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HETEROCYCLI C ESTERS OF RAPAMYCI N BACK
This invention relates to heterocyclic esters of r3Ra0 net h or
5 usi ng them for inducing i mmunosuppression, N p{pr}mnt rpaéi t ' age
transpl ant ati on rejection, graft vs. host Zzé Sptute I to pag“‘ A
di seases, diseases of inflammation, adult rI’““"'W@&EeW&"FI i HORAgEd -evees
solid tunors, fungal infections, and hyper prol i f@ At pageds &t &’rpdged e
di sorders. 10 Rapamycin is a mact ocydOATE QR RECEIPTDI.OLICo...ccecennnee,
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produced by Streptonyces hygrosc0| cus vvh| ch was found to have

antifungal activity, partiBEIRROCYELL Qb RAFANIXCAMNS both in
vitro and in vivo [C. Vezi na et al . : Antl biot. 28, 721 (1975); S. N
Sehgal et al., J. Anti b| ot 727 (1975 H A Baker et al., J.

Ant i bi ot . " BACKGES %’Véﬁm{% 3,929,992, and U.S. Patent
3,993, 749] . 15 Thls ld%aaaywake@k@naefddy&c &adrsof ﬁﬂﬁnﬂﬁd aamethod for
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gnti bgdi es. The i mmunosuppressive effects of rapamycin have
een disclosed in FASEB 3, 3411 (1989 l aspori.n ng, EK- 506
other macr&@yclic mitapamysin is, pgpaqracuslic Hehe BBOéﬁlogﬁcRKﬁd ﬁb@&é@%—%
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[Morris, R, [Egr? rlt Phymgl Bhapnslgco? rgs % (ﬁé’h)] %ﬁsclolsgg ﬂ'fajf gz?p?a}fl)'cm 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 erythematosus [U.S. Patent 5,078,999], pulmonary inflammation [U.S. Patent
5,080,899}, insulin dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res. Assoc.
121 (Abstract), (1990)], 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
positions) 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;



adult T-cell |eukem a/lynphoma [ European Patent Application 525,960 Al],
and ocul ar I nfl ammati on [ European Patent Application 532,862 Al].
Mono- and di acyl ated derivatives of rapanycin (esterified at the 28 and 43
positions) have been shown to be useful as antifungal agents (U.S. Patent
4,316, 885) 35 and used to nake water sol uble am noacyl prodrugs of
rapanycin (U S. Patent 4,650, 803). Recently, the nunbering convention
for rapanycin has been changed; -2-

- 2- t herefore according to Chem cal Abstracts nonenclature, the
esters descr i thertfoeaceording to itaba bstractsmomenclasurd, the-estgossdescribed above
DESCRI PTI ON Qodidtee! M5 81-QNd 4B- positions,  Thi s i nvention provides
derivatives of rapanycin which are useful as I mMunosuppr essi ve,
antiinflammtory, antifungal, antiproliferative, and antitunor agents

havi ng the stpESCRIPTION OF THE INVENTION R
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[ ] 5 This invention provides derivatives of rapamycin which are useful as

immunosuppressive, antiinflammatory, antifungal, antiproliferative, and antitumor
agents having the structure
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wherein R and R! are each, independently, —C-(CH,),R? or hydrogen;

10 R2is a heterocyclic radical of 5-12 carbon 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 in which the alkyl portion contains 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, trifluoromethoxy, amino,
15 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 -CO2H;
n =0-6;
with the proviso that R and R1 are both not hydrogen, or a pharmaceutically acceptable
20  salt thereof.

The pharmaceutically acceptable salts are those derived from such inorganic
cations such as sodium, potassium, and the like; organic bases such as: mono-, di-, and
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wherein R and Rlerr] are each, independently, - G (CH2)[err]RLerr]. _or
hydrogen; 10 R2 is a heterocyclic radical of 5-12 tarber—atens having at

| east one N, 0, or S, which may be optionally nono-, di-, or
tri- substituted with a group selected from : al kyl of 1-6 carbon
atons, arylalkyl in which the alkyl portion contains 1-6 car bon

at ons, al koxy of 1-6 carbon atons, cyano, halo, hydroxy, nitro,

car bal koxy of 2-7 carbon atoms, trifluoremdethyl, trifluoronmethoxy, am no,
15 di al kyl am no of 1-6 carbon atons per al kyl group,
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5 known accqe;pt abl e _aci
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i sopyrrolyl, Q%53x¢-oxatriadolyldak,dl3;5-oxatrazelyl i h28+dioxazolyl, 1,2,4-dioxazolyl,

1,3,2-dioxazolyl, 1,3,4-dioxazolyl, 1,2,5-oxathiazolyl, 1,3-oxathiolyl, 1,2-pyranyl,

15 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,

20 indolenyl, 2-isobenzazolyl, 1,5-pyrindinyl, pyrano[3,4-b]pyrrolyl, benzpyrazolyl,

benzisoxazolyl, benzoxazolyl, anthranilyl, 1,2-benzopyranyl, quinolinyl,

isoquinolinyl, cinnolinyl, quinazolinyl, naphthyridinyl, pyrido[3,4-b]pyridinyl.

pyrido[4,3-b]pyridinyl, pyrido{2,3-b]pyridinyl, 1,3,2-benzozazinyl, 1,4,2-benzoxa-

zinyl, 2,3,1-benzoxazinyl, 3,1,4-benzoxazinyl, 1,2-benzisokazinyl, 1,4-benzisoxa-

25  zinyl, carbazolyl, purinyl, and partially saturated heterocyclic radicals selected from the

list above. All of the preferred heterocyclic radicals contain at least one double bond.

When the heterocyclic radical is partially saturated, one or more of the olefins in the

unsaturated ring system is saturated; the partially saturated heterocyclic radical still

contains at least one double bond. The -(CH2)y- sidechain can be attached to any

30 position of the heterocyclic radical containing a carbon or nitrogen capable of forming a

bond with the -(CHj)y- sidechain. More preferred heterocyclic radicals are pyridinyl,

pyrazinyl, triazinyl, pyrimidinyl, pyridazinyl, imidazolyl, pyrazolyl, quinolinyl,
tetrahydroquinolinyl, and isoquinolinyl.

~ The term "aryl" as a group or part of a group such as arylalkyl includes any

35 carbocyclic aromatic group of 6-10 carbon atoms or heteroaromatic group of 5 to 10

ring atoms of which up to 3 ring atoms are heteroatoms selected from the group



24triazo|y|, 1,2-dithiolyl, 1,3-dithiolyl, 1,2,3-oxathiolyl,
soxazol yl, oxazolyl, t hi azolyl, isothiazolyl, 1,2, 3-oxadiazolyl,
, 2, 5- oxadlazolyl, 1, 3, 4- oxadi azol yl , 1,2, 3,4-oxatriazolyl,
, 2, 3,5-oxatriazolyl, 1,2,3-dioxazolyl, 1,2,4-dioxazolyl,
3, 2-di oxazol yl, 1,3, 4-dioxazolyl, 1,2,5-oxathiazolyl, 1,3-oxathiolyl,
, 2-pyranyl, 15 1, 4-pyranyl, pyridinyl, pyridazinyl, pyrimdinyl,
yra2|nyl 1 3,5-triazinyl, 1,2,4-trigqazinyl, 1,2,3-triazinyl,
2, 4-oxazinyl, 1, 3, 2-oxazinyl, 1,2, 6-oxazinyl, 1, 4- oxazi nyl,
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car bocyclic ar r oup_o - car at oms ronati ¢ oup of
5 to 10 aﬁsqﬁﬂivgﬂ% 2-42 cmoerat%s abkylshio; of f-@ £arhen am%é&i 61%&1
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Of the compounds of this invention, preferred members include those in which
R! is hydrogen; those in which R! is hydrogen and n = 0; and those in which R1 is
hydrogen, n = 0; R2 is pyridinyl, pyrazinyl, triazinyl, pyrimidinyl, pyridazinyl,
imidazolyl, pyrazolyl, quinolinyl, tetrahydroquinolinyl, or isoquinolinyl.

25 Examples of alkyl as a group or part of a group, e.g. arylalkyl, alkoxy or
alkanoy! (alkylcarbonyl) are straight or branched chains of 1-6 carbon atoms,
preferably 1-4 carbon atoms, e.g. methyl, ethyl, propyl, isopropyl and n-butyl.

