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effects on the metabohc processes of the body (1) Increased rate of

10  protein synthesis in all cells of the body; (2) Decreased rate of
carbohydrate utilization in cells of the body; (3) Increased mobilization
of free fatty acids and use of fatty acids for energy. A deficiency in
growth hormone secretion can result in various medical disorders, such
as dwarfism.

15 Various ways are known to release growth hormone.

For example, chemicals such as arginine, 1.-3,4-dihydroxyphenyl-
alanine (L-DOPA), glucagon, vasopressin, and insulin induced
hypoglycemia, as well as activities such as sleep and exercise,
indirectly cause growth hormone to be released from the pituitary by

20 acting in some fashion on the hypothalamus perhaps either to
decrease somatostatin secretion or to increase the secretion of the
known secretagogue growth hormone releasing factor (GRF) or an
unknown endogenous growth hormone-releasing hormone or all of
these.

25 In cases where increased levels of growth hormone were
desired, the problem was generally solved by providing exogenous
growth hormone or by administering GRF or a peptidal compound
which stimulated growth hormone production and/or release. In
either case the peptidyl nature of the compound necessitated that it be

30 administered by injection. Initially the source of growth hormone
was the extraction of the pituitary glands of cadavers. This resulted
in a very expensive product and carried with it the risk that a disease
associated with the source of the pituitary gland could be transmitted
to the recipient of the growth hormone. Recombinant growth
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non-peptidal growth hormone secretagogues. These compounds have
10  the ability to stimulate the release of natural or endogenous growth
hormone and thus may be used to treat conditions which require the
stimulation of growth hormone production or secretion such as in
humans with a deficiency of natural growth hormone or in animals
used for food or wool production where the stimulation of growth
15 hormone will result in a larger, more productive animal.
Among the preferred compounds disclosed therein is
spiro{ 3H-indole-3,4'-piperdin,- | -yl)carbonyl]-2-(phenylmethyl-
oxy)ethyl}-2-amino-2-methylpropanamide methanesuifonate which has

the structure:
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U.S. Patent No. 5,536,716 and PCT Patent Publication WO
94/13696 disclose methods for preparing this compound (see Examples
18, 19 and 55). In particular, Example 55 states that the compound
prepared by recrystallization from ethyl acetate-ethanol-water had a
25 melting point of "166-168°C". This compound was subsequently
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"FormII" herein. Proc. Natl. Acad. Sci. USA, 22, 7001-7005 (July 1995)
notes that the conmpound isolated as a rmnohydrate had a nmelting point of
168-170[err]C, but only discloses very general methods for preparing the 5
conpound and does not di scl ose how t he conpound was crystallized.
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involved in the devel opment of a suitable dosage form because if the

mor ghol oglt ﬁal mnﬁﬁai aebeﬁ@ efeerpétymo Hfd fiint He4l Qiﬁéﬂeda%rﬁ{ g?glbi te oo

ihg :gts to ?h:ﬁﬁgﬂ ':-‘: : : e anﬁrgﬁﬁh Ssaﬂfyogg neEs use, it

i s”i mport ant tﬂiatébegﬁnmmﬁelsnbrqﬁm ogn@mh)ﬂhmhMamlungrpmmm dosage

formto assure1683@70‘*@9mt@ﬂg@gtsemegmgeasmtdmeam ﬁfépamg fhgat the
e

Co o oy bbb A a0y d&scﬁﬁ%&t { Eomnoued ¥ comallisehn

conbi nati on of nor phol ongphﬁlogml erIns eﬁ armacewtibdl compounds tmaybe
mor phol ogi cal  bpirEre¥eYo EidvelinboRRIGHtRE deVeIoPRIbR VFaCsufifably Hb8ROP! C

stability form because if the morphological form is not held constant during

clinical and stability studies, the exact dosage used or measured may not

10  be comparable from one lot to the next. Once a pharmaceutical
compound is produces for use, it is important to recognize the
morphological form delivered in each dosage form to assure that the
production process use the same form and that the same amount of drug
is included in each dosage. Therefore, it is imperative to assure that

15  either a single morphological form or some known combination of
morphological forms is present. In addition, certain morphological
forms may exhibit enhanced thermodynamic or hydroscopic stability
and may be more suitable than other morphological forms for inclusion
in pharmaceutical formulations. As used herein, a "polymorphic form"

20 of a chemical compound is the same chemical entity, but in a different
crystalline arrangement.

SUMMARY OF THE INVENTION

The present invention is concerned with polymorphic
25 forms of the compound: N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-
spiro[3H-indole-3,4"-piperdin]-1'-yl)carbonyl}-2-(phenylmethyl-
oxy)ethyl}-2-amino-2-methylpropanamide methanesulfonate, as well as
processes for the preparation of such polymorphic forms.
The present invention is also concerned with
30 pharmaceutical formulations comprising these polymorphic forms as an
active ingredient and the use of these polymorphic forms and their
formulations in the treatment of certain disorders.
The polymorphic forms of this invention are growth
hormone secretagogue that are useful in food animals to promote their
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10 thermodynamic stability and suitability for inclusion in pharmaceutical

formulations.

D 1 N NVENTION
The present invention is directed to novel polymorphic
15 forms of the compound N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-
spiro{3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-(phenylmethyl-
oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate and the
processes for the preparation of these polymorphic forms.
The compound N-[{1(R)-[(1,2-dihydro-1-methanesulfonyl-
20 spiro[3H-indole-3,4'-piperdin]- 1'-yl)carbonyl]-2-(phenylmethyl-
oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate has the
structure:

CH,
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and is a growth hormone secretagogue which induces the release of
25 growth hormone in humans and animals. This property can be utilized
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" For m X"Thesespasticulaspalymorphic forms (herein designated
"Form I, "Form II", "Form HI", "Form IV", "Form V", "Form VI",
"Form VII","Form VIII","Form IX","Form X",) have superior
properties over other crystalline forms of the compound in that they are
more suitable for inclusion in pharmaceutical formulations. A
preferred crystalline form for pharmaceutical development is Form [
based on its thermodynamic stability and non-hygroscopic properties.
Another preferred crystalline form for pharmaceutical development is
Form IV based on its formulation properties, particularly with respect
to compression for tablet preparation. Form IV has been found to have
a higher bulk density than other forms.

The present invention is also concerned with a process for
the preparation of Form I of N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-
spiro]3H-indole-3,4'-piperdin]-1'-yl)carbonyl}-2-(phenylmethyl-
oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate which
comprises:

-

treating a solution of the free base of N-[1(R)-{(1,2-
dihydro-1-methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-
yDcarbonyl}-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
in ethyl acetate containing ethanol (about 8 volume %) with
methanesulfonic acid (about 1.1 equivalents) at approximately 50°C,
heating to approximately 55°C, and cooling to approximately 45°C.

Optionally, the temperature subsequently may be raised to
approximately 51°C where it is maintained for 2-24 hours.

The present invention is further concerned with an
alternate process for the preparation of Form I of N-[1(R)-[(1,2-
dihydro-1-methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-
yhcarbonyl]-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate which comprises:

)
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the relative order of addition is not critical),
followed by heating at approximately 55°C for
approximately 2-15 hours, cooling to approximately 25-30°C, and aging
for approximately 2-3 hours.
The present invention is further concerned with an
15 alternate process for the preparation of Form I of N-[1(R)-[(1,2-
dihydro-1-methanesulfonyl-spiro[3H-indole-3,4'-piperdin}-1'-
yl)carbonyl]-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate which comprises:
stirring a solution of Form II of N-[1(R)-[(1,2-dihydro-1-
20 methanesulfonyl-spiro[3H-indole-3,4"-piperdin]-1'-yl)carbonyl}-2-
(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate in isopropanol at approximately 25°C for about 2-24
hours.

n

The present invention is also concerned with a process for

25 the preparation of Form II of N-[1(R)-[(1,2-dihydro-1-methane-
sulfonyl-spiro{3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-(phenyl-
methyl-oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate
which comprises:

treating a solution of the free base of N-[I(R)-[(I,Z-

30 dihydro-1-methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-
yl)carbonyl}-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
in ethyl acetate containing ethanol (about 8 volume %) with
methanesulfonic acid (about 1.1 equivalents) at approximately 50°C,
heating to approximately 55°C, and cooling to ambient temperature.
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oxy)ethyl] 2-ammo-2-methyipropanannde methanesulfonate of optional
10 morphological composition in a selution of ethanol/water (preferably
25:75 viv);

evaporating the solvent from the solution, preferably at a
temperature of 40°C;

grinding the resultant solid to a fine powder; and

15 exposing the fine powder to a relative humidity of
approximately 75%.

The present invention is further concerned with an
alternate process for the preparation of Form IV of N-[1(R)-[(1,2-
dihydro- 1-methanesulfonyl-spiro[3H-indole-3,4'-piperdin]}-1-

20  ylcarbonyl]-2-(phenylmethyl-oxy)ethyl]}-2-amino-2-methylpropanamide
methanesulfonate which comprises:

recrystallization of N-[1(R)-{(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin}- 1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide

25 methanesulfonate of optional morphological composition from a
solution of ethylacetate/ethanol/water (preferably 24.8/1.6/1.95 viviv).

The present invention is further concerned with an
alternate process for the preparation of Form IV of N-{1(R)-{(1,2-
dihydro- 1-methanesulfonyl-spirof 3H-indole-3,4'-piperdin}-1'-

30  yDcarbonyl]-2-(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate which comprises:

exposing Form I of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl}-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
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yl)carbonyl]-2-(phenyimethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate which comprises:

isolation from a slurry of Form 1 of N-[1(R)-[(1,2-

10 dihydro-1-methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-
yl)carbonyl}-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate in isopropyl acetate/ethanol (90:10 v/v) containing
approximately 2.8 wt% water at approximately 25°C.

The present invention is further concerned with a process

15 for the preparation of Form V of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin}-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate which comprises:

exposing Form IV of N-{1(R)-[(1,2-dihydro-1-

20 methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesuifonate to below 30% relative humidity at ambient
temperature.

The present invention is further concerned with a process

25 for the preparation of Form VI of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate which comprises:

drying Form V of N-{1(R)-{(1,2-dihydro-1-methane-

30 sulfonyl-spiro[3H-indole-3,4-piperdin]-1'-yl)carbony!}-2-(phenyl-
methyl-oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate in
the absence of moisture at approximately room temperature, such as
under an atmosphere of sieve dried nitrogen at approximately 25°C.
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invention is further concerned with an alternate process for the
preparation of FormIV of NN[1(R)-[(1,2- dihydro- 1
- met hanesul fonyl -spiro[ 3Hindol e-3,4' -piperdin]- 1'- 30
yl ) carbonyl ] - 2- (phenyl et hyl - oxy) et hyl ] - 2-%ni no- 2- met hyl pr opanam de
met hanesul f onat e whi ch conprises: exposing Form | of
N-[1(R)-[ (1, 2-di hydro-1- Thet preserstuinventyon spfurtherteoncdrmes ith a pigoessii n] - 1

Y1) carbonyl ] -gor the rEYardRoRYOf Paph W 1YoS NZIHPQ)r[?I% C@%@&.}tﬁ]r opanani de

WD 97/ 15574 16955 - 8-
met hanesul f onatmethgngsyifonyl-spire[3H-indgles}.4 gpipsrdinllryhcasnnyli@s, more

preferably a r e(lp&nylendsthyl-@xy)emyl]amamna@@ahylpmpmmxﬁe nperature for a
sufficient ' @S&pﬁ hﬁﬂl furt her concerned with an 5
alternate process reparat|o 'F f N-[I(&OE_(I%
di hydr o- 1- met hanesul fonyFs"gﬁ‘iﬂP% &?0 gﬁf kporap [IR)-
yl') carbonyl ] - 2- [(DReﬁﬂiyﬂeémmahaﬂ&htfbhkl%pﬂoﬁﬂ-xﬂdm&ﬂ-pimﬁhﬂﬂ 'de
et hanesul f 0natﬁ)&%ﬁ&&ﬁ%ﬁ&ﬁﬁmﬂhykoxy)ethyl]-Z—ammo—2—methylpropanam1de
methanesulfonate in isopropyl acetate/ethanol (90:10 v/v) containing

10 approximately 1.5 wt% water.

The present invention is further concerned with a process
for the preparation of Form VIII of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide

15 methanesulfonate which comprises:

dehydrating Form VII of N-[1(R)-[(1,2-dihydro-1-
methane-sulfonyl-spiro[ 3H-indole-3,4'-piperdin]}-1'-yl)carbonyl]-2-
(phenyl-methyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate under a dry inert gas, such as dry nitrogen, for a

20 sufficient time.

The present invention is further concerned with a process
for the preparation of Form IX of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro{3H-indole-3,4"-piperdin]-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide

25 methanesulfonate which comprises:

preparing a solution of N-[1(R)-[(1,2-dihydro-1-methane-
sulfonyl-spiro[ 3H-indole-3,4'-piperdin]- 1'-yl)carbonyl]-2-(phenyl-
methyl-oxy)ethyl}-2-amino-2-methylpropanamide methanesulfonate of
optional morphological composition in water, followed by isolating the

30 solid formed by controlled evaporation at 20% relative humidity at
approximately room temperature.

The present invention is further concerned with a process
for the preparation of Form X of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro{ 3H-indole-3,4'-piperdin}-1'-yl)carbonyl]}-2-



isolation froma slurry of Forml of N[1(R-[(1,2- 10

di hydr o- 1- net hanesul f onyl - spi ro[ 3Hi ndol e- 3, 4-pi perdin]-1'-

yl ) carbonyl ] - 2- (phenyl nmet hyl - oxy) et hyl ] - 2- am no- 2- net hyl pr opanam de

met hanesul fonate in isopropyl acetate/ethanol (90:10 v/v) containing

appr oxi mat el Wo27/85504 % wat er at approximately 25[err] C. Thepprasssisoss

I nvention is further concerned with a process 15 for the preparation of
FormV of NN[1(R)-[(1, 2-di hydro- 1-

met hanesul f onyl - spiro[ 3Hi ndol e-3, 4" -piperdin]- 1 '-yl)carbonyl]-2-
(phenyl net hyl - oxy) et hyl ] - 2- am no- 2- et hyl propanani de net hanesul fonat e which
conprises: exposing FormIV of N-[1(R)- [(1}% di hydro-1- 20

nmet hanesul fonyl spi ro[ 3H i ndol e- 3, 4 pi perdtn]- 1 '-yl)carbonyl]-2-

(phenyl nmet hyl - pl%ethyl ]- 2- am no- 2- et hyl pr. opanam de net hanesul fonate to
bel ow 30% r el at nﬂme&hylyom)eﬂwl-amnurm@m propanamidesent i nventi on
is further concmmﬁlemlﬁmnatmm‘soﬁ isdgdr the preparation of Form VI of

Lyl kar bongl ] - “ydE Shénﬁ@iﬁ?ﬁi Qiﬁkf@@&ﬁf%ﬁ%%&rﬁ ssibisgnam de
rrNet g?g )e s l[J I( 1; 0 ; ag 8u n%zlé@ﬂﬁﬂﬂngzﬁ% SH-piperding: U—)dbcarbonyl]-Z—(phenyl-
sul[ fonyl -spiro Mm i per d-?;}methylp:‘;;pan?méﬂe ;2= t"bsulfonlate at
met hyl - oxy) et hy H’ECIHBB'F@' E?rﬂ}fghgmlé rcﬁf ARUGIEnb RS i n t he
absence of nmoisture at apph®presentinvension lsefmcamnmsdwk'nthanunder an
at nosphere of shRéfaté pPeceds FoP 88 pAipaddtio of 'FHrfl X 85[\\%[3 [é% 2-VO
97/ 15574 dihydro-1 -methanesulfonyl—splro[3H—mdolc-§ci[-p1pc jx ?

10 ylcarbonyl}-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide

methanesulfonate which comprises:

exposing Form I of N-[1(R)-[(1,2-dihydro-1-methane-
sulfonyl-spiro[3H-indole-3,4"-piperdin]-1'-yl)carbonyl]-2-(phenyl-
methyl-oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate to

15 100% relative humidity for approximately 1 to 4 days.

Similarly, the present invention is also directed to a process
for the preparation of morphologically homogeneous N-[1(R)-[(},2-
dihydro-1-methanesulfonyl-spiro[3H-indole-3,4"-piperdin}-1'-
yl)carbonyl]-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide

20 methanesulfonate comprising any of the processes mentioned herein.

The compounds of this invention, the novel polymorphic
forms of N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-spiro[3H-indole-
3,4"-piperdin]-1'-yl)carbonyl}-2-(phenylmethyl-oxy)ethyl]-2-amino-2-
methylpropanamide methanesulfonate, are growth hormone

25  secretagogues that are useful in food animals to promote their growth
thereby rendering the production of edible meat products more
efficient, and in humans, to treat physiological or medical conditions
characterized by a deficiency in growth hormone secretion, and to treat
medical conditions which are improved by the anabolic effects of

30 growth hormone. Accordingly, the present invention is further
concerned with pharmaceutical formulations comprising a polymorphic
form as an active ingredient, and the use of this polymorphic form and
its formulations in the treatment of certain disorders.




-9- The present invention is further concerned with a process for the

met hanesul f onyl - spiro[ 3Hi ndol e-3, 4" -piperdin]- 1 '-yl)carbonyl]-2-
(phenyl net hyl - oxy) et hyl ] - 2- am no- 2- et hyl propanani de 5 met hanesul fonate
whi ch conRyd §hssrd Sol ation froma slurry of Form| or ForamabsdsmdessN- [ 1(R) -
[(1 ,2-dihydro- 1 -nethanesul fonyl-spiro[3Hindole-3,4"-piperdin]- 1'-

yl )car bonyl ] - 2- ( phenyl net hyl - oxy) et hyl ] - 2- am no- 2- net hyl pr opanam de

met hanesul fonate in isopropyl acetate/ethanol (90:10 v/v) containing 10
approximately 1.5 wt % water. The present invention is further concerned
with a process for the preparation of FormVIiIl of N[1(R)-[(1, 2-di hydro-1-
met hanesul f onyl - spi r o[ 3H i ndol e- 3, 4' - pirgdrdi n] - 1' -yl ) car bonyl | - 2-

(phenyl net hyl - oxy) et hyl ] - 2- am no- 2- met hyI pr opanam de 15 et hanesul fonate
whi ch conpri sExiffefls ehh g eFOslorivie ¢l MIOSCI[ (1, 2- d| hydr o- 1-

th | f oyl -Spirc ol il 2-
?Eheﬁgf fnl;t h;lnyoxfll)ole[ O[ a mé%f‘h&?gropan %Ra‘s[( %‘&%I fonate
under a dry i Ogubﬁpug[myndﬁh- 3depiperdm]al ﬂ)CQbﬂnYHT?ent ti me. The

present Inven(pmwﬁxenyltdx:geﬁgm]czr@%ov@idiemymr@pmfdv the preparation

of Form X of NJ "1 af Oﬁj %P‘E‘" %%nggupfndeg,p %%ﬁ%ﬂgﬁ - 2_

met hanesul onm
(phenyl et hy|eﬂm}a)t§taw§mgqem nwithcepeak temaperatwe @iff onat e

V\h: ]g,h Clorrpr | SEBoutPI80PT and af extlapbied ehsét teidperattd (xaerﬂ Zﬁéﬂxrt])lofﬂli‘t hane-
ot hyl vy et RORIL DAy wa@ﬁ%%iﬁs&&%hmﬁm%#é@%ﬁ% Vopat o of
he DSC curve for Form II of N- [l(R)-[(I ,2-dihydro-1-
10 methanesulfonyl-splro[BH-mdole-3,4'-p1perdm] -1"-yljcarbonyl]-2-
(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate at 10 °C/min in an open cup under under nitrogen
flow exhibits a single endotherm, due to melting, with a peak
temperature of about 174°C and an extrapolated onset temperature
15 (melting point) of about 165°C with an asociated heat of
approximately 37 J/g.

The DSC curve for Form IV of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide

20 methanesulfonate at 10 °C/min in an open cup under under nitrogen
flow exhibits a water loss endotherm at about 45°C followed by an
endotherm with a peak temperature of about 134°C and an extrapolated
onset temperature (melting point) of about 129°C, due to melting of
Form VI, with an asociated heat of approximately 23 J/g.

25
DSC Data [samples are heated at a rate of 10 °C/min under a nitrogen
atmosphere (extrapolated onset temperature)}:

Form I: 170°C (melting endotherm)
30 Form II:  165°C (melting endotherm)
Form VI: 129°C (melting endotherm)



opti onal norphol ogi cal conposition in water, followed by isolating the 30
solid fornmed by controll ed evaporation at 20%relative humdity at

approxi mately roomtenperature. The present invention is further concerned
with a process for the preparation of Form X of NN[1(R)-[ (1, 2-di hydro-1-
met hanesul fwowrAaspsr o[ 3H-1 ndol e-3 , 4" -piperdin]- 1 '-yl)caCEasyd/16955- WO
97/ 15574 PCT/ US96/ 16955 - 10 -
(phenyl net hyl - oxy) et hyl ] - 2- am no- 2- et hyl pr opanam de net hanesul f onate which
conprises: drying Form I X of N[1(R)-[(1, 2-di hydro-1-nethane-

sul fonyl -spiro[ 3Hindol e-3,4' -piperdin]- 1 '-yl)carbonyl]-2-(phenyl- 5

nmet hyl - oxy) et hyl ] - 2- am no- 2- net hyl pr opanapi de net hanesul fonate at anbi ent
roomtenperature and humdity for a suffi¢cfént tinme. The present invention
is further concerned with an alternate process for the preparation of Form
X of N[1(R)-[(1,2- di hybomm liof N-[I(R)-lp (1,2-dihydro-1-methanesulfonyl-

- met hanesul fon)égn&PBHoiﬁlaHlé-Bdm e°rdﬂn1 -l BE:&':'H&WZJQ(PF:Qn lmeth

| bonyl ;

Tl hanaoul f bnaS NPV Zamines fi&%aém""”‘ B ppighestifnatb g e
N-[ 1(R)-[ (1, 2- delayisrely anhgmkbaa@olmbrplmyhawtmﬁdkby mhmﬁzil@ymg pi perdin] -
1'-yl)carbogyl {pra?émsnw melfBig pbn%f) 0N &nésaﬁbn&gépggfuﬁagpapepapam de

met hanesul f ona 6 5/1 100% relative humdity for
days. Simlarl )7' esent invention is also directed to a process for
t he preparation of norphol ogically honbgeneous N-[1(R)-[ (1, 2- dihydro- 1

-met hanesul f onyl - spi r of 3t delof-N-[A(RIMPELUiRYdrol 1 -methanesulfonyl-
spiro[3H-indole-3,4"-piperdin]- 1'-yl)carbonyl]-2-(phenylmethyl-
10  oxy)ethyl}-2-amino-2-methylpropanamide methanesulfonate is an
anhydrous polymorph characterized by the following properties: a
melting point of 158°C and solubility in isopropanol of 12.3 mg/mL.

Form II1 of N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-

15 spiro[3H-indole-3,4'-piperdin}-1'-yl)carbonyl}-2-(phenylmethyl-
oxy)ethyl}-2-amino-2-methylpropanamide methanesulfonate is a hydrate
characterized by the following properties: a water loss endotherm at a
peak temperature of 46°C, followed by a minor melting/decomposition
endotherm with an extrapolated onset temperature of 123°C.

20

Form IV of N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-
spiro[3H-indole-3,4'-piperdin}-1'-yh)carbonyl]-2-(phenylmethyl-
oxy)ethyl}-2-amino-2-methylpropanamide methanesulfonate is a hydrate
characterized by the following properties:

25 a water loss endotherm at a peak temperature of 45°C,
followed by a melting/decomposition endotherm with an extrapolated
onset temperature of 129°C (presumably due to the melting/
decomposition of Form VI).

30 Form IV N-[1{R)-{(1,2-dihydro-1-methanesulfonyi-
spiro[3H-indole-3,4'-piperdin]- 1'-yl)carbonyl}-2-(phenylmethyl-
oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate appears to
be a hygroscopic hydrate containing 3.5 moles of water per mole of



nt i oreg—heretra—The
conpounds of this invention, the novel polynorphic forns of
N[1(R-[(1, 2-di hydro- 1- nmet hanesul fonyl -spiro[ 3H i ndol e- 3,4'-piperdin]- 1
'-yI)carbosyI;-ggﬁphenylnethyl-oxy)ethyl]-z-anino-2- met pdtRissgfeesn de
met hanesul FShE! , are growth hornone 25 secretagogues that are useful in
food aninals to pronote their growth thereby rendering the production of
edi bl e meat products nore efficient, and in humans, to treat physi ol ogical
or nedical conditions characterized by a deficiency in growh hornone
secretion, and to treat nedical conditions which are inproved by the
anabolic effects of 30 growh hornone. -A3cordingly, the present invention
is further concerned wi th pharmaceutical formulations conprising a

pol yror phi ¢ f]mﬁgqm,ecaﬂa ré-/1afaedtiseiebul fonyl-spieofBF-imdole 8.4 pol ymor phi c
O and 1ts & o dial-1-yT)carbonyi]-2-(Gheny fheftlyl SAGKIE S0ER 2 |

97/ 15574 p1pe:
Di-fferential SmethylprppaahanrdemethanesgifonatedSC] The DSC curve for Form | of
N-[1(R) - [ (1, 2- di hydr o- 1-

(pheny! met (12 oxy) et hyi FOSTRY ﬁs@m%@%@%@éﬁ%@@%ﬁ@ﬁm&ﬁhonate at
10 [err] C/ m n spire{3Hymdoletth4upiperdin]+l/yhwarbonyl]-2x(phenyimsthyilng! e
endot herm due%*)@egg}tlj&%ﬁ%_grm | &hﬁm@hiéiﬁat@suﬁbﬁﬂie td C and

an extrapol ate t enper at,ure g, poi,nt ) ~of .about 1 rr]C with
an asoci at ed he&ag fafﬁﬂpé‘kﬁlm?§ g 95“@.1%?'%165 é%ﬁ'{/geﬁm‘)?b‘fm 1 of
N-[ 1(R) - [ (1, 2- N-F{R)<[(1,2-dihydro-1-methanesulfonyl-spiro[3H-indole-3,4'-
10  piperdin]-1*-yl)carbonyl]}-2-(phenylmethyl-oxy)ethyl}-2-amino-2-
methylpropanamide methanesulfonate.

yl ) carbonyl ] - 2- (phenyl net hyl - oxy) et hyl ] - 2- am no- 2- net hyl pr opanam de 20
I ¢ L c o :

Form VI N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-
spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-(phenylmethyl-
15 oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate appears to
be an anhydrous polymorph and is characterized by a melting point of
129°C.

Form VII of N-[1(R)-[(1,2-dihydro- 1-methanesulfonyl-

20 spiro[3H-indole-3,4"-piperdin]-1-yl)carbonyl}-2-(phenylmethyl-
oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate is a hydrate
characterized by the following properties: a broad water loss
endotherm at a peak temperature of 60°C, followed by a
melting/decomposition endotherm with an extrapolated onset

25 temperature of 144°C (presumably due to the melting/decomposition of
Form VIII).

Form VHI N-[1(R)-[(1,2-dihydro-1-methanesulfonyl-
spiro[3H-indole-3,4'-piperdin}-1'-yhcarbonyl]-2-(phenylmethyl-
30 oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate is an
anhydrous polymorph characterized by a melting point of 144°C.

Form X of N-[1(R)-{(1,2-dihydro-1-methanesulfonyl-
spiro[3H-indole-3,4"-piperdin}-1'-yl)carbonyl}-2-(phenylmethyl-



10 net hanesul f onyl - spi ro[ 3Hindol e- 3, 4" - pi perdin] -1' -yl ) car bonyl ] - 2-
(phenyl net hyl - oxy) et hyl ] - 2- am no- 2- met hyl propanami de net hanesul fonate at 10
[err]Cmn in an open cup under under nitrogen flow exhibits a single
endotherm due to nelting, with a peak tenperature of about 174[err]C and
an extrapol ate9YHS# tenperature 15 (nelting point) of abBGTAUSHEFBEr] C
with an asoci ated heat of approximately 37 J/g. The DSC curve for Form IV
of N[1(R-[(1, 2-di hydro-1- nethanesul fonyl -spiro[ 3H i ndol e- 3, 4' - pi perdi n] -
1 '-yl)carbonyl]-2- (phenyl nethyl-oxy)ethyl]-2-am no-2-net hyl propanam de 20
met hanesul fonate at 10 [err]C/ mn in an open cup under under nitrogen flow
exhibits a water | oss endotherm at about 45 err]C foll owed by an endot herm
with a peak tenperature of about 134[ err] C and an extrapol at ed onset

tenperature (nmeltin ' ou er C dueto ting, of Form Vi,
with an asoci at eHXX&ABOQT% %%QW%%Y]‘PT‘LL@" ¥nples are
heated at a rat echératterizedrycarbroad witer laosmctndo@mma&hmg&hk xdturepof at ed
onset tenperaturgytc, Forml: 170[err] C (nel ti ng endot her r’r) 30

FormIl: 165[err[C (nmelting endotherm) FormWVl: 129[err]C (nelting

endot herm WO 97/ 15574
PCT/ US96/ 1695% - XLRaviP RIXRPD)2- di hydro 1- met hanesul fonyl -

S|r03H-|ndoIe34 I per de¥!
rys llmty an ymorphxsm X-ray
powder diffraction (XRPD) pattems were collectcd using a Philips
APD3720 Automated Powder Diffraction instrument with copper Ko
10 radiation. Measurements were made from 2° to 40° (2 theta) with the
sample maintained at ambient room temperature.

Form I was characterized by an X-ray powder diffraction
pattern with principal reflections at approximately: 6.5, 14.7, 16.9,
15 17.1, 17.9, 19.5, 21.1, 21.7, and 22.0° (2 theta).

Form II was characterized by an X-ray powder diffraction
pattern with principal reflections at approximately: 4.8, 11.8, 17.5,
194, 21.6, 21.9, 22.5, and 22.7° (2 theta).
20
Form Il was characterized by an X-ray powder diffraction
pattern with principal reflections at approximately: 13.8, 14.1, 18.0,
18.8, 19.5, 20.1, 20.6, 21.8, and 25.7° (2 theta).

25 Form IV was characterized by an X-ray powder diffraction
pattern with principal reflections at approximately: 16.0, 16.2, 18.3,
20.1, 21.0, and 24.2° (2 theta).

Form V was characterized by an X-ray powder diffraction
30 pattern with principal reflections at approximately: 14.8, 17.1, 17.6,
19.0, 19.1, 194, 20.6, 21.5, and 21.8° (2 theta).



rel ativel y anhydrous pol ynorph characterized by the follow ng 5

ity i-n—+sepropanol of
4.6 ny/ nL. "Form Il of N [1(R) -[ (1, 2-di hydr o- 1- net hanesul f onyl -
spi ro[ 3Hi ndol e- 3, 4' - pi perdi n] -1' -yl ) carbonyl ] - 2- (phenyl et hyl - 10
oxy) et hyl | w5 #Hssq- 2- met hyl propanam de met hanesul f onat e iperRikegiyeysdr ous
pol ymor ph characterized by the follow ng properties: a nelting point of
158[err]C and solubility in isopropanol of 12.3 ng/nm.. Form Il of
N-[1(R) -[ (1, 2-di hydro- 1- net hanesul fonyl - 15
spi ro[ 3Hi ndol e- 3, 4’ - pi perdi n] -1' -yl ) car bonyl ] - 2- (phenyl net hyl -
oxy) et hyl ] - 2- am no- 2- met hyl pr opanam de net hanesul fonate is a hydrate
characterized by the follow ng propertiedd-a water | oss endotherm at a peak
tenperature of 46[err]C, followed by a m nor nelting/deconposition
endot herm wi th an eXtraFBhﬁtVﬂm&ﬁiariaeﬁﬁéleﬁl x-r&zﬁbwe}&ﬂ?&ﬁ%armlv
of NN[1(R)-[( o&metha esulfo {?iy JQ&L ; pi per din) -
1 -yl)car bonyg - ?‘ﬁ?\ pr @ppl’lﬂ nam de
net hanesul f on é, &Qmﬁa@érzlz@d(%thmb foll owi ng properties: 25
a water | oss endot hermat a peak tenperature of 45[err]C, followed by a
nmel ting/ degonposition e dot mw th an. extrapol at d onset terrperature of
129[err]C presunabl y d 0 Ih‘gaﬂﬁpﬁaﬁ&nm ¥ PAY ?—for mVl). 30
Form IV N[ 1( Rifffgction pattemr with-prindipalceefleictions -at approxxmately 9.1,
spi ro[ 3H-i ndol1q;%, ¥4.1P1 74, @U@ 24.1; ¥hd 24 9O tHery. (Phenyl net hyl -

oxy) et hyl ] - 2- am no- 2- net hy propanam de net hanesulfonate appears to be a

hygr oscopi ¢ hydrate cont al ni nﬂ 3.5 noles of water per nole of
rm VIII was characterized by an X-ray powder

10 diffraction pattem with principal reflections at approximately: 11.5,
11.6, 18.1, 19.6, 22.5, 24.7, and 24.8° (2 theta).

