 543 (m 2H, 6.054d J=10.1 H, 1 H),
6.13 (m 1 H), 6.25 (m H, 6.41 (mi 1 H; high resalution nmass spectrum

(negative ion FAB) mz '9EKCHQ]}(CHICHQ)é,CHH(@Hﬁ)nm&HDHL,&T‘] N err]: 927].
- 28 - Exanple 3 G 22-nethyl - R2hydr oxy- bi sRi?ES-raparrym n[err] 5
C- 22- net hyl - bi s- TES-rapanycin (0.27 g, 0.23 mmol) was dissolved in THF (1.5
m.) and cooled to -78[err] @heteiSel ectride (1.0 Min THF, 0.17 nlL) was added
rapidly. gThe reaction was stirred 30 nmn. then an additional 0.5
equi val ents of .
R24 is hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of 7-10
carbon atoms, (CH2)pNR25R26, aminoalkyl of 1-4
carbon atoms, hydroxyalkyl of 1-4 carbon atoms,
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4
10 - carbon atoms, alkylthioalkyl of 2-6 carbon atoms,
indolmethyl, hydroxyphenylmethyl, imidazolylmethyl,
or phenyl which is optionally mono-, di-, or tri-
substituted with a substituent selected from alkyl of 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
15 cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid;
R25 is hydrogen, alky! of 1-6 carbon atoms, or aralkyl of 7-10
carbon atoms;
R23 and R26 are each independently hydrogen, formyl,
20 alkanoyl of 2-7 carbon atoms, arylalkanoyl of 8-11
carbon atoms, aryloyl, or CO2R?7;
R27 is alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, allyi, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri- substituted with a
25 ) substituent selected from alkyl of 1-6 carbon atoms,
alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo,
nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
amino or a carboxylic acid;
kis 0-4;
30 1is 0-4;
mis 0-1;
nis 0-4;
o1is 0-4; and
pis0-4
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L-Sel ectride (0.05 nL) was added. The reaction was warngd stowy-t-o-- room
"tenpérature over 2 h. The mi xture was quenched with Hlmnmﬂm
Et OAc,- 10 washed with brine, dried over Na[err] SO e ed [
vacuo. The m xture was chromat ographed usi ng 20% t hen 400/8 EtLOAd‘/ héxane al
eluant. The material was further purifigg by HPLC, 20% Et OAc, Hex, 21 nm
silica colum to yield G 22- nethyl-C 27- hydroxy bi s- TES- raparryci n (0.08
g, 30%yield). 1H NVR (400 MHz, CDCI[err] 8 0.0-0.3 (conmp.m 18 H, 0.40
(m 1 H), 0.89-0.94 (conp Rf a3phigmacqutss lysnccqmablesﬁah)thcn?Oé?r(%Pmémﬂ)
%- %B)- Zélgz(t(:orrpsmm 133H)24 (1 931an£8gdccmeaeonbrﬁphamuze&@an c&pﬂblg %6:883( r2n6
, 3. S, : m super rrpose m :
(m 1 H), 340 (s, superi rrposed BE‘)‘R{O% eﬁﬂ‘&"g\?& H‘? £ 3.51 (m 1 H),
353(m2H) 3.63 (app. t, =7.16 Hz, 1 H), 377(dJ 5.19 Hz, 1 H),

4.17 (d, o 62 Hz 5, e B,
5. 98 (apB t, %% 62%5‘{}‘&‘“&0‘18 gfaé:%]%“‘zlothCh ‘sgéﬁ%%%‘i‘%gh% dé”eﬁﬂ? BPgh
resol ution lmaamy@pectrum (negative ion FAB) mz 1157 [(MH); calcd for
Cerr]JHerr]NJerr]Si[err]: 1157]. - 29 - Exanple 4
C 22-net hyl - G 27- hdro rapa [err

Y Y Xymet%odng? Imducmg] immunosuppression which comprises

ad:mmstenng an immunosuppressive amount of a compound of the formula

>S5

g
0

10

wherein
R1is C;-Cg alkyl, C2-C7 acyl, Cj-Cg alkylthio, C7-Cjg arylalkyl, Cs-
15  Cjp arylthio, C7-Cy6 arylalkylthio, cyano, C;-Cg fluoroalkyl, or Cg-Cjp aryl
optionally substituted by one or more of halogen, C1-Cg alkoxy, hydroxy, Ca2-Cy
alkanoyl, or cyano; and
R2, R3, and R* are each independently:

20 : a.) hydrogen; or

b.) SiEts; or

Hns Sheet H
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5 . Reduced methyl ated Bi s-TES Rapanycin (0.055 g, 0.047 mmol )
"was dissolved in THF (0.5 nL) and transferred to a-nat-genme test’ tube

containing a few 4A nol ecul ar sieves. In a separate lmm“l“lﬂﬁ l“k

HF/ pyri dine conplex (1 nL) was added to dry pyridi ne““ C. To
the substrate at O[err]C, 1.0 nmL of thet3aforenentionetd sol Uti On was added.
The reaction was stirred for 15 min. at Oferr]Cthen 10 allowed to stir at

roomtenperature for 2 h. The reaction was then cooled to O[err]C and
slow y quenched with NaH @rr]. The m xture was extracted wth EtOAc,

washed with 0.1 N HO . ijn he organi c phase was dried
over Na[err] SO err] an e Cﬁ a%)b(gi@gyb&; % m xture was
chromat ographed on flash qilica g%? and s eluted with 2. 5% then 5%

MeOH CH err]Cl[err] to yield G 22-nethyl -C 27- hydroxy- 15 rapanycin _
(0.016g, 36%vyield). IR wk&eln 3440 (s), 2920 (s), 1720 (s), 1645 (m, 1455

R (400 Wi, ol [err) Z?sr Wms%"%nr‘éf)w %?;j;f@m%v&?w
0.90 (d, J = 6.85 Hz, 3 H), ogfrben atomse. walkyl 0 @agon toms= 6. 64
Hz, 3 Hs§ 1. 02 (d, J = 6. 423 HZ(C jalm RS%CH?‘ 9@)2Rm éﬁ'b&mf}%ll&g% efp in,

15 1.61 (s, 3 1.63
in, H)10 H) 2.(38 (mH)z H, 2. 65? mﬂ”ﬂ)amﬂzs a‘i‘ylrﬁtg 1é%bmt°@SH) o8 13

(s, 3 H, 3.32 (s, 3 H, 3 36 (goanPaldyl ofR2-38afben abori), medcdploalill o2 1), 3. 61
Eﬁfpi tH) aTa0 ?Z hk 1, 4.81 73“6‘%’ ﬂé’ms %R%ﬁ‘(‘rﬁza@# 26 Gg‘%(i’én%m‘l‘s’lo’ ) T
H, 6.09 9m 1 H%] _, ﬁ rzgs f) th | g mdqlmlmthmwrwtgphmﬂmﬂelﬁh Bﬂl\;dgwémdthyg)ll rr?Z
3397?( |I\_/¥IZ()I-|)1 I(;i)al cdI ?or Cerr]H %iiiilf?fﬁgg ﬂtma 15} fighbY ai- O
ith a subsutuent selected form alkyl of 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid.
15 RS and R? are each, independently, hydrogen, alkyl of 1-6
carbon atoms, or aralicyl of 7-10 carbon atoms.
R7, R8, and R10 are each, independently, alkyl of 1-6 carbon
atoms, aralkyl of 7-10 carbon atoms, fluorenylmethyl,
or phenyl which is optionally mono-, di-, or tri-
20 substituted with a substituent selected from alkyl of 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid;

ais 0-4;
25 " bis0-4;
cis 1-2;
dis 0-4;
e is 0-4;
wherein
30 R5, RS, a, and b are independent in each of the
?
C(CH,),GH(CH),N

