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related enzymes that function as serine/threonine kinases.
Protein kinase C plays an important role in cell-cell signaling,
gene expression, and in the control of cell differentiation and
growth. At present, there are currently at least ten known
isozymes of PKC that differ in their tissue distribution,
enzymatic specificity, and regulation. Nishizuka Y. Apnu. Rev.
Biochem, 58: 31-44 (1989); Nishizuka Y. Science 258: 607-614
(1992).

Protein kinase C isozymes are single polypeptide
chains ranging from 592 to 737 amino acids in 1ength. The
isozymes contain a regulatory domain and a catalytic domain
connected by a linker peptide. The regulatory and catalytic
domains can be further subdivided into constant and variable
regions. The catalytic domain of protein kinase C is very
similar to that seen in other protein kinases while the
regulatory domain is unique to the PKC isozymes. The PKC
isozymes demonstrate between 40-80% homology at the amino acid
level among the group. However, the homology of a single
igozyme between different species is generally greater than 97%.

Protein kinase C is a membrane-associated enzyme that
ig allosterically regulated by a number of factors, including
membrane phospholipids, calcium, and certain membrane lipids
such as diacylglycerols that are liberated in response to the
activities of phospholipases. Bell, R.M. and Burns, D.J., J.
Biol. Chem. 266: 4661-4664 (1991); Nishizuka, Y. Science 258:
607-614 (1992). The protein kinase C isozymes, alpha, beta-1,
beta-2 and gamma, require membrane phospholipid, calcium and
diacylglycerol/phorbol esters for full activation. The delta,
epsilon, eta, and theta forms of PKC are calcium-independent in
their mode of activation. The zeta and lambda forms of PKC are
independent of both calcium and diacylglycerol and are believed
to require only membrane phospholipid for their activation.
Only one or two of the protein kinase C isozymes may

be involved in a given disease state. For example, the elevated

blood glucose levels found in diabetes lead to an isozyme-
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proliferation while the alpha isozyme is involved in
megakarvocyte differentiation in these same cells. Murray et

15 al., J. Biol. Chem, 268: 15847-15853 (1993).

The ubiquitous nature of the protein kinase C isozymes
and their important roles in physiology provide incentives to
produce highly selective PKC inhibitors. Given the evidence
demonstrating linkage of certain isozymes to disease states, it

20 1is reasonable to assume that inhibitory compounds that are
selective to one or two protein kinase C isozymes relative to
the other PKC isozymes and other protein kinases are superior
therapeutic agents. Such compounds should demonstrate greater
efficacy and lower toxicity by virtue of their specificity.

25 The microbial indolocarbazole, staurosporine, is a
potent inhibitor of protein kinase C that interacts with the
catalytic domain of the enzyme. Tamaoki et al., Biochem.
Biophvs. Reg. Commun. 135: 397-402 (1986); Gross et al.,
Biochem., Pharmacol. 40: 343-350 (1990). However, the

30 therapeutic usefulness of this molecule and closely related
compounds is limited by the lack of specificity for protein
kinase C over other protein kinases. - Ruegg, U.T. and Burgess,

.M., Trends Pharmacol. Sci, 10: 218-220 (1989). This lack of
selectivity results in unacceptable toxicity in this class of

35 molecules.

An additional class of compounds related to
staurosporine, the bisindolemaleimides, has been the focus of
recent work. Davis et al., FEBS Lett. 259: 61-63 (1989); Twoemy
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Although compounds that demonstrate specificity to
protein kinase C have been discovered, very little is known
regarding isozyme selectivity. For example, analysis of the

10 isozyme selectivity of staurosporine, shows little isozyme
selectivity with the exception of poor inhibition of the zeta
isozyme relative to the other isozymes. McGlynn et al., J.
Cell, Biochem, 49: 239-250 (1992); Ward, N.E., and O'Brian,
C.A., Molec. Pharmacol. 41: 387-392 (1992). Studies of the PKC-

15 selective compound, 3-[1-(3-dimethylaminopropyl)-indol-3-yl]-4-
(1H-indol-3-yl) -1H-pyrrole-2,5-dione, suggest a slight
selectivity for the calcium dependent isozymes. Toullec et al.,
J. Biol, Chem. 266: 15771-15781 (1991). Subsequent studies of
this compound observed no difference, or possibly slight

20 selectivity, for alpha over beta-1 and beta-2 isozymes. Martiny-

Baron et al., J. Biol. Chem, 268: 9194-9197 (1993); Wilkinson,
et al., Biochem, J. 294: 335-337 (1993). Therefore, despite

years of research and the identification of classes of compounds
that inhibit protein kinase C versus other protein kinases,

25 there remains a need for therapeutically effective isozyme—
selective inhibitors.

The present invention provides novel, potent protein
kinase C inhibitors. The compounds of the present invention are
selective to protein kinase C over other kinases and are, quite

30 surprisingly, highly isozyme-selective. As selective inhibitors
the compounds are useful in treating conditions associated with
diabetes mellitus and its complications, ischemia, inflammation,
central nervous system disorders, cardiovascular disease,
dermatological disease and cancer.

35 This invention provides compounds of Formula I:
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wherein:

W is -0-, -S-, -SO-, -S02-, -CO-, C2-Cg¢ alkylene,

5 substituted alkylene, C2-Cg alkénylene, -aryl-, —aryl(CHz)mOQ,
-heterocycle-, -heterocycle-(CH2)mO-, -fused bicyclic-, -fused
bicyclic- (CH2)pmO-, -NR3-, -NOR3-, -CONH-, or -NHCO-;

X and Y are independently Ci-C4 alkylene, substituted
alkylene, or together X, Y, and W combine to form - (CH2)pn-AA-;

10 R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4R5, or -NHCO(Cji-C4
alkyl):;

R2 is hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hydrogen, (CH2)marvyl, C1-C4 alkyl, -COO(C1-C4

15 alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkyl), -SO2(NR4R5), or
-S02(C1-C4 alkyl);

R4 and R5 are independently hydrogen, C1-C4 alkyl,
phenyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member ring;

20 AA is an amino acid residue;
m is independently 0, 1, 2, or 3; and
n is independently 2, 3, 4, or 5.

Also provided are novel intermediates of the above
25 compounds. These intermediates are compounds of the Formula II.
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(II)
wherein:

V is -O- or N-CH3;

W is -O-, -S-, -S0-, -S0O2-, -CO-, C2-Cg alkylene,

5 substituted alkylene, C2-Cg alkenylene, -aryl-, -aryl(CH2)mO-,
-heterocycle-, -heterocycle-{(CH2)mO-, -fused bicyclic-, -fused
bicyclic-(CH2)mO-, -NR3-, -NOR3-, -CONH-, or -NHCO-;

X and Y are independently C1-C4 alkylene, substituted
alkylene, or together X, Y, and W combine to form -(CH2)n-AA-;

10 R1 is independently hydrogen, halo, Ci1-Cq4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4Rs, or -NHCO(C1-Cg
alkyl);

R3 is hydrogen, (CH2)maryl, Ci1-C4 alkyl, -COO(C1-C4
alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkyl), -S02(NR4Rs), or

15 -S02 (C1-C4 alkyl);

R4 and Rs are independently hydrogen, C1-C4 alkyl,
phenyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or é member ring;

AA is an amino acid residue;

20 m is independently 0, 1, 2, or 3; and

n is independently 2, 3, 4, or 5.

An additional aspect of this invention is a process of
preparing the compounds of Formula II, which comprises:
25 Combining a mixture of a compound at a concentration
of about 1.5 molar to about 0.001 molar of the formula:
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i denti ficaKr8RA5S&R EPBsses of conmpounds— & -that inhibit proteln klnase c
versus ot her protein kinases, 25 there remains a need for therapeutically
effective isozynme- sel ective inhibit&rs. The present

i nvention provides novel, potent pro©s &i nase C inhibitors. The
conpounds of the present invention are selectlve to proteln ki nase C
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treating conditions associ at ed ‘
conplications, ischema, inflammti

nervous system
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35 This invention provides conpounds of Formula |
wherein:

V is O, or N-CH3;

5 R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4Rs, or -NHCO(C1-C4
alkyl);

m is independently 0, 1, 2, or 3;

10 and an alkylating agent at a concentration of about 1.5 molar to
about 0.001 molar of the formula:

L—X

W

/

L—Y

15 wherein

L is a leaving group;

W is -O-, -S-, -S0O-, -802-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryl-, -aryl(CH2)mO-,
-heterocycle-, -heterocycle-(CH2)mO-, -fused bicyclic-, -fused

20 bicyclic-(CH2)mO-, -NR3-, -NOR3-, -CONH-, or -NHCO-;

X and Y are independently C1-C4 alkylene or
substituted alkylene;

R3 is hydrogen, (CH2)maryl, C1-C4 alkyl, -COO{(Ci-C4
alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkyl), -S02(NR4Rs5), or

25 -S02(C1-C4 alkyl):;

R4 and Rs5 are 1ndependently hydrogen, C1-C4 alkyl,
phenyl, benzyl, or combine to the nltrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member ring;

m is independently 0, 1, 2, or 3;

30 e ——
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--4- | [err]
wher ei n: Wis -0, -S, -SO, -SOefrd=——C0"—
Cerr]-Cerr] alkylene, 5 substituted al kyl ene, (e rﬁ'u%:[sgkﬁ %SKBEEN bne,

“~aryl-, -aryl(CHerr])[err]O, -het erocycl e-, - het er oBHRUASERCH2) nD- |
-fused bi Zd9%-A FORised bicyclic-(CH err])[err]O, -NRerr]-,
-NOR[err]-, -CONH, or -NHCO; X and Y are independently
Cerr]-Cerr] alkylene, substituted al kyl ene, or together X, Y, and W

Conbine1xwkthﬁhq4}“bﬁer[@prLAAD;equivalents of Cs2C03 at a rate from
about 0.1 mL/hour to about 2.0 mL/hour in a polar aprotic

solvent.

5 Yet another process of preparing the compounds of
Formula II, comprises: Combining a compound at a concentration
of about 3 molar to about 0.001 molar of the formula:

/ H
. X
N

10
wherein:

L2 is independently a leaving group;

V is -0- or N-CH3;

W is -0-, -S-, -S0-, -S02-, -CO-, C2-Cg alkylene,

15 substituted alkylene, C2-Cg alkenylene, -aryl-, -aryl(CH2)pnO-.
~heterocycle-, -heterocycle-(CH2)nO-, -fused bicyclic-, -fused
bicyclic- (CH2)nO-, -NR3-, -NOR3-, -CONH-, or -NHCO-;

X and Y are independently C1-C4 alkylene or
substituted alkylene;

20 R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4R5, or -NHCO(C1-C4
alkyl);

R3 1is hydrogen, (CH2)paryl, C1-C4 alkyl, -COO(C1-C4
alkyl), -CONR4Rs5, -(C=NH)NH2, -SO(C1-C4 alkyl), -SO02(NR4Rs5), or

25 -8502(C1-Cq alkyl);

R4 and R5 are independently hydrogen, C1-C4 alkyl,
phenyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member ring;

m is independently 0, 1, 2, or 3;

30
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or -NHCO Cerr]-Cerr] al kyl [ err] mi

"CH err] CO, NH2, or hydroxy; Rlerr] its~hyd

(CH err]) [®r893¥A/IEORJ err]-Clerr] al kyt,8 -CO(Cerr]- C[err] 15  al kyl),
-CONR[err]R err], (C-NH)NH[err] -SQ(derr] - C[err] al kyl ),

-SOerr] (NRlerr]Rerr]) -Serr](Cerr]-gerr] alkyl)

Rlerr] and"Hkraqout d imcrépem 1P egivgdente] efr £s2E@3 aiFkWte from

phenyl, bepgyls 6"1(Hﬂﬁﬂdﬁ%tﬂbtéﬁﬁdﬂ @r@g néh%u%hhﬁhatgSYaﬁréprotlcbondEd to

forma saturated or unsaturated or ring; S

an anino a2PHeRdsi due; mis independently 0, 1, 2, or 3;

and Oné f@rw@ﬁr@éﬁhﬁﬁ lof Bhed.irfrerion is a method of

Also provided, are, novel ) enied ares of the above 28 cmpovnds, ; Thess

mammal in need of such treatment a pharmaceutically effective

amount of a compound of the Formula I. Also included is a
method of selectively inhibiting the beta-1 and beta-2 protein
kinase C isozymes, which comprises administering to a mammal in

10 need of such treatment a pharmaceutically effective amount of a
compound of the Formula I.

The invention further provides methods for treating
conditions that protein kinase C has demonstrated a role in the
pathology, such as ischemia, inflammation, central nerwvous

15 system disorders, cardiovascular disease, dermatological
disease, and cancer, which comprise administering to a mammal in
need of treatment a pharmaceutically effective amount of a
compound of the Formula I.

This invention is particularly useful in treating

20 diabetic complications. Therefore, this invention further
provides a method for treating diabetes mellitus, which
comprises administering to a mammal in need of such treatment a
pharmaceutically effective amount of a compound of the
Formula I.

25 A final aspect of the invention are pharmaceutical
formulations comprising a compound of Formula I together with
one or more pharmaceutically acceptable excipients, carriers, or
diluents. '

As noted above, the invention provides compounds of

30 the Formula I which selectively inhibit protein kinase C. The
preferred compounds of this invention are those of Formula I
wherein the moieties -X-W-Y¥- contain 4 to 8 atoms, which may be
substituted or unsubstituted. Most preferably, the moieties -X-
W-Y- contain 6 atoms.

35 Other preferred compounds of this invention are those
compounds of Formula I wherein R] and R2 are hydrogen; and W is

a substituted alkylene, -O0-, -S-, -CONH-, -NHCO- or -NR3-.



-5 [err]
Wis -0,

substituted al kylene, Cerr]-Cerr] al kenylene, -aryl-
“-heterocycl e-

bicyclic-(éH?gW-‘]\)f‘é?*r]O, -NR[err]-, =NOR[err]-, -CONH-, or -NACO

wherein: . Vis -O or NNCHerr];
-S, -SO, -Sgerr]-, -CO, Jerr]-Cerr] aIF

)

-heterocycle-(CH err])[err] O, -fused blcycl iREPLACERIsed

X and Y are independently CJerr]-Cferr] al kyl ene, substituted al kyl ene,

together X .Y, W ine.to f - (CH -AA-; 10
Rlerr] | s PRASHEWHEREY PRORPHHSH, RG] s, SREFIg) £ b FoRPHTay.

Rlerr] is

Cerr]-Cera} al koxy, haloalkyl, nitro, NRlerr]Rerr], or
-NHCO ([ err]-Cerr] al kyl);

10

15

Re (Ia)

wherein Z is -(CH2)p- or -(CH2)p-O-(CH2)p-; Rg is hydroxy, -SH,
C1-C4 alkyl, (CH2)maryl, -NH(aryl), or -NR4R5; R4 is hydrogen or
C1-C4 alkyl; Rs5 is hydrogen, C1-C4 alkyl, or benzyl; p is 0, 1,
or 2; and m is independently 2 or 3. Most preferred compounds
of the Formula Ia are those wherein Z is CH3; Rg is -NHJ or
N(CH3)2. |

Other preferred compounds are compounds wherein W is
-0-, Y is substituted alkylene, and X is alkylene. These
compounds are represented by Formula Ib:

- hi eet Has Been Replaced
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Re (Ib)

wherein Z is -(CH2)p-; Rg is NR4Rs5; R4 and Rs are independently
H or C1-C4 alkyl; p is 0, 1, or 2; and m is independently 2 or



‘Rlerr] is hydrogen, (CHerr])[err]aryl, Clerr]-(err] alkyl,
-CoOO(Cerr]-Cerr] al kyl), -CONRerr]Rerr], -(C=NH NanrH

-SOCerr]-Cerr] alkyl), -SJerr](NRerr]Rerr]), or 1>‘THIS SHEET HAS BEEN
“-Sgerr](derr]-derr] alkyl); Rlerr] ahd R

i ndependeréi8p F&%en, Jerr]-Jerr]-alkyt, phenyT ucﬁ??*ﬁagf
conbine to the nitrogen to which they are bonded to forma saturated
or unsaturated 5 or 6 nenbe is an amn cid
residue; 2o Most Preferrﬁldl §°WH%BB@ﬁd€§tF]990F°Ii‘“u}za T are se’ wherein

n i s independent;| wnd R3, afd By &re methyl. An addi tional aspect of
this invention is a process of preparing the conpounds of Formula |1
whi ch conprises: 25 Conmbi ning a m xture of a conpound at a
concentration afhehrtm 'Halewol afepiresahest £Qudfinepl ehlotihde formul a:

5 bromine, or iodine.

The term "C1-C4 alkyl" represents a cyclo, straight or
branched chain alkyl group having from one to four carbon atoms
such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-
butyl, isobutyl, sec-butyl, t-butyl and the like. A haloalkyl

10 is one such alkyl substituted with one or more halo atoms,
preferably one to three halo atoms. An example of a haloalkyl is
trifluoromethyl. A C1-C4 alkoxy is a C1-C4 alkyl group
covalently bonded by an -0O- linkage.

The term "C1-C4 alkylene® representgs a one to four

15 carbon, straight alkylene moiety of the formula - (CH2)r- wherein
r is one to four. Examples of C1-C4 alkylene ihclude nethylene,
ethylene, trimethylene, methylethylene, tetramethylene, and the
like. Similarly, a "C2-Cg alkylene® represents a two to six
carbon, straight alkylene moiety. Preferably, C2-Cg alkylene is

20 a two to four carbon alkylene.

The term "C2-Cg alkenylene" represents a two to six
carbon, straight or branched hYdrocarbon containing one or more
double bonds, preferably one or two double bonds. Examples of a
C2-Cg alkenylene include ethenylene, propenylene, 1,3

25 butadieneyl, and 1,3,5-hexatrienyl.

_ The term "aryl" represents a substituted or
unsubstituted phenyl or naphthyl. Aryl may be optionally
substituted with one or two groups independently selected from
hydroxy, carboxy, C1-C4 alkoxy, Ci-C4 alkyl, haloalkyl, nitro,

30 -NR4Rg, -NHCO(C1-C4 alkyl), -NHCO(benzyl), -NHCO(phenyl), SH,
S{C1-C4 alkyl), -0CO(C1-C4 alkyl), -S02(NR4R5), -S02(C1-C4
alkyl), -SO2(phenyl), or halo. ' The term (CH2)paryl is
preferably benzyl or phenyl.

The term "substituted alkylene" represents a moiety of

35 the formula:
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hal o, Cerr]-Cerr] alkyl, hydroxy, Clerr]-Cerrf al k@gpatm oal kyl ,

~nitro, NRerr]Rerr], or -NHCO C[err]-Clerr] al ki

mis indep#r@86LAYFOR 1, 2, or 3; 10- Hnd an al kyl ating
concentration of about 1.5 nolar to

L- X

10

15

20

25

30

agent at a

m (HZC

i
Re or Re wherein

\Z/ (CHZ)m m(HZC )\_ (CHg)p/L CHs
Z
1

about 0.001 nolar of the formul a
: “his Sheet Has Been Re

Z is -(CH2)p-

or -{(CH2)p-O-(CH2)p-; Re is C1-Cq4 alkyl, C1-C4 alkoxy,
(CH2)paryl, (CH2)pmaryloxy, hydroxy, carboxy, -C00(C1-C4 alkyl)),
-COO( (CH2)maryl), -CO(C1-C4 alkyl), -NR4R5, -N(R4R5) (OR5),
-NH(CH2 )pmaryl, -NH(CH2)mpyvridyl, -CONH( (CH2)maryl), -CONH(C1-C4
alkyl), -NHCO(C1-C4 alkyl), -NHCO(CH2)maryl, -OCONH(C1-C4
alkyl), -OCONH(CH2)maryl, -NHCOO(alkyl), -NHCOO(benzyl),

-NHSO2 (C1-C4 alkyl), -NHSO2(CH2)pmaryl, -CN, -SH,
alkyl), -S(aryl), -SO2(NR4R5), -S02(C1-C4 alkyl)

-S{C1-Ca
. —S0(C1-C4

alkyl), glycosyl, or heterocycle; R4 and R5 are independently

hydrogen, C1-C4 alkyl, phenyl, benzyl, or combine to the

nitrogen to which they are bonded to form a saturated or

unsaturated 5 or 6 member ring; p is independently 0, 1 or 2;
and m is independently 0, 1, 2, or 3. Preferably Z is ~CH2-;

and Rg is C1-C4 alkyl, aryl, or -NR4RS5.

The term "heterocycle" represents a stable,

substituted or unsubstituted, saturated or unsaturated 5 or 6

membered ring, said ring having from one to four heteroatoms

that are the same or different and that are selected from the

group consisting of sulfur, oxygen, and nitrogen; and when

heterocycle contains two adjacent carbon atoms,

the adjacent

carbon atoms may be structured to form a group of the formula

-CH=CH-; provided that (1) when the heterocyclic ring contains 5

members, the heterocatoms comprise not more than

two sulfur or

two oxygen atoms but not both; and {(2) when the heterocyclic

ring contains 6 members and is aromatic, sulfur and oxygen are

not present. The heterocycle may be attached at any carbon or

nitrogen which affords a stable structure. The heterocycle may

be substituted with one or two groups independently selected

from C1-C4 alkyl, Ci-C4 alkoxy, hydroxy, acetyl,

carboxy,

haloalkyl, nitro, -NR4R5, -NHCO(C1-C4 alkyl), -NHCO(benzyl),
-NHCO (phenyl), SH, S(C1-C4 alkyl), -0CO(C1-C4 alkyl),
-S02 (NR4R5), -S02(C1-C4 alkyl), -SO2(phenyl), or halo. Examples

of an heterocycle include pyrazole, pyrazoline,

imidazole,

placed



-L-Y 15 wherein L is a | eaving group
Wis -0, -S, -SO, -SJerr]-, -CO, (Jerr]-err] al
substituted al kylene, Cerr]-Cerr] al kenyl ene, -aryl KMI@%EET HAS BEEN
-aryI(CH[err%%%err%C}, -heterocycl e-, -heterocycle- (CHREMACEDerr] C
-fused bi c§c PRised 20 bicyclic-(Cherr])[err]O, -NRerr]-

NCR[err] - or -NHCO ; X and Y are |ndependently

tituted.al k :
Rerr] is %é%?@gﬂﬁlg?@f%‘r APa Ry iRl EeEFRroley, prazote, 1,3-
CIIXCIerr@16$elo¢e, thiazblg! )oxadi@skler,r tRiedibhzoleC=birirMeiner | ,

-S
i Sg g (ra{ E] fi g&;l}:‘,li\(l @ r rﬂl(ﬂﬁlezrlr eR[ g{orr&x&[lghe], gxléaﬁrer f] are
|ndependenPY§rQ¥ U@%n pIEQW*QLKQ&HPqPQﬂdQHMB- oxazoghdappnepenzyl , or

combi ne tolﬁlb&o%ii@ﬂ%héo Y Chid¥pyrdidine.  bonded to forma saturated
or unsaturated or nmenber ring; mis i ndependently O,
1, 2, or 3 30 The term "glycosyl" represents a 5 or 6 carbon sugars,

preferably selected from allosyl, altrosyl, glucosyl, mannosyl,
gulosyl, idosyl, galactosyl, talosyl, arabinosyl, xylosyl,

lyxosyl, rhamnosyl, ribosyl, deoxyfuranosyl, deoxypyranosyl, and
10 deoxyribosyl. The glycose may be azide substituted, O- '
acetylated, O-methylated, amino, mono, and di-alkylamino
substituted, or acylamino substituted.
The term "fused bicyclic" represents a stable fused
bicyclic ring system of the formula:
15

PG —

I Hetero ,-hls Sheet Has Been

> HllllllIIHNHIHIHIII

wherein Hetero represents a substituted or unsubstituted,
saturated or unsaturated 5 or 6 membered ring, said ring having

20 from one to three heterocatoms that are the same or different and
that are selected from the group consisting of sulfur, oxygen,
and nitrogen; and when Hetero contains two adjacent carbon
atoms, the adjacent carbon atoms may be structured to form a
group of the formula -CH=CH-; provided that (1) when the Hetero

25 fing contains 5 members, the heteroatoms comprise not more than
two sulfur or two oxygen atoms but not both; and (2) when the
Hetero ring contains 6 members and is aromatic, sulfur and
oxygen are not present. The fused bicyclic may be attached at
any carbon or nitrogen atom which affords a stable structure.

30 The fused bicyclic may be substituted with one or two groups
independently selected from C1-C4 alkyl, C1-C4 alkoxy, hydroxy,
carboxy, haloalkyl, nitro, -NR4R5, -NHCO(C1-C4 alkyl),

-NHCO (benzyl), -NHCO(phenyl), SH, S(C1-C4 alkyl), -0CO(C1-C4
alkyl), -SO2(NR4Rs), -S02(C1-C4 alkyl), -SO2(phenyl), or halo.



-7- with about 0.5 to about 10 equivalents of Cs[err]CJerr] at a
rate from about 0.1 nL/hour to about 2.0 nlL/hour in a
- S S

sol vent. Yet another process of preparingjthe
Forrmula 11 L @@ Conbi ni ng a conpqund at a concentra LACERbout
3 molar to aggg? dﬁ 1 nolar of the formdla: [err] wherern

Examples of a fused bicyclic include indole, imidazo(1,2-
a)pyridine, benzotriazole, benzimidazole, benzotriazole,
benzoxazole, benzoxathiazole, quinoline, isoquinoline,
phthalazine, quinazoline, quinazolinone, quinoxaline, and
5 aminoisoquinoline.
The term "amino acid residue" refers to moiety of the

_ c/ - a0
e T3

. N
formula R or R7  wherein R represents the
variable side chain of an amino acid and R7 is hydrogen or
hydroxy. The variable side chain of an amino acid represents

10 the atom or group bonded to an a-carbon atom also having borided

thereto a carboxyl and an amino group. For example, the
variable region of the naturally occurring amino acids are of
the formulas:

CH, "~ CH,
\ \ —
CH— /CH CH,— CH3~CH,—CH
15 CH3— . CH3 ; CH3 . CH3 ,
(Ala) (val) (Leu) _ (Ile)
| C—CHy—
CH,— CH
N’/
'4 H r
(Phe) (Trp)
20
CH3—S—CH—CH3—, H—, HO—CH>, HaN-CH3-CH2-CH2-CHa -~
(Met) (Gly) (Ser) (Lys)

s Sheet Has Been Replacec
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LTerr] is independently a |eaving group;

NECH[er]; P y Wis -0, -S-, -S0O, -SCIerr]-,TF-'%O';hE'ETUHAS BEEN
Clerr]-Cerr] alkylene,, 15 substituted al kyl ene, C[err]-fier#i LAGED

al kenyl ene,x-gyolx rorar y! (CH err])[errl Q4 _ -het erocycl e-,
-heterocycle-(CHerr])[err]O, -fused bicyclic-, -fused .
bicyclic-(CHerr])[err]O, -NRferr]-, -NORerr]-, -CONH, or -NHCO;

X and Y are independently (err]-Clerr] aIkerne or subst.it ut ed

al kyl ene; 20 OH ° Rlerr] is independe hydr ogen, ha
Cerr]-Clerr] alkyl, l hydroxy, Clerr]-Ce N koxy, hal oal k LEPItrO’
NRlerr]Rlerr], or *NH err]-derr] HO-6 CHy=— érr]

i s hydrogen, (CH err] [err]aryl err]-Cerr -COO(Cerd-Cerr]

al kyl), -CONRerr]R err], ~-(C= C{rbr;1C[-SCK.EFrr]]C[FLF})alkyl)
-Sgerr](NR err SHerr err err] al ky

R[gir] Lngk[erl?[ZT%Landependgﬁﬁpy hydr ogedT¥&err]-Cerr] al kyasn)
phenyl, benzyl, or combine to the nitrogen to which they are bonded to
forma saturated or unsaturated 5 or 6 nenber ring; mis

i ndependently 0, 1, 2, or 3; 30 HC——— C—CH,— NH,

HyN—C—NH—CH,—CH;—CH,— N NH C-CHp = CHy—
I X~ Y
NH H o

5 (Arg) (Hig) (Gln)

HO HQ

C-CHp— C-CH,~-CH;
// / s Sheet Has Been Replacec

. ||I|I|IIII|| 1]

(Asp) (Glu)
10 In addition to the naturally occurring amino acids, the term

amino acid residue includes positional isomers and variants.
Examples of positional isomers and variants represented by amino
acid residue include: 2-Aminoadipic acid (Aad), 3-aminoadipic
acid (baad), B-alanine (bala), 2-aminobutyric acid (abu), 4-

15 aminobutyric acid (4Abu), 6-aminocaproic acid (Acp), 2-
aminoheptanoic acid (ahe), 2—aminoisobutyric acid (Aib), 3-
aminoisobutyric acid (bAib), 2-aminopimelic acid (Apm), 2,4~
diaminobutyric acid (Dbu), desmosine (Des), 2,2'-diaminopimelic
acid (Dpm), 2,3-diaminopropionic acid (Dpr), N-ethylglycine

20 (EtGly), N-ethylasparagine (EtAsn), hydroxylysine (Hyl),
allohydroxylysine (aHyl), 3-hydroxyproline (3Hyp), 4-
hydroxyproline (4Hyp), isodesmosine (Ide), allo-isoleucine
(alle), naphthylglycine, N-methylglycine (MeGly), N-
methylisoleucine (MeIle), N-methyllysine (MeLys), norvaline

25 (Nva), norleucine (Nle), ornithine (Orn), phenylglycine,
Cyanoalanine (CA), ¥ -carboxyglutamate, O-phosphoserine, «
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rﬁ;ﬁ ﬁwﬁs #%‘ﬁ?@hia%” hHEHRBE the RiQULHSSHZ1BIOPAE OF
the atom to whlch it is attached for displacement. Preferred
leaving groups are triflate, mesylate, tosylate, imidate,
chloride, bromide, and iodide. If the alkylating agent contains
an amino acid residue (i.e., X, W, and Y combine to form
-(CH2)pn-AA-) the leaving group attached to the carboxy is
preferably pentaflourophenyl ester or para-nitrophenyl ester.

The term "carboxy protecting group" as used in the
specification refers to one of the ester derivatives of the
carboxylic acid group commonly employed to block or protect the
carboxylic acid group while reactions are carried out on other
functional groups on the compound. The species of carboxy-
protecting'group employed is not critical so long as the
derivatized carboxylic acid is stable to the condition of
subsequent reaction(s) and can be removed at the appropriate
point without disrupting the remainder of the molecule. T.W.
Greene and P. Wuts, Protective Groups in Organic Svnthesis, John
Wiley and Sons, New York, N.Y., 1991, Chapter 5, provide a list
of commonly employed protecting groups. See also E. Haslam,
Protective Groups in Organic Chemistry, J.G.W. McOmie, Ed.,
Plenum Press, New York, N.Y., 1973. A related term is
"protected carboxy," which refers to a carboxy-protecting group.

The term "hydroxy protecting group® as used in the
specification refers to one of the ether or ester derivatives of
the hydroxy group commonly emploved to block or protect the
hydroxy group while reactions are carried out on other
functional groups on the compound. The species of hydroxy
protecting group employed is not critical so long as the
derivatized hydroxy group is stable to the condition of
subsequent reaction(s) and can be removed at the appropriate
point without disrupting the remainder of the molecule. T.W.



conprises admnistering to a mammal in need of such treat
phar maceutically effective anount of a corrgound of the @gr%g HAS BEEN
A final aspect of the invention are pharmaceuti cal f D
‘conpri si ngy & qupd of Formula | togejper with one or nore
pharmaceutically acceptabl e excipients, carriers, or di | uents.

As noted above, the invention prOV|des conpounds of 30 the Fornmula I which

sel ecti velyrddty Rirdd ¥ ORIty Kiphase el SoRPRes, Qo S
i nvention are those of For mul a nD etles -X-W Y- contain

4 to 8 at dfslexunnh Sang hdlew Yordkypdk ¥t ut éa%p Bﬁ@ﬁbéﬁu@u%b%it @b sgommonly
preferablyémﬁ é&ﬂﬁﬁdﬁéttiﬁg grouﬁE/Y-Pﬁéﬁbﬂkédﬁhfaﬁaiy Bbotecting groups

O her preferre venti,on_a conpounds of
Fornulg I %ﬁﬁw%ﬁ {g) :% %ﬁﬁ?qﬁl§H¥V Y Hg&PB&Zn ghE-wis w a
subst i sut ashallddresthy 1@ 1y lcSey, (TEOMS), thldpRengimethyer (trityl),

methoxytrityl, or an alkyl or aryl ester. A related term is

*protected hydroxy," which refers to a hydroxy protecting group.
The term "amino protecting group" as used in the

specification refers to substituents of the amino group commonly

10 employed to block or protect the arino functionality while
reacting other functional groups on the compound. The species
of amino-protecting group emplovyed is not critical so long as
the derivatized amino group is stable to the condition of
subsequent reaction(s) and can be removed at the appropriate

15 point without disrupting the remainder of the molecule. T. W.

Greene and. P. Wuts, Protective Groups in Organic Svnthegis,
Chapter 7, provide a list of commonly employed protecting
groups. See also J. W. Barton, Protective Groupg in Organic

Chemigtry, Chapter 2. Preferred amino-protecting groups are t-
20 butoxycarbonyl, pthalimide, a cyclic alkyl, and
benzyloxycarbonyl. The related term "protected amino" defines
an amino group substituted with an amino protecting group as
defined.
The term "-NH protective groups" as used in the
25 specification refers to sub-class of amino protecting groups
" that are commonly employed to block or protect the -NH
functionality while reacting other functional groups on the
compound. The species of protecting group employved is not
critical so long as the derivatized amino group is stable to the
30 condition of subsequent reaction(s) and can be removed at the
appropriate point without disrupting the remainder of the
molecule. T. W. Greene and P. Wuts, Protective Groups in
Organic Svnthesisg, Chapter 7, page 362-385, provide a list of
commonly employed prdtecting groups. Preferred -NH protecting
35 groups are carbamate, amide, alkyl or aryl sulfonamide. The
related term "protected -NH" defines a group substituted with an
-NH protecting group as defined.

-
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'9._ -Particularly preferred conm'“mllﬁnﬁlﬁm'pounds of THIS SHEETUlAS BE N
| a: > REﬁ[W%Eﬁ E

%sd-(CH[err])[err] ](gF[er{]){Er{] O (CHerr])[err]-; RerH

ydr oxy, rr err] a , |, -NH I
-NR[err]R[SJr_{re]gsjﬁ[gP I s hydrogen )c/)r _.(ﬁ%[e;;]r%[ar;]r?]ryal kyl ; (g[r)érz] |O;
hydr ogen, C[err]- C[err] al kyl, or benzyl; pis 0, 1, or 2; and mis

i ndependently 2 or 3.p\Ste R S4A5ALATRRERES effective amount”, as used

herein, represents an amount of a compound of the invention that
is capable of inhibiting PKC activity in mammals. The
particular dose of the compound administered according to this
5 invention will, of course, be detérmined by the particular

circumstances surrounding the case, including the compound
administered, the route of administration, the particular
condition being treated, and similar considefations. The
compounds can be administered by a variety of routes including

10 the oral, rectal, transdermal, subcutaneous, topical,
intravenous, intramuscular or intranasal routes. 'For all
indications, a typical daily dose will contain from about 0.01
mg/kg to about 20 mg/kg of the active compound of this
invention. Preferred daily doses will be about 0.05 to about 10

15 mg/kg, ideally about 0.1 to about 5 mg/kg. However, for topical
administration a typical dosage is about 1 to about 500 ng
compound per cm2 of an affected tissue. Preferably, the applied
amount of compound will range from about 30 to about 300 ug/cmz,
more preferably, from about 50 to about 200 ug/cmz, and, most

20 preferably, from about 60 to about 100 pg/cm2.

The term "treating," as used herein, describes the
management and care of a patient for the purpose of combating
the disease, condition, or disorder and includes the
administration of a compound of present invention to prevent the

25 onset of the symptoms or complications, alleviating the symptoms
or complications, or eliminating the disease, condition, or
disorder. '

The term "isozyme selective" means the preferential
inhibition of protein kinase C beta-1 or beta-2 isozyme over

30 protein kinase C isozymes, alpha, gamma, delta, epsilon, zeta,
and eta. In general, the compounds demonstrate a minimum of a
eight fold differential (preferably a ten fold differential) in
the dosage required to inhibit PKC beta-l1 or beta-2 isozyme and

_ the dosage required for equal inhibition of the alpha protein

35 kinase C isozyme as measured in the PKC assay. The compounds
demonstrate this differential across the range of inhibition and
are exemplified at the ICgsg, i.e., a 50% inhibition. Thus,
isozyme-selective compounds inhibit the beta-1 and beta—z
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10 of the Fornmula la are those [err]; Rlerr] is -NHerr] or
N(CH err])[err]. . . d conp e = ~COTI mjers
_Wherein Wis -0-, Y is substituted al kyl ene, and Wg %’@gl Mﬁ%é”rese
conmpounds jé%éﬁgﬂf ented by Formula I b, 18- [err] EPLAGED
wherein Z7s ™ ﬁ@ 1)[err]-; Rerr} i% NR[err]Rerr]; Rerr] and R err]
are independently Hor (err]-Cerr] alkyl; pis 0, 1, or 2; and mis
i ndependentd o 4 of protein kinase C at much lower concentrations with
lower toxicity by virtue of their minimal inhibition of the

other PKC isozymes.
By virtue of their acidic moieties, the cdmpounds of
5 Formula I include the pharmaceutically acceptable base addition
salts thereof. Such salts include those derived from inorganic
bases such as ammonium and alkali and alkaline earth metal
hydroxides, carbonates, bicarbonates, and the like, as well as
salts derived from basic organic amines such as aliphatic and

10 aromatic amines, aliphatic diamines, hydroxy alkamines, and the
like. Such bases useful in preparing the salts of this
invention thus include ammonium hydroxide, potassium carbonate,
sodium bicarbonate, calcium hydroxide, methylamine,
diethylamine, ethylenediamine, cyclohexylamine, ethanolamine and

15 the like.

Because of the basic moiety, the compounds of Formula
I can also exist as pharmaceutically acceptable acid addition
salts. Acids commonly employved to form such salts include
inorganic acids such as hydrochloric, hydrobromic, hydroiodic,

20 sulfuric and phosphoric acid, as well as organic acids such as
para-toluenesulfonic, methanesulfonic, oxalic, para-
bromophenylsulfonic, carbonic, succinic, citric, benzoic, acetic
acid, and related inorganic and organic acids. Such
pharmaceutically acceptable salts thus include sulfate,

25 pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, mono-
hydrogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, iodide, acetate, propionate,
decanoate, caprylate, acrylate, formate, isobutyrate,
heptanoate, propiolate, oxalate, malonate, succinate, suberate,

30 sebacate, fumarate, maleate, 2-butyne-1,4 dicate, 3-hexyne-2, 5-
dioate, benzoate, chlorobenzoate, hydroxybenzoate,
mnethoxybenzoate, phthalate, xylenesulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, Eitrate, lactate, hippurate,
B-hydroxybutyrate, glycollate, maleate, tartrate,

35 methanesulfonate, propaﬁesulfonate, naphthalene-l-sulfonate,
naphthalene-2-sulfonate, mandelate and the like salts.

In addition to pharmaceutically-acceptable salts,
other salts are included in the invention. They may serve as
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pis 1, and R err] and Rlerr] are nethyl. lThlsSheetHasBeenRﬁ) cek 'm
represents fluorine, chlorine, 5 bromne, or |od ﬁEE
braMxEHed
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The pharmaceutlcally acceptable salts of compounds of
5 Formula I can also exist as various solvates, such as with
water, methanol, ethanol, dimethylformamide, ethyl acetate and
the like. Mixtures of such solvates can also be prepared. The
source of such solvate can be from the solvent of
crystallization, inherent in the solvent of preparation or
10 crystallization, or adventitious to such solvent. Such solvates
are within the scope of the present invention.
It is recognized that various stereoisomeric forms of
the compounds of Formula I may exist; for example, W may contain
a chiral carbon atom in the substituted alkylene moiety. The
15 compounds are normally prepared as racemates and can
conveniently be used as such, but individual enantiomers can be
isolated or synthesized by conventional techniques if so
desired. Such racemates and individual enantiomers and mixtures
thereof form part of the present invention.
20 The invention also encompasses the pharmaceutically
acceptable prodrugs of the compounds of Formula I. A prodrug is
a drug which has been chemically modified and may be
biologically inactive at its gite of action, but which may be
degraded or modified by one or more enzymatic or other in vivo
25 processes to the parent biocactive form. This prodrug should
have a different pharmacokinetic profile than the parent,
enabling easier absorption across the mucosal epithelium, better
salt formation or solubility, and/or improved systemic stability
(an increase in plasma half-life, for example). Typically, such
30 chemical modifications include the following:
1) ester or amide derivatives which may be cleaved by
esterases or lipases; |
2) peptides which may be recognized by specific or
nonspecific proteases; or
35 3) derivatives that accumulate at a site of action
through membrane selection of a prodrug form or a modified
prodrug form; or any combination of 1 to 3, supra. Conventional
procedures for the selection and preparation of suitable prodrug



15 carbon, straight al kylene noiety of the formula -(CH errl)[err]-

wherei n r is one to four. Exanples of CJerr]-Clerr] &aTHI4 gﬂgg mbugﬁ
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t he like. Simlarly, a "CJerr]-Cferr] alkyl ene” repr to
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al kylene is 20 a two to four carbon al kyl ene. The term
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Pydroxy > carbErn “HReStadifed B kSRR e R0iY,  Rbe | Shpeundy of
nitro, 30 thﬁ{Eﬁ??@@@rlqven¢kﬁinﬂﬁﬁﬂxi{ﬁk@ﬁmhdabbyﬁblleNHCC(benzyl)

- NHCQ( phenyl ), SH, S(Cerr]-Clerr] alkyl), -OCO(C[err]-Clerr] alkyl),
-Sgerr](NRerr]Rerr]), -Sqerr](C[err'-C[err] ~alkyl),
-SJ err] (phenyl), or halo. The term ( ryl is referably
benzyl or phenyl. The term "substituted al HEne"
represents a noiety of 35 thR,¥ornula:

N 0 . ‘\\ \

— Y 4 1}1

Halo Halo Mghalo
10 (ITII) (IV) (V)

R1, m, and halo are the same as previously defined.
Halo is preferably chloro, bromo, or iodo. Compound III is
preferably 2,3-dichloro N-methylmaleimide.

15 The reaction between Compound IIT and the indole,
Compound IV, is commonly known as a Grignard reaction. The
reaction is carried out in an inert organic solvent, such as
toluene, at a temperature between room temperature and the
reflux temperature of the reaction mixture. Most significantly,

20 the reaction depicted in Scheme 1 is dependent on solvent
conditions. When carried out in a Toluene:THF:ether solvent
system, the reaction provides Compound V in greater than 80
percent yield and greater than 95 percent purity. The product
is precipitated from the reaction mixture with ammonium

25 chloride, NH4Cl. The resulting intermediate, Compound V, may
be isolated by standard techniques.

Bis-3,4(3'-indolyl) -1N-methyl-pyrrole-2,5-dione,
Compound V, may then be converted by alkaline hydrolysis to the
corresponding anhydride of the Formula VI by techniques known in

30 the art and described in Brenner et al., Tetrahedron 44: 2887-
2892 (1988). Preferably, Compound V is reacted with 5 N KOH in

ethanol at a temperature ranging from 25°C to reflux.
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Compounds of the Formula V are generally more stable
5 than the compounds of the Formula VI. Therefore, it is
preferred that Compounds V are reacted in accordance with Scheme
2 to produce the compounds of Formula I. However, one skilled
in the art would recognize that the compounds of the Formula VI,
may also be reacted according to Scheme 2.

10
Scheme 2

L——X
(VI) '
or + \w — (IT)
(V)

L—Y

(VII)

15 X, Y, and W are the same as previously defined. L is a good
leaving group such as chloro, bromo, iodo, mesyl, tosyl, and the
like. L may also be a hydroxy or other precursor that may be
readily converted to a good leaving group by techniques known in
the art. For example, the hydroxy may be readily converted to a

20 sulfonic ester such as mesyl by reacting the hydroxy with
methanesulfonyl chloride to produce the mesylate leaving group.

The reaction represented by Scheme 2 is accomplished
by any of the known methods of preparing N-substituted indoles.
This reaction usually involves approximately equimolar amounts

25 of the two reagents, although other ratios,'especially those
wherein the alkylating reagent is in excess, are operative. The
reaction is best carried out in a polar aprotic solvent
employing an alkali metal salt or other such alkylation
conditions as are appreciated in the art. When the leaving

30 group is bromo or chloro, a catalytic amount of iodide salt,
such as potassium iodide may be added to speed the reaction.
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I mdazol e, rgaction described in Scheme 2 may be employed with compounds of
the Formula VIIa:

L—Y"
L—X"
15 . VIIa
X' and Y' are a protected carboxy., protected hydroxy, or a
protected amine. After the alkylation of Scheme 2, X' and Y'
may be converted to moieties capéble of coupling to form W.
This method is the preferred method of preparing the compounds
20 of Formula I wherein W is -S-, -O0-, or NR3. The coupling of X'
and Y' to form the various ether, thiocether or aminoether
derivatives is known in the art and described in, for example,
Ito, et al., Chem., Pharm, Bull. 41(6): 1066-1073 (1993); Kato,
et al., J, Chem. Pharm. Bull., 34: 486 (1986); Goodrow, et al.
25 gynthesig 1981: 457; Harpp, et al., J. Am. Chem. Soc. 93: 2437
(1971); and Evans, et al., J., Org, Chem, 50: 1830 (1985).
One skilled in the art would also recognize that the
compounds of Formula V may be converted to the compounds of

Formula II in a two step synthesis as described in Scheme 3.
30 ’
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5 R1, X, W, Y, V and L. are the same as prev1ously
defined. L2 is a protected hydroxy or other group that may be
readily converted to a good leaving group by techniques known in
the art. The coupling between Compound V or VI and Compound
VIII is an alkylation as previously discussed. The

10 monoalkylated intermediate, IX, is deprotected, and L2 is
converted to a leaving group. For example, if the hydroxy is
protected with t—butyldlmethylsllyl (TBDMS), TBDMS is
selectively removed using acidic methanol. The resultlng free
hydroxy is then converted to a leaving group, such as an alkyl

15 halide, preferably an alkyl iodide or bromide (CBr4 in
triphenylphosphine) or sulfonate (mesyl chloride in
triethylamine). The macrolide is then formed by alkylating
under slow reverse addition to a solution of base, such as
potassium hexamethyldisilazide, or sodium hydride but preferably

20 Cs2C03 in a polar aprotic solvent such as acetonitrile, DMF, THF
at temperatures ranging from ambient to reflux.

Schemes 2 and 3 exemplify the process of the present
invention. Most unexpectedly, the compounds of the Formula II
may be prepared in substantially higher vield when the

25 alkylation is carried out under slow reverse addition to Cs2CO3
in a polar aprotic solvent. Slow reverse addition involves
combining a mixture of compound and alkylating agent (Scheme 2)
or the compound (Scheme 3) with the base at a rate from about
0.1 mL/hour to about 2.0 mL/hour. The concentration of each

30 reagent in the mixture is about 1.5 molar to about 0.001 molar.
When carried out with the monoalkylated compound (Scheme 3) the
concentration is from about 3 molar to about 0.001 molar. The
slow addition results in a concentration of reagents in the
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alkylating agent. Preferred polar aprotic solvents are

10 acetonitrile, dimethylformamide (DMF), acetone,
dimethylsulfoxide (DMSO), dioxane, diethylene glycol methyl
ether (diglyme), tetrahydrofuran (THF), or other polar aprotic
solvents in which the reagents are soluble. The reaction is
carried out at temperatures ranging from about 0°'C to reflux.

15 One skilled in the art would recognize that the ratio of the
mixture of the compound and alkylating agent is not critical.
However, it is preferred that the reagents are mixed in a ratio
of 0.5 to 3 equivalents of each other. Most preferably, the
reagents are mixed 1l:1.

20 When V is N-CH3, Compound II is converted to the
corresponding anhydride (V is 0) by alkaline hydrolysis.
Alkaline hydrolysis involves reacting the compound with a base,
such as sodium hydroxide or potassium hydroxide, in Cj1-Ca
alcohol (preferably ethanol), DMSO/water, dioxane/water, or

25 acetonitrile/water at a temperature ranging f£rom about 25°C to
preferably about reflux. The concentration of the reactants is
not critical.

The anhydride (Vv is O0) is converted to the maleimide
of Formula I by ammonolysis. Ammonolysis involves reacting the

30 anhydride with an excess of hexamethyldisilazane or an ammonium
salt (ammonium acetate, bromide, or chloride) and C1-C4 alcochol
(preferably methanol) in an polar aprotic solvent such as DMF at
room temperature. Preferably, the hexamethyldisilazane or an
ammonium salt is reacted at a ratio greater than about 5:1

35 equivalents of anhydride.

Yet another method of preparing the compounds of
Formula I is outlined in Scheme 4. This method is particularly
useful when W is -NH and X or Y is a substituted alkylene.
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5 .
{XI) +
Sheetl Tlaisl “BetianeIilaceC (XI1) (XIIT)

Ac 1is acetyl. Ri1, Rg, Z, n, and m are the same as

.10 previously defined. The alkylation of Compound VI with X occurs
under conditions previously described and known in the art.
Likewise, alkvlation of Compound XI with the 0-halo ketone,
Compound XII, occurs under conditions previously discussed. The
conversion of the anhydride to the maleimide, Compound XV,

15 occurs as previously described. For example, the anhydride may
be converted to the bis-indole maleimide by reacting the
anhydride with hexamethyldisilazane and methanol in an inert
organic solvent such as DMF at room temperature.
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The protected hydroxy,:represented by OAc, is readily
hydrolyzed to form an élcohol (for example, K2C03 in agueous
methanol and THF). The resulting alcohol is converted to a
leaving group by methods appreciated in the art such as reacting

5 the alcohol with mesyl chloride in triethylamine at 0°C. The
leaving group is substituted with an azide, such as NaN3 in DMF
at 50°C. The resulting azide is reduced to form the amine by
employing Lindlar's catalyst in the presence of H3. The
macrocycle is allowed to close via an intramolecular Schiff

10 Dbase. The Schiff base is reduced under standard conditions,
such as NaCNBH3 or other reducing agents, to form the
macrocycles of Formula I.

Yet another method of preparing the compounds of

Formula I is outlined in Scheme 5. This method is particularly
15 useful when X, W, and Y are taken together to form -(CH2)p-RAA-.
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20 , _
R1, Ac, V, m, and n are the same as previously defined. P31
represents an amino protecting group. R represents the variable




aci d residue includes positional isoners and variants.
positional isoners and variants represented by am no

In addition to the naturally occurring am no acids, |t
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“include: 2-Am noadipic acid (Aad), 3-am _noadi pic acid (bAad),
[err]-al ankn@2PbAI BYR 2-ani nobutyric acid (Abu), 4- 15 aminobutyric acid
(4Abu), 6-am nocaproic acid (Acp), 2- am nohept anoi ¢ aci d (Ahe),

2-aninoisoggagr'

Eﬁafﬁlgf(éﬁbgmiég acid. The acylation of Compound XVI with

an activated amino acid (such as the para-nitrophenyl ester,
illustrated) is carried out using 18-crown-6 and KF in THF, DMF,

or dimethoxyethane at room temperature as described in Klausner,
5 et al., J. Chem. Soc. PERKIN I 607-631 (1977); and Nakagawa, et
al., J, Am., Chem. Soc. 105: 3709-3710 (1983). Closure of the
macrocycle to form Compound XIX is carried out via formation of
the intramolecular Schiff base as described in Scheme 4.
An additional method of preparing the compounds of
10 Formula I and a preferred method when W is -CONH- or -NHCO-, is
described in Scheme 6. |
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R1, Ac, V, P1, m, and n are the same as previously defined. The

reaction between Compound XX and Compound XXI occurs in the

presence of ethyl diisopropylamine in methylene chloride at 0°C.
20 The macrocycle is formed via an intramolecular alkylation of the
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Compound XXIII
5 An alternative method of preparing the intermediates,

Compounds XI and XX is described in Scheme 7.
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Ac is the same as previously defined; P is an indole protecting
group such as t-butoxycarbonyl or other indole protecting group
15 known in the art. T. W. Greene and P. Wuts, Protecting Groups

in Organic Synthesis, Chapter 7, page 385. The reaction
described in Scheme 7 is known as a Perkin Condensation. The
reaction is described in Hill et al., J, Med. Chem. 36: 21-29

(1993). Generally, oxalyl chloride is added at between -78°C
20 and the reflux temperature of the mixture (preferably at 0°C) to
an anhydrous solution of Compound XXIV in inert organic solvent
such as a halogenated aliphatic hydrocarbon like methylene
chloride. After about one to three hours, the volatiles are
removed. The resulting solids are dissolved in a dry
25 halogenated aliphatic hydrocarbon solvent, e.g. methylene
chloride; and added to Compound XXV in the presence of an acid
binding agent, preferably a tertiary amine such as
triethylamine, at room temperature.
The resulting anhydride, Compound XI is reacted in
30 accordance with Schemes 4 or 5 or converted to the maleimide or
a protected maleimide as previously discussed.
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20 : Rg is N3, NH-protecting group, amine protecting group,

or hydroxy protecting group; m is independently 0, 1, 2, or 3:
and L is a good leaving group such as chloro, bromo, iodo,
mesyl, tosyl and the like. L is preferably mesyl. Rg is

preferably a protected hydroxy, most preferably -Otrityl.
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5 enantiomers could be prepared in an analogous manner.
Furthermore, one skilled in the art would recognize that an
analogous reaction with a methyl substituted epoxide or Grignard
reagent could be used to prepare the various linkers (-X-W-¥-)
containing a methyl substituted alkylene.

10 In the above reaction, the epoxide, Compound (XXVI),
is opened using a Grignard reagent. The reaction is carried out
in the presence. of copper complexing agent; however other
alkylating conditions are operative. The reaction is carried
out in an inert solvent at a temperature between -30°C and

15 reflux temperature of the reaction mixture. The reaction
produces Compound (XXVII) which may be further reacted without
purification. Compound (XXVII) is allylated under general
conditions known in the art for preparing ethers. The reaction
illustrated in Scheme 8 is a Williamson synthesis. The

20 formation of sodium alkoxide using NaH, NaOH, or KOH followed by
allylation with allyl bromide produces the diene, Compound
(XXVIII). Compound (XXVIII) is converted to the alcohol,
Compound (XXIX), under standard techniques. For example,
Compound (XXVIII) can be converted to an ozonide by treating

25 with ozone at low temperatures. The ozonide is then reduced
with NaBH4, LiAlH4, BH3 or catalytic hydrogenation with excess
H2 to produce the alcohol, Compound (XXIX). The hydroxy
moieties of Compound (XXIX) are converted to leaving group, L,
by standard techniques such as reacting the alcohol with mesyl

30 chloride in triethylamine.

In all of the above schemes, it is preferred that the
reactions be carried out with appropriate protecting groups. In
particular, it is preferred that R1 is protected during the
alkylations and/or acylations and subsequently deprotected.

35 Likewise, if Rg is to be a -NR4Rs5, the réactions are best
carried out with an amino protecting group. However, one
skilled in the art recognizes that many of these reactions can
be performed without protecting groups if the appropriate
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preferably prepared in situ by reacting an approprlately

substituted indole with an alkylmagnesium halide such as
15 ethylmagnesium bromide in a known manner.

The following examples and preparations are provided
merely to further illustrate the invention. The scope of the
invention is not construed as merely consisting of the following
examples. To aid one skilled in the art, the following

20 structure is provided to illustrate with a representative

compound the nomenclature adopted herein: N
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In the following examples and preparations, melting point,

25 nuclear magnetic resonance spectra, mass spectra, high pressure
liquid chromatography over silica gel, N,N-dimethvlformamide,
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The term "pharnaceutically effective anount”, '‘as used herein,
represents an anount of a conmpound of the invention that i s capabl e of
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spectrum was consistent with the desired structure.

Preparation 1
=big-(3'-3i -furan- =
Sodium ethoxide (3.56 g, 50 mmol) was added to a
solution containing 2,3-dichloromaleic anhydride (5.56 g, 33.3

10 mmol) and methylamine hydrochloride (3.50g, 55.0 mmol) in 40 mL
of acetic acid. The mixture was stirred under a CaClz drying
tube at 25°C for 16 hours and then refluxed for 4 hours. The
cooled mixture was poured into water (350 mL) and extracted with
EtOAc (3 x 75 mL). The combined organic extracts were washed

15 with 100 mL portions of saturated aqueous NaHCO3, water and
brine and dried (MgSO4). The solvent was evaporated under
reduced pressure. The residue was recrystallized from ethanol
to give 3.82 g (64%) of 2,3-dichloro N-methylmaleimide as white
crystals. Concentration of the mother liquor and chromatography

20 of the residue by radial preparative layer chromatography
(Chromatotron, Harrison Research), gave an additional 0.81 g of
2,3-dichloro N-methylmaleimide, raising the yield to 77%.

A solution of indole (10.5 g, 90 mmol) in 175 mL of
dry toluene was treated dropwise over 1 hour under N2 with a

25 solution of ethylmagnesium bromide (1.0M in THF, 90 mL, 90
mmol). After the addition was complete, the light-green
solution was heated at 40°C for 30 minutes and then cooled to
25°C. A solution of 2,3-dichloro N-methylmaleimide (3.8 g, 21
mmol) in 50 mL of toluene was added over a 30-minute period.

30 The reaction mixture was heated at 100°C for 3 hours, then
cooled to 25°C, and quenched with 100 mL of 20 percent agqueous
citric acid. The layers were separated. The agueous phase was
extracted with EtOAc (50 mL). The combined organic layers were
dried over anhydrous MgSO4. The solvent was evaporated under

35 reduced pressure. The residue was taken up in 30 mL of acetone
and allowed to stand at 5°C for 40 hours. The solids were
collected and washed with ice-cold ether to give 5.25 g (73
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'Preparation 2 l“l

’ ez, (I

To a mixture containing 2,6—pyridined1methanol (735
mg, 5.28 mmol) and triphenylphosphine (3.20 g, 12.2 mmol) in 35
mL of dry CH2Cl2 at 0°C under N2 was added N-bromosuccinimide

(2.16 g, 12.2 mmol) in portions over 10 minutes. The mixture

20. was stirred 1 hour at 0°C and then allowed to stand at 5°C for
16 hours. Most of the solvent was removed under reduced
pressure. Ether (100 mL) was added to the residue. The ether
layer was decanted and concentrated to 20 mL then diluted with
3:1 hexane/EtOAc (50 mL). The cloudy solution was placed in the

25 refrigerator overnight. After evaporation of the solvents in
vacuo, the crude product was recrystallized from hexane to
afford 766 mg (55 percent) of bis-2,6-dibromomethyl pyridine as
a white crystalline solid. MS.

30 : Preparation 3
+y_a_ _ s

A solution of potassium t-butoxide (1.0 M in THF, 8.27
mL, 8.27 mmol) was added dropwise to a solution of (&)-3
cyclohexene-l-methanol (853 mg, 7.60 mmol) in THF (35 mL) at
35 25°C under N2. The resultant mixture was stirred at 25°C for 30
minutes. Benzyl bromide (1.0 mL, 8.37 mmol) was added dropwise.

The reaction mixture was allowed to stir at room temperature for
16 hours and then treated with saturated agueous NH4Cl (5 mL)
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residue was subjected to radial chromatography on silica gel

5 eluting with 5 percent EtOAc in hexane to give (%)-3-
(benzyloxy)methyl-l-cyclohexene (1.42 g, 92 percent) as a
colorless oil. NMR

Ozone was bubbled through a solution of (%)-3-

benzyloxymethylene-1l-cyclohexene (1.35 g, 6.70 mmol) in CH2Cl2

10 (65 mL) at -78°C until the blue color of unreacted ozone
persisted. The reaction mixture was allowed to warm to room
temperature, while dry nitrogen was bubbled through the
reaction. Borane-dimethyl sulfide complex (10.0 M in THF, 2.7
mL, 27.8 mmol) was added via syringe over several minutes, and

15 the reaction mixture was allowed to stand at room temperature
for 24 hours. The reaction mixture was treated with 5 percent
agueous HC1l (1 mL) and stirred vigorously for one hour. Solid
NaHCO3 was added until the mixture tested basic to litmus paper.
The mixture was dried over anhydrous MgSO4. The reaction

20 mixture was filtered and concentrated to afford the crude (+)-3-
(benzyloxy)methyl-1,6 hexanediol (1.49 g, ca. 100 percent) as an
0il. This material, which showed essentially a single spot on
TLC analysis, Rf = 0.25, 25 percent EtOAc in hexane, was used
directly in the next step without further purification.

25 N-Bromosuccinimide (2.49 g, 14.0 mmol) was added to a
stirred mixture of (*)-3-(benzyloxy)methyl-1,6 hexanediol (1.45
g, 6.10 mmol) and triphenylphosphine (3.67 g, 14.0 mmol) in dry
CH2Cl2 (50 mL) at 0°C under N3. After 12 hours, the reaction
was concentrated and ether (100 mL) was added to the residue.

30 The mixture was stirred 15 minutes; and the ether layer was -
decanted from the solids. This was repeated with 50 mL of
ether. The combined ether extracts were concentrated to 50 mL
then diluted with hexane (100 mL). After standing at 5°C
overnight, the solution was decanted from the precipitated

35 solids and concentrated to afford dibromide ()-3-
(benzyloxy)methyl-1, 6-dibromohexane (1.09 g, 49 percent) as a
light Yellow oil which was essentially homogeneous by TLC, Rf =
0.75 (10 percent EtOAc in héxane). NMR
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The above o0il was dissolved in a mixture of acetone

15 (400 mL) and water (50 mL). N-Methylmorpholine-N-oxide (85.2

g, 0.63 mol, 3 eq) was then added. The resulting slurry was
cooled to 0° C, and after 10 minutes a catalytic amount of OsO4
(0.3 g) was added. The resulting slurry was allowed to stir
overnight, gradually warming to room temperature. TLC (25%
20 EtOAc/hexane) indicated the reaction was complete. The reaction
mixture was quenched with sodium bisulfite, diluted with ether
(1 L), washed with water (400 mL), and brine (400 mL). The
organic layer was collected. The aqueous layer extracted with
ether (2 x 500 mL). The combined organic layers were dried,
25 filtered, and concentrated to yield 4-(O-TBDMS)-1,2-butanediol
as an oil, which was taken on to the next reaction.
The above o0il was dissolved in anhydrous CH2Clz (250
mL). Imidazole (30 g, 0.44 mol, 2.5 eq) was added to the
solution as a solid with'stirring. The resulting solution was
30 cooled to 0°C. After cooling 15 minutes, a CH2Cl2 (50 mL)
solution of tert-butyldiphenvlsilyl chloride (50 g, 0.18 mol, 1
eq) was added dropwise over 45 minutes. After the addition was
complete, stirring was continued at 0°C for 2.5 hours. The
. solution was transferred to a separatory funnel, diluted with
35 CH2Clz (250 mL), washed with water, brine, dried over MgSO4, and
filtered. The solvent removed under reduced pressure to give
the crude product as an o0il. The crude product was purified by
eluting (10% EtOAc/hexane) it through a short column of silica
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Preparation 5

To a methylene chloride (20 mL)/cyclohexane (100 mL)
solution of the alcohol of Preparation 4 was added allyl
trichloroacetimidate (17.82 g, 88 mmols, 2.2 eq) under an Nj
balloon followed by trifluoromethanesulfonic acid (50 uL/g of
starting material, 0.92 mL). After 20 hours, the solution was
filtered, and the filtrate was washed with saturated aqueous
NaHCO3, water, and then brine. The organic layer was collected
and dried over MgSOs. The solvent was removed to give an oil,
which was purified by flash chromatography on silica gel eluting
with hexanes and increasing the polarity of the mobile phase to
5% ethyl acetate in hexanes over several liters to yield 19.27 g
of the allylic ether, 1l-(tert-butyldimethylsilyloxy)-3-~
(propeneoxy) -4- (tert-butyldiphenylsilyloxy)~butane as a light
brown oil (97% yield). MS.

To a THF (60 mL) solution of the above allyl ether
(14.16 g, 28.38 mmols, 1 eq) was added 9-BBN (9-
borabicyclo{3.3.1]nonane, 0.5 M solution in THF, 60 mL, 30
mmols, 1.1 eq) dropwise under nitrogen. After 3 hours, TLC
(10% EtOAc in hexanes) of the reaction showed that the starting
material had been consumed. To this solution was added 3M
aqueous NaOH (10.41 mL, 31.22 mmols, 1.1 eq) followed by slow
(1.5 hr) dropwise addition of 30% hydrogen peroxide (10.3 mL,
90.82 mmols, 3.2 eq). The reaction temperature during the
peroxide quench was kept below 50°C{ice bath).

After 30 minutes, sodium chloride was added until the
solution was saturated. The organic layer was removed; the
aqueous layer was extracted with ether; the combined organic
layers were dried and filtered; and the filtrate concentrated to
give an oil. The crude oil was purified by flash chromatography
on silica gel eluting with 10% EtOAc/hexanes and increasing the



are within the scope of the present invention. - THIS| SHEET

recogni zed that various stereoisoneric forfm/of t he con‘qounds ',Aggﬁ BEENI
Formula | may exist; for exanple, Wmay contiai n a chiral —M'hn i n
‘the subst i tutgedal Ii_,g ene noiety. The 15 corrpounds are nornmal |y prepared as
racemat es and “can conveniently be used as such, but individual _
enantioners can be | sol ated or synthesized by conventional t echni ques

f Lhdividu t rs_an tures
ther cof 1 ora BarL Yol oL RS tprohe( heRbfisk AELLD Bboft LS TR S Rt
al so enconp&s ¥é€1lohé . |§I3a9rr9@eat léghtyyvellowcekbt 865% prekiugs Mﬁ t he

conpounds. of Fornul ago o FHxﬁ@fdi%dsS 0°c eBhdFUY18H! fi1) héél@\?f @19%' ly
nodi fied an eyaa bi ol ogically_ inactive at Its actio

whi ch may @g’ cohedeas: 2Rg8ds FEdebhviamine hr%3 éhzy?ﬂa{ﬂk mgolst,hdr. 5i n
Vi vo 255 preacgs Sed lowedhbyparepiviB0aghi ¥ eoh 06 M meihl Sckpl&.da.rd& ghaul ¢,

h dff el t file than the enabl i hg
eg\s/?e? albsorp"t;glq'on gi[sgz oglhgamlhgggg ELPPRes Uit L ‘?%T ‘Aftexry 3 thougiengti on

or sol ubili0°Q, EhQA/ 610%nProkedisykéxanes 5t abdiddtyed the (sedfanﬂiefgemerllal
pl asma hal fzld %nsﬁﬁ%dexaﬂge}eazxgbﬁa%%g dff&te? %rl Vg%dslﬂfﬁlbdcat !

i ncl ude the toll
may be cl e¥3EGThy rlne'eQFéﬁgsegeﬁng$9ase@d the solvent rempyvedapt CHes

which Ty besueesas 2ed W4sSPEELEACtRFough a NGAERSE 110 Y Uy yW1ep32
3) derlv)altt %gs%hat@ ccurrulsatBe at at5|(t)1égofaact|on O%L Puei'ﬁi‘?%errbrtane

sel ection Paal Sxfiﬁﬁﬁv ofnd HBRi p1eNt was e uaed.- OITOaﬁhyl
conbi nat i oacetobet 4280 mupraolutbonesti ohal result Peeiduness fa@ddd MaHCO,

sel ection agd B gPagabbon, 8l sSUt#PLE PrON Y Yar (28.88 g, 192.7 mmols, 10

eq.). After stirring 30 minutes at room temperature under a

15 nitrogen atmosphere, the reaction was heated to 50 °C with a
water bath. After 2.5 hours, TLC (10% EtOAc in hexanes)
indicated that the mesylate was consumed. The reaction mixture
was diluted with ether (500 mL), washed with cold saturated
aqueous NazS03, water, brine, dried (MgS0O4), and the solvent

20 removed. The resulting oil was passed through a pad of silica
eluting with 5% EtOAc in hexanes to give the purified title
compound 10.3 g as a colorless oil (85% yield).

Preparation 6
25 | 3-bromopropv]l acetate
3-bromopropan-1-ol (0.54 moles, 75 g) in CH2Cly (500

mL) at 0°C under N2 was treated with acetyl chloride (0.5 moles,
40.2 mL). To this solution was added triethylamine (0.54 moles,
75 mL) in portions (5 mL) slowly by syringe. The reaction

30 mixture was allowed to gradually (12 hours) come to room
temperature. The precipitate was filtered off, and the filter
was washed with CH2Clz. The filtrate washed with water (2x),
brine (2x) and dried over Na3S04, and filtered. The filtrate
was concentrated to give the titled acetate 91 g (93% yield) as

35 an oil. MS

\
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' Preparation 7
-(3- —in
To a stirred 0°C DMF (400 mL) suspension of NaH (60%
in mineral oil, 0.705 moles, 28.2 g, 1.5 eq.) in a three-neck
5 flask fitted with a reflux condenser and an addition funnel was
added a DMF (150 mL) solution of indole (55 g, 0.47 moles)
dropwise. After 30-60 minutes, a DMF (50 mL) solution of the
alkyl halide, 3-bromopropyl acetate (170 g, 0.94 moles) was
added. The reaction was heated at 50°C for 6 hours and then
10 allowed to stir at room temperature for 5-15 hours.
The solvent was removed in vacuo. The residue was
partitioned between CH2Cly and water. The organic layer was
washed with 1IN HCl (3x), water, brine, dried over Na2S04, and
filtered. The filtrate was concentrated to give the titled
15 alkyl indole 102 g as an oil which slowly crystallized. MS

Preparation 8
- rt - 1)-indol-3-v1- i i
To a stirred acetone (800 mL) solution of indole-3-
20 acetic acid (26.25 g, 0.15 moles) was added cesium carbonate
(48.9 g, 0.15 moles) followed by allyl bromide (15 mL, 0.17
moles, 1.16 eqg.). After 12 hours the solvent was removed. The
residue was partitioned between water and CHCl3. The organic
layer was washed with brine, dried over NajSO4, and filtered.
25 The filtrate was concentrated to give the allyl ester 27.9 g
(74% yield) as an oil.
To an acetonitrile (500 mL) solution of the allyl
ester (27.9 g) was added di-tert—butyl dicarbonate (29.1 g,
0.133 moles, 1.2 eq.) and 4-dimethylaminopyridine (1.36 g, 0.011

30 moles, 0.1 eq.). After 15 minutes, the reaction mixture was
diluted with EtOAc (1.2 L) and washed with 0.1 N HCl, water
(2x), and brine (2x). The organic layer was dried over Na2S04,

filtered, and concentrated to give the BOC protected ester (32.9
g, 94%) as an oil which slowly crystallized.

35 To a CH2Cl2/EtOAc 10:3 (325 mL) solution of the BROC
protected ester was added sodium 2-ethylhexanoate (17.3 g, 0.104
moles), triphenylphosphine (4.93 g, 18.8 mmol, 0.18 eq.) and
Pd(PPh3)4 (4.56 g, 3.95 mmol, 0;04 eqg.). After 1 hour, the
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Preparation 9 “I"”I"“
{+]3 g_UN'Nl_l’ll_(3"-j—tert"'
lsi =Pig-(3.3° -1 -

A DMF (50 mL) solution of bis-(3,3'-indolyl)]-1-
(methyl) -pyrrole-2,5-dione (3.41 g, 10.0 mmol) containing the
dibromide 3-tert-butyldiphenylsilyloxymethylene-1,6-
dibromohexane (5.64 g, 11 mmol, prepared in a manner analogous
to the benzoyl derivative in Preparation 2) was added using a
syringe pump over a 15 hour period to a DMF (350 mL) slurry of
Cs2C03 (11.2 g, 34.3 mmol) at 60 ©C. After 4 hours from
completion of the addition, the reaction was coocled to room
temperature, poured into water (1.5 L), and extracted with
CH2Cls (3 x 300 mL). The organic phase was washed with water,
dried, filtered and concentrated. The concentrate was purified
by flash chromatography eluting with 10% to 25% ethyl
acetate/hexane to give the macrocycle 3,4-[(N,N'-1,1'-(3"''-3-
tert-butyldiphenylsilyloxymethylene)hexane)-bis-(3,3'-indolyl)]-
1l(methyl)-pyrrole-2,5-dione 2.95 g (43% yield) as a red oil. MS

Preparation 10
—In 1 4- - i n i -3-

To a cyclohexane (400 mL) solution of (S)-methyl 4-
tert-butyldiphenylsilyloxy-3- (hydroxy)butyrate (20.0 g, 53.7
mmol) was added allyl trichloroacetimidate (21.74 g, 107.4:
mmol), followed by trifluoromethanesulfonic acid (1 mL, 50mL/g
alcohol) in five portions over 30 minutes, with stirring under a
nitrogen atmosphere. After 70 hours, the solids that formed
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were filtered, and the filter cake was washed with cyclohexane,

Pref erably, Conpound V is_reacted with 5 N

I?UIT'I'“:QP.QHCET H

and the volatiles were removed in vacuo. The resultant oil was
placed on a plug of silica and washed with hexane, and product
eluted with 10% ethyl acetate/hexane. NMR indicated the
presence of residual imidate {(ca. 10%); however the material was
carried on without further purification. The residue yields
24.76 g of material, of which approx. 22.2 g was desired product
(100%). Ms.

Preparatlon 11

DIBAL-H (231 mL, 1.0M in toluene, 231 mmol) was added
dropwise over 40 minutes to a solution of (S)-methyl 4-tert-
butyldiphenylsilyloxy-3-(allyloxy)-butyrate (23.8g, 57 mmol)
dissolved in anhydrous THF (1.0 L) at -75°'C under N3. After
stirring 1.5 hours, the mixture was allowed to warm to -10'C and
quenched with 5% water in methanol and a large amount of Celite.
The quenched reaction mixture was filtered through a pad of
Celite; the filtrate was concentrated and partitioned between
ether and 20% citric acid. The ether layer was dried and
concentrated in vacuo. The residual o0il was passed through a
pad of silica eluting with chloroform to yield 20.6 g (93%) of
(S} 4-tert-butyldiphenylsilyloxy-3-allyloxy-butan-1-ol.

To a methanol (500 mL) solution of (S) 4-tert-
butyldiphenylsilyloxy-3-allyloxybutan-1-ol (20.6 g, 53.6mmol)
was added ozone at -78°C for approximately 12 minutes. The
reaction mixture developed a faint blue color, NaBH4 (12.2 g,
321 mmol, 6 eg.) was added to the reaction vessel. The reaction
was allowed to come to room temperature. The volatiles were
removed in vacuo. The residue was passed through a plug of
silica eluting with ethyl acetate to yield 16.4 g (79%) of (s)
4-tert-butyldiphenylsilyloxy-3-(2-hydroxy-ethoxy)-butan-1-ol as
a colorless oil.

To an ether (600 mL) solution of (S) 4-tert-

‘butyldiphenylsilyloxy-3- (2-hydroxy-ethoxy)-butan-1-ol (15.7 g,

40.4 mmol) at 0°C under nitrogen was added triethylamine (16.8
mL, 121 mmol) followed by mesyl chloride (9.38 mL, 121 mmol).
After 3 hours, the solution was filtered; the filtrate was
washed with water (2x), brine (2x), dried over Na2804 and
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The reaction represente conpl 1 shed of. the

known et hole o GydeFar o7 NNQ&ES?P upeggcﬁﬁoIQ%Hco3 (170 35 mmol). The

reaction mixture was kept at 56°C for 24 hours and filtered; and
the filtrate was concentrated in vacuo. The residue was
partitioned between ether and 10% NazS03, the ether layer was
washed with brine, dried over Na3S04, and concentrated to give

10 17.9 g (73.2%) of (S)-4-tert-butyldiphenylsilyloxy-3-(2-
iodoethoxy)~1-iodobutane as a colorless o0il. The overall yield
was 54%. MS: MW= 608.39; observed: 559 (M-tertbutyl; FD,
CHC13).

— .
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Preparation 12

15

20

3,4-(bis)~-(3-indolyl)-1H-pyrrol-2,5-dione (10.04 g,

29.4 mmol) and (S) -4~ (tert-butyldiphenylsilyloxy)-3-(2-
iodoethoxy) -1~ (iodo)butane (17.9g, 29.4 mmol) were combined and
dissolved in anhydrous DMF (80 mL). The solution was added via

25 syringe pump addition over 72 hours to a suspension of cesium
carbonate (38.3 g, 118 mmol) in anhydrous DMF (1.7 L) at 50°C
under N2. The DMF was removed in vacuo. The residue was
partitioned between CHC13/1N HCl. The acidic layer was back-
extracted with chloroform and ethyl acetate. The combined

30 organic layers were washed with 1N HCl (1x), water (2x), brine
(2x), dried over Na25804, and reduced to give a magenta solid.
The crude reaction mixture was used without further
purification.



This reaction usual l y invol ves approxi ma y equi mol ar amounts 25 of the
two reagents, although other ratios, espe |aIIy t hose

alkylating reagent is in excess, are operatlve The r
‘carried ouf_ ?ﬁ &ﬁf aprotic solvent 2.~ _enploying an alkali
or other such arkylation conditions as are appreciated in

the leaving 30 group is brono or chloro, a catalytic anmpbunt of iodide salt;

such as potassiumio e b t éﬁﬁﬁ? ' hanol
22 React i oﬁhgoﬁglafa?oﬁgggﬁcﬁncfg t ‘H?Wl n?{' Pot asléll l?l% ano

hexanet hyl d7 891 8%) dend ntgpaked \Witdr RNk J8 0 mldhy dFBruUrgACtion sodi um

hydride i ntginpBEahF ORI ised to 80°C. After 72 hours the ethanol was

removed in vacuo; the aqueous suspension was cooled to 0°C, and

5 acidified with 5N HCl. The wviolet precipitate was collected and
passed through a silica plug eluting with ethyl acetate. The
eluant was concentrated to vield 8.7 g of the partially
silylated maleimide as a magenta solid that was carried on to
the next reaction without further purification.

10 To a DMF (1 L) solution of the above anhydride (8.7g,
19.7mmol) was added 1,1,1,3,3,3-hexamethyldisilazane (41.6 mL,
197 mmol) and methanol (4 mL, 98.5 mmol) under nitrogen at
ambient temperature. After 40 hours, the reaction was
concentrated in vacuo , a 2:1 (v/v) MeCN/IN HCl solution (100

15 mL) was added. The residue was stirred for one hour. The
organic solvent was removed; and the agqueous suspension was
extracted with ethyl acetate. The solvents were removed to
vield 8.9 g of maleimide that was used without further
purification.

20 To a CH2Cl2z (800 mL) suspension of the above
maleimide (8.9g, 20 mmol) under nitrogen at ambient temperature
was added pyridine (4.85 mL, 60 mmol) and a slight excess of
methanesulfonic anhydride (4.21 g, 24 mmol). After 16 hours the
reaction mixture was washed with 0.1N HCl, brine, and the

25 organic layer was concentrated. The residue was passed through
a plug of silica eluting with a slow gradient of 0-10% MeCN in
CH2Cl2. The eluant fraction containing the desired mesylate was
concentrated to yield 2.8 g of the title compound as a magenta

solid. Overall yield from the diiodide is 18%. MS: MW=520;
30 observed 520 (FD, CHC1l3).
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tetrahydrofuran (THF). The t enper at of the reaction
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3. 30 residue was loaded onto a 4" x 4" column of silica and slowly
eluted using hexanes as eluant. 3-(tert-
butyldiphenylsilyloxymethylene)-1-cyclohexene, 33.6 g (86%), was
obtained as a colorless o0il which was homogenous by TLC (Rf =

15 0.4, hexanes). -
Analytical calculated for C23H300Si(0.3 H20):
ytical calcula or C23H3008i( 20) + oat Has Been Replaces

rowds . 71,39 1, .72 \\\\\l\\\lll\\\\\l\l\\\\\

20 Preparation 14
- = 1diph ilvl = =h nediol
Ozone was bubbled through a well-stirred solution of
3-(tert-butyldiphenylsilyloxymethylene)-1l-cyclohexene, (18.0 g,
51.3 mmol) in CH2Cl (550 mL) at -78°C until the blue color of
25 unreacted ozone persisted. The reaction mixture was allowed to
warm to 25° C. Dry Np was bubbled through the solution for 30
minutes. Borane-dimethylsulfide complex (10.0 M, 23 mL, 0.23
mol) was added dropwise over 10 minutes. The mixture was slowly
- stirred under N2 at 25° C for 24 hours. 5% HCl (15 mL) was
30 added, and the reaction mixture was stirred for 1 hour. Solid
NaHCO3 was added until the mixture tested basic to pH paper
(external damp). After filtration, the filtrate was washed with
200 mL portions of 5% NaHCO3 and water and dried over anhydrous
MgSO4. After evaporation of the solvent under reduced pressure,
35 the crude product was purified by chromatography through a 4" x
4" pad of silica gel eluting with EtOAc. 3-(tert-
(butyldiphenylsilyloxy)methylene) -1, 6-hexanediol 17.8 g (90%)
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was obtained as a colorless viscous oil which was homogeneous
by TLC (Rf 0.5, ether).

Analytical calculated for C23H3403Si(0.2 H90) :
c, 70.80; H, 8.88. 1This Sheet Has Been Repla

o v

Preparation 15
= - 1di 1si m = -di
N-bromosuccinimide (19.3 g, 109 mmol) was added in
portions over five minutes to a stirred solution containing 3-
(tert-butyldiphenylsilyloxymethylene) -1, 6-hexanediol (17.5 g,
45.2 mmol) and triphenylphosphine (28.6 g, 109 mmol) in dry
CHoCIz (550 mL) at 0° C under N2. The reaction mixture was
stirred 5 hours at 0° C then placed in the refrigerator at 5°C
for 16 hours. After removal of most of the solvent, dry ether
(300 mL) was slowly added to the residue. The ether layer was
decanted from the precipitated solids. The solids were washed
with an additional 200 mL of fresh ether. The combined ether
layer was concentrated (100 mL), triturated with 300 mL of
hexanes, and decanted from the precipitated solids. The solids
were washed with 25% ether in hexanes and the combined organic
layers were dried over anhydrous MgSO4 and concentrated. The
crude product was placed onto a 4" x 4" column of silica gel and
eluted with 25% ether in hexanes to give 3-tert-
butyldiphenylsilyloxymethylene-1, 6-dibromohexane 20.1 g, (86%)
as a colorless oil which was homogeneous by TLC (Rf = 0.75, 10%
EtOAc in hexanes).
1H NMR (300 MHz, CDCl3) 1.06 (s,9H), 1.35 - 2.10 (m, 7H), 3.55
(m,4H), 3.56 (app d, 2H, J = 4Hz), 7.40 and 7.64 (m, 10H).

13¢ NMr (75 MHz, CDCli) 19.2, 26.9, 29.3, 30.0, 31.9, 33.8,
34.7, 38.5, 65.0, 127.7, 129.7, 133.4, 135.5.

Preparation 16
=(-)-3- 1 ne-1- han
A solution of LiAlH4 (i.O M in THF, 75.8 mL, 75.8
mmol) was added dropwise over 15 minutes to a cooled solution of
the known ester (Ireland et al J. Org. Chem. 1992, 57(19),
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the TLC properties and ly NnMr spectrum of this material was
identical in all respects with that of the racemic material
(Aldrich).

1 NMR (300 MHZ, CDCI3), 1.21 - 1.42 (m, 2H), 1.68 - 1.88 (m,
3H), 2.04 - 2.21 (m, 3H), 3.54 (brs, 2H), 5.69 (s, 2H).

Preparation 17
- (=)- 3- 1d4i 33 =1-
(S8)-(-)-3-Cyclohexene-1l-methanol 3.17 g, 28.3 mmol)

was treated with tert-butyldiphenylchlorosilane (8.15 mL, 31.1
mmol), N,N- diisopropylethylamine (10.9 mL, 62.3 mmol) and
dimethylaminopyridine (1.03 g, 8.5 mmol) in CH2CI2 (100 mL) to
afford, after workup and chromatography, silyl ether (S)-(-)-
3-tertbutyldiphenylsilyloxymethylene)-1l-cyclohexene 8.73 g (88%)
as a clear oil. Both the TLC properties and lH NMR spectra of
this material were identical in all respects with racemic silyl
ether 3-tertbutyldiphenylsilyloxymethylene)-1l-cyclohexene.

ln NMR (300 MHz, CDCl3) 1.05 (S,QH), 1.29 (m,1H), 1.71-2.18
(m,4H) 3.54 (d, 2H, J = 6H2), 5.66 (br s, 2H), 7.38 and 7.66 (m,
10 H).

