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-1 WBAMTES OF RAPAMYCI N This invention relates to car bamat es of '

rapanyci: finand a net hod for usi I EE'EN g | mmunosuppr essi on, ‘and
in the tr‘X{ment of transpl antcgﬂ.ﬁ@%riqEgz‘e)li:gélSn , st 5 wvs. Agjp@fosgl_lls@pse
aut oi nrune diseases, diseases df jnff'a Llon—sélid tunors, fungal”

i nfections, and hyperproliferative 'vascul ar disorders. Rapamycin is a .
macrocyclic triene antibiotic produced by Streptomyces hygroscopic, which
was found to have antifungal activity, part | cul-arly agai nst Candi da 10

al bi cans, both in vitro and in (.‘!A AIA RAPAMYGIN Anti biot. 28, 721
(1975); S N.- Sehgal et al., J. I brot. - ; 'H A Baker et al.

J. Antibiot. 31, 539 (1978); U. S Pat ent 3, 929 992; and U. S. Patent

3,993, 749] . This invention relates to carbamates of rapamycin and a method for using them

for inducing immunosuppression, and in the treatment of transplantation rejection, host
5 s, graft disease, autoimmune diseases, diseases of inflammation, solid tumors, fungal
infections, and hyperproliferative vascular disorders.

Rapamycin is a macrocyclic triene antibiotic produced by Streptomyces
hygroscopicus, which was found to have antifungal activity, particularly against
10 Candida albicans, both in vitro and in vivo [C. Vezina et al., J. Antibiot. 28, 721
(1975); S.N. Sehgal et al., J. Antibiot. 28, 727 (1975); H. A. Baker et al., J. Antibiot.
31, 539 (1978); U.S. Patent 3,929,992; and U.S. Patent 3,993,749].
Rapamycin alone (U.S. Patent 4,885,171) or in combination with picibanil
(U.S. Patent 4,401,653) has been shown to have antitumor activity. R. Martel et al.
15 [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,
20 3411 (1989). Cyclosporin A and FK-506, other macrocyclic molecules, also have
been shown to be effective as immunosuppressive agents, therefore useful in
preventing transplant rejection [FASEB 3, 3411 (1989); FASEB 3, 5256 (1989); R.
Y. Calne et al., Lancet 1183 (1978); and U.S. Patent 5,100,899]. .
Rapamycin has also been shown to be useful in preventing or treating systemic
25 lupus'erythematosus {U.S. Patent 5,078,999], pulmonary inflammation {U.S. Patent
5,080,899], insul_in dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res. Assoc.
121 (Abstract), (1990)], and smooth muscle cell proliferation and intimal thickening
following vascular injury [Morris, R. J. Heart Lung Transplant 11 (pt. 2): 197 (1992)].
‘Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43
30 positions) have been shown to be useful as antifungal agents (U.S. Patent 4,316,885)
and used to make water soluble prodrugs of rapamycin (U.S. Patent 4,650,803).
Recently, the numbering convention for rapamycin has been changed; therefore
according to Chemical Abstracts nomenclature, the esters described above would be at
the 31- and 42- positions. U.S. Patent 5,118,678 discloses carbamates of rapamycin
35 thatare u_seful as imniunpsuppressivé, anti-i-nﬂamiﬂhtory, antifungal, and antitumor
agents. N —
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I
wherein R! and R2 are each, independently, hydrogen,
~CONH-[(CR3R*)n(-A-(CRRE),),1-B;

10
9 -
/R ’ \\
-CO-N ,or —CO-N ;
N Y
RIO N -

R3, R4, R5 and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, élkylthioalkyl of 2-12 carbon

15 atoms, alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon
atoms, arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7,
-SR7, halogen, -CN, -NO3, -CF3, -COR7, -CO2R7, -CONHR7, -SO5R7,
-OSO3R7, -NR7R8, -NHCOR?, -NHSO;R, or Ar;
B is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
20 carbon atoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12
carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
-COR’, -CONHR7, -OSO3R7, -NRR8, -NHCOR?, -NHSO2R’, or Ar;
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Raparry;i:i n Ras al so been shown to beu.sei.ul—a—wg ng or treating
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cin that
ammoalkyl of 3-12 carbon atoms, cycloalkyl of 3-8 carbon atoms, or Ar;

R? and R10 are each, independently, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon

atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -CF3, -COR7,
-CO2R7, -CONHRY, -SOzR7 or Ar;

Ais -CHz-, -NR’-, -O-, -§-, -SO-, ' -PR7-, -NHCO-, -NHSO- or -P(O)(R7)-

Aris

naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl,
furyl, benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl,
thiazolyl, isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,
benz[blthiophenolyl, benzimidazolyl, benzthiazolyl, benzodioxolyl, piperidinyl,
morpholinyl, piperazinyl, tetrahydrofuranyl, or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected
from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6
carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-POsH, and -CO,H;

iS a nitrogen containing heterocycle that may be saturated, unsaturated,

7

or partially unsaturated, and may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of
2-7 carbon atoms, triflucromethyl, amino, dialkylamino of 1-6 carbon atoms
per alkyl group, dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon
atoms, -SO3H, -PO3H, and -CO2H;

with the proviso that R1 and R2 are not both hydrogen; _
m=0-6; -
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35 i mrunosuppr essi ve, anti - i nf | ammgs

O her. derivatives of rapanycin are |§‘§I %@ﬁ h%%]%i%g 05179, US 4650803 and
US 5118677. AHP- 92057/ CI EPC* -2} DESGH¥ HE | NWHFA9208771RC3

i nventii on provi des derivatives of rapanycin Whl ch are useful as '

i mmunosuppr essive, antiinflammatory, antifungal, antiproliferative, and.
antitunor 5 agents having the structure -4- .

and antitunor agents.

'.11'.—'-0-6;'.'.
p=0-1;
q=0-1;

5  orapharmaceutically acceptable salt thereof.

The pharmacentically acceptable salts are those derived from such inorganic
cations such as sodium, potassium, and the like; organic bases such as: mono-, di-, and
trialkyl amines of 1-6 carbon atoms, per alkyl group and mono-, di-, and

10  trihydroxyalkyl amines of 1-6 carbon atoms per alkyl group, and the like; and organic

~ and inorganic acids as: acetic, lactic, citric, tartaric, succinic, maleic, malonic, gluconic,

hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and similarly
known acceptable acids.

15 It is preferred that the aryl portion of the arylalkyl substituent is a phenyl,
piperazinyl, piperidinyl, or pyridyl group that is optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10
carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of 2-7
carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl

20  group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO2H.

7 ~
It is preferred that —N ) is a pyridyl, pyrazinyl, piperidinyl,
N __ s

—

morpholinyl, piperazinyl, pyrrolidinyl, thiazolyl, pyrimidinyl, isoxazolyl, pyrrolidinyl,
or imidazolyl group that may be optionally substituted as described above.

25 Of these compounds, preferred members are those having the structure
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[err] swherein Rlerr] and R & | ndependent |y,

hydr ogen, 10 - CONH-[ (CR[ dr ﬁ'ﬁ[%ﬁﬁﬂ)fﬂﬁsa&m err]Rlerr])n)p]g-B;
[err] R[err] Rlerr], Rlerr] and (R err REBLACE®ach, ifndependeHPI9205SMIdTDgen,
al kyl iof 1-6 carbon atons, al kenyl of 2-7 carpon ons, al kynyl of 2-7
carbon-atons, hydroxyal kyI of 1-6 carbon 15 atons, al koxyal kyl of
2-12 carbon atomns, alkylthi.oal kyl of 2-12 carfben atons, aI kyl am noal kyl of
2-12 carbon atons, dial kyl ami noal kyl of 3-12 car bon atons, arylal kyl of
7-10 carbon atons, cycloal kyl of 3-8 carbaon atoms -1 OR[ err]_, -SR[err],

hal ogen, -CN, -NO[err], -CFlerr], -CoRerr]~~c@ER Rerr]. -CONAR[err],
-SJerr]Rerr], -Csgerr]Rerr], -NR[err]R[ -NHCOR[ err],
-NHSO err] R err], or Ar, .

k' “OMe

wherein R! and R2 are each, independently, hydrogen, or
—CONH—[(CR3R4)m(-A-(CR5R6)n)p]q—B;

5 R3,R4, R5 and RS,are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalky! of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NO,, -CF3, -COR7, -CONHj, -S02R7, -OSO3R7, -NR7RS,
-NHCOR?, -NHSO2RS, or Ar;

B is hydroxy, -SR7, -CN, -COR7_, -CONHj, -OSO3R7, -NR7R8, -NHCOR7,
10 -NHSO2RS, or Ar;
A is -CHs-, -NR7-, -O-, -S-, -PR’-, or -P(O)(R7)-;
R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar;
Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl,
15 furyl, benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, or
benzodioxolyl; wherein the Ar group may be optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6 carbon atoms, arylalle of 7-
10 carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of
2-7 carbon atoms, trifluoromethyl, amino, dialkylam’ino of 1-6 carbon atoms
20 per alkyl group, alkylthio of 1-6 carbon atoms, -SO3H, —P03H and -CO,H;
with the proviso that R! and R? are not both hydrogen;
m=0-6n=0-6,p=0-1;
q=0-1;
or a pharmacentically acceptable salt thereof,
25 - —_—
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20 B is mlkenyl of 2-7 carbon al OHiS, SHEIY AXS Bq‘EN?? car bon at ons,
hydr oxyal kyl of 1-6 carbon atons,] al kxfw K f 2-12 carbon atons,

-OR[err], -SR[err] - CN, CCR[errh SRR 0S er r | AIpronH57-1-C1
-NR[err]R[err] -NHCOQ[err] -NHSJ err] R err], or Ar; AHP- 92057/ Cl EPC*
-3- R7 and R8 are each, independently, hydrogen al kyI of 1-6 carbon atons,
arylal kyl. of 7- 10 car bon atons, al kenyl of %+ carbon atons, al kynyl of
2-7 carbon atons, hydroxyal kyl ‘of 1-6 carbon at ons, al koxyal kyl of 2-12

carbon at ons, ~ Preferred members also include those compounds in which R? is hydrogen;
~ those in which p = 0 and B is Ar; those in which p = 0, B is Ar, and R2 is hydrogen;
those in which p = 0, B is Ar, R? is hydrogen, and Ar is pyridyl, furyl, piperazinyl,
piperazinyl, and piperidinyl; those in which m =0 - 3 and p = 0; those in whichm =2,
5 n=0,p=1,q=1and A is -O- or NR7;

s ~

those in which R! is ‘N ) and R? is hydrogen; and those in which R! is

N
7N IR
-N ) R? is hydrogen, and —-N ) is an optionally substituted
N N _ -

morpholinyl or piperazinyl group.

This invention also provides processes for prebaring the compounds of formula
10 I Accordingly this invention provides a process for preparing a compound of formula
1 which comprises
@ carbamylating rapamycin; 42-R1- substituted or 31-R2- substituted rapamycin
in which R1 and R2 are as defined above or a 42 protected derivative of rapamycin
using an isocyanate of formula
15 0=N=C-Q

wherein Q represents [(CR3R)m(-A-(CRIRS)p)plq-B wherein m, n, p, q, A, B, R3,
R4, R and RS are as defined above and if required removing the 42 protecting group,
or |

20  (b) reacting a carbonate derivative of rapamycin of formula:

\
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5 ' al kyl t hi oal kyl of 2-12 =y oL -om tkyl am noal kyl of 2-12
carbon atons, dial kyl am noal kyl o TBQSHEI;‘?HM @@%b cycl oal kyl of 3-8
carbon atons, or Ar; with the proyiso tRERLAGHRN B ik OR[ erAHP-936821+]1 or
NR[ern]R[err] t hen R[_err] and R[err] do not represent Clerr]-Cerr] alkyl;
Rlerr] and Rl err] are each, independently, alkyl of 1-6 carbon atons,

al kenyl of 2-7 carbon 10 atons, " al kynyl- of - 2-7 carbon atons,

hydr oxyal kyl of 1-6 carbon atons,  al koxyal kyl of 2-12 carbon atomns,

al kyl t hi oal kyl of 2-12 carbon atons, al kyl am noalé%h of 2-12 carbon atons,
di al kyl am noal kyl of 3-12 carbon atons, ar ‘ f 7-10 carbon atons,

cycl oal kyl of 3-8 carbon atons, CF[err], Cdﬁerr] -CdJerr]Rerr],
-CONHR[ err], -SOerr]Rerr] or Ar, where R ~46Mas defined above; 15 A
is -CH err]-, -NRerr]-, -0, -S-, -SO -PRlerr]= © NHCO-, -NHSO or
-P(O(Rerr])- where Rerr] is - .

where one of R11 and R12 is selected from the values for R defined above, the other
is a group of formula

)
-0-C-0O-aryl
(I1)
wherein aryl is an aryl group preferably substituted by electron withdrawing
10  substituents, e.g Ar=nitrophenyl, pentachlorophenyl, or R11 is a protecting group or
both R11 and R12 have Formula II with an amine of formula

H2N-[(CR3R¥)p (-A-(CRSR6)p)p]g-B

or
15 - R®
7
HN
\Rlo
pl' .
. -
- \
HN ;
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as defy ned rabove; Ar is naphthyl, - idyl " qui noI yl, isoquinolyl,
qui noxal yl, thienyl, thionaphthyl, fTHiS/ISHEpp PEEN benzodi oxyl ,
benzoxazol yl, benzoi soxazol yl, i ndgl yI R@*Lﬁé y 50X az 0 AHP-9087- i nyl
pyrazinyl, ‘i m dazol yl, benzopyranyl nz] b] t hi ophenol yl;

benzi m dazol yl, benzthi azol yl, benzod| oon yl, pi per| di nyl, morphol i ny'I ,

pi perazinyl, tetrahydrofuranyl, or pyrrolidin§k; wherein the Ar group may
be opti-onal I y nmono-, di-, or tri- substituted with a group selected from
al kyl of 1-6 camimre atons, arylal kyl of 7-10 carbon atons, al koxy of 1-6
carbon atons, cyano, halo, hydroxy, nit+q, carbal koxy of 2-7 carbon atons,

25 trifluoromethyl, amno, dialkylamno.of 1-6 carbon atoms per
al kyl group, dialkylam noral kyl“of 3° carpori’ at ons, rhydroxyal kyl. ‘of 1-6
car bon at ons, N2 s
- R3-10 A, B, m, n, p, and q are as defined above, and removing any protecting group
R11 if required,.
5 or

©) carbamylating rapamycin, 42-R1-substituted or 31-R2-substituted rapamycin in
which R1 and R2 are as defined above or a 42-protected derivative of rapamycin using

an haloacyl compound of formula
RY
10 halCON
\Rlo
or
7 -~
-halCO-N | g
N _ - '
wherein R9, R10 and
7/ -~
- \
_.N\ >
15 -7

are as defined above and hal represents a halogen such as chlorine or bromine.

In detail compounds of this invention carbamylated at the 42-position or at both
the 31- and 42-positions can be prepared by converting the 42- and/or 31-alcohols of
20 rapamycintoa carbonate followed by reaction with an appropriately substituted amine
to provide the desired carbamate. This scheme is illustrated below for the preparation
of the compound of Example 2.



al koxyal kyk of 2-12 carbon atons} T, k Y f y carbon at ons, -SQO3H,
-PGBH, and -COerr]H [err] is M an het erocycl e that may
be ‘'saturated, unsaturated, 30 i ialldj unsat urAHR9205nd-ary be
optiomally'nono-, di-, or tri- substituted wTin group sel ected from al kyl
of 1-6 carbon atons, arylalkyl of 7-10 carbon atons, al koxy of 1-6 carbon
atoms, cyano, -hal o, hydroxy, nitro, carbal kexg- of 2-7 carbon atons,

trifluoromethyl, anino, dialkylamno of 1-6 carbon atons per alkyl group,
di al kyl am noal kyl of 3-12 carbon atons, hydroxyal kyl -of 1-6 carbon 35

atons, al koxyal kyl of 2-12 car bon il kyl thio of 1-6 carbon atons,
-Sgerr]H -PJerr]H, and CUQH @ (DC(Elhe provi soOt hat err] and
Rlerr] are not both hyd ro%en I
RAP-OCO NO,
OH
HzN/\/
0
RAP-OCNHCH,CH,0H

Alternatively the compounds of this invention carbamylated at the 42-position or.

5 at both the 31- and 42-positions can be prepared by reacting rapamycin with an

appropriately substituted isdcyanate under peutral conditions or in the presence of a

base, such as pyridine. Preparation of carbamates of rapamycin using this method was
disclosed in U.S. Patent 5,118,678, which is hereby incorporated by reference.

The 31-carbamylated compounds of this invention can be prepared by

10  protecting the 42-alcohol of rapamycin with a protecting group, such as with a tert-
butyl dimethylsilyl group, followed by carbamylation of the 31-position by the
procedures described above. Removal of the protecting group provides the 31-
carbamylated compounds. In the case of the tert-butyl dimethylsilyl protecting group,
deprotection can be accomplished under mildly acidic conditions.

15 Having the 31-position carbamylated and the 42-position deprotected the 42-
position can be carbamylated using a different amine (via the carbonate) or isocyanate
than was reacted with the 31-alcohol, to give compounds having different carbamates at
the 31- and 42- positions. Alternatively, the 42-carbamylated compounds, prepared as
described above, can be reacted with a different amine (via the carbonate) or isocyanate

20 o provide compounds having different carbamates at the 31- and 42-positions.

The amines and isocyanates used to prepare the compounds of the invention are
commercially available or can be prepared by methods that are disclosed in the
literature. _ N _

_ This invention also covers analogous carbamates of other rapamycins such as,

25 but 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 5-positions have been reduced [U.S. Patent
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m=0- 6;* REPLACEMENT SHEET -4 - n=0- 6; p=0- 1; gq=0-1; 5 or a
pharmaceutically acceptable salt trar_eni The nhar ceutically acceptable

salts are those, derived from such| THISr §HEETCHAS BEEN AHP-92057-1-C1
REPLACED

-10-

%

5,023,2621; 42-o_xorapamy_ci1i [U.S. Patent 5;023,262]; 29-desmethylrapamycin [U.S.
Patent 5,093,339, 32—deémethy1répamycin under C.A. homenclature]; 7,29-
bisdesmethylrapamycin [U.S. Patent 5,093,338, 7,32-desmethylrapamycin under C.A.
nomenclature]; and 15-hydroxy- and 15 ,27-bishydroxy- rapamycin [U.S. Patent

5 5,102,876]. The disclosures in the above cited U.S. Patents are hereby incorporated
by reference.

Immunosuppressive activity for representative compounds of this invention was
evaluated in an in vitro standard pharmacological test procedure to measure lymphocyte
proliferation (LLAF) and in an in vivo standard pharmacological test procedure which

10  evaluated the survival time of a pinch skin graft.

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

15  cultured with and without various concentrations of rapamycin, cyclosporin A, or test
compound. Cells are harvested and incorporated radioactivity is determined. Inhibition
of lymphoproliferation is assessed as percent change in counts per minute from non-

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

the purpose of comparison. An ICs5q was obtained for each test compound as well as
20  for rapamycin. When evaluated as a comparator for the representative compounds of

this invéntion, rapamycin had an ICsq ranging from 2.2 - 9.9 tM. The results obtained

for the representative compounds of this invention were also expressed as a ratio

compared with rapamycin. A positive ratio indicates immunosuppressive activity. A

ratio of greater than 1 indicates that the test compound inhibited thymocyte proliferation
25  to a greater extent than rapamycin. Calculation of the ratio is shown below.

3H-control thymus cells - 3H-rapamycin-treated thymus cells
3H-control thymus cells - 3H-test compound-treated cells

30 Representative compounds of this invention were also evaluated in an jn vivo
test procedure designed to determine the survival time of pinch skin graft from male
BAB/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

35 allograft, and an isograft was used as éontrol in the same region. The recipients were

- treated with either varying concentrations of test compounds mtrapentoneally 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
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ani ¢ bases such as:
THG SHEHTOHASttEﬁEﬂ per al kyl group and
am rgEpLACEDL- 6 cay bon AHBB2Q55 1-Gl1ky |
group; and 'the like; and organic a as: acetic, lactic,
citric, tartaric, succinic, maleic, nalonlc | uconi c, hydrochlorlc
hydrobrom c, phosphoric, nitric, sul fUI’I C, m‘e?hanesul fonic, and simlarly"
known acceptable acids. 15 I s preferred that the aryl portion of

the aryl al kyl shmndtmedarbé,aekemw ‘This was gonsidered gsithasiejegtiog fay. oFhegpeandy |

group that | r i
sel ect ed from;g} gﬁ]ﬁyayflﬁﬁcar (b)%ogdo +SD)ogﬂhQ§|}dgt&EaﬁﬂeLﬁ6M (ghrl%g%r at Orar\rse;

al koxy of 1-6 c‘!ﬂ‘%é‘?? goriral greumndh efﬁ%ﬂrlwms.t@ble shows [the 1esulis that yere @
atoms, trifl uorrssaithale cxpitsda as teahdan! sarvivd tigfe it dByss Airibeated (€Btrol)pinch skif

5  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 12.0 + 1.7 days was obtained
for rapamycin at 4 mg/kg.

cations suéh as sodi um potassium,
nono-, di-, and trial kyl am nes of
nono-, di-, and 10 trihydroxyal ky

The follewing table summarizes the results of representative compounds of this
10  invention in these two standard test procedures.

TABLE 1. EVALUATION OF IMMUNOSUPPRESSIVE ACTIVITY*

LAF Skin Graft
15 Compound ICso (nM) - (ratio) ‘(days & SD)
Example 1 1.7 1.29 11.7 £ 05
Example 2 1.8 1.22 10.3+0.8
4.4 1.09
20 Example 3 6.5 0.34
Example 4 10.0 0.45 9.8+08
Example 5 2.1 1.19
Example 6 0.8 5.1 1140 + 0.6
Example 7 1.2 2.3 1033+ 0.5
25 Example 8 0.2 44
Example 10 0.1 3.8 10.17£ 1.0
Example 11 0.7 5.0 1140+ 0.9
Example 12 1.1 3.8 980+1.1
Example 13 0.9 3.8 9.50 £ 0.6
30 Example 14 0.5 3.8 9.17 £ 1.7
Example 21 6.0 0.6 104 £ 05
Example 23 3.4 1.4
Example 24 40.0 0.1
Example 26 0.2 6.2
35 Example 27 1.2 1.2
Example 28 4.2 1.1
* Calculation of the ratio was described supra.
40 The results of these standard pharmacological test procedures demonstrate

immunosuppressive ‘activity ‘both in.yvitro and in vivo for the compounds of this .
invention. Positive ratios in the LAF test procedures indicates suppression of T-cell'
proliferation, thereby demonstratiﬁg the immunosuppressive activity of the compounds
of this invention. As transplanted pinch skin grafts are typically rejected within 6-7
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20 ¢roupf alkylthio of 1-6 carbon atoms, -SO8H, -POBH, and -CRH. It is

preferred that [err] 1is a pyridyl Vi i di nyl, norpholinyl,
referr g | lmgm BeEq ]

pi perazinyl, pyrrolidinyl, thiazoly qoxaz oA¥IP-92057-1-C1
pyrrokidinyl, or imidazolyl group tlhat tiondlly substituted as
descri bed above. 25 O theseconpounds, pref erred menbers are those
having the structure . AHP-92057/Cl EPC* [er1r2]

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.

5 Based on the results of these standard pharmacological test procedures, the
compounds are useful in the treatment or prevention of transplantation rejection such as
kidney, heart, liver, lung, bone marrow, pancreas (islet cells), cornea, small bowel,
and skin allografts, and heart valve xenografts; in the treatment of autoimmune diseases
such as lupus, rheumatoid arthritis, diabetes mellitus, myasthenia gravis, and multiple

10  sclerosis; and diseases of inflammation such as psoriasis, dermatitis, eczema,
seborrhea, inflammatory bowel disease, pulmonary inflammation, asthma, and eye
uveitis. : _

Because the compounds of this invention are structurally similar to rapamycin
and the carbamates of rapamycin disclosed in U.S. Patent 5,118,678 and have a

15  similar activity profile to rapamycin and the carbamates of U.S. Patent 5,118,678, 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, fungal infections, and hyperproliferative vascular
diseases such as restenosis and atherosclerosis.

20

It is contemplated that when the compounds of this invention are used as an
immunosuppressive or antiinflammatory agent, they can be administered in conjunction
with one or more other immunoregulatory agents. Such other immunoregulatory
agents include, but are not limited to azathioprine, corticosteroids, such as prednisone

25 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,
lesser amounts of each of the agents are required to achieve the desired effect. The
basis for such combination therapy was established by Stepkowski whose results

30 showed that the use of a combination of rapamycin and cyclosporin A at subtherapeutic
doses significantly prolonged heart allograft survival time. [Transplantation Proc. 23:
507 (1991)1.

: The compounds of this- invention can be formulated neat or with a
35 pharmaceutical carrier to a mammal in need thereof.. The pharmaceutical carrier may be
solid or liquid. ' |
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wherei‘n RPerr]
-CONH-[(CR[ err]
and R[err],are
aryl akFkyl - of 7-
-SRerr], 10

and Rlerr] a ' dently, hydrogen, or
Rlerr]) (- A (CR{ er f]TH{RSHEERHASGBEEN Rierr], Rierr], Rierr]
each, independent| hy dRERJAGED al ky| | of 1- BHFa92057-kCins,

10 carbon at ons, cycloaI KyT of 3-8 carbon atons, -OR[err],
hal ogen, CN -NJ err], -CF[err] CCR[err]

-CONH[err], -SOerr]Rerr], -OSCIerr]R[err] 13 -NR[err]R[err] -NHCCR[err]
-NHSOJ err]Rerr], or Ar; B is hydroxy, - SR[err] - err] CC]\IH[err

-0Sderr]Rerr],

- NR{’xeeOil}i Rfaesier]can -mmmem of morwsﬂzs[t@cpq Rfhigh mayoalsoect a5

-CHerr]-, -NR§i{dsin nts,” Ribrica tB,[ blubilizefy, suE) (ﬁ Sobhts; 7fllﬂés, 185.1%
eac e en ent E gr ogen, % carb

and R err] are
aryl al kyl of 7-
then Rlerr] is

5

10

15

20

25

30

35

COIEP@% @"rta P ﬁp@gﬁaﬂpﬁ @qnppazt cah als ° bepg CH@RE ?ﬁ“}g
RhRARL Ih @Bw&ériﬁ)ﬂxe 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
havi:ig the necessary compression properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets preferably contain up to 99% of
the active ingredient. Suitable solid carriers include, for example, calcium phosphate,
magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl
cellulose, sodinm carboxymethyl cellulose, polyvinylpyrrolidine, low melting waxes
and ion exchange resins.

Liquid carriers are used in preparing solutions, suspensions, emulsions,
syrups, elixirs and pressurized compositions. The active ingredient can be dissolved or
suspended in a pharmaceutically acceptable liquid carrier such as water, an organic
solvent, a mixture of both or pharmaceutically acceptable oils or fats. The liquid carrier
can contain other suitable pharmaceutical additives such as solubilizers, emulsifiers,
buffers, preservatives, sweeteners, flavoring agents, suspending agents, thickening
agents, colors, viscosity regulators, stabilizers or osmo-regulators. Suitable examples
of liquid carriers for oral and parenteral administration include water (partially
containing additives as ébove, e.g. cellulose derivatives, preferably sodium
carboxymethyl cellulose solution), alcohols (including monohydric alcohols and
polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated
coconut oil and arachis oil). For parenteral administration, the carrier can also be an
oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid carriers are useful
in sterile liquid form compositions for parenteral administration. The liquid carrier for
pressurized compositions can be halogenated hydrocarbon or other pharrhaceutically
acceptable propeilant.

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.

The compounds of this invention may be administered rectally in the form of a

],

is

conventional suppos1tory ‘For adm1mstrat10n 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

-a transdermal patch containing the active compound and a carrier that is inert to the
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of 1 -* 6 carbon atons; Ar is naphthyl, pyridyl, quinolyl, isoquinolyl,

qui noxal yl, thienyl, thionaphthyl, — , benzodi oxyl,

benzoxazol yl , benzoi soxazol yl, or 0] ]i‘i 0 5 Anggogy- -the Ar

group ‘may Be optional |y mono-, di-} or tREPLAGRIbstituted with a group

sel ected fromal kyl of 1-6 carbon atons, arylallyl of 7-10 carbon atons,

al koxy of . 1-6 carbon atoms, cyano, halo, ni tdé;- carbal koxy of 2-7 car bon

atonms, trifluoronmethyl, amino, dialkylanmno of 1-6 carbon atons per alkyl

group, al kyl thi gctive cbn@oﬁmi ononatbLioso the Skingand dilows Aefiwery bftheagdm-féi@yerenhﬁ

ﬁ5_0 \é\n tB Bhelprow&o th?o th'?:[bqoo st?erzllgn \%a%e ]skl%r The carr?e%tmhayh%ﬂe%ﬂﬁ un{ﬂégof
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
5 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

10  devices are known in the literature. '

1In 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.

15 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 ug/kg - 100
mg/kg, preferably between 0.001 - 25 mg/kg, and more preferably between 0.01 - 5

20 mg/kg. Treatment will generally be initiated with small dosages less than the optimum
dose of the compound. Thereafter the dosage is increased until the optimum effect
under the circumstances is reached; precise dosages for oral, parenteral, nasal, or
intrabronchial administration will be determined by the administering physician based
on experience with the individual subject treated. Preferably, the pharmaceutical

25  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

30 anumber of any such compositions in package form. |

The following examples illustrate the preparation of representative compounds
of this invention. | :
'35
Example 1
Ra cin 42-ester wi bamic acid
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or a pharneteutically acceptable salt thereof. -6- Preferred nmenbers

aI so include those conpounds in which Rlerr] is hydrogen; those in which p
= 0 and Bis Ar; those in which p R2 i s APHOAQEHR1-Chose

in which p =0, Bis Ar, Rerr] is h‘wﬁ %%E\EN ifs pyridyl, furyl,

pi perazinyl, pi perazinyl, and pi per}i di ny H{-‘@@e In Which m=0 - 3 and p

=0; those in which m=2, 5 n=0,p="1,0=1 T and 1A-i s- O or NR[err]; [err]

' A solution of 2.0 g of rapamycin in 10 ml of dichloromethane and 2 mL of dry
pyridine was cooled to -78°C under a nitrogen atmosphere. To this solution, 662 mg
4-nitrophenyl chloroformate was added; the resulting solution was stirred at room

5 temperature under nitrogen for 20 hours. The mixture was diluted with water and
extracted with dichloromethane. The dichloromethane extract was washed with water,
dried over MgSO4 and evaporated. The residue was chromatographed on silica gel.
Flution with 33% ethyl acetate in n-hexane gave 2.07 g of rapamycin 42-p-nitrophenyl
carbonate as a white foam.