R5 R6

subunits whenc=2; or
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.- 30: Exanple 5 C 22-ethyl-bis-TES-rapanycin [err] Bi ES—rapanfycrn (2.0g,
"1.75 mmol ) was dissolved in THF (17.6 5 m.) and COO| l’,ﬂ”ﬂ'ﬂ#ﬁﬂ”

LDA. THF'conmplex (1.5 Min cycl ohexane, 2.9 nL, 4.38 I ,
dropwi se to the solution and stirred for 45 mn. Ethyl

trifluoronethanesul fonate (0. 78g, 4.38-#aml) was added to the reactlon_ and
stirred for 2 h at -78[err]C. The reaction was quenched at -78[err]C with a

saturated NaHCO err] (5 nL) and.allowed to warmto roomtenperature. The
mxture was extracted with ethyl 10 acetate, washed with brine, dried over
Na[err]SQ err] and evdpoiCONK(CRIIRAYX to give a yellow foam The mxture
was chromat ogr aphed usi r\gl? %o then 20% et hyl acetate/ hexane as el uant. The
material was further puri é HPLC, 20% Et QAc/ Hex, on a 41lmm Silica

colum to yield C 22-ethyl R gndRe? Mﬁp@ﬁ@cmﬂem@deﬂl)g hydsgen) akyl)of 16l NVR
(400 MHz5 CDCl [err]) 8 0.0-0.64c{r5Rofs, a]rﬁkWOf -l(i%:u%gh fbn?s%ﬁl@?lso (s

0. 85- 1. 50 46 1. 54-
3 H, 1. 85((2:032 Encorrp ;10 4 H, g%gcﬁwnﬁwﬁs hajogen, ?rsmﬂyomq;neﬂwul (s, 1 H),

2.56 (m 2 H), 2.89 (m 1 Kishfdrbfer, Towér dityl o8 11 cdrbon atodls, cybldlikfiof 3 H)
3.40 (s, 3 H, 3.42 (m 1H, 3-8 carbon atoms, trifluoromethyl, nitro, alkoxy of 1-6
carbon atoms, carboalkoxy of 2-7 carbon atoms, aralkyl
10 of 7-10 carbon atoms, halo, dialkylamino of 1-6 carbon
atoms per alkyl group, thioalkyl of 1-6 carbon atoms, or
Y;
Y is a phenyl group which may be optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6
15 carbon atoms, aralkyl of 7-10 carbon atoms, alkoxy of
1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of 2-7
carbon atoms, trifluoromethyl, dialkylamino of 1-6
carbon atoms per alky! group, alkylthio of 1-6 carbon
atoms, SO3H, POsH, or COzH;
20 f=0-5;
with the proviso that R2, R3 and R4 are not all hydrogen and
when f = 0, X is lower alkyl of 1-6 carbon atoms,
cycloalkyl of 3-8 carbon atoms, aralkyl of 7-10 carbon
atoms, or Y; or
25

e.)
O
“CRD
wherein

R13 is a mono-, di-, poly-, or per-fluorinated alkyl group of 1-
30 . 10 carbon atoms, with the proviso that R2, R3 and R4
are not all hydrogen, alkyl of 1-10 carbon atoms,
arylalkyl of 7-10 carbon atoms, or aryl wherein the aryl
group may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl of 1-6 carbon atoms,
35 . arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon
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,3.48.(5—1 H+—3..50-{(sy-1-H), 3.74 (m 1 H, 3,89 (m 1H), 4.14 (m 1 H),
4.88 (m : = 10.3 Hz, 1 H), 5.40 (dd, J = 9.28, 14.21 Hz, 1
H), 6.05 ﬁ Illumrﬂmlﬂﬂl”zmll 20 H, 616 (m 1 H, 6.25 (m 1 H), 6.43
(dd, J = 14.1¢ 13.9 Hz, 4 H); [err]C NWR (100 MHz, CDCl[err]) 8 3.74, 4.37,
4.50, 4.76, 6.31, 6.42, 6.50, 8.33, 9.98,. 12.79, 13.18, 13.83, 14.80,

15. 25, 15.49, 16.39, 20.71, 21.81, 26.26, 26.71, 29.83, 30.61, 31.31,

31.37, 33.00, 33.94, 34.64, 35.99, 39.23, 39.47, 39.75, 41.34, 41.75,
42.52, 46.06, - 31 - 48.37, ¥omppcyms, bgo, igrog rarbgikoxy ofgd-74eurbamy. 02,

66. 76, 73. 62, 75. 53, 75. 56, 78;&5“15’8&“'&701'01%&}1 Q,anﬁﬂe,laial@arﬁ&o 8617&,
126.54, 126.94, 128.63, 130.87, 4. 139,55, 167.70,

2.61, 136.50, 137.14,
171.56, 172.01, 207.99, 211. 38;“%?%3@%@%?1?&&9%3&%8‘& PEMY FAEBR i ve i on
FAB) mz 1169.7 ((MH); cal cd foom§-8OsHHPERH] MAEGOsHSd{ err]: 5  1169.7].
Exanpl e § C 22-ethyl -rapanycin [err] 10 C 22-ethyl -bis-TES-rapanycin
(0.25¢g, 0.21 nmol) was dissolved in THF (2 nL) and transferred to a nal gene
test tube containing 8 few 4A nol ecul ar
o 0O .

EX-C-NRMRIS
wherein
X is -(CHp)g- or -Ar-;

10 R4 and R15 are each, independently, hydrogen, alkyl of 1-12
carbon atoms, -(CHp)p-Ar, -(CH2);-NR16R17 or
~-(CH2)i-N+RI6R17R18Y;

R16 and R17 are each, independently, hydrogen, alkyl of 1-12
carbon atoms, or -(CHa)y-Ar;

15 Ar is an optionally mono- or di-substituted group selected from
F
L0 D
X F 2 =N
i
H
SEDIN S
——l— v -T- N , or
Q N/ L~ &/\N/
A
R18 -

7

S
N

Y-

~N

(-]

Rl
in which the optional substituents are selected from the
group consisting of alkyl of 1-6 carbon atoms, aralkyl

20 of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms,
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sieves. .ln a separate nal gene tube HF/ pyridine conplex (1 nL) was added to
“dry pyr| at"O[err]C. To the substrate at O[err]C, 1.8 nL of the
aforene w MMH" on was added. The reaction was stirred for 15 mn.
at O[er to stir at roomtenperature for 2 h. The reaction

was then cool ed to [err]C and slowy quggnched with NaHCO err]. The mixture
was extracted with Et OAc, washed with O N HC, NaHCO err], and brine. The

organi c phase was dried over Na[err]SJerr] and evaporated in vacuo. The
m xture was chromat ogr aphed usi ngyhobtalohsirro5eariiibkyCof 247 dacbdredtoins26r 20

I tt | d C 22-ethyl-rapa 4% d | RCKBr) 3440(s),
(23928n(s)0 {|7(235 (s), 1650y(rr) %gﬂﬂ?m)&ogu%gggl ; 60% %g’ 1190 (w), 1090

(s), 995(r‘r) 915 (w), 735 (R\h}is md@nqunscoo[err]) 6 0.68 (m 1
H, 0.87-1.06 (COWP m 15 H)Ylslﬂﬁﬁdelsﬁ‘l?até hmelérﬁoluéln éﬁfc{gmeaﬁxdg),

(s, 3H), .75 (s, 3 H, 1.90- 2. 08 corrpm I .64(m
3 H), 2.89 (s 1H)20(|$r H), 3.13 25 (s 3H, 3.33(m 1H, 3.38
(s, 3 H, 347 (m 2 H, 3ﬁe(-appt J=7.24 Hz, 1 H, 3.8 (d, J =5.47
He, 1H), 3.95 (m 1H, 421 (g 554Hz 1H, 4.43 (s, 1 H), - 32
-509(m1H),5.37(d J_9é’§ He, 5.42 (d, J = 9.49 Hz, 1 H),
6.05 (d, J = 10.93 Hz, 1 H), 6.13 (dd, J —10.5, 14.8 Hz, 1 H), 6.24 (m 1
H, 6.39 (m 1 H): [err])Cd@ﬁ{gég_%Mt, cDCerr]) 8 8.53, 10.19, 13.44,
13.98, 1 £°96. 16, 53.