Preparation 18
=(=-)- 3- = i i hr -1, 6-hexan
Following the same procedure described for the
preparation of the racémic diol 3-(tert-
butyldiphenylsilyloxymethylene) -1, 6-hexanediol , silyl ether



30 reagent in the mxture is about 1.5 nDIax&ko about 0.001 nDIar
When carried out with the nonoal kyl ated conpound (Schene 3F
concentration is fromabout 3 nmolar to apgut 0.001 nol ar.
addition results in a concentration of reagents in the

- 24 - X-895&A FOR vessel of about 6.0f -ferr]nmolar to 1.5 m -
skilled in the art would recognize that at a higher rate of addltlon a

| ower concentration _of reagents could be used in the reactjon.
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added at ab§H$ P%ﬁ Efgkéh{%ge Cﬁn?cg?gkénd t he al kyl ating agent
tt

at 0.37 nol pre erre err]Cderr] be added in
excess -- rhuﬂykﬁmﬂhanyﬂsﬁLyl@xymeahymeﬁbpelrﬁGﬁkxan¢dioﬂ ~ 5.01 g (55%) as

5 a colorless viscous oil, which was homogenous by TLC (Rf = 0.4
EtOAc).

ly NMR (300 MHz, CDC1l3) 1.05 (s, 9H), 1.21-1.81 (m,7H), 2.32 (br
s, 2H), 3.50-3.75 (m, 6H), 7.32 and 7.70 (m,10H).
10 |
Preparation 19
=3- = i ilvl - -dibr X
Following the same procedure described for the
preparation of racemic dibromide, 3-(tert-

15 butyldiphenylsilyloxymethyl) -1, 6-dibromohexane, (S)-(-)-3-
(tertbutyldiphenylsilyloxymethyl) -1, 6-hexanediol (4.85 g, 12.53
mmol) was reacted with N-bromosuccinimide (5.35 g, 30.1 mmol)
and triphenylphosphine (7.87 g, 30.1 mmol) CH2Clz (150 mL) at
0°C to afford compound (S)-(-)-3-(tert-

20 butyldiphenylsilyloxymethyl) -1, 6-dibromohexane 4.81 (75%) as a
clear, colorless oil which was homogenous by TLC (Rf = 0.8, 10%
EtOAc in hexanes. Both the TLC properties and 1y spectra of
this compound were identical in all respects with racemic
isomer. MS.

25 _
1H NMR (300 MHz, CDCl3) 1.06 (s,9H), 1.35 - 2.10 (m, 7H), 3.55
(m,4H), 3.56 (app 4, 2H, J = 4Hz), 7.40 and 7.64 (m, 10H).
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al kyl ating agent. Preferred polar aprotic solvents are 10 _acetonitrile,
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Preparation 21
o e X

To a stirred suspension of sodium methoxide (59.4 g,
1.1 mol) in dry methanol (1 L) at 0°C was added dimethylmalonate
20 (57 mL, 0.5 mol) dropwise under N3. After 30 minutes, allyl
bromide (95 mL, 1.1 mol) was added in one portion. After 14
hours, at ambient temperature the reaction was concentrated in
vacuo. The residue dissolved in methanol (0.5 L) and treated
with 5N NaOH (500 mL). After stirring for 24 hours, the
25 methanol was removed in vacuo, and the basic agqueous layer
washed with ethyl acetate (2X). The aqueous layer was acidified
with 5N HCl (0.5 L) and extracted with ethyl acetate. The
organic extract was washed with water (2x), brine, dried over
Na2S04, and concentrated in vacuo to a white solid. Trituration
30 of the resulting solid with pentane and atmospheric drving gave
51.4 g (57% yield) of the diacid. The diacid (50g, 274 mmol)
was heated (150°C) until CO2 evolution ceased (about 2 hours).
The residual brown oil was eluted with ethyl acetate through a
small silica plug to yield the title compound 32.8g (85%) as a
35 golden o0il. The overall yield'for the three steps is 48%. 1y
" NMR: (CD3CN) 8 2.4 (m, 4H); 2.5 (m, 1H): 5.05 (dd, 2H); 5.15
(dd, 2H); 5.9 (m, 2H); 12.8 (br, 1H). MS.

—
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Formula | is outlined in Schene 4. This nethod is particularly usef ul
when Wis -NH and X or Y is a substituted alkyl ene. -
- 25 - ' ScHeéme 4 [err]

X-8951A FOR -

. Preparation 22
= i 1si h: - = ~-diol
To a 0'C stirred suspension of LAH (4.33g, 114 mmol)
in anhydrous ether (125 mL) was added—2—allyl—4—pentenoic acid
5 (16.0 g, 114 mmol) dropwise under N2. The reaction mixture was
allowed to come to room temperature over. After 16 hours, the
reaction was quenched with ethanol (25 mL) followed by 4N HC1
(40 mL), extracted, extracted with ether (2x), dried, and
concentrated in vacuo to give a the alcohol, 2-allyl-4-penten-1-

10 ol, as a colorless oil 11.7g (82%) that was used without further
purification.

To a dry CH2Cl2 (0.5 mL) solution of 2-allyl-4-penten-
1-01 (11.7 g, 93 mmol), was added imidazole (12.6 g, 185 mmol)
followed by chloro tertbutyldiphenylsilane (25.48 g, 93 mmol),

15 and stirred for 16 hours. The reaction was filtered, the

. filtrate was washed with water, brine, dried and concentrated in
vacuo to give the silylether, 3-(tert-
butyldiphenylsilyloxymethylene)-pent-1,4-ene, 32.5g (96%) as an
oil that was used without further purification.

20 Ozone was bubbled through a -78°C dry methanol (500
mL) solution of 3-(tert-butyldiphenylsilyloxymethylene)-1,5-
pentanediol (17 g, 47 mmol) until a blue tint persisted (30
minutes). The reaction was purged with nitrogen (20 min.) and
NaBH4 (17.6g, 47 mmol) was added. The cold bath was removed and

25 the reaction brought to room temperature. The reaction was

' concentrated in vacuo and the residue partitioned between ether
and brine. The ether layer was concentrated -and the residue
eluted over a silica plug with 0-50% ethyl acetate/hexanes. The
minor component was pooled and concentrated to yield the diol ,

30 3-(tertbutyldiphenylsilyloxymethylene)-pentane-1,5-diol, 3.8g
(22%) of the desired diol as a colorless oil. Overall the yield
for the three steps is 17%. MS.

1 NMR: 8 1.17 (s, 9H); 1.6 (dt, 4H); 1.83 (m, 1H); 2.14 (s,
35 2H); 3.6 (m, 6H); 7.41 (t, 4H); 7.45 (t, 2H); 7.66 (d, 4H).

s Sheet Has Been Replace«
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Preparation 23
- -3 - i -

To a 0°C ether (300 mL) solution of 3-
(tertbutyldiphenylsilyloxymethylene)-pentane-1,5-diol (6.9g, 19
mmol) was added methanesulfonyl chloride (4.3 mL, 56 mmol)
followed by Et3N (7.7 mL, 56 mmol). After 3-16 hours, gradually
warming to ambient temperature, the reaction was washed with
water, brine, dried over MgSO4, and concentrated to give the
1,5-bis(methanesulfonyloxy)-3-(tert-
butyldiphenylsilyloxymethylene)-pentane 8.5g (90%) as a
colorless o0il that was used without further purification.

To a .freshly distilled acetone (500 mL) solution of
the bis-mesylate, 1,5-bis(methanesulfonyloxy)-3-(tert-
butyldiphenylsilyloxymethylene)-pentane, (8.5g, 16 mmol) was
added excess NaI (36.1g, 241 mmol) and NaHCO3 (67 mg, 0.8 mmol).
The reaction was refluxed (57°C) for 72 hours, cooled to room
temperature and filtered. The filtrate was concentrated in
vacuo. The residue was diluted with ether, washed with 10%
Na2S03, dried, and concentrated to give the title compound 7.4 g
(78% yield) as a colorless oil. The overall yield for two steps
is 70%. MS.

ly NMR: (DMSO-dg) & 1.06 (s, 9H); 1.78 (m, 1H); 1.8-2.06 (m,
4H); 3.13 (m, 4H); 3.57 (4, 2H); 7.38-7.46 (m, 3H); 7.64 (d,

2H) . TMsSheetHasBee Re
—— e
2-(2' -Bromoethoxv) -benzylbromide

Ozone was bubbled through a -78°C dry methanol
solution of 2-(allyloxy)benzyl alcohol (LaChapelle et al
Tetrahedron, 44(16), 5033-5044 (1988)) (7.0 g, 43 mmol) for 13
minutes, checking the reaction TLC profile every 2 minutes for
complete disappearance of the starting olefin (Rf=0.8,
75%EtOAc/hexane). The reaction mixture was purged with
nitrogen, NaBH4 (9.7 g, 0.25 mol) was added and the reaction
temperature brought to 0° C. After 30 minutes, the reaction was
warmed to room temperature, concentrated, diluted with ether,
washed with water, brine, dried and concentrated to a residue.



“Ac is acetyl. Rerr], R6, Z n, and mare the-sane as 10 _previously

defined. The al kylation of Conpound VI with X occurs .und ondi tions
previously described and known in the argp Th'ss'ﬁiﬁm'am? lRge< SHEp
“Conpound Xl _with the a-hal o ketone, Cpnpotu : u

condi ti ons $183ABUHACR di scussed. The = -conv m iEn

mal ei m de, Conpound XV, 15 occurs as previously described. . For exanple,
e Ay e T e, U SR S B b Ba SECE AT YA Dyt ng
or gani ¢ sol ERc Aetares (dradtienaomlucipar 26&r e. 75% EtOAC). Evaporation
of the eluting solvent gave the diol, 2-(2'—hydroxyethoxy)—
benzyl alcohol, (4.8 g, 67%) as an oil. MS: MW = 168; observed
5 168, FD, CHCl3).
To a 0° C dry CH2Cly (250 mL) solution of the diol, 2-
(2'-hydroxyethoxy) -benzyl alcohol, (4.38 g, 26 mmol) was added
triphenylphosphine (15.8 g, 60 mmol) and N-bromosuccinamide
(10.7 g, 60 mmol). After 2 hours at 0° C, the reaction was
10 complete by TLC (20% EtOAc/CH2Cl2) analysis, and the reaction
was concentrated in vacuo. The concentrate was eluted (hexane -
15% EtOAc/hexane gradient) through a pad of silica gel.
Concentration of eluting fractions gave the dibromide, 2-(2'-
Bromoethoxy) -benzylbromide, (6.91 g, 90% yield) as a colorless
15 solid. MS.
13c-nMr (cHC1l3, 75.4 MHz) § 28.7, 29.1, 68.2,, 112.3, 121.6,
126.8, 130.2, 131.1, 156.0.
1H-NMR (CHC1l3, 200 MHz) & 3.72 (2H, t, J=5 Hz), 4.34 (2H, t,
J=5 Hz), 4.59 (2H,s), 6.84 (H, &, J=7 Hz), 6.95 (H, t, J=7 Hz),
20 7.25 - 7.38 (2H).

Preparation 25

25 The allyl ether, 1l-(tert-butyldimethylsilyloxy)-3-
{allyloxy) -4- (tert-butyldiphenyl) -butane, (21.6 g, 43.4 mmol)
was dissolved in methanol (500 mL) and cooled to -78 ©C under
nitrogen. Ozone was bubbled into the reaction and after 11
minutes it was judged complete by TLC(9 hexane/l ethyl acetate).

30 Sodium borohydride (9.9 g, 6 eg) was added and after 5 minutes
the reaction was allowed to warm to room temperature. The
methanol was removed in vacuo. The residue was suspended in
ether (800 mL). The ether was washed with water, and the
aqueous backwashed with ether. The combined organics were

35 washed with brine, dried (Na2s04), filtered and concentrated in
vacuo to give an o0il. . The material was passed through a silica
pad with 5% ethyl acetate/hexane followed by elution of the
product with 25% ethyl acetate/hexane to provide 11.0 g (50%



_-.26 - The protected hydroxY“TWﬂWTEﬁHWTKan#{¥m is readily

hydrol yzed to form an al cohol (for exanpl e, TH{ Shdel
met hanol and THF). The resulting al coholy s c mﬂ ﬁfer [LCE(?H g}'gﬁﬁﬁﬂl

by net hods appreciated in the art such aS.rea

mesyl chl orkd@35batFoRt hyl am ne at O[EFY}C group TS
substituted with an azide, such as NaNerr] in DV at 50[err]C The
resulting azide is reduced to formthe am ne by enpl oyi ng Lindl ar’

catal yst i nviébdprefecthe atcolakr]l- (Mert-butyddisefbydsidyipkphed- t(%—cl ose
via an intr appapEkY pEe1ReRYy f 14 10 bas Gy %%Ei?ér&fl)h%%%ah% 58dHCedgHRIGE] 10w

standard condi tions, such as NaCNBH err] ot her reducing agents, to
formthe Olkacr¥8ycI¥Rof Formula I. _ Yet another method of
preparing the corrpounmls ah anhy&.@dixﬁfs”@tlhef S(Z00 InmeddIntSSeBE Thelhi s

e Ef’d(' )4 PEILagel 2T Y (derd SRty i M i%?qT—ggﬁg%gﬁggftgggfégﬁéx{z9—4-
(tert-butyldiphenyl)-butane, (11.0 g, 21.9 mmol) under nitrogen
at 5 °C was added triethylamine (4.6 mL, 1.5 eq) and
methanesulfonyl chloride (2.5 mL, 1.5 eq). After 1.5 hours the
reaction was complete by TLC (5% ethyl acetate/dichloromethane).

10 The reaction was diluted with ether (250 mL), washed with water
(2X), brine (2X), dried (Na3SO4), filtered and concentrated in
vacuo to give an oil. The material was passed through a silica
pad eluting with 5% ethyl acetate/hexane followed by 25% ethyl
acetate/hexane to provide 11.6 g (91% yield) of the mesylate, 1-

15 (tert-butyldimethylsilyloxy) -3- (2~ (methanesulfonyloxy)ethoxy)-4-
(tert-butyldiphenyl)-butane as an oil. MS. NMR.

To an acetone (300 mL) solution of the mesylate, 1-
(tert-butyldimethylsilyloxy) -3-(2-(methanesulfonyloxy)ethoxy)-4-
(tert-butyldiphenyl) -butane, (11.6 g, 20 mmol) under nitrogen

20 was added sodium iodide (44 g, 15 eq) and sodium bicarbonate
(170 mg, 0.1 eg). The mixture was refluxed for 18 hours
followed by removal of the acetone in vacuo. The resulting
residue was suspended in ether, washed with water (2X), and the
aqueous backwashed with ether. The combined ether portions were

25 washed with 10% sodium sulfite solution, brine (2X), dried
(MgS0O4), filtered and concentrated in vacuo to provide 10.7 g
(87% yield) of the title iodide as an o0il which was used without
further purification. MS. NMR.

30 Preparation 26

1-(2- 1 - —2- 1 1)-3-
rt- i ilvl -pr
To a stirred solution of dimethyl allyl malonate (34

g, 0.2 mol) in t-butyl alcohol (0.5 L) was added solid sodium

35 Dborohydride (19 g, 0.5 mol). The reaction was heated (70 °C)
and methanol (162 mL) was added dropwise over a period of 1
hour. The mixture was stirred overnight at room temperature.
Water (20 mL) was added to destroy the excess borohydride. The



20 Rlerr], Ac, V, m and n are the sane—as previousty defined. Pl
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resulting mixture was filtered through celite. The filterate

- was concentrated (100 mL), and extracted with ethyl acetate (20
mL x 4). The combined extracts were dried over MgSO4 and

concentrated under reduced pressure to afford relatively clean
5 diol, 2-allylpropan-1,3-diol, (19 g, 83% yield) that was carried
over to next reaction without any further purification.

To a stirred solution of diol, 2-(2-propen-1-
yl)propan-1,3-diol, (23.2 g, 0.19 mol) in toluene (1 L) was
added anisaldehyde (27.3 g, 0.20 mol) and PPTS acid (4 g, 10

10 mol%). The flask was equipped with a Dean Stark trap, and the
reaction mixture was refluxed. After 5 hours, the reaction
mixture was cooled to room temperature, diluted with ether (1
L), washed with sat. NaHCO3 (50 mL x 3), water (50 mL x 3}, and
brine (50 mL). The organic layer was dried over MgSO4, and

15 concentrated under reduced pressure to give a residue. The
residue was eluted through a short silica gel column with 10%
ethyl acetate in hexane and evaporation of the eluting solvent
gave the anisylidene, 1,3-O-anisylidene-2-(2-propen-1-yl)propane
(40 g, 89%). (Rf = 0.62 (25% ethyl acetate in hexane))

20 To a stirred mixture of anisylidene, 1,3-0-
anisylidene-2-(2-propene-1l-yl)propane (20.0 g, 85.3 mmol) in
CH2Cl2 (500 mL) and pH 7.0 buffer (25 mL) at 0° C was added DDQ
(38.7 g, 170.7 mmol). The reaction mixture was stirred
vigorously and allowed to warm up to room temperature. After 12

25 hours, the reaction was diluted with ether (1L), washed with
sat. ag. NaHCO3 (200 mL X 2), and 10% ag. Nagso3 (200 mL X 3),
dried, and concentrated under reduced pressure to a residue.

The residue was eluted through a silica gel column with ethyl
acetate/hexane (10% - 25% ethyl acetate gradient) and

30 evaporation of the eluting solvent gave the anizoate containing
alcohol, 3-0-(4-methoxybenzoate)-2-(2-propen-1-yl)-propan-1-ol
(12.7 g, 61%). (Rf = 0.14 (25% ethyl acetate in hexane). NMR.

To a stirred solution of alcohol, 3-0-(4-
methoxybenzoate) ~-2-(2-propene-1-y1l) -propan-1-ol, (16.58 g, 66.32

35 mmol) in CH2Cl2 (250 mL) was added trichloroallyl imidate (24.80
g, 132.64 mmol) in cyclohexane (500 mL). To this mixture was
added trifluorocacetic acid (1 mL) under a N2 atmosphere. After

12 hours a white precipitate had formed. The reaction was



- 27 - side chain of an am no acid. The acylation of. Cbnpound XVI

wth an activated amno acid (such as th
illustrated) is carried out using 18- crovo";lg6¢21ﬁ%hé’étWagBga)ﬂR HAR BEEN
di met hoxyetg%g%%g ﬁ;cggm tenperature as _descri b\eﬁ"@(“ll%lmr ?E%'tACaD
Chem Soc 7-631 (1977); and Nakaga Am TJﬂnn~J
Soc. 105: 3709-3710 (1983). C osure of the macr ocycl e to forn1Cbnpound

XIXis Carrfng%HédVIE&ﬁéﬂfﬁﬁeéybég was dﬂyﬁIé@:%@@ﬁl@gﬁbgr(§gblﬁi)ba§§sﬁ§d

described in itional metho th
conpounds oW wWakg( LOG nck 3 Yor RS BEAnRt (10 Mhon OPLeS: CBREE or 0

éyﬁgﬁ; 6'5 conc&fSFAt 1kl dﬂHé%*EéHhé%d pressure to a residue. The residue

was eluted througﬁ Jlllca gel column with ethyl acetate/hexane
5 (0% - 25% ethyl acetate gradient). The diene, 1-(2-propene-1-
oxy) -2- (2-propen-1-yl) -3-0- (4-methoxybenzoate) -propane (24 g)
containing some acetamide was taken to next step without any
further purification. (Rf = 0.38 (25% ethyl acetate in hexane)

The ester, 1-(2-propene-l-oxy)-2-(2-propene-1-yl)-3-0-

10 (4-methoxybenzoate) -propane, (24 g) was dissolved in THF (60 mL)
and methanol (100 mL) and 1N aqueous NaOH (40 mL) was added.
The resulting mixture was stirred overnight followed by removal
of methanol and THF under reduced pressure. The concentrated
reaction mixture was diluted with ether (250 mL), extracted with

15 ?ether (100 mL x 3), dried, and concentrated under reduced
pressure to give a residue. The residue was eluted through a
gilica gel column with 10% ethyl acetate/hexane and evaporation
of the eluting solvent gave the alcohol, 1-(2-propene-l-oxy)-2-
(2-propene-1-yl) -propan-3-ol (4.10 g, 30% for 2 steps).. NMR.

20 Rf = 0.23 (25% ethyl acetate in hexane)

To a stirred CH2Cla (150 mL) solution of alcohol, 1-
(2-propene-1l-oxy)-2-(2-propene-1-yl)-propan-3-ol (4.10 g, 26.2
mmol) was added imidazole (2.70 g, 39.7 mmol) under a N3
atmosphere. After the imidazole had dissolved tert-

25 Dbutylchlorodiphenylsilane (8.24 g, 29.97 mmol) in CH2Cl2 (50 mL)
was added over 10 minutes. After stirring 12 hours, the
reaction was diluted with ether (100 mL) quenched with water
(100 mL), and extracted with ether (100 mL x 3). The combined
organic phase was washed with brine (100 mL), dried, and

30 .concentrated under reduced pressure to give a residue. The
residue was eluted through a short silica gel column with ethyl
acetate/hexane (0% to 25% ethyl acetate gradient) and
evaporation of the eluting solvent gave the silyl ether, 1-(2-
propene-1-oxy)-2-(2-propene-1-yl) -3-(tert-

35 Dbutyldiphenylsilyloxy)-propane (7.41 g, 72% yield). Rf = 0.76

(25% ethyl acetate in hexane).

Ozone was bubbled through a -78 °C methanol (500 mL)
solution of diene, 1-(2-propene-l-oxy)-2-(2-propene-1-yl)-3-
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(tert—butyldiphenylsilyloxy)-propane,:(7.41 g, 18.80 mmol).
After the disappearance of the starting material (TLC, 25% ethyl
acetate/hexane), the reaction mixture was purged with N2 and
sodium borohydride (2.13 g, 56.30 mmol) was added. The reaction
was warmed to room temperature. After 12 hours, the reaction
was concentrated. The white residue was quenched with water,
and extracted with ethyl acetate (100 mL x 3). The combined
organic phase was washed with brine, dried, and concentrated
under reduced pressure to give a residue. The residue was
eluted through a short silica gel column with ethyl
acetate/hexane (10% to 50% ethyl acetate gradient) and
evaporation of the eluting solvent gave the 1,7-diol, 1-(24
hydroxyethoxy)-2-(2-hydroxyethyl)-3-(tert-
butyldiphenylsilyloxy)-propane (5.48 g, 72% yield).

Rf = 0.21 (50% ethyl acetate in hexane). NMR.

To a stirred CH2Cl2 ( 400 mL) solution of diol, 1-(2-
hydroxyethoxy) -2-(2-hydroxyethyl) -3- (tert-
butyldiphenylsilyloxy) -propane (5.48 g, 13.6 mmol) under N2
atmosphere was added TEA (11.2 mL, 78 mmol), followed by
dropwise addition of methane sulfonyl chloride (3 miL, 39.00
mmol) in CH2Clz (100 mL) over a period of 30 minutes. After 12
hours, the reaction was diluted with ether (500 mL), washed with
water (100 mL x 3), brine (100 mL), dried, and concentrated
under reduced pressure to a residue. The residue was eluted
through a short silica gel column with ethyl acetate/hexane (10%
to 50% ethyl acetate gradient) and evaporation of the eluting
solvent gave the bismesylate, 1-(2-{methylsulfonvloxy)-ethoxy)-
2-((methylsulfonyloxy)ethyl) -3-(tert-butyldiphenylsilyloxy) -
propane (7.40 g, 97%). Rf = 0.55 (50% ethyl acetate in hexane).
NMR .

Sheet Has Been Replaced -
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Rlerr], Ac, V, Plerr], m and n are the sanme as previously
reacti on between Conpound XX and Conpound XXl occurs in th

5 SHERTe RS BEEY

of ethyl diisopropylamne in nethylene chforide at O[err]Q.__ 20 REREACED
macrocycle is fornmed via an intranol ecul aF al kyl ation of the

- 28 - X+£&95dA F®R e nitrogen and tﬁeq[err] hal o carbonyl term nus under
al kyl ating conditions previously described. The protected mal eimde is
deprotected as previously discussed to proguce the Compound XXI'I1. 5

An alternative nethod of preparing the |nt$rned|ates Compounds Xl and
XX i1s described in Schene 7. Schene 7

Has Been Rep‘a‘ced

s il

. Example 1
3;4-[(N.N'—l.l'—ethoxvethvl)-bis—(3,3'—indolvl)1—1H—Dvrrole42.5—

5 dione.
Sodium hydride (60 percent dispersion in mineral oil,

113 mg, 2.82 mmol) was added in portions over 15 minutes to a
solution of 3,4-bis(3'-indolyl)furan-2,5-dione (337 mg, 1.02
mmol) in 5 mL of dry DMF under N2. The mixture was stirred 1.5

10 hours and then diluted with 5 mL of DMF. Bis 2,2'-dibromo-ethyl
ether (0.14 mL, 1.13 mmol) was added dropwise to the green
solution. The reaction mixture was stirred for 30 minutes at
25°%C and then heated at 50°C overnight. The cooled mixture was
poured into dilute aqueous citric acid (75 mL) and extracted

15 with EtOAc (2 x 40 mL). The combined organic extracts were
washed with water (3 x 20 mL) and brine (20 mL), and dried over
anhydrous MgSO4. The solvent was removed under reduced
pressure. The residue was passed through a short columm of
silica gel (50 percent EtOAc/hexanes), and then subjected to

20 radial preparative-layer chromatography (Chromatotron) eluting
with 50 percent EtOAc-hexanes to afford 82 mg (20 percent) of
2,3-[(N,N'-1,1'-ethoxyethyl) -bis-(3,3'-indolyl) ] -1H-furan-2, 5-
dione as a burgundy solid, M. Pt. > 320°C.

A solution of 2,3-[(N,N'-1,1'-ethoxyethyl)-bis-(3,3"'-

25 indolyl)]-1H-furan-2,5-dione (58 mg, 0.15 mmol) in DMF (1.5 mL)
under N2 was treated with a mixture of 1,1,1,3,3,3,-
hexamethyldisilazane (0.33 mL, 1.45 mmol) and CH30H (23 mg, 0.73
mmol) (premixed 10 minutes). After stirring for 16 hours at
room temperature, the mixture was poured into water (20 mL) and

30 extracted with EtOAc (3 x 5 mL). The combined organic extracts
were washed several times with water, dried (MgSO4) and
concentrated. The residue was purified by radial chromatography
eluting with 3 percent CH30H in CHCl3 to afford 3,4-[(N,N'-1,1'-



[verr]
protecting

Ac is the same as previously defined; P is an indole

G

group such as t-butoxycarbonyl or other ing
group 15 known in the art. T. W Green;@nd P. Wits, Priﬂe@%iﬁ'ﬁaﬁﬁﬁpﬁm
I'n Organic Synthesis, Chapter 7, page 38 The reaction sBERUASEDI n
Scheme 7 |st@@®ﬂAa§Q§ Perki n Condensattofi. The reaction.is descr
in HIIl et al. . Med. Chem 36: 21-29 (1993). Cenerally, oxalyl

chloride is
the m xture
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e(tgmv Hy -2 soplér AT cinglelyl) 1 abH zpvRR R ot dikanm Fl.5 mg,
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Example 2
3. 4-[(N.N'-1,1"')-((3''-propoxv)-3'''(0)-4'"'" (hvdroxv)butane) -

= '~in = —pvrrole-2,5-dion

To a stirred DMF (125 mL) solution of bis-(3,3'-
indolyl)]-1- (methyl) -pyrrole-2,5-dione (4.35 g, 12.8 mmol)
containing cesium carbonate (8.31g, 25.5 mmol) was added
dropwise over 15 minutes é DMF (20 mL) solution of 1-(tert-
butyldimethylsilyloxy) -3-(3-iodopropyloxy)-4- (tert-
butyldiphenylsilyloxy)-butane (4.0 g, 6.4 mmol) under N;. After
3 hours, TLC (1:1 ethyl acetate/hexane) indicated consumption of
the starting iodide. The reaction was diluted with ethyl
acetate (200 mL) and washed with water. The aqueous layer was
extracted with ethyl acetate (200 mL); and the combined organic
layers were dried and concentrated. The concentrate was
purified by flash chromatography eluting with 10% to 25% ethyl
acetate/hexane to give the desired monoalkylated product 3-[(N-
1-(3-propoxy—3(0)—4—tert-butyldiphenylsilyloxy-l—tert—
butyldimethylsilyloxy) -butane]-4-(3'-indolyl) 1(Methyl)-Pyrrole—
2,5-dione 3.94 g (69% yield) as a red oil. MS

To a methanol (100 mL) solution of the above
alkylation product (3.14 gr., 3.74 mmol) was added
toluenesulfonic acid (60 mg, 2%). After 2 hours, TLC (50% ethyl
acetate/hexane) indicated consumption of the starting material.
The reaction was concentrated to half the volume, diluted with
ethyl acetate (300 mL), washed with 1N NaOH, brine, dried, and



B ndi ng agent, preferably a tertiary am ne riet at

room t enper at ure. The resultl ng anh dr M@WWAS
reacted in 30 accordance with Schenes é ( b thm %Eglg
or a s te | ei mi de as previo $ly d| Em “ ‘o
- 29 - F§<§§§1A<%d£? The protected hydfoxy ( ' : |Ilustrated)
of Conpound XI may be converted to an al cohol by techniques known

th t

bon & 1 n SR ged TR é%é%s%%ré?é%ﬁg i SeiLh by eliging *ﬁ“?*f&“ ki

al cohol i s Rash\wdr tsdd itqe® WH&habi0 ﬁfeetéﬁﬂrp@eﬁaaw/heyane toegivristhadiesined he
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nitrogen at e e €y 1S 4- (3" -indolyl) -1 (Methyl) ~pyrrole-2,5-dione 1.76 g
5 (65% yield) as a red foam. MS
To a 0° C ether solution (200 mL) of the above alcohol
3-[ (N-1-(3-propoxy-30-4-tert-butyldiphenylsilyloxy-butan-1-o01]-
4-(3'-indolyl) -1 (methyl)-pyrrole-2,5-dione (1.76 g, 2.4 mmol)
was added triethylamine (0.5 mL, 1.5 eq), followed by mesyl

10 chloride (0.28 mL, 1.5 eq). The reaction was brought to room
temperature and was complete after 1 hour. The reaction was
diluted with ether (200 mL), washed with water, brine, dried,
and concentrated. The concentrate was passed through a pad of
silica eluting with 50% ethyl acetate/hexane, to give the

15 mesylate product which was used immediately.

To an acetone (250 mL) solution of the above mesylate
was added sodium iodide (3.6 g, 10 eq) and NaHCO3 (20 mg).
After stirring 4 hours, starting material still existed (TLC,
50% ethyl acetate/hexane) and additional amount of sodium iodide

20 (10 eq) was added, and the reaction was heated at 60 °C. After
4 hours, the starting material was consumed (TLC, 50% ethyl
acetate/hexane). The reaction was concentrated, diluted with
ethyl acetate (250 mL), washed with water, 10% sodium sulfite,
dried, and concentrated. The concentrate was purified by

25 passage through a pad of silica gel eluting with 50% ethyl
acetate/hexane to give the desired iodide as an oil 3-[(N-1-(3-
propoxy-3 (0) -4-tert-butyldiphenylsilyloxy-1l-iododbutane] -4-(3'-
indolyl) -1 (methyl) -pyrrole-2,5-dione 1.71 g (85% yield). MS

A DMF (10 mL) solution of the above iodide 3-[(N-1-(3-

30 propoxy-3(0)-4-tert-butyldiphenylsilyloxy-l-iododbutane]-4-(3'-
indolyl) -1 (methyl)-pyrrole-2,5-dione (2.0 g, 2.4 mmol) was added
slowly by syringe pump over 80 hours to a DMF (400 mL) slurry of
cesium carbonate (3.12 g, 9.6 mmol). After 3 hours from
completion of the addition, TLC (50% ethyl acetate/hexane)

35 indicated consumption of the starting material. The reaction
was diluted with ethyl acetaté (1 L) washed with water and
brine. The aqueous portion was extracted with ethyl acetate
(500 mL). The combined organic layers were concentrated and the



reacted with triflic anhydride in dichlor ane. After approxi mat el y
two hours, the mixture is treated with aqugeus,ekPHasBEEAReplaced T -y
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am ne, Compound XX is then reacted in ac ch
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An internediate of the present inventi&ﬁ&is
Schene 8. XT8i9918cEORe is particul arly” usef ul
wherein Wis -O, Y is substituted 15 al kylene, and X is al kyl ene.
Schene 8

concentrate was purified by passage[éﬁééugh a pad silica eluting

with (50% ethyl acetate/hexane). Concentration of the eluant

gave the desired macrocycle 3,4-[(N,N'-1,1')-((3''-propoxy) -

3''(0)-4" ' (hydroxy)butane) -bis-(3,3'-indolyl)]-1 (methyl) -

5 pyrrole-2,5-dione 1.65 g (97% yield). MS
To an ethanol (100 mL) solution of the above N-methyl
maleimide, 3,4-[(N,N'-1,1')-((3"''-propoxy)-3''"'(0)-
4''' (hydroxy)butane) -bis-(3,3'-indolyl)]1-1 (methyl) -pyrrole-2,5-
dione (1.7 g, 2.4 mmol) was added SN KOH (50 mL). After 12

10 hours, the reaction was heated at 50° C for 2 hours. The
reaction was cooled to room temperature, concentrated, diluted
with ethyl acetate, and washed with water. The organic phase
was dried and concentrated to give the desired anhydride 2,3-
[(N,N'-1,1'-(3''-propoxy-3'"''(0)-4'"'"'-hydroxybutane)-bis-(3,3'~-

15 indolyl)]-furan-1,4-dione 1.37 g (83% yield) as a red solid. MS

To a DMF (100 mL) solution of the above anhydride 2,3-
[(N,N'-1,1'-((3'"'-propoxy)-3'''-(0)-4"'"''-(hydroxy)-butane)-bis-
(3,3'-indolyl)]-furan-1,4-dione (1.37 g, 3 mmol) was added
1,1,1,3,3,3-hexamethyldisilazane (12.6 mL, 20 eq) and methanol

20 (1.21 mL, 10 eq). After 24 hours, the starting material had
been completely consumed (TLC, 50% ethyl acetate/hexane). The:
reaction was diluted with ethyl acetate, washed with 1N HCI,
water, dried, and concentrated. The concentrate was stirred in
1IN HC1l or with cesium fluoride to remove residual TMS group.

25 The reaction was diluted with ethyl acetate, washed with water,
dried, and concentrated to give the desired maleimide, 3,4-
[(N,N'-1,1')-((3'*-propoxy)-3'''(0)-4"'""'-(hydroxy)butane)-bis-
(3,3'-indolyl)]1-1(H)-pyrrole-2,5-dione 1.02 g (75% yield) as a
red solid. MS '

30 _

1H-NMR: (300 MHz in d6-DMSO): 2.1 (m, 4H), 2.4 (m, 2H), 3.28 (br,

m), 3.4 {(m, 1H), 4.25 (m, 4H), 4.5 (t, J=6 Hz, 1H), 7.0-7.9 (m,

10H), 11.0 (s, 1H)

35 13C-NMR: (75 MHz in d6-DMSO): 20.9, 28.9, 30.3, 30.9, 34.3, 40.2,
41.6, 42.4, 62.4, 65.9, 78.1, 104.0, 104.1, 110.0, 110.1, 119.6,
119.7, 121.4, 121.8, 24.8, 126.5, 126.6, 127.9, 131.5, 131.6,
131.7, 135.8, 135.9, 139.1, 151.4, 172.2 '

h



20 Rlerr] is Nerr], NHprotecting group, am ne peoiectiing

group, or hydroxy protecting group;, mis independent!y|GHIS SHRE (NASJBE
and L is a good | eaving group such as oro, brono, iodo, L £ E—7
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Example 3
3,4-T(N,N*-1,3"'-((2''-ethoxv)-3'''(0)-4"'"''-{hvdro -butane) -

bis-(3,3'-indolyl)]1-1(H)-pvrrole-2, 5-dione

To a dimethylformamide (250 mL) solution of bis-(3,3'-
indolyl)-1-(methvl)-pyrrole-2,5-dione (17.9 g, 52.5 mmol, 3 eq)
under nitrogen was added cesium carbonate (68.4 g, 4 eq). To

the resulting suspension was added the iodide, 1-(tert-
butyldimethylsilyloxy)-3-(2-iodoethoxy)-4- (tert-
butyldiphenylsilyloxy) -butane, (10.7 g, 17.5 mmol). The
reaction stirred for 18 hours at room temperature. TLC (5%
ethyl acetate/hekane) showed disappearance of the iodide. The

reaction was poured into ethyl acetate (1200 mL) and washed with

1IN HC1 (400 mL) followed by backwash with ethyl acetate (2X).
The combined ethyl acetate portions were washed with saturated
sodium bicarbonate solution, brine (2X), dried (MgSO4), filtered
and concentrated down in vacuo. Dimethylformate was removed by
azeotroping with xylene. The resulting red gum was slurried in
dichloromethane and acetonitrile to give a solid suspension. It
was concentrated down, more dichloromethane added, cooled and
filtered to give a red solid. Some of the desired product was
extracted from this solid by another trituration in
dichloromethane and then in ethyl acetate. The filtrates were
concentrated in vacuo and the resulting residue absorbed on
silica and applied to a large flash column. Dialkylated by-
product was removed by elution with 5 hexane/l ethyl acetate
followed by elution of the product with 3 hexane/l ethyl acetate
to provide 8.2 g (57%) of the monoalkylated product, 3-[(N-1-(2-
ethoxy-(3'''-(0)-4'''-(tert-butyldiphenylsilyloxy)-1'"''~(tert-



Schenme 8 presents a stereosel ective synthesis of the Iinker 'portion

(-X-WY-) of the macrocycle. The S—enantl¢ﬂ‘§shééiHasBeédR
however, one skilled in the art woul d EEWQ ﬂHm SPEETrbiA BaBEEN
énant i oney_ e of 5 enantlorrers coul in_an E&P@hggpus
manner . "% é)isuﬁ%)r<1['tedri‘{rmre one skilled in'the gni Ze that—ah—.

anal ogous reaction with a nethyl substituted epoxide or Gignard

Contar ni reeef1dmetiRfl O IERAT B ARCIC oL B0y SaC Uint Yl -
reaction, %t‘ @ﬁbﬁ @rﬁf&r d(l)@@@l) MS. NMR.opened using a Grignard
reagent. The reaCt"PB é.Smét@lﬁéﬂl@ﬂ 480 mL) i ShItedi Qﬁem elergécpper

conpl exi t ot h r | kyl ati.n ondi t | ative.
The react %&f@”&%&%wl m a?[( Tertl2s %tg‘é’ é%’q Zﬁgéggf LFe
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concentrated in vacuo to give a red foam. This material was

15 absorbed on silica and placed on a silica pad. Elution with 2
hexane/l ethyl acetate removed residual starting material
followed by elution with 1 hexane/l ethyl acetate and 1 hexane/2
ethyl acetate to provide 6.4 g(91%) of the alcohol, 3-[(N-1-(2-
ethoxy-(3'''-(0)-4''"'-(tert-butyldiphenylsilyloxy)-1'""'-

20 (hydroxy) -butane) ) -indol-3-y1]-4-[indol-3-yl]-1N(methyl) -
pyrrole-2,5-dione. MS. NMR.

To an anhydrous ether (500 mL) solution of the
alcohol, 3-[(N-1-(2-ethoxy-(3'''-(0)-4'''-(tert-
butyldiphenylsilyloxy)-1'"''- (hydroxy)-butane))-indol-3-yl]-4-

25 [indol-3-y1l)-1N(methyl)-pvrrole-2,5-dione (6.36 g, 8.9 mmol)
under nitrogen at 5 °C was added triethylamine (1.9 mL, 1.5 eq)
and methanesulfonyl chloride (1.0 mL, 1.5 eq). After 3 hours,
additional triethylamine (1.25 mL, 1.0 eq) and methanesulfonyl
chloride (0.7 mL, 1.0 eq) were added. After 1 hour, the

30 reaction was shown to be complete by TLC (50% ethyl
acetate/hexane). The reaction was diluted with ether (250 mL},
washed with water, 0.1N HCl and brine (2X). The ether was dried
(MgS04), filtered, and concentrated in vacuo to provide 7.0 g of
mesylate, 3-[(N-1-(2-ethoxy-(3'''-(0)-4'''~(tert-

35 butyldiphenylsilyloxy)-1'"'"'- (methanesulfonyloxy)-butane))-indol-
3-yl]l-4-{indol-3-yl]-1N(methyl)-pyrrole-2,5-dione. MS.

To an acetone (200 mL) solution of the mesylate, 3-
[(N—l—(2—ethoxy—(3'"—(O)-4"'—(tert—butyl@iphenylsilyloxy)-



by standard techni ques such as reacti ng the—alcohel—at-H-es TonrTge
~in triethylam ne. In all Q{ .the above schemesfgl ?lliﬁ BEEN '
preferred that the reactions be cdiltf b n LSELB IACED
*protecting groups. In particular, it i I 'W i t Rlerr] is

pr ot ect edXd80b0g FOR al kyl ati ons- and/-o VRl Mhd subsequently
deprotected. 35 Likewise, if R is to be a -NRerr]Rerr], the reactions
are best carried out wth an am no protecting group. However, one

skilled iA'tNe (methpresyhfongleoxal -Maraner) 1indel +xadtli-dhd e l-3-v s
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L o crer, SOSORCRoSABa ALK B €9 g Sodilhy biSBrBRAERCT,
as tert-buytrgl gighheny! sghyl oxkie(MBRBSye olas stirred at 50°C for 13 hours.
5 The reaction was concentrated in vacuo, and the residue was

dissolved in ether and washed with 10% sodium sulfite solutionm.
The layers were separated, and the ether portion washed with 10%
sodium sulfite solution, water, brine(2X), dried, and
concentrated in vacuo. The residue was passed through a silica

10 pad by eluting with 1 hexane/l ethyl acetate and 1 hexane/2
ethyl acetate to provide 7.6 g of the iodide, 3-[(N-1-(2-
ethoxy-(3'''-(0)-4'"'"'-(tert-butyldiphenylsilyloxy)-1'"'"'-(iodo)-
butane))-indol-3-yl]-4-[{indol-3-yl]-1N(methyl)-pyrrole-2,5-dione
as a red solid (quantitative yield for the two steps). MS. NMR.

15 To a dimethylformamide (1 L) suspension of cesium
carbonate (12.0 g, 4 eq) under nitrogen was added the iodide, 3-
[ (N-1-(2-ethoxy-(3'''-(0)-4'"''-(tert-butyldiphenylsilyloxy) -
1'''-(iodo)-butane))-indol-3-y1l]-4-[indol-3-yl] -IN(methyl) -
pyrrole-2,5-dione (7.6 g, 9.2 mmol), dissolved in

20 dimethylformamide(25 mL) via syringe pump over 65 hours. Three
hours after the addition was complete, the reaction was
concentrated in vacuo. The residue was dissolved in ethyl
acetate (700 mL), washed with water (2 X 300 mL), and the
aqueous layer backwashed with ethyl acetate (2 X 200 mL). The

25 combined ethyl acetate portions were washed with brine (2 X 200
mL), dried (MgSO4), filtered and concentrated in vacuo to
provide a purple residue. The material was absorbed onto silica
and applied to a flash column. Eluted with 3 hexane/1 ethyl
acetate and then lhexane/l ethyl acetate to give 5.2 g(82%) of

30 the macrocycle, 3,4-[(N,N'-1,1'-((2''~-ethoxy)-3'''(0)-4"'"'"'-
(tert-butyldiphenylsilyloxy) -butane)-bis-(3,3'-indolyl) ]-1(H)-
pyrrole-2,5-dione. . MS. NMR.

A suspension of the N-methyl maleimide, 3,4-[(N,N'-
1,1'-((2''-ethoxy)-3'''(0})-4"'"''-(tert-butyldiphenylsilyloxy)-

35 butane)-bis-(3,3'-indolyl)]-1(H)-pyrrole-2,5-dione in 5N KOH
(150 mL) and ethanol (300 mL) was stirred at room temperature
for 65 hours and then for one hour at 60°C. The reaction was
concentrated (150 mL) in vacuo, the residue suspended in water,



t.ri phenyl methyl (trityl) during the alkylation or acylation gf 5
I ndol e. The resulting conpounds of Fornmula |I may be IS jﬁﬂg
purified by standard techni ques. L/’ Conpounds 111§ 1V,

Vlla; VILE, X X1, XVII, XX, XXV, XXV, XXVI and any
required ¥tﬁ954ﬁaF°R above reactions; are"either comercially avail abl e,
known in the 10 art, or can be prepared by nethods known in the art. For

‘exanpl e, Conpound IJI_may he pr.epare t echni gues ' in Edge

et al., dmgﬁgé;ﬁPI#ufc'l§@%(fﬁé%g?legbgéguﬁg Y& scoggé%¢%$%%%bly prepa?ed
i Inks: tu lxyycmaﬂﬂ?igidcaracﬁm)r o/mhieatreldy aqueossbstispahsilon neas ecextracted

al kyl magnesi,um hal. de t byl ma lqU (o]ay] ' o] manner
The foll OW% 2 anlaecSe }(r;t% g%eé{grzgﬁi g%{"% 'arggggpb\%ggdebﬂseﬁg}ﬁ%?%&t%wf urt her
i1l ustrateache ivwegitieord . 3Tige ofcspe orudeeanhydridenalenhed, ndi3 thidi tied

as ne%ely%qpn§{f%JImééﬁg§¥y13hohuQ”LQg.._(h9§§ggygsbuggngbdeQE(§kjlled in

the art, the follow ng structure is provided tg illustrate with a
r epr esent dadedyl) 1 - Bumivuhd 1O REN S RUEPdeadepidd n¥fein: [err]
. To a dimethylformamide (250 mL) solution of the

anhydride, 2,3-[(N,N'-1,1'-((2*''-ethoxy)-3'"'"'(0)-4"'""-(hydroxy)-
butane) -bis-(3,3'-indolyl)]-furan-1,4-dione, (3.3 g, 7.5 mmol)

10 under nitrogen was added 1,1,1, 3, 3, 3 - hexamethyldisilazane
(32 mL, 2 eq) and methanol (3 mL, 10 eq). The reaction was
stirred at room temperature for 16 hours and then heated at 60°C
for 2 hours. The dimethylformamide was removed in vacuo, and
the resulting residue was dissolved in acetonitrile (250 mL).

15 1N HCl (50 mL) was added. The reaction was stirred for 15
minutes. The reaction was concentrated, partitioned between
ethyl acetate (1 L) and water (250 mL). The product was a solid
that precipitated giving the alcohol maleimide, 3,4-[(N,N'-1,1'-
((2''-ethoxy)-3'''(0)-4'"'"'-(hydroxy)-butane) -bis-(3,3"'-

20 indolyl)]-1(H)-pyrrole-2,5-dione, 0.92(28%) of product. A small
amount (50 mg) was absorbed on silica and applied to a flash
column. Eluted with dichloromethane, 5%
acetonitrile/dichloromethane and then 10%
acetonitrile/dichloromethane to give 38 mg of analytically pure

25 material. The ethyl acetéte was concentrated and
chromatographed to give an additional 8% of the crude product.
MS.

1§ NMR (dg-DMSO): ©&1.96 (1H, m); 2.09 (1H, m); 3.31 (1H, m);
3.40 (1H, m); 3.51 (1H, m); 3.62 (1H, m); 3.89 (1H, m); 4.18

.30 (3H, m); 4.35 (1H, m), 4.68 (1H, t, J = 2 Hz); 7.11 (2H, m);
7.19 (2H, m); 7.44 (1H, s) 7.46 (1H, 4, J = 9 Hz); 7.51 (1lH, s)
7.53 (1H, d, J = 9 Hz); 7.79 (1H, 4, J = 8 Hz); 7.83 (1H, 4, J =
8 Hz); 10.91 (1H, s). '
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Example 4
3, 4-[(N,N'-1,1'-((2''-ethoxy)-3'''(0)-4'"''-{amino)-butane)-bis-
14 -1(H) - -2,5-di rifl 1

To an anhydrous tetrahydrofuran (15 mL) solution of
the alcohol, 3,4-[(N,N'-1,1'-((2''-ethoxy)-3'''(0)-4'"'"'-
(hydroxy) ~butane) -bis-(3,3'-indolyl) ]-1(H) -pyrrole-2,5-dione,
(155 mg, 0.35 mmol) under nitrogen was added 2, 4, 6-collidine
(280 uL, 3 eq). The solution was cooled to -78°C and treated
with trifluoromethanesulfonic anhydride (118 uL, 2 eq). After
1.5 hours at -78°C, a large excess of concentrated ammonium
hydroxide (2 mL) was added. After 10 minutes, the reaction was
warmed to -42°C with a dry ice/acetonitrile bath and then
stirred for 18 hours while allowing to warm to room temperature.
The reaction was concentrated in vacuo. The resulting residue
was dissolved in ethyl acetate (400 mL), washed with water,
brine, dried, and concentrated in vacuo to provide the crude
primary amine. The amine was absorbed on silica and applied to
a flash column which was sequentially eluted with 1 ethyl
acetate/l hexane, ethyl acetate, ethyl acetate/5% methanol and
finally 50 ethyl acetate/45 acetonitrile/4 methanol/2
isopropylamine to elute the amine, 3,4-[(N,N'-1,1'-((2'"'-
ethoxy)-3'''(0)-4"'"''-(amino)-butane)-bis-(3,3'-indolyl)]-1(H)-
pyrrole-2,5-dione (38 mg). Starting alcohol (104 mg, 67%) was
also recovered. The product was further purified using reversé
phase size exclusion chromatography by eluting with 85
acetonitrile/15 (0.01% TFA/water). The collected fractions
azeotroped with ethyl acetate to give 23 mg(12%) of a powder as

the TFA salt. MS.  —
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pal | adi um on charcoal, tetrahydrofuran, and ethyl acetate are

abbreviated MPt., NVR MS, HPLC, DV, ag/C, THF, and Et OAc

respectively. The terms "NWR' and " Ms" G'hdi cate that the Jﬁg%ﬁﬁﬁﬁTWﬂE

consi st ent BoLh,the desired structure. 5. REPLACED
1 drome

Pr epar at i 8f 2.3-bBis: (3 -indolyl)-furan-1.4-

Sodi um et hoxi de (3.56 g, 50 nmol) mas added to a solutlon cont ai ni ng
2,3-dichI?ronaIe|c anq%yrldﬁﬂﬂS 56 33.3_10 nmol mg h | am ne
hydr ochl ofi ﬁﬂ 40™)¢ 2.08 ﬁlﬁce??c %c ﬁ%e‘%ﬁxture

was sti ”§d1§”g‘ ﬁi% ﬁrLzﬁ”yrh)”-% 75 (M &) ;230957 (x| O 164hyr's and

t hen refl uxed urs ‘cool’'ed m Xture was oured i nto wat er

(350 ) éﬂlH:e%Haété@ WMEh m: H@ac ?(1‘9 £ 75 m). Brde goﬁﬁﬁl r(@gfo'r'-gaﬁﬁ g

extracts wefie)vwashed 1bu, whih 10f0 ”1—3I»PQTHQ)OHS7 Ofs s@yrahed aqueous
NaHCJ err], water and brine and dried (MgSg err]). The sol vent was
evapoF%ted under reduced pressure. The residue was recrystallized from

et hanol to giveIrd 82aga¢6§%90ﬁaﬁn6rdt1¢élls)¥md‘hﬂmirdreﬁ Ml seiad dheadOdhi t e

crystals. centratjon_of the. nother,|i I aggﬂghr mat o f the
RAORAE Sttt e S S e A o%aq%’gﬁ' AT v%ﬁﬁo%ﬁegrsﬁ
Harrison Research), gave an additional 0 81 of 3-dichloro
N-met hyl mal ei mi de, raising the yield tol7796 A sol ution of

indole (10.5 g, 90 mml) in 175 nlL of odry toluene was_treated dropw se

over 1 hour under Nerr] with a 25 i ion of ethyl magnesi um brom de

(1.OMin THF, 90 ni, 90 he™addi ti on wd§me§ tébe eemﬁeMmmc
| i ght -green sol uti on was hagtad » 30 m nutes
to 25[err]C. A solution of 2, 3-d of 0 N—nethylnalel

N{CH3); - HCl

10

Example 5

ne)-bis- '—in 1)1-1(H)~ role-2,5-dion 1
To an anhydrous dichloromethane (140 mL) suspension of
15 the alcohol, 3,4-[(N,N'-1,1'-((2''-ethoxy)-3'"''(0)-4"'""'-
(hydroxy) -butane) -bis-(3,3'-indolyl) ]1-1(H) -pyrrole-2,5-dione,
(472 mg, 1.07 mmol) under nitrogen was added pyridine (260 uL, 3
eq) and methanesulfonic anhydride (242 mg, 1.3 eq). After 4
hours, the reaction was diluted with dichloromethane, washed
20 with 0.1IN HCl1l (2X) and filtered to remove starting material (54
mg). The dichloromethane portion was washed with brine (2X),
dried, and concentrated to give the crude mesylate, as a purple
solid. The material was absorbed on silica and applied to a
flash column which was sequentially eluted with dichloromethane,
25 5% acetonitrile/dichloromethane and 10% acetonitrile/
dichloromethane to provide 288 mg (52% yield) of the mesylate,
3,4-[(N,N'-1,1'-((2''-ethoxy)~-3''"'(0)-4"'''-(methanesulfonyloxy) -
butane)-bis—(3,3'—indoly1)]—1(H);pyrrole—z,s—dione. MS. NMR.
To a tetrahydrofuran (20 mL) solution of the mesylate,
30 3,4-[(N,N'-1,1'-((2''-ethoxy)-3'''(0)-4"'"'"'-(methanesulfonyloxy) -
butane) -bis-(3,3'-indolyl)]-1(H) -pyrrole-2,5-dione, (304 mg,
0.59 mmol) was added a 8.9 M solution of dimethylamine in



mmol ) in 50 nL of toluene was added over a 30-m nute perip?——eg——;%e——_____.
reaction m xture was heated at 100C for 3 hours, then @@0 dEER JASSREEN
and quenched with 100 nlL of 20 percent (2g|ueous citrig aci (REPLAGED ayers
were separated. The aqueous phase was °~ extracted with Et QACc (50 Tt~
The conbi xed961yarPOR | ayers were - dried over anhydrous MySQerr]. The
sol vent was evaporated under 35 reduced pressure. The residue was taken
up in 30 nL of acetone and allowed to stand at 5C for 40 hours. The
SO|IdS wetetrahydrofuran ed7 amid, WweBhezawi t Rftar datisohd65t 8C¢i fers245 g

t) of
3 4 bi s- (gp-l ndclifly?%s?[aled ti/jllbeyrtflcl) elCeZaCStl I%%asasd%.g.u'ted yeld:hg%:tﬁgm ?\/lPt
276- 278 epcptate (200 mL), wa%e% Wty thginef (2X), dried, and

3, 4-bis- (%onb@ﬁﬁfﬁtédltaﬂﬁfd+1de th®Yér e -dinfetdiyargine HedikataieetBagol

was added 5N K &
solid he ma erial was absorbed on silica and applied to a

flash column that was sequentially eluted with 3 ethyl acetate/
1 hexane, ethyl acetate and 2% isopropylamine/ethyl acetate to
give the dimethylamine derivative 193 mg (70% yield) which was
90% pure by HPLC. The dimethylamine derivative, 3,4-[(N,N'-

10 1,1'-((2''-ethoxy)-3'''(0)-4'"'"'-(N,N-dimethylamino)-butane)-bis-
(3,3'-indolyl) ]-1(H) -pyrrole-2,5-dione,was purified to greater
than 95% as the triflouroacetate salt using reverse phase size
exclusion HPLC by eluting with 85 acetonitrile/15

(0.01%TFA/water). _
15 The triflourocacetate salt of 3,4-[(N,N'-1,1'-((2''-
ethoxy)-3'''(0)-4'"''-(N,N-dimethylamino)-butane)-bis-(3,3"'-

indolyl)]-1(H)-pyrrole-2,5-dione was converted to the HCl salt
by suspending the salt in ethyl acetate and washing gently with
0.1N NaOH(5 X 50 mL). The ethyl acetate portion was washed with

20 brine (2X), dried, and concentrated to provide the free base,
3,4-[(N,N'-1,1'-((2"'*'-ethoxy)-3'"'"'(0)-4'"'~(N,N-dimethylamino) -
butane)-bis-(3,3'-indolyl)]-1(H) -pyrrole-2,5-dione. To an
anhydrous methanol (50 mL) suspension of the free base, 3,4-
[(N,N'-1,1'-((2''-ethoxy)-3"'''(0)-4"'"''-(N,N-dimethylamino) -

25 butane)-bis-(3,3'-indolyl)]-1(H)-pyrrole-2,5-dione was added 1N
HCl in anhydrous ether (13 mL, 50 eq). The ether was
evaporated, and the residue was dried under vacuum to give 143
mg (52% yield) of 3,4-[(N,N'-1,1'-((2'*~-ethoxy)-3'''(0)-4"'"'"'-
(N,N-dimethylamino) -butane) -bis-(3,3'-indolyl)]1-1(H) -pyrrole-

30 2,5-dione hydrochloride salt as a red solid. MS.
1y NMR (dg-DMSO): 62.03 (1H, m); 2.26 (1H, m); 2.68 (6H, t, J =
5 Hz); 3.24 (1H, m); 3.28, (1H, m, after D0 shake); 3.64 (1H,
m); 3.77 (2H, m); 4.07 - 4.38 (4H, m); 7.08 (2H, m); 7.17 (2H,
m); 7.43 (3H, m); 7.52 (1H, 4, J = 8 Hz); 7.79 (2H, m); 10.33

35 (1H, bs); 10.92 (1H, s)
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5 The mxture was stirred 4 hours at 25[err]C and dil ut EH)@“' +50
of water. Most of the ethanol was evaporafed under reduc HEEE&H\GrEEEN

The m xture was then acidified to pH 1. “The preci pi t pt ed PRIIACED Was
filtered and washed with water. The crude product was di ssolved—Tmea

m ni mum oK-&8pLArF@R[err] and slowy-10 ~filtered through a two-inch colum
of silica gel eluting wwth 50 percent Et OAc in hexane to give the
titled conmpound (3.10 g 79 percent) as a red solid. M Pt.

225-228[err] C. i Preparation 2 15

Bi s- 2. 6-di brononet hyl pyridi ne

o To a m xture containing
2, 6- pyri di nedi net hanol (735

8 Mol ) and tri phenyl phosphi ne
(3.20 g, 12.2 nmol) in 35 SHEET™] Cl [err] at O[err]C under

N err] was added N-bronosucci ni &R d& 6rg, 12.2 nnUI) Im _portions
over 10 minutes. The mixture 20 was>stig¢red 1 hour at Ol %q;erehmpmec
allowed to stand at 5[err]C for 6 ours Most of the
renoved under reduced pressure. r (100 nL) was ad HHWEMMML
resi due. The et her | ayer was decant mmmzcmﬂcentrate

diluted with 3:1 hexane/ Et OAc (50 nL). The cloudy sol ution was pl aced
in the 25 refrigerator overnight. After evaporation of the solvents in
vacuo, the crude product was recrystﬁx¢mﬁk@ % om hexane to afford 766

ng (55 percent) hﬁ ﬁl- blOﬂDDfetiﬂyl - b N as' (0) -4 'a "WHiN, 8-
crysta%line sollh. . ] Pre arati 3

To a THF (300 mL)-solution of the mesylate, (S)-3,4-[(N,N'-
1,1')-((2''-ethoxy)-3'''-(0)-4""'-(methanesulfonyloxy)-butane) -
(bis)-(3-indolyl) ] -1H-pyrrole-2,5-dione (2.8 g, 5.39 mmol) was

10 added dimethylamine (100 mL, 40% in water) in a sealed vessel.
After heating (50 °C) for 24 hours, the reaction was
concentrated. The residue was passed through a pad of silica
eluting with ethyl acetate and then with 10% triethylamine/ethyl
acetate which eluted the desired (S)-dimethylamine derivative.

15 The eluant was concentrated to yield 1.7g (67% yield) of the
free base (8)-3,4-[(N,N'-1,1'-((2''-ethoxy)-3'''(0)-4'"''-(N,N-
dimethylamino) -butane) -bis-(3,3'-indolyl)]-1(H) -pyrrole-2,5-
dione as a violet solid. The free base was converted to the
hydrochloride salt by suspending the free base 3,4-[(N,N*'-1,1"')-

20 (4'*-N,N-dimethylamino-3-(S) - ' 'ethoxybutane) ] - {bis) - (3-indolyl) -
1H-pyrrol-2,5-dione (1.7g, 3.6 mmol) in methanol (300 mL) and
adding 1.0 N anhydrous HCl in ether (10 mL, 10 mmol). After 0.5
hours at ambient temperature, the bright orange precipitate was
collected, washed with ether, and dried under vacuum to yield

25 1.4 g (77% yield) of 3,4-[(N,N'-1,1')-(4''-N,N-dimethylamino-3-
(8)-''ethoxybutane) ] -(bis)-(3-indolyl) -1H-pyrrol-2,5-dione
hydrochloride salt. MS.
1§y NMR: (dg-DMSO) 8 2.1 (m, 1H); 2.35 (m, 1H); 2.68 (s, 6H); 3.2
(m, 1H,); 3.33 (m, 1H); 3.66 (br. t, 1H); 3.8 (br. t, 1H);

30 3.85 (m, 1H); 4.17 (m, 1H); 4.2-4.4 (m, 3H); 7.1 (4, 1H); 7.13
(d, 1H); 7.2 (m, 2H); 7.44 (s, 1H); 7.48 (s, 1H); 7.5 (4, 1H);
7.56 (d, 1H); 7.82 (br.t, 2H); 10.59 (br., 1H); 10.96 (s, 1H).



(*) - 3- (Benzyl oxy) net hyl ene- 1. 6- di br onbhexane A sol ution of

potassiumt-butoxide (1.0 Min THF, 8.27 m., 8.27 nmo

dropwi se to a solution of ()-3 cif/¥l ohexene- 1- net hanol

mol ) in THF %35 m) at 35 25[err]C under Nerr]. The r¢

was stirrdaaRiBstO% or 30 m nufes. Benzyl bromnide (1. ;

was added dropw se. The reaction m xture was allowed to stlr at room
tenperature for 16 hours and then treated with saturated aqueous

NH err]d (5 nl) - 34 -

and concentrated. The residue was diBsoipied Sm et her (50 ni), washed

wth water (20

subj ect ed t@iRgE QT ' 1y
Et OAc § n hexane to g| ve () 3 dmug E::dm: ngdg gagg

The R enantiomer was prepared in an identical manner

as the (S) enantiomer, except using the (R)-4-tert-
butyldiphenylsilyloxy-3-(2-iodoethoxy)-1-iodobutane as a
starting material. MS. NMR.

i

A dry DMF (100 mL) solution of (bis)mesylate, 1-(2-
(methylsul fonyloxy) -ethoxy)-2-( (methylsulfonyloxy)ethyl)-3-
(tert-butyldiphenylsilyloxy) ~propane, (7.4 0g, 13.30 mmol) and
bis~-(3,3'-indolyl)]-1(methyl)-pyrrole-2,5-dione (4.43 g, 13.30
20 mmol) was added over 16 hours to a stirred suspension of Cs2C03
(25.4 g, 78 mmol) in DMF (400 mL) at 50 °C . After 8 hours, the
reaction was concentrated under reduced pressure at 80 °C to

give a residue. The residue was diluted with ethyl acetate (200
mL), washed with water (50 mL). The organic layer was

25 separated, and the agueous layer was extracted with ethyl
acetate (50 mL x 3). The combined organic portion was dried,
and concentrated to a residue. The residue was eluted through a
column of silica gel with 25% ethyl acetate in hexane followed
by 5% methanol in CH2Cl2 to give three predominant products:

30 The silyl ether macrocycle product, 2,3-{(N,N'-1,1'-(4'''-
ethoxy-1'-yl-(3'''-({tert-butyldiphenylsilyloxy)methylene)butan-
1-yv1)-bis-(3,3'-indolyl)]-1(methyl)-pyrrol-1,4-dione, (2.35 g)



(benzyl oxy) met hyl - 1- cycl ohexene (1.42 g, 92 percent) as a col orl ess
oil. NMWMR Ozone was bubbl ed through a sol uti )= 3=

benzyl oxynet hyl ene- 1-cycl ohexene (1. 35};’@ 6.70 nmol) in I[LG'f\J’S]SHEEérHAs :B@EN

(65 L) ag_ ggﬁ Cuntil the blue coloer _of unreacted ozdne  RepEfcEpSte
The react % was allowed to warmio room t enper ;
nitrogen was bubbl ed t hrough the reaction. Borane-dimethyl sulfide

compl ex (0. G-M d Jia?ﬂlz% %1%5%4&42%‘?38% ) m4as adﬁ'ﬁ‘i‘ E’ia §(¥ﬁﬁ%g¢0§ver

sever al nlnutes . urée was allo room
t enper at RE = 0.8§br (308 rsinsl aﬂﬂ?&ﬁ@aémlbﬁxﬁnﬁﬂuréhﬂaéeﬁibﬁl@@e@nQ¥FQh01

per cent fg&ﬁ§?§ ySti d vigorously for one hour. Solid
hbk(ﬁ{errT was -a de&ﬂgkﬁkﬁﬂﬁgoqﬁ@%ure&%ﬁsted basic to I|itmus e
The m xture was dri & dverisred FERR $@ﬁﬁ1@%r]go'H%éombgétﬁbﬂeﬁgyﬁlxture was
]Elbl terst m@@lr@@nsml i rated (tmgaf-:‘lquil -Z(gl.e 'er@ﬁhoé%;aSJ -yl-(3'''-(tert-

enzyl o ne. - nedi,0 a ercen s an
Thi o rmt cFEY LT EN AP AR P Argtav o pian 14 3%~ Feoty i o
Rf 0:251(ﬁEthx&k&pﬁrﬁﬁK)&;44dﬂunmand1 W&sguséd33 mmombrwaslgd@edtﬁn K@Kt
Step Wit oy Tt Nera AU I £38 £5 sooc, the relPIOAPRKEELPENAEE (249
g, 14.0 was a a irred mXture o -
()-3- (benQW ) Gretrgam xﬂmmm @nd  rongentratgd gndernredycedd
”' pri@”yl%P@éﬂundeH"ré‘E\: % Glediaukt 0 TH®Iditiud’ Was aci&iEeeal ﬁ.{:ﬁ”] (50 n)

[err] rr After 12 hours, the reaction concentrat ed

and et herc?ll@@nq‘ﬁ‘ﬁt% Helde< Db &t g extagstedsyithnethykt ﬁ?%tWé% 6299 r ed
15 m nut egr ﬁrsi) I hermd hﬁi’mﬁl&héﬂ’ oM¥anic phdl%@zawtaeddi:&amtbenaghtﬁlétea” his was

Concent r ARIFT FaliGH Pressifr ALOEE RIHekBRBIFR0D FESEE AFELFCe
st andi ng edldujrerwit® 5% methanol in dichloromethane. Evaporation of the

15 eluting solvent gave a residue containing the anhydride, 2,3-
[(N,N'-1,1'-(4"'"''-ethoxy-1'-v1-(3'''-(tert-
butyldiphenylsilyloxy)methylene)butan-1-yl)-~-bis-(3,3'-indolyl)]-
furan-1,4-dione that was used in the next reaction.

To a dry DMF (250 mL) solution of anhydride, 2,3-

20 [(N,N'-1,1'-(4'"''-ethoxy-1'-yv1-(3'''-(tert-
butyldiphenylsilyloxy)methylene)butan-1-yl)-bis-(3,3'-indolyl)]-
furan-1,4-dione, (600 mg, 1.3 mmol) was added HMDS (2.1 g, 13
mmol) followed by methanol (209 mg, 6.5 mmol). After 48 hours,
the reaction was concentrated, and the residue dissolved-in

25 ethyl acetate (100 mL), washed with 1 N ag HC1l (25 mL), water
(25 mL) and brine (25 mL) respectively. The resulting organic

phase was then dried and concentrated to give a residue. The
residue was eluted through a column of silica gel with
methanol/CH2C1l2 (0% to 5% methanol). Evaporation of the eluting
30 solvent gave the imide, 3,4-[(N,N'-1,1'-(2'*'-ethoxy-(3'"''({(0)~-
methylene)-4' "' - (hydroxy)-butane)-bis-(3,3‘-indolyl)]-1(H)-
pyrrole-2,5-dione, as a solid (300 mg, 50% yield). MS.
1y NnMr (CcDC13) 8 9.65 (s, 1H), 7.79 (t, J = 7.65 Hz), 7.61 (s,
1H), 7.54 (s, 1H), 7.46-7.40 (m, 2H), 7.24-7.08 (m, 2H), 7.07-
35 7.02 (m, 2H). 4.43-4.33 (m, 2H), 4.30-4.21 (m, 1H), 4.14-4.06
(m, 1H), 3.64 (£, J = 4.64 Hz), 3.58-3.38 (m, 5H), 3.71 (t, J =
8.64 Hz, 1H), 1.89-1.85 (m, 1H) -——

—————
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overnight, the solution was decanted fromthe precipitatedm

concentrated to afford di brom de ([err]g- 3-

.(benzyl oxy) net hyl - 1, 6- di br onrohexane (¥ 09 g, 49 percent) 4

yel | ow .OE{_%I%E@S essential |y honpgeneous by TLC, Rf =
t QAC

per cent I n hexane). NWR _

- 35- Preparation 4
1-(tert-butyldimethylsilyloxy)-4-(tert-kutvldiphenylsilyloxy)- _

but an- 3- ol To an anhydrowS 2 err]C[err] (110 nlL) solution
of 3-buten-1- 5 ol (15 g, 0.21 S i m dazole (28.6 g, 0.42 nol,

2 eq), followed by tert-butyl chI oride (32 g, 0.22
nol). After 90 m nutes, the reactivn *ete as indicated by TLC
(10% Et OAc/ hexane). The CH err]C [err]ysofution was transferred

.<:| 1This Sheét Has Been Replacec

M

5
h hlori 1
To a dry CH2Clz (50 mL) solution of imide alcohol,
3,4-[(N,N'-1,1'-(2"''-ethoxy-(3'"'"' ({0)-methylene)-4'""'- (hydroxy) -

butane)-bis-(3,3'-indolyl)]-1(H)-pyrrole-2,5-dione (140 mg, 0.30

10 mmol) containing pyridine (120 mg, 1.5 mmol) was added mefhane

- sulfonic anhydride (106 mg, 0.61 mmol) under a N2 atmosphere.
After 12 hours, the reaction was quenched with water (25 mL),
diluted with CH2Cl2 (50 mL), washed with 0.2 N HCl (20 mL x 2),
aq sodium bicarbonate (20 mL), water (20 mL), brine (20 mL),

15 dried, and concentrated to a residue. The residue was eluted
through a short silica gel column with 5% methanol in
dichloromethane and evaporation of the eluting solvent gave the
mesylate, 3,4-[(N,N'-1,1'-(2"'-ethoxy-(3'"'"'((0O)-methylene)-4"'""-
(methanesulfonyloxy) -butane) -bis-(3,3'-indolyl) ] -1 (H) -pyrrole-

20 2,5-dione that was used in the next reaction.

To a sealed tube THF (20 mL) solution of mesylate,
3,4-[(N,N'-1,1'-(2''-ethoxy-(3"'"'"'((0)-methylene)-4'"'"'-
(methanesulfonyloxy) -butane) -bis-(3,3'-indolyl)]-1 (H) -pyrrole-
2,5-dione, (157 mg, 0.29 mmol) was added pyrrolidene (203 mng,

25 2.90 mmol). After heating (50 °C) for 12 hours, the reaction
was cooled to room temperature concentrated under reduced
pressure, dissolved in CH2Cls (50 mL), washed with water (20 mL
x 2), brine (20 mL), dried, and concentrated under reduced
pressure to a residue. The residue was eluted through a short

30 silica gel column with 5% methanol in dichloromethane and
evaporation of the eluting solvent gave the pyrrolidine, 3,4-



40 a separatory funnel, diluted with CHerr]CJ[err] (11Q nl), washed 10
wth water (200 nmL), and brine (200 1 The organi c |fay g FCFT H
collected, dried over MgSO4, filtered, and the sol vent Jrenov L are A §F§—4I d
*an oil (1 %TBDN%hB but ene) which was .taken on to the. kt-*qt@actlon
\%S3 e above oil was di'ssolTved in a mixture of acetone 15
(400 nm.) and water (50 ni). N- Met hyl m)rphol I ne- N-oxi de (85.2 g, 0.63
nol, 3 eq) _then added. her ul,t slurr .. cogled to 0 C, and
after 10nbﬂﬁfeé’§ 03 al ytho _ CT%??’]YI%S) lb 3 g) was added. The
resul ti npysinoldyines -bultened bmsst(Br3'—1ndmkyhl bht H)gfmmlqrm-rdimglet.o
room t emagy Aty BeCd( 26 891 EbR0L hoKanhasadi 568 o6h | NeiRoidn e

conplete. The reactio ure"was quenched wth sodi um bi su
diluted Wit e(tsi%emetham(ll ip) dlﬁh%mé@mﬁﬁihﬂn%t eraceotr Hethy kaming )i ne Theoo

n). STh%yrrollglgé“bﬁs' %ﬁ%’th@@spGQﬁ%@iegy FQ@eﬁélé’e&&@sé YT SavdetiiRmh

wth et her (2 500 nL), nbi ned organi c | ayers were dried, 25
filtered, CW@P@VaF@d giyey FBRJPYITOL S BRRENOTY 219 33 ek ol as an
oi |, whi alriEurdscetde beidheanextisgeng) i M yield). The The above oil

044 mot 5 IS o AR R4 BRLLOF ERELBIEroLe was SEQRYFI S (4P S 11 n

The resulhydrg:cﬂ*ﬂ]am.iden tuazd ed0compolind by &ktradfimg a:oblhTrI@deS (B mIiles, a

CH e'ib] Géfg{rrr% (o@ tﬁI11e) trlf)luggb‘aﬂ:ggga éci&réaﬂft Yég rﬁ%’e Ié(tl.h hi oride

(50 g W Se over ter the
addi t i on agetate (2§om§4)ét @etbtanpil g Wb, cbhel exlerack Wfdﬂ’lﬁiB ansurs. The

sol uti on M&s-ddi t%%fe%r rt%d at eealaﬁ@ar a&ﬁéyrégﬂa@é walk | é'i@f‘r:}!\éci hin 35
CH[err]G[err]e( water, brine, dried over I\%éerr]
and ﬁr@&hamé §&I0véﬁt anénﬁvaeluﬁa%vu@au%de LIRS 3

After 30 minutes, the slurry was concentrated and dried in vacuo
15 to give the title compound (48 mg, 88% vield). MS.

1 NMR: & 10.98 (s, 1H), 7.90 (s, 1H), 7.82 ( s, 1H), 7.70-7.62

(m, 3H), 7.56-7.50 (m, 1H), 7.24-7.02 (m, 4H), 4.50-4.20 (m,

4H), 3.76-3.42 (m, 4H), 2.82-2.44 (m, 4H), 2.26-2.24 (m, 1H),

1.82-1.60 (m, 6H), 1.26-1.02 (m, 2H).

20 ]
O O
|
N
?o
CHy
n( - HCL -{This Sheet Has Been Re Iacec
- AR II
25

The titled tertiary amine was prepared by displacement
of the mesylate with dimethylamine (58 mg, 75% yield). MS.

30 1m (cpclz) 4 10.93 (s, 1H), 7.84 (s, 1H), 7.77 (s, 1H), 7.69-
7.64 (m, 3H), 7.47 (4, J = 7.97 Hz, 1H), 7.13-7.02 (m, 4H),
4.40-4.11 (m, 4H), 3.73-3.20 (m, 4H), 2.50 (s, 3H), 2.33 (s,
1H), 2.13-1.96 (m, 2H), 1.86-1.70 (m, 1H), 1.21-1.10 (m, 2H)



the crude product as an oil. The crude product was purlfled by el uting
(10% Et OAc/ hexane) it through a short colum of silica

- 36 - gel . The eluting solvent wa§ renoved in vacup

viscous oil of the titled internediate. (78.1 g, 93 % ove PHWycgﬁd)

M5 5 X-8951A FOR Pr epar at- on 5 *--~.J
1-(tert-buty|dinethylsilyloxy) 3-(3-iodopropyl oxy)-4-(tert-

but yl di phenyl si | yl ox but ane To a nethyl ene chloride (20

m_) / cycl ohexane (10@‘@L)€ollowsngucomnounds heere corepargd Fire famanngr 4 was

added all ¥halogous to the Examples described herein and further
illustrate the compounds of the invention. In the following
examples, the structure of the compound was confirmed by NMR,

5 MS, and/or elemental analysis. During the synthesis, R is a
protected hydroxy, preferably a silyl ether preferably tert-
butyldiphenylsilyloxy (TBDPS). The silyl ether may be converted
to a leaving group and substituted to produce the following

examples:
Yl ﬁiillseinlr
. o]
10 R
Example n nl n2 R
9 3 2 0 ~-NH2
15 10 3 2 0 -NHz - HCl
11 3 2 0 -N(CH3)2 - HCl
_NO
12 3 2 0 - HC1
13 3 2 0 -NHCH2CgHs + HC1
14 3 2 0 -NHCOCH3
20 15 3 2 0 -NHSO2CgHs
16 3 2 0 -NHC (O) OCH2CgH5
17s S-enantiomer 2 2 0 -NHCH3 - HC1l
18s S-enantiomer 2 2 0 -NHCH>CgHs - HC1
18r R-enantiomer
25 19r R-enantiomer 2 2 0 -NHCOCH3
——N l
20r R-enantiomer 2 2 0 - HC1
20s S-enantiomer
21r R-~enantiomer 2 2 0 -NHSO0,CgHs

21ls S-enantiomer
30 22 2 2 0 -NHCH2 (pyridyl) - HC1



10 trichloroacetinmidate (17.82 g, 88 mmls, 2.2 eq) underr—as

bal | oon followed by trifluoronmethanesul fgnic acid (50 [er ]tﬂ@

startlng material, 0.92 nL). After 20xhours, the solutio

filtered, filtrate was washed with saturated aqueo
L

hbk(ﬁ{err O%umlthen brine. The-organic | ayer was coll ected

dried over MgSJerr]. The solvent was.renoved to give an oil, whi ch
was purified by flash chronmat ography on silica gel elut wi t h hexanes
and increasing the poIarity of the nobile phase to __JEQ?ELbML acetate in

hexanes over 2V I|t to yield 19. 27 of the\alfylic ether
1-(tert-butyl rég %W%§y) 3- 20 8 ? 0 ﬁﬁi

(propeneoxy) - 4 (tert butyldlphenyIS|Ionxy) but ane as..g |i ght br own oi
(97% vyield). To a THF (60 ) sol ut of, above
al lyl et her 2485 (TP 1$™Fs 38 ol s}— 1 ezg) v”\gs added 9- BBN Eigg

2

bor abi cycl o] ]'!‘]‘rﬁﬂ@éﬁéorf@ns M sol uti 8n i ® THFO 60 THHC &) OGH 1.1
eq) dropmnse under nitrogen. After 3 hours, TLC (10@6EtCAc |n
hexanes) of the reaction showed that the starting mat eri al had been
consufed. To this solution was added 3M aqueous NaCH (10.41 ni, 31.22
mols, 1.1 eq) foll owed by slow (1. § hr) dropw se addition of 30@6
hydrogen peroxide (10.3 nl, 30 90.82%mfoly=® 3.2 eq). The reaction

tenperature during the per oxi de QUE‘fh was kept bel ow 50C(ice bath).
After 30 m nutes, sodium chloridg ; t he sol ution was
saturated. The organic |ayer was he aque

extracted with ether; the conblned’oroanlc 5 layers me e drled and :
give an '? hw a%BethRaNdcec

O

was purlfled by flash chromat ogr aphy
Et CAc/ hexanes and i ncreasing the

Example 26

10 indolyl)]-1H-pvrrole-2,5-dione
Following the same procedure as described in Example
1, 2,3-bis-indolemaleic anhydride (287 mg, 0.88 mmol in 5 mL DMF
"was treated with sodium hydride (60 percent in oil, 88 mg, 2.19
mmol) for 1.5 hours, then diluted to 11 mL with DMF, and treated

15 with bis-2, 6-dibromomethyl pyridine (245 mg 0.93 mmol). After
stirring at 50°C overnight, the reaction mixture was worked up
(EtOAc) and filtered through a short plug of silica (50 percent
EtOAc in hexanes). N,N'-(2,6-Pyridine-bridged)-bis-indolemaleic
anhydride (142 mg, 37 percent) was obtained as a dark-red solid,

20 which showed essentially a single spot on TLC analysis and was
used directly in the next step without further purification.

3,4-[N,N'-1,1'-(2-methylene, 6-methylenepyridine)-bis-
(3,3'-indolyl) -1H-furan-2,5-dione (140 mg, 0.32 mmol) in 2 mL of
DMF was treated with a mixture of 1,1,1,3,3,3-

25 hexamethyldisilazane (0.72 mL, 3.2 mmol) and CH3O0H (0.063 mL,
1.6 mmol) to give, after workup and purification by radial
chromatography on silica gel, 42 mg of the titled, N,N'-(2,6-
pyridine-bridged)-bis-indolemaleimide, as a burgundy solid.

This material was homogeneous by TLC (Rf = 0.35, 3 percent CH30H

30 in CHC13).
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sol vent

To an anhydrous O[err]C ether (150 nL) sol ution of the
was added tgbﬁaﬂygag1ne (2.93 g, 28.91 mols, 1.5 5 eq.) f
- dropwi se ad

polarity to 20%)EtOAc/hexa;gi after about 1.5 Id s_of
to yield 9.53 g of a |ight |l ow oil (65% vyiel )THls\/@
bove gﬁco%‘ﬁ BEEN

mesyl chloride (3.31 g, 28.91 mmols, 1.5 eq.) mnfh“~

Ion O

vigorous stirring. After 3 hours at O[err]C, TLC (10% Et OAc i n hexanes)
i ndicated the starting materi al was consuned. The reaction was dil uted
with ether, washed with wat er, brlneH dried over MgSO err], and the

sol vent

10

15

20

25

30

renoved. The 10 resultlng oi
eluting with 25% Et QAc/ hexanes,
acetone (200 nL) solution of the

ssed through a pad of silica
el uant was concentrated. To an

an
' s added NaHC(O err]

le-2.5-dion rochlori
A dry DMF (45 mL) solution of dibromide, 2-(2'-
Bromoethoxy) -benzylbromide, (2.0 g, 6.8 mmol) and bis-(3,3'-

indolyl)]-1(methyl)-pyrrole-2,5-dione (2.3 g, 6.8 mmol) was
added via syringe pump over 20 hours to a suspension of Cs2C03
(8.9 g, 27 mmol) in dry DMF (550 mL) with vigorous stirring at
55°C under N2. After an additional 2 hours, the reaction
mixture was concentrated in vacuo, the residue dissolved in
CH2Clz, washed with 1N HCl, brine, dried, and concentrated in
vacuo to give a violet oil. The oil was passed through a plug
of silica eluting with 1:1 hexanes/ethyl acetate. The eluant
was reduced to yield the macrocycle, 3,4-[(N,N'-1,1'-(2''-
ethoxy) -benzyl) -bis-(3,3'-indolyl)]-1(methyl) -pyrrole-2,5-dione
2.76 g (71% yield) as a magenta solid. Recrystallization from
isopropanol/methylene chloride gave analytically pure material.
MS: MW = 473; observed 473, FD, CHCl3), EA: Calculated
(observed): C 76.09 (75.86); H 4.90 (4.93), N 8.87 (8.79).

To an ethanol (100 mL) suspension of macrocycle, 3,4-
[(N,N'-1,1'-(2"''-ethoxy)-benzyl)-bis-(3,3'-indolyl)]-1(methyl) -
pyrrole-2,5-dione (710 mg, 15 mmol) containing THF (20 mL) was
added 5N KOH (80 mL). The reaction was heated (55°C) for 70
hours with stirring, cooled to room temperature, and the ethanol
removed in vacuo. The concentrate was acidified to pH 1 with 5N
HC1 (325 mL), extracted with ethyl acetate, washed with brine
(2x), dried, and concentrated to give the anhydride, 3,4-[(N,N'-
1,1'-(2''-ethoxy) -benzyl)-bis-(3,3'~indolyl)]-furan-2,5-dione
700 mg (quantitative conversion) as a residue.
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i




(*0.17 g, 1.93 mmols, 0.1 eq.), and Nal (28.88 g, 192.7
After stirring 30 mnutes at roomtenperature under a 1 EMAS BEEN
atmosphere, the reaction was heated t0y80 [err]C with a mat ACEAL h.
After 2. 5xb§§'§1?.% g& (10% Et CAc in hexanes) i ndi cated that tHE T

was consurred: e Teaction m xture was diluted with ether (500 niL),
washed with cold saturated aqueous Na[err]SOerr], water, brine, dried

through & pad of si [Ped 47 DEP (SEOTMER sotB dQt Lild f%’%lé’?*??egf"é?? he
purified {{N}8 -1, 1'Cb?*r‘p WH‘W)B'QFT&’QZH -Bdisor(Bess ‘éPFioéZ@d/JyﬁBF@}' 5=
grgpar at'@ﬂoﬁei@?o g, 17 mmol), was adde@abrm&%@b’bfaﬁ%%ﬁbﬁol (0. 34
ronmopr gpan- 1- o i.n eLr
O[err] Cpu er8 I\ife‘PIF‘%P e]d':imfh” é'@éia?\[e‘&‘ﬁ]lgl%&éa Bg gérés 40 2
m). Bo tieslsol L&f@érvmataﬂ@d(ﬂs"lcat A2 aivuies theS4eankdésn was 7;5 m_) in
portions y.by syrin The re 0 Q to
e R
iltere i ined o i I err e
fiItrate ne r
Na[err]S andg?wﬁ%q£ %égﬂﬁF Eeﬁldﬂé TQ%K&ﬁ%ggggnggg tr ?iéed to e
the titledh % tRieg @t Sibkog and cBlLH'sef%Bfltih CHaCloygexane (gradient 0 -
10 100% CH2Cl2). Evaporation of the eluting solvent gave the NH

maleimide, 3,4-[(N,N'-1,1'-(2''~ethoxy)-benzyl)-bis-(3,3'-
indolyl)]-1(H) -pyrrole-2,5-dione 483 mg (70% yield) as a purple
solid. The title compound was crystallized from CH2Cl),/hexane.
MS.

