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-1- Protein Kinase C I nhibitor

Pr:otei n kinase C (PKC) consists of a famly of closely rel ated enzynes
~that function as serine/threonine 5 kinases. Protein kinase C plays an

| mpor t ant Il - cell signaling, gene expressio he

control of C&fqﬁﬂsfogdl fferentiation and growth. At present Wqﬁ@gﬁ%}%

currently at | east ten known isozynmes of PKC that differ in their

tissue distribution, enzymatic specificity, and regulation. 10 Ni shizuka

Y. . Annu. Rev. Biochem 58: 31-44 (1989); MNLshizuka Y. Science 258 :

607-614 (1992). Protein kinase C isozynes are single

pol ypepti de chai ns rangi ng fEEeRe592KiRpsesf Rhi %1%&11' ds in length. The

I sozymes contain a regulatory domain and a catal ytic domain 15 connected

by a linker peptide. Thepgo@gghaiﬂ; dseand @gfﬁ’ﬂ éﬂéists 090579{'%&1 Gaggbe

further subdivided into constant Catal ytic
domai n of pr ot eFHOs§IYageleted ?fé?r%mes that nfyngtiog Pﬁa?e%’é'é(tpﬁe@f‘h%?
protein Ki na&seskmﬂaé.es R hﬂ?rot:enli aditlazleoCypllgyaian iimpontante dolet ha &K -

| sozymes. The P n%%){ &?é‘%%&h%&fm?e%‘éﬁﬁn@ﬁgoc@&%?' 89ycé"£1the

am no aci d ngl e
i sozyme bet weendaﬁerre%tmatéﬁacaré% 9r§W§éner%‘F |BF eFeBst eiahere atmaﬁuw%tly

Protei n ki nase &kl BeasdTR@hr aﬂmmmbedoermw&haﬁ di bpdr iin ahkesterically
regul ated by a f ane

cal cium and ce??gg‘% ﬁsg’ﬁi‘%ﬂé% IelnzP/k?QE‘LL 21 g? (}%gp%{:g&? are
liberated iH0 Nig (wm% Biphizykay
and Burns, D.J.Y.Jschirge 2_@9%072—&’6,4 4669;2)4664 (1991) 30 N| sh| zuka, Y.

Sci ence 258: 607- 614 (19912r)ote1;;hﬁlx% F(‘:J nts)Pz%me ”a%%eﬁgp%;fé’ogz&%eg%'ﬁ@a

beta-1, beta-2 and gamma, Tequi phosp
di acyl gl ycerol / Eh@ﬂﬁ)lraﬂglnésﬁ@% F9%er tpulB7 aﬁ!!lmpaﬁpéﬂs JFhel@@ltba TB®si | on,

eta, and t heboz e ont aBKG afedyuaak iy nadmiiepandeat cadn vitaicr aemaln of 35
activation. 15 Thgofzigécﬂ:e%%yl g”?ﬂ?kefrorp@f)tgge PK%haer ‘%e'gﬂ???&‘l?' eé;'ltd catalytic
domains can be further subdivided into constant and variable
regions. The catalytic domain of protein kinase C is very
similar to that seen in other protein kinases while the
- regulatory domain is uniqgue to the PKC isozymes. The PKC

20 isozymes demonstrate between 40-80% homology at the amino
acid level among the group. However, the homology of a
single isozyme 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 factors,
including membrane phospholipids, calcium, and certain
membrane lipids such as diacylglycerols that are liberated in
response to the activities of phospholipases. Bell, R.M.
and Burns, D.J., J. Biol, Chem, 266: 4661-4664 (1991);

30 Nishizuka, Y. Science 258: 607-614 (19922). 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 independent
of both calcium and diacylglycerol and are believed to
require on;y membrane phospholipid for their activation.



of both cal cium and di acyl gl ycerol and are believed to require only

menbr ane phospholipid for their activation. WO 97/ 18809

PCT/ US96/ 18512 - 2- Only
one or two of the protein kinase C isozynes may be involved in a given
di sease state. For exanple, the el evat ed bl ood glucose |evels found in
di abet es | e NMOPHIIEM i sozynme-specific el evation of the BETASP/I88Bzynme in
vascular 5 tissues. Inoguchi et al., Proc. Natl. Acad. Sci. USA 89:
11059- 11065 (1992). A diabetes-linked el evation of the beta I sozynme in
human pl atel ets has been correlated with their altered response to
agoni sts. Bastyr |11, E. J. and Lu, J. D abetes 42: (Suppl. 1) 97A

(1993). The human vitamdnly dder exeprorothadhebproteimirinagebe sedmodsvel y

Fih(rjliggor yl a{ gdgﬁ be ifAlRNi Klgaéﬁ,eg Q%@asé_fﬁtsan@os?@ré@:é}&ﬁl@ fﬂﬁ% been

erat| 5|n he f'unctignin tor. Hsieh et
al ., Proc. NatPley@tgfl bdged giucese ley 59§%9m% 139'9 %%géhlea o ag ., g,
Bi ol . Chem 268soﬂﬁﬂd-85p1=.'iﬂi26c(é99®tldmoﬁddhe|h))er,a—125 1|sezgne J/mr\#estmaslashomm
that the bega- 2ikS@ayITe dbgheAR0Se LS procl Oaely el cykem sk ol
proliferation mhlle he al pha I sozyne 1s, 1 nvolved I n nmegakary
di fferentiatioflPp? ﬂ'}l&sé (1992} e Lighetespinked gleyption okjtde b@%
268: 15847- 1585§ozymeCﬂﬁgﬁmanZﬁlatelets has Been ubrrelaced withirthedfr the

protein kinase J.Se%?é'ﬁ'é e n i y
provi de [ ncen?l ves t produge #}Eh ts' igﬁé%ﬁm fngCEI ghl or"fs) 9% ven
the evi dence d&48RSESHH&ig (SHRR bt PR i s mag v“anlj‘lrh@ase

states, itips ﬁreaepf@blrast cbeaassmm ha:t blenbebéd 01y 125 phosphtnidsatdiabyar e

sel ective to O%S "i&ri%(s%t %' Betd naslqug hosﬂéﬁ%y %oﬁehﬁé'ﬂ&ﬁ 9 shRggot her

PKC i sozynes a protein ervor therapeutic agents.

Such conpounds t° 2 B%?ﬁfrfs"c"’tsatlé gh%aﬁwtépnﬁeacelfm Ir&ﬁéPt?Bm disiphye
virtue of BﬁeLrEBQIEW 88: A3109S16f (MINL > brHsdgbd

bi si ndol yI mal eiggi des, io} b d&d 091%@1831&?% h(1®f93<’11| In E&’d&lt@%?x 458
(U S.S. N 08/ 413; I shed on June 14, 1995, as EP O 7 458. A
15 recent work has shown that the beta-2 isozyme is responSLble

for 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).

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

25 compounds that are selective to one or two protein kinase ol
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.

30 A class of N,N'-bridged blslndolylmalelmldes has
been disclosed in Heath et al., EP 0 657 458 (U.S.S.N.
08/413,735), published on June 14, 1995, as EP 0 657 458. A
preferred compound in this N,N’-bridged series includes a
compound of the Formula I:



preferred conmpound in this N, N -bridged series includes a conmpound of
the Formula I: WO 97/ 18809

PCT/ US96/ 18512 - 3- [err]

The present invention provides a novel, potent salt form of the conpound
of Formula I _ Mbst unexpectedly, the clainmed salt form | ed
solubility anP YR8t i cal | y 5 inproved bioavailability to e épgg]t?lﬁgg%t.

Furt hernore, the salt is readily prepared and purified as a crystalline
form Thus, the claimed salt is nore pharmaceutically el egant and a

much i nproved therapeutic agent. The claingd-salt is useful in treating

condi tions associated with di abetes nelﬁitus and 10 its conplications,

i schemia, inflammation, central neryousn gystem di sorders, cardiovascul ar
di sease, dernmatol ogi cal di sease am caycer. The invention
provides a nesylate salt of a =TEY : la |I. Thus, the

I nvention provides a conpo , - [err]

N(CH3)2 (1)

The present invention provides a novel, potent salt
form of the compound of Formula I. Most unexpectedly, the
claimed salt form has improved solubility and dramatically

5 improved bioavailability to the patient. Furthermore, the
salt is readily prepared and purified as a crystalline form.
Thus, the claimed salt is more pharmaceutically elegant and a
much improved therapeutic agent. The claimed salt is useful
in treating conditions associated with diabetes mellitus and

10 its complications, ischemia, inflammation, central nervous
system disorders, cardiovascular disease, dermatological
disease and cancer.

The invention provides a mesylate salt of a
15 compound of Formula I. Thus, the invention provides a
compound of the Formula Ia:

N(CH3)2 ., CH3SOiH (13

and solvates thereof.



and soi vates thereof. WD 97/ 18809

PCT/ US96/ 18512 ' -4- . One
further aspect of the invention is a nethod of i nhi biting Protein

Ki nase C, which conprises adm nistering to a manmal in need of such
treatnment a pharmaceutically effective anount of a conpound of the
Fornmul a | a. WR&71880 hyention further provi des nethods for (PCFAISPEHLESI2
condi tions that protein kinase C has denonstrated a role in the

pat hol ogy, such as ischem a, inflammtion, central nervous system

di sorders, cardiovascul ar di sease, dermat ologi cal di sease, and cancer,
which conprise admnistering to a mammal 10 in need of treatnent a

phar maceutical | y ef f ect | 98e afifiiiierofspect oft gipeodnventidrhd sFer matlod af

Thi s invention jjrmipat_img:wmemnuseﬁiuée as, @héphbmfﬁggé%uﬁlgg}tl%%ing to

r [ )
ar i oul arly diapeitel b HekOKE SUoE e coasnibnl of (RFSHRASHE OB hy.
Therefore, thi $IfReEAYE caount plr eheorgound désthe ridrwudaf Da. tremding
di abet es nmebl i tinvefblon furtherCPBliddd ifithoadhiSH GQUREhSEScAHE 1St eri ng
arount ot §928BECRiT P BER R e demonstrated @ rouS( thaFhmspect of ¢ he
i nvention are Pasghadedit isugh as ischemiant iinfidamoapidrsi kgnaraD patigsof
Formula |a togeikeen disdbddrsONadlii s ulBRr BRSSIEd Caleka AGESRIAN! ©
exci pients, disease, and cancer, which comprise administering to a mammal

10 in need of treatment a pharmaceutically effective amount of a
compound of the Formula Ia.

This invention is particularly useful as a
pharmaceutical and particularly in treating microvascular
diabetic complications, particularly diabetic retinopathy,

15 nephropathy, and neuropathy. Therefore, this invention

 further provides a method for treating diabetes mellitus and
its complications, which comprises administering to a mammal
in need of such treatment a pharmaceutically effective amount
of a compoﬁnd of Formula Ia.

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

25 For purposes of the present invention, as disclosed
and claimed herein, the following terms and abbreviations are
defined as follows:

The term ”“pharmaceutically effective amount®, as
used herein, represents an amount of compound that is capable

30 of inhibiting PKC activity in mammals. The particular dose
of the compound administered according to this invention
will, of course, be determined by the particular
circumstances surrounding the case, including the compound
administered, the route of administration, the particular

35 condition being treated, and similar considerations. The
compound can be administered by a variety of routes including
the oral, rectal, transdermal, subcutaneous, topical,



carriers, or diluents. - 25 For purposes of the present

i nvention, as disclosed and cl ained herein, the following terns and
abbrevi ations are defined as follows: The term
"pharnmaceutically effective anbunt”, as used herein, represents an
amount of conpound that is capable 30 of inhibiting PKC actjyl '
mammal s.  The Bé’?’l‘?seﬁl ar dose of the conpound adm ni ste&gg"l}z%g!)as& ng to
this invention will, of course, be determ ned by the particular

ci rcunst ances surroundi ng the case, including the conpound

admi ni stered, the route of administration, t3re particular 35 condition
being treated, and sim |l ar consideratjons. _.The conpound caneaqbe

‘admi ni stered by RFAVEROYS oAESAPRECHIRN O Agtranagale r@?‘&??' r fgefierably.
transder mal , sulkhet soBposnd tigpiadmlinistered orally 97/FB8@31 indications, a

PCT/ US96/ 18512 typical daily dose will contain from-about 0.0 hgANERQUS,
intranuscul ar or “intranasal. routes. Preferabl h [r{}:l)oun [ is

] y the co
adni ni stered or &AOPE BRI OFdFRGt dPe gombouRd B fhigai PYEeRGaR i | |
cont ai n fronmbabarteferodd nddiy toses wilioute 2Bony/ kploftot Aboact 1 engyd&gpound
of this inventi SoPE S £18d vl bl Y1 AR ¥} t oyt q40
ng/ kg, rmre%gl?gf gr ab%y %?ﬁgw 1 ngﬂ%?,q&a\r,]% 1riml{;&'?s plri%‘ét(gfggp%/ya od}? g 8%
to about 0.5 ny/Hegabout 0.5 mg/kg. The term"treating," as used herein,

descri bes the - managenehé terth careaving, 'pais eskdflerdine Aesposisesfthe

e 10T . , e : ; t :
cntni st Pat bon APrRUSEEsE aff %%%Elr. 88,2 Barlnt £6E G dudBoUESe 'ipacing
of the synptfns e SéRprPeatGoiidtian; RF Aisegdereand inglugesnsheyr

conplications, camihistnaticrydfha domeasrl of présadl tinvent 0on dis @rdsient15
The term"total ggl %hEQcS&P.Séhaengga h@ﬁ e GoRBE 8oLk 5 ns,rgiﬁééiéé’iﬁgh%he
relative amounts of 1npurities | ?.e?mal i .pro,cfuct. npurities

i ncl ude, but ar SYPHPRECY FSOMPIICRRAPRS . Of SAATi0ACINH dPRedis®2%8 Or

undesi red react icomddyipn pdeetdisobder.

15 The term *total related substances” as used herein
referg to the relative amounts of impurities in the final
product. Impurities include, but are limited to, upstream
reaction intermediates or undesired reaction by-products in
the final product. Total related substances is a measure of

20 purity.

As noted above, the invention provides compounds of
the Formula Ia, which selectively inhibit protein kinase C:

N(CH3)z , CH3SO3H (13
and solvates thereof.
25
The compound of Formula Ia can exist as solvates,
such as with water (hydrate), methanol, ethanol,
dimethylformamide, ethyl acetate and the like. Mixtures of



the final product. Total related substances is a nmeasure of 20 npurity.

As not ed above, the invention provides conpounds of the Formula |a,
whi ch sel ectively inhibit protein kinase C [err] and

sol vates thereof. 25 The conpound of Fornula la can exist as
sol vat es, such as with water (hydrate), nethanol, ethanol,

di met hyl f or YPHUB89et hy| acetate and the |ike. M xtures of PCT/US96/18512 \\O
97/ 18809 PCT/ US96/ 18512

- 6- such hydrates and sol vates can al so be prepared. The source of
such hydrate and/or solvate can be fromthé-sol vent of crystallization,
I nherent in the sol vent of preparation or crystallization, or

adventitious t8ushdiydratesnand Sptvagesydant@bsaie pokpaxed. alhewsonureet he

scope of the peese@idn nydriaB¥eshd /By 310hesadhy pd FeomOFROWHIS,ak Fernula Ia
are prepared as t.he rmno-h%/ rate or. _the tri t is

hyd ) .
recogni zed t hat Y& oieatePeo T Pothg SOl%éa%ﬁep%‘?ﬁﬁf&Eﬁag BF !

