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tumnors, fungal infections, and hyperproliferative vascular disorders.

Rapamycin is a macrocyclic triene antibiotic produced by Streptoinvces

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

Rapamycin alone (U.S. Patent 4,885,171) or in combination with picibanil

15 (U.S. Patent 4,401,653) has been shown to have antitumor activity. R. Martel et al.
[Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed that rapamycin is effective in
the experimental allergic encephalomyelitis model, a model for multiple sclerosis; in the
adjuvant arthritis model, a model for rheumatoid arthritis; and effectively inhibited the
formation of IgE-like antibodies.

20 The immunosuppressive effects of rapamycin have been disclosed in FASEB 3,
3411 (1989) and its ntility in preventing transplantation rejection shown in U.S. Patent
5,100,899. 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); and R. Y.

25 Calne etal., Lancet 1183 (1978)1.

' Rapamycin has also been shown to be useful in preventing or treating systemic
lupus erythematosus [U.S. Patent 5,078,999], pulmonary inflammation [U.S. Patent
5,080,899}, insulin dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res. Assoc.
121 (Abstract), {1990) and European Patent Application 507,555 Al]}, and smooth

30  muscle cell proliferation and intimal thickening following vascular injury [Mormis, R. J.
Heart Lung Transplant 11 {pt. 2): 197 (1992)].

Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43

positions) have been shown to be useful as antifungal agents (U.S. Patent 4,316,885)

and used to make water soluble prodrugs of rapamycin (U.S. Patent 4,650,803).

35 Recently, the numbering convention for rapamycin has been changed; therefore
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DESCRIPTION OF THE INVENTION
This invention provides derivatives of rapamycin which are useful as
immunosuppressive, antiinflammatory, antifungal, antiproliferative, and antitumor
10  agents having the formula I

wherein R1 and R2 are each, independently, hydrogen or
R*
i e
e~ cr-(CEYE N RS

| P

R3
R3 is -(CH2)qCOZRS,

15 R4 is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 to 6 carbon atoms;

R3 is hydrogen or COOR7;

RS is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or



Heart Lung Transplant 11 (pt. 2): 197 (1992)]. Mno- and di acyl ated
derivatives of rapanyein (esterif+ed-at the 28 and 43 positions) have been
showrr to be useful as antifungal agents (U S. Patent 4,316,885) and used to
make wat er sol ubl e p'lf'ldtﬁl@E in (US. Patent 4,650,803). 35

dlapypeen
Recently, the nunberi or rapamycin has been changed,;
t herefore -2- accor al Abstracts nonencl ature, the esters

descri bed above would be at the 31- and 42 _positions. U S. Patent
5, 130, 307 discl oses am noesters of rapanycin useful as inmunosuppressive,
antiinflamatory and antifungal agents. US Patent 5,221,670 discl oses

esters of rapanyci Phetis&f%icﬂis bptidHallyUASHE s di-y or ud-sabdtithted lvidatsabstituent

antitumor and anti se Q&g& ﬁ%&eﬂf(ﬁ'of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or
COH;

5 R7is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,

carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -CO2H; -
10 mis0-4; :
nis0-4;
pis 1-2;
qis 0-4;
0 R*

fl
wherein R3, R%, m, and n are independent in each of the [ C—(CHp)z CH-(CHpz N ]

R3
15  subunits when p=2;
with the proviso that RI and R2 are not both hydrogen; and further provided that if RS
is CO2R7, then RS is hydrogen; and still further provided that if RS is not
hydrogen, then R? is hydrogen;
or a pharmaceutically acceptable salt thereof.

20 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
trialkylamines of 1-6 carbon atoms per alkyl group and mono-, di-, and
trihydroxyalkylamines 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,

25  hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and similarly
known acceptable acids. Based on this disclosure, other pharmaceutically acceptable
salts that can be formed will be readily apparent to one skilled in the art.

The term "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 5to 10
30 ring atoms of which up to 3 ring atoms are heteroatoms selected from the group
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consxsnng 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, 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, alkylthio of 1-6 carbon atoms,
-SO3H, -PO3H and -CO2H. The aryl group may be mono- or bicyclic.

It is preferred that the aryl moiety of the arylalkyl group is a phenyl, naphthyl,
pyridinyl, quinolinyl, isoquinolinyl, 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, ;mino, 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
-CO3zH. It is more preferred that the aryl moiety is a phenyl group that may be
optionally substituted as described above. The term alkyl of 1-6 carbon atoms includes
both straight chain as well as branched carbon chains. 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 atorns, preferably 1-4 carbon atoms, e.g. methyl, ethyl,
propyl, isopropyl and n-butyl.

The chiral center(s) present in R! or R2 can have either R or S configuration;
this disclosure covers both enantiomers. For example when n = 0, the resulting chiral
carbon of the oi-amino acid in the side chain of R! or RZ can have either the R or §
configuration, depending on the configuration of the starting material used.

Of the compounds of this invention, preferred members are those in which n =
0; those in which n =0 and R4 is hydrogen; those in which n =0, R4 is hydrogen, and
q = 0; those in which n = 0, R is hydrogen, q =0, and p = 1; those in whichn =0,
R4, R3, and R6 are hydrogen, q =0, and p = 1; and those in which n = 0, R2, R4, R5,
and RS are hydrogen,q=0,andp=1.



-3- phenyl which is optionally nono-, di-, or tri-substituted with a
substituent selected fromal kyl of 1-6 carbon atons, al koxy of 1-6 carbon
at orts, hydroxy, cyano, ThaBmcetHusiBEéa, ghpal koxy of 2-7 carbon atons,
trifluoronethyl, am no, err] is alkyl of 1-6 carbon atons,
al kenyl of 2-7 carbon at lM m I n which the al kyl portion contains
1 to 6 carbon atons, fluore or phenyl which is optionally nono-,
di-, or tri- substituted with a substltuent 5sel ected from al kyl of 1-6
carbon atons, al koxy of 1-6 carbon atons, Rydroxy, cyano, halo, nitro,
car bal koxy of 2-7 carbon at ons, trlfluororrethyl amno, or [err]; 10 mis
0-4; n is 0-4; p I STHe €ompounds of this invention that are esterified at the 42- or 31,42-positions
can be prepared by initially acylating rapamycin with an acylating agent having the

general structure

R4
] [
x4 -l ?H— (CBy; N—];Rs I
R3

5 where X is OH, in the presence of a coupling reagent, St;Ch as
dicyclohexylcarbodiimide or a suitably activated ester (nitrophenyl, trichlorophenyl,
pentafluorophenyl, hydroxybenzotriazolyl, N-hydroxysuccinimido, and the like). The
compounds of this invention also can be prepared using a carboxylic acid anhydride as
the acylating species. Mixtures of 42- and 31,42-esters can be separated by

10  chromatography. :

Alternatively, the acylating species can be 2 mixed anhydride of the above
described carboxylic acid or an acid halide, where X can be Cl, Br, or I. The acylating
groups used to prepare the compounds of this invention are commercially available or
can be prepared by methods that are disclosed in the literature.

15 The 31-esters of this invention can be prepared by protecting the 42-alcohol of
rapamycin with a protécting group, such as with a tert-butyl dimethylsilyl 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,
which is hereby incorporated by reference. Removal of the protecting group provides

20  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.
Patent 5,118,678, which is hereby incorporated by reference.

Having the 31-position esterified and the 42-position deprotected, the 42-

25 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, prepared as described above, can be reacted
with a different acylating agent to provide compounds having different esters at the 31-
and 42-positions.



qis 0-4; If wherein [err], m and n are independent in each of the [err]
[err] 15 subunits when p=2; wi'th the proviso that [err] and [err] are not

bot h- hydrogen; and further nrovided that if [err] is [err], then [err] is
hydrogen; and still ?lt[}m et cephat if [err] is[not]hydrogeL, t]hen R5
i s hydrogen; or a phar ﬁ l I cceptable salt thereof. 20 The
pharmaceutical Iy accep e:those derived from such inorganic
cations such as sodium potassiumand the-6+ke; organic bases such as:
nmono-, di-, and trialkylamnes of 1-6 carbon atons per al kyl group and
nmono-, di-, and trihydroxyal kyl am nes of 1-6 carbon atons per al kyl group,

and the |ike; and oxagardinglynthis inyegtden proxideds processder peeparing the rapamyeing,
tartaric, sucgLpbEandlRe@i€inveRtici HavingToiafI &s defined above which comprises:
a) acylating rapamycin or a 42-OH protected rapamycin or 31-OR2-
rapamycin where R2 is as defined above other than hydroxy, with an acylating agent,
5 or
b) sequentially acylating rapamycin with two acylating agents,
said acylating agents selected from acids of formula I as defined above; and if required
removing any protecting groups present.

This invention also covers analogous esters of other rapamycins such as, but
10 not limited to, 29-demethoxyrapamycin, [U.S. Patent 4,375,464, 32-
demethoxyrapamycin under C.A. nomenclature]; rapamycin derivatives in which the
double bonds in the 1-, 3-, and/or S-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-bisdesmethylrapamycin [U.S. Patent 5,093,338,
15  7,32-desmethylrapamycin under C.A. nomenclature]; 27-hydroxyrapamycin [U.S.
Patent 5,256,790] and 15-hydroxyrapamycin [U.S. Patent 5,102,876]. This invention
also covers esters at the 31-position of 42-oxorapamycin [U.S. Patent 5,023,263].

The disclosures in the above cited U.S. Patents are hereby incorporated by reference.

20 Immunosuppressive activity for representative compounds of this invention
was evaluated in an in vitro standard pharmacological test procedure to measure
lymphocyte proliferation (LAF) and in an in vivo standard pharmacological test
procedure which evaluated the survival time of a pinch skin graft.

25 The comitogen-induced thymocyte proliferation procedure (LAF) was used as
an in vitro measure of the immunosuppressive effects of representative compounds.
Briefly, cells from the thymus of normal BALB/c mice are cultured for 72 hours with
PHA and IL-1 and pulsed with tritiated thymidine during the last six hours. Cells are
cultured with and without various concentrations of rapamycin, cyclosporin A, or test

30 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 ICsq was obtained for each test compound as well as
for rapamycin. When evaluated as a comparator for the representative compounds of
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Representative compounds of this invention were also evaluated in an in vivo
5  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
10 - 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
15  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. The results shown in Table 1 are based on a
dose of 4 mg/kg of test compound. A survival time of 11.67+ 0.63 days was obtained

for rapamycin at 4 mg/kg.
20 .
The following table summarizes the results obtained with representative
compounds of this invention in these two standard test procedures.
25 TABLE 1. EVALUATION OF IMMUNOSUPPRESSIVE ACTIVITY
LAF Skin Graft
Compound IC5o (nM) (days £+ SD)
30 Examplel 10.7 10.00 £ 0.00
Example 3 2.5 10.17 £ 0.75
Example 4 3.2 11.00 £ 1.00
Example 5 39 10.83 £ 0.75
Example 7 14 10.80 + 0.40
35 Example9 7.8 11.20 £ 1.00
Example 10 27.1 10.17 £ 0.41
Example 11 1.1 11.50 £ 1.05

No Treatment 7.00 £ 0.00
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phenyl group
of this 1nvennon. As transplanted pinch skin grafts are typically rejected within 6-7
days without the use of an immunosuppressive agent, the increased survival time of the
skin graft when treated with the compounds of this invention further demonstrates their
utility as immunosuppressive agents and as agents useful for treating and preventing

10 transplantation rejection and graft vs, host disease.

Based on the results of these standard pharmacological test procedures, the
compounds of this invention are useful in the treatment or prevention of transplantation
rejection such as kidney, heart, liver, lung, bone marrow, pancreas (islet cells), cornea,

15 small bowel, and skin allografts, and heart valve xenografts; in the treatment or
prevention of graft vs. host disease; in the treatment 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.

20 Because of the activity profile obtained, the compounds of this invention also
are considered to have antitumor, antifungal activities, and antiproliferative activities.
The compounds of this invention therefore are also useful in treating solid tumors, T-
cell leukemia/lymphoma, fungal infections, and hyperproliferative vascular diseases
such as restenosis and atherosclerosis.

The compounds of this invention provide a significant advantage over
rapamycin, and the acyl derivatives of rapamycin in the prior art as they are
substantially more potent upon oral administration, as shown for a representative
compound of this invention (compound of Example 11) in the Table below. The

30 relative oral potency is determined by comparing the oral and i.p. EDsgs obtained in the
skin graft standard pharmacological test procedure. Briefly, the compound to be tested
is evaluated at the doses of 40, 10, and 2.5 mg/kg for p.o. administration and 4, 1,
and 0.25 mg/kg for i.p. administration, both administered for 6 consequcutive days in
the skin graft test procedure so that a dose response curve can be generated for both
35 oral and i.p. administration. The data are subjected to a parallel line analysis and an



optionally substituted as descri bed above. The term al kyl of 1-6 carbon
atoms i ncludes 20 both straight chain as well as branched carbon chains.

Exdnpl es ‘of al kyl afis shegHasBecoRepiated of a group, e.g. arylalkyl, al koxy or
al kanoyl (al kyl carb ght or branched chains of 1-6 carbon
atons, preferably 151 , e.g. nmethyl, ethyl, propyl, isopropyl
and n-butyl. The chi center(s) present in [err] or [err] can have either
R or S confi gurat i on; 25 this disclosure9eovers both.enantioners. For

exanpl e when n = 0, t he resultlng chiral carbon of the [err]-amno acid in
t he side chain of [err [err] can have either the R or_S configuration,
dependi ng on %Hand 9&‘?3&\1145?‘1 fas ahe;eompqung tesigds and the EIdsns aot expressed

conmpounds of akhllﬁ;dm&mﬂ thefolbRingSerimpber s are those in which n = 30 0;
those in which n = 0 and [err] is hydrogen; those in which n =0, R4 is

hydrogen, and q = 0; those in whi rr.l |s hydrogen, g = 0, and p
="1; those in which n = 0, [err] @Sﬂ’%ﬁ%@“& Bdrogen, g = 0, and p = 1;
and thosesin which n =0, [err], m9g iR adbfhidadoroen. g9 = 0, and p = 1.

When comparing oral potency for different compounds that have been
evaluated, the lower the ratio, the greater the oral bioavailability. The oral
bioavailability serves as a measure of oral potency.

-

10 TABLE 2. RELATIVE PO/IP RATIOS IN MOUSE SKIN GRAFT SURVIVAL

Compound Skin Graft
p.0./i.p. ratio*
15 Example 11 5.6 -
Rapamycin 42-ester with (S)-5-tert-butoxy-4-tert-butoxy
carbonylamino-5-oxo-pentanoic acid (U.S. Patent 5,130,307) 188.2
* data obtained in cremophor

20 The relative potency data shown Table 2 above demonstrates that the compounds of
this invention have significantly higher oral bioavailability than a structurally related
rapamycin ester. The increased bioavailability of the compounds of this invention
provides advantages in the formulation and administration of the compounds of this
invention over the compounds of the prior art.

25

This invention also covers the use of the compounds of this invention
administered in conjunction with one or more other immunoregulatory agents for use in
inducing immunosuppression or as an antiinflammatory agent. Such other
immunoregulatory agents include, but are not limited to azathioprine, corticosteroids,

30 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 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 basis for such combination therapy was established by

35  Stepkowski whose results showed that the use of a combination of rapamycin and



-5- The conpounds of this invention that are esterified at the 42- or
31,42-pogitions can be prepared by-initially acylating rapanycin with an
acyl ating agent haVHﬂQs(Q %neral structure [err] 5 where X is OH in
the presence of a ¢ 4 such as di cycl ohexyl car bodi i m de or
a suitably activated " enyl, trichlorophenyl,

pent af | uor ophenyl, h zol yl, N-hydroxysuccini mdo, and the

| i ke). The conpounds of this invention als®tan be prepared using a
carboxylic acid anhydride as the acylating species. Mxtures of 42- and

31, 42-esters cam 8 R R b HedYente dossd GONREOH AR MNonged heart allograft survival
time. [Transpiantation Proc. 23: 507 (1991)].

As the compounds of Examples 4 and 5 were prepared via the compounds of

5 Example 4, step B and Example 5, step B, respectively, the compounds of Example 4,

step B and Example 5, step B are useful as intermediates in the preparation of
biologically useful compounds.

The compounds of this invention can be administered neat or formulated with a

10  pharmaceutical carrier to a mammal in need thereof. The pharmaceutical carrier may be
solid or liquid. When formulated orally, it has been found that 0.01% Tween 80 in
PHOSAL PG-50 (phospholipid concentrate with 1,2-propylene glycol, A. Nattermann
& Cie. GmbH) provides an acceptable oral formulation.

A solid carrier can include one or more substances which may also act as

15 flavoring agents, Inbricants, solubilizers, suspending agents, fillers, glidants,
compression aids, binders or tablet-disintegrating agents; it can also be an encapsulating
material. In powders, the carrier is a finely divided solid which is in admixture with the
finely divided active ingredient. In tablets, the active ingredient is mixed with a carrier
having the necessary compression properties in suitable proportions and compacted in

20  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
ceflulose, sodium carboxymethyl cellulose, polyvinylpyrrolidine, low melting waxes
and ion exchange resins.

25 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
can contain other suitable pharmaceutical additives such as solubilizers, emulsifiers,

30 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
carboxymethyl cellulose solution), alcohols (including monohydric alcohols and

35 polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated



Alternatively, the acylating species can be a m xed anhydri de of the above
descri bed carboxylic.acid or an acid halide, where X can be O, Br, or I.
The "acyl ati ng gr oups Has b ReY1fed he conpounds of this invention are
commerci al ly avail abl . pared by nethods that are disclosed in
the literature. 15 ” mﬂylgsters of this invention can be prepared
by protecting the 42-al coho mycin with a protecting group, such as
with a tert-butyl dinmethylsilyl group, felllewed by esterification of the
31l-position by the procedures descri bed above. The preparati on of rapanycin
42-silyl ethers is described in U_S Patent Bl 5,120,842, which is hereby

i ncor por at ed $RFORW; A ant arachis oH) o Forsparenieral, adminastragign.the Garrisr 634 alsa been i he
31-esterifi edoifyospsacisas diyliolatcaridsairopy] emimstite.0 Siexile ki@ taryiksiate/bseful

Condi t1 ong, _siiotert B 5 s o ol yrelifal e ik

e &

3 ﬁ?’iit ?&Jt ﬁ‘ll)'ﬁd FPOEEr e
i s described pressarizedcempesitons ¢ag. berhalagenad by8rosa®on wh iotier pbarmscedtically
IA,SCSI)E?'[ ??ﬁdd%%?ﬁﬂg Wﬁazgg t he 31. position esterified and the
Liquid pharmaceutical compositions which are sterile solutions or suspensions
can be utilized by, for example, intramuscular, intraperitoneal or subcutaneous
injection. Sterile solutions can also be administered intravenously. The compound can
also be administered orally either in liquid or solid composition form. -

10 The compounds of this invention may be administered rectally in the form of a
conventional suppository. For administration by intranasal or intrabronchial inhalation
or insufflation, the compounds of this invention may be formulated into an aqueous or
partially aqueous solution, which can then be utilized in the form of an aerosol. The
compounds of this invention may also be administered transdermally through the use of

15 a transdermal patch containing the active compound and a carrier that is inert to the
active compound, is non toxic to the skin, and allows delivery of the agent for systemic
absorption into the blood stream via the skin. The carrier may take any 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 severity 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 pg/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




25 position can be esterified using a different acylating agent than was
reacted with the 31y .3 é?ﬁQJBee&meﬁbede conpounds having different esters at

the' 31- and 42- posi ively, the 42-esterified conpounds,
prepared as descri be m Em reacted with a different acyl ating
agent to provide co i fferent esters at the 31- and
42-positions. -6- Accordingly, this invention provides a process for
preparing the rapamycin conpounds of thisl2navention having fornula | as

defi ned above which conprises: a) acyl ating rapanycin or a 42-CH
protected rapanycin or 31-OR2-_rapamycin where [err] is as_defined above

other than hyds6:0f thepempetndacTheeaiieg thdesage & incrased undl the optimum effect
under the circumstances is reached; precise dosages for oral, parenteral, nasal, or

intrabronchial administration wiil be determined by the administering physician based
on experience with the individual subject treated. Preferably, the pharmaceutical
5 composition is in unit dosage form, e.g. as tablets or capsules. In such form, the
composition is sub-divided in unit dose containing appropriate quantities of the active
ingredient; the unit dosage forms can be packaged compositions, for example, packeted
powders, vials, ampoules, prefilled syringes or sachets containing liquids. The unit
dosage form can be, for example, a capsule or tablet itself, or it can be the appropriate
10  number of any such compositions in package form.