15 1H NMR: (DMSO-dg) & 4.29 (2H, bs); 4.59 (2H, bs); 5.23 (2H,
bs); 6.90-6.99 (2H), 7.01-7.18 (3H), 7.20-7.27 (2H), 7.59-7.68
(2H), 7.71-7.80 (5H);

10.92 (H, s).

e
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25 To a solution of 3,4-bis-(3-indolyl)-l-methyl-pyrrole-
2,5-dione (499 mg, 1.46 mmol) in 10 mL of DMF under N2 was added
sodium hydride (60 percent in oil, 146 mg, 3.65 mmol) in
portions of 30 minutes. The resultant green solution was
stirred 1 hour. The mixture was diluted with 10 mL of DMF and’

30 then treated dropwise with 1, 6-dibromchexane (0.24 ml, 1.57
mmol). The reaction mixture was stirred 30 minutes at room
temperature and then heated at 45°C for 16 hours. The cooled
mixture was poured into dilute agueous NH4Cl (125 mL) and



= 38 - Preparation 7

-N-(3- acet oxypropyl)-indol e 96% To a stirred O[err]THlS)I\sf.; ‘
suspensi on of NaH (60% i n mneral |, 0.705 noles, 28}2 g,

a three-neck 5 flask fitted with a reflux condenser and aiTae
was AR LA @R (150 L) solution of Fndole (55 g, 0.47 nol es)
dropw se. After 30-60-m nutes, a DMF (50 nlL) solution of the al kyl

hal i de, 3-brono te 170 I

reaction %Er%‘é‘g?‘ﬁd'y’art ?8:[03} ( G"E&Jrs es%}ﬂgan% oﬁggxgv\gd %-‘t’o]ga‘fts at
room t enpeent uwashed WidhiW&nﬁn;and dried (MgSO4)TheAfbevenemomalrefoblel in

vacuo. u { d t d

The organ?%{féﬁgrf%ééghuo' éﬁ%ﬁ%féfﬁﬁé T%g g§§?§%£he&gtergg%;}ngn dr?égrover
Na[ err] so;bmrpat@maaphy gn |2idda® IRe eluting: Wikks CHaRAarnhe%eBasSt ol 41 vER t he
titled 155, 2l kyladidiol 02 dh 2 PR HdrdRbmBotha@BY 4CT YRR Lized- M5

hexane)-bis-(3,3'-indolyl)]-1-methyl-pyrrole-2,5-dione (137 mg,

22 percent) as a purple solid, M. Pt. > 320°C.

A mixture containing 3,4-[(N,N'-1,1'-hexane)-bis-
(3,3'-indolyl)]-1-methyl-pyrrole-2,5-dione (137 mg, 322 mmol),

10 ethanol (15 mL), 5 N KOH (5 mL) and THF (2 mL) was stirred 4
hours at room temperature. At that time TLC analysis showed the
starting material. to be consumed. The mixture was diluted with
water (15 mL) and concentrated on the rotary evaporator. The
mixture was cooled, acidified to pH 1 with 3 N HCl and extracted

15 with CH2Cly (3 x 10 mL). The combined organic extracts were
washed well with water, dried over anhydrous MgSO4 and
concentrated. The purple solid obtained (116 mg) was found by
NMR analysis to be a 4:1 mixture of the desired anhydride and
starting material. This material was used directly in the next

20 step without further purification.

In the same manner as that described in Example 1, a
solution of 3,4-[(N,N'-1,1'-hexane)-bis-(3,3'-indolyl) -furan-
2,5-dione (108 mg, 0.263 mmol) in DMF (1.5 mL under N2 was
treated with a mixture of 1,1,1,3,3,3-hexamethyldisilazane (0.58

25 mL, 2.62 mmol) and CH30H (0.05 mL, 1.31 mmol) overnight. After
workup (EtOAc), the crude product was subjected to flash
chromatography on silica gel (CH2Cl-EtOAc, 10:1 - 5:1, gradient
elution) to afford two colored fractions. The first colored
fraction to eluate contained the 3,4-[(N,N'-1,1'-hexane)-bis-

30 (3,3'-indolyl) -1-methyl-pyrrole-2,5-dione impurity carried from
the previous reactions. The second colored fraction contained
the desired product, 3,4-[(N,N'-1,1'-hexane)-bis-(3,3'indolyl)~
1H-pyrrole-2,5 dione (56 mg). M. Pt. > 320°C. MS

Calculated for C2gH23N302 (0.3 H20):

35 Cc, 76.26; H, 5.66, N, 10.26.

Found:

c, 75.21; H, 5.65; N, 10.05. :
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Rreparation 8 N-(tert-butoxvcarbonyl)-indol -
.Jo a stirred acetone (800 nlL) solution @f I ndol e-3- 20 acj
g, 0.15 noles) was added ce5|un1carbo (48.9 g, 0.4
followed by allyl bronide (15 nm, 0.17 mol es, 1.16 eq.). After
hours thexsgbgent FORS renoved. The -~ residue was partitioned between
water and CHCl [err]. The organic | ayer was washed with brine, dried
over Na[err]SOerr], and filtered. 25 The filtrate was concentrated to
give the allyl ester 27.9 ¢ (74%jyi el d) as an oil. To
an acetonitrile (500 nL) solution q el |yl ester (27.9 g) was
added di-tert-butyl dicarbonate (29. 1 0.133 noles, 1.2 eq.) and
4-di met hyl am nopyridine (1.36 g mhes, 0.1 eq.). After 15

m nutes, the reaction mxture g with EtOAc (1.2 L) and

washed with 0.1 N HC, water ” TRY), rine (2x). The organic |ayer
was dried over Na2SO4, filtere aNd ,conc ed to give the BOC

protected ester (32.9 g, 94% a\ o slowy crystallized. 35
To a CH err]C [err]/EtQAc 10:3 (325 nl) tlon of the BOC prot ect ed
ester was added sodi um 2-et hyl hexanoate (17.3 g, 0.104 nmol es),
tri phenyl phosphine (4.93 g, 18.8 mmol, 0.18 eq.) and Pd(PPh[err])[err]
(4.56 g, 3.95 mmol, 0.04 eq.). AfterEfathple,29he :
3.4~ N‘-1,1'-(3"*'"'- nzvlcarbonate)methvlene)hexane)-bis-
5 3.3'-indolvl)]-1H-pyrrole-2,.5-dion

To a 0° C dichloromethane solution of 3,4-[(N,N'-1,1'-
(3"—(hydroxy)methylene)hexane)—bis—(3,3'—indolyl)]—lH—pyrrole—
2,5-dione (24 mg, 0.054 mmol) was added diisopropylethylamine
(10.6 mg, 0.081 mmol) followed by benzyl chloroformate (13.8 mg,

10 0.081 mmol). After 72 hours, the reaction mixture was gquenched
with 2.5 N sodium bicarbonate; the organic layer removed; and
the aqueous layer extracted with dichloromethane. The combined
organic layers were combined, washed with brine, dried over
magnesium sulfate, filtered and concentrated to give an oil that

15 was purified by reverse phase HPLC (5% acetonitrile in water
with 0.1% TFA gradient to 100% acetonitrile on C18 column) to
give 6 mg of the title compound. MS.

H
-
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indolvl)]1-1H-pyrrole-2,5-dione

Following the same procedure as described in the
25 previous examples, 3,4-bis-(3'-indolyl)-l1-methyl-pyrrole-2,5-
dione (400 mg, 1.17 mmol) in 8 mL DMF was treated with sodium
hydride (60 percent in oil, 117 mg, 2.93 mmol) followed by



» 39 - sol vent was renoved. The resjdue was partiti
.and water. The basic aqueous |ayer was Mack extracted wt S '@‘EEKCHAS fBQPN
ether, and then carefully acidified with 0.10 N HCO . e acRﬂP@q@gueous
tayer was then extracted with EtOQAc. The 5 organic |ayer was Wa -t
wat er, brKag95HaiBORover Na[err]SJert], -~ and filtered. The filtrate was
concentrated to give the BOC protected acid (21.8 g, 77%vyield) as an
oil which slowy _crystallized. The yield of the titled conpound was 53%
over theatmentpeithvs(db-3-benzyloxymethylene-1, 6-dibromphggapgt iBn7 9

éL?bﬁaFéag%r?gi%%ng;%ggﬁffﬁéat}Pg at)SQ;C ire;gighta Fhe crude product
yl ene) hexane) - bi s- (3, 3' -i ndo - C
et byl ) SR OVOTINE, Wt RIECE 1ed By £1ash hsoRal g P ALIVS BB bicRs 9oL
bi s- (3, 3' elatbhy| ywjth-CHC1o {heetdryds - (yxT ol &:2, Soiadiient3edtitgonlOLO ol )
ccontaining.the | br om -tert-butyl di.phenyl sil vl h ne- -
di bro hegéﬂg ?%?%4(%!_§1£%ﬁ§¥3“ﬁ$%’ re iﬁid%ﬁﬁg%? §ﬁ§p§g§b$¥hsxgné)_
bis-(3,3'-indolyl)]-1-methyl-pyrrole-2,5-dione (149 mg 23
percent) as a violet solid.

L}

A mixture containing (*)-3,4-[(N,N'-1,1'-(3"-benzyloxy
methylene)hexane) -bis-(3,3'~-indolyl)-1-methyl-pyrrole-2,5-dione
10 (141 mg, 0.259 mmol), ethanol 15 mL and 5 N KOH (5 mL) was
stirred at room temperature for 3 hours at which time TLC
analysis showed the starting material to be consumed. After
acidification and extraction with CH2Clz, the crude product (101
mg) showed two spots on TLC analysis (CH2Cl1l2) corresponding to
15 starting material and desired anhydride (*)-3,4-[(N,N*-1,1'-(3"-
benzyloxy methylene)hexane)-bis-(3,3'-indolyl) -furan-2,5-dione.
NMR analysis indicated roughly a 4:1 mixture of anhydride and
starting material respectively. This material was used directly
in the next step without further purification.
20 (x)-3,4-[(N,N'-1,1'-(3"-Benzyloxymethylene)hexane) -
bis-(3,3'-indolyl)-furan-2,5-dione (98 mg, 0.180 mmol) in 1 mL
DMF was treated with a mixture of 1,1,1,3,3,3-
hexamethyldisilazane (0.41 mL, 1.80 mmol) and CH30H (0.036 mL,
0.90 mmol) at 25°C overnight. The mixture was worked-up (EtOAc)
25 and flash chromatographed on silica gel eluting with CH2Cl)p,
CH2Cl2-EtOAc 10:1 (gradient elution) to give 30 mg of purified
(£)3,4-[N,N'-1,1'-(3"-(benzyloxy)methylene)-hexane)-bis-(3,3'-
indolyl)-1H-pyrrole-2,5-dione. M. Pt. 171°-173°C. MS
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t~0 the benzoyl derivative in Preparation 2) was added using a.20 syringe
punp over a 15 hour period to a DMF (350 nL) slurry of

(11.2 g, 34.3 mmol) at 60 [err]C. Aft%P 4 hours from co

addition, the reaction was cooled to room t enper at ur e,

wat er (1.%5-8951%FPRextracted with ~— CHerr]Cd[err] (3 x 300 nL). The
organi ¢ phase was washed with water, 25 dried, filtered and concentrated.
The concentrate was purified by flagh chromat ography eluting with 10%
to 25% et hyl acet at e/ hexane to givelthe nmacrocycl e’

3,4-[ (NN -1,1"-(3""-3- ° ;

tert-butyl di phenyl silyl oxynet hyl ene) hex
1(nmet hyl)-pyrrol e-2,5-di one 2.95
Preparation 10 (S) - net hyl - N
4-tert-butvldi phenyl silyloxy-3-(allyloxy)eltyrate
cycl ohexane (400 nmL) solution of (S)-mgth 4-

tert-butyl di phenyl silyl oxy-3-(hydroxy) rate (20.0 g, 53.7 35 nmol) was

) bis (3.3 -] ;113158 et Has Been Replacec
s
| !
~ To a

added allyl trichloroacetimdate (21.74 g,-4®7. 4 mol ), followed by
trifluoronethanesulfonic acid (1 nm., 50nL/g al cohol) in five portions
over 30 mnutes, with stirring under_a nitrogen atnosphere. After 70
hours, the solids that fornmed Example 31 '

3.4~

5 indolvl)]-1H-pvrrole-2,5-dion
A mixture containing bis-(3,3'-indolyl)]-1-{(methyl) -
pyrrole—Z,S—dione'(3.41 g, 10.0 mmol) and 3-tert-
butyldiphenylsilyloxymethylene-1, 6-dibromohexane (5.64 g, 11.0
mmol) in 50 mL of DMF was added with a syringe pump over 30

10 hours to a well-stirred solution of cesium carbonate (11.2 g,
34.3 mmol) in DMF (350 mL) at 55  C under N2. After the
addition was complete, the reaction mixture was heated at this
temperature an additional 16 hours. The cooled mixture was
poured into 1.2 L of water containing 20 mL of 3N HC1l and

15 extracted with three 300 mL portions of CH2Cl2. The combined
organic extracts were washed with water and brine then dried
(MgS0O4) and concentrated. The residue was passed through a 3" x
3" column of silica gel eluting with CHCl3. The crude product
thus obtained was purified by flash chromatography on silica gel

20 (CHCl3) to afford 2.87 g (41%) of 3,4-[(N,N'-1,1'-(3"''-tert-
butyldiphenylsilyloxymethylene)-hexane)-bis-(3,3'-indolyl)]-

1 (methyl)-pyrrole-2,5-dione as a purple solid, M. pt. 220 - 224°
C. HRMS calculated for CgqHygsN3SiO [M+1] : 692.3307. Found:
692.3299.

25 A mixture containing 3,4-[(N,N'-1,1'-(3''-tert-
butyldiphenylsilyloxymethylene)-hexane)-bis-(3,3'-indolyl)]-

1 (methyl)-pyrrole-2,5-dione ( 1.55 g, 2.22 mmol), 4N KOH (100
mL), THF (10 mL) and 95% EtOH (200 mL) was heated at 90°C for 16
hours. After removal of most of the EtOH on the rotary

30 evaporator, the mixture was acidified to pH 1 with 6N HCl and
extracted with CH2Cl; (3 x 75 mL). The combined organic

extracts were washed with water and brine and dried over



-+ 40 - were filtered, and the filter cake was washed wi th

gycl ohexane, and the volatiles were renoved in vacuo. Thg: ] ant oil
was pl aced on a plug of silica andhﬁashed wi t h hexane, ! rﬁhﬁgﬁ HAS
eluted with 10% et hyl acetate/hexane. NMR indicated the 5 esengg%% By
resi dual Xm8dafld FOR. 10%; however the naeterial was carrie G Rout
further purification. The residue yields 24.76 g of material, of whiCh—
approx. 22.2 was desired product (10099 . Ms. 10

Pr epar at | &8 y%rous Na2S04. After removal of the solvents in vacuo, the

(S) - 4-ter reyignedivaBeny sbh ¥bax¥nss (2- mmﬁﬁm%ﬁ/)sé méivfipatigﬂa% CHC1

DI BAL-H (231 1.0Min_toluene, 231 mmpl) was ad r opw se o er
m nutes t édgblﬁpFBn 08" (%) 3refAyYTR.-@E$ilica gel Elution with CHCl3

but yl di phefoylloied! byy18- ¢ambyhexy) - but ynel c,(a?r?e &gvo Ftadetilonsld dissol ved

i n anhydrous THF &1.0 g)'gt -75 C under N2. Aft stirrin 1 5 hours
the mxtuFY3RYS2ELPBWRY F emﬁ?ﬁ??@ EEEE%?T(P%HKFded &fferish )t RE5% wat er
i n met hananhgdeidel-algehaliast achufplét €01id wiith Gred thiribgedr@iisO by mirxtur €

barti i onci bt vedh 10 ARERanaL i5EGAER) 1 o s R eIt R R “ms T
dri ed anddirectly in the next step without further purlflcatlon
To a solution of the above anhydride (510 mg, 1.15
10 mmol) in DMF (11 mL) was added a premixed solution containing
1,1,1,3,3,3,- hexamethyldisilazane (5.14 mL, 23 mmol) and CH3OH
(0.45 mL, 11.5 mmol). The resultant mixture was heated at 50°C
for 24 hours under N2. The cooled reaction mixture was poured
into 100 mL of water. The precipitated product was washed with
15 water and dried overnight to give 409 mg of 3,4-[(N,N'-1,1'-
(3'*-hydroxymethylene) -hexane)-bis- (3,3'-indolyl) ]-1H-pyrrole~
2,5-dione as a reddish-purple solid. This material was found to
be 93% pure by HPLC (reverse-phase) analysis and was
contaminated with an unidentified compound of similar Rf. HRMS

20 calculated. for Cz7H25N303: 439.1896. Found: 439.1911.

Example 31lr
{R)-3,4-[(N,N*'-1,1'-(3''- (hvdroxymethvlene)-hexane)-big-(3,3"'-
indolv1)1-1H-pvrrole-2,5-dion
25 Following the same procedure described above for the

preparation of Example 31, (R)-3,4-[(N,N'-1,1'-(3'"'-
hydroxymethylene) -hexane) -bis-(3,3'-indolyl) ] -1H-pyrrole-2,5-
dione was prepared in 25% overall yield from the dibromide, (R)-
3-(tert-butyldiphenylsilyloxymethylene)-1, 6-dibromohexane by

30 dialkylation of bis-(3,3'-indolyl)]-1-(methyl)-pyrrole-2,5-
dione, hydrolysis, and 1-H-pyrrole-2,5-dione formation. M. pt.
> 300°C.
1H NMR (300 MHz, DMSO-dg) 1.05 - 2.25 (m, 7H) , 4.04 - 4.45 (m,
6H) (m, 8H), 7.08 - 7.88 (m, 10 H).

35
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concentrated in vacuo. The residual oil was passed t
silica eluting with chloroformto yield 20.6 g (93%

PR T

4-tert-butyl di phenyl silyl oxy-3-allyl oxy-butan-1-ol. To a

- nmet hanol (500 nL) solution of (S) 4-tert9¥25
but yl di pheny %ﬂ %A; 3-al Iyl oxybutan-1-ol (20.6 g, 53.6nmmol) was
added ozone a ?gﬁi]c for approximately 12 minutes. The reaction
m xture devel oped a faint blue color, NaBH err] (12.2 g, 321 mol, 6
eq.) was added to the reaction vesseIEXgmﬁiéqﬁﬁglon was al | owed to

come to roomtenpe aj re.,Th volatiles were 30 enoved in v
resi due was 98 Nbe P INLY ’ hy | ) ane
to yield 16.4 ¢ (799@ of (s)

4-tert-butyl di phen |SI| (0)%4 2-h drox et ox butan as
colorless oil. Y Sng”: <%ﬁ¥ a2 ﬁLﬁe§8FaPP8naB?ves$°£-?%?t-

35 butﬁldlmtﬁﬁa&anﬂqd(Dﬁ/E&dﬁ&i@ydﬂoxys&PbolyI{Hunan11104(3(15.7 g,
121 ot 1R HeRtiantsnad r - s frY) pR B o
hours, the Guine iwae waedadader(dd> ghe ihi BBkatverasl yleldvagmm i brromidesr
(2x). brinedpxy. (A ¥tk S bkl mBBHylene) -1, 6-dibromohexane by
dialkylation of bis—(3,3'-indolyl)]-1—(methyl)-pyrrole—2,5-_
10 dione, hydrolysis, and l-H~pyrrole-2,5-dione formation. Ms:

lg MR (dg, DMSO) 8 1.05-1.15 (2H), 1.23-1.24 (1H), 1.50-

1.52 ( 1H), 1.71 (1H), 1.94 (1H), 2.07-2.12 (1H), 4.05-4.4 (m,

6H), 7.09-7.21 (m,4H), 7.35 {(d, J=15 Hz, 2H), 7.49 (d, J= 9 Hz,
15 2 H), 7.8 (d, J=9 Hz, 2H), 10.93 (s, 1H).

-
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Example 32 and 33

20

To a stirred solution of the anhydride alcohol 2,3-

25 [(N,N'-1,1'-(3'"'- (hydroxymethylene)-hexane}-bis-(3,3'-indolyl) 1~
furan-1,4-dione ( 0.18 g, 0.41 mmol) in anhydrous
dichloromethane (10 mL), under nitrogen was added triethylamine
(0.10 g, 1.06 mmol), and methanesulfonylchloride (0.11 g, 0.98
mmol). The resulting solution was stirred 30 minutes at room

30 temperature. The solvent was removed in vacuo. The regidue was
dissolved in 10 mL anhydrous dimethylformamide, followed by the
addition of sodium azide ( 0.26 g, 4.1 mmol). The reaction



2 41 - concentrated in vacuo. The rdue gave 21.9 g (>999% of the

MDisnmesylate as a yellow oil which was ca mgﬁg@ﬁﬂeplacéﬂse

“bi snesyl ate was dissolved in acetone ( \gm < SHEEPg ’ﬁ QEEM
Yrom pot assi um carbonate. To this sol ut | on m m‘ 603
mol ) andX089312FOMaHC err] (170 nyg, - e

actl on m xture
was kept at 56 C for 24 hours and filtered and the filtrate was
concentrated in vacuo. The residue was partitioned between ether and
10% Na[ er nigopee ryas theatedefor gy hours at ishEdunder Birsegerri eBhever

Na[err]S foxelely 9 f
(S)-4- terqt: %utyl%enyl gﬁ%ﬁ%ﬁ& gjaﬁl% |Ocl;%§et%ﬁg>‘2’$)éﬁ al/%dg ﬁ?én%n%s a

col or | esseBhyl aeRtakRr alT %HQQWPlned\&£939ﬁ% SRAST AR 868 959edoB¥EF ved: 559
(Mtertbupfnesfum sulfaké ] efilldered,elfdnd evaporated to provide 185 mg of

'5 the azide, which was used directly in the next reaction.
The crude azide was dissolved in dimethylformamide (3 mL), under

nitrogen, and 1,1,1,3,3,3-hexamethyldisilazane (1.25 g, 7.75
mmol) and methanol (0.12 g, 3.87 mmol) were added. The reaction
was heated at 50° C. After 12 hours, the reaction was cooled,

10 diluted with ethyl acetate, washed with water, hydrochloric acid
2 N. The aqueous washes were back extracted with ethyl acetate
(3x50 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and evaporated to provide the
azide-imide, 3,4-[(N,N'-1,1'-(3''-azidomethylene)-hexane)-bis-

15 (3,3'-indolyl)]-1H-pyrrole-2,5-dione (175 mg) as a purple
colored solid. The product was chromatographed on a Rainin
Dynamex R -60 C1g column ( 21.4x250 mm) using a linear gradient
from 805 A (0.1% TFA and 5% acetonitrile in water) to 100% B
(pure acetonitrile) over 60 minutes at 15 mL/min. to obtain

20 purified 3,4-[(N,N'-1,1'-(3''-azidomethylene)-hexane)-bis-(3,3'-
indolyl)]-1H-pyrrole-2,5-dione in 57% overall yield. MS. NMR.

To a solution of the azide 3,4-[(N,N'-1,1'-(3"'"'-

azidomethylene)-hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-2,5-dione
(0.1 g 0.21 mmol), in ethyl acetate (15 mL) and ethanol (5 mL)

25 was added Lindlar's catalyst (0.1 g). The reaction mixture was
stirred under hydrogen (1 ATM) at room temperature. After 12
hours, the catalyst was removed by filtration and the filtrate
was concentrated in vacuo. Purification by preparative reverse
phase HPLC on a Rainin Dynamax R- 60 C18 (21.4x250 mm) using a

30 linear gradient 80% A (0.1 % TFA and 5% acetonitrile in water)
to 100% B (pure acetonitrile) over 60 minutes at 15 mL/min.,
provided the primary amine as the TFA salt, 3,4-[(N,N'-1,1'-
(3"—aminomethylene)—hexane)—bis-(3,3'—indolyl)]—1H-pyrrole—2,5—
dione trifluoroacetic acid salt, as a solid (80 mg) in 63%

35 yield. MS.

ly NMR (dg acetone) & 0.77-0.78 {m, 1H ), 1.0-1.1 ( m, 1H ),
1.27-1.34 (m,1H ), 1.43 (m, 1H ), 1.52-1.56 ( m,4H ), 1.60-



Rreparation 12 (S)-3,4-[(N.N-1,1)-((2 " -ethoxy)-3 "' -(0)-4""-
gnet hanesul f onyl oxy) - but ane) - (bi s) - ( 3- |ndonI)] 1H pyrr ol g=2~6--20

dlgone 3,4-(bis)-(3-indol )541)/- 1H pyrrol -2, 5-di WS(SHEE(DAIH@S BEEN
4 mmo (tert-butyldi phenyl silyl oxy)-3- (2-
| odoet ho&)ﬁl%(é ?09013 butane (17.9qg, 29.4 mmol) were conbi né REPLACED

di ssol ved in anhydrous DMF (80 nlL). The solution was added via 25 syringe

punp addi{ipngovery, ﬁ{l"purls g 12 gqUSPENShan yof 3cgql_ynpl ( maipopat e, js’BS 3
g, 118 mol) in an 61 7 L) at SOEerr] g N2.  The
renmoved ih- c(Jdn & i S s ( M. 1Fapdei Bi-dRed - B%tﬁe@n %}k][@r§}7§ﬁ74{1

The aci dt¢ haysas )Wassw ( 4, ﬂtlr@@xtzedzw th ehbaeqf er nwang. 31 hyt, azwet at e.

The conbl ed 30 nlc ers re washed mnth N HC (1x), water (2x),
brine (bx397d{qé' mﬁ?%d{ §r§ (afd *Bdliced to give a magenta

sol i d. The crude reactlon m xture was used wi thout further
purificati?n.
C NMR (dg acetone) o 26.0, 28.0, 32.1, 35.4, 40.8, 41.0,
41.1, 45.1, 45.8, 50.9, 105.1, 105.2, 110.8, 111.0, 121.24,
121.29, 122.7, 122.9, 123.0, 128.4, 128.6, 131.5, 132.0, 134.0,
134.1, 136.8, 137.1, 172.6, 172.7, 192.5

‘\ " i

To a stirred solution of the primary amine, 3,4-
[(N,N'-1,1'-(3'*'-aminomethylene) -hexane) -bis-(3,3'-indolyl) ] -1H-
pyrrole-2,5-dione (40 mg, 0.05 mmol), in anhydrous THF (2 mL)
under nitrogen was added benzaldehyde (9.39 mg, 0.08 mmol).

20 After 30 minutes, sodium triacetoxy borohydride (18.75 mg, 0.08
mmol) was added. After stirring 1 hour, the reaction mixture
was diluted with water and extracted with ethyl acetate (3x25
mL). The combined organic extracts were dried over magnesium
sulfate, filtered and concentrated in vacuo. Purification by

25 reverse phase HPLC on a Rainin Dynamax R- 60 C18 column
(21.4x250 mm) using a linear gradient from 80% A ( 0.1% TFA and
5% acetonitrile in water) to 100% B (pure acetonitrile) over 60
minutes at 15 mL/min., provided two different fractions of mono
benzyl compound, 3,4-[(N,N'-1,1'-(3''-(N-benzylamino)methylene)-

30 hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-2,5-dione (16 mg) in 66%
vield, and the dibenzylamino compound, 3,4-[(N,N'-1,1'-(3"''-



The crude reaction m xture was suspended in ethanol (700 m.) and
'g‘reated with 5N KOH (800 nL). The reavgtg;on t enper at ur p iR
g0[err]C. After 72 hours the ethanol

suspensi op_xgs; £oghed to Oferr]C, and 5 -acidified with 5
precipitate was collected and passed through a silica plug elu
ethyl acetate. The el uant was concentrated to yield 8.7 g of the

partially(y,N- &iﬂaéfﬂﬁ{f‘é}hﬂ?&ﬁﬂé’ﬂ}ﬁﬂe%x%)a-ri%%@)abi%u(é Bha&naaﬁywrlﬁd on to
t he next reactlon hout further purlflcatlon 10 DMF (1

L) ‘sol ut i BA*BPLleme %W%ﬂh?dr‘?ﬂel(% 2P vieldig ¥Smpl) was added
1,1,1, 3, 3, 3-hexanet hyl di sil azane (41.6 ni, 197 mmol ) and net hanol

rr1_9851rﬂoﬂu)[R r Hoen At 12 ettee ors
the reaction vvasmjg a%%tiffgentragtied in vgtggoq, az'1 (v? ? k/éAg\flrﬂfAﬁ(ﬁ g
sol utison 1100-1577 nL)m,waJsH added. 93 -ehd O dsmduévaas gt.brlest {dH dne3hdud.2
The orggn r and ,th queou peRsi on
extracted \%lﬂf%ﬁef ?/ acetate. @[ﬁﬁ\eﬁgo)l vgntg’ 3/er%é % § §'§§ 28y, 4V\§$d( c
of mal ei dee5thaflIZwa%Hu)sed4‘vﬁ& hebt J=urdt-the HZ., 2der:| i é§r|7624 { m. 4H ):
7.33 (d, J= 25 Hz, 2H ), 7.39-7.51 (m,7 H ), 7.89-7.96 ( m,2H

), 9.76 ( s,1H).

10
13¢ NMR (dg acetone) & 25.6, 27.3, 32.1, 32.9, 44.7, 45.4,
. 50.1,52.2, 105.0,.105.2, 110.8, 111.1, 121.2, 121.3, 122.8,
122.9, 123.1, 128.5, 129.8, 130.3, 131.2, 131.3, 132.0, 132.4,
133.7, 134.0, 136.8, 137.0, 172.5, 172.6
15
]
(o}
I
- CF3COzH “\_O
20
3,4-[(N,N'-1,1'~-(3"''-(N,N-dibenzylamino)methylene) -

hexane) -bis-(3,3-indolyl) ]-1H-pyrrole-2,5-dione was prepared in

a manner analogous to Example 34, MS.
25 1 NMR (dg acetone) 3 0.2-0.3 (m,1 H), 0.6-0.9 (

m, 4 H), 1.2-1.3 (m,1H) 1.50 (4, J= 5.4 Hz, 2 H), 2.27 ( m,1H
), 3.3-3.8 (m, 8H ), 6.6-6.9 (m, 18 H), 7.35 (dd, J= 7.5 Hz,
J=24.9 Hz, 2 H), 9.1 (s, 1H ).
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207 To a CHerr]C [err] (800 nmL) suspension of ve
mal-ei m de (8.9g, 20 mmol) under nit rogi}‘{ at anbi ent terrperaMBeSHEET
added pyridine (4.85 nL, 60 nmml) and a slight excess of
met hanesu j€€%$% dride (4.21 g, 24 mmol ). After 16 hours

reaction washed with 0.1N HO , brine, and the 25 organic | aye
was concentrated. The residue was passed through a plug of silica
eluting with a slow gradient of 0-10% Me&N in CH err]C[err]. The

el uant fraction containing the desire
yield 2.8 g of the title conpound as a

fromthe diiodide is 18% Ms: MAMESRO;
- 43 - |" | Atipn 13
3-(tert-butvldi phenyl silyl oxymet hyse€ wcTeffexene

rsykate was concentrated to
solid. Overall yield
ed 520 (FD, CHC [err]).

5 ' g 1)1-1H- - ~dion i
A stirred mixture of mesylate, (R)-3,4-[(N,N'-1,1'-

(3"—(methanesﬁlfonyloxy)methylene)—hexane)—bis—(3,3'—indolyl)]—
1lH-pyrrole-2,5-dione, (202 mg) and pyrrolidine (1.5 mL) in THF
(15 mL) was heated at 50° C until TLC indicated the starting

10 material be consumed (16 hours). EtOAc (30 mL) was added. The
organic phase was washed with 10 mL portions of 5% NaHCO3, water
and brine. Concentration afforded deep-red residue which was
subjected to preparative HPLC (Waters reverse-phase, 0.1 % TFA
and 5% CH3CN in water- 100% CH3CN gradient) to give pure (R)-

15 3,4-[(N,N'-1,1'-(3''-N-pyrrolidinomethylene)-hexane)-bis-(3,3"'~
indolyl)]-1H-pyrrole-2,5-dione as its TFA salt. Conversion to
HCl-salt in the same manner gave (R)-3,4-[(N,N'~1,1'-(3''-N-
pyrrolidinomethylene)-hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-
2,5-dione hydrochloride salt (42 mg) as a light red solid. M.

20 pt. 220° C (dec.). HRMS calculated for C31H33Ng0O3 [M+1]:
493.2604. Found : 493.2605. '

LR
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Te a m xture of 3-cycl ohexene-1-nethanol (Aldrich, 13.

N, N-di i sopropyl ethyl am ne (43 ni, 0 244.5 nol) and 4-di ng Hﬁﬁa&ﬂ

(2.70 g., 0.022 nol) in 375 nL %y CH err]C[err] uUnder Mgﬁfpé,‘;éﬁ
25[err] C was added tert- butyldlphenylchlor03|Iane (3 wi%i

The m xt uKe88a3A FORstirred at 25[errqiC for 48 hours. The reaction n1xture
was washed sequentially with 150 nL portions of 1N HO, water, brine
and 10 dried over anhydrous MySQerr]. ,The solvent was evaporated. The
resi due was | oaded onto a 4" x 4" colummlof silica and slowy el ut ed
usi ng hexanes as eluant. 3-(tert- o

but yl di phenyl si |l yl oxynet hyl ene) - 1-cycl o
obtained as a colorless oil whic
hexanes) . Anal yti cal cal cul at
C 77.6; H 8.67. Found: C 77.

33.6 g (86%, was

by TLC (Rf 15 0.4,

rr]Csl(O 3 Herr]O:

8.72. dThis Sheet Has Been Replace

Preparation 14

3-(tert-butvldi phenyl silyl oxymet hyl ene) ~<6- hexanedi ol H“I”III“ ”l““le
was bubbl ed through a well-stirred sol uti of—gfct
3-(tert-butyl di phenyl silyl oxynet hyl ene) - 1- cycl ohexene, (18.0 g, 51.3
mml) in CHerr]d[err] (550 nL) at -78[err]C until the blue color of 25
unrggfted]ozone persi st ed. The reaCFKGHP Lre was allomed to war m
to err ~ -

: (3 EN i i ohe w \ :
ghggée roga:22603;peagyhfﬁé%égiyiﬁgg%rxggiﬁggﬁgitig%#%gi0'235tirregDL%dgﬁs
Nlerr] at 25 C for 24 sudurtsiors%fHG, 4-IINgN) -dad ' -(3' ' -tert-
butyldlphenyl31lyloxymethy1ene)-hexane)—bls—(3,3'—1ndolyl)]-
1 (methyl) -pyrrole-2,5-dione (1.25 g, 1.81 mmol) in THF (20 mL)
was treated with a solution of tetra-n-butylammonium fluoride in
10 THF (1M, 2.0 mL, 2.0 mmol). The mixture was stirred for 1 hour
at 25 ©C. The reaction mixture was quenched with 1N HCl (5 mL)
and diluted with EtOAc (75 mL). After washing with water and
brine, the organic layer was dried (MgSO4) and concentrated.

The residue was purified by flash chromatography on silica gel
15 eluting with 3-5% methanol in THF/hexanes (1 :1) to afford
alcohol, 3,4-[(N,N'-1,1'-(3''-hydroxymethylene)-hexane)-bis-
(3,3'-indolyl) ] -1 (methyl) -pyrrole-2,5-dione, 509 mg (62 %) as a
purple solid. This material was used directly in the next step.
To a stirred solution containing the above alcohol (285 mg, 0.63
20 mmol) and 47% aqueous tetrafluoroboric acid (170 mg, 0.95 mmol)
in CH2Clz (6 mL) at 0° ¢ was added dropwise a solution of
trimethylsilyldiazomethane (Aldrich, 2.0 M hexanes, 0.47 mL,
0.95 mmol) over 5 minutes. The resultant mixture was stirred at
o  C for 2 hours then at 25° ¢ for 4 hours. TLC analysis of the
25 reaction mixture indicated a large amount of unreacted starting
material. The mixture was cooled and an equivalent additional
amount of tetrafluoroboric acid trimethylsilyldiazomethane was
added. The mixture was stirred 2 hours at 0’ C then 6 hours at
25° ¢ and diluted with CH2Clz (20 mL) and washed with 2N HC1l (10
30 mL) and water (10 mL). The organic layer was dried (MgSO4),
concentrated. The residue was loaded onto a 3" x 3" silica gel
column and eluted with CH2Cl) to givé methyl ether, 3,4-[(N,N'-



30° added, and the reaction m xture was stirred for 1 hour. .Solid

NaHCO err] was added until the n1xturgiwested basic to pH p ﬂﬁ& SHEET
(external danp). After filtration, filtrate was washed REPLAéiIépé ?ﬁ_

portions of Na err] and water and dried over anhydrouo
MySO err] %5{%% ’g%poration of the Solvent under reduced pressure,

the crude product was purified by chromatography through a 4" x 4" pad

of silica,gel pi -

(but yl di p?ﬁgﬁyl g‘ I yi@%@#}%&h@%ne? %mg{gx er)leg’lol (37 1n{386%L)]

- 44 - 1l(mevhwl bipyrrekeod ordicing,| ddd wigscd39d%di Iaswﬁu reddashhpuvgdacous
by TLC (I?{mf p@r) Yid cqurcal cul ated for

C[err]H[ §§ca i&iateézgﬂr C Q29N3O3 : 467.2208. Found : 2%7?82?83 H

A mixture of 3,4-[(N,N'-1,1'-(3''-methoxymethylene)-
hexane) -bis-(3,3'-indolyl) 1-1 (methyl)-pyrrole-2,5-dione (110 mg,
0.243 mmol), and 5N KOH (8 mL) in 15 mL of EtOH containing 1 mL
of THF was heated at 90°C for 24 hours. After removal of most

of the ethanol under reduced pressure, the mixture was acidified

10 to pH 1 with 6N HCl and extracted with CH2Cl2 (3 x 15 mL). The
combined organic extracts were washed with dilute aqueous NaHCO3
and water and dried over anhydrous MgSOs. After removal of the
solvents in vacuo, the crude product was loaded onto a 2" x 2"
column of silica gel and eluted with CH2Cly to give anhydride

15 which was used directly in the next reaction.

To a solution of the above anhydride (76 mg, 0.17
mmol) in DMF (1.5 mL) was added a solution of 1,1,1,3,3,3-
hexamethyldisilazane (0.75 mL, 3.34 mmol) and CH30H (0.07 mL,
1.67 mmol) that had been premixed for 5 minutes The reaction

20 mixture was stirred 1 hour at 25° C then heated at 50° ¢ for 20
hours whereupon TLC analysis showed the reaction to be complete.
The cooled reaction mixture was worked up (EtOAc) as previously
described. The crude product was purified by flash
chromatography on silica gel (CH2Cl2 - 4% EtOAc in CH2C1l2,

25 gradient elution) to afford 42 mg (55%) of 3,4-[(N,N'-1,1'-(3''-
methoxymethylene) -hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-2,5-
dione as a dark red solid. Recrystallization from acetone-water
gave 28 mg. of analytically pure 3,4-[(N,N'-1,1'-(3'"'-
methoxymethylene) -hexane) -big-(3,3'-indolyl)]-1H-pyrrole-2,5-

30 dione as reddish-violet solid, M.Pt. 272 - 274 ©cC.

Analytical calculated for C28H27N303 (0.1 H20):

Cc, 73.86; H, 6.02; N, 9.23.

Found : C, 73.51; H, 5.92; N, 8.99.

-
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5% Found: C, 70.72; H, 8.86.

Preparation 15 !THI SHEET}{

3-tert- butvldlphenyIS|Ionxynetherne{ﬁ 6- di br onohexane pmﬂnésimfN

N—bronns#c§g§%g19§R(19 3 g, 109 mol) was added in 10 porti 0V6F~£ Qui__“
0 itre

m nut es d sol ution containing 3-
(tert-butyl di phenyl silyl oxymet hyl ene) -1, 6- hexanedi ol (17.5 g, 45, 2
mol ) and triphenyl phosphine (28.6 g, 189 nmol) in dry CH2Cl 2 (550 m)
at O[err]C under Nerr]. The reactiof Xt ure was stirred 5 hours at
O[err]C then placed in the refrigerata 5[err]C 15 for 16 hours. After
renoval of nost of the solvent, (300 ML) was slowy added to
the residue. The ether |ayer was romthe precipitated
solids. The solids were washed ‘ a1 tional 200 nL of fresh

et her. The conbi ned et her | ayer whasSconcentrated (100 nmL), triturated
with 300 nL of 20 hexanes, and decanf\ed Ar@m the precipitated solids. The
sol i ds were washed with 25% et her m\he €3 and the conbi ned organic

| ayers were dried over anhydrous MgSO err| and concentrated. The crude
product was placed onto a 4" x 4" colum of silica gel and eluted with
25% et her in hexanes to give 3-tert 1e 38 :
but yl di phen |SI| onynethylene 1,6 ﬁx

col orl ess oH=w : % Red IS~ (3, 34
hexares) . le 1.35 - 2.10 (n1

K 210D i
7H), 3.55 (m4 3 56 ) 7.40, and 7.6 10H) .
30 [err]C NMR h%%%ﬁﬁ@r#ﬁ Oﬁé ;% 88 wRoL) %&F(?dQéﬁqf © 3 g,
stirred mixture of the anhydride, 2, 3 [(N,N"-1,1'-(3"'"'~
(hydroxymethylene) -hexane)-bis-(3,3'-indolyl) ] -furan-1,4-dione

(1.49 mg, 0.34 mmol), 4-dimethylaminopyridine (27 mg, 0.22

10 mmol), pyridine (0.75 mL) and THF (1.5 mL). The reaction
mixture was stirred at 25° C under N2 for 16 hours. The mixture
was diluted with EtOAc (20 mL) and washed with 2N HCl (2 x 10
mL) and water (2 x 10 mL) and dried over anhydrous MgSO4. After
evaporation of the solvents under reduced pressure the crude

15 product was purified by chromatography on a short column of
silica gel eluting with CH2Cly to give the O-acetate anhydride,
2,3—[(N,N'-1,1'—(3"—(acetoxymethylene)—hexane)—bis—(3,3'-
indolyl)]-furan-1,4-dione ,111 mg, (68%) as a purple solid,
M.Pt. 252 - 254° C.

20 To a stirred solution of the O-acetate anhydride, 2,3-
[(N,N'-1,1'-(3'"'-(acetoxymethylene)-hexane)-bis-(3,3'-indolyl)]-

/furan—1,4—dione, (103 mg, 0.22 mmol) in DMF (2 mL) was added a
" solution containing 1,1,1,3,3,3-hexamethyldisilazane (0.48 mL,

2.2 mmol) and CH30H (0.043 mL, 1.1 mmol) which had been premixed

25 for 5 minutes. The reaction mixture was worked up (EtOAc) as
previously described and the crude product was purified by flash
chromatography on silica gel (gradient elution: CH2Cly - 5%
EtOAc in CH2CI2) to give the O-acetyl maleimide, 3,4-[(N,N'-
1,1'-(3''-(acetoxy)methylene)~-hexane)-bis-(3,3'-indolyl)]-1H-

30 pyrrole-2,5-dione 74 mg ( 72%) as a deep red solid which was
homogeneous by TLC (CH2Cl2). Recrystallization from acetone-

This Sheet Has Been Replacec




3477, 38.5, 65.0, 127.7, 129.7, 133.4, 135.5. ,
Preparation 16 35 (@-(-)-3- Cycl ohexene IH!&SHEEIP
A solution of LiAlHerr] (1.0 Min THF, 75.8 nL, 75.8
dropw se Qv \mutes to a cool ed _sol uti on of t he
(Ireland %tgé?i_g.%g. Chem 1992, 57(19),
- 45 - 5071-5073 and references therein), (S)-(-)-3-Cyclohexene-1-
net hyl enegxyet SrdvriBEdVEne - WA X Yeoiffdutdiade a ¢2d2@00id34. H.Pt. B0l ) in
THF (90 nLé.oThe reaction m xture was allowed to warm to room
tenperatu? 2an@-stirred at 25[err] C for 2 hours, cooled and

Analytical calculated for C29H27N304 (0.1 H20):

c, 72.06; H, 5.67; N, 8.69.
5 Found: Cc, 71.72; H, 5.67; N, 8.29.

ol eSS BREN !

ester

The following compounds were prepared in a manner
analogous to the Examples described and further illustrate the
compounds of the invention. In the following examples, the

10 structure was confirmed by NMR, MS and/or elemental analysis.

Example R
15
39 -NHC (O) OCH2 (CgH5 )
40 -N(CH3)2 - HC1

This Sheet Has Been Replace
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5+ quenched with water and 1N NaOH. The m xture was fil tye
Celite. The solids were washed with T (100 ). Af { dHIS
the filtrate, under reduced pressure, e resi due wap di
150 nL of ether and washed with water . (2 x 50 nL) and iy e
dried ovef-MWEARs MySQlerr]. 10 Evapofation of the sol vent gave
(S)-(-)-3-Cycl ohexene- 1- net hanol 3.24 g (83% as a clear oil [a]D =
-90:3 (C =1, CHerr]OH. Both the T¢C properties and [err]H NW\R
spectrumof this material was |dent| in all respects with that of
the racem c materi al (Al drich). »*?]1H NVR (300 MHZ, CDCl[err]),
1.21 - 1.42 (m 2H), 1.68 - 1.88 .04 - 2.21 (n1 3H), 3.54
(brs, 2H), 5.69 (s, 2H). Preparation 17
(S) - (-)- 3-tertbutyldi phenyl sil =196 1-cyc|ohexene 20
(S)-(-)-3-Cycl ohexene- 1- nmet hanol 3. .3 mol)
tert-butyl di phenyl chl orosil ane (8. 15

» ¥ . 4HC1
di i sopropyl et hyl am ne (10.9 nL, 62.3: arychs dlnéPﬁ
(1.08 g, 8.5 mol) in CHerr]Cl[err] (100 Ty to aff
and chromat ography, silyl ether (S)-(-)- 25 o<

3-tertbutyl di phenyl silyl oxynethyl ene)-1-cycl ohexene 8.73 g (88@@ as a
clear oil. Both the TLC properties and 1H NVR spectra of this materi al
were identical in all respects mnthE¥%E%%? Lyl et her

3-tertbut

Methanesulfonic anhydride (94 mg, 0.54 mmol) was added
over 10 minutes to a stirred solution of chiral alcohol, (R)-
3,4-[(N,N'-1,1'-(3' '~ (hydroxy)methylene)-hexane)-bis-(3,3"'-
indolyl)]-1H-pyrrole-2,5-dione (200 mg, 0.45 mmol), and pyridine
10 (0.11 mL, 1.35 mmol) in CHyCly (5 mL) at 0° C. The reaction
mixture was stirred at 25° C for 4 hours. CHaClz (20 mL) was

added, and the mixture was washed with 10 mL portions of 3%
HCl, water and brine and dried over anhydrous MgSO4. Removal 6f
the solvent in vacuo left the crude mesylate (205 mg) which was

15 homogeneous by TLC (1% methanol in CHCl3. This material was
carried on directly to the next step.

To a solution of the above mesylate (205 mg) in 10 mL
of THF was added 40% aqueous dimethylamine (2 mL) and the
reaction mixture was heated at 50° C for 36 hours. After

20 removal of the THF under reduced pressure, CH2Clz (20 mL) was
added to the residue. The mixture was washed with 5% agueous
NaHCO3, water and brine and dried over anhydrous MgSO4.
Concentration afforded crude (R)-3,4-[(N,N'-1,1'-(3''-(N,N-
dimethylamine)methylene)-hexane)-bis- (3,3 '-indolyl)]-1H-pyrrole-

25 2,5-dione (158 mg) as a red solid that was purified by '
preparative HPLC (Waters reverse-phase, 0.1 % TFA and 5% CH3CN
in water- 100% CH3CN gradient) to give the amine-TFA salt which
was dissolved in CH2Cl2 and converted to the free base with
dilute aqueous KOH. After drying the organic phase over MgSO4

30 (15 minutes), the solvent was evaporated and the free amine (60
mg) was dissolved into 1:1 methanol/THF (5 mL), cooled to 0° C



(m4H 3.54 (d, 2H, J = 6Hz), 5.66 (br s, 2H), 7.38 and 7.66 (m 10
H) . Prneparation 18 35 (S)-(-)-
3-(tert-butyl di phenyl sil yl oxymet hyl ene)™- 1, 6- hexanedi ol

Follomnng t he sane procedure described for the prepar.af iTHIS g
raceni c d¥oiB231ft EPR- but yl di phenyl si1yl oxynet hyl ene) - | 6-hqﬁ§5£
silyl ether - I8 L

53 o' ol FEE BRoRPIcRLomIEnar et LR CS B ke (B i, 2g bpr ¥
af ford (Spwith) adh{/ieblis 1IN HCl in ether. The precipitated salt was
filtered and washed with dry ether under a N2 blanket then dried
in a vacuum desiccation over CaSO4 overnight. The
5 dimethylamine-HCL salt, (R)-3,4-[(N,N'-1,1'-(3'"'-(N,N-
dimethylamine)methylene)-hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-
2,5—dionq hydrochloride salt (43 mg) was obtained as a light red
solid, M.Pt. 230° C (dec.). MS. '

10 1H NMR (300 MHz, acetone-dg) 0.9 - 3.5 (m, 7H) , 3.20 - 3.42 (m,
8H), 4.05 - 4.18 (m, 4H), 7.02 - 7.80 (m, 10H), 10.94(s, 1H).

Example 40s
{s)-3,4-[(N,N*-23,1*-(3''-(N,N-di h i hvl -hexane) -

15

Following the same procedure described above for the
preparation of Example 40r, (S)-3,4-[(N,N'-1,1'-(3''-(N,N-
dimethylamine)methylene)-hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-
2,5-dione hydrochloride salt was prepared (90 mg) in 27% overall

20 yield from the alcohol, (S)-3,4-[(N,N'-1,1'-(3"''-
hydroxymethylene) -hexane) -bis-(3,3'-indolyl) ] -1H-pyrrole-2,5-
dione by formation of the mesylate and displacement with
dimethylamine. MS.

25 1xMr (dg DMSO) d 0.92 (s large,l H), 1.35 (s large, 1 H),
1.60 (s large, 2 H), 1.85 (s large, 1H), 2.37-2.42 (m, 2H),
2.91-3.05 (m, 2H), 4.13 (s large: 2H), 4.23 (s large: 2H), 7.11-
7.23 (m, 4H), 7.34 (d, J= 20 Hz, 2H), 7.50 (4ad, J= 8.1 Hz, J=
12.6 Hz, 2H), 7.79 (d, J= 8 Hz, 2H), 9.92 (s large. 1H), 10.98

30 (s, 1H)
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but yl di phenyl si |l yl oxynet hyl ene) -1, 6- hexanediol ~ 5.01 g (55% as 5 a
col orl ess viscous oil, which was honngg?ous by TLC (Rf =
[err]H NVR (300 MHz, CDCl[err]) 1.05 ( 1.21-1.81 (
S, 7 m 6H), 7.32 and 7. 70 1n]1OFD 10
Preparatﬁ%gg?éA'%O&

(S)-3-(tert-butvldi phenylsilyloxynethyl ene)-1, 6-di bronohexane

Fol | owi ng the sanme procedure described fior the preparation of racemc
di bromi de, 3-(tert- 15 butyldi phenylsilny| oxymethyl)-1, 6-di bronbhexane,
(S)-(-)-3- (tertbutyl di phenylsily net hyl)-1, 6- hexanedlol (4.85 g,
12.53 nmol ) was reacted wit b < n1de (5.35 g, 30.1 mmol)

and triphenyl phosphine (7.87 g,
OC to afford conpound (S)-(-)-3-

rfC[err] (150 nL) at

but yl di phenyl si |l yl oxynet hyl)-1, 6- dlbro xane 4 81 (75% as a . cl ear,
colorless oil which was hom)genous by YLC/( = 0 8, ﬂﬂ)&/@heemaﬂ;éaﬁ acec
hexanes. Both the TLC properties and 1H'S ec mere
identical in all respects with racemc IVS. Ilmmgll

(300 MHz, CDCl[err]) 1.06 (s,9H), 1.35 - 2. 10 (n1 YFD

3.56 (app d, 2H, J = 4Hz), 7.40 and 7.64 (m 10H).
Example 41

Methanesulfonyl chloride (0.025 mL, 0.32 mmol) was
added dropwise to a stirred solution containing 3,4-[(N,N'-1,1'-
(3'' - (hydroxy)methylene) -hexane) -bis-(3,3'-indolyl) ] -1H-pyrrole-
2,5-dione (100 mg, 0.23 mmol) and triethylamine (0.05 mL, 0.36
10 mmol) in dry CHCl3 at 25° C under N2. After stirring for 20
minutes, the reaction mixture was diluted with CHCl3 (15 mL),
washed with water, brine, dried filtered and concentrated. The
red residue was purified by chromatography on a short column of
silica gel eluting with CHCl3 followed by 10% EtOAc in CHCl3 to
15 give 3,4-[(N,N'-1,1'-(3"'"'-methanesulfonyloxymethylene)-hexane) -
bis-(3,3'-indolyl) ]-1H-pyrrole-2,5-dione ,53 mg, as a red solid,
which was homogenous by TLC 5% (EtOAc in CH2Cl2).
To a stirred solution of 3,4-[(N,N'-1,1'-(3'"'-
{methanesulfonyloxy)methylene)-hexane)-bis-(3,3'~-indolyl)]-1H~
20 pyrrole-2,5-dione (49 mg, 0.095 mmol) in DMF (0.75 mL) under N2
was added dropwise a solution of the sodium salt of imidazole in
DMF (prepared by adding 60% NaH (8.7 mg, 0.22 mmol) to a
solution of imidazole (16 mg, 0.24 mmol) in DMF (0.5 mL)). The
reaction mixture was stirred 15 minutes at 25° C then heated at
25 50°9C for 30 minutes. The reaction mixture was diluted with 25
mL of CH2Cl2 containing 3% methanol. The mixture was washed
with 10 mL portions of water and brine and dried over anhydrous
Na2S04. After evaporation of the solvents under reduced
pressure, the crude product was loaded onto a 3" x 3" column of
30 silica gel eluting with CH2Cl2 followed by 5% methanol in CH2C12
containing 1% triethylamine to afford 3,4-{(N,N'-1,1'-(3''~(N-



-47- Preparati on 20 (R
3-(tert-butyldi phenyl silyl oxynet hyl enepi, 6-di br onohexane

Fol | ow ng the sanme procedure described for the preparatio
(S -(-)-3{(%5:%{1; 1¥I - di phenyl sil yl oxynet hyl ene)- 5 1, 6-dibr . (S)
- (-)- 3-(ter butyl di phenyl si |yl oxymet hyl ene) - 1, 6 hexanedi ol (5 05 g,
13.04 nmol ) was reacted with N-bronosuccini m de (5 579, 31.32 mol)

and triph Zkﬁ@i i3n - Nyh§ Fetrbyt260e 0} )5-

at O[err] ERyaRbORe %éﬁﬁlf%a@d%b?’%}nleé 5 $3(tar e :

but y! di ph@h?ﬂlgl 131 oxynet HHAEnas B el lﬁodﬁ@hexg'ﬁ’és 5‘a§§§lae-8"f@f as a
clear, cols@bj@@@e@ltto Whaedr s o Hame gIRLaU S| gradile@it( Blatipny B%8CH3ICN 18%

B O 1 WERE SopdBining (S PHAANE AR M (RO LhladcOBatpy e, %0
(m 16H).318-[(N,N'-1,1'-(3''-(N-imidazole)rthydeal)eoheRdne) -bis-(3,3"' -
indolyl)]-1H-pyrrole-2,5-dione (12.4 mg) as a red solid, M.Pt.
261 -266° C. NMR. HRMS calculated for C3gHz7NsOz [M+1]:
490.2244. Found : 490.2242.

10 - The following compounds were prepared in a manner
analogous to the Examples described herein and further
illustrate the compounds of the invention. In the following
examples, the structure of the compound was confirmed by NMR,
MS, and/or elemental analysis.

15 -
n(HZC)\Q/(CHZ)nl
L
Example n nl 10) R

42 3 3 CH H
20 | 43 2 2 CH H

44 3 4 CH H

45 3 3 CH NH2

46 3 3 CH NHCOCH3

47 3 3 CH NHCH2CgHS5
25 48 3 3 c (-OCH2CH20-)

49 3 3 C =0

-
eet Has Been Replaced
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2--al 1yl -4-pentenoic acid To a stirred suspension of sodi um
nmet hoxi de (59.4 g, 1.1 nmol) in dry thanol (1 L) § teted
di met hyl mal onate 20 (57 m., 0.5 nol) opwi se under N[ Qﬁ%q*ﬁ*flpﬁkﬁgﬁﬁT
m“nut es, gléyélA Fn:%romde (95 nL, 1.1 nol) was added iin oneRERIAGEBN. Affer
14 hours at ‘anbi ent tenperature the reaction was concentrated Th
vacuo. The reS|due di ssolved in nethanol (0.5 L) and treated with 5N

NaOH (500 mL). After stirring for 24 houms, the 25 nmethanol was renoved in
vacuo, and the basic aqueous | ayer washed with ethyl acetate (2X). The

aqueous | ayer was acidified wth IC (0.5 L) and extracted with
ethyl acetate. The organi c eyt k »ed with water (2x), brlne
dried over Na[err]SOerr], 4 i n vacu

Trituration 30 of the resulting Se vane an her|c drylng
gave 51.4 g (57%yield) of the di

was heat ed (150[err]C3 until CJderr] ‘ I on ceased (a
The residual brown oil was eluted with et yl acetate thr
silica plug to yield the title conmpound 32.8g (85% as a 35 golden ol
The overall yield for the three Ste%&[&)f@%o [err]H
((IIerr]CN) errl 4 ( 4 2 . 05_(dd
2|_|) 5 (m < i ,» L J 4 PRt 4
5 pyrrole-2,5-dione
To a 0° C stirred anhydrous CH2Cl2 (1.0 L) solution of
N- (3-acetoxypropyl)-indole (102 g, 0.47 moles) was added oxalyl
chloride (43.04 mL, 0.494 moles, 1.05 eq.) dropwise. After 15

minutes, the ice bath was removed. The reaction mixture was

The di aci d I laced

10 allowed to warm to ambient temperature with stirring for three
hours. The volatiles were removed in vacuo to yield a magenta
solid, which was redissolved in dry CH2Clz (1.0 1) under N2.
With vigorous stirring, N-tert butokycarbonyl—indole—3-acetic
acid (129.25 g, 0.47 moles), was added followed rapidly by

15 triethylamine (130.6 mL, 0.94 moles, 2 eqg.). After 16 hours,
the reaction was concentrated and purified by flash column
chromatography eluting with 3:1 hexane/ethyl acetate. The major
colored fraction was concentrated to give the anhydride (101 g,
40% yield) 2-[1-(3-acetoxypropyl)-3-indolyl]l-3-[1l-tert-

20 butoxycarbonyl-3-indolyl]-furan-1,4-dione as a red crystalline
solid. MS '

To the BOC protected anhydride (7.4 g, 14 mmol) was
added trifluoroacetic acid (27 mL, 350 mmol) containing
ethanethiol (1 mL, 14 mmol) with stirring. After one hour, the

25 reaction mixture was partitioned between CH2Cl2 and saturated
NaHCO3. The organic layer was washed with brine, dried over
Na2S04, and filtered. The filtrate was concentrated to give the
crude deblocked anhydride as a red semi-solid. The residue was
applied to a short pad of silica, washed with hexane énd then

30 CH2Clz. The colored band was eluted from the silica with ethyl
acetate and dried in vacuo to give the purified deblocked
anhydride, 2-[1-(acetoxypropyl)-3-indolyl]-3-(3-indolyl)-furan-
1,4-dione (5.7 g, 95% yield) as red solid. MS
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3-(tertbutvldi phenyl silyl oxynet hyl ene e :
O[err] C sti rreg sugpensiyon gf LA% (4. éSS % '%ee_"R ac&dls SHEETSSJM N
(125 ) foded2-al |yl - 4-pentenoic acid mmm 4 rmml se
under N2. e reaction m xture was allo ‘Ml roomtenperature
over. After 16 hours, the reacti on was quenched with ethanol (25 nliL)
L ;)! nglegngy 4N ?(C)J To a(é@lﬂéd am{ydifd@,mﬁx'i(ﬂ@? ml)vwgﬁhlueﬁber of2xhe
nce in vacuo,.to giye a t al,c

2-allyl - rﬁ'@’ e a@ -2 &al dr F"@g&\{of'@slfsﬁd(@ﬁaa (#29:™Ias s
?%tgoﬁ{)fmm?herO% #ﬂﬁﬁﬂdenamidmi) ?t room temper@tuzedr yACEPior]| charge ]

: ol uti.on
added i i BEOB| LTI 01%141%45 o G oot vas ihdlai é%‘l‘lﬁ Bps8ivEmD! ) actes
tert bu yl 30 phimytes | thequQBIad]&Ig‘—S of FmirPmops oDy da§ﬁtatedWﬁ§ra4@e%ours
The reacti,%%na\%it f 'i‘ﬂ@rféjacﬂﬂﬁ'x was fHéattre"at %oW@% Wasaﬁﬁ %’rbﬂu&@‘lﬁr bri ne,

dried and rated vacuo to | he sil
but yl di ph@ﬁyusm?@lmmtm%)c 6 houxg, (§E‘% DYE %h(i\s rem%Y?d
that was EﬁedaﬁbbhouihéLﬁéiﬁﬁuéﬂwdé|d§§ﬂﬂ§a to a flash silica

chromatography column eluting with 3:2 hexane/ethyl acetate.

==——

10 The major red band was collected, and the solvent removed to
give the alkylated anhydride, 2,3-bis[1-(3-acetoxypropyl)-3-
indolyl]-furan-1,4-dione (1.32 g, 36%) as a red solid. MS

2,3-bis[1-(3-acetoxypropyl)-3-indolyl]-furan-1, 4-dione
(1.32 g, 2.52 mmol) was suspended in absolute ethanol (125 mL)

15 with stirring and treated with 5N KOH (125 mL). After stirring
for 16 hours, the reaction mixture was concentrated to 126 mL.
The residue was acidified (5N HCl) slowly, until a red solid
precipitated. The precipitant was filtered and dried in a
vacuum oven at 60°'C, producing the alcohol anhydride 1.1 g (99%)

20 as a red powder.

The alcohol anhydride, (1.1 g, 2.47 mmol) was
dissolved in anhydrous DMF (30 mL) under a N2 atmosphere with
stirring. A premixed solution of 1,1,1,3,3,3-hexamethyl-
disilazane (5.22 mL, 24.7 mmol, 10 eqg.) and methanol (0.50 mL,

25 12.4 mmol, 5 eqg.) was added. The reaction was allowed to stir
for 16 hours at ambient temperature. The DMF was removed in
vacuo. To this residue was added acetone (100 mL) and excess
CsF (ca. 500 mg). After stirring 4 hours, the reaction was
concentrated. The residue was partitioned between ethyl acetate

30 and water. The organic layer was washed with 1N HCl1l (5x), brine
(2x), dried over NagSO4 and filtered. The filtrate was
concentrated to give the bisindolylmaleimide 3,4-bis{1-(3-
hydroxypropyl) -3-indolyl]-1H-pyrrole-2,5-dione 1.0 g (91%
vield) as a red powder. Total yield was 90% over two steps. MS

35 3,4-bis[1- (3-hydroxypropyl)-3-indolyl] -1H-pyrrole-2,5-
dione (1.0 g, 2.25 mmol) was dissolved in anhydrous CH2Cl2 (250
mL) at ambient temperature under N3. CBrg (2.09 g, 6.3 mmol,
2.8 eqg) and triphenylphosphine (2.83 g, 10.8 mmol, 4.8 eq.) were



20 Ozone was bubbl ed through a -78[err] C dry t hanol (500

m.) sol ution of 3-(tert-buty|diphenyls&%yloxynethylene)-l,

pent anedi ol (17 g, 47 mol) until a bl tint persisted (3 %ﬁtw BEEN
The reaction was purged with nitrogen (20 min.) and Na ﬁﬂTEBg,

47 ol ) %a89848eBORThe col d bath was renoved and 25 the reaction brought-—-
to roomtenperature. The reaction was concentrated in vacuo and the
resi due partitioned between ether and brjne. The .ether er

concent ranGeQnBOFﬁEB?EsF‘auEhe rea%‘?h?%d"%?/%?i Sihe QiXHUTS Wa%haé\f%ff@d

et hyl acetat ethexgoesieTheurs. Theotredeossestiomsnipamired warsd concentrat ed
to yield the d

3- (tertbutﬁpﬁ Bﬁ£ﬁ§F§|?9?09§ﬁ%Fh§?éﬁ%) %%%ﬁ%u&ﬁﬁqﬁiﬁﬁ¥n9°¥?F§b (22% of
t he deS|reﬁrdmatogsaphyolelhéssgowithCWe&ehéxanﬁyqnhykiacetathor fihe t hr ee
185 (h BepiriigroguongShipl ine, fifgr g P ety Al o B8,
7.66 (d, $Hﬂvents from this fraction gave the dibromo compound, 3,4
bis[1-(3-bromopropyl)-3-indolyl]}-1H-pyrrole-2,5-dione 876 mg
(68% vield) as a red powder.
The dibromo compound (47.8 mg, 0.084mmol) was
10 dissolved in acetone at ambient temperature with stirring. An
excess of sodium sulfide nonahydrate (229 mg, 0.95 mmol, 11.3
eqg.) was added. The heterogeneous mixture was stirred
overnight. The acetone was then removed in vacuo. The residue
was partitioned between water and CH2Clz. The organic layer was
15 washed with brine, dried over sodium sulfate and concentrated to
give 35.5 mg (94% yleld) of the titled product as an red-orange
solid. MS

This Sheet Has Been Replac
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20

indolvl)1-1(H) -pyvrr -2.5-
A dry DMF (35 mL) solution of 1,5-diiodo-3-(tert-

25 butyldiphenylsilyloxymethylene)-pentane (7.3g, 12 mmol) and bis-
(3,3'-indolyl) ]1-1(H) -pyrrole-2,5-dione (4.21g, 12 mmol) was
added via syringe pump over 48 hours to a suspension.of Cs2C03
(16.06g, 49.3 mmol) in dry DMF (1 L) with vigorous stirring at
55°C under N2. After an additional 2 hours, - the reaction

30 mixture was concentrated in vacuo, the residue dissolved in
CH2Cl2, washed with 1N HC1l, brine, dried, and concentrated in

vacuo to give a violet oil. The oil is passed through a plug of
silica eluting with 4:1 hexanes/ethyl acetate. The eluant was
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1, 5-diiodo-3-(tert-butvldi phenylsilyl oxynethyl ene) - pent gn
a Oferr]C ether (300 n.) solution of 3
(fertbutyl di phenyl silyl oxynet hyl ene) - pent ane- 1, 5-di ol (6. 9g,
was addedxﬁﬁg

THIS SHEET HAS BEgnTo
REPLACED

RafeEdRf onyl chloride (4.3 n, 56 mmmol) fol | owed by-

Preparation 23

Et[err]N (7.7 nmL, 56 nmol ). After 3-16 hours, gradually warmng to

anbi ent tenperature, the.reaction was washge ] , ter, ,brine, dried
over MySCEBRRFeaahS whafarFhs marr B IE° a1t (w1 8L 2
1, 5- bi s( métkeanbetyldiyheny])sBiyiaxymetlylene)pentanyl)-bis-(3,3'-

but y1 01 PheRubs LAy} OXRELAY] POR)REIL a5 Shiihd S0P Y53s vigd8) Ohbss O

t hat was

use

out T At on. reshly

di still edmagenbaesebdd. nl) sol ution of the bis-nesyl ate,

1, 5-bis(met hanesul T gy LaX ¥l ndnbi(300 mw) suspension of 3,4-[(NN'-1,1'-
but yl di phenyl si | yl oxynet hyl ene) - pent ane, 8..5¢g

91 16 nnnlﬁﬁsas 15 added
excess Nall3( 36 (tgrtbuty fdbphenyts Narkepaeghyleraipentagydiobys- (3, 3the
reacti on wadolglh uxednébHy ey rpfRrde-7 A Ibiore @I 6.2 mAON) was added

t enper at
resi due

i BBR,LABOGRER: oMo Peadiidh i, SHRRod \B3eE]. far, 4 Hlge

concent r awedht stfrrénghecooléd conpoomdcehpbmptife, @hSY/checkethaasla
col or{#ss @hbvea 85 PUELE!! YhE! Eod Und M SIRRS aciaifi®a’ ¥ oMP1 with sn

15

20

25

30

HCl (325 mL), extracted with ethyl acetate, washed with brine

(2x), dried, and concentrated to give the anhydride, 3,4-[(N,N'-
1,1'~(3''-(thydroxymethylene)pentan) ~-bis-(3,3'-indolyl) ] -furan-
2,5-dione, 2.6 g (100% vield) as a residue.

To a dry DMF (500 mL) solution of the anhydride, 3,4-
[(N,N'-1,1'~(3"'"'~{hydroxymethylene)pentanyl)-bis-(3,3"'-
indolyl) ] -furan-2,5-dione (2.6 g, 6.2 mmol), was added a
solution of methanol (1.25 mL, 31 mmol) and 1,1,1,3,3,3-
hexamethyldisilazane (13.1 mL, 62 mmol). After heating (55°C)
36 hours the reaction was concentrated in vacuo, diluted with
ethyl acetate, washed with 1N HCl. The acid wash contained some
solids that were back extracted with chloroform. The combined
organic layer was dried, and concentrated to a violet residue.
The residue was applied to a short plug of silica and eluted
with 2-10% MeCN/CH2Clpz. The fraction containing the major
product is concentrated in vacuo to yield the title alcohol 3,4-
[((N,N'-1,1*-(3"'"*-(hydroxymethylene)pentanyl)-bis-~(3,3"'-
indolyl)]-1(H)-pyrrole-2,5-dione (650 mg (25%)) as a magenta
solid. MS.

s NMR: (DMSO-dg) &8 0.7 (m, 1H); 1.48 (m, 2H); 1.82 (m, 2H);
3.19 (dd, 2H); 4.16 (m, 4H); 4.4 (t, 1H); 7.05 (t, 2H); 7.16 (t,
2H); 7.17 (s, 2H); 7.46 (4, 2H); 7.65 (d, 2H); 10.96 (s, 1H).

-

TR
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[err]HNVMR (DVMSO-d[err]) [err] 1.06 (s, 9H); 1.78 (m lH)'_
4H); 3.13 (m 4H); 3.57 (d, 2H); 7. 38 Y46 (m 3H); 7.64 (d,
Preparation 24 (2' Br onpet hoxy) - benz Ibronh
Ozone was_b gg#ed hrough a -78 Cdry nethanol 30 solution RAGE
2-(a||y|o§y§ %1 cohol (LaChapel I'e et al Tet r ahedr on, 44(16),
5033-5044 (1988)) (7.0 g, 43 mol) for 13 m nut es, checking the
reaction TLC profile every 2 mnutes foryg conpl et e di sappearance of the
starting olefin (Rf=0.8, S%EtOAg/héxane) The reaction m xture was
purged with 35 nitrogen, NaBH err] (97 °0. 25 nol ) was added and the
reaction t enper at ure brought s . Alter 30 mnutes, the
reacti on was warned to room ‘ hcentrat ed, diIuted wth

et her, washed with water, br wzdr i eGyaMe#”concentrated to a residue.

8206(m

S0z -CH3

Example 52
4- '=1,1'-(3''~ ) h n-
5 i i -1(H)- i
To a dry CH2Clz (80 mL) solution of 3,4-[(N,N'-1,1'-
(3"—(hydroxymethylené)pentan—l",5"—yl)-bis—(3,3'-indolyl)]-
1(H) -pyrrole-2,5-dione (334120) (650 mg, 1.5 mmol) was added
methanesulfonic anhydride (400 mg, 2.29 mmol) followed by excess
10  pyridine (370 mL, 4.58 mmol). After 16 hours at ambient
temperature, the reaction mixture was applied directly to a
short plug of silica and eluted with 0-7% MeCN/CH2Cl2. The

colored fraction was concentrated in vacuo to give the mesylate,

3,4-[(N,N*-1,1'-(3''-(methanesulfonyloxy)methylene)pentan-

15 1*',5''-yl)-bis-(3,3'-indolyl)]-1(H)-pyrrole-2,5-dione 501 mg
(67% yield) of a violet solid. MS.
1y NMR: (DMSO-dg) &8 0.89 (m, 1H); 1.61 (m, 2H); 1.82 (m, 2H);
2.99 (s, 3H); 4.02 (4, 2H); 4.22 (m, 4H); 7.06 (t, 2H); 7.17 (t,

2H); 7.17 (s, 2H); 7.54 (4, 2H); 7.63 (4, 2H); 10.98 (s, 1H).
20
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- 50 - The residue was eluted through a pad of silicawth
Et CAc/ hexanes (gradient elution 25% - 75% Et OAC). Evaporati OTH)

el uting sol vent gave the diol, 2-(2'- hmﬁroxyethoxy) b nzy ~
(478 g, @%éﬁ? &ii VB: MW = 168; observed 5 168, FD, .

To a O[err] ry [err]CI[err] (250 nL) solution of the diol, 2- 77—}
(2' - hydr oxyet hoxy) - benzyl al cohol, (4.38 g, 26 mmpl) was added

tri phenyl phosphine (15.8 g, 60 nnDI) ands N- br onosucci nami de (10.7 g, 60
mol ). After 2 hours at O[err]C, the wlign was 10 conplete by TLC (20%
EtOAc/CH err]Cl[err]) analysis, and t gaction was concentrated in
vacuo. The concentrate was el uted Y 15% Et OAc/ hexane gradi ent)
through a pad of silica gel. f eluting fractions gave
the di brom de, 2-(2'- Br onoet p¥Om de, (6.91 g, 90% vyi el d)
NNR (CHC [err], 75.4 MHz) [err]

as a colorless 15 solid. M5 [ err) |
28.7, 29.1, 68.2, 112.3, 121.6, 12687 1308, 131.1, 156.0. 1H NWVR
(CHG [err], 200 N%E) [err] 3.72 (2H, t, Y=5 Hz), 4.34 (2H, t, J=5 Hz),
4.59 (2Hs), 6.84 (H d, J=7 Hz), 6.95 (Rmst, J=7 Hz), 20 7.25 - 7.38
(2H). Preparati on 25
Example 53
3.4-J(N.,N'-1,1'-(3''-(aminomethvlene)pentan-1'',5'"'-vl)-bis-
5 P -3 1 -1 - role-2,5-dion rochlori 1

In a sealed tube reaction vessel containing a THF (20

mL)} solution of the mesylate 3,4-[(N,N'-1,1'-(3'"'-
(methanesulfonyloxy)methylene)pentan-1¢*,5''-yl)-bis-(3,3"'-
indolyl)]-1(H)-pyrrole-2,5~-dione (250 mg, 0.5 mmol) was added

10 NH4O0H (33% ag, 10 mL), the reaction tube was sealed, and heated
(60°C). After 48 hours, the reaction mixture was cooled and
eluted through a plug of silica gel with ethyl acetate followed
by acetone. The acetone fraction was reduced in vacuo to give a
reddish solid. A portion of this residue is purified using

15 reverse phase gel filtration HPLC (85% MeCN/water, 0.01% TFA).
The pure fractions are pooled and concentrated to a red solid.
The solid is then partitioned between ethyl acetate/0.1N NaOH.
The organic layer was concentrated to give the free base as a
residue. The residue was dissolved in methanol (2 mL) and

20 treated with HCl (2 mL, 1.0 M in ether) for 1 hour. The
reaction was concentrated in vacuo to yield the title compound
28.5 mg (13%) of a magenta solid which is >95% pure by HPLC
analysis. MS.
1y NMR: (DMSO-dg) & 1.17 (m, 1H); 1.5-1.63 (m, 2H); 1.8-1.95

25 (m, 2H); 2.73 (m, 2H); 4.18 (m, 4H); 7.12 (t, 2H); 7.15 (s, 2H);
7.23 (t, 2H); 7.56 (d, 2H); 7.75 (d, 2H); 7.8 (br, 3H); 11.01
(s, 1H).
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l1-(tert-butvldi nmethylsilyloxy)-3-(2-iodoethoxy)-4-(tert-"-

but yl di phenyl ) - but ane 25 The aI |yl ether, THIS §
1-(tert-butyl dimethylsilyloxy)-3- - 6‘:[ HEET Hag BEEN |
(allyl oxyg{ égg‘i’g Qutyl di phenyl ) -but a (21.6 g, 43.4 i REPL}Aag)

di ssol ved™i (500 L) and cool ed to -78 C under nitro

Ozone was bubbl ed |nto the reaction and after 11 mnutes it was Judged
conplete by TLC(9 hexane/ 1l ethyl acetateln. 30 Sodi um borohydride (9.9 g, 6
eq) was added and after 5 m nutes o tliie reaction was allowed to warmto
room tenperature. The met hanol >\! 6 5ved in vacuo. The residue was
suspended in ether (800 ni). wasgWashed with water, and the

aqueous backwashed with ether. T |cs were 35 washed with
brine, dried (Na[err]SOerr]), fiNereg entrated in vacuo to
give an oil. The material was passed tho gh a silica pad with 5%

et hyl acetate/ hexane foll owed by el uti ds t haicl product wi th 25% et hyl
acet at e/ hexane to provide 11.0 g (50% S

CH 3

Example 54 :
3.4- [(NJN' 1,1'-(3''~(N . N-{(dim i n =
5 - ‘-3 1 - -pyr - -dion h i

The title compound was prepared as the hydrochloride
salt by using dimethylamine (40% ag, 5 mL) to displace the
mesylate 3,4-[(N,N'-1,1'-(3"'"'-
{(methanesulfonyloxy)methylene)pentanyl) -bis- (3, 3'—1ndolyl)]—

10 1(H)-pyrrole-2,5-dione (110 mg, 0.2 mmol) and subsequently
transforming to the hydrochloride salt to produce the titled
compound (28 mg, 26% yield). MS.

ly NMR: (DMSO-dg) & 1.17 (m, 1H); 1.5-1.63 (m, 2H); 1.8-1.95

15 (m, 2H); 2.73 (m, 2H); 4.18 (m, 4H); 7.12 (t, 2H); 7.15 (s, 2H);
7.23 (t, 2H); 7.56 (d, 2H); 7.75 (4, 2H); 7.8 (br, 3H); 11.01
(s, 1H).
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yield) of the alcohol, 1-(tert-butyldi methylsilyloxy)
(hydr oxy) et hoxy) - 4- (tert but yl di phenyl) -butane as a IIglL Sy%”EEJVJ"AS BEEN.

MS. NMVR. To an anhydr oust Bt her (200 ) ut i WEPbACEDhe 5
alcohol éb énbutyl di met hyl si | yl oxy) - 3- (2- (hydr oxy) et hoxy) - 4-

(tert- butﬁ‘l Sljr but ane, (11.0 g, 21.9 7 mml) under nitrogen at 5
[err] C was added triethyl am ne (4 6 n1_ 1. 5 eq) and nmet hanesul f onyl

chloride (2.5 m, 1 ) Aft.e reaction was conplete by
TLC (5% et byl acet aRBFGTERIGHORE, HaMeFIag SF PTeRiTen Lades CAAGAPH ¢ h
et her (250amner andh&drtheh whlestrate (e ,cimpoend2XE tdre doivention:
(Na[err]SOerr]), filtered and concentrated in vacuo to give an oil.
The material was passed through a siljca pad eluting with 5% ethyl

acet at e/ hexane fol |l owed by 25% et hyl ayetat e/ hexane to provide 11.6 g
(91%yield) of the nesylate, 1- 15
(tert-butyl di methyl silyl oxy)- 3-§£
(tert-butyl di phenyl)-butane as g
acetone (300 nlL) solution of thex
(tert-butyl di methyl silyloxy)-3-(2-(

T9XY) et hoxy) - 4-
IThis Sheet®iadBeen Replacec

e L
t hanesul f oxy) et hox
20 mmol ) u%yhhlery%l t rogg

[4

(tert-butyl di phenyl)-butane, (11.!¥ /
sodium i odide (44 g, 15 eq) and sodi bi car fonat e (170 ng, 0.1 eq).
The m ture was refluxed for 18 hours % ol | owed by renoval of the
aceto yac The resul ti n resi due was suspended i n et her, washed
wth vvate Q)UL and tfe queous backwashed wi th et her.RThe conbl ned
et her pOfLIUI1b wWeTe
55 3 2 o) =CHCH2NHCH,CgHs
56 3 2 0 =CHCH20CONH (CgHs)
10 57 3 2 0 =CHCH2NHCOCH?3
58 3 2 0 =CHCH2NHSO2CgHs
59 3 2 0 =CHCH2CH20H
60 3 2 6] =CHCH2CH2NH3
61 2 2 o) =CHCH20CONH (CgHs)
15 62 2 2 0 =CHCH2CH20H
63 2 2 o} =CHCH2CH2NH>
64 2 2 CH =CHCH2NHCH3
65 2 2 CH =CHCH2NHSO2CgHs
66 2 2 CH =CHCH2CH20H
20 67 2 2 CH =CHCH2CH2NHCH2CgHSs
68 2 2 CH =CHCH2CH2NH2
69 2 2 CH =CHCH2CH20CONH (CgH5)
70 2 2 CH =CHCH2CH2NHSO2CH3
71 2 2 CH =CHCHQ2CH2N(CH3) 2
25 72 2 2 CH =CHCH2CH2NHCH?3
73 2 2 CH =CHCH20CH2CH2NH2
74 2 2 -OCH2 - =CHCH2NHy
75 2 2 ~OCH2 - =CHCH2NHCH3
76 2 2 -OCH2 - =CHCH2NHCH2CgHs
30 77 2 2 ~-OCH2 - =CHCH20CONH (CgHs)
78 2 2 -0OCHQ2 - =CHCH2NHCOCH3
79 2 2 -OCH2 - =CHCH2NHSO02CsHs
80 2 2 -OCH2 - =CHCH2CH20H



25 washed with 10% sodium sulfite solution, brine (2X), dried
(MgSA err]), filtered and concentrated |?€ vacuo to provide 10.7 g (87%
yi el d) of thetltlelodlde as an oi l h was used w t hout further

purificat Preparation 26
1-(2-(met k‘y?gaﬁ?oﬁ xy) et hoxy) 2- ((rret hyl sul f onyl oxy) et hyl ) - 3-

(tert-butyldi phenylsilyl oxy)- propane To a stirred solution
of dinmethyl ahlyl malogate ( g, 0.2 1ntl&ﬁ (fﬁ ol (0.5 L)
was added SO|%I d sodi umQ 35 borohydrl de (19 gr% .5 nol). Mhe rg‘gﬂétl on was

heated (70 C and net hanol (162 s added dropwi se over a period
of 1 hour. The m xture was stirré€d ht at room tenperature.
Water (20 m_)82vvas addeg to de3stroy t hay cess orohydrél_de The

< |
X
83 2 3 N ~CH-
_N
|
84 2 3 -CH-
NYN
5 85 2 3 CooH -CH-
86 2 3 ~-CH-
@l i
87 2 3 = . -CH-
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- -52 - resulting mxture was filtered through celite.T My

was concentrated (100 nmL), and extracted with ethyl acetafe ET HAS BEEN
4) . The conbi ned extracts were dried owef MySg err] and conBERKACEDed
under r ure to afford relatively clean 5 diol,

2-allyl p&g%a?k]% %%}I ol, (19 g, 83%yi €l d)_yt hat was carried over to
next reaction without any further purification. To a stirred
solution of diol, 2-(2-propen-1- yl )propan-1, 3-diol, (23.2 g, 0.19 nol)
in toluene (1 L) was added ani sat=sghyge=9q27.3 g, O. 20 nol ) and PPTS
acid (4 g, 10 10 nol%. The flg d i F*wi th a Dean Stark trap,
and the reaction m xture wgg ) no hours, the reaction

m xture was cooled to roomtenp 4 i . th ether (1 L),
washed with sat. NaHCJ err] R Fo~nl x 3), and bri ne
(50 nmL). The organic |ayer SO4 and 1 concentrat ed under

reduced pressure to give a reS|due.
short silica gel colum with 10%

evaporation of the eluting sol vent
1, 3- 0-ani syl i dene- 2- ( 2- pr open- 1-yl ) pr opane

resi due mas el uted through a
cetate in hexane and
e ani syl i dene,
w&d0 g, 89% . (Rf = 0.62 (25%

ethyl acetate in hexane)) 20 To a stirred m xture of
ani syl i dene, 1, 3-0- ani syl i dene- 2- ( 2- pr opene- 1-yl ) propane (20.0 g,
85.3 mol)ikx. CHerr]ARJerr] (500 MBNg and pHERAK buffeRie25 nl) at
Oferr] C wasg@dded DDQ #38.7 g, 17Q;7 nmmol). The reactiyon mxture was
stirred V|gorously and allowed to mé}n1up to roomtenperature. After
12 255 hours82the reaction V&3 Hiluted with ether (HL), wasRed with

90 H CH3 Cl H

91 H NO2 H H

92 ' CF3 H ‘H H

93 OH H CH3 H

10 94 N(CH3) 2 H H H

2/
R

[l

15 Example n nl Q
95 3 3 S =
95 3 3 S (=0)2
97 3 3 -—-
20 98 3 3 CH -OH
99 3 3 CH OCONHCgHS5
100 3 3 N H
101 3 3 N CH3
102 3 3 CH NHSO02CgH5
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sat. aq. NaHCJ err]

(200 mL X 2), and 109%aqg. Na[err]8qerr] (200 m. X 3),

dried, and concentrated under reduced pres ggﬁeettgagBeasR HIS SHE-ETIGHAS BEEN
resi due was el uted through a silica gqb PLACED

acet at e/ hexane élO%- 25% et hyl acetate. gr agw\ FEPOFat

the el uti¥g8¥etéefiPRgave the ani zoat? cont ai a coho

3-0- (4- met hoxybenzoat e) - 2- ( 2- pr open- 1-yl ) - pr opan- 1- ol (12 7 g, 61%.