Form IX was characterized by an X-ray powder diffraction
pattern with principal reflections at approximately: 8.0, 12.1, 15.3,
15 158, 19.6, 19.7, 21.1, 22.3, and 23.7° (2 theta).
Form X was characterized by an X-ray powder diffraction
pattern with principal reflections at approximately: 15.5, 15.8, 18.0,
18.4, 18.6, 19.4, 20.7, 20,8, 23.9, and 24.8° (2 theta).
These XRPD patterns confirm that all of Forms I - X are
20 distinct crystalline forms.

Microscopy
Examination of the polymorphic forms was conducted at
100X magnification under plain and polarized light. Form I and Form
25 II were needle shaped particles. Both Form I and Form II appeared
birefringent under polarized light.

IOSCOpIcit
The total volatiles content (as established by TGA analysis)
30 of solid samples of Forms I, II, IIl and IV upon exposure to various
controlled humidities is tabulated below. It was found that Form I
possessed 0.79 wt % water; Form II possessed 0.56 wt % water: Form
IIX possessed 4.5 - 5.0 wt % water; and Form IV possessed 9.5 - 10.0 wt
% water,
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N[1(R)-[(1, 2-di hydro- 1-nethanesul fonyl-spiro[3Hindole-3,4"- piperdin]- 1
"-yl)carbonyl]-2-(phenyl nmet hyl - oxy) et hyl ] - 2-am no- 2- net hyl propanani de
met hanesul fonate. 5 Form YV

N[ 1(R) - [ (1w eivisyrdr o- 1- met hanesul f onyl - PCT/US96/16955

spi ro[ 3Hi ndol e- 3, 4' - pi perdin]-1"-yl)carbonyl]-2-(phenyl net hyl -

oxy) et hyl ) - 2- am no- 2- net hyl propananm de net hanesul fonate appears to be a
hygroscopi ¢ hydrate containing 1 noles of water per nole of NN[1(R-[(1
, 2-di hydr o- 1- net hanesul fonyl -spiro[ 3Hindole-3,4'- 10 piperdin]- 1
"-yl)carbonyl]-2-(phenyl net hyl - oxy) et hyl ] - 2- am no- 2- net hyl propanam de
met hanesul fonate. FormVlI N-[1(R-[(1, 2- d|1 ydr o- 1- met hanesul f onyl -
spiro[ 3Hi ndol e- 3, 4" - pi perdin] -1' -yl ) carbonyl ] -2-(phenyl net hyl - 15

oxy) et hyl | - 2- ani no- 2- et iy groscopicity wasrassessed by storag thegglidcempoubd an

anhydr ous pol yrmrms refarR ARGy ERtnbir awomsmm&mﬂiy&aﬁ&errlc

FormVI| of N[ o o 8
Spi rof St | ndol 0TS | Bﬁ!'ﬁi‘*ﬁro i 56 154 g ygHoscopic

oxy) et hyl ] - 2- ardnbexhibits ylapgeopunease ammmmm %<RH. hMdr at e
characteri zgd %Usﬁﬁmfa%hﬁ&\!uﬁ‘&xﬂ’éreﬂﬁis'éﬁx bited b§ Fbrie] %ﬁc%ﬂ%%h@ﬁ‘%@&r m at

a peak tenperatyre C tin srfion
endothermwith aiw 80%@% ?alf‘éﬁtﬁg %Y’e‘%éﬁaei{llﬂgﬁé!"td]t%
(presumably due to the nelting/ decorrp05| tion of FormVilil). FormVIII
N[L(R-[(1 ,2-dihydro- 1 -rrethanesul f%:

spi ro[ 3Hi ndol e- 3, 4' - pi perdi n] - h&ar on s(é-( henyl net hyl - 30
oxy) et hyl ] -1%- am no- 2- net hyl prop ﬁ te is an

Form I Form 11
% RH % GainfLoss % Gain/Loss
0 -0.02 +0.08
11 -0.05 +0.02
33 - +0.33
15 47 +0.21 +0.39
65 +0.37 >10.02
76 +0.12 >10.02
100 >12.0 >10.0a,b
{ 2= Sample becomes a gummy semi-solid)
20 (® = Converts to Form IV upon exposure to ambient
humidity)
TABLE 2
Room Temperature (96 Hrs)
25 Form 1
% RH % Gain/loss
7 +0.4
22 - 4+0.3
47 +0.5
30 68 +0.6
88 +12.9%
100 +23.9%

(* = deliquescent material)



anhydrous pol yrmrph characterized by a nmelting point of 144C. Form X of

dol e- 3+4—piperdin] - -1
"yl )car bonyI ] 2- (phenyl nmet hyl - WO 97/ 15574
PCT/ US96/ 16955 -14- oxy) et hyl]-2-am no-2- et hyl pr opanam de net hanesul f onat e
i's charact ¢fd#adsfdy a broad water |oss endotherm at a peglrishedosd ure of
49C. 5 X-Ray Powder Diffraction (XRPD) X-Ray powder diffraction studies
are widely used to elucidate nol ecul ar structures, crystallinity and
pol ymor phi sm X-ray powder diffraction (XRPD) patterns were collected using
a Philips APD3720 Automated Powder Diffraction instrument with copper
Klerr] 10 radiation. Measurenents were nade from2 to 40 (2 theta) with the
sanpl e mai ntai ned at anbi ent roomtenpef&Vure Form | was characterized by
an X-ray powder diffraction pattern with principal reflections at

appr oxi mat el y: 6.5, 14. Hydvitedl fotfmsII dnd 19. 8f NLPLR)-R1. 2L &1 and

it ESEHOEZJTF?@%%W{M mﬁ%‘fﬂﬁﬁﬁé’eﬁﬁs@‘l Fralsafteddly: 4.8, 118,
17.5, 19.4, 2ipbenyimehylxylethyhld2 aminped-methylpropanamideo For mill was
char act eri zed rasthafestlfohatd wstealsh éldlagd By RBHR M&&Ve‘lﬁ% ﬁ?gﬁzo 6

5. 6. and 3. FLAETER SOTHE, 3 at fodim téhuperatbire. " Eorpy F shgw3iam, riscases 2o by
an X-ray powddR mapisturgsaftes#8-hr storage at 33% RH. Form IV, although not

gaining an appreciable amount of moisture until storage at 100% RH,

loses its water of hydration when stored at 11% RH or below. The

results are tabulated below in Table 3.

10
TABLE 3
Room Temperature (48 Hrs)
Form III Form IV
%RH % Gain/l.oss % Gain/Ioss
15 0 - -7.8
11 -0.15 -4.9
33 +2.23 +0.3
47 +3.99 +0.7
66 - +1.4
20 76 +3.76 +1.5
100 - +5.3
This data indicates that Form I is relatively anhydrous.
Solubility
25 The solubility of Form I in distilled water at room
temperature is >100 mg/mL. The aqueous solubility (RT) of Form II in
buffered solutions (pH 4-9) is >100 mg/mL. The solubility of Form 1
in ethanol/water mixtures is shown below:
Solubility
30 % Ethanol/H20 (mg/mL)
25775 >100
50/50 >100
75125 >90

100% ethanol >90



pattern wth principal reflections at approximately: 16.0, 16.2, 18. 3,
20.1, 21.0, and 24.2[err] (2 theta). FormV was characterized by an X-ray
powder diffraction 30 pattern with principal reflections at approximtely:
14.8, 17.1, 17.6, 19.0, 19.1, 19.4, 20.6, 21.5, and 21.8[err] (2 theta).
WO 97/ 13574W0 97/15574 PCT/ BSI6/SIG8% - 15 -
Form VI was characterized by an X-ray powder diffraction pattern with
principal reflections at approximtely: 9.8, 14.0, 14.8, 17.1, 17.6, 19.0,
19.5, 20.6, and 21.6[err] (2 theta). 5 Form VI was
characterized by an X-ray powder diffraction pattern with principal
reflections at approximtely: 9.1, 11.3, &é 1, 17.4, 20.0, 22.1, and
24.5[err] (2 theta). FormVIIl was charactérized by an X-ray powder 10
diffraction pattern with IIIn |pal reflections at approxinmately: 11.5,

11.6, 18.1, 19.Biermalpt LMPORRd| (2 theta). Form | X was

characterized by an X-r a(sulidrstatefstalnhty ofngattdomipousid Wap assessgibby

refl ections at 21.1,
22.3, and 23. ”eHM Bpm%r%\w/asaa?har terlgae%k jsgdngplig'ray owder
diffracti on patdS8® ﬁ'@ﬁﬁ namté@mm Vas gPRRM Fbﬂ‘l I%ﬂg
15.8, 18.0, 518.Fhe isocfaticlethodthal waile o?&d&s oatlthedbdlparr] (2 thet a)

These XRPD patterns confi t !) %%ligl stl
crystalline fornms. MM%IQ%-H@X ge%g%x 'ﬁfﬁ P
conduct ed at obile Phase: , W 3PO4: Acetomtnle (65 35)
Flow Rate: 1.0 mL/min
Detection Wavelength: 228 nm
10 Run Time: 14 minutes
Column Temperature: Ambient
Injection Volume: 20 pL of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl)-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
15 methanesulfonate (50 pg/mlL)
The results shown below for Forms I and II were
calculated as weight percent.

Form 1
% Inital
20 C 6 Wks 17 Wks
40 100.1 98.7
60 100.7 101.3
80 100.7 99.4
25 Form I
% Initial
°C 1Wk 2Wks 4Wks 8Wks 12Wks 24 Wks
40 99.7 - 1007 995 -- 100.1 100.1

60 994 99.6 100.3 100.0 101.0  100.8
30 80 99.2 100.3  99.2 99.8 100.4 --

These results indicate that neat solid Form I and Form II
had good thermal stability.



100X magni ficati on under plain and polarized light. Forml and Form25 II

f - appeared—bt+efrngent
under polarized light. Hygroscopicity The total volatiles content (as
established by TGA analysis) 30 of solid sanples of Forns I, IIl, IIl and
| V upon expgegbfsssy various controlled humdities is tabul pépgsdoséssyy. |t
was found that Form | possessed 0.79 wt % water, Form Il possessed 0.56 wt
Y% water; FormIlll possessed 4.5 - 5.0 wt % water; and Form |V possessed 9.5
- 10.0 vt % water. WD 97/ 15574
PCT/ US96/ 16955 - 16- Hygroscopicity was assessed by storing the solid
compound in constant relative humdity chanbers. A conparison of anhydrous
Forms | and Il at room tenperature indi catl¥s-Form Il is hygroscopic and
exhibits a large increase in noisture starting at 65% RH. No 5 substanti al

noi‘sture increase is eXhi'méFtbd&xsdEQb pre @wmatsubﬁm dithdedre\sutlinéd RH.
The results ar eagm‘%ed be in Tables 1 and TABLE 1 Room Tenperature

(48 Hrs) 10 Form | FormIl % RH
% Gai n/ Loss % Gain/ Loss O -0.02 +0.08 1 1 -0.05
+0. 02 33 - +0. 33 86HEME 47 +0. 21
+0. 39 5
0. _0Bn 0...0Bn
H Y Y
N N N PU/C, Hp
BnOCOCI 1.04 eq. (COCI),
K2CO3, H0 cat. DMF DIEA
thicanisole
COOH COOH CocCl
2 3 4
Q
o OBn 0 OBn )\—OBn
r\g PRNHNH, Q Ejg) NaBHdMeOH
CHO CH=NNHPh
7
%oan N—o8n N,H
1) Activated
MsCl
DIEA carden
2) 10% Pd/C
N N " Ha , EtoH N
SO,Me SOsMe
9 1b



65 +0. 37
>12.0

>10.0[err] 76

+0. 12 >10.0[err] 100

>10.0[err] (a = Sanple beconmes a gumry sem -solid) 20

(b = Converts to Form 1V upon exposure to anmbient humdity) TABLE 2 Room

Tenperature (96 Hrs) 25 Forml % RH %
Gai n/ Loss 7W097/15574  +0.4 22 +0. 3 47 POrBs966955

68 +0. 6 88 +12.9* 100 +23.9* (* = deliquescent
mat eri al ) WO 97/ 15574

PCT/ US96/ 16955 - 17 -
met hanesul f onyl -
(phenyl net hyl oxy) et hyl ] - 2- am no- 2- net hyl pr,
al so evaluated by storage in relative hum
roomtenperature. Formlll
storage at 33% RH. Form 1V, altho

noi sture until storage at 100% RH,

Hydrated forns 111

spi ro[ 3Hi ndol e- 3, 4" - pi perdi n] -

and 1V of NN[1(R-[(1, 2-di hydro-1-

1 '-yl)carbonyl]-2-
anam de met hanesul fonate were
ty 5 chambers for 48 hrs at

shows an increase in noisture after 48-hr

appr eci abl e anmount of

H
: o,NHBOC
H Ph/\o 5
N co o
10 NHBOC 1) MsOH, EtOH
oce 2) basic workup
SO,Me iPoAc
oMe iProAcH,0 802Me
1b 11
e~ NH TP
L G 0 \Tr><;NHBOC
o Hsc CHj 0O
N N
Hozc NHBOC
1) MsOH, EtOH
DCC 2} basic workup
o P
SO,Me SOzMe
12
g H HsC CHs i gHaC CHgy
N 3
PR 0 \nX P 0 \|]><NH2'MSOH
o0 o0
@éj
N
802Me SOzMe
15 16



| oses its water of h_ydration when stored at 11% RH or below. The results

ak-e 2L ad _hal o\ a

1l FormlV % RH

h 0 AR

% Gai n/ Loss % Gai n/ Loss 15

) 7.8 11 -0. 15 4.9 33 +2.23
+0.3 47 99 +0.7 66 - peTuSsk 1530
76 w???"/’g’;" +1.5 100 15.3 Thi s data

indicates that Form | is relatively anhydrous. Solubility 25

The solubility of Forml in distilled water at roomtenperature is >100

nmg/ mL. The aqueous solubility (RT) of FormlIl in buffered solutions (pH
4-9) is >100 ng/nL. The solubility of Form1l in ethanol/water m xtures
shown bel ow. Solubility 30 -21- %Ethanol/Herr]O

(mg/ nL) 25/ 75

100% et hanol

10

15

20

25

30

>100 50/50 >100 75/ 25
>90 As depicted in Scheme I, the CBZ-Spiroindoline 1 is treated
with Darco (20% by weight) prior to hydrogenation. The
hydrogenation is carried out in ethanol at 65°C over 10% Pd/C with
vigorous stirring.

A solution of 1b in isopropyl acetate and water is coupled
with commercially available N-BOC-O-benzyl-D-setine in the presence
of dicyclohexylcarbodiimide (DCC) and 1-hydroxybenzotriazole
(HOBt). After filtration of the dicyclohexylurea (DCU) side product,
the 2-phase filtrate is separated and the organic layer is washed
successively with 1M aqueous sodium hydroxide solution, 0.5M aqueous
hydrochloric acid and finally saturated aqueous sodium hydrogen
carbonate. Improved results in this coupling are achieved when a
solution of the free amino in iPrOAc/H20 is treated with DCC, HOBT
followed by addition of the amino acid at ambient temperature and
followed by reaction for 3-5 hrs The batch is then concentrated in
vacuo and the solvent is switched from isopropyl acetate to ethanol.
This solvent switch generally proceeds swiftly by “feeding and
bleeding” 3x batch volumes to remove isopropyl acetate..

The BOC-group of 11 is removed by treatment with
methanesulfonic acid (MsOH) (3 eq) in ethanol at 35-40°C. Partitioning
between isopropyl acetate and aqueous 1M sodium hydroxide solution
affords 12.

The coupling of 12 with N-BOC-¢-aminoisobutyric acid is
best conducted in a two-phase solvent system, isopropyl acetate/water
(1:1) in the presence of DCC and HOBt (1.1 eq. each). Removal of the
DCU by filtration, separation of the layers and washing the organic
layer successively with 1M aqueous sodium hydroxide, 0.5M aqueous
hydrochloric acid and saturated aqueous sodium hydrogen carbonate
affords 14.

The mixture is solvent switched to ethanol for the
subsequent methanesulfonic acid cleavage of the Boc group.
Deprotection of 14 is more difficult than that of 11 and requires a
concentrated solution of ethanol/methanesulfonic acid and heating to 35-
40°C. After extractive workup (EtOAc-NaOH), the free amine 15 is

S

>90



WD 97/ 15574 PCT/ US96/ 16955 - 18 -
Thermal Stability - Neat Conpound The solid state stability of neat
conpound was assessed by storage of the drug in glass screwcap vials in

t he dark. Sanples were assayed by HPLC and t he parent conpound was
quantit at iwelsyissmhl yzed. 5 The isocratic nethod that waSCEAEIHEEE i s
outlined bel ow. Colum: Beckman U trasphere ODS (250x4.6 mm 5[err]) Mobile
Phase: 0.1% TEA, pH 4.0 with Herr]PJerr]:Acetonitrile (65:35) Flow Rate:
1.0 nL/m n Detection Wavel ength: 228 nm 10 Run Tinme: 14 mnutes
Col um Tenperature: Anmbient Injection Volume: 20 [err]L of

N[L(R-[(1, 2-di hydro- 1- net hanesul fonyl 58pi ro[ 3Hi ndol e- 3, 4' - pi perdi n] -

1' -yl)carbonyl]-2- (phenyl net hyl - oxy) et [ - 2-ami no- 2- met hyl pr opanani de 15
met hanesul fonate (50 err]g/nL) The results shown belqQw for Fornms | and 1|1
ver e cal cul at d¢plated prganic ayer 1:-wrashed ggallwith 1NNaOH to ensure
[18r1r]3 go 6 %m leterbﬁld%fi of inethanesulfthid acid. 98. 7 60 I:100. I7I o

: orm 0
miiialc 1wk o win %ﬂfxé?a%ew%swmnﬂfw JreobRedAE 997 1007
99. 5 -- copeentrated ¢o low bulk in vacuo and is azeotroped dry (KF <500

5 mgml'l) by “feeding and bleeding™ 2x batch volumes of 90/10, ethyl
acetate/ethanol followed by 2x batch volumes of ethyl acetate. The
resulting dry, slightly hazy solution of the free base 13 in ethyl acetate
is treated with Darco
G-60 (25 weight %) at room temperature for about 10 hours. Removal

10 of the Darco by filtration with a filtration agent gives the free base 15.

Formation of the methanesulfonic acid salt 16 from 135 is
carried out in EtOAc with 1.1 eq of MsOH at about 50°C. The free
base 15 is treated with 8 volume % of EtOH and 1 eq of H20 and heated
to 55°C until complete dissolution. Cooling to ambient temperature and

15 stirring the resulting slurry for 4 hours gives crystalline material of 16
designated as crystal Form II [solubility in IPA = 12 mg/mL}.

The conversion of Form II to Form I is accomplished
where the salt is formed in EtOAc-EtOH as above, but instead of
cooling the initial solution of the salt (at 55°C) to ambient temperature,

20 it is cooled to 45°C. Crystals should start appearing at that temperature
and the slurry should become thicker with time. The temperature is
then raised to 51°C and the slurry is aged overnight. Complete
conversion to Form I of 16 should be expected.

Preferably, the conversion of Form 1I to Form 1 is

25 achieved by adding seed crystals of Form I to a solution of the free base
in EtOAc-EtOH at 50-55°C followed by aging. Accordingly, the free
base 15 may be treated with 1.1 equivs, of methanesulfonic acid in 8%
ethanol in ethyl acetate at 50-55°C. The batch is then seeded with
approximately 2% by weight of Form I of the methanesulfonate salt 16,

30 and then aged at 55°C overnight. The batch is cooled to room
temperature and aged for approximately 2-3 hours. The product is
isolated by filtration at room temperature under a nitrogen atmosphere,
dried at 35°C in vacuo and sieved to give the methanesulfonate salt 16.



100. 3

are

60 99. 4 99.6 100.3 100. 0 101.0 100.8 30 80 99.2
99209081 00—4—Fhese—fest-ts—neeate—t+hat neat—sel+d—+orm | and
Form Il had good thermal stability. WO 97/ 15574

PCT/ US96/ 16955 - 19 - The processes to prepare the subject conpound
outlined Qg g@] pns: SCHEME |0 5 [err] WD 97/ 15574  peTmise6/1695s

PCT/ US96/ 1 3 20 - SCHEME | (CONT'D) [err] WD 97/ 15574

PCT/ US96/ 16955 - 21 - As depicted in Scheme I, the CBZ-Spiroindoline 1 is
treated with Darco (20% by wei ght) prior to hydrogenation. The

10

15

20

25

30

-23 .

The methanesulfonic acid salt 16 may also be formed by
alternating the stepwise addition of MsOH (1.1 eq) and seed crystals of
Form I to a solution of the free base in EtOAc-EtOH at about 50°C,
wherein the order of addition of the MsOH and the seed is not critical.

The utility of the polymorphic compounds of the present
invention as growth hormone secretagogues may be demonstrated by
methodology known in the art, such as an assay described by Smith , et
al., Science, 260, 1640-1643 (1993) (see text of Figure 2 therein). In
particular, all of the polymorphic forms of the present invention had
activity as growth hormone secretagogues in the aforementioned assay.
Such a result is indicative of the intrinsic activity of the polymorphic
forms of the present invention as growth hormone secretagogues.

The growth hormone releasing compounds of the present
invention are useful in vitro as unique tools for understanding how
growth hormone secretion is regulated at the pituitary level. This
includes use in the evaluation of many factors thought or known to
influence growth hormone secretion such as age, sex, nutritional
factors, glucose, amino acids, fatty acids, as well as fasting and non-
fasting states. In addition, the compounds of this invention can be used
in the evaluation of how other hormones modify growth hormone
releasing activity. For example, it has already been established that
somatostatin inhibits growth hormone release. Other hormones that are
important and in need of study as to their effect on growth hormone
release include the gonadal hormones, e.g., testosterone, estradiol, and
progesterone; the adrenal hormones, e.g., cortisol and other corticoids,
epinephrine and norepinephrine; the pancreatic and gastrointestinal
hormones, e.g., insulin, glucagon, gastrin, secretin; the vasoactive
peptides, e.g., bombesin, the neurokinins; and the thyroid hormones,
e.g., thyroxine and triiodothyronine. The compounds of the present
invention may also be employed to investigate the possible negative or
positive feedback effects of some of the pituitary hormones, e.g.,
growth hormone and endorphin peptides, on the pituitary to modify
growth hormone release. Of particular scientific importance is the use

hydrogenation is carried out in ethanol at 65[err]C over 10% Pd/C with



vigorous stirring. 5 A solution of 1b in isopropyl acetate and
water is coupled with commercially avail able N-BOC- O benzyl-D-serine in the
presence of dicycl ohexyl carbodiimde (DCC) and 1-hydroxybenzotri azol e
(HOBt). After filtration of the dicycl ohexylurea (DCU) side product, the
2- phase fi Woet/issi4s separated and the organic |ayer is waBCEUSIEO69SS
successively with 1M aqueous sodi um hydroxi de sol uti on, 0.5M aqueous
hydrochloric acid and finally saturated agueous sodi um hydrogen carbonate.
| mproved results in this coupling are achieved when a solution of the free
amino in iPrOAc/Herr]Ois treated with DCC, HOBT foll owed by addition of
the am no acid at anbient tenperature ang,, 15 followed by reaction for 3-5
hrs The batch is then concentrated in vactio and the solvent is swtched

fromisopr opyl acetate to ethanol. This solvent swtch generally proceeds
swiftly by "fcefithege sampouadsito glucidatpdhe subcsl iasmeshamsmsanedisingpy |

acetate. The HeGeléde ofodrowihi oriseyed by treatnment with 20 o
bet QZQﬁSI"sLSPLS cet arthegerpaongt B e BRSOl BHLE 1 1t i on af  or ds
12. The coupli a%;nuustpze dvio animasCineludinganan ot spi¢ase growth hapmenedanduct ed
precence. 3?%‘3;%@2?‘““ feqthe SoBpomids é‘ﬁ‘&"@?ﬁ"%‘?‘ﬁé"’aﬁ° by b1y at on
gepar ation of eg?x@g &?RP%@WH&“Q%’ asfwge?jgf Me%‘@ {’@ @ith 1M
aqueous sodi unmmmmtﬁeamblmammrm@n emtenti of grovethateli lmarmrat ed
aqijeouts zemd![ gﬂfé&ﬂd{)fﬁgféﬁang or the s S uenltléﬂr%1 it suecshuamg?ﬁlghglclzwd)(t ure s
i?e\a/l\elgge of t h%‘ﬂgh %b(?ﬁ ﬂ?&"&'p 3?? %é ﬂstlege%aﬁu@law PR EMC W™ t hat
of 11 and Mkq udnagaowc tooi to directly determine whether the pituitary is capable of
releasing growth hormone. For example, the compounds of the present
invention can be administered in vivo to children. Serum samples taken
before and after such administration can be assayed for growth
hormone. Comparison of the amounts of growth hormone in each of
15 these samples would be a means for directly determining the ability of
the patient's pituitary to release growth hormone.
Accordingly, the present invention includes within its scope
pharmaceutical compositions comprising, as an active ingredient, at least
one of the compounds of the present invention in association with a
20 pharmaceutical carrier or diluent. Optionally, the active ingredient of
the pharmaceutical compositions can comprise an anabolic agent in
addition to at least one of the compounds of the present invention or
another composition which exhibits a different activity, e.g., an
antibiotic growth permittant or an agent to treat osteoporosis or in
25 combination with a corticosteroid to minimize the catabolic side effects
or with other pharmaceutically active materials wherein the
combination enhances efficacy and minimizes side effects.
Growth promoting and anabolic agents include, but are not
limited to TRH, diethylstilbesterol, estrogens, B-agonists, theophylline,
30 anabolic steroids, enkephalins, E series prostaglandins, compounds
disclosed in U.S. Patent No. 3,239,345, e.g., zeranol, and compounds
disclosed in U.S. Patent No. 4,036,979, e.g., sulbenox or peptides
disclosed in U.S. Patent No. 4,411,890.




concentrated sol ution of ethanol/nmethanesul fonic acid and heating to 35-

4 0f-e+}-C—Aft-er—exiracttre—workup—{E-SAe—NaSH—the- f r ee amne—315—+s—WO
97/ 15574 PCT/ US96/ 16955 - 22 -

i sol ated. The organic |layer is washed well with 1IN NaCH to ensure conpl ete
removal of ng{apesyl fonic acid. The ethyl acetate sol uti opcpiyuséensessr ee
base 15 is concentrated to | ow bulk in vacuo and is azeotroped dry (KF <500
5 ngnmi[err]) by "feeding and bl eedi ng" 2x batch vol unmes of 90/10, ethyl
acetate/ ethanol followed by 2x batch vol unes of ethyl acetate. The
resulting dry, slightly hazy solution of the free base 15 in ethyl acetate
Is treated with Darco G 60 (25 weight % at roomtenperature for about 10
hours. Renoval 10 of the Darco by filtrat23m with a filtration agent gi ves
the free base 15. Formation of the nethanesulfonic acid salt 16 from 15 is

carried out in Et OAc withAlstill €arthér déedf thie cdmpd uﬁd?s[eftlilﬁmﬂmdnrﬁénbase

ég[lefrigeﬁhfﬁl " %%tﬁg%@hﬁ@élgpﬂﬁr%%gﬂ%oﬁ?g r#g n%erggﬂée and 15

stirring the regrpwthfosmoneyelegsing peptide gﬁ'ﬂw RP1] aﬁedméze dn of 16
desi gnated as crys, Patdrit’Nod. 4,4 PR8I anki!piy BlftahBﬁs-W(fﬂSW'ﬂD W@e

e 2 ory o5 St 11 Snd B Fitoer ﬁ%@% HeSRi ) BHRE 28 sl 1
salt (at 55[err]WP §3/04081con grosvtbcharmaons, rei@smg hpsnese (GHRY, abo
Crystal s shoul d @%@'xﬁt&pm)l 4l /S ahamgst@@emh Hoemadne drﬂel@hﬁ'ﬂbgs @Poul d
becone thicker W th ti The, t Gi&i;t Y8d l‘?}l-t"lﬁe@r ﬁlet?c glc%u%ss p‘e
slurry is aged Somate ﬁjSﬁBanE 1gic ag uc
as clonidine or serotonin SHTID agonists such as sumitriptan or agents
10 which inhibit somatostatin or its release such as physostigmine and
pyridostigmine. In particular, the compounds of this invention may be
used in combination with growth hormone releasing factor, an analog of
growth hormone releasing factor, IGF-1, or IGF-2. For example, a
compound of the present invention may be used in combination with
15 IGF-1 for the treatment or prevention of obesity. In addition, a
compound of this invention may be employed in conjunction with
retinoic acid to improve the condition of musculature and skin that
results from intrinsic aging.
The present invention is further directed to a method for
20 the manufacture of a medicament for stimulating the release of growth
hormone in humans and animals comprising combining a polymorphic
form of the present invention with a pharmaceutical carrier or diluent.
As is well known to those skilled in the art, the known and
potential uses of growth hormone are varied and multitudinous. The
25 administration of the compounds of this invention for purposes of
stimulating the release of endogenous growth hormone can have the
same effects or uses as growth hormone itself. These varied uses of the
present compounds thus may be summarized as follows: stimulating
growth hormone release in elderly humans; treating growth hormone
30 deficient adults; prevention of catabolic side effects of glucocorticoids;
treatment of osteoporosis; stimulation of the immune system,
acceleration of wound healing; accelerating bone fracture repair;
treatment of growth retardation; treating acute or chronic renal failure
or insufficiency; treatment of physiological short stature, including



conversion to Form | of 16 should be expected. Preferably, the conversion
of FormIl to Forml is 25 achieved by adding seed crystals of Forml to a
solution of the free base in Et QAc-EtOH at 50-55[err] C fol |l owed by agi ng.
Accordingly, the free base 15 nay be treated with 1.1 equivs. of

met hanesul ieppp1s88 d in 8% ethanol in ethyl acetate at 50r&H{s%n$9s5 The
batch is then seeded with approximately 2% by wei ght of Form | of the

nmet hanesul fonate salt 16, 30 and then aged at 55[err] C overni ght. The
batch is cooled to roomtenperature and aged for approxi mately 2-3 hours.
The product is isolated by filtration at roomtenperature under a nitrogen
at nosphere, dried at 35C in vacuo and si 92\/6ed to give the nethanesul fonate
salt 16. WD 97/ 15574 TevT

PCT/ US96/ 16955 - 23 - The nethanesul fonic acid salt 16 may al so be forned
by al t er nat i nggravethshemmensdeficient childfenytiating. shostjstaturd assedatedy st al s of
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10 schizophrenia, depression, Alzheimer's disease, delayed wound healing,
and psychosocial deprivation; treatment of pulmonary dysfunction and
ventilator dependency; attenuation of protein catabolic response after a
major operation; treating malabsorption syndromes; reducing cachexia
and protein loss due to chronic illness such as cancer or AIDS;

15 accelerating weight gain and protein accretion in patients on TPN (total
parenteral nutrition); treatment of hyperinsulinemia including
nesidioblastosis; adjuvant treatment for ovulation induction and to
prevent and treat gastric and duodenal ulcers; to stimulate thymic
development and prevent the age-related decline of thymic function;

20 adjunctive therapy for patients on chronic hemodialysis; treatment of
immunosuppressed patients and to enhance antibody response following
vaccination; increasing the total lymphocyte count of a human, in
particular, increasing the T4/Tg-cell ratio in a human with a depressed
T4/Tg-cell ratio resulting, for example, from physical trauma, such as

25 closed head injury, or from infection, such as bacterial or viral
infection, especially infection with the human immunodeficiency virus;
improvement in muscle strength, mobility, maintenance of skin
thickness, metabolic homeostasis, renal hemeostasis in the frail elderly;
stimulation of osteoblasts, bone remodelling, and cartilage growth;

30 stimulation of the immune system in companion animals and treatment
of disorders of aging in companion animals; growth promotant in
livestock; and stimulation of wool growth in sheep. Further, the instant
compounds are useful for increasing feed efficiency, promoting growth,
increasing milk production and improving the carcass quality of



invention are useful in vitro as unique tools for understanding how 15

y |-evel—Fhts—tnetudes
use in the evaluation of many factors thought or known to influence growth
hor nrone secretion such as age, sex, nutritional factors, glucose, am no
acids, fattyyaghds, as well as fast| ng and non- fasting stgdRsseeiddss
addi tion, the conpounds of this invention can be used 20 in the evaluation
of how ot her hornones nodify growth hornone rel easing activity. For
exanple, it has already been established that somatostatin inhibits growh
hor none rel ease. O her hornones that are inportant and in need of study as
to their effect on growh hornone rel ease include the gonadal hornones,
e.g., testosterone, estradiol, and 25 pr@desterone; the adrenal hornones,
e.g., cortisol and other cortic0|ds epi nephrine and norepi nephrine; the

pancreatic and lﬁfe%tdad nLﬂ&wxeé\IthBQﬁsmﬂLeéompoﬂnds aresuselfiil indd sfetlBed of gast rin,

hyrof o hor mondtcatiept SF dRgRte e %ﬂﬂiﬁ??? WATEE b e 8 B, "

g

t he present 30 effmnfe thormepedguelsithat comprisesathe t he possi bl e
negative or t{—ﬁﬁﬂp@f)gnﬁi tast o @,Q[re of the pitui tary hor nones,
e.g., grow horm)ne and,en I n_ pe on th tU| Q nodify
growt h hornone rel ease. E?Pﬁg-?‘-j[%’i?%"m‘kg‘? P‘?&?’i‘r&‘%‘?ﬁ’%‘“} %Ft he use
WO 97/ 15574 prevention or treatment of a condition selected uhs@;onp955 - 24 - of
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fracture; musculoskcle impairment in the elderly; growth hormone
10 deficiency in adults or in children; obesity; cachexia and protein loss
due to chronic illness such as AIDS or cancer; and treating patients
recovering from major surgery, wounds or burns, in a patient in need
thereof.