10 A solution of 630 mg rapamycin 42-p-nitrophenyl carbonate in 25 mL
dichloromethane was treated at 0° with ammonia gas for one hour. The resulting
yellow suspension was filtered and the filtrate was evaporated. The residue was
chromatographed on silica gel. Elution with 25% n-hexane in ethyl acetate afforded
430 mg of the title compound as a white foam, mp 101-103°. :

15 IR(XBr): 3450 (OH and NH), 1720 (lactone and ketone C=0), 1645 (amide
C=0), 1460, 1190, 890, 760 cm~1. 1H NMR (CDCl3, 400 MHz): & 4.6 (s, 2H,
NH2?), 3.40, 3.33, 3.14 (all 5, 3H, -OCH3) ppm. MS (neg. ion FAB): 956 (M"), 590,

364.
20
Example 2
Rapamycin 42-ester with 2-hydroxyethyl carbamic acid
25 A solution of 270 mg rapamycin 42-p-nitrophenyl carbonate in 8 mL

dichloromethane was treated at -10°C under a nitrogen atmosphere with 61 mg

ethanolamine in 0.5 mL dichloromethane. The yellow solution was stirred at 0°C under

a nitrogen atmosphere for 45 minutes. The reaction mixture was diluted with 120 mL

dichloromethane, washed with 1N HCI, water, dried with MgSO4 and evaporated.
30  The residue was chromatographed on silica gel. Elution with ethyl acetate/n-hexane

(2/1) afforded 85 mg of the title compound as a white foam, mp 100-105°.

‘ IR(KBr): 3430 (OH, NH), 1720 (lactone and ketone C=0)), 1640 (amide -

C=0), 1520, 1450, 1240, 1080, 985 and 760 cm~!. 'H NMR (CDCl3, 400 MHz):

3.70 (m, 2H, -CH2-OH), 3.65 (m, 2H, -NH-CH2), 3.38, 3.33, 3.14 (all s, 3H,
35 -OCH3) ppm. MS (neg jon FAB): 1000 (M-), 590, 408, 297.

-
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those®*in wtich Rerr] is andg P{;e.u_]—-l-s-—geel-r-emen; and those in which
Rlerr] is [err] , Rlerr] is hydrogh®, SHEES HAS BEEN lis an optionally
substituted norpholinyl or pipera3zi nyI gepumEDThl s ijnvent iAIAP-OR657-p+Clvi des
processes for preparing the conpountgs—of—formutaT0 |. Accordingly this

I nvention provides a process for preparing a conpound of forrmula | which
conprises (a) carbanyl ating rapanycin; 42-®Perr]: substituted or _
31-Rerr]- substituted rapanmycin in whi ch Rlerr] and Rlerr] are as defined
above or a 42 pr ot echjfoHewmgatpmwmvmpmpymdn casbaprepared gmyapm)@lm}p- ,

Rlerr], by employmg the metho used to prepare the title compound m Example 2.

5 Rapamycin 42-ester with cyclohexyl carbamic acid

Rapamycin 42-ester with napthyl carbamic acid
Rapamycin 42-ester with 1-(2-naphthylethyl) carbamic acid
Rapamycin 42-ester with 3-cyanopropyl carbamic acid
Rapamycin 42-ester with 2-hydroxy-hexafluoroisopropyl carbamic acid

10 Rapamycin 42-ester with 2-methoxycarbonyl-2-(4-hydroxyphenyl)ethyl carbamic acid
Rapamycin 42-ester with 1-(2-hydroxyisoxazolyl)methyl carbamic acid
Rapamycin 42-ester with 2-methoxyisopropyl carbamic acid
Rapamycin 42-ester with 2,2-dimethoxyethyl carbamic acid
Rapamycin 42-ester with 2-phosphonoxyethyl carbamic acid

15 Rapamycin 42-ester with 2-sulfinoethyl carbamic acid
Rapamycin 42-ester with 2-methoxyethyl carbamic acid
Rapamycin 42-ester with 1-carboxy-3-(methylsulfinyl)propyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-3-(methylthio)propyl catbamic acid
Rapamycin 42-ester with 1,3-(bis-ethoxycarbonyl)propyl carbamic acid

20 Rapamycin 42-ester with 1-ethoxycarbonyl-2-methylpropyl carbamic acid
Rapamycin 42-ester with 1-butoxycarbonyl-2-hydroxyethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(4-hydroxyphenyl)ethyl carbamic acid-
Rapamycin 42-ester with 1-methoxycarbonyl-2-(5-imidazolyl)ethyl carbamic acid
Rapamycin 42-ester with 1-(phenoxycarbonyl)methyl carbamic acid

25 Rapamycin 42-ester with 1-carboxy-2-methyl-2-phosphonoxyethyl carbamic acid
Rapamycin 42-ester with 1-carbophenylmethoxy-2-(phenylmethoxy)ethyl carbamic
acid
Rapamycin 42-ester with 1-(4-bromopehnoxymethyl)ethyl carbamic acid
Rapamycin 42-ester with 2-(phenylcarbonyloxy)ethyl carbamic acid

30 Rapamycin 42-ester with 1-propylcarbonyloxy-3-methylpropyl carbamic acid
Rapamycin 42-ester with 1-phenylmethoxycarbonyl-3-(3-indolyl)propyl carbamic acid
Rapamycin 42-ester with 1-propyloxycarbonyl-3-(methylsulfinyl)propyl carbamic acid
Rapamycin 42-ester with 1-(butyloxycarbonyl)-3-(methylthio)propyl carbamic acid
Rapamycin 42-ester with 1-((4-chlorophenyl)methoxycarbonyl)-2-(phenylmethylthio)

35 ethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-1-(trifluoromethyl)methyl carbamic acid
Rapamycin 42-ester with 1-(2-methylpropoxycarbonyl)-2-chloroethyl carbamic acid
Rapamycin 42-ester with 1-ethoxycarbonyl-3-(aminocarbonyl)propyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(P-(2,3-dihydroxypropyloxy)

40  phosphonoxy)ethyl carbamic acid
Rapamycin 42-ester with 1-cyano-1 -(ethoxycarbonyl)methyl carbamic acid '
Rapamycin 42-ester with 1-methoxycarbonyl-2-(carboxymethylthio)ethyl carbamic acid
Rapamycin 42-ester with 1-phenoxycarbonyl-1-(2-thenyl)methyl carbamic acid
Rapamycin 42-ester with 1-phenylmethoxycarbonyl-2-(sulfo)ethyl carbamic acid

45 Rapamycin 42-ester with 4-(ethylthio)butylamine
Rapamycin 42-ester with 2-phenylthioethyl carbamic acid
Rapamycin 42-ester with 2-sulfothioethyl carbamic acid
Rapamycin 42-ester with 2-thioethyl carbamic acid
Rapamycin 42-ester with 2-benzoylthioethyl carbamic acid

50 Rapamycin 42-ester with 2-phosphonothioethyl carbamic acid
Rapamycin 42-ester with 2-(methylthio)propyl carbamic acid
Rapamycin 42-ester with 1-ethoxycarbonyl-2-sulfinoethyl carbamic acid
Rapamycin 42-ester with 2-(2-chloro-6-fluorophenylmethylthio)ethyl carbamic acid .
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. Rapamycm 42-ester with N-(2-imidazolyl)amino carbamic acid -
Rapamycin 42-ester with 2-(N,N-dipropylamino)ethyl carbamic acid
Rapamycin 42-ester with 2-(N,N-bis-(2-hydroxyethyl)amino)ethyl carbamic ac1d
‘Rapamycin 42-ester with 2-(N-phenylmethyl-N-((3-ethyl-5-methyl)-4-
5 isoxazolylmethyl)ethyl carbamic acid
~ Rapamycin 42-ester with 1-((N-methyl-N-carboxymethyl)amino)carbonylmethyl
carbamic acid
Rapamycin 42-ester with cyanomethyl carbamic acid
Rapamycin 42-ester with 1-phenyl-1-cyanomethyl carbamic acid
10  Rapamycin 42-ester with 1-chloro-1-(phenylsulfonyl)methyl carbamic acid
Rapamycin 42-ester with 1-isoquinolyl carbamic acid
Rapamycin 42-ester with 1-(4-chloropbenyl)-1-(2-(1,2,3,4-tetrahydroisoquinolyl))-
methyl carbamic acid

15 | Example 3
Rapamycin 42-ester with 2-(dimethylamino)ethyl carbamic acid

A solution of 100 mg rapamycin 42-p-nitrophenyl carbonate in 2 mL
dichloromethane was treated at 0° C under a nitrogen atmosphere with 44 mg N,N-
20  dimethylethylenediamine in 0.5 mL dichloromethane. The reaction mixture was stirred
at 0°C under nitrogen for 0.5 hour. The reaction mixture was diluted with
dichloromethane, washed with water, and dried over MgSO4. After filtration, the
dichloromethane solution was cooled to 0°C under a nitrogen atmosphere and treated
with 1.5 ml of 0.1 N HCI solution in ether. The crystalline material was collected by
25 filtration, washed with ether and dried at 56° under vacuum to afford 80 mg of the title
compound as a white solid which was isolated as the hydrochloride dlhydrate mp 125-
130° (decompos1t10n)
IR(KBr): 3400 (OH and NH), 1720 (lactone and ketone C=0), 1640 (armde
C=0), 1450, 1240, 1090, and 980 cm-l. NMR (DMSO- Dg, 400 MHz) & 7.36 (1H,
30 -OC(O)NH), 3.34 (m, 2H,-NHCH3), 3.10 (m, 2H, CH,-N*H(CH3)3), 3.26, 3.14,
3.04 (all s, 3H, -OCH3), 2.76 (s, 6H -NTH(CH3),) ppm. MS (neg. ion FAB): 1027
(M-), 590, 435, 167.

Analysis Calcd. for C56H89N3014 * HCl » 2 H20; C, 61.09; H, 8.60; N, 3.81.
35 Found: C, 61.06; H, 8.55; N, 3.91.

' 'E_xample 4
Rapamycin 42-ester wi i amic aci
40 _ ' o —_
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A solutlon of 108 mg rapamycin 42-p- nltrophenyl carbonate in 5 mL

dlchloromethane, cooled to -10°C under a nitrogen atmosphere, was treated with 6.4

‘mg hydrazine in 0.4 mL dichloromethane. The reaction mixture was stirred at -10°C

under nitrogen for five hours. The yellow suspension was filtered, the filtrate

5 evaporated, and the yellow residue was chromatographed on silica gel. Elution with

ethyl acetate/n-hexane (4/1) afforded 52 mg of the title compound as a white solid, mp
110-115°. |

IR(KBr): 3400 (OH and NH), 1720 (lactone and ketone C=0)), 1640 (amide

C=0), 1450, 1090 and 750 cm~!. 1H NMR (CDCl3, 400 MHz): § 3.37, 3.34, 3.14

10 (all s, 3H, -OCH3) ppm. MS (neg ion FAB): 971 (M"), 590,167.

Example 5
Ra; cin 42-ester with hvdroxycarbamic acid

15 A solution of 210 mg hydroxylamine hydrochloride in 3 ml IN KOH aqueous
solution was diluted with 3 mL tetrabydrofuran. The solution was stirred at -78°C
under nitrogen and 110 mg of rapamycin 42-p-nitrophenyl carbonate was added. The
resulting mixture was stirred at 0°C under nitrogen for 3 hours, diluted with water, and
extracted with ethyl acetate. The extract was washed with brine, dried with MgSO4,

20 and evaporated. The residue was chromatographed on silica gel. Elution with ethyl
acetate/n-hexane (2/1) afforded 20 mg of the title compound as a foam, mp 107-110°.

IR(KXBr): 3400 (OH and NH), 1740 (lactone C=0), 1720 (ketone C=0), 1640
(amide C=0), 1450, 1100, 985, 750 cm"l. 1H NMR (CDCl3, 400 MHz): § 3.37,
3.35, 3.14 (all s, 3H, -OCH3) ppm. MS (neg ion FAB): 972 (M"), 913, 950.
25
Example 6

Rapamycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic acid

A solution of 210 mg rapamycin 42-p-nitrophenyl carbonate in 8 ml
30  dichloromethane was treated at -10° under N with 122 mg 2-(2-amino-ethyl)-pyridine
in 1 ml dichloromethane. The reaction mixture was stirred at 0° under N3 for one hour,
diluted with 200 m! dichloromethane, washed with ice-cold 1N HCI, water, and dried
with MgSO4. The solvent was evaporated and the residue chromatographed on silica
gel. Elution with ethyl acetateln—hexane (4/1) afforded 70 mg of the title product as a
35  white solid, mp 95-98°.
IR (KBr): 3400 (OH and NH), 1720 (lactone and ketone C—O), 1645 (amide C=0),
1450, 1250, 1090, 1100 and 990 cmrl, D,
- 1This Sheet Has Bee
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[err] *Rlerr], A, B, m n, p, and gq are as defined above, and renovi ng any
protecting group Rlerr] if requi redEﬁ,S S T( AS'-BE?W banyl ati ng rapamnyci n,
s

42-Rlerr]-substituted or 31-R err]-pubstr, apamyjci n i gpbemiz7H-enqr |
and Rperr] "are as defined above or 421 d_derli vati ve of rapamnycin
usi ng an hal oacyl conpound of formula 15

[err] are as defined above and hal representsiga hal ogen such as chlorine or
brom ne. In detail conpounds of this invention carbanylated at the

42-position or at 1- 42-pasiiions can be.nrepared |

converting the Z%I R@h@/ {#Bg%, éP@MﬁFﬁ 819§§i (&'P=12"cps" 111, pidton c),b}'_sg (t, 1H,
proton b), 7.12 (m, 2H, protons a), 3.32, 3.31 and 3.12 (each s, 3H, OCH3), 3.58 (t,
2H, protons €), 2.97 (t, 2H, protons d) ppm. MS (neg. ion FAB): 1061 (M), 590,

469.
Ha
Hb 2 | Ha o
He
He” N NH/ILO'%'
5 _ Hd
Example 7

10 Rapamycin 42-ester with 2-(pyridin-2-y1)-ethyl carbamic acid hydrochloride sal

A solution of 330 mg rapamycin 42 ester with 2-(pyridin-2-yl)-ethyl carbamic
acid in a mixture of one ml ethyl acetate and 4 ml ether was treated at -78° under N
with 0.5 ml 1N HCI (gas) in ether. The hydrochloride salt formed instantly. Stirring
15  was continued at -78° under N3 for 1/4 hour. The product was collected by filtration,
washed with ether, and dried in vacuum to afford 198 mg of the title product as a white
solid, mp 102-110°(dec).
IR (XBr): 3400 (OH, NH), 1720 (lactone and ketone C=0), 1640 (amide C=0), 1520,
1450, 1150, 1100, 990 cm-1.
20 1H NMR (DMSO-Dg, 400 MHz): 8 8.77 (d, J = 12 ¢ps, 1H, proton c), 8.40 (t, 1H,
proton b), 7.83 (m, 2H, protons a), 3.63 (t, 2H, protons 3, 3.00 (t, 2H, protons d),
3.43, 3.29, 3.03 (each s, 3H, -OCH3) ppm. MS (neé ion FAB): 1061 (M-), 590,

469.
Ha
Hb Z | Ha | o
' He
He” N » NH/u‘o;‘-
25 d
Example 8 : -
vein 4 with 2-(pyridin-2-vDethyl ic acid methanesulfonate salt
30 ' -
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20 radpanycin to a carbonate follg I nth an appr'oprl ately
substituted amne to provide the (e $ This schene is
il lustrated bel ow for the preparat|i on oﬁEPWEBonpou d of EXHPWI2052-1-C1 -9-

[err] *Alternatively the conpounds of this invention carbanylated at the
42-position or 5 at both the 31- and 42-positions can be prepared by
reacting rapanycin with an-appropriately subs20i+4uted i socyanate under
neutral conditions or "in the presence of a. :

: A soluuon of 16 mg (0.16 mmole) methanesulfonic acid i in 1.mL ether was

added to a solution of 160 mg (0.15 mmole) rapamycin 42-ester with 2—(pyr1d1n-2-

yDethylcarbamic acid in 2 mL ethyl acetate and 4 mL ether at -78° C. ‘under nitrogen.

After warming to 20°, the solvent was decanted and the residue was triturated thrice
5  with ether, leaving 108 mg title compound as a pale yellow solid, mp 95-110° C. (dec).

IR (KBr): 3520, 2950, 1725, 1650, 1460, and 778 cm™!.

1IH NMR (CDCI3, 400 MHz): 8 8.74 (d, IH, 6-pyridyl); 3.35 (s, 3H, OMe); 3.34 (s,

3H, OMe); 3.14 (s, 3H, OMe); 2.92 (s, 3H, methanesulfonate) ppm.
MS (neg ion FAB): 1061 (M-), 590.

10

15 A solution of 21 mg (0.18 mmole) maleic acid in 1.0 mL ether was added to a
solution of 185 mg (0.17 mmole) rapamycin 42-ester with 2-(pyridin-2-
- yDethylcarbamic acid in 3 mL ethyl acetate and 2 mL ether at -78° C. under nitrogen.
After warming to 15°, the mixture was diluted with ether, the solvent was decanted and
the residue was triturated with ether. Filtration, followed by diluting the filtrate with
20  hexane and refiltration yielded the title compound as a white solid, mp 101-117° C.
IR (KBr): 3430, 2950, 1725, 1645, 1460, and 870 cm"1.
IH NMR (CDCI3, 400 MHz): & 8.76 (d, IH, 6-pyridyl); 6.40 (s, 2H, maleic acid
vinyl); 3.35 (s, 3H, OMe); 3.34 (s, 3H, OMe); 3.15 (s, 3H, OMe) ppm.
MS (neg ion FAB): 1061 (M-), 590.
25
Example 10
Rapamycin 42-ester with 2-pyridinylmethyl ¢ ic acid

A solution of 1.05 g rapamycin 42-p-nitrophenyl carbonate in 20 ml
30 dichloromethane was treated at -10° under N with 620 mg 2-aminomethylpyridine in
1 ml dicholormethane. The reaction mixture was stirred at 0° under N> for 3 hours,
diluted with 180 ml dichlorometha_me, washed with saturated NaHCO3 (3 x 30 ml) and
dried with MgSO4. The solvent was evaporated and the residne chromatographed on
silica gel. Elution with ethyl acetate/n-hexane (4/1) afforded 560 mg of the title product -
35 as a white solid, mp 94-97°.
IR(KBr): 3420 (OH, NH), 1720 (lactone and ketone C=O), 1645 (armde C—O), 1520
1450, 1250, 1100, 990 cmrl, —_—
IThis Sheet Has B
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base,

*such*as pyridine. Preparati . rapanycin using this
met hod was disclosed in U.S. Patenjt THS194EEG718AS \BEERH i S her eby i ncor por at ed
by reference. The 31-carbanyl ated [conpoREABAGED t hi s [i nventAdR-92867-41eC1

prepafed by 10 protecting the 42-arconor—of—Tapamyein with a protecting

group,

such as with a tert- butyl dinethylsilyl group, followed by

carbanyl ation of the 31- position by the procddiur es descri bed above. Renoval
of the protecting group provides the 31- carbanyl ated conpounds. In the
case of the tertyhaid (GDERL, DYoNKY): 1§ 55¢4] ﬁg ﬂrépspmdggm@ﬁawes(ﬁambe

acconpl i shed under m | dli% acidi c_condi tions.

31-position carByaap ek

446 2 25 JEbIRPIOR Wi d(Ee 1By potee D48, 72 63 {Hon

can be carbanyl agy 449 (@ R=Cid &gy, IH, %&dﬁ@ V337! B32¢ar3oraties, $H, -OCHs)

i socyanat e than was cted t to give corrpounds havi ng
di fferent carbaPPeﬁ‘eMéneg 1°n\¥A]§B fb%‘” ?588
5
Hb
He ~ | Ha
x> NH o)
Hd™ N P
He \lr ’:‘:
0
.Example 11
Rapamycin 42-ester with 2-pyridinylmethyl carbamic acid hydrochloride salt
10

A solution of 305 mg rapamycin 42-ester with 2-pyridinylmethyl carbamic acid

in a mixture of one ml ethyl acetate and 4 ml ether was treated at -78° under Ny with

0.55 ml 1IN HCI solution. Crystalline material formed immediately. The reaction

mixture was stirred at -78° under N for 1/2 hr, the solid material was collected by |
15 filtration, washed with ether and dried in vacuo to glve 270 mg of the title product as a

white solid, mp 109-113°(dec).

TR (KBr): 3430 (OH, NH), 1740 (lactone, ketone C=0), 1645 (amide C=0), 1520,

1455, 1250, 1100, 995 cmrl.

1H NMR (DMSO-Dg): & 8.70 (d, J = 12 cps, 1H, proton d), 8.28 (t, 1H, proton c),
20 7.91 (t, 1H, proton b), 7.69 (t, 1H, proton b), 7.65 (d, 1H, proton a), 4.39 (d, 2H,

protons e), 3.28, 3.14, 3.05 (each s, 3H, -OCH3) ppm.

MS (neg ion FAB): 1061 (M"), 590, 469.

Hb
He. & | Ha
N NH O
Hd N P
He \“/ J-Trr
O
25
Example 12

Ra rcin 42-ester with 3-pvridinylmethyl carbamic aci

30 The title compound was prepared according to the procedu:c_in_ExmnM
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| bénylated conpounds,
THiSaSHEET WAS BEENJi fferent amine (via the

carbonate) or isocyanate 20 to pfrovi dREepACERUNds Havi ng gitpie@nsnii-c1
carbarmates at the 31- and 42-posith ' and i socyanates used to

prepare the conpounds of the invention are comrercially avail able or can be
prepared by nethods that are disclosed in th@2l-iterature. This invention

al so covers anal ogous carbanates of other rapanycins such as, 25 but not
limted to, 29- ApnEphoyr apanycin, [U. S. Patent 4,375, 464, 32- '

the. BQSEYE‘EZ‘%@* P Saot O NS b, BRSPS R
Pat ent 1250, 1100, 990 cm-1.
1H NMR (CDCl3, 400 MHz): 8 8.53 (m, 2H, proton c), 7.65 (m, 1H, proton b), 7.26
5 (m, 1H, proton a), 4.39 (d, J = 12 cps, 2H protons €), 3.36 (m), 3.32 (s), 3.12 (s)
(all 3H, -OCH3) ppm.
MS (neg ion FAB): 1047 (M), 590.

the 31- and 42- positions. Altern
prepared as descri bed above, can

‘Hb
He ll\ Ha
\ N NH TO};

He He 0
10

~ Example 13

Ra cin 42-ester with 3-pvridinvimethyl carbamic acid hydrochloride salt

15 '

The title compound was prepared according to the procedure in Example 7.
mp 106-110° (dec)
IR (XBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C=0), 1460,
1250, 1110, 990 cm-L.
20 1H NMR (DMSO-Dg, 400 MHz): & 8.71 (m, 2H, protons ¢), 8.25 (d, § = 12 cps, 1H,
proton a), 7.91 (m, 1H, proton b), 4.34 (d, 2H, protons ¢), 3.26, 3.14, 3.04 (each s,
3H, -OCH3) ppm. MS (neg ion FAB): 1047 (M-), 590.

Ha ?L
HbI‘Y\NH 0}"4
PR

He™ N° 'He

25

Example 14
Rapamycin 42-ester with 4-pyridinylmethy! carbamic aci
30 _ . -
The title compound was prepared according to the procedure wre in Example6.
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-10- 5,023,262]; 42-oxorapanycin [U S. Patent 5,023, 262]; .

29- desnet hyl rapanycin [U. S. Pat ent 9 nmet hyl r apanyci n under

C. A nonenclature]; 7,29- bisdes ﬁy??ﬁ%ﬁ? HA§%[E€F . Pat AHP®20538.13C8B,

7, 32-desnet'hyl rapanyci n under C. A : d 15- hydroxy- and

15, 27- bi shydroxy- rapamycin [U. S. Patent 5 5,102,876]. The disclosures in
the above cited U S. Patents are hereby inceRperated by reference.

| mmunosuppressive activity for representative conpounds of this invention
was eval uated impdf9ili3Vitro standard pharnacol ogi cal test procedure to

measure | ynphocyd eepyy: 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C=0), 1520,
1450, 1250, 1100, 990 cm-1.
1H NMR (CDCl3, 400 MHz): & 8.56 (d, J = 12 cps, 2H, protons b), 7.24 (d, J = 12
5 _ cps, 2H, protons a), 4.40 (d, J = 13 cps, 2H, protons c), 3.38, 3.33, 3.14 (each s,
3H, -OCHj3) ppm. MS (neg ion FAB): 1047 (M) 590.

Ha 0]

He
o A Wil

N
/Ha

Hb

10

Example 15
Raj cin 42-ester with 4-pyridinylmethyl carbamic acid hydrochloride salt

15 The title compound was prepared according to the procedure in Example 7.
mp 109-114°
IR (KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C=0), 1510,
1455, 1250, 1100, 990 cm-1.
TH NMR (DMSO-Dg): & 8.81 (d, J = 13 cps, 2H, protons b), 7.81 (d, J = 13 cps, 2H,
20 protons a), 4.43 (d, J = 12 cps, 2H, protons ¢), 3.30, 3.14, 3.04 (each s, 3H, -OCH3)
ppm. MS (neg ion FAB): 1047 (M), 590.

o

' Ha

: He "

Hb NHlLO:LL'
N 7 Ha
Hb '

25
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procedure which 10 evaluated the SUr Vi v pi nch skin graft. The
coni t ogen-induced thymocyte prolifkratig PH dur e I( LAF) AlRs9205¢cd-€3 an in
vitro neasure of the i nmunosuppressive effects of representative conpounds.
Briefly, cells fromthe thymus of normal BALB/c mce are cultured for 72
hours with PHA and IL-1 and pul sed with t rit44at ed thym di ne during the |ast
Si X hours Cells are 15 cultured wi th and without various concentrations
of rapanycin, cyclosporin A or test cJé¥MBRle. 1€el|s are harvested and

I ncor por at ed rq@ﬁ Ein\iLeétek Svith L .catbalidddid on of | ynphoproliferation
I S assessed as percent change 1 n counts per mnute fromnon- drug treated

.controls. For each conpound eval uated, rapanycin was al so eval uated for the
purpose of conpari sahetﬁl&doﬁﬁuumamemémngw&bﬁmﬂmmﬁnmﬂeaﬁs wel |

as 5 mp 103-105°
IR (KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C=0), 1520,
1460, 1250, 1100, 990 cm-1.
1H NMR (CDCl3, 400 MHz): & 7.35 (d, 1H, proton b), 6.32 (m, 1H, proton a), 6.24
(d, 1H, proton é), 4.36 (d, J =13 cps, 2H, protons e), 3.36, 3.33, 3.14 (each s, 3H,
10 -OCH3) ppm. MS (neg. ion FAB): 1036 (M), 590.

proliferation (LAF) and in an in v§ YF!ISSS Hﬂbqpargr col ogi cal test
I(

Ha He

[\
HbI_&/NH O,
g
15
Example 17

Ra cin 42-ester with 2-pyridinylmethvl carbamic acid methanesulfonate salt

The title compound was prepared from the compound of Example 10 and
20  methane sulfonic acid, and was isolated as a trihydrate.
mp 92-95°
IR(KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1640 (amide C=0), 1520,
1450, 1450, 1240-1160 (sulfonate), 1100, 1040 (sulfonate), 990 cm-!.
IH NMR (DMSO0-Dg): 8 8.72 (d, J = 13 cps, 1H, proton ¢), 8.31 (t, 1H, proton c),
25 793 (t, 1H, -NH), 7.73 (t, 1H, proton b), 7.69 (d, J = 15 cps, 1H, proton a), 4.44

d,I1=10)
- W
cps, 2H, protons f), 3.29 3.14, 3.04 (each s, 3H, -OCH3), 2.31 (s, 3H, CH3 '|Sl -O-) ppm
o)

C/H/N analysis for CsgHagN3017S1 * 3 Ho0
Calc  59.12/7.99/3.50 '
30 Found 59.48/7.95/3.41
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conpounds of this invention, rap ranging from2.2 - 9.9
NM The results obtained for the repreBWﬁ pounds AHR-92057-nggnt i on
were al so expressed as a ratio conpared with rapanycin. A positive ratio

I ndi cates i mMmunosuppressive activity. Aratio of greater than 1 indicates
that the test conmpound inhibited thynocyte p-rZﬂ-rferatlon 25 'to a greater
extent than rapanycin. ‘Calculation of the ratio is shown bel ow. -3Hcontrol
thynus cells - 3H-rapanmycin-treated thyyus cells 3H-control thynus cells -
3Htest conpound-treated cells 30 Represent ati ve conpounds of thi s
i nvention were al so eval uated in aHes atest procedure designed to

determ ne the survival tinme of pinch ronggale BAB/ ¢ donors
S. ‘hod i s adapted

20 fodr rapamycin. Wien eval uat eg ags for the representative
H gﬁ%@c |

Example 18
5  Rapamycin 42-ester with 4-hydroxybutyl carbamic acid

A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under Ny with 300 mg 4-amino-butanol in 0.5 ml
dichloromethane. The yellow solution was stirred at 0° under Nj for 2 hours. The

10  mixture was diluted with 120 ml dicholoromethane, washed with 1N HCI, water, and
dried with MgSO4. The solvent was evaporated and the residue chromatographed on
silica gel. Elution with ethyl acetate/n-hexane (2/1) afforded 245 mg of the title product
as a solid, mp 105-108°. |
IR (KBr): 3420 (OH and NH), 1720 (lactone and ketone C=0), 1650 (amide C=0),

15 1530, 1455, 1250, 1110 and 990 cm-1.
1H NMR (CDCls, 400 MHz): § 3.65 (t, 2H, -CH,0H), 3.2 (m, 2H, -NHCH3-),
3.37, 3.33 and 3.14 (all s, 3H each, -OCH3) ppm. MS (neg ion FAB): 1028 (M-),
996, 590, 436, 167.