(Rf = 0.14 (25% yl acetate in hexang). NWVR To a stirred
sol ution of alcoﬁhg 3-0-(4-§ k. CH NHCH3

nethoxybenzoate)124k2 propend-1-yl)-pr@pan-1-ol CH (16. S8NBCHBLBY 35
nmmol) in CH err] err] (250,nL) was added trich}.oroally, te (24.80

64 mmol ) ?hgcyclohexa%e (500 m_;:‘!‘d To thlghmxturelll\(/%tlgr:})d‘fl added
trifluoroacetic acid (1 mL.) under a N err] atnosphere. Ailﬁq 12 hours

g, 132.

a white DFECIpIt%B% had forned. The reaction was

-53-
5

10

15

20

25

30

35

107
108
108
110
111
112
113

CH

CH CH2CN

CH CH2NH)

CH CH2NHCOCH3
CH CH2N(CH3) 2
CH CH2NHSO2CgHS
CH CH2NHCH2CgHS
Cc =0

N W W W W W
N W W wWwWw ww

As previously noted, the compounds of the present

invention are potent, protein kinase C inhibitors. The

" compounds are selective for protein kinase C over other kinases.

The ability of the compounds of the present invention

to selectively inhibit protein kinase C was determined in the

Calcium Calmodulin Dependent Protein Kinase Assay, Casein

Protein Kinase II assay, cAMP-Dependent Protein Kinase Catalytic

Subunit assay and the Protein-Tyrosine Kinase assay.

dulin D P in

The Calcium Calmodulin Dependent Protein Kinase Assay
is described in the Journal of Neuroscience, 3:818-831 (1983).
The assay components are in a total volume of 250 puL: 55 mM

HEPES (4-(2-hydroxyethyl)-l-piperazine-ethanesulfonic acid), pH
7.5, 2.75 mM dithiothreitol, 2.2 mM EGTA
(ethylenebis (oxyethylenenitrilo)tetraacetic acid, used in the

"blank buffer), 1.1 mM calcium chloride (Sigma, St. Louis,

Migsouri) (used in the control buffer), 10 mM magnesium chloride

(Sigma, St. Louis, Missouri), 200 pg/mL histone type HL
(Worthington), 10 ML DMSO or DMSO/inhibitor and 30 pM (gamma

32pP) ATP (DuPont).

The reaction is initiated by the addition of

calcium calmodulin dependent protein kinase (isolated from rat

brain homogenate),

incubated at room temperature for 10 minutes

and stopped by adding 0.5 mL ice cold trichloroacetic acid



tiltered. The filterate was diluted with ether (500 niL), washed with
water (100 nL x 3), and brine (100 nlL), dried, and cAdnmRe tSHEET A3 BEEN
reduced pressure to a residue. The reséﬂue was el utled t hipePOACED

ane 5 (

silica gel colum with ethyl acetate/ hek 0% - 25%lethyl—aecetate
gradi ent) . x-3gbs14di eoR, 1-(2-propene-1= ..

oxy) - 2- (2- propen-1-yl) - 3- 0- (4- net hoxybenzoat e) - propane (24 g)

cont ai ni ng sone acetam de was taken to next step w thout any further
purificati ¢amréBEoF BoBBow2d%et Y0 weeifatle mMgymiebavdne serum albuminThe

ester, 1-(2&propeng:l-oxy)-2-(2-propane-1=vl)-3-0- . .

(4- met hoxygéggf’){gt e?t-: pr]g%%%%j l&J(5§(§"b’)pia)vx)as lr(‘ﬁ/es%rﬁfgglljt%tﬁ%ﬁs( gBlr]fffted b%{nd
met hanol ( ¥80uunh) £ahdratioguenusl e ikr Milteers addedumantifiled besul ting
m xt ure maéoghkgh diﬂvgrg:QQtséfﬁﬁfwfgké?hréﬂﬂﬁﬁﬂr. of net hanol and THF
under reduced pressure. e concentrate reaction mxture was diluted
wi th ether Bpgferntpmpenert8ted with 15 ether (100 nL x 3), dried, and
concentrated under reduced pressure to give a residue. The residue was
el uted through a silica gel_colum_ w th 10% et hyl acetate/ hexane and
evapor ati on of the el utingCoBtFedt PY&EETt he alé%MﬁﬂfiM%fer
1-(2-frORFBeoémnxumpﬁsopgs7Egégropﬁnﬁinsymlrprppaﬂ-3-0|)(42$0ug, 30@6forT2
steps). = 0. 0 et hy etate in hexane o]
a stirredwgﬂ[ggrPE$[err] (150 ni) soldﬁﬁ% of al cohol, 1-125 HL

(2- propenehisorug- 2- ( 2- propene- 1-yl ) 1 25@p¢l- 3-ol (4.10 g, 226. gL mol )
was added hRhdazo 40 g, 39.7 mol er a Nerr] __.atnosphere.
After the ngdggokgléggadissolved tereksg but yl chl or odi phenyl si |l ane (8. 24
g, 29.97 nABP) MMnEGFRerr]C[err] (50 mty--- was added ov&P BB mi nutes. :
After stirpingagdrhours, the regglzsoprwas dil uted w ggoepfer (100 ni)
quenched with water

Assay components:

—__/——‘.——’_.‘-_-——
165 pL Buffer : e
e
10 25 UL calmodulin (250 pg/mL) as Been Replac

oot NN

25 UL kinase enzyme

25 UL AT32P.
15 Casein Protein Kinase TI Agsay (CK-TT)

The Casein Protein Kinase II Assay is described in

Neurochem. Res., 13: 829-836 (1988). The assay components are
in a total volume of 250 pL: 20 mM Tris-HCl, pH 7.5, 5 mM
sodium fluoride, 50 mg/mL Casein (Sigma, St. Louis, Missouri),

20 10 mM magnesium chloride (Sigma, St. Louis, Missouri), 10 UL
DMSO or DMSO/inhibitor and 30 pm (gamma- 32P) ATP (DuPont).
Initiation of the reaction is performed by addition of casein
protein kinase II (isolated from rat brain homogenate),
incubated at room temperature for 10 minutes and stopped by the

25 addition of 0.5 mL ice cold Trichloroacetic acid (aAmresco)
followed by 100 ML of 1 mg/mL bovine serum albumin (Sigma, St.
Louis, Missouri). The precipitate is collected by vacuum
filtration on glass fiber filters and quantified by counting in
a beta scintillation counter.

30



(400 nL), and extracted with ether (100 nL x 3). The conmiin or gani c
phase was washed wth brine (100 mL), dried, and 30 condé€m BEH$
Jﬁgv

reduced pressure to give a residue. k& resi due wa eIut
short SI|IC@ gﬁ% colunn wi th ethyl ..-acet at e/ hexane (u,utn
aeetate ? ) evaporation of the elutlng sol vent gave the
silyl ether, 1-(2- pr opene- 1- oxy) - 2-(2-propene-1-yl)-3-(tert- 35

but yl di phenyl si | o} % | d = 0.76
(25% et hyg %/ljg%%grh 5 ﬂ?%eréeé B Gaaition eOzz)ne \T[/agr lrJLbe ed through a

-78 C nethanol (5001ﬁﬁ)uL Bufé@tutlon of di ene,
1- (2- propene- 1- OXy)% 6/'1% §ﬁ9 Wbﬂs@/‘lnhlbltor
utyl di hen Sl

- 54 - (tert 0X ropa 8. 80 nmol
After the disappear aﬁcH:Lo‘P t AE %?a%l?-l?]‘balrﬂféﬁ%es(#{(“b %’ﬁl%yl .
5 40 pL of enzyme (undiluted)

Buffer prepared as follows:
(Final volume = 3.5 mL: amount of 20 assays)

500 uL of each: 200 mM Tris-HCl pH 7.5
10 50 mM sodium fluoride
50 mg/mL Casein
+ 2 mL DI water
Total Volume 3.5 mL

15
P-Dependent P in Ki i i P
The Assay components are in a total volume of 250 uL:
20 mM HEPES (Sigma, St. Louis, Missouri) buffer pH 7.5, 200
ng/mL histone type HL (Werthington), 10 mM magnesium chloride
20 (Sigma, St. Louis, Missouri), 10 pL DMSO or DMSO inhibitor and
30 pM (gamma- 32P) ATP (DuPont). The reaction is initiated by
addition of bovine heart caMP-dependent kinase catalytic subunit
(Sigma, St. Louis, Missouri), incubated to 30°C for 10 minutes
and stopped by adding 0.5 mL ice cold Trichloroacetic acid
25 (Amresco) followed by 100 pL of 1 mg/mL bovine serum albumin
(Sigma). The prec1p1tate is collected by vacuum filtrated on
glass fiber filters employing a TOMTEC™ and quantified by
counting in a beta scintillation counter. This assay is done
identical to the protein kinase C (PKC) enzyme assay except that
30 no phospholipids or diacylglycerol are employed in the assay and
the histone substrate is specific for the cAMP-dependent
catalytic subunit enzyme.

P in T i Kin r
35 The Assay components are the following:
10 ML Raytide
—_—
10 Kinase
WL IThis Sheet Has

AN




acet at e/ hexane), the reaction m xture was purged with N er pt—ard sodium

bor ohydride (2.13 g, 56.30 mol) was added. The reaction 5 THiSs SHERTHAS t BEEN

roomterrperature After 12 hours, the®®action was copcent rRﬂPQpICEDThe
white resid 3 uenched with water, _ and extracted wtTTethytr—acetat
(100 mL x 3% 5¥heFEBDI ned organic phaSe was washed with brine, dried,
and concentrated ©under reduced pressure to give a residue. The residue

was 10 eluted through a short silica colum wth ethyl

acet at e/ hexane (10% &lS@QPeFW&HEE@§t§8e7g5ad|ent) and evapor ation of
the el uting sol vent 1gaye, tahg2b 7- dioI, 1-(2-

hydr oxyet hoxy) - 2- (2- hydroxyet hyl ) -3-(tert-

but yl di phenyi si | yl oispassaNe 165 dggcyibedopyi @nagena sScignce o INC ( 55

et hyl acetaike2 anfAergane) (19dhyR. To a stirred CHerr]dJ[err]
( 400 ) solution of diol, 1-(2-

hydr oxyet hoxy) - 2- (2- hydr oxyet hyl )-3-(tert-
but yl di phenyl si | yl oxsprpariciagdy( 5 th8 gompdundsnof) thadgredéet rinvention

h d 78 1) .. followed
2dd T on OF retRene oaTRE gL ERT BT iR P RIoTSs YR Tty RlaE
CH err] O [sedektivedyniphdber prpeeindkifiagd Grilbetasl aud ehetlaez 1so|zmm|e§

the react i Q(sv"gﬁoggngt sgl@agﬂ E{)eﬁa§58€t£%)iagx¥@sﬂ?q:ﬁ Bkc En

x 3), brine concentrate reduce ressu e to
a rest@ue. The residue was eluted 25 through a short silica gel colunn
w th ethyl acetate/hexane (10% prctenbOffechibydyvacetate gradient) and

evaporation of the elutin g soIvent gave t he bisqfsylat
1-(2- (netﬁ?ps§PF¥W§§oxy?l Pﬁox?? I, IT, gamma, delta, epsilon, eta
2- ((met hylasid fzemyl oxy) et hyl ) - 3- (tert but yl di phenyl si |l yl oxy) - pr opane

(7.40 9, 97% . Renld 5 Yapo2dletilVh 25857 Solilnd®3ENsdo 1Y MR as
15 follows:
Vesicles consisting of 120 Mg/mL phosphatidylserine
(Avanti Polar Lipids) and sufficient diacylglycerol (Avanti
Polar Lipids) to activate the enzyme to maximum activity in 20
mM HEPES buffer (Sigma, St. Louis, Missouri), pH 7.5, 940 uM
20 calcium chloride (Sigma, St. Louis, Missouri) for assaying the
alpha, beta-1, beta-2 and gamma enzyme only, 1 mM EGTA for all
the enzymes, 10 mM magnesium chloride (Sigma, St. Louis,
Missouri) and 30 UM (gamma-32P) ATP (DuPont). For all the
| enzymes either histone type HL (Worthington) or myelin basic
25 protein is used as substrate. The assay is started by addition
of protein kinase C enzyme incubated at 30°C for 10 minutes and
stopped by adding 0.5 mL of cold trichlorocacetic acid (Amresco)
followed by 100 L of 1 mg/mL bovine serum albumin (Sigma, St.
Louis, Missouri). The precipitate is collected by vacuum
30 filtration on glass fiber filters employing a TOMTECT
filtration system and quantified by counting in a beta
scintillation counter.
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Exanple 1
: THIS SHEET HAS B

EEN

REPLACED

\0‘3/
X-8951A FOR - -

Table 1 demonstrates the PKC selectivity of
S —
representative compounds in the above assays.

Sheet Has Been Replace

sable 1 HIIlHIIII\ [l

IC50 (UM)

EX. PRC-0 PKC-B1 PRC-Bf2 pRA CaM  CK-II - src
1 1 0.05 0.04 NA NA >100  NA
2 4 0.4 0.2 >100 >100 >100 >100
3 0.3 0.03 0.02 >100 3 ~>100 >100
4 0.3 0.02 0.008 NA 3 >100 37
4s 1.3 0.048 0.033 >100 2.5 >100 63
ir 0.30  0.005 0.021 >100 0.69 >100 33
5 0.28 0.012 0.005 >100 4.0 >100 21
58 1 0.36 0.0047 0.0059 >100 8 >100 >100
5r 0.4 0.01 0.01 >100 5 >100 63
6 4.2 0.043 0.035 Na NA  NA NA

>5.0 0.15 0.18 NA NA NA NA

2.5 0.037 0.032 NA NA NA NA
9 3.0 0.35 0.16 >100 26 >100 58
11 5 0.3 0.1 >100 20 >100 >100
12 19 0.6 0.5 >100 93 >100  NA
13 _ >5.0 1.9 0.94 NA NA NA NA
15 >5.0 2.9 0.83 NA NA NaA NA
16 >5.0 3.2 2.3 NA NA NA NA
17s 0.24 <0.005 <0.005 0.16 2.2 >100  Na
18s 6.4 0.38 0.30 >100 4.4 >100  >100
18r 3.4 0.083 0.087 >100 8.8  >100 NA
19r 0.48  0.032 0.030 >100 2.2 >100 >100
20r 0.89 0.04 0.03 >100 7.3 >100 74
20s 3 0.1 0.05 >100 6.7 >100 16
21r 68 0.18 0.05 >100 56 >100 >100
21s >5.0 0.17 0.044 NA NA NA NA
23s 1.8 0.30 0.24 NA NA NA NA
24s 3.5 0.49 0.38 NA NA NA NA
25r 94 0.043 0.12 >100 22 >100  NA
27 2.2 0.049 0.026 NA NA NA NA

28 1 0.07 0.08 NA 2 >100 >100



3,4-[(N,N -1, 1' - et hoxyet hyl ) - bi s- (3, 3' - i mdotyTyT-IFF pyrrol e: 2.5-_5

di one. Sodi um hydri de (60 H?ﬁégﬂéet%ﬁ@é@émced’ﬁl@ SREET HRS

113 ng, 2.82 nmol) was added in porti o'rm@ R\E?E}\Lkgq{ on
of 3, 4-bi %%gskl%dgh}ﬁl)furan 2, 5-di.one 337 I —~R
dry DWMF under e mxture was stirred 1. dthen di luted

with 5 nL of DW. Bis 2,2'-dibrono-ethyl _ ether (0.14 m., 1.13 nmol)
was added dropwi se to the green solution. The reaction m xture was
stirred for 30 Anutes at >10025[ePrJC and Qtfen hé¥red alNAS0[err NA NA

overni ght. The ggol ed m xtiygpwas 1 poured int O>fb ut e>f@1ueous>§btr| G100
acid (75 nL) ang extracted 15 wth Et CAc éz x 40 The conbi ned

organi c extractslwere Qashed W 14% wat eP- 03 x :235;) 1) Oadd bri mdQ®0 miLpo
and dried over 31r anhydrous24/MSChepnd. Th)e(}mj venja was [\mm)vedI snder Na
reduced pressure. The residue passe s{:ﬁﬁea short co

silica gel (50 rcent Et O@Cﬁ'hexa ; 3) 'g}r? ct e@' o 20 >Lﬂ)2)d| al 72
preparative-|ay&3 chromat ofr.dphy ((I:Hri)mat oOer) elNKing 0.6 with19® per gant

Et OAc- hexanes tgjafford 82 (20 percent)
2, 3-[(N,N -1, l'gethoxyethyl “hi 6 (] SN 4 91)] M furant2, 5. >10%; 03409

a bur gundy sol i d5M Pt. > 820[err] 8. NA A s8Rution 00 >100
2,3-[(N,N -1, 1'3@t hoxyet hyd)4§)| S- ()30§5- 2% dl’ld°|9/1 d - 1H furan- é%—odl ong4
(58 ng, 0.15 mml) |nDI\/F8 er Nerr] was treated wth a

m xture of 1,1,3873,3,3,- 7 hexa@r&%yl dlgr%lzanél ®.33 I, 1.2490hol p18Ad

CH err] OH (23 ngs8 0 73 4ol ) oppem xeq 40 mIngeEs) . g\fter si1igo i nglbgr
16 hours at roomtenp ture, .the mxture was ure i.nto

m.) and 30 ext cht ed with OAc (§ 2 5 rrL) -3 The 28 Opr ga\%i@%ex ?2993
were washed sevdfal tines 0i.th wat®ergs dri egl. (QNQSQ]EUO]) asnd >100 4.4

40s 0.4 0.03 0.02 >100 41 5100  NA
40r 0.30  0.01 0.01 >100 8.0 >100. 71
a1 0.3 0.03 0.03 NA 3 >100 91
42 >100 0.5 0.6 >100 >100 >100  >100
43 0.4 0.04 0.03 NA 0.6 >100  >100
44 >100 2 2 NA NA NA NA
45 3 0.1 0.1 >100 39 >100 >125
46 3 0.04 0.04 >100 63 >100  >100
47 2 0.07 0.06 >100 70 >100 >125
48 >100 0.5 0.3  >100 >100 >100  >100
49 - 10 0.6 0.4 >100 >100 >100 >100
51 ' 49 0.5 0.5 NA NA . " NA NA
54 0.16 0.005 0.004 NA NA NA NA
55 >5.0  0.41 0.38 NA NA NA NA

NA - data are not available

The compounds of the invention inhibit protein kinase
C with an IC50 value of below 100 um. In addition, the
5 compounds of the invention selectively inhibit the beta-1 and
beta-2 protein kinase C isozymes and have an ICs5g value with
respect to these isozymes of below 10 pm.

As an inhibitor of protein kinase C, the compounds are
useful in the treatment of conditions in which protein kinase C
10 has demonstrated a role in the pathology. Conditions recognized



concentrated. The residue was purified by'T?Kﬂ?ﬂ*TﬁﬁfﬁEﬁ?iﬂ;ﬁ; —
eluting with 3 percent CHerr]OH in CHCIa&%t?il Sﬁ&tﬂﬁé'ﬂéeﬁzl_f&pbc?%lgl,wﬁiHAS BEEN
Jhie _

- 56 - - ethoxyethyl)-bis-(3,3"-i ndggl’) ] -y > - di onBEPKACED ny,
72 percent) as a violet solid, M Pt. > 320[‘\%“‘
Cal cul at e¥-88P1E[BOR] H err] N err] ( err]:2397. T¥2%. Found:

397.1438. 5 [err]

in the art include: diabetes mellitus and its complications,
ischemia, inflammation, central nervous system disorders,
cardiovascular disease, Alzheimer's disease, dermatological
disease and cancer.

5 Protein kinase C inhibitors have been shown to block
inflammatory responses such as neutrophil oxidative burst, CD3
down-regulation in T-lymphocytes, and phorbol-induced paw edema.
Twoemy, B. et al. Biochem. Biophvs., Res. Commun. 171: 1087-1092
(1990); Mulqueen, M.J. et al. Agents Actiong 37: 85-89 (1992).

10 Accordingly, as inhibitors of PKC, the present compounds are
useful in treating inflammation.

Protein kinase C activity plays a central role in the
functioning of the central nervous system. Huang, K.P. Trxends
Neurosci. 12: 425-432 (1989). 1In addition, protein kinase C

15 inhibitors have been shown to prevent the damage seen in focal
and central ischemic brain injury and brain edema. Hara, H. et
al. J. Cereb. Blood Flow Metab. 10: 646-653 (1990); Shibata, S.
et al. Brain Resg, 594: 290-294 (1992). Recently, protein kinase
C has been determined to be implicated in Alzheimer's disease.

20 Shimohama, S. et al., Neuroclogvy 43: 1407-1413 (1993).
Accordingly, the compounds of the present invention are useful
in treating Alzheimer's disease and ischemic brain injury.

Protein kinase C activity has long been associated
with cell growth, tumor promotion and cancer. Rotenberg, S.A.

25 and Weinstein, I.B. Biochem. Mol. Aspects Sel, Cancer 1l: 25-73
(1991). Ahmad et al., Molecular Pharmacologv: 43 858-862

(1993). It is known that inhibitors of protein kinase C
inhibitors are effective in preventing tumor growth in animals.
Meyer, T. et al. Int. J. Cancer 43: 851-856 (1989); Akinagaka,
30 S. et al. Cancer Res., 51: 4888-4892 (1991). The compounds of
the present invention also act as multidrug reversal (MDR)
agents making them effective compounds when administered in
conjunction with other chemotherapeutic agents.
Protein kinase C activity also plays an important role
35 in cardiovascular disease. Increased protein kinase C activity
in the vasculature has been shown to cause increased
vasoconstriction and hypertension. A known protein kinase C
inhibitor prevented this increase. Bilder, G.E. et al. J,
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e 2
3,4-[(N,N-1,1' 3" -3 (0): 4. &
bi sEg i ndol §/|§]( 1(I—I)pr85(r))r<gl)e-2,55qi)tgﬁ3 bR kbR pme){
(25 nmL) solution of bis-(3,3" - i ndol yl ‘“mul“ﬁ“\lg\ahyr
(4.35 g, X2885dAoFPR cont ai ni ng cesrun1c

added dropwi se over 15 mnutes a DMF (20 nlL) sol ution of 1'(teri: 15
butyl di net yIS|Ionx -3 3 |od 4-(tert-

SRR D o Da ARRE (955 o526 W omb IS e Boqameg Prgtedn 3
h?ur ts TLﬁélS;&g,é et h'!ﬁhlbiﬁ?@*s e&éﬂéﬁ@@ﬁl at%é\gilﬂ@:%ﬁtm{\%mmh@ ﬁléti’fttrophlﬂ.he
starting iodide reacti on was uted w acetate
2nd vasheRHIEE Lt BRESEne. BUAEBLR KHRe ol e b ibns, ans) Aheth Gseipl 1o
acet ate (2@@anihg aaddibeasoubaneilschigaia Cand 1m1a;mmg\ma&dilacﬁcfummtlon
concentra c te ur t
eIutln% mﬁ?ﬁlf§gﬁ?ogggag % MQﬁiacet%’te exangﬁ%é#gﬁgng eg%ngb&
nonoalkyldﬂéﬁoﬁroﬁgﬁkav[EN-et al. Kokvu-To Junkan 37: 669 674 (1989).

1- (3- prop@p 3oPe- bt EBtEHhYkﬂh9§8”d|§ﬁ|?ié%§1éttfﬂﬂctfgh has also been
but yl di net hyl sil yl oxy)-buta %E 3'-ind

1( Met rr
2, 5- dlonel§v§§t6966§@>9ﬁéla§ r%He%@WG N%FOtelnrpagaéglc 'ﬁY%%%ﬂQﬂ%&ﬁol
(100 M) sertelatedl with aheveased rébkyhsé iy dyerimis (3 Bebgr 113,74

£99%4ng u,' 3. UBEERELEQN S . AP5GLHL0 1P 9721x/‘)c19L¥31)er 20y TLC
W

(SW%e

been implicated in the biochemical pathway in the platelet-
activity factor modulation of microvascular permeability.
Kobayashi et al., Amer, Phvsg. Soc. H1214-H1220 (1994). Potent
protein kinase C inhibitors have been demonstrated to affect
15 agonist-induced aggregation in platelets. Toullec, D. et al. J.
Biol. Chem. 266: 15771-15781 (1991). Protein kinase C
inhibitors also block agonist-induced smooth muscle cell
proliferation. Matsumoto, H. and Sasaki, Y. Biochem. Biophvs.
Res. Commun, 158: 105-109 (1989). Therefore, the present
20 compounds are useful in treating cardiovascular disease,
atherosclerosis and restenosis.
Abnormal activity of protein kinase C has also been
linked to dermatological disorders such as psoriasis. Horn, F.

et al. J. Invest. Dermatol., 88: 220-222 (1987); Raynaud, F. and

25 Evain-Brion, D. Br. J. Dermatol. 124: 542-546 (1991). Psoriasis
' is characterized by abnormal proliferation of keratinocytes.
Known protein kinase C inhibitors have been shown to inhibit
keratinocyte proliferation in a manner that parallels their
potency as PKC inhibitors. Hegemann, L. et al. Arch, Dermatol.
30 Res. 283: 456-460 (1991); Bollag, W.B. et al. J. Invest.
Dermatol. 100: 240-246 (1993). Accordingly, the compounds as
inhibitors of PKC are useful in treating psoriasis.
Protein kinase C has been linked to several different
aspects of diabetes. Excessive activity of protein kinase C has
35 Dbeen linked to insulin signaling defects and therefore to the
insulin resistance seen in Type II diabetes. Karasik, A. et al.
J. Biol, Chem., 265: 10226-10231 (1990); Chen, K.S. et al. Trans.
Assoc, Am, Physicians 104: 206-212 (1991); Chin, J.E. et al. J.



30 acet at e/ hexane) indicated consunption of the starting
reaction was concentrated to half the volunme, diluted wt
acetate (300 nL), washed with 1IN NaOH, lbrine, dried, and L LACED 3
-+ 57 - . concentrated. The concentrate was purified by el uting Throtgh-a’
pad of siki_@aswht poR0% et hyl acet at eLhexane to give the desired al cohol
3-[ (N-1-(3-propoxy-30-4-tert-butyl di phenyl silyl oxy- -
butan-1-ol]-4-(3 -indolyl)-lI(Methyl)-pyrrole-2,5-dione 1.76 g 5 (65%

yi el d) aspionedchemm 268: 6338-6347 (199%) 2 Oferdddi iimerstydids dave200
m.) of the above al cqho

| . . . . . R .
3-T(N1-( ?BPBE&}%?%@- 2-rarkeduipreeptRni? LTGE Jnase £ soeivity in
4- (3' -i ndeligshes( knbwnl fopper shecdpbillones (dialfetgic 2ohpimlakions waenadded

LU el bty e e . 8T (2t

1.5 eq%. reac room
4&&...83. 90-94 (1989), Lee, T.-S. et al. Proc., Natl, Acad,

Sci. USA 86: 5141-5145 (1989); Craven, P.A. and DeRubertis, F.R.

ERVWAS BEEN

1i 83: 1667-1675 (1989); Wolf, B.A. et al. J.
Clin, Invest, 87: 31-38 (1991); Tesfamariam, B. et al. J. Clin.
Invest. 87: 1643-1648 (1991).
10 The compounds of the invention are also isozyme-

selective. The compounds preferentially inhibit protein kinase
C beta-1 and beta-2 isozyme over the protein kinase C isozymes,
i.e., alpha, gamma, delta, epsilon, zeta, and eta. In general,
the compounds demonstrate a minimum of a ten fold differential

15 in the dosage required to inhibit PKC beta-1 or beta-2 isozyme
and the dosage required for equal inhibition of the alpha
protein kinase C isozyme as measured in the PKC assay.
Accordingly, compounds of the present invention inhibit beta-1
and beta-2 isozymes of protein kinase C at much lower

20 concentrations with minimal inhibition of the other PKC
isozymes. This isozyme selectivity is demonstrated in Table 2
for a representative compound.

Table 2 ‘“I

heet Has Been Replac

1

25 Isozymes ED50 (uM)
Compound (Ex) o p1 B2 Y 3 € ¢ n
5 .28 0.019 0.005 .23 .31 1.0 38 0.035

Because of this selectivity, the compounds are
particularly useful in treating those disease states in which
protein kinase C isozyme beta-1 or beta-2 are associated. For

30 example, the elevated blood glucose levels found in diabetes
leads to an isozyme-specific elevation of the beta-2 isozyme in
vascular tissues. Inoguchi et al., Pxr 1, A i
89: 11059-11065 (1992). A diabetes-1linked elevation of the beta
isozyme in human platelets has been correlated with their

35 altered response to agonists. Bastyr III, E.J. and Lu, J.
Diabetes 42: (Suppl 1) 97A (1993). The human vitamin D



tenperature and was conplete after 1 houE) Té}‘%e{ HedeRRepEde di I uted
wth ether (200 nm.), washed with water r| I anL trateds .
S Nl t.rg#m*» (SEELAS BEEN

The concentrate was passed through a pa# HI
efhyl ace%gggéfgx&slﬁ to give the 15_ rresyl was uBEBLACED

I medi at ef'y To an acetone (250.nL) solution of The above
nesyl at e was added sodiumiodide (3.6 g, 10 eq) and NaHCJ err] (20 ng).

After sti £Ebgg§érn Z%?ﬁaéﬁc?ﬁg FES 'ﬁle%tt! |de1§zxg>hb%§h6}9@ated b§0% et hy!

acet at e/ hexan onal anount o sodiumio

added, anBreheinckinase Geoketrat cthis HpsRhqrvdatigny EPS beg‘—& H&ﬂi‘?ﬁa{ﬂﬂe
starting %E@Eh@ioﬂ@slﬁoﬂﬁénﬁ%éﬂl&u&ﬁ%ﬁtﬂnﬁ receptoet.at gisiekare) alThe

reaction was cogcegt rgt eg FC_II | uted washed
with wate \%1 1y aﬂconc?ra?tls g%.%i?lhgt) aly

cpnﬁerﬁgagg paslpuchéined269: 25511&515532@2_56 tﬁlrﬁﬂigh eIrp@ddGiClsvinI,l sgcgat wptki ng
\ém E(N—S g/%gt Y Lhown BRSEALEL hﬁé@geztfs&'%?e the Aesidid hdigde as an ol |
pr opoxy- Béﬁythrbéenkbmngldebhepy¢k1fg¢an@0mﬂﬂnuhﬂbﬂﬁaﬁérhﬁ—GSUZYme is

i ndol yl) - 3(omt by Hyﬁé Rafyds %ﬁyhﬁlQbe§¥5same cells.
e e L S0d b ks Thoahi o470

i ndoly4) - 1(met hyl ) - pfd ofipéunad 9@6F62m918 IZaﬂer@@éﬁemgadﬂﬁdnulated
slowy by syringe punp over 80 hourstoaDIVF slur

cesi um caPBaR&t O(SdTQnQStgaﬁlﬂﬂnl? e?@#?ﬁeQBXﬁﬁuﬁyq BRCCfon of
t he addit ipe, p¥b§eﬁ50&/meéhylloﬁce§a&egsm@eua&al rﬁbmﬂfatmnmgmmnqr
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aqueous portion was extracted with
et hyl acebatceptable( 880rik)s., Tﬁeluenbsn@d exgipientswyers were concentrated
and tf? The present pharmaceutical formulations are prepared

by known procedures using well known and readily available

ingredients. In making the compositions of the present
invention, the active ingredient will usually be mixed with a
carrier, or diluted by a carrier, or enclosed within a carrier

20 which may be in the form of a capsule, sachet, paper or other
container. When the carrier serves as a diluent, it may be a
solid, semisolid or liquid material which acts as a vehicle,
excipient or medium for the active ingredient. Thus, the
compositions can be in the form of tablets, pills} powders,

25 lozenges, sachets, cachets, elixirs, suspensions, emulsions,
solutions, syrups, aerosol (as a solid or in a liquid medium),
soft and hard gelatin capsules, suppositories, sterile
injectable solutions and sterile packaged powders.

Some examples of suitable carriers, excipients, and

30 diluents include lactose, dextrose, sucrose, sorbitol, mannitol,

_ starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water syrup, methyl cellulose,
methyl and propylhydroxybenzoates, talc, magnesium stearate and

.35 mineral oil. The formulations can additionally include
lubricating agents, wetting agents, emulsifying and suspending
agents, preserving agents, sweetening agents or flavoring
agents. The compositions of the invention may be formulated so



- 58 - concentrate was purified by passagethrough a pad_silica

el uting wth (50% et hyl acet at e/ hex . sileh WepRbad
gave the desired macrocycle 3,4-[(N,N1?%?§TWS' Fﬁé{ AL -

| R -
3T (O-4""" (hydrox butane)-bis-(3,3'_—indol%_ M“‘?H NMS
pyrrol e-Z,%&ﬂ%T?eFi}%S g (97%yield).” M5 Al ®an et hanol

m.) solution of the above N-nethyl mal ei ni de, .
3,4-[(NNN-1,1'")-((3'.) -prap xy)-3"2§0§- .
4 (hydr&}&/)tt&htpgg? 9 @1(1§?<3 SPREBLYRS) oF (Al aYed - F51eRfe-of sthe activg,e
(1.7 g, 2.¢hgredientasafaddeddminietrébfonlio BhéepatPedd. Tioercompdeitions
reaction heat .5 r hours. ._The e | on 0 dto
room terrp\ég?rz% &%t%%(?%&é’nt%r()%“fgg?tgfil uted unlgv\ﬁi?ﬁa%% hgﬁg abe?%@g,&%%)ge%vas hed
W t h wat erconfedndmgafirompladost 1 to about 500 mg, more usually about 5 to
5 about 300 mg, of the active ingredient. However, it will be

understood that the therapeutic dosage administered will be
determined by the physician in the light of the .relevant
circumstances including the condition to be treated, the choice
of compound to be administered and the chosen route of

10 administration, and therefore the above dosage ranges are not
intended to limit the scope of the invention in any way. The
term “unit dosage form” refers to physically discrete units
suitable as unitary dosages for human subjects and other
mammals, each unit containing a predetermiﬁed quantity of active

15 material calculated to produce the desired therapeutic effect,
in association with a suitable pharmaceutical carrier.

In addition to the above formulations, the compounds
of the present invention may be administered topically. Topical
formulations are ointments, creams, and gels.

20 Ointments generally are prepared using either (1) an
oleaginous base, i.e., one consisting of fixed oils or
hydrocarbons, such as white petrolatum or mineral oil, or (2) an
absorbent base, i.e., one consisting of an anhydrous substance
or substances which can absorb water, for example anhydrous

25 lanolin. Customarily, following formation of the base, whether
oleaginous or absorbent, the active ingredient (compound) is
added to an amount affording the desired concentration.

Creams are oil/water emulsions. They consist of an
oil phase (internal phase), comprising typically fixed oils,

30 hydrocarbons, and the like, such as waxes, petrolatum, mineral
oil, and the like, and an aqueous phase (continuous phase),
compriging water and any water-soluble substances, such as added
salts. The two phases are stabilized by use of an emulsifying
agent, for example, a surface active agent, such as sodium

35 lauryl sulfate; hydrophilic colloids, such as acacia colloidal
clays, veegum, and the like. Upon formation of the emulsion,
the active ingredient (compound) customarily is added to an
amount to achieve the desired concentration.



was dried and concentrated to give the desired anhydride 2, 3-
[(NNN-21,1"-(3"-propoxy-3""'"'(0O-4"""-hydroxybutane)-bis- (3,
i ndolyl)]-furan-1,4-dione 1.37 ¢ (8396yﬂ8|d) as a red solid.
To a DMF (100 nL) solution of the above anhydride 2, 3- :
[(N,N -1, -893R Horopoxy)-3'"'"'-(O -4 "'"-(hydroxy)-butane)-bis-
(3,3 -indolyl)]-furan-1,4-dione (1.37 g, 3 nmol) was added
1,1,1,3,3,3-hexanet hyl di sil azane (12.6 nL, 20 eq) and nmethanol 20 (1.21
m., 10 eq). After XZelmwaenpnise st hasengedwcedioal firand an oleaginewspl etel y
consunmed (YHde 0 h e / a each | syt ed
with ethyl acétggg%ﬁ&agﬁé%5W%?quggﬁcﬁﬁépegggagt%??éﬁr?%%?ﬂ%na 12
concent r ata¥ledrife gedddast pgeatwbishi fprnsi o matrixNimFherbagen cesi um
fluoride timdreERieg a%isdualscOMB LY, OURxakBledNEF I §EL1iNG dPenth lared with

et hyl gcﬁéﬁt washed mntq mq;er, dried, _and_ concentra eqlto, I ve the
desire xﬁigg*arq@y&_ce lulose, acrylic acid polymers, and the like.

[(N, N -1, Bystorir'ilpr,ombey acB'ive( @hgfediehby deonydlimdanels bidded to the

3,3 -ind ~1(H).- | e-2. 5-di 1.0 75% yi el d) . red

Soi tal. | o Togitatidy BE R afe el BankedErde LARVAY' £ 0di 50 Sropegind™, )

3.28 (br, additign of Ahemgelingdagénem 4H), 4.5 (t, J=6 Hz, 1H), 7.0-7.9
10H), 11.0 - NMR: Lnqd6- - ,

e, 9, 30.3 &Y 9, ,341.(% %‘S‘Quéft &éco&%‘ég‘ﬂ'&ﬁ%@r@%&@lﬁg%@ ‘i‘,’p%gif 0,

104. 11011 Faymulegion iggnet criticed;7theoconcentuagionssipuldmmly i a6,

127.9, 13lkdngel FufFicient ¥3lpérmi8Sr8adid3apfiidafidn dPleHe fidrmAation

to the an affected tissue area in an amount which will deliver

THIS'SHEET T
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the desired amount of compound.
The customary amount of a topical formulation to be
15 applied to an affected tissue will depend upon an affected
tissue size and concentration of compound in the formulation.
Generally, the formulation will be applied to the effected
tissue in an amount affording from about 1 to about 500 pg
compound per cm2 of an affected tissue. Preferably, the applied
20 amount of compound will range from about 30 to about 300 ug/cmz,
more preferably, from about 50 to about 200 ug/cmz, and, most
preferably, from about 60 to about 100 ug/cmz.

The following formulation examples are illustrative
only and are not intended to limit the scope of the invention in
25 any way.
Formulation 1
Hard gelatin capsules are prepared using the
following ingredients:

‘IThis Sheet Has Been Replacec Quantity
. (mg/capsule)
SO ||| 1] ——ey
starch, dried 200
magnesium stearate : 10
Total 460 mg

30
The above ingredients are mixed and filled into hard
gelatin capsules in 460 mg quantities.
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A tablet is prepared using the ingredients below:

Quantity
(mg/capsule)
Active agent 250
cellulose, microcrystalline 400
silicon dioxide, fumed 10
stearic acid 5
' Total 665 mg
5 .
The components are blended and compressed to form tablets each
weighing 665 mg.
Formulation 3
10 An aerosol solution is prepared containing the
following components:
Quantity
(mg/capsule)

Active agent 0.25
ethanol 29.75
Propellant 22 '

(chlorodifluoromethane) : 70.00

Total | : 100.00

The active compound is mixed with ethanol. The
15 mixture is added to a portion of the Propellant 22, cooled to
-30°C and transferred to a filling device. The required amount
is then fed to a stainless steel container and diluted with the
remainder of the propellant. The valve units are then fitted to
the container.
20
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5: 3,4-[(NNN-1,1'-((2""-ethoxy)-3"""(0O-4"""-(hydroxy) - ps-ane)-

bis-(3,3" -indolyl)]-1(H -pyrrol e-2, 5-dione : THHI& SHEET HAS BEEN
di met hyl f or manmi de (250 ni) solution ofit¥l s-(3,3'- REPLACED

i ndol yl)-1-(nmethyl)-pyrrole-2,5-dione (17.9 g, 52.5 mmol, 3 ey Lo

ni trogen Wag9%aidldeBOResi um carbonate ¢68.4 g, 4 eq). To 10 the resulting
suspensi on was added the iodide, 1-(tert-

butyl di met hyl si | yl oxy)-3-(2-i odoet hoxy)-4-(tert-

but yl di phenyl si | yl oxy) - but ane, (10Eergulatiengdol). The reaction
stirred for 18 hour g,8h kBORLERMBERERIASNG 66 #9%t actiidfilalaihexane)

showed di sappearance_of the 1odide. The 1 reaction was poured into ethyl

acetate (1288 A€) Lah4oWwkshed with 1IN HO (400 i) followed by backwash
with ethyl acetate (2X). The conbi ned ethyl acetate portions were
washed with saturated sodi um bi car bonat e sol uti og, bri nbg (2X), dried
(MgSA err]), filtered and concentrated down in v 1t #et hyl f or mat e

was renoved by 20 azeotroping with xylene. The ré¢mgAcagsaddk)yum was
slurried Ln, . i chloronet hane and acetonitrile to giy, solid
suspensi o??.CtH’e gggﬁ/lés concentrated down, nore dichlor OG?Y)Et ane added,

cool ed angtarchfiltered to give a red solid. Sone of tHé& agsired product

was rerglﬁﬁg.g;:g.gﬁféé?%ﬁgi éefﬁ'%;?sgy another trituratigg 'rd& 25

di chl or onet hane nine acetate. The filtrates Were
concent r aPRAYVANYABYBrah#deRe resul ting residue absorbed on silica and
applied to a liasoeosl ashueobaMn Jawedky! ated by- pLofgct was renoved
by elution with 5 hexane/l eihél acet ate fol |l oned bg el ution of the
product wePRIYMhEREReFMEtRYL StdtRe 30 to provide 8425g"57% of the
monoal kyl abgdepiofusteadatéN- 1- ( 2- 0.5 mg
et hoxy-(3'té'l-c(0)-4' "'-(tert-butyl di phenylsilyloxy)-1"" 'i(ﬁfrt'

Total 150 mg

The active ingredient, starch and cellulose are passed
through a No. 45 mesh U.S. sieve and mixed thoroughly. The
solutioh of polyvinylpyrrolidone is mixed with the resultant
powders which are then passed through a No. 14 mesh U.S. sieve.

10 The granules so produced are dried at 50°C and passed through a
No. 18 mesh U.S. sieve. The sodium carboxymethyl starch,
magnesium stearate and talc, previously passed through a No. 60
mesh U.S. sieve, are then added to the granules which, after
mixing, are compressed on a tablet machine to yield tablets each

15 weighing 150 mg. '

-_—
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60 but yl di met hyl si |l yl oxy) -butane))-indol-3-yl] -4-[rdele3-yl] -
IN(net hyl ) -pyrrol e-2,5-di one. MsS. NWR To a| FHHSHBET H‘ASOBEEN
m.) solution of the tert- butyldl yl silyl ether, REPL

3 (N-1- (2- et hoxy -& 3 -4 - ”?ﬁ* ACED
(tert-but ¥-8°pR&NYF Bllyloxy) 1 - (tert buryldlnethyI5|Ionxy)

butane))-indol -3-yl]-4-[indol -3-yl]-1N(nethyl)-pyrrol e-2, 5-di one (8.2
g, 9.9 mol) under nitrogen at 5 [err!C was adged p- t ol uenesul foni c
aci d, nonohydrate (0.16 g, .085 eq)~ hours, TLC (50% et hyl
acet at e/ hexane) showegshiles’ eaehi eBntaihend080negrbf meditaient alle made

reaction wasfgg nched with solid sodi um bi carbonate (0.14 g). The
met hanol Y83 in vacuo. The resulting residue was dissolved in
et hyl acetate, washed with 0. 1IN sodi um hydr oxi de, brine (2X), dried
(MySJerr]), filtered and concentrated in vacuo tdﬁﬂﬁf?t@ red foam
This material was
(mg/capsule)
Active agent 80 mg
starch : 59 mg
microcrystalline cellulose 59 mg
magnesium stearate 2 mg.
Total 200 mg
5
The active ingredient, cellulose, starch and magnesium
stearate are blended, passed through a No. 45 mesh U.S. sieve,
and filled into hard gelatin capsules in 200 mg quantities.
10 F lati
Suppositories each containing 225 mg of active
ingredient may be made as follows:
Quantity
(mg/capsule)
Active agent 225 mg
saturated fatty acid glycerides 2,000 mg
Total 2,225 mg
15 _ The active ingredient is passed through a No. 60 mesh
U.S. sieve and suspended in the saturated fatty acid glycerides
previously melted using the minimum heat necessary. The mixture
is then poured into a suppository mold of nominal 2 g capacity
and allowed to cool.
20
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15 absorbed on silica and placed on a silica pad. Elution
hexane/ 1 ethyl acetate renoved residual ,starting materi al

elution with 1 hexane/l ethyl acetate ﬁﬁﬁ 1 hexane/ 2 et
provide 6, 4 9%%%@% of the alcohol, 3- [ (N-1s(2-
et hoxy- (3 Xr8 -(tert- butyld|phenyIsTIonxy)-l'"- 20

(hydroxy) - but ane)) -i ndol -3-yl]-4-[indol -3-yl]-1N(nethyl) -

pyrrol e-2,5-di one. MS. NWR an anhydrous ether (500 ni)
solution of the al cohol , 3-[(§P§Q¥%§E%§gxy (3'""-(0-4""-(tert-
butyldiphenylsiIyIosuhpéhsioﬁbydaohy¢ontaﬁnmm§)50|mgkdf:quﬂcamenESper 5

[1ndol -3-yl] 1N y y di one (6.36 g 8.9 mmuol) under
nitrogen a % gﬂ%%%: dga de #%é%hylanlne (1.9 n, 1.5 eq) and
nethanesulfonyl chloride (1.0 nL, 1.5 eq). After 3 hours, addi ti onal

triethylamne (1.25 nL, 1.0 eq) and net hanesul f onyl Quanggh ide (0.7 ni,
1.0 eq) were added. After 1 hour, the 30 reaction was shown to be conplete

by TLC (50% et hyl acetate/hexane). The reactléﬂgwhﬁaEFPﬂf%H with ether
(250 ni), Actlvemaggﬁg with water, O 1N HC and brine (2X) mgThe ether was
dried C¥ %&¥%fl|t red d concentrated in ¥QFUO to prOV|de 7.0
g of %# REAY f%{ @3- (0-4"""-

butyldipheyyhﬁllyloxy) 1''' - (et hanesul f onyl oxy) - butaneﬁﬁinmdol
3-y|]-4-['ng .} 21N I) pyrrol e-2, 5-di one. . To
an aceto'n%e Sbgn% lgofégeén Bt the nesylate 3- N%'EPpr- (2-et hoxy-
(3"'-(C»anVbr(tert but yl di phenyl si |l yl oxy) - q.v.

color . q.v.

purified water to total 5 mL

The medicament is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose and
syrup to form a smooth paste. The benzoic acid solution, flavor
and color are diluted with some of the water and added, with

10 stirring. Sufficient water is then added to produce the required
volume.

Formulation 8
An intravenous formulation may be prepared as
15 follows:

Quantity
(mg/capsule)
Active agent 250 mg
isotonic saline 1000 mg

The solution of the above ingredients is administered
intravenously at a rate of 1 mL per minute to a subject in need
20 of treatment.
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o6l - 1' ' - (et hanesul f onyl oxy) - but Be) ) - i ndol - 3-yI ] - 4
IN(rmet hyl ) - pyrgodea2-5{8p6Ngnd(@3)0 9, & 9 mml) under nitrogs
added sodium iodide (13.3 g, 10 eq) and sodi um bi car bonat e
€f). The m xture was stirred at 50[err]C for 13 hours. 5 The
concentrated in vacuo, and the residuecyasms di ssol ved in ether
washed with 10% sodi um sul fite sol uti he | ayers were separated, and

i on.
the ether portion washed mﬁtﬁoTEQFné OEOEPEWPlalfIte SQLMLLQQ_QMﬂézﬁmﬁF__
brine(2X), dried, and concentrated in vacuo. The residue was p _
through a silica 10 pad by eluting wtiRzl hexane/l ethiu 1
hexane/ 2 ethyl acetate to provide 7. l6 g of the iodi ,’mﬁgﬂlmlmﬂ I”"’ _
| L L - :
as a

7and

ethoxy-(3"''-(0O-4"""-(tert-butyl dpghe lpxy) -1" " - (i oflo)®

but ane))-indol -3-yl]-4-[indol -3-yl]- )-pyrrol e-2,5-di one

red solid (quantitative yie
a di met hyl formam de (J(R9)
under nitrogen was added tffe io

wherein:

"W is -0-, -S-, -80-, -S02-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryl-,
-aryl (CH2)mO-, -heterocycle-, -heterocycle-(CH2);,O-, -fused
bicyclic-, -fused bicyclic-(CH2)mO-, -NR3-, -NOR3-, -CONH-,
or -NHCO-;

X and Y are independently C1-C4 alkylene,
substituted alkylene, or together X, Y, and W combine to
form -(CH2)n-AA-;

R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4R5, or
-NHCO (C1-C4 alkyl);

R2 is hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hydrogen, (CH2)maryl, C1-C4 alkyl,
-COO(C1-C4 alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkvyl),
-S02 (NR4R5), or -S02(C1-C4 alkyl);

R4 and R5 are independently hydrogen, C1-C4
alkyl, phenyl, benzyl, or combine to the nitrogen to which
they are bonded to form a saturated or unsaturated 5 or 6
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$4%
[(N-1-(2-ethoxy-(3""'-(O-4"""-(tert-butyldi phenyl silyl oxy

1'' " - (i odo) xbghgng) }-- i(rdol agdylo)- 4-[i ndol - 3-yI ] - IN(net hyl)
pyrrole-2,5-dione (7.6 g, 9.2 mmol), dissolved in 20 di

THIS SHEET}{
N
hylf¢ng@M%§d¥§

ML) via syringe punp over 65 hours. Three hours after Lt1en mas;
conpl ete, thembegctiag;was concentrated in vacuo. The residue was ~

di ssol ved in ethyl acetate (700 rg\Lx% V\l;as%gfuevxjth water (2 X 300 ni),

and the aqueous IQ@EPSbgfk d lfh e dcetate (2 X 200 nL). The

25 conbined et hyl acet dise imdiependenitdye Orvashe® wiah Jrigrd (2 X 200

m.), dried (MySO err]), .fil; 2L nty ated 40 yaciw to provi de a
purpl e residue. The #hﬂgrﬁ%ﬁﬁﬁgg aqgg'bgg 5%téﬁsfF?cd and applied to a
flash col uma. pEegmegenitilead lyeegneptailig/isalt xRt @EhERYERCT hexane/ 1
ethyl acetate to give 5.2 g(82% of 30 the macrocycle,
3,4-[(NN-1,1"-((2"" -ethoxy)-3"""(O-4""" -, .

(tert-butyl di phenyl si Pyl oy FommaunihehiGlaim 3 Whgfstmy]- 1(H) -

pyrrol e-2,5-di one. MSWw N¥R-0-, -S-, -S0-, SsGusper-on ©@2-ThHe N nethy
mal ei m de, 3,.4-[,(N,_N - . _

D1 (2 - Bgies supghiputed abvisRS Sashy i ieRriens: 3t

but ane) - bi s—hgt&rdayddleq,) |Euged) tpyavralies 2, -NRE one-NORSN KFPNH-, @150 ni)
and et hanol nl) was stirred at roomtenperature for 65 hours and
then for one r ‘at 60[err]C. The reaction was concentrated (150 nL)
in vacuo, the residueXs@pbidars ingarendently C1-C4 alkylene,

substituted alkylene, or together X, Y, and W combine to
form -(CH2)n-AA-;

R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, -NH(C1-C4 alkyl),
-N(C1-C4 alkyl)2, or -NHCO(C1-C4 alkyl);

R2 is hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hydrogen, (CH2)maryl, Ci1-Ca4 alkyl,
-C00(C1-C4 alkyl), -CONR4Rs5, -(C=NH)NH2, -SO(C1-C4 alkyl),
-S02 (NR4R5), or -S02(C1-C4 alkyl);

R4 and Rs5 are independently hydrogen, C1-C4
alkyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member
ring;

AA is an amino acid residue;

m is independently 0, 1, 2, or 3; and

n is independently 1, 2, 3, 4, or 5.

A
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-. 62 - cooled to 5 [err]C, and aci&ﬁﬂied (pH 3) with —
hydr ochl ori g-g¢5ta TheEpedaaquedus suspensi oA was extract IS SHHﬂhHgs
acetate (4 X 200 nm.), dried, and concentrat ed in vacud_t 0 giREPLACED 9 oy
tthe crude anhydride al cohol, 2,3-[(N/N -

1,1 -((2" " -et hoxy) 3' 3. (Op ¢bmpo@n¢d|o<fx¢)lanm &nephich iz »E the
|ndonI)] fi dione as a purple solid. M. To a

a%
dlnethylfornan18e (250 nlL) solution of the anhydri de,

2,3-[(NN-1,1"-((2" -ethoxy)-3"""' (O -4" ' -(hydroxy)- _
but ane) - bi s- (3 3'-indolyl)]-furan-1, 4- dﬁone 3.3 g, 7.5 n*“II’IJB“M“HHHIHL“I
nitrogen was added 1,1,1, 3, 3, 30U Kamee#gT di si | azane M2 seq)
and net hanol (3 nL, 10 eq). stlrred at room
tenperature for 16 hours ang for 2 hours. The

di met hyl f or mam de was reno asul ting residue was

di ssolved in acetonitrile g was added. The
reaction was stirred for 1 $ was concentr at ed,
partitioned between et hyl wat er (250 nL). The product
was a solid

wherein:

Z is -(CH2)p- or -(CH2)p-O-(CH2)p-:

Rg is hydroxy, -SH, C1-C4 alkyl, (CH2)maryl,
~-NH(aryl), -NHSO3(C1-Cgalkyl), -NHSO2(CH2)maryl, or -NR4Rs5;

R4 is hydrogen or C1-C4 alkyl;

Rs is hydrogen, C1-C4 alkyl, benzyl, or combines
with R4 and the nitrogen to which they are bonded to form a
saturated or unsaturated 5 or 6 member ring;

p is independently 0, 1 oxr 2; and

m is independently 0, 1, 2, or 3.

4. A compound selected from the group
consisting of (R)-3,4-[(N,N'-1,1'-((2''-ethoxy)-3'"'"'(0)~

4'''-(N,N-dimethylamino) -butane) -bis-(3,3'-indolyl)]-1(H) -
pyrrole-2,5-dione, (S)-3,4-[(N,N'-1,1'-((2"''-ethoxy)-
3'11 (Q)-4"'"''-(N,N-dimethylamino) -butane) -bis-(3,3"'-

indolyl)]-1(H)-pyrrole-2,5-dione, a mixture thereof; or a
pharmaceutically acceptable salt or solvate thereof.
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that precipitated giving the al cohol nalelnnde 3,4-[(N,N - .

((2''-ethox®)y8351A(©) {BPO' apdy@l oxy) - but ane)=bi s- (3, 3" - 20 THIS SHEET HAS BEEN
i ndolyl)]-1(H)-pyrrol e-2,5-dione, 0.92(28% of product. A 5”ﬁ||RH%ACE EN
anount (50 ng) was absorbed on silica and applied to a flas

El uted with dichloronethane, 5% acetonitrile/dichl oronethane and then
10;’/0 | aC%OﬂItrlhl esdi chl abmﬁehhaneeuecgeuef&&mhef gaoaipytical |y pure 25
materi a e et gt e, was ngentrat,e nd hr,anat_ogyyaphed to
gi ve an add???%ﬁﬁFl%gb % ﬁi‘é?@déﬁﬁk dﬁ@fi 2 thoxy% er%]AQQ'p
EgLfrr] M Si"lknppyiraﬁlaiﬂe)ﬁbutanég -bik- (3), 3 31®ﬂOGYH)]Wﬂ H)- 3.40
m; (1 1 H, 13 Ci) 4 35
(1H, m . 4. %%r%arf— ?)SJaigé (R)?jif g& i, D- g et?%xy() L (1H,

s) 7. 46 (1H(OH; 4J't—9Nl-@yrr¢15;d_1p§m by):ane)")bws—:ﬁ(.ﬁl—ﬁ ldldOJIY—l)g? -ﬂz§H)‘7 79
(1H d, J pgrlfléie ,§3d§.335|e,d hikture thedebs, 109k PHadrmeeutically

acceptable salt or solvent thereof.

6. A compound selected from the group
consisting of (S)-3,4-[(N,N'-1,1'-((2"-ethoxy)-3'''-(0)~-
4''' - (N-phenylsulfonamido)-butane)-bis-(3;3'-indolyl)]-

1 (H) -pyrrole-2,5-dione, (R)-3,4-[(N,N'-1,1'-((2"-ethoxy)-
3'11-(0)-4"'""'-(N-phenylsulfonamido) -butane) -bis-(3,3'-
indolyl)]-1(H)-pyrrole-2,5-dione, a mixture thereof, or a
pharmaceutically acceptable salt or solvent thereof.

R

I

7. A compound of the Formula

wherein:

V is -0~ or N-CH3;

W is -O-, -S-, -S0O-, -SO2-, -CO-, C2-Ce
alkylene, substituted alkylene, C2-Cg alkenylene, -aryl-,
-aryl (CH2)mO-, -heterocycle-, -heterocycle-(CH2)mO-, -fused
bicyclic-, -fused bicyclic-(CH2)mO-, -NR3-, -NOR3-, -CONH-,
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)
-63 - [err] ] »7 Exanpl e 4
3,4-[ (N, N -2-895142' {BPO0aRd-G)" ' (O -4"" " - (ami no) - but arF.th. o &

(3,3 -indolyl)]-1(H) -pyrrol e-2,5-dione trifluoroacetate |dall§ SHEET HAS BEEM
To an anhydrous tetrahydrofuran (15 L) solution of t he abtwhekn
3,4-[ (N, N -Qr 1*NECQ+-} - et hoxy)-3"'' (O -4""" -

(hydroxy) - but ane) - bi sx(gpd’ Ylagglyhhbpéhagngyyrqhgc% 2lGyanrsie, (155
0.35 mmmol ) under nitrogen was ad

eq). The sevhstbhutad adbyignee °¥8F@9?Fbeéﬁ%|{&ggggﬁﬂo QW&FﬁlerQJL
trifluoronmesbamesychon,caanhydride (118 [err]L, 2 eq). After 1.5 hours
TSI o, e et b RS G AIAY Mt o P2 T
a dry ice/ angfipokyyi Ce-0at hlaondyt healoalkyl, nitro, NR4R5, or
-NHCO (C1-C4 alkyl):
R3 is hydrogen, (CH2)maryl, C1-C4 alkyl,
-C00(C1-C4 alkyl), -CONR4R5, -{C=NH)NH2, -SO(C1-C4 alkyl),
-S02 (NR4R5), or -S02(C31-Ca alkyl);
R4 and R5 are independently hydrogen, C1-C4
alkyl, phenyl, benzyl, or combine to the nitrogen to which
they are bonded to form a saturated or unsaturated 5 or 6
member ring;
AA is an amino acid residue;
m is independently 0, 1, 2, or 3; and
n is independently 2, 3, 4, or 5.

8. A compound as claimed in any of claims 1 to
6 for use as pharmaceutical.

9. A compound as claimed in any of claims 1 to
6 for use in treating diabetic complications.

10. A compound as claimed in any of claims 1 to
6 for use as a anticancer agent.

11. A pharmaceutical formulations comprising as
an active ingrediant a compound as claimed in any one of
claims 1 to 6, associated with one or more pharmaceutically
acceptable excipients, carriers, or diluents therefor.

A

—

l\II
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15 stirred for 18 hours while allow ng’ %o warmto roomte ]-H’rsats'yfﬂ:eT HAS BEEN
The reacti o&X-82S1dorce@BGtant i) vacuo- The resulting resi

di ssolved in ethyl acetate (400 nL), washed with water, bri ne, drl eu

anhd concentrated in vacuo to provide the crude primary am pe._ The am ne
was absorbed on silicdZmnd AEHIRES PHEPTILITIRG 2 FHRROWRA AL Blaim

sequenti al | y7 elyHiqth \Mdn{plllgggnyl acetate/ 1l hexane, ethyl acetate, ethyl
acet at e/ 5% met hanol . final Ié?( 50 et hg% acetatel/ 4 acet onitrilel4 '
e hanel 12 ok ning G A O EoBSURE RENE T 1 k(o -

et hoxy) - 3' ' 'dodcefit rat(ion raf) -dhdwane) -DHimolsr Eoiadotyl §]00] Hreldb of

pyrrole-2,5- %eor}eorg&ﬁtan;g) Starting al cohol (104 ng, 67% was al so
recover ed. e produ was further purified using reverse '

excl usi on chromat ography by el uting W|th 85 acetonitri 01%
TFA/ water). The collected fractionso e ooped with eth"thFMIHMH”"I
give 23 ngy(12% of a powder as 30 koLl

and an alkylating agent at a concentrati_on of about 1.5
molar to about 0.001 molar of the formula:

L—X
M
/

L—Y

wherein L is a leaving group;

with about 0.5 to about 10 equivalents of Cs2C03 at a rate
from about 0.1 mL/hour to about 2.0 mL/hour in a polar
aprotic solvent.

13. A process of preparing a compound of Claim
7. which comprises,

Combining a compound at a concentration of about
3 molar to about 0.001 molar of the formula:

1This Sheet Has Been R
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_ .64 - [err]H NMR (d[err]-DVSO): [b?igl.297g15i#n;ﬂ2.281g1?é#n;n
2.82 (1H, m x-g9513 18 (&P ais o3- 57 (2H m-; _3. : P : ,
4.29 (1H, r’r)g; 4. 44 ((1$r’r); 9.309 (2H, t,J =7 Hz); 7. 18THISHH THJSVBEEm
7-Hz); 7.47 (4H, m; 7.70 (3H, bs); 7.78 (2H, m 5

anal ogous manner the S-enantioner, 4s asythg HA sal t =
R-enantioner, 4r as the HO salt, wer r &par ed.

[err] m{(R1)

>

3,4-[(NN-1,1'-((2 ' -ethoxy)-3" [\(

(Bxanpl e 5
met hyl am no) -

/ H
X
N

wherein L2 is independently a leaving group;

with about 0.5 to about 10 equivalents of Cs2C03 at a rate:

from about 0.1 mL/hour to about 2.0 mL/hour in a polar
aprotic solvent.

14. A process for preparing a compound as
claimed in any one of claims 3 to 6, which comprises:
(a) Deprotecting a compound of the Formula:

wherein: Z is -{(CH2)p-; Rg' is a protected hydroxy or
protected amine; and p is independently 0, 1 or 2; and

(b) Optionally substituting the hydroxy or amine to
//
_—
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butane)-bis-(3.3'-indoIvI)]-1(Fb-pyrroﬂék%,5-dione HC 1SMIS SHEET
To an anhydt-@s51d ¢hl @roedddir®) (140 L) .suspension of {15 tﬁEP% ngN
3,4-[(N,N-1,1"-((2' ' -ethoxy)-3 "' (O-4"""- LACED _
¢ hydr oxy) - but ane) - bi s- (3, 3" -indolyl)]-1(H)-pyrrol e-2, 5-di one, 472 ny,
1.07 ml ) prepereia rogwowed agidetepyed dineappeoneepf] £lagms 3 tggp and
met hanesul g Geanhyeri glend AP0, -du3 efic AlRy14 (CHp)hewys, the
reaction vva“g{gdtlc?]ﬁf??dbdv&%h %ﬁgch}lc%?or?t h?ﬁg’ éﬁé{éﬁ% %0 Wi tzhﬁo. 1N tﬁﬁ %2).() and
filtered toNiEHARMEL st arVHFR et eF4atky bl - 2 (CRRAMGFEhr oPEethaRe |
portion wayesdasdatddedronec]2Q , alkylédrRgdisahgdrogennt Cat€d adkyilve the

crude nesylate, as a purple solid. Th erl S I lica
and appliedP?QF¥ia orf?%ékﬁ%%fd%hgvhgﬁhaﬁgsggéqégﬁ%9§?ﬁyeglﬁpggﬂwi?ﬁy

di chl or onetfed borkded 5% afetmnat saterdtelll oroneshanragerd H0%rabememberni | e/
di chl oronet hane to provide 288 ng (52% vyield) of the nesyl ate,

3,4-[(N, N -3 ((2' ' -ethoxy)-3 "' (O -4""'":(methanesul f onyl oxy) -

but ane) -bis-(3,3 -indolyl)]-1(H) -pyrrol e-2,5-di one. M. NWR

To a tetrahydrofyr S | f tR akLe,

3, 4-[ (N, N st # (‘SP"'%%)%S’% -gkgb‘%‘%??g' A B?nrr‘gtsﬁggeggl F %%ylfc?fff‘)u} 2

but ane)-bis-(3,3 -indolyl)]-1(H) -pyrrole-2,5-dione, (304 ng, 0. 59
nol ) was added a 8.9 M sol ution of mr?%hylanine in

wherein:

W is -0-, -8~-, -S0O-, -SO2-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryvl-,

-~aryl (CH2)mO-, -heterocycle-, -heterocycle-(CH2)mO-, -fused
bicyclic-, -fused bicyclic-{(CH2)mO-, -NR3-, -NOR3-, -CONH-,
or -NHCO-;

X and Y are independently C1-C4 alkylene,
substituted alkylene, or together X, Y, and W combine to
form -(CH2)n-AA-;

R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4R5, or
-NHCO (C1-C4 alkyl);

-

et Has Been Replacet

i
[ Ll




-. 65 - tetrahydrofuran (7 nL, 100 eq). After heati
24 hours in a sealed tube, the reaction was diluted W gT HAS BEEN
acetate (200 nmL), washed with brine (2X), dried, and LconceREMACED to
provi de the crude di nethyl am ne derivative as a 5 solid. e ert-at—wa
absor bed or¥s393n EQR applied to a flash colum that was sequentially
eluted with 3 ethyl acetate/ 1 hexane, ethyl acetate and 2%

i sopropyl am ne/ ethyl acetate to gi ve the di methyl am ne derivative 193
mg (70% yi el d) which was 90% pur e MThe di met hyl ami ne

derivative, 3,4-[(N, thléolnventlon provides novel bis-indolemaleimide

1,1- ((2"-etho %%3"Léﬁ¥ 4'"'! - (N, q%g%pet | am no) but ane) - bi s- .

(3, 3" -i ndol JR§¥© brarves @ &Fied to greater t han 95%
as the triflouroacetate salt using revers phase si ze excl usi on HPLC by
eluting with 85 acetonitrile/15 0. 01 FA/mater) 15 The
triflouroacetate salt of 3,4-[(N/ N - 0
ethoxy)-3"""(O-4"""-(N, N—dlnethylanlno -but-
i ndolyl)]-1(H)-pyrrole-2,5- d|

suspendi ng the salt |n!e(
NaOH(5 X 50 nlL). The ethyl

salt by

(X) (Y)

S

5 The invention further provides the preparation, pharmaceutical
formulations and the methods of use for inhibiting Protein

Kinase C in mammals.

This Sheet Has Been Rep ace
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3,4-[ (N, N - x-8951462'- -(&Pooapnd ®)' ' (O -4' 128(N, N-di met hyl an]
butane)-bis-(3,3 -indolyl)]-1(H-pyrrole-2,5-dione. To an Eﬂﬁﬂf&%ﬂus
met hanol (50 nL) suspension of the free base,

3, 4-
L( L\I N ) lb'll - g g23 - et ggzyl):;)zshyd(r@)gen %ﬁﬂwrdiw,hﬁ%rﬁm%%
utane) - bis- (3, 3" -i ndelyl; h%,(a—ll)o:ﬂilgﬂlr Ar A ohecas, agdegn 1N HC
anhyd th 13 ni,” 50 .
ros! due. was ~§O04F L e Rddu CONRARS 143 CNE N 5 080 (et 4 v F
(NG ot hy o) Byt aney B (3 2% ey e |
' no) - but ane) - hj s- - - 3 5 -
hydr ochl ori de salt as 4 raé%fl gﬁ iagt".é :ﬁéébé’n&ﬁt{,ﬁ &Wé%‘?’e%}g g))5 drone
gerzg] Z(Qﬁ (gljkyltc]:z,; p&egxgrli,ﬁl‘ﬂ;errﬁylfglﬁ ddiithirie tlo the nbtragen3t@awhdeh n);
. , , after e); . 1H : =4 -
(ar, . 7. Cherapponde (Gisotnt o dturaredlor Yeldatithedd 5 %R s %
Hz); 7.79 (zembar; rihg33 35 (1H, bs); 10.92 (1H, s)
AA is an amino acid residue; |
m is independently 0, 1, 2, or 3; and

20 brine (2X), dried, and concentrated to provide the freg .
rrng'_ngEET HAS BEEF]

in

n is independently 2, 3, 4, or 5;

substantially as hereinbefore described with reference to
any one of the.examples.

16. A compound of the formula:

wherein:

W is -0-, -8-, -SO-, -SO2-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryl-,
-aryl (CH2)mO-, -heterocycle-, -heterocycle-(CH2)mO-, -fused
bicyclic-, -fused bicyclic-{(CH2)mO-, -NR3-, '—NOR3—, -CONH-,
or -NHCO-;

-

in

iThis Sheet Has Been Replace:
!



- .66 - [err]

Exanpl e 5s X-8951A - PG, and (N N -1, F - '~ - et hox -3' |
di nen![ohyl am no) - but aneggi)i s-(SCj!g' - i ndol yl )1](2%( H) - pyrrgl) e- | TEiSO)S;‘IﬁET H?E\'Béﬁ'
t he ﬂ%@& te

i one Hydrochl oride Salt To a THF (300 nlL) solution

(S)-3,4-[(N, N - X and Y are independently C1-C4 alkylene,
1,1)-((2"" Eﬁfﬁe 1éne; (SR1OSESHLEOR |?><Y£ éu aB8hbine t
(bis)-(3-i nd'ﬁf li% pyrr eé%eis (??one %gﬂé d o nmol ) vvaslils gdded
dinethylam % T h water) in a sealed vessel. After heating

(50 [err]Q for 24 hOlRf id hﬁ'xd@@éﬁd@ﬁtwshydrogéﬁWhhnat,edl-ﬂflaeaﬂ.kylldue

was passed th ﬁu%h a<§fd of a§§?'haloaiﬁyingnmkgg,ehﬂﬁk acetate and t hen

W th 1096tr|
-NHCO(C1-C4 alkyl),

R2 is hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hydrogen, (CH2)maryl, Ci1-C4 alkyl,
-C00(C1-C4 alkyl), ~CONR4Rs5, -(C=NH)NH2, -SO(C1-C4 alkyl),
-S02 (NR4R5), or -S02(C1-C4 alkyl);

R4 and R5 are independently hydrogen, C1-C4
alkyl, phenyl, benzyl, or combine to the nitrogen to which
they are bonded to form a saturated or unsaturated 5 or 6
member ring;

AA is an amino acid residue;

m is independently 0, 1, 2, or 3; and

n is independently 2, 3, 4, or 5;

substantially as hereinbefore described with reference to
any of the examples.

\
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acet'aige whi ch el uted the desired (S) -di met hyl am ne deri vative .15 1he

el uant” was concentrated to yield 1.7g (67%yield) of the IAEWEM'SSHEEI' '
(S)-_.3;14-[(N1N-11.1I-((2II-éthoxy)-slII(C))-4III-(N1N_ REP .
di ngt hyl am no) - but ane) - bi s- (3, 3" -indolyl)]-1(H) -pyrrol e-2, - ] a
Vi gﬁ’éﬁl‘?sol id. The free base was converted to the hyd o;hl%pi@%t )Y
suspendi ng-the free base 3,4-[(N,N-1,1")- 20 (4 .
-N, N-di et hyl am no-3-(S)-"'" et hoxybutane)]-(bis)-(3-indol yl)- _
1H pyrrol -2,5-dione (1.7g, 3.6 mol) in rethanol (300 ni)j—ane- areheh~rrg
1.0 N anhydrous HO in ether (10 nL, 10 nmol). After 0.5 hour s at

anbi ent tenperature, the bright orange precipitate col | ect ed,
washed with ether, and dried und%’}pavgf‘,’u‘gmﬁs(? fli W%SRSJL. 4 g (77%yield) of
3,4-[(N,N-1,1")-(4" "' -N, N-di net hyl am no- 3-

(S)-'"'ethoxybutane)]- (bi BrotdihNcakk)e Lty EGlsided-6if AN€amily of closely

oo 8 gt SR (L UL DAL LT

"=
Uv)
je3)

b @

1H);
3.8 (br. t, PH)Pragein kmas C pipyssan Anprreany rode 2im.0&lén$elél4f;igqa11ing?a,
1H); 7.13 (gbneléfpretsiotmar@Hin theldofsroll MY, cdlUBlifSerdit)iat Yoib anek,
1H); 7.56 (di\owéhb , ak égeéghz ! enékd ;ar%océl.grétﬁrly’ ad Hleasd O xhSwd H) -

isozymes of PKC that differ in their tissue distribution,
enzymatic specificity, and regulation. Nishizuka Y. Annu. Rev.

10 Biochem, 58: 31-44 (1989); Nishizuka Y. Science 258: 607-614
(1992).

Protein kinase C isozymes are single polypeptide
chains ranging from 592 to 737 amino acids in length. The
isozymes contain a regulatory domain and a catalytic domain

15 connected by a linker peptide. The regulatory and catalytic
domains can be further subdivided into constant and variable’
regions. The catalytic domain of'protein kinase C is very
similar to.that seen in other protein kinases while the
regulatory domain is unigue to the PKC isozymes. The PKC

20 isozymes demonstrate between 40-80% homology at the amino acid
level among the group. However, the homolégy of a single
isozyme between different speciés is generally greater than 97%.

' Protein kinase C is a membrane-associated enzyme that
is allosterically regulated by a number of factors, including

25 membrane phospholipids, calcium, and certain membrane lipids
such as diacylglycerols that are liberated in response to the
activities of phospholipases. Bell, R.M.-: and Burns, D.J., J.
Biol. Chem, 266: 4661-4664 (1991); Nishizuka, Y. Science 258:
607-614 (1992). The protein kinase C isozymes, alpha, beta-1,

30 Dbeta-2 and gamma, require membrane phospholipid, calcium and
diacylglycerol/phorbol esters for full activation. The delta,
epsilon, eta, and theta forms of PKC are calcium-independent in
their mode of activation. The zeta and lambda forms of PKC are
independent of both calcium and diacylglycerol and are believed

35 to require only ﬁembrane phospholipid for their activation.

Only one or two of the protein kinase C isozymes may
be involved in a given disease state. For example, the elevated
blood g;uqqsg levels found in diabetes lead to an isozyme-
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-3345[(N,N-1,1"-((2" ' -ethoxy)-3"""' (O-4"""-(N, N
di net hyl am no) - but ane) - bi s-(3, 3" -indolyl)]-1(H)-pyrr

di age Hydrochl oride Salt The R enantio was. pr pared]i b an
i den¥i cal manner as the (S) enantioner, except uding iﬁbggﬁﬂaﬁfter1-
but yl di phenyl si |l yl oxy-3-(2-i odoet hoxy) - 1-i'odobut ane gs ja starti '

material. NS

10

15

20

25

30

35

Exanpl e 5r A =) T

J

NVR: 10 [err]

- 2 -

specific elevation of the beta-2 isozyme in vascular tissues.

'_Inoguchi et al., Proc, Natl, Acad. Sci, USA 89: 11059-11065

(1992). A diabetes-linked elevation of the beta isozyme in human
platelets has been correlated with their altered response to
agonists. Bastyr IITI, E.J. and Lu, J. Diabetes 42: (Suppl. 1)
97aA (1993). The human vitamin D receptor has been shown to be
selectively phosphorylated by protein kinase C beta. - This
phosphorylation has been linked to alterations in the
functioning of the receptor. Hsieh et al., Proc, Natl. Acad.
Sci. USA 88: 9315-9319 (1991); Hsieh et al., J, Biol. Chem., 268:
15118-15126 (1993). In addition, recent work has shown that the
beta-2 isozyme is fesponsible for erythroleukemia cell
proliferation while the alpha isozyme is involved in .
megakaryocyte differentiation in these same cells. Murray et
al., J. Bigl, Chem, 268: 15847-15853 (1993).

The ubiquitous nature of the protein kinase C isozymes
and their important roles in physiology provide incentives to
produce highly selective PKC inhibitors. Given the evidence
demonstrating linkage of certain isozymes to disease states, it
is reasonable to assume that inhibitory compounds that are
selective to one or two protein kinase C isozymes relative to
the other PKC isozymes and other protein kinases are superior
therapeutic agents. Such compounds should demonstrate greater
efficacy and lower toxicity by virtue of their specificity.

The microbial indolocarbazole, staurosporine, is a
potent inhibitor of protein kinase C that interacts with the
catalytic domain of the enzyme. Tamaoki et al., Biochem.
Biophvs, Res., Commun, 135: 397-402 (1986); Gross et al.,
Biochem., Pharmacol. 40: 343-350 (1990). However, the
therapeutic usefulness of this molecule and closely related
compounds is limited by the lack of specificity for protein
kinase C over other protein kinases. Ruegg, U.T. and Burgess,
G.M., Trends Pharmacol, Sci, 10: 218-220 (1989). This lack of
selectivity results in unacceptable.toxicity in this class of
molecules.

An additional class of compounds related to
staurosporine,  the bisindolemaleimides, has been the focus of
recent work. Davis et al., FEBS Lett. 259: 61-63 (1989); Twoemy



Exanpl e 6 '

3,4-[ (NN -1,1'"-(2" " -ethoxy-(3""'((O-nethyl ene)-4"""-(hydroxy) - 15 - PV
but ane) - bi s-(3, 3" -indolyl)]-1(H-pyrrol e-2.5-dione

(100 nlL) solution of (bis)nmesylate, 1-(2- REPLACENEWHASHEET
(nethylsulfonyloxy) ethoxy) 2- ( (et hyl sul f onyl oxy) et hyl}) 13-
(tert-butyl di phenyl silyl oxy)-propane, (7.4 Og, 13.30 nTDI) 2rGISEP 1999
bis-(3,3 -indolyl)]-1(methyl)-pyrrole-2,5-dione (4.43 ¢, {13.30 20 nmol})
was added over 16 hours to a stirred suspension of Cs[dgrrTCQ err]|
(25.4 g, 78 nmmol) in DVF (400 nL) at 50 [err]C . After|_8 hours the

reacti on was concentrated under reduced pressure at 80 erBLC gi ve
a residue. The®t &didu S vimele 23 /anan é%éte ‘19ﬁ93 washed

Wi th vater (50Tellec Thelorgdnikidlayehema26ss 137évpaﬁateu (1aﬁu>¢hv@vaquetous
layer was extracted, wiéd, eyl 35: 9oacedal 611959) mslt & alThe,Lmned

organi c portio§ %ﬁsigrlﬁng (1gyﬁnd gonceqt dmggégegh;? aThe resi due

was eluted thr um of SriTca cetate in
hexane f ol |%me@em°nstrbye¢>%%9hawy fAr @{%ﬁﬁpdt{r@ee] Ctoveyi pehenmxetein
predom nant preitkdes:.. 30 The silyl ether macrocycle product,

2,3-[(NN-1,1"- (4"" AlthoRf hh@&M Junds that demonstrate specificity to
-yl -(3" "' -(tert- but hen ) ut.an
31§ (3SR SRS Bt 2 TR s re g
: regardlng isozyme selectivity For example, analysis of the
10 isozyme selectivity of staurosporine, shows little isozyme
selectivity with the exception of poor inhibition of the zeta
isozyme relative to the othlier isozymes. McGlynn et al., J.
Cell, Biochem, 49: 239-250 (1992); ward, N.E., and O'Brian,
C.A., Molec. Pharmacol. 41: 387-392 (1992). Studies of the PKC-
15 selective compound, . 3-[1-(3-dimethylaminopropyl)-indol-3-y1]-4- '
(lH-indol-3-yl)-1H-pyrrole-2,5-dione, suggest a slight )
selectivity for the calcium dependent isozymes. Toullec et al.,
J. Biol. Chem. 266: 15771-15781 (1991). Subsequent studies of
this compound observed no difference, or possibly slight
20 selectivity, for alpha over beta-1 and beta-2 isozymes. Martihy—
Baron et al., J. Biol., Chem. 25&5 9194-9197 (1993); wWilkinson,
et al., Biochem, J. 294: 335-337 (1993). Therefore, despite
years of research and the identification of classes of compounds
that inhibit protein kinase C versus other protein kinases,

25 there remains a need for therapeutically effective isozyme-
selective 1nh1b1tors.

o

The present invention prov1des novel potent protein
kinase C inhibitors. The compounds of the present invention are
selective to prdtein kinase C over other kinases and are, quite

30 surprisingly, highly isozyme-selective. As 'selective inhibitors
the compounds are usefu; in treating conditions associated with
diabetes mellitus and its complications, ischemia, inflammation,
central nervous system disorders, cardiovascular dlsease.
dermatological disease and cancer.

35 This invention provides compounds of Formula I:



- 68- M5: Calculated for Clerr]Herr]Nerr](err]Si: MIl. mass
707. 31, found 708, Rlerr] = 0.84 (50% ethyl acet 1t

desi |l yl at ed al cohol macrocycl e product (600 ny). i@ﬂ. Eﬁ’i‘ SHEET To
stirred EtOH (500 nmL) solution of N-nethyl 5 nmacrocyclfe, -

2,3-[(NN-1,1'"-(4"""'-ethoxy-1'-yl-(3"""'-(tert- '
but yl di phenyl si |l yl oxy) net hyl ene) but an-1-yl ) -bi s- (3, 3%-1i nd%l0y§§?1m

v

1(nmethyl)-pyrrol-1,4-dione, (1.65 g, 2.33 nmol) was ad (400
m.). After 12 hours at 50[err]C, the readttron m xtur¢ was cooled tp
room tenperature and concentrated under reduced 10 pressSure 1o a resrdue.
The residue was acidified with - conq{gntrat ed HO to pH 1 and extracted
with ethyl acetate (200 mL x 5). THe conbi.ned organi c phase was dried,
concentrat ed under reduced pr and,was eluted through a short.
silica colum with 5% net hanol oronet hane. Evaporation of the
15 eluting solvent gave a resj 1t ai anhydri de, 2, 3-
[(N,N-1,1 -(4" " -et hox¢r byl - Ter I

but yl di phenyl si | yl oxy) met hyll ene)but §n- 3y- ids) yl)]-

e

wherein:

W is -0-, -S-, -80-, -802-, -CO-, C2-Ce¢ alkylene,

5 substituted alkylene, C2-Cg alkehylene, -aryl-, -aryl{(CH2)mnO-.
-heterocycle-, -heterocycle-(CH2)m0O-. -fused bicyclic-, -fused
bicyclic- (CH2}nO-, -NR3~, -NOR3-, -CONH-, or -NHCO-;:

X and Y are independently C1-C4 alkylene, substituted
alkylene, or together X, Y, and W combine to form -(CH2)pn-AA-;

10 R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy., C1-C4 alkoxy, haloalkyl, nitro, NR4R5, or -NHCO(C1i-C4
alkyl); : '

R2 is hydrogen, CH3CO-, NH2, or hydroxy:

R3 is hydrogen, (CH2)maryl, C1-C4 alkyl, -COO(C1-C4

15 alkyl), -CONR4Rs5, -{(C=NH)NH2, ~-SO(C1-C4 alkyl), -SO2(NR4Rs5), or
-802{C1~C4 alkyl): _ ) .