Fornmul a | a maycexswallipasipnefer rastventitious to such solvent. Such
' 5  hydrates and solvates are within the scope of the present
invention. Preferably, the compounds of Formula Ia are
prepared as the mono-hydrate or the trihydrate.
' It is recognized that wvarious stereoisomeric forms
of the compounds of Formula Ia may exist. The preferred
10 compounds of the present invention are of the Formula Ib and

Ic:
N
Iﬁoﬁ
N(CH3); , CH3S503H

(Ib)

H

"#——N(CH3)2 . CH3SOsH (Ic).
15 However, racemates and individual enantiomers and mixtures
thereof form part of the present invention.
The preparation of the free base, Formula I, is
described in Heath et al., EP 0 657 458, published on June
14, 1995 as EP 0 657 458, herein incorporated by reference.
20 Preferably, the compound is made as follows:



10 cogpounds of the present invention are of the Fornmula Ib and lc:

[err] 15 However, -racemates and i ndi vi dual
enanti onmers and m xtures thereof formpart of the present invention.
The preparation of the free base, Formula I, is described in Heath et
al., EP O 657 458, published on June 14, 1995 as EP 0 657 4§8h %ﬁrein
i ncor por at ed W) IV ence. 20 Preferably, the conpound is nﬁgyugﬁp | ows:
-7
c
o NH3 0 L
7\ 7\ .
H N OFPy (v
o}
opy
{11) (I12) i
H
O N0
7 \ / \
K(N
R OH
Vi) v)
H
Oa N o
7\ \

(I}

N{CH3)>

5 R1 is OMesyl or Br. Pj is a hydroxy protecting group,
preferably tert-butyldiphenylsilyloxy (TBDPS), tert-
butyldimethylsilyloxy (TBDMS)., triphenylmethyl (trityl),
mono- or di~ methoxytrityl, or an alkyl or aryl ester. L is
a good leaving group such as chloro, bromo, iodo, mesyl,

10 tosyl, and the like. Preferably, L is O-mesyl or Br.
The reaction to form Compound IV is accomplished by
any of the known methods of préparing N-substituted indoles.
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The reaction usually involves approximately equimolar amounts
of reagents II and III, although other ratios, especially
those wherein the alkylating reagent is in excess, are
operative. The reaction is best carried out in a polar
aprotic solvent employing an alkali metal salt or other such
alkylation conditions as are appreciated in the art.

Reaction conditions include the following: Potassiuim
hexamethyldisilazide in dimethylformamide or tetrahydrofuran,
sodium hydride in dimethylformamide. Preferably, the
reaction is carried out under slow reverse addition with
cesium carbonate in either acetonitrile, or dimethylformamide
(DMF). The temperature of the reaction is preferably from
about ambient temperature to about the reflux temperature of
the reaction mixture.

Compound IV is converted to Compound V by
techniques appreciated in the art for deprotecting a hydroxy.
Compound V igs conveniently converted to Compound VI by
reacting Compound V with methanesulfonic anhydride and
pyridine in THF or methylene chloride under nitrogen, or by
reacting the alcohol with bromine in the presence of
triphenyl phosphine or triphenyl phosphite and pyridine in
methylene chloride, THF or acetonitrile or other suitable
solvent. Compound VI is converted to the dimethylamine,
Compound I, by reacting Compound VI with dimethylamine in a
polar solvent such as DMF, THF/water, dimethylacetamide or
other conditions appreciated in the art.

The claimed mesylate salt is prepared by reacting a
compound of the Formula I with methanesulfonic acid in a non-
reactive organic solvent, preferably a organic/water mixture,
and most prefefably water-acetone. Other solvents such as -
methanol, acetone, ethylacetate and mixtures thereof are
operable. The ratio of solvent to water is not critical and
generally determined by the solubility of the reagents.
Preferred sclvent to water ratios are generally from 0.1:1 to
100:1 solvent to water by volume. Preferably, the ratio is
1:1 to 20:1 and most preferably 5:1 to 10:1. The optimal
ratio is dependent on the solvent selected and is preferably



5 Rer] is Ovwesyl or Br. Plerr] is a hydroxy protecting group,
preferably tert-butyl di phenylsilyloxy (TBDPS), tert-

butsyl di net hyl silyl oxy (TBDMS), triphenylnethyl (trityl), nono- or di-
met hoxytrityl, or an alkyl or aryl ester. L is a good | eavi ng group
such as chl or i odo, mesyl, 10 tosyl, and the like. ly, L
s O0-nesyl a'grgt}"gsng The reaction to form Corrpound’qr(}{s?&ﬂ;ﬁb
acconpl i shed by any of the known nethods of preparing N-substituted

i ndol es. WD 97/ 18809

PCT/ US96/ 18512 -9- - 8- The reaction
usual Iy invol ves a I’OXI mat eé m)l ar anounts reagents Il and
111, although ot ﬁ'é N5 i%s @ sbe%‘? jeny to w‘i“?\‘?}%é’a\ﬁl’r&'el The Hgﬁaéi tROPat i ng

reagent is in exgg@@;lmn@volveepmmtqmmateh;e emaniolan asolrgs ofatheedvout

in a polar 5 aprephfeit@d,valtnSHPh VHHG gat%éa'ésﬂge&amag&os%r W%Pgnw

al kyl ati on condltlons as re appreciated In th
condi tions incl uBgcR EHFSI”& PBHF ntcidbdsadyi gHrTess, RELaRRERFH I | S'QFdea"'r‘?\
di met hyl f or mefiri def oaddigtioahpdroétharesul fonsodiain ti;sdhbdecritlcal to the

di met hyl f or mam d?eaé’iféne 38! Maytﬂ? aquiedr ?Qﬁiaﬂﬁ (' scﬁiﬁhtfeom ﬁr #TQS%XS' ow

reverse addition Wt cesium car bonat e ace
di met hyl f or mami d8Ver 6 (CBVEPTe TRRUESonp &hgt HF%Ctb‘font He Féﬁé%?—‘br?qtsaﬁr eferably
from about apbmpatatheeperahging tfroabott theofaliikux temeiaaties 0f

the reaction m XEHileredl%ntll forma%mgog? Fgg %a\it' siscg ﬁgt ed to Conpound V

by technlques apprecla eprote a hy r oxy.
Conpound V i ¥0 coflgesr “Eﬁ’ﬁdyb@foﬁv’é?l{ RPWOIST BHPHATF Lpn B?d can rt@ket frgm 5
Conpound V with mbthesesol fanheusnhy dhiedeabps of theyprdsétec lihvehEioh are

met hyl ene chl ori gg, f’é}%lg”hhﬁoﬂgéhl Rgfépgﬁ %agl % Jhen(}Pgloho 'hIF:I te

brom ne in the presenc i e 6
and pyridine in trihygratg ERemcpf cFr*}edéaltFl-Pa}()rb%ééﬁéler¢q’fé'€t}’rte§t Fa@rthe

sui tabl e sol membhydZaneoupeon \ArytingC 0BV expashrico tbheo depetdniagri-ae,

15  humidity. The salt is substantially crystalline
demonstrating a defined melting point, birefringement, and an
X-ray diffraction pattern. Generally, the crystals have less
than 10% amorphous solid and preferably less than 5% and most
preferably less than 1% amorphous solid.

20 The mesylate salt is isolated by filtration or
other separation techniques appreciated in the art directly
from the reaction mixture in yields ranging from 50 % to
100 %. Recrystallization and other purification technigques
known in the art may be used to further purify the salt if

25 desired.

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

30 preparations, melting point, nuclear magnetic resonance
spectra, mass spectra, high pressure liquid chromatography
over silica gel, N,N—dimethylforﬁamide, palladium on
charcoal, tetrahydrofuran, and ethyl acetate are abbreviated
M.Pt., NMR, MS, HPLC, DMF, Pd/C, THF, and EtOAc respectively.

35 The terms "NMR®" and "MS” indicate that the spectrum was
consistent with the desired structure.



Conmpound |, by reacting Conmpound VI with dinethyl aﬁi ne in a 25 polar

sol vent such as DMF, THF/ water, dinethylacetam de or ot her conditions
appreciated in the art. The clained nesylate salt is prepared
by reacting a conmpound of the Formula | with methanesulfonic acid in a
non- reactive organic solvent, preferably a organic/water m xture, 30
and nost pr e&VePHMSY wat er - acetone. Ot her sol vents such as PCT/USHESHRNOI ,
acetone, ethylacetate and m xtures thereof are operable. The ratio of
solvent to water is not critical and general ly determ ned by the
solubility of the reagents. Preferred.-gglvent to water ratios are
generally fromO0.1:1 to 35 100:1 solvent to water by volunme. Preferably,
the ratio is 1:1to 20 1 and nDstheBélsertakaHyIS 1 to 10:1. The opti nal

ratio i s dependeny

97/ 18809 - s aféllﬂﬂlié a5y
-9- acetone at a 9:1 sol ve SH4LeRALE cacti on usual |y

i nvol ves approxi matel y efuityl ahlamdat $178.2 e Ow616 moledagast dissdIvedigh

other ratios, gwP&ebaklYof @@%1%%&4-;9 ﬁd?e TriefRyERGRUI(H9N) Cg ACIdh ks, i N
excess, are operatlve The rate di tion of nethanesulfonic acid is

not critical td&-/A8 mole} g |a§ﬁe§nﬂnW%Ra§d€Eb’?Jé’pﬂ]dlf§0(Q % rf fifSes) or
slowy ovemcdiedr wanraddeilir andThbe resadtion sslawion edsohtatéd to a
‘tenperatures rapgiAg J‘ré?ﬂ}:ﬁ’[@rz"’]@) tfbxr &f lﬂé)ﬁrf-rhe'rdﬁgq(étac%gahswas céél'erdr ed

until formation of the s IS cO et e, eterm ne g owder
diffracti on and%%ZROMakEMREHHULe andn‘t’?ﬁjt%%trlastié b5k Withe23Q Rl ff afhe
present i nwent |am;meane satuptaiesablyionth i entohyupr dildrddeasnd €Herstaslol i ne

f Th d f I t t

rrg:l?hydrgte upon ?Eylggig%rorﬁeogg&gg? ifé’%%gorefak?l vee\ff%iﬁggl\{g([j %h Cio%]

salt is substafy &F I§ lz3nd ithe °rga’a’e‘?n)]ﬁyteFaWP'ﬁgd%1%ﬂ’ef(Pﬁﬁ§84?re?’l ng

point, birefri ragejpsenhcednth aracuo t¥- gibye dirdd tadtyDrgpaiildennasGenessl |y, the

crystal s have g L%@éysk%hmqg gPRoE alabdl120d SIS 90a0hYg! BeR)t g 5%
era s t han .

and nost A)armrp ous Sso
trltyl g yc1dol as a solid

A 1 M THF solution of vinylmagnesium bromide (50
mL, 50 mmol, 2.0 eq.) was cooled to -20° C under N2 and a
catalytic amount of copper iodide was added (0.24 g, 1.26
mmol, 0.05 eq). 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 mL of dry THF was added dropwise over 15
minutes at -20° C. The reaction mixture wags 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 miL
of an aqueous 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 aqueous solution of 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 agqueous layers were back extracted with 50 mL of ethyl
acetate and the combined organic layers were washed with 100
mL of brine, dried (MgS0O4) 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



20 < The nesylate salt is isolated by filtration or ot her

separation techni ques appreciated in the art directly fromthe reaction
mxture in yields ranging from50 %to 100 % Recrystallization and

ot her purification techniques known in the art may be used to further
purify the salt if 25 desired. The fol |l ow ng examl nd
prepar ati ons HP718809 . 5yi ded nerely to further illustrate t%’q@gi%ﬁaon
The scope of the invention is not construed as nerely consisting of

the follow ng exanples. In the foll ow ng exanples and 30 preparations,
mel ting point, nuclear nmagnetic resonance -1ll-spectra, mmss spectra, high
pressure |iquid chromatograph over silica_gel, N, Ndinethylformam de,

p i
pal | adi um on VREHR &8a }V?e§/ r&hyiost & &n{ tziRpesy ApeC o2 bydrexy -
abbr evi at ed perittanclINER a VB ghtPh@l 1bWFcoRse@ oITHF{1@0%) .Et OAC

respectively. 35 The ter " : ][gé]% " el pdi t u S
consistent with the desi rerxgsg?rlvgé% re.lol}{ISOf Qg&ﬁ%@??@%oﬁ‘e nﬁﬁ’l%gaﬁ gLye
PCT/ US96/ 18512 (6.13 g, 0.153 mol, 1.5 eq.) was suspended in 175 mL of dry

Preparation 5 THF wad @ddpd at room temperature. The resultant mixture was
(et ULl ony) B e LABSULESRO)S oy 04 phem,17.7 g
nol e) was di ssol V@RB mrgls0d. fiewf) off Eresiiy sistidhedralNyds pyomide was
Triet lhyl a(rjri Ine g gé%@etﬂ,vib()g}éﬂnge. lﬁ;e71r@aareg@ﬁ Jm;srlgdded t?&(h.‘i"hézforll o
\T/as gegﬂadot o(a houlg’ée%glf@'er?%?tjrol?g c%:zﬁgfﬂn?n %ffe(??EX %%Ero ?%ﬁi‘é?re@g :Jon
was cool ed 10 treadoant aipsbrre was ae¢ledstexd’ Scard 490 i wit An28Quenusof
G 501 ne gl Lol O g o
I
evaporated i n va¢igh &)0gmkechinetingl BFetgbgcantbithgs ongani¢ layert Hag weshed
recrystallized fwith efotamol of wdtiete 1@Aedaguddrdlla@brd Swedd iHayk-gkycastala as
o o 1%, 0visp 10g 8t dif SULULER, gl bl LERANES) WPGALGR' 95,650
were ‘washed with 200 mi, of brine, dried (MgSO4) and
evaporated in vacuo to give 41.5 g (> 100%) of 1,1',1*'-([[2-
(2-propenyloxy)-4-pentenyl]loxylmethylidyne]tris[benzene] as a
yellow oil.

20 1,1',1''~[[[2~{2-propenyloxy)-4-
pentenyl)oxylmethylidyneltris[benzene] (39.3 g, 0.102 mol)
was dissolved in a solution of 390 mL of anhydrous methyl
alcohol and 60 mL of CH2Clz and was cooled to -50° to -40° C
while bubbling N2 through the viscous reaction solution.