20 Example 19

A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under N3 with 500 mg (S)-(+)-2-amino-1-propanol
25 in 0.5 mi dichloromethane. The yellow solution was stirred at 0° under N for 2 hours.
The mixture was diluted with 200 ml dichloromethane, washed with IN HCI, water,
and dried with MgSO4. The solvent was evaporated and the residue chromatographed
on silica gel. Elution with ethyl acetate/n-hexane (3/1) afforded 156 mg of the title
product as a white solid, mp 99-103°.
30 IR (KBr): 3440 (OH and NH), 1720 (lactone and ketone C=0), 1650 (armde C=0),
1520, 1455, 1110 and 995 cm-l.
IH NMR (CDCl3, 400 MHz): 3 70 (m, 2H, -CH,0H), 3.38, 3.20, and 3.16 (all s, 3H
each, -OCH3), 1.15 (d, 3H, CH3CH—) ppm. MS (ng. ion FAB) 1014 (M-), 983, 590
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from Billidgham R E. and Medawar R J_—Exp__Biol. 28:385-402, (1951).
Briefly, a pinch skin graft fromt E"HEOS*MEETM@EENted on the dorsum of the

recipient as a 35 allograft, and fan |sq;mpg;((jgnwas uged as g@plghpk7ict he
same region. The recipients were t - varying concentrations

of test conpounds intraperitoneally or orally. Rapanycin was used as a test
control. Untreated recipients serve as rejectygan control. The graft was
nmoni tored daily and observations were recorded until the graft becane

-11- 422, 167. AHP- 92057/.CI EPC* dry and forned a bl akened
scab. This was considered as the rejection day. The mean

Example 20 _
Ra cin 42-ester with (R)-1- 1-2- xvethvl carbamic acid

A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under Ny with 600 mg (R)-(-)-2-amino-1-propanol in
0.5 ml dichloromethane. The yellow solution was stirred at 0° under N for 2 hours.
The mixture was diluted with 200 ml dichloromethane, washed with a saturated
10  NaHCOj3 aqueous solution, IN HCI solution, and dried with MgSO4. The solvent was
evaporated and the residue chromatographed on silica gel. Elution with ethyl acetate/n-
hexane (3/1) afforded 260 mg of the title produbt as a white solid, mp 102-106°.
IR (KBr): 3440 (OH and NH), 1720 (lactone and ketone C=0), 1650 (amide C=0),
1520, 1460, 1110 and 1000 cm-!.
15 1H NMR (CDCls, 400 MHz): § 3.70 (m, 2H, -CHOH), 3.37, 3.33 and 3.14 (all s,

)
31, -OCHa), 1.17 (d, 3H, CH3-CH-) ppm. MS (neg. ion FAB): 1014 (M), 893, 590.

-Example 21
Rapamycin 42-ester with 2-(2-aminoethoxy)ethyl carbamic acid
20
A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under N2 with 500 mg 2-(2-aminoethoxy)ethanol in
0.5 ml dichloromethane. The yellow solution was stirred at 0° under N2 for 1.5 hours.
The mixture was diluted with 150 ml dichloromethane, washed with a saturated
25 NaHCO3 aqueous solution, 1N HCI solution, and dried with MgSO4. The solvent
was evaporated-and the residue chromatographed on silica gel. Elution with ethyl
acetate/n-hexane (3/1) afforded 265 mg of the title product as a white solid, mp 100-
102°. |
IR(KBr): 3430 (OH and NH), 1720 (lactone and ketone C=0), 1650, 1520, 1455,
30 1110, 1020 and 990 cm-L.
IH NMR (CDCls, 400 MHz): & 3.74 (t, 2H, -CH,0H), 3.58 (m, 6H,
-CH,OCH2CH3-0-), 3.38, 3.33 and 3.14 (all s, 3H each, - OCH3) ppm. MS (neg
ion FAB): 1044 (M-), 590, 452, 167. '

35 | | Example 22
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conpared with the control group. shows the results that
were obtained. 5 Results are ex sur vi ayp-920%9-i-cidays.
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 ng/kg of test

conmpound. A survival tinme of 12.0 1.7 days ~2¥s obtained for rapanycin at 4

graft survival tinme (nunmber of da T%Aé@ﬁ% ug treatnent group was
jresse

ng/ kg. 10 The followi ng table surmarlzes the results of _
representative conpoulnstiutidn 6fti-@-hydrexyteklo)piperizies €130wmgs 1.6miaokd) ireb L dry
E/ra\lcz)cedur es. TABhlch}or éb‘géj Tl %%ﬁ dsol%&?’f? | XF fﬁ-l%g-r}(?%aﬁycm 42-p-
(ratio) nitroph¢njd)carbosmy (0.31 mmole) in 6 mL dry dichloromethane at -8 under nitrogen

and stirred at -8° for 1.5 hours. The reaction mixture was partitioned between

5 dichloromethane and water/brine, the aqueous portion was extracted with
dichloromethane, the combined organic portion was washed with brine, dried over
MgS0y4 and evaporated to a white solid foam. Flash chromatography through silica gel
using 2% methanol in dichloromethane yielded 140 mg of the title compound as a white
solid, mp 112-120°C.

10 IR (XBr): 3450, 2950, 1725, 1650, 1460, 1250 and 995 cm-1.

NMR (CDCl3, 400 MHz): 3 3.64 (t (J = 5.2Hz), 2H, Hy); 3.51 (broad, 4H, Hy); 3.39
(s, 3H, OMe); 3.33 (s, 3H, OMe); 3.14 (s, 3H, OMe); 2.57 (t J = 5.2 Hz), 2H, H,);
2.49 (broad, 4H, Hp) ppm. MS (neg. ion FAB): m/z at 1069 (m), 590.

Hd —\
j\ .-/!1"
Hec Hb>—_< Ha
15
Example 23
20  Rapamycin 42-ester with 4-(3-hydroxypro iperazine-1-carboxylic acid

A solution of 130 mg (0.90 mmole) of 1-(3-hydroxypropyl)piperazine in 2 mL
dichloromethane was added to a solution of 320 mg (0.30 mmole) rapamycin-42-(4-
nitrophenyl)carbbnate in 6 mL dichloromethane under nitrogen at -5° C and allowed to

25  warm to 20° with stirring. After 4 hours, the reaction mixture was partitioned between
dichloromethane and water/brine. The organic portion was washed with brine and flash
chromatographed through silica gel using methanol (2.0 to 3.0%) in dichloromethane,
yielding 115 mg product as a white solid, mp 104-113° C.

IR (KBr): 3430, 2930, 1715, 1640,1450, 1240, and 985 cm-1.

300 NMR (CDCI3, 400 MHz): § 3.81(t (J = 5.2 Hz), 2H, Hd); 3.49 (broad, 4H, Ha); 3.38 -
(s, 3H, OMe); 3.33 (s, 3H, OMe); 3.13 (s, 3H, OMe); 2.62 (t (J = 5.4 Hz), 2H, Hc);
2.48 (broad, 4H, Hb) ppm.

MS (neg ion FAB): 1083 (M-), 590.
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Exampfe 1 L7 TM@%HEET HAS BEEN | 11.70.5 Exanple 2

1.8 1.22 10. 3 4.4
1.09 Exarrpl e 3 4.2 EPLACEQQ.:ml el 4 AHP-92057-1-C1 10. 0
0.45 - 9.8 0.8 Exanple 5 2.1 1. 19
Exanpl e 6 0.8 . 5.1 11.400.6 25 Exanple
7 1.2 2.3 -2810.33 0.5 Exanple 8 o
0.2 : 4 4 Exanple 10 : - 0.1 3.8 10. 17
1.0 Exanple 11 0.7 . 5. 0 | 11. 400. 9

o

HdYY H

5 Example 24
Rapamyvc n42—esterw1 3-[bis(2-hvdroxvethyDaminolpropyl]carbamic acid

A solution of 130 mg (0.80 mmole) of N-(3-aminopropyl)diethanolamine in 2
ml. dichloromethane was added to a solution of 330 mg (0.31 mmole) rapamycin-42-
10  (4-nitrophenyl)carbonate in 8 mL dichloromethane under nitrogen at 0° C and stirred at
that temperature for one hour. The reaction
mixture was partitioned between dichloromethane and brine. The organic portion was
washed with brine and flash chromatographed through silica gel using 5% methanol in
dichloromethane to yield 150 mg product as a white solid, mp 93 - 107° C. IR (KBr):
15 3420, 2935, 1715, 1640, 1450 and 985 cm-1.
NMR (CDCI3, 400MHz): § 5.69 (broad, IH, Hj); 3.67 (mult, 6H, He and Hh); 3.36
(s, 3H, OMe); 3.33(s, 3H, OMe); 3.14 (s, 3H, OMe); 2.68 (mult, 6H, Hf and Hg)

ppm.
MS (neg ion FAB): 1101 (M-), 590.

20
' He  Hi Hg
I /(a\ - OH
o N)\/\N/k‘/

N

OH

_—
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Exampfe 12” 1.1 9.80 1.1 30

Exanpl e 13 0.9 THI§ SHEET HAS BEEN 9.500. 6 Exanple 14
0.5 3.8 9.17 1. 7 BERMPED o1 AHP-920%7-0-C1

0.6 - ’ 10. 40.5 Exanple 23 3.4 1.4 Exanple
24 40.0 0.1 35 Exanpl e 26 0.2

6.2 Exanple 27 . 1.2 1.2-29€al cul ation of the ratio was.
descri bed supra. 40 The resul'ts of these standard pharnacologlcal

test procedures denonstrate |m*runosupprExampdez25t|V|ty both in V|tro and |n

vivo for the c $n £3-edtl with dihydroxyispropyl carbamic acid

To a 600 mg serinol in 3 ml methanol solution at -10° under Nj, was added

5 250 mg rapamycin 42-p-nitrophenyl carbonate in 1 ml chloroform. The resulting

solution was stirred at -10° under N> for 2 hours, diluted with 120 ml chloroform,

- washed with water (3 x 20 ml), and dried with MgSO4. The solvent was evaporated

and the residue chromatographed on silica gel. Elution with ethyl acetate/n-hexane
(4/1) afforded 90 mg the title product as a solid, mp 108-113°.

10 IR (XBr): 3450 (OH and NH), 1730 (ketone and lactone), 1655 (amide C=0), 1520,
1460, 1250, 1100, 1000 CM-L. |
1H NMR (CDCl3, 400 MHz): 8 4.69 (m, 1H, C-42 proton), 3.75-3.84 (m, 4H,
-CHz- ) ppm. MS (neg. ion FAB): 1030 (M), 590,438.

15 Example 26
' Rapamvcin 42-ester with morpholine-4-carboxylic acid

A solution of 95 mg (1.1 mmole) morpholine in 1 mL dry dichloromethane was
added to a stirred solution of 330 mg (0.31 mmole) rapamycin-42-(4-
20  nitrophenyl)carbonate in 6 mL dichloromethane at -5° C under nitrogen; stirring was
continued 4.5 hours at -5° and 2 hours at 20°. The reaction mixture was partitioned
between dichloromethane and water/brine; the organic portion was washed with brine
and flash chromatographed through silica gel using methanol (1.0 to 1.6%) in
dichloromethane, yielding 70 mg product as a white solid, mp 105 - 115° C.
25 IR (KBr): 3450, 2950, 1710, 1650, 1250, and 993 cm™1.
NMR (CDC13, 400MHz): & 3.64 (4H, 3-morpholine); 3.46 (t (J= 4.9 Hz), 4H, 2-
morpholine); 3.37 (s, 3H, OMe); 3.32 (s, 3H, OMe); 3.12 (s, 3H, OMe) ppm.
MS (neg ion FAB): 1026 (M-}, 590.

30 . i | Examj)le 27
Rapamycin 42-ester with 4-methylpiperazine-1-carboxylic acid

A solution of 95 mg (0.95 mmole) 1-methylpiperazine in 2 ml. dichloromethane

was added to a solution “of _3 10 mg (0.29 mmole) rapamycin-42-(4-

35  nitrophenyl)carbonate in 6 mL dichloromethane at 0° C under nitrogen and stirred at 0°

for 2 hours and at 20° for 2 hours. The reaction mixture was partitioned between
dichloromethane and water/brine. The organic portion was washed with brine
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i nventd on. *Positive ratios in t _ ires indi cates suppression
of T-cell proliferation, thereby HHROHERETHASBEENG i munosuppr essi ve
activity of the conpounds of thils i nv&EPLABED As t fanspl antAdP{9RASH 1<Kl n

grafts are typically rejected within 6-7 -1Z- days wi thout the use of an
| mmunosuppr essi ve agent, the increased survival time of the skin graft when
treated with the conpounds of this invention3®arther denonstrates their '
utility as innunos;ggressive;agents; Based on the results of

these standard pihifleaba heemnataprapbed t_!pqiggb(sﬂi@s gelt yaing methanol (2.0 to 3.0%) in
dichloromethane, yielding 120 mg product as a white solid, mp 108 - 116° C.
IR (KBr): 3450, 2945, 1710, 1650, 1460, 1240, 1110, and 990 cm™1.
NMR (CDCI3, 400 MHz): § 3.50 (broad, 4H, 2-piperazine); 3.39 (s, 3H, OMe); 3.33
5 (s, 3H, OMe); 3.14 (s, 3H, OMe); 2.36 (broad, 4H, 3-piperazine); 2.30 (s, 3H, NMe)
ppm.
MS (neg ion FAB): 1039 (M-), 590.

Example 28
10  Rapamycin 42-ester with piperazine-l-carboxylic acid

A solution of 190 mg (2.2 mmole) piperazine in 4 mL dichloromethane was

added to a solution of 550 mg (0.51 mmole) rapamycin-42-(4-nitrophenyl)carbonate in

12 mL dichloromethane at 0° C under nitrogen and stirred 45 minutes. Partitioning
15 ©between dichloromethane and water/brine, washing with brine and flash

chromatography through silica gel using 5% methanol in dichloromethane yielded 350

mg product as a pale yellow solid, mp 120 - 131° C.

IR (KBr): 3460, 2950, 1705, 1650, 1460, 1245, and 990 cm-!.

NMR (CDC13, 400 MHz): 3 4.8 (broad, 1H, NH); 3.46 (broad, 4H, 2piperazine);
20 3.39 (s, 3H, OMe); 3.33 (s, 3H, OMe); 3.14 (s, 3H, OMe); 2.83 (broad, 4H, 3-

‘piperazine) ppm. :
MS (neg ion FAB): 1025 (M-), 590.
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conpounds sar e useful in the treatnpat—or—prevention of transplantation
rejection SW&F‘P, | | HIS, SHERTgHAD BEENNlRr r ow, paAFER-82Q5TCE ERC
cells), cor smal | bowel nd skin algppgnefys. and heart valve

xenografLs: of wnﬂ\\ W\m f. aurorm such. as | upus
|

myast heni a gravis, and nultiple 10
scl erosi s; d|%ed3e§ nflannatlon such as psoriasis, dermatitis,

eczenma, sebor rhea, inflammtory bowel disease, pulnmonary inflammation,
ast hma, and eye uveltls Because the conpounds of this invention are
structurally s o rapamycin and the carbanmates of rapamycin discl osed
in US. Patent 5,118,678 and have a 15 simlar activity profile to

rapanycin and ghe ca &miuad obthelstriictuféat ent 5, 118, 678, the conpounds of
this invention also are considered to have antitunor, antifungal

OR!

wherein R! and R2Z are each, independently, hydrogen,
-CONH-[(CR3R#)(-A-(CR3R6),)p]¢-B,

R9 ) an \\
-CO-N” ,or —CO-N P
“RI0 N

R3, R4, RS, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon
atoms, alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon
atoms, arylalkyl of 7-10 carbdn_ atoms, cycloalkyl of 3-8 carbon atoms, -OR7,
-SR7, halogen, -CN, -NO,, -CF3, -COR7, -CO;R7, -CONHR7, -SO2R7,
-0SO3R7, -NR7R8, -NHCOR, -NHSO;R7, or Ar; .

33 is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12
carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
_COR7, -CONHR7, -OSO3R7, -NR7R8, -NHCOR7, -NHSOR7, or Ar;

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,

hydroxyalkyl of 1-6 carbon atoms, alkoxyaligyl-of-2-12 carhon atoms,
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activtties! and antiproliferative ac_t ﬁ?ﬁ mrounds  of thi s
i nvention therefore are aI so usef ul |t inor s, f 57/(:1 EPg

i nfections, and hyper ive vagcul ar RER ﬁges suph as res en05|s

at her oscl er osi s. 20 It I's cont eﬁl ated that wB@n the conpounds of this

i nvention are u mﬂmﬂm B ppressive or antiinflammtory agent, they
can be admini star

n-wth one or nore other imunoregul atory
agents. Such othet ifmunoregul atory agents include, but are not limted to

az ath h: opr Id ne, Icor ti cmymmamﬁyl 052440 caboRl #6kA,SlRyladBnoallg df 2-12 caFrEo% ggoms,
met hyl pr edni sol one, cin - 5086,

OKT-3, and ATG By c‘%ﬁ‘?’ﬁ‘. a@ﬂ’i%%ﬁﬁ&&%&%ﬁ@gﬁi@é’% T 410105, O AT
ot her drugs or RYend R“Paneeraddumiapgndenﬂymik}dmfrleésmbnnammsc atkbnylg)f 2-7 carbon
i nfl ammat ory conditi s

T

alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon ators,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -CF3, -COR7,
-CO2R7, -CONHR7, -SO2R7, or Ar;

Ais -CHj-, -NR7-, -O-, -S-, -SO-, -PR7-, -NHCO-, -NHSO-, or -P(O)(R7)-;

Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl, thiazolyl,
isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,
benz[b]thiophenolyl, benzimidazolyl, benzthiazolyl, benzodioxolyl, piperidinyl,
morpholinyl, piperazinyl, tetrahydrofuranyl, or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected
from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6
carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3zH,
-PO3H, and -COyH;

7/ ~
-N ) is a nitrogen containing heterocycle that may be saturated, unsaturated,
N

—

or partially unsaturated, and may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of
2-7 carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms
per alkyl group, dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon
atoms, -SO3H, -PO3H, and -CO;H;

with the proviso that R1 and R? are not both hydrogen;

m=0-6;

n=0-6;

- p=0-1;
q=0-1;
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| esser arpdnts of each of the agents arlelHI8qSHEEIGHAS BEENifeve the desired
effect. The baSis for such conbination herapﬂEPMSEDastabl I shed1HP¥92057/C1 EPC
St epkowski  whos L i wed t hat the e of = nmbi nati on of
rapanycin and cjmmlmmm“ﬂmmlmﬁbt her apeuti ¢ ?oses significantly prol onged
heart allograft survival tink. {Transplantation Proc. 23: 507 (1991)]. The
conpounds of this invention can be fornulated neat or wth a 35

pharmaceutical carrier to a mammal in need thereof. The phar maceut | cal .
carrier may be @rapmrmaceuquuydcceptablesaltﬂxereof S

-

: PR
2.  The compound according to claim 1 wherein Rlis ~CON : )
N
7 -~
3.. The compound according to claim 2, wherein -  -N ) is
. LN -
~ an optionally substituted morpholiny] or piperazinyl group.
4. A compound according to Claim 1 wherein R! and R2 are each,

independently,hydrogen, or -CONH-[(CR3R*)p(-A~(CR5RS)p)pl¢-B;

R3, R4, R5, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NO,, -CF3, -COR7, -CONHp, -SO2R7, -OSO3R7, -NR7RS,
-NHCOR7, -NHSO2RS, or Ar; '

B is hydroxy, -SR7, -CN, -COR7, -CONHj, -OSO3R7, -NR7R8, -NHCOR7,
-NHSO5RS, or Ar;

A is -CHy-, -NR7-, -O-, -S-, -PR7-, or -P(O)(R7)-;

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar;

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

with the proviso that Rl and R2 are not both hydrogen;

'5. A compound according to Claim 2.or Claim 4 wherein R2 is hydrogen.
6. A compound according to Claim 4, wherein p=0 and B is Ar.

7. A compound according to Clann 4 or Claim 6 wherem m=2,n=0,p= 1 q= |
1, and A is -O- or -NR. :

8. A compound aocording to Claim 1 which is one of the following:
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-13 - *A 5ofi dw ong m{srm{ggTqumtB@meps whi ch nmay al so as
flavoring agents, lubricants, solubi I i zersgp di ng jagent s AHPORGSHC1 EPC
gl i dants, conpn m\lm Eers F—#&b&-eﬁ%zglrﬂ egdating agents; it can
al so be an enc mmmu“m In powders,”the carrier is a finely

di vided solid wm W ct i & i M atmixture with the 5 finely divided active
ingredient. In.tablets, the active ingredient is mxed with a carrier

havi ng the necessary ¢ essi.on properties in sujt proportions and °
conpacted in th@%ﬁ@%@l‘“ﬁ@"d&s IydgeKyethDpiperReias- g‘céFP?xY #dds preferably
contain up to 99% of the active ingredient. Suitable solid carriers

i ncl ude, for exgapahfycinc dter RiGIP yF ropgl)pipbiafinslcafiixglic h&lc, sugars,
| act ose, dextrin, starch, gelatin, cellulose, nethyl 10 cel l ul ose, sodium

car boxyrmet hyl CerlaI aLllrllj(r)c?n?M-gs?erywﬂPX-lnp Iip1pe> 'nrfeel-car%\c’)\/xyrﬁ%l drl g Waxes

rapamycm 42-ester with morpholine-4-carboxylic acid,

rapamycin 42-ester with piperazine-I-carboxylic acid,

rapamycin 42-ester with 2-hydroxyethyl carbamic acid,

rapamycin 42-ester with 2-(dimethylamino)ethyl carbamic acid,
rapamycin 42-ester with aminocarbamic acid,

rapamycin 42-ester with hydroxycarbamic acid,

rapamycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic acid,
rapamycin 42-ester with 2-pyridinylmethyl carbamic acid,

rapamycin 42-ester with 3-pyridinylmethyl carbamic acid,

rapamycin 42-ester with 4-pyridinylmethyl carbamic acid,

rapamycin 42-ester with 2-furylmethyl carbamic acid,

rapamycin 42-ester with 4-hydrokybutyl carbamic acid,

rapamycin 42-ester with (S)-1-methyl-2-hydroxyethyl carbamic acid,
rapamycin 42-ester with (R)-1-methyl-2-hydroxyethyl carbamic acid,
rapamycin 42-ester with 2-(2-aminoethoxy)ethyl carbamic acid,
;_‘apamycin 42-ester with dihydroxyispropyl carbarnic acid,
rapamycin 42-ester with [3-[bis(2-hydroxyethyl)amino]propy1]carbamic acid

or a pharmaceutically acceptable salt thereof.

_—
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and i dn éxchange resins. Liquid carrie

paring- sol utions,
5 ﬁ'ﬁdg’;&?@e Bﬁ$ j oNpoaip WWJPEPC
active i ngredl ent ¢ I ved or puspe A rmaceuti ca
acceptabl e’li a“‘ngmh as water, an orgasnic 15 solvent, a m xture
of both or ph accept able oils or fats. The liquid carri er can
contai n other Sui tabl e pharnmaceutical additives such as solubilizers,
emul sifiers, buffers, preservatives, sweeteners, flavoring agents,
suspendi ng agen9s th@h@@n@mﬁhgto@himﬂwﬁohiism@fmﬁoﬂgmngt ors,
stabilizers or osnpb-regulators. Suitable exanples of liquid carriers for
oral and par ent g ) [, : nt ai ni ng
additives as abo@ﬁy@jﬂg‘?%ﬁw @ygg@ifvgﬁ 6}3@&%‘&1@ erag#é/%célggndes%ﬁ

car boxymet hyl cel | ul ose sol ut. |_onz) al cohol s (i ncludi ng nonohydric al cohol s
and rapamycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic ac1d methanésulfonate salt,

rapamycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic acid maleate salt,
rapamycin 42-ester with 2-pyridinylmethyl carbamic acid hydrochloride salt,
rapamycin 42-ester with 3-pyridinylmethyl carbamic acid hydrochloride salt,
rapamycin 42-ester with 4—py1‘idiny]methy1 carbamic acid hydrochloride salt, or

rapamycin 42-ester with 2-pyridinylmethyl carbamic acid methanesulfonate salt.

10. A pharmaceutical composition comprising a compound of the structure

G
g OMe

wherein R! and R2Z are -ea_ch, independently, hydrogen,
-CONH-[(CR*RHm(-A-(CRSRS))plq-B;

R’ 77N
-CON_  ,or -CON ,
Rlo N

R3, R4, RS, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
“alkenyl of 2-7 carbon atoms, alkynyl of 2-7 ca:boﬁ'atoms,-hydroxyalkyl of 1-6
carbon atoms, alkoXyélkyl of 2-12 carbbn atoms, alkylthioalkyl of 2412 carbon

atoms, alkylaminoalkyl of 2-12 carbon atoms, di'a]kylaminoa]kyl' of 3-12 carbon

This Sheet Has
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and oils (e.g.

pol yhydric®al cohols, e g glycels)- and thﬂ‘"S SHEET HAS fEal
admgﬂn@io#ﬂ EPC

fracti onated coconut oil_an c 1) . FoRERBAGED: er al
j‘l[ester suthas_einyr ol eate and | sopropy

the carrier ca “E‘Hl jl llrl
nyristate. Stem m rs are usefur39s in sterile liquid form

conposi tions for' parenteral adnministration. The liquid carrier for
pressurized conpositions can be hal ogenated hydrocarbon or other _ :
pharmaceutical ly accept abl e propel l ant. Liquid pharmaceutical conpositi ons

whi ch are Ist eri-l e soltudnkong | masqwmlsatsl@@ lodikiyl b8 d&i’bonfa%mﬁxw| e,
Sol Ut one. can’ al so BSEdAH e o ch R RS ol OB L L G PR
admi ni stered orally -08(17@7, I-NRVR&],UM‘I@(DR%,O-NHSWDQB‘WL on form The
conmpounds of 't hﬁ Is illﬁ\elr?yqtoifoih %olﬁeat&g@ aﬂ'cysflS'F {)F Q_7r ga%oahl étanis,nh);dilgxytaﬂEjpo?fl—@
' carbon atoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12
carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
-COR7, -CONHRY, -OSO3R7, -NR7R8, -NHCOR7, -NHSO,R7, or Ar;
R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms,
alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12 carbon atoms,
dialkylaminoalkyl of 3-12 carbon atoms, cycloalkyl of 3-8 carbon atoms, or Ar;
R? and R10 are each, independently, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon

atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalky] of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -CF3, -COR7,
-CO7R7, -CONHRY, -SO,R7, or Ar;

A is -CHz-, -NR7-, -O-, -S-, -SO-, -803-, -PR7-, -CO-, -NHCO-, -NHSO-, or
-POYR)~;

Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl, thiazolyl,
isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,
benz[b]thiophenolyl, benzimidazolyl, benzthiazolyl, benzodioxolyl, piperidinyl,
morpholinyl, piperazinyl, tetrahydrofuranyl, or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected
from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6
carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-PO3H, and -COH;

s N .
- N ) is a nitrogen containing heterocycle that may be saturated, unsaturated, .
N ”

—

or partially unsaturated, and may be optionally mono-, di-, or tri- substituted
/"’"‘"’”—ﬁith a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
Sheet Has Been Rerlacec
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convent i 6ndl suppository. For adni ni W'&?ﬁg&i ErE%jasal or

i nt rabronchi Wuffl tionR ds of tHigpionussrch ¢idc
may be formu rTmto an ueous or 35 partially aqueous sol ution, which
can then bé ut m‘ﬁ rmof an aerosot37The conpounds of this

I nvention ma mﬁ &‘m ered transdermal |y through the use of a
transder mal - cont & nng the active conpound and a carrier that is

inert to the - 14- active conpound, is non toxic to the skin, and. allows
delivery of the agentatdnm; atkpxy efiil-© cidsor gioms cyand, dxatmhydmm}udum,maebalknmdfhe

skin. The carrier may j %ﬁoﬂ'a%nﬁu MOrQInethyl amino, dialkylamino of 1-6 carbon atoms
per alkyl group, dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6
-carbon étoms, alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon
atoms, -SO3H, -PO3H, and -COH; '
with the proviso that R1 and R2 are not both hydrogen;
m=0-6;
n=0-6;
p=0-1;
q=0-1;
or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

11 A pharmaceutical composition according to Claim 10 wherein R1 and R? are
each, independently, hydrogen, or -CONH-[(CR3R*)n(-A~(CR5R9),)plq-B;

R3, R4, RS, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NO2, -CF3, -COR7, -CONHj3, -SO2R7, -OSO3R7, -NR7RS,
-NHCOR7, -NHSO,R8, or Ar;

B is hydroxy, -SR7, -CN, -COR7, -CONH3, -OSO3R7, -NR7R8, -NHCOR7,
-NHSO9RS, or Ar;

Ais -CHp-, -NR7-, -O-, -S-, -PR7-, or -P(O)R7)-;

R7 and R® are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar; :

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

. group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO,H;

with the proviso that RI and R are not both hydrogen;

m=0-6;
n=0-6;
p=0 1 and
ThlsSheet
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f or ms” suth? as creans and oi ntnents, %lt?e R’éﬁe%" “afnd \occl usi ve devi ces.