In addition, the instant compounds may be useful in the

15 treatment of illnesses induced or facilitated by corticotropin releasing
factor or stress- and anxiety-related disorders, including stress-induced
depression and headache, abdominal bowel syndrome, immune
suppression, HIV infections, Alzheimer's disease, gastrointestinal
disease, anorexia nervosa, hemorrhagic stress, drug and alcohol

20 withdrawal symptoms, drug addiction, and fertility problems.

It will be known to those skilled in the art that there are
numerous compounds now being used in an effort to treat the diseases
or therapeutic indications enumerated above. Combinations of these
therapeutic agents some of which have also been mentioned above with

25 the growth hormone secretagogues of this invention will bring
additional, complementary, and often synergistic properties to enhance
the growth promotant, anabolic and desirable properties of these
various therapeutic agents. In these combinations, the therapeutic agents
and the growth hormone secretagogues of this invention may be

30 independently present in dose ranges from one one-hundredth to one
times the dose levels which are effective when these compounds and
secretagogues are used singly.

Combined therapy to inhibit bone resorption, prevent
osteoporosis and enhance the healing of bone fractures can be illustrated



5 vivo. For exanple, the conpounds can be adm nistered to commercially

I nportant animals such as swine, cattle, sheep and the like to accelerate
and increase their rate and extent of growth, to inprove feed efficiency
and to increase m |k production in such animals. In addition, these
conpounds carwberes8m ni stered to humans in vivo as a 10 di 8gHUsw169ss5ool to
directly determ ne whether the pituitary is capable of releasing growth

hor mone. For exanpl e, the conmpounds of the present invention can be

adm nistered in vivo to children. Serum sanpl es taken before and after such
adm ni strati on can be assayed for growth hornone. Conparison of the anounts
of growth hornone in each of 15 these sanp# s would be a neans for
directly determining the ability of the patTent's pituitary to rel ease
growt h hornone. Accordingly, the, present invention includes withinits

scope phar maceut by fombinations ob hisphesphonates and the, growth harmeng edi ent, at
| east one of thesexrsigogdes of thxbénﬁzﬁmtTha\usetdfmsphbsphﬁﬁmﬁfbpﬂxe%t h a

20 pharmaceutic ¢ I [ imaredi ent of
t he pharnmaceuti cgkﬂlﬁgg 'ixgglbte?%r{g'b ggﬁé&é foprei:{ésrgﬁ bélnlélgnﬁyaﬂ é;eﬁt’ IQ Caddi tion
to at |east one SRWPBQR‘HG&%IM@? ohie %ﬁeaﬁfv

conposi tion whi cMebi, &, 19-26 (19931 eBisphesphoriayes with thestualifiedinlide gr owt h

or {1 conteroid t o‘%@ﬁ%ﬁ‘%h fitbnd, BRRBIRY ARPL rsafhasf GRS Y M- " @
phar maceut i cal | y 138t clodromate; pansdmteeuan tEM-@dQB?ﬂatAmrdmgatmﬁmnef ficacy
and minimzes si Efwﬁt e etal daflyQidsage 1evals bﬁm@Bﬁpﬁamna@e 8P Beiwedgl1ude,

theophyl 11 ne, - 3 g‘iﬂé@éﬁ?@hﬁ?@f ety ﬁé&??%% gFQMERRBRRon oct oo andi ns.
conpounds di LQl ogwemom Oﬁﬂusnnvmm betveess! ngngﬂ@etmmmg gof
conpounds di scl obedy lv(ibxghﬁard:&lxﬂiﬂlstﬁﬁed fb 3@@1&3 Qo obtdin effédtiveneeattient of
pepti des di scl Oss&ebﬂo}ﬁs% Pat ent
In the case of alendronate daily oral dosage levels of 0.1
mg to 50 mg are combined for effective osteoporosis therapy with 0.01
15 mg/kg to 20 mg/kg of the growth hormone secretagogues of this
invention. Osteoporosis and other bone disorders may also be treated
with compounds of this invention in combination with calcitonin,
estrogens, raloxifene and calcium supplements such as calcium citrate.
Anabolic effects especially in the treatment of geriatric
20 male patients are obtained with compounds of this invention in
combination with anabolic steroids such as oxymetholone,
methyltesterone, fluoxymesterone and stanozolol.
The compounds of this invention can be administered by
oral, parenteral (e.g., intramuscular, intraperitoneal, intravenous or
25 subcutaneous injection, or implant), nasal, vaginal, rectal, sublingual, or
topical routes of administration and can be formulated in dosage forms
appropriate for each route of administration.
Solid dosage forms for oral administration include
capsules, tablets, pills, powders and granules. In such solid dosage
30 forms, the active compound is admixed with at least one inert
pharmaceutically acceptable carrier such as sucrose, lactose, or starch.
Such dosage forms can also comprise, as is normal practice, additional
substances other than inert diluents, e.g., lubricating agents such as
magnesium stearate. In the case of capsules, tablets and pills, the dosage



WD 97/ 15574 ~PCT/ US96/ 16955 - 25 - A
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ot her growt h hornone secretagogues such as the growth hornone rel easi ng
pepti des GHRP-6, CGHRP-1 as described in U S. Patent Nos. 4,411,890 and

publ i cati onsyW¥3-f9497110, WO 5 89/07111 and B-HT920 as weldctassdissussr el i n
and GHRP-2 as described in WO 93/04081 or grow h hornone rel easi ng hornone
(GHRH, al so designated GRF) and its anal ogs or growh hornone and its

anal ogs or somatonedins including IG--1 and 1 G~ 2 or a-adrenergic agonists
such as clonidine or serotonin 5HTID agoni sts such as sumtriptan or agents
10 which inhibit somatostatin or its release such as physostigm ne and
pyridostigmne. In particular, the conpounag -of this invention my be used
in conmbination with grom h hornone rel easing factor, an anal og of growth
hor mone rel easi rl@rﬁﬁahayaidocfmﬁpneébhfﬁnﬁg{gmmex'ﬁableesandpﬂMmmd of the

reatnent or proudiitndly be Gfobated With Sipriictiinks > o0 G o s
i nvention rraypbe enpl oyedLiguidg: aasstfgms ‘g%ﬂﬁ%lm@“ﬁ&‘ﬁpr ove the
condi tion of rrusphdrmaué@u@alty adﬁeptdﬂlebamﬂﬁuhi ssolu@ms rsuspemsumm , The
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ani mal s conpri siwateto xdeﬁgsuahpmwdmsms@cem%mm iranHse imelude,vent i on
with a phar maceuidjevants aucheds wéttitigl dpents, eAsulsifyingl dndsispendingtdpents, ski | | ed
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Preparations according to this invention for parenteral

10  administration include sterile aqueous or non-aqueous solutions,
suspensions, or emulsions. Examples of non-aqueous solvents or
vehicles are propylene glycol, polyethylene glycol, vegetable oils, such
as olive oil and com oil, gelatin, and injectable organic esters such as
ethyl oleate. Such dosage forms may also contain adjuvants such as

15 preserving, wetting, emulsifying, and dispersing agents. They may be
sterilized by, for example, filtration through a bacteria-retaining filter,
by incorporating sterilizing agents into the compositions, by irradiating
the compositions, or by heating the compositions. They can also be
manufactured in the form of sterile solid compositions which can be

20 dissolved in sterile water, or some other sterile injectable medium
immediately before use.

Compositions for rectal or vaginal administration are
preferably suppositories which may contain, in addition to the active
substance, excipients such as cocoa butter or a suppository wax.

25 Compositions for nasal or sublingual administration are
also prepared with standard excipients well known in the art.

The compound of this invention may be administered to
patients (animais and humans) in need of such treatment in dosages that
will provide optimal pharmaceutical efficacy. It will be appreciated that

30 the dose required for use in any particular application will vary from
patient to patient, not only with the particular compound or composition
selected, but also with the route of administration, the nature of the
condition being treated, the age and condition of the patient, concurrent
medication or special diets then being followed by the patient, and other

O




25 administration of the conpounds of this invention for purposes of
stinul ating the rel ease of endogenous growth hornone can have the sane
effects or uses as growmh hornone itself. These varied uses of the present
conmpounds thus may be summarized as follows: stinulating growth hornone
rel ease i n WBF§4humans; treating growth hornone 30 defRCGITEA$168%ul t s;
prevention of catabolic side effects of glucocorticoids; treatnent of
osteoporosis; stimulation of the inmune system accel eration of wound
heal i ng; accel erating bone fracture repair; treatnent of growth
retardation; treating acute or chronic renal failure or insufficiency;
treatment of physiological short stature, 3brlcl udi ng WO 97/ 11574
PCT/ US96/ 16955 - 26 - growt h hornone deficCrent children; treating short
stature associated wth oni g .i,l Lness; treagfnent of obesity and growh
retardation as é’é%ﬁ?flp%ﬁghﬁgi;mﬁﬁ%aﬂm {Wﬂ%é’t’@@ﬁi on associ at ed
wi t h Prader - W | dpiprepmiatecdasage ailtimatedy ' beirng atithendiscretion of thel stgenidant 5
recovery and r;ﬁg‘si&gn hospitalization of burn patients or follow ng ngjor
surgery such as dastr Oi ntrggt' nal suyrgery., tra{aet ment. of intrauterine growth
retardation, and skel et al RS O aClive mmgredient in the compositions ofdbist hi es:
repl acenment Sof igvemtidn hraynbe variedshoweser ipistnecessary tthattheenhogit of the
ost eochondr ody- i iRV 0, i i e ssi on,
Al zhei ners di se%ﬁlg,é% e%l/ée\@ muny%?%@abgcnd s%ggcfég‘g%?’;%ﬁﬁégr ﬁ\%’ tion;
treatment of pmefﬁ%é ogAger deRends MpeRdhe desired thnrapentie affeey ondhegoute: i on
of protein catafddministeation eandf ¢ thedortion ofthetreatmerit! €@éndidlly, _
mal absorpti on_HulEO s bE Bifkadh 63007 'toAPRYEL Srbdlsy Yaiel il ark"" 0N ©
illness SU(iB as cancer ar S, . R )

admintstered to patients and animals, e.g., mammals, to obtain effective

release of growth hormone. Preferably, the dosage level will be about

0.001 to about 25 mg/kg per day; more preferably about 0.01 to about

10 mg/kg per day.

Methods for preparing the polymorphic forms of the
15 present invention are illustrated in the following Examples. The

following examples are given for the purpose of illustrating the present

invention and shall not be construed as being limitations on the scope or

spirit of the instant invention.



15 accelerating weight gain and protein accretion in patients on TPN
L1013l pateri-gkgmiittti—ti-0 )~ teat-rert—af—hyperths ul | nema—thReludi-ng

nesi di obl ast osi s; adjuvant treatnment for ovulation induction and to prevent
and treat gastric and duodenal ulcers; to stinulate thym c devel opnent and
pr event th\g e;g,ggsc,ﬁl ated decline of thym' c function;, 20 ggiARsdredss t her apy
for patien Y chroni c henodi al ysis; treatnment of i mrunosuppressed
patients and to enhance anti body response follow ng vaccination; increasing
the total |ynphocyte count of a human, in particular, increasing the
Tlerr]/T[err]-cell ratio in a human with a depressed T[err]/T[err]-cel
ratio resulting, for exanple, from physical trauma, such as 25 closed head
injury, or frominfection, such as bacteBlal or viral infection, especially
i nfection with the human i mmunodeficiency virus; inprovenent in nuscle
strength, nobility, maintenance of:qﬂgapﬂqggqess met abol i ¢ honeost asi s,
renal henmeostasis in the frail elderlTy, stimulation of osteoblasts, bone
remodel ling, and cartilage growh; 30 stinulation of the inmune systemin

conpani on ani rli-l[i(Rh-@(lt,Zdhﬂrydm—lemedlmsukfonylsplw}lgndnlaaa;ﬁp-an| on ani nal s;

growt h pronot VP %ém 9l (BhEfRthyTo 9l-2%iol2d N sheep.
Further, the ftﬁ efd?nj go 00 ygn E [E(? fo? xﬁﬁ) SI ng feed efficiency,
prom)ting -!!"‘! gEIC ke 5 D - ass

quality of WO 97/ 15374
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s are useful
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10 dlhydro-splro[BH-mdole-3,4'-p1perdme] (prepared as descnbed by H.
Ong, et al.,, J. Med. Chem., 23, 981-986 (1983)) in 20 mL of dry
dichloromethane at 0°C was added triethylamine (0.90 mL; 6.4 mmol)
and methanesulfonyl chloride (0.49 mL; 6.35 mmol} and stirred for 30
min. The reaction mixture was poured into 15 mL of saturated aqueous

15 sodium bicarbonate solution and extracted with dichloromethane (2X10
mL). The combined organics were washed with brine (20 mL}), dried
over anhydrous potassium carbonate, filtered and the solvent removed
under reduced pressure to yield 1.44 g of the methanesulfonamide
derivative as pale yellow oil which was used without purification.

20 To a solution of above crude product in 20 mL of dry 1,2-
dichloroethane at 0°C was added 1.0 mL (9.30 mmol) of 1-chloroethyl
chloroformate, and then stirred at RT for 30 min and finally at reflux
for 1h. The reaction mixture was concentrated to approximately one
third of the volume and then diluted with 20 mL of dry methanol and

25 refluxed for 1.5h. The reaction was cooled to RT and concentrated to
approximately one half of the volume. The precipitate was filtered and
washed with a small volume of cold methanol. This yielded 1.0 g of the
‘piperidine HCI salt as a white solid. The filtrate was concentrated and a
small volume of methanol was added followed by ether. The

30 precipitated material was once again filtered, washed with cold
methanol, and dried. This gave an additional 0.49 g of the desired
product. Total yield 1.49 g (70%).



5 In particular, the instant conpounds are useful in the
prevention or treatnent of a condition selected fromthe group consisting
of : osteoporosis; catabolic illness; inmune deficiency, including that in

i ndividuals with a depressed T[err]/T[err] cell ratio; hip fracture;
muscul oskel eval7isspai rment in the elderly; growth hornone BOTUSKSEency in
adults or in children; obesity; cachexia and protein |oss due to chronic
i1l ness such as AIDS or cancer; and treating patients recovering from ngjor
surgery, wounds or burns, in a patient in need thereof. In addition, the

I nstant conpounds may be useful in the 15 treatnent of illnesses induced
or facilitated by corticotropin rel easing ﬁactor or stress- and

anxi ety-rel ated dlsorders |nclud|ng streés i nduced depression and

headache, abdonj na bovvel syndro S ression, HV infections,
Al zhei et 5 di R (EDC3n208MbE) 8 445720 (a3, T 40rde, 45D, 3.98

henor r hagi ¢ st r(ﬁ§S2H 553312106(5601291), 3@5 V10N 22H), 2.9 OBH), sy

addi ction, and i}'ﬁetin %%3@0 IT be known to ose ski I I ed in the
art that there corrpounds now bei ng used |n an effort to treat
t he di seases or therapeutic indications enunerated above. Conbl nati ons of

26 the or v h TEpEC ! 2”@ A ﬂ(lmmﬁy‘h@m‘&tﬁ@“é‘m’b (OE RS w0
additional, conpl ement ar (‘mﬂg{ﬁ’t‘jﬁi ¥ ﬁ%‘?’é’lng er( F‘Bﬂgr“l‘?‘t‘é’lq’ﬁ’)ﬁﬂwgwce t he
growt h pronotant, anabol Ed(bﬁdduwhy exycarhanyl 2-metbylsar i ous

t herapeutic agent s. Int nations, the therapeutic agents and the
o csent h?L”SBEeSESLSZZ‘g??‘é?ﬁéﬁgI @L 0 R I R L D s PR e
whi ch are &0f ecnarh@yﬂlmmmﬂas{&@hnpylmdhym)s@w]eﬂagogmceacad isdd singly.
Conbi ned t her agyl t¢F dichldtbinciRate Was @dakd 172-dhPHd0 1 -methanesulfonylspiro-
[3H-indole-3,4'-piperdine] hydrochloride (0.325 g; 1.07 mmol), 0.18
mL (1.63 mmol) of N-methylmorpholine, 0.159 g (1.18 mmol) of 1-
hydroxybenztriazole(HOBT) and stirred for 15 min. EDC (0.31 g; 1.62
15 mol) was added and stirring was continued for 1h. An additional 60 pL
of N-methylmorpholine was added and stirred for 45 min. The reaction
mixture was poured into 5 mL of water and the organic layer was
separated. The organic layer was washed with 5 mL of 0.5N aqueous
hydrochloric acid and 5 mL of saturated aqueous sodium bicarbonate
20 solution. The combined organics were dried over anhydrous
magnesium sulfate, and concentrated to yield 0.627 g of the product as a
yellow foam which was used without purification.
To a 0.627 g (1.07 mmol) of the above product in 5 mL of
dichloromethane was added 1.0 mL of trifluoroacetic acid and stirred at
25 RT for 75 min. An additional 1.00 mL of trifluoroacetic acid was
added and stirred for 10 min. The reaction mixture was concentrated,
diluted with 5.0 mL of dichloromethane and carefully basified by
pouring into 10 mL of 10% aqueous sodium carbonate solution. The
organic layer was separated and the aqueous layer was further extracted
30 with 2X15 mL of dichloromethane. The combined organics were
washed with 5 mL of water, dried over potassium carbonate, filtered
and concentrated to give the 0.486 g of the amine as a light yellow foam
which was used without purification.

L-



ost eoporosi s and enhance the healing of bone fractures can be illustrated
WO OH-E5574 - PCTHFUS96+-16955—28 -
by conbi nati ons of bi sphosphonates and the growth hornone secretagogues of
this invention. The use of bisphosphonates for these utilities has been
reviewed, fQig&yapnl e, by Handy, N. A T., Role of Bi sphosphgangisénéess

Met abol i ¢ Bone Diseases, Trends in Endocrinol. 5 Metab., 4, 19-25 (1993).
Bi sphosphonates with these utilities include al endronate, tiludronate,

di et hyl - APD, risedronate, etidronate, YM 175, clodronate, pam dronate,
and BM 210995. According to their potency, oral daily dosage |levels of the
bi sphosphonate of between 0.1 ng and 5 g and daily dosage | evels of the
growt h hornone 10 secretagogues of this-i3ention of between 0.01 ny/kg to
20 nmg/ kg of body weight are adm nistered to patients to obtain effective
treatment of osteoporosi sTo 048G g (¢ Dlemmhocl) lofthe anathe atdi 1§ nlL of dosage

wih 0,01 15 L%a%oﬁ%*%ﬁ%"%@eﬂﬁﬁ K&ﬁ?ﬁ%ﬁ%ﬁ%‘%@@?@@&@%ﬁ@é&“i¥ “this
i nvention. Ost ecthoxyicarbanyllamine-2umethylimrepaeeis asid, Q/193 &€1.28qmmad) wi t h
ol oxi fene and o b D nct KO E i s B2 ?;‘“é%‘a?-d”s’
it eots eopebi abeyidc i RISy ThY RuhioRiniaioy W Rhbied AEYS O G,
obt ai ned with cefifatersandthe onganinlayer was separatedi e aspuogus layarawas i c
steroi ds such apaékexBhdreldith SRLhof HREIGrOMKhaked. U Thy BThIned Drgakics
stanozol ol . The,CoIRARST with 5T far. O OSN Wusdlls RGaRLRIOLS WRIES Y. of
saturated aqueous sodium bicarbonate solution dried over anhydrous
10 magnesium sulfate, and concentrated to yield 0.751 g of the crude
product as a yellow foam. A solution of this crude product in
dichloromethane was chromatographed on 25 g of silica gel and eluted
first with hexanes/acetone/dichloromethane (70/25/5) and then with
hexanes/acetone/dichioromethane (65/30/5). This gave 0.63 g of the
15 title compound as a white solid.
1H NMR (CDCl3, 400MHz) Compound exists as a 3:2 mixture of
rotamers 6 7.40-7.10 (m, 6H), 7.06 (d, 1/3H), 7.02 (1, 1/3H), 6.90 (t,
1/3H), 6.55 (d, 1/3H), 5.15 (m, 1H), 4.95 (bs, 1H), 4.63 (bd, 1/3H),
4.57-4.40 {m, 2 2/3 H), 4.10 (bd, 1/3H), 4.00 (bd, 1/3H), 3.82 (t, 1H),
20 3.78-3.62 (m, 2H), 3.60-3.50 (m, 1H), 3.04 (q, 1H), 2.87 (s, 1H), 2.86
(s, 2H), 2.80-2.60 (m, 1H), 1.90 (bs, 1H), 2.85-2.75 (m, 1H), 1.82-1.60
(m, 3H), 1.55-1.45 (m, 1H), 1.45 (s, 4H), 1.42 (s, 2H), 1.39 (s, 9H).

Step C: N-[1(R)-{(1,2-Dihydro- 1-methanesulfonylspirof3H-indole-
25 3,4'-piperidin]-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl}-
2-amino-2-methyipropanamide hvdrochloride
To 0.637 g (0.101 mmol) of the intermediate from Step B
in 5 mL of dichloromethane was added 2.5 mL of trifluoroacetic acid
and stirred at RT for 30 min. The reaction mixture was concentrated to
30 anoil, taken up in 10 mL of ethyl acetate and washed with 8 mL of 10%
aqueous sodivm carbonate solution. The aqueous layer was further
extracted with 5 mL of ethyl acetate. The combined organics were
washed with 10 mL of water, dried over magnesium sulfate, filtered
and concentrated to give the 0.512 g of the free base as a white foam.



oral, parenteral (e.g., intranuscular, intraperitoneal, intravenous or 25
subcut aneous injection, or inplant), nasal, vaginal, rectal, sublingual, or
topi cal routes of adm nistration and can be formul ated in dosage forns
appropriate for each route of adm nistration. Solid dosage fornms for oral
adm ni st r alvioonss£l ude capsules, tablets, pills, powdersremisgwmsssl es. | n
such solid dosage 30 forns, the active conpound is adm xed with at | east
one inert pharnmaceutically acceptable carrier such as sucrose, |actose, or
starch. Such dosage forns can al so conprise, as is normal practice,
addi ti onal substances other than inert diluents, e.g., lubricating agents
such as magnesium stearate. In the case 8& capsules, tablets and pills, the
dosage WO 97/ 15574 T

PCT/ US96/ 16955 - 29 - forns may al so congri se buffering agents. Tablets and
pills can additionally Te (bbtpg efithefree basein § mbafiethyl acetataiat 096sage

fe(r)nrjlrrzi Lﬁ; O;g:“{lti nMG e%{%ﬂlﬁfﬂ!&g@?ﬁﬂg&d@@ﬂg . eildi ztih?rpﬁg%}%t alning inert
di | uents comTﬁW%uégde?fPt e\ iwé%ﬁf%é@tmgﬁ%gi'ﬂ@r JBERSERe ¢

di | uents, conmwashedowithetierahed dried todgived). 50 geftheditih compaundiasg agent s,
enul sifyi ng aRghipdseddi ng agents, and sweetening, flavoring, and perfum ng

ts. P i i i i f i 10
o st a Do AR ChLy Er Dl ComPOFRd eRil & A 2RI B
suspensi ons, otamerssi®TA0-E2dthedH)f 712n7 dfueou2H3oT O8nits LIBHN ORI es are
prgpy' ene 9: yqe'ysgﬁl BEdd, 319! 53¢ (ddﬂ?QH)?Q'ﬁ%_ﬁldﬁ(m,s H), ap5%4ti ve oil
and corn oil, ol 3tLh  ani N getal) SO A3 R S IHD, 397 s, 18),
10  2.95 (s, 2H), 2.90-2.78 (m, 1H), 1.96 (t, 1/3H), 1.85-1.65 (m, 4H), 1.63
(s, 2H), 1.60 (s, 4H).

EXAMPLE 2

15 N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-3,4'-
piperdin]-1'-yl) carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-

methylpropanamide
Step A: (2R)-[[[-2-(1,1-dimethylethoxy)carbonylJamino]-2,2-
20 dimethyl-1-oxoethyl]amino-2-(phenylmethoxy)ethyl]-1-

propanoic acid ally] ester
Prepared from (2R)-2-[(1,1-dimethylethoxy)carbonyl}-
amino-3-(phenylmethyloxy)ethyl-propanoic acid and allyl alcohol by
carrying out the coupling reaction in CH2CI?2 in the presence of EDC
25 and DMAP.
1H NMR (400MHz, CDCI3) & 7.25 (s, 5H), 5.8 (m, 1H), 5.2 (dd, 2H),
5.0 (bs, 1H), 4.7 (m, 1H), 4.6 (m, 2H), 4.4 (dd, 2H), 3.9 (dd, 1H), 3.6
(dd, 1H), 1.45 (d, 6H), 1.39 (s, 9H).

30 StepB: (2R)-[[[-2-(1,1-dimethylethoxy)carbonyl]amino}-2,2-
dimethyl-1-oxoethyl Jamino-2-(phenylmethyloxy)ethyl)-1-
propanoic acid
To a stirred solution of the crude intermediate obtained in

Step A (6.7 g, 15.9 mmol), tetrakis (triphenylphosphine)-palladium (1.8

35 g, 0.1 eq) and, triphenyl phosphine (1.25 g, 0.3 eq) was added a solution




ethyl oleate. Such dosage fornms may al so contain adjuvants such as 15

aivm agent s —Fhey—ray—be
sterilized by, for exanple filtration t hrough a bacteria-retaining filter,
by incorporating sterilizing agents into the conpositions, by irradiating
the conpogplohpédse OF by heating the conpositions. They eefsdsagesse
manuf actured in the formof sterile solid conpositions which can be 20
di ssolved in sterile water, or some other sterile injectable nmedium
i mmedi ately before use. Conpositions for rectal or vaginal admnistration
are preferably suppositories which may contain, in addition to the active
subst ance, excipients such as cocoa butter or a suppository wax. 25
Conposi tions for nasal or sublingual ad®¥ nistration are also prepared wth
standard excipients well known in the art. The conmpound of this invention

{ray ?e aslm nldﬂ;ﬁtﬁhﬁrﬁ-%ﬂ!)&ﬂieiaﬁeﬁter@lsfmhndSM%hﬁ)onihE@@Q\ ff'gu:ch y
reat men In ) \V (0] 0) I’ e |cacy

will be appréggaf@d h 3%5! ‘HQ‘E‘Z 3‘180%; ‘{E(%?Lbhhﬁg%fl particul ar
appl i cati on WmPsphare fm dimang ﬂr@ﬁtdlhaeéawmntherr(émdnw apdtpoured parti cul ar
conpound or Qm&lWat@ﬁ Thleasrigafic lla br ¥a8 Ge rtatbdmiﬂw &us

d trat 1h t th d
cond ¢+ onSof oA ¥RE} dl"@%«iwﬁ}g il W@'tﬂ%’ étSr@e W ot hen bei ng
fol l oned by Et©@Amt Tl‘bntEthM estraets wereywashod) withsbrine, dned over

PCT/ US96/ 169 pagnig8iurh dalfate; fillered ahd Q&ﬁgéi@téd ffigive theaitke éongbhnﬂ%ogm ze,
with the apprgﬁpoz’idate dosage ultimately being at the discretion of the

at t endant ph)?
H NMR (400Hz, CD30D) & 7.3 (s, SH), 4.7 (m, 1H), 4.5 (s, 2H), 4.0
10 (m, 1H), 3.6 (m, 1H), 1.4 (d, 6H), 1.3 (s, 9H).

Step C: N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[3H-indole-
3,4'-piperdin}-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl]}-
2-[(1,1-dimethyl-ethoxy)carbonylJamino-2-methyl-

15 propanamide
To a solution of 1.0 g (3.44 mmol) of 1-methanesulfonyl-
spiro[indoline-3,4'-piperidine] hydrochloride, 1.44 g (3.78 mmol) of

(2R)-[{-2-(1,1-dimethylethoxy)carbonyl)amino]}-2,2-dimethyl-1-oxo-

ethyl}-amino-2-(phenylmethyloxy)ethyl)-1-propanoic acid, N-methyl

20 morpholine (0.58 mL; 5.20 mmol), and 1-hydroxybenztriazole (HOBT)

(0.58 g; 3.78 mmol), in 50 mL of dichloromethane was added EDC

(1.03 g; 5.20 mmol) and stirred at RT for 16h. The reaction mixture

was diluted with an additional SO mL of dichloromethane and washed

with aqueous sodium bicarbonate solution (50 mL), dried over
25 anhydrous magnesium sulfate, filtered, and concentrated. Flash

chromatography (50 g silica gel) of the crude oily residue gave 2.148 g

(90%) of the desired material as a colorless foam.

1H NMR (CDCt3, 400MHz) Compound exists as a 3:2 mixture of

rotamers 8 7.40-7.10 (m, 6H), 7.06 (d, 1/3H), 7.02 (t, 1/3H), 6.90 (t,

30 1/3H), 6.55(d, 1/3H), 5.15 (m, 1H), 4.95 (bs, 1H), 4.63 (bd, 1/3H),
4.57-4.40 (m, 2 2/3 H), 4.10 (bd, 1/3H), 4.00 (bd, 1/3H), 3.82 {t, 1H),

3.78-3.62 (m, 2H), 3.60-3.50 (m, 1H), 3.04 (q, 1H), 2.87 (s, 1H), 2.86

(s, 2H), 2.80-2.60 (m, 1H), 1.90 (bs, 1H), 2.85-2.75 (m, 1H), 1.82-1.60

(m, 3H), 1.55-1.45 (m, 1H), 1.45 (s, 4H), 1.42 (s, 2H), 1.39 (5, 9H).