The following exaxnplc§ illustrate the preparation of representative compounds

of this invention.
15 ' Example 1
vein 42-e i -3 xv-3-[{[phenvimeth vl ino]-
ic acid

Under an atmosphere of nitrogen, a solution of rapamycin (1.06 g, 1.16 mmol)

and N[(pkenylmethoxy)carbonyl]-L-aspartic anhydride (0.29 g, 1.16 mmole, prepared
20 by treatment of N-[(phenylmethoxy)carbonyl]-L-aspartic acid with

dicylclohexylcarbodiimide in THF) in 21 ml of 20:1 (v/v) mixture of dichloromethane

and pyridine containing a catalytic amount of 4-dimethylaminopyridine, was stirred at

room temperature for 24 hours. The crude reaction mixture was absorbed on silica gel

Merck-60 and prepurified by flash chromatography (using dichloromethane-methanol
25 9:1 as eluant). Further purification was achieved by flash chromatography (using

dichloromethane-methanol 19:1 as eluant) to provide the title compound as an off-white

solid.

IH NMR (400 MHz, CDCI3): § 1.63 (s, 3H, CH3C=C), 1.73 (s, 3H, CH3C=C),

3.12 (s, 3H, CH30), 3.27 (s, 3H, CH30), 3.30 (s, 3H, OCH3), 5.28 (s, 2H,
30 ArCH2), 7.32 (m, 5H, ArH)

MS (neg. ion FAB, m/z) : 1162 [M]-, 590

Anal. Calc'd for C63H90N2018 + 0.6 CH2Cl2: C, 62.91; H, 7.57; N, 2.31

Found: C, 62.79; H, 747; N, 2.79



b) sequential ly acylating rapanycin with two acylating agents, said
acyl ating agents selected fromacids of formula Il as defined above; and if
requi red renovi ng any protecting- -groups present. This invention also covers

anal ogous esters ofrng; gL, cins such as, but 10 not limted to,
29- denethoxyrapany0| , 375, 464 32- denet hoxyrapanyci n under
CA. nonencl ature]; ﬂﬁ tlves |n whi ch the doubl e bonds in the
1-, 3-, and/or 5- pos n redué d [U S Patent 5,023, 262];

29- desnet hyl rapanycin (U S. Patent 5,093,339, 32-desnethylrapanycin under
C. A. nonencl ature]; 7, 29-bi sdesnet hyl :]Eg méf 2 [U S. Patent 5,093,338, 15
7, 32- desnet hyl raparrym n under C A APRte, el; 27- hydroxyraparrym n[US.
Pat ent 5, 256, Rap4 t42-eltedrveith r () Hypa h At ik

i nvention al sQ s 31- p03|t|on of 42- oxoraparrym n[US.
Pat ent 5, 023, 1 S in the above cited U S. Patents are

her eby i ncor por at eA aglumr@ﬁ@n@em@nd of Examplenin($¥% g #6 samele) inc 50 miltof f or

represent & i Ve SRRBONAIRiNH vith £sdl¥GH ¢ TRIS buffer (0.054 g, 0.45 mmole) in 25 ml of
methanol, and the solution was concentrated to dryness in vacuo. The residue was
crystailized from dichloromethane-hexane, to provide the tromethamine salt of
compound of Example 1 as a white solid.
1H NMR (400 MHz, DMSO-dg): § 1.62 (s, 3H, C=CCH3), 1.74 (s, 3H, C=CCH3),

10 3.04 (s, 3H, OCH3), 3.15 (s, 3H, OCH3), 3.23 (s, 3H, OCH3), 7.34 (m, SH, ArH)

13C NMR (400 MHz, DMSO-da) d 2104, 207.5, 198.83, 171.9, 169.2, 155.7,
98.98, 61.76
MS (neg ion FAB, m/z): 1161 [M-Hj-, 1027, 590
Anal. Calc'd for Cg7H101N3021 + H20: C, 61.78; H, 7.97; N, 3.23

15 Found: C, 61.75; H, 8.24; N, 3.57
Example 3
apamvcin 42- wi ~ami -carbox anoic aci

A solution of the compound of Example 1 (0.25g, 0.21 mmole) in 20 ml of
20 ethyl acetate, was hydrogenated over 10% palladium-on charcoal (100 mg) at
atmospheric pressure. The catalyst was filtered and the filtrate was concentrated to
dryness in vacuo. The residue was purified by flash chromatography (on silica gel
Merck-60 using a gradient elution from 9:1 dichloromethane-methanol to 100%
methanol) to provide the title compound as a solid.
25 INMR (400 MHz, CDCl3): § 1.64 (s, 3H, C=CCH3), 1.75 (s, 3H, C=CCH3), 3.15
(s, 3H, OCH3), 3.32 (s, 6H, OCH3)
I3BCNMR (400 MHz, DMSO-dg): & 210.4, 209.6, 207.5, 200.9, 198.8, 169.2,
166.99, 139.3, 137.8, 137.1, 132.34, 130.42, 126.99, 124.77, 99
MS (neg ion FAB, m/z); 1027 [M-HJ-



was evaluated in an in vitro standard pharnmacol ogi cal test procedure to
rrez;sure‘l‘yrrphocyte proliferation (LAF) and in an in vivo standard
phar'macol ogi cal test procedure which evaluated the survival time of a pinch

skin graft 25 This Sheer: n-i nduced thynocyte proliferation
procedure (LAF) watumi vitro neasure of the immunosuppressive
effects of represe nds. Briefly, cells fromthe thynus of

normal BALB/c mice are cultured for 72 holds with PHA and IL-1 and pul sed
with tritiated thym dine during the [ast six hours. Cells are cultured with

and wi thout various concentrations of(#apa cin, cyclosporin A or test 30
conpound. Cells are harvested and i ncdtXp e radi oacti vi ty is determ ned.
| nhi bition of TeNel O W M =Xer Vi | L afi] e nts
per mnute fgé) nop- dJr.u rea on : anad E'V'ﬁu%ﬁ%d,
rapanyci n waSER ol . = rison. An [err] was

obt ai ned for each Aad soh@iGaGH NG (412 hil) Was Added 'didiiié o stiR@RoRidh b2t .ed as
a conpar akor o bl Geii SR beR SN LaEL Vs, LIRIUBAT a8d allyl chioroformate (0.45 ml, 4.2
mmole) in 20 ml of THF. After stirring at ambient temperature for 2 hours, the reaction
mixture was diluted with ether and the solution washed with water and brine. Upon
drying (Na3SOy) the solvent was removed in vacuo and the residue recrystallized from
ethyl acetate-hexane to provide the pure title compound (white needles, m’p. 81-
10 82.5°C).
INMR (400 MHz, CDCl3): § 1.99 (m, 1H, CCHC), 2.22 (m, 1H, CCH,C), 2.44
(m, 2H, CCH2COO0), 4.46 [m, 1H, CCH(NH)COOQ], 4.56 (d, 2H, OCH;CH=), 5.17
(s, 2H, OCHzAr), 5.19-5.31 (m, 2H, CC=CHy), 5.45 (m, 1H, NH), 5.88 (m, 1H,
CCH=C), 7.347 (m, 5H, ArH)
15 MS (El, m/z): 321 [M]+, 186 (b.p.)
[c]25p= -26.63 (methanol, c=10.061)
Anal calc'd for C3jgH19NOg: C, 59.81; H, 5.96; N, 4.36
Found : C, 59.89; H, 5.63; N, 4.34

20  Step B. Rapamycin 42-ester with (S)-5-phenylmethoxy-4-[[Tallvioxy]carbonyl]

-S-oxopentanoic acid

Under anhydrous conditions, an ice cold solution of rapamycin (1.37 g, 1.5
mmole) and N-allyloxycarbonyl-L-glutamic acid-a-benzyl ester (0.5 g, 1.56 mmole,
from Example 4, Step A) in 25 ml of dry dichloromethane was treated with

25  dicyclohexylcarbodiimide (0.33 g, 1.6 mmole), followed by 4-dimethylamino pyridine
(0.20 g, 1.6 mmole). After stirring overnight at ambient temperature, the solids were
filtered and washed with dichloromethane. The filtrate was preabsorbed on Merck silica
gel 60 and purified by flash chromatography (dichloromethane-ethyl acetate 2:1), to
give the title compound as a white solid.

30 IH NMR (400 MHz, CDCl3): 8 1.65 (s, 3H, C=CCHz3), 1.75 (s, 3H, C=CCH3),
3.13 (s, 3H, OCHj3), 3.33 (m, 6H, CH30), 4.56 (d, 2H, CH,C=C), 5.17 (s, 2H,
CH»Ar), 7.35 (m, SH, ArH)

MS (neg ion FAB, m/z): 1216 {M]-, 1125, 590, 476.3
Anal calc'd for Cg7HogN201g: C, 66.10; H, 7.95; N, 2.30
35 Found C, 65.76; H, 8.07; N, 2.42



-7- this invention, rapanycin had an [err] ranging from2.8 to 11.6 nM The
results obtained for the representative conpounds of this invention are

present ed as [err]. Re resent atjve corrpounds of this invention were al so
evaluated in an in Has B Weedure designed to deternine the
survival time of pi n II rom mal e BALB/ c donors transplanted to
mal e C3H(H-2K) r eci p od is adapted fromBillingham R E. and
Medawar P.B., J. Exp. Biol. 28:385-402, (1951). Briefly, a pinch skin graft

fromthe donor was grafted on the dorsum of the recipient as a allograft,
and an isograft was used as control in the sane region. The recipients were
10 treated with either varyi ng concentrations of test conpounds

’ 7::1 u()rnr inol-

IUEE : 2gtereldt ?2?%1; )ecnts ,-;; a§ SCt 0 raft wWas 101 | d
daily and ob were recorded until the graft became
A mixture of rapamycin 42-ester of Example 4, Step B (0.270 g, 0.22 mmole),
5 fresh 1,4-cyclohexadiene (0.178 mi, 2.2 mmole) and 0.25 g of 10% palladium on
carbon in 50 ml of absolute ethanol, were stirred at ambient temperature for 4 hours.
The catalyst was filtered (Solka Floc) and the filtrate is concentrated in vacuo to give a
white foam. The residue was purified by flash chromatography (on silica Merck-60,
dichloromethane-methanol 9:1) to provide the title compound as a white solid. -
10 1H NMR (400 MHz, DMSO-dg): 8 1.615 (s, 3H, CH3C=C), 1.739 (s, 3H,
CH3C=C), 3.036 (s, 3H, CH30), 3.14 (s, 3H, CH30), 3.25 (s, 3H, CH30), 3.857
(m, 2H, OCH,CH3)
I3C NMR (400 MHz, DMSO-dg): & 210.38, 207.57, 198.85, 172.39, 169.24,
167.01, 155.78, 139.31, 137.88, 137.16, 132.36, 130.44, 127.02, 124.77, 99.03
15 MS (negion FAB, m/z); 1127 [M-H}-

Example §
in 42- with (R)-4-carboxy-4- loxylcarbonvllamino]butanoic aci
Step A. N—allyloxycarbonyl-D-glutamic acid-g-benzyl ester
20 A 1IN solution of NaOH was added dropwise to a stirred solution of D-glutamic

acid-o-benzyl ester (3.5 g, 14.7 mmole) and allylchloroformate (1.56 ml. 14.7 mmole)
in 25 ml of THF. After stirring at ambient temperature for 2 hours, the reaction mixture
was diluted with ether and washed with water and brine. Upon drying (NaSOy) the
solvent was removed in vacuo and the residue recrystallized from ethyl acetate-hexane
25 to provide pure title compound (white needles, m.p. 81-82.5°C).
IH NMR (400 MHz, CDCl3): 8 1.98 (m, 1H, CCH2C), 2.206 (m, 1H, CCH20),
2.43 (m, 2H, CCH2COQ), 4.45 [m, 1H, CCH(NH)COQ], 4.54 (d, 2H, OCH»C=),
5.16 (s, 2H, OCHAr), 5.18-5.30 (m, 2H, CC=CH3), 5.40 (m, 1H, CCH=C), 7.335
(m, 5H, ArH)
30 MS (EL m/z): 321 [M]*, 186 (bp)
[o]p?3= +27.107 (methanol, c=10)
Anal. calc'd for CigH29NOg: C, 59.81; H, 5.96; N, 4.36
Found: C, 59.82; H, 5.68; N, 4.30



dry and fornmed a bl ackened scab. This was considered as the rejection day.
The nmean graft SUI’VI val tine (nunber of days S.D.) of the drug treatnent

group was conpar eg, with the control group. The follow ng Tabl e shows
the results that IaRdsuIts are expressed as the nean survival
time in days. Untr p| nch skin grafts are usually rejected

within 6-7 days. in Table 1 are based on a dose of 4

ng/ kg of test corrpound A surV| vaI ti me ofl6kl. 67 0.63 days was obtai ned for
rapanycin at 4 ng/kg. 20 The follow ng table sumarizes the results
obtained with represent at i ve corrpounds ofh this inventi onll n_these two

standard t eSt 242-ester WwiiAR)-D-1 Aoethoxyr4-Nlalivloxyicashonyi Sl VE
ACTIVITY LAF 3 Ski n Graft Corrpound

err] (n
[10. 7] (nM Undep ap %ogq)con nons, an 1cc ggld so}ution of rapamycin (4.3 g, 4.7

mmole) and N-allyloxycarbonyl-D-glutamic acid-ct—benzyl ester (1.6 g, 5 mmole)
5 (Example 5, Step A) in dry dichloromethane (50 ml) was treated with
dicylclohexylcarbodiimide (1 g, 5 mmole) followed by 4-dimethylamino pyridine (0.61
g, 5 mmole). After stirring overnight at room temperature, the solids were filtered and
washed with dichloromethane. The filtrate was preabsorbed on silica gel Merck 60 and
flash chromatographed (hexane-ethy! acetate gradient elution from 2:1 to 3:2) to give
10  the title compound as a white solid.
1H NMR (400 MHz, CDCl3): & 1.65 (s, 3H, C= CCH3), 1.748 (s, 3H, C=CCH3),
3.138 (s, 3H, CH30), 3.33 (m, 6H, CH30), 4.56 (d, 2H, CH2C=C), 5.17 (s, 2H,
CHzAr), 7.35 (m, 5H, ArH)
MS (neg. ion FAB, m/z ): 1216 {M] -, 1125, 1067, 624, 590
15  Anal calc'd for Cg7 H9aN2 018 « 0.5 C4HgO2: C, 65.69; H,7.99; N, 2.22
Found: C, 65.37; H, 8.02; N, 2.14

Step C. in 42~ with (R)-4-c -4- vioxy
butanoic
20 A mixture of the compound of Example 5, Step B (1.98 g, 1,5 mmole), fresh
1,4-cyclohexadiene (1.4 ml, 15 mmole) and 10% Pd on carbon (1.9 g) in 50 ml of
absolute ethanol, were stirred at ambient temperature for 4 hours. The catalyst was
filtered (Solka-Floc) and the filtrate concentrated in vacuo to give a white foam. Flash
chromatography of the crude mixture ( on silica Merck 60, dichloromethane-methanol
25  9:1) provided the title compound as a white solid.
IH NMR (400 MHz, DMSO-dg): & 1.614 (s, 3H, C=CCHs), 1.739(s, 3H,
C=CCH3), 3.037 (s, 3H, CH30), 3.14 (m, 3H, CH30), 3.24 (s, 3H, CH30), 3.857
(m, 2H, OCH2CH3).
MS (neg. ion FAB, m/z ): 1127 [M] -
30 Anal calc'd for C6oH92N2 018 ¢ 0.6 CHaClp: C, 61.67; H,7.96; N, 2.37
Found C, 61.31; H,7.82; N, 2.35
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1.1 This Sheet No Treat nment

7.00 0.00 -8 - f these stldndard pharmacol ogi cal test
procedur es denons ppressive activity both in vitro and in vivo

for the conpounds of this
Example 6

Ra in 42-ester with (R)-4- -4- loxy]carbonvllaminolbutanoic aci
gromethamine salt '
A solution of the compound of Example 5, Step C (0.30 g, 0.27 mmole) in 5 ml
5  of methanol was mixed with a solution of tris(hydroxymethyDaminomethane (0.032 g,
0.27 mmole) in 5 mi of methanol. The clear solution was concentrated to about 3 ml and
diluted with diethylether until persistent turbidity was observed. The solid that
crystallized over a period of time was collected and dried.
1H NMR (400 MHz, DMSO-dg): & 1.615 (s, 3H, C=CCH3), 1.738 (s, 3H,
10 C=CCHjs), 3.036 (s, 3H, CH30), 3.143 (m, 3H, CH30), 3.23 (s, 3H, CH30), 3.322
(s, 6H, CH20), 3.857 (m, 2H, OCH7CH»).
MS (neg. ion FAB, m/z ): 1127 [M] -

Example 7
15 Rapamycin 42-ester with (S)-4-amino-4-carboxybutanoic acid
Step A. amycin 42-ester with -5-phenylmethoxy-4-[{[phenyvimethox
carbonyllamino]-3- entanoic aci

Under an atmosphere of nitrogen, a solution of rapamycin (4.3 g, 4.7 mmole),
N¢-(benzyloxycarbonyl)-L-glutamic acid o-benzyl ester (1.86 g, 5 mmole),

20 dicyclohexylcarbodiimide (1 g, 5 mmole) and 4-dimethylaminopyridine (0,61 g, 5
mmole) in 10 ml of dichloromethane were stirred at ambient temperature for 72 hours.
The crude reaction mixture was preabsorbed on silica gel Merck 60 and flash
chromatographed (using ethyl acetate-hexane 3:1 as the eluant) to provide the title
compound as a white solid.