The creans e viscbus |i EQ semilsol i d eﬂﬂpsg)m/@fﬁpc
ei ther the - wat er =TT-01 | e. Pastes conprised of
absorptive ﬂ mﬁﬂ ﬂ d in petrol eum or Hydrophilic petrol eum

cant ai ni ng isngredi ent may al so be suitable. A variety of ~
occlusive devices may be used to rel ease 'the active ingredient.into the

bl ood stream such as a seni perni abl e menbrane coveri n% a reservoir
contai ning the Beti v@pmgsségmrnpmmgtawomoum aotiaimed dnffaimr] which gomprisesya)

contai ning the g ﬁft'V&rﬁaﬂﬁflﬁiﬂ gapamyd di'Qf2-Rt-CsluB§titHédl)Q31@'sﬁ8§t1tﬁ‘t!é&rwmn
the literature. arbgi%%cf t he c?n%o of this mveg\de

enpl oyed as a dBWHSG Baﬁ’fe 3gdefig 3 k rafa Broieste Fﬁat“’e °f rapamycm
phar maceut i cal Iyéinge@diicimate sffoimlles cont ai ni ng 0.1 - 5 percent, preferably
2% of active conpound which may beoa=(iu‘r=‘ie_i(ftered to a

wherein Q represents [(CR3R#)m(-A-(CRORO))plq-B wherein m, n, p, q, A, B R3,
R4, RS and RS are as defined above and if required removing the 42 protecting group,
or

(b) reacting a carbonate derivative of rapamycin of formula:

“ORH

where one of R11 and R12 is selected from the values for R! defined above, the other
is a group of formula

-O-é.-'_()-aryl
| an
‘wherein aryl is an aryl group preferably substituted by electron withdrawing
substituents,, or R11 is a protecting group or both R11 and R12 have Formula IT with
an amine of formula

HN-[(CR3RD (-A (CR5R6)p)plq-B
or

IS She

\
N s



fungal ¥y *affected area. 15 1S G E ﬂ@q&ﬁl‘é nts vary with the
particul ar conpositions enpl oyed, tre rouﬂéPtﬁCEﬂdm ni_ gt rati on, AHR®208V/€11I EBC
of the synptoms presented and the pdrtTcufar subj ect being treated. Based
on the'results obtained in the standard phar &%l ogi cal test procedures,

proj ected daiTy dosages of active conpound would be 0.1 [err]g/kg - 100

mg/ kg, pr mﬂmgnl 001 - 25 ng/ kg, and nore preferably between
0.01 --5 3(&“{‘ Il nt will generally be initiated with small
dosages 1 ess tthant t Ne dpt1 num dose of the corrpound Thereafter the dosage
I's increased until the optinum eff 9under the circunstances is reached;
preci se dosages for oral, pare , hasal, or intrabronchi al

adm nistration will be determ tht he adnini steri ng physici an based on
experience with the individual subj®I0treated. Preferably, the

phar maceuti cal

or -
/—\
- \
. HN )
N -
where
/—\
- \
_N ) o
N

R3-10, A, B, m, n, p, and q are as defined in Claim 1, and removing any protecting
group R11 if required,

or

(c) carbamylating rapamycin 42-R1-substituted or 3 1-R2-substituted rapamycin in
which R1 and R2 are as defined in claim 1 or a 42-protected derivative of rapamycin
using an haloacyl compound of formula

29
halCON -~

\\R10

or

7 ~

halcCo -N )

wherein R9, R10 and

:are as defined above and hal represents a halogen, and if desired converting
to a pharmaceutically acceptable salt thereof.
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THIS ShtH’ HAS BEEN _
25 C‘OH‘H‘O§ItI0n is in unit dosage. f(&rm eRgPLACEDt abl efs or capsul es. In
such form the conposition is sub-di Vi-ded—+r—umtU05¢e cont ai ni 92057/C1
appropriate quantities of the active ingredi the unit dosage lf:o
be packaged conpositions, for exanple,. packe %@d powders, vials, arrpoul es,
prefilled syringes or sachets containing tiquids. The unit dosage form can
be, for exanple, a capsule or tablet itse TRACF can be the approprlate
30. nunber of any such conpositions in pa@%‘g&l%'rm The foll ovm ng exanpl es
illustrate the preparation of repr esent at i've conpounds of th| s i'nvention.

35 Exanpl e 15 Rapanycin 42-ester \{RRAR PRAPA

The invention concerns a compound of the structure

10
wherein R! and R? are each, independently, hydrogen,
-CONH-[(CR3R4)(-A-(CRRE),), 14 -B;
/R9 i \
~CO'N ,or -CON | ;
\RIO N -~
15

R3, R4, R5 . R6_, R9 and R10 are each defined substitutents, and R?"6 may each also
represent hydrogen,
B is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
~ carbon atoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12
20 ‘carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
-COR7, -CONHR7, -OSO3R7, -NR7R8, -NHCOR’, -NHSO2R7, or Ar;
Ais -CHz-, -NR7-, -O-, -S-, -SO-, -PR7-, -NHCO-, -NHSO- or -P(O)(R7)-;
Aris "naphthyl pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl benzoisoxazolyl, indolyl, thiazolyl,

25 isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl
benz[b]}thiophenolyl,
—_—
Thls SheetH
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of dry pyridine was cooled to -78[e en at nosphere. To
this solution, 662 ng 4-nitrophenyl Lchlar f\ Qp added; tHER-e22037 QL
sol ution was stirred at room5 terrperature41;nder nitrogen for 20 hours.

Th t dil d t di_ch t

i ant or omet hane. oxt 1 giidolE HendR e oS PLRTE . AotV
evapor at ed.30The r esi Izﬁperaualyl,cﬂ&trahmhot;ram,eot pyrreildlnyia“dlsteln EheAr qgroup mry3896
et hyl acet ate in n- h@ﬁiﬁiﬁﬁuﬁ?ﬁ’dﬁo <ﬁ7ogu‘?fsdbglﬁ’tﬁfgﬂ%f&lél%r&prﬁeléé%rﬁ&ﬁlalkyl of 1-6 -

carbon atoms, arylalkyl of 7-10 carbon atorns, alkoxy of 1-6 carbon atoms,

cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,

amino, dialkylamino of 1-6 carbon atoms per alkyl group, dialkylaminoalkyl of -
35 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12

carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO,H;

PO3H, and -CO2H;

-15 - "A ‘§01' ution of 2.0 g of raparrymﬁ' | 940, WASOéE[E?)'Fhl ororret_héne and 2 n

Vs ~
- N ) is a nitrogen containing heterocycle that may be saturated, unsaturated,
N
B or
40 . partially unsaturated, and may be optionally mono-, di-, or tri- substituted with a

defined substituent, with the proviso that R! and R? are not both hydrogen,
m=0-6; n=0-6; p=0-1; g=0-1;
or a pharmaceutically acceptable salt thereof which is useful as an immunosuppressive,

antiinflammatory, antifungal, antiproliferative, and antitumor agent.
45
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car@gnate as a white foam 10

42- p,\_nltrophenyl carbonate in 25
wi t@&: amoni a gas for one hour.
and the filtrate was evaporated. T

(= 9o 0458~
A solution of 630 ng rapanycin

'm]shﬂ‘,mgqnmg'uegggNwas treat ed at O[err]
The §r esul tH PEA(}E‘BI ow {

uspensi
mat ogr

pREﬂ-A&EM&NTiSi‘eEET |

gel. Elution with 25% n-hexane in ethyl acet ate afforded 43 Oof the
title conpound as a white foam np 101-103. 45b- | R( KB ) 31150%

NH), 1720 (|l actone and ketone C=0), 1645 (am de C=0), 1460, 8 0
cml1l. [err]H NWR (CDO [err], 408 MATEES]|OF, 1N H-)' ~335
3.14 (all s, 3H, -OCH3) ppm M. (neg. i.on FAB): 956 (M), 590, 364. 20

10

15

20

25

30

35

This invention relates to carbamates of rapamycin and a method for using them
for mducmg immunosuppression, and in the tréatment of transplantation rejection, host

vs. graft disease, autoimmune diseases, diseases of inflammation, solid tumors, fungal

infections, and hyperproliferative vascular disorders.

Rapamycin is a macfo_cyclic triene 'antibiotic. pfoduced by Streptomyces
hygroscopicus, which was found to have antifungal activity, particularly against
Candida albicans, both in yitro and jn 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
(US. P.at,ent 4,401,653) has been shown to have antitumor activity. R. Martel et al.
[Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed that rapamycin is effective in

_the experimental allergic encephalomyelitis model, a model for multiple sclerosis; in the

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

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

Rapamycin has also been shown to be useful in preventing or treaﬁng systemic
lupus erythematosus [U.S. Pateﬁt 5,078,999], pulmonary inflammation [U.S. Patent
5,080,899], insulin dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res. Assoc.
121 (Abstract), (1990)], and smooth muscle cell proliferation and intimal thickening

- following vascular injury [Morris, R. J. Heart Lung Transplant 11 (pt. 2): 197 (1992)].

Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43
positions) have been shown to be useful as antifungal agents (U.S. Patent 4,316,885)
and used to make water soluble prodrugs of rapamycin (U.S. Patent 4,650,803).
Recently, the numbering convention for rapamycin has been changed; therefore
according to Chemical Abstracts nomenclature, the esters described above would be at
the 31- and 42- positions. U.S. Patent 5,118,678 discloses carbamates of rapamycin
that are useful as immunosuppressive, anti-inflammatory, antifungal, and antitumor
agents.
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Exdgnpl e 2 Rapanycin 42-ester with 2-

 REPLACEMENT SHERT |

sol uéi on of 270 my rapanycin 42- brrist SHEETeHA
di chl oronet hane was treated at .
et hanol amne in 0.5 nL dichloro afre—T e yel | ow sol uti or

r e 15 AUGE 1998y

s stirred at

OC under a nitrogen atnosphere for 45 mnutes. The.reactior m xture Was

diluted with 120 nlL dichl or onet hane, washed-Rit+h 1N. HO , Led with
MySg err] and evaporated. 30 The residue was chromatographed on silica
gel . El ution wDESERBTION OFITHE INWENAFON( 2/ 1) afforded 85 ng of the title

Comound 25 2t AR iy ok Whip dEyldgEienc

cm 1. [err]H NNRm@Bsuppressive.soniinfianmmatory, antifungal, antiproliferative, and antitumor

agents having the structure

5
_ 4y
wherein R! and R2 are each, independently, hydrogen,
~CONH-[(CR3R#)m(-A-(CRSRS))plg-B;
10 _
R® 77N
-CO-N{ ,or -CON )
\RIO : N ,,

R3, R4, RS and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon

15 atoms, alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon ~
atoms, arylalky! of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, ~-OR7,
-SR7, halogen, -CN, -NOj, -CF3, -COR7, -CO2R7, -CONHR7, -SO3R7,
-OSO3R7, -NR7R8, -NHCOR?, -NHSOR7, or Ar;

B is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6

20 carbon atoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12
carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
-COR7, -<CONHR7, -OSO3R7, -NR7R8, -NHCOR?, -NHSO,R?, or Ar;

-
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 REPLACEMENT SHEET |

=] oL o art

3.0 (m 2H, -CHerr]-0OH), 3.65 (m_2H a
s, 3H 35 -OCHerr]) ppm M (neg Tms_’&bh@): 8, 297

AHP- 92057/ CI EPPC* -16- The fol | ow ng r epimd68 at ive! compourdd 18 AUG 1996
prépared fromrapanycin 42-p- nitraphen Carbonate (prepargd las_discl osed
I n Exanpl e 1) and the appropriate am ne by Qg’gl oyi ng the netlhod used to

3. 38, |3.
), 590,]4C

prepare the title conpound in Exanple 2. 5

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms; arylalkyl of
7-10 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms,
alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12 carbon atoms,
5 dialkylaminoalkyl of 3-12 carbon atoms, cycloalkyl of 3-8 carbon atoms, or Ar;
R? and R10 are each, independently, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon -
atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalky] of 3-12 carbon atoms,
10 arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -CF3, -COR7,
-CO2R7, -CONHRY, -SO2R7, or Ar; '
Ais -CHj-, -NR7-, -O-, -S-,-SO-, -PR7-, -NHCO-, -NHSO- or -P(O)(R7)-; -
Aris naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl,
furyl, benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl,
15 thiazolyl, isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,
benz[b]thiophenolyl, benzimidazolyl, benzthiazolyl, benzodioxolyl, piperidinyl,
morpholinyl, piperaiinyl, tetrahydrofuranyl, or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected
from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6
20 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
allkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-POsH, and -CO3H;

25
PN
-N ) is-a nitrogen containing heterocycle that may be saturated, unsaturated,
N -
or partially unsaturated, and may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of
30 2-7 carbon atoms, trifluoromethyl, amino, dialkylainino 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 -COxH;
with the proviéo that R1 and R2 are not both hydrogen;
35 m=0-6;
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Rapanmyci n 42-ester with cycl ohexyl
napt hyl

acid Rapanycin 42-ester with 3-cyanopropyl
42-ester with 2- hydr oxy- hexaf | uor oi sopr opy!
2- (4- hydr oxyphenyl ) et hyl

42-ester with 2-methoxycarbonyl -
Rapanycin 42-ester vm'th
Rapanmyci n 42-ester

wi th 2- phosphorfbX e\t%\

carbam c acid Rapanycin 42-ester with 1-(2-naphthyl

1- ( 2- hydr oxyi soxazoly1) net hyl
2, 2- di met hoxyet hyl
carbam c acid 15

carbam c acid Rapanyci n 4f=¢ —tf »

HEPLAGEMENISHEET
panym 1)

Y

carfb m c aC| g 99

car bari -

carbam c acid Ragamycin 42-ester

carbam c acid 10
carbamc acid

3 (J.\.,lu

Rapanycin 42- ester wrtn

2-sul finoet hyl
1- car boxy- 3-( ”E&Qb'ju' finyl)propyl

10

15

20

25

aci d Rapamycin 42-ester with

p::alobaam o
carbam c acid

or a pharmaceutically acceptable sait thereof.

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

It is preferred that the aryl portion of the arylalkyl substituent is a phenyl,
piperazinyl, piperidinyl, or pyridyl group that is optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10
carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of 2-7
carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl

~ group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO,H.

-—

=
-N

N 7

It is preferred that ) is a pyridyl, pyraiinyl, piperidinyl,

" morpholinyl, piperazinyl, pyrrolidinyl, thiazolyl, pyrimidinyl, isoxazolyl, pyrrolidinyl,

or imidazolyl group that may be optionally substituted as described above.

Of these compounds, preferred members are those having the structure



Rapanmycin 42-ester with BoTTs
aci d Rapanycin 42-ester w ‘ $ hgeycar boyl ) propy
‘Rapanycin 42-ester with ; I

Rapamycin 42-ester with. ;
Rapamycin 42-ester w th 1-methoxycarbonyl - 2-(4- hydr oxyphenyl ) et %m
acid Rapanycin 42-ester with 1-nethoxycarbonyT-2-(5-i m dagol I)et M‘Ga
‘carbam ¢ acid Rapanycin 42-ester with 1-(phenoxycarbonyl) el
aci d Rapanycin 42-ester w th 1-carboxy-2-nethyl - éRphospho oxyet hyl carbam
acid 25 Rapanycin 42-ester with -

propyl cafb L(ACEMENTQBHEET'

am ¢ acrd

- 2- hydr oxyet hyl-

'IC

t hyt—eea~bami.C

°

1- car bophenyl nmet hoxy- 2- (phenyl net hoxy) et h bam ¢ acid Rapamycin
- 42-ester with 1-(4-bronopehnoxynet hyl) ety arbgre aci d Rapanycin
42-ester with 2-(phenyl carbonyl oxy)ethyll car bam c,,acid

10

15

20

25

wherein R! and R2 are each, independently, hydrogen, or
-CONH-[(CR3R4)m(-A<(CRRO)n)ple-B; |

R3, R4, RS and RS,are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NO», -CF3, -COR7, -CONH3>, -502R7, -OSO3R7 -NR7RS,
-NHCOR7, -NHSO2R8, or Ar;

B is hydroxy, -SR7, -CN, -COR7, -CONH3, -OSO3R7 -NR7R8, -NHCORY,

-NHSORS, or Ar;

Ais -CHs-, -NR7-, -O-, -§-, -PR7-, or -P(O)(R7)-;

R7 and R® are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar;

Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl,
furyl, benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, or
benzodioxolyl; wherein the Ar group may be optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-
10 carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of
2-7 carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoins
per alkyl group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO2H;

with the proviso that R! and R2 are not both hydrogen;

m=0-6,n=0-6,p=0-1;

q=0-1;

or a pharmaceutically acceptable salt thereof.
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Rapanycin 42-ester with 1-propyl carbonyl oxy- 3- et hyl propyl cprRERGACEMENT SHEET |
Rapanmyci n 42-ester with 1-phenyl met hoxycarbonyl - 3- (3-i ndol yl § pf opy? _
carpam c acid 30 Rapanycin 42-ester with _ UG

1- propyl oxycar bonyl - 3- (et hyl sul fi nyl ) propyl carbam c acid Ha arrycq ﬁ‘ 996
42-ester with 1-(butyl oxycarbonyl)-3-(nethylthio)propyl carjjarfre—acid
Rapanycin 42-ester with -6- .

1- ((4-chl orophenyl ) met hoxycarbonyl ) - 2- (phenyl net hyl t hi 0) et hyT—cartam-e
aci d_Rapamycin_42-esPesfoied mehsers mmmnyéeaom;munakmmm RIi3 hpddogen;

b d 3 Ra
L 2 met by prop BeyEas BRA B =8 ST i r“'fb?seegmm D¢ Bois oty 409 R 15 Ipdiogen:
with 1-et hoxycatﬁmeylh MﬂucﬂaynrcharstmnR )ip hydnpiger, ant Ax is pyridy], Rapgd npiperazinyl,
42-ester with 1; Iyl tﬁoée%n%ﬂ]gdhmid-rﬁ)xygﬁé’ﬂg@wase in whichm =2,
l/’ car c?. .

hosphonoxy) et h
PROSP y) n=0,p= lq-landAls-O-orNR7

—-—

7/ ~ .
those in which R! is 'N ) and R2is hydrogen; and those in which Rlis
\N_ . o :
7 -~ o 7 -\ ) . .
-N ) ,R? ishydrogen, and -N ) is an optionally substituted
N 7 i N e

morpholinyl or piperazinyl gi'oup.

This invention also provides processes for preparing the compounds of formula

10 I Accordingly this invention provides a process for preparing a compound of formula
I which comprises |

(a) carbamylating rapamycin; 42-R1- substituted or 31-R2- substituted rapamycin

in which R1 and R2 are as defined above or a 42 protected derivative of rapamycin

using an isocyanate of formula
15 ' ' 0O=N=C-Q

wherein Q represents [(CR3R*)m(-A-(CROR)n)plq-B wherein m, n, p, q, A, B, R3,
R4, RS and R_6 are as defined above and if required removing the 42 protecting group,

or
20  (b) reacting a carbonate derivative of rapamycin of formula:




carbam c acid 45 Rapanycin 42-ester with 2-sul fothioethyl carbam c acrd
Rapanmycin 42-ester with 2-thioethyl carbam c_aci aniaparryci n 42-ester with
2- benzoyl t hi oet hyl carbam ¢ acid Rapanyci nAZI2>¢®ter with '
2- phosphonot hi oet hyl carbam ¢ aci d Rapanyc #f2-ester with

1- et hoxycar bonyl - 2- sul fi noet hyl carbam c .&

10

15

20

where one of R11 and R12 is selected from the values for R1 defined above, the other
is a group of formula

-O- ‘-O-_aryl
_ (I1) _
wherein aryl is an aryl group preferably substituted by electron withdrawing
substituents, e.g Ar=nitrophenyl, pentachlorophenyl, or Rllisa protecting group or
both R11 and R12 have Formula I with an amine of formula

H2N-[(CR3R%) 11 (-A-(CRSRO)p)plg-B

or
RY
S .
HN" '
\RIO
or '
s PR
- \
HN /
N



50 Rapanycin 42-ester with 2-(2-chl oro-6-fl uor ophenyl net hy|t Vi
pamyci w ( Uy opheny! et hy ¥ RESDATENENT SteeT

carbam c acid

carbamc acid 5 Rapanycin 42-ester with
2- (N, N- bi s- ( 2- hydr oxyet hyl ) ami no) et hyl carbani ¢ aci d Rapanyc|n A1 BAUG 1996
W th 2- (N-phenyl net hyl - N- ((3-ethyl -5-nmethyl)-4- isoxazol yl mef hyl) et hyl
carbam c acid Rapanycin 42-ester with -8- .

1- (( N- et hyl -

10

15

20

-17- Rapanycin 42-ester with N-(2-imdazoly

N car boxynet hyl ) am no) car bonyl net hyl carbam c 'akc_'Ld :

where
LTS
- A
- . -N . ; ,
~ e

R3-10, A, B, m, n, p, and q are as defined above and removing any protecting group
R1 1 jf required,
or

(c) carbamylating rapamycin, 42—R1¥su5stimted or3 1-R2—substituted rapamycin in

which R1 and R2 are as defined above or a 42-protected derivative of rapamycin using

. an haloacyl compound of formula

RO
halCON/

\RIO

or

7/ ~
.”halCOo -N

wherein R9, R10 and

are as defined above and hal represents a halogen such as chlorine or bromine.

In detail compounds of this invention carbamylated at the 42-position or at both
the 31- and 42-positions can be prepared by converting the 42~ and/or 31-alcohols of
rapamycin to a carbonate followed by reaction with an appropriately substituted amine

to provide the desired carbamate. This scheme is illustrated below for the preparation

of the compound of Example 2.



MoV

10" Rapamycin 42-ester with cyanonethyl carbam c acid Rapany S,
“wi th 1-phenyl - 1-cyanomet hyl carbamni ¢ aci d Rapanycin 42-ester zcEMENT SHEET
1-chl oro-1- (phenyl sul fonyl ) net hyl carbami c acid Rapanycin 43-¢gster Wt
-1-isoqui nol'yl carbam c acid Rapanmycin 42-ester with 1-(4-chl oropll,gwxpg-.g%
-(2-(1,2,3,4-tetrahydroi soquinolyl))- 15 nethyl carbam c aqi d Exanp
~Rapanycin 42-ester with piperazine-|-carboxyl$e acid 20 A S Q0L
~of 190 ng (2.2 muol e) piperazine in 4 nL dichl oronet hane wag_added to a

"solution of 550 ng (0.51 mmol e) rapanyci ng42- (4-nitrophenyl’)carbonate-tmi2
. mL di chl oronet hane at O[err]C und (trofjen and stirred 45 m nutes.
;' Partitioning - 02N“©_OCC1 O

RAP-OH

0
1l .
RAP-OCNHCH,CH,OH

_ Alternatively the compounds of this invention carbamylated at the 42-position or

5 at both the 31- and 42-positions can be prepared by reacting rapamycin with an

appropriately substituted isocyanate under neutral conditions or in the presence of a
base, such as pyridine. Preparation of carbamates of rapamycin using this method was
disclosed in U.S. Patent 5,118,678, which is hereby incorporated by reference. '

The 31-carbamylated compounds of this invention can be prepared by

10  protecting the 42-alcohol of rapamycin with a protecting gfoup, such as with a tert-
buty! dimethylsilyl group, followed by carbamylation of the 31-position by the
procedures described abové._ Removal of the protecting group provides the 31-
carbamylated compounds. In the case of the tert-butyl dimethylsilyl protecting group,
deprotection can be accomplished under mildly acidic conditions.

15 Having the 31-position carbamylated and the 42-position deprotected, the 42-
position can be carbamylated using a different amine (via the carbonate) or isocyanate
than was reacted with the 31-alcohol, to give compounds having different carbamates at
the 31- and 42- positions. Alternatively, the 42-carbamylated compounds, prepared as
described above, can be reacted with a different amine (via the carbonate) or isocyanate

20  to provide compounds having different carbamates at the 31- and 42-positions.

| The amines and isocyanates used to prepare the compounds of the invention are
commercially available or can be prepared by methods that are disclosed in the

literature. ' _
This invention also covers analogous carbamates of other rapamybins such as,

25 but 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 5-positions have been reduced [U.S. Patent



chromat ography through silica gel using 5% net hanol in dichlofopethane
yi el ded 350 ng product as a 25 pal e yellow solid, nmp 120 -
(KBr): 3460, 2950, 1705, 1650, 1460, 1245, and 990-cnferr]. N
MHz): [err] 4.8 (broad, 1H, NH); 3.46 (broad, 4H, 2pi perazinqg);
3H, Owe); 3.33 (s, 3H, Ow); 3.14 (s, 3H, Owved:; 2.83 (broad, :
3-pi perazine) ppm M (neg ion FAB): 1025 (M), 590. 30 35 Exanpl e 4
- Rapanyci n 42- e${028,262];MBoxorapanidni{U.S ®atknt 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, 7,32-desmethylrapamycin under C.A.
nomenclature]; and 15-hydroxy- and 15,27-bishydroxy- rapamycin [U.S. Patent
5 5,102,876). The dlsclosures in the above cited U.S. Patents are hereby 1ncorporated
by reference.

Immunosuppressive act1v1ty for representative compounds of this invention was
evaluated in an in vitro standard pharmacolog1cal test procedure to measure lymphocyte
proliferation (LAF) and in an jn vivo standard pharmacological test procedure which

10  evaluated the survival time of a pinch skin graft.

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

15 cultured with and without various concentrations of rapamycin, cyclosporin A, or test
' compound. Cells are harvested and incorporated radioactivity is determined. Inhibition
of lymphoproliferation is assessed as percent change in counts per minute 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
20 for rapamycin. When evaluated as a comparator for the representative compounds of
this invention, rapamycin had an ICsq ranging from 2.2 - 9.9 nM. The results obtained
for the representative compounds of this invention were also expressed as a ratio
compared with rapamycin. A positive ratio indicates iinmunosuppressive activity. A
ratio of greater than 1 indicates that the test compound inhibited thymocyte proliferation

25  to a greater extent than rapamycin. Calculation of the ratio is shown below.

3H-control thymus cells - '3H-rapamycin-treated thymus cells
3H-control thymus cells - 3H-test compound-treated cells

30 Representative compounds of this invention were also evaluated in an in vivo
test procedure designed to determine the survival time of pinc‘h skin graft from male
BAB/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

35 allograft, and an isograft was used as control in the same region. The recipients were
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



-18- A solution of 108 ng rapanycin_42-p- hjtrnnhpnvl car bonat bEP%@‘WENT SHEET

di chl oromet hane, cooled to -10[err] qmgdﬁqEEé[ HAS rBEBEr at nosphgr
treated with 6.4 ng hydrazine in O. HeppAGrpP et hc}ne. The fegction
mxture was stirred at -10[efr]C un i ve hourg. | TheSyAUG 9996

suspension was filtered, the filtrate 5 _ evaporated, and thely¢l|l ow
residue was chromat ographed on silica gel. Hution wth ethyl '
acet at e/ n-hexane (4/1) afforded 52 ng of the title conmpound ag a white

solid, nmp 110- 1drp 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
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
5  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 12.0 1.7 days was obtained
 for rapamycin at 4 mg/kg.

The following table summarizes the results of represéntative compounds of this
.10  invention in these two standard test procedures.

TABLE 1. EVALUATION OF IMMUNOSUPPRESSIVE ACTIVITY*

LAF Skin Graft
15 Compound ICso (nM) (ratio) " (days £ SD)

1.29 11705

Example 1
1.22 103 0.8

Example 2

—
(=]
O

20 Example3

Example 4

- Example 5

Example 6

. Example 7

25 Example 8
Example 10
Example 11
Example 12
Example 13
30 Example 14
Example 21
Example 23
Example 24
Example 26
35 Example 27
Example 28
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* Calculation of the ratio was described supra.

40 | The results of these standard pharmacological test procedures demonstrate
immunosuppressive activity both in vitro and in vivo for the compounds of this
invention. Positive ratios in the LAF test procedures indicates suppression of T-cell
proliferation, thereby demonstrating the immunosuppressive activity of the compounds
of this invention. As transplanted pinch skin grafts are typically rejected within 6-7
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. o REPLACEMENT Shek!
| RCKBr): 3400 (OH and NH), 1720 (lactone and ketone C=0)), %ZY (am de
r

- C=0), 1450, 1090 and 750 cm 1. 1H NMR (CDCl[err], 400 MHz): r]1'\§3 6 1996
3.34, 3.14 10 (all s, 3H -OCCHerr]) ppm M (neg i on FAB): ﬁ

590, 167. EXanple 5 Rapanycin 42-ester with hydr oxcar banm ¢ acy d—# A
solution of 210 ng hydroxyl am ne hydrochloride in 3 m 1N K aqueous
solution was diluted with 3 nL tetrahydrofuri#» The solution~Was stirred at
. -78[err] C under nitrogen and 110 ng of rapanycin 42-p-nitrophenyl carbonate

_ \g/aﬁ addedGI IThe da8 WithoGOthe uxd off £ 1mm§upp§eeﬁv@i getlf, &mh&eusedfsunaﬁrtwm@r
ours Il uteq.w ract ed ,w acet.a act
was washed wit I‘F(?(HTWEI V%F%Ea‘ﬁ% %&TE‘?@F étgxs 10VERHo ng’

resi due was chrutility agiraptmatuppressiveiagentgel . El ution with et hyl

S Based on the results of these standard pharmacological test procedures, the
- compounds are useful in the treatment or prevention of transplantation rejection such as
~ kidney, heart, liver, lung, bone marrow, pancreas (islet cells), cornea, small bowel,
and skin allografts, and heart valve xenografts; in the treatment of autoimmune diseases

such as lupus, rheumatoid arthritis, diabetes mellitus, myasthenia gravis, and multiple -
10 | sclerosis; and diseases of inflammation such as psoriasis, dermatitis, eczema,
seborrhea, inflammatory bowel disease, pulmonary inflammation, asthma, and eye

uveitis. _ ' '

Because the compounds of this invention are structurally similar to rapamycin
and the carbamates of rapamycin disclosed in U.S. Patent 5,118,678 and have a

15 . similar activity profile to rapamycin and the carbamates of U.S. Patent 5,118,678, 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, fungal infections, and hyperprohferanve vascular
diseases such as restenosis and atherosclerosis.

