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I nternedi ates and Their Use to Prepare N, N -bridged
Bi si ndol yl mal ei m des: The ubi quitous nature of the protein

ki nase C 5 H;ﬁ?%ﬁﬁieand their i-nportant roles in phySiO!OgﬁCB%&%bﬂ%&

I ncentives t hi ghly sel ective PKC inhibitors. Gve

evi dence derpnstrating |inkage of certain isozymes to di sease states,

it is reasonable to assune that inhibitory conpounds that are selective
to one or two protein kinase C 10 isozyneslrelative to the other PKC

I sozynmes and ot her protein ki naseg are superior_therapeutic agents.

Such conpounds NovgdndREermtdiafesated Breirc¥se thFYeRREr Noylc??ﬁﬁQ$9
virtue of ~ their specificity. Bisindolylmaldindldess of PKC isozyne
selective N, N -bridged 15 bisindol yl mal ei m des have been disclosed in Heath
et al. (EP O 657 458 publ i shed on June 14, 1995. A preferred
conpound in this N, N -br FRgatPiswiteus| priurge oL the misHednokinase e For nul a
| : 5 [iebkmes 2dhdvdiegirnimpostaait aples, imiphylsdology provide

di al kyl am no. H?l%tantftes CFO gzjrodﬁégﬂ%ﬁlﬁ{asemggpq}e ket DESHLAEAC  given

substituted N brsin & m des as berng prepared as
fol |l ows: he eppdence demonstratifg linkage of certajp isozymes to

disease states, it is reasonable to assume that inhibitory
compounds that are selective to one or two protein kinase C
10 isozymes relative to the other PKC isozymes and other protein
kinases are superior therapeutic agents. Such compounds
demonstrate greater efficacy and lower toxicity by virtue of
their specificity. ' .
- A class of PKC isozyme selective N,N'-bridged
15  Dbisindolylmaleimides have been disclosed in Heath et al.,
(EP 0 657 458), published on June 14, 1995. A preferred
compound in this N,N'-bridged series includes a compound of
the Formula I:

R (1)
20 wherein R is an amino, alkylamino, or dialkylamino. Heath et
al. exemplify a number of these amino substituted N,N'-
bridged b1s1ndolylmale1m1des as being prepared aq follows:

H( “( ‘.
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Unfortunately, the O nesylate functionality used to prepare an no
substituted N, N -bridged bisindolyl malimdes has been found to be toxic
and an unde?fqgﬂ"?sﬁ'purl ty in the 5 preparation of anm no REIAS9A85I%Rd N,

N - bri dged bi si ndol yl mal ei m des. Expensive purification techni ques nust
be enpl oyed to ensure that the O-nesylate internediate is renoved from
the final product. The pregent invention provides a key
intermediate 10 in the synthesis of am no substituted N, N -bridged

bi si ndol yl mal ei m des. This novel internediate is readily converted to

an am no subst tut ed Nuleoptudagsly, cHi BLAGR) M B d65a 14 ) kPSS N0
through the Olesyl ate . terne te. (5 dﬁ'ﬁ‘a
dramatically ﬁﬁ?%a% a"'ilé'gcf'ﬂ Fit Nn’t"er g§§e Fgl’b ok, F?lﬂ%d to

prepare ahas dearb foundt ed IN; Noxici dgédarbiwidedol gé nibmimitgesnathe oner
t enper at urgs BPQpéx‘hﬁoihBEt&hﬂcﬁ%‘ifﬂs%tﬁt%@ N, %S%M&Qea na hi gher i eld

with fewer by-products e Interme I'S useful in preparing
N, N - bridged Bf%%?ﬁﬂﬂy}%?é‘f‘hﬁl%s EFPensiYR Q?"ulr;*iféFﬂtW‘% HAFRGAHES i TS t oxi ¢
impurities. be employed to émta:hjlma@nthé he-redsgilaed Dorgonwwddacar esusef ul as

i sozyme sel eC{:ér}{&/é%@rjoﬁh{:ﬂétdﬁﬁl ?%8 the conpounds are useful in

treating conditions assocl ate et es mellitus and its
conplications, ischeni &b€ ﬁrﬁaﬁ%t%raf?ntzsn Reqitid@s gekoyutntgriedinte
di sordersto camlmwultaesﬂm sefsmine subdetimiteldoyi Natblickesise and cancer.

The present i ByedAg1RLOUEHESe? CAIROUASLE ihRErmeaidi®f MY ehhiaO
converted to an amino substituted N,N'-bridged
bisindolylmaleimides without passing through the OMesylate
intermediate. The intermediate is also dramatically more

15 reactive. The intermediate is preferably used to prepare
amino substituted N,N'-bridged bisindolyvlmaleimides at lower
temperatures and in a shorter reaction time resulting in a
higher yield with fewer by-products. Thus, the intermediate
is useful in preparing N,N'-bridged bisindolylmaleimides in

20 high yield without undesired toxic impurities.

In addition, the claimed compounds are useful as
isozyme selective PKC inhibitors. As such, the compounds are
useful in treating conditions associated with diabetes
mellitus and its complications, ischemia, inflammation,

25 central nervous system disorders, cardiovascular disease,
dermatological disease and cancer.

The present invention provides a compound of the
Formula II:
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- 3- H [err] wherein R err]
is Br, I, or Otosyl. The present invention further provides
a- pharmaceutical fornulation conprising a conpound of FQrmul |1 and
one or nore pHAHHE2®0¢tically acceptable carriers, di | ueﬁ}cgrytgs‘msgls

exci pi ents. One further aspect of the invention is a process
of usi ng the conpound of Fornmula Il to prepare am no substituted

N, N - bri dged bi si ndol yl mal ei mi des of the FoBnula I, which 10 conprises
reacting a conpound of the Formula Il with an am ne In a non-reactive,
pol ar sol vent. - For PYr POSES q; the present invention, as

di scl osed and cl ai ned herein, theX0l Iy ng terns and abbreviations are

15 defined as follows. erm"glerr]-Cerr] alkyl"
represents a cyclo, straight K al kyl group having from
one to four carbon atons s \ 4 n-propyl, isopropyl,
cycl opropyl, n-butyl, isobutyl, and the 20 |ike.

The term"aryl"™ represents a substitpted o unsubstituted benzyl,
phenyl, or naphthyl. term_Jam ne" as used herein refers
to -N(CF3)CH3), -NH(CF3), or -NR3RA whgrein R3 and R4 are 25

i ndependent|y hydrogen, Cerr]-C4 al kyll, phenyl, benzyl, or

Ry (II)
wherein R] is Br, I, or O-~tosyl.
The present invention further provides a
pharmaceutical formulation comprising a compound of Formula
5 II and one or more pharmaceutically acceptable carriers,
diluents or excipients.
one further aspect of the invention is a process of
using the compound of Formula II to prepare amino substituted
N,N'-bridged bisindolylmaleimides of the Formula I, which
10 comprises reacting a compound of the Formula II with an amine

in a non-reactive, polar solvent.

For purposes of the present invention, as disclosed

and claimed herein, the following terms and abbreviations are
15 defined as follows.

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

20 like.

The term 'aryl" represents a substituted or
unsubstituted benzyl, phenyl, or naphthyl.

The term "amine" as used herein refers to
-N(CF3)CH3), -NH(CF3), or -NR3R4 wherein R3 and Rg are

25 independently hydrogen, C1-C4 alkyl, phenvl, benzyl, or
combine to the nitrogen to which they are bonded to form a
saturated or unsaturated 5 or 6 member ring.



conbine to the nitrogen to which they are bonded to forma saturated or

unsaturated 5 or 6 nenber ring. WO 97/ 19080

PCT/ US96/ 18518 -4- As not ed above,
the invention provi des a conpound of the Fornmula I1I: [err]

5 wherein N{%?l“]’“‘i“s Br, I, or Otosyl. It is ret‘él‘girﬁ%’wlﬁ hat
vari ous stereoisoneric forns of the conpounds of Fornula Il may exist.
The preferred conmpounds of the present invention are of the Fornmula Ila
and I'1b: [err] - 4 -

As noted above, the invention provides a compound
of the Formula II:

(II;
5 wherein R} is Br, I, or O-tosyl.

It is recognized that various sterecisomeric forms
of the compounds of Formula II may exist. The preferred
compounds of the present invention are of the Formula IIa and
IIb:

H
o N o

10 (IIa)

—Ry (IIb) .
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- 5- However, racemates and individual enantionmers and m xtures
thereof formpart of the present invention. The conpounds of
the present inventi are nost readily prepared froma f the
formula: 5 WO é#o?t? Thi s hydroxy substitut edeﬁp%’mg l|9d ed
bi si ndol yl mal ei m de, conpound 111, is prepared by techni ques descrl bed
in Heath et 10 al., (EP 0 657 458), pubI i shed on June 14, 1995, herein

i ncor porated by reference. Thed ¢t ai med corrpounds are pr epar ed

as foll ows:

Rlerr] is the s%‘?f&?e"g?g'pfr@ﬁ?'ﬁ?ﬁ?i/ ands ARdtyidnad EPQB?V,’m‘ﬁ[SePPF ﬂ“%’c%fres

thereof form part of the present invention.

1)

The compounds of the present invention are most
readily prepared from a compound of the formula:

OH (III)

This hydroxy substituted N,N'-bridged bisindolylmaleimide,
compound III, is prepared by technigues described in Heath et
10 al., (EP 0 657 458), published on June 14, 1995, herein
incorporated by reference.
The claimed compounds are prepared as follows:

CH

Ry
15 (IIT) (II)
R1 is the same as previously defined. Preferably, Rl is Br
or I, most preferably R1 is Br. The claimed tosylate (p-
toluenesulfonyl) compounds are prepared by reacting the
alcohol with p-toluenesulfonic anhydride in the presence of a
20 base such as pyridine in THF, ether, methylene chloride, or
other non-reactive organic solvent. The reaction is



or I, nost preferably R err] is Br. The cl ained tosylate (p-

t ol uenesul fonyl) conpounds are prepared by reacting the al cohol with
p-tol uenesul foni c anhydrlde in the presence of a 20 base such as pyridine
lkn THF, ether | ene chl oride, or ot her non-reactive organic

sol vent. TheV ?&(b"f’?‘%n i s WO 97/ 19080 PCT/US96/18518

PCT/ US96/ 18518 - 6- general ly
carried out under nitrogen fromroomtenperature to t he refl ux
tenperature of the reaction m xture. -6 - The clained halides are
prepared by reacting the ~ alcohol with a bronmide or iodide source. The
bromi de or 5 9e88raély kardd efanubeunrdetu MiSrogen rERge FOSMappRReY &S FA t he

grt i ncl udi ng_:tcliabjl rngB.Zx ddin{&e.raEﬁBé 2f RBréreB&eicsﬂ M52 urd:

ronosucci ni mi de, ra, , z

phenyl , phenyl oxy, al kyiﬂf{1 ed %g gﬁ f«?dpfﬁp?%%g\% r&PFtM%’

recogni ze thatal\szahbbmit:icta \ba'pmmge agenitglidechowscel0 Thelbromide or

car bonyl di gm %@%@ aayr&e c%%dse 5 Onod e %@C&é@&msﬂasgreu §nSkfe of a

hydroxy (I111) to can be carried ni ques

ec
appreci ated i r"l‘“tthé 3??‘5% &Iscfl%edmrq? CaBRR c R G- CR5§§’T"%CI<N A GUI DE TO
FUNCTI ONAL GROUPMPREFARMTIIONS, CRCH allyRubli shenzyl-Br.356B63: (Wie8e)in herein

noorporated by 15 pheher eitlny 1BkP! Agd sendiyi Onenkngkiifited % leaedee or

i odide in the presence phosphor ous "hal i de reagent such ;
(phenyl ) 3PX2, & t"a‘l’n%dﬁfi"g@‘@e i RTINS BFHHERtIMT age%ﬂcﬁucﬁwésreact i on
IS suitabllg carni edcariboriyidiliiridazolaaetyobiet added tethyl eeactcidmr i dRe or

other non [ eaihEr2fon W WCRYSrEAP 0 8 b hdNigealtn) O W bt

solvents are SO Qperative ormatl on O

reagent as des@UthEY FeFIBLIUeEngBRPIECIRRd 4B khe. ar&zenélée§§losed &ﬁd Hodosi
G Car bohydramxicﬁasear ClLazddk32X - @Prpg 180 BPNCTIONAL GROUP PREPARKMIpRINAEHO! t he

Formila 11 arg.goaupcted 4}03%@5%5(199%3)“0{}399%&' t’T&’?&%H‘[‘ b:g,) dged
bi si ndol yI rral eim as f
reference. Preferred conditions include the bromlde oxr
iocdide in the presence of a phosphorous halide reagent such
as PX3, {(phenyl)3PX2, or (phenoxy)3PX2 wherein X is bromo or
iodo. The reaction is suitably carried out in THF,
acetonitrile, methylene chloride, or other non-reactive
20 solvents appreciated in the art. DMF or other solvents are
also operative due to formation of an Vilsmeier—type
reagentas described in Barluenga J. Svnthegig p. 426 (1985)
and Hodosi G, Carbohvdrate Regearch 230:327-42 (1992).
Compounds of the Formula II are converted to the
25 amino substituted N,N'-bridged bisindolylmaleimides of the
Formula IV, as follows:

Ry

{(IT) (IV)
wherein R] is Br, I, or O-tosyl; and Ry is -N(CF3)CH3),
30 -NH(CF3), or -NR3jR4 wherein R3 and R4 are independently



(rr) (1v) wherein R err] is Br, |, or
Otosyl; and R2 is -N(CF3)CH3), 30 -NH(CF3), or -NR3R[err] wherein R3 and
R4 are independently WO 97/ 19080

PCT/ US96/ 1851 -7- (
Cerr]-C4 al k?ﬁo,”b‘ﬁ‘gﬂyl , benzyl, or conbine to the ni tropﬁﬁ%%% ch

they are bonded to forma saturated or unsaturated 5 or 6 nenber ring.
Preferably, R2 in N(CH3). The process of using Conpound |1
to form Conpound 5 |V, conprises reacting & ctonpound Il with an arri ne of

t he formul a; HN(CF3) CH3 H(CF3), or HNR3R4 wher ei are
i ndependent | y h%ﬁlﬁéﬁ’f‘ : éﬂeh] I_ﬂﬁ’(lal P%‘Fny£het?ﬁﬂzy heRZyfFom r]%‘r"e 13 t ?rbl ne to
the nitrogen tonwreder heywhien tmmgbedrteObémiéﬁ ao formas Waahated or
unsaturated 5 of,, 0, [JHIRGY & n%xr@) ROPind 0 FrR2CELKRy, RO) 3k ARERL]

solvent. The reactroni1s pre e a out I'n" a‘so i on~ of DM,
THF: wat er, or di net y|EieePEAFERS a&f P@Rﬁ@r%@wdr éﬁgF%gfqlflﬁ)rﬁOG‘P@\m‘]lC to
t he reflsix tepesniirdsesofeddiingeac tobMPoUAX IUr ®itHhen radicle 06 the

general ly i's cogplif m@gm@tol&ﬁégfgf o HRRSRAlerdh pend agpt on

is carried out roomterrpe

purified from taEe rigyiepegAent k¥ JwerggpRg C1- 45@&??&1&! dPI?%IM‘Fm é?l?%ybutoq s
preferably Crys&@xhﬂ;ir?ee(iodthécﬂidkogen i—_bomiéle th%?céi:-@nbdﬁd@i”t% form a

Most unexpect edl| e use of the ternedi atg to JRrepare a
i no-subar t ut adtutabed RE. BpedtiralieR B or of meReE, FEGS [, S elher i el o
and avoids 10 rexdwivierppeilef eaprortiie sphvents i Fher neadiaen iis pyeperailnyl y

nore reactive tbafriéued&@om Aasgihalioni efaﬁmdrr&?ewawﬁ or reactivity of
various | eaving

rou sen ted 25 Tab The
o e ronet TofhotAnc AhBASTIY FerbePREREL Sanglng] Praf NE Eagdf anp
SUNDBERG, Part neprd tEdlpter@mrqaa?ée thglreacticnogdyture. The reaction

generally is complete in about 1 to 20 hours. Preferably,

15 the reaction is carried out at room temperature to 50°C.
Compound IV may be purified from the reaction mixture using
standard techniques but is preferably crystallized directly
from the reaction mixture.

. Most unexpectedly, the use of the claimed

20 intermediate to prepare a amino-substituted
N,N'-bisindolylmaleimide results in a higher yield and avoids
toxic impurities. The claimed intermediate is surprisingly
more reactive than the known mesylate intermediate. The
reactivity of various leaving groups to HN(CH3)2 is presented

25 in Table I. The relative reactivity predicted in the art is
described in CAREY AND SUNDBERG, Part A, 3rd Edition, page 291
{1990) .
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- 8- Table |I. Reaction rates with HN(CH err])[err] G oup

[err]rel (Rate of reaction of |eaving groups with
HN( CH3) 2) p-tol uenesul fonate * 2.2 x 10-2 Ms O 5.5 x
10[ err] VD 97/19080 9.8 x 10[err] | - PCT/US96/13518 X 10-1
Br - 2.2 x 10-2 The data in Table | denonstrate that the
tosyl, brom de and i odi de are unexpectedly reactive -- particularly the
bromde 5 and iodide which are from 8x.t® 36x nore reactive than the
known nesyl ate i nterrredl ate. Th| s enhanced reactivity relative to MsO
was al so obserlzblk I Al - ED W37y | ) . - The increase in
reactivity reqﬂLﬁ in a Iomer,&egperature reaction that is conplete in

a shorter period of time. The 5 use of t he cla| rred |nterrred| ate aI SO
results in foews a 2k le :i \ :

I nt er nedi at e, ;i_h&ubﬁaantmtgo ;plzo,duer an am no subst I tut ed

N, N—b|5|ndolyép§le|n1de result; |n gn3|npur|ty | evel from 15 to 30 %
due to by-pro Gets formed fromTeaction at the 15 mal ei m de car bonyl

group. Using @Re clained int eér-fexdilatd, the inpurity level is less than
5 % a substanti al | mproveiment .10-1 As previously stated,

t he 0-nesy|at§51unctionality uangto prepare am no substituted N, N

bri dged bi s- i ndol yl mal i m %185* 18s been found to be toxic and an

undesi red inmpurity in the preparation of am no substituted N, N -bridged

bi si ndol yl mal iy dgea £XPRNSIe/e Abhbhd Rt BhhECtHY @b%%l”“ﬁi‘omlde Reg
enpl oyed to enso%ﬁg?t hat the O- ég}late i nt er medi at e, 1§ ved from t he

final ~product efbf e“m??Pee?&ﬁ oreficye aav%?ﬁ%ffé‘ 8F 1¥h‘éh°p
i nt er redi abes amdd ipdbdesehiair are fpom B itog 38R mores ulesck il ue echay N!hebrl dged

bi s-i ndol yl malyygidefesylate intermediate. This enhanced reactivity
relative to MsO was also observed with H2NCH3, H2N(benzyl}.
The increase in reactivity results in a lower temperature
reaction that is complete in a shorter period of time. The

10 use of the claimed intermediate also results in fewer
impurities in the product. Using the known O-Mesyl
intermediate, the reaction to produce an amino substituted
N,N'-bisindolylmaleimide results in an impurity level from 15
to 30 % due to by-products formed from reaction at the

15 maleimide carbonyl group. Using the claimed intermediate,
the impurity level is less than 5 %, a substantial
improvement.

As previously stated, the O-mesylate functionality
used to prepare amino substituted N,N' bridged bis-

20 indolylmalimides has been found to be toxic and an undesired
impurity in the preparation of amino substituted N,N'-bridged
bisindolylmaleimides. Expensive purification technigues must
be employed to ensure that the O-mesylate intermediate is
removed from the final product. Therefore, an additional

25 advantage of the present intermediates and process for
preparing amino substituted N,N* bridged bis-indolylmalimides
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-9- using the clainmed internediates is avoiding difficult
purification steps to renove toxic inpurities. The preferred
conpounds prepared using the clai ned i nternmedi ates are the fallow ng:

(S)-13- 5 [P ani no) net hyl ) - 10, 11, 14, 15- t et r ahydr o- S HU§¥/1858
di net heno-| H, 13H-di benzo[ E, K] pyrrol o-[3,4-H[1, 4, 13] oxadi aza-

cycl ohexadeci ne- 1, 3(2H)-dione, particularly as the nesyl ate salt;
(S)-13-[ (Mononet hyl am no) net hyl ] - 10, 11, 14; 1%-

tetrahydro-4, 9: 16, 21- di net heno- 1 H, 13H dj benzo[ E, K] pyrrol o- 10

[3, 4- H [ 1, 4, 13]4siR4i hba- elrinsckinnerrertiates 2f) @mﬁﬁéﬂs @afficult

13-[ (pyrrolidi nprigtibstiod Gtkebsléolbemetd alojdeoinipiy itGedl -

di met heno- 1H, 13k di benzolk, Kl hyidi Qe L§m4?dﬂdslgéeé%%é’%g§gi%§?the claimed

cycl ohexadeci ne- 1, 3(2H) - nonohydrochlorid
[ benzyl ani nonetiffepmedianes Aresthet fahlaigos, 948573~ 15
di rrFt Eenoale?i, ﬁgﬁ?iinbgnﬁérﬁd@}rﬂ&thpw-i@,,l%,*ﬂm1s4tét?dea?w?‘bgza9=16,21- it e
g)r/npngseé? t he dimegg?}r;r%l_géﬁ{}%ﬁéi%bsréz%we’ﬁ%pgaréffg—ec 'I4y_?#lllgfn4pﬁ§;fbc ﬁ%é—u ©
conpounds. A higtelphexadesingiledt 2Hbrdirnea.oPprepatatieds Phe R]MYPSERds i s
nﬁt Eof?rhlbgel\\//Viéaa?é:t;h(rtSﬂifyllaﬂﬁnbﬂgEHﬁEd#i?iggmeghylg—lo,1r1,14;i'$lerColrrpounds of
E:oﬁve?t ed to atpeﬁ‘glanﬁggﬂf‘lf'gga%%y%_di%%%hee °§%Pé§§%"|‘?ﬁbey z? éghﬁ %2"%—
appreci at ed0i n hd-gi {1, 4.13)pxefdaradenalahexpdecing- it .Bd 2Hy ddend jor(iSde and
nesyl gtg Salrtei 12{1 O{( yff%lidi_no-ﬁhn@tfr'ag%ie %,ngi,ﬁégmﬁ@@;x@hs}d%ewagﬂtd,cznsf a{ﬁ
provided erel v g Rupkiee L UsLEat e d R LIeRtl P o TiRy o 1 5rgR gLt e
exanpl es. | n tydlohksafiecinecinpl(el) afipne mopphydrentilenddepeand n‘éﬂpgﬁnt ,
Chr orat 001 gahy e b L T e e, - b T avr of ur an
oo T S S et A alPrp b Ao e R Ll BT e FfSRHEaRhY AT
and Et QAc r espemclebeyadedine-tlefB8HY NMRNeand "MS" i ndicate that the
spectrumwas consistent whbhptdRrded hékboSdubétiibi€ed dmines of the

Formula IV may be prepared directly from the claimed

compounds. A high yielding direct method to prepare these

20 compounds is not possible with the mesylate intermediate.

The compounds of the Formula IV are prepared as the
free base and are preferably converted to a pharmaceutically
acceptable salt by techniques appreciated in the art.

Preferred salts include the hydrochloride and mesylate salt.

25 The following examples and preparations are
provided merely to further illustrate the invention. The
scope of the invention is not construed as merely consisting
of the following examples. In the following examples and
preparations, melting point, nuclear magnetic resonance

30 spectra, mass spectra, high pressure liquid chromatography
over silica gel, N,N-dimethylformamide, tetrahydrofuran, and
ethyl acetate are abbreviated M.Pt., NMR, MS, HPLC, DMF, THF,
and EtOAc respectively. The terms "NMR" and "MS* indicate
that the spectrum was consistent with the desired structure.

35
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- 10 - Preparation 1 3-

(2-[ (et hyl sul fonyl ) oxyl et hoxyl -4-tri phenyl met hoxy) - 1-

but anol net hane sul fonate Trityl chloride (175.2 g, 0.616
mol e) was diQHMIBA 5 in 500 mL of CH2C12 under N2. Tri etPSA/USHISIE71.9 g,
100 m., 0.710 nol e) was added and then RS-glycidol (50.0 g, 0.648

mol e) was added, and the reaction solution was heated to a gentle
reflux (42[err] C) for 4 hours. The reaecti®n was cool ed to room

tenperature and was extracted twice with 250 nL of an 10 aqueous saturated
sol uti on of ammoni um chl ori de and t harep@®etion ki of brine. The aqueous

| ayers were backs-exdIaealeety Wb DfckQ ) oxv] 8thdby 1CHLe£§ bhdd Jama .
| ayer was dried (MgSH) and Vv r d_in_vacuo .to give and
trityl-glycidol as an oil from et hanol to give
104.4 g (54% of 15 trTaitdylglchéodide asl78.80bi d.616 mole) was disfolvedl THF

solution o ViAYbOMGRETUEHRE DY ieidON,. THietr3QamERb, (2t O Q. Lovas, cool ed
to -20[err] C under N2 an cat al ¥t|c anount Q pper_iodi de was added

d a f, co
(0.24 g, 1.26°-710 Bpje) yagsaddsd apde ther (R ¢Sndlvisidedr &0 %t Or P43 at - 20
C 20 for 5 nmuoieksvancddedn anddhst reacvion rddlytighyeasidledtézd9toga
25.0 nmmol ) in y d pWi : ] s at
-20 C. The regé{??%@n- fngfxlt%tsfr etzv\bgsd/ygt% io?r ggg?%ﬁé)'BV\%% ﬁ%ﬁ{:ré}%% W-afoFle)?? &\C and
then was al | of8d* U™ FEPLEBEIER ANE WageRBerafiade tyRgesYith 130 15 of A es.
The reaction agsedis sgiremrebed &©ylwden B atisorrigac chdor il tatde then-380 C and

125 nmL of ~an S S r 0 ' a i ri de

Slowy added. el I PEhll ML ATIALLER e BERR RSN Ui, |
acetate. The BPgahi@2aGpemndain® IREFaBICr LX ey was dfied MeSQ4ledBE sol ution
of 0.93 g (2. eVapawdted).ik egcdo afo A veehhy | wriagilaglpei®dY aacahi 6iRCi d,

di sodi um sal t .{i T [ 2 f dejopLz er, r ve
any netal s. tﬂ%‘t}ﬁ%{%gﬁé&o gt g%irbé?sd v?groé %%%%ﬂogxttgaégg% %p%\r/]ga 0(%%Q)()f§ég?hyl
acet ate ahd t RELEOHANEAOBLgaRi & 99hi€rs were washed with 100 nL of
brine, dried (MJSH) ard lewnparaselht iy o€ Uei il mignesaim3bromiide tthat was

filtered throggh o4 lgnA,(26092qUSiE todibaOfo -20°3¢ luftf@Reshgh hy!

acetate. The filtrate was evapor at ed in . WO 97/ 19080
PCT/ US96/ 18518atalytic amount of copper iodide was added (0.24 g, 1.26
mmol, 0.05 eg). The resultant mixture was stirred at -20° C

20 for 5 minutes and then a solution of trityl-glycidol (7.91 g,
25.0 mmol) in 40 mlL of dry THF was added dropwise over 15
minutes at -20° C. The reaction mixture was stirred for 3
hours at -20° C and then was allowed to warm to room
temperature and stir for 15 minutes. The reaction was

25 quenched by cooling the reaction mixture to -30° C and 125 mL
of an agueous saturated solution of ammonium chloride was
slowly added. The resultant mixture was extracted with 200
mL of ethyl acetate. The organic layer wan then extracted
with an agueous solution cf 0.93 g {2.50 mmol, 0.1 eqg.) of

30 ethylenediaminetetraacetic acid, disodium salt dihydrate
(EDTA) in 125 mL of deionized water to remove any metals.