25 1H NMR (400 MHz, CDClz): § 1.654 (s, 3H, C=CCH3), 1.75 (s, 3H, C=CCHa),
3.138 (s, 3H, CH30), 3.195 (m, 3H, CH30), 3.325 (s, 3H, CH30), 5.102 (s, 2H,
CH2AD), 5.172 (s, 2H CHAr), 7.34 (s, 10H, ArH)

MS (neg. ion FAB, m/z ): 1266 [M], 1175.5, 590
[01p23= -106.4 (methanol, c=10.15)
30  Anal. calc'd. for C71HogN2018 + 0.5 C4HgO2: C, 66.51; H, 7.80; N, 2.12
Found: C, 66.57; H, 7.80; N, 2.28



I nvention. The results obtained in the LAF test procedure show suppression
of T-cell 5 proliferation, thereby denmonstrating the immunosuppressive
act'ivity "of the corrpounds of Thl s -tnvention. As transplanted pinch skin

grafts are typically his'sEL mnthln 6-7 days without the use of an
| Munosuppr essi ve ag ded survival time of the skin graft when
treated with the co I nvention further denonstrates their

S

utility as i mmunosu and ag8agents useful for treating and
preventing 10 transplantatlon rejection and graft vs. host disease. Based
on the results of these standard pharnacologlcal test procedures, the
conpounds of $§ihB. RAWS : ,; AL 4-hi h.n .( ~-41;,ue;';revent|on of
transplantation reLection suc I dney bone marrow,

pancreas (islet cefp&sted r’ﬁ’e‘,‘&m"? commd °%€¥%¥Plcaﬁo§t§kﬁn (gﬂl%dr]amo lehnd
heart val ve Xarbid%Rdson cirboh €1.2r gah 60Nl 6f metieNvad Bdddd fhmbhius fortiatd

arthritis. i GERA 6o Eemie e o R, Acn g Rdte SANNF SRS Solft R ¢
and di seaskes aid thefiltzareoncentrawed fin xacuos The assidue wias tatrated svithewatergethe solid
seborrhea,  copected and dried in vacuo to give fairly pure fitle compound. Further purification was
achieved by HPLC (C18-Dynamax 60A 41x250 mm column, A= H20, B= CH3CN,
gradient elation from 40% to 90% B, flow rate 20 ml/min).
1H NMR (400 MHz, CDCl3): 8 1.623 (s, 3H, C=CCHj3), 1.743 (s, 3H, C=CCHz),
10 3.044 (s, 3H, CH30), 3.152 (m, 3H, CH30), 3.287 (s, 3H, CH30), 4.52 (m, 1H,
42-H)
13C NMR (400 MHz, CDCl3): & 210.38, 207.52, 198.8, 171.96, 169.19, 169.11,
166.99, 139.29, 137.83, 137.13, 132.33, 130.39, 126.99, 124.79. 98.99
MS (neg. ion FAB, m/z ): 1041 [M-H]-, 590

apdi

15

Example 8

A sohmon of the compound of Example 7, Step B (0 25g,0.24 mmole) in 10
ml of dichloromethane was mixed with a solution of maleic acid (0.035 g, 0.03 mmole)
20  in 2 ml of methanol. The solvents were evaporated and the residue was triturated with
diethylether to provide the title compound as a white solid.
1H NMR (400 MHz, CDCl3): 8 1.616 (s, 3H, C=CCH3), 1.743 (s, 3H, C=CCH3),
3.038 (s, 3H, CH30), 3.145 (m, 3H, CH30), 3.258 (s, 3H, CH30), 6.08 (s, 2H,
C=CHCOQOQ), 8.2 (broad, 3H, NH3*)
25 MS (neg.ion FAB, m/z ): 1041 [M-H}-

Example 9
R: in 42-ester wi -4-amin X ic aci
Step A. Rapamycin_42-ester with (R)-5-phenylmethoxy-4-[[[phenylmethoxy]
30 carbonvllamino]- ic aci

Under a nitrogen atmosphere a solution of rapamycin (4.3 g, 4.7 mmole), N-
benzyloxycarbonyl-D-glutamic acid o—benzyl ester (1.86 g, 5 mmole),
dicyclohexylcarbodiimide (1 g, 5 mmole) and 4-dimethylaminopyridine (0.61 g, 5
mmole) in 10 ml of dichloromethane were stirred at room temperature for 72 hours. The



i nfl anmat ory bowel di sease, and eye uveitis. 20 Because of the
activity profile obtained, the conpounds of this invention also are
conSidered to have antitunor, antifungal activities, and antiproliferative

activities. The ¢ u nggn Nig3qinvention therefore are also useful in

treating solid t ect S eukerni a/ | ynphoma, fungal infections, and
hyperproliferative H &m[ﬂ ases such as restenosis and

at heroscl erosis. 2 s of thigginvention provide a significant

advant age over rapanycin, and the acyl derivatives of rapanycin in the
prior art as they are substantially nore potent upon oral adm nistration,
as shown forcrade epnedemtmixtyre scasppreabsafbedhos silive rgel oMetalor§@ouand fidsh

by conpar i ni paeibed (ahg by Bcrillndih ol s fe1ufith 6 blovide BB LFIET, "o
phar macol ogi ¢umpouad as pmditegoli. Briefly, the conpound to be tested is
eval uated atly PeMRAQ@6s MMz, A0DCLY: Sane54£(sH 3AYCHS),f RTSP(sO3HAMHL =) 313®n and
4 L 5 (s, 3H, CH30), 3.18 (s, 3H, CH30), 3.33 (d, 1H, 31-CH), 5.10 (s, 2H, CH2AI),

5.176 (s, 2H, CHzAr), 7.346 (s, 10 H, ArH)

MS (neg. ion FAB, my/z ): 1266 [M]", 1175.5, 1067.4, 590

[o)p23= -90.6 (methanol, c=10)

Anal. calc'd. for C71HogN2018 : C, 67.28; H, 7.79; N, 2.21 -

10 Found: C, 67.08; H, 7.88; N, 2.33

Step B. Rapamycin 42-ester with (R)-4-amino-4-carboxy-butanoic acid
To a stirred mixture of the rapamycin 42-ester of Example 9, Step A (1.5 g, 1.18
mmole) and 1.2 g of 10% Pd on carbon in 60 ml of methanol was added ammonium
15 formate (0.37 g, 5.9 mmole) in one portion. After 15 minutes, the catalyst was filtered
off (Solka Floc) and the filtrate concentrated in vacuo to give fairly pure title compound.
Further purification was achieved by HPLC [on a Dynamax 60A Cjg 41x250 mm
column uvsing a gradient elution 40-90% B (A=H,0, B= CH3CN), 20 ml/min flow rate]
to provide the title compound as a white solid.
20 1H NMR (400 MHz, CDCl3): & 1.616 (s, 3H, C=CCH3), 1.739 (s, 3H, C=CCH3),
3.038 (s, 3H, CH30), 3.146 (m, 3H, CH30), 3.263 (s, 3H, CH30), 4.5 (m, 1H, 42-
H)
13C NMR (400 MHz, CDCl3): 8 210.38, 207.57, 198.86, 171.98, 169.19, 169.23,
169.12, 167, 139.32, 137.87, 137.16, 132.36, 130.43, 127.02. 124.77, 99.02
25 MS (neg. ion FAB, m/z ): 1041 [M-H]-, 590
Anal. calc'd for Cs6HggN2016 + H2O: C, 63.38; H, 8.36; N, 2.64
Found: C, 63.59; H, 8.49; N, 2.62

Example 10
30 Rapamycin 42-ester with (S)-4-carboxy-4-f{{phenylmethoxv-c nyll-amino]-
butanoic_acid
A solution of rapamycin (1.8 g, 2 mmole), N-benzyloxycarbonyl-L-glutamic
anhydride (0.92 g, 3.5 mmole) and pyridine (1 ml) in 20 ml of dry THF containing a
catalytic amount of 4-dimethylamino pyridine, was stirred overnight at ambient
35 temperature. The solvents were removed in vacuo and the crude mixture was flash



and 0.25 ng/kg for i p. admnistration, both adm nistered for 6
consequcutlve days in the skin graft test procedure so that a dose response

curve can be gener'ﬂisesﬂeeiHaSBwt B&®d oral and i.p. administration. The data
are subjected to a naI ysis and an 9 oral and i.p. ED50 is
cal cul ated for the , and the [err] are expressed as a
rati o according to ovmngforrmla [err] oral adm nistration 5

[err] i.p. admni stratlon When conpari ngagr.al potency for different
conmpounds that have been evaluated, the lower the ratio, the greater the
oral bioavailability. The oral bioavailability serves as a neasure of oral
potency. chromatographed (on silica gel Merck-60, using dichloromethane-methanol 19:1 as

eluant) to provide a mixture of desired product and unreacted rapamycin. Pure title
compound was obtained by HPLC (Dynamax 60A 10x250 mm C18 column, solvent
system: acetonitrile-water 4:1 containing 0.1% acetic acid, flow rate 4 ml/min, UV
5 detector at 280 nm) as a white solid.

1H NMR (400 MHz, CDCl3): 8 1.654 (s, 3H, C=CCH3), 1.75 (s, 3H, C=CCH3),
3.13 (s, 3H, CH30), 3.33 (m, 6H, CH30), 5.11 (s, 2H, CH2Ph), 7.35 (m, 5H,
ArH).

MS (neg. ion FAB, m/z ): 1175 [M-HJ-, 1041, 590

10
Example 11
Rapamycin 42-ester with-(S)-4-amino-5-(1,1-dimethylethoxy)-5-oxopentanoic acid
Step A. Ra cin 42-ester with (S)-5-(1.1-dime xy)-4-[[[9H-fluoren-9-
vimethoxyvlcarbonyllamino]-5-oxo-pentanoic acid
15 Under a nitrogen atmosphere, a solution of 5-(1,1-dimethylethoxy)-4-{[(6H-

fluoren-9-ylmethoxy)carbonyl]amino] 5-oxo-pentanoic acid (0.277 g, 0.65 mmole) in 1
ml of dry THF was treated with triethylamine (90 pl, 0.65 mmole) followed by a
solution of 2.4.6-trichlorobenzoyl chloride (0.0158 g, 0.65 mmole) in 1 ml of dry
THF. The reaction mixture was stirred at room temperature for 30 min and filtered.

20  The filtrate was added dropwise to a stirred solution of rapamycin (0.5 g, 0.54 mmole)
and 4-dimethylamino pyridine (0.08 g, 0.65 mmole) in 2 ml of dry THF. After stirring
overnight, the precipitate was filtered off and the filtrate was preabsorbed on silica gel
Merck 60 and flash chromatographed (using an hexane-ethyl acetate gradient from 2:1
to 3:2 v/v) to provide the title compound as a white solid.

25 IH NMR (400 MHz, CDCl3): 3 1.476 (s, 9H, COOBuY), 3.13 (s, 3H, OCHjz), 3.32
(s, 3H, CH30), 3.40 (s, 3H, CH30), 4.22 (d, 1H, 31-CH), 4.67 (m, 1H, 42-CH),
7.31 (t, 2H, ArH), 7.39 (1, 2H, ArH), 7.63 (d, 2H, ArH, 7.76 (d, 2H, ArH)
MS (neg. ion FAB, m/z ): 1320 [M], 1097, 590 -



10 TABLE 2. RELATIVE PO I P RATIOS | N MOUSE SKI N GRAFT SURVI VAL Conpound

Skin Gaft p.o./i.p. ratio* 15 Exanple 11

5.6° Rapanycin 42- ﬁggﬁgetmstﬁ}m( T tert but oxy- 4-tert-but oxy

car bonyl am no- 5- ox (U S. Patent 5,130,307) 188.2 * data
obtained in crermp Iatlve potency data shown Table 2 above
denonstrates that f this invention have significantly higher

oral bioavailability than a structurally gl ated rapanycin ester. The
increased bioavailability of the conpounds of this invention provides
advantages in the fornulation and adm nistration of the conpounds of this

| nventi on_ ov GStey B° REQEROLAS-dfor Wi Bku0imiaet5-A3-FRichidhiRisakeal SO covers
the use of the co 0 s of this Invention

A solution of the rapamycin 42-ester of Example 11 Step A (1.25 g, 0.95

mmole), piperidine (93 pL, 0.95 mmole) and DMF (250 pl) in 10 ml of dry
5 dichloromethane, was stirred at room temperature for 48 hours. The solvents were

evaporated in vacuo and the crude product mixture was flash chromatographed (on silica

Merck 60, with ethyl acetate as eluant) to provide the title compound as a white solid.

IH NMR (400 MHz, CDCl3): 8 1.479 (s, 9H, COOBub), 1.655 (s, 3H, C=CCHj3),

1.766 (s, 3H, C=CCH3), 3.139 (s, 3H, CH30), 3.342 (m, 3H, CH30), 3.384 (s,

10 3H, CH30)

13C NMR (400 MHz, CDCl3): § 215.17, 208.07, 172.54, 169.27, 166.69, 139.94,

135.89, 133.44, 133.33, 130.22, 129.29, 126.62, 126.50, 126.40, 98.46

MS (neg. ion FAB, m/z ): 1098[M]-



adm ni stered in conjunction with one or nore other imunoregul atory agents

for use in inducing inmnosuppression or as an antiinfl tor agent. Such
ot her i munoregul atory agents incl ugﬂummmﬁ Iwu 'll mi t taperde

corticosteroids, 30 such as predni u edni s

cycl ophospham de, rapanycin, cyclosporln A PK-506 OKT-3
conbi ni ng the conpounds of this invention with such other drugs or agents
for inducing i mMmunosuppression or treati-2g@-i nflanmatory conditions, the

| esser amobunts of each of the agents are required to achieve the desired
effect. The basis for such conbination therapy was established by 35

St epkowski w@bA@MSesul ts showed that the use of a combination of rapanycin
and - 10- cyclosporin A at subtherapeutic doses significantly prol onged

heart all Ogrmﬁﬁfa‘ﬁh&ﬂs
o
- OMe

1. A compound of the formula I

5 wherein R! and R2 are each, independently, hydrogen or
0 1|?~4
—[-'cl:- (CHy)s CH-(CHp)z N—]—p RS .
L

R3is -(CHz)qC02R5;

R4 is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 to 6 carbon atoms;

10 RS is hydrogen or COORY,

R is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or
pheny! which is optionally mono-, di-, or tri-substituted with a substituent
selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,

15 cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or
-COH:;

R7 is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl wllxich is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of



time. [Transplantation Proc. 23: 507 (1991)]. As the conpounds of Exanples
4 and 5 were prepared via the c\ﬂﬂignds of 5 Exanple 4, step B and

Exanple 5, step B, @l\t‘“&& conpounds of ExgpRrh&: Aas BRESR lﬁ,eand
Exampl e 5, stepBa{ m rmadlatesmthe

bi ol ogi cal | y usef ul cfonf)ou'nds The conpounds of this ﬂ”ﬁﬁlﬂ&m

adm ni stered neat or fornulated with a 10 phar maceu to a
mammal in need thereof. The pharnmaceuticgiy.carrier may be solid or |iquid.
When fornulated orally, it has been found that 0.01% Tween 80 i n PHOSAL

PG 50 (phospholipid concentrate with 1,2-propylene glycol, A Nattermann &
G e. GrbH) provi ddss earbas asphs Alloxyrafl 1-B(uafbdnadtom hytiréx3, ic§laric Hald Mnikén

i ncl ude one or as. 15 )ring agents

| ubricants, sol ub:é zer s"gfs]%g%%h%gb é’@m&?ﬁﬁﬁé?@,‘mgf’ﬁ , conpression
ai ds, bi ndermlélo-‘l,abl et-disintegrating agents; it can also be an

encapsul ati nglgmerl al. In powders, the carrier is a finely divided solid

whi ch |s§n ad r‘rlé ure with the

qis 0-4;
R4

Il
wherein R3, R%, m, and n are independent in each of the [ C~(CHy)z CH-(CHy)z N ]

R3
subunits when p=2;
with the proviso that R! and R2 are not both hydrogen; and further provided that if RS

10 is COaR7, then RS is hydrogen; and still further provided that if RS is not
hydrogen, then R3 is hydrogen;
or a pharmaceutically acceptable salt thereof.
2. The compound according to claim 1 wherein n = 0 or a pharmaceutically
acceptable salt thereof.

1S 3. The compound according to claim 2 wherein R4 is hydrogen or a
pharmaceutically acceptable salt thereof.

4. The compound according to claim 3 wherein q = 0 or a pharmaceutically
acceptable salt thereof.
5. The compound according to claim 4 wherein p = 1 or a pharmaceutically

20  acceptable salt thereof.

6. The compound according to claim 5 wherein RS and RS are hydrogen or a
pharmaceutically acceptable salt thereof.

7. The compound according to claim 6 wherein R2 is hydrogen or a
pharmaceutically acceptable salt thereof.

25 8. The compound according to claim 1 which is rapamycin 42-ester with (S)-3-
carboxy-3-[[[pbenylmethoxy]carbonyl}amino]propanoic acid or a pharmaceutically
acceptable salt thereof.



finely divided active ingredient. In tablets, the active ingredient is
mxed with a carrier hawing.the necessary conpr essi on propertles I n

sui tabl'e proportions _and conpacted im 20 the sha esired. The
powders and t abl ets ,!ﬂwm in up to 99% (F)i?"s G %eenq{ egedi ent .
Suitable solid carr mmﬂ exanpl e, cal ci magnesi um
stearate, talc, sugars, | dct dses trin, starch, g ose,

met hyl cel | ul ose, sodi um carboxynet hyl ceblul ose, pol yV| nyI pyrrol i di ne, | ow
mel ting waxes and ion exchange resins. 25 Liquid carriers are used
in preparing solutions, suspensions, enulsions, syrups, elixirs and

pressurized c9 WDOS Thé eSmpodmbactotding to Bﬁhﬂdlwh”it:h m:raphﬁydng@edsm&ndt (8)-3-

or gant ¢ Sol Vo] ﬁﬁ?ﬁ‘ﬁﬂ@%@%ﬁ#@@ﬁ*@ﬂ@ﬁw&%ﬁa bl 8 0T 1

fats. The liquid carrier can contain other suitable phar rraceutlcal
addi tives suchOas Tt gomppund according tn elpim § which is mpamycia 4268tk BEtA{S)vdrs

sweet eners, | haQ3 B30 noR U Y phimBisARcily Adbbse wilomasient s, col or s,

viscosity regulators, st | zers or OsnoD-regul ators. SUI t abl e exanpl es
5 11. The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
carboxy-4-{[[propyloxy]carbonylJamino]butanoic acid or a pharmaceutically acceptable

salt thereof. .

12.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-
carboxy-4-[[[propyloxy]carbonylJamino]butanoic acid or a pharmaceutically acceptable
10  salt thereof.