15.91, 1
51066’ > wherein

Ar is phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl,
quinoxalyl, thienyl, thionaphthyl, furyl, benzofuryl,
benzodioxyl, benxoxazolyl, benzoisoxazolyl, or
benzodioxolyl; wherein the Ar group may be optionally

15 mono-, di-, or tri-substituted with a group selected from
alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro,
carbalkoxy of 2-7. carbon atoms, trifluoromethyl,
amino, dialkylamino of 1-6 carbon atoms per alkyl

20 group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, or
COqH;

with the proviso that R2, R3 and R4 are not all hydrogen; or a
pharmaceutically acceptable salt thereof when the Ar
group contains a basic nitrogen or when the Ar group is

25 substituted by dialkylamino of 1-6 carbon atoms per
alkyl group, -SO3H, -PO3H, or COzH.

h) -SO,R19
wherein

30 R19 is alkyl, alkenyl, or alkynyl containing 1 to 6
' carbon atoms; or an aromatic moiety selected from the
group consisting of phenyl and naphthyl or a
heterocyclic moiety selected from the group consisting
of thiophenyl and quinolinyl or NHCO4R?20 wherein

35 R20 js lower alkyl containing 1 to 6 carbon atoms: or
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21.83, 21.97, 26.47, 26.93, 29.74, 30.79, 31.23, 31.44, 32.79, 33.27,
34.10;-34.59;--5---35-97, 39.12, 39.89, 40.04, 40.66, 41.36, 42.76, 46. 20,
55. 85, : .17, 67.41, 73.97, 74.97, 74.96, 76.81, 83.37,

84. 42, ”mmﬁlu ﬂﬂ”ﬂﬂ" lﬂEG 84, 127.03, 128.66, 130.78, 132.82, 135.61,
136.99, *139. 66, "16Y.40, 172.03, 194.05_,4207.88, 213.99; high resolution
mass spectrum (negative ion FAB) nmfz 941 [(MH); calcd for
Cerr]Herr]NJerr]: 941]. 10 Exanple 7 Synthesis of

C- 22- et hyl - 42- di et hyib gl yci ne rapanycin [err] - 33 - a)

Mono- deprotection of 22-Mgthyl ated Bis-TES [err] Methyl ated Bis-TES
Rapanycin (0.42 g, 0.36 rﬂh)lgi was, dissol ved in a 3:1:1 solution of

HOAc: THF: H err] O. The r ca{CHp;MASRConpl ete by TLC in 10 ninutes and 5
was quenched with NaHC err] and stirred for 10 min. The m xture was
extracted with Et OAc, driedvsf@rn Na[err] S err], filtered and evaporated in

vacuo. The residue was chromat og;;ﬂ%ngm%reséa{c},q@dﬂ@gn 8+ yg@pomgl};&amﬁ%
MBOH CH % rldferr] to yield s or R2! and R?2 together with the nitrogen to
which they are attached form a saturated heterocyclic
ring having 4-5 carbon atoms;
and j = 1-3: or R? and R3 taken together also represent
a biradical of the formula:
10
b))
i i i
= C(CHy) CH(CH,)[CNH(CH,), CH(CH ol C —
NHR?Z R%
wherein
R24 is hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of 7-10
15 carbon atoms, (CHz)pNR25R26, aminoalkyl of 1-4
carbon atoms, hydroxyalkyl of 1-4 carbon atoms,
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4
carbon atoms, alkylthioalkyl of 2-6 carbon atoms,
indolmethyl, hydroxyphenylmethyl, imidazolylmethyl,

20 or phenyl which is optionally mono-, di-, or tri-

substituted with a substituent selected from alkyl of 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, or a carboxylic acid;

25 R?5 is hydrogen, alkyl of 1-6 carbon atoms, or aralkyl of 7-10

carbon atoms;

R23 and R26 are each independently hydrogen, formyl,
alkanoyl of 2-7 carbon atoms, arylalkanoyl of 8-11
carbon atoms, aryloyl, or CO3R?7;

30 , R27 js alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, allyl, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri- substituted with a

- substituent selected from alkyl of 1-6 carbon atoms,
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thyrated Tap (0:37g,-99% yield). 1H NVR (300 MHz, CDCl[err]) 8 0.47 (m 6

: (
5 M & <57 05 T T

H) . H),
231(m2 ‘2.%5%m* 2 H, 2.91 (m 1 H), 3.16 (s, 3 H, 3.21 (m 2 H),
3.29 (s, 3H), 3.36 (s, 3 H, 3.53 (mg 2H), 3.64 (m 1 H, 3.78(m 1H),
3.81 (m 1 H, 4.14 (d, 1H),475(s 1 H, 4.85 (m 1 H, 513 (m 1 H),
54 (m 1 H, 6.07 (m 1H, 2 (m 2H, 6.4 (m 1H. 15 b) Acyl ation
of 22-net hyl ated nono- TES [erCFI]KOWBPWI-@ttcecbonmtom‘fESympanymnm. Mlg6 g, 0.35

| di | ved t hyl (3 eq.,
0721 ) (S et oyt GG Ehbon S, ARG

hydrochl oride (4 eq., 0.27 g)am‘éiﬂﬂrgﬁg'g’%)ém@ i of DI\/AP were added
sequentially to the readtis@d4;whi ch was then allowed to stir overnight. The
reacticon was then dil utelq &Ilth met hyl ene chl ori de and washed with water.
The aqueous phase was extracfed wi th nmet hyl ene chloride. The conbi ned
organics were 5 washednds@d; again with water then dried over
Na[err]STerr], filtered,; @n‘g evaporated in vacuo. The m xture was
chromatographed on silica ﬂel eluted with 1% then 2.5% MeOH/ CH err]d [err]
to provide 42-glycinate %8 o pRd rap (0.12 g, 30%yield). 1H

pis 0-4
10 or a pharmaceutically acceptable salt thereof or a proline
analogue thereof or a pharmaceutically acceptable salt
of a proline analogue thereof.

4, The method according to Claim 3 wherein the induced

15  immunosuppression is used to prevent or treat transplantation rejection or host versus
graft disease.

5. The method according to Claim 3 wherein the induced
immunosuppression is used to treat autoimmune diseases, diseases of inflammation,

20  or hyperproliferative vascular disorders.

6. The method according to Claim 3 wherein the compound is C-22-
methyl-42-dimethylglycine rapamycin.

25 7. A compound of the formula
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H . 3.36%s®
7.41 Hz, 1

NVMR (400 Mz, "COClferr])" 8073 1.06 (comp m 30 H, 1.18-1.81 (conp m 23
m&wﬁ“ 1.82 (s, 3 H, 1.87-2.1 (conp m 4 H)

' (m 2 H), 3.16 (m 2 H, 3.29 (s, 3 H, 3.35 (s, 3

2 3.21-3.37 (conpm 2 H, 3.53(m 2 H), 3.68 (app.t, J =
H), 389(m 2 H, 4.18 (d,-4= 4.1 Hz, 1 H, 474 (m 1 H,
H, 4.92 (m 1 H, 520 (d, J =10.4 Hz, 1 H, 5.40 (dd, J =

4.80 (s, 1
7.0, 7.1 Hz,
7.1, 7.2 H
1126.5 [ (M.