20 _

It is contemplated that when the compounds of this invention are used as an
immunosuppressive or antiinflammatory agent, they can be administered in conjunction
with one or more other immunoregulatory agents. Such other immunoregulatory
agehts include, but are not limited to azathioprine, corticosteroids, such as prednisone

25 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,
lesser amounts of each of the agents are required to achieve the desired effect. The
basis for such combination therapy was established by Stepkowski whose results

30 showed that the use of a combination of rapamycin and cyclosporin A at subtherapeutic
doses significantly prolonged heart allograft survival time. [Transplantation Proc. 23:
507 (1991)].

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




acet at e/ n-hexane (2/1) afforded 20 ng of the title conpound
107-110[err]. IR(KBr): 3400 (OH and NH), 1740 (lactone C=0),
C=0), 1640 (am de C=0), 1450, 1100, 985, 750 cm[err]. 1H N
400 M—Iz) [ferr] 3.37, 3.35, 3.14 (all s, 3H, -CCH err]) ppm| M
FAB): 972 (M), 913, 950. 25 Exanple 6 Rapar?/m n 42-ester wijt
2-(pyridin-2-yl)-ethyl carbam c acid A sol 3n of 210 ng r
42-p-ni trophenyl carbonate in 8 m 30 di chl or onet hane was
under N2 with 122 rrgAzsom camiierocant inglujle ope jod inmge isnbstanties ayhieh mayndsman ;

The reaction m erﬁE' Mb‘?ﬁ:ﬁﬁ% %ﬁl})’iﬁzei’é’ sg%%ralg‘lﬁf‘s rfﬂ‘ﬂeﬁ-s, % dﬁ:lgﬁ@d

with 200 ml dic ane ried
' compress1on aids, binders or tablet-d151ntegrat1ng agents; it can also be an encapsulating -

material. In powders, the carrieris a finely divided solid which is in admixture with the
5 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
the shape and size desired. The powders and tablets preferably contain up to 99% of
the active ingret_iient; Suitable solid carriers include, for example, calcium phosphate,

magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl
10  cellulose, sodium carboxymethyl cellulose, polyvinylpyrrolidine, low melting waxes
and ion exchange resins. |

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

15  solvent, a mixture of both or pharmaceutically acceptable oils or fats. The liquid carrier
can contain other suitable pharmaceutical additives such as solubilizers, emulsifiers,
buffers; preservatives, sweeteners, flavoring agents, suspending agents, thickening
agents, colors, viscosity regulators, stabilizers or osmo-regulators. Suitable examples
of liquid carriers for oral and parenteral administration include water (partially

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

25  in sterile liquid form compositions for parenteral administration. The liquid carrier for
pressurized composmons can be halogenated hydrocarbon or other pharmaceutically
acceptable propellant

Liquid pharmaceutical éompositions which are sterile solutions or suspensions
can be utilized by, for example, intramuscular, intraperitoneal or sﬁbcutaneous

30 injection. Sterile solutions can also be administered intravenously. The compound can
also be administered orally either in liquid or solid composition form.

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

35 partially aqueous solution, which can then be utilized in the form of an aerosol. The
compounds of this invention may also be administered transdermally through the use of
a transdermal patch containing the active compound and a carrier that is inert to the



with MgSH. The sol vent was evaporated and the residue chro FBMEM@&T&HEET
silica gel. Elution with ethyl acetate/n-hexane (4/1) affor@lef 70 ng of the
title product as a 35 white solid, np 95-98. IR (KBr): 3490} ( CHoAUG 996
1726 (lactone and ketone C=0), 1645 (am de C=0), 1450, 1250 090, 1100 and
990 cm[err]. -19- 1H NWR (CDCl[err], 400 MHz): [err] 8.92 (0, T = 12
cps, 1H, proton c), 7.59 (t, 1H, proton b), 442 (m 2H, protons a), 3.32,

3.31 and 3.12 (each s, 3H, OCHS) 3.58 (t,
active compound is non toxic to the skm 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

5 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 é_ reservoir containing the active ingredient -
with or without a carrier, or a matrix _containing the active ingredient. Other occlusive

10  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.

15 The dosage requirements vary with the particular compositions employed, the
route of administration, the severify 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

20 mg/kg. Treatment will generally be initiated with small dosages less than the optimum
dose of the compound. Thereafter the dosage is increased until the optimum effect
under the circumstances is reached; precise dosages for oral, parenteral, nasal, or
intrabronchial administration will be determined by the administering physician based
on experience with the individual subject treated. Preferably, the pharmaceutical

25 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

30 pumber of any such compositions in package form.

The following examples illustrate the preparation of representative compounds
of this invention. -
35 ' _
Example 1
Rapamycin 42-ester with carbamic acid



2H* protons e), 2.97 (t, 2H_protons d) ppm M5 (neg. ion FAB):
590, 469. [err]

1061 (M),
Exanple 7 10 Rapanycin 42-ester with :
2-(pyridin-2-yl)-ethyl carbam c acid hydrochloride salt A solu i.ffEPLﬂCE{ﬁﬁﬁ)r SHEET—

m xture of one m ethyl acetate and 4 ml ether was treated at -
under N2 with 0.5 m 1IN HCl (gas) in ether. -TSe hydrochl ori de |s
instantly. Stirring 15 was continued at. -78 under Nerr] for |1/
product was collected by filtration, washed with ether, and dfied in vacuum
to afford 198 ng of hhs
102-110[ err] (dec).

ng rapanycin 42 ester with 2-(pyridin-2-yl)-ethyl carbam c acid
8[%
%t
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o ANG995

our. The

—

%lﬁtic}nl of 20 (g) g{"?atpa%%(cﬁ 1%&)&1?1 of a{cihfldroﬂigthane and 2 mCofdry

pyridine was cooled to -78°C under a nitrogen atmosphere. To this'sol_u_tion, 662 mg
4-nitrophenyl chloroformate was added; the resulting solution was stirred at room
temperature under nitrogen for 20 hours. The mixture was diluted with water and
extracted with dichloromethane. The dichloromethane extract was washed with water,
dried over MgSO4 and evaporated. The residue was chromatographed on silica gel.
Elution with 33% ethyl acetate in n-hexane gave 2.07 g of rapamycin 42-p-nitrophenyl
carbonate as a white foam. N ' g - _

A solution of 630 mg rapamycin 42-p-nitrophenyl carbonate in 25 mL
dichloromethane was treated at 0° with ammonia gas for one hour. The resulting
yellow suspension was filtered and the filtrate was evaporated. The residue was
chromatographed on silica gel. Elution with 25% n-hexane in ethyl acetate afforded
430 mg of the title compound as a white foam, mp 101-103°.

IR(KBr): 3450 (OH and NH), 1720 (lactone and ketone C=0), 1645 (amide

=0), 1460, 1190, 890, 760 cm~l. 1H NMR (CDCl3, 400 MHz): § 4.6 (s, 2H,

NH2), 3.40, 3.33, 3.14 (all s, 3H, -OCH3) ppm. MS (neg. ion FAB): 956 (M’), 590,
364.

. Example 2
Rapamycin 42-ester with 2-hydroxyethyl carbamic acid

A solution of 270 mg rapamycin 42-p-nitrophenyl carbonate in 8 mL
dichloromethane was treated at -10°C under a nitrogen atmosphere with 61 mg
ethanolamine in 0.5 mL dichloromethane. The yellow solution was stirred at 0°C under

a nitrogen atmosphere for 45 minutes. The reaction mixture was diluted with 120 mL .

dichloromethane, washed with 1N HCI, water, dried with MgSO4 and evaporated.
The residue was chromatographed on silica gel. Elution with ethyl acetate/n-hexane
(2/1) afforded 85 mg of the title compound as a white foam, mp 100-105°, | .
) IR(KBr): 3430 (OH, NH), 1720 (lactone and ketone C=0)), 1640 (amide
C=0), 1520, 1450, 1240, 1080, 985 and 760 cml. IH NMR (CDCl3, 400 MHz):
3.70 (m, 2H, -CH2-OH), 3.65 (m, 2H, -NH-CH?), 3.38, 3..33, 3.14 (all s, 3H,
-OCH3) ppm. MS (neg ion FAB): 1000 (M-), 590, 408, 297. |



| R*(KBr): 3400 (OH, NH), 1720 (lactone and ketone C=0), 1640 (ari
1520, 1450, 1150, 1100, 990 cm| e ‘]"§§%E ﬁ DIVBOD6, 400

8.77 (d, J = 12 cps, 1H, proton c oton b), 7.8
protons a), 3.63 (t, 2H, protons CE puot ons d), 3. A3 3
3.03 (each s, 3H, -OCHerr]) ppm VB (neg I on FAB) 1061 (M),
[err] Exanple 8 Rapamycin 42-ester with 2-(pysidin-2-yl)ethylc
met hanesul fonate salt 30 '

The following representative compounds can be prepared from rapamycin 42-p-
nitrophenyl carbonate (prepared as disclosed in Example 1) and the appropriate amine

by employing the method used to prepare the title compound in Example 2.

5 Rapamycin 42-ester with cyclohexyl carbamic acid
- Rapamycin 42-ester with napthyl carbamic acid
Rapamycin 42-ester with 1-(2-naphthylethyl) carbamic acid
Rapamycin 42-ester with 3-cyanopropyl carbamic acid
Rapamycin 42-ester with 2-hydroxy-hexafluoroisopropyl carbamic acid
10  Rapamycin 42-ester with 2-methoxycarbonyl-2-(4-hydroxyphenyl)ethyl carbamic acid
Rapamycin 42-ester with 1-(2-hydroxyisoxazolyl)methy! carbamic acid
Rapamycin 42-ester with 2-methoxyisopropyl carbamic acid
Rapamycin 42-ester with 2,2-dimethoxyethyl carbamic acid
Rapamycin 42-ester with 2-phosphonoxyethyl carbamic acid
15 Rapamycin 42-ester with 2-sulfinoethyl carbamic acid
Rapamycin 42-ester with 2-methoxyethyl carbamic acid
Rapamycin 42-ester with 1-carboxy-3-(methylsulfinyl)propyl carbaxmc acid
Rapamycin 42-ester with 1-methoxycarbonyl-3-(methylthio)propyl carbamic ac1d
Rapamycin 42-ester with 1,3-(bis-ethoxycarbonyl)propyl carbamic acid
20 Rapamycin 42-ester with 1-ethoxycarbonyl—Z—methylpropyl carbamic acid
Rapamycin 42-ester with 1-butoxycarbonyl-2-hydroxyethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(4-hydroxyphenyl)ethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(5-imidazolyl)ethyl carbamic acid
Rapamycin 42-ester with 1-(phenoxycarbonyl)methyl carbamic acid
.25 Rapamycin 42-ester with 1-carboxy-2-methyl-2-phosphonoxyethyl carbamic acid
- Rapamycin 42-ester with 1-carbophenylmethoxy-2-(phenylmethoxy)ethyl carbamic
acid
Rapamycin 42-ester with 1-(4-bromopehnoxymethyl)ethyl carbamic acid
Rapamycin 42-ester with 2-(phenylcarbonyloxy)ethyl carbamic acid
30 Rapamycin 42-ester with 1-propylcarbonyloxy-3-methylpropyl carbamic acid
Rapamycin 42-ester with 1-phenylmethoxycarbonyl-3-(3-indolyl)propyl carbamic acid
Rapamycin 42-ester with 1-propyloxycarbonyl-3-(methylsulfinyl)propyl carbamic acid
Rapamycin 42-ester with 1-(butyloxycarbonyl)-3-(methylthio)propyl carbamic acid
Rapamycin 42-ester with 1- ((4—chlorophenyl)methoxycarbonyl)-2-(pheny1methy1th1o)
35 ethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-1-(trifluoromethyl)methyl carbamic acid
Rapamycin 42-ester with 1-(2-methylpropoxycarbonyl)-2-chloroethyl carbamic acid
Rapamycin 42-ester with 1-ethoxycarbonyl-3-(aminocarbonyl)propyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(P-(2,3-dihydroxypropyloxy)
40  phosphonoxy)ethyl carbamic acid
Rapamycin 42-ester with 1-cyano-1-(ethoxycarbonyl)methyl carbamlc acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(carboxymethylthio)ethyl carbamic acid
Rapamycin 42-ester with 1-phenoxycarbonyl-1-(2-thenyl)methyl carbamic acid
Rapamycin 42-ester with 1-phenylmethoxycarbonyl-2-(sulfo)ethyl carbamic acid
45  Rapamycin 42-ester with 4-(ethylthio)butylamine
Rapamycin 42-ester with 2-phenylthioethyl carbamic acid
Rapamyecin 42-ester with 2-sulfothioethyl carbamic acid
Rapamycin 42-ester with 2-thioethyl carbamic acid
Rapamycin 42-ester with 2-benzoylthioethyl carbamic acid
50 Rapamycin 42-ester with 2-phosphonothioethyl carbamic acid
Rapamycin 42-ester with 2-(methylthio)propyl carbamic acid
Rapamycin 42-ester with 1-ethoxycarbonyl-2-sulfinoethyl carbamic acid
Rapamycin 42-ester with 2-(2-chloro-6-fluorophenylmethylthio)ethyl carbamic acid
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-20° - A solution of 16 ng (0. 16 rrrmle) rrethanesulfonic aCid'Téﬁ eter
was added to a solution of 160 ng (@-—+o—re] cin 42-e$t g%CfMENT SHEET
2- (pyridin-2- yl)ethyl carbam c aci d TWSZ ‘f\ﬁﬂe ,etate and{ 4] nL et her—at

-78 C. under nitrogen. After warmng to ZREPLA soI vgnt was d=cant1$

the residue was triturated thrice 5—wTth ether, |eaving 108

~conpound as a pale yellow solid, np 95-110 _(dec) IR (KBr){ 3526 ”0‘2”
1725; 1650, 1460, and 778 cnferr]. 1H NVR (¢ 13 400 MHz): [ferr] 8.74 (d, '

1H, 6- pyr| dyI) _ald Eggmﬁh 2§niﬁ§zoﬁ anﬁﬁ_& agJ\@J Zal4 (s, 3H OvE)S
2.92 (s, ”ﬁﬁ%@‘%ﬁﬁﬁ? E; -&,N-dx ropyj%ammo)eﬂlyl cafbinuc acid

Sarmer

Rapamycm 42-ester with 2-(N, ,N-b1s-(2-hydroxyethyl)armno)ethyl carbamic acid

- Rapamycin 42-ester with 2-(N-pheny1methyl-N-((3-ethyl-5-methyl)—4—

10

15 -

20

25

30

35

40

isoxazolylmethyl)ethyl carbamic acid

Rapamycin 42-ester with 1-((N-methyl-N-carboxymethyl)amino)carbonylmethyl
carbamic acid

Rapamycin 42-ester with cyanomethyl carbamic acid

Rapamycin 42-ester with 1-phenyl-1-cyanomethyl carbamic acid

Rapamycin 42-ester with 1-chloro-1-(phenylsulfonyl)methyl carbamic acid

Rapamycin 42-ester with 1-isoquinolyl carbamic acid

Rapamycin 42-ester with 1- (4-chlorophenyl)-1 (2-( 1 2,3,4-tetrahydroisoquinolyl))-
methyl carbamic acid

Example 3
apamycin 42-ester with 2-(dimethvlamino)ethvl carbamic acid

A solution of 100 mg rapamycin 42-p-nitrophenyl carbonate in 2 mL
dichloromethane was treated at 0° C under a nitrogen atmosphere with 44 mg N,N-
dimethylethylenediamine in 0.5 mL dichloromethane. The reaction mixture was stirred
at 0°C under nitrogen for 0.5 hour. The reaction mixture was diluted with
dichloromethane, washed with water, and dried over MgSO4. After filtration, the
dichloromethane solution was cooled to 0°C under a nitrogen atmosphere and treated
with 1.5 ml of 0.1 N HCI solution in ether. The crystalline material was collected by
filtration, washed with ether and dried at 56° under vacuum to afford 80 mg of the title
compound as a white solid which was isolated as the hydrochloride dihydrate, mp 125-
130° (decomposition). '

IR(KBr): 3400 (OH and NH), 1720 (lactone and ketone C=0), 1640 (amide
C=0), 1450, 1240, 1090, and 980 cm'l. NMR (DMSO-Dg, 400 MHz) & 7.36 (1H,
-OC(O)NH), 3.34 (m, 2H,-NHCH)3), 3.10 (m, 2H, CHa- N+H(CH3)2), 3.26, 3.14,
3.04 (all s, 3H, -OCH3), 2.76 (s, 6H -N*H(CH3)3) ppm. MS (neg ion FAB): 1027
(M), 590, 435, 167.

‘Analysis Calcd. for C56H89N3014 * HCl - 2 H20; C, 61.09; H, 8.60; N, 3.81.

Found: C, 61.06; H, 8.55; N, 3.91.

Example 4
Rapamycin 42-ester with aminocarbamic acid
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M5(neg ion FAB): 1061 (M), 590. .10 Exanple 9 Rapanycin 42}e
2-(pyridin-2-yl)ethylcarbamc acid mal eate salt 15 ol uti on of
mg (0.18 mmole) maleic acid in 1.0 nL ether was added to a po utlSrAUﬁ‘]%S
ng (0.17 mmol e) rapanycin 42-ester with 2-(pyridin-2- yl)ethyl carbam c aci
in 3 n. ethyl acetate and 2 nL ether at -78 C. under nitrogen. Arter
warmng to 15[ err], the mxture was diluted-WBth ether, th was
decanted and the residue was triturated with ether. Filtration, foll owe Y
diluting the filtrata wolutioROof 108xAgerapadytinf42-p-nittophieny { ehrbodatehin 5i e

conmpound as a ‘é@é@l@r@rﬁéthgne Wored 1o 11]07’515:{&1% m'ltthém’t’r)ospﬁe%g’ Qrasireled Wittt 8:4

1645, 1460, an
mg hydrazine in 0.4 mL dichloromethane. The reaction mixture was stirred at -10°C

under nitrogen for five hours. The yellow suspension was filtered, the filtrate
5 evaiporated and the yellow residue was chromatographed on silica gel. Elution with
ethyl acetate/n-hexane (4/1) afforded 52 mg of the title compound as a white solid, mp
110-115°.
~ IR(KBr): 3400 (OH and NH), 1720 (lactone and ketone C=0)), 1640 (amide
C=0), 1450, 1090 and 750 cm-!. !H NMR (CDCl3, 400 MHz): § 3.37, 3.34, 3.14
10 (alls, 3H, -OCH3) ppm. MS (negion FAB): 971 (M"), 590,167.

Example 5§
‘Rapamycin 42-ester with hydroxycarbamic acid

15 A solution of 210 mg hydroxylamine hydroéhloride in 3 ml 1N KOH agqueous
solution was diluted with 3 mL tetrahydrofuran. The solution was stirred at -78°C
under nitrogen and 110 mg of rapamycin 42-p-nitrophenyl carbonate was added. The

_resulting mixture was stirred ét 0°C under nitrogen for 3 hours, diluted with water, and
extracted with ethyl acetate. The extract was washed with brine, dried with MgSO4,

20 and evaporated. The résidue was chromatographed on silica gel. Elution with ethyl

acetate/n-hexane (2/1) afforded 20 mg of the title compound as a foam, mp 107-110°.

IR(KBr): 3400 (OH and NH), 1740 (lactone C=0), 1720 (ketone C=0), 1640

(amide C=0), 1450, 1100, 985, 750 cm-1. 1H NMR (CDCl3, 400 MHz): & 3.37,

3.35,3.14 (all s, 3H, -OCH3) ppm. MS (neg ion FAB): 972 (M"), 913, 950.

25 ' _

Example 6

Rapamycin 42-ester with 2-(pyridin-2-yD)-ethyl carbamic acid

A solution of 210 mg rapamycin 42-p-nitrophenyl carbonate in 8 ml
30 dichloromethane was treated at -10° under Np with 122 mg 2-(2-amino-ethyl)-pyridine
in 1 ml dichloromethane. The reaction mixture was stirred at 0° under N3 for one hour,
diluted with 200 ml dichloromethane, washed with ice-cold 1N HCI, water, and dried
with MgSOj4. The solvent was evaporated and the residue chromatographed on silica
: gel. Elution with ethyl acetate/n-hexane (4/1) afforded 70 mg of the title product as a
35 white solid, mp 95-98". |
' IR (KBr): 3400 (OH and NH), 1720 (lactone and ketone C=0), 1645 (amide C=0),
1450, 1250, 1090, 1100 and 990 cm-1.



1H™NMR (CDC13, 400 MHz): [err] 8.76 (d, 1H, 6-pyridyl); 6...L0RE%l;AC§M,EN HEET

acid vinyl);

3.35 (s, 3H, Ow); 3.34 (s, 3H, Ow); 3.15 (s, , OVB) ppm

MS (neg ion FAB): 1061 (M), 590. 25 Exanpl e 10 Rapanycin 42-lesq& AUGt1996

2-pyridinylmethyl carbamc acid A solution of 1.05 g rapamjfciin

42-p-ni trophenyl carbonate in 20 mMl 30 dichl oronet hane was ¥reatedat -10
under ‘N2 with 620 ng 2-am nonet hyl pyri di ne ig?l m di chol orhet hane. The

reaction mxture was stirred at 0 under N2 f

"3 hours, diltted with 180 ni

di chl or omet hane, washed with saturated NaHCO err] (3 x 30 nl) and dried
with MySO4. TheéH ONMEBN(CREGI3 ACDHYHR)ed 852 (dnd = £2 icpsid Hproteat a)g 7 $9hed18n

10

15

20

25

30

proton b), 7.12 (m, 2H, protons a), 3.32, 3.31 and 3.12 (each s, 3H, OCH3), 3.58 (t,
2H, protons €), 2.97 (t, 2H, protons d) ppm. MS (neg. ion FAB): 1061 (M-), 590,

469,
Ha

Hb _~ Ha 0

| He -
He \N eNH)Lo"z‘-

Hd

Example 7 :
Rapamyvcin 42-ester with 2-(pyridin-2-y1)-ethyl carbamic acid hydrochloride salt

A solution of 330 mg rapamycin 42 ester with 2-(pyridin-2-yl)-ethyl carbamic
acid in a mixture of one ml ethy] acetate and 4 ml ether was treated at -78° under N>
with 0.5 ml 1N HCI (gas) in ether. The hydrochloride salt formed instantly. Stirring
was continued at -78° under Nj for 1/4 hour. The product was collected by filtration,
washed with ether, and dried in vacuum to afford 198 mg of the title product as a white
solid, mp 102-110°(dec). ' ' .

IR (KBr): 3400 (OH, NH), 1720 (lactone and ketone C=0), 1640 (amide C=0), 1520,
1450, 1150, 1100, 990 cm-1. ,

IH NMR (DMSO-Dg, 400 MHz):'S 8.77 (d, Y = 12 cps, 1H, proton c), 8.40 (t, 1H,
proton b), 7.83 (m, 2H, protons a), 3.63 (t, 2H, protons 3, 3.00 (t, 2H, protons d),
3.43, 3.29, 3.03 (each s, 3H, -OCH3) ppm. MS (neg ion FAB): 1061 (M-), 590,
469. . _ '

_ Example 8
Rapamvecin 42-ester with 2-(pyridin-2- .eth lcarbamic acid methanesulfonate salt




silica gel. Elution with ethyl acetate/n-hexane (4/1) afforde
the title product 35 as a white solid, np 94-97[err]. I R(KBI)
NH), 1720 (|l actone and ketone C=0), 1645 (am de C=0), 1520,
1100, 990 cm 1. -21 - 1H NWR (CDC13, 400 MHz): [err] 8.53
cps, 1H, proton d), 7.65 (m 1H, proton c), 7.27 (d, J = 12 gps,
ra), 7.17 (m 1H, proton b), 5.72 (m 1H, -NHpg-4.49 (d, J = :
‘protons e), 3.37, 3.32, 3.13 (each s, 3H, -OCHerr]) o ' I

A solution of 16 mg (0.16 mmole) methanesulfonic acid in 1 mL ether was
added to a solution of 160 mg (0.15 mmole) rapamycin 42-ester with 2-(pyr1d1n-2—
yl)ethylcarbamic acid in 2 mL ethyl acetate and 4 mL ether at -78° C. under nitrogen.
After warming to 20°, the solvent was decanted and the residue was triturated thrice

5  with ether, leaving 108 mg title compound as a pale yellow solid, mp 95-110° C. (dec).
IR (KBr): 3520, 2950, 1725, 1650, 1460, and 778 cml.
IH NMR (CDCI3, 400 MHz): & 8.74 (d, 1H, 6-pyridyl); 3.35 (s, 3H, OMe); 3.34 (s,
3H, OMe); 3.14 (s, 3H, OMe); 2.92 (s, 3H, methanesulfonate) ppm..
MS (neg ion FAB): 1061 (M-), 590.

3420 (OH,
11559(01,6 1996

1H, pr01uu -

10
_ Example 9
" Rapamycin 42-ester with 2-(pvridin-2-ylethylcarbamic acid maleate salt
15 A solution of 21 mg (0.18 mmole) maleic acid in 1.0 mL ether was added to a

solution of 185 mg (0.17 mmole) rapamycin 42-ester with 2-(pyridin-2-
yDethylcarbamic acid in 3 mL ethyl acetate and 2 mL ether at--78° C. under nitrogen.
After warming to 15°, the mixture was diluted with ether, the solvent was decanted and
the residue was triturated with ether. Filtration, followed by diluting the fiftrate with
20 hexane and refiltration yielded the title compound as a white solid, mp 101-117° C.
IR (KBr): 3430, 2950, 1725, 1645, 1460, and 870 cm™1.
1H NMR (CDCI3, 400 MHz): & 8.76 (d, 1H, 6-pyridyl); 6.40 (s, 2H, maleic acid
vinyl); 3.35 (s, 3H, OMe); 3.34 (s, 3H, OMe); 3.15 (s, 3H, OMe) ppm.
MS (neg ion FAB): 1061 (M-), 590.
25
Example 10
apamycin 42-ester with 2-pyridinylmethyl carbamic acid

A solution of 1.05 g rapamycin 42-p-nitrophenyl carbonate in 20 mi
30 dichloromethane was treated at -10° under Na with 620 mg 2-aminomethylpyridine in
' 1 ml dicholormethane. The reaction mixture was stirred at 0° under N> for 3 hours,
diluted with 180 ml dichloromethane, washed with saturated NaHCOj3 (3 x 30 ml) and
dried with MgSOg4. The solvent was evaporated and the residue chromatographed on
silica gel. Elution with ethyl acetate/n-hexane (4/1) afforded 560 mg of the title product

35  as a white solid, mp 94-97°. '
IR(KBr): 3420 (OH, NH), 1720 (lactone and ketone C=0), 1645 (amide C=0), 1520,

1450, 1250, 1100, 990 cm-1.



ppm Ms (neg. ion FAB): 1047 (M), 590, 455. 5 [err] Exanple 11 EQWW SHEET

42-ester with 2-pyridinyl nethyl carbanmic acid hydrochloride sqlt 10 A

solution of 305 ng rapanycin 42-ester with 2-pyridinylmethyl d
in a mxture of one mM ethyl acetate and 4 ml ether was treatg
“under N2 with 0.55 m 1N HO solution. Crystalline material f

arfbatiScAHGI 1994

i edi ately. The reaction mxture was stirrggjat -78[err] und

djat -78[err]
r med '
r_ N2 for 1/2

hr, the solid material was collected by 15 filtration, washed wi th ether

ddried i t ' 27 f titl d
and dried in vagionR @n&i2 480 TuY): 5%s3 (. 1P R2%oein2Srdion @), 7.65 (m, 1H,
proton ¢), 7.27 (d, J = 12 cps, 1H, proton a), 7.17 (m, 1H, proton b), 5.72 (m; 1H,

-NH), 4.49 (d, J = 10 cps, 2H, protons €), 3.37, 3.32, 3.13 (each
ppm. MS (neg. ion FAB): 1047 (M), 590, 455.

s, 3H, -OCH3)

5 _
Hb
Hc 2 | Ha
) NH O
Hd” °N Py
He T ‘rrrr
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~ Example 11
apam; cin 42-ester with 2-pyridinvimethyl carbamic acid hydrochloride salt
10

A solution of 305 mg rapamycin 42-ester with 2-pyridinylmethyl carbamic acid

in a mixture of one ml ethyl acetate and 4 ml ether was treated at -78° under Ny with
0.55 m! IN HCI solution. Crystalline material formed imrnediately. The reaction
mixture was stirred at -78° under N for 1/2 hr, the solid material was collected by
15 filtration, washed with ether and dried in vacuo to give 270 mg of the title product as a

white solid, mp 109-113°(dec). :
IR (KBr): 3430 (OH, NH), 1740 (lactone, ketone C=0), 1645 (am:
1455, 1250, 1100, 995 cm-1.

ide C=0), 1520,

1H NMR (DMSO-Dg): 8 8.70 (d, J = 12 cps, 1H, proton d), 8.28 (t, 1H, proton c),

20 7.91 (t, 1H, proton b), 7.69 (t, 1H, proton b), 7.65 (d, 1H, proton
protons e), 3.28, 3.14, 3.05 (each s, 3H, -OCH3) ppm.
MS (neg ion FAB): 1061 (M-), 590, 469.

.. Hb.
He -~ | Ha
x> NH O]
Hd N ™
He T J,-P’
O
25
- Example 12
apamycin 42-ester with 3-pyridinylmethyl carbamic acid
30 The title compound was prepared according to the pfocedure in

a), 4.39 (d, 2H,

Example 6.



white solid,
ket one C=0),

(neg ion FAB):

Exanpl e 12 Rapamycin 42-ester with 3-pyridi ny%mat hyl carbafni ¢ acid. 30
The title corrpo!lﬁnciogﬁls“pr epared-according to the procedure Tn EXxanpte—6-

10
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20

25

30

mp 109-113[err](dec). 'IR (KBr): 3430 (OH, NH)
1645 (am de C=0), 1520, 1455, 1250, 1100, 995°
(DVMBO-D6): [err] 8.70 (d, J = 12 cps, 1H proton d), 8.28 (|t,
c), 20 7.91 (t, 1H, proton b), 7.69 (t, 1H proton b), 7.45}(d 5l of]
a), 4.39 (d, 2H, protons e), 3.28, 3.14, 3.05 (each s, 3H, 5%

EPLAGEMENIRSHEET |
1H, “proton

1
p—),

1061 (M), 590, 469. 25

rnrr]

IR (KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C=0), 1450,
1250, 1100, 990 cm-L. |

1H NMR (CDCl3, 400 MHz): 3 8.53 (m, 2H, proton c), 7.65 (m, 1H, proton b), 7.26 |
(m, 1H, proton a), 4.39 (d, J = 12 cps, 2H, protons €), 3.36 (m), 3.32 (s), 3.12 (s)

(all 3H, -OCH3) ppm.