13.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-
carboxy-4-[[[propyloxy]carbonyl}amino]butanoic acid tromethamine salt.

14.  The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
amino-4-carboxybutanoic acid or a pharmaceutically acceptable salt thereof.

15 15. The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
amino-4-carboxybutanoic acid maleate salt.

16.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-
amino-4-carboxybutanoic acid or a pharmaceutically acceptable salt thereof.

17.  The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
20  carboxy-4-[[[phenylmethoxy-carbonyll-amino]butanoic acid or a pharmaceutically
acceptable salt thereof.

18. The compound according to claim 1 which is rapamycin 42-ester with (S)-4- .
amino-5-{1,1-dimethylethoxy)-S-oxopentanoic acid or a pharmaceutically acceptable
salt thereof.

25 19. A method of inducing immunosuppression in a mammal in need thereof which
comprises, administering to said mammal an immunosuppressive amount of a
compound of the formula I



of liquid carriers for oral and parenteral adm nistration include water

(partially containing additives as above, e.g. cellul ose derivatives,

preferably sodi um carboxynethyl cellul ose solution), alc hols |nclud|ng

nonohydri ¢ al cohols and 35 pol yhydri c al cohols, e.g. g

derivatives, and oils-(e.g. fractionated coconut oOi

For parenteral adm nistration, the carrier can al so be an

as ethyl ol eate“umwmmm ristate. _gerile liquid carrlers are useful

in sterile liqu ” ons for parenteral administration. The

liquid carrier for préssdrlied*conp05|t|ons can be hal ogenat ed hydrocarbon

or other pharnmaceutically 5 accept abl e propeuég Li qui d pharmaceuti cal
nsi o

conpositions which are sterile solutions e ns can be utilized by,
for exanple, intranuscul ar, |ntraper|ton *¥r subcut aneous

@y

wherein R! and R2 are each, independently, hydrogen or
R4
I I
~+C- (e cr-(CH) NFRS
ks "
R3$-«31ﬂ@CEbR§
5 R#*is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 to 6 carbon atoms;
RS5 is hydrogen or COOR7;
RS is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or
10 phenyl which is optionally mono-, di-, or tri-substituted with a substituent
selected from alky! of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or
-CO2H;
R7 is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the
15 alky! portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -CO2H;
m is 0-4;
20 nis0-4



injection. Sterile solutions can also be adm nistered intravenously. The
compound can al so be administered orally either in liquid or soI I d
conposition form ounds of this inverfhis

adm ni stered rectal ﬂl’"”ml Mﬂﬂmwa conventi onal SuIOIOO

adm ni stration by int ranas mors | At rabronchi al inhalati on

t he conpounds of this invention nay be fornmul ated i nto an aqueous or
partially aqueous solution, which can thepgbe utilized in the formof an
aerosol. The conpounds of this invention may al so be adm nistered
transdermal |y through the use of 15 a transdermal patch containing the
active corrpoupd; BOgd a carrier that is inert to the active conpound, is non
toxic to the and al l ows delivery of the agent for system c absorption
into the bl oo s rieam via the skin. The carrier may take any nunber of
forms such as creams and ointnents, pastes, gels, ang occlusive devi RS,
The creans and oi ntnents may be viscous liquid or sdisolid enulsi ons[ of

ei ther the oi lwhesein® gR* , o, aBd) n are/independont in dach yPihe [F&sﬁ@&)goﬁﬂ’(@ﬁd)-dﬁ]
absorptive powders dispersed in petroleumor hydrophilic petfol eum
containing the active ingredient may also be suitable. A varR®ty

Re aced

subunits when p=2;

5  with the proviso that R! and R2 are not both hydrogen; and further provided that if R3
is CO2R7, then RS is hydrogen; and still further provided that if RS is not
hydrogen, then R is hydrogen;

or a pharmaceutically acceptable salt thereof..

20. The method according to claim 5 wherein the induced immunosuppression is
10 used to prevent or treat transplantation rejection or graft versus host disease.

21. A pharmaceutical composition which comprises an effective amount of a
compound of the formula I

OR!

wherein R1 and R? are each, independently, hydrogen or
R4
I |y .
+e-cms Cr- (CH)s NFR®
P

3
15 R



of occlusive devices may be used to release the active ingredient into the
bl ood stream such as a sem perni abl e menbrane covering a reservoir
cohtalnlng the active |ngred|ent with or wthout a carrier, or a matrix

cont ai ni ng the actlvﬁm’m er occlusive 25 deV| ces are known in
the literature. In a 'mz ounds of this inve;;t_l on may be

enpl oyed as a solutiof, tredam# ors lon by formul ation hhetHaSB,3
pharmaceutical ly acceptable vehicles copppining 0.1 - 5 W“gbl y
2% of active conpound which nay be adnministered to a fu

area. 30 The dosage requirenents vary with the partlcu

cymotoms. pr et AMCORE Lor ecﬁf a?dZLB' cct being treated. & ZeSf an the
r grsTEI ts ogt g‘? gsdhxqm% Biyér‘?g Niivasiged Q‘Féﬂahiygé “&3‘3}:3&5 ¥l postigRect ed
dai | y dosages of opatainsd &@mfhunchtmsgl d be 0.1 [err] - 100 ng/ kg, preferably
Treat ment ik =gooBa KOBBRFLVT 2, 8% shal T dosages | ess than the
opti num 5 RS is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or
phenyl which is optionally mono-, di-, or tri-substituted with a substituent
selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, anﬁno, or
10 -CO9H;
R7 is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,

15 carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -COsH;
m is 0-4;
nis 0-4;
pis1-2;
qis 0-4;
R4

(0
wherein R, R, m, and n are independent in each of the [ g— (CHpz CH-(CHp)z N |
20 R’
subunits when p=2;
with the proviso that R1 and R2 are not both hydrogen; and further provided that if RS
is CO2R7, then R6 is hydrogen; and still further provided that if R is not
hydrogen, then R5 is hydrogen;
25  ora pharmaceutically acceptable salt thereof. and a pharmaceutical carrier.

22. A compound which is rapamycin 42-ester with (S)-5-phenylmethoxy-4-
{[[allyloxy]carbonyl] amino]-5-oxopentanoic acid.

23. A compound which is rapamycin 42-ester with (R)-5-phenylmethoxy-4-
[[{allyloxy]carbonylJamino}-5-oxopentanoic acid.



- 12 - dose of the compound. Thereafter the dosage is increased until the
opti mum ef fect under the circunstances is reached; precise dosages for
oral, parenteral, nasal, or intrabronchial administration will be

determ ned by the adm nistering physician based on experience with the

i ndi vi dual subject treated. Preferably, the pharmaceutical 5 conposition
isin unit dosage form e.g. as tablets or capsules. In such form the
conposition is sub-divided in unit dose cegtaining appropriate quantities
of the active ingredient; the unit dosage forns can be packaged
conpositions, for exanple, packeted powders, vials, anmpoules, prefilled
syringes or sachets containing liquids. The unit dosage formcan be, for

exanpl e, a capgul eAgrodesdioe prephring 4 corpound of Dieite] whichapmpopssi ate 10
number of any suc h C ° npgc%}léun%n%pﬁy@ﬁlc @ged 6I-f%rotccted rapamycin or 31-OR2-
rapamycin where R2 is as defined above other than hydroxy, with an acylating agent,
or
5 b) sequentially acylating rapamycin with two acylating agents,
said acylating agents selected from acids of formula IT as defined above; and if required
removing any protecting groups present.
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The follow ng exanples illustrate the preparation of representative
conpounds of this invention. 15 Exanple 1
Rapanycin 42-ester with (S)-3-carboxy-3-[[[phenyl met hoxyl car bonyl | am nol -
propanoi ¢ acid Under an atnosphere of nitrogen, a solution of rapanycin
(1.06 g, 1.16 mmol) and N (phenyl nmet hoxy) car bonyl ] -L- aspartlc anhydri de
(0.29 g, 1.16 mmol e, prepared 20 by treatnent of

N-[ (phenyl met hoxy) carbonyl ] -L-aspartic ag9d wth

di cyl cl ohexyl carbodiimde in THF) in 21 m of 20:1 (v/v) mxture of

di chl oronet hane and pyridine containing a catal ytic anount of

4-di met hyl am nopyri di ne, was stirred ABSERAGCTenperature for 24 hours. Tne
crude reaction mxture was absorbed on silica gel Merck-60 and prepurified

by flash chregppt s'kgcdi'%ﬁcgﬁ mRihaagreet hanol 25 9:1 as el uant).
Furt her purifi ca@l on wé’réa I eved by f?ash chr omat ogr aphy (using
di chl or onet hane- net hanol 19:1 as el uant) tI prrbe the title conpound as

an off-white
k' ~OMe

wherein R1 and R2 are each, independently, hydrogen or
. R4
I | 1
- cr-cpr N R
b "

R3 is -(CH2)qCO2R5;

R4 is hydrogen, alkyl, or arylalkyl;

RS is hydrogen or COOR7;

RS is hydrogen, alkyl, alkenyl, arylalkyl, fluorenylmethyl, or phenyl which is
10 optionally substituted;

R7 is alkyl, alkenyl, arylalkyl, fluorenylmethyl, or phenyl which is optionally

substituted;

m is 0-4;

nis 0-4;
15 pisl-2;

qis 0-4; N

This Sheet Has Been Relplace
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solid. [err] NWR (400 MHz, [err]): [err] 1.63 (s, 3H [err] 1.73 (s, 3H,
CH3C=C), 3.12 (s, 3H, [err] 3.27 (s, 3H, [err] 3.30 (s, 3H, [err] 5.28 (s,
2H, " 30 [err] 7.32 (m 5H, ArH MS (neg. ion FAB, niz): 1162 [M, 590
Anal. Calc'd for [err] ¥ 0.6 [err]: C 62.91; H 7.57; N, 2.31 Found: C,

62.79; H 7.47; N, 2.79 -13- Exanple 2 Rapanycin 42-ester with
(S)-3-carboxv-3-[[[ phenvl net hoxyl car bonyl | am nol - propanoic acid
tronet ham ne salt -30-

R4
Il I
wherein R%, R%, m, and n are independent in each of the | C-(CHp)g CH-(CH)z N |

R3
subunits when p=2;
with the proviso that R! and R? are not both hydrogen; and further provided that if R3
is COR7, then RS is hydrogen; and still further provided that if RS is not
5 hydrogen, then RS is hydrogen;
or a pharmaceutically acceptable salt thereof which is useful as an immunosupprc.ssive,
antiinflammatory, antifungal, antiproliferative, and antitumor agent.



Wothee-5 Lans

A solution of the corrpound of Exarrple 1 (0.54 g,..0.46 mmole) in 50 mM of 5
met hanol , wags—m t--on Ry S buf f gr @MACQMEN'ﬂgH e
25 M of me QF%L&%@ ﬁe S(;fl%utlor??%/vas ¢oncent 1 éﬁetc@ipdmyn BSsed!. %Hgsé %gf‘
The" r.esj due Si‘:rr‘%}glf‘alﬂag%d f'r“b?ﬁga chl-of onet haneEh€kane) to gvh g d o
t ramet ham n@d LHPGs  copsung- 5 Pagsdnfiiel 1 as awhi Ebﬁ\ﬁﬂ)é(g}j ''''
MHz, DVBO- dé):Prawipge) :paged3H;. fepagpd 1741 (s, 3H| B00HI)e %ﬁ “““
OCH3), 3. 15|[{(1FAbsBREL [ erpegeds.. 23 i BagEB H, |- ¢r [’] 7. 34 (m 5H, Ar l\iﬁ‘geééb
MHz, [ err])LDAEE rQF RECRIPT2Q7.. 5....198..83.,. 1319, {1692 (158, 7, 98.98, 61.76
M5 (neg ion FAB M Z)" 1161 [MFH=T0Z27, 590 Ahka "“P Qi" EEE PTe?fi‘ié.t......
[err]: C, 61.78; H, 7.97; V. i Found: C
61.75, H, 8.24; N, 3.57 AMIN ARAY

(S) - 3-am no- 3- car boxypr opanoi ¢ aci d
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BACKGROUND OF THE INVENTION

This invention provides amino alkanoic esters of rapamycin and a method for
using them for inducing immunosuppression, and in the treamment of transplantation
rejection, graft vs. host disease, autoimmune diseases, diseases of inflammation, solid
tumors, fungal infections, and hyperproliferative vascular disorders.

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

Rapamycin alone (U.S. Patent 4,885,171) or in combination with picibanil
(U.S. Patent 4,401,653) has been shown to have antitumor activity. R. Martel et al.
[Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed that rapamycin is effective in
the experimental allergic encephalomyelitis model, a model for multiple sclerosis; in the
adjuvant arthritis model, a model for rheumatoid arthritis; and effectively inhibited the
formation of IgE-like antibodies.

The immunosuppressive effects of rapamycin have been disclosed in FASEB 3,
3411 (1989) and its utility in preventing transplantation rejection shown in U.S. Patent
5,100,899. 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); and R. Y.
Calne et al., Lancet 1183 (1978)].

Rapamycin has also been shown to be useful in preventing or treating systemic
lupus erythematosus [U.S. Patent 5,078,999], pulmonary inflammation [U.S. Patent
5,080,899], insulin dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res. Assoc.
121 (Abstract), (1990) and European Patent Application 507,555 A1}, and smooth
muscle cell proliferation and intimal thickening following vascular injury [Morris, R. J.
Hcart Lung Transglant 11 (pt. 2): 197 (1992)].

. Mono- dxgcylglécd;%cr%\ﬁanves of rapamycin (esterified at the 28 and 43
positions) have béen shown tg“be useful as antifungal agents (U.S. Patent 4,316,885)
and used to make water soluble prodrugs of rapamycin (U.S. Patent 4,650,803).

Recently, the numbering convention for rapamycin has been changed; therefore
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A sol.ution of the conpound of Exanple 1 (0.25g, 0.21 mmol e,
ethyl acetate, was hydrogenated over 10% pal | adi um on cha
atnbspherlc pressure. The catalyst was filtered and the f||trate was
concentrated to dryness in vacuo. The residue was purifie
chr ohat ography (on silica gel Merck-60 using a gradient el
di chl or onet hane- net hanol to 100% net hanol) to provide the
a solid. 25

3H, [err]),

3.15 (s, 3H, [err]), 3.32 (s,
[err]): [err]

[0l 1996
j on from9:1

INVR (400 MHz, [err]): [err]~-1.64 (s, 3H, [elr]),
% [err]) 13C N '
210. 4, 209.6, 207.5, 200.9, 198. 8, 169.2, 166.99, 139. 3

137.8, 137.1, aéé’o%dﬁé 1o £86mt1 ABRBicRhordedflatife, (8O iV (BRGbES BO&VAoU B 2t

1027 (M H] -

10

15

th 31- and 42- positions. U.S. Patent 5,130,307 discloses aminoesters of rapamycin
useful as immunosuppressive, antiinflammatory and antifungal agents. US Patent
5,221,670 discloses esters of rapamycin useful as 1mmunosupprcss1vc,
antiinflammatory, antitumor and antifungal agents.

DESCRIPTION OF THE INVENTION
This invention provides derivatives of rapamycin which are useful as
immunosuppressive, antinflammatory, antifungal, antiproliferative, and antitumor

‘,.OR1

agents having the formula I

wherein R! and R2 are each, independently, hydrogen or

R4
I |
~+C-CHy cr-(CHY) NR®
| P

R3
R3is -(CH2)qCO2RS;
R# is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 to 6 carbon atoms;
R3 is hydrogen or COORY;
RS is hydrogen, alky! of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or



-14- Exanpl e 4 Rapanycin 42-ester with

(S),-4-carboxy-4-[[[propyl oxyl carbonvl | am nol but anoi %CWTASHEET
N-al | yl oxycarbonyl - L-gl utanmic acid-[err]-benzyl estér|{A 1IN sol ution| of NaOH
(4.2 M) was added dropwise to a stirred solution of E- &7 0QT tg9dmi
aci d- [erf]- benzyl ester (1 g, 4.2 mmle) and allyl ¢hforoformate (0j4p m,
4.2 mmole) in 20 Ml of THF. After stirring at anbient tenperature tor{ 2
hours, the reaction m xture was dil uted w3t-h et her J:.hﬁ...SQLLALiJl[L,WBshed
with water and brine. Upon drying [err] the solvent was renoved in vacuo
and the residue recrystallized fromethyl acetate-hexane to provide the
pure title conpourphepyhwhichniscafitionallynmmnogdi-, 1@ tri-subsiituted\vith( 21 egbshikizent

% g: : % g Bfezg] [ rln 9 fé&}cd mh.g&g%? g%aﬁé <af9 uﬁkogcg%g};)é cafbdtiarbs, droxy,
cyano, han, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or
-COzH;

5 R7is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -CO2H; -

10 mis04;
n is 0-4;
pis1-2;

Q)

qis 0-4;
R4
I |
wherein R%, R*, m, and n are independent in each of the [ C~(CHp)z CH-(CHp)z N |
R3
15  subunits when p=2;

with the proviso that R! and R2 are not both hydrogen; and further provided that if R3
is COR7, then RS is hydrogen; and still further provided that if RS is not
hydrogen, then R3 is hydrogen;

or a pharmaceutically acceptable salt thereof.

20 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
trialkylamines of 1-6 carbon atoms per alkyl group and mono-, di-, and
trihydroxyalkylamines 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,

25  hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and similarly
known acceptable acids. Based on this disclosure, other pharmaceutically acceptable
salts that can be formed will be readily apparent to one skilled in the art.

The term "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
30 ring atoms of which up to 3 ring atoms are heteroatoms selected from the group



(s, 2H, [err], 5.19-5.31 (m 2H [err]), 5.45 (m 1H NH, 5.88 (m 1H,

~[err]), 7.347 (m 5H ArH 15 MS (El, mz): 321 [M+
-26. 63 (nethanol, c¢=10.061) Anal calc'd for [err]: C,
4.36 Found :
w th (S)=5-phenyl net hoxy-4-[[[al |yl oxyl carbonyl] am nok-%- qx7um 4996i C
Under anhydrous conditions, an ice cold solution of rapafycin (1.37 g,
nmol e) and N-al |l yl oxycarbonyl -L-glutam c-4cid-[err]-befhz
1.56 nmol e,

9)

anyci n 42-est ey

C, 59.89; H 5.63; N 4.34 20 Step B.

from Exanple 4, Step A) in 25 m of dry did¢hl oronet hane_was

—ester (0.5 g,

aci d

U5

treated with 25 dicycl ohexyl carbodiimde (0.33 g, 1.6 mvle), foll owed by
4- di met hyl anconsistingi off oxyged, dlrggenland suiphwr) . Wiienethe siryl groug isvsabstimied at

G ohi or onet hEREUpIEFor $:BFyERdHe % HE o sk, Y bR GRERNAT dft ellowing: alo
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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, 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, alkylthio of 1-6 carbon atoms,
-S0O3H, -PO3H and -CO2H. The aryl group may be mono- or bicyclic.