1H) 6.09 (d, J =10.7 Hz, 1 H), 6.22 (m 2 H, 6.42 (dd, J =
Wfrqq} hi gh resol uti on mass spectrum (negative ion FAB) niz

). c&lgeclcy ilﬁﬂ oty ddil, folr-ﬂ%\'@ll@fthl]osl Cy-Clebryddlkyle) G-Cio

Deprotection of 42-gl no- T ‘A Y, panycin

(0.11 g, 0.1 mmol) vvaérybﬂ gb\?@ﬁ’ air#E%!!&ElQ l:y g{)é%ﬂg(grt%?mﬁgfer‘séﬁ

nal gene test tube contmi npnnglaﬂyfsebstmﬂedrb}'ewbamom efvirdogenn Ca-Cretlhoxy e

nal gene tube 1 m of ded to 1 m of dry pyridine
% 1 m of E?&B%I%@ﬁalﬁﬁwgi %i‘%iﬂgét%qt he test tube containing the

substrate at O eRAR artdeR‘ma@acﬂundmgd%lﬂvM@raﬂwrS}Etsm n. then the ice bath

was renoved o?@dpﬁmaée%ﬁaupac& {a%wgm thefdol Tor &t pxroqaénah@llaseeé ahetest boa 2 h.

at OferrJC

The reaction was the CO0 Ol.er V\A y quenched with
NaHCCB. The PHW“H?‘E‘%“&RE‘PQ&S@HO{& PR ﬁ‘é&g with 0.1 N HO,
NaHCJ err], and brine consecutively. The organic phase was dried over

Na[err] ?g err] a@.d evip%rﬁbglﬂld B \AGKP 7 m?chmgwﬁ%l-rapamycin or a

15

20

25

pharmaceutically acceptable salt thereof.

9. A compound of Claim 7 which is C-22-ethyl-rapamycin or a
pharmaceutically acceptable salt thereof.

10. A compound of Claim 7 which is C-22-methyl-C-27-hydroxy-
rapamycinor a pharmaceutically acceptable salt thereof.

11. A compound of Claim 7 which is C-22-ethyl-C-27-hydroxy-rapamycin
or a pharmaceutically acceptable salt thereof.

12. A method of inducing immunosuppression which comprises
administering an immunosuppressive amount of a compound of the formula

wherein
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- 35 ¢ chr omat a gel eluted with 2.5%then 5%

NeOH/ CHerr]d Wﬂﬂmnq w‘“fzz nmet hyl -42-gl ycinate rap (0.043g, 44%
yield). 1R (K $2940 (s), 1730 (s), 1650 (m, 1460 (m, 1375
(w), 1290 (w), 1240 (w), 1190 (w), 1135 (w), 1100 (m, 990 (w), 730 (w); 1H
NVR (400 MHz, CDCl[err]) 8 0.84 (dd, J=_12.1, 12.2 Hz, 1 5 H, 0.89 (d, J
= 5.26 Hz, 3 0.91 (d, J = 5.32 Hz,‘§F|), 1.00 (d, J = 6.56 Hz, 3 H),
1.05 (d, J =1.7 Hz, 3 H, 1.07 (d, J =1.73 Hz, 3 H), 0.87-1.45 (comp m

|_|)
1.
15 H), 1.46- 2.0 3
. 535 (e 6 m%‘fs@f‘é al@%ﬁffv%@s%scﬁ%%“w’ QP a8 5
H, 3.17 (s, 2 wl(*ﬁ? ¢7-Gys aryladlaylihio, cyapy, CizCadlupsoaliyly pr Ce Gy (m 1
., 3.50 2 ,3 1 3 F Rok), 4.22
|(_Dd, 30 5(f7n Hz Qﬂy(?ﬂl@nﬁlly sj:ﬁy?sutﬁteﬂ Bgzogg%lorhhore1 5918%&1( r(r?iociélail) OH) a1
J 5992 M, , 4{‘1 d‘é{ 3G alfapostorey ai“,605(o| J:104Hzl
H, 6. 135(dd J :Rzlwdndkéaﬁ:&drh irdepdndeitlylydropdn od SEEL2. 6, 12.7 Hz,

05 51490y, 357 4 bayghoduldly ollpabi sl 99%&%99%8@1‘%% Shéredt, gfgéo 1

29.77. 30. 9Pphagnacegtically agreptable saB of 3 profine apalogur thezyepfsp. 15 36. 28, 38. 84,
39.66, 39.98, 40. 64 41.32, 42.44, 45 21, 46.25, 55.93, 57.21, 59.009,

5. 43, 98. 06, 1>dsb, HsgmbiodigoChim {oynerdin fisssofipbupdds & 22aghely

167. 86, 1070 ré.ﬁ:,myl:?n?oﬁﬁphahﬁdceﬂﬁcal@&Zcéﬁable’Zs’h& tB&eofhi gh resol uti on mass
spectrum (negative ion FAB) mlz 1012.6 [(M.); calcd for
Cerr]Herr]NJerr]Si: 1012.6].

14.  The method of Claim 12 wherein the compound is C-22-ethyl-

rapamycin or a pharmaceutically acceptable salt thereof.

15 15.  The method of Claim 12 wherein the compound is C-22-methyl-C-27-
hydroxy-rapamycin or a pharmaceutically acceptable salt thereof.

16.  The method of Claim 12 wherein the compound is C-22-ethyl-C-27-
hydroxy-rapamycin or a pharmaceutically acceptable salt thereof.
20
17.  The method of Claim 12 wherein the induced immunosuppression is
used to prevent or treat transplantation rejection or host versus graft disease.

18.  The method of Claim 12 wherein the induced immunosuppression is
25 used to treat autoimmune diseases, diseases of inflammation, or hyperproliferative
vascular disorders.
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-36 - GLAIMB: 1. A conpound of the fornula: [err] wherein R err]
Is Clerr]-Cerr] alkyl, (err]-Clerr] acyl, (err]-Cerr] alkylthio,
Cerr]-Cerr] arylalkyl, C- Cerr] arylthio, err]-Cerr] arylalkylthio,
cyano, (err]-Cerr] fluoroalkyl, or (Jerr]-Clerr] aryl optionally
substituted by one or nore of halogen, (ferr]-Clerr] al koxy, hydroxy,
Clerr][-Cerr] al kanoyl, or cyano; arfd-R[err], R err], and R err] are each
i ndependent|y: a) hydrogen; or b) SiEt[err]; or c) [err] wherein R5 is
hydr ogen, al kyl of 1-6 carbon atons, am noal kyl of 1-4 carbon atons,

aral kyl of 7-10 carbon atons, (CI-l[err])dCCIerr]R[err]
(m[err])eNR[err]CQerr]R[eMMMM of 2-3 carbon at ons,

This invention provides C-22 substituted rapamycin derivatives of the
5 following formulas:

Z
z

or a pharmaceutically acceptable salt thereof or a proline analogue thereof or a
pharmaceutically acceptable salt of a proline analogue thereof which are useful for
inducing immunosuppression and treating transplantation rejection, host vs. graft

10 disease, autoimmune diseases, diseases of inflammation, solid tumors, fungal
infections, adult T-cell leukemia/lymphomas and hyperproliferative vascular
disorders.
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hydr oxyal kyl” of 1-4 carbon atons, guanyl al kyl of 2-4 carbon atons,

mer capt oal kyl "of 1-4 carbon atomns, alkylthioalkyl of 2-6 carbon atons,
i ndol yl met hyl , - 37 - hydroxyphenyl nmet hyl, im dazoyl nmethyl or phenyl
which is optionally mono-, di- or tri-substituted with a substituent
selected formal kyl of 1-6 carbon atons, al koxy of 1-6 carbon atons,

hydroxy, cyano, halo, nitro, carbal koxy ofl2-7 carbon atomns,

T voromet iyl @3 8% 0, SO 6 Gk LRkl B00, R ) are each

i ndependent | y, hydroger—atky
carbon atons. Rerr], Rerr], and E! err] are each, independently, alkyl of
1-6 carbon atons, aral kyl of 7-1 [ Jogurgor enyl net hyl , or phenyl
which is optionally nono-, di-, or tri-substituted with a substituent
sel ected from al kyl of at ons, koxy of 1-6 carbon atons,
hydr oxy, cyanq, . hal o, ni]ﬁh?so?l@égfr%gg%qg %&5 Qubﬁﬁ%%@ﬁamygimiedvadves of the
trifluor orrét hg‘Pl,lo“éEﬁg fymudys:

OMe

or a pharmaceutically acceptable salt thereof or a proline analogue thereof or a
Phannaceutically acceptable salt of a proline analogue thereof which are useful for
1r.1ducing immunosuppression and treating trans;.nlantation rejection, host vs. graft
10 disease, autoimmune diseases, diseases of inflammation, solid tumors, fungal

infections, adult T-cell leukemia/lymphomas and hyperproliferative vascular
disorders.




a carboxylic acid; ais 0-4;, bis 0-4;, cis 1-2; dis 04; e is O-4uzshgarei n
Rlerr], Rerr], a and b are independent in each of the [err] subunits when
c =2; or d -CONH(CRerr]R[err])f-X wherein Rerr] and R err] are each,

i ndependent |y, hydrogen, alkyl of 1-6 carbon atons, aral kyl of 7-10 carbon
atoms, cycloal kyl of 3-8 carbon atons, hal ogen...or. trifluoronethyl; X is

hydrogen, |ower alkyl of 1-6 carbon atdhs, cyclé{dwmmﬁsﬁéépfn W
trifluoronethyl, nitro, alkoxy of 1-6 carbon [at ﬁﬁzﬁﬁbﬂ@ﬁi%ﬁw,z% el 7

carbon atons, aral kyl of 7;:1@ garbon atons, hal!'i?éal‘zz@lziﬂ@sl)ky[ JeRQ, O, ;1’6 P
carbon atons per al kyl group, thioalkyl of 1-16 LeBERAR@) OFyg O 9;1"‘3‘:‘?;‘3"-a
phenyl group which may be tisOtnal |y mono-, dif3 /0%4f1 -5 dgggi't‘lf{’éﬁ’&g‘“ -----

cist2: | e to paged .....
d is 0-4; DATE GF RECEIPT...BH(N... ...
5 e is 0-4; :
wherein

R3, RS, a, and b are independent in each of the

lél(CHz)a(‘ZH(CHZ)bI\{
R® RS
subunits when ¢ = 2;0r
10
d.) -CONH(CR1IR12)p-X
wherein
R11 and R!2 are each, independently, hydrogen, alkyl of 1-6
carbon atoms, aralkyl of 7-10 carbon atoms, cycloaltkyl
15 of 3-8 carbon atoms, halogen, or trifluoromethyl;
X is hydrogen, lower alkyl of 1-6 carbon atoms, cycloalkyl of
3-8 carbon atoms, trifluoromethyl, nitro, alkoxy of 1-6
carbon atoms, carboalkoxy of 2-7 carbon atoms, aralkyl
of 7-10 carbon atoms, halo, dialkylamino of 1-6 carbon
20 atoms per alkyl group, thioalkyl of 1-6 carbon atoms, or
Y;
Y is a phenyl group which may be optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6
carbon atoms, aralkyl of 7-10 carbon atoms, alkoxy of
25 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of 2-7
carbon atoms, trifluoromethyl, dialkylamino of 1-6
carbon atoms per alkyl group, alkylthio of 1-6 carbon
atoms, SOs3H, PO3H, or CO,H;
f=0-5;
30 with the proviso that when f = 0, X is lower alkyl of 1-6 carbon
atoms, cycloalkyl of 3-8 carbon atoms, aralkyl of 7-10
carbon atoms, or Y; or
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with a group selected fromal kyl of 1-6 carbon atons, - 38 - aral kyl of
7-10 carbon atons, al koxy of 1-6 carbon atons, cyano, halo, nitro,

car bal koxy of 2-7 carbon atomns, trifluoronmethyl, dialkylamno of 1-6 carbon
atons per al kyl group, alkylthio of 1-6 carbon atons, SOerr]H PJerr]H,
or CJerr]H, f=0-5; with the proviso that when f = 0, X is |ower alkyl of
1-6 carbon atoms, cycloalkyl of 3-8 carboe_atons, aralkyl of 7-10 carbon
atons, or Y; or e) [err] wherein Rerr] is a nono-, di-, poly-, or
per-fluorinated al kyl group of 1-10 carbon atonms, or f) [err]

e.)
0
] 13
5 -CR
wherein
R13 is a mono-, di-, poly-, or per-fluorinated alky! group of 1-
10 carbon atoms; or
10
f)-
0l otants
15 -C-X*-C-NR"R
wherein

X1is -(CHp)g- or -Ar-;
R14 and R15 are each, independently, hydrogen, alkyl of 1-12
20 carbon atoms, -(CH2)y-Ar, -(CH,);-NRI6R17, or
-(CHz)i-N+R15R17R13Y1-;
R16 and R17 are each, independently, hydrogen, alkyl of 1-12
carbon atoms, or -(CHp)p-Ar;
Ar is an optionally mono- or di-substituted group selected from
25
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Xerr] is -(CHerr])g- or -Ar-;Rerr] and R err] are each, independently,
hydr ogen, al kyl of 1-12 carbon atons, -(CH2)h-Ar,

-(CHerr])i-NRlerr]Rerr], or -(CHerr])i-N+Rlerr]Rerr]Rerr]y[err]-; R16
and R17 are each, independently, hydrogen, al kyl of 1-12 carbon atons, or
-(CH2)h-Ar; Ar is an optionally nono- or di-substituted group selected from
-39- [err] in which the optional substitfents are selected fromthe group
consi sting of alkyl of 1-6 carbon atons, aral kyl of 7- 10 carbon atons,

al koxy of 1-6 carbon atons, cyano, halo, nitro, carbal koxy of 2-7 carbon
atons, or perfluoroal kyl of 1-6 carbon atons; R18 is alkyl of 1-6 carbon

atons; Y[err] is a halide, sul#¥a pho e, 0 $.0l sul f onat e ani on;
g =1-6; h=1-6; i= 1-6; or _I ;A
N # N

/N
R18 Y-

S
N
g Y
in which the optional substituents are selected from the
S group consisting of alkyl of 1-6 carbon atoms, aralkyl
of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, or
perfluoroalkyl of 1-6 carbon atoms;
R18 is alkyl of 1-6 carbon atoms;
10 Y1 is a halide, sulfate, phosphate, or p-toluenesulfonate anion;
g=1-6;
h = 1-6;
i=1-6; or

15 g.) -CONHSO0;-Ar!
wherein
Arl is phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl,
quinoxalyl, thienyl, thionaphthyl, furyl, benzofuryl,
benzodioxyl, benxoxazolyl, benzoisoxazolyl, or
20 benzodioxolyl; wherein the Ar group may be optionally
mono-, di-, or tri-substituted with a group selected from
alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
25 amino, dialkylamino of 1-6 carbon atoms per alkyl
group, alkylthio of 1-6 carbon atoms, -SO3H, -POsH, or
COH;
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g) -CONHS( err]-Arl wherein Ar[err] is phenyl, naphthyl, pyridyl, quinolyl,
I soqui nol yl, quinoxalyl, thienyl, thionaphthyl, furyl, benzofuryl,

benzodi oxyl, benxoxazolyl, benzoi soxazolyl, or benzodi oxolyl; wherein the
Arl group nay be optionally nono-, di-, or tri- substituted with a group
sel ected fromal kyl of 1-6 carbon atons,-7aryl al kyl- of 7-10 carbon atons,

al koxy of 1-6 carbon atons, cyano, halo, nitro, carbal koxy of 2-7 carbon
atonms, trifluoronethyl, am no, dialk Ianino,oi 1-6 carbon atons per alkyl

6
group, alkylthio of 1-6 carbon atbf@namagseuticajly acc $alithersp!l whenethe] H;
-40- or a pharmaceutically accepmb%]reupftlohtaid%eﬂ Qﬁiicwﬁﬁﬂ%énhér Mhén RO UR
contains a basic nitrogen or when_the

. Ar roup, is.substi.tut y :
di al kyl ami no of 1-6 carbon at ons 8f3P i ?&Slplsg%‘rtedﬁBy d‘%&'@WT%P?ﬂ%‘éﬁbPPH, or
CJerr]H h) -SOerr]Rerr] atoms per alkyl group, -SO3H, -PO3H, or CO;H.