R4 and R5 are independently hydrogen, C1-C4 alkyl,
phenyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member ring;

20 AA is an amino acid residue:
m is independently 0, 1, 2, or 3; and
n is independently 2, 3, 4, or S.

Also provided are novel intermediates of the above
25 compounds. These intermediates are compounds of the Formula II.



furan-1, 4-dione that was used in the next reaction. To a dry
DMF (250 nlL) solution of anhydride, 2,3- 20
[(NNN-2,1"-(4"""-ethoxy-1"-yl-(3"""-(tert- REPLACENE%HTSHEE
but yl di phenyl si | yl oxy) met hyl ene) but an- 1-yl)-bi s-(3, 3 -|indolyl)]-

fuFan-1, 4-dione, (600 ng, 1.3 nmol) was added HVDS (2.]1 g,zxﬁsgp-p@mnl)
foll owed by nmethanol (209 ng, 6.5 mmol). After 48 hour}s, the reacti ¢n
was concentrated, and the residue dissolved-in 25 ethyl~—acetate (100 ),
washed with 1 Nag HJ (25 nL), water -5 25 nL) and brine (25 nlL)

respectively. The resulting organic phase was then dried and
concentrated to give a residue. The resi due was eluted through a
colum of silica gel with 7 ]Clerr] (0%to 5% nethanol).

Evaporation of the eluting 30
3,4-T(N,N-1,1"-(2"" - et haxy-
-4 - (hydroxy) but ane)™- bi s

as a solid (300 ng, 50%yie [ edr ] HWNVR £CDCl [err]) ierr] 9. 65
(s, 1H), 7.79 (t, J = 7.65 Hz .54 (s, 1H), 7.46-7.40

5 (s, _
(m 2H), 7.24-7.08 (m 2H), 7.07- B5 7.02 (m 2H). 4.43-4.33 (m 2H),
4.30-4.21 (m 1H), 4.14-4.06 . (X{xy 1H), 4 (t, J = 4.64 Hz), 3.58-3.38
(m 5H), 3.71 (t, J = 8.64 Hz, (W 9-1.85 (m 1y

wherein:
V is -0- or N-CH3;
W is -O-, -8-, -SO-, -S02-, -CO-, C2-Cg alkylene,

5 substituted alkylene, C2-Cg alkenylene, -aryl-, -aryl{CH2)mO-,
-heterocycle-, —heterocyclé—(CHz)mO—, -fused bicyclic-, -fused
bicyclic-(CH2)mO-. -NR3-, -NOR3-, -CONH-, or -NHCO-;

X and Y are independently C31-C4 alkylene, substituted
alkylene, or together X, Y, and W combine to form -(CH2)n-RAA-;
10 R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4R5, or -NHCO(C1-C4
alkyl); '
R3 is hydrogen, (CH2)maryl, C1-C4 alkyl, -COO(C1-Caq
alkyl), -CONR4Rs, -(C=NH)NH2, -SO(C1i-C4 alkyl), -SO2(NR4Rs5), or
1S ~S02 (C1-C4 alkyl); '
R4 and Rg ‘are indépendently hydrogen, C1-C4 alkyl,
phenyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated S5 or 6 member ring;
‘ AA is an amino acid residue;
20 m is independently 0, 1, 2, or 3; and
n is independently 2, 3, 4, or 5.

An additional aspect of this invention is a process of
preparing the compounds of Formula II, which comprises:
‘25 Combining a mixture of a compound at a concentration
of about 1.5 molar to about 0.001 molar of the formula:
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Exanple 7 3,4-[(NNN-1,1"-(2""-ethoxy-(3""" ; eakrAl - (N
5 .pyrrolidino)-butane)-bis-(3,3 -indolyl)]-1(H) - Mé £
hydrochl ori de salt To a dry CHerr]@ [Jerr] (50 nmL) $ofution

of #i m de al cohol , -2 0 SEP 1999
3,4-[(N,N-1,1'"-(2""-ethoxy-(3"""' ((O -net hyl ene) -4'1' §( hydr oxy) -
but ane) -bis-(3,3" -indolyl)]-1(H) -pyrrol e-2, 5-di onm 140 ng, 0. 30 mol )
containing pyridine (120 ng, 1.5 mmol) _was_ added hane

wherein:

V is O, or N-CH3y;

R1 is independently hydrogen, halo, C1-Cq alkyl,
hydroxy, C31-C4 alkoxy, haloalkyl, nitro, NR4R5, or -NHCO(C1-C4
alkyl);

m is independently 0, 1, 2, or 3;

10 and an alkylating agent at a concentration of about 1.5 molar to
about 0.001 molar of the formula:

L—X
N
/

L—Y

15 wherein
L is a leaving group; .

"W is -O0-, -8-, -SO-, -S02-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryl-, -aryl(CH2)mO-,
-heterocycle-, -heterocycle- (CH2)pO-, -fused bicyclic-, -fused

20 bicyclic- (CH2)mO-, -NR3-, -NOR3-, -CONH-, or -NHCO-;
' X and Y are independently C1-C4 alkylene or
substituted alkylene; '
R3 is hydrogen, (CH2)maryl, C1-C4 alkyl, -COO(C1-C4
alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkyl), -S02(NR4Rs), or
25 ~-S02 (C1-C4 alkyl);
R4 and Rs are independently hydrogen, C1-C4 alkyl,
phenyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member ring;

m is independently 0, 1, 2, or 3;
30 ' |



sul foni ¢ anhydride (106 ng, 0.61 mmol) under a N2 at nopsphere. After 12
hours, the reaction was quenched with water (25 ni),

CFI[err]CI[err] (50 nL), washed with 0.2 N Hd (20rr1_gﬁm“‘qCENm‘ﬂ‘ﬂ ' Lm
bi carbonate (20 m.), water (20 nmL), brine (20 nL), 1% |dried, and

cgncentrated to a residue. The resi due was el uted th2@.1$£Pé999hd t :
silica gel colum with 5% nethanol . in di chl oronetfhgane and evapor it | on
of- the eluting solvent gave the nmesyl at e,

3,4-T(N,N-1,1"-(2""-ethoxy-(3""''((O- net hyl ene) - 4" ' 'L
(et hanesul fonyl oxy) -but ane)-bis-(3,3" -indolyl)]-1(H)-pyrrole- 20
di one that was used in the next reaction. To a seal ed
e THF (20 rﬂﬂ}tgoﬁQﬂﬁtoH %fthégym%uyg equivalents of Cs2C03 at a rate from
[(N, N -1, 1'abbat '¢.at hoxyour3'to’ 4kdde- Zed hyil @13R)- #n'a polar aprotic
t hanesul fon%?logwgt but ane)-bis-(3,3 -indolyl)]-1(H) -pyrrol e-
-dione, (157 ng, 0.29 mmpl) was added pyrrolidene (203 ng, 25 2.90
mml). After heating (50 [err]C) for 12 hours, the reaction was
cool ed to rdom t enper at ufeg eoorternt pabe@lssmdeprasnachinedthe compowsBU bE,

di ssol ved in Gﬂ[o@hﬁlglfler Ebmfoi&ell) Cdmhﬁggvﬂ tRuPBLRS at2Q Sdncentratiod)
brine (20 nl), od:f out ajn onctent at echntdlag redugetc:ihe formRlESSUre to a
g

2, 5-
t ub
3, 4-
(me
2,5

residue. The resi due was e Pou st ca ge1 colum with
5% et hanol in dichioronet hane and evapor ation of the eluting sol vent
(o}

gave the pyrrolidine, 3, 4-

N

/ H
x .
&./Y—— L?

10
wherein:
L2 is independently a leaving group:
V is -0- or N-CH3:
W is -0-, -Ss-, -SO-, -803-, -CO-, C3-Cg alkylene, ,

15 substituted alkylene, C2-Cg alkenylene, -aryl-, —aryl(CHz)mp-,
-heterocycle-, -heterocycle-(CH2)np0O-, -fused bicyclic-, -fused
bicyclic- (CH2)mO-, -NR3-, -NOR3-, -CONH-, or -NHCO-;

X and Y are independently C1-C4 alkylene or
substituted alkylene; '

20 Ri is independently hydrogen, halo, C1-C4 alkyl,
hydroxy. C1-C4 . alkoxy, haloalkyl, nitro, NR4R5, or ~NHCO(C1-C4
alkyl);

R3 is hydrogen, (CH2)paryl, Ci1-C4 alkyl, -COO(C1-C4
alkyl), -CONR4Rs5, -{(C=NH)NH2, -SO(C1-C4 alkyl), —SOz(NR4R5), or

25 -802(C1-C4 alkyl); E

R4 and Rs are independently hydrogen, Cj1-C4 alkyl,
. phenyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member ring;
m is independently 0, 1, 2, or 3;
30



- 70 - [(NNN-1,1"-(2"" -ethoxy-(3"""' ((O -net hyl
pyrrolidino)-butane)-bis-(3,3 -indolyl)]-1(H)-pyrrol efmwml \
calculated for CJerr]Herr]Nerr]Jerr]: Ml nass: 508. ound 508, R
0.14 (5% nethanol in dichloronethane, trace triethylarfi e)20Tng5999
pysrolidine was further purified by reverse phase gel jpgrneation ,
chromat ography to give the pyrrole macrocycle as the N
acid salt (55 ng, 37%yield). The triflouroaceticlacid salt of the
pyrrol e was converted to the hydrochl 8rirde titl ed Tonpound by
extracting a 1 N NaCH (5 m_) 10 slurry of the trifluoroacetic acid salt
(55 ng) with eth a 25 / rret I extra

dried, and céiﬁcaebn HE ? atto %o?%ﬁjﬁgulﬁeengeségucren?%§ kklurFate Cftr

et her / met hanol abept 19. Jan\él/homtosém}tq @n 0 oL /dioer 1gveis Pedaediprotic After 30
m nut es, the sldsni¥gnt@s concentrated and dried in vacuo 15 to give the

title corrpound (48rrg %¥ g‘l_},ge) g/g L& F%rwgllygj esr ]e]t%% gs
7.90 (s, 1H., 7.82 (s. bEe, ag °t°g Snve b“?‘%%"kﬁ
7.24-7.02 (nﬁ 4ygpib atw RTofR{Kinasg,q, whichs opnppiges agpgnisregiog t4>4a(m
4H), 2.26-2. 24 nggpal Hn need loBZuth6Ordanmeb) a phaz@adeukdcaihly Affective
amount of a compound of the Formula I. Also included is a
method of selectively inhibiting the beta-1 and beta-2 protein
kinase C isozymes, which comprises administering to a mammal in
10 need of such treatment a pharmaceutically effective amount of a
compound of the Formula I.

The invention further provides methods for treating
conditions that protein kingse C has demonstrated a role in the
pathology, such as ischemia, inflammation, central nervous

15 system disorders, cardiovascular disease, dermatological
disease, and cancer, which comprise administering to a mammal in
need of treatment a pharmaceutically effective amount of a
compound of the Formula I.

This invention is particularly useful in treating

. 20 diabetic complicatidns. Therefore, this 'invention further

) provides a method for treating diabetes mellitus, which
comprises administering to a mammal in need of such treatment a
pharmaceutically effective amount of a compound of the
Formula I. '

25 A final aspect of the invention are pharmaceutical
formulations comprising a compound of Formula I together with
one or more pharmaceutically acceptable excxplents, carriers, or
diluents.

As noted above, the invention provides compounds of

30 the Formula I which selectively inhibit protein kinase C. The
preferred compounds of this invention are those of Formula I
wherein the moieties -X-W-Y- contain 4 to 8 atoms, which may be
substituted or unsubstituted. - Most preferably, the moieties -X%-
W-Y- contain 6 atoms.

35 Other preferred compounds of this invention are those
compounds of Formula I wherein R] and R2 are hydrogen; and W is
a substituted alkylene, -0-, -S-, -CONH-~, -NHCO- or -NR3-.



20 [err] ' Exanpl e 8
34-[(NN-1,1'-(2""-ethoxy-(3" "' ((O-nethylene)-4""-(N, N 25
di net hyl am no) - but ane) -bis-(3,3" -indolyl)]-1(H) -pyrro m:

di one hydrochl ori de salt The titled tef REELACEMENT SHEET
prepared by di spl acenent of the mesylate with dipefhylam ne (58
75%yield). M. 30 [err]H (CDC[err]) d 10.93 (s, [H, 70%ER 9991H
7.77 (s, 1H), 7.69- 7.64 (m 3H), 7.47 (d, J = 7{9y Hz, 1H), 7.1B-
(m 4H), 4.40-4.11 (m 4H), 3.73-3:20 (m 4H), 2|50 (sS; 3A;, 233
1H), 2.13-1.96 (m 2H), 1.86-1.70 (m 1H), 1.21-1.10 [m_2H)

Particularly preferred compounds are compounds of the Formula
Ia: ' .

(1a)

wherein Z is -(CH2)p- or -(CH2)p-O-(CH2)p-; R is hydroxy., -SH,
C1-C4 alkyl, (CHz)maryl,.-NH(aryl5, or -NR4R5; R4. is hydrogen or
C1-C4 alkyl; Rs is hydrogen, C1-C4 alkyl, or benzyl; p is 0, 1,
or 2; and m is independently 2 or 3. Most preferred compounds

10 of the Formula Ia are those wherein Z is CH2:; Rg is -NHz or
N(CH3)2.

Other preferred compounds are compounds wherein_w is
-0-, Y is substituted alkylene, and X is alkylene. These

compounds are represented by Formula Ib:
5 -

Rg

(Ib)

wherein Z is -(CH2)p-7 Rg is NR4R5; R4 and R5 are independently
H or C1~C4 alkyl; p is 0, 1, or 2; and m is independently 2 or



- 71 - ' The foll ow ng conmpounds were prepared in a nanner

anal ogous to the Exanpl es described herein and furt ' he
conmpounds of the invention. In the follow ng exal CEMEI@S m e of
t he conpound was confirmed by NVR, 5 MS, and/or el dndntal anal ysis
Dufsing the synthesis, Ris a protected hydroxy, jprief orGSER 109%i ljyl
ether preferably tert- but yl di phenyl silyl oxy (THBDRS). The silyl jeffher
may be converted to a |l eaving group and substityte€ roauce th
fol |l ow ng exanpl es: - 10.- [err]

3. Most preferred compounds of the Formula Ib are those wherein
p.is 1; and R4 and R are methyl.

The term “halo* répresents fluorine, chlorine,
S bromine, or iodine.

The term "C3-C4 alkyl" represents a cyclo, straight or
branched chain alkyl group having from one to four carbon atoms
such as methyl, ethyl,.n—propyl, isopropyl, cyclopropyl, n-
butyl, isobutyl, sec-butyl, t-butyl and the like. A haloalkyl

10 is one such élkyl substituted with one or more halo atoms,
preferably one to three halo atoms. An example of a haloalkyl is
trifluoromethyl. A C1-C4 alkoxy is a C1-C4 alkyl group ‘
covalently bonded by an -0- linkage.

- The term “C1-C4 alkylene* represents a one to four

15 carbon, straight alkylene moiety of the formula -(CH2)r- wherein
r is one to four. Examples of C1-C4 alkylene include methylene,
ethylene, trimethylene, methylethylene, tetramethylene, and the
like. Similarly, a "C2-Cg alkylene" represents a two to six
carbon, straight alkylene moiety. Preferably, C2-Cg alkylene is

20 a two to four carbon alkylene.

- The term "C2-Cg alkenylene" represents a two to six
carbon, straight or branched hydrocarbon containing one or more
double bonds, preferably one or two double bonds. Examples of a
C27C5 alkenylene include ethenyvlene, propénylene, 1,3

25 butadieneyl, and 1,3,5-hexatrienyl.

The term "aryl* represents a substituted or
unsubstituted'phenyl or naphthyl. Aryl may be optionally
substituted with one or two groups independently selected from
hydroxy. carboxy, C1-C4 alkoxy, C1-C4 alkyl, haloalkyl, nitro.

30 ~NR4Rs, ~NHCO(C1-C4 alkyl), -NHCO(benzyl), -NHCO(phenyl), SH,
S(C1-C4 alkyl), -OCO(C1-C4 alkyl), ~SO2(NR4R5), -S02(C1-C4
alkyl), -SO2(phenyl), or halo. The term (CH2)paryl is
preferably benzyl or phenyl.

The term *“substituted alkylene" represents a moiety of
35 the formula:



Exanpl e n nl n2

R 9
3. 2 0 -NH err] 15 10 G
NHerr] . Hd 11 3| REBLACEMENT SHEET
-N(CH err])[err] . HCA 12 : 3 2
[err] HC 13 3 P '
-NHCH[err]C[err]H[err] . HCd 14 ' 2@8EP19§9 2
-NHCOCH err] 20 15 3 P 0 '
-NHSQerr]C[err]H[err] 16 - 11 - .. 3. 2 0
-NHC(O)OCI—l[err]C[err]H[err] 17s S-enanti oner 2 Z 0
-NHCH err] . HO 18s S—enantiorrer 2 2 o
-NHCH[ err] C[err]H efr]]. HCI 18r R-gnantioner 25 - 19r
R- enant i oner (HChe . (CHo) g“ NHCG:H[err] 20r
R-enantiomer mUFNg T2 2 20s S-enanti oner
21r R-enanti oner 7 NﬁSCIerr]C[err]H[err]

; 1
21s S-enanti oner R or R5 wherein Z is - (CH2)p-

or -(CH2)p-0-(CH2)p-i; Rg is C1-C4 alkyl, C1-C4 alkoxy,
(CH2)maryl, (CH2)maryloxy, hydroxy, carboxy., -C00{(Ci-C4 alkyl)),
-COO((CH2)maryl), -CO(C1-C4 alkyl), -NR4Rs5, -N{R4R5) (OR5),

5 -NH(CH2)maryl, -NH(CH2)mpyridyl, -CONH{ (CH2)maryl), -CONH(C1-Cg
alkyl), -NHCO(Ci-C4 alkyl), -NHCO(CH2)maryl, -OCONH(C1-C4
alkyl), -OCONH(CH2)paryl, -NHCOO(alkyl), -NHCOO (benzyl),

-NHS02 (C1-C4 alkyl), -NHSO2{CH2)paryl, -CN, -SH, -S(C1-C4
alkyl), -S{aryl), -SO2(NR4R5), -S02(C1-C4 alkyl), -S0O(C1-C4

10 alkyl), glycosyl, or heterocycle; R4 and Rg5 are independently
hydrogen,* C1-C4 alkyl, phenyl, benzyl, or combine to the
nitrogen to which they are bonded to form a saturated or
unsaturated 5 or 6 member ring; p is independently 0, 1 or 2;
and m is independently 0, 1, 2, or 3. Preferably Z is -CH3-;

15 and Rg is C1-Cq alkyl, aryl, or -NR4Rs.

' The term *heterocycle" represents a stable,
substituted or unsubstituted, saturated or unsaturated 5 or 6
membered ring, said ring having from one to four heteroatoms
that are the same or different and that are selected from the

20 group consisting'of sulfur, oxygen, and nitrogeh; and when

" heterocycle contains two adjacent carbon atoms, the adjacent -
carbon atoms may be structured to form a group of the formula
-CH=CH-; provided that (1) when the heterocyclic rihg con;ains 5
members, the heteroatoms comprise not more than two sulfur or

25 two oxygen atoms but not -both; and (2) when the heterocyclic
ring contains 6 members and is aromatic, sulfur and oxygen are
not present. The heterocycle may be attached at any carbon or
nitrogen which affords a stable structure. The heterocycle may
be substituted with one or two groups independently selected

30 from C1-C4 alkyl, C1-C4 alkoxy, hydroxy, acetyl, carboxy,
haloalkyl, nitro, -NR4Rs5, -NHCO(Cj-C4 alkyl), -NHCO(benzyl),
-NHCO (phenyl), SH, S(C1-C4 alkyl), -OCO(C1-C4 alkyl),
-S02(NR4R5), -S02(C1-C4 alkyl), -SO2(phenyl), or halo. - Examples
of an heterocycle include pyrazole, pyrazoline, imidazole,



30 22
- 72 -

R- enant i oner

-

. .2 2 0 -NHCH err] (pyridyl) . Hd
. 23s S-enanti oner 2 2 HC
Z4s S-enanti omer 2 2 0 [err RMMEMES
' 2 2 0 -NHC(O OCH err] ¢ err]H err] 5
: 2 O SEP 1999
- 12 - ‘
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15

20

25

30

acetylimidazole, isoxazole, triazole, tetrazole; oxazole, 1,3-
dioxolone, thiazole, oxadiazole, thiadiazole, pyridine,
dipyridyl, pyrimidine, piperizine, morphgline, pyrazine,
pyrrolidine, piperidine, piperazine, oxazolidinone,
imidozolidinone, and aminopyridine.

The term “"glycosyl® represents a 5 or 6 carbon sugars,
preferably selected from allosyl, altrosyl, glucosyl, mannosyl,
guiosyl, idosyl, galactosyl, talosyl, arabinosyl, xylosyl,
lyxosyl, rhamnosyl, ribosyl, deoxyfuranosyl, deoxypyranosyl, and
deoxyribosyl. The glycose may be azide substituted, O-
acetylated, O- methylated amino, mono, and di- alkylamlno
substltuted or acylamlno substituted.

The term *"fused bicyclic" represents a stable fused
bicyclic ring system of the formula:

PISN

' Hetero

’;/’

wherein Hetero represents a substituted or unsubstituted,
saturated or unsaturated 5 or 6 membered ring, said ring having
from one to three heteroatoms that are the same or different and
that are selected from the group consisting of sulfur, oxygen,
and nitrogen; and when Hetero contains two adjacent carbon
atoms, the adjacent carbon atoms may be structured to form a
group of the formula -CH=CH-; provided that (1) when the Hetero
ring contains 5 members, the heteroatoms comprise not more than
two sulfur or two oxygen atoms but not both; and (2) when the
Hetero ring contains 6 members and is aromatic, sulfur and
oxygen are not present. The fused bicyclic may be attached at
any carbon or'nitrogen atom which affords a stable structure.
The fused bicyclic may be substituted with one or two groups
independently selected from C1-C4 alkyl, C1-C4 alkoxy, hydroxy,
carboxy, haloalkyl, nitro, -NR4Rs, -NHCO(C1-C4 alkyl),

-NHCO (benzyl), -NHCO(phenyl), SH, S(C1-C4 alkyl), -0CO(C1-C4
alkyl), -S02(NR4Rs), -S02(C1-C4 alkyl), -SO2{phenyl), or halo.



[err] Exanpl e 26
3;4-[NN-1,1"-(2- et hyl ene- 6- rrethyl enepyridine)-bis- (3.3 -l

i ndol yl)]-1H pyrrol e- 2, 5- di one. Fol | o m A@Emsmpdure

as described in Exanple 1, 2,3-bis- i ndol enal ei ¢ gn , 10. 88
mmol|l in 5 . DW was treated with sodi um hydri de (éowﬁ%iEERﬁng_ i}, 88
ng, 2.19 mml) for 1.5 hours, then diluted to 11 jmd t n
treated 15 wth bis-2,6-dibron0nethy| pyridi ne (245 gl Q. 93 nmmoly—IAflt er

stirring at 50[err]C overnight, the reaction m xture s wor ked up
(EtOAc) and filtered through a short plug of silica (bBo—peteent Et OAc
i n hexanes). Pyc.i di bridged emal ei.c anhydri de
(142 ng, 37 peér}ld(?e és vc\)/gs OE %{aldﬂgélc%lcn% }'C‘Euée QQ#e, l“‘éB""z%’i ¢h showed
essential |y a ¥PHgieirgpobentPrtRiczakhed 3}’9“5?”&#%?2\?3% benzoggapadier ect | y in the
next step w t hoizokazdleer bpnitoxaicbabzele, quinoline, isoquinoline,

3,4-[NN-1, 1 i blnx 1n an
(5.3 ol y )p*‘fﬁa?’a%%ﬁ%e‘*@ 'ﬁ‘?%ﬁtén% SRARMELEL Ak, TufSnoxalne, and

aminoisoquinolin

The term "amino acid residue" refers to moiety of the

, . ]
Cay . . _EN—‘<;C:O
—N o]
— - l\,\
formula R or R7  wherein R represents the
variable side chain of an amino acid and R7 is hydrogen or
hydroxy. The variable side chain of an amino acid represents
10 the atom or group bonded to an O-carbon atom also having bonded

thereto a carboxyl and an amino group. For example, the
variable region of the naturally occurring amino acids are of
the -formulas:

CH, CH,

\ \ —
CH— /CH —CHy— CH3;—CH,—CH:
15 CH3—, CH3 . ) CH3 R CH3 .
{Ala) (val) (Leu) _ (Ile)
: l If—CHz
CH;— CH
’ H ' ’
(Phe) : (Trp)
20
CH3—S~CH2~CH2—, H—, HO—-CH2, HoN-CHy-CH2~-CH2-CH2 -

(Met) - (Gly) (Ser) (Lys)



DMF was treated with a mxture of 1,1,1,3,3,3- 25 hexanEthyId|5|Iazane

(0:72 mL, 3.2 mmol) and CH err]OH (0. 063 i, 1.6 er
wor kup .and purification by radial chr omat ogr aphy {dNEL'S iy ngy
of the titled, N, N -(2,6- pyri di ne- bri dged) - bi s-ifndoremarermoe lad a

burgundy sol i d.
percent CHerr]OH 30 in CHO[err]).
- 73 - [err]

10

15

20

25

This material was honogeneous by {TYC @%SEPW 3

- 14 -
(le : NH, .
CH; —“fli— HO- CHy+— /C'CH2
H , HS—CHy—, o ©
{Thr) {Cys) {Tyr) : (Asn)
HCl:——-——- C—CH,— NH,
HyN—C—NH-CH,—CH;—CHy— - N NH | C-CH,~ CH—
I X Y
NH 1 H f 0
(Arg) ~ (His) (G1n)
HO, HO,
//C-Cﬂz—' //C-CH2'CH2
0 . ¢ OX o
" (Asp) (Glu)

In addition to the naturally occurring amino acids, the term
amino acid residue includes positional isomers and variants.

' Examples of positional isomers and variants represented by amino

acid residue include: 2-Aminocadipic acid (Aad), 3-aminoadipic
acid (baad), f-alanine (bAla), 2-aminobutyric acid (abu), 4-
aminobutyric acid (4Abu), 6~aminocaproic acid (aAcp), 2-
aminoheptanoic acid (ahe), 2—aminoisobutyri¢ acid (aib), 3-
aminoisobutyric acid (baAib), 2-aminopimelic acid (apm), 2,4-
diaminobutyric acid (Dbu)., desmosine (Des), 2,2'-diaminopimelic
acid (ppm), 2,3-diaminopropionic acid (Dpr), N-ethylglycine
(EtGly), N-ethylasparagine (Etasn), hydroxylysine (Hyl),
allohydroxylysine (aByl), 3-hydroxyproline (3Hyp). 4-

‘hydroxyproline (4Hyp). isodesmosine (Ide), allo-isoleucine

(alle), naphthylglycine, N-methylglycine (MbGly), N-
methylisoleucine (MeIle), N-methyllysine (Melys), norvaline
(Nva), norleucine {(Nle}, ornithine (Orn), phenylglycine,
cyanocalanine (CA), Y -carboxyglutamate, O-phosphoserine, o



Exarrple 27 5
34-[(NNN-1,1" - (2"-ethoxy) benzvl)-bis-(3,3" -indolyl)]- 1(H)

pyrrole 2, 5-di one hydrochl ori de A dry DMF !

di brom de, 2-(2'- Br onoet hoxy) - benzyl brom de, (2.0 d

bis-(3,3" - i ndolyl)]-1(nethyl)-pyrrol e-2,5-dione (2.

10 added via syringe punp over 20 hours to a suspensi on

(8.9 g, 27 mmol) in.dry DMF (550 nL) with vigorous stirrji

under N err]. After an additional 2 hoursl>the reaction n1¥fnrn
concentrated in vacuo, the residue dissolved in CH[err]CI[err] washe

with 1IN HQ, brine, dr| ntr ed i.n 15 tve - vioter
oil.. The oil wASPHHAYIA a?}ﬂeoﬂgﬁ? C[g hﬁglabll’anéflﬁ %c/b%%gl qulgh AGEPR Y 1
hexanes/ et hyl agetaire, Ehgcsianade, N- fqmlmedumdneo qwlrersdnet-t@esnh&attm:ycl e,

3,4-[(N,N -1, ]-anﬁzll These amino acid residues may be in either the D
et hoxy) - benzyl)

: | 5- di 6
(71%yield) asd Ha ‘%}ﬁlgug%'f 19 Rgl’}?/ 5t ng E%]t i 0%£$c§f1e§10 'frence %o
i i sopr opanol ﬁnetafﬁlyP@hfeO Asiervie gaber dimithei gmfiguratie®teri al . V5. MW

= 473; observed 473, FD,TheHERFRr THepViER: grea‘Pcu?%lt"é&d in thenseeGiddratien
76.09 (75.86); i3 4n@érdrhoB3hy MoBeBIk{BeA0kn the art. Generally.am bedeim

-(1RPPJHJ SUSDSI P of dH§C§9$U l® aBoft-that enhances the electroph111c1ty of
[N, ( the atoXyQo wg Qt qgsaéé%é%e (ﬂégsblaéémedf yl greferred

10. leaving groups are triflate, mesylate, tosylate, imidate,
chloride, bromide, and iodide. If the alk&lating agent contains
an amino acid residue (i.e., X, W, and Y combine to form
—(Cﬂz)n—AA-)'the leaving group attached to the carboxy is
preferably pentaflourophenyl ester or para-nitrophenyl ester.

15 The term “carboxy protecting group“ as used in the
specification refers to one of the ester derivatives of the
carboxylic acid group.commonly employed to block or protect the
carboxylic acid group while reactions are carried out on other
functional groups on the compound. The species of carboxy-

20 protecting group employed is not critical so long as the
derivatized carboxylic acid is stable to the condition of

. subsequent reaction(s) and can be removed at the appropriate
point without disrupting the remainder of the molecule. T.W.
Greene and P. Wuts, Protective Groups in Organic Svnthesis, John

25 Wiley and Sons, New York, N.Y., 1991, Chapter 5, proﬁide a list
of .commonly empioyed protecting gfoups. See also E. Haslam,
Protective Groups in Organic Chemistrv, J.G.W. McOmie, Ed.,
Plenum Press, New York, N.Y.. 1973. A related term is
*protected carboxy," which refers to a carboxy-protecting group.

30 - The term "hydroxy protecting group* as used in the
specification refers to one.of the ether or ester derivatives of
the hydroxy group commonly employed to block or protect the
hydroxy group while reactions are carried out on other
functional groups on the compound. The species of hydroxy

35 protecting group employed is not critical so long as the
derivatized hydroxy group is stable to the condition of
subsequent reaction(s) and can be removed at the appropriate
point without disrupting the remainder of the molecule. T.W.



25 pyrrole-2,5-dione (710 ng, 15 nmol) contai ning THF (20 nm.) was

agded 5N KCOH (80.nL). The reaction was heated (55 O th
stirring, cooled to roomtenperature, and the ethanol B . uo.
The concentrate was acidified to pH 1 with 5N HC 25 nl), extraftged
with ethyl acetate, washed with brine 30 (2x), dried} hnd? QSERMWatEd| t o
give the anhydride, 3,4-[(N,N - 1,1'-(2

- et hoxy) - benzyl ) - bi s- (3, 3'-|ndonI)] f ur an- 2 5-di one 700 Ny
(quantitative conversion) as-a residue.” 16

- 74 - To a dry DMF (500 ni) solutlon of the anhydri de,

3, 4- [(N. Norderle G2 p £1/a0%Y) Q &N~ Zotds
dione (760 g, 17 mmol)., was adde so utiq neth noI ( n., 8.3
mmol) and 1,1, Ylée% @dhﬁ%%%ref‘ﬁvl‘éﬁ 1 ¥2hne 1@3 ROV 36 °0F conmdnty
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employed protecting groups. Preferred hydroxy protecting groups
are tert-butyldiphenylsilyloxy (TBDPS), tert-
butyldimethylsilyloxy (TBDMS), triphenylmethyl (trityl),
methoxytrityl, or an alkyl or aryl ester. A related term is
*protected hydroxy," which refers to a hydroxy protecting group.
' The term "amino protecting group" as used in the
specification refers to substituents of the amino group commonly
employed to block or protect the amino functionality while
reacting other functional groups on the compound. The species
of amino-protecting group employed is not critical so long as
the derivatized amino group is steb;e to the condition of
subsequent reaction(s) and can be removed at the appropriate
point without disrupting the remainder of the molecule. T. W.
Greene and. P. Wuts, Pr i r in ni nth
Chapter 7, provide a list of commonly employed protecting
groups. See also J. W. Barton, i i r i
Chemistrv, Chapter 2. Preferred amino-protecting groups are t-
butoxycarbonyl, pthalimide, a cyclic alkyl, and
benzyloxycarbonyl. The related term *protected amino* defines
an amino group substituted with an amino protecting group as
defined.

- The term "-NH protective groups®" as used in the
specification réfers to sub-class of amino protecting groups
that are commonly employed to block or protect the -NH
functionality while reacting other functional groups on the
compound. The species of protecting group employed is not
critical so long as the derivatized amino group is stable to the
condition of subsequent reaction(s) and can be removed at the
appropriate point without disrupting the remainder of the
molecule. T. W. Greene and P. Wuts, Ezgﬁegnixg_gzgups_in
Organic Svnthesis, Chapter 7, page 362-385, provide a list of
commonly employed protecting groups. Preferred -NH protecting
groups are.carbamate, amide, alkyl or aryl sulfonamide. The
related term “protected -NH* defines a group substituted with an
-NH protecting group as defined. .



5 mol). After heating (55[err]C) 22 hours the reaction was :
cqncentrated in vacuo, diluted with ethyl acetate, washed w th 0.1N

HCl . The conbi ned organic | ayer was dried, and C T ol et
resi due. The residue was applied to a short pl ug(1 MCM‘MLSMI ed

with CHerr]OJ[err]/hexane (gradient 0 - 10 100% CH3C12). Evaporatil IP of.
the eluting solvent gave the NH mal ei m de, 2 0 SEP 1999
3,4-T(NN1,1'-(2" " -ethoxy)-benzyl)-bis-(3,3,- _ ) '
i ndolyl)]-1(H)-pyrrol e-2,5-di one 483 ny ((70% yi el d) gs ‘apurptre— solid

The title conmpound was crystallized from CH[err]CI [ erlr] / hexane.

[err] H NVR: (DIVISOd[errI.{)3 N-1g4 4]_,“% 1as) A9velho sl 26 2H
t738)71 s 38 (65%;9 er2e1n’ 16e@3§e5(7e|qjigse‘)u§ a[n@fx}%?%o%:ia gzmg d o the071n\§;entlon f
Exanpl e 28 is capable of inhibiting PKC activity in mammals. The

3,4-[(N, N -1, IpaheX8)- Bbstr 03, She Id3HBbYAA laaklin PyFdr@i€adediding to this

di one.

5 invention will, of course, be determined by the particular
circumstances surrounding the case, including the compound
administered, the route of administration, the particular
condition being treated, and similar considerations. The
compounds cdn be administered by a variety of routes including

10 the oral, rectal, transdermal, subcutaneous, topical,
intravenous, intramuscular or intranasal routes. For all
indications, a typical daily dose will contain from about 0.01
mg/kg to about 20 mg/kg of the active compound of this
invention. Preferred daily doses will be about 0.05 to about 10

15 mg/kg, ideally about 0.1 to about 5 mg/kg. However, for topical .
administration a typical dosage is about 1 to about 500 Hg
compound per cm? of an affected tissue. Preferably, the applied
amount of compound will range from about 30 to about 300 Mg/cm2,
more preferably, from about 50 to about 200 ug/cmz, and, most

20 preferably, from about 60 to about 100 ug/cmz.

The term "treating,® és used herein, describes the
management and care of a patient for the purpose of combating
the disease, condition, or disorder and includes the
administration of a compound of present invention to prevent the

25 onset of the symptoms or complications, alleviating the symptoms
or complications, or eliminating the disease, condition, or
disorder. _

The term *"igsozyme selective" means the preferential
inhibition of protein kinase C beta-1 or beta-2 isozyme over

30 protein kinase C isozymes, alpha, gamma; delta, epsilon, zeta,
and eta. In general, the compounds demonstrate a minimum of a
eight fold differential (preferably a ten fold differential) in
the dosage required to inhibit PKC beta-1l or beta-2 isozyme and
the dosage required for equal inhibition of the alpha protein

35 kinase C isozyme as measured in the PKC assay. The compounds
demonstrate this differential across the range of inhibition and
are exemplified at the ICgp, i.e., a 50% inhibition. Thus,
isozyme-selective compounds inhibit the beta-l1 and beta-2



25

sodi um hydri de (60 percent in oil, 146 ng, 3.65 mmol)
30 mnutes. The resultant green solution was sti
m xture was diluted wwth 10 nL of DVF and 30 then tr
1, 6-di bronohexane (0.24 n_, 1.57 nmol ). The reac

stirred 30 m nutes at room tenperature and then neat ed at 45[err]
16 hours. The cool ed m xture was podBed into dil(

(125 m.) and

To a solution of 3, 4-bi s-(3-indo|y|)-1-w
2,55-dione (499 ng, -1.46 mmol) in 10 nL of DVF under Nfk SHEET

- 75 -

extracted with g&

washed with vvater% é(gf)&)gaq' %) nLQg ?O Afmpgg ?‘gev%oqnvgﬁng%& %Eiéns Wlt ent
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ﬁ@§?¥hﬁ?xﬁéét%nﬂylV%E&Peb9 f?%ﬁﬂ? minimal inhibition of the

other PKC isozymes.

By virtue of their acidic moieties, the compounds of
Formula I include the pharmaceutically acceptable base addition
salts thereof. Such salts include those derived from inorganic
bases such as ammonium and alkali and alkaline earth metal
hydroxides, carbonates, bicarbonates, and the like, as well as

. salts derived from basic organic amines such as aliphatic and

aromatic amines, aliphatic diamines, hydroxy alkamines, and the
like. Such bases useful in preparing the salts of this
invention thus.iﬁclude ammonium hydroxide, potassium carbonate,
sodium bicarbonate, calcium hydroxide, methylamine,
diethylamine, ethylenediamine, cyclohexylamine, ethanolamine and
the like. _ ' '

Because of the basic moiety, the compounds of Formula
I can also exist as pharmaceutically acceptable acid addition
salts. Acids commonly employed to form such salts include
inorganic acids such as hydrochloric, hydrobromic, hydroiodic,
sulfuric and phosphoric acid, as well as organic acids such as
para-toluenesulfonic, methanesulfonic, oxalic, para-
bromophenylsulfonic, carbonic, succinic, citric, benzoic, acetic
acid, and related inorganic and organic acids. Such
pharmaceutically acceptable salts thus include sulfate,
pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, mono-
hydrogenphosphate, dihydrogénphosphate. metaphosphate,
pyrophosphate, chloride, bromide, iodide, acetate, propionate,
decanoate, caprylate, acrylate, formate, isobutyrate, _
heptanoate, propiolate, oxalate, malonate, succinate, suberate,
sebacate, fumarate, maleate, 2-butyne-1,4 dioate, 3-hexyne-2, 5-
dioate, benzoate, chlorobenzoate, hydroxybenzoate,
methoxybenzoate, phthalate, xylénesulfonaté, phenylacetéte.
phenylpropionate, phenylbutyrate, citrate, lactate, hippurate,
B-hydroxybutyrate, glycollate, maleate, tartrate, _
methanesulfonate, propanesulfonate, naphthalene-l-sulfonate,
naphthalene-2-sulfonate, mandelate and the like salts.

‘In addition toIpharmaceutically—acceptable salts,
other salts are included in the invention. They may serve as



chromat ography on silica gel eluting with CH[err]CI[err] hexanes, 1:1 to 5
3:.1 (gradient elution) to afford conmpound 3,4-[(N, N-1¢3 T
hexane) bis- (3,3 -indolyl)]-1-nethyl-pyrrole-2,5-di onWsmE
percent) as a purple solid, M Pt. > 320[err]C. ] m Kt ure .
containing 3,4-[(N,N -1,1'-hexane) - bi s- SEP 199.)

(3,3 -indolyl)]-21-methyl-pyrrol e-2,5-dione (137 ng, 3: 2 0) t hapol
(15 m.), 5 NKOH (5 nL) and THF (2 nL) was stirred 4 - huulb at—T o0
tenperature. At that tinme TLC anal ysis shoywed the starting material jto
be consunmed. The m xture was diluted with wat er ( nL) and
concentrated on the rotary evaporator. The m xture was cool ed,

acidified to pHntegrediagen Holthgnauekticasien afs thej EPRROMPEF 1 IO [Cé?r] (3 x
10 nL). The corbpaedtiongani sthext satts, wer én the Washeikivakiomidnd wat er,
dried over a“h%) QH&MEQE%& ]ofa@qucl:\?énp%(agﬁgrgf %‘EQBméHX%cBHV ple solid

obt ai ned (116 ¥ SIS m xture of the
desired anhydri de and PQ ’f‘i‘arfﬁut"'rﬁf"%lr}fyalacc?ﬂ?asbﬁ?aﬁélrrr%l°fm/é%“‘%’é’ﬁls of
directly in5 h&arexia 20 cagt @psovehottad warhens mealivhtesit ispgh as with

In the sane rranmrerasméchﬁhomlesamalaed | it AP PESrmbhmide, ethy30hdddaeR &hd

0263 mol ) 1n DU FE 5 STty o S1r) vt Ean atpe b pRPRRA (T or

1,1,1, 3,3, 3- hex%PrPEFﬁy‘Fﬁlséﬁcf‘ai‘éh‘@“@OCB@ bes frap the olNaRt °fand CH err] OH
(0 05 m., 1.31 emysicplbiaatrioght inheifenerin the wolweny EOEt¥eppratihen eorude

pr oduct Wﬁsl@“”ﬁﬂyatﬁﬂliihdibﬁshor adveﬁ@i@&ﬂﬁéOGBaéﬁBh Qaléﬁﬂﬂ Cas@& solvates
(CHerr]d [err] r.Eet w.].ﬁhlr]; Q:hs%t sc%?él ofg(:ﬁe preTsent J.nvent% Rn) to afford two

col ored fractions, 0 eluate contained the
3,4-[(N,N -1, 1' - hexane) - bt sks ecogrpszesl Chafi oTaFpue - SReERPLSQRATES| EQTNS508i one
I mpurity carri echd rcofipounds blieF@rmesia0 ISm#e &isonstforlegamEizond ©at @oadain
fraction contai §&dhiral carbon atom in the substituted alkylene moiety. The
15 compounds are normally prepared as racemates and can
conveniently be used as such, but individual enantiomers can be
isolated or synthesized by conventional techniques if so
desired. Such racemates and individual enantiomers and mixtures
thereof form part of the present invention.
20 The invention also encompasses the pharmaceutically
acceptable prodrugs of the compounds of Formula I. A prodrug is
a drug which has been chemically modified and may be
biologically inactive at its site of action, but which may be
degraded or modified by one or more enzymatic or other jip vivo
25 processes to the parent biocactive form. This prodrug should
have a different pharmacokinetic profile than the parent,
enabling easier absorption across the mucosal epithelium, better
salt formation or solubility; and/or improved systemic stability
(an increase in plasma half-life, for example). Typically, such
30 chemical modifications include the following: _
1) ester or amide derivatives which may be cleaved by
' esterases or lipases:;
2) peptides which may be recognized by spec1f1c or -
nonspecific proteases; or
35 3) derivatives that accumulate at a site of action
.through membrane selection of a prodrug form or a modified
prodrug form; or any combination of 1 to 3, gupra. Conventional

procedures for the selection and preparation of suitable prodrug



t he desired product, 3, 4- [(N,N -1,1" - hexane)-bis-(3,3" indolyl)-

1H pyrrole-2,5 dione (56 ng). M Pt. > 320[err]C. WM

Calculated for CJerr]Herr]Nerr]Qerr] (0.3 H[err]%EPWEMEMMTl
5.66, N, 10.26. -

5.65; N, 10.05.

C, 76.26; H,
C, 75.21; H,
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derivatives are described, for example, in H, Bundgaard, Design
of Prodrugs. (1985). |

The synthesis of-certain bisfindole-N—maleimide
derivatives is described in Davis et al. U.S. Patent 5,057,614,
herein incorporated by reference. Generally, the compounds of
the present invention may be prepared as follows:

(II1) ' (IV) ' (V)

R1. m, and halo are the same as previously defined.

Halo is preferably chloro, bromo, or iodo. Compound III is
preferably 2,3-dichloro N-methylmaleimide.

The reaction between Compound III and the indole,
Compound IV, is commonly known és a Grignard reaction. The
reaction is carried out in an inert organic solvent, such as
toluene, at a temperature between room temperature and the
reflux temperature of the reaction mixture. Most significantly,
the reaction depicted in Scheme 1 is dependent on solvent
conditions. When carried out in a Toluene:THF:ether solvent
system, the reaction provides Compound V in greater than 80
percent yield and greater than 95 percent purity. The product
is precipitated from the reaction mixture with ammonium
chloride, NH4Cl. Thg resulting intgrmediate, Compound V, may
be isolated by standard techniques. '

Bis-3,4(3'-indolyl)-lN-methjl—pyrrole-z,S—dione,
Compound V, may then be converted by alkaline hydrolysis to the
corresponding anhydride of the Formula VI by techniques known in
the art and described in Brenner et al., Tetrahedron 44: 2887-
2892 (1988). Preferably, Compound V is reacted with 5 N KOH in
ethanol at a temperature ranging from 25°C to reflux.



Exanpl e 29

3,4-[(N,N-1,1"-(3"' - (benzyl car bonat e) net hyl ene) hexane) - bi s- T
€3,3 -indolvl)]-1H pyrrol e-2, 5-di one. To

di chl oronet hane solution of 3,4-[(N,N-1,1"- ’R@QCEMENT SHEE
(3"'" - (hydroxy) net hyl ene) hexane) - bi s- (3, 3' -i ndol yl )] 1H pygrol e-
2 5-dione (24 ny, 0.054 nmol) was added diisopropyl et hylfaki n2 0 SEP 399 6{ nyy,
0.081 mmol) followed by benzyl chloroformate (13.8 ng, 10} 0.081 nmol)

After 72 hours, the reaction mxture was_aguenched - wijth. 2.5 N sodi um

bi carbonate; the organic |ayer renoved; an t he aqudous | ayer—extreaeted
Wi th dichl oronet hane. The conbi ned organi c | ayers were conbi ned, washed
with brine, dried over magnesi um subf at ilgered and concentrated to

give an oil that 15 was purified by reverge pflase HPLC (5% acetonitrile in
wat er - with 0.1% TFA gr adi ent

give 6 ng of the title corrpq,tmg),_ﬁzs. ——(Ry)m
lerr]

(VI)

Compounds of the Formula V are generally more stable
5 than the compounds of the Formula VI. Therefore, it is
‘preferred that Compounds V are reacted in accordance with Scheme
2 to produce the compounds of Formula I. However, one skilled
in the art would recognize that the compounds of the Formula VI,
may also be reacted accofding to Scheme 2.

10
Scheme 2
o L——X
(VI).
or + \w —  (II)
V) : /
L
(VII)

15 X, Y, and W are the same as previously defined. L is a good
leavind group such as chloro, bromo, iodo, mesyl, tosyl, and the
like. L may also be a hydroxy or other precursor that may be
readily converted to a good leaving group by techniques known in
the art. For example, the hydroxy may be readily converted to a

20 sulfonic ester such as mesyl by reacting the hydroxy with
methanesulfonyl chloride to produce the mesylate leaving group.

The reaction represented by Scheme 2 is accomplished
by any of ‘the known methods of preparing N-substituted indoles.
' This reaction usually involves approxima;ely equimolar amounts

25 of the two reagents, although other ratios, especially those

' wherein the alkylating reagent is in excess, are operative. The
reaction is best carried out in a polar aprotic solvent
employing én alkali metal salt or other such alkylation
conditions as are appreciated in the art. When the leaving

30 group is bromo or chloro, a catalytic amount of'iodide salt,
such as potasgium iodide may be added to speed the reaction.



20 Exanpl e 30
()-3,4-[(N,N -1,1"-(3"-(benzyl oxynet hyl ene) hexane) - b

imdolyl )] -1H pyrrol e- 2, 5-di one Fol | o _ edure
as described in the 25 previous exanples, 3,4-bis- :
-i_ndol yl ) - 1- net hyl - pyrrol e- 2, 5- di one (400 ng, Q.J17 2GSEP 19998 |nl] DVF
was treated wth sodium hydride (60 percent in foifl, 117 ng, 2.93 |mmol)
fol | owed by . . ' - 77 -

_22_

Reaction conditions include the following: Potassium
hexamethyldisilazide in dimethylformamide or tetrahydrofuran,
sodium hydride in dimethylformamide.
Preferably, the reaction is carried out under slow
"5 reverse addition with cesium carbonate in either acetonitrile,
dimethylformamide (DMF), or tetrahydrofuran (THF). The
temperature of the reaction is preferably from about ambient
temperature to about the reflux temperature of the reaction
nmixture. '
10 One skilled in the art would recognize that the

reaction described in Scheme 2 may be employed with compounds of
the Formula VIIa:

L—Y"

L—X'*
15 VIIa

X' and Y' are a protected carboxy, protected hydroxy, or a
protected amine. After the alkylation of Scheme 2, X' and®y'
may be converted to moieties capable of coupling to form W.
This method is the preferred method of preparing the compounds
20 of Formula I wherein W is -S-, -O-, or NR3. The coupling of X'
and Y' to form the various ether, thioether or aminoether
derivatives is known in the art and described in, for example,
Ito, et al., Chem. Pharm, Bull, 41(6): 1066-1073 (1993); Kato,
et al., J. Chem, Pharm, Bull, 34: 486 (1986); Goodrow, et al.
25 Synthesis 1981: 457; Harpp, et al., J. Am, Chem, Soc., 93: 2437
(1971); and Evans, et al., J, Org. Chem, 50: 1830 (1985).
One skilled in tﬁe art would also recognize that the
compounds of Formula V may be converted to the compounds of

Formula II in a two step synthesis as described in Scheme 3.
30 : '



~treatnment with ()-3-benzyl oxynet hyl ene- 1, 6- di br onohexane in 7 mL of
DMF. After heating at 50[err] C overnight, the crude product after
wor kup was purified by flash chromatography on silica

] =t h
CH err]C[err]-hexanes, 1:1 - 2:1 (gradient-elution).t ﬁEPLACEEﬁﬂﬁF >
(1-3,4-[(N,N'-1,1'-(3"-(benzy|oxy met hyl ene) hexane) -

bis-(3,3 -indolyl)]-1-nethyl-pyrrol e-2,5-dione (149 ng|23 )jap a
viol et solid. A mixture containing . | | 2()§EPQQ¢$
()-3,4-[(N,N-1,1"-(3"-benzyl oxy met byl ene) hexane) {bi 33 —
-indolyl)-1-nmethyl-pyrrol e-2,5-dione 10 (141 ng, 0.25 nnDI) et hanol 1%
nmL and 5 N KOH (5 nL) was stirred at roomtenperature 1or 3 hours at
which time TLC anal ysi s showed t he Sgheme g material to be consuned.

Af ter acidification and extraction mﬁtho~v? gP1Cl[err], the crude
product (101 ng) showed two spotsmun)TLC -nnIySIS @Kk{err]CI[err])
corresponding to 15 (Xtartln Jeterial N B Ik ydri de

— (II)

()-3,4-[(NN-1,1 - (& © "Déntyioxyr S

net hyl ene) hexane) - bi s- (3, 3" -indol yl ) - f ur an é{S-didne. NVR anal ysi s
i ndi cated roughly a 4:1 m xture of anhydri qe and ‘starting materi al
respectively. This material was used direct y—i13 the next step w thout

further purification. 20

()-3, 4- [(N N -1, 1 -(3"-Benzy¥&kJhet hyl ene) hexdh¥) -

bis-(3,3 -|ndonI) furan-2,5-dione (98 ng, 0.180 mmol) in 1 nL DMF was
treated with a mxture @f, 1x1mil 3 3v3md L ar@&m&mla@ §rémrsey(0 41 ni,

1.8
The e ot o oS bR b PECRE et e R RS shaE PR 00,
gel eluti-ng wi trnamxeicpp@{reqdr o a g°°dCI]-IF@Y¥f]9C:IgF@‘FE ]hYEfce%mmei pvadient
el ution) to gi tRe38rdy @he psuplliag between Compound V or VI and Compound
VIII is an alkylation as previously discussed. The
10 monoalkylated intermediate, IX, is deprotected, and L2 is
converted to a leaving group. For example, if the hydroxy is
protected with t-butyldimethylsilyl (TBDMS), TBDMS is
selectively removed using acidic methanol. The resulting free
hydroxy is then converted to a leaving group, such as an alkyl
15 halide, preferably an alkyl iodide or bromide (CBr4 in
triphenylphosphine) or sulfonate (mesyl chloride in
triethylamine). The macrolide is then formed by alkylating
under slow reverse addition to a solution of base, such as
potassium hexamethyldisilazide, or sodium hydride but preferably
20 Cs2C03 in a polar aprotic solvent such as acetonitrile, DMF, THF
at temperatures raﬁging from ambient to reflux.
Schemes 2 and 3 exemplify the process of the present
invention.  Most unexpectedly, the compounds of the Formula II
may be prepared in substantially higher yield when the
25 aikylation is carried out under slow reverse addition to Cs2CO3
in a polar aprotic solvent. Slow reverse addition involves
combining a mixture of compound and élkylating agent (Scheme 2)
or the compound (Scheme 3) with the base at a rate from about
0.1 mL/hour to about 2.0 mL/hour. The concentration of each
30 reagent in the mixture is about 1.5 molar to about 0.001 molar.
When carried out with the mdnoalkylated compound (Scheme 3) the
concentration is from about 3 molar to about 0.001 molar. The
slow addition results in a concentration of reagents in the



()3,4-[N,N -1,1"-(3"-(benzyl oxy) net hyl ene) - hexane) - bi s-(3, 3' -

I ndolyl)-1H pyrrole-2,5-dione. M Pt. 171[err]-173
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reaction vessel of about 0.01 Uumolar to 1.5 molar. One skilled
in the art would recognize that at a higher rate of addition a
lower concentration of reagents could be used in the reaction.
Likewise, at a slower rate of addition, a higher concentration
of reagents could be used in the reaction. Preferably,'the
compound is added at about .14 mL/hour with the compound and the
alkylating agent at 0.37 molar. It is preferred that the Cs2C03
be added in excess -- most preferably a 4:1 ratio Cs2CO3 to
alkylating agent. Preferred polar aprotic solvents are
acetonitrile, dimethylformamide (DMF), acetone,
dimethylsulfoxide (DMSO), dioxane, diethylene glycol methyl
ether (diglyme), tetrahydrofuran (THF), or other polar aprotic
solvents in which the reagents are soluble. The reaction is
carried out at temperatures ranging from about 0°C to reflux.
One skilled in the art would recognize that the ratio of the
mixture of the compound and alkylating agent is not critical.
However, it is preferred that the reagents are mixed in a ratio
of 0.5 to 3 equivalents of each other. Most preferably, the
reagents are mixed 1:1.

When V is N-CH3, Compound II is converted to the
corresponding anhydride (V is O) by alkaline hydrolysis.
Alkaline hydrolysis involves reacting the compound with a base,
such as sodium hydroxide or potassium hydroiide, in C1-C4
alcohol (preferably ethanol), DMSO/water, dioxane/water, or
acetonitrile/water at a temperature ranging from about 25°C to
preferably about reflux. The concentration of the reactants is
not critical. o -_

The anhydride (V is O) is converted to the maleimide
of Formula I by ammonolysis. Ammonolysis involves reacting the
anhydride with an excess of hexamethyldisilazané or an ammonium
salt (ammonium acetate, bromide, or chloride) and C1-C4 alcohol
(preferably methanol) in an polar aprotic solvent such as DMF at
room temperature. Preferably, the hexamethyldisilazane or an
ammonium salt is reacted at a ratio greater than about 5:1
equivalents of anhydride.

Yet another method of preparing the compounds of
Formula I is outlined in Scheme 4. This method is particularly
useful when W is -NH.and X or Y is a substituted alkylene.



Exanpl e 31 3,4-[(N,N -1, 1- (3"-(hydroxy)rrethy| WWS
5 i ndol yl)]- 1H-pyrro|e25d|one ACEMEN SHEE

m xt ure containing bis-(3,3 -indolyl)]-1-(methyl)- - ‘
(3.41 g, 10.0 nmol) and 3-tert-

but yl di phenyl si | yl oxynmet hyl ene- 1, 6-di br onbhexane (5. 64 g,
50 nL of DMF was added with a syringe punp over 30 10
wel |l -stirred solution of cesiumcarbonate (11.2 g, 34.3 mmol ) in DYF
(350 nL) at 55[err]C under Nerr]. After the addi TTom wWas Ccomnptere, the -
reaction mxture was heated at this tedfperature an additional 16 hours.
The cool ed m xture was poured into 1.2 L of water containing 20 nL of
3N HO and 15 extracted with three 300 nL portions of CHerr]C [err]. The
combi ned organi c extracts were washe 1\{vintlh4wat er and brine then dried
(MgS™) and concentrated. The residue wa through a 3" x 3"
colum of silica gel eluting with CHO[err]. The cruflsxpnegdict t hus

obt ai ned was purified by flash chgpmat ography méRilsilic 20 (KHal [err])
to afford 2.87 g (41% of 3,4-[(M N-1,1'-(3""'-PSry 75

but yI di phenyl si | yl oxyi¥é? hy| emégl?-qiexane)—b?s (3, ; 19 lyl)

2.0 SEP 1999

mjol}) in

1(methyl)-pyrrole-2,5-dione as a paeple solid, M pty.” 220 -Noox C.

HRVS cal cul ated for CJerr]Herr]Nerr]Si O [I\/H] n(HEO2. 3307 Found:

692. 3299. 25 A mi xture containing 3;4- [(\y 1 1'-(3"'-tert-
but yl di phenyl si | yl oxynet hyl ene) - hexane) bi s- (3, 3 -in PW yl)

1(met hyl) - pygrole 2,5-dione ( 1. 5§‘g 2.22. mol), ANKEOH (100 m.), THF
(10 nmL) and 95% EtC]—I (200 nL) was heated at 90[err]C for H16

(XI) +

Ac is acetyl. R1, R, 2., n, and m are the same as

10 previously defined. The alkylation of Compound VI with X occurs
under conditions previously described and known in the art.
Likewisef alkylation of Compound XI with the o-halo ketone,
Compoﬁnd XII, occurs under conditions previously discussed. The
‘conversion of the anhydride to the maleimide, Compound XV,

15 occurs as previously described. For example, the anhydride may
be converted to the bis-indole maleimide by reacting the
anhydride with hexamethyldigilazane and methanél in an inert
organic solven; such as DMF at room temperature.



hours. After renoval of nost of the EtOH on the rotaryfm
m xture was acidified to pH 1 with 6N HC and . ext | N
CH err]d[err] (3 x 75 nL). The conbi ned organic ¢

with water and brine and dried over

20 SEP 999

-,79 - anhydrous Na[err]SOerr]. After renoval off §he solvents 1
vacuo, the resi due was dissolved into a m ni num of |5¢ anol 1 n
CHCl [err] and | oaded onto a 3" x 3" colum of siliga gel. Elution ]
CHC [err] followed by 10 % nethanol in CHCl[err] gave two fractions;
evaporation of the second fraction provi ded “676 ng (69% of

anhydri de-al cohol as a purple solid which was honogeneous by TLC (RS

0.5, 10% nethanol in CH@nkeprddectdBisy drake! i Alpré@snt&Ehy Oac, is readily
hydrolyzed to form an alcohol (for example, K2CO3 in aqueous
methanol and THF). The resulting alcohol is converted to a
leaving group by methods appreciated in the art such as reacting

5 the alcohol with mesyl chloride in triethylamine at 0°C. The

leaving group is substituted with an azide, such as NaN3 in DMF
at 50°C. The resulting azide is reduced to form the amine by
employing Lindlar's catalyst in the presence of H3. The
macrocycle is allowed to close via an intramolecular Schiff

10 base. The Schiff base is reduced under standard conditions,
such as NaCNBH3 or other reducing agents, to form the

" macrocycles of Formula I.
Yet another method of preparing the compounds of

Formula I is outlined in Scheme 5. This method is particularly
15 useful when X, W, and Y are taken together to form - (CH2)pn-2AA-.

Scheme 5

1
{CH2)n
OAc R

(XIX) - (XVIII)
20 .
R1, A¢c, V, m, and n are the same as previousgsly defined. Pj

represents an amino protecting group. R represents the variable



directly in the next step without further purification. ' To a
sal ution of the above anhydride (510 ng, 1.15 10 - was
added a prem xed. sol uti on contai ni ng 1,1, 1,3, 3, azane

(5.14 m., 23 mmol) and CH err] OH (0.45 m., 11.5 : nt
m xture was heated at 50[err]C for 24 hours under |N @G BEP™&Y cdoljed
reacti on m xture was poured into 100 nL of water] {The- preci pit atjec
product was washed with 15 water and dried overnight To grve 409 ng df
3,4-[(N, N1, 1" - a7 - :

(3" -hydroxymnet hyl ene) - hexane) -bi s-(3,3' -indolyl)]-1H pyrrol e-

2,5-dione as a reddi sh-purple solid. This material was found to be 93%
pure by HPLC (r&Vis S82jR R PafBiiRidsignd Thes acylation, g fiqrReesd viVEhvarh

uni dentified coapautdvetediamiharad¥d (HRMVE £0 theabard -atibdophepyl ester,

Clerr]Herr] N[ ef{]dcghtla) 439 cd8Pbea JRURSinA38-48-6 and KF in THF, DMF,
Exanpl e 31r

(R-3,4-[(N N -%* 1di-“te§h°3- HYErEx) het it %ﬁ’%‘é‘?’i-?et.k‘éﬁef- SIS APy 1n Klausner,

i ndol yl )] - 1H pyPF dtle--2; PERKIN I 607-63d) (191§ ¢AS N&KREyR ocEdur e
descri bed aboveator d.hem, Chempr 8par g¥05on3909-BIAGPKEIE&RD,. Closure of the .
(R)'3’4'[(|“’NI'% form Compound XIX is carried out via formation of

rodyelel t

hydr oxymet hyl eneg%ﬂexane)-%l s- (3,3 - olyl)]-1H pyrrol.e-2,5- di one
e oreoarcd [RGB FC U B el b0 gL R S s
-(tert-butyl di phenyl si 2 n d6odi ireparting _ s of
Py o) yai 5. a0 e L ET Lot e one. fornat i an Wb oL aGter rc
[err]H NWR (300 R, bndfere?']e) ®1.05 - 2.25 (m 7H , 4.04 - 4.45 (m
6H) (m 8H), 7.08 - 7.88 (m 10 H).

' : Scheme 6

(XXI) l
. Py
N o : N_o
(R1) = (Ry)
m(Rl)\A = ~/(Rl)m m '\‘\' | — Se 1lm
O o) — u; we
lil N ¥ H '

‘
’ (CHz)n
(CH3)
n(HZC)\ 2)n \N\n/(CHz)n-Br
. -
(o] 6]
15 (XXIII) (XXII)

Ri1, Ac, V, P1, m, and n are the same as previously defined. The

reaction between Compound XX and Compound XXI occurs in the

presence of ethyl diisopropylamine in methylene chloride.at 0°C.
20 The macrocycle is formed via an intramolecular alkylation of the
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- 80 -

Exanpl e 31s ' - ° :
(9-3,4-[(NN-1,1"-(3" " -(hydroxymnet hyl ene) - hexane) - iCFET
i ndolyl)]-1H pyrrol e-2, 5-di one Y g ) Folloaﬁng NT SHEET
descri bed above for the 5 preparation of Exanple 31} .| '
(S) -3,4-T(N N1, L, -(3 " - hydr oxynmet hyl ene) - hexang) bi250§§,P31999
-indolyl)]-1Hpyrrole-2,5- . ~dione was prepared (4 5_.g) i % ovdr 4
yield from di brom de, - - 28 - . .
(S)-3-(tert-butyl di phenyl silyl oxymet hyl ene) - 1, 6- di br erehexere—by

edur e

di al kyl ation of bis-(3,3 -indolyl)]-1-(nmethyl)-pyrro étgbg?niouydione
hydrol ysi s, anfFee finggle giiéroges drgnkhd &‘Hﬁ%(?za . °Rﬂ§.t terminus under =

alkylating conditions previously described. The protected
maleinide is deprotected as previouély discussed to prbduce the
Compound XXIII.

5 An alternative method of preparing the intermediates,
Compounds XI and XX is described in Scheme 7.

Scheme 7
. HO
0
N N .
: (?Hz)n P
10 OAC
(XXIV) (XXV)

Ac is the same as previously defined; P is an indole protecting
group such as t-butoxycarbonyl or other indole protecting group
15 known in the art. T. W. Greene and P. Wuts, Protecting Groupsg
in Organic Svnthesig, Chapter 7, page 385. The reaction
described in Scheme 7 is known as a Perkin Condensation. The
reaction is described in Hill et al., J, Med. Chem. 36; 21-29
(1993). Generally, oxalyl chloride is added at between -78°C

20 and the reflux temperature of the mixture (preferably at 0°C) to

an anhydrous solution of Compound XXIV in inert organic solvent
such as. a halogenated aliphatic hydrocarbon like methylene
chloride. After about one to three hours, the volatiles are
removed. The resulting'soiids are dissolved in a dry '
25 halogenated aliphatié hydrocarbon solvent, e.g. methylene
' chloride; and added to Compound XXV in the presence of an acid
binding agent, preferably a tertiary amine such as
'triethylamine, at room temperature.
The resulting anhydride, Compound XI is reacted in
30 accordance with Schemes 4 or 5 or converted to the maleimide or
a protected maleimide as previously discussed.



[err]H NMR (d[err], DMSO [err] 1.05-1.15 (2H), 1.23-1.24 (1H) . 1.50-

1.52 (1H), 1.71 (1H), 1.94 (1H), 2.07-2.12 (1H), 4.0% HEET
7.09-7.21 (m4H), 7.35 (d, J=15 Hz, 2H), 7.49 (d, J= : 7.
J=9 Hz, 2H), 10.93 (s, 1H). [err]

Exanpl e 32 and 33 20 2 0 SEP 1999
3,4-[(N,N-1,1"-(3" ' -am nonet hyl ene) - hexane) -bis-(3, §

i ndol yl)]-1H pyrrol e-2, 5-di one Exanpl e 32 as thg
sal t Exanpl e 33 ag% he HAO Sall Ib

stirred solution of the anhydride al cohol 2,3- 25
[(N,N-1,1"-(3""-( hydro%%&%ﬁxﬁ&k@@@% WAX8RE) (fetefd ohBdolMhklrated) of
furan-1, 4-di Ongon(\po%hcli8x9’ma . b1 nmol ) “in anh dra?ush . .

y be converted to an alcohol by techniques known
in the art. For example, Compound XI is reacted with NH4OH or
aqueous ammonia in DMF at elevated temperatures, e.g. 140°C.

5 The resulting alcohol is converted to the amine, Compound XX, by
methods known in the art. For example, the alcohol in
dichloromethane and collidine under a nitrogen atmosphere is
reacted with triflic anhydride in dichloromethane. After
approximately two hours, the mixture is treated with aqueous

‘10 ammonia. The resulting amine, Compound XX is then reacted in
accordance with Scheme 6.

An intermediate of the present invention is prepared
in accordance with Scheme 8. This scheme is particularly useful
in preparing compounds wherein W is -O-, Y is substituted

15 alkylene, and X is alkylene.

Scheme 8 on
o) .
f E ol /\Mgﬁalb /\/l,,', Rg
% - Z N e ”
Rg Cul .
(XXVI) ' (XXVII)
Br
& (cain
NaH
(CH2 ) HO (CH2)p
u\\/, ~ S (CH2 ) m
a/’\\\//jL | ' ; < §§§/’ N
. {/ -
L ’l”"| HO 'l’lh" N l’"’lll/ Re
Rg Rg
(XXX) (XXIX) (XXVIII)
20 Rg is N3, NH-protecting group, amine protecting group,

or hydroxy protecting group; m is independently 0, 1, 2, or 3;
and L is a good leaving group such as chloro, bromo, iodo,

mesyl, tosyl and the like. L is preferably mesyl. Rg is

preferably a protected hydroxy, most preferably -Otrityl.



di chl oronet hane (10 nL), under nitrogen was added triethyl am ne (0.10

g, 1.06 mol), and net hanesul fonyl chloride (0.11 g, 0.98 nmol) .  The
resulting solution was stirred 30 mnutes at room 30 - Em H‘Eﬂ
solvent was renoved in vacuo. The residue was di sFOf ' _
anhydr ous di net hyl f ormam de, followed by the addi {i pn of sodi um agide
( 0.26 g, 4.1 nmol). The reaction : 2 0 SEP 1999

- 81- m xture was heated for 1.5 hours at 50[err] [ under nitrogen
The cool ed reaction m xture was parti30i ened betweep 0.2 N HO and. -
ethyl acetate. The conbi ned organic extract was dried auer magnesi i

oo oL L oE R RCREAR0s o LB RIS LR, 5 shiey s, uhich
in dinethylf<3rﬁﬁﬁﬁ%ﬁ? GBXTHJY"uﬁﬁeﬁhe macrocycle. The S-enantiomer is
illustrated above; however, one skilled in the art would
recognize that the complimentary'enantiomer Oor mixture of
5 enantiomers could be prepared in an analogous manner.
Furthermore, one skilled in the art would recognize that an
analogous reaction with a methyl substituted epoxide or Grignard
reagent could be used to prepare the various linkers (-X-W-Y-)
containing a methyl substituted aikylene.

10 In the above reaction, the epoxide, Compound (XXVI),
is opened using a Grignard reagent. The reaction is carried out
in the presence of copper complexing agent; however other
alkylating conditions are operative. .The reaction is carried
out in an inert solvent at a temperature between -30°C and

15 reflux temperature of the reaction mixture. The reaction _
produces Compound (XXVII) which may be further reacted without
purification. Compound (XXVII) is allylated under general
conditions known in the art for preparing ethers. The reaction
illustrated in Scheme 8 is a Williamson synthesis. The

20 formation of sodium alkoxide using NaH, NaOH, or KOH followed by
allylation with allyl bromide produces the diene, Compound
(XXVIII). Compound (XXVIII) is converted to the alcohol,
Compound (XXIX), under standard techniques. For example,
Compound (XXVIII) can be converted to an ozonide by treating

25 with ozone at low temperatures. The ozonide is then reduced
with NaBH4, LiAlH4, BH3 or catalytic hydrogenation with excess
H2 to produce the alcohol, Compound (XXIX). The hydroxy
moieties of Compound (XXIX) are donverted to.léaving group, L,
by standard techniques such as reacting the alcohol with mesyl

30 chloride in triethylamine.

In all of the above schemes, it is preferred that the
reactions be carried out with appropriate protecting groups. In
particular, it is preferred that R; is protected during the
alkylations and/or acylations and subsegquently deprotected.

35 Likewise, if Rg is to be a -NR4R5, the reactions are best
carried out with an amino protecting group. However, one
skilled in the art recognizes that many of these reactions can
be performed without protecting groups if the appropriate



nitrogen, and 1,1,1, 3, 3, 3- hexanet hyl di sil azane (1.25 g, 7.75 mol ) and

nmet hanol (0.12 g, 3.87 mmvl) were added. The reacti on was heat ed at
50[err] C. After 12 hours, - the reaction was cool ed, ' f ' hyl
acetate, washed with water, hydrochloric acid 2 N o A es
were back extracted with ethyl acetate (3x50 nL) { The conbi ned ofgénic
| ayers were dried over. magnesi um sul fatée,; fil terﬁd,_ aBd SER 9%t ¢d|t o
provi de the azi de-im de, ;
3,4-[(N,N -1,1- (3 ' -azi donet hyl ene) - hexar‘?&) bis- 15 °

(3,3 -indol yI)] 1H pyrrol e-2,5-dione (175 ng) as a plple colored

solid. The pr Oﬂé&itl‘ﬁﬂsc@’ﬁh(tﬁ&hﬁgrm@h&dn@r’re'agBﬁtdﬂJ or the Dyik@nmexe Rise@) C18

colum ( 21 220 J"kcEalth Rnal AN ar@%&&%s a hjdrregz}ﬁ%fﬁ% (0; L% TFA and

5% acetonitrile in P acetonitr ver 65 m nut es
at 15 nl/mn. P6°"cﬂﬁt&fin oFerfuPreyidjphenylsilyloxy (TBDPS

3,4-[ (N, N -1, ler{ienydmecuniet byl end) doekanahebpdkyiftidon or acylation of
iTndol yl I)]tll;F px?é OirmoaeS HHN @bl HifY B¥McUNdsYbel EbrmYBa NWRy be

0 a solution 9 .
azi donet hyl ene)1 ﬂie"’)t}‘ane %u%é EéNﬁy tfct):ﬁy%j’jé %ﬁ-Chm?uels 5-di one (0. 19
0.21 mml), in ethyl. ac@P&P@u‘( A Had t“%ol gs. rf‘f_I)HZSx Ve - a8V

Li ndl ar' s cat alkxst X0vl BXxv, XRve asdcinyootiexireangemias requirest iforechainder

hydrogen (1 AThhogd f&%&&ﬁémea&@t Hi@lerAEE)ﬂlﬁech%ally aviaibBle ! NRokAt 8l ¥ak Was
renoved by fi Itrgtlon and, t conceq:thr ated iQ_vacuo.

Purificatidf by bt eParal 9% Qre\?g g%aby methﬁdm"ﬁﬁfcl o Rl i f)ynamax. R-
60 C18 (21.4x23xampieusoRgowndJIL} pawedre graraaréqﬂ bso%qizn(leuis Aerrnikett 199
acetonitrile irEdgetetr)al., Chem. BAGUIRI( dide (B oni Conigompdoveris60 ni nut es

gt 41E5( m\l i . iprefer%lq)/ lpgsgazt&# B GBS Yoy2PbiG 3% bACpHOps hdely

(3'"' - ani nonet hﬁ"@ﬁ&}tﬁ%ﬁgfqﬁ Jith an ai%&ﬁ?rﬁﬁfﬁlbwgl guon @s di one
trifluoroadeéti cethviluagrasiumabrepigiel i § d@owg)nameg3%,

The following examples and preparations are provided
merely to further illustrate the invention. The scope of the
invention is not construed as merely consisting of the following
examples. To aid one sgkilled in the art, the following

20 structure is provided to illustrate with a representative
.compound the nomenclature adopted herein:

In the following examples and preparations, melting point,
25 nuclear magnetic resonance spectra, mass spectra, high pressure
liquid chromatography over silica gel, N,N-dimethylformamide,



35 yield.

), 1.0-1.1 (
m4H ),
1.1.68 (
mlH),
6.824 ( d,

J=7.83

105. 2,

1. 60-

110. 8,

10

15

20

25

30

35

VS. [err]H NVR (d[err] acetone) [err] 0.77-0.78 ( m 1H

m 1H), 1.27-1.34 ( m1H), 1.43 (.m 1H). 1.52:1 56 (

HEET

mi1H), 1.90-1.94 ( m 1H), 3.17-3.21 ( mﬁfPLAWS 3.138 (

3.64-3.67 ( m1H), 3.75-3.82 ( m2H ), 6.61}6}7 aH
J= 16 Hz, 2H), 6.936( t, J= 8.31 Hz, 2H.

Hz, 2H), 9.3 ( s, 1H). 5 _[§§r]C NMVR (dfe
26.0, 28.0, 32.1, 35.4, 40.8, 41.0, ,

45.1, 45.8, 50.9, 105.1,

111.0, 121. 24, -
palladium on charcoal, tetrahydrofuran, and ethyl acetate are

" abbreviated M.Pt., NMR, MS, HPLC, DMF, Pd/C, THF, and EtOAc

respectively. The terms “NMR" and "MS* indicate that the
spectrum was consistent with the desired structure.

Preparation 1
- - LI - Y - -

Sodium ethoxide (3.56 g, 50 mmol) was added to a
solution containing 2;3—dichloromaleic anhydride (5.56 g, 33.3
mmol) and methylamine hydrochloride (3.50g, 55.0 mmol) in 40 mL
of acetic acid. The mixture was stirred under a CaCljy drying
tube at 25°C for 16 hours and then refluxed for 4 hours. The
cooled mixture was poured into water (350 mL) and extracted with
EtOAc (3 x 75 mL). The combined organic extracts were washed
with 100 mL portions of saturated aqueous NaHCO3, water and
brine and dried (MgSO4). The solvent was evaporated under .
reduced pressure. The residue was recrystallized from ethanol
to give 3.82 g (64%) of 2,3-dichloro N-methylmaleimide as white
crystals. Concentration of the mother liguor and chromatography
of the residue by radial preparative layer chromatography
(Chromatotron, Harrison Research), gave an additional 0.81 g of
2,3-dichloro N-methylmaleimide, raising the yield to 77%.

A solution of indole (10.5 g, 90 mmol) in 175 mL of
dry toluene was treated dropwise over 1 hour under N2 with a
solution of ethylmagnesium bromide (1.0M in' THF, 90 mL, 90
mmol). After the addltlon was complete, the light-green
solution was heated at 40°C for 30 minutes and then cooled to
25°C. A solution of 2, 3-d1chloro N-methylmaleimide (3 8 g, 21

-mmol) in 50 mL of toluene was added over a 30-m1nute period..

The reaction mixture was heated at 100°C for 3 hours, then
cooled to 25°C, and quenched with 100 mL of 20 percent aqueous
citric acid. The layers were separated. The aqueous phase was
extracted with EtOac (50 mL). The combined organic layers were
dried over anhydrous MgSOj. The solvent was evaporated under
reduced pressure. The residue was taken up in 30 mL of acetone
and allowed to stand at 5°C for 40 hours. The solids were
collected and washed with ice-~cold ether to give 5.25 g (73



121. 29, 122.7, 122.9, 123.0, 128.4, 128.6, 131.5, 132.0, 3340 134..1

%36. ]8, 137.1, 172.6, 172.7, 192.5 10 REPLACEMENT SHEET
err Exanpl e
3,4-[ (NN -1,1-(3" - (N—benzvlan1no)nethylene) hexane) - bIS- 5 e
(3,3 -|ndonI)] 1H-pyrrole-2,5-dione trifluoroacetate sglt 0 SEP 1999
To a stirred solution of the primary anine, 3,4-
[(N,N-1,1"-(3" "' -am nonet hyl ene) - hexane) 3pis-(3, 3" -i ndoljyl )] -1 H
pyrrol e-2,5-dione (40 ng, 0.05 nmmol ), in anhydrous THF (Z-Tty tHger
nitrogen was added benzal dehyde (9 39 ng, 0.08 nmmol). 20 After 30 m nutes,
sodi um tri acetmsxgehol otfydr # deig-13. 75ndnady 10- barethy L-pigiof eods “HdERY. 25AP er
stirring 1 howed kbeid cactpkon2me-A78PE. was diluted with water and

extracted with —ethyl apetatgildiabor 3.4 Hik- JhaePinadngegan c extracts
were dried over nagnesium %

| d
Por 11 cat ) on. ByTTSge-] crdigee pHR e L RIS 1R BHEEY Tt g80 g

col um S The mixture was stirred 4 hours at 25°C and-diluted with 150 mL
of water. Most of the ethanol was evaporated under reduced
pressure. The mixture was then acidified to pH 1. The
precipitated product was filtered and washed with water. The
crude product was dissolved in a minimum of CH2Cl2 and slowly

10 filtered through a two-inch coluﬁn of silica gel eluting with 50
percent EtOAc in hexane to give the titled compound (3.10 g 79
percent) as a red solid. M. Pt. 225-228°C.

Preparation 2
15 is-2,6-dibromometh idine
To a mixture containing 2,6-pyridinedimethanol (735
mg, 5.28 mmol) and triphenylphosphine (3.20 g, 12.2 mmol) in 35
mL of dry CH2Cl2 at 0°C under N2 was added N-bromosuccinimide
(2.16 g, 12.2 mmol) in portions over 10 minutes. The mixture
20 was stirred 1 hour at 0°C and then allowed to stand at 5°C for
16 hours. Most of Ehe solvent was removed under reduced )
pressureé. Ether (100 mL) was added to the residue. The ether
layer was decanted and concentrated to 20 mL then diluted with
3:1 hexane/EtOAc (50 mL). The cloudy solution was placed in the
25 refrigerator overnight. After evaporation of the solvents in~
vacuo, the crude product was recrystallized from hexane to
afford 766 mg (55 percent) of bis-2,6-dibromomethyl pyridine as
a white crystalline solid. MSs.

30 Preparation 3

A solution of potassium t-butoxide (1.0 M in THF, 8.27
mL, 8.27 mmol) was added dropwise to a solution of (%)-3
cyclohexene-l-methanol (853 mg, 7.60 mmol) in THF (35 mL) at
35 25°C under N3. The resultant mixture was stirred at 25°C for 30
minutes. Benzyl bromide (1.0 mL, 8.37 mmol) was added dropwise.
The reaction mixture was allowed to stir at room temperature for
16 hours and then treated with saturated aqueous'NH4cl (5 mL)



(21.4x250 mm) using a linear gradient from80%A ( 0.1% TFA and
acetonitrile in water) to 100% B (pure acetonitrile) ov
at 15 m/mn., provided two different fractions of nono

conmpound, 3,4-[(N,N-1,1"-(3" "'-(Nbenzyl am no) net hyl ene)
hexane) -bi s-(3,3' -indolyl)]-1H pyrrol e-2,5-dione (16 ng)
and t he di benzyl am no conpound, 3,4-[(N,N-1,1"-(3""'-

- 83 - (N, N-di benzyl am no) net hyl eng)- hexane) - bi s- (3,
pyrrole-2,5-dione, (7 ng) in 20%yield. M5 [err]

!
NVR (d[err]
acetone) [err] 1.2-12.3 ( m 1H), 1.5-1.6 ( m1lH),
and concentrated. The residue was dissolved in ether (50 mL),
washed with water (20 mL) and brine (20 mL), and dried over

MgSO4. The solvent was evaporated under reduced pressure. The

residue was subjected to radial chromatography on silica gel
5 eluting with S5 percent EtOAc in hexane to give (%)-3-
' (benzyloxy)methyl-1-cyclohexene (1.42 g, 92 percent) as a
colorless oil. NMR

Ozone was bubbled through a solution of (%)-3-

benzyloxymethylene-1-cyclohexene (1.35 g, 6.70 mmol) in CH2Cl:

10 (65 mlL) at -78°C until the blue color of unreacted ozone
persisted. The reaction mixture was allowed to warm to room
temperature, while dry nitrogen was bubbled through the
reaction. Borane-dimethyl sulfide complex (10.0 M in THF, 2.7
mL, 27.8 mmol) was added via syringe over several minutes, and

15 the reaction mixture was allowed to stand at room temperature
for 24 hours. The réaction mixture was treated with 5 percent
agqueous HCl1l (1 mL) and stirred vigorously for one hour. Solid
NaHCO3 was added until the mixture tested basic to litmus paper.
The mixture was dried over anhydrous MgSO4. The reaétion

20

mixture was filtered and concentrated to afford the crude (%)-3-
(benzyloxy)methyl-1,6 hexanediol (1.49 g, ca. 100 percent) as an
oil. This material, which showed essentially a single spot on
TLC analysis, Rf = 0.25, 25 percent EtOAc in hexane, .was used
directly in the next step without further purification.
25 N-Bromosuccinimide (2.49 g, 14.0 mmol) was added to a
stirred mixture of (£)-3-(benzyloxy)methyl-1,6 hexanediol (1.45
g, 6.10 mmol) and triphenylphosphine (3.67 g, 14.0 mmol} in dry
CH2Cls (50 mL) at 0°C under N2. After 12 hours, the reaction
was concentrated and ether (100 mL) was added to the residue.
The mixture was stirred 15 minutes; and the ether layer was
decanted from the solids. This was repeated with 50 mL of
ether. The combined ether extracts were concentrated to 50 mL
then diluted with hexane (100 mL). After standing at 5°C
overnight, the solution was decanted from the precipitated
35 solids and concentrated to afford dibromide (£)-3- _
(benzyloxy)methyl-1,6-dibromohexane (1.09 g, 49 percent) as a

light yellow oil which was eséentially homogeneous by TLC, RE
0.75 (10 percent EtOAc in hexane). NMR

30



5 1.71-1.7
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Hz, 2H ), 4.
Hz, 2H), 7.
[err] C NWR (

50.1,52.2, 105.0, 105.2, 110.8, 111.1, 121.2, 121.3, 122.8, 1

123.1, 128.5, 129.8, 130.3, 131.2, 131.3, 132.0, 132.4,| =137 +3

136.8, 137.0,
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15
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25
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35

71-1. 77 (
maAH ), 3.37-3.41 ( m1H), 4.13 ( t, J= 5.1Hz, 2H), 4
H

m 1H), 1.93-2.10 ( m 3H), 2.5 ( m,1H), 3.1-3.2

36 (d, J= 3.6 Hz, 2H), 7.13-7.24 ( m 4H)
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39-7.51 ( m7 H), 7.89-7.96 ( m2H ), 976 ( s,1H. 10
dlerr] acetone) [err] 25.6, 27.3, 32.1, B

N

(o]
o
(X
A
m
ol

N
N

172.5, 172.6 15

Preparation 4

To an anhydrous CH2Cl2 (110 mL) solution of 3-buten-1-
ol (15 g, 0.21 mol) was added imidazole (28.6 g, 0.42 mol, 2
eq)., followed by tert-butyldimethylsilyl chloride (32 g, 0.22
mol). After 90 minutes, the reaction was complete as indicated
by TLC (10% EtOAé/hexane). The CH2Cls solution was transferred
to a separatory funnel, diluted with CH2Cly (110 mL), washed
with water (200 mL), and brine (200 mL). The organic layer was
collected, dried over MgSO4, filtered, and the solvent removed
to vield an oil (1-(O-TBDMS)-3-butene) which was taken on to the
next reaction. MS -

The above 0il was dissolved in a mixture of acetone
(400 mL) and water (50 mL). N-Methylmorpholine-N-oxide (85.2
g, 0.63 mol, 3 eq) was then added. . The resulting slurry was
cooled to 0° C, and after 10 minutes a catalytic amount of OsO4'
(0.3 g) was added. The resulting slurry was allowed to stir
overnight, gradually warming to room temperature. TLC (25%
EtOAc/hexane) indicated the reaction was compléte. The reaction
mixture was quenched with sodium bisulfite, diluted with ether
(1 L), washed with water (400 mL), and brine (400 mL). The
organic layer was collected. The aqueous layer extracted with
ether (2 x 500 mL). The combined organic layers were dried,
filtered, and concentrated to yield 4—(O-TBDMS)—1,2—butanedipl
as an oil, which was taken on to the next reaction.