It is preferred that the aryl moiety of the arylalkyl group is a phenyl, naphthyl,
pyridinyl, quinolinyl, isoquinolinyl, 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, ;mino, 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. It is more preferred that the aryl moiety is a phenyl group that may be
optionally substituted as described above. The term alkyl of 1-6 carbon atoms includes
both straight chain as well as branched carbon chains. Examples of alkyl as a group or
part of a group, e.g. arylalkyl, alkoxy or alkanoyl (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.

The chiral center(s) present in R! or R2 can have either R or S configuration;
this disclosure covers both enantiomers. For example when n = 0, the resulting chiral
carbon of the oi-amino acid in the side chain of R! or RZ can have either the R or $
configuration, depending on the configuration of the starting material used.

Of the compounds of this invention, preferred members are those in which n =
0; those in which n = 0 and R4 is hydrogen; those in which n =0, R4 is hydrogen, and
q = 0; those in which n = 0, R4 is hydrogen, q = 0, and p = 1; those in whichn =0,
R4, R5, and RS are hydrogen, q = 0, and p = 1; and those in which n =0, R2, R4, RS,
and RS are hydrogen,q=0,andp =1.



gel 60 and purified by flash chromat ography (dichloronme =Ehvi——acetat
2:1), to,give the title conmpound as a white solid. 30 g@tﬁ%ﬁ{‘m ,

[erf]): [err] 1.65 (s, 3H, [err]), 1.75 (s, 3H, C=CCH3) .13 (s, 37,
[err]), 3.33 (m 6H, [err]), 4.56 (d, 2H, [err]), 5.17 {s ?—i;n[,q{fgb% 7.135
(m 5H, ArH MS (neg ion FAB, miz): 1216 [M-, 1125, 59p,}476.3 Anal "talic'}d
for [err]: C 66.10; H 7.95; N, 2.30 35 ek o
65.76; H 8.07; N, 2.42 - 15 - Step C Rapamycin 42-lester with

(S)-4-carboxv-4-[[[ propyl oxyl carbonyl | am nol - butanoic acid
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The compounds of this invention that are esterified at the 42- or 31,42-positions
can be prepared by initially acylating rapamycin with an acylating agent having the
general structure

R4
Il |
X+ C-(CHys CH-(CHYz N+ I
- P

R3
where X is OH, in the presence of a coupling reagent, sx;ch as
dicyclohexylcarbodiimide or a suitably activated ester (nitrophenyl, trichlorophenyl,
pentafluorophenyl, hydroxybenzotriazolyl, N-hydroxysuccinimido, and the like). The
compounds of this invention also can be prepared using a carboxylic acid anhydride as
the acylating species. Mixtures of 42- and 31,42-esters can be separated by
chromatography.

Alternatively, the acylating species can be a mixed anhydride of the above
described carboxylic acid or an acid halide, where X can be Cl, Br, or 1. The acylating
groups used to prepare the compounds of this invention are commercially available or
can be prepared by methods that are disclosed in the literature.

_The 31-esters of this invention can be prepared by protecting the 42-alcohol of
rapamycin with a protécting group, such as with a tert-butyl dimethylsilyl 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,
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.
Patent 5,118,678, which is hereby incorporated by reference.

Having the 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.
Altematively, the 42-esterified compounds, prepared as described above, can be reacted
with a different acylating agent to provide compounds having different esters at the 31-
and 42-positions.



A mxture of rapanycin 42-ester of Exanple 4, Step B (0278~ g-n&,_ZZ e
5 fresh 1, 4-cycl ohexadiene (0.178 m, 2.2 ol e) and 4,@,1?1“]9}@0 HEE
_pal l'adium on carbon in 50 m of absol ute et hanol , were st -G-TE
tenperatur,e for 4 hours. The catal yst was flltered ( Sol k o)cé an t hq
filtrate is concentrated in vacuo to give a white foam r'e8F 8% s
purified by flash chromat ography (on silica Merck-60,
di chl oronet hane-nmet hanol 9:1) to provide thg-title coml;und as a white
solid. 10 1H NWMR (400 MHz, [err]): [err] 1.615 (s, 3H Terrmi—+=—39{s
3H, [err]), 3.036 (s, 3H, [err]), 3.14 (s, 3H, [err]), 3.25 (s, 3H, [err])
3.857 (m 2H, [err])ActedinglR thisOmvistion provides:a procesy fou Preparing Give Bi}),amycm

198. 85, 172.39
130, 44, 127 ozw'%ﬁ%@%"f U ot R frtas e el B PNy
Exanpl e 5 Rapanyci na42- ege¥lating magamycin or a 42-OH protectcd rapamycin or 31-OR2-
4car boxy- 4- [ [ [ pipaBWcRrwhére TR lak difiied] dbel @ Bicf thdf ihfdroxy, with an acylating agent,

5 or

b) sequentially acylating rapamycin with two acylating agents,
said acylating agents selected from acids of formula II as defined above; and if required
removing any protecting groups present.

This invention also covers analogous esters of other rapamycins such as, but
10 not limited to, 29-demethoxyrapamycin, [U.S. Patent 4,375,464, 32-
demethoxyrapamycin under C.A. nomenclature]; rapamycin derivatives in which the
double bonds in the 1-, 3-, and/or S-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-bisdesmethylrapamycin [U.S. Patent 5,093,338,
15  7,32-desmethylrapamycin under C.A. nomenclature]; 27-hydroxyrapamycin [U.S.
Patent 5,256,790] and 15-hydroxyrapamycin [U.S. Patent 5,102,876]. This invention
also covers esters at the 31-position of 42-oxorapamycin [U.S. Patent 5,023,263].

The disclosures in the above cited U.S. Patents are hereby incorporated by reference.

20 Immunosuppressive activity for representative compounds of this invention
was evaluated in an in vitro standard pharmacological test procedure to measure
lymphocyte proliferation (LAF) and in an in vivo standard pharmacological test
procedure which evaluated the survival time of a pinch skin graft.

25 The comitogen-induced thymocyte proliferation procedure (LAF) was used as
an in vitro measure of the immunosuppressive effects of representative compounds.
Briefly, cells from the thymus of normal BALB/c mice are cultured for 72 hours with
PHA and IL-1 and pulsed with tritiated thymidine during the last six hours. Cells are
cultured with and without various concentrations of rapamycin, cyclosporin A, or test

30 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 ICsg was obtained for each test compound as well as
for rapamycin. When evaluated as a comparator for the representative compounds of



Step A. N-allyloxycarbonyl-Dglutamc acid-[err]-benzyl 7 - -
1IN solutjon of NaCH was added dropwi se to a stirred sol LmﬁA@W SHM

aci d- a-benzyl ester (3.5 g, 14.7 mole) and allylchloroflodmate (1.56 m
14.7 .ol g) in 25 nml of THF. After stirring at anbient tefpeg QTP Jgyr

hours, the reaction mxture was diluted with ether and hed wi th wat ef
and brine. Upon drying (Na2S04) the sol vent was renoved{in va

N

(1]

residue recrystallized fromethyl acetate-lpxane 25 tolprovide pure t|t|
conmpound (white needles, mp. 81-82.5C). [err] NWR (400 WHz, [err]):[err
1.98 (m 1H, [err]), 2.206 (m 1H, [err]), 2.43 (m 2H, [err]) 4.45 [m
1H, [err]], 4. Ms(mlvexﬂidn, refanlycin had Gn(ICs02hh hgrﬁdaxzﬁtéal%ﬁﬂl(’me ?e'§hlts

) a0 ?8p§ _fgfeée ReppestARYe cepotods Al fvoprioR epresente S I6RS: G
59.81; H, N,

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

5  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

10 - 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

15  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. The results shown in Table 1 are based on 2

dose of 4 mg/kg of test compound. A survival time of 11.67+ 0.63 days was obtained

for rapamycin at 4 mg/kg.
20 -
The following table summarizes the results obtained with representative
compounds of this invention in these two standard test procedures.
25 TABLE 1. EVALUATION OF IMMUNOSUPPRESSIVE ACTIVITY
[AF SKin Graft
Compound ICsp (nM) (days = SD)
30 Examplel 10.7 10.00 + 0.00
Example 3 2.5 10.17 £0.75
Example 4 3.2 11.00 + 1.00
Example 5 39 . . 10.83 £ 0.75
Example 7 14 10.80 + 0.40
35 Example9 7.8 11.20 £ 1.00
Example 10 27.1 10.17 £ 0.41
Example 11 1.1 11.50 £ 1.05
No Treatment 7.00 £0.00




Found: C, 59.82; H 5.68; N, 4.30 - 16- Step B. Rapamycin 42- ester with

. (R) - 5- phenyl net hoxy 4-[[[al 'yl oxyl carbonyl | am nol - 5- ] ‘ET
Under anhydrous conditions, an ice .cold solution of r§ v ’9 - 4.7
mol &) and N-al | yl oxycar bonyl D-glutamc [err] ester {1} , 5 mml e) 5

(Exanple 5, Step A in dry dichloronethane (50 m) wak tr@a 8aTVIDPH
di cyl cl ohexyl carbodiimde (1 g, 5 nmmole) foll owed by @-di net hyl ammi ng
pyridine (0.61 g, 5 nmmole). After stirring®wvernight at room t enper at urfe,
the solids were filtered and washed wi th di chl oronet hane.—The filtratetwas
preabsorbed on silica gel Merck 60 and flash chromat ographed (hexane- et hyl
acetate gradient elution from2:1 to 3:2) to give

The results of these standard pharmacological test procedures demonstrate

immunosuppressive activity both in vitrg and in vivo for the compounds of this
invention. The results obtained in the LAF test procedure show suppression of T-cell
5 proliferation, thereby demonstrating the immunosuppressive activity of the compounds
of this invention. As transplanted pinch skin grafts are typically rejected within 6-7
days without the use of an immunosuppressive agent, the increased survival time of the
skin graft when treated with the compounds of this invention further demonstrates their
utility as immunosuppressive agents and as agents useful for treating and preventing
10  transplantation rejection and graft vs. host disease.

Based on the results of these standard pharmacological test procedures, the
compounds of this invention are useful in the treatment or prevention of transplantation
rejection such as kidney, heart, liver, lung, bone marrow, pancreas (islet cells), cornea,

15 small bowel, and skin allografts, and heart valve xenografts; in the treatment or
prevention of graft vs. host disease; in the treatment 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.

20 Because of the activity profile obtained, the compounds of this invention also
are considered to have antitumor, antifungal activities, and antiproliferative activities.
The compounds of this invention therefore are also useful in treating solid tumors, T-
cell leukemia/lymphoma, fungal infections, and hyperproliferative vascular diseases
such as restenosis and atherosclerosis.

25 '

The compounds of this invention provide a significant advantage over
rapamycin, and the acyl derivatives of rapamycin in the prior art as they are
substantially more potent upon oral administration, as shown for a representative
compound of this invention (compound of Example 11) in the Table below. The

30  relative oral potency is determined by comparing the oral and i.p. EDsgs obtained in the
skin graft standard pharmacological test procedure. Briefly, the compound to be tested
is evaluated at the doses of 40, 10, and 2.5 mg/kg for p.o. administration and 4, 1,
and 0.25 mg/kg for i.p. administration, both administered for 6 consequcutive days in
the skin graft test procedure so that a dose response curve can be generated for both

35 oral and i.p. administration. The data are subjected to a parallel line analysis and an



10 the title conpound as a white solid. 1H NVR (400 MHz, [err]): [err]
1.65 (s,. 3H, C=CCH3), 1.748 (s, 3H, C=CCH3), 3.138 (s, 3H, [err]), 3.33 (m

6H,'[err]) 4.56 (d, 2H, [err](, 5.17 (s, 2H, [err] VS
(neg, ion FAB, mz ): 1216 [M -, 1125, 1067, 624, mmm cH) d for
[err] 0.5 [err] C, 65.69; H 7.99; N, 2.22 Found: |C| 65.37; H, 8.Q2;} N,
2.14 Step C Raparrym n 42-ester with CT 1995

(R) - 4- car boxy- 4-[[ [ pr opyl oxy] car bonyl ] ami n8]-- but anoijc amg E A

m xture of the conmpound of Exanple 5, Step B (1.98|g, T, —fresh

1, 4-cycl ohexadi ene (1.4 m , 15 mmole) and 10% Pd or} _carbon él. 9 g) i_gu 50 mi
of absol ute et%&#‘?é!dlmEPéOé%%l‘F%ﬂ&foréhﬁF@ﬁPm{néﬁffé Cssqthe
catal yst was fislalriti®sccond e pllbwaiddoihiglaf i | trate concentrated in vacuo
to give a white foam Flash chronatography of the crude mixture ( on silica

Merck 60, dichl oronet hane-net hanoIED oral administration

5 EDsg i.p. administration

When comparing oral potency for different compounds that have been
evaluated, the lower the ratio, the greater the oral bioavailability. The oral
bioavailability serves as a measure of oral potency.

10 TABLE 2. RELATIVE PO/IP RATIOS IN MOUSE SKIN GRAFT SURVIVAL

Compound Skin Graft
p.0./i.p. ratio*
15 Example 11 5.6 -
Rapamycin 42-ester with (S)-5-tert-butoxy-4-tert-butoxy
carbonylamino-5-oxo-pentanoic acid (U.S. Patent 5,130 307) 188.2
* data obtained in cremophor

20  The relative potency data shown Table 2 above demonstrates that the compounds of
this invention have significantly higher oral bioavailability than a structurally related
rapamycin ester. The increased bioavailability of the compounds of this invention
provides advantages in the formulation and administration of the compounds of this
invention over the compounds of the prior art.

25

This invention also covers the use of the compounds of this invention
administered in conjunction with one or more other immunoregulatory agents for use in
inducing immunosuppression or as an antiinflammatory agent. Such other
immunoregulatory agents include, but are not limited to azathioprine, corticosteroids,

30 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 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 basis for such combination therapy was established by

35 Stepkowski whose results showed that the use of a combination of rapamycin and



G-{ {11 r-ww
25 9:1) provided the title conmpound as a white solid. ! 4‘-0&-1\11%

[err]): [err] 1.614 (s, 3H, [err]), 1.739(s, 3H, [err]), s

[err]), 3.14 (m 3H [err]), 3.24 (s, 3H [err]), 3.857 204 Q@Trﬁq% VS
(neg. ion,FAB, mz ): 1127 [M- 30 Anal calc'd for [err]]|-L0Q.6 [err]: C
61.67; H 7.96; N, 2.37 Found C, 61.31; H, 7.82; N, 2.35 - 17 - Exanpl ¢

6 Raparrym n 42-ester with
(R) - 4-carboxy-4-[[[ propyl oxyl car bonyl ] am er]OO‘ut anoi c acid tronet ham ne salt

cyclosporin A at subtherapeutic doses significantly prolonged heart allograft survival
time. [Transplantation Proc. 23: 507 (1991)].

As the compounds of Examples 4 and § were prepared via the compounds of

5 Example 4, step B and Example 5, step B, respectively, the compounds of Example 4,

step B and Example 5, step B are useful as intermediates in the preparation of
biologically useful compounds.

The compounds of this invention can be administered neat or formulated with a

10 pharmaceutical carrier to a mammal in need thereof. The pharmaceutical carrier may be
solid or liquid. When formulated orally, it has been found that 0.01% Tween 80 in
PHOSAL PG-50 (phospholipid concentrate with 1,2-propylene glycol, A. Nattermann
& Cie. GmbH) provides an acceptable oral formulation.

A solid carrier can include one or more substances which may also act as

15 flavoring agents, lubricants, solubilizers, suspending agents, fillers, glidants,
compression aids, binders or tablet-disintegrating agents; it can also be an encapsulating
material. In powders, the carrier is a finely divided solid which is in admixture with the
finely divided active ingredient. In tablets, the active ingredient is mixed with a carrier
having the necessary compression properties in suitable proportions and compacted in

20 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, polyvinylpymrolidine, low melting waxes
and ion exchange resins.

25 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
can contain other suitable pharmaceutical additives such as solubilizers, emulsifiers,

30  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
carboxymethyl cellulose solution), alcohols (including monohydric alcohols and

35 polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated



A sol ution of the conpound of Exanple 5, Step C (0.30 g, Q.27 rrrml e)
m 5 of nmethanol was m xed with a solution of o
tris(hydroxynet hyl ) am nonet hane (0.032 g, 0.27 mmole) in

diethyl et her until persistent turbidity was observed. Th olwaﬁm‘aw" ,
crystallized over a period of time was collected and dripdi.[err] NVR (400
MHz, [err]): [err] 1.615 (s, 3H, C=CCH3),-W.-738 (s, 3H f0 [err]), 3G 6 |
(s, 3H [err]), 3.143 (m 3H, [err]), 3.23 (s, 3H, [err])y+—8-322LS....OH.

15" Rapanyc! ncasngt pilandatiehissyinh Ho ot adsuns st PNy
Rapanyci n 42- efly esterduch a§ Sthybolpite aid 1¥0piop¥l nyristaked Brexile M@ hitayders are useful
Cor oy ) o o SR R RGNS poRth il felen i BRI, The HobdeP e e
pressurized compositions can be halogenated hydrocarbon or other pharmaceutically
5  acceptable propellant.
Liquid pharmaceutical compositions which are sterile solutions or suspensions

can be utilized by, for example, intramuscular, intraperitoneal or subcutaneous
injection. Sterile solutions can also be administered intravenously. The compound can
also be administered orally either in liquid or solid composition form. -

10 The compounds of this invention may be administered rectally in the form of a
conventional sﬁppository. For administration by intranasal or intrabronchial inhalation
or insufflation, the compounds of this invention may be formulated into an aqueous or
partially aqueous solution, which can then be utilized in the form of an aerosol. The
compounds of this invention may also be administered transdermally through the use of

15  a transdermal patch confaining the active compound and a carrier that is inert to the
active compound, is non toxic to the skin, and allows delivery of the agent for systemic
absorption into the blood stream via the skin. The carrier may take any 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 2 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 vmh 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
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

35 mgkg. Treatment will generally be initiated with small dosages less than the optimum



[err]- acid [err]- ester (1.86 g, 5 mole), 20 di cycl MMMH&BS%%
lgl 5 mmol e) and 4-di net hyl am nopyridine (0,61 g, 5 npoie) in I0 T

dIC | oronet hane were stirred at anbient tenperature for

reaction m xture was preabsorbed on silica gel Merck 60
chr omat ogr aphed (using ethyl acetate-hexane 3:1 as the jel
the title conpound as a white solid. 25 [err] NWVR (400 MHz, [err]: [ert
[err]), 1.75 (s, 3H, [err])-12-138 (s, 3H Terr]);, 3 195(m
3.325 (s, 3H, [err]) 5102(s 2H, [err]), 5.172 (s, 2H
[err]), 7.34 (s, 10H ArH M ion FAB, mz ): 1266[l 1175.5, 590
[err]= -106. 4 dosePfHisctomponnd. T rg:étemm dosesnglacrepsﬁd *@*A{L

1. 654 (s, 3H,

3H, [err]),

72 Ia)orggﬂ. 139& crL

Hdd

e opumBy effac

66.51; H 7.8Qindek thé. é?cuﬁﬁtmﬁes s réWehed ‘prétise’ ddfageNforordB parenteral, nasal, or
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intrabronchial administration will be determined by the administering physician based
on experience with the individual subject wreated. Preferably, the pharmaceutical.
composition is in unit dosage form, e.g. as tablets or capsules. In such form, the
composition is sub-divided in unit dose containing appropriate quantities of the active
ingredient; the unit dosage forms can be packaged compositions, for example, packeted
powders, vials, ampoules, prefilled syringes or sachets containing liquids. The unit
dosage form can be, for example, a capsule or tablet itself, or it can be the appropriate
number of any such compositions in package form.