25 Ozone was then bubbled through the reaction mixture at -50°
to -40° ¢ for 80 minutes until the reaction turned pale 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 eq.) in 85 mL ethanol / 85 mlL water

30 was slowly added to quench the reaction while keeping the
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
31° ¢ upon warming. The reaction mixture was diluted with

35 400 mI, of an agueous saturated solution of ammonium chloride
and was extracted with 800 mL of ethyl acetate. The organic

layer was washed with 400 mL of water and the agqueous layers



catal wtic anmount of copper iodide was added (0.24 g, 1.26 mol , 0. 05

eq). The resultant m xture was stirred at -20 C 20 for 5 mnutes and then
a solution of trityl-glycidol (7.91 g, 25.0 nmmol) in 40 nL of dry THF
was added dropw se over 15 mnutes at -20 C. The reaction m xture was

stirred for 3 hours at -20 C and then was allowed to warmto room
tenperature MRP78BP for 15 minutes. The reaction was 25 RSOSSN
cooling the reaction mxture to -30 C and 125 nL of an aqueous

saturated solution of ammoni um chl ori de was slow y added. The resultant
m xture was extracted with 200 m. of etll2yl acetate. The organic |ayer
wan then extracted w th an aqueous solution of 0.93 g (2.50 mmol, 0.1
eq.) of 30 et WA¥EnEArkneREIRAtedawdthcl2Rind: ofi sbby Lmaestiatedi hJleat e

(EDTA) in 125 ndontfinddi ongaeit aler was edBnsd aiyhPO@ng. of bridéeamfiueous

| ayers were ba Lagt 4 1yh |, .2 _and
- conbi ned organﬁ%sle%ér@g ;ﬁg?%%gﬁgd%aﬁir%%y w Vaﬁ{gcc)‘%t %&i ﬁe,g 8%“3‘%’
(MgST err]) andidvap8rasedil wagaxgsrvetallieesh £3em (1 hexgnegdethyl t er ed

through silisca 4cétagk Ai ocropd koOfive 28/dl ngaaeﬁi&wmlo@geﬁa&@-zxﬂwe

filtrate was evgparated.in WO 97/
PCT/ US96/ 18512 AAYpRERT Lhltnoxy) -1-buthot ! (734" S11- vacuo to give

9.07 g of 1-0-(triphenyl fefAyhydroxyethoxy) -4- (tnigpheanbheiwxy )-lghutgedl ow
colored oil (100%.0 g, 35.7 mmol) wAs68%sSsISRANINON4OmS @t ¢aLbYS] iwes i n

m neral oil k3.4, n0. | g 1. s spe doin 1 of dry
5 THF was addedpcg)tqegiog% ?errcéglr%gtggrlgg' 1%@5%%&%§%§ lnﬁpigﬂﬁéavﬁs ZE dﬂ_s"f11'rred
at room t edfer Q4408 Mol . 13 P msurswaadadded. 1Methahesulfqryl2ohlonbie 2.0

eq.) of freshly(di.9tigl,| edaaldry, dar.anindlel Was, 7 eq. 80688 tHicd BMEEAIEropWiGe
reacti on was he te<d st‘ 45] he reacti,0

o) rrl. Cfor 1 hour. . T can be

moni tored by TLE 6 "HPET, %e]rfﬁuh%%&]ﬁﬁ?%oﬁ TSRS ‘f’@ﬁopégufﬁgd’f’etrl}] C
and 400 nL of AfHGdesas CH2CIoat(dPAt BH) sandiasn washednwitibuRPEhibr okle was
sl owy agded thatﬁrBQHangdﬁo ]Edme oﬁ:xlﬁassq@e&ﬁs sﬂé‘.ﬁrﬁ@é&”écﬁ@ti@lhxbﬂr&mﬁ@ﬁ um
extracte W, t of et acetate an e, organi ¢ ayer wasne
W th 800 niSor SHbEAGe e AbbusSTRvel s i bati bt eg Wit 68 nlf

of CH2Cly 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)oxylethoxy]-4-

triphenylmethoxy)-1-butanol methane sulfonate as a white

20 solid.

Preparation 2
(S)-Tritvl Glvcidol
Trityl chloride (2866 g. 10.3 mole) was dissolved

25 in 7 L of CH2Cl2 under N2. Triethylamine (1189 g, 1638 mL,

11.8 mole) was added, and then {(R)-(+}-glycidol ({795.0 g,

10.6 mole) was added using 1 L of CH2Clz 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
30 then 3 L of brine was added. The organic layer was dried

(600 g Na2S04) 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.



15 with 100 nL of ethyl acetate and the conbined organic |ayers wer e

washed with 200 nL of brine, dried (MySJerr]) and evaporated in vacuo
tosgive 41.5 g (> 100%9 of 1,1',1'"-[[[2-

(2- propenyl oxy) - 4- pent enyl ] oxy] net hyl i dyne]tri s[ benzene] as a yel | ow
oil. 20 , 1,1 -[[[2-{2- propenyl oxy) - 4-

pentenyl]oxyfﬁ%?ﬁy? dyne]tris[benzene] (39.3 g, 0.102 nol) PCT“%%?SNJ

di ssolved in a solution of 390 nL of anhydrous nethyl al cohol and 60 niL
of CH err]Cl[err] and was cooled to -50 to -40 C whi | e bubbling N2

t hrough the viscous reaction solution. 25 “&one was then bubbl ed through
reaction turned pal e bl ue

in colo ant reaction m xture was

all owed to warm a-<0- L Quetiok
bor ohydri de (23.15 g, 0.612 nphiea; ne ! iz
30 was slowly added to que e reaction while keeping the ._r I on
t enper at ure bel ow 10 err]xcfg%]'ﬁy}r 382?? ?Pvﬁfsvéfl”‘i“%%'%ﬂ%"ﬁ Hrgﬂl‘?%e&g‘g%h
for 30 minut@s &nd>tRenmode. & %6wed -t ovasaraacled to tHHnft wngder Numadapd

S_ti r overni gh_t. c'EQﬁliréﬂPeérﬁgdﬂteoEOé@p;%@r iodidé fadRRfuedR(BBNY. ,Trb?. 1ggaction
m Xture was d||utﬁd m%tﬁﬁ35 400 ueous saturated sol ut
* Ya

0 n a | 0 f
anmoni um chl ori §& §%d "ext ﬁcf%ﬁ‘a}/ﬁat Bttt dfaSEtsﬁﬂ'Frﬁ@e‘?%t'&ogTﬂe
organic | ay dlorwasmivastesl amghti€d ariscdutwaneof ar®d Trétatjtelrsidodyer s

the reaction mxture at -50[err] 'tg -%%l%prh for 80 mnutes until the
TR A-ESth

WO 97/ 18809 (920.0 g, 2.94 mole) in 3.2 L of dry THE whsU2984d 8B lcpbwise
-12- were back-exiracted mnté J50 ni_of ethgj acetate. The i
conbi ned or g&ni @Weﬁygrsmﬁ‘%‘”\'ﬁaﬁ?ed Qi (5 288enEeRFinT FExEHEe was \gidrdefded

(MgS™4) and evapmrafietdoun ataci2®°t©. githe axeakbdiily was guiehchddily cidoliag

recrystallized fapmeghd: hexanesiebhyd -Fnaeehal s Il oF GhORguisudi ve 28.9 ¢
of 3-(2-hydroxyetho§élé -$ . (triphen Lnethox% -1-butanol (72%.
=ttr

3- (2- hydr oxyet h&RF2 n8f hpanism, chiphide was sigwhy pdded.7 iy )
was di ssol ved i Ith40rgéndé Eheer wh€ltken |extwasted twiceowédht DL 0a QQ¥nder N2,

and triethyhgm Rg (1818nd sdihtdollos 10n A eh@di MMinetdtdatbet i ¥as: Aflded.

Met hanesul fonyl gchlqri de
y isodium salt dihydrate (EDTA) to remove any metals. The

organic layer was washed with 2 L of brine, dried {MgSO4) and
evéporated in vacuo to give 1061 g (96%) of (S)-1-0-
triphenylmethyl-4-hydroxypentanol 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 undexr N2 and a solution (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 eqg.) 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 quench 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 aqueous layver 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 (s8)-1,1',1''-[[[2-{2-propenyloxy)~-4-
pentenyl]oxylmethylidyneltris[benzene] as a vellow oil.



(11.0..g, 7.46 nL, 96.4 mol, 2.7 eq.) was then added dropw se at <5

C. The resultant reaction mxture was diluted with addi ti onal
CH'err]C[err] (300 nL) and was washed with 200 nL of wat er and 200 niL
of an aqueous saturated solution of ammonium 15 chloride. The aqueous

| ayers were back-extracted with 50 nL of CHerr]CdJ[err] and the

combi ned or g¥AP¥ ¥ er was washed with 100 mL of brine PERYSIESSHr i ed
(MgSO err]) and evaporated in vacuo to give 18.4 g (94% of

3-(2-[ (et hyl sul fonyl ) oxy] et hoxy] - 4- tri phenyl met hoxy) - 1- but anol

met hane sulfonate as a white 20 solid. -14-

Preparation 2 ' fS)-TrityI G yci dol

Trityl chloride (2866 g, ‘3b % Inolte) ~hhs2uiZsopenydoxyité-7 L of

CHI[ e; r]d [e(rj(rj] %MWEEYMW J]methﬂiie:‘rilwlms:w:esa;%ﬂal 9612‘8@36,18‘3%33 mol)Je])- 8

nmol e) was addeg,,.a - (+)= gl VE . . e) was
added using 1 Lagf Ecgfggﬁécﬁlergr %Oggéllaér?%ﬁfsg. gTﬁg a%hydlrgggt'i“?‘)ﬁih”gol utoi on was
heated to a gedic@hPef#RG YL fePf] CHpClyrand was. gopbed sto THHO°r bact4@hCwas
cool ed to rBonmwhédpebabhbilimgamd S8AroddterchE kiefobs i faasnagddesk ionlhe

organi c | ayer ri N 0] ryr1Saerr and_evaporated in vacuo
to give the ti}tgl%eagq £ff %%dr%&?&gg \g%s al\%?‘%li ]tf)%ﬁev%%acrcé‘t?inyg? | P72 BSom
et hanol to bupbled simyough rhey repceben miNtadecahpoiffdtas-35% @ ifbr 13

WO 97/ 18809 hours until the reaction turned from a g¥abhUs896:4 82 % light
(it hyl sul { gny SEESO{ERHSN Co9F | TR AAMHAERGRy seqet fon Rixturd was
but anol metiﬁané@&P?"Sﬂa‘E% warm to 0° C undex N2 \afndwasothenoslewly added
Vi gyl nﬁgnesg umobberriademzl(xﬁlt_?e@ 5o|-an§ol71.]?:i(r:ﬂﬂ %gré?@ﬁ-‘“?g’&\fg??%ﬁ‘gﬁ' szkéxt 9. 20 C
ander, N and 315,0,88L81 4 45, 3PS, O, SUlRED, | 0) d° s addad, (28 2 o
for 5 ninutes, X8RB1NGHNS ZRACHLPBNtOMDES)tURE bglog| 3% ol The xQRY.i®ng,
2.94 mole) in %ad theh &rhowbdFryast a6dad rdoAPYemSertt ur@V 8iedn HgHOUr That
-20[err] C15 Tt}%a{f@gﬁ'gapn rﬂexgng{lftg\?esd %tyl %gg The reaction mixture was
cooled to 10°-15° C and was slowly added to 4 L of an aqueous
saturated solution of ammonium chloride at < 20° €. The
quenched reaction mixture was then filtered and the solids
washed with 3 L of CH2Cl2. The organic layer was isolated
20 and was washed with 3 L of an aqueous saturated solution of
ammonium chloride and the aqueous layers were back-extracted
with 1 L of CH2Cla. The combined organic layer was dried
(MgSO4) and evaporated in vacuo to give a 1361 g (>100%) of
(8} -3-(2-hydroxyethoxy)-4- (tripenylmethoxy)-1-butanol as a
25 oil.
(8)-3-(2-hydroxyethoxy) -4- (tripenylmethoxy) -1-
butanol (500 g, 1.27 mole) was dissolved in 4.8 L of CH2Cl3,
was cooled to 0° C under N2, and triethylamine (386.4 g, 532
mL, 3.81 mole, 3.0 eq.) was added. Methanesulfonyl chloride
30 (396.3 g, 268 mL, 3.46 mole, 2.7 eq.) 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 of an
35 aqueous saturated solution of ammonium chloride. The aqueous
layers were back-extracted with 1 L of CH2Cl2 and the
combined organic layer was dried (MgSO4) and evaporated in



for 1.hour at -20[err] C The reaction was quenched by cooling t he
reaction mxture to -30[err] Cand 5 L of an aqueous saturated sol ution
of-- amoni um chl ori de was sl ow y added. The organic |ayer was then
extracted twice with 1L a 10% 15 wt./vol unme sol ution of

et hyl enedi am_net et raaceti c aci d, di sodi um salt di hydrat o]
renove any eV Qs o organi c | ayer was washed with 2 Ec‘é)ﬁ?%dfil)sﬂté
dried (MgSJ err]) and evaporated in vacuo to give 1061 g (96% of
(S)-1-0- tri phenyl met hyl - 4- hydr oxypentanol as an oil. 20 A
60% suspensi on of sodi um hydri de |n m ner al~18i| (268 9 g, 6.72 nole,
1.5 eg.) was suspended in 2.8 THF under d a_splutio

(5)- 1001 phenylABEnGP- G178 = SrRga; SRV HRRoNaE IS FEot 1A8oRofigh M5, 6
L of dry THF washeptanedeldeyl sicetaben tenpisrattibeg TBR% ) edul(Band- hﬁxture was
stirred 25 at rﬁ&&h@@@i@a 19 ol edncio/UH-5 20 émrenelmxg} { BBl €,

2.0 eq.) of freshly disti] aIIy on de was over mnutes.
The reaction V\/ag“er%éf‘ dSPHEORtEr AP EhFeR orops,gf . solid.ThMRea M5 o

m xture was ool ed to 15[err]-20[err] Cand 2 L of an aqueous saturat ed
sol ution of amoni um chloride was slo to quench t he excess
base. The resultant wa %%luﬁgrdaﬁ%q’hq of eth | acetate and
1 L of water and the - p yehaRiel = gesErayer was
back- extracted with EOQommm‘n etfhyl—(a€Bt!ﬁtesyaBdlf D@dellaedoxy} -4~
organi c | ayers a aguont Ive
1867 g (98%. of V\%’é?)h%ﬁ%fﬂ é%?%; %\Eé%r?tg% gﬁe&r‘e\B% éﬁf‘fdrﬂm‘é G4%1tg, 3P 109

pent enyl ] oxy net’ﬁ'&ﬂll)d&ﬁeef?q i Hénféﬂ%ﬁ’n‘ésgré‘%?epfzéw”%ﬁ |was treated wigh

97/ 18809 sodium bicarbonate (0. 0770 g, 0910 mik6l/ WSA6kHESH12nd sodium
Cent ol 0yl )
pentenyl]oxy]net Q§ f%ls[bgnzén% 1. %gpfﬁp§ éﬁ%’rﬁ% tant mlxture

di ssolved in a SUISI %(Jﬁr ¢ 3t P%hiCa 8{23 HEtﬂ?Proxma&I Bhdf fé‘?l‘br%’ 6 L of
CHerr]d [err] amds\vasacobbetand beShoh Dol @k HPLC. 5 MY beebobdlwary N2

through the i s Jeﬁaf%ﬁ?rl;r?eogﬁéégf_’ﬂo 1xc§¥@a? | [ cd 1 dngatRE %&%ﬁ’ﬁ:d to
the reaction and ozone dnt“il'l ﬁe reaction m xture -50
to -35 C for 13 solid was extracted into a 300 mL of ethyl acetates/ 200 mL

water mixture. The organic layer was washed with 200 mL more
water and the combined aqueous layer was back-extracted with
100 mL of additional ethyl acetate. The combined organic

20 layer was washed with 200 mL of a 10% agueous solution of
sodium sulfite (this wash removed the yellow color), 100 mL
of brine, was dried (MgSO4), and was evaporated in vacuc to
give 5.45 g (98%) of 3-[2-iodoethoxy]-4-{tripenylmethoxy-
iodobutone as a clear o0il. MS. NMR.

