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15 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
20 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.

25 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 eryﬂaematoéus [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)], smooth muscle cell proliferation and intimal thickening

30 following vascular injury [Morris, R. J. Heart Lung Transplant 11 (pt. 2): 197 (1992)],
adult T-cell leukemia/lymphoma [European Patent Application 525,960 A1}, and ocular
inflammation [European Patent Application 532,862 A1].

Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43
positiohs) have been shown to be useful as antifungal agents (U.S. Patent 4,316,885)

35 and used to make water soluble aminoacyl prodrugs of rapamycin (U.S. Patent
4,650,803). Recently, the numbering convention for rapamycin has been changed;
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wherein R and R! are each, independently, =~ — C—(CHy), (CHy),R

R? R3

— !(‘J— (CHz)mﬁ< R , or hydrogen;
10 . R® R®
R2 and R3 are each, independently, alkyl of 1-6 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, or R2 and R3 may be taken together
to form a cycloalkyl ring of 3-8 carbon atoms;
R# is a heterocyclic radical of 5-12 atoms having at least one N, O, or S, which may be
15 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, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
trifiuoromethoxy, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,



[$err]~ [err] wherein R and Rl are each, independently,
R2 R3 [err] , or hydrogen; 10 Rlerr] and R err]

are each, independently, alkyl .of 1-6 carbon atons, arylalkyl in which the

al kyl portion contains 1 to 6 carbon atons, or R err] and R err] may be
t aken toget her to forma cyclgalkyl ring of 3-8 carbon atomns;
R4 is a heterocyclic radical of 5-12 atons having at |l east one N, O or S,

which may be 15 jioxyalkcfPéf 232! dayboiBiOms, ﬂicylthiﬁrcftlr-é cafRSitbind! oyt h_a
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5 at least one N, O, or S, which may be optionally mono-, di-, or tri-substituted
with a group selected from alkyl of 1-6 carbon atoms, aroyl of 3-11 carbon
atoms, and perfluoroalkyl of 1-6 carbon atoms;
k=01,
m=0-1;
10 n=1-6
with the proviso that R and R! are not both hydrogen, or a pharmaceutically accep-table
salt thereof.

The pharmaceutically acceptable salts are those derived from such inorganic
15  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 as: acetic, lactic, citric, tartaric, succinic, maleic, malonic, gluconic,
hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and similarly

20  known acceptable acids.

It is preferred that the heterocyclic radical defined in R4 be an unsaturated or
partially saturated heterocyclic radical of 5-12 atoms having 1 ring or 2 fused riﬁgs.
Preferred heterocyclic radicals include unsaturated heterocyclic radicals such as furanyl,

25 thiophenyl, pyrrolyl, isopyrrolyl, pyrazolyl, imidazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,2-dithiolyl, 1,3-dithiolyl, 1,2,3-oxathiolyl, isoxazolyl, oxazolyl,
thiazolyl, isothiazolyl, 1,2,3-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl,
1,2,3,4-oxatriazolyl, 1,2,3,5-oxatriazolyl, 1,2,3-dioxazolyl, 1,2,4-dioxazolyl,
1,3,2-dioxazolyl, 1,3,4-dioxazolyl, 1,2,5-oxathiazolyl, 1,3-oxathiolyl, 1,2-pyranyl,

30 1,4-pyranyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,2,4-triazinyl, 1,2,3-triazinyl, 1,2,4-oxazinyl, 1,3,2-oxazinyl, 1,2,6-oxazinyl,
1,4-oxazinyl, isoxazinyl, 1,2,5-oxathiazinyl, 1,4-oxazinyl, o-isoxazinyl, p-isoxazinyl,
1,2,5-oxathiazinyl, 1,2,6-oxathiazinyl, 1,3,5,2-oxadiazinyl, azepinyl, oxepinyl,
thiepinyl, 1,2,4-diazepinyl, benzofuranyl, isobenzofuranyl, thionaphthenyl, indolyl,

35 indolenyl, 2-isobenzazolyl, 1,5-pyrindinyl, pyrano[3,4-b]pyrrolyl, benzpyrazolyl,
benzisoxazolyl, benzoxazolyl, anthranilyl, 1,2-benzopyranyl, quinolinyl,



- 3- al koxyal kyl of 2-12 carbon atons, alkylthio of 1-6 carbon

atons; -S(err]H, -PdJerr]H and -CJerr]H, R5 is al kyl
of 1-6 carbon atonms or arylal kyl of 7-10 carbon atons; Rlerr] and
Rlerr] are taken together to forma saturated heterocyclic ring of 4-8

at ons havi ng 5 at | east one N O or S, which nmay be optionally
nono- , -, or tri-substituted with a group selected from

al kyl of 1- a o) 1 I and
Sertl uor oal %ﬂ‘?ﬁ‘ﬁ@ﬂ{l}l Eﬂﬁ%gn?]f %’dm@ioli%yi‘ ﬁﬁxtlg;}giulyl pyrido[3,4- &]@ﬁﬁ%yl _
1-6; puiride ¢ Seblnysidiapl, t ﬁﬁfldR[Zaﬁcb]RD’sdrqyl,arle3ﬂobcmzhzw&r dgé?- or a

phar maceut 'b%ﬂ%%zﬂ'@@ e EtfﬁprEnzoxazmy? ‘?% ] ﬁ] gerlz §£z1n¥/ -ben msoxagmyTh .4-

pharmaceutically a erl rom such_1’nor gani c 15

cati ons su&%nﬁgw%ayhﬁar y@@ﬂs@mm %aarﬂﬂby safugated m@cm ssigetedas
mono-, gi- ,froi\xlilﬁhe List abovérAﬂldfme e@haé cfic ﬁ.ﬂidamom,xeasﬁsneebhmb group

and nono a I am nes, of 1-6 carbon ons per
al kyl gr ou;?"n‘émgﬂ\eﬁéhq h%@mgha@ﬁi#l@fg y satuggied, P%?rgfaﬂ‘ie@fé}& ‘?:‘%[
acetic, | achd gnsagirdted fing SystdnR is saturated; thd aruanyedaemed hetkreniclic r@dwu:l@ﬁnc

hyd hl dr | ; i
ana 5im Byl L IRER aolETARRC T 4 b, £ anvearfbe;@afgqgggygm c,
that the hebsiti At s i
pa?t | al gy gg&%ﬁﬂ etemtgcsy rahﬁ Irq;gdgu}lgfgfr QIrmWa Bp\ﬁﬁg mrrmnga

S. ?’h@ﬁe{)‘? ed&h & ocy ?e e ungip

fused ring eterocycfic ra |ca |nc
het er ocycl ipyrazaeylc atiazisyle rpyazgndwbnwndazmyl md@)mhéln)ﬂyfaq@}'ylr @uu;qolmy 1

| sopyrrolyl crd%ya@%ﬂm& i, Thd 8ghitblingt. Dydidtdyl A28k Wost preferredtheferficydlicazol y! ,
1, 2-dithi olg'/l di tlﬁlyo Iyl %g 2, én%lxaty%ll oyl , |soo;aizn’oﬁlt’i/rlre oxézo}fcyll,

th| azol yl , r?‘%“é"tlhl azolyl, 1,2, 3- oxad| azolyl, 1, 2 5- oxadi azol yl ,

1,3, 4- oxadi azol it is referred hathd szﬂ:u@&eﬂt ﬁeltfﬁ@@lcﬁé rm§024-3 aﬁxﬂQ(ﬁst ddﬁﬂé@by RS

15 a s s fi@nﬁi‘% Afceabiolne. wiamataofiny Bibcreris pyrarglidineyo

1
1, 4- pyr any limidayslidine) o pyngllidmtagmnyl pyrimdinyl, pyrazinyl,
1,3,5-triazinyl y zZin oxazi nyl,
1.3 2-oxazi nyl %%l d&(\g«zq Fﬁ/%he BhLAVAr-CO- Whdre' At f%h a¥y1 ra&i’cal AT Rfh
"aryl" as a group or part of a group such as arylalkyl includes any carbocyclic aromatic

group of 6-10 carbon atoms or heteroaromatic group of 5 to 10 ring atoms of which up
20  to 3 ring atoms are heteroatoms selected from the group consisting of oxygen, nitrogen
and sulphur. When the aryl group is substituted examples of substituents are one or
more, the same or different of the following: alkyl of 1-6 carbon atoms, arylalkyl in
which the alkyl portion contains 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, cyano,
halo, hydroxy, hydroxy alkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms,
25 and dialkylamino alkyl of 3-12 carbon atoms, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, mono- or di-alkylamino of 1-6 carbon atoms per alkyl group,
aminocarbonyl, alk“ylthio of 1-6 carbon atoms, -SO3H, -P03H_ and -COzH. The aryl
group may be mono- or bicyclic. It is preferred that the aryl moiety of the arylalkyl
group and aroyl group is a phenyl, naphthyl, pyridiny}, quinolinyl, isoquinolinyl,
30 thienyl, thionaphthyl, furanyl, benzofuranyl, benzodioxyl, benzoxazolyl,
benzoisoxazolyl, indolyl, thiazolyl, isoxazolyl, pyrimidinyl, pyrazinyl, benzopyranyl,
or benzimidazolyl group which may be optionally mono-, di-, or tri- substituted with a
group selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, cyano,
halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino,
35 dialkylamino of 1-6 carbon atoms per alkyl group, dialkylaminoalky! of 3-12 carbon
atoms, hydroxyalkyl of 1-6 carbon atoms, alkoxyalky! of 2-12 carbon atoms, alkylthio



1, 4- oxazi nyl, isoxazinyl, 1,2,5-oxathiazinyl, 1,4-oxazinyl, o-isoxazinyl,
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benzof uranyl , |sobenzofuranyr, t hi onapht henyl, indolyl, 35 i ndol enyl ,
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term "aryl" as a group or part of a group such as aryl al kyl incl udes
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compounds are those in which R4 are pyridinyl, pyrazinyl, triazinyl, pyrimidinyl,

pyridazinyl, imidazolyl, pyrazolyl, quinolinyl, tetrahydroquinolinyl, or isoquinolinyl;

those in which R4 is pyridinyl; those in which R# is pyridinyl, and k = 0; those in

15  which R4 is pyridinyl, k = 0, and R and R3 are alkyl of 1-6 carbon atoms or are taken
together to form a cycloalkyl ring of 3-8 carbon atoms.

WhenRis — C' (CHg)mf , and R is hydrogen, preferred
R’ RS
compounds are those in which R is alkyl of 1-6 carbon atoms; and those in which R>
is alkyl of 1-6 carbon atoms and R6 and R7 are taken together to form a piperidine,
20 morpholine, thiomorpholine, piperazine, pyrazolidine, imidazolidine, or pyrrolidine
ring.
This invention provides a process for preparing the rapamycin compounds of
this invention. In particular this invention provides a process for preparing hindered
esters of rapamycin including those of formula I as defined above which comprises:

25 a) acylating rapamycin or a functional derivative thereof with an acylating

agent, or
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i nvent i@n, spitAle§bethutEe ThR0aiRIR iPER; religetti Tt 809¢-fdentioned compounds
of this invention can also be prepared by acylation using reactive derivatives of the acid
of formula a and IIb such as an anhydride, a mixed anhydride, or an acid halide such
as the chloride.

Compounds which contain the ester group —‘(i?_ (CHz)k7< (CHz)nR4
R? R?

15 at the 42- or 31,42-positions can be prepared by treating a suitably substituted
carboxylic acid with a hindered base such as LDA, followed by alkylation with a
haloalkyl-heterocycle. The resulting alkylated acid can then be activated as a mixed
anhydride, with an ‘acylaﬁng group such as 2,4,6-trichlorobenzoyl chloride. Treatment
of rapamycin with the mixed anhydride under mildly basic condition provides the

20 desired compounds. Mixtures of 42- and 31,42-esters can be separated by
chromatography. This scheme is outlined below. The starting acids and haloalkyl-
heterocycles are either commercially available or can be prepared by standard literature
procedures, as illustrated in Example 1.
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Similarly, compounds which contain the ester group —C-— (CHz)m7< R
R> RS
at the 42- or 31,42-positions can be prepared according to the scheme shown below.

5  Mixtures of 42- and 31,42-esters can be separated by chromatography.
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The starting carboxylic acids are either commercially available or can be
prepared by standard literature procedures, as illustrated in Example 1.
10
The 31-esters of this invention can be prepared by protecting the 42-alcohol of
rapamycin with a protecting group, such as with a tert-butyl dimethyisilyl group,
followed by esterification of the 31-position by the procedures described above. The
preparation of rapamycin 42-silyl ethers is described in U.S. Patent B1 5,120,842,
15  which is hereby incorporated by reference. Removal of the protecting group provides
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reactive derivative thereof, if Gggesired protecting the 42-position of
rapanycin with an appropriate protecting group and renovi ng sane as

required. the 31-esterified cdMBourRiAC Th Qe B¢ dTah€ drt-bes1 auﬂethglsnw_epxpfe@a@@ce of a
Feagent . TRERLRESEH GA Sa SCoID AR der Aok OB P S08] 0 b
prepar ed bycidgwaer ¢ THR | Tige depactedtion plecedusd is\descrivied il Exampl? 15 of U.Sof
formula Il ﬁ’afaeplgi'liggwﬁ@iﬁﬁﬁ?ﬁcﬁg%ﬁﬂoﬁw gy{gfégtgcegnhydri de, or an acid

hal i de suc Conpounds whi ch contain
the est®r groupHaving tile 31-position esterified and the 42-position deprotected, the 42-

position can be esterified using a different acylating agent than was reacted with the 31-
alcohol, to give compounds having different esters at the 31- and 42- positions.
Alternatively, the 42-esterified compounds, prepéred as described above, can be reacted
with a different acylating agent to provide compoundé having different esters at the 31-
10 and 42-positions.
This invention also covers analogous hindered esters of other rapamycins such
as, but not limited to, 29-demethoxyrapamycin, [U.S. Patent 4,375,464, 32-
demethoxyrapamycin under C.A. nomenclature]; rapamycin derivatives in which the
15 double bonds in the 1-, 3-, and/or 5-positions have been reduced [U.S. Patent
5,023,262]; 29-desmethylrapamycin {U.S. Patent 5,093,339, 32-desmethylrapamycin
under C.A. nomenclature]; 7,29-bisdesmethyirapamycin [U.S. Patent 5,093,338,
7,32-desmethylrapamycin under C.A. nomenclature]; and 15-hydroxyrapamycin [U.S.
Patent 5,102,876]. This invention also covers hindered esters at the 31-position of 42-
20  oxorapamycin {U.S. Patent 5,023,263]. The disclosures in the above cited U.S.
Patents are hereby incorporated by reference.

Immunosuppressive activity for representative compounds of this invention was
evaluated in an in vitro standard pharmacological test procedure to measure lymphocyte
25  proliferation (LAF) and in three in vivo standard pharmacological test procedures. The
pinch skin graft test procedure measures the immunosuppressive activity of the
compound tested as well as the ability of the compound tested to inhibit or treat
transplant rejection. The adjuvant arthritis standard pharmacological test procedure,
which measures the ability of the compound tested to inhibit immune mediated
30 inflammation. The adjuvant arthritis test procedure is a standard pharmacological test
procedure for theumatoid arthritis. Representative compounds of this invention were
also evaluated in a heart allograft standard pharmacological test procedure which
measures immunosuppressive activity of the compound tested as well as the ability of
the compound tested to inhibit or treat transplant rejection. The procedures for these

35  standard pharmacological test procedures are provided below.



15 at the 42- or 31,42-positions can be prepared by treating a suitably

_substituted carboxylic acid with a hindered base such as LDA,
"fol I'owed by alkylation with a hal oal kyl - het erocycle. The resulting
al kyl ated acid can then be activated as a m xed anhydride, with an

acyl ating group such as 2,4, 6-trichl orgbenzoyl chloride. Treatnent
rapanycin with the m xed anhydride under mldly basic condition provides

the 20  desi r edThannmtagas-indyrsd hymocyse proliferatian procadure L.AFS waa Hsaskas
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i Il ustrat edPHA aBdINW Sdlpulsed with tritiated thymidine during the last six hours. Cellsare -7
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DVAP )

compound. Cells are harvested and incorporated radioactivity is determined. Inhibition

of lymphoproliferation is assessed as percent change in counts per minute from non-

drug treated controls. For each compound evaluated, rapamycin was also evaluated for

the purpose of comparison. An Itso was obtained for each test compound as well as

10  for rapamycin. When evaluated as a comparator for the representative compounds of
this invention, rapamycin had an ICsg ranging from 0.5 - 1.9 nM. The results obtained

are provided as an ICsq.