The following examples illustrate the preparation of representative compounds
of this invention.

Example 1

apamycin 42-ester with (S)-3- Xy-3- enylmethoxv]carbonyllamino]-

propanoic acid
Under an atmosphere of nitrogen, a solution of rapamycin (1.06 g, 1.16 mmol)
and N[(phenylmethoxy)carbonyl]-L-aspartic anhydride (0.29 g, 1.16 mmole, prepared
by treatment of N-[(phenylmethoxy)carbanyl]-L-aspartic acid with
dicylclohexylcarbodiimide in THF) in 21 ml of 20:1 (v/v) mixture of dichloromethane
and pyridine containing a catalytic amount of 4-dimethylaminopyridine, was stirred at
room temperature for 24 hours. The crude reaction mixture was absorbed on silica gel
Merck-60 and prepurified by flash chromatography (using dichloromethane-methanol
9:1 as eluant). Further purification was achieved by flash chromatography (using
dichloromethane-methanol 19:1 as eluant) to provide the title compound as an off-white
solid.
1H NMR (400 MHz, CDCI3): 3 1.63 (s, 3H, CH3C=C), 1.73 (s, 3H, CH3C=C),
3.12 (s, 3H, CH30), 3.27 (s, 3H, CH30), 3.30 (s, 3H, OCH3), 5.28 (s, 2H,
ArCHY), 7.32 (m, 5H, ArH)
MS (neg. ion FAB, m/z) : 1162 [M]-, 590
Anal. Calc'd for Cg3H90N2018 + 0.6 CH2Cl2: C, 62.91; H, 7.57; N, 2.31
Found: C, 62.79; H, 7.47; N, 2.79

C,



-18- Step B. Rapanycin 42-ester with (S)-4-am no-4- car bgxy—btt-aReH-6~-a6i-e—T0

" a stirred nixture of conpound of Exanple 7, Step A (1.4 w&&&&mwﬁﬁﬁ]ﬁ
10% Pd on carbon (1.2 g) in 60 m of met hanol was added| a

(0.35 g, 5,5 mole) in one portion. After 15 mn the cat al st .lf,l?ggered
(Sol ka Floc) 5 and the filtrate concentrated in vacuo d
triturated with water, the solid collected and dried in}v

fairly pure title conpound. Further purifildati on was ac%i eved by HPLC
(C18- Dynamax 60A 41x250 mm col um, A= H20, B= [err], gradiremt—etuttTomrfrom
40%to 90% B, flow rate 20 nTL/mn) [err] NVR (400 MHz, [err]): [err] 1.623
(s, 3H C=CCH3), 1.743 (s, 3H, C-CCI—B)EXEEP182044 (s, 3H, [err]), 3.152 (m

3H, [err]), 3RE84muSin Stleslee with, (H-Harboky methoxylcarbonyllamino]-
A soluton of the compound of Example 1 (0.54 g, 0.46 mmole) in 50 ml of
5 methanol was mixed with a solution of TRIS buffer (0.054 g, 0.45 mmole) in 25 ml of
methanol, and the solution was concentrated to dryness in vacuo. The residue was
crystallized from dichloromethane-hexane, to provide the tromethamine salt of
compound of Example 1 as a white solid.
1H NMR (400 MHz, DMSO-dg): 8 1.62 (s, 3H, C=CCH3), 1.74 (s, 3H, C=CCHj3),
10 3.04 (s, 3H, OCH3), 3.15 (s, 3H, OCH3), 3.23 (s, 3H, OCH3), 7.34 (m, SH, ArH)
13C NMR (400 MHz, DMSO-dg): 8 210.4, 207.5, 198.83, 171.9, 169.2, 155.7,
98.98, 61.76
MS (neg ion FAB, nyz): 1161 [M-HJ-, 1027, 590
Anal, Calc'd for Cg7H101N3021 + H20: C, 61.78; H, 7.97; N, 3.23

15 Found: C, 61.75; H, 8.24; N, 3.57
Example 3
apamvcin 42-ester with -arm -carbox anoic aci

A solution of the compound of Example 1 (0.25g, 0.21 mmolc) in 20 ml of
20 ethyl acetate, was hydrogenated over 10% palladium-on charcoal (100 mg) at
atmospheric pressure. The catalyst was filtered and the filtrate was concentrated to
dryness in vacuo. The residue was purified by flash chromatography (on silica gel
Merck-60 using a gradient elution from 9:1 dichloromethane-methanol to 100%
methanol) to provide the title compound as a solid. '
25 INMR (400 MHz, CDCl3): § 1.64 (s, 3H, C=CCHs), 1.75 (s, 3H, C=CCH3), 3.15
(s, 3H, OCHa3), 3.32 (s, 6H, OCH3)
13C NMR (400 MHz, DMSO-dg): & 210.4, 209.6, 207.5, 200.9, 198.8, 169.2,
166.99, 139.3, 137.8, 137.1, 132.34, 130.42, 126.99, 124.77, 99
MS (neg ion FAB, m/z): 1027 [M-H}-
30



H

13C NWR (400 MHz, [err]): [err] 210.38, 207.52, 198.8, Je

169. 11, 166. 99, 139. 29, 137.83, 137.13, 132.33, 130. 39, EE@W?BEET
98.99 M5 (neg. ion FAB, mz): 1041 [MH -, 590 15 Exanplfe{8 Rapamycin
42-ester with (S)-4-am no-4-carboxybut anoi ¢ aci d nal eat al@ 7@(5{01199 i O
t he conpound of Exanple 7, Step B (0.25 g, 0.24 mmole) {ni10 m of

di chl oronet hane was m xed with a solution of maleic acid (0.0350;
mmole) 20 in 2 m of methanol. The sol verids- were evap nd the
residue was triturated with diethyl ether to provide the title conpoun
white solid. [err] NWR (400 MHz, [err] [err] 1.616 (s, 3H, [err]), 1.743
(s, 3H, [err]), 3.038 (s, 3H, [err]), XQIEPErﬂ 3H, [err]), 3.258 (s, 3H,

Lo, 2% g}p%%g;;i;_ﬁi%@m (§)-£-LRRA: b ovicY idubonPamiBIHuBEGic 4!
Step A. N=allyloxycarbonyl-L-glutamic acid-at-benzyl ester
A 1N solution of NaOH (4.2 ml) was added dropwise to a stirred solution of L-
5 glutamic acid-o-benzyl ester (1 g, 4.2 mmole) and allyl chloroformate (0.45 ml, 4.2
mmole) in 20 ml of THF. After stirring at ambient temperature for 2 hours, the reaction
mixture was diluted with ether and the solution washed with water and brine. Upon
drying (Na3S034) the solvent was removed in vacuo and the residue recrystallized from
ethyl acetate-hexane to provide the pure title compound (white needles, m’p. 81-
10 82.5°C).
INMR (400 MHz, CDCl3): 8 1.99 (m, 1H, CCH,C), 2.22 (m, 1H, CCH20), 2.44
(m, 2H, CCH>COQ0), 4.46 [m, 1H, CCH(NH)COO], 4.56 (d, 2H, OCH,CH=), 5.17
(s, 2H, OCHjAr), 5.19-5.31 (m, 2H, CC=CH3), 5.45 (m, 1H, NH), 5.88 (m, 1H,
CCH=C), 7.347 (m, SH, ArH)
15 MS (El, m/z): 321 {M]*, 186 (b.p.)
[025p= -26.63 (methanol, ¢=10.061)
Anal calc'd for C3gH19NOg: C, 59.81; H, 5.96; N, 4.36
Found : C, 59.89; H, 5.63; N, 4.34

a

20  Step B. Rapamvcin 42-ester with (S)-5-phenvimethoxy-4-[[fallvloxvicarbonyl]
aminol-J-oxopentanoic acid

Under anhydrous conditions, an ice cold solution of rapamycin (1.37 g, 1.5
mmole) and N-allyloxycarbonyl-L-glutamic acid-a-benzyl ester (0.5 g, 1.56 mmole,
from Example 4, Step A) in 25 ml of dry dichloromethane was treated with

25 dicyclohexylcarbodiimide (0.33 g, 1.6 mmole), followed by 4-dimethylamino pyridine
(0.20 g, 1.6 mmole). After stirring overnight at ambient temperature, the solids were
filtered and washed with dichloromethane. The filtrate was preabsorbed on Merck silica -
gel 60 and purified by flash chromatography (dichloromethane-ethyl acetate 2:1), to
give the title compound as a white solid.

30 1H NMR (400 MHz, CDCl3): 8 1.65 (s, 3H, C=CCH3), 1.75 (s, 3H, C=CCHz),
3.13 (s, 3H, OCH3), 3.33 (m, 6H, CH30), 4.56 (d, 2H, CH,C=C), 5.17 (s, 2H,
CH2Ar), 7.35 (m, 5H, ArH)

MS (neg ion FAB, m/z): 1216 [M]-, 1125, 590, 476.3
Anal calc'd for Cg7HggN2018: C, 66.10; H, 7.95; N, 2.30
35 Found C,65.76; H, 8.07; N, 2.42



Exanpl e 9 Rapanycin 42-ester with (R)-4-amni no-4-car boxybut an0| c acid Step

A. Rapamycin 42-ester with (R)-5-phenyl methoxy-4-[[[ )
carbonyl | ani nol - 5- oxo- pent anoi ¢ aci d Under a ni trogen} s i 1t i on
of rapamycin (4.3 g, 4.7 nmole), N benzyl oxycarbonyl} OF gl ut amc aciyd
[err]-benzyl ester (1.86 g, 5 mmol e), dicycl ohexyl car C)Odl | @@T(@gg 5

nmol e) and 4-di net hyl am nopyridine (0.61 g, 5 mmole) |n :

di chl oronet hane were stirred at roomtenpEature for y2-hrours: lne -1 19-

crude reaction m xture was preabsorbed on silica gel

rck 60 and flas

chromat ogr aphed (using ethyl acetate-hexane 3:1 as thé eluant) to provi

the title
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Step C. amycin 42-ester with (S)-4- xy-4-[[[propvioxvicarbonvllamin
butanoic acid

A mixture of rapamycin 42-ester of Example 4, Step B (0.270 g, 0.22 mmole),
fresh 1,4-cyclohexadiene (0.178 ml, 2.2 mmole) and 0.25 g of 10% palladium on
carbon in 50 ml of absolute ethanol, were stirred at ambient temperature for 4 hours.
The catalyst was filtered (Solka Floc) and the filtrate is concentrated in vacuo to give a
white foam. The residue was purified by flash chromatography (on silica Merck-60,
dichloromethane-methanol 9:1) to provide the title compound as a white solid. -
IH NMR (400 MHz, DMSO-dg): § 1.615 (s, 3H, CH3C=C), 1.739 (s, 3H,
CH3C=C), 3.036 (s, 3H, CH30), 3.14 (s, 3H, CH30), 3.25 (s, 3H, CH30), 3.857
(m, 2H, OCH;CH>)
13C NMR (400 MHz, DMSO-dg): 8 210.38, 207.57, 198.85, 172.39, 169.24,
167.01, 155.78, 139.31, 137.88, 137.16, 132.36, 130.44, 127.02, 124.77, 99.03
MS (neg ion FAB, m/z): 1127 [M-

Example §

Raj cin 42-ester with (R)-4-carboxv-4- carbonyllamino]butanoic act
Step A. N=allvloxvcarbonyl-D-glutamic acid-ot-ben

A 1N solution of NaOH was added dropwise to a stirred solution of D-glutamic
acid-o-benzyl ester (3.5 g, 147 mmole) and allylchloroformate (1.56 ml. 14.7 mmole)
in 25 ml of THF. After stirring at ambient temperature for 2 hours, the reaction mixture
was diluted with ether and washed with water and brine. Upon drying (Na2SOgy) the
solvent was removed in vacuo and the residue recrystallized from ethyl acetate-hexane
to provide pure title compound (white needles, m.p. 81-82.5°C).
IH NMR (400 MHz, CDCl3): § 1.98 (m, 1H, CCH2C), 2.206 (m, 1H, CCH20C),
2.43 (m, 2H, CCH2CO00), 4.45 [m, 1H, CCH(NH)COO], 4.54 (d, 2H, OCH2C=),
5.16 (s, 2H, OCH2Ar), 5.18-5.30 (m, 2H, CC=CH3), 5.40 (m, 1H, CCH=C), 7.335
(m, 5H, ArH)
MS (EI, m/z): 321 [M]*, 186 (bp)
[a]p?5= +27.107 (methanol, c=10)
Anal. calc'd for C1gH29NOg: C, 59.81; H, 5.96; N, 4.36

Found: C, 59.82; H, 5.68; N, 4.30

de



conpound as a white solid. 1H NWR (400 MHz, [err]): 8 1.65

- 1.751 (s, 3H [err]), 3.138 5 (s, 3H, [err]), 3.18 (s, 3 - ' ‘

"~ (d, "1H, 31-CH), 5.10 (s, 2H, [err]) 5.176 (s, 2H, [err]), 7. 46 S, H, .
[

ArH M (neg. ion FAB, nmfz): 1266 [M-, 1175.5, '1067.4,590 059'01986
(et hanol, c¢c=10) Anal. calc'd. for [err]: C 67.28;, H 7.7B; N 2.21 10
Found: C, 67.08; H 7.88; N, 2.33 Step B. Rapanycin 42-estpr vm'th

(R) - 4- am no- 4- car boxv-butanoic acid To a stigred m xture oftthe rapamicin

42-ester of Exanple 9, Step A (1.5 g, 1.18 nmole) and 1.2 g of 10% Pd on
carbon in 60 m of nmethanol was added ammoni um 15 formate (0.37 g, 5.9
mmol e) in one pRiep BoRapaifhigoim 42-6sta R gnyimethoxe#-[{{altylé rbenyilafrfino]-

(Sol ka Floc) a lfah& e cocentrat ed |nvacuo to gl ve fairly pure
title comound.wﬁw—%ﬁf i cation was achieved by HPLC [on a_Dynamax 60A
C18 41x250 mm Under anhydrous conditions, an ice cold solution of rapamycin (4.3 g, 4.7
mmole) and N-allyloxycarbonyl-D-glutamic acid-a—benzyl ester (1.6 g, 5 mmole)
5 (Example 5, Step A) in dry dichlorométhane (50 ml) was treated with
dicylclohexylcarbodiimide (1 g, 5 mmole) followed by 4-dimethylamino pyridine (0.61
g, 5 mmole). After stirring overnight at room temperature, the solids were filtered and
washed with dichloromethane. The filtrate was preabsorbed on silica gel Merck 60 and
flash chromatographed (hexane-ethyl acetate gradient elution from 2:1 to 3:2) to give
10 the title compound as a white solid.
1H NMR (400 MHz, CDCl3): & 1.65 (s, 3H, C-CCH3), 1.748 (s, 3H, C=CCH3),
3.138 (s, 3H, CH30), 3.33 (m, 6H, CH30), 4.56 (d, 2H, CH,C=C), 5.17 (s, 2H,
CH3Ar), 7.35 (m, 5H, ArH)
MS (neg. ion FAB, m/z ): 1216 [M] -, 1125, 1067, 624, 590
15 Anal calc'd for C67 H92N2 018 « 0.5 C4HgO2: C, 65.69; H,7.99; N, 2.22
Found: C, 65.37; H, 8.02; N, 2.14

Step C. Rapamvcin 42-ester with (R)-4-carboxy-4-[[[propyloxvylcarbonyllamino]-
tanoic acid
20 A mixture of the compound of Example 5, Step B (1.98 g, 1,5 mmole), fresh
1,4-cyclohexadiene (1.4 ml, 15 mmole) and 10% Pd on carbon (1.9 g) in 50 ml of
absolute ethanol, were stirred at ambient temperature for 4 hours. The catalyst was
filtered (Solka-Floc) and the filtrate concentrated in vacuo to give a white foam. Flash
chromatography of the crude mixture ( on silica Merck 60, dichloromethane-methanol
25  9:1) provided the title compound as a white solid.
IH NMR (400 MHz, DMSO-dg): & 1.614 (s, 3H, C=CCHj3), 1.739(s, 3H,
C=CCH3), 3.037 (s, 3H, CH30), 3.14 (m, 3H, CH30), 3.24 (s, 3H, CH30), 3.857
(m, 2H, OCH,CH3).
MS (neg. ion FAB, m/z ): 1127 (M} -
30  Anal calc'd for CgoH92N?2 O18 * 0.6 CH2Cla: C, 61.67; H,7.96; N, 2.37
Found C,61.31;H,7.82; N, 2.35



colum using a gradient elution 40-90% B (A=H20, B= [err g g oy

rate] to provide the title conpound as a \(/\/ni te soli d.[ 20 RE}MNXDM
- [ert]): [err] 1.616 (s, 3H, [err]), 1.739 (s, 3H, C=CCH3},|{3.038 (s, 3H
[err]), 3.146 (m 3H, [err]), 3.263 (s, 3H [err]), 4.5 (m Id7of>r 180
NVR (400 MHz, [err]): [err] 210.38, 207.57, 198.86, 171.Pp8| 169.19, 169._23,
169.12, 167, 139.32, 137.87, 137.16, 132.36, 130.43, 127]| 0Z 22779902
25 M5 (neg. ion FAB, miz ): 1041 [MH -17590 Anal. calg'd for [err] +
H20: C, 63.38; H 8.36; N, 2.64 Found: C, 63.59; H, 8.49; N, 2.62 Exanplé
10 30 Rapanmycin 42-ester with
(S) - 4-car boxy-4-[[ [ phenyl met hoxy- car bdExdmptenBno] - but anoic acid A sol ution

of rapanycin gl,8in £ 50 Gith RY-LERBINOAVEHOBAB TchbBhHiddThSIbutanoic acid

tromethamine salt
A solution of the compound of Example 5, Step C (0.30 g, 0.27 mmole) in 5 ml

5 of methanol was mixed with a solution of tris(hydroxymethyl)aminomethane (0.032 g,
0.27 mmole) in 5 ml of methanol. The clear solution was concentrated to about 3 ml and
diluted with diethylether until persistent turbidity was observed. The solid that
crystallized over a period of time was collected and dried.

IH NMR (400 MHz, DMSO-dg): & 1.615 (s, 3H, C=CCHj3), 1.738 (s, 3H,
10 C=CCHzs), 3.036 (s, 3H, CH30), 3.143 (m, 3H, CH30), 3.23 (s, 3H, CH30), 3.322

(s, 6H, CH20), 3.857 (m, 2H, OCH2CH3).