The dosage of active ingredient in the conpositions of this 5 invention
‘may be varied; however, it is necessary that the anount of the active

i ngredi ent be such that a suitable dosage formis obtained. The sel ected
dosage depends upon the desired therapeutic effect, on the route of

adm ni st r atWwoe/15814d on the duration of the treatnent. GeneCBUS9/1698HSage

| evel s of between 0.0001 to 10 ngy/kg. of body weight daily are 10

adm nistered to patients and animals, e.g., mammals, to obtain effective
rel ease of growth hornone. Preferably, the dosage |level will be about 0.001
to about 25 ng/kg per day; nore preferably about 0.01 to about 10 ng/ kg per
day. Methods for preparing the polynnpphh forms of the 15 present
invention are illustrated in the foll ow é‘Exaanes. The foll ow ng exanpl es
are given for the purpose of illustrating the present invention and shal

not be construed as being limtations on the scope or spirit of the instant’

i nventi on. S&gj 155Mt ﬁf&g [1(1 ,2-Dihydro-1-methanesulfonylspiro{3H-indole-

PCT/ US96/ 1695
N-[L(R)- [ (1, 2- i hydr o- 1 rETBRELRS 11oXPF@’&WPS?—FQPH&BYB“%&‘XIOXY)ethyll-

pi perdin]-1'-yl)car bonyk}ar al g [ i
Tﬁzh%’): ﬁr gfgnim d? Step ﬂo a solunlon of2 148 (3 41 mmol) of the fnr%?ﬂe ate o
To a sol>/ut i on fg’? @‘EBS‘S QW# S@ﬂ_lmm‘% V" afﬂ @g y
di hydr o- spi r o[teifluondaget mamd andostinped &or Lhr éﬁwmcmndnmmadtsby H. Ong,
et al., J. MeconetitfatedZhd Basified With 366)m1.10F 8 dfueBhs $6dium carbonate
solution and extracted with dichloromethane (3X50 mL). The
10 combined organics were washed with brine (50 mL), dried over
anhydrous potassium carbonate, filtered, and concentrated to yield a
colorless foam. To a solution of the foam in 25 mL of ethyl acetate at
0°C was added 4 mL of 1M solution of hydrochleric acid in ethyl
acetate. The precipitate was filtered and washed first with ethyl acetate
15  and then with ethyl acetate-ether (1:1), dried to yield 1.79 g (93%) of
the title compound as a colorless solid.
1H NMR (400MHz, CD30D) Compound exists as 3:2 mixture of
rotamers. & 7.40-7.28 (m, 4H), 7.25-7.17 (m, 2H), 7.08 (t, 1/3H), 7.00
(t, 1/3H), 6.80 (d, 1/3H), 5.16 (ddd, 1H), 4.60-4.42 (m, 3H), 4.05 (¢,
20  1H), 3.90 (bs, 2H), 3.83-3.70 (m, 2H), 3.30-3.15 (m, 1HO, 2.97 (s, 1H),
2.95 (s, 2H), 2.90-2.78 (m, 1H), 1.96 (t, 1/3H), 1.85-1.65 (m, 4H), 1.63
(s, 2H), 1.60 (s, 4H).

EXAMPLE
25
N-[1(R)-[(1,2-Dihydro-1-methanesulfonylspiro[ 3H-indole-3,4'-
piperdin]-1'-yl)carbonyl]-2-(phenylmethyloxy)ethyl]- 2-armno—2—methyl-
propanamide mesylate
This compound was prepared by the treating the free base
30 obtained in Example 5, Step D, with methane sulfonic acid. The title
compound was obtained by recrystallizing it from ethyl acetate-ethanol-
water. m.p. = 166°-168°C. This sample was subsequently identified as
being polymorphic Form II. It was characterized by an X-ray powder
diffraction pattern with principal reflections at approximately: 4.7,




di chl oronet hane at O[err] C was added triethylamne (0.90 nL; 6.4 nmmol) and
ti r—F—ed—#-eF-—BG——m—n— The
reaction m xture was poured into 15 mL of saturated aqueous 15 sodi um

bi carbonate sol ution and extracted with dichl oronethane (2X10 niL). The
conbi ned ov%?gh%%{were washed with brine (20 mL), dried oyefusdgiesss ous

pot assi um c 8 filtered and the solvent renoved under reduced
pressure to yield 1.44 g of the nethanesul fonam de derivative as pal e

yel l ow oil which was used wi thout purification. 20 To a solution
of above crude product in 20 nL of dry 1,2- dichloroethane at O[err] C was
added 1.0 nL (9.30 mmol) of 1-chloroethyl chloroformate, and then stirred
at RT for 30 min and finally at reflux £@7 1h. The reaction m xture was
concentrated to approxi mately one third of the volune and then diluted with

20 ML of dry i 82091420812 78nd 281d ol [ vwdd fublifer @eadtenzdRbyGPO! ed Lo

RT and concent o | matel V' one h o VO
precipitate g)(}‘lcré AE“H‘ ‘Hﬁ“& erv'@f?‘iﬂgsnﬁe‘&ﬂna met hanol .
Thi s yi el ded 1eﬂub1teﬂ atsmglu ﬂmtothenm, di@ tosmeﬂtmg. withii pealstenperatiive

filtrate was c w;getc&“ﬁﬂ.mg Iéggﬁ‘d)gllowed
by ether. The pr ‘?ﬁ mate %{ once.a te was

with cold riet hatut 1 ésr%gomtgé’d‘ asﬂ‘i’i’%‘eﬁi\?ét %ﬁa%ﬂﬁ’ﬁrp I?A& g of the

desi red product. Tot al yield 1.49 g (70%. WO 97/ 15574

PCT/ US96/ 16955 - 32 - 1H NMR (CDCI[eEg%&%ﬁgggggg [err] 7.43-7.20 (m 3H),
7.10 (dd, 1H), 3.98 (bs, 2H), 3.55-3: : ,73.35-3.10 (m 2H), 2.99
Oj, OBn

(s, 3H), 2.15 (t, 2H), 2.00 (t, 2H).
N
J

CO,H
Isonipecotic acid-N-benzyl ca ate (3)
10
Materials:
Isonipecotic acid (2) T.C.L. 4.02 kg (31.1 mol)
Benzyl chioroformate (Schweitzerhall) 6.91 kg (40.5 mol)
K2CO3 10.1 kg (72.9 mol)
15 Water 40.2 L

Isonipecotic acid (2) and K2CO3 were dissolved in 40.2 L
of water in a 100 L 4 neck flask with mechanical stirring under N2 and
the solution was cooled to 10°C. Benzyl chloroformate was added,

20 maintaining the temperature between 9 and 14°C, and the mixture was
warmed up to 22°C after the addition was complete and aged for 58 h.
The addition was completed in 4 h at which point the pH was 9.0. After
aging for 58 h there was no change in the pH.

The reaction mixture was transferred to a 200 L extractor

25 and washed with 3 X 13 kg (15 L) of IPAC and 1 x 12 L of EtOAc.
The aqueous layer was extracted with 8 L of toluene. After the washes
the benzyl alcohol content was reduced from 3.8% to 1.4% by HPLC
analysis. HPLC analytical: Dupont Zorbax 25 cm RXC8 column with



5 Step B N[1(R) -[(1, 2- D hydro-1-met hanesul f onyl spi ro[ 3Hi ndol e-

3,4 -piperdin]- 1 '-yl)carbonyl]-2-(phenyl nethyl oxy)ethyl]-

2-[ 1, 1- di net hyl et hoxy) car bonyl ] am no- 2- met hyl - propanam de To 0.35g (1.15
mmol ) of (2R)-2-[(1, 1-di nmet hyl et hoxy)- 10

car bonyl ] am nwe8#{58?4 phenyl net hyl oxy) et hyl ] - 1- pr opanoi ¢ aci BCT/is%8695s of
di chl or onet hane was added 1, 2-di hydr o- 1- net hanesul f onyl spi r o-

[ 3H i ndol e- 3, 4' - pi perdi ne] hydrochloride (0.325 g; 1.07 mml), 0.18 nL
(1.63 muol) of N-nethyl norpholine, 0.159 g (1.18 mmol) of 1-

hydr oxybenztri azol e(HOBT) and stirred for 15 mn. EDC (0.31 g; 1.62 15
nol ) was added and stirring was continued f | h. An additional 60 [err]L
of N-met hyl norphol i ne was added and stirredor 45 nin. The reaction

m xture was poured into 5 nL of water_and the organic | ayer was separ ated.

The organic | ayel-wBd</psflow andidetestiomat 354 mmyiseeraticrminturhmith 35%ci d
and 5 nL of sat uMeEN, 6§% ofi8.19% diqueohs ¢3RO atateRion tieast 3as 6.9 hsingonbi ned

organi cs were dr e, and concentrated to
yield 0.627 g ofbﬁﬁze}‘i ﬁéﬁ!§§hﬁ§gﬁ?€§f4 o?rf&ﬁ;'?‘h was used w t hout
purification. To a 0.627 agueonspinse wasiasidibisdovith 3d e aquenws HCl oo

di chl or oret hage ISQM%ncﬂlﬁiﬂd%fwhé evolvediihig theadddition &f HCI, rlﬁﬂ ts 25

Stirred for 10 ﬁ#\a&ﬂﬁﬂb Ve rastiy Contloifi, Th a@@#@ﬁ%ﬁ HCg60k L8 2, ?haEdo
nL of dichl or orret&mdamilc@fr@nﬂ HChaThe iaguebys pbasei wes extracted wiihca‘ x10%
Rducous | ayer v Cﬁ@g?‘?‘“‘”ﬁ?@é"f@%" e*msc“""%y“ﬁe%mh‘f%% T
Tﬁe conbi ngd or g%f#q q@rgﬁﬁﬁgﬁé %Wrﬂ_fr%q%%ﬂgloé;r %\%’ ot assi um
carbonate, f}Qt eﬁmtaﬁdvﬂish@bﬂrsaks\d Th@ erude yigkd @fngba@aa 3twas AB%hkgas a
light yellow foa®790) ¢ds SBtainedsly wwapsrdation\Bf weipgked Aliquots of the filtrates to

dryness). The filtrates were transferred through a 10 p inline filter to a

100 L. flask. The extracts were concentrated at 10 mbar at <25°C to a

volume of 18 L. The final concentration of carbamate 3 was 440 g/L.

15  The concentration of the toluene filtrate served to azeotropically
remove final traces of water (final KF = 170mg/LL). The product was
99.1 area % pure with 0.9 area % benzyl alcohol as the only impurity.

20 COCl
soni ic acid chloride-N-b ate (4)
Materials:
Isonipecotic acid N-benzyl carbamate (3) 7.89 kg (30.0 mol) in
25 in toluene. (MW = 263.30) 179 L
Oxalyl chloride (MW = 126.93) 3.94 kg (31.0 mol)
DMF (MW = 73.10) 10 mlL.

Toluene 12L



WO 97/ 15574 PCT/ US96/ 16955 - 33 - To
0.486 g.(1 01 nmpl) of fhwn—na—a-nd—LO—nd.—ef—d%Horoneth&ﬁe—-w&s—added

=4

0.26g (1.28 nmol) of 2- [ (1, 1-di et hyl -

et hoxy) car bonyl ] am no- 2- met hyl - propanoi ¢ acid, 0.173 g (1.28 mvl) of

1- hydr oxy nzt ﬁzol e (HOBT) and EDC (0.245 g; 1.28 nol )pcaatkedriéats rri ed at
RT over ni € reaction mxture was poured into 5.0 nL of water and the
organic Iayer was separated. The aqueous |ayer was back extracted with 5 niL
of dichl oronmet hane. The conbi ned organics were washed with 5.0 nL of 0.5N
aqueous hydrochloric acid, 5 nL of saturated agueous sodi um bi carbonate
solution dried over anhydrous 10 magnesi um sul fate, and concentrated to
yield 0.751 g of the crude product as a3fel | ow foam A solution of this
crude product in dichloronethane was chronmat ographed on 25 g of silica gel

and el uted 7175t W (h heXpRAGha R1alch D ebeSPLIMRmAZ Y Bofheand then
Wi exanes/ acet gne/ di c oro 0 e
title conpounef® 8 HeR &vas I?Bﬁf }’E{a@g?@)@?‘éﬁfﬁﬁgﬂ%\/@fgmmound
exists as a 307&15!1 ah]!mmlcocﬁras addedd oyer 2mperiod. oft2( mip. (Fhe ssaction. 06 (d,

1/3H), 7.02 ( Ofﬁ't li’a?'l*ycqnﬁﬁr(a%loﬁb/sﬂ‘@am%flﬁtrb n1H) . 446(9)5

bs, 1 % /3 .
E bd. 1/H)3H)5 E Pnﬁlfﬂf °f2fb¢ Teac fﬁ’%"’é’rﬂ“{ ﬁ%ﬂfd thatiy, 3% é’g%?‘?n 1t|)|) 3. 04
(q, 1H), 2. 87cdrboxyhi¢ acii 36tillsreniiined Bnseacted;0 The) reaction MIXMUIEHEaS 1H) |

(2585_2|2—|j & 1(;,”9 %"é QQ (I 36F DMFSwert #iiledD ThEmixturéSwasaged) , 1. 42

N-[1(R)-[(1, zfquq oA1 ﬁaﬂ&tmtquﬁypsrﬁpqqﬂrg mixpe was guenched with
3, 4' - pi peri disip- xi;LMT ferabbtyiphine aid analyzed tafiter exapetation) by HPLC: 25
10 cm Dupont Zorbax RXC8 column at 50°C with 1 mL/min flow and
detection at 220 nm; isocratic 42% MeCN, 58% of 0.1% aqueous
H3PO4. This method showed that <0.05% of the acid 3 remained (as

judged by A) and showed >3 area % B (>1 mol% (COCI)2).
OYOBn

M

0O~ NH-t-Bu
CONH-t-Bu
A B
15 The mixture was concentrated at 10 mbar and a

temperature of 20-25°C until 5 L of solvent had been removed.
The typical HPLC profile of concentrated toluene solution
after t-BuNH?2 quench described above is as follows:

etention time (min Area % Identity

20 2.1 <0.5% carboxylic acid 3
7.8 <0.5% benzyl chloride
11.0 >99% Cbz-t-butylcarboxamide A
12.1 NA toluene
12.7 <0.5% ditert-butyloxamide B

25



2- am no- 2- met hyl pr opanam de hydrochloride To 0.637 g (0.101 mml) of the
intermediate fromStep B in 5 nL of dichloronethane was added 2.5 nlL of
trifluoroacetic acid and stirred at RT for 30 mn. The reaction m xture was
concentrated to 30 an oil, taken up in 10 nL of ethyl acetate and washed
with 8 nL of wbBFassqueous sodi um carbonate sol uti on. The aqFR&3BS¢HIBr was
further extracted with 5 nL of ethyl acetate. The conbi ned organics were
washed with 10 nL of water, dried over magnesiumsul fate, filtered and
concentrated to give the 0.512 g of the free base as a white foam WO
97/ 15574 PCT/ US96/ 16955 - 34 - To
0.512 g of the free base in 5 nL of ethyl etate at 0C was added 0.2 niL of
saturated hydrochloric acid in ethyl acetafe and stirred for 1.5 h. The
white precipitate was filtered under nitrogen, washed with ether, and dried
to give 0.50 g of the title conpound o solid [err]H NMR (400MHz,
COerr] QD) Conpound exists as 3:2 mxture of rotaners. [err] 7.40-7.28 (m
4H), 7.25-7.17 (m 2H), 7.08 (t, 1/3H),O%00Bn 1/3H), 6.80 (d, 1/3H),
5.16 (ddd, 1H), 4.60-4.42 (m 3H), 4.05 (f, 1H), 3.90 (bs, 2H), 3.83-3.70
(m 2H), 3.30-3.15 (m 1HO 2.97 (s, 1H),N10 2.95 (s, 2H), 2.90-2.78 (m
1H, 1.96 (t, 1/3H), 1.85-1.65 (m 4H), 1.63 (s, 2H), 1.60 (s, 4H . EXAMPLE
2 15 NJ[1I(R-[( 1 ,2-D hydro- 1 -nethanrgsu fo§y|spiro[3H—indoI e-3,4"-

pi perdin]-1'-yl) carbonyl]-2-(phenyl met hylfoxy) et hyl ] - 2- am no- 2-

met hyl pr opanam de CHO
iperidine-4-car -1-benzyl carb. (5)
5 Materials:

Isonipecotic acid chloride N-benzyl carbamate (4) 3.38 kg (12.0
mol)
in toluene (MW = 281.74) in 5.54 kg
DIEA (KF = 18 mg/L) 1.55 kg (15.0 mol)

10 10% Pd/C (KF < 20 mg/g) 101 g
thioanisole (MW = 124.21, d = 1.058) 056¢

The DIEA and thioanisole were added to the solution of (4)
in toluene from the previous step and the catalyst was suspended in this
15 mixture. The mixture was immediately placed into the 5 gal autoclave
and hydrogenated at 20°C and 40 psi of H2. After 18 h the reaction had
taken up 70% the theoretical amount of hydrogen and HPLC analysis of
an aliquot that was quenched with tert-butylamine indicated that 14.2
area % of acid chloride 2 remained. HPLC conditions same as above.
20 Retention time: 5 = 8.1 min.
A second charge of catalyst (101 g) and thioanisole (0.54 g)
were added as a shurry in 1375 mL toluene to the hydrogenator. After
23 h HPLC analysis of an aliquot that was quenched with tert-
butylamine indicated that 1.8 area % of acid chloride 2 remained. The
25 mixture was purged with nitrogen and the catalyst and precipitated
DIEA*HCI were removed by filtration through Solka-floc™. The filter
cake was washed with 10 L of toluene. The filtrates were transferred
through a 10 jt inline filter to a 50 L extractor and washed with 2 x 7.2
L of 1 M aqueous HCl and 2 X 7.2 L of water. The mixture was



Step A (2R -[[[-2-(1, 1-di net hyl et hoxy) car bonyl ] am no] - 2, 2- 20

} } pr opanete—acie—al | yl
ester Prepared from (2R)-2-[(1, 1-di net hyl et hoxy) car bonyl ] -

am no- 3- (phenyl net hyl oxy) et hyl - propanoi ¢ acid and allyl al cohol by carrying
out the c j reaction in CHerr]d[err] in the preseRggy 25 and
DIVAP. [er%;ﬂ%%‘moow, CDCl[err]) [err] 7.25 (s, 5H), 5.853%%55%—0, 5.2
(dd, 2H), 5.0 (bs, 1H, 4.7 (m 1H, 4.6 (m 2H), 4.4 (dd, 2H), 3.9 (dd,
1H), 3.6 (dd, 1H), 1.45 (d, 6H), 1.39 (s, 9H . 30 Step B:

(2R -[[[-2-(1, 1-di net hyl et hoxy) car bonyl ] am no] - 2, 2-

di net hyl - 1- oxoet hyl ] am no- 2- (phenyl net hyl oxy) et hyl )-1- propanoic acid To a
stirred solution of the crude interned:dfle- obtained in Step A (6.7 g, 15.9
mol ), tetrakis (triphenyl phosphine)-palladium (1.8 35 g, 0.1 eq) and,
triphenyl phogmea&aiéd ?510:ml§hr3arﬂl'l_ t&ﬁgex%@ﬁ%m%bﬂt' Wil 5 1V6F 97/ 15574
PCT/ US96/ 16955 :,35 - of potassium 2-ethyl hexanoate (35 niL, 0.5M sol ution
in Et OAc). Th’@s}‘g’fcﬁ'ﬁwnﬁﬁxture was stirred at room tenperature under
nitrogen atnosphere for 1h and then diluted with ether (100 nL) and poured
into ice-water. Theei@hfidhithné WaSA FePgy at eqd the aqueous 5 fraction
was aci difjed Wtr%%%%}%,Wextra fed,wth 5’:06@. The Et OAc
extracts re washed w<h brine, drietfrover ma x@(?ﬁcs"‘lﬂ“fl e, filtered and
evaporated to give the@6tle conpounkhs a sol dimer 21

8.1 >95 aldehyde §
The assay yield of aldehyde 3 was 94% by HPLC analysis.
10
EXAMPLE 7
Oﬁ,OBn
N
9
N
H
CBZ-Spiroindoline (9)
15 Materials:
Piperidine-4-carboxaldehyde-1-benzyl 1.71 kg (6.89 mol)
carbamate (5) in toluene solution in 21.4 kg
Phenylhydrazine 900 mL., 981 g (9.15 mol)
Trifluoroacetic acid (TFA) 220 L, 3.26 kg (28.6 mol)
20 NaBH4 300 g, (7.93 mol)
Toluene ' 344 kg
MeCN 7.0 L
MeOH 70L
25 The crude aldehyde S solution from the previous step was

transferred through a 10 [ inline filter to a 100 L reactor equipped with
Teflon coated copper coils for cooling or heating and a mechanical



[err]H NVMR (400Hz, CD[err]OD) [err]7.3 (s, S5H), 4.7 (m 1H), 4.5 (s, 2H)
4.0 10 (m 1H), 3.6 (m 1H), 1.4 (d, 6H), 1.3 (s, 9H). Step C
N[1(R-[(1, 2-Di hydro- 1-nethanesul fonyl spiro[3Hindol e- 3,4'-piperdin]-
1' -yl )carbonyl]-2-(phenyl net hyl oxy)ethyl]- 2-[(1,1

- di net hyl - eavbewyssear bonyl | am no- 2- net hyl - 15 pcopsdsandsde To a
solution of 1.0 g (3.44 mmol) of 1-nethanesul fonyl -
spiro[indoline-3,4"-piperidine] hydrochloride, 1.44 g (3.78 mmol) of

(2R -[[-2-(1, 1-di met hyl et hoxy) car bonyl ) am no] - 2, 2- di net hyl - 1- oxo-

et hyl ) - am no-2- (phenyl net hyl oxy) et hyl ) - 1- propanoi ¢ acid, N nethyl 20

nor pholine (0.58 nL; 5.20 mmol ), and 1-h&géoxybenztriazole (HOBT) (0.58 g;
3.78 mml ), in 50 nL of dichloronethane W& “added EDC (1.03 g; 5.20 mmol)
and stirred at RT for_ 16h. The reaction m xture was diluted with an

addi tional 50 ftirrer. diolueng Gifed thglamdMefN {Zd . were addehandsthei um
bi car bonat e SOké&ﬂ%@éﬁﬁMwaﬂbb@ﬁd%@@@h&W arirind WAl adldedigy! f at e,

filtered, and co ash. chromat o gel of t he
crude oily resP8 Vé‘ig‘eﬂﬁn RETARHGWas A 8‘8?3}%@1‘”331
col orl ess foaansmmﬂtmunusly(bﬁhblpdnhtqugmln)mﬁMmuumem sts as a 3 2

m xture of gotamers [errfhe ﬁ9n5371h rme%adae%nm Jé%%hggﬂh}%
1/ 3H)

1/3H), 6.90 (t, 30 .1/ 1/3
4. 650 (bd, 1/% Xs’é?“ %EP ﬁ?m? H“?B

3.82 (t, 1H), apﬁemaneezofmshgm gxecﬁdé%pofphenmydﬁam(ﬂam 2.87 (s,

1H), 2.86 (s, 0 50 H2 m 1H),

1.82-1.60 (m Sﬁl %) & Kleke%l(e 012254 1 & di T 730 (s,

9H) . VO 97/ _cL ;Qpentane (4 nd e’lopmg ag 2t 0.5% cetic sul 4e;714%06/ 16955
10 ammonium molybdate in 10% aqueous sulfuric acid then heat; Rf:

aldehyde 5 = 0.52, phenylhydrazone 7 = 0.61, phenylhydrazine 6 =
0.21.

HPLC conditions: 25 cm Dupont Zorbax RXC8 column at 30°C with 1.0
mL/min flow and detection at 254 nm; gradient schedule:

15
Time (min) acetonitrile:w
0 57:43
10 65:35
15 75:25
20 18 75:25

retention times: phenylhydrazine 6 = 4.5 min, toluene = 7.2 min,
phenylhydrazone 7 = 11.4 min.
The reaction mixture was aged for 30 min at 0-2°C, and

TFA was added maintaining the temperature between 2 and 7°C. The

25 reaction mixture was warmed to 50°C over 30 min, and maintained for
17 h. The nitrogen sparge through the reaction mixture was stopped
and a slow stream of nitrogen was maintained over the reaction
mixture. - During the first hour at 5°C the color gradually darkened to a
deep green, and a relatively small amount of a white crystalline

30 precipitate (ammonium trifluoroacetate) formed. After 17 h HPLC
analysis (same conditions as above) indicated that the reaction mixture
contained 91.6 area % indolenine 8 and 1.5% of unreacted
phenylhydrazone remained. Aging the mixture for longer periods of
time did not increase the assay yield of indolenine 8.



-36- Step D N-[l( R)-[ (1, 2- D hydr o- 1- met hanesul f onyl spi r o[ 3H i ndol e-
—~—p ' hyl ]
2- am no- 2- met hyl propanam de hydrochl oride 5 To a solution of
2.148 g (3.41 mol ) of the internediate fromStep Cin 10 nL of

di chl or oneghape %s added 5 nL of trifluoroacetic acid angyrisoéieess for |h.
The reaction mxture was concentrated and basified with 100 m of 5%
aqueous sodi um carbonate solution and extracted wi th dichl oronmet hane (3X50
m.). The 10 conbi ned organics were washed with brine (50 nmL), dried over
anhydr ous potassium carbonate, filtered, and concentrated to yield a
colorless foam To a solution of the foamln 25 nL of ethyl acetate at
O[err]C was added 4 niL of 1M sol ution of4Bydrochloric acid in ethyl
acetate. The precipitate was filtered and washed first with ethyl acetate

tlﬁ ?n?| then with ethyl m@%aéteoxehﬂﬁturékvﬂ@ cosled @8 129CYaflly.0 1/8f 9 ( %?6% of
@ﬁpohndeeif’?@ﬂ?ﬂ* $oas iRl UL Mg g i b RE2 8y Pifions P 11 )
7.25-7.17 (m maintainiggthe tempezature pebov (15°C1/ Bhg additem ook 3_0 mm, 5. 16
( ddd2 1H), 5 40“1%-& efbte éﬂﬂd Ze%’cgﬁﬁoﬁtv{aﬁﬁbsel%d ddrifl thb%dd?ﬁi)x;z butds- 3. ZED
156" (1. 1Pargwas eyl cqnirolea g Wereishs wiininlly' So rigthing” Neat il £ 5 o5
N-[1(R-[ (1, 241ﬁ the crdditiomthen colos rapisily chpnged fian guesretsbrown and then
ot bpanam de ”ﬂé“””‘“ﬁﬂ %Jsﬁaﬁagﬁﬁﬁ"ﬁmﬁi‘m‘%"ﬂw* he:SiEMpRRCHAF he 11 ee
ISR e e N gl ol
title before) indicated that all of e indolenine 8 had been consumed (904
10 area % CBZ-indoline 9); retention times: indolenine 8 = 7.5 min,
indoline 9 = 8.2 min. TLC: ethyl ether as solvent, ceric sulfate-
ammonium molybdate stain or 1% anisaldehyde stain; retention factors:
indolenine 8 = 0.18, CBZ-indoline 9 = 0.33.
The color change from green to orange corresponds very
15 closely to reaction end point. The quantity of NaBH4 required to
complete the reaction is heavily dependent on the temperature and rate
of addition of NaBH4, but the yield and quality of the product is
virtually unaffected provided that the reaction is complete. The
reaction mixture was cooled to 5°C over a period of 30 min. Then 8 L
20  of 3% aqueous NH4OH (8 L) were added to bring the pH of the aqueous
phase to 7.4, the mixture was agitated, and allowed to settle. The
temperature rose to 15°C. The cloudy yellow lower aqueous phase was
separated. The organic phase was washed with 4 L of 3% aqueous
NH4O0H, 2 X 4 L of water, and 2 X 4 L of brine. The weight of the
25 organic phase after the washings was 53.5 kg, and the assay yield was
94%.

The washed toluene solution was combined with the washed
organic phases of two other similarly processed reactions. The total
aldehyde used in the three reactions was 5.06 kg, (20.5 mol). The total

30 weight of CBZ-indoline 9 assayed in the combined organic phases was
5.91 kg, (18.3 mol, 90% assay yield). The combined organic phases
were dried with 5 kg of sodium sulfate, treated with 250 g of Darco
G60 carbon for 30 min, and filtered through Solka-floc™. The filtrates
were vacuum concentrated at 10 mbar at <25°C until the residue was



conpound was obtained by recrystallizing it fromethyl acetate-ethanol -
water. mp. = 166[err]-168[err]C This sanple was subsequently identified

as being polynorphic Formll. It was characterized by an X-ray powder
diffraction pattern with principal reflections at approximtely: 4.7, WO
97/ 15574 WO 97/15574 PCT/ US96/ 16 PEF/USF6/169551 . 6,

17.4, 19.2, and 21.6 (2 theta). It was further characterized by a DSC at 10
[err]Cmn in an open cup under under nitrogen flow and exhibited a single
endotherm due to nelting, with a peak tenperature of about 174[err]C and
an extrapol ated onset tenperature (nelting point) of 5 about 165[err]C with
an asoci ated heat of approximately 37 J/g. MPLE 4 [err] |sonipecotic

aci d- N-benzyl carbamate (3) 10 Material s:” TSoni pecotic acid (2) T.C. 1.

4.02 kg (31.1 nol) Benzyl chloroformate (Schweitzerhall) 6.91 kg (40.5
mol ) K[ err] CO enegr dryness. The solvent switch was completgd bycgjowly bieeding m 5

\li\i[ﬁt er lcderr] 30 L of IPAC and_reconcenﬂx%tiﬂgko' EP1J #€200 inbag @ik 60(60°@n|¢ hek

err err Wer. 1. S e | .0 e n as

wi t h nechani cal “&‘%F‘B‘F.‘?Ségi ﬁﬁ%@f‘r}ﬁﬁgpﬁ llgr?d—d%\’ﬁtp ég#aﬁh %ocig%altor§8g§é€m{so
10[err]C. Benzyﬂeempmﬂeosmutlenmé;i h&!@@,namm indigated thatghesolutiomer at ur e
between 9 ang 14bffainéd c&6!nidl% of Xésidealvoiueirr dfest sodvérm s¥iteh.r] C after the
addi tion vas conpl et e andrageds fah BB BooilfiGo ¥AUC dii'sdRASOR LG BF 17 4 N

at which point the pH wa 07 A )
crystalline CBZ-indoline 9. The solution was allowed to gradually cool

to 26°C aver 6 h and aged for 9 h at 20-26°C. The slurry was cooled to
2°C over 1 h and aged at 2°C for 1h. The product was isolated by

10 filtration, and the filter cake was washed with 2 X 2 L of 5°C IPAC and
2X 2 L of 5°C MTBE. The product was dried in the vacuum oven at
30°C under a nitrogen bleed to give 4.37 kg (74%) of the title
compound 9 as a light tan crystalline powder. HPLC analysis of the
product indicated 99.5 area % purity. The mother liquor (11 L) and

15 the washes contained 1.15 kg (19%) of additional product 9 and ca 3%
of Cbz-isonipecotic acid phenylhydrazide (retention time = 4.8 min).

EXAMPLE 8
OYOBH
N
1
N.
SO,Me
20 CBZ-Spirocindoline-methanesulfonamide (1)
Materials:
CBZ-Spiroindoline (9) 1.69 kg (5.23 mol)
Methanesulfonyl chloride 599 g (5.23 mol)
25 Et3N (KF = 151) 635 g (6.27 mol )

THF (KF = 41) 12 L



aging for 58 h there was no change in the pH The reaction m xture was
tramsterred—to—a 200 L extTactor 25——amd—washed—wth 3 x 13kg (15 L) of

| PAC and 1 x 12 L of EtOQAc. The aqueous |ayer was extracted with 8 L of
toluene. After the washes the benzyl al cohol content was reduced from 3. 8%
to 1.4% by Wdnagmal ysis. HPLC anal ytical: Dupont Zorbax XCTorseéié@® col um
with WO 97/ 15574 PCT/ US96/ 16955 -
38 - 1.5 m/mn flow and detection at 254 nm isocratic mxture with 35%
MeCN, 65% of 0.1% aqueous Herr]PJerr]; retention tines: 3 = 6.9 mn,
benzyl alcohol = 3.3 mn, toluene = 17.3 m n. The aqueous phase was
acidified wwth 37% aqueous HC to 5 pH 1.8 Carbon di oxi de was evol ved
during the addition of HClI, but gas evol uff?on was easily controlled. The
addition of HO took <1 h and required 10 L of conc. HO . The aqueous phase
was extracted with 3 x 6.420 lofflaskiwasneharged with thensolick OB#-spiroardelistei ed

The combrned i?“?ﬁ‘??“é?mm 481 e PRSI Mirer U‘Q‘Z"*"‘*E"?*ﬁ*d‘ﬂ‘%?&?f[é{ AP
was 7.89 kg (979OR adetd lﬁﬁﬂggﬁ%\/;‘&ﬁ gPHH‘ POWéHg& é&“&@&t‘ga%f t he
filtrates to drgouled}o 0%Ge Allh(hnppln@ﬁmmlmdmrg@ﬂmﬂutjie a 10 [err]
inline filt tﬁeﬁx%@@tﬂ?oﬁ*laa@on@‘iﬂa (ﬁﬁana mcme%ﬁﬁ@ﬂmg 10 moar

at <25] err] concentrat.i on amate 3

was 440 g/L. 1eMs %Fld%ﬁ‘nwdﬁetfﬁ%c o} pUXWITe MAIpIRINgdhGed 1 o
azeotropically uempemtuie batwaamﬁaadal"(}/va‘l‘he adtitor to6k 5 hlatidwht) . The

mggﬂ ywagxig &l PA"whitk ReQpRaf¥, PlestrhB ketiighthodnt e onl'Y
' hydrochloride formed during the addition. HPLC analysis indicated
10 that the reaction was complete at the end of the addition (9 was
undetectable).
HPLC conditions: 25 cm Dupont Zorbax RXC8 column
with 1.5 mlL/min flow and detection at 254 nm. Gradient Schedule:

15 Time (min) 0.1% ag. H3P04:MeCN
0 70:30
3 70:30
12 20:80
25 20:80
20 Retention times: 9 = 7.6 min, 1 = 13.6 min.

After the addition was complete the reaction mixture was
warmed to 18°C and aged for 16 h. There was no change in the
appearance of the reaction mixture, and HPLC profile between the end

25 of the addition and after the 16 h age. The reaction mixture was slowly
transferred over 1h into a vigorously stirred solution of 30 L of water
and 200 mL of 37% aqueous HCl in a 50 L flask. The temperature in
the 50 L. flask rose from 22 to 28°C. The product separated as a pale
tan gurnmy solid which changed to a granular solid. The aqueous

30  suspension was cooled to 22°C and aged for 1 h. The suspension was
filtered, and the filter cake was washed with 2 x 4 L of MeOH/water
(50/50). HPLC analysis indicated that <0.1% of the CBZ-Spiroindoline-
methanesulfonamidel was in the mother liquors.