Representative compounds of this invention were also evaluated in an in vivo

15  test procedure designed to determine the survival time of pinch skin graft from male
BALB/c donors transplanted to male C3H(H-2K) recipients. The method is adapted

from Billingham R.E. and Medawar P.B., J. Exp. Biol. 28:385-402, (1951). Briefly,

a pinch skin graft from the donor was grafted on the dorsum of the recipient as a
allograft, and an isograft was used as control in the same region. The recipients were

20  treated with either varying concentrations of test compounds intraperitoneally or orally.
Rapamycin was used as a test control. Untreated recipients serve as rejection control.

The graft was monitored daily and observations were recorded until the graft became

dry and formed a blackened scab. This was considered as the rejection day. The mean

graft survival time (number of days + S.D.) of the drug treatment group was compared

25  with the control group. The following table shows the results that were obtained.
Results are expressed as the mean survival time in days. Untreated (control) pinch skin
grafts are usually rejected within 6-7 days. Compounds were tested using a dose of 4

mg/kg.

30 The ability of the compounds of this invention to induce immunosuppression
and inhibit or treat transplantation rejection was evaluated in a heterotropic heart
allograft standard pharmacological test procedure that emulates transplantation rejection
that occurs in humans. The following briefly describes the procedure that was used.
Male BN rat neonate donors (less than 5 days of age) were humanely sacrificed, the

35  thymus was dissected away from the heart. All connections with the thoracic cavity
were severed and the heart was removed from the chest cavity and placed in cooled

of



Sinilarly, compounds which contain the ester group [err] at the 42- or
31, 42-positions can be prepared according to the scheme shown below. 5
M xtures of 42- and 31, 42-esters can be separated by chronmat ography. [err]

2. rapanycin / DVAP prepared by standard literature
procedures, as illustrated in Exanpl ewl. 10 The 31-esters of this
i nvention can be prepared by protectl g the 42-al cohol of raparryci n

h th :
Fol Foved SEMHnda Fhadan anch: 1 alt I8 wlchl ki T ERG W isetied .01 P
above. Thbalf, alopgetbamﬂhmfmmmqoapmtmtmzm |of|thetabaasto genkraEr ivioed i n
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Renoval group provi
Lewis rats were anesthetized wnh phenobarbital (50 mg/mL; i.p.), the left inner ear

5 was swabbed with povidine iodine, and 1 mL RPMI was injected subcutaneously
above the cartilage plate to produce a fluid filled sac. A stab incision was made to the

sac, into which was inserted a single half heart fragment. The pocket was sealed with a
single drop of Vet-Seal (3M Animal Care Products). Recipients were divided into
groups of 10 rats each. One group was untreated and the second group was treated

10 with the compound to be treated was administered at a dosage of 300 pg/day following
the transplantation procedure until graft failure occurred. Administration was i.p.,
either by manual injection or via an Azlet osmotic pump that was implanted into the

peritoneum of the recipient rat. Grafts were inspected for loss of cardiac activity on day
7 post-transplant and subsequently on alternate days. Graft survival time is defined as

15  the post-transplant day on which the heart graft has lost all contractile activity by visual
inspection and/or cardiac monitor. Individual rejection times were averaged to produce
a mean survival time for each treated group. Untreated heterotropic allografts are
rejected in about 9-10 days.

20 The adjuvant arthritis standard pharmacological test procedure measures the
ability of test compounds to prevent immune mediated inflammation and inhibit or treat
rheumatoid arthritis. The following briefly describes the test procedure used. A group
of rats (male inbread Wistar Lewis rats) are pre-treated with the compound to be tested
(1 h prior to antigen) and then injected with Freud's Complete Adjuvant (FCA) in the

25 right hind paw to induce arthritis. The rats are then orally dosed on a Monday,
Wednesday, Friday schedule from day 0-14 for a total of 7 doses. Both hind paws are
measured on days 16, 23, and 30. The difference in paw volume (mL) from day 16 to
day O is determined and a percent change from control is obtained. The left hind paw
(uninjected paw) inflammation is caused by T-cell mediated inflammation and is

30  recorded in the above table (% change from control). The right hind paw inflammation,
on the other hand, is caused by nonspecific inflammation. Compounds were tested at a
dose of 2 mg/kg. The results are expressed as the percent change in the uninjected paw
at day 16 versus control; the more negative the percent change, the more potent the
compound. Rapamycin provided between -70% and -90% change versus control,

35 indicating that rapamycin treated rats had between 70-90% less immune induced
inflammation than control rats.



- 8- the 31-esterified conpounds. In the case of the tert-butyl

- dimethylsilyl protecting group, deprotection can be acconpli shed
‘under mldly acidic conditions, such as acetic acid / water / THF.
The deprotection procedure is described in Exanple 15 of U S Pat ent
5,118,678, which is hereby incorporated by reference. 5 Havi ng

the 31-position esterified and the 421position deprotected, the 42-
position can be esterified using a different acylating agent than was
reacted with the 31- al cohol, to give conpounds having different
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kidney, heart, liver, lung, bone marrow, pancreas (islet cells), cornea, small bowel,
20  and skin allografts, and heart valve xenografts; in the treatment or inhibition of
autoimmune diseases such as lupus, rheumatoid arthritis, diabetes mellitus, myasthenia
gravis, and multiple sclerosis; and diseases of inflammation such as psoriasis,
dermatitis, eczema, seborrhea, inflammatory bowel disease, and eye uveitis.
Because of the activity profile obtained, the compounds of this invention also
25  are considered to have antitumor, antifungal activities, and antiproliferative activities.
The compounds of this invention therefore also useful in treating solid tumors, adult T-
cell leukemia/lymphoma, fungal infections, and hyperproliferative vascular diseases
such as restenosis and atherosclerosis.
When administered for the treatment or inhibition of the above disease states,
30 the compounds of this invention can be administered to a mammal orally, parenterally,
intranasally, intrabronchially, transdermally, topically, intravaginally, or rectally.

It is contemplated that when the compounds of this invention are used as an
immunosuppressive or antiinflammatory agent, they can be administered in conjunction

35 with one or more other immunoregulatory agents. Such other immunoregulatory
agents include, but are not limited to azathioprine, corticosteroids, such as prednisone



30- inflammuation. The adjuvant arthritis test procedure is a standard

phar macol ogi cal test procedure for rheumatoid arthritis.

Represent ati ve conpounds of this invention were al so evaluated in a
heart all ograft standard pharmacol ogi cal test procedure which

measur es i mmunosuppressive activity of the conmpound tested as well as the
ability of the conpound testedife inhibit or treat transplant
rejection. The procedures for these 35 st andard phar macol ogi cal test
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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 mixed with a carrier
20  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, polyvinylpyrrolidine, low melting waxes
25 andion exchange resins.

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

30 can contain other suitable pharmaceutical additives such as solubilizers, emulsifiers,
buffers, preservatives, sweeteners, flavoring agents, suspending agents, thickening
agents, colors, viscosity regulators, stabilizers or osmo-regulators. Suitable examples
of liquid carriers for oral and parenteral administration include water (partially
containing additives as above, e.g. cellulose derivatives, preferably sodium

35 carboxymethyl cellulose solution), alcohols (including monohydric alcohols and
polyhydric alcohols, €.g. glycols) and their derivatives, and oils (e.g. fractionated



Rapanmycin was used as a test control. Untreated recipients serve as

rejection control. The graft was nonitored daily and observations
werse recorded until the graft becane dry and formed a bl ackened scab.
This was considered as the rejection day. The nean graft survival

time (nunber of days S.D.) of the drug treatnment group was conpared 25
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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 number of
forms such as creams and ointments, pastes, gels, and occlusive devices. The creams
and ointments may be viscous liquid or semisolid emulsions of either the oil-in-water or

20  water-in-oil type. Pastes comprised of absorptive powders dispersed in petroleum or
hydrophilic petroleum containing the active ingredient may also be suitable. A variety
of occlusive devices may be used to release the active ingredient into the blood stream
such as a semipermiable membrane covering a reservoir containing the active ingredient
with or without a carrier, or a matrix containing the active ingredient. Other occlusive

25  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 containing
0.1 - 5 percent, preferably 2%, of active compound which may be administered to a
fungally affected area.

30 The dosage requirements vary with the particular compositions employed, the
route of administration, the séven'ty of the symptoms presented and the particular
subject being treated. Based on the results obtained in the standard pharmacological
test procedures, projected daily dosages of active compound would be 0.1 ug/kg - 100
mg/kg, preferably between 0.001 - 25 mg/kg, and more preferably between 0.01 - 5

35 mgkg. 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



groups of 10 rats each. One group was untreated and.the second group was

. treated 10 with the conpound to be treated was adm ni stered at a dosage

of *300 [err]g/day foll ow ng the transplantati on procedure until graft
failure occurred. Adm nistration was i.p., ei ther by manual injection
or via an Azlet osnotic punp that was inplanted into the peritoneum
of the recipient rat. Gafts were insidected for |oss of cardiac activity on
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i nf| ammati on. Conpounds were test dekamplg 1 dose of 2 ng/kg. The results
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induced  giioonrd PRI S 2 Ttt, PAD SA8H" TotuBhrf acid (9.27 mL, 100 mmol) was
added slowly dropwise. The resulting thick white suspension was heated at a gentle
20  reflux for 20 min and was then cooled to 0 °C. n-Butyllithium (40 mL, 2.5 M in
hexanes) was added dropwise. The reaction was warmed to room temperature and then
to 35 °C for 30 min. The reaction was cooled back to 0 °C and 3-picolyl chloride was
quickly added. (The 3-picolyl chloride was obtained by neutralization of the
hydrochloride with NaHHCQO3 and extracted 3x with hexane. The hexane solution was
25  dried over Na2S04 and concentrated to provide the free base (caution: lacrymator). All
of the hexane was not removed as the free base is somewhat unstable in concentrated
form). The reaction was allowed to slowly warm to room temperature and stirred
overnight. The reaction was quenched with H20, the aqueous layer separated and
washed 2x with ether. The aqueous layer was then acidified to pH 3 with 6N HCl and
30 again washed 2x ether. The aqueous phase was neutralized with NaHCO3 and
extracted 4x ethyl acetate, The organic extracts were combined, dried over Na3SO4,
filtered and concentrated to provide a sticky solid which was triturated with ethyl acetate
to provide 1.02 g of the desired product as a tan solid.



The results obtained in these standard pharnacol ogi cal test procedures are
“provi,ded following the procedure for nmaking the specific conpounds that
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obt ai ned iaddedhdramyiseafe 2eacrion oras okl at §1G dgkat eebtisionalcl) win sad thesst
procedur e Aldwel s wiRARNRofAbMpbAfird dinkiistiy fR?3 . "Phe THF was VRREAESvaf thi s

I nvention to tr or,.i nhi bi heymnat oi rthritis. Based on
the resul t3&gR f%ﬂ%&%ﬁﬁ@%@im@ﬁgﬁfc‘%%@&ﬂ r4cke dufr gamol)ygas
conpounds adaed fofidived by DNIAP (o.tseaEme.ms mithol) "Thbtdsii@ng Sl spesidrswhastiradd on

(7 otl00 o1 e i hen ausvhe i AGFiCIDy and e iPunl BBy The ey 07

val ve xenqipasf was washed matht( Bt €L NadiC O oripies driad afer Na2SO4,anonoéntratade

di seases rheuemt ai d.: | ey Sy 4 [ st heni a
g avi o - anS bl INER 81 i b CHaCIHP RIS SRt o pkdiiae 740

psori asi s,(50% yieldoefithatitle ¢osnposnd.anps108alddfChea, infl ammatory bowel di sease,
and eye uvlrit acty i r-ohh! t agned, the
conpou ndsvlgfd(%slﬁ)i 9580i W\/)’e%l(%gioo(rrln )é 5&}3@@5 %ggr @2@ r% S ﬁ%yéég%d{sz, %g)\ge(sréﬁ?i’ t Il]Inm)r ,

ant | f idgal NME (APPNEZ, CRIc) & B2 (a1 1 £y QE0VE Aebra iz BED, 093 (& Fme 6
cgﬁ})guws 194, aﬁb,al).?mlwlr]vtt@m 515_1,63 @bgu.@@?%ﬁﬂaﬂf 3 H)_,gr.(gza@, gg= 8®l g tunors,
ﬁyger pr ol |}%Pa]tf§és\}a}§bﬁl r&dhﬁgge’gﬂ 1-89 (g%@EHn’aégﬁlbsaeq%ogi g@na'm
at her oscl es03 9, 1.74 (s, 3 H), 1.96 (Mh8H)QA07n(nstEHER.0D(m] M)l Resat (g Hyr
DL on 8 (T SRR SR AL B 82 A G YRR B
20  3.12 (s, superimp on m, 3 H) 3.12 (m, 1 H), 3.29 (s, 3 H), 3.31 (s, 3 H), 3.37 (m,
1H), 3.55 (m, 1 H), 3.65 (m, 1 H), 3.74 (d, J = 5.6 Hz, 1 H), 3.86 (m, 1 H), 4.17
(d,J=5.6 Hz, 1 H), 4.63 (m, 1 H), 477 (s, 1 H), 5.15 (m, 1 H), 527 (d, J = 4.7
Hz, 1H), 5.41 (m, 1 H), 5.52 (dd, J = 8.8, 15.0 Hz, 1 H), 5.96 (d = 10.5 Hz, 1 H),
6.12 (dd, J = 10.0, 15.1 Hz, 1 H), 6.33 (m, 2 H), 7.18 (dd, / =49, 7.7 Hz, 1 H),
25  7.42 (m, 1 H), 8.42 (m, 2 H); 13C NMR (100 MHz, CDCl3) 8 10.14, 13.20, 13.62,
15.87, 15.97, 16.20, 20.64, 21.48, 24.75, 25.25, 25.35, 27.01, 27.21, 29.61,
31.12, 31.21, 32.84, 33.16, 33.77, 35.10, 35.96, 38.37, 38.95, 40.17, 40.42,
41.48, 43.01, 43.36, 44.19, 46.57, 51.27, 55.86, 57.30, 59.22, 67.15, 75.30,
76.21, 77.14, 80.99, 84.25, 84.77, 98.45, 122.97, 126.40, 126.52, 129.42, 130.16,
30 133.53, 135.69, 135.99, 136.16, 137.56, 140.06, 147.75, 151.26, 166.71, 169.23,
176.35, 192.64, 208.12, 215.18; high resolution mass spectrum (negative ion FAB)
m/z 1074.5 [(M-+); calcd for Cg1HogN2O14: 1074.4].
Results obtained in standard pharmacological test procedures:
LAF ICs0: 0.83 nM
35  Skin graft survival: 13.6+0.6days  Heart allograft: 29 days, i.p.; 11.5 days, p.o.
Percent change in adjuvant arthritis versus control: -62%




intfanasally, intrabronchially, transderrnmally, topically, intravaginally,

L or rectally It is contenpl ated that when the conpounds of
‘this invention are used as an I mmunosuppressive or antiinflamatory
agent, they can be adm nistered in conjunction 35 wth one or nore other
| mmunor egul atory agents. Such ot her inmunoregul atory agents incl ude,
but are not limted to azathioprine-igoerticosteroids, such as predni sone

- 12 - and net hyl predni sol one, cycl ophosphan de, rapanycin,

cycl osporin A, FK-506, OKT- 3, and ATG. By conbi ni ng the conpounds of
this invention with such ot her or agents for inducing
|nnunosuppre55|on or treatln[ |nf ?@ condltlons the | esser

anount s dtapamyeindf-ester hdrochleridessditef f ect .