MS (neg ion FAB): 1047 (M), 590.

Hb

Example 13 _
Rapamycin 42-ester with 3-pyridinylmeth lcarbarmc acidh drochlorlde salt

The title compound was pfepared according to the procedure in Example 7.
mp 106-110° (dec)
IR (KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C=0), 1460,
1250, 1110, 990 cm-1.
IH NMR (DMSO-Dg, 400 MHz): & 8.71 (m, 2H, protons c), 8.25 (d, J = 12 cps, 1H,
proton a), 7.91 (m, 1H, proton b), 4.34 (d, 2H; protons €), 3.26, 3.14, 3.04 (each s,
3H, -OCH3) ppm. MS (negion FAB): 1047 (M), 590.

Ha e

Hb l' N NHlL 0:14
P

He N~ "Hc
Example 14

Rapamycin 42-ester with 4-pvridinylmethyl carbamic acid

The title compound was prepared according to the procedure in Ekample 6.



27 np 109-111 IR (KBr): 3400 (OH NH). 1720 (lactone, ket dnRERLOGEMENTASHEET

(am de C=0),

1450, 1250, 1100, 990 cm 1. 1H NVR (CDCl[err], {40 M) Termi

8.53 (m 2H, proton c), 7.65 (m 1H, proton b), 7.26 5 (m ]H1gRPFn,g?&

4.39 (d, J-=

-OCH3) ppm MS (neg ion FAB): 1047 (M), 590.

10

15

20

25

12 cps,. 2H, protons e), 3.36 (M, 3.32 (s), 3.32](s)

~23-

mp 109-113° ..
IR (KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (am1de C=0), 1520,
1450, 1250, 1100, 990 cm-1.

1H NMR (CDCl3, 400 MHz) $ 8.56 (d, J = 12 cps, 2H, protons b), 7.24 (d, J = 12
cps, 2H, protons a), 4.40 (d, J = 13 cps, 2H, protons c), 3.38, 3.33, 3.14 (each s,
3H, -OCH3) ppm. MS (neg ion FAB): 1047 (M) 590. |

Example 15
Rapamycin 42-ester with 4-pyridinylmethyl carbamic acid hydrochloride salt

The title compound was prepared according to the procedure in Example 7.
mp 109-114° '
IR (KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C=0), 1510,
1455, 1250, 1100, 990 cm-1.
1H NMR (DMSO-Dg): & 8.81 (d, J = 13 cps, 2H, protons b), 7.81 (d, J = 13 cps, 2H,
protons a), 4.43 (d, J = 12 cps, 2H, protons e), 3.30, 3.14, 3.04 (each s, 3H, -OCH3)
ppm. MS (neg ion FAB): 1047 (M-), 590.

HaH o
e .
Hb N NHO}"

N

/Ha

Hb



[ert] Exanple 13 Rapanycin 42-ester with 3-pyridinyl methyl carbamc acid
hydrochl oride salt 15 The title conpound was prepared accorcr-.ng ta the.

procedure in Exanple 7. np 106-110 (dec) IR (KBr): 3400 (CH

REPLAGWQ\H
(I actone, ketone C=0), 1645 (am de C=0), 1460, 1250, 1110, 49G~crmr- SHEET

[err]H NVMR (DVSO D6, 400 WMHz): [err] 8.71 (m 2H, protons c),{ §. i s‘g =
12 cps, 1H, proton a), 7.91 (m 1H, proton b24-4.34 (d, 2H, [pqot B (4@7996
3.04 (each s, 3H, --OCH err]) ppm M (neg ion FABL_1047 (M),

3.26, 3.14,
590.
5
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Example 16

. . - ) . . 5'*—‘-—'—'—*—-_.___
aj cin 42-ester with 2- ethyl carbamic acid -

Qo

The title compound was prepared accordmg to the procedure in Example 6.
mp 103-105° _
IR (KBr):- 3400 (OH, NH), 1720 (lactone, ketone C=0), 1645 (amide C—O) 1520,
1460, 1250, 1100, 990 cm-1. _
1H NMR (CDCls, 400 MHz): § 7. 35 (d, lH proton b), 6.32 (m, 1H, proton a) 6.24
(d, 1H, proton c), 4.36 (d, J =13 cps, 2H, protons ¢), 3.36, 3. 33 3.14 (each s, 3H,
-OCH3) ppm. MS (neg. ion FAB): 1036 (M-), 590.

Ha “He

Hb I\X\,NHY O

S He O}{

Example 17 |
apamycin 42-ester with 2-pvridinylmethyl carbamic acid methanesulfonate salt

The title compound was prepared from the compound of Example 10 and

methane sulfonic acid, and was isolated as a trihydrate.

mp 92-95° _

IR(XBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1640 (amide C=0), 1520,
1450, 1450, 1240-1160 (sulfonate), 1100, 1040 (sulfonate), 990 cm-1.

1H NMR (DMSO-Dg): 8 8.72 (d, J = 13 cps, 1H, proton €), 8.31 (t, 1H, proton c),
7.93 (¢, 1Y, -NH), 7.73 (¢, 1H, proton b), 7.69 (d J =15 cps, lH proton a), 444

(d, J = 10)
o

| . . | i o
.cps, 2H, protons £), 3.29 3.14, 3.04 (each s, 3H, -OCH3), 2.31 (s, 3H,CHj3 --_IS| -O-) ppm
. | O
C/H/N analysis for C59H29N30;17S1 * 3 H,O
Calc '59.12/7.99/3.50
Found 59.48/7.95/3.41



[ert] Exanple 14 Rapanycin 42-ester with 4-pyridinyl methyl
The title conpound was prepared according to the procedur
-23 - np 109-113 IR (KBr): 3400 (OH, NH), 1720 (I actone,
1520, : _

(am de C=0),
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Example 18 -
Rapamvcin 42-ester with 4-hydroxvbutyl carbamic acid

A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under N3 with 300 mg 4-amino-butanol in 0.5 ml |
dichloromethane. The yellow solution was stirred at 0° under N3 for 2 hours. The
mixture was diluted with 120 ml dicholoromethane, washed with 1N HCI, water, and
dried with MgSO4. The solvent was evaporated and the residue chromatographed on

silica gel. Elution with ethyl acetate/n-hexane (2/ 1) afforded 245 mg of the title product

as a solid, mp 105-108°.
IR (KBr): 3420 (OH and NH), 1720 (lactone and ketone C—O), 1650 (amide C=0),

1530, 1455, 1250, 1110 and 990 cm-1.

IH NMR (CDCl3, 400 MHz): & 3.65 (t, 2H, -CH;0H),- 3.2 (m, 2H, -NHCH3-),
3.37, 3.33 and 3.14 (all s, 3H each, -OCH3) ppm. MS (neg ion FAB) 1028 (M),
996 590, 436, 167.

Example 19
Rapamycin 42—e§ter with (S 1—1-—methyl-2—hydroxyethyl carbamic acid

A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under Ny with §00 mg (S)-(+)-2-amino-1-propanol
in 0.5 ml dichloromethane. The yellow solution was stirred at 0° under N for 2 hours.
The mixture was diluted with 200 ml dichloromethane, washed with 1N HCI, water,

and dried with MgSO4. The solvent was evaporated and the residue chromatographed

on silica gel Elution with ethyl acetate/n—hexane (3/1) afforded 156 mg of the title
product as a white solid, mp 99-103".

IR (KBr): 3440 (OH and NH) 1720 (lactone and ketone C=0), 1650 (annde C=0),
1520, 1455, 1110 and 995 el

IH NMR (CDCl3, 400 MHz): 3. 70 (m, 2H -CH»OH), 3.38, 3.20, and 3.16 (all s, 3H
each, -OCHa), 1.15 (4, 3H, CH3CH-) ppm. MS (ng. ion FAB): 1014 (M-), 983, 590



1450, 1250, 1100, 990 cm[err]. 1H NVR (CDCl[err], 400 Miz);

J= 12 cps, 2H, protons b), 7.24 (d, J = 12 5 cps, 2H, pro
(d,_J =13 cps, 2H protons c), 3.38, 3.33, 3.14 (each s, 3
M5 (neg ion FAB): 1047 (M) 590. 10 ' o
[err] Exanple 15 Rapanycin 42-ester with 4-pyridinyl methyl |c rbanﬁ AUSC1994
hydrochl oride salt 15 The title conp Kgélnd was preparfed_accordi ng til
the procedure in Exanple 7. np 109-114 IR ( 3400 (OH, {NH), 1720 -

(1 act one, ketonng:—l%)7 1645 (am de C=0), 1510, 1455, 1250, “#+66+-290 cm 1.

Example 20
in 42-ester with (R)-1-methyl-2-hydroxyethyl carbamic acid

A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under N with 600 mg (R)-(-)-2-amino-1-propanol in
- 0.5 ml dichloromethane. The Yellow solution was stirred at 0° under N» for 2 hours.

The mixture was diluted with 200 m! dichloromethane, washed with a saturated

10 NaHCOj aqueous solution, 1N HCl solution, and dried with MgSO4. The solvent was

 evaporated and the residue chromatographed on silica gel; Elution with ethy1 acetate/n-
hexane (3/1) afforded 260 mg of the title product as a white solid, mp 102-106°.

IR (KBr): 3440 (OH and NH), 1720 (lactone and ketone C=0), 1650 (armde C=0),

1520, 1460, 1110 and 1000 cm-1.-
15 !H NMR (CDCl3, 400 MHz): & 3.70 (m, 2H, -CH,0H), 3.37, 3.33 and 3.14 (all s,

!
3H, -OCH3), 1.17 (d, 3H, CH3-CH-) ppm. MS (neg. ion FAB): 1014 (M), 893, 590.

Example 21
Rapamycin 42-ester with 2-(2-aminoethoxy)ethyl carbamic acid
20 ,
A solution of 600 mg rapamycin 42-p-nitrophenyl carbonate in 7.5 ml
dichloromethane was treated at 0° under N2 with 500 mg 2-(2-aminoethoxy)ethanol in
0.5 ml dichloromethane. The yellow solution was stirred at 0° under N2 for 1.5 hours.
The mixture was diluted with 150 ml dichloromethane, washed with a saturated
25 NaHCO3 aqueous sdlution, IN HCI solution, and dried with MgSO4. The solvent
| was evaporated and the residue chromatbg-raphed on silica gel. Elution with ethyl
acetate/n-hexane (3/1) afforded 265 mg of the title product as a white solid, mp 100-
o 102°, ' S
- IR(KBr): 3430 (OH and NH), 1720 (lactone and ketone C—O) 1650, 1520, 1455,
30 1110, 1020 and 990 cm-l.
| IlH NMR (CDCls, 400 MHz): 8 3.74 (t, 2H, -CH,0H), 3.58 (m, 6H, .
-CH0OCHCH3-0-), 3.38, 3.33 and 3.14 (all s, 3H each, - OCH3) ppm. MS (neg
ion FAB): 1044 (M-), 590, 452, 167.

35 : Example 22
Rapamycin 42-ester with 4-(2-hydroxyethyl)piperazine-1-carboxylic acid




-- REP
[erT]H NVR (DVMBO-D6): [err] 8.81 (d, J = 13 cps, 2H, by~ LAFEMENT SH ET

= 13 cps, 2H, 20 protons a), 4.43 (d, J = 12 cps,
3.14, 3.04 (each s, 3H, -OCHerr]) ppm M (neg ion
25 o [err]
Rapanycin 42-ester with 2-furyl nethyl carbanPg acid The title conpound was
~prepared according to the procedure in Exanple

A solution of 1- ~(2-hydroxyethyl)piperazine) (130 mg, 1.0 mmole) in 1 mL dry |
dichloromethane was added to a solution of 330 mg rapamycin 42-p-
nitrophenyl)carbonate (0.31 mmole) in 6 mL dry dichloromethane at -8° under nitrogen -
and stirred at -8° for 1.5 hours. The reaction mixture was partitioned between

5 dichloromethane and water/brine, the aqueous portion was extracted with
dichloromethane, the combined organic portion was washed with brine, dried over
MgSO4 and evaporated to a white solid foam. ‘Flash chromatography through silica gel
using 2% methanol in dichloromethane yielded 140 mg of the title compound as a white
solid, mp 112-120°C.
- .-10 IR (KBr): 3450, 2950, 1725 1650, 1460, 1250 and 995 cm-1.
NMR (CDCl3, 400 MHz): & 3.64 (t (J = 5.2Hz), 2H, Hg); 3.51 (broad, 4H, Ha) 3.39
(s, 3H, OMe); 3.33 (s, 3H, OMe); 3.14 (s, 3H, OMe); 2.57 (t J = 5.2 Hz), 2H, Hc),'
2.49 (broad, 4H, Hp) ppm. MS (neg. ion FAB): m/z at 1069 (m-), 590.

/M j\ 2,
N N (o)
HO)\H:HQ—(

15 ) Ha

Example 23

20

A solution of 130 mg (0.90 mmole) of 1-(3-hydroxypropyl)piperazine in 2 mL
dichloromethane was added to a solution of 320 mg (0.30 mmole) rapamycin-42-(4-
nitrophenyl)carbonate in 6 mL dichloromethane under nitrogen at -5° C and allowed to

25  warm to 20° with stirring. After 4 hours, the reaction mixture was partitioned between
dichloromethane and water/brine. The organic portion was washed with brine and flash
.chromatographed through silica gel using methanol (2.0 to 3.0%) in dichloromethane,
yielding 115 mg product as a white solid, mp 104-113° C
IR (KBr): 3430, 2930, 1715, 1640,1450, 1240, and 985 cmrl.

30 NMR (CDCI3, 400 MHz): & 3.81(t (J = 5.2 Hz), 2H, Hd); 3.49 (broad, 4H, Ha); 3.38
(s, 3H, OMe); 3.33 (s, 3H, OMe); 3.13 (s, 3H, OMe); 2.62 (t (J = 5.4 Hz), 2H, Hc);
2.48 (_broad, 4H, Hb) ppm.

MS (neg ion FAB): 1083 (M-), 590.



5
(am de C=0),

“np 103-105 IR (KBr): 3400 (OH, NH),
1520, 1460, 1250, 1100, 990 cm 1. [err]H NWR ((
MHz): 8 7.35 (d, 1H, proton b), 6.32 (m 1H, proton a), 6.24
c), 4.36 (d, J = 13 cps, 2H, protons e), 3.36, 3.33, 3.14 (4
-OCCH err]) ppm M (neg.  ion FAB): 1036 (M) 590. [err] 15
Rapanycin 42-ester with 2-pyridinyl nmet hyl ?%am c acid netH

1720 (Il actone, ket or
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salt The title conmpound was prepared fromthe conmpound of
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Example 24

Rapamycin 42-esterw th [3-[bis 2—h drox ethyl)aminolpropyljcarbamic acid.

A solution of 130 mg (0.80 mmole) of N -(3-aminopropyl)diethanolamine in 2
mL dichloromethane was added to a solution of 330 mg (0.31 mmole) rapamycin-42-
(4-nitrophenyl)carbonate in 8 mL dichloromethane under nitrogen at 0° C and stirred at
that temperature for one hour. The reaction '
mixture was partitioned between dichloromethane and brine. The organic portion was
washed with brine and flash chromatographed through silica gel using 5% methanol in
dichloromethane to yield 150 mg product as a white solid, mp 93 - 107° C. IR (KBr):
3420, 2935, 1715, 1640, 1450 and 985 cm-l.
NMR (CDCI3, 400MHz): 8 5.69 (broad, 1H, Hj); 3.67 (mult, 6H, He and Hh); 3.36
(s, 3H, OMe); 3.33(s, 3H, OMe); 3.14 (s, 3H, OMe); 2.68 (mult, 6H, Hf and Hg)

ppm.
. MS (neg ion FAB): 1101 (M-), 590.

He Hf Hg.
C ANAAN
Hij Hh

OH



20 © met hane sulfonic acid, and was isolated as a tri hydratﬁ.g@g '
| R(KBr): 3400 (OH, NH), 1720 (lactone, ketone C=0), 1640 (arfi IENTSSREET
1450, 1450, 1240-1160 (sulfonate), 1100, 1040 (sulfonate), 999 cm[err].
[erfr]H NVR (DMBO-D6): [err] 8.72 (d, J = 13 cps, 1H, proton Je), 8 S3AUGL 1998
1H, proton c), 25 7.93 (t, 1H, -NH), 7 73 &9 1H, proton K),} 7.69 (d, J =
15 cps, 1H, proton a), 4.44 (d, J=10) cps, 2 protons f), J.29 37 1473-0%
(each s, 3H, -OCHerr]), 2.31 (s, 3H CHe -S-O ppm ¢ HIN_anal y5|s for

C[err]H[err]N[err]Qerr]S[err] * 3 Her ¢(¥559 12/7.99/3.50 30

Found 59. 48/ 7. Qﬂpﬁ_rﬁéin 42-ester with dihydroxyispropyl carbamic acid

To a 600 mg serinol in 3 ml methanol solution at -10° under Ny, was added
5 250 mg rapamycin 42-p-nitrophenyl carbonate in 1 ml chloroform. The resulting
| squation was stirred at -10° under N3 for 2 hburs, diluted with 120 ml chloroform,
washed with water (3 x 20 ml), and dried with MgSO4. The solvent was evaporated
and the residue chromatographed 6n silica gel. Elution with ethyl acetate/n-hexane
(4/1) afforded 90 mg the title product as a solid, mp 108-113°,
10 . IR (KBr): 3450 (OH and NH), 1730 (ketone and lactone), 1655 (amide C=0), 1520,
1460, 1250, 1100, 1000 CM-1.
1H NMR (CDCl3, 400 MHz): § 4.69 (m 1H, C-42 proton), 3.75-3.84 (m, 4H,
-CHj- ) ppm. MS (neg. ion FAB): 1030 (M), 590,438. .

15 Example 26
apamvcin 42-ester with morpholine-4-carboxylic acid

A solution of 95 mg (1.1 mmole) morpholine in 1 mL dry dichloromethane was
added to a stirred solution of 330 mg (0.31 mmole) rapamycin-42-(4-

20  nitrophenyl)carbonate in 6 mL dichloromethane at -5° C under nitrogen; stirring was
continued 4.5 hours at -5° and 2 hours at 20°. The reaction mixture was partitioned
between dichloromethane and water/brine; the organic portion was washed with brine
and flash chromatographed through silica gel using methanol (1.0 to 1.6%) in
dichloromethane, yielding 70 mg product as a white solid, mp 105 - 115° C.

25 IR (KBr): 3450, 2950, 1710, 1650, 1250, and 993 cm-!. _ '
NMR (CDC13, 400MHz): 8 3.64 (4H, 3-morpholine); 3.46 (t' (J= 4.9 Hz), 4H, 2-
morpholine); 3.3—7 (s, 3H, OMe); 3.32 (s, 3H, OMe); 3.12 (s, 3H, OMe) ppm.

MS (neg ion FAB): 1026 (M-), 590.

30 S Examble 27
Rapamycin 42-ester with 4-méthylp_iperazine-l-carboxylic acid

A solution of 95 mg (0.95 mmole) 1-methylpiperazine in 2 mL dichloromethane

was added to .a solution of 310 mg (0.29 mmole) rapamycin-42-(4-

35 nitrophenyl)carbonate in 6 mL dichloromethane at 0° C under nitrogen and stirred at 0°

for 2 hours and at 20° for 2 hours. The reaction mixture was partitioned between
dichloromethane and water/brine. The organic portion was washed with brine



. | REPLAGEMENT SHEET
-25 - [err] Exanple 18 5 Rapanmycin 42-ester with 4-h 1roxybu y[~T MENT SHEET
acid A solution of 600 ng rapanyci n 4JHi§ ra‘,iHEEbm#é‘nBEEhb hr bonat n175 id?;‘ 7
di chl oronet hane was treated at O[ err] UndeREMA@ED] with 300 996 ;'
4-ami no-butanol in 0.5 m dichl or onetthare—Hre—yet+ow-sol uti gn '
at Jderr] under Nerr] for 2 hours. The 10 é’ﬂxture was dilutfed with 120
di chol or onet hane, washed with 1N HC , water,”and

and flash chromatographed. through silica gel using methanol (2 0 to 3 0%) in
" dichloromethane, yielding 120-mg product as a white solid, mp 108 - 116° C.
IR (XBr): 3450, 2945, 1710, 1650, 1460, 1240, 1110, and 990 cm-1.
NMR (CDC13, 400 MHz): & 3.50 (broad, 4H, 2-piperazine); 3.39 (s, 3H, OMe); 3 33
5 (s, 3H, OMe); 3.14 (s, 3H, OMe); 2.36 (broad, 4H, 3-piperazine); 2.30 (s, 3H, NMe)

ppm. _ _
MS (neg ion FAB): 1039 (M-), 590.

Example 28
_10 Rapamycin 42-ester with piperazine-l-carboxylic acid

A solution of 190 mg (2.2 mmole) piperazine in 4 mL dichloromethane was

added to a solution of 550 mg (0.51 mmole) rapamycin-42-(4-nitrophenyl)carbonate in

12 mL dichloromethane at 0° C under nitrogen and stirred 45 minutes. Partitioning
15 ©between dichloromethane and water/brine, washing with brine and flash

chromatography through silica gel using 5% methanol in dichloromethane yielded 350

mg product as a pale yellow solid, mp 120-131°C.

IR (KBr): 3460, 2950, 1705, 1650, 1460, 1245, and 990 cm-1.

NMR (CDC13, 400 MHz): § 4.8 (broad, 1H, NH); 3.46 (broad, 4H, 2piperazine);
20 3.39 (s, 3H, OMe); 3.33 (s, 3H, OMe); 3.14 (s, 3H, OMe), 2.83 (broad, 4H, 3-

piperazine) ppm. :

MS (neg ion FAB): 1025 (M-), 590.

_—
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dried with MgSQ err]. The sol vent SRS GésegE

chromat ogr_a_nhpd on_silica gel. EI u i on VREPRAGED, t at e/ n-
af f of the title pro as—a solid, np 105-108[
3420 O—I “I HEQ_QIECtone and ket one C3Q), 1650 (am de
1530, 145 990 cm[err]. 1H NWMR (CDCl[err],

3.65 (t [err] 3.2 (m 2H, -NHCH err]-), 3.37, q33 and 3. 14

the res dBEPLACEMENT SHEET

(all s; 3H each -OCH err]) ppm M (neg ion FAB): 1028 (M)',"'Q'Qﬁ, 5905

436, 167. 20 . Exanpl e 19 Rapanycin 42-ester
with (S)-1- rret_h%%%roxyet hyl carbam c acid A solution of 600 ng
rapanycin 42- p-lni t ro‘EhenyI carbonate in 7.5 m

cr

compound of the structure

wherein R! and R2 - are each, independently, hydrogen,
- -CONH-[(CR3R*)n(-A-(CR5RS)p)pl4-B, |

R9 . : . - \\
-CO-N: ,or =CO-N ;s
RlO N s

R3, R4, R3, and; RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon
atoms, alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon
atoms, arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, ;0R7
-SR7, halogen, -CN, -NO3, -CF3, -COR7, -CO2R7, -CONHR7, -SOzR7
-OSO3R7, -NR7RS8, -NHCOR7, -NHSO,R7, or Ar;

B is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12
carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
-COR7, -CONHRY, -OSO3R7, -NRTR8, -NHCOR?, -NHSO2R7, or Ar; |

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, alkenyl of 2-7 carbon atonls, alkynyl of 2-7 carbon atoms,
hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms,

s Sh eet Has Been Replacec
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di c¢hl ororret hane was treated at 0 under. N2 with 500 ng

(S)-(+)-2- - in 0. 5Tms sHErEipIH)As)rgEm ne. The REPLACEMENT SHEET

sol ution vvas stlrred ﬁ“ [& rr] under &\ urs. tThe m

di | uted t h : t ,

w: tﬁ ﬁ/gs\g[ u“‘m lj ﬁov\rr/gs a(Oal\r/]gporat ed and“the resi du\ga ﬁ;onagéﬂbpﬁgé
d 156 _np of

on sili-ca gel El utlon vmth et hyl acetate/ n-hexane (3/1) affjor
the titie product as a white solid, np 99- 103. 30 IR (KBr): 3440 (OH and

005 cm fore] - 101 e ReASEoRS) T iz phlih S0 eyialuoaf e o T Fpgit el
3.20, and 3.16 (all dialkyldndinocdkyl dﬁGI-{Zmaﬂjo)l,amImScs(dhal@d-lpf 818 carbdnGitbrps, [@p Ar; VS
(ng. ion FAB): gl RM hre e%gﬁ, ﬁslaamndenﬂy, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon
| atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms,
arylalky] of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -CF3, -COR7,
-CO3R7, -CONHR?, -SO2R7, or Ar;
Ais -CHj-, -NR7-, -O-, -S-, -SO-, -PR7-, -NHCO-, -NHSO-, or -P(O)R7)-;
Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl, thiazolyl,

isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,

benz[b]thiophenolyl, benzimidazolyl, benzthiazolyl, benzodioxolyl, piperidinyl,

morpholinyl, piperazinyl, tetrahydrofuranyl, or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected

from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6

carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, -
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,

dialkylaminoalky!l of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,

alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,

-POsH, and -COH;

-N ) is a nitrogen containing heterocycle that may be saturated, unsaturated,

or partially unsatufated, and may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of
2-7 carbon atoms, trifluoromethyl, amino, dialkylanﬁno of 1-6 carbon atoms
per alkyl group, dialkylaminoalky! of 3-12 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxXyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon
atoms, -SO3H, -PO3H, and -CO,H;

with the proviso that R! and R2 are not both hydrogen;

m=0-06; , _ _

n=0-6; . o

p=0-1; ' \

q=

IThis Sheet Hi
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-26- 422, 167. Exanple 20 Rapanycin "’"""é ! . '
(R) -1 - met hyl - 2- hydr oxet hyl car bani c |a8 QL J pshutBF of 600 mREPMW@B SHEET

42-p-nitrophenyl carbonate in.7.5 nl} di chiREP s treajefl at 0 under
Nerr] w V\ﬂmmmﬂnmlgm i no- 1=propanol-33. 0.5 m di chl pr DITEf HAUG 1996
The yello rred at O[err] under Nerr] for 2 hopirs. The

m xture-was*dif uted ™ th 200 m di chl or onet hane, washed with h Satorated

or a pharmaceutically acceptable salt thereof.

V4 ~
2. The compound according to claim 1 wherein R! is — CO-N
_ ~_ .
3.  The compound according to claim 2, wherein - N ) is
N
an optionally substituted morpholinyl or piperazinyl group.
4. A compound according to Claim 1 wherein Rl and R2' are each,

independently,hydrogen, or -CONH-[(CR3R*)m(-A-(CR5R)p)plq-B;

R3, R4, R, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NOj, -CF3, -COR7, -CONH3, -SO;R7, -OSO3R7, -NR7RS,
-NHCOR7, -NHSO2R8, or Ar;

B is hydroxy, -SR7, -CN, -COR7, -CONHz, -0SO3R7, -NR7R8, -NHCOR7,
-NHSO3RS, or Ar;

Ais -CHj-, -NR7-, -O-, -S-, -PR7-, or -P(O)(R7)-;

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar;

Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, qumoxalyl thienyl, th1onaphthy1 furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, or benzodioxolyl;
wherein the Ar group may be optionally mono-, di-, or tri- substituted with a
group selected from alkyl of 1-6 carbon atoms, arylalky! of 7-10 carbon atoms,
alkoxy of 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of 2-7 carbon
atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl
group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -COLH;

with the proviso that R! and R2 are not both hydrogen;

5. A compound according to Claim 2 or Claim 4 wherein R2 is hydrogen.
6. A compound according to Claim 4, wherein p =0 and B is Ar.
7. A compound according to Claim 4 or Claim 6 whereinm=2,n=0,p=1,q=

1, and A is -O- or -NR7,

8. A compound according to Claim 1 which is one of the followjng

IThis Sheet Has Been Replac

A IIl




10 ~ NaHCO3 aqueous sol ution, 1N H HiS SHEELMASBEFNY i ed wi

' yoYdyu
sol vent was evaporated a t he redi due REPIAGEDOgr aphed on ki mﬁ w Nf SHbE
Elution with eth etate/n- hexare—S87I) afforded 260 ngjo} the tide
pr oduct vvhit ' \ mg,_102- 106[err]. IR (KBr): 3440 | OH ¢#h9 AUG 199872

(1 actone 1650 (ani de C=0), =343 1460, 11j10j and 1000
CDCl[err]
n:d 3.14 (all

cm[err] 400 MHz): [err] 3.70 (m , -CH err] ;
3.37, 3. s, 3H -OCHerr]), 1.17 (d, 3H, err]-CH) ppm

VS (neg |on FAB): 1014 (M), 893, 590. Exanple 21 Rapanycin 42-ester wth
2- (2- am noet hoxpdp@hiioth 42stea Wit @Q—h&cﬂ&yeﬂgnbxpémﬁﬂe-qfcaﬂﬂﬁyﬁaaﬁ&paﬁyC' n

42-p-nitrophenyl carbonate in 7.
rapamycin 42-ester v_v1th 4-(3-hydroxypropyl)piperazine-1-carboxylic acid,
r_apaﬁycin 42-ester Witil 4—methy1piperazine-l ~carboxylic acid,
rapamycin 42-ester with morpholine-4-carb<_)xy1§c acid,
rapamycin 42-ester with piperazine-l-cérboxylic acid,
rapamycin 42-ester with 2-hydroxyethyl car‘bamic acid,
rapamycin 42-ester with 2-(dimethylamino)ethyl carbamic acid,
rapamycin 42-ester with aminocarbamic acid,
rapamycin 42-ester with hydroxycarbamic acid,
rapa:ﬁycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic acid,
rapamycin 42-ester with 2—pyridiny1meﬂ1yl carbamic acid,
rapamycin 42-ester with 3-pyridinylmethyl carbamic acid,
rapaimycin 42-ester with 4—pyridinylmethyl carbamic acid,
rapamycin 42-ester with 2-furylmethyl carbamic acid,
rapamycin 42-ester with 4-hydroxybﬁtyl c;arbamic acid,
rapamycin 42-ester with (S)-1-methyl-2-hydroxyethyl carbamic acid,
rapamycin 4é—ester with (R)-1-methyl-2-hydroxyethyl carbamic acid,
rapamycin 42-ester with 2-(2-aminoethoxy)ethyl carbamic acid,
';apamycin 42-ester with dihydréxyispropyl-carbanﬁc acid,
rapamycin 42-ester with [3-[bis(Z—hydroﬁyethyl)anﬁnb] propyljcarbamic acid

or a pharmaceutically acceptable salt thereof.

s Sheet Has Been Replaced
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di chl or onet hane was ed at 0 undérH§ SHEET HASHBERb| ny ' PREPLACENEENT SHEET
2-(2-M3n 0.5 m dilchl or BRtAGERe. The yel Sol Ut T on Was
at 0

stirr : ' for 1.5 hours. xture was dil m’@ﬂ)
m dic m “\\“\ﬁhe with a saturated ZB%Nchq err] 4q e%?
sol uti wsdlution, and dried with MySO4. The sol ven :

and t he *r eSi due chromat ographed on silica gel. Elution vmth et hyI

acet at e/ n-hexane (3/1) afforded 265 of the |tIe ptr t as a whrte

solid, np 100- 902. Amcrmopad aceordingia 1&9@? Winghad ket one
C=0), 1650, 1520, 1455, 30 1110, 1020 and 990 cm 1. 1H NVR (CDCl[err],

400 MHz): 8 3. 71%&&_1'&1)'013 l42-est8HMtiﬂ2]—@yﬁidm&-ﬁ&eﬂ1m cabrdmic acid hydrochloride salt,.

-CH err]OCH err]CH err] - 3.38, 3.33 and 3.14 (all s, 3H each, - OCH3)

ppm M8 ( neg rapamycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic acid methanesulfonate salt,
rapamycin 42-ester with 2-(pjridin-2-yl)-ethyl carbamic acid maleate salt,
rapamycin 42-ester with 2-pyridinylmethyl carbamic acid hydrochloride salt,
rapamycin 42-ester with 3-pyridinylmethyl carbamic acid hydrochloride salt,
rapamycin 42-ester with 4-pyridinylmethyl carbamic acid hydrochloride salt, or

rapamycin 42-ester with 2-pyridinylmethyl carbamic acid methanesulfonate salt.