5
h) -SO,R19
wherein
R19 is alkyl, alkenyl, or alkynyl containing 1 to 6
carbon atoms; or an aromatic moiety selected from the
10 group consisting of phenyl and naphthyl or a
heterocyclic moiety selected from the group consisting
of thiopheny! and quinolinyl or NHCO;R20 wherein
R20 js lower alkyl containing 1 to 6 carbon atoms;

15 i)

0
— C(CH,;NR?'R*
wherein

R2! and R?2 are each hydrogen or alkyl of 1-3 carbon

atoms or R2! and R22 together with the nitrogen to
20 ' which they are attached form a saturated heterocyclic

ring having 4-5 carbon atoms;

and j = 1-3: or RZ and R3 taken together also represent

a biradical of the formula:

25 j)
I ! 7
~ C(CH;),CH(CH,) [CNH(CH,), GH(CH,) JnC —

NHR23 R24
wherein
R24 is hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, (CH2),NR25R26, aminoalky] of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon
30 atoms, guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms,
alkylthioalkyl of 2-6 carbon atoms,
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‘wherein Rlerr] is alkyl, alkenyl, or alkynyl containing 1 to 6 carbon

atons; or an aromatic noiety selected fromthe group nsi sting -of--phenyl
err] wherein l@

and naphthyl or a heterocyclic noiety selected fromt M ﬂ"ﬂ'mmu ng of
t hi ophenyl and- qui nol i nyl or NHCo[ err]_l%[6 r , ul kyl
containing 1 to 6 carbon atons; or i) [€rr] wherein Rerr] and "R érr} are
each hydrog-&ﬁ—Mial kyl of 1-3 carbon atons or R err] and R err] together
with the nitrogen to which they are attached forma saturated heterocyclic
ring having 4-5 carbgn atons; and j = 1-3: or Rerr] and R err] taken

t oget her al'so repres ﬁPW°M¢q§P%f8Pn‘SP: the formula: i) [err] wherein Rlerr]
I s hydrogen, alkyl of 1-6 carbon atons, arylal kyl of 7-10 carbon atons,
(CHerr])pNR err] R[err]omm noal kyl of 1-4 carbon

Ia Ib

wherein :
R1is C;-Cg alkyl, Co-C7 acyl, C1-Ce alkylthio, C7-Cy¢ arylalkyl, Cq-
Cjg arylthio, C7-Cj¢ arylalkylthio, cyano, C1-Cg fluoroalkyl, or C¢-Cp aryl optionally
substituted by one or more of halogen, C;-Cg alkoxy, hydroxy, C2-C7 alkanoyl], or
cyano; and

R2, R3, and R4 are each independently:

a) hydrogen; or
b) SiEts; or
c)

]
-| C(CH,CHCH)WN | (COR’
R’ RS

wherein
R is hydrogen, alkyl of 1-6 carbon atoms, aminoalkyl of 1-4 carbon
atoms, aralkyl of 7-10 carbon atoms, -(CH3)¢CO,RS,
-(CH)eNRICO,R 10, carbamylalkyl of 2-3 carbon atoms,
hydroxyalkyl of 1-4 carbon atoms, guanylalkyl of 2-4
carbon atoms, mercaptoalkyl of 1-4 carbon atoms,
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl,
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‘atorf's, hydr oxyal kyl of 1-4 carbon atons, guanyl al kyI car E)on atoms
nmer capt oal kyl of 1-4 carbon atons, al kyI t hi oal kyl U
i ndol met hyl , hydroxyphenyl net hyl , i m dazol yl net hyl,

optionally nmono-, di-, or tri- substlt ;ed with a. substltuent sel ected from
al kyl of 1-6 carbon atons, al koxy 41 - of 1-6 carbon atons, hydr oxy,

cyano, halo, ntro, carbal Kooy $°s§>@%nﬁﬂ B Ry B pRATp o o
aral kyl of 7-10 carbon atons:; drognallydanaroe diras teizsuhstitead pithdeswbstipueny dr ogen,

fornyl, al kanoyl of 2-7 car bo k f t ons,
aryl oyI, or CJerr]Rerr]; RZ;ke?g@dg%rﬂl #ladf ﬁ@%‘gtbognatgl-{%#émg%pa Kyl of

7-10 carbon atons, allyl, fl udia@ﬁi}la hlydroxgy cyaRan ?Ovﬂ'if‘E’I”FaF@“‘GfSY pbnal | y
mono-, di-, or tri- substitut €17 varbdn aorsummudrmtﬁahyl$&1h1ﬁ©t@:Ohcarboxyhc

acid.

R6 and R? are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
or aralkyl of 7-10 carbon atoms.

R7, R8, and R10 are each, independently, alkyl of 1-6 carbon atoms,
aralkyl of 7-10 carbon atoms, fluorenylmethyl, or phenyl
which is optionally mono-, di-, or tri-substituted with a
substituent selected from alkyl of 1-6 carbon atoms, alkoxy
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or
a carboxylic acid;

ais0-4;

bis 0-4;

cis 1-2;

dis 0-4;

e is 0-4;

wherein
R3, RS, a, and b are independent in each of the

H
C(CH,).CH(CH,)N
R’ RS

subunits whenc=2; or

d) -CONH(CRIR12)p-X
wherein
R1! and RI2 are each, independently, hydrogen, alkyl of 1-6 carbon
atoms, aralkyl of 7-10 carbon atoms, cycloalkyl of 3-8
carbon atoms, halogen, or trifluoromethyl;

X is hydrogen, lower alkyl of 1-6 carbon atoms, cycloalky! of 3-8 carbon
atoms, trifluoromethyl, nitro, alkoxy of 1-6 carbon atoms,
carboalkoxy of 2-7 carbon atoms, aralky!l of 7-10 carbon atoms,
halo, dialkylamino of 1-6 carbon atoms per alkyl group,
thioalky! of 1-6 carbon atoms, or Y;

Y is a phenyl group which may be optionally mono-, di-, or tri-substituted

with a group selected from alkyl of 1-6 carbon atoms,
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from al kyl of 1-6 carbon atons, al koxy of 1-6 carbo e, hydroxy;- cyano,
hal o, nitro, carbal koxy of 2-7 carbon atons, trifl ugml !’”ﬂmf’ or a
carboxylic acid; kis 0-4; 1is 0-4;, mis 0-1; n is U% Y ] m1d pis
0-4 or a pharnmaceutically acceptable salt thereof or a proline anal ogue

t hereof or a pharnmaceutically acceptable salt of a proline anal ogue

t hereof. 2. A conpound of the for#hia la or Ib as claimed in aim1
wherein Rerr] is as defined in Claim1 and R err], Rerr] and Rerr] are
each independently hydrogen or SiEt3; or a pharnaceutically acceptable salt
t hereof or a proline anal ogarlkyhef &dP carboa apimas, mtkoxytof deff ¢aybacatems,abl e sal t
of a proline anal ogue thereg ano:,)"hal

0 1! i LS
C- 22- et hyl - 42- di met hyl gl ycihe rapaoﬁy@itr%.’ @Mﬁog (??n%gl%%béﬁ] %#’m 2 whi ch
is C22-methyl -rapanycin or trilysemeiyb ylinlkslanying cfe bfatdreors atomst par eof . 5.