[err] 20 Isonipecotic acid chloride-Nbenzyl carbamate (4) Materials:
| soni pecotic acid N benzyl carbamate (3) 7.89 kg (30.0 nol) in 25 in

tol uene. (MW = 263. 30) 17.9 L Oxalyl chloride (MN= 126.93)
3.94 kg (31.0 nol) DWVF (MW= 73.10) 10 nL Tol uene
12 L VOVWSY 91158784 PCRASPH8SS/ 16955 -

39 - To the toluene solution of benzyl carbamate 3 fromthe preceding step
was added 5 nL of DMF and 10 L of toluene. The oxalyl chloride was added
over a period of 20 mn. The reaction m xture was aged for 16 h at 18[err]C
under a slow streamof nitrogen. 5 HPLC analysis of the reaction m xture

showed that 1.3% of the carboxylic acid_ till remai ned unreacted. The

reaction mxture was warned to 26[err]C, and 5 nm. of DWVF were added. The
m xture was agedfor 2. rrLall t mxture was
quenched with 5.0 nL of %@ﬁﬁﬁﬁf’&%}ﬁaﬁé’v frz]l: f‘;ﬁF &Alfor ati on by

HPLC: 25 10 c(ﬁ()lﬁ@btu whicth 50 nalxof Mlaqueaus B 40H lad\been adddd. nThef | ow

and detection gggkéﬁgg \)v 2% g@ atSr ),I
e R e S e =

The mi xt ur &5 wagivech08rkg ¢079%) of the titleeprodudt 3 as an off-white powder.
HPLC analysis of the solids indicated 93.7 area % 1.

EXAMPLE 9

Oﬁ,OBn

N

{
N

10  Optional Procedure for Isolation of Intermediate

CBZ-Spiroindolenine (8)

Materials:
Piperidine-4-carboxaldehyde-1-benzyl 12.37 g (0.050 mol)
15 carbamate (5)

Phenylhydrazine 5.41 g (0.050 mol)

Trifluoroacetic acid (TFA) 11.56 mL,17.10 g
(0.150 mol)

Methylene chloride 560 mL

20
The CBZ-aldehyde 5 was dissolved in dichloromethane in a

l L flask equipped with Teflon coated magnetic stirring bar. The
resulting solution was cooled to 0°C. Phenylhydrazine was added via a
weighed syringe over 5 min and the temperature was maintained at -1 to

25 3°C while nitrogen was continuously bubbled through the reaction
mixture. TLC and HPLC analysis indicated complete consumption of
the CBZ-aldehyde S and the appearance of a slight excess (<2%) of
phenylhydrazine. TLC conditions: Silica, E. Merck Kieselgel G60 F254



tenperature of 20-25[err]C until 5 L of solvent had been renpved. The

ton aft er—t—BuNH2—etench

descri bed above is as follows: Retention tine (mn) Area % Identity 20

2.1 <0. 5% carboxylic acid 3 7.8 <0. 5%

benzyl chl Qo Hfisshd - O >99% Cbz-t-butyl car ppxaRbéicesd 12. 1
toluene 12.7 <0. 5% ditert-butyl oxam de B 25 WO

97/ 15574 PCT/ US96/ 16955 -40 - EXAMPLE

6 [err] Piperidine-4-carboxal dehyde-1-benzyl carbamate (5) 5 Materials:
| soni pecotic acid chloride N-benzyl carbamate (4) 3.38 kg (12.0 nol) in

tol uene (MV = 281. 74) : in 5.54 kg DIEA (KF = 18 ng/L)
1.55 kg (15.0 nol) 10 10% Pd/ C (KF < 26thy/ g) 101 g
thi oani sole (MNV= 124.21, d = 1.058) 0.56 g The D EA and thioanisol e

wer e added tootzsanﬁm dictity] ether/gontane (H1)ent] HevsToplig ageantiR8% cdrép and the

oL s, R &9@@@%&%@8?5@49%%&%@“&%;%%* ilfBeh0 os) o
o Ater 18 heamh aldehyda Shad).52, phénylhydrazone 7
phenylhydrazine 6 = 0.21. HPLC conditions: 25 cm Dupont Zorbax

5 RXCS8 column at 30°C with 1.0 mL/min flow and detection at 254 nm;

gradient schedule:
Time (min) acetonitrile:water
0 57:43
10 10 65:35
15 75:25
18 75:25

retention times: phenylhydrazine 6 = 4.5 min, toluene = 7.2 min,
phenylhydrazone 7 = 11.4 min.

15 The reaction mixture was aged for 10 min at 0-2°C, and
TFA was added by syringe maintaining the temperature between 2 and
7°C. The reaction mixture was warmed to 35°C over 30 min, and
maintained for 17 h. The nitrogen sparge through the reaction mixture
was stopped and a slow stream of nitrogen was maintained over the

20 reaction mixture. During the first hour at 35°C the color gradually
darkened to a rosy pink then to a deep green, and a relatively small
amount of a white crystalline precipitate (ammonium trifluoroacetate)
formed. After aging for 17 h HPLC analysis (same conditions as above)
indicated that the reaction mixture contained 93 area % indolenine 8

25 and <0.5% of unreacted phenylhydrazone remained. Aging the mixture
for longer periods of time did not increase the assay yield of indolenine
8. The reaction mixture was cooled to 10°C, and a mixture containing
60 mL 28-30% ammonium hydroxide, 90 mL water and 150 g crushed
ice was added with good stirring. The color of the mixture changed to

30 a salmon color. The organic phase was separated and washed twice with
400 mL water then 100 mL saturated aqueous NaCl. The organic phase
was dried over magnesium sulfate and filtered through a plug of 5 g of
silica. The filtrate was evaporated to give 15.84 g (99%) of indolenine
8 as a pale orange oil.



taken up 70% the theoretical anount of hydrogen and HPLC anal ysis of an

al i quot that was quenched with tert-butylam ne indicated that 14.2 area %
of acid chloride 2 remai ned. HPLC conditions sane as above. 20 Retention
time: 5 =8.1 mn. A second charge of catalyst (101 g) and thioanisole
(0.54 g) weWe#Wed as a slurry in 1375 nlL tol uene to thePRVABWHEIFAL Or .
After 23 h HPLC anal ysis of an aliquot that was quenched with tert-

butyl ami ne indicated that 1.8 area % of acid chloride 2 remained. The 25
m xture was purged with nitrogen and the catal yst and precipitated DI EA HCl
were renoved by filtration through Sol ka-floc[err]. The filter cake was
washed with 10 L of toluene. The filtrateg were transferred through a 10
[err] inline filter to a 50 L extractor and washed with 2 x 7.2 L of 1 M
aqueous HC and 2 x 7.2 L of water. The m xture was WO 97/ 15574

PCT/ US96/ 16955 -41 - concentrated at 10 nbar and a tenperature of
25-30[err]Cuntil 5 L of residue renﬁKM@_ﬂQntlon time (mn) Area %

ldentity 5 2.1 carboxylic acid 3 6.6
<1 dinmer 21 8.1 >95 O OBal dehyde 5 The assay yield of
al dehyde 3 was 94% by HPLC anal ysis. 10 MPLE 7 [err] CBZ-Spiroindoline
(9) N
i
N
SOzMe

Procedure for the Preparation of CBZ-Spiroindoline-

5 methanesulfonamide (1) without Isolation of Interinediate CBZ-
Spircindoline (9)

Step 1: CBZ-Spiroindoline (9)

10 terials:
Piperidine-4-carboxaldehyde-1-benzyl 49.5 g (0.20 mol)
carbamate (5)
Phenylhydrazine (Aldrich) 23.7 g (0.22 mol)
Trifluoroacetic acid (TFA) 75.4 g (0.66 mol)
15 Toluene (KF < 250 mg/L) 654 mL
MeCN (KF < 250 mg/L) 13.3 mL
NaBH4 11.3 g, (0.30 mol)
Toluene 20 mL
MeOH 50 mL
20

A 2% (by volume) solution of MeCN in toluene was made
up using 654 mL of toluene and 13.3 mL of MeCN. In a2 L 3 neck
flask equipped with a mechanical stirrer 617 ml of the above solution
were degassed by passing a fine stream of nitrogen through the solution

25 for 5 min. Phenylhydrazine and TFA were added to the mixture while
still degassing.



15 Materials: Piperidine-4-carboxal dehyde-1-benzyl 1.71 kg (6.89 rml)
ayl hydr az+-re———— -

900 mL, 981 g (9.15 nol) Trifl uoroacetic acid (TFA) 2.20 L, 3.26
kg (28.6 m)l) 20 NaBH4 300 g, (7.93 nol)
7.0 L MeOH 7.0 L 25 The crude

al dehyde 5 solution fromthe previous step was transferred through a 10
[err] inline filter to a 100 L reactor equi pped with Tefl on coated copper
coils for cooling or heating and a nmechani cal WO 97/ 15574

PCT/ US96/ 16955 - 42 - stirrer. Toluene (34.4 kg) and MeCN (7 L) were added,
and the resulting solution was cool ed t049[-err] C. Phenyl hydrazi ne was added
in portions and the tenperature was maintained at -1 to 3[err]C while

ni trogen was conti nuousiThedOBZ-gldehbde Sowas Bissobadtinahe Testtofithe S

The phenyl hydr ed
conpl ete consu%% ﬂgﬁ\fﬁ?pﬁ‘gg%gpggﬁglﬂ% ﬁgq‘t %&S%‘r’éﬁ%@ %ﬁﬁg&@q ght
excess (<5% henselntion whi erm:ﬂmxtlpa fygnnej. | The so txqmmhem esel gel
G650 F254I ]9 25 m@k %ehbaded&bwmeﬂama(d% e seltichewas slowl am@attoOd5‘t%h
ceric su ou deC caCI en
heat; R erﬁ #m&@@m@ gg?@#&%%%%éﬁéf@g%§ %_ed‘%%%.iﬁﬁ razi ne
6 = 0.21.
HPLC conditions: 25 ¢m Dupont Zorbax RXC8 column at
50°C with 1 mL/min flow and detection at 220 nm; isocratic 55%
MeCN, 45% of 0.1% aqueous H3PO4. Typical HPLC profile after 16 h

10 age:
Retention time (min) Area % Identity
1.6 0.1-0.5 phenylhydrazine 6
4.1 <0.1 dimer 21
4.7 <0.1 aldehyde §
15 5.0 NA spiroindoline 9
6.3 NA toluene
6.9 97 spiroindolenine 8
10.3 <0.2 phenylhydrazone 7
2-3 tot. other impurities <0.2% ea.
20

The mixture was cooled to -10°C and MeOH was added. A
suspension of sodium borohydride in 20 mL toluene was added in small
portions (1 mL) over 30 min taking care that the temperature did not

exceed -2°C.
25 Arca%  Identity
0.1-1 phenylhydrazine 6
85-90 CBZ-spiroindoline 9
<0.1 CBZ-spiroindolenine 8

10-15 tot. other impurities (<3% ea.)
30
The temperature was raised to 10°C over 1h, and 6%
aqueous ammonia (200 mL) was added. The mixture was agitated for
10 min, allowed to settle for another 10 min, and the lower aqueous
phase was drawn off. Acetonitrile (20 mL) and MeOH (20 mL) were



HPLC conditions: 25 cm Dupont Zorbax RXC8 columm at 30[err]Cwith 1.0
mL/mn flow and detection at 254 nm gradient schedule: 15 Tinme (mn)
acetonitrile:water O 57:43 10 65: 35 15 75: 25 20

18 75:25 retention tines: phenyl hydrazine 6 = 4.5 mn, toluene =
7.2 mn, phoMOPmMyEs¥azone 7 = 11.4 min. The reaction m xtur BCWHEH6¥S for 30
mn at 0-2[err]C, and TFA was added nai ntai ning the tenperature between 2
and 7[err]C. The 25 reaction mxture was warned to 50[err]C over 30 mn,
and mai ntained for 17 h. The nitrogen sparge through the reaction m xture
was stopped and a sl ow stream of nitrogen was nmai ntai ned over the reaction
m xture. During the first hour at 5[erﬂ(§$§macolor gradual |y darkened to a
deep green, and a relatively small anount a white crystalline 30

precipitate (a ni mtrlfl uoroacetate), forned. After 17 h HPLC anal ysis
(sanme condition the-9rgants itway,washad with1 50 mlupf 188t ai ned

91.6 area % i ndbtiasi r’ﬂx&orgaﬂxdpﬁﬁﬁmivaﬂIfom@t@domﬁnalmraswyldl@ml ned.

Aging the mxtu riods of tine did not increase the assay
yi el d of indol emie%@ljom%eggl 15574

PCT/ US96/ 16955 - 43 - The reaction m xture was cool ed to 12[err]C, and 7.0

L of MeOH we§ agtgl2: NaB-@BZRSpheiiribline-miet salfOnathideo(X)i ons
Materials:
CBZ-Spiroindoline (9) (MW = 322.51) (0.184 mol)
Methanesulfonyl chloride 21.1 g (0.184 mol)
10 DIEA (KF = 150 mg/L) 29.7 g, 40.1 mL (0.230
mol)
THF (KF = 41 mg/L) 150 mL

The crude solution of CBZ-spiroindoline 9 solution from
15 Step 1 above was concentrated in a 1L 3 neck flask (60-70°C, 150-200
Torr) until 250 g of residue remained. The THF and DIEA were
added, and the resulting homogenous solution was cooled to 0°C. A 125
mL dropping funnel was charged with the methanesulfonyl chloride and
50 mL of THF. The solution of MsCl in THF was added over 2 h to the
20 reaction mixture maintaining the temperature between 0 and 4°C and
the mixture was aged for 2 h at 5-8°C. The addition was slightly
exothermic. A white precipitate, presumably DIEA-hydrochloride,
formed during the addition. HPLC conditions were the same as above.
HPLC analysis indicated that the reaction was complete 1 h after the end
25 of the addition (9 was undetectable) and the assay yield was 94% from
9. Retention time: 1 = 7.8 min. Typical HPLC profile of reaction
mixture after 2 h age:
Area % Identity
<0.1 CBZ-spiroindoline 9
30 90-92 CBZ-sulfonamide 1
8-10tot.  other impurities (<2% ea.)

The mixture was warmed to 20°C, and 200 mL of 1M
aqueous HCI was added. The mixture was warmed to 50°C, and the



nalntalnlng the tenperature below 15[err]C The addition took 30 mn.

8 he addi ti on—but—+t-5-was
eaS|Iy controlled and there was V|rtuaIIy no frothlng Near the end of the
addition the color rapidly changed fromgreen to brown and then bri ght
orange. A sgmlgh appunt (<200 nL) of a heavier phase had sepisssadess
(presumabl y aqueous salts). HPLC analysis (conditions as before) indicated
that all of the indolenine 8 had been consuned (90.4 10 area %
CBZ-indoline 9); retention tines: indolenine 8 = 7.5 mn, indoline 9 = 8.2
mn. TLC. ethyl ether as solvent, ceric sulfate- amoni um nol ybdate stain
or 1% ani sal dehyde stain; retention factors: indolenine 8 = 0.18,
CBZ-indoline 9 = 0.33. The color change §%bm green to orange corresponds
very 15 closely to reaction end point. The quantity of NaBH4 required to

conpl et e the T gyabb@fphsdway siparsiee iR brgahid PilasoawmewatEG and rate of
ddi t f Na f tual |
Cina 1 ect ed protﬁﬂ%ﬁﬁtﬁl&‘”ﬁhﬁbﬁ t«?‘”%w‘f' @Q%ﬁ?ﬁf%ﬁﬁﬁ‘ﬁ‘?ﬁﬁ B on' i xt 3r ¢ vas
cooled to 5[er @wbonateaapérll()&]llnbf waterni Fhe vrgani@ phase wasitranfemed to

NH err] OH (8 L)y pey Qfoi'lh‘i‘ed!ﬁniﬁaltsﬁ?nﬂ%g attﬁsdﬂ'taf&tfrhé 4 he

m xture Wasaltate ﬁ ttle. The t erature r.
15[err]C. T eg Lng éP!t%E EPSPER Eﬂtlfi‘ﬁg“g‘r'gam c

phase was was h@d dlstllllam haddjeeﬁ%cﬂhpaw;sThH ad ranpeaturedregchéd WBTHE; and 2
x 4 L of brine.hd uﬁfe vttsq ﬁ?c omruxmlmﬁﬁﬁw%tcehuhﬁea\eﬁ&h ngs was
53.5 kg, and the ﬁ &t V\st 4% Tti Wag\g f?glu ne solutlon was
conbi ned with {8 RBQ B B PRORARC! 5 sp S nfaa g ocessed
reactions. Thecpostant ubhnhgﬂ@ 3S@ mIhin the patr ckhe ém:lllntmn wassstoppéd kg,
(20.5 nol) IOTthﬁé?xt @toﬁpofmsgﬁr. drfn-ﬁ%ﬂ RA@ bk aadéé aad Wokdl 6@@0”@ ned
organi ¢ phases :I11 gh gi]b mﬂ e<P% assay yield). The conbi ned
or gani ¢ phases ofdlstl até had been collect
The temperature of both the head and pot rose from 94°C
to 98°C during the solvent switch. Toluene and p-PrOH form an
azeotrope boiling at 97.2°C composed of 47.5% toluene and 52.5% n-
15 PrOH. The mixture was allowed to cool gradually to 20°C over 3h and
aged for 12 h. The mother liquor was found to contain 2% toluene and
4 mg/mL of sulfonamide. The solubility of the sulfonamide in various
mixtures of toluene and n-PrOH has been determined by HPLC assay:

20 %toluene in n-PrOH solubility of 1 in mg/ml,
0 2.36
5 3.02
10 423
20 7.51
25 25 10.3

The crystalline slurry was filtered and washed with 3 x 100
- mL of n-PrOH. The product was dried in a vacuum oven at 50°C with
a nitrogen bleed for 16 h to farnish 65.5g (82 % from aldehyde 5) of 6
30 as a tan solid with 93.5 wt% purity.
Typical HPLC profite of solid:

Area %  Identity
<0.1 CBZ-spiroindoline 9

>99 CBZ-sulfonamide 1



were dried with 5 kg of sodiumsulfate, treated with 250 g of Darco G60
carbon for 30 mn, and filtered through Sol ka-floc[err]. The filtrates were
vacuum concentrated at 10 nbar at <25[err]C until the residue was WO
97/ 15574 PCT/ US96/ 16955 - 44- near
dryness. The WQPWBARM switch was conpl eted by sl owy bl eedi nBCTHSISN695S of

| PAC and reconcentrating to 14 L at 200 nbar at 50-60[err]C. The m xture
was heated to reflux in order to obtain a clear honbgeneous deep orange
solution. [err]H NVR anal ysis indicated that the solution 5 contained ca.
6 nol % of residual toluene after solvent switch. The solution was cooled to
68[err]C and seeded with 4 g of crystallinesBZ-indoline 9. The sol ution
was allowed to gradually cool to 26[err]C 6Ver 6 h and aged for 9 h at
20-26[err]C. The slurry was cooled to 2[err]C ovey.1 h and aged at 2[err]C
for 1h. The product was isol at &d 9 10 other impusities{s9.2%c€d.) | ter cake was
washed with 2 x 2 L of 5[err]CIPAC and 2 x 2 L of 5[err]C MIBE. The

duct dried in th . . C | dt
Give 4.37 Kg (74% of t ﬁ{?@ﬁ@a%ﬁ%ﬁ%ﬁ%@a JLCE Salbll bE BRER BIGRC
powder . HPLC anafiystallized suifonamide-was ﬂéﬁseh{fédngb"f‘gﬂﬁ-r eb Et0Ae at: 60°Crand
mot her | i quors ( ltrehfedowithi0tghof Pasbe G-60dazboe forl 1 1bakG0IL A ftef the

o e gt 20 gy YRS el e st
CBZ- Spi r oi ndol i né-0hg ™o andithe pad wasawashes with Q&mdof BOAoRt ne (9)
1.69 kg (5.23 mo6d°C. Prior to the addition of the carbon the solution was a brown
color. The filtration proceeded well without plugging to give a golden
10 yellow filtrate. The filtrate was distilled at atmospheric pressure in a
500 mL flask (pot temperature 80-85°C) until 100 g (100 mL) of
residue remained. This solution was allowed to cool to 35°C over 3 h.
Over a 1h period, 116 mL of cyclohexane was added with good
agitation at 35°C. The mixture was cooled to 20°C over 1 h and aged at
15 20°Cfor 12 h. At 35°C much of the sulfonamide has crystallized out
and the mixture was thick. Addition of cyclohexane at 20°C makes
agitation difficult. After the aging period, the supernatant was found to
contain 2.5 mg 1/g. The crystalline slurry was filtered and the cake was
washed with 77 mL of 2:1 cyclohexane-EtOAc and 2 x 77 mL of
20 cyclohexane. The product was dried in a vacuum oven at 50°C with a
nitrogen bleed for 16 h to furnish 34.2 g of 1 (MW = 400.3) as a white
crystalline solid (85 % recovery from crude 1, 70 % from 5 with >99.9
wt % purity).

25 EXAMPLE 11

N,
SOzMG

It iroindoline-methane ide (1a)



Met hanesul fonyl chl ori de 599 g (5.23 nol) 25 Et[err]N (KF = 151)
el | ol YA VA ud 4.0). \ﬁﬁ__g_?f_,j-_Ssﬁ_

-V

35— 27— THF(KF—4% 2t
PCT/ US96/ 16955 -45 - A 22 L flask was charged with the solid
CBZ-spiroindoline 9 and then 11.5 L of THF and the Et[err] N were
transferreggighsszi he flask through a 10 g inline filter. pch@sscasssst i ng
honogenous sol ution was cooled to O[err]C. A 1 L dropping funnel was
charged with the 5 nmethanesul fonyl chloride and 500 nL of THF. The
solution of the MsC in THF was added to the reaction m xture maintaining
the tenperature between 0 and 4[err]C. The addition took 5 h and was
exothermc. A white precipitate, presumably triethyl amoni um hydrochl ori de
formed during the addition. HPLC anal ysi5531"ndi cated 10 that the reaction
was conplete at the end of the addition (9 was undetectable). HPLC

condi tions: 2Maerilgpont Zorbax RXC8 colum with 1.5 nl/mn flow and

det ection at %Eﬂfbﬁﬂiﬂ%%j%ﬁha&{’de (1)- Ti ?gl(é‘ti‘?isqg 0 ag.
H P R ; ‘a0 780 25
2%?!36] 2(C)][e”]1’eafmaﬂ'sﬁé’tt%1a{ﬁ% LFIYC 7 6 b 81 = 13.6 min. After the

addition was THIFpl ete the reaction mxture was 8Brned to 18[err] C and aged
for 16 h. ghews no change in the 7L

The catalyst was suspended in 7 L of MeOH and transferred
into the 5 gal autoclave followed by the solution of 1 in 8 L of THF.
The mixture was hydrogenolyzed at 25°C at 80 psi of H2. After 2.5h
10  the temperature was raised to 35°C over 30 min.
HPLC analysis indicated complete consumption of Cbz-
spiroindoline-methanesulfonamide. HPLC conditions: 25 cm Dupont
Zorbax RXC8 column with 1.5 mL/min flow and detection at 254 nm.

Gradient Schedule:
15 Time (min) 0.1% ag. H3PO4:MeCN
0 70:30
3 70:30
12 20:80
25 20:80
20 retention times: Spiroindoline = 7.6 min,

Cbz-spiroindoline-methanesunifonamide = 13.6 min.

The mixture was purged with nitrogen and the catalyst was
removed by filtration through Solka-floc™ while still warm. The
25  catalyst was washed with 4 L of THF and 2 L of MeOH. The pale
yellow filtrates were concentrated to a thick oil at 10 mbar and <25°C.
The solvent switch was completed by slowly bleeding in 15 L of EtOAc
and reconcentrating to dryness. The residue solidified to a hard off-
white mass. MeOH (1.5 L) was added and the mixture was heated to
36 70°C to give a homogenous solution. While the solution was at 70°C,
10.5 L of EtOAc at 20°C was added. The temperature fell to 40°C, and
the mixture remained homogenous.
Subsequent experiments suggested that it is more
convenient to solvent switch the MeOH-THF filtrates to MeOH,



appearance of the reaction m xture, and HPLC profile between the end 25 of
the addition and after the 16 h age. The reaction m xture was slowy
transferred over |h into a vigorously stirred solution of 30 L of water and
200 nmL of 37% aqueous HO in a 50 L flask. The tenperature in the 50 L
flask rose WQWIBST4t o 28[err]C. The product separated as FTIVLARE gurmy
solid which changed to a granular solid. The aqueous 30 suspensi on was
cooled to 22[err]C and aged for 1 h. The suspension was filtered, and the
filter cake was washed with 2 x 4 L of MeOH/ water (50/50). HPLC anal ysis

I ndi cated that <0. 1% of the CBZ- Spiroindoline- nethanesulfonamde 1 was in
the nother |iquors. WO 97/ 15574 -54 .

PCT/ US96/ 16955 - 46 - The filter cake was washed with 4 L of MeOH wat er

(50150) to which 50 of 28% agueous NH err].0H4 h be dded.. The.filter
cake was was hec?%?ﬂ%textoﬁ@ %Fﬂ'ﬁg j We?m‘é %’69%0@%5{@& ?ﬁ!‘ﬁs&‘m dri ed
in the vacuum dhemsolidificition ¢£xhermesidue upon copeentriation ofaths EfiGAc 2. 03 kg
(97% of the tisré;hg% oduct 1 as an off-white powder. HPLC anal ysis of the

: Lo ; . ;
o et o o e SR kT ovk oot b B PORRRSSES
Pi peri di ne- 4- c anitrogeh ceds/passéd mtozthe solutich.3Thg témpefdiuretgselts 60°4 banat e
(5) Phenyl hydr agjedfhe course of 15 min, and a whité fretipi@ddof Bhe hydrochloride
salt formed. Diluting the HCI with nitrogen only avoids the reaction
mixture sucking back and may not be necessary.
The mixture was cooled in an ice bath, and the hydrogen
10 chloride addition was continued for 1h. The temperature gradually fell
to 20°C. The suspension was aged for 2 h while the temperature was
lowered to 10°C. The crystalline product was isolated by filtration, and
the filter cake was washed with 3 L of EtOAc. It was dried in the
vacuum oven at 35°C to give 1.18 kg (86%) of the title product 1a as an
15 off-white crystalline solid of >99.5 area % purity by HPLC analysis.
HPL.C conditions: 25 cm Dupont Zorbax RXC8 column with 1.5
mL/min flow and detection at 230 nm; isocratic 35% MeCN, 65% of
0.1% aqueous ammonium acetate. Retention time: 1a = 5.4 min.

20 EXAMPLE 12

|
N

i ]

N,
802M9

Spiroindoline-methanesul ide (F form) (1b)
A 250 mL aliquot of the filtrate from the Cbz-
hydrogenolysis containing 4.67 g of 1b (free base) was concentrated to
25 ca 10 mL. The residue was dissolved in 20 mL of EtOAc and the
solution was reconcentrated to ca 10 mL. This was repeated once more,
and 10 mL of BEtOAc was added to the residue. A crystalline precipitate
began to form. MTBE (20 mL) was added in one portion. Additional



Trifluoroacetic acid (TFA) 11.56 m_, 17.10 g (0.150 nol) Methyl ene
cht-oetrt+de 5060—mt—20—The—CBZ—aftdehyde 5 was dissotved™in

di chl oronethane in a 1 L flask equi pped with Teflon coated magnetic
stirring bar. The resulting solution was cooled to O[err]C Phenyl hydrazi ne
was added Viypodi8etg0hed syringe over 5 min and the tenper abca/esIsacss

mai ntained at -1 to 25 3[err]C while nitrogen was conti nuously bubbl ed

t hrough the reaction m xture. TLC and HPLC anal ysis indicated conpl ete
consunption of the CBZ-al dehyde 5 and the appearance of a slight excess
(<29 of phenyl hydrazine. TLC conditions: Silica, E. Merck Kieselgel G50
F254 WO 97/ 15574 PCT/ US96/ 16955
-47 - 0.25 mm diethyl ether/pentane (4/ 1)5,5 and devel opi ng agent 0.5%ceric
sul fate, 14% anmoni um nol ybdate in 10% aqueous sulfuric acid then heat;

Rl err]: al dehyderystallifie 38lidprecipitated; dbnothe superfatéht stilcontdigeld azi ne 6 =

D ST PR U it 1S L e
acetoni tril e: waf@pdmg. nexamness{7Lmlygveic a pwise gver 2 h to thgs: 35 15
75:25 18 miktu?é with igorons istinding. [Therslowyaldditibneofahe héxanes is, t ol uene
= 7.2 MmN, 5 peccessary to avoid the oiling out of the amine.
The agitated mixture was aged for 1h and filtered. The

filter cake was washed with 20 mL of 1:1 MTBE-hexanes and then with

20 mL of hexanes. The product was dried under a stream of nitrogen

to give 3.86 g (82%) of the free amine of 1b as an off white crystalline

10 solid of >99.5 area % purity. HPLC conditions: 25 cm Dupont Zorbax
RXC8 column with 1.5 mL/min flow and detection at 230 nm; isocratic
35% MeCN, 65% of 0.1% aqueous ammonium acetate. Retention time:

1b = 5.4 min.
15 EXAMPLE 13A

H
|
N

hi ]

N
SO.,Me
iroindoli fonamide base (1b)

20 Materials:
: CBZ-Spiroindoline-sulfonamide (1) 833.5 gr (2.08 mol)
Pd(OH)2/C (20% weight of PA(OH)2) 124.5 (15%)

THF 6.5L
MeOH 195 L
25 NH40H (conc) 60 mL

The hydrogenation was run three (3) times due to
equipment limitations; this procedure refers to a single run. The CBZ



phenyl hydrazone 7 = 11.4 mn. 15 The reaction m xture was aged
for 10 mn at 0-2[err]C, and TFA was added by syringe maintaining the
tenperature between 2 and 7[err]C. The reaction m xture was warned to
35[err]C over 30 min, and maintained for 17 h. The nitrogen sparge through
the reacti OMORYISSUWr e was stopped and a sl ow stream of nit PEHEP6(EESS
mai nt ai ned over the 20 reaction m xture. During the first hour at 35[err]C
the color gradually darkened to a rosy pink then to a deep green, and a
relatively small anount of a white crystalline precipitate (amonium
trifluoroacetate) forned. After aging for 17 h HPLC anal ysis (sane
conditions as above) indicated that the rgaction m xture contained 93 area
% i ndol enine 8 25 and <0. 5% of unreacte henylhydrazone remai ned. Agi ng

| ndol eni ne 6. SEoREalne autianamirel i Sserlued i THE (o) K 38 m xturc
cont ai ni ngdgg gﬁn/ﬂmtnmmmmw Eg,nLQQLmasaddaedafonowr;a edc[gsggd .
sal o col or %@%ﬁ@ﬁﬁ%@&%ﬂ sﬁz%%%r 5 S £ R0 oo

wat er then 1ooams>cmr mainder oI heMeQRE (30 Jahwas pised foneissimgi ed over
nmagnesi um s§il f The rahdufe memmmmmso i for B4 boafs, SThe eatalyste

filtrate vas eypperabe koo inkPafila Suli8 P ihd BHEPBE Bt 2 P ©

orange oi |

PCT/ US96/ 16955material Ex s materiakwas unigue-raquiring > 15% catelyst and dongf
CBZ- Spi r oi ndol t¢aetion time. Purer batches of spiroindoline required only 5% of

catalyst and 4-6 hrs reaction time.