This invention provides processes for preparing the rapamycin compounds of
this invention. In particular this invention provides a process for preparing heterocyclic
30 esters of rapamycin including those of formula I as defined above which comprises:
a) acylating rapamycin or a functional derivative thereof with an acylating
agent, or



ai kox’y of 1-6 carbon atons, cyano, hal o, hydroxy, hydroxy al kyl of 1-6
carbon atons, 5 al koxyal kyl of 2-12 carbon atons, and dial kyl am no al kyl

of 3-12 carbon atons, nitro, car bal koxy of 2-7 carbon atons,
trifluoromethyl, am no, nono- or di-alkylam no of 1-6 carbon atons
per al kyl group, am nocarbonyl, alkylthio of 1-6 carbon atons, - SG3H,
-PBH and -CO2H. The aryl group may be nono- or bicyclic. I t

is preferred that the aryl noiety of the agylal kyl group is a phenyl,
napht hyl , 10 pyridinyl, quinolinyl, isoquinolinyl, thienyl, thionaphthyl,
furanyl, benzofur aru)l sequenuhﬂyl a@datmgu’apmhmﬂ 6xaanicsibnal ldeﬁiﬁv%ma* With

I ndolyl, thia oI I, soxaz% pyri mdinyl, pyrazinyl, benzopyranyl,
or benzi m daz Y’ I 61? teh nay be . optlonal ly mono-, di-, or tri-
substituted with a group selected from al kyl of 1-6 carbon at ons,

al koxy of 1-6 car bonidacylatng ageatscelebted fronhaciismfformila r o, car bal koxy of 2-7

15 carbon atoms, trifluoronmethyl, am no, dialkylam no of 1-6 carbon atons

per al kyl group, dial kyl am noabkyl of 3-12 carbon atons, hydroxyal kyl
of 1-6 carbon atons, al koxw I 8f 2- 1?2 carb n atons, al kylthio of
1-6 carbon atons, -SO3H, -PQO3H, =(CH H. s nore preferred that

the aryl noiety is a phenyl group that my be optionally substituted

as describgd qhaygy pThGy ROIR  H¥bad otove, 640D WlRvhdd HILRDEZR qeshill "

strai ght c ain as as bran
conpounds  of pmtscnng/m%mmpmepémmmmmsan nppmpeanerwgtccnngmmand

Rlerr] is hyd t4A8S §s Jebuird. ch R[err] I s hydrogen and n 0; and those
i n which R[erri |sg g$1glrlog_en n 0; R2 is pyridinyl, pyrazinyl

triazinyl, pyrimdiuyl, ridazinyl, i m dazol yl razol
qui nol i nyl, tet rah?ﬁ\e B a3y ,cyamedl%ahqhﬁarqsmeo)fafggg ng rea, glent SEGLARA es
0}‘ kal ky: asl ﬁsﬁtﬂﬂ@bsﬁsnmd c@ﬁo&tﬂd@dﬁ:plﬁg@‘eag@ﬁwI'Hielﬁbbve-&iehﬁmedxrompounds
al kanoy on 0
atoms.” 16" B R ASEHh A Skt Brctlbedthy sl A5R Rlf GG, dvaives R o ia
i sopropyl and oﬁfdamqla II such as an anhydrideT himixedhemhydride, wmqiéhalpdmwhseshﬁ or
preparing the.gapagycin conpounds of this invention. In particular
this |nvent|on provi des a process for preparing heterocyclic 30 esters of
rapamycin including those of formula | as definedaabove whi ch conpri ses:
a) acyl ating rapanycin or a functional derivatjjve thereof with an
acyl ating ageCbmp6iinds which contain the ester group —C- (CH),R?  at the 42- or
31,42-positions can be prepared by converting an appropriately substituted heterocyclic
15  or heterocyclicalkyl carboxylic acid to its mixed anhydride with an acylating group such
as 2,4,6-trichlorobenzoyl chloride. Treatment of rapamycin with the mixed anhydride
under mildly basic condition provides the desired compounds. Mixtures of 42- and
31,42-esters can be separated by chromatography. The starting heterocyclic or
heterocyclicalkyl carboxylic acids are either commerc:ally available or can be prepared

20 by standard literature procedures.

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 dimethylsilyl group,
followed by esterification of the 31-position by the procedures described above. The

25 preparation of rapamycin 42-silyl ethers is described in U.S. Patent B1 5,120,842,
which is hereby incorporated by reference. Removal of the protecting group provides
the 31-esterified compounds. In the case of the tert-butyl dimethylsilyl protecting
group, deprotection can be accomplished under mildly acidic conditions, such as acetic
acid / water / THF. The deprotection procedure is described in Example 15 of U.S.

30 Patent 5,118,678, which is hereby incorporated by reference.



5- b) sequent i al | y acyl ating rapamycin or a functional

derivative thereof with two acyl ati ng agents. sai d
acyl ating agents selected fromacids of fornula [err] 5 wherein n and
R2 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. The reaction may be
carried out in the presence of a couplin@g-eagent, such as a sui tably

substituted carbodiimde coupling reagent. The above-nenti oned conpounds 10
of this inventi orHevingahe 3 1kposjrionpesterifidsl) amt: yHead2-pasition nigpraseated,vibe 42-
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basic condition provides the desired conpounds. M xtures of 42- and
31,42-esters can be separated by chromatography. The starting heterocgcl I C

or het er ocycThis iniviention alsd oavers analegoys hinderediesters of tharwapamycins suc
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The 31-esters o S |nvent|on can pared prot ectjn 'W’S
42- al col8l  stemethoxyrapsags wder anwm%ﬁehgammn derivatives inwhich the
tert-butyl dioiBlebbadd W te qups- and/orf sﬂpbmds Ihdve Heei lrédmul EULSQfPatdie
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mldy d8id |Ratm AdiO2i&IA%, This mveagora@le@ p@vers hindered gstersanther3 lfpomron of 2
depr ot eCt i OryxRrfHaBtyeirt [U?S OE&dtl £025,263)5X TP ldesclosufts i the above cited U.S.

Patents are hereby incorporated by reference.

Immunosuppressive activity for representative compounds of this invention was

20 evaluated in an in vitro standard pharmacological test procedure to measure lymphocyte

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,

25 which measures the ability of the compound tested to inhibit immune mediated

inflammation. The adjuvant arthritis test procedure is a standard pharmacological test

procedure for rheumatoid 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

30 the compound tested to inhibit or treat transplant rejection. The procedures for these
standard pharmacological test procedures are provided below.

The comitogen-induced thymocyte proliferation procedure (LAF) was used as

an jn vitro measure of the immunosuppressive effects of representative compounds.

35  Briefly, cells from the thymus of normal BALB/c mice are cultured for 72 hours with
PHA and -1 and pulsed with tritiated thymidine during the last six hours. Cells are



30 Patent 5,118,678, which is hereby incorporated by reference.

6- Having the 31 -position esterified and the 42-position
deprotected, the 42- position can be esterified using a different
acyl ating agent than was reacted with the 31- - al cohol, to give

conpounds having different esters at the 31- and 42- positions.
Alternatively, the 42-esterified conpounds, prepared as described above,
can be reacted 5 wth a different acyl at- i7ﬁg agent to provide conpounds

having different esters at the 31- and 42-pasitions.
This i nvention G@Fdwihkaad aﬂﬁnosgwgouﬁ CRRRERAIQNS 08 FADAETYCE, REclosRasiang comest
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Repr esent at i ve Rapamycindgasaised las a tésteentralofmveated recipients serve as rejection control.
The graft was monitored daily and observations were recorded until the graft became

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

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

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.

Ty

25
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.
30 Male BN rat neonate donors (less than 5 days of age) were humanely sacrificed, the
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
RPMI media where all adherent fat and fascia were removed. The heart was bisected in
half, along the midline from the apex to the root of the aorta, to generate two
35  approximately equal halves each containing atrial and ventricular tissue. Recipient male
Lewis rats were anesthetized with phenobarbital (50 mg/mL; i.p.), the left inner ear



al so evaluated in a heart allograft standard pharnacol ogi cal test procedure
whi ch measur es i mmunosuppressive activity of the conpound tested as
well as the ability of 30 the conpound tested to inhibit or treat
transpl ant rejection. The procedures for these standard

phar macol ogi cal test procedures are provided bel ow. The
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20 (1 h prior to antigen) and then injected with Freud's Complete Adjuvant (FCA) in the
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 0 is determined and a percent change from control is obtained. The left hind paw

25  (uninjected paw) inflammation is caused by T-cell mediated inflammation and is
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 ata
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

30 compound. Rapamycin provided between -70% and -90% change versus control,

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

The results obtained in these standard pharmacological test procedures are
35 provided following the procedure for making the specific compound that was tested.



Results are expressed as the nmean survival tinme in days. Untreated

. (control) pinch skin grafts are usually rejected within 6-7 days.

- Conpounds were tested using a dose of 4 ng/ kg. 25 The
cability of the conmpounds of this invention to induce immunosuppression
and inhibit or treat transplantation rejection was evaluated in a
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20 Because of the activity pi'oﬁle obtained, the compounds of this invention also
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.

25 When administered for the treatment or inhibition of the above disease states,
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

30 immunosuppressive or antiinflammatory agent, they can be administered in conjunction
with one or more other immunoregulatory agents. Such other immunoregulatory
agents include, but are not limited to azathioprine, corticosteroids, such as prednisone

and methylprednisolone, cyclophosphamide, rapamycin, cyclosporin A, FK-506,
OKT-3, and ATG. By combining the compounds of this invention with such other

35  drugs or agents for inducing immunosuppression or treating inflammatory conditions,
the lesser amounts of each of the agents are required to achieve the desired effect. The



15 The adjuvant arthritis standard pharnmacol ogi cal test

procedure neasures the ability of test conpounds to prevent i mmune
medi ated inflammation and inhibit or treat rheumatoid arthritis. The
following briefly describes the test procedure used. A group of rats

(mal e inbread Wstar Lewis rats) are pre-treated with the conpound to be
tested 20 (1 h prior to antigen) and then injected with Freud' s Conplete
Adj uvant (FCA) in the right hind pd®-to induce arthritis. The rats
are then oraIIy dosed on a_Mnda Wednesday, Friday schedule from
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i nfl ammat i onSGEL90E)]. recorded in the above tabl e (% change from
control).g The right hind paw inflammtion, on the other hand, is
caused by nonspecific inflanmation. Corrpounds were tested at a dose
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standard ph
the active 1ngred1ent. Suitable solid carriers include, for example, calcium phosphate,

magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl
20 cellulose, sodium carboxymethyl cellulose, polyvinylpyrrolidine, low melting waxes
and ion 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

25 solvent, a mixture of both or pharmaceutically acceptable oils or fats. The liquid carrier
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

30 containing additives as above, e.g. cellulose derivatives, preferably sodium
carboxymethyl cellulose solution), alcohols (including monohydric alcohols and
polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated
coconut oil and arachis oil). For parenteral administration, the carrier can also be an
oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid carriers are useful

35 in sterile liquid form compositions for parenteral administration. The liquid carrier for



pfocéo‘lures. Additionally, the results obtained in the skin graft and heart

all ograft test procedures further denonstrates the ability of the
conpounds of this invention to treat 10 or inhibit transplantation
rejection. The results obtained in the adjuvant. arthritis standard

phar macol ogi cal test procedure further denonstrate the ability of the
conpounds of this invention to treat or inhibit rheumatoid arthritis.