The above oil was dissolvéd in anhydrous CH2Cl2 (250
mL). Imidazole (30 g, 0.44 mol, 2.5 eq) was added to the
golution as a solid with stirring. The resulting solution was
cooled to 0°C. After cooling 15 minutes, a CH2C1l2 (50 mi)
solution of tert-butyldiphenylsilyl chloride (50 g, 0.18 mol, 1
eq) was added dropwise over 45 minutes. After the addition was
complete, stirring was continued at 0°C for 2.5 hours. The
solution was trénsferred to a separatory funnel, diluted with
CH2C1l2 (250 mL), washed with water, brine, dried over MgsSO4. and
filtered. The solvent removed under reduced pressure to give
the crude product as an oil. The crude product was purified by
eluting (10% EtOAc/hexane) it through a short column of gilica



Exanpl e 35
3, 4-
(3

manner anal ogous to Exanple 34. M5 25 [err]H NWR e)
[err] 0.2-0.3 ( m1 H), 0.6-0.9 m 4 H, 1.2-4.3 (mIH 1.50 (q,
J=5.4 H, 2H), 2.27 ( m1H ), 3.303-8 (m 8H)__6.6-69 (m 18 H),
7.35 (dd, J= 7.5 Hz, J=24.9 Hz, 2 H, 9.1 (s, 1H).
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(N,N-1,1"-(3""'-(N, N-di benzvl ani no) net hyl ene) - hex T
, 3" -indolvl)]-1Hpyrrole-2,5-dione trifluoroacetate szﬁgqjkﬁmﬂa@rSHEET
3,4-[(N,N-1,1"-(3""-(N, N-di benzyl am no) net hyl ene) - :
hexane) - bi s- (3, 3" -indolyl)]-1H pyrrol e-2, 5-di one was prilefdar @d3 B&P 1999
(

g
dlerr] acetor

gel. The eluting solvent was removed in vacuo to leave a
viscous o0il of the titled intermediate. (78.1 g, 93 % overall
vield). MS

Preparation S

To a methylene chloride (20 mL)/cyclohexane (100 mL)
solution of the alcohol of Preparation 4 was added allyl .
trichloroacetimidate (17.82 g, 88 mmols, 2.2 eq) under an N
balloon followed by trifluoromethanesulfonic acid (50 uL/g of
starting material, 0.92 nmL).. After 20 hours, the solution was
filtered, and the filtrate was washed with saturated aqueous
NaHCO3, water, and then brine. The organic layer was collected
and dried over MgSO4. The solvent was removed to give an oil,
which was purified by flash chromatography on silica gel eluting
with hexanes and increasing the polarity of the mobile phase to
5% ethyl acetate in hexanes over several liters to yield 19.27 g
of the allylic ether, l-(tert-butyldimethylsilyloxy)-3-
{(propeneoxy) -4~ (tert-butyldiphenylsilyloxy) -butane as a light
brown oil (97% yield). Ms. . ’

To a.THF (60 mL) solution of the above allyl ether
(14.16 g, 28.38 mmols, 1 eq) was added 9-BBN (9-
borabicyclo{3.3.1]lnonane, 0.5 M solution in THF, 60 mL, 30
mmols, ‘1.1 eq)  dropwise under nitrogen. -After 3 hours, TLC
(10% EtOAc in hexanes) of the reaction showed that the starting
material had been consumed. To this solution was added 3M
aqueous NaOH (10.41 mL, 31.22 mmols, 1.1 eq) followed by slow
(1.5 hr) dropwise_addition'9£j30% hydrogen peroxide (10.3 mL,
90.82 mmols, 3.2 eq) .- Theireacﬁidn température during the
peroxide quench was kept below”50°C(ice bath)-

after 30 minutes, sodium chloride was added until the
solution was satirated. -The_organic layer was removed; the

" aqueous layer was extraéted with ether; the combined organic

layers were dried and filtered; &nd the filtrate concentrated to
give an oil. The crude oil was purified by flash chromatography
on silica gel eluting with 10% EtOAc/hexanes and increasing the



[err] : Exanpl e 3f it
(NN -1,1'-(3"" -(N-pyrrolidino) rret hyl ene) - hexane) - bi s- ﬂEPLACEMENf SHEET
(3,3 -indolyl)]-1H pyrrol e-2, 5-di one hydrochl oride salt§ |
stirred mxture of nesylate, (R-3,4-[(N,N-1,1"-

(3 ' - (et hanesul f onyl oxy) net hyl ene) - hexane) - bi s-(3, 3" -i nd %?]SEP 1999

- 1H pyrrol e-2,5-di one, (202 ng) and pyrrol.idine (1.5 nlL) = nL)
was heated at 50 C until TLC indicated the starting 10 materlal be
consuned (16 hours). EtQAc (30 ni) was “atfded. The or gantcT pira'se—wag
washed with 10 nL portions of 5% NaHCO3, wat er and brine.. Concentration
af f orded deep- rdages) Q:lée ZM' %A‘e@ﬁexanessgpi@xma%guﬁ 0 FSr Q@@é?g lotesdRlebe
(Waters reverse- han ;! g:A ligh 1? CHSl 6%59 JMOO%CHBCN
gradient) to gi %( 91%- @ ight' yellow

3,4-[(N,N -1, 1' -(3' ' - N B el ﬁdﬂx@%ﬁhﬁ}"fceﬁé)iehe%éﬁeymbi%ﬂ(ls}gl of the
i ndol yl') ] - | H pydsove€alednddi 08¢ ARelt Sridthysahine CRUYRISI @B. 9D mmols, 1.5
5 eqg.) followed by dropwise addition of mesyl chloride (3.31 g,
28.91 mmols, 1.5 eqg.) with vigorous stirring. After 3 hours at
0°C, TLC (10% EtOAc in hexanes) indicated the starting material
was consumed. The reaction was diluted with ether, washed with
water, brine, dried over MgSO4, and the solvent removed. The
10 resulting oil was passed through a pad of silica eluting with
25% EtOAc/hexanes, and the eluant was concentrated. To an
acetone (200 mL) solution of the resulting oil was added NaHCO3
(0.17 g, 1.93 mmols, 0.1 eq.), and NaI (28.88 g, 192.7 mmols, 10
eq.). After stirring 30 minutes at room temperature under a
15 nitrogen atmosphere, the reaction was. heated to 50 °C with a
water bath. After 2.5 hours, TLC (10% EtOAc in hexanes)
indicated that the mesylate was consumed. The reaction mixture
was diluted with ether (500 mL), washed with cold saturated
aqueous NapSO3, water, brine, dried (MgSO4)., and the solvent
20 removed. The resulting oil was passed through a pad of silica
eluting with 5% EtOAc in hexanes .to give the purified title
compound 10.3 g as a colorless oil (85% vield).

. érepération 6
25 S 3-bromoproovl acetate
3-bromopropan-1-ol (0.54 moles, 75 g} in CH2Clz (500

mL) at 0°C under Ny was treated with acetyl chloride (0.5 moles,
40.2 mL). To this solution was added triethylamine (0.54 moles,
75 mL) in portions (5 mL) slowly by syringe. Tle reaction

30 mixture was allowed to gradually (12 hours) come to room
temperature. The .precipitate was filtered off, and the filter
was washed with CH2Clj. The filtrate washed with water (2x),
brine (2x) and dried over Na3SO4, and filtered. The filtrate

was concentrated to give the titled acetate 91 g (93% vield) as
35 an oil. MS



HCl -salt in the same manner gave (R)-3,4-[(N,N-1,1-(3"'-N

pyrrolidinonmet hyl ene) - hexane) - bi s- (3, 3' -i ndol yl )] - 1H py{toie- 2-o—ei-pne
hydrochl oride salt (42 ng) as a light red solid. M 20 REPLA@EWI}SHEE
(dec.). HRVB calculated for CJerrJ]Herr]Nerr]Qerr] [WIT: 193.726p4

Found 493. 2605. 2 0SEP 1999 [P

|y
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Preparation 7
-{3- r ~i 1

To a stirred 0°C DMF (400 mL) suspension of NaH (60%

in mineral oil, 0.705 moles, 28.2 g, 1.5 eq.) in a three-neck

5 flask fitted with a reflux condenser and an addition funnel was
added a DMF (150 mL) solution of indole (55 g, 0.47 moles)
dropwise. After 30-60 minutes, a DMF (50 mL) solution of the
alkyl halide, 3-bromopropyl acetate (170 .g, 0.94 moles) was
added. The reaction was heated at 50°C for 6 hours and then

10 allowed to stir at room temperature for 5-15 hours.

The solvent was removed in vacuo. The residue was
partitioned between CH2Clj and water. The organic layer was
washed with 1IN HCl (3x), water, brine, dried over Na2SO4, and
filtered. The filtrate wa& concentrated to give the titled

15 alkyl indole 102 g as an oil which slowly crystallized. MS

Preparation 8
-(tert- nyl) -indol-3-vl-
To a stirred acetone (800 mL) solution of indole-3-
20 ' acetic acid (26.25 g, 0.15 moles) was added cesium carbonate
(48.9 g, 0.15 moles) followed by allYl bromide (15 mL, 0.17
moles, 1.16 eq.). After 12 hours the solvent was removed. The
residue was partitioned between water and CHCl3. The organic
layer was washed with brine, dried over Na2SO4., and filtered.
25 The filtrate was concentrated to give the allyl ester 2?,9 g
© (74% yield) as an oil. '
To an acetonitriie (500 mL) solution of the allyl
ester (27.9 g) was added di-tert—butyl dicarbonate (29.1 g,
0.133 moles, 1.2 eq.) and 4-dimethylaminopyridine (1.36 g, 0.011
30 moles, 0.1 eqg.). After 15 minutes, the reaction mixture was
diluted with EtOAc (1.2 L) and washed with 0.1 N HCl, water
_(2x), and brine (2x). The organic layer was dried over Na2S04,
filtered, and concentrated to give the BOC protected ester (32.9
g, 94%) as an oil which slowly crystallized. '
35 To a CH2Cl2/EtOAc 10:3 (325 mL) solution of the BOC
protected ester was added sodium 2-ethylhexanoate (17.3 g, 0.104

moles), triphenylphosphine (4.93 g, 18.8 mmol, 0.18 eq.) and
Pd(PPh3)4 (4.56 g, 3.95 mmol, 0.04 eq.). After 1 hour, the



Exanpl e 37 ' ( - :
3,,4-f[(N,N -1,1'- (3" ' -net hoxynet hyl ene) - hexane) - bi s-( 3, [ACEMENT SHEET
i ndol yl)]-1H pyrrol e-2, 5-di one A sol utionf of" '
3,4-[(NN-1,1"-(3"-tert-

but yI di phenyl si | yl oxymet hyl ene) - hexane) - bi s- (3, 3' -i ndol jyt})] 2 0 SEP 1999 -
1(methyl)-pyrrole-2,5-dione (1.25 g, 1.81 nml) in TH Qi)

treated with a solution of tetra-n-butylanmmoni umfl uorijde in 10 THF (1M
2.0 m., 2.0 mol). The mxture was stirradfor 1 hour

" The reaction m xture was quenched wth 1IN HO (5 nl) and diluted with
EtQAc (75 mL). After washing with ter br i n or.gani er
was dried (l\/gS(joelF'rTs "E¥dTE c'gon‘f:eéintra e(feSlgue e Pasit ﬁgnﬁgsbetg'rl |(\EeéDg

fl ash chr omat odpHgt®n sThe drrsgel aqupovs| Lay e WﬁFt‘Pﬁ‘éﬁ S%F@%Q‘?éntﬂth n

THF/ hexanes (1 Etbpct octadnf @tler, andl €diDlcarefully acidified with 0.10 N HCL.

3, 4- I[(N N-1,1 T{e3ac1(§5ycd':aﬂﬁ¥5@§ mébgpev)ash%ﬁ@x?@xtl}'aéted with EtOA The
(3,3 -indol yg ) g rglgélrc hflag)erpxésr %a%he Wl One er,nexggst edzrlé% over:ONasz(% purpl e

solid. This mat% Gsaa diasaeed 4rred
sol ution cont alandngliwe&lbov@i%llfeéhmte( 2@5 WC@FSBC% tonﬁb‘@ thadBa7 %
aqueous tetraf | prateboed Gcaal €21.87¢, M7 y61dMRls) an oil Whith eyl [err] (6

m) at O[err]C ro. S f

trimethylsilyl d 8%2?&&%?3 (%?qc%d éz)é l‘Ethl\/l Eletglaercliegom oqu}? mais >33 °%%5 mol )
over 5 minutes.® r‘ﬂ’?esF%%‘%lt ¥At mixture was stirred at O[err] Cfor 2
"hours then 't 25 C for 4 hours. TLC analysis of the 25 reaction m xture

i ndi cated a | arge anmount of unreactedBsepaxatign 9 material. The mixture

was cool ed and an equi val ent awwﬂ_mr af l ueroboric acid

trimethylsilyldia - ne)-bis- = -

1 = =2,5-4i )

15 A DMF (50 mL) solution of bis~(3,3*'-indolyl)]-1-
(methyl) -pyrrole-2,5-dione (3.41 g, 10.0 mmol) containing the
dibromide 3-tert-butyldiphenylsilyloxymethylene-1,6-
dibromohexane (5.64 g, 11 mmol, prepared in a manner analogous
to the benzoyl derivative in Preparation 2) was added using a

20 syringe pump over a 15 hour period to a DMF (350 mL) slurry of
CsaCO3 (11.2 g, 34.3.mm01) at 60 °Cc. After 4 hours from
completion of the addition, the reaction was cooled to room
temperatufe, poured into water (1.5 L), and extracted with
CH2Clz (3 x 300 mL). The organic phase was washed with water,

25 .dried, filtered and concentrated. The concentrate was purified
by flash chromatography eluting with 10% to 25% ethyl
aéetate/hexane to give the macrocycle 3,4~[(N,N'-1,1'-(3**-3-
tert-butyldiphenylsilyloxymethylene)hexane)-bis-(3,3'-indolyl)]-
1 (methyl) -pyrrole-2,5~dione 2.95 g (43% yield) as a red oil. MS

30

Preparation 10
To a cyclohexane (400 mL) solution of (S)-methyl 4-
tgrt-butyldiphenylsilyloxy-3~(hydroxy)butyrate (20.0 g, 53.7

35 mmol) was added allyl trichloroacetimidate (21.74 g, 107.4
mmol), followed by trifluoromethanesglfonic acid (1 mL, 50mL/g
alcohol) in five portions over 30 minutes, with stirring under a
nitrogen atmosphere. After 70 hours, the solids that formed



added. The m xture was stirred 2 hours at O[err] C then 6 hours at

25[err] Cand diluted with CHerr]dJ[err] (20 nL) -and '
¢10 30 nL) and water (10 mL). The organic |ayer was Eﬁﬁiﬁﬁmanﬁﬂg' Jﬁgf
concentrated. The residue was | oaded onto a 3" x 3" sijijca gel cql ym
and eluted with CHerr]d[err] to.give nethyl ether, 3 4-[@QN BEP 1999

- 86 - 1, 1- (3" ' - net hoxynet hyl ene) - hexane)-bis- (3 3--indolyl)]-

1(nmet hyl)-pyrrol e-2,5-di one, 114 ny, (394% as a reddi shh-purpte soTi d,
MPt. 234 - 236[err] C. NVR HRVE cal ¢Rimated for |
C[err]H[err_]_N[err]qerr] : 467.2208. Found : 467.2210. 5 A

m xture of 4-v\{eﬁ:'é| AN rtlerdd; (and tRet fibepsretdiyd eae) washed with cyclohexane,

hexane) - bi s- (3, QQQJ a);hé%%kﬁy#éméé_{ 9):%a?cu§ d"ﬂ{éeréé&ﬁa'?ig 0il wall: 243
mmol ), and 5N K cont nlg
_ _ a plug of silica and wash w1t hexane, ‘and product
eluted w1th 10% ethyl acetate/hexane. NMR indicated the
5 presence of residual imidate (ca. 10%); however the material was
carried on without further purification' The residue yields

24.76 g of material, of which approx 22.2 g was desired product
(100%). MS.

10 Preparation 11.

DIBAL-H (231 mL, 1.0M in toluene, 231 mmol) was added
dropwise over 40 minutes to a solution of (S)-methyl 4-tert-
butyldiphenylsilyloxy-3-(allyloxy)-butyrate (23.8g; 57 mmol)

15 dissolved in anhydrous THF (1.0 L) at -75°C under N3. After

stirring 1.5 hours, the mixture was allowed to warm to -10°'C and
guenched with 5% water in methanol and a large amount of Celite.
The quenched reaction mixture was filtered through a pad of
Celite; the filtrate was ooncentrated and partitioned between

20 ether and 20% citric acid. The ether layér was dried and
¢oncentrated in vacuo. The residual o0il was passed through a
pad of silica eluting with chloroform to yvield 20.6 g (93%) of
(S) 4-tert-butyldiphenylsilyloxy-3-allyloxy-butan-1-ol.
) To a methanol (500 mL) solution of (S} 4-tert-

25 butyldiphenylsilyloxy-3- allyloxybutan-l -0l (20.6 g, 53.6mmol)

' was added ozone at -78°C for approximately 12 minutes. The
reaction mixture developed a faint blue color, NaBH4 (12.2 g,
321 mmol, 6 eq.) was added to the reaction vessel. The reaction
was allowed to come to room temperature. The volatiles were

30 removed in vacuo. The residue was passed through a plug of
silica eluting with ethyl acetate to yield 16.4 g (79%) of (8)
4-tert—butyldiphenylsilyloxy-3—(2-hydroxy-ethoky)-butan-l-ol as
‘a colorless oil.
' To an ether (600 mL) solution of (S) 4-tert-

35 butyldipheny1511yloxy-3—(2-hydroxy-ethoxy)-butan-l-ol (15.7 g,
40.4 mmol} at 0°C under nitrogen was added triethylamine (16.8
mL, 121 mmol) followed by mesyl chloride (9.38 mL, 121 mmol).
After 3 hours, the solution was filtered; the filtrate was
washed with water. (2x),. brine (2x), dried over Na2804 and



of THF was heated at 90[err]C for 24 hours. After renoval _of nost . of -

t he et hanol under reduced pressure, the m xture was aci dijpj -

with 6N HO and extracted with CHerr]C[err] (3 x 15 nL REMMWi
organi c extracts were washed with dilute agueous NaHCJO ejfr ] and wate
and dried over anhydrous MySQerr]. After renmoval of the| | 26 S&EM199% n
vacuo, the crude product was | oaded onto a 2" x 2" cdl i of silica pe
and eluted with CH err]C[err] to give anhydride 15 whi¢h was used
directly in the next reaction. . - 41 - To a sol uti

anhydride (76 ng, 0.17 mmol) in DMV (1.5 nL) was added a sol ution of -
1011083.3 cohedtiatby| kA5 aNent0rdAall: o4, 104 )(-898, GH gLl OH

(0.07 i, een_prem xe he reaction

20 mxture was béf‘f“’?ng&li ?ﬁ)tf?r yﬁfl%f’érlr‘j’h’éht WeR FEated ot doeethor Poe
hour s V\/nereupoanE@%ﬂaFysWézS shesetveadhénr&mtionen(t.at Bé¢. camphehad been The

gﬁol ed (r]I eact i gn ;Erwiwea \ﬁ@&nf \wcksgmkp céﬁ&&@e aSTcprt@l\ils%@idﬁlon wasd%ﬁﬁéa bed.

ecruepru vvggsogl 0 |cae
(CHerr]d [err 4% EtO%\ ?n CH%er rﬁq’ 05 eq g Pagﬁﬁt % g'tm%on) t%ﬁ
afford 42 ny (5595cEﬁOQ3m4xf%qq as jkept. eg 56 C for 2 hours and filtered; and
net hoxynet hyl enghehéiXame)ebiss (3ndentivadeliyis) [vattb pyr makerdsiGue was di one as
a diar K releI sol i @arRﬂCJrjfféHabéﬂv?e%hl 8thdr QANALR! QBGSYR! @he etherJAYFerl§iall. Of
anal ytically pu '
met hoxynet hy| em‘éﬁ3 ﬁ%‘ﬁaﬁg%‘ %L d§£-| naofgﬁz]SOfH%ndr FOPESY Bt fii¥fe as
reddi sh-vi ol'8t dd1-P a9 WPRPEY z°7f2(5>247~¢eet utyldiphewtlisiayieai-dul(at ed for
C err] H err] N[ erivhiekeaxly) ¢0- ioddbatsdas a colorless oil. fhe 6%e8811 Hieha02;
N, 9.23. FQidsas. fas: Me=>b08 899 0B8erMa 8589 (M-tertbutyl: Fp,

CHC13). ) '

.
[

N N

3 2
15 ' 0-S0,CH3

: Preparation 12
(S)-3,4-T(N,N'-1,1*)-((2'*'-ethoxy) 3"'—(0) =4 -

- - - (3 —1H~- -2.5-
20 dione
) 3,4-(bis)-(3- 1ndolyl)-1H-pyrrol -2,5-dione (10.04 g,

29.4 mmol) and (S) 4-(tert-butyldlphenylsllyloxy) -3~-(2-
1odoethoxy) -1-{iodo)butane (17.9g, 29.4 mmol) were combined and
dissolved in anhydrous DMF (80 mL). The solution was added via

25 syringe pump addition over 72 hours to a suspension of cesium
carbonate (38.3 g, 118 mmol) in anhydrous DMF (1.7 L) at 50°C
under N2. The DMF was removed in vacuo. The residue was
partitioned between CHC13/1N HCl. The acidic layer was back-
extracted with chioroform and ethyl acetate. The combined

30 organic layers were washed with 1IN HCl (1x), water (2x), brine
(2X), dried over NazSO4. and reduced to give a magenta solid.
The crude reaction mixture was used without further
purification.
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1H-pyrro|e 2, 5-di one
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The crude reaction mixture was suspended in ethanol

(700 mL) and treated with 5N KOH (800 mL). The reaction
temperature was raised to 80°C. After 72 hours the ethanol was
removed in vacuo; the agueous suspension was cooled to 0°C, and

5 acidified with SN HCl. The violet precipitate was collected and
passed through a silica plug eluting with ethyl acetate. The
eluant was concentrated to yield 8.7 g of the partially
silylated maleimide as a magenta solid thét was carried on to
the next reaction without further purification.

10 To a DMF (1 L) solution of the above anhydride (8.7q,
19.7mmol) was added 1,1,1,3,3,3-hexamethyldisilazane (41.6 mL,
197 mmol) and methanol (4 mL, 98.5 mmol) under nitrogen at
ambient temperature. After 40 hours, the reaction was
concentrated in vacuo , a 2:1 (v/v) MeCN/1N HCl solution (100

15 mL) was added. The residue was stirred for one hour. The
organic solvent was removed; and the agqueous suspension was
extracted with ethyl acetate. The solvents were removed to
vield 8.9 g of maleimide that was used without further
purification.

20 To a CH2Cly (800 mL) suspension of the above
maleimide (8.9g, 20 mmol) under nitrogen at ambient temperature
was added pyridine (4.85 mL, 60 mmol) and a slight excess of
methanesulfonic anhydride (4.21 g, 24 mmol). After 16 hours the
reaction mixture was washed with 0.1N HCl, brine, and the

25 organic layer was concentrated. The residue was passed through
a plug of silica eluting with a slow gradient of 0-10% MeCN in .
CH2Cl2. The eluant fraction containing the desired mesylate was
concentrated to yield 2.8 g of the title compound as a magenta

solid. Overall yield'from the diiodide is 18%. MS: MW=520;
30 observed 520 (FD, CHCl1l3). '



Acetic anhydride (0.064 m., 0.68 mmol) was added to a stirred m xtur

e

of. the anhydride, 2,3-[(N,N-1,1"-(3-

(ﬁydr oxynet hyl ene) - hexanej “bis- (3,3 -indolyl)]-furan-1, 4 REPMMENMSI'ET

ng, 0.34 mmol), 4-dinethylam nopyridine (27 ny, 0.22 10 { npol ), pyr| d| ng

(0: 75 m.) and THF (1.5 nmL). The reaction m xture wap ptig S@

25[err] Cunder Nerr] for 16 hours. The m xture was) d} | uted wi t'h EtjO4c
(20 nL) and washed with 2N HO (2 x 10 _ 4 m) and water (lz—x—Tﬁ—rrt‘)—a'n'u
dried over anhydrous MgSO err]. After evaporation of the solvents

under reduced pressure the: crude 15 product was purified by chromatography
on a short colum of silica gel e&eﬁalraglmtm CH[err]CI[err] to give the

O acetate anhydrid hen
2,3-[(NN-1,1-(3"- acetox nmet ene) - hexape) - bi

i ndol yl)]-furan-1, 4-di of@ 2 Ht‘h%e °?6 9 Yz‘ h ’)‘ ; ée*s*b"i’ﬁ% (Aldrighp 25
254[err] C. 2013.0 mL, 0.11 nFb) a N i d;wpgepnﬁ%wlem%e (@3 et At @44

anhydlri de, ‘2, 3mol) and 4-dimethylaminopyridine (2.70 g., 0.022 mol) in 375 mL
][l(,lll‘\law 1, 4- d| E)ne ﬁcéﬁ%ﬁ%}‘@i %i}e)ath?é@%sbéﬁeﬁ%ér@ ndol yl )]

sol uti on cont a‘P‘t‘ﬁYﬁQhEh‘inlle%lgr%s’Hé?Srrﬁ%ﬂLd| éllr%?zg‘ﬂl‘e) (0L gg ‘H‘t_x‘“re was 2

2 -

mmol ) and CH esti@dd( 8t REPCnifer 1481 hpnod ) Ehechedradobewiktprerwacedaghed or 5

m nutes. The r@@ﬁé&mamfwrcﬁ YO MOpkedidie 6EL RG] ASvater, PERMHeOHSE Y
descri bed . ediwg?u%{hg,@%%ﬁ e”?ur | e oPUerIt' sk eva ‘EQEéHmt agg aphy

silica gel gra ent e o err%-

CH err] d [ err] ¥egisugi %Stlr@deda%féﬂzﬁ f‘ral"’el‘lm a%lu"@ &f[fﬂlﬂa and slowly
1,1 -(3 ' - (aceebxyedrethyd dexpnbexenelunts- ( 3-8tertidol yl )] -1H 30
Eyrrol e-2, 5- g' Bﬂr€y7 Hgnyhsl% oRPnét hJEERe y-adc ?Qidtféx\éﬂécmwasg (86%), was
orbgeneous yobtaC:Ln §H colLeieAQ ‘ol ecryc%t vawa!slt%oar‘titolgggogsr %m &Cc_et Or%e-

15 0.4, hexanes).
Analytical calculated for_c23H3oosi(0.3 H20) :
C, 77.6; H 8.67.

Found: cC, 77.38; H, 8.72.

20 Preparatidn 14
- -1 i i ne)-1,6- nedijiol
Ozone was bubbled through a well-stirred solution of
3- (tert-butyldiphenylsilyloxymethylene)-1-cyclohexene, (18.0 g,
51.3 mmol) in CH3Clz (550 mL) at -789C until the blue color of
-25 unreacted ozone persisted. The reaction mixture was allowed to
warm to 25° C. Dry N2 was bubbled through the solution for 30
minutes. Borane-dimethylsulfide complex (10.0 M, 23 mL, 0.23
mol) was added dropwise over 10 minutes. The mixture was slowly
stirred under N2 at 25° C for 24 hours. 5% HCI (15 nmL) was
30 added, and the reaction mixture was stirred for 1 hour. Solid
NaHCO3 was added until the mixture tested basic to pH paper
(external damp}. After filtratiom, the filtrate was washed with
200 mL portions of. 5% NaHCO3 and water and dried over anhydrous
MgSO4. After evaporation of the solvent under reduced pressure,
35 the crude product was purified by chromatography throﬁgh a4* x
4* pad of silica gel eluting with EtOAc. 3-(tert-
(butyldiphenylsilyloxy)methylene)-1,6-hexanediol 17.8 g (90%)

on



- 88 - wat er provided the titled conpound as a red so

252[err] C Anal ytical calculated for CJerr]Herr] N er
Herr]O: C, 72.06; H, 5.67; N, 8.69. 5 Fou
H 5.67; N, 8.29. . The fol |l owi ng conmpounds

manner anal ogous to the Exanpl es descri bed and furthef

conpounds of the invention. In the follow ng exanples, th

1%

was confirmed by NVR M and/or elenental4analysis. [err

10 stracture—

dl -~ C 71.72;
hef e POSER Ghgi n|-
| lustrate th

|

was obtained as a colorless viscous oil which was homogeneous

by TLC (Rf 0.5, ether).
Analytical calculated for C23H3403Si(0.2 H20):

C, 70.80; H, 8.88.
5 Found: C, 70372; H, 8.86.

Preparation 15

-tert- 1di n i m ne-1.,6-dibromoh n

N-bromosuccinimide (19.3 g, 109 mmol) was added in

10 portions over five minutes to a stirred solution

containing 3-

(tert-butyldiphenylsilyloxymethylene)-1, 6-hexanediol (17.5 g,
45.2 mmol) and triphenylphosphine (28.6 g, 109 mmol) in dry
CH2CIz (550 mL) at 0° C under N2. The reaction mixture was

stirred 5 hours at 0° C then placed in the refrigerator at 5OC
15 for 16 hours. After removal of most of the solvent, dry.ether
(300 mL) was slowly added to the residue. The ether layer was
decanted from the precipitated solids. The solids were washed
with an additional 200 mL of fresh ether. The combined ether

layer was concentrated (100 mL), triturated with

300 mL of

20 hexanes, and decanted from the precipitated solids. The solids
were washed with 25% ether in hexanes and the combined organic
1éyers were dried over anhydrous MgSO4 and concentrated. The
crude product was placed onto a 4* x 4" column of silica gel and

eluted with 25% ether in hexanes to give 3-tert-
25 butyldiphenylsilyloxymethylene-1, 6-dibromohexane

20.1 g, (86%)

as a colorless o0il which was homogeneous by TLC (Rf = 0.75, 10%

EtOAc in hexanes). .
1H NMR (300 MHz, CDCl3) 1.06 (s,9H), 1.35 - 2.10

{m, 7H), 3.55
{(m, 10H).

(m,4H), 3.56 (app 4, 2H, J = 4Hz), 7.40 and 7.64
30 _
13¢ R (75 MHz, CDCl3) 19.2, 26.9, 29.3, 30.0, 31.9, 33.8,
34.7, 38.5, 65.0, 127.7, 129.7, 133.4, 135.5.
) Preparation 16
35 -(-)-3- -1-

A solution of LiAlH4 (1.0 M in THF, 75.8 mL, 75.8

mmol) was added dropwise over 15 minutes to a cooled solution of
the known ester (Ireland et al J. Org. Chem. 1992, 57(192),
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5071-5073 and references therein), (S)-{(-)-3-Cyclohexene-1-
methyleneoxy-(S)-N-methyl-2-hydroxysuccinimide, (8.20 g, 34.5
mmol) in THF (90 mL). The reaction mixture was allowed to warm
to room temperature and stirred at 25° ¢ for 2 hours, cooled and
quenched with water and 1N NaOH. The mixture was filtered
through Celite. The solids were washed with THF (100 mL).

After evaporation of the filtrate, under reduced pressure, the
residue was dissolved into 150 mL of ether and washed with water
(2 x SO mL) and brine (50 mL) and dried over anhydrous MgSO4.
Evaporation of the solvent gave (S)-(-)-3-Cyclohexene-1-methanol
3.24 g (83%) as a clear oil [alD = -90:3 (C = 1, CH30H). Both
the TLC properties and lH NMR spectrum of this material was
identical in all respects with that of the racemic material
(Aldrich). '

ly NMR (300 MHZ, CDCI3), 1.21 - 1.42 (m, 2H), 1.68 - 1.88 (m,
3H), 2.04 -~ 2.21 (m, 3H), 3.54 (brs, 2H), 5.69 (s, 2H).

Preparation 17
- (-}~ 3-ter iphenvlsi . ne)-1- n
(S)-(-)-3-Cyclohexene-1-methanol 3.17 g, 28.3 mmol)
was treated with tert-butyldiphenylchlorosilane (8.15 mL, 31.1

mmol), N,N- diisopropylethylamine (10.9 mL, 62.3 mmol) and

‘dimethylaminopyridine (1.03 g, 8.5 mmol) in CH2CI2 (100 mL) to

afford, after workup and chromatography, silyl ether (S)-(-)-
3~tertbutyldiphenylsilyloxymethylene)-1l-cyclohexene 8.73 g (88%)
as a clear o0il. Both the TLC properties and 1H NMR spectra of
this material were identical in all respects with racemic silyl
ether 3-tertbutyldiphenylsilyloxymethylene)-1—cyclohexené.

1y NMR (300 MHz, CDC13) ‘1.05 (s,9H), 1.29 (m,1H), 1.71-2.18

(m,4H) 3.54 (d, 2H, J = 6Hz), 5.66 (br s, 2H), 7.38 and 7.66 (m,
10 H). ' '

Prepafation 18

Following the same procedure described for the
preparation of the racemic diol 3-(tert-

butyldiphenylsilyloxymethylene) -1, 6-hexanediol , silyl ether



[err] Exanpl e 40r

(R-3,4-T(N,N -1,1"-(3""-(N, Ndi net hyl am no) net hyl ene) 1.sxar’.c
bi's- (3,3 -indolyl)]-1H ovrrol e-2.5-di one hydrochl ori dd RER CEMENT SHEET
Met hanesul foni ¢ anhydride (94 ng, 0.54 mmol) was addeq over 10 Tmnuges

to:a stirred solution of chiral alcohol, (R)-
3,4-[(N,N-1,1"-(3" "' -(hydroxy) net hyl ene) - hexane) bi s- (}3,|3' 20 SEP 999
indolyl)]-1H pyrrol e-2,5-dione (200 nyg, éS rrm)l) arjd | jcH
m., 1.35 nmmol) in CHerr]dJ[err] (5 m) af1 The rjeacti on m Xt uge
was stirred at 25[err] C for 4 hours. CH[err]CI[err] (CZomErwas—added,
and the m xtur e(gas -nashedrw bltyldipheist L phvcy@ltB¥iene) lrIbecmteﬁéneand

5;;33 f‘g?t d{ 'hgd é)\é‘ée aW@r fRH %% %9[ gﬁgdmeﬁer@y& fgfiu%clve gewéz%‘ée

h onogéneous by TLC (1%
met hanol in CHO §HBrif2s ¥ﬁ|§? ?’aﬂ Wagd -{ Y%arried on directly to the
next step. butyldlphenyls1lyloxymethylene)—1.6 -hexanediol ~ 5.01 g (55%) as

S a colorless viscous o0il, which was homogenous by TLC (Rf = 0.4

EtOAcC) .

1z NMR (300 MHz, CDCl3) 1.05 (s, 9H), 1.21-1.81 (m,7H), 2.32 (br
s. 2H), 3.50-3.75 (m, 6H), 7.32 and 7.70 (m,10H).
10
Preparation 19
-3-(tert- iphenvlsilvl h nej - =di mohexane
Following the same procedure described fbr the
preparation of racemic dibromide, 3-(tert-
15 butyldiphenylsilyloxymethyl)-l,6~dibromohexane, (S)y-(-)-3-
" {(tertbutyldiphenylsilyloxymethyl) -1, 6-hexanediol (4.85 g, 12.53
mmol) was reacted with N-bromosuccinimide (5.35 g, 30.1 mmol)
and triphenylphosphine (7.87 g, 30.1 mmol) CH2Clz (150 mL) at
0°C to afford compound (S)~(-)-3-(tert-
20 Dbutyldiphenylsilyloxymethyl)-1,6-dibromchexane 4.81 (75%) as a
clear, colorless oil which was homogenous by TLC (Rf = 0.8, 10%
EtOAc in hexanes. Both the TLC properties and 1y spectra of

this compound were identical in all respects with racemic
isomer. MS.
25

1y NMR (300 MHz, CDCl3) 1.06 (s,9H), 1.35 - 2.10 (m, 7H), 3.55
(m,4H), 3.56 (app d, 2H, J = 4Hz), 7.40 and 7.64 (m, 10H).



To a solution of the above nmesylate (205 ng) in 10 nL of THF was added
40% aqueous di methylam ne (2 nL) and the reaction m xture was heated at
50 C for 36 hours. After 20 renoval of the THF under r

CHerr]CO[err] (20 ni) was added to the residue. ThéRBH;AME%Téd

w th 5% aqueous NaHCO err], water and brine and dried [over anhydrou
MpSg err] . Concentration afforded crude (R)-3,4-[ (NN} &10 éNN-
di met hyl am ne) met hyl ene) - hexane) - bi s- (3,.34i ndol yl )] - 1Hpyfr

2,5-dione (158 ng) as a red solid that was purified by

(V\aters reverse-phase, 0.1 % TFA and 5% CH err] CN I nj water- 100%

CH err] CN gradi ent) to g| ve the am nePﬂmrsi&lanvQﬂ ch WS arssm VEd T n
CH err]C[err] & | E \

After drying the or gani c gﬁaogﬁf vgr(e '¥Q§%§b(?:ed(x}§ Jgslggggéa ,f_o;rh%‘esl vent was
0

evaporated and the free am ne l'ved
nethanol/'THF (5p§ﬁ5ara&bgﬂ(ﬂf 56 (Ti 3—(te -butyl- dlpheny151lyloxymethylene)—
1, 6-dibromohexane, (S) - (-)- 3-(tert-

butyldlphenyls1lyloxymethylene)-l,G-hexanedioi (5.05 g, 13.04
mmol) was reacted with N-bromosuccinimide (5.57g, 31.32 mmol)
and triphenylphosphine (8.21 g, 31.32 mmol) in CH2Clz (160 mL)
at 0°C to afford chiral dibromide (R)- 3-(tert-

10 butyldiphenylsilyloxymethylene) -1, 6-dibromohexane, 5.85g, (87%)
as a clear, colorless oil which was homogenous by TLC (Rf = 0.8,
10% EtOAc in hexanes. MS.
1y NMR (300 MHz, CDCl3) 1.06 (s,9H), 1.35 - 2.10 (m, 7H), 3.55
(m,4H), 3.56 (app d, 2H, J = 4 Hz), 7.40 and 7.64 (m, 10H).

15

Preparatlon 21
2-allyl-4- id

To a stirred suspension of sodium methoxide (59.4 g,
1.1 mol) in dry methanol (1 L) at-O'C was added dimethylmalonate
20 (57 mL, 0.5 mol) dropwise under N2. After 30 minutes, allyl
bromide (95 mL, 1.1 mol) was added in one portion. After 14
hours, at ambient temperature the reaction was concentrated in
vacuo. The residue dissolved in methanol (0.5 L) and treated
with 5N NaOH (500 mL). After stirring for 24 hours, the
25 methanol was removed in vacuo, and the basic agueous layer
washed with ethyl acetate (2X). The.aqueous layér was acidified
with 5N HCl1l (0.5 L) and extracted with ethyl acetate. The
organic extract was washed with water (2x), brine, dried over
Naz804, and concentrated in vacuo to a white solid. Trituration
30 of the resulting solid witﬁ pentane and atmospheric drying gave
51.4 g (57% yield) of the diacid. The diacid (50g, 274 mmol)
was heated (150°C) until CO2 evolution ceased (about 2 hours).
The residual brown oil was eluted with ethyl acetate through a
small silica plug to yield the title compound 32.8g (85%) as a
35 golden.oil. The overall vield for the three steps is 48%. 1y
NMR: (CD3CN) § 2.4 (m, 4H); 2.5 (m, 1H); S.05 (dd, 2H); 5.15
(dd, 2H); 5.9 (m, 2H); 12.8 (br, 1H). MS.



- 90 - under N2 and slowy acidified to pH 4-5 (external danp pH
paper)- with anhydrous 1IN HCO in ether. The precipitg

filtered and washed with dry ether under a N err] bl ankq Sﬁﬁﬂl n
a vacuum desi ccation over CaS( err] overnight. The 5 dijngt hyl am ne- HCL
salt, (R-3,4-[(NN-1,1"-(3""-(N, N 2 0 SEP 1999

di nmet hyl am ne) net hyl ene) - hexane) - bi s- (3,3 -indolyl)]-1H{pyrrol e-

2,5-dione hydrochloride salt (43 ng) was obtained as a Ifight red Soli g,
MPt. 230[err] C (dec.). Ms. 10 [err]H&NVR (300 MHz, lacetone- dfprrH Q19
- 35(m 7H , 3.20 - 3.42 (m 8H), 4.05 - 4.18 (m 4H), 7.02 - 7.80

(m 10H), 10.94(s, 1H).
(S)-3,4-[(N N -1, 1=

bi s-(3,3 -indolyl)]-1H pyrrol &2, 5- d| nehdrochl rp‘.jne
Fol | owi ng the sane proce ureé)ffesé:rlr ed “abo nS]fon 0? i (ﬁaé érl'étm"&?r})of
Exanpl e 40r, (Sy.gnugqumshpth@rl(l%% mL)(Np§+added 2- allyl 4- penten01c acid

di net hyl am ISe) na6hg | enall4hexelne iropwise3ngden mdol yThg rebepior oligture was
f2 5- d'tﬁ”e PydL %Iqlibwéact% 28hd efmoeﬁa&a§eda&ﬁ% BULr | Medd0 v ebald, 2Qe Yield
romthe al coho
hydr oxynet hyl edé} gé%&ﬁ/ %dc(r’?dSerr gP@‘F‘j]] (PR FSEECEE by AN HCi ne py
formation of t h‘éon@sw @txe»raﬁ'ae%n sprereteEnvitl tegher (2xdj nélf’rﬁﬂl apiithe. MBS
concentrated in vacuo to give a the alcohol, 2-allyl-4-penten-1-

10 o0l, as a colorless oil 11.7g (82%) that was used without further
purification. :

Preparatlon 22 Exanple 408
gl it ) i

To a dry CH2Cl2 (0.5 mL) solution of 2-allyl-4-penten-
1-01 (11.7 g, 93 mmol), was added imidazole (12.6 g, 185 mmol)
followed by chloro tertbutyldiphenylsilane (25.48 g, 93 mmol),

15 aﬁd stirred for 16 hours. The reaction was filtered, the
filtfate was washed with water, brine, dried and concentrated in
vacuo to give the silylether, 3-(tert-
butyldiphenylsily}oxymethylene)—pent—1,4—ene, 32.5g (96%) as an
0il that was used without further purification.

20 Ozone was bubbled through a.-78°'C dry methanol (500
mL) solution of 3-(tert-butyldiphenylsilyloxymethylene)-1,5-
pentanediol (17 g, 47 mmol) until a blue tint persisted (30 .
minutes). The reaction was purged with nitrogen (20 min.) and
NaBH4 (17.6g, 47 mmol) was added. The cold bath was removed and

25 the reaction brought to room temperature. The reaétion was
concentrated in vacuo and the_residue partitioned between ether
and brine. The ether layer was concentrated and the residue
eluted over a silica plug with 0-50% ethyl acetate/hexanes. The
minor compohent was pooled and concentrated to yield the diol ,

30 3-(tertbutyldiphenylsilyloxymethylene)-pentane-1,5-diol, 3.8g
(22%) of the desired diol as a colorless oi}. Overall the yield

- for the three steps is 17%. MS.

ly NMR: & 1.17 (s, 9H); 1.6 (dt, 4H); 1.83 (m, 1H); 2.14 (s,
35 2H); 3.6 (m, 6H); 7.41 (t, 4H); 7.45 (t, 2H); 7.66 (4, 4H).



25 [ err] NMR
H)

1.60 (s large, 2 H, 1.85 (s large, 1H), 2.3 R oo
2.91-3.05 (m 2H), 4.13 (s large, 2H), 4.23 (s large, +fmﬁlﬂﬁ5iﬂ23

(d[err]. DVBO [err]0.92 (s large,1 H), 1.35 (s large, 1

(m 4H), 7.34 (d, J= 20 Hz, 2H), 7.50 (dd, J= 8.1 Hz,| JE 12.6 H4, |2H),

7.79 (d, J=8 Hz, 2H), 9.92 (s large, 1H), 10.98 30 {
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Preparation 23
1,5-dij -3- re- 1diph ilvl hylene) - n

To a 0'C ether (300 mL) solution of 3-
{tertbutyldiphenylsilyloxymethylene) -pentane-1,5-dicl (6.9g, 19
mmol) was added methanesulfonyl chloride (4.3 mL, 56 mmol)
followed by Et3N (7.7 mL, 56 mmol). After 3-16 hours, gradually
warming to ambient temperature, the reaction was washed with
water, brine, dried over MgSO4, and concentrated to give the
1.5-bis (methanesulfonyloxy)-3-(tert-
butyldiphenylsilyloxymethylene)-pentane 8.5g (90%) as a
colorless oil thét was used without further purification.

To a .freshly diétilled acetone (500 mL) solution of
the bis-mesylate, 1,5-bis(methanesulfonyloxy)-3-(tert-
butyldiphenylsilyloxymethylene) -pentane, (8.5g, 16 mmol) was
added excess NaI (36.l1lg, 241 mmol) and NaHCO3 (67 mg, 0.8 mmol).
The reaction was refluxed (57°C) for 72 hours, cooled to room
temperature and filtered. The filtrate was concentrated in
vacuo. The residue was diluted with ether, washed with 10%
Na2503, dried, and concentrated to give the title compound 7.4 g

(78% yield) as a colorless oil. The overall yield for two steps
is 70%. MS. '

1y NMR: (DMSO-dg) & 1.06 (s, 9H); 1.78 (m, 1H); 1.8-2.06 (m,

4H); 3.13 (m; 4H); 3.57 (d, 2H); 7.38-7.46 (m, 3H); 7.64 (d,
2H) .

Prepafation 24

Ozone was bubbled through a -78°C dry methanol
solution of 2-(allyloxy)benzyl alcohol {LaChapelle et al

Tetrahedron, 44(16), 5033-5044 (1988)) (7.0 g, 43 mmol) for 13

minutes, checking the reaction TLC profile every 2 minutes for
complete disappearance of the starting olefin (R£=0.8,
75%EtOAc/hexane). The reaction mixture was purged with
nitrogen, NaBH4 (9.7 g, 0.25 mol) was added and the reaction
temperature brought to 0° ¢. After 30 minutes, the reaction was
warmed to room temperature, concentrated, diluted with ether,
washed with water, brine, dried and concentrated to a residue.



Exanpl e 41 3,4-]
(NNN-1,1'"-(3"'-(N-imdazol e) net hyl ene) - hexane) - bi s- (3, $—5

i hdol yl )] - 1H pyrrol e-2, 5-di one Met hanesul| REPRACEMENT SHEET
(0.025 nm, 0.32 nmol) was added dropwi se to a stirréd ) ‘
containing 3,4-[ (N, N1,1'- (3"'"-(hydroxy)net hyl ene) 1h ngﬁ @W B
-indolyl)]-1Hpyrrol e- 2,5-dione (100 ng, 0.23 mol n r§ t ani ng
(0.05 nmL, 0.36 10 mmol) in dry CHC[err] at 25[err] C dn . -t er
stirring for 20 m nutes, the reactionsgixture was difl uted with

CHCl [err] (15 nl), washed with water, brine, dried f4 eu—ard
concentrated. The red residue was purified by chromatography on a short

col um of Sihej gasifdre wpEitevGedi B Ell £ 839 of of H bVi@dWhYR 10% Et OAc i n
CHCl [err] to 15Etogikyikesdnégs| (dfadient elution 25% - 75% EtOAC). Evaporation

-1,1"- (3" " - met hanesd| QRYLEXYERIRY | 08 tREXEN®),- 2- (2 -hydroxyethoxy) - _
bis-(3,3 -i ndol%l ;‘ 1 réolcﬁ%, 5-d %ge . 53 rrqc&rl asMg‘ r%% §o{é d, vvgl ch
was hom)genosgs ! a(z ég cigci E : iﬁ'&-f r FPCRT ) . 7 o~ a8 Presgve
sol ution of 3, 4x49%(NrRF -CE-23¢ 3"
(et hanesul f onyl oxy) net Igd enep-hexgnehzdls-(@30 k) sddhyign ofHhe?@iol, 2-
pyrrol e-2, 5-di opg 48rdHrecl %?ﬁ-ﬂmbi 47T, (Qq._%%_ g,t)zsl“aﬂsi) Nag bddeq WBS
added dropwi se a s u%i%oi_ he Ogl umzéalt ](r) e{n@ ggol e in., .E)IVF
(prepared by ad’iﬁ‘r?gle RIGTE"EBS 7‘139, @ £ mnst) N-bromosyr eAPBR YD
i m dazol e (16 ni0.0. 24 #hhoimpl) n BMEet02 Shaurg) at THeC, the agaciinm waxt ure was
stirred 15 m nuteplate 25y @rthemheabrd/cGacly) analysis, and the reaction
' was concentrated in vacuo. The concentrate was eluted (hexane -

15% EtOAc/hexane gradient) through a pad of silica gel.

Concentration of eluting fractions gave the dibromide, 2-(2°'-

Bromoethoxy) -benzylbromide, (6.91 g, 90% yield)'as a colorless

15 solid. Ms. - '

3c-mMm (CHC13, 75.4 MHz) & 28.7, 29.1, 68.2,, 112.3, 121.6,

126.8, 130.2, 131.1, 156.0.

1H-NMR (CHC1l3, 200 MHz) & 3.72 (2H, t, J=5 Hz), 4.34 (2H, ¢t,

J=5 Hz), 4.59 (2H,s), 6.84 (H, 4, J=7 Hz), 6.95 (H, t, J=7 Hz),

20 7.25 - 7.38 (2H).

Preparation 25

25 The allyl ether, 1-(tert-butyldimethylsilyloxy)-3-
{allyloxy) -4~ (tert-butyldiphenyl)-butane, (21.6 g, 43.4 mmol)
was dissolved in methanol (500 mL) and cooled to -78 °C under
nitrogen. Ozone was bubbled into the reaction and after 11
minutes it was judged complete by TLC(9 hexane/l ethyl acetate).

30 sodium borohydride (9.9 g, 6 eq) was added and after 5 minutes
the reaction was allowed to warm to room temperature. The
methanol was removed in Qacuo. The residue was suspended in
ether (800 mL). The ether was washed with water, and the
aqueous backwashed with ether. The combined organics were

35 washed with brine, dried (Na2S04). filtered and concentrated in
vacuo to give an oil. The material was passed through a silica
pad with 5% ethyl acetate/hexane followed by elution of the
product with 25% ethyl acetate/hexane to provide 11.0 g (50%



25 50[err]C for 30 mnutes. The reaction m xture was di
nmL of CHerr]d[err] containing 3% nethanol. The m xtur
with 10 nL portions of water and brine and dried over
Na[err] SO err]. After evaporation of the solvents under
pressure, the crude product was |oaded onto a 3" x 3" ¢
gél el uting with CHerr]C[err] followed by 5% methanol
containing 1%triethylamne to afford 3, 4- E(N N-1,1"- (
- 92 - i m dazol e) met hyl ene) -hexane)5 bis- (3,3

-indolyl)]-1H pyrrole-2, 5- dione ,21.5 ng (46% as a fed solid. This
mat eri al was

G et iON s 14D SELRE S RdrBYeT SErRIRSHudRuEné AL eI UBL o7, 5%
(hydroxy)ethoxy) -4- (tert-butyldiphenyl) -butane as a light yellow
0il. MS. NMR.

wi.th 25

CEMENT SHEET

UI uusS

,T&C@gEgongm ] (of:

i, CHerrlderr]
II‘(N" )}

To an anhydrous ether (200 mL) solution of the
S alcohol, l—(tert—butyldimethyléilyloxy)—3—(2-(hydroxy)ethoxy)—4-

(tert-butyldiphenyl)-butane, (11.0 g, 21.9 mmol) under nitrogen
at 5 °C was added triethylamine (4.6 mL, 1.5 eq) and
methanesulfonyl chloride (2.5 mL, 1.5 eq). After 1.5 hours the
reaction was complete by TLC (5% ethyl acetate/dichloromethane).

10 The reaction was diluted with ether (250 mL), washed with water
(2X), brine (2X), dried (NaySO4), filtered and concentrated in
vacuo to give an oil. The material was passed through a silica
pad eluting with 5% ethyl acetate/hexane followed by 25% ethyl
acetate/hexane to provide 11.6 g (91% yield) of the mesylate, 1-

15 (tert-butyldimethylsilyloxy) -3-(2- (methanesulfonyloxy)ethoxy)-4-
(tert-butyldiphenyl)-butane as an oil. MS. NMR.

To an acetone (300 mL) solution of the mesylate, 1-
(tert—butyldime;hylsilyloxy)-3—(2—(methanesulfonyloxy)ethoxy)—4-
(tert-butyldiphenyl) -butane, (11.6 g. 20 mmol) under nitrogen

20 was added sodium iodide (44 g, 15 eq) and sodium bicarbonate
(170 mg, 0.1 eq). The mixture was refluxed for 18 hours
followed by removal of the acetone in vacuo. The resulting
residue was suspended in ether, washed with water (2X), and the
aqueous backwashed with ether. The combined ether portions were

25 . washed with 10% sodium sulfite solution, brine (2X), dried
(MgsSO4), filtered and concentrated in vacuo to provide 10.7 ¢
(87% yield) of the title iodide as an o0il which was used without
further purification. MS. NMR.

30 " Preparation 26
To a stirred solution of dimethyl allyl malonate (34
g, 0.2 mol) in t-butyl alcohol (0.5 L) was added solid sodium
35 borohydride (19 g, 0.5 mol). The reaction was heated (70 °C)
and methanol (162 mL) was added dropwise over a period of 1
hour. The mixture was stirred overnight at room temperature.
Water (20 mL) was added to destroy the excess borohydride. The



wat er containing 0.1% TFA - CHerr]CN) to provide analytically pure 5
3,4-[(N,N-1,1"-(3"" - (N-i m dazol e) net hyl ene) - hexane) 4

i‘ndolyl)]-1H pyrrole-2,5-dione (12.4 ng) as a red soIREﬁLACE&EEHTSHEEI
-266[err] C. NVR HRMS calculated for CQerr]Herr]N grif] Jerr] [ M1]

490. 2244. Found : 490.2242. 10 The follovwn O-SEPQogys | wer e
prepared in a manner anal ogous to the Exanpl es dgsqri bed herein &n
further illustrate the conmpounds of the inventiofq.: I n
exanmpl es, the structure of the conpound ®@s-confirmeq by NMR - M5 |
and/ or el enental analysis. 15 [err]
Exanpl e n

resulting mixturen&és filteé%d through ngite. The filterate
was concentrated (100 mL), and extracted with ethyl acetate (20
mL x 4). The combined extracts were dried over MgSO4 and
concentrated under reduced pressure to afford relativély clean

5 diol, 2-allylpropan-1,3-diol, (19 g, 83% yield) that was carried
over to next reaction without any further purification.

To a stirred solution of diol, 2-(2-propen-1-
yl)propan-1,3-diol, (23.2 g, 0.19 mol) in toluene (1 L) was
added anisaldehyde (27.3 g, 0.20 mol) and PPTS acid (4 g, 10

10 mol%). The flask was equipped with a Dean Stark trap, and the
reaction mixture was refluxed. After 5 hours, the reaction
mixture was cooled to room temperature, diluted with ether (1
L), washed with ‘sat. NaHCO3 (50 mL x 3), water (50 mL x 3), and
brine (50 mL). The organic layer was dried over MgSO4. and

15 ~ concentrated under reduced pressure to give a residue. The
residue was eluted through a short silica gel column with 10%
ethyl acetate in hexane and evaporation of the elutihg solvent
gave the anisylidene, 1,3-0-anisylidene-2-(2-propen-1-yl)propane
(40 g, 89%). (Rf = 0.62 (25% ethyl acetate in hexane))

20 To a stirred mixture of anisylidene, 1,3-0-
anisylidene-2-(2-propene-1l-yl)propane (20.0 g, 85.3 mmol) in
CH2Clz (500 mL) and pH 7.0 buffer (25 mL) at 0° C was added DDQ
(38.7 g, 170.7 mmol). The reaction mixture was stirred
vigorously and allowed to warm up to room temperature. After 12

25 hours, the reaction was diluted with ether (1L), washed with
sat. ag. NaHCO3 (200 mL X 2), and 10% ‘ag. Na2S03 (200 mL X 3),
dried, and concentrated under reduced pressure to a residue.

The residue was eluted through a silica gel column with ethyl
acetate/hexane (10% - 25% ethyl acetate gradient) and

30 evaporation of the eluting solvent gave the anizoate containing
alcohol, 3-0-(4-methoxybenzoate)-2-(2-propen-1l-yl)-propan-1-ol
(12.7 g. 61%). (Rf = 0.14 (25% ethyl acetate in hexane). NMR.

To a stirred solution of alcohol, 3-0-(4- '
methoxybenzoate) -2- (2-propene-1-yl) -propan-1-ol, {16.58 g, 66.32

35 mmol) in CH2Cla (250 mL) was added trichloroallyl imidate (24.80
g, 132.64 mmol) in cyclohexane (500 mL). To this mixture was
added trifluorocacetic acid (1 mL) under a N2 atmosphere. After
12 hours a white precipitate had formed. The reaction was
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filtered. The filterate was diluted with ether (500 mL), washed
with water (100 mL x 3), and brine (100 mL), dried, and
concentration under reduced pressure to a residue. The residue
was eluted through a silica gel column with ethyl "acetate/hexane
(0% - 25% ethyl acetate gradient). The diene, 1-(2-propene-1-
oxy)—2-(2—propen—1—yl)-3—0—(4-me;hoxybenzoate)-propane (24 qg)
containing some acetamide was taken to next step without any
further purification. (Rf = 0.38 (25% ethyl acetate in hexane)

The ester, 1-(2-propene-1l-oxy)-2-{(2-propene-1l-yl1l)-3-0-
(4-methoxybenzoate) -propane, (24 g) was dissolved in THF (60 mL)
and methanol (100 mL) and 1N aqueous NaOH (40 mL) was added.

The resulting mixture was stirred overnight followed by removal
of methanol and THF under reduced pressure. The concentrated
reaction mixture was diluted with ether (250 mL), extracted with
ether (100 mL x 3), dried, and concentrated under reduced
pressure to give a residue. The residue was eluted through a
silica gel column with 10% ethyl acetate/hexane and evaporation
of the eluting solvent gave the alcohol, 1-(2~-propene-l-oxy)-2-
(2—propene-1—yl)—propan—3—ol (4.10 g, 30% for 2 steps). NMR.

= 0.23 (25% ethyl acetate in hexane)

To a stirred CHzClz (150 mL) solution of alcohol 1-
(2~propene-l-oxy)-2-(2—propene—1—yl)-propan~3—ol (4.10 g, 26.2
mmol) was added imidazole (2.70 g, 39.7 mmol) under a N2
atmosphere. Aftér the imidazole had dissolved tert-
butylchlorodiphenylsilane (8.24 g, 29.97 mmol) in CH2Cl2 (50 mL)
was added over 10 minutes. After stirring 12 hours, the
reaction was diluted with ether (100 mL) quenched with water
(100 mL), and extracted with ether (100 mL x 3). The combined
organic phase was washed with brine (100 nmL), dried, and
concentrated under reduced pressure to give a residue. The
residue was eluted ﬁhrough a short silica gel column with ethyl
acetate/hexane (0% to 25% ethyl acetate gradient) and
evaporation of the eluting solvent gave the sil¥l ether, 1-(2-
propene-1l-oxy)-2-(2-propene-1l-yl)-3-(tert-
butyldiphenylsilyloxy)-propane (7.41 g, 72% yield). Rf = 0.76
(25% ethyl acetate in hexane).

Ozone was bubbled through a -78 °C methanol (500 mL)
golution of diene, 1-(2-propene-l-oxy)-2-(2-propene-1l-yl)-3-



Exanpl e 50

3,4-[(N,N -1, 1" -(propyl thiopropyl))-bis-(3, 3"-lndolvl)] REP

pyrrol e-2, 5-di one To a 0 C stirred:anhydrpug il & 2o
(1.0 L) solution of N- ( 3- acet oxypropyl ) -indol e (102] g 0 47 rmf e5)* N
added oxal yl chloride (43.04 nlL, 0.494 noles, 1.05 pqj) 20 SER 1999
15 m nutes, the ice bath was rem)ved The reaction mkture was_10 |
allowed to warmto anbient tenperature wigh stirring fof three hour s.

The volatiles were renpved in vacuo to yield a magenta Sobi-d—uhich vlas'
redissolved in dry CHerr]d[err] (1.0 1) under Nerr]. Wth vigorous -
stirring, N-teritebutiotyddiblosmylsiiheld:@-) 3pagetnes (7.41a@. d1§ 1O @61y, 0.47 -
g: gs) 2\%;3 ?d(i.%egoiﬂé)\ﬁggaﬁﬁéﬂr‘ih¥etl?{ }het ét%a%tth»sba,mﬂ&éi?»gp& ngs% Q3¢
S e Q ciJ Qn ntr

purified by flaschE ¢ /]hexang{ hreorrr% coglroért1 1th1qr V\Qg %}g&g WJ'lt%hﬁ anec?et hyl
acetate. The MO@rlum bor@@wére@ f(Ratd ion S\ﬁ/aéo G@Wéén‘t’ﬁlfataééetio Jihgeredetion
anhydride (H1 was warméH)%be@dmd)temperature After 12 hours, the reaction

2- [ 1- ( 3- acet oxy, ‘gi OBXJ’:% ggl yl'll'xe w%gtet %Iégldlgeo waﬁ quenched with water,

but oxycar bonyl I ndo uran one as stal ] ne solid.
VB FEUTAR O SEBEE RF SRS AH UL FE7 g, - Th (RS e
added trifl uor camenic pleisg way washe@50ivmbkineorapdi repd concentrated

under reduced pressure to give a residue. The residue was

10 eluted through a short silica gel column with ethyl
acetate/hexane (10% to 50% ethyl acetate gradient) and
evaporation-of the eluting solvent gave the 1,7-diol, 1-(2-
hydroxyethoxy) -2-{2-hydroxyethyl}-3~(tert-
butyldiphenylsilyloxy)-propane (5.48 g, 72% vield).

15 Rf = 0.21 (50% ethyl acetate in hexane). NMR.

' To a stirred CHCly ( 400 mL) solution of diol, 1-(2-
hydroxyethoxy) -2~ (2-hydroxyethyl) -3-(tert-
butyldiphenylsilyloxy) -propane (5 48 g, 13.6 mmol) under N3
atmosphere was added TEA (11.2 mL, 78 mmol), followed by

20 dropwise addition of methane sulfohyl chloride (3 mL, 39.00
mmol) in CH2C1l2 (100 mL) over a period of 30 minutes. After 12
hours, the reaction was diluted with ether (500 mL), washed with
water (100 mL x 3), brine (100 mL), dried. and concentrated
under reduced pressure to a residue. The residue was eluted

} 25 through a short silica gel column with ethyl acetate/hexane (10%
to 50% ethyl acetate gradient) and evaporation of the eluting
solvent gave the bismesylate, 1-(2-(methylsulfonyloxy)-ethoxy)-
2-{ (methylsulfonyloxy)ethyl) -3-(tert-butyldiphenylsilyloxy) -
propane (7.40 g, 97%). Rf = 0.55 (50% ethyl acetate in hexane).

30 NMR. '




ethanethiol (1 nmL, 14 mmol) with stirring. After one 25 reaction
m.xture was partitioned between CHerr]C[err] and sat REPEA v o ]
NaHCJ err]. The organic | ayer was washed with brine, dgi CEMEM‘SHEET
Na[err]SOerr], and filtered. The filtrate was concentrfaed to give th
crude debl ocked anhydride as a red sem -solid. The resifdfie P 199%ppl | ed
to a short pad of silica, washed with hexane and then [err]lClJerr].
The col ored band was eluted fromthe silica with ethyl acetate and
dried in vacuo to give the purified debtozked anhyreee- "
2-[ 1- (acet oxypropyl)-3-indolyl]-3-(3-indolyl)-furan- 1,4-dione (5.7 g,
95% vyield) as red solid. M o To a stirred
anhydrous DMF (125 nml) solution of the : el ocked anhydride (3.0 g, 7
mmol ) was added NaH (420 ng, 10.5 nmo 0% in mneral oil) at room
-tenperature. A col or change

. Sodium hydride-(60'percent dispersion in mineral oil,
113 mg, 2.82 mmol) was added in portions over 15 minutes to a
solution of 3,4-bis(3'-indolyl) furan-2,5-dione (337 mg, 1.02
mmol) in 5 mL of dry DMF under N2. The mixture was stirred 1.5
10 hours and then diluted with 5 mL of DMF. Bis 2,2'-dibromo-ethyl
ether (0.14 mi, 1.13 mmol) was added dropwise to the green
solution. The reaction mixture was stirred for 30 minutes at
*25°C and then heated at 50°C overnight. The cooled mixture was
poured into dilute aqueous citric acid (75 mL) and extracted
15 with EtOAc (2 x 40 mL). The combined organic extracts were
washed with water (3 x 20 mL) and brine (20 mL), and dried over
anhydrous MgSO4. The solvent was removed under reduced '
. pressure. The residue was passed through a short column of
silica gel (50 percent EtOAc¢/hexanes), and then subjected to
20 radial preparative-layer chromatography (Chromatotron) e;uting
with S0 percent EtOAc-hexanes to afford 82 mg (20 percent) of
2,3-{(N,N'-1,1'-ethoxyethyl)-bis-(3,3'-indolyl)]-1H-furan-2,5-
dione as a burgundy solid, M. Pt. > 320°C.
) A solution of 2,3-[(N,N'~-1,1'-ethoxyethyl)-bis-(3,3'-
25 indolyl)]-1H-furan-2,5~-dione (58 mg, 0.15 mmol) in DMF (1.5 mL)
under N2 was treated with a mixture of 1,1,1,3,3,3,-
hexamethyldisilazane (0.33 mL, 1.45 mmol) and CH30H (23 mg, 0.73
mmol) (premixed 10 minutes). After stirring for 16 hours at
room temperature, thé mixture was poured into water (20 mL) and
30 extracted with EtOAc (3 x 5 mL). The combined organic extracts
were washed several times with water, dried (MgSO4) and

concentrated. The residue was purified by radial chromatography
eluting with 3 percent CH30H in CHCl3 to afford 3,4-[(N,N'-1,1'-



frombright orange to violet was inmediately observed. After 5 30 m nutes,

3 equi val ents of 3-bronopropyl acetate was added r Cﬁﬂﬁﬂ?r s o)
was heated to 75 C, and gradually returned to an o 124 — 6
hours, the DVF was renoved i n vacuo. The residue whsfapplied to a- sh
silica chromat ogr aphy colum eluting with 3:2 hexahe| ethQISER 999t ef {10
The maj or red band was col |l ected, and the solvent renojef to give ft '
al kyl ated anhydri de, 2, 3-bis[1l-(3-acetoxypropyl)-3- -

i ndolyl]-furan-1,4-dione (1.32 g, 36% "a$6a red solid. LA

2, 3-bis[1-(3-acet oxypropyl)-3-indolyl]-furan-1, 4-di one . (1.32 g 2. 52
mol ) was suspﬁn.%ge' Q,Zlqbsé,qgu;ﬁ, 2L BAERIly 10 3 251 Pk rd e - MVist-Bisdd riaing y)d
él 5-nlL). Af

treated with 5 _ ) ter stirrin fo hoyrs, the reaction
m xture was cohtd@REFERel A% 2 1%t s°£lé’Thegr‘ esy 'dJeB\%\g?'ac#‘édi fied (5N HO)

slomy, until a red sol felculatpd fqrpLeai 303 The’Yr-déhi tant was filtered

and dried in a vacuggur-eniat . 6@gerr] C, produci ng the al cohol anhydri de
1.1 9 (99%_20 as a red powder. The al cohol anhydri de,

(1.1 g, 2. 47 mol ) was di ssol ved in anhydrous DVF-(30 nmi) under a N2

at nosphere with stirring. A prem xed I on of

1,1, 1,3, 3, 3- hexanet hyl - di si l azane (5! m., 24.7 mmol, 10 eq.) and

met hanol (0.50 nL, 25 12.4 mmol, 5 The reaction was
allowed to stir for 16 hours at Pent rature. The DMF was

b
renmoved in vacuo, To this residue wa ded acetone (100 nL) and
excess CsF (ca. 500 ng). After stirry 4 hours, the reaction was
concentrated. The residue was partitioned b en ethyl acetate 30 and

water. The organic |ayer was washed with 1IN HO (Sx), brine (2x),

dried over Na2SO4 and filtered. The filtrate was
. Example 2

3,4~-[(N,N'-1,1*)-((3"''-propoxy}-3'''(0)-4"'"'* (hvdroxy)butane] -
10 bis-(3.3'-indolv1)1-1(H)-pyrrole-2 5-dione
To a stirred DMF (125 mL) solution of bis-(3,3'-
indolyl)]-1- (methyl)-pyrrole-2,5~-dione (4.35 g, 12.8 mmol)
containing cesium carbonate (8.31g, 25.5 mmol) was added

dropwise over 15 minutes a DMF (20 mL) solution of 1-(tert-
15 butyldimethylsilyloxy)-3-(3-iodopropyloxy)-4-(tert-
butyldiphenylsilyloxy)-butane (4.0 g, 6.4 mmol) under Na. After
3 hours, TLC (1:1 ethyl acetate/hexane) indicateq consumption qf
the starting iodide. The reaction was diluted with ethyl
acetate (200 mL) and washed with water. The_aqueous layer was
20 extracted with ethyl acetate (200 mL); and the combined organic
layers were dried and concentrated. The concentrate was
purified by flasﬁ chromatography eluting with 10% to 25% ethyl
acetate/hexane to give the desired monoalkylated product 3-[{(N-
1-(3-propoxy-3(0) -4-tert-butyldiphenylsilyloxy-1-tert-
25 butyldimethylsilylox&)—butane]-4-(?'-indolyl)-lXMethyl)-pyrrole—
2,5-dione 3.94 g (69% yield) as a red oil. MS
To a methanol (100 mL) solution of the above
alkylation product (3.14 gr., 3.74 mmol) was added
toluenesul fonic acid (60 mg, 2%). After 2 hours, TLC (50% ethyl
30 acetate/hexane) indicated consumption of the starting material.
The reaction was concentrated to half the volume, diluted with
ethyl acetate (300 mL), washed with 1N NaOH, brine, dried, and



concentrated to give the bisindolyl nmal ei m de 3,4-bis[1-(REP .
hydr oxypropyl )-3-indolyl]-1H pyrrole-2,5-dione 1.0 g (9 CENﬂﬂfr a
réed powder. Total yield was 90% over two steps. MS 35. LA* — SHEET
3, 4- bi s[ 1- (3- hydr oxypropyl-)-3-indol yl ]-1H pyrrol e- 2, 5- giogg gi%? ,
2..25 mol) was dissolved in anhydrous CHerr]dJ[err] (20 0 ?

anbi ent tenperature under N2. CBr4 (2.09 g, 6.3 mol, ~3.eq) _and |
tri phenyl phosphine (2.83 g, 10.8 mmol, 4.8 eq.) were o j
added together to the reacii®h vessel. The ‘mxttre—was—akloubd

- 95 -

to stir for 16 hours. The crude reaction m.xture was concentrated and
purified by sildoage@@latkbliashrizokui®entracéhiplogf sy €lutinggritdudh /a3
hexane/et hyl agehate. ;ThRaS,: de8hE S nRh OdLGtac® HEELhAR 0 OB dTRIE ad BT RN
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alcohol 3-[(N-1-(3-propoxy-30-4-tert-butyldiphenylsilyloxy-
butan-1-o0ll-4-(3‘-indolyl)-1(Methyl)-pyrrole-2,5-dione 1.76 g

"(65% yield) as a red foam. MS

To a 0° C ether solution (200 mL) of the above alcohol
3-[(N-1~(3~propoxy-30-4-tert-butyldiphenylsilyloxy-butan-1-o0l]-~
4-(3'-indolyl) -1 (methyl)-pyrrole-2,5-dione (1.76 g, 2.4 mmol)
was added triethylamine (0.5 mL, 1.5 eq). followed by mesyl
chloride (0.28 mL, 1.5 eq). The reaction was brought to room
temperature and was complete after 1 hour. The reaction was
diluted with ether (200 mL), washed with water, brine, dried,
and concent;ated. The concentrate was passed through a pad of
silica eluting with 50% ethyl acetate/hexane, to give the
mesylate product which was used immediately.

To an acetone (250 mL) solution of the above mesylate
was added sodium iodide (3.6 g, 10 eqg) and NaHCO3 (20 mg).

After stirring 4 hours, starting material still existed (TLC,
50% ethyl acetate/hexane) and additional amount of sodium iodide
(10 eq) was added, and the reaction was heated at 60 °C. After
4 hours, the starting material was consumed (TLC, 50% ethyl
acetate/hexane). The reaction was concentrated, diluted with
ethyl acetate (250 mL), washed with water, 10% sodium sulfite,
dried, and concentrated. The concentrate was purified by
passage through a pad of silica gel eluting with 50% ethyl
acetate/hexane to give the desired iodide as an oil 3-[(N-1-(3-
propoxy-3 {0)~-4-tert-butyldiphenylsilyloxy-1l-iododbutane]-4-(3'- .
indolyl) -1 (methyl) -pyrrole-2,5-dione 1.71 g (85% yield). MS

A DMF (10 mL) solution of the above iodide 3-[(N-1-(3-
propoxy-3 (0) -4-tert-butyldiphenylsilyloxy-l-iododbutane]-4-(3"'-
indolyl)—1(hethyl)-pyrrole—z,s-dione (2.0 g, 2.4 mmol) was added
slowly by syringe pump over 80 hours to a DMF (400 mL) slurry of
cesium carbonate (3.12 g, 9.6 mmol). After 3 hours from
completion of the addition, TLC (50% ethyl acetate/hexane)
indicated consumption of the starting material. The reaction
was diluted with ethyl acetate (1 L) washed with water and-
brine. The agqueous portion was extracted with ethyl acetate
(500 mlL). The combined organic layers were concentrated ahd the



solvents fromthis fraction gave the di brono conpound,_ 3, 4-
bi s[|-(3-bronmopropyl)-3-indolyl]-1H pyrrole-2,5-dione Mnsm
yield) as a red powder. The di bronmo conpo

0.084mvol ) was 10 dissolved in acetone at anbient teTpératt\Jre with
5

|

stirring. An excess of sodium sul fi de nonahydr at 2ZD08EP $995 jmipl
11.3 eq.) was added. The heterogeneous m xture wap ptirred

overnight. The acetone was then renoved in vacuo. The| residue was

partitioned between water and CH err] €l fer+]. The organic layer was 15
washed with brine, dried over sodiumsulfate and concentrated to gi ve

35.5 94% yield) of the ti - '
[err] o ( 0cyonceanat:e was pdgilfeig_dpgyogg(s:gages t Qo@ﬂﬁgrpgggﬁe_ilica gfultli%g M5

3, 4-[ (N, N - 1,Wi'th( 350% (dupstit oxgeaee hybeme) perftanspnbratics, gf -the eluant
i ndol yl') | - 1( gy £ho! sed rad Gh¥iiBcycle 3,4- [ (N, N'-1AL dry( (BVF-gxdipori) - sol uti on
of 1’5-d|IOinngB?[lr"(hydroxy)butane)-bis-(3,3'-indolyl)]—l(methyl)—
5 pyrrole-2,5-dione 1.65 g (97% yield). MS
" To an ethanol (100 mL) solution of the above N-methyl
_maleimide, 3,4-[(N,N'-1,1')-((3"''-propoxy)-3"'‘"(0)-
4"'(hydroxy)butane)—bis-(3,3'—indolyl)]—1(methyl)—pyrrole-2,5—
dione (1.7 g, 2.4 mmol) was added 5N KOH (50 mL). After 12
10 hours. the reaction was heated at 50° C for 2 hours. The

reaction was cooled to room temperature, concentrated, diluted
with ethyl acetate, and washed with water. The organic phase
was dried and concentrated to give the desired anhydride 2,3-
[(N,N'-1,1'-(3**-propoxy-3'"''(0)-4"*"**-hydroxybutane)-bis-(3,3"'-
15 indolyl)]-furan-1,4-dione 1.37 g (83% yield) as a red solid. MS
To a DMF (100 mL) solution of the above anhydride 2,3-
[(N,N'-1,1'-((3"'-propoxy)~-3'''-(0)-4'""*~-(hydroxy)-butane)-bis-.
(3,3'-indolyl)]-furan-1,4-dione (1.37 g, 3 mmol) was added
1,1,1,3,3,3-hexamethyldisilazane (12.6 mL, 20 eq) and methanol
20 (1.21 mL, 10 eq). After 24 hours, the starting material had
been completely consumed (TLC, 50% ethyl acetate/hexane). The
reaction was diluted with ethyl acetate, washed with 1N HCI1,
water, dried, and concentrated. The concentrate was stirred in
1N HCl or with cesium fluoride to remove residual TMS group.
25 The reaction was diluted'with ethyl acetate, washed with water,
’ dried, and concentrated to give the desired maleimide, 3,4-
C[(N,N*-1,1')-((3**-propoxy)-3*'*'(0)-4'"''-(hydroxy)butane)-bis-
(3,3'-indolyl) 1-1(H) -pyrrole-2,5-dione 1.02 g (75% yield) as a
red solid. MS '
30 _
1H-NMR: (300 MHz in 46-DMSO): 2.1 (m, 4H), 2.4 (m, 2H), 3.28 (br,

m), 3.4 (m, 1H), 4.25 (m, 4H), 4.5 (t, J=6 Hz, 1lH), 7.0-7.9 (m,
10H), 11.0 (s, 1H)

35 13C-NMR: (75 MHz in d6-DMSO): 20.9, 28.9, 30.3, 30.9, 34.3, 40.2,
41.6, 42.4, 62.4, 65.9, 78.1, 104.0, 104.1, 110.0, 110.1, 119.6,
119.7, 121.4, 121.8, 24.8, 126.5, 126.6, 127.9, 131.5, 131.6,
131.7, 135.8, 135.9, 139.1, 151.4, 172.2



25 butyl di phenyl silyl oxynet hyl ene) - pentane (7.3g, 12 mmol) and bi-s-

(3,3 -indolyl)]-1(H)-pyrrole-2,5-dione (4.21g, 12 mol) aaded. i g
syringe punp over 48 hours to a suspension of Cs[err]CqQ CENHﬂ(EQHﬂHHT
49.3 nmmol) in dry DMF (1 L) with vigorous stirring at 55 C urmer

Nl err]. After an additional 2 hours, the reaction 30 mjxtjur

concentrated in vacuo, the residue dissalved in CHenr] %qg?]%sh pd
with 1IN HO, brine, dried, and concentrated in vacyo “to-gtve—a-lol e
oil. The oil is passed through a plug o?? - silica elfiting with 4:1
hexanes/ et hyl acetate. The el uant was

- 96 - reduced to yield the nmacrocycle, 3,4-[(N,N-1,1-(3""-
(tertbutyl di phenyl silyl oxymet hyl ene) pent anyl )-bis-(3,3'-
indolyl)]-l(nethyl)-pyrrole-2,5-dione,-4¢59 (55%vyield) as a magent a
sol i d. ' -

bis-~- 3'-indolyl —i H) -pvrrole-2 5-dione

To a dimethylformamide (250 mL) solution of bis-(3,3'-
indolyl) -1~ (methyl)-pyrrole-2,5-dione (17.9 g, 52.5 mmol, 3 eq)
under nitrogeﬁ was added cesium carbonate (68.4 g, 4 eg). To

10 the resulting suspension was addeéd the iodide, 1-(tert-
butyldimethylsilyloxy)-3-(2~-iodoethoxy) -4- (tert-
butyldiphénylsilyloxy)—butane, (10.7 g, 17.5 mmol). The
reaction stirred for 18 hours at room temperature. TLC (5%
ethyl acetate/hexane) showed disappearance of the iodide. The

15 reaction was poured into ethyl acetate (1200 mL) and washed with
1N HCl (400 mL) followed by backwash with ethyl acetate (2X).
The combined ethyl acetate portions were washed with saturated
sodium bicarbonate solution, brine (2X), dried (MgSO4)., filtered
and concentrated down in vacuo. Dimethylformate was removed by

20 azeotroping with xylene. The resulting red gum was slurried in
dichloromethane and acetonitrile to give a solid suspension. It
was concentrated down, more dichloromethane added, cooled and
filtered to give a red solid. . Some of the desired product was
extracted from this solid by another trituration in

25 dichloromethane and then in ethyl acetate. The filtrates were
concentrated in vacuo and the resulting residue absorbed on
silica and applied to a large flash.column. Dialkylated by-
product was removed by elution with 5 hexane/1 ethyl acetate
followed by elution of the product with 3 hexane/l ethyl acetate

30 to provide 8.2 g (57%) of the moncalkylated product, 3-[(N-1-(2-
ethoxy-(3'''~(0)-4*''-(tert~butyldiphenylsilyloxy)-1'''-(tert-



5 To an et hanol (300 nmL) suspension of 3,4-[(]
(3 " -(tertbutyl di phenyl silyl oxynet hyl ene) pent anyl ) - bi s-(
i ndolyl)] -1 (nethyl)-pyrrol e-2,5-dione (4.2g, 6.2 mmol)

(300 nL). The reaction was refluxed (86 C) for 48 hours

EPLACEMENT SHEET

ys| added 5N K
‘E@ISEF*W‘?‘?' 19,

cogled to roomtenperature, and the ethanol 10 renoved |} nf vacuo.
concentrate was acidified to pH 1 with 5N HO (325 n )=', exrrdueu 't
ethyl acetate, washed with brine (2X)gg dried, and c ncent r at ed to givg

t he anhydride, 3,4-[(N/N -
1,1'-(3""'-(hydroxynet hyl ene) pent an) - bi s- (3, 3' -i ndol y )] furan- -

2, 5-di one, 2. 6b’gt}(1ﬁ(}@%l§i¥1<§ld)’1‘a>§/)a'huééﬂﬁm’emiisl 3-y11 -4~ {indpg- &Sdlrly DIVF (500
mL) sol ution ointdednhgbhysifrird@e-3,%-dione. MS. NMR.

[(NN-1,1°-(3""- (hydm’fx .&Bg&hsﬂsi pgx%foa{ﬂﬂ Jsdhi0R ot the cere-

|ndonI)] furan 2, 5 .di one sol ution of
met hanol ~ (1. 25°htY 1aimepggily ‘ih¥ 1330 @v3t- (2% th‘ﬁ%’ng‘re Ky &i | ‘azane
(13.1 nl, 62 mibeyt-batyddivieayilaglyBayert] C)- (Rert 3gtyddinethydsiboloivon was
concentrated i Bu¥aed)~ifdad1iediM 4N indol-BiyN)l-18CREGA ) -PASiad -2V $-faibhe HC .