The aqueous layers were back extracted with 50 mL of ethyl
acetate and the combined organic layers were washed with 100
mL of brine, dried (MgSO4) and evaporated in vacuo to give an

35 o©0il that was filtered through silica (76 g) using 1.2 L of

3/1 hexanes/ethyl acetate. The filtrate was evaporated in



- 11 - vacuo to give 9.07 g of 1-(triphenyl methoxy)-4-penten-2-o0l as
a light yellow colored oil (1009 . A 60% suspensi on of -
sodi um hydride in mneral oil (6.13 g, 0.153 nol, 1.5 eq.) was
suspended in f dry 5 THF was added at roomterrpera

resultant m x%&?’é}{%\?gas) stirred at 45[err]C for 1.5 hour%&@ﬁ’“]‘ﬁg‘ﬁ 17.7
m. (0.204 mol , 2.0 eq.) of freshly distilled allyl brom de was added
vi a syringe. The reaction was heated to 45[err]C for 1 hour. The
reacti on can be nonitored by TLC or HPLC. - Mie-reaction 10 nmixture was
cooled to O[err%%pc and 400 m_ of an aqueous sat ur at ed sol ution of
anmoni um chl or i BRFYREsPoRRY? Hu&d Of o Lglerithanydnethoxyydspenpere? -ofn @s
resul tant m xt uxeligis erlilowtadloredhoD0(100%) . of ethyl acetate and the
oroanic, | ayer s nasted bl Sbdision of odhPhyallde SHRANSLRYSE veT e

back- extract ed W|th 100 nL acetate an I ne rgani c
| ayers were washed3 9 Qi 9532@'{9' ntt - of e‘érl ryes &Pﬁ@ﬂn‘E%SC-M)” n’ﬂLeR/faﬁ(%Vat ed
in vacuo 5 t oTHR was4adBed 4t rl:@&%:eﬁbeﬁatllrel' ' Thé [ﬁes(xﬂtahapﬂmtlubey)naé-

t I
262 egy ]FE()[/] %ﬁ)grggggﬁg] %?(i/ ; gn;egel]m en;'/-'%é] I}V thyfm"dynei?rlm"[()bénzene]

(39.3 g, O. 102 fakT %ﬁ@éfold‘&éﬂlik‘& asldw&t emiste v89 added Hdhydr ous
mag Fyl Ic al ccﬁwlmdb&ﬁhetrﬁct(ﬂdhewabcﬂé’aﬁm tvagsT @olfed nohoa.ﬁf) t The
-40[ err . [ c re tion.
Ozone was thenm%ugb%llgg Q%mge w?ott*go?ggc on m j?t ﬁiﬁc a}%%ogggéé) & -40 C for

80 mi nut es ¥t iMixyEer wast Feptaditre8® faiandhige mL of r?”céHBP?usl'r@trué'@@Ietiant
reacti on m xt ursolMadoal bﬁV\adndrﬁ.u‘maE:Hlorldé QzaQ[ L&Y 1 daddar cdqueditht kee a

sol ution of SOdé:}H@sgoiagggdr 'ﬁee rev\)xﬁgg% u?er%ags Hgi ?acgega\{)th %v\/ﬁSFLgL

et hanol / 85 mL"wa guenc e réaction
keepi ng the 30 °% @&éﬂ-oﬂ%'@ﬁﬁe@éuﬁ eb@TQﬂleOFeY?II wWas wagbed gakttl] §R0wak

stirred i N @ waterbatthd Q{qu'é&ﬁm' ng:rjz@zszs ettet Bk V& rakt edegh tro 1\]t_mrﬁmt<é
t t t I I. LI
' ggnm mgppne;llg ur %@ﬂgi aaeeayn@e; UedNEne @ﬁnqﬁ%%gﬁrgfc 1998k Oere w2k heh']

aqueous sat urat"é‘d"hsgpﬁt'F‘Bn"%fb%%nﬁiﬁh?%hqy{ﬂspéé apdl eypponated it d’élcéla with
800 nmL of ethylcongdiat 1.5 he(>01088) Cof 1, 1'ayer - pAR -W@Spedpdhy 16:4904nL of

water and the w%gum%g@am,&éggn& bacuexLoast ol W Y389 i of ethy

acetate. The
PCT/ US96/ | 8518 ;1 ~[[[2-(2-propenyloxy) -4-

20 pentenyl]oxy]methylldyne]brls[benzene} (32.3 g, 0.102 mol)
was dissolved in a solution of 390 mL of anhydrous methyl
alcohol and 60 mL of CH2Cl2 and was cooled to -50° to -40° C
while bubbling N2 through the viscous reaction sclution.
Ozone was then bubbled through the reaction mixture at -50°

25 to -40° C for 80 minutes until the reaction turned pail blue
in color. The resultant reaction mixture was allowed to warm
to 0° C under N2 and then a solution of sodium borohydride
(23.15 g, 0.612 mole, 6 eqg.) in 85 mL ethanol / 85 mL water
was slowly added to quench the reaction while keeping the

30 reaction temperature below 10° C. The reaction was stirred
in an ice bath for 30 minutes and then was allowed to warm to
room temperature and stir overnight. The temperature rose to
32° C upon warming. The reaction mixture was diluted with
400 mL of an aqueous saturated solution of ammonium chloride

35 and was extracted with 800 mL of ethyl acetate. The organic

 layer was washed with 400 mL of water and the aquecus layers
were back-extracted with 150 mL of ethyl acetate. The



- 12 - conbi ned organic | ayer was washed with 200 nL of brine and
was dried (MgJSO4) and evaporated in vacuo to give a cloudy oil. This
oil was recrystallized from 2/ 1 hexanes/ et hyl acetate in 3 crops to
give 28.9 g of 3-(2-hydroxyethoxy)-4- 5 (triphenyl nethoxy)-1-butonol
(729 . WO097/19080 3. ( 2- hydr oxyet hoxy) - 4- (t ri phenyl met h@EFUS26/18680nol
(14.0 g, 35.7 mmol) was dissolved in 140 nL of CH2O [err], was cool ed
tto O[err] C under N2, and triethylamne (10.8 g, 14.9 ni, 0. 107 nol .
3.0 eq.) was added. Methanesul fonyl chl oriage-10 (11.0 g, 7.46 n., 96.4
mmol, 2.7 eq.) was then added dropw se at < 5[err]C. The resultant
reacti on m xt wwanbiaeddotgarit Visvler was adoiheidowath CHRCIE. ©I0brihe st was

washed with 20QdMlgr@ka (Mg¥®f)efandNevadrdtedOlinaPadly 0 igisat Hr ai&ehysol ution
of ammoni um .chloride., The agueous Iaﬁers wer e back-extracted with 50 nL

15 of CH2Cl2 %hd t RBiBoRbt TP segarstalibpsd fremwebhdPXaresR/eoyl i of
bri ne and was abrdtatie( MySDAgrapsd tevgpoe 2@ ignofad 2 thydroxgetkodyd). 49 (94%

of 3-(2-[ (gt hygﬁ%gggyﬁﬁ%]ﬁt_aggﬁ%gﬁlz0(72% i phenyl met hoxy) - 1- but anol

met hane sul fonate as ) )

Preparation 2 3—(2-hydroxyethoxyt55:Gﬁqlpypngiygqgﬂﬂy)—l—butonol
Trityl chloride4.2366 §5.710mliower dissalivesiolineti40 mL iaf THRCDS, GHRC12
under N2. Trie lam.peqd - 3 . DI a mrand
then (R)- (4 alSpcaor(Jox, 0rger ¥27 by erkperdiafull (28405 ot 43 mup
CH2C12 as a rihd®7 mad- 3.0 agdt WBA added-i oMehhanewatkarlochleeifie e refl ux
(4(21[err] CLlUf or(11.o0 3B47 hosirme,, Dlse4r gasl | @ Wag. ¢ oghetHem haaaat@mwi&te?re
an then 3,1 oftobtin .gan] er, -dr i 600
0 Na250) and Bingy apd TS peansep: lbct ANt Bl LSS ke (1O00)
that was recr I PRRY (Flf%ﬁﬁ%t(ﬁgﬂol"’“?c?nd wag; yashad Wifh 289y myo% he titl ed

conpound as a wedrdand 200 mL of WR fudd{¥B@aturated solution of ammonium
PCT/U896/18518chloride. The agqueous layers were back-éxé%%éted with 50 mL
15 of CH2C1l2 and the combined organic layer was washed with 100
mL of brine and was dried (MgSO4) and evaporated in vacuo to
give 18.4 g {94%) of 3-(2-[(methylsulfonyl)oxy)ethoxy]~4-
triphenylmethoxy)-1l-butanol methane sulfonate as a white
solid.
20
Preparation 2
(S)‘IIJ-EEE! ghzgjdgl
Trityl chloride (2866 g, 10.3 mole} was dissolved
in 7 L of CH2Cl3 under N2. Triethylamine (1189 g, 1638 mL,
25 11.8 mole) was added, and then (R)-(+)-glycidol (795.0 g,
10.6 mole) was added using 1 L of CH2Cl) as a rinse. The
reaction solution was heated to a gentle reflux (42° C) for
3-4 hours. The reaction was cooled to room temperature and
then 3 L of brine was added. The organic layer was dried
30 (600 g Na2804) and evaporated in vacuo to give the titled
compound as an oil that was recrystallized from ethanol to
give 2354 g (70%) of the titled compound as a solid.



Preparation 3 (S) -3-[2- [ (rethylsulfonyl)oxyl et hoxy] - 4-
(triphenyl net hoxy) -1- but anol net hanesul f onat e
A 1 M THF solution of vinylmgnesiumbromde (5.76 5 L, 5.76 nole, 1.96

eq.) was cool 20[err] C under N2 and a catal ytic copper
I odi de was aﬁd‘g%‘}/% i g, 0.148 nole, 0.05 eq.). The reﬁ#&tgﬁxture
was stirred at -20[err] C for 5 mnutes, and then a sol ution of
(S)-Trityl-glycidol (929.0 g, 2.94 nole) in 3.2 L of dry THF was added
dropwi se 10 over 1.5 hours at -20[err] €13 Fhe reaction mxture was

stirred for 1 hour at -20 C. The reaction quenched by cooling
the reaction mixture to -30 C and5 chﬂpaﬁﬁtéﬂ’b o saturated soI ution

extracted twice with 1L a 10% @&%\@%@ﬂ#ﬁﬂﬂg

et hyl enedi am net et r aacet | c aC| d umsalt dih TA}Ij 28
renove any netals. The & §HRi eotulian Msvmr\ﬁsﬁﬂm {O jdey (PR &
dried (MgS®) &nd5.76 rmﬂaqoorlaﬂédeqn) wasugobbed)i e ~2OB IC @@ IN208nd S - 1- 0-

tri phenyl net hyl:agl IV ?)rﬁ@gﬂkaegf"cd};%e%r‘;i%a{tde s ?dggd (28.2 676@ %48

suspensi on of so I n_mnéral_ ol e l 5

eq.) was suspeRadd: ik [}2/5 $9:Jof Tpg resultgpy ’ﬁﬁ&f’é’rrel\lfaﬁnﬁglar@ﬂlﬁ oﬁob
(S)-1-0-tri phefigt nptimrutes, and thedr exgpiot bowlof( 1543THityl48ymite) in 5.6