Based on the results of these standard phalhacol ogi cal test procedures, the
compounds are useful in the treatnment or inhibition of transplantation
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20  such as a semipermiable membrane covering a reservoir containing the active ingredient
with or without a carrier, or a matrix containing the active ingredient. QOther occlusive
devices are known in the literature.
In addition, the compounds of this invention may be employed as a solution,
cream, or lotion by formulation with pharmaceutically acceptable vehicles containing
25 0.1 - 5 percent, preferably 2%, of active compound which may be administered to a
fungally affected area. :

" The dosage requirements vary with the particular compositions employed, the
route of administration, the severity of the symptoms presented and the particular
subject being treated. Based on the results obtained in the standard pharmacological

30 test procedures, projected daily dosages of active compound would be 0.1 pg/kg - 100
mg/kg, preferably between 0.001 - 25 mg/kg, and more preferably between 0.01 - 5
mg/kg. Treatment will generally be initiated with small dosages less than the optimum
dose of the compound. Thereafter the dosage is increased until the optimum effect
under the circumstances is reached; precise dosages for oral, parenteral, nasal, or

35 intrabronchial administration will be determined by the administering physician based
on experience with the individual subject treated. Preferably, the pharmaceutical



basis for such conbination therapy was established by Stepkowski whose

results showed that the use of a conbination of rapanycin and :
cyclosporin A at subtherapeutic doses significantly prol onged heart
allograft survival tine. [Transplantation Proc. 23: 507 (1991)]. 5

The conpounds of this invention can be fornulated neat or with a

phar maceutical carrier to a mammal in need thereof. The pharnaceuti cal
carrier may be solid or liquid. Wied2fornul ated orall y, it has been
found that 0.01% Tween 80 in PHOSAL PG 50 (phospholipid concentrate
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admi ni strati ofsr £5P8 H.1 §Hé THEPWab SVagotited via a stream of N2 and benzene (7 mL) was
25 added. Rapamycin (2 g, 2.2 mmol) was added followed by dimethylaminopyridine
(DMAP) (0.32 g, 2.64 mmol). The resulting suspension was stirred overnight and then
quenched with NaHCO3 and diluted with ethyl acetate. The organic phase was washed
with 0.1 N HCIl, NaHCO3, brine, dried over Na2SO4, concentrated and
chromatographed using 95/5 methylene chloride / isopropanol to give the title compound
30 in 38% yield. mp = 109-113 °C.
IR(KBr) 980 (w), 1075 (w), 1240 (w), 1440 (m), 1640 (m), 1725 (s), 2900
(s), 3400 (s, br); 1H NMR (400 MHz, CDCI3) § 0.83 (m, 1 H), 0.94 (m, 6 H), 0.99
(d,J=65Hz, 3 H),1.06 d,J =6.6Hz, 3 H), 1.10 (d, F = 6.7 Hz, 3 H), 1.15-
1.28 (comp m, 8 H), 1.43-1.52 (comp m, 6 H), 1.60 (m, 2 H), 1.65 (s, 3 H), 1.70
35 (s,3 H),176(d,5=1.0,3 H),1.79(m,2 H), 1.99 (m, 1 H), 2.17 (m, 3 H), 2.35
(m, 2 H),2.61 (m, 1 H),2.73 (dd, J =5.7, 16.7 Hz, 2 H), 2.84 (s, 3 H), 3.14 (s,



pressurized conpositions can be hal ogenated hydrocarbon or other

phar maceutical |y accept abl e propel |l ant. Liquid
pharmaceutical conpositions which are sterile solutions or suspensions
can be utilized by, for exanple, intramuscular, intraperitoneal or

subcut aneous 5 i njection. Sterile solutions can al so be adm nistered

I ntravenously. The conpound can al so be adm nistered orally either in
liquid or solid conposition form -13- The conpounds of this

i nvention may be administered rectally in the formo convent.i onal

f a
supposi tory. FhbrHpd3imt 2a)oB.34y(si supezimps ah my 3| B 388 dnchi H), 3ARdHas i=on
or insufflatiofysteyp gﬂ,ﬂgoﬁg %Zf %, ML HR0D 1MRY, Bo0THw, TUERL 849/ @ 9 AN

agueous or 10 artial’l ution, ich_c be ufjlized_ jn
tﬁe f orm of anﬁ-ﬁgl oBb14.7 (ﬁe? H), 499&%@%&-‘3@ (%ilsa;né'gﬁgﬁioﬁﬁf{a?l%ﬂ' (jodae
adrfi ni ster eghts.aﬁgal,ej &g, b 14, I epgb.ssh@dyse 88, 15.t1 Hz,d tmatwssayeqqﬁl =18t Hz,
containin e | ou n CArLi € at Al $p )

active co%ﬁoun{j?ﬁi g\iSo(ﬁai@xﬁ' Qgt 34‘9 h@z’sﬁi ﬁi’ éa?]% ?‘Er Fo%p’ Z?Pl(\‘/lé’r'§ =o§'8f k71'e8’ elflz ent
for systemc 1H), 846s@ddpizon.8, iDHzhd B),®o60 (dd, Jamn 18,o4.8hHz JkHy, 13N
carrier may ta{;ﬁgaﬂm UAPRI, PE 1522, 195.783.9Uq5.9251600,2P618, 262, Q0IT, MBI S24.7,

astes, gels, occl'usive ‘devi ¢8s,” The cr n [ be
\F;i scous Igi qui %3, 388 2312, R9BnA LI0dt80P28: ?51331 3% %J?i’- 8;.%,@%;3%9,”2&2,
wat er-in-oi | typs; 4P3suam, U85 580550, 502915913,967. 07814/ 6.9, J7e2, 810, 84.3,

pet rol eum or dr Qphi Ii.c petr i gt ci4 edjent
may al so oY su$"(-§b?€¥’ Aa&gr ilégf" 9156%’ W%g@%mg%e{ﬁ%@siﬁ@ ge@gﬁg%@? b
rel ease the act§ne, i1596cdi668, 166.2, 168.20] 1935,5208:2m226.4; highireaelugion mass
har odi ent - SPecRsesans IRIAELEIBpY A (ME iRl BdrENIEh L F0s2 7).
active i ngredi Results Gbthined grstanggid pharmacological leseprogadardshown i n t he
literature. LAF ICso: 1.00 h¥t addi tion, the conpounds of this invention nmay
be enpl oyed as_a soFQ]tl'o.n, cream or lotion by fornulation with
phar maceutiial $¥in grafepiruival 1ehEtO-&4a¥¢ont aining 25 0.1 - 5 percent,
preferably 2% p&feritehdnge iff Sdjving srthtiso/ersiie kool ad88%i stered to a

fungal |y affecj.ed ea. . The dosage requirements vary with the

particul ar conﬁﬁ%ﬁ%@ﬁé‘\?ﬂw&ye@,sgﬁ?’ 1p. route of administration, the

severity of the synptonms presented and the particul ar subj ect being

treated. Based on the results obtained EQa fe 9t andard phar macol ogi cal 30

test procedures, projected daily dosages of "active conpound would be 0.1
R p ey o, oS

gg/ kg - 1@D gin4R-estarafith niegtipidaadveen 0.001 - 25 ng/ kg, and nore

Wy )
it ot ed i th snal FRde commpqund waprepred et niERtlhiceld scSBOREat e ocsdure
conpound. Ther e&xasmple heP a@ﬁ%?genivs“iaﬁ%?f%&sse?f%hﬁ’rq @ 8apyerin Rhasse 20%
under the circyuidmaien HOr(0A% atstichicid)- HI9% asagsisile mvent al to pravide the dilg
nasal , or compound in 16% yield. mp =95-98 °C.
25 IR(KBr): 700 (w), 740 (w), 990 (m), 1020 (w), 1100 (m), 1200 (2), 1240
(w), 1285 (m), 1325 (w), 1375 (w), 1450 (m), 1590 (w), 1645 (s), 1720 (s), 2950 (s),
3440 (b); 1H NMR (400 MHz, CDCl3) §0.92 (d,J =7.47 Hz, 3 H),093 (d,/ = 6.85
Hz, 3 H), 0.97 (d, J = 6.43 Hz, 3 H), 1.04 (4, J = 6.64 Hz, 3 H), 1.09 (d, J = 6.64
Hz, 3 H), 1.64 (s, 3 H), 1.74 (s, 3 H), 1.74 (s, 3 H), 0.95-1.95 (comp m, 19 H),
30 1.97 (comp m, 4 H), 2.13 (m, 2 H), 2.31 (m, 3 H), 2.60 (d, J = 6.43 Hz, 1 H), 2.71
(m, 2 H), 3.12 (s, 3 H), 3.32 (s, 3 H), 3.38 (s, 3 H), 3.65 - 3.35 (m, 4 H), 3.71 (4,
J = 6.02 Hz, 1 H), 3.83 (m, 1 H), 4.17 (d, J = 6.23 Hz, 1 H), 4.78 (s, exchangeable,
1 H), 4.92 (m, 1 H), 5.17 (m, 1 H), 5.27 (m, 1 H), 5.41 (d,J =996 Hz, 1 H), 5.50
(m, 1 H), 5.95 (d, J = 10.38 Hz, 1 H), 6.13 (m, 1 H), 6.34 (comp m, 2 H), 7.38 (m,
35 1H), 8.29 (m, 1 H), 8.75 (m, 1 H), 9.21 (m, 1 H); high resolution mass spectrum
(negative ion FAB) m/z 1018.1 [(M-+); calcd for Cs7EHg2N2014: 1018].