The 5  basispd gr soiuﬁan %%ﬁﬂﬁ&bﬁ”ﬂQ@fe%%tﬁ%ﬁﬁﬁx@ﬁx‘y! %R@dpﬁym%pkomk'

whose results . tron rapahyci n and
cycl o§porHr?Plﬁmﬁta°%tme&é)p%hWD in etherd3Q sal)s3t §niG wansdded HEldnsesd heart

<1a_lhleog(r) ?rI) E)(O%WrMLVEM 0189&%::121'2 { qg%&éé&ﬁbﬁt\d/?g?ﬁfurfégttg %3%% é?m%erratﬁgyaxfdlt%@ 1)]. 10
u vent i
phar rracelff’fgéf’ﬁ%‘ﬁ?‘r hé ﬁlﬁfm&‘ WE‘F&%] W@%ﬁé‘éﬂ‘ YAUHBLO, Preyide %@&%ﬁ’l cal
?arrherhrﬁ@ldb&menﬂcwhpdtndnﬂ pu20i124¥@n formul ated orally, it has been
ound thaty

win 1. 251 SR OOVRRS, T 5,083 LR 68 T/ LEBRERP RAR IR o °

acce;iDabIGe4 &zaB IﬁbrOrﬂd @, Von6.41Hz, 3 H), 1.03 (dA7 s06. 6d—Iz;8rH) dr0kcah) Jiaéllude one
or nore t e I a a r

| ubri cant%_gp% ﬁ?(ljlbﬁl &;g%g qr?ﬁs(g 38 ng%é Zlnét2 (CO?IFI :l ?@ i@?lsg%;i?)t 1.69 -

conpr essilo? &omp mhilddd) sl T ( asbp@nmnucsu mregrnatf Agd- Qaﬂan.t%H)J 2.k fmal so be

an encapsubRts 89 (m, 2 H), 2.58 (m, 1 H), 2.66 (m, 2 H), 2.94 (m, 1 H), 3.11 (m, 2 H),

3.11 (s, superimp on m, 3 H), 3.27 (s, 3 H), 3.31 (s, 3 H), 3.32 (m, 2 H), 3.58 (m,

15 1H),3.63(m,1H),376(d,J=54Hz1H), 3.83 (m, 1 H), 4.18 (m, 1 H), 4.60
(m, 1 H), 4.66 (s, 1 H), 5.15 (m, 1 H), 5.26 (m, 1 H), 5.39 (m, 1 H), 5.57 (m, 1 H),
5.96 (m, 1 H), 6.13 (m, 1 H), 6.32 (m, 2 H), 7.75 (m, 1 H), 8.22 (m, 1 H), 8.58
(br s, 2 H); high resolution mass spectrum (negative ion FAB) m/z 1074.6 [(M-HCI);
calcd for Cg1HooN7014: 1074 .4].

20  Results obtained in standard pharmacological test procedures:
LAF ICsp: 1.03 nM
Percent change in adjuvant arthritis versus control: -73%

Example 4
25 Rapamycin 42-ester with 2.2-dimethyl-3-(3-pyridinyl) propionic acid methanesulfonate
salt

To a solution of rapamycin 42-ester with 2,2-dimethyl-3-(3-pyridinyl) propionic
acid (0.523 g, 0.48 mmol) in Et20 (15 mL) at 0 °C was added a solution of
methanesulfonic acid in ether (10.6 mL, 0.46 mmol, 4.16 mg/mL) dropwise. A white

30 precipitate formed immediately. The reaction was warmed to room temperature and the
product quickly filtered under a stream of N2 to provide 0.480 g, 89% yield. mp =
117-120 °C. 1H NMR (400 MHz, CDCI3) § 0.74 (m, 1 H), 0.85 (d, = 6.6 Hz, 3 H),
0.89 4, 7=6.6Hz,3H),093(d,J=64Hz, 3H), 1.04 (d,J =66 Hz, 3 H), 1.14
(s, 3 H), 1.24 (s, 3 H), 1.25-1.44 (comp m, 6 H), 1.60 (s, superimp on comp m, 3 H),

35 1.71 (d, superimp on comp m, J = 0.6 Hz, 3 H), 1.46-1.96 (comp m, 20 H), 2.06 (m,
2 H), 2.27 (m, 2 H), 2.55 (m, 1 H), 2.65 (.. 2 H), 2.85 (s, 3 H), 3.08 (s, superimp on



material. In powders, ,the carrier is a finely divided solid which is in

adm xture with the J finely divided active ingredient. In tablets, the
acttve ingredient is mxed with a carrier 20 havi ng t he necessary
conpression properties in suitable proportions and conpacted in t he
shape and size desired. The powders and tablets preferably contain up to
99% of the active ingredient.-%%i-table solid carriers include, for
exanpl e, cal ci um phosphat e, magnesi um st earate, talc, sugars,

| act ose, mdéxﬁ) i308 enad B, 3.32 (3 H), 3@238 Ps11208%, 3. 5el(dyI= 21.2 Hz, d &), 3l6dse,
sodi um ¢ ”@tﬂydsd gel Ky Ase }Bobﬁ‘i'@llpﬁzf@ﬂ?d P 497’1312”‘?;}? Agonaxes 25

and ion ge re carri‘ers are used’i il “preparing

sol ut i oném %@pédél@hsl Hy:22(@nk= 4.9 Hz, 1@)& 399, (def Fx10-Q@ Hznd Hbk §«Yuri zed

conposi t {41y = B 3% mellﬁws%'@@tlmnsbg (@572 N9 1871 Hiz, 1 S ended i
apharmaceumall,'}é acc ptil f9 quid carrier an organic

:
sol veht , ( ﬁfarlrﬁb@lﬁ? hi yg&c‘ééﬂtﬁbl%ﬁ@@{ 9t ats. The
i qtﬁl d cmrzrm), 800 (d, q&mqm ?IH) mﬁg}sfes&uub@hiags syamwghuf@ionmy i ves

such as s Sifil preservatives

sweet ene W%@E’f %“‘@é&*} %ﬂci{%ﬁ:&hﬁ?w(g‘d ﬁ?zﬂrhl ckeni ng agent s,
colors, vi sc05| ty regulators, stabilizers or osnpb-regulators. Suitable

exanpl es of liquid carri ers%ghmqﬁgé and parenteral adm nistration
i ncl ude wat er (part fally addi tives.as above, e.g.

cel | W osk butyziclacidy met hyl cel | ul ose

| ut r | ) ' p d
Zf’cgh;f’? ea ?‘3“%’ d%é’wh#@b?ﬁ%l.“?r@@%%; S EENIF b3 Ao Tmr R RIS
- 13- mtum Vag hepted s FRflxopvermnighibr Tbam@m@b'aﬁxqaﬁﬁﬁrswmt i on,

‘the carr t&ﬁo&aranaltﬁérég@uag solid recrikd1bze2Sf6th (PHH (&9 ro@fd@ﬂ (RbB8ByIBNd

v 1 BriEenpel £ 10R%-; AR Mt chof B b B G cor v o1

for 15 77pr(e;s1sp[g|’zqucpmposut(t qng)cxam(@q Hyl ogenat ed hydr ocar bon or ot her
phar maceuti ca

phar naceut i ca? %Q 8@#?20(2 er)d ‘gﬂ? e’|§<|f ?@ﬂq (‘-f"aé(ﬂrﬁmr%q@%(f’h’sr%si?eﬁbl ons

procedure of Example 1 from isoburyric acid and 2-(bromoethyl)pyridine. The acid was

triturated with ethyl ether to give the acid in 2.7% yield. IH NMR (300 MHz, CDCl3)

5 1.25 (s, 6 H), 1.95 (m, 2 H), 2.95 (m, 2 H), 7.20 (m, 2 H), 7.65 (m, 1 H), 8.6 (m,
20 1 H).

The title compound was prepared according to the procedure of Example 2 from
2,2-dimethyl-4-(2-pyridinyl) butyric acid. Purification was accomplished by chromato-
graphy with 95/5 methylene chloride/isopropanol to yield the title compound in 59%.
mp = 92-95 °C.

25 IR(KBr): 990 (w), 1090 (w), 1180 (w), 1380 (w), 1450 (m), 1640 (s), 1720
(s), 2920 (s), 3400 (m, br); 'H NMR (400 MHz, CDCl3) 8 0.81 (m, 1 H), 0.88 (4, J =
6.8 Hz, 3 H), 0.92 (d, J = 6.64 Hz, 3 H), 0.96 (d, / = 6.6 Hz, 3 H), 1.02 (d, / = 6.64
Hz,3H), 1.07 (d, J =6.85Hz, 3H), 1.10 - 1.20 (comp m 4 H), 1.23 (5, 6 H), 1.24 -
1.60 (comp m, 12 H),-1.62 (s, 3 H), 1.72 (d, superimp on comp m J = 1.03 Hz, 3 H),
30 1.67 - 1.85 (comp m, 6 H), 1.91 - 1.99 (comp m, 4 H), 2.06 (m, 1 H), 2.31 (m, 2 H),
2.57 (m, 1 H), 2.66 - 2.77 {(comp m, 4 H), 3.11 (s, 3 H), 3.15 (m, 1 H), 3.31 (s,
3H), 332 (s, 3 H),3.37 (m, 1 H), 3.55 (m, 1 H), 363 (m, 1 H),3.70 (d, / = 5.8
Hz, 1 H), 3.85 (m, 1 H), 4.09 (d, J = 7.2 Hz, 1 H), 4.67 (m, 1 H), 4.77 (s, 1 H),
526 (d, 7 = 4.9 Hz, 1 H), 5.38 (m, 1 H), 5.40 (m, 1 H), 5.52 (dd, J = 8.8, 15.0 Hz,
35 1H), 595 (m, 1 H), 6.11 (dd, 7 = 9.9, 15.1 Hz, 1 H), 6.35 (m, 2 H), 7.07 (m, 1 H),
7.13 (d, J = 7.8 Hz, 1 H), 7.56 (id, J = 1.8, 6.6 Hz, 1 H), 8.48 (m, 1 H); 13C NMR



can be utilized by, for exanple, intramuscular, intraperitoneal or

subcut aneous I njection. Sterile solutions can al so be adm ni stered

i nfravenously. The compound can al so be adm nistered orally either in
liquid or solid conposition form 10 The conpounds of this

i nvention may be admi nistered rectally in the formof a conventi onal

suppository. For adm nistration by i %t ranasal or intrabronchial inhalation
or insufflation, the corrpounds of th% i nvention may be fornulated into an
aqueous Qr

e T or rki0 MEzacPR3n § Totia, 1515, TxEhpinadssl, 1640 B aeRLAbShly al so be
2321 2: f”tﬁﬁﬂ 25@5;?2#301’@7‘ %OLZDWQUQ@ 2Bhs%g§?3ézr)é9 ?}2@ 22, ‘33*7323@@”35?8 pat ch
active c:gﬂ%‘g 33’ isgfbﬁ"%tn&( 4@4@028@ ékl"’% 47a?é! @quoaé Sgeg 3%3 %f t he agent
for SYSISMAZ, 59.27, GINERITS 441175800771, 19105 S310BA0, HI4G; mm%m The N
past s, LA YA Do%, 12002, WLED, TS, BeW RS Rl =0t s:
Vi ;scoes 149(:@9 d16>.05 el66581, i Iﬁ%!lﬂﬂﬁ)&fwﬁ 5§J E@Ga_lgtnéofﬁ Ihaglnrt?aahlaong(rj IZg

bot rof eutitsy spetBtin [ETHER RATRARY s s S0P IR TIN5 et ene

may al solQ88.41li t abl e A variety of occl usi ve devices may be used to

rel ease KiGBGbitEd LA kR R el hlARH 3L cam such as a

seni perm SServai T CORt ai ni ng the active
i ngriéd eInN’ICSO 0.58 M or vmthout a carrier, or a matrix containing the

active Iwé&ﬂb%tgeﬁd}@\rane&%ldaﬁlvxﬁu@&mmﬂevs%es are known in the
literature. I n addi tion, the conpounds of this invention may

be enpl oyed as a sol ution, cream or lotion by fornulation with

phar maceuti cal | y accept abI e vehi cigsmpRNgai ni ng 0.1 - 5 percent,
preferabh 2% CIV. ou q i ch, ma be adm nistered to a

f ungal | Y™ 4 : aledtrrenents vary with the
par tliscul ar coMbﬁyd:mypropmpymdﬁd (10 pe72.99 mmol)owseeﬂéd awdeflux sermaghiton, t he

t dth t b
treat eo "B EBIGRHTREP PR a0 ThE Sy A ekt HBF WpfiiRled spd meSURECT DRI N
t est prowagigtized witlo NaEXGQB.dEh¢ freelbasgguas axtracied 539@/1@ ree oKBaNE be 0.1
[err] o/ k@yers Hd over Naggbﬁgmdi%ﬁéeﬁﬁﬁ{%hh RedaeRp ?roQQﬂatel y390 D/ Khe and nore

preferably between Tr eat nen qeneral | y be
thy

initiatew W@hwmeﬂ igeedipely aeysEmaﬁcﬂﬁepwtdeMrdlme -SdSRyTE¥ Dt he
CONMPQUNGrentiRiEadid & TR Frod @G AR thifurkiBE FRASRApYP}Idihek NclaRt 4roum I ect
NMR (200 MHz, DMSO) 8 1.1 (s, 6 H), (1.5, m 4 H), 2.58 (m, 2 H), 7.32 (m, 1 H),
7.65 (m, 1 H), 8.41 (m, 2 H).
The title compound was prepared according to the procedure of Example 2 from
2,2-dimethyl-5-(3-pyridinyl) pentanoic acid. Purification was accomplished by
25  chromatography with 5% methanol in methylene chloride followed by 5% isopropanol
in methanol to yield the title compound in 19%. mp =82-85 °C.
IR(KBr) 710 (w), 870 (w), 950 (w), 990 (m), 1100 (m), 1280 (m), 1325 (w),
1380 (w), 1450 (m), 1645 (s), 1720 (s), 2930 (s), 3430 (b); 'H NMR (400 MHz
CDCl3) 8 0.88 (d, J = 6.85 Hz, 3 H), 0.92 (d, J = 6.64 Hz, 3 H), 0.96 (d, J = 6.43
30 Hz, 3H), 1.03(d, J = 8.64 Hz, 3 H), 1.06 (d, J = 6.85 Hz, 3 H), 1.13 (s, 6 H), 1.64
(s, 3H), 1.74 (s, 3 H), 0.95-2.10 (comp m, 30 H), 2.32 (m, 3 H), 2.56 (m, 1 H),
2.67 (m, 2 H), 3.36 - 3.10 (comp m, 2 H), 3.12 (s, 3 H), 3.29 (s, 3 H), 3.31 (s, 3 H),
3.38 (m, 1 H), 3.54 (m, 1 H), 3.62 (m, 1 H), 3.75 (d, J = 5.60 Hz, 1 H), 3.84 (m,
1H), 418, J=560Hz, 1 H), 456 (m, 1 H), 473 (s, 1 H exchangeable), 5.25
35 (m, 1 H), 5.39 (m, 1 H), 5.42 (m, 1 H), 5.49 (m, 1 H), 5.97 (m, 1 H), 6.05 (m, 1 H),




-14- under the circunstances is reached; precise dosages for oral,

' par ent eral, nasal, or i ntrabronchial admnistration will be determ ned
by t°he admi ni st er | ng physici an based on experience with the individual
subj ect treated. Preferably, the pharnmaceutical conposition is in unit

dosage form e.g. as tablets or capsyles. In such form the 5
conposition is sub-divided in unit ‘dgse containing appropriate quantities

 omosi tiehdE 2D JARIRET BT gad B, 1) s41508cr EB Ban Shomfal ass o

prefil | espestyun Gupgative ioadAR)a/z 4 602.6 (M- calcd) for Cg3HIANZ Opi 1102]. dosage

formcanR%ﬁl &%m@d‘ h%ﬁﬁa%ﬁio S’fte%%pdc%ﬁuﬂeg self, or it can be the
e

appropria er o I'0fis in package form 10

The foI IWE@S%QMMS il ust rat e the preparation and biol ogical activities
?ﬁﬁﬂ'@ﬁﬂ 8, 599!@95’ of this invention.