25

Preparation 5 _
- 4 - - - T} -
_Aas _ _as o _
30 i ine- =di
3,4-(bis)-(1H-indol-3-yl)-N-methylmalemide (10.04
g, 29.4 mmol) and (S)-3-{2-iodoethoxy)-4-{tert-butyl
diphenylsilyloxy) -1-iodobutane (17.9g, 29.4 mmol) were
combined and dissolved in anhydrous DMF (80 mL). The
35 solution was added via syringe pump addition over 72 hours to
a suspension of cesium carbonate (38.3 g, 118 mmol) in

anhydrous DMF (1.7 L) at 50°C under N3. The DMF was removed
t



hours until the reaction turned froma peach color to a |ight
green/yell ow color. The resultant reaction mxture was 10 allowed to warm

to O[err] C under N err] and was then slowy added over 40 mnutes to a
sol ution of sodi um borohydride (754 g, 19.9 nole, 6 eq.) in 2.5 1L
ethanol / 2.5 L water while keepi ng the reaction tenperature bel ow
30[err] C. We97/1888t i on was then allowed to stir at rotFA/VBHIAL ure
overnight. The 15 reaction can be nonitored by HPLC. The reaction m xture
was cooled to 10-15 C and was slowy added to 4 L of an aqueous
saturated solution of amoni um chloride atig- 20[err] C The guenched
reaction mxture was then filtered and the solids washed with 3 L of

CH err] d [err] inThecup.gafhe ragiiuevaas perbivtoddl betweemsCH@ESHEY WEih 3 L
of an aqueous sgturaifd agwrf'@as cg]ack ex@%&"@ cc?j Fmgfom Lhe _Babppus

| ayers were back- extracte err he conbi ned
organic | ayer RE8t@F¢edThe CE’NBHEQS FFandGapeyereders vaghes ooty oN BCh361

g (>100% of {1x{ S)wa}_e(rZ (Byxdl e oboyigrieh 002y) - 4d(:iedpnre)t1 N‘aizﬂoxy)arfd betaped as a
25 oil. ( ro t e )

but anol (50% wo gl e EE\’A’E‘%‘ %?i;is/dcj) v:%gr EP@&% ﬁ_a éﬁl @?’Iﬁﬁ%{gﬁ% uged

was cool ed to HBEP?‘}%’?&W rl\E“rh%’oC"”c‘:rWé‘t hyl am ne (386. 4 g, 532 m.,

3.81 nole, 3.0 eq.) was Eudesudbbteactison mimphre hWas isthepatded 306.3hgno268
nL, 346 mole, (Gof ) Jankthtrbhega 2Aad i QB P00 mi OV CERSCrdidtLES At < O

C. The resultant reaction mxture was stirred at Oferr 5[err] C for
1-2 hours and WESPRHFHIY S é'&sbyalsed HiLE0 "Fre? ?"e%‘bt"ronoHFit %%ﬁ’?nﬂh ut ed
wi t h addi t tonakwas remdvest rinCvRene] el agasouashespansiion was h:tﬂ)lledoi:ovvat er

and 2L of an 3g- caqéi?&lé%ﬁﬁff%at@&ﬁ@wtnb‘i” O'fh@Wl'e'ﬂ”bEiJ:Pé idRe wibe
aqueous Iayers wer e ack-extract ed wth 1 | err C1$ err and ihe
combi ned or ganFOEFe?d FRY BAFERY (WAESYIY A] FALieR RANS oFéP ethy

97/ 18809 acetate. The eluant was concentratéﬂfEbUSQGAdSSJZZg of the

- 15- vacug akPi 9l ¥p mg,&u@gdsxﬂéié&gg@? a g@eﬁt abhidethdy Qasl/ 1
&

hept ane/ et acetate to girve
[ (et hyl suilgon)?la}'ﬁkﬂ é?’hd‘)%/]':h& f‘?ﬁ“r p‘fﬁé’rﬁﬂlﬁﬁt NoshIuY AygEaAs| Purifigatione

sul fonate in three cropstas @MFol(idL) NdRuthiiSn of the above anhydride

(8.7g, 19.7mmol) was added 1,1,1,3,3,3-hexamethyldisilazane
(41.6 mL, 197 mmol) and methanol (4 mL, 98.5 mmol) under
nitrogen at ambient temperature. After 40 hours, the

20 reaction was concentrated in vacuo , a 2:1 {(v/v}) MeCN/1N HCl
solution (100 mL) was added. The residue was stirred for one
hour. The organic solvent was removed; and the agueous
suspension was extracted with ethyl acetate. The solvents
were removed to yield 8.9 g of maleimide that was used

25 without further purification. .

To a CH2Cl2 (800 mL) suspension of the above
maleimide (8.9g, 20 mmol) under nitrogen at ambient
temperature was added pyridine (4.85 mL, 60 mmol) and a
slight excess of methanesulfonic anhydride (4.21 g, 24 mmol).

30 After 16 hours the reaction mixture was washed with 0.1N HC1,
brine, and the organic layer was concentrated. The residue
was passed through a plug of silica eluting with a slow
gradient of 0-10% MeCN in CH2Clz. The eluant fraction
containing the desired mesylate was concentrated to yield 2.8

35 g of the titled compound as a magenta solid. Overall yield
from the diiodide is 18%. MS.



5 Preparation 4 3-

[ 2-1 odoet hoxy] - 4- (tri penvl met hoxy) - 1-i odobut ane A sol ution of
3=(2-[ (‘met hyl sul f onyl ) oxyl et hoxy] - 4- tri phenyl met hoxy) - 1- but anol

nmet hane sul fonate (5.0 g, 9.10 10 mmol ) in 500 nL of reagent grade acetone
was treated Y sodi um bi carbonate (0.0770 g, 0910 mmo ) and
sodi um .‘%591/18&94 g, 0.228 nol. 25 eqg.). The resul tan%c%gi%ﬂrggz '
was stirred at 50[err] C under Nerr] for approximtely 16 hours. Thi s
reaction can be nonitored by HPLC. The acetone was 15 renoved fromthe
reaction mixture in vacuo and the resultaml?- solid was extracted into a
300 nL of ethyl acetate/ 200 niL & The organic | ayer was
washed with 200 m. nore . water and trﬁgaﬁﬁﬁb‘?’hed agueous | ayer vas
back-extracted wed NS GQ 22t LI Y
organic 20 |ayer was
sodiumsulfite (this A . .
was dried (MgSO™4), and : : v 2o (98% of
3-[2-i odoet Hoxy] -4-(tri p@ﬁl—ﬁesh()l@y-mdol Beﬂbbmmhaimaleimaie dith4. %5,

NWR. 25 16) and (8)-3- [2-PLAPARALAT oy thosy] -4~
(S)-10.11. 14. 15, 01336 mois) 2nd_(9):3 [2- ThpeRAaionyl ) opylethoxy) -
ulﬁonq;@ (220.0 g,

4.9: 16. 21- di et herRhERY ié‘ﬁt PREhZsPEtRPO m&y}mq

H . [3 4.1 3] oxadd &Gicyollehetadleeq e wkre- disswlved in 4.3 L of DMF. ThlS

3, 4- (bi s)- (1H i ggfleRmy bE %H%éﬁtyé WAl ei‘h?zghé(%s, oV Yy "‘1%9. od ogﬁt ane

(S)-3-(2- |odoet hoxly gert
(17.9g, 29.% 3@1“@ ely ¢ I?i*éh’aﬁa auégolcvéélum’ac?ﬁwf&s&b}@ DVF (80
m.). The 35 soI uarlmnam (4d7c8l w,i a §)4r noye, piutp egddi Lhoh I0wdEr DHP . hoaftsert 0

a suspensi on of,ges] Gar Qﬂga} 438 E wdr
at BO[ el TR o P ?ng %%%oé\?ﬁ% illteredav\% 377 18809

(1.7 L) 50][ {?

PCT/ US96/ 18512 W& removed 1n vacuo to give a residue_ Egat was dissolved in

4.6 L of CH2Cl2. The organic layer was extracted with 1.15 L
15 of agqueous 1N HCl and then with 4.6 L of brine. The combined
agueous layers were back-extracted with 1.1 L of CH2Clz. The
combined organic layer was dried (NaS0O4) 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

20 gallons of additional CH2Cl2 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]-4,9:16,21-dimetheno-1H, 13H-

25 dibenzo[E,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)methyl}-4,9:16,21-
dimetheno-1H, 13H-dibenzo[E,K]pyrrolo[3, 4-

H]} [1,4,13)oxadiazacyclohexadecine-1, 3 (2H) -dione after drying

30 (8%% pure by HPLC vs. standard).

{5)-10,11,14, 15-tetrahydro-2-methyl-13-
[ (triphenylmethoxy)methyl]-4,9:16,21-dimetheno-1H, 13H~
dibenzo[E,K]lpyrrolo(3, 4-H][1,4,13]oxadiazacyclohexadecine-
1,3(2H)~-dione (32.7 g, 46.9 mmol) was suspended in 1.6 L of

35 ethanol and 1.6 L of agqueous 10 N KOH. The resultant mixture
was heated to a gentle reflux (78° C) for 19 hours. Most of
the scolids @issolved upon reaching reflux. The reaction



I n vacuo. The residue was partitioned between CHCl[err]/ 1N HCL. The
acidic layer was back-extracted with chl orof orm and et hyl acetate. The
conbi ned organic |ayers were washed with 1N HCl (1x), water (2x), brine
(2x), dried over Na2SO4, and reduced 5 to give a magenta solid. The crude
reaction m xture was used wi t hout further purification.

The crude r ¥A18%ni xt ure was suspended in et hanol ( RSTFIORoF 1550
treated with 5N KOH (800 nL). The reaction tenperature was raised to
80[err]C. After 72 hours the ethanol 10 was renoved in vacuo; the aqueous
suspensi on was cooled to Jerr]C and-X¥xdified with 5N HCL. The viol et
precipitate was . collected and passed through a silica plug eluting with
et hyl acet 8P I WaRuSAPLeRstE dfCehe rHi‘e§ eBdyaqyepuws 20gNoHCLhEL .2
partially silylLatwss nalogilyl deded # ragent aseldjdsthehe vsidiy €ar pied. on to

t he next reactjo ' Lfi b On. . Q. a DVF (1
L) solution ofAtﬂ%¥g%%§g&a§ﬁgégﬁ%§pﬂbbkéé&%%ﬁﬂfﬁF%ﬁ%ﬁIfmﬁﬁgegggéan (
1,1, 1, 3, 3, 3- heRENBHIR WaSs AL A9tsk with 59 BL AL CHeflandnd wakd skdrradofoy 4
mr_], 33.5 m®| ) 20nehafutes anit fOPsred tanbeBide meb(ettm@.saﬁfdse.r'rﬁe hours,
t he reacti n t | ; V, N HC1
sol ution (100 rgT% a@wz’serr%d ggﬁéﬁhvgqrﬂegdgﬁgkl%asl S:tﬂlzzrcik@dﬁ bgr L(I\){ﬁ'ggl b tﬁ%ur. The
organi c sol venfl Yo wgdetxtartathévigaedith 1 L ofisparer .on Thes cerbinred ed
with ethyl aceaai€ousTheyeokvesies back-eRt CactdDwadht 0 ¥iet €H3cA 9 Qhd

To & CHorr] O Fo8 g tPils” 2oyt WMt larlh' SSedy'. | bb8' boMven was; memovedy
20 nmol ) er 1Rj va@fefoagivahl et g (>108%petBit-le 1habd adecdtpphivdioe (4. 85
I o5, ) A iy e s an e (2L 0
brigg? ;hd theégvagﬁﬁgn%;§gfoggﬁlgﬁﬁéégt}éﬁ%ﬂégi?ﬁ8°¥8¥$hﬁﬁ? eCinﬁég;%éssed,
t hrough a pl ugdéensias @arurnlée repliid H8A%shewe by HFL@dawer) .of 0- 10% MeCN in
CHerr]dJ[err]. T_he el uay) _flban_i’p{l,15_te§QQ_h§afE_Qg;_l he desired nesyl at e was
concent 3t 8 Rt Shilogelaed Bl bi5 b1 b A8 LoWRINALAS. et ol O
PCT/ US96/ 18512dibenzo[E, 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,

20 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
inte 200 mL of ethyl acetate and washed with 200 mL of water

25 and twice with 100 mL of an agueocus 5% LiCl sclution. The
aqueous layers were back-extracted with 100 mL of ethyl
acetate. The combined organic layer was washed with 200 mL
of a saturated agqueous solution of ammonium chloride. The
combined organic layer was dried (MgSO4} and evaporated in

30 wvacuo to give 35.9 g (>100%) of the crude (S)-10,11,14,15-
tetrahydro-13-{ (triphenylmethoxyimethyl]-4,9:16,21-dimeth-
eno-1H; 13H-dibenzolE,Klpyrrolofl3,4-
H][1,4,13)}oxadiazacyclohexadecine-1,3 (2H)-dione as a purple
solid.

35 (s)-10,11,14,15~tetrahydro-13-

[ (triphenylmethoxy)methyl]-4,9:16,21-dimeth-eno-1H; 13H-
dibenzo(E,K]lpyrrolo([3, 4-H] (1, 4,13)oxadiazacyclohexadecine-




-17- . ' Preparation 6 (S)-13-[
(di met hyl ami no) net hyl ] - 10, 11, 14, 15-t et rahvdro- 4, 9; 16-

21- di net heno- 1H. 13H di benzo[ E. K] pyrrol o [ 3. 4- H [I.