10. A pharmaceutical composition comprising a compound of the structure
OR!

wherein R! and R? .are _each, independently, hydrogen,
~CONH-[(CR3R4)s(-A-(CRR);)p]-B: '

R’ s
~CO"N{ ,or -CON |
RIO ) N -

R3, R4, RS, and, R are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon
atoms, alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon

iThis Sheet Has Been Replaced
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i ot FAB): 1044 (M), 590,452, 167. 3bTHS. HAs BEENF . REPLACEMENP 'SBEET

22 Rapanycin 42-ester wth 4-(2-hydrpxyet I 'ne-

-27- Asolgt,L_acL‘ef—fif('?-‘ﬁ’ﬁ'rT)i_yethyl L per (130 jmg, 1.0 gl nil.

nL dry dichl or ad ed to a sol utleaGGf 330 ng rap |r1 AUG- 1996

mtrophe_ny !‘imm le) in 6 nL dry dichl oronet ha t -8 under
M ats -

nitrogen.-a 8‘[err] for 1.5 hours. The reaction ni xture was

partitioned ‘between .
atoms, arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7,
-SR7, halogen, -CN, -NOj, -CF3, -COR7, -CO3R7, -CONHR7, -SO2R7,
-OSO3R7, -NR7R8, -NHCOR7, -NHSO,R7, or Ar; |

B is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12
carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
-COR7, -CONHR?, -OSO3R7, -NR7R8, -NHCOR?7, -NHSO,R?, or Ar;

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms,
alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12 carbon atoms,
dialkylaminoalkyl of 3-12 carbon atoms, cycloalkyl of 3-8 carbon atoms, or Ar;

R? and R10 are each, independently, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon
atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12-carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -CF3, -COR?,
-CO3R7, -CONHRY, -SO5R7, or Ar;

A is -CHy-, -NR7-, -O-, -8-, -8O-, -SO3-, -PR7-, -CO-, -NHCO-, -NHSO-, or

| -PO)R7)- |

Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl, thiazolyl,
isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,
benz[b]thiophenolyl, benzimidazolyl, benzthiazolyl, benzodioxolyl, piperidinyl,
morpholinyl, piperazinyl, tetrahydrofuranyl, or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected
from alkifl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6
carbon atoms, cyano, halo, hydroxy, nitro, -carbalkoxy of 2-7 carbon atoms,
trifluvoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-PO3H, and -CO2H; -

—

=N |
- N ) is a nitrogen containing heterocycle that may be saturated, unsaturated,
\ / -

—

or partially unsaturated, and may be optionally mono-, di-, or tri- substituted
with a group selected from alkyl-of 1-6 carbon atom%andsl&qiofl-_m_cam
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5 +«di chl oromet hane and wat er/ bri ne, g“!asqé El HAS ?E was [e I
di chl or onet-hanres—t-he—eonbi-ned—or gani c orti Wi h’REPPAGEW{W:é

L)

ET

over lvgsq ed fo a white solid foam Fl ash ¢hdo o r aphy
through si |l mm@lﬂﬂmﬁﬂﬂ.{: £hano| i n di chl or onet hane vyi efd dT&OﬂJ@ 1896

the title ¢ olid, mp 112-1blerr]C 10 IR (KBr): 3450,

2950, 1725, 1650, 1460, 1250 and 995 cm[err]. NVR (CDO [erf], 400 ME):

[err] 3:64 (t (J =5.2Hz), 2H Hd); 3.51 (broad, 4H Ha); 3“89—{s—3H
OVe); 3.33 (s, 3H, Ow); 3.14 (s, 3H, Ow); 2.57 &U 5.2 Hz), 2H Ho)
2.49 (broad, -4H, Hb)atoms; alkexy(ofdsb carbmam)s cyano, halo, é@xzynm)tro, Saxpalkoxy pf

Exanpl e 23 2-7 carbon ator_ns, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms
per alkyl group, dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon
atoms, -SO3H, -PO3H, and -CO2H;

with the proviso that R! and R2 are not both hydrocen,
m=0-6;
n=0-6;
p=0-1;
. q=0-1;
or a pharmaceutically acceptable salt thereof and a pharmaceuﬂcally acceptable carrier.

11 A pharmaceutical composition according to Claim 10 wherein R! and R2 are
each, independently, hydrogen, or ~CONH-[(CR3R*)m(-A-(CRR6),)plq-B;

R3, R4, RS, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NO,, -CF3, -COR?, -CONH3, -SO2R7, -OSO3R7, -NR7RS,
-NHCOR7, -NHSO2RS, or Ar;

B is hydroxy, -SR7, -CN, -COR7, -CONH2>, -OSO3R7 -NR7R8, -NHCOR7,
-NHSO2RS, or Ar;

Ais -CHy-, -NR7-, -O-, -S-, -PR7-, or -P(O)(R7)-;

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar;

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

. group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO2H;

with the proviso that R! and R2 are not both hydrogen;

m=0-6;

n=0-6;

p=0-1and

q=0-1.

-
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4

aci d A solution of 130 nmg {6-90 m"rq e) oRpprAckphydr o}ypro IBEPiLAéEMEﬁWGHEH
m. di chl or onet hane was ded, t (0.
raparrym n “\ﬂl\ ﬂ L)ctr bonate in 6 nL_dichl oronetfh

ni t rogen aamﬂml\ml \ ! ﬂﬂ %Aptgér
hours, the reactidn mxture was partltloned bet ween di chl dr

wat er/ brine. The organi ¢ portion was washed with brine an

chromat ogr aphed through silica gel using methanol (2.0 to "370%—mn

(KBr): 3430, 2 1a$g, R30 t 1.,
400 M) [err]g(% 1?’5’9% ,},2#) st 43%(}Inro§d su}éﬁ!ﬁ g%ﬁ
(s, 3H, Owe): 3Jngdhi %R aSQef‘md(l%clamﬂ o3 profeqted quweywo ag gin
2H, Hc); usmganlsocyanate of formula

20 * Rapanycin 42-ester with 4-(3-h d]'mgygﬂggpmggiggen 12i ne-
warmt o~ %@){'err] wWi-th Istjir
di chl or omret hanel2.yi emrn@saiﬁm@apngdawpmmdas olaimed i &Flaign 1 mblmnmeﬂa) | R
© 0=N=C-Q

wherein Q represents [(CR3R#)m(-A-(CRIRO)n)plq-B wherein m, n, p, ¢, A, B R3,
R4, R3 and RS are as defined above and if required removing the 42 protecting group,
or

(®) réacting a carbonate derivative of rapamyecin of formula:

Cr

where one of R11 and R12 is selected from the values for R! defined above, the other
is a group of formula |

-0-C-0-aryl
| (In
‘wherein aryl is an aryl group preferably substituted by electron withdrawing
substituents,, or R11 is a protecting group or both R11 and R12 have Formula II with
an amine of formula

H2N-[(CR3RNpy (-A-(CRSRO)p)plq-B

or
1This Sheet Has Been R

I .




2.48 (broad, .4H, Hb) ppm NG (neg i g HS\SHEET 148 BRRN | s500. 28— Lerr]
anpl I§Z|1EEMQ§BarryC| 1 42-es eREMNCEMENT SHEET ‘1‘

5

[3-] bi_s(2}-h dr ox no] propyl]carbamc %md ASol uti onfj of 180w

(0.80m‘ro\lzl %ﬁ pyl)dlethanolarﬁ & in 2 nL dichjofo

859 e P DR g i
i

(0 31 nmol e) rapanycin-42-

RO
/ .
HN
\RIO
or
) -~
- \
g HN )
N
_ where _
7N
“ A
~N ;o ,
N s

R3-10, A, B, m, n, p, and 'q are as defined in Claim 1, and removing any protecting
group R11 if required,

or

(© carbamylating rapamycin 42-R1-substituted or 31-R2-substituted rapamycin in
which R1 and R? are as defined in claim 1 or a 42-protected derivative of rapamycin
using an haloacyl compound of formula

AR
\RIO

halCON

or

—

7 ~

halco -N )

wherein R9, R1@ and

-are as defined above and hal represents a halogen, and if desired converting

to a pharmaceutically acceptable salt thereof.

1This Sheet Has Been Repla
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10+ (4-ni trophenyl)carbonate in 8 nlL dichloronet hane under Q SHEI%T
and stirred at that tenperature for one hour. The reactio - )
partitioned between dichloronethane and brine. The organi

washed with brine and flash chronat ographed dghrough silicg gel 1SAUG 996
met hanol in dichloronethane to yield 150 ng product as a ifte solid, np 93
- 107[err] C. IR (KBr): 15 3420, 2935, 1715, 1640, 1450 gnd 985 cnr I. NWR
(CDC13, 400MHz): [err] 5.69.(broad, 1H HHABSTRAGCIT (mult, .He_and Hnh) . .
3.36 (s, 3H, QOwe); 3..33(s, 3H, QOw); 3.14 (s, 3H QOw); 2.68 (nult, 6H, Hf
and Hg) ppm Ms (neg ion FAB): 1101 (M), 590. 20 '
] F RAPA IN

The invention concerns a compound of the structure

‘I OR!
: J'\'( “OMe
0
(N\J\’
0O

- 0

O

O
HO,

10 :
‘wherein R1 and R? are each, independently, hydrogen,
-CONH-[(CR3R#)(-A-(CR5R))p]q -B;
/Rg a5 \
-CO'N ,or -CO-N- ;o
\RIO N
15 '

R3, R4, R5 , R6_, R9 and Rlo are each defined substitutents, and_R?“'6 may each also
represent hydrogen,
B is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, h'ydrox'yalkyl of 1-6
carbon atoms, alkylthioalkyl of 2-12 carbon afoms, alkylaminoalkyl of 2-12
20 . carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms, -OR7, -SR7, -CN,
-COR7, -CONHR7, -OSO3R7, -NR7R8, -NHCOR7, -NHSO2R7, or Ar;
Ais -CHp-, -NR7-, -O-, -S-, -SO-, -PR7-, -NHCO-, -NHSO- or -P(O)(R7)-;
Aris naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl', thiazolyl,
25 isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,
benz[b]thiophenolyl,




[ err] -29 - Exanpl e 25 Rapanycin 42-ester with di hydroXy_sREPLACFMENT SHEE' }
carbami c acid To a 600 ng serinol in 3 m nethanol solutionfat -10 under
Nerr], was added 5 250 ng rapanyci n 42-p-nitrophenyl car Jo1at135|AU(i1996
chloroform The resulting solution was stirred at -10 under{NR_for 2 hours,
diluted with 120 ni chloroform washed wit h-kt er (3 x 20 mM), and drlea

wth MgSOerr]. The tezimidazofyl, DeaRiaiclfll, benzodioxolyl, pipetidi
' 30 p1perazmy1 tetrahydrofuranyl, or pyrrohdmyl wherein the Ar group may be
optionally mono-, di-, or tri- substituted with a group selected from alkyl of 1-6
. carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon atoms,
cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoromethyl,
: amino, dialkylamino of 1-6 carbon atoms per alkyl group, dialkylaminoalkyl of
35 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 -CO3H;
PO3H, and -CO2H;

7 ~
-N ) is a nitrogen containing heterocycle that may be saturated, unsaturated,
N o
' o or-
40 partially unsaturated, and may be optionally mono-, di-, or tri- substituted with a

defined substituent, with the proviso that R! and R2 are not both hydrogen;
m=0-6; n=0-6; p=0-1; g=0-1;
or a pharmaceutically acceptable salt thereof which is useful as an immunosuppressive,

antiinflammatory, antifungal, antiproliferative, and antitumor agent.
45



and the resid
acet:at e/ n- hex
108-113. 10

(am de C=0),

MHiz): [err] 4.
M8 (neg. ion

Exanpl e 26 Ra
of 95 ng (1.1
stirred sol'ut
ni trophenyl)c
stirring was

10

15

20

25

30

35

ue chromatographed on silica gel. Elution vmth/é%)%ll 4éo.xcrag

a A1 o.llUl -390 ng the title product as a solid, np
I (RBBL)\évE . nd NH), 1730 (ketone and |actone), 1655
15p0—T12%60, 1250 11000, 1000 CM 1. 1H NMR (CDC [err], 400

6 m %3} ﬂm rofon), 3.75-3.84 (m 4H, -CH err]AHP-92057/C1

FAB) b E( 0} 438. 15 '

pa —42—-esteT t h nor phol i ne-4-carboxylic acid A solution
Ie) nmorpholine jim 1 i dryld'lchl or onret hane was added to a

| on~of—330 ng (0.31 nmmol e) rapanycin-42-(4- 20

arbonate in 6 n. JOARBAMATESTGFRAPAMY@INEr ni trogen;

This invention relates to carbamates of rapamycin and a method for using them
for inducing immunosuppression, and in the treatment of transplantation rejection, host
vs. graft disease, autoimmune diseases, diseases of inflammation, solid tumors, fungal
infections, and hyperproliferative vascular disorders. |

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

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

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

Rapamycin has also been shown to be useful in preventing or treating systemic

lupus erythematosus [U.S. Patent 5,078,999], pulmonary inflammation [U.S. Patent

5,080,899], insulin dependent diabetes mellitus [Fifth Int. Conf. Inflamm. Res. Assoc.

121 (Abstract), (1990)], and smooth muscle cell proliferation and intimal thickening

following vascular injury [Morris, R. J. Heart Lung Transplant 11 (pt. 2): 197 (1992)].
Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43

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

used to make water soluble prodrugs of rapamycin (U.S. Patent 4,650,803). -Recently,
the numbering convention for rapamycin has been changed; therefore according to
Chemical Abstracts nomenclature, the esters described above would be at the 31- and 42-
positions. U.S. Patent 5,118,678 discloses carbamates of rapamycin that are useful as
immunosuppressive, anti-inflammatory, antifungal, and antitumor agents. Other
derivatives of rapamycin are disclosed in WO 9205179, US 4650803 and US 5118677.

-




conti nued 4. 5.“h'r:)urs at -KREEDNDEME!\BUSHEFé't 20[err]. The reaction mixture was
was washed-wi t.h brine gn tlogr aphed t hrough silica gel using
methanol* (1.0 to 1.6% {i hgndq, yielding 70 ng product as a
1250, and 993 cm 1. NWH (CDC13 400|\/Hz) [err] 3.64 (4H, 3-norpholine);
3.46 (t (4% 4.9 Hz), 4AH—2—morphotiteT 37 (s, 3H, OWe); 3.32 (s, 3H,
solution of 95 ny TRisOvEiRiod) ploviBds \dePivEvés idTeripandydth WhidH Gire "Bdefan s
immunosuppressive, antiinflammatory, antifungal, antiproliferative, and antitumor

pattitioned between di ghl wat er/ bri-ne; the organic portion
an&PeEs
white sol.id, np 105 - 11 'R{(KBr): 3450, 2950, AHPiS20SVASDEPC*
Oowe); 3.12 (s, 3H _Ow M5 (neg ion F ) 1026 (M), 590. 30
Exanpl e 27, RAYER Bilr‘fl‘ldﬂégﬁ Hm&mhyl pi per azi ne- 1-carboxylic acid A
5  agents having the structure

@
wherein R! and R? are each, independently, hydrogen,
10 : ' -CONH-[(CR3R4)m(-A—(CR5R6)n)p]q-B;
9 | -
/R ) s " \
-CO-N ,or —CO-N ;3
\Rlo A -

R3, R4, R3 and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl
of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon
15 atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NO,, -CF3, -COR?, -CO2R7, -CONHR7, -SO2R7, -OSO3R7,
| -NR7R8, -NHCOR?, -NHSO2R?, or Ar;
20 B is alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkylaminoalkyl of 2-12 carbon atoms, -OR7, -SR7, -CN, -COR7,
~ -CONHR?, -OSO3R7, -NR7R8, -NHCOR?, -NHSO3R7, or Ar;




was added t'o a sol

129 mmol e) rapanyci n-42-(4- 35

ni-t'r ophenyl ) car bon t REPLAGEMENTGS onet hane at O[err] C under nitrogen

and stirred at. O[ er}r]
m xture'was partitilo
organi c pertion was
t hrough silica gel

Tor_ 2 hours gnq at 20[err] for 2 hours. The reaction
d i dhl{or onet hane and water/brine. The

tfbﬁ%eﬁt;z ijne -30- and flash chr AHP:IRDSIHOERPC*
2.10 to 3.0% in 5 dichloronethane,

yi el ding ‘120 ng profduct as a white sglld g 108 - 116[err]C. IR (KBr):
3450, 2945, 1710 1 260, 1240, 1110, and 990 cnierr

10

15

20

30

35

R7 an

d R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of 7-

10 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl! of 2-12 carbon atoms,
alkylthioalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12 carbon atoms,
dialkylaminoalkyl of 3-12 carbon atoms, cycloalkyl of 3-8 carbon atoms, or Ar;
with the proviso that when B is OR7, SR7 or NR7R8 then R7 and R8 do not
represent C1-Cg atkyl;

R? and R!0 are each, independently, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon

atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalky! of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -CF3, -COR7,
-CO2R7, -CONHRY, -SO,R7 or Ar, where R7 is as defined above;

Ais -CHj-, -NR7-, -O-, -S-, -SO-, -PR7-, -NHCO-, -NHSO- or -P(O)(R7)- where R7 is

Aris

as defined above;
naphthyl, pyridyl, quinolyl, isoquinplyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, indolyl, thiazolyl,
isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, benzopyranyl,
benz[b]thiophenolyl, benzimidazolyl, benzthiazolyl, benzodioxolyl, piperidinyl,
morpholinyl, piperazinyl, tetrahydrofuranyl, or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected from
alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 carbon
atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SOsH, -PO3H,
and -CO2H; |

) is a nitrogen containing heterocycle that may be saturated, unsaturated,

”

or partially unsaturated, and may be optionally mono-, di-, or tri- substituted with
a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms,
alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7
carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per
alkyl group, dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon
atoms, alkoxyalky! of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-PO3H, and -CO2H;

with the proviso that R! and R2 are not both hydrogen;
m=0-6;




NIVR'.'( €DC13, '”400'M-|z): 8 3.50 (broad, 4H, 2-piperazine); 3.39 (s, 3H, OVE)

3.33 (s, 3H, Ow)..3.14 (s 3H_ QW); 2.36 (broad, 4H, 3-piperazine); 2.30
(s, 3H Nwe) ppmJ @mmgmrsmm) 1 1039 (M), 590. -31- 06 JAN 1999
CLAI MS: "1.. A ¢onpetrd—of—the~st fucture [err]
. . 12 DEC 1997 | f‘\HP-_92057ICl EPC*
i -5.
o)
HO,
5 .
wherein R! and R2 are each, independently, hydrogen, or
-CONH-[(CR3R4),,,(—A-(CR5R5),.)p]q-B
R3, R4, RS and RS,are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
10 halogen, -CN, -NOj, -CF3, -COR7, -CONH3, -SO2R7, -OSO3R7, -NR7RS,
-NHCOR?, -NHSO3R8, or Ar;
B is hydroxy, -SR7, -CN, -COR7, -CONHz, -OSO3R7, -NR7R8, -NHCOR7, -NHSO,R8, .
or Ar; :
: A is -CHs-, -NR7-, -O-, -S-, -PR7-, or -P(O)}R7)-; _
15 R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of 7-
10 carbon atoms or Ar, providing that when B is —SR7 then R7 is other than a.fkyl
. of 1-6 carbon atoms;
Ar is naphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl, or benzodioxolyl;
20 _ wherein the Ar group may be optionally mono-, di-, or tri- substituted with a
group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms,
alkoxy of 1-6 carbon atoms, cyano, halé; nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
alkylthio of 1-6 carbon atoms, -SO3H, -PO3H, and -CO2H;
25  with the proviso that R! and R2 are not both hydrogen;

m=0-6;n=0-6,p=0-1;
q=0-1; |
or a pharmaceutically acceptable salt thereof.




whereihn R err]

s -COW[(CRlerr]Riert])n{-A (CRerr]Rierr])mpla-8, or

[err] R2 is hydrogge—Rlerr] -[err], Rerr] and Rerr] are each,
i ndepéndent’l y, - hydro@EﬁLAGEIM;EwT i carbon atons, al kenyl of 2-7 carbon
atons, al kynyl of 2-] : ydr oxyal kyl of 1-6 carbon atons,
al koxyal kyl of 2-1% arng) at ons yl t hi oal kyl of 2-12 caAHP-9208MC1 EPC*
al kyl ami noal kyl of {2112 B199% o di al kyl am noal kyl of 3-12 carbon
atoms, arylal kyl of &<1Q carbon atpnk, cycl, p I kyI of 3-8 carbon atons,
-OR[err], SR err] Jﬂalogen - CN, - NO ,1_
- COR] err], - COfB 11 ! & h‘SGX“§ ICPPW%‘FQ]“S thecesigetion day e Flie mean
-NR[err] R er r graft SUTIVE] Girid (nuni¥eef ﬂﬂ)‘s] RSeD) bof ke dr¥g: treatment group was compared
with the control group. The following table shows the results that. were obtained.
5 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 12.0 + 1.7 days was obtained for
rapamycin at 4 mg/kg.
10 The following table summarizes the results of representative compounds of this
invention in these two standard test procedures.
TABLE 1. EVALUATION OF IMMUNOSUPPRESSIVE ACTIVITY*
15 - LAF Skin Graft
Compound ICs0 (nM) (ratio) (days * SD)
Example 1 1.7 1.29 11.7+0.5
Example 2 1.8 1.22 10.3+0.8
20 ' 44 1.09 -
Example 3 4.2 1.1
Example 4 10.0 045 9.8+0.8
Example 5 2.1 1.19
Example 6 0.8 5.1 1140+ 0.6
25 Example 7 1.2 23 10.33+£0.5
Example 8 - 0.2 4.4
Example 10 - 0.1 3.8 10.17+ 1.0
Example 11 0.7 5.0 11.40+0.9
Example 12 1.1 38 9.80+1.1
30 Example 13 0.9 38 9.50+0.6
Example 14 0.5 3.8 9.17+ 1.7
Example 21 6.0 0.6 10.4+0.5
Example 23 34 14
Example 24 40.0 0.1
35 Example 26 0.2 6.2
Example 27 1.2 1.2
* Calculation of the ratio was described supra.
40 The results of these standard pharmacological test procedures demonstrate

immunosuppressive activity both in vitro and in vivo for the compounds of this
invention. Positive ratios in the LAF test procedures indicates suppression of T-cell
proliferation, thereby demonstrating the immunosuppressive activity of the compounds
of this invention. As transplanted pinch skin grafts are typically rejected within 6-7




R.err] and Rlerr] are Mg@pgﬂﬂgﬂtw y, hydrogen, alkyl of 1-6 carbon
2!

atons, aryl al kyl of 71 , Bkl kenyl of 2-7 carbon atons, al kynyl
of 2-7 carbon atons, 1yjrox al kyl of fl-p carbon atons, al koxyal kyl of 2-12
carbon atons, -32-}al kvl m&mmm pf{ 2- 12 carbon atons, al kyl am noal kyl
of 2-12 carbon atons, |d{al kyl ani noal kyI{of 3-12 carbon atop?d'*P@%ﬂé@l E}’C*of
3-8 carbon atons, or fAr; Als -CHerr]-t -NRerr]- -0, -S, -SO,

-PRlerr]-, -NHCO-, -NHSO . or -P(Q (Rl e r])6., Bis Ar vvhere A is selected

frompyridyl, qui %eyHo!low?n()gqn%preseXtatwe compound¥ can be prepared from rapamycin 42-p-
nitropheny! carbonate (prepared as disclosed in Example 1) and the appropriate amine by
employing the method used to prepare the title compound in Example 2.