Exarrpl e 1 1 D neth ?%gpyl i di nf/l ) _propionic acid

Sodi um HEEIFSNY 3(“53383‘5“"3? &%si on, washed 2x with hexanes

and dried under N2) was suspended in THF (140 m.). To this suspension was

added diisopropylamne (15.4 ni, 110 mmol ). Isobutyric acid (9.27 nm,
100 mol ) was added slowy 5BB Rles The resulting thick white
suspensi Rapanpginaéstet with 212 dénéthel-R 0 -pyrkif u‘. sibnid@cid N and was t hen cool ed

b ol se e paad ARl arioiPaliAe was parries ArpraE o e | o 55

[ err] C foocirawfiExafipde t.edbt acmdtwwmtmmﬂeddhaqkop)d ethef te:rgn}'ﬁhaladtdfin pi col yl
chl ori dey dd \ ined b
neutrali zzah??(l)er%dognpt dgi0y ¢ ngIvfﬁt ri de W’ %ﬂﬁéﬁt@o@ﬁ ﬁsg r%ﬁ%d 3X vvlyt h
hexane. ZTHg h@&éme?-sfél Gt'l5o€m 3)2836 (mgdil®d over Na2S( err] and concentr at ed
to provide & iend §fecdiRfing 5 biedared sBCH AR IO prodbure of Exarfiflc ifforexane was

not renoved as base S sone nsta e I n conce rate
forny. Thé-diwgitilon(Ayidinybviwepionic pem yPuefigaten p@smccemplishadub® and

stirred chromato@iﬁf)h?'vﬁﬂi 50-1b®%eedg tabaﬁtemﬁarﬁtf@nahaﬂ b%/HF'Ld*E@ISV debkrskhe
agueous rgg@sr se at ed an er ous | ayer

was t henP cﬁ‘”lﬂ? Q?CW%WH{MW a&?ﬂf i)- fo 3%1?‘??‘% ttﬂer The
aqueous yibldske tidscorepdundlin 229. Wiy B 10&HGTOC.and

IR (KBr) 990 (w), 1190 (w), 1450 (m), 1650 (s), 1720 (s), 2930 (s), 3420 (s,

20  br); TH NMR (400 MHz CDCl3) 8 0.83 (m, 1 H), 0.89 (d, J = 6.8 Hz, 3 H), 0.93 (d,

J=66Hz,3H),097(d,J=64Hz 3H),1.04(d,/=64Hz,3H), 108,/ =

6.9 Hz, 3 H), 1.19 (s, 3 H), 1.21 (s, 3 H), 1.22-1.89 (comp m, 20 H), 1.59 (d,

superimp on comp m, J = 0.4 Hz, 3 H), 1.63 (d, superimp on comp m, J = 0.7 Hz,

3 H), 1.91-2.10 (comp m, 5 H), 2.30 (m, 2 H), 2.59 (m, 1 H), 2.70 (m, 2 H), 3.06
25 (d,J=12Hz 2 H), 3.12 (5, 3 H), 3.28 (s, 3 H), 3.29 (m, 1 H), 3.32 (s, 3 H), 3.40

(m, 1 H), 3.58 (m, 1 H), 3.63 (m, 1 H), 3.70 (d, J = 5.8 Hz, 1 H), 3.85 (m, 1 H),

4.19 (m, 1 H), 4.62 (m, 1 H), 477 (s, 1 H), 5.19 (m, 1 H), 5.28 (m, 1 H), 5.40 (m,

1H), 5,58 (m, 1 H), 5.95 (m, 1 H), 6.18 (m, 1 H), 6.33 (m, 2 H), 7.15 (m, 1 H),

7.20 (m, 1 H), 7.55 (m, 1 H), 8.49 (m, 1 H); high resolution mass spectrum (negative
30 ion FAB) m/z 1075.4 [(M-*); calcd for C1HgoN2014: 11074.1].

Results obtained in standard pharmacological test procedures:

LAF ICsp: 0.60 nM

Percent change in adjuvant arthritis versus control: -78%



exfracted 4x ethyl acetate. The organic extracts were conbined, dried over

Na2SO4, filtered and concentrated to provide a sticky solid which was
triturated with ethyl acetate to provide 1.02 g of the desired
product as a tan solid.

- 15 - Exanpl e 2 Rapanyci n

42-ester with 2.2-dinethyl-3-(3-pyri-@nyl) propionic acid
2,2-Di met hyl -3-(3-pyridinyl)-propionic acid (0.675 g, 3.77 mmol) was
di ssolved in THF (24 nL). Tri et hyExampe (Q) 58 mL, 4.15 nmol) was added and

the 5 hiivbia 2V ter I 4l (;g@ignzoyl chloride (0.58
nL, 3.77 mol

, 3. < 1 dded ct t. O C
for an additi (ﬁfﬁ?lsmﬂ agﬁté%t@ ﬁogp\“ k] Qﬂoﬁﬂ@g%fﬁb&gﬁlmaﬁﬁrégﬁ]mg 21][ ure
gnd stir ahgd%lﬁlﬂz; ﬂtmﬁg(lgﬁtzﬁskaMbw_as aiﬂeﬂliiio;ﬁmse at 707°(St'ﬂwm| cionNZasand dded

enzege . was added. anmyci . <y nol ) was adde

Fol | ofed IS "R Fo4R mmganand srior f-odt ThegoRMINaEncIRs ot rred
10 over nvigihpotassiurh sedivgquiartcdie dndviitiéredlaiiotph eelite.d Wartreslasradded ahtbylie acet at e.
Th r ' ried r
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® RenynbyRine %ol dsdaTinnteafdlely th hd nddsiep. 7 515 (m 1 H, 5.27 (d, J =

2,2-Dimethyl-4-(3-pyridinyl) butyric acid was prepared from 3-(2-bromoethyl)-

(m’

|_|)
3.12
H)
J
4.

\III"

pyridine according to the procedure of Example 1. The acid was triturated with ethyl
acetate to give the acid in 4% yield. 1H NMR (200 MHz, DMS0) 6 1.1 (s, 6 H), 1.75

20 (m, 2 H), 2.52 (m, 2 H), 7.25 (m, 1 H), 7.60 (m, 1 H), 8.21 (m, 2 H), 12.2 (s, br, 1
H).

The title compound was prepared according to the procedure of Example 2 from
2,2-dimethyl-4-(3-pyridinyl) butyric acid. Purification was accomplished by
chromatography with 2% methanol/methylene chloride to yield the title compound in

25 12%. mp = 100-103 °C.

IR(KBr)710 (w), 985 (w), 1100 (w), 1190 (w), 1380 (w), 1440 (m), 1640 (s),
1720 (s), 2920 (s), 3430 (b); 'H NMR (400 MHz CDCl3) 3 0.89 (d, J = 6.64 Hz,
3 H), 093 (d, J = 6.43 Hz, 3 H), 0.97 (d, J = 6.43 Hz, 3 H), 1.03 (d, / = 6.64 Hz,
3H), 1.08 (d, J = 6.85 Hz, 3 H), 1.24 (5, 6 H), 1.63 (s, 3 H), 1.73 (s, 3 H), 1.97 -

36 0.83 (comp m, 23 H), 1.98 (m, 4 H), 2.19 (m, 2 H), 2.31 (m, 3 H), 2.57 (m, 2 H),
3.72 (m, 1 H), 3.41 - 3.10 (comp m, 3 H), 3.12 (s, 3 H), 3.31 (s, 3 H), 3.33 (s, 3 H),
3.55 (m, 1 H), 3.64 (m, 1 H),3.71 (d, /=5.81 Hz, 1 H), 3.85 (m, 1 H), 417 (d, J =
5.81 Hz, 1 H), 4.68 (m, 1 H), 4.77 (s, exchangeable 1 H), 5.16 (m, 1 H), 5.27 (m,
1H),450(d,J=975Hz,1H),595(,J =9.75 Hz, 1 H), 6.13 (m, 1 H), 6.33 (m,
35 2H),7.18 (m, 1 H), 7.47 (m, 1 H), 8.41 (m, 2 H); 13C NMR (100 MHz, CDCl3) &
10.15, 13.14, 13.71, 15.91, 16.03, 16.23, 20.65, 21.50, 25.21, 25.25, 27.03, 27.25,



Hz,' 1r0 5.41 (m 1 H), 5.52 (dd, J = 8.8, 15.0 Hz, 1 H), 5.96 (d = 10.5
“ Hz, 1 H)), 6.12 (dd, J = 10.0, 15.1 Hz, 1 H), 6.33 (m 2 H), 7.18 (dd,
) =*4.9, 7.7 H, 1 H, 25 7.42 (m 1 H), 842 (m 2 H: 13C NVR (100 Mz,
cDa [err]) [err] 10.14, 13.20, 13.62, 15.87, 15.97, 16.20, 20. 64,
21.48, 24.75, 25.25, 25.35, 27.01, 27.21, 29.61, 31.12, 31.21, 32.84,
33.16, 33.77, 35.10, 35.96, 38.37, 3®8195, 40.17, 40.42, 41. 48, 43.01
43.36, 44.19, 46.57, 51.27, 55.86, 57.30, 59.22, 67.15, 75.30, 76. 21,
77 14, 883, 2048231.28432.9]1, 9300533.2023375, 1262,435.59, 38.38 38949 4020, 130. 16,

306, 7153 s, 130430, 430 M0 37 RO 4O, B Bl
spect r um7orsy A5i80% 1718, FeP4, 84.32, Rt A41 G449 984, [183128) 126 3% d 2661,
d err] H gny)sy| %Dh@g 98861, 11@34594]136 05, 137%%'40%3})%@2“%9'8@ %angafd

phar macol ogi ca st pro kin graft
sur vi val 16%132617@8% 1(?535@ 3 ﬂéﬁr%l%ﬁﬂ dighrasolution mass spectrpm: (negativedar's, p. o.
Pigcent qi’pmygg/zlmggigj[wamtcaﬁﬁtfbfCgi}@ZygoquM]roI |-62°3A) ~ _

- e panycin
42- est er %ﬁwlﬁ@@ﬂ%mwgh@aﬁwgﬁthW%m ¢ aci d hydrochl ori de
salt  LAFICsp: 1.20aMh sol ution of rapanycin 42-ester with .

2,3 0 b bl YRR ERep 808 (103, O 38 ") 1 e
The rl@acti on was warnmed to roomtenperature and the solid collected
by filtration and dried under hig to provide 0.965 g (97%

yi el d) of thetltle corrpound np = Wg% ' C. 1H NWVR (400 MHz,

CDC13) 8 Rapamyeind2-estey with 2ghdimeth ppnicacid? (d, J = 10 6.4 Hz,
I?:|z H, 3 E') 961( g 72 2(]-D1m§t}ﬂ71J3’Z(4 éfrl@imylg- g@%&ﬁﬁc a1:1d_‘ \x@s %r%cé”awordlﬁgqg thé 6% ‘(S 7
edure of Examl_qe 1. The ac1d was triturated w1t}' ethyl acetate to give the ac1d m

3 H) 1. G80C

15 4% yield. LH NMR (300 MHz, DMSO) & 1.1 (s, 3 H), 2.80 (s, 2 H), 7.18 (4, 2 H),
8.23 (d, 2 H), 12.2 (s, br, 1 H).
The title compound was prepared according to the procedure of Example 2 from

2,2-dimethyl-3-(4-pyridinyl) propionic acid. Purification was accomplished by
chromatography (C18 reverse phase) using 20% acetonitrile in H20 (0.1% acetic acid)-
20  100% acetonitrile over 1 h. to yield the title compound in 6%. mp = 106-109 °C.
IR(KBr) 975 (m), 1080 (w), 1170 (m), 1230 (w), 1360 (w), 1440 (m), 1635
(m), 1720 (s), 2910 (s), 3430 (b); tH NMR (400 MHz CDCl3) 8 0.89 (d, J = 6.85 Hz,
3 H), 093 (d, J =6.64 Hz, 3 H), 097 (d, J = 6.43 Hz, 3 H), 1.04 (d, J = 6.64 Hz,
3H), 1.08 (d, J = 6.85 Hz, 3 H), 1.14 (s, 3 H), 1.19 (s, 3 H), 1.64 (s, 3 H), 1.73 (s,
25 3 H),0.83 - 1.89 (comp m, 18 H), 1.95 (m, 4 H), 2.08 (m, 1 H), 2.34 (m, 3 H), 2.59
(m, 1 H), 2.68 - 2.93 (comp m, 6H), 3.12 (s, 3 H), 3.30 (s, 3 H), 3.32 (s, 3 H), 3.10
- 3.41 (comp m, 2 H), 3.59 (m, 1 H), 3.65 (m, 1 H), 3.72 (d, J = 6.02, 1 H), 3.85 (m,
1 H), 4.16 (m, 1 H), 4.66 (m, 1 H), 4.75 (s, 1 H, exchangeable), 5.28 (m, 1 H), 5.41
(m, 1 H), 5.56 (m, 1 H), 5.97 (m, 1 H), 6.13 (m, 1 H), 6.34 (m, 2 H), 7.10 (m, 2 H),
30  8.46 (m, 2 H); high resolution mass spectrum (negative ion FAB) m/z 1074.5 [(M-¢);
caled for Cg1HooN2014: 1074.4].
Results obtained in standard pharmacological test procedures:
LAF ICs0: 0.84 nM
Skin graft survival: 11.17 + 1.47 days
35  Percent change in adjuvant arthritis versus control: -73%



1.95 (comp m 11 H), 1.74 (d, superinp on conp m J=1.04 Hz, 3 H), 2. 15
(m I H, 2229 (m 2 H, 2.58 (m 1H, 2266 (m 2 H, 2.94 (m 1 H),
3.1t (m 2 H), 3.11 (s, superimp onm 3 H, 3.27 (s, 3 H, 3.31 (s,
3 H, 3332 (m 2H, 3.58 (m 15 1 H, 3.63 (m 1H),3.76(d,J 5.4 Hz
1 H, 3.83(m | H, 4.18 (m 1 H), 4.60 (m 1 H, 4.66 (s 1H,
5.15 (m 1 H, 5.26 (m 1H), 5.39 (RrR2%t H), 5.57 (m 1 H), 96 (m 1
H, 613 (m 1 H, 6.32 (m 2 H, 7.75 (m 1H), 822(m1H),858

(br s, 2 H:; h| gh resol ution nassEly}mpkeri!%(negatlve ion FAB) nmfz 1074.6

L M HCL) Rapamycin #7LG#H 488 2 Chebnaid ol forleack74- 4. 20 Resul ts
LAF | Cerr]:

1.03 nM ZM%MEWYABPMIC &F’{dh‘f"i*% pr§p=v§¢ geordiggitedhe - 73%
. Exanpl e ‘grodéure BABRMMPleN . 4EheE 5@ walhrithirated?with BByt odiRyhé d6i)h )
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CDOIO[ err%@ d{ﬂe” 1€l %ﬁ&(tﬁzﬁg 0. gnetjx}ﬂa?%&@@]_geq)[ @% L&ﬁe@'\ﬁd(tﬁg oty =
6.6 Mz, ®asfon wadoled 109 °C amcme(mg, 31280mn(>ldwas addes. aedthpreaubp 1.14

(s, 3H)H) wa st%4‘ec§ ?or ?h W o b grﬁi’ waftfted E‘(P%nmen@)e'f%u % @91' %@ %‘ngzggp 82 conp

T o e vsb bt 5t NRACE, Sl B vios OGBS e 2 (.
2 H), 2.%bs fied Svel)NaB3Of cdoficendtapdr dndipuified via flash column chromatography
- 17 using 2% MeOH, CH2CI) as eluent followed by reverse phase HPLC (C18 reverse
15  phase) using 20% acetonitrile in H20 (0.1% acetic acid)-100% acetonitrile over 1 h to
yield the title compound in 3% yield. mp = 132-135°C.
IH NMR (400 MHz CDCl3) 8 091 (d, J = 6.64 Hz, 3 H), 0.95 (d, J = 6.64 Hz,
3 H), 099 (d, J=6.4Hz 3H), 1.06 (d, J = 6.4 Hz, 3 H), 1.09 (d, J = 6.8 Hz, 3 H),
1.60 (s, 3 H), 1.75 (s, 3 H), 0.81-1.95 (comp m, 30 H), 1.96 (m, 4 H), 2.12 (m,
20 2H), 2.35 (m, 3 H), 2.59 (m, 1 H), 2.72 (m, 2 H), 2.84 (m, 1 H), 3.10-3.41 (comp
m, 2 H), 3.14 (s, 3 H), 3.34 (s, 3 H), 3.39 (s, 3 H), 3.58 (m, 1 H), 3.66 (m, 1 H),
3.76 (m, 1 H), 3.86 (m, 1 H), 4.19 (m, 1 H), 4.68 (m, 1 H), 4.79 (s, 1 H), 5.15 (m,
1 H), 5.28 (m, 1 H), 542 (m, 1 H), 5.51 (m, 1 H), 597 (d, / = 10.4 Hz, 1 H), 6.15
(m, 1 H), 6.34 (m, 2 H), 7.18 (m, 1 H), 7.47 (m, 1 H), 8.37 (mm, 1 H), 8.44 (m, 1 H);
25 high resolution mass spectrum (negative ion FAB) m/z 1114.6 [(M-*); calcd for
CeaHoaN2014: 1114.6].