4.13] oxadi azacycl ohexadeci ne-1. 3(2H) -dione 5

2, 3-Bis- (I Hy, q%“ﬁ%yl) N- et hyl mal ei m de (114.7 g, ﬁﬁand
(S)-3-[2-[(ne f onyl ) oxy] et hoxy] - 4- (triphenyl rret oxy) 1- but anol
nmet hane sulfonate (220.0 g, 0.401 nole, 1.2 eq.) were dissolved in 4.3
L of DMF. This solution of reagents was then added slowy over 70 hours

(at 10 approximately 1 nmi/min.) to a 50[&XPT C slurry of cesium

carbonate (437 8 I 0 f 7

hours t he Eeact | 3% Wisé%:%’{;)m 4a§d ?S?qfxaere(% gamﬁgihu%\ﬂgésgdved lrne(r%géed in
vacuo to give & &4 GHeCinandwasqrealed dd 85" C upder Ngs PRI err] .
ThShOL ggmL c :ca%fm Was ﬁa@ NaA@dWi Ao lehkd xleaéélo@fs@qm@as,fai\l HCL ?nd Ehgn
Wi o} rine. c u ers we extracte
Wih T3 L of AREPripAieY IT Rifuces SR, LW TR EARC R RS
(Na[ err] SO ér r |3llawadf £¢ twaxm toMpgom temnﬁrattheesmd/eﬁﬂlr\/\égrrlamm i fhe
vacuo, and the gRhbAnéan be HRhiELPEd VRS HELET er Bk QWG As Keli fexdldl | ca

oel usi ng 45 20 gqll onti ol A0 Ll onal G eop Gl s LR P Tisel ne

mat eri al . ven was T enov vaciuo and P
colored solid twast @rae@dmra Wamlumrrggemfatacs@f’dhlm idiove( B8s€dg (90%0n (&@i-ght

of crude (9)- 1@01311441551@5 TEiitbxdRethy1) -4,9:16,21-
i net heno- 1H, 13H 25

[ (triphenyl y
di benzol[ E, #Eyr‘f’ﬂ%&?‘gnﬁ H}{?Hﬂ{digfﬂi‘é FARITEP LR bk atieci ne-
1, 3(2H) - di one tHl [gi.¥e 13 bex&ig 2a5¥e] olnéxdd)cihe-113 (2H)tione as a purple

tetrahydro 2- meddivlg- 3334 (dirPRenubnet Heys) . met hyl -4, 9: 16, 21-
di net heno- 1H, 13H di bégzo iji,n bﬂ@

rr.ol o
H [ 1, 4, 13] oxadi azacycl oh&x 54 ‘%/ ?ZFﬁ’ B Afe L7 REFAR 938137 89% pure
by HPLC vs. st athddirg)xymethyl)-4,9: 16 21-dimetheno-1H, 13H~

(S)-10, 11, 44, 15%sivin8Edk @fr’@togﬁ 411:5 TIL, 4, 13]oxad:.azacyclohexadec:.ne—
[ (triphenyl net hféy() ?St_a}_/ X | met h g THF wa

di benzo[ E, K] pyrrol @4 [@ 3 19]0 ycFBh% d‘g‘b PheTHF was

1, 3(2H) - di one (©3&ated, wilth pymidiinewds. 'B&Jmelided ., 10.624 wioB5 3 eadhanol and
1.6 L of aqueo%dl%eNhé%éulfU?ﬁcr gamydSHe MALYrE, s0. 4V"ﬁa§to|i'eaﬁeé’qt)0 ahd

gentle reflux (7 ) for 19 hours the .sol s.solved
upon reachi ng rea‘ﬁ% 1:?% t?e% Iu&cn?gs C)I\/t%%r fg hours under ﬁ d]!‘

20 reactlon can be monitored by HPLC. The reaction was then
cooled and diluted with 600 mL of ethyl acetate and extracted
twice with 300 mL of 1N HCl and once with 600 mL of water.

The agueous layers were back-extracted with 300 mL of ethyl
acetate and the organic layer dried (MgSO4). The solvent was

25 removed in vacuo to give 19.0 of (S)-10,11,14,15-tetrahydro-
13-[[methylsulfonyl)oxy]lmethyl}-4,9:16,21-dimetheno-1H, 13H~
dibenzol [E,K]lpyrreolol3,4-H])[1,4,13] oxadiazacyclohexadecine-
1,3(2H) -dione that was triturated in 190 mL of hot (40° C)
CH2Cly and was filtered hot and washed with 100 mi of

30 additional room temperature CH2Cl2 to give 17.3 g (81%) of
(S}-10,11,14,15-tetrahydro-13-[ [methylsulfonyl)oxylmethyl] -
4,9:16,21—dimetheno—1H,13H-dibenzo[[E,K]pyfrolo[3,4—
H][1,4,13)oxadiazacyclohexadecine-1, 3 (2H) ~-dione as a purple
solid (96% pure by HPLC area).

35 {s)-10,11,14,15~-tetrahydro-13-

[ [methylsulfonyl)oxylmethyl]-4,9:16,21-dimetheno-1H, 13H-
dibenzo[ [E,Klpyrrolo[3,4-H][1,4,13]oxadiazacyclohexadecine-
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- 18- solution was cooled to 10 to 15[ err] C and aqueous 10 N HCL (1.2
L): was slowy added at <l15[err] Cto adjust the acidity to pH=l. Ared
slurry devel oped upon acidification. The reaction m xture was dil uted

with 500 nmL of CH err]Cl[err] and was stirred for 5 20 minutes and
filtered toWYRK\¥pst of the salts. The salts were WBSHUSIBIIR

additional CHerr]Cl[err] (1.5 L), and the filtrate was extracted tw ce
with 1 L of water. The conbi ned aqueous | ayers were back-extracted with
1L of CHerr]Cl[err], and t he organi e2bayer was dried (MgSg err]). The

sol vent was renmoved 10 in vacuo to give 36.0 g (>100%)
(S)-10, 11, 14, 18- 2 e2Wiatdigne- (9.50 1 [¥8-3i phehy|was epplved in 475 mL of
rlrgi hyl L -4, 9: 16;rﬂﬁ-&hdralv_heﬂ@- d8Hs 40% da@ijulé%ﬂéof;&ldﬂ:ﬂcdhlr %[f3di-i.1ﬂet|5ﬂ 81@.1% 1
oxadi azacyc eci nesl, 3- i_ane .as_a pur sol i o pure by
HPLC area). BRI 7%5%‘-111),"1315, 2HoEd’, Ebs a%‘ifpd’r‘%-afg-s‘i cion Vas
[ (triphenyl net herygdeathiSF -4, ; 16, sEplgdneeaerer 18410 psi.) for 19 hours.
di benzo[ E, K§ f urrgk 3rdaddiloh had3tesBeld aFRC¥eh abex At P@olmB-of erngione (36.0
g, assume 46.9 1) wa ssolved. in 320 nL of dry DVF und%r N2 and
was treated wi taﬁgga ‘?ea-n% bﬁ gﬁ?ﬁﬂ%:}"a&er was extracted twice with 450 ml
1,1,1,3, 3, 3- herdneatst dirgi bazaneifl9 R4l pL76£7bgind. 468enaiiveds 1bgeey. ) and
met hﬁn()'t ((j9- t5 Were 7ba'iz]k—gafxt9a§§5d "Plth 1525‘BQm)..- of Téhﬁiti._tionﬁﬁsé’%ﬁﬁ“aq%(ekﬂéhog
was heated a e or. [S, . egction_cap be monitored by
HPLC. Most of ﬁé %o%'?gmc l?@%%v"éa i%%l\?gcﬁ%? a‘Hd taﬁé Elé%u?‘frsg’ ttrgi‘lf;due
was extract@d removed girp0@chp bb @ive|7.82evavt t8idldashed with 200 ni of
wat er 25| and t[%ﬁ@th#ﬂéhih@@m&h?ﬁ%]af_b.ﬁ.q‘égg‘ﬂ?ﬁs_asg/éﬂfat dl§*9L!’F9PIE.t21;[he -
aqueous | ayers xere back-extracted w of_ et hy acet at e. e
conbi ned organfiémF'é}i}%‘?o'@é‘s)iéﬁﬁélaeW?#'ﬁ@yﬁfﬂo(3'c§f‘ a saturated aqueous
sol uti on of anmihiuén Hloxeddezadyelohexadeehnael, btJanridiohay&¥ldlas dri ed _
(MgSO err]) and evaporated in 30 vacuo to give 35.9 g (>100% of the crude

(S)-10, 11, %é 15- tetrahydro-13-] le 1 ,
(triphenyl Mt hoxy) net hyl ] -4, 9: 16, 21- di f&td®1ie L eno- 11,
13H di benzo[ E, K] pyrrol o[ 3, 4- H [MesvleddegRaditazacycl ohexadeci ne-1, 3

(2H) -dione as a purple (g)-130l[i{dimdbhylamino)methyl]-10,11,14,15-
(S)-10, 11, 14, 1

[ (triphenyl net ES&%‘%’Z‘?%%{“]%%?@.'i%?%“—‘%"i*’r?é‘f’ﬁ-lﬁn%élm; 13H
di benzo[ E, K] pySibknis| 2 1ipviralo 8} okl [dz ¢ §3 ) ohadiadecyndohexadecine-

20 1,3(2H)-dione (3.0 g, 6.4 mmol) was suspended in 90 mL of
reagent grade acetone. Methanesulfonic acid (0.62 g, 1 eq)
was dissolved in 10 mL of deionized water and added to the
base/acetone slurry. The resultant reddish-orange slurry was
stirred and filtered using 25 mL of acetone as a rinse to

25 give 2.92 g (81%) of mesylate salt after drying. All
procedures, including rinses were performed at room
temperature.
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-19- 1,3(2H)-dione (34.0, assune 46.8 nmmol) was dissolved in 350

mL *of CH2Cl2 and was cooled to -25 C under N2. Anhydrous HCl1 gas was
bubbl ed into the reaction solution for approximately 1-2 mnutes at
<O[err] C %J?F#Ltant slurry wvas 5 allowed to warmto room
tenperature a d for 1 hour. The reaction can be nﬁ;ﬁ”{‘bﬁs’éfb"sbﬁl
HPLC. The slurry was filtered and the solids were washed with 200 niL
of CH err]Cl[err]. The solid was dried in a vacuum oven at 50[err] C
to give 18.6 g (90% (S)- -21-

10, 11, 14, 15-t et rahydr o- 13- ( hydr oxynet hyl 9: 16 21- 10

di met heno- 1H, 13H- di benzo[ E, K] pyrrol of 3, 4‘1’:"3‘m
H [ 1, 4, 13] oxadi azacycl ohexadeci nemmmmwr ple solid (93%

pure by HPLC area). Th £ .
(S)-10. 11, 14, 15 18t ra e monohyd%o%ﬂiBP{@é P1e" of (5)-13

(hydr oxymet hyl ) - l@efgéflgimm%&%’fé%lrerfl@Hl41é5 -tetrahydro-4,9:16,21-

di benzo[ E, K] pyr rdnlrr@[thgﬂei-ql{i,nm—ﬁa]oenadtmza]mkemexaﬂec| ne-

1,3(2 di one treated wt
pyrl(dll_?]e (9. 78(]}?l 3% lﬁozaﬂ%ﬁnofﬁggaﬂtl%e IHE( Jtoﬁan‘g ﬁl?r?ﬁafeg
anhydri de (14. 3%3’ S@GD&H%?H the base L3P o, %smlh@h)téditlé’ormbl (X D7pdrr]
C for 16 hour?] nethenol?. Aduebu201 NeRcl s @aaeae NB treiad ety Hil ureTge
reaction was t cetate. an
extract ed t\;q\',iy'|5l cse s\%al?ﬁg%e‘gora%ggg blfﬁkﬁ%ll g %ﬁs vﬁuﬁ} fggggﬁfgo‘f Sing &3

The aqueous Y%y dMs OfePELPARAL &8t RaELBRE Wi t'IFi‘e?)GGSWiI-_tQﬂt eyl was dzigst dneaand
the organic | ayaramhumedvén\/gﬁ@&hlgﬁbeaswwe’nt tYeGivid 2.168MgvVed2i f Wyt o

give 19.0 of (9 a]ELQ llAi-}f: ;ﬂﬁrbctf%gl&‘%g ﬁr?%l 1§L[’i?f'1§ﬁre performed at

[[nethylsulfonyl oxy eno-

di benzo[ [ E, K] pyr¥®%i™o SmEe’Fﬂt{“J@'% 13] oxadi azacycl ohexadeci ne-
1,3(2H)-dione that was triturated in 190 nL of hot (40[err] O
CI-l[err]Cl[erlrs] and was filtered hot anqbég?\ ?SQ yméh 100 nmL of 30
additional roomje ) Cl[err 0 gl ve 17 3 g (81%
(S) 10, 11, 14, 15-¥¢4 oy EREEinat

4,9:16, 21- di net heno- 1H 13H— di benzo[ [ w H] .
v by pore ey °“exa@ﬁ&'%%~=%éé%&q% e
[ [ met hyl sul f onyl %fﬁemmh%ﬂ}a% $3LtH mﬁeﬁbemremmm Tzing @

di benzo[ [ E, BPpy mexhahd] Awdtdr bodvant axidehaeaby ct ke | BBpreciated in
the art. Each of the salts were prepared by adding a water
solution of the acid to a methanol suspension of (S)-13-
[dimethylamino)methyl]-10,11,14,15-tetrahydro-4,9:16,21-
dimetheno-1H, 13H-dibenzo[E,K)pyrrolo[3, 4-
25 H][1,4,13)oxadiazacyclchexadecine-1, 3 {2H) -dione.

of

Most unexpectedly, the claimed salt form has
improved solubility and, most significantly, dramatically
improved bioavailability to the patient. The salt is readily

30 prepared in single crystalline form and results in a greater
reduction of impurities. The following examples provide a
comparative analysis demonstrating the unexpected'and
superior properties of the claimed salt.
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- 20- 1,3(2H)-dione (9.50 g, 18.3 mmol) was dissolved in 475 nL of

THF and 172 nL of a 40% aqueous sol ution of dinmethyl am ne (0.173 nol e,
75 eqg.) was added, the resultant solution was heated at 65 Cin a

seal ed reactor (8-10 psi.) for 19 hours. 5 The reaction was cool ed and

di luted wit NVNOYHHE of et hyl acetate and the organi c | BGEPSS%A8s12
extracted twice with 450 nL of water and once with 200 nL of brine. The
aqueous | ayers wer e back-extracted with 250 niL of additional ethyl
acetate and the organic |ayer was dries{MySH), and the solvent was 10
renmoved in vacuo to give 7.82 g of (S)-13-

[ di met hyl am no) et hyI] 10 11, 14, 15-tet r@ﬂmﬂ.e 2,9:16, 21-
di met heno- 1H, 13kt

h 4 d10! q A-Rela d 3 ind R
H [ 1, 4, 13] oxadi azacycl ohexadem ne-1, 3(25% §-d| gne (91°/c) 15
Exarrpl el Sal t

(S)-13-[{di nmet hyl am no) rMixttiall Freldtdd sthstances refers to the relative

tetrahydro-d, 9aﬂ@hﬁ¥%‘3f”§h ﬁPPEQéé £H3 e flnal rodu t and is thus a
I azacycl o exadeci ne- 20

di benzo[ E, K] pyrrol O%QSO% %l;g
1, 3(2H) - di one PeAYF o ¥ 1“)'1 FeZpERBetpt s Byeppred the highesht grade
acet one. Met hamisld f &% sabdolferizedy duting)prepansdodi sfotheedulifat® nl of

dei oni zed wat erT?’a?e aﬁ.qde%ﬂzﬂ {:ﬂ@ 1owe§l%a§§é?ﬁle£§;f}g d%le'ifxﬁyo%%ﬂaerdef%%:t eRd

reddi sh-orange s r irre acet one

as a rinse to 3¥CCH 2 @‘étﬁmf%l’i )6heoF°ﬁé§y¥%¥%t%dalst§F?%?e%rﬁTﬁ$d WeRg |
procedur esl0 i nceduiceryy in thesprepargachopfiedacii sHaie saltenpdreatldi-gest

reduction of 5.26 % was observed during preparation of the
mesylate salt. The hydrochloride salt was the only salt that
contained residual methanol (0.62 wt. %) after drying at 50°C
in a vacuum oven for approximately 16 hours. The succinate,

15 acetate and phosphate contained 0.18 to 1.32 % THF by GC
assay which is presumably left in the salts from the
penultimate step in the synthesis which was carried out in an
agueous THF,.

