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Abstract—continued
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R2? and R3 are each, independently, hydrogen, alkyl,
alkenyl, alkynyl. —CO;R5, —COR5, —CN,
—NO;, —SO7R5, —SO3R35, —ORS5, —SRS, or Ar;

R4 is hydrogen, alkyl, alkenyl, alkynyl, —CF3,
—NRS5RS, —COR3, —CORS3, CONR3RS, —NO,,
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halogen, —OR3, —SRS,
—SO03R5, —SO,NRS5RS, or Ar;

RS and RS are each, independently, hydrogen, alky],
alkenyl, alkynyl, or Ar;

—CN, —SO.R3,
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are each, independently, a 5-7 membered satu-
rated, unsaturated, or partially unsaturated hetero-
cyclic radical, that is optionally fused to a phenyl
ring or a cycloalkane or cycloalkene ring, wherein
the heterocyclic ring may optionally contain O, S,
or NR¥in the heterocyclic ring, and may be option-
ally substituted by R7;

R7 is alkyl of 1-6 carbon atoms, alkenyl, alkynyl,
—CF3;, —NR5RS, —COsR3, —CORS, CONRSRS,
—NOg3, halogen, —OR3, —SR5, —CN, —SO3R5,
—SO3R3, —SO;NRSRS, or Ar;

R? is hydrogen, alkyl, alkenyl, alkynyl, —CF3,
—NRRS, —CO2R5, —CORS5, CONRSRS, —ORS,
—SRs5, —CN, —SO2R5, —SO3R5, —SO;NRSRS,
or Ar;

Ar is phenyl, naphthyl, or hetaryl, wherein the forego-
ing may be optionally substituted; with the proviso that
R and R! are both not hydrogen, or a pharmaceutically
acceptable salt thereof, which is useful as an immuno-
suppressive, antiinflammatory, antifungal, antiprolifera-
tive, and antitumor agent.

1 Claim, No Drawings
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CARBAMATES OF RAPAMYCIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation in part of Ser. No.
08/160,984, filed Dec. 1, 1993 abandoned, which is a
divisional of Ser. No. 08/054,655, filed Apr. 23, 1993
(mow U.S. Pat. No. 5,302,584), which is a continuation
in part of Ser. No. 07/960,597, filed Oct. 13, 1992 now
abandoned.

BACKGROUND OF THE INVENTION

This invention relates to carbamates of rapamycin
and a method for using them for inducing immunosup-
pression, and in the treatment of transplantation rejec-
tion, graft vs. host disease, autoimmune diseases, dis-
eases of inflammation, solid tumors, fungal infections,
and hyperproliferative vascular disorders.

Rapamycin is a macrocyclic triene antibiotic pro-
duced 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. Pat. No. 3,929,992; and U.S. Pat. No.
3,993,749].

Rapamycin alone (U.S. Pat. No. 4,885,171 ) or in
combination with picibanil (U.S. Pat. No. 4,401,653) has
been shown to have antitumor activity. R. Martel et al.
[Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed
that rapamyecin is effective in the experimental allergic
encephalomyelitis model, a model for muitiple 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 rejec-
tion [FASEB 3, 3411 (1989); FASEB 3, 5256 (1989); R.
Y. Calne et al., Lancet 1183 (1978); and U.S. Pat. No.
5,100,899].

Rapamycin has also been shown to be useful in pre-
venting or treating systemic lupus erythematosus [U.S.
Pat. No. 5,078,999], pulmonary inflammation [U.S. Pat.
No. 5,080,899], insulin dependent diabetes mellitus
[Fifth Int. Conf. Inflamm. Res. Assoc. 121 (Abstract),
(1990)], and smooth muscle cell proliferation and inti-
mal thickening following vascular injury [Morris, R. J.
Heart Lung Transplant 11 (pt. 2): 197 (1992)].

Mono- and diacylated derivatives of rapamycin (es-
terified at the 28 and 43 positions) have been shown to
be useful as antifungal agents (U.S. Pat. No. 4,316,885)
and used to make water soluble prodrugs of rapamycin
(U.S. Pat. No. 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~ posi-
tions. U.S. Pat. No. 5,118,678 discloses carbamates of
rapamycin that are useful as immunosuppressive, anti-
inflammatory, antifungal, and antitumor agents.