Example 11
Rapamycin 42-ester with 2-cyclobutane-3-(3-pyridinyl) propionic acid
30 Cyclobutane carboxylic acid (5 g, 49.9 mmol) in THF (30 mL) was added to
LDA (114.86 mmol) in THF (75 mL) at 0 °C. The reaction was warmed to 5 °C for 30
min at which time 3-picoly! chloride (12.27 g, 74.9 mmol) (prepared by neutralization

of 3-picolyl chloride) was added. The reaction was stirred at room temperature for 2 h

and then heated to 75 °C for 1.5 h. The reaction was cooled to room temperature,
35 quenched with H2O and extracted 3x ether. The aqueous layer was acidified with 6N

HCI to pH 2, washed again with ether, brought to pH 5.9 with 10% NaOH, and



m 3 H, 3.08(m 2H, 3.23 (s, 3 H, 3.289s, 3 H, 3.56 (d, J=21.2H
* 1H), 3.60 (m [err] H, 3.74 (d, J :54Hz, 1 H, 3.81 (ml1lH, 4. 14
(d,*J =4.9 Hz, 1 H), 4.59 (m 2H, 511 (m 1 H, 522 (d, J =4.9
Hz, 1 H, 535 (d, J =10.0 Hz, 1 H), 5.47 (dd, J = 8.8, 15.0 Hz, 1

H, 593 (m 1 H, 6.09 (dd, J—lOO 15.1 Hz, 1 H), 6.27 5
(m2H),7.76(dd, J=5.7, 7. 9Hz, 1H) 8. 27('dZ3J-8 OHz, 1H), 8. 66(d, J=1.6 1
H, 8.70 (d, J =4.7 h|ghresolut|on mass spectrum (ne atlvelon
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57.19, 59.25, 67 17, 75.35, 76.15, 77.14, 80.99, 84.83, 98.48, 123.14, 126.42,

126.54, 129.48, 130.18, 133.59, 133.67, 135.68, 136.03, 136.58, 140.11, 147.81,

150.63, 166.75, 169.25, 175.61, 192.63, 208.17, 215.24; high resolution mass

25  spectrum (negative ion FAB) m/z 1086 [(M-+); calcd for CgpHogoN2014: 1086.6].

Example 12

Rapamycin 42-ester with 1.4-dimethylpiperidine-4-carboxylic acid
To ethyl isonipecotate (5.0 g, 31.85 mmol, 1.0 eq) in 13 mL of dichloromethane
30  was added triethylamine (3.54 g, 34.94 mmol). The solution was cooled to 0 °C and
benzoyl chloride (4.44 g, 31.59 mmol, 3.67 mL) was added dropwise, keeping the
internal temperature below 10°C. The reaction was then stirred 2h at room temperature
followed by filtration. The filtrate was washed with dichloromethane and the effluent
was evaporated. The residue was brought up in 50 mL of diethyl ether and a spatula of
35 activated carbon was added. The mixture was then filtered and the residue distilled
under full vacuum (BP. 195 °C) to obtain 6.0 g, 72% yield, of N-benzoyl ethyl



35" 1 H, 595 (m 1 H), 6.11 (dd, J = 9.9, 15.1 Hz, 1 H), 6.35 (m 2 H),
©7.07 (m 1 H), 7.13 (d, J = 7.8 Hz, 1 H), 7.56 (td, J = 1.8, 6.6 Hz, 1
"H), 8.48 (m 1 H; [err]C NMWR

- 18- (100 MHz, CDO [err]) [err] 10.13 13.12, 13.71, 15.89, 16.01,

16. 20, 20.63, 21.47, 25.11, 25.19, 25.25, 27.01, 27.23, 29.72, 31.26,

32.92, 32.99, 33.22, 33.73, 33.79, 32408, 35.94, 38.33, 38.88, 40.18,

40.46, 40.62, 41.43, 42.25, 44.01, 46.56, 51.25, 55. 83, 57.42, 59.27,

8.
122. 74, 126,36, 126,59, 129 52 1% 2° 133,60, 135.55, 136.04, 53%.35,
140. 11, 2H), Z-ﬂémeai%i@%llo‘ajigi@sf’f%@ 1466, 26). 177. 08, 192.52, 208. 16,
[2(1&;4 i’.f” hi ghdrresyehwylem }4 isonipemasN (6068122190 ﬁlﬁﬁﬂ!ﬁ&%s\é(gsdo%d;w BB m%ﬂ%ﬁ 3

; ofr, err rr err Ler/J.. . esu S
(ELTE T RENCCnG ORIt quspge i hsigeing: CHET SN
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pont anoi (St f8 P RfibNed 63 SR ﬁraﬁswiﬂ’a&%ﬁ? R T VA
was heat epheachedesvitius saeated golution of NalICOR, ¢xract wishelhet.gimsed pithirimenext day,
the exce d'@f]eg"%r Rl R sditifor Gad ﬂggre\tlima{lﬂ e&%ﬁéﬁt&?# LZ&R thtﬂ?e

NaHCO err free Dase was extracted ] e organic
| ayers drd bgef &F-bearosk-#msthdrathyl Aspainsopiatsr66%: yidld).n THNMR (3603dBebxi mat el y
50 mjgp Tf@DCl% §; 75D\t 50m),vieg5 g e H) mBedi(al, @ ¥),a3.10 Tmb2amp! 204 .4 empr ovi de

from | soft Byl 1020l 3 80 5 11 © °° AR (200 Mz, DVBO [err] ©1
(s, 6 H, (1.5-BenZoy)4-nkhf dthyl doripecofatd44(1% g, 115D mmol) of the above
compound was dissolved in 32 mL of ethanol and 10 mL of H2O. NaOH (1.56 g, 39
mmol) was added and the reaction was heated to 40 °C for 1h. The mixture was cooled
15  and diluted with 40 mL H20, acidified to pH = 2 with concentrated HCl, extracted with
ether, dried over Na2S0y4, filtered, and evaporated in vacuo to obtain 4.3 g of N-
benzoyl-4-methyl isonipecotic acid as a yellow solid (100%). 1H NMR (200 MHz
DMSO dg): 8 12.50 (s, 1 H), 7.26 (m, 5 H), 3.40 (m, 2 H), 3.00 (m, 2 H), 1.90 (m,
2 H), 1.40 (m, 2 H), 1.10 (s, 3 H).
20 N-Benzoyl-4-methyl isonipecotic acid (1.21 g, 4.88 mmol) was dissolved in
20 mL of 6 N HCl and refluxed overnight. The mixture was cooled and benzoic acid

67. 14, 75sdifipectbat®0 1 HNMR3(2081MPEy CCI?LC}%,JS 784-(8%5 BY%4.46 (g, 28,9690

removed by filtration. The filtrate was evaporated and crystallization from
acetone/dichloromethane provided 0.62 g of 4-methy! isonipecotic acid (90%).
1 NMR (300 MHz DMSO dg) 8 9.0 (s, 1 H), 3.1 (m, 2 H), 2.7 (m, 2 H), 2.0 (m,
25 2H), 1.6 (m, 2 H), 1.1 (s, 3 H).
4-Methyl isonipecotic acid (5.10 g, 35 mmol) was placed in a Parr flask and
diluted with 400 mL H20. 10 mL of a 30% formaldehyde solution was added
followed by 5.0 g of 10% Pd/C. The reaction mixture was hydrogenated at 50 psi
overnight, filtered through celite, washed with H20, and evaporated. HPLC 1:1
30 methanol/dichloromethane containing 2% acetic acid afforded 1,4-dimethylpiperidine-4-
carboxylic acid. (0.859 g, 15%). 1H NMR (200 MHz DMSO dg) 8 3.0 (m, 2 H), 2.5
(m, 2 H), 2.4 (s, 3 H), 2.1 (m, 2 H), 1.5 (m, 2 H), 1.1 (s, 3 H).
The title compound was prepared from 1,4-dimethylpiperidine-4-carboxylic acid
using the procedure of Example 2. Purification was accomplished by chromatography
35  (C18 reverse phase) using 20% acetonitrile in HyO (0.1% acetic acid)-100% acetonitrile
over 1 h. to yield the title compound in 13%. mp = 101-105 °C.



7.65 (m 1 H, 841 (m 2 H. The tide conpound was prepared
according to the procedure of Exanple 2 from

2, 2-di met hyl -5- (3-pyridinyl) pentanoic acid. Purification was acconpli shed
by 25 chromat ography wi th 5% nmet hanol in nethylene chloride followed by

5% i sopr opanol in methanol to yield the title conpound in 19% np =
82-85 [err]C. | RCKBr) 729~ (w), 870 (w), 950 (w), 990 (m, 1100
(m, 1280 (m, 1325 (w), 1380 (w), 1450 (m), 1645 (s), 1720 (s), 2930
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(a3 kg 1385 . 510 (5, 1640, P20y a3l hga53b By 1 TR ol ¢
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2. 3p_ 3.29
(S, s 1y @448 £ 1(15“ F@»96%1 =6, %ﬂé d’@(dgz{'i&;éﬁ%ﬁg ggﬁbm 'y
3. 75§d (4 J=46. WO(S%H)(W3(S,3H)117-§(S§ QL -3.98 Gomp Hz, 1
T), 4. 56::5@1&)12“&)7 éfe3<c6 h, B*IBXQW%EJ:&}: n§ ?ﬁ%3§41((§713 i{){%’szﬁ 39 (m
-19 ’ )8§6?)m2§2r(§°m17ﬂ1§ (t&aZ%H)Z G/(Q%'fll{m iH}ﬁ 4340002 H) ;
hi gh resed> éﬂeﬁamﬁssl(s 3H)spspt§ BRIy, B¢, \2H @73:&13)/%450114921 B),[ (M);

cal cd fog etk e ) % o, 1H)LEF155”@ 98! S8

st andar d
Ski ni@r al H)s 6130 (vdall 9263z, I0HRSS.65:®, 1 H), 5.8e(d; gt 10/58rde, 1 B)adjigvant

Erarpi o PGS B 0 R 00 Mike £ RS 13200 008, 801
pr opi oni ¢3.86 ¥.1b 16.19, 20.63, 21,47, @ihﬁét R§124326.98p37. iZZI,l P8:64, 20.9pi Bni4 acid was
prepar ed3ag¢ o8N Xy Y. 73,1337, 33.76, 35.08, 35.49, 36.58, 38.35, 38.93, 40.17, 40.42,
40.66, 40.87, 41.50, 44.19, 45.13, 46.57, 51.26, 52.49, 52.64, 55.85, 56.23, 59.24,
15 67.17, 75.32, 75.76, 77.11, 80.98, 84.27, 84.73, 98.46, 126.49, 129.43, 133.54,
136.05, 140.04, 166.78, 169.24, 175.60, 192.66, 208.19, 215.20; high resolution
mass spectrum (negative ion FAB) m/z 1052.2 [(M-+); calcd for C50HgoN»2O14: 1052].
Results obtained in standard pharmacological test procedures:
LAF ICsqg: 0.58 nM
20  Skin graft survival: 12.83 + 1.47 days
Percent change in adjuvant arthritis versus control: -75%

Example 13
Rapamycin 42-ester with 1-benzoyl-2-methyvl-piperidine-2-carboxylic acid
25 Ethyl pipecolinate (5.0 g, 29.2 mmol) was dissolved in CH2Cl12 (10 mL).
Triethylamine (3.25 g, 32.12 mmol) was added and the solution was cooled to 0°C.
Benzoyl chloride (94.1 g, 29.2 mmol) was added slowly dropwise in order to maintain
the internal temperature < 10°C. The reaction was warmed to room temperature and
allowed to stir for 2 h and then filtered. The filtrate was evaporated and then diluted
30  with ether and treated with approx. 5 g of activated charcoal. The ether was removed
and the residue containing ethyl-1-benzoyl-piperidine-2-carboxylate (6.61 g, 81%
yield) was used directly in the next step.
To a solution of diisopropyl amine (2.11 g, 25.86 mmol) in THF (50 mL) at
0°C was added nBuLi (9.4 mL, 23.51 mmol, 2.5 M in hexanes). This solution was
35  stirred for 15 min at 0 °C and then cooled to -78 °C. Ethyl-1-benzoyl-piperidine-2-
carboxylate (6.16 g, 23.5 mmol) was added and the reaction was allowed to stir for 45



procedure of Exanple 1. The acid was triturated with isopropyl ether to
give the acid in 12% vyield. np = 99-102 [err]C. [err]H NVWVR (300 Mz,
CDCl [err]) [err] 1.25 (s, 6 H), 3.1 (s, 2 H, 7225 (m 2 H, 7.75 (m
1 H, 86 (m 1H). The title conpound was prepared according
to the procedure of Exanple 2 from 15 2, 2-di et hyl - 3- (2- pyridi nyl)
propionic acid. Purification was accpgpli shed by chromat ography with
50- 100% et hyl acet at e/ hexane followed by HPLC (C[err] reverse phase)
W t h 20%nicatveitich mﬂeememyﬂodrde](el%q; 23054 aninbl) weasiadiiedl ODRe racicnwiyg i | e over

Ith.( KtB?)WWd(%”%’%l‘tS‘ {ib*‘"‘l"' g ung‘i"é“@o(lﬂg)c)n@‘i 36‘10@331’%89&5{‘%% 3420

(s, 20 quenghed| with NHHKIIQB mmsm:m{, dried pverd¥apPOg a8d c(memzatec} to 0. 89 (d,
!5 i coag e g il G G 1 3 1]
1.21 s, 30(11‘@2:1 131 8rkplO{mpd H)) 1.45 503 19, 1.4-1.7 (C%Bé‘i*’l‘?rﬁ on corrp m
i ;1?2 i‘@? (@, PH), 3. ﬁﬁg@ﬁ)%@@"(ﬂn”@ n7c2qrml Ryy = 0 7 HZ 0 (m 23H)|_|) 3. 06
35775 S LByl bency-2 ety piperidints2 b e 645 B2 S B 1 . 5 92
EL_) S8 az FD(?LJSS%I\‘H& in EtOH ((Smm]l) d!hiH,iD%%ﬁ)ﬂU) NabH (23568 68!61m:hol‘)|)was%daéﬁ ((;7 ~(] = .
S,
H, 5.1 e ieapﬁxon 2§ gezzt!ﬁ_a iol4q_|)C fcg 17 (\%.'addmortgl pPrq.ch ofg\snag}-} 6&5 £ H, 5. 95

(m 10 H)68.6 mkfolf Mas Adddd and. tBS rdabtior’ whb hca?cdltﬁ 65C tor Hh, The ethandl w6k ( m 1 H),
on o) eheyd o i e Thpe whd adle®Rich kbl PROTIR AAPRAL Bl B98P
Resul t s whbd@k¢)i nThe aguikand Ipyrarwasc ettogiadaBx wast etpexoa:mijamgk acetate. LAF
'_%Oe/r "1 ROn8% Wsolvent SoVRERL. A28, VPG HYaoyRb Mkl pipéj@;ﬁﬁ&i control:
Exanpl e @boxylicRaidan}is NMB 220 Mz [RMAO) S2-4i(sd Ry I 4= B (qopan i 4§D) butyric
acidis 3.0 (m, 2 H), 3.4 (m, 2 H), 7.4 (m, 5 H).

The title compound was prepared according to the procedure of Example 2 from

1-benzoy}-2-methyl-piperidine-2-carboxylic acid. Purification was accomplished by
chromatography with 2% MeOH /CH2C1) followed by HPLC (regular phase) with 20%
EtOAc/Hexane - 100% EtOAc over 1 h to provide the title compound in 3% yield.

