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C (PKC) consi's of a famly of closely related enzynmes that function
as serine/threonine 5 kinases. Protein kinade C plays an inportant role.in
cell - cel | 5|gnaling_ﬁ§ene expression, and_in the control of cel
differentiation and ¥ﬁ%§%ﬁtpr9héﬁé Kipase G inhiRitors | east
ten known -i'sozynes of PKC that differ in their tissue distribution,

enzymati c specificity, and 10 regqgulation. N shizuka Y. Annu_, Rev.
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certain menbrane | gy diee SYCRiASsE! @cybalzipﬁ.@rsola&et isaitngais_e ﬂ)épﬁﬁébﬁgde
in response to the activities of gggsgholi ases. Bell Bur ns,
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activation. The zeta_and |anbda forns of PKC are . 1127
PCT/ US97/ 0738pd variable regions. The catalytic domain of proteln

kinase C is very similar to that seen in other protein
kinases while the regulatory domain is unique to the PKC
20 .isozymes. The PKC isozYmes démonstrate between 40-80%
homology at the amino acid level among the group. However,
the homolon of a single'isozymg between different species
is generally greater than 97%. |
Protein kinase C is a membrane-associated enzyme
25 that is allosterically regulated by a number of faétors,
including membrane phospholipids, calcium, and certain
membrane lipids such as diacylglycerols that are liberated
in response to the activities of phoépholipases. Bell,
R.M. and Burns, D.J., J. Biol. Chem. 266: 4661-4664 (1991);
30 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
35 activation. The zeta and lambda forms of PKC are



-2- i ndependent f both cal ci um and diacylglycerol and are

believed to require only menbrane phospholipid for’ t hei f . activation.
Only one WP 9TMHB28f the protein kinase Cisozymes 5 nay be PEVYFYMN3HZ a

gi ven di sease state. For exanple, the el evat ed bl ood gl'ucose | evels
found in diabetes lead to an- | sozynme-specific el evation of the beta-2

i sozyne in vascul ar tissues. Inoguchi et al., Proc. Natl. Acad.

Sci. USA 89: 11059-11065 (1992). A diabetes-linked 10 el evation of the beta
i sozynme in human platelets has been -2e€orrelated with their altered
response to agoni sts. Bastyr 11, E.J. and Lu, J. Diabetes 42: (Suppl.
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phosphorylatlon has been nked to alterations In functioni ng of
the recept AtHEAEICR: al ., Proc. Natl. Acad. Sci. USA 88: 9315-9319
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of i cacy  TIEPRISC ang BACTGS pRUHRR M WadbbL Co fEBRD 18680 At e
St aur ospor iThe Quma%rﬁﬁtamlnn@omgﬂﬁgﬁﬁﬁﬂhis|h§QP£§h?MMeh9 behi bi t or of
protei n ki ngstedeival ghééﬁﬁb&fMdﬂéd by protein kinase C beta. This

PCT/USQ?/OI 02 MD ? ation has been linked to alterations in the
functlonlng 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 responsible for
20 erythroleukemia cell proliferation while the alpha isozyme
is involved in megakaryocyte differentiation in these same
cells. Murray et al., J. Biol. Chem. 268: 15847-15853
(1993). '
The ubiquitous nature of the protein kinase C
25 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
30 protein kinase C isozymes relative to the other PXC
isozymes and other protein kinases are superior therapeutic
agents. Such compounds should demonstrate greater efficacy
and lower toxicity by virtue of their specificity.
Staurosporine, a microbial indolocarbazole, is a
35 potent inhibitor of protein kinase C that interacts with



- 3-. the catalytic domain of the enzyne. Tamamoki et al., Bi ochem

Bi ophys. Res. Commrun.: 135:* 397-402 (1986); G o0ss et al., fHosemT02
Phar macol .W@@74823_ 350 (1990). However, ~ the therapeutic useful ness of
this nmolecule and closely 5 related conpounds is limted by the | ack of
specificity for protein kinase C over other protein kinases. Ruegg,

U T. and Burgess, GV, Trends Pharmacol. Sci. 10: 218-220 (1989).
This lack.of selectivity results in unacceptable toxicity in this class
of - nol ecul es. 10 An addltlond1 class of conpounds related to
staurosporine, the b|$|nﬂol nale|n1 e f recent
work. Davis &beycat ?ma§§9 6183 %%FTQ ; mgg Eméiﬂ'
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Celative t5 tagusic, T yifé&‘)és"%%ﬁ%%é&h’ Hesy1eh 1k BnaRidepeggla®
"49: 239-250 (cbeﬁz;;twmm this class Qﬁdmlmve}resc A, Ml ec. Pharnacol .
41: 387-392 (1992) . t%&gfé%ghakh%ﬁl@aﬁ W Suk@BPedndc e [to (3-

di net hylam nopropyl) -in 141 ndol
pyrrol e- 2, 5- GLANEOSRAPFRES, JCRE; H?1§§H&§W%%Qﬁﬂ¥4% héagon§£(5Qﬁnf°cus
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Marti ny- Bar oa_zat 408771082 0k 198A3m Teed:lerl et Gk, (degBjiol3s Ghem. rd&h:
et al. CHgH72. 19765 BPSoSPT DAYID) et al., g\WuEd/4éheh. 35: 994-
PCT/USQ 7 1001 (1992); Bitetal., J. Med. Chem. 36: 21-29 (1993).
Some of these compounds have demonstrated selectivity for
protein kinase C over other protein kinases.
Although compounds that demonstrate specificity
20 to protein kinase C have been discovered, very little is
known regarding isozyme.selectivity. For example, analysis
of the isoiyme selectivity of staurosporine, shows little
isozyme selectivity with the exception of poor inhibition
of the zeta isozyme relative to the other isozymes. 50

25 McGlynn et al., J. Cell. Biochem. 49: 239-250 (1992); Waxrd,
N.E., and O’'Brian, C.A., Malec. Pharmacol. 41: 387-392

'(1992). Studies of the PKC-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
30 calcium dependent isozymes. Toullec et al., J. Biol.
Chem. 266: 15771-15781 (1991). Subsequent studies of this
compound observed no difference, or possibly slight
selectivity, for alpha over beta-1 and beta-2 isozymes.
Martiny-Baron et al., J. Biol. Chem. 268: 9194-5197 (1993);
35 Wilkinson, et al., Biochem. J. 294: 335-337 (1993).



-4- Therefore, despite years of research and the identification

of classes of conpounds that inhibit protein ki nase C * ver sus ot her
prot ei n WOEdE27 t here remai ns a need. for t her apeut i c RFHUSHPRRZ; e

| sozyne-sel ective inhibitors. 5 | sozyne-sel ective inhibitors have
utility in treating conditions associated with di abetes nellitus and
Its conplications, in addition to treating ischem a, I nfl amati on,
central nervous system di sorders, cardi ovascul ar di sease,

der mat ol ogi cal di sease and cancer. 10 -4- One enbodi nent of the
present invention are PKC inhibitors of Formula I: 15

[err] Therefore, deppitenyeags of regearchiaudpthecidentifdcagdon

hal o, hydre&yclgsea'éé &eebiiounasaldﬁen iq}?.{ﬁit q:@éeé;ﬁl k9X4se C

NR[ err err - NH err r.r] alk err err
alRLyl e]ns[ olE &H’aﬁ Rﬂgg e-a El%ﬁvo jere re!&%??]alcfslﬁ ]fa%tkﬂ ]

Wis err}:h@[z@rrdutﬁickalmeeﬁﬁécnd.&iel yi.aid;&ﬁe-tsébdcmhré bahdbltozs.
and W e BEPRYRERRksestye; dnnipitors have utility in ergafipely from |
the group comdidtionp cissociated with diabetes mellitus and its
complications, in addition to treating ischemia,
inflamation, central nerwvous system disorders,
cardiovascular disease, dermatological disease and cancer.
10 One embodiment of the present invention are PKC
inhibitors of Formula I:

R
15 o | -
R! | R’
_ - _ N N _ : N P
: : : T 1]
. 7 P
wherein;
25 R’ is independently hydrogen, halo, hydroxy, C,-C,

alkyl, C;,-C, alkoxy, NR;R, or -NHCO(C,-C, alkyl);
T is C,-C, alkylene optionally substituted with halo or
C;-Cy alkyl;
W is C,-C, alkylene optionally substituted with halo or
30 GC,-C; alkyl; h

Y
J is | _
-X-C- or when T and W are both methylene, J is
i )
35 S

selected from the group consisting of
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- 5- . wodfaiid ¢ wherein n and m are i nd@oaviEReoOT3021 or
2; I's oxygen, sulfur or a bond between the carbon atons 15
‘bridged by X; Y.is halo, (Jerr]-Cferr] alkyl or hydrogen;

Rlerr] is hydrogen or (Jerr]-Clerr] alkyl; Sis -CHO or the group
20 [err] 25 . wherein Mis hydrogen, -CHerr]OR err] ,

-CH err]NRerr] R err] or-’-NR[err]R[errh;iés_ R2 is hydrogen or

hal o; _ Z is hydrogen or -

(CH2)n L/halo (CHz)n (CH2)m . _
J | \_4/ ' H/ NRsR, and
- NRala halo

halo\c (CHz)n

10 ~——NR3R¢

wherein n and m are independently 1 or 2;

X is oxygen, sulfur or a bond between the carbon atoms
15 Dbridged by X; :

Y is halo,. C,-C, alkyl or hydrogen;

R, is hydrogen or C,-C, alkyl;

‘§ is -CHO or the group

20
/Z
25 2
wherein M is hydrogen, -CH,OR; , -CH,NR;R, or -NR;R;;
R, is hydrogen or halo;
Z is hydrogen or -OR;;
30 wherein R; and R, are independently hydrogen, C,-C,

alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl)
or taken together with the N atom to which they are bound
form a 5 or 6-membered ring; and
R; and R, are independently hydrogen, C,-C, alkyl,
35 halo(C,-C, alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl) or



- 30 wherein R3 and R4 are mdependently hydrogen, Cerr]-Cerr]
alkyl, halo(derr]-C[err] alkyl), err]-Cerr] alkanoyl

" hal o( (] eMO &7y ] al kanoyl ) or taken together with t h@EUIBNIB whi ch
t hey are bound forma 5 or 6-nmenbered ring; and Rlerr] and
Rlerr] are independently hydrogen, (err]-Clerr] alkyl, 35

hal o(Clerr]-Cerr] alkyl), (err]-CJerr] al kanoyl, halo((err]-Cerr]

al kanoyl ) or = - ' V\D 97/ 41127

PCT/ US97/ 07302 ~6- - 6- together forma
di val ent group selected fromthe oup consistin CRlerr]Rerr]-
~ wherei n REPFPLRAY ROZAY B Siya eglﬁ‘é‘ﬁPl gelectrdy %‘{ﬂh the FFPUR  err ]

al FKI tﬁr h@bﬁé%fﬁ hh- GlFer-icR, -kWﬁeﬁé:.B[E{ And e, ey r:]nd di¥&ident1{0get her
Wi e omto whjc are or er e | ng
provi ded t%&érggepe\g’gl ahé‘q %#f%‘é ‘saﬁgmﬁoror R gnﬁg

substi t ut edogettpr with ame Wartmdoatdn whkiohl ehey are bound for:hna 5
accordance h di ment of the present invention novel

i nter rT§d| a?gs&o?ggﬁégggr%u% are 10 al so provided: [err] 15

20 wher ei n; provided tRatj §lt'| ARahdene| PEhydr Sge¥ oW, isyabeyer

I3 K
-C[Nagol( C[C[e(raéf]ril%::[l'gr rsﬁbgll‘_:.;/:z)ge@’ 'Jrddis) Mbr b kany wNBker Hdire rrﬁétl%lene

oxygen or -N-; In cordance with another emboé:.metlt of the
present invention novel intermediates of the Formula II are

10 also provided:

IXI

15
20

where:.n,

' R’ is :mdependently hydrogen, halo, hydroxy, C,-C,

alkyl, C,-C, alkoxy, NR;R; or -NHCO(C;-C, alkyl);

CH,

25 | )

V is oxygen or -N-;
T is C;-C, alkylene optionally substituted with halo or
C,-Cy alkyl; _
W is C,-GC, aikylene optionally substituted with halo or
30 ¢,-C, alkyl;

Y
J is |
-X-C- or when T and W are both methylene, J is
i
35 . S

- gelected from the group consisting of



T IS C[err] C[err] al kyl ene optionally substituted with halo or

derr]- Wdéblﬂgﬁl,x Wis (err]-Cerr] alkyl ene opptomsyinrioz
substitute alo or 30 (err]-Cerr] alkyl; Jis I
[err] or when T and Ware both nethylene, J is 35° “selected fromthe
group consisting of WO 97/ 41127
PCT/ US97/ 07302 . -7- [err]
wherein n and mare independently 1 or 24.15 X is oxygen, sulfur or
a bond between the carbon atom bri dged by X Y is hal o,
Cerr]-Cerr] alkyl or hydrogen; - Sis -CHO or the group
l I CHz
5 (CH2)n c—DB310 ( )I'(CHZ)m
\—(/ l>=</m31h and
halo L I
10 —~ (CH2)n
NR3R4

wherein n and m are independently 1 or 2;
15 X is oxygen, sulfur or a bond between the carbon atom
. bridged by X;
| ¥ is halo, C,-C, alkyl or hydrogen;
S is -CHO or the.group -

20

25

wherein M is hydrogen, -CH,OR; , -CH,NR;R, Or -NR;R,;
R, is hydrogen or halo;
Z is hydrogen or -ORg; _

30 wherein R, and R, are independently hydrogen, C,-C,
alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl)
or taken together with the N atom to which they are bound
form a 5 or 6-membered ring; and

_ Rs and Ry are independently hydrogen, C,-C, alkyl,

35 halo(C,-C, alkyl), C,-C; alkanoyl, halo(C,-C, alkanoyl) or



20 [err] ~ wherein M
is hydrogen, -CHerr]ORlerr], CH[err]NR[err]R[err‘] or’ erH err
Rlerr] iYOR#MBen or hal o; Z is hydrogen or C]%Ei’ &%04

wherein R3 and R4 are independently hydrogen, Cerr]-Cerr] al kyl,

hal o(Cferr]-Clerr] alkyl), Cerr]-Clerr] al kanoyl, halo(Clerr]-Cerr]

al kanoyl ) or taken together with the N atomto which they are bound
forma 5 or 6-nmenbered ring; and ' R[err] and Rlerr] are

i ndependent |y hydrogen, Cerr]-Clerr] -8&8-kyl, 35 halo(C[err]-Clerr] alkyl),
Cerr]-Clerr] al kanoyl, halo(Cerr]-Cerr] aI kanoyl ) or WO 97/ 41127

PCT/ US97/ ozegether orm a divalent group selectedg.from theo@moup forma

di val ent gegHpiselidel ¥t fJ@R[ hawitefePn R, HRIH,Sh err]-
wherein Rlerr ]Bland err] are | ndependent'f % k%é'gxfr?e Cler rrid% err]

d
al kyl or hByéregen.| Cgr s Alikyk oy lﬂﬁlﬂfgvrlqt EﬁHYi[)ePrz] RraRBq Ry té}lﬁ@fét her
with the Gcégéﬁhbﬁ' VMith'h tHee ) atoh OtB Owh9ER) 8héy arel b@dﬂﬁ%ﬁﬂdlmg
prowddthata asteFone.on S, Tor Wis halo or a halo -
subst i Put €9%g oﬁ‘ﬁ"‘g 18NV are both met hyl ene. One aspect
of the present pmostidedh thata aletheaist onef ofir ¥pasi,nT e Wdsphaids of

0o00r ol & HRLbS sUB it uha YD 01 of O all Akl Cﬁ{gerg}léﬁb of - about

0. 001 nol ar ound o
One aspect of the present invention is a method

of preparing the compounds of Formula I comprising the
10 steps of combining at a concentration of about 0.001 molar
to about 1.5 molar of a compound of the formula:

15

20
wherein V is oxygen or NCH;;
R’ is ::.ndependently hydrogen, halo, hydroxy, C,-C,
alkyl C,-C, alkoxy, NR;R, or -NHCO(C, C, alkyl); and '
an alkylating agent at a concentration of about 0.001
25 molar to about 1.5 molar of the formula:

W
30 \J/

wherein

L is a leaving group;

T is C,-C, alkylene optionally substituted with halo or
35 (-G, alkyl;




[err] 20

wherein V is oxygen or NCH3; R is

I ndependeriyo/otitidsroen, hal'o, hydroxy, Cerr]-Cerr] al kybeTnse7/07302
Cerr]-Cerr] alkoxy, NRerr]Rerr] or -NHCO C[err]-C[err] alkyl); and

an al kyl ating agent at a concentration of about 0.001 25 nolar to about 1.5

nol ar of the formula: [err] 30 wherein- - Lis a
I eaving group; Tis err]-(Jerr] alkylene optionally substituted .
wi th hal o -or 35 C[err] Cerr] alkyl; -9- WO 97/ 41127

PCT/ US97/ 07302 - 9- Wis

Jerrl-Gerrl 2 ko o1e epd, oAty eHp Y8R | BubBoclies wien bato or

Cerr]-Cerr
bot h net hyl €

10

15

20

25

30

35

al k
L'Fe Cg 3lkyl; selected fromt he group consisting of

Y
J is l
-X-C- or when T and W are both methylene, J is
I
S

selected from the group consisting of

(CI.'Hz)n (lz/halo (CH2)n (CH2)m

! . NR3aRa and

NR.
3Rqa hao

\L (C'Hz)n

~NR3R4

wherein n and m are independently 1 or 2;

X is oxygen, sulfur or a bond between the carbon atom
bridged by X;

Y is halo, C,-C, alkyl or hydrogen,

S is -CHO or the group

wherein M is hydrogen, -CH,0R; , -CH,NR;R, or -NR,R,;
R, is hydrogen or halo; and



10 [e'rr] 20 wherein n and mare |ndependently 1 or 2;

X is oxygen, sulfur or a bond between the carbon atom - br|d X; 25
Y is hal ,OH'@FH-C[err] al kyl or hydrogen; Sis -C?ET roup
Terr] ' 35 wherein Mis hydrogen, -CHerr]ORerr] ,
-CH err]NRlerr]R[err] or -NRerr]Rerr}]; R2 is hydrogen or hal o;

- and WO 97/ 41127 _

- PCT/ US97/ 07302 : 1°~ - 10-

Z is hydrogen or -OR;
wherein R; and R, are independently hydrogen, C;-C,
alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo(C;-C, alkanoyl)
- or taken together with the N atom to which they are bound
S form a 5 or 6-membered ring; and
R; and R, are independently hydrogen, C,-C, alkyl,
halo(C;-C, alkyl), C,;-C, alkanoyl, halo(C,;-C, alkanoyl) or
together form a divalent group selected from the group
consisting of -CR;Rs- wherein R, is hydrogen or methyl and R,
1¢ is C,-C, alkyl, halo(C,-C, alkyl) or taken together with the
C atom to which they are bound form a 5 or 6-membered ring,
‘and about 0.5 to about 10 equivalents of Cs,CO; at
a rate of about 0.1 mL/hour to about 2.0 mL/hour in a polar
aprotic solvent.
15 In accordance with one embodiment of the present '
invention, a compound of Formula III is provided:

20 0
\
25
wherein; _
R, is (,-C, alkyl or hydrogen;
30 T is C,-C; alkylene optionally substituted with halo or

C,-Cs alkyl;
W is ethylene optionally substituted with halo or
C-C, alkyl; -
X is oxygen, sulfur or a bond between the carbon atom
35 Dbridged by X;



Z is hydrogen or -ORlerr]; wherein Rlerr] and Rlerr] are

i ndependentyy oifiregert, Cerr]-Jerr] al kyl , hal o( C err] rCrarssyno73o2

al kyl), Cerr]-Cerr] al kanoyl, halo(C[err]-Clerr] al kanoyl) or taken
together with the N atomto which they are bound 5 forma 5 or 6-nenbered
ring; and Rlerr] and R err] are independently hydrogen,

Cerr]-Cerr] alkyl, hal o(Clerr]-Cerr] alkyl), (err]-Cerr]
al kanoyl, halo((err]-Clerr] alkanoyl) Qnqj. t oget her form a dival ent
group selected fromthe- group consisting of -CRlerr]Rerr]- wherein

Rierr] is hydrogenyofgnghigl, eldcRaan 1o nfdﬁ:?éﬁl-c[err] al kyl, .~

hal o(Cerr]-Cerr] al:kyl%or taken together wth the C atomto which
they are bound for$ 385~ EFOso%: RS &3“%?"}1?19, and about 0.5 to
about 10 equivalents of Cs[err]Cderr] at a rate of about 0.1 nL/hour
to about 2.0 nlL/hour in a polar aprotic solvent. 15 In
accordance with one enbodi nent of the present . I nyention, a conpound of
Formula 1%l is provided: [err] wher ei n;

Rlerr] is (Jerr]-Cerr] alkyl or hydrogen; 30 ——C-+—M C2-C4 al kyl ene
optional I'y substituted with halo or Cerr]-Cerq] alkyl; Wis
et hyl ene optionally substituted with halo or aérr]-Cerr] alkyl;

X is oxygen, sulfur or a bond between the carbon at 35 bridged by X

WO 97/ 41127 PCT/ US97/ 07302

10 wherein M is hydrogen, -CH,0Rs; , -CH,NR;R; or -NR;R,;
R, is hydrogen or halo; and
Z is hydrogen or -ORg; _
wherein R, and R, are independently hydrogen, C,-C,
alkyl, halo(C,-C; alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl)
15 or taken together with the N atom to which they are bound
form a 5 or 6-membered ring; and
Rs; and R, are independently hydrogen, C,-C, alkyl,
halo(C,-C, alkyl), C,-C; alkanoyl, halo(C,;-C, alkanoyl) or
‘together form a divalent group selected from the group
20 consisting of -CR,R,'— wherein R, is hydrogen or methyl and R;
is ¢;-C, alkyl, halo(C,-C4 alkyl) or taken together with the
C atom to which they are bound form a 5 or 6-membered ring
provided that at least one of Y, S, T or W is halo or
a halo substituted group.
25 In another embodiment of the present invention a
compound of Formula IV is provided:

R1
30 |
. O\ N 0




-11 - o Y is halo, (Jerr]-Cferr] alkyl or hydrogen; Sis

-CHO or the group- [err] 10 wher ei n°M i s/ hydr ogen,
-CH err] Q@ &MM127 _CH err]NRlerr]Rlerr] or -NR[err] R err]; PCTUSITOTI2 o (]
I s hydrogen or. hal o; and Z is hydrogen or -OR[err];

"wherein R err] and R err] are independently hydrogen, (err]-Cerr]

alkyl, halo ((err]-CJerr] alkyl), (err]-(ferr] al kanoyl,

hal o(Cferr]-Clerr] al kanoyl) 15 or taken together with the N atomto which
t hey are bound forma 5 or 6-nmenb&Red ring; and Rlerr] and
Rlerr] are independently hydrogen, Clerr]-Clerr] alkyl,

hal o(Clerr]-C emwhexed®yl), Jerr]-Cerr] al kanoyl, halo(Clerr]-(err]

al kanoyl) or t093“i‘ﬁrsEQéE\:édd!f‘f%‘n?%eﬂ@f%&zﬁ%&ﬁf&‘tiﬁ&”bﬁhe group 20
consisting of -CRlerr]Rlerr]- wherein R err] 71s hydrogen or Trethyl and
R err] is CJerr]-Cerr] alkyl, halo(Cerr]-Clerr] alkyl) or taken
together with the C atomto which they are bound forma 5 or
6- menbered ring provi ded t hat Ieasr one of Y, S, T or Wis
hal o or a hal of subst|tuted group. 2 I n anot her
enbodi ment of the Sent i nveation a  (CHadempCHpYmof Formula IV is
provi ded: 2ln C [err] VO
97/ 41127 e / 4®/30and
12 wher ei n R4 ha;o U
10 |
1
ha °—c¢ (CH2)n
NR3R4

15
| wherein R, is alkyl or hydrogen;
n and m are independently 1 or 2; and
R; and R, are independently hydi‘ogen, C-C; alkyl,
halo(C;-C, alkyl),. C,-C, alkanoyl, halo(C,-C, alkanoyl) or
20 taken together with the N atom to which they are bound form
a 5 or 6-membered ring. '

In accordance with one embodiment of the present
‘invention, there is provided a method of inhibiting PKC
activity. The method comprises administering to a mammal

25 in need of such treatment, a pharmaceutically effective
amount of a compound of Formula I. The present invention
is also directed to a method of selectively inhibiting the
beta-1 and beta-2 protein kinase C isozymes, the method
comprising administering to a mammal in need of such

30 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 been
demonstrated as having a role in the pathology, such as