DESCRIPTION OF THE INVENTION

This invention provides derivatives of rapamycin
which are useful as immunosuppressive, antiinflamma-

DOCKET

_ ARM

10

20

25

30

45

55

60

65

2

tory, antifungal, antiproliferative, and antitumor agents
having the structure

wherein R! and R2 are each, independently, hydrogen,
—CONH—{[(CR3*R*)m(—A—(CRR),);]l—B;

RrRY

—CO-~N , or —CO—N I

Rrlio

R3, R4 R5, RS, and B are each, independently, hydro-
gen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 car-
bon atoms, alkynyl of 2-7 carbon atoms, hydroxy-
alkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12
carbon atoms, alkylthioalkyl of 2-12 carbon atoms,
alkylaminoalkyl of 2-12 carbon atoms, dialkylami-
noalky!l of 3-12 carbon atoms, arylalkyl of 7-10
carbon atoms, cycloalkyl of 3-8 carbon atoms,
—OQR7, —SR7, halogen, —CN, —NO;, —CF3,
—COR7, —CO3R7, —-CONHR7, —SO,R7, —O-
SO3R7, —NR7R8, —NHCOR’, —NHSO;R7, or
Ar;

R7and R8am 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, hydroxyalky! of 1-6 carbon atoms, alkoxy-
alkyl 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;

R9%and R!0 are each, independently, alkyl of 1-6 car-
bon 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, alkylthi-
oalkyl of 2-12 carbon atoms, alkylaminoalkyl of
2-12 carbon atoms, dialkylaminoalkyl of 3-12 car-
bon atoms, arylalkyl of 7-10 carbon atoms, cycloal-

kyl of 3-8 carbon atoms, —CF3, —COR7,
—CO3R7, —CONHR7, —SO3R7, or Ar;
A is —CHy—, —NR’—, —O—, —S—, —SO-,

—S02~, —PR7—, —CQO—, —NHCO—, —NH-
SO—7 or —P(O)(R7)_;

Ar is phenyl, naphthyl, pyridyl, quinolyl, isoquinolyl,
quinoxalyl, thienyl, thionaphthyl, furyl, benzofu-
ryl, benzodioxyl, benzoxazolyl, benzoisoxazolyl,
indolyl, thiazolyl, isoxazolyl, pyrimidinyl, pyrazi-
nyl, imidazolyl, benzopyranyl, benz[bjthiopheno-
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1yl, benzimidazolyl, benzthiazolyl, benzodioxolyl,
piperidinyl, morpholinyl, piperazinyl, tetrahydro-
furanyl, or pyrrolidinyl; wherein the Ar group may
be optionally mono-, di-, or trisubstituted with a
group selected from alkyl of 1-6 carbon atoms,
arylalkyl of 7-10 carbon atoms, alkoxy of 1-6 car-
bon atoms, cyano, halo, hydroxy, nitro, carbalkoxy
of 2-7 carbon atoms, trifluoromethyl, amino, dial-
kylamino of 1-6 carbon atoms per alkyl group,
dialkylaminoalkyl of 3-12 carbon atoms, hydroxy-
alkyl of 1-6 carbon atoms, alkoxyalkyl of 2-12
carbon atoms, alkylthio of 1-6 carbon atoms,
—SO3H, —PO3H, and —CO:H;

L=
’ “

‘

\\-—,

is a nitrogen containing hetcrocycle 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

5

15

20

atoms, arylalkyl of 7-10 carbon atoms, alkoxy of 25

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 30

2-12 carbon atoms, alkylthio of 1-6 carbon atoms,
—803H, —PO3H, and —COH;
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.

The pharmaceutically acceptable salts are those de-
rived from such inorganic cations such as sodium, po-
tassium, 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 car-
bon atoms per alkyl group, and the like; and organic and
inorganic acids as: acetic, lactic, citric, tartaric, suc-
cinic, maleic, malonic, gluconic, hydrochloric, hydro-
bromic, 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 pyri-
dyl 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 car-
bon atoms per alkyl group, alkylthio of 1-6 carbon
atoms, —SO3H, —PO3H, and —CO;H. The term alkyl
includes both straight chain and branched alkyl groups.