L of dry THF 8290 added ki LPAR fegpﬁrgftg ?i?ewe‘;E?alﬁoée%.”hfgbeg}gHée was

stirred 25 at omterrperaturefor then
2.0 eq.) o*ofrégﬁ}’yld'-’? Aqursedtat 291 Cbro’ﬁ?%lé’%%ﬁd@@‘% wa§ Stirpeduut es.
The reaction wasrheaissk tad 43perg.] Crher rdact itelvas quendie@ bgaebobdingr Xt ure

was cooled to g Zpe&@ﬁ%qlmﬁlkggtea% 3O°a8uaqlcaJ% Eahgr‘gﬁeﬂg Syt i on of

ammoni um chl ori'dé was to qu s base. The
resul tant mi xt GpREugRized SOle‘tFatle‘Eif wmmeniup iloztige| wag et pwdyaAddedy of

wat er ang the The @f@ﬂﬁ]dﬁ 1bﬁt¥erwdﬁ3:riesloleﬁtﬁbteﬁlewaddemiﬂ1 l1ay ar 108s Iback-
extracte rgani c | ayers
were dried Ng gﬂ?van eva 3%%1 eﬁ%&@ﬁg&@{gﬂ@gwtpggﬁ% Je ?éS% ofy
(S)-1,1',1'" - [p[tgoquprs(ﬂgénylpbx@x;aQe_ (EDTA) to remove any metals

pent enyl I oxy] metrbyhi gl wafbesstndeviah 2 yelfl bwine) .dried (MgSO4) MDA

97/ 19080 / US96/,18518
S 14 - evaporated( Yaiuolt;q f’le?il 0(83%;’;' %ngfé) q-?ﬂ-
triphenylmet yl 4- hydroxypentano as an oil

20 A 60% suspension of sodium hydride in mineral oil
(268.9 g, 6.72 mole, 1.5 eq.) was suspended in 2.8 L of dry
THF under N2 and a scolution (S)-1-0-triphenylmethyl-4-
hydroxypentanol (1543 g, 4.48 mole) in 5.6 L of dry THF was
added at room temperature. The resultant mixture was stirred
25 at room temperature for 1.5 hours and then 770 mL (8.89 mole,
2.0 eq.) of freshly distilled allyl bromide was added over 20
minutes. The reaction was heated to 45° C for 1-2 hours.
The reaction mixture was cooled to 15°-20° C and 2 L of an
aqueous saturated solution of ammonium chloride was slowly
30 added to guench the excess base. The resultant mixture was
diluted with 1 L of ethyl acetate and 1 L of water and the
organic layer was isolated. The agueous layer was back-
extracted with 500 mL of ethyl acetate and the combined
organic layers were dried (MgSO4) and evaporated in vacuo to
35 give 1867 g (98%) of (S)-1,1',1''-[[[2-{2-propenyloxy)-4-
pentenylloxylmethylidyne]ltris[benzene) as a yellow oil.



pent enyl ] oxy] met hyl i dyne]tri s[ benzene] (1281 g, 3.33 nole) was
dissolved in a solution of 4 L of anhydrous nethyl al cohol and 3.6 L of
CH err]d 2 and was cooled to -50 to -40[err] C 5 while bubbling N2 through
the viscous reaction solution. Sudan |11 indicator was added to the
reaction and¥82uiE8%\as bubbl ed through the reaction ni REGPVEIEHPSIBSO err]
to -35 C for 13 hours until the reaction turned froma peach color to a
l-i ght green/yell ow color. The resultant reaction m xture was 10

allowed to warmto O C under N2 and was -t hen-sl ow y added over 40
mnutes to a solution of sodium borohydride (754 g, 19.9 nole, 6 eq.)
in 2.5 L ethanol / 2 5 KSwat €' 8Hi'Hé [ (2~ (kaepegyloey yebct i on tenperature

bel ow 30[err] dentéd &dé&&yhdyﬂ\@&ﬁ&%eﬁ&bﬁé\ﬁd(ﬂzslsgl r3a83 e

t t t t b Th
e at e kv g 5L £, oo 7 MG (o 4 L of

an aqueous aleahol aged 3& &t iodnCB2Chzman (WasC I¢I°9|1$@et¢at 50°200 C:40fhe

quenched rSaCthl'ﬁ'lenb%EMﬁlgW@% Eh?@uéh't!l@' &4 sabds theatalondgolutigMshed with
3 L of CH2Cl12. The org | ayer wa éf Jaat ed 20 and was shed with 3 L
W%? a e

of an aqueous S¥4efr &t 58PN o FPEint 31 tHoRd 8P4 RF e Wa§ueous
| ayers wer e bambbatireotedrh thewrbhclibtn ofixthiz€ldt T5H@° conbBBtd dogahlc

layer was dri %Fé uﬁ@@ﬁ%& %Qc@i’é‘:ﬁ’ Al Ef?ox\(a&‘iﬂ)eaté?x ng& atbcl%Gh ht

(>100% of oxyet oxy)-4-(trip %c utanol as a
25 oil. green/yellow golereo Fhey ﬁaﬁyye f(lm Bty IRtk y) - | -
but anol (300 gllgwed mw@)rnwacs’ @f SSoindegt Np an@ waspfthEH2€19wly addmds cool ed

to O[err]C un N hI 3, le, 3.0

) e s e L e
eq.) was e e

resul tant readicepiingi thelrreactionasemperatateabelper3q® o STke r:}eﬁtfmn 1-2

hours and vas Janghah et fiea colBir MGdRACLMAL Pkl 6o IR | UkRd W LN

addi ti onal was washed tw f water and 2L of an

35 aqueots sdedrhieqy ‘éﬂﬂ (& BRNAFOESIIW HFFERI of eI cackRan oS Was
| ayers were bawvkiledttacli®®dlsf tth dnd wak EHNIY =hibd he 4 L cbrd redeocugani c

I dri /490
Pg}ll_/e[JS\évgls 18[3'1 aMICEH) s AUL 19%2BE" FufiShih chioride aty \402% & \%glguo to give

a crude sol i d 49AERERSTFATLLPT: BLXKFYER "farsoﬁpfplflltere“ and the solids

washed with 3 L. of CH2Clz. The organic layer was isolated
20 and was washed with 3 L of an agqueous saturated solution of
ammonium chloride and the agueous layérs were back-extracted
with 1 L of CH3Cly. The combined organic layer was dried
(MgsS0O4) and evaporated in vacuo to give a 1361 g (>100%) of
(S)-3-(2-hydroxyethoxy) -4~ (tripenylmethoxy)-1-butanol as a
25 oil.
(S)-3-{2-hydroxyethoxy) -4- (tripenylimethoxy)-1-
butanol (500 g, 1.27 mole) was dissolved in 4.8 L of CH2Clj,
was cooled to 0° C under N2, and triethylamine (386.4 g, 532

mi;, 3.81 mole, 3.0 eqg.) was added. Methanesulfonyl chloride

30 (396.3 g, 268 mL, 3.46 mole, 2.7 eg.) was then added dropwise
over 30 minutes at < 5° C. The resultant reaction mixture
was stirred at 0° to 5° C for 1-2 hours and was monitored by
HPLC. The reaction mixture was diluted with additional
CH2Cl2 and was washed twice with 2 L of water and 2L cf an

35 aqueous saturated solution of ammonium chloride. The agqueous
layers were back-extracted with 1 L of CH2Cl2 and the
combined organic layver was dried (MgSO4) and evaporated in



hept ane/ ethyl acetate to give 615 g (88% of (S)-3-[2-

[ (et hyl sul fonyl ) oxy] et hoxy] -4-(tri phenyl nmet hoxy) - 1- but anol nmet hane

sul fonate in three crops as a solid. NV\R Ms. 5

Preparation

(S)- 10, 11, 14. ‘YQ’Y’&%“F%hvdro 13- (hydroxynet hyl ) -4, 9: 16, 21- ~ FCT/USI6NBSI8

di nmet heno- | H, 13H-di benzor E. Kl ovrrol of 3, 4- :

H [1,4.13] oxadi azacycl ohexadeci ne-1, 3(2H) - di one 10

2,3-Bis- (I Hindol-3-yl)-Nnethyl mal ei m de 1314.7 g, 0. 336 nole) and
(S) 3-[2-[ (et hyl sul f onyl ) oxy] et hoxy] - 4- (triphenyl met hoxy) -1 - but anol
net hane sul f onaMasup2po. Pivg a cruges9alifp|thatjwas éEF‘arY\ﬁéPélﬂF%‘ioqﬁPéU (h 4.3
I(_ of DMF. Thi s heptafié) &tthyan a@fetaeagwtﬁmsllsh@ﬂ(%&dedafsltswr:y-mfer 70 hours
at 15 approximat 1 C,s

(437:8 g, 1.34 ghﬁs ]“3")1rn’xy Pethdviz (H%%/heq{y%%‘%%u% P %g{}%g‘gtl he
reacti on was catﬂtbdnanslllﬂdqaéﬁedn tiricee [propyFase® solid.r e ed M5 vacuo to

give a residue that was dissolved in 4.6 L of CH2O 2. The organic

| ayer was extracted with 1.15 L of 20 s 1IN HCl1 and then with 4.6 L
of ‘brine. The conbined aqueous Igfl%?%“\%é'f’g 6ack ext r act ed wiith 1.1 L
of CH24 2. The bildeddalfaketrahydse -] S IOIVING 4. 2d.6 er ed.
Most of the sol vent

solution was filtered o) . _gall ons of
addi ti onal CH2C12 to #ﬁ%ﬁ%& ' =tAs removed
in vacuo an@ the resul tam3-|smrsp-|(én—mdcb+3m/éd semedlxthnathmnéd (W 4. ~al unes

of acetonitril q _GBasgdie) rgt(\gel.ghz (U sul Fomyl ) oxy] ethoxy ] ~4-
(S)-10, 11, 14, 15-tety r o t2.of §€sulfonyl)oxy)ethoxy

ro-
[(tri phenyl et h‘&fﬂ?ﬁﬁﬂrﬁl‘ﬁt}ﬁ”@ 1 J?‘itﬁf%f“ﬁéhﬁnil-?u%q-atgo (220.0 g,
di benzo[ E, K] pyrr.diod( 8ole HY.2, ¢qlB]M|O‘amoﬂztze@thaéd@anef DMF. This

gefg gﬁ) d(rj'oone)rres{oﬁ.ulgh.éfg é-é(l'e%g%n(ﬁmﬁs{. ﬁ:!gte(n)s)ad?@d Ql&ﬂyé%\lrgrz'io hours (at
- X -
i met heno- 18, 1APHFELRAERY & BRRRb[e 4 0 ¢ slurry 3¢ Cedilim carbonate
H 1,4, 13] oxadl @3dc9cy ohbxdEdeovilre- 4,03(@1—4)) dinohel afff ®MFdr yAfige350-7289% pur e

by HPLC vs. st 3apgatkdine reactlon was cooled and filtered, and the DMF was
(S)-10, 11, 14, 15-t et r ghydr o- 2- net

[ (triphenyl met FERPY %’S’rl‘fa%ogt%gﬁ‘ie @ FEshans. Ghat) gjgs dissolved ingy. 6
97/ 19080 L of CHzClz The organic layer waspgmﬁ@sg@ﬂlggq@ 1.15 L of

- 16 - 2001 RRpeeLE: Kt T enal 8ndn HHch 4. §31 oxadiazrcy chRb exsiasene-
agqueous layers were back-extracted with 1.1 L of CH2Clz. The
combined organic layer was dried (Na2S0O4) and filtered. Most

of the solvent was removed in vacuo, and the resultant
solution was filtered through 2 Kg of silica gel using 4-5
25 gallons of additional CH2Clz to remove baseline material.
The solvent was removed in vacuo and the resultant purple
colored solid triturated in 7 volumes of acetonitrile (based
on weight of crude {(s)-10,11,14,15-tetrahydro-2-methyl-13-
[ (triphenylmethoxy)methyl]l-4,9:16.21~-dimetheno-1H, 13H~
30 dibenzofE,K]lpyrrolo(3,4-H][1,4,13]oxadiazacyclohexadecine-
1,3(2H)-dione) to give 150.2 g (57%) of (S)-10,11,14,15-
tetrahydro-2-methyl-13-{ {triphenylmethoxy)methyll-4,9:16,21-
dimetheno-1H, 13H-dibenzo[E, K)pyrrolo[3, 4-
H][1,4,13]oxadiazacyclohexadecine-1,3(2H)-dione after drying
35 {89% pure by HPLC vs. standard).
(s)-10,11,14,15-tetrahydro-2-methyl-13-
{ (triphenylmethoxy)methyl1l]1-4,9:16,21-dimetheno-1H, 13H-



1,3(2H)-dione (32.7 g, 46.9 mmol) was suspended in 1.6 L of et hanol and
1.6 L of aqueous 10 N KOH. The resultant m xture was heated to a gentle
reflux (78[err]C) for 19 hours. Mdst of 5 the solids dissolved upon
reaching reflux. The reaction solution was cooled to 10[err] to

15[ err] C anWO3#¥W8Us 10 N HC1 (1.2 L) was slowy adde®CRUSISFErr] C
to adjust the acidity to pH=1. A red slurry devel oped upon
acidification. The reaction mxture was diluted with 500 nL of CH2Cl12
and was stirred for 10 20 mnutes and fi hgered to renove nost of the
salts. The salts were washed with additional CH2C12 (1.5 L), and the
filtrate was e¥beaecdéH, Klpvoeroliof B, 4-1] Of, 4,08 ¢oxadiez acgribbheradecin@gueous

| ayers were back- L ] Ly of 2 - e;or irC Sleayer
was dri ed (Nggﬁ)‘%rhg%so H2h g ?se)h%\%gkwa?n%vsé’fl?ggtao“gig'gdq %;_'6.0(% g
(>100% (SD-]iﬁt?fP?A,?EQt%ﬂQ’éhférﬁgueous 10 N KOH. The resultant mixture