35 iéchemia, inflammation; central nervous system disorders,



Jis selected fromthe group consisting of [err] 15

wherein R grr | kyl or hydrogen; n and m are i rrdapEsydordoRy 1
or 2; and WOJ”A&FR[ err] and R err] are independently hydrogen, Y
Cerr]-Cerr] alkyl, halo(C[err]-Clerr] alkyl), (err]-Cerr] alkanayl,
hal o(Cferr]-Clerr] alkanoyl) or 20 taken together with the N atomto which
they are bound form a 5 or 6-nenbered ring. I n accordance
wi th one enbodi nent of the present i pyention, there is provided a

met hod of inhibiting PKC activity. T “met hod conpri ses adm ni stering

to a mammal Meeqdu% 5&f3e+£8ThHB%nt%1W&rd§10%ﬁéé§$é¥ sﬁ&eesh\ear.

anount of a € present - nvention
directed to Theemerhad comprises| ?d#"hﬁP-Eltteirﬁ@Q e a mayppal 11§nﬂeﬁét o)

protein kinag 3 Qeufe%y@ hziﬁﬁ‘a@éﬁéﬂéallg TGtV @fbhNt SbEr ANgoimpoand
a

manmal in need of such treatnment a pharmaceutically effective anmount of
a conpound ©f &m%t§9¢QH%% L The invention further

provi des gret hods for  This emVegtﬁ:ondH.si paxttiatl grlyy casefuhatis E€rieatimgen
demonst o0 A5l Y apEP) Sal Sobl® PHHAYIBEe Sl Firdfent*HH6ELRL0n
PCT/USQ?/O?3&&rthﬁJﬁrhﬁjﬂbs a method for treating diabetes mellitus,
which comprises administering to a mammal in need of such
treatment a pharmaceutlcally effective amount of a compound
10 of the Formula I. '
One other aspect of this invention is a
pharmaceutical formulation comprising a compound of Formula
I together with one or more pharmaceutically acceptable
excipients, carriers, or diluents. - '
15 ,
Detail Description of e Invention
' As noted above, the invention provides compounds
of Formula I which selectively inhibit protein kinase C.
The preferred compounds of this invention are those of
20 Formula I wherein the moieties -T-J-W- contain 4 to 8
atoms, which may be unsubstituted or substituted (with halo
or alkyl groups). Most preferably, the moieties -T-J-W-
contain 6 atoms.  Other preferred compounds of this
invention are those compounds of Formula I wherein R, is
25 hydrogen, and J is

Y
]
-0-C-
|
30 : ] .
One preferred group of compounds are the compounds of the

Formula V:



- 13- cardi ovascul ar di sease; dermatol ogi cal di sease, and cancer

The net hod conprises adninistering to a manmal in need of treatnent a
phar maceWQ %4137 ef f ecti ve anmount of a conpound of the PEFUSIHITRO2 5
This invention is particularly useful in treating di abetic
conplications. Therefore, the present invention - further provides a

met hod for treating diabetes nellitus, whi ch conprises admnistering to
a manmal in need of such treatment a pharmaceutically effective anount
of a conpound 10 of the Formula I. -14- One ot her aspect of this

I nvention is a pharmaceutical fornulation conprising a conpound of

For mul a | together with one or nore pharnaceutically acceptable

exci pients, carriers, or diluents. 15 Det ai | ed Description of 'the

| nventi on : As noted above, the inggntion provides conpounds

of Formula | which selectively inhibit protein kinase C The preferred
conpounds of this invention are those of 20 bgprnu a | wherein the noieties

-T-J-W_contain 4 to 8 atoms, which ma%@iubstituted or substituted
fth

(with [Pal o or al kyl groups). Most prefer the noieties -T-J-W
contain 6 atons. Ot her preferred co#p '

Qyention are those
conpounds of Formulay wherein R w. hydroJ is
pounds arggtReonpounds of the

[err] 30 One preferred groupxe >
Formula V: WO 97/ 41127 \ /
PCT/ US97/ 07302 T w 14
10 | z
Y M
R2
wherein;
15 R, is C,-C, alkyl or hydrogen;

T is C,-C, alkylene optionally substituted with
hale or C,-C, alkyl;
W is ethylene optionally substituted with halo or
C,-C, alkyl; _
20 X is oxygen, sulfur or a bond between the carbon
atom bridged by X; |
Y is halo, (C,;-C, alkyl or hydrogen;
M is hydrogen, -CH,ORs , -CHNR;R, or -NR;Ry;
R, is hydrogen or halo;
25 Z is hydrogen or -ORg;
wherein R; and R, are independently hydrogen, C,;-C,
alkyl, halo(C,-C, alkyl), C;-C; alkanoyl, halo(C,-C,; alkanoyl)
or taken together with the N atom to which they are bound
form a 5 or 6-membered ring; and _

30 R; and R, are independently hydrogen, C,-C, alkyl,
halo(C,-C, alkyl), C,-C, alkanoyl, halo(C;-C, alkanoyl) or
together form a divalent group selected from the group
consisting of -CR,R;- wherein R, is hydrogen or methyl and R,
is C,-C, alkyl, halo(C;-C, alkyl) or taken together with the

35 C atom to which they are bound form a 5 or 6-membered ring,



5 [err] wherein; 15 Rerr] is

Jerr]- O eryb odlaksh or hydiogen; T is derr]- Gowvdomeror
al kyl ene optionally substituted with halo or CJerr]-Cerr] alkyl;

Wis ethylene optionally substituted wth halo or Cerr]-Cerr] alkyl;
20 : X is oxygen, sulfur or a bond between the carbon “atom -
bridged by X Yis halo, (Jerr]-([err] al kyl or hydrogen;

M i s hydrogen, -CH[err]CR[err] , -CH[er'r]fgi[err]R[err'] or -NR3R4;

Rlerr] is hydrogen or hal o; 25 Z i s hydrogen or -ORG;

wherei n R3 anghd %Héfeiﬁdsﬁeﬁ.%d YmEUdéPg?” C[ezr]mqef i ]{J, or
hal o(C[ err] - C[err @%% err]-Cerr] al kan hal’ o( rrvﬁ g[err

al kanoyl ) std§ IHEAWP ¢ h@omapé'ﬁﬁﬁgahlnfoh flvorerer baund

forma 5 or &1Wféﬂbétﬂﬁutﬁaéf¥bu Rlerr] and Rlerr] are
er%%Qf

I ndependent |y hydr ogen Cg r]- hal o ]6’%6”]
alkyl), Cerr]-err] aFk ﬁW]I %FeFP E‘a OQ'I"’)"J
t oget her % or monptihwxisnvheredm s{elifs:tmdygenm Rhasgrlqz:llrogen, cwnsgsq

err er in d
C[Cg r]- ]C[REar r ]J }P&!?ﬁ&na?&%%er rr=Cler r%gfﬁzeé? %/gkg% e?%xg Wit h t he
35 C atom t ®RA# heysubstisutred or rﬁéeﬁembbs«’nﬁhbeﬂ‘eand/mg' W are WO
97/ 41127 s_ubst:.tuted with one or mé¥d/£PI4+873%6ups.

In another embodiment of the present invention a
10 compound of Formula VI is provided:

15 VI
20 CHz
wherein
J is selected from the group consisting of

25

(Cliﬂz)n c—halo (CH2)n (CH2)m

' NRaR, and
NR xS
e halo
30
halo

—cC (CH2)n

NRaR4



- 15- and wherein at |least one of Y, Rerr], Z IVl T or Wis halo or

a hal o substituted group, nore preferably, quoro or a fluor
substltut‘ggga?‘wﬁ. Preferred conpounds of Fornmué)’m%de 5
conpounds wherein X is oxygen, R err] is hydrogen, T is (err]-Cerr]

al kyl ene, optionally substituted and Wis ethyl ene, optionally
substituted. Preferably the T and/or Ware Substituted with one or nore
fl uoro- groups. | n anot her enbodi nent of the present invention a
10 conpound of Forrrul aVl is prow ded16-

[err] 15 I n J is selected fromthe
group consi sti ngWIB?ref'Er R 8 alkyl or Dyryegerioy

PCT/ US97/ 07302 n and m are independently 1 or 2; and6- wher ei n

Rerr] is alkyl of JNPH980e snependert byl AlSed NERHIIEHLY, 1 O 2
halo(C,-C, alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl) or
5 taken together with the N atom to which they are bound form
a 5 or 6-membered ring. '

The term "halo™ represents f£luoro, chloro, bromo,
or iodo.

The term "C,-C, alkyl" refers to a cyclo, straight

10 or branched chain alkyl group having from one to four
carbon atoms such as methyl, ethyl n-propyl, isopropyl,
cyclopropyl, n-butyl, isocbutyl, sec-butyl, -
t-butyl and the like. Similarly, a "C,-C; alkyl" represents
a cyclo, straight or branched chain alkyl group having two

15 to four carbon atoms. A haloalkyl group is an alkyl group
-substituted with one or more halo atoms, preferably one to
three halo atoms. One example of a haloalkyl group is
trifluoromethyl. A C;-C, alkoxy is a C,-C, alkyl grcnip
covalently bonded through an -0- linkage.

20 : The texm "C,-C, alkylene" is a straight chain
alkylene moiety of the formula - (CH,),-, wherein r is one to
four. Examples of C,-C, alkylene include methylene,
ethylene, trimethylene., tetramethylene and the like.
Similarly, a "C,-C, alkylene" represents a two to four

25 carbon, straight alkylene moiety.

The term "C,-C, alkenylene" represent a one to
four carbon straight chain 'hydrocarbo'n containing one or
more double bonds, typically one or two double bonds.
Examples of C,-C, alkenylene groups include ethenylene,

30 propenylene, and 1,3-butadieneyl.

The term "C,-C, alkanoyl" is the acyl residue of a
C;-C; carboxylic acid. Examples of CI-C; alkanoyl groups are
acetyl, propanoyl, butanoyl and the like. A haloalkanoyl
group is an alkanoyl group substituted with one or more




Rl err] and Rlerr] are independently hydrogen, Clerr]-Cferr] alkyl,
hal o( ¢ er r%’P%érIH,, alkyl),. Clerr]-Cferr] al kanoyl, hal o(C er racfiSs7dr302
a

al kanoyl ) ken together with the N atomto which they are bound
form a 5 or 6-nenbered ring. The term "hal o"
represents fluoro, chloro, brono, or iodo. The term
"Cerr]-Cerr] alkyl" refers to a cyclo, straight 10 or branched chain

al kyl group having fromone to four rbon atonms such as nethyl,
ethyl, n-propyl, |sopropyl cyclopr&%ﬁ n-butyl, isobutyl, sec-butyl,

t-butyl and the | Si njl at| "l er r esgnt a
cycro?/ strai gﬁﬁ | é:h%’ﬂp%ﬁéflﬂ& t"égr Ot%:? %I/P%igyh ogf'gg to O%Fa%%:”%on
atoms. A habfalwyia]gmanumnsyhnga'bhp :@cnmfluor@@getwut ed with one or
nore hal o atons, prefer tn al 9 a anple of a
hal oal kyl group |§ '?? gg‘r oerfgt V]'Iné %%‘é‘?r !Q%gérgrgi 1@%)1(,;?(' gpa
Cerr]- C[errFPéﬁq@ﬁlﬁ%%@ﬂ 15 u@éﬁm B36 enphdd ean’O the AdElge. 20
T][leti1 er ][n C[lererﬂeﬁpwl &l kghoting b&omp R éam}tﬂtgfbﬁpnor atehk\heite i ety
o] e formul a.- er one ou

derr]- C[err W%ﬂ] t#x%c?hagtﬁgphﬁl&%‘cty of ﬁﬁl%ﬁ %P M@hete PS

t et ramet hyl et tmuahedefbr kdisplac8mentar | )Ere:féq:edr}eepeng] gmdqpserare

represents a %#léﬁ'é o%egi]é%%?rébgg t&@é gkgf Méenghﬁﬁ_ bromi d

The term " err T ] epresen one'to ur carb
strai ght chaiamdhyidrdiede bon cont ai ni ng one or nmor e doubl e bonds

typi cal lygone or -two doyi@éeta%d%arb @étmgcaraapal Keny s g @ups
i ncl ude ethenyle e, | ene, 3- but adj

The term " &t & e?‘??‘:gh(g bypPn F‘? ?/Im?%s?éegﬁéf egter derivatives
Jerr]-d err]oﬁ:aﬂtmx:yarhonglﬂic aﬁwmmfcmwmlycgmplpyaﬂk&myﬂcgzlom

?;ean al ﬁ;ﬁgﬁ gr oup su%s?a?ﬂ%ﬁgg t Q%réer%&%%hﬁgakg%Kg§% #FF Iroup

PCT/ US97/ 073@&arried out on other functional groupg-on thehgompoumnd.
typi cal I ys ongyed éﬁgﬁeega&@ 8L2B’ @z@@é’&ﬁ gr&hpaehp e%kaariwln& oup

is trifluoroacet er.m asu |nthe
speci ficati or?l?"‘segtﬁﬂﬂe@? oty afhk éﬁqll"é’ot’r‘?fa‘% hgagi’? 138° a8 -

stable to the condition of subsequent reactions and can be
removed at the appropriate point without disrupting the
remainder of the molecule. T.W. Greene and P. Wuts,

20 Pro tive G i nic Synthesis, John Wiley and
Sons, New York, N.Y., 1991, Chapter 5, provide a list of
commonly employed protecting groups. See also E. Haslam,

s ive Gr s i rganic Chemistry, J.G.W. McOmie, Ed.,
Plenum Press, New York, N.Y., 1973. A related term is

25 "protected carboxy," which refers to a carboxy group
protected with a carboxy protecting group.

The term "hydroxy protecting group" (P) as used
in the specification refers to one of the ether or ester
derivatives of the hydroxy group commonly employed to block

30 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 reactions and can be removed

35 at the appropriate point without disrupting the remainder



5 CGenerally, a leaving group is any group or atomt hat enhances the

el ectrophilicity of the atomto which it is at t'ached for displacenent.
Pref err edwbaauing groups are - triflate, nesylate, tosyl aPCT/USATAMAZE,
chloride, brom de, and iaodide. 10 The term "car boxy
protecting group” (P) as used in the specification refers to one of the
ester derivatives of the carboxylic acid group commonly enpl oyed to

bl ock or protect the carboxylic acid group while reactions are

carried out on other functional groups.pg.the conpound. 15 The species of
car boxy- protecting group enpl oyed is not critical so long as the
derivati Zedof(;atﬁéxiﬁbu.éc%(l'éi i sp. J' Gi'ﬁ&hé andt be wakdi,t in_rm_tﬁsr.]@x;@equent
reactions a at_the opf,. at e t

di srupting ¥me f o EC'E%" ﬁl 3\? Gg'glﬁéog’?d &leW%rk'ZO
Protective Namups:walor g:a:mvatﬁjra hkekst, of ohambhdy employedSaratedtingrk,

N cupe S oBERE Bt bty ronast PR P el e 19

J.GW E’COrblétYEdlphenyllﬂléﬁlrﬁﬁﬂf etEBDRB}» YBEKL - huwld}mhﬂesﬂélﬂtw term

Wth a barborebust 5 R bHet ML REL Cler L ey ) o oy ect
ro rotectin
group” (P) ef¥ ary, éﬁﬁ?é&xxﬁf?%%?Fﬁﬁ F@F@réstoaﬁﬂgeﬁ% g gther or )

ester dreicyves wiii dth eréfetr o xtyo ga chipdroxyogrpupnplrotedties Widtk 80 or
pr ot ect thqh agés Vo fﬁgﬁﬂﬁg%%ﬁﬁf tlons are carried out on ot her

functi onal speci es of hydroxy protecting
group fpl oyed is not The t'(ﬁﬂﬂh'b%ml%@ P§ﬁ§e§§1ﬂge9€@PP\7at(le)ed’-ﬁN‘Mlegroup

.1s stable ¢petg Ehaf&@aﬂkltdrprkéléefslbésqgeﬂgt&eashtgn%:artdxecam% rﬁ%ed
35 at the a prop?late poi nt wi thqut disrup tlng he naln er
07/ 41127 commonly employed to block or protggt §g7
- 18- Ofuh6615ﬁHMﬂHy3wﬁﬁlﬂ fk&eﬂﬁngndtHerVﬁhspt&uﬂaIﬂgnaups oy tthews
provi de a1 SEEPBRAE S, R IR h ahbnp fhotakbing ariub enityea
hydroxySproiecnongcgmmynakusptkwmg €Sbnh9ldeyhﬁﬁyngﬁﬁyﬁmQPQfEHHQB is
tert-butyl dipRphgl i ¥WHE Yeondition of subsequent reactions 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 Synthesis, Chapter 7, provide
20 a list 6f éommonly employed protéc:ing groups. See also J.
W. Barton, otective Gro _in Organic Chem . Chapter
2. Preferred amino-protecting groups are t-butoxycarbonyl,
pthalide, a cyclic alkyl, and benzyloxycarbonyl. The
related term "prptectéd amino®" defines an amino. group
25 substituted with an amino protecting group as defined.

The term "-NH protective groups" as used in the
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

30 the compound. The species of prbtecting group employed is
“not critical so long as the derivatized amino group is
stable to the condition of subsequeht reactions and can be
removed at the appropriate point without disrupting the
remainder of the molecule. T. W. Greene and P. Wuts,

35 Protective Groups in Organic Synthesis, Chapter 7, page



(TBDMS), triphenylnethyl (trityl), methoxytrityl, or an al kyl or aryl

ester. A rq*,étgq(ﬁlﬁgrm'-i s "protected hydroxy, " whi ch ref er pcrmssrinsts oxy
group protected wth a hydr oxy protecting group. 10 The term
"am no protecting group” (P) as used in the specification refers to
substituents. of the am no group commonl y enpl oyed to bl ock or protect
the am no functionality while reacting other functional groups on the
conpound. -The speci es of am no-protecti ng gdr oup enpl oyed 15 is not

critical so long as the derivatized am no group is . stable to the

condi tion of S£gIe | @Ng 13 G edinonly  &MBYSFed! pirde sHWALRPri ate
point wt hout:%c?sr upt in%fg‘&t%%gb r emai nder ofor% h}é tﬁ‘g?ecglee. pT W Grga)ne

and P. Wits, Sroups et cRERFETTRS,TH P@%F%ﬁﬁ%é@?s?réhﬁﬁmt% ovi de
20 a list ofaRpd@PnaYkeIPbeyasyl ghaEdiiGnii®lPThe Seelated texm W

Barton, Protective G oyps _ nic Chemstry apt e Preferred
ani no- pr ot ect'f‘?lﬁ"ﬁ?%ﬁﬁé é}qgut gﬁ%ﬁ&?ﬁczﬂ SHRHP Qub%‘&bgﬁ‘éﬁ?ﬂeviéhc?a i"éval kyl ,
and benzysoxyprobecyingToroup aseldstfddedr m "protected am no" defines an
am no group 25 substit d.wl ' LN S Lned.

e ) AL L) NG BELD B o

The term"-NH protective groups” I cation ref'ers to
sub- cl ass of wsedchereinet represengs, @t anmintyref 3 neempouadprsy ddhe o

bl ock or p;gtﬁ‘iﬁeﬁbfon tngNHi%&abamaé idﬁ/fmhiimﬁmgtbng-abbgw}‘twn%ﬂ onal
POt o7 i cal TR boTPRcPAEFIFRLAT. BORR i vk peplodundt adpla e qpa
condi ti omoof sederdimgt tocehtisodnvent ican witl, of ecoweseat behdetprntiriedt €
T
WO 97/ 41127 including the compound administered, Hglre Uspure7e62 _
-19 - 3GzanBei sPrAK 168, athleS balit iCUTEN | dortiiX DYE do@ifGCELlted, and
aryi " sul f onarfHELARCCPRALHBIREIAHE - | THS SRR faRcPPnBET AgAsred
substituted vy ha araritySofr ebetesndmludims uled ioreal, rectal, The
term " phar mcgyg&g&é%ﬂf Sﬁycﬁ%a%g%'ﬁ%t," ’to%%.cal, intravenous,
intramuscula;j: or intranasal routes. For all indications, a
typical déily dose will contain from about 0.01 mg/kg to
about 20 mg/kg of the active compound of this invention.

20 Preferred daily doses will be about 0.05 to about 10 mg/kg,
ideally about 0.1 to about S5 mg/kg. However, for topical
administration a typical dosage is about 1 to about 500 §g
compound per cm’ of an affected tissue. Preferably, the
applied amount of compound will range from about 30 to

25 about 300 pg/cm?, more preferably, from about 50 to about
200 ug/cm?, and, most preferably, from about 60 to about 100
ug/cn?. '

The term "treating," as used herein, describes
the management and care of a patient for the purpose of

30 combating the disease, condition, or disorder and includes
the administration of a compound of present invention to
prevent the onset of the symptoms or complications,
alleviating the symptoms or complications, or eliminating
the disease, condition, or disorder.



used herein, represents an anount of a conpound of the .invention that
1s capable of inhibiting PKC activity in mammal s. The particul ar dose
of the cexpemagerdni nistered 10 according to this inventi RCTPSI7TOTI
course, be determ ned by the particular circunstances surrounding the
case, I ncl udi ng the conpound adm nistered, the route of

adm ni stration, the particular condition being treated, and simlar
consi derations. The compounds can be admi nistered 15 by a variety of
routes including the oral, rectal, -2¢ransdermal , subcut aneous, topical,

I nt ravenous, I ntramuscul ar or intranasal routes. For all indications, a
“typical daily dose wiHe aastmi nidseymebsele@tiietyenno the about 20 ng/ kg

f th t f .t be .
Sbout 0 OSPYBERSORELR) dptipfeidiiRl e BlorRidl Hidid e Yadaahg or °°
However, fsubgupupdl over atctm rothent ianzxme;zpu c Hoxi exargple abeompound
about 500 & ]sglectﬁfélm}p ﬂ?itcﬁiérﬁlatg.f-la%rafﬂéifé%d iéé(ﬁ)#]ﬂegoover

Preferably, the appl 1'ed anount of conpound w |l range f ut 30 to
25 abodt 3pgoredin indae (G, 1$\%¥3§“®$e¢1ﬁp§ﬁ|’yﬁaﬁ\“@m Sshhia 50eP8iheBut

[200 ][e;r]n[%e&&er aha ¥th. Mof #éﬁéﬁéﬁb' &sofz.w@ FeQdctilrd gcahpuﬁh ndgo0
errjg/c err erm use relrn

descri bes @ J“W&%@emlm ‘Bg f‘gg%g&hﬁgrﬂlﬁfﬁr?m%i?)grpose of 30
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WO 97/4112¢{nhibition of PKC beta-1 or beta-2 1sd§§ﬂéJ$9§/@8ﬁ§2red to

| ﬁgl bi ti onthe éﬁé’lﬁr d{]’g?ftﬁe g so%grrgosel e%"lﬁx rre%]g%%) iﬁvgf‘ %& ot Ihglr
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epsi | on, eneral, “i sozynme sel ectlve conmpountds
- denonstF at é.&.mi @i B0k otfnl’albigh@lﬂol dThiss e £omt ieample ( 7 dpekablyand; en:

fold diffepaphi-3l )iddhyhie- $0P86€1v8ULbIMPBUNG inhibits the beta-1 and =~
beta-2 isozymes of protein kinase C at much lower . :
concentrations with lower toxicity by virtue of their

. minimal inhibition of the other PKC isozymes.