10 Upon completion (<0.1 A% 1 by LC) the mixture was
filtered thru Solka Floc™ and the carbon cake washed with MeOH (13
L) containing NH40H (0.5%, 60 mL). The combined filtrates (assay
shows 1587 g of spiroindoline amine 1b) were concentrated in vacuo
and the resulting solids were partitioned between 40 L (of toluene: THF

15 (3:1) and 0.5N NaOH (18 L). Although the layers separated easily a
heavy precipitate could be seen in the aqueous layer. The aqueous
suspension was thus extracted with CH2Cl2 (15 L). The aqueous and
organic layer separated slowly. Prior to CH2Cl2 addition THF was
added to the aqueous layer along with enough NaCl to saturate the layer.

20 However dissolution of the product was not achieved which necessitated
the use of CH2CI.

The combined toluene, THF and CH2CI? layers were
combined and concentrated in the batch concentrator. The residue was
flushed with 7 L of CH3CN. Finally 10 L of CH3CN were added and

25 the solution stood overnight under N2 atmosphere.

EXAMPLE 13B
H
l
N
ib

N(
SOaMe



5 nethanesul fonam de (1) without Isolation of Intermediate CBZ-

: Wat ef+al-s+—
Pi peri di ne- 4- car boxal dehyde- 1- benzyl 49.5 g (0.20 nol) carbamate (5)
Phenyl hydrazi ne (Al drich) 23.7 g (0.22 nol) Trifluoroacetic acid
(TFA) wo 9745574 9 (0.66 nol) 15 Tol uene (KF < 250 nylpley/ysssreoss
654 mL MeCN (KF < 250 ng/L) 13.3 nL NaBH err]
11.3 g, (0.30 nol) Tol uene 20 nmL MeCH

50 nmL 20 A 2% (by vol une) solution of MeCN in toluene was nade up using 654
m. of toluene and 13.3 nL of MeCN. In a 2 L 3 neck flask equipped with a
nmechani cal stirrer 617 m of the above sol ution were degassed by passing a
fine stream of nitrogen through the sol utn 25 for 5 min. Phenyl hydrazi ne
and TFA were added to the m xture mhlle still degaSS|ng WO 97/ 15574
PCT/ US96/ 16955 Spird® 2 nidthand s Brecdhaseforp (b)t he rest of the
sol ution prepared above (50 m.) and degassed by bubbllng ni trogen through
the solution while in the addition funnel. The solution in the flask was
heated to 35[ehﬁ¥£¥§hmd t he al dehyde sol ution was slowy added to

CBZ-Spiroindoline-sulfonamide (1) 3 kg (7.49 mol)

5 Darco G-60 600 g
Ethyl Acetate 36 L
Absolute Ethanol 189 L
10% Pd/C 450 g
Ammonia Solution 500 ml

10  Solka Floc™ 25kg
Isopropyl Acetate 65 L

A mixture of CBZ-spiroindoline (1) (1 kg) and Darco G-
60 (200 g) in ethyl acetate (9 L) was stirred and heated at 60-65°C
15  under a nitrogen atmosphere for 8 hours. The Darco was removed by
filtration at 60-65°C, the solid washed with hot ethyl acetate (3 L) and
the filtrate and washings combined. LC wt/wt assay confirmed
negligible loss to the Darco. The ethyl acetate solution was evaporated
to dryness in vacuo using a 20 L Buchi apparatus and then flushed with
20 absolute ethanol (2 x S L). This material was then slurried in absolute
ethanol (8 L) warmed to 65-70°C and placed in the 20 L autoclave. The
batch was rinsed in with absolute ethanol (1 L). A slurry of 10%
Palladium on charcoal (75 g, 7.5% by weight) in absolute ethanol (750
ml) was then added to the autoclave and rinsed in with a further portion
25 of absolute ethanol (250 ml).
The batch was hydrogenated at 65°C with vigorous stirring
under 40 psi hydrogen pressure for 3 hours, a second portion of 10%
“palladium on charcoal (75 g) was added, the batch was hydrogenated for
a further 2 hours and then sealed overnight. The batch was transferred
30 (still hot, 60-65°C) to a 20 L Buchi apparatus and degassed in vacuo to
remove formic acid by “feeding and bleeding” absolute ethanol (18 L
total).
This procedure was repeated twice more and the three
batches were combined in a 10 gallon glass-lined vessel and the



5 the phenyl hydrazi ne-TFA over 2 h. The m xture was aged at 35[err]C for
16h. HPLC conditions: 25 cm Dupont Zorbax RXC8 columm at 50[err]C with 1
m./mn flow and detection at 220 nm isocratic 55% MeCN, 45% of 0.1%

aqueous Herr]PJerr]. Typical HPLC profile after 16 h 10 age: Retention

time (min) WOROEHSH | dentity 1.6 0.1-0.5 BEEHFSH$WF azi ne 6
4.1 <0.1 dinmer 21 4.7 <0.1 al dehyde 5 15

5.0 NA spiroindoline 9 6.3 NA t ol uene

6.9 97 spi roi ndol enine 8 10.3 <0.2

phenyl hydrazone 7 2-3 tot. other inmpurities <0.2%ea. 20 The m xture was

cooled to -10[err] C and MeOH was added. Assg.l_spensi on of sodi um borohydri de
in 20 nL tol uene was added in snmall portions (1 nL) over 30 mn taking care

1 - 0
D e P o el B 2SS LIS o o i 0 1
CBZ- spi r oi ndol evacuw)Soflsbsbbutecdthamding x i10HLY. i Sbﬂﬁoﬂm 6}15)kgE)Qvﬂ'$1&ddezdoo )
PSS rvetd e Bioh ol BiEreliporl £1° e TRE
Aot her 10 i . logadiwieh SOMEAtIoGINLKE) as a slurey in ethanol (20 L), The
S resulting mixture was warmed to 60-65°C and then transferred at this

temperature vig heated filter using pump to two tared stainless-steel

bins. The initial vessel, the filter, the pump and the lines were rinsed

with a hot (60-65°C) mixture of aqueous ammonia (500 ml) in absolute

ethanol (25 L). The filtrate and washings were combined in the two

10  stainless-steel bins.

The batch was then transferred to a vessel using an in-line
filter containing a 10 micron cartridge, and then concentrated in vacuo
to low bulk (~15 L). The ethanol was replaced by isopropyl acetate by
the “feeding and bleeding” of 3x batch volumes of isopropyl acetate (45

15 L total), while maintaining a batch volume of ~15 L. The solvent
switch, when complete, contained <1% residual ethanol by GC. The
batch was then diluted to ~33 L by the addition of isopropyl acetate (20
L), and this solution of spiroindoline-amine 1b (1.855 kg by L.C
analysis) in isopropyl acetate was used for the next stage of the process.

EXAMPLE 14A

H
H
O/\?’N“BOC
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N
SOZMB

Boc-O-Benzylserine Spiroindoline (11)



phase was drawn off. Acetonitrile (20 nL) and MeCH (20 nL) were WO

O At ol PEFHUS96+16955—56- added
to the organic phase and it was washed with 150 nL of 15% brine. The
organi ¢ phase was found to contain a 92% assay yield of CBZ-spiroindoline
9. 5 St el@vcgé'r(ls.rﬂ 4CBZ- Spi r oi ndol i ne- et hanesul f onam de ( lpcyiRis€idogs S:

ndol i ne

CBZ- Spi r oi (9) (MWNV= 322.51) (0.184 nol) Methanesul fonyl chloride
21.1 g (0.184 nol) 10 D EA (KF = 150 ng/L) 29.7 g, 40.1 nL
(0.230 nol) THF (KF = 41 ng/L) 150 nL The crude solution

of CBZ-spiroindoline 9 solution from15 Step 1 above was concentrated in a
1L 3 neck flask (60-70[err]C, 150-200 Torr) until 250 g of residue

remai ned. The THF and DI EA were added, -@8d t he resul ti ng honpgenous
solution was cooled to O[err]C. A 125 nL dropping funnel was charged with

t he net hanes %Als_.chl oride and 50 nL of THF. The solution of Msd in THF
was added ove | the 20 actio ning the tenperature
bet ween 0O anu&%;\#gngﬁnm?eqﬁxturew%égé?%aﬁ at 5-8[err]C. The
addi ti on was Anugmaoydém) hermic 6563 meles) presunmbl y

DI EA- hydr ochl CH ghliri ng the addition. HPLC conditions were the
same as above.F'HPL® an ysis indicated that the reaction was conplete 1 h
after the end 25 of tMNHBO&i tion (9 was undetectable) and the assay yield

was 94% frpmPeRetention tine: 1 = 7.18334.5 g (/563 aolek)-C profile of

(=Y

reaction  HOBT 884 g (6.563 moles)
CH3CN 25 L
0.5N NaOH 18 L
0.5N HCl 18 L
10 NaHCOS3 sat. 18L
iPrOAc 28 L

The spiroindoline-aminelb in CH3CN or iPrOAc:H20 (25
L) at ambient temperature under N2 was treated in sequence with
15 HOBT (884 g; 1.1 eq) as a solid, DCC (1334.5 g, 1.1 eq) as the melt
(heating in hot water at 60°C for ca. 1 hr) and finally the amino acid 10
(1938 g) as the solid. The mixture was stirred for 3 hr upon which
time heavy precipitation of DCU occurred and LC analysis showed ca.
0.5 A% of amine 1b remaining. IPAc (9 L) was added, the slurry was
20 filtered through Solka Floc™ and the cake was washed with IPAc (19
L). The combined organic solution was washed in sequence with 0.5N
NaOH (18 L), 0.5N HCI (18 L) and saturated NaHCO3 (18 L). A final
water wash at this point resulted in an emulsion and was thus eliminated.
The organic layer was concentrated in vacuo and the
25 residue was dissolved in MeOH or EtOH (10 L final volume). Assay
yield 3026 gr (89%). |
The use of alternative peptide coupling agents such as
carbonyldiimidazole or formation of mixed anhydrides, such as sec-
butyl carbonate, gave inferior yields of 11 and/or 14 with a high
30 degree of epimerization in the case of the former compound. Other
peptide coupling reagents were prohibitively expensive.




m xture after 2 h age: Area % ldentity <0.1 CBZ- spiroindoline 9 30
90-92 CBZ-sulfonam de 1 8-10 tot. other inpurities (<2%ea.) The

m xture was warned to 20C, and 200 nL of 1M aqueous HCl was added. The

m xture was warnmed to 50[err]C, and the WO 97/ 15574

PCT/ US96/ 1699® 911874~ aqueous phase was separated. The or gRETASHHEE was
washed sequentialy with 100 nL water, 100 nL 5% aqueous sodi um bi carbonat e,
and 100 nL water. The organic phase was transferred to a 1 L 3 neck flask
equi pped for nmechanical stirring and distillation. The 5 mxture (ca 400
m.) was distilled at atnospheric pressure until 150 nL of distillate had
been col l ected. The head tenperature reac_hg@ 107[err] C, the pot tenperature
was 110[err]C. The distillation was contintuéd with continuous addition of

n- propanol at such a rate as to naintgin 3 ggniégnt volune (ca 350 nlL) in
the pot. The distillation was stoppe total of 525 nL of n-PrOH
had been added and a total of 800 nmL of distillaje had been coll ected. The

tenperature of both the head and pot rose fregmQ4[err]C to 98[err]C during
the sol vent switch. Toluene and n-R OB~ ormadreBPCope boiling at
97.2[err] C conposed of 47.5%tol and®52. %86 n- 15 PrOH The nixture was
allowed to cool gradually to 20[ &2 over 3 d aged for 12 h. The not her
| i quor was found to contain 2% tol uene and 4 Ing/ nL of sul fonam de. The
solubility of the sulfonam de in various

11
N.
SO,Me
oc-O-Benzylserine Spiroindoline (11)
5 Materials:
Spiroindoline-amine (1b} 1.855 kg (6.96 mol)
Isopropyl acetate 29L
Dicyclohexylcarbodiimide (DCC) 1.58 kg (7.65 mol)
1-Hydroxybenzotriazole (HOBt) 1.03 kg (7.62 mol)
10 N-Boc-O-benzyl-D-Serine 2.26 kg (7.65 mol)
1M Agqueous sodium hydroxide 26 L
0.5M Aqueous hydrochloric acid 26 L
Satd. Aqueous sodium hydrogen carbonate 26 L
Absolute Ethanol S0L
15

Water (20 L) was added to a stirred solution of the
spiroindoline-aminelb (1.855 kg) in isopropyl acetate (33 L) in a
reaction vessel. The following chemicals were then added sequentially
at room temperature under a nitrogen atmosphere: DCC (1.58 kg, 1.1

20  equivs.), HOBt (1.03 kg, 1.1. equivs.) and finally N-Boc-O-benzyl-D-
Serine (2.26 kg, 1.1 equivs.). The reagents were rinsed in with
isopropyl acetate (7 L). The batch was stirred at room temperature
under nitrogen atmosphere for 5 hours when LC showed the ratio of
product/starting material to be 99.4/0.6. The mixture was then filtered

25 through an Estrella filter using cloth and cardboard only and utilizing a



m xtures of toluene and n-PrOH has been determ ned by HPLC assay: 20
Vof . ) ol : . ,

2.36 5 3.02 10 4.23 20

7.51 25 25 10. 3 The crystalline
slurry was fwbleesedsand washed with 3 x 100 nL of n-PrOH Poeussendesst was
dried in a vacuumoven at 50[err]Cwith a nitrogen bleed for 16 h to
furnish 65.59 (82 % from al dehyde 5) of 6 30 as a tan solid with 93.5 wt%
purity. Typical HPLC profile of solid: Area % ldentity <0.1

CBZ- spi roi ndoline 9 >99 CBZ- sul fonam de 1 WO 97/ 15574

PCT/ US96/ 16955 -52 - <1 tot. other inpurities (<0.2%ea.) For additional
purification, a 40.0 g sanple of the n- Prcbi crystallized sul fonam de was
dissolved in 134 nL of EtOAc at 60[err]C and 5 treated with 8.0 g of Darco
G 60 carbon for phnip idtoGother] vésself tBhe sémling dicssed wasf rifisedll with isopropyl

Sol kat | oc or 1] “Rege (2 L sHenis whphfi i rgg e oe. ik sboib o the,
Prior to the addinesptogthesecving¥essehe 8] uti on was a brown color. The
filtration procQeplegbevmirturd inhthet veskelowas stitreddfor 4 Oamimitée and thervel | ow
filtrate. The TlphGalise"@ind fof 15 hitufts. 2FRTANE AdudduS JaYESwhe 2
separated off and the organic solution was left to stand at room
temperature overnight.
The next day, the organic solution was washed with 1M
aqueous sodium hydroxide solution (26 L) then 0.5M aqueous
10  hydrochloric acid (26 L) and finally saturated aqueous sodium hydrogen
carbonate (26 L). LC analysis gave an assay yield of 3.787 kg, 93%
overall yield from 7.49 moles (3 kg) of starting CBZ-spiroindoline (1).
The batch was concentrated in vacuo (internal temperature = 13-15°C,
jacket temperature = 40°C, Vacuum = 29”) to low bulk (~15 L) and
15 solvent switched to ethanol by “feeding and bleeding” ethanol (50 L)
whilst maintaining the volume at ~15 L. GC showed <1% isopropyl
acetate remaining. This solution was used for the next stage of the
process.

20 EXAMPLE 15A
H
o/\é‘NHz
l==o
N
12

N«
SOgMe

-Bepzylserine Spiroindoline bage fi (12)



500 nL flask (pot tenperature 80-85[err]C) until 100 g (100 nL) of residue
remai ned. This solution was allowed to cool to 35[err]C over 3 h. Over a |h
period, 116 nmL of cycl ohexane was added with good agitation at 35[err]C.
The m xture was cooled to 20[err]C over | h and aged at 15 20[err]C for 12
h. At 35] W0 $%7assMdch of the sul fonam de has crystallized RIVUSE6tH9%he m xture
was thick. Addition of cycl ohexane at 20[err]C nmakes agitation difficult.
After the aging period, the supernatant was found to contain 2.5 ng 1/g.
The crystalline slurry was filtered and the cake was washed with 77 nL of
2:1 cycl ohexane-Et OAc and 2 x 77 nL of 20 cyclohexane. The product was
dried in a vacuumoven at 50[err]C wit nhitrogen bleed for 16 h to
furnish 34.2 g of 1 (MW= 400.3) as a wﬁ?te crystalline solid (85 %
recovery fromcrugde 1, 70 %from5 with >99.9 wt % purity). 25

EXAMPLE 11 [ » Salt of Spiroindoline-Mthanesul fonam' de (I a) WO
97/ 15574 Boc-O-Benzylsenne Spircindoline (11) 30F&y 3P - 53 -

s e RO T 161 a¥ild, > ™

8 L5 9L The catal yst was
suspendedsl n ﬂ)ro,ngf MeCH and transferred into 44,5 gal autoclave fol |l owed

by the soluti n 8 L of THF. The m xtur s hydrogenol yzed at 25C
at 80 psi (ﬁél\?kﬁbrﬁ 2.5 h 3¢

The Boc-O-benzylserine spiroindoline 11 in 10 L of

MeOH (or EtOH) was treated with neat MsOH (1.16 L) added over ca.

10  30-40 min, (initial temperature 16°C, final temperature 28°C). The
dark red solution was aged overnight under N2. The mixture was then
pumped into a 100 L extractor containing 24 L iPrOAcand 35 LOS N
NaOH. The pH of the aqueous layer was 7. NaOH (6M) was added
until pH > 10.5. As the pH increased the color changed from red to

15 yellow. The layers were separated and the organic layer (24 L) was
shown by NMR to contain 13 mole % of MeOH in iPrOAc [5 volume
%]. LC assay 2.48 kg.

EXAMPLE 15B

N
20 : SOQMG

-B i iroindoli e fi (12)



= = -

10 the tenperature was raised to 35[err]C over 30 mn. HPLC anal ysis
el ' 1Ot -ne- met hanesut-fomanide.

re-eat-eg—eorprete—constptton—of—thz—sprrordotine
HPLC conditions: 25 cm Dupont Zorbax RXC8 columm with 1.5 nmi/mn flow and

detection at 254 nm G adient Schedule: 15 Time (mn) 0.1% aq.
H err] P er (o ¢Yasdls O 70:30 3 70:30 12 PCTAUBSEE/1R05525
20: 80 20 retention tines: Spiroindoline = 7.6 mn,

Cbz- spi roi ndol i ne- net hanesul fonami de = 13.6 nmn. The m xture was purged
with nitrogen and the catal yst was renoved by filtration through

Sol ka-floc[err] while still warm The 25 catalyst was washed with 4 L of
THF and 2 L of MeOH The pale yellow filtrates were concentrated to a thick
oil at 10 nmbar and <25[err]C. The sol vert 63wi t ch was conpl eted by slowy
bleeding in 15 L of EtOAc and reconcentrating to dryness. The residue
solidified to Mamraleff- white mass. MeOH (1.5 L) was added and the

mxture was heggedd @ 1s6B8he" }Ji ihQoBhe & )hor@g@? 69k4hbpn. Wile the
sol ution was at %grgﬁpﬁga ({)Ef E?%&c (al? ZOM%MSTM

tenperature fellYlethang d the mixturer

Subsequent expdsd aseggested that it is nore38dnvenient to sol vent
switch the L L Lr t WO 97/ 74
PCT/ US96/ 116955 % bdols "a‘}‘ﬁ‘?m ‘9"‘%% toL

50% Aqueous sodinm hydroxide 16L

Methanesulphonic acid (2.006 kg, 1.355 L, ~3 equivs.) was
added to the stirred solution of Boc-O-benzylserine spiroindoline (11}
10 (3.787 kg) in ethanol (total volume ~15 L) in a reaction vessel. The
batch was warmed to 35-40°C. After 7 hours, LC showed the absence
of starting material and the reaction was allowed to cool to room
temperature overnight. The next day, water (44 L) was added to the
batch with stirring. The batch was cooled to ~5°, stirred for 30 minutes
15 and then filtered throngh an in-line filter (loaded with a 10y cartridge)
into a bin. The batch was then sucked back into the vessel. A water
rinse (10 L) was used to rinse the vessel and lines into the bin and this
was used to then rinse back into the vessel. Isopropyl acetate (38 L) was
added followed by a 1M aqueous sodium hydroxide (16 L). The batch
20 was cooled to 10-15°C, the pH of the lower aqueous layer was
confirmed as ~7 and 50% aqueous sodium hydroxide solution was added
(1.6 L) (pH >10). The batch was stirred at 10-15°C for 25 minutes and
then allowed to settle for 10-15 minutes. The lower aqueous layer was
separated (78.1 kg). LC assay indicated 28.4 g of 12 (0.85% of theory)
25 contained in the agueous liguors. Volume of the organic solution = 51
L. LC assay indicated 3.057 kg, 92% overall yield from 3 kg,
7.49 moles of CBZ-spiroindoline sulfonamide (1). This solution was
used for the next stage. '



concentrate to the desired volune, and then add the Et OQAc. This avoids the
solidification of the residue upon concentration of the EtQAc sol ution.
Hydrogen chloride diluted with about an equal volume of 5 nitrogen was
passed into the solution. The tenperature rose to 60[err] C over the course
of 15 mi n, WO ™hhite precipitate of the hydrochl ori de $&FUSPHOPRAE].
Diluting the HCL wwth nitrogen only avoids the reaction m xture sucki ng
back and nay not be necessary. The m xture was cooled in an ice bath, and
t he hydrogen 10 chloride addition was continued for 1h. The tenperature
gradually fell to 20[err]C. The suspension was aged for 2 h while the
tenperature was |owered to 10[err]C. Theggrystalline product was isol ated
by filtration, and the filter cake was washed with 3 L of EtOAc. It was
dried in the vacuum oven at 35[errml8 kg (86% of the title
product la as an 15 off-white cry d of >99.5 area % purity by
HPLC anal ysis. HPLC conditions: 25 cm Dupont RXC8 colum with 1.5
m./mn flow and detection at 230 nm isebrgf odMeCN, 65% of 0. 1%
aqueous ammoni um acetate. RetfeQtien IRE; 4 4.BO8. 20

EXAMPLE 12 [err] Spiroindoli et h&hes8 f on 'd&(Free base form (1b) A
250 nL aliquot of the filtr&eAfromthe - Ghydbgenol ysi s contai ni ng 4. 67
g of I'b (free base) was concentrated to 25 ca 10 nL. The resi due was
di ssolved in 20 nL of EtQAc and the so {Oon was reconcentrated to ca 10
m.. This was repeated once nore, and 10 of OAc was added to the
residue. A crystalline precipitate he o fo MIBE (20 nlL) was added in
one portion. Additional
NJ
SOgMe
Boc-Aminojsob - serine Spircindoline (14)
5 Materials:
Spiroindoline amine (12) 2481 g (5.57 moles)
amino acid peptide (13) 1247.1 g (6.16 moles)
CH$<CH3
HOC NH-BOC
DCC 1266.7 g (6.16 moles)
10 HOBT 827 g (6.16 moles)
IPAc 52L
H20 37L
0.5N NaOH 36 L
0.5N HCl 36 L
15 Sat. NaHCO3 36L

The solution of the amine 12 in IPAc was diluted to a total
volume of 39 L with IPAc and 37 L of H20 was added. The biphasic
mixture was then treated in sequence with HOBT (827 g) as a solid,

20 DCC (1266.7 g) as a melt, and amino acid 13 at ambient temperature
under nitrogen. The reaction mixture was stirred for 2 h upon which
time LC analysis indicated dissappearance of the starting material 12
(<0.3 A%). The mixture was filtered through Solka Floc™ and the



WO 97/ 15574 PCT/ US96/ 16955 - 55 -

' ' ™ ; - still contarned—a
substantial quantity of dissolved product which did not precipitate on
standi ng. Hexanes (70 nL) were added dropwi se over 2 h to the mxture with
Vi gor ous Skycé#13814 The sl ow addition of the hexanes is 5 pd1o0swes@®ssy tO
avoid the oiling out of the amne. The agitated m xture was aged for 1h and
filtered. The filter cake was washed with 20 nL of 1:1 MIBE- hexanes and
then with 20 nL of hexanes. The product was dried under a stream of
nitrogen to give 3.86 g (82% of the free amne of |b as an off white
crystalline 10 solid of >99.5 area % purity. HPLC conditions: 25 cm Dupont
Zorbax RXC8 colum with 1.5 ni/nin flow &d detection at 230 nm isocratic
35% MeCN, 65% of 0. 1% aqueous ammoni um acetate. Retention time: |Ib = 5.4
mn. 15 solids were washed withEX\RVRMEIPAA [Therthaterial may be stored at

QT o L BB SRR uaforgiier ), () 20, W e
wei ght of Pd(OH)2) 124 e mexmrepgas transierted to a xtractor, the ~ g 5 |
Me CH aqueous layer was separated hidThe or@anibiyer wakwashed)
|60 L The @drﬁ%é&ri{réig ﬁﬁﬁ 3647 of 01 9¢ N2OH bfﬁ@ P@Fﬂ@s&@?g@ﬂem
'mtations; Aﬁc%é),c As%&? yrieeldei 1360t§ (g 1% Pr%me s{:#gi'ndo he + 3% for

volume measurement error). The solution was concentrated to a small

volume and was flushed with ethanol (2 x 4 L). If desired, the

inermediate compound 14 may be isolated by adding water to crystalize

10 it out.

The use of alternative peptide coupling agents such as
carbonyldiimidazole or formation of mixed anhydrides, such as sec-
butyl carbonate, gave inferior yields of 14 with a high degree of
epimerization. Other peptide coupling reagents were prohibitively

I5 expensive.

EXAMPLE 16B
CHz CHy

H H
O/\OAC"N \[P(I}l' BOC

N.
802Me

c-Aminoisobutyryl O-Benzylserine Spiroindoline (14)
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spi roi ndol i ne sul fonam del was dissolved in THF (6.5 L, KF = 53
[err]g/[err]L) and then MeOH (KF=18 [err]g/nmL, 4L) was added foll owed by
addition of the catalyst and the slurry was transferred to a 5 gal

aut ocl ave. woiw18534ai nder of the MeOH (2.5 L) was used foPCIUSS/i8855 5 The

m xture was heated to 40[err]C at 50 psi for 24 hours. The catal yst | oadi ng
and reaction time are a function of the purity of starting material 1. This
material was unique requiring [err] 15% catal yst and | ong reaction tine.
Purer batches of spiroindoline required only 5% of catalyst and 4-6 hrs
reaction tinme. 10 Upon corrplééion (<0.1 A% 1 by LC) the mxture
was filtered thru Sol ka Floc[err] and the  carbon cake washed with MeOH (13
L) containing NHerr]OH (0.5% 60 nL). The conbined filtrates (assay shows
1587 g of spi ‘ne am ne 1b) were concentrated in vacuo and the '

(r)eis_)l'dll 'lt\j;rcqul ?% Sliafdihe ¢R2Y bet ween 40t Ld‘,‘_ofjﬁlfg E&Bﬁirﬁbﬁ 15 (3 1% ?nd
: 3 eparat e apuy precipitate
coul d be seen |zﬁy‘flﬁ§ggﬁgg&éﬁﬁ5@m aqueousl‘ggéﬁa‘sgr{ﬁﬂgs t hus
extracted wi t i-dyfeoxybengetrigzold HOBY) The aqueoli§2dgi(B5§amol | ayer
separated 5| oHae-2Xindioisobalyhiy adigl (18) 11 addi t] 84 K7 88smapded to the
aqueous | ayer yal ong ith enough NaCl to saturat@]iﬂhe fayer. 20 However
di ssol ution oils ?3 tF was not achi eved whi ecessitated the use of
CH err] d [ er r 1M Agneovsisodbunthyidsexide THF and G§ & r]C[err] layers were
conmbi ned and gXEMEARhésRhydrdchfordaheid concentrzg or. The residue was

i.CN.

flushed with of CHerr Fi,nal | 10 L of CN were added and 25 the
sol ution stooéatq/ {ﬁs‘ﬂ hmﬂf%&ﬁ%%aﬁﬁg LE 13B

€
=
10  Absolute ethanol 45 L

Water (49 L) was added to the stirred solution of the
spiroindoline amine 12 (3.057 kg) in isopropyl acetate (total volume
~51 L) in a reaction vessel at room temperature under a nitrogen

15 atmosphere. The following chemicals were then added sequentially:
DCC (1.56 kg, ~1.1 equivs.), HOBt (1.02 kg, ~1.1 equivs.) and finally,
N-Boc-2-aminoisobutyric acid 13 (1.54 kg, ~1.1 equivs.). The mixture
was stirred vigorously at room temperature for 2 hours when LC
showed the reaction to be complete. The mixture was filtered to to

20 another vessel via an Estrella filter using a pump. Isopropyl acetate (22
L) was used to rinse vessel, the filter , the pump and the lines into the
receiving vessel. The 2-phase mixture was then stirred for 5 minutes
and the layers were allowed to separate. The lower aqueous layer was
separated without incident (weight of aqueous liquors = 51.1 kg). The

25 organic solution was then washed sequentially with 1M aqueous sodium
hydroxide (38 L), 0.5M aqueous hydrochloric acid (38 L) and finally,
saturated aqueous sodium hydrogen carbonate (38 L) without incident.

The organic solution was then transferred using a pump via
an in-line filter (containing a 10y cartridge) to another vessel for the

30  solvent switch to ethanol. The vessel was rinsed with isopropyl acetate
(10 L) and this was used to rinse the pump , the filter and the lines into
the receiving vessel. The filtrate and washings were combined. Total
volume = 75 L (by dipstick). LC assay gave 4.395 kg of Boc-



[err] WD 97/ 15574 PCT/ US96/ 16955 -
S F—Sprrormotrrenettanestt-fonantde—t+ree—pase—forn) (1lb) -Matert+ats—
CBZ- Spi roi ndol i ne-sul fonam de (1) 3 kg (7.49 nol) 5 Darco G 60

600g Ethyl Acetate 36 L Absol ute Ethanol 189
L 10% Pd/ C  wo 9715574 450 g Amoni a Sol ution PCT/US96/16955 000
m 10 Sol ka Floc[err] 2.5 kg I sopropyl Acetate

65 L A mixture of CBZ-spiroindoline (1) (1 kg) and Darco G 60 (200 g) in
ethyl acetate (9 L) was stirred and heated at 60-65[err]C 15 wunder a

ni trogen atnosphere for 8 hours. The Darco was renoved by filtration at
60-65[err]C, the solid washed with hot ethyl acetate (3 L) and the filtrate
and washi ngs combi ned. LC wt/w assay conf®¥red negligible loss to the
Darco. The ethyl acetate solution was evaporated to dryness in vacuo using

GLI 20Th Buc hlt ap &ﬁilﬁb&ﬁ)bwﬁyﬂ l'@ibehky‘f‘sbﬁﬂe\fsﬁljmfdbluféﬁs(@l& e, @%Werﬁ% ;< >
65 700 err] C and THHoE4 MOl aiing (B Sptsb el foripmuiak (1ed ' i ¢
absol ute ethanol (1 L). AThebatch was concentratadiinvacuo todewdallk(7554,) 7. 5%
by weight) in alamalmées@rb #cétité%\m&hedﬁt& ém@dbmgd%ea (gtiiﬁi Bléeafigve and
rinsed in wkh absé‘fu‘cé‘e{ha% it(lté’i fotal) AR Und S e B0in Skt dic

showed <1% isopropyl acetate remaining. This solution (25 L)

containing 4.395 kg of 14 was used for the next stage. If desired, the

inermediate compound 14 may be isolated by adding water to crystalize

it out,
10
X LE 1
o ™~¢=N \n)z NH,
l=o 0
N
15
N\
SO,Me
inoisob -Benzylserine Spiroindoline (15)
15 Materials:
Boc Spiroindoline (14) 3160 g (5.03 moles)
Methanesulfonic acid (MsOH) 979 mL (15.1 moles)
EtOH 6.2L
H20 ‘ 30L
20 1N NaOH 11L
EtOAc 26 L
Darco 60 activated carbon 1 Kg

The Boc spiroindoline 14 was dissolved in 6.2 L of EtOH
25 and treated with MsOH (979 mL). The temperature rose from 20 to
30°C and the reaction was allowed to proceed overnight. After 12



The batch was hydrogenated at 65[err]C with vigorous stirring under 40 psi
hydr ogen pressure for 3 hours, a second portion of 10% pal | adi um on
charcoal (75 g) was added, the batch was hydrogenated for a further 2 hours
and then seal ed overnight. The batch was transferred 30 (still hot,

60- 65[ err] @Wosmssw420 L Buchi apparatus and degassed in vasrusegiaessove
formc acid by "feeding and bl eedi ng" absolute ethanol (18 L total). This
procedure was repeated twice nore and the three batches were conbined in a
10 gallon gl ass-lined vessel and the WD 97/ 15574

PCT/ US96/ 16955 - 58 - conbi ned batch was degassed again by the addition and
distillation (in vacuo) of absolute ethaggl (2 x 10 L). Solka floc[err]
(0.5 kg) was added to the batch and rins in with ethanol (10 L). An
Estrella filter was | oaded with Solkafloc[err] (2 kg) as a slurry in

et hanol (20 L)hoursat 30P€sherd was stikkt 1y A%enf siattingomaterzd leff[sortheC and t hen
transferred almifthfe WalRafddS3IT@ f6£6HRMrS.| Updn ciSmpleton 0. A%P Lared
stainl ess-ste | t t he )
lines were ri i@&hﬁﬁﬁ&gﬁhwsfggﬁ %%Qtldpgggo gat@%g ia (500
m) in absol utthesphition wagfiltered Throughi fammel\withiapelypropylensrbi ned in
the two 105 stﬁmal Reflet rd3idifal DY), PThe mpiard Ha8 :Mxﬁfé&@d E@Q fop @

vessel usi ng ne f ni n adﬂngl rr.rﬁron cart and t hen
concent r at ed | rtaé‘ ibﬂfgrbgf 5% e 3&8!10%% I"éﬁ,sed by

i sopropyl acetb&s&fi@vtdqaddmeacbfmjuﬁedi 1N NaOH @11 &) aaid bt oh50% Na©H.of

i sopropyl ~acet gigitiitofie Wad Ptited W kdch R Rhifletatife BelRy Qoo ume of ~15

L. The sol Ventngher temperatures resulted in significant emulsion problems.

10 The organic layer was distilled at 50°C at ca. 21" of Hg
until KF <1000 pg/mL. Lower KF's result in more efficient carbon
treatments and better recovery at the salt formation step. KF's of 160
pug/mL were achieved at the 700 g scale. The solution was diluted with
ethyl acetate to a total volume of 31 L (LC assay 2.40 kg). Activated

15 carbon (Darco G-60) was added and the mixture was stirred for 24 h.
The mixture was filtered through Solka Floc™ and the filter cake was
washed with ethyl acetate (16 L), assay 2.34 Kg.