13-[ (tri phenylwset heayedetd\d )gehtAelbePlhidi (T8P hENEoX3H2 hours. Most of

di benzo[ E, K] f yrQ[ HL [ 4 XagbRzAGelk | Neaph 3= . dione as a
purpl e sol |§]d E%‘ %%é%gg b%/lsﬁlglj_%]egrggi&o %E?Qe%@ﬂ‘?ﬁé theSreactidh
(S)-lO,11,14,fﬁﬂpéﬂPﬁhV%ﬁcFQRiﬂdZGo 0° to 15° C and aqueous 10 N HCl1 (1.2
E(LripthykrFHh0m¢kn§lbwiﬂ'&Hd%dlﬁt2&1ﬂ1EEtbeaﬂﬁﬂéH+the acidity to pH=1. (

I benzol[ E, r : it ' | Nesd . 3= .. djione (36.0
g, assune 46.&ﬂ%%§|§1§%%} Jssé%gégqhﬁég%%ﬁég?géﬁgﬁﬁLdrgﬂﬁmﬁs?ﬁﬁﬁ§$ N2 and
was treated wTHFEHBrEaHididates) WirhP Yt i of CH2Cl2 and was stirred for
1, 1,h1, 3|, 3218- g@oamei;hyéﬁliaid ﬁalaeré?%cmnemwdm@st Q>f4Q91erT§b|th5 Th’bol eq.) and
met hano : ; : : esul t ution
was heated at %Fgryé%:e%%&f%ﬁgﬁ?gaq‘%etq%%lr%a tlzon(légnﬁg'e %gﬁnit?%r.ed by
HPLC. Most -of GiREreiF wWps extracsagyvewin wiskudb, L afd wekerr esThe fembiestdue
was extract ed agqueoust bayéit nileref batkydxmaeetat ewnrd wasbedcrptln 2@Hdanl of
water 30 and i ] f 5%¢qki Cl [
aqueous | ayer st%%e?gg%%%%-ﬂe?%% rﬂ;g? gddﬁ??qﬁgaa{' ofilﬂeet ﬁ?ﬁ%ﬂ{: ‘g%etraegﬁlea.gec}he
conbi ned dbgarfic vagyertoetivitasfed i H10030 #€)-10,13f 14, datrbewadwdqueous

sol ution of am¥eMi{uFLFHeRfinEehoxy Methylicanb Db VARt hehayEIn-Was dri ed
(MoSO8) and eYaRRLaLeH, kfkuld 3V SHP 11 % 9518:0i & 1B a8l id1g SLude
t et r ahydr o- 13-ienei pAedRurBtieosplidt BAY pere: g BPLCHawkesh- eno- | H;
13H- di benzo[ E, K] pyrrol of8) 410,11,14,15-tethRHyard9080
11, 4, 157 0xad, SEABYETOIISERER RECRYLY 49 16 21 dimeEngfiony 3u-
dibenzolE,K] furo[3,4-H][1, 4, 13}oxadiazacyclohexadecine-1,3-
dione (36.0 g, assume 46.9 mmol) was dissolved in 320 mL of
dry DMF under N2 and was treated with a pre-mixed solution of
1,1,1,3,3,3-hexamethyldisilazane (99 mL, 75.7 g, 0.469 mol,
25 10 eq.} and methanol (9.5 mL, 7.51 g, 0.235 mol. 5 eq.). The
resultant solution was heated at 45° C for 7 hours. The
reaction can be monitored by HPLC. Most of the DMF was
removed in vacuo, and the resultant residue was extracted
intoc 200 mL of ethyl acetate and washed with 200 mL of water
30 and twice with 100 mlL of an aqueous 5% LiCl solution. The
aqueous layers were back-extracted with 100 mL of ethyl
acetate. The combined organic layer was washed with 200 mL
of a saturated agueous solution of ammonium chloride. The
combined organic layer was dried (MgSO4) and evaporated in
35 wvacuo to give 35.9 g (>100%) of the crude (S)-10,11,14,15-
tetrahydro-13-[ {triphenylmethoxy)methyl]l-4,9:16,21-dimeth-
eno-1H; 13H-dibenzolE,K]lpyrrolol3,4-



solid. (S)-10, 11, 14, 15-t et rahydr o- 13-

[ (triphenyl met hoxy) methyl]-4,9:16,21-dineth-eno-1H, 13H 5 dibenzo[E,

K] pyrrol o] 3,4-H][ 1, 4, 13] oxadi azacycl ohexadeci ne- 1, 3(2H) - di one (34.0,
assune 46.8 | s dissolved in 350 mL of CH2C 2 an ed to
-25[err]C un@é?”kﬁ"% Anhydr ous HC1 gas was bubbl ed int %&ﬁ%’&&% I on
sol ution for approximately 1-2 mnutes at <O[err]C. The resultant
slurry was 10 allowed to warmto roomtenperature and stir for 1 hour.

The reaction can be nonitored by HPL-C17 The slurry was filtered and
t he solids were wash wth 200 nmL of 2C12. he sol.id was dried in a
vacuum oven aﬁ”éd'é’gg]©¥%é;?ﬁ§q§c&°?§ﬁﬁ eqa§ﬁyl.;(5ﬁ)—410ne as a purple

10, 11, 14, 15-t edalaldydr o- 13- (hydr oxynet hyl ) -4, 9: 16, 21- 15

di met heno- | H, 13H-di benzqgk. I 19l 93 4¢ dro-13-

H [ 1, 4, 13] oxadi azacycl oﬁefag&ég?ﬁn'e- 1, % Eéﬁ%ﬁyorfg as a purple solid (93%
pure by HPLC a&gay;>enylmethoxy)methyl -4.9:16,21—d1mquagﬁﬁréai L~

(S)-10, 11, B4. ldiHeelzodBYH] By bl Bode NEL 1|18 ofta@idfaFblohexadecine-
di met heno- 1H, 113'?(%%@?%@ & P, 8L 8he 4rd Tl ?nmélg'?’v]éa@(%isso ed in 350
di azacycl ohexddéci ne- 1, -di one o rom ne 85 cg%w v) and
pyridine (0.1 W@t fFiREf2 and was,£eded ntd et g W Aor | BREYFP YRl s)
and Lhe Isolhut irﬁn das @aslwsbiled Info tH&ec_ehrc@&'bﬁesd\aB:d ilont Eated }Nith
tri phenyl phosphl t .2, A . ol utiQn.turne ro ow to
cl ear when al laqpr{(;% r%%gne%g%w?smégggﬁ%e : ﬁdg § &%e{%ﬁl' Fe c%(ol%rr\%ag"as
charged (3P- 1rllpwed 15-waun Heygpem]gemperatiedapsystir for 1 hour. The
é_”gt hyl %]E-% 93r]e@cizlogi HE‘MI%'IQldn?t&QEB P HPLC. I‘1"'he slurry was filtered

i benzo[ E, K] py. a e - .
1, 3(2H) - di one ﬂdjfg?%qﬁﬁ%ﬂ% njwe?r?e?t ﬁ%%%%%%o?pgewl%fﬁgg' Therhsgléfiur ry
was cool ed to was @rigfeinra grayiMpRVERME H0° C & rioid d8- 80P ufIW VE3 -t hen
added to the md.rml.mdlmet@inmwf nroils—e:nﬁrbls@méeﬁbﬁl)ihmn 9ahbfpz\@d Eoowitrym to
room t enper.at uf. t _f.or F rs._u he conplete (<0.4%
Conmpound ﬁ'lsl b‘{/ﬁ'e%ﬁgﬁéLg’.%glgﬁﬂ?ﬁ/&&g?yggﬁ@éﬁ'r%t ed under vacuum at room
t enper at ur e ovdri12 4nid} oxaipzasradneeradadine-oB (@) v¥ione as a purplg

97/ 19080 solid (93% pure by HPLC area). P_CT/ US96/ 18518
- 18 - dei oni zed water and stirred for 15 mn. Tol uene (40 vols)
was charged into the reaction slurry tﬁxﬁﬂﬁcé Ritate the
20 -10,1 - r -13-{brom hyl)]- : 21-
eno- H-di E rrgl -H 1 =
ine- =di

Bromine (2.0 equiv) and pyridine (0.1 equiv) were

charged into methylene chloride (10 vols}), and the solution

25 cooled to -5° C. The bromine was titrated with
triphenylphosphite (2.0 equiv). The solution turned from
vellow to clear when all the bromine was consumed. ToO a
second reactor was charged (S)-10,11,14,15-tetrahydro-13-
[hydroxy (methyl)1-4,9:16,21-dimetheno-1H, 13H-

30 dibenzolE,K]pyrrolo(3,4-H]{1,4,13)oxa-diazacyclohexadecine-
1,3(2H)-dione (1.0 equiv) in methylene chloride (10 vols).
The slurry was cooled to -5° C. The triphenylphosphite
dibromide solution was then added to the pyrrolodione slurry,
and the reaction allowed to warm to room temperature and stir

35 for 12-16 hrs until the complete (<0.4% Compound III by
HPLC). The slurry was concentrated under vacuum at room
temperature over 2 hrs, then quenched with 1 volume of



product. After stirring at 10 [err]C for 1 hr the product was  isolated
by filtration and washed tw ce toluene 15 vols), 5 deionized water (5 vols)

and a final rinse with 5 vol unes of toluene. The titled brom de was
dried in a vacuum dryer at 50 [err]C. Yields 85-90% (inpurities 1-29%.
To further rwowessssdhe | evel of inpurities, the product pcs/useaissars i ed in
a solvent system such as acetone: 10 water, methanol:water,

" isopropanol : water, or ethyl acetate. Preferably the product is
reslurried in THF: water at a ratio fr @1:1_to 5:1 (THF: wat er).
Example 2 15 - (9)-13-[ (D net hyl am no) net hyl ] -10,1 1, 14. 15-t et r ahydr o-

4.9:16. 21-di n'e&é'!ﬁﬂﬁ‘z'ea J:gtbﬂié}ﬁiﬁéQﬁEr&lpﬂdﬁ (1|50mELﬁ 4-toluene (40 vols)
H !, 4, 13] oxadi aza

exadeci 0 a
sol ution of (g2 S_L(‘fhf gfg 18EQ ettckt aﬁﬁaf’ Slurry to precipitate thd
[ br omo( net hyl )grofu@tls, Aftef netrnisg| Ht13¢+°02®01” 1 hr the product was

di benzo[ E, K] py{é&a@e% ﬁy%iﬂcéacll%hoxlﬂddh@%a/@me@xwﬁ@ﬂée-r5 vols).

1, 3(2H) - di gne 41 n N\?()il et hé{lfo ma 17 dded
di met hyl ani*he G?L’(?nf'? g, i?reg%.u g]n n e\)"@;{: er’ V\B%mg%sal d and
heated at 45 [mmeﬁeforTﬁehtztIHnbbreacdemas driedsin hervacooedryer radom
temperature angh SEirrodefgl d2:sb8M indbradRQICIRN. 1.1 equiv) was added to

the reaction to formtft eebasge. lu“OE stirred for ﬁ
addi ti onal 2hr. After o rfBFEB ’%ﬂdutcﬁet K& te Oy FPBHiSFe FRSvacuo to
5-7 vol s, Wﬂd&&svnés}umle@) i@, aasllberito syhen enth 08 atsbom 60 C

over |hr. jfne faagt | fdcpa ﬁoiftﬁatéioollgepwparm%eaper@é tert@tyioacéa&étlrred
over ni ght, then cool e urther to 0-10

i sol ated by fl’t“lfftﬁﬁrla&lryaﬁﬁevﬁg twlﬁhr%é%llﬂr(l@d in Wé'ja%efhétnﬁt‘é?‘i’aﬂ was
dried in a vacfiom dr:yeroab: bO(THR:wp€etd. - a constant weight. Yields
85-92% O her solvents which have been enployed in this reaction are
THF/ wat er and 35 di net hyl acetam de, due to t?g | ow solubility of starting
materi al and products the reactlon sho@P‘GmBJe rr| ed out in a pol ar
aprotic sdsSent. dis X vd.al d ahv dxg

97/ 19080 4“f23di heno. : bonPTH WS84
- 19 - bel o %9[ t8?1§ ox;jBaza cvciéhexadec t f'% 3 ectlve

To a solution of (S)-10,11,14,15-tetrahydro-13-
[bromo (methyl)]1-4,9:16,21-dimetheno-1H, 13H-

20 dibenzolE,Klpyrrolo{3,4-H][1,4,13]oxa-diazacyclohexadecine-
1,3(2H) -dione (1.0 equiv} in N,N-dimethylformamide (17 wvol.)
was added dimethylamine (10.73 Kg, 12 eguiv). The reaction
vessel was sealed and heated at 45 °C for 9 hr. The reaction
was then cooled to room temperature and stirred for 12-1léhr.