20 : The compounds of Formula I having a basic moiety,
eg NRz;R, , can aiso be in the form of their pharmaceutically
acceptable acid addition salts thereof. Acids commonly
employed to form such salts include inorganic acids such as
hydrochloric, hydrobromic, hydroiodic, sulfuric and

25 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,

30 pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, iodide, acetate,
propionate, decanoate, caprylate, acrylate, formate,
isobutyrate, heptanoate, propiolate, oxalate, malonate,

35 succinate, suberate, sebacate, fumarate, maleate, 2-butyne-



to inhibit one subtype conpared to the dosage required for 10 equal

i nhi bi tion g é Fafiiaf f erent subtype (for exanpl e, I nhi bi ti oPCTUSYHET302
beta-1 or 3 I sozyne as conpared to t he al pha protein kinase C

I sozyne) as measured in the PKC assay. The compounds denonstrate this
differential across the range of inhibition and are exenplified at the
IC[err], 15 i.e., a 50% inhibition. Thus, for exanple, a beta-1 and

bet a- 2-i sozyne-sel ective conpound i nhibits the beta-1 and bet a- 2

i sozynmes of protein kinase C at much | ow concentrations with | ower

Foxi City by M1 U8 8hebliehl nexyrdd 4 ™4 SOBADE! | Bubatle Qi RiGaoate,

i sozynes. 'T ound’s of asi ¢ noi
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such salts i | nor gani ¢ aci ds “suc éérochlorlc hydrobron1c

hydr oi odi ¢, sEP?%Y?-EuEHHaE@ pIEFRRS ¢ LRFEAtEs RAPPUKREEegBi ¢ aci ds such
as para- s ﬁynmybutym@,, }I‘t&ﬂﬂm&épmleateh tarpgate,

br onophenyl sul f oni.c, cetic acid,
and rel ated HW%QB%ﬂFﬁugﬁgngfﬁaniggi%gggsugéé%age' § gh&é&ﬁ?ﬁbglly

accept abl e saukfohatei nohpiehallena < -30l fonate| f mandebatel tade likd fite,
bisulfite, phasppate, nonohydr ogenphosphat e, di hydr ogenphosphat e,

nmet aphosphat e, pyrophosphate, chloride, brom de, iodide, acetate,
propi onate, decanoate, &BpAfddtdomn g pharmagensigally-argsptable ealts,

hept anoaie, PsEwRes! s&tcsox:aham d&d)nm eacaérauﬁee nﬁiﬁh &hbeb&"e%ent
sebacate, funprate Ieayﬁ WD 9 é
PCT/USQ?/O?BOEHventlon y serve as interme ia es in fh& di oat e,
3- hexyne- 2, Spuirbfieatlheonzodft &heampdiomdoatin the phgpavaglienz oft @ther

nethoxybenzo ht hal éf%ﬁg%
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5 hydroxybuty¢QMEOu§ﬂ§c§rléﬂ@enmﬂQ*ﬁQ?S{artrate met hanesul f onat e,
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mandel ate and |i ke Ition

pharnaceuthuﬁ?ﬂpﬁﬂﬂgﬁtgglgoﬁmq%? I can also exfét as vargous 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 solvates can be from
20 the solvent of crystallization,_inherént in the solvent of
preparation or crystallization, ox adventitious to such
solvent. Such solvates are within the scope of the present
invention. ' _
Various stereoisomeric forms of the compounds of
25 Formula I may exist; for example, T or W may include a
chiral carbon atom in the substituted alkylene moiety. The
compounds of Formula I are typically prepared as racemates
and can conveniently be used as such, but individual
enantiomers can be isolated or synthesized by conventional
30 techniques if so desired. Such racemates and individual
enantiomers and mixtures thereof form part of the present
invention.
The present invention also encompasses the
pharmaceutically acceptable prodrugs of the compounds of
35 Formula I. A prodrug is a drug which has been chemically



10 ot her sal ts can be used in. accordance with the present I nvention.

They nmay serve as internediates in the purifi‘cati on of the conpounds,
in the prepaumaby on of ot her salts, or in the identifipPcH/USv0IMN2
characterization of 'the conpounds or internedi ates. 15 The
pharmaceutically acceptable salts of conpounds of Formula | can al so
exi st "as various sol vates, such as with water, nethanol, ethanol,

di et hyl f or mam de, ethyl acetate and the like. M xtures of such
sol.vat es can al so be prepared. _3Be source of such sol vates can be

from 20 - the sol vent of crystallization, inherent in the solvent of
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chemical | y
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be bibbogiafalsyitablei profaugt derdvanines are siescoibedii d)d): exampd#n be
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sel ectson and mbparph_pmides whlch may be recogm.zed by spec:.f:.c or
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-3) derivatives that accumulate at a site of action
through membrane selection of a prodrug form; or
a modified prodrug fom, or any combination of 1

20 ' to 3, supra.

The synthesis of certain b;i.s-indole—N-maleimide
derivatives is described in Davis et al., U.S. Patent
5,057,614, the disclosure of which is incorporated herein

25 by reference. Generally, the compounds of the present
invention may be prepared as follows: o



10 of suitable prodrug derivatives are described, (or exanple, in H,

Bundgaar d, ywgeh@zef Prodrugs, (1985). Typically, such che‘;@:-f,gggmm
-nodi fications include the follow ng: 1) ester or am de
derivatives which may be cl eaved by esterases or |ipases; 15
2) pepti des which nmay be recogni zed by specific or :
nonspeci fi c proteases; or 3)" derivatives that accunulate at a
site of action throughlnﬂﬁg%ne sel ection of a prodrug form
or a nodified prodrug for r any conbination of 1 20
to 3, supra. : The synthe5|s of certaln
bi s-i ndol e-N-mal ei m de derivatives is ﬁ in Davis et al., US.
Pat ent 5,057,614, the disclosure of which s |ncorporated herein 25 by
reference. GCenerally, the conpounds of the present. i nventi on may be
prepared as foll ows: WO 97/ 41127
PCT/ US97/ 07302 '%ﬁi' Schene 1 [err]
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hal o gr oWOPT41a8Tor dance with schene 1 is pref erably f|POTASITONIGX O,

brono, or iodo. Conpound 1 is preferably 2,3-dichloro

N-net hyl.-mal ei m de.  The reaction bet ween Conpound 1 and t
Conmpound 2, is commonly 5 known as a Gignard reaction. Th
carried out in an inert organic solvent, such as tol uene,
tenperature between roomtenperature apd-the refl ux t enpe
reaction m xture. Mst significantly, the reaction depi ct

The

he i ndol e,
e reaction is
at a
rature of the

ed in Schene |

i s dependent on solvenhelﬁaloogtbuﬁomn adﬂnrdanmeiwﬂtHUBch&m% 1is

t ol uene: TH t $2aG ovi des Co nd, 3 in
gr eat er Er%h%aébl erce FB ?53 and gre'é c% fnogé g ﬁt

The producPﬁ%ﬁﬁﬁ%Ran3&§edlﬁhéﬁrph@'m&ﬁhﬁlmal#&miﬂe mnEhe reaannmn1um
chlori de, Nelreiddridcombounasy! ahd thet IrEliel! Cofgnd52, POMNEodmdiY, D€

i | at by standard t
b0 3 ettt B (GELnIES reastion s Figareaction risurarsiedhputhen

be convert dd lap drett nerganiol gelvent, sudhassnsenadi ag

ot al 20 PRREREHY BYieon 7O  erbrale. T, €RE Fel]

temperature of the reaction mixture. Most signif

anhydride of
d in Brenner

Hfound 3

icantly,

the reaction depicted in Scheme I is dependent on solvent

10 conditions. When carried out in a toluene:THF:et
solvent system, the reaction provides Compound 3
than 80 percent yield and greater than 95 percent

her
in greater
purity.

The product is precipitated from the reaction mixture with
ammonium chloride, NH,Cl. The resulting intermediate, Com-

15 pound 3, may be isolated by standard techniques..
Bis-3, 4(3'-1ndolyl) -1N-methyl-pyrrole-2,

5-dione, -

Compound 3, may then be converted by alkaline hydrolysis to

the corresponding anhydride of the Formula 4 by t
known in the art and described in Bremner et al.,

echnlques

20 Tetrahedrop 44: 2887-2892 (1988).  Preferably, Compound 3

is reacted with 5 N KOH in ethanol at a temperatu
from 25°C to reflux to produce the compound of Fo

25 | RPN

=z
x>

30
4

Compounds of Formula 3 are generally mo
than the compounds of the Formula 4. Therefore,
preferred that Compoﬁnds 3 are reacted in accorda

35 Scheme 2 to produce the compounds of Formula I.

re ranging
rmula 4:

re stable
it is
nce with
However,



Is reacted with 5 N KOH in ethanol at a tenperature ranging - from

25[err] C tqvég-;,]‘ﬂ)g-,to produce the conpound of Fornul a 4: 2PCTUS9 07302
[err] Conmpounds of Fornula 3 are generally nore
st abl e than t he conpounds of the Fornmula 4. Therefore, it is
preferred that Conpounds 3 are reacted in accordance with 35 Schene 2 to
produce the conpounds of Fornula I. However, WO 97/ 41127 .
PCT/ US97/ 07302 ' - 25- one skilled in
the art would recogni ze that the conpounas of the Fornmula 4, may al so

be reacted agp @xid 1€l in thECHPtZwoid krecognize that the compounds
of the Formula 4, may also be reacted according to

Scheme 2.
5 Scheme 2
| I\w
Compounds + \
3 or 4 'y —_— II
10 //
. _ 7
L
2

15
T, J, 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

20 group by techniques known in the art. For example, the
hydroxy may be readily converted to . a 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

25 accomplished by any of the known methods of preparing N-
substituted indoles. This reaction usually involves
approximately equimolar amounts of the two reagents,
although other ratios, especially those wherein the
alkylating reagent is in excess, are operative. The

30 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
group is bromo or chloro, a catalytic amount of iodide
salt, such as potassium iocdide may be added to speed the

35 reaction. Reaction conditions include the following:

PRSI



15 T, J, and Ware the sane as previously defined. L is a  good

| eaving group such as chloro, brono, iodo, nesyl, . tosyl, and the |iKke.
L may al sgoeeapazhydr oxy or ot her precur sor t hat may be pEpgsdNoT302
converted to a good | eaving 20 group by techniques known in the art. For
exanpl e, the hydroxy may be readily converted to a sulfonic ester such
as nesyl by reacting the hydroxy w th nethanesul f onyl chloride to
produce the nesyl ate | eaving group. The reaction represented

by Scherme 2 is 25 acconplished by any, Pf the known nethods of preparing N
substituted indol es. Th| s reaction usually involves approxi mately

equi nol ar - BEUAYsS %Qh{rfégﬁ'ﬁiaz;de in Hm%ﬁéh%dﬂ d€5or

especially those mhereln t ting reagent 7iS 1 n excess, are

oper at i ve. tRfFaRyALQER¥aR, padpum; h&’élrll@d thyddfiermamidei ¢ sol vent
enpl oyi ng an al kal i @i‘@feﬁﬂ!ﬂy?rtﬁéheéa%:ltﬁ.bnah'éy'c%iﬁﬁréd out€ Aiké+0Ns as

are appreci ted the a When t | eavi,n bro or chl oro,
a catal yti 8 ol o%ﬁa%tlon &(EP éﬁg'aé:aﬁ'&gi’?&p%rﬁq &htReFay be
added t%o sp@&tqmd:rs'ﬂer edhnebhylf&mamﬁ.dle dOMF), | axs Htettaliedtrdfuran

fol | owi ng: bl L : .
PCT/ US977 0 302) ThP @gx{\ﬁ fure of the reaction_ jg Prefe’ﬁﬁ%ﬁﬁﬁﬁ“

hexamet hy| @#°SMta AmRient empeyaturfafPdabent the gefinxitemperateodi um
hydri de i nog¢ mid WdirtEon dRixture. Preferably, the reaction is

S cetonttrilo. i mei@ (UFHEIRAcTRoRRS S5F Fobilgh FRCgRRLER That (She)  The
t enpeildt ur reakctilon rdeaxdtibed suprstzhembl 2 magnbe empalﬂmdd aniilenthe
(e VOB 06, A e ERRLLR 1 apfl SIS AL o
Scherme 2 nERTBOXhpIRARERGHeH hY@rOxY,CQFfpéuEETSPtECFEGamanﬂN Afteexin T
and W arechePadiai=tion of B&N&He B Orechad W IMEYY belledhwiAl&SsiEs
am ne. Aftx%oletles capable of coupling to form J. The coupling of T
15 and W' to form the various ether or thioether derivatives
- is- known in the art and described in, for example Ito et
‘al., . __Pharm., Bull. 41(6): 1066-1073 (1993); Kato, et..
~al., J. Chem, Pharm. Bull. 34: 486 (1986); Goodrow, et
al. Synthesis 1981: 457; Harpp, et al., J.  _Soc.
20 -'93: 2437 (1971); and Evans, et al., J. Org. Chem. 50: 1830
(1985) .

One skilled in the art would also recognize that
compound 3 may be converted to the compounds of Formula I
in a two step synthesis as described in Scheme 3.



t he al kyl ati on of Schene 2, T' and W may be converted to noi eti es
capabl e of cou |Inﬂ to formJ. The coupling of T' 15 and W th&ﬁﬁ@%ﬁﬁﬁh
|

various et YE@? oet her derivatives - is known in the art and
described in, for exanple Ito et al., Chem Pharm Bull. 41(6):
1066- 1073 (1993); Kato, et al., J. Chem Pharm Bull. 34: 486 (1986);
Goodr ow, et al. Synthesis 1981: 457; Harpp, et al., J. Am Chem Soc.
20 93: 2437 (1971); and Evans, et al., J. Og. Chem 50: 1830
(1985). One skilled in theZ#t would al so recogni ze that
conpound 3 may be converted to the cenpounds of Formul a | in a tw step
synthesis as descri bed in Schene 3.
PCT/ US97/ 07302 WD 97/ 41127 : -27- 5
[err]

5 .

Scheme 3
v o]
L\\w
Compounds
3 or 4 + \J —_—
10 I l
g~ ; N
Lf/‘ W
: ¢ \\J___T__Lz
15 /
1I
20

T, J, W, V and L are as previously defined. L2 is a

25 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 3 or 4 and Compound
6 is an alkylation as previously discussed. The
monocalkylated intermediate, 7, is deprotected, and L2 is

30 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 halide, preferably an alkyl iodide or bromide (CBr,

35 in triphenylphosphine) or sulfonate (mesyl chloride in



20 T, J, W Vand L are as previously defined. L2 is a 25

protected hydroxy or other group that may be readify : converted to a
good | eawongpiguzup by techni ques known in the art. The RCU/PBIMRTIt ween
Conpound 3 or 4 and Conpound 6 is an al kylation as previously

di scussed. The nonoal kyl ated internmediate, 7, is deprotected, and L2 is
30 converted to a |l eaving group. For exanple, if the hydroxy S
protected with t-butyldinethylsilyl (TBDVS), TBDWMS is sel ectively
removed using acidic nethanol. The resgiting free hydroxy is then
converted to a | eaving group, such as an al kyl halide, preferably an

al kyl i odi deiethylamitee ) CBrPhESmacrolikenyd tinsphi oemedr bgublikyaiat iesy!
gg;?bggglbggegr sloQM%éggé&ézgddition to a solutig%;of basFrigPﬁ%eﬂﬁ ne) .

The macr ol patagsiume hexamathpldisi)pzidey or sodiqm shydrideecbut addition

to a sol ”tb%f@fral.?ﬂ%ﬁ’CSSF!@? £ a pgs@[ﬁkai?faei@%ﬁé% bgkhagigde, or

sodi um hydride but ef era err[CJerr] in a polar _aprotic solvent
such ad ~5agetepditrdiley DM at temperatitees rangied fsamaasbdent

to refl ux. to reflux. The conpounds of Forrmula | may be prepared in
substantial ly higherﬁﬁield when he.gl Iationais carried oyt .under

sl ow reverse additi on% ‘E%‘Tlé?‘r‘?‘éﬁ[ e rFérer&ap &2Y, he i PreraredoiBent .

Sl ow r ever sebatdntiial Iy iolglesr cptbldi when the rAliylzt bbn chspeoansiedd

al kyl ati ng e e : h ) 4 e at
arate fro%agb%lfi %gc %Eirmv %}rﬁ_‘?%%%g ?8‘%5%8’?3%‘58%,%(3?%3%@ %T%&%%‘%céﬁ r ?i:[%';scon
of ead? solwggént Siawnaeversecafddision invdluasrcembinbag 8. 001 15

mol ar.  Wigxeakel & Uémpbiia tE&8ANAIRYI L iNEL AP Oteheme 2) or the
compound (Scheme 3) with the base at a rate from about 0.1
mL/hour to about 2.0 mL/houf. The concentration of each
reagent in the mixture is about 1.5 molar to about 0.001
15 molar. When carried out with the monoalkylated compound
(Scheme 3) the concentration isfrom-about 3 molar to about:
0.001 molar. The slow additionaresults in a .concentration -
of reagents in the reaction vessel of about 0.01 molar to:
1.5 molar. One skilled in the art would recognize that at
20 a higher rate of'addi;ion 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 0.14 mL/hour with the compound and the alkylating
. 25 agent at 0.37 molar. It is preferred that the Cs,CO, be
added in excess -- most preferably a 4:1 ratio Cs,CO, to
alkylating agent. Preferred polar aprotic solvents are
acetonitrile, dimethylformamide (DMF), acetone,
dimethylsulfoxide (DMSO), dioxane, diethylene glycol methyl
30 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
35 agent is not critical. However, it is preferred that thg




(Schenme 3) the concentration is fromabout 3 nolar to about - 0.001

mol ar. The g ,4§?j4| tiron results in a concentration of r earrossOTIO2t he
reaction vessel about 0.01 nolar to 1.5 nolar. One skilled in the

art woul d recognize that at 20 a higher rate of addition a | ower
concentration of reagents could be used in the reaction. Likew se, at a’
slower rate of addition, a higher concentration of reagents could be
used in the reaction. Preferably, t he compound is added at about 0.14

mL/ hour with the corrpound and the al kylathg 25 agent at 0.37 nmolar. It
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converted to Rewamethyldisiiagage QF @n AT0QH F‘g“‘%%cﬂ?%?%tev

i nvol vesiseagrdgidds ephyhliotdad)t amh cqxcesaleéhol (b@&r&tammjdl sil azane
or an ammoni um sal t%ﬁ?mimnl um

Jerr]-Cd err]m%ﬁ (bPePé‘r Eﬁﬁﬁt o pﬁ?éﬁ%%n%?ﬂ?ﬂt ﬁuﬁg'l 25 ?gﬁ)ta&c £8P ent

such as DVF atempemature. Preferably, the hexamethyldisilazane or an
ammonium salt is reacted at a ratio greater than about 5:1
equivalents of anhydride. _
20 Scheme 4 depicts the preparation of an

-

intermediate useful in accordance with the present
invention for preparing the compounds of Formula III,
wherein X is O.



tenperature. Preferably, the hexanethyl disilazane or an ammoni um sal t

I S react edﬁég@‘{]ﬁ;i 0 greater than about 5:1 equi,val ents of anhydri de.
20 chéime 4 depicts the preparation of an i nt el;(pﬁgéf,h’gsm
useful in accordance with the present i nvention for preparing
conpounds of Formula I11, " wherein Xis O WO 97/ 41127
PCT/ US97/ 07302 . - 30-
Schene 4 -
~-30-
" Scheme 4
5
o "o HMDS, Buli
HMPA
cro  CH2FCO,CHyCHj;, OEt
21 THF, -850 ¢
10 '
Q| _F
15 _ CF 3SO;H Clsc/u\o/\/
| ' o! !o F '
20 L‘*’\/a/on  LiALHg4
: [ S
‘ . 6 | THF, ~780C
25 .
1. O3 , | 2. CH,5CH, ,
CH3OH/CH2CJ.2 3. NaBH4
30 Q |
o F
'-;Jo\}\/ 3
OH  Etz0, 0ocC
: -.2_..:> l“‘k/&/OSOZC]’B
- O\/\ Et3N, CH,3S0,C1 .
OH O\/\
| OSO2CH3
25 '

"—‘ . 26

——
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o o F
5 i}
L—k/i/osozcna
.

f

0SO2CH3

IS
-«
lw

10

15

20 '
F
25

30

The following examples and preparations are
provided merely to further illustrate the invention and not

to limit it.
35
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Exampleé 1 _ i , :
Synthesis of Bisfluorinated Six Atom Bridged
~ Bisindolylmaleimides
5 A compound of formula VII:

/,N Q
10 VII | .
- o
| 0 N N~ |
| F
15 | | - _ —N(CH3) 2

. is produced as follows: ..

1

20

Q | o | | Q
o 0 o F F
I ) o. on,
T2 OEt 1. aldehyde L—J\%’/ou

30

_ Compound 8a is converted into the compound of
35 Formula VII using the steps outlined in scheme 4.



5 A conpound of fornula VII: 10 [err]
20 wo o110 : ~Conpound 8a is convergefysdtosozne
conpound of 35 Fornula VIl using the steps outlined in_schene 4.

-33-

A compound of formula VIII:

5
VIII
10 '
is produced as follows:
15
. CFzBrz
o~<o 2R 0T
20 .\Wr/ L___—\\H/A\\CFzBr
. - O . . 0
' / Hydride
reagent
25 ' -
o O
: CFzBr
OH

30 This compound is converted into the compound of Formula
VIII using the steps outlined in scheme 4.



. PCT/ US97/ 07302
Lerr] PCT/US97/07302

WO 97/ 41127 AVl
- 33- WO 97/41127 A conmpound of fornula :

-34-

A compound of formula IX:

Ix
10
is produced as follows:
15
R
20 "CF2BrCBr
S \R'- |
' ' 0

P F i
25 :>x§;<:0
Br
R'

30

This compound, wherein R’ is H or F, is converted into the
compound of Formula IX using the steps outlined in scheme

35 4.



30 This compound is converted into the conmpound of Formula VII1 using
t he steps owmbloraerk7i n schene 4. WO 97/ 41127 PCT/USY7/07302
PCT/ US97/ 07302 . . -34- A conpound of
formula I X [err] 15

-35-

Example 2

~ Synthesis of C2-Monofluorinated Seven Atom Bridged

Bisindolylmaleimides
5 A compound of formula X:
o.
N
X
15
is produced as follows:
20
: a. LiAlH,
b. BH3 THF
25 c. Hz0, NaOH o~ ownuF
I——kl/k/OH
O._. OH
\/\/
30

This compound is converted into the compound of Formula X
35  using the steps outlined in scheme 4.



Thi s conpound, wherein R is Hor F, is converted into the conmpound of

Formula I X using the steps outlined in schenme 35 4. .- ;. WD 97/ 41127
PCT/ US97/ WoosyAs1127 - 35- Exancer/és9e7/07302
Synt hesi s of C2 -Monofluorinated Seven At om Bri dged
Bi si ndol yl mal ei m des - 5 A compound of fornula X 10
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Example 3

Synthesis of C6-Monofluorinated Seven Atom Bridged
5 Bisindolylmaleimides
A compound of formula XI:

.t \ti

is produced as follows:

" a. MCPBA
: b. NR3HF
e} ®)  c. deprotect O H

s Ll o — L_H/\/

o

N(CHj) 2

20

ol"l

30

This compound is converted into the compound of Formula XI
35 using the steps outlined in scheme 4.



[err] I's produced as follows: 20 Thi s conpound
i's conver tg4 daprt he conpound of Formula X 35 using the stepcTrosdiomed in

schene 4. WO 97/ 41127 PCT/ US97/ 07302
- 36- Exanpl e 3 Synt hesi s of CB Monof | uori nated Seven Atom
Bridged 5 Bi si ndol yl mal ei m des A conpound of
formula Xl:
) -37-
Example 4

Synthesis of C6-Difluorinated Seven Atom Bridged
5 ' Bisindolylmaleimides
A compound of formula XII:

o .
\/N\fo
10 —
XI1II
15 "; N{CH3)2
is produced as follows:
20

F F
T80 6Et
25 o) O

30

This compound is converted into the compound of Formula XII
35 using the steps outlined in scheme 4.



10 “[érr] 30 Thi's conmpound is converted
into the conmpound of Fornmula XI 35 using the steps .outli:ned in schene 4.
WO 97/ 41190 97/41127 PCT/ US97/ 07302 PCTUS97/07302
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Example 5
Synthesis of Fluorinated Six Atom Thio-Bridged

5 Bisindolylmaleimides
' A compound of formula XIII:

o N
10 LY

XIII
15
is produced as follows:
20 Q Et20(0)P \rcox:na Q
. : ’ > F
0N F o
o : OEt
— - L—‘\)T
]
25 / _
Etal (SCH 2CHCH3)
o; ;o r
| | | ‘_Wom:
30 | | s 0
W

This compound is converted into the compound of Formula
35 XIII using the steps outlined in scheme 4.



- 37- Exanpl e 4 Synthesis of C6-Difluorinated Seven Atom

Bri dged 5 - - Bi si ndol yl mal ei mi des Apcuiusonorion|
formul a XIW?”MflezFr] is produced as foll ows: 20
-39-
Example 6 )
Synthesis of C4-Sidechain derivatives of Fluorinated Six
Atonm Bridged Bisindolylmaleimides
5
A compound of formula XIV:
o
A
10 X1V
::: :N:
15 R
is produced as follows: F//L ﬁ N(CHs)2
20

o | Q¢\V/CF2i?CuLi EZ:;Z
25 |—l\/\"/01-:t — '——’\2/\”/051:

: (o]
o /\/CFZ

30

This compound is converted into the compound of Formula XIV
35 using the steps outlined in scheme 4.



Thi s conmpound is cbnverted into the conpound of Formula XII 35 using the

steps outlined in schene 4. WO 97/ 41127 , : _
PCT/ US97 \Wé39:d1127 - 38- Ex appiraiss7/07302
Synthesis of Fluorinated Six Atom Thio-Bridged 5 :
Bi si ndol yl mal ei m des ' A conpound of fornula X/ I1I: [err] 10
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Example 7

Synthesis of Pluo_roa_ll:ene 8ix Atom Bridged
5 Bisindolylmaleimides

A compound of formula XV:

10
Xv
15
is produced as follows:
20

25 Q g (CH2)
N\ CuLi Q F
o0 ¥ 2 o
I——k/H(OEt — ‘_—J\")TOR
(¢} (Ca)n

=
30

This compound is converted into the compound of Formula XV
. 35 using the steps outlined in scheme 4.