35 intrabronchial admnistration will be determ ned by the adm nistering
physi ci an based on experience with the individual subject treated.
Preferably, the pharmaceuti cal

-12- conposition is in unit dosage form e.g. as tablets or
capsules. In such form the conposition is sub-divided in unit dose
contai ning appropriate quantities of the active i ngredient; the unit
dosage forns can be packaged conp05|t|onsl4for exanpl e, packeted

powders, vials, anpoules, prefilled syringes or sachets containing |iquids.
The unit 5 Resylaglbmined in sandantpharmacalogicabest Pracediifsil e or tabl et itsel f,

or it can be fRE1ERP'OPT bR © number of any such conpositions in
package form éB ég# owi.ng exanples illustrate the
preparation avdnigradt syvival: 260i%9-87 days representative conpounds of
this invention. 10 Exanmple 1
Rapanycin 42-ester with 2-nethylni COtI To

et hyl - mesthyl ni coti nate (3 g, 181 }{Qljngk 15 nL of a 4:4:1

THE I\/EO—I H20 Ra trigdline¢ rcarhoxylicag mmol ). The reaction

15 ti | ; n?dbgm
HCL. \‘?ﬁz > rreres Bltgwsoo [ QS?S%W%EE?}%M%? hthl vac to
afford 2- net hydcardieg rcmhs procedur%\ef Exarnp hn?flﬂgﬁw yagpepomplished ygin llé%n
(132')0 Mi% D?/gﬁ%dﬁn& Aométhylede thon?lc&'o[lBWed HPBCJ(tC(lmre\lerH_) phﬁg)‘) ufing 20%

: : r ni cot i i .
nmol ) di %@Eﬂ‘\’@é"’ I_&Hﬂ%ﬁ(q 1% sgejonitr e)l\/ia P |a§FW§}}tﬂ q(Cloﬂég 5%% g? @g
mol ) was addgsnpgouiid tin¢2%ofeitdi mpwa99-dd>ﬁl'@d to O[err]C.

Trichl or obenzoyl ﬁ%ﬁ(gﬂd'?%?bgwf é‘q@,)]ggﬁom %géy\?ﬁ),qggggwgirpm@@g lfg(ge(w),

reacti on was

al | oned to wat28Q @),déﬁﬂt(wpé 80 (wh 1450 (m), 160Q (W), ¥e45 (@) IHﬁésm%E &é@
evapor at ed V|3a4 @) B wmz@]f@gg »8 09 @LY%SSH& 3 H)J043. (dRAg6194 1 n

(0. 32 o 18 oaamdiD, a%%i& 4ot et B hOp Ot S8R S Lok R
then qQUHBCHED), Y6k Its,\RHT;CR74(s) 3dH), 0.8 1,85t (metdmplencEt H) el .96 km, éFHani c
phase was vashed 2 my, 2.31 (m, 3 H), 2.59 (m, 1 H), 2.61 (s, 3 H), 2.71 (m, 2 H), 2.84 (m,
1 H), 3.10 - 3.41 (comp m, 2 H), 3.13 (s, 3 H), 3.32 (s, 3 H), 3.38 (s, 3 H), 3.42
(m, 1 H), 3.56 (m, 1 H), 3.65 (m, 1 H), 3.71 (d, J = 6.02 Hz, 1 H), 3.86 (m, 1 H),
20 4.16 (m, 1 H), 4.78 (s, 1 H exchangeable), 491 (m, 1 H), 5.17 (m, 1 H), 5.28 (m,
1 H), 5.41 (d, J = 8.72 Hz, 1 H), 5.54 (m, 1 H), 595 (d, J = 9.34 Hz, 1 H), 6.13 (m,
1 H), 6.33 (m, 2 H), 7.22 (m, 1 H), 8.16 (m, 1 H), 9.08 (m, 1 H); high resolution
mass spectrum (negative ion FAB) m/z 1032.4 [(M-+); calcd for CsgHgaN2014: 1032].
Results obtained in standard pharmacological test procedures:
25 LAFICsp: 0.6nM
Skin graft survival: 12.5+0.58 days
Percent change in adjuvant arthritis versus control: -87%

Example 4
30 Rapamycin 42-ester with S-methyl ine-2-carboxylic aci
The title compound was prepared from 5-methylpyrazine-2-carboxylic acid
according to the procedure of Example 1. Purification was accomplished by
chromatography with 2% methanol in methylene chloride to give the title compound in
12% yield. mp 115-119 °C.
35 IR(KBr) 730(w), 790 (w), 870 (w), 990 (m), 1030 (w), 1100 (w), 1140 (w),
1240 (w), 1280 (m), 1325 (w), 1375 (m), 1455 (m), 1650 (s), 1720 (s), 2930 (s),



with 0.1 N HO, NaHCO3, brine, dried over Na2S04, concentrated and
chromat ogr aphed using 95/5 net hyl ene chloride / isopropanol to give the

title conpound 30 in 38%yield. np = 109-113 [err]C. | R( KBr)
980 (w), 1075 (w), 1240 (w), 1440 (m), 1640 (m, 1725 (s), 2900 (s),
3400 (s, br); 1H NWR (400 M1z, CDC13) [err] 0.83 (m 1 H), 0.94 (m 6 H,
0.99 (d, J =6.5H, 3 H, 1.06 (d, J =6.6 Hz, 3 H, 1.10 (d, J = 6.7
Hz, 3 H, 1.15- 1.28 (comp m 8 H),-15-43-1.52 (conpm 6 H), 1.60 (m

2 H, 1.65 (s, 3 H, 1.7035 (s, 3 H, 1.76 (d, 5=1.0, 3 H, 1.79 (m 2
(sz ) 1.J 99 (5 rn7 3431ﬁ) (h)2IH NMR (m;wtgzrzﬁél% 50.91 gdﬂll4=2?.|85 HZ 35), 094 @, ¥)=6.64 73
Va7 ey 3, B (3 T 40 o ol 1A oy 6 93 1) 09 4B =671 5
gi)bos.(m (1 d, I-h,iH), 163%,3 H), H)746(3, SHY, m951=£1.9|§,(c?m§4h1,(!i9 Hl)f.g‘r, g;%mii) H,
519 (m 1 ;243 ?’g':z}”; 243.‘]9(‘1‘—’12,23?)'?0:59 ’(m,2§.),4%6§g§,s,|_% 1), 34 mljlﬂ)H)
5.55 (dd,5J 318-336 (®mp mx 2 H),H.12 &, 37H),B.32 (s; 31H),73.3& (s, 35H), 340(m, 6 HS
dd, J = 9.9 6 2 722 = 4 8 o
( 3.554m? 113), 3].65‘%3, P 13 3i.(7'iﬂ(d, {3'5%5081( 1&% 1 S}i&f_’ 3.181 8(rn,§ g), ‘Hfﬁd-%f

1 , 8.16 = 1.8, 7. Hz , } = 1.8, . 8, 13C
VR (18935 1 Bx43] 8 enshangeablep ] s 502 (mm bEDIB16, (mid. 1), 5.83 o,
gg; gé i P#)/5.41 (daJQQ.QBI-ﬁ?-IQﬂ),ZSZSQ(mig-Iﬁ),5?35!,122-93753&-,%& %.23
28 o3 @ 3=99s1508Hy 17).533,m 203837 51 B, ST G s W lag

120. 8, 1. 4(1002dHz, CDGI3hS 103K5, 13.14333458, 1397,616.03616)22, 2066, 21158) 21,91,

151. 6, 159. 6 sd , . 2 ! iy i i

Tass 2253602704, 1202012070 F1.26, 1-?7%’2322%43??@@%2@3%%3%% 8.8

d er r] HAN2014020,0407%,)41.43, 44.2 Redfi,58, S IoBT, 55:%6 575605 15947k 6. 18 2566 AT G cal

(55" g SCER, S0, SLOF AUBEL Bdne o Sidug mbla s
Poar L P 1 ogr 3% 56 PR, A0SR, o4O, 1Sy, Y40, 157,35 e Y67, 16033,
Exanpl e 15 20192.5331208)10] 215129;ckigk resoluitionthas3tspedttund Chegative ion FAB) m/z 1033

[(M-+); calcd for C57Hg3N3014: 1033].