EXAMPLE 178
H y CHyCH,

/\ N NH2
O
15

N.
20 ’ SOzMB

inoisobu O- erine Spiroindoline (15)



swi tch, when conplete, contai ned <1%residual ethanol by GC. The batch was
t Rre—etutet—to—33—tby—the—addrtt+omrof—Tsopropyt—acet at e~ (26—t)5—=and-t hi s
sol ution of spiroindoline-amine |b (1.855 kg by LC analysis) in isopropyl
acetate was used for the next stage of the process. 20 EXAMPLE 14A [err]
Boc- O Benzyl geydrRss7epi r oi ndol i ne (11) WO 97/ 15574 PCT/US96/16955

PCT/ US96/ 16955 - 59 - WMaterials: Spiroindoline-amne (1b) 1587 g (5.966
nol es) Amino acid (10) 1938 g (6.563 noles) [err] 5 DCC
1334.5 g (6.563 nol es) HOBT 884 g (6.563 nol es)

CH err]CN 25 L 0.5N NaCH 18 L

0. 5N HC 18 L 10 NaHCJ err] sat. 18
L i PrOAc 28 L The oi ndol i ne-am nelb in CH3CN or

i PrOAc: H err]O (25 L) at anbient tenperature under N err] was treated in
sequence wi th 1MatefBls:(884 g; 1.1 eq) as a solid, DCC (1334.5 g, 1.1 eq)

as the nelt (hegt] 4.0 : at 60[err]C for finally the
am 2(; acid 18 (%%ﬁi%%ﬁiﬁgggﬁ d. Th[e mi Lture;‘/:\gggli% g&%gjﬁgjns hr ﬁpon
Ethyl acetate 185 L
5 1M Agueous sodium hydroxide 16 L
50% Aqueous sodium hydroxide 26L
Darco G-60 900 g
Solka Floc™ 2.5kg

10 Methanesulfonic acid (2.017 kg, 1.36 L, ~3 equivs.) was
added to the stirred solution of the Boc spiroindoline 14 (4.395 kg) in
ethanol (total volume ~25 L) in a reaction vessel at room temperature.
The batch was warmed to 35-40°C, and stirred overnight. On the next
day, the batch contained ~1.1 A% of starting material and so the

15 reaction was continued for a further 4 hours, then LC showed ratio of
product/ starting material to be 99.6/0.4. The batch was concentrated in
vacuo to ~15 L volume and then diluted with water (44 L). The batch
was cooled to 5°C, stirred for 30 minutes and then filtered through a
Sparkler in-line filter (containing a 10U cartridge) using a pump to

20 another vessel to remove a small amount of residual DCU.

The vessel, the pump, the filter and the lines were rinsed
with water (10 L), and this was added to the vessel. Ethyl acetate (36
L) was added to the vessel and the stirred mixture was cooled to 10°C.
A solution of cold (5-10°C) 1M aqueous sodium hydroxide solution (16

25 L) and cold (5-10°C) 50% aqueous sodium hydroxide solution (2.6 L)
were added at 10°C and the temperature rose to 14°C. The resulting
mixture was stirred for 15 minutes at <14°C and then the lower aqueous
layer separated off. '

The batch was concentrated in vacuo to ~20 L. volume and

30 then a mixture of ethyl acetate (35 L) and ethanol (5 L) was fed in while
maintaining the volume at ~20 L. At the end of this distillation the KF
was 9160 mgml'l. The batch was solvent switched to ethyl acetate by
“feeding and bleeding” ethyl acetate (40 L total). At the end of this



time heavy precipitation of DCU occurred and LC anal ysis showed ca. 0.5 A%
‘of amne |Ib remaining. I1PAc (9 L) was added, the slurry was 20 filtered

t hrough Sol ka Floc[err] and the cake was washed with IPAc (19 L). The

conbi ned organic solution was washed in sequence with 0.5N NaCH (18 L),

0. 5N HO (@ 9ssad saturated NaHCJ err] (18 L). A final RGA(USP6AAASHh at this
point resulted in an enul sion and was thus elimnated. The organic | ayer
was concentrated in vacuo and the 25 residue was dissolved in MeOH or EtOH
(10 L final volune). Assay yield 3026 gr (89% . The use of alternative
pepti de coupling agents such as carbonyl diim dazole or formation of m xed
anhydrides, such as sec- butyl carbonatepngave inferior yields of 11 and/or
14 with a high 30 degree of epinerization’in the case of the forner
conpound. O her peptide coupling reagents were prohibitively expensive.

WO 97/ 15574  distillation, KF was 446 mgml . The batch waP@ilatédd@ith6dhpl - 60 -
EXAVPLE 14B [e%({r%}atgct )Benzyl serine Spiroindoline (11) 5 Materi als:

Spi r oi ndol i ne- n ?Qb ’ 1.855 kg.(6.96 npl) | s.opropyxl‘h_acet ate
29 L Di cycl ohexyl car bodiDarca-00dS00 g) was added ¢p the bazypuixture. “This

1- Hydr oxybenzojad siniged in Wt kthyl acetate 06 IR0 THisGRixtale whe stirred at room
N Boc- O beney| R thhie overnight. Next daf Sdika Flobf 195 A HEEHF 1500 U
the stirred batch in the vessel and then Solka Floc™ (2.0 kg) was stirred
in a little ethyl acetate and loaded into an Estrella filter . The excess
solvent was pumped away through a Sparkler in-line filter containing a
10p cartridge. The slurry was transferred from the vessel through a
10 filter using a pump and then through another filter to 2 x 40 L stainless
steel bins. Visual inspection showed the liquors to be clear and clean.
The vessel was rinsed with ethyl acetate (22 L) and this was used to
rinse through the route outlined above to the stainless steel cans. The
contents of both cans was transferred into a reaction vessel and the
15 solution was mixed thoroughly.
The batch (58 L) had a KF of 2950 mgm!"} and so was
redried by concentrating in vacuo to 20-25 L volume. The batch was
diluted to 46 L volume (dipstick) by the addition of ethyl acetate (25 L).

The KF was 363 mgml'l. The batch was diluted to 62 L volume by the
20 addition of ethyl acetate (17 L) and was used for the final stage of the
process.



0. 5M Aqueous hydrochloric acid 26 L Satd. Aqueous sodi um hydrogen
carbomate—26—t—AbsotuteEthanot 50 L 15-Water—(26—t) was
added to a stirred solution of the spiroindoline-amnelb (1.855 kg) in

| sopropyl acetate (33 L) in a reaction vessel. The follow ng chem cals were
t hen added swguyepdsh@l |y at room tenperature under a nitrogeoreswnegshere:
DCC (1.58 kg, 1.1 20 equivs.). HOBt (1.03 kg, 1.1. equivs.) and finally

N Boc- O benzyl -D- Serine (2.26 kg, 1.1 equivs.). The reagents were rinsed
in with i sopropyl acetate (7 L). The batch was stirred at room tenperature
under nitrogen atnosphere for 5 hours when LC showed the ratio of
product/starting material to be 99.4/0.6. The m xture was then filtered 25
through an Estrella filter using cloth and’kar dboard onl y and utilizing a

WD 97/ 15574 PCT/ US96/ 16955 - 61 -
punp into anot her vessel. The sendi nEXAMBLEWSA ri nsed with isopropyl
acetate (22 L) and this was used to rinse the filter, the punp and the
lines into the receiving vessel. The 2-idhggeC e in the vessel was

stirred for 10 minutes and {heQ 52 &?J/i\o' t'-eqlflégp m nutes. The
| ower aqueous | ayer was sepp ed of f ayid t hig or'gadi lon was left to
stand at roomtenperature owepsi ght. TheEEQexXd day, the organic sol ution was

washed with 1 M aqueous sodi um hydroxi de solution (26 L) then 0.5M aqueous
10 hydrochloric acid (26 L) and fina '9 at ur at @ aqueous sodi um hydr ogen

N{
SOzMe

Spiro[3H-indole-3,4 -piperdin]-1'-yl)carbonyl}-2-(phenylmethyl-
ethyll-2-amino-2-methylpropanamide Met sulfonate (16)

5
Materials:
Amine (15) 2340 g (4.43 moles)
Methane sulfonic acid (MsOH) 316 mL (4.88 moles)
EtOAc 60 L
10 EtOH 48 L
8% EtOH in EtOAc 20L

The volume of the solution of 15 from the previous step

was adjusted to 60 L with ethyl acetate and EtOH (4.8 L) was added.

15 The MsOH (316 mL) was added in 3 L of EtOAc at 45°C. To the deep
red homogeneous solution was added 496 g of the title compound Form
I seed (10% seed based on the weight of the free amine was employed).
The temperature rose to ca. 48°C and the reaction was aged at 52°C for
1.5 hours. Analysis indicated complete conversion to the title

20 compound (Form I). (At less than 10% seed longer age (> 3 hours) was
required). The shurry was allowed to cool to 20°C overnight and was
filtered in a centrifuge under N2. The cake was washed with 20 L of
8% EtOH in EtOAc. N2 is essential during filtration because the wet
crystals are very hygroscopic. The batch was dried at 35°C under

25  vacuum to afford 2.7Kg (56% overall yield) of the title compound
{Form I) (99.9 A% purity; < 0.1% enantiomer).



carbonate (26 L. LC analysis gave an assay yield of 3.787 kg, 93% overall
yield from7.49 noles (3 kg) of starting CBZ-spiroindoline (1). The batch
was concentrated in vacuo (internal tenperature = 13-15[err]C. jacket
tenperature = 40[err]C, Vacuum = 29") to low bulk (-15 L) and 15 sol vent
swi tched t owevhessel by "feeding and bl eedi ng" et hanol (50PCYUS6i16955

mai ntai ning the volunme at -15 L. GC showed <1% i sopropyl acetate remaining.
This solution was used for the next stage of the process. 20

EXAMPLE 15A [err] O Benzyl serine Spiroindoline (free base form (12) WO
97/ 15574 PCT/ US96/ 16955 -62 -
Material s: Boc- O Benzyl serine Spiroi ndoI Ie,jf (11) 3026 g (5.57 nol es)

Met hane sul fonic acid (MOH) (17.9 noles) MeOH

10 L 5 iPrOAc . 24LESNNaO—I

35 L The Boc- O benzyl serFheecepyarsiongef Faan 11 to Form 1 i1ssalspacepmplishedr) was
treated with nghkrdietdldisiforinedaa O Av-HIOH fﬁﬂdlﬁ@n 6O MEOH 43 aboviea!

was aged over nigh e it RuubSHBT AL F ﬁéﬁ? ?COBE%% AL Thigl "

extractor cont starfi appeaning atrthantemperabye ang leert\Wéhaqueous
layer was 75 Nafdd. (Phe t&’ﬂﬁeﬁiﬁ'&dlsltﬂéh |rai%btl[t6@l]°(ﬂ&1c5the°§lui'ﬂ?exs%edncr eased
the color Changedmgh?tm éomptlete conversion to Form I of 16 should be expected.

This procedure may also be employed to prepare seed crystals of Form

Iof 16.

10 EXAMPLE 18B

H | CHgCHs
/\C’N\H)ZNH?_'CH:,SO:,H
l-:o o
N

N.
SOzMe
Splro[BH-mdole—S /4 '-piperdin]-1'-yl)carbonyl]-2-(phenylmethyl-
.9 -2- -2- i ethanesulfonate (16)
15 Materials:

Amine (15) 3.1 kg (5.86 mol)
Methanesulfonic acid 620 g (6.45 mol)
Ethyl acetate 37L

Absolute ethanol 8.7L

20 Spiro[3H-indole-3, 4’-pxpcrd1n]- 1'-yl)-
carbonyl]-2-(phenylmethyl-oxy)ethyl]-
2-amino-2-methylpropanamide
methanesulfonate (Form I) 70 g (0.11 mol)

25 Absolute ethanol (6.4 L) was added to the solution of the
amine (15) (3.1 kg) in ethyl acetate (total volume ~62 L) in a reacttion



15 yell ow. The | ayers were separated and the organic |ayer (24 L) was shown
: 0 At

b nme % . -L-assay—2 48
kg. EXAMPLE 15B [err] 20 O Benzyl serine Spiroindoline (free base forn (12)
WD 97/ 15574 PCT/ US96/ 16955 - 63 -
Materi al s: - zyl serine Spiroindoline (11) 3. 787 kgctRssiihessn! )

Met hanesul p%ﬁigg}igg‘lpd 2.006 kg (20.87nol) Isopropyl acetate
38 L 5 1M Aqueous sodi um hydr oxi de 16 L 50% Agueous sodi um

hydr oxi de 1.6 L Met hanesul phonic acid (2.006 kg, 1.355 L, ~3

equivs.) was added to the stirred solution of Boc-O benzyl serine

spi roindoline (11) 10 (3.787 kg) in ethanol (total volume ~15 L) in a
reaction vessel. The batch was warmed to-3340[err]C. After 7 hours, LC
showed t he absence of starting material and the reaction was allowed to

cool to room teypgieh! THR btk WaRiarmdiPtdSOIC dAd a s6a@6n of4 L) was added to
i nut s 15 and ERhaneRIondt st G0 3L Ry T fauivs 56 biind acalaip (£ 7
10[ err] cartri djd)wasnadded over ~Srminutes ah 50:34°Ch ehbe betobawbs seeded: withhe
vessel. A wat er sﬁi&ﬂ?ﬁi-(iﬁ@ole)ii,ﬂﬁgipb?ﬂﬁl]l‘- P-yliafbdiid]-2ephehyRiéthylnes i nto
the bin and LN & vfinyii S aliind Fihethylpopaiiatitl methifestiforate (Fo2R P!
acetate (38 1) Q{¥eNy ylprop ona o
(70 g) and the resulting slurry was stirred and heated at 55°C under
nitrogen atmosphere overnight.
The next day, the slurry was cooled to 15-20°C, held for 2
hours and then dropped to the 50 cm polypropylene filter under
10  nitrogen atmosphere. The solid product was washed with a mixture of
absolute ethanol (2.3 L) in ethyl acetate (26 L). The white, solid
product was dug off and dried in an Apex oven in vacuo at 35°C for an
appropriate time (approx. two days). The dried spiro[3H-indole-3,4'-
piperdin}- 1'-yh)-carbonyl]-2-(phenylmethyl-oxy)ethyl]}-2-amino-2-
15 methylpropanamide methanesulfonate (3.352 kg) was sieved using a
Jackson-Crockatt sieve to give 3.347 kg (including seed, 70 g) } yield =
3.277 kg.



added foll owed by a | M aqueous sodi um hydroxide (16 L). The batch 20 was
coof'ed to 10-15[err]C, tte—pH-of the | ower aqueous |ayer was confirned as
-7 and 50% aqueous sodi um hydr oxi de sol ution was added (1.6 L) (pH >10).
The batch was stirred at 10-15[err]C for 25 mnutes and then allowed to
settle for wosthssanutes. The | ower aqueous | ayer was sepacahsdsifess. 1 kg) .
LC assay indicated 28.4 g of 12 (0.85% of theory) 25 <contained in the
aqueous liquors. Volune of the organic solution = 51 L. LC assay indicated
3.057 kg, 92%overall yield from3 kg, 7.49 noles of CBZ-spiroindoline

sul fonam de (1). This solution was used for the next stage. WD 97/ 15574
PCT/ US96/ 16955 - 64 - EXAMPLE 16A [err] Boc- Am noi sobutyryl O Benzyl serine
Spiroindoline (14) 5 Materials: Spiroi ndof4 ne ami ne (12) 2481 g (5.57

nol es) amino acid peptide (13) 1247.1 g (6.16 noles) [err] DCC

1266.7 g (6.16 0 T 827 g (6.16 nol es)

| PAC 52 L H20 37 L 0.5N
NaCH 0,.5N _HCl 36, 15 Sat.
NaHO[ er r ] L(?‘,GRé‘thﬁgn times on Zorbax RX-C8 (4.6 mm x 2%' cm), 4

A = 210 nm, flow rate = 1.5 ml/min.

5 Compound 1: 60:40 CH3CN-H20 (1% H3PO4) RT = 5.0 min
Compound 1b:  35:65 CH3CN-H20 (0.1 w % NH40Ac) RT = 6.2 min.
Compound 10:  60:40 CH3CN-H20 (0.1 H3PO4) RT = 2.9 min.
Compound 11:  60:40 CH3CN-H20 (0.1% H3PO4) RT = 5.4 min.
Compound 12:  40:60 CH3CN-H20 [pH 5.25 NaH2PO4 (6.9 g/L. of H20)

10 (adjust pH with NaOH)] RT = 5.6 min
Compound 14:  60:40% CH3CN-H20 (0.1% H3P0O4) RT = 4.65 min
Compound 15:  40:60% CH3CN-H20 [pH = 5.25 NaH2PO4 (6.9 g/L
of H20)] adjust pH with NaOH)RT = 4.9 min

15 LC Retention times on Zorbax RX-C8 (4.6 mm x 25 cm),
A =210 nm, flow rate = 1.2 ml/min, column temperature = 48°C
Solvent A = 0.05% Phosphoric acid + 0.01% Triethylamine in water
Solvent B = Acetonitrile
Gradient system:

20 Time % A % B
0 min 95 5
35 min 10 90
38 min 95 5
40 min 95 5
25
R ion time (mins.
Compound 1 25.2
Compound 1b 8.5
Compound 10 20.5
30 Compound 11 26.3
Compound 12 14.8
Compound 14 25.6

Compound 15 15.7



The solution of the amne 12 in I PAc was diluted to a total volune of 39 L
WR—PAe—ant—37t—of—H20—ras—addet—TFhe—brphaste—i-xt ur e was—thep—t+eat ed
in sequence with HOBT (827 g) as a solid, 20 DCC (1266.7 g) as a nelt, and
am no acid 13 at anbient tenperature under nitrogen. The reaction mxture
was stirred W8lbydssiy Upon which tinme LC anal ysis indicated gifpggReasance of
the starting materlal 12 (<0.3 A% . The mxture was filtered through Sol ka
Fl oc and the WD 97/ 15574

PCT/ US96/ 16955 - 65 - solids were washed with 13 L of I PAc. The materi al
may be stored at this point as a biphasic m xture overnight. The m xture
was transferred to a 100 L extractor, the aqueous |ayer was separated and
the organic | ayer was washed 5 succe55|vé7l5y-vmth 36 L of 0.5N NaCH, 0.5N
HC and saturated NaHCO err]. Assay yield 3160 g (81% from spiroi ndoline
[err] 5% for volume nmeasurenent erroﬂ%ﬁg@gtion was concentrated to a
smal | volunme and was flushed with ethanol (2 x 4 L). If desired, the

i nermedi ate conmpound 14 nay be isolated b ng water to crystallze 10 it
out. The use oﬁ?@pmtm pf Fopanl pﬁNi&ﬁ&-f@@-&bhﬁd@-éa@ﬂtmesulfmy I

car bonyl 0 1 doqal3H-idule A pipe i g Raivy N 2= metyiogy) 0Lt

car bonat e, g,ave L . Of epi ner’i zati on.
Ot her pepti ’ - e P e e ANVPLE
16B [err] The conversion of Form II to Fonn I may be accomplxshed

by the procedure of Example 18A where the salt is formed in EtOAc-
EtOH by addition of MsOH and the initial solution of the salt (at 55°C)
is cooled to 45°C. Crystals should start appearing at that temperature

10 and the slurry should become thicker with time. The temperature is
then raised to 51°C and the slurry is aged overnight. Complete
conversion to Form I should be expected.

EXAMPLE 20
15
Preparation of Form I of N-[1(R)-[(1,2-Dihydro-1-methanesulfonyl-
spiro[3H-indole-3,4'-piperdin]- 1'-yl)carbonyl]-2-(phenylmethyloxy)-
-2-amino-2- i t sulfonate
The conversion of Form HI to Form I is accomplished by
20 stirring a solution of Form II of N-[1(R)-[(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin]- 1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate in isopropanol at approximately 25°C for about 2-24
hours.

25
EXAMPLE 21

Preparation of Form IV of N-[1(R)-[(1,2-Dihydro-1-methanesulfonyl-
spiro[3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-(phenylmethyloxy)-
30  ethyll-2-amino-2-methylpropanamide methanesulfonate
A sample of 8.4 g N-[1(R)-[(1,2-dihydro-1-methane-
sulfonyl-spirof3H-indole-3,4"-piperdin]- 1'-yl)carbonyl]-2-(phenyl-
methyloxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate of




Boc- Ami noi sobutyryl O Benzyl serine Spiroindoline (14) WD 97/ 15574

PCT/ US96/ 16955 - 66 - Materials: Spiroindoline amne (12) 3. 057
kg (6.89 nol) Dicycl ohexyl carbodiim de (DCC) 1.56 kg (7.56 nol)

1- Hydr oxybenzotri azol e (HOBt) 1.02 kg (7.55 mol) 5

Boc- 2- Ami D984 ri c acid (13) 1.54 kg (7.58 nol) PSHYSWIPSSacet at e
32 L 1M Agqueous sodi um hydroxi de 38 L 0.5M Aqueous hydrochloric
acid 38 L Satd. aqueous sodi um hydrogen carbonate 38 L 10 Absolute
et hanol 45L Water (49 L) was added to the stirred

solution of the spiroindoline amne 12 (3.057 kg) in isopropyl acetate
(total volume -51 L) in a reaction vesse*] at room tenperature under a
nitrogen 15 atnosphere. The follow ng ¢ %m caI s were then added
sequentially: DCC (l.56 11eU|vs) (1.02 k 11e |vs)and
final ly, N Bo@Ptonal morp waléoaalla 1@4*16@41 kgmxuirelgfe%ﬁ.&m 1 pthyt

m xture was shtétats] N6gnl ethahyl and 1@Fmilesmer arith snﬁmi gt 421C s Wnen LC

showed the re oto 20
anot her vesseliiﬁ"t‘? %{&é éﬁ@ﬁ‘?&%ﬂ%s%ﬁig p%tvrf%?cn 3% ‘??ft acetate (22
L) was used t 40 m&t@m selid is grouad mmelqmrﬁ%mﬁnprww gteand nto t he
receiving 5e8ﬂﬁ ﬁnI hrowidéisexpabed to & réRsiveimility 6fapprokirhatélyut es and

the layers we The Iovver aqueous 1 ayer was separated
Wi t hout i nci dZﬁﬁ%‘{’/\gW%{ﬁ Pﬁggﬁ"rﬁ §V1 iquors = 51.1 kg). The
EXAMPLE 22

10  Preparation of Form IV of N-[1(R)-[(],2-Dihydro-1-methanesulfonyl-
spiro[ 3H-indole-3,4'-piperdin]-1'-yl)carbonyl}-2-(phenylmethyloxy)-
ethyl]l-2-aming-2-met ide methanesul

A sample of N-[1(R)-[(1,2-dihydro-1-methane-sulfonyl-
spiro[3H-indole-3 A'-piperdin]-1'-yl)carbonyl]-2-(phenyl-methyl-

15  oxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate of optional
morphological form is recrystallized from a solution of ethylacetate/
ethanol/water (24.8/1.6/1.95 v/v/v) to give the title Form IV,

AMPLE 2

20
Preparation of Form IV of N-[1(R)-{(1,2-Dihydro-1-methanesulfonyl-
spirof3H-indole-3,4'-piperdin]- 1'-yl)carbonyl]-2-(phenylmethyloxy)-
ethyl]-2-amino-2-methylpropanamide methanesulfonate

A slurry of Form I of N-[1(R)-[(1,2-dihydro-1-

25 methanesulfonyl-spiro{ 3H-indole-3,4'-piperdin]-1'-ylcarbonyl}-2-
{phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate in isopropyl acetate/ethanol (90:10 v/v) containing
approximately 2.8 wt% water is stirred at approximately 25°C
overnight and the resultant solid is isolated.

30



25 organic solution was then washed sequentially w th 1M aqueous sodium
L) and f+naty—
sat ur at ed aqueous sodi um hydr ogen carbonate (38 L) w thout incident. The
organi c solution was then transferred using a punp via an in-line filter
(contai ni ng gq F ‘{I'] cartridge) to another vessel for thepdBusssakisent
switch to ethano he vessel was rinsed with isopropyl acetate (10 L) and
this was used to rinse the punp , the filter and the lines into the
receiving vessel. The filtrate and washi ngs were conbi ned. Total volune =
75 L (by dipstick). LC assay gave 4.395 kg of Boc- WD 97/ 15574
PCT/ US96/ 16955 - 67 - am noi sobutyryl O benzyl serine spiroindoline (14),
i.e. 93%overall from7.49 noles of startifh- CBZ-spiroindoline sulfonam de
(1). The batch was concentrated in vacuo to |low bulk (-15 L) and the

| sopr oloyl( jdcetate switchomi diehapdiadyhid Bedi agsciibddinbliatatd wiiso! ut e
et hano 0 e.end o ven S

|sopropyl acet af“et%Y tﬂ‘ﬁ‘ﬁt ITW% Hngﬁdf'? tI§) E&ﬁ??aﬁﬂ ﬁf@\feﬁfgg‘é& of 14
was used for thartrweill appragmate thatagiousdidaptationsechanges; modifrpations, 14 may be
| sol ated by add bikeaiGhs, RIGHO kr ia@itidnsoott %ﬁé&l\é&iﬁ%ﬂ&&@h&d be
Am noi sobuty lBenztigl serine.. Sgﬁ_m n I | ne Ené-i t eri al %’or

Spi r oi ndol | gcope e invention.
example, effecuve dosages other than the particular dosages as set forth
herein above may be applicable as a consequence of variations in the
responsiveness of the mammal being treated for any of the indications
with the compound of the invention indicated above. Likewise, the

10  specific pharmacological responses observed may vary according to and
depending upon the particular active compound selected or whether
there are present pharmaceutical carriers, as well as the type of
formulation and mode of administration employed, and such expected
variations or differences in the results are contemplated in accordance

15  with the objects and practices of the present invention. It is intended,
therefore, that the invention be defined by the scope of the claims which
follow and that such claims be interpreted as broadly as is reasonable.



Met hanesul fonic acid (MsOH) 979 nL (15.1 noles) EtOH

6.2 L Herr]O 30 L 20 1N NaCH

11 L Et OAc 26 L Darco 60 activated carbon 1
Kg The Boc spiroindoline 14 was dissolved in 6.2 L of EtOH 25 and treated
W th MsOH (9™Monss74The tenperature rose from 20 to 30[ er r | BCHUSPOLEDSES
reaction was allowed to proceed overnight. After 12 WO 97/ 15374

PCT/ US96/ 16955 - 68 - hours at 20[err]C there was still 15 A% of starting
material left so the m xture was heated to 35[err] C for--6-hours.-Upon
conpletion (<0.1 A% 14) the reaction was cooled to 20[err C and 30 L o

H err]O were added and the sol ution was f| ger ed throgﬂ]l ﬁuﬂ

with a polypropylene 5 filter to filter oT reS|duaI

transferred to a 100 L extractor and 26 L of EtOAc were added T e aqueous
| ayer was basi f i 2142 AOLGRAIMIIE chi|led 1IN NaOH (11 L) and 1 L of 50%
NaCH. Addition of ice was reqw red to keep the tenperature below 14[err]C.
H gher tenperatures result ed [

The organic |ayer was dis i'I I e& é{)ﬂ@é;{ﬂgﬁﬁ]@ﬁa ilﬁé)ggﬂfp%gwﬁﬁ {L}i#?'l KF
<1000 [err] g/ ni. [(L&ménh -sl -methanesuionyl-spispf3Hrindple-34rpipendan)-beys and
better recoveyy itbémiyl e thyl oD ethyl KEaminol B @y ihopihamide

2 Total vl uﬁeég%fﬂﬁiﬁ?@g SieBtad B 1, U\ e 15" Car bon’ (Darco G 60)
was added and the m xture was stirred for 24 h.
2.  The polymorphic form of Claim 1 characterized by
an endotherm of melting with an extrapolated onset temperature of
10 about 170°C when heated in a differential scanning calorimetric cell at a
rate of 10°C/min under a nitrogen atmosphere.

3.  The polymorphic form of Claim 1 characterized by
an X-ray powder diffraction pattern with principal reflections at
15 approximately: 6.5, 14.7, 16.9, 17.1, 17.9, 19.5, 21.1, 21.7, and 22.0°
(2 theta).

4. A polymorphic form of the compound N-[1(R)-
[(1,2-dihydro-1-methanesulfonyl-spiro[3H-indole-3,4'"-piperdin]-1*-yl)-
20  carbonyl]-2-(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate designated Form IV.

5.  The polymorphic form of Claim 4 characterized by
a water loss endotherm at a temperature of about 45°C followed by an
25 endotherm with an extrapolated onset temperature of about 129°C when
heated in a differential scanning calorimetric cell at a rate of 10°C/min
under a nitrogen atmosphere.

6.  The polymorphic form of Claim 4 which contains
30 approximately 3.5 moles of water per mole of N-[1(R)-{(1,2-dihydro-1-
methanesulfonyl-spiro{3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-
{phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate.
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The m xture was filtered through Solka Floc and the filter cake was washed

wHH—ethyH—aeetate—{3+6—1)—assay—2—34Kg—DAMEEL/B [ er 26

Am noi sobutyry] O Benzyl seri ne Spiroindoline (15) WO 97/ 15574

PCT/ US96/ 16955 -69- Materials: Boc Spiroindoline (14) 4. 395 kg
(6.99 nmol ) Mpbheapasy! fonic acid 2. 017 kg (2PcPRsstnkessEt hyl
acetate 185 L 5 1M Aqueous sodi um hydr oxi de

16 L 50% Agueous sodi um hydr oxi de 2.6 L Darco G 60.

900 g Sol ka Floc[err] 2.5 kg 10

g/flt P?QSSEU 3'?: gnagi‘ dt guza géz ls(gl rél ﬁgo:_l n;31éelql(n4vis~395 E@ﬂllmmﬁjmmmmm al

volume ~25 L) in a reaction vessel at roedPtenperature.” The batth *was
warnmed to 35-40[err]C, and stirred overnight. On the next day, the batch

contained -1.1 A% of starii ngThetpslyalorphi¢ foemt 6f Clam dacharacteriasd ti nued

to be 95 6/ 8r44‘”"pr?§*a§’a¥’§ﬁé?%{§# (pdtirh with BR3P fetfbbhe P o o,
then diluted wiappragimatetys 160, 1hd, b&ﬁeﬂ%é’-h@oﬂ@%@%@eﬂm}@, stirred

for 30 mnutes and then filtered through a Sparkler in-line filter

(containing 2 10[err] cagri dgef)hUS'ac%uﬁcﬁ nc«)Dmposxtmn comprising a
pharmaceutically acceptable carrier and an effective amount of the
polymorphic form of Claim 1.