RSP S & B £op CP kS s o GRTR find SOAROR oo 1Y
or COoH;
f=0-5;
with the proviso that when f = 0, X is lower alkyl of 1-6 carbon atoms,
cycloalkyl of 3-8 carbon atoms, aralkyl of 7-10 carbon
atoms, or Y; or |

e)
0

CR13
wherein
R13 is a mono-, di-, poly-, or per-fluorinated alkyl group of 1-10
carbon atoms, or

f)

W ]
-C-X-C-NRMRP wherein

X1 is -(CHp)g- or -Ar-;R14 and R!5 are each, independently,
hydrogen, alkyl of 1-12 carbon atoms, -(CHa)p-Ar,
-(CH2);-NR16R17, or -(CH2);-N+RI6R1TR18Y1L.,

R16 and R17 are each, independently, hydrogen, alkyl of 1-12
carbon atoms, or -(CH2)p-Ar;

Ar is an optionally mono- or di-substituted group selected from
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6. A compound of Claim2 which is C 22-nethyl -C 27

a pharmaceutically acceptable salt thereof. -42 - H'ﬁ“”ﬂﬁﬂﬂﬁﬂﬂﬂﬂ
Claim2 which is G 22-ethyl-C 27-hydroxy-rapanyci n or & phannaeeuti ca
acceptabl e salt thereof. 8. Use of a_conpound as clainmed in any one of

Claims 2 to 7 in the preparation of a'n%?ji’carrgnt for inducing

-n or
of
ly

| mmunosuppr essi on. 9. Use_according.to Claim8 erein the induced
| mmunosuppression i s used {(br vent ran ' rejection or
host versus graft di sease—430. U ding [to [ ein the
I nduced i nmunosuppr essi on us2d tda L asés, diseases of
I nfl ammati on, or hyperproliferative va | a~~di sor der& 11.$ Use according
to Claim 8 wherein the conpound is C 22-nethyl-42- di nmet hyHgl yci ne
rapamycin. 12. A pharmaceutjcal conposition conprising a conpound as
claimed in Caim1l and a phaf euti rri : phar maceuti cal
conposition which conpris a cqnpquhd of |t heflf o la I a orrlb as cl ai nred
inGMnHJMHeRMH]is@§ fW*Li ainl a Nerﬂ Rlerr] and
Rlerr] are each N N s N
/ _
RIS Y-
@\
P
S /}q
Rl8 Y-

in which the optional substituents are selected from the
group consisting of alkyl of 1-6 carbon atoms, aralkyl of 7-
10 carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo,
nitro, carbalkoxy of 2-7 carbon atoms, or perfluoroalkyl of
1-6 carbon atoms;

R18 is alkyl of 1-6 carbon atoms;

Ylisa halide, sulfate, phosphate, or p-toluenesulfonate anion;

g=1-6;

h=1-6;

i=1-6;0r

g) -CONHSO,-Arl
wherein

Arl js phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl,
thienyl, thionaphthyl, furyl, benzofuryl, benzodioxyl,
benxoxazolyl], benzoisoxazolyl, or benzodioxolyl; wherein
the Arl group may be optionally mono-, di-, or tri-
substituted with a group selected from alky!l of 1-6 carbon
atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6
carbon atoms, cyano, haio, nitro, carbalkoxy of 2-7 carbon
atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon
atoms per alkyl group, alkylthio of 1-6 carbon atoms,
-SOsH, -POsH, or COH;
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i ndependent |y hydrogen or SiEt3; or a phar maceutically acce
thereof or a proline anal ogue thereof or a phar naceut ll} salt
of a proline anal ogue thereof and a pharnaceuti cal ac

A conposition according to Caim 12 whereipn_the corrpound |s C—22 met hyI
rapanmycin or a pharmaceutically acceptable salt -thereof. 15.

conposi tion according to d ai mﬁapm&uﬂcﬂh&ce@mm th&e@ﬂﬂﬁneﬁml-
rapamnmycin or a pharnaceuti cal Inéiaccegfaabl sal t.. t hereaq

conposi ti on according to d ai me1IZPR aﬁ‘@ 1 8LPﬁdvqe§j(%§’2]-§B%§fl -C

27- hydroxy-rapanycin or a phar lsdrsaunedcwm;rlkylammaﬁ)l-é csibbh atohwipenilkyll7. A
penaixy

conposition according to d ai m flo% . Pgﬁgﬁund Is C22-ethyl-C 27-

hydr oxy- r apamnyci n or har Pl y’acéepf’ salt thereof. 18. A

process for the prepah)agﬁdﬁ of a conpound as claimed in claim1 which
conprises one of the foll Guieag (|) al kylating or acylating at the C22
position a corrpound of the for é [(errlL or a proline anal ogue thereof,
wherein Rlerr]' and Rlerr]' ar& acHkyly 2 ?W%nqﬂyxnylmtﬁnaa lde @ carhong agent

of the fornula RaCHO or RbCOhalatos; B@nﬁ%roﬁﬁuﬁ%&@'seﬁeteﬁoﬁb’rﬁ the/ grduge or

ReS- SRe, wh | kyl of
1e§ cgr gon a'? (r)ﬁ;;n EE‘ 's alky gons}stmg 6fp hen?l aarlxtcl%aphth?]r %aheterocya%rrgc?ileéyl of

selected from the group consisting of thiophenyl and
quinolinyl or NHCO2R20 wherein R20 is lower alkyl
containing 1 to 6 carbon atoms; or

i)
0
— C(CH,;NR*'R?

wherein
R2! and R22 are each hydrogen or alkyl of 1-3 carbon
atoms or R21 and R22 together with the nitrogen to which
they are attached form a saturated heterocyclic ring having
4-5 carbon atoms;
and j = 1-3: or R2 and R3 taken together also represent a
biradical of the formula:

i
Q 3
- C(CH;,_)kCH(CH;)I[CNH(CHz)nCH(CHz)o]mC —~
NHR23 R24

wherein

R24 is hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of 7-10
carbon atoms, (CH2),NR25R26, aminoalky! of 1-4 carbon
atoms, hydroxyalkyl of 1-4 carbon atoms, guanylalkyl of
2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms,
alkylthioalkyl of 2-6 carbon atoms, indolmethyl,
hydroxyphenylmethyl, imidazolylmethyl, or phenyl which
is optionally mono-, di-, or tri- substituted with a
substituent selected from alkyl of 1-6 carbon atoms, alkoxy
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S allkyl of 1-6 carbon atons, RC is alkyl of 1-6 carg u Ikl yl
of 7-16 carbon atons or fluoroal kyl of 1-6 carbon at ml,"mm"“"ﬂll[ I“of 1-6
carbon atons, arylalkyl or aryl, Re is alkyl of 1-6 cdr bén at ohs,s aryl, or
aryl akyl, and hal is chlorine or bronm ne; %g gi ve a correspondi ng conpound

of the fornmula Ib, wherein R[errpk are triethyl silyl and, if desired,
renovi ng one or nore of the protéctOngargewgiems,( hijroxgdeyamy kaloompeynd of

the forrmula [err] -44 - or acpbalkb @nﬂ&g&,eat&ggr ﬁﬁ‘@l rlei re]"
and Rlerr]' are each triethylsilyl to*}e?v,e_a corrpounéﬁg‘;or?or_ﬁ){n an%f’fga.’{[o\?herel n
Rlerr] and Rerr] are triethyl sicgPOXy 3R i s hydrogen and, if desired,

renoving one or nore of theR¥risthgdiokary akyd6PI:6 Sirbén hﬂo}nsaéb’érﬁﬂ(&g?feﬁl? are

compound of the fornula la or Ih as defined in Claim1 wherein
as defined in Claim1 providi ngc?rﬁgﬂ g&'fns’l east one of Rlerr] is hydrogen,
with a conpound of the for R andR¥ we cahimptrdestydeidroeh, foenyl heka6§1 opher ei n