20 Table I: Yield, % TRS and % Residual Solwvent Results for
Different Salt Forms.

Salt Yield TRS Residual
(%) (3, HPLC)®  solvents, (%)P

HC1 69 9.12 0.62 MeOH
Sulfate 82 7.28 none

Tartrate 77 8.95 none

Mesylate 63 4.72 none
Succinate® 52 7.86 1.32 THF
Acetate® 68 8.05 1.12 THF
Phosphated 79 6.28 0.18 THF

AThe free base utilized to prepare these salts had 9.98% total related
25 substances. PaAssay limit of detection was 0.1% (1000 ppm). All salts
were prepared in methanol/water and dried for approximately 16 hours in

a vacuum oven at 50°C before assay. CSuccinate and acetate were not
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-21- Exanple 2

Mono/ hydr ochl ori de salt The nonohydrochl oride salt of
(S)-13- [ di net hyl ami no) net hyl ]-10, 11, 14, 15-tetrahydro-4, 9:16,21- 5
di met heno- | é gbdenzol E K] pyrrol of 3, 4- PCT/US96/18512

H [ 1, 4, 13] oxadi'azacycl ohexadeci ne-1, 3(2H) - di one was prepared

suspendi ng the base (3.0 g, 6.4 nmol) in 120 nL (1 eq) of met hanol .
Aqueous 1 N HCl1 was added. The resultant m_xture was stirred for

approximately 16 hours and filtered usi ng"'Z%'lO mL of methanol as a rinse.

The resul tant sahf, ‘g’?&ﬁ‘g]é& %Qdézggﬁditﬁq\éag&wg} ?&i@){?arsnia%g}mﬁ%ed%} kepl C to

give 2.65 g (82 9 ) rocedures, iInc I ng rinses, were
perforned at pow: ﬁoﬁ’fftféﬁfféf’ﬁt ur Bhosphatie was partially titrated as deteml%ﬁw es

3-8 Hydr ook & pekeler Siflifaiteon. tartrate succinate . acetate and
phosphate salts The hydrochl oride, sulfate, tartrate,
succi nat e, acetate and phosphate salts were prepared utilizing a 20
met hanol / watber sol vent mi xture by techdxpmedeapdreciated in the art.

Each of the salts were prepar@gdy

to a nethanol suspension gf é%&ilg- . \ ) ) .
[ di met hyl ani no) met hyl | - 1679 153451 ¥8F&; AR FFPRRT§I1 BY Folarizing
di net heno- 1H, 13cdioberpy [ Idgtermihe| Syt inity (birefringence).

H[1,4,13] Oxadichﬁ’@?ﬂﬁ@rgétiﬁ(%I&t_@@ethat only the Most
Sa

unexpectedl%, t.he cl ro%ed solubilit and, nost
significanﬁ

g#ne t fgrn1has . Lnp

v, WEEQEPLAEHYS, mesYLARR o R HiNGEGaPTARISAr St 52 & ent.
The salt is reatsgalbingraphreduilhedi iglumiguesKatay matternsandfheesul ts in
a greater QAGHEEE Sid IdBUEaLE! RSray Howdel! BYE Ok X WRRLCYe B W4inE ad
conparative anal ysi s_denpnstrating the ‘unexpected_and n %ngE}ég base

properties of tife 8GR REeSANd were shown to correlate wit
pattern. The sulfate, tartrate, and phosphate salts were

15 poorly crystalline having significant amorphous characters.

Crystalline salts are preferred due to ease of purification
and subseguently handling.

Example 11
20 Comparison of Solubility
The aqueous solubility of each salt was determined

by UV analysis (Table II) and compared. Most unexpectedly,
the mesylate salt haé the greatest aqueous solubility, 1.76
mg/mL. The solubility of the mesylate is significantly

25 higher than the other salts. The data in Table II
demonstrate that the claimed salt is six times more socluble
in water than the most common pharmaceutically acceptable
salt, the hydrochloride salt (0.268 mg/mL). Subsequent
studies consistently demonstrate a two to six fold increase

30 in solubility. The high pH cobserved with the succinate and
acetate salt indicated the presence of untitrated free base.
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-22- Exanple 9 Conparison of Yield,
Total Rel ated Substances and Resi dual

Sol vent s Total related substances refers to the relative 5
anounts of inpurities in the final product and is thus a measure of the
purity. For WRS74E0? s prepared the highest yi el d, 82% RGIAISSHLESI2 ed
during preparation of the sulfate (Table 1), with the | owest vyield,

52% being obtained for the succi nate. Although the total rel ated
substances (TRS) were 10 reduced in the pRédparation of each of the salts,
the | argest reduction of 5.26 % was observed during preparation of the
nmesyl ate salt. TAbdehidE ochauequse SeAubildty + he only salt that cont ai ned
residual nethanol [e1d2 W .sBpafiter dragigiaty S0[er }C in a vaquum
oven for approxingtely 16 hours. e succinate, 15 acetate and phogphate
contained 0.18 to|1l.32 % THEILSAIEEL  Wahase(Ml ch i dsyrEatafatty leflt in
the salts fromthg_____penH20) mate sted20h the synthesiwiwki ch_was darri ed
out in an aqud THF. 20 Table Yield, % TRS,and % Resi dug
Sol vent Results fc?l&'l§ Di f%‘sesrent Sal t leégr ns. S Sal t
Yield TRS sulfiste duid 12 2.51% (%
HPLC) [ err] Sol vemesylat8) [ 196D ] 1460 NC1 4.69 69 912
0.62 MeOH ' : | § ate 82 7.28 none
Tartrate 77 Su‘é‘?lé’%% 4.3 none °O* I\/gs7y% ate 63 4.72
none TaxfeeFnat @ err] 52 54 7.86 3.77 1.32 THF
Acet ate[err] 68 | Acetate8. 0D _ 1.d12 THF 7.80 Phosphatled 79

6.28 0.18 Tlﬁ’ﬁospha’ce 736 609 3.78

The agueous solubility of the mesylate salt is very pH
dependent in that optimal solubility is observed at pH 4.0 to
5 5.0, preferably pH 4.5 (2.25 mg/mL). The solubility drops
markedly at either higher or lower pH. 1In addition to the pH
dependence of the solubility, the aqueous solubility of the
mesylate salt drops markedly with the addition of chloride in
the form of sodium chloride due to the formation of the HCl

10 salt.
Example 12
ri etri i A j nti
Sc . lori (DSC) 3 ) .
15 Each salt was analyzed by TGA, DSC and Mettler hot

stage microscopy and compared (Table III). The salts
displayed a weight loss of 0.73 to 5.50% when heated from 20°
to 100° C. The sulfate, tartrate and phosphate salts showed

_ the greatest weight loss at 5.50% each. When the salts were

20 heated from 100° to 200° C, the hydrochloride, succinate and
acetate salts were the only salts that exhibited further
weight loss. DSC analysis indicated that the mesylate salt
produced a sharp endotherm melt peak at 261.6°C. The sulfate
salt displayed a somewhat broad endotherm at 267.4°C. The

25  hydrochloride, succinate, tartrate, acetate and phosphate
salts did not exhibit a melting endotherm by DSC. The



aThe free base utilized to prepare these salts had 9.98% total related 25
substances. bAssay linmit of detection was 0.1% (1000 ppm). Al salts
were prepared in nethanol/water and dried for approximtely 16 hours in

a vacuum oven at 50[err]C before assay. [err] Succinate and acetate were not
WO 97/ 18809 PCT/ US9

-23- qu"PW{'F%"?at ed under conditions for preparation gls H}t%é}sr?‘llzned by
X-ray powder diffraction. [err]Phosphate was partially titrated as
determ ned by X-ray powder diffraction. 5

Exanpl e 10 Conpari son 13p-X-Ray Diffraction

The salts were al so conpared by pol arizin m croscopy to determ ne
crystal linity (BHTefPtRgefitejate. angoﬂé%?&}@qﬁaglﬁp W%Fgﬂ%gne?‘ﬂﬁ?%ﬂ’f%@tt hat
only the 10 hydapmixomatdely n26571 €t e, Theicxampdiees wade axlstcaesasahed et

crystalline ands¢ hiiedobBopd B Xa A¥e PRI SoRSstddle. TheSUCCInate and
acetate X-ray powder attﬁrns wer e veri\g simlar 0 .each other and were
gw@ r Readee

shown to correl®f Rrifig §3e digspot shoyany I5PER R A trate,
and phosphatse swéneratuzelsdft pa)°l ¢. crYist atddstnefhake ngpldisgexbmnieed shooreghous
characters. hi; 8638 8F Stk e et gre ¢ fd cation
and subsequentl@%}ﬁgﬁ né'.aﬁl wion Bt Egﬁﬁ&d& s Be°2EP %&aggf)e d11 20
Conparison of Solubility - The aqueous solubility of each salt
was determ ned Tabley IIOY anehy ST @hdbHet | $jagenticpopasmd. Reldndts

unexpect edl y, tt},gl syl ah&, sal t ha;ag he gre st aqueoug gkg%i lity,
1.76 ng/ mL.. Thej solubility of the nesyl ate ?Jtssgsi gni fi can??y hi gher
than the other saltfs. The dat®® HsFabl %Y loss) JeAefhstr #pe HEZCSEhg cl ai nmed
salt is six tinmes npre sol ubke-100 °ci n wed-@botkan (edye nost cerayon
phar maceutical |y acjceptabl e salt, the hydrochloride salt (0.268 nmg/mnlL).
Subsequent CH%R 1.42 5.9 no MP no l'g

Sulfate 5.50 - 267.4 260-270

Mesylate 3.897 - 261.6 230-264

Succinate 0.73 1.90 no MpP 230-270

Tartrate 5.50 - no Mp 215~-255

Acetate 0.77 1.44 no MP 245-265

Phosphate 5.50 ' - no Mp 230-250

10 Example 13

The salts were examined for hygroscopicity at
relative humidities (RH) of 27%, 35%, 65% and 80% and are
depicted in Table IV. The samples were subjected to vacuum

15 initially to establish a reference point for the RH data.
The amount of water contained in each salt was also
determined by Karl-Fisher (coulometric).



studi es consistently denonstrate a two to six fold increase 30 in

solubility. The high pH observed with the succinate and acetate salt

i ndi cated the presence of untitrated free base. WO 97118809
PCT/ US96/ 18512 - 24- Table 11:
Acqueous Sol ubility. Sal t Solubility Sol ubi | ;’H pH
([err]g sal tYXP188@ orr] g base/ nL (saturated aq /US96/18512

H err]0) H err]0) Sol uti on) HC1 268

249 4.98 Sulfate 14 12 2. 57
Mesylate 1760 1460 4. 6906~ Succi nate 0.5

0.4 7.72 Tartrate 71 54 3.77
Acetate 1 Table IV:n Hygroscopicity an@oKarl-FishepPh&hat Re2RAts.

609 Fal8  HygBEcRUUAUTSRIUDIdY [ rpOf e Mesyjate gapt]is
very pH degendent in t%t .optimal solubility is observed at pH 4.9 to
5 5.0, prefer dbky—pH—d—5 Rtiall g e 2o ol B9 o (Blpkedly

at either highgmcor Iow'euoqu: I'n addissin ts:s.tzesH 1oep£{mdencnaf t he

solubility, thdggpequs sg ubility ofgthe yhate sal t,draps rkedly
with the additila s chl o?‘% de in the fogrsrh"g%%s'gdi SPn%hl%‘%' B 4oe 1o the
formati on of t H&MefKIatep 198+t . 99.0 98.5 99.4 100.7 104.4 B(én-p e 12

Conpari son of Thwmecmgeavooetric Anal wsis (Té3Ap. d9.if enento aloo.s o.3capni ng
Cal orinetry (DYQ).. nd tler Hot e o] p Efich
salt was anal yz%r%rf%ﬁ“GA% SC and NEtg??%r hlv;ostc'r2 Slcoqé%laé%'r% c%%ssiéop%/lani
conpar ed (Tabl g Acptate Thé®&alts @Pspl aytd6a Re? ghttoP @ssiH-60.9-3 t o
5. 50% when heat jetlofgrate 20ber ] 98.2  98.6 102.6 105.5 106.6 4.6

The salts gained from 1.2 to 8.4% weight when comparing the
weights from exposure to vacuum to exposure to 80% RH. The
5 phosphate gsalt was the most hygroscopic followed by the

tartrate salt, mesylate, sulfate, acetate, hydrochloride and
succinate. The Karl-Fisher data matched the hygroscopicity
data fairly well in that the tartrate, sulfate, phosphate and
mesylate salts contained the most water.

10

Example 14
Solvents for Salt Preparation
The mesylate salt was prepared in methanol/water,

100% acetone, 2:1 acetone/water, 3:1 acetone/water and 1:1

15 acetone/water. The base that was utilized to prepare these
salts contained 9.98 $ total related substances. The yields,
and total related substances obtained for each of these salts
are listed in Table V. FPor comparison data for the HCl salt
are included. The designation of N.A. in Table V indicates

20 that the data are not available.



to 100 C. The sulfate, tartrate and phosphate salts showed t he greatest
wei ght loss at 5.50% each. Wien the salts were 20 heated from 100[err] to
200[ err] C, the hydrochl oride, succinate and acetate salts were the
only salts that exhibited further wei ght | oss. DSC anal ysi s indicated
that the nesy, produced a sharp endot herm nelt

261.6[err] C \Hzﬁtg?gq}ﬂ ate salt displayed a sonewhat broag)(égﬁJ %’ BPm at
267.4[err]C. The 25 hydrochloride, succinate, tartrate, acetate and

phosphat e salts did not exhibit a nelting endothermby DSC. The
WD 97/ 18809 -27- PCT/ US96/ 18512
-25- succi nat e

., gegla ,aa d, phosp at% |s ayed DSC exotherm; at

approxi mat el y 245pe

< > : age
m croscopy using gsd\ﬂattl ersolmgdnt St age TIYeeld 3 hytslr ochl or| dezesaiutaldl d rot
show any real nelying up to a 5 tenperature of (§0q11,g£)ra] C. SIhe rgsd off the
salts exam ned shpwed sl NS of T gur i Ilbdtlmm
215[err] to 270[ ef¥f: C. MeOIHIHEC| | | 83 TGA, DS and Hot 9S62a3e°H cr gscopy
Resul t s. pdal t 9: 1'Iiﬁétone/ngo aIGA a.73a DSC N. a. Hot Stjage
(% | oss) (% s) En M ¢ os 20- 300
[err]C  100- 200 e@r] C ? ?‘f%@é 2 [err]ch3 O-PRyMeOH 40
0.9 no MP jMesylaten We°5’*‘2° 6Sul faté-78 50 none

267. 4 260- >rZeQ;ylate AcetoneMeSY| at6853 97 9.802 - N. a. 261.6

230- 264 ' | \natye, G, 7 o WP 230- 27(
Tartrate 5.50 esy ate 97 IOAcegone/W 173 275%%55 N- A Acetat e

0.77 1. 44 [Mesylatg Sy Acetone/Hz53965 0.692 Phosphate 5.50

- N0 MP |Mesylate?dQ1 2RQtonelflho 29 2.122 N. A. Exafl‘pl e
13 ma of grosconi q;ty he
salts were exani nwmy TX 0.69 Acetone

aThe base utilized to prepare these salts had 9.98% total related
substances. PThe base utilized to prepare these salts had 7.03% total

related substances. CAssay limit of detection was 0.1% (1000 ppm).