This conpound i's converted into the conpound of Fornula 35 Xl || using the

steps out 8*7‘?;8 4ifd7 SChene ‘4. WO 97/ 41127 - PCT/US97/07302
PCT/ US97/ - 39- " Exanple 6 -
Synt hesi s of C4-Sidechain derivatives of Fluorinated Six At om
Bri dged Bi si ndol yl mal ei m des 5 A conpound of fornula X V:
[err]
-431-~
Example 8

Synthesis of Fluoroalkene Seven Atom Bridged
5 Bisindolylmaleimides

A compound of formula XVI:

10
XvI
(E and Z forms)
15
is produced as folj.ows:' : ' N{CH3)2
20

: ; 3 F
25 o;;o : : 0
[ — OEt
\_H]/(\Cﬂaln/_\og '
ro~(t8

0

30

This compound is converted into the compound of Formula XVI
35 using the steps outlined in scheme 4.



F

Thi s conpound is converted into the conpound of

20
"Formula XIV 35 using-the steps outlined in schene 4. ; WD 97/ 41127

PCT/ USO Iixty#d 127 -40-  pcTrussymTHRE 7
Synt hesi s of Fl uoroal kene Si x At om Bri dged :

10

15

20
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30
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A compound of formula XVII:

- XVIX

| I
N
(E and Z forms) \lﬁ i;i

is produced as follows:

Qoe

. DIBAL
. TsCl
. KCN o F o

d. HC1, MeoH O
OEt

o;_ ;o F
e

(o} (CH5}
RG//\\(C Zin 2lm
7

RO

This compound is converted into the compound of Formula
XVII using the steps outlined in scheme 4.



5 Bi si ndol yl mal ei m des ~A compound

of formul %6\6;”“&,10 : [err] I S produgeriuss7302

fol | ows: 30 This conmpound is converted into the
conmpound of Formula XV 35 using the steps outlined in schenme 4.

-43-

A compound of formula XVIII:

o o
5
. = =
XVIII I P | | « I

(E and Z forms) N N

10 (glz)n
PN
N(CHa)2

is produced as follows:
15
20

25 | \)

30

This compound is converted into the compound of Formula
35 XVIII using the steps outlined in scheme 4.



WD 97/ 41127 ' PCT/ US97/ 07302

-41 - Exampl e 8 Synt hesi s of Fluoroal kene Seven Atom
Bri dged WO 97/41127 Bi si ni dol yl mal ei i des PCT/US97/07302 A
conpound of fornula XVI: XVI
[err] (E and Z fornms) 15 20 ' 30
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Example 9

Synthesis of C2-methylated Fluorinated Six Atom Bridged

Bisindolylmaleimides
5
A compound of
formula XIX:
0 o)
10 NINFH
XIX
15
20
is produced as follows:
25

; o ; go
0~ ™0 F>—<0Bt 0 F :
L I — et

cuo & LiHMDS oY
30 . b. Aldehyde :

&

. N
35 cussou’ Clc” ©



This conmpound is converted into the conmpound of Fornula XVl 35 using the

steps out | we9snn2schene 4. WD 97/ 41127 PCT/US97/07302
PCT/ US97/ 07302 -42- A conpound of
formula XVII: [err] 5 I's produced as follows: 15
-45-
5
10
a. LiAlHg
: F
18 o NaEH,
. z ) . < —
o_
20 \(L%)n
OH
a. MsCl, NEts
b. N-Methyl bis(3-indolyl)
25 - maleimide, Cs2C03

XIX

30



30 Thi s corfpound is converted into the conpound of Fornula 35 XVII

using the steps outlined in schene 4. WO 97/ 41127 . ,
PCT/ US97 M5 80Hd1127 _ -43- A cpOPeUsITIoT3062
formula XVII1I: [err] 5 :
-46-
Example 10

Syntheasis of C3-Derivative Fluorinated Six Atom Bridged

Bisindolylmaleimides
5
10
15
| x
20 =
25

30
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I s produced as follows: 20 30 Thi s conpound
I S convert eWoV#12He corrpoUnd of Formula 35 XVIII using the sPepuUssmaBIned

in schene 4. WO 97/ 41127
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Example 11
Synthesis of C3-Derivative Fluorinated Six Atom Bridged
Bisindolylmaleimides
5 _
I
o)
) LN
10 F '
l ] ’ a. CF4CO.H, CH,0H"
X N [N/ b. TsCl,pyridine
_ c. base
\\ \ CH,
15
20
25
30

) (CH3) 2



Synt hesi s of C2 nmet hyl ated Fluorinated Six Atom Bri dged -

Bi si ndolyl mal eim des 5 A conpound of . formula XIX: =~ 10
[err] w0 97141127 20 i s produced as follows: 25 PCT/US970T3041127
PCT/ US97/ 07302 - 45-
- -48-
Example 12

Synthesis of C3-Derivative Fluorinated Six Atom Bridged
Bisindolylmaleimides

10
a. CF3COzH, CH30H
b. NaIO4
C. MC]., NEt 3

| qgj
15 N d. Electrophilic _
_ fluorinating agent
\\ | - P
| o SN N

20 ,,
| iR w
NN N7
_ gcheme 4 \\'7(
25 / F CHO
O\T/N\”o

SN
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In the following examples and preparations, melting point,
nuclear magnetic resonance spectra, mass spectra, high
pressure liquid chromatography over silica gel, N,N-
dimethylformamide, 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:

Example 13
Preparation of the bisindolylmaleimide of the formula:

CH;

ONF°
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Bri dged
25

Exanpl e 10 Synt hesis of C3-Derivative Fluorinated Six. Atom
Bi sindolyl maleimdes 5 .- : 10 [err]

WOBYy/41127 PCT/US97/07302

10

15

20

25

30
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> HMDS, Buli A:?<f

0”7 o HMPA o g
I o8t
CHO CH2FCO,CH2CH3, ?
-850 :
8 THF, -850 C o O
9a: (2R)
9b: (2S)
Ethyl (3 -2-fluoro-3- Xy-4,5-0-3 ropvlidene

noate.

To a stirred round-bottom flask containing 50 mL
of anhydrous THF and 6.1 mL (0.03 mol) of hexamethyl
disilazane (HMDS) at 0°C, was added 12 mL (0.03 mol) of a
2.5M solution of butylithium in hexane. The resulting
mixture was allowed to return to room temperature and
stirred for 10 min. Then it was lowered to -85°C. A
mixture of 1.80g (0.010 mol) of hexamethyl phosphoric
triamide (HMPA) and 1.00mL (0.010 mol) of ethyl
fluorcacetate was added dropwise as rapidly as possible
while not allowing the temperature to rise above -85°C.
After 5 additional min. 880 mg (0.00677 mol) of 2,3-0-
isopropylidene D-glyceraldehyde (8) was added. The mixture
was stirred for 10 min and then quenched at
-85°C with 5 mL saturated ammonium chloride. On warming to
room temperature the mixture was diluted with 80mL CH,CI,
and washed with water (60mlx3). The CH,Cl, layer was
separated and dried over Na,SO,. After evaporation of the
volatiles in vacuo, the residue was loaded on a short
silica gel column. It was flushed with CH,Cl, then 30%
CHCN/CCl, (or ethyl acetate), yielding crude product.
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CH3

10

15

20

25

30
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The crude product was chromatographed on a silica
gel column using 15% (v/v). CH,CN/CCl, as eluent, yielding
two fractions with partial separation of two diastereomers:
fraction 1, 177mg, (9a, 34%, 9b, 66% based on 'HNMR)
fraction 2, 377mg (Sa, 62%, 9%b, 38%). Overall yield 34.7%,
in which %a, was 52.7%, and 9b, was 47.3%

OEt

O
m
w
[4>]
Q
w
far}
=
o
[+
M (X
W/

0
o
N
4]
ot
=]
Lo

327 mg (1.39 mmol, which is a mixture

Alcohol 9,
62% and 9b, 38%), was evaporated with toluene and

of 9a,
327 mg (1.39 mmol), was dissolved in 6 mL cyclohexane.
Under N, atmosphere and stirring, allyl trichloroacetimidate
(423uL, 561 mg, 2.78 mmol) was added, followed by '
trifluoromethanesulfonic acid (20uL) in SuL portions over
20 min. A dark brown oily ppt. began to form instantly.
The reaction mixture was stirred at room temperature for
60h. A white ppt. was formed, and that ppt. was filtered
and washed with cyclohexane twice. The filtrate was
evaporated to a oily liquid. It was chromatographed on a
silica gel column using 10% (v/v) ethyl acetate-hexane as
eluent, affording two fractions. The first fraction
contained mainly 10a and the second fraction 10b. The
fractions were purified on a silica column using 25% (v/v)
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[err]
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hexane/CH,Cl, as eluent, yielding 10a, 133mg (34.8%) and
10b, 83 mg (21.7%). Total yield 56.5%. '

5
o><o F
DIBAL-H %
ﬁ s
THF, =750C :
o °
10 10a: 2R a: k
10b: 25 llb:
3 - 1 -2- lu-fo-4 -O-isopr iden nt.
15 The ester 10a, 60 mg (0.217 mmol) was evaporated

with toluene twice. It was dissolved in 3.0 mL dry THF and
cooled down to -75°C. TUnder N, with stirring, DIBAL-H
toluene solution 0.68 mL (1.29 M, 0.877 mmol) was added
dropwise over 20 min. The resulting solution was stirred

20 at -75°C for another 1.5h. Then it was allowed to warm up
to -5°C and quenched with 4 mL ethyl acetate. After
stirring for 10 min. wet Na,SO, {2g) was added. The mixture
was stirred at -50C for 2 h. The solid was filtered away
and washed with ethyl acetate twice. The filtrate was

25 evaporated under reduced pressure. The residue was
chromatographed on a silica gel column using 30% (v/v)
ethyl acetate-hexane as eluent, yielding pure 1la, 32 mg
(63.4%). 11b is obtained the same way from 11b..



20 30 WO 97/ 41127 | i

exanpl es and preparations, nelting point, nucl ear magneti c resonance
spectra, mass spectra, high pressure |liquid chromat ography over silica
gel, N N di met hyl f ormam de, pall adium on charcoal, tetrahydrofuran, 5
“and ethyl acetate are abbreviated MPt., NVR M5, HPLC, DVF, - Pd/ C, THF
and Et OAc -, respectively. The ternms "NWR' .gnd "MS" indicate that the
- spectrumwas consistent with the desi r8d structure. 10 Exanple 13
Preparation of nhg QEiyykﬂylnaleinide of the fornul a: [err]

o><o F 1. O ><

5 CH;0HCH,Cl, © 0
| o om. e %OH

2. CH; SCHj _
0O 3. NaBH, s
1la: 25\_ | 12a: 25 OH

- Compound 11 (a mixture of 1la and 11b), 23 mg
(0.099 mmol) was dissolved in 3 mL CH;OH and 1 mL CH,Cl,. At
.15 -78°C, it was bubbled with 0O; until the solution turns
bright blue. The solution was then bubbled with ‘argon for
5 min. A drop of dimethyl sulfide was added, and the
mixture was stirred for 10 min.. Sodium borohydride 30 mg.
(0.794 mmol, 8 eq) was added and stirred for 5 min. The
20 reaction mixture was allowed to return to ambient
temperature and was stirred for another 1h. After adding 3
"drops of éaturated_NHJﬂzaqueous solution, the mixture was
stirred for another 1 h. The volatiles were removed in
vacuo. The residue was dissolved in methénol, and ethyl
25 acetate was added to replace methanol by co-evaporation.
The white ppt. was filtered away and the filtrate was
evaporated. The residue was chromatographed on a silica
gel column using ethyl acetate. After removal .of the trace
unknown components, 13 mg (55.3%) of 12a and 7 mg (29.8%)
30 of 12b were obtained.



20 25 30 WD 97/ 41127 o |
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Mesylation and Coupling Reactions

5 o><o F o~ N F
l_k}\/OH Et20, 00C I.__k/{/oso 2CH3
e

: Et 3N, CH3S0,C1 © i

§....

OH

,mf....

SO2CH3
12a: 2s 13a: 2
10
12b: 2R 13b: 2
15 The diol (12a), 12 mg (0.050 mmol) was dissolved

in 5 mL anhydrous ethyl ether and cooled to 0°C under N,
atmosphere. Undét stirring 35 puL (0.250 mmol, 5 eg.) of
Et;N was added, followed by 20 uL (0.25 mmol, 5 eq.) of
mesyl chloride. The resulting mixture was stirred at 0°C

20 for 5 h. The ppt. was filtered away and washed with ethyl
ether. The filtrate was washed with water (2x) and brine
(2x) and dried over Na,SO,. After evaporation of the
solvents in vacuo, a yellowish oil 13a, 9 mg (43.3%) was
obtained. '

25 The precipitate was dissolved in water and
extracted with ethyl acetate. The ethyl acetate layer was
washed with NaHCO, aqueous solution twice and dried over
Na,SO,. . After evaporation of the solvent in vacuo, 11 mg
(55.3%) of 13a was obtained. Totally 20 mg of 13a was

30 obtained, a 100% yield.

Dimesylate 13a, 20 mg (0.0507 mmol) and
bisindolyl-maleimide 17.3 mg (0.0507 mmol) were combined
and dissolved in 2.5 mL anhydrous DMF (dried over molecular
'sieves) and added via syringe pump addition to a suspension

35



To a stirred round-bottom flask containing 50 ni of anhydrous THF and
6.1 nL (0%,§39 %2), of * hexanet hyl 15 di sil azane (HVDS) at O[ ecthfsor/onsez added

12 mL (O of a 2.5M sol ution of butylithiumin hexane. The
resul ting m xture was allowed to return to roomtenperature and
stirred for 10 mn. Then it was |lowered to -85[err]C. A m xt ure of
1.80g (0.010 nol) of hexanethyl phosphoric 20 triamde (HWA) and 1.00nL
(0.010 nol) of et hyI fl uoroacetate .added dropwi se as rapidly as
possi bl e whi [ e not. aI | ow ng t he terrperature to rise above -85[err]C
After 5 additd® 0.(@@d S ne
D- gl ycer al deh der@%% V\Bg 8H§t6 % Elrae)ng rﬁné”I 0ll}lrre t'f ggh?@ﬁdu%e

‘then quenche l‘ﬁ at 50%@[%@?6 %t‘l’l"%rnﬁosat ur'EPGdr&#ﬁ&mQan@Ir#mlfﬂewaSh
warmng to gt {0083 LLAPSH8EUESL! Bﬁdﬂﬁ@ﬂrﬁ) yas did Upgsl %&B&Q
CH[err]CI[err] and washed with ter. (60m The CH err | errJ]nIayer
Was separ@HP oA pemevetae wlgﬁ't erﬁb%/a’fﬁﬁ’d?‘i’%nwﬁF ghgsgd ved

vol ati | e55| N MACHCL, hmd Gmshai webst h oaaledramea NAHCD,; aquéblibCaoltition

col um. \éﬁfdf ft%:’."'f& sl df % E‘rctlfg e@%é\%%yiﬁﬁé7anhagrleé err]

(or ethyl cru e pro
PCT/ US97/ 073@2/er Na,S0,. After evaporatlon, the -r&d solid residue walse

crude productcr%xsgefﬁﬂaaa Redi99 ca @fl‘ lumn g@it%l‘goéi‘WElHﬁl Be 9%

(v/iv) CHerr]CN as el uent, yle ractions wth parti al
separation of (VA% AReeterelFEFL;. Th ‘Fr‘é@?%ﬁﬂdlcomp?ﬁgd A4a, J4MmI 9h25 66¥0

baseod Onlberrddﬂ\'@utéd afmaCEh.QE(t):Z f%ﬂrmvé&ab Qﬁ% . tB8%takkehgl | yield
34.7% v!_m Chaf b:.slngoyz /?ua&elml%e (3743%) [er]

Example 14
Preparation of the bisindolyl maleimide of the
15 formula:

. |m!3
o\rn\/o

20 ;

/ .

XN

ko)

25
30

Compounds 2la and 21b are stereoisomers, 2la is
in the 2R conformation; 21b is in the 2S conformation. The
nomenclature of the chiral center changes when the ester is

35 reduced to the alcohol (i.e. compound 24a becomes 28).




Ethyl (3S,4R) 3-allyl oxy-2-fluoro-4,5-0Cisopronylidene pent anoate. 20
Al cohol (1.39 mol, which is a mxture ° of 9a, 0 ,

389 , wagwgééédﬁgted wi th toluene and 327 nmg (1.39 nnnlf?ﬁd%%%gFggolved
in 6 mL cycl ohexane. Under N2 atnosphere and stirring, allyl
trichloroacetimdate 25 (423[err]L, 561 ng, 2.78 mol) was added, foll owed
by trifluoronethanesul fonic acid.(20[err]L) in 5[err]L portions over

20 mn. A dark brown oily ppt. began t()$$§J“i nstantly. The reaction

m xture was stirred at roomtenperature 60h. A white ppt. was
formed, and that ppt. was filtered-30 and washed wi th cycl ohexane tw ce.
The filtrate was evaporated to a oily liquid. It was chromat ographed on
a silica gel colum using 10% (v/v) ethyl acetate-hexane as el uent,
affording two fractions. The first fractiag cont ai ned ~Ql y 10a and

t he second fracti b. The 35 fraction re purified o 5ilica col um
using 25% (v/v) WO 97/ 41127 .
PCT/ US97/ 97302 o HMDS, Buli % F5o-

hexane/ CH err] A [ grr] Yas el uept—syi el din 183y of34. 8 d
83 ng (21.7%. Total yi 5@{%02%[:&3”] - :
. 21 THF, -780 C o (o]
\Si(CH:c)a . 22

22

10

To a stirred round-bottomed f£lask containing 40
mL of anhydrous THF and 5.0 mL (0.0255 mol.) of hexamethyl
disilazane 9.0 mL (0.0225 mol) of a 2.5M solution of butyl
15 lithium in'hexane was added and reacted in an ice bath
under N,. After stirring at room temperature for 10 min, it
was cooled to -78°C, and 3.6g (0.020 mol) of HMPA and 2.0
mL (0.020 mol) of ethyl fluoroacetate were added dropwise
in 5 min. After stirring for 5 additionmal min. 760 mg
20 (4.46 mmol) of cyclohexylidene-glyceraldehyde (21, prepared
as Ref. JOC, 1992, 57 page 648, and Joc, 1995, 60, pages
585-587, distilled at 60°C/0.5 mmHg)lwas added guickly.
The mixture was allowed to stir for 10 additional min. and
then was quenched at -78°C with 5 mL of saturated ammonium
25 chloride. On warming to xroom temperature the mixture was
diluted with 60 mL hexane. The hexane layer was separated.
The remaining layer was extracted with 30 mbL hexane. The
hexane solutions are combined and washed with saturated
ammonium chloride (100 mL x 3) and dried over Na,SO,. After
30 evaporation under reduced pressure, the residue was
chromatographed on a silica gel column using 30% ethyl
acetate-hexane, yielding the main product 22’ 740mg
(47.6%), which is a mixture of two isomers with the major
isomer 227a (74%) and the minor 22°b (26%) based on 'HNMR.
35 The aqueous washing was extracted with CHCl,. After



(3S,4R) 3-Allyl ony 2-fluoro-4,5-0-isopropylidene pentanol 15

The ester @Q?,,ﬁi)z-,rrg (0. 217 mol ) was evapor at ed W th tolpcsmesorohsee. |t
was dissolved 1n 3.0 nL dry THF and cool ed down to -75[err] C. Under N2
with stirring, DIBAL-H  toluene solution 0.68 nL (1.29 M 0.877 mnol)
was added - dropwi se over 20 mn. The resulting solution was stirred 20
at -75[err]C for another 1.5h. Then it was allowed to warm up to
-5[err] C and quenched with 4 nL et hyl acetabe. Af ter stirring for 10
mn. wet Na[err]SOerr]. (29) was added. Theé m xture was stirred at

-5[err]C for | e bt n gwa@}‘n Wi
acetate tw Ceze@r%%c-)rfflif:?. rBinlte m?%%éﬁglgggfﬁgtﬁgggﬂnggr educe )préés%% 8 The

residue was OPER:BRA: SFCHL e FhILXPFPER dByero Waidksiify Bbee (3/mixture

ethyl acetate-§exewe 2ol DU di6meyr 221aawad2 obtained 68rdfdthd 1D
is obtained the, sane vva}é,f Lom Jhlb. V\E 97/ 41127

[err] 5 = with CHC1,.

| 0.1M Citric Acid
| in CH;0H
o F
e 0

10 L_J\/&n/m L_k/(\n/m
6 o CH O
Si(CH3)3 . 22

22"
15 '

The starting material 22°, 740 mg (2.1 mmol) was
dissolved in 60ml CH,OH. 1.2 g citric acid was added. The
mixture was stirred at ambient teinperature for 4 h. The
solvent was removed on roté.ry evaporator. The residue was

20 taken up with ethyl acetate (100 mL) and washed with
saturated NaHCO, aqueous solution (100 mL x 2) and water.
'The ethyl acetate layer was dried over Na,S0, and '
evaporated, yielding 22, 600 mg (100%), which is a mixture
of isomer 22a (69%) and 22b (31%) based on 'HNMR. Pure 22a
25 was obtained by hydrolysis of 227a under the same condition
producing a 100% yield. '

30

OEt OEt

35 -




Corrpound 11 (a mxture of 1lla and 11b), 23 ng (0. 099 mol ) was

di ssolved in.3.nL CHerr]OH and 1 nL CHerr]C[err].

was bubb‘ivg(?gwiczﬁ O[err] until the solution turns bri gﬁcmjw
solution was then bubbled with argon for 5 mn. Adrop of dinethyl

sul fide was added, and the m xture was stirred for 10 mn. Sodium

bor ohydri de 30 ny. (0.794 mmol, 8 eq) was added and stirred for 5 mn.

The 20 . reaction m xture was allowed to return to anbi ent t enperature
and was stirred for another 1h. After atRfing 3 drops of saturated

NH[ err] d aqueous sol ution h Stl red f anot her 1 h.
The volatiles were re l'ﬁoh‘ 22, \é\ﬁj&“gTZ% LTy smgP‘§
met hanol , anfseméyl 22& (met)atand/mmdtmﬁ%lb wasg| dﬂ:esomrhdndlh by) mL

co- evapor at i andthefiltrate was
el?léex-arﬁg %dt rhtﬁéffi 3

evapor at ed. ue was roma gra ca gel colum
usi ng et hyl %@@bl@roﬂpﬁéml&ﬁt\%lwﬁﬁ adeedy ac'Ehen 108k abnALcEFpRREnwas 13

55.3 9 f WO
3173/21127%@ 4aded aPepwi¥e RR8%0 Iin0 'fi?@ U%Bg% 3§ﬂure was

- 54- MRS BEREnaknarbdent ETRARAF IR under N, for 4§ d¢] TLC

showed that there was about 20% starting material left.
Additional 60 puL CF;SO;H was added and the reaction mixture
was stirred for another 24 h. The ppt. was filtered and

10 washed with cyclohexane. The filtrate was evaporated and
the residue was chromatographed on silica gel column using
10% ethyl acetate-hexane as eluent, yieldlng 23a, 511 mg
(68.1%) and 23b, 160 mg (21.3%).

15 Pure 23a is also obtained from pure 21a using the same
cond::.tlon above for comparison. )

20

LlAlHq
QEt

The ester 23a, 635 mg (2.00 mmol) was evaporated
with toluene twice and dissolved in 10 mL anhydrous THF.
30 It was dropwise added to a suspension of 200 mg (5.27 mmol,
2.5 eq.) LiAlH, in 40 mL anhydrous THF at -78°C under N,
with stirring. After adding the sample, the reaction

THF, —7 go C

"3

mixture was stirred for 20 min. It was warmed up to 0°C
and stirred at 0°C for 20 min. Then 5 mL ethyl acetate was
35 added. After stirring for S min., 4 g wet sodium sulfate

FEre s miat SARSAMGIASRAIRNR RS T e



el Sl ol

15 The diol (12a), 12 ng (0.050 mol) was dissolved  in 5 nL

. anhydr ous WOISJM18Ther and-cool ed to O[err]C under N2 at moREHESW078Nder
stirring 35 [err]L (0.250 mml, 5 eq.) of Et[err] N was added, followed -
by 20 [err]L (0.25 nmmol, 5 eq.) of mesyl chloride. The resulting

"m xture was stirred at O[err]C 20 for 5 h. The ppt. was filtered away and
washed with ethyl ether. The filtrate was washed with water (2x) and
brine - ~ (2x) and dried over Na2SO4. Afteggevaporation of the sol vent s
in vacuo, a yellowish oil 13a, 9 ng (43.3% was obt ai ned. 25

The precipitatwaseaddedsol The: mixtaire wasd stlmoad dideB 0 minet hrhe solia

tate. Th | Ly
SSTuE on v oovad FAELTER BRKY R wagniBORITH iR HILELEL BRMERCS e
in vacuo, 11 nfiltratgswas) eyapraated @@taonQGY'awapoyam@rng Thellesddue
30 obtai ned, ﬁaéog%:%h&'t@gra hed on 3 s:.Ph.O oé@'t?ﬁml 2958 Erg()QS%Zhyl

mol ) and bi si ndol,yl - mal ei'm wer e
‘and di ssol Yed ?ﬁeﬁas%ﬁemﬁa;seelw%dué tEFe F MBI Fome 5§1’=1§'§é§y and
added via syrimgeepiap 2dd,t19n nig, alsespaiai product was V@@Eééléﬁz as

PCT/ US97/ 0730 66

anhydr ous %1?,(){“& r(]7geu%rﬁe'rcﬁ g?égvé 3% g"%ﬁe %?l gﬁ thlit‘ure
was stirred at Gomppupé 2éb ik eg) 1928, obtaiaed \byparededtion of 23b
vacuo 0 ey 5enyp! gliikeS pr fo%ﬂusnwasghgsal Wit Tad pEGELAGLE] a5

and washed W|t satu ate err] aqueous soO
chl or of or #PI ay*POYRs @éEQr &ﬁédyé-lﬁi- i ed over Na[err]SQerr]. After

evaporation, the red solid residue was chr omat ogr aphed on silica gel
colum with elution of 10% (v/v) acetone/CHCl [err]. The desired
conpound 14a, 7 ny 4% 10 was eluted out first, followed by one of the
starting mat er i I si ndoyl -mal eimde 13 ng (75 '
0o ,
o ™ F
15 L--J\\/,i\v/, CHiOH/CHxCl, 07 Yo  F
: NaBHg :
o . 0
- OH
20 242 | 25a

The alcohol 24a, 295 mg (1.08 mmol) was dissolved
in 20 mL mixture solvent of CH,0H/CH,Cl, (1:1). It was
cooled down to -78°C. Ozone was bubbled through until a

- 25 Dblue color began to appear. Argon then was bubbled in to
exclude excess 0;. Several drops of CH;SCH, was added and
the solution was stirred for 5 min. Then 245 mg (6.48
mmol) of NaBH, was added at -78°C. After stirring for 5
min., the reaction mixture was allowed to return to ambient

30 temperature and stirred for 1 h. The volatiles were

removed in vacuo. The residue was chromatographed on
silica gel column using ethyl acetate as eluent, yielding
25a, 232 mg (77.5%).