Results obtained in standard pharmacological test procedures:

LAF ICs0: 0.28 nM ,

Skin graft survival: 11.33 £ 0.82 days

20  Percent change in adjuvant arthritis versus control: -90%

Example §
Rapamycin 42-ester with quinoline 8-carboxylic acid
The title compound was prepared from 5-methylpyrazine-2-carboxylic acid
25 according to the procedure of Example 1. Purification was accomplished by
chromatography with 50-100% ethyl acetate in hexane followed by recrystallization
from cyclohexane to give the title compound in 17% yield. mp =116-119 °C.
IR(KBr) 985 (w), 1195 (m), 1275 (m), 1450 (s), 1645 (s), 1720 (s), 2920 (s),
3420 (s); 'H NMR (400 MHz CDCl3) 8 0.83 (m, 1 H), 0.91 (d, / = 6.8 Hz, 3 H),
30 0.93(d,J=6.6Hz 3 H),0.97 (d,J =64Hz 3 H), 1.04 (d, J = 6.6 Hz, 3 H), 1.09
(d, J = 6.8 Hz, 3 H), 1.40-1.55 (comp m, 10 H), 1.58 (s, superimp on comp m, 3 H),
1.73 (d, superimp on comp m, J = 0.4 Hz, 3 H), 1.70-1.90 (comp m, 12 H), 1.98 (m,
2 H), 2.15 (m, 1 H), 2.34 (m, 2 H), 2.59 (m, 1 H), 2.72 (m, 2 H), 3.12 (s, 3 H),
3.32 (s, 3 H), 3.30-3.43 (comp m, 2 H), 3.44 (s, 3 H), 3.55 (m, 1 H), 3.65 (m, 1 H),
35 371(,/=5.8Hz, 1H),3.80(m,1H),417(d,/=04Hz, 1 H),4.79 (d,J =06
Hz, 1 H), 5.05 (m, 1 H), 5.19 (m, 1 H), 5.35 (m, 1 H), 542 (d, J = 10 Hz, 1 H),



The title conpound was prepared fromnicotinic acid according to the
procedure of Exanple 1. Purification was acconplished by HPLC (C18
reverse phase) using 20% acetonitrile in H0 (0.1% acetic acid)-100%
acetonitrile over 1 h to provide the title conmpound in 16%yield. np
= 95-98 [err]C 25 | R(KBr): 700 (w), 740 (w), 990 (m, 1020 (w),
1100 (m, 1200 (2), 1240 (w), 1285 (m, 1325 (w), 1375 (w), 1450 (m,
1590 (w), 1645 (s) 1720 (s) 2950 (s) -1 3440 (b) 1H NVR (400 M—Iz
CDCl [err]) 8 0. J H)l 3 (d H)
0.97 (d, J éi%(rmz“-@ ﬁ?7 (4 -()EFQ@HZJ H)eﬁéA (mzllé),ﬁ)% ([nobPIOd743 (ad,d B4
He, 3 M), 1.64258.631)1 H, 759 bm, 33&!‘%7% (4, 5= B838.3 8295 1, 998 @Y

100,30, 505 R o, g G, 35 oo b Sk A

3 H) 3. 65 - 11 Hﬁ high raéolld)mn nagd slﬁmtn'um (negatiVe-iolb FAB) biz/z 10684p [(M-@&a(dah fo

.17 (g chﬂgga I—g] 4.78 (s exchangeable H), .92 (m

1 H) 5.17°(m , d, J =
(m’ 1 0, 5.oHma Calcd fgocsghlﬂﬁszllll) C o852 ik 7.9, 20895 FeupinCrS1T: .
7.38 (m 35 logdN, $129 (M 1 H, 875 (m 1 H, 9.21 (m 1 H; high

resol uti on mass spectrum (negative ion FAB) mz 1018.1 [(M[err]);
calcd for Cferr]Herr]N2Jerr]: 1018].
- 14- Results obtained in standamkmﬁprermcol ogi cal test procedures:

LAFIC[errlb (}!17 nIVI Sk ra.t Uryiv l: 9.60 + 0.89 days 5
Exanpl e 3 AR ARSI WU L . LAR®)

% A9y ri di ne- 3-carboxylic acid
The title conmpound ’lﬂmmthroapmoudd Waspreﬁamiﬂmi qp;anoldlerﬁaeﬂbowlimmc;d aocoﬂmgio

according to the nr Ercﬂfﬁx%ﬁgfggﬁc ‘%‘BPF&FE f‘ﬁﬁ)@%‘%ﬁﬁﬁf reverse

usi ng 5% et Nan
phase) using 2094008 etaxleacsmqmme&anerfonmectw eosystadlizaton Bane to give

acetonitrile q(@ﬁﬂelcdinﬁ&ngluym% 141 ;ﬂ 115-11g@pound in 12% yield. mp =
1090 (o | 15106 () IREEBE 965 (v 1070 oo, 1178w, 260 ¢y, 1240 ) 1623 ' Thio
(s), 2910 (s), 3440 (s, br); 1H NMR (400 MHz CDCl3) § 0.85 (m, 1 H), 0.92 (d,J =
46Hz, 3H),094 (d, /J=46Hz,3H),098 (d, /=6.6Hz, 3H), 1.04 (d, J =64
Hz, 3 H), 1.09 (d, J = 6.8 Hz, 3 H), 1.15-1.60 (comp m, 14 H), 1.64 (d, J = 0.83
Hz, 3 H), 1.75 (m, 6 H), 1.75 (d, superimp on m, J = 1.03 Hz, 3 H), 2.00 (m, 2 H),
20 2.19 (m, 3 H), 2.30 (m, 2 H), 2.59 (m, 1 H), 2.70 (m, 2 H), 3.12 (s, 3 H), 3.32 (s,
3H), 3.41 (s, 3 H), 342 (m, 2 H), 3.55(d, J = 10 Hz, 1 H), 3.72 (d, J = 5.0 Hz,
1H), 3.38 (m, 1 H), 4.18 (d, / = 6 Hz, 1 H), 4.76 (s, 1 H), 5.00 (m, 1 H), 5.20 (m,
1H),527(d,/=0.6Hz,1H),542(d,J=10Hz, 1 H), 5.55(m, 1 H), 595 (d, /=
8.0 Hz, 1 H), 6.10 (m, 1 H), 6.30 (m, 2 H), 746 (q, J =40 Hz, 1 H), 8.14 (d, / =
25 9.0Hz 1 H), 828 (m, 2 H), 8.58 (m, 1 H), 9.00 (m, 1 H); high resolution mass
spectrum (negative ion FAB) m/z 1068.6 [(M-+); calcd for Ce1Hg4N2014: 1068.6].
Anal. Calcd for C§1H84N2014 + 0.2 CeH12: C, 67.45; H, 7.79; N, 2.57.
Found: C, 67.61; H, 7.86; N, 2.40.

u-
oH

30 Example 7
a cin 42-ester with 1-methyl-1,2.3 4-tetrah uinoline- xylic acid
Quinoline-6-carboxylic acid (1.0 eq, 14.01 mmol) and ammonium formate
(22 g, 350.1 mmol) were dissolved in MeOH (100 mL) and 10% Pd/C (4.04 g) was
added. The solution was heated at reflux for 2.5 h then cooled to room temperature and
35 filtered through celite. The solvent was removed to provide 1,2,3,4-



1280 (M), 1320 (W), 1380 (w), 1450 (m), 1600 (w), 1645 (m), 1720 (s). 2940

(s), 3430 (b); 1H NWR (400 MHz CDC13) 8 0.91 (d, J = 6.85 Hz, 3 H),
0.93 (d, J =6.64 15 Hz, 3 H), 0.98 (d, J =6.64 Hz, 3 H), 1.04 (d, J =
6.64 Hz, 3 H, 1.09 (d, J = 6.84 Hz, 3 H, 1.64 (s, 3 H, 1.74 (s, 3
H, 0.81-1.95 (m conmplex, 17 H, 1.96 (m 4 H), 2.12 (m 2 H, 2.31
(m 3H), 2.59 (m 1 H, 2.61 (s, 3H) 271(m 2 H, 2.84 (m 1 H,
3.10 - 41(corrpm 2H), 313(5 3 H-17332 (s, 3.H), 3.38 (s, 3 H),

3.42 (m 1 3.56 ,.3.65 (m 1 H, 3.71 6.02 Hz, 1

H, 3.86 (m tqrqhydrcmmolmei%cqrrbpxxhwcldmnmaogtanye tyielde hgﬂglsm é;OO Mm. (m
% H) A E{) 175( gJSM%gb‘D& 1 '58 &8, 2H), 2.65 (m12 H), 32 (fl 2(1), 64 M2 K8, 7"45 (ﬂa 2 H) . 54
m
7.22 (m 1 H), i@] 3 @hydrogu@gﬁ%lwlwx(yﬁ‘ﬁ iagid Qé’éosﬂ@ &® as Jﬂs
sé{)ec} r a {n (n ]egaEtOH (2%@30%?5@8&)@: 4 hgbﬁhﬂ ]lg% PIHCC(I! O; g fwere added. The
er]rH egr gl
phar macol %8&:@&&8\}@%}&? B?tgg at 5@ pg'l.& lé{‘ ﬁe cﬂﬁg ﬁfteredgﬁ ?P‘b?'gf t
survival : 12 selverg eyapatated to pmv1dmu¢1eh-m&th1dd@3,4ﬂeu{d}ydmmnodme+ﬁﬁcarb®tyher sus
control: -87%sj4 wh1ch h was pgnﬁcd vxa[ flash column Shromatt)c’aczaﬁhy usxrﬁé&ﬂéﬁdﬂ'l §9etate