25 NaOH (12N, 1.1 equiv) was added to the reaction to form the
freebase. The solution stirred for an additional 2hr. After
removal of the N,N-dimethylformamide in vacuo to 5-7 vols,
MeOH (30 vols) at 60 °C, added to the reaction also at 60 °C
over lhr. The reaction was then cooled to room temperature

30 and stirred overnight, then cooled further to 0-10 °C. The
product was isolated by filtration and washed with MeOH (3

vols). The material was dried in a vacuum dryer at 50 °C to
a constant weight. Yields 85-92%. Other solvents which have
been employed in this reaction are THF/water and

35 dimethylacetamide, due to the low solubility of starting
material and products the reaction should be carried out in a
polar aprotic solvent. Other bases have been examined (see



bases were 6N NaCOH, 12N NaCH and K2CGCB.

Exanple 3 5 (S)-10.11.14. 15-tetrahvdro-13-[i odo(nethyl)]-4,9:16, 21-
di met heno- 1H. 13H-di benzo[ E. K] pyrrol o[ 3,4-H [, 4.1 3] oxa-

di azacycl ohexadeci ne- 1, 3( 2H) - di one

(S)-10, 11, 14 ‘Y93i”b‘*l°?‘hhydro 13- [ et hanesul f onyl oxy] PCT/US96/18518
4,9:16, 21-di net heno-| H, 13H-di benzo[ E, K] pyrrol o[ 3, 4- 10

H [ 1, 4, 13] oxa-di azacycl ohexadeci ne-1,3 (2H)-dione (1.0 g, 1.94 nmol )
was taken up in 20 nL dry N, N-di met hyl f ornagi de (20 vol.). To the

sol ution was added sodiumiodide (3.0 g, 19.4 mml, 10.0 equiv.), and

the reaction wikelov) rtedraed thealiRy salt iat s§O) drut] tBef nosBeeifresti@a
cooling the reaakednwére aBNNAOH, 12N RitReaal Uksodshe product was isol ated by

addition of water (50 m., 50 vol . ). The product precipitated out as a
purple solid whi ch was recrystallized from5:1 THF: Herr]O to give
0.87g (81 % of the titled corrpouncExampze 3

Exanple 4 5 (Si(sl_ 10114 4155t

(rethvl) ] endad G2 gl = Kl pyrJ,0lor3, 4-
H [I,4,13] oxa-di ~Qi0enzo I ] ] 3133

(S) - 10 11, 14, 15-t et r ahydr o- @322

4,9:16, 21~ di met heno- 1H, 1;??1 gte)g:@g{l Elgg] rgg#gi,g Olmethana%ulfonylox” .

H [ 1,4, 13] oxa- d| azacycl o
taken up in 20%nd: 1ol &%Pﬁ’&‘i’leu‘{ 2‘@H\/GF gnzoylE, 3PYFF1@1%E§ fi on was added
t ol uenesul 1@ni 81 abhhydr3 Jebexal ﬂlaaaa_:yclohexéd%lmml.s (3HP-edpne/ . (1.8NY, pyragdi ne

(0.72 g, 908 iBl) vhd cARonChliih 20ARH b §SRHnRENYRPotaihed (200 heat ed

to reflux at 42[e(révd>] actt on was” coo I ent
t enper at ure an¥°di1 ut \H‘Fhsﬂb‘ﬁ}‘ﬁ? #Reopdded HafdumThedide (ér Qaﬁr clpthse
was washed wit mm&D, rd0 n\lelqgadvol:hland ¢heCirdadtiibn was58ttrdd iang. hddged@queous

| ayers were bagk gxd @agggdﬁ\ngﬁ g%l%keqcm}‘ e%eggégf&? tgbe%ggnconm ned

organi cs were sol vent fro I'n t hanol .
The produc%s temperaturemghg7pq was 1solated by addition of water (50
PCT/ US96/ 18518mL, 50 vol.). The product precipitated-odf as a purpl&Ciéqiidt ed

out as a purpl gns@A ivheaRdcrpscdil AP bR 9 VeuF:H0 to give 0.87g (81
%) of the titled compound.

20 Example 4

4 Py 1 . s
(s)-10,11,14,15-tetrahydro-13- {hydroxymethyl}-

25  4,9:16,21-dimetheno-1H, 13H-dibenzo[E,K]pyrrolo(3,d-
H] [1,4,13}oxa-diazacyclohexadecine-1,3 (2H)-dione(1.0 g, 2.27
mmol) was taken up in 20 mL dichloromethane {20 vol.). To
the solution was added toluenesulfonic anhydride (2.22 g,
6.80 mmol, 3.0 equiv.) and pyridine (0.72 g, 9.08 mmol, 4.0

30 equiv.) and the reaction was stirred and heated to reflux at
42°C for 2 hrs. The reaction was cooled to ambient
temperature and diluted with 40mL dichloromethane. The
organic phase was washed with 50 miL 1N hydrochloric acid and
50 mL brine. The agueous layers were back extracted with

35 30mL dichloromethane and the combined organics were solvent
exchanged from methylene chloride into ethanol. The product



1.25 g (93%yield) of the titled conpound.

Exanple 5 5 (S)-13-[ Mononet hyl am no) net hyl ] -10, 11, 14. 15-t et r ahydr o-
4.9:16, 21-di nret heno-1 H, | 3H di benzo [E. K] pyrrol o- [3, 4-

Hl [ 1, 4. 13] oxadi aza- cycl ohexadeci ne- 1. 3( 2H) - di one Met hyl am ne
(37.1 g, 1. woAwI%esyd, 20 eq.) was di ssolved in 600 nlL oPCT/US96/18518

N, N- di net hyl acet am de keeping the 10 tenperature below 23[err]C. To the
sol uti on was added the conmpound of Exanple 1 (30 g, 0.0595 noles). The
reacti on was stirred at anbient tenpeypture for 24 hrs in a seal ed
vessel . Triethylamne (8.3 nL, 0.0595 noles, 1 eq.) was added to
scavenge the pfhcﬁthmeddi@umrus rae pokrpde soidd hedreastfoliteves 6 gbdd rred an

addi tional 30, thqg3§ ﬂﬁ)’e‘ocfo%h‘édtit?léa Qoglﬁgu nd. Water (450 ni) was

sl ow y added mhl € Kkeepi reaction rature below 25[err] C. A
slurry devel oped upon the addition of water, which was stirred 1 hour

and filtered usi ng 200 nL of addlEkampiewater to mash the filtered
solid. 20 ¢ The s@i_d-wa N | &
(93% of the ti ]
(S)-13-[(pyrrolidfae
4.9:16. 21- di net henoH Xk 1]
H 1,4, 13] oxadi aza-cyc (2

b ﬁé”ﬁ%” 1 %fanelaan%?eeq (#% g 1.0

nnnohydrochlorlde
equiv) was dissglaedypni 0% nH_ odf W@mmﬁﬁeéﬂlahd@l&mnpythm i di ne 30

g} 1. :ShrrL 1JdJ| egéutlpera&d@edbel&h@treact%wtm&s sbgat:%lna»agl%dd%ar L&ad g fl ng 9

r en Cool e Or er r 0] St ur was a e

NaOH (0. 17 niSoPY §q§? ?’r‘% "tﬁeq%"x?m@'e“gg% E‘P#F?L 0% SEAFERMD WS 2hr
to afford a retizgsidugtoambignt tempspatere flaamddelrs nivac sealeddvesseloi | t he
diluted w L Ih ﬁféldeﬁ@tllgmhﬁee(@m Q:E{ydﬁ %5@9 niHJJel sand %@Sh%ﬂaﬁheéaié”gt ed |
anmoni um ¢ orl ae an 0. sol uti X enova

o he e et PnElin e Ebrhda- 55l o5 HlacRlich afla 1 Tebicr o3 500
pCT/Usgaﬁmg513t1rred an additional 30 minutes and then ggoled to 4° C and

water (450 mL) was slowly added while keeping the reaction
temperature below 25° C. A slurry developed upon the
addition of water, which was stirred 1 hour and filtered
using 200 mL of additional water to wash the filtered solid.

20 The solid was dried in a vacuum oven at 50°C to give 25.03 g
(93%) of the titled compound.

Example 6
-13-~ rolidj I - - -
25 : —dim = =di = =
xad - ne-1 -
monohvdrochloride

The compound of Example 1 (1.0 g, 1.0 eguiv) was

taken up in 5 mL of N,N-dimethylacetamide and pyrrolidine

30 (1.6 mL, 10 equiv) added. The reaction was heated at 45 °C
for 9 hr then cooled to room temperature. To the red slurry
was added 12N NaOH (0.17 mL, 1.0 equiv]) and the mixture
stirred at room temp for 2hr to afford a red solution. The
solvent removed in vacuo, and the oil the diluted with

35 methylene chloride (100 mL) and washed with saturated
ammonium chloride (100 mL) and 5% LiCl solution (2 x 100 mL).
Remoﬁal of the methylene chloride in vacuo afforded an oil,



fromwhich the titled conpound precipitated as a red solid on addi tion

of nmethyl t-butylether. The solid was isol ated by filtration and dried
in a vacuum oven at 50 [err] C overnight to afford 0.8 g (81% product.
5 Exampl e 7

(S) - 13- [ benzyWaAT/H9R®t hyl | - 10. 11, 14. 15-t et r ahydr o- 4. 9: 16, 21 PCT/US9%6/18518

di nmet heno- 1H. 13H-di benzo[ E, K] pyrrolo-[3.4-H][I], 4. 13] oxadi aza-

cycl ohexadeci ne- 1. 3( 2H) - di one 10 The conpound of Exanple 1 was
taken up in 20 vol. of N, N-di net hyl acegam de and benzyl anine (6.0 eq.)
was added in one portion. The reaction was stirred and heated at
80[err]C f dromqwinreh the gisded cebmpovsd| pratipitesedi an vaed soltéd on
anbi ent tenper aadi eigmdbod rnie%bxl é‘%\ﬂﬁ/l(el:hﬁﬂ ) ¥es ddadyhe ﬂ&la%@avs?ge t he
HBr and the re%éél on_was s rred addltlonglg \%}nu es g

acetate was ad t’éﬂ‘al?rhea &ﬁﬁﬁé 8 v%‘félflmvxﬁ‘ée%% WGl SR ed
sol ution of so@iffprd 0.&d dBl&e. pAddnatol uti on was sol vent exchanged from

et hyl agetate into ethanol, creati ng a red slurry which was 20
filtered to give the titled corrpound as ﬁ zolidin 79% yi el d.
Exanpl e 8 . xﬁ‘é‘?@ tudy [err]

X
NHCH[ err] (Co
N(CH err])2 (
(Compound H) (O B =

(Conpound B} 25 The com02ndn¢far3mba|9| brwesf c@ksathglmnzmemm N N-

dl”Ethy|aceta”b@eN(ﬁ”%?qﬁ?%%lQE@Eﬁﬁfﬁ%'%%ﬁ Héﬁ%ﬁihﬂﬂﬁ% kENgtddL, ) wassé?

gg;?%ggg?lgéggln ogé portion %he reaction %as stlrred and heated at 80°C

980

for 24 hrs. in a sealed vessel. The reaction was cooled to
ambient temperature and triethylamine (1 eg.) was added to

15 scavenge the HBr and the reaction was stirred for 30
additional minutes. Ethyl acetate was added and the drganic
layer was washed with a saturated solution of sodium
chloride. The solution was solvent exchanged f£rom ethyl
acetate into ethanol, creating a red slurry which was

20 filtered to give the titled compound as a red solid in 79%
yield. |

Example 8

1 {Compound A) R =
Br [(Compound B) R =
Cl (Compound C) R =
OMs (Compound D)
OTs {Compound E)

NHCH; (Compound F)
N(CH3)2 {(Compound G)
NHBn (Compound H)

L

25
A 2 molar solution of dimethylamine in N,N-
dimethylacetamide (DMA) was prepared for use in the kinetic
studies. Compounds A (0.25 g, 0.45 mmol), B (0.229 g, 0.45



- 22 - mmol), C (0.209 g, 0.45 nmmol), D (0.236 g, 0.45 nmmol), and E
(0.271 g, 0.45 mol) were each dissolved in DVA (-20 ni/g, 4- 6 nm.) and
a 2 nolar solution of dinmethylamne in DVA (4.5 i, 9.0 mol, 20 eq.)
was added to each reaction. The reaction 5 solutions were capped, stirred
at 23[err] C ¥WMP78888| ed for HPLC anal ysi s over tine. A BCTRUSIMESIR5cm
Zor bax SB-CN col um was utilized with an isocratic 50/50 THF/ 0. 1%
trifluroacetic acid buffered water nobile phase at 1 nL/mn and a W
det ect or setting of 233nm (Rt ConpoungzA-= 10.4 min., Rt Conpound B =
10 9.3 mn., Rerr] Conpound C = 9.0 mn., R Conmpound D= 6.2 mn.,

R err] Conpoumho)z €0{®.28%N.9.. 0.4Rewmae])on DcdAcamé raat i0dS mmok), and E

deter mi ned. {1 0.87605P0NSEs GAEAOr Wbk Cla i BRb H a8l RinCRSHo mu/fOFROUN

fromthe line equation of hree polnt cal i bration
(concentrati orfs Bnﬁini;/%t“‘c’lﬁrog" PR Gfd damedhy kagrine 15 D% (4.5 mL,
correspondl ng I.@spante 20 esg). waReadded)rtcsmpheBeé&thmL) The ra@dtdiofi | ut ed

to 25 nL ig s%?hegsa§'&eééac%§ o Ogglﬂf’é&at 233@?alr}'ds'ssa\mﬁ?£'9 f&e HPLC

concent rat I ons were Co concentrati
(mol / nL) . Th@fﬁéh’ﬁm oYy e heA -6 it R;’)Fﬂn@?@%ﬁ@eﬁﬂrﬁrﬂw #Pi ded
by the conpountidiz8d w&itRGn Dsoorathic BU/S0t THF Y OITS Wati€lplhodd@dic/ acilii ne.