MS (neg. ion FAB, m/z ): 1127 [M] -

Example 7
15 Ra cin 42- with (S)-4-amino-4-carboxybutanoic acid
Step A. Rapamycin 42-ester with -5-phenylmethoxv-4-[[[phenvimethoxy

carbonyvllamino]-5-oxo-pentanoic aci
Under an atmosphere of nitrogen, a solution of rapamycin (4.3 g, 4.7 mmole),
N&.(benzyloxycarbonyl)-L-glutamic acid «-benzyl ester (1.86 g, 5 mmole),

20 dicyclohexylcarbodiimide (1 g, 5 mmole) and 4-dimethylaminopyridine (0,61 g, 5
mmole) in 10 ml of dichloromethane were stirred at ambient temperature for 72 hours.
The crude reaction mixture was preabsorbed on silica gel Merck 60 and flash
chromatographed (using ethyl acetate-hexane 3:1 as the cluant) to provide the title
compound as a white solid.

25 !H NMR (400 MHz, CDCl3): & 1.654 (s, 3H, C=CCH3), 1.75 (s, 3H, C=CCH3),
3.138 (s, 3H, CH30), 3.195 (m, 3H, CH30), 3.325 (s, 3H, CH30), 5.102 (s, 2H,
CH32Ar), 5.172 (s, 2H CH2Ar), 7.34 (s, 10H, ArH)

MS (neg. ion FAB, m/z ): 1266 [M]-, 1175.5, 590
[alp?3= -106.4 (methanol, ¢=10.15)
30 Anal calc'd. for C73HogN201g + 0.5 C4HgO2: C, 66.51; H, 7.80; N, 2.12
Found: C, 66.57; H, 7.80; N, 2.28



anhydride (0.92 g, 3.5 nmole) and pyridine (I m) in 20 m of dr
" containing a catalytic anmount of 4-dinethylam no pyri gie OS]
overni ght at anbient 35 tenperature. The solvents we
and the crude m xture was fl ash -20 - chronmat ograp eo
Mer ck- 60, using dichl oronet hane-nethanol 19:1 as ‘el uany Qyp@@ﬁ?ﬂﬁﬁ
m xture of desired product and unreacted rapanycin. Pute t|t|e conpound
obt ai ned by HPLC (Dynamax 60A 10x250 mm C188 eol um, D
acetonitrile-water 4:1 containing 0.1% acetic acid,
5 detector at 280 nm as a white SO|Id 1H NVR (400
1.654 (s, 3H, $tep B] Rapamveh 43 este : L3

6K [err]l), 5. 11 (SToe21 hrrLS l(%ure of éound &Example 7, Step A (1.4 g, 1.1 mmole)
and 10% Pd on carbon (1.2 g) in 60 ml of methanol was added ammonium formate
(0.35 g, 5,5 mmole) in one portion. After 15 min the catalyst was filtered (Solka Floc)
5  and the filtrate concentrated in vacuo. The residue was triturated with water, the solid
collected and dried in vacuo to give fairly pure title compound. Further purification was
achieved by HPLC (C18-Dynamax 60A 41x250 mm column, A= Hy0, B= CH3CN,
gradient elution from 40% to 90% B, flow rate 20 ml/min).
IH NMR (400 MHz, CDCl3): § 1.623 (s, 3H, C=CCHj3), 1.743 (s, 3H, C=CCHa),
10 3.044 (s, 3H, CH30), 3.152 (m, 3H, CH30), 3.287 (s, 3H, .CH30), 4.52 (m, 1H,
42-H)
13C NMR (400 MHz, CDCl3): 8 210.38, 207.52, 198.8, 171.96, 169.19, 169.11,
166.99, 139.29, 137.83, 137.13, 132.33, 130.39, 126.99, 124.79. 98.99
MS (neg. ion FAB, m/z ): 1041 [M-H]-, 590

15

Example 8

A solution of the compound of Example 7, Step B (0 25g,0.24 mmolc) in 10
ml of dichloromethane was mixed with a solution of maleic acid (0.035 g, 0.03 mmole)
20  in 2 ml of methanol. The solvents were evaporated and the residue was triturated with
diethylether to provide the title compound as a white solid.
IH NMR (400 MHz, CDCl3): 8 1.616 (s, 3H, C=CCH3), 1.743 (s, 3H, C=CCH3),
3.038 (s, 3H, CH30), 3.145 (m, 3H, CH30), 3.258 (s, 3H, CH30), 6.08 (s, 2H,
C=CHCOO), 8.2 (broad, 3H, NH3*)
25 MS (neg.ion FAB, m/z ): 1041 [M-H]-

Example 9
amycin 42-ester wi -4-amino-4-carboxybutanoic aci
Step A. Rapamycin 42-ester with (R)-5-phenylmethoxy-4-[[{phenylmethoxyl
30 carbonvllaminol- entanoic acid

Under a nitrogen atmosphere a solution of rapamycin (4.3 g, 4.7 mmole), N-
benzyloxycarbonyl-D-glutamic acid o-benzyl ester (1.86 g, 5 mmole),
dicyclohexylcarbodiimide (1 g, 5 mmole) and 4-dimethylaminopyridine (0.61 g, 5
mmole) in 10 ml of dichloromethane were stirred at room temperature for 72 hours. The



ArH). M5 (neg. ion FAB, nfz ): 1175 [MH, 1041, 590 1dRECAASHRIIMT SHEET
Rapamvcin 42-ester with-(S)-4-am no-5-(|.1-di nethyl et hgxy) - 5- oxopent arypi ¢
acid Step A. Rapanycin 42-ester with

(S)-5- (1. ¥-di met hyl et hoxy) - 4- [ [[ 9H- f | uor en- 9- 070CT 199

yl met hoxyl car bonyl ] am no] - 5- oxo- pentanoi ¢ acid 15 brtef—a—h-toheh
at nosphere, a solution of 5-(1, 1-dinethyl ethoxy)-4-][ [(&l—

fl uor en- 9-yl met hoxy) car bonyl ] am no] 5- oxo-. gntanoic acid (0. Z77 g, 065
mmole) in 1 m of dry THF was treated with triethylamne (90 [err] 0.65
mol e) foll owed by a solution of 2.4.6-trichlorobenzoyl chloride (0. 0158 g,

0.65 nmol e) | BrudeNteRtiofl! tidfdre WAL préAELIMA BhXEilicg ¥@as Mérbkr@@ dﬁi‘d
tenperature fo 30 mn and fjltered. 20 TheﬁT#oitrate was added dro W|se to

a stirred sol 8??“?33“? (vyie ety agcipte-Bexan & bt gluany; ‘M%Vﬂﬁﬂ%@ﬂc
pyridi ne (0. Oforgpouhdas anmiiitessolidn 2 ml of dry THF. After stirring

1H NMR (400 MHz, CDCl3): § 1.654 (s, 3H, CH3), 1.751 (s, 3H, CH3C=C), 3.138
5 . (s, 3H, CH30), 3.18 (s, 3H, CH30), 3.33 (d, 1H, 31-CH), 5.10 (s, 2H, CHAr),
5.176 (s, 2H, CHhAr), 7.346 (s, 10 H, ArH)
MS (neg. ion FAB, m/z ): 1266 [M]-, 1175.5, 1067.4, 590
[oIp?5= -90.6 (methanol, c=10)
Anal. calc'd. for C71HogN2013 : C, 67.28; H, 7.79; N, 2.21 -
10 Found: C, 67.08; H, 7.88; N, 2.33

Step B. Rapamycin 42-ester with (R)-4-amino-4-carboxv-butanoic acid
To a stirred mixture of the rapamycin 42-ester of Example 9, Step A (1.5 g, 1.18

mmole) and 1.2 g of 10% Pd on carbon in 60 ml of methanol was added ammonium
15 formate (0.37 g, 5.9 mmole) in one portion. After 15 minutes, the catalyst was filtered
off (Solka Floc) and the filtrate concentrated in vacuo to give fairly pure title compound.
Further purification was achieved by HPLC [on a Dynamax 60A C;g 41x250 mm
column using a gradient elution 40-90% B (A=H70, B= CH3CN), 20 ml/min flow rate]
to provide the title compound as a white solid.
20 I1H NMR (400 MHz, CDCl3): § 1.616 (s, 3H, C=CCH3), 1.739 (s, 3H, C=CCHj3),
3.038 (s, 3H, CH30), 3.146 (m, 3H, CH30), 3.263 (s, 3H, CH30), 4.5 (m, 1H, 42-
H) :
13C NMR (400 MHz, CDCl3): § 210.38, 207.57, 198.86, 171.98, 169.19, 169.23,
169.12, 167, 139.32, 137.87, 137.16, 132.36, 130.43, 127.02. 124.77, 99.02
25 MS (neg. ion FAB, m/z ): 1041 [M-H}-, 590
Anal. calc'd for CsgHggN2016 + H2O: C, 63.38; H, 8.36; N, 2.64
Found: C, 63.59; H, 8.49; N, 2.62

Example 10
30 Rapamycin 42-ester with (S)-4-carboxy-4-[{[phenylmethoxy-carbonyll-aminol-
utanoic aci
A solution of rapamycin (1.8 g, 2 mmole), N-benzyloxycarbonyl-L-glutamic
anhydride (0.92 g, 3.5 mmole) and pyridine (1 ml) in 20 mi of dry THF containing a
catalytic amount of 4-dimethylamino pyridine, was stirred overnight at ambient
35 temperature. The solvents were removed in vacuo and the crude mixture was flash



overnight, the precipitate was filtered off and the flmw:}%m
preabsorbed on silica gel Merck 60 and flash chronmat og

hexane-et hyl acetate gradient from2:1 to 3:2 v/v) to
~conpound as a white solid. 25 1H NMR (400 MHz, [err]
[err]), 3.13 (s, 3H, [err]), 3.32 (s, 3H, [err]), 3.40
- (d, 1H, 31-CH), 4.67 (m 1H, 42-CH), 7.31 (t, 2H, ArH)j,
7.63 (d, 2H, ArH, 7.76 (d, 2H, ArH M5 (n_ego-ion FAB,
1097, 590 Step B. Rapanycin 42-ester

—~

priovi de the titlle
[ ePrq OE49% (4, [9H,
s, 3H lerrl) i 4.22

7.39 (t, 2H, ArH),

W th-(S)-4-am no-5-(1, 1-di net hyl et hoxy) - 5- oxo- pentanoi c acid A sol ution of

the rapanycin &%mafoefapﬁéd E&ftamk@ céllMéhﬁdosd\ tfsingzéicli’gor&n&ﬁad%kﬁ%n%} 19:1 as

pi peri di ne (93 [err

10

15

20

25

lo provxde a mxxtzlre dcsxred roduct and urreacted rapamycin. Pure title
compound was obtained by HPLC (Dynamax 60A 10x250 mm C18 column, solvent
system: acetonitrile-water 4:1 containing 0.1% acetic acid, flow rate 4 ml/min, UV
detector at 280 nm) as a white solid.

1H NMR (400 MHz, CDCl3): § 1.654 (s, 3H, C=CCH3), 1.75 (s, 3H, C=CCH3),
3.13 (s, 3H, CH30), 3.33 (m, 6H, CH30), 5.11 (s, 2H, CH2Ph), 7.35 (m, 5H,
ArH).

MS (neg. ion FAB, m/z ): 1175 [M-HJ-, 1041, 590

Example 11
Rapamycin 42-ester with-(S)-4-amino-5-(1,1-dimethylethoxv)-5-oxopentanoic acid

Step A. Rapamycin 42-ester with ($)-5-(1,1-dimethvlethoxv)-4-[[[9H-fluoren-9-
ylmethoxvlcarbonvllamino]-5-oxo-pentanoic acid

Under a nitrogen atmosphere, a solution of 5-(1,1-dimethylethoxy)-4-[[(6H-
fluoren-9-ylmethoxy)carbonylJamino}5-oxo-pentanoic acid (0.277 g, 0.65 mmole) in 1
ml of dry THF was treated with triethylamine (90 ul, 0.65 mmole) followed by a
solution of 2.4.6-trichlorobenzoyl chloride (0.0158 g, 0.65 mmole) in 1 ml of dry
THF. The reaction mixture was stirred at room temperature for 30 min and filtered.
The filtrate was added dropwise to a stirred solution of rapamycin (0.5 g, 0.54 mmole)
and 4-dimethylamino pyridine (0.08 g, 0.65 mmole) in 2 ml of dry THF. After stirring
overnight, the precipitate was filtered off and the filtrate was preabsorbed on silica gel
Merck 60 and flash chromatographed (using an hexane-ethy! acetate gradient from 2:1
to 3:2 v/v) to provide the title compound as a white solid.

IH NMR (400 MHz, CDClL): § 1.476 (s, 9H, COOBuY, 3.13 (s, 3H, OCHjz), 3.32
(s, 3H, CH30), 3.40 (s, 3H, CH30), 4.22 (d, 1H, 31-CH), 4.67 (m, 1H, 42-CH),
7.31 (t, 2H, ArH), 7.39 (t, 2H, ArH), 7.63 (d, 2H, ArH, 7.76 (d, 2H, ArH)

MS (neg. ion FAB, m/z ): 1320 [M]-, 1097, 590



5 di chl oronet hane, was stirred at roomtenperature for 48 hours. The

sol vents. were evaporated in vacuo and the crude product
chromat ogr aphed (on silica Merck 60, with ethyl acetate
provide the title conpound as a white solid. [err] NWR
[err] 1.479 (s, 9H, [err]), 1.655 (s, 3H C=CCH3), 1.766
3.139 (s, 3H, [err]), 3.342 (m 3H, [err]), 3:384 (s, 1Q

NVR (400 MHz, [err]): [err] 215.17, 208. 0781172 54, 169.}2

135.89, 133.44, 133.33, 130.22, 129.29, 12

3 9
i 9

9. 94,

. 89, .44, . 33, 126.50, h26.40, 98 4 l
(neg. ion FAB, mz): 1098[ M - - 22 - CLAIMS

Step B. Rapamycin 42-ester with(S)-4-amino-3-(1,1-dimethylethoxy)-5-0xo-

pentanoic acid

A solution of the rapamycin 42-ester of Example 11 Step A (1.25 g, 0.95
mmole), piperidine (93 pL, 0.95 mmole) and DMF (250 pul) in 10 ml of dry
5 dichloromethane, was stirred at room temperature for 48 hours. The solvents were
evaporated in vacuo and the crude product mixture was flash chromatographed (on silica
Merck 60, with ethyl acetate as eluant) to provide the title compound as a white solid.
1H NMR (400 MHz, CDCl3): & 1.479 (s, 9H, COOBuY), 1.655 (s, 3H, C=CCH3),
1.766 (s, 3H, C=CCH3), 3.139 (s, 3H, CH30), 3.342 (m, 3H, CH30), 3.384 (s,

10 3H, CH30)

13C NMR (400 MHz, CDCl3): & 215.17, 208.07, 172.54, 169.27, 166.69, 139.94,
135.89, 133.44, 133.33, 130.22, 129.29, 126.62, 126.50, 126.40, 98.46

MS (neg. ion FAB, m/z ): 1098[M]-



1. A conpound of t QL &€ n [err] and [err] are each,
I ndependent |y, hydro [err] [err] is hydrogen, al kyI of 1-6
carbon atons, or aryl an‘mwﬁﬁﬁ“m‘“the al kyl portion contaras—t= .{T T
carbon atons; [err] err]; [err] is hydrog REPLA
carbon atons, al kenyl of 2-7. carben—atons, arylalkyl in |q"h i The al kyl
portion contains 1 to 6 carbon atons, quorenyI nmet hyl, or {pt nggl-;rv\dj'(mas
optionally nono-, m“l“l“uﬂ Mﬂr uted-g2th a substitugnt] sélected fro
al kyl of 1-6 car bon mm 1-6 carbon atons, hydr oxy—Tyano,
hal o, nitro, carbal kde cof t2-% carbon atons, trifluoromethyl, am no, or
[err]; R7 is &IkAIMBf 1-6 carbon atons, al kenyl of 2-7 carbon at ons,
aryl al kyl in which the al kyI portion contains 1 to 6 carbon at ons,
fl uorenyl meth ﬁ% . which is optionally nono-, di-, or

W % a su

tri- substltute istituent selected from al kyI of
A compound of the formula I

OR1

OMe

5 wherein R1 and R? are each, independently, hydrogen or
0 1'1“
—{-ICIJ- (CHy)7 CH-(CHyy N—}- R’
ks ’

R3is -(CH2)qCO2RS;

R# is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 to 6 carbon atoms;

10 R3 is hydrogen or COOR7;

RS is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or
phenyl which is optionally mono-, di-, or tri-substituted with a substituent
selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,

15 cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or
-COoH;

R7 is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of




1-6 carbon atons, al koxy of 1-6 carbon atons, hydroxy, c Rﬁaﬂ’iﬂ,&h&iﬁﬁﬁ‘%iﬂj}ﬁgﬁ}
carbal kexy of 2-7 car h o ee ¢edor onet hyl , ami no, @r gerri—" - 23
mis 0-4;, nis 0-4; p N ' mﬂ -4; [err] wherein [err]} En-;@ﬁ@g@re
i ndependent in each of subuni ts when p=2;

[ -

1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -CO2H;
m is 0-4;
nis 0-4;
5 pisl-2;
qis 0-4;

R4
] |
wherein R3, R, m, and n are independent in each of the [ C-(CHpz CH-(CHy); N ]

R3
subunits when p=2;
with the proviso that R1 and R2 are not both hydrogen; and further provided that if R3
10 is COR7, then RS is hydrogen; and still further provided that if RS is not
hydrogen, then R3 is hydrogen;
or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1 wherein n = 0 or a pharmaceutically
acceptable salt thereof.

15 3. The compound according to claim 2 wherein R4 is hydrogen or a
pharmaceutically acceptable salt thereof.

4. The compound according to claim 3 wherein q = 0 or a pharmaceutically
acceptable salt thereof.
5. The compound according to claim 4 wherein p = 1 or a pharmaceutically

20  acceptable salt thereof.

6. The compound according to claim 5 wherein R3 and RS are hydrogen or a
pharmaceutically acceptable salt thereof.

7. The compound according to claim 6 wherein R2? is hydrogen or a
pharmaceutically acceptable salt thereof.

25 8. The compound according to claim 1 which is rapamycin 42-ester with (S)-3-
carboxy-3-[[[phenylmethoxy]carbonyljamino]propanoic acid or a pharmaceutically
acceptable salt thereof.



w th the proviso thqﬁmgg£gzmg rrJ are not both hy and furt her—:
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provi ded that if [err gen then [err] is{ hydr
pharmaceutically acc ereof . 2. The ¢ ngo nd accordingito

€ s MO@e;t;qpf.
The conpound according to claim 2 wherein [err] i s RHydrogen_or a

pharmaceutical |y accﬁmﬂﬂ eof . - The ¢ompound accorah gjto
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10. The compound according to claim 1 which is rapamycin 42-ester with (§)-3-
amino-3-carboxypropanoic acid or a pharmaceutically acceptable salt thereof.

claim 1 wherein n e_ﬂ_or a phar maceut i cal I y accepta

S 11. The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
carboxy-4-{[[propyloxy]carbonylJamino]butanoic acid or a pharmaceutically acceptable
salt thereof.