20 mp =120-126°C. 1H NMR (400 MHz, CDCI3) § 0.87 (d, J = 6.85 Hz, 3 H), 0.93 (d,
J =643 Hz, 3 H), 0.97 (d, J = 6.43 Hz, 3 H), 1.03 (d, J = 6.64 Hz, 3 H), 1.08 (d,
J=6.85 Hz, 3 H), 1.61 (s, 3 H), 1.63 (s, 3 H), 1.72 (s, 3 H), 0.82-2.10 (comp m,
32 H), 2.32 (m, 3 H), 2.58 (m, 1 H), 2.69 (m, 2 H), 2.81 (m, 1 H), 3.12 (s, 3 H),
3.31 (s, 3 H), 3.10-3.40 (comp m, 3 H), 3.40 (s, 3 H), 3.61 (m, 1 H), 3.70 (d, J =

25 6.02Hz, 1 H), 3.87 (m, 1 H), 4.16 (m, 1 H), 4.66 (m, 1 H), 4.80 (s, 1 H), 5.13 9m,
1 H), 5.25 (m, 1 H), 540 (m, 1 H), 5.52 (m, 1 H), 5.94 (m, 1 H), 6.12 (m, 1 H),
6.32 (m, 2 H), 7.31 (s, 5 H); high resolution mass spectrum (negative ion FAB)
m/z 1142.6 [(M-+); calcd for Cg5HgaN2015: 1142.6]

Results obtained in standard pharmacological test procedures:

30 LAFICsp:2.9nM



Et hyl pyridinyl acetate (22.8 g, 0.138 mmol )was di ssolved in THF (365 nlL)
and LiALH4 (1.0 Min Et[err]OQ 129 nlL) was added dropwi se at O[err]C The
reaction was 5 allowed to warmto roomtenperature and stir for 1.5 h.
The reacti on was quenched with potassi um sodi um tastshét Basdach Hebhdegr €d
through celite. Water was added and the aqueous ph ted
4x Et OAc. The organi ¢ phases were colfbi ned, dried over mmmm"mmnﬂ
Na[err]SOerr], filtered and concentrated to provide

3-(2- hydroxyet hyl ) pyri di ne i n quanELAIMSBve yield. [err]H NVR (300
MHz, CDCl[err]) [err] 2.78 (g, 2 H, 3.78 (t, 2 H, 7.15 (m 1 H, 10 7.51
(m 1H,83(m 2 . 3-(2-Hydroxyet hyl ) pyridine (23.6 g,
192. 03 r%?-‘)lsﬁhgn?ﬁ%%ol ved in concentrated HBr (150 nlL) and heated at
refl.ux overnight. The reaction was cooled to roomtenperature and
concent rht ed. ﬁowemofvﬁesmmaue was neutralized with NaHCO3 and
extracted with benzene. The organi c phase was dried over NaJerr]SOerr] and
15 concentrated down to apprg OR1L of solvent. The residue containing
3-(2- brono- et hyl ) pyri @i ne2jwas used i nmedi ately in the next step.
2,2-Di et hyl -4-(3-pyridinyl )Albutyic acid was prepared from

3-(2-bronoet hyl) - pyrfdi N acdd¥edi ng to the procedure of Exanple 1.
The acid was triturated -wifh qthyl - acetate to give the acid in 4%

yield. 1H NVR (200 ) “1 1 (s, 6 H, 1-7520 (m 2 H, 2.52
(m 2 H, 7.25 (m , 8.2 (m 2 H, 12.2 (s, br, 1

H) . Th rrp0191d ared accordingyto tthe procedure
of Exanple 2 from 2,12-di met hyl - 431¢3- pyridinyl) butyric acid.

Purificati on was Ggcorpl i hed by -ehr
met hanol / met hyl geg Ehl o de to yi elMe®Phe ffi
100- 103 [err]C. | R(KBr) 710 985 (w), 1100 (w), 1190 (w),
1380 (w), 1440 ( 2920 (s), 3430 (b); [err]H
NVR (400 MHz CDCi{ferr}) [err] 0.89 _(d .64 Hz, 3 H, 0.93 (d, J
= 6.43 Hz, 3 H) . 1.03 (d, J = 6.64 Hz, 3

Mat ogr aphy with 2%
tle conpound in 25 12% np =

H, 1.08 (d, J = 6.85 Hz , (s, 66H), 1.63 (s, 3 H, 1.73 (s, 3
H, 1.97 - 30 0.83 (conpm 23 H, 1.98{(m 4 H, 2.19 (m 2 H, 2.31 (m
3 H, 257 (m 2 H, 3.72 (m 1H), 3.41 - 3.10 (comp m 3 H), 3.12 (s,
3 H), 3.31 (s, 3H), 3.33(s, 3 H, 55 (m 1H), 3.64 (m 1H), 3.71
(d, J =5.81 H, 1 H, 3.85 (m 1 H, 4.1% (d, J= 581 Hz, 1 H), 4.68
(m 1 H) wheréli R(and Rbachenchdaddpendentty, 516~ ((@HNH ~ EFBRYm 1H,
4.50 (d, J =9.75 Hz, 1 H), 5.95 (d, J = 9.75 Hz, , 6.13 (m 1H), 6.33
(m S1H, 7.47.(m 1 H, 841 (m 2 H; 13C NVR (180 Mz, CDC13) 8
10.15, 13.14, 1971, 15.91, 16.03, 16.23, 20.65, 21.50, 25.21, 25.25,

27.03, 27.25, —C-(CH,),,
R’ RS
R? and R3 are each, independently, alky! of 1-6 carbon atoms, arylalkyl in which the

, or hydrogen;

alkyl portion contains 1 to 6 carbon atoms, or R2 and R3 may be taken together
to form a cycloalkyl ring of 3-8 carbon atoms;

10 R4 is a heterocyclic radical of 5-12 atoras having at least one N, O, or S, which 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, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
trifluoromethoxy, amino, dialkylamino of 1-6 carbon atoms per alkyl group,

15 dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkyithio of 1-6 carbon atoms, -SO3H,
-PO3H, and -COyH;

R is alkyl of 1-6 carbon atoms or arylalkyl of 7-10 carbon atoms;

* C L M S *



- 21 - 28.65, 29.78, 31.24, 32.91, 33.00, 33.20, 33.75, 35.12, 35.59,
38. 36, 38.91, 40. 20, 40. 55, 40.84, 41.48, 42,39, 44.21, 46 60, 51.28,
55.87, 56.22, 57.22, 59.31, 67.16, 75. 40, 75! She i@di 84. 32,
84.44, 84.79, 98.47, 123.28, 126.39, 126.61, & m 133 61,
135. 69, 136.05, 137.68, 140.13, 47.32, 149.80, 166. 2, 176.82,
192. 52, 208.16, 215.38; high resol utgg®n mass spectrum (negative | on

FAB) mz 1088.6 [(M.); calcd for C62HI92N30l 4: 1088. 6] . Resul ts

obt ai HEdR6%&Rammémﬁlfﬁﬂhﬁ@énﬁa@&ithﬁmwﬁ%om-s atorhs'favidgoo: 1. 20

nM Percent chan I a t arthritis,versus control -50% 10
Bxanpl e 9 S oo 0.5 5, A Ay hE Spioriiiy SHanr. o PhER SIS )
propi oni ¢ aci mth a group selectedZﬁé?lekyétdﬁ)lLé Sarbén pyvinsd vyl pf ﬁﬂdpaamhmm aci d was

prepared accofdi t r,0, [re .Exanple 1. The acid was
triturated m%‘ﬁmgtgﬁ‘ﬁ%‘g‘f‘%néylt%lgﬁ bt 1" h 15 4%yi ol d. 1H NVR (300
MHz, 5DIVSO)=Q}1,11(S, 3 H, 2.80 (s, 2 H, 7.18 (d, 2 H), 8.23 (d, 2
H, 12. 2, (sg.1br. | H. The title conmpound was prepared

accor d| ng to fhe procedure of Exanple 2 from

2, 2- di me® FyA-6:3- (4- pyridinyl) propionic acid. Purification was acconpl i shed
by #lth ﬁf@ﬁz@@fsélﬂ{h‘{ R(QH&{TﬁEﬁB%ﬂPHffﬁé%enU&' a?rﬁa/ébﬁﬁ@aﬁ@% ég’tébﬁ: in HO
(Ol%acetlc aC|d)- 20 100% acet oni eov to yield the title
conpound@tihespt.np = 106- 109 ' C. | R( KBF) 975 (m), 1080 (w),
1170 (m, 1230 (w), 1360 (w), 1440 (n) 1635 1720 (s), 2910 (s),
34301(b)2. | H MWRcoARpd uh@bf@@@ﬂ:ﬁl ®héeHORL ds hsldmgén 85a maceuuca’ﬁl , 0.93

d, J = 6.64 3 0.97 (d, J = 6.43 Hz, 3 H), 1.04 (d, J = 8.64 Hz,
gH), 1.%5%62‘8*%331L”’g)“§§|42 3 H, 1.14 (s, 3 H), 119(3( 3 H, 164(s, 3

H, 1.73 (s, 25 0.83 - 1.89 (comp m 18 H, 1.95 (m 4 H, 2.08 (m
1 H, 2.34 (m 3H), 259 (m 1 H), 2068-293(c0rrp 6H) 3.12 (s,
3 H, 3.3 (the%oh‘)pouﬁd&?clélﬁﬂ&/Hé}emﬁls'l-o——c-——(%§ 41 (@HQ},}RM ofat), 3.59
(m 1 H, 3.65(m 1 H, 3.72 (d
R? R3
pharmaceutically acceptable salt thereof.
4. The compound of claim 3, wherein R* is pyridinyl, pyrazinyl, triazinyl,

15  pyrimidinyl, pyridazinyl, imidazolyl, pyrazolyl, quinolinyl, tetrahydroquinolinyl, or
isoquinolinyl or a pharmaceutically acceptable salt thereof.

S. The compound according to claim 4, wherein R* is pyridinyl or a
pharmaceutically acceptable salt thereof.

6. The compound according to claim 5, wherein k = 0 or a pharmaceutically
20  acceptable salt thereof.

7. The compound according to claim 6, wherein R2 and R3 are alky! of 1-6 carbon
atoms or are taken together to form a cycloalkyl ring of 3-8 carbon atoms or a
pharmaceutically acceptable salt thereof.

R’
8.  The compound of claim 2, wherein Ris — C-— (CH2)m7< ora

R® RS
25  pharmaceutically acceptable salt thereof.

9. The compound of claim 8, wherein R5 is alkyl of 1-6 carbon atoms or a
pharmaceutically acceptable salt thereof.

[l



1H) 4.16 (m 1 H, 466 (m 1H, 4.75 (s, 1 H exchan eable) 528 (m 1

H), 5.41 (m 1 H, 556 (m 1 H, 5.97 (m 1 Thij She 6. 34
‘‘(m 2 H), 7210 (m 2 H, 30 8.46 (m 2 H; highr 1 H spectrum
(negative ion FAB) mz 1074.5 [(M(); calcd f
Cerr]JHerr]Nerr]derr]: 1074.4]. 229 Resul ts obtar ned in standard

phar macol ogi cal test procedures LAF ICJerr]: 0.84 nM Skin graft

survi val : rcent h in adjuvant arthritis versus
control : 1073(y ecompoun&%% c?mm9 crem an%rig?arc taﬁexl together to forma _ 55 _

Exanpl e Jiperidine, Bayrpimlirien ﬂﬁ&neqﬂxehnwmﬂer&im{ @&tﬂzek%xheﬁtln?aazmldm& oyl ) .
ropi oni idin ropionic acid was
BreBar ed(i)ggﬂ(?i gg?roa?lharmacegm%lf %ﬁéﬁg %f{h%?ggrpl e 1y Thg acl?l d was

triturated with ethyl acetate to %I ve the acid in 16% yield. [err]H
NVR (300 INHz, Aonssapoyngroficlainpl whichds Fpamyci 42ngste wq)h 2.2-dmethyl-32(3H) ,
2. 75 ;)?m gl %&Moﬂphaﬁn@éu&dﬁl{%%% BsafiheRof.l M, 8.40 (m 1 H).

pyr|d| nyI Ic acid (1.08 g, was heated at reflux in
SOCl [err], (6 rrL) over nj gf The excess thio chl oride was renoved and the

resi due di2 ut dHCQMPEINGPLSlaimd phihyis (anzmﬁt@tm ardimethyl-313eq) was

added angytib®y ggmm@ﬁgamgﬂy&Q&]msgﬂ_ to O[err]C. Rapanycin (3.0 g, 3.28
mnol ) was added and the reaction vvas stlrred for 2h at O[err]C and

war med tq.,oom tenper Lo s .over n| The . act,i

quenc hedqv%rt h ﬁ\lﬁ‘?—‘%“@&f 2%% 8’@‘&5‘ W'esfeﬁ with 6’2rrfﬁE’eHW£ge was
dri ed oveuyriliayh prdpistieacid methaneseionant smt. and purified via flash colum

chr omat ogr aphy using 2% MeOH, C[err]C[err] as eluent followed by

t Ll
vee, s ABMATE da ey ARR 1 B ERC E E O RARRIRREL 10
title corpyodingl)butysonagider 8 pharmaeeutigilylagseptabler iCthereof. 091 (d, J =
6.64 Hz, 3 H), 0.95 (d, J = 6.64 Hz,

15. A compound of claim 1 which rapamycin 42-ester with 2,2-dimethyl-5-(3-
pyridinyl) pentanoic acid is or a pharmaceutically acceptable salt thereof.

16. A compound of claim 1 which is rapamycin 42-ester with 2,2-dimethyl-3-(2-
15  pyridinyl) propionic acid or a pharmaceutically acceptable salt thereof.

17. A compound of claim 1 which is rapamycin 42-ester with 2,2-dimethyl-4-(3-
pyridinyl) butyric acid or a pharmaceutically acceptable salt thereof.

18. A compound of claim 1 which is rapamycin 42-ester with 2,2-dimethyl-3-(4-
pyridinyl) propionic acid or a pharmaceutically acceptable salt thereof.

20 19. A compound of claim 1 which is rapamycin 42-ester with 2-cyclohexyl-3-(3-
pyridinyl) propionic acid or a pharmaceutically acceptable salt thereof.

20. A compound of claim 1 which is rapamycin 42-ester with 2-cyclobutane-3-(3-
pyridinyl) propionic acid or a pharmaceutically acceptable salt thereof.

21. A compound of claim 1 which is rapamycin 42-ester with 1,4-
25  dimethylpiperidine-4-carboxylic acid or a pharmaceutically acceptable salt thereof.