Raparrym n 42-este pyrazine-
title conpouﬁglsﬂdé)oﬁ’? byl é‘éF‘?“FéWm bt 8/ 654 %) -the é&ﬁiﬁémwt-aéfhm

aﬁcor d.t ng t o@ﬂ@e}z?izm;dsoa »l. saxmln)t,hquﬂuz Hglpapl(grrz fB,SS aq:;@trmg) 'Gfﬂffa by
cnronmat ogr a 0 ne ene cnioride to glve e 1l e
corrpound% p?h)%%%r@rg%% ; 119y[err]C 35 gI R(KBr)- 730(w),
790 (w), 870 (w), TheGitleepmpd@aDwasPrep drwﬁ'o(n/\ll-mclﬁyl{l theu'ahydroqh&itﬂhné-\ﬁ}
1230 (M Peapibine e scbitd s ) okl % Exbfily ) PiiEthdoblwas
H, 0.94 (d, aqcommxsqu by ﬂasthhromateagranhygcsmgiS metlgingb 1mznet®let}e chlogide ( d,

‘(Js,: g Al—flf) Hé téogldii)ed byOdpie (élS: ryefde ph%se? g 204 acétoﬁﬁnfesm :ﬁz%( ]1'%2 4

H . 2. 311 m ey oy @ioq’})ﬁfetgnmltboz/%s tg give {hy ttlp. CPPPPFH“I n ?ﬁr mp= er
3.10-3.36 (ctapan 2 H), 3.12 (s, 3 H, 3.32 (s, 3 H, 3.38 (s, 3 H, 3.40

(m 1H), IR (KBr) 860 (w), 985 (w), 1100 (w), 1190 (w), 1200 (w), 1280 (m), 1320
(m), 1440 (m), 1520 9m), 1605 (s), 1650 (m), 1710 (s), 2930 (s), 3420 (s, br); 1H
NMR (400 MHz CDCl3) 5 0.92 (d, J = 6.64 Hz, 3 H), 0.95 (d, J = 6.64 Hz, 3 H),

20 0.99 (d, J = 6.44 Hz, 3 H), 1.06 (d, J = 6.64 Hz, 3 H), 111 (d, J = 6.83 Hz, 3 H),
1.61 (s, 3 H), 1.75 (s, 3 H), 0.81-1.95 (comp m, 19 H), 1.96 (m, 4 H), 1.99 (m,
2H), 2.12 (m, 2 H), 2.34 (m, 3 H), 2.60 (m, 1 H), 2.76 (m, 3 H), 2.96 (s, 3 H),
3.14 (s, 3 H), 3.34 (s, 3 H), 3.42 (s, 3 H), 3.10-3.41 (comp m, 2 H), 3.56 (m, 1 H),
3.66 (m, 1 H), 3.74 (d, J = 5.86 Hz, 1 H), 3.81 (m, 1 H), 4.20 (d, J = 6.25 Hz, 1 H),

25  4.80 (s, 1 H), 4.87 (m, 1 H), 5.18 (m, 1 H), 5.28 (m, 1 H), 5.43 (4, J = 10.1 Hz,
1H), 5.56 (m, 1 H), 5.97 (d, J = 9.7 Hz, 1 H), 6.14 (m, 1 H), 6.34 (m, 2 H), 6.51
(d,J =8.79 Hz, 1 H), 7.62 (m, 1 H), 7.76 (m, 1 H); 13C NMR (100 MHz, CDCl3) &
10.10, 13.16, 13.61, 15.92, 16.06, 16.21, 20.63, 21.4, 21.81, 25.26, 27.01, 27.20,
27.70, 30.01, 31.22, 31.38, 33.01, 33.27, 33.68, 35.02, 38.31, 38.70, 38.83, 40.15,

30 40.73, 41.44, 44.19, 46.57, 51.06, 51.22, 55.86, 58.18, 59.26, 67.13, 75.52, 76.10,
77.10, 81.21, 84.31, 84.76, 98.45, 109.16, 116.94, 121.37, 126.36, 126.57, 129.58,
129.63, 130.12, 130.17, 133.64, 135.50, 135.99, 140.15, 149.88, 166.51, 166.76,
169.23, 192.52, 208.29, 215.46; high resolution mass spectrum (negative ion FAB)
miz 1086.8 [(M-+); calcd for CoHgoN2O14: 1086.8].




3 P_l_FD .3.65 (m 1 ro 3 71 (d, J = 5.81 Hz, 1 H), 3.81 (m 1 H),

4, J = 6 23 Hz, 4.77 (s, exchangeable, 1 H, 502 (m 1

FD %h o BecpReplaed> 3 (m | H, 5.41 (d, J = 9.96 Hz, 1 H), 5.52

( 1 " 9. 75 FE 1 H, 6.13 (dd, J = 9.86, 15 05 Hz, 1
, 6. 57 (s, 1 H, 9.17 (s, 1 H: 13C NVR 10 (100 Mz,

CDC13 8 10. 15 13. 14 13. 78, 15 97, 16.07, 16.22, 20.66, 21.53, 21. 91
25.28, 27.04, 27.25, 29.70, 31.26, 31. 38,1832 94, 33.73, 35.11, 35.94,

38. 26, 38. 86, 40.20, 40.73, 41.43, 44.21, 46.58, 51.27, 55.86, 57.60,
59. 34, 67.18, 75.56, 77.15, 78. 0&LAIMS72  80.77, 84.36, 84.88, 98.49,
126. 36, 126. 64, 129 60 130. 13, 133. 66, 135.50, 136.07, 140.22,

140. 94, 144. 157 55, 163.73, 166.77, 169.23, 15 192.51, 208.19,
215.49; high Sass spectrum (negative ion FAB) mz 1033
[(M[err]); cal cd for C err] HB83N3014: 1033]. Results obtained in

standard phaf macop ures: LAF ICerr]: 0.28 nM
Skin graft ?lr”\“ Va@hﬁ?ﬁ%&ﬁhc%g 20 Percent change in adjuvant
arthritis versus control: -90%
Exampl e 5 Rapamyci n 42-ester W tyQui noline 8-carboxylic acid
The title conmpound was prepared net hyl pyrazi ne-2-carboxylic acid 25
according to the procedure of Ex‘l Purification was acconplished by
chronat ography with 50-100% ethyI™oeelqygei N hexane fol | oned by
recrystallization fromdgycl ohexane to give the title conpound in 17%
yield np = 116-119 [errl& R(KBr) 985 (w), 1195 (m); 1275
(m, 1450 (s), 1645 (s)}, 1720 (s), ), ' 3420 (s); 1H NWR (400
MHz CDC13) [err] 0.83 ( ®.91Q(d, = 6 Hz, 3 H), 30 10.93 (d, J
4(d J =6.6 Hz, 3 H, 1.09
H) , 81 58 (s, superinp on conp
4

1. (corrp m 10
upe0| np on conMe®"J

3 H, 1.73 Hz, 3 H, 1.70-1.90
(comp m 12 H, 1. 2 H, 2.15 (m , 2.34 (m 2 H, 2.59 (m
1H, 2272 (m 2 H) . (s, oMé) , 3 H, 3.30-3.43 (comp m
2 H, 3.44 (s, 3 H,|3.55 (m:1 H , 35 3.71 (d, J = 5.8 Hz,
1 H, 3.80(m 1 H), ¢ 4.79 (d, J = 0.6 Hz, 1
H, 505(m 1 H, 519 (m 1 H , 5.42 (d, J = 10 Hz, 1 H),

wherein R and R are each, independently, —C- (CH,),R? or hydrogen;

R2 is a heterocyclic radical of 5-12 carbon atoms having at least one N, O, or S, which
may be optionally mf}ho-, di-, or tri- substituted with a group selected from
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, nitro,
10 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, -PO3H, and -COH;
n=0-6;
15  with the proviso that R and R! are both not hydrogen, or a pharmaceutically acceptable
salt thereof.

2. The compound of claim 1 wherein R1 is hydrogen or a pharmaceutically
acceptable salt thereof.
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-16- (ﬁ"lF{) 5.97 (d, J = 0.6 Hz, 1 H, 6.14 (m 1 H), 6.33
SShﬁth‘& eciOReplh 4.2, 8.6 Hz, 1 H, 7.55 (m 1 H, 7.92 (dd, J

= 98(dd J = 1.45, 7.1 Hz, 1 H), 8.16 (dd, J =

1. Ol(dd J =1.86, 4.3 Hz, 1 H); high resolution

mass spectrum negative ion FAB) mz 1068.6 [(M[err]); calcd for 5

Cerr]Herr] N2 err]: 1068. 6]. Anal . Calcd for (Jerr]H84N2O err]: C,

68.52; H 7.92; N, 2.62. Found: C, 68.77;-19- ©7.90; N, 3.11.

Exanple 6 10 Rapanycin 42-ester with quinoline-6-carboxylic acid

The title comgound 'Flﬁ:'scbhﬁjb% adofraainqui nehérei RCas hgdidden aad @ 2@ @rda ng

to the procedure | fication was acconplished by
chr omat ograph)PE‘ euncaﬂya%pt%g}@%% acet ate in hexane fol | owed by
recrystallization from cycl ohexane to gl ve the title conpound in 11%

yield. np = 1#5- 11&'I{eecmrppbumi§of claim 3|wietein) R9ds pywidinylp pgrazinyl, trizzinyly)
1260 144 2
R (25% e Syplgink R Fopiaing Taaoly, pyciipiiZ ol A uinBpyL, 4

(d, J 3 stoqgm;mylom%pl(aamaqpuac@lm 44)“ thereofs (d, J= 6 4 Hz,
3 H, 9 (d, J =6.8 HZ, 3 H, 115160(corrpm14H) 1.64 (d, J =
%83 00 ( Hzg 3 H)icjco oglml ofcldim 1kwhibh {sCrap &by ﬂ%sﬁﬂ\ggdn(zlmetlh&}_xbﬁé’odzrﬁc? 03
: m : , 2.
(m 2 H, 3. 1?°E)§fa§gﬂ}“”§“‘!§‘?ﬁﬁ°@&f“%§%ﬁ?w3 41 (s, 3 H), "3, 42 (m 2 H,
3.55 (d, J =10 Hz, 1 H), 3.72 (d, J = 5.0 Hz, - 1H, 3.38 (m_ | H,
4.18 (d, J = 6.Hz, Thetompoduad of el,mm ll-\yhlclsxs()'@pa(mgcu142-|):ste5w1}b nigetinic acid orja H) |
5.27 (d, J = 10 Hz, 1 H), 5.55 | H, 5.95
(d. ) gﬂﬁd%“dcfh?—fégéﬁlﬁ(s%’d’é? 6. 30 (m 2 H). e (;? J= 4.0
Hz 1 , 8.14 (d, J = 25
9. 2 10y 7. m gﬂheégmp@pn%ﬁf ?Fﬂ% 1 whid 15%%%ﬁ§8’aﬂ‘@g“f‘éfﬁ]ybm$“ﬁi z
1068 6 [ (M [ entdatboxgBé G6ld bPa phirfiatdudcally dcbetiie sdit therO6¥S. 6] . Anal .