Exampl e 14 Preparati on of the bisindolyl maleimde of the 15

formul a: o0 9741889 .25 30 . T Corrpounq,%rﬁ;sgﬂﬁéﬂb

are stereol soners, 2la is .in.the 2R conformation; 21b isS™i

conformation. The nonmencl ature of the chiral center changes when the
ester is 35 reduced to the alcohol (i.e. conpound 24a becones 2S). WO
97/ 41127 : PCT/ US97/ 07302

- 56- Jerr] : : 60

The diol 25b was obtained following the same procedure
above. The reaction was initiated with 230 mg of 24b, and
158 mg of 25b was obtained with a yield of 67.7%.

. |
o ;O F Ethyl 0 ]‘O F
' oy  ether L——-"\/a/.oso;_.cn3

. ——— .
: Et3N, MsCl

10 | O : 6\/\

OH OSQ,CH,

25a ' ' 26a

Diol 25a, 195 mg (0.70 mmol) was dissolved in 50 mL diethyl

15 ether. Triethyl amine 583 ulL (4.2 mmol) was added and
followed by 342 uL (4.2 mmol) of methanesulfonyl chloride.
The mixture was stirred at ambient temperature under N, for
3 h. 50 mLs of water, was added to dissolve the ppt. The
ether layer was separated and washed with water (50 mL x

20 2). After dryihg' over anhydrous Na,SO,, it was evaporated
at reduced pressure to yield a &ellowish liquid 26a, 308 mg
{100%) .

25 ' CH;

OQO F
30 l—'\/%\/0507:‘3*3
NN 050,CH,
26a

35



To a stirred round-bottoned flask containing 40 mL of anhydrous THF and

5.0 nmL (0. @WomAMatd7. ) of hexanet hyl di silazane 9.0 L (O. §931073081 o
2.5M solution of butyl 15 Ilithiumin hexane was added and reacted in an
ice bath under N2. After stirring at roomtenperature for 10 mn, it
was cooled to -78[err]C, and 3.6g (0.020 nol) of HWA and 2.0 m. (0.020
nol ) of ethyl fluoroacetate were added dropw se in 5 mn. After
stirring for 5 additional mn. 760 ng 20 -§#-46 mmol ) of ' .
cycl ohexyl i dene- gl ycer al dehyde (21, prepared as Ref. JOC, 1992, 57 page

648, and JOC, 1995, 60, fges 100 BBSro8Ed-bbstimedd finsoCdntainiy 768

added qui ckly. T ] r I St il 1 4 A '

and . Mt hen vBY (2:A% By TP CARBEnhEeti Aol WAt o By
chloride. On BAPRi vgder MhonifeMbeOf IMF 3RLYE1GRr @ORE3iningRBa.c R57 g
60 nL hexane. Thesbeyien ) RS WESis882YEATeimide]N2022MRY NLNSI AMAG] Yodas

extracted with 30 nL .hexane. Th hexane sol uti ons are conbj ned and
washed wit P sa?GTiSEieﬂronr}aqﬁm‘ﬁf%rﬁcﬂYB?Pgﬁ pPypp pver B Paxicd i%g 48eh-
Nﬁ2804. AfteL ﬁﬁte&vam{z_&téd)ra?mlwrcr fdnc_addmtg?nanﬁza‘t he, rsise dteadion
chromat ographed,opn.a silic el_c u g Y, at e-hexane
yi el di ng the n’ﬂ?’ﬁgﬁfgdﬁ'&s %ﬁ%%#ﬂh ?ha %‘% , i’c%'im?swggﬁg&t &ﬁ&%?’ﬁ’(&?
i soners with t{BOnmox 2), ithewrwaeern (30%nLamd2fhe fherclddrofesn) layerd

HNIVR. ' '
o gg; 211 P was &39S é(ﬁ%?df&u&’aﬁagﬁﬁ.lg %%*Pﬁ%g%%ﬁ?ﬁ (fiddr £E&BEea

-57- 10/ apBr YT eand T dree bdra pWarfgdissolyedy 1oy CHGloangd,s

obt ai ned from ghecmBitRigfaned e sitahgks abiamd Wsikyd &% acetone/CHCl,
as eluent. The first component eluted out is the desired
'product 27a, 185 mg. It was recrystallized from _ '
CHC1,;/CH;0H, yielding 130 mg (37.7%) and a filtrate.

15 Compound 27b was obtained in the same way as above,
except that the addition time of the mesylate and bis
indolyl maleimide via a syringe pﬁmp was 80 h. The
reaction was initiated with 97 mg of the diol 25b, and 64
mg of 27b was obtained with an overall Yield of 26.1%.

20 '

CHj ) _ CH;3

25

30 6O

The starting material 27a, 50 mg (0.099 mmol) was
35 dissolved in 50 mL methanol. To it 1 mL water and 200 mg



of two isoners. Pure isoner 22'a was obtained fromthe m xture 22' by
chromat ography on si.lica gel colum eluted 5 wth CHCO [er 7§f‘l§d

15 WOIHH®2Tst arting material 22', 740 ng (2.1 nmmol ) wa lIdTms i'ssol ved
in 60mM CHerr]OH 1.2 g citric acid was added. The mxture was stirred
at anbient tenperature for 4 h. The sol vent was renoved on rotary
evaporator. The residue was 20 taken up with ethyl acetate (100 nlL) and
washed with saturated NaHCO3 aqueous solution (100 nmiL x 2) and water.
The ethyl acetate layer was dried over 1\62804 and evapor at ed, vyiel ding
22, 600 ng (100%, which is a m xture | soner 22a 63‘% i\gd 22b (31%
based on [ er PEHRViRolmENe Bl BoniG acis: QPR@HYW%r PLoowWRTEnder

the same congdighied The¥shiet {enamikblre dbe. st:.rred at €50%C for 4 h35
WO 97/ 41127 /USQJ/ 7302

It was evaporated on rotary evaporator an e residue was

chromatographed on silica gel column using 5% CH,0H/CHCl, as
5 eluent. The main component 28a was recrystallized from

acetone/CH;0H, yielding crystalline 28a, 23 mg and a

filtrate which contains 18 mg of 28a (95.0%).

) CH3 CHj
10 |
Oﬁ/n\ /0 O\
~
O o Oy
N N
15 acetone/ R
CHO
20

N
©
V]
[}
W
]

Diol 28a, 55 mg (0.108 mmol) was dissolved in 20
ml of acetone-HOAc mixture (1:1). To the solution, 100 mg
of NaIO,.3H,0 (0.373 mmol) in 2.5 ml water was added. The
25 mixture was stirred at ambient temperature for 2.5 h. It
was evaporated on a rotoevaporator to reduce solution
volume to half, and then diluted with 30 ml CH,Cl,. The
mixture was then washed with water twice, aqueous NaHCO; and
water again. The CH,Cl, layer was separated, dried over
30 Na,SO, and evaporated to dryness, yielding crude aldehyde
29a.
The crude aldehyde 29a was dissolved in 14 ml
CH,Cl, and cooled to -78°C. Sodium borohydride, 30 mg (0.79
mmol) was dissolved in 6 ml of SP reagent alcohol and added
35 to the solution. The mixture was stirred under N, for 40



- 58- Al cohol 22, 655 nmg (2.37 mmol, a m xture of | somer
21a (69% weob72iie7(31% ) was dissolved in 30 nL cycl ohex ZEA/USIHOIOZ0 ni
(9.8 nmol) allyl trichl oroacetim date was added. Then -100 [err]L of
CFlerr] SO err]H was 5 added dropw se over 30 mn. The reaction m xture was
stirtred at anbient tenperature under N2 for 46 h. TLC showed that there
was about 20% starting material left. Additional 60 [err]L
CF[err] SO err]H was added and the reacti ong3d xture was stirred for

anot her 24 h. The ppt. .was filtered and 10 washed with cycl ohexane. The

fi : t ralt e was emgaor afedwasd quendﬁai r\ﬁsfhldu&o&vaplcbngcm cmmdpiljlgdnoalabheaa' to
gel columm usin 10% e t e e Lel din 511
7o " (65, Loy Paruraotk s S g AL miRe Bl e ByBro i b

obt ai ned fr om pedecglthessed uthion arglume mnl!alfoandb@henf ovixsshpei s oho

20 [err] O'E%ﬁﬂ,ﬁ 0 !._rﬁ;u_g
evapor at ed = CﬁHs?Ioi'ugnénlt v‘\}fceP an | sso§ I'n Eiﬁﬁa anhydr ous % 30
It was drofwi s@qaaeea gelxtd@ihendihim %?x%Uen'ga?SsEff-rﬁ#@I for 5 M5 it )was

Li AlH err] in d@apbratBrdagds tEﬂératup 7&@& r3§ mrdes,d¥,. The tdu,el] rrai@r
After adding the sanpl e, there xture was stirred for 20 m

It was war med ¥@StB8SBRIALEE, wasj"rﬁif Mith e‘ﬁaté rOf’éF?fth"B\esZ@qq @r%@\@r _
nL ethyl aceta#,903s 3Afaedeévaifidratidn/ rtlg fesidusi was ¢hyomitEnriphed

sulfate on a silica gel column using 10% ethyl acetate in CH)I,,
10 yielding compound 30‘a, 7mg (14.1%). The main component
was eluted with ethyl acetate, yielding the desired product
30a, 41 mg (79.3%).
Compound 30b was obtained from the corresponding
diol 28b (with a yield of 63.4%) following the same
15 procedure as above except that the solvent for'the cleavage
of the diol was a mixture of CH,CN-H,0 (2:1).

_ Tﬂs.
s | | O\/XO

N N~
25 | R F

-30

35




WO 97/ 41127 PCT/ US97/ 07302
- 59 - s. added. The mixture was stirred for ‘30 min. n@-ﬂ'ao
was filteVod’ and washed with ethyl acetate tw ce. The IE%"%QJ{ ra%e was

evaporated on rotary evaporator. The residue was chromat ogr aphed on a
silica gel colum using 30% ethyl 5 acetate/hexane as eluent. After
renovi ng sone starting material 23a, 19 ng, the main product was el uted
out, as . 24a, 413 ny (75.0%, foll owed by sone 24b, 30 ng (5.5%.
Compound 24b (44 mg) was obtai ned by red®%1on of 23b (112 ny) using
DIBAL-H in THF using a simlar procedure as 10 above, with 45%yield. :
[err] - The al cohol 24a, 295 ng (1.08 mmol) was

di ssol ved in 20 ni m Xt urgg,sol vent of CH[err]CPVC}{err]CJ[@ﬁ;] (1:1).

It was cool ed down to -78 err]C Ozone was bubbl ed throughfuntil a 25
bl ue col or began to appea.. gopot hen wa¥sBlbbled in to o egcl ude excess
03. Several drops of CH3SCRE Wa¢ added an&H2¢%2 t (ftfalo| uti ony A 1rred for
5 mn. Thgn 245 ng (6. 48 -wwl) of NaBH[ err}>was added at ==& err]C
After stirring for . gacty on m xt ur e (%

to anmbient 30 tenpaya i of 1 h. The

renmoved i n vacuo. i hr ohat ogr aphed on - Ilca geINcoI-nn
usi ng ethyl acetate as eluent, yig

_ HN(CHz) 2
10 CHzO0H 20% Hy0/CzHs0H CHoOMs
.Tﬂg
15
20 —5‘121‘1 (CH3) 2

The alcohol 30a, 16 mg (0.0338 mmol) was
dissolved in 10 mL CH,Cl,. To it 70 uL (0.52 mmol) of
25 triethylamine and 28 gL (0.34 mmol) of methanesulfonyl
chloride were added. The reaction mixture was stirred at
ambient temperature under N, for 3 h. It was transferred to
a separatory funnel and washed with water three times.



WD 97/ 41127 PCT/ US97/ 07302

- 60- wo 9fl1sH ol- 25b was obtained foll owi ng the same progefivserorso
above. The reaction was initiated with 230 ng of 24b, and 158 ng of 25b
.was obtained with a yield of 67.7% [err] D ol 25a,.- 195
nmg (0.70 mmol) was dissolved in 50 nL diethyl 15 ether. Triethyl am ne
583 [err]L (4.2 mvol) was added and followed by 342 [err]L (4.2 muol)
of net hanesul fonyl chloride. The m xturggwas stirred at anbient
tenperature under N2 for 3 h. 50 nLs of water, was added to dissolve

the ppt. The ALEBPT VAR ratGiorm SPar n h | er X
20 2). After dglﬂfg over anhfdar ous Nazﬁsg?té \%argaeévgg'(#!até&j%" aﬁge%be&?
pressure to vyi 98P 8RCSh 1i quid 26a, 308 ng (1009 . [err]

The crude mesylate 31a, 23 mg (~0.0338 mmol) was

placed in a 25 mL-round-bottomed flask and 12 mL CHOH was
5 added. The flask was cooled down uéing dry ice/acetone

bath. Into it 1.2 g HN(CH;), and 3 mL water were
transferred via cannula. The flask was then sealed with a
teflon stopper and tied using copper wire. It was stirred
at 100°C for 8 h. After the flask cooled to room

10 temperature, the volatiles were removed on rotary
evaporator. The residue was dissolved in 20 mL ethyl
acetate and washed with agueous NaHCO; (20 mL x 2), .water
(20 mL x 2). After removing solvent it yields 24 mg crude
produce 32a which was recrystallized from methanol,

15 obtaining pure 32a.

N
OxN.__~© a. CpHsOH/5NKOH O 920
20 g Y
——
- S=e
N~ N~
A \\o_ﬁr
25
CHZN(CHQ)z a. DMF CHZN(CH;;)Z
32a
30
35

CH;N (CHj) »



35 27a WO 97/ 41127

PCT/ US97/ 07302 -61- To a
100 L r {44821 oned fl ask containing 768 my (2.36 maIGTERTR
carbonate in 40 nL anhydrous DVF at 50[err]C under N err], 10 nm of DW
sol ution containing 26a, 257 ny (0.59 Mol ) and bi si ndol yl mal ei m de,
202 nmg (0.59 mmol) was 5 added dropwi se via a syringe punp over a period
of 48 h. After stirred at 50[err]C for additional 24 h, the reaction

m xture was diluted with 100 mL CHO [ errP6and washed with brine (50 nL

x 2), then water (50 nL x 2). The chloroformlayer .. was dried over
anhydr ous Na[T&& ]é&[qﬁ r32and2 4880 804 8, L )y é_{ﬁ&é@l‘iﬁf’%ﬁ%@s&?’e? The

relsi due was dim(y w(bﬁre&ém[{:;n,?H and 3 n}mlsmm%ﬁgrfameah@nsﬁikkéa a;tl g
col umm usi ng 2% to [ as eluent. e, first conponent elute
out is the d«§§ r‘gg:%r ?4)9;%0 S7gthapel vag repaved o8 FAtaF¥eq from
CHC [ er r] / CHesagjo@ta toar edmid nghé 38quegolid’ siEpersmidm was tcadked 1o 0°C and
Conpound 27b t 04 j Ngtiye me : e t he
addi tion %i m‘;fl 0 it%?e%ne%%t% gngégi's. W»i?%fglbﬁ%r%:fpe%tm e %;%&gééy“ nge
punp was 80 REtERe stirringifer WAsTim-vi &hed aguaPuwy mixurehwadi ol 25b,
and 64 MheRit 2l 2 WLERI aeture! ROM atieedtraddd witHbedfiy120 [err]

acetate. The ethyl acetate layer was washed with aqueous
NaHCO, twice and water. After drying over K,CO; and
10 evaporation, it yields 24 mg crude 33a.

The anhydride 33a, 24 mg was dissolved in 5 mL
anhydrous DMF. To it 250 uL:{1.19 mmol 1,1,1,3,3,3 -
hexamethyl disilazane was added, followed by adding 25 L

15 CH OH {0.62 mmol). The resulting mixture was stirred at
ambient temperature under N, for 38 h. The volatiles was
removed in vacuo. The residue was dissolved in 6 mL
mixture solution of CH,CN - 1 N HC1 (2:1) and stirred at
ambient temperature for 1 h. The organic solvent was

20 removed and the'aquebus suspension was neutralized with 1 N
KOH and extracted with ethyl acetate. The ethyl acetate
layer was washed with 0.1 N KOH and water twice and
evaporated to dryness. The residue was separated on silica
gel column eluted with ethyl acetate. The second band

25 - eluted out is the desired product 1l4a which was
recrystallized from CH,Cl, - hexane, yielding 5 mg (overall
yield from 30a, 20%).



The starting material 27a, 50 ng (0.099 mmol) was 35 dissolved in 50 nL

met hanol . WO SHIRn wat er and 200 ny WO 97/ 41127 PCT/US97/07302
PCT/ US97/ 07302 -62- of

p-tol uene-sul fonic acid nonohydrate (1.05 nmol) were added. The
reaction mxture was stirred at 50[err]C for 4 h. It was evaporated on
rotary evaporator and the residue was chromat ographed on silica gel
colum using 5% CH err]OH/ CHCl [err] as 5 elggent. The nai n conponent 28a was
recrystallized from acetone/CH err]OH, yielding crystalline 28a, 23 ng
and a filtExamplie &b contains 18 ny of 28a (95.0%. [err]

Alternative Scheme for Producing Compounds 34 (a and b)
from Compounds 30 (a and b).

5
THG
0, N
CoHsOH-SNKOH f1:1) I NPLGZ L
o]
10 709C, 20h
N
\\ / /
30a + b  CHOH . 352 + b CHpOH
15
DMF, HMDS | CHsCN,
MeOH, 36h 1IN HC1
- O N0
THF, Et3N, r \/
MsCl, 3h
20 — (U |
A -
N N
\\ /
_ CH.OMs CH,0H
25 40% MepNH
37a + b PHF &2, '
=22 \ 500C, 24h 36a + b

T CHoN (CHa) 2
34a + b



Dol 28a, 55 ng (0.109 mml) was dissolved in 20 m of acetone- HOAC

m xture (1: To the solution, 100 ng of Nal-err].3H 3
nmol ) in ?%37@ ¥Fater was added. The 25 mixture was sti rre?éa%’&& I ent

tenperature for 2.5 h. It was evaporated on a rotoevaporator to reduce _
solution ~ volune to half, and then.diluted with 30 Ml CHerr]C[err].

The m xture was then washed with water tw ce, aqueous NaHCO err] and

water again. The CHerr]C [err] |layer was separated, dried over 30 Na2SO4
and evaporated to dryness, yielding crudé®t dehyde 29a

The crude al dehyde 29a solved ln 14 and cooled
to -78 C. Sodi um borohygﬁic&g‘ F%y Pmy (0. lprﬁommbé [s"b"l’?é?i

of SP reagentmyl obhciH,eHd aGdE(K(ﬁS (1) he Fol wasostirted mwtmecvmder N,
stirred under N2 £8r 41127

PCT/ US97/ 073050 It then %As cooled to 0°C ggd acidified with SN
guenched wi t HHGDO [Red] pp€Hiemeldddt ety appeanedoveMethylene reilonidepnao

t t L xt
Lo hal 1 aBa (L, ek HuBes 3*‘%0%%% ﬁerrgoﬁé"?@%@ Yd pehid®
Sodi um t ar t r WEEBaVaEEFed 305 Mgde s S tql TREeK Npo$Qi - wadEkerred for
5h It was evap&¥apebal e@h@:n‘i'etﬁ@;[é Upaa éﬁr&ﬂaﬁbg retigr{%t]énﬂ?&

CHerr]dJ[err aye rated, washed wit times and
dried over J iI\é g@-’ln ﬁgﬁfiﬁe}r FiceqEe, 1| syl:‘hi‘g’fwﬁ Fodraphdd
on a silica gar ¢68%hn using 10%ethy| acetate in CHerr]dJerr], 10

yi el di ng ﬁorrpound 30yI e'rl% Eﬁdjr/‘)de 3 cogpggenbglo]ﬁl was el uted

W th ethy acetate esl re (79.3%.
Conpound 30b dikssebvefnadn 15rmaq tamélmouassmt ngHMDS (éu.oll.zab (3w| th, a3-

yield of 63. %x&%EﬁW”albﬁia%%%)w 550‘)6@11“(2 88 ﬁ\h&!‘? e e diiiof Ne
sol vent for the c| eava t he ol _~was m xture
CH err] C\- H[ pp{(é_z 1?6 mmt:gr)r]were added The mixt:ure was stirred
under N, at ambient temperature for 36 h. The volatiles
15 were removed in vacuo and the residue was stirred with 10
ml CH,CN and 5 ml IN HCl for 1 h. It was then concentrated
and extracted with CH,Cl,. The methylene chloride layer was
washed with water, brine, dried over Na,S0,, and evaporated.
The residue was separated on a silica gel column using
20 CHy,Cl, - CH,CN {9:1), yielding the first component which was
the starting material (20 mg, 37.0%), then the desired
product at 36a, 31 mg (57.4%).
Compound 36b, 3.4 mg (39%) was obtained from
corresponding alcohol 30b, 9 mg (0.019 mmol) following the
25 same procedure as above except that far more excess of HMDS
(250 ul, 1.18 mmol) and methanol (24 ul, 1.18 mmol) was
used than that for 36a.
Amination:
Compound 36a, 31 mg (0.068 mmol) was dissolved in
30 15 ml anhydrous THF. To it 240 gl (1.56 mmol) of
triethylamine and 84 pl (1.02 mmol) of methane sulfonyl
chloride were added under nitrogen atmosphere. The mixture
was stirred at ambient temperature for 3 h. The volatiles
were removed in vacuo. The residue was dissolved in 30 ml
35 CH,Cl, and washed with 1NHCl, brine twice, dried over Na,SO,
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and evaporated.. The "residue was dissolved in 6 ml of
distilled THF and 1 ml of 40% dimethylamine in water. The
flask was sealed with a Teflon stopper and stirred at 50°

for 24 h. The mixture was cooled to 0°C and evaporated to

remove the volatiles. The residue was purified on silica
gel column using 0-10% Et,N in ethyl acetate, yieldi'ng' the
desired compound 34a, 13.2 mg (40.2%). _

Compound 34b (1.9 mg) was obtained from 36b (3.4
mg) using the same procedure as for 34a with a yield of
52%. '



The al cohol 30a, 16 ng (0.0338 mmol ) was di ssolved in 10 nL

CHerr]d err To |t 70 [err]L (0.52 nmol) of 25:- triethy

[err]L (OW® 7 of nethanesul f onyl chl ori de were addkgghgﬁgﬁﬁgﬁctlon
m xture was stirred at anbi ent tenperature under Nerr] for 3 h. It was
transferred to a separatory funnel and washed with water three tines.
WO 97/ 41127 PCT/ US97/ 07302

- 65- . After evaporation it yields crude 3l1la, 23 ng. TLC shows
only one spot. The crud nesylate 31a, 23 ng (~0.0338
mol ) was placed in a 25_nL-round-bottoned fl ask and 12 L
C[err]H[err](?F%HEle 16 5 added. The flask was cool ed down using dry

i ce/ acet one Synkhiesis OF @ iDithibdaibéskte pexiontivaid 3 Nl water
wer e transferred via cannula. The flask was then sealed with a
teflon stopper and tied using copper wire. It was stirred at
100[err]C for 8 h. After the flask cooled to room 10 tenperature, the
vol ati |l esgwere renoved on rotemy" evaporator. The rggi due was

di ssolved in 20 nL et hyl | acetate and washed wi th apueous

NaHCO err] (20 nmL x 2), V@ (20 Ff)’t."' Afger fenmgi ng sol vent
it yields 24 ng crude broduce 32a: ch was reéﬁ I zed from
nmet hanol , 15 i ni NF-PEKRe 32a

N
10 | N
o - 0
' NHCH; - N)J\SCH3
' N

15

o

20 mg of Compound 38 (0.04mmol,leq.) was
transferred to an oven dried 25 mL round bottom flask
equipped with stir bar, septum, and N, balloon. 10ul of THF
was added via canula followed by 4.45mg of triethylamine

20 (0.044mmol,1.1leq.) and then 3.8 mg carbon disulfide (0.05
mmol,l.Zeq,) via syringe. This red solution was allowed to
stir for ~ 15 min. and then 7.1mg of methyl iodide (0.05
mmol, 1l.2eq.) was added via syringe. The reaction was
allowed to stir at room temp overnight.