9. A pharmaceutical composition useful for the
10  treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 1.

10. The pharmaceutical composition of Claim 9 wherein
the bisphosphonate compound is alendronate.

15
11. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective amount of the
polymorphic form of Claim 4.
20 12. A pharmaceutical composition useful for the

treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 4.

13. The pharmaceutical composition of Claim 12
25 wherein the bisphosphonate compound is alendronate.
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20 anot her vessel to renove a small anount of residual DCU. The vessel, the
punp, the filter and the lines were rinsed with water (10 L), and this was
added to the vessel. Ethyl acetate (36 L) was added to the vessel and the
stirred mxture was cooled to 10[err]C. A solution of cold (5-10[err]C) 1M
aqueous sodi WO B FWxi de sol ution (16 25 L) and col d (5- 10] B¢VYS2p/16388,
aqueous sodi um hydroxi de solution (2.6 L) were added at 10[err]C and the
tenperature rose to 14[err]C. The resulting m xture was_stirred-for 15

m nutes at <14[err]C and then the | ower aqueous |ayer separated of

batch was concentrated in vacuo to ~20 L volunme and 30 nmm \m\ﬂgmgﬁf
ethyl acetate (35 L) and ethanol (5 L) vvagsgf_d In while g
volume at ~20 L. At the end of this distiil“ation the KF Was®9160 ngnferr].
The batch was sol vent switched to ethyl. acetate bi/ﬁ\XB‘ eedi ng and bl eedi ng"”
ethyl acetate (40 L total 4 At A method for incpsasing S99 & nous

PCT/ US96/ 16955 -grofwth ktirmtorid if a hamdtFopas adfiGahwhidlecofnprifee bat ch was

diluted with et hy&m: : ) aﬁ%xﬁ?l %yaﬁ“ﬁ]qg t he hazy
m xture. This was ra{rilg% ) ?t()v]#tggm}r??ﬁagce a e‘l“?gﬁfg'ﬁ}" 'S mg)t}frlg was
stirred at roompply KatQrng \@PHP t. Next day, Solka Floc[err] (0.5
kg) was addedd to the stirred batch in the vessel and then Sol ka Fl oc[err]

(2.0 kg) was stirred in aqldttlse : Pgagf ' Estrella
filter . The excess sal ven1 wase’“ﬁe?rﬂpéeﬁdfg!cmg’?%%%%%%a pg?i%e&q%g-l i ne
filter containi ngfoa qn%m@?npmorrmammaw CORmPFSESr red from t he
vessel through aadiiinisteringrtosuchthuinan op aiiral aeeffebtiveigmoumiofiehef il ter to
2 x 40 L stainl §58vmorphic form of Claim 1 and an additional growth hormone

10 secretagogue.

16. The method of Claim !5 wherein the additional
growth hormone secretagogue is selected from the group consisting of:
growth hormone releasing peptide GHRP-6; growth hormone releasing

15 peptide GHRP-2; growth hormone releasing peptide GHRP-1; B-HT920;
growth hormone releasing factor; an analog of growth hormone
releasing factor; IGF-1 and IGF-2.

17. A method for increasing feed efficiency, promoting
20 growth, increasing milk production and improving the carcass quality
of livestock which comprises administering to such livestock an
effective amount of the polymorphic form of Claim 1.

18. A method of treating or preventing a condition

25 selected from the group consisting of: osteoporosis; catabolic illness;
immune deficiency, including that in individuals with a depressed T4/Tg
cell ratio; hip fracture; musculoskeletal impairment in the elderly;
growth hormone deficiency in adults or in children; obesity; cachexia
and protein loss due to chronic illness such as AIDS or cancer; and

30 treating patients recovering from major surgery, wounds or burns, in a
patient in need thereof which comprises the administration to the patient
of an effective amount of the polymorphic form of Claim 1.
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steel bins. Visual inspection showed the liquors to be clear and clean.

Vv

was used—to—++nse—

The

t hrough the route outlined above to the stainless steel cans. The contents

of both cans was transferred into a reaction vessel and the 15 solution
The batch (58 L) had a KF of 2950 nynpdeseképesl so

was m xed th

was redried by concentrating in vacuo to 20-25 L volune. The batch was

diluted to 46 L volune (dipstick) by the addition of ethyl
The batch was diluted to 62 L volune by the 20

S 7 S L gy

The KF was 363 ngnmi[err].

PCT/ US96/ 16955 - 71 - EXAMPLE 18A [err] Spi8dof 3H i ndol -3, 4 |d‘lero‘| nJ-

-yl ) carbonyl ] -

Met hanesul fonate (16) 5 Mygeri g\[ﬁm

2- (phenyl et hyl - oxy) et hyl ] - 2-am no- 2- net hyl| pr opanam de

(4.43 nol es) Methane .sul f

60 L 10 EtOH

compiises ac?numsénng tg a %?t8w1%ﬁgﬁfenﬁ)&? qﬁ eﬁ)nagon 0%

acetate (25 L).

1

thod f6r thkStreatment of osteoporosm whicB340 ¢

20 L The vol une abisphesphonate compound andthe: pelyprasphis form ef Claisn 4dj ust ed
to 60 L with ethyl acetate and EtOH (4.8 L) was added.

5

10

15

20

25

30

20. The method of Claim 19 wherein the bisphosphonate
compound is alendronate.

21. A method for increasing levels of endogenous
growth hormone in a human or an animal which comprises
administering to such human or animal an effective amount of the
polymorphic form of Claim 4.

22. A method for increasing levels of endogenous
growth hormone in a human or an animal which comprises
administering to such human or animal an effective amount of the
polymorphic form of Claim 1 and an additional growth hormone
secretagogue.

23. The method of Claim 22 wherein the additional
growth hormone secretagogue is selected from the group consisting of:
growth hormone releasing peptide GHRP-6; growth hormone releasing
peptide GHRP-2; growth hormone releasing peptide GHRP-1; B-HT920;
growth hormone releasing factor; an analog of growth hormone
releasing factor; IGF-1 and IGF-2.

24, A method for increasing feed efficiency, promoting
growth, increasing milk production and improving the carcass quality
of livestock which comprises administering to such livestock an
effective amount of the polymorphic form of Claim 4.

—— L
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15 The MsOH (316 nmL) was added in 3 L of EtQAc at 45[err]C. To the deep red
honbgeneous sol uti on was added 496 g of the title conpound Form | seed (10%
seed based on the weight of the free am ne was enpl oyed). The tenperature
rose to ca. 48[err]C and the reaction was aged at 52[err]C for 1.5 hours.
Anal ysi s i ndWs#788574onpl et e conversion to the title 20 conRATMB9/FI%m | ).
(At less than 10% seed | onger age (> 3 hours) was required). The slurry was
allowed to cool to 20[err]C overnight and was filtered in a centrifuge-
under N2. The cake was washed with 20 L of 8% EtCH in Et

essential during filtration because the wet crystals are g’gm wﬁm"fm
The batch was dried at 35[err] C under 25 v, rT$?uumto afford

overall yield) of the title conpound (For ) (99.9 A% purity; < 0.1%
enanti oner) . WO 97/ 155

PCT/ US96/ 16955 - 72 - Thezgonvérrg?@wdcﬂf trealing r PEEVERting a condition

acconpl i shed V\/neelectehbfrenithel raordistingtafOAestEdpdtobls; addbblioillaésslsOH as

above and the i Elfﬂﬂﬁg t

45[err] C. Crystg#}ﬁ@ar &%arln at™ | ém(lﬂalé%?ﬁ?}el%ﬁé&PWUr 8
becones t hi cker c¢} tfﬁtIB’ turehEusg ém@lffﬂ@ﬁ Wetheceld @ﬁ}’Bl[err] C
and the slurgy 'gsowﬂﬁﬁomenekﬁﬁtm@rml ahdtscorinecisildrent ebdsitynchachéxid 6

Shol e T 1B Gl e S UP ]S

Spi r o[ 3H i ndol etrgatingpatients rgcovering, frppumAes sYrgery,pNenndsior lpprns, in a
oxy) et hyl | - 2- ampagient iiFhéed thepdshwhichecdfpriseethie) ddmii&rétidh to the patient

of an effective amount of the polymorphic form of Claim 4.’

10
26. A method for the treatment of osteoporosis which
comprises administering to a patient with osteoporosis a combination of
a bisphosphonate compound and the polymorphic form of Claim 4.
15 27. The method of Claim 26 wherein the bisphosphonate

compound is alendronate.

28. A process for the preparation of the polymorphic
form of Claim 1 designated Form I which comprises:

20 stirring a solution of Form II of N-[1(R)-[(1,2-dihydro-
1-methanesulfonyl-spiro{ 3H-indole-3,4'-piperdin]-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide methane-
sulfonate in isopropanol at approximately 25°C for about 2-24 hours.
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-~ 15 Materials: Am ne 5) e M . 33 kg (5.86 nol)
Met hgggsul foni c aci d : o 620g(6 45 nol) Ethyl acetate

37 L Absol ute ethanol : . oo ndn e 8. 7%.L 20

Sp|r0[3H-|ndoIe 3,4 plperdl n] 1 -yI)

car bonyl ] - 2- (phenyl net hyl - oxy) et hyI] 2 am no- 2- net hyl propanam de

net hanesul fonate (Form 1) g (0.11 nol) 25 Absol ute
et hanol (6.4 L) was added to the sol utlon of the am n

ethyl acetate (total volume -62 L) in a-r Hicttion %ﬂ’jg{,

PCT/ US96/ 16955 - 73 - vessel. The batch was warned to ‘50[€er|1

sol ution of nethanesulfonic acid (620 g, 412 m, 1.1 equivs.) in et hyI
acetate (11 T da B\ .mnutes at 50- 54[err]C The bat ch was

seeded with ' -piperdin]- 1
-yl)-carbonyl ] -2-(phenyl rret hyI 5 oxy)et hyI] 2- am no- 2- met hyl propanani de

nmet hanesul f onat e (Forml) (7 wgﬁ?@ﬁ qt ?red and
heated at 55 der, n gen over irgnexi day e_sl urry
was cool ed tg(t.lgu D]' mﬁﬁl@eﬁgfoll ﬁmeFfﬂBl}'ﬂh

9 KpQOpy%ﬁnwbél?ﬁq )m?e i 2y tat el 26 L)
wasne W a xtur ol.u no n e a
i te. " SpfUanesaopatiy e%ggamé o Ijg:?laeh lﬁc!meﬁea% %é% ,

35C for an ammvw@an diffraction patermowith \printipa) refléetions atl approximately:
. SPiro[3hindg &-$4% -16.9, 17.1, 17.9, 19.5, 21.1, 21.7, and 22.0° (2 theta).

10 2.  The polymorphic form of Claim 1 characterized by
an endotherm of melting with an extrapolated onset temperature of
about 170°C when heated in a differential scanning calorimetric cell at a
rate of 10°C/min under a nitrogen atmosphere.

15 3.  The polymorphic form of Claim 1 which exhibits a
solubility in isopropanol of 4.6 mg/mL.

4.  The polymorphic form of Claim 1 which appears
birefringent under polarized light.
20
5. A polymorphic form of the compound N-[1(R)-
[(1,2-dihydro-1-methanesulfonyl-spiro[ 3H-indole-3,4'-piperdin]-1'-y1)-
carbonyl]-2-(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate designated Form IV which is characterized by an
25 X-ray powder diffraction pattern with principal reflections at
approximately: 16.0, 16.2, 18.3, 20.1, 21.0, and 24.2° (2 theta).

6.  The polymorphic form of Claim 4 characterized by
a water loss endotherm at a temperature of about 45°C followed by an
30 endotherm with an extrapolated onset temperature of about 129°C when
heated in a differential scanning calorimetric cell at a rate of 10°C/min
under a nitrogen atmosphere.

[ . . W% %I Iﬁj—ﬁ ‘W?
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” p| perd| Rl-1'"-yl)-car ’yl] 2+ (phenylne,thyl 0% y)ethyl -am no-2- 15
met hyd,ser opanam de net anesul’f@nadt-e {3 352 kg) was si eved using a
Jackson-Crockatt sieveita gike.S 34'7;.kg (| ncd-adi ng seed, 70 g) } yield =
3. 277 kg. WD 97/ 15574
PCT/ US96/ 16955 -74 - HPLC Condi tions: LC Retention ti ﬁ“\cs
(4.6 Mmx 25 cm, X =210 nm flowrate = 1.5 ml/ m n. W
60:40 CH err]CNHerr]O (1% Herr]PJerr]) RT = 5.0 ourtd fb:
35:65 CHerr]CNNHerr]O (0.1 w % NH4OAC) == 6.2 mn. Conmpound 10: 60:40
CHerr]CN-H err]O (0.2 Herr]PJerr]) RT = 2.9 mn. Conpound 11: 60:40
CHerr]CNNHerr]O (0.1% Herr]PdJerr]) RT = 5.4 mn. Conpound 12: 40:60
CHerr]CN-H err] O [ pH 5425 ¢ 9
(adjust pH with NaCH)] 5]RT I\?ﬁ%%r lﬁ%&%ﬁ%fmm Qrﬁy%-nﬁ[ err]O
(0. 1% H er r ] Rpjproximately-3.5. moles ofmmqm mble of ANFALRAH( dgaedr] O
[pH = 5.25 = 4.9
o 15 aneelaneRt @iyl spirol 3 tndble-3 ipIpEnRl P YDLMbdLST
[err] = 210 r(phenyhmﬂmleo&y)stbymzmmn%&mﬂu paamaée 48[ err] C
Sol vent A5= QnefhdneSeHBhatd.c acid + 0.01% Triethylam ne in water Solvent B
= Acetonitrile Gradient system 20 Ti me % A %
BOmn 95 535 mn 10 90

8 A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective amount of the
polymorphic form of Claim 1.
10

9. A pharmaceutical composition useful for the
treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 1.

15 10.  The pharmaceutical composition of Claim 9 wherein
the bisphosphonate compound is alendronate.

11. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective amount of the
20 polymorphic form of Claim 4.

12. A pharmaceutical composition useful for the
treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 4.
25 :
13. The pharmaceutical composition of Claim 12 wherein
the bisphosphonate compound is alendronate.
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Wwe e coft qgrat o

38 min 95 5 40m n 5 25 Retention tine
. (mns) Conpound 1 25. 2 Conpounsd 'b Gppoupd

10 20.5 30 Conpound 11 R%"é‘%g H%fﬁf

14. 8 Oorrpound 14 ‘————-- . 25 6 Conpound 1§l Description : pagefs.A0 Pagygy .

{0 P !
Soucco MMM 7 mgsgiﬁzw..%m e
N[L(R-[(1, 2t ul - nesul fonyl - spj 1P| Abstraerdol: @aat;d4» ﬁ?l%?@h n]

1' -yl)carbonyl ] -2-(phenyl net hyl oxy)- 5 ethyl]-2-am no-2-net hy,l/ ropgpamj de
met hanesul fonate The conversion of Formgl to ﬁgm@pmam k4
the procedure of Exanple 18A where the Salt Et OH by
addition of MsOH and the initial solution of the salt (at 55[err]C) is
cooled to 45[ e : houl d start appearing at that tenperature 10
and the slurry P gxigMdcker with time. The tenperature is then

rai sed to 51[err]C and the slurry is aged overnight. Conplete conversion to

Form | should be expect gd. EXp¥RidorpBiclform of the compound N-[1(R)-
[(1,2-dihydro-1-methanesulfonyl-spiro[3H-indole-3,4"-piperdin]-1'-yl)-
5 carbonyl]-2-(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate designated Form I which is characterized by an X-ray
powder diffraction pattern with principal reflections at approximately:
6.5, 14.7, 169, 17.1, 17.9, 19.5, 21.1, 21.7, and 22.0° (2 theta).

10 2.  The polymorphic form of Claim 1 characterized by
an endotherm of melting with an extrapolated onset temperature of
about 170°C when heated in a differential scanning calorimetric cell at a
rate of 10°C/min under a nitrogen atmosphere.

15 3.  The polymorphic form of Claim 1 which exhibits a
solubility in isopropanol of 4.6 mg/mL.

4.  The polymorphic form of Claim 1 which appears
birefringent under polarized light.
20
5. A polymorphic form of the compound N-[1(R)-
¢! 2~dihydro-1-methanesulfonyl—spiro[3H—indole~3 4'-piperdin]-1'-yl)-
carbonyl]-2-(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate designated Form IV which is characterized by an
25 X-ray powder diffraction pattern with principal reflections at
approximately: 16.0, 16.2, 18.3, 20.1, 21.0, and 24.2° (2 theta).

6.  The polymorphic form of Claim 5 characterized by
a water loss endotherm at a temperature of about 45°C followed by an
30 endotherm with an extrapolated onset temperature of about 129°C when
heated in a differential scanning calorimetric cell at a rate of 10°C/min
under a nitrogen atmosphere.
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Preparation of Forml of N-[1(R)-[(1, 2-Di hydro-1-nethanesul f onyl -

spi ro[ 3Hi ndol e- 3, 4' -pi perdin]- 1'-yl)carbonyl]-2-(phenyl net hyl oxy) -

et hyl | - 2-am no- 2- net hyl propanam de net hanesul f onate The conversi on of Form
Il to Forml is acconplished by 20 stirring a solution of Formt]l of

N[1(R)-[(1, 2-di hydro-1- nethanesul fonyl -spiro[ 3Hi nd

1'-yl)carbonyl]-2- (phenyl nethyl-oxy)ethyl]-2-am no ﬁ l&wm

nmet hanesul fonate in i sopropanol at approxi mtely 25 hours

25 EXAMPLE 21 Preparation of FormlV of

N-[l(R) [ (1, 2-Di hydro-1-net hanesul f onyl 95p| ro[ 3Hindol e-3,4"-piperdin]- 1
"-yl)carbonyl]-2-(phenyl net hyl oxy)- 30 "&thyl]-2-am no-2-nethyl propananm de

nmet hanesul fonate A sanple of 8.4 g N[1(R)- [(1 2- d| hydr o- 1- met hane-

ot hyl Gy 6t hy! |- 2- am ne . A PALSSpRNG PEY FAIARR SNPIB AP BlE . o

97/ 15574 approxnnately 3 5 moles of water per mole of NEDI(RJ}SQG/ Z—Gﬂfg&h‘e— 176 -

opt i onal m)r ph e‘ﬂﬁ%ﬂ: L%Par Sed2h 9_nm ethyl
acet at e, ﬁﬂe g ﬁ%ﬁ&éfg@i )I{]dﬂ?ll?jrul n OI%{1112[ err]C. The
sol vent i s eva 4 fﬂq')ﬁg] 15 @%ﬁ%e of 40[err]C, the

resul tant s8l i thethangswWfonate.n a norter to a flne powder and 5 the fine
powder is exposed to arelative humdity of approximtely 75%to give the

title FormI1V. EXAWPLE 82 p pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective amount of the
polymorphic form of Claim 1.

10
9. A pharmaceutical composition useful for the
treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 1.
15 10. The pharmaceutical composition of Claim 9 wherein

the bisphosphonate compound is alendronate.

11. A pbarmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective amount of the
20 polymorphic form of Claim 5.

12. A pharmaceutical composition useful for the
treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 5.
25
13. The pharmaceutical composition of Claim 12 wherein
the bisphosphonate compound is alendronate.
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10 Preparation of FormIV of N-[1(R)-[(1,2-Di hydro-1-methanesul fonyl -
> Spiro[ 3Hindol e-3,4"' -piperdin]- 1'-yl)carbonyl]-2-(phenyl net hyl oxy) -
et hyl ] -2-am no- 2- net hyl propanam de net hanesul f onat e A sanpl e of
N-[1(R) -[ (1, 2-di hydro-1- net hane-sul f onyl -
spiro[ 3Hi ndol e- 3, 4" - pi perdi n] -1' -yl ) carbonyl | - 2- (ph rreth I -
oxy) et hyl ] - 2-am no- 2- met hyl pr opanam de met hanesul fongm
nor phol ogi cal formis recrystallized froma solution
et hanol /water (24.8/1.6/1.95 v/v/v) to give the title FormIV EXAMDLE 23
20 Preparation of FormIV of N-[1(R) -[( - Di hydr o- 1- net hanesul f onyl -
spi ro[ 3Hi ndol e-3, 4' -pi perdin]- 1'-yl)calbonyl ] -2-(phenyl net hyl oxy) -
et hyl | - 2-am no- 2- net hyl propanam de net hanesul fonate A slurry of Form | of
N[1(R)-[(1,2-dihydro-1- 25
met hanesul f onyl - spi r o] 3H4- ndé method: fop inceeasing leyels\af)cadpgenaps growth
(phenyl met hyl - Mﬁh&yﬁhh&nmdmﬁmﬁmahwhwmmpﬁsmmmtd onate in

i sopropyl acet g Fllé&' St 195 }%é EfmPos W %
water is stirre é 31apprOX| na ggéi ﬁﬁ& over nlg BI e resul tant
t

solidis isola WO 97/ 15574
PCT/ US96/ 16955 - 77 - While the invention has been descri bed and

illustrated with ref ererlq-,e t & @8thiodi for Ritiddsiid RveROIRAIBRE f, those
skilled in the,art WI|| remateth arlous ad 4 ons anges,
modi i cat i ons, NOFRERE R B Bﬁ"i hﬁ?f&?’flf ﬁ@jﬁ% res and
protocol s may sach human or ammal an effecuve amount of the polymorphic form of

Claim 1 and an additional growth hormone secretagogue.

10
16. The method of Claim 15 wherein the additional
growth hormone secretagogue is selected from the group consisting of:
growth hormone releasing peptide GHRP-6; growth hormone releasing
peptide GHRP-2; growth hormone releasing peptide GHRP-1; B-HT920;
15 growth hormone releasing factor; an analog of growth hormone
releasing factor; IGF-1 and IGF-2.

17. A method for increasing feed efficiency, promoting
growth, increasing milk production and improving the carcass quality of
20 livestock which comprises administering to such livestock an effective
amount of the polymorphic form of Claim 1.

18. A method of treating or preventing a condition
selected from the group consisting of: osteoporosis; catabolic illness;
25 immune deficiency, including that in individuals with a depressed T4/Tg
cell ratio; hip fracture; musculoskeletal impairment in the elderly;
growth hormone deficiency in adults or in children; obesity; cachexia
and protein loss due to chronic illness such as AIDS or cancer; and
treating patients recovering from major surgery, wounds or burns, in a
30 patient in need thereof which comprises the administration to the patient

of an effective amount of GEMWCMm 1.
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5 nmade without departing fromthe spirit and scope of the invention. For
p exanpl e, effective dosages other than the particul ar dosages as set forth
herei n above nay be applicable as a consequence of variattons in the
responsi veness of the mammal being treated for any of _.the indi ' W th
t he conpound of the invention indicated above. Likemiﬂﬂ Tﬂ"gﬂﬁﬁﬂﬂggﬂmific
phar macol ogi cal responses observed may vary accor di ng'5#0% «[1g upon
the particular active conpound sel ected or whether there are present
pharmaceutical carriers, as well as the type of fornulation and node of
adm ni strati on enpl oyed, and such expect variations or differences in the
results are contenplated in accordance 1% "with the objects and practices
of the present invention. It is intended, therefore, that the invention be
‘defined by the scope of the clainms which follow and that such clains be
interpreted as broadly al9: s 4 methadfordbe treatment of psigopprosts whighD | S; 1.
A pol ynor phi ¢ fesmipridestadministapmigtd a\pdtibaRwith osteoporosis a combination of

car bonyl 1 2( sy BRCTgT e OStmRaf gl it pROAMEpfchonkl ORI T 1) °

met hanesul fonate designated Form | which is characterized by an X-ray
powder diffr&ction patte2th wlhe methodiop lainel9 sdiereinshebisphosplonatet el y:

6.5, 14.7, 16 Soorko i%%le%fdréé%:té’ 21.1, 21.7, and 22.0[err] (2 theta). 10

2. The pol ynorphic tformo aim1 characterized by an endot her m of
melting with an extrapol ated onset tenperature_ of about 170[err] C when
heated in a differential2bcadnmethashiosincreasing lavels ofendogeneus growth

10[err] C/ mi n urisinone’ihia lgasn 6t 4B anidgdl avhith comprises admimdstering e
pol yror phi ¢y o Pefihuhal &0 dnitfht GH eBEBERL hfiofnt of the polymorphic form of
Claim 5.

22. A method for increasing levels of endogenous growth
hormone in a human or an animal which comprises administering to
. 15 such human or animal an effective amount of the polymorphic form of
Claim 1 and an additional growth hormone secretagogue.

23. The method of Claim 22 wherein the additional
growth hormone secretagogue is selected from the group consisting of:
20  growth hormone releasing peptide GHRP-6; growth hormone releasing
peptide GHRP-2; growth hormone releasing peptide GHRP-1; B-HT920;
growth hormone releasing factor; an analog of growth hormone
releasing factor; IGF-1 and IGF-2.

25 24. A method for increasing feed efficiency, promoting
growth, increasing milk production and improving the carcass quality of
livestock which comprises administering to such livestock an effective
amount of the polymorphic forn} ofSlaine@EnT SHEET
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solubility in isopropanol of 4.6 ng/nL. 4. The pol ynorphic formof Caim
# 1 which appears birefringent under polarized |ight. 20 5. A pol ynor phi c
formof the compound N-[1(R)- [(1, 2-dihydro-

1- met hanesul f onyl - spi ro[ 3H-i ndol e- 3, 4' - pi perdin] - 1 yI

car bonyl ] - 2- (phenyl net hyl - oxy) et hyl ] - 2- am no- 2- net gm

nmet hanesul fonat e designated Form IV which is chara W

-ray
powder diffraction pattern with principal reflectiors &t azw MLIy
16.0, 16.2, 18.3, 20.1, 21.0, and 24.2[err] (2 theta). 6. The pdl ynor phi ¢
formof Claimb5 character| zed by a watergq oss endotherm at a tenperature of
about 45[err]C followed by an 30 endothéfmw th an extrapol ated onset
tenperature of about 129[err]C when heated in a differential scanning

calorinmetric cell at ar eof 1 C/ min under a, nitrogen atnosphere.

7.  The pol ynorphic for &ﬁ@émgdﬁrarsvmﬁ%%wﬁﬁﬁw y 3.5 nol es
of water per nelecodd frbﬁﬂlh&kr@dplc&smhbhgd:fno&teopoms:s, catabolic illness;

met hanesul f onylinfphieodeitiensy thadidg thit De ixtividudls-with adepriydd T4/T

W phay maceut | o ?ﬁeabg) Biig in%avr ”° Feuf wEéis&L" Prae 8*?%%%@:8??22?’2“ =0
carrier andSan growee cmommﬁmemy is log im chifldiens obesityt camm 1. 10 9.
A phar maceut i c3indGaoRas 1dss dite 6 ehitnid BinebdSuch! RA TIPS br hndei #RPOr 0si s whi ch
conpri ses a Co@earﬁ%%' ﬁ)a'ﬁeﬁts L%covcnng from major surgery, wounds or burns, in a

patient in need thereof which comprises the administration to the patient

of an effective amount of the polymorphic form of Claim 5.

10
26. A method for the treatment of osteoporosis which
comprises administering to a patient with osteoporosis a combination of
a bisphosphonate compound and the polymorphic form of Claim 5.
15 27. The method of Claim 26 wherein the bisphosphonate

compound is alendronate.

28. A process for the preparation of the polymorphic
form of Claim 1 designated Form I which comprises:

20 stirring a solution of Form II of N-[1(R)-[(1,2-dihydro-
1-methanesulfonyl-spiro[3H-indole-3,4'-piperdin]}-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide methane-
sulfonate in isopropanol at approximately 25°C for about 2-24 hours.
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e covt o2 M-8
bi sphosphonat e conpound and the pol yrmrphl C form of Claiml. 15

pharmaceutically acceptable_carri-er and an eff
pol ynmorphic formof Claimb5. 12. A pharnmaceuti

10. The pharmaceutical conposition of Caim§ e \JEN'T'S ''''' png@at &)
compoynd i s al endronate. 11. A pharnaceuti cal Z& i11°0n co | I ng 8
e

aaaaa

L 1 P3RS
Claaishsi 1 Pegsdd gé? PR

—gé

e T T B e g e

phar maceuti cal cdnpbsi ti ch & ai m 12 wherein

t he bi sphosphonate cgrrgqund

I s al endronate. -80 - 14 A process 38 -t He mﬁm(mtkﬂaﬁmrt, a ..............

pol ynorphic formof O aim1 designated Form | "WATTH CONPrises. Stirring a

solution of FormIl of N[1(R)-[(1,2-dihydro- 1

- met hanesul f onyl YJWHAPISOLATMERIS: 4' - pi perdi n] -

1'-yl)carbonyl]-2- 5

(phenyl net hyl - oxy) et hyl ] - 2- am no- 2- et hyl pr opanam de net hane- sulfonate in

| sopropanol at approxi mat (ily 22[ rly C for _abou

Stobe fnL ok 4 Sotnpouhd N-{1(R)-
[(1,2-dihydro-1-methanesulfonyl-spiro[ 3H-indole-3,4'-piperdin}-1'-yl)-
5 carbonyl]-2-(phenylmethyl-oxy)ethyl}-2-amino-2-methylpropanamide
methanesulfonate designated Form I which is characterized by an X-ray
powder diffraction pattern with principal reflections at approximately:
6.5, 14.7, 16.9, 17.1, 17.9, 19.5, 21.1, 21.7, and 22.0° (2 theta).

10 2.  The polymorphic form of Claim 1 characterized by
an endotherm of melting with an extrapolated onset temperature of
about 170°C when heated in a differential scanning calorimetric cell at a
rate of 10°C/min under a nitrogen atmosphere.

15 3.  The polymorphic form of Claim 1 which exhibits a

solubility in isopropanol of 4.6 mg/mL.

4.  The polymorphic form of Claim 1 which appears

birefringent under polarized light.
20

S. A polymorphic form of the compound N-{1(R)-
((1,2-dihydro-1-methanesulfonyl-spiro[3H-indole-3,4"-piperdin]-1"-yl)-
carbonyl]-2-(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate designated Form IV which is characterized by an

25 X-ray powder diffraction pattern with principal reflections at
approximately: 16.0, 16.2, 18.3, 20.1, 21.0, and 24.2° (2 theta).

6.  The polymorphic form of Claim 5 characterized by
a water loss endotherm at a temperature of about 45°C followed by an

30 endotherm with an extrapolated onset temperature of about 129°C when
heated in a differential scanning calorimetric cell at a rate of 10°C/min

under a nitrogen atmosphere.
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7.  The polymorphic form of Claim 5 which contains
approximately 3.5 moles of water per mole of N-[1(R)-{(1,2-dihydro-1-
methanesulfonyl-spiro[3H-indole-3,4'-piperdin}-1'-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide
methanesulfonate.

8 A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective amount of the~
polymorphic form of Claim 1.

9. A pharmaceutical composition useful for the
treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 1.

10. The pharmaceutical composition of Claim 9 wherein
the bisphosphonate compound is alendronate.

11. A phammaceutical composition comprising a
pharmaceutically acceptable carrier and an effective amount of the
polymorphic form of Claim 5.

12. A pharmaceutical composition useful for the
treatment of osteoporosis which comprises a combination of a
bisphosphonate compound and the polymorphic form of Claim 5.

13. The pharmaceutical composition of Claim 12 wherein
the bisphosphonate compound is alendronate.
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14. A process for the preparation of the polymorphic
form of Claim 1 designated Form I which comprises:

stirring a solution of Form II of N-[1(R)-[(1,2-dihydro-
1-methanesulfonyl-spiro{3H-indole-3,4"-piperdin]-1-yl)carbonyl]-2-
(phenylmethyl-oxy)ethyl]-2-amino-2-methylpropanamide methane-
sulfonate in isopropanol at approximately 25°C for about 2-24 heurs.
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This invention is concemed with polymorphic forms of the compound N-[1{R)-[(1,2-dihydro-1-methanesulfonylspiro{3H-indole-
3,4 -piperdin]-1"-yl)carbonyl]-2-(phenylmethyloxy)ethyl]-2-amino-2-methylpropanamide methanesulfonate which is a growth hormone
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other known forms of N-[1(R)-{(1.2-dihydro-1-methanesulfonylspiro[3H-indolc-3,4 -piperdin]- ' -yl)carbonyl}-2-(phenylmethyloxy)-ethyl]-
2-amino-2-methylpropanamide methanesulfonate in terms of thermodynamic stability and snitability for inclusion in pharmacentical
formulations. The present invention is also concemed with processes for preparing these polymorphic forms, phanmaceutical formulations
camprising these polymorphic forms as active ingredients and the use of the polymorphic form of the compound and their formulations in

the treatment of cestain disorders.