Calcd for CelH err] N2 err] + 0 2 CGH12 C, 67.45; H 7.79; N, 2.57.
Found: C 67.Q1l; H..7.86: N

Exanpl e Rap mcﬁompggh% g{ élp.m"’ml tvﬂuch is rapamycin 42-ester with 5-methylpyrazine-
1- net hyl - 1. 2. 2-chrboxtylic hsid ona| pharolacewticailycarcéptablé salt thereof.

Qui nol i ne-6-carboxylic acid (1.0 eq, 14.01 mml) and amoni um f or mat e

(22 g, 350.1 gnol) ifr g?rﬂt)élﬁf& \6?(1:15.131 W%&llﬁgaﬂyhnaﬂﬁ-elﬁr@vmﬁ (Quirfolfite §)

was added The s I on. was heat 5 h then cooled to

room t enp&? at Gaboxylie aswd isor PPE?‘E’&@W%@Q?‘FCFEW ¢ ga'ft thqrﬁgt' sol vent was renoved
to provide 1, 2,3, 4-
10. The compound of claim 1 which is rapamycin 42-ester with quinoline-8-

- carboxylic acid or a pharmaceutically acceptable salt thereof.

11.  The compound of claim 1 which is rapamycin 42-ester with 1-methyl-1,2,3,4-
tetrahydroquinoline-6-carboxylic acid or a pharmaceutically acceptable salt thereof.

"



l— 17- 777 T tet r'a'h_yd'f _c')(_:-]ﬂi nol i ne-6-carboxylic acid in quantitative yield. 1H
I\/R ZIQQS asBeenReP ) [err] 1.78 (m 2 H, 2.65((m 2H, 3.2 (m 2

, \lﬁsmz .
1 2, 3 4 ol i ne-6-carboxylic acid (2.49 g, 1.0 eq) was
|

d| ssol ve n EtO-l (200m). -30% For nal dehyde (4 nlL) and 10% Pd/C (2.0
g) were added. The reacti on was hydrogenat ed at 50 psi overnight. The
cat al yst vvas fil tered of f and the Pvent evaporated to provide crude

1- et hyl - tra nol i,ne- 6- car box acid whic

pur 112 vl & FrashABFON oL MIAuRBE SRaBRasPHRsAR Hoamammal i péed desget, Wich

50/ 50- 100% et fythprises hdininistering amvingurbsdppressive 4fectivie anfomntiefsa cormpqund afidte. 1H
NVR (Zowe DI\/ISO)81.89(m 2 H, 271 (t, 2H, 2.9 (s, 2 H, 3.3
(t, 2 : 1 H, 7.46 (s, 1 H, 7.6 (dd, 1 H). ,

The t|tIe conpound was prepared from

| -met hyl -1, 2, 3, 4-t et rahydroqui nol i ne- 6-
the procedure of Exanple 1. Purifi In
chr omat ogr aphy usi ng 5% net hanol i El hyl ene chl ori de fol | owed by
HPLC (C18 reverse phase) using 209ae€tegpjdile in H0 (0.1% 15
acetonitile)- 100%aceton|trlle ver 1 h te give the title conpound in 9%
np = 124- 127[err] C (KBr) 860 (w), 985 (w), 1100
(w), 1190 (w), 1200 (w), {1280] (m, (m, 1440 (m, 1520 9m, 1605
(s), 1650 (m), 1710 (s), Q930K (s)O 342D (sAbr)ORIH NVR (400 Mz
CDC13)80.92(d J:664N—|z =6.64 Hz, 3 H, 20 0.99
(d, J =6.44 Hz,3 H), 3.064d, 11 (d, J = 6.83 Hz,3 H),
1.61 (s, 3 H, 1.75 (s 0081195Mem'rp 9H, 1.96 (m 4 H, 1.99
(m 2 H, 2.12 2 H, 2234 (m 3H, 2060 (m 1 H, 2.76 (m 3 H),
2.96 (s, 3 H, : 3.42 (s, 3 H, 3.10-3.41

OR carboxylic acid according to
acconpl i shed by flash

(conpm 2 H), 3.56 ( , 3.74 (d, J =5.86 Hz, 1
H, 3.81 (m 1 H, 4.2 ~J 4.80 (s, 1 H, 4.87 (m
1 H, 518 (m 1 H, 5.28 (n, , 10.1 Hz, 1 H, 5.56
(m 1H, 597 (d, J =9.7H, 1L M), 6.14 (m 1iH, 6.34 (m 2 H), 6.51
(d, J =8.79 Hz, 1 H), 7.62 (m 1 H), 7.76 (m 1 H): 13C NMVR (100 Mz,
CDA 3) 8 10.10, 13.16, 13.61, 15.92, 16.06, 16.21, 20.63, 21.44,
21.81, 25.26, 27.01, 27.20, 27.70, 30.01, 31.22, 31.38, 33.01, 33.27,

33.68, 35.02, 38.31, 38.70, 38.83, 40.15, 3 40. 73, 41.44, 44.19, 46.57,

51.06, 51.22, yler@A R & Rre 5&h2defiaddly, 5@4@ R20, or hydrogés; 10, 81. 21,
84.31, 84.§76, 98.45, 109.16, 116.94, 121. Y37 126.57, 129. 58,

iég gg 130. 1g2 1&9&&%@&1@%&&1 &glf%bc}ngéogl? haJiﬂQ a@ﬁastjoﬁg ND, of SSwhikh
may be optionally mono-, di-, or tri- substituted with a group selected from
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, nitro,
10 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, -PO3H, and -CO2H;
n = 0-6; )
15  with the proviso that R and R1 are both not hydrogen, or a pharmaceutically acceptable
salt thereof.

T Ll



shdeDBasT2en ROBceA9, 215. 46; hi gh resol uti on mass spectrum (negative ion

EQB% '\\“\“\\“‘“““mﬂw [(M[err]); calcd for C62H err]N2Q( err]: 1086. 8].
e
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13. A method of treating transplantation rejection or graft vs. host disease in a
mammal in need thereof which comprises administering an antirejection effective
amount of a compound of the structure

wherein R and R! are each, independently, ~C- (CH2)nR2 or hydrogen;
5 _
R2 is a heterocyclic radical of 5-12 carbon 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 in which the alkyl portion contains 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro,
10 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, -PO3H, and -COoH;
n =0-6;
15  with the proviso that R and R1 are both not hydrogen, or a pharmaceutically acceptable
salt thereof.

* C L M s *



at least one N, O,. er S, which may be optionally nono-, di-, or tri-

substituted Ia a group selected fromal kyl of 1 6 carbon atons,
aryl al k YRR al kyl portion contains 1-6 carbon atons,

al kox ‘atons, cyano, hal o, hydroxy, nitro, carbalkoxy
of 2-7 trifluoronethyl, trifluoronethoxy, am no,

di al kyl 1-6 carbon atons per al kyl group, di al kyl am noal kyl
of 3-12 carbon atons, hydroxyal kyl of 1-82Zarbon atons, al koxyal kyl
of 2-12 carbon atons, alkylthio of 1-6 carbon atons, -SQO3H, - PG3H,
and - C2H; t Hé-. bor method oﬁt;ea@(gahzyumami ensmbslmglanmad in aveed thereof whieh om
of R2 n = O- ordfln a‘gdﬂgm'gkﬁy aqa%n

a phar maceut ?:cal I E/&accept abl e salt thereo %%Bﬁnt%?ﬁ R%gnpoun(}ﬁywﬁﬁgm
wherein Rlerr] is hydrogen or a pharmaceutically acceptable salt ther eof .
3. The conpound of claim 2 where Rrr] is hydrogen and n = 0 or a

gof . 4. The conpound of cIa|n13

pi.azinyl, pyrimdinyl, pyridazinyl,

etr €r oqui nol i nyl, or isoquinolinyl,
5. A conpound of claim1

2-ester with 2-nmethylnicotinic

I

phar maceutical |y acceptable salt
wherein R2 is pyridinyl, pyrazinp

i m dazol yl, pyrazolyl, quinoli yI
or a pharmaceutically accept &ble s
which is one of the fol lBw ny: 1
aci d;

HO.

wherein R and R! are each, independently, —C- (CHZ)nR2 or hydrogen;

5 R2isa heterocyclic radical of 5-12 carbon 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 in which the alkyl portion contains 1-6
carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, trifluoromethoxy, amino,
10 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;
n = 0-6;
with the proviso that R and R! are both not hydrogen, or a pharmaceutically acceptable
15  salt thereof.
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. mammual in need thereof.