25 . The clear red solution turned cloudy after
approximately two hours. TLC (10% MeOH in CH,Cl,) showed
total loss of starting material. The reaction was
transferred to a separatory funnel with EtbAc and washed
with 40 mL of H,0 followed by 40 mL of brine. The organic

30 layer was collected and passed through MgSO, in a sintered
glass funnel to dry it. The solvent was removed to give a
purple solid (compound 39). A sample was analyzed by
IS/MS. The IS/MS detected a MH+ peak at 559, total yield
was 23mg.

35
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32a, 24 ny (0.048 mmol) was dissolved in a m xture of 3 nL
CerrJ]Herr]OH and -3 nL 5N KOH. It was stirred at 80[err]C for 24 h.
The et hanol was renoved on rotary evaporat or and the aqueous suspensi on
was cooled to O[errJ]C and 5 acidified wwth 5 NHO. A violet precipitate
appears. - After stirring for 10 mn., I4ye aqueous mi xture was
neutralized with dilute KOH and extracted with ethyl acetate. The

et hyl acet at e gsper #88n 88N e eVt HHdEDSama t e NabICTR 1 FlloR-oniEt il &txrou
After drying over Klerr]CJerr] and 10 evaporation, it yields 24 ng crude

.33a. _ The anhydride 33a, 24 ng was dissolved in 5 nL
anhydrous DM~. To it 250 [err]L(2.19 nmmol 1,1,1,3,3,3 - hexanet hyl
di sil azane was added, followed by adding 25 [err]L 15 CHerr]OH (0.62
mol). The resulting mixture $ks stirred at anbi ent tenpaEmat ure under
N[err] for538 h. The vol ati | es| was renoved in vacuo. Thelresidue was
di ssolved in 6 nL q ' CN - 1 s HC (
stirred at anbi ent tenpe 1 h. 6rgan|c o)
renoved and the aquegus Suspe peut r dwth 1l
extracted with eth F et@aiel :
0.1 N KOH and wat er Pee. QY g ed to dr
separated on silica colum ¢luted with ethy a0‘ ate.
band 25 eloted out product 14a which was
fron1CH[err]G [err] 5 nmg (overal
\CH3 .
39 40

15
The 23mg (0.041 mmol,leq.) of dithiocarbamate 39
was dissolved in anhydrous CH,Cl, in a dry 25 ml round
bottom flask equipped with stir bar, septum, and N, balloon.
The solution was cooled'in an ice bath for about 15 min.
20 0.047g 1,3-dibromo 5,5 - dimethylhydantoin (0.164 mmol,
4eq.) was then added quickly as a solid followed by 0.06g
- of tetrabutylammonium dihydrogentriflouride (0.205 mmol, 5
eq.) via syringe. (The solution went from reddish/purple
to an orange/brown color).
25 The reaction was stirred at 0°C for 1.5 hrs. It
was then dumped into a separatory funnel filled with 30 mL
H,0. The CHCl, layer was washed again with 25 ml H,0,
collected, and derived over MgSO,. The solvent was removed
to give a dark brown/orange oil. The product was purified
30 through the use of a silica gel, starting with CH,Cl, as the
mobile phase and gradually adding methanol. Three separate
spots were obtained, the third sample was collected, and
the solvent was removed to yield 16.5 mg (75%) of product
40.
35
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-67- @;ﬁq?}e 15 Alternative Schene for Produ nds 34
(0]

(a and gs rom Conpounds 30 (a and b). 5 [err] cﬂ%&”@%lﬂ

PCT/ US97/ 07302

Al cohol 30a, 50ng (0.106 mmol) was m xed with 20 m of JerrJHerr]COH -
5N KOH (1:1). It was stirred at 70[err] C under N2 for 20 h. It then was
cooled to O[err]C and acidified with 5 HCl. Red ppt inmediately

appeared.. Methylene chloride, 40 5 ni! 2%as added. The organi c | ayer was
separ at ed amay@igeq_., with water (30 mMl X 4), and dried over Na2SO4.

Af ter evaporati on, the residue was chromatographed on a silica gel
colum using 5% ethyi acetate in CHerr]O[err], yielding 35a, 33 ngy
(68%. 10 _Acglation o@%t@%ﬂé’%éﬁmﬁéﬂﬂd(ﬂ 117 ol ) vias

di ssolved in m anhydr ous DWVF. 3, 3, 3- hexanet hyl

di silazane). 500 [err}l (2.36 mml) and net hanol 48 [err]l (2.36 muol)
were added. The mixture was stirred under N2 at anbi ent. tenperature for

36 h. The volatiles 15 wer® renoved in vacuo and the resiglue was stirred
with 10 m CH3CN and 5 IN HO for 1 h. It was then |concentrated
and extracted with CH & The net hyI ene chl obi de

washed with water, brine, b€
The residue was sgparat ed

- CHerr]CN (9: ceg;qﬂne rting
materi alo (20 nyg, egoc
NHCH; | N CFs
' ' \CH
15 A ' ' 41 3

7 mg (0.0154 mmol) of Compound A was dissolved in
1 mL dry CH,Cl,. It was cooled to 0°C under N,, and stirred
while 3.7 uL (0.046mmol, 3eq) of pyridine was added,

20 followed by 2.06 uL (0.018 mmol, l.2eq.) of trifluoroacetic
anhydride {Aldrich). The reaction mixture was stirred at
0°C from 2:17 p.m. to 4:20 p.m. (TLC 1) and continued until
7:00 p.m. (TCL 2). No more progress of the reaction. '
Another batch of 3.7 uL pyridine and 2.6 uL trifluoroacetic

25 anhydride were added. After stirring for 4 h, TLC shows no
significant progress of the reaction. The reaction mixture
was allowed to warm up to room temperature and stirred for
3h. ' Again, TLC shows no significant progress of the
reaction. A third batch of 3.7 uL pyridine and 2.0mL of

30 trifluoro acetic anhydride was added the mixture was
stirred for 2h, TLC shows the conversion is improved.

The reaction was stopped and the volatiles were
evaporated under reduced pressure. The residue was
dissolved in CHCl, and washed with saturated NaHCO; aqg.

35 solution and water, twice, and the CHCl, layer was




product at 36a, 31 ng (57.4%. Conmpound 36b,. 3.4 ng (39%
was obt ai Wwesb7taiom correspondi ng al cohol 30b, 9 ngy (0. 019%rCHYIIEY7/07302
foll owing the 25 sane procedure as above except that far nore excess of
HVDS (250 [err]l, 1.18 nmol) and nethanol (24 [err]l, 1.18 mml) was
used than that for 36a. ~Am nation: - Conpound 36a, 31 ng
(0.068 nmol ) was dissolved in 30 15 ml anhydrous THF. To it 240 [err]l
(1.56 mol) of triethylamne and 84 [#4r]] (1.02 nmol) of nethane

sul f onyl chl ori de were added under nitrogen atnosphere. The m xture
‘was stirred aévapbirated.eMmeicairéLidee Was. chitomatotjrd ?ﬁed onV\&r gingRyed

with 1N, DFPheCPHFEE. SHCRE QVrn NAOBRCetORe Gy f7(5) oeinlRs Ero

PCT/ US97/ 0730gure components, 208.1 and 208.2. 'H@—startingdmntmdlaal ed.

The residue vad i3, 6 di s ' %

.di net hyl am n\é@lgﬂg%\giah %éﬂ'xe '{4]{ as VI\%E gzgkége\%jiq?lzafq%f stop%g‘r and
stirred a5 50¢entainingf @% Er;N, labeledi@as 2@the3cooled to OC and
evaporated to 5 renove the volatiles. The residue was purified on silica
gel colum u5| ng 0-10% Et[er JN in ethyl acetate, yielding the desired
conpound 34a,298:% pglPeREx Conmpound 34b (1.9 ng) was

obt ai ned fron26§b2(3 gmggfam)45|5| ng the sane procedure as for 34a with a

yield of 10 529 _ 7] 41127 |
PCT/ US97/ 0730%0/% 3~ amfRe - 70-
10 -

'JHNMR in CDCl, .
208.2 file: GZW.013 {Dept. 3): -N-CH;, & 3.10 ppm.
208.3 file: GZW.014 (Dept.3): -N-CH,, 0 2.40 ppm.

15 In CDCl; the methyl group signal shows a significant low
field shift from & 2.40 ppm to 6 3.10 ppm. Therefore the-
desired product is the product 2 (compound 41).

The experiment was repeated as d__esci:‘ibed below:
20 _
A collection of recovered material 208.1, ~ 5 mg. (0.011
‘mmol) was co-evaporated with toluene twice and dissolved in
2 mL dry CH,Cl, (over molecular sieve). 40 uL pyridine
(0.497 mmol, 45 eg.) was added at 0°C, followed by 10 uL
25 (0.071 mmol. 6.5 eqg.) Of (CF,C0),0). The mixture was
stirred under N, for 2 hr TLC 1 showed reaction was
complete. The volatiles were evaporated in vacuo and the
residue was passed through a tiny silicon gel column using
10% acetone -CHCl; as eluent, yielding 5 mg product labeled
30 as 209-2.



Exanpl e 16 ' Synthesis of a Dithiocarbamate Derivati ve: [err]
20 mg of Conpound 38 (0.04mol, | eq
transferré‘a)?’o an oven dried 25 nL round bottom fl ask !5%5’5’“%@‘”%3%

stir bar, septum and N err] balloon. 10[err]l of THF was added vi a
canula followed by 4.45ng of triethylamne 20 (0.044mmol, 1.1eq.) and then
3.8 ng carbon disulfide (0.05 nmmol , 1. 2eq.) via syringe. This red :
sol ution was allowed to stir for ~ 15 min. and then 7.1ng of nethyl

i odi de (0.05 mmo!, 1.2eq.) was added A% syringe. The reaction was
allowed to stir at roomtenp overnight. 25 The clear red
solution turned cloudy after approxi mately two hours. TLC (10% MeCH in

CH err] d [ er r Efcasipivecdl 8 total loss of starting material. The reaction

40 . oftL?Q?Ieror FaadREeEERB 108 Lol Hiuadd Ty i fa R ad0 e

col l ected and ’through MgSO err] in a sintered gl ass funnel to
dry it. Thge solvent was renoved to give a purple solid (conpound 39). A
sanpl e was anal yzed by |SIMS. The IS/ b detected a M+ peak at 559,
total yield was 23ng. 35 WO 97/41]‘27

PCT/ US97/ 07302

RN

10 - 7
N

15 _ _ N{CHzs) 2

20 0 (&) F | .
L1 1 e :
. oY L_—k/L/OH
6 .
\§
24a

25

Compound 24a, 140 mg (0.511 mmol) was evaporated
with toluene twice and dissolved in 5.0 ml of freshly
distilled anhydrous THF. It was cooled to 0°C (ice bath)

30 and stirred under N,. To it 5.0 ml (5.0 mmol) of 1.0 M
solution of BH;.THF in THF was added via a syringe. The
resulting mixture was allowed to warm up slowly to room
temperature and stirred under N, for 15 h. It was cooled
with an ice-bath and then 10 ml of 10% NaOH was added,

35 followed by addition of 10 ml of 50% H,0,. The resulting



-71- Conversion of the Dithiocarbamate to Trifluoronethyl G oup

[err] WO 97/41125 ‘ The 23ng (0.041 mmol , |l eq.) ®CTAUSI707302

di t hi ocarbamate 39 was di ssolved in anhydrous CH err]C[err] in a dry
25 m round bottom fl ask equi pped with stir bar, septum and N2 '
bal | oon. The solution was cooled in an ice bath for about 15 mn. 20
0.047g 1,3-dibromo 5,5 - dinethyl hydantoin (0.164 nmol, 4eq.) was then
added quickly as a solid followed by 0.06gps- of tetrabutyl amoni um

di hydrogentriflouride (0.205 nmmol, 5 eq.) via syringe. (The solution

went from reddisiteuchbedy mikture dreangtirred 20! podm EBmperature foF6s
reaction was irr 0 I 5 _hr hen dunped_jnto a
separatory fuﬁ%’el :ﬁgl‘?ée% %\ﬁlﬁbgs'ft%l? Jon a:[ch?tfci%apcm%@%ﬁ[ gPr]r rer?n‘*%ﬁq‘d
was washed agdihe wesidgenwasg| didnged witdy|3kaukdwated. dedicy edsoextracted
MpSO err]. Theysal iy iegceeaREeq40 mil.0 i3, a 'f'ﬁékeéfn%“é%%%ﬁ%% %J[yerThe
product was purified t%ough the use of a silica gel7 starting w th
CH err] O [3rr "2 ¥aghed with; Eiﬁﬁas‘éoam)g%é?'?’ye devRy Naw$lnol Aftiere
separate - spaipovEr tonbthenedsitde wWay Geapurdtedosncal kettied gald
i 0
.t he sol vent Wag,y&iPVEH & ¥' §29518m> W a6t @hé’émaﬁ’éé’g#&bhy) ugghg35toluene
(20 ml), 30% - 100% ethyl acetate in hexane (145 ml). The
fourth component was identified to be the desired produce
10 42a, 69 mg (46%).
Compound 49 was synthesized using the following
steps and the same general procedure as discussed in detail
in Example 14. '

15
0 Ethyl o~  F
20 I——L/L/on ether I——k/‘\/osozcn3
: - :
: EtsN, MsCl :
A~ N ~C50,CH;
422 43a

25 - 130mg (0.445mmol) 19Tmg (98.8%)
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-72- le 17 Acyl ation of the am ne of Conpou
WOHRIE 17

[err]

n
7 mg-(0.0154 mmol ) of Compound AP%E@”HF@E%?ved

in 1 nm dry CHerr]dJ[err]. It was cooled to O[err]C under Nerr], and

stirred

while 3.7 [err]L (0.046muol, 3eq) of pyridine was added, 20

followed by 2.06 [err]L-(0.018 nmol, 1.2eq.) of trifluoroacetic

anhydride (Al drich). The reaction m xture was stirred at O[err]C from
2:17 p.m to 4:20 p.m (TLC 1) and contihl®d until . 7:00 p.m (TCL 2).
No nore progress of the reaction. . Another batch of 3.7 [err]L pyridine
and 2.6 [err]L triflugoroacetic 25 anhydride were added. After stirring
for 4 h, TLC shows no - significant progress of the reacti The

reacti on m xture

was allowed to warmup to roomtenperatjure and stirred"

for 3h. Again, TLC shows no significant progress ofathe Qeaction. A
third batch of 3.7 JL pyridine and 2.0nL of. 30 trifT™y aeetic

anhydri deswas added g m Xture was stirred for

conversion is inproyed. The reacti opswa
O%evajgbr atgd under. reduced pre.
di ssolved in CHO [ and she(ﬁsdm&h sat ur at edx\a 1S
solution and water, tw ce; a t he @ [err] lgver wa
O

vol atil es were

10

15

20

25

F ¥

.‘\v/‘\\/’osozcn3 ' o
43a 6

190mg (0.44 mmol) | tijfj-
: _ 44a

125mg (47.58%)

T
Xy N
2
44a ] | | N
74mg (0.12 mmol) — N F N
'CH3-@SO3H |\L
O
GH én

45a

5lmg (0.09%mmol, 80%)
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-73- ev%'ﬁ’o’r’ﬂéﬁ The residue was chromat ographed on a sil iﬁ_q.ms”,ogfdz
columm eluted with 10% acetone-CHC [err] (v/v) obtaining two pure
conmponents, 208.1 and 208.2. The starting material remaining in the
colum was eluted with 10% CH err]OH4CHcl [err] 5 containing 2% Et 3N,

| abel ed as .208. 3. 208.1 ~ 1ngRf= 0.67 208. 2 ~ 3ngRf=0. 45

208.3 ~ 4ngRf=0 10 - J[err]HNMR in CDCl [erig7. 208.2 file: GZW 013( Dept.
3): -N-CHerr], [err] 3.10 ppm 208.3 file: &ZW 014 (Dept. 3):

-N-CH err], [err] 2.40 ppm 15 In TOC[err] the nethyl-group signal
shows a significant | ow field shift from[err] 2.40 ppmto 6-3.10 ppm
Therefore the desired product is the product 2 (conpound 41é The
experinent was repeated as described bel ow. 20 A col l ecti og%‘f
recovered material 208.1, ~ 5 ng. (0.011 mmol) was co-gvaporated with
tol uene tw o and di ssolved in 2 mL dry CHerr]dJ[err] Pecul ar
sieve). 40 [err]L pyridine (0.497 nmol, 45 eq.) was addeq_at [0C,

followed by 10 [err]L'25 {(0.071 nmmol. 6.5 eq.) of &N err O. The
m xture was stirred under N2 for 2 hr TLC 1 shreation wa
conplete. The vol atiles Eée evaporated in vacuo an® Q resi dile

- passed through a tiny si on gelacetofis/usimgl,/ 10% aNetone FCHCl ¥err
as el uent, vyielding ‘50n?1 oduct |Hbated 3&zHgmH 209- 2.

10 . 09 mmol) NaIO.; . N-aBH4
OH
46a
4émg (0.094 mmol, 95%)
15 |
a. CaHsOH/5NKOH 0 o o
b. Ht g
o . 46a D —
46mg (0.094 mmol) - | ‘ O
20 I O
_ OH
a.DMF _ 4la
HMDS © -
a5 © CHaoH 36mg {0.076 mmol. 81%)
_ b. Ht
30

OH

48a
20mg (0.043 mmol, 56%)
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-74- | e 18 Preparati on of the 'bisindol q&h Lm de of

t he Y%%%ﬂﬂl 7 5 -~ [err] YerfiRs bt
Compound 24a, 140 ng (0.511 mol ) was evapor at ed -with toluene tw ce and
dissolved in 5.0 ml of freshly - di stilled anhydrous THF. It was cool ed

to O[err]C (ice bath) 30 and stirred under Nerr]. To it 5.0 mM (5.0

mmol) of 1.0 M
-78-

48a

MsC1l,
THN_t:*N

THF\MeZ“‘H
H,0 T
Y
10 | |

- N
XNy P NS
" H‘
. Qo=
N(CH3) 2

49a

——

20 Example 19
Protein Kinase C Inhibition In vitro Assay

Reaction Mixture:

: 10 ul Ca*** (9.4mM stock)
25 55 pl lipids (PS 5 ug/well, DG 0.6 ug/well) or
HEPES
5 ul Compound or DMSO (Test compounds initial
concentration at 5000nM
10 pl Myelin Basal Protein (MBP) Substrate

30 (MBP 3 mg/ml, lot# 451-026)
10 ul ATP (300 uM ATP, 0.25 uCi/well AT”P and
_ 10 mM MgCl,
10 pul Enzyme (PKC o 1:80 in HEPES, f; 1:30, in
HEPES)
35 HEPES buffer stock is 100 mM, pH 7.5.

The total Reaction Mixture equaled 100 ul and was
incubated for 10 minutes at 30°C. The reaction was stopped
with the addition of 100 pul 25% TCA. 25 ul of a 1 mg/ml
BSA solution was added and 200 ul of the reaction mixture



solution of BHerr].THF in THF was added via a syringe. The resul ting

m xture wasvabfemed to warmup slowy to room t enper at ur e P&FAISHTOTIRN] -
under N2 for 15 h. It was cool ed with an ice-bath and then 10 m of 10%
NaOH was added, 35 followed by addition of 10 ml of 50% Herr]Jerr]. The
resul ting WO 97/ 41127 PCT/ US97/ 07302
- 75- white cloudy m xture was stirred at roomtenperature for 5 h.
It was evaporated on a rotoevaporator to remgve THF and the resi due was
diluted with 50 M water. It was extracted - with ethyl acetate (40 m. x

3). The ethyl awabat&dnaﬁﬂrréﬂ vasanasSheell glass eilied fi)ltzatdidm glate
o'l Uil o o MR eI i
(20 M), 30%- aodo/ dattl@t%@etmeﬁew&ﬁ@ @04 TaAH. Wke Ot?-'-@mrtqf the
Commouna. 45 ot TSRS P CRE e Dt gherieiie.
gerr:gral procedut8%a Ii B‘ét’QLI (pa“ﬁga%%%1igp€gf§92ig rv&sr]added
V$%97/41127 and the samples were loaded onto a Packard €6HcUEnted7302
Lipid Preparation
Lipids (Avanti Polar Lipids) were added to a
10 Dborosilicate glass culture tube (25 x 150mm). The lipids:
were dried under nitrogen until the chloroform was
evaporated. The'liﬁids were resuspended in HEPES buffer,
and sonicated for approximately 30 seconds, then vortexed
to mix well. Lipids were kept on wet ice until the
15 addition to the assay. -

Results
. The IC, values were determined for each of the
following compounds, using the above in vitro assay. Five
20 concentrations of each compound were tested against PKC
alpha (PKC a) and PKC beta II (PKC fy). The concentrations
- of the tested compounds were 5000 nM, 500 nM, 50 nM, 5 nM,
1nM and zero (no compound, DMSO only). The sample without
any added compound was used to determine 100% activity of
25 the PKC enzyme in the assay. The IC; values were estimated
from the inhibition curves employing these concentrations.
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[err] _ 20 Example 19 Protein Kinase C Inhibition In Vitro

Assay wo 97141127 Reaction M xture: - 10 [err] ' 9.4mMM
stock) 25 ’ 55 [err]l lipids (PS5 [err]g/well, DEF%S‘%J”{ _
[err]g/well) or HEPES 5 [err]l Conmpound
or DVSO. (Test conpounds initi al concentration at 5000nM
10 [err]l Myelin Basal Protein (MBP) Substrate 30 - (MBP 3
ng/ m, |ot# 451-026) 10 [e_'rag_l' ATP (300 [err]M ATP, 0.25
[err]Ci/well AT[err]P, and 10 MM Mgd [err]

10 [err]l Enzynme (PKC a 1:80 in HERES, [err] 1:30, in

HEPES) 35 . HEPES buffer stock is 100 mMM pH 7.5.

The total Reaction M xture equal ed 100 [Rrr]l and was i ncubated for 10
m nutes at 30[err] C. The reaction was stjopped with the addition of 100
[err]] 25% TCA. 25 [err]l of a1l M N sol uti on was .added and 200
[err]] of Sthe reaction m xture % _

10
CH,OH
36b
ICy Values in nanoMolar (nM)
15 . PKC o PKC By
' 2.6 2.2
20
25
30

IC, Values in nanoMolar (nM)
PKC «o PKC By
35 ' 2700 100
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WO 97/ 41127 PCT/ US97/ 07302
-79- wayolorangherred to a 96-well glass fiber filtration :
(MI1lipore Cat.# MAFCNOB50). The supernatant was filtered p‘léﬁ'fﬁﬁﬁﬂ?ﬁ%
three tines with 10% TCA. -The bottom of the filtration plate and the
installed carrier was renoved. 5 100 [err]l of Mcroscint-20 (Packard
Cat.# 6013621) was added and the sanpl es were | oaded onto a Packard

t opcounter.- Li pid Preparation Li pids (Avanti Pol ar
Li pids) were added to a 10 borosilicate gl 283-culture tube (25 x 150mMm) .
The |ipids were dried under nitrogen until the chlorof orm was
evaporated. The |ipids were resuspended in, HEPES buffer, and soni cat ed
for approximtely 30 seconds, then vortex to mix well. Lipids were
kept on wet ice until the 15 addition to tjhe assay. Resul ts

The 1 C[err] values were determ ned f@g _eagh of _phe fol |l owi ng conpounds,
using the above in vitro assay. Five 2C i
were tested &gai nst PKC al pha (PKC and PKC beta Il (PKC [err]).
The concentrations of t hgzAs 'l nM 500 nM 50 nM
5 nM 1nM and zero (no orrpo nd, : 5 savpl e w t hout any
added conpound was used to R - ] i the PKC enzyne in
the assay. The IC[err] values werg'esti matged he i nhi bition
curves enpl oyi ng these concentrati gns. WO 97/ 41127

PCT/USQ?/O?igZ' ' '

O
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As an inhibitor of protein kinase C, the
compounds disclosed herein are useful in the treatment of
conditions in which protein kinase C has demonstrated a
role in pathology. Conditions recognized in the art
include: diabetes mellitus and its complications, ischemia,
inflammation, central nervous system'disorders,
cardiovascular disease, Alzheimer’s disease, dermatological
disease and cancer. |

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. Biophys.
Res. Commun. 171: 1087-1092 (1990); Mulqueen, M.J. et al.
Agents Actions 37: 85-89 (1992). Accordingly, as
inhibitors of PKC, the preéent'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.
Irends Neurosci. 12: 425-432 (1989). 1In addition, protein
kinase C 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. Shimohama, S. et
al., Neurology 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. and Weinstein, I.B. Biochem. Mol. Aspects
Sel. Cancer 1: 25-73 (1991). Ahmad et al., Molecular

Pharmacology: 43 858-862 (1993). It is known that protein

kinase C inhibitors are effective in préventing tumor
growth in animals. Meyer, T. et al. Int. J. Cancer 43:

-
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e L H [err] . PCT/USY0T302
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[err] - 140 3.5 20
[err] 25
-85-

851-856 (1989); Akinagaka, S. et al. Cancer Reg. 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

5  other chemotherapeutic agents.