: LT , . \ el in
Gaim1 to give a correspond: hg cprsstndiche dhubkendyl ¥4l ghreog gk el n
one or nore of R24 has a val ue éfylay q‘rFQaB%e, and, if desired, renoving
any R27 is alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms,
allyl, fluorenylmethyl, or pheny! which ig optionally
mono-, di-, or tri- substituted with a substituent selected
from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7
carbon atoms, trifluoromethyl, amino or a carboxylic acid;
k is 0-4;
lis 0-4;
mis0-1;
nis 0-4;
o is 0-4; and
pis 0-4

or a pharmaceutically acceptable salt thereof or a proline analogue
thereof or a pharmaceutically acceptable salt of a proline
analogue thereof.

2. A compound of the fcrmula Ia or Ib as claimed in Claim 1wherein R1 is as
defined in Claim 1 and R2, R3 and R# are each independently hydrogen or SiEts; or a
pharmaceutically acceptable salt thereof or a proline analogue thereof or a
pharmaceutically acceptable salt of a proline analogue thereof.

3. A compound of Claim 1 which is C-22-methyl-42-dimethylglycine rapamycin.

4. A compound of Claim 2 which is C-22-methyl-rapamycin or a pharmaceutically
acceptable salt thereof. '

5. A compound of Claim 2 which is C-22-ethyl-rapamycin or a pharmaceutically
acceptable salt thereof.

6. A compound of Claim 2 which is C-22-methyl-C-27-hydroxy-rapamycin or a
pharmaceutically acceptable salt thereof.
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Claim1 providing at |least one of Rlerr] is hydrogen

formula OCN-SOerr] Ar or OCN- (CR[err] R #r])nx to.give & d:orr“es ond| ng
conpound of fornmula la or Ib and, if desfred, renoving any triethylsilyl
group present; or (v) sulfonating a conpound of the fornula la or Ib as
defined in daim1 wherein Rlerr] are as defined in Caim1l providing at

| east one of R err] is hydrogen, with a conpound of fornula

Rl err] SO er 7] hal AOdSoxﬁ @drdf%ﬁﬂi 2] whiel ri§ ©-22-ethyl-C-27-hydroxy-rapamycin or a
R[err]OCO\ISC%err% g/ %ﬁ%ﬁr{?}\ﬁgﬁ( |n hal is a hal ogen such as chlorine
or bronine BHI™4 IS % p and R err] and R err] are as defined
in Caiml and, |f deS| red, renoving any triethylsilyl group present; or

(vi) conver%i ng Flsé)gﬂ goxfﬁbbgpgh'@g lﬁxfeii?] é/ofn”gf@adnsiﬁo égth%%reparauo}l pito

a pharmaceut’i cal I'y" accéptabl e”sa or Vicé‘ve
medicament for inducing immunosuppression.

'trié't hyl silyl protecting group present; or (iv) carbamtatinga ind of
the formula la or Ib as defined in Caiml wherein R[e‘m““mmmgwﬁm%d I n

9. Use according to Claim 8 wherein the induced immunosuppression is used to
prevent or treat transplantation rejection or host versus graft disease.

10.  Use according to Claim 8 wherein the induced immunosuppression is used to
treat autoimmune diseases, diseases of inflammation, or hyperproliferative vascular
disorders.

11.  Use according to Claim 8 wherein the compound is C-22-methyl-42-
dimethylglycine rapamycin.

12. A pharmaceutical composition comprising a compound as claimed in Claim 1
and a pharmaceutical carrier.

13. A pharmaceutical composition which comprises a compound of the formula Ia or
Ib as claimed in Claim 1 where R1 is as defined in Claim 1 and R2, R3 and R# are each
independently hydrogen or SiEt3; or a pharmaceutically acceptable salt thereof or a
proline analogue thereof or a pharmaceutically acceptable salt of a proline analogue
thereof and a pharmaceutical acceptable carrier.

14. A composition according to Claim 12 wherein the compound is C-22-methyl-
rapamycin or a pharmaceutically acceptable salt thereof.

15. A composition according to Claim 12 wherein the compound is C-22-ethyl-
rapamycin or a pharmaceutically acceptable salt thereof.

16. A composition according to Claim 12 wherein the compound is C-22-methyl-C-
27-hydroxy-rapamycin or a pharmaceutically acceptable salt thereof.

17. A composition according to Claim 12 wherein the compound is C-22-ethyl-C-27-
hydroxy-rapamycin or a pharmaceutically acceptable salt thereof.
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18. A process for the preparation of a compound as claimed in claim 1 which
comprises one of the following:

(1) alkylating or acylating at the C22 position a compound of the formula:

or a proline analogue thereof, wherein R?' and R3" are each triethylsilyl, with an acylating
agent of the formula R3CHO or RPCOhal or R¢-hal or R3S-hal or tosyl cyanide or ReS-
SR, wherein R? is alkyl of 1-5 carbon atoms, aryl or fluoroalkyl of 1-5 carbon atoms, RP
is alkyl of 1-6 carbon atoms, R¢ is alkyl of 1-6 carbon atoms, arylalkyl of 7-16 carbon
atoms or fluoroalkyl of 1-6 carbon atoms, R is alkyl of 1-6 carbon atoms, arylalkyl or
aryl, Re is alkyl of 1-6 carbon atoms, aryl, or arylakyl, and hal is chlorine or bromine; to
give a corresponding compound of the formula Ib, wherein R2-3 are triethylsilyl and, if
desired, removing one or more of the protecting groups;

(i) reducing a compound of the formula
OMe
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or a proline analogue thereof, wherein R2' and R3' are each triethylsilyl to give a
compound of formula Ia wherein R? and R3 are triethylsilyl and R is hydrogen and, if
desired, removing one or more of the protecting groups; or

(iif) acylating a compound of the formula Ia or Ib as defined in Claim 1
wherein R2-3 are as defined in Claim 1 providing that at least one of R2-3 is hydrogen,

with a compound of the formula
HOA

or a reactive derivative thereof wherein A is one of the definitions c); e), f), i), orj), as
defined for R2-4 in Claim 1 to give a corresponding compound of the formula Ia or Ib
wherein one or more of R2-4 has a value c) to j) above, and, if desired, removing any
triethylsilyl protecting group present; or )

(iv) carbamylating a compound of the formula Ia or Ib as defined in_
Claim 1 wherein R2-4 are as defined in Claim 1 providing at least one of R2-4 is

hydrogen, with a compound of formula
OCN-SO,Ar or OCN-(CR!IRI2),X

to give a corresponding compound of formula Ia or Ib and, if desired, removing any
triethylsilyl group present; or

(v) sulfonating a compound of the formula Ia or Ib as defined in Claim 1
wherein R2-4 are as defined in Claim 1 providing at least one of R24 is hydrogen, with a
compound of formula
R19S05hal or (R19502),0 or R200CONSO,N+(alkyl)s
wherein hal is a halogen such as chlorine or bromine and alkyl is an alkyl group and R19
and R20 are as defined in Claim 1 and, if desired, removing any triethylsilyl group
present; or

(vi) converting a basic compound of the formula I as claimed in claim 1
to a pharmaceutically acceptable salt thereof or vice versa.
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