12.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-
carboxy-4-{[[propyloxy]carbonyl]amino]butanoic acid or a pharmaceutically acceptable
10 salt thereof.

13.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-
carboxy-4-[[{propyloxy]carbonyljamino]butanoic acid tromethamine salt.

14.  The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
amino-4-carboxybutanoic acid or a pharmaceutically acceptable salt thereof.

15 15. The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
amino-4-carboxybutanoic acid maleate salt.

16.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-
amino-4-carboxybutanoic acid or a pharmaceutically acceptable salt thereof.

17.  The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
20  carboxy-4-[[[phenylmethoxy-carbonyll-aminoJbutanoic acid or a pharmaceutically
acceptable salt thereof.

18.  The compound according to claim 1 which is rapamycin 42-ester with (S)-4-
amino-5-(1,1-dimethylethoxy)-5-oxopentanoic acid or a pharmaceutically acceptable
salt thereof.

25 19. A method of inducing immunosuppression in 2 mamrnal in need thereof which
comprises, administering to said mammal an immunosuppressive amount of a
compound of the formula I



7. The conpound according to claim 6 wherei n R2 is hydrogen or a

phar maceutically acceptable salt thereof. 8. The com:)ound accordl ng.to

car boxy- 8- [[[phen nyl ] am no] pr opanoi c a
pharmaceutical ly t hereof . 9. The ¢
claim 1Wnichis st er vmth(S) 3- 07007 ©2%
car boxy-3-[[[ phenyl et hoxy] carbonyl ] am noppropanoi ¢ agi d_tronethan nejs
-24- 10. The conpound according to claim1 which is raparrym n 42-ester

W|th (S) 3 am nb‘f%“car—be*yppgpanmc acid or a phar ma
npound accordi ng Cbﬁl ym 1 which is rapamycin

et il

(S
O
° o

und accordlng

claim1 which isf;apamesB ﬁs‘er W th (S) 3-

wherein R! and R2 are each, independently, hydrogen or
R4
i |
-y - (e N RS
b "
R3is -(CHz)qCOzR‘S;
5 R#is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 1o 6 carbon atoms;
R3 is hydrogen or COOR7;
RS is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or
10 phenyl which is optionally mono-, di-, or tri-substituted with a substituent
selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, triflucromethyl, amino, or
-COoH:
R7 is alkyl of 1-6 carbon atoms, alkeny! of 2-7 carbon atoms, arylalkyl in which the
15 alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, triflucromethyl, amino, or -CO2H;
mis 0—4
20 nis0-4;




car boxy-4-[[[ propyl oxy] car bonyl ] am no} but anoi ¢ acid or_a pharmaceutically
acceptabl e salt theTi@O$heet lids Beed R EQMPOUNd according t L%{(fm%p, i G
. LRI N

rapamycin 42-ester w ! L

carboxy-4-[[[ propyl o "E\w;mm no] but anoi ¢ acid or| & pharmaceuti cdl I}y
acceptabl e salt ther ) ; conpound according jtd cDaf 8CT 1944 chh iis
rapanycin 42-ester with (R)-4-
car boxy-4-[[[ propyl oxy}-carbonyl | am no] but agoi ¢ aci d tgomat ham né sart. (4.

The conpound ‘according to claim1 which i s rapanycin 42-ester with (S)-4-
am no- 4- car boxybut anoi [ maceutical ly acceptable salt thereof.
15.  The co Qym,aciﬂluﬁﬂm,muﬂ"["'ml which is rapanycin 42-ester with
(S)-4- am no- 8-i§6r#rpoxy5ut &notc *hci’d el eate salt. 16. The conpound
according to alfarnrl which is rapanycin 42-ester with (R)-4-

am no- 4- car boxybut anoi ¢ acid or a pharmaceutically aggeptabl e salt t hrt eof .
17. The conpound according to claim 1l which is rapgmycin 42-ester wjth
(S)-4- wherein R%, R*, m, and n are independent in each of the | C-(CHp)z CH-(CH); N |

R3
subunits when p=2;

5  with the proviso that R! and R2 are not both hydrogen; and further provided that if RS
is COsR7, then RS is hydrogen; and still further provided that if RS is not
hydrogen, then R3 is hydrogen;

or a pharmaceutically acceptable salt thereof..

20.  The method according to claim 5 wherein the induced immunosuppression is
10  used to prevent or treat transplantation rejection or graft versus host disease.

21. A pharmaceutical composition which comprises an effective amount of a
@/ORI
g “OMe
o) O
0
HO,

0 OMe

compound of the formula I

wherein R1 and R? are each, independently, hydrogen or
R4
] e
Loy Co(CH: N RS
P

3
15 R



" pharmaceutically ac r eof . The conpound accor di ng to
claim1 which is ra

r wth (S) 4- am no
1, 1-:di et hyl et hoxy) - acid or a phar nacem%mee

salt thereof. 19.- %Mf @ conpound as clainmed in apyfone of the clfaijms |
to 18 in the preparation of a nedicanent for inducing ggsifor} in
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a manmmal . 20. Ujmum"mm%'rs claiged in any of the clainms 1 tlo |18
in the preparatio for treating trans ntatTon TEeject ijon
or graft versus host diséas® in a namml . -25 -

R3 is -(CH2)qCO2RS;

R4 is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 to 6 carbon atoms;

R5 is hydrogen or COORY;

5 RS is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or
phenyl which is optionally mono-, di-, or tri-substituted with a substituent
selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy,
cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, wrifluoromethyl, amino, or

10 -COH;

R7 is alky! of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the
alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,

15 carbalkoxy of 2-7 carbon atoms, trifinoromethyl, amino, or -CO2H;

m is 0-4;

nis 0-4;

pis1-2;

qis0-4;

car boxy- 4- [[[phenylmgﬁ;k@masgger gpé -am no] but anoic acid or a

“cn

=2

R4
i
wherein R3, R%, m, and n are independent in each of the [ C-(CHyp)sz CH-(CHy)z N ]

20 R’
subunits when p=2;
with the proviso that R1 and R2 are not both hydrogen; and further provided that if RS
is COgR7, then RS is hydrogen; and still further provided that if RS is not
hydrogen, then R is hydrogen;
25  ora pharmaceutically acceptable salt thereof. and a pharmaceutical carrier.

22. A compound which is rapamycin 42-ester with (S)-S-phenylmethoxy-4-
[[[allyloxy]carbonyl] amino}-5-oxopentanoic acid.

23. A compound which is rapamycin 42-ester with (R)-5-phenylmethoxy-4-
[{[allyloxy]carbonyl]amino}-S-oxopentanoic acid.



21. A pharmaceut i calthg 8Osk BLQR NI ¢h conprises an gbfec
conpound’ of theforrrul [err] and [ err [j&d

i ndependent |y, hydroge Imm s -(CHZ)qCOZRG R4
- of 1-6 carbon atons, whi ch the al kyl por
6 carbon atons; [er_r] |s hydrogen or [err] [err] is hy
carbon atons, al kenyl of 2-7carboen-atons, arylal kyl i ' _
portion contains 1 t n atons, fluarpgnyl methyl ,f or phenyl which ijs
optionally nono-, mﬁﬂm Iumut ed with a substiTuent setrected-f+lom
al kyl of 1-6 carbon aro 1-6 carbon atoms, hydroxy, cyano,

hal o, nitro, Cf‘{ bal koxy of 2- 7 carbdon atons, trifluoromethyl, amno, or
[err]; A process for preparing a compound of Claim 1 which comprises:

a) acylating rapamycin or a 42-OH protected rapamycin or 31-OR2-

rapamycin where R2 is as defined above other than hydroxy,
or

with an acylating agent,

5 b) 'sequentially acylating rapamycin with two acylating agents,
said acylating agents selected from acids of formula IT as defined above; and if required
Temoving any protecting groups present.



[err]

_ i's al kyl
in which the alkyl

10

15

aryIaIkyI

of 1-6 carbon atons, al kenyl of 2-7 carbon atons,

portion contains 1 to 6 carbon atons
or tri-substi

or phenyl which is optionally nono-, di-,
. substittent selected from al kyl of 1- 6 carbon atons, al
atons, hydroxy, cyano, halo, nitro, carbal koxy of 2-7 r ogé?tons
trifluoronethyl, amno, or [err]; mis 0-4; nis 0-4; OpT 999 2;
is 0-4; subunits when p--2; -29.
[err} AMINO ALKANOIC ESTERS OF RAP
ABSTRACT '

This invention provides a compound of the structure

OR!

wherein R! and R2 are each, independently, hydrogen or
_ R4
II
C-(CHyx (l':I-I-(CI-Iz)n N--}-Rs ;
R3
R3is -(CHa)qCO,RS;
Rﬁishydnn;m,auqd,oraqdauqd;
RS is hydrogen or COOR7;
6
RO is hydrogen, alkyl, alkenyl, arylalkyl, fluorenylmethyl, or phenyl which is
optionally substituted:
7
R7 is alkyl, alkenyl, arylalkyl, fluorenylmethyl, or phenyl which is optionally
substituted;
m is 0-4;
nis 0-4;
pis 1-2;
qis 0-4;



with the proviso that [err] and [err] are not both hydrogen; and further

provided that if R5 is [err], then [err] is hydrogen; and still further

. provided that if [err] is not hydrogen, then [err] is hydrogen; or a
“pharheGettical |l y acceptable salt thereof. and a pharmaceutical carrier. 22.

A compound which is rapanycin 42-ester with (S)-5-phenyl met hoxy- 4-

[[[al |l yl oxy] carbonyl] am no]-5-oxopentanoic acid. 23. A conpound which is
rapanmycin 42-ester with (R)-5-phenyl nmet ho3@- 4-

[[[al | yl oxy] carbonyl ] am no] - 5- oxopent anoi ¢ acid. 24. A process for
preparing a conpound of Claiml. which conprises: a) acyl ating rapamycin
or a 42-C0OH protected rapanycin or 31-OR2- rapanycin Wnere R2 is as dgki ned
above ot her than hydroxy, wi th an acyl ati ng agent, sequentl Iy

o) et ea t 1 onVRFRIR o 11 HEh e oS R a3 f < %*%?Saa@

renmovi ng any protecting groups present.

subunits when p=2;
with the proviso that R! and R2 are not both hydrogen; and further provided that if RS
is CO2R7, then RS is hydrogen; and still fur:her provided that if RS is not
5 hydrogen, then RS is hydrogen;
or a pharmaceutically acceptable salt thereof which is useful as an immunosuppre_ssive,
antiinflammatory, antifungal, antiproliferative, and antitumor agent.
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[‘uerr] is [err] [err] is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl
in which the alkyl portion contains 1 to 6 carbon atoms; [err] is hydrogen

or [err] 5 [err] is hydrogen, alkyl of 1-6 carbon atom; aI kenyl of 2-7

S e M e

tri-substituted with acsubsts t kent« sel ect ed 9‘5’!“ PAECG ar 59 Ot brrs,
-al koxy of 1-6 carbon atoms, hydroxy, cya#d; ha 1"?}(8 cé’i"&%ﬂf’b%{y pggeday
car bon atoms trifluoromethyl, amino, or 10 O Drzyingly) peesd i 40 Aaged ...
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1. A compound of the formula I
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wherein R! and R2 are each, independently, hydrogen or
I .
C-(CHy CH- (CH N} RS
p
R3
R3 is -(CH2)qCO2RS;
\ R4 is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
contains 1 to 6 carbon atoms;
R5 is hydrogen or COOR7,

RS is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl
which is optionally mono-, di-, or tri-substituted with a substituent selected from
alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo,
nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -CO2H;

R7 is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the alkyl
portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl which is
optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -CO2H;
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alikyl portion contains 1 to 6 carbon atons, fluorenyl nethyl, or pheny

. : : ' t
: . - - i | -substituted with a substituen
which is optionally nono-, di-, or tr al koxy of 1-6 carbon at ons,

tons,
ecsis” o IR < i
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hyl* ~&m mo,®ors [err]; m sO-4; ;
\Ahla];la?grf)gﬁ]?/ m and n are independent |r£3e.ach 01;1
R subunits when p=2; with the proviso that [err]rr]
hydrogen; and further provided that if RS is Ledro
and still fumifs@4provided that if R6 is not hy

hydr ogen; n is 0-4;
pis 1-2;
q is 0-4;

0 R*
Il

wherein R?, R*, m, and n are independent in each of the [ C=(CHy)z CH-(CH,)z N ]
R3
subunits when p=2;
with the proviso that R! and R2 are not both hydrogen; and further provided that if RS is
N CO2R7, then RS is hydrogen; and still further provided that if R6 is not hydrogen,
then R3 js hydrogen;
or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1 wherein n = 0 or a pharmaceutically
acceptable salt thereof,

3. The compound according to claim 2 wherein R4 is hydrogen or a
pharmaceutically acceptable salt thereof.

4, The compound according to claim 3 wherein q=0ora pharmaceutically '

acceptable salt thereof,

5. The compound according to claim 4 wherein P = 1 or a pharmaceutically
o acceptable salt thereof.

6. The compound according to claim 5 wherein RS and R6 are hydrogen or a

pharmaceutically acceptable salt thereof.

7. The compound according to claim 6 wherein R2 js hydrogen or a
pharmaceutically acceptable salt thereof,

8. The compound according to claim 1 which is rapamycin 42-ester with (S)-3-
carboxy-3-[[[phenylmethoxy]carbonyl]amino]propanoic acid or a pharmaceutically
acceptable salt thereof.

9. The compound according to claim 1 which is rapamycin 42-ester with (S)-3-
carboxy—3-[[[phenylmethoxy]carbonyl]arnino]propanoic acid tromethamine salt.



‘25 or a pharmacedti cal | y acceptable salt thereof.

carrier. 22. A coppeunrd—which is rapanycin 42-
(S) - 5- phenyl et hoxy 4- al 'yl oxy] car bonyl] am
. 23. Ac “m ‘ﬁir apamycin 42-ester wit

[[[allyl oﬂ ' 5- oxopent anoi ¢ aci d.
preparing & cbrrp‘our\‘d 8f O aim 1 which conpri ses:
-or a 42-CH protected rapamycin or 31- OR24-rapanmny
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Ci

above ot her than hydroxy, with an acylating age

t

and a pharmaceuti cal

[ mgﬂﬁtm aci d.

R) - 5- phenyl Hoxy- 4-

AM AU oce<s for
acy fapanycin
mwhere—R2 r" ag defined

or 5

sequentially acylating rapanycin with two acyl ati ng agents,

)

_ _ sartacyl ating
agents sel ggt edThs @Bmpests abrdifg Wkhih! 1 dhidelsi AR R estdddwith (SRGVI 1 ed

amino-3-carboxypropanoic acid or a pharmaceutically acceptable salt thereof.

11.  The compound according to claim 1 which is rapamycin 42-ester with (S)-4-

carboxy-4-[[[propyloxylcarbonyl]amino]butanoic acid or a pharmaceutically acceptable

salt thereof.

12. The compound according to claim 1 which is rapamycin 42-ester with (R)-4-

carboxy-4-[[[propyloxyJcarbonylJamino]butanoic acid or a pharmaceutically acceptable

salt thereof.

13.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-

carboxy-4-{{[propyloxyJcarbonyl]Jamino]butanoic acid tromethamine salt.

14. The compound according to claim 1 which is rapamycin 42-ester with (S)-4-

amino-4-carboxybutanoic acid or a pharmaceutically acceptable salt thereof.

15.  The compound according to claim ! which is rapamycin 42-ester with (S)-4-

amino-4-carboxybutanoic acid maleate salt.

16.  The compound according to claim 1 which is rapamycin 42-ester with (R)-4-

amino-4-carboxybutanoic acid or a pharmaceutically acceptable salt thereof.

17.  The compound according to claim 1 which is rapamycin 42-ester with (S)-4-

(O carboxy-4-{[[phenylmethoxy-carbonyll-amino]butanoic acid or a pharmaceutically

acceptable salt thereof.

18.  The compound according to claim ! which is rapamycin 42-ester with (S)-4-

amino-5-(1,1-dimethylethoxy)-5-oxopentanoic acid or a pharmaceutically acceptable salt

thereof.

19.  Use of a compound as claimed in any one of the claims I to 18 in the preparation

of a medicament for inducing immunosuppression in a mammal.

20.  Use of a compound as claimed in any of the claims 1 to 18 in the preparation of a

medicament for treating transplantation rejection or graft versus host disease in a

mammal.



‘renmovi ng any protecti ng” groups present.
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21. A pharmaceutical composition which comprises an effective amount of a

compound of the formula I
G
L’f “OMe
Y
N
0] 0
O

" HO
O OMe
wherein R and R? are each, independently, hydrogen or
R4
I 1
+C-(CH2),; CH-(CHy)y N+R ;
p
b
R3 is -(CH2)qCO2RY;
R4 is hydrogen, alkyl of 1-6 carbon atoms, or arylalkyl in which the alkyl portion
o contains 1 to 6 carbon atoms;

RS is hydrogen or COOR7;

RS is hydrogen, alkyl of 1-6 carbon atoms, alkeny! of 2-7 carbon atoms, arylalkyl in
which the alkyl portion contains 1 to 6 carbon atoms, fluorenylmethyl, or phenyl
which is optionally mono-, di-, or tri-substituted with a substituent selected from
alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo,
nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or ~-CO2H;

R7 is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, arylalkyl in which the alkyl
portion contains 1 to 6 carbon atoms, fluorenylmethyl, or pheny! which is
'optionally mono-, di-, or tri-substituted with a substituent selected from alkyl of
1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, cyano, halo, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, or -CO2H,;

m is 0-4;

nis 0-4;
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pis 1-2;
qis 0-4;

il
wherein R?, R%, m, and n are independent in each of the [ C-(CHy)5 CH-(CHp)z N ]

R3
subunits when p=2;
with the proviso that R! and R2 are not both hydrogen; and further provided that if R3 is
CO3R7, then RS is hydrogen; and still further provided that if R6 is not hydrogen,
then RS is hydrogen;
or a pharmaceutically acceptable salt thereof. and a pharmaceutical carrier.

22. A compound which is rapamycin 42-ester with (S)-5-phenylmethoxy-4-
[{[allyloxy]carbonyl] amino]-S-oxopentanoic acid.

. 23. A compound which is rapamycin 42-ester with (R)-5-phenylmethoxy-4-
[[[allyloxy]carbonyl]lamino]-5-oxopentanoic acid.

24. A process for preparing a compound of Claim 1 which comprises:
a) acylating rapamycin or a 42-OH protected rapamycin or 31-OR2-
rapamycin where R? is as defined above other than hydroxy, with an acylating agent, or
b) sequentially acylating rapamycin with two acylating agents,
said acylating agents selected from acids of formula II as defined above; and if required
removing any protecting groups present.