The acid wash qgni;a\%ngd 9 SRIE (\)mdeécﬂltgﬁ &Igagt \é/ezc;jg vp%cgd %itract ed with

chloroform The ¢O (?oncentrat ed to
a viol et resid§eluenesulfppic é’§|18ue‘“‘?/&9§w§5i5'1‘? @18 & s8Rt ePI-ugPrbiessidl i ca

and el uted 25 haut$, 2LL0Y60E @ULCH acetaClefbexdne) Fhewdd &beixractdon aicnibeg t he
majN OF\| - . ggihgésh;} S:oﬁ@ti!é@e?”@h@dréébt;i@ﬁuﬁaé Quith8héh thient éd1li@ %&ﬁﬂpl 3, 4-
Rt yI)]- 1(I(—I) 6?%“?0 205 Y gne)@ben a'égzé%)? R Feied fp vacuo. mhe
M. 30 [err] Hrﬁmltn{gms@l@[eem]s) dlffs‘é?h”F Jrn(qrﬁhyimcetf 28 V(arﬁheémlthl 82
(m 2H); 3.18 ¢atium?hfydrokilie. (pyinkH)(2XY. Lx(ied NGSO4Y. 05 ltere@Hnd 7. 16
(t, 2H) ; -%o%Zeﬁé&aE%H)in7vég§o(go e a’rb® ddn. 2MnislRadb-i6S wad) -
' 15 absorbed on silica and placed on a silica pad. Elution with 2
hexane/1l ethyl acetate removed residual starting material
followed by elution with 1 hexane/l ethyl acetate and 1 hexane/2
ethyl acetate to provide 6.4 g(91%) of the alcohol, 3-[(N-L-(2-
ethoxy-(3'*''-{(0)-4'''-(tert-butyldiphenylsilyloxy)-1**"*~
20 (hydroxy)-butane) } -indol-3-yl]-4-{indol-3-y1l]-1N{methyl) -
pyrrole-2,5-dione. MS. NMR.
To an anhydrous ether (500 mL) solution of the
alcohol, 3-[{N-1-(2-ethoxy-(3*'**-(0)-4'"'*'-(tert-
butyldiphenylsxlyloxy) ~-1'* '~ (hydroxy) -butane) ) -indol- 3-y1] -4~
25 [indol-3-yl1] 1N(methyl)—pyrrole -2,5-dione (6.36 g, 8.9 mmol)
under nitrogen at 5 °C was added triethylamine (1.9 mL, 1.5 eq)
and methanesulfonyl chloride (1.0 mL, 1.5 eq). After 3 hours,
additional triethylamine (1.25 mL, 1;0 eq) and methanesulfonyl
chloride (0.7 mL, 1.0 eqg) were added. After 1 hour, the
30 reaction was shown to be complete by TLC (50% ethyl
acetate/hexane). The reaction was diluted with ether (250 mL},
washed with water, 0.1N HCl and brine (2X). The ether was dried
(Mgs04), filtered, and concentrated in vacuo to provide 7.0 g of
mesylate, 3-[(N-1-(2-ethoxy-(3¢**-(0)-4"""~(tert-
35 butyldiphenylsilyloxy)-1'''-(methanesulfonyloxy)-butane))~indol-
3-y1]-4-{indol-3-y1l]-1N{methyl)-pyrrole-2,5-dicne. MS.
To an acetone {200 mL) solution of the mesylate, 3-
((N-1-(2-ethoxy-(3''‘-(0)-4'""'-{tert-butyldiphenylsilyloxy)-
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1'' ' -{methanesul fonyloxy) -butane) ) ~indol~3-y1l]1-4-{indol-3-y1]-
IN(methyl) -pyrrole-2,5-dione, (7.0 g, 8.9 mmol) under nitrogen
was added sodium iodide (13.3 g, 10 eq) and sodium bicarbonate
{75 mg, 0.1 eq). The mixture was stirred at 50°C for 13 hours.
5 The reaction was concentrated in vacuo, and the residue was

dissolved in ether and washed with 10% sodium sulfite solution.
The layers were separated, and the ether portion washed with 10%
sodium sulfite solution, water, brine(2X), dried, aﬁd
concentrated in vacuo. The residue was passed through a silica

10 pad by eluting with 1 hexane/1l ethyl acetate and 1 hexane/2
ethyl acetate to provide 7.6 g of the iodide, 3-[(N-1-(2-
ethoxy-{3'*''-(0)-4"''*'~(tert-butyldiphenylsilyloxy)-1'"''-(iodo}-
butane))-indol-3-yl}-4-[indol-3-y1l]-1N{(methyl) -pyrrole-2,5-dione
as a red solid (quantitative yield for the two steps). MS. NMR.

15 To a dimethylformamide (1 L) suspension of cesium
carbonate (12.0 g, 4 eq) under nitrogen was added the iodide, 3-
[(N-1-(2-ethoxy-(3'''-(0)-4'"'*‘~(tert-butyldiphenylsilyloxy) -
1''*~(iodo)-butane})-indol-3-yl]-4-{indol-3-y1]-1N{(methyl)-
pyrrole-2,5-dione (7.6 g,'9.2 mmol), dissolved in

20 dimethylformamide (25 mL) wvia syringe pump over 65 hours. Three
hours after the addition was complete, the reaction was
concentrated in vacuo. The residue was dissolved in ethyl
acetate (700 mL), washed with water (2 X 300 mL), and the
aqueous layer backwashed with ethyl acetate (2 X 200 mL). The

25 combined ethyl acetate portions were washed with brine (2 X 200
mL), dried (MgSO4), filtered and concentrated in vacuo to
provide.a purple residue. ‘The méterial was absorbed onto silica
and applied to a flash column. Eluted with 3 hexane/l ethyl
acetate and then lhexane/l ethyl acetate to give 5.2 g(82%) of

30 the macrocycle, 3,4-[(N,N'~1,1'-((2**-ethoxy)-3'**{0)-4"'*"~
(tert-butyldiphenylsilyloxy) -butane)-bis~(3,3'-indolyl)]1-1(H) -

_pyrrole-2,5-dione. MS. NMR.
A suspension of the N-methyl maleimide, 3,4-{(N,N'-
1,1'-((2'*-ethoxy)-3''*(0})-4'*'-(tert-butyldiphenylsilyloxy) -

35 butane)-bis-(3,3'~indolyl)]-1(H)-pyrrole-2,5~dione in 5N KOH
(150 mL) and ethanol (300 mL} was stirred at room temperature
for 65 hours and then for one hour at 60°C. The reaction was
concentrated (150 mL) in vacuo, the residue suspended in water,



?, 4- [5( N, Ni )1b1 Eg 3 - (et hanesul f onyl oxy) net hyl ene) pent an- 5

1,58 -yl)-bis- "-indolvl)]-1(H) -pyrrol e-2, 5-di one o
dry CHerr]dJerr] (80 nL) solution of 3,4-[(N,N-1,1"- REPLA(C&MENT?H;‘
- (hydr oxynet hyl ene) pentan-1'"',5" ' -yl )-bis- (3, 3" -indol yl]

1(H)-pyrrole-2,5-dione (334120) (650 , 1.5 nmmol ) was de : :
m(et hanesul f oni ¢ anhydride (400 ng, 2. ng nol ) fol I)ovved b egcgggpfggg
pyridine (370 nL, 4.58 mmol ). After 16 hours at anbient renperat 2,
the reaction mxture was applied directdy-to a shont_plug of silica and
eluted with 0-7% MeCNCH err]Cl [err]. The col ored fracti on was
concentrated in vacuo to give the nesyl ate,

ﬁyﬁe%

3, 4-[ (N, N - 1c6oldd3'to- b fist.hanésadilds XPFTBL HyiteneppesttEAted 5
1'",5"" -yl) - bi8rdchidrié netaldy| ) thel (defi- pytdonkessgendiionewds0 xbrpeted (67%

{'me' 7% 1a6v' hebeyg®! hecdf® (o ﬁierw WRea, dVEhedirblda L£11] 0. 89
(m 4H); 7.0@3fEe ) give 1373(9 of e2F6Ude7ai‘gY‘%’éldezg§¢°hi°lszz1 g? [‘% -7 63
(d, 2H); 50.981(s{(2Myetidxy)-3*""'(0)-4"""'-(hydroxy)-butane)- -bis-1{3,3'-
indolyl)]-furan-1,4-dione as a purple solid. MS.
' To a dimethylformamide (250 mL) solution of the
anhydride, 2,3-[(N,N'-1,1'-((2'*-ethoxy)-3"'"'"'(0)- 4' ' - (hydroxy) -
butane)-bis-(3,3'-indolyl)]-furan-1,4-dione, (3.3 g, 7.5 mmol)
10 under nitrogen was added 1,1,1, 3, 3, 3 - hexamethyldisilazane
(32 mL, 2 eq) and methanol (3 mL, 10 eq). The reaction was
stirred at room temperature for 16 hours and then heated at 60°C
for 2 hours. The dimethylformamide was removed in vacuo, and
the resulting residue was dissolved in acetonitrile (250 mL).
15 1N HCl (50 mL) was added. The reaction was stirred for 15

v
e

minutes. The reaction was concentrated, partitioned between

ethyl acetate (1 L) and water (250 mL). The product was a solid
that precipitated giving the alcohol maleimide, 3,4-[(N,N'"-1,1"'-
((2*'-ethoxy)-3*''(0)-4'"' '~ (hydroxy) -butane) -bis-(3,3'-

20 indolyl)]-1(H)-pyrrole-2,5-dione, 0.92(28%)'ofhproduct. A small

' amount (50 mg) was absorbed on silica and applied to a flash
column. Eluted with dichloromethane, 5%
acetonitrile/dichloromethane and then 10%
acetonitrile/dichloromethane to give 38 mg of analytically pure

25 material. The ethyl acetate was concentrated and
chromatographed to give an additional 8% of the crude product.
MS. :

1 NMR (dg-DMSO): 81.96 (1H, m); 2.09 (1H, m); 3.31 (1H, m);
3.40 (1H, m); 3.51 (1H, m); 3.62 (1H, m); 3.89 (1H, m); 4.18

30 (3H, m); 4.35 (14, m), 4.68 (1H, t, J = 2 Hz); 7.11 (2H, m);
7.19 (2H, m); 7.44 (1H, s) 7.46 (1H, 4, J = 9 Hz); 7.51 (1H, s)
7.53 (1H, 4, J = 9 Hz); 7.79 (1H, 4, J = 8 Hz); 7.83 (1H, 4, J =
8 Hz); 10.91 (1H, s). '
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3/4-[(N,N-1,1"-(3""'-(am nonet hyl ene) pentan-1'"',5""'-yl)-b
(3,3 -indolvl)]-1(H)-pyrrol e-2,5-di one hydrochl oride salt
a seal ed tube reaction vessel containing a THF (20 mL
nmesylate 3,4-[(N,N-1,1"-(3""-

(et hanesul f onyl oxy) net hyl-ene) pentan-1'/,5" "' -yl)-bis-(3,3

REPLACEMENT SHEET]
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L0,

i ndol yl)]-1(H) -pyrrol e-2,5-dione (250 ng, 0.5 nmml) was a

d 10 NHerr]

(33% aq, 10 ml), the reaction tube was seal ed, and heat ed

(60[errTT™

After 48 hours, the reaction mxture wag cool ed and el uted through a
plug of silica gel with ethyl acetat owed by acetone. The acetone

fraction was reduced in vacuo to give

D_{NH; - CF3C0H

Example 4

5 ‘—indol - - ~2,5-di ifluor

1

To an anhydrous tetrahydrofuran (15 mL) solution of
the alcohol, 3,4-[(N,N'-1,1'-((2'*-ethoxy)-3*'*(0)-4"'*"'-
(hydroxy)—butane)—bis—(3,3'—indolyl)]—1(H)—pyr;ole—2,5rdione,
(155 mg, 0.35 mmol) under nitrogen was added 2, 4, 6-collidine -

10" (280 ML, 3 eq). The solution was cooled to -78°C and treated
with trifluoromethanesulfonic anhydride (118 pL, 2 eq). After
1.5 hours at -78°C, a large excess of concentrated ammonium
hydroxide (2 mL) was added. After 10 minutes, the reaction was
warmed to -42°C with a dry ice/acetonitrile bath and then

15 stirred for 18 hours while allowing to warm to room

temperature.

The reaction was concentrated in vacuo. The resulting residue
was dissolved in ethyl acetate (400 mL), washed with water,
brine, dried, and concentrated in vacuo to provide the crude
primary amine. The amine was absorbed on silica and applied to
20 a flash column which was sequentially eluted with 1 ethyl
acetate/l hexane, ethyl acetate, ethyl acetate/5% methanol and
finally SO0 ethyl acetate/45 acetonitrile/4 methanol/2
isopropylamine to elute the amine, 3.,4-((N,N'-1,1'-((2'*~
ethoxy)-3''' (0}~4¢''-(amino) -butane)~bis-(3,3'-indolyl)]-1(H)-
25 pyrrole-2,5-dione (38 mg). Starting alcohol (104 mg, 67%) was
also recovered. The product was further purified using reverse

phase size exclusion chromatography by eluting with

85

acetonitrile/15 (0.01% TFA/water). The collected fractions

azeotroped with ethyl acetate to give 23 mg(12%) of
30 the TFA salt. MS.

a powder as



reddi sh -solid. A portion of this residue is purified using 15 reverse
phase gel filtration HPLC (85% MeCN water, 0.01% TFA). e .
fractions are pooled and concentrated to a red solid. EA SHEET
partitioned between ethyl acetate/0.1N NaCH. The or ganiW»
concentrated to give the free base as a resi due. The r'“%’@ﬁ(ﬁ :
di ssolved in nethanol (2 nmL) and 20 treated with HO (2|, 1. 1999
ether) for 1 hour. The reacti on was concentrated i h weese—to_yield
the title conpound 28.5 ng (13% -of4 & magenta sol i dl_whi ch is >95% purje
by HPLC anal ysis. M5 [err]H NNR (DMBO-d[err]) TerT—t—3++—m
1H); 1.5-1. 63 (m 2H); 1.8-1.95 25 (m 2H); 2.73 (m 2H); 4.18 (m 4H);
7.12 (t, 2H) ;7NN (dg-DE$Q)r: 81.997 (2B, (m): 2M)8 (AHsenm{d, 2.B@) {1, ™:(d, 2H);
7.8 (br, 3H) 34k Qin, my; 6557 I, m); 3.75 (1M, m); 4.13 (2H, m); 4.29

9 - (1H, m); 4.44 (1H, m); 7.09 (2H, t, J = 7 Hz); 7.18 (2H, t, J =
7 Hz); 7.47 (4H, m); 7.70 (3H, bs); 7.78 (2H, m)

5
In a analogous manner the S-enantiomer, 4s as the HCl
salt, and the R-enantiomer, 4r as.the HCl salt, were prepared.
- N{CH3l2 - HCI
10

Example 5

ne)-bis-— —i -1 {H) -pvyr -2.5-dion 1 1

To an anhydrous dichloromethane (140 mL) suspension of
15 the alcohol, 3,4-[(N,N'-1,1'-((2'‘-ethoxy)-3'''(0)-4"'" "~
{hydroxy) -butane) -bis~ (3,3 '-indolyl)]-1(H) -pyrrole-2,5-dione,
(472 mg, 1.07 mmol) under nitrogen was added pyridine (260 pL; 3
eq) and methanesulfonic anhydride (242 mg, 1.3 eq). After 4
hours, the reaction was diluted with dichloromethane, washed
20 with 0.1N HC1l (2X) and filtered to remove startlng material (54
mg); The dichloromethane portion was washed with brine (2X),
"dried, and concentrated to give the crude mesylate, as a purple
solid. The material was absorbed on silica and applied to a
flash column which was sequentially eluted with dichloromethane,
25 5% acetonitrile/dicﬁloromethane and 10% acetonitrile/
dichloromethane to provide 288 mg (52% yield) of the mesylate,
3,4-[(N,N'-1,1'-((2*''-ethoxy)-3**''(0)-4"'"''~({methanesulfonyloxy) -
butane) -bis-(3,3'~-indolyl) ] -1(H) -pyrrole-2,5-dione. MS. NMR.
To a tetrahydrofuran (20 mL) solution of the mésylate,
30 3,4-[(N,N'-1,1'~-((2''~ethoxy)-3'*'(0)-4"'"'"'-(methanesulfonyloxy)-
butane)—bis-(3,3'-indoiyl)]—l(H)-pyrrole-Z,S-dione, (304 mg,
0.59 mmol) was added a 8.9 M solution of dimethylamine in
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3,4-[(N,N-21,1"-¢(3"'-(N, N-(di net hyl am no) net hyl ene) pentgayl)- 5

bis-(3,3 -indolvl)]-1(H -pyrrol e-2,5-di one hydrochl ori dg LAC VTSH]
title conpound was prepared as the hydrochl oride saljt adharn

di,net hyl am ne (40% aq, 5 nL) to displace the mesyl afe

3,4-[ (NN -1,1"-(3" """ - 2 0 SEP 1999
(et hanesul f onyl oxy) net hyl ene) pent anyl )-bis- (3,3 -indolyl]-_10

| (H)-pyrrole-2,5-dione (110 ng, 0.2 mmol) and subsequen Iy transtorm pg
to the hydrochloride salt to produce TH® titled co sel—(28 g, 26%
yield). M. [err]HNWRR (DVsO-d[err]) [err] 1.17 (m 1H) 1.5-1.63
(7m152|(_|)s %ﬁét?@)ﬂd@ofﬁﬂna%mz 109 £9) . 2Hkces HSicRy 49 oy &% 0k, 2H);

hours in a sealed tube, the reaction was diluted with ethyl
acetate (200 mL), washed with brine (2X), dried, and
concentrated to provide the crude dimethylamine derivative as a
5 solid. The material was absorbed on silica and applied éo a
flash column tﬁat was sequentially eluted with 3 ethyl acetate/
1 hexane, ethyl acetate and 2% isopropylamine/ethyl acetate to
give the dimethylamine derivative 193 mg (70% yield) which was
90% pure by HPLC. The dimethylamine derivative, 3,4-[(N,N'-

10 1,1'-((2'*-ethoxy)-3*''(0)-4'"'*-(N,N-dimethylamino)-butane)-bis-
{(3,3'-indolyl)]-1(H) -pyrrole-2,5-dione,was purified to greater
than 95% as the triflourocacetate salt using reverse phase size
exclusion HPLC by eluting with 85 acetonitrile/15

{0.01%TFA/water) . :
15 The triflourocacetate salt of 3,4-{(N,N'-1,1'-((2*'-
ethoxy)-3'''(0)-4'"'"'-(N,N-dimethylamino)-butane) ~bis-(3,3*-

indolyl)]-1(H) -pyrrole-2,5-dione was converted to the HC1l salt
by suspending the salt in ethyl acetate and washing gently with
0.1N NaOH(5 X 50 mL). The ethyl acetate portion was washed with
20 brine (2X), dried, and concentrated to provide the free base,
3,4-[(N,N'-1,1'-((2'*-ethoxy)=-3'*''(0)-4'"'*-(N,N-dimethylamino) -
butane) -bis-(3,3*-indolyl)1-1(H)-pyrrole-2,5-dione. To an
anhydrous methanol (50 mL) suspension of the free base, 3,4-
[(N,N*-1,1*'-((2'*'~ethoxy)-3''*'(0)-4"'"'"*-(N,N-dimethylamino) -
25 butane)-bis-(3,3'-indolyl)]1-1(H) -pyrrole-2,5-dione was added 1N
HC1l in anhydrous ether (13 mL, 50 eq). The ether was
. evaporated, and the residue was dried under vacuum to give 143
mg (52% yield) of 3,4-[(N,N'-1,1'-((2''-ethoxy)-3**'(0)-4""'"-
(N,N-dimethylamino) -butane) -bis~-(3,3'~indolyl)]-1(H) -pyrrole-
30 2,5-dione hydrochloride salt as a red solid. MS. .
1 NMR (dg~DMSO): &82.03 (1H, m); 2.26° (1H, m); 2.68 (6H, t, J =
5 Hz); 3.24 (1H, m); 3.28, (1H, m, after D20 shake); 3.64 (1H,
m); 3.77 (2H, m); 4.07 - 4.38 (4H, m}; 7.08 (2H, m); 7.17 (2H,
m); 7.43 (3H, m); 7.52 (1H, d, J = 8 Hz); 7.79 (2H, m); 10.33
35 (1H, bs):; 10.%92 (1H, s)

v



7.23 (t, 2H); 7.56 (d, 2H); 7.75 (d, 2H); 7.8 (br, 3H); 11.01 (s, 1H).

- 1?0 - The foll ow ng conpounds are prepared in _an
anal ogous manner and further illustrate the conmpounds
[err] REPLACENE%MESHEET
* 2 G SEP 1999
N{CH3) 2 - HCl
Example Ss
(S)-3.4-T(N.N'-1,1'-((2'*-ethoxy)-3'''(0)-4*'*~(N.N-
5
To a THF (300 mL) solution of the mesylate, (S)-3,4-[(N,N'-
1,1')-((2''-ethoxy)-3"'"''~(0)-4"'"'-{(methanesulfonyloxy)-butane) -

(bis) - (3-indolyl) ] -1H-pyrrole-2,5-dione (2.8 g, 5.39 mmol) was

10 added dimethylamine (100 mL, 40% in water) in a sealed vessel.
After heating (50 °C) for 24 hours, the reaction was
concentrated. The residue was passed through a pad of silica
eluting with ethyl acetate and then with 10% triethylamine/ethyl
acetate which eluted the desired (S)-dimethylamine derivative.

15 The eluant was concentrated to yield 1.7g (67% yield) of the
free base (S)-3,4-[(N,N'-1,1'-((2'*-ethoxy)-3'''(0)~-4'"'"'~(N,N-
dimethylamino)—butane)—Bis—(3,3'—indolyl)]—1(H)—pyrrole-2,5—
‘dione as a violet solid. The free base was converted to the
hydrochloride salt by suspending the free base 3,4-[(N,N'-1,1')-

20 (4'*-N,N-dimethylamino-3-(S)-*'ethoxybutane) ] -{bis) -{3~-indolyl) -
1H-pyrrol-2,5-dione (1.7g, 3.6 mmol) in methanol (300 mL) and
adding 1.0 N anhydrous HCl in ether (10 mL, 10 mmol). After 0.5
hours at ambient temperature, the bright orange precipitate was
collected, washed with ether, and dried under vacuum to vield

25 1.4 g (77% yield) of 3,4-[(N,N'—1£1')—(4"-N,N-dimethylamino-3—
(S)-' ‘ethoxybutane) ] - (bis) - (3-indolyl) -1H-pyrrol-2,5-dione
hydrochloride salt. MS.
1H NMR: (dg-DMSO) & 2.1 (m, 1H); 2.35 (m, 1H); 2.68 (s, 6H); 3.2
(m, 1H,); 3.33 (m, 1H); 3.66 (br. t, 1H); 3.8 (br. t, 1H);

30 3.85 (m, 1H); 4.17 (m, 1H); 4.2-4.4 (m, 3H); 7.1 (d, 1H); 7.13
(d, 1H); 7.2 (m, 2H); 7.44 (s, 1H); 7.48 (s, 1H); 7.5 (d, 1H):
7.56 (d, 1H); 7.82 (br.t, 2H); 10.59 (br., 1H); 10.96 (s, 1lH).
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3. 2 O =CHCH err ] NHCH[ er r ] 8 _

56 3 2 0 =CHCH err] e".xu'..li" $INT 'SHEET))
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Example 6

15 e e - _ _ _ 33
' A dry DMF (100 mL) solution of (bis)mesylate, 1-(2-
(methylsulfonyloxy) -ethoxy) -2~ ( (methylsulfonyloxy)ethyl)-3-
({tert-butyldiphenylsilyloxy) -propane, (7. 4 0g, 13.30 mmol) and
bis-(3,3'-indolyl)1-1{(methyl)-pyrrole-2,5~-dione (4.43 g, 13.30

20 mmol) was added over 16 hours to a stirred suspension of Cs2C03
(25.4 g, 78 mmol) in DMF (400 mL) at 50 °C . After 8 hours, the
reaction was concentrated under reduced pressure at 80 °C to
give a residue. The residue was diluted with ethyl acetate (200
mL), washed with water (50 mL). The organic layer was

25 separated, and the aqueous layer was extracted with ethyl
acetate (50 mL x 3). The combined organic portion was dried,
and concentrated to a residue. The residue was eluted through a
cblﬁmn of silica gel with 25% ethyl acetate in héxane followed
by 5% methanol in CHzCiz to give three predominant products:

30 The silyl ether macrocycle product, 2,3-{(N,N'-1,1°'-(4''"'~
ethoxy-1'-yl-(3'"'‘-(tert-butyldiphenylsilyloxy)methylene)butan-
1-yl)-bis~(3,3'-indolyl)]-1{methyl) -pyrrol-1,4-dione, (2.35 gq)



30 T 2 2 -OCH[ err] -

:%m[err]ocow(qerrm[err]) 78 2 2

- - =CHCH NHCOCH 79 2 s :
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MS: Calculated for Cq4H45N304Si: Mol. mass : 707.31, found 708,
Rf = 0.84 (50% ethyl acetate in hexane), the desilylated alcohol

macrocycle product (600 mg). MS.
To a stirred EtOH (500 mL) solution of N-methyl
5 macrocycle, 2,3—[(N,N'-1,1'—(4"'—ethoxy—l‘—yl-(3'"—(teft—

butyldiphenylsilyloxy)methylene)butan-1-yl)-bis-(3,3'-indolyl)]-
1 (methyl) -pyrrol-1,4-dione, (1.65 g, 2.33 mmol) was added SN KOH
(100 mL). After.12 hours at 50°C, the reaction mixture was
cooled to room temperature and concentréted under reduced

10 pressure to a residue. The residue was acidified with
concentrated HCl to pH 1 and extracted with ethyl acetate (200
mL- X S5}. The combined organic phase was dried, concentrated
under reduced pressure, and was eluted through a short silica
column with 5% methanol in dichloromethane. "Evaporation of the

15 eluting solvent gave a residue containing the anhydride, 2,3-
[(N,N'-1,1'-(4'''-ethoxy-1'~-y1-(3'*' ‘- (tert-
butyldiphenylsilyloxy)methyleneybutan-1-y1l)-bis-(3,3'~indolyl)]-
furan-1,4-dione that was used in the next reaction.

To a dry DMF (250 mL) solution of anhydride, 2,3-

20 [(N,N*'-1,1*-(4'*'*-ethoxy-~1'-y1-(3'''-(tert-

" butyldiphenylsilyloxy)methylene)butan-1-yl)-bis-(3,3*'-indolyl}]}-
furan-1,4-dione, (600 mg, 1.3 mmol) was added BMDS (2.1 g, 13
mmel) followed by methanol (209 mg, 6.5 mmol). After 48 hours,
the reaction was concentrated, and the residue dissolved-in

25 ethyl acetate (100 mL), washed with 1 N aqg HC1 (25 mL), water
(25 mL) and brine (25 mL) respectively. The resulting organic
phase was then dried and concentrated to give a residue. The
residue was eluted through a column of silica gel with
methanol/CH2Cla (0% to 5% methanol). Evaporation of the eluting

30 solvent gave the imide, 3,4-[(N,N'-1,1°'-(2'‘'-ethoxy-(3‘''((0)-
methylene) -4+ * * - (hydroxy) -butane) -bis- (3,3 -indolyl)] -1 (H) -
pyrrole-2,5-dione, as a solid (300 mg, 50% yield). MS.
1y NMR (CDC13) & 9.65 (s, 1H), 7.79 (t, J = 7.65 Hz), 7.61 (s,
1H), 7.54 (s, 1H), 7.46-7.40 (m, 2H), 7.24-7.08 (m, 2H), 7.07-

35 7.02 (m, 2H). 4.43-4.33 (m, 2H), 4.30-4.21 (m, 1H), 4.14-4.06
(m, 1H), 3.64 (t, J = 4.64 Hz), 3.58-3.38 (m, SH), 3.71 (t, J =
8.64 Hz, 1H), 1.89-1.85 (m, 1H)
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Exémple 7

hvdrochl
To a dry CH2Cl2 (50 mL) solution of imide alcohol,
3,4-[(N,N'-1,1'-(2*'-ethoxy-(3''*((0)-methylene)-4'"'"-(hydroxy)-

butane)-bis-(3,3'-indolyl)1-1(H)-pyrrole-2,5-dione (140 mg, 0.30
mmol) containing pyridine (120'mg, 1.5 mmol) was added methane
sulfonic anhydride (106 mg, 0.61 mmol) under a N2 atmosphere.
After 12 hours, the reaction was quenched with water (25 mL),
diluted with CH2Cl32 (50 mL), washed with 0.2 N HC1 (20 mL x 2),
aqg sodium bicarbonate (20 mL), water (20 mL),. brine (20 mL),
dried, and concentrated to a residue. The residue was eluted
through a short silica gel column with 5% methanol in
dichloromethane and evaporation of the eluting solvent gave the
mesylate, 3,4-{(N,N'-1,1'-(2**-ethoxy-(3‘'* ((0O)-methylene)-4**"*-
(methanesulfonyloxy)-butane)-bis~(3,3'~indolyl)]1-1(H) -pyrrole-
2,5-dione that was uséd in the next reaction.

To a sealed tube THF (20 mL) solution of mesylate,
3,4-[(N,N*'-1,1'-(2'*-ethoxy~-(3''' ({O) -methylene)-4'"'"-
(methanesulfonyloxy) -butane) ~-bis- (3,3 *'-indolyl) ] -1 (H) -pyrrole-
2,5~dione, (157 mg, 0.29 mmol) was added pyrrolidene (203 mg,
2.90 mmol). 'After heating (50 °C) for 12 hours, the reaction
was cooled to room temperature concentrated under reduced
pressure, dissolved in CH2Clz (50 mL), washed with water (20 mL
x 2), brine (20 mL), dried, and concentrated under reduced
pressure to a residue. The residue was eluted through a short
silica gel column with 5% methanol in dichloromethane-and
evaporation of the eluting solvent gave the pyrrolidine, 3,4-
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[(N,N'-1,1'-(2'*-ethoxy-(3'*"'((0)-methylene)-4'"'"'-(N-
pyrrolidino)—butane)—bis—(3,3'-indolyl)]—1(H)-pyrrole—2,5—dione,
MS: calculated for C33H32N403: Mol mass: 508.62, found 508, Rf =
0.14 (5% methanol in dichloromethane, trace triethylamine). The
S pyrrolidine was further pufified by reverse phase gel permeation
chromatography to give the pyrrole macrocycle as the
triflourocacetic acid salt (55 mg, 37% yield). The
triflouroacetic acid salt of the pyrrole was converted to the
hydrochloride titled compound by extracting a 1 N NaOH (5 mL)

10 slurry of the trifluoroécetic acid salt (55 mg) with ethyl
acetate (25 mL)/ methanol (2 mL)}, the extract was dried, and
concentrated to a residue. The residue was slurried in
ether/methanol (10:1) and a HCl solution of ether was added.
After 30 minutes, the slurry was concentrated and dried in wvacuo

15 to give the title compound (48 mg, 88% yield). MS.
ly NMR: & 10.98 (s, 1H), 7.90 (s, 1H), 7.82 ( s, 1H), 7.70-7.62
(m, 3H), 7.56-7.50 (m, 1H), 7.24-7.02 (m, 4H), 4.50-4.20 (m,
4H), 3.76-3.42 (m, 4H), 2.82-2.44 (m, 4H), 2.26-2.24 (m, 1H),
1.82-1.60 (m, 6H), 1.26-1.02 (m, 2H).

20

il
O (]

Y

‘- HCl
3

25

The titled tertiary amine was prepared by displacement
of the mesylate with dimethylamine (58 mg, 75% vield). MS.

30 1H (cpcla) 4 10.93 (s, 1H), 7.84 (s, 1H), 7.77 (s, 1H), 7.69-
7.64 (m, 3H), 7.47 (4, Jd = 7.97 Hz, 1H), 7.13-7.02 (m, 4H),
4.40-4.11 (m, 4H), 3.73-3.20 (m, 4H), 2.50 (s, 3H), 2.33 (s, '
1H), 2.13-1.96 (m, 2H), 1.86-1.70 (m, 1H), 1.21-1.10 (m, 2H)
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The following compounds were prepared in a manner
analogous to the Examples described herein and further

In the following

examples, the structure of the compound was confirmed by NMR,

5 MS, and/or elemental analysis.

puring the synthesis, R is a

protected hydroxy, preferably a silylfether preferably tert-

butyldiphenylsilyloxy (TBDPS).

The silyl ether may be converted

- to a leaving group and substituted to produce the following

examples:
lC“z)n/ N\“’"ﬂ“l
{CHz)n2 .
AVAVA
i0 R
Example n nl n2 R
9 3 2 0 ~NH3
15 10 3 0 ~NHs - HCl
11 3 2 0 -N(CH3)2 - HCl
_,,O
12 3 2 0. - HC1
13 3 2 0  -NHCH2CgHs - HCl
14 3 2 0  -NHCOCH3'
20 15 3 2 0  -NHSO2CgHs
16 3 2 0  -NHC(O)OCH2CeHs
" 178 S-enantiomer 2 2 0 ~NHCH2 - HCl
18s S-enantiomer 2 2 0 -NHCH2CgHs - HC1l
18r R-enantiomer ,
25 19r R-enantiomer 2 2 0 -NHCOCH3
-
20r R-enantiomer 2 2 0 + HC1
20s S-enantiomer
21r R-enantiomer 2 2 0 -NHSO2CgHs
21ls S-enantiomer .
30 22 2 2 0 ~-NHCH2 (pyridyl) - HC1
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3 S =0 ) 96 3 o .
S (=0 [err] 97 3 3 - |REPLAGEMENT SHEET
--- 20 98 3 3 CH R B '
99 3 3 CH . OCONHC[ err]H err
100 3 3 N v IHerr] | | 20SEP Bg
3 N CH err] 102 3 - {
NHSO err] Clerr] H err] - 72 - . - 103 -
—N N~ CHjy
23s S-enantiomer ' 2 2 0 / - HC1
. - N 0
24s S-enantiomer 2 2 0. . HC1
25r R-enantiomer 2 2 0
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Example 26
3, 4-[N,N'-1,1'-(2-methvlene-6-methvlenepvridine)-bis-(3,3°‘-

indolvl}1-1H-pyrrole-2,5-dione.

Following the same procedure as described in Example
1, 2,3-bis-indolemaleic anhydride (287 mg, 0.88 mmol in 5 mL DMF
was treated with sodium hydride (60 percent in-oil, 88 mg, 2.19
mmol) for 1.5 hours, then diluted to 11 mL with DMF, and treated
with bis-2, 6-dibromomethyl pyridine (245 mg 0.93 mmol). After
stirring at 50°C overnight, the reaction mixture was worked up
(EtOAac) and filtered thrbugh a short plug of silica (50 percent
EtOAc in hexanes). N,N'-(2,6-Pyridine-bridged)-bis-indolemaleic
anhydride (142 mg, 37 percent) was obtained as a dark-red solid,
which showed éssentially a single spot on TLC analysis and was
used directly in the next step without further purification.

3,4-[N,N'-1,1'-(2-methylene, 6-methylenepyridine)-bis-~
(3,3'-indolyl) -1H-furan-2,5-dione (140 mg, 0.32 mmol) in 2 mL of
DMF was treated with a mixture of 1,1,1,3,3,3-
hexamethyldisilazane (0.72 mL, 3.2 mmol) and CH3OH (0.063 mL,
1.6 mmol) to give, after workup'and purification by radial
chromatography on silica gel, 42 mg of the titled, N,N‘-(2,6-
pyridine-bridged) -bis-indolemaleimide, as a burgundy solid.‘
This material was homogeneous by TLC (Rf = 0.35, 3 percent CH30H

in CHCl3).
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conpounds are selective for preteln
The ability of the conpounds of thg
i nhibit protein kinase C was determ ne
Dependent Protein Kinase Assay,

=0 o
i nvention are potent

' over ot her ki nases.
gntion
Cal ci um Cal nodul i n

Casein assay,

pg evi ously noted,  the conpounds
' The

to selectively

CAMP- Dependent Protein Kinase Catal ytic?®

Prot ei n- Tyrosi ne Ki nase assay.

Protein Kinase Assay (CaM
Protei n Ki nase Assay

Subuni t assay and the
ci um Cal nodul i n Dependent

The Cal ci um Cal nodul i n Dependent

3: 818- 831 5( 1983)..

10
(8.9 g, 27 mmol)
55°C under Nj3.
15 wvacuo to give a violet oil.
2.76 g (71% vield) as a magenta solid.
20
MS: ‘MW = 473; observed 473, FD, CHCl3).
(observed) :
25
added 5N KOH (80 mL).
removed in vacuo.
30

is descri besgaingild 28 Jour nal
1'-(2''-eth -benzvl)-bis-

ryr -2

of Neur osci ence,
i 1vi)1-1(H) -

‘-in
~dione b i

A dry DMF (45 mL) solution of dibromide, 2-(2°'-
Bromoethoxy) -benzylbromide, (2.0 g, 6.8 mmol) and bis-(3,3'-
indolyl)]-1(methyl)-pyrrole-2,5-dione (2.3 g, 6.8 mmol) was
added via syringe pump over 20 hours to a suspension of Cs2C03

in dry DMF (550 mL) with vigorous stirring at
After an additional 2 hours, the reaction
mixture was concentrated in vacuo, the residue dissolved in
CH2Cly, washed with 1N HC1, brine, dried, and concentrated in
The oil was passed through a plug
of silica eluting with 1:1 hexanes/ethyl acetate. The eluant
was reduced to yield the macrocycle, 3,4-[(N,N'-1,1'-(2"''~
ethoxy) -benzyl) -bis-(3,3'-indolyl)]-1(methyl)-pyrrole-2,5-dione
Recrystallization from
isopropanol/methylene chloride gave analytically pure material.
EA: Calculated.
C 76.09 (75.86); H 4.90 (4.93), N 8.87 (8.79).

To an ethanol (100 mL) suspension of macrocycle, 3,4~
[(N,N'~1,1'~(2""*-ethoxy)-benzyl)-bis-(3,3'~indolyl)]~1(methyl)-
pyrrole-2,5-dione (710 mg, 15 mmol) containing THF (20 mL) was
The reaction was heated (55°C) for 70
hours with stirring, cooled to room temperature, and the ethanol
The concentrate was acidified to pH 1 with 5N
BCl (325 mL), extracted with ethyl acetate, washed with brine
(2x)}, dried, and concentrated to give the anhydride, 3,4-[(N,N'-
1,1*~-(2'*'-ethoxy) -benzyl)-bis-(3,3*'-indolyl)]-furan-2,5~-dione
700 mg (quantitative conversion) as a residue.
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HEPES (4- (2-hydroxyethyl)-1-pi perazi ne-ethanesul fonic aci d
2775 mMdithiothreitol, 2.2 nmv EGTA :

(et hyl enebi s(oxyethyl enenitrilo)tetraacetic acid, used in
buffer), 1.1 mMcalciumchloride (Sigm, St. Louis, 30 M
the control buffer), 10 nM magnesi um chl ori de (Signa,
M ssouri), 200 [err]g/nL histone type HL (Wor t hi ngt on

v)

pramk

2B S s |

, o TO—etL-DNBO

0 =

or DMBQ inhibitor and 30 [err]m (gamma- 74 - 32P) ATP (DuPdnLla_IFEp;gigiLSEJ
is initiated by the addition of cal ci um cal nodul i n dependen '

Ki I sol df 3 ' i .
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e cofa

tri Ch|cn‘oacetiugﬂdﬁji},l'—(Z"—ethoxy)-benzy }-bis=-(3,3'-indolyl) ] -furan-2,5- 104 -

dione (760 g, 17 mmol), was added a solution of methanol (0.34
mL, 8.3 mmol) and 1,1,1,3,3,3-hexamethyldisilazane (3.5 mL, 17

5 mmol). After heating (55°C) 22 hours the reaction was
concentrated in vacuo, diluted with ethyl acetate, washed with
0.1N HCl. The combined organic layer was dried, and
concentrated to a violet residue. The residue was applied to a
short plug of silica and eluted with CH2Clz/hexane (gradient 0 -

10 100% CH2Clz). Evaporation of the eluting solvent gave the NH
maleimide, 3,4-[(N,N'-1,1'-(2''-ethoxy)-benzyl)-bis-(3,3'-

indolyl) 1-1(H) -pyrrole-2,5-dione 483 mg (70% yield)

as a purple

solid. The title compound was crystallized from CH2Cl)/hexane.

MS.
15 1g NMR: (DMSO-dg) & 4.29 (2H, bs); 4.59 (2H, bs);

5.23 (2H,

bs); 6.90-6.99 (2H5, 7.01-7.18 (3H), 7.20-7.27 (2H), 7.59-7.68

(2H), 7.71-7.80 (SH);
10.92 (H, s).

20

25 To a solution of'3;4—bis—(3-indolyl)-1-methy1—pyrrole—

2,5-dione (499 mg, 1.46 mmol) in 10 mL of DMF under

N2 was added

sodium hydride (60 percent in oil, 146 mg, 3.65 mmol) in
portions of 30 minutes. The resultant green solution was

stirred 1 hour. The mixture was diluted with 10 mL

of DMF and

30 then treated dropwise with 1,6-dibromohexane (0.24 mL, 1.57

mmol). The reaction mixture was stirred 30 minutes

at room

temperature and then heated at 45°C for 16 hours. The cooled
mixture was poured into dilute aqueous NH4Cl (125 mL) and
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(Sigma, St. Louis, Mssouri). The precipitate is collected by vacqum
filtration on glass fiber filters and quantified by cou Q}ﬂMEqu
scintillation counter. 5 Buffer conponents: SHEET
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Assay (CK-11)
13:

g?o£¥3Q%sa§£ord compound 3,4-[(N,N'-1,1*-~
hexane) -bis- (3, 3'-indolyl)}-1-methyl-pyrrole-2,5-dione (137 mg,
22 percent) as a purple solid, M. Pt. > 320°C.

A mixture containing 3,4-[(N,N'-1,1'-hexane)-bis-
(3,3'-indolyl))-1-methyl-pyrrole-2,5-dione (137 mg, 322 mmol),
ethanol (15 mL), 5 N KOH (5 mL) and THF (2 mL) was stirred 4
hours at room temperature. At that time TLC analysis showed the
starting material to be consumed. The mixtqre was diluted with |
water (15 mL) and concentrated on the rotary evaporator. The
mixture was cooled, acidified to pH 1 with 3 N HCl and extracted
with CH2Cl2 (3 x 10 mL).

washed well with water,

The combined organic extracts were
dried over anhydrous MgSO4 and

concentrated. The purple solid obtained (116 mg) was fopnd by

NMR analysis to be a 4:1 mixture of the desired'anhydride and
starting material. This material was used directly in the next
step without further purification. '

In the same manner as that describeé in Example 1, a
golution of 3,4-[(N,N'-1,1'-hexane)-bis-(3,3'-indolyl)~furan-
2,5~-dione (108 mg, 0.263 mmol) in DMF (1.5 mL under N2 was
treated with a mixture of 1,1,1[3,3,3—hexamethyldisilazane (0.59
mL, 2.62 mmol) and CH30H (0.05 mL, 1.31 mmol) overnight. After .
workup (EtOAc), the crude product was subjected to flash
chromatography on silica gel {CH2C1l2-EtOAc, 10:1 - S:1, gradient
elution) to afford two colored fractions. The first colored
fraction to eluate contained the 3,4-((N,N'-1,1*'-hexane)-bis-
(3,3'~indolyl)~1-methyl-pyrrole-2,5-dione impurity carried from
the previous reactions. The second cqlored fraction contained
the desired product, 3,4-[(N,N'-1,1'-hexane)-bis-(3,3'indolyl)-~
1H-pyrrole-2,5 dione (56 mg). M. Pt. > 320°C. MS

Calculated for C3gH23N302 (0.3 H20):

€, 76.26; H, 5.66, N, 10.26.

Found:

C, 75.21; H, 5.65; N, 10.05,.



in atotal volune of 250 [err]L: 20 nM Tris-HO, pH 7.5 5 nM sodi um
fluoride, 50 ng/nL Casein (Sigma, St. Louis, Mssourl) 20 '

echloride (Sigma, St. Louis, Mssouri), 10 [err]L DVBO REPLACEMEN']‘ SH

DVSQ' i nhi bi tor and 30 [err]m(gamm 32P) ATP (DuPont)). M tTatron
the reaction is perforned by addition of casein pr ot eil njKki

(I solated fromrat brain honogenate), I ncubated at ro¢m te‘?r@ef%él]?@
for 10 mi nutes and stopped by the 25 addition of 0.5 nL i¢elcald.

Trichl oroacetic acid (Anresco) folTowed by 100 [err]Lfof 1 ng/ mL
bovi ne serum al bum n (Sigm, St. Louis, Mssouri). T -
col l ected by vacuum filtration ons glass-fiber filters and quantified.
by counting i n a beta scintil I t jqn counter. 30
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Example 29
3,4—[(N,N'—1,1'—(3"—(benzvléarbonate)methvlene)hexane)—bis—
5 (3,3'-indolvl)1-1H-pyrrole-2,5-dione.

To a 0° C dichloromethane solution of 3,4-[(N,N'-1,1'-
(3"-(hydroxy)methylene)hexane)—bis-(3,3'—indolyl)]—lH—pyrrole—
2,5-dione (24 mg, 0.054 mmol) was added diisopropylethylamine

© (10.6 mg, 0.081 mmol) followed by benzyl chloroformate (13.8 mg,

10 0.081'mmol). After 72 hours, the reaction mixture was quenched
with 2.5 N sodium bicarbonate; the organic layer removed; and
the aqueous layer extracted with dichloromethane. The combined
organic layers were combined, washed with brine, dried over
magnesium sulfate, filtered and concentrated to give an oil that-

15 was purified by reverse phase HPLC (5% acetonitrile in water
with O.i% TFA gradient to 100% acetonitrile on C1l8 column) to
give 6 mg of the title compound. MS.

20

. Example 30
(£) -3, 4-{(N,N*-1,1'-(3“-(b n ne)-bis- ‘-

~iH- - -dion
Following the same procedure as described in the
25 previous examples, 3,4-bis-(3'~indolyl)-1-methyl-pyrrole-2,5-
dione (400 mg, 1.17 mmol) in 8 mL DMF was treated with sodium
hydride (60 percent in oil, 117 mg, 2.93 mmol) followed by



Assay conponents in order of addition 175 [err]L Buffer

10[Earr]L or DMSO or DMBQ i nhi bitor 25 [err :
300 [err] M magnesi um chloride 5 40 [err] L of (M]'im]'
Buffer)prepared as foll ows: (Final volune = 3.5 niL: anpynt o 20 '
assays 500 [err]L of each: 200 n1VITr|s HC pH{7.I5

50 mM sodi um fl uori de _ 50 ng/ gt %%j SEP 1999

+ 2 nL D water Total Vol une 3.5 nL 15

CAMP- Dependent Protein Kinase Catal ytic;Subunit Assay (PKA4)
The Assay conponents are in a total volunme of 250 [err]L: 20TV HEPES

(Sigma, St. Louis, Mssouri) buffer pH 7.5, 200 er us hlstone type
& gHEonen iy,

HL (Vorthi NGESAYLMENG Wi Traldhod T RARZYAPBIIETEY dene-
M ssouri), 1@u[ef roMr.DVBEX&r hebBOid riti BdTopvendight . ti3d) qr@de]qugamm 32P)
ATP (DuPont) . fI £ v'fo%ﬁﬁ' 9& 'p%r!xf‘iéd %&/eglé%\ﬁ chrom@c@ékbbﬁ&n oo szJ.Vdan@e'Deart '
cAI\/P-depende% | nase f‘%’?% e subunli 1 - e1ld b§7 ssouri),
i ncubat ed to S3YFEP% et MmNt es and s oppe8§% 33 5 L ice
cold Trichl orcdxeepune déid3,4-[(N.N'- 1 1'-(3"- (benzyloxy methylene)hexane)—
bis-(3,3'-indolyl)}-1-methyl-pyrrole-2,5-dione (149 mg 23
percent) as a violet solid.
A mixture containing (£)-3,4-[(N,N‘'-1,1'-(3"-benzyloxy
methylene)hexane)-bis—(3,3'—indolyl)—l—methyl—pyrrole—z,5—dione

10 (141 mg, 0.259 mmol), ethanol 15 mL and 5 N KOH (5 mL) was
stirred at room temperature fof 3 hours at which time TLC
analysis showed the starting material to be consumed. After
acidification and extraction with CH2Cl2z, the crude product (101
mg) showed two spots on TLC analysis (CH2C12) corresponding to

15 starting materlal and desired anhydride (*)-3,4-[(N,N'-1,1*-(3"-
benzyloxy methylene)hexane) -big-(3,3*-indolyl) -furan-2,5-dione.

NMR analysis indicated roughly a 4:1 mixture of anhydride and
starting material respectively. This material was used directly
in the next step without further purification.

20 (£)-3,4-[(N,N'-1,1'-(3"-Benzyloxymethylene)hhexane) -
bis-(3,3'-indolyl)-furan-2,5-dione (98 mg, 0.180 mmol) in 1 mL
DMF was treated with a mixture of 1,1,1,3,3,3-
hexamethyldisilazane (0.41 mL, 1.80 mmol) and CH30H (0.036 mL,

0.90 mmol) at 25°C overnight. The mixture was worked-up (EtOAc)

25 and flash chromatographed on silica gel eluting with CH2Clz,
CHCl2-EtOAc 10:1 (gradient elution) to give 30 mg of purified
(£)3,4-[N,N'-1,1'- (3" - (benzyloxy) methylene) -hexane) -bis- (3,3~
indolyl) -1H-pyrrole-2,5-dione. M. Pt. 171°-173°C. MS



25 (Anresco) followed by 100 [err]L of 1 ng/nL bovine serum al bum n
(Sigma). The precipitate is collected by vacuumfiltrated e
fiber filters enploying a TOMTEC[ err] and quantified by (REPLACEWM
beta scintillation counter. This assay is done i dentijcgl to the
protei n kinase C (PKC) enzyne assay except that 30 no phosph@ G SE81989
di acyl gl ycerol are enployed in the assay and t he hi stjone substrate i
specific for the cAMP-dependent catal yti c subunit enzynmne.
Protein Tyrosi ne Kinase Assay (src) 3578_ The
are the foll ow ng: 10 [err] L Raytide : 10-
[err]L Kinase 4 [err]L DVSO or DVBQ' i nhi bi t or

i
N

—

(o}

OH

Example 31
3, 4-[(NN'-1,1'-(3*~{hvdro methvlene)hexane) -bis-(3,3°-
5 indolvl}l-1H-pyrrole-2,5~-dione
A mixture containing bis-(3,3"'-indolyl) ] -1-(methyl) -
pyrrole-2,5-dione (3.41 g, 10.0 mmol) and 3-tert-
butyldiphenylsilyloxymethylene-1,6-dibromohexane (5.64 g, 11.0
mmol) in 50 mL of DMF was added with a syringe pump over 30
10 hours to a well-stirred solution of cesium carbonate (11.2 g,
34.3 mmol) in DMF (350 mL) at 55° C under N3. After the
~ addition was complete, the reaction mixture was heated at this
temperature an additional 16 hours. The cooled mixture was
poured into 1.2 L of water containing 20 mL of 3N HCl and
15 extracted with three 300 mL portions of CH2Cl2. The combined
organic extracts were washed with water and brine then dried
{MgS0O4) and concentrated. The residue was passed .through a 3" x
3* column of silica gel eluting with CHCl3. The crude product
thus obtained was purified by flash chromatography on silica gel
20 (CHCl3) to afford 2.87 g (41%) of 3,4-[(N,N'-1,1'-(3"'"'-tert-
butyldiphenylsilyldxymethylene)—hexane)-bis-(3,3'Findolyl)]—
"1 (methyl) -pyrrole-2, 5-dione as a purple solid, M. pt. 220 - 224°
C. HRMS calculated for CgqHgsN3SiO [M+1] : 692.3307. Found:
692.3299. . .
25 ) A mixture containing 3,4-[{(N,N*'-1,1'-(3'‘'-tert-
butyldiphenylsilyloxymethylene)-hexane)-bis-(3,3'-indolyl)]-
1 (methyl)-pyrrole-2,5-dione { 1.55 g, 2.22 mmol), 4N KOH (100
mL), THF (10 mL) and 95% EtOH (200 mL) was heated at 90°C for 16
hours. After removal of most of the EtOH on the rotary
30 evaporator, the mixture was acidified to pH 1 with 6N HCl and
extracted with CHzClz (3 x 75 mL). The combined organic
extracts were washed with water and brine and dried over




- 106 - 6 [err]L 200 mM HEPES pH 7.5

[err]L AT32P This assay is described by Onogenga

Cat . #PK02 and PKO3 (1990). 5 Sur pri si ngl y; A4

of the present invention are al so isozyne-sel ective |nh|b|tors

s, the conpounds selectively inhibit protein kinase C Heffa-2 gr 99
beta-2 isozynes. This isozyne selectivity was determ ned ifn the Ké?
Enzynme Assay. 10 PKC Enzyne Asgay

enzynes = al pha, beta I, beta Il, ganm,qdelta, epsilon, etéa and zeta.
Assay conponents in a total volune of 2%% [err]L are as 15 foll ows:
Vesi cl es consisting of 120 [err] g/ nL phosphati dyl seri ne (Avanti Pol ar

Li pi ds) and swhfdoientagiacy| yfyerehoyaiyaft the solvemtsarinl vacus) the

gtct I \(ate thﬁ/l r%@zmﬁ@ wa@ mm&aaﬁwlat MihiugOof 5% nﬁMlHEﬁE§nb@iél§rax(dS| gna,
oul s SS

u 940 Jerr G u hl ori St .
Louis, M ssourlg éor assayln 3th%9 umn LFI OllCSe? nkg o wé%d%gggga
enzyne only, EPLARNVEGEX £0r% glethanol t#ﬁ‘ecﬁ%byﬁége oy W‘ﬁﬁg’h‘é& um chl ori de
(Sigma, St levdbsration bESIkkerordErdQtidt bl {@adneas3nd) (6AFP 4fOuPont ) .

o o s "o Py ATRICSAD G D gharls L th (I ThORURLAE MVRlL,

basi ¢ 25 prof gD § S USEH @SerauB T Achier 10 a8 Backts St s

directly in the next step without further purification.
_ To a solutlon of the above anhydride (510 mg, 1.15
10 mmol). in DMF (11 mL) was added a premixed solution containing
' 1,1,1,3,3{3}- hexamethyldisilazane (5.14 mL, 23 mmol) and CH30H
(0.45 mL, 11.5 mmol). The resultant mixture was heated at 50°C
for'24 hours under N2. The cooled reaction mixture was poured
.1nto 100 mL of wq;er The precipitated product was washed with

15 water and drled 0vern1ght to glve 409 mg of 3,4-[(N,N*'-1,1'-

' (3"—hydroxymethylene) -hexane) -bis- (3, 3'—1ndolyl)] 1H-pyrrole—.
2,5- dlone as a reddish-purple solid. This material was found to
be 93% pure by HPLC (reverse—phase) analysis and was
contaminated with an unidentified compound of similar Rf. HRMS

20 . calculated. for Cy7H25N303: 439.1896. Found: 439.1911.

Example 31r

25 ) 1 Follow1ng the same procedure described above for the
preparatlon of Example 31, (R)-3,4-[(N,N'-1, 1'—(3"—
hydroxymgthylene)-hexane)—bis-(3,3'-indolyl)]-1H-pyrrole—2,5-
dione was prepared in 25% overall yield from the dibromide, (R)-
34(tért-butyldiphenylsilyloxymethylene)—1,6-dibromohekane by ‘

30 dialkylation of bis-(3,3'-indolyl)]-1-(methyl)-pyrrole-2,5-
dione, hydrolysis, and 1—Hprrrole—2,5—dione formation. M. pt.
> 300°C. .
1g NMR (300 MHz, DMSO-dg) 1.05 - 2.25 (m, 7TH) , 4.04 - 4.45 (m,
6H) (m, 8H), 7.08 - 7.88 (m, 10 H).

35



- ——

of protein kinase C enzyne incubated at 30C for 10 Ni NUt@S—aAe——
by adding 0.5 nL of cold trichloroacetic acid (Anresco) |REPLACEMENE

100 [err]L of 1 ng/nL bovine serum al bumn (Sigm, St

(.
4+

Tours,

- Mssouri). The precipitate is collected by vacuum 30 fi

e |

-t
fiber filters enploying a TOVTEC] err|] filtration sypt |
by counting in a beta . scintillation counter.
*-107- Table 1 denpnstrates the PKC sel ectivity of

representative conpounds in the above as

10

15

20

25

30

SSAY'S.

ExXample 31s

Following the same procedure described above for the
preparation of Example 31, (S)}-3,4-{(N,N*-1,1'-(3*'-
hydroxymethylene) -hexane) -bis-(3,3*-indolyl)]-1H-pyrrole-2,5-
dione was prepared (4.5 g) in 39% overall yield from dibromide,
(SY-B—(tert—butyldiphenylsilyloxymethylenef—l,6—dibromohexane by
dialkylation of bis-{3,3'~-indolyl)l-1-{(methyl}-pyrrole-2,5-
dione, hydrolysis, and l-H-pyrrole-2,5-dione formatioq. MS.

1y MR (dg, DMSO) 8 1.05-1.15 (2H), 1.23-1.24 (1H), 1.50-

1.52 ( 1H), 1.71 (1H), 1.94 (1H), 2.07-2.12 (1H), 4.05-4.4 (m,
. 6H), 7.09-7.21 (m,4H), 7.35 (4, J=15 Hz, 2H), 7.49 (4, J= 9 Hz,
2 H), 7.8 (&, J=9 Hz, 2H), 10.93 (s, 1lH).

H
|
N

NHz

Example 32 and 33

To a stirred solution of the anhydride alcohol 2,3-
[(N,N'-1,1'~(3" ' - (hydroxymethylene) ~-hexane) -bis-(3,3'~indolyl) ] -
furan-1,4~dione ( 0.18 g, 0.41 mmol) in anhydrous
dichloromethane (10 mL), under nitrogen was added triethylémine
(0.10 g, 1.06 mmol), and methanesulfonylchloride (0.11 g, 0.98
mmol). The resulting solution was stirred 30 minutes at room
temperature. The solvent was rémoved in vacuo. The residue was
dissolved in 10 mL anhydrous dimethylformamide, followed by the
additibn of gsodium azide ( 0.26 g, 4.1 mmol). The reaction




Table 1 5

"y

(epNecNe)

PKC-[err]

PKC-[err]l PKCJ[err]2 PKA

I err] ('

1 0. 05
.4 0.2
03 0.02
0. 008
0. 033
0. 021
0. 005

0. 048
0. 005
0. 012

>100
>100
NA

>100
>100
>100

0.04
>100 -
3

3

2.5
0. 69
4 0

NA ‘NA
>100
>100
>100
>100
- 81100

>100

>100
>100

37

63

33
21

CaM
>100
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0. 8981m1xé&r80g%% he%ggg for é S5 hours %8050 Eéégher nitrogen. 5fhe

N WRN W W Ww

ol
o

WY R,OOOOFROOM
ourr

V VP
o101
oo

>5.0
0.24
6.4
3.4
0.48
0. 89

0. 043
0.15
0. 037

0. 35
03
0.6
1.9
2 9

<0 bo5"2s bR o 1

018g
0.083

0.032 (3x58 030 PHORombZnedd organic 14Prs wekdOdried over

0.04
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coolpdneact QR mlxturehmps partlpgpned bgfaween 0. 2 N HCl7and
ethyl @cédBate. Nbhe combldned organiNA extradlh was dried oveB
magéeégag suﬂ%ﬁte, flldgéed and EWEporat@& to provide 189 mg of

the qilég, @ﬁaggowas:ﬁfed dlrquiﬁogh F§fggeXt reaction.
The q;pge ag%gyowas §*§solved %pléemeth“%&ormamlde (3 mLi3 under
nitrog@n@4and INA.1,3.,3\A-hexamethNpldisillggéane (1.25 g, 71%5

mmol) @Gn83methaNOl (0.1MAg, 3.87 MAol) welNA added.

The réfction

2l£&%§r 12 hg%%%, themgeaction was co%é%d,
dllqudgglth:eﬁggl agetpte, wasnefouithqyfger, hydrochlorifsecid
2 NO. OB¢ agidiis w8sldes were bark(6xtradiad with ethyl aterate
20r
magnggf%m suf?ég), fllé%red an&>evaporaté% to provide the
3,4-[(N,N'-1,1'-(3''-azidomethylene) -hexane)-bis-
(3,3'-indolyl)1-1H-pyrrole-2,5-dione (175 mg) as a purple
colored solid.

azide-imide,

The product was chromatographed on a Rainin
Dynamex R -60 C1g column ( 21.4x250 mm) using a linear gradient
from 805 A (0.1% TFA and 5% acetonitrile in water) to 100% B
{pure acetonitrile) over 60 minutes at 15 mL/min. to obtain -
purified 3,4~[(N,N'-1,1'-(3*''-azidomethylene)-hexane)-bis-(3,3'-
indolyl))-~-1H-pyrrole-2,5-dione ‘in 57% overall yield. MS. NMR.

To a solution of the azide 3,4-[(N,N'-1,1'-(3'"-
azidomethylene)-hexane)-bis-(3,3*-indolyl)]-1H-pyrrole-2,5~dione
(0.1 g 0.21 mmol), in ethyl acetate (15 mL) and ethanol (5 mL)
was added Lindlar's catalyst (0.1 g). The reaction mixture was
stirred under hydrogen (1 ATM) at room temperature. After 12
hours, the catalyst was removed by filtration and the flltrate
was concentrated in vacuo. Purification by preparatlve reverse
phase HPLC on a Rainin Dynamax R- 60 C18 (21.4x250 mm) using a
linear gradient 80% A (0.1 % TFA and 5% acetonitrile in water)
to 100% B (pure acetonitrile) over 60 minutes at 15 mL/min.,
provided the primafy amine as the TFA salt, 3,4-[(N,N*-1,1'-
(3'*-aminomethylene) -hexane) -bis- (3,3 '-indolyl) ] -1H-pyrrole-2,5-
dione trifluorocacetic acid salt,
yield. MS.

as a solid (80 mg) in 63%

1y NMR (dg acetone)
1.27-1.34 ( m,1H ),

& 0.77-0.78 ( m,
1.43 1H ),

iH ), 1.0-1.1 ( m,
1.52-1.56 ( m,4H ),

1H ),

( m: 1.60"



20s
21r
21s
23s.
24s
25r
27
28

- 108 -
NA
31
0.24

- 10

15

20

25

30

0. 083'3.38 ‘O‘F‘gb‘g%f Ms?—'ﬁ%vm?nl,% )Ng?.47%—3N%\flp%,2H>)1,0%.61—6.72 |

(m, 4H ), 6.824 ( d, J= 16 Hz, 2H ), 6.936( t, J= 8.31 Hz, 2H
), 7.397 ( t, J=7.83 Hz, 2H ), 9.3 ( s, 1H ). '

13¢ NMR (dg acetone) & 26.0, 28.0, 32.1, 35.4, 40.8, 41.0,
41.1, 45.1, 45.8, 50.9, 105.1, 105.2, 110.8, 111.0, 121.24,
121.29, 122.7, 122.9, 123.0, 128.4, 128.6, 131.5, 132.0, 134.0,
134.1, 136.8, 137.1, 172.6, 172.7, 192.5 '

—

To a stirred solution of the primary amine, 3,4-

[(N,N'-1,1'-(3**-aminomethylene)-hexane) -big-(3,3'-indolyl)]-1H-
pyrrole-2,5-dione (40 mg, 0.05 mmol}, in anhydrous THF (2 mL)
under nitrogen was added benzaldehyde (9.39 mg, 0.08 mmol).
After 30 minutes, sodium triacetoxy borohydride (18.75 mg, 0.08
mmol) was added. After stirring 1 hour, the reaction mixture
was diluted with water and extracted with ethyl acetate (3x25
mL). The combined organic -extracts were dried over magnesium
sulfate, filtered and concentrated in vacuo. Purification by ’
reverse phase HPLC on a Rainin Dynamax R- 60 C18 column
(21.4x250 mm) using a linear gradient from 80% A ( 0.1% TFA and
5% acetonitrile in water) to 100% B (pure acetonitrile) over 60
minutes at 15 mL/min., provided two different fractions of mono
benzyl compound, 3,4-[(N,N'-1,1'-(3*"-(N-benzylamino)methylene)-
hexane)-bis- (3,3 ' -indolyl) ]-1H-pyrrole-2,5-dione (16 mg) in 66%
yield, and the dibenzylamino compound, 3,4-[(N,N'-1,1~(3* '~

3 0.1 ° 0.05 >100 6.7 >100 16
68  0.18 0.05 >100 56 S QAT
>5.0 0.17  0.044 NA NA REPLACKMENT SHEET
1.8 0. 30 0.24  NA NA A
3.5 0. 49 0.38 NA NA
94 0.043  0.12 >100 22 >140- 2Eﬁ§EP‘W99
2.2 0.049  0.026 NA NA NA M
1 0. 07 0. 08 NAZ - 2 >10 >100
29 5100 0.7 0.8 NA A N
f’%.ss ( m, 18731001 90-1.44 ( m, 12, 3.2100.21 %1R.15 ), 21, >100

31r



2 0.1 0.01 0.008 >100 0.9 >100 72 33

3

0.4 - 0.05 0.04 NA 0.6 >100 61 1
071 0.1 NA 4 >100  >100 35 REPLACMN]‘ SHEET
2 NA 82 >100 >100 36r- 0. 45 0665 —§14
>100 7.1 >100 61 37 . 0.7 0.105 >10¢
5 >100  >100 38 - 4 0.2 0.12[33§g6999.9
>100 >100 39 31 0.4 0.3 >1j00ua100 >1.00
>100 40 0.6 0. 05- g3 -0.03 >100 5 >100 4. 4
40s 0.4 0.03 0 02 >100 41 >100 A 40
0.30 - 0.01 00 71 0.3
0.03 - 0. 03(N N- %}3« enzylaglno)metg{wm h@)iane) ~-bis-(3 32—1ndoly£H]->]ll-b—o' 0.5
0.6 >100 pyrgole-2 St@done >1(Fomg) in 20% wild. MS. (0 4 0. 04 0. 03
NA 0.6 >100 >100 44 >100 2 2 NA
NA NA ln:@iﬁ(dgaeeconéﬁa 11133(m, 11@)1 15961(m>]1qp) 39
>100 >125 46 >100

>100 >100 1-71-1.774m, 1H ), 1. %3 -2.10 é T)‘? 3H ),02056( nsqHH ) - 372b—3 2
>100 >125 (m1H ),4837-3.41 ( m1DQ )}, 4.035( t, J9.3B.1Hz>181) ).4>280( t. >100

2100 4J495 1 Kz, 2H )10:(1) 36 (a0 f 3.6 @24 2n $100.13-7100 ( m,>2R0, >é20
0.16  0.005 7. 303 684 J—I\?Lé Hz, i RlA 7%-7."‘%\ M7I\l§3\ ),N%.89-7.|\%5( m, 2H S5 0
0. 41 0.38): 9-N& ( s.I¥A. NA NA NA - data are not avail able
The conpoumds of the invention inhibit protein kinase Cwith an I(err]

val ue of bel oM3AQRR| ea¢ ldBetohe) addi t2ms, phes, 32.1, 32.9, 44.7, 45.4,
50.1,52.2, 105.0, 105.2, 110.8, 111.1, 121.2, 121.3, 122.8,
122.9, 123.1, 128.5, 129.8, 130.3, 131.2, 131.3, 132.0, 132.4,
133.7, 134.0, 136.8, 137.0, 172.5, 172.6 '

15
H
{
O
20 -1H- -2.5-
3,4-[(N,N*-1,1'-(3*'*~(N,N-dibenzylamino)methylene) -
hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-2,5-dione was prepared in
a manner analogous to Example 34. MS. '
25 1B NMR (dg acetone) -8 0.2-0.3 (m,1 H), 0.6-0.9 (

m, 4 H), 1.2-1.3 (m,1H) 1.50 (d, J= 5.4 Hz, 2 H ), 2.27 ( m,1H
), 3.3-3.8 (m, 8H ), 6.6-6.9 (m, 18 H), 7.35 (44, J= 7.5 Hz,
J=24.9 Hzr 2 H)l 9.1 (s, 1H )-



5 conpounds of the invention selectively inhibit the beta-1 and bet a- 2
protein kinase C isozynes and have an ICferr] value wth espeti—to— f
t hese isozynmes of below 10 [err]m _ As an in LAGERM%”?SHEET
protein kinase C, the conmpounds -are useful in the treaftnent of

canditions in which protein kinase C 10 has denonstrated g rjol & ¢
pat hol ogy. Conditions recogni zed ?(EQEPh@QQ

- 109 -

in the art include: diabptgé_nellitus and its cenpteations
i schem a, inflammtion, central nervous Sy '

st em di sor ders,

cardi ovascul ar di sease, Al zheiner's disease, dernatol ogi cal ar sease and

cancer. 5

i nfl amrat ory responses such as neutrop
down-regul ation in T-|ynphocytes,

10

15

20

Protein kinase C inffi bitors have been shown to b
| xi dative burst, CD3
bol -i nduced paw edena.

and p

Example 36r

= rolidi
=3 1 -1H- le- sk rochlori 1
A stirred mixture of mesylate, (R)-3,4-[(N,N*-1,1'-
(3''-{methanesulfonyloxy)}methylene)-hexane)-bis-(3,3'-indolyl) ]~

"1H-pyrrole-2,5-dione, - {202 mg) and pyrrolidine (1.5 mL) in THF

{15 mL) was heated at 50° C until TLC indicated the starting
material be consumed (16 hours). EtOAc (30 mL) was added. The
organic phase was washed with 10 mL portions of 5% NaHCO3, water
and brine. Concentration afforded deep-red residue which was
subjected to preparative HPLC (Waters reverse-phase, 0.1 % TFA
and 5% CH3CN in water- 100% CH3CN gradient) to give pure (R)-
3,4-[(N,N*-1,1'-(3"''-N-pyrrolidinomethylene)-hexane)-bis-(3,3"'-
indolyl)]—1H—pyrrole—2,5-dione- as its TFA salt. Conversion to
HCl-salt in the same manner gave (R)-3,4-[(N,N'-1,1'-(3*'‘-N~
pyrrblidinomethylene)—hexane)-bis-(3,3'—indolyl)]—1H-pyrrole—
2,5-dione hydrochloride salt (42 mg) as a light red solid. M.
pt. 220° ¢ (dec.). HRMS calculated for CaiHa3NgOz [M+1]:
493.2604. Found : 493.2605.

| ock




Twoeny, B. et al. Biochem Biophys. Res. Conmmun. 171: 1087-1092 . (1990);
Mul queen, "M J. et al. Agents Actions 37: 85-89 (1992). 1 rdingly, as
ihhi bitors of PKC, the present conpounds are useful i
i nfl ammati on. Protein kinase C activity pl
in the functioning of the central nervous system Hu
Neurosci. 12: 425-432 (1989). In addition, protein kinas
have been shown to prevent t-he damage seen in focal central
i schemic brain injury and brain edema.- ggra, H et alf. J. Cereb. Bl ood
Fl ow Metab. 10: 646-653 (1990); Shibata, S. et al. Bratf—Res—594.
290-294 (1992). . Recently, protein kinase C has been determ ned to be
inplicated in Al zheiner's di sease. 20 S"nohana S. et al., Neurol ogy 43:
1407- 1413 (1993). Accordi ngly, the sounds of the present invention
are useful in treating Al zhei Qnd i schemc brain injury.
Protein kinase C activity has | ong  asd ed with cell grow h,
tunmor pronotion and cancer. Rotenberg,” 5 and Weinstein, |.B

Bi ochem Mbl. Aspects Sel. Cancer 1: 25(73 (1991). Ahnad et al.,
Mol-ecul ar Phar macol ogy: 43 858-862 93). It is known that inhibitors
of protein kinase C I nhibitors are ef feéttve in preventing tunor
growh in ani mal s. Meyer, T. et al. Int. J. Cancer 43: 851-856 (1989);
Aki nagaka, 30 S. et al. Cancer Res, égﬂqﬁa8§74892 (1991). The conpounds
of the presenj_jaygati on 440 Ak Aon il h LAl G daKer 58ls- (4R

agents making th&meffecrive co 05 When- adni nrster e

conj unction with other chenD%ﬂ@ﬁéﬁéﬁ%%%J%%%ﬁ%%laéiiugﬂg Prot ei n

ki nase C activity al soapseMsian ofiBQrt-4KM, N'Glle135(3 i*rtear-di ovascul ar

di sease. | ncpeasrd pRERY ANy KbRAARR hG1 86d) -Yek¥ne) -bis-1(3, 3 -indolyl)] -
1{methyl)-pyrrole-2,5-dione (1.25 g, 1.81 mmol) in THF (20 mL)
was treated with a solution of tetra-n-butylammonium fluoride in

9 KP. Tr ends
12 O SER 1999 orls

10 THF (1M, 2.0 mL, 2.0 mmol). The mixture was stirred for 1 hour
at 25 ©°C. The reaction mixture was quenched with 1N ‘HC1l (5 mL)
and diluted with EtOAc (75 mL). After washing with water and

brine, the organic layer was dried {(MgS04) and concentrated.
The residue was purified by flash chromatography on silica gel
15 elutiné with 3-5% methanol in THF/hexanes (1 :1) to afford
" alcohol, 3,4-[(N,N'—1,l'—(3"—hydroxymethylene)—hexane)?bis—
(3,3'-indolyl)]-1(methyl) -pyrrole-2,5-dione, S09% mg (62 %) as a
purple solid. This material was ﬁsed directly in the next step.
To a stirred solution containing the above alcohol (285 mg, 0.63
20 mmol) and 47% aqueoué tetrafluoroborié acid (170 mg, 0.95 mmol)
in CH2Cly (6 mL) at o°_c was added dropwise a solution of
trimethylsilyldiazomethane (aAldrich, 2.0 M hexanes, 0.47 mL,
0.95 mmol) over S minutes. <The resultant mixture was stirred at
0’ ¢ for 2 hours then at 25° C for 4 hours. TIC analysis of the
25 reaction mixture indicated a large amount of unreacted starting
material. The mixture was cooled and an equivalent'additional
amount of tetrafluoroboric acid trimethylsilyidiazomephane was
added. The mixture was stirred 2 hours at O  C then 6 hours at
25° ¢ and diluted with CH2Cly (20 mL) and washed with 2N HC1l (10
30 mL) and water (10 mL). The organic layer was dried (MgsO4),
concentrated. The residue was loaded onto a 3* x 3" silica gel
column and eluted with CH2Clz to give methyl ether,_3,4-[(N,N'—



in the vascul ature has been shown to cause increased

and hypertension. A known protein kinase C I nhi bi tor
ihcrease. Bilder, GE et al. J. _
- 110 - Pharmacol . Exp. Ther. 252: 526-530 (1990).

ki,nase C inhibitors denonstrate inhibition of the neutrop
bur st , protein kinase Cinhibitors are also useful in
cardi ovascul ar i schem a. and | mprovi ng cardlac function 5
ischemia.. Miid, RE et al. FEBS Letf.8®93: 169-172

et. al . Kokyu-To Junkan 37: 669-674 (1989). The role o

_q{reépégﬁ atlve

vasoconstriction
ted this
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in platel et fynctipn -heehalyr@chPdhe) -hekdhegsbigatead -andaaasy 1$hown el evat ed
protein ki ”a%[e e +e"e'p§,r?8w—% 5- dl&n%r,”ﬂ&‘tmg, whbdy 1ncreased fespgnse to

agoni st s.
SOlld M. Pt. 234 - 236" C. NMR.

HRMS calculated for C2g9H29N303 : 467.2208. Found :

467.2210.

5 A mixture of 3,4-[(N,N'-1,1*'-(3''-methoxymethylene) -
hexane)—bis—(3,3'—indoly1)]-l(methyl)—pyrroie—Z,S—dione (110 mg,
0.243 mmol), and SN KOH (8 mL) in 15 mL of EtOH containing 1 mL
of THF was heated at 90°C for 24 hours. After removal of most

of the ethanol under reduced pressure, the mixture
10 to pH 1 with 6N HCl and extracted with CH3Clz (3 x

was acidified
15 mL). The

combined organic extracts were washed with dilute agueous NaHCO3
and water and dried over anhydrous MgSOs. After removal of the

solvents in vacuo, the crude product was loaded onto a 2" x 2"
column of silica gel and eluted with CH2Cls to give anhydride

-15 which was used directly in the next reaction.

To a solution of the above anhydride (76

mng, 0.17

mmol) in DMF (1.5 mL) was added a solution of 1,1,1,3,3,3-
hexamethyldisilazane (0.75 mL, 3.34 mmol} and CH30H (0.07 mL,

1.67 mmol) that had been premixed for 5 minutes The reaction

20 mixture was stirred 1 hour at 25 C then heated at

50° ¢ for 20

hours whereupon TLC analysis showed the reaction to be complete.
The cooled reaction mixture was worked up (EtOAc) as previously
described. The crude product was purified by flash

chromatography on silica gel (CH2Clz - 4% EtOAc in
25 gradient elution) to afford 42 mg (55%) of 3,4-[(N

CH2Cl13,

,N"'l,l"'(3“"

methoxymethylene)-hexane)-bis-(3,3*'-indolyl)]-1H-pyrrole-2,5-

dione as a dark red solid. Recrystallization from

acetone-water

gave 28 mg. of analytically pure 3,4-[(N,N*-1,1*'-(3"'-
methoxymethylene) -hexane) -bis- (3,3 -indolyl) ]1-1H-pyrrole-2,5-

30 dione as reddish-violet solid, M.Pt. 272 - 274 ©cC.

Analytical calculated for C2gH27N303 (0.1 H20):

c, 73.86; H, 6.02; N, 9.23.
Found : C, 73.51; H, 5.92; N, 8.99.



10 E.J. and Lu, J. D abetes 42: (Suppl. 1) 97A (1993). PKC has been

inplicated in the biochenm cal pathway in the platelet- i ity factor
nbdul ati on of m crovascul ar perneability. Kobayashi et % MET '
Soc. H1214-H1220 (1994). Potent protein kinase C inhibif ~a

denonstrated to affect 15 agonist-induced aggregation in plfatfel

% SER 099

Toullec, D. et al. J. Biol. Chem 266: 15771-15781 (1991)}.

ki nase C i nhibitors also block agoni_st-induced snooth rfu el
proliferation. Matsunmobto, H and Sasak®’ Y. Bi ochem Bi ophys. Res.
Commun. 158: 105-109 (1989). Therefore, the present 20 COﬁ%UUﬂ&&ﬂH%&*Eﬁ¢+¢—_
in treating cardi ovascul ar di sease, ‘at her oscl erosi s and restenosi s.
Abnormal activity of protein kinase ) ad so been l'i nked to

der mat ol ogi cal disorders such as pSOFIa: ) , F. et al. J. Invest.

Dermat ol . 88: 220-222 (1987); Ray
Dermatol . 124: 542-546 (1991). PS
proliferation of keratinocytes.
been shown to inhibit kerati nocyte
parallels their pot ency as PKC i nhi bi

Evain-Brion, D. Br. J.
#S characterized by abnor nal

protein kinase C inhibitors have

Iiﬁrjation in a manner that
“Begemann, L. et al. Arch

Dermatol . 30 Res, 283: 456-460 (1991); Bollag WB. et al. J. Invest. -

Dermatol . 100: 240-246 (1993). AccOrdingIg t he conpounds as i nhibitors
of PKC are useful in treatlng psor|a§F§M>e 38 Protei n kinase C has
been |inked to xdve{MIN'dil ; 3 3 ‘ mtape ) -155g

activity gf protein kinase Gy _age o g |a ulin S|gnaI|ng
defects and therefore to the gsuld eS|s a n i n

di abetes. Karasik, A SSEC3f a“hydrﬁ éIOBG£CH@n1 g% fgégg‘fi§90);

Chen, K S. etstafrredrpgpsure of the anhydride, 2,3-[(N,N'-1, 1'-(3"-

10

15

20

25

30

(hydroxymethylene) -hexane) -bis- (3,3 ' -indolyl) ] ~furan-1, 4-dione
{(1.49 mg, 0.34 mmol), 4-dimethylaminopyridine (27 mg, 0.22
mmol), pyridine (0.75 mL) and THF (1.5 mL)}. The reaction
mixture was stirred at 25° C under N> for 16 hours. The mixture
was diluted with EtOAc (20 mL) and washed with 2N HC1l (2 x 10
mL) and water (2 x 10 mL) and dried over anhydrous MgSO4. After
evaporation of the solvents under reduced pressure the crude
product was purified by chromatography on a short column of

silica gel eluting with CH2Cl2 to give the O-acetate anhydride,

2,3-[(N,N'-1,1'-(3''-(acetoxymethylene) -hexane)-bis-(3,3'-
indolyl)]-furan-1,4-dione ,111 mg, (68%) as a purple solid,
M.Pt. 252 - 254° C.

To a stirred.solution of the O-acetate anhydride, 2,3-
[(N,N'-l,l'—(3"—(acetoxymethylene)-hexanei-bis—(3.3'-indolyl)]—
furan-1,4-dione, (103 mg, 0.22 mmol) in DMF (2 mL) was added a
solution containing 1,1,1,3,3,3-hexamethyldisilazane (0.48 nL,
2.2 mmol) and CH30H (0.043 mL, 1.1 mmol) which had been premixed
for S minutes. The reaction mixture was worked up (EtOAc) as

" previously described and the crude product was purified by flash

chromatography on silica gel (gradient elution: CH2Cls - 5%
EtOAc in CH2CI2) to give the O-acetyl maleimide, 3,4-[(N,N'-
1,1'-(3'*~(acetoxy)methylene)~hexane)-bis-(3,3'-indolyl)]-1H-
pyrrole-2,5-dione 74 mg ( 72%) as a deep red solid which was
homogeneous by TLC (CH2Cl2). Recrystallization from acetone-




Assoc. Am Physi ci ans 104: 206-212 (1991); Chin, J.E et al.

J.

rStuttes—have——
REPLA(I%H&%FQHHHZF

><p SEd 1O

142 93 b5

t

- 111 - Biol. Chem 268: 6338-6347 (1993). In addition,
dénonstrated a nmarked increase in protein kinase C activity
known to be susceptible to diabetic conplications when e
hypergl ycem c conditions. Lee, T.-S. et al. J. din. 5 Invest:
(1989); Lee, T.-S. et al. Proc. Natl. Acad. Sci, USA 86:
(1989); Craven, P.A and DeRubertis, EEF% _ J. din. Inves
1667- 1675 (1989); wlf, B.A et al. J. cin. Invest. 87:f
Tesfamariam B. et al. J. din. - Invest. 87: 1643-1648 (1

31-38 (1991) ;

The conpoundsvasfert peoviednthorisied algpousdase- red sadétect™
conpounds prefgeeatially inhibit protein kinase

Analytical calculated for C2gH27N304 (0.1 H20):
C, 72.06; H, 5.67; N, 8.69.
S Found: C, 71.72; H, 5.67; N, 8.29.

99110
pe. T4k -

The following compounds were prepared in a manner

analogous to the Examples described and further illustrate the

compounds of the invention. 1In the following examples, the

10 structure was confirmed by NMR, MS and/or elemental analysis.