The S1ope of  puerkhEal die: Rl 1EIOALON £2GNnb) 1, v & HUOEG Lot

di f ference of

conpound concé‘?t‘FéP?o?lé 303“8bt‘§r‘-n PPROWNE: Bng LY bin. . RuteRRONEEaRt S
(units of 1D I\/[9er3r hikk [ eRy ICompdhrdresuld.© adn. 25, dempothrd D - Bakl aih.,

Exanpl e 9 xﬂ;?@gﬂnlftﬁ U ¥g. Bafen St U 835081 AP R0RER: ¥ 301 L WedE i th

Di net hyl ami ne ne an "Benzvlanm ne
sol ution of nﬂeﬁ?meﬁef%a resgepge HAcksrnehich vag ebheingd afmr &mhe

(DVA) was prepempeun@rfrom theellifie! Eguddidal b€ §ttHHeaS poikeMpoLliiGacPohl. 039,

1.98 mol) ) C ned, in

di met hyl acet am g@g g‘(‘)&r}ﬁ%&?g}bgg ﬁyndar%m\rggmghdeg% aﬁln%'\brquzs Fa4%%i ons
and 36 nil§ fas- béﬁrzw%pﬁ%neeaespwe argasg) 2 nm%quon sgoples ol -af mL)

met hyl am ne i webbPAd{ 1% 61 Mo, 289ml MY ,vodOmefric flask bafdrd&utmic sol ution

of dinethyla VWD 97/.1908
PCT/U896/18515931&91;»#§Aéu%h% gbncéﬁkggtlons (mg/mL) wére converted to
molar concentrations (mmol/mL). The natural log of the

dimethylamine concentration divided by the compound A, B, C,
20 D, or E concentrations were plotted vs. time. The slope of
the line obtained from each plot was divided by the
difference of the initial amine concentration minus the
initial compound concentrations to obtain the second order
rate constants (units of L M~! Hr-l). The results are
25 depicted in Table I.

_ Example 9
R i £ B
Dj hylami v lami 3 lamin
30 A 2 molar solution of methyl amine and
dimethylamine in N,N-dimethylacetamide (DMA) was prepared for
use in the kinetic studies. Compounds D (1.03g, 1.98 mmol}
and B (1.00g, 1.98 mmol) were combined in N,N-
dimethylacetamide (20 mL/g for methylamine and dimethylamine
35 reactions and 36 mL/g for benzylamine reaction) and a 2 molar
solution of methylamine in DMA (19.8 mL, 39.7 mmol, 20 eq.)
or a 2 molar solution of dimethylamine in DMA (19.8 mL, 39.7



- 23 - mmol, 20 eq.) or benzylam ne (4.25g, 39.7 mol, 20 eq) was
added. The reaction solutions were capped, stirred at 23[err]C and
sanpl ed for HPLC analysis over time. A 4.6 mmx 25cm Zor bax SB- CN
col um was ut ilzed with an isocratic 45/55 S THF/0.1%trifluroacetic
acid buffere ?QP %obi | e phase at 1 nL/min and a Uv Bet/Eexassigetting
of 233nm (Rt Conpound D = 11.4 min., R Conpound B = 19.9 mn.).
React i on concentrations were deternmined froma response factor which
was obt ai ned for conpounds B and D from #h#3 |4 ne equation of 10 a three
poi nt calibration curve (concentrations of O.|ng/nL, 0.05 ng/nL and
0.025 ng/ L vs™ebr 2 sehdi Ay Pernmdmddngr 45350, 39.7Reuel.i @9 sghpvas (0. 1
m.) were dil ut addéd. 25rHE. rieAc8ion solM@iYABL wéke fd abef o1 6-ddPlae QQnySlS

and the concen t ( Le, converted to | ar congentrations
(mol /nL). 15 ﬁeééﬁ{ﬁerdalfofo &%ﬁ? Vecrorlfd‘g'ﬁtra%rgg‘rﬁa“ﬁ'i i %g‘éf“ by the
conpound concefPFRAF &%%F@lw%t"{aédWsllmdmﬂthhensimaﬂm 45/5%he |ine
obt ai ned fr®m eBEo it rMEIudbadetad B)élahshffereddwgésf G 1f %ﬂnQ e 14t 4i al

concentr u e ni dc ntrations to
gg‘t Q.IGI‘I t he seclg]tf'lgfm"r er %Ow LRSS %!F'\ 3 ﬁ?gg%‘? E&\F@F‘PT“ Rrr]).
The net hyl ani ndl ghdrin. . Rbe?ﬂf&noalﬂﬂnﬁ ﬂel?-\ﬂamlvleé werkeamtdpar ed directly
fromthe @é@démd-abﬁaﬁhd@eféﬂd%rt@?ﬁliﬁé& fr%mhtheé’bc?Aélvb £5R€ P‘%ﬁyl&t e

enzy Pam fo
:jgﬁ ?Lgffiilgt gl :‘2‘12‘;? I q:’tlam aogggc”eet e ggt & B <208 th%‘&ee€%ﬁ"s’r%ﬂ $fat ed,
t he conpourtis @)ftl'tﬂrﬁ? pPéQén@allbraltnvencmme dicengduttawinals! pfatt imge/ nas
det ormi ned by oos faReRas M”S”“bm“?f"? nan bty 1REopRER MR 1O ©
ggtsglrnm ggd Ilg)r/o %allcnt % ﬁgggjr ”Dmgg T)éﬁgﬁaﬁﬂttq?r%ﬁ &niki dase
Catal ytic Subu‘mltumgay Shask Hmfléret BPLC Bnadgkhe, lﬁmamea%ﬁgentrauiesleri bed
in Heath et al (mg/slD)OwEed é@ﬁ%eﬂ%@é'térﬁﬁhaiUEQnéént tl %gﬁmmg

i ncor or aty d ref ren The. cl ai ne ounds are active and I sozyne
sel eclto i ve %n gé‘ﬁa l°%s%fa§geh3’\'}+'ﬁ‘g %Cﬁgﬁ??P%I"ﬂgl%dl%s‘jﬁhan 10
[err]M compound conpgrnatdonst Wertdird ottepdned - atiee . phahevcipegoeal

activity are ugef uinkNobbgiddEFBRNEaS] ﬂ%dhéé%ld’éd\’\?g8gl}% o

PCT/ US96
97/19080 difference of the initial amine concentration minus the

initial compound concentrations to obtain the second order
20 rate constants (units of L M-l Hr-1). The methylamino and
benzylamino derivatives were prepared directly from the .
claimed bromide intermediate in high yield. The mesylate
intermediate failed to produce the methylaminoc and
benzylamino derivative directly in high yield.
25
As previously stated, the compounds of the present
invention are additionally active as selective Protein Kinase
C inhibitors. The activity of compounds were determined by
the Calcium Calmodulin Dependent Protein Kinase Assay, Casein
30 Protein Kinase IT assay, cAMP-Dependent Protein Kinase
Catalytic Subunit assay and the Protein-Tyrosine Kinase assay
described in Heath et al., EP 0 657 458, published June 14,
1995, herein incorporated by reference. The claimed
compounds are active and isozyme selective in the these
35 assays having an IC5¢ value of less than 10 UM,
Compounds with this demonstrated pharmacological
activity are useful in the treatment of conditions in which



- 24 - protein kinase C has denobnstrated a role in the pathol ogy.

Condi tions recognized in the art include: diabetes nellitus and its
conplications (particularly mcrovascul ar diabetic conpl i cati ons,

reti nopat hy, nephropathy, and neuropathy), 5 ischema, inflammation,
central ner wgo/s908¢ em di sorders, cardi ovascul ar di seaPCT/USH&ISSIBETr S

di sease, dernatol ogi cal di sease and cancer. The conpounds
of Formula Il are preferably formul ated prior to adm nistration.
Therefore, yet another 10 enbodiment of the_present invention is a

phar maceut i cal formul ati on conprising a conmpound of Formula Il and one

or nor e PhaLRERER Ukl fadd X‘: JecCabRGh S YGtletl 81 oldlidniemeSpathology .
exci p| ents.

esent harnace caI t e 15
prepared by kr?(%ﬁlﬁf'%%oiﬁ‘?@ﬁ?gﬂglﬂeﬂ RAGWA™ 5 Feadl lgggyég “léé\;tailtﬁf%
i ngredi ents. landmiksngonplel ceariposi (partsiflarhe micrgyassuderi dlahrbicn, the
active | ngr ed' éélé’:?é"alrléélgspathy,mrf@pﬁr%&{hﬁ ('a@fd h@ﬁroﬁﬁt@)' ut ed by a
i oE

carrier, nc hin.a carrier |nte Qfn of a

capsul e, 2@ s’e?@ﬁé?‘lapab‘éﬁla&ma&lﬂﬁr ‘é?ﬂ'ftré'ilné‘?rv%%r?yf ??rer sér ves as
a diluent, it deyibeascsldr diissesesoblzhaimeli quiltsereor dgrmatolmC@H acts
as a vehicle, S45eibBbeRhg Mad®i um for the active i ngredient. Thus, the

conposi tions can Be in the form of tablets, pills wd Iozenges
sachets, cachets, elixiF&e ompupdseAE; %%%m“elénEF F‘Bﬁsbr%gﬁ ﬁﬁ}gns Syrups,

aerosol (as a fomulaaéaobmon' rtoaatimﬂumi:nm:d.lonrr) Themefﬁoxmdyaar@myéimi n
oS 3ua P RUREREE 05t She BLERERE LAUARLAN & SOptidaseattkal e | o

packaged es o sul t rriers

exci pi ents, arfPraglagiencrAmpPyifdingqa ?%‘E‘R%’é’@ Of KT PLR %ué?%s%ne S bitol,
manni tol , st arnidi%'sphghmm@llyahccmuaﬂimphareerw glidaesss or
tragacanth gel g& E§|CIUHISI|Icate m crocrystalline cel | ul ose,
pol yvi nyl pyrro(T i

cel l ul ose, water up, . nmet . cel lul ose, nethyl
and propyl hydr oxybenzoaffBg, PFeFent ﬁarﬁﬁé‘ﬁ‘ég’r% §PE’3‘|‘£%/%1°5}?daﬁFner al oil.
The fornuliat i ogfepaaedd by knsldi tgrocelilyes nodimge welbrkmar agdageadsly wet ting
agents, ea(%ﬁ'aﬂb”@né@é’disé&%en% G212 the P l?@éﬂ:il%saggnﬁﬁe
WO 97/ 19080 l 896541%1§§18be
present invention, the active ingredient wi u Y
mixed with a carrier, or diluted by a carrier, or enclosed
within a carrier which may be in the form of a capsule,
20 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, cachets, elixirs,
25 suspensions, emulsiohs, solutions, syrups, aerosol l(as a
solid or in a liquid medium), soft and hard gelatin capsules,
suppositories, sterile injectable solutions and sterile
packaged powders.
Some examples of suitable carriers, excipients, and
30 diluents include lactose, dextrose, sucrose, sorbitol.
mannitol, starches, gum acacia, calcium phosphate, alginates,
tragacanth, gelatin, calcium silicate, microcrystalline
cellulose, polyvinylpyrrolidone, cellulose, water syrup,
methyl cellulose, methyl and propylhydroxybenzoates, talc,
35 magnesium stearate and mineral oil. The formulations can
additionally include lubricating agents, wetting agents,
emulsifying and suspending agents, preserving agents,



- 25 - sweet eni ng agents or flavoring agents. The conpositions of

the invention nmay be fornmul ated so as to provide quick, sust ai ned or
del ayed rel ease of the active ingredient after adm nistration to the
patient. 5 A pharnmaceutically effective anount of the conpound
represents anWai(iP80capabl e of inhibiting PKC activity in PCT/URIGHREIS. A
typical daily dose will contain from about 0.01 - ‘nmg/ kg to about 20 ng/ kg
of active conpound. Preferred doses will be about 0.01 to about 10

ng/ kg. The conpositions are 10 preferably2tornmulated in a unit dosage
form each dosage containing fromabout 1 to about 500 ng, nore usually
about 5 t 0 sxizetend09 agentef orhélaceyivg mggnesli élite cHopeserions ofi | |

be understood tifiad ihient 16K MEULECESARAOR RATBLNAS IS e oilk quicie

determ ned by the physician,in the |jght of the relevant 15_.circ t ances
g ned by ieBihan ot i el oy el Ol Be HHE J& R Thorai el GHTRED
adm ni st ered arsfinihésthasiem rtoutbeopatientadm ni stration, and therefore the

above dosage ranges are ROpharmadelt$BEEL & Adctilet HfoudtORE Chet BSmpound
i nvention in anry term "uni " refers to physically

way. The t~ dgsage, form
di screte units f@re\éﬁﬁ%llﬁrb a&‘?”ﬂﬁi‘E%P?/b]tfo%gégh%}b’rt’mgnﬁﬁcsﬁﬁfk‘@t 3Ad ot her
manmmal s, each uznimatsnt aA myrg calpdailky elosenedl fjucortaiyy dbtom abaot vl

material cal culnﬁt&g te ﬂgcﬁgcu%% hG Pk g et ra%‘ti_iﬂrgeéégrglfdr{fd'edﬁ Sgef&tf&f doE@sThe

association with_a suita Ophar naceut | cal ) o
fol | owi ng for midti B ¥MpI%edlaFe #PPiistilafp(ks. ThencomBARLGins\gre
I nt ended t a0l i mrefehebly ofrermuflatbé imveniniandosage rfoamy wagh dosage

Formul ation 1 containing from b8t 9F! & ldboaBP5YS Gy, AR’ 6BEL P, LB0E she
30 following ingredients: ) , ) - . .
Quantity to about 300 mg, of the active ingredient. Hewﬁy%%péﬂqéyll

Active agent be understood that the therapeutic ddsage ashintdtextd adll

%g?al WagnesmgWBQES?&fﬁéa FyzggeH%mysician in th?M5%§9f1é888he relevant

PCT/ US96/ 18818 circumstances including the condition to be treated, the
choice of compound to be administered and the chosen route of
administration, and therefore the above dosage ranges are not
intended to limit the scope of the invention in any way. The
term *unit dosage form” refers to physically discrete units

20 suitable as unitary dosages for human subjects and other
mammals, each unit containing a predetermined guantity of
active material calculated to produce the desired therapeutic.
effect, in association with a suitable pharmaceutical
carrier.