'rapérry n 42-ester With-ni cotinic aci d; rapanycin 42-ester with

6- et h dlamBee?,Rg‘g;c pxylic acid; rapanycin 42-ester with

5- et hy oxyI ic acid; rapanycin 42-ester with quinoline

6- car bo & w’ parrym n 42-ester with quinoline-8-carboxylic acid; or
rapanmycin 42-est h 1-nmethyl - 1,2, 3, 4-tetrahydroqui nol i ne-6- carboxyllc
acid; or a pharmaceutically accept abI e salt thereof. 6. Use of a
corrpound as clainmed in any one of Cainmeggto 5 in the preparation of a
medi cament for inducing i mmunosuppression in a mammal 7 Use of a

conpound as qlsai MeglphAnfbdinieRofipositish Which coprisésh ddnpoRh& BAhasirediuel a
nmedi canent for treaPl ng transplantation rejection or graft vs. host disease

in a mammal . 8. Use of acorrpo nd grclaimed in any one of Clains 1 to
5 in the preparation of a madl ca s Or treating rheumatoid arthritis in
maceut i cal ‘conposition which
y§

conpri ses a conpound as clal e -1 eof Caims 1 to 5 or a
pharmaceutical ly acceptable sal|t thereof e and a pharmaceutically acceptable

carrier. QH( -20-

HO.

wherein R and R! are each, independently, —C-(CH,),R?> or hydrogen;

R2 is a heterocyclic radical of 5-12 carbon atoms having at least one N, O, or S, which
5 may be optionally mono-, di-, or tri- substituted with a group selected from
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, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, triflucromethoxy, amino,
dialkylamino of 1-6 carbon atoms per alkyl group, dialkylaminoalkyl of 3-12
10 carbon atoms, hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon
atoms, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO2H;
n = 0-6;
with the proviso that R and R1 are both not hydrogen, or a pharmaceutically acceptable
salt thereof, and a pharmaceutical carrier.

* [ L M ] *



A. process for -preparing a conpound of Caim1l which conprises:

c ar%fl n or a functional derivative thereof with an
acyI a ee“ 2 sequential ly acylating rapamycin or a
funct| e thereof with two acyl ating agents. sai d
acyl at cted fromacids of fornula wherein n and R2 are as

defined in Cla|n11 or a reactive derivative thereof, if desired protecting
the 42-position of rapamycin with an appyqpriate protectlng group and
removi ng sanme as required.

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
5 two acylating agents. '

said acylating agents selected from acids of formula

I
HO-C-(CHy);R? = O

wherein n and R2 are as defined in Claim 1, or a reactive derivative thereof, if desired
protecting the 42-position of rapamycin with an appropriate protecting group and
10 removing same as required.

IIIIIIIl Il I|||| ||I|I || ||||



Thi s is-the .repl acenent - sheet - treating transplantation

rO(::_-{J ect |1%£Sl(1)cre“9a5%ft vs host di sease in a manmal

T
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ABSTRACT

A compound of the structure

H

wherein R and R' are each, independently, ~C~(CH,),R? or hydrogen;

5  R2is a heterocyclic radical which may be optionally substituted;
n = 0-6;
with the proviso that R and R! are both not hydrogen, or a pharmaceutically acceptable
salt thereof which is useful as an immunosuppressive, antiinflammatory, antifungal,
antiproliferative, and antitumor agent.



Ho3249-5 MoS

wher ei niR and Rlerr] are each, independently, [err] or hydrogen;
Rlerr] is a heterocyclic radical of 5-12:carbon atonms having at |east one

N, O or S, which may be optlonally nono-, di-, or tri-
substituted with a group selected from al kyI of 1-6 carbon atons,
arylal kyl in which the alky portion coggains 1-6 carbon atons,

al koxy of 1-6 carbon atons, cyano, halo, hydroxy, nitro, 10

car bal koxy of 2-7 carbon gémegeycLit 'EsieRe Gt Riamvin f | uor onet hoxy, ami no,
di al kyl ami no of 1-6 carbon atons per a éxﬁg(ﬁy ot al kyl am noal kyl .of
3-12 carbon atons, ‘hydroxyal 6 carbon atons, al koxyal kyl

g

of 2-12 carbon atons, al kylthio of 1-6 carbon atons, -SC3H,

-PG8H, and - - G H; with the proviso that R and R[err] are
pound OMg é‘m gut i cally acceptable salt thereof.

.,

bot h not hydrogen,
R

I‘ITBC

wherein R and R! are each, independcntly, -C- (CHZ)“R2 or hydrogen;
5 RZis a heterocyclic radical which may be optionally substituted;
n = 0-6; :
with the proviso that R and R1 are both not hydrogen, or a pharmaceutically acceptable

salt thereof which is useful as an immunosuppressive, antunﬂammatory, antifungal,
antiproliferative, and antitumor agent.
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Wo3208-5 aros

ol err] B -whetéin R and RL are each, independently, [err] or
hydrogen; heterocycl I c radi cal of 5-12 carbon atons having at
| east %‘ \m whi ch may be optionally nmono-. di-. or tri-
subst\m & group selected from al kgPLACEMENTCSHERTS at 605,

aryl al Ryl © in which the al kyl portion confgins 1i6 Description : 2@edQN tatggsd ...
al koxy of 1-6 carbon atons, cyano, hal o,  hydroxy, i?fm‘lhfn@(s) pagea..l&'.to paged lo

car bal koxy of 2-7 carbon atoms, trifl uoronethyl Lfr ol PYRXY ... 381 piged 10
di al kyl ani n&LdIMS5 carbon atons per al kyl group /rk@()lnlé é&%@&k)/'tooﬁa?éd 12
carbon atons, hydroxyal kyl of 1-6 carbon atons, koxy 2 car bon

at ons, alkythro of on at ons, - SQO3H, -P .an
with the prbvi soAtcﬂg’cpoﬁ“g&r)‘B tugtiehot h not  hydia Eé‘r’i% &Fﬁ?@?%r‘!n .r«nr Ly

acceptable 15 salt thereof.
- 23- 15 A pharnmaceuti cal corrposrékon whi ch conpri ses a conpound

@5

HO.

wherein R and R! are each, independently, —C- (CHz)nR2 or hydrogen;

R2 is an unsaturated or partially saturated heterocyclic radical of 5-12 ring 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 in which the
alkyl portion contains 1-6 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,
-PO3H, and -COzH; the bond from the CO(CH2)n moiety being to a carbon
atom of R2

n = 0-6;

with the proviso that R and R! are both not hydrogen, or a pharmaceutically acceptable

salt thereof.

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

This is the replacement sheet

pate: 02 1AM qu



[arr] wherein R and Rl err] are each, independtly[err]or hydrogen;

R2 is"a ‘heterocyclitradical of 5-12 carbon atons having | east one N, O,
y be optio nono-, di-, or tri- substituted a
gr oup m”m Ii'hl""m, aI kyl of 1-6 carbon atons, arylal kyl in which
he al kk porty om centalns 1- -f@rbo atons, alkoxy of 1-6 carbon
atoms cyano, hal O ydroxy n|tro, ¢ alkoxy of 2-7 carbon atons,
trifluororet hyl, trifluoromethoxy, am no, di al kcyl am no of 1-6
carbon atons per al kyI group, di al kyl am noal k of 3-12 10 car bon

atons, hydroxyal k ar pon_.at al koxyal.kyl car_bgn

Stons. al kyl2hi o She Komnchndo P e epdret Wi HrafReh £HLE S0y a o .
or a phar rracphm'maahtlgallgmplahhlseltthereoﬁalt t hereof, and a phar naceutlcal
carrier. -24 - A process

for preparing a ceppeynd of %%%13\3@5&@1 CRQ”piI‘sI %ué*l \B?'f%zl%?'l 1 m

acyl ating rapanycin or erivative tner acy &y |ng
agent, or pyrimidinyl, pyndazmyl imidazolyl, pyrazolyl, qumolmyl tetrahydroquinolinyl, or

isoquinolinyl, or a pharmaceutically acceptable salt thereof.

5. A compound of claim 1 which is one of the following:
rapamycin 42-ester with 2-methylnicotinic acid;
rapamycin 42-ester v?ith nicotinic acid;

\_ rapamycin 42-ester with 6-methylpyridine-3-carboxylic acid;
rapamycin 42-ester with 5-methylpyrazine-2-carboxylic acid;
rapamycin 42-ester with quinoline 6-carboxylic acid;
rapamycin 42-ester with quinoline-8-carboxylic acid; or

rapamycin 42-ester with 1-methyl-1,2,3,4-tetrahydroquinoline-6-carboxylic acid; or a
pharmaceutically acceptable salt thereof.

6. Use of a compound as claimed in any one of Claims 1 to 5 in the preparation of
a medicament for inducing immunosuppression in a mammal

7 Use of a compound as claimed in any one of Claims 1 to 5 in the preparation of
a medicament for treating transplantation rejection or graft vs. host disease in a
mammal.

8. Use of a compound as claimed in any one of Claims 1 to 5 in the preparation of
a medicament for treating rheumatoid arthritis in mammal in need thereof.

9. A pharmaceutical composition which comprises a compound as claimed in any

one of Claims 1 to 5 or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.
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10. 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

il
W HO-C—(CH,)R? I
wherein n and R2 are as defined in Claim 1, or a reactive derivative thereof, if desired
protecting the 42-position of rapamycin with an appropriate protecting group and
removing same as required.
o
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