22. A compound of claim 1 which is rapamycin 42-ester with 1-benzoyl-2-methyl-
piperidine-2-carboxylic acid.

|1 \\\I\\ |||\\ \\l\l \\ \Il\



99 (d, J = 6.4 Hz, 3 H, 1.06 (d, J =6.4 Hz, 3 ,109(d J=
3 H, 1.60 (s, 3 H, 1.75 (s, 3 H, mxs%kmén%eé&

4 H, 2.12 (m 20 2 H), 235(m 3H) 272(m
(m 1 H, 3.10-3.41 (conp Im 34(s 3
(s,3H),3.58(m1H),366( 1 ,386
, 4.19 (m 1 H), 4.68 (m 1H)’50-479(s 1H) 515(m

(m
5.2 (m J.= 10.4

15 " Bary pthoq Shipapci smaRdopbiteiog i gl finceq et wl:%h37 (m
H), 8. 44 Compriscsipdmithsteridy ayphimmmankuipressiveeffsctiatioutrofatopgioutieof ©8 FAB)
mz 1114. %A&M-e) cal cd for Cerr]Herr]Nerr]Jerr]: 1114.6].
Exanmple 1 Rapanmycin 42-ester with 2-cycl obut ane-3-(3-pyridinyl)
propionic acid 30 Cycl obut ane carboxylic acid (5 g, 49.9 muol) in
THF (30 nL) was added to AADPR 86 nmol) in THFE (75 nl) at O[err]C.
The reaction was warned to 5[ ¢ €] for 30 mn at which time 3-picolyl
chloride (12.27 g, 74.9 mol ). epared by neutralization of 3-picolyl
chl ori de) was added. The réﬁll on vva@l‘@urred at roomtenperature for 2 h

H, 0.
Hz
(

N

TZR3

2
3
1

'_\

and then heated to 75 for .l " The reaction was cooled to room
tenperature, 35 quen i th H[e Oand extracted 3x ether. The aqueous
| ayer was acidified W 8—1 pH 6R1 vvashed agai n with ether,

d

brought to pH 5.9 wt an I
- 23 - extracted|w thil Et OAc. The 6‘rgan| c phase was dried over
Na[err] SO err] an r(atedto i@e a sticky solid which was

to prow de 2- cycpobut ne- 3- ( 3- pyridnyl)
11 0 1H NMVR (20Q , DMSO) [err] 1.8-2.0

.0 (s, 2 H 1(m 1H, 7.58 (m 1 H)),

triturated with E
propionic acid (
(comp m 4 H, 2.
8.20(m 2 5 H

wherein R and R! are each, independently, —— C—- (CH,), 7< (CHp),R*
5
O
] R’
—C- (CHz)m—;< , or hydrogen;
R> RS

RZ and R3 are each, independently, alkyl of 1-6 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, or R2 and R3 may be taken together
to form a cycloalkyl ring of 3-8 carbon atoms;

10 R4 is a heterocyclic radical of 5-12 atoms having at least one N, O, or S, which 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, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
wrifluoromethoxy, amino, dialkylamino of 1-6 carbon atoms per alkyl group,

15 dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-POzH, and -CO9H;

R5 is alkyl of 1-6 carbon atoms or arylalkyl of 7-10 carbon atoms;

R6 and R7 are taken together to form a saturated heterocyclic ring of 4-8 atoms havin g

20 at least one N, O, or S, which may be opnonally mono-, di-, or tri-substituted
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The title comg%&gr repar ed from 2-cycl obut ane- 3- (3-pyridi nyl)

> propionic g to the procedure of Exanple 2 in 36%yield
and* was purlg’m ” col um chr omat ogr aphy using 2%
MeOH/ CH err] 6 110 [err] C | R(CKBr) 710 (w), 990

(m, 11200 (m, 1200 (m, 1330 (w), 1380 (w), 1450 10 (m, 1640 (s), 1720
(s), 2940 (s), 3430 (s, br); [err]H-BWR (400 MHz CDCl [err]) [err] 0.8-2.08
(compm 30 H, 0.91 (d, J =6.85 Hz, 3 H, 0.95 (d, J =6.64 Hz, 3 H,

0.99 (d, J= with a groip sdiectedl frhm alkyltf(1d6 cdrbon Grdds, oyl DfI3)}11 ¢arBén (d, J =

6.64 Hz, 3 H .. 16 . 3 H), 2.32 (m 1H), 2.44 (m 2
H. 2.59 (d, 3“°i“5638é§ﬁ??‘°¥%”,1°f2?'§f%$3&%“5’ 2 H, 2.84 (m 1H. 3 .14
(s, 3 H))c%oao (s, 3 H), 3.33 (s, 3H, 3.00-3.41 (comp m 15 4 H), 3.55
(m 1H , (m 1 H, 375 (d 3 =581, 31, 387 (m 1H, 419
(d,J:§3‘.1 L 1H, 464 (m 1LH, 477 (s, 1L H, 517 (m 1 H,. 5.28
(m 15|—Dp=1-6, 542 (m 1H), 554 (m 1H, 597 (d, J =11.0 H, 1 H),
6.14 (dd,wn;'h the ﬁotﬂa’iRlﬁxd R are nbfbotd hillrogéh, 614ag &éﬂhcaﬂjfic&&zﬁam (100
MHz, ‘jnerrl lerr] 10.16, 13.23, 1367 15.59, 15.90 16. 23,

20. 68, 2545 A 27, 27.03, 27.23, 29.60, 29.64, 30.38, 31.16, 31.24,
32.86, 32.96, 33.19 33. 78, 35.10, 35.92, 38.40, 38.96, 40.20, 40.31,
40. 47, 42448, Méhethidd éﬁuﬁﬁm g4fandplantalioR Yejection or @-thls& ho4. cﬁfc,aseﬁih 47, 75.35,

76.15, 77.14 80 99 48, 123. 4 126. 4 26, 129. 48,
130, 16, sty myoppd e oBuhith Compd el aAipERng 3 ghifejeciph ytve

150. &8, ]aﬁﬁur?ﬁ)fal:ﬁﬁlp%ﬂddﬁtﬁeﬁiucuﬁez 63, 208.17, 215.24; high resol uti on
mass 25 spectrum (negative ion FAB) nlz 1086 [(M-); cal cd for
CerrJHerr]Nerr]derr]: 1086,8] .

OR
with 1.4-dinethyl pi peridine-4-carboxylic

Exanpl e 12 Rapanyci n 42-

acid To ethyl id pcotate (5.0 g, 31.85 nml, 1.0 eq) in 13
nmL of dichl oromet hane 30 (va dedMd i et hyl ami ne (3.54 g, 34.94 mol).
The sol ution was cool ed t0}0 [err]C and benzoyl chloride (4.44 g,
31.59 mmol, 3.67 nlL) e, keeping the i nternal
terrperature bel ow 1Q[err on was_ then stirred 2h at room

t enper at ure f ol by | t@at JOBR'filtrate was washed with

di chl oronet hane and t S evaporated. The resi due was
brought up in 50 gl ofadi ebhyl ether and a gpatula of 35 activated carbon
was added. The fe s then filMsfed afid the residue distilled

under full vacu P. 195 [err]C) to obtain 6.0 g, 72% yvyield, of N benzoyl

et hyl

wherein R and R! are each, independently, C (CHz)k~7< (CHp),R*
R? R3

- g— (Cﬂz)m% R’ , or hydrogen;
: R R®
R2 and R3 are each, independently, alkyl of 1-6 carbon atoms, arylalkyl in which the
15 alkyl portion contains 1 to 6 carbon atoms, or R2 and R3 may be taken together
to form a cycloalkyl ring of 3-8 carbon atoms;
R4 is a heterocyclic radical of 5-12 atoms having at least one N, O, or S, which 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,

\\|||||\ \\\I\\ |||\\ l\l\l \\ \II\



24 - i soni pecotate. [err] HNVR (200 MHz) CDCl [err] [err] 7.26 (s, 5
H) , 401(q 2 H, 2.90 (m 2 H, 2240 (m 2 H, 2.01-1.40 (m 4 H),

1.1 (t, 3 This Sheet Has Been R nzoyI et hyl isonipecotate (6.06 g, 22.90
mol ) was d| sso I THF and added to a freshly prepared
solution if LDA 50 mmL THF) at 5 -78[err]C and stirred 45

m n. |odonethane (3.25 g, 22.90 mmol-B2was added and stirred 15 mn at
-78[err]C followed by stirring Ih at roomtenperature. The reaction was
t hen queyanoc tialel hjrdraxg.atitro atasbhlsedyudfi 7 caboilatdaty] eriftoromethylact with

ether, ri nsed o@l%ih'?)ﬁ ea no dﬁﬂf}'lﬂfdn%dofqvg mlﬂ%L%EPr’qur%w 'gro e sol uti on

was filtered an evapora

N- benzoyl - 4- néialkylaminealkyl %ﬁr@e@@b@ﬂ eto(rsﬁhﬁ@m&yaﬂ}yl of [le6 parblommmssoo VHz)

;0 W,Cgéo[i_r%gaoﬁwkﬂ éf 8- gmarﬁoﬁém(ré Q,gk,(kgn %ng16 z:grbgg ﬁg& s,2s0%H, 2- 10 (m

N-Benszoyl (H?)H hﬂoz?%onl pecotate (4.14 g, 15.0 mmol) of the above
conpoundR\ﬂ@ssamquL@@waa:S&s@m@ﬁ 1R2700 catidn hidrid Oof Hierr]0. NaOH (1.56

g, S add the rea on heat to 40[err]C for |h.
The m xt B @nm %"oﬁ\gﬁ%wﬁg WIWE’&?‘%H’?W@BY %’agﬁtﬂ?’\s L@W‘%o pH = 2
wi t h concent r at kedstldae N @tdras;tvﬁﬁclv\krtab be optlonalyhﬂbno-ﬁmLQﬁ B \@bhstiNagdO4,

filtered, and ted

benzoy! -4 ot B T Eompyelisrad A5 akilotol-5 s dnd a1 pabPl 1 v

( 20010vHz atomvs@ndpeuﬂu]o)oanmofl GlcartoR afams; 1 H), 7.26 (m 5 H), 3.40 (m
2 H, 3.004m 2 H, 1.90 (m 2 H), 1.40 (m 2 H), 1.10 (s, 3 H. 20

N- Benzoyl - 4-net hyl i sonipecotic acid (1.21 g, 4.88 mol) was dissolved in
20 nL of =15l and refl uxed overnight. The mixture was cool ed and benzoic
acid n=1-gmoved by filtration. The filtrate was evaporated and
crystallization from’ acet one/ di chl oronet hane provided 0.62 g of

4- et hy| With b previseitat Reang R oarsynot both hydoger, prp Riviemesoticalacomsedlels) [err]
9.0 {3, dalttheredt.l (M 2 H), 227 (m 2 H, 20(m 25 2H, 1.6 (m 2 H),
1.1 (s, 3 H. 4- Met hyl isonipecotic acid (5. 10 g, 35 mml) was
pl aced i Parr fl wi.th 400 of a 30%

a
f or mal deﬁ?rde m{hiogrpl%vﬁesauagagg]matmd arfe}mt’lsdwr‘b‘?a%mdleﬁg dffer ‘Ifm}l?ﬁrl C. The
react i oncerhprises edminsstéritcyy angemniattierdtisadffebfve@hount of a compenind gfithe sthichirer ed
t hrough celite, washed with H20, and evaporated. HPLC 1:1

.,

wherein R and R! are each, independently, —— C—- (CHz)k7< (CHp),R*
R? R?

* 4 L ] S *



3

*(200° Mz DVMSO d[err]) [err] 3.0 (m 2 H), 2.5 (m 2

30  nethanol / di chl or omet hane contai ni ng 2% acetic acid af forded
1, 4-di net hyl pi peri di ne- 4- carboxylic acid. (0.859 g, 15%. [err]H NWR
, 2.4 (s, 3 H,

By lagceshpound
ing the
raphy 35

0.1% acetic
conmpound in

5

2.1 (m 2H, 1.5 (m 2H, 1.1 (s, 3 H. This Shear
was prepared from 1, 4-di net hyl pi peri di ne-4-car boxyl Jﬂlﬂﬂ
procedure of Exanple 2. Purificationszgas acconplish

(A ferr] reverse phase) using 20% acetonitrile in Herr]O
acid)-1 00% acetgnitrile over 1 h. to yield the titl
13% np = 101-10§ [err]C.

- 25 - — C-(CHRR( )R 990, biliydrdgef0 (M), 1140 (w), 1170 (w), 1190
(w), 1215 (w), 1285 5 1375 (n) 1450 (s), 1640 (s), 1720 (s), 3430
(s), 3520 (b); 3[err]H NI§R CDCl [err]) [err] 0.8-1.8(corrpm
21 H), OI@(}m@ R3 dreidpch, On@elgdbnﬂy, alky.89- warb@l apmsarglalkyl in whichh,thd = 6. 43

Hz, 3 1.07 5
(d. J tbe 85 3%‘“5"‘?%"”? s ?2‘06%#1%’”%"%3 “@@&agg"??{m%@ﬁ 1.92 -
1.98 (conp  toforma eyclgalkybripgof 3-8 ¢ wom m 3 H, 2.27-2.38 (conp m 3
H), 2541Ra4gs aﬁcﬂé}l_?)cyghéﬁdxcal of 5 (mtm%s hving aﬁ@ast or?e PZ?O(&CSWVhQ&h fﬁaﬂm 2 86 -

2. 90 . 3.31
(s, 3(%) 3. 59’?(19?3112 ‘Pﬁ’n&edl‘ﬁ@f Sgl?sﬂm@ ‘Gﬁhﬂimlp SFbﬁctt?i from alé}’la?f 1(% 1 H)

ﬁj 165(g9 ‘(]d ?a@%m"ﬁ@mi dlﬁrlallé},d@?(m cakbéh atoﬁ}slﬁkém ofl 11d) carbor? Biohi, 10 1
6. 12 (mSY ?nwap%gzéf%zFRI?OWQ#@W]%%%wmm% %‘f?%]) terr]
10. 14, 13. 20, riBuGdmejxg3amino, diallkSarBiip of 8-6ldarbdbatbehs (20 aB3) ghdups 7, 21. 64,
25. 24, 26. 98, , 13, 33.67,
33. 7@‘? 35. 08, dﬁ*’é"%’m@@g"@g}%‘%@émﬁi %ir‘l"?’aﬁ‘}b%ﬁi 6'CarBon a%’g’ 56, 40. 87,
41.50, 44.109, aﬂ@xyalkyhef 3712 5arbos atEns, zwgyhﬁ.c_o 6&11 65@@@; a®®ns23505H, 24, 15
67.17, 75.32, ggéﬁ d?@ . 80.98, 84.27, 84.73, 98.46, 126.49, 129.43,

133. 54, 4, 166.78, 169.24, 175.60, 192.66, 208. 19,
215. 20 rﬁghalmlsqﬂluéwhonatomsméalbé@ {rl0snpaegamsy14: 1052] .

Resul t's QAR rt thkeh ApaHed 1AM ABRGRFAEH KeldrodREE riRE OF 8BUISHS having

15 at least one N, O, or S, which may be optionally mono-, di-, or tri-substituted

(‘D’“E"’

with a group selected from alkyl of 1-6 carbon atoms, aroyl of 3-11 carbon
atoms, and perfluoroalkyl of 1-6 carbon atoms;
k=0-1,
m=0-1;
20 n=1-6
with the proviso that R and R! are not both hydrogen, or a pharmaceutically acceptable
salt thereof.



Percent change in adjuvant arth nt rol: -75%

Exanpl e 13 Rapanyci n 42-e

1- benzoyl - 2- et hvl - pi peri di ne- 2-car bova ic acid 25 Et hyl

pi pecolinate (5.0 g, 29.2 mmol) was dissolved in CHerr]C[err] (10 m).
Triethylamne (3.25 g, 32.12 mmol) wgg_added and the solution was cooled to

. This Sheet Has B R
LAF ICJerr]: 0.58 nM20  Skin g i‘ et e‘ﬁ“ 12.83 1.47 days

0C. Benzoyl chloride (94.1 g, 29.2 mml) was added slowy dropw se in
order to2@Ri Nty ?ﬁhrmaceuncdl bembésiInAkicK &mﬁfﬁs@é é’é&n?mﬂa@gf m@kﬁu&ﬁ?&t' on was
warnmed to roomtenperature and allowed to stir for h and t hen

filtered. The filtrate was evaporatég and then dil uted 30 with ether and
treated with approx. 5 g of g charcoal. The ether was renoved

and the residue containing e - benzoyl - pi peri di ne- 2- car boxyl ate (6.61
g, 81% yi el d) was useg.--OiN e HéMen the next step. To a
sol ution of diisopropyl anfne (2 117g,” 25.86 mmol) in THF (50 nl) at
O[err] C was added nB ) . 1 mmol, 2.5 Min hexanes). This

sol ution was 35 i n a O[err]C and then cooled to
-78[err]C. Ethyl- ' il carboxylate (6.16 g, 23.5
nmol ) was added and t i wed to stir for 451

26 - mn atOWhi i .34 g, 23.51 mmol) was added.
The reaction was ure and gently warned
(-40[err]C) for HOQ| The reaction was guenched with NaHCO3, extracted
with ether, dri 9 Na|[ JSCIerr] a ncentrated to gi ve

et hyl - 1- benzoyl 21 met yI ‘?Mtrl di ne- 2-carboxyl ate (6.49 g, 100% yi el d).
[err]H 5 NVR ( .10 (m 3 H, 1.45 (s, 3 H),
1.4-1.7 (conmp m 4 3.5(m 2 H, 414 (m 2 H,
7.24 (m 5 H).

ned to rocueDe

wherein R and R! are each, independently, — — C"- (CHz)k7< (CH,)R*
R? R’

il 7
—C- (CHz)m-7< R , or hydrogen;
R

5 RZand R3 are each, independently, alkyl of 1-6 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, or R and R3 may be taken together
to form a cycloalky! ring of 3-8 carbon atoms;

R4 is a heterocyclic radical of 5-12 atoms having at least one N, O, or S, which may be
optionally mono-, di-, or tri- substituted with a group selected from alkyl of 1-6
10 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms,
cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
trifluoromethoxy, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
15 -PO3H, and -COsH;
RS is alkyl of 1-6 carbon atoms or arylalkyl of 7-10 carbon atoms;
RS and R7 are taken together to form a saturated heterocyclic ring of 4-8 atoms having
at least one N, O, or S, which may be optionally mono-, di-, or tri-substituted
with a group selected from alkyl of 1-6 carbon atoms, aroyl of 3-11 carbon

T

20 atorns, and perfluoroalkyl of 1-6 carbon atoms;



.Ethyl - 1-benzoyl - 2- net hyl - pi peri di ne- 2-carboxyl ate (6.49 g, 23.51 rrrml) was
dissolved in EtOH (54 nL) and H20 (16 ni). NaCH (&i,gghegtﬂaggee%
diti onal
mn was
e residue

‘added and the reaction was heated to 40[err]C

portion of NaOH (2.75 g, 10 68.6 mml) was added a ijw! H&Bl

heated to 65 [erre]C for 1 h. The ethanol was

was diluted with 50 nL of H20. The pHswas adjusted to - with HO (c).