Example R

15

39 ' -NHC (0) OCH2 (CgHS5)

40 : -N(CH3)2 - HCl



C beta-1 and beta-2 isozyne over the protein kinase C |sozynes

al pha, gammm, delta, epsilon, zeta, and eta. In general, un“cu"ds
denonstrate a minimumof a ten fold differential 15 in the REEEA | SHEET
to.inhibit PKC beta-1 or beta-2 isozyne and the dosage fequired ror
equal inhibition of the alpha . protein kinase C isozyne kts ma%ﬁtgﬁsi |
t he PKC assay. Accordi ngly, conpounds of the present inyepti h
beta-1 and beta-2 isozynes of protein kinase C at nuch |o
concentrations with mnimal inhibition 8% the other PKC | sozynes. This
| sozynme selectivity is denonstrated in Table 2 for a representatrrve
conpound. " Table 2 25
| sozymes ED50 ([err]M Conmpound ( rr] [err]l [err]2 [err] [erﬂ
[err] [err] [err] 5 0.019 0.005 .23 .31 1.0
38 0. 035 Becaus ctivity, the conpounds are
partlcularly useful in treating th ates in which protein
ki nase C isozynme beta-1 or beta-2 are a ated. For 30 exanple, the
el evated bl ood glucose |evels found in (i@petes | eads to an
| sozynme-specific elevation of the beta-2-Tgozywe in vascul ar tissues.
| noguchi et al., Proc. Natl. Acad. Sci. US \ 89: 11059-11065 (1992). A
di abetes-1inked el evati on of the beta i soZyme in human platel ets has
been correlated with their 35 altered response to agonists. Bastyr I
E.J. and Lu, J. Example 40r
S
Methanesulfonic anhydride (94 mg, 0.54 mmol) was added
over 10 minutes to a stirred solution of chiral alcohol, (R)-
3,4-[(N,N*~1,1'-(3 ' - (hydroxy)methylene)-hexane) ~bis-(3,3"'-
indolyl)]-1H-pyrrole-2,5-dione (200 mg, 0.45 mmol), and pyridine
10 (0.11 mL, 1.35 mmol) in CH2Cly (5 mL) at 0° C. The reaction
mixture was stirred at 25° C for 4 hours. CHzClz (20 mL) was
added, and the mixture was washed with 10 mL portions of 3%
HCl, water and brine and dried over anhydrous MgSO4. Removal of
the solvent in vacuo left the crude mesylate (205 mg) which was
15 homogeneous by TLC (1% methanol in CHCls. This material was
carried on directly to the next step.
To a solution of the above mesylate (205 mg) in 10 mL
of THF was added 40% aqueous dimethylamine (2 mL} and the
reaction mixture was heated at 50° C for 36 hours. After
20 removal of the THF under reduced pressure, CH2Cl; (20 mL) was
added to the residue. The mixture was washed with 5% agqueous
NaHCO3, water and brine and dried over anhydrous MgSO4.
Concentration afforded crude (R)-3,4-{(N,N‘-1,1'-(3'*-(N,N-
dimethylamine)methylene)-hexane)~-bis- (3,3 '-indolyl) ) -1H-pyrrole-
25 2,5-dione (158 mg) as a red solid that was purified by -
preparative HPLC (Waters reverse-phase, 0.1 % TFA and 5% CH3CN
in water- 100% CH3CN gradient) to give the amine-TFA salt which
was dissolved in CH2C12 and converted to the free base with
dilute agqueous KOH. After drying the organic phase over MgSO4
30 {15. minutes), the solvent was evaporated and the free amine (60

mg) was dissolved into 1:1 methanol/THF (5 mL), cooled to 0° C



Di abetes 42: (Suppl 1) 97A (1993). The hunman vitanin D
- 112 - receptor has been shown to be selectively phopgdmr

piotein ki nase C beta. This phosphoryl ation has been |inke i C J\ S,HEET
alterations in the functioning of the receptor. Hsieh et g . T Proc.
Natl. Acad. Sci. USA 88: 9315-9319 (1991); Hsieh et al., 5 .p. By

my
268: 15118-15126 (1993). In addition, recent work has hE t%lgtp f;@é ‘

beta-2 isozyme is responsible for eryt hrol eukem a cel I} p
whil e the al pha isozyne is i nvol ved 9% “negakar yocyte df fferentiation in
t hese sane cells. Murray et al., J. Biol. Chem 268: 15847-15853
(1993). 10 ynger np aI@esl%Qr'IPO%QﬁfQEdFQJ ol g-d @rxeepﬁaeﬁ Qh ?'ﬁk bapey at ed
prior to adm ni stration. Theref ore, et anot her Odl C{'I 9

with anhydrous IN HC1 in ether. The prec1p1tate salt was

filtered and washed with dry ether under a N2 blanket then dried

in a vacuum desiccation over CasO4 overnight. The

S dimethylamine-HCL salt, (R}-3,4-{(N,N'-1,1'-(3"'"'-(N,N-

dimethylamine)methylene)~-hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-

2,5-dione hydrochloride salt (43 mg) was obtained as a light red

solid, M.Pt. 230° C (dec.). MsS.

10 1H NMR (300 MHz, acetone-dg) 0.9 - 3.5 (m, 7H} , 3.20 - 3.42 (m,

8H), 4.05 - 4.18 (m, 4H), 7.02 - 7.80 (m, 10H), 10.94(s, 1H).

Example 40s
(S}-3 . 4-[ (N, N*-1,1'-(3''-(N,N-dimethvlamine)methvliene) -hexarne) -
15 is- ‘~indolvl)]1-1H-pyr -2.5-dion hlori al

Following the same procedure described above for the
preparation of Example 40r, (S)-3,4-[(N,N'-1,1'-(3''-(N,N-
dimethylamine)methylene) -hexane)-bis-(3,3'-indolyl)]-1H-pyrrole-
2,5—dioné hydrochloride salt was prepared (90 mg) in 27% overall

20 yield from the alcohol, (S)-3,4-[(N,N'-1,1'-(3"'"'-
hydroxymethylene)—hexane)—bxs (3, 3'—1ndolyl)] -1H-pyrrole-2,5-

dione by formation of the mesylate and displacement with
dimethylamine. MS.

25 1NMR (dg DMSO) §0.92 (s large,1 H), 1.35 (s large, 1 H),
1.60 (s large, 2 H), 1.85 (s large, 1H), 2.37-2.42 (m, 2H),
2.91-3.05 (m, 2H), 4.13 (s large, 2H), 4.23 (S larges 2H), 7.11-
7.23 (m, 4H), 7.34 (d, J= 20 Hz, 2H), 7.50 (dd, J= 8.1 Hz, J=
12.6 Hz, 2H), 7.79 (4, J= 8 Hz, 2H), 9.92 (s large. 1H), 10.98

30 (s, 1H) '



the present invention is a pharnaceutical formulation conprising a

conpound of Fornula | and one or nore pharmaceutically a

carriers, diluents or excipients. 15 The present g

formul ati ons are prepared by known procedures using well. '

readi.l y avail abl e i ngredi ents. In making the conpositiong ¢f the '
present I nvention, the active ingredient will usually be x ¢l O & 1999
carrier, or diluted by a carrier, or enagpsed within a carri Q. __which

may be.in the formof a capsule, sachet, paper or other ontai ner. \Wen

the carrier serves as a diluent, it may be a solid, sem Sore——oillguid
mat eri al which acts as a vehicle, exqipient or nediumfor the active

i ngredi ent. Thus, the conposi tions® e in the formof tablets,

pills, powders, 25 |ozenges, sachejs, ets elixirs, suspensions,

enul si ons, sol utions, syrups, : a solid.or inaliquid

medi um , soft and hard gel ati n~Cay
i njectabl e solutions and sterile packag
exanpl es of suitable carriers, excipients
| act ose, dextrose, sucrose, sorbitol, manni
cal ci um phosphate, al gi nates, tragacanth,

N ppositories, sterile
qowder s. . Sone

anfi= 0 diluents include '
, starches, gum acaci a,

=gel atin, calciumsilicate,

m crocrystal line cellul ose, pol yvi nyl pyrrol i done, cellul ose, water
syrup, methyl cellul ose, nethyl gggmgkp@ylhydroxybenzoates tal c,
magnesi um st ea '

an ,addi |onaIIy
I ncl ude | Oor I g Ng and pendi ng
agents, préserving agents agents. The

conposi tions of the |nwenhamswms¢n3ble dhcnbfﬁ.deat(edOES)mL 0.32 mmol) was
added dropwise to a stirred solution containing 3,4-[(N,N*-1,1'-
(3"—(hydroxy)methylene)—hexane)—bis-13,3'-indolyl)]—1H—pyrrole—.
2,5-dione (100 mg, 0.23 mmol) and triethylamine (0.05 mL, 0.36
10 mmol) in dry CHCl3 at 25° C under N2. After stirring for 20
minutes, the reaction mixture was diluted with CHCl3 (15 mL),
washed with water, brine, dried filtered and concentrated. The
red residue was purified by chromatography on a short column of
silica gel eluting with CHCl3 followed by 10% EtOAc in CHCl3 to
15 give 3,4-{(N,N'-1,1'-(3"''-methanesulfonyloxymethylene)-hexane) -
' bis-(3,3'-indolyl)]-1H-pyrrole-2,5-dione ,53 mg, as a red solid,
which was homogenous by TLC 5% (EtOAC in CH2C12).
To a stirred solution of 3,4-[(N,N‘'-1,1'-(3''-
(methanesulfonyloxy)methylene)-hexane)-bis-(3,3'—indolyl)i-lH—
_ 20 pyrrole-2,5-dione (49 mg, 0.095 mmol) in DMF (0.75 mL) under N2
was added dropwise a solution of the sodium salt of imidazole in
DMF (prepared by adding 60% NaH (8.7 mg, 0.22 mmol) to a
solution of imidazole (16 mg, 0.24 mmol) in DMF (0.5 mL)). The
reaction mixture was stirred 15 minutes at 25° C then heated at
25 500C for 30 minutes. The reaction mixture was diluted with 25
mL of CH2Cl2 containing 3% methanol. The mixture was washed
with 10 mL portions of water and brine and dried over énhydrqus
Na2s804. After evaporation of the solvents under reduced
'pressure, thé crude product was loaded onto a 3" x 3" column of
30 silica gel eluting with CH2Cl3 followed by 5% methanol in CH2Cl3
containing 1% triethylamine to afford 3,4-[((N,N'-1,1'-(3''- (N~



- 113 - as to provide quick, .sustained or del ayed release of the
active i ngredient after admnistration to the patient. T ¢
af e preferably formulated in a unit dosage form each dosagé¢

fromabout 1 to about 500 ny, nore usually about 5 to 5 ab (
the active ingredient. However, it will be under st ood thaf thgsg '
t herapeutic dosage adm nistered wll be determ ned by t phyS|C|aﬁmPn
the |ight of the relevant circunst agiges including the condrTTomte—be~d
treated, the choice of conmpound to be adninistered and tthe_chosen route

of 10 admnistration, and therefore the above dosage ranges are not
i nt ended t()Ilmnﬁ@ZQHﬁémSéhxkﬁnGﬁ -hémanepvein i Gn3i ningplyhhl - 1HFRErrole-@ebm "uni t
dosage fornt gieher1t.6 physicedl 4y LirsaredEauni this macstidlakbe as unitary
dosages for 'HAE§Qcé%aPkSC£ébé¥%@-SEJEE’Hch (gradient elution, 5% CH3CN in

water containing 0.1% TFA - CH3CN) to provide analytically pure

5 3,4-((N,N'-1,1*-(3*'-(N-imidazole)methylene)-hexane)-bis-(3,3'-

indolyl)]-1H-pyrrole-2,5-dione (12.4 mg) as a red solid, M.Pt.

261 -266° C. NMR. HRMS calculated for C3gHz7Ns5Oz [M+1]:

490.2244. Found : 490.2242.

10 The following compounds were prepared in a manner
analogous to the Examples described herein and further
illustrate the compounds of the invention. 1In the following
examples, the structure of the cémpound was confirmed by NMR,
MS, and/or elemental analysis.

15
n(ﬂzc;-.._____q______—(cn,)n1
!l‘ .
Example n nl o] R
42 3 3 CH - H
20 43 2 2 CH H
44 3 4 CH H
45 3 3 CH NH2
46 3 3 CH NHCOCH3
47 3 3 CH " NHCH2CgHS
25" 48 3 3 o (~OCH2CH20-)
49 3 3 c 0



mammal s, each unit containing a predeterm ned quantity of
material cal culated to produce the desired therapeutic ef
asSsociation with a suitable pharmaceutical carrier.
addition to the above fornul ati ons, the conpounds of
i nvention may be adm nirstered topically. Topical forn
ointnments, creans, and gels. 20 ‘ O ntnents gene
using either (1) an ol eagi nous base, i.e., one consifting of fixed--
oils or hydr ocar bons, such as whitas petrol atum or m nérar_ort;—or—t2
an absorbent base, i.e., one consisting of an anhydrous substance’

or substances which can absorb water, forx exanpl e anhydrous 25 | anolin.
Customarily, - follow ng formation of the asg, Whet her ol eagi nous or
absorbent,. the active ingredient (conpodnd) is added to an anount

af fordi ng the desired concentrati gg ~ Creans are oil/water
emul si ons. They consi st of an ‘ -ternal phase), conpri sing
typically fixed oils, 30 hydrocarbon§\g: the | ke, such as waxes,
t

petrol atum m neral oil, and the and an aqueous phase

(conti nuous phase), conpri sing wa nd any water-sol ubl e substances,
such as added salts. The two phases are stabilized by use of an

enul si fying agent for exanpl e, g&ﬁ&m;agﬁ active agent, such as sodium

35 lauryl sulfatg; L I aci
cl ays, vee enur si on
active |nd$ed|ent (conpound) custé#%ﬁ?#?iPé—QH@EH to an anount to

achi eve the desired comzentfat issirred anhydrous CH2Cl2 (1.0 L) solution of
N- (3-acetoxypropyl) -indole (102 g, 0.47 moles) was added oxalyl
chloride (43.04 mL, 0.494 moles, 1.05 eq.) dropwise. After 15
minutes, the ice bath was removed. The reaction mixture was
10 allowed to warm to ambient temperature with stirring for three

hours. The volatiles were removed in vacuo to yield a magenta
solid, which was redissolved in dry CH2Cl2 (1.0 1) under N3.
With vigorous stirring, N-tert butoxycarbonyl—indole-3-acetic
acid (129.25 g, 0.47 moles), was added followed rapidly by

15. triethylamine (130.6 mL, 0.94 moles, 2 eg.). After 16 hours,
the reaction was concentrated and purified by flash column
chromatography eluting with 3:1 hexane/ethyl acetate. The major
colored fraction was concentrated to give the anhydride (101 g,
40% yield) 2-{1-(3-acetoxypropyl)-3-indolyl]-3-[1-tert-

20 butoxycarbonyl-B—indoiyl]-furan—1,4-dione as a red crystalline
solid. MS -

To the BOC protected anhydride (7.4 g, 14 mmol) was
added trifluoroacetic acid (27 mL, 350 mmol) containing
ethanethiol (1 mL, 14 mmol) with stirring. After one hour, the

25 reaction mixture was partitioned between CH2Cl2 and saturated
NaHCO3. The organic layer was washed with brine, dried over
Naz2804, and filtered. The filtrate was concentrated to give the
crude deblocked anhydride as a red semi-solid. The residue was
applied to a short pad of silica, washed with hexane and then .

30 CH2Cl2z. The colored band waé eluted from the silica with ethyl
acetate and dried in vacuo to give the purified deblocked
anhydride, 2—[1—(acetoxypropyl)-3-indoly1]-3—(3-indolyl)—furan—
1,4-dione (5.7 g, 95% yield) as red solid. MS



- 114 - Gel s conprise a base selection from an. ol eagl nous

base, water, or an enul si on-suspension base. To the base .

gelllng agent which fornms a matrix in the base, i ncreasi LKMSHEET
viscosity. Exanples of gelling agents are 5 hydroxypropyl delllulose, —
acrylic acid polyners, and the |ike. Customarily, the agti veai pjg??-@t
(conmpounds) is added to the formul ation at the desired g¢gomcentrati at

a point preceding addi ti on of the-gekldi ng agent. . The

amount of conpound incorporated into a topical 10 formnul at on i s not

critical; the concentratiop. shoul gmﬁm%ugeoﬁ (125r1ﬁﬂ)geso§HH61{3' o@NiLd O pertmt

r eady appllcatlon of the °f or rul at he an tissue area in
an anount whitPIRFKe @ehydeide 3.9 aeg‘i“‘i”e’dw&ﬁoﬁ‘i’l‘?edof"aﬁohﬁ(?uﬁﬂ 10.5
The cust omar ywsiiouéds dih aitepilcallf atnwbatimpeoatere. A color change

from bright orange to violet was immediately observed. After
5 30 minutes, 3 equivalents of 3-bromopropyl acetate was added
. rapidly. The reaction was heated to 75°C, and gradually
returned to an orange color. After 6 hours, the DMF was removed
in vacuo. The residue was applied to a flash silica
chromatography column eluting with 3:2 hexane/ethyl acetate.

10 The major red band was collected, and the solvent removed to
give the alkylated anhydride, 2,3-bis([l-(3-acetoxypropyl)-3-
indolyll-furan-1,4-dione (1.32 g, 36%) as a red solid. MS

2,3-bis[1-(3-acetoxypropyl)~3-indolyl]-furan-1, 4-dione
(1.32 g, 2.52 mmol) was suspended in absolute ethanol (125 mL)

15 with stirring and treated with SN KOH (125 mL). After stirring
for 16 hours, the reaction mixture was concentrated to 126 mL.
The residue was acidified (5N HCl) slowly, until a red solid
precipitated. The precipitant was filtered and dried in a
vacuum oven at 60°C, producing the alcohol anhydride 1.1 g (99%)

20 as a red powder. _

The alcohol anhydride, (1.1 g, 2.47 mmol) was
dissolved in anhydrous DMF (30 mL) under a N2 atmosphere with
stirring. A premixed solution of 1,1,1,3,3,3-hexamethyl-
disilazane (5.22 mi., 24.7 mmol, 10 eq.) and methanol (0.50 mL,

25 12.4 mmol, S5 eq.) was added. The reaction was allowed to stir
for 16 hours at ambient temperature. The bMF was removed in
vacuo. To this residue was added acetone (100 mL) and excess
CsF (ca. 500 mg). After stirring 4 hours, the reaction was
concentrated. The residue was partitioned between ethyl acetate

30 and water. The organic layer was washed with 1N HCl (5x), brine
(2x), dried over Na2804 and filtered. The filtrate was
concentrated to give the.bisindolylmaleimide 3,4-bis([1-(3-
hydroxypropyl)-3-indolyl]-1H-pyrrole-2,5-dione 1.0 g (91%
yield) as a red powder. Total yield was 90% over two steps. MS

35 3,4-bis([1- (3-hydroxypropyl) -3-indolyl]-1H-pyrrole-2,5-
dione (1.0 g, 2.25 mmol) was dissolved in anhydrous CH2Cl2z (250
mL) at ambient temperature under N2. CBrg (2.09 g, 6.3 mmol,
2.8 eq) and triphenylphosphine (2.83 g, 10.8 mmol, 4.8 eq.) were



15 applied to an affected tissue wll depend upon an affected tissue

si ze and concentration of conpound in the fornul ation. _ 30
formulation will be applied to the effected tissue in MGEMYENTSHEET
affording fromabout 1 to about 500 [err]g conmpound per

affected tissue. Preferably, the applied 20 anount of congoynd

ftom about 30 to about 300 [err]g/cnferr], nore preferably,

50 to about 200 [err]g/cnferr], and, nost preferably, fr

about 100 [err]g/cnferr]. - 95 The foll ow ng fognul ati on

exanples are illustrative only and are not intended to TTmtU tHe scope—

of the invent |g% ornul ati on
Th t
1 A(Qﬁd 3 5: ?a%/l n ca su‘ftelsonaygssperlepar ed mul§°| ‘ﬁre & alf wergu

fol | owi ng i ng'i’%d;ltéﬁt gor 16 hours. The crude reaction mixture was

Quantity concentrated and purified by silica gel flash colufuirg/ capsul e)
Qgglve agent chromatography, eluting with 7:3 hexane/%éﬁ&l acet?%?rcghedr'ed
Tot al n?gngessllur@dspr?aéuct elutfgoaﬁgo% major red band. R?H%vaalb(ggethe |

i ngredi ents aselvienkadizand this | fa@ckhew deavedthe dibgemetdompeapdulBed-in 460 ny

quantities. bis[1l-(3-bromopropyl)-3-indolyl]-1H-pyrrole-2,5-dione 876 mg
(68% yield) as a red powder.
The dibromo compound (47.8 mg, 0.084mmol) was

10 dissolved in acetone at ambient temperature with stirring. an
excess of sodium sulfide nonahydrate (229 mg, 0.95 mmol, 11.3
eq.) was added. The heterogeneous mixture was stirred
overnight. The acetone was then removed in vacuo. The residue
was partitioned between water and CH2Cla. The organic layer was

15 washed with brine, dried over sodium sulfate and concentrated to
give 35.5 mg (94% yield) of the titled product as an red-orange
solid. MS

20

A dry DMF (35 mL) solution of 1,5-diiodo-3-(tert-
25 butyldiphenylsilyloxymethylene)-pentane (7.3g, 12 mmol) and bis-
(3,3'-indolyl) ] -1 (H) -pyrrole-2,5-dione (4.21g, 12 mmol) was
added via syringe pump over 48 hours to a suspension of Cs2C03

(16.06g, 49.3 mmol) in dry DMF (1 L) with vigorous stirring at
55°C under N2. After an additional 2 hours, the reaction

30 mixture was concentrated in vacuo, the residue dissolved in
CH2Cl1l2, washed with 1IN HCl, brine, dried, and concentrated in
vacuo to give a violet o0il. The oil is passed through a plug of
silica eluting with 4:1 hexanes/ethyl acetate. The eluant was



- 115 - Formul ation 2
tablet is prepared using the ingredients below

@uantity (m
Acti ve agent 250 cel
m crocrystalline 400 silicon dioxid
10 stearic acid ' 5

A
REPLACEMENT SHEET

J/ apstey
U

ose
L A BEEP 1999

hr e -bl ended and

Tot al 665 nmg 5 _The conponents
conpressed to formtablets each - 96

10

15

20

25

30

reduced to yield the macrocycle, 3,4-[(N,N'-1,1'-(3"'"'-
(tertbutyldiphenylsilyloxymethylene)pentanyl)-bis-(3,3"-
indolyl)]-1(methyl)-pyrrole-2,5-dione, 4.5g (55% yield) as a
magenta solid.

To an ethanol (300 mL) suspension of 3,4-((N,N'-1,1"'-
(3''-(tertbutyldiphenylsilyloxymethylene)pentanyl)-bis-(3,3"'-
indolyl)]1-1({methyl) -pyrrole-2,5-dione (4.2g, 6.2 mmol) was added
SN KOH (300 mL). The reaction was refluxed (86°C) for 48 hours
with stirring, cooled to room temperature, and the ethanol
removed in vacuo. The concentrate was acidified to pH 1 with SN
HCl (325 mL), extracted with ethyl acetate, washed with brine
(2x), dried, and concentrated to give the anhydride, 3,4-{(N,N'-
1,1'-(3' '~ (hydroxymethylene)pentan) -bis-(3,3'-indolyl)]-furan-
2,5-dione, 2.6 g (100% yield) as a residue.

To a dry DMF (500 mL) solution of the anhydride, 3,4-
[(N,Nl—l,l'—(3"—(hydroxymethylene)pentanyl)—bis-(3,3'—
indolyl)]-furan-2,5-dione (2.6 g, 6.2 mmol), was added a
solution of methanol (1.25 mL, 31 mmol) and 1,1,1,3,3,3-
hexamethyldisilazane (13.1 mL, 62 mmol). After heating (55°C)
36 hours the reaction was concentrated in vacuo, diluted with
ethyl acetate, washed with 1N HCl. The acid wash contained some
solids that were back extracted with chloroform. The combined
organic layer was dried, and concentrated to a violet residue.
The residue was applied to a short plug of silica and eluted
with 2-10% MeCN/CH2Clz. The fraction containing the major
produét is concentrated in vacuo to yield the title alcohol 3,4-
[(N,N'hl.l'-(3"—(hydroxymethylene)pentanyl)-bis—(3,3'— _
indolyl)]1-1(H) -pyrrole-2,5-dione (650 mg {25%)) as a magenta
solid. MS.
1y NMR: (DMSO-dg) & 0.7 (m, 1H); 1.48 (m, 2H); 1.82 (m, 2H):
3.19 (dd, 2H); 4.16 (m, 4H); 4.4 (t, 1H); 7.05 (t, 2H); 7.16 (t,
2H); 7.17 (s, 2H); 7.46 (4, 2H); 7.65 (d, 2H); 10.96 (s, 1H).



wei ghi ng 665 ng. For nul at 3 ARAENT - y
An aerosol solution is prepared containing the fol | ow -Légimimgnﬁgﬁﬁﬁ

*

Quantity ny/ capsul e)
Active agent - 0.25 ¢t harD SEP 1999
29.75 - Propellant 22 (chl orodi f | uor omet hane)

70. 00 Tot al ' 100. 00 .
The active conpound is mxed with ethang, -The 15 mixture.is added to a
portion of the Propellant 22, cooled to -30[err]C and transferred to a
filling devi-ce. The required anount . is then fed to a stainless steel
container and diluted with the renaiwder of the propellant. The val ve

‘units are then fitted to t he cont &~1eY=° 20

10

15

20

$0; -CH;

Example 52
3,4-T(N . N'-1.1'-(3''-{(methanesulfonvioxv)methvlene)pentan-
1,5 *-yl)-big~(3,3'-indolv1)]-1(H)-pyrrole-2. 5-dione
To a dry CH2Cl2 (80 mL) solution of 3,4-{(N,N'-1,1'-
(3"-(hydroxymethylené)pentan-l",5"—yl)—bis—(3,3'—indolyl)]—
1{H) -pyrrole-2,5-dione (334120) (650 mg, 1.5 mmol) was added
methanesulfonic anhydride (400 mg, 2.29 mmol) followed by excess
pyridine (370 mL, 4.58 mmol). After 16 hours at ambient
temperature, the reaction mixture was applied directly to a
short plug of silica and eluted with 0-7% MeCN/CH2Cly. The

colored fraction was concentrated in vacuo to give the mesylate,

3,4-[(N,N'-1,1'-(3"'"'-(methanesulfonyloxy)methylene)pentan-
1¢*,5''-yl)-bis-(3,3"'-indolyl)]-1(H) -pyrrole-2,5-dione 501 mg
{67% yield) of a violet solid. MS.

1p NMR: (DMSO-dg) 8 0.89 (m, 1H); 1.61 (m, 2H); 1.82 (m, 2H);
2.99 (s, 3H):; 4.02 (4, 2H); 4.22 (m, 4H); 7.06 (ﬁ, 2H); 7.17 (t,
2H); 7.17 (s, 2H); 7.54 (4, 2H); 7.63 (d, 2H); 10.98 (s, 1H). '
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Tabl ets each containing 60 ng of active ingredient are-

Formul ati on 4

Quantity (jo/ capsul e)
Active agent 60 ngy st a2 OISEP 1999

45 ngy m crocrystalline cellul ose B5 _ny

pol yvi nyl pyrrolidone (as 10% sol ution in water) 4
ny sodi um car boxymet hyl starch 4. by aagoesi g
stearate 0 P&y tal c

1 ny

5

10

15

20

25

Example 53

3,4-[(N,N'-1,1*'-(3**-(aminomethvlenelpentan-1'‘',5'"'-yl)-big-
{(3.3'-indolyl)1-1(H)-pvrrole-2,5-dione hvdrochloride salt

In a sealed tube reaction vessel containing a THF (20
mL) solution of the mesylate 3,4-[(N,N*-1,1'-(3'"'-
(methanesulfonyloxy)methylene)pentan-1'*,5'‘-yl)-bis-(3,3"'-
indolyl)]-1(H) -pyrrole-2,5-dione (250 mg, 0.5 mmol) was added
NH40H (33% ag, 10 mL), the reaction tube was sealed, and heated
(60°C). After 48 hours, the reaction mixture was cooled and
eluteéd through a plug of silica gel with ethyl acetate followed
by acetone. The acetone fraction was reduced in vacuo to give a
reddish solid. A portion of this residue is purified using
reverse phase gel filtration HPLC (85% MeCN/water, 0.01% TFA).
The pure fractions are pooled and concentrated to a red solid.
The solid is then partitioned between ethyl acetate/0.1N NaOH.
The organic layer was concentrated to give the free base as a
residue. The residue was dissolved in methanol (2 mL) and
treated with HCl (2 mL, 1.0 M in ether) for 1 hour. The
reaction was concentrated in vacuo to yield the title compound

28.5 mg (13%) of a magenta solid which is >95% pure by HPLC
analysis. MS. '

_ ly NMR: (DMSO-dg) 8 1.17 (m, 1H); 1.5-1<63 (m, 2H); 1.8-1.95

(m, 2H); 2.73 (m, 2H); 4.18 (m, 4H); 7.12 (c, 2H); 7.15 (s, 2H);
7.23 (t, 2H): 7.56 (4, 2H); 7.75 (4, 2H); 7.8 (br, 3H); 11.01
(s, 1H).



Tot al 150 ng 5 The 4BEPLA

starch and cel |l ul ose are passed ‘through a No. 45 nes

m xed t horoughly. The -sol ution of polyvinylpyrrolidope

t he resul tant powder s which are then passed through
sieve. 10 The granules so produced are dried at 50[err]
through a No. 18 nmesh U.S. sieve. The sodi um car boxy

thyl starch,

magnesi um stearate and talc, previously,
'U.S. sieve, are then added to the granJ?es whi ch, after

passed through a No. 60

m X

mESHT
ing, are

conpressed on a tablet machine to yield tablets each 15 weighing 150 ng.
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- HCl
Ui

CH 3

_ Example 54
3,4-[(N,N'-1.,1'-(3''-(N,N-(dimethvlaminoimethvlene)lpentanvl) -
5 - is-— ‘-in 1)1-1 —DYIrY -2,5-di hydr ri

The title compound was prepared as the hydrochloride
salt by using dimethylamine (40% ag, 5 mL) to displace the

mesylate 3,4~[(N,N'-1,1'-(3*"'-

(methanesulfonyloxy)methylene)pentanyl)-bis-(3,3'-indolyl)]-
10 1(H)-pyrrole-2,5-dione (110 mg, 0.2 mmol) and subsequently
" transforming to the hydrochloride salt to produce the titled

compound (28 mg, 26% yield). MS.

1y NMR: (DMSO-dg) & 1.17 (m, 1H); 1.5-1.63 (m, 2H); 1.8-1.95
7.15 (s, 2H);
7.23 (t, 2H); 7.56 (d, 2H); 7.75 (d, 2H); 7.8 (br, 3H); 11.01

15 (m, 2H); 2.73 (m, 2H); 4.18 (m, 4H); 7.12 (t, 2H);

(s, 1H).



Fornul ation 5 Capsul es each containing 80

af nedi cament

REPLA

grcapstrey
arch
o R SEP 1999

active ingredient

LRLLO
—+

are nade as follows:

@uantity

Acti ve agent 80 ny

59 ny m crocrystalline cellul ose o
mhgnesi um st ear at e 2 ny

Tot al 200 nmg 5 The
cel lul ose, starch and rmagnesi um stddlat e are bl ende

AT nunh

CEMENT SHEET]

No. 45 nesh U. S
quantities. 10

Si eve,
The followin

<l
y MNAS ST

ggpfgls: L%I esma%?ig? gncfltfglrtlen 1%%ust!@ate tﬁle compounds o@gEﬁgll%QEn% btel gs‘de
(rmg/ capsul e) Active agent 225 ngy
saturated fatty acid glycerides
Tot al 2,225 ny
N
(CHzln \(c"”"‘
N
> Example n nl W R
55 3 2 0 =CHCH2NHCH2C¢gHsg
56 3 2 . 0 ~CHCH2OCONH (CgHs)
10 57 3 2 o} =CHCH2NHCOCH3
58 3 2 0 =CHCH2NHSO2CgHs
59 3 2 o ~CHCH2CH30H
60 3 2 o) =CHCHQCH2NH3
61 2 2 o} =CHCH20CONH (CgHs )
15 62 2 2 0 =CHCH2CH20H
63 2 2 0 =CHCH2CH2NH3
64 2 2 CH =CHCH2NHCH3
65 2 2 CH =CHCH2NHSO2CgHS
66 2 -2 CH =CHCH2CH20H
20 67 2 2 CH =CHCH2CH2NHCH2C6HS
68 2 2 CH =CHCH2CH2NH2
69 2 2 CH =CHCH2CH20CONH (CgH5 )
70 2 2 CH =CHCH2CH2NHSO2CH3
71 2 2 CH =CHCH2CH2N (CH3) 2
25 72 2 "2 CH . =CHCH2CH2NHCH3
73 2 2 CH =CHCH20CH2CH2NH2
74 2 2 -OCH2 - =CHCH2NH3
75 2 2 -OCH2 - =CHCH2NHCH3
76 2 2 -OCH2 - =CHCH2NHCH2CgHs
30 77 2 2 -OCH2 - =CHCH20CONH (CgHs)
78 2 2 -OCH2 - =CHCH2NHCOCH3
79 2 2 -OCH2 - =CHCH2NHSO2C¢Hs
80 2 2 -OCH2 - =CHCH2CH20H

A

and filled into hard gelatin capsules in 200 ngy
compounds axFeO pFeb@tddOAnban analogous



15 The active ingredient is passed through a
U.S. sieve and suspended in the saturated fatty acid glyg
pfeviously nmelted using the m ni mum heat necessary. The :n
poured into a suppository nmold of nomnal 2 g capacity

RERLACENENT SREET
1 qture "Sther

ang GSER6Sh t

caool .. 20 - 118
Fornmul ation 7 Suspensi ons each containing 50°
per 5 nm. dose are made as fol |l ows:_ 101 -
81 2 2 -OCH2- =CHCH2CH3NH;
/_ OCH3
82 2 3 N | -CH-
N
g
N
83 2 3 NHz -CH-
_N
l
84 2 3 -CH-

~CH~-

86 2 3 —CH-

sodat s

87 2 3 -CH-



Quantity (moy/ c@MEMEM‘
Active agent 50 ny sodiuq1 ' SHEET
car boxynet hyl cel | ul ose 50 ny syrup

1.25 benzoi c acid sol ution 0. L0] m 2 O SE® seng
q.Vv. col or g.Vv. pe--fied .
water to total - 5nm 5 The medi canent

i s passed through a No. 45 nmesh U. S. _ sieve and m xed with THe Soth-uR A_J
car boxymet hyl cel |l ul ose and syrup t82form a snooth paste. The benzoic
acid solution, flavor and color are diluted with some of the water and

added, with 10 stirring. Sufficient yat®
required vol une.

An intravenous fornulation may be
Quantity
Active agent

1000 ny Z

is then added to produce the
‘ Fornul ation 8
fol | ows:

(rmg/ capsul e)
i sotonic saline

N(CH,) ,

EX. ' R1. Rig Rib- _Ric
88 H CH3 H H
5 89 OCH3 H H H
90 H CcH3 c1 H
91 H NO2 H H
92 CF3 H H H
93 _OH H CH3 H
10 94 N(CH3)?2 H. H H
15 Example n nl Q R
95 3 3 s =0
96 3 3 S (=0)2
97 3 3 o] ---
20 98 3 3 CH -OH
" 99 3 3 cH OCONHCgHS5
100 3 3 N H
101 3 3 N . CH3
102 3 3 CH NHSO2CgHs.



The solution of the above ingredients is adm nistered it e
arate of 1 nL per minute to a subject in need 20 of treaf LXEEN“%“YS
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For nul a:

s

10

15

20

25

30

35

™

Cl ai s 1[ A conpound o
Lerr] 2 0 SEP 1959

103 -

103 3 3 CH NHCH3
104 3 3 CH NHCH2CgHS
105 3 3 CH N(CH3) 2

~{)
CH - i

CH- ~ CH2CN

CH CH2NH?

CH cﬂzNHcocnj
CH CH2N (CH3) 2
CH CH2NHSO2CgHs
CH CH2NHCHCgHs
C =0 '

106
107
108
109
110
111
112
113
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As previously noted, the compounds of the present
invention are potent, protein kinase C inhibitors. The
compounds are selective for protein kinase C over other kinases.

The ability of the compounds of the present invention
to selectively inhibit protein kinase C was determined in the
Calcium Calmodulin Dependent Protein Kinase Assay, Casein
Protein Kinase II assay, CAMP-Dependent Protein Kinase Catalytic
Subunit assay and the Protein-Tyrosine Kinase assay.

ium lin D P

‘The Calcium Calmodulin Dependent Protein Kinase Assay
is described in the Journal of Neurogcience, 3:818-831 (1983).
The assay components are in a total volume of 250 pL: 55 mM
HEPES (4-(2-hydroxyethyl)-l-piperazine-ethanesulfonic acid), pH
7.5, 2.75 mM dithiothreitol, 2.2 mM EGTA
'(ethylenebis(oxyethylenenitrilo)tetraacetic acid, used in the
blank buffer), 1.1 mM calcium chloride (Sigma, St. Louis,
Missouri) (used in the control buffer), 10 mM magnesium chloride
(Sigma, St. Louis, Missouri), 200 pg/mL histone type HL
(Worthington}, 10 uL DMSO of DMSO/inhibitor and 30 uM (gamma
32P) ATP (DuPont). The reaction is initiated by the addition of
calcium calmodulin dependent protein kinase (isolated from rat
brain homogenate), incubated at room temperature for 10 minutes
and stopped by adding 0.5 mL ice cold trichloroacetic acid




wher ei n: Wis -0, -S-, -SO, -S(Jerr]-, COR@]% MENT" :
al kyl ene, substituted al kylene, CJerr]-(ferr] al kenyl ene,| - GE SIJ[EET
-aryl.(CHerr])[err] O, -heterocycle-, -heterocycle-(CH erf] [(é;r -fu ed
bicyclic-, -fused bicyclic-(CHerr])[err]O, -NRerr]- @ E

or -NHCO ; : X and Y are independently Clerr]- rl_al ka ene
substituted al kyl ene, or together X, Y, and Wconbine to {form
-(CHerr])[err]-AA-; Rlerr] is independently *hyeeger—hala
Cerr]-Cerr] alkyl, hydroxy, Cerr]-c|es4]- al koxy, hal oal kyl, nitro,
NR[err]Rerr], or -NHCO(C[err] C[err] al kyl); Rlerr] is

hyd CH
(>C/:H{ g??]n )[er E ?é‘?‘ Scoly E?hm@%ie@f]m& K| ot | Lore( @PP’]‘“%ISE"-%P]“ %&
- CONR[ er r] R[ ertgigma.( StNHydNH[ser MissouSdy C[ dthe] pCiaEimikatt ki )collected by
- S er r] (NR[ ekhtRI€ il ratlonr S &rdsls( EiBer eiCt &Fd Janal kydntified by
Rl err] and R[errltare | ndetpeq__r;dgghl‘ yltltiggrgrgec%u Gerr]-Jerr] al kyI phenyl ,
chth

benzyl, or conbi ne to J~Phe ni rogent ey are bonded to form a
saturated 6r @H§§?%r¢&f“§8“%ﬂ%ﬁ 6

I S hydrogen

Control buffer ~Blank buffer
200 mM HEPES pH 7.5 3125 pL 625 uL
50 mM DTT 625 pL 125 pL
histone = 1250 pL 250 pL
100 mM calcium 25 p 0 ===
100 mM EGTA = = =—=--- 50 UL
DI water 2375 pL 450 L

Assay components:
165 uL Buffer
10 ' 25 UL calmodulin (250 Hg/mL)
10 pL DMSO or DMSO/inhibitor
25 UL kinase enzyme
25 uL AT32P.

15 Casein Protein Kinase II Aggay (CK-TT)
The Casein Protein Kinase II Assay is described in

Neurochem, Res,, 13: 829-836 (1988). The assay components are
in a total volume of 250 uL: 20 mM Tris-HCl, pH 7.5, 5 mM
sodium fluoride, 50 mg/mL Casein (Sigma, St. Louis, Missouri),

20 10 mM magnesium chloride (Sigma, St. Louis, Missouri), 10 pL
DMSO or DMSO/inhibitor and 30 pm (gamma- 32P) ATP (DuPont).
Initiation of the reaction is performed by addition of casein
protein kinase II (isolated from rat brain homogenate) ,
incubated at room teﬁperature for 10 minutes and stopped by the

25 addition of 0.5 mL ice cold Trichloroacetic acid (Amresco)
followed by 100 pL of 1 mg/mL bovine serum albumin (Sigma, St.
Louis, Missouri). The precipitate is collected by'vacuum
filtration on glass fiber filters and quantified by counting in

a beta scintillation counter.
30



-120- menber ring; AA is an amno acid resi du

I s i ndependently 0O, 1, 2, or 3; and . nis inde eMAGEMENF

or 5; or a pharmaceutically acceptable salt or solvate tﬁere SHEET
2. A conpound of Claim 1 wherein: Wis -0, -9, %%
-SJerr]-, -CO, C(err]-Cerr] alkylene, substituted al kyljere SEP 1999
derr]-derr] al kenyl ene, aryl, -heterocycle-, fused bicyqgl I-C———NP{—ELL].;._
-NOR[err]-, -CONH, or -NHCO; X and Y are independently
Clerr]-derr] alkylene, substituted alk§?éne, or together X ¥, —ammd—t
conbine to form-(CH err])[err]-AA;

Assay components in order of addition
175 pL Buffer
10 ML or DMSO or DMSO/inhibitor
.25 WL of AT32P in 300 uM magnesium chloride
5 40 pL of enzyme (undiluted)
Buffer prepared as follows:

(Final volume = 3.5 mL: amount of 20 assays)

500 pL of each: 200 mM Tris-HCl pH 7.5
10 | 50 mM sodium fluoride
50 mg/mL Casein
+ 2 ml, DT water
Total Volume 3.5 mL

15
cAMP-Dependent Protein Kinase Catalvtic Subunit Assay (PKA)

The Assay components are in a total volume of 250 pL:

20 mM HEPES (Sigma, St. Louis, Missouri) buffer pH 7.5, 200
pg/mL histone type HL (Worthington), 10 mM magnesium chloride

20 (Sigma, St. Louis, Missouri), 10 UL DMSO or DMSO inhibitor and
30 pM (gamma- 32P) ATP (DuPont). The reaction is initiated by
addition of bovine heart cAMP-dependent kinase catalytic subunit
(Sigma, St. Louis, Missoufi), incubated to 30°C for 10 minutes
and stopped by adding 0.5 mL ice cold Trichloroacetic acid

25 (Aamresco) followed by 100 gL of 1 mg/mL bovine serum albumin
(Sigma). The precipitate is collected by vacuum filtrated on
glass fiber filters employing a TOMTEC™ and quantified by
counting in a beta scintillation counter. This assay is done
identical to the protein kinase C (PKC) enzyme assay except that

30 no phospholipids or diacylglycerol are employed in the assay and
the histone substrate is specific for the caMP-dependent
catalytic subunit enzyme.

F in T . Ki 2 ( ]
35 The Assay components are the following:
10 pL Raytide
10 pL Kinase
4 UL DMSO or DMSO/inhibitor



Rlerr] is independently hydrogen, halo, Cerr]-Clerr] al" r '
Cerr]-Cerr] al koxy, haloalkyl, nitro, -NH ([err]- C[err] ‘- _SHEET
-N(C[err]-Clerr] alkyl)[err], or -NHCO(C[err]-Cerr] alkyl); . - - :
Rlerr] is hydrogen, CHerr]CO, NHwerr], or hydroxy, 20SEPag9ed s
hydrogen, (CHerr])[err]aryl, Cerr]-Cerr] alkyl, - rr]-Cerr]
alkyl), -CONR[err]Rerr], -(C=NHNHerr], -&quw](IerjmKWT

-Sgerr](NRerr]Rerr]), or Sqerr](C[err]
Rlerr] and Rlerr] are independently hydfé&gen,

unsaturated 5 or
mis |ndependently 0,
3, 4, or 5.

of the

%bﬁﬁ ;fdd1

92

AT32P
#PK02 and PKO3 (1990).

Surprisingly,

are also isozyme-selective inhibitors,

Cerr] alkyl)

Cerr]- C[err] al kyl ,
or conbine to the nltrogen to which they are bonded to forma saturated or

benzyl,

5 AA is an am no acid residue;

n is independently 1, 2,

that is,

Inc.

the compounds

3. A conpound of Claim2, which is

This assay is described by Onogene Science, Cat.

the compounds of the present invention

10

15

20

25

30

selectively inhibit protein kinase C beta-1 and beta-2 isozymes.
This isozyme selectivity was determined in the PKC Enzyme Assay.

PK nz

PKC enzymes alpha. beta I, beta II, gamma, delta, epsilon, eta

and zeta.

Assay components in a ‘total volume of 250 pL are as
follows:

Vesicles consisting of 120 pg/mL phosphatidylserine
(Avanti Polar Lipids) and sufficient diacylglycerol (Avanti
Polar Lipids) to activate the enzyme to maximum activity in 20
mM HEPES buffer (Sigma, 940 pM
calcium chloride (Sigma, St. Louis, Missouri) for assaying the

alpha, beta-1, beta-2 and gamma enzyme only, 1 mM EGTA for all
the enzymes,

St. Louis, Missouri), pH 7.5,

10 mM magnesium chloride (Sigma, St. Louis,
Missouri) and 30 pM (gamma-32P) ATP (DuPont). For all the
enzymes either histone type HL (Worthington) or myelin basic
protein is used as substrate. The assay is started by addition
of protein kinase C enzyme incubated at 30°C for -10 minutes and
stopped by adding 0.5 mL' of cold trichloroacetic acid (Amresco)
followed by 100 uL of 1 mg/mL bovine serum albumin (Sigma, St.
Louis, Missouri). The precipitate is collected by vacuum
filtration on glass fiber filters employing a TOMTECT
filtration system and quantified by counting in a beta
scintillation counter. '



formul a: [err] .
Zis -(CHerr])[err]- or -(CHerr])[err]-O(CH err])[err]-

Rlerr] is hydroxy, -SH, derr]-Clerr] alkyl, (CHerr])[e rr]c&EPLAOEMWE/I
-NHSO err](Cerr]-Cerr]al kyl), -NHSQerr](CH[err])[err]aryI, S}EET
-NRlerr]Rerr]; Rlerr] is hydrogen or (Jerr]-(enr] hl%
Rlerr] is hydrogen, Cerr]-Cerr] alkyl, benzyl, or conbi nej t gr’rﬂ”
and the nitrogen to which they are bqnq%(%jo forma

. Wher ei. n

e
)

Table 1 demonstrates the PKC selectivity of
representative compounds in the above assays. '

Table 1
5
ICso(uMY

EX. _ PKC~ PKC-B1 PRC-Pf2 prRA  CcaM CK-IT src
1 0.05 0.04 NaA NA >100  NA
2 4 0.4 0.2 >100 >100 >100 >100
3 0.3 0.03 0.02 >100 3 >100  >100
4 0.3 '0.02 0.008 NA 3 >100 37
4s : 1.3 0.048  0.033 >100 2.5 >100 63
Ar 0.30 0.005 0.021 >100 0.69 >100 33
5 0.28 0.012  0.005 >100 4.0 >100 21
5s 0.36 00,0047 0.0059 >100 8 >100 >100
Sr 0.4 0.01 0.01 >100 5 >100 63
6 4.2 0.043  0.035 NA NA NA NA
>5.0 0.15 0.18 NA NA NA NA

8 2.5 0.037 0.032 NA NA NA NA
9 3.0 0.35 0.16 >100 26 >100 58
11 5 0.3 0.1 >100 20 >100 >100
12 19 0.6 0.5 >100 93 >100 NA
13 >5.0 1.9 0.94 NA NA NA NA
15 >5.0 2.9 0.83 NA NA NA NA
16 >5.0 3.2 2.3 NA NA NA - NA
17s 0.24 <0.005 <0.005 0.16 2.2 >100 NA
18s 6.4  0.38 0.30 >100 4.4 >100 >100
18r 3.4  0.083° 0.087 >100 ° 8.8 >100  NA
19r 0.48 0.032 0.030 >100 2.2 >100 >100
20r 0.89 0.04 0.03 = >100 7.3 >100 74
20s 3 0.1 0.05 >100 6.7 >100 16
21r 68 0.18 0.05 >100 56 >100  >100
21s >5.0 0.17  0.044 Na NA NA NA
23s 1.8 0.30 0.24 NA NA NA N2
. 24s 3.5 0.49 0.38 NA NA NA NA
25r 94 0.043 0.12 >100 22 >100 NA
27 2.2 0.049 0.026 NA NA NA NA

28 1 0.07 0.08 NA 2 >100 >100



saturated or

unsaturated 5 or 6 nenber ring; P Rﬂ’],nﬂm Y
0, 1 or 2; and

A conpound sel ected fromthe group consisting of
(R-3,4-[(NN-2,1"-((2""-ethoxy)-3""'"(O-
4'"" - (N, N-di met hyl.am no) - but ane) - bi s-(3, 3" -indolyl)]-1(H)1{
pyrrole-2,5-dione, (S)-3,4-[(NN-1,1"-((2""'-ethoxy)-
3" (0O-4""-(N Ndinethyl am no) - but ane) - bi s- (3, 3' -

mis independently 0, 1, 2, or 3

2 0 SEP 1999

i ndolyl )]-1(H)-pyrrole-2,5-dione, a nmixt@ e thereof; or a pharmaceutically
acceptabl e salt or solvate thereof. - 122 - ¢

A conpound sel ecteg, fromt hel&g oup (f..ani st 'bpg of NA

: | , NA NA NA

(S)_3’4_[(N’N_1’136((2_etE%a/)_s 1_(0)_ 2 100 10 >10  >100
31 0.3 0.02 0.03 >100 0.47 >100  >100
31r 0.24 0.019 0.008 NA NA NA NA
32 0.1 0.01  0.008 100 0.9 >100 72
33 0.4  0.05 0.04 NA 0.6 >100 61
3¢ 1 0.1 0.1  Na 4 >100  >100
35 9 3 2 NA 82 >100  >100
36T 0.45  0.005- 0.014 >100 7.1 >100 61
37 0.7 0.05 0.04 >100 5 >100  >100
38 4 0.2 0.1  >100 9 >100  >100
39 31 0.4 0.3 >100 >100 >100  >100
40 0.6 0.05 0.03 >100 5 >100 4.4
40s 0.4 0.03 0.02 >100 41 >100  NA
40r 0.30 0.01 - 0.01 >100 8.0 >100 71
41 0.3 0.03 0.03 NA 3 >100 91
42 >100 0.5 0.6 >100 >100 >100  >100
43 0.4 0.04 0.03 NA 0.6 >100 >100
44 >100 2 2 NA NA NA NA
45 3 0.1 0.1 >100 39 >100 >125
46 3 0.04 0.04 >100 63 >100  >100
47 2 0.07  0.06 >100 70 >100 >125
48 >100 0.5 . 0.3 >100 >100 >100 >100
49 10 0.6 0.4 >100 >100 >100  >100
51 49 0.5 0.5 NA NA NA NA
54 0.16 0.005 0.004 NA N2 NA NA
55. >5.0  0.41 0.33 Na ~ NA NA NA

10

NA - data are not available

The compounds of the invention inhibit protein kinase
C with an ICs5p value of below 100 ym. In addition, the
compounds of the invention selectively inhibit the beta-1 and
beta-2 protein kinase C isozymes and have an ICsp value with
respect to these isozymes of below 10 um.

As an inhibitor of protein kinase C, the compounds are
useful in the treatment of conditions in which protein kinase C
has demonstrated a role in the pathology. Conditions recognized

5.




4'""' -(N-pyrrolidine)-butane)-bis-(3,3 -indolyl)]-I(H- pyrrole-2 5-dione.
(R-3,4-[(NN-1,1"-((2"-ethoxy)-3""" - [
({))-4"'-(N—pyrrolidine)-b—utane)-bis-(3,3'-indonI)]-l(H)-REPIACMNTSM
pyrrol e-2,5-dione, a mxture thereof, or a pharnaceuticallly:jaccept abl e sal
or sol vent thereof. 6. A compound sel ect ed frorﬁ/ heZQ(E)SEB 1999
consisting of (S)-3,4-[(N,N-1,1'-((2"-ethoxy)-3""'""'-(0O
4' "' - (N-phenyl sul f onam do) - but ane) - bi s-(3, 3" -indolyl)]-
1(H) pyrrole-2,5-dione, (R-3,4-[(N, N 1491 -((2"-ethoxy)-
- (0-4" - (N—phenylsulfonamdo) butane) bis- (3,3 -

'| ndol yl )] -1(H)- E%rrol e-2, 5-di one, xture thereof, or a _pharpmaceutically
accept abl e sdft B¢ a6 \‘/Eﬁ]tuotener%b?betes “nel1itus and A8 FRingaotonshe

For nul a: [ gischemia, inflammation, central nervous system disorders,
cardiovascular disease, Alzheimer's disease, dermatological
disease and cancer.

—+
—+

) Protein kinase C inhibitors have been shown to block
inflammatory résponses such as neutrophil oxidative burst, CD3
down-regulation in T-lymphocytes, and phorbol-induced paw edema.
Twoemy, B. et al. Biochem, Biophvys. Res, Commun. 171: 1087-1092
(1990); Mulqueen, M.J. et al. Agents Actiong 37: 85-89 (1992).

10 Accordingly, as inhibitors of PKC, the present compounds are
useful in treating inflammation.

Protein kinase C activity plays a central role in the
functioning of the central nervous system. Huang, K.P. Trends
Neurosci, 12: 425-432 (1989). 1In addition, protein kinase C

15 inhibitors have been shown to prevent the damage seen in focal
and central ischemic brain injury and brain edema. Hara, H. et
al. J. Cereb. Blood Flow Metab. 10: 646-653 (1990); Shibata, S.
et al. Brain Res., 594: 290-294 (1992). Recently, protein kinase
C has been determined to be implicated in Alzheimer's disease.

20 Shimohama, S. et al., Neuroloav 43: 1407-1413 (1993).
Accordingly, the compounds of the present invention are useful
in treating Alzheimer's disease and ischemic brain injury.

Protein kinase C activity has long been associated
with cell grthh, tumor promotion and cancer. Rotenberg, S.A.

25 and Weinstein, I.B. Biochem, Mol. Aspects Sel. Cancer 1: 25-73

© (1991). 2Ahmad et al., Molecular Pharmacologv: 43 858-862

(1993). It is known that inhibitors of protein kinase C
inhibitors are effective in preventing tumor growth in animals.
Meyer, T. et al. Int, J, Cancer 43: 851-856 (1989); Akinagaka,

30 S. et al. Cancer Res., S1: 4888-4892 (1991). The compounds of
the present invention also act as multidrug reversal (MDR)
agents making them effective compounds when administered in
conjunction with other chemotherapeutic agents.

Protein kinase C activity also plays an important role

35 in cardiovascular disease. 1Increased protein kinase C activity
in the vasculature has been shown to cause increased

vasoconstriction and hypertension. A known protein kinage C
inhibitor prevented thig increage. Bilder, G.E. et al. J,




wher ei n:
al kyl ene,

saryl(CHerr])[err]O, -heterocycle-, -heterocycle-(CHerr]) err]C> -fused

S

bi cyclic-,

- 123 -
at kyl ene,

-(CHerr])[err]-AA-; Rlerr] is independently hy

or
S

Wis -0, -S-, -SO, -Sgerr]-, -CO,
ubstituted al kylene, Cerr]-Cerr] alkenylene

-fused bicyclic-(CHerr])[err]O, -NRerr]-, -
- NHCO- X and Y are independently
ubstituted al kyl ene, or together X, Y, and Wco

er2]l$EPGﬁ%k+
efr]-Clerr]
ine to form -
gen . hal o

Cerr]-Cerr] alkyl, 110 -
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Pharmacol, Exp, Ther, 252: 526-530 (1990). Because protein
kinase C'inhibitors demonstrate inhibition of the neutrophil
oxidative burst, protein kinase C inhibitors are also useful in
treating cardiovascular'ischemia and improving cardiac function
following ischemia. Muid, R.E. et al. FEBS Lett. 293: 169-172
(1990); Sonoki, H. et al. Kokyu-To Junkan 37: 669-674 (1989).
The role of protein kinase C in platelet function has also been
investigated and as shown elevated protein kinase C levels being
correlated with increased response to agonists. Bastyr III,
E.J. and Lu, J. Diabetes 42: {(Suppl. 1) 97A (1993). PKC has
been implicated in the biochemical pathway in the platelet-
activity factor modulation of microvascular permeability.
Kobayashi et al., Amer., Phys, Soc. H1214-H1220 (1994). Potent
protein kinase C inhibitors have been demonstrated to affect
agonist-induced aggregation in platelets. Toullec, D. et al. J.
Biol, Chem. 266: 15771-15781 (1991). Protein kinase C
inhibitors also block agonist-induced smooth muscle cell
proliferation. Matsumoto, H. and Sasaki, Y. Biochem. Biophvs.
Res. Commun, 158: 105-109 (1989). Therefore, the present
compounds are useful in treating cardiovascular disease,
atherosclerosis and restenosis.

Abnormal activity of protein kinase C has alsoc been
linked to dermatological disorders such as psoriasis. Horn, F.
et al. J, Invest, Dermatol, 88: 220-222 (1987); Raynaud, F. and
Evain-Brion, D. gxﬁélﬁ_pg;mgggl* 124: 542-546 (1991). Psoriasis
is characterized by abnormal proliferation of keratinocytes.
Known protein kinase C inhibitors have beeh shown to inhibit
keratinocyte proliferation in a manner that parallels their
potency as PKC inhibitors. Hegemann, L. et al. Arch. Dermatol,
Res. 283: 456-460 (1991); Bollag, W.B. et al. J, Invest,
Dermatol, 100: 240-246 (1993). Accordingly, the compounds as
inhibitors of PKC are useful in treating psoriasis.

Protein kinase C has been linked to several differént
aspects of diabetes. Excessive activity of protein kinase C has
been linked to insulin signaling defects and therefore to the

insulin resistance seen in Type II diabetes. Karasik, A. et al.
J. Biol, Chem, 265: 10226-10231 (1990); Chen, K.S. et al. Trans.
Asgoc, Am, Physicians 104: 206-212 (1991); Chin, J.E. et al. J,




hydroxy, (err]-Cerr] alkoxy, haloalkyl, nitro, ERgerr]R[err]., or
- NH err]-Clerr] alkyl); Rl err] is hydrogen - v
(-‘CH[Cg?][)[err]aryl, Clerr]-Clerr] alkyl, -cox(Cerr]-Cer REHI,A@EMEN[SHEET
-CONR[err]Rlerr], -(C=NH)NH[err], -SQ((err]-Cerr] alkyl},
-Sgerr](NRerr]Rerr]), or -SOerr](Cerr]-Cerr] alkyl) SEP
Rlerr] and R err] are independently hydrogen, Cerr]-Cer}] alg<9l, p??@ﬁyl
benzyl, or conmbine to the nitrogen to which they are bondpdte—form.a

saturated or unsaturated 5 or 6 nenber ring; Aﬁis an am no acid
resi due; mis mdependently 6111 2, or 3; and 5
i ndependently 2, 3, 4, or 5. 8. A conpound as clainmed in any

of clains 1 tmidifonemseeas piw- sBERUt193)) .. In addltiqn, sQuafescappound as
claimed in anyeghselaidp tebfcdh LOE-USG WR BEGA REIADE LG SRID 18011 NS

10. A conpound. as claimed in_ an Or Us€ as a Rancer

agent . tissues ¥nownptgpbe rFé’t,séﬁPFh%Jie Ferﬁ%ﬂ%tllﬁngo%ﬁﬁFF%QWQWh%n an
active i ngred?’é@ﬂsed torpeendlyvcemdicaromdfi dionany Ieee ©f-S. et al. J. Clin,

> Invest. 83: 90-94 (1989); Lee, T.-S. et al. Proc, Natl., Acad,
Sci., USA 86: 5141-5145 (1989); Craven, P.A. and DeRubertis, F.R.

J. Clin. Invest, 83: 1667-1675 (1989); Wolf, B.A. et al. J.
Clin. Invest, 87: 31-38 (1991); Tesfamariam, B. et al. J. Clin.
Invest. 87: 1643-1648 (1991).

10 The compounds of the invention are also isozyme-

selective. The compounds preferentially inhibit protein kinase
C beta-1 and beta-2 isozyme over the protein kinase C isozymes,
i.e., alpha, gamma, delta, epsilon, zeta, and eta. In general,
the compounds demonstrate a minimum of a ten fold differential

15 in the dosage required to inhibit PKC beta-1 or beta-2 isozyme
and the dosage required for equal inhibition of the alpha
protein kinase C isozyme as measured in the PKC assay.
Accordingiy, compounds of the present invention inhibit beta-1
and beta-2 isozymes of protein kinase C at much lower

20 concentrations with minimal inhibition of the other PKC

isozymes. This isozyme selectivity is demonstrated in Table 2
for a representative compound.

Table 2
25 Isozymes EDS0 ()
Compound (Ex) « B1 B2 Y & € 4 n
5 .28 0.019 0.005 .23 .31 1.0 38 0.035

Because of this selectivity, the compounds are
particularly useful in treating those disease states in which
protein kinase C isozyme beta-1 or beta-2 are associated. For

30 example, the elevated blood glucose levels found in diabetes
leads to an isozyme-specific elevation of the beta-2 isozyme in
vascular tissues. Inoguchi et al., Proc, Natl, Acad, Sci, USA
89: 11059-11065 (1992). A diabetes-linked elevation of the beta
isozyme in human platelets has been correlated with their

35 altered response to agonists. Bastyr III, E.J. and Lu, J.
Riabeteg 42: (Suppl 1) 97A-(1993). The human vitamin D



clains 1 to 6, associated with one or nore pharmaceutically acceptable
excipients, carriers, or diluents therefor.

-7 124 - 12. A process of preparing a conpound of CREPEAEE%QBWESQEE[

conpri ses: Combi ning a m xture of a conpound at a qofCentratiomn g
ahout 1.5 nolar to about 0.001 nolar of the formula: [err] 2 0 SEP 1999
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receptoxr has been shown to be selectively phosphorylated by

protein kinase C beta. This phosphorylation has been linked to

alterations in the functioning of the receptor. Hsieh et al.,
r 1. 2 i 88: 9315-9319 (1991):; Hsieh et al.,

5 J, Biol, Chem., 268: 15118-15126 (1993). In addition, recent work
has shown that the beta-2 isozyme is responsible for
erythroleukemia cell proliferation whiie the alpha isozyme is
involved in megakarvocyte differentiation in these same éells.

Murray et al., J. Biol, Chem, 268: 15847-15853 (1993).
10 The compounds of Formula I are preferably formulated

prior to administration. Therefore, yet another embodiment of
the present invention is a pharmaceutical formulation comprising
a compound of Formula I and one or more pharmaceutically
acceptable carriers, diluents or excipients.

15 The present pharmaceutical formulations are prepared
by known procedures using well known and readily available
ingredients. In making the éompositions of the present
invention, the active ingredient will usually be mixed with a
carriér, or diluted by a carrier, or enclosed within a carrier

20 which may be in the form of a capsule, sachet, paper or other
container. When the carrier serves as a diluent, it may be a
solid, semisolid or liquid material which acts as a vehicle,
excipient or medium for the active ingrediént. Thus, the
compositions can be in the form of tablets, pills, powders,

25 lozenges, sachets, cachets, elixirs, suspensions, emulsions,
solutions, syrups, aerosol (as-a solid or in a liquid mediuﬁ),
soft and hard gelatin capsules, suppositofies, sterile
injectable solutions and sterile packaged powders.

Some examples of suitable carriers, excipients, and
- 30 diluents include lactose, dextrose, sucrose, sorbitol, mannitol,
starches, gum acacia, calcium phosphate, alginates, tragacanth
gelatin, calcium silicate, mlcrocrystalllne cellulose,
polyvinylpyrrolidone, cellulosé, water syrup, methyl cellulose,
methyl and propylhydroxybenzoates, talc, magnesium stearate and

35 mineral oil. The formulations can addicionally include
lubricating agents, wetting agents, emulsifying and suspending
agents, preserving agents, sweetening agents or flavoring
agents. The compositions of the invention may be formulated so



and an al kyl ati ng agent at a concentration of about 1.5 nol ar
0.001 nol ar of the fornmul a: L-X
¥ wherein L is a |leaving group; wi th about 0.5 to about: 10 egurvatrents
of Cs[err]CJerr] at a rate fromabout 0.1 nL/hour to about 2.0 [/ '
a polar aprotic solvent. 13. A process of prepari a %Eﬁn@’
of Caim?7, which conprises, Conbi ni ng a conpound at ja
concentration of about 3 nolar to about 0.001 nolar of the forjul a:

- 113 -

VREPLACEMENT SHEF]

as to provide quick, sustained or delayed release of the active
ingrediént after administration to the patient. The compositions
are preferably formulated in a unit dosage form, each dosage
containing from about 1 to about 500 mg, more usually about 5 to

5 about 300 mg, of the active ingredient. However, it will be
understood that the therapeutic dosage administered will be
determined by the physician in the light of the relevant
circumstances including the condition to be treated, the choice
of compound to be administered and the chosen route of

10 administration, and therefore the above dosage ranges are not
intended to limit the scope of the invention in any way. The
term “unit dosage form” refers to physically discrete units
suitable as unitary dosages for human subjects and other
mammals, each unit containing a predetermined gquantity of active

15 material calculated to produce the desired therapeutic effect,
in association with a suitable pharmaceutical carrier.

In addition to the above formulations, the compounds
of the present invention may be administered topically. Topical
formulations are ointments, creams, and gels.

- 20 Ointments generally are prepared using either (1) an
oleaginous base, i.e., one consisting of fixed oils or
hydrocarbons, such as white petrolatum or mineral oil, or (2) an
absorbent base, i.e., one consisting of an anhydrous substance
or substances which can absorb water, for example anhydrous

25 lanolin. Customarily, following formation of the basé, whether
oleaginous or absorbent, the active ingredient (compound) is
added to an amount affording the desired concentration.

Creams are oil/water emulsions. They consist of an
oil phase (internal phase), comprising typically fixed oils,

30 hydrocarbons, and the like, such as waxes, petrolatum, mineral
oil, and the like, and an aqueous phase (continuous phase),
comprising water and any'wa;er—soluble substances, such as added
salts. The two phases are stabilized by use of an emulsifying
agent, for example, a surface active agent, ch as sodium

35 lauryl sulfate; hydrophilic colloids, such as acacia colloidal
clays, veegum, and the like. Upon formation of the emulsion,
the active ingredient (compound) customarily is added to an
amount to achieve the desired concentration.



- 125 - Jerr] wherein L[err] is independently a |eaving group;

with about 0.5 to about 10 equivalents of Cs[err]CJerr]

about 0.1 ni/hour to-about 2.0 nmL/hour in a polar.aprotic

at

q

b
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Gels comprise a base selection from an oleaginous
base, water, or an emulsion-suspension base. To the base is
added a gelling agent which fofms a matrix in the base,
increasing its viscosity. Examples of gelling agents are
hydroxypropyl cellulose, acrylic acid polymers, and the like.
Customarily, the active ingredient (compounds) is added to the
formulation at the desired concentration at a point preceding
addition of the gelling agent.

The amount of compound incorporated into a topical
formulation is not critical;-the concentration should only be a
range sufficient to permit feady application of the formulation
to the an affected tissue area in an amount which will deliver
the désired amount of compound .

The customary amount of a topical formulation to be
applied to an affected tissue will depend upon an affected
tissue size and concentration of compound in the formulation.
Generally, the formulation will be-applied to the effected
tissue in an amount affording from about 1 to about 500 pg
compound per cm? of an affected tissue. Preferably, the applied
amount of compound will range from about 30 to about 300 ug/cmz,
more preferably, from about 50 to about 200 ug/cmz, and, most
preferably, from about 60 to about 100 pg/cm2.

The following formulation examples are illustrative
only and are not intended to limit the scope of the invention in
any way. '

- Pormulation 1

Hard gelatin capsuleg are prépared using the

following ingredients:

Quantity

(mg/capsule)
Active agent 250

starch, dried 200
magnesium stearate 10

Total 460 mg

The above ingredients are mixed and filled into hard
gelatin capsules in 460 mg quantities.



14. A process for pfepari ng a conpound as clained in any gne of clainms 3 to.

6, which conpri ses: (a) Deprotecting a conpound of tpgRpr lrEy oy |
Ferr] wherein: Zis -(CHerr])[err]-; i aSHEET
protected hydroxy or protected amne; and p is independentlly O, 1 or 2; 4dnhg
(b) Optionally substituting the hydroxy or amine to 2 G SEP 1999
- 115—
Formulation 2
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15

20

A tablet is prepared ﬁsing the ingredients below:

Quantity
{(mg/capsule)
. Active agent . : 250
cellulose, microcrystalline 400
silicon dioxide, fumed . . : 10
" stearic acid S 5

Total - ' 665 mg

The cbmponents are blended and compressed to form tablets each
weighing 665 mg.

An aerosol solution is prepared containing the
following components:

Quantity

. {mg/capsule)
" Active agent . ' . 0.25
ethanol : : - 29.75
Propellant 22
(chlorodifluorcomethane) L 70.00
Total 1100.00

The active compound is mixed with ethanol, The
mixture is added to a portion of the Propellant 22, cooled to

=30°C and transferred to a filling device. The required amount

is then fed to a stainless steel container ‘and diluted with the

remainder of the propellant. The valve units are then fitted to
the container.
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R6 is hydroxy, -SH (ferr]-Cferr] alkyl, (m[err])[err]arvﬁ kiiflﬁ”g

~NHS err](Clerr]-Cerr]alkyl), -NHSOerr](CH err])[err]a
-NR[err]Rerr]; Rerr] is hydrogen or CJerr]-Cerr] alkyl
hydrogen, Cerr]-Cerr] alkyl, benzyl, or conbines with R
nitrogen to which they are bonded to forma saturated or

_Jnaaturated%§9or 6l
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menber ring. 15. A process for preparing a conpound of [ he—formite
[err] - 116 -
Formulation 4

Tablets each containing 60 mg of active ingredient are

made as follows:

Quantity
_ (mg/capsule)
Active agent 60 mg
starch _ 45 -mg
microcrystalline cellulose 35 mg
polyvinylpyrrolidone '

(as 10% solution in water) 4 mg
sodium carboxymethyl starch 4.5 mg
magnesium stearate 0.5 mg
talc ‘ 1 mg

Total 150 mg

The active ingredient, starch and cellulose are passed
through a No. 45 mesh U.S. sieve and mixed thoroughly. The

solution of polyvinylpyrrolidone is mixed with the

resultant

powders which are then passed through a No. 14 mesh U.S. sieve.

10 The granules so produced are dried at 50°C and passed through a

15

No. 18 mesh U.S. sieve. The sodium carboxymethyl starch,
magnesium stearate and talc, previously passed through a No. 60
mesh U.S. sieve, are then added to the granules which, after

‘'mixing, are compressed on a tablet machine to yield tablets each

weighing 150 mg.



wherein:
al kyl ene,
~aryl-(CH er
bi cyclic-,
or -NHCO ;

stubstituted al kyl ene, or together X, Y, and Wconbine t
-(CHerr])[err]-AA-;
Clerr]-Cerr] alkyl, hydroxy, Cferr]--Clerr] al koxy, haloarkyts
NR[err]Rerr], or -NHCO(C[err]-Clerr] alkyl);
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Wis -0, -S, -SO, -SJerr]-, -

substituted al kylene, Cerr]-Cerr] al kenylen
r])[err]O, -heterocycle-, -heterocycle-(CH efrfrTerrios
-fused bicyclic-(CHerr])[err]O, -NRerr]-, %g-
X and Y are independently C[err] eﬁﬁ? P&
hydrogen, hald,

(%)

Rlerr] is independentl

(o)

1o

Formulation 5

Capsules each containing 80 mg of medicament are made
as follows:

Quantity
. _ (mg/capsule)
Active agent 80 mg
starch 59 mg
microcrystalline cellulose _ 59 mg
magnesium stearate : 2 mg
Total ' : 200 mg

The active indgredient, cellulose, starch and magnesium
stearate are blended, passed through a No. 45 mesh U.S. sieve,
and filled into hard gelatin capsules in 200 mg quantities.

rmu ion 6

_ Suppositories each containing 225 mg of active
ingredient may be made as follows:

Quantity
(mg/capsule)
Active agent 225 mg
saturated fatty acid g19cerides 2,000 mg
Total 2,225 mg

The active ingredient is passed through a No. 60 mesh
U.S. sieve and suspended in the saturated fatty acid glycerides
previously melted using the minimum heat necessary. The mixture

is then poured into a suppository mold of nominal 2 g capacity
and allowed to cool.



%627-] < hvd ?Eﬁ{r] ii[hydrogen, CHerr]CO, NHerr], or hydroxy;
err] is hydrogen, err errjaryl, derr]-Cerr] al gy .

~coO(C[err]-Cerr] alkyl), -CONR[err]Rerr], -('C;Nki)NH[e1miPLACEMENI‘SflEET
-SO(derr]-Cerr] alkyl), SOerr](NRerr]Rerr]), or -SC{efrJ(Cerr]- r
al kyl); Rlerr] and R err] are independently.1yjrqgg EP 1
derr]-derr] alkyl, phenyl, benzyl, or conbine to the nft: ogenrs[o mgch
they are bonded to forma saturated or unsaturated 5 or p '

et —tRes
AA is an am no acid residue; - 118mis independenily 0, 1, Z;Uor 3;
and n is independently 2, 3, 4, or 5; substantralTy as
her ei nbef ore described with refereq&&mhiiéﬂﬁLgne of the exanpl es.

16. A conpound of the formula: ) Lerr]
Suspensions each containing 50 mg of medicament per 5

mi. dose are made as follows:

~

Quantity
{mg/capsule)

Active agent _ S0 mg
sodium carboxymethyl cellulose 50 mg
syrup 1.25 mL
benzoic acid solution _ 0.10 mL
flavor g.v.
color q.v.
purified water to total ' 5 mL

The medicament is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose and
syrup to form a smooth paste. The benzoic acid solution, flavor
and color are diluted with some of the water and added, with

10 stirring. Sufficient water is then added to produce the required

volume.
I ion
An intravenous formulation may be prepared as
15 - follows:
Quantity
. (mg/capsule)
Active agent 250 mg
isotonic saline - 1000 mg

The solution of the above ingredients is administered
intravenously at a rate of 1 mL per minute to a subject in need
20 of treatment.



wher ei n:

al kyl ene, substi al kylene, Cerr]-Cerr] al kenyl ene,
~aryl (CH err])[err] O, -heteroc -, -heterocycle-(CHerr

1 - fk\
or hech s MR AG" <  T] ose
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Claims
1. A compound of Formula:

" Wis -O, -S, -SO, -SQOerr]-, -CO, _Cerr]-err]

wherein:

W is -0-, -S-, -SO-, -S02-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryl-,

-aryl (CH2)mO-, —heterOCycie—, —hetérocYcle—(CHz)mO—, -fused
bicyclic-, -fused bicyclic-(CH2)mO-, -NR3-, -NOR3-, -CONH-,
or -NHCO-;

X and Y are independently C1-C4 alkylene,
substituted alkylene, or together X, Y, and W combine to
form -(CH2)n-AA-;

R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4Rs, or
~-NHCO (C1-C4 alkyl);.

R2 is hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hydrogen, (CH2)marvl, C1-C4 alkyl,
-COO(C1-C4 alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkyl),
-502 (NR4Rs5), or -S02(C1-C4 alkyl);

R4 and Rs are indépendently hydrogen, C1-C4
alkyl, phenyl, benzyl, or combine to the nitrogen to which
they are bonded to form a saturated or unsaturated 5 or 6



X and Y are infpendentlyT:[errj qerr] al kyl ene, substit

together X Y, a tm-(CH err])[err]-AA-; SHEET
Rerr] is indepe mmm "jmm halo Cerr]-Cerr] al

. Nydroxy;
rr err] al kaexyg *nltro NR[ err err], or
E:[NHCO](C[CEarr]]C[err]yal kyl); R[REarr]]:Q[s hy!jrog n, 02_|[0€§§TC‘E§9
NH err], or hydroxy; Rl err]- ngghydrogen, (CH e..])[err}é“'l
Cerr]- C[err] al kyl, -CcoO(Cerr]-Cferr] alkyl), -CONR erf]R err],
-(C=NH)NH err], q err]- C[err] al kyl), -SQerr](NR[errjR[errj.), o
_sgerr](derr™ &?@r%m a'kyl) Rlerr] and Rlerr] are

i ndependent |y hydrogen, 2§ eﬁr?!l Greimo] agigyfesighenyl , benzyl, or conbine to
the nitrogen to which th(e)isaliﬁda&m&dtlp Gorm a,satw ate@d or unsaturated 5

or 6 menber ring; n n aqlld esi qye; mis
|ndependently0 1, or f é%)érﬁie(mlg > I'S ?nde endently 2, 3, 4, or

5; substantid |p§;na51§a<y@+télcag,é¥0qcé:e@égg}? b%"i‘j“wqrhs?la‘f% ©FCETEY any of t he

exanpl es.

2. A compound of Claim 1 wherein:

W is -O0-, -S-, -80-, -S502-, -CO-, C2-Cg
alkylene, substituted alkylene, C2-Cg alkenylene, aryl,
-heterocycle-, fused bicyclic, -NR3-, -NOR3-, -CONH-, or
-NHCO- ; '

X and Y are independently C1-C4 alkylene,
substituted alkylene, or together X, Y, and W combine to
form -(CH2)n-AA-;

R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, -NH{C1-Ca alkyl),
-N(C1-C4 alkyl)2, or -NHCO(C1-C4 alkyl); '

Rz is hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hydrogen, (CH2)pmarvl, C1-C4 alkyl;
-COO(C1-C4 alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkyl),
-802 (NR4R5) , or -502(C1-C4 alkyl); "

R4 and Rs are independently hydrogen, C1-C4
alkyl, benzyl, or combine to the nitrogen to which they are
bonded to form a saturated or unsaturated 5 or 6 member
-ring;

AA is ah amino acid residue;

m is independently 0, 1, 2, or 3; and

n is independently 1, 2, 3, 4, or 5.
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3. A compound of Claim 2, which is of the
formula: '

Rg

wherein:

Z is -(CH2)p- or -(CH2)p-O-(CH2)p-;

Re is hydroxy, -SH, C1-C4 alkyl, (CHp)maryl,
-NH(aryl), -NHSO2(C1-Cgalkyl), -NHSO3(CH2)maryl, or -NR4R5;

" R4 is hydrogen or C1-C4 alkyl;

Rs is hydrogen, Ci-C4 alkyl, benzyl, or combines
with R4 and the nitrogen to which they are bonded to form a
saturated or unsaturated 5 or 6 member ring;

p is independently 0, 1 or 2; and

m is independently 0, 1, 2, or 3.

4. A compound selected from the group
consisting of (R)-3,4-[(N,N'-1,1'-((2'*'-ethoxy)-3"'"'"(0)-

4'''-(N,N-dimethylamino) -butane) -bis- (3,3 -indoly1)]-1 (H) -
pyrrole-2,5-dione, (S)-3,4-((N,N'-1,1'-((2''-ethoxy)-
3'''(0)-4*"''-(N,N-dimethylamino) -butane) -bis-(3,3'-

indolyl)]—l(H)—pyrrole-z,s-dione, a mixture thereof; or a
pharmaceutically acceptable salt or solvate thereof.
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S. A compound selected from the group
-consisting of (8)-3,4-[(N,N'-1,1'-((2*"-ethoxy)-3"'''-(0)-
4''*-(N-pyrrolidine) -butane)-bis-(3,3'~-indolyl)]-1(H) -
pyrrole-2,5-dione, (R)-3,4-[(N,N'-1,1'-((2%-ethoxy)-3'''-
(0)-4'''-(N-pyrrolidine)-butane) -bis-(3,3" -indolyl)1-1(H) -

pyrrole-2,5-dione, a mixture thereof, or a pharmaceutlcally
acceptable salt or solvent thereof.

~ 6. A compound selected from the group
consisting of (S)-3,4-[(N,N'-1,1'-((2"-ethoxy)-3'"''-(0)-
4'''-(N-phenylsulfonamido) -butane) -bis-(3,3'-indolyl)]-
1(H) -pyrrole-2,5-dione, (R)-3,4-[(N,N*-1,1'-((2"-ethoxy) -
3'**-(0)-4"'"'"'-(N-phenylsulfonamido) -butane)-bis-(3,3'-
indolyl)]-1(H) -pyrrole-2,5-dione, a mixture thereof, or a
pharmaceutically acceptable salt or solvent thereof.

7. A compound of the Formula:

wherein:

V is -0- or N-CH3; _

W is -O-, -8-, -80-, -S02-, -CO-, C2-Cg
alkylene, substituted alkylene, C2-Cg alkenyléne, -aryl-,
-aryl (CH2)mO-, -heterocycle-, -heterocycle-(CH2)nO-, -fused
bicyclic-, -fused bicyclic-(CH2)mO-, -NR3-, -NOR3-, -CONH-,



REPLACEMENT SHEET

2 0 SEP 1999

A Al

- 123 -

or -NHCO-; _ .

X and Y are independently Cji-C4 alkylene,
substituted alkylene, or together X, Y, and W combine to
form -(CH2)pn-AA-;

R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4Rs, or '
-NHCO(C1-C4 alkyl); -

R3 is hydrogen, (CH2)maryl, C1-C4 alkyl,
-CO0{C1-C4 alkyl), -CONR4R5, -(C=NH)NH2, -SO(C1-C4 alkyl),
-S02 (NR4R5), or -S02(C1-C4 alkyl);

R4 and Rs are'independently hydrogen, Ci1-C4
"~ alkyl, phenyl, benzyl, or combine to the nitrogen to which
they are bonded to form a saturated or unsaturated 5 or 6
member ring;

AA is an amino acid residue;

m is independently 0, 1, 2, or 3; and

n is independently .2, 3, 4, or 5.

8. A compound as claimed in any of claims 1 to
6 for use as pharmaceutical.

9. A compound as claimed in ény of claims 1 to
6 for use in treating diabetic complications.

10. A compound as claimed in any of claims 1 to
6 for use as a anticancer agent.

11. A pharmaceutical formulations comprising as
an active ingrediant a compound as claimed in any one of
claims 1 to 6, associated with one or more pharmaceutically
acceptable excipients, carriers, or diluents therefor.
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12. A process of preparing a compound of Claim
7, which comprises: '
Combining a mixture of a compound at a

concentration of about 1.5 molar to about 0.001 molar of
the formula:

and an alkylating agent at a concentration of about 1.5
molar to about 0.001 molar of the formula:

L—X
pY
/

L—Y

wherein L is a leaving group;

with about 0.5 to about 10 equivalents of Cs2C03 at a rate

from abpdt 0.1 mL/hour to about 2.0 mL/hour in a polar
aprotic solvent.

13. A process'of preparing a compound of Claim
7. which comprises,

Combining a compound at a concentration of about
3 molar to about 0.001 molar of the formula:



[E IR |

24

T | 2uste aee

/ H
X

wherein L2 is independently a leaving group;

with about 0.5 to about 10 equivalents of Cs2C03 at a rate

from about 0.1 mL/hour to about 2.0 mL/hour in a polar
aprotic solvent. '

14. A pfocess for preparing a compound as
claimed in any one of claims 3 to 6, which comprises:
{a) Deprotecting a compound of the Formula:

. Z

| R
wherein: 2 is -(CH2)p-; Rg' is a protected hydroxy or
protected amine; and p is independently 0, 1 or.2; and

(b) Optionally substituting the hydroxy or amine to



[ |

!

I ————

REPLACEMENT SHEET

TN

- 126

20 SEP 1999

prepare a compound as claimed in any one of claims 3 to 6
wherein Rg is hydroxy, -SH, C1-C4 alkyl, (CH2)paryl,

-NH(aryl), -NHSO2(Cj1-Cgqalkyl), -NHSO2(CH2)maryl, or -NR4Rsg;
R4 1s hydrogen or C1-C4 alkyl:; Rsg, is hydrogen, C1-C4 alkyl,
benzyl, or combines with R4 and the nitrogen to which they

are bénded to form a saturated or unsaturated 5 or 6 member
ring.

15. A process for preparing a compound of the formula

wherein: _ -

W is -0~-, -8-, -80-, -803-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryl-, :
-aryl (CH2)pO-, -heterocycle-, -heterocycle-{(CH2)n0-, -fused
bicyclic-, -fused bicyclic*(CHé)mO—, -NR3-, -NOR3-, -CONH-,
or -NHCO-;

X and Y are independently C71-C4 alkylene,
substitﬁted alkylene, or together X, Y, and W combine to
form - (CH2)p-BAA-;

R1 is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-Ca alkoxy. haloalkyl, nitro, NR4R5, or
-NHCO(C1-C4 alkyl);
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R2 1s hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hydrogen, (CH2)pmaryl, Ci1-C4 alkyl,
~-CO0(C1-C4 alkyl), -CONR4Rs5, -(C=NH)NH2, -50(C1-C4 alkyl),
-S02 (NR4R5), or -S02(C1-C4 alkyl);

R4 and R5 are independently hydrogen, C1-Ca
alkyl, phenyl, benzyl, or combine to the nitrogen to which
they are bonded to form a satarated or unsaturated 5 or 6
member ring; )

AA is an amiho.acid residue;

m is independently 0, 1, 2, or 3; and

n is independently 2, 3, 4, or 5;

substantially as hereinbefore described with reference to
any one of the . examples.

16. A compound of the formula:
Ra

wherein: o
W is -O-, ~S8-, -80-, -802-, -CO-, C2-Cg alkylene,
substituted alkylene, C2-Cg alkenylene, -aryl-,

. —aryl{CH2)mO-, -heterocycle-, -heterocycle-(CH2)mO-, -fused

bicyclic-, -fused bicyclic-(CH2)mO-, -NR3-, -NOR3-, ~-CONH-,
or -NHCO-;
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X and Y are independently C3-C4 alkylene,
substituted alkylene, or together X, Y, and W combine to
form - {(CH2)n-aA-;

Rl is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, NR4Rs5, or

. -NHCO(C1-C4 alkyl);

R2 is hydrogen, CH3CO-, NH2, or hydroxy;

R3 is hYdrogen, (CH2)maryl, C1-C4 alkyl,
-CO0(C1-C4 alkyl), -CONR4Rs5, -(C=NH)NH2, -SO(C1-C4 alkyl),
-802 (NR4RS§), or -S02(C1-C4 alkyl);

R4 and Rs are independently hydrogen, C1-C4
alkyl, phenyl, benzyl, or combine to the nitrogen to which
they are bbnded to form a saturated or unsaturated S or 6
member ring;

AA is an amino acid residue;

m is independently 0, 1, 2, or 3; and

n is independently 2, 3, 4, or 5;

substantially as hereinbefore described with reference to
any of the examples.
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PROTEIN KINASE C INHIBITORS

Abstract

This invention provides novel bis-indolemaleimide
macrocycle derivatives of the formula:

A ]
(X) ()
o~ (W)/

The invention further provides the preparation,

pharmaceutical
formulations and the methods of use for inhibiting Protein
Kinase C in mammals.

®