Protein kinase C activity also plays an important

role in cardiovascular disease. Increased protein kinase C
activity in the wvasculature has been shown to cause
increased vasoconstriction and hypertension. A known

10 protein kinase C inhibitor prevented this increase;
Bilder, G.E. et al. J. Pharmacal. Exp. Ther. 252: 526-
530 (19%0). Because protein kinase C inhibitors
demonstrate inhibition of the neutrophil oxidative burst,
protein kinase C inhibitors are also useful in treating

15 cardiovascular ischemia and improving cardiac function
following ischemia. Muid, R.E. et al. FEBS Lett., 293:
169-172 (1920); 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

20 protein kinase C levels being correlated with increased
response to agonists. Bastyr III, E.J. and Lu, J. Diabetes
42: (Suppl. 1) 97A (1%93). PKC has been implicated in the
biochemical pathway in the platelet-activity factor
modulation of microvascular permeability. Kobayashi etal.,

25 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

30 muscle cell proliferation. Matsumoto, H. and Sasaki, Y.
Biochem. Biophys. 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 also
35 Dbeen linked to dermatological disorders such as psoriasis.



| err] Values in nanoMl ar (nM ' PKC [err] _ PKC

[err] 35 141127 - 26 2.4 WO 97/ 41127 perrusereT3oz
PCT/ Us97/ 87365 - 82- [err]
| err]. Values in nanoMdl ar (nM 15 PKC [err] PKC
[err] 2.6 2.2
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Horn, F. et al. J. Invest Dermatol. 88: 220-222 (1987);
Raynaud, F. and Evain-Brion, D. Br. J. Dermatol. 124: 542-

546 (1991). Psoriasis is characterized by abnormal
proliferation of keratinocytes. Known protein kinase C

5 inhibitors have been shown to inhibit keratinocyte
proliferation in a manner that parallels their potency as
PKC inhibitors. Hegemann, L. et al. Arxch., Dermatol. Res.
283: 456-460 (1991); Bollag, W.B. et al. J. v .
Dexrmatol. 100: 240-246 (1993). Accordingly, the compounds

10 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 been linked to insulin signaling
defects and therefore to the insulin resistance seen in

15 Type II diabetes. Karasik, A. et al. J. Biol. Chem. 265:

10226-10231 (18%0); Chen, K.S. et al. Trans. Assoc. Am.
Physicians 104: 206-212 (1991); Chin, J.E. et al. . Biol.

'Chem. 268: 6338-6347 (1993). In addition, studies have
demonstrated a marked increase in protein kinase C activity
20 in tissues known to be susceptible to diabetic compli-
cations when exposed to hyperglycemic conditions. Lee, T.-
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.
25 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). |
The compounds of Formula I are preferably

formulated prior to administration. Therefore, yet another
30 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.
The present pharmaceutical formulations are
35 prepared by known procedures using well known and readily
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available ingredientsS. 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 which may be in the form of a capsule,

5 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, lozenges, sachets,

10 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,

15 and 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

20 propylhydroxybenzoates, talc, magnesium stearate and
mineral oil. The formulations can additionally include

' lubricating agents, wetting agents, emuléifying and
suspending agents, preserving agents, sweetening agents or
flavoring agents. The compositions of the invention may be

25 formulated 80 as to provide quick, sustained or delayed
release of the active ingredient 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 typically about 5 to about 300 mg, of

30 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

35 administration. Therefore the above dosage ranges are not
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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
quantity of active 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. 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 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, hydfocarbons, and the like, such as waxes,
petrolatum, mineral oil, and the like, and an aqueous phase
(contihuous phase), comprising 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 lauryl sulfate;
hydrophilic colloids, sucﬁ 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. _

Gels comprise a base selected from an oleaginous
base, water, or an emulsion-suspension base. To the base
is added a gelling agent which forms a matrix in the base,
increasing its viscosity. Examples of gelling agents are



role in pathology. Conditions recognized in the art 5 include: diabetes

mel litus anRgqgidhmifenP! i cations, ischem a, i nfl ammati on, cCognese7aesogous
system di sorgers, cardi ovascul ar di sease, Al zheiner's di sease,

der mat ol ogi cal di sease and cancer. ' Protein kinase C

i nhi bitors have been shown to 10 bl ock inflammuatory responses such as

neut rophi | oxidative burst, CD3 down-regulation in T-1ynphocytes, and
phor bol - . i nduced paw edema. Twoeny, B._ggt- al . Biochem Biophys.

Res. Comun. 171: 1087-1092 (1990); Ml queen, MJ. et al. Agent s
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(1989). In additi o,r}i pr ot EI%S, 20 Ki aase C Ié{éld:l itor ave been shown to
prevent the dan®FIRt PRRERAIRTI: BHILTION Qint 9 c28fBfn injury and
brain ~ed®rma. Hara, H 'BheaamointCefelzonficnndl AmyodpodeatedOinto a

646- 653 (1990); i1 : . o Biai B9 290294 ..
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t unor pronaid on corbRERTEr . Rot enberg, 'S. A. and Winstein, |.B.

Bi ochem WMbl. Aspects . X - 1) I .

Mol ecul ar - Phar macol ogy':ﬁ%chgggg@éf}( fég’é")zj% quql%s ﬁcﬁ%gfhg%@a‘?&wn to
ki nase C inhi bi ber appkiedtetancaffegtede iasye widkl Jdependt pon ami mal s.

Meyer, T. et al aifdcteld (P89§e 43ze and cWHCRHtdEMon of compound in the
PCT/ US97/ 07302 : 851- 856 (198:93 :

Aki nagaka, S. etfofmulatiem, r@enexallyggghe f°%§~%"{%@‘91‘711#h€ec6 to
of the presemt igheedfifscttddorissuacinaanamiovtitua ifed e £Moh) adalk! 2 to
making them  B{RH08 &8 PHPIInE Be A Uk oS 8L kR RN WA Q0 W th
Preferab]_.y, the applied amount of compound will range from .
about 30 to about 300 ug/cm?, more preferably, from about 50
to about 200 ug/cm?, and, most preferably, from about 60 to
20 about 100 ug/cm?.

The following formulation examples are

illustra'tive'only and are not intended to limit the scope
of the invention in anyway. '



5 other chenot herapeutic agents. _ Protein kinase C activity
al so pla n . i.nportant role in cardiovascul ar di sease. ' e
protein ﬁ?ﬂ§§%‘ activity in the vascul ature has been sﬁ%&%égﬂﬁ%ghse

i ncreased vasoconstriction and hypertension. A known 10 protein kinase C

i nhi bitor prevented this increase. Bilder, GE et al. J. Pharnacal.
Exp. Ther. 252: 526- 530 (1990). Because protein kinase Cinhibitors
denonstrate inhibition of the neutrophil oxidative burst, ~ . protein
kinase C inhibitors are-also useful in tr88ring 15 cardiovascul ar ischenia
and i nproving_cardiac function _following ischema. Miid, RE et al.
FEBS Lett. 2oformulaldom-b (1990): Sonoki, H. et al. Kokyu-To Junkan 37:
669- 674 (1989). The role of protein kinase Cin platelet function
has al so beengit ' h ' i e C

| evel s being (I:%lrg ?glggtl%?f\%mpt n‘g?%%sg‘g@ E’%x%é{)eging% jt'% %rgénin:s%jéfg‘ghggyr

111, E. J. andipgregiiemtgret es 42: (Suppl. 1) 97A (1993). PKC has been
inplicatedgin the - bi ocheni cal pathway in the platelet-activity factor
nmodul ation of mcrovascular perneabjlify, Kobayashi etal 25 Aner.  Phys.

Soc. H1214- H1220 | 1994). érsiéagtﬁfgg g(ﬁBi/E'h

O P VL been
denonstrated to af Ia?@lef@.

d
Toul l ec, D. et \ i Chem 266: }§5771-15781 91). Proteijn
ki nase C inhibitorsﬁgF%%eb cxn%gonist-indu:ed snoot h 38§8nuscle cel
proliferation. sunoto, H. and Sasaki, Y Bi ochem Bi ophys. Req.
Commun. 158: 105- 108+61+889) aried Therefore, {the present 2ggnpounds are
useful in treatin cardi ovascul ar di seafe, atherosclerosis and
rest enosi-s. Abnormal activity]of protein kinase C has aljso 35
been |inked to derjmaghegicsl stiesorakees such as psori asik WO
97/ 41127 o PCT/ US97/ 07302 | :
- 86- Horn, F.let al. J. Invest Dermato}. 88: 220-222—(41987);
Raynaud, F. and Evjai n-Brion, TBtad:. J. Dernmptol. 124: 4@mg = 546 (1991).
Psoriasis is charaeterrzed—by—abmormat protTferatTomof—keratrnocyt es.
Known protein kinase C 5 inhibitors have been shown to inhibit
_keratinoéﬁe ' - ' e I -

The above ingredients are mixed and filled into hard

gelatin capsules in 460 mg quantities.

F ati 2
20 _ , .
A tablet is prepared using the ingredients below:
Quantity (mg/capsule)
Active agent - 250
25
cellulose, 400
microcrystalline
| 10

silicon dioxide, fumed
30 5
stearic acid '
i B | 665 mg
Total




- proliferation in a manner that parallels their potency as ~ PKC

inhibitorgw ggﬁgﬁgann, L. et al. Arch. Dernatol. Res. 2 8CTIuSeooTiod
(1991); Bo ¢ g, B. et al. J. Invest. Dermatol . 100: 240-246 (1993).
Accordi ngly, the conpounds 10 as inhibitors of PKC are useful in treating
psori asis. Protein kinase C has been linked to several
different aspects of diabetes. Excessive activity of protein kinase C
has been linked to insulin signaling d iects and therefore to the
insulin resistance seen in 15 Type || diabi es. Karasik, A et al. J. Biol.
Chem 265: 10226- 10231 (1990); ¢€hen, K. S. et al. Trans. Assoc. Am
Physi ci ans 104: 206-212 (1991); Chin, J.E. et al. J. Biol. Chem 268:

6338- 6347 (199%he compansntsiretbieadefaand comprianfrd fedfarmaErbdets
i ncrease in pr %hgggﬂgﬁghéléggiﬂégy 20 in tissues known to be
I abe

susceptible to t1c corpli- cations when exposed to hyperglycem c
conditions. Lee, T.- S. et al. J. din. Invest. 83: 90-94 (1989); -Lee,
T, S at algézﬁggtﬂmlg Acad. Sci~. USA 86: 5141-5145 (1989);
Craven, P.A and DeRubertis, F.R J. din. Invest. 25 83: 1667-1675 -
(1989); wlf, B.A et al. J. din. Invest. 87: 31-38 (1991);

Tesfamari am BAmcexosdl sbhiutiomvistprepargd costairsingy (tlgg1following
The conpounds qﬂay ] are preferably formul ated prior to
adninistration?J ef%?gézj yet another 30 enbodi ment of the present
invention is a pharnaceuti cal formul ati on conprising a conmpound of
Formul a | and fome—or moT e pharmaceutt cal ,

di | uents o0 exci pi ents. | ' Th! MEEFYpKE‘BMWWI
formul ati ons gre—S5—prepared—by krowTrprocegures oSy weH—Rkmowr—amd
readily |\ oiye 1agent _ _ -025

PCT/ US97/ 07303 ' - 87- avai | abl ¢

i ngredients. Iln maki ng the conpositions of tlhe " pre n& i nvention} the
active ingredié%ﬁhﬁﬁ?f usual |y be mxed With a caré?e 5 or dilutdd by a

carrier, or ernclosed within a carrier whijch may be in the formofl a

capsul e, fﬁseg?e ot her container]| Wien the,gapni er serves
as a diluert, [i r%%ﬁf%%ﬁé g%lid, sem solid of liquid 76700
' {chlorodifluoromethane)

Total ' 100.00

20 .
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 f£illing device. The required amount
is then fed to a stainless steel container and diluted with
25 the remainder of the propellant. The valve units are then
fitted to the container.

Formulation 4

30 Tablets each containing 60 mg of active ingredient are made
as follows:



mat eri al whi ch

exanpl es. of suitable carriers,
dextrose,

| act ose,
cal ci um phosph
m crocrystalli
syrup, mnethyl

magnesi um st ea
i ncl ude | u
suspendi ng age
agents. The co
provi de qui ck

after adm ni st
fornmulate® in

to about 5
active ingredi
dosage admni s

t he active
i ngredie ; the conpositions can be in the formo
H 9;}D?ﬁf’ozenges, sachets, 10 cachets, elixirs, sugﬁéﬁ§#®h2¥“

pills, powdérs _
enul si ons, sol utions, syrups, aerosol (as a solid or in aliquid
medi um, soft and hard gel atin capsul es, suppositories, sterile
i njectable solutions and sterile packaged powders. Some

acts as a vehicle, excipient or nmediumfor

5 15 and diluents include

fannitol, starches, gum acaci a,
atin calciumsiljcate.

he cel | ul ose, polyvinyl pyrrolidone, cel | uhRast MR} er

bel | ul ose, methyl and 20 propyl hydr ox benzoaPes, tgﬁé,

ate and mneral oil. The formul atijons {RA/Sa@aulMal |y

exci pients

sucrose, sorbitol

pr.1 cat1 ng agents, weiting agents, enulgrTying and
1&3%%&%%9%?59 agents, sweetening agerfts or 80 fMGvoring
Tpositions of the invention nay be 25 |[fornulated so as to
§Hgﬁgh?ed or del ayed rel ease of tHe active, ingredient
ratron to

the patient. The conposi tji ons ar e4"?)r erably
a unit dosage form each dosage containing from about 1

ont .
fered will

wever,

Dﬁ‘ti%oH%w&aypiﬁél héﬁaﬁ&%é to about

be understood t

It wl
be determ ned by

t he ph

2?0 o t%{e l?%ergggut ic

sician in the light ¢f

the rel evant c| polystimersyrrolidohedi(ag tos conditign to be arggted, the
choi ce of C 0. be %g j.histered and the chgsen route of 35
adm ni stration @#ﬁgaaén%ﬁk% %%gve dosage ranges ane not WO
97/ 4112710 PCT/ US97/ 073024 .5 mg
- 88~ i nt endedshn |dd8 oi@ﬁ Sh9RCs BrE@F inventi¢n in any way. The
term"unit dospge tornt ré%er ?o gﬁys?cal y discret " units suitable fs
unitary dosages for human subjects and ot her ma s, eah5umgt
contai ni ng a p| mdgnegiivietGedardgeaentity of active maferial calculated to
produce the desired therapeutic effect, in assocfation with a suitabl ¢
phar naceuti cal| carri er. : 1 mg -
15 talc
150 mg
Total
20 The active'ingredient, starchland'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. The granules so produced are dried at
25 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
30 weighing 150 mg.

3 it Oy



In addition to the

|nventlonvﬂgngﬁzgdnlnlstered 10

oi ntnents, creans,
ei t her (1) an

hydr ocar bons, such
absor bent base, i

Customarily,
absorbent, th
af fordi ng the
emul si ons.

ol eagi nous base, |

.e.,
subst ances whi ch can absorb water,

They consi st of

above fornul ati ons, the

topically.
and gel s.
.e.,

as white petrol atum or

ncentration. 20

an oi

phase (interna

conpounds of the present
Topi cal for nul gidPosSe7RTSH2

O ntnments generally are prepared using
one consisting of fixed-oils or

m ner a
one consi sting of an anhydrous 15.
for exaggle
fol l owing formation of the

“eehklgricp

oil, or (2) an
subst ance or

anhydrous | anol i n.

base, whet her ol eagi nous or
gredi ent (conpound)

is added to an anmount

-Creans are oil/water

phase),

conpri si ng

typically fi XedCapsthebs edt/ @S HDASNga8d Iite If Ifed BtMent WE¥Chade as

petrol atum m pe
phase), conprlg?ig
added salts. The t
agent, for exanpl e,
sul f at e; hydr of
veegum and the liKk
i ngredi ent (conpour
desired concentratifo
ol eagi nous base
is added a gelling

its viscosigty. Exarn
PCT/ US97/ 07302
cellul ose, acrylic

i ngredi ent (conpourn
concentration at a
The anmount of conmpg
critical; the concg

r eady 1@pplicati

oil, and the Ilike,

“ﬁter and any wat er-sol uble 25
wo phases are

h|||c coIIO|ds
=y Jlnnn fAar

d&ceﬂeéogg5hky is added t§
Cels c

: water, or an emul sion-s
agfearchhich forns a matri
pl es of gelling agents ar

MiarpsrysEadlin®i t he
Oselltlose added to the f
poi nt precedi ng addit
und i ncorporated into a
agnesium steaoate only
on of the fornmulation to

Total

and an aqueous phase

b an
bnpri se a base selected fro

subst ances, such as-

am@utoachl eve
iIspensi on base. To the base
in the ba$® o®H i ncreasin
WO 97/ 41127
- 89- hydr oxypr o
like. Cus®8nm®d |y, the ac
prmul ation at the desired
on of the I1ing agent.
t opi cal g%rﬂ%lailon i's n
be a range sufficient to pe

he an aff%@dmél ssue

aY
”

O

(conti nuous

stablllzed by use of an enuIS|fy|ng

t he
m an

by |
ive

Dt
Fm t

The active ingredient,

20

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

guantities.

FPormulation 6

25

'Suppositories each containing 225 mg of active ingredient

may be made as follows:



e e,

deliver the desired anount of 10 conpound.

formulation to be applleﬂH&%m%az

area in an anDunt which w ||
The cust [Runt of a topical
af fected sue mnll depend upon an affected tissue si 284
concentratlon of compound in the formul ation. Generally, the
formulation will be applied to 15 the effected tissue in an anount
affording fromabout -1 to about 500 [err]g conpound per cnierr] of an

affected.ti ssue. Preferably, the applied amunt of conpound will range
from about 30 to about 300 [err]g/cn{@4%], nore preferably, from about
50 to about 20 rlg/enjerr] _and nmst npreferably, from about 60 to

20 about 100 [err]
exanpl es are il
of the invention i

lcnjerr]. Thguhahl

ustrative only and are Bot lnt eng‘?d 5 %ﬁ% sgope

0 KUBAY .agent VIO 97/ 41137

PCT/ US97/ 07302 -90%2% ™3 5yl ati bn
Hard gel atin capsules are prepared using th* follow ng - i ngredi ents
Cpantktyd(ngécapsu(@aturated fateyt%g%dige t 2,000 mg 2%0
starc ree nagne5|unlstearat9
10 5 glycexides | 460 Ifg——dy5
2,225 mg
Total

The active ingredient is passed through a No. 60 mesh U.S.

10 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.

15 ormulation 7

Suspensions each containing 50 mg of medicament per 5 mL
dose are made as follows:



The above ingredients are mxed and filled into hard gel atin capsul es

in 460 ny @B%M%i,es. Formul ation 2 20 A tabl et isppramesesosi ng
t he ingredients bel ow _ Quantity
(mg/ capsul e) Active agent _ 250 25
cel l ul ose, 400 : m crocrystal line
10 silicon dioxide, funmed 30
5 - stearic acid " _aeEe. 665
ny Tot al WO 97/41357 _ '
PCT/ US97/ 07302 : —9% - Hre—cofpotents
are bl ended andjconpressed to formtablets - each wgi ghi ngQaéatdty 5
Formul ation 3 An aerosol solution is prepared cqnt ai
foll owi ng conponents: 10 thgye gn llet)y
(rmg/ capsul e) Accgégeaggﬁgt _ .02550 mg
sodium carboxymethyl cellulose 50 mg
5 ' :
' syrup _ 1.25 mg
benzoic acid solution 0.10 mg
10 flavor q.v.
color g.v.
purified water to total ' 5 mlL

15
'~ 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,
20 with stirring. Sufficient water is then added to produce
the required volume.

Formulation 8
25

An intravenous formulation may be prepared as follows:



et hanol - 29.75 15 Propellant 22
70. 00 2Y’gchl or odi f 1 uor onet hane) Tot al ‘

100. 00 97/4113%he active conpound is nmixed with ethanol. TRETHSRTRE? | 5
added to a portion of the Propellant 22, cooled to -30[err]C and _
transferred to a filling device. The reqU|red anount is then fed to a
stainless steel container and diluted with 25 the renai nder of the
propellant. The valvé units are then fitted to the container.
Formul ation 4 30 Tablets each contai nit8660 ng of active ingredient are
made as foll ows: WO 97/ 41127
PCT/ US97/ 07302 ‘ Q *
Quantity ‘ gitY(ﬁgp{gggmq;F)
Active agent _ . ' Gf ny tarch
45 my 5 mi o] RFSEYS RFRRECel 1 ul 0se 25&5@ Ny

isotonic saline 1,000 mg

The solution of the above ingredients is administered
intravenously at a rate of 1 mL per minute to a subject in
need of treatment.




pol yvi nyl pyrrol i done (as 10% 4 ny solution | n wat er) 10
4.5 ny wo s7Rdi2ym car boxynet hyl " starch PCT/US97/07302

0.5 ny magnesi um st ear ate
1nmg 15 talc

Jotal 20 The active ingredient, starch and cellul ose are|[fjff il lllﬂﬂlll i

pol yvi nyl pyrrolidone is mxed with the -ghasul tant powders which are then
passed t hrough a No. 14 mesh U.S. sieve. The granul es so produced are
dried at 25 50/qiysfgand passed through a No. 18 nesh U . S. sieve. The
sodlunlcarboxynefhyl starch, magnesium stearate and talc, previ ously
passed t hrough a No. 60 mesh U. S, sieve, are then added to t he granul es
whi ch, after mixing,1are A componhdsesdthe £dmhila: machine to yield
tablets each 30 weighing 150 ny. WO 97/ 41127
PCT/ US97/ 07302 - 93- Formul ati.on 5
Capsul es ed&h containing 80 ng of nedi canent are nade as follows: 5
antit / capsul e Active age 80
QI y (ng/cap ) grﬁ\/v\///o Ny
& S
{ ] | =
' NT N
10 | \r W/
wherein;

R’ is independently hydrogen, halo, hydroxy, C,-C,
15 alkyl, C,-C, alkoxy, NRgR, or -NHCO{(C,-C, alkyl); |
' V is -0- , -NH- or -NC,-C, alkyl-;
T is C,-C, alkylene opt::.onally substituted with halo or .
C,-C, alkyl; ' '
W is C,-C, alkylene optionally substituted with halo or
20 C,-C, alkyl; '
Y
J is ! '
-x-f— or when T and W are both methylene, J is
25 S,
selected from the group consisting of

30 l I I halo (CHz)n (CH2)m

(CH2)n c—
! NR3Rs and
NR
aRe hato
i 35 halo
(CHz)n

\—</NR3R4



starch 59 mg 10 ni cr'ocrystal l'ine

59 ngy ' cel | ul ose - ' o 2
magnesi uWPSFMAL2T: o 15 rcrms%?)noz "
Tot al The active ingredient, cellulose, starch and nmagnesi um 20
stearate are bl ended, passed through a No. 45 mesh U.S.

filled into hard gelatin capsules in 200 ny quanti ti e““l“lﬂmﬂlln"m " |I|l
Fornul ation 6 25 Supposi tories each containing 225 ng 6f &cttve' °

i ngr edi ent may be nade as fol lows: -28- WD 97/41127

PCT/ US97/ 07302 94.-

Quantity (ng/capsd’(}é?reln n and mA@Fevé.ng(faﬁndently 1 or 2; 225 ny

saturated fatty acxdis oxygen, s3l1@Wr my = bond betwgenrthHescarbon atom
2,225 ny b “Tot al - The active ingredient is passed
through a No: BH9APY & 10 sieve and suspended in the saturated fatty
acid glycerides Y is halo, C,-C, alkyl or hydrogen;