25 The following formulation examples are illustrative
only and are not intended to limit the scope of the invention
in any way.

Formulation 1
Hard gelatin capsules are prepared using the
30 following ingredients:

Quantity
{mg/capsule)
Active agent 5
starch, dried 185
magnesium stearate -10

Total 200 mg



- 26 - The above ingredients are mxed and filled into

hard gelatin capsules in 200 ng quantities. 5

Formul ati on 2 A tablet is prepared using the ingredients

bel ow. Quantity

(rmg/ capsul e)wo9mgesb i ve agent PCT/US96/13618

cel lul ose, mcrocrystalline 400 silicon dioxide,
f-umed 10 stearic acid

5 Tot al 06 - 435 ny The
conponents are bl ended and conpressed to %orn1tab|ets 10 each wei ghing 435

Fornulation 3 Tabl et s

Y. .
each containing 10 1 ob, acbie LGSt are ALSdTME FalohloNe 15

Active agent hard gelatin capsules in 200 mg quantlifimg. starch
45 ny m crocrystalline cellul ose 35 ngy
ponV|nyIp¥rroIidone (as 10%)50Hu5Lon én wat er) 4
sodi'um car boxymet hyl starch 4.5 ngy magnesi um
stearate A tablet is prépdrefgusingtte ingredients below:
1 ng Tot al 100 ny
The active ingredient, starch and cellul ose are pagggqth@ough a No. 45
mesh U.S. sieve and m xed thoroughly. The SO|UtIPn 9 le)
pol yvi nyl pyrrol i done is nixed with the mg/capsule
Active agent 20
cellulose, microcrystalline 400
silicon dioxide, fumed 10
stearic acid 5
Total 435 mg

The components are blended and compressed to form tablets
10 each weighing 435 mg.

Formulation 3
Tablets each containing 10 mg of active ingredient
are made as follows:

15
Quantity
. (mg/capsule)

Active agent - 10 mg
starch 45 mg
microcrystalline cellulose 35 mg

pelyvinylpyrrolidone
(as 10% solution in water) 4 mg
sodium carboxymethyl starch 4.5 mg
magnesium stearate 0.5 mg
talc 1 mg
Total 100 mg

The active ingredient, starch and cellulose are
passed through a No. 45 mesh U.S. sieve and mixed thoroughly.
The solution of polyvinvlpyrrolidone is mixed with the



WO 97/ 190980 PCT/ US96/ 18518

- 27 - resul tant powders which are then passed through a No. 14 nesh
U.S. sieve. The granules so produced are dried at 50[err]C and passed
t.hrough a No. 18 nesh U.S. sieve. The sodium car boxynet hyl starch,
magnesi um st e3¥QV74%Ad talc, previously 5 passed through aPQRUSI&ESHESh
U S sieve, are then added to the granul es which, after m xing, are
conpressed on a tablet machine to yield tablets each wei ghing 100 ng.
Formul ation 4 10 Capsul es eachagontai ning 40 ng of nedi canment
are made as foll ows:

Quantity resultant powders which are then passed throufhuz a&psdepesh

Active agent . g, 51eve The gran?les so producé@ e drledsggrgéhc and

59 mcrocrystalline cellulose
nagggs|un]stea;5§§¥3 éhroué% a No. 18 mesh U.S. S§FWﬁ3 The sodium

Tot al carboxymethyl st286hngmagnesium stearate aﬁhetﬁIéJ\bieWEGﬁQQ@ﬁnt
cellul ose, gta ngsi t rough a
No. 45 nesh § E)%ngédt}?r}\};gﬁﬁg ﬁé uﬁ%cf nt%oghgér gel agl n® ca Sl,ﬁ%gs Pn 200 ngy
quantities.  the granules whighe 3f q%“ﬁP‘éE‘g' pR%S maeémcmr@ntcsbéﬁu
modes of 20 opethinentofyield paebeatd dashewntishidpvuecbmgn described in the
foregoi ng specification. The invention which is intended to be
protected herein, however, is not to be caonstrued as limted to the
particul ar forns disclosed, since theemEMdagdon 4 pe regarded as

I llustrative rather tharcamsilelsceéasie. caftaiManyal aip cEnde@hosRai Ry be
nﬁde by those ﬁgéélé§ifdll%ag art without departing fromthe spirit of
t he i nvention

Quantity
(mg/capsule)
Active agent . 40 mg
starch 59 mg
microcrystalline cellulose 59 mg
magnesium stearate - 2_Ig
Total 200 mg

The active ingredient, cellulose, starch and
15 magnesium stearate are blended, passed through a No. 45 mesh
U.S. sieve, and filled into hard gelatin capsules in 200 mg
quantities.

The principles, preferred embodiments and modes of
20 operation of the present invention have been described in the
foregoing specification. The invention which is intended to
be protected herein, however, is not to be construed as
limited to the particular forms disclosed, since they are to
be regarded as illustrative rather than restrictive.
25 Variations and changes may be made by those skilled in the
art without departing from the spirit of the invention.
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\-/vhgrsei- n R e\rNré] C: ? rgr : ”llﬂ”l"ﬂ"lmmm mrf tgé 'IZOLSU”LgU”d[ g‘[r]cj aiml

of the Formul a: [err] * 3. A conpound of Claim1l or
2, wherein Rvernjese Br or 10 |. 4. A phar maeewiusssissis
formul ati on conprising a conpound of any one of Clainms 1 through 3, and
one or nore pharmaceutical 'y acceptable carriers, diluents or
exci pients. 15 5. A process to,prepare an am no substituted
NN -  bridged bisindolyl maleinide of tRe Formil a:
We claim:
1. A compound of the Formula:
H
O N\ 0

i

wherein R is Br, I, or O-tosyl.

5

2. A compound of Claim 1 of the Formula:

3. A compound of Claim 1 or 2, wherein R] is Br or
10 1.

4. A pharmaceutical formulation comprising a
compound of any cne of Claims 1 through 3, and one or more
pharmaceutically acceptable carriers, diluents or excipients.

15

5. A process to prepare an aminc substituted N,N‘'-
bridged bisindolylmaleimide of the Formula:



WO 97/ 19080 PCT/ US96/ 18518 -
29 - [err] wheréin RZ 1s -N(CF3)CH3), -NH(CF3), or -NR3R4

wherein R3 and R4 are indepe i I 1 Cerr]-C4 al kyl, phenyl,
benzyl, or conbine to the nilt-l rm'" mm“key are bonded to forma 5
sat urated orwoegaeespated 5 or 6 nenwercrimg;s = which conprECTEISIS/ERSLR | ng a

conpound of any one of Clains 1 through 3, with an anmine in a
non-reactive, polar solvent. 6. A process of Claim5, wherein
the conpound is [err] 0 1Gg - and Rlerr] is
Br or I. 7. A process of Claim6, wherein the amne is
HN(CH3) 2 or H2N( CH3) . 15 8. A plocess of preparing a

N, N - bri dged bi si ndol yl mal ei m de of °Nge R{&nula (V)

Ry
wherein Ry is -N(CF3)CH3), -NH{CF3), or -NR3Rg wherein R3 and
R4 are independently hydrogen, C1-C4 alkyl, phenyl, benzyl,
or combine to the nitrogen to which they are bonded to form a
5 saturated or unsaturated 5 or 6 member ring;
which comprises reacting a compound of any one of Claims 1
through 3, with an amine in a non-reactive, polar solvent.

6. A process of Claim 5, wherein the compound is
H
N

10 and R} is Br or I.
7. A process of Claim 6, wherein the amine is
HN(CH3)2 or H2N{CH3).
15 8. A process of preparing a N,N'-bridged

bisindolylmaleimide of the Formula (V):



WD 97/ 19080 PCT/ US96/ 18518

- 30 - [err] whi ch conprises reacting a conpound of formul a:
[err] s Br or I; W th
802 i a non-rcactive, pol ar HHEFIIANAN. ™ 5" rie orocess o
prepari ng a copeuoesoof any one Clainmy 1sthy oug WhpEPHuseAEis S€S
converting a conpound of the Fornula.

whici LompLibEb reacting a compound of formula:

/ /
N N
1
Ry

with HN(CHz3)2 in a non-reactive, polar solvent.

wherein R] 1s Br or I;

9. The process of preparing a compound cf any one
of Claims 1 through 3, which comprises converting a compound
of the Formula:

10 to a compound of any one of Claims 1 through 3.

10. The process of Claim 9, wherein the process is
carried out in the presence of PX3, {(phenyl)3PX3, or
{phenoxy) 3PX2 wherein X is bromo or iodo.

15



10 to a conpound of any one of Caims 1 through 3. 10. The
process of Caim9, wherein the prﬁeeee—r—s———e&r—r+ed out in the presence

of PX3, (phenyl)3PX2, or rein X is brono or iodo. 15
VD 97/ 19080 PCT/ U896/1 ULI ”,I - 31 -
11. The procesW0O8198B&I m 10, V\,herer | S carri edr/usds/18si8t he

presence of (phenoxy) 3PBr 2. 12. The process of preparing a
conmpound of the 5 Formula (V): [err] ~which conpri ses:
(a) Reacting a compound of the Forrmula (1lls):- [err]

11. The process of Claim 10, wherein the process

is carried out in the presence of (phenoxy)3PBr3.

12. Tre process of preparing a compound of the
5 Formula (V):

(V) ;
which comprises:
{(a) Reacting a compound of the Formula (IIIa):
H
Os N0

A

(IlIa);
10 with PX3, (phenyl)3PX3, or (phenoxy)3PXz; wherein X is bromo

or iodo; to form a compound of the Formula {(IIa):

{I1a)
wherein R1 is Br or I; and

15



10 with PX3, (phenyl)3PX2, or (phenoxy)3PX2 wherein X is brono or iodo;
to forma conpound of the Fornmula (I1la): [err]— wherei n

Rlerr] is Br or |I; and 15

PCT/ US96/ 18518 ”mm mi" "mm (‘Eﬂl (b)
Reacting a compouposcof fornmula (lla)*weht » )2 i n aptpPisdsAgdki Ve,
pol ar sol vent. 13. The process of Caim1l2, wherein Rerr]
is Br. 5 14. The process of Claim 13, which further

conprises reacting the conpound of For rrul_a3£\/) wi t h- CH3SO3H.

(b} Reacting a compound of formula (IIa) with
HN(CH3)2 in a non-reactive, polar solvent.

13. The process of Claim 12, wherein R] is Br.

14. The process of Claim, 13, which further
comprises reacting the compound of Formula (V) with CH3SO3H.

15. A N,N'-bridged bisindolylmaleimide whenever
10 prepared by the process of any one of Claims 5 through 8 and
12 through 14.

16. A compound of the Formula:
O N\ 0

7\ /N
N N

Ry
15 wherein R; is Br, I, or O-tosyl;
whenever prepared by the process of any one of Claims 9
through 11.

17. A process for preparing a N,N'-bridged
20 Dbisindolylmaleimide substantially as hereinbefore described
with reference to any one of the examples.

18. A N,N'-bridged bisindolylmaleimide as
hereinbefore described with reference to any one of the
25 examples,



. g -
15. A N, N -bridged bisindolylmlei mde whenever 10 prepared by th% 33 5

“of any one of Claims 5 through 8 and 12 through 14.

A conpound of the Fornul a: [err] 15 wherein Rerr] is Br, ¢qur
QG tosyl; whenever prepared by the process of any one of Cgi®e 9

t hrough 11 17. A process for preparing a N, N @mpgroed 20
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