The mesylate salt prepared from 5:1 acetone/water had 0.7 %
total related substances, a reduction of 9.3 % from the TRS
. of the free base, however the vield was low at 39 %. The
yield increased to 73 %, with 2.0 ¢ TRS if 9:1 acetone water
10 was utilized. The TRS of the hydrochloride salt was also
reduced to 4.7 %, a 5.3 % reduction, however 2.4 % of an
unknown related substance was present. The ability to
produce the claimed salts with significantly reduced
impurities (TRS) results in a more efficient preparation and
15 aveoids costly downstream purification.

Because the hydrochloride salt is the most common
pharmaceutical salt and is specifically disclosed in Heath et
al., 08/413735, published on June 14, 1995 as EP 0 657 458

20 (Example 5), a biological comparison of the mesylate and HC1
salt was carried out. Most unexpectedly, the claimed
mesylate salt is significantly more bioavailable than the HC1
salt. The biocavailability of the salt forms was measured in
four Male Beagle Dogs by orally administering a single 20

25 mg/kg dose of the HCl and the claimed mesylate salt in a 10%



relative humdities (RH) of 27% 35% 65% and 80% and are depicted in
Tabl'e 1V. The sanples were subjected to vacuum 15 initially to establish a

ref erence point for the RH data. The anmount of water contained in each
salt was al so determ ned by Karl-Fisher (coul onetric). WO
97/ 18809 PCT/ US96/ 18512

- 26- ™OPHIEE  Hygroscopicity and Karl - Fi sher (K. F. PCRUSHy18%12

Sal t Hygroscopicity Vacuum RH RH RH RH K. F.

(WM %initial) 27% 35% 65% 80% (%N HC1 100

98. 7 98.2 99.3 100.4 100.6 1.3 - fate 100 98.9

98.4 99.8 100.9 101.9 4.9 Mesylate 100 99.0 98.5 99.4

100.7 104.4 &cxmia suspepsifmat &npo@eek washoutggegiod ggmss addowed100. 0

éog- 5 0. 2A betwedinl Bakes. 10fbses were a@ti1r91.ste9%d21n1;91cr%ssl@3e8 105.4
. cet

Phosphat e 100 Gesion (2 ggos/salyy sbidyodog! | g plagd fongeatrdeion B,
salts gai ned ftlgnactiveocemyoyndiaghwedhens oammmwg magabolitgewgits from

eXp?SEre tos vaﬁémfredlx@dexgaﬁyﬁfr 1 R B&txcé_rf&atilotnﬁhgﬁp@t-Q3sa|t }Nats the
most hygroscop ol.| que a at e,

acet at e, hydrot‘%r a&ﬁadm‘*awécﬁﬂaﬁ £$'n§% aﬁ’ngﬁ% 4ac?ag‘g tched the
hygr oscopi ci tydlmetl'mx)alﬁaiwsdmrizq[ﬁ Khpyrzdie [Badtrate, sul fate,

phosphate and yj 3 @%'J%&Sdﬁii@&%@haeéﬂm @Q%h)m@i&‘ﬁe aHd the
Exampl e 14 vents faor aration

The nesyl ate sEFtRRIIES gﬁﬁ?e?jd?’rf“’r?gt ﬁﬁnﬁ??m%gr o116k 1%%%86?%805% 1
acet one/ waltter , o8: theacdiednefwaesy lated sdlt dBan Foeeanévabemy dosehefbels® t hat

was utilized tﬂcprﬁl&r e trheSRean ma@ud FQ@éxﬁ’e\ NRcBnBalRdidt @y @bt &

n I n I n [ f or h
ngfhgsge:alts$°¥1§%£¥5 the agmln{égf%tlon of t éﬂﬁ% tga @swégni%ogﬁgz or eac

ng/mL (compound) and 8621255 ng/mlL {(metabolite). The mean
maximum plasma concentration (Cpgxterror) following the

15 administration of the claimed mesylate salt was 896243 ng/mL
{compound) and 24551930 ng/mL (metabolite). This represents
an approximately 260 % increase in plasma concentration of
the compound and the metabolite.

The plasma concentration of the compound as well as

20 the metabolite was also plotted as a function of time during
the study. The ratio of the area under the concentration
curve {AUC) represents a measure of bioavailability of the
compound to the patient. The AUC ratio for the HCl1l salt and
the claimed'mesylate was calculated and is depicted in

25 Table VI.

Table VI: AUC Ratios from a Single Oral 20 mg/kg Dose
Administered as the HCl and Mesylate Salts.

AUC Ratios
Metabolite Compound

Dog # Mesvilate:HCl Mesylate:HCL
1 2.77 3.89

2 2.97 1.62

3 2.02 2.14

4 2.74 2.56
Mean 2.62 2.55
Std.Exrroxr 0.21 0.49




are listed in Table V. For conparison data for the HO salt are
i ncl uded. The designation of NNA. in Table V indicates 20 that the data

are not avail abl e. WO 97/ 18809

PCT/ US96/ 18512 -27- Tabl e V:
Yield and % HC1 and Mesyl ate Sal ts. Salt  pcas 12
Yield % TRS mﬁﬁfoo Resi dual S/ths

(% HPLO)[err] Solv. (Y[err] HC 30:1 MeOH H err]O 69
9.12[err] 0 62 MeCOH HC1 9:1 Acetone/H err]O 83
4.73[err] HCl 70T MeOH Herr]O 82

2.23[err] Most_ ngg%pyg%ly. the d%\‘@é yiﬁat'fabie V%&#J;%%LQ tkéatggt[h

4. 72[ err] Aceton

N A I\Vé%s}ﬂlét"—é gajt A&?etzo§§l F-lf’éﬁ]@re?@loa"aﬂzak@(ﬂ &hap the HCL N A
Nbsy:ate 5:1 /Kéﬁlﬁne;h@egréibnifacant 1ﬁb£§%§ﬁ’ﬁh biocavaild8ilAcy allows a
I\/EsyatellA el H. er . N._ A

Mesyl ate 9:1 Ace “gr%e %ng% é%mmlsf)eﬁé}% ]a]patlent t°0g§§ tAheet%anmee

aThe base utd | ipharmasepr et efifiesse sBhES, rrd@ 9xpesuretty thel pakient is
sulbstagcesb bTheitiaseeat i |Ac¥d3.r.d:1bﬁamll§patﬁ1@e theee aalt Sdcr%o ; 0e7fegz(9j@01&ﬁ&43

rel ated substanges rr etectiaon_was_ 0. 1%

The nesyl ate safrte progga?ega? mgofngc%?one WSt er tﬁ%aar%?upéo/éajf COm‘chutr%

rel ated substarek®lirgdr éqndnamfa@fcuges vBernforiee IS dose off thée free
batscﬁ, 2hgwg/ver Stﬁlfswaebds&?ﬁ dpwxu?t p88séht Tﬂﬁfegl_tlipnYia§|§i'_|§r?1‘éE%%5@Q Eéﬁ o/3 %
Wi : 0 | ceton was utilized. 0 e

hydr ochl or ide sr%ﬁ/k%é? =515 -9231@“9(?%8(1@%%91 d“of.%p@?g%\r@?]é’ &:‘-r{eaﬂcéi%n,
however 2.4 % otg/kg/dose. yrilHguwdosel 4 esukafantinddy weawen ébent thahdosshi ity

to produceot eeC el nesl s aHiThW i 81 8¢ Oitd isaaBt bYod®desrd
impurities (TRS) results in a nore efficient preparation and 15 avoids
costly downstream purification. Because the hydrochl ori de

salt is the nost conmon 2 sumfRmedethiecRhysital gagai foxpurs fseygn| galts
di scl osed 15 HepidiRltes that the mesylate salt has significantly improved

physical properties of the salts studied and disclosed in
Heath et al., EP 0 657 458. Most gignificantly, a comparison
of the bicavailability of the claimed salt and the HCl salt
demonstrates the claimed mesylate salts are dramatically
20 improved therapeutic agents. Thus, the advantages of the
claimed mesylate salts include:
{1} high aqueous solubility;
(2) large reduction in HPLC total related
substances;
25 (3) no residual solvents by GC assay:
(4) crystalline by X-Ray powder diffraction and
polarizing microscopy:;
(5} a sharp melting point by DSC; and
{6) greater than 2.5 times the bioavailability of
30 the HCl salt.

As previously stated, the compound of the present
invention are active as selective Protein Kinase C
inhibitors. The activity of compound is disclosed in Heath
35 et al., EP 0 657 458, published on June 14, 1995. The
activity was determined in the Calcium Calmodulin Dependent
Protein Kinase Assay, Casein Protein Kinase II assay, CAMP-



al ., 08/413735, published on June 14, 1995 as EP 0 657 458 20 (Exanpl e
5), a biological conparison of the nesylate and HCl salt was carried
out. Most unexpectedly, the clained nmesylate salt is significantly
nore bioavail abl e than the HCl salt. The bioavailability of the salt
forms was neasured in four Mal e Beagle Dogs by orally adm nistering a
singl e 20 25YOHA%88? dose of the HCL and the clai med mesyl atPETASPUISBSE a 10%
WD 97/ 18809 PCT/ US96/ 18512

- 28- acaci a suspension. One week washout period was all owed

bet ween doses. Doses were adm ni stered in-30eross-over design (2
dogs/sal t/study dog). The plasma concentration of the active conpound
as wel | as an AePepEenktBgine Kinase Catmiivtdreduburtitylaesap| asdrethe

concentrati ons mbotebp-tyadrosine Kinase assay. The me%ilate salt was found

[ di met hyl am no) YLl -t etrahydr.o-4,9: 16, 21- :

di met heno- 1H, 1&&%&%%%%‘9? #ﬁgi?}’%?o %%:?:we i €ne Ehese assays at an

H [ 1, 4, 13] oxadiZ28cyetehexdadessnthan 31 G upt. i 6pepeynfis with thimt abolite were
achi eved i ns5eackendagriaté®WHagmaBo26@d c£losRe1ficPladd@iseleal B4 ¢Rsyl ate

salt than an equi dose aof. the . HGQ salt. The nean maxi mum pl asnma
concentration ?: \eér%lrn%gér rc(>)]{;))cOn 1EABPE ot MHCRePRRR IR S‘HP&F?O?: BA#s the HO
salt was 40014Zemonsphygated (x aipdeund) thadB8R1255. nglaiditiiehabobtsgyizethe
mean  maxi mim phasghc CONAGAIL: At AoBbdtdL el 8 £.98 )arIdO'ith.VVbS'zQpHLE‘a(tji%ns
adm ni stration (of c?ﬁg cl ai TtEd rres%l,at e salt was 896243 ng/ nL conmpound)
and 2455930 ng/ MECCHETADOIT TEPPATHY s PRHFORAERY sand nephreBathy) natel y 260 %
i ncrease i A0pl dswhenbaceimflammesioh, centiiad venpoumdyandmt dbsomieaizgl ite.
The pl asma coNneeRtiavhsR Qir tdhagaegp%%ea&ewéldféea%%, & ﬁm.ﬁ?é?o%%'a e was
udy. e ratro

al so plotted a%i%ef ugcti n, ofc time during t he st of the
area under the CORCERLTHT iGHCET " curve (AUC) represents a neasure of
bi oavail ability of the The coioeddcovpodreispatrieeptefdtabliUEormblacddr t he

HO salt and pribhers! samnd sreayiohe Matetakeul W dmRel SeMishiHlead be 25
Table VI. 15 the present invention is a pharmaceutical formulation
comprising a compound of Formula Ia and one or more
pharmaceutically acceptable carriers, diluents or excipients.
The present pharmaceutical formulations are

prepared by known procedures using well known and readily

20 available ingredients. In making the compositions of the
present invention, the active ingredient will usually be
mixed with a carrier, or diluted by a carrier, or enclosed
within a carrier which may be in the form of a capsule,
sachet, paper or other container. When the carrier serves as

25 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,
suspensions, emulsions, solutions, syrups, aerosol (as a

30 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

diluents include lactose, dextrose, sucrose, sorbitol,

35 mannitol, starches, gum acacia, calcium phosphate, alginates,
tragacanth, gelatin, calcium silicate, microcrystalline
cellulose, polyvinylpyrrolidone, cellulose, water syrup,



Table- VI: AUC Ratios froma Single Oral 20 ng/ kg Dose ~ Administered as

the HO and Mesyl ate Salts. AUC Rati os
Met abolite Conpound Dog # Mesyl at e: HC

Mesyl at e: HC 1 2.77 3.89

g' 14 ‘wo 3171%9 4 1.62 5 74 ‘Z’ 5 FCT/US96/18512 2.02
Mean 2.62 ~ 2.55 Std. Error

0.21 0. 49 WD 97/ 18309

PCT/ US96/ 18512 -31- - 29- Most

unexpectedly, the data ég Tabl e VI non tratelkhgt tt'ga nesyl te sal t
is 2.58 tines HBTEYH S5VarFORS e“‘celrrg?{ t PRS RYOPY Ly Anpy OeRFCALES 4 31T ant
i ncrease in bi oeagresdbm steardticowndamineralowdd . ddbe formbdasdonsicarered to a

patient to get 5&%@%&5&1& m@m&cqumeatﬁ{gf @gkntd] h%téﬂ&% syposdire to the
patient is I m_zed. ?‘A'géjl tionall ower unit osage for m | ower s
a

the cost of the my9 rRppead 15%@%&%‘% PEESROHRTLAGENES! 1 equi r ed
f or manuf actSur eswedtendhgr egenttee cdofdavbrie agentsesThatmpabit bénd et

present inventigh 'ﬁvﬁhggbﬁtrﬁ‘& %o lggpg ééh]_s"o"g/ ggég Povife quidp/ kg/ dose,

nore preferably O. ose IS substantlally | ower

than the dose SuSteineAecorielay \K%F-Eﬁs?l%q dbet ARL TR §E4e e R ter
A sunmmary of th@dxptmsmatmlmttaa fthie pheiaemyverrheakbrpdsitiondi aaées that the

| at | t t th
Cals studied dopabil E8Ahllade®ifl llinse RRUSRCAYD QR AETaEE 1N
si gni fi cant}%, %waéppsslﬁom ab°6‘lt t'LhE°b?IE%’Ja| PaBgt | R HRSURELY | ApFHEd 2sal t
and the HO salto abouteON&d s aifeshiehactive negreBsphal aicavies, afie will be
dramatical |y ZoxxndégthKﬂdt{xQ@ rARCLhkfaBOSYS dosdBYSaad i 24¥-BAIGEES Y the

clai med nesylate salts 1.nc
determined by the physician in the light of the relevant

circumstances including the condition to be treated, the
15 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
suitable as unitary dosages for human subjects and other
20 mammals, each unit containing a predetermined guantity of
active material calculated to produce the desired therapeutic
effect, in association with a suitable pharmaceutical
carrier.
The following formulation examples are illustrative
25 only and are not intended to limit the scope of the invention
in any way.
Eormulation 1
Hard gelatin capsules are prepared using the
following ingredients:

30
Quantity
(mg/capsule)
Active agent 5
starch, dried 85
magnesium stearate 10

Total 100 mg



(1) hjgh aqueous solubility; (2) large reduction in HPLC
total rel ated subst ances; 25 (3) no residual solvents by GC
assay,; (4) crystalline by X-Ray powder diffraction and

pol ari zi ng m croscopy; (5) a sharp nelting point by DSC, and
(6) greater than 2.5 tinmes the bioavailability of 30 the HCO salt.