The aqueous | ayer was extracted 3x with ether and et hyl acet ate.

Renoval s{)elvent provided 0.75 g, 22%yield of

1- benzoyl - qrgi hyl - pi peri di ne- 2- carboxylic acid. [err]H NVR (200 MHz,
I

DVBO) [er 4 (s, 3 H, 1.5-1.9 (comp m 4 H, 15 3.0 (m 2 H, 3.4 (m
2 H, 7.40€m65 H). The title conpound was prepared according

to the pr mh mg

1- benzoyl‘gg}?mé ‘géopr perr I neagécar tg)glyfirogerégréphgm ??'%gltw A table

acconpl i stal§ @gofan a pharmeneHticR fFaPeRy with 2% MeOH /CH err] d [err] fol | owed
by HPLC (regul ar phase) with 20% Et OAc/ Hexane - 100% Et OAc over 1 h

t th 126C. H NVR
(Zogr mz dprmer[\errrdrc]k)@ t[%gﬁifé?bm&kadébn?&ﬁd sfdranafi wméﬂocomp}%gs 55°Ca, [err]

I—‘II

6.43 Hz, 3 H),a)0. 97ac§lﬁmn%)rapa5ﬂy@ﬁr dﬂZafux@cddhal dén%’m(edheréoﬁwﬁh ﬁﬁladgﬂatm% |'|) . 08
(d, J =6.85 Hz, 1.61 (s, 3 H), 1.63 (s, 3 H), 1.7
0. 82- 2. 1Gagenonpr M 32H) 2.32 (m 3H), 258(m 1H)), 269(m 2H),

2.81 (m 1 H), (s, 3.31 (s, 3.10-3.40 (conp

3 12 >
90,5 0.0 o, okl Sl i) 7,

(m 110H) tw@axmla@mgagpnm) 5. 52 (m 1H, 594 (m 1H, 6.12 (m 1 H),

6.32 (m 2 H), 31. (s, 5 H); gh resol ution mass spectrum.(negative ion
FAB) m zsamilarzlasng psanys selegled droracidsoformifeer rI N[ errQlerr] : 1142. 6]
Results obtained in standa{)d phar macol ogi cal test procedures: 30 LAF
ICerr]: 2.9 nM (CH)) R - 27 -
HO— C_ (CH2)k 7< 2/n IIa
2 R
R
il R7
HO-C- (CH?)m_/< IIb
R’ R®

wherein 1, k, m and R2-R6 are as defined above, or a reactive derivative thereof, if
15  desired protecting the 42-position of rapamycin with an appropriate protecting group
and removing same as required.

T



. GLAI VB: 1 A conpound of the structure , [err]
wherein R and R err] are each, independently, [err] [err]
, or T1ydrogen; R2 and R3 are each, independently an al kyl of 1-6 carbon

atonms, or R2 and R3 may be taken together tol™ asBeerl Replabed| i ng
of 3-8 carbon atons; “'” ”mm
-36-

ABSTRACT

A compound of the structure
‘. OR
L'[ *OMe
O
Q\(
0] 0]
0]

HO

| 4
wherein R and R! are each, independently, =~ — C—(CHy)y 7< (CH,),R
R

R3
[ R?
—C- (Cﬂz)m—7< , or hydrogen;
5 R6

5 RZ2 and R3 are each, independently, alkyl, arylalkyl, or R2 and R3 may be taken
together to form a cycloalkyl ring;

R4 is a heterocyclic radical which may be optionally substituted;

RY is alkyl or arylalkyl;

R6 and R7 are taken together to form a saturated heterocyclic ring which may be
10 optionally substituted;

k=0-1;

m=0-1;

n=1-6;

with the proviso that R and R1 are not both hydrogen, or a pharmaceutically acceptable
15  salt thereof, which is useful as an immunosuppressive, antiinflammatory, antifungal,

antiproliferative, and antitumor agent.



R4 4s a het é’rocycl ic radical of 5-12 atons having at |east one rgdspgens

“at om-whi ch may be optionally nono-, di-, or tri- substituted with a
group sel ected from al kyl of 1-6 carbon atons, arylal kyl of 7-10
carbon atons, al koxy of 1-6 carbon atons, 36 cyano, hal o, hydroxy,

nitro, car bal koxy of 2-7 carbon ghSiEmp hgrj-EngLtgg RRBANRIN

trifluoromethoxy, amino, dialkyl ms per al kyl group,
di al kyl am noal kyl of 3-12 carbon atons S yal kyl of 1-6 carbon atons,
al koxyal kyl of 2-12 carbon atons, alkylthio of 1-6 carbon atons, -SO3H,
-PG3H, and - H R5 @ sl@(\c of 1-6 carbon atons or arylal kyl of 7-10

car bon at ons; Wen together to forma saturated heterocyclic
ring of 4-8 atom; haV| ng at | east one nitrogen which may be
optionally nono-, di-, or tri-substituted with

- 28 - a group sel ected from alkyh _#PRl-6 carbon atons, aroyl of
3-11. carb@rr -8t OB LTI and perfluoroa of 1-6 carbon atons; k = 0-1,
m= 0- l nET 156 Ty t he proviso that R E{berr] are not both hydrogen,

or a. phar maceutl call y accept abl e sal tJ;;er eof The conpound of claim

1, wherei A I{ ar d:w Si hydr ogen or phay maceut i g ally acceptable salt

ther%of : he conpound of Fcl aym
1

| 0

e o T 5 L B R

O O
HO
' 4
wherein R and R! are each, independently, — — C‘“(CHz)ksK (CHp)R
R? R?
— C“ (CHz)m—7< , or hydrogen;
R> R®

5 R2 and R3 are each, independently, alkyl, arylalkyl, or R2 and R3 may be taken
together to form a cycloalkyl ring;

R4 is a heterocyclic radical which may be optionally substituted;

RS is alkyl or arylalkyl;

R6 and R7 are taken together to form a saturated heterocyclic ring which may be
10 optionally substituted;

k=0-1;

m=0-1;

n=1-6;

with the proviso that R and R! are not both hydrogen, or a pharmaceutically acceptable
15  salt thereof, which is useful as an immunosuppressive, antiinflammatory, antifungal,

antiproliferative, and antitumor agent.



- o3 87-L o
ﬁ?”'Ra-phafnaceutically acceptabl e salt thereof. 4. The conpound of
claim3, wherein R4 is pyridinyl, pyrazinyl, triazinyl, pyrimdinyl,
pyridazinyl, imdazolyl, pyrazolyl, quinolinyl, tetrahydroquinolinyl, or
i soquinolinyl or a pharnaceutlcally accepjabl e salt thereof. 5. The
conpound according to claim 4, wherein R4 is pyr|d|nyl or:a; '
phar maceutical |y acceptabl e salt thereof. 6. ‘The conpound accordlng to
claimb5, wherein k = 0 or a pharnmaceutically acceppable salt’ thereof “_7;-5
The conpoundcefay@jg@i m 2, wherein Ris [err] or a pharnaceutlcally '**-“u!
acceptabl e salt thereof. 8. The conpound of ¢laim7, wherein RS i's"
al kyl of 1-6 carbon atons or a pharmaceutically acceptabie sdit- t her'eaf.:

9. The conpound of claim8, wherein R6 and R7§are taken together to form

a pi peridi nej, mor phehipBend fith@SRICARE! | ne, pi per agine, pyrazaridine, 2ot| ¥
i m dazolidine, or pyrrolidine ring or a pharnmaceutically accept able" sal t”

t hereof. 10. A conmpound of claiml ch is one of the follow ng
rapanmycin 42-ester with 2,2-dine &-(3-pyridinyl) propionic acid;
- 29 -

g " OMe

wherein R and R! are each, independently, — — C— (CH,)x 7< (CHp),R*

- g- (CH2)m7< R’ , or hydrogen;
R5 R®

R? and R3 are each, independently an alkyl of 1-6 carbon atoms, or R2 and R3 may be
taken together to form a cycloalkyl ring of 3-8 carbon atoms;

R% is a heterocyclic radical of 5-12 atoms having at least one nitrogen atom which 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, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, triflnoromethyl,
trifluoromethoxy, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-PO3H, and -CO,H;

R3 is alkyl of 1-6 carbon atoms or arylalkyl of 7-10 carbon atoms;

R6 and R7 are taken together to form a saturated heterocyclic ring of 4-8 atoms having
at least one mtrogen whlch ‘may be opuonally mono-, di-, or tri-substituted with



Fapanyci

n 42-ester with 2,2-dinmethyl-4-(2-pyridinyl) butyric acid,
rapanycin 42-ester with 2, 2-di nethyl -5-(3-pyridinyl) pentanoic acid;
rapanmycin 42-ester with 2, 2-di methyl -3-(2-pyridinyl) propionic acid;
rapanycin 42-ester with 2, 2-di nethyl - 4-(-3-pyridinyl) butyric acid;
rapanycin 42-ester with 2, 2-di nethyl -3-(4-pyridinyl) propionic acid,
rapanycin 42-ester with 1-(3-pyridinyl nmethyl)cycl ohexanecarboxylic acid,;
rapanmycin 42-ester with 1-(3-pyridinyl methyl)cycl obutanecarboxylic acid, or

rapanyci n 42-ester,. ' | piperl.dine- 4-car i Id;. a
phar maceuti cal | y%agéaé“é{)%éﬁ%f gg t utt%eolr}elﬁ?élgéqstO%sAﬁgg%%%r%g Cg#%ogldgﬁ{rﬁ’l
whi ch i s rapanyciahd pafleeioalkylwh ho zatboditemishyl - 3- (3- pyridinyl) propionic
aci d hydrochl.opijde salt, or rapamycin 42-ester with

2, 2-di met hyl - 3-(3-pyridinyl) propionic acid nethanesul fonate salt; or
rapanyci n 4m&8tkr with 1-benzoyl - 2- net hyl - pi peri di ne- 2- carboxyl i ¢ acid.
12. Use of, -ajgonpound as clained in any one of Clains 1 to 11 in the

reparation of nmedi capent for. i nducj ng i mmunosu ession in a manmml .
Prep w?th tge prov}sot atT{ and R! are not {)otg hydrogen, or E F;)>{1armaceutically acceptable

salt thereof,

2. The compound of claim 1, wherein R! is hydrogen or a pharmaceutically
acceptable salt thereof.

3.  The compound of claim 2, wherein Ris — I(Ij—— (CH,), ‘7< (CHz)nR4 or a
R? R
pharmaceutically acceptable salt thereof.
4. The compound of claim 3, wherein R? is pyridinyl, pyrazinyl, triazinyl,
pyrimidinyl, pyridazinyl, imidazolyl, pyrazolyl, quinolinyl, tetrahydroquinolinyl, or
isoquinolinyl or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 4, wherein R# is pyridinyl or a
pharmaceutically acceptable salt thereof.

6. The compound according to claim 5, wherein k = 0 or a pharmaceutically
acceptable salt thereof.

0
Il 7
7.  The compound of claim 2, wherein Ris —C- (CHz)m-ﬁ< R ora
R5 RS
pharmaceutically acceptable salt thereof.

8. The compound of claim 7, wherein RS is alkyl of 1-6 carbon atoms or a
pharmaceutically acceptable salt thereof.

9. The compound of claim 8, wherein R6 and R7 are taken together to form a
piperidine, morpholine, thiomorpholine, piperazine, pyrazolidine, imidazolidine, or
pyrrolidine ring or a pharmaceutically acceptable salt thereof.

10. A compound of claim 1 which is one of the following rapamycin 42-ester with

* C L M S *

2,2-dimethyl-3-(3-pyridinyl) propionic acid;



13. .Use-of a conpound as claimed in any one of Claims 1 to 11 in the
preparation of a nedicanment for treating transplantation rejection or graft

vs. host disease in a mamml . 14. Use of a conpound as clainmed in any
one of Claims | to 11 in the preparatied9-of a nedicanent for treating
rheumatoid arthritis in manmal . 15. A pharmaceutical conposition which

conprises a conpound as clained in Caim1l or a pharnaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier.
- 30- 16. rapafypincBester ath 12-dpaethyigh-@-pyodiotiiainoic &Cdai m 1 whi ch
conpri ses: a) acyl ating rapanycin or a functional derivative
t her eof wi t hapamyaimA2agstengvitbayZdimetly!-5-(3-pyridinyl) pentanoic acid;

rapamycin 42-ester with 2,2-dimethyl-3-(2-pyridinyl) propionic acid;

rapamycin 42-ester with 2,2-dimethy!-4-(3-pyridinyl) butyric acid;

rapamycin 42-ester with 2,2-dimethyl-3-(4-pyridinyl) propionic acid;

rapamycin 42-ester with 1-(3-pyridinylmethyl)cyclohexanecarboxylic acid;

rapamycin 42-ester with 1-(3-pyridinylmethyl)cyclobutanecarboxylic acid, or

rapamycin 42-ester with 1,4-dimethylpiperidine-4-carboxylic acid; or a

pharmaceutically acceptable salt thereof.

11. A compound of claim 1 which is rapamycin 42-ester with 2,2-dimethyl-3-(3-

pyridinyl) propionic acid hydrochloride salt, or

rapamycin 42-ester with 2,2-dimethyl-3-(3-pyridinyl) propionic acid methanesulfonate

salt; or

rapamycin 42-ester with 1-benzoyl-2-methyl-piperidine-2-carboxylic acid.

12.  Use of a compound as claimed in any one of Claims ! to 11 in the preparation
of a medicament for inducing immunosuppression in a maminal.

13.  Use of a compound as claimed in any one of Claims 1 to 11 in the preparation
of a medicament for treating transplantation rejection or graft vs. host disease in a
mammal .

14.  Use of a compound as claimed in any one of Claims [ to 11 in the preparation

of a medicament for treating rheumatoid arthritis in mammal.

15. A pharmaceutical composition which comprises a compound as claimed in
Claim 1 or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

* c L M s *

carrier.



'b) s sequentially acylating rapanycin or a functional derivative thereof
with two acyl ati ng agents, said acyl ating agents selected from aci ds
of formula [err] wherein n, k, mand Rerr]-Rerr] are as defined
above, or a reactive derivative thereof, if desired protecting the
42-position of rapanycin with an appropriate protecting group and renovi ng
sane as required.

-30-

16. A process for preparing a compound of Claim 1 which comprises:

a) acylating rapamycin or a functional derivative thereof with an acylating
agent, or
b) sequentially acylating rapamycin or a functional derivative thereof with

two acylating agents,

said acylating agents selected from acids of formula

0
il 4
HO-C— (CHZ)k--7<(CH2)nR Ila
R? R
] R7
HO-C- (CHyn—< Ib
RS R6

wherein n, k, m and R2-R6 are as defined above, or a reactive derivative thereof, if
desired protecting the 42-position of rapamycin with an appropriate protecting group

and removing same as required.

i