Rapamycin 42-ester with cyclohexyl carbamic acid
Rapamycin 42-ester with napthyl carbamic acid
Rapamycin 42-ester with 1-(2-naphthylethyl) carbamic acid
, ~ Rapamycin 42-ester with 3-cyanopropyl carbamic acid '

10  Rapamycin 42-ester with 2-hydroxy-hexafluoroisopropyl carbamic acid
Rapamycin 42-ester with 2-methoxycarbonyl-2-(4-hydroxyphenyl)ethyl carbamic acid
Rapamycin 42-ester with 1-(2-hydroxyisoxazolyl)methyl carbamic acid
Rapamycin 42-ester with 2,2-dimethoxyethyl carbamic acid
Rapamycin 42-ester with 2-phosphonoxyethyl carbamic acid

15  Rapamycin 42-ester with 2-sulfinoethyl carbamic acid
Rapamycin 42-ester with 1-carboxy-3-(methylsulfinyl)propyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-3-(methylthio)propyl carbamic acid
Rapamyecin 42-ester with 1,3-(bis-ethoxycarbonyl)propyl carbamic acid
Rapamycin 42-ester with 1-ethoxycarbonyl-2-methylpropyl carbamic acid

20 Rapamycin 42-ester with 1-butoxycarbonyl-2-hydroxyethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(4-hydroxyphenyl)ethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-2-(5-imidazolyl)ethyl carbamic acid
Rapamycin 42-ester with 1-(phenoxycarbonyl)methyl carbamic acid
Rapamycin 42-ester with 1-carboxy-2-methyl-2-phosphonoxyethyl carbamic acid

25 Rapamycin 42-ester with 1-carbophenylmethoxy-2-(phenylmethoxy)ethyl carbamic acid
Rapamycin 42-ester with 1-(4-bromopehnoxymethyl)ethyl carbamic acid
Rapamycin 42-ester with 2-(phenylcarbonyloxy)ethyl carbamic acid
Rapamycin 42-ester with 1-propylcarbonyloxy-3-methylpropyl carbamic acid
Rapamycin 42-ester with 1-phenylmethoxycarbonyl-3-(3-indolyl)propyl carbamic acid

30 Rapamycin 42-ester with 1-propyloxycarbonyl-3-(methylsulfinyl)propy! carbamic acid
Rapamycin 42-ester with 1-(butyloxycarbonyl)-3-(methylthio)propyl carbamic acid
Rapamycin 42-ester with 1-((4-chlorophenyl)methoxycarbonyl)-2-(phenylmethylthio)
ethyl carbamic acid
Rapamycin 42-ester with 1-methoxycarbonyl-1-(trifluoromethyl)methyl carbamic acid

35 Rapamycin 42-ester with 1-(2-methylpropoxycarbonyl)-2-chloroethyl carbamic acid
Rapamycin 42-ester with 1-ethoxycarbonyl-3-(aminocarbonyl)propy! carbamic acid
Rapamycin 42-ester with l-methoxycarbonyl-Z-(P-(Z 3-d1hydroxypropyloxy)
phosphonoxy)ethyl carbamic acid
Rapamycin 42-ester with 1-cyano-1-(ethoxycarbonyl)methy! carbamic acid

40  Rapamycin 42-ester with 1-methoxycarbonyl-2-(carboxymethyithio)ethyl carbamic acid
Rapamycin 42-ester with 1-phenoxycarbonyl-1-(2-thenyl)methyl carbamic acid
Rapamycin 42-ester with 1-phenylmethoxycarbonyl-2-(sulfo)ethyl carbamic acid
Rapamycin 42-ester with 4-(ethylthio)butylamine
Rapamycin 42-ester with 2-phenylthioethyl carbamic acid

45 Rapamycin 42-ester with 2-sulfothioethyl carbamic acid
Rapamycin 42-ester with 2-thicethyl carbamic acid
Rapamycin 42-ester with 2-benzoylthioethyl carbamic acid
Rapamycin 42-ester with 2-phosphonothioethyl carbamic acid
Rapamycin 42-ester with 1-ethoxycarbonyl-2-sulfinoethyl carbamic acid

50 Rapamycin 42-ester with 2-(2-chloro-6-fluorophenylmethylthio)ethyl carbamic acid




benzoxazol yl , benzoi soxazol yl, indolyl, isoxazolyl, pyrimdinyl, pyrazinyl,
I m dazol yl, benzim §a V. e&hiFnyl , norpholinyl, piperazinyl, or
pyrrolidinyl; -wherei nﬁ IQCEM%NEOQ.I‘#EH be optionally nono-, di-, or tri-
substituted with a rqup sel ected fiof al kyl of 1-6 carbon atons, aryl al kyl
of 7- 10 carbon atons,| afRBECAIN- arbon atons, cyano, hAHP-92050/OXEPC*
nitro, carbal koxy of 2-7 carbon atons) trifluoronethyl, amno, dialkylamnno
of 1-6 cafbon atons |p arkyTgroup, di al kyjpam noal kyl of 3-12 carbon
at ons, fydroxyal kyl {of 1-6 carbon at , aI koxyal kyl of 2-12 carbon atons,
al kylthi o- of 1-6 carbon atons, -SOerr]H -PdJerr]H and -CJerr]H [err]
is a nitrogeR, imelethﬂvﬁh%@i@dﬁfd&l)ﬁﬁh&@rﬁﬁiﬂéf&i&d unsaturated, or
partial | ys ungaipamytird2-aster Wit 206N, Nebis-¢2-hytioxyethgi)amiio)eth9l cdrbamic acid
substituted Rapamycin 42-ester with 2- (N-phenylmethyl-N-((3-ethyl-S-methyl)—4-

isoxazolylmethyl)ethyl carbamic acid '

Rapamycin 42-ester with l-((N-methyl-N-carboxymethyl)armno)carbonylmethyl

carbamic acid

10 Rapamycin 42-ester with cyanomethyl carbamic acid

Rapamycin 42-ester with 1-phenyl-1-cyanomethyl carbamic acid

Rapamycin 42-ester with 1-chloro-1-(phenylsulfonyl)methyl carbamic acid

Rapamycin 42-ester with 1-isoquinolyl carbamic acid

Rapamycin 42-ester with 1- (4-chlorophenyl)— -(2-(1,2,3,4-tetrahydroisoquinolyl))-

15  methyl carbamic acid

Example 3

20 A solution of 190 mg (2.2 mmole) piperazine in 4 mL dichloromethane was
added to a solution of 550 mg (0.51 mmole) rapamycin-42-(4-nitrophenyl)carbonate in
12 mL dichloromethane at 0° C under nitrogen and stirred 45 minutes. Partitioning
between dichloromethane and water/brine, washing with brine and flash chromatography
through silica gel using 5% methanol in dichloromethane yielded 350 mg product as a

25  pale yellow solid, mp 120 - 131° C. '
IR (KBr): 3460, 2950, 1705, 1650, 1460, 1245, and 990 cm-1.
NMR (CDC13, 400 MHz): 3 4.8 (broad, IH, NH); 3.46 (broad, 4H, 2piperazine); 3.39 (s,
3H, OMe); 3.33 (s, 3H, OMe); 3.14 (s, 3H, OMe); 2.83 (broad, 4H, 3-piperazine) ppm.
MS (neg ion FAB): 1025 (M-), 590. '

30

35 ~
Example 4

apamycin 42-ester with aminocarbamic aci




wi-th a groﬁp sel eét ed ——4+=61 car bon atorhs, iéfyl'al kyl of 7- 10
carbon atons, al koxy bfREPLACEMENDBSHEEDNE, cyano, hal o, hydroxy, nitro,

car bal' koxy of 2-7 car bog—atoms,t71 711 ofonet hyl, am no, dialkylamno of 1-6
carbon atons per al ky ro&lg,%ﬁgWI hm noal kyl of 3-12 carbon atons, -
hydr oxyal'kyl 6f 1-6 carlon’ atons,  al kfx‘_ al kyl of 2-12 car boAHR-82057/Cl EPC*.

al kyl thio.of 1-6 carbgn ]H, -PJerr]H and -CJerr]H m =0-6;
n =0-6; p=0- 1; q=0-1; ] -30-

and flash chromatographed through silica gel using methanol (2.0 to 3.0%) in
5 dichloromethane, yielding 120 mg product as a white solid, mp 108 - 116° C.

IR (KBr): 3450, 2945, 1710, 1650, 1460, 1240, 1110, and 990 cm™!.

NMR (CDCI3, 400 MHz): § 3.50 (broad, 4H, 2-piperazine); 3.39 (s, 3H, OMe); 3.33 (s,

3H, OMe); 3.14 (s, 3H, OMe); 2.36 (broad, 4H, 3-piperazine); 2.30 (s, 3H, NMe) ppm.

MS (neg ion FAB): 1039 (M-), 590. . :




- 33- '?'2' The' corrpound accord| ng to claim1 V\:hF‘I’EI n err% [err ;he e
cohpound according to cl al m[~ % Eet 'HPISeBEﬁN t 7\&\
substi tuted norphol i nyI é gﬂﬁc‘ggroup 4. A" conpound

according to daim . ereln

Ci]\ll—l—T(CR[err]R[err])m( A—(CR[err]R[err])n)p]:’HB wher ei n R[err] Rerr],
y

drogen, glkyl of 1-6 carbo

gg%‘]‘lmumllmﬁ“u ”m 10 ﬁgrbolnng?g?rlr;deg/lc%/oal kyl of 3-§ qugmfmngugg
-OR[ert],c -SR[ & rf, halogen, -CN, -NJerr], -CFlerr], -QOpretrti

- CON -S - 05 - '
H[err] CIerr]R[:err] qerr]R[err] NR[err]R[err] 120&:1997

1. A compound of the structure

wherein R! and—J
-CONH-[(CR3R4)m(-A-(CR5R6)n)p]q-B o<,

R’ 27N
-co- A ZCON
2. R -~
A" s Wodkcenen -'

R3, R4, RS, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthioalky! of 2-12 carbon
atoms, alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon
atoms, arylalkyl of 7-10 carbon atoms, cycloalky! of 3-8 carbon atoms, -OR7,
-SR7, halogen, -CN, -NO3, -CF3, -COR7, -CO2R7, -CONHR7, -SO3R7,
-0OSO3R7, -NR7R8, -NHCOR7, -NHSO,R7, or Ar;

? ) ’ ’ ’ » ,

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,

iThis Sheet Has Been Replace ydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms,

Hilllllllll H |||




-NHCOR[ err], -NHSO err]Rerr],

gui nol yl, isoquinolyl, quinoxal
the Ar .group nmay be optionally
sel ected from-atkylof 1-6 carbon

(_Wwherein Ar is pyridyl,

of 7-1 10 carbomatons,

al koxy o on at ons, “cyano, hal o nitro, carbalk of on
at ons, - GLM@M% 'I“”u’ o, dial kylam no e821-6 carbdn jat grébggr:@?
car

group; - bon atons, -SO3H, -PQ3H, and } feAds
-CH er’¥] - -NR[err] o, -S, -PR[err]-, or -P(O(Rerr])-; R7 and R8 arle
each, |ndependently, hydrogen, al kyl of 1-6 carbon atons; arytatkytr—et—~20
carbon atons, or Ar alkylthioalkylcohPq 2 rdrtvncaons, Wkylamidoalkyl 4f 2wizeeg&bbn Rtcifs,

dxalkylannnoalkyl of 3-12 carbon atoms, cycloalkyl of 3-8 carbon atoms, or Ar;

atoms, alkynyl of 2-7 carhon atoms, ; droxyalky of 1-6 eagbon atoms
12 carbon atqms, alkylthigalkyl of 22 carbo atoms.
carbon atomdydialkylaminvalkyl of 3-12xarbon atdsgs,

, cycloalkyhof 3-8 carbdr atoms, -CF3-COR?7,

Ais -CH2~ -NR7- -0-, -§-, -SO-, -PR7- -NHCO-, -NHSO-, or -P(O)(R7)-;
mga_\gh&-yl-pyndyl quinolyl, isoquinolyl, quinoxalyl, thienyl, thienaphthyl, fury,
{\{ "> u V3¢ 6‘.bes‘tzef-'m'y! benzediexyl, benzoxazolyl, benzoisoxazolyl, indolyl, thiazelyt,
isoxazolyl, pyrimidinyl, pyrazinyl, imidazolyl, -beazepyren¥yl,
benz[blthiophenolyl, benzimidazolyl, benathiazolyl, benzodioxelyd, piperidinyl,

morpholinyl, piperazinyl, tetrabydrefusany}; or pyrrolidinyl; wherein the Ar
group may be optionally mono-, di-, or tri- substituted with a group selected

from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 1-6
carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms,
trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon atoms, -SO3H,
-PO3H, and -CO,H; .

7 ~
-N ) - is a nitrogen containing heterocycle that may be saturated, unsaturated,
- ~ ~ -

‘or partially unsaturated, and may be optionally mono-, di-, or tri- substituted

~ with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon

atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of

2-7 carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms

per alkyl group, dialkylaminoalky! of 3-12 carbon atoms, hydroxyalkyl of 1-6

..... ’ carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon
atoms, -SO3H, -PO3H, and -CO>H; '

R
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v

A corrpound accord| ng to d 1, q =

6 '

arid Ais -0- or -NR7. 7. A co TidlﬁdSﬁEﬁToH%rﬁENo CI a 5 f

the foll owmst er| wi t h REPLACED nh%PmEMENlr S'%ﬁ-

4- (2- hydr zi ne- 1- cartoxyttt—acid; -34- |r@panmycin 42-esfe

with 4- (3¢ m&m per zi ne-1-carboxyligc acid, r p myt2DER 1897 e
per

vmth4rretﬁy|‘b| car oxyllc acid, r cin 42fegter with
m)rphollne - carboxylic ac:|d |

. 7 ~
2.  The compound according to claim 1 wherein Rlis ~CO-N )
\N_ -
. V4 -~
. . .
3. The compound according to claim 2, wherein - -IEI ; Is
N\ ” )

an optionally substituted morpholinyl or piperazinyl group.

4, A compound according to Claim 1 wherein R! and-R2-are—each, 1S
independently;hydsogenror -CONH-[(CRIRm(-A-(CRSRS)p)plg-B; wihecein
R3, R4, R5, and, R6 are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
halogen, -CN, -NOg, -CF3, -COR7, -CONHp, -SO2R7, -OSO3R7, -NR7RS3,
-NHCOR7, -NHSO2RS, or Ar;

Ais -CHp-, -NR7-, -O-, -S-, -PR7-, or -P(O)(R")~;
R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar; ____—
&S 15 Ar\is raphthyl, pyridyl, quinolyl, isoquinolyl, quinoxalyl, thieryl, thieraphthyl, ferrl
Lbuhereiw beazefuryl-benzedioxyl, benzoxazolyl, benzoisoxazolyl, erbenzedioxald;-
- % NU yherein the Ar group may be optionally mono-, di-, or tri- substituted with a
group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-10 carbon atoms,
alkoxy of 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of 2-7 carbon
atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms per alkyl
group, alkylthlo of 1-6 carbon atoms, -SO3H -PO3H, and -CO,H; g )

Wt I e =~ — =
Rl o d D2 one ot g mm_g -
BRG B PtHo T —®

wigwa -

5. A compound according to Elaim-2-er Claim 4 wherem R2is-hydre m ,
g=C- - | 7 Y Y

S wwromn
6. A compound accordmg to Claim 4, wherein —;3“.,;‘;‘:73‘\ ~

p-—G-and-B-is-ﬁr
nN=2, N=C, ¢ -\,el,- Qum,\ Qs ~O=ot =R ¥ e ——e

- === A ;

IThis Sheet Has Been Rep Iace:
148 A compound according to Claim 1 which is one of the follon g II I l llll" I l' II




rapanrym n 42-ester W|th pi per azi ne 1-car boxyl ic aci d,
wth 2-(pyridin-2-yl)-ethyl carb
2-pyridinyl net hyl carbam c acid, ﬂ?m)SUBHEED }ms-eggma W t

carbam ¢ acid, rapanycin 42-ester di et hy
a pharmc fcallTy acceptabl e sal hof- A co
Claiml e fiol | ow ng: raparry n 42-est
2- (pyr| di ﬂ}“ mmmumam ¢ acid hydrochl o(rjjl’lde salt,
with 2:(pykl 2-W )&t hyl carbamc acid nethanesul fondte_salt. rapanyci
42-ester with 2- (pyridin-2-yl)ethyl carbamc acid nmal eate salt, raparrycm’

42-ester with 2 a%){;cllg 45%5%?%% 4-f23'-'[1yd’i oxyethy‘iﬂplpe%e(-) -Qlar%oxy % asc':iCI

STET

rapa:hycin 42-ester with 4-methylpiperazine-1-carboxylic acid ,
rapamycin 42-ester with morpholine-4-carboxylic acid,

rapamycin 42-ester with piperazine-1-carboxylic acid,

rapamycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic acid,
rapamycin 42-ester with 2-pyridinylmethyl carbamic acid,
rapamycin 42-ester with 3-pyridinylmethyl carbamic acid,

rapamycin 42-ester with 4-pyridinylmethyl carbamic acid,

rapamycin 42-ester-with-{3-[bis(2-hydrexyethyhamino]propylicarbamic acid

or a pharmaceutically acceptable salt thereof. : eptacet

\\\\\\\\\\\\\\\\\\\\\\\\



rapanycin 42-ester with 3-pyridipylnethyl carbanic acid mgpmgm@m@gggm ,
raparryci n 42-ester with 4-pyridi hyHisebhrET $iAEbBEENC aci d

. rapanycin 42-ester W|tn fpyr di nylﬁ@;’ carbajm c afi fo
sgl t. 9 SS+-1+-0h- Bgt*gufuh. a CJWJO%B}&Q%
|n any omul l Jmpll r a phar maceutlcabsy acceplable salt therepf

al

a pharmaceutic y arccept able carrier. 10. A prockss for preparing
conpound as claimed in Caim1l which conprises - 35- : ,

%‘/f A compound according to Clairﬁ 1 which is one of the following:
rapamycin 42-ester with 2-(pyridin-2-yl)-ethyl carbamic acid hydrochloride salt,
rapamycin 42-ester with 2—(pyﬁdin—2—yl)-ethyl carbamic acid methanesulfonate salt,
rapamycin 42-ester with 2—(pyﬁdiri-2-yl)-ethyl carbamic acid maleate salt,
rapamycin 42-ester with 2-pyridinylmethyl cafbémic acid hydrochloride salt,
rapamycin 42-ester with 3—pyridinylmethy1 carbamic acid hyd.rocmoride.salt,
rapamycin 42-ester with 4-pyridinylmethyl carbamic acid hydrochloride salt, or
rapamycin 42-ester wiﬂl 2-pyridinylmethyl carbamic acid methanesulfonate salt.
q J¥. A phammaceutical composition comprising a compound efthe-structure- A S c\ad mc_J

D ann, one o\s Aaym s |
' \“c L ot Al ?\’\C\(WV—LCQ&\\ u\\\

acceQdadele 2a\ b Hheteo\ ¢
A ? : mco.u‘rmi\\iil&g
Catthel

eet Has Been RepIace
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rea

(a) - car barryl at| ng rapanycin using an isocyan f for
wherein Q represents [(CR err] R e} |]||)5WSHEQET(QRBGBEEN err]
n, p, d,A B _Rerr], R4 Rs—and ?E eﬁw gjlned bove r (b)

nd DG gy

gar bonat e derivative of rapamny of f Ferr where
a group of, f‘mm m “Iml“,u\iﬂ %Mn aryl is an_ggyl group preferabl y
subst | tut ed dr awi ng subst Ituents, wth an afire -of-

atoms, arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR/,
-3R7, halogen, -CN, -NO,, -CF3, -COR7, -CO2R7, -CONHR?, -SO;R7,
-OSQ3R7, -NR7R8, -NHCOR7, -NHSO3R7, or Ar;

B is alkenyl Rf 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalky] of 1-6
carbon Ytoms, alkylthioalkyl of 2-12 carbon atoms, alkylaminoa Xyl of 2-12
carbon aboms, dialkylaminoalkyl of 3-12 carbon atoms, -OB%, -SR7, -CN,
-COR7, -CNHR7, -0SO3R7, -NR7R8, -NHCOR7, -NHSOQ#’, or Ar;

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbox gtoms, arylalkyl of
7-10 carbon atoxms, alkenyl of 2-7 carbon aiOms, alkyn¥l ¢f 2-7 carbon atoms,
hydroxyalkyl of\1-6 carbon atoms, alkoxyalky})/of 2-12 carbon atoms,
alkylthioalkyl of 2|2 carbon atoms, alkylamingdlkyl of 2-12 carbon atoms,
dialkylaminoalkyl of 3c12 carbon atoms, cycloalkyl6f 3-8 carbon atoms, or Ar;

R9 and R10 are each, independdptly, alkyl of 1-6 cagbon/atoms, alkenyl of 2-7 carbon
atoms, alkynyl of 2-7 cirbon atoms, hydrokyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbogq atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carboi atoms/dia]Kylaminoalkyl of 3-12 carbon atoms,
arylalkyl of 7-10 carbon atoms, {ycloalkyl of 3-8 carbon atoms, -CF3, -COR7,
-CO2R7, -CONHR?, -SO2R7, or A;

A is -CHj-, -NR7-, -O-, -8-, -SO-,

-P(O)R7)-;
Ar is naphthyl, pyridyl, quinolyl], is6
#nzoxazolyl, Denzoisoxazolyl, indolyl, thiazolyl,

-, -PR7-, -CO-, -NHCO-, -NHSO-, or

inolyl, qinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl
isoxazolyl, pyrimidinyl, pyrazinyl, \imidazolyl, benzopyranyl,
benz[b]thiophenolyl, Yedzimidazolyl, benzthiazylyl, benzodioxolyl, piperidinyl,
morpholinyl, piperazinyl, tetrahydrofuranyl, or'pyrrolidinyl; wherein the Ar
group may be optjpnally mono-, di-, or tri- substituted with a group selected
from alk;'I of 1-6 ax:bon atoms, arylalkyl of 7-10 cakbon atoms, alkoxy of 1-6
carbon atoms,/cyano, halo, hydroxy, nitro, carbalkoxy of 2-7 carbon atoms,
trifluorometfiyl, amino, dialkylamino of 1-6 carbon atyms per alkyl group,
dialkylam@noalkyl of 3-12 carbon atoms, hydroxyalkyl of\1-6 carbon atoms,
a]koxy yl of 2-12 carbon atoms, alkylthio of 1-6 carbol atoms, -SO3H,
-PO3H, and -CO2H;

=N
-ISI ) is a nitrogen containing heterocycle that may be saturated, Dpsaturated,

NS oo .
‘This Sheet Ha or partially unsaturated and may be optionally mono-, di-, or tri- subd{ituted

/ /mﬂ/ lm[l lll’ m /’ l thll: a group selected from alkyl-of 1-6 carbon atoms, arylalkyl of 7-10 cXbon



.'7[err]|\|-[‘(CR[err]R[err])n( A-(CR[erf Drprr])n)p]q B or [er ]REBhAEEMENT-SHBET

berr] Rlercl. A_B. m n p. and g THISaSHERT HASTBagy [0 @i nf 1o
.._rH!ll_llj SR

K4

. q=0-1;

REPLACED - 12 DEC 1997

y of

atoms, -SO3H, -PO3H, and -C
with the proviso that Rl and R2 are not b
m=0-6;
n=0-6;
p=0-1;

ot apharmaceutically acceptable salt thereof and a pharmaceutically acceptable ¢

-NHCOR? -NHSOst or Ar;
B is hydroxy, -SR], -CN, -COR7, -CONHy, .0SO3R? R7R8, -NHCOR?,
-NHSO;R8, oML

-PR7-, or -P(O}R7)-;
, hydrogen, alky

Ais -CHz-, -NR7-, -O-, -

R7 and R8 are each, independent
7-10 carbon atoms, or Ar;

Ar is naphthyl, pyridyl, quinolyl, isoquiRgdfl, quinoxalyl, thienyl, thionaphthyl, furyl,
benzofuryl, benzodioxyl, bepzoxazolyl, benzoisoxazolyl, or benzodioxolyl;

~ wherein the Ar group may’be optionally Yngno-, di-, or tri- substituted with a
‘group selected from gik yl of 1-6 carbon atoms,\qgylalky! of 7-10 carbon atoms,
alkoxy of 1-6 carbon atoms, cyano, halo, nitro\¢arbalkoxy of 2-7 carbon
atoms, triflupfomethyl, amino, dialkylamino of 1-6 sarbon atoms per alkyl
group, alkylthio of 1-6 carbon atoms, -SO3H, —PO3H and ~CO2H;

of 1-6 carbon atoms, arylalkyl of

with the proyi€o that R! and R2 are not both hydrogen;

m=0-6;
n:-=-6;
F=0-1and

q=0-1. heet Has Been Replacec

JAI \I\ \||\
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(Ié') ;‘*'c'ar baFryI ati ng. rapamycin using ah hal oacyl conpound ?L*f"m-l alerr] .
i*'s' as defined in claim1 and hal represents a hal ogen; an EPMEEMEHH SHEET
conver ti ng—to—a—pharnaceutical |y aLTRISt SREET ﬁﬂStBEEﬁe‘r eof .

T lmmmmmw - | T2oECmIT

-38-

| O}2. A process for preparing a compound as cImmed in Claim 1 wh1ch compnses (q .
(a) carbamylating rapamycm,

using an isocyanate of formula
'0=N=C-Q

wherein Q represents [(CR3R4)m(-A-(CR5R6)n)p]q-B wherein m, n, p, q, A, BR3,
R4, RS and R6 are as defined above and-ifreq e
or

(b) reacting a carbonate derivative of rapamycin of formula:
ORII

_ where one of R11 and
. ziba-group-of-formula—

-~

14
-0-C-0O-aryl

(an

‘wherein aryl is an aryl group preferably substituted by electron withdrawing

an amine of formula

HoN-[(CR3RY) (- A-(CR5R6)n)p]q-
o Sheet Has Been Replacec
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where
7 - \\
_N\_ ) p ,
R3-10, A, B, m, n, p, and q are as defined in Claim 1,.and-removing-any protecting
R1LL i ceanired |
or
(¢) carbamylating rapamycin 42-R1-substituted-or-31-R2-substituted-rapamyein-in-
' 9
halC <R
o
- haléo‘\.lﬁ: R
. Nao
' vxhereinRQT-R-w-and
s \\
, - .

. in C,\(l\w\ AN .

. g .

‘are as define and hal represents a halogen; and if desired converting
to a pharmaceutically acceptable salt thereof.
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L Illllml I




A

L

I ————

LI L A

CLAIMS:

1. Acompound of the structure

wherein Rl is _
-CONH-[(CR3R4)m(-A-(CR5R)p)plq-B,

or -CO-N

R2 is hydrogen;

(O Tle¥ (287 7
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R3, R4, RS and RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
| alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthioalkyl of 2-12 carbon

~__. -atoms, alkylaminoalkyl of 2-12 carbon atoms, dialkylaminoalkyl of 3-12 carbon
atoms, arylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7,
~-SR7, halogen, -CN, -NOy, -CF3, -COR7, -CO;R7, -CONHR7, -SO2R7,

-OSO3R7, -NR7R8, -NHCOR?, -NHSO.R?, or Ar;

R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
| 7-10 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms,



REPLACEMENT SHEET

/

T UTALIEL | [os s om

alkylthibalkyl of 2-12 carbon atoms, alkylaminoalkyl of 2-12 carbon atoms,
- dialkylaminoalkyl of 3-12 carbon atoms, cycloalkyl of 3-8 carbon atoms, or Ar;

Ais -CHp-, -NR’-, -O-, -§-, -SO-, -PR7-, -NHCO-, -NHSO-, or -P(O)(R7)-;

B is Ar where Ar is selected from pyridyl, quinolyl, isoquinolyl, quinoxalyl,
benzoxazolyl, benzoisoxazolyl, indolyl, isoxazolyl, pyrimidinyl, pyrazinyl,
imidazolyl, benzimidazolyl, piperidinyl, morpholinyl, piperazinyl, or
pyrrolidinyl; wherein the Ar group may be optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-
10 carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro,
carbalkoxy of 2-7 carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6
carbon atoms per alkyl group, dialkylaminoalkyl of 3-12 carbon atoms,

| hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkyltfxio
of 1-6 carbon atoms, -SO3H, -PO3H, and -CO,H; |
7/ ~

-N ) is a nitrogen containing heterocycle that may be saturated, unsaturated,
N e

or partially unsaturated, and may be optionally mono-, di-, or tri- substituted
with a group selected from alky! of 1-6 carbon atoms, arylalkyl of 7-10 carbon
atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hydroxy, nitro, carbalkoxy of
2-7 carbon atoms, trifluoromethyl, amino, dialkylamino of 1-6 carbon atoms
per alkyl group, dialkylaminoalkyl of 3-12 carbon atoms, hydroxyalkyl of 1-6
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 carbon

 atoms, -SO3H, -PO3H, and -CO5H;

6;

=0-
6;
1

3

?

0
0
0

£ T o
i

_l;
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2. 'Th( conmound accordmg to claim 1 wherein R! is ~CO-N

N
. . 7N
3. The compound according to claim 2, wherein —CO-N ) is
o ’ . N 7
an optionally substituted morpholinyl or piperazinyl group.
4. A compound acc’ording- to Claim 1 wherein R is-

CONH-[(CR3R#)(-A-(CRR6),),lq-B; wherein
R3, R4, R3, and, RS are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
érylalkyl of 7-10 carbon atoms, cycloalkyl of 3-8 carbon atoms, -OR7, -SR7,
‘halogen, -CN, -NOj, -CF3, -COR?, -CONH,, -SO,R7, -OSO3R7, -NR7RS,
-NHCOR?, -NHSO2R8, or Ar; | R
B is Ar wherein Ar is pyridyl, quinolyl, isoquinolyl, quinoxalyl, benzoxazolyl,
benzoisoxazolyl; wherein the Ar group may be optionally mono-, di-, or tri-
substituted with a group selected from alkyl of 1-6 carbon atoms, arylalkyl of 7-
10 carbon atoms, alkoxy of 1-6 carbon atoms, cyano, halo, nitro, carbalkoxy of
- 2-7 carbon atoms, trifluoromethyl, anﬁno dialkylamino of 1-6 carbon atoms
per alkyl group, alkylthio of 1-6 carbon atoms, -SO3H, -PO3H and -CO,H;
‘Ais -CHp-, -NR7-, -O-, -S-, -PR7-, or -P(O)(R)-;
- R7 and R8 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, arylalkyl of
7-10 carbon atoms, or Ar;

5. A compound according to Claim 4, wherein p=0.

6. A compound accordmg to Cla1m 4 whereinm=2,n=0,p=1,q=1,and A is
-O- or -NR7.

7. A compound according to Claim 1 which is one of thé following:

rapamycin 42-ester with 4-(2-hydroxyethyl)piperazine-1-carboxylic acid ,
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rapamycin 42-ester with 4—(3-hydroxypropyl)piperazinel-1-car50xylic acid,
. rapamycin 42-ester with 4-methy1piperazine-l-carboxylic.acid ,
‘rapamycin 42-ester With morpholine-—4-carb9xylic acid,
rapamycin 42-ester with piperazine-l-carboxylic acid,
rapamycin 42-ester with 2—(pyridin-2—yl)—ethyl carbamic acid,
rapamycin 42-ester with 2—pyridinylmethyl carbamic acid,
rapamycin 42-éster with 3-pyridinylmethyl 'cz.lrbamic ac.id,
rapamycin 42-esier with 4-pyridinylmeth.yl. carbamic acid,

or a pharmaceutically acceptable salt thereof.

8. A compbund according to Claim 1 which is one of the following:
rapamycin 42-ester with 2—(pyridin-2-y1)ethyl carbamic acid hydrochloride salt,
rapamycin 42-ester with 2-(pyridin-2-yl)ethyl carbamic acid methanesulfonate salt,
rapamycin 42-ester with 2-(pyridin-2-yl)ethyl carbamic acid maleate salt,
rapamycin 42-ester with 2-pyridinylmethyl carbamic acid hydrochloride salt,
rapamycin 42-ester with 3-pjridinylmét.hyl ca'rbamic acid hydrochloride salt,
rapamycin 42-ester with 4-pyridinylmethyl carbamic acid hydrochloride salt, or

rapamycin 42-ester with 2-pyridinylmethyl carbamic acid methanesulfonate salt.

9. A pharmaceutical compositioh compﬁsing a compound as claimed in any one of
claims 1 to 8 or a pharmaceutically acceptable salt thereof and a pharmaceutically
acceptable carrier. s ' '

10. A process for preparing a compound as claimed in Claim 1 which comprises
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(@)  carbamylating rapamycin using an isocyanate of formula
0=N=_C-Q _

wherein Q represents [(CR3R4)m(-A (CR5R6)n)p]q-B wherein m, n,  P» Q,:A, B, R3,
R4, R5 and RS are as defined above
.or _ _
- (b) reacting a éarbonate derivative of rapamycin of fdnr:t:la:
- OR

“OMe

where one of R11is a group of formixla:

0
|

-0-C-O-aryl

: (1D
wherein aryl is an aryl group preferably substituted by eleetron w1thdraw1ng
substituents, w1th an amine of formula

HoN-{CR3R)(-A-(CRSRO)n)pl-B

or
7 -~
\
HI(I /
N 7’

where
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R3-6, A, B, m, n, p, and q are as defined in Claim l.,_
or o
(c)  carbamylating rapamycin using an haloacyl compound of formula

i,

—

-, N

\
halcON
N
~wherein _ )
. _ SR
. \
_N_ }
AN ’

is as defined in claim 1 and hal represents a halogen;

and if desifed converting toa pharmaceutically. acceptable salt thereof,