As previ ousMO ¥ #®d, the conpound of the present i nvePETB$P64BM2 act i ve
as selective Protein Kinase C i nhibitors. The activity of conpound is
disclosed in Heath 35 et al., EP O 657 458, published on June 14, 1995.
The activity was determ ned in the Calsei-um Cal nodul i n Dependent

Protei n Ki nase Assay, Casein Protein Kinase |l assay, CAMP- WO

97/ 18809 The above ingredients are pixedSamd 18iH02zd into

- 30- DepemgenigePa ot £ dhgulage i £l 60 id Q1u§H@E'£‘iés assay and the

Protei n-Tyrosi ne Kinase assay. The nesylate salt was found to be active
and isozyne selective in the these assays_ at an IC[err] value of |ess
than 10 [err]M Conpounds with this Egxmelainian &t ed phar nacol ogi cal

activity are useful in fhgablet l¥EPrBBALe@fuLiRYithie0Dig La G pRIGREI N

ki nase C has denonstrated a role 1n the pathol ogy. Conditions

recogni zed in the art include: diabetes nellitus a d its corrpl i cations
(i ncluding retinopathy, neuropathy and nephropathy), 1 AR hEY

infl ammti on, central nervous system disorders, dmﬁ:ﬁms*e%lbar di sease,
Al zhei nmer' s di &3S, ageﬁerat ol ogi cal di sease and cancer gy
The cl ai ned cof ds_are. I rmul at ed prior
admi ni strationS ugrogfe()re éc‘%%b#ngenbodl ment of 15 -}hg pr esent
invention is aﬂsﬂﬁ@%é@%%@%ﬂ Mer%l ation conprising & @onpound of

Forrmul a | a andsgga-ier apRge 5
Total 100 mg

The components are blended and compressed to form tablets
each weighing 100 mg.

10
Formulation 3
Tablets each containing 10 mg of active ingredient
are made as follows: '
Quantity
(mg/capsule)
Active agent . 10 mng
starch 45 mg
microcrystalline cellulose 35 mg
polvvinylpyrrolidone
(as 10% solution in water) 4 mg
sodium carboxymethyl starch 4.5 mg
magnesium stearate 0.5 mg
talc 1_mg
Total 100 mg
15

The active ingredient, starch and cellulose are
‘passed through a No. 45 mesh U.S. sieve and mixed thoroughly.
The solution of polyvinylpyrrolidone is mixed with the
resultant powders which are then passed through a No. 14 mesh



pharmaceutically acceptable carriers, diluents or excipients.

The present pharmaceutical fornulations are prepared by known
procedures using well known and readily 20 available ingredients. In
maki ng the conpositions of the present invention, the active ingredient

wi Il usually Q8 g77889d1 X€d With a carrier, or diluted by a cg&rr}ugg 18902
encl osed wthin a carrier which may be in the formof a capsuqe,

sachet, paper or other container. Wen the carrier serves as 25 a diluent,
it my be a solid, semsolid or liquid materi al which acts as a
vehicle, excipient or mediumfor the actived3- ingredient. Thus, the

conpositions ca e J he r m.of tabl ets ills,. powders, lozenges,
sachet s, cachetg,'g'elél%‘{es', thé %%%%sisf?ngroé‘ﬁﬁ‘gia&ﬁs,drgﬁ‘&ﬁ?t"r }PSC %% ups,
aerosol (as a 3p2ssef ithreughna Na. d&i sesbdVud) sisvet Tne swakisimgel atin

capsul es, S ERPESIRthes, s64:0H,| dalgRb8Ctmbite ekl bads.ARd phelibss1y
packaged powder | es of suitable carriers,

S ex
exci pi ents, andﬁasse%iﬁhﬁgﬁglél ?rﬁﬁ'u%?f“ﬁﬁﬁg@es,' FheFostre s gddedokdit ol
35 mannitol3> sthegranulggnvhicti afteal nixingphesehatepresgEdiahes, tablet
tragacant h, gel ghémine@oCiiiglsidd , eRRT | ki cel | ul ose,
pol yvi nyl pyrrolidone, cel Ivul osed,dlf/lva%:tgr e%ﬁu@%{dﬁhﬁ hbﬁ]% 97/ 18809
PCT/ US96/ 18512 -31- met hyl
cel lul ose, nethyl and propyl hydr oxybekermudatiomld, magnesi um st ear at e
and mneral oil. The formipatiegSe£&dN contaggghélg)rgﬁ! LY ho&lddedubticating
agents, wetfing agents, emul si fyi ng and suspendi ng agents, preServing
agents, b5 sweeld ‘frﬁf §§&ﬁ9‘§sm flavoring agents. The conpositions of
the invention may be fornmul ated so as to provide quick, sust ai ned or
del ayed rel ease of the active ingredient after adm ’Hﬂr[@“:?” to the
patient. The conpositions are preferably fornulated i1 n a unft dosage
form each dosage 10 containing fromabout 1 to about!®®ysApPswdbee usual ly
about 2 t o &foie dOenty, of the active ingredient. Howsvemg it will be
under st ood t hat ¢yt her apeuti c dosage administered will pg ng determ ned
by the physician, in thetLB_th of ltlh rel evant

microcrys ine cellulose 95 mnmg
magnesium stearate 2 mg
Total 200 mg

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

The principles, preferred embodiments and modes of
operation of the present invention have been described in the
20 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.
Variations and changes may be made by those skilled in the
25 art without departing from the spirit of the invention.



circumstances including the condition to be treated, the 15 i
conpound to be adm ni stered and the chosen route of adnﬂﬂj ﬂmﬂgl ﬂﬂ!"ﬂ"
[ *

t herefore the above dosage ranges are not i ntended to |

of the invention in any way. The term"unit dosage form' refers to
physically discrete units sui tabl e as unitary dosages for hunman

subj ects andYQPHBBY20 manmals, each unit containing a preBETERMWIRYY
quantity of active material calculated to produce the desired

t her apeutic effect, in association with a suitable pharnmaceuti cal
carrier. The follow ng forauat+on exanples are illustrative
25 only and are not intended to limt the scope of the invention in
any way. We claim: Fornmul ation 1 Har d
gelatin capsul es are praparedsdstngtt bBe Fordufdld:OW ng i ngredients: 30
Quantity (rmg/ capsul e)
Active agent _ H 5 starch, dried

85 magnesi um st ear ate 0 N 10

Tot al 100 ng WD 97/ 18809

- 32- The
hard gel atin capsules in
Formul ation 2 5

PCT/ US96/ 18512

above ingredients are m xeq
100 ng quantities.

A tablet is prepared using the iN
Quantity
Active agent

J' bel ow.
(rmg/ capsul e)

N(CH3}» , CH3SO:3H

5 and solvates thereof.

2. A salt of Claim 1 of the Formula:

.‘\\\H
N{CH3), , CH3SO3H
10 and solvates thereof.
3. A salt of Claims 1 or 2 which is
substantially crystalline. '
15 4. A salt of Claim 3, which is (S)}-13-

[ {dimethylamino)methyl]-10,11,14,15-tetrahydro-4,9:16,21-
dimetheno-1H, 13H-dibenzo [E,K]lpyrrolo[3,4-H] [1,4,13]-
oxadiazacyclohexadecine-1, 3 (2H) -dione methanesulfonate

monohydrate.
20



S| | T Wy

5 Tot a * ¢ L M s x ] MO REpL

conponents are bl ended and conpressed to formtablets 6\ 1 ghi ng {100
ng. 10 Formul ati on 3 S
each cont ai ni nogf/dlm9 of active ingredient are nade as fP&T(UcR}-\gmsg
Quantity (mg/ capsul e)

Acti ve agent 10 ngy starch

45 my ~ mcrocrystalline cellul ose - 35 - 35 ngy

pol yvi nyl pyrrolidone (as 10‘V solution in t . 4
Ny sodi um car boxynet Byl starch ° d16%¢ any' one 3@48%2*%5 1 througBstum
stearate said salt having less(QtBammpbout Hakctotal related

1m ~ substances. fotal 100 ng 15

The active ingredient, starch and cellul ose are passed through a No. 45
mesh U. S. sieve and m xed thoroughly. The sol ution of

pol yvi nyl pyr¥ol i done is fi-xed wi th méchod off ¢seht ang mbuwlerssariiach are t hen
passed through @idetil4 dBaphications, whi® Lomp88Q8s admlnlsterlng a

PCT/ US96/ 18512 g U"S. sieve.
The granul es so™PPBYucE "5e8 §hPEGOL: %@chuucﬁé %eﬂfﬁqﬁtdﬂ’(‘?n agoNgt 18
mesh U.S. sieveof Thecommtiund of anraob@xqmlrmnssﬂ.atbmumgme& um stearate
and talc, previously

10 7. A method of Claim 6, wherein the
pharmaceutically effective amount is 0.05 mg/kg/day'to 0.25
mg/kg/day.

8. A pharmaceutical formulation comprising a

15 salt of any one of Claims 1 through 5 together with one or
more pharmaceutically acceptable diluents, excipients or

carriers.
9. A pharmaceutical formulation of Claim 8,
20 wherein the formulation comprises about 1 to about 20 mg of
the salt.
10. A salt as claimed in any one of Claims 1
through 5 for use a pharmaceutical.
25
11. A salt as claimed in any one of Claims 1
through 5 for use in the treatment of microvascular diabetic
complications.
30 12. A process for preparing a salt as claimed

in any one of Claims 1 through 5, which comprises reacting a
compound of the formula:

T




passed through a No. 60 nesh U S. sieve, are then added to 5 the ranules

whi ch, after mixing, are conpressed on a tabl et machi ne Jﬂl ﬂl ”IIIII”III
t abl ets each wei ghing 100 ny.

Capsul es each containing 8 ng of nedicanent are 10 nade as fol Ioms

%? :’l t,'et ;gentwo 97/18809 - 8 ny st gggﬁﬂgg#llsg 2

95 ny m crocrystal line cellul ose 95 ny magnesi um
stearate 2 ng Tot al

200 ny The active ingredi®ht; cellul ose, starch and
magnesi um st earate are bl ended, passed through a No. 45 nmesh 15 U S

sieve, and filled into hard gelatln CgpSuNes in 200 ny guantities.

of operation of the
Qr egoi ng specification.
herei n, however, is not

The principles, preferred enmbodi nent s 3RC
present invention have been des i
The i nvention which is intended

to be construed as limted BN i g di scl osed, since
they are to be regarded as il N-at i er_than restrictive.
Vari ati ons and changes nmay be nade byjthose slilled in the 25 art wthout
departing fromthe spirit of the inveR{ion. WO 97/ 18809
PCT/ US96/ 18512

N{CH3};

with methanesulfonic acid in a non-reactive organic solvent.

5 13. The process of Claim 12, wherein the
solvent is acetone-water.

14. The process of Claim 13, wherein the
solvent is about 5:1 to about 10:1 acetone to water by
10 volume.

15. The process of Claim 14, wherein the
solvent is about 9:1 acetone to water by volume.

15 16. A compound whenever prepared by a process
according to any one of Claims 12 through 15.

17. A compound substantially as hereinbefore
described with reference to any of the examples.



W claim

sol vates t hereof

[err]

Cains 1°or 2 which is substantially crystalline. 15
A salt of aim3, whichis (S)-13- 13MAY1993
[ (di net hyl am no) net hyI] 10, 11, 14, 15-tetrahydro-4, 9: 16 21-

10

15

20

25

30

L T

10 and sol vat es t her eo

- 35 -

5. A sait of any one of Claims 1 through 4,
said salt having less than about 5 % total related
substances.

6. A ﬁsq of a pharmaceutically effective
.amount of a compound of -any ohe Qf_Qlaims 1-throygh.5 for
treating microvascular diabetic complications in-a subject

in need-thereof.

7. A use | of Claim 6, wherein the
pharmaceutically effective amount is 0.05 mg/kg/day to 0 25
mg/kg/day.

8. A pharmaceutical formulation comprising a
salt of any one of Claims 1 through 5 together with one or
more pharmaceutically acceptable diluents, excipients or
carriers.

9. A pharmaceutical formulation of Claim 8,
wherein the formulation comprises about 1 to about 20 mg of
the salt.

10. A-salt as claimed in any one of Claims 1
through 5 for use a pharmaceutical.

11. A salt as claimed in any one of Claims 1
through 5 for use in the treatment of microvascular diabetic
complications. Y

12. A process for preparing a salt as claimed

in any one of Claims 1 through 5, which comprises reacting a

’ compound of the formula:
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25 11. A salt as clainmed in any one of Cains 1
through 5 for use in the treatnent of mcrovascul ar diabetic

conpl i cati ons. 30 12. . A process for preparing a salt as

cl ai nred in any one of Clains 1 through 5, whi.ch conprises reacting a

conpound of the fornula: WO 97/ 18809 o

BFCT/ US96/ 18512 : - 36 - [err]

it h met hanesul fonic acid in a non-reactive organic sol vent. 5

3. The process of Caim 12, wherein the sol vent i s .acetone-

B4 The process of Claim 13, wherein the solvent is about 5:1 ts

bout 10:1 acetone to water by 10 vol une. —
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is. The process of Caim 14, wherein the solvent is about 9:1

acetone to water by vol une. 15 : 16. A conpound whenever
prepared by a process according to any one of Clains 12 through 15.
17. A conmpound substantially as hereinbefore’ described with

reference to any of the exanples.’
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