5 S is -CHO or the group

—_— C{—M

10 l
2

wherein M is hydrogen, -CH,0Rs; , -CHNR;R, or -NR;Ry;
15 R, is hydrogen or halo; and
Z is hydrogen or -ORy; |
wherein R; and R, are independently hydrogen,
¢,-C, alkyl, halo(C,-C, alkyl}), C,-C, alkanoyl, halo(C;-C,
alkanoyl) or R; and R, taken together with the N atom to
20 which they are bound form a 5 or 6-membered ring; and
, Rs; and Ry are independéently hydrogen, C,;-C,
alkyl, halo(c, C, alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl}
or together form a divalent group of the formula -CRjRs-
wherein R, and R, are independently hydrogen, C,-C, alkyl or
25 halo(C,-C, alkyl) or R, and R, taken together with the C atom
to which they are bound form a 5 or 6-membered ring
provided that at least one of Y, S, T or W is halo or
a halo substituted group, or T and W are both methylene.
2. The compound of claim 1 wherein at least one of
30 Y, S, T or W is fluoro or a fluoro substituted group.



previously nelted using the m ni num heat necessary. The . m.xture i s then

pour ed i rwoowdszppository nold of nominal 2 g capacity REI/ESNHROA t o
cool . 15 Formulation 7 Suspensi ons each contai ni ng 50 ng of
medi cament per 5 nlL dose are made as foll ows: V\Dmml‘mllﬂ“""lllIHIII
PCT/ US97/ 07302 - 95-
Quantity _ - (ng/ cépstl & S
Active agent ' ' -99-50 ngy sodi um
car boxymet hyl cel |l ul ose 50 ng 5 o syrup
1.25 ny benzoi c acid sol ution 0.10 ng 10
flavor g.Vv. col or '
.g. V. purified water to total 5 n 15 The
medi cament i s passéd t hribugempowsd 9f ftheh fiormula eyve and nmixed with
t he sodi um car boxynet hyl cellul ose and syrup to forma snooth paste.
The benzoic acid solution, flavor and color are diluted wth sonme of
t he water %nd added,
: _ R1
O\\\/N\/O

10 | S ]
: X N N~

| o J{__J\
15 v g

wherein;
R, is C(;-C, alkyl or hydrogen;
T is C,-C, alkylene optionally substituted with halo or
20 C;-C, alkyl;
W is ethylene optionally substituted with halo or
- C;-Cs alkyl; ' |
X is oxygen, sulfur or a bond between the carbon atom
bridged by X; o
25 Y is halo, C;-C, alkyl or hydrogen;
S is -CHO or the group

30 —_— CLM

35 wherein M is hydrogen, -CH,0R; , -CH,NR;R, or -NR;R,;



20 with stirring. Sufficient water

requi red vol une.
be prepar¥@9381123| | ows:
PCT/ US97/ 07302

I s then added to pro-duce
Formul ati on 8 25
WO 97/ 41127

t he

An intravenousPBmJ’Mn may

- 96-

1000 s The solut .IIIIIIIHHIIIIWHI]EIILIII

intravenously at a rate of 1*l ®pet nfnut
need of treatnent. -100-WD 97/41127
R, is hydrogen or halo_; ggﬁd
Z is hydrogen or -ORs;
wherein R; and R; are independently hydrogen,
C,-Cs alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo{(C,-C,
5 alkanoyl) or R; and R, taken together with the N atom to
which they are bound form a 5 or 6-membered ring; and
R; and Rs; are independently hydrogen, C,-C,
alkyl, halo{(C,-C, alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl)
or together form a divalent group of the formula -CRsR,-

Quantity (ng/capsul e)

I sotoni c saline

i ngredients is adm nistered
to a subject in

PCT/ US97/ 07302 Cl ai ns:

10 wherein R; and R; are independently hydrogen C,-C, alkyl, or
halo(C,-C, alkyl) or R; and R; taken together with the C atom
to which they are bound form a 5 or 6-membered ring

provided that at least one of Y, S, Tor W-is halo or
a halo substituted group. _

15 4. The compound of claim 3 wherein at least one of
Y, S, T or W is fluoro or a fluoro substituted group."

5. The compound of claim 3 wherein W is fluoro
substituted ethylene. '
6. The compound of claim 3 wherein T is fluoro

20 substituted ethylene. -
| 7. The compound of claim 3 wherein T is fluoro
substituted trimethylene.

8. The compound of claim 3 wherein R, and Y are
hydrogen and X is oxygen. .

25 9. The compound of claim 5 wherein R, and Y are

hydrogen, X is oxygen and S is
M
I
. -CH

30 ]

' R,

10. The compound of claim 9 wherein T is ethylene.



1. A conmpound of the formula: [err] wherein; . R is

i ndependegoiisfpsdr ogen, hal o, hydroxy, (err]-Clerr] 15 al ROT/USITNTI02
Cerr]-Cerr] alkoxy, NRerr]Rerr] or NHCO(C[err] Clerr] alkyl);

Vis -0

optionally Stliltl_)l_st |O{ u£ glc(j:[ \?\IIrH‘l ﬁ[ale:)r]oral ol C[ err]-C er-rr] ! §| EWmIlm"m"n“W'I I"l

Cerr]-Cerr] alkylene optionally substituted with halo or
Cerr]-Cerr] al kyl; [err_]1 Jis or vvhen
Jlected

T and Ware both rrethyl ene, J is

of [err]

fromthe group COI’ISI sting
W 97/ﬁ%ound of the formula:

PCT/ US97/ 07302 _ - 98- L
wherein n and mare independently 1 or 2; X is oxygen, sulfur or
a bond between the carbon atom bri dged by X Y i s hal o,
Clerr]-Cerr] alkyl or hydrogen; T’- '
Q.
5 \/N\/’o
: R
swilw
N~ NTNF
\cn CH
10 2\"/ 4
wherein
J is selected from the group consisting of
15 |
(CHz) n c/palo . (CHa)n (CH2)m
’ and
20 NR3Ra NR3Ra
halo
halo l '
—C (CHz2)n
25 NR3Ra
wherein R, is C;-C, alkyl or hydrogen;
n and m are independently 1 or 2; and
30 R; and R, are independently hydrogen, C;-C, alkyl,

halo(C,-C, alkyl), C,-C; alkanoyl, halo(C,-C, alkanoyl) or R,
and R, taken together with the N atom to which they are
bound form a 5 or 6-membered ring.

12. The compound of claim 9 wherein R, is hydrogen.



5 . S'is -CHO or the group _ , [err]
wher ei n I\/lw@,?yﬂ&.ggen -CHerr]OR[err], .-CH[err]NR['err]R[err -Shsomor302

-NR[err] Rlerr . Rlerr] is hydrogen or hal o
Z is hydrogen or -OR[err]; wher ei n e and R err]
are i ndependent!|y hydrogen, Cerr]-Clerr] alkyl, hal o?i:" il’l"ﬁ:lﬂﬂ(”m ull
alkyl), Cerr]-Cerr] alkanoyl, halo(Cerr]-Cerr] al k
and Rlerr] taken together with the N atomto 20 which they ar e “botund" f &r m*
a 5 or 6-membered ring; and -102- . Rerr] and Rerr] are
i ndependently hydro rr ylL, -halo(Cerr]-Cerr]
alkyl), Cerr] -C[erg? *al %ﬁ ﬁom%%‘}reé (ff%rﬂ'aﬂ‘e#rYgﬁFﬁ Roje halo of
t oget her for m%uhﬁhatuantgpnﬁuﬂ dfs tfladxonul a -CRlerr] Rl err] - wher ei n
Rlerr] and R err] rr or 25
hal o(Clerr]-derr] % kyl ggﬁ%%?&ﬁ%ﬁ%%&%?%&ﬁ%fﬁik C%ég\p% I"f‘the C
atom to ﬂu!lﬂe?fafibebcﬁﬂm ma 5 or 6-nmenbered ring
provided tgat at least one of Y, S, T or Wis halo or a halo
substituted group, or T and Ware both nethyl ene. ' 2. The
conpound of claim1l wherein at least one of 30 Y, S, T or Wis fluoro or a
fluoro substituted group. WO 97/ 41127 Ry
PCT/ US97/ 07302 _ _ ' 3.
A conpound of the fornul a: 5

10

15 wherein;
R’ is independently hydrogen, halo, hydroxy, C,-C,
alkyl, C,-C, alkoxy, NR;R, or -NHCO(C,-C, alkyl);
R, is C;,-C, alkyl or hydrogen;
T is C,-C, alkylene optionally subst:.tuted with halo or
20 C,-C;, alkyl; ' '
_ W is C,-C, alkylene optionally substituted with halo or
C,-C; alkyl;

Y
J is | _
25 -X-C- , or when T and W are both methylene, J is
| . : '
S

selected from the group consisting of

30
(CI:Hz)n C/halo (CH2)n (CH2)m
!
aR4 hato .
halo—¢  (cHa)a
AN



[err] 10 15 wher ei n; Rlerr] is

Clerr]-C quobraisey! or hydrogen; T is (err]-( err pcantsshovisz
optionally substituted with halo or 20 (Jerr]-Cerr] aIkyI Wis
et hyl ene optionally substituted with halo or Cerr]- H lu

X is oxygen, sulfur or a bond between the carbon atom bﬁm Iml BHII,”H"I
Y is halo, (Jerr]-(ferr] alkyl or hydrogen; S is -CHOCortth

group - [_e%?_i][‘_ 35
wherein Mis hydrogen, -CHerr]ORerr] , err]NRlerr] Rl err] or
-NRlerr]Rerr]; whe¥e /11484 m are independently 1 or 2;
PCT/ US97/ 07302

X is oxygen, sulfur or a bond between the carbon at:om

bridged by X; ' '
Y is halo, C,-C, alkyl or hydrogen;
5 S is -CHO or the group

10 ‘l
. K2

wherein M is hydrogen, -CH,ORs; , -CH,NR;R, Oor -NR;R;;
15 R, is hydrogen or halo; and
Z is hydrogen or -ORy;
wherein R, and R, are independently hydrogen, .
C,-C, alkyl, halo((C,-C, alkyl), C,-C, alkanoyl, halo(C;-C,
alkanoyl) or R; and R, taken together with the N atom to
20 which they are bound form a 5 or 6-membered ring; and
'Ry and Ry are independently hydrogen, C;-C,.
" alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo (C,-C, alkanoyl)
or together form a divalent group of the formula -CR;R;-
wherein R, and R, are independently
25 hydrogen, C,-C, alkyl or halo(C,-C, alkyl) or R, and R; taken
together with the C atom to which they are bound form a 5
or 6-membered ring
provided that at least one of ¥, S8, T or W is halo or
a halo substituted group, or T and W are both methylene;
30 and '
a pharmaceutically acceptable excipient, carrier, or
diluent.



- 100- ., Rlerr] is hydrogen or halo; and Z

is hydrogen or -OR{err]; wher ei n R[errh:an'd Rerr] are
i ndependeWO S74a123r ogen, Jerr]-derr] alkyl, halo(der Té[s@?}hm

alkyl), (err]-C[err] alkanoyl, halo(C[err]-C[err] 5 alkanoyl) or Rerr]

and Rlerr] taken together with the N atomto whi ch t hey

a 5 or 6-nenbered ring; and S R err] and““l“lﬂ"““l“e““lmll
i ndependent |y -hydrogen, Clerr]-Clerr] alkyl, halo(derr]*Cerry dkyl)’
Cerr]-Cerr] alkanoyl, halo((err]-d er13}04%t kanoyl ) or together forma
di val ent group of the fornula -CRlerr]Rerr]- 10 wherein Rerr] and R err]
are independently hydrogen Cerr]-Clerr] alkyl, or hal o(Cerr]-Cerr]
al kyl) or Rerr] armlsR[emé 653&%&&9@%&& Wolbddit £t O claimt 94w ch
they are bound.form a menbered ring provi ded that at |east
one of Y, S, Vh&r%’fs haI oor a halo substituted group. 15 4.
The conpound of claim3 wheYein at | east one of Y, S, T or Wis fluoro
or a.fluor® substi tlutiesl grolp. 5. The conpound of claim3
wherein Wis fluoro -Xubstituted ethyl ene. 6. The conpound
of claim3 wherein T is flupbro 20 substituted ethyl ene. 7. . The
conpound of claim3 whereingT is fluoro substituted trinethyl ene.

8. Th d af. cl aiyn 3 ' . d Y. d d X
5 oxygen. 50" Ye o Al SHRERCLRLRI AL Aiboki¥ion of WAIRITE 3 Ne
hydr ogen,1& |sv1'©¢3a;;lem and S is

[err] 30 s ig 10. The conpound of claim9 wherein T is ethylene.
WO 97/ 41127 ' 7 PCT/ US97/ 07302
-101 - / _ _

| —C—M

e

15 ' IL
2

X is oxygen; and
R, is hydrogen.: _

20 17. The pharmaceutical composition of claim 16
wherein at least one of ¥, 8, T or W is fluoro or a fluoro
substituted group. '

- 18. The pharmaceutical composition of claim 14
wherein |

25 T and W are methylene and the halo substituent is

' fluoro.



AR s e TY e -t o mew et wamiRR e e

11. A compound of the fornmul a: _ [err]
i Jis sel ected fromthe geoup consisti n@CIfUsh307302
—-_“____-—-—"""“

wher ei n
[err] Yool Wheg=e+n ] iSpEder ] - Jerr] alkyt—or—hydrogem,

n and mare independently 1 A e[\;} O?EFEFRL]GJ‘!"“T ml “!‘ l”““l

I'ndependent |y hydrogen, (er

Cerr]-Cerr] al kanoyl, halo C[err] al kanoyl) or

taken together with the "N atomto which t gy.are bound forma 5 or

6- menbered ring. - : 12. The conpound of claim9 wherein Rerr] is
hydrogen. 19. A method of treating a mammal having a disease or

condition associated with abnormal protein kinase C

activity, said method comprising administering to said

mammal a pharmaceutically effective amount of compound of
5 the formula:

10

15 wherein; _
R’ is independently hydrogen, halo, hydroxy, C,-C;
alkyl, C,-C; alkoxy, NRR; or -NHCO(C,- C4 alkyl) ;
'R, is C;-C, alkyl or hydrogen; :
T is C,-C, alkylene optionally substituted with halo or
20 C,-C, alkyl;
W is C,-C, alkylene opt:n.onally substituted with halo or

-C, C4 al]‘yl~
Y
J is 1
25 -X-C- or when T and W are both methylene, J is
H

S

selected from the group consisting of

30
{CBa) n L/halo (CH2} o (CHa}m
! NRaRs and
NRaRs halo
' 35
' halo\l: (CH2)n
B \—L/mm
Sheet Has Been Replaced
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-102- 13. The conpaund of claim9 wherein the halo

substit owO®7/¢f23 is fluoro. T —A=phe ceutlcal eswsgmm
conprising a conmpound of : lerr]

wher ei n; R is .--.--- al o, hydr

Cerr]- C[err] alkyl, derr]-Cerr YR err]R[erﬂl““““l““I““Illl““‘
-NHCO(C[ err]-Clerr] al kyl); Rl err] i s Clerr]-CerrT afkyt d

hydr ogen; Tis (err]-Clerr] allgg-ene optionally. substltuted W th
halo or 20 Cerr]-Cerr] alkyl; Wis Cerr]-Cferr] al kyl ene

optionally substi memm trh drad amcare indﬁapen}ieﬂtdry]l abky2;

[err] J i b t hyl ene,
Jis x4 gxygen, Ise% f B ?gmt e gr-(g)up CONSi Sﬁl QEQP% %o%z
[err] bridged by X;
Y is halo, C,-C, alkyl or hydrogen;
5 S is -CHO or the group
A
10 —C/——M

15 wherein M is hydrogen, -CH,0Rs , -CH,NR3R; or -NR;R,;
R, is hydrogen or halo; and
Z is hydrogen or -ORy;
wherein R; and R, are independently hydrogen,
C,-C, alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo(C,-C,
20 alkanoyl) or R, and R, taken together with the N atom to
which they are bound form a 5 or 6-membered ring; and
Rs; and R; are independéntly hydrogen, C,-C,
alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo(C,-C, alkanoyl)
. or together form a divalent group of the formula -CR;R;-

25 wherein R, and R; are independently hydrogen, C,-C, alkyl or
halo(C,-C, alkyl) or R; and R; taken together with the C atom
to which they are bound form a 5 or 6-membered ring

provided that at least one of Y, S, T or W 'is halo or
a halo substituted group, or T and W are both methylene;

30 and '

' a pharmaceutically acceptable excipient, carrier, ox
diluent.

is Sheet Has Been Replaced
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-103- ‘iv? iz)herel n n and mare independently 1 or 2; PCTNSY07TI02 S
su

oxygen, a bond between the carbon atam—- bri dged by X

Y is hal o, C[err] Clerr] alkyl - Sis Cf—ﬁ ”Iri
sroup [ 21r) yerosen: TN AT
-CHerr]OR[err], -CHerr]NRerr]

Rlerr] is-hydrogen or hal.o; and .10 " Zis hydrogen or CR[err]
wherein R err] and R err] are |ndependently hydrogen, Cerr]-Cerr]

al kyl, halo((Jerr]-Cferr] alkyl), C-err]-Cferr] alkanoyl,
han(C[err]-C[err] al kanoyl err] . and Rerr] taken together wth
the Natomto 20 whe@h tEB¢ HeE %@ﬂﬂéﬁf%#%#@.% 9okh GI%Eﬁbered ring; and
Rlerr] and Rl err] are indepegdently hydrogen, Cerr]-Cerr] al kyl ,
halo(Clerr]-Cferr] akkyk), CGerr]-Clerr] alkanoyl, halo(Cerr]-Clerr]

al kanoyl) & or togethetxt@Lnla di val ent group of the fornula
-CRlerr]Rerr]- wherein R err] and R err] are

i ndependent|y 25 hydrogen, C&err] Clerr] alkyl or halo((err]-Cerr] alkyl)
or Rerr] and R err]_taken ether mn h . he C atomto which they are
o RBRLBRERAY 1Rf claim

bound forma 5 2t prOV|ded that at | east one
of Y, S T or MNﬁQréﬁho or a haio substltuted group, or T and Ware
bot h nethy#gne d, a pharmaceutically acceptabl e exci pi ent,
carrier d|| eh®. 7

—C—M

s

L

15

X is oxygen; and

R, is hydrogen.
S 22. The method of claim 20 whereln at least one of Y,
20 S, T or W is fluoro or a fluoro substituted group.

23. The method of claim 19

wherein
T and W are methylene and the halo substituent is
fluoro.
25 24. The method of claim 19 wherein W is fluoro

i

substituted ethylene.
25. The method of claim 19 wherein T is fluoro
substituted ethylene.
26. The method of claim 19 wherein T is fluoro
30 substituted trimethylene.

his Sheet Has Been Replaced
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- 104- ”“I"l HII" I“MIIHH“Imaceut i.cal conpositi ) m... +H4—1 _ Wherein
5 " 6. *The phar maceuti cal co A NTSHE% 15 10
whereln Sis [err]
X is oxygen; and Rlerr] is hydrogen. 20 ](f 'lib
phar maceuti cal conposition of claiml16 wher di st of Y, S T
or Wis fluoro or a fluoro substltu}%groug. 18 e
phar maceuti cal sitjon of .0 %é T and jN e

met hyl ene and thengg ub&fi ?geﬁtp]ilirmacelﬁllfcﬂjt. ot

- 105-

10

15

20

25

30

35

compolind %#%ﬁeoﬁfoﬁmﬁfé‘r?&ce”t | cal of

wherein;

R’ is independently hydrogen, halo, hydroxy, C,-C,
alkyl, C,-C, alkoxy, NRR, or -NHCO(C;-C, alkyl):;

R, is C;-C, alkyl or hydrogen;

T is C,-C, alkylene optionally substituted with halo or
C,-C, alkyl;

W is C,-C, alkylene optionally substituted with halo or
C,-C, alkyl;

-X-C- or when T and W are both methylene, J is

selected from the group consisting of

(CHz2}n ¢c—h3lo {CH2) n (CH2)m

. NR3Ry and
NR;
3R halo

hal \L (CHﬂn

\_4/31&1&



conpound- o[]“mr Il I‘H@u“l [err] 15 wherei n;

d hal hydroxy, Cerr]-(err o amana
IC[Selr pj egfgrr] aIIuRE!;? = erriaRE)err]y (r)r -NHCO(J err] - C[ EREBLAEEMENT SHEET
Rlerr] is (Jerr]-Cerr] alkyl or hydrogen; errj-cerrj

al kyl ene optionally substituted with halo or 20 C[e_rr -
Wis (err]-Cerr] alkylene optionally substituted with ha%éblﬁﬁ%

Cerr]-Cerr] alkyl; [ ertP6-25 S I e
and Ware both net hyI ene, J is sel ect
group consisting of YABreER p and m are imglependently 1 ‘or—23

X is oxygen, sulfur or a bond between the carbon atom
bridged by X;
Y is halo, C,-C, alkyl or hydrogen;

L. L
LIaL}

}—o¢ 6
d fromtk

5 S is -CHO or the group

10 —_—

15 wherein M is hydrogen, -CH,0Rs , -CH,NR;R, or -NR;R,;
R, is hydrogen or halo; and
Z is hydrogen or -OR;
wherein R; and R, are independently hydrogen,
C,-Cq alkyl, halo(C;-C alkyl), C,-C, alkanoyl, halo(C,-C,

20 alkanoyl) or R; and R, taken together with the N atom to

which they are bound form a 5 or 6-membered ring; and

R; and Ry are independently hydrogen, C,-C,
alkyl, halo(C,-C, alkyl), C,-C, alkanoyl, halo(C;-C, alkanoyl)
or together form a divalent group of the formula -CR;R;-

25 wherein R; and Ry are independently hydrogen, C;-C, alkyl or
halo(C,-C, alkyl) or R; and R; taken together with the C atom
to which they are bound form a 5 or 6-membered ring

provided that at least one of Y, S, T or W is halo or
a halo substituted group, or T and W are both methylene;
30 and
a pharmaceutically acceptable excipient, carrier, or
diluent. in the manufacture of a medicament for treating a

mammal having a disease or condition associated with

abnormal protein kinase C activity.



wherein n 3 llﬂ"l r"ﬂ Hmﬁent ly 1 or 2; s X is oxygen, - sul.fur
or a bond h at om bri dged byj IS

halo,, Jerr]-Cerr] alkyl or hydrogen; 5 @PMCEWN'DFSHEH‘ group

[err] 10 15 wherein Mis hydrogen, -CHerjr]jJOR[erTT,

-CHerr]NRerr]Rerr] or -NR3R4; . Rq i ci%p or [ hal o;
and : Z is hydrogen or - (qg[_err]; ébhél& '
wherein R err] and R err] are independer?t y hydrogg¢n, Clerr]-fJerr]

al kyl, halo(CJerr]-Cferr] alkyl), -CJerr]-Cferr] al kanoyl,
hal o(Cferr]-Clerr] 20 al kanoyl) or R3 and R4 taken togettrer—wth+t he N
atomto whi &P « h&hearsehoun®if SA-aLR E9oWherfdhbered ring; and

Rlerr] and Rl err] are independently hydrogen, Cerr]-Cerr] al kyl ,
hal o(Cferr]-Clerr] pligyl ), ((Jerr]-Cerr] al kanoyl, halo(Clerr]-Cerr]

al kanoyl ) s or togetgher- forma divalent group of the fornula
-CRlerr]Rerr]- 25 whergin R err] and Rl err] are independently hydrogen,
Cerr]-Cerr] alkyl or g halo ((err]-Clerr] alkyl) or Rerr] and
Rlerr] taken together with the C atgm _ . to which they are bound forma
5 or 6-menbered rirfg- The .use pngFaéamt%%t at least one of Y, S, Tor W

is halo or wheredrhal o substituted group, or T and Ware both nethyl ene;
30 and 44 s har maceuti cal ly acceptabl e excipient, carrier, or
di luent in the manufacture of a nedi canent fo.rz treating a manmal
havi ng a di sease or condition associated wt abnormal protein

ki nase C activity.
—C—M .
4

L

15

X is oxygen; and
R, is hydrogen.
22. The method of claim 20 wherein at least one of Y,
20 S8, T or W is fluoro or a fluoro substituted group.
23. The use of claim 19
wherein
T and W are methylene and the halo substituent is

fluoro.
25 24. The use of claim 19 wherein W is fluoro
substituted ethylene.
25. The use of claim 19 wherein T is fluoro

substituted ethylene.
26. ‘The use of claim 19 wherein T is fluoro
30 substituted trimethylene.
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21.
[err]

22. The net hod

20. The use

The u'se of cl aim 20" wherein 10

X |%@Wﬂdmormw ORGANIZABION | Iy
Pq:’lgl aim 20 wherein atmrelustiByme of v, 20 S T tﬁ”oSN
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and the preparition of pharmaceutical formulation for use in
inhibiting Protein Kinase C in mammals.
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