It is preferred that

-~
’ \‘
\ ’

~ 7’

is a pyridyl, pyrazinyl, piperidinyl, morpholinyl, pipera-
zinyl, pyrrolidinyl, thiazolyl, pyrimidinyl, isoxazolyl,
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4
pyrrolidinyl, or imidazolyl group that may be option-
ally substituted as described above.
This invention also discloses preferred amidino car-
bamates having the structure

II

(o]
g i
- - =
SN—C=N SN—¢® g
A [
\
R2 | /, \ 7, or
\\_,/ S’
(o] R4
i1
- x
\\N” \~N
\ l;
\‘_,’

R2and R3 are each, independently, hydrogen, alkyl of
1-6 carbon atoms, alkenyl of 2-7 carbon atoms,
alkynyl of 2-7 carbon atoms, —CO»R5, —CORS,
—CN, —NOgy, —S02R5, —SO3R5, —ORS5, —SRS3,
or Ar;

R#4is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
—CF3, —NR5R6, —CO3R5, —CORS, CONRSRS,
—NO3, halogen, —ORS5, —SR5, —CN, —SO;R5,
—S03R5, —SO,NR3RS, or Ar;

R5and Réare each, independently, hydrogen, alkyl of
1-6 carbon atoms, alkenyl of 2-7 carbon atoms,
alkynyl of 2-7 carbon atoms, or Ar;

*e=N N—cF
‘ N ’ \
ot
\ !, ! /l, and
\\-’I \\-¢/
C
X
)CN/’ \‘N
{ . 1
\ )
N ’

are each, independently, a2 5-7 membered satu-
rated, unsaturated, or partially unsaturated hetero-

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

5,434,260

5

cyclic radical, that is optionaily fused to a phenyl
ring or a cycloalkane or cycloalkene ring of 5-7
carbon atoms, wherein the heterocyclic ring may
optionally contain O, S, or NR®in the heterocyclic
ring, and may be optionally substituted by R7;

R7is alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon
atoms, alkynyl of 2-7 carbon atoms, —CF3,
—NR5R6, —CO;R5, —CORS, CONRSRS, —NO>,
halogen, —OR5, —SR5, —CN, —SO3R5,
—SO3R5, —SO;NRSRS, or Ar;

R2is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
~—CF3, —NR5RS, —CO,R5, —CORS5, CONRSRS,
—OR35, —SR5 —CN, —SO3R5 --SO3RS,
—SO;NR5RS, or Ar;

Ar is phenyl, naphthyl, or hetaryl, wherein the fore-
going may be optionally mono-, di-, or tri-sub-
stituted with a group selected from alkyl of 1-6
carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl
of 2-7 carbon atoms, arylalkyl of 7-10 carbon

atoms, alkoxy of 1-6 carbon atoms, cyano, halo, hy-
droxy, nitro, carbalkoxy of 2-7 carbon atoms, trifluoro-
methyl, trifluoromethoxy, amino, dialkylamino of 1-6
carbon atoms per alkyl group, dialkylaminoalkyl of
3-12 carbon atoms, hydroxyalkyl of 1-6 carbon atoms,
alkoxyalkyl of 2-12 carbon atoms, alkylthio of 1-6 car-
bon atoms, —SO3H, and —CO;H;
with the proviso that R and R! are both not hydrogen,
or a pharmaceutically acceptable salt thereof.

For the compounds having structure II (immediately
above), the terms alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, and alkynyl of 2-7 carbon atoms,
include both straight chain as well as branched carbon
chains. When any of the generic terms (i.e., R5) are
contained more than once in a given compound, each
may be the same or different. The pharmaceutically
acceptable salts of the compounds having structure II
are the same as was defined following the compounds of
structure I.

For the compounds having structure II, hetaryl is
defined as an unsaturated or partially saturated hetero-
cyclic radical of 5-12 atoms having 1 ring or 2 fused
rings. Preferred heterocyclic radicals include unsatu-
rated heterocyclic radicals such as furanyl, thiophenyl,
pyrrolyl, pyrazolyl, imidazolyl, 1,2,3-triazolyl, 1,2,4-
triazolyl, 1,2-dithiolyl, 1,3-dithiolyl, 1,2,3-oxathiolyl,
isoxazolyl, oxazolyl, thiazolyl, isothiazolyl, 1,2,3-
oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl,
1,2,3,4-oxatriazolyl, 1,2,3,5-oxatriazolyl, 1,2,3-dioxazo-
1yl, 1,2,4-dioxazolyl, 1,3,2-dioxazolyl, 1,3,4-dioxazolyl,
1,2,5-oxathiazolyl, 1,3-oxathiolyl, 1,2-pyranyl, 1,4-pyra-
nyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
1,3,5-triazinyl, 1,2,4-triazinyl, 1,2,3-triazinyl, 1,2,4-
oxazinyl, 1,3,2-oxazinyl, 1,2,6-oxazinyl, 1,4-oxazinyl,
isoxazinyl, 1,2,5-oxathiazinyl, 1,4-0xazinyl, o-isoxazinyl,
p-isoxazinyl, 1,2,5-oxathiazinyl, 1,2,6-oxathiazinyl,
1,3,5,2-oxadiazinyl, azepinyl, oxepinyl, thiepinyl, 1,2,4-
diazepinyl, benzofuranyl, isobenzofuranyl, thionaphthe-
nyl, indolyl, indolenyl, 2-isobenzazolyl, 1,5-pyrindinyl,
pyrano[3,4-b]pyrrolyl, benzpyrazolyl, benzisoxazolyl,
benzoxazolyl, anthranilyl, 1,2-benzopyranyl, quinolinyl,
isoquinolinyl, cinnolinyl, quinazolinyl, naphthyridinyl,
pyrido[3,4-b]pyridinyl, pyrido[4,3-b]pyridinyl, pyri-
do[2,3-b]pyridinyl, 1,3,2-benzozazinyl, 1,4,2-benzoxazi-
nyl, 2,3,1-benzoxazinyl, 3,1,4-benzoxazinyl, 1,2-ben-
zisoxazinyl, 1,4-benzisoxazinyl, carbazolyl, purinyl, and
partially saturated heterocyclic radicals selected from
the list above. All of the preferred heterocyclic radicals
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contain at least one double bond. When the heterocyclic
radical is partially saturated, one or more of the olefins
in the unsaturated ring system is saturated; the partially
saturated heterocyclic radical still contains at least one
double bond. It is more preferred that hetaryl is pyridi-
nyl.

For the amidino carbamates having structure 11, it is
preferred that the

N P £
JC=N, SN—C3
] ] ] ]
\ ’, \ !, and
AN 4 ~ 7/
- - -
C
n
)CN/ \N
{ \
\ U
N ’
-

moieties are pyrrolyl, 3,4-dihydropyrrolyl, pyrolidinyl,
pyrazolyl, imidazolyl, 4,5-dihydroimidazolyl, 2-
pyrazolinyl, 1,2,4-triazolyl, isoxazolyl, oxazolyl, thia-
zolyl, isothiazolyl, pyridinyl, 1,2,3,6-tetrahydropyridi-
nyl, piperidinyl, pyridazinyl, pyrimidinyl, 1,4,5,6-tet-
rahydropyrimidinyl, pyrazinyl, piperazinyl, 1,3,5-triazi-
nyl, hexahydro-1,3,5-triazinyl, 1,2,4-triazinyl, 1,3,2-
oxazinyl, 1,4-oxazinyl, morpholinyl, azepinyl, indolyl,
indolinyl, indolenyl, benzoxazolyl, quinolinyl, 1,2,3,4-
tetrahydroquinolinyl, 5,6,7,8-tetrahydroquinolinyl,
isoquinolinyl, 3,4-dihydroisoquinolinyl, 1,2,3,4-tetrahy-
droisoquinolinyl, and, 5,6,7,8-tetrahydroisoquinolinyl
radicals that are optionally substituted by R8. The
fourth ring structure, above, is the more preferred of the
four ring systems, and within this ring system it is more
preferred that the radical is 4,5-dihydroimidazoly! or
1,4,5,6-tetrahydropyrimidinyl. It is also preferred that
the R7 substituent, when present, is phenyl.

The 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 (see Example 1) followed by
reaction with an appropriately substituted amine to
provide the desired carbamate. The following scheme
illustrates the preparation of the compound of Example
4,

i
OsN occl
RAP—OH >
]
RAP—OCO NO;

[;@/
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